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ABSTRACT

In this study, it was aimed to model the growth curves of Awassi lambs in terms of live weight-age relation-
ships and macro environmental factors such as sex, birth type, year, month, and dam age, as well as to de-
termine a nonlinear model that explains the growth curves better. For this purpose, Gompertz and Logistics
were used. The data set of the study comprised of the 3523 Awassi lambs’ live weights obtained at 10, 20,
30, 50, 60, 90, and 120" days of age. In order to compare both models, the coefficient of adjusted determi-
nation (Rzadj) and the mean squared error (MSE) were used as the goodness of fit criteria. For the Gompertz
and Logistics models, Gompertz model has the lowest MSE in all of macro environmental factors. While
the estimated mean and standard errors of the asymptotic weight (A), the constant of integration (B), and
growth rate (k) parameters were found respectively as 54.13 + 0.59, 2.56 = 0.008, and 0.01 £+ 0.0001 for the
Gompertz model, they were found respectively as 37.47 + 0.18, 7.30 + 0.03 and 0.03 £ 0.0001 for the Lo-
gistic model. For the Gompertz and Logistic models, age at inflection point (AIP), weight at inflection point
(WIP) and maximal increment (MI) were found to be 5.55, 19.92, 51.00 and 66.26, 18.74, 68.40, respec-
tively. In addition, correlations between model parameters (rag, rax, I'sx) Were found as 0.86, -0.98, -0.75
and 0.45, -0.91, -0.08 respectively for the Gompertz and Logistics models.The model that better described
the growth of Awassi lambs in terms of MSE, AIP, WIP, MI and rag, rax, sk Values were found as the
Gompertz growth model.

LA Awassi, body weight, Gompertz model Logistic model, growth curve, Nonlinear

model.

is generally in the shape of the letter ‘S’ (sigmoidal curve)

INTRODUCTION

Growth is one of the most important biological features of
living things. While the proportional increase of body
weight and organs biologically is defined as growth, the
expression of the change observed in growth depending on
age by a mathematical function is defined as growth curve
or model (Trenkle and Marple, 1983; Efe, 1990; Owens et
al. 1993; Kshirsagar and Smith, 1995). In general, the
growth in living beings continues increasingly from birth to
adult ages, then continues decreasingly and finally it stops.
Although the growth curve varies from species to species, it

and consists of three parts as preparation phase, growth
phase, and stagnation phase (Brown et al. 1976;
Ratkowsky, 1983; Hyankova et al. 2001; Yakupoglu and
Atil, 2001; Oda et al. 2016). While the curve orientation are
being found by growth curve parameters, phases are esti-
mated and meaningful interpretations can be made at dif-
ferent growth points (Akbas, 1995; Fekedulegn et al. 1999;
Bilgin and Esenbuga, 2003; Guatam et al. 2018; Balafrej,
2019). On the other hand, these phases and hence the
growth curve are affected by environmental factors such as
genotype, dam age, sex, year, and season (Bilgin et al.
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2004b; Saghi et al. 2007; Aytekin et al. 2011; Celikoglu
and Tekerli, 2014; Kutluca and Emsen, 2016; Zimmermann
et al. 2019). Furthermore, estimation of the weight-age rela-
tionship in farm animals by an appropriate model can be
used for selection purposes in breeding studies (Akbas,
1996; Mignon-Grasteau et al. 2000; Gamasaee et al. 2010;
Lalit Malik et al. 2016; Mohammadi et al. 2019).

As a result of this, many growth curve studies have been
carried out in different species and breeds (Wilson et al.
1982; Perotto et al. 1992; Fekedulegn et al. 1999; Mignon-
Grasteau, 2000; Soysal et al. 2001; Sengiil and Kiraz, 2005;
Bayram and Akbulut, 2009; Sahin et al. 2014; Sariyel et al.
2017). By various researchers, the growth characteristics of
sheep have been explained by growth curves (Bhadula and
Bhat, 1980; Akbas et al. 1999; Thieme et al. 1999; Keskin
and Dag, 2006; Yildiz et al. 2009; Aytekin and Zulkadir,
2013; Aktas and Dogan, 2014; Koncagil et al. 2013; Lalit
Malik et al. 2016; Yilmaz et al. 2017; Ghaderi-Zefrehei et
al. 2018; Hojjati and Hossein, 2018; Paz et al. 2018; Van
der Merwe et al. 2019).

Awassi sheep is one of the domestic sheep breeds of Tur-
key, which is well adapted to hot and arid climate condi-
tions, has high adaptability to different environments, is
raised with a migratory system in the Southeast Anatolia
region, has priority in milk yield, and is dual-purpose breed.
Many researchers have conducted studies related to the
Awassi sheep and growth curve models. In their research
carried out with Awassi, Morkaraman, and Tuj lambs,
Esenbuga et al. (2000) examined the relationship between
live weight and age comparatively with the linear and
nonlinear Brody model and they estimated the parameters
of the nonlinear Brody growth curve. Bilgin ef al. (2004b)
estimated model parameters by using the Brody, Logistic,
Gompertz, Bertalanffy, and Richards growth models in
Awassi and Morkaraman sheep, and they reported that the
parameters of the Brody model were more reliable and eas-
ier to interpret than the Richards model. In their another
study focusing on testis circumference in Awassi lambs,
Bilgin et al. (2004a) compared three-and four-parameter
growth models with R? values and reported that the Logistic
model was the best models among the four-parameter Ta-
naka model and three-parameter models. In another study,
Bilgin et al. (2004c) investigated the effect of dam age on
growth in Awassi sheep by using the Brody model. Topal et
al. (2004) estimated model parameters in Morkaraman and
Awassi sheep breeds by using Brody, Bertalanffy,
Gompertz, and Logistic growth models and compared the
models with R* and MSE criteria. Tekel ez al. (2005) re-
ported that the Logistic, Gompertz, and Bertalanffy models
identified the growth of Awassi lambs better than the Brody
and Negative exponential models. Some researchers com-
pared Brody, Gompertz, Bertalanffy, and Logistic growth
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curve models in Awassi and Morkaraman female lambs and
they reported that the best fit was ensured by the Brody
model in Awassi lambs and by the Gompertz model in
Morkaraman lambs.

This study was carried out at the “Awassi-Sub-Project”
of the “National Project on Animal Breeding in Public
Hand” conducted under the coordination of the General
Directorate of Agricultural Research and Policies under the
Ministry of Agriculture and Forestry. The study was con-
ducted on the elite herd consisted of 3523 Awassi lambs
which were the offspring of 2006 dam and 85 rams. In this
study, it was aimed to estimate Awassi lambs’ 10, 20, 30,
50, 90, and 120™ days age-live weight relationships in
terms of macro environment factors such as sex, birth type,
birth year, dam age, and month of birth by using the
Gompertz and Logistic growth curve models. In addition, it
was aimed to use the goodness of fit criteria the Rzadj, MSE,
and the correlation coefficients between the model parame-
ters, and age at inflection point (AIP), weight at inflection
point (WIP) and Maximal Increment (MI) in the compari-
son of the models.

MATERIALS AND METHODS

Animal materials

This study was carried out in Osmaniye province within the
scope of the “Awassi-Sub-Project” of the “National Project
on Animal Breeding in Public Hand” conducted under the
coordination of the General Directorate of Agricultural
Research and Policies under the Ministry of Agriculture
and Forestry. The study was conducted on the elite herd
consisted of 3523 Awassi lambs which were the offspring
0f 2006 dams and 85 rams. The lambs were housed together
with their dams after birth and weaned on about 90™ day.
Farmers of the region are generally engaged in animal
breeding in close conditions to each other. While the
feeding based on pasture and stubble grazing is performed
through the nomadic system outside the winter period, the
feeding based on hay and supported by grain is applied
during the winter months. In this study, 3523 lambs’ live
weights measured at the 10, 20, 30, 50, 60, 90, and 120"
days of age starting from birth and total of 28184 data
records were used.

Statistical analysis

In the study, variance analysis was performed using the
GLM procedure and univariate option of the IBM SPSS
v20.0 in order to examine the effects of macro

environmental factors, such as sex, birth type, birth year,
birth months, and dam age, on live weight (IBM Corp.,
2011). The model used for this purpose is given below
(Kuzu and Eligin 2002; Yilmaz et al. 2017).
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Yijkimn= 1+ a; + bj + ¢ + di + £ + €ijiimn

Where:

p: mean of the population in terms of live weight.

Yijmn: live weight of n® lamb which has i sex, j birth type,
and which was born in 1™ month in k™ year from a dam with
m age.

a;: effect of i sex (i=1, 2).

b;: effect of j birth type (j=1, 2).

ci: effect of k™ year (k=1, 2).

dy: effect of 1" month (I=1,..., 6).

fi: effect of m dam age (I=1,..., 8).

eijumn: effect of thee random environmental factor affecting
n™ Awassi lamb which has i sex, j birth type, and which
was born in 1™ month in k™ year from a dam with m age.

In comparison of weight means related to the macro
environmental factors for each age, the t-test statistic was
used for sex, type of birth, and year of birth, and the
Duncan multiple comparison test statistic was used for birth
months and means of dam ages (Geng and Soysal, 2018).

The Gompertz and Logistic growth curve models were
used to estimate the live weights of the Awassi lambs. The
model equations and parameters examined are presented in
Table 1 (Richards, 1959; Fatten, 2015).

In the equations, BWt is the body weight at age t; BWA
is the asymptotic or mature weight; B is the initial weight; k
is the growth rate; t is the age in days. In addition, while
AIP and WIP refer to the inflection points of age and
weight dividing the curve into two at the point having the
highest growth rate in sigmoid models, MI refers to the
highest growth rate at these points (Richards, 1959; Fatten,
2015). In order for the comparison of the growth curve
models, the coefficient of adjusted determination (Rzadj) and
mean squared error (MSE) values, which are goodness of
fit criteria, were used (Pham, 2019). The goodness of fit
criteria to compare the functions that will explain the
growth of lambs are as follows:

Adjusted determination of coefficient (R,4)=

L

;‘.Y;-i_'; 2 lin=1)
Mean square error (MSE)= :ng;l( Y, — ﬁ):

¥: 1. observation value.
¥;: 1. estimated value.
¥.: average of observation values.

k: number of parameters.
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n: number of samples.

Parameter estimates in the models were made with the
Levenberg-Marquardt iteration method by using the NLR
procedure in the IBM SPSS v20.0 (IBM Corp, 2011).

RESULTS AND DISCUSSION

The means and standard errors of macro environmental
factors such as sex, birth type, birth year, birth months and
dam age, which are thought to have an effect on growth of
the Awassi lambs, from birth to their 120" day age (10, 20,
30, 50, 60, 90, and 120™ days of age) are presented in Table
2. Also in this table, means are compared in each row.

The macro environment factors of sex, birth type, month
of birth, and dam age, which are thought to affect the
growth of Awassi lambs, were found to be significant in the
variance analysis (P<0.05). It was observed that male lambs
were born heavier than females and single-born lambs were
born heavier than twinborn lambs and their superiority
continued until the 60™ day. However, this difference was
not found significant in later ages. On the other hand, the
effect of only the year of birth on live weight was not
statistically significant (P>0.05).

In terms of their birth months, the live weight of the
Awassi lambs was found to be significant in every age
group studied (P<0.001). It was seen that the lambs born in
February are the heaviest and this superiority continues at
any age. In terms of birth weight, whereas the lambs born in
November, December, and January rank second, the lambs
born in March and April rank third. In terms of dam age,
live weights of the Awassi lambs were found to be
significant in all age groups (P<0.001).

The oldest dam’s (eight-year-old) lambs were also the
heaviest, and this situation affected the growth of the lambs
at any age. The lambs of dams aged 7, 6, 5, and 4 years
were also born as the heaviest respectively, and the smallest
lamb was identified as the offspring of a one-year old
sheep. Means and standard errors of the parameters
estimated according to the Gompertz and Logistics growth
curves models used to compare the models are given
respectively in Table 3.

In Table 3, When the Logistic and Gompertz models A
parameters are compared in terms of macro environmental
factors, were found between 32.14-38.52 in Lojistic model,
and 50.41-61.45 in Gompertz model. The A parameter
calculated with the Gompertz model was higher than
Lojistic model those estimated with all of macro
environmental factors. The highest mean A parameter
values were estimated by the Gompertz model 61.45 =
6.535 for lambs of born in January. The B parameter was
representing the ratio of live weight gain after birth to adult
live weight and is also called live weight increase rate.
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=100l Growth curve equations and coordinates of inflection point

Growth curve models Equations AlIP WIP M1
Gompertz BW=BW, exp (-B exp (-kt)) In(B)/ k A x0.368 BWIP
Lojistik BW=BW, / (1+B exp (-kt)) In(B) / k A/2 BWIP/2

A, B and k: model parameters.

AIP: age at inflection point; WIP: weigth at inflection point and MI: maximal increment.

Live-weight means and standard errors (Means+SE) of the Awassi lambs at ages from birth to 120" day according to the macro environment factors

Age Sex Type of birth Year Month Dam age
(days) Means + SE Means + SE Means + SE Means + SE Means + SE

F M S T 2014 2015 Nov. Dec. Jan. Feb. Mar. Apr. 1 2 3 4 5 6 7 8
N 1831 1692 P 3347 176 1138 2385 397 741 1381 805 146 53 14 623 417 996 436 105 588 344
Birth 391 422& - 409t 340+ 401+ 408+ 4045 404= 410+ 416+  400: 399 - 353k 389+ 397+ 404k 407+ 4l4x 4lex  425x
day 0.70°  0.69° 0.71a  0.44° 0.73 0.70 0.82  0.69"  046® 074" 0.69°  0.68° 0.28°  0.68°  0.72® 069" 074 076" 064 0.69°
10. 54l 572k 559 490+ | 551= 558+ 5545 554k 560+ 566+ 550k 549+ 503+ 5309+ 547+ 554k 557+ 564t 566+ 575+
day 0.70>  0.69° 0.71*  0.44° 0.73 0.70 0.82®°  0.69® 046ab 0742  0.69°  0.68" 0.28ab  0.68° 072"  0.69° 0.74° 076" 0.64a  0.69°
20. 731& 7.625 0 749% 680+ | 74lx 748+ T44r 7445 750k 756+ 7405 739 693k 729+ 737+ T44k 747+ 7545 756+ 765+
day 0.71°  0.69° 0.71°  0.44° 0.73 0.70 0.83°  0.69"  046® 074" 0.69°  0.68° 0.28°  0.68° 0.72® 069" 0.74°  0.76a  0.64°  0.69°
30. 941 9.72& . 959+ 890 _ 95l 9.58= 9545 954k  9.60+ 9.66+ 950+ 949+ _  9.03: 930+ 947+ 954k 957+ 9.64=  9.66+ 975+
day 071> 0.69° 0.71*  0.44° 0.74 0.70 0.84*  0.69® 046 074* 0.690  0.68" 0.28%  0.68° 072  0.69a 0.74* 076  0.64*  0.70°
50. 161 1192+ 1179 1110+ 1171 1178+ 11745 11742 1180+ 1186 11705 1169+ 1123+ 1159 1167+ 1174+ 1177+ 11.84= 1186+ 1195+
day 0.71°  0.69° 0.71°  0.44° 0.73 0.70 0.84  0.69"  046® 074" 0.69°  0.68° 0.28%°  0.68°  0.72® 069" 074 076" 064 0.70°
60. 1629+  16.99+ 16.63  16.59+ 16.50+  16.69+ 1683+ 1679+ 1692+ 1703+ |597+ 1647+ 1478+ 1572+ 1595t 1626+ 1637+ 1685t 1693+ 1738+
day 2.75 2.79 T o281 235 254 291 238 257 166™ 278 2.38b 304" 079  2.80% 248 279° 288" 288" 0.68° 2.77°
90. 2203+ 2293+ 2246  22.54+ 2231+ 2254+ 2273 2266+ 2320k 2334 2152+ 2200+ ,, 2009+ 2103 2175 20170+ 2221+ 2274 23.0l= 2346
day 3.91 4.00 4,00 3.50 349 419 351%  196% 3920 4120 332 424" 0.77°  4.00%  332°  4.12%  415° 407" 068  3.98
120. 20.03+ 29.93+ 29.46  29.54+ 2031+ 2954+ 2973+ 29.66+ 3020+ 30.34k 2852+ 29.00+ - 27.09+ 2803 2875+ 2870+ 2921+ 29.74x 3001 3046t
day 391 4.00 £4.00  3.50 3.49 4.13 351 196™  3.92°  4.12°  3.32° 424" 0.77°  4.00%  332°  413%  4.15° 407" 068  3.98

F: female; M: male; S: single and T: twin.
**% (P<0.0001); ** (P<0.001); * (P<0.05) and -: non significant.
SE: standard error.

The B parameter was estimated higher then Logistic
model than Gompertz model on all of macro environmental
factors. The highest mean B parameter values 8.32 + 0.15
were estimated by the Lojistic model for lambs of single
born. Furthermore, the k parameter that was commonly
estimated by growth curve models shows at what rate the
live weight at age t approaches the adult live weight. On all
of macro environmental factors k value giving information
about the growth rate was estimated with Logistic
(0.03+0.0001), followed by the Gompertz (0.01+0.0001)
model. The phenotypic correlations (rap, rax, rp) of the
estimated A, B and k parameters for the Gompertz and
Logistics growth curves, the inflection of point on age and
live weights AIP, WIP, and MI points, and the goodness of
fit criteria Rzadj, and MSE values were given in Table 4.

Table 4 shows in terms of the phenotypic correlations,
TAB, T'ak, IBk, inflection points, AIP, WIP, MI, and, goodness
of fit criteria, Rzadj, MSE, values for the Gompertz and
Logistic models.

580

In the Gompertz model, in terms of rnp value, the highest
value was seen with 98% in lambs born in January, and the
lowest value was seen with 40% in lambs of four-year old
dams. In terms of ray value, the highest value was found as
-99% in lambs born in January, February and April, and the
lowest value was found as -90% in lambs of four-year-old
dams. In terms of rgk value, the highest value was found as
-99% in lambs born in January, while the lowest value was
found as -4% in lambs of four-year-old dams.

In the Logistic model, in terms of rap value, the highest
value was observed as 90% in lambs of five-year-old dams
and the lowest value was observed as 19% in twinborn
lambs.

In terms of ray value, the highest value was seen with -
98% in lambs of four, five and eight-year old dams and the
lowest value was seen with -89% in twinborn lambs. In
terms of rgx value, the highest value was found as -85% in
lambs of the five-year old dams and the lowest value was
found as -0.3% in lambs born in December.




Hizli and Yazgan

Means and standard errors (Mean=SE) of the parameters estimated for the Gompertz and Logistic models

Lojistic Model

Gompertz Model

Parametre (Mean + SE)

Parametre (Mean + SE)

A B k A B k

37.47+0.18 7.30+0.03 0.03+0.0001 54.13+0.59 2.56+0.008 0.01£0.0001
Sex
F 36.96+0.25 7.37+0.05 0.03+0.0001 53.35+0.80 2.57+0.01 0.01+0.0001
M 38.03+0.26 7.244+0.05 0.03+0.0001 54.98+0.85 2.55+0.01 0.01+0.0001
Type of birth
S 37.55+0.59 7.26+0.04 0.03+0.0001 54.34+0.61 2.56+0.008 0.01+0.0001
T 36.07+0.59 8.3240.15 0.03+0.0001 50.41£1.80 2.67+0.03 0.01+0.0001
Year
2014 37.31+0.29 7.32+0.05 0.03+0.0001 53.90+0.93 2.57+0.01 0.01£0.0001
2015 37.55+0.23 7.30+0.04 0.03+0.0001 54.24+0.74 2.56+0.01 0.01+0.0001
Dam age
1 35.50+1.16 7.33+0.21 0.03+0.0001 52.07+3.388 2.58+0.05 0.01£0.0001
2 37.47+0.37 7.73+0.08 0.03+0.0001 53.51+1.200 2.61+0.02 0.01+0.0001
3 38.08+0.49 7.50+0.10 0.03+0.04 54.38+1.567 2.58+0.02 0.01+0.0001
4 37.52+0.34 7.40+0.06 0.03+0.0001 53.85+1.076 2.57+0.02 0.01£0.0001
5 37.27+0.49 7.26+0.09 0.03+0.0001 54.76+1.599 2.57+0.02 0.01+0.0001
6 37.06+1.26 6.76+£0.21 0.03£0.0001 54.64+4.111 2.50+0.06 0.01+0.0001
7 37.52+0.35 6.81+0.09 0.03+0.0001 54.49+1.652 2.50+0.02 0.01£0.0001
8 37.55+0.63 7.24+0.11 0.03+0.0001 54.78+2.067 2.56+0.02 0.01+0.0001
Month
Nov. 36.92+0.311 7.13+0.06 0.03+0.0001 53.00+0.986 2.534+0.014 0.01£0.0001
Dec. 38.52+0.381 7.51+0.07 0.03+0.0001 56.10+1.271 2.592+0.017 0.01+0.0001
Jan. 34.71+1.410 7.124+0.25 0.03+0.0001 61.45+6.535 2.705+0.090 0.01+0.0001
Feb. 32.14+1.258 6.41+0.22 0.03+0.0001 51.21+4.885 2.511+0.078 0.01£0.0001
Mar. 37.02+0.521 7.05+0.09 0.03+0.0001 54.10+1.684 2.537+0.023 0.01+0.0001
Apr. 32.67+0.515 6.69+0.09 0.03+0.0001 53.51+2.097 2.576+0.032 0.01+0.0001

F: female; M: male; S: single and T: twin.
SE: standard error.

In both models, a highly high and negative phenotypic
correlation was estimated between the parameters of A and
k in all macro environmental factors. This relationship
shows that lambs with high maturation rate will have a
shorter time to reach adult weight, but less adult weight. In
the Gompertz model, the inflection point age and weight
were estimated as 5.55 days and 19.92 kg respectively for
the overall average, while in the Logistics model, these
values were estimated as 66.26 days and 18.74 kg,
respectively.

According to Table 4, the model with the lowest MSE
value (0.56) was the Gompertz model for the youngest
dam’s (one-year-old) lambs. The model with the highest
MSE value (6.48) was the Lojistic Model for the lambs
born in November. In addition, Gompertz model has the
lowest MSE and Lojistic model has the highest MSE values
in all of macro environmental factors.

Also, Figure 1 and Figure 2 show the growth curves of
Gompertz, Logistic and real body weight growth patterns
according to sex and bith of type of lambs, respectively.

The study was carried out to determine the best model
among Gompertz and Lojistic growth curve models by
using the data on the increase in the live weights of Awassi
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lambs from birth to the age of 120 days. For this purpose,
Rzadj and MSE values were primarily used to determine the
best model.

When the model fitness is sorted in accordance with the
MSE values, the model with the lowest MSE value and, the
model with the highest Rzadj value are accepted as “the
best” model. According to the results, Gompertz model has
the lowest MSE, the highest Rzadj and, Lojistic Model has
the highest MSE and the lowest Rzadj in all macro
environment factors.

According to the results, in females, the lowest mean
square error was 5.52, the highest Rzadj value was 92%
obtained with the Gompertz model, while, in males, the
lowest MSE was 5.80, the highest Rzadj value was % 92,
again, obtained with Gompertz model. When the Logistic
and Gompertz models A parameter’s means are compared
in terms of macro environmental factors, were found
between 32.14-38.52 in Lojistic model, and 50.41-61.45 in
Gompertz model. The B parameter was estimated higher
then Logistic model than Gompertz model on all of macro
environmental factors. The highest mean of B parameter
were estimated as 8.32 by the Lojistic model for lambs of
single born.
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In terms of the phenotypic correlations, rag, rak, Ik, inflection points, AIP, WIP, MI, and, goodness of fit criteria, Rzadj, MSE,values for the

Gompertz and Logistic models

Lojistic model

Gompertz model

Correlations Goddness of fit Correlations Goddness of fit

rae  Tac resw  AIP WIP Ml R%; MSE ras  rax e AIP WIP Ml R%; MSE

045 -091 -0.08 6626 18.74 684 0.92 579 086 -098 -0.75 5.55 1992 51.00 0.92 5.73
SEX
F 045 -091 -0.08 66.58 1848 68.10 0.92 559 085 -098 -0.75 555 19.63 5045 092 5.52
M 045 -091 -0.08 6599 19.02 68.85 0.92 584 086 -098 -0.75 554 2023 5159 092 5.80
Type of birth
S 046 -091 -0.10 66.08 18.78 68.17 0.92 584 086 -098 -0.76 555 20.00 5120 0.92 5.79
T 0.19 -0.89 023 70.62 18.04 75.05 094 455 0.68 -097 -0.52 559 18.55 49.53 094 4.55
Year
2014 045 -091 -0.08 6635 18.66 683 0.94 4.71 086 -098 -0.75 5.55 19.84  50.99 094 4.65
2015 045 -091 -0.08 6626 18.78 68.55 0.92 629 086 -098 -0.75 5.55 1996 51.10 0.92 6.24
Dam Age
1 058 -092 -024 664 17.75 65.05 0.99 0.69 090 -098 0.58 5.55 19.16 4943 099 0.56
2 0.33 -090 0.07 68.17 18.74 7243 0.93 531 0.79 -098 -0.67 5.56 19.69 5139 0.99 5.28
3 035 -090 0.04 67.16 19.04 714 0.92 595 081 -098 -0.69 555 2001 5163 093 5.93
4 0.89 -098 -0.80 66.72 18.76 69.41 0.92 6.06 040 -090 -0.02 5.55 19.82  50.94 092 6.02
5 0.92 -098 -0.85 66.08 18.64 67.66 0.94 427 053 -091 -0.18 555 20.15 51.79 094 4.20
6 0.65 -092 -0.34 63.7 18.53 62.63 091 560 092 -098 -0.85 552 20.11 5028 091 5.51
7 059 -092 -026 6395 18.76 63.88 091 598 090 -098 -0.82 552 2005 50.13 091 5.90
8 0.88 -098 -0.78 6599 18.78 6798 091 6.16 050 -091 -0.14 555 20.16 51.61 0.92 6.09
Month
Nov. 048 -091 -0.11 6548 18.46 6581 0.91 648 086 -098 -0.76 5.53 19.50 4941 091 6.41
Dec. 041 -090 -0.03 6721 1926 7232 0.92 6.11 0.85 -098 -0.74 556 20.64 5350 0.92 6.10
Jan. 083 -093 -0.59 6543 1736 61.8 0.91 395 098 -099 -0.99 5.6 22.61 61.16 091 3.94
Feb. 077 -093 -0.50 6193 16.07 51.5 0.96 1.71 096 -0.99 -091 5.53 18.85 47.33 0.96 1.71
Mar. 056 -091 -022 65.1 18.51 6525 094 433 0.89 -098 -0.81 554 1991 50.51 0.94 4.25
Apr. 0.78 -093 -0.51 6335 1634 5466 091 365 097 -099 -092 555 19.69 50.72 091 3.64

F: female; M: male; S: single and T: twin.

AIP: age at inflection point; WIP: weigth at inflection point and MI: maximal increment.

MSE: mean squared error.

The mean of k parameter that gives information about the
growth rate was estimated with Logistic as 0.03 and
followed by the Gompertz model as 0.01.

In a study conducted by Topal et al. (2004), the means of
A, B, k parameters in Awassi lambs were found as 40.6,
2.08, and 0.012 in the Gompertz model and as 38.9, 5.09,
and 0.018 in the Logistic model, respectively. They found
also R’ and MSE values as 98%, 2.2 and 98%, 2.8 for
Gompertz and Logistic models, respectively. The means
obtained in the study are consistent with the Gompertz
model in terms of B and k and with the logistics model in
terms of the A parameter. In addition, R* and MSE values
were similar and found to be greater than the values found
in the study. In their research, Bilgin ez al. (2004a) found A,
B, k and R? values in Awassi sheep breeds as 44.94, 1.77,
0.19, and 97% for the Gompertz model and as 44.12, 3.93,
0.28, and 97% for the Logistic model, respectively. Some
researchers compared the growth patterns of the Awassi
female lambs and they obtained the best fit with the Brody
model. Additionally, they found the A, B, k, and R* values
as 34.09, 1.79, 0.0064, and 83.33% in the Gompertz model,
and as 43.68, 0.89, 0.0005, and 97.21% in the Logis-
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tic model. In a study they conducted, Akbas et al. (1999)
used 15 models together with the Gompertz and Logistic
models in Kivircik and Daglic male lambs. They found A,
B, k, and R? values for the Gompertz model as 113.16,
2.87, 0.0047, and 99.63% in Daglic lambs and as 88.18,
2.35, 0.0054, and 99.28% in Kivircik lambs, respectively.
In addition, for the Logistic model, they found the same
values respectively as 79.93, 6.81, 0.0080 and 99.37% in
Daglic lambs and as 76.3, 6.25, 0.0093 and 98.67% in
Kivircik lambs.

Van der Merwe, (2019) reported that the asymptotic
mature weights estimated by the logistic model are
noticeably lower than those estimated by the Gompertz
model in all of production groups. Tahtali et al. (2020)
reported that used live weights of both female and male
Romanov lambs and the individual growth curves estimated
with the Richard, Logistic, Gompertz and Cubic Spline
models. They found the best model of the Cubic Spline
model for both female and male lambs.

These results show that even if the breeds were different,
the results found in the study were consistent in terms of
magnitude in the compared models.
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On the other side, it is thought that factors such as sheep
breeds, measurement range, and measurement time were
effective on finding the R? and MSE values different.

When the ages and weights at the inflection point were
compared, it was determined that these points were reached
at a later age and lower weight in the Gompertz model
compared to the logistics model. In the logistics model,
depending on the k parameter, the inflection point was
reached at an early age in lambs. The same results were
found by Van der Merwe, (2019).

In both models, whereas rap is found positive, rax and rpy
were found negative. Furthermore, in the Gompertz model,
the relationship level was found higher in all studied macro
environmental factors compared to the Logistic model. The
same correlation coefficients consistent with the results by
Bilgin et al. (2004c) were obtained using the Brody model
on Awassi sheep.

583

Of the macro environmental factors studied, except the
year, the effects of sex, birth type, month of birth, and
maternal age were found significant at birth and various
ages in the Awassi sheep. In their studies on different sheep
breeds, many researchers reported that the effect of macro
environmental factors such as sex, birth type, and maternal
age on live weight at birth and at various ages was
significant (Wilson ef al. 1982; Aktas and Dogan, 2014;
Lalit Malik et al. 2016; Yilmaz et al. 2017; Ghaderi-
Zefrehei et al. 2018).

Throughout literature, it has been seen that models vary
in accuracy according to the breed and situation that is
being modelled. The studies that used body weight
measurements during the study periods with fewer animals
showed that the Brody, Gompertz, Logistic and Von
Bertalanffy models are most suited to describe these
datasets (Bilgin ef al. 2004a; Topal et al. 2004). On the oth-
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er hand, Mohammadi et al. (2019), found success in using
the Brody model to describe growth of Mehraban sheep on
a few static recordings per animal from a large population
and, they were not estimated the parameters of growth
curve under Logistic and Gompertz models for male and
female Kordi lambs because of no convergence. In this
study, when n number is large, convergence was achieved
in Gompertz and Logistics models and Gompertz model
was chosen as the better model.

Also, Figure land Figure 2 the distributions of models
and real body weights are examined in terms of sex and the
birth of type of lambs, it is seen that the Gompertz model
curve is closer to the real body weights.

CONCLUSION

As a result, “National Project on Animal Breeding in Public
Hand” The Gompertz model explained the live weight-age
change of Awassi lambs raised in Osmaniye province
within the scope of the “Awassi-Sub-Project”. The growth
characteristics of Awassi lambs can be estimated using this
model. Especially adult weight maturation rate by making
use of the relationship between adult live herd possible to
change the weight in the desired direction it seems. In addi-
tion, when n number is large, convergence was achieved in
Gompertz and Logistics models and Gompertz model was
chosen as the better model.
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