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Abstract

Introduction: In low-income and marginalized rural communities, poultry species play a vital role as sources of
animal protein and household income. The guinea fowl, belonging to the Galliformes order and the Numididae
family, is particularly important in these communities. Understanding the growth characteristics and patterns of
guinea fowl can be crucial in successfully raising them as a profitable enterprise. This knowledge can help in
developing appropriate nutritional and feeding regimens to optimize feed usage and increase profitability. Growth
is a complex process that involves physiological and morphological changes from hatching to maturity. It is
defined as the increase in body weight and organ size over time and age. This growth can be described using
mathematical non-linear models that capture biologically significant parameters. Since growth patterns vary
significantly between species and genotypes, it is important to analyze growth for each specific species. While
various models have been introduced in different studies to describe the growth curve of different species, research
on the growth pattern of guinea fowl is limited. Therefore, this study aimed to evaluate different non-linear models
to determine the most suitable model for describing the growth pattern in both male and female pearl grey guinea
fowls.

Materials and methods: The present study was conducted on pearl grey guinea fowls raised at the Special
Domestic Animals Institute, Research Institute of Zabol, Zabol, Iran. A total of 129 one-day-old keets (70 males
and 59 females) were obtained from the hatchery and then identified by wing-banded numbers. All keets were
individually weighed every week until 28 days of age and then every two weeks until 168 days of age using a
sensitive digital electronic weighing scale. After data editing, Gompertz, Richards, Logistic, Weibull, and Lopez
models were fitted to describe the growth curve of female and male keets. Four goodness of fit criteria, including
mean square error (MSE), Akaike information criterion (AIC), Bayesian information criterion (BIC), and adjusted
determination coefficient (Rf\di) were used to compare the studied models and select the best model to describe
the growth pattern in both sexes. All models were fitted to the body weight of male and female keets using the
nlme package of R software, and model parameters were obtained for both sexes.

Results and discussion: Male keets had higher body weight than female keets at all ages. The difference in body
weight between the two sexes was not significant until the eighth week (P<0.05), but from 10 to 20 weeks of age,
a significant difference was observed (P<0.05). The highest and lowest values for the initial and final weight
parameters were related to the logistic model in both sexes. Male keets had a higher maturing index (k), shape
parameter (m), age and weight at the inflection point, and absolute growth rate at 1, 12, and 24 weeks of age
compared to female keets. Based on goodness-of-fit criteria, the Lopez model was found to be the best model
among those studied to describe the growth pattern in male and female keets. When comparing actual body weight
with predicted values from the studied models, the Lopez model closely matched the actual values at most ages,
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indicating that the Lopez model provided a more accurate prediction of body weight in both male and female keets
compared to other models.

Conclusions: Based on the findings of the present study, the Lopez model was determined to be the best model
in describing the growth pattern in female and male keets. Understanding the growth pattern in both sexes can
assist in developing nutritional programs to meet nutritional needs at various ages. Overall, additional research is
needed to investigate the model parameters and explore the potential of incorporating them into selection programs
to attain the desired growth curve.
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Table 1. Equations describing models, age, and weight at the inflection for non-linear models

Model Equation Age at the inflection point (t;) Weight at the inflection point (w;) Reference
rt W, W, rtz (182
Gompertz W = Wyexp {[1 — exp(—kt)]In (_f)} 1 nlm <%> We Gompertz (1825)
WO k W0 e
Logistic _ WoWe lln <Wf - W(,) Wi Robertson (1908)
[(Wo + (W — Wo)exp(—kt)] k Wo 2
Richards w WoWe 1 | m We Richards (1959)
= — X -0 _
(W3 + (W™ — W )e=e] /m ke —we /Wy Wm + 1
Lopez (W x bY) + (W x t5) Kk — 1 /2 [(1 n 1) W + (1 _ 1) W] Lopez et al. (2000)
W= — <_> k) Mo k)
(b + t*) k+1 2
Weibull W = W — (W; — Wp)exp[— (k)™ N m-—1 Weibull (1951
¢ — (Wp — Wo)exp[—(kt)™] l((m 1) m) Wi — (W; — Wy)exp (_—m ) (1951)
k m

Wo (g), Wr (g), k (g per d), m, and b (d) are initial weight, final (mature weight) weight, coefficient of relative growth or maturing index, the shape parameter, and the age at approximately half
maximum body weight, respectively.
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Table 2. Descriptive statistics of body weight traits in different ages of pearl grey Guinea fowl

Age (wk) Mean Standard deviation Minimum Maximum
Male (n=70)

0" 27.29 3.64 21.80 33.50

1 49.25 5.45 33.90 63.70
2 79.40 8.86 63.00 105.40
3 125.50 11.31 93.40 153.30
4 180.89 16.21 134.80 223.20
6 300.16 25.27 219.00 383.00
8 523.31 34.55 425.00 595.00
10 676.80" 42.91 544.00 790.44
12 810.69" 56.57 641.44 954.70
14 923.43" 65.49 423.30 1087.50
16 1019.48" 72.99 803.80 1183.70
18 1055.08" 71.90 785.70 1201.50
20 1110.87" 73.77 883.90 1361.40
22 1161.07 75.57 907.40 1327.80
24 1200.23 86.40 954.00 1523.20

Female (n=59)

0 26.27 3.70 20.10 33.80
1 47.93 4.37 40.10 59.32
2 77.18 9.76 43.80 97.80
3 123.73 11.32 103.20 157.30
4 180.03 13.69 143.70 241.20
6 297.56 19.27 263.00 354.00
8 517.06 35.44 411.40 591.00
10 656.62 47.25 487.54 725.33
12 787.65 63.39 533.64 905.54
14 897.90 78.20 563.20 1043.90
16 985.24 85.45 575.40 1123.80
18 1020.28 89.36 583.90 1135.70
20 1081.53 90.37 600.00 1223.80
22 1144.86 68.34 953.00 1321.90
24 1199.06 76.73 983.70 1403.20

* The mean body weight is significantly different between males and females (P<0.05).

" Week 0 is the first day of birth
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Table 3. Estimated parameters of growth models in pearl grey Guinea fowl

Model W+SE WSE k+SE m+SE b+SE

Female
Gompertz 24.139+1.781  1225.160+7.758  0.026+0.0004 - -
Logistic 60.77+£2.303 1142.54+5.613  0.044+0.0007 - -
Richards 16.518+£3.599  1249.79+13.700  0.023+0.001 -0.150+0.060 -
Lopez 35.768+4.925 1383.90+20.080  2.152+0.055 - 75.818+1.232
Weibull 21.590+£5.246  1210.20+10.830 0.012+0.0001 1.721£0.036 -

Male

Gompertz 20.960+£1.382  1233.68+6.121  0.027+0.0003 - -
Logistic 57.670£1.830  1155.91+4.488  0.046+0.0006 -
Richards 21.5904+2.885  1231.91+9.103 0.027+0.001 0.013£0.052 -
Lopez 42.659+3.936 1350.60+£13.680 2.331+0.048 - 72.108+0.794
Weibull 28.021+£4.188  1200.26+£7.202  0.012+0.0001 1.834+0.030

Wo (g), Wt (g), k (g per d), m, and b (d) are initial weight, final (mature weight) weight, coefficient of relative growth or

maturing index, the shape parameter, and the age at approximately half maximum body weight, respectively.

SE: Standard error
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Table 4. Estimated age (ti), weight at the inflection point (w;), and absolute growth rate (AGR) at 1, 12, and 24
weeks by different growth models

Model ti (d) wi (g) AGR; (g) AGR1; (g) AGR4 (g)
Female
Gompertz 52.610 450.711 4.039 9.047 0.671
Logistic 65.438 571.270 2.020 10.765 -2.610
Richards 50.336 422957 4.637 8.660 1.146
Lopez 47.494 396.606 0.259 8.476 2.006
Weibull 50.265 428.401 1.012 8.958 1.439
Male
Gompertz 52.033 453.845 4.283 9.190 0.892
Logistic 64.059 577.955 2.169 11.137 -2.117
Richards 52.728 456.124 4.193 9.134 0.844
Lopez 48.649 416.076 0.412 8.810 1.832
Weibull 54.227 456.345 0.644 9414 1.243

Slsre S lasls Epe o laosks 5 o yo wd; sl Jae sl (Bl (295 slajlre -0 Jgor
Table 5. Goodness of fit criteria for fitted growth models in males and females of pearl grey guinea fowl

Model MSE AIC BIC Rﬁdj
Male
Gompertz 3489.73 9702.99 9722.12 98.12
Logistic 4365.72 9900.52 9919.65 97.65
Richards 3469.08 9698.75 9722.66 98.14
Lopez 3401.94 9681.51 9705.42 98.17
Weibull 3542.11 9717.12 9741.04 98.10
Female
Gompertz 2816.77 11163.56 11183.33 98.54
Logistic 3459.64 11376.33 11396.10 98.20
Richards 2819.32 11165.49 11190.20 98.53
Lopez 2795.27 11156.63 11181.34 98.55
Weibull 2881.80 11188.18 11212.89 98.50

MSE: Mean square error; BIC: Bayesian information criterion; AIC: Akaike information criterion; Rf\dj: Adjusted coefficient

of determination
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Fig. 1. Estimated and predicted body weights in different ages using growth models in male pearl grey guinea
fowls
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Fig. 2. Estimated and predicted body weights in different ages using growth models in female pearl grey guinea
fowl
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