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ABSTRACT

Maleo bird (Macrocephalon maleo) is the one of protected bird’s species and
originated from Sulawesi island of Indonesia. This study was carried out to obtain
the growth curve of body weight (BW) in mixed-sex Maleo birds from hatching to
yearling ages. The growth curve in this study was calculated with non-linear
regression of Logistic (L) and Gompertz (G) models using CurveExprt 1.4. computer
program. The primary data in this study was cited from previous study through a
literature study. Research showed that the asymptotic weight (A) in birds was
1825.34 g (L) and 3429.23 g (G). The weight of inflection (W) in studied birds were
912.67 g (L) and 1260.75 g (G). The time of inflection (t;) in birds was 8.51 months
(L) and 11.00 months (G). The maximum growth rate in birds was 159.72 g/month
(L) and 151.29 g/month (G). The coefficient of determination (R?) in both models
included of very high category (0.80<R2<1.00) but the lower of standard error (SE)
value showed in L model. It can be concluded that the non-linear regression of
Logistic model can be used as BW predictors in mixed-sex Maleo birds.
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INTRODUCTION
Maleo birds (Macrocephalon maleo) are one of Indonesian endemic species that originated
from Sulawesi island. According to the Rhodopsin (RDP1) nucleus gene, this bird was closed
to other birds family of Aeypodius, Alectura, Talegalla and Leipoa [1]. The Maleo bird
included of Since year 1931 IUCN (International Union Conservation of Nature and Natural
Resources (ITUCN) was recorded in the red data book [2]. In addition, CITES (Convention on
International Trade in Endangered Species) was classified into Apendix | (endangered
species). Therefore, since year 1970, the Maleo birds was decided as the one of protected
animal in Indonesia through the decision of Ministry of Agriculture No: 421/Kpts/Um/8/1970
[3]. Moreover, since year 1990 the Maleo bird was decided as the mascot of Central Sulawesi
province through the decision of Governor No: 184.44/1067/Ro/BKLH/1990 [4].
Unfortunately, the Maleo eggs hunting still occured in the many national park of
Sulawesi for consumption purpose. Hence, the egg weight, egg length, egg width and egg
index of Maleo birds were 211.70+£12.32 g; 10.18+0.35 cm; 6.12+0.23 cm and 60.01+0.03
[2]. Despite human, Maleo birds was threated by many predator animals of monitor lizard
(Varatus salvator), wild boar (Sus celebensis), Phyton snake (Phyton reticulatus), Sail-fin
lizard (Hydrosaurus amboinensis) and Sulawesi hawk-eagle (Spizaetus lanceolatus) [5].
Recently, the Maleo conservation center was established in many national park of
Sulawesi. Hence, study in the growth characteristic of Maleo birds is important to obtain the
suitable farming management system. Growth is a continous function during the animal’s life
from embryonic stages up to adult age and its mathematically explained by growth curve
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growth from hatching, a point of inflection in the growth curve at which the growth rate is
maximum, a phase where growth rate is decelerating and a limiting value (asymptote) mature
weight [6]. In addition, the growth curve are to describe the regular change generated by the
live weight or some part of the animal with the age increasing, which commonly is a S-shaped
(sigmoid) curve [7].

Two non-linear regression of Logistic (L) and Gompertz (G) models were widely used
to predict the growth curve in birds with explain of point inflection about 50% (L) and 30%
(G) from the asymptotic weight [8]. Unfortunately, study in growth curve analysis in Maleo
birds was not reported. This study was aimed to predict the growth curve model of body
weight in Maleo birds with L and G models using primary data from previous studies. The
results in this study can be used as the basic information to evaluate the management system
in Maleo conservation center.

MATERIALS AND METHODS

This research was conducted with the primary data of body weight (BW) in Maleo
birds (Figure 1) from previous studies as presented in Table 1. However, the scope study in
cited references were different compared to the present study. Two non-linear regression of
Logistic (L) and Gompertz (G) models were used in this study to compute the growth curve of
body weight using CurveExpert 1.4. computer program [9]. Hence, the mathematical formula
in L and G as follow [10] :

A

Logistic : W, =1 Be™ Wi =A/2 ti=(Ln. B)/k MGR = (Wi x k)/2
+

t

Gompertz : W, =Ae®" Wi = Ale ti = B/k MGR = Wi x k

where, A is the asymptotic (final) weight (g); B is the scaling parameters (constant of
integration); k is the maturing rate (g/month); e is the natural constanta (2.72); t is the time
(month).

Figure 1. A Maleo bird (Macrocephalon maleo)

Table 1. Means (£SD) of body weight in mixed-sex Maleo birds at different age

Age (month) N BW (9) Origin Reference
0 10  126.0£30.9
1 10  148.5+20.1  Dumoga District, North Sulawesi [11]
2 10  190.0+13.4
6 20  487.1+34.9
7 20  684.1+36.6
8 20  843.7+35.8
9 20 1001.6+39.5 Batui District, Central Sulawesi [12]
10 20  1215.6x53.3
11 20 1341.7+35.2
12 20 1373.1+30.2
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Therefore, the growth curve with high coefficient of correlation (R?) and mean
squared error (MSE) values can be suggested that this curve is accurate for BW prediction
from hatching to yearling ages. In addition, both parameters were computed with a similar
computer program.

RESULTS AND DISCUSSION

The asymptote weight (A) in Maleo birds was 1825.34 g (L) and 3429.23 g (G) as
presented in Table 2. According to the previous studies, the A value in Maleo birds with L
model was closed to Italian Padovana Argentata/IPA cocks (1859 g) and Italian Padovana
Camosciata/IPC x Italian Berlanda (1957 g) hens with similar model [13]. Meanwhile, the A
value in Maleo birds with G model was closed to Broiler Line 1 chickens i.e. 3911.4 g (male)
and 3618.10 g (female) with similar model [14]. The Wi value in Maleo birds was 912.67 g
(L) and 1260.75 g (G) as presented in Table 2. The Wi; value in Maleo birds with L model was
closed to IPA (930 g), IPC (1061 g), Chinese Jinghai Yellow (1098.99 g) and Broiler (1093 g)
[13,15,16]. Meanwhile, the Wi value in Maleo birds with G model was closed to Broiler Line
1 (1330.18/1438.01 g), Broiler Line 2 (1253.57/1416.95 g) and Hubbard Broiler (1345/1605
g) chickens [13,17]. The t; value in Maleo birds was 8.51 months (L) and 11 months (G) as
presented in Table 2. The t; value in Maleo birds was higher than in chickens. Commonly, the
sex maturity was occured in the inflection point. Hence, the breeding in Maleo birds can be
assessed at about 8 to 11 months of age. Maleo included of monogamy birds that first egg
production reached at 20 to 24 months with egg incubation along 53-63 days [18]. So,
reproductive period of the Maleo birds was long and rarely in their nature wild. In addition,
increasing the conservation center for Maleo birds and civil education to protect Maleo are
important for keeping this birds from extinction. Despite, the coefficient of determination (R?)
in both models were about 0.99 (very high). Nevertheless, the lower means squared error
(MSE) was observed in L model. In the future, study to determine the growth curve model
with sex factor is important for obtaining the results accurately. The sex of Maleo birds can be
identified based on their macrocephalon size and cloaca morphology [19].

Table 2. The growth parameters in Logistic and Gompertz models for body weight in mixed-sex Maleo birds

Model A B k Wi ti MGR R? MSE
Logistic 1825.34 19.69 0.35 912.67 851 159.72 0.997 42.74
Gompertz  3429.23 1.32 012 1260.75 11.00 151.29 0.995 57.67

A: asymptotic weight (g) when time goes to infinity; B: scaling parameters (constant of integration); k: maturing rate (g/week); W;: weight of
inflection (g); t;: time of inflection (months); MGR: maximum growth rate (g); R?: coefficient of correlation; MSE: means of squared error

Body weight Growth rate
1400,00 180,00
. 1200,00 o £ 15000 S— —
2 / 2 11000 -~
£ 100000 '
§ 800,00 T 10000 /
3 pd . 7
£ 50000 T 8000 —
3 g =
£ &= 60,00
2 40000 B —
2 E 4000 o
-9 -
200,00 — ? 2000
-9
0,00 0,00
1 2 3 4 5 & 7 B 9 10 11 12 1 2 3 4 5 & 7 & 8 10 11 12
Age (month) Month
—— Logistic Gompertz —— Logistic ——Gompertz

Figure 2. The growth curve (left) and growth rate (right) of mixed-sex Maleo birds based on non-linear
regression of Logistic and Gompertz models
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CONCLUSION

The asymptotic weight in mixed-sex Maleo birds was 1825.34-3429.23 g with
inflection of weight and time were about 912.67-1260.75 g and 8.50-11 months respectively.
Thus, the L model was more accurate to describe the growth of Maleo birds rather than G
model.
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