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Summary

Among the exotic, local (nondescript) and crossbred goats present in Sri Lanka,
Kottukachchiya is the only distinct local breed with recognizable morphological features.
Kottukachchiya goats are characterized by small body size with a uniformly black shiny coat
colour and are well adopted to harsh tropical environments in the country. However, this
breed is rapidly vanishing due to indiscriminate crossbreeding and lack of a proper
conservation program. The aim of this study was to compare the growth performance of
Kottukachchiya breed with German Boer and Jamnapari breeds under semi intensive rearing
conditions in the Dry Zone of Sri Lanka. Least squares mean body weights and
morphometric measurements (adjusted to sex and multiple birth effects) of the three breeds
were compared at various ages and growth was modelled using nonlinear regression analysis.
Kottukachchiya breed showed the lowest mean body weights, lengths and heights (p<0.05)
from birth up to the end of the experiment period (17 months of age) compared with the other
two breeds. Boer and Jamnapari breeds did not show significant differences with respect to
weight, height or length (p<0.05). Brody model provided a better fit than Von Bertalanffy,
Logistic, Gompertz and Richards models for the growth data of all three breeds. As the
Kottukachchiya goat population is diminishing rapidly, a well panned multiplication program
with a systematic crossbreeding with exotic breeds seems essential to ensure in situ
conservation of the breed through sustainable utilization.
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Introduction

Out of the local goat population of Sri Lanka (358,000 heads), about 70% is concentrated in
the drier areas providing much needed milk, meat and income to the rural community
(DAPH, 2015). As milk and meat production potential of local nondescript goats is much
poorer, attempts have been made to introduce exotic breeds, predominantly German Boer,
Jamnapari, and Saanen breeding animals, for multiplication and upgrading programs
(Rajapaksha et al., 2001). Thus, the local goat population at present exhibits considerable
genetic diversity (Silva et al., 2017).

Kottukachchiya is probably the only identifiable breed among many non-descript type local
goats present in Sri Lanka. They possess unique breed characteristics such as dark black
shiny coat colour and small body size (Anonymous, 2007; Silva et al., 2017) with great
adaptability to the harsh field conditions. They seem to have better capability to fight
diseases such as bacterial infection, worm and tick infestation than exotic breeds
(Kurukulasuriya et al., 2016). Unfortunately, this breed is slowly vanishing, in part due to
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lack of properly organized breeding programs in Sri Lanka to conserve this breed
(Anonymous, 2007; Silva et al., 2017). The nucleus herds of this breed maintained at
Government farms decades ago have disappeared gradually with indiscriminate cross
breeding (Silva, 2010). It is imperative to evaluate the comparative performance of this breed
relative to the imported breeds and their crosses with respect to important economic traits
such as growth, milk production and fitness in order to design conservation programs through
sustainable utilization of this vanishing breed. The objective of this study was to evaluate
growth performance of Kottukachchiya, German Boer and Jamnapari breeds under semi
intensive management in the Dry Zone of Sri Lanka and model the growth curves of the three
breeds up to the age of 17 months.

Material and methods

This study was carried out for four years in a state goat farm in Kottukachchiya town, in the
North-Western region (Dry zone) of Sri Lanka, at 7° 57' 0" North and 79° 56' 0" East
geographical coordinates. The average monthly temperature ranged between 26-290C and
rainfall was about 1,268 mm. The farm maintained pure Jamnapari, Kottukachchiya and
German Boer breeds managed in the similar manner. The animals were allowed browsing
freely during the day on natural pasture lands, supplemented by fodder tree leaves at the
shelter under semi-intensive management. Body weights were measured from birth to 17
months of age at different intervals. After editing, a total of 1,969 growth measurements
from 249 Jamunapari goats, 718 observations from 79 Kottukachchiya animals and 7,561
measurements from 613 Boer goats were used for this study.

Statistical analysis

Analysis of variance procedure was carried out to find the differences in live weight among
the three breeds at different ages. Least square means of live weight were obtained after
adjusting for three fixed effects namely sex, birth year and birth type (1=single, 2=twin or
more). Means were compared using PDIFF option of GLM procedure in SAS software
package (SAS Institute Inc., 2011). Five growth models were fitted for the growth data using
nonlinear regression procedure (PROC NLIN and PROC NLMIXED in SAS software) for
each breed separately (Table 1) to determine the most suitable function to model growth of
those goat breeds.

Table 1. Alternatives Models for Growth curves1.

Model Formula Reference

Brody
Von Bertalanffy
Logistic
Gompertz
Richards

Yt= A( 1 – Bexp-kt)
Yt= A( 1 – Bexp-kt)3

Yt= A( 1 + Bexp-kt)-1

Yt= A exp( – Bexp-kt)
Yt= A( 1 – Bexp-kt)m

Brody (1945)
Bertalanffy (1957)
Robertson (1906)
Winsor (1932)
Richards (1959)

1Yt = body weight (kg) at time t in days, A=asymptote, B= constant of integration, exp = exponent, k=
maturing rate and m= inflection parameter.

Best fit model was selected based on mean square error (MSE), coefficient of determination
(adjusted R-square), Akaike information criteria (AIC) and Bayesian information criteria
(BIC) as follows:
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AIC= n ln (SSE/n) +2p
and

BIC = n ln (SSE/n)+2(p +2)q -2q2

where p is the number of parameters in the model, SSE is the error sum of squares and q =
nσ2 / SSE. Lower values for AIC and BIC of a model indicate a better fit with fewer
parameters (parsimony based).

Results and discussion

Comparison of growth parameters

Comparison of least square means of live weights showed that Kottukachchiya breeds had
significantly lower weights at birth and afterwards compared with Jamnapari and Boer goats.
Respective birth weights of the three breeds were 2.28, 2.62 and 3.18 kg for male kids and
2.00, 2.49 and 2.81 for female kids. Sex difference was significant only for Boer kids
(p<0.05). At 12 months mean weights of the three breeds were 19.41, 22.72 and 21.75 kg,
respectively while Kottukachchiya having significantly lower weight than the two exotic
breeds (p<0.05). Finally, at the age of 17 months, the three breeds had live weights of 19.30,
26.27 and 27.41 kg, respectively with similar pattern of significance. Although German Boer
is well recognized as a superior meat producer throughout the world, it had not been able to
outperform the Jamnapari goats under the harsh tropical conditions and management practices
of the present study. Height (70.2 cm) and length (66.2 cm) of Jamnapari goats at 17 months
were also greater than those of Boer goats (66.1 cm and 64.5 cm, respectively) numerically
however the differences were not statistically significant (p>0.05). Kottukachchiya goats
reported significantly lower values for those two traits as well (60.0 cm and 54.0 cm,
respectively).

Parameters estimation for growth curves

The estimates of parameters used for modelling growth of the three breeds are presented in
Table 2. The two nonlinear regression procedures used in SAS software (NLIN and
NLMIXED) provided the same parameter estimates, though the iterative procedures were
different. All models fitted the data significantly (p<0.01) for every breed. Thus, all of the
mathematical functions considered here could be used to model the early growth of the three
breeds satisfactorily. Interestingly, Richards function and Brody function provided the same
estimates for all three breeds indicating that the parameter m in Richards function was
essentially equal to 1.0. Thus, the Richards function seems to be overparameterized for these
data.

Table 2. Estimates of parameters of growth models for goat breeds1.
Growth model A± SE B± SE k± SE
Jamnapari
Brody 49.2053 ±3.2202 0.9251±0.0047 0.00166±0.00017
Logistic 30.2518 ±0.5626 4.6040±0.1615 0.00840±0.00029
Bertalanfy 36.4491±1.1648 0.5030± 0.0064 0.00385±0.00020
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Gompertz 33.9946 ±0.8972 1.9626± 0.0344 0.00496±0.00022
Richards 49.2053 ±3.2202 0.9251±0.0047 0.00166±0.00017
Kottukachchiya
Brody 37.4784± 2.6051 0.9261±0.0075 0.00260±0.00030

Logistic 26.6240±0.6035 4.8749±0.2584 0.01060±0.00052
Bertalanfy 30.2408±1.1287 0.5119±0.0106 0.00533±0.00037
Gompertz 28.7925±0.9031 2.0167± 0.0566 0.00665±0.00041
Richards 37.4784± 2.6051 0.9261±0.0075 0.00260± 0.00031

Boer
Brody 40.1041±0.7245 0.9012± 0.0028 0.00230±0.00008
Logistic 29.1532±0.1963 4.1403± 0.0798 0.00899±0.00015
Bertalanfy 33.2736± 0.3503 0.4779± 0.0036 0.00447± 0.00001
Gompertz 31.6787± 0.2845 1.8399± 0.0186 0.00558± 0.00011
Richards 40.1041±0.7245 0.9012± 0.0028 0.00230±0.00008

1A, B and k are model parameters as in Table 1. SE is the standard error of the estimates.

NLIN procedure provided the mean square error and R-squared values for each model while
NLMIXED procedure calculated respective AIC and BIC values as model selection criteria
(Table 3). Though all five models fitted satisfactorily, model selection criteria showed clear
differences among the models. Brody and Richards functions (having the same parameter
estimates) provided the lowest mean square error values and the highest R-squared values
among all models. Thus, with the smallest errors, those models were considered as the best
for every breed. However, AIC and BIC values of Brody function were smaller (better) than
those of Richards function. AIC and BIC are parsimony based model selection criteria, i.e.
they give credit for better fit while penalizing for complicated models with many parameters.
Richards function having more parameters than Brody’s has received greater AIC and BIC
values indicating that Brody function was the most superior model for the present data.

Table 3. Model selection criteria for growth functions1.

Growth model MSE R2 (%) AIC (x103) BIC (x103)

Jamunapari
Brody 24.4248 71.58 7.2261 7.2280
Logistic 26.7805 68.84 7.4341 7.4361
Bertalanfy 25.2714 70.59 7.3031 7.3051
Gompertz 25.6857 70.11 7.3398 7.3400
Richards 24.4248 71.58 7.2280 7.2300

Kottukachchiya
Brody 13.2100 79.25 2.0652 2.0672
Logistic 13.7663 78.38 2.0981 2.1001
Bertalanfy 13.3539 79.03 2.0738 2.0758
Gompertz 13.4548 78.87 2.0799 2.0819
Richards 13.2100 79.25 2.0672 2.0692

Boer
Brody 22.0418 73.68 25.2259 25.2279
Logistic 24.2838 71.00 26.0159 26.0179
Bertalanfy 22.8829 72.68 25.5313 25.5333
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Gompertz 23.2759 72.21 25.6701 25.6722
Richards 22.0418 73.68 25.2279 25.2299

1MSE=mean square error, AIC=Akaike information criterion, and BIC=Bayesian information criterion.

Conclusions

The present study shows that growth performance of Kottukachchiya breed is clearly not in
par with the improved exotic breeds such as Jamnapari and German Boer under semi-
intensive management conditions. Though previous studies have indicated that
Kottukachchiya breed has superior qualities with respect to adaptability to harsh environment
such qualities would have given a competitive edge to Kottukachchiya breed if the
management had been extensive, as the case with most rural farmers. Thus, it is essential to
conserve those rare genes of adaptability for future exploitation. Implementation of a
carefully planned breeding program is necessary to develop and maintain a sufficiently large
Kottukachchiya population (minimizing inbreeding) while allowing crossbreeding with exotic
breeds for conservation of the breed through sustainable utilization. Brody function seems
simple and adequate for modelling growth curves for further studies of growth and other
traits of those breeds.
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