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Abstract: A new method was developed to analyze the population age groups of the captive Alpine musk deer ( Moschus
chrysogaster) based on the visible-near infrared reflectance spectra of their feces. A total of 145 feces samples including 50,
50 and 45 from fawns, subadults and adults, respectively, were collected at Xinglongshan Musk Deer Farm, Gansu
Province. The spectral scanning on the samples was carried out in a darkroom (18 —22°C, 22% —25% humidity and a
special halogen lamp as the sole light source) with an ASD FieldSpec® 3 spectrometer. The spectral data were assigned
randomly to two sets for calibration (100 data) and validation (45 data) each. The data were pretreated by the methods of
S. Golay smoothing and the first derivative. The pretreated spectra were analyzed by principal component analysis (PCA) ,
and the resultant top 6 principal components, which accounted for 95.00% of the variation among original spectral data,
were used as the inputs for modeling. Individual calibration models were developed for differentiation of the population age
groups of Alpine musk deer by Fisher linear discriminant ( FLD) , Bayes stepwise discriminant ( BSD) or Back-propagation

artificial neural network ( BP-ANN). The predicted outcomes from the validation models of the 45 sample spectral data
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indicated that the accuracy rates of prediction were 84. 44% , 82. 22% and 80. 00% for BP-ANN, BSD and FLD,
respectively. The highest differentiation accuracy of 93.33% was achieved in the fawns among the three age groups. The
differences in the fecal spectra among the three age groups revealed the component diversity of the feces, which
corresponded with the ontogenetic development of the digestive system of Alpine musk deer. The fecal samples of subadults
were of transitional attributes, but those of fawns or adults were readily differentiated by the models. The results suggested
that visible-near infrared reflectance spectra of feces was a rapid and non-invasive method for distinguishing the population

age groups of Alpine musk deer, and the PCA combined with BP-ANN was a preferred method.

Key Words: alpine musk deer ( Moschus chrysogaster) ; populaton age groups; feces; visible-near infrared reflectance

spectra ; differentiation models
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Fig. 2 Score cluster plots of top three principal components PC-1, PC-2 and PC-3 for all samples
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F1 3#MTEHHER
Table 1 Discriminant models developed by three methods

FEAY Model
77k Method R EE S th AU
Hidden layer weights of each node Output layer weights

BP-#1 22 W 4% 1] 5] -0.0599 10. 8295 -6.1239 -10. 1083 11.2426
Back-propagation artificial neural 1.9804 -0.2101 -4.2019 4.9059
network discriminant -2.5900 0.3690 5.9926 2.2782 -9.8130

-4.9090 -7.1463 3.9527 -4.8198

1.8156 7.0908 7.0502 4.1789 7.8657

-0.0904 -3.3300 -8.3096 -4.5338 -8.3791

Fisher 35| Fisher linear discriminant Yk = —4- 4342 +7.2887x; +1.9351x, 0. 1706x; + 1. 8196x, —0. 0883x5 +0. 22504

Yk = —0- 8378 +1.1972x; +1.4907x, +0. 190525 +1.4910x, +0. 9086x5 +0. 0745x4
Yy = — 1. 6168 — 1. 1738x; +0. 5218x, + 1. 2247x; +1.9322x, +1. 7711 x5 +1. 237344

Bayes % #$] 5] Bayes stepwise discriminant Yipk = —2. 6444 +5. 1116, - 1. 1280x;5 ABASRN x; 5 xs , LR E IR
Yum = —0- 0099 +0.2558x; +0. 0417x5 The variables x; and x5 were selected,
Ytk = — 3.5135 —5.9465x; + 1. 0640x; others were removed

R2 3MAENINGESRBERFHR K ERE

Table 2 Discrimination accuracy rates for samples from calibration and validation sets by three methods (% )

i|Z:4E Calibration set I 4E Validation set

Jik Method Bk WRE gk Rk ik WEk Stk ik

Adult Subadult Fawn Total Adult Subadult Fawn Total
Fisher Z&4: 3] 5| Fisher linear discriminant 80.00 77.14 94.29 84.00 73.33 80. 00 86.67 80.00
Bayes % 4 3 3] Bayes stepwise discriminant 86.67 80.00 91.43 86.00 80.00 73.33 93.33 82.22

24 4 ) . .
BP-HIZ 1% Back-propagation artficial neural o o0 g5 71 9420 90.00  80.00  80.00  93.33 84.44
network
K
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