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P < 0.05 4 393.8 ± 42.1 pg/mL 2-6 10-12 P < 

0.05 9-11 3-7 P < 0.05 1-9 9-12

0.3 ± 0.2 mL 4.0 ± 1.2 17.5 ± 6.9×108 /mL

12.9 ± 5.1% 76.3 ± 19.3% 20.3 ± 1.2 cm pH 7.2 ± 0.4
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Pudu
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2 11 12 19.3 ± 1.8

Liu et al., 2002 Cervidae

Formosan Reeves' Muntjac Muntiacus reevesi micrurus 2006
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Dawend, 2013

Jackson et al., 1989

Hata et al., 2021 American 

elk Crerus canadensis

Suzuki, 1993
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I.   

5

Institutional Animal Care and Use Committee KAPS IACUC, No. 110-16

500 g

1 12 1 1 1 12

 testosterone estradiol

II.  

24 10% S Balanzine; Xylazine 10%, 

100 mg/mL, 50 Zoletil 50; Tiletamine base, 25 mg/mL and Zolazepam base, 25 mg/mL, France 1:2

3 mL 1 mL Atropine; 1 mg/mL, 

Electroejaculator, EJ6CCGS, CGS Products PtyLtd., Australia

15 mL

III.

i   semen volume

ii  sperm motility 5 Nikon SE  

0-5 2002

iii semen concentration 3% saline 200

v abnormal morphology - nigrosin-eosin, NE

Ax et al., 2000 3 1. primary abnormal 

morphology 2. secondary abnormal morphology

3. tertiary abnormal morphology

vi sperm viability - nigrosin-eosin, NE 5 L

10 L NE 37  30

5

vi scrotal circumference Scrotal Tape Metric, Neogen, USA

vii pH pH meter Sartorius, PT10 Portable Meter, Germany pH

IV. 

5 1500 x g 30 -20

 Lot 640  

Lot 606 Immulite 2000 XPi Siemens USA

V.  

Statistical Analysis System, SAS, 2005

General Linear Model Procedure, GLM Least Squares Means; LSM

I.   

5 0.4± 0.1 ng/mL 11
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10.3 ± 4.8 ng/mL 10-11 3-7 P < 0.05 1

11 147.6 ± 35.4 pg/mL 393.8 ± 42.1 pg/mL 2-6

10-12 P < 0.05 2 10-11 11

9-11

20.7 ± 0.4 20.9 ± 0.3 20.4 ± 0.4 3-7

16.7 ± 0.4 15.2 ± 0.6 14.6 ± 0.3 14.2 ± 0.2 15.5 ± 0.2 cm P < 0.05 3

    3-7 1.3 ng/mL 8-9

10-11 10 ng/mL

1 Wapiti, American elk 4-5

27 ng/mL Haigh et al., 1984 Fallow deer; Dama dama

10-11  1.0 ng/mL 4

 12.0 ng/mL 11  1.0 ng/mL

 0.3 ng /mL Asher et al., 1987

1. 

Fig. 1. Changes of testosterone concentration of Formosan sika stag in different months.

2. 

Fig. 2. Changes of estradiol concentration ofFormosan sika stag in different months.
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3. 

Fig. 3. Changes of scrotal circumference of  Formosan sika stag in different months.

II. 

3-8 1-2

9-12 1 1-2 9-12 5

0.3 ± 0.2 mL 4.0 ± 1.2 17.5 ± 6.9 × 108 /mL

12.9 ± 5.1% 76.3 ± 19.3% 20.3 ± 1.2 cm pH 7.2 ± 0.4 ID 04Q-

0003 2.5 ± 1.2 49.5 ± 24.6%

2003 5

4 2006

Asher et al., 1993

1. 1-2 9-12 Mean ± SEM

Table 1. The semen traits of individual Formosan sika stag (Mean ± SEM)

Items
ID of individuals

525 529 Q-09 04Q-0001 04Q-0003 Mean ± SEM

Month of semen Collection Sep.- Feb. Sep.- Nov. Sep. - Nov. Sep.- Feb. Sep. - Dec.

Number of semen Collection 6 3 3 6 4

Semen volume (mL) 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.0 0.5 ± 0.2 0.3 ± 0.1 0.3 ± 0.2

Sperm motility (0-5) 3.8 ± 1.1 4.7 ± 0.5 4.3 ± 1.1 4.5 ± 0.8 2.5 ± 1.2 4.0 ± 1.2

Semen concentration (×108/mL) 18.9 ± 6.8 17.3 ± 10.2 15.6 ± 5.3 18.7 ± 8.1 15.4 ± 6.2 17.5 ± 6.9

Abnormal morphology (%) 10.0 ± 3.7 10.2 ± 1.2 15.5 ± 9.5 14.3 ± 5.4 15.3 ± 2.6 12.9 ± 5.1

Sperm viability (%) 80.0 ± 13.6 84.5 ± 3.9 74.8 ± 21.1 87.0 ± 8.1 49.5 ± 24.6 76.3 ± 19.3

Scrotal circumference (cm) 21.0 ± 0.8 21.0 ± 0.4 21.2 ± 0.3 19.3 ± 11.1 19.4 ± 1.0 20.3 ± 1.2

pH 7.2 ± 0.3 7.4 ± 0.3 7.0 ± 0.2 7.3 ± 0.5 7.0 ± 0.2 7.2 ± 0.4
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Abstract

The purpose of this study was to evaluate the seasonal changes of reproductive performances including reproductive 

endocrine, scrotal circumference, semen traits, and to improve the reproductive efficiency of elite breeds of Formosan 

sika stag. Five healthy and sexually matured males of Formosan sika stag selected for the experiment. The semen samples 

collected by electric stimulation and jugular vein blood sampling once a month. The results showed that the highest 

testosterone concentration was 10.3 ±

(P < 0.05). The highest estradiol concentration was 393.8 ±

higher than Oct. to Dec. (P < 0.05). The scrotal circumference reached the largest average value from Sep. to Nov. in the 

were that the semen volume 0.3 ± 0.2 mL, sperm motility 4.0 ± 1.2, semen concentration 17.5 ± 6.9×108 sperm/mL, abnormal 

morphology 12.9 ± 5.1%, sperm viability 76.3 ± 19.3%, scrotal circumference 20.3 ± 1.2 cm and pH 7.2 ± 0.4. In conclusion, 

the reproductive endocrine concentration and scrotal circumference were consistent with seasonal changes, and the semen 

could be collected during the breeding season only in Formosan sika stag. According to the results, these can be used as a 

reference for Formosan sika stag breeding.

Key Words Formosan sika stag, Reproductive performances, Semen.
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