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Abstract

Throughfall, stemflow and rainfall interception were collected and their ionic concentrations were 

analyzed for each of the rainfall events at a 18 year-old Taiwan-fir (Vckycpkc"et{rvqogtkqkfgu) plantation 

in the Wushyrkeng area of central Taiwan, February 1998 to May 1999. The total annual flow were 1,771 

mm for throughflow, 23.5 mm for stemflow, and 255.6 mm for rainfall interception, representing, 

respectively, 86.39%, 1.15% and 12.46% of the total annual rainfall of 2,050 mm. Annual fluxes of main 

cations from throughfall and stemflow were 44.38 kg/ha for Ca2+, 36.22 kg/ha for K+, and 11.04 kg/ha for 

NH4
+, while the fluxes of main anions were 85.13 kg/ha for HCO3

-, 48.49 kg/ha for NO3
-, and 36.01 kg/ha 

for SO4
2-. The pH-values were significantly correlated to SO4

2- and HCO3
- for throughfall but to NO3

-,

SO4
2- and HCO3

- for stemflow. The annual stemflow flux of H+ was negative -0.03 kg/ha but positive 

53.23 kg/ha for HCO3
-, indicating that some of the H+ ions were retained by the forest canopies. This 

suggested that the Taiwan-fir plantation functions as a buffer for acid rain. 

Mg{"yqtfu"< Taiwan-fir (Vckycpkc"et{rvqogtkqkfgu), throughfall, stemflow, rainfall interception 
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Opakunle 1989 Hölscher gv"cn0 1998 Lian and 

Zhang 1998) (Vckycp" et{rvqogtkqkfgu)

(  1991) 5,459 

ha 333,000 m3 (  1995

2000)

(24º18´ 

N 120º55´E 1)

122 328.4 ha

650m 1,834m (Mt. Shan-chiao)

( 1997)

(Et{rvqogtkc" lcrqpkec)

(Ewppkpijcokc"ncpegqncvc")

30"

Hki0"30 Locations of the Taiwan-fir plantation and meteorological station in the study area of Wushyrkeng 

in the central Taiwan (solid diamond in the map of Taiwan at the upper right corner, the study area; lines 

with numbers, elevations in meter). 
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1980 (18 ) 14.32 ha

1,060m

pH 3.2 3.6 (

 1994)

1995-1997

0.5 km/hr 20.0

7 (24.7 ) 1

(13.4 ) 2,509 mm

4 8

83% 10 1

60 mm (  2000)

(Su 1984)

( ) (rainfall, RF) 

1998 2

1999 5 (event)

6 hr

( 1996) 3

( 1) 3 19 cm

25L

(HDPE)

100 cm

(bulk precipitation)

( 1987)

( ) (throughfall, TF) 

4

19 cm 3

25L

24 cm

30L

(Brooks gv"cn0"1991)

( ) (stemflow, SF) 

4 10m × 10m

7.1-40.4 cm 25-35 cm (

2) 27.9 cm 31 cm 32 cm

3 150 cm

( 4 cm ) 3

1 cm

25L

( 1987)

( 1995)

SF = VOL × (6884 / ABH) / 105

SF (mm)

VOL

(ml)

ABH (cm2)

10m × 10m

6,884 cm2

40 18

Hki0"40 The distribution of tree diameters at breast 

height (DBH) at the 18-year old Taiwan-fir 

plantation in the Wushyrkeng area. 

( ) (rainfall interception, IL) 
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( 1964 Brooks gv"

cn0"1991)

IL = RF – ( TF + SF)  

pH (conductivity)

(WTW LF537) pH

(WTW pH95)

2

0.45 μm

(DIONEX 100) K+ Na+ Ca2+

Mg2+ NH4
+ F- Cl- NO3

-

SO4
2- HCO3

-

0.01N H2SO4 pH 4.52

pH 4.6 (

1984  2000)

(micro-equivalent concentration, μeq/l) 

(TTF/RF, 

SF/RF enrichment ratio)

(Parker 1990)

(annual flux) 1998 3

1999 2

(net 

canopy exchange, NEC)

(total annual throughfall, TTF)

(total annual stemflow, TSF)

(total annual rainfall, TRF)

NEC = ( TTF + TSF ) – TRF

( )

(analysis of variance)

(Duncan’s multiple range test)

pH

(Pearson 

correlation analysis)

SAS 8.0

( )

SigmaPlot version 8.0

(linear regression)

1

1998 3 1999 2

2,050 mm

1,771 mm 86.39% 23.5 

mm 1.15% 255.6 mm

12.46% (1976)

(36 )

88.13% 1.80%

11.69%

1998 6 ( 94.25% 1.62%)

1999 1 ( 57.42%

0.06%) 1999

1 (42.51%) 1998 6 (4.13%)

1998 7 8

1999 1 2

(Walter 1985)

( 1 3) 1998 7 8

1999 1 2 1998 11
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(11 0) 1999 1-2

( 2 )

"

30 18  (1998 2 1999

5 )

Vcdng" 30 Monthly and annual rainfall, throughfall, stemflow, and interception loss at the 18 years old 

Taiwan-fir plantation in the Wushyrkeng area of central Taiwan, February 1998 to May 1999 (percentages 

to rainfall in parentheses) 

1998 1999

Feb. Mar. Apr. May June July Aug. Sep. Oct. Dec. Jan. Feb. Mar. Apr. May 
Annual 

total1/

Rainfall (mm) 259.0 237.8 124.9 409.0 317.4 91.1 244.3 261.8 253.5 72.3 15.6 23.0 130.6 126.8 253.5 2050.7 

Throughfall
(mm)

239.4 206.9 106.9 378.7 299.1 62.9 168.5 229.8 233.5 60.5 8.9 15.9 106.8 106.5 216.7 1771.6 

(%) (92.43) (87.01) (85.55) (92.58) (94.25) (69.00) (68.99) (87.80) (92.09) (83.60) (57.42) (69.23) (81.82) (83.99) (85.46) (86.39)

Stemflow (mm) 2.7 2.2 1.3 4.3 5.1 0.7 2.2 3.2 3.9 0.5 0.0 0.0 0.8 1.8 2.3 23.5

(%) (1.05)(0.93)(1.06)(1.06)(1.62)(0.71)(0.89)(1.24)(1.55)(0.71)(0.06) (0.09)(0.64)(1.45)(0.92) (1.15)

Interception loss 
(mm)

16.9 28.7 16.7 26.0 13.1 27.6 73.6 28.7 16.1 11.4 6.6 7.1 22.9 18.5 34.5 255.6

(%) (6.52) (12.06) (13.39) (6.36) (4.13) (30.29) (30.12) (10.96) (6.36) (15.71) (42.51) (30.67) (17.53) (14.59) (13.61) (12.46)

1/ March 1998 to February 1999. 

(R2=0.10 df=28, r>0.05)

4 (1995)

pH

2

( )

(pH HCO3
-)

Ca2+

K+>NH4
+>Mg2+>Na+>H+

HCO3
->NO3

->SO4
2->Cl->F-

Ca2+>K+>Mg2+>NH4
+>H+>Na+

SO4
2->NO3

->Cl->HCO3
->F-

HCO3
-
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F-

3

Ca2+(43.31 kg/ha/year)

K+(34.76 kg/ha/year) NH4
+ (10.89 kg/ha/ 

year) HCO3
- (85.13 kg/ha/year) NO3

-

(48.49 kg/ha/year) SO4
2- (36.01 kg/ha/year)

Cl- (16.14 kg/ha/year) H+

96%

H+ 13%

1-4%

K+(33.88 kg/ha/year) HCO3
-

(52.23 kg/ha/year) K+

94% K+

H+(-0.02 kg/ha/year) F- (-1.55 

kg/ha/year)

5. (10 =20 mm 100 mm 10 =200 mm)

(1998 2 1999 5 )

Hki0" 50 Ecological climate diagram (10 =20 mm; when precipitation 100 mm, 10 =200 mm) and 

percentages of monthly rainfall interception (bar chart) at the Taiwan-fir plantation in the Wushyrkeng 

area, February 1998-May 1999. 
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40 1998 2 1999 5 18

(μeq/l)

Vcdng" 40 Ionic concentrations (volume weighted means  standard deviations, μeq/l) of rainfall, 

throughfall and stemflow for the 18-year Taiwan-fir plantation in the Wushyrkeng area of central Taiwan, 

February 1998 to May 1999

n=87 
Rainfall 

n=115 
Throughfall 

n=87 
Stemflow 

Cond. (μs/cm) 13.25 ± 0.58b1/ 22.65 ± 3.83b 63.15 ± 14.78a

pH 5.04 ± 0.20b 5.88 ± 0.08a 4.76 ± 0.38c

H+ 19.30 ± 6.06b 3.42 ± 1.37c 34.57 ± 16.92a

Na+ 9.64 ± 2.30b 8.62 ± 1.45b 21.94 ± 6.26a

NH4
+ 25.82 ± 1.06b 46.48 ± 18.15ab 46.83 ± 12.42a

K+ 3.55 ± 0.53c 50.49 ± 9.16b 173.67 ± 152.98a

Mg2+ 13.50 ± 5.49b 31.35 ± 4.47b 95.95 ± 9.26a

Ca2+ 51.95 ± 15.17b 129.31 ± 36.23b 254.12 ± 49.79a

F- 9.03 ± 3.91a 8.82 ± 5.18a 17.83 ± 1.82a

Cl- 18.02 ± 0.98b 23.76 ± 3.57b 83.37 ± 27.94a

NO3
- 22.61 ± 2.45b 48.24 ± 11.96b 98.43 ± 16.26a

SO4
2- 35.92 ± 2.13 b 45.40 ± 4.98b 153.23 ± 32.21a

HCO3
- 22.98 ± 12.55b 69.54 ± 4.00a 18.95 ± 9.60b

1/ Different superscripts (a, b and c) between columns of a line indicating significant difference at 5% 

level (r<0.05).

"

50 18 (kg/ha/ 

year) 1998 3 1999 2

Vcdng" 50 Annual ion in fluxes from rainfall, throughfall, stemflow and net canopy exchange (NCE, 

kg/ha/year) in the Wushyrkeng area of central Taiwan, March 1998 to February 1999 (percentages to total 

in parentheses)

 H+ Na+ NH4+ K+ Mg2+ Ca2+ F- Cl- NO3
- SO4

2- HCO3
-

Rainfall 0.39 2.67 7.61 2.34 2.57 15.52 4.61 12.32 24.11 31.13 31.90 

Throughfall 0.32 2.78 10.89 34.79 6.38 43.31 2.98 15.59 47.30 34.68 84.31 

(%) (87) (97) (99) (96) (97) (98) (97) (97) (98) (96) (99) 

Stemflow 0.05 0.10 0.15 1.42 0.21 1.07 0.08 0.55 1.19 1.33 0.82 

(%) (13) (3) (1) (4) (3) (2) (3) (3) (2) (4) (1) 

Total1/ 0.37 2.88 11.04 36.22 6.59 44.38 3.06 16.14 48.49 36.01 85.13 

NCE -0.02 0.21 3.43 33.88 4.02 28.86 -1.55 3.82 24.38 4.88 53.23 
1/Throughfall + Stemflow. 
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60

Vcdng"60 Comparison of percentage compositions of throughfall, stemflow and interception loss to rainfall 

among different forest types in Taiwan

Annual rainfall Throughfall Stemflow Interception losses Forest type Reference 

(mm)  (%)    

2050 86.39 1.15 12.46 Taiwan-fir plantation This study 

2821 88.13 1.8 11.69 Taiwan-fir plantation  1976 

2533 68.28 5.99 18.92 Cryptomeria plantation  1976 

1608 62-84 3.2-8.6 7.8-29.9 Chinese red pine  1964 

1608 60-83 3.6-12.7 14-38 China-fir plantation  1964 

1165 91.64 0.8 7.56 China-fir plantation  1964 

2822 77 14 9 China-fir plantation  1999 

2090 90.87 1.41 7.72 Taiwan zelkova plantation  1965 

2822 76 5 19 Secondary hardwood  1999 

2707 84.47 4.2 11.3 Mixed hardwood  1995 

2346 88.9 <1 11.1 Mixed hardwood  1996 

2822 74 3 23 Mixed hardwood  1999 

60" "

Hki0"60"The linear relationships between throughfall and rainfall (left figure) and between stemflow and 

rainfall (right figure) at the Taiwan-fir plantation in the Wushyrkeng area, February 1998-May 1999 (solid 

lines, regression lines; dashed lines, 95% confident levels).  
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70" "

Hki0" 70"Mean enrichment ratios of major solutes from throughfall (upper figure) and stemflow (down 

figure) at the Taiwan-fir plantation in the Wushyrkeng area, February 1998-May 1999. 
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5

K+>Mg2+>NO3
->Ca2+>NH4

+>HCO3
->Cond.

Cl->SO4
2->Na+ K+(21.89)

10

K+>Mg2+>Cl->NO3
->Ca2+>SO4

2->

Cond. Na+>NH4
+>HCO3

- HCO3
-

0.82

(  1995)

(

) (  1996

1999 Moreno"gv"cn0 2001)

(  1974  1995

 1999 Kostelnik" gv" cn0 1989 Beier and 

Hansen 1993)

( )

60-95% 0-35%

5-35% (Parker 1990) 4

(60-92%) (7-23%)

(0.8-12.7%)

(Opakunle 1989 Lian and Zhang 1998)

41%

38-65%

(Hölscher gv"cn0 1998)

(  1999)

(  1964 1965  1963 1964

 1995 1996)

 (1963)

(Cecekc"eqphwuc) (Rkpwu"ocuuqpkcp)

3 0.47 mm

2.00 mm 0.69 mm

6.2 mm 8.1 mm 7.8 mm

3.8 mm 2.9 mm 3.8 mm

4.5 mm 16.4 mm 15.2 mm

(

1964) ( 4)

25.52 mm 7.54 mm

(  1980)

(  2000)

(rainfall 
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duration)

(  1974

Brooks"gv"cn0 1991 Deguchi gv"cn0 2006 Cuartas"

gv"cn0 2007) (1996)

(1995)

10%

(42.5%)

1999 1

1998 5 (6.36%) 6 (4.13%)

300 mm 2

100 mm

pH

pH

(  1987

1992  2000 Cronan and Reiners 1983

Parker 1990)

(Schaefer 1992) Miller 

(1983)

pH Cronan and Reiners (1983)

NH4
+

pH

pH ( 2)

pH 0.84 pH

0.28

pH

pH SO4
2- (r 

=-0.311," r<0.001) HCO3
- (r =0.543, r<0.001)

pH

SO4
2-

NO3
- (r =-0.435, r<0.001) SO4

2- (r 

=-0.427, r<0.001) HCO3
- (r =0.544, r<0.001)

pH

NO3
- SO4

2- Chang gv"cn0"(2005)

(1992)

(1999) pH

pH (  1991

1992  1994) HouBao"gv"cn0"(1999)

pH

pH

Pedersen gv"cn0 (1995) pH

(2000)

341.65 μeq/l

255.27 μeq/l pH

 5

(leaching)

Wang gv" cn0" (1997)

K+ Mg2+

Parker (1990)

K>Mg>P>Cl>Ca>Na>SO4>
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NH4>NO3

K+

(Lian and Zhang 1998) K+

(Johnson 1992 Reynolds 

1996) Ca2+

Ca2+ K+

Mg2+ Ca2+ K+

(Johnson 1992) K+ Mg2+

Ca2+ Na+

(Cappellato and Peters 1995 Hansen 

1996)  Reynolds (1996)

(sitka spruce)

K+ Na+ Cl-

(

) NH4
+ NO3

-

NH4
+ NO3

-  (Parker 1990 Neary 

and Gizyn 1994 Cappellato and Peters 1995

Hansen 1996  Aamlid gv"cn0"2000)

(Lovett 1992)

NH4
+ NO3

-

NH4
+

(3.00) (3.16)

NH4
+ NO3

-

(8.19) (4.16)

NO3
-

NH4
+

NO3
-

NO3
- NH4

+(Lovett 1992)

SO4
2- Cl-

2 SO4
2- (7.53) Cl-

(8.19) SO4
2- Cl-

(Aboal gv" cn. 1999) SO4
2- Cl-

(washoff) SO4
2-

4% (Lindberg 1992

Mitchell gv"cn0 1992) Cl-

(Reynolds 1996) (2000) 3

H F Na HCO3

1.50 65.49

F- H+

HCO3
-

1.18 (Na+) 21.89 (K+)

1.83 (F-) 90.41 (K+)

(Johnson 1992)

K+

33.88 kg/ha/year

Ca2+ 28.86 kg/ha/year

K+

52 kg/ha 20 

kg/ha K+

Ca2+

(Reynolds 1996 McDowell 1998) Mg2+

2.57 kg/ha

4.02 kg/ha Na+

(Ovalle and Filho 1991)

Na+

(K+ Mg2+ Ca2+)

K+ Mg2+ Ca2+
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(Liechty" gv" cn0 1993 Austin and Vitousek 

1998) H+

H+

NH4
+ NO3

-

(Parker 1990 Cole 

1992 Neary and Gizyn 1994) Cole (1992)

(sink)

(NH4
+ NO3

-)

(2000) 3

NH4
+

Wang (1997)

NO3

NH4
+ NO3

-

NO3
- 24.38 

kg/ha/year

Adams (1999)

Chadwick 

and Kuylenstierna (1991) N

20 kg/ha/year

N

15 kg/ha/year

(2000)

(NO3
--N+NH4

+-N)

11.35 kg/ha/year 18

19.54 kg/ha/year Liu gv" cn.

(2006) 35

12.30 kg/ha/year

SO4
2-

(Kennedy 1986) SO4
2-

SO2

(Mitchell gv" cn0 1992 Neary and Gizyn 

1994)

SO4
2- (Mitchell gv"

cn0 1992) SO4
2-

(  2000)

SO4
2-

(Wang gv" cn0 1997)

SO4
2- 4.88 

kg/ha/year SO4
2- 25

kg/ha/year (Chang gv"cn0 2005)

18

86.39%

1.15% 12.46%

40% pH

SO4
2- pH NO3-

SO4
2-

H+ -0.03 kg/ha/year

H+ HCO3
-

53.23 kg/ha/year
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2000

 33 (3): 355-370

1963

1964

( )

1991

5 (2): 67-93

1995

1996

11 (4): 393-400

1998

31 (2): 153-164

1976

1974

(I)

1991

6 (3): 

229-248

1987

p.

175-191

1984

427

1983

16 (1): 79-89

1992

1987

 p. 155-173

1994

pH

8 (3): 83-97

1995

10 (4): 447-457

1995 SAS For Windows –

1991

pH

31 (4): 88-98

1994

(2/4)

( ) 74-98

1964

94

1965

1966

1980 p. 
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12 
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1999
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Abstract

In order to examine the diet of the salamander J{pqdkwu" uqpcpk, a total of 14 fecal drops were 

collected from the Hehuan Mountain area in the central Taiwan. The prey items in the drops were 

identified with morphological characters of the fecal fragments, such as heads, abdomens, chelicerae, 

palpal organs, legs, cerci, scales and wings. The results showed that they were consisted of 2 classes and 8 

orders of arthropods, of that insects of Order Coleoptera and spiders of Order Araneae were the most 

abundant. The diets of J0"uqpcpk and its congenetic species were also discussed. 
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(Sato 

1943; Duellman and Trueb 1994)

J{pqdkwu" uqpcpk (Order Caudata, Family 

Hynobiidae) 

2,500m

(J{pqdkwu)

(J{pqdkwu" vqm{qgpuku)

(Isopoda) (Trachelipidae)

(Porcellionidae) (Ihara 1998)

(J{pqdkwu"

pgdwnquwu) (Oligochaeta)

(Ihara and Fujitni 2005)

(1982)

( Lai and Lue 2008

)

 (1984) ( Lai 

and Lue 2008

) (Insecta)

( 1989)

3,000m

(12 16'E 24 11'N)

2000

5.5-7.2 cm

14

75%

(

)

 (

)
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2 8

69 ( 1)

(Coleoptera) (Diptera)

(Lepidoptera) (Orthoptera)

(Dermaptera) (Psocoptera)

(Arachnida) (Araneae)

(Pseudoscorpions)

26 16

14 3

81% (

1a)

52 14

26 6

( C a r a b i d a e )

(Staphylinidae) (Dytiscidae)

(Curculionidae) (Corylophidae)

(Lagriidae) (

1b)

(12 ) (8 )

30"

Vcdng"30 Fecal fragments analysis of the salamander"J{pqdkwu"uqpcpk in"the Hehuan Mountain area 

Fecal drops 
Class Order Family Fragments 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 
Counts 

Insecta Coleoptera Carabidae Wing, head 6     2        8 

  Staphylinidae Wing, head  2 1 1 1   1 2 2 2   12 

  Dytiscidae Head        1   1   2 

  Curculionidae Head             1 1 

  Corylophidae Whole body     1         1 

  Lagriidae Wing     1         1 

  Unknown Thorax            1   1 

 Diptera  Head, wing 1   1 1   2  3   3   3 14 

 Lepidoptera  Scale, hair   1 1 1     1    3  7 

 Orthoptera  Abdomen, wing  1 1  1          3 

 Dermaptera  Cercus      1        1 

 Psocoptera  Whole body  1            1 

Arachnida Araneae  Leg, chelicera, palpal organ 1 1 1 1 1  2  2 4  2 1 16 

 Pseudoscorpions  Chelicera 1 1

Others   Plant leaf leaf leaf wood leaf root leaf

   Shale 5% 30% 5% 10% 5% 1% 2% 10% 
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"

30 (A)

(B)

Hki0"30 Percentage compositions of fragments belonging to different arthropod orders (A) and to different 

coleopterous families (B) in the feces of J{pqdkwu"uqpcpk0

14

7 3

1

16

1

(

3-10 mm) ( 1-3 mm) 14

7

1-30

 (2003)

10-14 mm

1

mm 1-14 

mm (1982)

( )

(1984) 28 (

)

(Mollusca)

(Annelida)

Sato (1943)

A B
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( )

300m

(Uchiyama gv"cn0

2003) ( )

 (Ihara 

1998)

(Uchiyama gv"cn0

2003) 

 (Ihara 

and Fujitni 2005) 

(Ihara 

1998)

Doratodesmidae (

) (soil animals)

(Matsui gv cn0 2003)

1989

1982

25: 

225-234

1984

2003

( )
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Uswcnkfwu"kklkocg"(Oshima, 1919) 

(Enctkcu" sp0)

(luteinizing hormone-releasing hormone analogue, LRH-A)

1.11 mm

24-26 5 hr (5 HAS) 12 HAS 

13-14 HAS 39-48 HAS 3.4 mm

5 9 11 15
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Abstract

The Taiwan gudgeon Uswcnkfwu"kklkocg (Oshima, 1919) is a small native freshwater fish, inhabiting 

in brooks and small lakes of the North-western Taiwan. Due to environmental deterioration resulted from 

habitat destruction and water pollution, its population has been gradually declining and becoming rare or 

extinct in many parts of its original ranges. We induced spawning of the fish in the laboratory with 

injecting a mixed solution of LRH-A and grounded pituitary glands of walking catfish (Enctkcu sp.), 

observed its spawning habit, and examined its embryonic and larval developments at water temperatures 

of 24-26°C. The fertilized eggs had an average diameter of 1.11 mm. They developed to the stages of 

gastrula at about 5 HAS (hours after spawning), and of embryos with myotomes at about 12 HAS and 

with heart beats and otoliths at 13-14 HAS. The larvae were hatched at 39-48 HAS. Newly hatched 

yolk-sac larvae had total lengths at an average of 3.4 mm. The larvae started feeding on 5 DAH (days 

after hatching), and developed sensory buds on 9 DAH, dorsal fin on 11 DAH, anal fin on 15 DAH, 

pelvic fins on 23 DAH, and scales on 31 DAH. 

Mg{"yqtfu"< Uswcnkfwu"kklkocg. induced spawning, embryonic development, larval development 
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Uswcnkfwu" kklkocg (Oshima, 

1919) (Cypriniformes)

(Cyprinidae) (Gobioninae)

 Taiwan gudgeon (

1986  1993  1999  2005)

3, 7 2,

6 16 7 5.3-3.5

33-35

1

 (  1986  1993  1999
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 2005)

( 0.7-3.0m) pH 7.8- 

8.5 DO > 75% (0-80 NTU) 

(<40 cm·s-1)  (Chen 2008)

 (

1999)

 (Chen 

and Chang 2007)

 (Chen 2008)

3-4

(120º52'28"E  24º26'33"N)

2003 2

4 2

20

6-7 hr 

25-26ºC pH 6-8

12 hr 2-3

 (nuptial tubercle)

10 2

300 ppm  (2-phenoxyethanol) 

7 00

13 00  (Enctkcu

sp.)

 (luteinizing hormone-releasing hormone 

analogue, LRH-A) 

 10 μg/g LRH-A 

 0.2 μg/g (  1992) 2

90L

(E{enquwtwu" rctcukvkewu (L.) Farw) 

 (Rkuvkc" uvtcvkqvgu)

 (Topcon 

Profile Projector VP-300) 

 (cumulative temperature) (Handeland"

gv" cn0 2004)

26°C

5 3 hr 1

3-5

3.5%  (formalin)

 (linear 

regression)  (growth curve) (Geisser 

1980)  Gompertz 

(Ricker 1979; Britton and Harper 2008) 



30 

2

6-7 hr 

300

1.11 

mm

 (oil 

globule)  ( 1A)

5-6 HAS (hours after spawning) 

 (gastrula 

stage) 11-12 HAS

13-14 HAS

39-48 HAS

( 1) 41-52 degree-days 

3.4 mm

 ( 1B)

1  (1 DAH, Days after hatching) 

2 DAH

5 DAH

9 DAH

 (sensory bud)  ( 1C, 1D) 

(Dijkgraaf 1962  1987 1987)

11 DAH

15 DAH

16 DAH

21 DAH

27 DAH

( 1E)

30 DAH

2

2 TL  (total length, 

mm) v  (days)

(a) 

TL = 2.45 + 0.49×v

0.49 mm/day

Adjusted T2 0.89

Residuals 181.29
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C" D"

E" F"

G" "

30 Uswcnkfwu"kklkocg (Oshima, 1919) A, B, 

9 (C) (D) E, 27

( = 1 mm) 

Hki0"30 Uswcnkfwu"kklkocg (Oshima, 1919):"A, embryo beginning to cleavage; B, newly hatched larva; larva 

on 9 DAH with sensory buds on head (C) and tail (D); E, larva on 27 DAH with scales clearly observable. 

(Scale = 1 mm) 
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30" Uswcnkfwu"kklkocg (Oshima, 1919) 

Vcdng"30 The embryonic development of Uswcnkfwu"kklkocg (Oshima, 1919) 

Hours after spawning 

(HAS)

Developmental stages 

4 Morula stage 

5 Blastula stage 

6 Gastrula stage 

8 Endosperm seal time 

12 Myotomes observable 

13-14 Heart beats, otolith observed 

39-48 Larvae hatched 

40" Uswcnkfwu"kklkocg (Oshima, 1919) 

Vcdng"40 The larval development of Uswcnkfwu"kklkocg (Oshima, 1919) 

Days after hatching 

(DAH) 

Average total 

length1/

mm

Developmental stages 

0 3.4±0.0 Otolith observed, head occupied mainly by eyes 

1 3.9±0.1 Pectoral fins developed 

2 4.1±0.4 Swimming bladder observed 

5 4.4±0.2 Esophagus observed, feeding started, tail fin emerged 

9 6.1±0.7 Dorsal fin and sensory buds emerged 

11 7.5±1.3 
Swimming bladder developed to two sections, dorsal fin well 

developed, anal fin emerged 

15 9.1±0.7 Pelvic fins emerged, anal fin well developed 

23 10.8±3.4 Pelvic fins developed 

27 16.5±3.8 Scales clearly observable 

31 18.7±1.2 Scales well developed 
1/ Average sample sizes of 3-5 fishes larva for each of the developmental stages. 

(b) 

TL = exp (1.31+0.06×v)

0.06×exp 

(1.31+0.06×v) Adjusted 

T2 0.90 Residuals 1.31

(c) Gompertz  (Ricker 1979)

TL = 3.43 exp {2.78 [1 – exp (-0.0298×v)]}

0.28×exp 

(-0.0298×v)×exp {2.78×[1-exp(-0.0298× v)]

Adjusted R2 0.89

Residuals 9.67
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TL= exp (1.31+0.06 v )
adjusted T 2 = 0.90

0

5

10

15

20

25

0 5 10 15 20 25 30 35

Age (days)

T
ot

al
 le

ng
th

 (
m

m
)

40 Uswcnkfwu"kklkocg (Oshima,  

1919) 

Hki0"40 Growth of the larvae of Uswcnkfwu"kklkocg

(Oshima, 1919) after hatching. 

 (  2005)

350-400

1.11 

mm

Rctctcudqtc" oqnvtgejvk

Regan, 1908 Rwpvkwu" ugokhcuekqncvwu

(Günther, 1868) Ocv|kc" hqtoqucg

(Oshima, 1920)

1.1-1.2 mm (  2003  2006

2008) \ceeq"

1.6-2.2 mm 

(Sado and Kimura 2002)

26°C

47 degree-days 3

27°C 23 degree-days (

2008) 26°C

25 hr (  2003) 27 

degree-days 26°C

24 hr (  2006)

26 degree-days

3 1.9-2.2

 (Chapman 2006)

\ceeq 26°C

40.9-62.3 degree-days

(Sado and Kimura 2002)

Nunn 

gv" cn. (2007) 

(river discharge)
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( )

3

3.4 mm  (3.8 mm) (

2006) (3.5 mm) (

2008) (3.0 mm) (

2003) \ceeq

(4.4-5.3 mm) (Sado and Kimura 2002) 5 DAH

(4.2 mm TL) 

 3-4 DAH

5.1 4.9

4.7 mm (  2003  2006

2008) \0"vgookpemkk

7.3-8.8 mm (Sado and Kimura 

2002) 2 DAH 

1-1.5 DAH

 (van Snik" gv" cn0 1997

2003  2008) 2-6 DAH

 (van Snik"gv"cn0

1997; Osse and Boogaart 1999)

 ( )  (van Snik"

gv" cn0 1997)

0.49 mm/day (3.4-18.7 mm 

TL)

(Geisser 1980) 3

(b)

adjusted T2 residuals

(a) (c) Gompertz 

adjusted T2 adjusted T2

residuals

(91 -2.1.5- -F1)

1993
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1987

1986 (

)

1999

 2005

( )

1986

1987

(in Japanese) 

1992 (

)

2003

 (Rctctcudqtc" oqnvtgejvk Regan) 

22: 123-128

2008 Rwpvkwu" ugokhcuekqncvwu

(Günther, 1868) 

 10 (1): 35-44

2006

Tcudqtkpwu" hqtoqucg (Oshima, 1920) 

 8 

(2): 23-39
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Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902)

1.3 

mm 22-24 30-35 hr 31.2 
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degree-days 3.4 mm 3 4

7 17 30 36

Abstract

The large-scale lesser bream"Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902) is a small cyprinid fish 

native to Taiwan. Due to environmental deterioration resulted from water pollution, habitat destruction 

and introduction of exotic fishes, its population in Taiwan has been extinct. Only a small population still 

exists in the Kin-Men Island. For the conservation of this endangered fish, we conducted its induced 

spawning in the laboratory with injection of a mixed solution of grounded pituitary glands from walking 

catfish (Enctkcu sp.) and LRH-A. We observed its spawning habit and examined its embryonic and larval 

developments at water temperatures of 22-24 . Fertilized eggs had an average diameter of 1.3 mm. 

Larvae were hatched at 30-35 hours after spawning. Newly hatched yolk-sac larvae had total lengths at an 

average of 3.4 mm. The larvae started feeding on 3 DAH (days after hatching), sensory buds were 

observable on 4 DAH, and dorsal and anal fins emerged on 7 DAH, pelvic fins on 17 DAH, and scales on 

30 DAH. Scales of larvae were clearly observable on 36 DAH and the appearance was similar to adult. 

Mg{"yqtfu"<Ogv|kc"ogugodtkpc. induced spawning, embryonic development, larval development 

97 7 25 98 1 8
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Ogv|kc"ogugodtkpc (Jordan & 

Evermann, 1902)  (Cypriniformes)

 (Cyprinidae) (Cultrinae)

large-scale lesser 

bream (Chen and Fang 2002; 2005)

 (  2005)

6-7

(  1999  2005) ( 1A)
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(  1999  2005)

 (  2005)

2008 

 (  2008)

(

) 2008 2

24-27ºC pH 6-8 12 

hr

 (

5 9 ) 14 400 ppm

 (2-phenoxyethanol) 

13:00

19:00  (Enctkcu sp.) 

 (luteining 

hormone-releasing hormone analogue, LRH-A) 

10 μg/g LRH-A 0.2 μg/g

23°C

 (Topcon Profile Projector 

VP-300) 

 (cumulative temperature) 

(Handeland gv"cn0 2004)

24-27°C pH 6-8 2-3

3 hr

1 1 5

3-6 

 (total length) 

95%  (ethanol) 

 (linear 

regression)  (growth curve) (Geisser 

1980) Gompertz

(Ricker 1979; Britton and Harper 2008) 



40 

4 hr

9 hr 11 hr

500-600

1.3 

mm  ( 1B)

A B 

C D 

30 Ogv|kc"ogugodtkpc A, B, C, 

D,  11 

Hki0"30 Ogv|kc"ogugodtkpc: A, mature female; B, embryo in egg; C, newly hatched larva; D, larva on 11 

DAH. 

3"oo"

3"oo" 7"oo"
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"

40  (Ogv|kc"ogugodtkpc)  (Ogv|kc"hqtoqucg)

Hki0"40"A comparison of the larval growth between Ogv|kc"ogugodtkpc and"Ogv|kc"hqtoqucg.

"

"

30" Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902) 

Vcdng"30"The embryonic development of Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902) 

HAS Development stages 

4-5 Morula stage 

5-6 Blastula stage 

7 Gastrula stage 

13 Myotome observable 

18 Heart beats, otolith observed 

30-35 Larvae hatched 

4-5 HAS (hours after spawning) 

5-6 

HAS 7 HAS

13 HAS 18 HAS

30 HAS 35

HAS 28.8-33.5 

degree (°C)-days ( 1) 31.2 degree-days
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3.4±0.1 mm

 ( 1C)

1  (DAH, days after hatching) 

2 DAH

3 DAH

4 DAH

5 DAH

7 DAH

11 DAH

 ( 1D)

17 DAH

22 DAH

30 DAH

36 DAH

2 TL  (total length, mm)

v  (days) 

( )

TL = 3.49 + 0.46 × v

0.46 (mm/day)

adjusted R2 0.94

( )

TL = exp (1.45+0.05 × v)

0.05×exp 

(1.31+0.05 × v)

adjusted R2 0.91

( ) Gompertz  (Ricker 1979)

TL = 3.41× exp [2.07 × (1 – exp (-0.053× 

v) ) ] 

0.37× exp (-0.53×v)

×exp[2.07 × (1 – exp (-0.053× v) ) ]

adjusted R2 0.95

 (Ogv|kc"hqtoqucg) (  2006) 
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40" Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902) 

Vcdng"40 The larval development of Ogv|kc"ogugodtkpc (Jordan & Evermann, 1902) 

DAH  Total length (mm) Development stages 

0 3.4 ± 0.1 Otolith observed, head with big eyes 

1 4.2 ± 0.1 Yolk sac gradually reduced 

3 4.8 ± 0.0 

Intestine and stomach observed 
Yolk sac reduced and started feeding 
Gill appeared 
Tail fin emerged 

4 5.1 ± 0.1 
Swimming bladder appeared 

Sensory buds observed 

5 5.4 ± 0.5 Pectoral fin and gill developed 

7 5.7 ± 0.2 Dorsal fin and anal fin emerged 

11 6. ± 0.9 
Tail fin, dorsal fin and anal fin  
well developed 
Swimming bladder developed to two sections 

17 11.5 ± 1.2 Pelvic fins emerged 

22 14.8 ± 1.1 
Pelvic fins developed 
Began to feed on algae 

30 17.5 ± 1.6 Scales emerged 

36 20.4 ± 5.7 Scales clearly observable 

1.3 mm

(1.1-1.2 mm) 

(  2006)

 (Jgokewnvgt" ngwekuewnwu) (0.54-1.23 mm) 

(Ewnvtkejvj{u" gt{vjtqrvgtwu) (0.7-0.9 

mm) (

1976)

(Rctctcudqtc" oqnvtgejvk)

(Rwpvkwu" ugokhcuekqncvwu) 1.1 mm (

2003  2008a)  (Uswcnkfwu"

kklkocg) 1.2 mm (  2008b) 

(Ectcuukwu" cwtcvwu) 1.4-1.7 

mm (Kawanabe and Mizuno 1989

1992)  (E{rtkpwu"ectrkq)

1.4-2.5 mm (  1996)

1.6-1.7 mm (Pan 1990) 4-6 mm (

1992) 

 (

1976  1992)

23

30-35 hr 28.8-33.5 

degree-days 31.2 degree-days
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26 degree-days 

(  2006) 27 degree-days (

 2003) 23 degree-days (

2008a)

47 degree-days (

2009)  (Ogicnq/

dtcoc" codn{egrjcnc) 40.0-50.0 degree-days 

 (Ewnvgt"oqpiqnkewu"oqpiqnkewu)

36.7-44.7 degree-days (

 1976)

3

3

(  2008b)

 3 

 (5-7 cm)

0.47 mm/day

 2 

10 2

10

0.23 

mm/day

 (growth curve) 

 (Geisser 1980) 3

 ( )  ( )

Gompertz adjusted R2

 ( )  adjusted R2

 adjusted R2

 residuals 

Gompertz

1996

1999

 2005

( )

2008
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96-05 

1976

1992 (

2003

 (Rctctcudqtc" oqnvtgejvk Regan) 

22: 123-128

2006

Tcudqtkpwu" hqtoqucg (Oshima, 1920) 

 8 

(2): 23-39

2008a Rwpvkwu" ugokhcuekqncvwu

(Günther, 1868) 

 10 (1): 35-44

2008b

Uswcnkfwu" kklkocg (Oshima, 

1919) 

 11(1 27-36
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Xgtqpkec"jgfgtkhqnkc L. (Scrophulariaceae) Newly Naturalized  

to Taiwan 
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10

(Xgtqpkec"jgfgtkhqnkc L.)

Abstract

There were ten species of the genus Xgtqpkec (Scrophulariaceae) that had been recorded from Taiwan. 

In our recent plant inventory surveys, we found Xgtqpkec"jgfgtkhqnkc L., a newly naturalized species as a 
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potentially aggressive weed in the central Taiwan. This paper provides the description with photographs 

for its identification and a note on its distribution. 

Mg{"yqtfu"< naturalized plant, Scrophulariaceae, Taiwan, Taxonomy, Xgtqpkec"jgfgtkhqnkc

97 6 12 97 10 28
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(Scrophulariaceae)

(Orobanchaceae)

306 5,850

(Fischer 2004)

25 68 1

1 1 (Liu 1998)

(Gwrjtcukc) (Wu and Huang 2004; Wu 

gv" cn. 2005) (Ogectfqpkc) (Chen 

and Wu 2001) (Oc|wu) (Hsieh 2000)

(Vqtgpkc) (Hsieh and Yang 2002)

(Xgtqpkec) 250

(Hong gv"cn. 1998; Fisher 2004)

10

(Huang and Huang 1998)

(Xgtqpkec"jgfgtkhqnkc L.)

Xgtqpkec"jgfgtkhqnkc L., Sp. Pl. 1: 13. 1753. 

Fig.1. 

10-15 mm 6-8 mm

0.8-1.6 

mm

4-9 mm 1.3-2.5 

mm 1 cm 1-1.5 cm

5

5

1 mm

4

1.2 mm 0.7 mm

0.5 mm

4 2

1

2

0.4 mm

2 0.6-1.1 cm

3-4 mm

4-4.5 mm 4-4.5 mm

1-3

( 1-2 ) 2.9 mm

2.3 mm

(TA I WA N)

(Taichung County) (Hoping)
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30  A,  B,  C, 

Hki0"30"Xgtqpkec"jgfgtkhqnkc L. A, branch; B, fruit; C, persistent cotyledon. 

C"

D"
E
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(Guo and Liu 2001)

19 (Shimizu 2003)

(Guo and Liu 2001)
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Pkxkxgpvgt"eqpkpic (Swinhoe, 1864)  

A Review of Changing on the Scientific Name of the Spiny Rat 
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Pkxkxgpvgt" eqpkpic (Swinhoe, 1864) Owu"

eqpkpic eqzkpic eqzkpik 1870 1990 eqpkpic

eqzkpic eqzkpik Corbet and Hill Pkxkxgpvgt"

eqpkpic

32.5

(inadvertent error)

coninga inadvertent error ( ) 23.9.1 ( )

1899 eqpkpic Corbet and Hill 1991

Pkxkxgpvgt"eqpkpic
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Abstract

The spiny rat Pkxkxgpvgt"eqpkpic (Swinhoe, 1864) is an endemic rodent to Taiwan. It was originally 

described as Owu"eqpkpic by Swinhoe in 1864. Since then the names eqzkpic and"eqzkpik"have been also 

used, causing confusion in the nomenclature of this rodent. A review of the literature showed that the 

original name"eqpkpic was used prior to 1870. Since then eqpkpic"was no longer used and replaced by 

eqzkpic"or eqzkpik  until 1990. In 1992 Corbet and Hill verified the scientific name of the rodent as 

Pkxkxgpvgt" eqpkpic (Swinhoe, 1864), according to Code 32.5 and Code 23.9.1 of the 4th edition of 

International Code of Zoological Nomenclature. The former code states that spelling variation based on 

transliteration are not errors justifying a change in name, and the latter code states that if the original 

name was used since 1899, the original name should stand. Nevertheless, since 1992 both eqzkpic and 

eqzkpik have been still used, particularly in Taiwan. It is recommended Pkxkxgpvgt" eqpkpic (Swinhoe, 

1864) to be used as the valid scientific name of the spiny rat of Taiwan. 

Pkxkxgpvgt"eqpkpic Pkxkxgpvgt"eqzkpic Pkxkxgpvgt"eqzkpik

Mg{"yqtfu"< Scientific name of Pkxkxgpvgt"eqpkpic, Pkxkxgpvgt"eqzkpic."Pkxkxgpvgt"eqzkpik. International 

Code of Zoological Nomenclature 

96 11 15 97 11 20
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(Wu and Yu 2004) 1864

Robert Swinhoe 

(1864a 185 )

Owu" eqpkpic

( )

I propose to name the animal 

after the powerful pirate chief who seized the 

island from the Dutch, ... (Swinhoe 1864a)

Swinhoe (1870)

Owu"

eqzkpic

Owu"eqzkpic, Swinhoe (errore eqpkpic), P. 

Z. S. 1864, pp. 185, 382. 1892 Thomas 

(1892) Owu"eqzkpik

Koxinga



(Endemic Species Research) 11(1) 51-59, 2009 53 

eqzkpik eqzkpic

1870 1990 eqpkpic

1945 eqzkpic

Owu" eqzkpic" (Aoki 1913)

Grko{u"eqzkpic (  1915) Tcvvwu"eqzkpic"(

 1931  Kuroda 1935, 1938  Okada 1938

 1940  Aoki and Tanaka 1941)

Tcvvwu" hwnxguegpu" eqzkpic" (Kano 1940

Tokuda 1941) 1945

(1984)

Jones (1975) Jones gv" cn0" (1971)

Tcvvwu" eqzkpic

Kuroda (1952)

Jones gv"cn0"(1969) Kuntz and Dien (1970)

Tcvvwu" eqzkpic" eqzkpic

eqzkpik Owu" eqzkpik" (Bonhote 

1906) Tcvvwu"eqzkpik"(Ellerman 1941; Ellerman 

and Morrison-Scott 1951, 1966; Corbet and Hill 

1980) Tcvvwu" eqzkpik" eqzkpik

(Ellerman 1949) 1980 Pkxkpgpvgt

(Musser 1981)

Pkxkxgpvgt" eqzkpik

(Honacki 1982; Nowak and Paradiso 1983; 

Corbet and Hill 1986;  1989; Nowak 1991, 

1999; Musser and Carleton 1993; Yu 1993, 1994, 

1995; Pei 1995;  1995, 2000;  1995; 

Yu gv" cn0 1996;  1996, 2000;  1996; 

 1997; Yu and Lin 1999; Wu and Yu 2000, 

2004;  2003;  2003; Duff and Lawson 

2004;  2005)

Corbet and Hill (1991, 1992)

Swinhoe eqpkpic

(ICZN 1985) Although now more 

often spelled eqzkpik, the name eqpkpic is 

spelled thus twice in the original publication, 

with no evidence therein of an inadvertent error. 

It is not therefore an 'incorrect original spelling' 

and should stand as the valid name (article 32d 

of Code) (Corbet and Hill 1992)

(1994) Corbet and Hill (1992)

eqpkpic

Pkxkxgpvgt" eqpkpic

Musser and 

Carleton (2005)

(Mammal Species of the World)

Pkxkxgpvgt"eqpkpic" Corbet and 

Hill (1992: 364) explained why eqpkpic instead 

of eqzkpik is the correct name for this species

Corbet and Hill (1992) Musser and 

Carleton (2005)

eqpkpic

(ICZN 

1999) Corbet and Hill (1992)

eqpkpic

2000 1 1

(ICZN 1999) (2002)

32  (original spelling)

(2002)

32.1. ‘Fghkpkvkqp0 The “original spelling” of 

a name is the spelling used in the work in which 

the name was established.’ 
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32.2. ‘Eqttgev" qtkikpcn" urgnnkpi0 The 

original spelling of a name is the “correct 

original spelling”, unless it is demonstrably 

incorrect as provided in Article 32.5.’ 

32 5

32.3. ‘Rtgugtxcvkqp" qh" eqttgev" qtkikpcn"

urgnnkpi0 The correct original spelling of a name 

is to be preserved unaltered, ...’ 

…( )

32.4. ‘Uvcvwu" qh" kpeqttgev" qtkikpcn" urgnn/

kpiu0 An original spelling is an “incorrect 

original spelling” if it must be corrected as 

required in Article 32.5. An incorrect original 

spelling has no separate availability and cannot 

enter into homonymy or be used as a substitute 

name.’ 

32 5

32.5. ‘Urgnnkpiu" vjcv" owuv" dg" eqttgevgf"

*kpeqttgev"qtkikpcn"urgnnkpiu+0‚"

* +

32.5.1. ‘If there is in the original publication 

itself, without recourse to any external source of 

information, clear evidence of an inadvertent 

error, such as a" ncruwu" ecncok or a copyist's or 

printer's error, it must be corrected. Incorrect 

transliteration or latinization, or use of an 

inappropriate connecting vowel, are not to be 

considered inadvertent errors.’ 

Swinhoe (1864a)

Owu" eqpkpic

185 Owu" eqpkpic, n. 

sp. 187 14 that Owu"eqpkpic is 

allied to O0" hncxguegpu, ......

eqpkpic Corbet and Hill (1992)

the name eqpkpic is 

spelled thus twice in the original publication

eqpkpic

(inadvertent error 32.5.1)

(incorrect original spelling) eqpkpic

(correct original spelling

32.2) (to be preserved 

unaltered 32.3) Swinhoe (1864b)

382 19 25.

Owu"eqpkpic, Swinhoe, P. Z. S. 1864, p. 185

eqpkpic

eqzkpic

Swinhoe

eqpkpia

33 (subsequent 

spelling) Swinhoe (1870) eqzkpic

Thomas (1892) eqzkpik

(unjustified emendation)
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(plenary power)

( 79 )

( 77

84 )

33.2.3. ‘Any other emendation is an 

“unjustified emendation”; the name thus 

emended is available and it has own author and 

date and is a junior objective synonym of the 

name in its original spelling; it enters into 

homonymy and can be used as a substitute name, 

but’   

33.2.3.1. ‘when an unjustified emendation is 

in prevailing usage and is attributed to the 

original author and date it is deemed to be a 

justified emendation.’ 

33.2.3

33

33.2.3.1 (prevailing 

usage)

Corbet and Hill (1992)

eqzkpic

(Swinhoe 

1864a, 1864b) 33.2.3.1

(glossary)

23.9.1

flwucig."rtgxcknkpi, p. Of a name: that usage 

of the name which is adopted by at least a 

substantial majority of the most recent authors 

concerned with the relevant taxon, irrespective of 

how long ago their work was published.’  

23.9.1. ‘prevailing usage must be 

maintained when the following conditions are 

both met:’ 

23.9.1.1. ‘the senior synonym or homonym 

has not been used as a valid name after 1899, 

and’

1899

23.9.1.2. ‘the junior synonym or homonym 

has been used for a particular taxon, as its 

presumed valid name, in at least 25 works, 

published by at least 10 authors in the 

immediately preceding 50 years and 

encompassing a span of not less than 10 years.’ 

Swinhoe (1864a, 1864b) 1864

(senior synonym) eqpkpic
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1899 1990

eqpkpic 1990 Corbet and Hill 

(1991, 1992) (1994) Musser and 

Carleton (2005) eqpkpic

eqpkpic

23.9.1.1 eqzkpic

eqzkpik

Corbet and Hill (1992)

eqpkpic

eqpkpic

33.2.3.1

 (prevailing usage)

1864 Swinhoe eqpkpic

Swinhoe (1870)

eqzkpic Thomas (1892) eqzkpik

eqpkpic

Pkxkxgpvgt"

eqpkpic (Swinhoe, 1864)

( ) 2002

196

2003

394

1989

65-80

1994

NOW 2 (2): 3-8

1998

255

( ) 1996

139

2000

223

1996

106

2003

144

1984 (

) 633

1995

308

2005

208

( ) 1995

132

( ) 2000

( )

132

1997

235

Aoki, B. 1915. ( ) 193

88 (

)

1931

109 ( )

1940

311 ( )

Aoki, B. 1913. A hand-list of Japanese and 
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