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ABSTRACT

Keywords: Taiwan Bulbul, Chinese Bulbul, hybridization,
microsatellite

The main focus of this study is to develop a set of microsatellite
markers and to use these markers on the distinguishing of the Taiwan
Bulbul, Chinese Bulbul and their hybrids. We have screened 73 primer
pairs developed from six species of birds and found 39 of them could
be amplified by polymerase chain reaction. Polymorphism test of
these markers resulted to only nine polymorphic loci (12.33 %) in
Taiwan Bulbul, Chinese Bulbul and/ or the “sub-typed Taiwan Bulbul”.
After excluding two loci which were not in Hardy-Weinberg
equilibrium, and one locus which was monomorphic in both Taiwan
Bulbul and Chinese Bulbul, only six polymorphic loci were used in
the subsequent analyses. The mean number of allele per locus were
from 2.89 to 3.67, mean observed heterozygosity ranged from 0.236 to
0.433, and mean expected heterozygosity ranged from 0.308 to 0.4009.
No significant population differentiation were found on the three
populations (Taiwan Bulbul, Chinese Bulbul and the “sub-typed
Taiwan Bulbul”), as revealed by low Fs value and the result of

Bayesian population assignment test. However, the result of
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correspondence analysis showed significant difference of the three
populations on both axes (CA1l and CAZ2). This indicated that these
markers might be able to distinguish Taiwan Bulbul and Chinese
Bulbul. With more polymorphic markers been applied, we might be
able to use this marker set to distinguish these two bulbuls and
identify their hybrids.

For the conservation of the endemic Taiwan Bulbul, we argue: 1.
to set up protected areas for this species ; 2. to encourage local people
and bird watchers to report the sightings of Chinese Bulbuls and
hybrids in the Kenting National Park area, especially those who
appear in the protected area; 3. to conduct removal practice in the
Park area to remove Chinese Bulbuls and hybrids; and 4. to make
good use of the removed individuals in education and scientific

research.
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& Ef 5 (Pycnonotus taivanus) % v &g 5 (P. sinensis)&_= & ¢t 4] 4& &
PR B R T S AR A EAFLAEAIEF X F R
BHRIG oA G A G d @A HRIAT 2h - 1T & RFL AT
fo BEAr REFAAT RI B2 > A EHZ TSP (5
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RAT T B 1990 & B dh o T E FAfov TF AN RGBT -
GAET 0 R e R s LA oy A DNA 4 o B9 > &g aH
PAEARKLPRfrd a8 d FARHEp L1 abREo FFEN B8
By F Rz AR FRA NG e B IR it * g DNA iF:
MG E A e R ek A o B 17§ A kS (microsatellite ) & ]
GEoRIE c FL R R B EARTE N B AT A o Bl Y G2

GRTE R ATR G A o

LIEFY P enE B E 4T
- S~ BERsT 0 BRI DNA X B n| g

AR APEL g 9 AR T B R AR > 250 40
Bogped 408 gepad o 2 16 E AR H RHEEN T LA, B
r2Gemmell and Akiyama (1996) #1# E ¢ ;2 3 BDNA o £ 12 Hornfeldt %
A (2000) #73k3ten— #5105 (primer) (2550F/ 2718R) > ;‘%‘W F L paid
& & J& (polymerase chain reaction> = i fPCR ) 3 t5 2.4 ¢ %8 + «7CHD

AF P& - PCReE 484 5 20ub 2 ¢ ¢ 7 4 60 ng DNA-~ £ 0.3 mM



G R R LT R (2)

- $51F ~0.5mM dNTP ~ 10 mM Tris-HCL, pH 9.0 ~50 mM KCL ~ 0.01%
(w/V) gelatin ~ 0.1% Triton X-100 ~ 0.4 unit 7% & f= (Pro Taq DNA
polymerase, Protech) - PCReqi®* § B 4-™ @ 5§ £ £ 94°C? F 5 3 » 4
i BRDNAA g (22 F (denaturing) - #& %87 34 T W HER > F -

ke 3194 °C¥ 30 /2R #%DNA-46 °C+ it* 40 f; ¢ H4<DNA% 3|
F 484 (annealing) ~72 °C*¥ v % 50 #yi& ("DNAz 4F @t # F i
(extension) > B s L3 72°CP F 55 A st Fh s ut ¥ F i - PCR#TH
tg 9 DNA 5 & 2 1% =0 3§ *5 4 & % ( agarose gel ) i 7 7 &
(electrophoresis ) » & & {s % # & 128 1Y ¢ 324z (ethidium bromide) 4
§o B ST T R TR PR o T Py R FUR R AN & F AT k) 700
bpfr 500 bpfut PCRA 4 £ % 7l 5 #p4% > % £ £ 500 bpdi PCR #

I FIPE S

4o

Fee AR P o SEE D E S LE AT RY o PR A L 3]
AT RPTEEFESo0 A o R PIRERAT AL 0 £ T3H5S B 22
% p < g (Parus major) (Saladin et al. 2003 ) ~8 #t % p .. ¢ (Parus
caeruleus) (Dawson etal. 2000) ~19 # % g  # ., & (Parus monticolus )
(Wang etal. 2005) ~18 %t % p sp % /& (Alcippe morrisonia) (% & & »
AEEFA) 6%k p §xb (Liocichla steerii) (Yeung etal. 2004) - %

BIRSETH G G oo BE 5 eh DNA P Rl & s Bl #-H =51 5
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150 HEX, FAM & NED % & %4225 » 212 8 B g afos &0 g8

HDNA 5 X354 RIReR AFR AL 9 LT LG AL

=~ F 9 BRTE L AT e 2 TR 4T

W Pt RRE R L S AR TR - A 37 S0 5~ 32
A 16 & T spdrdl, BRI F AT DA T o ARz 4D
DNA s 11 & & k{Ez2e 51 3 i2 7 PCR # ti ik A F1& {5 » §1* ABI Prism
3730 A & < & ik (Applied Biosystems) i& {7 £ wmg T A F & o £
GeneMapper v3.0 (Applied Biosystems) #ic#8:& 7 2 F1 4] 0] 20 1 Fg 2

- AR AGZA TR s AT .

Bty BAEAFIA| TR 0 B A 41* GENEPOP (Raymond & Rousset
1995) Ak e & % ¥ > S A AF L2 FEE 5 ¥4 7 T4 (linkage
disequilibrium) =35 - £ 12 GenAlEx 6 ( Peakall & Smouse 2006 ) + & %
AFEAEEES o A e TEEgE LA, £%¥ Y 224 & (heterozygosity )
iR 5. ( observed heterozygosity, Ho )£2 # *¢ & ( expected heterozygosity,

He) » & J3 0t Bl Z A FI A& A F 3t es # — i 01 T 7 (Hardy-Weinberg
equilibrium) o gt et > T B A X EF Y E - LA F AT 5 R L Tk
(average observed number of alleles per locus, Na) ~ d13L4g F < 3 5%
%t 1% A Fl# ( Na with frequency >5%) ~ 12 T355 L FE ¢ L35

7 418 2L Fl#c (average number of private alleles per locus) % %-#c - 3t

s @ * GenAlEx 6 ¥ @it 7 4 + % > & 47 (Analysis of Molecular



G R R LT R (2)

Variance, AMOVA) 8 & Btk AT R S EF4 ~ 0 o g g4l 2
B ehFgrie o v — B ORI Forle v & frid g 72 T greniplzge > Ay

i# * Sequential Bonferroni adjustmentk & it % € \* ke & -

W@ b — R T BakE: A& > 2 STRUCTURE
V2.2 R o A1 * E AT R Y S0 A Fleh s WO SR 7R S & HOR R
(Bayesian population assignment) (Pritchard et al. 2000) > 1 4& % #73
TARA BB EE (K) > FRIReEFEs: AT AT F 0y g aga

v EESfrE LA B o

HOAFRRE S AL R E L RMOATIFHE AR R
R LR o B Ak —F BRI s B AT A FA TR S
A BEBHBATNUNAT ERMY DNRETLS To o IRARA S
FHE LA IRABYNLFFL 05 A ADRFLE O A cBFLRY
PC-ORD 4 (McCune & Mefford 1999 ) #-:F 4 & % & (7 B B (4 4 47
(correspondence analysis) » & #-=% & B8 A M I L 178 % % - fhicx
I phz FEkiE 7% 2 2 17 (ANOVA procedure in SAS 9.1) ;& 2 % - fhie

FophenE R RREHF LT A F LR -
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AFEY CiE Y 085 & 5 cnDNA AT - £ F 46 45 {030 G2

LEoBP B sEat 17 $0phfr20 B2k S E A 23 BupL e O Bae g

\'!3

JgRlF 6 &epg{-10 225 o

ua

TEEE
BT fEE % T3 %l 315 > PCREIFE T 39 HT A S -
BEA Y AT IR E B DNAY B B B RER S AT R A g 9 FE S
AL BRI FI T BAFILAEFS A ESEF SRR
P B AL A FIESIF R 4 12.33% (9/73) 3T E 6 a0 B e
Hoirh AF AR AE ~ v e T al, oy A Fliic s 26 B

(heterozygosity ) “igLipl & (Ho) &8 ¥ B (He)E 404 1977 o« a3 >
Tl BAFEEE ~ 0 ARt TR F o TR LT R s A Tl

2.89-3.67 I > ;2 & B LRl E 5 0.236-0.433 > # ¥ E R 5 0.308-0.409 -

2L 4 ekt AFEES 0 B TR A, it AT 4

A& (heterozygosity) giplie (Ho) 282 & (He)
AT A Fk~ Hiw AT s ROEBIE (Hy) &R D8 E (He)

Pca3 & B4 5 0.563 0.537
O ER 3% 5 0.694 0.709

5 Ep 37 3 6 0.750 0.707

Tit67 B BR v 1 0.000 0.000
o BR 35 1 0.000 0.000




B RRFE ~ 0 B HIE
B RERMRLT AT (2)

§ 5 3 2 0.125 0.117

Pmall B BEsT 2 0.094 0.089
9 Ef 35 2 0.270 0.234

§ 5 3 3 0.188 0.174

Pma22 Ty 4 0.500 0.483
9 Ef 35 6 0.432 0.477

5 7 37 3 2 0.125 0.117

Pma33 5 BR v 4 0.625 0.539
v Ff T 6 0.703 0.649

5 B 3 3 0.188 0.525

Alc95 5 BR v 1 0.000 0.000
v Ef 5 2 0.000 0.053

§ 53 2 0.125 0.117

Alc97 B BEsT 5 0.750 0.637
9 Ef 35 5 0.882 0.658

§ e 3 3 0.063 0.275

Alc64 B BT 3 0.438 0.382
9 Bf 35 3 0.459 0.505

5 7 37 3 2 0.375 0.469

Tit28 B BT 3 0.313 0.276
v B &% 3 0.459 0.399

5 B 3 3 3 0.188 0.271

L5 Ty 3.11 0.365 0.327
v Ef 5 3.37 0.433 0.409

5 B 3 2.89 0.236 0.308

(FHRXR: 277)
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B G o AlCOS fd TP A 5 LA H — B 9T §H(p<0.001) » ¥ 4§ 5
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PR G- B AT ACIT ALFLAY B AE — i BRT

(p<0.01); Tit67 tv EF Al A E @ 03 - BHBAT - H 42 2ikiFk
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AFIR Gz BRRERED B i ORT o T B A

‘%’?ijl} IS E'E!_\r‘]}j, L’I‘JP‘[ 15‘_1‘1‘ o

o8 § 0 AR ELS AR BHORE

MFsTiE 77 & RFE e HAER > BT & ORFER A M ARR R
BV B B LA B o M ForE 5 0.03 (p<0.01) » & %
Lt > v A g B2 B eFsrmd i > B4 0.021; 6 Ao b 5§
FAl 2 B eFsriE 5 0.0365 §EE S fos B A2 FFeaFsriEd® 0 5 0.047 o
Lot fiien Forie 'y iE 99%4g ¥ -k % (p<0.01, 999 permutations) -
STRUCTURE v2.2 #:%8 (Pritchard et al. 2000) & {7 b < A 3P|
RN RARERF - B %E (K=1)
il ek — g ORT Gl kA FR h Ak F1A] AT en bl B
BAds o B Z BB ALY - #h (CAL> ¥ 1298 9.01% %L B ) o & - fh
(CA2> V38 839% L R ) o fmp 548 (B 2) - #ifhini

Fod O FREFR A O E T ERANTEREEE IEF R

g

(p<0.01) - &% ¢ * Duncan’s New Multiple Range Test i& {7 ¥ {& P 5% >
SRA0 AL RS AL I EF AR A AR EEREL A &
EER S E B LA A aZdhen s TR EEFALRE(B )AL B2 fA

O #ih_t .'Ff’l-;g‘,‘, xif’r?ﬂ;‘l}‘ﬁrﬁ/w\‘)f‘r s ‘*%”?F—r a‘i’}{ﬁ‘»rﬂ ,?l‘!’—.x“'“ Efg‘
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P b MY - BRI G AT Y o RREAP DY o Pwe T
460 fa 5 7 Fe % A > B8 A5 P Bk 8.0% (Grant and Grant 1992) - &

FADE PGP EHY o J A A ERGM T -

ﬂzpw”n R R L T AR AN R R i S e
) (? ?\‘i"l) ° 3%’: %;é_,% ‘;’f”’_ “ T\#EP\; (? 1991) E’ Pi‘]#p fl/, ,
l;é—gﬁfrzii;ﬁ’ﬁlﬂ?’ﬁjﬁg Oéﬁfi‘?]%/i&\#%«g;/)llg\fg, Ei/%f‘l’?‘:ﬁ’){

153 48 (P.s. formosae) s 4 # 4t #fed s F (48 1987); 4 5
SPEL BB HE AT ATER LA E B Ny R(2E
1991) - i3 i FACRF ARG L F 0 RiTERRIOE P F R
XHEFS A MG R GG 0 AR S L P E L
T RMpOFfomliss %3 4 554 ~ v a4 {2 B (F 2005 - 2006)
R FR T 1) R H N BEB M 6% S 2) BT RRAFIN § A
SRR B D SRR BAEAT RN B S 3) FRR BRI C Sih R BT
FOFL TR T AR ol G # RF MG L BRI 04 5 ol

FAFFOEFSEG AR (TEHESLA, )
Pl Az PR T g F o A R F SR Vo d ool

#2 (Pearson and Manuwal 2000) o sz F 25=2 {5 » F i € 3 27 e

(Futuyma 2005):1) Fl1% &7 k2 P > 2% ¢ B4 7 kb odd
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P BT RS (Williams et al. 2005) ;5 izt 7 %] 0 @ B %
FF MR B ARG AT YE K o bl fr B g g 5 e )

L AR DL eng BT A] 0 TR ALY 3N G ok E A BF L MR A

EEASF A S HATPE BT B G 4 e o Bke e AR
W PR GRIRGET T P o bldorf 3L d ¢ Gt &% (Noren et al.
2006 > Verardi et al. 2006) ~ #&.#F * 1= #&{] 4 (Gow etal. 2006) % - %A
CH AP TRLY o MIFEEATIRER BEARARR Y i Bike 0 4 2 g
AF AFFAE R IFTE P (bldeid # mvg Anas fulvigula {ei g A,
platyrhynchos, Williams et al. 2005 ; z2+k5§ Strix occidentalis = # s k5
S. varia, Funk et al. 2006 ; tz# £ v§ Oxyura jamaicensis fcv FA k& '§
Oxyura leucocephala, Mufioz-Fuentes et al. 2007 ) ; #ciFrk 2 E 154 F
i e B A G DNA BB d 3 H R F P p%EP L3 2
BN PEIRFE DR B EFAEFTREF RITLF MR RF T
B aqeEFE L 22 il B4 e (B4 @ Zhang and Hewitt 2003,

Selkoe and Toonen 2006 )

ARE RS AR S ~ 0 AR R Bk R E R
B 5 73 Henild o R EHE NS e i B BARRESRH
Fo AP A R A PRS0 AL R BT - o

o}

-

&iﬁiﬁﬁﬁﬁﬁﬁﬂ@ﬁ’ﬁgﬂ@ﬁ%%&mmﬁzs,fiz
SR ACESBATREY EAFRSOEBIRLNO EE LT AL
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F_k

RFle R AR > L AMAE AT AR RRINE 9§ RS
e 3 RFOLE B TIE AL AMFELAFIEY B AT B
mAPEEFERESNLE S R EFL R E A

¥iohk BENMES-FERAE G RS B X F U ET LB

EFST R AL ARG ALY BBA S 2 LG E - A5
AU R A E LTI LB IRE 0 R A BB bk Lk

Feoo g0 7R W TG TR AR BUR G RO AL 0 A AR R

&

g e
AL E PR BT R ARG - R R BT R
TOOFRT B ERE NPT TEL KT TG > AR el
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