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Abstract

The fiddler crab Uca formosensis is an endemic species of Taiwan.
More than a decade ago, large populations were reported in the wetlands
of Tzenwen estuary, Shankang, and Shianshan mudflats. However, due to
the decrease in natural habitat for human use, the population of U.
formosensis gradually decreased. Until recently, there is a growing
consensus to protect its habitat. However, studies on U. formosensis were
mostly descriptive, focusing on the morphology, the foraging and social
behavior, and the habitats. There is no report on the population genetic
analysis of U. formosensis, except two studies using allozyme analysis in
1984 and 1999. These two early allozyme reported that U. formosensis
has variations in the shapes of major chela. Therefore, it is necessary to
determine whether there is a correlation between morphological
variations in the major chela and the genetic structure in the population of
U. formosensis. The goal of my study was to understand population
genetic structure of U. formosensis from new molecular evidences. Thus
far, I have collected 200 samples from four wetland habitats located along
the west coast of Taiwan. | examined the genetic variability of U.

formosensis through TE-AFLP with the aim to identify the genetic



diversity of U. formosensis populations. Using the information on the
genetic variations, | investigated the relationship between the morphology
of the major chela and the genetic information. The result of relationship
between morphology of the major chela and the genetic distance did not
differ significantly. The genetic result indicated that the population of U.
formosensis had high gene flow value between Sainsi and Mailiao, but
the degree of gene flow between Sainsi and the other two populations
(Siangshan, Chiku) is relatively low. And the gene diversity of Sainsi
population (H;= 0.083) was also lower than those of the three populations.
U. formosensis have 99% genetic variation within population. The results
of either population structure or PCoA analyses did not differ
significantly among populations. In summary, with the high genetic
variation and gene flow, there is still a chance to recover the population

of U. formosensis if there is a better plan for habitat restoration.
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o4  & (Uca formosensis) 5 & %% 7 48 o Flio k=
ERENZ P O ERFEMAR EROFRPEORLE P B
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SVEE G (5> 1997) o IR B G B B T SR
B IR RAEFEDIETPEEE (3

1991) - d *HRBEERA P AL FE AR TR ERE
BE S GHEALFREEFRIEEr s HfEAFRS A2
oA Fo i 4 a5 8 (Shihetal, 1999 ; Shih et al, 2008 ;
Chenetal, 2008 ; Liu, 2012) - #1995 ¥} i* Rhpcfip i ik 73K =

el o b =R cazri= S B s A A I I V- e
BoOERZEF L AERPE (Ucaarcuata) v 247 &
(Ucalactea) = B faciz iy » @ SR P P%E 208 FikE
S (CEIE 5 2010) o 5B ehy v ET S ARk 65 0 £10024
AR o SELREOEEER > VA IR s HFE - BER
% (¥1% -1993) » wF 5§ ¥ RO pRE < Rigy 2%
BRI, THT™ 03P 0 ki s Iy Bip BsdEy BB
THA (50 2012) o L i B BF A RK -4 LRE L6

AR LGRE P TR AT B A R 2R AL RS SR Bk
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A F S CHHRBER § o g o R P PEEir e d

#'4 (4§ » 2012 ; Shihetal, 2008) « - & 7|7 #i% > p4F 40 W3
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ALIRE G - Ao B R T A 0 220128 07 LR
RIPEFEY  FRBLHIRFE I RLEAT LG P WD
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ERE 2
AR g 4 CEREHEEADIFELTE > S A BER T
MR fe s EFE R F 0k % (Marianna et al, 2010 ; Haag et al, 2009 ) -
+ % %5 # g (The World Conservation Union, IUCN) 3= ¢ - k-
FRIRME - BE IRMEEFPRIRMEI 2SI REEY S22
Sk FTAEFEFBIREHNSFADET KFEpF HER o £
AP aEyaken s > MNEFEFE EFEPN D BRE -7 B
EEFF R @ s b s EEF AT DR R Y £7 7 % R
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W2 B Bb e & 4 ikdicdy (Frankel, 1974 ;5 Araujo and Ramos,
2000 ; Geist, 2010) - > ¥ & S M > TG AR B2 4

APt WHEF AT A AR BRI RS o B 0 JF

TR U ATRBREFEHEDSSEFT > TG 1084
£27 1999 & ¥ l:'_]ﬁqxe‘.rr N BEA 4T 0 TRt Y 5 ?;}r’&g ig_,» 2% th

B IR J3 AL e

DNA g a1z 215 & R A A + 2 5 B auf /1l @ 3 B o
EEA @47 E o & AR % 2 (microsatellite-anchored
fragment length polymorphisms ) ~ i # 3 & 7 3|4+ DNA (random
amplification of polymorphic DNA, RAPD ) ~ *34 |+ ¥ & B % A1+
/% (restriction fragment length polymorphism, RFLP ) ~ 3 #§ * £ & &
3 A1z (amplified fragment length polymorphism, AFLP) ~ = p 7
fe ity F ECE R § A1z (three endonuclease - amplified fragment
length polymorphism, TE-AFLP) % » sgu = P ERERRN A A X

Bomasd @SR R LT IR B 2 LA TR



TrAOE B I RETE B HEF RO T R DR auEiR o
P DNA M2 ? 47 e A RAGA S8 1) AkA%
mE A Ao kih# e (Tangetal 2003); 2) Fjfv> 6 4 & fig * 3%

B SHIF R ( Fratini and Vannini, 2002 ; Herborg et al, 2007 ) -

FEFTY G H Y AR B UE 0 MR B RUR RITAT R B R
WHES T g ST PR 2 SR ARG o e S e

FRAEE R S S AR KA R SOYE 0 bldo s B
(Eriocheir sinensis) % # 3 @3 54 44 (Seebetal, 2002 ;
Hanfling and Weetman 2003 ; Steven et al, 2005) o > 3% 4 E_ g * &A@
B @52 4 B 9= 3 (Tanano and Barinova, 2005) - F
THCIFEE R W AT Y LR R BREl B awT o
Flt AR R RS SR TE-AFLP 2 0 ¥ 5 8 B » 2%
B (7R H D @ S48 45 o TE-AFLP j# ek & R 32 4c AFLP 4p
> 82 AFLP 7 Jr ehd_> ¥ B~ ke DNA fe BE % 2 48 O & 27 Bhin
e fe L AR 4 527 B e k8 (7R £ fe*> - DNA B ¢ #Li% 3
AN e B AR £ 8T A 2 7 R 70 DNA
PR RIS RE A 0 B BN M SO e rer ALk R BLenid R+
(adapter) kZL&F 32 > A2 S A E 7| e ik A 7R E0F5
PCR F fensld (primer) £ &% s P I L HEPCRF LR ]
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Mg TR B AR PR R T AT P A
L3 g 5 A5 o 31999 SRR 2 g AR R & 8 i e
X FAGET A A - A5 T EEE (brachychelous) » ¥ - &
F_w# (leptochelous) » T’F—‘ﬁﬁiﬁljémi%;’g%ﬂjﬁﬂfwg B I A
A (501999)c R H AH B RALFE L Ry e AT Ap R h
B+ > Gl4cTEE (Sergialucens) ~ p &7 < i& (Meretrix
spp.) ~ # ¢ (Tetraclitasquamosa) % > A7 3 I = % % F » 3,
fi> i BEAEST R WERAE L 4R A F 4B 125 & (Chan etal, 2006
Imai et al, 2013 ; Yamakawa and Imai, 2013) > & H s Hfa+t+ 5 4k
B 0 GldoXk e S (Testudograeca) B ig A b 2rajiy ~ A
e L i ¥R ILAE F AP M 12 (lvesetal 2008) - e &> & 5 847
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CERPRELEROERERARAGE D2 A 53 )
* GPS 2w BHES Behg ff 0 L UEB 5B IM PR
R EHEBAR > B UA TR H K,Art NOmieEE B R o (7

PR R G R

DNA 3B/t 42

i# * DNA % P~z % ( DNAextraction Kit) 2H DNA
(genomic DNA) » # Zx4e™ 1 1) #4% A 20C k407 By 0 |
P~y 0.05g "ep i 15ml avE g P o0 2) 4o r 300 pl e
2 fme % f2 7% (tissue and cell lysis solution) £ 1 pl eh3-9 &
& fipF (proteinase A) > #-H B3 12 > 65°C-kix 30 ~ 48 - 3) #
% 10 A4 0 40~ PIEEP B A 2% (RNase) 1l > 37°C% % 30
A48 e 4) Bk 5 A b~ v BT F A (MPC
protein precipitation reagent ) 200 ul > vortex 10 §) 2 {5 i& {7 4.
4°C 10 » 45110009 - 5) &9 *+: FRIATHLEmMIGEE Y o f
FATEE v~ B R (lsopropanol) » P T g5 40 T 2 18 0 iR
7 4°C 15 ~ 45 11000g #t~ - 6) F+# 2 5 fF (lsopropanol ) -
g e ¢ kP (pellet) i@ * 5% k== > R is# 3 %
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FPH AL > 40~ 35 pl TE buffer » 2z » -20C %75 -

+ DNA EFZERRIZ
®F g s kR EIRIEIREAE > BRNA R E 260 nm &
280nm sx k@ o Fr 2 T B4 7 DNA 73 i £7 OD26o/ODago &

2h 17 0 20 0T 5 kA B 50~90 ng/ul o B il -k R 2 B

L DNA # & 5 2030-20°C k d8 ¢ iEF o

= qlpEipa F L& R % A1 (Three endonuclease
amplified fragment length polymorphism, TE-AFLP)

iz BB van der Wurff #2023 £ 5 (adaptor) & (7 TE-
AFLP =% i (vander Wurffetal, 2000 ) » 4 = = %4 » 1)* =
#&'L41p#F (restriction enzyme) *» 2] DNA > % {8 fig it & L
HEY FUFIEFE - B sad & (enzyme-specific
sequence) o 2)F1 * 3% & F sl F (primer) > B FEH
h3 L4 * £ (selective amplification) » 31+ ¢ 3 - By B
70— BUFIEE L - B B E B g W OB 5| (selective
extension) s & ® B 5|5 2 B ¥ TR H#¥NT F A -PCRF R
$EEF I HEET S HRZEESDNA P EH
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BahH F sl 5 2 5 B 5§ KA o Q)AL N B S

BUEASLE B FT AL M YR OE R o B TR Pt

TR B o

1. *4)@=* 2] (restriction) 24 & F 44 (ligation)

F ¢ ¢ * 7 Xbal ~BamHI 4= Rsal = f&p *» "4 f= >

kig 7 TE-AFLP e % - & fS B] ¢ ¢ * Xbal »BamHI = i
BT o KL LHFEFS LT kHDNA BB o F - w2k
B (UppEr 2R L F4EE ) ¢ 50 100ng A F B K
e9 DNA ~ 2 ul 10X Ligase buffer ~ 2.0 ul 500 mM NaCl ~ 7.5 U
ligase (NEB > USA) > 1.25U Xbal (Promega > USA)- 4.0
wl BamHI ##3 (1picoM/ul) ~ 4.0 ul Xbal ##E5F (1

picoM/ul) » & 15 4F & 33 i@ 78 d.d.H.O T L8847 20 pl -

2. TE-AFLP % & p=4F J& (polymerase chain reaction, PCR)
#PCReF RiEARY N2 * (1313 5 Xbal-CC and
BamHI-C (van der Wurff et al, 2000 ) - & — #12.75 ul PCR»
& 5705 plg s 4k & chDNAS & > 2.5 ul ffJ 5% PCR
buffer » 0.25 pl #J BamHI-C 313 (10pmol/ ul) > 0.25 ul #Y
Xbal-CC 3513 (10pmol/ ul) > 0.125 ul #y Taq polymerase
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(Gotaq, Promega, USA ) » B 0.25 ul #Y 10 mM dNTPs - 12 #t
R F 52 "PCRF & > F 1% % denaturation 95 °C 3
A4 $2%F 95°C304) » 70 °C 304 > 72 °C 607 » i& 7107
VA% 5 &7 %95°C 304, » 60 °C 304, » 72 °C 60%, » i& {740
BUATR s RREFT2°C204 48 > o3t 4°C B b F o &
(8 AP P E T -20C %3 > RS BPCRAF 215 - £
-2 ¥ B 5 GeneMapper#ic # 48 = 0, 1enFplagid » 12 g p

el B AR o
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B O TR
EH AT S 1+ (Gene diversity )

1 #* AFLP-SURV 1.0 (Vekemans et al. 2002 ) Nie’s
heterozygosity (Nei, 1975) - f§ #£H; > = ] & AFLP 5 & {2 4%
e TR E Fal R A TS s Fpt B F Bk

k- B- A% A& (Locus) > # BAFIAL X33 BHini

ETTRS

7] (Alleles) » #7 i£4 27 S BEAF L3 EF &7

(\:

"2 %] 9% Lynch and Milligan (1994) #73% d1 e~ 3
eRAFE WL BHLEHEEATHES o & AFLP-surv 1.0:0
KEFY By BHEREREEROERAFH > A HEKE
ZLEH @ SR (H) o Btk + 2 &7 F T (Hardy-
Weinberg equilibrium ) » 5 # i 513k 2 @ 5 5 54 2Lk
A & B %% (bayesian method with non-uniform prior
distribution) 3+ & A F]i= g2hig % (allelic frequency ) » 1732
foidics B (Fis=0) ffidk®p o @ 5 42 (H) 28
3@ 7 fRidpdc (Ho) > £7) { ¥ =c i (Permutation) % 2

5999 » M EIEL A BHEE
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2.

3.

Vap+Vwp

H 2 A 7% # 1+ (Haplotype diversity ) 4 47 *

GeneAlex 6.501 ( Peakall and Smouse, 2005 ) * & = ¥4k
FRE AT S EE HE AT PR L L B E
£ 7] (alleles) e#c g frdfF » 2 L B 7| eh B P o
PEH NI PEAPHALE 2 AT SR o H=1-(p?+
Q%) pr BHOEF RS o qR LR AL E 2 A FIR
FHEF o BB EEl REAREHENSE E AT >

B o

2oz B end @ EEd (Genetic distance) £7 AL F1 20
( Gene flow)
i# * GeneAlex 6.501 ( Peakall and Smouse, 2005) 2+ & =
i % Fand BEedE (Dpr) > Oprin g, & AP 3P Fg 0 Dpr =
VAP i R B eard @R o Vap s 5 P S0l @
2B > #2EP-Value o £ 5] L =t X 25 999 > ;gﬁb F
FHw B3 BEedr o £ 0% Phylip 3.6 (Felesentein, 1995)

IUPGMA consensus i35 B 4 o
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&3+ 5> & 47 (analysis of molecular variance, AMOVA )
A+ %2 & 47 (Excoffier, 1992) & 1% g4 2 17 978 §E

#raerd (Euclidean distance matrix) &3+ 1> E= {E)%y}: n

[1-22] > n 5 A TR e o X YR A G
B AR ABH o onyERa R BRI F AN
AFR#s > ¥ ED B2 P Gipdped o &
40,13 4L B I2 % GeneAlex 6.501 (Peakall and Smouse,
2005) efe it > 1708 BRE R B IR BEA A 3 o FE
A BT (rawdata) ~ = & (binary) pEdit B
' AT 4 T4 (interpolate missing data ) » £ 71 { 4% =t #c
& €9999=% > RIFH R & > HiE (estimate variance) > fr
LA AR B B RE R IR B S (P-

value ) -

% e 2 (assignment test )
11170 % i 48 e @ F ok 1 * STRUCTURE 2.3.4
( Pritchaed et al, 2000 ) :& {7 4 /%i& Z_» & T4 > Length of
burnin period = 30000 > Number of MCMC reps after burnin 3
30000 - Ancestry info = admixture model > Frequency modelzk
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¥_7% allele frequencies correlate among population » &k *2#K
#1~4 o & BKELRE (73 47 R LE FIK=1~4097F B % o
BRI AKeS L kG il & ik ivds % % (Evanno,
2005) > 7 Rty nB AT AL A 5 A B 33 (Genetic

demes) > 11 & & EFEH AL T2 BE S F o

4 fE-gh4 +5 (Principal coordinate analysis, PCoA )

Fl* RHFE FonB iz Fond Bipdz daEd o @
#* GeneAlex 6.501 ( Peakall and Smouse, 2005 ) =12 i 15 dh A
FT# T AT AR BRI A ek R > T E X T
%ii%@%ﬁ%ﬁ?ﬁﬁﬁ’uiﬁﬁﬁﬁﬁﬁﬂ

(distance-standardized ) % 4 #7052 > s T TR H R

AR 2 5 i i A 6 -

Mantel test

41 % GeneAlex 6.501 ( Peakall and Smouse, 2005) +£i& &
Lo BT g BEEd ez & 48 (triangular matrices )
B8 E ARSI AEE o B % Past3.0 i BRI
) A 1 EEAE G B 124 0 %3 EEAE (Euclidean
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distance ) &k % > FIEEHL O 5 d, —\/(X —x; Py -y, f

k8 BRI B e i % B R o B 15 11 Mantel test %48

L E GRS R g B oip ML > 2 B IR SURY
SR A T R B e B o B s LT R TR > v

B WIEALR ) BaRaE2 B DAp L -
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-~ EAFEFH:
FoHFHRER L 2013267 297220146 329
Pt BHER (AR LR 2 HEF S fa -

W) B sdrnE 21l P s (B 1)

= RERLIARHERBA:
LEHREREY (A1) - ¢ nE2ALRS (48
Im?)> 28 40 (1.88/m?)> ma (1.2 8/m?) & MplE 2

2K E (0.6 £/m?2)-

\

2 ARRPENETR:

B=1

R EE (A5 4L~ 5 8F C ZHREF -~ Se - %)
s 211 & B few P R fA) s TREELA) 0 BT

LN

]

BEIALT 2 B (B2) ¢ BT w2 BHE 158
BOBLA P L EHAs 17 8 23 40 mEca,508 24 F0 T
A LI3 & o Aot Gl Fle B 5 46% ~ 25% »

22% ~ 20% ; T EEETAGV BJE A Bl e R K 5 54% ~ 75% ~ 78% -
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80% » ANk T N A A b B S (£ 2) BB FHERR
TR Sl B EF S RIS B ERE
AR (=1199,df=3,P<0.01)- @ » ¥ ? V> s B
BROSHFLPERAMNAP SR  EHIFFHRFTAFIY
BEA Y BAY o ROVEEHE B %S BT ATO R A
prH W = BEREREL L FAS 54 £ #:E  (Euclidean distance
values =0.76~0.66 ) > H & % & ~ A3, 5 & 1* JEA £ #iT

( Euclidean distance values = 0.59~0.37 ) - 2% if 5 41 #* U-test 4
157 9 BRI A BRHESA B DLE (B3 2Rl
¥ (df=1,P=0.175) > + 500 B g MM AT 4] ¥
B By I 4 S T R ARF B E 0T T R

T R FRBEGTEI G GRS > REE T AL R
CHl4) > » eAGE B AT 5 R A0 bl 4T
(df=3,P=0.645) > e F M e~ cnF 7 FTRMF > i

AL L Bl § - B o
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1.

1 LR S R
FEEG L P HERAFLRER

AMOVA 2 5% 877 7 99%% £ 5 At %8 p (£ 3)-
FE e BoBLPEEE (AL MF ~EFF ) 2
B e 4 it A2k (Oprvalue) 3Ri%it (5% 0 0.047 5 5
M :0.002) ME HHLE FFRFEL FE N FTHREH B
HEEA B E (R4 FEELEL A B AR D
AFIRE o AR SR LRERDLATIRTAE o X
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A (B5) 25T ¢FIrMd S AL L - &
RO A LavEE s S RRE I AN EFRT SR L2

FE'!& o

SRR B BREAE G S RIS R S
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Mges A ¢ 7 (H=0.137)  # M anp] L e %3
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¥ (geneticdeme) » :&@* E ;% (Bayesian) ek 3= £ 45
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4 A fE-#h4 $5 (Principal coordinate analysis, PCoA )
W R4 L w5 22.68% ~ 28.99% ~ 33.96% 0 B & A
85.63% ° # A% - &% - Aihdh o &AL - &% = ik
PhETRE T DR S L R P RS HR G (F18) 0 fTF BALY
I E - AR T EP R AFEAER T A
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Bt - F o F]pt A ESEdn #ic (Euclidean distance ) st
g1 18 3 e (Geographic distance ) it 5 Mantel test & %_
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Fo— AR Ao Tt oo AP L R @ EEdE (Genetic
distance, @pr) £ 3 12 E A EE4E (Geographic distance ) i {7

Manteltest ¥z = (B 9B) > %%~ & ¥ 1 8 (R2=0.075P

29
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BHRES DR LIRS FOIM R R G D EHETAE >
DA “@‘iﬁ/gng’ﬁﬁ: HRRE O FINGEERIEEGE o
Trap sites Populations density (N/m?)
Siangshan 1.8
Siansi 1.2
Mailiao 4
Chiku 0.6
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F2 SR T R b A R E N B o 1% 4

AR ST LA RE T BERER E OB EEV LR o

brachychelous  leptochelous

chela (%) chela (%) £ Pl
Siangshan 46 o4 54
Siansi 75 25 49 1199 <001
Mailiao 78 22 52
Chiku 80 20 4l
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23 mEr 130 BREFEER

170 AL S AT IR s A Bk R

B EEFF Y 999 =t 7 v o

SRR TR R A

SRR

LRI Sat EEE

Source df % p
Among population 3 1 <0.001
Within population 135 99 <0.001

df : Degree of freedom
E.V. : Estimated variance

52



Fo4~ poE¥2 ol @4 - 4ndk (PhiPT values) £ 3 712 indy ¥

( N values) o

Siangshan Siansi Mailiao Chiku
Siangshan - 39.040 115.528 44.630
Siansi 0.015 - 282.040 12.718
Mailiao 0.006 0.002 - 126.375
Chiku 0.014 0.047 0.005 -

Above diagonal: N values ; Below diagonal: Phi'PT values
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25~ oo A Re BRESOCHELPEAEE S Rk

Sampling site N Hi S.E.
Siangshan 39 0.11732 0.00568
Siansi 30 0.08277 0.00587
Mailiao 38 0.13698 0.00436
Chiku 38 0.12883 0.00549

Hj: Expected heterozygosity of genetic diversity
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26 oBT AR BREDSHELPEDE ZAFS R -

Sampling site N H S.E.
Siangshan 39 0.196 0.010
Siansi 30 0.137 0.011
Mailiao 38 0.230 0.009
Chiku 38 0.214 0.010

H: haplotype diversity
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