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Spatial Patterns of Genetic Differentiation in Brachionus calyciflorus
Species Complex

XIANG Xian-Ling, XI Yi-Long*, WEN Xin-Li, ZHANG Jin-Yan, MA Qin

(College of Life Sciences, Anhui Normal University; Key Laboratory of Biotic Environment and Ecological Safety in Anhui Province, Wuhu 241000, China)

Abstract: To understand spatial patterns of genetic differentiation in the Brachionus calyciflorus species complex,
the rtDNA ITS regions of 124 rotifer clones collected from eight geographic regions in East China were sequenced and
analyzed. A total of 73 haplotypes were defined, and were grouped into three clades by the phylogenetic trees. The
divergences of ITS sequence among the three clades ranged from 4.2% to 25.3%, indicating the occurrence of three
cryptic species (cryptic species [, cryptic species I and cryptic species III). The sympatric co-occurrence of these
cryptic species was observed at Guangzhou, Danzhou and Wuhu. The nucleotide diversity in B. calyciflorus complex was
higher, and so was haplotype diversity. Within cryptic species III, the higher genetic differentiation might be attributed to
fragmentation and restricted gene flow. In addition, the rapid increase of colonizers after an ambiguous glacial bottleneck
might interfere with effective gene flow and accelerate genetic differentiation of geographic populations. The nested clade
analysis suggested to some extent the geographic structure, and the non-significant correlation existed between the
geographic distance and the average pairwise difference between populations (D,) as well as Fy. The Younger Dryas

(YD) Event after the last full glacial period might has considerable effect on the patterns of geographic structure and
distribution of cryptic B. calyciflorus species. During the YD event, the three cryptic species probably retreated and
co-occurred in multiple relict refugia to the south of Nanling area. Long-distance colonization possibly coupled with
subsequent fragmentation might be the main reason of the current patterns of geographic structure. The geographic
distribution of B. calyciflorus complex on a global scale might be attributed to the motion of continental plates.
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FR G PR WS R S R A R Rl T
FSCIAT 53 AT b6 Jed 1 17 50 D DR RO s AL T R 1 — 1] 2%
BE, LA AIAZ O 2 1A% 1 28 25 0] 40 A7 R T SR E
(Avise & Hamrick, 1996). 18 i i Fifff it A4 45 K 1)
IINTRIRTT Tl ) R e B SR I L. Rk
B RR SIS AREIE,  FE45 G RO HBE 7 A
RIS A IR UF 55 FAH S b e, 18 R0 48
INFHRERIIHELL JIRE (Avise et al, 1987; Avise, 1998),
OO BRARERIRE Al IR R AR ASTE B A g 3
fi AR b S5 B R HAT R S (Avise, 2000) . AEW)A
YA SR ITE R A AR A R 2% (g5
TN PR K HE UL K A 2 TR (AR ELAE
8, N HALFE LB s R CAniR R B
VT TE R S ASARASA VR IR AR 45D (Chen et
al, 20060, Lk ATLAE H AR O BE A AE0 AE 8 1
HAT— I 28 BR B4 FH o B 4 s T R RE ()
Jale Pl 704k (Hebert et al, 2003; Taylor et al, 1998;
Cox & Hebert, 2001). M3 i sl b 450 S DL A
Wi o3 A DX (R4 5K BRI 45 23 0] PR 1) 15t A% 45 1)
PR . PR R M — 5 S KB B X
CHAEF FrdbFt. BT REF. Hiflvg 5t
AR A A FEBEX CGE IR S AER
I 2R, 0z Ak RROE KR 4< gty , - Bk BT 77 52
S AR Cln B R AR R RO AR B A
TR e PR DA R AR I K AR (8l 2
RS A T ] 1) AR S P b P 53 A 7 AR
g, AR IE SO BT RS PIX RS AR
Y41 S BEHLIX 2 —  (Miao et al, 2003).

HAT, RG22 32 SR Hh (0 i 5 s Al
W) R GBS JRi K 40 M L (Taberlet & Bouvet, 1994;
Johnson et al, 1999; Fernando et al, 2000; Edwards &
Gadek, 2001), 1M ¢TI 301 2 G th 2% (R 5T

AN JRIBR T8 £ 2508 JE (Daphnia ) (Hebert, 1987; Innes,

1991; De Meester, 1996; Vanoverbeke & De Meester,
1997; Weider et al, 1999a, b; Hebert et al, 2003;
Penton et al, 2004; De Gelas & De Meester, 2005) ¥4
4 e R A 4K (Brachionus plicatilis species
complex)(Gdmez et al, 2000, 2002a, b; Gémez, 2005;
Mills et al, 2007) FHEARME R (Miao et al, 2003),
Forb i R PRI T U LR Sk K 2 B i S W b

T T MR AR TE GBI KT  AKIRAK & 45 Jpifl
PR A BRI 73 A LA T AEAE B 04, &
T VRIS AN, AR ) TS 4k 22
SIS ELER FME (Miao et al, 2003). 324 K1k, &
TR BP0 R G B A% R T B DL A A
AR A — T RN S B80T T A8 P AR R A
LT P S fb G, FifEa — M Radihg K
199, AT RURH b T H R PRI 7 | P 5 ik PRI AR
7284k (Boileau et al, 1992), HAb, XELEEFIEE
AT PRI DU GE Y. (De Meester, 1993, 1996;
Okamura & Freeland, 2002) LA BT T4 1) K
HIRNREPEE (Hairston, 1996) 3¥iE— ik T 8 RE
BB (PR ANE o DRI, SX SR R B v (1) st A%
IR E RS H A R (Gomez et al, 2000,
2002a, b, 2007; Goémez, 1997, 2005; Hebert, 1998;
Mills et al, 2007), R il )44 PR 25 Bl A b B0 R 2
g . XL C i De Meester et al
(2002) FEGEAL D MU 53— FOU A
A BT B ) A AN ORI DR B B R AT S A
HLAE T, ORHRAA PR R B 0 B B 1) T e B 23 A 1))
SV, AT A A A ) A% 2 120 B TR DN
B Z VRS, OB RGBS 5, R
[ bt A% E 2 R M B R TR) W AT W R A O
(Weider et al, 1999a; Innes, 1991; Dong & Niu,
2004; Mergeay et al, 2005; Ishida & Taylor, 2007;
Mufioz et al, 2008 )

T 30140 22 A TR b B0 A A% R R] e L RE A
WA TR K K2 B sh P AT = B
(K14 B AE 3 A2 ¥ M B 43 A (Hebert, 1987;
Ruttner-Kolisko, 1974; Koste, 1978; Wallace & Snell;
2001, JUATRRAE oA DCHE R )2 MBS
AR5, Wi FER R AT B e AR T, DL T
BRI S HERTES Y — 3 (De Gelas
& De Meester, 2005), XLty 2 S EIRATXF B ED)
PR K 25 (Hutchinson, 1967; Knowlton, 1993;
Hebert, 1998, MM AEF3VF 2 YT I & AT REAF AL
His. IIAMIFRGFWITNERY, XEAERKH
PR B3 A i) A, JEIE R E AN R K It £
BRFPE [A) 47 AE 2 A8 A5 1% R Fl (Taylor et al,
1998; Gémez et al, 2000, 2002b; Cox & Hebert, 2001;
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Hebert et al, 2003; Penton et al, 2004; Gilbert &
Walsh, 2005), Frififf)) Ak balfg it fafh 2
&% (Gomez et al, 2002b; Gémez, 2005; Gilbert &
Walsh, 2005; Ciros-Pérez et al, 2001; Derry et al,
2003), RIAEZER/N LIV Y, X2 A
by PR (0] A7 i FE PR3 A% 7046 (Hebert, 1987
Carvalho, 1994; De Meester, 1996; Ortells et al, 2000,
2003; Gémez et al, 2002b; Suatoni, 2003; Goémez,
2005; Li et al, 2008). J34b, fE[F—/KAKHIEAAAET
HIRRRE ) (1 35 4% 3 A BB M EAT (Gomez et al, 1995
Ortells et al, 2003; Cheng et al, 2008). Kb, Fpffist
e SR 5T h L 25T S BEAT DA AR AR AT 5T
JEHIE XA BE T BEAEAEBE A (Ortells et
al, 2003), AT A KE A TR 2% M2 15 R A e L i
REIBAT 73 A IR 25 [0 Sy 20 A P A= T4
AL R U (Brachionus calyciflorus) &
LR K AN —,  HAT SRS f S ST IO A=
RS 1, A O A 2 A 1) A Fb o R
IR, R —AME S (Gilbert &
Walsh, 2005; Cheng et al, 2008; Li et al, 2008) . K
A RS U R G BRI 5T H A 9 Kb 3L

HFEX 4 (Dong & Niu, 2004), 7EH KB |
X TCPE A5 A5 2 A T 2 i) S T 9 e oA DL A 3

N T E A e ORI T AT &5 R 1 2 1 AR S R
() J=) 0 B o] RE P AR RS, ASHE U AT KA
MR KR 2 St/ (28~35°C) I (2007 4E 7 Al
8 H) #ATTH MR, Ll DNA ITS J77l
(ITS1-5.8S-1TS2) K73 Fhrid, Xf K [ o [E 2R &
WA E BB IS 3 A 1) 8 AN HLEE X IR (1) 124 AR
¥ Oyw BEREAT I AN A0 Ar, DUE AT A A R e
ToluRf T £ 3 A 1) 25 B0 SR RN T L, BRI
Tl [k A7 11 7 s S A

1 #MR57%

1.1 ##MmEEF DNA 28

SE6 AL A T 2007 4F 7—8 H 43R
A E R N AR, RN R, . @
Ry MBS ML TMFEMN (B 1), REER dUfbf
A TRIINE, I E KR . pH AN B UK A5 K A
HRT (K Do FEMREG, T5 BRI 53]
BREXZ) 200 AR A HUlEA, 76 HREIR O
TRERAEZ) 130 1x, L D=14 : 10 FI5 KA /K IEA

118000000
| e ——

LI

1 SRR RS A R G ARER ) A ]

Fig. 1

Sampling localities for Brachionus calyciflorus species complex in this study
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TR RS 5 A N REAT B IR . BEIRMER A Gilbert
(1963) FCJ7 (pH=7.3), FrHTHEI N HB-4 #5770
(Lietal, 1959) F57= 1) AbTFREEE A AL

#: (Scenedesmus obliquus), RiFEIIHIZE 1 AN H LA

o BT HUA R E A (200~300 ind./mL)

I, S B gt e e, YLK 24 h G H 70%I0

R 2 PR AT o FH TS50 5 P9 0 H e R Y 9 P A

K, R MR SO R IR R AT B s w5

F B IR A 3 AR T AL 1~2 Mg

BT ARB AT, & 124 Ne HUd EEIR g A A

KA.

B R 13 U R 4] DNA (Xiang et al,
200600 HAKJEN: BOFMARHEAER, BT 1.5
mL Eppendorf &1, fll 500 uL DNA $2HZE i

(0.5% SDS, 25 mmol/L EDTA, 25 mmol/L NaCl,

100 mmol/L Tris-HCI, pH8.0) 1 20 pL & [ K (20

ug/mL), ' 60°C/K# 2 h; Jil 500 pL 8 mol/L Fi#A

JE BT ERITRT 40 uL (1 2 1) FOVE S8k FL

RAJEE 37°C/KME 1 h, ARRES); B 4 000 r/min

F0 2 min, 75 BIEHG DUEH] 70%0K LR 2

U, FRHANEREDE 1 BTN T
TE (pH8.0) 40 pL, & 56°C/K#+ 30 min, H(iH, 8 000
r/min B0 2 min, W _FIEW, BE-20°CLRA7F & H
1.2 PCR # &5 F
PCR #"#47E Bio-Rad A4/~ iCycler ¥ 1
A EHEAT . ITS 7741 (ITS1-5.8S-1TS2) 5141k 54
YT CKE) FARAFRA KK LH2 (5'-GTC-
GAATTCGTAGGTGAACCTGCGGAAGGATCA-3')
Ml Dlam  (5'-CCTGCAGTCGACAKATGCTTAAR-
TTCAGCRGG-3") (Xi et al, 2003). [ AK R A
1 X Buffer, 0.2 mmol/L dNTP, 0.2 pumol/L 5|4, 2
mmol/L Mg®*, DNA ##% 4 uL, 4 U [f) Taq i, @
Ali7KAN A 50 pLo I IGFE U T - 94°CHAZE 5 min;
94°CAZ 1 1 min, 55°CiE K 1.5 min, 72°C #Ef# 2 min,
I35 AMEES; Bl 72°CHEAH 10 min, 4°CIRAF. ¥
B P=TE 1.5% M BT HE &R (4% 0.5 pg/mL EB)
HLVKRY I, JEAEH AxyPrep™ PCR 4lifb ik 7 é
(AXYGEN) 4lifk, #RJ5i%EH%] pMD 19-T ik
(Takara) JF#4ki# N\ DHSo KA HERAN . i
FEFE GRS IEIE A H 1 Bt sk DNA, ABI

1 XHERER
Tab.1 Summary information of sampling localities in this study

3 47 fE Habitat characteristics

R 1T . A F 1) HUF AL K ,
vz AR SRR
Sampling Collecting date Geographic Water pH1H
Code Annually mean NH4-N concentration
locality (MM-DD-YY) coordinates temp. pH Value
. temp. ("C) (mgL™)
(©)

AN 19°31'N

HN 07-18-07 35 25 8.15 1.56
Danzhou 109°34'E
J7IN 23°07'N

GZ 07-27-07 33 23 8.02 1.50
Guangzhou 113°13'E
IR 30°31'N

AQ 08-04-07 35 18 7.76 1.36
Anging 117°03'E
Jeib] 31°21'N

WH 08-06-07 34 17.3 7.57 1.99
Wuhu 118°22'E
(2P 32°05'N

NJ 08-17-07 28 16.9 8.07 1.41
Nanjing 118°44'E
RN 34°14'N

Xz 08-14-07 30 15.8 9.53 0.27
Xuzhou 117°09'E
TN 37°26'N

Dz 08-10-07 33 14.2 9.06 0.82
Dezhou 116°17'E
Kt 39°05'N

TJ 08-09-07 30 132 8.63 0.79
Tianjin 117°10'E
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PRISM 3730 74 [ Bl - A3E47 7 5110 5
1.3 #HiESR

KH CLUSTAL X (1.8) # 4 (Thompson et al,
1997) HEAT P AU ALHES, IFA AN TAO s
DNASTAR FAFH5 1 DY P21 (07 90 22 572 1 4y L s
T4/ DnaSP 5.1 #f} (Librado & Rozas, 2009) 4347
RN 2 TG B S AR 2R
P () ATERZFEYE (o) IR ) S84 st
PR (Dy)s

N TAEE RV E N R RS R R, AT
JIHT GenBank H'H T-HRI=EACHE AL I R K
AW ITS a1, efl1sr R AIria W (Georgia).
2 ML (Florida). #E3iF¥ T (Texas) FNE KA
WV (Australia) (Gilbert & Walsh, 2005) A& A [€ ¢
# (Wuhu) (Zhang, 2009), ¥4 35 554
DQO071668-DQ071671 il EU978878. LABYTEI 4%
4 (B. forficula) J4MEE, 3] PAUP 4.0b10 %t

(Swofford, 2002, KHIA KR KTTE, 5390
DUt KAUARYE: (maximum likelihood, ML)+ K i
27} (maximum parsimony, MP) 147 (neighbor
joining method, NJ) #HEH RGERKAER . KH
Modeltest 3.7 (Posada & Crandall, 1998) H1 i) Rt
= HHEN] (Akaike information criterion, AIC) #5:l
AT ML W s AR, BRI, fddi i
M4 TVM+G (P<0.001), Base = (0.2953 0.1752
0.1806), Nst=6, Rmat=(1.1595 3.8251 2.5981 0.5005
3.8251), Rates=gamma, Shape=0.8567. MP FI NJ
RGN R SRR LU P EE 4 1000 (RS
ALK 1K) 1 51 518 (Bootstrap value) (Felsenstein,
1985) Ko, 10 ML RZH UL 100 V5 2 fliAf o
Bor) B9l RE RS DU SR 2 AR g R
MrBayes 3.1.2 #f} (Ronquist & Huelsenbeck, 2003)
HEAT, b SR BERBE R S5 R85 (Markov
Chain Monte Carlo) W'H N 4 &5E (3 &#EE. 1 4
RHE [FNsAT, EHE K. RH&EESH DNA
HEAEAERS TVMHG, PABEHL 461, 1217 600
TR B 100 AAHFE—, ESEFFEUEARS, R
PR IREAR B, W REE LSRR
(posterior probability, PP) ¥4/ .

[ H Arlequin 3.1 (Excoffier & Schneider, 2005)

W5 742 52408 Canalysis of molecular variance,

AMOVA) 5 VEAS NP FRE ) FURP I P 1 1545 A8 S 40

SO FAL S PR B4 3 A 454 (F-statistics, Fy)o
[F I, FIH Arlequin 2K {46 () Mantel £t vl-27 A 56
(Mantel, 1967), 43 A LB B i EE S (Dy)
R TR (Fo) 5 MR 20 0 B 2 [a] R AH 5%
PE, JFREAT 1000 X)W RS . SR SR
BERF Kl A3k pH A 2RI ED
RG2S ORI 2N by TR ZHT
P LGB A de 5 Foo) TRIAEDCHE 70 R H

SPSS 16.0 (SPSS Inc., Chicago, IL, USA) 5E /.

ITS J7 41 5% A 2 [) (1) 199 45 5k 5 ] Network

4510 ( Bandelt et al, 1999;
http://www.fluxus-engineering.com ) F& & # )
Median-Joining ZEAT 737 IXFEAT 211 19 26 5% M)
MR RGN, 25 B4 82 8] SR AR %
$eo SRJ51% M Templeton et al (1987) Al Templeton
& Sing (1993) ZH 5 Ji D) ey A% 20 58 205 R A
EAE M 28 8 B S RS — AN SCRBURAG AEf
13 R ECRAAR RURR RS (tip clade); T —ANEA
b SCFR R A 2R 1) SR AT YRR O N S
(interior clade). MW INN, {EFR—3LHRN, KL
R o3 AR T AR Bl B RN A L 1 S &R B
HLAEAY (Castelloe & Templeton, 1994) . ZH [ FEA
JE ) RS B KPR AR, R A S AT (1) A 5
MM AW FR ZJa R —HESLFRXNK
v WL RO SR, HB AR R 2% 0 R
B — AR eEE LR N b BT RE,
AT A SZ R HT (nested clade analysis, NCA):
B 5EHFIH Geodis 2.5 #£/7* (Posada et al, 2000) 115
AFSLR ON—HLRB)—ARIILR) AAPEE
R, EHNEE (D) FoRHE SRR
P A A A 123 3 0% BT 2 b B0 A O (R
BIgEey, RIZSC R H P Ay s SRS (D)
FoRFE L RGBT R A AR S BB 1SRN
KU B A T R, BES R Y
WAL EAHIE S R AW BE A A R R S4h, 1ERT
HHE KA L RN ETF N SRR 1)
5 R PR S8 2 22 (RIS SC RN I-T 1)
D I Do [, dWid 1000 K REHLIERE KL
IR BUE R W RN B E . RRYE FaR AR
BaEL, 2 Templeton (2004) 25 Hi %) 837
R AN [R] 7K 35 BE B R ) 1R A 28 3 HE DU % 23
iy BE 3 AR R () 7 5 BT

available from
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21 ENEREREMESEKNFITRMEES

FEE

SO R A AR 124 TR ITS X
A AR 759~785 bp 2 1], EEX})E K 809 bp,
LR A 04 253 bp, 2 A A5 226 bp, TR ZIE &
£ 50 185 bp, MIE LT 73 NMEAERL. AL T, C
1 GBI 3) 55 4 28.9%- 36.2%- 16.6%F!1
18.3%, Mt A+T & (65.1%) HEST C+G
g (34.9%), KIHIAEM IR G . #EMAE
f) A+T S f A s (65.9%), C+G &R T
THAHRAR (34.1%), & KAE SURE & ] g
HWZBUA K FTAFEMNFERCRTR
GenBank (J¥51)% %5 GU012678-GU012801). K
oy FRAG RLER  AAE A —RFE U, S34ME 12 A4
ILEE AL R S AT AE A B AN L B RRAFE R (R
20 PR R 2 FE TR RN AT T 2 RE R 4 ik
0.0529 (£0.0078 SD) F10.960 (+0.008 SD) (£
2), BRAESAER TR 2 (o) SR

* 2

ZREE (D) ZIFFAR R E AR R T,
&I R LRI FEIIRE i A% IR 2 AR = T3
LT R 2 FEIE o R &R R URE i R s E PR 25 (D)
(I s, FETHIRE SRR PR 5 5 A 8RR
FE ) B 5 S 1 D H (R 3D,
22 RBEERERXRFR

i s mORARIE . meRZE R
ANHD RIS CRARHD MR RGBS ¥
FNEERIFEA—F (B 2—3), Bk 73 ANy 1k
3ANYEHR: YR (Clade 1), LRI (Clade 11)
AR (Clade 1D, HEGER . X & [
(RS R R /> (7 ), AR A oK LB PHERAT A
Fedls CRITAFE T 13 MENRAERL, 11 4N M
BEAL L 2 ANTEWIAAE AL 1 AME N S NI
R R 39 MNRSERAEIAN RN, 404
T 8 AKRAER BT 73 AN HAEEIN A 2E 5 H o
Eoh 0%~25.3%, 134 5.97%, B KI5 2 5400
TSR SHO LA A HN14 Al SCR T 32
ZALAISZ R IR B ITS X B2 5 71 43 B 23 300k
0%~1.7%- 0%~0.8%F1 0%~2.4%; & 1 FI5Z

ERERRAMNESH IR AMERIE. BEE. BERSHEMAFLSHIERES)

Tab.2 Sample size, haplotypes, nucleotide and haplotype diversity (£ SD) for each geographic population in

Brachionus calyciflorus complex

KFER B £k N o BHRZHE PR Z R
BT % e A
Sampling Sample Nucleotide Haplotype
Haplotypes and number of clones
locality size diversity diversity

AQ 9 SHI1(3), SH3(1), SH4(1), SH5(1), AQ1(1), AQ3(1), AQ8(1) 0.0043 £0.0006  0.806 £0.120

DZ 8 SH1(2), SH5(3), SH&(3) 0.0042 +£0.0011  0.750 +£0.096
SH11(3), GZI1(1), GZ2(1), GZ3(1), GZ4(1), GZ5(1), GZ6(1), GZ7(1),

GZ 15 0.0099 £0.0055  0.943 £0.045
GZ9(1), GZ10(1), GZ11(1), GZ12(1), GZ14(1)
SH5(1), SH10(2), SH11(4), SH12(4), HN1(1), HN2(1), HN3(1), HN4(1),

HN 29 HN8(1), HN9(1), HNI10(1), HNI11(1), HNI13(1), HNI14(1), HNI5(1), 0.1069+0.0126 0.946 +0.026
HN19(1), HN20(1), HN21(1), HN23(1), HN24(1), HN25(1), HN27(1)

NJ 17 SH1(7), SH6(6), NJ7(1), NJ13(1), NJ15(1), NJ17(1) 0.0106 £0.0014  0.735 £0.077
SHI1(1), SH4(1), SH5(4), SH7(2), SH9(1), TJ2(1), TI3(1), TI6(1), TI10(1),

TJ 14 0.0074 £0.0018  0.912 £0.059
TIL1(1)
SHI1(1), SH2(5), SH3(1), SH4(2), SH5(2), WH2(1), WH3(1), WH7(1),

WH 24 WH9(1), WHI13(1), WH16(1), WH17(1), WH18(1), WH20(1), WH21(1), 0.0134 +£0.0043  0.935 +0.039
WH22(1), WH23(1), WH24(1)

X7 8 SH6(1), SHO(1), XZ1(1), XZ2(1), XZ3(1), XZ4(1), XZ6(1), XZ8(1) 0.0043 £0.0007  1.000 £0.063

B Total 124 73 0.0529+0.0078  0.960 £0.008

SH: ARFILZZRAERY, JABACHS AR AINGE'S 53R 1 IR .

“SH represents shared haplotype, and the other codes are abbreviations for geographic locations corresponding to Tab. 1.
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Tab.3 Average pairwise difference between populations (D,, above diagonal), F;; among (below diagonal)

and within (on the diagonal) geographic populations in Brachionus calyciflorus complex

Fi#E Populations AQ DZ GZ HN NJ TJ WH Xz
AQ 0.4431 0.0103 0.0058 0.0107  0.0127  0.0126  0.0351  0.0469
DZ 0.6479 0.4437 0.0012  —0.0001 —0.0002  0.0004 0.0370  0.0467
GZ 0.4381 0.1255 0.4371 0.0014  0.0022  0.0030 0.0355 0.0454
HN 0.5532  —0.0086 0.1045 0.3081  0.0002  0.0009 0.0314 0.0422
NJ 07576  —0.0312 0.2361 0.0204 04369  0.0002 0.0384  0.0478
TJ 0.7699 0.0801 0.3110 0.0968  0.0535 04399 0.0377 0.0469
WH 0.8340 0.8208 0.7819 0.7383  0.8542  0.8574 0.4341 0.0231
XZ 0.4589 0.4530 0.4382 04153 04656 04622 02855 0.4436

R, LR TSR SCR RIS R )7
B ZESE o 23.7%~25.3% 23.9% ~
25.3% 4.2%~6.2%. R4 Gilbert & Walsh (2005)
X AN [r) b By 2R A R R 2 TR AR T S 36 T ITS X
FER T as R, RIA B 5 R AR R 56 ) ITS
X FFN R TR T 4% AT S, A
[ (R REFf . DRI A IX 3 AN SRR T A
A (R R, FEASC 4y G i iy 2 A Redh T TR
111,

KBTI (Georgia DQO71668) i1l & HLik
(Florida DQO71669) [f1#4¢ i 26 HUFR Mg I
YR, eSS RIS v T8 2 5 H5 o
LEoh 0.8%~3.2%; SR IEFHI 2SS H N
55%~67%; SR IMTHESH DA
24.8%~25.6%. [Ktt, Frih AN 2 HLIA (1) 2 40
A B 53 RN R —i R . K A E ST
BV A dif4R (Wuhu China EU978878) #% )4
ANX R, HHSZR WS T8 2 5 H o
FEo 0.1%~0.5%; 5325 1 B4 v B 741 22 5
F 43 Ee o 24.4%~25.2%; 1552 R 845 7 [ 1)
PSRN 4.6%~6%. Kk, g
R R A S R IR &R, ok A&
6% BT AR AR (1) 2 R R e R R R A S — A
B SC R IT HK,  TE i A R R
f (Texas DQ071670) 5% &R 1. XA I FISZR I
B () 51 22 53 8 43 bl o i oA 25.9% ~ 26.7% -
4.5%~5.1%H1 3.8%~4.5%; JEKFIY 210 24
diaRh (Australia DQ071671) S5 R 1. L& 11 Al
SCE L )P40 26 7 11 0 B a3 oA 25%~25.8%
7.1%~7.8%H1 5.6%~6.9%:

23 THESRARRMIIASEE ST, MEHRE

DTN R G IR LM

ZRER R T A A MAREE, BRI 5
GG ) INRSEWIRRE,  HL ISR AT P A
£ (WH21 1 WH23). Ak, R iR s 44 5y
TR G b FEAE J5) 20 AT AL AR FRRPTIT A 1) 6 A Hb 3
PR 38 ANFLAEAY CEly TG PHAT) ™ MR R AR 7
— AR, R REERD .

B b TIT )~ 2o k% HF 1% 2 2 0 B A% 200 22
43590 4(0.0096 +0.0008) F1(0.918 - 0.018), Ik -5
16 A R SR IR T IR 2 FE PR A A 1Y 2
FEPE, UHEZTRZ . MR 2
M (o) SHAEREZREE () ZRIEAS LI 1
KK FR. AMOVA AT 7R, BRBRTIP 5 Bl )
BATB s K Rz 5520 32.61%,
FIEENAZ SR 67.39%, Fy=0.3261). Pt dHoifs
PEES (D) M HT RN, AR INFRE 5 LA %5 B
FE AR Dy s PO R (F
W FE AR IE AR (3R 4).

Mantel A5 45 SR B, BABITIT A -t 2R HE ]
MIRAEER RS (D) FgE L (Fy) (R4 If
ANt 2% H) P R BE I RO, PR B AR R AT
FAHCHE (P=0.999); =AiE 56 dFh & & 411
D, Fl Fy (3R 3) 5 8- RAF s5IR) 1R 7R 25 H 70 1 25 (1 AH
FeE (P=0.923).

KDY BT R WT,  BECRi I Py o B b B (1 1A 2 5
B PR 2R B 2 FE I UL S s AT
O 5RFESIAEEFR T OKil P53 pH
TR GAZIRED) [MBBAT B3 A G s (HCRAT:
RUPAES 1) S0 S AR R e R & & R A%
R 2 AEPE B B 25 IEAHOC (5=0.720, P<0.05), it
i 2 B A C =-0.717, P<0.05).
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Fig. 2 ML phylogenetic tree of Brachionus calyciflorus species complex based on ITS sequences
Pl FHARHEL R I (K080 43 71483 ML MP #1 NI IR H R AH -
Values isolated by slashes represent ML, MP and NJ bootstrap support, respectively.
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R 40 21 58 I 045 21 1) 0 R R A R A i
W 73 MR A RIE MR SR (8 4) 5
DU S B RASRIE R i (] 2—3) FEA—3.
73 ARG LT 16 N—H LR 6 MR HHR
F3ANZHT R M4 Templeton et al (1992) [

95% M AIVEIER BAAIREE, HIEX 3 NSERZH
A IER .

g ik, SeE BRI RSN 73 A
S AL 3 AR (& 4D a1 AL 7 4
K EAE P G L AR, LR 3L AR ] SHI2 /]



213

- TJ10
Georgia DQ071668
Florida DQO71669

0.60

098

1.00 HNS

3
SH10

L HN1

L N3

- Wuhu China EU978878
- Gz11

- HN10

- FIN4

Australia DQ071671
o HN24

HN23
0.691 rz0
1.00]| }sm12

HN14

0.87 =—HN21

B. forficula

Kl 3 JE ITS JR AU K56 R e R 5 A1) DU 7 SR A 2

Clade III

1 Texas

Clade 11

1Australia

Clade |

Fig. 3 Bayesian phylogenetic tree of Brachionus calyciflorus species complex based on ITS sequences
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MERIEESWIEE (F, MHAZK). HERSHMEMAFRS HE

Tab. 4 Average pairwise difference between populations (D,, above diagonal), F;; among (below diagonal) and within

PRARIIL A &R FPEE (8] T 18R MEEE R (D,, MM L), MBEBEESLEE (Fp XWHRZET).

(on the diagonal) populations, nucleotide diversity and haplotype diversity in cryptic species III

P AR Z Pk SIS FEE
AQ DZ NJ TJ WH Xz

Populations Nucleotide diversity Haplotype diversity
AQ 0.3510 0.0003 0.0026  —0.0002 -0.0001 0.0139 0.0048+0.0031 0.91740.092
DZ 0.0657 0.3575 0.0039  0.0006 0.0010  0.0144 0.0042+0.0028 0.75040.097
NJ 0.2589 0.3451 0.2813 0.0015 0.0019  0.0061 0.0112+0.0061 0.73540.077
TJ -0.0349 0.0978 0.1411 03153  —0.0002 0.0113 0.0081+0.0046 0.923+0.060
WH —-0.0071 0.1631 0.1797  —0.0286  0.3284  0.0130 0.0066+0.0037 0.948+0.036
XZ 0.7648 0.7704 0.4498  0.6589 0.7098  0.3566 0.0043+0.0028 1.000+0.063
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Fig. 4 Haplotype networks and nested clade design for all unique Brachionus calyciflorus species complex haplotypes
8 3 07 e L R S BB B (53R 2 AW, TEHER A AR s fn iy, SIS ARV E M KT I, AR RAR 2 ) S BT ) A

B R

The shared haplotypes are enclosed in smooth-angle rectangles (shared haplotypes corresponding to Tab. 2), and non-shared haplotypes are

unboxed. Nested clades are enfolded in square-edged rectangles. Unsampled haplotypes are represented by closed circles.

REAAHSG B 2 W 2% ] T AP KB 2 T ok A A M)
(13 A R (11 A BERAET,  ANEAT
ANk A TElI R A B — AN L A Y SHIT;
NPT A TN R ZE EITIL, A 2 AR
AR S R SHS W] RE L i JsUR I LA Y, 3
AN 2 [ T BAT 3% (st o 8, 5 R S
A AT A R — 2L

BASLARNT (NCA) 132 FIPTAT ALK %
ANSCRNIINSL RSN AN SRR (D)
MRS (D)) 2 ZELL R BZFEIERME (P 1)
HiRWAR 5. FAERLINA 5 BT R R] (R REAL G
AREEBAEM T FES P Pangs, 2 —ERRS
HBBERS Jaj o MR AAS ZR AR 0 WA 1) (1 25 B 20
BRI — AR5 D LR AR 6. SCR 2-2.2-4
A 3-3 A B BRI T RE A B A ST RIAR B b B

WIERG &R 2-5, TR R B 1 00 A PR A5
DI ;s SR 3-2, i T REASE AT BRI GV
o) 2 L 10 R 0 e AR I T IO R T L M B A
WJere LA 3-1, i AGRKERM 1, HAORE
BRI, HOGIE D T PR )R

3 4 #
3.1 ETREBEREAMESEMBMIINEES R
%
H T35 A% 22 FR R K 22 53 Wi 2 ) B 1) IR AL T
VAR DS E R (PRI TR VIR L B S e A

J1H R 45 b5 (Allendorf & Ryman, 2002; Bazin et al,
2006). fERPEEEL A, R LA A Y
ZREE ) RAS IRt AE AL 5 BRI, Bidk
Kifk DNA 15, TR R 2 e s—
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x5 ETEAXRE (B4), MAREF Geodis 2.5 HERERRAMESHR 73 MRERKFEHITER
XEaH (NCA) BEIMBEZERKTMERNIERS (D) FEERER (D)

Tab.5 Two distances with significant difference obtained from the nested cladistic analysis (NCA) of 73 haplotypic data of
Brachionus calyciflorus complex based on the nested cladogram given in Fig. 4 and Geodis 2.5 program”

YR A
D, P D, P I-T D, P I-T D, P

Clade Position
1-3 T 561.837" 0.030
1-5 I 262.338° 0.015

1-8 T 435.706" 0.031

1-9 I 318.768° 0.007 363.622° 0.004

1-12 T 145.362% 0.011

1-13 I 525356  0.019 513.576" 0.019 0.000° 0.018 -414.706° 0.012
222 T 345193 0.010 344.145" 0.010 -175.837° 0.041
23 T 80.182% 0.017 174.717° 0.010
2-4 T 405342 0.001 403.097" 0.002 -102.438% 0.003 —73.885% 0.005
2-5 1 460.237" 0.014 525.356" 0.006 343.432" 0.019
2-6 T 120.778° 0.001 114.799° 0.000
3-1 T 0.000° 0.000 1418.447" 0.000
32 I 299.187° 0.000 1066.926" 0.000
33 T 341.809° 0.000 458.412% 0.000 122.663" 0.034

LW Te RS TT: W SCBPE RS RS R B 25 S EHRIEAT 1000 KBEHLIGEE LIS S BB (D) BU
MR (Dy) RBFRNFBEAD, REMKTRE P<0.05 (P MR LERMEME, ERRSNEHHESRER EAN),
“S” R ALY gy RN N
I, interior clade; T, tip clade; I-T, the average difference between interior vs. tip clades for both distance measures. Tests determine

whether the within-clade distances (D.) or nested clade distances (D,) are significantly large (L) or significantly small (S) based on

1000 randomizations of the data, with their level of significance P<0.05 where P is the probability of a randomly generated value

being equal to or larger (smaller) than the observed value.

x 6 ETHERBEERHAMESHA B3 IMEERMENEAXIRZSNER (K5, NA

Templeton (2004) B REFDTFEN—RTIHELR

Tab. 6 Chain of inference from the nested clade analysis of 73 haplotypic data of Brachionus calyciflorus
complex (Tab. 5) using Templeton’s (2004) inference key

43 7%t e e -
HEi& Inference
Clade Chi-square statistic P-value Chain of inference
WCBE BP0 PT RE A B 30T St i BeAk
2-2 11.386 0.031 1-2-3-5-6-13-Yes
Long-distance colonization possibly coupled with subsequent fragmentation
W BE B0 T T AR AE BE S WA B A Bl
2-4 17.242 0.059 1-2-3-5-6-13-Yes
Long-distance colonization possibly coupled with subsequent fragmentation
A PR R R
2-5 15.400 0.019 1-2-3-4- No Restricted gene flow with isolation by distance (restricted dispersal by distance
in non-sexual species)
P T SRAE AN A DT T V2 % ) A 20 o 0 3 A B 7 K
3-2 7.253 0.053 1-2-3-5-6-7-8-No Sampling design inadequate to discriminate between isolation by distance
(short-distance movements) vs. long-distance dispersal
BRI nT R B 39T St i BeAk
3-3 62.586 0.000 1-2-3-5-6-13-Yes

Long-distance colonization possibly coupled with subsequent fragmentation
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FEPNBENLIE LA DNA JP 539 REANME TR AT
MU ZE R, ARV T R S ORI IR A AR K
(Nei & Li, 1979). HAEH 2R R IR 2 FE 1%
B, PEEEUE Z A E . AT,
R MRS ST IR 2 e s, A2
FEMEARAR s T AR R e R B 1 3 R R T
S B8R T IR 220 A PR 0 A ) 2 R R A T AR
e SR NI PR EN Ve 2 R VI I REITE A i
JEIR LR Z FE MR A X T Re A i T e
HMEASEC R 3 AR 2.
32 ENBERHEMESKMAZAEXR

BEL Itk Py M BGAE V220 48 2 R A AR SR A5 i 2
TEMES P kT V2 BT (Taylor & Hebert, 1992;
Lee, 2000; Knowlton, 2000; Lee & Frost, 2002;
Dodson et al, 2003; Penton et al, 2004; Kim et al,
2006) . BLHT 2T AE WA 5T D4 3 A T S
AR BRI ST G4, #% DNA ITS J741 50 B
K, B RN 4%~6.8% (Gilbert & Walsh,
2005) #15.1%~8.8% (Cheng et al, 2008), #5455
FEfe P ITST X T8 741 22 5724 3%~20%( Gomez et
al, 2002b). HILAHL, ABFITREICE RS A
HAR N RSB A 22 5 E A o 0%~25.3%, -
% 597%; 3 MEREFHIERE N 4.2%~
25.3%, FRUELCE R dsehs B —MaE 3 A
B A4k BT DL AR R TCEHES 1) 4y
R AE Ky 5% AT EEN] (Thomas et al, 2006),
P UAEAE B ITS 20 A Al i 15 205X 3 AN Baf i) 43
BN T) o AE) N A DM JETI SRR 5 IR A
PR USRI R AF I 5, AEAS MERATE AT 3 A
Baf kI A CBRORP T o Bah ILRIBRRRIID, )
FIFETRAE p B PSR CRaA TTRTBRRTID, 3
b %R i3 R — N
3.3 RRMIIRFEEE D LIRS IR

AP JE 1 B A R AT PR 5 BRI A T U T )
Pl oy A S i 2 AL, AT T L LA e ) 1 55
PRIAZ s A e 7 A dgi AL o4k, L S U R,
TEBCH IRl . TEATIEFC, A i st A a4k
(Fy=0.3261) 2 W] BaPhIIILE % Hb BRORE 5] 04K, 5
#: MRYE Templeton (2004) 52 E kM 21 ) Ko b
TTT b 2R 53 A5 b5 S 149 1 S s PR 6, K B2 125 90 B O T
A FF Bl Jo S0 PR A S B Ak LR A B 2 B 17
AT PRBEDRR . A, DRSS SRS AR 2
BIE I o5 AU SR, RO R I K B Tk B

E) (AT R RTAL, AT DN 7 R SR (] 1) 6t A%
34k

FLEIREER 1, anKARI SR BE R, X 2 ik
T PRy 3 A RM R R 5 A% O A0 R B 2 R
(Gomez et al, 1995; Lowe et al, 2007; Yu et al,
2008) . 1z H LMRET4E 2= H1IKIZ:, Gomez et al (1995)
9T T VEEEF -R 3Ry 5 W i Torreblanca ¥ 3 i1 3 4>
(i) B b 3P () R A R e ORI R () B A e, S5 IR
R ve B A () A A2 R AR A IS, HON
VAR E AR SRR S . FEAREFT, Geih2# i
W], REE R S A0 R M R Ak
R Z PR S (o) REEMEMIE, ik
e FaE (Foo SR M AREIC R
T 51 Z FEE AR WA B A G, X3k
WY E R R e LM A2 5 AR 25 SR R TR 1R it A 73
AR 0] 5 52 1)1 W < S5 PR B R 7 (1) 5%

—eRUL, Rl BRI, BRI ERS)
Y A FE A B E RN . MV R o A R
G UL KA I A 5 RT3 98 A8 92> T A7 A 1) 3 2% 3
¥ )5 (Boileau et al, 1992; Hebert & Wilson, 1994;
Weider et al, 1999a; Gémez et al, 2000; Schon et al,
2000; Mills et al, 2007), #& HFMERBAL 1S R ) 2
AR A (] g5, FEDRIAL/N, o B B 2 A
oA R g (0] B AT 2 2 AR G (Gomez et al, 2000)
SR, Hatton-Ellis et al (1998) WFFYIIHE K & EE5)
W) Cristatella mucedo L}z Dong & Niu (2004) #iff 57
()AL R e B I 3 1 R G B A%
Jayo FEABETEH, HASCRIHTERY], ALmihi
(4 SH1. SH2 1 SHS) LU iy MR AE 2 N K Ff
R B, X e R AT e AH e AR Y, AT
AIRES S T UKIE A S 5k, AR N BE 10
& RFE SR Tk, AT BT AR b 2 45 A A
Jayo DRI, A% P R M 3P B ) O G {35 R A S
P
34 ENEREREMESKIENXTE

A b AR PN Rl AR (i) 1 82 A% AR S E B B
I3 A 2 — B HE A 5 A 27 ZOCTE 1A% O Rl 2
— (Avise, 20000, [ 50 I FEAEREE DR 22 250060 P Fef o
ARRITIRAT 53 AT Sy 1R B B B AT F L5 . )R AE gk
s ERA e, Rl o A X K R
A BEEEF RN . AEBE ) B RN E b A4
HR 2RO LA (1) AL AR S K P AR R . 34,
WESRIZE, Wik, o B ARH B A X A8
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HCRAT — € BRI bR, dERfE 5 inid 1 A

1 JR e 7046 (Hebert et al, 2003; Taylor et al, 1998;

Cox & Hebert, 2001, ik Lt AR ) Sebf )1

F2 G0 b By A AR AT DAY S0 o e e R 0 4 I B2

) — R 50, 38 s ) M BRR B Y JE A BE R

(Bermingham & Avise, 1986; Hewitt, 2000) .
AR, W2 B E o SR IH —E &R

GEs RIS Jry, TR R AL D s S g T

RGUETTAT B AR R ARl 5 44 (i A

AL B s A MOREI AT R 2 M1 B R 2 1)

JC W AR IR o A MIRAE 54T 3 AR [m] et

AE, TAE) PHFIFER M X 31 PR A B b [RI3LA7

J7IM A PRI ST DX ) B AR AL A ] R by i L
PR RRRE R REAL P s L T HORE N RE A % . 3l
FORR 2 TR I, AR UK I LR B AL oA A
(Younger Dryas Event, YD) 7EF [E 4 m HuX A7

PRI, X SRR AR E AT A

W (Xiao et al, 1998). ZI7E 10 400 a BP )5,

eI E R I X (24° 157 N, 115° 2" B)

— ) ARAMLVGE A AL (B 1 RS ) A

—RFREER AR R R B s, X R AE Sk

Pl B A6 7 AN [R] Bt N R I AN —FE 1

T 77 1 DX AN T T b DX S R 5, e T X SR

Hs W, mAbT R . T, X TRES &

WERGES BN A K (Xiao et al, 1998). ik, A

BT 3 AN SRR AL M AT e 25 YD N i)

IR A8 HFIBA7 TR FEAE N RN N AE P 1R R 0 DL R

DX I 22 AR IRk XE FT o E R U LU b B B BELAS T

3 ANBEPREAE N A MHL X A7 o Bl ARGk 2

Jo, AR RS ARt S AT 4R 1) SE A i b G T

X e BRI A BAT i e ) A ARIRAA

A RE T SE BRI T AL T S E e, SRR

Sy IRLEARNRANS Jr P55 1) e 55 3685 B B ) AT PRI

RIS KRl 1ok ERPRE IR BRI, O HAT K

RGN T BEEF OV ) AN, A ) R

P4ty R S i DR ] DL 2 74X i T30

AR TE AT BE ) PR i S BRI R R, A

S K-
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