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Abstract

Population connectivity of aquatic organisms is an important factor for sustaining the robustness of metapopulation in a
basin-scale as well as for interpreting the properties of respective local populations. We examined the genetic structure of
30 Stenopsyche marmorata (Tricoptera) local populations in 4 catchments in South-Central Miyagi Prefecture, Japan using
AFLP markers, and evaluated their dispersal pattern. We constructed a dendrogram using g, and found that 7 populations
in headwater were isolated from another area in the basins. Although previous studies on S. marmorata adult flight
within streams reported most of the females fly upstream along a watercourse after mating, our results indicated high
possibility of non-directional adult dispersal due to wind. The results also suggested a strong potential for DNA
polymorphic analysis to enhance understanding of the population connectivity and dispersal patterns of aquatic organisms
in a basin scale.
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SRRy, FRHETE, ERETERHSCENT
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{Stenopsyche marmorata) HUEAB R D AFLPHET 21T 1>,
REEEEM OB AR SY — ok esitgTs L &
HIlKERBODNAEMT — & RVl m TR OH
Atk L,

2.5 &

2.1 HEHL

2006 4E9 F19 EH510 F24 Rzt €, BhERHm
BHUSIC B TEWIZERET 56 KR DT METHIIE
AW ERE L, ZOBIZIES 20k A (R,
Kb, GAbE, 8K, BOEF L) L1o0EREB (FH
B) BHD (Tablel, Fig. 1) , 4KFR Tl b IS E
WK FE (=939%km?) 1Y, BHMBERILS5.0km T,
B LRER S LT, EEf, ISEROIECHT LA
EPEATEC, 2BHIKXAREIEEAGE (=229km?) L&
PILUMRER & L CRKERECRTT 5. hokFRi, 8
AR EREERE LT 5,

2.2 WHEEY

EAFHAT LT OHBEAROTIOEEE
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Hdh T, HAVRAKESE L F30cmD&EH S %53m -
STEEOHEECEERTL, LickhomicEIRTss
2 RRBOB ERTIC Lo T, STROETAHEhh, —F
OBFAWBFRR S ao=F—a g oW el
TAHFEEL LTHLND, Watanabe 55 2K ERMN R 2B
6 DO F Lo LT R OB EEEE RS, ok
mFR33kmBl Em2 s F Al tan =¥~ g a4
ABEEXR T2 EERELTWS,

2.3 LTy

T RF— FiEY—s—Ry b (30em X 30em, A v
2aY A2 :250pm) ERAWT, EHENTT FAITEA
IR A » P CRERBEEFR~T, EERETEOMIZ,
DNA ZRBHOEHITHERET S 0D, SHEC0EE
DEhE %y &Ry MERLE, 72770, 20EEERTE
fehsofct R b H ot (Tablel) . fRE{E#KIL99.5% T %
J—CHEEL, ERECEAFEMEZECHEEREL
Too MR OM, SHROJINE, K, FEh I L,
KIS HE OB TS X ACRBATT0R A 2 M TEHE
L, #RIERE20 B2 b T, KE»HAKEOR O
FEREFES TR L7, IR RE E EROKBEROE
HEA, MTHEZI0mI & I2EE R CL10 BEille Lk,
2.4 AFLP%:#R

AFLP SHTHIDNA % Hil[BEEZETHTREL, Todns

Fable 1 Altitude, water distance from river mouth, sample size of AFLP analysis, population density, genetic diversity (%P, Hep, x), andthe
proportion of individuals assigned to their capture site, and  to another sampled site. Percentage of migrants is ratio of number of

individuals at each site that was not assigned to capture sites.

Site Altitude Distance Size Density Genetic diversity Number of ‘assigned individ'uals % Migrants
{m}) (km} {(/m?} %P Her ® Capture site  Another site
] 134 31 19 1.1 3L 0.230 0.0361 [ 3 o8
2 264 44 20 1.1 29.1 0.192 0.0296 12 8 40
3 154 33 20 233 436 0.232 0.0354 1 i9 95
4 56 26 20 333 427 0.238 0.0364 3 17 85
5 66 29 20 1.1 46.4 0.276 0.0381 11 9 45
6 24 15 18 5.6 364 0.241 0.0358 5 i3 72
7 15 14 20 33 414 0.241 0.0394 12 8 40
8 260 44 18 37 455 0.239 0.0378 4 i4 78
9 310 44 20 1.1 282 0.204 0.0381 16 4 20
10 200 40 20 44 364 0231 00395 11 9 45
11 128 30 20 1.1 432 0.252 0.0384 4 16 80
12 110 28 20 56 kyivj 0.222 0.0317 6 14 70
13 74 22 i8 1.t 264 0.190 0.0399 6 12 67
14 40 19 20 11.1 364 0.210 0.0445 2 18 90
15 20 12 20 211 krivj 0211 0.0381 i 19 95
16 384 47 19 1.1 386 0.199 0.0303 15 4 21
17 159 33 20 33 364 0.222 0.0412 3 17 85
18 349 46 i8 56 427 0.285 0.0360 13 5 28
19 275 41 19 11 318 0.213 0.0434 10 9 47
20 245 42 20 1.1 305 0.201 0.0331 5 15 75
21 165 33 16 56 273 0,193 00333 1 15 94
22 168 34 19 122 414 0228 0.0417 1 i3 95
23 99 26 15 1.1 4.1 (.249 0.0439 7 8 53
24 i88 29 20 11 44.1 0.247 2.0367 1 9 45
25 63 22 16 2.2 323 0.223 0.0387 4 12 75
26 43 16 18 [.1 432 0.247 0.0570 5 13 72
27 8 8 20 1.1 300 0.186 0.0369 9 11 55
28 60 15 20 .1 2713 0.186 0.0328 i2 8 40
26 4 20 18 22 455 0.310 0.0422 2 16 89
30 2 15 20 189 445 0.263 0.0407 7 13 65
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Fig.1 30 study sites in south-central Miyagi prefecture where
Stenopsyche marmorata were collected. Enclosed area
indicates geographic distribution of genetic groups of
Stenopsyche marmorata populations. Grouping was based
on UPGMA dendrogram in Fig. 2 (8 < 0.05).

8162 919182913141527 2326251728222120 4 3 710611 12430512

Fig. 2 UPGMA dendrogram of study sites based on genetic distance
(8). Numbers correspond to those in Fig, 1 and Table 1.
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/AR L, BEE'™Z B - CTAFLP Plant Mapping Kit
{Applied Biosystems) 1= L 5 AFLPAET 41T -7, DNAKEH
DZHEWIRO T 5 A =TI, Sy PEEEHBES
64 FAOTT, HFRIERCTHRLE DT T I AL FEHRY
LIz A Lie, 263 0BIERESNL, FhF
#UEcoRI {HlA3ACA, ACG, AAC, MseMili73CAC, CCT, C
AGTH D, PCREH %, ABI PRISM® 3130x] Genetic
Analyzer (Applied Biosystems) 2> T, HEE Z L iToHlE
Lice 7772 MEHFIZIEY 7 1 7 = 7 Gene Mapper
(Applied Biosystems) #{EH L iz,

2.5 FT—HEN

TEYAY MNEET 4%, RRETELBNTE—Y
PR SN E&%2], EndhotBe%20L L1007
—Z TR LT, 2EEDS%~95%DEET Y — 7 B
ANFBEFEESMBETRE L, YT A b5
20METERRB S, 55 93 BERRETEE -,
N=F g T A LSRG OREDT, i B 0EERE
FEEOLERR T (g) Lynch 5O FETHE L,
EEME TR BE(p)VE, p=leqk DB L7,

S OBREERES 0 TR LY, 6 EEEBYKE X
F2ZET, HIWMEFET, 2EMAMNLERCRGNE2
OEEBETHREIMELESEA»LETRIZRLAL2
DOMEBETHERELFEROLESRT, 0 BRIV EME
FiltfamiafblRE Wz & 2&T, £, #EROBEE
ENm (EFEEAER) 2 0= 1/dNm+ D HEHELD, 8
FEMENEL T HUPGMAY T A Y 7 %PHYLIP 3.6T
1TV, 30HLS OFRBEM & MER L, Wrighto@BH{RA94{b

Vol.32 No5(2009)

DARIESRT, BboEhENSED < 005 Lo
AR E T A— 7 Lk, BaBo o & EEEEER &
THAT N EREE O FREE % Arlequin v 2.0°0%{E - T, ManteliaE
TS, )R B BB IS KRN Dt
O IEHET — & O A L1,

AFLPOPv LI'MC L BB O B THEI LY, £HEOR

AR HE L, ASREFEREAXKCRERT S AEL,
L, =] [ix H(l-fk,x)

jE.'Sp kES,
PP RTolERS =1, - - 30 {£onTED, L
ERRIC LIEREX BB L Ui, 2 20,6, &1, 43,
WEFE), kCBWT, HEAXOSEEOH T — 27 2%
HENTMEDEE FERT. SIERIEED 7 B
ENFRETFEOES, SJLE— 7 BRI SR M- il
BTEOHEETHD, 2STEEOCRBHEEZREL, %
MR CRERHEEAMTIRRE LA OR &%, BAEED
Fl& (% Migrants) & L7z, FEAOBSEGRL, BH)
FEDERSEHT 5 Y — 2 LS F ARBERT 5
ZICHEEND, % Migrants BB HAIE & o0 7 o
EhoLEXERAD,

FHAOBREHEHREE, ERBETEOES (%P) ,
FEAT uEAE (H,,)  HEZHE (o) THEMLA,
%PiE, SRETEERICST 2 2BUETERDORE (%)
ThBo H i 2i% ERRETFIE, 1% SRUETFEORE L
L7BF, H,, =(Im) I 2pq THRHEN D, EELHE o i3k
AP BEEICRH L2 0B {ETFRCRAREED
HECHIHETH S, Inan bPOAFLPT—F b x %3
WHY 7 P27 THE L, BEMEESE (9P, H,,
m) , EHEREE, £ L CSHA ORETE (EE, Fom
b OERE A, ER)E, FHEGE) oBEE Ay
7 = ONERIABE R E T,

3. % E3

3.1 EiGEEEE

HR R 0 1320.010~0.165 (F¥=0,081) DFEIECHIE
Ihd, BIESEHEM (Fig. 2) OFR, BECAEE
TAH82, § 9, 16, 18, 19, 2907H S 2385 b ok
EHRARAUEMEEF LTV (Fig. 1) , 5t9& 1908
BERERVT, THEROBEHBIEEMEEEL (0009,
By Lo BEMEER R L, Fofiztiiizon
KERpINA—7 (Fig. 20 H8013~20 & HSLA~12) 2
AL, St13~200 F b PIE R THEIIAFEOHR S,
St.13~20D 7 N—TIE8t10, 11, 2484 IR o s ¢
R EN T, REM OB T, 0< 0.05& 258 VEE
HOSRIEE 278 L7zl & h8id, W Tl S ik s as
b2 7= (5t.3-4, St.6-7, St.10-11, St.13-14-15-27, St.17-25-26,
$t.20-22) (Fig. 1, 2) . =L, HuEAcE Vs Bk s
T O AR (B, S$t.5-12, $t20-21) , HFEMICEND
HiRM (8e.6-11, 50.9-19, S1.24-30) O AG bbb o7,
FLHEOIETHRCER D A0 0 L)l RS LU
FREEHE & OB R, BICHEAREOHEBRL -
fd, EMREEORBOF RS o (Fig3A) . F—
RBRNCHTHEIZER > TV HLUER, %9, T
CERT D Z-o0MEE IS4 A 7o HUS ) TR, EEEELE
DHHERBEMRL -7 (Fig 3MB)) , HAFONmEL3
~25 08/ (ES=3 5{EEAER) Thalk, NmEE

—35



256 3 —0Original Paper

{A)} Sites long#udinally located along a water course
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Fig. 3 Relations of genetic distance to geographic distances in Stenopsyche marmorata,
b Reservoir < Natural take R, 20, 40, 60, BOY% D NN—Y ¥ A LEEER

& LT, % Migrants® L~V & #iE] b2 5Bk L 72 (Fig.
4) . % MigrantsSFER & FeeH AL, St7 (BadhE)
., Q’_ T &58RE, WTRLRRICMAEELTWE (St 2, 9,
16, 18, 28) . % MigrantsiZ{EEREBE, W%k, JIE
EFEREOQHE, 2L TESLERELRAOHERL -~

A 26~ 15 (Table2) . % Migrants/I{RARERE & RI25R\IEOFERY
5 L / ik LT (Fig. 5) . % Migrants & RURRIZERME (%P, H,,
AN 28 2 n) ORSICHEREEE AP (Table2) , & 5L TFH
E 20 0 22 24 .~ g D% Migrantsid, BWHESEBEVBESORFOD 4/ —2R
% "% MR BRI,
L 1Okm 3.3 BIRMSHE
Fig. 4 Geographically distribution of proportion of migrants (% HHEOER U EFEOBS (%P) , FE~TF oiEsg
Miganfs) in study sies. © : v hfglj_\ (% Migrants = B5- B (H,) ., SEZEE (z) OFERETable L5 Lk,
T 35 v %P & = DENCH B RIERIZ 2 s o7 (Table2) , %PIL)II
3 304 32%50?’05 B HERAOME, ~IXER L EELADHERS -1,
B 25 - ' X # 5 EFREAOBUEHSHIE (%P, Hy, =) &, &
ﬁ fg § X IRl LB R HEONF AR EINE,
£ 10 4 x X 4. & 52
8 5 X X M e s X § ) e 1 e
€ o ¥ Bl w wonf XX T 0 A2 B i D F & Al B 00380 b FRAT IS
o 20 40 60 80 100 Lo ToflEHRFT a7, HBAVRERTORF — U
Fig. 5 Relationship between g&xig{iigtiiensity and proportion of Ei;gff\% v;l-fk j‘_’”f“ :ﬁf‘;:/l'&b; igﬁuﬂ%ﬁb—ZTéﬁ?‘i?
it (e EFFANT N EY S OMECRIERS LRTRRE &
FREEEE (km) OREEBEBRETICER L TAAT A NTEYY, & CHLA RO SR T T o
— FEEELEBE, Nm = 4523 L S hi- B TH 0 1A CEB29km ER~Bl+ s LiEE X
{ANOVA, P<0.01} , TWAH | 7, #3k Uis TOURS) B3 2 Tk R <
3.2 FUATHE FCHREEITHABEEINATEYY, MEO L TFHRAD
F M THREORKR, %Migrants}I20~95% (BB = BEFRBAED DT 3 lE NS, BAE
64%) &7z-o7c (Table 1) , 4:30H15 D% Migrants® HFR Nm & B EENE O BIR & #1538 = 7 E, 2.9kmiEn
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Table2 Observational ranges of percentage of migrants, genetic diversity (%P, Hew, =), population density, and environmental variables among
study sites (n=30), and spearman's rank correlation coefficient between these observed variables. Significant correlations are indicated

with # % =P <0.01, *=P<0.05.

Observations Spearman's rank correlation coefficient
. . Population

Average min - max %o Migrants %P H.. k4 dinsity
% Migrants 64 20 - 95 -
%P 37 26 - 46 0.19 -
H,, 0.23 019 - 031 005 081 **
m 0.038 0030 - 0057 022 0.17 0.35 *
Poplation density (m?) 59 11 - 333 0.57 ** 030 020 0.02 -
Altitude(m) 137 2 - 384 032 * -0.17 -0.21 032 * -0.25
Distance from mouth (cm) 28 8 - 47 0.22 - 003 009 -0.30 -0.16
Stream order 3.0 1 -35 035 * 021 -0.09 0.28 0.17
Channel width{m) 17 2 - 58 035 * -033 + 027 023 0.19
Curent velocity(m-s™) 061 024 - 129 0.10 0.02 0.00 -0.12 0.17
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ZORERE, ERP L —BTHE T T CEWLREE
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BLTWD, BROBGCAEFOSHEN S SmiEEo
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MEFHRE SRR T A WREERD S, FETEOL ST, B
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KAt G OB Ed (=43588) CHEREA T+ 515
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L, B b OBEOBAI LARCEENSE LI
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ROy FI— 7 GBI ed R E &, B
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FERETRE B O o TR o MU B R R LS L sl s
A L TWi2i% MigrantsiXIEF ITE -7, Th bk
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Fow b7 BB SN EREE S BN
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EEFEESHVHGIESAE L Z2ERS H o (Fig. 5) .
EATHAY P OERBEEREWVERENIE S
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AMAFEOBE E R EEBREBEEREE o L WHEER S S,
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