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ODVDNDI]X RN QRRPNLR $IDWRRFDSDUDWRRMIKUL ,QRRRNLR $IJIDWVXYHDQVSODQWDWLRQ
VWXG\ LQ WKH SKHQRORJLFDO6BBERDWRUEERIIWY RXPHRRUQURPJWLILFLDO KROGIDVW L

VSHFLHV RQ ZHVWHUQ FRDVW RI 2VKLND 3HQLQVXOD
6DUJDVBAMK®Y LQ -DSDQ DUH VXVFHSWLEOH WR FRDVWDO

7ZR FRKDELWLQJ VSHFLHV VKDULQJ FRPPRQ UHRK/RYXIHVHW KD MQRD WRH F X B B/HMDH WZH FVEI HIMNEBVBMKE W . R @ DR WO
RWKHU 36MHQYVXE VLDGEBNIDVWUXP AR Q PX P XPD W QHBOW FOVMKRUHVWDWLRQ E\ WUDQVSODQWDWLRQ KDY}
IRUHVW RI PL[HG VSHFLHV LQ WKH VXEWLGDO 1P YRQIS \RK DV WDWKWQHPDMWH GR'Y WD QN SZOHD/QABINR RDX R | W K
FRDVW RI 2VKLND 3HQLQVXOD OL\DJL :H FRQGRFRWHGI D WRHELEBY XD WU RWHEISIRMEI® U MKW DRDLRE L
PRQLWRULQJ VXUYH\ RI WKH WZR VSHBUBNV VKPS HIR WHGW D QHIU RVFHHS W UEDRURY WY X B QRFSQDI DETHARL Q Q HGS DQ\E
VSHFLHV KDYH FRPSHWLWLYH UHODWLRQVRKMHY/WRG VKR QGR(F W HES RV RRRXIWIKRLLI DS B IR! MFHL RO WK/RDHG
GLPHQVLRQDO VSDFH DQG IRU WKH RSHQ ZDWHW WRIQRPDO WRUGID \GN ZBDY VIIRHMVX® HES WRHFOHRFK DQG

JHEUXDU\ VL[ TXDGUDW DUHDV ZHUH VHOHFWHEWRIWD\8 KR PO QLR HRENVHUZ YD W ISRIQ IRQ 8BHBODW . LWV X
LOQGLYLCGDDODWBHFLHY LQ WKH TXDGUDWYV ZHURI AADKILINHDG 3HRQUL Q GXHIDW 101N P D MEL- RFGRORQ XONXURKRUH M/ DMK D @ OLL
JURP ODUFK WR )HEUXDU\ ZH PRQWKOKHLHBW XAHHE BRCOD RPBDWHBXIRIRP WKH GHSWK RI P E\ V

KHLIKW WKDOOXV GLDPHWHU DQG WKDOOXV WWKBRQNYWVIIRM WIKKHGWDYRIBG/WQRGHYWIGXDOV EQ® HDFKP |
TXDGUDW 9ROXPH RI WKH WKDOOXV RFFXS\LQJ*WE&H ZTRDHRVHR GXRP Q/\ DBV FIXG FKROMGNVBI\GWI BR WV KH WKDC
WKH KHLIJKW DQG WKH GLDPHWHU 7KH ORQJ D[ZMVEBEQXZ® WKRIURRI[ER @RI HD F K KRHHGIRY®V &RH UM G (DF
PHDVXUHG IRU FDOFXODWLQJ KROGIDVW DWWDWRRHQ W P WHB EMRVMWRW LFR DAF KEW KGH. YHIOR PIDQ/&Y IRWW D FKH
WKH WDJJHG LQGLYLGXDOV LQ WKH SHUPDQHQWPF XDGUIDPWMV+ ZH-RDSEDABG GO WR B ERMWHRE RLIKKWH DP
LQGLYLGODUOY VRMXP VLO BOXDIDWY XP MRURXYE ARK HFRQIXMXIPQVORFDWHG RQ WKH EORFNV ZHUH REVHUY!
VWXG\ VLWH $00 VSHFLPHQV ZHUH EURXJKW EDFN (WRYW® HR XO/D RR U DWRRQA O R W DFRCH B X XYUHAHHEQ WG JU R Z(
RI PD[LPXP KHLJKW WKDOOXV WKLFENQHVV DQGRGVUNWHIWKRQ I9WIORP BXVHLVY RUWZXKHHU W NHWGELHYHG DQG |
LQGLYLGXDOV ZHUH HVWLPDWHG IURP WKH GDWDUWL WKL @ DXFROGH YV V2 XZUD \B 14 | K @ MFWKNEE R @ IF B/ BNRIOBWDG/ W C
6 VLOLTXD/VW PRRJH G RP IFGRD OMNXWKKHOQWKUHH SDPE YKHRQ@DRD DUWLILFLDO KROGIDVW DQG WKLV PDGH
VSDFH WKURXJKRXW D \HDU 2Q WKHARRWRFUKEDRG WWIKHH{RDGCUPNVQWRIH KDG GRQH WKH DWWDFKPHQW SL
ODUJHU D UH DV WAKLDTQDDMQWIZ RPGLPHQVLRQDO VSDMROTKHEYVW HNPGWHRP KO YWHR 6EDH) VDA\ABKEPE IOHHV | RQ W K YA HMDANOLL
GLIITHUHQW FRPSHWLWLYH VWUDWHJI\ FRPSHWLQRURWKWHHHOBWRRYBHPYRMMY RV NGDLFHR QB HIXWD © QE VSR
QXWULHQW ¢*UDGXDWH 6FKRRO RI $JULFXOWX&DO 6FLHQFH 7RKRNX &
¢*UDGXDWH 6FKRRO RI $JULFXOWX&DO 6FLHQFH 7RKRNX 8QLYHUVLW\

$ -HRQJ +P3RWLELOLW\ RI FRPPXQ&WRtVKadW HORRe + ~O]Faew ®Z,-tS
EDUUHQV WR PDULQH IRUHVW RQO\ E\ZUHERYRM®WRIWHD XUFKLQV LQ
WKH H[LVWLQJ EDUUHQ JURXQGY DQG WKHLU RSWLPDO GHQVLW\ IRU
VXVWDLQDEOH PDLQWHQDQFH CC weiyUE A%UpPK" ®Z,-tSMox|
¢CC >t "b"\qp ®ZT’sih”"\qUE «0
7ZR GLIIHUHQW DSSURDFKHV KDYH EHMQ RRQGXWFA% k Q.1 $1Q eWZR™ FoRsD VW D O
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3 9. ULV $00Q %RUHIRUDQL 1+ 6B WHKRDNKD
BKLPBDGDXWD 7HMBSDGHVVPHQW RI SKRWRV\
SHUIRUPDQFH LQ WKH WZR$O DIWL B LF/WDR/UAL VF
/IDPLQDULDOHYV 3KDHRSK\FHDH

7KH VWXG\ SUHVHQWY WKH SKRWRV\QWKHWLF Fl
VSRURSK\WH 632 DQG PLFURVFRSLF JDPHWRSK
EURZQ $IDIDLD FUNRPLFROINDLGR -DSDQ DV GH!
H[DPLQLQJ WKHLU SKRWRV\QWKHWLF UHVSRQVH
DQG LUUDGLDQFH XVLQJ GLVVROYHG R[\JHQ DQ
PHDVXUHPHQWY 1HW SKRWRV\QWKHWLF UDWHV
WKDQ WKRVH RI *$0 DFURVV WHPSHUDWXUH JUD
SKRWRV\QWKHV32IAXWYGIVDRQWH f& f& DQG f[&
VLPLODU LQLWLDO VORSHV 2 RQ WKH WZR
FRPSHQVPWLRQ«PRO SKRWRBGYVPWXUDWLRQ LU
(n 2 «PRO SK\RWRWUE3P WKDQFIRW *$0
«PRO SKRWRQV P2 «PRO $KWRWRRWK VWDJIH\
H[KLELWHG FKURQLF SKRWRLQKLELWLRQ DV VKI
LQ WKHLU PD[LPXP TXPQWRPRZHQEWVRZ K )
SKRWRQW PQG KLJK OLIJKW VWUHVVV ZLWRO SK
JUHDWHU SRVVLELOLW\ RI SKRWRGDPDJH DW OR:
VHQVLWLYH WR ORZ WHPSHUDWXUHV WKDQ 632 J
SKRWRV\OQW DML MWUHVSRQVH 1HYHUWKHOHVV WH
IRU SKRWRV\QWKHVLY RI ERWK VWDJHV FRLQFLG
VXJIJHVWLQJ WKHLU VLPLODU WHPSHUDWXUH DGD
RFFXUUHQFHV LQ WKH VLWH 7KLV VSHFLHV LV O
LQKLELWLRQUDWBRWIQBFUHDVHG DERYH f&

8QLWHG *UDGXDWH 6FKRRO RI $JULFXOWXUDO 61
,QVWLWXWH IRU (DVW &KLQD 6HD 5HVHDUFK 2U
DQG 7HFKQRORJ\ 1D JDMIFNIO WQ LRIH&R/UM\5HVHDUF|
6FLHQFH 'LYLVLRQ 2FKDQRPL]X 8QLYHUVLW\



3 °0s " ~*UHJRU\ 1 1EMKLKDBDED } - 3 - i ~*UHJRU\ 1 1+VYKWkKEESD} -

Ubl°Eaew«iRtOb"«q9Swe!? UCal g8ébf«" W«URZQtOb"«q9S
wetl
l°Eze *UDFLODULD YHYBLSHX® RS EWO OD
93|ea3-t\-b"U|U&xZYae§ea"é¢it §6PT«JO " xH, mew—0"te XUl |OS
« O 0S“|aeaw\l 7Q>YZb":pdJItn tSMo«z,“T' " /Eb~atp\-eU-Y"re0oM
coM"{7UWC t‘“|0OS"!1°Eaex";%$tz0 "{SZ€tSMox|§éPf«IwZ!86PT«q¥
SqEOSWEOé» Otuz'«|,2t O hwxz R é8ebf«t MMoO|«URtOb”"«+s9Sw t
OSWEOé» OpK"\qUI'TtreoM"{f\p surb”\g>e$q h{
§72€px|z08°qEOS Xx.wW«URt0Ob"«q9 7'86bf«xUCalEY-¢|%LR é8ébf«
Swelsz+'|"s wig>I'Tth"\g>e%$q xUCal]Z+¢w-0O'p>B h{+9 z&S2Zz2”
“h{ «" ™ —PRO SKRWR@W PUR S>«f
P%txz,“5 qUCap> ~«hd.>;M|«” U9 ZE-ix"t'* “|«uUR«AC¢>"R h{

—PRO SKRWBQW® ™ Y& Y& UEE th|«” —PRO SKRWRQV+® ™ 7 &
wm«OR Sqzu S>«JU9 ZE-ix"t"" pwm«UR Sqzu S<% 7t “|i«UR S
“h{th|+9 | | Y&Sz"«" d —PRO>{Sh{Et|+9 ™ Z& pw7G” )pt¢ )y £
SKRWR®V PESVM«UR S<% 7t “h{r't] sicu!D«ééNYeg,« ¢ 3$0£t'" “h{
+9 ™ Y& V&’ UEEwW7G” )p¢ )Y YB> §«iew A>-Yb”hSt] «q8«¢ |
icu!b«ééfNvVeg,« ¢3%0£ +p “h{th —PRO SKRWRQY M ¢ | Z&>E"u~d
3$0>;Mo|«” | —PRO SKRWRRVIP | h UEpi®” )p¢ R EW&I$s!I=q|fw™
Y&E“u~dh UEto.» I .p|T®@" ) W% Aot )y pUsib”T>U| h{

p o t] )Y )B “h{ W«lUR«ACXxy«"pre |i«OR Sx
l°"E@wm«UR S|zu Sx|+9t]«"t" ™ 7&0:qb”es*w-4&N> R h{fh]| )y
‘o!="|UCa"qz+'0z,“"x1¢M9S3t& )P WX z2&™pPr«qs“|9SUIU"tHMnN
“oM” 20 h{th|«q9Swoéu”;wigt — h{ o6 x| ZtkD % ™ x9t<Un—"h{
SMo<%7s 2U_"¢|0+9<pxTP%qc« )Y )P 72'88bPf«tSMox|%Ae™w )y U «~y9
wn—U _’'eh{fege"ew ¥t& “h 2,0"| WUE>tTMos8<«tpsi sTIh{%R é§éb
UCa"qz+ 0z,“"xi¢M9S3t& oM\ T«tSMOX|% Aes™w )y pU «UEpsi hU|
quUO&"eh{ §«Upr38<ipS| sTIh{
¢ 0G~+| OG-~ 34&,-| UG~A~EGBE ¢ 0G~A~E8| OG-~ 34&, | UG~+£

3 ©°6KDKOL]DK %LQWIl- GDKXWDHNDPLBGNB\DPR ®~>o ° o 70 -+wifetOb”S
~<XMLQ $VKEQR .DGRZRRR\RVKL 6RIDVDUX\0
7RPLWRRPSDULVRQ RI QRUWKHUQ -DSDQ VHDZHHG PHWDEROLWHYV

Eoz0 -+ "LFW\RWD GEIzFKRVKRP D
OHWDERORPLFV HQDEOH WR XQGHUVWOXRGt \WKH #$+\W DB ROEW'BFRPSRQHQWYV
DWQDSVKRW V\VWHP ELRORJ\ RI DQ RURDRQR PR {EHRZHHG7 V- XQLTXH
RUJDQLVP FRPSDUHG WR WHUUHVWULD® »y8QER@Vo OhRZ HYptkY| ARIFE\ .OLWWOH LV
NQRZQ DERXW WKH FRPSUHKHQVLYH PHIMREROLWE Y wYOUYLR® LRR DPRQJ
VSHFLHV VXFK DV IUHH DPLQR DFLGV RYJIBPRHFE PFELGMIRRG Y XIPUV +HUH
ZH HYDOXDWHG DQG TXDQWLWDWHG W@@EZeQVW\I-de%Q)QE@DNqBHWd)SEROLWHV LQ

UHG EURZQ DQG JUHHQ VHDZHHG FROQH—!FJ\% \GEquf% SHRRLsBS.DQ QHDU
6KRQDL FRDVWDO DUHD LQ <DPDJDWD D Rli&Fe2 FH QX Q@HD Y- QX URUDQ
LQ +RNNDLGR -DSDQ $00 RI WKH DQD%y ¥ % B YRS SSOHR UP G A &
06 DQG &( 06 7ZR H[WUDFWLRQ PHWKRGY ZHUHO RPSDPHG K DOG
ZLWKRXW FKORURIRUP WR H[WUDFW WKH P D 92 v Uﬁ QX#W% VHDZHHGV
7KH SULQFLSDO FRPSRQHQW DQDO\VLVY VA |§ H_' (?; /> A)D EROLWHYV
FRPSRQHQWV ZDV FOXVWHUHG EDVHG Rd; WK Bt R [ \9URkys"‘bPRQJ WK H
VSHFLHV Rl WKH VHDZHHG &RPSDUHG ztwk WkH T: RO BPWEHFLHY WKH
GLIIHUHQFHV RI WZR H[WUDFWLRQ PHWKR GV HAFYH 6UP{LWHG 7KH KLHUDUFKLFDO
FOXVWHULQJ DOVR VKRZHG WKH VSHELH® HEb¥Y N MIW IR Y 'EBVMEG RQ SULPDU\
FRPSRQHQW RI HDFK WD[RQRP\ VXFK DMOV\Y‘UQR’SGR\MoﬁQ&“ﬁ)%\K/W%WH LQ
UHG VHDZHHG VXFURVH DQG JOXFRVH L'QPr@r it &/ @ i el R PYH PDQQLWRO
DQG DUDELWRO LQ EURZQ VHDZHHG &FRQVH T Ho W\ N RKILY* VOX G\ SURYLGHV
XV D XVHIXO ILQGLQJ IRU WKH VHDZHH®SMHALH % FKOPDEWHULYDWPRQ EDVHG
RQ VSHFLI\ PHWDEROLWHY FRPSRQHQW x|[\OU_’esM<a"pACs jy\U_’<h\

,QVWLWXWH IRU $GYDQFHG %LRVFLHQFHV|SETR iSQLY HUVXWdq 6\WWHPV
%LRORJ\ 3URJUDP *UDGXDWH 6FKRRO RjybW GiDMD Q@ &#®YHUQDQFH .HLR

8QLYHUVLW\ ¢txG~g£



3 °LS <B ~—+ G ~{é 0" ~3%z 2& T

moOS°w\ eilhGyw,=Féé 1/£Et2Zo0

Gy ,=w~"~"q UPm|f"NG>aw,=nX"
x|D*sIET'FéU[UCa |OS°w\"6>EI
oMh{ T 4tf"NO+T<«-hwhS|G>
apw,=Féx“AVL:><lo4¥%>4Qh{

Gy ,=w~""q x|Tmo,=w°G\ " *pKl
hgMOG>aw°™,>:Q"\g>e$t| R at
G>aq-T$u wi g ofgreh{ wiE "w°
mgq o|i€b"Gy~"~"qw¢%- tSZ",=F
¢é TEAAUK {fwleaetx|,=nX“w°™q
=w'eq 0i,=\" T'wU[lceUj-1Ii
qE <0"doae~eoM”{

NAWA p-"A'cxZ<we“pKUg>~“3
D|Ujwafitos>~“Zb{\w>x,=>-0"
TTwWP% qs”§zZ«HV3 D|,t>>US|Z«>
HXg 1T1\~rQ3 D| ,T'>>%Vi[|va“ce
neEx»>;Moll>rab”gliPos3
n>;:Mo, t@>KZ|”*a h>1T« T w§a
>, tPo”faA"s D|?]®eEac¢p CZ"

Dla*

cha>, tA"g,=>3 ™ D|,=w\-Y >

0 ],=w ">“>a&0flTHVS3 ™ D, =
w)-™|Pohlle§a>HX{\eZZt],=w\

"US"=hb" DT’ DtTZo| 8%t,w+9~
zO>- b"{

¢ Y > teebE O ,SW~"7qq]| G>aq-
T$U | ,8G~A~8"£

3 %+ VE ~33 O% ~'2 O™ ~E\> .o

e+ jL ~Ev° ~1 , ~—0 °A ~0- Y6
1%53% H 8wA "°p

E3a/Ec] laert"p0é £« At 1%58 px|
& N+ aipZ€t;M'«"6"wW)B~- ~ ™
>eloM”{baStpw 1%5%"H 8tSMo|
°tSZ"6"et"pwByq- ™. MwT<|-

Owo%i=«ZA- ew &@Ue&e"+0Vh{th|®

EUrsO«bAc\GOW!F| Y|\ g~-\=1%$¢C
COCT«cs<” $t ° | baSxa~76w 0
>ial Lee :x Cta h{
aST’'xatlh 1%5% H 8w.Mx|0O©;
PK” q ¥ZE€tteldOU|Ur; pK” o
GtG ,60UBy e]i- 6 v
O«w 7s67"- Ow- q ™M>zloM

"{+h]- OWOj|OAS'E FOxz,“Gfp

Wig«zeO.M> loM"{7Uw 1%53% al”
MWbh;!'Gt2ZhA "q o] Y"¢Ca’u 6]
S0 a7272ZAe"Ci~ "H% 5| eQ'W
qswU[ hed" ~OeAYPAU"T"W

% | x"UO0" wyA2 jew as>aloVh{
SCpx|] 1%53"H 8wAE"tmMo°pb~”qq
<t[]JJgsloM”ZA- EO+ 0 EOQO-wO

rw “E"|f od a@l"ut0b"C"ftmMo
neehM{
¢ q ¥Ze€t]
€EAE

cGTO, | z,“GT191z

<RX7XE

3 -
w,028

—e ju]owdit- *eoM”ITIE

jalbaetqeb”Eedit|IIIEtarreh, 62
SU- "eoM"{% ix6A%w] >Em]qoipK*|
,62Sx2 w]qoATi~ qF<«JilEtDareh«

Wq* /\."{

,628x|"NiwaadartaSat'loll
Rta”~ehcwp| AVéluqlrehae6t)dreoMh{
agx U=aYA e|fwo x€06 76 |E®

|Ub pKIh{2Stx&0OcUC +0S“|0bI
i"¢6f E|TE|>B+|>BaDOUG"0M”U|>
B xGreoMsM{aSw>Bi8xlili &m™
|>Bexi-DEa~~Z|~-<>|j- ssr feM
w,6>Beq 0E +hOtU M{

aSwatxll ac aft<>p>B~rehakU
teoM"U|>BpixeEwGL2pK“|2StxTEiZ
UGreoM " {\w\gx|eEUAXqgcli-w¢,MaEt
-Pqg ow™[UK”"\q>_Z oMhZ€ Ulaada”"t
waSBw- t “lThoMh\g>D~d"{

adantt"f[aSwar~b xII dtet |2
Sex% Atf"~«h{"Niwada*tNAGa ¢ % t
x|plb "eoMh-Pweé&U) "+0S"| \weat
‘ey| “{"+h,625x tt||AveawasBt
X\WOjw:G:U feoMhqg* "e”{

ixos”gr-PpK®“|] "IhZz€ «2SBa”*w&¢
sr/ElIs:« MU|OSwW6 T 18wY > b¢%q’
0] M<BC>)Bb"AUK " qRQ"+"{
¢jrliudTs$u £

aE™

atBn

3 %2 G ~Z T o~ ~a> 1] ~0
@3A ~a '6 ~Ue ]° ~f0 sa <G b
“>0Aq h 51%$¢ ¢cpwaO$sg

UbeEdsrw,5" x|O0OSi =tSMo Us
OpK“|\w,0"w «t0b"ZEXxYyXT &~
coVh{"T ' \etp|">WE "pK”"¢ ¢u
wUbBEOtSZ"16x,qoergrreoMsTI
h{°MpU&|i-s"A>O oMsM\Gt<O'$
t¢ cuU Ob"\qUI'Tts*mmK*“|¢
CUHUUOG*E6teO OoM”"DOQURQ’ «h{f
\p|UbgEd6wi~-s " A>O oMsM1pu,6w
6.>0At|teAé 51$¢ cut>Y$sES/
51%$>!2g°h 51%$¢ cuwsgraelh{ wU
6qEBT ES/ 51$wra>aM| wEO6|§a

PEeae6F\WWRVLSKRQ tQRREHQGWDULKBWRFDUSXV
"Uc¢lzUE&@ 3\URSLD

VLOLEX6pR V X V
|_\|/XERUEL'F')Q;CE?W1$WUZtR-‘h{3"-'I'
urswAL|>t§abPEaT x| tedu¢ cgugq
"o@E e 9LUJIDYkYIQGERU QD Y LWL R H
Hgi% Q>0Ob »Ufege ZAreh{\WALX1

pw,6>S gb” 51$¢ cpw 0>0&Db7cw
pK"{

¢ ,8Z€%C;T| #oCG\E ¥ #¢oCGAE
¥3uAU| +Z;1 leo+Z]| $IGY -
,ZET» | ®pG\E ¥%E



3 %8 E, ~.HYLQ :DNHPD@Qg ~%+ HS$ - 3 °S. H ~i0' %Q~02 A« YO,RH6

° */\QO,Rb6 +DSORWRQI"T$ZE "LQRSK\VLWjPR.YPWLLE " wlog* S

qo0 ZIE «"O,R6"WOj|S"f O,36w 'LQRSKWa/«aeOA6>logb”?
x\QpK”{S x 0t"h“|"Ax&"0¢ « “5ITot°1$t-Eb”j?2".qAUE ~0M
4®.0l~8C~8§ 23" |!»U@asrfe wO "{E@eZET' ' DFXPLQIDOWHDXj? .. U

y B> %oj\\OUFfw«pK”™{ NeoM” mw?”."; UC "e0S"“|fw =

Szep “I[” +DSOR]JRR¥Y x t ~ $10XxXEO0OA6~«2OA6~0AYCi O,R6
G6»-N3°8 Jww= t/\b"{ WURSKRFOYBHE «YtsloM"{SZ€px|U pK”
JRQRFWBRURF\WWa T 'R”. x| IT\G IRUWBRLISVHS> >&eM|j? .p;6b"qRQ" .

>¥7d” . Mr><j|O, B8 wapc{qV >V "UgNY&®i~«ééNVYge 33 FKEB\uR%qgAc
pK”{S wZ€x HDs,T'& +oM”U|7 OE A¢ 7TE\UR%KUREC 3& E"; »sg’|

E x,qerUGb8 T'>B7rehcwp|OS fwlo>rsb”qq«tCq”wz+rs>aelh{

> % 8 T'wC «X 2 g]X“cTpK AL|«éb"\UR%WIE"; wOj | 7w
"{§Z€pxz,“° w A 2 Pt\ b”,0ow lox] ' DFXPLRWMP?2 «YtsloM”\q
iT'>B h»-N3°§ 1LFRPDWVEH '«h U~So-Y"eh{b2 «Ytlo>Em 33 FKM
+DSORWRRIQ 0| 668 U'ltsnX%w* S UR&Tpx|2R>0O&AYCi |™MR>feZZwl

G fe ~ 6(0~7(0t'"Als 6 o>aelh{ 0>Em”; piR"e0S“|"'t] 730R&Tw
AL|OA 2 —Prw.q »T 'R” JRQRF\WMRpx|Oa&AYCi wlo‘“«|feZZtl0>

g VSRURFMNABIW S| wX..ceiziNYeapU Em”™; wCq"U6M\qUz+rsT'I’'Tqgsl
~TT's">A$sITZfI |0 %wrswALS h{\e ' WALT"| " IRUMWEL: Gt loyh
“|7E qwS w8Msrt,nV|S > +DSOR]JRRQh™; >*“/&;: |* "oMX 2tK”"\

w°GL qgAee h{ qU-Y~reh{
¢ zG~g-~-\0| zG~ ME ;T| zG~Ag~\U£ ¢ o +Z] -$067(&

3 °T> | mE>} o1+ H$ 6 0Cal] Ra 3 °TS 66 ~TS AE «nW_6 1RVWRF FRPPXQH
-, T'>B h \QO,Rb ODGDQLGLWRLYP 3«4®EwWITZUA®«utAOb"AZ=1E~»i

tmMo l«fwrs

UCa] Ra-w, ¢ FEw->b,hg\-| 6 IRVWRF FRPPX@MH xni ¥t& "o

7s \QO,R8"U\ "0S“| T«fw XU S“|: Yt @ilTwZ t|ITZ v (36>
°GL pK"\qUQI h{fwhSpz€epxfe Rigb"ITZUAae«pu>I™b"{ 3«&A®@w é

°GL Wi T$Z€> ZoM"{3Z€px7UY C"xexelpV'GV~ pKY| ~(36s*[j&ugi

Y g 0GL~A«h ODGDQLGLQYXP DRLULL WIT eweut"*[Fxt6Maél1Q>0b{+h]

A‘oM” w EO ¢+* —+* E£tmMo| 6 "WHZeu)lai|lU puUxi7zUEZ 0%$%

QUOAEUIITZtu{b "\qt'“|pZ¢-4&

TSSTIT %wyS T a"Y$ZE>1% hi “sct” T ITH>wEb " {ITZUAe«pt

+* ~4+* S| 0 ORLMCEL(EtO p

o o X+9Q»il«iw AZI>ZS +pAep»il«
@ x plust#OUgloS*[I?UAZL-" i :VSW O'| 0$$S‘|pOAEQI>ITZU
M:p"AoMh{IT+ {x +* U w " A «pt-E oM"{
GVTIh{™X »x,S5$tx p"AToMhU| ni ¥<px|§«epZtw°ut'“£EQZE
0 ORWBIXU <pK"wt0" +* g +* p 526U\Rb"qRQ"*"{ 526t"Z=pAeéps
X epKIh{fh|™3Xx +* p epKlhU| W1Qtx|u"i"1©3AAYuU»", 62'+8§
px *pKIh{ 668 U'ltsnXlU %wrs »8” strwAZ=1EtCQ| '1$ ELQGLQJ SURWHLQ
px| +* S‘| +* x6M-pp 0 OR4UWeL VWDUYHG RHO@W®Q"SYM"{SZ€px|
AsE%\qUOAeh{ S«a®w T "wiTZ  'SWwAb

Zi| +* ~+* x 0 ORLUL&t< A o "Upoom o Czath {fwAL| "SWelT tx
R ~ ° 0 19 ‘e 7 = A |

S“lt %wT$t<U QUOAsoM"\qT" ?Asczfixég.!\c'A"’CQqUt—lzh{ZAé“Aie“OUj<

« « w X|Z=p u z
0DGDQLG °
. V,,? T,T\;Qu'x{ﬁbKK!, '\il ?:tx M ,0GVs!"x_"+sTlh{
ta pviAqT'Mcecy pKrgAz h{ ¢ UT»G~1 j~=1~ :1 || UTG-g»-
¢ NzG~g~\u| oUCaG~06| 06zG~Ag-~\UE xU3UAUE



3 © 6> '- ~R> 8" ~09 +« ~2[ +8 ~ 3 @ ~Z <« 7EwW 6 '1$¢ cugx
j> O ~6> $ «\?] &HSKDOHXERY|Z IXYs”y- Y "1$ ¢ cuw%wrs
'+8YEWw%waeg$il

'x|,” 6 &KDHWRFHURVgWH®XLVVLPXV
p0epJz!x6Yw &HSKDOHEZURY; ? b"¢ ¢p>0At"h|0O8$sqOD*>T2 0V
%w\?w««dU<t\-"|[WOYw éC"> R h{\wb*t**|S 0>Q¢ ¢cuq oly N &
b"{H.p 1 |OSpx UE'-oM"U| UY/§§ 511$$;t gug gvv\\/lggﬁx;sé%ouiww e
) - o M7 S > cH
U %wiSZzEUs +h xv'+oM'{SZ€px]| coVh{th]X7Upx]| &WHQ 199 oM+
&HSKDCOCHWAUIRV>1'’Tth"hS|© 6 US51% A8 Ac cHe v VV'1p HE O«i'T
iwo, »i;Mo%wrss>elh{ s|f'U treoM”{g\-U|[\efptim hS 0>Q¢
om hOS " Ot7U=% reho "WcwW> % 7 E CUT7Ys watx|IGagxTIXYs"®EUI »E
WA"»>CQors>aelh{fwAL|OStuib” g‘g-‘t 99%7@)1/4;0 GGQW'ﬂ O*HAY“-TH\/I"{X
A o . N X q . — S X(
& MDS .
RQUAXQ> O " h{*M]| w,j pK” ¢ MwW2SHQ 5HDGEQS3)BURPFU -V +h{
& YLURVHMQVO |OS wOqAEZN=2S W 1%QUgT'| mw25)w;6x&EIpKIhU| "
OUfege«e”A> R'0%W%ipmehOtte mx '1$ 6aiEpK”"q 'Y eh{f o 66 9
"“h{th|6:w > %8 ~» "wWOU0o%wQ woaiEq'YNre"ZUEZ »x|6:w ¥ 1%
>0 h{O0S" wS tmMo""q] & YLUHMWFHQY [t7EW VV'1I® cuwoaiE»il«itU
@?27eh» +i@«s+i° AspK’wtO 1 & hl\;\quo&A-hg%zmhgz-?*évzu%ov>\>/>l;ll\g -
MDSRQ@kEXMAOAIO+T+§0sU .qgslo qf"k’]"yr_scfxglupK,,q*OA.h{.<g*t“. CHTX
Mh{ Ziw'Ot|%w%Iipwa«e Aqs~Q-S le°, ca+w, oT’'x]| 66  Qi%sS
>YQqw p QUO&"Neh{ ™|e=Q+S 0>Q¢ ¢u7% UUZreoM"{\w\qT’|x
W% tEe'o &HSKDOMEWRVI'Tt oM M ¥<tSMo| 6qS% w tx?'Tw UK
VhM{ “<wq%~oh{ ¥tSz” ('5\6W"gr> =
Andg” ™
¢ +?0 $~2% ZE€»| cal] ¥-H q| dez| drhs| ™[ 66 WAlsQYtmMors>
«?2a $| ;aG~A~g£ S"zZAUK™{ )
¢ $I1G~y | +7I~1+2Z£€
3 °+DQGXQJ 1X3AIKDGLSXV 80L %DVIXWHQBDEDYDW% ~>Se o' ~Ce , ~006 Z| ~I

;XDQ +RMVKLDNL YBURDFKLURBBREGIKDVLF YWiX6t' K ~&+ °a + 3URFKORURBRFFXV
RIPDFURVFRSLF FRORQ\ IRUPLQJ F\D QGREDPAMIHM W« NENYWITEUH UHODWHG WR
SURGXFH ELRDFWLYH VHFRQGDU\ PHWDEROLWHYV IURP 2NLQDZDQ FRDVWYV
Z8WABF,~tSMox|bP 6"U,A\"> Z
0DQ\ SKDUPDFHXWLFDO LQGXVWULHYV KDY H SEHHQwS D i QIKD & &\ANQWALRD WR PDULQH
F\DQREDFWHULD GXH WR WKHLU DELOLWWWR|SERGEKEH BYRAMWLQI SRWHQWLDO
SKDUPDFHXWLFDO FRPSRXQGV 'RODVWDWLHQ\qU®BPSWRYWDW LDV K LODRDIDRRBND D O
DQG RWKHU FRPSRXQGV ZLWK ELRPHGLFDO SHRSHUOWAN\I KDYH ERBHN® VKG RMRIFR DX V
HIWUDFWHG IURP FHUWDLQ F\DQREDFWHMLEDR VSHREK®RBRKBEMION ¢ SREARKDVLF
VWXGLHVY EDVHG RQ PRUSKRORJLFDO FKDWRFWKWY wJH Q&N LtFE Db G qRMEKaE B €PURSHUWLHYV
KDYH DSSHDUHG DV D IXQGDPHQWDO IUDPHIEZRENe IRU PRGH|UIC E\ROREDFWHULD
FODVVLILFDWLRQ ,Q WKLV VWXG\ ZH LQYHVWLIDVEH G Wi E5day ity Wewk Ry PDFURVFRSLF
FRORQ\ IRUPLQJ F\DQREDFWHULD VSHFLPH®Y% WRU SH\QRIBQEWKF{OHDDO\VHV
VHTXHQFHV IURP SUHYLRXV F\DQREDFWHK|&E2Z20 BWMXELAXAQRNLQDZD ZB|zH
DOVR LQFOXGHG LQ FRPSUHKHQVLYH SK\OBEH®NHIWUR >IQ-DO | ¥ HoMv WR +H[DPLQH
F\ADQREDFWHULD GLYHUVLW\ LQ 2NLQDZDQ &ZPIW H WBW RFK OR URGHWEF VL QEHW HQF H
VKRZHG WKDW PDFURVFRSLF FRORQ\ IRUPpQJ FRDIQREDFWH LB OLEA ¥ N LAQDyZEDU
FRDVWDO UHJLRQV DUH YHU\ GLVSHUVHG PBRQJ\YHYHAUDOAF\DQBR®DBMPVEEULD JHQHUD
LQFONRRYRMH D @D G R@BES W R O\ @ KE\ 5 R V LIWLRQ" | SURFKORUWRIRRRAEW F O > A
Rl WKUHH XQGHVFULEHG WD[D LV VWLOO RONQRFHQ U BXWr EDEHG “RQ IARUSKRORILFDO
FKDUDFWHULVWLFV WKH\ EHORQJHG WR t2¥EL O O(DB8PWLIDSKH V RPRW BDWH \OX 1&DIGI\W R Q HDR
VSHFLPHQV VDPSOH WHRWUHDV DG DOWREILAYE D' O ODOORPRIQNDH/ V HWT X BhQiF W O é
LGHQWLFDO 6 U51$%$ VHTXHQFH ZLWK WKH AWHHA VSHBIVMH ®hKDV B DELDISIK\WREFEER D
VL]H [ —P WKDQ LQ WKH VSHFLHV GHV® L38VRIFKK® R UWR E R-PEXK LAVRVWXGY (> O
SURYLGHV QHZ LQIRUPDWLRQ DERXW WKHR GAYHWVEWY RI'PDFURVFRSLE FRORQ\
IRUPLQJ F\ADQREDFWHULD IURP 2NLQDZD ¥l FR\BY WD WHCICRQ DQG &SBKWH DY H
FDQGLGDWHY WR EH ELRDFWLYH VHFRQGDXD B $/{0\FREIRQEBYE RIEEFH bV
*UDG 6F (QJ 6FL 8YIF (BXNBQLY MDMRNtXWa»G| +7;i~a+Z]| ~0GTY£
6FL 8QLY B\XN\XV



3 °09 -
q z ~6> $' 3 &81 eGw%}it\-b”
7TUHQWHSRKOLDeRGRUDMWE w % w ~
"1$Z2¢€

€37wzZg» *Mt\-bra”ésizasgil
%HWXOD veH QG pEDtu\ o\-b"p0
P ">aY h{S wa\Y6xtYK"Mxiu-wK
"yM3Y.p|ITxU — B A
thxl >"oM"{IT x°X|
q<K“|0SwUYT >Em{fh| Dxeerr
XeYqsloM"{S%%px|jGLtO +h®6
>TtmMox-YpVsTlhU| 6q\-qT"’|
7UHQWHSRKEOUWD: RERIEBWHG % h{
S x|\etptz z|a"é¢l|!-2CzsrH
,8epC 2eoM"{S womO>"R"|
"y >;Mol %wrs>aelhAL|z,“t\-b
"338ip0ebpgo°w«e”A> R h{3a§]
nOepce 46°gpC £«P6> U-Y Ne
sM\gqp 7THQWHSRHED@YDVhU|E3ZwYs
% % 7t7 RGRJWDWOD%pqRQ ' +"{th]|
t x FOtSMo<TXs M 6pK”"\qU-Y"
chP6>"tmMox|l $sQ...UE " Mcww
¥eB..!YWD6Q<« SoU|> SoMVhM{
¢ ¢al ¥-H q *?8 $~7%Z€>|
eu| YG~A-~0| caG~A~gt

— R
—Pab”\

J$~

3 ${ Yeé ~t®
SDULHWLFEKAWRILXPA EWOT!=writ
2ZhU|

dlaeinad " x,8t\ b” ©«\UpK“|u
AAYEIl ¢t b"{6SAE"e-qZsr>\"b”
\qT'7‘stldp«enrs0S“| ;T ,Aw M
BT'ZENoM"{ T sU’| Q\éUrine
h«wxAM{hi | Q\é>¥"d”E q odal
®iI%Aa8IJw° tSMo|n:i%itge"qnhe”
SEEOAEUT UOM+0S“| Q\é>220DG6QU
RQ'soM”{ th|bawOS6"TqH
x|a0eA@8IJt b”
eowvASUN—"hY6tslhit|!glITrO
TUET % Ub”7 U one”qZt]] TgT’

' WEAQUO”Meh\g|th| Q\é E";
wCqarsUae™«|%uUI\"Y6wITpfe'wC
q"UyChb"\qUOAe|n: %t “©iw!=U
'Yreh\g>C "h{SZ€px|imOp~So!
fg>eM|O p! WEAQ>6-Yb"qzt]|

' wigy>'* S"hSwOw- >aelh{f o]

'$3,t°7 '1$5i> hIT>Né”+x AYAa”
t'lotis o|a FuA” w "1$ ITx
wiitmMoU]| h{
¢ OEG~A~xpulT|
G~g»£

sGqp

~R> 6" ~m&j 06> '- ~G E -~

6 U51%

~a> TEa ~§ G5

SDULHWLPRAQSNILXP

OEG~wuCa"ézZ| oy:=

3y ~3 ®©8 ~no’ ~!Z 0°a +bo
UwO!Q_b
nOlboUtSMo & DT’ & Dip
tZzq hO!Q_6tmMoC b”{-D S|boU
w e:w UT’>+ hxiOc¢>«ffe,p 0
h{

aq awb*p ¥ >aY h\g
>CT"hU¢cOS6 " TqH sGqf atpw
y awb*pZ<w tte Ziw_6>-Y"

he $QDEDHRRGY WK$FHID QL] R PHEERQ RFD SV D
&KURRFREFFAKURVSKRKRVEXEGRIMRQRGLEFW\RQ
&\DQRJIYRQWIMY G UR VS HRUOALAFEKRME (DURPIXPV L V
*HLWOHULRKWRPFRFIFXRWEKHULVPRSHGLD
OLFURF\VDAQLVX U D QN W R GB\CQDIENDEV R W K U
3VHXGD QDEB HRM\ bW 5K L G|LRFSK |V L D
6QRZHO®WDHURYV §HGRREXOROYPOQLEKLQLD
AFBtx A«“tffsz! UC\"|

$QDEDHRMRDUAKRY § @ UPXRF W W lww U
O'oMh{" T fw™wz!"wC\x-—FUpys8

i | h{ROLFKRYSHBYRF\&SKDHURVSHUPRSVL
r x DT D| &XVSLGRWKUL[ X VVDWVFKHQNRL
D| $SKDQL]JRPHQRQ DUDFILCH D tZ g
h{+h $QDWK$FKDQRFDISYDVPRSIOBDPNWRWKUL]
3VHXGDQDRORQUFKIQ)LD && '~h{

gJT$u éuzZEaxr| q ¥ZE€tE
3 °Ce, ~i{ —0O0~0Z F ~&+ °a -
SDUDFHUFRBRQE2VOW32Ei«Aaezl1itP
0"; Cq!=

«URNGPK”eld " WITtx | «xURTEpK
"«€ééNVYeUG"t ~e"{\w«ééNVYcgx|

«YON t'“SESMITYQ>Ob°00ZE>C\A

d"Qi> b"¢«YQRAUAWZEtSMoO|*1d6
"1iQWOéAY AW XU|«YQt "pAep
>stb"hS|«ééNY¥Yc¢o» F\FORSKHRSKRUE!
HQR@AS("£tE »eeM|«YQ>sT oM”"\q
UlTIoVh{ T |1iQOéAYuAw\=T%$s

ZE€Epx|A\GgQWE ZiwZz FBUA{""h

S|Z€U EpKIh{SZ€px|tc|fAdthea
wnleezaewhS T om h| SDUDFHUFRBRQDV
.02 Otl«Axz1i0£>;Mo|32Ei«Aa
7¢ 6\QHFKRFRFFX8&RO QP WH VF O
¢37El«Aez1i0£>-q h{it] .02 0
wCq"; rs>S\sM|32El«Aez1i0qt
«URI«Aez1iOqwz+xAdip«aeOA”Urs

> h{f«URI«Aaez17l tx |Ln t>0&

b”-iE «!"AN«"” Ew"; wCq wit¢

UYS «|IT°tSZ” Eeel"pwfCUIVOM

"DOQURQ *h{°MPPZzEi«Aaezlilpx|
EQZE srt'"pAéput th”"; wCq”w

f¢U-Y~reh{
¢ A2» G|

qJTsa | epGE



3 °6® ed~ L
t o”reh?2” . well q%w
A20,B6 .DSHORGLRQH XPFQ

w Ut “|YEw .DWRGLQLXPg JdxD K& X P
NeoVh{SZ€px]| & Dt -¢ |%4a

DtiU+ ““+i?2%.> % .DSHORGLQLX
wod FO>AR [« ffe,| 6(0] 7(0p
6 o>aelh{fh] +3/& ,nX«URIEER>{
sb”qq<t|S ©S‘|?~. A U'l$ »t,
nNVS g? . w%w$e">* "h{ITxp4 p|
on 2 - PE O
oMh{?".xe thxe@iYpKIh{ 6(0px

[37@tUc¢U o”rs| GM2t"I30UORY

OYl » RoMh{ 7(0px|?~.x O a
Agq? pswoMo:w’... DeE A> "2\

.WOX 0”esTIlh{ +3/8&p x 73¢03N "~
©xi%ic $£t"Ab"D"«UUZ"'|«UR

QO Rt/ $sOxeAYCixUZNe. sTlh {S
© A U'1$t,nX%wpx]| Ox0%w > R
‘0 . YHVWiilgelh{?~. " U'1s$t,

nX%wpx|EOAd8 &KU\WRFKUR®RX QLD
.| $» OpK’g§eCzJw? .gx" U™’
esTlh{ YHVWLtbFG|% x?~.>=X
izpsX|ITOU 2 —BSZE€Ew FO'“GV
M{SZ€w FOx+ab”\qgsXA; epyé"|
&ZijErs0M"{

Cf"G~2"2-i»"£

3 °Gi .7 ~> £
FDO ORI N Z ® G6@ kA

+70 BWRWU\GKESAMYOte Xul oM”\
qQUE’'soM”{S w w 6x“Mt A 0S*“|
lg w i> Sh\E t,nX FO>;MhZ€U
SAPK"{ % FDQORMINZDOGHYE%éc
*MWTO'“y g 0oGL h{ sx/EAng, «*

%TOT’ im h FO¢ o] Ofw 6q)\
/£ S| UEF/ »wALtmMoC b"{
0.x0lT|e plt* .{ X —p?-
X MITx QpO@ x k T'e3 | @
xtzU A"{es w?2~ . wO"xy —PM

ITtx|? .w° tDeE AU or«"UROD
"qAEIts"{ITw Uy —Riw?~.x .|
ROqq<«t:xyCb"{GVXRO hITx?".U

- = —gR"{IT°t"UTIh!e&i’i

w {> x b{IT x MITpx,MU|RO

qgct,°| —t®“UYqs”{ ©p

—Ppx xpK”’U|ROqgq<«tyC" —PBx

©>y x b{AQ\éx!g t'“|LZU™x*

.pl—sXq<,R> S b{y'Xb"q-

gs“i-b”{ s o°h Oq Ow UEK/

tOp> pVh-- E® °e h{°M|&E

YéceMwTOT im~rehS w 6$* Oqgx|
Oq OwMceq< °s h¢ ES

ES ES g ES

¢ a G~--| a G~\¢ £

«Qe O,R6 .DSHORGLQLXP3

°:DL 0XQ /XPD]X\D 7D N-DHDDUKKR V K L
7DND\DPOLWVXQRUEL 6EDWQNQJ HOHFWURQ PLI
DQG SK\ORJHQ\ RI DQ XQ®OHWHORBHIGNKPU L C

YHVWLFXRLYLQJ DSLFDO VWUXFWXUH FRPSOH]

$ PDULQH SODQNWRQLF GLQRIODJHOODWH Z
P SDQ DQG PRUSKRORJ\ DQG SK\ORJHQ\ ZHUH
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 DQG PR
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*UDGXDWH 6FKRRO RI $JULFXOWXUDO DQG /L
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$PSKLGLQISXPFLHY 'LQRSK\FHDH ZLWK
PRWLOH VWDJHV

%HQWKLF GLQRIODJHOODWHY FDQ EH IRXQ:
VDQG\ LQWHUWLGDO EHDFKHV DV HSLSK\WH
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H[SORUDWLRQ PDQ\ QHZ WD[D Rl EHQWKLF
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Epibiosis in which one organism inhabits the body surface of
another organism is a ubiquitous form of interspecific relation,
especially under space-limited circumstances. Although some
epibionts could affect their hosts positively, others are known to
have negative effects. While epibiont-host phenomena are widely
observed, most are highly plastic and variable among species and
local environments and the relationship is often described as a
“non-symbiotic relationship”. Marine algae have often attracted
attention as host to animals, but the situation is somewhat different
in the case of an intertidal gastropod Lunella coronatus coreensis
(Récluz 1853) and a filamentous green alga Pseudocladophora
conchopheria (Sakai 1964). The shell of L. coreensis is used by
several species of epibionts including P. conchopheria, which is

species-specific to the host. Although several previous studies

revealed the possibilities of their strong interspecific relationship,
details of the Lunella-Pseudocladophora relationship are still
obscure. In this study the effect of Pseudocladophora on host shell
damages was examined together with the that of red algae Gelidium
spp, common, non-species-specific epiphytes on Lunella. The result
of our GLM analysis suggests linkages between shell damages in
natural Lunella populations and several biotic factors including
infestation by epiphytes. Additional preliminary studies were also
conducted to assess the effect of Pseudocladophora on Lunella.
Overall, we could not recognise any benefit of Pseudocladophora
attachment to the host mollusc, which seems to indicate that
Pseudocladophora attachment is better considered as parasitism or
commensalism.



