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(Luidia maculate) ~11Vll.lel'UUnL~lJVI~~ (Culcita novaeguineae) Lrn::: tl~.:i'Vl:::L'1 (Holothuria 
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The acceptability of alternative foods to Linckia multijlora of the captive bred 
harlequin shrimp, Hymenocera picta, Dana 1852 

Jarunan Pratoomyot*, Vorathep Muthuwan*, Nattawut Luangoon*, Wiracha Charoendee 
Wilaiwan Phuangsanthia* 

Abstract 

The colourful harlequin shrimp, Hymenocera picta, Dana 1852 is an attractive marine 

ornamental species that is popular with fish hobbyists. These are commonly fed on a diet of 

Linckia starfish, Linckia multiflora. The high price of starfish and difficulties in sourcing a 

ready supply throughout the year, however, represent limitations to their use as the sole diet 

within commercial scale production. There is, therefore, a need to identify alternative foods 

and to observe the feeding behaviour of shrimp as they are presented with alternative feed 

items. 

A feed trial was set-up whereby the feeding responses of H picta to Linkia multiflora, 

Astropecten sp., Luidia maculata, Culcita novaeguineae and Holothuria leucospilota as 

experimental feeds, were evaluated. A total of 15, two-month old harlequin shrimp were 

starved for one week prior to starting the feeding trial. All the harlequin shrimps had been 

placed individually in a 25 x 30 x 25 cm tank and acclimatised for 30 min prior to place the 

experimental diet in the tank, at a ratio of 1: 1. The time taken by individual shrimp to attack 

each feed item and their interactive behaviour was determined and recorded using a digital 

camera set-up. The shrimp were observed to prey upon the Astropecten sp., Luidia maculata 

and L. mult(flora species only. The shrimp readily attacked the species of Astropecten sp. and 

in manner that was significantly different (P<0.05) from the way in which they preyed upon 

L. multiflora and L. maculata. The observed feeding behaviours included, shrimp quickly 

searching after the Astropecten sp, standing on the back of it and flipping it over prior to 

eating the starfish. Another commonly observed feeding behavior on the other two starfish 

included careful assessment on the starfish before the shrimp selected a particular leg to feed. 

These indicated that food searching behavior of the harlequin shrimp was involved both 

visual and chemical cues. 

In conclusion, Astropecten and L. maculata appear to represent favourable alternative 

H picta feed items to the use of L. multiflora. Long term investigation on the effect of 

feeding these alternative food items on the growth, reproduction and survival of H picta, 

however, should be considered. 

* Institute of Marine Science, Burapha University, Chonburi, THAILAND 20131 
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\J'VI 'VI 1 U 'VI 'LI 1 

~1n:;im11-11a\?li'Vl:::b1;1i.'f1tJ-:i1ii ii~1;1r11m1teJ'll1tJ~111;1n~-:imn n~mh:::b 'Vll"l~ bu (European 

Union) b U'Ubb Vl'1-:J\?li;11~'LJ1;11i.'f1 tJ-:J1ilbb Vli;'1',:i 1 Vlill61JeN Li;1 n 1 'U61Jru:::~u1:::b 'Vll"li.'!Vlf ,rn bil~fl1 b 'U'U'U'a::: b 'Vll"l~ii 
V ~ 

278 ~1'UbVl~t!t1Ji.'fVl1~ (Livengood and Chapman, 2011B1-:JB-:J'LJeJ~1;1 FAO tJ 1996-2005) zj,:i~1;1r11 

m1teJ'll1tJt1\?11'bJiim:::~na'UV1~-:i1'Un~ii~-:i ~-:i ~ (Decapods) zj,:i~1'LI1viqji'Ui11:;i1nu11i161J1~~iim11-11 

fl'U~111;1nii'11'U1'Umni1-:i 128 6/J'W~ (Calado et. al., 2003) bb1;1:::i11;1r11m1teJ61J1tJiibb'U1 L um~iit'U 
" 

eJ81-:J\,Je.Jb~eJ-:J b61j'U 1'utJ f'l.¥1. 2005 iJ11tJ-:J1'Ufl11i'l.Jf1-:J'Vl:::bm'11cM1ilb~e.Jfl1'al-11i11flfl11 500,000 \,111'U 
' 

f~'YJ1;1e.J~~1 (Rhyne et. al., 2007) ~,:im{~'U~teJ61J1tJfl'U 1'U\?lm~a\?11'Vl:::b1;1i.'f1tJ-:J1il11fl1~1;1::; 800-1500 

'l.J1'Vl (Thailux 2551, m1ru 2552) '11flf'l11il'UtJil1'Ufl11bitJ-:i'1\?11'Vl:::bi;'1i.'f1tJ-:J1il~b~ilt'U'v111iu1:::61J1m 
' 

:;i1nmwm1iimm'V'l1:::~'Ut5!1-:Jfl1{\?ltJfl'Ubb'V'l-:IVlmtJ b'11'U Lf'l1-:Jfl11 CTSA (Sean, 2010) i1vifo 1 °kl 
' ' " 

fl'U~71'Vl~bi;'lmll\?ll~mu'V'l7~~71bb~-:J Linckia spp. (Calfo and Fenner, 2003) 1un11bitJ-:i~-:im{~'U1'U 

~nni-:i m1i~vi1te:i~n1'Vl:::b1;'16/J'U~i1b~e)'ll7mbitJ-:in-:im1\?l'LI1'LI'l.fimrumn\?1'1eJ~tibbi;'l~(,le],:ji'Jf'lruA7'Vl7-:J 
' " ' 

mvi11 b -WtJ-:JV'leJfl'Uf'l11ii;{ eN m1•1m-:in-:im{\?l'U 1~ tJ hJ~ -:ie.J1;1 m:::Vlu 1,1 e:i m<a b 'V'l7:::'ll m tJ~'U 5zj,:im:;i b tl'Uu :;ii tJ 
' " ' 

'11fl~ 1 'Um<a~WJ'U7fl11 b 'V'l7::: bi tJ-:J 1~ 'Ue:in:;i1 ndm1iu~11'V1::: b1;'1 b vi~1d\] 1 nu11:w6111 ~ e:i ~ 1-:i1,1e.J b ~ e.J-:J b tl'U b~EN 

~ii e.J1;1 m:::'Vlu 1,1 eJ"J~uufa 11"11.JiVl tJ7 e:i 81-:Jm n fi-:i bL:wii11 m 1'U11n-:i m{\?l'U n'U J \?111 'LI n ~:w Echinoderms 
' 'U ' 

61J'U~5'Ub 'U'U eJ1V17';i~1 m'.h-:i (Sean, 2010) LL\,18,:J hlii11 tJ-:J1'Ufl1';i'V]~i;'1e),:jfl1';j 1 in-:i m{\?l'Ufl'U eJ7V17';i6/J'U~ 
' 'U 

5'U 1~Vl71~~7tJ 1 'LI'U'atb 'Vll"11 'VltJVl~bbVl'U~71bb~-:J ~,:J,!'U fl1'a'Vl~i;'1 eJ-:JV17eJ1V17'a6/J'U~5'Ub ~eJ 1 i~-:im{~'Ufl'U 1 'U 

'U~mru~11-:i fl'Ue.J1\] b 'U°klbb 'U1'Vl7-:JVl't1-:J~?l7m1t1~WJ'U7 fl1'a b 'V'l7::: bi tJ,:jfl,:j mi \?l'U 1 tl ~'j::;~u b ;a-:i'V'l7ill61J c11~ 
' " " 

1 tJ11 m1'Um1ii tJf'lf-:ii1L 'U'U11tJ-:J7'Ufl11ii c1tl bL 'jfl61Je.J-:J Lf'l1-:i m1ii c11,1 m ~ eJ-:J 2 ti b tl'U fl1'jfi mn 

'V'Jf'l~m·rnn,:im{\?l'U~1~\]1flfl1'jb Y'l1:::bic1-:i 1 'Ufl1'jtJe.Ji11'UeJ1V!1'j 4 6/J'U~b ~e) 1 ivi~ bb 'Vl'Um1 bb~-:J e.Ji;'1\]1fl 
·1 ' " 

fl1'jPifl'tl1f'lf-:ii1btl'U'LJe):WffU71 tl1 m 'Ufl1'jiic1tl~ 2 Pin"t11i1-:ie.J1;1m:::V1'U61Je.l-:Jfl111 ~n-:im{\,l'Ufl'U eJ1Vl7';i 
'U ' " 
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V](7) Lb 'Vl'Ub VIG'l1t~e)fl1'Wil1fil L&i'U L\11 fl11lJ?flJ'U':iUJb ~ial bbl;'l~fl1';j"1Jc.J1 cJ'W'Ui5 zj,:i e)-:Jf1f111lJ{~1J{?f 7J{77l.j7';jtJ'l..l1 
.., " , "I.I 

1 'Ufl1j~ n~1flf-:id i11 l?1 m.h~?f-:iri-um m11-.5' cJVI~ n~eJ L ~el~ n~1ii-:i61fi1(7)"1JeNeJ1V17':i'Vl(7) LL 'Vl'U~V111J{ 
' 

41 cJ 1 'U'Vl'EMa'Ub ~el 1 i'Vl(7) Lb 'Vl'U(7)11 bb(7)-:Jzjs!b 'U'U eJ1V11':ivTI off'VY11 tJ1 'Ufl1':ibt cJ-:Jfl-:Jtl1{1?1'Ubbl;'l~:W1\?ltlU':i~?f-:Jf1cieJ cJ 
' 'U ' 

'tlel'Ub'tlt-ln711iV 

~n~11-.5'cJfl1jcJeJl.lf'UeJ1Vl1':i"1JeJ-:Jfl-:Jtl1{1?1'U~eJe:n'Vl7j 4 6/f'U(7) 1Ji'LLri (7)11'Vlj1cJ (Astropecten 
' 'U 

sp.) (7)11bb?f-:JeJTvi\?ltJ (Luidia maculata) m1V1l.lel'U'Uflb~l.l'Vll.J(7) (Culcita 
' 

novaeguineae) bbl;'!~ 

tl~-:i'Vl~bl;'I (Holothuria leucospilota) LU~cJ'UbvicJ'Uf1'lJ(7)11bb(7)-:J (Linkia multi.flora) s1t-:iL'U'Uel1Vl1':i 

fij';jl.J61f1&i-Ue:Js!flsl m11?1'U b(7)cJ 1 in-:in'U el1Vl1j:W:zi1mr-:i~1bb~~i(7)i;'f1'U"1Je)-:J flsl m11?1'U~ e)61f'U(7)eJ1Vl1';i~e) 1: 1 
, 'U , , 'U 

1-:im1(!l'UvftJi'-;;i1 nmd L vn~ Lic.1-:i:w~t7&i m1l.lc.1 m.Jfumvt71'Vl\71~ e:J-:J 1:J.j bL\?l nl?i1-:i-;;i1 n n11c.1e:J:Wfo\7111 

bb\71-:Jb 'U'Uel1Vl11 

,_, , 
rn m 1 \?l 'U 

' 'U 

2. Le-Jc.Jbb ~db 'U111?111'Vl7-:J161!1n71 'U'Vlfl11:W'Vl7-:J161!1fl11 ~e:JSL~fl'Vl':iel'Llfli (website) 
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'U\11\11 2 fl11\ll'U\ll'J'IJbelmf11 

€l'lfl1l.l151'U1.:im{~'U (~mnirqi Harlequin shrimp (USA) '111~€1 Painted harlequin shrimp (UK)) 

Kingdom: Animalia 

Phylum: Arthrophoda 

Subphylum: Crustacea 

Class: Malacostraca 

Order: Decapoda 

lnfraorder: Caridea 

Family: Hymenoceridae, (Gnathophyllidae) 

Genus: Hymenocera 

Species: picta (Dana, 1852) 

bb'Vl'1.:t~:i..n Sewell (2007); Sealifebase, http://www.sealifebase.org) 

1.:im{~'U (Hymenocera picta, Dana, 1852) btl'U1.:t'Vl:::b'1~:W~ifo?11c.1.:i1l.l'l.l'U1\91L~n btl'U'Y1'Uc.1l.J 

'l.l€l.:t'Llmic.1.:i'lJm1?1 dJm1'U€l~b 1n 6'17\911~'1.171 :W'11\91'17c.i?l1 c.1.:i1l.lbb~ n(,17.:Jfl'U 1 'UbL\,l'1:::~'U€11~c.1 ·vru 1\>ll 'LI 
'IJ 

'\J1L1ru~ih:::~'Utl1iin 1-30 b:JJ(W~ (Fielder, 2002) n.:im{l>l'Ue)l~cJ b:JJVl1?1:JJ'Vl1 lndo-West Pacific jJ 
' 'IJ ' 

c.111f1171>l7 jJ antennules antennae maxilliped "li.:i1.tl'U€l1f.n:::-d1c.11'Um11'UjiK:1J~?l~.:JbL1l'lit1lJ 

1€l'\J\911 jJ'l)71,~mr.:iv1lJl'1 5 ~ (Pereiopod) '1.17b?l'U 2 ~l,b1flb'U~c.l'UbL'Ut1-:J1'lJv\'1V1'U1~btl'U€llcJ1:::~1V11'\J~c.l 

~'\J f1'U€l1Vl71Vl~€l\>l::: ~ €l:!J€l1Vl11 L\91c.1 n.:im{~'U 1 "tl'IJ1 b~'Uf1~ 1 l,''17:::e'.i1V1'U-:Ji'U'U €l f1'1.1'0'11'111'Vl::: bt'1 Ll'lc.1 f11'j" 
' 'IJ 'IJ 

'U1 ::::1J.:i'111 c.1 ~'11::: c.1 eH n 1:1.J'U 1 ::::JJ.:i 2552; www.chucksaddiction.com/harlequinshrimp.html1 

Calado,2008) 
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1 t1u11ii"tl1~'V'lun-:im{\,lt1'cJ1!31t.1eJ ~(,)7lJ 1 'Vi1-:t~t1 L 'Vi1-:ii.J:m1f-:i V1~eJ61!eJfl~t1~f1eJt1GLJ1-:iiji;i 1 mm1 
• 'IJ 'IJ 

'Ut rnf ,:i tl-:1 fl1'j(,)t!ij'Vin~m1lJV11-:l~t!~el ~el1!31t.1 L t!'U"it L VlP11 Vlt.l'Vi'U 1m t!Vlt LaeJt!i;J7~t! LL'1'U~-:IV11i;Jfl"itrj 
'I '\J vi '\J 

.fl1V'l~ 2.11-:im{~'U Hymenocera picta ~m www.chucksaddiction.com/harlequinshrimp.html 

~ .., 1,1 QI .., ' ,!IQ( QI d I V«v .., ' II 1,1 

'Wf1(,) fl"j"jlJfl11"i11fl'Ufl-:I fl1"j\,lt!b 'WP!bi;J t.11 flt! Lb6'lt LlJe)(,)e) &'I flt! fl-:! fl 1"J(}lt!b'Wl31~'1t &'1'1t! (,) 1c.J (Fielder, 2002) ·1 'I \J '\J , 'lJ '\J \J 

'Vifl~fl"j"jlJfl-:tfl1i\,lt!L 'Ui:i"i"il.1"111~ bi'.leJ~'Ui°1Lbli'1'1tel~flUf1~1 L~lJ Lb\Plel~7-:thnmii 'Wf1~ mwd"IJel-:1 tl-:1 
'l;l'I , ,., '\J "U \J vi ci 

' 0 1"' 0 I.J 1 " .,j O JI 'l .J ., ., ., 0 I.J I '\' ., .. ., I ., ., ., 'l I 

fl1"J(}l'U&'f1lJ1Wu"iUL uat.lt! i;JLlJel'U1lJ1bat.1-:t 1. t!Vlfl-:l"IJ-:1 bbat'1fl&'la'U b uac.Jt!fl 1,i;Jt.1fl-:lfl11\,l'U'1UflflUfl-:I \,l'J 1, Vil.I 
"U '\J '\J 'I 'lJ 'U 'I 

bbatn'Vi']~fl"i"jlJ 1 ti fl11~uit1~\,l 1lJ'Ufl~ fac.11lin~a\PleJfl11lJi;)fl"IJel-:l b "1i b 'Uelib~'U~ fl1"i'W fl 1 "1i bb6'lt'<il1t!TU 

"IJeJ-:tafltl-:ILL"ifl'Wfl (Sean, 2010) Vl"'-:lfl11aelflfl11Ubbat~&'llJit!IT tl-:tfl1{\,lt!b'Vil31bijt.111-:t1-ur1f-:iat 100-
" , , 'I '\J ., 

5,ooo vhN viflri 18-26 1'U afln-:im{(Plt1iji\JlJt11fl111t1m1b'1~ruL~ul(Pl~-:tV1iii;i 12 1tt.1tf1eJ'Ua-:iLfl7t 
, I '\J , " " 

1&11i;i (Fielder, 1994) LLatafltl-:tfl1{\,l'LJ1ib1a11'Um1i\JlJ'U7fl11'1'Umti-:ia-:tLfl1t'U1tmru 5-6 ~\Jm~ 
q \J , \J 

"" ., 0 ., " .J .,j ol 
(Fielder, 1994) Vl"iel 34-57 1'U (Sean, 2010) '17'U1'Uaflfl-:tfl11(Pl'LJa-:tbfl1tmflV1&'fi;JLlJeJeJ1t.1 u1tmru 

'\J 'I '\J 'I , 
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2010) 

el7Vl7Jii'811>1V1~n'1Jt1.:in.:imi1>1'Ufit1 Asteroid echinoderms (Class Asteroidea) (Sean, 2010) , " 

1'W Phylum Echinodermata th~nm.JltJ(illcJ 5 classes: Crinoids (n~:Wvl71'1l'U'Un); Asteroids (n~:w 

v!11Vl~L'1); Ophiuroids (n~:Wvl71L'lh7~); Echinoids (n~:WU.J'UVl~LG'l) LbG'l~ Holothuroids (n~:w ' , 

tl~.:iVl~LG'l) (The Canadian encyclopedia http·Uwww.thecanadianencyclopedia.com 

/articles/echinodermata) v111V1~ LG'\ L 'U'U~1>11v1~'l.J L'1el 1{il~1cJ'lJ~L 1ruV1~rn 1n~'l11cJ~.:i v111V1~LG'l L 'U'U~1>11 

fl'UL -dt1 L "ll'U VlelcJ LLG'l~'lJ7,'.J'lj'UvJ~'lJ11fl'Uvl11Vl~LG'l (Wikipedia.org) '/j'UvJ"1Jmvl11Vl~LG'lv1iiJ1m1'U11L 'U'U 

el1Vl11"1JeJ.,:jf).,:Jfl1{1>1'Ufit1 vl11Vl~LG'l Linckia 
' " 

spp. v111mf1!]V1'U1:W Acanthaster spp. v111Ltl11~ 

(bristle stars) vl11Vl~La Nardoa sp. vl71Vl~La Archaster typicus vl11Vl~La Fromia imdica LLa~ 

v111V1~LG'l"1J'Ulv!L~n Asterinai spp. (~'Ll81~!'.ILLG'l~'W~'Ll1tl1~:w.:i'l11t1~.:i1~tJt1.:i mmh~:w.:i 2552; Calfo 

and Fenner, 2003) n.:in1i1>1'Ll?f1:w71flfl'Llvl11Vl~ Laviii"1J'Ll1\91L~nLLa~ 1 V1run111,11 n.:imil>l'LlLel.,:J 1{il 1vitifl'Ll 
q CIJ V q '\J 

ti , V , ti 

L'UelL~el"1JeJ.,:j tube feet (Sewell, 2007) Vl~elL'UelL~el"1J1"1Je),'.J(9111Vl~bG'l (Sprung, 2001) 'Lleln'11ffLl ii 

J1 t1.:i1'U11 n.:i mi1>1'Ll'i1t11'1 '1~fl'LlLll'LlVl~LG'l {ill tJ (sea urchin) 1viti fl'Ll"1J1 L~'Ll"1J eN Lll'Ll"1J'Ll1v"lL~ n (Raabe 
' " 

\9111Vl~La1'Lln~:w Linckia bba::; Acanthaster (Sean, 2010) 
' 

ih1t1.:i7'Llf11JP1n't!-7 fl'LllJ1 e)~ 7.,:J \Pl eJ b ~m L 'LJ'Uj~tJ~ b 11:17:IJl n ff"J 7 30 tJ ~'U m::;vl'.:iu~ ~'\J'U~.,:J~~&'i mJ:W 

n7':ifl'LlellVl11'1JeJ.:i~1>11il161J'Ll\91\911.,:J°] b"ll'Ll 1mJmbJ'U1u1LV1{1 (Valentincic and Caprio, 1997; Ari and 

Correia, 2008) b'Ll~ (Weissburg and Zimmer-faust, 1993; Zimmer-faust et al, 1996) Vl:Wn 

(Archdale and Anraku, 2005) bbl;'!~ 1-:i (Derby and Atema, 1982; Johnson and Atema, 1986; 

Lee and Meyers, 1996) L'U'U\91'Ll ~.:i15f11jfl'Llel7V!1J"1Jel.:i~1>1'lLb\?1'1::;'11-u\91Lbl>ln\911.:in'LlhJ L"ll'Ll 1'LlV1:wn 

Japanese pygmy cuttlefish (/diosepius paradoxus) viml'i'ti b 'ULLVl~.:iV!~1Vl~Lan'Llfl,r?f\911L 'tltJ'Ll 

L 'U'Llel1Vl1J 1Bm1n'LlmV111-ut1.:iV1:wrnL 'U.:iL 'U'Ll 2 1~c.J~ Fim::;c.J::;n7j'1 l ~mb1:1~1~ ti~ n11n'Llt11V111 t.:iV1:wn 
" 

J.:ih1'Llm1V11~1LLV1'Ll.:it11V111rit1'Uv1'1~fll1'<il'l.JlJ1fl'LlL'U'Llel1Vl7J (Kasugai, 2001) tlm rainbow trout 

(Oncorhynchus mykiss) en~m~.:ifl1j:WeJ.:iL~'LlLLi:1~n71~el?f7jVJ1.:ibflffi'Lln7JV!1ellVl71 L~t1tl1;n1{ilfo 

~elV11.,:JLflii '\.Jmii~~&'im1:w11t1il1n~'l.J\,llLLi:1~fl\9lfl'Uel1V!11 (Valentincic and Caprio, 1997) 
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(chemoreceptors) b~B"llvlb"llcm111.ff?J1cJm1'Um1~11-:i:SY-l 

bAlJbb'1:::fl1'a:WB-:Jb~'I.J1'1.Jfl1'afl'UeJ1Vl11 b'/1'1.J ~-:Jfl1:Wf111:W (Macrobrochium rosenberg/1) 1:::cJ::: 

postlarvae m~mt-:i fl1j:IJ €1-:J b ~'U bb'1~fl1jf tJf i:'!1 j LAiJt 'U fl1j'V!1~ 1 bb mJ-:i eJ1Vl1j bb'1~ fl1j';ij'lJ €11Vl1j 

(Moller, 1978) 'U1-:J"ll'Uvltl1~mu'V-l1tfl11:WeJ-:Jb~'I.J 1 'Um1fo{fi-:Jbb Vlt'l-:1€11Vl11 (visual cues) b '/1'U 11-:J " , 

horned shrimp, Paracrongon echinata 1-ffi15m1:we:i-:ib~'U~'Jbb'1:::fl1'abrl~eJ'U~'UeJ-:JbVl~t11'Ufl11Vl1 

tl1Vl11 (Jensen, 2011) bb'1~'lJ1-:J"ll'Uvltl1~mu'V-l1~fl11~€li:'!11'V11-:Jbflffi'I.J~-:Jbb1~HlB:W (chemical cues) 

BV1-:Jb~WJ (Weissburg and Zimmer-Faust, 1993) ~1e:ici1-:Jb'/1'1.J juvenile banana prawns 

(Penaeus merguiensis) €11~cJ bu'V-l1tfl11fof V11-:i Lriffi 'Ufl11\911T-ilVl1€11Vl1'abb'1tbbcJflbbcJd1~-:i 1vi 1-dvt~e:i 

bJ"l -dmvt11 bvlcJ 1li1~m~cJfl11:1JeJ-:Jb~'I.J"l11cJ 1 umtu1um1dLm.1 (Hindley, 197 5) 

?111i!'U'1~'11cJB\J l 'UbbVlt'l-:Jtl1\il'Um:::vi'-:ii\911J11~1'uffi-:1?111rn:wi!'U bvlcJ 1 -ff chemoreceptors (Weissburg 

and Zimmer-Faust, 1993) Chemoreceptors b'U'I.Jm:::u1um1~~-:iii:S1\91\91€l'U?l'UeJ-:J~B?l1'abAlJ ii 

V1'U1~ci'1ri't1]1'Umt'lJ'J'Ufl11fl'U€l7V111 fl1je-J?J:W-vr'U~ bb'1tfl1j1J€)-:Jfl'I.J~1\11fl~\9)~ (Glynn, 1980) fl1j 

~fl'tt11',ij tJ b~m nu fl111'lJ ih.Jifo?J111,1-1ii1 'I.J~-:J 1,1, ',J(ili;l el:W6U el-:J ~1911J1v1' 11 vf I, 'LJ1 h ()-:JU\! ';ij c.l~ 1-:J 1 ~lJe-1'1 ~ el 

m~'\J1'1.Jfl7'afl'I.Jtl1Vl711 'l..!'11911tl1 (Archdale and Anraku, 2005) ~-:i?11m1t1\ilvl~l~-:ibb'Jvli;ltl:IJ\911-:l 1 bvlc.l 

n111-ff'lht?i1'V11'Ut1111'uim.1'?1 n111'u{1?1'/Jlvlbb'1tfl111~n~'Ll (Nunes, 2006) 1'Wfl-:J'Vltb'1 Y-l'lJ 
" ' 

chemoreceptors \911:W'11'U\911-:J1'll€l-:J~7-:Jfl71:J (Hindley, 1975) b"l1'Ll 1'Ll antennules, antennae, 

ffJl:J1t'11'U'U1fl (mouthparts) 'U1b~'U (pereiopods) bb'1t bVl~€ln (grills) zj,:i chemoreceptors bb~'1~ 

b61!'1Vl1Vl'U1~bb\9lfl~1-:Jfl'U (Derby and Atema, 1982) chemoreceptors \91€l'lJ?l'U€l-:J~B?l11bflffi'U 

€l7Vl11bb'1t?l11B'U 1 2 bb'lJ'\J AB distance chemoreceptors bb'1t contact chemoreceptors 

ci'1vtfo distance chemoreceptors Y-l'U1~u antennas bb'1t antennules -d11:J1wn11'u?111~-:i~v11u 

e)1Vl1'abb'1 t"l11 l:J~1 bb 'U flrl11:Wbb\91 fl~ 1-:J'/J'Uvl?l1'abfl:W flru i;'ljJ1J~dv1' 11 vf n-:imm1ri m1\il'V-l'\J€l1Vl111~ bbjJ €l1Vl11 ' . 

'U7b~'U (periopods) bbl;'lt €l1cJ'Jt'11'U'l.hn (buccal parts) zj,:iv1'1vtii'1vft'Um~'U1'Ufl11fl'U€l7Vl11 (Carr 

and Gurin, 1975) ri1'?l\917l. ;l:J'U€l7~1:J~€l?l11bA:W~'1t'11cJ 1 'Utl7b'U'U'1t1Jt1)1'U 1 'Ufl11~1bb'Uflbbl;'l:::vt1'ViP!'Vl7-:J 
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1,11 bb Vl'U-:J61JB.:lb Vl~B bb'1~1-:in'11a qjqJTU6111bfli1 b V1'11dii.:i bb~11i1a11bfli1~'U I Vl'11 m1\J \91 b 'U'U B-:J rl'lh~ fl B'lJ 1 'LI 

J1~1.:imPi'crntj cl'1~'lJ.ff 'U(,1eJ'UYl9~m1llfl11(,1eJ'lJ61'UB-:J\91 B6111bfli161Jv.:l1-:i bb 'l.1-:J 1~ b 'U'U 5 J~tJ~ fi B1~tJ ~ 

fl71(,111'ilYl'lJ (detection) fl71V11'Vi ?l'Yl 1-:i (orientation)n11 bfl~ m.11 Vl1 (locomotion or 

displacement) fl11b~llfl'UB1Vl11 (initiation of feeding) bb'1~fl11fl'UB1Vl11B~1-:J\91Bb~BslVl1Bfl11VltJ\11 
• 

fl'UB1Vl71 (continuation or termination of feeding) ~-:iYl9&im1ll61JB-:J1-:i1'Ufl11\91B'lJ61'UB-:J\91B 

6111 bflfil 'Ubb\91'1 ~1~ tl~ ~,:i fl'111fiB fl11 m~ \,1 fl'Vl1B61~'U\91Vl'U1 \91 fl1161J EJ'lJ \,11 fl11'Yl\11'1 B-:JV!1B1Vl11 bb'1 ~ fl11 • 

bfl~B'U~ b 'LJ1Vl1B1Vl11 b 'U'Ubb61\91.:lil-:J fl11~'111 bfli1~.:ll!)l911 ~1-:i fl'UV!1Btlfi b615~'il ~ fl'UB1Vl1J (Daniel and 

Derby, 1991; Lee, and Meyers, 1996; Archdale and Anraku, 2005) i1B~7W/1'Ufl11Plmn 

Yl9~m1llfl11fl'UB1Vl7161JB.:l1.:i lobster (Homarus americanus) tln&i (~hi1~i\91Bltl1~?11'UVl~-:J?f1'U 

1191"1lB-:J~1-:Jfl1!:JBBfl) Yl'lJ17i1.ff'U\,1B'U 2 1~tl~b~tl1'LJB-:Jfl'lJYlfl~m1llfl11fl'UB1Vl11 fiBJ~tl~f1-:J~'U\,11f'lJ1 
·1 • " 

atennules antennae 1tlm m~~B maxillipeds bb'1~ BT'lli1fl11-U\11\) maxillipeds J-:iav-:ii1.:i~1t1fl'U 

1 'U1~tl~~61B-:J fl11Vl1B1Vl11 11-:Jlil~bVl~tl\91"1.11BBfl 1 tlEJ-:Jbb Vl'1.:lB1Vl11bb'1~f'lJal1eY6111i1B1V171 1 'LI'lJ1-:Jflf-:in-:i • • 

antennae 1u1ml'U 1.:i1i"1.11b&i'U61B.:l~bb1flVl~B maxillipied ped ~~ 3 ~'lJbb'1~'lJ\91VlBmb:i.m-:i.tJ'1~bb(91fl 

bbn~?f.:lb'U7tl7n (Derby and Atema, 1982) 

'Ll e) n Ii) 7 nd u Ii)~ tJ ~ .:i bb 1 \91 t{ Bll bb'1 ~u Ii)~ tJ bM tJ1 !l'lJ \,11 ~-:i beJ.:l Mle-i n\91 e)'V-j 9&1 n JJll fl 7 J fl'U eJTV!11"1.1 m ~,:j 

fl11eJ\91eJ1Vl11~-:i Costero and Meyers (1993) 11t.J-:J1'Ll111~~'lJ"/Je)-:Jfl111 ~~sleJ\91eJ7Vl11i1fl17lla:J.J'\,foB 

'Yl1.:l'lJ1 fl!l'lJ fl11(91eJ'lJ61'UB.:i\91 eJ6111bflfil 'UeJ7Vl1161JeJ.:lf1.:l Pe nae us vonnamei Ml11~61JB.:lf1.:l n.:i~~'U\,11i1 . . . 

(Zimmer-Faust 

(Hindley, 1975; Caprio and Valentincic, 1997) fl1'fl'lJ1m\911\,1 fl~llbb61lflfl7h1>1 (Anraku et al, 

2001 87-:Jb\91!:l Archdale and Anraku, 2005) ni1e-in\9leJfl11fl1~(,)'U1~a(911J1(91eJ.:l61'UB.:l\91B6111bfli1mV111 • 

1~mfl;ff'Ll (Archdale and Anraku, 2005) 

' ., ., 
t:,Ji;j m~'V11J ~ e)1~1JU'Lll, 1 \i'ltll'VlcJlel ~1'1lnfl b ileWill fl'U mh flvl b vt~ l'U ~-,,j'.1 fl11'YW 1 EJ ll-1 fi fl i;l'Vl vl mma EJ '1 ~'1 
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" 

mi~'U~l m 'Vlfl'W fl m11 "Menvn11 'U15m1~1" 1 Vl~eJ m1V11enenV111'Vl\,l bb 'Vl'U"ll'W \,l~'U~V111~~1 c.JVl~eJ hl b 'U'U 

ffili~e:i"m11m•hi11b~7~bic.J"iforh11 ~"17c.J"1'U'lleJ" Sean (2010) 'Vl\,l~eJ"bic.J"n"mil?l'U1c.J';l'U~1~m 
' ., ' 

,nnm1b~1~bic.J"~1c.J1fifl71~1"1f1eJ 1"Mn'U Linckia sp. ii;il?l Linckia sp. bb611bb~-:i brn~ Asteria sp. ii 

6tJ1\Jl (Asteria sp. b'U'U\,\71'Vl~b~~~Vl7'W7imic.J"VleJc.J~eJ"fl7~\,leJeJff-il7fli'l7ilJ1'U North America) ~'U11 

fl"fl7{\Jl'Uf)'U Linckia sp.bb611bb~"iibtJeJ{b~'U\?lfl111eJ\,l\?11c.J1n1;1bfic.J"fl'Ufl"fl1{\Jl'U~n'U Linckia sp. ii-i111?l 
'I 'U .. 'U 

n11n"fl7il?l'U~f)'U Linckia sp. n;i\?l 'UeJff<il1nd fl"fl7i\Jl'U~b~"~"bfl7~1Vlli11'U V!~"'17n1in'U Linckia 
"I 'U 'I 'U 

sp. ii"il1\Jl bb~~b'U~tl'Ul.!71"Mn'U Linckia sp. V!~eJ Asteria sp. bb61lbb~" ~"fl7{~'Uffi"Mn'U Linckia sp. bb611 

bb~"iieJl?l17fl711eJ\,l\?11tl'UeJc.Jn11fl"fl7{1?l'Uffi"Mn'U Asteria sp. bb611bb~" fl"fl7i\Jl'U~n'U Linckia sp. ii 
'I 'U 'I 'U 

;1\JlJ"~1iin11blil~tyb&i'U1\Jl~bbl?ln~7-:leJ~1"l.!1nli17n~"~n'Ub~~7~'lJ7 'll7'llm Linckia sp. ii;1\Jl bb~~ 

Linckia sp. bb611bb~" 
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3.1 ~~Vl1'll'U~e.11Vl11~'W1il1L-V'Vl~i;1€)~ 1(ilLLn m1LL~~, L. multiflora (m'V'I~ 3.1) ~11'V111e.J, 

,.J .. , ,.J) .<-t"' Astropecten sp. (.fl1'V'l'Vl 3.2) ~11LLG'1,:Je.J1'Vl~e.J, L. maculata ( .fl1'V'l'Vl 3.3 ~11Vl11€ltJuf1L6V11Vl~~, C. 

novaeguineae (m'V'I~ 3.4) LLl;l~'U~~~1, H. leucospilota (m'V'I~ 3.5) 111'WnLtJtl~~ijfl11Vl~tJL1cJtJt11 

\,ll;lc)~ 24 -B'1111~ LtJ h~L~€ltJL'V'l1~LicJ~6!)€),:JG'1fl1'\JtJ1'Vle.J113!1"1~1'V11,:JV1~Li;I 

Jl1'V'I~ 3.1 m1LL~,:i, Linkia multiflora 

,.J 
Jl1'V'l'Vl 3.2 ~11'V111tl , Astropecten sp. 
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cal .c:i. ' 

fl1YfVI 3.3 ~11bb6'1~€l1'VWltl, L. maculata 

fl1'Vi~ 3.4 ~11Vtl.J€l'Utlm~l.!Vt~~. C. novaeguineae 
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.. 

.. 

fl1'Vi~ 3.5 'U~~~1, H. leucospilota 

.,,, 
~ 

d v d , d Q./ d.ci1 .ci1 ~ V t 
flTl'fVl 3 .6 {,]'1/1\;J~fN'Vl(,Je:JL 6llell.Jf1'1J1~'1J'Ufl'iel~fl1tl'IJ elfWll.Jfl11'Vll.J'IJb1 tl'IJ'l.1124 6ll'hl.J~ 

~ . 
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• 

3.3 vi1n11tl,lcl1�11�,1n1 {�'Uvfl.�'11nm1LYi1tLiV�tl1� 2 l.�tl'U Quvenile) 'tl'U1fn!1mJ'nLij�V 

., ..I ,. ( ..I 
.J)o 0.23 ± 0.04 n'UJ fl111JV11LijaV 2.07 ± 0.15 L'll'UlJlUJ\Jl"j 111VWI 3.7; lJ11"j1�111fil�\l1n'VI 1 '111.J"l'U 15 

/1 LU1J"jtVtL1a1 1 «ui;i1�ntl1Jn1"j'Vli;iaei� 

.. .. 

3.4 vi1m1V1i;iaE1�mwEl1.1i'uei1�1, 5 "!lili;i'tltl���m{�u 1i;ivvi1n1"jV1'1atl�fli'�at 1 tJ1m1 
O � 0 !: f, �( .,) .... .. ., 'Vl,laEl�L.Lat'Vl1n1"j'Vl'1aEl�'Vl��1J,l'11'U11J 3 'n1 Lu1J"jtVtL1a1 3 ·J1J �111�111fl�'U1n'VI 2 1tin1"jfltJV1V 

��m{�uvlt1,-it11�,,�1u11J 5 i11.11t��'Vli;iat1��11J1'U 1 i1�ei� nnu�1.1w��n1{�ut\1��m-i�1Jt1tj 

�1J��11J�\!1'tltl��'Vli;iaei��1VL.L�1Jtll'l��fl (mr1vl 3.8) LiJ£lt\1��m{�1JU'iUi1t'U�fl��-ff1 W�fl�Ut� 

tl1�11 
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.J II' , cJ Q.I Cit, II' I Cit.Cit. ..dJ a f Q,,/ Q.I I 

Jl1Yl'Vl 3. 8 fl-lln 1'~~'1.J'Vltln fl fl 'U'a L1 W~'J t!Lbc.J'U eJ fl'afll-1 b YI eJ u'a'U~ 1 fl eJ'U fl1'a'Vl ~ fleJ..'.I 
• 'IJ 'IJ 

~ ' 

3.5 'U1eJ1'Vl1'a'Vl~fle:J.:i bb~flt"ll'U~:IJ1 b~~'U~b 1Wflft1..'.I~ '11flti'U'U1 bb~'W eJA~~Aviflflfl..'.I m{~'IJ L 1:IJ:IJ~ 
'U 'U 'I \I II \.I 

Q.I d Cit, I Q. I .Q. II' ' II II' Q./ d 

eJ eJ fl 'U'W'Vl fl YI n ~ fl 'a 'a:IJ fl 1 'a~ eJ'U?l'W eJ ..'.I~ eJ"ll'U ~ eJ 1'Vl 11 bb~ flt"ll'W ~'lie) ..'.I fl ..'.I fl 1 'a~ 'Um cl fl fie) ..'.I 'U'U 'V1 fl i11 'W ., • 'IJ 

Lfl~eJ'UL'Vl'J (VDO, Cannon HD Legria HF 20) bU'U'atcJtb1fl1 20 'U1vi ,nfli!'U~..'.lbfl~Yl']~fl11:1J6lleJ..'.l~..'.I 

m{~'U~eJL ,J~1cJn11~..'.lbfl~bbfltci1cJm'W~..'.l~'Jtlfl~eJ..'.l1t'U'U~~~eJfl (Olympus) '1'Umtvi'-ifl1'U 3 -a'11ii-i 
'IJ 

bbfl~U'Uviflc.Jflfl11'Vl~fle)..'.l~fll-l#..'.lb~eJl-l'a'U 24 -a'1 L:IJ..'.1 

3.6 1bl-l'a1ti1c.Jflfl11'Vl~?leJ'U'Vl1..'.l?it1~ One Way ANOVA (P~0.05) bbfltb'IJ~cJ'UbvicJ'Uc.Jfll-111:IJ 

Lb~fl~1..'.l'V11..'.l?lt1~~1cJL'IJ1bbfl1:1J SPSS version 17.0 
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,, 

tl·H11{\,l'U'Vlfl~11We:l'U~'U B-:J'lf'U~el1Vl1'.Jv11-ff 'VI ~fleJ-:J~-:J 1(ilbbn m1 bb~-:J ~11'Vl'.J1tl ~11 bb~-:Jell'Vl\,18 
' 'I) ' 

\1111Vl1JB'U'Uflb ~lJVll.j~ bbflt'U~-:J'Vltbflbbl,) fl ~1-:J n'U eJ81-:iih!mi1Aty (p <0. 05) 1-:i n11~'U'VJ fl~1v11(i\1''l.J 

el1Vl1'.J'lf'U~b~tl1n'Uii'V'l(]&i fl'.J'.JlJ b VliieJ'Uf1'U 1 'Ufl1'.JtleJ1Jfo bbfl t 1lJ tleJ1J1''UeJ1'\/!1'.J'lf'U~,!'U 1 bb~1-:in1{ ~'Uv1 

1(il1' 'UB1Vl1'.J~1-:J'lf'U~ n'U iim1&i fl'.J'.JlJ L 'U fl1'.Jtl eJ1J1''U'lf'U~eJ1Vl1'.J'Vl~flB-:i 1 'LI '.it tJ t nm bbl,) fl ~1-:J f1'U (p<O. 05) 

.d 
(Jl1'V'l'VI 4.1) 

B1Vl1'.J 1~ tJ fl1'.Jb ~1t fl'U b .j Bb~ eJ'UeJ tJ fll 1 b 1mfil m 'U fl1'.Jf1'U~11 bb~-:J bbflt~11 bb~-:JB1'Vl\,18 b 'U'UB1Vl1'.J bbfl t 

bbl,) fl~1-:J'Vl1-:J~ti&i eJ81-:Jiitfo ~1 Aty (p<O. 05) bb~ e) 81-:J 1 '.Jfll,)11J'.JttJt b '"J(l 11 'U fl1'.Jtle)1J1'l.J \1111 bb~-:J bbflt~11 

bb61-:JB1'Vl\,l 8b 'U'UB1Vl1 'J"llB-:i1-:i n11~'LI 1:Jiirn 1llbb\,l fl~ 1-:i n'LI'Vl1-:J~ ti&i a 81-:iih!tJ~ 1Aty (p<O. 05) ~ 1 n n11 

'Vl\,1fleJ-:J'V'l'U11tl-:Jfl1{\,l'U1.ffnm1'Ufl1'.J~1bbi:l~b~1Jn'U~11'Vl'.J1tJbu~tl'U'.J~1J1ru 3.3 ± 1.5 'Ul'Vl b~lJf1'U~11 
' " 

bb61-:JB1'Vll,)tJ1 inmtl1~mru 52. 7 ± 10.2 'Ul'Vl bbi:l~b~lJf1'U(,11'"Jbb~-:Jb 'U'UB1'\lll'J 1 ib1i:l1bu~mJ1~mru 

64. 7 ± 11.0 (J11'V'lvi 4.1) bb~eJ81-:J bnmlJfl,:j 1:Jmrnfo~11VllJeJ'U'Uflb~1J'l,lj1J(,11,l,l;l~'U~-:Jb 'U'UB1Vl1'.J 
' ' 

'V'l'U11'U~b1rul.'11'UV!'"J(il1'U'U'U"llB-:itl-:Jfl1{\,l'UlJ~ b illf 'U (Jl1'V'lv1 4.2, a,b) b 'U1 tl'Ub 'V1 tJ'U 11'\J n,:in1{1,1'Uv11:Jn'U 
, '\J , '-' 

eJ1Vl1'.J'Vl~l;le),:J b6tl'U ~11Vl1JeJ'U'UflL~1J'\/l1J(,1 bbl:l~'U~-:J'Vltbi:lb'U'UeJ1Vl1'.J (m'V'lvi 4.2, c,d) 
' 
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• 
~~!J~ntn ('U1vi) 

70 
64.7±11.0 b 

60 

50 

40 

30 

20 

10 

0 

~11'11~1!.I 

"tl'U~el1Vl11/ ... ' 
~11VllJel'W 

m1bb~-:I mTVl'a1tJ ~11 bb6'1-:lel1Vl\JI tJ 
'Uflb~lJVllJ~ 

'U~-:!Vl~bi;'l 
'a~tJ~b1i;'l1 

' 
<20 'W1vi * 3 * - ** 

<60 'W1vi 1 2 - -

<120 u1vi 2 1 - -

24 'li'11lJ-:i - -
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9'[ 

(17''17 IMALLJ) U~U2UL&UBBl!ILR.IA.l:-l!\'nt'.,Ll!\LR.l:-BR.f1.U,m~UL&BmBn.,n.uuBl:2in.~tLUl:-Uf1.f1.UL& (p-:l'£·v F' ,.. F' '::' l"'!r" .. , "~ 

IA.M.LlJ) (t~Ll:21:-BR.f1.t'.,i.2UL&U BBl!ILR.;;&n.LR.mt ,1n.Bm Bm f1.Lf1.Ll:2t'., ,n., t-1!1,, t'.,Ll!\f1.Uf1.~1LUl:-lJIII., l.,tj) f' lb o t ~ ~ fP' Ji" l, ~ , 111'1 l, l'I 
.. 

n, • ' 
1:-l'.,111, ,,raBtnn m&LR.1:-Ll:2Uftlt'., ,1n.Btltl.LR.raL1:2n mt ,1n.1:-l!liitLl!ILR.BmBn. mu;;L&m~tLUl:-U (q-e £"'17 IA. , I,;' ., ., I • ., p Jr ., , ,. I"' 

M.LlJ) t-l!li, t'.,Ll!\ 1:-BR.LR.ra Ll:2["1,f1.t'.,~B~ltl.LR.1:-Ll:2Uftlt'., i&n.1:-p1t1.t-L_q.l!ltt-L_q.t-l!l'n l'.,Ll!\LR.n.n.~ B;;Lu, ;;&~~n.Bµ 1:-f ~ 

v-£ ruLrt;;t["1,["1, tt-l!li, t'.,Ll!\ UL&UBBn.~, ;;1:2,, t-l!li, t'.,Ll!\1:-BR.Lfl.ftlt'., i&n.&UL~n.~,["1, t f1.!l?rt1W~bM.(:f1.~}LUI:-~ 
.. 1. n, • n, 

~,, U1 m-1~1:-l!I,, t'.,Ll!\BMBrti t-l!li, t'.,Ll!\Bf31Brl. mu ;;L&i ;;&tA.rt1WltluM.rtrt, f1.ltl1LU 1:-U 1:-LIA.ltl!A.rt, '31!1, ltlrl.M.rtLltl ' ~ I"' I"'!(" I"' .. .,.,1,,," .. ,i...i.;.,r 

n, u~n.crn~, t-l!lii t'.,L l!I ;;1:2,m~tL U 1:-U IA.UL&l:-1:2111. n.~1LU 1:-lJl:-BR.1Lltl.LBn.n i t-l!liitLl!lf1.U1LUrttW ltlbM. I V L, "' f"' , " ~ "' , l'I I~ 't:11-~ 

(P':) )n.n.n.L~ t'..k1,f1.t~ru t'., i &n.~n.~rt,q. ,~t:ftt 1:-B 1:21!1 IA.1Lltl.LB f1.~ftl41-I:-~ ( q' e) 
n, • 

n.&il!l~l:-W B n.R.rtR. i 1.2rtn.n.n.Ll!\t'.,ltl,f1,t'.,l,2ftl titn.Ltn.M.t-Bl:2l!IIA.1Lltl.LBf1.UIA.rl.~1LU 1:-U z·v IA.M.Ll.f lb I f;: l'1 ft=,"7 l'1 lb I 't:11-I 't:11-F'" , l'I F'" 

p 0 

I 

q e 

'"' . .. -,,., 

• 



a b 

C d .. 
.fl1'W~ 4.3 t7-!lfl1{~'Wfl'W6l.J16l.Jel-!l~11bb~-!l (a,b) bb'1t'aelt.lbbe-J'1~bfl~'<il1flf11'rnflfi'W (c,d) 

' " " .., d ., ~ "" !'1 
'\/l'1-!l'<il1fl'Vlfl-!l fl1'a~'Wfl'W~11 bb~-!lb u'Wb 1'11'W1'W 

' " 

d .., 'Cit. I d Q,J I ov 

.fl1'W'Vl 4. 4 fl-!l fl1'a\;l'W fl'W6'11'W6l.J16l.Jel-!l~11 bb~-!l'Vlflfl~~elel fl'<il1f16'11'W'11~1 
' " " 
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'Wfl~fl111lf111fl'U\9111'V111c.l"lleJ-:!fl-:!fl1f~'U b~1lfl11'Vl\916'leJ-:!\9111'V111c.leJ~fl6'11.:j(llb't.J"lJWtvin.:in1f~'U 
VJ lij \J \J '\J , \I 

..: I 1' .,J ., .,J 1' 6' "".,J1tl.'.,_ft,.,j t, 
bf11t'U.:ie:Jc.11111~ (.fl1'W'Vl 4.5,a) '\ll6'J.:j"iiJ1fl'Vl\9111'Vl".i1t.lbb6'lt fl.:if111~'Ubfl6'leJ'U'Vl 'V11V'l'U~ b1lel \9111'Vl".i1t.lb "ll1 

'U q qJ q \.I \.I 

1111nJn.:im{~'U 1 'U1tc.1~tl1t1!1W 4-5 -6'1 n-:imfVl'U'\ll1J'U\9111 U'V11-:!\9111'V111t.lbb6'ltbb6'ltb~'U 1cici1\9111'V111c.l , 'U , 'U , 

I "'1 t .,J ( ..j ) ~ 1 .,J ._ 
elcJ1.:i11 \9lb 11 'Ufl".i.:j bb ".ifl'Vlb "iileJ .fl1'W'Vl 4.5 ,b bb6'lt"ll'Ubf11tU'U\9111'Vl".i1cJVl6'lel \9lb 16'11 'U"ll Wt'Vl \9111'V111t.lb\9l'U 

1tl 
.f V ..j ) t, <' ..j I ., ., 1 V V 

~11J'W'U~ (.n1'V'l'Vl 4.5,c n.:i m1~'U'VlelcJU'Wm m1V111 c1'V'lc11c111Jbb 'V11flm"1.:i ~'Vlel.:i"UeJ-:!\9111'V111c1 
'\.I , ,., 'U 

«I .J .. 1" ., ( .J ) ., .- .. ., 1"o "' ., 
b 'V'lelWilt'Wrlfl Vl\91TJVl".i1cJV!.:j1cJ'Vlel.:i .fl1'W'Vl 4.5,d bbrltfl.:ifl11~'U'WrlflVl1\9111'V111cJ 111611b 1liJ'\llfl.:jliJ1fl 

' 'U 

'V'lc.11cJ111'V'lafli1\9111'Vl11cJU".itlJ1W 3-4 r1f.:i (.n1V'lvi 4.6, a-t) 1'Wvi61\91\9111'V111cJ1ilV'lani1r111Bn fl.:j 
' ' .- "' .,i ., d "' .f «I .,i 1 .,..,i .,. 

f111 <:j'U flbf11~U'U \9111'Vl11 cJ'Vl'\11-:! 1cJ'VleJ.:i b 'V'l elbbfl t fl'Ub 'U elbcJ el \9111'Vl".i1 cl (.fl 1'V'l'Vl 4. 6, g) 'U 171 W'Vl \9111 'Vl ".i 1 cJ1J 

"U'U 1 i;i 1 Vlru fl11fl.:j mfa'Ubb&'lt'\ll"'.:j "iil1 fl vin .:i fl1 f ~'UV'I cJ1cJ11l'V'l a fl i1 \9111 'Vl11 cJ 1 i'lll.:i 1 tll1 el.:i 1iJtJ1t61U 
V Cj 'U q \.I 

o'4V ,.::6 I QJ A.JI~ 21 V ( .J 
e.J6'16"11b 1'1 fl.:if11".i~'U 'iij.:j bf11tel cJU'U'\116'1-:! \9111'V111cJ bb&'lt bliJ1~ fl'Ub 'UeJ bcleJ 1fl \911'UU'U'\ll"1-:!"llel .:i \9111'Vl11 cl .fl1'W'Vl 

' 'U 'U 

4.6,h) bl.flt 1.deJ\9111'Vl11cJ 1il'V'l cJ1cJ111'V'l~fl\911 fl11Bfl n.:im{~'U"iil~V'lani1 \9111'Vl11cJ 1 'iX'lll.:i1cJVlel.:j 1.1."1~ fl'U 
' 'U 

I. ,d el l.~el \9111'Vl11 m 'llliiel'U'V'l fl~ fl 1111 fl'U \9111'Vl11vi11.a fl fl-:! mf ~'U fl'U \9111'Vl11t.lb~:Wli)1 nu~ 1.1 WU"11 tl"/J1 
·1 ' 'U 

., o.,( .J) 
1."U1111nm.:im~1 .fl1V'l'Vl 4. 7 

a b 

C d 

bfl1tU'U\9111'Vl".i1cJ 1,1, 'V11f1i11~Vlel-:!"/Je).:j\9J11'Vl".i1cJI. ~eJV'lan 1 '1Xl9l11'Vl".i1cJVl.:j1cJVlel.:j ( d-h) 
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a b 

C 

e f 

g h 
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a b 

C 

_d .J II ' A fl Q.J I 

.fl7'V'i'Vl 4. 7 (,)71'V111cl'Vl{lflfNfl11\Jl'Ufl'U ~'Uftfl'l!tru~\Jl7~ 61 (,)71'V117cl{lflfl'U'U1nrutlmu'1n(a) 
"U , \I I \J 

ie:J cJbbi;.Jft{lfte:J ml1flfl~ fl7{1Jl'Ufl'U(b) bbft~(,)71'Vli1cl6U76U1(,llil7flfl 7i{lfl fl~ m{IJl'Ufl'U 1 'WW cl~ 
'I \I 'U 'I \I 

b16'11'U1'U (c) 

'Vi')~ m1ii fl 11 fl'U m1 bb&1~ el 1vi\Jl EJ b 'U'U el 7Vl716U eN ~~fl 11 ~'Wil"' fl'l!tru~ fl~1cl fl'U f17111lJ'V'i 'l~ fl 11lJ 

n 1-an'U m1 bbi;i-:i bb"1~ i;i11V111v b 'U'U el 1i,,1-a 1i;iv n-:i n 1{\91'1.J:ff 'W J1-a1 lil'U'W-U16Uel-:J i;i11 bbG'f-:J el 1vi\91 v bb"1~ b~'U ,11 n 
• 'U 

1 tl tl-a~ii1ru 3-4 r1f ~ (m'V'i~ 4.8) neJ'W~n~m1\9lmfl7~bb"1~b~'U 1 tlii1ut161J7(,)71bb&1~mvi\91EJlil1nu1nru 
• 'U 

flft7-3-U7il-3tlft7cl6U1 (m'V'i~ 4.9,a-b) 1 'W6Uru~~fo1n'Wn-3mfa'W'V'lc.J1c.J1l.lbb 'Vl1fl~1fl-31 tJmt.11~G'i1'W6U16Ue:J-3 
• 'U 

.,.,d.,.Jld 1t, I .... .,j ds, .. 
(,111 bb6'1~el1'Vl\Jl cJb 'V'ielfl'Wb 'Welbcle)e) cl(,)1'1.J6'11~6Um6U7 (,111 bb6'1-3el1'Vl\,l cl (.fl7V'l'VI 4. 9, c-d) bl.le) fl-3 f111\,l'Wb,J1~ 

'U ' 'U 

.,. JI d "' .- 11 .,. JI d ..I ., .,. ..,: .:"1 :;-1 d .,. 1 ,1' 
fl'Wb 'Welbclel'U'W61J1(,)11 bb&1~el1'Vl\,l cll.11fl6U'U 'Uib 1t\Jb 'Wel bcle:J'Vl fl~fl'Wb il.lb u'Wbbe-Jftb u(,l bl.lelbbe-Jft:W6U'W1(,l '1,1tlJ6U'W . .., 

4 ,.rd.. Q.J ( ..I ) 1 .J .:Q, '"' ~" 6U16Uel~(,)11bb6'1-3el1'Vl\,lcJb'jlJ61)1(,lbbclfle)e)fl,J1flfl'W .fl1'V'i'Vl 4.1 O,a-c bbft~ 'W'VIG'f(,)61J1(,)11bb6'1-3el1'Vl\,lcl6U1~'Wfl 
• 

I I ,cil.e::., Q.J O Q.J A ,cl Q. Q./ I O QI ,k _d II 

lil ~ Vlft (,le) €l fl ,11 fl G1".l'U6U 16'11'1.J'Vl\,l (,'I fl 'U6'11 \Jl 1 6U 16U€M (,111 bbG'f~ el 1'VI\Jl cl'Vl6U1 (,'I \,I (,'I fl'U &11'1.J 6'11 \Jl1 b 'U el bcl el ,J~Vl'U b 61)1 . ' 
Vl1tl'U'G'1'UWil'Uil"'fl'l!tru~fl'11cJtl'U£11'Utl6'11cl6U€l~6U1(,l11~Ll';~~€lfl 1 mJ (.fl7'V'i~ 4.1 O,d) fl~fl1~\,l'Ub~e)flfl'U 

' 'U 

?11'U61J7(,)71bb?l~el1vi\,lV~bbclflVl~(,)€J€Jfl'il7fl~7~1 ucie:Jcl 1 ~(,171 bb&1~eJ1vi\,1Vb~'U'il7fl 1 tJ (m'V'i~ 4.11,a-b) 
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C d 

.J A .Q ei.tf ti I{ II tf AO 

fl1YfYl 4.8 'V'l(J\Jlm':iilfl1'rn'Ui;)11bb?l.:lel1'Vl\Jl!:J"IJel.:l~-Hl1'~~'U ~.:lfl1':i~'Ub~'U?l1':iT'1 

U'U"IJ1~11bb?1.:imvi1,1c1 (a-c) bb"1tb~mnn 1 tl1~cJEJ.:ihlri'Um1bb"1.:lel1'Vl\JlcJ(d) 

a 

c d 
fl1'V'l~ 4. 9 n.:im{\Jl'Ub~'U'U~b1fl.16'!1'Ui.J"11!:J"IJ1 (a) bb"1t6'!1'Uf1"11.:l"IJ1"1Jel.:l~11bb?l.:lel1'Vl\JlcJ (b) 

• 'II 

.., ..i ... JI ..i ,., '1'-' ( ) 
'Vi !:J1cJ1i!bb 'Vl':if1\Jl1 "1.:l b 'V'lel f1'Ub 'We:Jbt.Jel ~1'U b\Jl"IJ1~11 c-d 

21 



c d 
cl V '<> I () cl.. A() .f11'V'l'Vl 4.10 rnfl11(,)'Un'U?lTU"1J1"1JeFl\9l11 a 'je)c.Jbbi:.J6'l'Vlbfl\9l'<il1flfl11'lflfl'U b 'je)c.Jbbi:.J6'l"1Jt.11t.llnfl . ., ., 
~ 'l ..I .., ( ) .r .,j ..I .., :;"f ., .., .. ( 
"1J'U'<il'U b 'U'Vl?l\9l"1J1\9lel el fl'<il1flfl'U C b 'Uelbt.lel"1J1\9l1TV1"1J1\9l'<il1flfl'U u\9lb "1J1'\ll1fl'U?l'U'Vl d) • 

a 

cl ., '.. ""'' .,J .. , ... .,J() 
.f11'VfVl 4.11 rnfl11(,)'Ufl'I.J"1J1\9l11bb?l-:Je)1'Vl(,)cJ?f1'U'Vl"1J1\9l \9l11bb?f-:Je)1'Vl(,)c.Jbfl6'le)'U'Vl a . " 

1,1 ' ()<!IQ .r _,j A I ( ) 
~-:!fl11'1!J'Ubfl1~'U'U"1J1\9l11 b b6'lel flfl'Ub'Uelbt.lel'U'U"1J1"1Jel-:J \9l11'U1'b1W\,11-:J 1 c-d 
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• u ~ u 
Ul'U fl'ti Off ~fl iJ'ti1'lflfJ UUJ \f ".i vn 

4 «s 
fl.!U:J'U'{'II tU118~ 'il.'IS~'lf~ 20131 

fl.:Jfl11~'U 1lin'U~11Vll.l€l'U'Ufl b ~lJV!l.l~V!~e)Ua.:iVJ:m'tb U'U€l1V11';i fi.:i bblJ111 'U';itV111.:Jfl1';jVJ~G'l€l.:J 
' 'U ' 

Vi'U11fl.:J m1~'U'11'U1'U 1 {111 bfl1t'LJ'U{ll'J'Ua.:JV1t b&'l 1 'U1tVt b 1&'11«'U '1 bb~'1fl'\9Wtfl11bfl1t b 'U'Ufl1';ibfl1tU.:i 
' "' I 

bb&'ltb~e:ii'U61~fl11V1~G'leJ.:J1lJV'lu1e:imbv-i&'l:u1nnTrnnn'Uu'U~1i1"1Je:i-:ii~1~.:i6'1e:Wlltl~d (m'Vi~ 4 . 1 2) 
' 'U 

301460 
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vu1;; n -a-a:un Tn.1 e:i:u-ru'tfilfle:i 1'VIT'a'VI fl bb 'Vl'U fl 11 Ufl .:i 

(Sean,2010) b611'U v171'Vltbl;'lflzj:w Linckia bbl;'lt Acanthaster (v!71:W.:Jfl!]Vl'U7:W) v!71b'U".i7t (brittle sea 

stars) v171'Vltbl;'l Nardoa sp. v171'Vltbl;'l Archaster typicus v171'Vltbl;'l Fromia imdica bbl;'ltv171'Vltbl;'l 

"1l'U7v!b~m1fll;'l Asterinai spp. (~'Utli~mbl;'ltvrWJ'U7thtm"l178~.:i·rnm:i.:i m:wthtm 2552; Calfo and 

Fenner, 2003) 1 'Lifl7".i'VlvlffeMfl{.:idenV111vfl i'Vlvim:m ~m ti'Uel7'Vl1'i'Vlvlbb 'Vl'Uv111 bbvl.:J 1Jf mi vJ71'Vl".i7eJ 

v171bb?l.:Jel1'Yivitl v111'Vl:l-lel'U'Uflb~:W'Vl:Wvl zj,:ibtl'Ll asteroids echinoderm bbl;'lt'U~.:J'Vltbl;'lbD'Ll 
' 

holothuroids echinoderm ~vn 11>11 'Ll'Vlt bl;'l~.:ie:i111 'VI c.Jbbl;'ltci'.:i hiih18.:J7'Llf17".ifl mn f17".iU7:l-l71 ib ti'U 

el7'Vl1".i'Vlvl bb 'Vl'Uv111 bbvl .:i '17 fl em f17".i'VI vi l;l e].:Jfl #.:id'V'ltJ11 n.:i fl 71 vl'LleJ eJ:UftJ v111'Vl".i7eJ b ti'U el7'Vl7".i 1 'Ll".it eJt b 1 l;'l 1 , " 

'Uflb~:Ubbl;'lt'U~.:J'Vltbm ti'UeJTV!1".i b dm~001mt~e:JeJ'Ll'U:W'1JeJ.:JvJ71'Vltbl;'l b611'Ll Lif m~eJ tube feet Lif m~eJ , 

"1J1"1Jel.:Jv171'Vltbmti'U6'11'Ubdm~eJ~1.:im{~'Un'Lllti'Uel7Vl7".i (Sprung, 2001; Wickler and Seibt, 2005; 

Sewell, 2007) vi'.:iJ\nt.hh.:i~ mm.it 1r11 .:i?1{1.:i"1J0.:i~1.:imE.Jv111'Vltbl;l bb\?ll;'lt"l1'Uvlel7'1 b ti'U~.:J~~.:i~vi 1 vf n.:i " " , 

fl11~'UeJ0:u·fo b t1'U01V111 ~11V111eJ b t1'U~11vi::: bl;'l"1J'U1~ b~ n mr11.:i?1{1.:i;;:\'1(,)1-o:wzj.:i07'1 b t1'U 1 u1Jf ~n.:i 
" ' 

vi'.:ii1'Ll'V'l(l&im1:wm1'V'l~fl~11vi11EJ 1 VIVI .:i1cJV1eJ'1bti'Uf11".iV111 vf~1Tv111eJ bJ?11m1m~'UV1'Ll1 tJ1Jf 1.:im-i~'Ll~.:i 

nmdm~eJ 1Jf ?ltvl'Jfl bbvll 'Umru~n.:im{~'U 1~?17:l.J7".i{l'V'l~fl(,)1~7TVlt bl;l 1 Vl'\1!'11cJVlel'1b ~eln'Ub dm~ei 1Jf ~.:i 
' " 

bbfltnmnmdm~eJ~7'UtJ'Ll b 6l!'U v171'Vl".i1eJ"l1'Ll1vl 1 VlqJ v171 bb?l.:Jen'Yivitl bbl;ltv!11 bbvl.:J bbl;'l:::~7Vl1f1'1J7"1Jel.:Jv171 

'\lll;lv!"1J1v1'11f1i;'l1(,)1 fl.:Jf171~'Llfl'Ll"1J76'11'U~"1J7~11'Ll fl'1fl71vl'Ll?l7:W7".i{lf1'Ubdelb~el'11'U~'U:W\?11.:J~"1Jel'1v1111~ 
, , 'U " 'U , l 

1\P1Vlel.:J (http:/ /aquaviews.net/ explore-the-blue/harlequin-shrimp-clown) 1.:im-f ~'Ll 1 i'll7 b~'U~~ 

1 Vl~tJ nm d el b~ eJVl1elbbf1t~1VIU'1i'U'Uel f1"1Jel.:Jv171'Vlt bl;lvil;lt'Uel eJ'1'U m:::'VY.:i b 'U'U ".iel eJ bbt:-J l;l b tlvi"1J'U7vl 1 VlqJ 

bbl;lt b ,J~ eJ'Um 1 i'll1b~'Ufl~2 ~Ul;l1eJ"1J7:U~ f1'l'.1illtfl~1eJ fl1:W'U ( claws) \,)vJ'\ll1el~tJ el7Vl1".i zj'116f11".in'Ud 
" " 

fl617cJfl~.:JfltJ16fl1".in'U'lleJ.:J1.:i horned shrimp vfli'll7b~'Ll~~ 1 1tim".i~tJel7Vl7".i'1.:Jb'll7tJ7f1 (Jensen, 
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2011) bb~ifim1fl'Uel1Vl11'/Jel-:Jf1,m1i~'Ut1bbvln~1-:i 1i.J'11ffl''H7&im11Jfl-:J'Vl~bflffi -ff maxilliped ~~3 1 'Un71 

~'\Jel1V111'1W[1,J1n (,J1~'11'\J, 2537) 

m1fl'U\9111'Vl~bm 'U'UB1V111V1'Uvi~b'1elbV1telr1{-:ibb 1n (\9111'Vl11c.J) bbfl~bb 'IJ'IJ~ 2 Aelm16'1'111'1'\J'U\9111'Vl~ bfl 

1~ c.J~Vl-d-:i nel'Ufl'Ub 'U'Uel1Vl11 ( \9111 bb?l-:J envi vi fl bbfl~\9111 bb\91-:J) L\91c.Ji11 'l.J'wq&i fl'.i1lJ n11Vl1 el1Vl11'/Jel-:Ji vi1J1 

bb~'1~61!'U\91l!'Ubbvln~1-:Jfl'U fl-:J'IJ7-:J61!'U\91el11'lcJlr-:in111Jel-:Jb ~'U (visible cues) bbfl~n"11nn11fo{?111bf1i'i . " 

(chemical cues) b'Un11Vl1el7Vl11 (Glynn, 

(Jensen, 2011) Vl1elbi:l'W1~n11l.lel-:Jb~'U (Hindley, 1975) mh-:i1\91m.h-:iV1-d-:i 6'1'1wfo1-:imi~'Ui111c.J-:J1'U 

11 fl -:in 1 i vi'Ui'iifi n11V11el1V111 fl'U L\91 cJ el 1 l'lc.J n11{'1J i11 il'?l n~'U ?111bAi1'11n\9111'Vl ~ bfl b '11'U n'U 
' " 

(http://www.bbc.eo.uk/nature/blueplanet /factfiles/crustaceans/harlequin _ shrimp) zj-:im1 

{'Ui11il' ?1?111br1i'ii1en'1 b 'U'U 1~J-:i m11' 'Ui11il'?11~ c.J~ 1n"1 bb"1~1~c.J~1nii-:ib '1i'U 1 'Um 1'Vl\91"1eMA{-:it1 m1f 'IJ 

i11il' ?1?1111~ cJ ~ 1n fl Ael ri el'U~ fl-:J mi l?l 'U '1 ~ b '1 el\9111'Vl~ bfl bbfl~ m 1foi11il'?l?l111~c.J ~ 1nifiel n11~ fl -:J bn 7~'\J'U . " . 

'Wtj&i m111~ti'-:i mi~'Ub~'U 1 i.Ji1 ~\91 cJ hJi1vil'l'Vl1-:J B1'1 b 'U'Ub 'W 11~11 ti'-:i mi~'U {'IJ f e-i 7'U m 1~el ?l7Tvn-:i bAi'i-i 1 

i1mV1111 'Ut,1 bu,h~i'IJ?111 bAi1~11,H1Ji1r111jj b 'LJ7'LJ'U~1~-:it!-:i hJ?11m1t1V11~ 7bb wu-:i'IJeN b Vlt eJ hi' 1.fimru 
" 

?l11bf1ffi 'U1~i'IJ~b 'LJlJ'LJ'UlJl fl~'U b~elfl-:Jmil?l'Ub -rr11ni \9111'Vl~ bflmn~'U fl-:J mil?l'U 1~1''\J i11il'?1?111 bf1i'i1~ 
q 'U q '\J 

b ~lJ~'Ubrn~?l1:lJ 11tl:lJeJ-:J b ~'Ul VI teJ bf1~el'U 1 V11-U\91 b '1'Umn~'U -wq&i fl'.i1:lJfl-:J m{~'U~m-j'U~11 'IJ tJ-:Jvil'1Vl1-:J~ 

\9111 V111 cJ mJ1~ el ti 1-:ii;i n(,1 ei-:i brn ~ eJ eJ n 1~ ~ 1 \9171Vl 11 cJ el ti 1-:i11 \91 L ~1 bd el fl-:J mi l?l'U mJ1n i m1V111 c.Ji.J 1~m ru 
'U 'U q 'U 'U 

,J1~ nei'IJ n'IJ m1:1JeJ-:J b ~'U\911\9171Vl17c.J~-:J e:ieJ n~1 b 'U'U mm1 i;l m~ru~b~c.Jlfl'U fl'IJ'Wf]~ m1:1J~ ti'-:imi~m~'U 

Vl1elV1jj'U\9111 i.J1 'U'Vl!'l'Vl 1-:i~\9111 bb?l-:JB1V11?18 bbrt~m1 bb\91-:JeJ~1~i;rn(,1 eJ-:J bd el b -rr11ni\9111 bb?l-:Jel7'Vl 1>18 bbfl~\9171 . " " ., ., ., 
4 ~ .::::.O V Cit, 4 Cit, ii d' VV 

bb\91-:J:lJl n'll 'U bbrt ~'W tj l?l m jjj n 11 b \91'U i:1711 '1'\J 'U vi 11'Vl~ brt Vl-:J i:1 el-:J61!'U vi bbi:1 vi-:i tl-:J'W t] vl fl'.i 1:lJ ~ -:J n 71 ~ 'U el1!'1cJVl-:Jn11 

{'IJ ijj e'.fo i:111 bAi'i U.rt ~ n71:lJ el-:J b ~'U 1'Ufl11Vl1 el 1Vl11 bbrl ~ fl'U el 1Vl71 'Wt]~ n 11:lJ fl1 d 'IJ 8 'IJ \911 'IJ el-:J fl-:JVl ~ brt 

VI~ '1'11 n{ 'IJ J11 er i;1 i:111 br1i11 ·1.nl 1bbi:11'1-:Ji:i-:in 11~'111 LAi'i~-:J\91 vi 1 VI fl-:J'IJ cJ'IJ \911 b ~ e)~ '1 ~ b~'U b 'LJ1Vl7 El1V111Vl1eJ " . 
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nuen'\1111 (Lee, and Meyers, 1996; Archdale and Anraku, 2005) 1:::iua11LfliiLLfl:::'1l-uvia11Lflifo1>1 

6'l:::'ll-Dvi 1 umV111ii~fl (,leJ'YHJ~m1l.Jm1numV111"1JB.:J1.:i'Yl~Lfl L -du a11a'I.J'Yl1tl(,11.:J 1 'lh::: L.fl'Yl tl1917fl -D 

1flfil81 'Yl~ LLfl::: mvi8iJ1u (Hindley, 1975; Lee and Meyers, 1996) zj,:i1un11~~9187'Vl71i1'911tl1ii 

tl11?1fl~7'Ylv!fl8.:J1imvi8iJ1'1.JV!fl7tJ1i1 (alanine, valine, glycine, praline, serine, histidine, 

glutamic acid, tyrosine and betaine) 'Vl~81ia11anvi"il7fl~911L61i'I.J tl1l!u'\.JmV1i1fl tl1l!u'\.Jm a11 

anvi"il7 tlbfl tJ (krill hydrolysate) L 'U'I.Jtl11m:::~'I.Jfl17l.J'U7fl'I.J"U8.:J87'\1111L ~8~.:Jv!Vl 1 ,Xi1911tl1L 'LJ7:lJ1fl'I.J 
' 'II 

eJ1'\1171LLfl~fl'I.J81V171:lJ1fl~'I.J (Kolkovoski, et al, 2000; Nunes, 2006; 2010) 1vitJa71B'I.J'Yl~tl~ii1:::iu 

fl11l.J L 6LJlJ'LJ'I.J~7m~~'I.J 1 ,Xn.:i1,111"iJY-1'1.J LL6'l::: Lbtl fl LLtJ :::87'\117111i1 ?11'1.Ji;'f 118'1.J'Y11tl~ii1:::i'U fl11l.JL 6LJlJ'LJ'I.Ji;'f.:Jt'I.J 
' ' 'II 

V ti • I.I 

VI \?l fl 8.:J fl1.:J'U a 0 vi fl i 0 .:i fl'U'YH]~ m1l.J n11 nu e.J7'Vl71-U 8 .:i ~ .:i ti 7l.J m1l.J 1::: tJ::: post larvae vi 87~ tJ i.:i tl71 

l.Je.l.:JL ~'I.JLL6'l:::tl111'1.J'fo11Lfllli 'I.J tll)'\117\,11 LL'Vl'Ll.:J e.J7'\1171bb6'l:::tl11fl'Ll e)1'\117) (Moller' 1978) 
'U 

'Ll 0 fl"il7 fld 'Vlv'l'Yl7.:JLL6'l:::fl11m ~1-u0.:i tl111'VlW1J8.:itl1iie.Jfl1,10 tl71~ 8 a 11-u 8.:J a 11 Lfllli 'Utl 1(Weiss burg 

and Zimmer-Faust, 1993; Lee and Mayer, 1996) 1 'Lltl71'\ll\?lf;le),!Jflf .:id Yiv'l'Yl7.:J 1 'Llm11'Vlfl"Ue.J.:J1.17:w 

e.J f;7 (,1 e.J'Wf1 &1 m1J.J t111 n'U m'\1111'/J 0.:i n .:i m ';j(,1'1.JL i'Ll n'U 1::: uu J 11 'Ll IK'Yl \?lf;l 8.:JVl\?1f;70.:iiiVl 1.:iJ 11 'Vlf;l b ,rr 1~ 0 ~ 
o l 'I <u <u <u 

Ji'1'Ll'U'Wi1 tJ'1J0 .:i\K Lbf;l :::'1'11.:iJ 108 fl"il1 fllK'Ylvir18.:i0 ~ Ji'1'Wu 'Ll'1J17'1J8.:JIK tl71J.J'Llb ltJ'W'/Je.J.:Jtl 11 'W 1K L U'Ll~ fl~ru::: 
'U 'U 'U 'U 'I 'U 

~:We.Jfl 1 ,X~.:Jtl11~'Ll1'1.Jj\,11 Lb 'Vl'U-!l"Ue.l.:Jb '\11~81~1)~ Y-1t]&\m1:W"Ue.J-:J~-:J tl71~'W~bfl~8'1.J~1 'Um:W~'W~Y-l'fa:Wfl'U 

'1J EJU'\ll'I.J11?11 'Ul.Jli;'f ~'IJ fl'U fl71'\lltl\?1 b~'Ll'\J1.:J81"il b ~ 8-:JJ.J7"il7 fl fl-:J fl7 ';i\'l'Ll 1Ji'f 'U 1;'171 Lflii Lbfl::: fl7~-:J\'l11 '1'\117 
' ' 'II 

\,llbb 'Vl'U.:J'/Je.J-:JL'Vl~8 ;-:i~q~m1:wt111-UEJ'U 1 Ufl attenules attenae 1 'lJmL U'Ll~t]~m1:w-u0-:i~-:i'Yl:::Lm~0 

mT'il~'Ubbf;l:::1'Ui1':wiraa11Lfl:W (Lee and Meyers, 1996; Archdale and Anraku, 2005) viv'l'Yl1-:Jbbfl::: 

m1m ~1'1J0-:i m11 'Vlfl-umtl1:we,,1r1m:::'Yl'U1,10m1'lJ1:::a~i:.im:1'1 L ~"il LL(;l :::'lJ1:::~V15.fl7Y-l 1 'Ll fl11fo { a 11 Lfl:W-U 0-:i'lJ 'II 'II 

blue crab b 611'Lltl'\.J'~-:JVl1-:J\'l1-!lbbrl :::'1'11-:J e) e.l:lJ e.J fl m:::'Yl'UVl 1 W11-!l fl 8'Yiv'l'Yl7-:J tl111 'Vlfl"U 0-:itl1iie-.ir1 \918 fl1':i 

m:::,n tJ'1Je.J-:Ja11~ffi utl1 LLr1:::'Yl1-:ia8:wf°i8:We-.Jr1\>10 fl7':iL u ~tJ'LlLL 'lJ(;l-:i~ q~ m1:w~1,11tl11 'Llm':i Lfl~ 0u~ m1 

~1L VI~ eFi1:;,h:;?1'\Je-tc;,57L ~~:ff w1'\J 1e:irn?1~~:;i1'11e1\;ra1':iLfllJLLc;,:; rn1LA~B'LI~"1JB-.:J~(whl11 i½L ~1~?1~ tJ 
' 'U 

26 



• 

tl11l;l181vt11 (Weissburg and Zimmer-Faust, 1993) 

1 u tl1 ';i'Vl~fl el..:J ii ..:id V'lel'11'U1~--.i 1~11 'Vl';i1 m 'UtJ 81V!1 ';i~ n..:i fl11 (;lmrn:wf rn 'UtJ el1V!1';i b ~1~ a~ ~11.J 
'I 'I 'ti 'I 

~11 bb'1..:J81'Vl(;l Vfl'11:l.J1';itl 1 -iib 'LJ1.J(111b~elf11 tJtl1';i'U1:l.J11-iib 'UtJ 81V!1';i'Vl~ bb 'VltJ 1~b "111.Jf11.J n..:it11{\;11.J 1 -ff m1{'lJ 
' 'II 

if :wir a a11 bflffi 1.J tl1 ';i'V!1V!1'Vl 1"1'Vl1..:J bb"1~ ~ 1 bb V!'U ..:J"llel..:J~ 71'Vl~ bfl'U ';i~ f1 ffl.J f1'lJ tl1';i:W el..:J b i1u (111 ~11'Vl~ b"11 tJ f11';j 

nm 'UtJ 81V!1';i el~7..:J bn\;11:\.J f11';i'Vl~flel..:Jfl{..:idb 'U1.Jf11';j'Vl~flel..:J 1-utJ~ 1 b 'U1.Jf11';i'Vl~flel..:J 11.J';j~c.J~imi'..:i hi 

a1:w11t1tl..:i'Uein 1~-:hm1'VltLm~..:iaei..:i'IJ-u~d'iil~ b 'LJtJ(111 bb 'Vl'Umvt11V1~bb 'Vl1.J~11Lb~..:i~~1~ ~..:iiTu ~..:ifl11'Vl1 

m1'Vl ~"1ei..:i 1 'U 1~ c.J~ c.J11 fi..:ie.m m~'Vl'IJ"llB..:J'll'U ~ mvt11~ ei m1 b 'iil ~ru b~'IJ L\;1 m1i1'1.Jiutl' bbfl ~ m11ei~ (;11 c.J"ll ei..:i 
., ' 
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s, 

'ti m il'U elbb 'IJ ~ 

Q..I ' tJ d' 
bb'1 ~ f17 'a"1l cJ7 cJ'V'l'Ufi"1l eN'1 f1 f1-:J f17'a \,l 'U 

'I 'U 'I 'U 

2. f17'aV1~'1 e:l-:JLicJ-:it1-:if11{\,l'U~1 cJ~71Vl~ b'1 bb "ll bb ~s!Vl'17cJ61!D~ b 'U~cJ'\J b 'VlcJ'U fl'U f17'a LV!'1 f1 !ls! fl'U eJ7Vl7'aii 
, 'U 'U , 

.... • ~ ~ f1 1!:"I ~ "" 1 .. 
6/11\,l b'V'l'a7~f17jbb6/!bb "1lsl'17l-l7'atlbf1'U~71Vl~bm u'UeJ7Vl7j 1 ~ 611 ~ 'U'a~cJ~cJ11V!je) 'UcJ1lJV1"1l1~bbfl'1'U 

' ' ' 
3. f11JV1~'1el~~~ ~ eJ1Vf11'1\J1 fl1~ fl~U eJ1Vf71 LL~::: L ~lJ~1J'1 fl~~7f1Wl7JVJ::: b~Vf~eJ'11f1?17~ Lb~~ fl~i.Jb ~ eJ , 
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