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8pll.Hllj Iig aHd recrui Llllent in the blueheaJ I-n'asse Thalassoma 

Lj Ü1!->Cll!l:!l11! IJ/1S sLudip-cl on sevell fringi Itg l'eefs Uli Lhe I.est coasl of 

Bal'lllldlJs. Spl11.Jn i ng nccuJ'red Lhrnughout the year bul Has highes t 

IH·l,wf!f!1I ,Janual'Y and JUlie Hith a J-leal{ in Nal'cll/April. Seasonal 

val inti 011 in s}JaHlling resu] Led prima}'! ly f1'o/ll variation in group 

Sp:u",illg, ollly Rp.colldariJy frolll vadalioll ill pail' spawuillg. Within a 

1111 1IILh , group SI>aI.Jld'lg uccurred 1Il0st frequelllly aruullù lIew and full 

III01l/IH, l,ut I.IIPI'I'! \'l'lUi 110 JUlIal' periodici Ly Lo pajr SpaHlIillg. Nearshore 

('IJI'II'IlLs havt' II\I~JI' lllaxjlllulII offshure velocil.y dul'illg lhese periods on 

111f' sl,ully l'r-!!I'S. l?,f-'C l'U j I.meJl L IJccUl't'eù Lhroughou L Lhe year Hi lh a 

hpl'''I'l·'' ,July alld August.. Peal{ recruiLlIIelIL t.herefore followeù 

l'l'Ilh s}lm"lIillg IIY 11 Lil/l€' pel'illc! LhaL aJ-ll>l'oxilflaLeJ lhe duratioll of the 

lal'vill l ifl~, This suggt!sLs that Lhe timing 0; recruiLmenL is 

Pl'ilWtl'i ly 1'1)1111'1,] If'd by thp timing of s~lI,mjllg. Pos t-l'èC rui LlIIeu t 

f11I)1'I,,1 i ty 011 ",ost l'pl:.fs Has densiLy-de.lJelldenL, suggesLillg LhaL the 

',J"du'nt! ,",'aSSt' III Barl"'ldos is space-limited. PL'èviuus sLudjes have 

SIIJ.{g(\l-{ t pd t hal. Il 111~hend Hrasse in Panama are recrui lmenL-limi ted. 

'l'I\ls di ff'C'I'f-'III'IJ lJPt.h1pen Barbadlls alld Panama is cOllsistent wilh the 

ll},~WI'\'HL i UII t.haL t he average population dellsi ty of bluehead. wrasse in 

Ba dJlldlls i s t.hl'f!t:! Limes Lhat of Pallama. Bal'bados pupul atiolls appeal' to 

h·, in f\ cYI'lt> uf hjgh ùellsiLy alld resource/space limitatioll. Panama 

puplllat i Illl~ I1.I'P i Il a oye] e of hM ùeusj ty IUIÙ rel:l'ui LmeaL-limitation. 

Tilt:> llt'l'! Pt"l't i\'P L1lf\L cural rep.f fish are eiLher recruiLmeuL-llmiteci or 

SpHt'p-1 imi Ipd fila.}' bp Lou extrelJlt'>. A givell species lIIay be reL:ruiLmenL-

1 i 1\1 il ('{\ i Il lIllI' 11Ic'al iun and space-l llIIi Led in allnther. 



Pel' capita maling success of tf'l'minai pllas!-' IIk'1lt's 111 lllt· bludu'ad 

l'H'asse pO}JUlRtiOIlS in RarbaLlos \"1\8 sigllilïl'IU\I.ly hight'I' Chail eilht'I' 

:i ni tiai p\1ase .lIal es ur fenla les. 

advanlage hypûlhesis for sex revPl'sal and plias!> 1.1'.UlHilioll. Pai l' 

spaHIl i IIg be~lJllleS ] ess cûnullon 011 Il i gilet' dplls i ty l'('d's, tllE' PI·Upol'l. i 011 

of terminal phase males in thl~ popuiaLioll dt'Cl'eHHil~ \Vith illCl'l!llsillg 

reef densiLy. 

terminal phase males tlecl'E'ases nll high dellsiL,\' l'I::)t>('S. LUI-Iel' 

proportiolls of Lel'lIdnal phasf' fjsh un lIigh dellsiLy l'eer:-; )'csull.s ('1'0111 

larger size at phase change Oll these l't-'efs l'aLhHI' 1 han l'r'ulIl Hlu\-II~I' 

growth. Sex ratio ill ':;he ini tial phase pUp\lIHLÏoll<1 I"as IJillsf>d L(Mal'lls 

[emales (herma}Jhrodites) and as a cOI1SeqUf'lll~e, pur l:/lpi La lIlal.illg 

success of hermaphrodites Hnd gOllocllUI'PS ùid lloL dirr(~l' dul'illg illiUal 

phas!:.... IJOI-IeVer, there W1S a highe)' PI'''Jlol'l iUIl 11(' g{l/U){'!auIl's (pI'iIllHI','y 

malps) thnn IH:"l,naphro(liLt~S (sPt!tllulal'Y Illall'H) ill Il .. , It'llIlillnl ,,1111'->" 

pupulaLi 011. This a)Jpeal's tu 1· ... HlIlL frola a llighl'I' llIolllllity ,,{' 

hermaphrodites than gUllocho1'ps, flin 1 indic'alpe..; IJlld 1 h(~ pl't)I':lld 1 Jly (JI' 

becoming Lerminal phase is greaLer ('(JI' gOlluchol'''S. Tht, hi,LOII'" 

rnortality of hermaphrolli Les Illay IJe a (;tJllst-'qu,·w',! (JI' :-;('x challg('. 

Golloehores and hermaphl'lxl:i Les ùid 1101. eJj ffiJ/' i Il gllJwl la 1 al.!'H (JII \.lit' 

s tudy reefs j Il BarbadoH. Qi vell Chal pp/, ,:api La lIlaLi Il)..( SI1C(;f'HH (Jf' 

gonochores and herlllaphl'udiLes do Ilot di ffer dul'illg illÎ 1 ia) jJlraHI' , IJlll 

that gOllochores havp a Il igher pt'ul,abi J i 1 Y (Jf' 1 )f'1 '011111114 1.('1'1111' IId phasC' , 

Lhe quesLion of \-Ihy herlHa}Jht·lJ(iit.f's are relailll!d al. PI'I'f""'ll\. l"vl'lH il! 

bluehead wrasse popu] aU ons was dh.l:uss(~d. 
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Le frai I-'t 11" recrutement ùu Tltalassoma LifaseiaLum ont ete etuches 

">111' 7 l'P<~ i rq dl~ <:ol'aiJ en bordl.lI'e dp. la criLe ouest de la Barb.-'lÙe. Le 

frai efit UII phPlIlJIII~lIe qui g'étend SUl' toutp l'armée. On peut cependant 

110 Lf-'I' UIIP. haURSf' f"11I.I'p janvier el juin avec Wl maximum en mars et 

avr'j 1. CtJl.tP. variation saisonllièl't"! est le l'é'sultal ll'un changemel1t au 

Il i V('nll du fr'ai dl" ~I'nlJl)P dans lUI pr'emi Pl' tPlllp~, f'l. d'un changement du 

l'l'ai dl" couple drulS un deuxiJme l.emps. Dans l' l''space d'un mois, la 

fl'(-::-qlJ\!IICP du rmi dl" groupe augmpnlp durallt la nouvelle et la pleine 

IIlIItJ , tandis que 1t-~ c;vcle IUllall e n'aff~~cte }Jas le frai ùe couple. De 

plus, If-'S f:()I1J'ant.s \{)Li(~I's di Ilges au large ;::. LLe i gnen l W le vitesse 

lIIHximalp 9W' ]I~H récifs étu\Ues lrJ/'s de la nouvelle el de la pleine 

Puur sa r)fU't, II" l'I-'Cl'utement s'~lend sur loule l'mlllée avec WI 

lIIax Imum PH Jui 1 h'L et. "'n auJL. UnI" perioùe ~ peu PI'~S €<lui\'alenle ~ la 

,/ "."... 
tllIl'l-'P du s tHlle lF\l'va i 1'1' sepal'e dOlll! 1 a pP.I" odl~ JUl'an t laque Ile ] e frai 

nt tl'int. \Hl maxilllum dp la l~'iodp optimalp pOUl' le l'el;rull'uIPIlt. Ce fait 

\ ,-
HlIggt'I'P q\l('> la pf'l'iode de rpcrutelllf!lIt. est majol'i lairf!llIenL cOlltrolée par 

• ~'J ' 1 Il l)t'I') Ol P Il 1I1'CIII'r'lJIIL'P du frai. La mort.a 1 i L~ sui van l la ~riucle de 

;,tlldil~H. On pt"!IIL JOlie l'OIIClul'f"! qUI~ ]e T. bifasclulum de la Bal'bade est 

Des pLllùr>s alltéeit:'IJI'E!S SUL' le T. 

,-
esL limite au niveau du 

1'1'1 'l'II t PIII('1l t rptte différencE" pnt.l'p. la Barbade et ]e Pallallla est 

Cl III fnl'lIll-' ail fa i t. quI:' 1 a pupula Li un de la Ral bade a Wle ùensi le trois 

j " 1 /1 ' Il 1 R P ilS 1:' P.V(·I~ que ('(' Ile 1111 PRIl81l18.. Les pt::Jpulaliolis de la Barbade 

Hl '1111 tl l'lit ~tl'P dalls Ull l';velt=> de hRUh::. densit~ 011 elles sont limité'es par 

Les pnpula Li ons ùu P~lIaJlla. son t 
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dans un cycle dl" faibles dpnHitt("I pt limit.:t-:>H pl\l' It~ l'Pl'l'Ut.l'llIt'lIl. 

J "d' l ' "', / JI ee qUt-> e:'l populatIons cles 1't-'I~lfs!lf' l'ol'ail HuiellL lllllitt'I'h IlU 

niveau du recrutement. ou au niveau Il!':, 
1\ 1'\. 

e~ t. pt->ul.-t' Li't-! t 'li. t.I't~lIIt! • 

end roi t dOlUl~ p.l 1 im i t te par l'es}Jal:e li i SpOIl i bl e a i II eul's. 

A la Barb:-1tlp l' inclpx 
,­

repreSt~11 t.an t 1 P IIUlllbl'P d' R' ~I'lJupl t-'lIIl'llt H pal' 

inLlividu chez m-~les T. bifasciaLum en phflHP. tt'I'millaJt! t'Hl. 

, , f' t' 1 l / l 01 1 '1 " 1 f' 1 L 1 Slglll Ica ,1Vell1f>ll. p us e eve qllP Cf! UI (t'S ma (:'S OIJ (~lIIt:' eS t!1I li litS!! 

j ni tiale. Ceei es t cnnfOl111t~ à l' hypoLhpHt" du 's i Zl~ advmll agI:" p\lIU' 1 t~ 

changement de sexe et de phase. Le-> f)'ai dl' coupln dl:'Vll'/l1. lIIoillS 

important sur 1eR récifs à plus hallLe tlPllsit.(.. 

df> m~Le8 (::,n phase b:~l'minale dalls l'PIlsf'lIlble dl-! la populatio/l, dilllilllJt' 

01 

avee une augmelltaLi on au ni vpau dt> la dt~ns i Li- dPH l'I'l'i rH, Ct'" 1 !1llggl" , 

./ ... , 
que 1 'avantage t:umpt~Li Li f df~S IIl1-dt's l'Il l'haSt! t \'1111111111,' d 1111111111' hUI' 1\:,'-1 

De plus" la fa i bll~ pllJplJl't i 1)11 Il' i IId 1 v IIIIJ'-o '-:1 

phase tel'Jllinalt=> sur ce!'! réei rs 

plus grandes taiJ les au mument du LhallgPlllf-!)Ü dt-' phm';l' ,~t. IIIHI J"U' 1 .. J'rd L 

que leur crû 1.ssallce es t plus l Pli t.e . 

dans la population de phase initiale favoI'i!HdL l'~H fl'lIll!III'H 

/ 

(hermaphrodites) et, en cOllsequelJ('e, durant. t;Pt.t. .. l'ha",,, l' IlId,'x 

représentant le nomhre d'accouplelllf'llts pal' illlli \. idlJ I:III!:I. 1,,:-, 

hermaphrodites n'é'tait pas djff~)'f'IIL df! cl,lui d"H ~IJtJ()I'h{Jlf'H, Pal' 

contre, dans la populatioll ell l'lm,Hp illi Ual\!, (JII li ,,1,:-.\'/ v,-: \JIll! pl us 

l' 
(males secOlIl:1ai l'es) • Ceci selllblp 'PLJ'e cau!'!: pa. \JI 1 t.aux d,! 111111 LaI j t.t;' 

v 



Lp hallt t.aux dE' rnnt't.alit~ des hermaphrodites est 

" ) L / 1 t ] SI" 'f 1 Lud'" " pllH:-> 1 J t-!1II~!11 l:ause par IJlI C lallgt'"!IllllPl1 1 e sexe. ut' es reC1 S e 1es a 

) ft R:u bat Jp , ) es 1 aux de (; 1'0 i ssance df-'s gUIIOL'hol't"s eL d':b Il e nnavJu'oùi tes 

~·I,H iL Rf-'IIII,) al,] t~S. Sal'hant qut=' lt-.. Ilolllbl'e ù' accouplemellts iJéil' illùi viJu 

dPH gOllodlOI'PR ,~L clt'R "C~)11IB.phI'odiLf"S /l'pst pas di frérent durant la phase 

illltiHlt~, ~t qw" la lH'uhablljL~ qUf> les gUlIlJchores ù'aLteillgnent la 

lIIaillt.it'llt Il ... R )'eI1I1aphl'udi t.p-s aIL" nivt='aux actuels chez les pùpulatiolls ÙU 

T. Li rast.: iaLIJIII. -- ---- ------ -- -
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1 l-IOuld li"e lü express 1Il~' sinl'p,'p IIIHUlu-; Lu 1lI~ HII"'I'\'is\lI', 

DI'. Wayne IIuIII,e, for his assislalll'p ill 1111' I,,'illl'ai ,'!'adlllg lIr Ih,' 

manuscl' 1 pL , f.iIlHneial suppurt., ad"h'p alld pal 1,'11\'" 1 hl'lIl\gh\llll t 11\' 

study. 

Special Ihalllu; al'!:, ,-'xl"llded t." ~1",. 1lf>I,!lÏ .. YIHllIglllc), III) "IJIIII~\lII\l1I 

and fdeud il! the fit-'Id, ln Ih'. IIa7.p! ü:--t-'lIfUI't! I~h\l laughl III" III 

otolith tJalp mltl also ditl sOlIIe "PI)(>at "IHlllt!, r{Jl 1I11~ /tlld f-Ir', ~liht! Walsh 

for his a<.;slslmlce ill slaLisl i,'al l'I'llgIllIllS. "'\lU 1 cl a 1 su 1 1 hl' 1 \) 

L1lRllli tllp followillg p""plp; DI'. Rpllia ,JIIIU'I'7., Ik •• 1111 il' IIIJI"'I)c'hs, Ik . 

• JllaJl r'L:'U'Sd~II, ~k. R"l,,:.!'l L:-tlIIHlI'hp, flJw', ~1c.; LUt'I(-' HIJ!)idlJlI:--, ~ls SyJvi,' 

DHlIHf!,'eaU, ~h', ROlIl'i(-' RaYIIPs, ~1,. rail 1 BI-"IIIt'lt alld ~1...,. LIlC',\' Blllla,d, 

al l of \.JhulIl IWO\·jtlecl ilJ\'alualdt-' H'-osislallt'(' al ~IJlllt· ,",Iag .. "f' 1111' 

sLudy. 

1 liS 1 i tut p , Vit,t ul SlIIall al III 1~\I'1 1111111 '-0 fI)l ! III' 1 l' III' 1 Il 

durillg Illy fltdtl 1-IIJlJ\. 

l Hould alsu IjI{e Lo Iha'll{ Illy pa"(·,IIc.; 1,,111) plllvldt'd "III'IJlJI'ag"IIIt',d 

alld support 1.lIen J nl~eJed il. most. 

FinaJ ly, Illy d(~epesl gt':3.tiLudp. In III) fialll'" ~1:tI'l\ TIJppf'I', ",hl) I-Ja<, 

cUllfident l h'ould finish my UlesÎs PVt~1l 1-1""'1 

couldll't have JOlie jt l.Jit.hout you. 

VII 

--l 



Th i..:; sLlJdy i <;; 1 hp fi n'lI. invp.sI igatioll of the populaLioll dYllamics 

Hlld If'pllJiJul!I ivt-' ('('olngy !Jr tht: 1,luelu"ad HI'asse Thalassullla LifaselaLwlI 

1 Il na d 'Ildw-;, \-,'. J • JI Le.; I.hp fj"sl. RtlJdy tu i lives Ugllte Sea'3011aU ty 

<;1'1\<.\1111111 i t Y of "PI!I'lJi t.IIIPllt. rI. thp.rpff}re AlluHed Lhp. question of 

l'PRul t from 

di ''/'''1 f'lrI inl splll.Jllillg 01' f"1I1II di ffpl'ellLial sUlvivat in the plankton Lü 

TI", stucly <;;1I"1.J,·d evidellce for s}Jace-lilllilaLioll in the 

po pu 1 11 1 i 1111 d~ IIlun ils of T. LJifaseiaLulII III Rf\l'badus. -- -- .----- ------- Ry comparison 

,,,itll ,",Illdi"..:; il! 1'1l1l:UIIH, tllis c11'1II(IIl<;;LI'nLed l'UI' UH~ fies!. Lillle LhaL 

1,)( nt 1 1l11'-l l'IJi l ''('l'IJÏ t IIIt'ld -1 illli t pd i Il ut hen;. By investi gnLillg 1181' 

"tlpitll IIIl1t illg '-l1l('('PRS alld Iwollo!'t JOIlR uf hel'lIIaph!'uditps and gUlluc!t(lI'es 

III tilt, lllit inl plia SI':' and tPl'lIlÎllal phasp pUl'ulaLiolis uf :L.J:Û_fasciaLulII 

ill HlIl'i,nd"s, tllC' stud) lins ('ulltl'ibutpd subc;lanl.jal Iy to our 

1111<1"1':-.111111111111. "t' tltp p\'ulutioll and lIIalnLpllal\(!e of Rex dlallgp. in the 

By ('1 IIIIPH l' i SOli 101 i th f'allfwIR, Lh.~ s tudy prav ides 

l'ill'\II11Sllllllinl ('\itlPIII'P RIlI{,l.{pst.ill,l.{ fut' the firsL time thaL islal1ù 

1'"plll1\t 11111'" ,d' tilt· blllt'Ill'ad IoII'RRRP Rl'P gelleLirally disLinct. 
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Tllf~ hl l1pllt~ad wrasse, nl.l!l-'!~~911!!-l LifasçüatwlJ (fI:Jnily, Labridae) is 

Il (~()1IU"ml and cOllspicuOU8 rnernbel' of the coral reef fish cOllunwüties of 

t.h~ Cal'Îhbean and lropical West.Fn'll Atlantic. It feeùs mainly on small 

l'Plllhi(~ Ilnimals, 011 7,ooplankt.on and Oll ect.oparasites of olher reef 

fiHh. The> lIlfit.illg system of this diandrnus })l'otogynous he11naphrodite 

alld iL8 lIlaUng 1If!llavior have bl~ell studied exlensively (Ralldall and 

Randal l 19G:J; Warner ~_Lal 1975; Robertson and lIuffman 1978; Warner 

fUlIl H"hf>I'!.Sllll Hl78 ; Wat'ller anJ Hofflllan 1980a, b; Warner 1984, 1985 ; 

IlofflllHIl el al 198ri). PopuJaLhms cOllsisl of two sexual types and 

IHO ('0101' phHRI"S. Thp sexual types are primary males, which are male 

IllI'(Jughou(. theÎl' li feUille; anJ felllB.le hermaphrodites, which are barn 

f'(>1I11l11-' lilld pi Lhpr relllB.ü\ fellla]e or becollle malE' (secollùary males) at 

lar'~p}' si7.ps. Thf-~ two coloul' J-lhases are calleJ IniLial Phase (IP) alld 

Tenllil:nl Phas(-! ('l'P). 'nIe l~RS l~UlIllllOIl brighUy coloured blue-headed 

Ipl'minal plmsl~ lIldividull]S are either primal'Y or secondary lIIales alld 

Il'nd 1.0 Ill' Ihf-' IfU'gpst (possibly oldest) ill any local populaLion 

(Hil'llboLh 1970, 1973; Roede 1972; Warner allJ Rober'tson 1978). The 

I!I()I'P counllllll illdividuaJs are thp smaller less brightly coloured yellow 

Il III 1 '.JhiLp ini Ual phasPR, which can he either felTlale 01' primary male. 

S PHI'IIl i Ill{ i 1\ Chp b 1 \lt"'henrl "lI'asse occurs everyday around Hoon Olt 

f'l'inp;illg l't'pfs in lIIosl nt'eas of the Cal'ibbeall (Rienboth 1973; Warner 

and ('ullsisLs of a rapid ascent lO'.Jard the surface with 

Il !'pIPHHp (If gAJllples. Terminal phase individuals maintain temporary 

ll'l'I'i lOl'iî'S dlll'illg thp dai ly Sp8Hllirrg period and pair spawn singly 

"ritll indi\'id\lal fplllalp.q (Warner ~L al 1975). Initia] phase males fonu 

1 



group!:! of a few to several do zen individuA.ls lUit! gl'oUp spl\\m Hi th Ollt> 

or more females at a Ume (Warnel' ~l aJ 1 !l7G) • 1 n i l i fi l phase ilia 1 PH 

Cati a]so obtain surrepLitio\l8 matÏlIgs by l'uslnng ill Lo juin Il }ll\il' 

spaHll (stl'eaking) or spaHning singly with Il ft-!\Ilalp 01\ tilt' t'tIge or 1\ 

terminal phase male telTitory (sllE'aldng) (Wal'lIf'l' el III IB7G). 

Indivüh!al terminal phase males Illay obtaill Il lal'ge 1I1lIllbt~!' uf lIIat.illgH 

pel' clay while lllitial phase male.=; al'e helieved Ln havp l!OIlHi-Jpl'Hbly 

10l-ler mating success (WIll'ner el al 1975) • 

Recpnt stullies have noled I.haL, while cund l't:!pf (tHh fll't! 

l'p]atively sedentary (lIIoSt do not llIove l-,plwpen l'epfs and IIIlly lloL JII0Vt~ 

lIIore t.han a few metres dUl'ing juvenile and adulL 11('('), IIUJHL HI)(!cit'H, 

including the bluehead Wl'asse, have a pelagie.: lal'vlll phllse lU.HLiIl~ 

hetween a Heek and three rnonUls dpl'ending 011 the HpeC'ies ( Bl'tlLhp/'H ~'L 

al 1976; Pannella 1980; Brothers and NcFal'land 19R 1; V ici 1 JI' t 9R2, 

1983b; BroLhers et al 1983; RJ'lJl.llel's alld 'l'h/'(!sllf'/' l!lH!i; Th/'f'HIl,'!' 

and Brothers 1985). i\fLN' ulis pel'Ïod i/l U\l~ pl anl\ 1. Il Il , lll/'vap H('LI.II' 

1.0 thf~ l'eef sUl'face 01' adjacf=mL salld alld/nt, :r:b_~lm.;s.J.!J. 1J,'dc;, ( l'.g. 

bluehead wrasse; Victol' ]982), to IIIpLHlIIOI'l'hllHP, gai/l pigllu'/llal illll Il/III 

/'ecruit to the cnmlllllJlity of l'pef l'esidp./lls . II. has 11f"!f-'1I /tt'giu-ll IlIaL 

the small seasonal chaHges i/l Ll'opical latitudes p/'udlJl:l' 1111 

envi ronment in \oJhiC'h reproduction and hell(:e t'P(!rui LlllellL cali La.ke! plH,(!I~ 

throughout, or al alty Ume of, the yt~ar' (Lut:kllU/HL alld LUI:kllu/'HI. 

1977). However, predation is thoughL to lx~ high 011 /'f"!efH Hnd ill 1.111' 

planktoll (Joha/mes 1978; NcFarJa/ld 1982; DlJIH~1 Ly IHH3b; WiJ) iH./IIH I:~ 

al 1986). Perhaps parUy becfl.use of this; (!o/'al /'I~er fiqh IIfiVf-' lIigh 

fecundi ties. Fol' example, a femaJ phI uehl~ad W1'1.I.8He lIIay p/'uduc(! 

approximately 2000 eggs pel' clay of spawl! j IIg (Ri f!/lIJoLh 1973; Warll(!/' ~1 
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al 197!J). 

Tempor'al variation in T'Pproduction has beell sLudieù for sorne 

HJ~Jl;i~·'i of t'pef fiRh in the Caribbeall (Randall 1961; ~lunro et al 

19n; rnwJ{~"l 197G; ,1n!Jallll(J8 1978; .Jolles 1980). ReproJucLive peaks 

have )JI.:.ell found Lü O(!CUI' in the Rpd I~ and sUllIeLimes in the autumn 

(l'lUIII'o el al 1973; PowlE'R 197G). ReaRonal variatioll in spawnillg is 

Il oh' 1)['1 i pvpc] t () hE' caw:;ed by seA.sona] changes i Il envi ronmen tal 

('c/J\(litiollc; c;ueh aR, Lelllpf'I'abH'e (Qasllll 1955; Nunro ~t.~ 1973; 

R\lssl~ll ~L~~ 1974), ocpanic cunents alld eddy foonation (Watson and 

I,(·is 1974; f'11I")PR 1975; Lohel and Rouin80n 1983), rainfall (Lowe­

~1< Co""p)) 197!i) HJU] pusslbly food availabili Ly (Qasim 1955; Nilwlsl{y 

19fi:J; rU"lhing 1972; SissellHine 1984) • ln aùditlOIl, reef fish show 

IJI.)th ]UIlHI' a/Ill dÏt~l variation ln spawl!lng (,Johannes 1978). 'flle fish 

() r 2-1 1 l'lIpi rA.I l'am i 1 i c-:,s , including Laurids, are kllown tü have 

HpmoJ" i ng plJahs ,,,h kh A.I n sYllchroll i7.ed w ith full and/or neH moon. ~1rulY 

nr Ihf''iP spt'('ips, including thp bluE'head wrasse, ùash Loward the 

HIII'{'nl't" ln spmlll, lUU) do sn at specifie' Limes uf Lhe clay (Hobson and 

('!""HS 1 97R; .Jollflllllf'8 1978; L.obe 1 1978) . Th i s behavior is prüUably 

1 () f'1I8111'f' lhllt eggs ar'e released high aUove the reef surface into 

f>hldll!( ('\llTt'IlIs t.haL cRrry thf'm offshore and away from reef predators. 

Onl't-' offshore 1 !tey lIlA.y be J'plaiuE'd near the i r natal areas by CUlTent 

~yl'I->S /llId pddif>S lllltil Lhey are conveyed lJa.c){ olllo reefs (Label and 

HllhillSllll 19ftq. Ollt-' DbjecLive of the rirst spcLioll of Lhe thesis is 

III inVt'st igate sPIH'llllml, JUlIF\1' and diel patterlls of spawning in 

T!tUt~l~S~JI1I1.i_ b~Ü!~~--LalUJI! 1Uld thel'eby commenl un the relationship between 

HpF\\milig "AI'iat llHl and val'iaUoli in envi ronmental l!olldillons, 

ilH'lllding 1"JHI'Hhol't> clll'renL systt:-'lIls. 
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Recent developnu=.!nts in the USf' of dai Ly aLoI i th ÎIl('l'f'II\PlILs 

allowed delermination of the Lt~mp01'n L val' i Il L i 01\ in 

settlement/recruitment in somf' tropi ea} fi sh (Thal~~.!'!~~11J! 

et al 1985). From lh i s lechn i que fUll! From j\lvt-m i 1 f:> fi Rh Ct-'IIS\lH i ng, 

settlement in a Humber of reef fish Ims bt.~f"n found 10 1)(> high dUl'Îng 

the austral sUlmner on the Great RnrriPI' Rt"f'f (HusAutt g_L i.!l 1977 

Talbot et al 1978; Willi81ns al1d SRie 1981; Wi II Ï1ulls 1983) /Uilt in 

sprillg and llutullln ill t.he Caribbelll1 (Lw'ltlllll'sl Hill! Luddllll'sL 1977 ; 

Shulman 1984; NcFal'1and ~t~l 198G) . 

bluehead wrasst=~ in Panama OC~dl'R hl 11lt.e S\Jlllmf'I' Illld fall (Vi(,tol' 

1986a). The Rt?cond object.ivp of lhe first SPI ,Li 011 of tht-? t.ht'yiH iA 

t.o use otol i th daling ta invesLigate the Iplllporai pu.LLf'I'I\H of 

recl'Ili tment. of Thalassùllla bifasciaLwll i Il BarbaduH, ._------

Nany studies of COI 'a 1 l'f',~f fi8h ha.ve bPPII l'IUTif'(J IHl\. willl 11\1' 

implicit assulllptÏOIl that reef fish pO})lllaliUJls an' lilllit''lJ by Iwo 

types of n~s()urce, space and food (Smith and Tylf~I' 1972,197fi; Smith 

1978; Clarke 1977; ltzkowitz 1977; l,aRsig 1977; Dalp IH7H; 

Anderson et al 1981 ) • Of LheRe, R pact" haH bf:E'1l LholJgh L Lu lit' U If' 

more limiting reSOUl'ce (Smith and Tylel' IB72, 197!): Sal.~ IL/Id J)ylJllllhl 

1975; Sale 1977, 1978) al\l1 heavy predat.ion 011 Lh,! /'pf:f to \.Je pllrLly 

the consequence of limited avai labi 1 i ty or H\lIlI!f-:/C'()Vf!/'. FiHh 

populatiolls on the reef are Lheref()n~ ofL.~11 u)IIHidel,~,.l II) lx: 'HPSU:':-

limited' and competitioll for' s}Jac:e, illLel'!:\l'I.JIIg wll.h pn·datio/l, lH 

bel ieved ta maintain populations lIeR/' lIullleriLa.J (~qui 1 ib/'i \JIll. 

Competition for l'eSOUI'CP.S lIIay ill LUI'Il al~t as ail f.igf:IIL I)f H"lpI:l.Ïou f\JI' 

evolution of nalTOHer nicheR Lhpr'f:by aIl ()w i IIg Lh,. Il i gh d J vr:I'Y j I.y of' 



(AIlCJersoll ~ al 1981) • An 

, 1 uL tery hypothesis', was 

Ile sugg~s Led ChaL, lf reefs 

011] y oc:curr wheli ::,pace Lecame 

IIp ar'gueJ lhaL reerui llIIent 

al. any Lime 

d"llt·lId,·d Il'lly 1)11 whllL 1Ii"VRP ''''''l'f' IIpa, ln the l'et"!f fl./Id l'eady Lu seltle 

'l'he illlpl icaLiun i8 t.haL 

c1t"lsil,Y of fïHh lIlI tilt-' "("'pL Victu" (1983a, 198Ga) suggesLeù that 

"\'l'rH a,t' '1"('llliLllIrc'IIt.-lilllil.pd', i.p pupulaLioll sjze i8 goverlled 

ilia 1 Il 1 .Y l ',Y 1 h(' 1I\Jlllbl'lS ur lnrvat'! slJ/'vj"illg Lite pJalùtLunic phase. 

Il,'''\'111 slll!li,'" in Au:-.L''Illia have sll()lV/l thaL IIItwLaliLy 111 the pJall.){LoJl 

i,", phl'lIUlllt 'IlH Il Y Il i gh ( !Jill::' J'P( :1'11 i L i H rI" LllI"ll"t l ru" ,"!very 100,000 Lo 

r ,000,000 l'ggq p"(Id\J(:(·d (/)nh(~,'L'y 19R.1tJ; l'li] 1 iauis el at 198fJ). VicLor 

"11111 '"IHIIIS 1 h"lHlglt'IIJI LIll-' Y t-'HI , FlIlcl Ulf!I'Pj'()l'P l hal Lt-:1l11)\JI'c.t1 variaLiull 

III ,t','I'uitll"'lIt JI'<-;ull~,d fr'ulII I.t-'I Il po , al val'iaLiuli III sUl'vival i/l Lhe 

"llIlIld',/I, Il.d fl'UIII It'III11\I/'a1 val'ia\.Îull ill ,··iUIl'I' splil~llÎlIg (Jl' III1H'lnliL) 

1111 t III' 1'.·,·['. ,\ Lhi l'tI (I11,ip('J ive of thé fil'st becLioll ill Lhe jJresellL 

tllt'si'-l i.., III \I~," Ihp 'lIf.Hlllal.ioll gatlten~d (Ill LellllJ01'al variatiull ln 

lt'pt'()\!l11'I iUII, l't'l'l'lIilllll"IlL alld pupuJaUun dt:!/ll::>itj of Thala::,slIlIlli 

IJi l'asl:inlulII ill Radllldlls tu C'OllllllPltl utl l,ht:!t.heJ' pUl'ulaLlOlis of 

, , ,', -r \1 Î 11Ilt'1I1 -) i /II i I,·I! ' • 

BIIH'I"'IIt! "'l'ns..,,· po pli 1 ni illlls l'II/ISISI of t, ... u sexuaI. Lypeb (}Jrirllary 
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phase (IP) and terminal phase (TP». However, Lhe prupol'liun uf lypl..:!s 

wi thin bluehead wrasse populations appll.rel.t.ly varies wi th pllpulnl.ion 

abunclance and reef si l'le 

1978; WarnE'r and lIoffmrm 

1975; WH ['IIf'l' Nid Rubert.soll 

1980 Ft,b). Smllii poplllntiollH of blw'hPlul 

wrasse i.n Panama contained smaller pl'oport ions of IP II\Hlp!-l /llld 1 llI'jo(l.' l' 

proportions of both TP males 811d females (Wnl'I\t~r mlll RülH.'l't HOIl !H7H; 

Warner and Hoffman 1980 a, h) • ln largnl' populnLiollH, III IH/1JPH 

contributed up Lo 50% of the populnLiotl whi Ip 'l'Il IIUl.lf>H mld 1"!I\ullt'H 

dE'creased proporLionaLely (Warner alld HnffllulII l~lR() H,b). 1I11I .. eVt!I', ill 

aIl populatiolls, TP males obtained Lhe highesL Il1dividuaL 1Il1\t.ill~ 

success (If aU sex types. The laU.er obc;el'vaLlulI pl'eHlllllllbly explflillH 

Hhy, wlder appropriate conditiulIs, hOUl IP IIUlleH (i.e. pl'ÏIIUll'Y IIU11I'H) 

and IP femaJes (i .e. ft-!Inale hernnphrodi Les) b .. colIIP TP IIIHl('H i.('. il. 

presumably explains Hhy TP mu] es al'e IIIll inLll.illt't.l i n U\t-~ b IIJI~helul Hl'llRHt' 

popu 1 a ti ons. Ail j Il terE's t i ng qlles tj on i ~ \o.Jhy 1 P lIud eH 1lI'f' III/li f1LIl il Il.'1 J 

in blueherul Hrasse popu 1 a ti 0118 (see Charnov 1 BH2) . 

l'aU os npproxirnat.e 1: 1, IP mal es Hi 1] have ] OWPI' per cnpi I.a III/I.LiIl$.( 

success than felllllie hel1l1al->hrodites, since SlJlII~~ pol'l.iuli of f"'lIl/d,'s lIlat." 

wi th TP males. Hence, indivi.duals Houlcl lnaximizl' 1 iff~-t.ime maLiIls.{ 

success by mating fil'st as females NId IaLer as TP nU1h~H. 

It Has first suggested Lhat IP ",alps eould IIp mailll.aifled ill 

bluehead wrasse populations Ly frequency ùe!lt-!l1d(!IIL S~lf.'t't.i()1l i of!. 

that the pel' capi t.a mal.ing succe~s of IP III/lI f.!S woul cl inr;l'eaHf~ lilld 

exceed that. of femall:!s, t1H~ more 1'1iI'P IP lIIlilPH lJl.~CI1JII(! (Wal'Ill!" !!_~_1!) 

1975). The rat.ionaJe Has t.hat felllflies Hould Lc.··colIIe pr'opo!'liollal.ely 

more conunon as IP males beeame more rare, LhaL TP males would 

increasingly he unable to fertil ize t.he available felllaleR, and lum(;e 
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thfi!. ,>el' cfipi ta lP male mating success would rise ta exceed that of 

fP.lIlfll es . No!.p. the fisRumption that the proportion of TP males would 

renlfl i Il com~ Lan t . How("~vel', if feulB.les became pro}X)rtionately more 

(; Ollllllu Il , th(!y coul,} respond Lo the pro}Josed reduction in rnating 

OPI'''''',l1l1i Uf'8 by tl'fillsforming to TP males with incr~asing frequency. 

Hfal}( 'f> t.he }Jf!l' capi ta ma ti ng success of IP males need Ilot increase wi th 

j IIr;lT~IlS i ng l'fir j Ly. Waruer and HofflllaJl (1980a) have subsequently 

arknowl F·dgt"'l! Chat frpquellcy-dependent selection on i ts own may not 

maint ni fi IP fIIa}ps in bluehead wrasse populations. Instead the y 

RUgg"st (Od t hat 1 P ma les are mainLainP.d by di fferential selection in 

cl i ffpn'II t hahi Lats, s ince they observed lha t IP males have higher pel' 

( 'api! Il IIIH Li Ilj:.( success 011 large reefs than on slllflll reefs (Warner and 

HofflllHtl 19HO 11, b). Not.e lhat this observatiol1 does not specifically 

ndd"PHS t hp ,'pnl.ral quesLioll of whether the pel' capita matil!g success 

() f I P Illfll PH l'Ï SPR hi gh ellough to exceeJ tha t 0 f f emales on large 

)'Pl-!fR. 

f'hal'uov (t982), and laLer Warner (1984), adopted aT! alternative 

appl'Ulleh. Chal'nov Sugg€'Rted that L') males could be maintained in 

hl uf'llPad wf'llsse populations if they had a hig'ler probabili ty ..Jf 

l>t"comillg TP males than did IP females; ei ther thr.:>ugh faster growth or 

IOH!"!' 1lI00'tnlHy. The principal objective of the second ~ection of the 

U1PRÎR is to invf'stigaLe the effects of population densjty a.nd reef 

HI:?f' on }>P)' ['apita nlfltil!g SlILcess, population comp::-,sition, individual 

~l'lll~lh l'aLf' Itnd mortality of Thalassoma bifasciaLwn in Barbados. 
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2 S'lUDY SITES 

TIle island of Barbados lies betHeen the latit.ude 13° 04' mlll 13°20' 

north a.nd longitudes 59°2G' allll 59"39' loieRL in t.he Cal'Îhl>t"f\l\ Sen. IL 

is 140 Inn east of the Lesser AnU Iles island dlllill alld 250 1\11\ lH1l'lh­

northeast of Trinidl:ld (Figure 1 f\) . Currf'lIts at'UIlIld I1ndll1d(\H nrig i IIHI t' 

from the NOl'th Eq,lfltodal CUl'I'Pllt, dUl'in,!{ thf! l.JiIlLt~t' lIlonLhs (NllVt~/III)('r' 

to April) and from the SouLh Equat.orial r,IIITPnt. uul'illg U\t~ l'est or thl~ 

year (Parr (1938) in POHles 1975; LeHis et __ al 19G2; FJ'lltdieh eLaJ 

1978). Both currents fl OH Lo the I-iPS t and f J OH Hround Bal'llfwus /UU) (\r(! 

though t to crea te 811 uns tab le eddy sys Lem in Lhe h'e Il r Lht' i s 1 and 

(Emery 1972; POl.,rJ es 1975; Pecl{ 1978; BllrbadoR C()m~tal COW'lnJ'vaLÏlm 

Project 1984; FigurE' lb). 

Populations of the bluehead l.rasse WPl'e sLudjpd 011 sewm Inf'l.((· 

fringing reefs di fferitlg i tl si 7,e a lOllg tht> wes t ('UllA t. CI l' BIlI'1»U)lIH. 

They are located, from the Borth to t.he south of' t.hp iHlfUld, liA 

fo11ows Sandridge, Gl eell!:;lepvPR, Gl i \.tel' Bay, .h~rntl Bay, NIlI't.h 

Be lIa i l'S, Go Iden f alms and PaYlles Bay ( Fig. .1 b) • i\ 1 1 U!>i-H' J 'va Li O!li-, Iii Id 

censuses h'ere carried out betHeen Seplember, 1984 IUld C>t;l,uLJ(-'I', 1 !JH!). 

The coral reefs of BarbaJos have been deRcl'Î lJed ilt d(~tu.i 1 uy Lew i R 

(1960) alld Stearn el al (1977). Iushol't> fdngillg rt:!efs alld (JIlLr!I' bU/k 

reefs occur off the west and south coaRts of the islalld. No Lypjeal 

fringing reefs are fOWlll on the windwal'd (r'ast) Ride of 1 !If! islalld. A 

typical fringing rf'l!f of Bal'badoR i R COIIIIX)Red of fmJI' majOJ' ZIJI1PB. 

From the shore s~ah'ard they are : UlP. RWIiSh or bl'eaJtP(' zuue, Lhn 

reef crest ZOIlE', thp caalescl'!d S})U1' zone mlrl Ulf~ RplJl' fUld gl'()()v(~ ZUII(~ 

(Fig. 2). 'I11ese wi Il 1~ descri bed seqllf'IIU all y. 
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Figu!'f' la. r,('ogl'Hph icI oeal ion of Barbados ShOHiltg major 

Cari l,bl'an Huler currenL syslems (afLer Froel ich et 

al 197R; Pt:>(;k 1978) . 

Fi g\lll' 1 h. ~lnp of Barl,Rd()~ shcn.d,tg location of study sites 

alld )lI'llllflhlp IlPHI'shlll'e ('UI'l'ents (Nurray et al 

1977; {lt'l'h 1978; r,uaslal Conservation Projeet 

198·1) . 
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Fij.{\JI'(· 2. E('(Jl{)gil~I1J 7.oIJf\t.ion of North Bellail's reef, a 

Lypical fl'ingillg rt'ef frolll tile \<lest coast of 

Bal'lJado!'l (artel' SLeam el al 1977). 
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111e narrow swash or breaker zone, where sruall waves break, runs 

pf~mllel to the shore and is composed of sand and dead coral rock 

coveï'ro by filamentous aJgae. BII1t"~hp.ad wrasse are Bot ablUldant here, 

but. yoU!,g juvelli J es can of tell he roumI hiding wi thin the coral rubble 

01' amollg spines of the hl ack sea ul'chill I2iadelll.~l. antillarulll. The crest 

7.OIlP of tht" fri ngi ng reef is seaward of the sHash zone. Parts of this 

7.one can bPcolfle emergPllt during very low spring tides and waves often 

lweal{ here dul'il~ wint!"!l' st.orms. It is composed of il'regular patches 

of of>lld coral coverro by coralline algae. Bluehead wrasse are often 

fOUlld feeding here during the non-spawlüng period. The coalesced spur 

7.olle i s seaHard of the swash zone and is composed of a variety of 

cOl'Rls. Coral coverage was more uniform here before Hurricane Allen 

daJTIllg~1 Uw reef in 1980 (Nah and Stearn 198G). It now consists of 

I1Im~ Uy deru:l eOI'al rock covered by corall ine algae. Bluehead wrasse 

al'e Ilumerous here and are oftE'1l found defending terri tories over 

e levated parts of lhe zone close to the edge of irregular sand 

dlA.llllfÜS bt'!tHepn the spurs. The spur and groove zone occurs at the 

St=-H1vlll'li eelgE' of the œef. Spurs are perpendj cular to the shore Blld 

nalTOh' towal'tl the edge of the reef. This zone is comJXlsed of mixed 

L'oral specie8 dominaled by Porites porites and PoriLes rubble and are 

sf"})8l'ated hy deep ( .... 5m) sand chslUle] s. Coral projections OL--Cur on 

Lht-· spawat'tl tips of some of the spurs, e.g. a one and half metre 

pro';f'ctioll of Delldrogyra cylindrus on the most southern tip of the 

Nort.h Bellairs reef. Bluehead wrasse are abundant in this zone 

E'HJ.>t"cially during the daily spawnillg period and orten use downcurrent 

prolllontories as matiltg si tes. 
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3 SPAWNlNG AND RECRUl'lMENT 

3. 1 INTOODUCI'IOO 

'rhis section is a study of s~)awning and recruiLmenL in tht' 

bluehead Wl'asse TIlalassoma bifasciatum on the fringing rf'efs off t.he 

west coast of Barbados, West IndieR. 

Studies of coral reef fish ecology began in Plil'lIt!St ill Lhl~ 1950's 

(Sale 1984). Since then, the prt?vailing par'adigm has veen lhaL L't-1ef 

fish connnunities show lit..tle fluctuaLion eiLhel' in Lenlls of flbUllùrulce 

of individual species populations or in tenlls of Bpt?cies eOIllp0Bition, 

i.e. they are at equilibrium (sensu HacArthul' 1972). The aS8\JlllpLion 

was that the relati vely constant envi rOfllllt?I\Lal conù i t.j OllS 

characteristic of tropical marine envirOlllllent.s would PllBurt> LhaL 

populations remain relatively close to calTyillg capa(:i Cy of Uw 

environment as a.et by availabi lit y of re80UI'Ces (lIiaLL WH] SLrlU-IBl)\J/'g 

1960 ; ~1acArthur 1972) . The conseqdellt compeLitiOll [01' l'C-!HOUI'C('H 

Hould maintain populations near numericaJ equili\.lri UIII, and wou)d 

sirnultaneously act a8 an agent of select.ion for t.he evoluUun of 

nar1'm.;rer niches Le. grE=ater specialization. ThiB in Lurn wouJd 

result in the high species di ver8ity charactet'istic {Jf G()J'al red' 

fish commwli ties . 

Tropical marine environments di ffer subst..l.tJltially fl'Olll Lhu8e hl 

lhe temperate latitudes. Two tradewil\ù seaBons, with allarp 

differences in rai nfall, genera]J y replace the four seaROll8 of the 

tempe ra te zones. COlisequently, Cari bbeall fi ah orten have longer 

reproducti ve seasons than do tempera te [i sh , but can aJRo Hhow 
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Hf!nHOllal (~Iullro ~~l 1973) and even lunar spawning peaks (LoLel 1978; 

.JO!tatllléS 1978; Rol)(=!J'b;on ~t al 1988). Evidence for sueh temporal 

v1u'ia!.ic)/I cnnsists of challges in gonadal indices, ova diameters 

(NU/lI'o ~l1!! 1973; FishelsOlI 1976; Taylor ~L al 1979; Ralston 

19RI) and ob8ervablF! spawning behavjor (Colin 1978; Ross 1978; 

1980; Tribble 1982) • ln man y of Lhese studies 

"bsp)'vati OIlS of spawn i ng frequency and gonad analyses have been 

IJlldp)'takell ton illfrequplIl1y al ((1 over Loo short a time period Lo 

df' I.erlll j lit> I.elllpora 1 pa. t Lerm'! in spawning. ln vat'L1cular, slllail seale 

(,~.g. dnily) variation in spaHlling activity in many species, as well 

11H dIHngr-08 i Il suc'h variation through time, may have been misseù 

( .1 ,,!t9.l1ll(·8 1978) . Olle objecU ve of the present study is tü use 

SpfUJIl i Ilg obsPl'val. ions and gonad analyses to inve.stiga te spawning 

pllll ,~r'IIR i Il ~_Q.ifasciaLlIJB on both a Iunar alld seasonai time-scale. 

Cm'nl )'Per fislt Pl'oduee either demersa] or pelagic eggs. Exeept 

rOI' olle 1!l101''/} .speciE'!s (Acanthochrümis pulycanLhus, Robertson 1973) 

aIl l','p.f fish pl'Odllce petagie larvae ( e.g. Breder and Rosen 1966; 

Lf"is ami mlh'r 1976; Sale 1980 ; Thresher 1984). There are two 

IIlS1j, lJ' pxplanaU OtiS fOl' Lhe high incidence of pelagie lal'vae; the 

dispf')'sal hypoLhp.si.s (RarlOI" 1981) and the antipreda.tor hypothesis 

(DaI/' 197R; .1ohrullles 1978; SalE' 1978; Smith 1978) • The former 

R\lggl"'~d.8 t ha t advnlltages associated 1.Ji th à ispersai (e. g. reduced 

illll'aspl~l'ifi~ l'ompetition, reduced probability of inbreeùing, reduced 

pl'I)bnbi 1 i ty of tOt'nl extinction of sub-)JOpulations) have been the 

lIlajnl' st>]el'ti \Te forC'E' in the evoJution of pelagie larvae. The latter 

Ily!")\ ht's i 8 dppenrls on t hl" aSRf'l'tion that predation is heavier on l'eefs 

thHII in hl/ltPI':': offshore (Sale 1971, 1978; SOli th 1978; Johannes 
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1978; but see Shapiro et al 1988), and suggt>sls thuL Lhis i1:l the 

major force for the evo lutj 011 of pelag i e lfu'vae. Ih)w~!vf'l'. Lhe 

advantages of escaping higher pl'edaUolI llIay ht-, offset by hU'VllO lx>illg 

swept away in oceanjc currents alld never succl~Rsfully l't~la'uil.irl).( ln 

reefs (Hjort (1914) in Powles t97fi). JOhll.lUlPR (Ul78) Ims RUgg( :-111 ... 1 

that such oceanic losses are a majol' ::'e 1 c"cL i V t'.: ftH'CL' favLHll' j ng 

seasonal reproduction in the lropi(~R; repl'(x1uct.ioll Ol'CUI'1'Ïl\g \~hen 

CUiTent systems are most likely lo l'eturn pf' 1 a~ic 1 al'vat' Ln l'(!t!l's. A 

second objective of the presE'lIl spclion is ln iIIVt"!8tigaLf' Lhe eCfed.H 

of lide and of CUiTent speed and dirt'r-Uon 011 lUllal' val'inLiIlIl ill 

spawning activity of T. bifasciatulII. 

Whatever the selective forcf's that pI'cxluceJ lhe .Jt~lagje lm'val 

stage, it l'leems likely that t.h le li fe hi R L(wy stagc"! IIIny have illlporumL 

implications for the dYllrunics of reef fjsh populntÎl)IIR alld l'tH' UH~ 

structure of coral reef fish a"RelllblageR. '111(' Il)'l.llodox V il'hl j H !.lIn!. 

reef fish populations aI't=' spaCp./rel'l0ll!'Ce lill1il(~l (Alld"r''-ll/II d, 11). 

1981; Shulma.n el al 1983, 1985a,b). The raLi()lIalf~ ÎR L1mt HillC'(-:! 1II0'-lL 

coral reef fish SpaWll over exlellded peI'ieJCls HiLhill ellch y(~ar, UH~I'I' 

wi.ll be a reservoir of p]anktollic Jarvap Il.bnve LI\(· 1'(-!t!fH. 

Consequently populatjons will bp regulatp.d Ly comjJr·ULioll fOI 

resources Oll the l'p.ef, alJd l'eef fish Hi Il tp.lld 1.0 bt.'! gpf!(! ial i H ts. 1\ 

variation of this is the lottery hypoLhesis of Sale (1 !)77, 1 !J7R, 

1982) • He suggested that col olli RaLl ou/rf!CrU i tille Il L pa. L \.f~J'lIH w i LJ 

reflect the chance openillgs of settlp.mp.llt siLes IIll Lb,! "l'(:f; titI! 

implication being that reef fish lil'e gellel'ali s 19. SIJ(;h e1UiIlCf:! 

openings can be caused by mOl'tal i Ly due tu pl'ndati 0/1 01' by 

disturballces (Lassig 19R3). An al tpr'naLivp. hYJ!o!Ju!sis. RUP1)()r'1,(!fl by 
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RCJllle l'ecellt AtuùieR, j s lhat a shortage of ] arvae can keep larval reef 

fish populations !.JeloH lhe carrying capacily of the reef Le. the 

l'upulaUolls ar',=- reC::l'ui tmellt-l imi ted (Williams 

19R~b; VkLlll' 198~a, 198Ga). 

1980; Doherty 1982a, 

'1'0 i Il ves ti ga I.E" n'c::ru j tille!: t pracesses , i t i s lIecessary to obtain 

information 011 the eal'ly life history stagps (reCl'uitment phase) of 

th" fj Ah. UnLi 1 recelltl y mllch of what is known about coral reef fish 

Has glf'fUH->tl fmlll studi,'!s of the relaLively sedental'y adults, but this 

bilA ('h/ltl~,,,,,l Hi t Il devP]opllent of the atoll th incremellt agillg technique. 

This tpdllliqlle is parLiculal'ly useful for aging early lire stages and 

t h"'I',"fol'p Crul Lit=- used 1,0 assess gl'owlh l'ales of larval, juvenile and 

Ildu Il fi sh (ParH~ lIa L971, 1980; Brot.hers et al 1976, 1983; Brothers 

and r-tf'Fal'1alld 1981; Vktor 1982, 1983b, 1986a). In addition, the 

.laI P. of spLtlpmellt of Il fish from the plankton to the reef 

d ... l, ?111l i nw us i Ilg thi s techn i que. 

can he 

Virlol' (198:1a, 1986[1) used the otolith dating teclmique to sLudy 

l'I'>l~l'lIi tmmtl of I.!--.l>JJasciatum on the San BIas Islallds, Panama. He 

RllggpsLf-'tl thll\' spmmillg "las constant t.hroughout the year, buL that 

l'pcl'ui tmenl oc'curreù in brief sporadic episocles l.hich t.herefore did 

nllt l',-f! t'ct Ally val'iaLion in spalvning of the species al that location 

(Vir~tcll' 1983a). f[t~ conc:luded that variation in reoruitment refleoLed 

v/\t'in! ion in qurvival in thp planltton. HE' further fOlmd that periods 

of hi gh 11101' ta 1 i ty of residents on the reef Here not followPCl by 

illl'I'E"HRPd l't"cruÎ tment (Victor 1983a, 198Ga); results which do not 

~upport tilt-' lotLpl'Y hjpothesis of Sale (1977, 1978, 1982). Finally 

1t'lIIpl1l'nl pal tenu;; of l'ecruitment wpre subsequently refiected in 

c11angt"8 ill tht> population size of adults Victor (1983a, 198Ge,). 
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Victor therefore concluded that the lX")pulatiolls of T. bifasdaLwl! in 

Panama were prirnarily recruitment limited, and that aelull p{)pulaLion 

dynamics wo.s primarily dri ven by recrui tment proeesses, 

The final objective of the present section is tü use lllülith ugil~ 

ta investigate recruitment patterns in l,~J):\sdall!l_Q in BUl'lJllLlos. 

TItis has two main pUl'poses, Firsi:., by invesligalin,g Il pO!'1sible 

correlation between peak spmmi ng mul peak reorui lment. Lhe question 

of whether recruitment pulses reHult frolll differelltial spllwnin,l.( 

activity or from differential survival in Lhf> planktoll CUII la· 

addressed, Second, by i nves ti go. ti ng l~ f f eo Ls {) f chauges i Il r('s i dt 'Il L 

IX'Pulation density on recruitment alld effeets of reel'ui tillent sLrellgLh 

on subsequent juvenile mortali Ly, the questioll of whether pupulnti ulIS 

of T. bifasciatwn in Barbados are recruitment- L imited or space-lilllited 

can be addressed. 
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3,2 METllor>8 AND MA'nill 1 AI.9 

:l,iL J 'J'l'lIIpol'al vadatioll in Hpawlling 

Spa""dllg 

illvf~st.igaL~d bJ visual oLsel'vaUon of 

nIUl"IH~ad "'l'fisse plJ}JuJatiom; UII LI.JU ft'illglllg reefs 

(Noil Il n,·llail'" IIl1d "PI'OI! na)) il, Brll'badu~ I:t~l'l! lIIulliLIJI'l'd for 14 

lIIolJlIl~ III itIVI"-;! igall' 1"IH~t.hf.>J' 11111111' allll/ur st-!f1sullal variaLiun exisLed 

III npalvllill'; ('1'1'1(11"111';-. 8pal"nÎJ,~ rn'q\lPIl('~ Has quallLiCi~ by surface 

(a GO /Id /luLe 

<-;1.Jilll), ail" ('\lIJIII ill~ 1111' 11111111)1:01' (Jf spal.Jllill~ t-!\'(~IlLs sepat'alely fur gl'OUp 

,-;p:lIm i 1lJo{ atlli pa il' spmm i II~ 

:II (JlI/III Ih(· I.lllIl'-;I·('1 1 i'lf' I.JPII' IP('I)/'Ih~d, 

1.JlaSSl' Il'-! IHI(lI.JII Il) LaIH-' \lla"t-· fur a r'~I" hllurs 

III (JIll Il 1 'ilidtlll,\ ,,:\1,11 tln~ (WHI'IIIOlT' el. al 197!i), Tn cllal'aclerise dif~l 

~ll!lh'lIill)..{ Ihtllt"Il'-; in lite Ral'ballun pOJ!ulal. il/Il , alld Lhererul'l::~ cUIJLrlll 

l'III' Ihis ,,,111'11 l'UIIII»U'ÏtI).{ hpah'ldllg )"ooIIJIJ(>11 h',JPhs alld IIIIlIlLhs, l inllially 

1 (l1It!\II'I,·t! 1.11\1181'('1 SIlI'\'Py8 flUIII 0700hl',-; III 1700hl''::; p\e1')' huUl' fur 30 

I!IIIIIIII'~, l'(JI 1111'('1' ('\111'>('\'111 Ï\~ da,\"::. ~ll)nL spal'lIillg HeLJ\ i L,V 98%) 

1l\'('\lI'I't,d L)pll""('" IIOO"r'R allll 1GOOhl8 rOlls~qu~l.ll,Y, un eac:l. salllvlillg 

1111,\ II~t·d ln ill\(·~1 i~:-tl(" IIlIlIlLh)~' lm.! --;pllsunal vHriatioll ill Slk'lhTIIÏlIg, l 

1 .1I1l1()1l.I,~ pi ('\\1·11 IlIIl J () f those f Olll' hours to CI JIIduc L the GO minute 
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illdicated that spa~ming occul't'ed "jj thin U1P hlpntÎ lïet! -I-huut, P"'I'illd 

throughout the yt~ar. 

Ta further invesUgale seasonal vf\l'iaLlulI ill Hpm"'lIill~, lIIulllhly 

samples of ap}Jl'oxilnate ly 50 fish \Vert=' taJH~Il, l'lul\I 11t'I'ull Bay, bt-'t.HI'I'Il 

Oc toLer, 1984 and O:~ tuuer , 198G. F i~h I ... PI'I-! l'api 1I1'pd b.\' liS III/.{ 1\ 2 

placed at high points 011 tht=> l'\''pf SUl'I'HCf'. rive si I.I'H flI!I'IIHH LIu' l'I!P(' 

were each salllp]pd h .. il.~e fOl' each 11~,mthly sillnplt·. Tht' Jal' ""lH II~r\. l'UI' 

a lIIaximulII of 5 minutes JUJ'illg ear'h sample. This , ... w, (!IItHlgh timl' fOI' 

fish to be aLt,l'acLeù lo the jat' and cnllsequenLly cllpLun~d. TIIt-! Hl.Ullt~ 

~:dLes were USE'd fol' each 1lI0nthly l'lfllllpie. Th i S l'lHJllpl illg Lechll Îltlll' h'IlH 

size selecLive fol' lal'ger fish, IJVPl' 98% of Lhe fiHIl cllughl IJl'lIlg 

eit.het' al, 01' OVPI' the Bize at sexual IlIaLudLy (allll\Jt. :30I/UIIH SI. Hlld :1 

lIIonths of age; Victor 1986a). GOllads r l'UIII Lhl! !ï r Lj' fï sil Hlutlp 1 .. d 

monthly Here rE'lIIoved atllI l"'f!ighE'd (to t.llp IIt!f1H!HI 
-2 10 glll) • Tit ...... ' dal.a 

wel't=' used t.u caleulaLe lIIont."ly val'Îat.ioll ill gtJlladlJ"'''lIl1t1 il~ IIldi,'"", 

(GSI' s), where GS r i8 Lhe pl'UpOI' Lj 011 l) r Lu La 1 lï nI! I-J.! l '~I' i glJl. 

con Ll' i bu Led by Chf' gOllads. 

To i nv~s Li gaLe pORsi bl e f>frpct!=~ of 1 oeil. 1 CllI'l'PlIl.s olt spawlI j Iig 

ft'equency, the direel. i 011 alll] spt.~etl of Ilf>al'shul'e surfile!! l:1lI't'PIll.H (i. t'. 

10111 to 500111 fr()ltI sho/'el wr~t'p' m''!8sllI'ed 011 aIL(~"lIal.,! '-IPf!I~<-; IIVI'I' llap I.WIJ 

sludy l'eefs Utl'uughIJuL U\t~ p.ntil'I~ sl.lld,Y JJl·,'i'IIJ. 

LaJ{f!t1 t-wic'E' a day, 01' OIlC'P' a clay (JI' t;(III'w(;ul.i Vf~ eJays, e ,1 "S'! LII t 1 .. • 

fl'Olll a Bilia]] rUI.JbIJaL Ileat' Lu Ulf> cPlIlral 'JllshIJ1't:! lJ11111t. 1)1' Litt! l't!t;!', 

and si tillgs l.Ji t.h a compass 1.Jf'I'f! t.aJwlI fl'UII' Ulf-' IIIJa_!. b, IJlJi 111.l-> (JI 1 
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shore, every fi ve minutes for an hour. 7hrough a series of 

triangulatiOIlS, usÏllJ! the compass readings, the path followed by each 

drogue OVf>r the reef was plotted to determine direction and speed of 

SUl'f1lCe currents. 

Final ly, to i nvestigate possible effects of tidal stage> (i.e. ebb 

lind flood Ude) on dally bluehead wrasse spawning frequency, a two 

week pxp(~riment was conducted in Nay, 1985 on North Bellairs reef. 

IHuehead wraHHe spm.Jnillg frequency was monitored each day at selected 

and markerl R}>awning Ai tes across the reef, belween 1100hrs and 

1500h1'8. for thirty minutes each houl'. Continuous observations of 

spawnülg frequency lhroughout the daily spawning pericxl were used to 

deLenlllne if thp timing of peak spmming pel' ùay, within the 4-hour 

spawnillg ppriod, 1.9 influellced by tidal st.age. Times of low and high 

Lide8 wel'e obtaj 1l2Ù frolll tables supplied by the Barbados Port 

Au Chori ty, Bri dge towlI, Barbado9. 

:l. 2 .2 Tenqx>nü vari ation in recrui tment 

T(~mporal variation in recrui tmen t of the bluehead wrasse in 

Hnrblllo8 Has inVE'9tigated by da ling the otoli ths of the 50 fish 

Rfunplr-·d. eti'--.h mOllth as described in Section 3.2.1. Two pairs of the 

large!' otoli Lhs (sagi t tae and lapillae) were removed. from the ear 

['Allais of f>ach fi sh caught (N=790). Hinimai preparation is nt:!eded to 

vi eh' and l'eaù olol Hhs in T. bifasciatum (Victor 1982). nle otoli ths 

Wf'l'P rinsed in 90-1()Q% ethanoi and then cleared for 24hrs in xylene. 

Pairs of otoliths were th en mOl1llted with mounting medium on glass 

sI ides. They '''erl::' then viewed wi th polarization under 400x 

IIIlignificE\tion with a compound microscope. Victor (1982) 
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demonstraLed the presence of set.t.lement IIIHI'ks un ut nI i Lhs ur T. 

bifascialuIU. In addition he shoHed LhaL Hl'aSSf' lHI'VUt"! (llleludill).{ 

T. bi fasciuLulII) spelld appl'ox im:lLpJ y ri VI' days 1 Il t.hl! HUlleI 

metamorphosing afLer sl=>LI.lemellt. frulII t hl" pl/Ulld on, l'l~rOl't' l't'l'l'ui Lmt·nl 

1,0 the reef pO}lU l atioll. Th i 8 t illlt~ Spf!1I t. i Il Lhl' salld l'l'I-mll Hill Il 1)/\1 Il l 

uf five faint it\C"l'8ments, the seLLlelllPnt band, Hhid\ lll'l:IIl'S 011 Lill' 

01...0 li th aftpl' the seLLJ elllent. 1\lB.d~. 'l'hl:-' daLp- IIf HI,t t l~lIIt!lIt l'l'ulIl Lht:' 

planktoll Call be calcu1aLed.. by subtl'aeLÏng the l.oLI11 1I11I1I11t'1' uf !lai ly 

inl.'rement.s bebolc-!8n the settlplllenL mark allù L1w pt.!rjml'Lt~r uf LIu:! 

ol..olith (ineluding Lht~ incl'l"!lIIenLs ,,,iLhill !.he seLLlemellL banù, I.lIis 

gjves the Humber of rlays silice sI-'!t.t.IeJllent) 1'1'0111 L1\1~ c'ullt!cLioll JaL!:!. 

These daLa cali t.hen be used Lo illvf'sLigal.f-' St-'!H"UIIUl Vlll'Lat iOIl in 

seLt] emenL/recrui tlllellt frf·quency. 

indicat.ed by seLtlemellL dates, Hp.l'e alsn uSl~l Lu tlt-!Lt:""'l'lIIil\t~ i r t.1"~I'e 

was lunaJ' variatioll ill setl.lem!~nL fl'pquency. 

3.2.3 'l'emporal var' iati on iu ruJu lt, dem-d t.y 

Adult populaU on dE"llSi Ly was cellsuc;l!d OHet' ))('1' IlUllli.l1 0/1 l'hwl t. 

Bellairs l'p.ef alld unce pel' wel~l{ 011 lIeruu Ba.y l'et~r. ()t~lIHi Li(!H HP/ t! 

mf~asured by swlJl1l\llng slowly along a !iOm ll'aIlS(!cL 1 j lit'! whi I(~ huldi"g fi 

one metre expanùable l'uler and cOIJI\t.ing t.hf-! n\JlIllx-w uf adulL fjHh (>:i 

r-ms) within half a /nt'ltre 011 p.i t.hel' side lIf' the! Ll'H.IIHI-'C'I. Lill(!. ('l'h!! 

fast-count visual cemms t.edllliqup; C;Pt-' Ni] 11-'1' and lIu/d.t!, 19H7). 

COWlts of IP amI TP adul..Ls wel'\,! l'f!\.~orded.i\L PFtcJa 8i\.(! ull l'flcll '-iHJllpJilJg 

clay, threp. transects were r-f::llsuspd fur dellH.Î Ly 1!8 Li mali!:'!. Th~ U.,..·.! 

tl'ansCocts werp. laiù para] h·) tn Lllt=: shOl'r! oVI!I' t.he cI'/d.ral part.. 

(c.:oalesced SpUl' 7.ulle) of the /'I~er. Each tt'aIlHecl. ,-ms }JblCl'd Îli Ulf~ 

same positioll on the reef each !nollth. De/IAit.y H8JllpÜ:!l:! weJ'e t.likl~1I 
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either eaely in the morning or late afternoon, Le. outside the daily 

spawllillg period. This avoided bias that might arise from individuals 

",I)V i IIg tn gpawn i ng Ai tes. For comparisons of densi ty between the two 

,'eeffl, alld between months on a gi ven reef, a single mean monthly 

dmlsity value was calculated for each reef from data obtained from the 

thl'('e transect surveys. 
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-------~--~-----------------------

3.3 RESULTS 

3.3.1 Seasonal variaLion in population RllllwnÏllg fl'equcncy 

TIle total Humber of spal·ming eVPl\t s oU!'>t'l'vt>d t>Vt->I'~' SI~l~\llld l~t!I~I\ l'Ill' 

14 months on Norlh Bellairs (NB) and 1I(~nJll Bay (liB) l'ed's c\llIIbllll!d iH 

shOl-m in Figure :la. Combining t.he dal.a fl'OI1l Lhe LI'll 1't>erS 18 ,Justifïl-'\l 

since the Rp.aSOIl8 l vad ation j Il IlI1I1lUt~l' of Rpmmillg t>VPIl LH c\id lIuL 

ct i f fer be t.Heen reefs ( Ho lmop;orov-811l i l'Ilu\' tHO-Ham)> 1 (-' t eH L ( Sulml ulld 

Rohlf 1981), D=O. 3'3, P>O. 05) • Sp.-'1I.JIlÏllg frequl!llcy • .JIlS Ilu L Ull i rC)J'1II Ly 

( l{oJ lIlugOl'oV-SlIIlt'IlUV 1)l\\-!-SUmp It' Lt-:H l. dislributerl aCl'OSS lIlonlhs 

(Za!' 1984), D=0.19, P<O.01), occul'l'ing pl'im1-.tl'i ly l)(:!L'vl-!PII ,JuIlUIlI'Y 11.1111 

July lüth a }Jeak betHeen Nal'ch and .Jllllt> (Fig. 3a) .• JHlIUllI',Y LII .JUlII:! al'I! 

the rh'ier months of the yeal' in RarbadoR (F i g 4). Spm.Jld Ille{ i 1\ LIli: 

bluehead wrasse can Lherefore bt'" divided iutn li Jlllll-I'I~pl'lJd\J(:l.ivp 

season (July tn December) and a rp.l)J'od\lcLiVf~ ~>t'IlHllIl (,Jalill/u'y LII .JIlIII·), 

Hhich lal'geJy coincide ,àth the HPt alld dry Sf!aSOIlH i Il Blldl/l.du'\ 

respectively. Note that this dnes not illll'Iy FiJI aIJHIJJlCI! Ill' ~JJlI\,lljll~ ill 

thE- non-reproductive pedod. Spmmillg rl'P.qu,~III'.Y 'vl1R H iglli f'II:1l11 1.1 y 

hi gher in t.he dry Heason than i Il LIu" H/"L RPftSOII 1)11 boLh 1, .. ('rH (NI.I.IIIl­

Whitney U tf'st, fol' sample si7.f's >20 (Rie,gp.l, 19fiG; SAS, 19H7) ; FOI' 

NB, z=2,24, P<O.Ofi; For HB , 7.=2.70, P<O.OI) and flJi' Lhp l'I!I-:f'-l 

combined (Nallu-Whitney U tesL, fOI' samplü Sj:.'.l'h >20, !I.=:L2, 

P<O.005). 

const.ant throughuuL the yf'ar, Slk'll.JIlÜlg oecul'l'illg JH'illlltl'lly ill U .. , 

ctrif'J' mon ths. 

Seasona 1 variatioll in gJ'(JUp alld paj J' Hpawl d IIg l!"i HIIIJWII j Il Fig. ~Iu 

and 3e l'esl>ec~ i Vf~] y. Group spawnin,t:! was ilOt. uld f(JJ'lllly dj !'itd buted 
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1'0 La 1 Il\Jlllber of spaHnillg events (3a), numœr of 

gl'IJU}l Rpa\ollling events (3b), and Humber uf pair 

Rpal-luillg evenLs (3e) vs. time of year for 

Thalassuma Lifaseiatum from North Bellairs and 

Heron nay reefs (Barbados) combined. Data are 

}J1'eRf>IILed at two-week intervalR fOI' the period 

Rt~pLf!11I1)l"r, 19H01 Lo October, 1985. Total oLservatiulI 

Lime pel' L!-10 1.J(~pk inlerval ls 400mÏtls. 
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AVPI'age lIlulIlh ly l'ainfaJ l in Ïrlches Barbados for 

tht' pr~l'iod 18·17-197G illclusive, displaying 

,listillcl ",pt and dry seasolls (Bal'bados Coaslal 

COIIS(!I'vat.ioll Pl'O,jpct 1984). 
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yea)' (Kolmogorov-SmÎlnov one-saJlljJle tes L, D=O. 209, 

P<O. O!» , (JCC;UI'I'] Ilg more frequellt 1 y in the dry season thall in the wet 

ReaSOIl (Halln-Wld tllE'y Utes t, for sample si zes > 20, z=3.1, P<0.005; 

Fig. :JI,). Pail' Rpawnillg was Ilut uni fonnly disLl'ibuLed thruughouL lhe 

yell), (J{qlmogo)'uv-Smirllov one-Rample test, D=0.19, P<0.001). Il 

IlP))f'lu'('d 1.0 lJt~ less COIlllnon in the weU,el' lIIonths (Seplembel'-November; 

Fig. :Jc) , but the ùiffel'ellces belh'een seaSOllS Here Ilot sLaListically 

(~lIUlll-Wldtlley U Il::'St, rOl' s811lple sizes >20, z=0.87, 

P>O.O!i) • 

S('vPIII Y-Ollt" Ilf')'cellt of ail spawnillg eVE'IlLs oùserved during the 

stlldy "'PI'P gl'lHl}l Sp,'.UiIlS ( 71%)GO%;X2= 17(;.53, P<O.001, Table 1), 

HIlggt~S 1. i IIg Lhal. si gui fiean ll~' lIIore females grou}J spahln lhan pair 

Spllt.J1I • 'l'Il(' frequelll ~y of gl'ouP SlJi:U-III illg a 1 lilas L doubleJ in the 

''l'JlI'uduet.ivp geaSOIl l:olllpan~d to Lhe BOil - reproducLive season, ,,,hile 

pH i l' spmJll i Ilg onl y i IICI (c!Hspd by fi fae LoI' uf 1.2 ('l'ab 1 el). 'l'hl" l'té!sul Ls 

HIlggl'SI. Lhal illl'l'PHSPS 1" gl'OUp spah'lIillg art" largely respunsllJle fol' 

tht' gl'lc!HI.I'" Lilial spl'umillg anLivity oLserved ill the ÙJ iet' lIIul1Lhs. 

ThiR is fUI'lht'~I' illustraLfad by a plot of the mOll~hly ratio of pai.r 

spmm i IIg 1 () gr'ou» spW>IIli IIg (P / R ratio) vs lhe Lolal Ilwllber of 

sp.Hmill,!{ t~\,pnts in tilt" llIolllh (Fig. 5). The grealer Lhe Ilumter of 

lot III spmm i IIg PVPIJ Ls , the loHel' the l'aUo uf pair spawllillg tu group 

sp.\lm i IIg. 

:1. :L 2 • S('H.YOlIll 1 var in. Li Oll j Il spawll j ng frequellcy pel' fish 

Thf~ largel' llululRI' uf SJ.-la,vnlllg events oLst"l'ved dUl'illg the clriel' 

1II1l1l1 Ils l'O\ll Il 1't-'!:>\llt fl'olll t,hen" bP i IIg a largel' lIumber uf aJul L fish 

PI'PSf'lll un LIli" "t"pfs tn sp~nm i Il those 1lI11IlLhs and / or frolll an 

2r, 



TABLE 1 

The mnnber of spawning events by 'lhal.89somB. bifasciaLUlI! in Lhe 

non-reproducti ve and the reproductive periods in Bad)llUOS, alld 

the percentage of evellts that are group or pair spawns it~ ellch 

periode The data are pooled for North Bellairs anù lIeron BIly 

reefs. 

NilltBER OF SPAWNS 

PERIOD GROUP PAIR TOfAL PERCENT FERCENT 
GROUP SPA\VNS PAIn SPA\VNS 

NON-REPROD. 698 357 1055 66 

REPROD. 1258 448 1706 74 26 

'l'orAL 1956 805 2761 71 29 

-----------------------------------------------------------------
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Fi guJ'r' !i. The l'atiG of pair spawning and group spaHning 

(P /G) vs. total numbe)' of SpalV11S in each month for 

'I11ulussuma bifasciatum Oll North Bellairs and Heron 

Ray l'(~efs, Barbados. The data presented are from 

thE' period Septerr1)er, 1984 to October, 1985. 
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inereaee in spawning frequency pel' fish present. Variation in ru.!l!lt 

dewü ty dic! OCCUl' durillg the year and showed similar patterns on 

Nor,th Bellairs and Heron Bay reefs (Figs. Ga & 6b respectively). Nean 

der IR i ly waH significantly higher in the wet months, (xNB=1.17± 0.40 

N/m2 , xHB-=1.G7± 0.20 N/m2 lhan in the dry months, (xNB=0.89± 0,07 

N/1II2; xlfR = 1 • 38:1: o. 50 N/m2 ) , (t-test for NB, t=2.29, P<0.05, t-test 

fol' lIB, l=2.40, P<O.05). A plot of monthly adult density for the two 

reefs combined is shown in Figure Ge. TIle data suggest lhat adul t 

dem'ii ty is lhe lowest in the drier months whell the nwnber of spawning 

f'Vt:onts abserved js highest. The increased spawning activity observed 

in t.he dJ'ier monthe must therefore result from a higher spawning 

fl'cquency pel' fish in those monthe. 

The taLaI number of spahlning events in a month divided by the 

df'llsi ty I~stimate for lhat month gi ves an index of spawning frequency 

pr'l' fish and is shawn for eaeh month in Figure 7a. This illus"Lrates 

LhaL t.he greater spaMlÎng activity in the dry season results from a 

gl'eaLer Rpm-lning fJ'equeney pel' fish present. Note that the index of 

spmvning frequeney pet' fish for IP individuals (group SpaHIlS divided 

by Il' dellsity) pealm f'arUer (Narch-Nay) than that for TP individuals 

Î pa i)' spmlIIs di Vldt=><l by TP densi ty) which peaks between t>tay and July 

(Fi.gH. 7b rultl 7c respecti vely) . 

3.3.3 Sf'l1HOllal varia.tion in gonadasolllatic indices 

Seasonal variation in mf'rul lIIonthly gonadosomatie indices (wt of 

gonaù/wl of fish) was Ilot marked, but complemellted the seasonal 

variat.ion i.n spm.Jlling fl'equency observed. ~fean GSI peaked near the 

mi(lI11e of the dry SE>aSOIl (Fig. 8) lvhen the frequency of group spawning 

28 



Figure 6. Monthly adult densities ( N/m2 ) vs. 1lI0nth for 

Thalassoma. bi fascia tum on Nor Lh Be llai 1's ree f (6a) 

and Heron Bay reef (Gb), and for the two reefs 

combined (Ge). Data from the more fl'equell L 

mOlli toring of densi ty (once pel' week) on lIeroll Bay 

are shown as the dashed 1ine in (Gb). The daLa 

lll'e presented over the period September 1981 Lu 

Oclober 1985. 
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Fjgure 7. Ail indE'x of spa"" lÏng fl'eqUf"ney pl"! l' l'j sil ( 'ipW-J/lh / 

dellsiLy ) for 

Be lla Ü'S and Heroll Bay J'P.!' rR, BadlllJuH. 'l'hl' data 

arE' prest"ld.f-'d sPI)'<lratt-'l.\ fur Lu La] S}JaI.JIIH ( 7a ), 

7lJ f.wd pa il' 

spaHIlR; (males Hl'I"! TP) ( 7<: ). '1'111-" Jlll.a l'uVI'l' tlll' 

pPt' i oJ (x ;Lol>el' 1984 1.0 Od.nLJ(~I' 1 ~IRG. 
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Figure 8. Hean monthly gonadosomatic inde-, (GSI) vs. Lime of 

the year for Thalassoma bife.sciatum on Heron Bay 

reef, Barbados. 

T ind ica tes 95% confidence l i III j t,"l. 
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",as highest (Fig. 7b) (Speaullan's Ralll\ Cl)I'l't~laUUII, 1',=0.7, P<O.OG). A 
H 

second slnallel' }.Jeal\ in GST ucc\llTed LlM.ll'lls Llw elld ur t ht' dl',\' St!llhllll 

toJhen the frequellL;Y ur pail' sptumillg \oJHH higllest (Fig. Îl:). 

3.3.4 r-tonlhly variation itl spawnillg fl'l!tjul!lley 

CUl\sldering North BellaiJ's and IIt~rIJII Bay l't'I~f<.; \ ulII1,itll·d, HJlHlVllillg 

events toJerE' lIlülIÏ lored four Lillles P(~l' '.Jüel\ fUI' 1,1 IlIl'ld.lIs, IlIaldllg il 

pos!:dble to jllvesLigate JUllal' variatiull 111 HI'H'''11Ï1I14 HI~LiVILy. 

Figure 9 shul-is the Ilumber ur gl'UlllJ alld pai l' SjJaI"11111.IJ !'VPIILs 1I11 Il 

wet-'k ly Las j s LhruughlJul. the yp.al'. Nul t-' LltaL SUIIlI'> dal il \.,rI!I!' IlIlHYU i 1 alll l' 

and sUllle '-Ierp lUlava il aL lI"! fOI' Il \l.Jl) ,,,:\~ph )Jt"> 1 1 lJd i Il f'); l) 1 !IHfi 'li lit '.. Il 

3.3.G). 8epfll'aLely fur gt'OUp alld pail' c..,palJllillg, da!.l fUI' ail IlIlJltlh .... III 

IIUI' pair SpHlvlli"g aL'U vH,y di fffOl l'~·d 1"'\1.)1'\'11 IIJlI"1 1'11.1"'" III Il .. , 

seaSO!l (Friedlllar l' s tl~st (Zal', 1981), (gll"IJd; 1'>0,0:-;, 

P>O.OG). 

pail' C;paHI111Ig a(:tiviL,y (ljffl'!I'I'ud I)t'I.I.~I~II IIJllal' plta".·:-, ill 1111', 'o"HL,I"I, 

Ilia) lJe more ('UIlUIIUII aL sjI/'ilJg t.id"s (II"\.J IUld rull IIU)(,IJ) 111.111 al IH"lj' 

t.ides (firsL alld bu-.t qUll.J·I .. ~I'). 



Wt'ekl y fl'equellcy of group Nid pair spawning vs 

1 UIlfU' l'11f.J.<')(~ fOl' Thalassoma lJifasciaLuJII on North 

B,·llai )''::; atll1 Heroll Bay reefs cOllIbined. 

N = 1I1'W IIIl/UlI 

r = fi n~L qllal'Lel' 

f'~l = ru 1 1 lIIuon 

1. = lasl quartel' 

gl DU}) spawllillg 

pn i )' s pm-m i IIg 

J 
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1 idr'!-j \Vas <;i~lli fïl:HJltly gl'efltel' Chall Llmt durillg /leap tldes (\~ilc:oxoll 

'ii~II,!d-Uillhs les!. (SoIHl.l and Rohlf, 1981); z=1.99, r<O.05). By 

':IlIlLl'IlsL , 11Î(~L1lr·r' pa.i r H}JaI"rd/l~ rl'eqlJ(~ncy durillg the l'elJl'oductive 

1"'1 i()d (Wr )r-IJXUIl'S siglH~d-l'allks Lest, z=O.G2, P>ü,05), group spm ... ning 

f'I"'ljlll'/I\;Y dlJrili/6 UIP- /IIHI-I'(~I)J'()(JIJ('Livp periud (Wi lt:nxulI's siglleù-raliks 

I,'sl., 7.=1.1:', l'>O,OG), IH))' pail' SPW'lIlillg freque/lcy ùurillg Lhe nO/l-

:J.:!.!). Dai Iy vaJ'iaUotl in !:llJawlling frequf:!J1ey 

Ol,,-\('I'wtl i,,"s of H}J1H,,"ing acLivity t.Il1'ougltuul lIle daily spal"llillg 

1"'I'Jo.] (1",1'''''1'11 IIOOllI's. alld 1500111''''. eac:h day) W~l'e carried ouL each 

day flll' 2 '';l'phs ill Apl'Ï J, 19B!) '" illw'sUgaLe if the UIIIJJlg of Jaily 

1111''''', rOi' nll da)'", ,,1' 1 he spal"'l1ill~ e\:PIll!-I Lhal 1J!.!CULTf'd al eueh Lidal 

(Figl->. 111\& Ill,), n"l)l1psJJal,millg rl'equell\!,Y ,,,as BoL ulliformly 

dis Il' i I,ul t·1l t Il, ulIghUlIL 1 he t 1 da 1 n)'l'lt-· (I{ullllugul'uV-SlIIll'lluV olle-sample 

l ".., l, Il:: 0 . 2;9. r«L 001 ; Fig. Il Il) 01 '\ 'UIT i /lg mut'!-:' fl'equell tl y dur illg 

""/ll' high 1 idt, 

Lidps (t-lallll-\<i'hiL'ley li tt:'sL, U,=Gl.G, P<O,OG). s 

Fig. lia), Pa II' SIJfl'.J111Ilg rn'\luellC',Y IMS alsu 1l0L 



Figure 10. ~lf'an lIumLer of group (. e) flllJ pcti l' Hpa ..... 11 i Ilg 

(~) evellLs dud IIg l "l~ l't-'prud\JI:l i VI' hl 'anI/il ur 

l!l8G .Jan - .June 

Thalassollll:.\. !Ji faseiaLulII 

RelJairs reefs CÛlIIld lied. 

vs. 1 UIlH!' p"a~I', l'III 

011 IIf'l'UIl I~ly 111111 NUI"" 

L indicaLeH 9G% CUllfid,:OII('(> 1 ilIIi L'-i. 
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Figure 11. Neau number of group ( 11a ) anù pair llb ) 

on North BellaÎl's reef, Barbados. 'NIe data wel'e 

recorded during a two weeh: experimPllL j Il Apl' il , 

1985. 

T indicates 95% eonfidelicP limi Ls 
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wüformly distribuled Lhroughout the t idal I~YI·lt-· (I\ulmuglll'uv-Smi l'IIUV 

one-samlJle Les l, D=O. 289, P< 0 • 001 Fig, 1 ll,) alld 'vl\S h i gn i ri CHIl LI y 

higher dul'illg ebb tiùes t1um flood Lidc-'H (l"IHIIII-\';hilllt'Y lf tt!HI, U
H

=·!.l, 

P<0.05). As h'ith group spah'lllng, pRIl' spa\vni"g fl'equt'Ilcy HI'Pt~al'l'll 

highest llt-'ar thf' bf'gilllling of f'bb tidt" (i .t-·, lIelU' high t id" Fig, 

l1b) . In SUllunal'y lhese results suggesL thaL daily spa\vlling il. l.ht' 

bluehf'ad "'rasse traeks tidal stages beillg 11101'(-' ('l'l't/llt·,,1 dllJ'illg l'lib 

tidf's than flood tides, and œillg pa.l't.Ïl.:uJal'ly fn'qllPIIL 1I1'at' I.hl~ Ollhd, 

of ebb Lides whell water depth i s gl'eaLt~sL. 

3.3.6 Variation in elU'l'eut spe(">() 1UK] di l'.~!t.ioll 

Jnshol'e surface CIl/TeIlL data /'~l~o/'dpd UII Ilt'/'t)1I BIlY alllJ No!'th 

BeJlairs l'f.:efs are ShUHII ill Table 2. 

IIIOVPI\IPlIL ClII boLh l'f!t'''fs was nffshol'p (JI 1 !)(j% or 1/11' (JI'I'a..,lolI'; IJII I .. hidl 

curl'ents Herf' sampled, ,'pgardlesR of Utlal pha<-;l" OU IIH' Il'lIIaillÎlIg ,l'Yu 

of occasiolls the eUl'l'ellts rHII pal'l1Jlf'1 L" Lllt· !-.hlll'l·. SI1II111ll' 

observatiolls have pl'eviousJy IJer:1l Ilirulc~ fUI' "psI, cuasl. rllllgilig 1 l'C f''-i 

in Bal'bados by Revall (ullpubl. data), CHrald"llu (ullpuld, dHla) alld 

Toma8cik (ullpubl, da La) . 

Hest (3(=293.0 \v'NW) , OccasiollaJ /'f!vp.l'sals Lü LlltA suuth w('sL (J1~1·\JJ'J'C·d, 

11108 tly a t flood Li de. AL ebb tide , Ilul'LlIHI"sL CUI'I'c"lIl.:-. W"I'C! IIllll co 

2 frequent Chal! soutlll"esL l'ulTents (X =11,2!i, P<O,OOI). /il, fïulJd Lllll', 

lIol'Lhwes t alld slJuthwp.s t CI.IrJ't"'!ltl,R OCI'IlI'I'f'l l '" 1 1.11 t''1wll f' )'C'qllC'llI:y 

pl'evaj l illg sud'ar'\" CU/TPIlL J /1 spi I.I! (J r (I)IIH ide:1 ab! f' V 1.1 l' j HL 11)/1 i Il 



' . ../ 
TalJLp 2. Cur'ren t. da ta fl'om drogue studies (depth lm. ) on North 

Bell ai 1'8 and IIeron Bay reefs. 

NB= North Be Il airs HB= Heron Bay 

3GO'/0 
• • • 

NOI·th= West= 270 South= 180 

ERR TInE FLOOD TIDE 
-------------------------------------------------------------------------------

TINE 'l'U'lE 

R1ŒF c..1rlffiENT OF THm CUlffiENT OF THm 
& DI RECTION SrEEI> IIIGII OF DIRECTION SPEED LOW OF 

DATE ( f)EC1REES ) (HIS) TIDE SANPLING (DEGREES) (HIS) TIDE SAHPLING 

-------------------------------------------------------------------------------
l!lR!} 
NB 27/08 337 0.0-11 16-10 1639-1743 280 0.013 1020 1020-1109 

NB 06/09 262 0.029 1-153 1451-1603 
Nn ()(l/Og 150 0.007 0828 0824-0935 

NB 11/09 3G2 0.052 03G5 092G-I016 317 0.013 1013 1550-1616 

NB 21/09 2G7 0.037 1320 1352-H59 333 0.059 0704 0'750-08G3 

NU 01/JO 312 0.044 0913 0919-1015 

NB 08/10 346 0.122 0858 09G3-1016 334 0.018 144G 1444-1G44 

Nn 15/10 29 0.020 0713 0806-0909 
NB 24/10 318 0.030 1517 1514-IGIG 1 252 0.031 0917 0920-0916 

Nn 07/ 1 1 328 0.179 1-128 HI5-1115 
lin OH/II 321 0.097 1GOO 1516-IG31 313 0.082 0913 0915-0945 

NB 15/1 1 227 0.083 093G 0916-1016 275 0.051 10139 1-127-1507 

NB 21/11 215 0.015 11 ().1 Hl -1-1506 241 0.02iJ OR10 0818-0915 

lIB 2:J/ll :112 o .OH 1 G27 1521-1 G28 352 0.03G 0928 Og36-1034 

liB OG/12 198 0.041 1351 1100-14GG 33·1 0.049 0808 081] -0907 

NB 13/12 289 0.029 0816 081-1-0910 201 O.OlG 1336 1332-1453 

liB 1 -1/ 12 :~33 0.117 090-1 0901-09-19 322 0.0,10 1-149 1665-17GO 

liB 20/12 209 0.070 1340 1335-1428 181 0.051 0747 0800-0857 

19R5 
NB 07/01 254 0.028 0951 1002-10G2 

lIn OR/Ol 2G1 0.069 1G39 1G35-1731 23G 0.0-14 1042 1039-11-14 

lIn 1,1/01 :303 0.026 1005 1007 -10G9 203 0.081 1G-13 lG43-1730 

NB OG/02 281 O.OGO IG37 15-1G-1627 227 0.130 0945 09GO-1024 

lm OG/02 333 0.168 lG31 1639-1722 208 0.0!i2 1O~2 10-1-1-1131 

lIB 27/02 299 0.053 0920 0918-1018 288 0.049 1-159 1-142-1543 

NB 01 /n:~ i~9R O.O?G 104R 10-11-1125 288 0.039 180G 1742-1822 

NB 07/08 28-1 O.OGg 1013 100G-10G2 

lIB OH/08 ~9,1 0.090 1709 165G-1733 246 0.03-1 IOG8 101\4-1127 

Nn 13/03 195 0.050 0850 1429-1G2::l 286 0.01-1 0231 0751-0844 

NB 21/0:l 271 O.l).18 15,H 1 G-lï-l WH 259 0.072 09-1-1 0937-1023 

liB 03/0·1 326 0.056 1 -116 1412-1458 335 0.011 0828 0845-0940 
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TABLE 2 con Li nlled 

ERB TIDE FLCXm Tl DE 
-------------------------------------------------------------------------------

'J'Hm '1'1 NE 
REEF CURRENT OF 'J'Hm CLIRRENT OF '1'1r-m 

& DIRECTION SPEED 111GB OF 1 DIRECTJ ON SI'lmn IO\v OF 1 

DATE (DFGREES) (N/S) TIDE SAI' IPI , l NG 1 (DEGREES) ([\VS) 'l'IDE SAi'lPI ,1 NU 1 

------------------------------~------------------------------------------------

NB 04/0·1 234 0.073 1504 IG1O-1557 319 0.n'1B O!lon O!IOO-O!J~!i 

HB 11/04 338 0.089 0819 û830-091G 200 (l. Ori 1 1 r: J :~ H~ :1-1 fi·l0 
NB 12/0·1 2!l(~ (). (Hj,l 170? 17().1-17fiO 
HB 17/04 288 0.111 1432 1-12,1-1512 153 0.011 OH1fi OH3i:.-O!l1 !I 
NB 18/04 232 0.086 0900 0940-102G ~Hj·1 0.103 l ,1 fi ,1 1,1!i 1 - 1 fi:17 
NB 09/05 246 0.071 1319 1311 :1-101 :15 
NB 10/05 334 0.089 0754 081·1-0BOG 
lIB 27/05 325 0.218 0920 0919-0955 272 O.0·1!ï 1 GOf) !fiO:1-lG~(i 

HB 10/0G 228 n.oso lfiriH 1 (ifi!J-IGGO 
lIB 11/0G 281 0.OG9 1051 1130-1215 
lIB 18/0G 308 0.106 IG19 1613-1700 187 O.OtlG 09Ci!"j 10 12- IOfiH 
lIB 25/0G 32G 0.151 0901 08,10-0910 310 0.070 1 fi23 17:m-18:11 
HR 09/07 315 n,321 H2H 1~12-1fi2H 
lIB 10/07 3·15 0.316 0927 09G3-1030 
NB 18/07 185 0.024 1751 1721-1808 
NB 19/07 311 0.071 1113 112:1-120H 
lIB 2G/07 300 0.086 1118 1 :H3-101:3G 198 (). Ofi!) lIi,1,1 lIi:11-17IH 
NB 08/08 31R 0.071\ l:HiR 13!'iG-lI\31 
NB 09/08 350 0.043 0924 0927-1015 
lIB 18/08 nG o. 11!} 1128 12!'i7 -1 :1:l!1 
lIB 19/08 312 0.084 0559 0722-0808 
NB 23/08 208 0.0:)3 tri07 1 G()!i-lG:1O 
NB 25/08 281 0.023 1255 1323-lo10R 
lIB 01/09 129 0.138 0400 OG29-0G1I8 270 0.028 1023 1 :120- D[j!) 
NB 14/09 8 0.023 1545 lG15-1615 
NB lG/09 IG8 0.122 lOGG 1113-11 ~:I 
lIB 09/10 320 0.050 1249 1317-14 L2 
lIB 10/10 301 0.013 0707 07G 1-0H!'i(j 
NB 21/10 294 O.O2{) HiG4 Hill 1 -172fi 
NB 23/10 292 0.037 1329 IHO-152G 
III 31/10 303 1.99·1 0450 0630-070!i 3:17 n.01t7 1023 1212-12:12 
-----------------------------------------------------------------------------~-
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l 'UI 1 PII1.8 al. pIJ() 1 i de LI) lJe fas LeI' lhan Ll!ose al. flooo liJe ( ebb lide 

x = O. 1 2 fil/ Sl~1 : flood UJe x = 0 • OG m/ sec l-lesL, t= 1. 491, 

f'=().OfiR). IIr--!II('I!, pelagil: eggs releaRed primarlly dUl'ir.g eLb LiJe, as 

i '"' A.pll1ll'ell LI y L1le CHSP I-li th b 1 uehl"ad l..JraSRe, woulù Le carried 

of'f'<.;hOl'e faslm dudllg flood Lides Lltall elJIJ LiLles. 

AL HIH'ills:{ LilleR ( daily Ude8 aruulHl ful1 allù Ilel-i muon) eLb tide 

l'W,/,Plll.q Wf!I'r~ fï Vt-' Lillles fasLel Lhall fI (Jod tiùe c:ul'rellLs (eLh tide x 

0.21 III/SPC , flolxl llde x = 0.04; L-LesL, L=1.427, P<O.Ol). At 

Ilf'ap 1 idf's ( clai ly t.idt>H al'lHlIal fiJ'st alld Jasl. quarte1's eLb LJ.de 

l'UI'I'I'IIl.s t"'t~I'(~ uIII,Y LloJke as fast as fJood tide CUI'l'ellls (ehb Lille x= 

!).OH III/Sf'I' , flood !.id!' x = 0.04 m/spc ; L-test, L=2.363, P<O.OG). III 

1111> (,!\H·III·ad loJl'aS':;t" in RadJl:ldos, group SpatoJltÏug is Lhe musl CUIIUIIUIl 

IIIlxl" of' 1"·JlI',xlu,'1 iOIl (Sc'cLioll 3.3.1), 1l OCL'U1'S priUlRl'lJ,\ during eLL 

1 1 dt 'S (Sp( '1 i lIll :1. 3. !i) HI III j S lIlo!t· fl'Pqup.n L IIPaI' IIt"W alld full lIluun 

(<-ipr'illg Lidl's) Iharl IIPI1.I' fil'st alld lasl. quar'Lt--!I's (11I'ajJ 1 idl'h ; Sel'Liuri 

:L:L,1) . 

nf'f's!lnl'(' ('\lI'I'f'lIl '"' Ill't' al t hpi J' fasl egl , 

Tilt· sl'HHlIllal l'ppl'od\l('Livp alld IllJll-I'epl'cx!ucLi\'e r~l'iuds of Lill:' 

1l11II,IH'11\1 \''l'aS~t' di,) Ilot dlrfpJ' ill tr'l'ms uf lIIeRlI cUl'rellL speeJ aL 

fï f Il xlI i dps (11~pl'ud\ll'll VP., x=O. 07 lIl/st--!c lIoll-reprooucLL ve, x=O. 08 

1-11"'1" I=O.·!I, P>O.()!i) Ol' al. t:.lJb Lidt--!s (l'epl'uUucLive, x=0.09 

III/~t'(' nllll-I't'\lI'lXhlcli\'t·, x=O.1·1 lIl/sl~l:; I-Lp.sL, L::O.G·t, P>O.OG) 1101' ill 
n 

\1'1111<> nf' IIIt'1U1 l'IIII't',,1 dil'pcLiulI al flu,xl tidf's (1't>pl',xlucLi\'e,x=281 WSW 

Wat.HOII-\~i]liaIIIS LesL (Za1', 1981), 
p 

F=-()'22,P>O,()!i) UI' al. l"hb Lidt--!s (rf'I)J'uduc'Live, x=290 WNW; llon-

" l'I'llI'(lIllII'\ ht', ")..=272 h'Nh'; \~a 1 8011- W i IIi ;:uns LesL, F=0.81, P>0.05). 

111'11('1', .... 1·lIsllllal \HI'ial iIJII in spah'llillg 18 1I0l. appal't.·IILly lllfluellceJ 
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by seasonal variatioll in Ileal'sllllll' ('111'1'1'111 ~p('I,d /llld dil'I'I'I 11111. 

3 • 3 • 7 Seasonal var i Il t.i 011 i Il l'el.! l'U i 1 1111 'Ill. 

11'\'1'11 il 1IIl'IIt Ilf" 

juvellHps of T.ldfasciaLwlI III 1 lit" pu pli 1 a 1 i \)11 lIll lit' 1'011 Ba~' l'l'l' r 

OCClllTed th rOllghnu t 1.1l~' ~'p.ar (F i g. ll:). II11\oil'\'I!I', 11'1"'11111111'111 l,ah 11\)1 

uni fûl'1lI1~ tlisLribul.ed Ill'l'uS'i 1I1111tt.h<.; (){"llIIl1j..(III'"v-:-IIIIII'IIlI\' 1" Il '-hlUllj 1 Il' 

I.e~:;t., D=0.098, P<O.Ol); l)C'cw')'illg pl'ilwlI'll~ 1",1 hl'I'II .lIulI' ILlIlI nl'I'I'1I1111'I' 

in 1984, \~i tll H sllal'p Jlt-'ak ill ,July HIll 1 A\lgll'il. ,/allu:tl') III .1IuII' 10/1'1'\' 

pf'riods of ,'(·laLiVt'd y IIJI..! l'IJel'ull.lllf'llI III 1IIIIh Im-l,) III Il 1 1!)Hfi 

12) • 

(Fig. 

t\1I illdl=>x (Jf sr'asIJllal Vft! lai iUII ill l'IJI'III1II1Il'I.I l'III' Ih" la\l"I' PHI'I 

of dl '111-> 1 1 j rll/' NIII 1 la 

Io/l'assp (10111111) III tH""IJIII" );11j..(f' PIIlII,gh ICI 1", 1"'110.;11<-'1,01 11<-0 Jhll Id' III" 

aJuJt }lu}'ulalilJll (>:10111111; Vil'llIl, 19f1fja; S",'IIIIII ::.:1.10), Î~III" 111/11 

!.Ills app)'lIa!'\1 a<,sl.llllpd Ihn.L Il,,, o.;,Jasllllalily IIf 1"I'IIl/IIII"'" 1<-o1->IIIlIlg 

f:'lIough Ln causp a l'lIl'n-·lal.pd !'H~a<-Ol1llal /'1<';" III atlult dl'll,">llj (0.;1'" 

SPI ~ t i 011 3 . :3. 10) • 1",1 III Ap, ,1 

'l'III' "., luilu,,·,tI 

}>l'ofi les geIlPl'aL~!ll al',J t.lll!l'f'fl)/'IJ SI/IIi lar 1111 Il,,· 1 \." , l'I·r·., ,,/Id 'lllUI Ill, 

llJ the lPcl'uiLnae/lL j>l'lJfi Je (If 1<HH "'1 Il'·'"11 Ba ,Y 'l'''f' CJld.lI/l1'd /""III 

oLolit.h seU.JtJlllellt. IlIal'll',. 

Talll., :1), 

Hl 



N\llIlbeJ' of l'ecru] ts vs. time of the year for 

~rhaJ~.iê_~~~@ __ biJ;'asciatulII on lIeron Bay reef 1 

BadJl1dus. Data presented separately by mOllth [1'0111 

.Jat Ilmr'y 1984 10 .June 1 1985. 
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Taule 3 

Rpcl'ui t.lllent. profile for the latter part of 198G for '111alassollla 

pJJ~.!:!laLUJ'! 011 two fringiug reefs, North BelJairs alld Heron Bay, 

in HU1'bados. The pl'ofi le is generated by time-lagging adulL 

dew'li I.y I>y 2 1II0ll t.bs • 

RECRU TTNENT 
(AduLt ç)PllqHy in N/1lI 2 

U Ille 1 agged hy hlO Illon Lhs ) 

NORTH BELLAIRS HERON BI\Y 

I\PRIL 0.89 1. 31 

NI\Y 1.05 1.31 

.JUNE 0.95 1.82 

.JULY 0.97 l.GG 

I\lJ<:lJST 1. 97 1.88 
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pl'eeed lllg pealç ]'eCl li i tlllP.1I t Fig • :~ H; Jo' 1 g • 1 2 ) • TI, i ~ il'-. 

cil'cumsLalltial E'videllCf> S\lg~t-'stillg Ibat thp Pl'illl'11'1l1 CIU'lul' 

illfluPIII:!lllg spasullal vaJ'iat iOIl ill l'toI l'Id 11I1t~1" i., SI >H '"' 1111 a 1 'Ill'ini iUIl ill 

Sp-il.Jll ing. 

i llli IIg 1/ (' St'IlS11llil 1 

leL'I'uit.meIlL allù seasollnl spal~1I1llg ma~ III)t 1,,> l'-.111",dalll ial. 

ASSUl1Iillg sf'asllllai vadaLiol1 in '"'1J;\IoillÏllg III \,,> Sillllll\l' III IBH,! /llid 

198fi, SpPaJmall's Rru,l{ l'ol'l'plal iUIl (·ur,rri('i"IIl:-. 1/I'II,t·t>1I 1111' 1IIIIIILJt>l' ur 

sp:U,Jllillg t'vents i11 a lIIullLh alld 1I\t~ IIlJllllu'l' of' l '>"llli 1 <-, ill Il 111111111, (I!JH·} 

data) eall l/p gl~'II'lated (Table '1). 

"t:'t'I'ltillllf'1I1 "PI'~' high alld sigllifi,'arJl 10I1t'>11 1"'('I'llilllll>11I I • .I'-l laggt>d ()II 

Sp:lI"IJÎllg tJ.\ Lt~lJ al III Iltlt>p lIlultlh ..... , hlll \ ... '~I·l' 111 ..... iglllf'I(·/t11l I,illl 111111' 

lags (Jf 0,1,,1, HI III 5 lIIuld hs (THIl! f' 1) > Iisillg III,d Ilh .lai Jllg, 11I1·v.11 

da~s, Ihal 111 l'allrullH is qli~htly 1()llg,·! III n\IIIIII :\H 1., 7~: 01".\,. (V" l,,, 

198Gb). lIP1I1 e il t illlP Ipg Ill' 2-:l I!lunll,..:; I,~II.J(·"II 1'.-:11\ '1'<11".1:1).( 01/101 JI.·ah 

reC'J'llitltlt>IIL, pal'tÎ('u]ru'ly givPII Iht' IIs~'ltlll'l i(JlI fil' ,d"111 /, ,,1 ''l'''''/IIII/-( 

pl'ufi Ips ill 198·1 ::ttld 19R5, is lalg"I.\' 1 '"1'--.1,11'1".1-;,111, 1111' ~'J).(/-(,,,,111J1I 

IllHt Lhp t ilIIi IIg ur SI~aS()llal 1 PI'I UI Llllt'III I!-. }II illittl 1 Iy , III" 11I11.·d 1,.1 1 h.· 

thp t un i Iig li r SPIlSlJIIR 1 spm"lIlllg> 

3.3. R LUII1U" Vlu"i al. i on j Il r'f'(!I'U il 111('11 t. 

CIJIIILd Il i /Ig it ,,1 i \ i dW1.1 S t'l'Olll ft 1 1 1111)111 h, , hll 1 ..... ·1 1 l, >01 'JIll'''' Il IIH': 1/ d. l}' • 

Il'' Il.,· dllyc, a,t'IJI • .] 

1 hf' l/t~\" IIIUOIt 1 hall i /1 Lh~· \JI h('1 day<-, I)f' Illf' 



Table 4 

~1,...aIIlUIJ)'R cOITelat.ioll coefficients (rs ) for different time lags 

between the IIlnnber of spBHnillg events in ft 1Il0nlh and the Humber of 

recl'ui t.A per month in (19R1) for 'l'halas soma. bifasciaLwlI on lIeron 

Ray l'ep. f in Bad:JRdos. 

+ dpl\ot.eR Rigllificf\lIce al lhe 0.10 probability level 

* dPI\Ot.PR si ~Ili ficallce al the 0.05 proLabili ty level 

Tnm .. 1\0 (~lON'J1IR) c/\,nJ1.1\TED (r) p 

() -0.33 0.32 
1 0.18 O.5G 
2 0.56 O.OG + 
~ 0.R5 0.003* 
1 -0.18 0.52 
fi O. t 1 0.69 
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Tabll~ fi ------ - -

O=FUJ IL ~1(x)N 7=I.AST QtJARTER l ,1.:.NE\~ ~lCON 2 1 ..: F 1 l,ST (~I 'AI\TEI~ 

UJt~AH 

NIJ~IBER Of' 8ETIï Iims 
DA\ 

n !i 
1 R 
2 ln 
:3 J.1 
,\ 1 :1 
fi 8 
fj 'i 
~ 

I~ , 
n fi () 

q 12 
10 8 
II 1 :l 
12 7 
1 :1 Il 
1-1 i~ 1 
1 !i l!i 
IG 10 
l'i Î 

18 ;, 
19 q 

20 <) 

21 10 
n" q t..L 

2:~ 10 
21 Il 
"r. t...J 1;' 
2G q 

2; .., , 

4!'5 



'III" paIl l'III ,,f' spll 1"III1'ld \;ac., di l'l'," t'id 1', 1 Jill li \lui fUI III disl rj buLiuli 

(;.;2 =: Il.2, l'<O.O!i). \'wl,jf ( IBRGa) 

cI"II"" 1 1,\ (l1J 1 I~\'l \lI tlll\~lll \.Jel'~ 

, )\ , '1 :1 1 1 JIll 'III J 

(:, 1'( '11'-, l, "'\, 'c., , 1. 7t: 

Lifa<"LlaLulII 
- - . --- --------

2 
N/Ili • 

d"'IS II); 

Th,' 

,It'II~ 1 t .\ 

1'" w\~t'e: 

f'ay, Il '!:> BH.~, l • ,19 

["UIII a"\J\lIItl 

1""01111" Inl~" l'III,IIL(II (':HlIlIIII) t., 1"" ,'II...,\h'·11 ,IS :ulult..., (Fig. 1:~). 

1", "I,(:llllI'd Il.1111 tIlt, ...,l')I~' ,d' III" ,!t'II...,il~ 11111" \It-!Ih"l'II ~I'-t,\ Hill 1 U .. l.ullt·!' 

l""/', ,tlltl Illal Il 1"" Il ",HI<-;~I\rtll\1' "..,1./111111,-" 01' 1'~·<.:IUIL"/I~IIL 1', 1 II\'!:.' il, 

l , " '1 III 1111' 'III • 

." " 1'1 t "" '1 Il t '.1 111 Ta 1" l' (i. ,!t~lh 1 L~ pl' ilJ!' Lü 

Il'''IlIIIIlIl'ld 1111 ""111Ic.,I'qllt'lll 11',·"lÏIIIU'1I1 l'al" ,':III 1111-'11 IJt' ill\P:-.LlgaLed lJy 

1'1,,1 t i Iig rh,· " ,h,·...,1 1'" '-1", 'II/ il IIlf'1l' d"II'" i 1,\ 

""111''''1''1''''1111''''11111111''111 l,d,· 'JlI Illal I,'pr (Fig. t,la). 

01 1 t' 1 Il tI ,', 1/' 1 \' 1111 l ,d (SIN'tltlllall'..., Ru.!, ('lIlll'lal i"ll (STSr, 1 !l8G) l' =0.19, 
h 

Hi 



Figure 13. ~lonthly densities ( N/m2 ) vs Ume of year fOL' 

Thalassoma bifascialum on eaeh of seVf>/1 fringlng 

reefs in Barbados. Data presenteel separalely by 

month for the period frolll Septelllber' l BR" Ln 

October 1985. 
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TABLE G 

Estimated recrui tillent l'ales for Thalasso1ll8 LifasciuLulII 011 Ht>vell 

fringing reefR in Barbados be tHeeu Nay nud Oc tulu"!)' 1 B85. 'l'hl! 

l'ecrui Lment l'aLes are gellerated as the sI Upt's u[ Lhp i IICI't',I .. P i II 

dellsity follm"jtlg recruitlllellt 011 each l'ppf (Figlll'P 13). 

REEl" 

NOI't.1! Bellail's 

Heron Bay 

GJ iLLer Bay 

Golden Palms 

Greens let:'!ves 

Sallùridge 

Paynes Bay 
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(N/III l)t'I' III\J1dh) 
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0.18 

(J. 1 fi 

O. 1,1 
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FigUl'~ 14a. Recruit-ment rate ( N/m2 / mon th ) to a reef vs 

UII'! lowest pre-recrui tment density on the reef for 

eadl of seven fringing reefs in Barùados. Data 

span the period Hay to October, 1985. 

Figlll't' I·lb. 
<) 

RC'C'l U i lmen t ra te ( N/m" / Illon th ) to a reef vs 

LOh'e8t. pl'f'-recrui trnent degree of saturation 

(dellsi ly /cRl'ryhJg capacity) on the reef, for each 

nf RPvpn fl'ingillg reefs in Barbados. Data span 

lhe pl"riod ~1ay ta October, 1985. 
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p>O.05), V!utatively suggesthtg Lhat resident adult densi ty on a reef 

do,'l'j Ilol influeuée subsequent recrui tment rate to the reef. 

'J1le probJ elll wi Lh the above approarh is thaL the carrying capacity 

of Lh~ ret·fs fol' Lhe bluehead wrasse may differ. Consequently, 

rl"IIHi ty 011 a ref:f lIIay nuL [Je a good illdicator of space availabili ty 011 

thp l'eef. J will define carrying capacity of each reef as the mean 

dt'IIH i ty nroulld wh i ch dens i ly val ues s tabil i ze following the 

r'!'cr'ui tmenL pu] se in any gi ven year. Recrui tillent of juveniles 

Iwillllu'ily OCCUI'S belweeu June and December (Fig. 12), and the 

1',·su\t.ill,E{ }lf'!alt density of individuals of cens us size occurs by 

Dt·(·,JIII!IC:!i' (JI' .Jalluary on each reef (Fig. 13). Following recruitrnent, 

dlJIIHiLh~s fall sllal'ply, stabiliziltg on the different reefs byeithel' 

FI'\H'uar'y 01' Nan:h (Fig. 13). The values used as estimates of carrying 

CHpllcÎ ty HI'P therefore the meall dells i ty between February and Hay fOl 

GI'I·ells1 e("Vf'S, betwpen Narch and .Julle for Heron Bay, beLween ~hu'ch aJlù 

JUlII~ fOl' PlljIH-!S Bay, l.,etween February aud June for Sandridge, between 

Nar'c:h a1ld Nay for G1 i ttt\r Bay, between Febrllary aJ1d Jllly for Golden 

Pa ltll~ lUIt! behveen ~lal'ch fUld JWIt~ for North Bellairs. 111e resul tillg 

l'sLiIllIlLes Clf CHJTyillg capacity are presellted in Table 7. The degree 

of saLuraLiol1 011 ally reef in ally given month can therefore be 

t'S! illUlteù AS lhl~ ratio of densiLy / carrying capacity. 

Errpt'! s ur degree of satw'atioll prim' tü recrui tment on subsequent 

IH'l'lIi tlllell! rate could lhell he investigated by ploLting the lowest 

dt .~ l't~f' 0 f ~Il LUl'A Li on 011 any reef in tlH":? pre - recrlli tment period 

H~HillRt tilt"' Hllbseqllf'llt, recruitment rate to the reef generated as in 

Talllt' G (Fig. Hb), The variables are not correlated (Spearman's RarÙ{ 

CIH'!""! fit i 011, r = -o. 12ô, p>0.05), 
5 

GO 

teilla ti vely sugges ting that 



TABLE 7 

Es timales of carryillg capaci ty 

seven frillging reefs in Bal'Lados ami 

are relati vely s table in densi ty (spe Fi g. 13) . 

REEF 

Heron Bay 

Greellsleeves 

PaYlles Bay 

Glitter Bay 

Sandr iLlge 

North 8ellai 1'8 

Golden PaIlliS 

mNTIIS OF STABLE 
DENSITY 

Narch - JWIP. 

Feb. Nay 

t-tarch - JUlie 

t-tarah - Nay 

Feb. - JUlie 

Nal'ch - .Julle 

FeL. - JuLy 
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EST 1 rwl'I-:s OF 
Ci\JmV 1 Nn ~I\PACI TV 

(N/m ) 

1.17 

1.0G 

1.01 

O.9:l 

0.90 

O.fH 

0.79 



d"gl PI' of' !-.aLul aL10Il of Ho 1 (·pf dops 1101 illflueltce suLsequellL 

(·;rrl'l!I.H of r'(~!J'uj 1.1111-'111. 011 denH i Cy 

HI'('I'IJitlllf'lll ,,[ juvt-!Ililps 10 lIel'un Hay ll~ef in IB84 occurred 

Il .. • Ilclull IXJlllJlat I(JlI dt'Il'-lILy, 1~11l('h I(J'-lt:-> ill Lhe laLLer }.lad. uf 1984 tu 

"du J t. dew"lll.,)' ull Heron Bay 

I.I~IJ mOI JI.hs (81JE'al'lllw l' S 

('/JI'I"'all!)", I<-,-O.7(j,P<O.OI; Tal,lt" B). The J ag LIJlle uf Ll-JU lIlunLhs 

",)f'1 '· .... p.JlI.! ... III 1 lit· 11111\' p .... 1 :nIrlLf'd lJy Vil:!.IJ!' (1981)11) fOi' 11l"!1" recl'uits 

( 1 <hum SI J.) IlJ).()'( JI" t lJ adlJ 1 l "i 7.P (~OIlIlIlS 81..) allt! UIl-'rt'_!l'un~ lJel;ullle Je-

PI'iIJl' lu thls SiZf:.,.)U\'I!ldles are 

Ihll' JlIIJlJlh lag lu gt'III'I'alro rt>"luillllt!ld JJlfJfïll ..... {'IUIlI adulL 

1'1,,,hl"I.d IJ,~ 1111' Il'VI'1l111ll1'1I1 pllINI! 011 "'-'l'(JII Baj (i.t". dPII:-.tLy ill 

,!lIlIl/lIly lm~r.) i:--. Il\ll lIIait/taillf·.} 111 Ihat \t'VI-') bul. "faUs :-.llalply (eg. 

IIIJtllll Ihl"'\-" 1IIlIllth:--. (Fig. 13). TIII~ adlllt. dl'Ilo;it) pl'lJfileH Ull aH sLuùy 

Il'('1'1-0 1"'1"1' "illIIIHI" (Fig. l:q, suggl'st illg t.hal LlIP sl'aslJllI-dil.y uf 

Il'1'1 \Ji tllll'I\I ie; Silll\IHI' Hl'I'US., Hl) \'ppfs. 

{ln'I'Il" I!'l'Vt-·" , .JHlIllal~· 10 ~1,l,\ l'nI' Hpl'lIll Ba,r, Ft:'lll'ual'~ Lu JUIlt-! fur 

1'1I~\It'o.:; HlI,\, DI>\·"IIIIIt·" III r-lay rUI' 8Hlldl'ld~t-', ,hUIUH1'y Lu Na.v fur GliLLer 



'l'ABLE 8 

SpearrnB.n's rallk correlation coefficients (ra) fOl' diffel'ellL Lime 

la.gs between recrui tmellL and adu 1 t dells i ty i Il 

bifasclalwlI 011 lIel'ol1 Bay rpef ill BIlt'llRdo8. Hecrui Lmell L HUB 

delennined from ololith dating 1II0nlhly subsamples from Beron Huy 

reef and the correlations were genenltf'Ù by UIIIP-Inggil.g rululL 

dellsity by 1 to 5 months • 

. . 

denotes sigllificllce at the 0.05 prohability level. 

T HIE UG (~KJN'I1IS) CALCUl ATED r' Il 

0 -0.100 >0.77 
1 0.1-17 >0. 17 
2 0.760 <0.01* 
3 O. '171 > (). 11 
1 0.23fï >0. ·19 
5 0.009 >O.9R 
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BI·I lai l''-l (FI~. I:l). 

1If' IJHPd LI) ,al cullit.t~ pU'-lL-l'ecr'ui IllIenl IIIUI't.a 1 i Ly, aJlÙ Lhereby cUllunent. 

'JlI \JI"'lh('I' 1'0<,l.-I'('I;r'uiIIllPIIL lIlulLalily ie;; dellsil.y-ù€:'pellùelll. For each 

1 l'd' d\JIllIg Lll'" 1'"c;L-r'p('I'ui Lillellt. l't"t'Ïud, tht" III1Hll.hly lIIul'lalily l'ale (% 

dyillg l'lu'h 1I1I)lIlh) ('l'lIl IJ!~ l:all·ulaLp.d and pluUed agaiusl. Ull~ clensiLy aL 

1111' "Iall. 1)(' 111111 II11JIIlh (Fig. tG), and agaillsL Lhe degl'ee uf 

'-lIlIIlIHII()J1 IJI' Il,,· l'Î~pf (fk~I;l.inll ~.3.9) aL Lill" sLarL of lhdL lIIonlh 

(Fi~. Ifi). Fur must. l'ppfs, thp highPRL mOl'LaliLy l'ale liccUlTed \.Jhen 

Il't,r "('II~it,'v WI'-l highf-'''ll (Fig. tG) alld wlH:>1l tlll' ,· .... LenL lu which the 

il" t-'slilllaled l'arr~illg l~apaC'il.y \-'a8 aL ils highe~t. 

(1' i ~. Ifi). Tht'~IJ IPfilll18 sllggt:.sL thaL lXJHL-I'l"l~J'ultlllellt nlurlality is 

dl'II" 1 1 ~'-dl'IH'lldl'lIl, :unI Ilt~lJ('e 1I11pl,v tltAt l'lJlII}JeLiUull 1'01' l'esuul'c!~s on 

Iht· J't.,.f' (hJlHl'I'-1 illli lallulI) is an illllJl)J'Lf\lll. factor Illfluellcing 

IK'l'lrlaltufl "IY.I~ Illlli l'<lpulaLillll d,\IldJIIICS (Jf LIte l,JupIH~ad "'l'asse Ull 

fi illgillg Il,,,rH ill Bal'lJlld()~. 

1 1'1'1' rl,lllMII.~ thl' 1"I'I'lIitllll~lrt jllllHt' l'lUI I)!· "I,Lallled flUI)) L1.t· !->lup,:! 

Id Ihl' t\'·II"II.v 1111l' dlll'illg Ult-' jX'''ll-I'('l:luitllll'!IIL !)tc!l'llJll fUI' ChaL l'eef. 

~hJ\'llIlll\ l'Hlt> ("-;limal,'", lJbtRillt-'d as aL,lJ\'p are p/,psellLed fol' each reef 

1 Il 'l'ni, 1 t' 9. Nutp Ihat UII~~":' Rl'e ('ollsPl'vaLive esLimH,tes uf mortality 

\1 ri" 'l' 1'\11 III\( 'Il t i 1\ t.hF' pus L- l't~l'I'U i Lmell t pt~ l' i uJ • 

It'I')'IIIIII\('1I1 "tl"'IIgth 1111 "l1l1)~t-'qU(>III 1II1Jl'tHlit~ 1'1111 IJt-' ill\'I-'sLigaLeJ Ly 

l'Il"til~ Ihl' l'I·nl, dl·lI'-oiL.v flJlllJHlllg J'l'l'I'uillllellt 011 ully l'l~l~r rlgaillsl 

1111' ~Ill''-ot'qllt'Id 1I1!>I'IaJ i 1:<> !l11 t.Ilat l'Pt""'f liS t-'sLimatcd ill T.1Lle 9. The 

Sp,~alllld..Il'S Ralll{ Correlatioll, 

fi4 

1 



Figure 15. flonthly mortali ty rate % dyi ng ) VH dells i Ly III 

the sœrt of the month ( N/m2 ), dul'Ïllg lhe posl-

recruitment period of 1985, for r!~alass_ullla 

bifasciatum on seven fringing rE'efH in Hadadns. 

Data are presented separalely fOl' each r eef. 
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Figure 16. Nonthly mortality rate ( % dying ) vs degree of 

saturation (density/carrying capaci Ly) al Lhe 

start of the monlh during the post-recruitmenL 

period of 1985 for 111alassoma. bifasciaLulIl ail seven 

friuging reefs in Barbados. 

separa te Iy for each reef. 

Da ta are preRen Led 
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TABLE 9 

Estimates of mortality rate follmüng the recruillllent pulse for 

Thalassoma bifasciatulll on seven reefs in BaroodoB. The esUmsles 

are obtained from the 9101">9s of the density HnE's in the post-

recrui tment period (see Fig. 13). 

REEF 

Greensleeves 

Heron Bay 

Paynes Bay 

Sruldridge 

North Bellairs 

Golden Palms 

Glitter Bay 

ESTHIATF. OF 
t-KJRTAIJ l'~'Y MTI': 

(No dyilla lm 1 mont.h) 

1.49 

0.53 

0.52 

0.49 

0.48 

0.38 

0.23 

--------------------------------------------
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1'-i.::O.HG, p<O.O!i; FI,g. 17). Thp. Pl'()(~p.dul'e was repeaLeJ. usillg the 

/11:1>: illlUIll pxl l'III. L() \-Jhit:h Il r'per ~.Jas dl'ivell alJove carl'yi\lg capaciLy by 

IllI' Il!t:I\Jltlll~'IIL pulse ( hlglll'!sL dellsiL} / cUl'l'Ylng ca}.JflclLy ) againsL 

The val' iabj es are again 

IJlI'-i11 ivply C(}/'II,lalpd (Sppa1111all's Rallk Ct)I'/'f~laLion, ,.s=0.82, p<O.05; 

Fig. 18). TI,,·c.,p' fllialyses suggf~sL thnl. lIIorLalil.y following 

Il'( IUIIIIIl'/lI. 1"> li fl1l11'Lil/1l ()f l'r~t:I'11illllelll. St.l'Pllgth, as illlljcateù either 

1,,\ J'l'ah Il,,.f d'·lIsil.y follol.Jil.g n'cTuil.lIlf:-'llt. 01' by the extent 1.0 \.Itich 

1111' I,(,,'f MiS .Ili\' .. " HllUVI~ ('al'l'yillg t:apw:il.~ Il,> J't'\'luillllelll.. 
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Figure 17. Post-recrui trnent mortali ty on a reef ( No dyütg/ 

m2 / month vs peak density following 

recrui tment on that reef ( N/m2 ) for seven 

fringing reefs in Barbados. 

Greensleeves = GS 

Heron Bay = lIB 

Sand.ridge = SD 

Paynes Bay = PB 

Glitter Bay = GB 

Golden Palms = GP 

North Bellairs = NB 
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Figure 18. Por- ~-recrui tment mOl'tal i ty Olt, a reef ( Nfm 2 f 

month ) vs. the highest degree of saturation 

(highest deœilyfcarrying capacily) follm,dng 

recrui tment on thal reef for Th!!.lassulIl{! 

bifasciatum on seven fringing t'eefs in Rarbadlls. 

Greensleeves = GS 

Heron Bay = HB 

Sandridge = SO 

Paynes Bay = PB 

Glitter Bay = GB 

Golden Pa.Ims = GP 

NorLh BelIai1'8 = NB 
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3.4 DISCUSSIOO 

3.4.1 SeaHonal variation in spawning 

T}l(~ di rect ellumeration of spm<lning events conducted in the present 

R Lud.y 8ug~es 1.8 Lha t slJ8.wning in the bluehead wrasse T. bifasciatum 

o~curretl throughout the year in Barbados. However, spawning was 

lIUl.l'kc( lly sem'JollaJ, wi Lh mos t spawning occurrillg betweell Jauuary and 

.July, t.he ch-ier IIl1mtlu-3 of the year ( Fig. 3a ). Thi s increased 

spawlling a(;LlvHy did lIoL simply resuit. from more fish beillg present 

1.0 SpllWll, buL I·ms caused by increased spaHning acti vi ty per fish 

pl'e"lf.!lIt ( Fi g. 7a ) • Seasonal variaU on in gon;:.dosomatic indices 

sUPlxJl'Led the suggestion that spaHning aclivity '-las greatest during 

Lhp dry seaSOll ( Fig. 8 ). Interestingly, the illcreased spawning 

net i vi Ly l'CSU Ut:.'Ù primarily from a higher frequency of group spawning, 

on ly 8pconcJm'j ly From ail i ncrease in pair spawnillg ( Table 1 ; Figs 

3b & 3e). Seastlllal changes in the proportion of pair La group spawning 

in U1P bluehead wrasse ( Fig. 5 ) have Ilot previou8Iy l>een sLudied. 

Fplklern (1965) Has the first to sludy reproductive activlty in the 

bl ut'h,..latl wraS8e, and round i t to occu!' throughout the year in 

FhH'ida. HOIoJever, Roede (1972) suggested Lhat there might be some 

SI'H"lOIlH 1 ity i Il l'eproJucLi ve ncti vi ly. She found a higher percentage 

of fUtlctionfl 1 gUIlf\lls dul'ing November alld Dec:emLer and from April unLil 

.June in bOUl PuprLo Rico aHJ CUl'acao. Vict,or (1983a, 1986a) 

l'lllll lue led l'(>cruit.ment. studies of lht> bluehead Hrasse in the San BIas 

1 sI alldH j n Panama. As the species is kllOl<lll ta spawn every clay 

(Rol)f>I'! son lllld lIoffmfln 1977; Warner et al 197G, Warner & Robertson 

1978) , Vic·tor (1983a, 1986a) assumed a wliform spawning frequency 
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throughout the year. It wa.s titis a99tDl1ption Nhich led hint to suggest. 

that the temporal variation in recruitment he observed was due t.o 

variation in larval survival in the plankton raUler t.han to vadation 

in reproductive activity of adul ta. In tUl'n, thia waa a faotol' 

leading to hia assertion that the population dynamics of t.he bluehead 

wrasse in Panama was controlled primar i ly by processea in t.he 

plankton, rather than by processes on the reers (Vict.or 1986a). 

It ia becomimg increasingly cleal' that the original pnradigm Lhat 

tropical reef fish spawn throughout the year wi th no seasona1 

variation (eg. Qasim 1955; HiaU and Strassburg 1960) ia wILrue for 

moat species. ~01al reef fish in Jw:laica (Nunro et al 1973), il' l.he 

eastern Cari bbean (Powles 1975; Luckhurs t and LuclùlUrs t 1977) and 

in Hawaii (Watsoll and Leis 1974; Lobel 1978) show seasonal apawning; 

moat spawniug occurrin,:t in sprb~, .vi til occ881olmll y a seCoHÙIlt'y peak 

in fall. On both the north (tropical, Lizar-d Islum}) aud the HouLh 

(subti'opical, One Tree Island) of the Great Barrier Reef, aeasollul 

spawning peaks also occur, aHhough primarily in the aW'Ilml HU/IIIlIer 

(Russel et ~I 1974, 1977; JohruUles 197B; Doherty 1983a). 

Seasonal variation in reproduction of coral reef fieh le 

presumably controlled by both proximate (envirollmental eues) aud 

ultimate (adaptive value) factors. Waters around BarbadoB originale 

from the North Equatorial Currmt duriJlg the NinLer lIIullLhs amI are of 

high salinity and relatively Iow ternperature. SUII.ner water driven by 

the South Equatorial CUl'rent is more strongly influenced by lhe lIlajor 

river discharges of the South American mainland, and is Iow iu 

salinity ruld higher in temperature (Lewis and Fish 1969; Ryther et al 

1967; Parr 1937, 1938 (in Powles 1975); Tomascik 1986) • ln 
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Barbados (presen t study) , peak spawning of the bluehead. wrasse takes 

place in the dry season between February and May, beginnillg when 

water tempe ratures are lowest and salini ties are highest and 

continuing 88 temperatures increase and salinities decrease (Tomascik 

1986) • In Jamaica maximum spawnillg of reef fish also occurs dw'ing 

mouths of lowest water temperatures (Feb-April) (Hwu'o et al 1973) aud 

this may he a conmon occurrence in the Caribbean (Johwmes 1978). 

11119 may impl y that the temperature and salini ty are proximate factors 

infl uencing Aeasonali ty of reproduction. Note , however that on the 

Great ~rrier Reef (nOl,th and south), peak spawning occurs during 

months of the highest water temperatures (Russell et al 1974, 1977; 

Doherty 198311). 

If spawning of most reef fish in the Caribbean occurs primarily 

in the spl'Îng, larval abundance will be highest in early surnrner 

(~1unro et al 1973; Powles 1975). There is some indication that 

ZOOplwlkton abundrulce in Barbados is higher during the SlUJuner months 

(Lewis and Fish 19(9). This implies that the abwldru1ce of food for 

fish larvae may he highest in these months ( Watson and Leis 19" 4; 

Powles 1975; Luckhurst and Luckhurst 1977), and henco that larval 

food abundance may be an ultimate factor influenDing seasonal 

variation in Apawning of reef fish. However, otller studies have fOW1d 

no correlation beb/eell plankton abundallce and fiait l.arval abundance 

in the Caribbean (mUer 1973; HUllro et al 1973). 

Like most other coral reef fish, the larvae of bluehead wrasse are 

positively buoyant (pers. oba. j Powles 197 !j; 'I11resher 1984), and 

Bpend moat of t.heÎl' larval life near Ule surface of deeper offshore 

waters (POl-lles 1975). Nore predators are believed to he assQ.)iated 
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with illshore reefs titan with offshOle waters ( Bre<ler aud Rosen 

1966; Joharmes 1978: Shulman 19B5b), partly because lal'vae may he 

susceptIble to ooth benthic and planktonic prPtlators wh en in8hore. 

nlis difference in offshore and nearshore predation lIIay have been a 

strong selective factor in the evolution of the pelagie larval phase 

in raef fish (JohwUles 1978, but see Shapiro el al 19B8). However, 

there hag been little work on seasonal variaLion in predator abunWUlce 

in offshore waters, consequently, whether this i8 a causal fnclol' in 

the .~volution of seasonsl reproduction in coral reef fish remains 

wùmown., 

Johannes (1978) suggested that many tropical reef fiah BlXlwn al 

the time of year when wind and / or aceanic offshore ct:rrenl Blreuglh 

ls reduced, and hence when larval 1088 to OCPIllIÎC waters iB low. 

Nearshore currents on the west coas t of Barbados are gellerally 

offshore (see 3.3.6 (presen t s tudy), Bevan (ullpubl j sheù) ) • 

Consequently, larvae are carried off from inshore reefs il'reHl)(>cLivc 

of tidal state or time of year. However, the lal'VIle may Lhen eilher 

he retained offshore in a slow cUlTent region or in - eddies mlÙ gyres 

which exist around Barbaùos (Emery 1972; Powles 1975; Peck 1978) or 

be swept into the westward flowing Equatorial Currenl. Slower 

cUl'rente in offshore waters usually occur when there are shins in 

major current systems (Lobel rom Robinson 1983). Off BarOOdos, this 

occurs wh en the North Equatorial Current swi tehes to the South 

Equatorial current in April and reverses again in October (Parr (1938) 

in Powles 1975). Interestingly, the first switch coincides with 

peak spawning 0l1d the second wi th peak recrui t.ment of lhe bluehead 

wraBse in Barbados. 
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3.4.2 Lunar variation in apmming 

In a study of 50 Bpecies of tropical fish encompassing 24 

families, including T. bifasciatwn, mOBt were found to epawn '4i th sorne 

lUllar lJPriodi city (Johrumes 1978) • Of these, 23 species spe.wned 

neat' or at the full mOOH, 35 at the full moou and 14 at both full and 

new moou (Table 4 in Johrumes 1978) . 11le widespread nature of the 

phpllomenon RUggpsts sorne selective advantage in IUllar cycle spawning 

periodicity. An analysis of over 2000 spawning events of the 

bluehead wrasse in the present study suggested that group spawning 

oc~urred most fl'equently around new and full moons ( Fig. 10a ); but 

there WtlS no apparent lunar periodicity ta pair spawning ( Fig. lOb). 

Ralldall j who had beell observ j ng scarids for many years ~ 

opportunistically Iloticed and recorded spawning labrids. His notes 

suggest lhat peru{ spawning occurs bolice in a ltmar mon th, on the full 

and Ilew moom~, in labdds (Randall and Randall 1963). 'Ille presen t 

resul ts and tho!=le of Rruldall and Randall (1963), bath of which suggest 

a tendency tm,rards lIew fUld full mOOll spm.Jning, are further supporled 

by gOllad rulalYRes of T.bifasciatwll conductecl by Roede (1972). 

~frulY su.qgestions have been advanced for the semi-Iunar spawning 

peaks observed in the bluehead wrasse and other rep.f fish (Allen 

1972; Fricke 1974; Johrumes 1978; Lobel 1978; Pressley 1980; 

NcFarland 1982; Doherty 198311). First, spring tides occur only 

arO\UJd nel.J ruld full moOHS, and are typically characlerised ùy fast ebb 

and flooo currents. Spm'lllillg peaks at new ruld full maOH therefore 

coincide with the fastest CUlTents. If the spawning occurrecl during 

ebb tides, and. ebb tide surface currents were offshore, spawning at 

nf>W RJld full maon would maximize transport of eggs and larvae off of 
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reefs, and thereby rninimize their mortality due to predation. 

HOHever. lunar variation in the direction and speed of nearshol'e 

surface currents has seldom been studied at the srune lime and place as 

lwmr variation in spaHning frequency. In the present study of the 

west coast fringing reefs in Barbados, bath ebb Aud flood t iùe 

surface currents were offshore, but ebb tide currenl.s were five Umes 

faster than flood tide currentB. 1I0Hever dul'ing Ileap Lides, eLL Liùe 

currents were only twice as fast as flood tide CUlTenLs ( Section 

3,3.6 ). Since daily spawning, al though l'es Lr ic lpô lo u four hour 

period around midday, occurs more frequently during ebb tides thun 

flocxl ~ides ( Fige. 11a & llb ), bluehead wraSRe in Bnl'bru:los U1'e 

spawning Hhen nearshore surface currents have their mnxillllnn offehOl'e 

'lelocity, 

Secondly, reef fish may he synchronizing their spflHnillg penks wUh 

the extremes of tidal height that occur during sprillg tidt!s. Jljgh 

water levels May help to keep eggs and 1 arVfle aWlly from benlhif' 

predators. It is of interest in this context. that clai ly 9ptlwllirl~ of 

both pairs and groups occurred 0I0st frequenUy A.L the Orlset of ebb 

tides Le. at high tide Hhen water depth is at its greatesL (Figs. 110. 

&. llb). Moreover, by sp!lwning primarily at spring tides, as le Lrue 

for group-spawners, the wrasses are spmvning wheu hi gh t iùe wllf.el' 

depth lB at Hs monthly maximum. These data aU sug~eBt thllt 

minimizing predation on eggs Ilnd larvae by reef -based predntol's 18 an 

important factor in the evolution of lUIlar varialioll in flpawnillg in 

the bluehead wrasse in Barbados. 

Finally MOSt coral reef fish egga, i ncluding those of 

T.bifasciattun, are positively buoyallt rurl hatr.h illlo photopositive 
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JIU VlW (l.el'S. ol,e;. ; Thresher 1984 ) • If lIIosL lal'vae are released 

tII'al' rull muun, I.h(~ir tpnJpllcy Lo s\ .... im 1.00..,ralùs the He11 illuluillaLeJ 

stJl'fll<'r~ lIIay hplp llIillilllJZP belllhic lWpdA-ti'JlI (Thl'esher 198·1). Hu~..,rever, 

Lili!'! ,;lln IIlIt eXjJlain a spcond SIJa\..,rning peak Ileal' Ilelol nIOOIl, when 

i 1 1 \Jill i lia Li 011 j s al. i t.s 1 owes t (Thl'es!lpl' 198-1); and lIew muun spawnj J Ikt 

l,.JaH 1II1/I'P ("'OIlUIIUII !.hall full 1110011 spa\olllillg ill Ull~ present sluLly. NoLe 

t hal 111111(> of 1 hl" n.bl/vt-:! hypoLhpsis fol' lUllal' sl'alolld Ilg in reef fish are 

IIIIJIllItlly I-'xclusiv," fUlIl ally cumbinat ion of Lht:'1II llIay resulL in Lhe lUlJar 

paLlnl'llS ()\'HPI'Vpd (Lol~] 1978). 

B \ \Jt-!IIf~a.d \..,rra sse i Il the p"t?'Sf'1I t s Ludy and Lhose in PaHBma (Wal'lIer 

t!J~ ~!, 197:') wuv!." Lu tlOlollll'urrent. !'rojecLiolls 011 lhe ree1 Lo spaHn. 

Thi!'! nppHl'PIII ly dop!,> lIoL (J('t'Ul' ill Puerto Rico (Slmpiro el al 1988). 

Thp l'l'RU \ Ls rl'UIII Bal'baLlos a',ù Pallama quggt's L LitaI. Lhere are 

WlvHIIIHgr's III g~tUllg p.g~{s and larvHe l'apidly off of l'eefs, a p,'ocesb 

Ihal ilia,',! bp fal'ilitated by spalming pdmadly al, ellb mlll spl'lng Litlt~s, 

Nil!.,' Ihal Iht-' f/l('1, thaL the fish miglat.p to drMlICIU'l'E'IIL pusiUol1s 1.0 

'-qHWIl IIIHy dt'cl'Pltse thf' illt.f'nsit.;'r' of ~elpct.ion fOI' LighL 

lit' HI l'llllg,'I' ull IIlUI'P' sf'denLal'Y lloll-miJ.!l'aLing eeef organisl1ls Lo 

s,:l.'H'hl'()lli?~' sJlHlollling I-lith rapit! offshor~ CIIITents (e~. Dladellla 

\varm~r anJ Robertson (1980a) fOWld no 

sYlu'III'Ulli:l.Ilt.iOIl uf Lluf'hpad Hra5se spaMlillg pealŒ ,vit.h eLIJ Liùe in the 

Sali BIas TsllUlds in Pall~na, \olhpl't' eU1Tl~nt RysLpms are !oleak. lIowever, 

IIIJIIU'I'()\lS stlld i pS !lll ot hpl' 1 alJl'id8 havE' shu~oJll Il sLrollg associatiun 

Chllnl Hlld RlllJt-'I" Sllll 197!i; Robertson alld HoffmHlI 1977; Ku' .... amura 

1 ~18 1; Ross 1983) • 
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3.4.3 Seasonal variation in recruitment 

Studies of reef fish in Curacao ( Luckhurs t and Luckhul's t 1977 ) 

and St. Croix (NcFarland et ~l 1985 (Haemuloll flavolineaLum» 

indicated geasol11'\li ty in recrui trnent, Hith peaks in lale SUlliller and 

occasionally 9€oondary peaks in spring. On both the Bouth 

(subtropical, One Tree Island ) and the Horth (tropical, Lizarù 

Island) of the dl'eat Barrier Reer, rf"Cl'uHment i8 now Imowtl lo he 

seasonal for some species of l'eef fish, occurrina beLHeen SepLember to 

Hay with l: peak in January - February (Russell et al 1977; Tal'JOt 

et al 1978; Williams and Sale 1981 (pomacentrids); WilliEUus 1983; 

for further studies see Doherty and Willirun..9, in pt'ess). A question 

of interesl i8 whether seasonal recrui Lillent reflects aea..<:louality of 

spa:wning, or seasonal variation in larval surv i val in Lhe plank Lon 

(Sale 1980; ~tcFarland et al 1985; Victor 198Ga). OtoULh ùaling of 

bluehead wrasse in Barbado8 revealed thnt. recl'ui tlllenL occurred aIl 

year, but was strongest between June and December HiLh a peak in Ju1y 

/ August ( for 1984; Fig. 12). 11lis recl'uitmellt pulse iu Aal'lJadoR WI:lR 

preslDlIB.bly responBjble for the increasjng dellsity t.hat WBP oecurrir\!C 

011 aU reefs at the start of the study in OoLooor 1984 ( Fig. 13 ). 

The recrui tment pu] se apparentIy occurs at about the srune lime each 

year 1 sinee density was again risÏll.'t on aIl the reefs during the 

st.mll1ler / faH of 1985. A seasonal peak ill recrui lJoen t qf ThLlIL18BUI!~ 

bifasciatum was also found in Pa.nama (Victor 198Ga). Il occurred al 

approximately the same time each year for the four years studied, bul 

was Iater in the year (Sept - Nov) than WBS the case in BarLados. 

Spawning activity of the bluehead wrasse in Barbacloa ia alao 

seasonaL Spawning occurs primari ly between JrulUary ruKl July. wi th a 
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peak betwepn ~1arch and J\me ( Figure 38, ). Peak recrui tment appears 

tu foJlow peak spawning with a time lag of 2 to 3 months. Ot.olith 

claU fig in UIP. pl esenL BtlXly illdicated that larval life of lhe bluehead 

\·œaRRe l'allged from 33 lo 72 dayg, wi th a mean of 45 clays. In Panama, 

flIf'IUl Jal'vll.l ] ire waR est1maLed at 49 clays (Victor J98\~1). The time 

lug o},sel'veo ill Barbados between spawning dnd recrui tmenL is 

Ulerefol'E' largp!y consültent wjlh the knowll duration of the larval 

! i fe of the b!udlpad wrassE', partir:ularly sinc'p Vir:t.or (198Gc) has 

m(JI'e J'(!(~enLly sho\..rn thal. the bI.u"!head wrasse cali vary its larval life 

by varyllig i tB gl'owlh rate, t.hereby delaying settlement until 

U}lpl'opl'illtp habi Lat.s are located. 

The ol'Hervatioll lltal peak recruit.Jnpllt follows peak spawning by a 

lime lag sind lm' tn tlte estimated duration of the Iarval life has two 

i III}) 1 i l'a Li OTlR . Firsl., it suggesls that seasonai variation in 

"('t°nlÎ tmellt lIIay be a function of variation in spawllillg ralhel' Lhall of 

vfll'Ïrd iOIl in lm'val survivai in the planl{toll. Victor (1983a, 198Ga) 

HRSUlned that ill areas close to the equatol' Hhere environmentai 

SPfl.s(,na! i ly i s 1 css markPt..-l, thE' b luehead wra8se would show li t tie 

sPIlRollal varialion in spal..rning frequency. Since he found marked 

8r-flHflllfl.1 i t yin l'PC ru il men t , he a t t ri bu ted th i s t.o seasona l var ia t.i on 

ill lnn'1l1 RUl'vival. (For simiJar suggestions, see Lucl\hurst and 

Lul'lthul'st 1977). Tl'Opical reef fish arehighly fecund (Sale 1980), 

Hllli mul't,al i ty in t.he planktoll is undoubteùly high (Dohel'Ly 1983b; 

Wi Il iruns el_~~ 198G). HOHPver, the extent te which there i8 seasonal 

variation in 1al'val sUl'vival in the p1llnktoll, and the degree of inter­

EUHllJEll \Hl'iability in Ia1'\'a1 Hw'vivaI, relllaill largely unknown for 

l'f>t!f fish. The result s of the present study suggest lhat auy seasonal 
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variation in lai'va] sur'vi val of bluphead '''l'H.S~I\ 1 hal I\lij.{hl. lX'I'IlI' i s 

illsufficient, in the Badl3.dos l~onl.f·xt, I.n ubl iteratt' 1.IIt- 1~C.HTt'llltilll\ 

œLween peak spaHnillg and l)(!al{ l'pel'ili IIIIIJIII "\'8I"'VI'I1, 

The secunJ illll-'licatioll is thRt tIlt" l'uITPIHl.tOIl IH'I'''l~t!'1 pt'1l1\ 

l'ecruitml"IIL al\d peah spal-lJling of 1111..\ blul"hl'wl '''l'H!,,8I' ill BadJlldllS IH 

cil"-.umstantial eviJenl'p suggesLlIlg that t'pc)'llits Lu Lhl' l't'td's 01, 

Ral'bados are vrimal'i 1 y pl'llllul'Ls IJf 1 he spmm i IIg sllld\ III Blll'll/ull1s, 

i.e. LitaI. the islall,1 pupulatiun is lal!:;t-'ly disl It'I.I·, 'l'III' Iltd lt·(' l.Iutl 

plallkl.onie lal'VFle lue pFlssivf' Hlld lat'gply al Lhp 1II1')'I'Y III' \I\'\'IUIII' 

eUITt::!l\ts has 111"1"11 ac\;ppLpd l-Jilh 1 iUlp pvidpl\l,t· (1Ijo)'1 (191·1) III 

PO'-Iles 197G; WR 1 sh el aJ: 19R1) , IIIJl.lpver, 1 ht, PI'\'SPIIC'I' "r I!dd il'Y alld 

gyres crut Ll'ap IFllvae and I.hen=-Ly l'P!·dl'Ï\'t. 1 a 1'\'11 1 di:-pl'I'Hal (Sail! 

1970; Emery 1972; Pow]ps 197:'; L!-'is alld Nilll'I' l!l7(j; ,JIIIIIUIIII'''' 

1978; Lube land Rubillsun 1983), and El 1I1l1ll11P1' III' )'t'II'I,I Hl.lldll·!' 

suggest that 1al'vat-> have sOllle COIlt.I'" 1 lJVIJI' Uu'il' vI'l'lil'al l'"hll\llii III 

the Hater COlUllII1 all11 hence ove!' UH~il' "ol'i~0It11l1 cll!'11 11111111111 (Vil'IIII 

19b1; LE'h:~ 1982; Lf'is fmd ('.rülchnflll 19H·1, Leis lBR!j), 

The allel'llat.ive ta t.he hypolhf-:!sis of dis~'I'f~LIJ isllll,d sl.IJl'lh I!' 

thel'pfol f! /'1"1; l'iii I.IIU..oII t. , ()\ '\ ~\lI'!' al. Hi III 1 Jill 

timps ill aIl Ileighboul'illg coullt.l'il"s in t.hle! r'I·gjIJII, 

recruitmenL couLd fo)Jo\-I pt'aJ{ spaHllillg in naJ'lliiduH IJy 

1I1'llLI', Ill'ah 

11 t. i 1111 • J ag 

\-Ihich corresponds 1.0 the ll"I1!'1;th of 1 ht! laI val II fl J "\,f!1I tlIIJU~1t 

J'ecruits t.o RadJadns '''f!I'P pl'lIl1ar'j Iy f'1'01ll islIllIlJ<-;/lalid 1111.'->'->(''-. rru'lltI!I' 

upcurrenL. The AnLlIIt-:!an islftllds alP Flii dIJWIlI;IJI·J .... IJ1. \JI' Badllldo'"> 

(Fig. la). HOHevPI', ill the SIIIIIIIIPI', h'all'l' frolll Ih(· 1;\)I.t.illl'lIlaJ l-Illf·lf or 

1 !Hj~l; 

1973; PowLes 1975; TUlllrlsci k 
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loI/lf·n n-'I:/'llillllt-mL of the bluehPH.d \..Jl'H8se pl'illlf.1l'ily OCCUl'S. Powles 

(1:17;') t~HI illlatf'''l Lhal Inl'val tJavpl t ÎIIIP fl'Olll t.he 1lI0ulh of the Anlazon 

ln BadlR.dus wIluld IJt~ aPPJ'oxilllaLI·ly 8D days, Illld \,.;ould of course !Je 

H!tlll!.PI' if IIlIVflt~ u,'/ginaLpù l'rom Td,ddaJ or ToLago. It may 

South Alilt~r'i(;a and/or Trinidatl anJ Tobago to rf'ach Barbados, 

pa/'t it:ulH.l'ly givt'II tJlf!il' .'lppalf!llt flf'xilljJ iLy il1 ùuratioll of lal'val 

1 ift~ (Vjl~ltJl' 19R()c). Tt. is of illtpl'pst in this cOlltext t.haL bluehead 

'.J"H"Hf' Itavp I)t~t~/I f'tJlJlld in dpc!» nff"Îu)),f! l,mLers (~1j J 1er 1973; Richarùs 

19H'l) IUIII Wi Il ilUIIH !:!~~_~ (198,1) sllp;gt=-sLs that l'éef fish larvae Oll Lhe 

c;/ t'al nB/Ti!'I' Rt,l'I' Illay hl! (·étl'I'ied hIlIIlJr,(-:!ds of ki 1 ollie Lres from their 

Tt thf'l'pfore relllains eUllceivaLle that 

'-l()IIIt~ 1'01'11011 of' l'perl/its of UIP bluphpad \.Jl'asse to Barbados reefs 

Ild" l.Jn\lld It'qllll'(> that Hpawnillg altel l'ecl'uiLIIIPIlt. ocour aL similar 

1 illll'H ill th(ISt 3 (·(J1I1.t,I'if'H of thp l'I''gion f-'XlJerienclllg larval exchange. 

1o/lu" hl'I' 1 Il i s (W\'ur'H cnuld HoL he assPsRPd, Aillce seasullal i L.Y uf 

. 
<-;plII""illJ1; in 1 hr' Idllt-,/lt~ad Hl'aSRe Irlls Ilot pt'eviously Leen stuùieù ill the 

Htl"'t"Vt·l', St~asolla] i ty of l'ecl'ui tillent has œell sluùied in 

PHIIHllla HIRGa) • Peal{ rec l'ul tment (Jt;currt'd in 

l't'('I'lIillllf'ral il! R:II'!';ldw, (,JlIly / Âugw=;L,. 

:l.4.4 1ù~·I'lliLnK-'l\t. limitation 01' HJ.8L'e limilalion? 

Tht·t,t'· /11'1-' 1 hl't't' l'Illllllt3 L1llg hypul.ht"'ses about Llle population dynamics 

Hlld ('Illllllllllli t:-' Hlr'uelUl'p of coral l'eef fish. The firsL, anù 

Il'adil ÎlIlllIl vi.'I.J, is Ihal repf fish populations are space / fooJ 
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limi ted, are typically near carrying capaci ty and are thel'efore 

structured by competi ti ve and pl.'edatory process on the l'eef (eg. Smi th 

and Tyler 1973, 1975 ; Clarke 1977; Itzkowi tz 1977; u...lssig 1977 ; 

Dale 1978) • An extension of this is that reef fish species are 

specialists, selection having favoured narrower niches in tI'e 

competitive reef environrneut (Sale 1975 t 1977, 1979; Sale and Dyhdnhl 

1975). The second hypothesis, a variation of lhe firs t, ia the 

'lottery hypothesis' of Sale (1977, 1978, 1982). TIüa 8.l.!ain suggesls 

that reef fish populations are at or uear carryit.g capoci ly. l t 

envisages an ample supply of recruits in the vieilli ty of the reef, suù 

suggests that recruitment reflects chance openings of aelliement si tes 

on reefs occurring through the death of residents. The lypical 

interpretation of this is that recrui b'1 are capable of utilizing suy 

settlernent si te that becornea available; Hhieh illlpliea that reef fish, 

at least whilst juveniles, are generalists. The jmplicatioll iA lhu.L 

mortality following recruibnent will flot he eompellsatory (i. e. dellHi ly 

dependent) sinee recrui trnent only occurs to lhe extent thal spaee is 

available. The third l.ypothesis, the trecruiLmenL - lilllÏ LaLion' 

hypothesis, suggests that reef fish populations are typieally kepl 

below the carrying capacity of the reef by rul inadeqUl\te supply of 

larvae and are therefore not lirnited by resources Buch as spaDe or 

food on the l'eef (Williams 1980; Dohe:ty 1982a, 1983o.,L; Viclor 

1983a, 1986a; Wellington and Victor lt1~5). 'fietor (1986a) furlher 

developed the recruitment - limitation hYp0t.hesi~. Ile defj HOO t.wo 

types of reeruitment limitation, primary 8lld secondary. Primary 

recruitment limitation occurs when the input of selUing lar .. ae lB 

less than the n\Dllher of adults the available resources can support. 

Secondary recrui bilent limi ta li on occurs Hhera lhe Humber of larvae 
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settliJlg is sufficient for adult carrying capacity to he reached, if 

thel'e were no juvenile mortality. However, juvenile mortality reduces 

the numbers lo below carrying capacity. Nole that even with 

secondary recruitment limitation. the implication i8 that mortality 

folJowillg recruitment ia not compensa tory (Le. density dependent), 

and 'the absolute size of populations ia determined by settlement 

rates and is not a product of competitive interactions on the reef.' 

(Victor 1986a). 

Recent etudies 01 -lrunselfieh populatiolls support the recruitment -

limitation hypotheAis. Doherty (1982a) found no compensatory mortality 

in these populations manipulat.ed to 50 Urnes their average year cIsse 

strength. Doherly ( 1983b) further demonstrated that the removal of 

resident damselfishes from patch reefs in the Great Barrier Reef did 

not increase the survi val of new juveniles. Moreover two yeat'S of 

recrui lmenL to these reefs was not sufficient to bring t.he dsmselfish 

populatioJls, which had been severely reduced, back to their original 

levels (Doherty 1982a). In addition Jones (1987) found no change in 

mortality rate of juveniles of Pomacentrus amboinensis wheh 

transplanted lo reefs wi th oider .Juveniles, even though densities 

were thereby raisoo to three tilT.':'~ the normal level. Further support 

for recruibnent-limitation W8S provided by Victor (1983a, 198Ga) 

fol' bluehead Hrasses in Panama. He assumed constant spawning, 

observed that recruitrnent occurred in sporadic episodes, and suggested 

that this resulted from differential larval sw-vival in the plankton. 

Ile observed that recruitment rates weJ'e highest when plankton 

concentrations over the reef were highest. Ile further found that the 

recrui tment strength of one year direcUy affected the Bize of the 
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population in the next year (Victor 1983a) • He therefol'e suggest.ed 

that mortali ty follmdng recrui tment Has cons tant anJ. douai ly 

independent, and concluded that the populations Ivere l\epL ue.!.ow 

carrying capacity by recruibnent limitation. 

In the bluehead wrasse in Barbados, sp8.Hning is markeùly seasolUll. 

Moreover, peak recrui tment follows peak spal·millg Ly a lime peri od 

largely consistent with the duration of the lal'val lire ur the fish. 

This suggests that recruitment pulses are Ilol producls of di r('('renlia1 

survival in the plankton (as suggested by Victor (198Gu) fOl' Lh€' 

bluetlead Wl'asse in Panama) but are products of aùull spaWl)ir~ uctivity 

(see aiso Robertson et al 1988). III short, mOl'Lallty in tilt! plaJlkLolI 

is not sufficiently Stl'OIJg and variable La elilllinatc the correlation 

belween peak spaHning and peak recruiLment. ~lorE' imporLanLly, the 

present data suggest that more indi vidual sare recruj Led Lu the l'ppfs 

than can be supported by the resourceH avail/ü,Jf' Lhen'. On IIIOHt 

reef8, mortali ty follOl-.'Îng recrui tillent !Vas densi Ly-ùejJl!lldt'1l L, 1. e. Lh(~ 

proportion of the population dyillg pel' monlh 18 higlwsL al higheHI. 

densities (Fig. 15). However, as poillted out LY'VicLol' (l~}HGu.), 

densi ty and average age of indi viùuals ail lhe reef are auLo­

correlated; i.e. inùividuals are youngest (illllllediaLely artel' 

recrui tment) whell population dellsi tj es are highesl (il/uuedJaLely afLer 

recrui tment) • Silice yow}.g indi viduals lIlay have higheJ' 11101'1.1111 Ly, Lhis 

could in principle explain Lhe proportionaLel y hi gher mOl'Lal i 1. y 

observed followÏr}.g recruitment. Note, howevcl', lhaL ~II LIli.! pt'(:HI!lIt 

study the post-recruitlIIent mOl'tal i ty was aRses8ed foc' j Hdl v idual H 

larger than 30mlll, and hence i8 wllikely to be a pl'oouc:L of hjgher 

mortali ty in younger indi vj duals. Noreover, a cOlllpar i HOII be tween 
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reefs, for individuals of similar age-class, suggests that overall 

mortnU Ly l'ate follm,rillg recruiLment is highest on l'eefs with heaviest 

recrui lment ( Fig. 17). 

off al pre-rE'crui tmenL 

On aIl reefs t numbers returned and leveled 

values ,-li t1d n three months following peak 

l'ecrui IJuclIt. ThE' resul La of lhe present study therefore suggest that 

the bl u€'llt~ad wrasse populalion in Barbados was Ilot recrui tment -

J illli ted, al least durillg the period of the present study. Density-

merli f\t.ed juvenHe mortali ly been recently ooen documented for otller 

reef fjsh by Shulman ( 1984, 1985a,b). 

Il is of illterest that tHO lX'pulations of the bluehead wrasse in 

the Caribbean (Le. Barbados and Panama) appear to differ rnarkedly in 

Lnrms of lhe processes influencing thej r population dynamics. Note 

t.hat U1P di fference is consistent with the observation that average 

populatiun densi Ly of the bluehead wrasse in Barbados is two to three 

ti mes t.ht~ avemge densi t.y of wraSFl€'S in the Srul BIas Islanùs, PrularnB. 

(Wal'ner and HofflllRIl 198080; Victor 198Ga). TIlis is cO/lsistent wi th 

t.he sugges U un tha t Barbados populations may be spa.ce-limi ted; and 

Lha\. thaL the large lXlpulation (pel' reef area) produces enough larvae 

tu Flurvi ve the planl{ton and cause recrui tment pulses which drive 

densi Ly ab\we carrying capaci ty. This in turn results in 

C'Ollll)t-'lIsntory lIIol'lali ty droppj Ils:! densi l.r back to c81'rying capaci ty. By 

!'ontraRt, the lOHer del1sity on Panama reefs suggests that the 

popu tations lIIay typically be below carryi ng capaci ty. The small 

populatiun (pel' reef area) may nol pl'oduce enough larvae, given 

1II0l'tality in the planl{ton, to sat.urate the reefs on recruitment. 

Hem'€' tilt-"' populations 1ll8y typically remain beloH carrying capacity. 

Tntt:.rt:-'sthl~ly, the stuùies of damselfi sh populations which sUPlX'rt the 
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recruibnent-limitation hypothesis (Doherly 1982 R,b, 1983b) were 

conducted on reefs of One Tree Island (Great Barrier Reef). TI\cse 

reefs have the lowest darnselfish densi ty in the region and ure typical 

of the reefa of the South Great Barrier Reef which have Immr 

recruitment rates thBll the reefs of the North Gn~aL BnITier Heer 

(Thresher 1984; Sweatnull1 1985; Doherty and Wi llisJ1\s in press ). 

What has driven the bluehead Hrasse on Barbados reers int.o a cycle of 

high density and space / resource limitation, and Oll Panama l'eefs into 

a cycle of 10H density and recruiLment limitation remaills ulleesulveù. 

Hore generally, the present resul ts, when compareù wi Lh those of 

Victor (198Ga), imply that hypothesps that coral reef fish, unù indeed 

reef organisms in general, are ei ther recrui tmen t - lim i t.ed ul' SpHCl~ -

limited may he tao rigid, even though t.hey are valuflble as orgu,lIizing 

perspectives from which ta investigale the pupuiatiull dy/willies of l'eef 

organisms. It seems likely that • .hfferellt species in the SIl/ile place, 

the srune species in different places, and perhaps the !'J1lI1)!' Sl)t.~d'~H j H 

the srune place at different times, lIIay difrer ill the extpllt Lü which 

they are recruHmenl-limited or space-limited (see also Sale 

Shulma.n 1985b). 
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4.0 lUPULATION mnœITIOO AND MATING SlICXlliSS 

4. 1 I.NTOOIXCI'ION 

111e maUng system of the bluehead wrasse Thalassollla bifascialum 

ha.s IJf!ell sLudied t>xtensively for the last ten years (Warner et al 

1975; R,obt'rtFmn and Hoffman 1977; Warner and Robertson 1978; Warner 

19ROa,b; Wlll'llel' 198-1; Hoffman et al 1985; Warner 1983), and has been 

bd pfly r('vi eHeù in Section 1. The species is a protogynous 

hpJ'maphrüdi tp occurrillg as tHO sexual types and in two colour 

pIIllHP.R. 1'h(' sp.xual types are primary males, which are barn males and 

1'f"IllH i Il males thl'oughout thei1' li fe (gonochores); and female 

hel1lUiphnxH Les, \..Jhich are born fenlB.les and ei ther remain feuLales or 

IJf"'(~omt~ males (secondary males) at larger sizes. The two colour phases 

arf" ('all,"'Cl Initial Phase (IP) and Tëmninal Phase (TF). Terminal phase 

fish nrf" bluf"-hf"aded and bl'ightly coloured. They are less conunon than 

ini tial pilas." fish a.nd are typically the largest individuals in the 

popu!:!~ ~ 'In. 111ey can either he primary males or secondary males. 

Tnitial phase fish are smaller witl! a more subdued- yelloH and Hhite 

cnlouratiol" TIley are typically younger than terminal phase fish and 

are eit!ler femalns or primary males. The size of transitiun from 

ini tial phase to terminal phase varies wi th social/ecological 

cOlldi lions on the reef, but the precise physiological/behavioral 

mechanisllIs causing transi tion remain unclear (Warner el al 1975; 

Shapiro 1988; Warner 1988 a,b). 

Daity spm"niJlg i8 COIlUllon amollg coral reef fishes, particularly in 

tht> '''J'RSSf''S (LHbridne), pal'rotfishes (Scaridae), and the basses 

(Set'!'llIddnt-.) (R\)!lertsoll and Hofflllan 1977; Robertson and Warner 1978; 
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Warner and Robertson 1978). In T. bifasciatum in Barbados, spmming 

takes place each day around mid-day with most acliviLy llC('Ul'l'illg 

between 1100 hrs. and 1500 hrs. (Section 3.2. 1 ). Tenllinal phase milles 

pair spawn individually with females. Initial phase males gl'ouP 

spawn, each group consisting of severa1 males and Lypically 0I\t~ t'PillaI e 

(Warner and Hoffman 1980a). Initial phase males can nisu ubLnin 

matings by 'streaking' and 'sneaking' Le. strah~~gif's Hhich aU.cmpL La 

exploit pair spaHning by terminal phase males (Wal'nt~r amI H.ubürLHun 

1978) . Large t.erminal phase males hold and defellJ LL!llIpul'ary spah'lIirlM 

terri tories durillg thp spaHning period Hhi le gl'UUp spaHllers nl'l~ nun­

territorial (\';arner et al 1975). Tt is believetl Lhal Lel1llÎllnl phaHe 

males may SpaHIl more than fort y times pel' ùay and lemales once pet' Jay 

(Warner et al 1975). 

Accordillg to the size-advs.ntage hypothesis for Rex l't~Vr'I''ia 1 

(Ghiselin 1969; Warner 1988 a,b), sequential hermaphl'tJfli Lism t'VIIIVt'S 

in a population whe!l selection favours indivjt1uals t fiat 1>I'(I(IIJ('1' aH 

one sex tolhen small and as a second sex t~hen large, Fol' PXHJllpJ l', i [ 

females have higher reproductive success than males al 8/11a11 (!r body 

sizes, but ma] es have higher reproductive success Lllfln [(!lIIaJ es u.l 

larger body sizes, selection will favour illùiviùuals Hho l'epl'oJuce 

first as fernales and laler as males. III T. bifasciatuIII in Pallama, 

tennülal phase ma.les have considerably higher daily maLÏlIg HucceSH 

than either initia] phase males or feulB.les (Warller f!_~ __ l!.t 197f.i, l 9801l} • 

Consequen tly, se] ecL ion should favour the obsel'ved sex-rt-!vel'Fifll of 

females to termÎllal phase IIlB.les al lalge)' SiZf!~. Olle uujecllVt-: of the 

present section is lo compare the da i ly mallllg succeSH of t.r-:nlll liaI 

phase males and felT\ales for bluehead Hl'aSSe irl Bal'Lados. An u,specl 
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of the ma.ling system of the bluehead wrasse which is less clear is 

whethel' initial phase felllaies have higher mating suceess than initial 

pha.sp 1II1lj(-~S. If they do, Olle may wOllùer why initial phase males exist 

iu bluellt~ad Wl'Ilsse populations; Le. why have hermaphrodites not 

r'f!placpd gOlludlOl'PS lU bluehead Hrasse populations (e.g. Charnov 

1982)7 IlIùiviùuals (geuotypes) who reproduce first as females and 

laLer' a8 b=!I'IlIilla] phase males (hermaphrodites) should have h:igher 

J j fe-Lime repl'oducti ve success, and therefore should ul timately 

n'pl nee, jr Id i v j «Ilia 18 (gellotypes) who reproduce l'irs t as ini lial phase 

/llIl tf!S am} JaLer as tel1uinnl phase males (gollochores). Note that, if 

tltf> initial phase sex ratio is 1 1, the average IIlatillg success of 

ini Ual phaSf! males must he lower than LhaL of females sinee sOllle 

pm't.ioll of felllalE's mate with terminal phase males. A seeollù objecLive 

of Ulis section is Lo aseertain the sex: ratio of bluehead wrasse 

populatiolls ill Barh )s, ta quaJltify the numbers of paJr (TP) and 

gr'lJup (1P) spm-millgs, and thereby to comment on the relative l'lating 

SIII 'cess of iuÎ tial phase mal es and fenlB.les. 

Sf'Vel'/Ù suggestions have nOH been proposeù for the IIlB.inlenallce of 

ini LiaI phnsp males in bluehead Hl'aSSe populations. Warller et al 

(1975) firsl suggested lhat ini tial phase males are IIlB.intained by 

fl'eqtlt-'Ilcy dE'lJenden t selee tioll, the implica tion being that per capi la 

matilt,g suecess of initial phase males illereases 8l1d surpasses that of 

fE'mll l('s, t he II\Ol't~ rare IllB.les becolile. They reasoned thal fell18.1es 

Hould become pr0lX--,rliollalely more eOIlUIIOI\ as initial phase Ill8.les becrune 

more l'Ilr€', thal terminal phase Hia les Hould be tmable ta ferlilize aIl 

t.he ff'lIlR les, and hencl" that ini tial phase male lIIating success would 

l'ise to surpass felll8.]e matil!g suecess. However, selection should 
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favour females responding to the reduced availabi li ty of ma les by 

increas ing the i r trans i t i on ra te to te l'm ina l phase • lIt"nc\~ , the sex 

ratio need Hot skew toward females, and lhe pl'edictl'!J pl~r NlpiLu 

increase in initial phase male mating success nCI..J lIoL OCCU1'. 

Subsequently, WarnE'r and Hoffm8n (1980a) ~taLed lhaL fl'l!qUPIlCY 

dependent selection alone can not mainluin illiLial pha!'!t' llUllt!8 ln 

blu€;head wrasse populations. They suggpsLf'tl jllsLr~HJ LhaL illitial 

phase males are mainlained by diffel'enLial selecLlulI in diffl'l'enL 

habi tats, ini tial phase ma les havirtg higher pel' cupi La llulLirlg H\lcceHS 

on large reefs than on small reefs. \~lll'ller ~~l (197[;), Walllel' mul 

Robertson (1978) alld Warner anù Hoffman (198Ua) foulIl! LhaL ill lllq~l;! 

populatioHs initial phase males cOJlcentl'aLt-! Lheir SpU\.JIIÏl!g acLiviLies 

at downcurrenL si tes where termi nal phase mal e tCI'l'i LuI' j eH 11I'1~ 

located. Warner anJ lIoffman (1980b) suggpsleJ t.haL, as u l!()llSt!qll\!llCI~ 

of the high local dellsi les of ini Lia] phase' IlIllles aL I.c'l'Il1iwd )IiI/tH!.! 

male tel'rltory locatiolls ill sueh popu]aUollH, Lel1l1ilJfil plll.lHI! IIU11I's 

must spend more Lime defending Lerritories frolll illitial phW-H! 111111"1-1 

and will therefore have less time for spawll illg, - Nu/'p(JVt!J', t.h.!y 

Buggest lhaL in respOllse Lo pressure frolll illi t i al pllfi!:H' IIlUleR, 

terminal phase males move aloJay frolll pl'lllIe lIlaLi m~ Ri Lt!9. These fucLlll's 

lower the pel' capita mating success (Jf Lenrtinal phase maJeA H_"r] l'/ÜRC: 

that of initial phase males. NoLe that Lhis ubsel'vaLillll dut!H IIUI. 

slrictly adJress Lhe questioll of why he/11I1iphl'Cj(li LI!!'; do lIuL 1'l!}Jlw;,! 

gonochores in bluehead wrasse pupulaLiolls, 8illCt~ lJlJLh gCJlIoch!Jl'eF! liJlJ 

hel1uaphrodi Les are affected by a decreusf' ill Lel1ui lia 1 l'hase lIIaLiIl~ 

success. The key questiun i8 Ilot whetltel' initial 1)llaSI~ fllllles j"'J1l'uve 

their pel' capi La matillg succe8S relaU ve to lf-!l1ld liaI plrli!-{f! mah-!H j ri 
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cert.ain habi LaLs/populations, but whether the per capi ta mating 

SUecIÔ!ss of initial phase males surpasses that of fell18.1es under any 

cOlldi Lions. II. is interesting in lhe conLext (Jf the above that both 

Wat'llI"!' el _!il (1975) alld Warner al1d !lof frnal 1 (1980a,b) report that 

tenl/illaJ plias/" /Iuilf!R are rare in large populations alld more cOllunon in 

l'lilial l PUJIU lati OIlS; al1ù that sex l'aU os are skewed fl18.l'kedly towards 

felllal PB, and 1lf'lIce away from i ni t.i al phase males, in small 

pupulatiolls. Adùitiollal objectives of this secUolI are to investigale 

( 1) Hhr~t.her pt.:!)' uapi ta lI18.ting success of femalps 1 illi liaI phase males 

alld fermjnllJ pha:3e males varies Hilh populat.ion size and/or 

pUpIJ la Li 011 lIells ity, 8l1d (2) whether the proportion of ini tial phase to 

Lf'l'Illi lia 1 phase males 8l1d the population sex ratio vary wi th populat.ion 

Ri zp and/or popu la ti on dells i ty . 

Tn thE' pl'eCf'lUlIg hypot.heses, i t Has assumed lhat grOtvLh and 

lIIul'tal ity of females and initial phase males were lhe S8Jl1e (Wal'ner et 

al 1976; WAl'ller' alld Hoffman 1980 a,b). Hm.,rever, Charnov (1982), Blld 

Iatel' Wal'Iu~r (1984), sug~ested that even if initial phase males luill 

IUNel' maUng success lhan ff:!JlIul es, gOllochores could Ue maintained 

i Il bl u\~hpac 1 lVrasse populaliolls if the y had a higher probabili ty of 

h('I~Ollli IIg Lel111 i nal phase males than did hermaphrodites, ei ther through 

fasLel' grûl~th nt' lower mürtali ty. Warne1' (1984) used laggillg to 

pl'uvide prpl imillary data 011 grûlvLh 8l1d morlaliLy, LuL stateù that the 

Vnl'l\'S do 1I0L l'eflect normal rates since tagging is lraumatic. His 

l'('sul t s indicated 110 di fferellces in 1II0rtali ty betlveen females and 

illitial l'Im"se IIIllles in ruly study population, UllÙ nû difference in 

gl'n\~t h br'LI"r'!:-'n ilia les and femal es on large reefs. Hm.;ever, he 

~mgglJS ll"l.l t hal lIIaJ es gl'ON tl·lice as fast as females on small reefs 
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(Le. smaller lX>pulations), and t.hat males greH twice as fast on small 

reefs than on large reefs. The final objective of the present sect.ion 

is ta test Charnov's hypothesis by (1) invesLigating Ul'()\.,rth uf 

initial phase males 8l1d fellla] es ush~ otol i th rings (Vh~Lllr 1983b), 

(2) investigating mortalily of iniUal phase mnh!s IUIÙ f('l\Illles by 

comparing t.heir relative abwldanCE' in ùiffel'ent. size C!rH:ISPS, 1U1Ù (3) 

investigating the proporti on of termina 1 phase malf'H l.ha lare 

gonochores. 

82 



" .2 METlIODS AND MATERJAIB 

" • 2 . J Ma ti ng SIX.!CP.SB 

Trltlicl'!'j of th..-:! per capita mating success of the bluehead Wl'asse 

iu Ral'badus were delel111ined for terminal phase males, by dividing the 

LoLa] Humber of pair spawning evellls observed on a reef by tenninal 

phase densi ty on thaL reef; for initial lJhase males Ly dividing the 

t.oLa] tlUl Ilbm , uf gl'ouP spawn:i ng eVf=mts on a reef uy initial phase male 

demd ty ull a l'ppf; ru.J for felTlales Ly di yiJing the taLaI Humber of 

pa j J' alld group s}:mvnillg evenLs 011 a reef uy fenlale ùensiLy on a reef. 

Si IICl! illi Li al pllf\sl~ males altll felllaies could not he differentiated in 

i t was necessary to ascerLa in the proportions of 

i1aitial phase illdividuals that ",ere male or female in each month. 

Th is HllH dpt.t~r1l1ineLl by sub-salupl ing the populatiolls as described in 

SpflWllillg events HerE' 1Il0nitored for t4 months Oll tl"o 

fl'illging l't:!efs, North Rellai,'s and lIeron Bsly, lJy surface snol'keling 

alnng five lransects 011 each reef pacallel ta shore (a 50 millute 

RHilll) , anc! \'OUII\ illg the Humber of spm-millg ..-:!venLs separalely for group 

lU ,,1 pa i.' s l)ll\v'll i ng . Ench transect was HjOIll long and al! spawniug 

pvent.s that ,.en! obsel'vPd in a 2m radius around the transect line were 

,'ecol'lled. 'nIe data Wt~re recorded on sliIal! waterproof slates (see 

~Pl'U()n 3.2.1). Effeels of aduit population density on the relative 

mat.illg 8UeCt'S8 of the di ffel'enl types of bluehead Hl'aSSe Here 

ÎnVt"st igatt·d hy cOlllparisull of matillg suecess on b% reefs differing in 

tll'IIS i Ly; Nurth Rt'll ai ,'S alld lIN'on Bay. 
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4.2.2 Population Densi ty 

Adult population densiLy Has cellsused ollce per 1II0nlll on sevt::l\ 

fringing reefs in Barbados, nrunely PaYIlf's Bay (PB), Coldell PldmH 

(OP), North Bellairs (NB), Glitler Bay (GR), Ul'l~ensJet'ves (GS), 

Sandridge (Sn); amI once pel' Heek on Hm'on Ray ( Iln) ( ft i JotlU'e I,l). 

Densities wel'e measured by 81vÏIruning slOlvly about lm Ilbovl' the l'l~t~f 

surface along a 50111 transect line, 'vhile holdin~ fi une lJIet.re 

expandable rulel' and countillg the number of aclllll lïsh (>~ l'ms) I .... ithi" 

half a metre ei ther side of the tl'lUlsecL l ille. Coullls ur iui Lia 1 

phase and terminal phase aJul Ls were rl~cordeJ sepal'f\tely. 011 t!ll.ch 

sampling clay, three Lransects Ivert' cellsusl~d fil!' densi ty I~HI imal.es (SI!8 

Section 3.2.3). For comparisons uf <!Pllsjly Lt!l.I.Jeell reers, meuu VIl.}ueH 

for the whole yenr Here usetl. Adul t. populaLÎ un ubulldance OIJ eueh l'(!cf 

was estimaled by multiplying rec-!f 81'(!él by (h~lIsiLy uf adulLH on LhaL 

reef. For each reef, area Has determillf'd frulII aÜl'ill.l HUl'Vl'y IlIfipH 

(Barbados roastal Conservation Pl'O"if·r.l, t9R3). Il, i IIg tlll! lIIap HLall:! 

2 2 (2cm=100m) a <1 cm pip.ce of }Jfl.pel' (equivalent 1.0 lO()OOIII ) WUh 

weighed. F.ach reer HilS traced from the ilia» nlltu idt!nti Cil 1 IIHJX'l'. 'l'III: 

reefs were then cut out and weighed. 

square weight mul tiplied by 10000 m2 

reef. 

4.2.3 Population Compmdtion 

The ratio (Jf n~f'f w\'!Ïfo(hL tu 

gave lhe planaI' area of Lhe 

Densi ty surveys provide infonnaLioll on the pl'OJ.lOl,tj on of UI(! 

poP'.Jlation that is te11nillul phase rulul ts (;UJII'pa.l'(~d Lu illi Liu.! phF.l.H(! 

adults. They do not allol'" separation of eiUlt~l' jIJjUa1 phllHl! 01' 

terminal phase aùul ts illto gonor:hores 01' IWl'IIIIlJlh l'od i tPH • Ttlf!Hf: 
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IXJjlulatioll compositiull wel'e dt-!Lermilled by suuswilpliug 

I~JplJlat.i()/ls "'.Jil'" 011 North Bpllail's n~ef, t'!very Lbrp.e months 011 Paynes 

Bay, (;oldf'11 Pa 1 rn!-. , Gl i Ltf!l' Bay, 01 efJlIsl er-!ves , alld Salldl'idge, anù once 

1 ~ '1' 1111)11 f.1! 1 III Ill' 1'011 Ray. SubsampJ j IIg "as COll(lucted bel'veell October 

J!IH1 HlIII 01'1 "LJI!I' 19RG. Tu SllbSaJllIJ 1 p, fi sh wel'e captured using a 2 

lil.J'f~ glas:-l jal' fi 1 If,.] wiLh a L:I'IJRht-'d sea W't;hitl (Diaùema anLillarum) 

Fi ve si les random] y 

"'11I"lf'll 011 tilt-> l'I~pf Wl'I ~~ PIlCt. fishpd Lwice duril~ eaeh mOl1lhly sanlple. 

Th,. ,ia,' WIH )pl'l fol' Il maximum of 5 JJliJl\lh'~. I.hJl'lI~ 8al~h f1shing 

nlll'llIpL. 'l'IP Rrunl' IfJcaLiollS 011 the l'eef l<lel'e used for each munLhly 

HIUnpll'. ThiS Rfunpl iJlg t.r-:!chnique was si7.e st:.lective fur larger fish, 

oVt'l' 9R% uf 1 ht· fish caught. beillg pi t.h"l' al or over Lhe size of sexual 

1111I1111'i Cy (alJuul 301l1lllS S.L. allt! 3 llIollLhs of age; (Vie1.(J1' 198Ga). 

11111-11'''1'1', \.1\1'>"1'> i8 no pVldpllCI" 1.0 sugges\. thaL gOlludlOres allù 

hl'I'lIIaphIHlitf'9 IJ!' a givPIl S!7.'~' l.JhpLhel' t.hey urt=' i1dUaJ phase 01' 

1"llIIi,ut! phn~H~, di ffl"l' jlJ Lhei L' C;USI'épLild 1 il.) Lu L111~ capture 

Il'1 'hll1 qlll·. FIII' t-'/wh fish ,~alJghL, typl"! ( j • e . i Il i L j a l l'hase 01' 

Il'I'Initlal "hm .. ,.·; 1'-allSililJlla] fjHh l.Jj/h blue l,tduUl'étt.ioll \Veel'! LreaLed 

liS Il'f 111111111 pha"lp), si ft! nlal'd IIJllg 1 h (Lü Lhp lIeal't='s L mm), and to tal 

l'I'il.d,1. HlIlI gl1IJatl l.Jt-·ighl (t.o t.he Ill:.al'esL lO-2glll ) \.Jel'e reeorded. From 

1 hl'HI' 1II1'/lHIII't'IIIt'ld S l.Iu:" fo 1 100,illg Iverp obLained: (1) the wi thin­

PIlPuiat illll 0\· ... 1'11\1' in size of init.ial phfise and Lerminal phase 

illdh idllnl!.,:, (2) Ult~ JH'uJx'rtioll IIf gUlIlJl~"ores Ln herrn8l'hJ'oJiLes in 

lK'[ hi" i 1 i a 1 phHf,t~ filJd 1 el'Ill i lia 1 phase fi sh , allù Lhe val' ia tiull ill the 

pl'Oplll'tÎIlII \.[Îlh fish sÎ7.P. Sepal'atioll of gonuchol'es frolll 

1It'llIIaphl'tltliLt-·s IPqui"t-,.] hist()lu~ical f'xaminal.iun of gOllaJs. In the 

l'a,,,t' ur l''l'millal phasl' illllividuals, t.hp t.echllique fOL' sE'}Jal'atillg 

glllllll'hul'l'H ulld 11l~I'lIIaphl'(lIlitt-'s (i.t='. pl'irnal'y From secolJùal'Y males) is 
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described by Reinboth (1962, 1980), (3) the menn size of tl'Unsition 

frorn initial phase to terminal phast~ for gunochol'es and hermaphrodi teR 

and (41 the population sex rati.o. To d.cIJ"cmillL' size nt St~X change ln 

i.'::"ïuaplJrodites, the proportion of ~onad devoh'd Lu te~LeS i1l Il felllllie 

was investigated by direct histù10gienl eXHlni1luL iun, lUld eX}Jl't!Hseù HR 

0%, l:b%, 1)0%, 75% or 100% devoLed Ln tes Les . Tilt-> prupol'Lion of Lhe 

gonad that wvs ovary 17'l.1ltiplied. by the total HPi gh t of t.hl~ gonud gave 

the approximate weight of ovary hl transitiol1ul gonruls. 

4.2.4 Growth aud MortaJ ity Rates 

Growth rat,~s were determined by daLing Llw otoliths of 

approximately 600 bluehead Hrasse taken in lIIûllth ly SBJI\plt"!R 011 11t::l'UIl 

Bayand collected as described ln Section :L2.2. ~1{!(Ul growl.h l'aLes 

were delennilled for gOllochores und hf'I1Wlphr'(lIli L t!R, I"hlo'" 111 »1'1 mal'y 

An eff""c!' of df'llsl Ly Ull gl'uHth 

rates was investigated by ùaLillg ot01il.,h8 of gun(}(~h(Jl'e~ und 

hermaphrodites on two addi ti 0l1a1 reefs (about GO f j sil/l'et! r) ; li Il igh 

density reef (Greensleeves, dellsi Ly= 1 .72 N/m2 ) al Id a Iow d"IIHi ty r el!!' 

n 

(Golden Pa luIS , density= 1. 04 N/m{.). 1'0 date otollLhs, LI.,ro pl.!] r8 of tilt! 

hu'ger otoliths (sagi tt.ae and lapillae) werf-' l'emovf'd frum Lhe f..!u.r 

canals of ench fish. Hinimal prevarati Oll is /leeded Lü v it~w a/ld relUl 

otoli ths in T. bifasciatum (see also Victor 1982). 111(~ () Lu1 i Lhs wI:rc' 

1'insed in 90-100% ethallol alld th en cleared fOI' 21 111'S ill xY]t""!IJ(!· 

Pairs uf otoliths were theu moullted willl JJJo\JIlLiIlr4 /IlediulII oll gIllBH 

slides. They were vieHc.od wi th po]arÏ:;mUull UJJ(lf~r' 110()x lIIaglliflc;atioH 

l-li th a compound microscope. Ali i ndf!X of l'p.l f.l U Vt! lIlortal i ty ra t.(~S uf 

hermaphrodi tes a/Jù gonochures 1"118 dp.Lf'l'mi ned by C!olllpad /lg the 

proportions of gonOl!hores alld hpl1lJaphnJLiib"!R in f!ach Riz'! dU .. <;H uf 
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4.3 RESULTS 

4.3.1 Population density and. size 

Nost of the reefs off the h'est coast of Barbaùo8 are lar)le 

fringing reefs ranging from 10,OOOm2 to 70,00011\2 in area (Bal'l.)l\Ùos 

Coastal Conservation Project 1983, this st.udy). The esLimut.f"\.i al'PI1S 

of the study reefs and the mean of the monLhly populaLion dr'lIsiLh"'s of 

bluehead wrasse on each area are shmm in Table 10. 'l'he highes\. meall 

density (1. 72 N/m2 on Greensleeves) was >1. 5 tifllC'S thaL of thü iOh'esL 

mean densi ty (1.04 N/m2 ) on North Hellairs anù GallIen PUllllH renfl-!. 

Population size Has estimated by mui tiplying meall pupula\. ion ùew.;! Ly 

by reef area (Table 10). Population sj 7.e vfll'ied rrom tG, 000 Ull the 

smallest reef (North Bellairs) t.o 69,000 un the lar'gest l'f~er 

(SancIridge). Popula.tion size increased ]jneal'ly HiLh l'eel' al'ea, lM\. 

the Iargest reef (Sandridge) had a slIIaller puplllHUOIl Hi7.e Lhall 

pl'edicted hy reef are a (Fig. 19a). Nore slJJ'prüdlJ~ly, fII,'fUI IKJ1JlJlaUIIII 

densi ty HaS higher on larger l'ep fs (Fi g. 19b). Tht-' l'J' i Ill' i IHlI 

exception HaR the largE'st reef (Ralldridge) which had a ICJW!'I' dl'lIRiLy 

than expected by reef area. 

4 • 3 • 2 Pel' capi ta ma ting slICCess. 

Spawnillg in the bluehead Wl'asse Has mOl'e COIIDIIOII beLw(~ell Jwu.l1.tl'Y 

and June (termed the reproductive season) lhlln ue LHel:1I ,lul y aIHI 

December (the non-reproductive seasoll; SecU 011 3.3. 1) . The illJ iC(:H 

of monthly pel' capit.a maling SUCCf!SS of tel'm1rlflJ lJhast~ ma1t!!'!, .ilJiLinl 

phase males alld fellla] es on Herml Ray reef are sh()lm RepaJ'alply for Uw 

tHO seaso1l8 in 'fable 11. 11\e illdex for Lel1l1jJ,a] phaHI! 1II.<.Ilt·9 did fluL 

differ between seasol1s (Nallll-Whitllpy U tf'Rt, 7.=1.20, P>O,OfJ; Tliule 11). 
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TABLE 10 

Reer al'eq, meau population dellsity and population size of 

l'halassoma bifaseiatuID on seven fringitlg l'eefs ill Barbados. 

--------------------------------------------------------------------------

(la) 

REEl" .' 

North Bellaire (NB) 16,226 

Oolden Palms (OP) 23,962 

Olitter Bay (GB) 19,198 

Sandridge (SD) 52,547 

PsYlles Bay (PB) 25,943 

lIeron Bay (IlB) 27,264 

Greensl eevea ( as ) 33,584 

(lb) 
r-mi\N 

ronJLi\TJON 
DENSITY (N/m2) 

1.04 

1.04 

1.24 

1.31 

1.49 

1.51 

1.72 

(le) 

roPULNrION 
SIZE (N) 

16,875 

24,921 

23,806 

68,837 

38,655 

41,169 

57,765 

---------------------------------------------------------------------------
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Figure 19a. 

Figure 19b. 

Mean population size (N) of Thalassoma bifasciaLulII 

vs reef area (m2 ) 

Barbados. 

NB= North Bellairs 

OB = Glitter Bay 

OP= Golden Palms 

PB= Paynes Bay 

HB= Heron Bay 

OS = Greensleeves 

SD = Sandri(~c 

on seven fringing reefs in 

T indicates 95% confidence limi ts 

Mean dellsi ty (N/m2 ) of TIlalassoma bifascia LUlli vs 

reef area ( m2 ) on seven fringing reefs in 

Barbados. Reef names as for Fig. 19a. 

T indicates 95% confidence limi te 
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TABLE 11 

Indices of monthly per capi ta matittg success of tenninal phase 

males (TP), ini tial phase males (IP) and females in the 

reproductive and non-reproductive seasons, for 'l'halassomu 

bifasciatulD on Heron Bay reef in Barbados. Secondary iui tiaI 

phase males are excluded from the analysis. 

---------~-~----------------------------------------------------

INDEX OF PER CArITA ~IATlNG SUCCESS 

SEASON TP IP ~II\I..E 

(198~) 

NON- NovnmER 84.9 6.2 7.9 
REPROD. 

DECHmER 43.3 6.7 6.7 
----------------------------------------------------------------
(1985) ,TANUARY 62.6 27.3 27.3 

FEBRUARY 228.6 46.4 25.4 

REPROD. ~IARCII 112.1 49.5 45.5 

APRIL 108.3 94.5 64.0 

~IAY 266.0 70.2 59.5 

JUNE 860.0 55.9 32.1 

----------------------------------------------------------------
.1ULY 163.0 36.4 19.5 

, . . 
190.0 16.6 24.9 NON- AUGUST 

REPROD. 
SEPrntBER 129.7 23.3 24.9 

ocrosm 60.3 38.8 29.G 

----~-----------------------------------------------------------
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lIowever, lhe illdex of mon thly per capi ta matillg success of bath 

fema]es and initia] phase males waB significantly higher in the 

reproductive Reasan than in the non-reproductive season on Heron Bay 

reef (Mrulll-Whi tney U lest; for females, z=2. 64, P<0.05; for IP 

milles, z=2.48, P<O.OG; 'l'able 11). 

The index of month Iy per capi ta matil~ success of terminal phase 

mal es 011 Heron Bay reef was significanUy higher than that of females 

rult:! initial phase males in bath seaSÛI1S (Wilcnxon paired-srunple test 

(7.11r, 1984); vs females for reproductive, z=-2.20, P<O.OG; for non-

repruùucti ve, z=-2. 20, P<O. 05; vs IP males for reproductive, z=-

2.20, P(O.05; for non-reproductive, z=-2.20, P<O.05; Table 11.) 

~1L)n~over, the pel' capita mating success of tenninal phase males on 

Ntwlh Bdlairs reef did not differ between seasons (Ha.l1n-l'lhitney U 

test; z=O.08, P>O.05; Table 12), alld Has significantly higher thall 

t.haL of ini liaI phase fish in both seasons (Wilcoxon pai red-sample 

for l'eproductive, z=-2.20, P(O.05; for non-reprOLluclive, z=-

2.20, P<O.05; Table 12). 

About. 5% of the initial phase population is secondary IP males 

i .c. hel1uaphrodites who have char~ed sex and are reproduch~ as IP 

IIIllles. Tf these individuals are excluded, female per capita mating 

sucC'ess does Ilot di ffer from ini ti~l phase mal€ pel' capi ta matil),g 

SUCC'('ss in the non-reprOlluctive s~ason on Heron Bay reef nülcoxon 

pllit'~-saJllple test; z=O.ll, P)O.05; Table 11), but tends to he lower 

lhlUl that of lF males in the repr-xIucti ve season (Wilcoxon paired-

slunpl e test; z= 1.78, p=o. 08; Table 11). If secondary IP males are 

illl'1l1L!C"(), femal<> per capita mating success and initial phase male pel' 

l'api ta IIlAl ill~ success do Ilot differ in either the non-reproùuctive 
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TABLE 12 

Indices of monthly pel' capita ma.titllt sucC'ess of tenninal phase 

males (TP) and initial phase fish (IP) in the reproductive ru Id 

non-reproductive seasons, for 11lB.lassoma bifasciaLwlI 011 NorLh 

Bellairs reef in Barbados. 

INDEX OF PER 0APITA NAT1 NG SUCCESS 
-------"-------------------------- -----------------------
SEASON ~K)N111 TP IP 

(1984) 

NON- NOVENBER 63.3 G.G 
REPROD. 

DECENBER 33.3 ri.2 

(1985 ) JANUARY 64.0 6.4 

FEBRUARY 45.0 4.0 

REPROD. ~IARCII 83.3 6.4 

APRIL 73.9 4.5 

HAY 370.0 9.9 

JUNE 252.2 11.9 
-------- -----------------------------------------------

JULY 90.0 5.6 

NON- AUGUST 94.3 7.0 
REPROD. 

SEPI'ENBER 115.2 5.9 

OCroBER 106.7 3.4 
--------------------------------------------------------
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(WiJcoxon paired-sample test; z=O.67, P>O.05; Table 13) or 

reproductive seasons (Wilcoxon paired-sarnple test; z=O.73, P>O.05; 

Table' 13). Pel' capi ta mating success of initial phase males and 

feulIlles was not compal'ed 011 North 8ellairs reef sinee the sex ratio of 

thp illi tial phase populatjoll was Hot known for aIl months. 

4.3.3 Efrects of densi ty or population size on matilJg success. 

4.3.3.1 Betweell-reef comparisolls 

Effects of densi ty or population Bize on pel' capi ta matiI),g suecess 

WE'l'e inVf~stigated by comparing matil),g sllceess on Heron Bay reef (a 

high dellsiLy reef of large population size; Table 10) with that on 

North Sellai 1'9 reef (a low density reef of small population size; 

Table 10). Rince monLhly terminal phase matiIlg suceess did not differ 

t-)t-~tHI·(·m RPIlSUIIR for ei ther Heron &'J.y or North Bellairs reefs, the 

('1 IlIlplll'i SOIl of tenni lIal phase pel' capi ta ma tiI~ suceess te th'een reefs 

' .... as fllI'llh" al'I'ORS aIl lIlonths. The results suggest L1mL lIIonLhly terminal 

phasp ma.tillg sucUPss did lloL differ significantly beLween reefs 

(t-lwlIl-\vhiLlleyU lest, z=1.12, P)O.05). 

A more db'ect. approaeh ta assessitlg Hhether the extent ta Nhieh 

ma 1. i IIg Ru('ceS8 of tenninal phase fish exceeds that of ini tial phase 

fi sh di ffers on l'eefs of different density and/or popula.tion size is 

Lo f'omparp the ratio of pel' capita TP mat.ing success ta pel' capi ta 

1 P mat Î1lg SUceeS8 011 the high densi ty reef Hi th lhat on the lOH 

df"llsiLy l'pef ncross aIl monLhs (Table 14). The ratio of pel' capita 

t~"llinn] phnsf' male lIlaUllg success la })8" capita initial lJhase rnating 

sUl'ceRs did Ilot differ beth1een l't'efs (NaJm-Whitney U test; 

P>O.05) • 
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TABLE 13 

Indices of rnonthly pel' cepita matillg success of t.ennillal phase 

males (TP), initial phase males (IP) and females in the 

reproductive and non-reproductive seasons, for 'l'halasBoma 

bifasciattnn on Heron Bay reef in Barbados. Secondary ini liaI 

phase males are included in the analyses as IP IIV\J PB. 

INDEX OF PEn CAPITA ~IATING SUCC"::SS 

SEASON TP IP ~IALE 

(1984 ) 

NON- NOVFNBER 84.9 6.2 7.9 
REPROD. 

DECFNBER 43.3 !j.8 6.7 
----------------------------------------------------------------
(1985 ) JANUARY 62.5 20.8 27.3 

FEBRUARY 228.6 35.1 25.4 

REPROD. f-IARCH 112.1 42.1 45.5 

APRIL 108.3 61.1 64.0 

f-lAY 266.0 63.5 69.5 

JUNE 860.0 60.0 32.1 
-------- ---------------------------------- -~--------_._-------

JULY 163.0 38.7 19.6 

NON- AUGUST 190.0 14.3 24.9 
REPROD. 

SEPTI!NBER 129.7 18.8 24.9 

œmBER 60.3 27.2 29.5 
----------------------------------------------------------------
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TABLE 14 

t-Iollthly ratios of per capi ta terhlinal phase male mathtg success 

ta pel' capita initial phase mating success (TP m.s / IP m.s) in 

1984 and 1985 on a low densi ty reef (North Bellairs) and a high 

dellsity reef (lleron Bay ~, for 1118.1~sollla bifasciatulIl in Barbados. 

PER CAPITA TP M.S. / Pm CAPITA IP ~I.S. 

------~~-----------------------------------------------------

NOR'I1I BELI..AIRS HERON BAY 

(1984) 

NOVHIBER 11.3 38.6 

f)ECFNBEU 5.4 14.0 

.JANUI\RY 10.0 6.7 

FEBRUARY 11. 3 23.8 

NARCII 13.0 6.9 

APRIL 16.4 4.7 

NAY 37.4 10.6 

JUNE 21.2 59.3 

JULY 16.1 17.9 

AUGUST 13.6 25.6 

SEPTEl-tBER 19.6 15.4 

œlUBER 31.3 4.8 

-------------------------------------------------------------
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Although the extent to which pel' capi ta TP mat.ing success 

exceeded that of IP matiIlg success was not 10He1' in the 1II00'e dense 

(and/or larger) population than in the le98 dense (sma11er) 

population, the total pair spawning events ta tolal group spawlling 

events was 1014er in the more dense populaLion over aIl mouths (Fig. 

20; MaJm-Whitney U test, z=2.28, P(O.05). Pair spmming 1I1111.1e up 40% 

of the tot..al spawning events observed (n=1161) on the low dellsity reef 

(NB) and on1y 25% of a 11 the spawning even ts observed (n= 1524) on the 

high density reef Hm). Together, Table 14 and Fig. 20 suggest that 

the proJ?Ortion of terminal phase to initial phssp. fieh must differ 

between the b-lO reefs (see Secti on 4.3. 4 ) • 

4.3.3.2 Wi thin reef co:npari Bons. 

Adult density varied durÏlIg the yaal' 011 both North nellairl'l rulÙ 

Heron Bay reefs, being low between Harcl1 and May BlId highm' for Lhe 

rest of the year (Section 3.3.2). Possible effects of delll'lity 011 the 

relative pel' capita matirtg success of TP ma]eg and IP males on lIeron 

Bay reef were investigated by correlatillg lhe l'alios of pt~r <.!upj ta TI> 

matit).g success/per capi ta IP male III1ltillg succese i ra agi vell lIIollLh 

with adult density in that month. The ratio of pel' capita TP maLing 

success/per capita IP male mating Buccess in a given monLh was Ilot 

correlated with adult density ln that !nonth (Speanlllln'a Hank 

Correlation, 1'9=0.27, P>O.05; Fig. 21a). 1I0wever, 011 ruly reef, ndull 

densi ty in a month is only an accurale prediclor of tolnl spawniflg 

activity in that !nonth if spawning activity per fish does lloL change 

seasonally. Spe.wning ucti vi ty pel' fish on Heron Bay reef was 

higheat between Harclt and May (Section 3.3.2), months in which wlull 

densi ty tended to he 101-lest. TI1e ratio of per capi ta 'l'P maUI~ 
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Figure 20. TIte monthly pair ta group spawning ratio (P/G) for 

Thalassoma bifasciatum over a fourteen mon th 

pel'iod ~n two reefs of different densi ty in 

Barbados • 

..... = North Bellairs reef (low densi ty) 

..... = Heron Bay reef (high density) 
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Figure 21. The ratio of (a) per capita tenninal phase mating 

success to per capi ta ini tial phase male ma.tillg 

success (TP/IP male) vs density (N/m2) and (h) per 

capita tennimil phase mating success to per capita 

initial phase male mating succeS9 (TF/IP male) vs 

tota l sJXlHning acti vi ty for 11mlassoma. bifasciatwn 

on Heron Bay reef, Barbados. TIle data are from 

the period Seplember, 1984 to (X}tober, 1985. 
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successjper capi ta IP male mating success in a given month was 

negaU vely currelaled wi th total spawning acti vi ty in that month 

(Spearman's Rank CoITE'lation, rs=-O.67, P<O.05; Fig. 21b). In short, 

pel' capi la mating success of IP males improves relative ta TP males 

the gl't~ater Ulî! talaI spawning acti vi ty on the reef. 

4.3.4 EffecLs of Density on Population C',oIRposition 

TIle mean enlour phase ratio of adul ts (terminal phase : initial 

phase), deterrnined fr'om densi ty cens uses for aIl seveu reefs, was 1: 22 

(1l-'21,000 fjsh). TIlis TP/IP ratio is considerably smaller thal1 that 

rerx-"wLt-n for bluehead wrasse hl Panama (Warner aud Robertson 1978). 

11le TPIIP raLio on a gi vell reef tended ta be Im .. er the higher the 

dem'1i ty 011 lhf' repf (Spearman RanJ{ COlTelation, 1's=-0.62, P=0.09) J 

buL Has flot affp.cted by either populatioll size (Spearman Ranh: 

CtJrrt~Lf1t.iol1, 1'9=0.07, P>0.05) or reef area (Speannan Ranh: Correlation, 

1'9=-0.07, P>0.05) (Fjgs. 22a-22c). 111e proportion of TP males in the 

tot.al population dl'opped from approximately 8% ta 2% between the 

100-lest Ilnd highest dellsity reefs respectivel~. 

Sex ratio HilS investigated by subsampling six of the study reefs. 

Of L1ltO> 1608 fish examined (ho th ini tial phase and terminal phase 

individuals), 51% were males Blld 49% Here females. This ratio did 

nol diffe1' significantly from 1:1 (X2=1.32, P>0.05). TI1e population 

Rex ratio 011 a reef did Ilot chBlIge wi th IXJpulation density on a reef 

(Spear'man Rank Correlation, 1's=-0.05, P)0.05; Fig. 23a) r with 

IXJPulation size (Spearml1n Rank Correlation, 1's=0.17, P>O.OG; Fig. 23b) 

or h'ith reef area (SpeannaJl Ran]{ Correlation, 1's=0.55, P>0.05; Fig. 

23c). IL did not differ significBlltly from 1: 1 on any reef (P>O. 05 in 

100 



Figure 22. The ratio of terminal phase indi viduals to ini tial 

phase iudividuals (TPjIP) vs (a) meau population 

density (N/m2 ), (b) meau population size (N) and 

(c) reef area (m2 ) for Thalassoma bifasciaLwll on 

six fringing reefs in ~rbados. 
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Figure 23. nIe adult population sex ratio (TP &. IP malesl 

female) vs (a) meall population density (N/m2 ), 

(b) mean population size (N) and (c) reef area 

(m2 ) for TIlalassoma bifasciattnn on six frillgillg 

reefs in Barbados. 
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aIl cases). Of lhe fish eXamillE'l.llll the il\iLiallJhast~ pupulatiun, GG% 

Here fel1lUles and 45 % males. This is fi signifil'ulll Sl'X l'aLto billS 

towards females (X 2=14.4, P<O.OOl). Sf'X ratio ,,,aH Riglli fi UIlII LI y 

different from a 1:1 l'atia on aIl ,'et"'fR (P<O.Of> in Rll l'IU;P-~), 'l'hl' 

ittitial phase sex ratio on a l'E'ef did nut. \'hallge ,.,ri th p0}lllluLiulI 

dens ity on the l'ee f (Spearman Ralll{ Corn: ln Li Il1l, l' =-0.14, P>0.05; 
H 

Fig. 24a), h'ith polJulation size (Rl1f:!A.l'1I1I\1\ Rallh COI'l'elaliun, l' :;;;0.2, 
R 

P>0.05j Fig. 24b) or Hilh reef area (Sp\=>Ul'III1UI Rllllk CUl'relatiol\, l'~=-

0.25, P>O.OG; Fig.24c). 

4 • 3 • 5 Seasonal varia tion in Popu tal.Ï on CoIU1XJS i ti 011 

The proportion of f emales i Il t.he }lopul a Li U1I vad eJ ht-'asUllllll y , 

being highest in the sumlller Oll aH /'eefs (Fig. 2!iH). CU/lvl~I'HI:Jy, tilt' 

proportion of initial phase males in the pupulaLiulI \-Jah IU\.J\:!! .. d. ill LIli' 

sumlller on aH reefs (Fig. 25b). 

males was 101.,1 and Jirl not vary st"asolllllly (Fig. 2GI:). Tilt· PI'UI~lI't jOli 

of tolal males (i.f~. illitial phaRe ma1PR plus 1f"!lIl1jllaJ pllllh l ' Ilia Il''''') III 

lhe populat.ion lherefore folloh'ed t.ht-> SElUlt-' Hl'IJSI,"al l'HI,I''/II :th 

ini liaI phase ma les ( Fj g. 2!Jcl). 

females tends ta inul'easl=> during IIIlJllths of 1'.!el'uit.lII(·IIL jlll(} Llll'adlJJL 

population, reachillg iLs higltp.st. values Hhp./l adull. lX}plllal iUII d(·rl~~i Ly 

is approachilJg its maximum (SecUulI 3.3.2). This lIIay o.,uggl'st 1.11111, ~.'x 

l'aUo at recl'ui tilleuL into Lht-' adul t jlol'uJal Îull i -. I,iah.·d \.()\.JIlI dl-. 

females, and LhaL lIIut'LaliLy fo]]owillg ""('/lJilllll'ul. 1111.., l.iI.· adlJJt. 

pOlJulatioll js highpl' for fema](-!s Llrfill ma\l:!-. hr)!' Sf!(:Liflll ,1.:I.(j alld 

4.3.9) • 
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Figure 24. nle initial phase sex ratio (IP ma.le/fema.le) vs 

( a) mean popula tion dens i ty (N/m2 ) (b) me an 

population size (N) and (c) reef area (m2 ) for 

Thalassoma bifasciatum on six fringing reefs in 

Barbados. 
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Figure 25. Seasollal variation in population composition of 

Thalassoma bifascialum on fi ve fringing reefs in 

Barbados. (a) Proportion of females, (b) 

proportion of ini t.ial phase males, (c) proportion 

of tenninal phase males and (d) proportion of a11 

males . 

• = Glitter Bay 

!:::,.= Salldridge 

+= Greensleeves 

Â= Golden Palms 

0= Paynes Bay 
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" .3. G PopuJ Il. ti on c'OmIXJsi li OH Ly body si ze • 

PO}>lJlal.iolJ (!(JlllplJsiLion b:v body s:ize is shoh'1l fur aIl reefs 

l'OlllldJIt'I} iu Figur~ 26. Fol' jniUa] phase f1sh, females 

(h(~, mH.Jlhr (KI il (-.!s) h'f!l'e more nUIllp.l'OUS t.hftn males (gollocltûres) ill the 

sl/Inl J I-~l' Ri 7.''! classes, but. gonachol'p's ouLllumUereJ he!'luaphrodi Les 

( f'p/IlaJ ~H Il.IICI s(!ccmdary IP males) i fl Lhp 1 ftl'geJ' size cl asses (Fig. 26). 

'/'hiH dl1lllge in llupulaUun c:OIllIXJ!:;iliull h'iU. beJlly size occurreù on aIl 

011 -1 of t.he 7 rep.fs, Lhp. diffpl'ellce ln composition betweell 

Lhl' slIIalh-!sL IP size class alld Lhe largeHL IP slzp class was 

sigtlifie'atll (X 2 LpRt,<O.05 in all cases). These data support the 

"lllggPSU(}1I LltaL femalp (hel'Jllaphl'odite) mnrtaUty llIay be heavier thali 

IIIftl" (~ollochot'f') lIIul'lality follm .. ing recruitmellt inla t.he adult 

popu 1 aU Oll (sée SpoU ons 4.3. Gand 4.3.9). NoLe that only G% (74 of 

J 42!i) of i ni Li nI phase lIIalps wer'e ReC(}l1da, y ilia les (heJ'luaphl'odi tes) . 

1\1II01lg I.t"tlllillal }Jhnsp fish, priUIfll'Y lIIalt-'R (gollochorps) lVel''! IIlur'e nume­

J'ollS Lhall ~t·I~llllllrll'Y malp::; (hel'lnalJ1lt'odites) (Fig,2G,X2=7.4,P<O.Ol). 

",:L 7 ::;i ~(' al. Tl'amd Uon 

CI" \l!1I' dilUlgPH HI'COIII}k'llly the transition beLh"eeu i ni liaI phase allJ 

Il'r'nlÎ lia l phaRe i 1\ the b luehead HraSSl". Chal'aclerislic blue-green 

("lIl,:J1'illg 011 Ihe head l'egioll of the fish and dark vertical body 

SII'ipt>R 1111" tHO ('UIlUIlOIl inJit~aliolls of phaRe challge (Hoede 1972). Nean 

si".t' ni Lr'HlI,;-;Ït.inll fOI' t.hl-' blllp.head l.Jl'HSSe in B::-tl'lJaJos \oIas 

!;;"OIIllIll+O,,17 ; rI,·t"l1Uitlf'd Ly l'RlculaLillg thl" lIIeaJl size of aIl fish 

"ritll Lr'H.II~il ÎlIl1HI ('nlllill'illg (11=36). Sh>;e al tnUlsiLiulI did 1I0L differ 

(TP males, x=G5.Gnun± 0.[,3, n=17; IP females, 

,::!iol.!)111111 ±().,I:~, Il::19; I-tf'st, t.=().Ol:3, P=O>O.OG). 
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Figul'e 2G. Pupulation compuRi.lioll li), Lully Ri?'l"! fUI' 

(a) lerminal phase indiviùualR 

~ = secomlary ilia tes (hetlllaph t'nd i LI-'R) il 1 Lp l 'Ill i IIH 1 \l11l\f"\1~ 

o = }Jrilllfll'Y males (golluchol'f'R) i Il l.f'I'ulÏ 11ft 1 pllasl" 

(b) illitial l'hase üldividualH 

~ = felllaies (hf'l'l1taphl'()(liLes) i" illÎ Linl pha .... l· 

o = ma 1eR (gollochoreR) i Il i Il i Li a 1 pllaHf! 

for Thalassollla bifasciaLulll for aIl !'p.pfs sLudil·d ill 

Barl:Jal los. 
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Since reefs of higher population dpllc;i 1 y havI:! Il slllHll~r IJl'll}>U)'1 iUII 

of terminal phase fish (Section 4.3.4), Lhl~ effpl't of dt~ln ... ity 011 Si:?l~ 

at transition to terminal phast~ HHS iIlV~!Ht igalflll. Th l't't::> nppl'ultl'hl'H 

were used. Fi 1's t, the largf"9 t i Il i li al phasl~ ri sh Ull 11 l"!t' l' '''liH 

correlaled Hilh lhe mefUI population dew:;i t.y 011 Ult~ l'pt·f. SPl'UIll1 thl' 

smallest terminal phase fish on a repf \\IHS l'ol')'t'lal\:'1.1 ",ilh the IIIl'lUI 

population dpnsiLy on the )'eef. Thini t.hl~ IIIt!flll si7.I' of aIl l'isla ill 

the size classes ove!' Iolhich LoLh initial plll\se anJ It'I'minaI pllast' 

fjsh Here obsel'ved (Le. the ovel'1ap size nlll~f' l,t·LI.Jt!t'lI Ii> alld 'l'P 

fish) \Vas investigaLed 011 the di fft~rellt )'eefH. Thl-!l'e lVaH a Lendt!lIcy 

for Lhe largest ini liaI phase fh;h to be biggPl' on )'(-·d's of higlll!I' 

population densi Cy (Speal'lnall • s Ranh: CCII Tl'! l aLi UIl, l , -0 .... ..., s- ",, 1'=0.08; 

Table 15). ~loreovel', the si ze of the s\IlnJ]est. LpI111111aJ .,1111:-'1' IIUlIt' HIlH 

gl'eater 011 ret='fs of higher populaLioll Jellsit.y (Sl'l!HI'lIlllll" Hlutl\ 

Correlation, 1'8=0.83, P=O.06; Table 1 ri). F i lia Ily , 1 Ill' 1111 '/lll !-:o i Y.t • 1/ r 

fj8h in the ovprlap ZOIlP diffel'ed sigllilïf'ti.IILly !JI·!.\oJ"I·11 l'I·,·I'H (hlt'-

way ANOVA, F=4.Gl, P<0.005; Tablf" 1ri). ~1t~all '-li:?!' illl'II·,lH,·d I"j lit 

iIlCl'f'8Sing me an populaUon dellsiLy (S»I'IU'l/lall'c; Ihlllli CUI'f'(·lal i'lll, 

1'
s

=O.77, P=O.08) and l .... a8 slIIdl}pl' ull Ult~ lOI"PI dt·I1l' .. iLy 1'1·"rH Ihall IJlI 

tlH~ higher dellsi ty l'pf'fs (SNK LpsL, (NeSS, 198:', P<O.Ofi). TIII'!-.(' j'I!!->IJI I.'i 

suggesl that the slIIant=!l' pl'tJl'orLiolJ of LpllIIÎllal ji!tIiSt~ lï!->h url 111~It"I' 

densiLy l'e,:ofs resuJts, in t.he pl'oxilllHtp Sf'IISt-!, r"OIll fislt l/'illl,rllllllllig 

frum initial to lt=~nlli)la] l'hasf' al lal'gP1' SIy'I'''' IIIt Itigill" df'II,">II.,Y 

l'eefs. 

4.3.8 Size al. Sex Change 

The ovel'lap 7,OIl(! bpLI.Jet=!lI tl.JO eo ) our' pIHi8"<' Il'J.s IIf"'11 u!-:ol'd 1.0 
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.------------------------------------------------

Table 15 

St.andard lellgths of (a) the largeat initial phase fish (b) the 

emallest tennillal phase fish alld (c) mean size of aIl fiah in the 

overlap zone bet.ween initial phase and tellllinai phase fish, for 

Thalassoma Lifascialwn on six fringing reefs in Barbados. 

REEF 

Golden Palms 

01 i Uer Bay 

RflndridJt8 

PayneA Ray 

lIeron Bay 

Oreens if'eves 

Mean Popu] a tion 
Df'l\s~ ty 
(N/m ) 

1.04 

1.24 

1. 31 

1.49 

1.51 

1. 72 

larges t 
Initial Phase 

(nun) 

68.6 

69.8 

69.4 

74 .8 

75.0 

73.2 

Rmallesl 
Terminal Phase 

(10111) 

57.3 

60.8 

62.7 

64.9 

64.2 

64.3 

Nean Size in 
over lep zone 

(nun) 

64.1 

65.4 

G7.8 

68.8 

68.1 

67.9 

----------------------------------------------------------------------------
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1984), This approach is inapprupdale for tllp blllth'f\l! \oIl'IIHHl! \-JhidIIH 

diandric and in \<Ihich Rf'X chruJge bt~glI\S, atld iH lIftell l'ol\lpll~l.t .... l,pl'iOl' 

to phase change (l'ers, obs., Wlll'ilt '1' fUu 1 Hobe/'L"::oll 1 !}78) , ~i ~t' ILL Hl'\. 

chang\::"' Has 

devoted ta Dvaries. The Pl~Op(JI'tinll of oVHI'y:Lt">! .. d .. p.s in (·adl glllll\ll HIIS 

assessE'd Ull a scale of 1 lü 0 by micl'osl'Upil' t'xlUllilllll iUII of I-JI\llIl' 

gOllad is JevüLed Lü tt~sLes, alld as havÏllJ{ CIJlJlpIt-·t l'd Hl':\. duulgr- I-JIII'1I 

100% of the gUllad i s devü Led lu Lf'R \..ps • Th,' l)f 'Il'l'Ial agI' of' l'l'lIl1lll!S 

thal had C'!aallgeJ sex in f'8ch size l'lass, mlll t.he Pt!I'('ellLag,' Iltat hHlI 

27b fol' Heron Imy l'l-!ef, 

LegitJ al.. a 1',~laLively Hl/Illll Sj7.f~, Hilh n111,,11 lm:. Ill' ail f'1'IIII1II'H 

alrpad~' havir.g GO% of Lheir gUIIH.d d,J"lJtpd Il) 11-·'-\1,· .... il. III" ~1\l1l11, ..... 1 

si7.E' claSH invf~sLigaLed (30-,10Ilun), 

phase size c]ass (GO-701l01l), llllly 20% uf Iht" 1"·llIall> .... Ialld 1 IJIIlld,'I,·d .... ,., 

dmnge (100% {..psLis) and fel';f'l· thall ·10% Itad )!i()% (Jf \..I11·il' /-{()lIl1d 

'~UllvertE'tl t-..o LesLis, This lIIay slIgl{esl.. llaal lIIu~1 r'·III"I,·~ III Ih,· 

lal'gesL TP sizp ('bH~C:; IU'P Ilot goÎng 10111"'1)1111' L"I'lIIilllll l'll:t,~,, lII,d,HI. 

4.3.9 GI·üwt.h and Morta] j ty 

01 ,3,9. 1 Growt.h 

Gl'owl..h ,aLps hie,'(=! rJ(!\.et'millt-'d by dftl j IIg of' 1)101 i Lll"" 1'1 (JIll 1111111 LIe! Y 

smllples of fish "ollpcte,l UII "I~I'!)II Ba} Il'''1'. SIZ'· .... al agi' 1'(J1 illilllll 

phase ma]ps alld fut' fl~rnaleH alf' !-.hoWII III Fig, 2Ha alld i.!;{IJ, 'JIll' 

slopes fur initial pit as!' malt'" alld f.·,llal,-:'-> dl) "'JI dl f'f'I~/' (Slud"1l1 1-

L 0 23 P>O r.:O) c-·lJggc·"'t l'flg Il'1 (l,' fffo/'·/Ir' .... ill gloh,l" 111·I..\J'·I'11 jJ> 1Ie:t!,·S ::., .. ) ,.; ,.. , -
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Figure 27. (a) Percenlage of females that had changed sex 

(>50% testes) in each size class (including 

tenninal phase fish) (b) percentage of females 

that had completed sex change (100% testes) in 

each Rize claR9 (inclurling tenninal phase fish) 

for Thalassoma bifasciatum 011 Heron Bay reef in 

Barbado!'l. 
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FiglJl'f~ 28. Standard length (mm) vs number of daiJ y rings 

(frolll otolith counts) for (a) females and (b) 

i rd t i al phase males be tween 30-7 5mm, for 

Thalassoma bifasciatum on Heron Bay reef, 

Bar'bados. 

(a) Y=0.157x + 10.18, 1'=0.89, P<0.05 

(hl Y=O.140x + 15.15, 1'=0.89, P<O.05 
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I1Hd f'p'lIIalt's. Nf!all si7.e aL ag~ alld IlIt~all gl'UHLh l'aLes wiLhil1 fi"ulI size 

(:h.1HHPS and fur aU size> classes COl1llJitH~J at'e shown ill Table 1G fur 

ff'''IHles, illitial phase millAs, Lel'mil/a] phase prlmary males auù 

tl~llllilll.l.] }JIIaHP 8f~L:ollllary males. Tht!re is no ùifferellcf' in grmyLh 

lll~t WI, .. /1 iui Liai phasp males alld fplllaJes (nJeall gl'UloJLh of the furmer is 

O.20G IIdll/day, LltaL of Lhe JaLLer 0.211 mm/dRY; L=1.G9, P>O.OG; Table 

1(;). To LIlI' l-!xtellL Chat gUlladosomaLl(: index l'pflecls the proporlion 

of l'f'SI}Ut'l:I~S al 1 ()(:aLed lo reproduct.ioll as opposed to groHth, -Lhe 

"I, ..... r-I·vIl.U()/1 t.haL fiST valups of initial phase ",al"s alld felll.ales do lIot 

di ffpl' (Tahlp 17; cOlllparisoll of mean aST values, l:=O.4G, P>O.05), is 

('IIIJsiHtI'IlL 1,";1.11 Ihf' obsel'vaLioll t.hat. IP males amI feluales ùo nol 

c1iff"I' ill gl·uHLh. 

F()I' Lf"'llIillHl phs".r.;(:. fis", sizf-! aL agp of pdmary males diù noL 

cl i ffl'l' fI (Jill Lhnl IIf St'l um]ary ilia 1 PS 1111 111"1'011 Ray l'pef (culUparisull of 

1111'1\11 gl'()h1lh ur l'al,,gol'ies, 1.=1.29, P>O.Ofi). Nol f! LhaL 1 his .lS 

\Vit.h tilt:> ubsel'vatioll t1lHL injLial vha:-.t' males al III 

f't'lIlall's dt' IH,I diffpl' in gl'Ololtla l'aLp 011 Ulis 1'I~~~r. 

dt·t(>I'lIlillt~d fl'UIIl Rll initial plmse llllIhddllals (llleall=O.2Oï flllIl/day) diù 

111,(. c/irff'l' fl'lml Chal, as dp.lplllljIlPt! fl'Olll n1l lp'I'milla] pllftse illdiviùuals 

(lIIt·HII=O.19H; L::.0.27, P>O.05; Table IG). This suggesLs thaL there is 

1 i' Il,! dlallg(, in gl'l)\.t.h l'aLe as jlldiviùuals lIIove fl'om initial phase lo 

It'.'milllli phase. 

Gf'(Mlh l'al.l's fol' rPlltaIt"b alld for initial phabl! malI"!::; hl~l'e cUlllpareù 

Ill\ thl't"'t' l'I'pfs ùiffpl'illg in l'l-!!:,f al'pa, pupulaLioll dellsiLy anù 

pli pli ln Li 1111 R i ~p (l'ah l,~ tH) • GI'ulollh lalt'S of IIPilhet' iniLial phase 

Il, •• 11'8 Il li l' ft'IIlo'tl,>s difrpr't~d IJI:'LI.;et'lI lt-'l'fs (OIIt:--loJay 1\llln/a; fuI' ",ales, 

F=I.Il~, P~()'O!i; fUI' f':'lIIalp,,\, F=(L9~, P>P.O!i). 

l l:l 



Table 16 

~lean size at age and meau growth rRtes Hi thin 511un size clRRses aud 

for aH size classes combined for fema.leR, initial phase males, 

terminal phase primary males and termina L phase seconùary males 

for Thalassoma bifasciatulII on lIeron Bay reef in BadJados. 

Size Range 

30.0-35.0 

35.1-40.0 

40.1-45.0 

45.1-50.0 

60.1-55.0 

65.1-60.0 

60.1-65.0 

Combined 

INITIAI, PHASE ~IAI.F. 

NE>a11 
SI. 

~1t~RIl 

OrOlo,/th l'Ilte 
NpfUl Nenn 

n (IInn) (1111118. /dI\Y) Il 

Nelln 
81. 

(111111) 
AgE> GI'owth l'ale 
(d) (nulI/dIlY) 

12 32.6 155.6 0.209 21 33.0 165.5 0.199 

24 37.8 177.8 0.212 28 37.2 172.9 O.21G 

8 42.7 227.5 0.187 29 42.6 210.5 0.201 

17 48.3 231.1 0.209 28 47.5 252.1 0.188 

Il 52.2 275.6 0.189 13 52.5 2B3.3 0.199 

10 56.9 290.6 0.202 11 67.2 274.6 0.208 

4 63.7 309.3 0.205 8 62.3 317.3 0.196 

86 47.7 238.2 0.200 138 47.6 236.6 0.200 

---------------------------------------------------------------------------
PRIHARY TF.RN 1 NAL PIIASR SE(X)NDARV TEHNINAI. PIIASE 

---------------------------------------------------------------------.------
70.0-75.0 5 72.6 353.4 0.205 7 72.2 366.0 0.197 

76.1-80.0 1 77.6 405 0.191 4 77.8 367.0 0.211 

Combined 6 75.1 379.2 0.198 11 75.0 366.G 0.205 

---------------------------------------------------------------------------
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Table 17 

(louad weights and gonadosornatic indices (gonad weight as a 

percentage of body weight) for ini tia] phase males, fernales. 

prilllary tennillal phase males aud secondary tenninal phase males 

of 1:.J.!!!J-.!l~8oma bifasciatwn ill Bal'bados (means and standard 

devJn.tiollR al"e Ahmm). 

, --------------------------------------------------------------------

" 

194 

12 

JNrTIl\J, PllflflR NII'IR 

OonOO He i lotI! t 
(~) 

0.073±0.07 

OSI 
(%, 

3.31±1.35 

PlHNARY TP NALE 

0.04±0 .03 O.98±0.23 

Il 

299 

FFNALE 

GoUM Height 
(,:! , 

0.063+0.05 

GSI 
(%) 

3.25±1.31 

SEOONUARY TP NALE 

28 0.09+0.040 1.61±1.20 

--------------------------------------------------------------------
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'l'able 18 

Neau growth rat.es of initial phase males and females bet.ween lhe 

Bize .range 30-601110 for 'l'halassoma bifascialulII 011 Ull'ee reeCs 

differing in population denai ty, population size and reef al'ea. 

Reef NeRU 
Populat.joll 
Size (N) 

f'1p.A.11 

Densit2 (No/Ill ) 

1 P HAI.fi: 

NPllIl 

Gt'ololt.h Rat.e 
(lIdll/dny) 

Ut'o,,,l.h IÙ1Le 
( lIun/dIlY) 

-----------------------------------------------------------------------------

Golden Palma 23,962 24,921 

Heron Bay 27,264 41,169 

Greellsleeves 33,584 57,765 

1.04 

1.52 

1. 72 

0.24±0.01 

0.21±0.03 

0.22:1'.0.01 

0.22±0.01 

0.21±0.02 

0.22±0.01 

-----------------------------------------------------------------------------

116 



1.3.9.2 Mo,'tal j ty 

f"IIJ.pa,aLivp 1I\()J'Lality of' ltel'lIlflplll'odil.es (l;rimarily ferrtales, Lut 

a 1 HO H~~c~onùal',v fr Ula] es) and g()ltuchol'es (pril1l81'Y IP males) Has 

i tlvPhLi gal (-~c1 by PXI1Jfli ,d IIg r:hangps i Il tilt" sex l'ali 0 of lhe ini tial 

pltasp plJ}llJlal.iu/I wH,1I fisil size (Fig. 29). FUI' lIIust ref'fs sepaeately, 

H/ld fo,' ail l'f·pfs nrmll,ill(~d, the }JJ'OpUl'tiofl uf hermaphroùiLes was 

higlH>sL i/l Ih!"! slIIallest sizl" c;]/u-lSes, rl~cliflillg lo about 0.5 ill the 

si:'.(· ('Iass !iO-(jOIlUII; the sizp class beJOIv lhal al. which transition 1..0 

L'>JllliIlHl l)has,~ lypically occurs (Section 4.3,7). For Sal1ùridge, 

n, f'('II!,:;IPf'V('S, Pfl'yIIf'S Bay aud Golden PaIllis, as \vp) l as for aIl reefs 

('ulIIldm·d, th ... p,'oporLi()Jt of herlIIflphr()dit.!-'R iu the slIlallest i1tilial 

Lltan the plopol'tion of 

hl'"IUlphr'ud i Il's i Il LIli"! 1 Hl'gest bd LiA 1 phf.lst=- size class (Sandridge, 

" 2 :\.(.~ 3.SS, r<o.os ; nl'ef'llsleeves, X =lG.39, P(O.OOl; Paynes Bay, 

., 
P(O. 0:'; (lOJJt-'fI Palms, XG=3. J 8, P=O. 07; aJ l l'ed's c;umLined, 

x2 = 1,1.77, P«(l.O()!i). SÎIII'P grOlolLh l'aLes of femalt-'s (ltt'l'/Iklphl'c!tliL(:!s) 

Hlld illi 1 ial pit as 1:' 1It1l1(-!s (grJllochoJ'P:=;) do Ilot diffpr, Lhl' tleclille ill 

}lI'\JpIlI'L i 011 Il f ItPl'ntaplll'od i !.r·B 1-1 i th i IlL'l'paS i Ilg f ish ~d 7.p. hllggeB Ls LhaL 

mlll'Lality of hellnaplll'odiLt>s nlfl~' he higlll~1' thall that of gOllochores 

J li' i cil' t () t l'nI 1'" i t i UII • 

'l'Ill" qUt-·.,liulI of \.Jhpthc·\' fE'lIlalp lIlol'Lality incl'eases l'elaLive ta 

1111\1,· lIIul'laliLy dUl'illg ~;ex change 01' )JllIlSI'" Ll'allsiLion was adùresseù by 

Ï1.\C"";\ igrtl irtg the mIt-' of dt-!Cl'PASI:-' ill pt'oporUolt uf hellllaphrodi1...es 

(i .P. }JI'illladl,v femalE's \olhl'!/\ TP; secolldary males \"hen TP) from the 

Host 

SI':" l'IllIIt,gillg fplllalt·s complel,p sex ('hatlgP as tltt-·y lIIove from size class 

(j(}-70nun ln 8i7.t' ('IH88 70-ROnull mIt! the Ill"crease ill pl'ul'ol'Llûn of 
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Figure 29. Proportion of herrnaphrodi tes (primarily fem3. 1 es, 

but also seconclary males) in the ini Ual phase 

population of Thalassoma. bifasciatuIII as a funcLlon 

of fish size (10mm Bize classts) for Rix reefs 

separately aIld combined in Barbados. 

OP = Golden Palms 

OB = Olitter Bay 

SD = Sandridge 

PB = Paynes Bay 

HB = Heron Bay 

OS = Greensleeves 

CB = Combined 



Q) 
en 
cv 

.s::. 
0.. 

-C\7 a ~5-.-.-c -
c .-
en 

15-.! 0 .-
"C o .. 
..c 
C­
m 
E .. 

5 .. ~ o. 
'1-
o 

c 
o .-.... .. 
8. o. 
o .. 
0. 

5-

GP HB 
na116 n.301 

I-

GB GS 
n.109 n.92 

1 

SO CS 
n.104 nc851 

PB 
n=129 

~ 

, , -, -' 30 40 50 60 70 30 40 50 60 70 

Standard Length(mm) 

118 



Figure :JO. Proportion of hennaphrodi les in the ini tial phase 

and tenninal phase populations vs fish size (1011011 

size classes) for Thalassoma bifasciaLulIl in 

Barbados. 

t= mean size of sex change 

~ 
1 = mean size of phase change 
1 
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hermaphrodiles is Ilot pal'Liculal'l~ IIIHI'I\t>d lIVt'I' Iht!8t' sii\t' 

classes(Fjg.30). 

fplllaies arp l'elativeJy sl1Ia11 (Sel'llon L:LR). IlPIII't', tlli' l'\Js~ilJilily 

that the highE'l' mot'LaliLy of hPl'lllIiplll'l>dilt·s )'t->Iallvt:' lu gUIIUt'\IIJl'I'S 

)'eBults frolll thE' SPX challge IhaL O\',,\II'S O\t'I' aIl Ir .. i7o\' ,'IH~~t'H ,'IU\ 

no L be di seoun \'(>\1. 

individuals arE' males), thpre i8 IlU flll'i IU-'I' dp\'I'PH~t' ill 1 ht' pnlplIl'llUII 

of heJ'lIlapllrodiLp.s relH.t.ive LCl glJllul'hlll'\'H (Fig.:lO). 

Tbp, suggest.llln thaL IIIDl'tality iH hight~1' t'li l' IWllllapla)'llllll,'s Ihllil 

gUllochores (IP ma l,'s ) i8 RUPPlJl'I,·d IJy Iht'u!''->''I'Vllliul1 Ihal, 11111111 

)'eefs, tno)'e terminal pll:).8P illllivirhtals al" Iwilllal,Y lIIal"l-l (glllllldllllt·:-,) 

t.han 8eculldary ilia] eB (he1'lIla}Jhr'ocli te·!s) ; bul 111!'1 " 11/'1' 1111" ,. 1"'lIlttl,·S 

(hermaphrodites) than males (guIlIlChlll"t·s) III IIIt" I/I/Ilai "1111 .... ' 

pU}Julatioll (Table 19). 

fellIales in the smallt='8L adult initial phac,p siz,' \'Ia ... '"! (li:'!'X •• l,tg. 21i) 

alld the perc€ntage uf ff .. males ill Ille ,,,hulr' illi 1 inl plld...,'· IlI'jJ,dalllJ/1 

(49%) are signifjcanL1y highel' t.han tlll'" pPII"·,,I, gl' l'f' 1"III1I/1al 111"1"'" 

fish thaL 801'1" sf'(,\JIlrlat'y malpc:; (~7% ; <;/l13llp,,\ Il' '-)iy'l' 1 la~ ... v .... 'l'l', 

n n 
Xl.=30.G, P<O.OOl; alJ IP vs TP, XG =19.()!i, P<O.OOI). '1111"~I' 1 ,· .... \JI 1 '-. 

gOlloC'hore (JP 'lIal~) IJt.~clllllin~ l,1-'/lIIil1al pl/as,",. 
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Table 19 

Percent.llJ(es of primary 1IlIl1es in the illi tial phase and tenninal 

plI/1Re pOt)u]atioIlR of Thalassoma bif~sciatum on six reefs in 

Rarbados. 

INITIAL PIIASE TERNINAL PHASE 

Rf·pf NE>nn NPRJ1 primary Primary 
Reef Ar2R Population Demli ~y N Nale N Male 

(m ) Rize (N/m ) (%) (%) 
(N) 

------------------------------------------------------------------------------------

Golden PaIllis 23,962 24,921 1.04 190 41.0 32 59.4 

GliUe,' Ally 19,198 23,806 1.24 194 45.8 25 52.0 

Sruuid rlS(P 52,547 68,837 1. 31 188 44.1 28 71.4 

Paylles Any 25,943 38,655 1.49 181 32.0 31 74.2 

IIt~I'OIl Bay 27,264 41,169 1.51 501i 40.3 62 53.0 

GrE"eilAleevE"s 33,584 57,765 1. 72 159 42.1 24 62.5 

------------------------------------------------------------------------------------
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4.4 Discussion 

The index of pel' capi ta matirIg SUccess of tenllillul phflRe males in 

bluehead Wl'asse populations in Barbados I~as signifierulUy higher Lhall 

that of either initial phase males 01' fellltlles. 'l1lÎs is CUllsist ellL 

with the results obLained for t.he blueheoo "'l'asse in l'fU1ElIllll (e.g. 

Warner et al 1975; Warner 19IH), and lVith thp sizp-nt!vHlltnge 

hypothesis for sex reversaI and phase trallgi tiOli (GidspUu 1969; 

Charnov 1982; Warner 1988a,b). Init.Îal pllasp lIIales HIlU females 

become terminal phase becaw'Ie t.his al LmlS a sllnl p illCl'ellSe in pel' 

capit.a matillg success. Indeed, given Ule high IIlPllIl pel' cU}liLa 1I1111.i1l~ 

success of terminal phase males, t.hpir l'arity in bJupllead WI'11SHt! 

populations (2%-8% in Barbados; ]% to ]2% in PH/If.ulla; WH/'Ilel' Ilnd 

Hoffman, 1980a) is sOJlle,~hat SUl prisill.(!. The cOllslxnillt. t.u beculIIll~ 

terminal phase may lie in lhe high variance in IIIllI illg HIlC('("'lq or 

terminal phase males, and the observation \.hat body si7,p pxpluills Il 

major component of the varillllC"p. Lalge tpl1uillal pl IflCj f> lIIalpq 1II1ly haVI! 

h."en ty times the ma U /lg slleeess 0 f sma 11 t.e 1 /Il i Il Il 1 phHHP 111111 PH i Il 

Panama (Hofrman et al 19R5), and a eOl'relEl~inl\ bp\.wPPII 1)()(1y sjz~! fUIIJ 

matilIg succes"! of terminal phase fish Ims Ellen hepn foulld ill Bal'uaduR 

(Giraldeau et al Unpllb. MS). III !'Ihort., t.hp frequeflcy of 

transi tion/sex reversai in bl uehead Hra!'lSe popul nUons fIIay he 

cOllstrained by the faet that morp frpqupnt transition IIIEly imply 

earlier transitioll, and smaller tel1l1illal phase fish lIIay have EtUe 

matÏlIg success. TIle advantagp of heing terminal phaRe i/l the cOIILext 

of the meall pel' capita matillg RUC'CPSS of TP fish must. I.h(~lefo/'e be 

discounted by the lime lag bet.weell traW'd tion alld reflddllS{ the aize al 

which the mean maLÎllg slIccess of TP fiRh iR attni/lf-!<l, mIel by lhe 
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probahiJ ity of dying during this time period. Warner (1988a) 

eHUIIIIlt.f!H that HeCOf}emry males in Panama spend at least 120 clays as 

IIIllle"H bpfor'e arhieving any apprpciable matir1g success. lIoffman et 

~1. (1985) made a Rimilal' obRel'vation but developed the argument 

fur-! her by RuggeR Li ng that the cos t of transi Lion/sex challge is a 

hf'fWy i Ilvestmt"lIt in groHth at the expen8e of current reproduction as a 

III PH Il R of rapidly attaining the size Ilecessary for successful 

l'~producti 011 RH a tel1ni lIal phase fish. However, there was no evidence 

of acrplpl'Al,pd groHth following trall!:dUoll in bluehead wrasse in 

flllf'llllflm'l. ~lPflll ùai Iy grOl-ith ratp hasAd on terminal phase fish 1vas Ilot 

RigllificHutly higher than meall daily grm-lth rate based on initial 

pha~w fi sh (Secti 011 4. 3.9. 1) . Note that, in the case of 

hP!'1I111phl'<xli t.es, fUl additional disadvantflge of becoming tenninal phase 

IIIlly lIP t.hnt i t. requi J'PH sex change, and there is sOlile evidence in the 

P!'PHPIJ t R Llldy t.o qUggPR L tha t, sex chrulge /Ilay illcrease lIIor ta li ty. 

Wal'l)(>1' mlcl 1I0ffman (1980a) suggested that the matillg success of 

t.enni lIat phaRe maleR relati ve ta iui tial phase males varied wi th reef 

si7-p. On tlf\J~el' l'eefs' (population size > 200 fish), mating success 

of lenni I1nI pllnsp mal es l.JaS Im.Jer and matirtg success of illi tial phase 

hi~hpl' thRn on SlIlIllJP1' rpefs (population size < 200 fish). 111ey 

Sllg~PRt Ptt that. lilis exphüned lhe observation that the percenlage of 

tf'rmirml phnse fiRh in the popuJaUolJ decreased ",ilh jncreasing 

population Rize in PallRlllfl. The reefs and populations sLudied in 

Bndlfllios l.Jl"I'e conRidpl'ably larger (l'aJlge of popu] ation size 16,000 -

53, OOn) t hfUl t hosp i Il Pal1Ama. III BaI'OOd08, tf'l'mi l1a! phase spawnillg 

mmlt-' up 40% of aIl spm'11ling pvents ObSl'l'ved ail lhe 101-1 density/small 

population sÎ7.P !ppf, but ollly 25% of SI)fllmÎllg evenLs observed on the 
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high density/large population size l'eef. Noreover, the pül'Cenlage of 

terminal phase males in the popu la t i on decrE'Elsed Hi th i IlCl'eu.S ing 

population density. These resulta support thn 8\~gt'!'Itiou of Wu l'ne l' 

and Hoffman (1980 a, bl that the f\ùvrulLa~e of btül\~ El tpl1l1inal phflSC 

male rather than an illi Ua 1 phase IIIAle dccrenses lvi th i nCl'(~flS i /la 

campet! tion for spavming si tes Rnd/or fema les. III Palliulla, th i a 

'competition effect' occurred ail t larger t'pefs '; in Bfll'bnùos il 

occurred on reefs of hj~her population densi Ups. 

the key faclor influencing the extent lo \-Ihich il. pays la ue Il 

terminal phase male rather thall an initial phase /UnIe i8 pl'oLnbly 

degree of spaHuilt,g activity pel' unit reef fUPB, At fUly given Ume of 

the year, this Hill be higher fot' rE"efs of higllel' population dCllsity. 

On a given reef, this will be highpst during l'eproductive !Ilonlhs i.e. 

wh en spal·ming acti vi Ly pel' fiait i s Il i gh • r Il tel'es t. i 1lJ,t Ly, Lhe 

proportion of matings that arp ini Ual phase rllU1Pr UIIlII t.el1l1illnl 

phase is highest on Heron Bay reer in mouths wheu SPIll"rllillg act.ivity 

per fish is highest, even though dem'! i ty on the ree f 8 i s J OIo/e~ Lill 

these months (Section 4.3.3.2). 

It is worth noting that Rince the pl'oportiol1 of LennillaJ lJhllAe 

males is lower on reefs of higher density (i.e. fewer illùiviùullls 

transfonn to tenninal pha.se), the pel' capi ta maLing AucceSR O!,Ht-"!{'vpd 

for terminal phase males Ileed Ilot he lmo/e!', nor thaL of illl Ual phflHI! 

males higher, on reefs of high nensity. IlIdepd, in the presPIlt. study, 

because the proportion of terminal phase maleR waB highp'l' Oll low 

density reefs, the extent to Hhich t.hpÎl' J>P.I' r:n.pit..a maUIIJ,t A\J(;Cf'HS 

exceeded that of illitial phase males did 1I0t diffel' [l'OIII that.. 011 high 

dellsi ty reefs. 
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The observation tha.t the percentage of terminal phase fish 

decrea..qes on reefs of higher density implies either that fish grow 

8) ()Wf~r alld tH~IlCe talH? longer to reach trallsi tian size on such reefs, 

or' tJlIlL b'allsitioll si:>:e js larger on these reefs. Victor (1986a) 

found gT'owLh of bluf'head wraRse ta be sIOl-leT' on high density reefs in 

PrullUnn. Jlowever, 8orne",hat ClurprÎsingly, gl'owth of Ileither initial 

phaRe malps lIor fenlllles differed on reefs of differenl densi ty in the 

pl'eSPIl t S Ludy . The di fferellce in results of the two studies may 

,'p<ml t fr'om thp di ffel'ellce in densi ty ranges characteristic of Panama 

Illld llnd>fulos l'ppfs, t.hp latter:' havirJ,g dellsi ties two to three times 

highpr than the fonner (Section 3.4.4). The inhibitive effect on 

gr'oHth of auy inct'E'ment in density may decline on reefs of extreme 

dens i t. i es . 

ln this sludy, t.hel'e Has evidence too suggest that trallsi tian size 

is lal'gel' on highpr dpnsity reefs (Section 4.3.7), indicating that 

this iR thp proximnte cause of the lower proportion of tel111inal phase 

fish 011 thp8P l'ppfs. 'I1ds result is consistent lo/ilh the increasillgly 

A('cppl f'\1 IJPrClpPf'tj ve that the size or age al sex change is not rigidly 

dptel'lninetl gpneticlllly, but is madi fied in response to local 

('ond i tions (e. g. Shapi ra 1984, 1987, 1988 ). 

Tht"> meau sizp of trallsition for bluehead ",rasse in Bal'badas is 

snll\llPl' (,..,65nuII; n~e about 0.7 yeAr~) thrul thllL in Panama ("'75I1un; age 

about OIlP YPAr, 'VAnIer 1984), ruld terminAl phase fish !:ire smaller in 

Ra"hndoR (max. si7.e l'V 85nun) t1HllI jl> f'a.tlEUIIll (>lOOHlIl1; Hoffma.n et al 

1985). 11lÏs i~ inU'l'PRl ill~, ~ive/l lhe I1\\Jch higher lJOpulation density 

of bluehend lol1f\SSP in Barbados rompared ta Panruna, and the fact that, 

"rithill thp Rnl'lVldos population, size nt transition increases with 
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increasing densi ty. In short, one might have expect.ed ll'Eulsition al 

smaller size on the lm.,rer ùensity reefs in Panama. 111t>sn dutn may 

therefore suggest that populations of thp bluehe'aJ Wl'HHHl' in PmI/ulla 

and Barbados are genetically distinct. Within buth pupulatÏolls, 

optimal size at transition may il1rrease I-lil.h illL'I'f'H.sil~ d('lIsity uut 

the trajectory of transition size vs density dirfcts Lt~t.w,'ell the 

populations, such that transition size at Emy given ùensit.y is sllulller 

for the Barbados population. 

TIle di fference in size of terminal phaRe fi sh beLHeen Bad.JllÙ()R I.l.Ild 

Panama may result }J8.rtly from differenees ln glowLh. /\1 t.huu~h gl'llwt.h 

rates on the mort'! dense of the Pallama rppfs fll'(> Sillllllll' Lo l,P'UI.JUI 

rates in Barbados, overall ~ro\.JLh :i s prubably fH.sL,~I' 111 PallUlIla 

(Victor 1986a; Section 4.3.9.1 this study). Perhaps mort! 

importantly, life Spari of the bluehead wrassp is RhorLet' i Il Bal'badog 

(1 .5 years) thau in Panama (2.5 ypars; Hoffman §ôul 198G), Sllggt'H U Ilg 

that total mürtality is greater in Baroados. If the higlll'l' lIlurLalll.y 

results from external envirolllllenLal factors c:ltaJ'HcLerist.iI' uf UII! 

Barbados enviromnent, i t could Le a causal facLOI' itl the (!vuluLiull (Jf 

the differp.ncr~ in th", transition si ze vs densi ty traject.(wy obHPI'Vf ... 1 

between Barbrulos and Pa1l8ma populations. Higher f'xLrÎlIBie lIIul't..aJiLy 

typically selects for higher reproduc tj ve effort null ell1' li el' 

reproduction (e.g. Slearns 197G), and in the caSt'" Ilf tilt' bludlt!ud 

wrasse, may select for ear lier age at sex chrulgp 1.111d U'allH i Li un . 1 t. 

is of interest in this context !.hat thr~ gOlladoHolIUlt.i (~ indl!x of illi li al 

phase males in Panama <'VZ.G4; Wame)' and Rol)tO!f'I.sull 1978, lH l(JWer 

t~lan that of iui tial phase males in RarlJadoH (tV3.31; SecUuJl 

4.3.9.1) . Note, however, tha t s j Ilce sex Chrulgl' IIIlly ha Vf' li lIIorLlll i Ly 
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cost, the earlier sex/phase change observed in Barbados populations 

may i Lself contribute ta higher total mortali ty and hellce ta the 

8hort er li fe span oUBel'veel in these populations. 

TIll'! aVf'rall populalian sex ratio (Le. tenninal phase males plus 

i III li aL phm-lf' mal es vs fen1B.les) for the hl uehead wrasse in Barbados 

Wllq 1: f. TL i8 of interest that this i9 consistent Hith t.he spirit 

of FiRher'R (1930) odginal hypothesis for the evolution and 

lIluÎnLclllillce of population sex )'atios. If tolal males are rare 

l'pllltive to fC:llIalps, IX~r capita matillg success of females will he 10H 

l't,laLivr' to ilia 1 t'S, and il Hill pay females to challge sex wltil the 

tot.al pupulatioll sex ratio approaches 1: 1. At. this point, per capita 

maU 'Ij.{ S\JLC('SS of males must equal thal of fema] es. In this study, 

total populaLioll Rex ratio did not differ frorr• 1: 1 on any of the study 

n'efs i.f!. it l.Jas independent of populatloll density, lJopulation size 

IUld ,'pef aI'f!a over the range of UlOse paramet.ers observed. Note lhe 

putf'tlt.iaJ advantage t.ltat t.he option to change sex gives to 

1}(,l'maphrod i t PS over gonochol'es, sillee the fonner can in pl'inciple 

ndjW·ll Rex tu maximize mating success if reefs Here to ùiffer in 

bl'eeù i IIg Sf'X ra ti 0 • 

Gi Vtm thal t.he Lotal population sex ratio is 1: 1, the initial 

phnSf' sex ra lio mus t. Le biased tOHard f ellJales. In Barbados , the 

illitial phllse population sex ratio was 1.22 fenJales to 1 male (i.e. 

55% f('male). This l'fitio did not diffel' l:let\.Jeen stucly l'eefs, and \.Jas 

8imi laI' t Il that observed in Famuna on l'eefs of similal' size (Warner 

IUlll lIoffullUl 1980 a,h). Thest> auLhors reporled strong sex ratio skews 

(""80%) IO\>lIlI'\h" ft:>malt>s 011 small reefs (pc)pulalioll < 500). Hm-l such 

HI\t'I.JH !lU\,) neeur is Ilot clear, aIthough Warner 8lld l-loffma.n (1980a) 
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suggested that males may activE'ly avoid small reefs whell recrui lÎng 

from the plallkton. Given that the great majority of hrrElSSt~S live in 

populations > 500, the importallce of SUdl sex rf\tio dpviat ÎUIH-l ill Lhl! 

population and evolutionary dytlamics of t.Jl'aSSt~S may Uf> lillli.l('(l. 

An ülsue addressed by Warnpr el al (1975), Wlll'l1er fUIt! IInffllllUl 

(1980a) and Charnov (1982) is l.Jhy gOlloehor'eq (TP 1II1l1f'H) lU 'l' l'l~tllilll!Ù 

in bluehead wrasse populations. The anRWE'1' may lie in fl'pqUt-!lley 

dependent selection coupled \Vith LIu'! cost ln ft'malt,s nf dU\lIging Hl!X 

and becomillg tenninal phase. If 1Il8.lf!~ ami ff'lIIaleH WP1'e ('qllivllll~lIt.ly 

cOllunon in the initial phase population, the pp" capi lu l1\Ut 111}.{ HIlI'Ct'HH 

of the fonner would he lpss than the lalter, H illC(! some f('lIlitl t'~, l'ai,' 

SPal·m wi th terminal phase males. COliS i s t.fm t Hi th 

more rare then femalE's in the j ni ti al phnsf' pu pli) fd. ) on, and th" 

proportion of males Lo females is slldl LIIHt. the l!t·,. capit.n mat.illg 

success of the lwo types clous ilOt. di ffel'. No"p Ihat ill J>/'llll'ip!f~ 

hermaphrodites (felllaJes) could conUnue tn depl'egg t.llt~ J)I'/' ('apitll 

ma tir tg success of gonochores as the lalt.er bt:collIe pl'opor't.jollal.!·!y flltI/'p 

rare by increasil1g their rate of tralls i tion ta ai lhl~/' !'WCO/1l11l/'Y 

initial phase males or secondary termina] phase III1:des. lIoWf!ve J' , Il t 

the point when pel' capita matiltg SUCCf!8S of illitial ph'iH'~ fIIalPH (!quaJ!:i 

that of females, it wjll not Lellefil a felllale Ln challgp g,,!X lil1J I)fJ('oIllP 

a secondary initial phase male, pal'ticulal'ly if Llle/t~ iR ft fIIurt,1.l.liLy 

cost to sex cha/tgt"!. Nevertheless, in Ulis situatlllll , giv{'11 th(! high 

mean pel' capita matirtg success of lennillal phase fis", fi. r"lIlI_dt! wight. 

in principle benefit from be('omin~ terwlllai phasf!, /Uld I.hiH c(Juld 

cûntinue to depress lhe pP}, capi tA. lIIati llg SlleceHS of i" i Li III pllllfle 

gonochores. TIle cons train t. hel'e may 1 i e aga i Il i fi the {.:osl. of ('lIallg i IIg 
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Rex, as weIl as in the cost of becoming terminal phase at small body 

Bize previousLy discussed. Note that the cost of changing sex is 

higher mortality, and the consequence of this is that hermaphroùites 

have a IOt.Jer probabili ty of becomhJg terminal phase than gonochores; 

G2% of termjna] phase wrasses in Barbados are primary males. In 

short, gon()(;hol'es aJ'e retained in bluehead wrasse populations because 

(1) t.hei l' per cRpi ta mating succe8S in ini liaI phase increases 

relative ta hermaphrodites as they become more rare, and (2) they 

hnvf' a h ighel' prohabi li ty of beooming terminal phase than do 

he J1l1aph rocU teR. Both (1) and (2) lIIay result, at least in part, from 

the mOl'tai i 1, y COR t. of changing 8?X. In the case of (1), this is 

suppIplIlP.llted by t.he potenUaJ cost of chwJging phase. 

One mny rPllsOllB.bly aR\t why henllaphrodi tes are retained al present 

lll'oporLionq in bluehead wrasse populations in Barbadus. If they were 

1,0 bE'COIllf' mOI'e rare, thE' dec 1 i ne wou id be chec\ted by frequency 

dCI't:"nopnt. selpcLlon; thf'ir pel' capita mating success increasing 

t'plntivE' to ~nnOdlO[E'g the more rare they become. lIowever, given that 

t hf' per ['api ta matirJg Ruccess of ini Uai phase males and females does 

not di ffer in Barbados populations, but that the fonller have a higher 

pl'obabil i ty of becollling tel1l1inal phase than the latter, the question 

beC'ornf'H, why i8 the proportion of hennaphrodites as high as observed 

in RUl'bndos lXlpuintions? A possible W1SHer may lie in the advantage 

lhat tht> flE'xibi li t.y to chruJge sex may give to hennaphrodites in the 

lonJi(pl' tel111. In the present study, if secondary initial phase males 

nrp E'xC'JuÙE'd, thE' pel' capita mating succeRS of females 

(hermnphrodites) is lower thAn that of initial phase males 

(gonochores) . HOl.Jever, in sueh ci rClnns trulces, a hennaphrodi te can 
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increase matiltg success by becomiltg a secondary ini tisl phase 1111:1 Le. 

TIle present results suggest that this occurs ta the poinl ,~hel'e pel' 

capi ta matirlg success of initial phasp malps (primnry auù SCClJllÙl1ry) 

equals that of females. In a more general conlext, lweooing sex 

ratios may oscillate thraugh time. J f t.hey do, hpl'IIlflphl'od i les, by 

adjustjltg sex in response to the prevailing spx l'aUo, nU:ly be able lü 

markedly increase per capi ta mating success l'elaU ve lo gonochol'es 

durit-.g periods of sex ratio skews. This advanLage of hernu:tphrodiles 

over gonochores need not he observed if pel' capiLa lIIatiltg success of 

the two types is compared at any instant in ec010g.i.calfevoluLiollury 

time. 

In the present study, grOl-Tth rates of i ni t in1 phl1se males [Uld 

females did not di ffer, and growth ra tes of nei lher sex di ffered 

between sludy reefs. Warner (1984) a180 round 110 differellce in l.t'owLh 

behleen initial phase males and felilaies on large J'eefs (N)120) ill 

Panama, but claimed that. males grew blice as faqt a!'l felllnh~8 011 !'llllllll 

reefs (N<110). Again, given that most Wr'IH1!'leS live ill 

populations> 120, the importance of accelerat.ed male growl,h on AIII/ill 

reefs in the population and evolut.ionary dynamics of Wl'asses i R 

unclear. Otller questions of interest remain. For exalllple, jll 

contrast to the present results, Warner (1984) reported 110 diffel'e/lceH 

in mortali ty between ini tial phase males and f PIIIaJ es j tI b 1 uf!head 

wrasse populations in Panama. Warner and Hoffman (1980a) cJ ai lIIeJ lhu.L 

only 25% of terminal phase fish are primary ma 1 es i li PanW/l11. (colII}>ared 

to 62% in the present stucly). Given that about 35% of illiLial phl1He 

fish are males in Panama (Warner aJ\d 1I0ffrnrul 1980a), thal /IIol'tali ly of 

initial phase males ig reported to he similar to that of feI/laIes 
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(Wa~.,er 1984), and that initial phase males grow as fast as or faster 

thall fernaJ eR (Warner 1984), i t is not clear why only 25% of the 

terminal phaRe population is prirnary male. In both Panama and 

BaruadoR, the factor pri mari ly cons training attempts to further 

cornpr'ehelld the eco] ogical and evclutionary dynrunics of the bluehead 

WlllRRe 1R igllor IlllCe of the genetics of Sf'X detennination. Direct 

aU ernpts to arldrpss this issue through breeding experiments are 

Rever'ely cOfIRtrained hy the relatively ]orlg planktonic larval phase 

chnr'aeLeristic of wrasses. 
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