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METHODS

TW study was conducted over an &~ cicu'/ f)em‘cw(

[ L
(2)26)85 = 3]7)55) at the Fringing cecl in Discovery Bay

in_ Jamaica, West Indies. AV sbsecvatians were made

.
1

in the vicw\v}»\j of Macwm} ‘i} with a fetal data cllechon
Fime  of 9 hes. YU mun . i (4 dives with SCUBA.

We fovnd and observed Five cleanm% statisns | 5‘6(@«’6{503
O\;s;Pec:\”S of gf)emes CQmPasi‘Hoﬂ (speca‘es cﬁecm‘mj,. [g)cimj

(f‘t?aﬂ@c!j, Qr&s‘@ei&mmgl\f cw)\xf in the V\CUV\VW>J and o{-‘ Cle””c{mﬂj
behavior ( wvitaticn poses of hosts, and portion of host

4 X
cleaned — mouth Jhead ared body | or Q‘iﬁﬁ)a We alse ncted

m\\j sther host of cleaner achvibies oc intecackisns that
head .
Cau‘oﬁm have” im{)\im-H@nX for Yhe Cf[ff&hmﬁ Sxfwmb,(csi\&,

sy

For complete Site &escmph‘ms ,refer o Fiaqure i(ne‘x% paqu)?

The buik of cur data and coaclusions come

‘F\"cm observaticns or the main stabien. We feel the $ime

we ,Spem'ﬁ‘ there  was N&f\“ié:{ed b% ‘*Hf\e Cicm'HV\ueus cﬂ(uw)al

J
@Lh‘/"i"\/j C)b&(ﬁ(ﬂ/(ﬁ&( *‘qur‘ﬁ’;) ol well As its I"GICX‘H\/GQV ‘a#‘gfi

,vMuméqoaC C\eam%m9 achﬁvi-w‘. AH observations at other

stations wem Consistent with main statien observa -
tions ; and Fhus confirmed 0vr feeling that the
main Staktea s ﬂemmU\{ F}-\,{fafuﬂ, G”F the Cfeam‘(\ﬂ
stations in the basg=— 1o w;,,ue.gj
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Statiatical Anadyan

We tested oor hypothesis of niche ()aF*HHw\‘inf)
be%Weeﬂ cl@&he(‘ S()Qcie& via 53{9@%‘(& ?@r’(‘i’ﬁdminq oN
Ctrmmen \/\GQSA}’S) w‘i'Hf\ o C:l/\i“:Sq/u,ar@()( O’U’\ah{&';‘i.&, .Tl/‘lﬁ

,ana[\is‘{s (;amé)&re(}\ cleaning on ‘%MS U T MO‘%‘%% \’\Q“‘&
Parhs oF the major Shared )m;x‘i“) by the 2 most

Commen C[eaner‘(& Our A ata base éb(‘ othec S%arec{

‘,’0’ me it Similar CL/\{“S(WCWE(){ cmnlqs'e:s] or aw
other statistical ana\7$§& for Hhat matter,

RESULTS

(MB:&, In S‘ﬁ‘u&urmﬂ Fhis F@pa(“h we have found it best
+o vse some ‘_%Vua,(w{“ffa'ﬁve observations o %‘nhzrg)refjv Hhe
significance of guantitative resuits  within the
Resolts section, while resecving obhers for vse in the

Discoss th)

[,

CQQMLP/L Adpecws  [he cleaner species Prea{f)mman*HW observed

in this Study was the bluehead wrasse (:B%‘vwl)%

Al cleaners were in phases othec than the terminal

male phage (w L yelew ! "\‘s"\fri()ed‘/‘ and " bacced "
adults, and joveniles ;5 see I’fﬁzlﬁowﬂrz% ), The BHuw
occurred in numbers between 6 and 12 at all 5 of

the stations. Sharknose cjolgies were +Hhe Vnex‘{r Modt
COmmm\l,u] OBSM’\/(’_(;!) r’“(;m\(j}g\ﬂ i'n /\umberg b€+weaﬂ 1&ml L‘l
a3 of the 5 stations, Final\&f} we observed 2 Spanish

heqbish mwca cleaning aleng with the other species,

%DS‘{”‘S and for the +hird cleaner species was ihSU’F“ICIH(‘(@VY%

;;
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VCLJ( our main S"*"a"rio'f\ g,Thﬁ: l/)bc)f’tsh OUS&,Q()@&F@G(
def%r&’? we psere a\ole '{*@ qe( mﬁwws @uanvﬁ-’n«zﬁve da“‘{”a

on ‘H\emJ se we Covld net (nelade them n our

onalysis for xga‘ﬁaﬂ @arh‘%mmmjﬂ |
LNM w The Fivf statiens we cbserved S‘ewv(‘cec{

primarily Crecle wrasseS. They were +he enly hosts

observed at all stakicns on all d;m{s;, Yn additsn, in

C&ml given ob&ewahc/\ ép@ri‘oolm fosr @m7 given 5"%&"{-:0&/7) +He
nomber of Cresles cleaned far excecded +hat of any
Other hosts, In general e Cpesles swam 1 io;rqe an d
difFuse scheols of at least 200 %ghi in o wide areq
abeve and arsund the shation, Fish woold descend

N 5,,‘?""““ Yreops  or individ ua((nj To the C(ea’m‘mij

Station | where as many at HO were sbserved posing
5

at one tHme,

Nevertheless obher hest species were Cmsis?en{“h?
@bsewe&?} mosY h@%‘ab\v several spectes of i)arﬁm‘]L@i‘S;h)

and uie;_-% ansther wrasse +Hhe vellswhead wrasse

(W@Ww&ﬂm %wm/)? /3r |C®m{)(cf"€ ((&Hng @TQ

the hosk gpecies observed  and a reugh indication

i ;
of the "%‘“e’q/i/wzn(;q (F# days See and the calness
e freguencq (dayl seen) and e fypical

(# stabions seen at) of fiost species  appearances,
v‘TCDH@wsa
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of species cleaned,
¢

9 ,F{,gww given but also bkf %uait“?ahvf@ impress ions of pelabive

. \bmmpwmfww The fcrhon& of Hf\e Cmo le wms&@

lean«d bv

BHW; ond qc‘f) cs, are P@p(‘*es.u\kfd in the

Eﬁ»l\@wmg Venn dxaﬂmm g

Figure 3.

# Recorded Observations of

o ,'AND/W HEAD

Poction of Hoest Cleaned
. = Brv/
FINS- W Gty

- MOLTH

PARTS ™

(NO YbuD\/ (Ll,b ;wu\lé OBSERVED)

|no(uc{l/‘
L and the wvader

l(P

'%Bod‘{ parts n tais cateqory Consist of any garh anterisr of the prec‘()gm(

most ﬁmf&b\y the mouth (inside and cot) | the eye |

+he cheek,
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A Chi- Sq,uamd analysis of the relahve ﬁ‘t‘c@u@nmé’&

degtckd i Yhe Venn a\iagrﬁam indtcated — as is obvieus —

Hhat tHhere 18 o S‘(f\,hf«ﬁ cant difference in the «(QW)@S of
d  Creole wrasse bu@lci parf“s’, C‘eanad loq gobies as

Compared to Yhose Cleaned (oq Hee bluehead wrasses [f»«’,,ooé)f

,”‘T\qe mac)m%*udﬁ of these ﬁz\aﬁvc %‘e@uamcim s Suclhh as

% (S\JPPUF{ our Qaa\)(w(“&”u(“ﬁ OF SD@H"val icl'\e, eal\{ﬂ “‘?D«f\»ﬂ(j
Jﬁ obiet clean the meu\%/heaa{ area BHWs clean 4he
f ins  of  Cresle wrasses,
|

J

lif\%'ere&{ﬁnﬁ*\ﬁ @hcugl/\/ Cjo\m“es did ndd exhibit this

Same Paﬁfﬁn of hest Por%ar\ C’:\ear\cd on +the species

Ue”\(u‘/u*? FD ) Sﬂ?@‘iipifﬁ Y, when e:\éf”’avumq Qa R)C\C (nin(A
Q qu»\m? would move ever all areas of Hf\e rack ‘Atr’\cig

l’)bdq 1"\ &&Jie‘lﬁf\) qums cleaned He be Q(L/ pQJ‘HOﬁS

of Hf\e hlue chremis l wb\t\ BHwg cleaned predommamlrlaf
e fins, a4 Wmi«z did on the pr*@@[@ WassSe . *

SW) Pwmﬂm/q Aﬁmﬁ) a_ Venn diagram éﬁmw@&’
uw(%,\[ n ¢|u${*rcx¥an our results ¢ dhe distribohien

of host sPcues ammnﬁ cleaners {:miouds en ‘H\@ ALX“"
Paqeg_,,”:iqur{’ H’)

Du&f:’ fv the Small ﬂumbﬁbﬁ“ @F O\O.&Lé’“n/(ﬁk\‘ﬁ&"\& 01[: Lome
) we feel cur resolts with ms(oec\f to the
Umct/tw species must remain ci/u\al({-zﬂ"rve ;o stHer
werds, s pessible Haat Hf\e\/ in fact are shared 57
other cleaners, and we jost happened ot to see an

faﬂsFamce& of this overlap, Tt (s less likely, beth

Nost §>Peue&

}&gsmllaf and with respect to our Fﬁgures hat host SPCQ;QSS
W@hﬁ$€n}€d N H\é F‘f%mr‘@ as Shared are n Pac} U"’\tq{uf;
ts o gmrh(:u ar L[Cant“l"

¥ (Datn base on this Shared host Lvtue d/\rbfvnkj tze tmall +o merit

statistical analysis,)
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In the end, though, we feel our abservabions do

Sopport the hypothesis of species pactitioning — e,
_Hhat at least some of e species depicked at onigue

.

are indeed so — duye o & number of observalions

in which these vaique gpeciey W@(‘ﬁ*wpgiﬁrf’@dly i%nc(‘"@al

. ) i
!9«.;/ other cleaners | P&(“!‘icu(a(‘\q, we observed g@bies

! - N
, C?Q&nmﬁ N rock ‘mnd on @nhj 5 OlcaliensS, 1In “{“’he
reqions of +ie P(‘&mg;’}'*‘bﬁ?{ OL{;f‘ebi’lLi' sver ‘Hhe c‘j(‘s&)(ﬁ.’s)
. s
h@me coranls, On an ec}ual nomber a'{z ollasiond,

Ja rock hind was sbserved in the paidst of BHW;S)

)ém\d to pass ‘H\mu?\q Fhem ur\(kf)()ma(;hg(i“ Si‘mil’ar‘[%
we observed Sé)amu’lf\ hcs?j(:‘zgh cieaninﬁ a barJac(c;
on & different occasions. We saw a kil of 7 l

}’\btjp?‘gl’ﬁ lf\ad\ ﬁf,sag)pe&mc){; all were “&F’“’W‘@A !m? ‘qu:,
fmaining DHWs -
— (eamung Poiluns of Nooty The Creele wrasse was +he
onl ha;‘%’ species u:hic% Q@m&i&f@w\“h? lpresem-%d{ an

“Vavitabion Cieam; os defFned as an ercentiatton

which d.(PPem marke{i(q ‘F‘ﬁzm neemal SwWimiming ol

2 ib&r J\ack«S passing +h r‘buah tHhe main statien aler the

F@edim?} &(‘ﬁenk’a-ﬁan*‘, ,‘ The CP@Q%{?K;‘ mvt‘\LaHoX Q@SQ
in fact ook various Forms | evidemﬂ(Yd,ependm'j»-a%
1@@5'F (N f)aM‘"—’ sn the pa,/‘-(“ of i1k bodv b inten ded o
be cleaned . Moyt Fr\eqfuem-\vw) the Crecle uvp- ended
i‘\”‘ae\@] such that f Pcw’c'F‘e(fA dawnv\faro(&j at an anﬁj&
of From H5° 4o q0°. Ta these cases i} was qwemf(7
cleaned en vorioos of ibs dersal, caudal, anal, an d

pelvic Fins,

Pe ¢ bsra | FAIR c,immnij was c;;@mem((% +ie m;;)‘l“

QF a Second poese; in which the Creale (a(_/ _on i'hwfijff’

¥ (our defr mrnwhdm >
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and waved e pectoral Frias,

The Hhird and Fina) go@gc),ex‘@ib(ki& ,by ine Cresle

e Crecie

18 like the Ffirst eyxcept that H= alse extends ibe lips —
op fv aboot o half a centimeter out | for Fhe larger
individvals, This enables the ﬁcb\ses to travel (nside

o dean the guls,  However, we nofed lip extensien

even where the Crecles were ”(;)ne,f.\ifr?w%ﬂf}g amhi,%ﬁa+¢nc;w£?>(-im/s@,

Thus it would seem Faat the degrec of specializakion

N Il % . -
17 he th‘fz{ osle 3 Variodd (nvi tatien posesS 18 n o}r o8

qreat

as it coold pe  considering the spahial partition-
( ,,,,g

j’in% we have d\em.omes‘%“f‘“a&*ta(.

\ e . - ‘

| The cmhf sHher host species sbserved 1o pese For Yhe

i

Q\é’&r\erﬁ were the parcet s b Specied = an d these Po; c”d
| &QM%, occasionally, '(f“z"f,,,h""‘}” thf one form of myﬂ'}’ahom) |

;im WM(CE/\ ‘g\“‘lf\eu; Qriegr-.»ln—:o( 'Hf\e,mg@\veﬁ V’er-HciaH% ah(j(
L()r\@&cm‘rfci themselves ven H"‘akh;y 42 the BHWs

4

tost
‘ ! Y
as with the (Cpesle wrasses, (%wevf‘;("} the parrotfiches

‘ ‘ . {
posed head-vp  whereas fhe Creoles posed head ~down. |

" DiScussioN

] ) !
resovre partifioning on the Cresle wrasse oCcus ameong

T}’\‘% ‘rﬂ.wi-h OF Hais ”S‘fudq S“u%pép@(’“% our Ef\?peﬂr\egi,& "’Hm‘%‘

2 species of cleances @ the bluehead wmsse and sharkuose

'0%)7,’ T his {Ja("ﬁ‘ﬁammﬂ I$ ’&M}oﬁnb‘ij D()Q,m‘hﬂf} bath |
j%raucjl/\ bfa'{r'za‘ P@«””Hﬂ@mﬁﬁ) dn  Common hosts — which
we wepe able ]\‘“o %uamﬁﬁ%} — and ‘\L‘hmua\ﬂ host «S{m,c{‘ﬁ&
%ﬂz,wﬁﬁomnﬁ , which e ob&@rve.c%( Hz;i’uali‘f”asl“iuf (bfﬂ ‘ﬂq@

spabial  partition ing  Corre lates with Yhe exisYence of
}Oxr Oht bu& 3 0’{( ER?(” e V\‘(; (N ba b e ﬁ&l@&m (‘%[ .HAQ
Cresle wrosse. ,
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The traditional éx*‘pla,s\aﬁo/\ Ror niche f)ar‘ﬁ'ﬁomnfj 18

COmg')@HHor\ m Hae past, This V\ype%exis s net @LaS‘i'l%

‘l‘esmb\f and W»h(;\ﬂi ne data eiher to Su()pc/”\“ of o

refute F&F‘h}n&'&\tjj_w\‘:’( 15 nod h@ce’z«SSar\vi ’(‘"o (*e‘y on

D

. +Hhe , . »
as-‘r Cmm(mhhor\ (7N =\ @;cp’(”c;”@q%ﬁon ’ Since mL lwé{* one

|

L

S0

Jestable allernabe explanation exists.
- > ¢ ca !

USSR PPN - M %0( FHerent paras ey may occul at

EAD
o
e

j 3

13
Frt” L e -
F B AN e e,

-7
o
P

each of ‘the body pertions f)”&r"{""“jr(oned lm;; the diAerent
Cleaner species. T+ s pessible that q}o‘foe‘es have Specialiced

& 3

lo e V.. VN
Ny
ol
. - *"\

”
P

fp Feed on parasites which are present only in fhe gull

and S‘urraonc{mﬂ areal while BHWe have SPemcH{zecl
on Par"aﬁ({»@ which a#acle OV\L\.[ e %M.(WG fouad no
literature ,,d,ff\,"%is ﬁ‘ulo\g"ce«fj) One mujin} st ths L««,Ipeﬁrhesc“s |

\U‘-j C‘?‘HL"““\’:\" ,Cmd\ge wrasse§ | /J\VtJ EXamon tng %"Z’ See

Wl’\ﬁ{’hi‘l‘ AQ(H\%(‘@V}% bbdl}{ {)O/“‘{“TGY)S D{L in “PZX(‘AL CQ/\’(’*C’M}\

diFrerent @fifib‘«“ki, Gut Content anatvses for
BHWs and gobies coold be vsed 1 cormbormtion.

We see 2 other allernative ex‘planahcsm t Camp @~

Lhon i the ]Q&S‘i'f/ equall abstract and theretfere also

Cwhich are ne moere fuoity than the bradihonal view, "H/Ifm/‘

Unteskable and vasahisfactony, Nevertheless | as allernatives

/

(j{e_\:ffru’e N\QV\‘HOV\J -
%:m‘“ {3(\{’1/ N‘\S C}BSiB\Q H/\ai H’\e 2 C'eal/\ef ggeicﬂé\i

. N ‘ Y ’
hewver had Hhe *{réndlewc,«.? %@L(:ﬁa n e Same areald of ‘“HQQ,

Same hotd Species n the frect P(a\cé , and tHhus never
Came 1nto Cémcc‘l"lb}ﬁé«\ Afﬁ’(iw“&\nj o this (i.\,éé)l&ma‘%ﬂ@(/\/
/] pmyen'\-oﬂagf niche FawHHon(ni would Simply re()r@scﬂmL

.

e pe(‘smif‘i’)(@ of the DF'«%MM Aujunchm, In addibien

o ik yntestabiliby , we see onother drawbad T Hhs +\/,ean,/‘




exhibit the same dendency to clean dihe same arcas of

. ]
j-H\e((‘ fommon ho&’f. We can C‘aSSer’F/ ﬁ/\awevﬂa’jﬂ"{’*bcﬁ“? the
7 cleaners  clean Hhe Same arca$ when o (Flerent hotts

Qre Considered %q#%ef Oobies cleaned the body and
%ng — nevec the mooth/head egion of Fash m/mvk
(Ceaned by BHws (i, fock hiads)  Simidarly, Bilus
‘were Seen to clean the mouthg (on fhe ooteide) of ether host
cpecies on L occasions . In our minds Hhe overlup of
host & Pm‘}\;w‘ (leaned %37.: the diffecent cleaner spectes
S lwhen  their r@spethw? hests ace considered '"’g”Dﬂﬁi"‘H‘C,ﬂ")
Cdiscooats He ()ossib{lihf Hhat "{7’4/’\(:?\74 never teaded 4o
Clean Hre ‘S(lmﬂ(;:"{:)@r’\"‘?@ﬁ on Hher Cemmon ff\,aSF/ Hhe
Cresle wrasse. |
 Second (L;; , one might ()@S*Fu\a% that  siace adult
PHW 5 are too {ar‘qé o entec fhe mooths of (recle
wrassed , thece was Seleckion against the species.asa

Caie™s

J,th,,@lfv o clean Hher g s, We don p),d;CE?, much éaf\@dﬁv’)(&
in ‘T’,,}”\‘é,,QOS;S”?\\VW either becau i€ one sees

jdlﬁfﬁf”\? dl%renc&? b\e'{“\ﬂeeﬁ ‘H/\G’ J‘u\/em\a‘ é’m(/( adults
of many trepical reef commonibies  (Helfman), |
| We were j‘uf‘pmxed fo shserve that +he BHWs are

much meore achve and &oer&,ixk’h\% in tHheir Cif‘i’&!/\lf‘bjwb@[/\a&/\\()(\
Han are Hhe cﬁab{ﬁv (sl the Small nomber (JF@@V)V cleanings
achs Which e weee able {6 gbserve LFqure '%7--) Because
‘(job(c’j are @bk‘zﬁa}e cleaners and BHWs are Paco lka e
(C,feamem) we had cfx()({tc{»«@a[ tae @ ﬂob\f ﬁ [oe a mucb”)
more  achiee cleaner Hhan the AHW.  Hewever gobies

Peman Cio&ew within the ()l’b%,l,k!/\l‘{'fl/; of 6nt mooad-
\ ‘ obke ’ .

,,_S“ha,f)»ezi CGFQ{}?‘NJ!"Inj r g M(&Hw/7 /cmj /)e?r‘lczdj

be tween  clea nings. In c¢enbaslk BHWs cwon

£
4
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over a wide¢ area dar%’ng frem host f host ”H’\@thovjv
H\e leammﬂ avea . hui Fhe ﬂbbu’\i enerﬁp/,ex()@ndlhffﬁ_f

oand Ccm&eobuen“f need s W\&L// be eﬁelahwl% [ou @V\QU‘SZA

+ cxcc,c;w\’% L ik marked relatsve sma\,c%w(ﬁz/[/(t |

| AMM'Q/\@(’ intereshig observation was the presence of
Cdamsel sk oot Y ook of dhe 5 cleaning stahons,
One @x‘p?ama(‘ur\ for Has s that Yhe P(‘;eJdOm1ndm+
Species at the s’Fa\HanS} BidWs and Creole W rasses
are beth  Carniveres , and Haud do nolt excite e
damselBeh s Hdera forial aqqreision (domecelfash are
herbiveres) . H‘bwev\e{\/ BHWs do atbact Pawra"r{:u\q)
a major Cémfe‘%ﬁbf of fhe damcelfash. Ta light of
-H/\(S | Ctno’ C@ﬂ.&i@iﬁrmjﬁ 'Hf\é (ar‘qe“’ numbers (:'F jﬁlJ‘l/\ (N
Qememi at H/\e S takion s )ﬁ[“{f\e &Otmje(,@'/ﬁhe,\') &',/)(oﬁzt"n*’

J«%\e rance #h is (;mbab(7 he st Gixpiameo( as r%pm&em‘ﬁ;?‘
/vv/ am, G Sd m,ofn” effect o
The damselfish moy also oblain Some benetit
‘gram ‘Hfl(ﬁ’ p‘(‘(ﬁ&(’r‘\c’éfi mﬁ o C‘ff”émmﬂ S{szf"‘iofw €HCGmIO&SSN’l |
“H\e;‘r“ «kﬁrr‘ihﬁéjj as ‘H/\cﬁ’(7 wert observed +o5 be C(eam”ﬂ(
on 5 occasicns. |
/*f%(‘@ we will end our (){I'JCUSSf,cm ()IC our 05&‘&:/"%\‘5644’
;of de'am‘n\«j Ls‘f'n‘ﬁmsp (ﬂwu?h e nmdach W\ahgf more than
we report  here the bullk of +hese do not lend
‘j‘{’i/\am.&el\/fj %‘b mea~m1m7lCUf Sf)@w;@ﬁ&n., The observa-
Fisn which mosk inkeresls vs #8 and which we And
moSt meammjicvi wé\;; ”{'hd+ azf gpah’a/ {mr*‘?h‘om}zﬁ
;o\f Csmmon  host S[)cfz',{e;ﬁ - we foond ns mention of
‘17%(5" in the lderature. e found the J"ILUG(7 of! C[@aﬂm?
Stabons enjovable as well ay pradochive and can
:/\@COMM,Gﬂbé it ﬁ'fﬁu/“@,f“’d‘i Jroops.

i

| -
|
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(/Um Jehnr Please fb@w the (ncomplete natue of $hese
[\eﬁﬁrences Our pctpe.(’:s we re paclcaw( awfctl,/ bﬁFa”@ we ould
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)‘I”\ F?SLIC*’S :Q SUmMaf7 OV‘Cfv/in“a\/ i

j’ltzkawy(f‘z , Morcay . ) [:eec@mj 5%% es of & Tacolla-
7LIV‘€ C\f’ai’le Fsh g/curna [ of Z@o 094 187
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