











wontrnt. the tropral cleaning shrimps,
all of ther more exclusively specialized
a8 cleaners, seem 1o have the same im.
munity from predation. as the fropical
cleaning fshes. With their bright colors,
" their fited stations and their elaborate
- display behavior, they are plainly adver.

JUVENILE GRAY ANG

cleans external parssites from the tall of a bar jack (Corans rubers,

“CLEANING STATION.™ comisting of s sponge (light ares with
amull, dark proiuBeronces) surrounded by tustle grass b manned

tised tu the community as cleancns and
attract hosts rather thun predators, It b
easy to visualize the evelvtionary path
M which the more complex cleaning
svmbiosis may have developed from the
imperfect cleance-host relationships such
as that of the California shrimp.

In the summer of 1933, in the Culf
California near Cuaymus. 1 nuted thy,
cleaning behavior appeated to be con.
centrated at rocky points: each poim
was manned by two buttery fish ang
one angelfish. I assumed that the con.
centration of other fshes arose from the

Below the jork i amotber eleaner, the Spazish hoghsh. This
photagraph snd 1bose on the spporite page were made by the suthor,

be » juvenile gray angelfish. The station, leesied off New Prosi-
denee Lland inthe Bahaman was photographed by the suthor’s wife,

47



]

- ¥
S

Py "
RS S PR y
L I R

Mcuﬂﬁ..ﬁ%ﬁ UL

o\»-..- ..f.‘. : .f&.z.“r .e- % 1™ fy
- _u.-.r.,—m.w..@“ »nm@p:b\ W .... ﬂ.n.L» ' W .?_mugﬁx ..ncm m. Ipe ..uv;“.J ,
- . .

s B

[ B "SRty SRS "I "R BEPUEL § R PR (PR S
egEZTELSY L gsE oYL EE

£ E. e R L (TR o ' ..

SFws2a EESEREL A oy C L TR s gL LTI BN
S £ = mhhssnrcwn.maeh.ﬁ _.“‘....S: .........._. .w.nm_v.
sREEEETEDLES L FPE2 2 .s?&ﬁumkféﬁwfkaﬁ.

h - - . c.unnu- 3 4 41() - 4 a Ty v a

ELEz ¥aZfpsb. 83230y R R e
e ﬂmmrmun.. -.HHNhCF:Co.fﬂ...U k&wﬁl. o (X g

[ e T Y n e ves ti .
mqudﬂn..mbum.hmmsuwmba.me :ru....-....ﬁ_. s.‘_ﬂm.v.wﬂ
. - -— - - Al Py o B2 hy
Sicp gareatp: 2: 51 BRI (e (2 Sy
.._mu..- - \mdlﬂ.ﬂ.m.ﬂuﬂﬁs.m..m . .
£ “© 2 c <

s tEsbessitis, 5530
2 ga auWﬁemacwnMua:h

"o garhnm SXKTE E W
w 2= Eefp B B2 " - o O u
B ERIg EEYE_eExE&E. S

2.0 Ry ¥ 7o g e 5 "AEDO

. D) T Ex 2 EO Y BT
s Ty iieillyg 2ols

- T .9 o
TatSrafiedviasdisld
m L wO s ugoeeD ;et O BO 3

S 3T g ETELBEAFEEE 3

LgldeEEgs o nEATY (L8 S
._m...... o \Wl-e“tmwtnm =5 9 ov...a

s Szeiy s 82e g 0 2
laai.m.l'ﬂnnm.?nv'f.“ﬂmﬂ‘nw?“

= A~ g N P .!.m c

. o ] - wE.0 . .

ET e s E . 2% ° s e TR

£ o oz . 2. ED

taz b29273 A WERS g

e AR gBRw TP cag R l.am!u.n
Fnu!.r.lp..loafﬁremm.‘ -
h.laegm;ﬂclﬂum‘l.“. ™ ..m.mn

YU LT o, =EYE Y528

ﬂhlﬁ..l [ 8L L — 0 =y 2

g Sto EXSL - LEEREESH
*iespsEpeREERE Y A

Pmu .hm“nv. .Mﬂl v oop
= r38 N e 8o 2 DQ N.598

" . D BN Y =0 Md..i RELE

-] b.uu;nbh.ﬂ m-m . M.I
gRE2Eaqtatagndytad

el IR L S PR S
Bakarra. .3 e.Ww:w..!m

M AdEuLTRad ¥ - R
E- -t B & - L« I
£EPEIPBREAAE TRTAA

CI - - = m LN
;EfEiasa 8LE: EfZE,

= LA = e -
sTEEESEEECaTY MY

E th b 3 6 B
fEigppitEditas L ES¥%
EEREeTrEEkE Y 27§
wuaath..mwl..m:e 2 .5 &

Emeadv a0 05w -

nEw SN aEE 5. pOSRS .
EPw o  wUuSERAEm MYIZwH .4

grOLEJf e S0 es BTk

By~ PECEfdnET ZELEEl
"ll-ﬂcnmnmvw.mmfﬂnm ..mmm..ﬂuo 2 ol O a3
& o .....K.JCM fohm.l o w s M " IHOTHY By
£35S L L E5 % nta= £7CES ,_v..\:.naw.;...n
....n.ﬂuﬂm.w...nhfmu ue.....rw 7 ..4....__.7;, SRt
ceS % SR EsgTEEx a0y . sy .
EEE_FSS52 85 D oE W S IR
TEICEVMeESSETRY abi2a e Ak
(Rl o ..tm.,.ﬂ.u..u o E vg A ! ST oA
....Pﬂ!.h..—ﬁ“f.df«.heo m.. o B 2 M%Mm -,
“&e6sds2klcsl U) &ed - hdcdy

L 2 L o S

L I i s i POV, e o TR 2 AR

e e

YT W e P

Uhatles

J G.onre.

ssrume warious positions. This photograph was made by

H. Tutner of the State of Calilornia Department of Fulian

sehorite talander fsh in nearly horizonsal position st right center)

BLACKSMITHS IN GROUP wahing 10 be cleaned by & single



gamvnn and  the Coronado Isfands,

Thuese gcnrr.:h:auons of course call
fur further olnervation and perhaps ex.
promental study. In 3 modest feld es.
pevment in the Bahamas 1 oner removec
all the known cleaning vrganisms from
tvo small, isolated reeels where fsh
svemed partivularly abundant. Within a
fuw Javs the number of Bsh was dras.
tally reduced. within two weeks almeos:
&1l except the territorial fishes had dus.
appeared.

This experiment alsn demonserated the
impurtance of clearng symbiosis an
maintaining the heaith of the manne
population. Many of the fish remaining
develnped fuzzy white blotches, sweli
ng. ulcerated sores and fraved fins. Ad
mittedly the experiment was & pross one
and not well contivlled. but the ot~
scrved contrast with the sh population:
of the nearby coral heads was very st -
ing. Certainly it appedred that the ai-
ments occurred because of the abience
of clearing organisms. This impressior
was strengthened when a number of i
sal shes that had been maintained in ar
ayusnum were found to be developing
bacterial infections. I placed s cleaner
shrimp in the aguarium, and it went 10
work at once to clean the infected fishes.

S}mbioh‘c tleaning has some important
biological implications. From the
wiewpoint of evolution it provides &
remarkable instance of morphologica
and behavicral adaptation. Ecologicalir
speaking, cleaners must be regarded
key orpanisms in the assembling of the
species that compose the populations of
various marine habitats. Cleaming raises
a great many questions for students of
animal behavior; it would be interesung
to know what mechanism prevents or.
dinarily voracious Bshes from devouning
the little cleaners. In 200geography the
cleaning relationships may provide the
limiting factor in the dispersal of various
species. In parasitology the relationship
between the cleaning activities on the
one hand and host-p.rasite relations on
the other needs investigation. The bene-
ficial economic effect of cleaners on com-
mercially important marine organisms
must Le considerable in some areas, The
modern marine-fsheries biologist must
now tongider eleaners in any thorough
work dealing with life hustory and b
Population studies. From the stundpoint
of the philosophy of bislogy, the extent
of cleating behavior in the ocean
emphusizes the role of co-operation in
hature as opposed to the tooth-snd-claw
Strugele for existence,

PEDERSON CLEANING SHRIMP (Periclimanes pedursenit attraris hosts by waving he
antencse, whick sre longer than its body. Shelllike sbjects tupper right’ are shrimp's
wropods, or "Hippers.” Photograpk was made by F. M, Bayer of Ssmitheonian lastitgvon.

CALIFORNIA CLEANING SHRIMPS “clean® the author’s hand, even 1o picking at his
fingernails. These shrimps elean everything that [s yemovable from the exievior of s bone
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shrimp. This

PR
_ih-..ﬁﬂwﬂ'mﬂm_

et 0%

] . e — ..
£ WG A : AT, A A
h : i - . . var Frare AL oY

o A

Gt v

Iy

photograph nnd the wne o1 right below wars made by Rop Church.

iHippolysmate californice). Al wpper dah is & 8013

o

(172%0%
ulloyey

N1A MORAY EEL (Gymnothorar merdast has
terpal parwilss rewoved by loar Califernia cleaning shrimps

CALIFOR

N . : ‘

of undeiermined apesier.

LIONFISH (Prarols volitsns) Is host te a very much snaller
tlranming wrasse (purple fsh in renter)

trgeocn

SH HOCGFISH tropt In process of cleaning srean
tAcunthurus bubianust was photographed by suthor in Bubanas.
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