Biblioth
du Cana

National Library ue nationale

of Canada
Canadian Theses Service

Ottawa, Canada
K1A ON4

CANADIAN THESES

T .
NOTICE .

- The quality of this microfiche is heavily de’pender( upon the
quality of the original thesls submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion ‘possible,

If pages are missing, contact the university which granted the
degree. \ . .

Y

pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published
tests, etc.) are not filmed,

_ Reproduction in full or in part of this film.is governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30.

THIS DISSERTATION
" HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

¢

NL~339(r.86/06) .

) . N\
Some pages may have Indistinct print especially if the original *

-

Services des théses cénadlennes\

-

AVIS

La qualité de cette microfiche dépend grandement de la quallté
de la thése soumise au microfitmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction.

S'it manque des pages, veulllez communlquer avec lumver-
sité qui a conféré le grade.

{

La qualité dimpresslon de certaineés pages peut laisser *a

désirer, surfout si les pages originales Ont ét¢ dactylographiées
a l'aide d'un ruban usé ou si 'université nous a f% parvenlf
une photocopie e qualité inférieure.

"Les documents qui font dejar ob]et d'un droit d'auteur (artlcles

de revue, examens publigs, etc) ne sont pas microflimés.

Ld reproduction, m&me pattiglie, de e microfilm est soumise

-a la Lol canadienne sur |g droit d'auteur, SRC 1970, c. C-30.

‘ LA THESE A ETE
'MICROFILMEE TELLE QUE
. NOUS L'AVONS REGUE

o Ca“ad"a'




" ———THE UNIVERSITY OF ALBERTA.

THE FISH AND CRUSTACEAN ASSOCIATES .
OF THE SEA ANEMONES URTICINA LOFOTENSIS

AND URTICINA PISCIVORA
. BY
Q"/ . JOELK.ELLIOTT '
A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND
RESEARCH IN PARTIAL FULFILMENT OF THE REQUIREMENTS
' FOR THE DEGREE ‘OF MASTER OF SCIENCE

DEPARTMENT OF ZOOLOGY

o

-

EDMONTON, ALBERTA -
(SPRING) (1987)



\

Pérmission has been granted
to ‘the National Libragy -of
Canada - to microfilm this

thesis amd to lend Or sell”™

copies *of the film.

. '

The author (copyright owner)
has reserved other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission. | -
g

4

ISBN 0-315-377

L'autorisation a été accordée
A la Bibliothéque nattonale
du Canada 'de microfilmer
cette thdse et de prBter ou
de vendre dés exemplaires. du
film. - o '
; ‘ . .’ ‘ .

L'auteur (titulaire du droit
d'auteur) se réserve les
autres droits de publication;
ni 1la {thése. ni de longs
extraits de celle-ci ne
doivent @&tre imprimés ou
autrement reproduits sans.son
autorisation écrite.

t
[

i



2

‘THE UNIVERSITY OF ALBERTA o
S  RELEASEFORM : '

o NAME Of AUTHOR: JOEL KENNETH ELLIOTT

. ”[;ITLE OF THESIS THE FISH AND CRUSTACEAN Y
' ASSOCIATES OF THE SEA ANEMONES' URTICINA |

LOFOTENSIS AND URTICINA PISCIVORA

DEGREE: MASTER OF SCIENCE
YEAR DEGREE GRANTED: 1987

Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIiBRARY to rcprodﬁce,singie’co;;ieS'of this thesis
and to lend or sell such coples for pnvate scholarly or s?:xenuﬁe
reseanch purposes only "o

The author reserves other publifation rights, and neithepthe

the51s nor extensxve extracts from it may be ppnted or othermse

reprcfced wnhout the author's written permxssnon

....................................

tudent's sxgnature)

o - /3K3- 12/ 5h

B (Student s permanent address)
. e

f,(mmxon A4, 7‘{4 /4/5

.....................................

v

» } ‘ ‘ ‘.



i “‘: )T'.’ ‘,.';
1
“THE UNlVERsh"Y oE ALBERTA = .
FACULTY OF GRADUATE STUDIES AND RESEARCH >
\ ' - - P o
The undersigned cef'tify that they have reaﬂ and .‘\‘:‘. :
‘ recommend to the Faculty of Graduate Studies and Rescarch
for’ acceptance a thes15 entitled THE FISH AND CRUSTACEAN

. ASSOCIATES OF THE SEA ANEMONES URTICINA LOF OTENSIS.

AND URTICINA PISCIVORA submmed by Joel Kennpt}\ Elhott

‘/\ v

. in pamal fulﬁlmcnt of the requlrements for the degree

of Master of Science.

B \\F R W/\

.“‘

|

o

o

Ty
N
l .
A
"

1

)

A



W . T .o ul\“"' : ' [N

. DEDICATION

_ This thesis is dedicated to the ‘memory of my sui)ervisor Dr.‘ D. M. Ross, }-.Who
. passcd away on the 13th of: Febmary, 1986. Hxs enthusmsm for the study of the |
w -

bchavxor and ccology of mannc mvenebrates strongly mﬂucnced my mtcrests in

.“ P

" marine blology "#is cncouragemcnt support gnd paternal guxdance gavc me the

- dcsxrc and conﬁdencc to contmue my. rcsearch at thc graduate lcvg} I am very
thankful and prc()hd to have had the opportumty to be a studcﬂ‘? of Dr Ross S, and I

o will be forever gratefuT to hun for his- mﬂucnce on my life and career.

0

N * ‘ A
®
AN \
Lo ¢ ' .
N . . .
1m :
. . .
. -8
. . .
. '
[l -
;- '
.
\ .
wy A ' .
- P
\ IS
ﬁg{} TR )
R e ) *
L '
. ‘ s —~ N
.
+ * \
. A - -
’ . .
. ) S EN -
. . .
A
. -
\ - . -
3. s C
. A » 1y .
B i - . ‘\ , e
e - R
: : - ;Ei(. ]
v s . A § 6 * A
v . ., ———
R . :
. ‘ . N .
N N g < o . »
B . . .
» - . - - N
. ; ) . - P
-t , < [ . =t
D . - .
3 N . - - .
' ) — 4 .t . . .
. o . o .
. W . ‘v
. Car oo . -
. N :( ' + - . . . R
. . D Iy K \R . " 1
' . : N
—— B : . Y
u . WS . - . \ a
- - . . . .
NN N ' - . ¥
°® L3 La s .
> C e .
oF ‘o ; . . k y
. o R o v
. » : ST, Toa
. . . — .
- . o s ~
— R - __.'v .
v . L
’ PRRSIN .t .
i -



‘ "f\“ X ' . .
- ABST_-BACT R

“An assemblage of four ﬁsh specles and three crustacean sbecres were found to
assocrate with ariemones in Barkley Sound Vancouver Island British Columbia.
‘Small mdmduals (<6 cm total length) of the ﬁsh Oxyhzbtus ptctus had a close

assoctauon w1th Urrtctna Iofotensts Large mdmduals of 0. ptcms were found

IS

mtemuttently wrth etther U. Ioforensrs or U ptsczvora with most adults (>12 cmetal '

L ' LY

| . length) sheltenng in cracks and crevices. Other small fishes, Arredtus harrtngtom, o
Jordama zonope and Coryphopterus mcholsu were only mtermrttent assocrates of '

anemones, along wrth the crab Scyra acunfrons and the shnmp Heptacarpus kmcatdt

~

All of these specres were facultattve“ associates. The copepod Dortdtcola sunnivae had“
an obltgate relattonshtp with U lofotenszs

Field studxes revealed that the nurhber of orgamsms assocratmg with anemones

\

varied spattally, temporally, and wrth respect to" charactensttcs of the assocrates and

. their hosts Spattal vanatton in the assocratton pattems were related to dtfferences in
9 A“ —

the populatton densmes of each species under vanous condtttons of wave exposure
depth habitat structuraLchplextty, and . abundance ‘of predators More ftsh -

assocrated with anemones at mght and crabs and shnmps were found thh anemones. ‘

n

. mostly durmg the day easonal vat:tauon in the assocrauorts were related to changes .

Loin envu'onmental vanable, bpattems of recruttment acnvxty levels of the assocrates,

¢ and predator abundance of en specres of large anemones at the study srtes most o

assoctates were found wfth U lofotensis The srze, onentatton and tentacular :

hd

: adhesrve force of the anemones were 1mportant parameters affecung host spec:ficrty

The major beneﬁt of the relauonshlps for the assocxates was protectton from o )

predators Assoctates whtch could acchmate to the anemones also recetved nutnuonal VS

beneﬁts Dortdtcolar sunmvae and Scyra acuttfrons fed pn the mucus and possery- |
B ussues of U. Iofotenszs. Large crabs also stole food f}‘om the coelenteron of thetr

hosts Oxylebzus ptcws fed onD sunmvae 'I‘he net CffCCt of the assoctauons on the wod
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anemones appcarcd to be mlmmal and most of the assoc:atcs wcre probably
commcnsals Thc cha:actensncs of thcsp associauons wcre comparcd to predxcuons

based on cvolunonary models of the condmons under Wthh dlffcrent typcs of

symbloses should cvolyc ! ; —_ . L
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INTRODUCTION

Ecologists have historic:illy‘centcred their efforts on invéstigating antagonistic
interactions between species (l e, competition, predation, and parasxmm). and have
dtmbutcd obscrved population and ‘community pattcms to these processes (Conr;cll
1983; Schoener, 1983; Sih et al,, 1985; May and Seger, 1986). The study of
beneficial mtcracnons between species (i.e., mutuahsm and commcnsalnm) has been
neglectcd throughout most of the 20th cemury (Bouchcr etal., 1982; Boucher, 1985)
* but recently has ' cmcrged— a;a strong and active discipline wnhm ccology (Addicott,
1984). The prevalence and importance of these mtgmcuons is now being recognized,
and ecologists afc continually describing novel ways in which organisms benefit each
other. Despite the surge of interest in this topic, the terminology uged in describing
posmvc interactions has yct to be agreed upon. The term "symbiosis" has Lauscd
much confusnon Some scientists prefcr the mcamr:g of symbm'Sls to contrast with
that of parasmsm. but current opxmon has recstablnshed de Bary s (1879) original
meaning of symbxosns as a hvmg together of dissimilar orgamsms (Henry. 1966
Starr, 1975 Lewis, [1985). This definition dnsrcgards any advantagcs or
isddvantages to the participants, an;i enci)mpassesvparas\itism, commensalism, and

mutualism. It also does not require that the organisms have some type of

physiological integration (cf. Boucher et al., 1982) or prolonged period of association
* ’ . .
\v . . " . “

(Lew1s 1985)

Mutualism is dcﬁned as any mteraCucn in which two or morc specnes recxprocally

E.

benefit from the presence of the other species; commcnsahsm is any mteracnon that’

benefits one species without affecting the other; and parasitism exlsts when one
species is benefitted and the other is harmed by the association. These interactions
‘can be further defined by many different factors as described by Addicott (1984) and

Lewis (1985). The major qntena dlscussed in this study are the dcgree to which an

interaction is necessary for the survival of cach species (facultauvc or obllgatc). thc.

'
\

R [N



 Henry, 1966 Vernberg;,

i

kinds ‘of benefits (e.g., protection, feeding, cleaning) or detriments (e.g., feeding on

hastissue), the duration of the interactions (intermittent to‘perma’nent), the strength
. . ST

of the interactions (variable, constant), and the mode of transfer of benefits or

detriments (indirect, direet). | |

Symbioses are often difficult to distinguish in practtce because of shifts in the

nature of the interactions over temporal and spanarT'ales (Janzen 1985) and the
l

_ difficulty in obtalmng unequtvocal demonstrations of. benefit or detnment to the

partners in a relatlonshxp (Addlcot{. 1984).. In fzict, some systems which have

appeared to be either parasitic or commensal have on closer analysis turned out to. be

mutualistic under certain environmental conditions l(e. g, N. Q.'Smith; 1968;"Glynn,
1976, 1983; W. L. Smitn,‘l977). This makes it portiCularly difficult to apply lal)els
to symbioses in ;avhich the eosts and oeneﬁts to the partners are not straightforward.
Especially evident is the labelling of many small organisms as parasites, when neither
harm nor benefit to the host .has been demonstrated. Measntements of the net costs

and benefits to the partners in an association under a specific set of environmental .

.conditions are required before an association can be described as being parasitic,

commensal, or mutualistic.  This involves experimental manipulations and
o . . . .

appropriate measurements of fitness for both species in the presence and absence of
the other. However, these criteria are often very difficult to'-satis'fy for many

asseciations in whtch costs and benefits are obscure or indifect (Addicott, 1984)

——

Many examples of beneﬁcxal mteracnons between organisms. have now been

~'

) documented in both terrestrlal (Janzen 1985) and aquanc ecosystems Mutualistic -

) and commcnsal mteractlons are\very common, in marme ethronments (Dales, 1957 b

g ann 1980 Vermetj, 1984), especxally assoclanons

mvolvmg cnidarians (cf Ross, 1974, 1983) Cmdanans are hosts to a wide vanety )

: of orgamsx’hs mtracellular algae and dtnoﬂagellates (Muscanne afid Porter, 1977,

Cook 1985). mollusks (Shlmek 1981) phorontds (Ermg et al 1972) herrmt crabs



(Ross 1971, 1974 1983, 1984) amphrpods (Vader and Lonmng, 1973) and

ol
copepods crabs, shnmps and ﬁshes (to be discussed). Cmdanans have two rmajor

attnbutes which make them rdeal hosts for other taxa: 1) they provrde shelter from .

pY]

predators because they possess cmdae (nematocysts and’ sptrocysts) organelles
which are very effecttve in detemng predators (Ross, l97l 2) theyprodUce’tlarge
. I 2 I

amounts of mucus which can be’mthzed ay a food resource’ (Glynn, 1976, 1983')

14
The symbtonts of cmdanans have evolved mahy different behavtoml phystologlcal

3

-and morphologtcal adaptauons in order to take advantagedf these beneﬁts

A classic example of mutualtsm mvolvmg cnidarians is the assoctanon between

"1

,clownfishes (genera Amphipr,io’n and P#émnas) and anemones in the lndo-Pacil“tc o

(Mariscal, 1966, 1970; Allen 1975; Fncke 1975‘ Ross 1978 Fautm Dunn l981)

The ma_]or benefit of the assotiation for the fish is protectlon from p’redators w.htch .

would be killed or mjured if they tried to pursue the clownﬁsh rnto the tentacles of its.

“®

host anemone (Manscal 1966 l970 Allen, 1975). Some spectes of anemones : b
beneﬁt from the clownﬁshes behavior of selectlvely chasmg away butterﬂy ﬂshes
which are known anemone pred_a_tors (Fncke 1975) These assoc1auons are usually :

~ obhgate for both the ﬁshes and anemones but facultative assocnanons between other E

.spectes of fishes and anemones have also been reported from many troptcal aréas

N Stevenson 1963 Schhchter, 1970; Smith, 1973 Colm and Hetser. 1973; Gendron

and Mayzel 1976; Hanlon and Kaufman 1976 Hanlon et al,; 1983) and they appear \

to be relauvely more common than’ thexr obhgate counterparts

Facultative. mutualtsms and commensaltsms are consxdered to be less obvrous |
: "‘because of reduced specrﬁcxty_or mtermtttent assoctatron (Addtcott 1984) ’I‘he '
| ' obscure nature of these mteracttons is’ probably why few facultatwe ﬁsh anemone' -
'.assoc1anons have been reported unul recently Hanlon and Kaufman (1976) predtcted ’

that the number of reported fish anemone assocrauons would mcrease consxderably o

k3

~once more effort was spent lookmg specrﬁcally for them An mvesttgatton of the l‘shv ' o

s
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' assocrates of Cartbbean anemones has resulted in the dtscovery of more- than 30

- specres of reef fishes as facultattve assoctates of anemones (Hanlon et al., 1983)
Rela(tvely little is known “of the ecology ot' these. assocrattons in comparxson to

obhgate assocrattons and the costs.and beneﬁts to the partners in these facultative
t W

relatronshtps have not been thoroughly exarmned N L
Cmdanans are also known to harbor a vanety of crustaceans Much research has
. been done on the crab and shnmp associates of corals tKn\udsen 1967 Patton 1974; - .
,“Abele 1976; Glynn, 1976 Edwards and Emberton 1980 Gotellt and Abele, 1983 ;-
_Gotellt et al., 1985) but relattvely few detatled studres have been done on the L
crustacean assocrates of sea anemones (as stated by Stanton 19799 Fautin Dunn )
1981). An extensxve behavxoral and ecologtcal study has’ been conducted on the
obhgate alpherd shrtmp associates of Qanbbean anemones (Knowlton, 1978‘—1 980), .
. and some populatlon and commumty studies have been done on the facultattve' ‘

N 4

crustacean assoctates of sea anemones (Her;nkmd etal., 1976 Stanton 1976 1979)..

-n

' ‘Most of the worlt on crustacean associates has been carned out on large species, and
"' vrrtually nothtng is known about the many spectes of copepods whrch are found on )
e anemones (Gotto 1979 Humes, 1982) v IR ;_'G - o e
thferent specxes of assocta.ted fishes and Grustaceans vary in their pattems of host i
'. Spemﬁcny The charactertstrcs which’ make a certain host good or bad (srze slfape
etc. ) have not been mvesttgated and requtre study Both ﬁshes and Crustaceans often
| " assocrate w1th the same post cmdartans Stnce most. of these assoc1ates are htghly )
& - temtortal studtes of 1nteracttons between assocrates have centered on 1ntraspec1ﬁc Lo
' h and tnterSpemﬁc competmon for hosts These studtes have 1ndtcated that competttton n
(Prestbn. 1973 Fautm, 1984 Huber and Coles, 1986), and host speleICIty :
N (Knowlton and Keller, 1986) are tmportant m explatmng neganvely correlated‘
dtsmbutton patterns Resource pamttonrng (Stanton, 1976 Lassrg, 1977), and, _ .

o —

commumcauon bc‘“’“ﬂ aSSOCIatCS (Lassrg, 1977 Vanmm 1985) have been shownlb."\_ " -

' . it v : <‘ A t"»‘,"- “ “, '
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t,o allow coextstence of dtfferent speetes on the same hosts T e occurrence and

| potenual effects of predat10n by one spec1es on the abundance or resence of another -

: assocrated specres has not been thoroughly addressed for relauonshtps' mvolvmg

0

* actinians. ThlS is especxally evxdent for 1nteracttons between ftshes and small ‘

r “ U

v

.

crustacean assocxates such a&copepods - - ; o 4

Most studies of symbtoses 1nvolv1ng anemones have attempted to determme the -

\

‘mechamsm whtch allows the ﬁsh or crustacean to ltve amongSt thq tentacles of its

. host without bemg stung It is'now. known that the symbtont gains protectton'_,

V‘A. YN

through"a process called acchmahon At the start of accltmatton the symbtont is stung
A

upon mu contact w1th the tent?es but after repeated contacts the fi sh or crustacean -

’1s no longer stung (Manscal 19

e

the mucous coaung of e symblont is altered allowmg 1t to contact the anemone'
A

thhout betng_ recogmzed as foretgn material (Manscal- 1971' Lubbock 1980) :

o‘.Q 3

ﬂowevgr the biochemical alteration Wthh occurs dunng acchmauon is still unknown
(Brooks 1984) Both ptochemtcal and tmmunologtcal studtes wrll probably be”

needed to detemune the nature of this protectton oo | L

. kN

Desptte the large amount of work done on the ﬁshes and crustaceans in. these P

.
"

' relauonshrps relauvely lrttle work has been done on the anemones. A major problem

, has been the 1dent1ﬁcatton of host anemones and in some studres the. specnes of

rn\. ,-

o anemone is not even mentloned or no 1ndtcauon is gtven of how the tdenttty was,

determmed (Fautm Dunn 1981) Detatled ltfe“htstory‘and ecologtcal studtes need to

- beqonducted on anemones to obtarn Aa better understandmg of thetr role i tn these'\[’

but that they have the ablltty to evolve complex behavrors and morphologtcalm

‘ t«

Levme and Blanchard 1980) Dunng accltmatton

i

' assocranons The work of R,oss (1973 1974 1983) has shown that we can no y

longer assume that the anemone is always a passw' partncr in symbtouc assocrauons '_ e

3 adaptattons 1n response to vanous selecuve pressures Altematrvely, 1f the anemones S



© T
do not appear to have coevolved with thetr symbtonts the quesuon remains as to why‘

theyhavenot A ‘ S S

-

Some kmds of obltgate mutualtsms occur more frequently in tropxcal andr )

o subtroptcal ecosystems than {n temperate and arcuc ecosystems (May, 1976) Many

B examples 1n the manne environmerit suggest that there isa lautudmal declmem the
: :number of 1nttmate assocratlons from the equator to th p es (Vermetj, 1984) ,
Obltgate ﬁsh anemone assocrauons follow this bxogeographrcal dtsmbutron 'pattem

and are knoWn exclusrvely from tropxcal waters Assocrauons between crustaceans;

. and cmdartans are also common in troptcal regions, but thetr occurrence in temperate‘

Y.

waters is consrdered to be rare JBruce 1976) Facultatrve assocrattons Whlch

mvolve cmdanans as hosts are found in both troprcal and temperate regions." 'I'here
v A N

have been consrdcrably more reports from troptéal regrons, however (revrew by -

-

' .‘Stanton 1979), and the only facultanve assocratlons whrch have been studted in -
| ]
temperate waters mvolve the ﬁsh (Abel 1960), crab (Hartnoll 1970 Wembauer et -

1982 'Wirtz and Dtesel 1983 ‘ .ICSCl 19865 and copepod (Brrggs 1976) L

' assocrates of Anemoma sulcata Pen in the Medrterranean and northeast Atlanttc

' waters Two specres of shnmps have reported to assoerate wrth anemones in the o

3 northeast Pacxﬁc (Hoffman 1967 Butler O), but populauon studres have yet to o
%%’ conducted "The relatrvely small amount of work whtch has been done ort the

T ecology of subttdal temperate sea anemones may account for the paucrty of reported =

- assocrauons L ‘._ e - [," :

| ‘ | It lS clear that many questtons remam to be answered about assocratron,s tnvolvmg |
cmdanahs as h_osts Thts is. especrally evxdent for facultattve assocratlons between o
acttmans and other orgamsms Basrc ecologtcal work is needed to descnbe the .
,populauon and commumty dynamtcs of hosts and therr assocrates and expenmemal:“. »

studtes are also needed to measure the costs and beneﬁts to the partners m the‘ N S

assoctauons The prevalence and drversxty of ass




them especrally useful for the i mvesugatton of other quesnons whtch are central to the

-

v study of symbtoses the basrs of host SpClelCl[y, btogeographtcal dtstnbutton

A

pattems competmon and predatton wrthm Symbtottc system's the effects of beneflcral v

mteracttons on populatton densrty and stabtltty, and the evolutton of symbrottc o

UL - . |

relatronshtps | o S z
The syst‘em dtscussed here tnvolves the assoctattons of four specres of ﬁshes and
many crustaoeans wrth certam spectes of anemones in the temperate waters of the

northeast Pactﬁc The mmal study was concerned wrth mvesttgatmg the assoctatton

: between the ﬁsh Oxylebius pictus and and the anemones Urticina IofqtertSts_ and U. .
'pi‘scivor‘a Howev‘er -after a preliminary ‘examination of this assoclation it became
lapparent that other fishes and crustaceans were also found wrth the anemones. The ‘
. study was then extended to 1nclude an exammanon of these mteracttons The purpose ’ |
-~

“of the st_udy was to descrtbe the_population' and community structure of. host
’ anemones their. asSociated'organisms "an'd their predators ina ‘number of habitats-“
. over 18 months Stnce the fishes and crustaceans both shared the same host' specnes
7 ‘
of anemones the tnteracttons between assocxates could be examtned The presence of
many specres of anemones in the area also allowed study of the possrble basrs of host ‘~
‘ specrﬁcrty by examtmng drfferences between hOSt and non host specres The
assocrattons appeared to range from parasmc to mutualtsttc relattonshtps and dtffer o
wrth respect to the modtﬁers prev1ously outltned Havmg a range of. assocrattons
made the system especrally amenable to a comparatti(e exammatton of the selecttve -
| pressures whtch may have caused the dtfferent types of assocrattons to artse
The approach taken for the thESttgatton was 10, ﬁrst obtaln knowledge of the
natural htstory, populatton btology, and behavror of the orgamsms from ﬁeld and
laboratory smdtes in order to rdentrfy the 1mportant components of thetr envrronments ; :

(Andrewartha and Btrch 1984) Secondly, expenments and mampulattons were




conducted to test hypotheses formulated to explatn certain dJsmbuuon and abundance

—
P
L i

pattems whtch became apparent after tntual studles

N‘atural‘ h‘ist‘o'r.y of 'ane'm'ones andthe‘.‘ir associat‘es e :, AT | Lo
| Urttcma (—Tealta) Iofotens:s and U pzscwora occur in exposed rocky subtidal
| | habttats od\he Pacnﬁc Coast of North Amertca from the Caltfomta Channel Islands o )
southem Alaska (l-land 1955 Sebens and Laakso 1978) In Barkley Sound, these‘ |
two Umcma specres are generally most abundant in exposed habttats and are rare to‘ L
absent in calm protected waters (Elltott et al 1985) Populaudn densrues of Urticina
lofotensts are htghest in shallow water (0—15 m) and groups of four or ftve anemones
_ are commonly found in tndmdual cracks and crevxces Urttczna piscivora is most
abundaht in deeper water (3 25 m) on vemcal rock walls and on tops of boulders
(Sebens and Laakso 1978 Elllott et al 1985) The anemones feed on small mottle
martne mvertebrates and U ptscwora also feed on small fishes (Sebens and Laakso
1978 Elltott and Warren tn prep ) Both spectes are dloec10us with peak spawmng‘
of U. Iofoten.ns occurrmg in December (Wedt and Fautm Dunn 1Q83) Little is
known about recruttment and other populatton charactertsucs of these specres
; The patnted greenlmg, Oxylebtus ptctus isa small hexagramnud ﬁsh (up to 25
cm total length) found m sha‘ll—ow rocky habttats between 5 30 m in de_pth m the :
‘ | northeastem Pacrﬁc Ocean (Demarttm and Anderson 1980) It occurs from Point
San Carlos, BaJa Caltfomta, to the Brmsh Columbta-Alaska border (Hart 1973 .
Peden and thson 1976) The dtstrtbunon of 0 pzctus is sporadlc north of the Strait ;

) . of Georgta in Brmsh Columbla and 1t is rare to absent from the Stratt of JUan de Fuca -

\._‘ %

and nearshore rocky areas of the northemmost outer Waslungton coast (Demamm and_‘

Anderson, 1980) The errly populatton studles whtch have been done on thlS spec1es o - E
are by Demarttm (1976) and Demarttm and Anderson (1980) who exan:unedl'
populattons m the Puget Sound area, _Washtngton._State, and in- Monterey Bay,l.,‘

.\ Caltfomta These populattons are nOt assoctated wrth sea anemones In these areas,‘ L




f : 9
0 ptcrus selecttvely feeds on crustaceans and other eptbenthtc orgamsms ‘when it lS “ |
acttve from Apnl to November Adult ftsh are temtonal and male; defend €88 I'
masses spawned in htgh relief rocky areas durmg sprmg and summer reproducttve

periods. The ggs hatch after 16- 24 days and the larvae spend l 3 months in the

plankton Once recrutted to shallow rocky feefs, small post settlement ftsh are

R demersal, solttary, and non- mtgratory Juvemles ha\e small home ranges and occupy.

Vo
)

reef areas w1th females outside of male temtortes
The other ﬁsh specres found to assoctate w1th anemones in thts study are all small '

bottom dwelltng ﬁshes Two sculptn specres Artedtus harrmgtom and Jordama :

: zonope occur from Alaska to Caltforma They are most abundant in- exposed
"subttdal rocky areas (Hart 1973; Eschmeyer et al 1983) Both of these fishes ate’"
‘ temtortal sheltenng‘m holes and crévices or wrth anemones Populattons of - these

© species have been studted m ﬁarkle,y Sound. by Gascon (1982) The goby, _

Coryphopterus nzcholsu occurs from northern British Columbta to Caltforma (Hart

- 1973; Eschmeyer et-al., 1983) It is usually found i in protected sand boulder areas-

f hundreds of naupht from patred €g g sacs at regular mtervals

, where it shelters in holes under rocks Males guard nest sites from Apnl to October.

The btology of thrs specres has been Studted in Barkley Sound by Cole (1982)

Many crustacean specres have been observed m assocxanon thh Urucma

4

“."Copepods in the genus Dorrdtcola have been reportéd on all Urttcma specxes‘ ‘
. (Lonmng and Vader 1984) D sunmvae ts found on. U lofotensrs andD conﬁms lS“‘ .
. found on U ptsczvora These copepods are host specrﬁc, ltvmg on the column and |
'*.Itentacles of the anemones where they probably feed on host mucus and tlssuef“‘
"-(Lennmg and Vader, 1984) The copepods on U. lofotenszs are drmorphtc in. color - S
._-_“'jsome are red and others are whtte They spend thetr enttre ltves on thetr host';’v_

anemones except for a senes of planktomc nauplrar stages The copepods are short } o

ltved wrth many generanons per year They have a htgh fecundtty, females releasmg

T
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The shnmps Heptacarpus kmcaldt and Lebbeus grandzmanus and the crab Scyra ’

| ’acunfrons, havc also bcen observcd w;th many %)cmes of anemones (Hoffman 1967

‘ Buder 1980 Elhott 1985) They are most commonly obscwed next to. thc columns

i "of anemoncs but L. grandzmanus has also becn observed in’ thc tentaclcs Lmle is

W : 1'known of the populanon blology of thcse Schlcs o

. [ \
3 R ' ‘A ) , o ) . o
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"¢ . MATERIALS AND METHODS

Populatton dtstnbuttons and abundances of anemones and thetr ﬁsh and‘

"'crusta'Cean .assoc1ates were examlned usmg SCUBA throughout Barkley Sound near : ’
‘ thq.Bmlﬁtld Marme Stauon Bamﬁeld Vancouver Island Bmlsh Columbta (th l) : |

Long term populatton studtes were done at Ohtat lslet and Blackftsh lslet‘

. i

Expenmental mampulattons were conductcd at the mouth of Bamﬁeld lnlet (—Harbor‘ l L

Ltmtt) Ohtat Islet is dn exposed Sltc open o oceamc swell The study arca ConSIS[cd

..—4 K

of a slopmg soltd rock substratum to a depth of approxrmately 20 m whrch leveled"'

Lo I
t

off tnto a mxxed boulder sand ﬂat (Flg 2) , Thrs sxte is also descnbed m studtes by N

McElderly (1979) and Fletcher ( 198 1) Blackﬁsh lslet is a semt-protected stte whtch SR

s se ara ed .frOm Helby lsland b a s
p Ate )’

southeast Sldc'of the the 1slet the topogra“ hy changes from a: rock bouldcr substratum ;

' to a- steep, soltd rock slope whlch ext;:nds to depths beyond 50 m ‘A dense‘-;:" :

assemblage of sessrle manne 1nvertebrates and kelp beds of Nereocysns Iuetlceana and o

K

Macrocvsus lntegrlfolla are found m shallow Water at Ohtat and Blackﬂsh lslets.l"‘

I;' ' ) »

respecttvely The Harbor lelt sxte is a protccted area e)(posed to llttle wave actton 3
compared to etther Blackﬁsh or Ohtat lslets There s a Macrocysus mtegrtfolta bedj C

“in shallow water and a rock boulder substratum extends toa depth of approxlmately )

r S, Lo

IQ t, wherea sand bottom begms. ‘; E T TSI S L

low (6 m) sand ﬂat area (th 3). On the



l'"ignre 1. Study areas in Barkley Soiind, Vanoouvcr Island. O—Ohnat Islct. B-Blackﬁsh
» Islet. HE=Harbor Limit. BMS=Bamficld Marine Smuon.
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BLACKFISH

ISLET

Figure 3. 'Map of study site at Blackfish Islet showing the bgundancs of the study area and transect lind used for estimates of fish
density. Legend same as for Fi N - ~ ,

14

gure 2,



placed at 1 m intervals on either side of the transect line, and the size (oral disk
: l N :

diameter), orientation (angle from horizontal), site of attachment (crevice or open

“

rock), and depth of each specimen of Urticina encountered was recorded on a plastic

“slate. A numbered plastic tag was then &nchored in a crack next to each anemone with

t

a conpsion-resistant nail to aid in future relocation, and serve as a reference poim for
measurements of anemone movement. The general topography of the area was also
recorded. Depths were measured with two oil-filled depth gauges. The measured
depths were then adjusted to depths below Canadian chart level by cornéétiﬁg for tidal
henght at time of samplmg Maps pf the cransected subtidal area were made so that

individual marked anemones could be sampled at regular mtervals for assocnated

animals. After 8 months the same areas were resurveyed for newly recruited

15

anemones and tagged individuals were measured for s12e Many of the plasuc tags

" - were lost throughout the stu y period, but the locanon of mdlvndual anemones was

t

easily determined-in relation t d{sungmshmg topographical features such as crevices

or boulders.

.’l‘agged anemones were er(amined for the presence of associates dur;ng both day
and nlght within the same 24-hour period at least once a month. Night Observations
were dong | usmg a high'intensity dive light (Super Q-light, Underwater chthS) and
all observanons were recorded on plasnc slates or with a small cassette tape recorder

placed ina waterproof housing and connected to a mlcrophone in a full SCUBA face

mask. A total of 337 U lofotenszs and 51 U plscwora were examined dunng each

g month s surveys of the 2 study sxtes. “The number. size (total length), sex, activity

level ~and orientation of the O. pictus found'with each marked anemone were
recorded Only the number and size of the other fish specxes assoclatmg with the

anemones were recorded Fxsh were measured in the field at night when they were

* inactive next to anemones. Most individuals did not respond when a ruler was placed




t,

length had to be done for the occasional fish \/avhieh was disturbed and left its host.

Only visual estimates of fish length were possible during daytime obServations.
When male O. pictus wene found to be guarding egg masses, the number of spawns
was eounted and some jegg masses were collected. The size,and wet weight of the

egg masses and the number of eggs per mass were determined as by DeMartini

(1976). Some anemones were not exarmned durmg the occasional samphng penod

.16

when either water condmons were too rough in shallow water or the anemones were

*

covered with kelp. These anemones were.not constdered in the data analysns.
Indiv'idual 0. pt'ct were identiﬁed by their size, sex, behavior, sdbcutaneous
.tagging with.acrylic dyes (Thresher' and (.3ron'ell,y 1978), or by cutting different dorsal
spine combinations (Rinne,‘1976). Tagging of O. pictus was done ulnderwat'er at
night when fish were quiescent and easily captured in plastic bags Eleven fish were
tagged in the fall of 1984, and seven ﬁsh were tagged in the fall of 1985 Four fish
appeared to be lost due to the taggmg procedure.since they were never observed again
in the study areas after taggmg. Tagged fish were recogmzed for up to four months.
Popttlati'on densities of ﬁshes “:/ere determined usixrg 'aA variation of the strip count

metfiéd of Keast and Harker (1977) Twohighly \tisibie:‘ yeliow 30 m transect lines

were placed 3 m apart parallel to the shorelme tn both shallow and deep water

(thures 2 and 3) The ends of the. hnes ‘were attached to expander bolts set into .

 holes drilled in the rock substratum at the Blackfish and Ohiat Islet sites, andto '

QR

'.co'ncrete bricks at the Harbor Limit site. The two shallow tra’hsect lines were placed‘

dtrectly above the two deep water lines. At Blackﬁsh and Obhiat Islets the shallowf

. -transect hnes ‘were at depths of approx1mately 8~10 m.  The deep lmes were at

: "approxrmately 14-18 m. At the Harbor Ltrrut s1te, the transect lmes were placed a -

: ‘depthsof5-7mand810m a

The number, approxtmate sxze. and sex of 0. ptcms observed wrthtn the transect o

) ~boundanes and 3 m of the bottom were’ recorded by a dtver dunng a slow swxmv - o
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between the transect lmes 'I'he number of A, harrtngrom .I zonope and C, ntcholsn
were also counted dunng surveys at Blackﬁsh and Ohrat Islets Oxylebms pictus -

populauon surveys conducted in other areas of Barkley Sound were done by counung

| the number of O. pictus seen ,thhm an esnmated area covered dunng an entire dlve

Populauon surveys were also done for large fishes whxch are known ¢ to feed on the' -’

: assocrates of the anemones Surveys were done at both Blackﬁsh and Ohiat Islets - .
using the above transect methods . during monthly day and night. examinations of
anemones A htgh intensity dive light was used dunng night surveys, and also
dunng the day to inspect holes and crevices for fishes. The diel activities of the fishes
were evaluated by notmg thelr behavxor and vemcal ‘height in the water column
(Ebling and Bray, 1976). Ftshes were noted as either active or macuve and their

: vemcal height in the water column was recorded as being in one of four zones (Table

1). The responsxveness of the fishes to the presence of a diver was also used asan
indicator of act1v1ty (i e, if the fish swam aWay or remamed unresponswe) ’

To determine the proportton of the populauon of 0. ptctus whxch assocnated thh

sea anemones at the study sites, surveys were done of the entlre vemcal area between

the parallel transect lines (thures 2 and 3). The approxtmate size and sex were B
recorded for each ﬁsh obs-erved dunng consecuttve 30 m honzontal surveys
(approxlmately 3 m in W1dth) from the deepest to the shallowest parts of the study

" areas. The number of fish observed durmg these surveys was compared to the

| number of fish observed o assocrate wrth the.anemones at mght‘wuhm the same area. ..

An estimate of the proportlons of the populattons of the other ﬁsh specxes whtch

'assoc1ated with anemones was done by companng densmes from transect surveys to

o that of correspondmg exammanons of the anemones thhm the transects:

The number of copepods present on U lofotenszs and U. ptscwora was. .
determmed by 1llummat1ng the. anemones thh a: htgh tntensxty dtve llght and

| o recordtng the number of mdtvrdual Dortdtcola observed on the total area of the oral



¢ . |, oo . , T
. . 0 i ! A \
' a : ' } f b
SR (5 ) . o . R
. . . i \ L ' - .1
. R \ . o PR ‘ N : .

l“ ‘Tab‘le 1. Zones of vertical orientation in which ﬁsh were obscrved durmg transect surveys (adaptcd
from Ebling §nd Bray, l976) : ,

"\

L Zone o T o Extcntofzbn‘c_
v Mld-watcr o Greatcr than 1.0 m above the bottom, i in open water
) m Suprab'enthic" | ‘V\fnhm 1 0 m of the bottom | |
I Bottom In physwal contact wnh the bottom yct cxposed

I - Shelter . - Inholes, crevices, or under lcdges

!
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disk and tentacles of the anemone. The presence of crabs and shrlmps wrth the
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anemones was also recorded The srze of the crabs was measured but crabs smaller

than 0. h) cm carapace width were dtfﬂcult to enumerate since they sheltered next to the

pedal drsk of the anemone often d.mder a fold of the column These small crabs were . 3

probably underrepresented in the survey results. Couﬂts of the number of crabs out

in the open away from anemones and crevxces was done to compare the activity of the

crabs between day and mght The total number of crabs observed ‘on open rock )

‘surfacestwrthrn replicate transect plots (30 X 2 m areas) were counted at‘Blackﬁ;h
Islet during both day and night on three separate sampling dates. I

Interspectes abundance and co- occurrence

R

Data from the monthly_exammauons of anemones were analyZed to determine the'

pattems of i 1nterspecres abundance. and co—occurrenCe .on the same host anemones

Co- occurrence was measured wrth the coefﬁcrent of interspecific association (C8)

whrch is ‘based on presence absence data (Hurlbert 1969) Thts coefﬁcrent ranges

from -1 to 1, correspondtng to, negatrve and positive patterns of assocratton‘

- Measures of i rnterspecres abundance were’ only calculated for compansons of ﬁshes‘

: and copepods ' Other specres combmatlons were not- attempted srnce few . -

]

observatlons mvolved more than one mdrvrdual <

L

Behavnoral observatrons

v

Dtrect behavnoral observauons of mdrvrdual 0 ptctus and other assocrates of the” .

r——

anemones were made etther by SCUBA or by the. use of a submersrblc vrdeofl'

» ‘survexllance camera (RCA TC1005 enclosed 1na PVC waterproof housmg) Vrdeox ‘ By

" o observattons were condueted at Blackfish Islet 'I'he trtpod of the vrdeo camera was o

R anchored to the substratum and the camera pomted towards an anemone wrfh a? L

o iknown ﬁsh assocrate The v1deo camera was connected by cable to a surface momtor‘ ;'2"{, L

e ¢



R ﬂ . ' [ . S L o - b, . . |
‘ and recorder housed on land Observanons were made dunng the: day and twrhght ‘
o thhout the use of amﬁcxal Itghtmg At mght a 12V sealed beam hght wasused for i
e mtertmttent observauons 'ths system allowed contmuous observatlon of the ﬁsh
' when near thetr host anemones w1thout leCI‘ presence affectlng the ﬂshes behavior

' (Hobson 1972; Chapman ét al., 1974 Helfman 1978) - Video rccordtngs were

. made of some observauons, and-tapes were later analyzed in the laboratory. ,

-

Stomach content analysns of fishes | | ‘ |
(The feedmg habits of 0 ptctus, A. harrtngtom and J. zonope were determtned ,
by collecttng the ﬁshes at mght next 'to thelr host anemones, killing them with MS-
222, and dtssecttng them for stomach content analysrs Flshes .were- dtssccted
tmmedtately upon, return to: the laboratory or were kept at 2° C for up to 1.5 days.
The stomach contents were examtned under a dxssecung mlcroscope and the number '
and stze of each it ttem and the total mass of the contents were recorded ‘The ttems:»
‘ were placed 1nto ataxonomrc groupmgs, : and a v1sual esttmate of the. percent )
k composmon by volume was done for each group ThlS esumate was then used in the 3
| | calculatton of percent total mass The relauve tmportance mdex (RJ ) was calculated
' N .

for each taxonomtc group (George and Hadley, 1979) as an 1nd1cator of its dtetary

1mportance

lnt“erspectes mteractton expertments o RRTEC .
Observattons of 0 ptctus revealed that they often fed on small 1tems on the oral..j -

dtsks of anemones To determme xf they were feedtng on copepods, smallf '

.

tndmduals of 0 ptctus (3 5 cm total length) were mtroduced 1nto aquana(contamlng;_' Lo ‘v

speclmens of U lofotensts whlch had many assocxated Dondtcola sumuvae The ﬁsh: il ,'

were left m the aquana for a penod of two days, and were exther observed dtrectly,'; PRI

g w1th the observer behmd a plasttc "bltnd" 'or the experlment was recorded on v1deo‘i,:_ i



| tape The number of copepods on the anemones was counted before and after ﬁsh

. were mtroduced into the aquana The stomach contents of the ﬁSIT‘WEre analyzed as

descnbed above

1l
4

To mvesttgate the effect of O ptctus predatton on populatrons of copepods

Gy

21

,specunens of U. lofotensts wrth assocrated copepods were put into drfferent treatment S

cages desrgned to erther exclude small 0 ptctus (<6 cm total length) or allow the fish |

', access to the anemones Five medrum srze anemones (8 10 cm oral dtsk dtameter)

‘ ' were placed into patred nepltcate cages 90 X 60 X 30 cm) made of PVC ptpe covered

' wrth erther fine mesh netting (0 2X 0.2 cm ) coarse mesh (lO X 10 cm) or thhout B

mesh The cages were plac_ed on th&ubstmtum ata depth of 8 m at Blackﬁsh Islet "

- and Helby Island. ‘The number of copepods on gach anemone was counted at the stan e 1

.

of the expenment and agam after one and two months Cages were periodtcally -

f

_ | mspected for the presence of small post-settlement 0. ptctus and the ﬁne mesh cages -

I

were occasronally cleaned of adherent debris and growths of dtatoms '

Host preference'experiments

The preference of the assoctated orgamsms for certain specres of anemones was .

tested usmg .1nd1v1duals of the ftve Umcma specres, and specrmens of Anthopleura

L

- xanfhogrammrca and Metrtdtum semle An overall preference expenment was done ‘

‘vdrameter) wrthm ased water table (170 X 73 X 22 cm) Tnals were done by placm g

L wrth smgle mdrvrduals of all 7 specres of anemones arranged in a crrcle (50 em . a

. ‘smgle mdrvrduals of etther tMsh shnmp, or crab assocrates mto the aquana wrth‘ .

o the anemones Tnals were begumn the mommg and the locauoas of the fishes were o R
recorded that evenmg near rrudmght Drfferent mdxvrdual fiSh were used for each L e
" mal Locatrons of the crustaceans were noted at dtfferent ttmes of the day over”,_ E o

A 'several days The anemones were all of approxlmately equal srze (7 9 cm oral drsk.‘ . , S

g drameter), and were attached to petrt drshes The ]ocatton of mdrvrdual anemones. f‘t-"




.
R

| wrthm the circle was randormzed by movmg the anemones to a dtfferent area after
7eac’h trial. Indtv1duals of, U Iofotensu were not exammed for the presence of
. copepods prior to. the start of the expenmenL | | | |
Preference expenments were also done in the ﬁeld usmg the anemones.U

lofotensts U ptsctvorat and A. xanthogramm:ca Twenty mdrvxduals of each

* . species were randomly placed along each of two 30 m transect. lmes set up at at Helby

‘Island in shallow water (5 m depth) The locatrons of the anemones were recorded

' wrth respect to thetr posrtton along the transect ltnes The number of ﬁshes
assoctattng wnth the anemones was recorded atone and two month mtervals

The fishes, crabs and shrrmps were usually found next to the column and under ‘

the tentacles of therr host anemones Thrs subtentacular space pnovrded an enclosed

) shelter area for assocrated orgarusms To. test tf the fishes. were assocranng’Wrth

‘ anemones because of their- umque three dtmensronal shape, different models of

‘anemones were constructed 0 approxtmate vartous types of subtentacular shelter

-space One series of models was made using a column of concretc for a base (6 cm

in hetght 8 cm in dtameter) and rubber tubrng for tentacles (Plate, 1). Another series’

7 §

of models of the same dtmensrons was made out of fubber. (Plate 2) Ten concrete L

4

“and rubber tublng models were placed out rn the subttdal m the same area as the ﬁeld

preference expertments prevrously descrtbed TheSe models were exarmned at mghr

22

;‘for the presence of assocrated O pzctus on 4 separate occasrons Small post- ' _i

: =settlement 0. ptctus LG cm total length) were also grven a chorce between U

' j"lofotenSts and and rubber model anemones m laboratory expenments Stngle .'

mdrvxduals of 0 ptctus were placed m aquana contatnmg*one model and one.
| F“:‘:j-anemone, and the locauon of the ﬁsh was recorded at mght Expenments.were also “
e : ‘-‘ done to test lf ﬁsh whtch assoctated wrth a certam anemone m the ﬁeld would also"f s

—

I - ‘asspcrate wrth a model anemone m place of thetr real host. Host anemones of 0. '_

- "'.-;Ptctu&wwere removed durmg the day and replaced by Clthﬁf a eoncrete a"d rubber‘ . |




tubmg anemone, ora rubber model The models were. then checked the same ntght
for the presence of assocnated fish, = . L .f
To. test 1}the presence of copepods on U loforensts had an effect on the host

preferences of O. ptctus ﬁshes were given a. chorce between specrmens of U.
| lofotensts with copepods and specrmens w1thout copepods Indwxdual anemones

: w1th and without copepods were placed in aquaria (50 X 25 X 25 cm) the day before ‘

the: start of the expertment and 4 small post settlement 0. ptctus was added the next‘ , i
| mommg The expenment was erther recorded thh a vrdeo camera or momtored by ,

an observer fora 15 rmnute penod at 1ntervals of a few hours dunng e yltght The

locatton of the ﬁsh was also checked at mght when the expertment was ended

Tentacle adhesnon expertments
To test 1f the ﬁshes were able to contact the tentacles of anemones w1thout bemg
stung, mdtvtdual ﬁshes were anesthenzed wrth MS 222 and placed on the tentacles
Jof anemones. . The ﬁshes were consxdered to be stung 1f the tentacles adhered to the .,
fishes and if. fhe tentacles contracted at the stte of ﬁsh contact Ftsh were collecteftl'tnw’
plasttc bags at mght when they were macttve then were held 1n runmng sea. water
- aquarta in the laboratory until used in expertments 'I.‘hey were transferred between

3 aquana in plasnc bags full of sea. water to rrumrmze dtsturbance of thetr eptdermal
h mucous coatmg Anemones were attached to p/etrr dlshes to allow thetn to be easrly
moved between dtfferent aquana Tests were done before each expertment to ensure ‘ ".’ "
that the anemones were capable of nematocyst dxscharge 1) covershps coated tn an
extract of crab tlssue were placed on the tentacles, and then checked for the presence |
| of nematocysts usrng a comyound xmcroscope, 2) a ﬁnger of the observer was‘f’: |

touched agamst the tentacles and adhesron was consrdered evrdence of nematocyst" o
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The adhesxve force of the anemone’s tentacles to the ﬁshes was measured ustng s

the method of Lubbock (1980) Ftsh were ﬁrst lolled wrth a 5% soluuon pf MS 222
in sea water A ptece of thread was then put through the mouth and qht bf‘ the gm o -
: aperture of the ftsh whrch allowed it to be tethered to a sprmg gauge Indmdual ﬁsh o , | :

were then lowered onto the tentacles of an anemone | After approxrmately one second ”

of contact, the ﬁsh was pulled out of the tentacles whrle sxmultaneously recordmg the e

o ’k o ."‘“

max&mum force shown on the spnng gauge Al removals were d‘one at ?-f'k L

approxrmately the same acceleranon by pullmg tlle ﬁsh out of the tentacles ata ‘

v constant rate durmg each tnal A constant acceleratron of 9 8 m/s. .was used in the o :r_}

Y L o "

calculanon of all adhestve forces Each ﬁsh was presented up to three umes to M

dlfferent tentacles of the same ‘anefnone. Only one or two tnals were performed thh S
e M
some anemones which retracted their tentacles dunng 1mual wrials., All four species of "?"-_
N “ ' N Y ..:-v. Y
assoctated ftshes and six specnes of sea anemones were used in the. expenmeqts All R
" I . v . ‘} ~ o

ﬁshes, except 0. ptctus were of. approxtmately the same size (5 7 cm, total length)

S o

“ ' and the anemones were all between 8-12 cm oral dlsk dxameter Small O pzctus (3-6
cm total length) were used in the expenments Adhesrve forcemals were: also done

\‘

wrth 1nd1v1duals of 0. ptctus whxch had their eptdermal mucous coaung removed
Fxsh were krlled wrth l@lS 222 and their mucous coatmg w1ped away w1th a paper |
- ,txssue S el R ;‘H R '_ |
; Indmduals of 0 ptctus whtch had been 1solated from anemones for a nUmber ofhl
‘ days were placed 1n aquana w1th anemones to deterrmne whether they would drsplay‘lri
any type of acchmauon behavxor Ftsh were placed ul aquana wrth mdmduals of U.’

lofotensts whrch had many assoclated copepods for the ftsh to feed on Thts] o \

¥

expenment was also conducted thh fish wluch had therr eptdermal mucous coatmg S

t




a T ’assocrate wrth sea anemones 0 ptcrus eggs were «collected from the ﬁeld and the
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L j"the ﬁsh and the anemones were etther obSerVed dtrectly, wrth the observer behtnd a

Do L

R plastrc "blmd" or the expenment was recorded on v1deo tape The ﬁsh were
".‘""~ e

Iconsrdered accltmated ta the anemones when they could come mto fall contact W1th

(Y " e

- the tentacles wrthout betng stung and the anemone drd not react to the presence of the

' ) PO .oy 1 ' . v‘t ,.‘ s S0 N i ‘,‘.u._ .. .."‘ .. S |
e . ] -t " . . 1
: ﬁsh ' LY
. ' \ i ‘,‘ ' A

To determme the ontogenettc stage at whlch 0 pictus acqutres the abtllty to - ' '

. wr . :
\ -

v
i

o

.‘larvae were reared m the laboratory for up to 6 weeks ‘The eggs and larvae were o

T presented to the tentacles of U Iofoterms and U ptscrvora and were monitored for

N | . \ . “N

tentacle adheston The larvae were also placed m aquana W1th anemones and
'observed for any drsplay of acclrmatron behavror R R

S Yoo . ol
e c ‘ e 1 [ \ L R .o ’ A .ot DG w !
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T:\'Predatron experlments : L L -

Both laboratory and ﬂeld expenments were done to detemune lf l) anemones

\ ‘provrded effecnve shelter from. predators 2) anemones provrded more effecttve :

-—-— "

' shelter than rock holes or crevrces and 3) small mdtvtduals of 0 ptctus were more

W 9 .o . o
o '\"\ a "

: &
vulnerable to predatton than large fish.' Predators used in laboratory expertments

Al

- were ehosén by thelr relatrve abundaﬁee in the study habttats and thetr known feedmg

\

‘habrts Medtum size specrmens (15 30 cm total length) of the ptscworous frsh

- specres Sebasres caurtnus S mahger and Hemtleprdotus hemrleptdorus were used tn

L

o laboratory expenments The small octopus OCtopus rubescens was also used The

: ﬁshes and octopuses were starved for a penod of one to two weeks pnor to the start
yofekpenments . ','.'f‘ ',:,‘ o SN i Q‘j B ’. '“ v O f_’" :

Predauon expenments w1th Octopus rubes:ens were done in aquana (50 cm X 25
! “ cm X 25 cmS covered wrth plexrglass hds to prevent the octopuses fr)om escapmg

. "“__Each aquanum contatned a prece of PVC prpe (approxtmately 15 cm tn length X 5 cm

' «:m drameter) for the octopuses to shelter m The spectmens of 0 ptctus placed mto—-'




i

"

' for those crabs whxch associated with anemones ‘and those that did not.
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A

| the aquaria were either of small (3-6 cm total lengtn)‘ or large size (} 10 cm total
length). To test if the octopuses could feed on small O. pictus which utilized hole's”
and crevices for shelter, pieces of rock were pllcd in one end of the aquana to provide
| shelter for the fish. The expcnmems were conducted wuh or without a specimen of
U Iofptensxs in the aquaria«” /
The expenmcnts with plscworous fishes were conducted in large circular tanks (1

m dlamcter X 1'm water depth) which contamed one small or large specimen of Q.

pictus wnh or wuhout a host anemone. Rock shelter was not pmwded in these
)

expenmcnts since it was assumed that large piscivorous fishes were unable to prey on ¥

'Kprganisms whlch were hidden in holes and crevies which were too small for the

. predators to enter, y o ‘ .

All experimentskwere checked daily for evidence of predation and to observe

interactions between the organisms. Experiments were allowed to continue for a |
AN . -

period of up to three weeks or until the test specimen of O. pictus was eatén. The .
» . 1 "'7 C-

“

feeding behavior of the predators on other food ites was also examined m‘ ‘the
presence and absence of U. lofotensis . The large plscworous fishes were fed other
small fish species which did not associate wuh anemones, and the octopuses were &W

small crab\s The sumval of S. acunfrons against predanon of octopuses was notej?‘
"An'e‘lnone transplant and removal exple'rim'en‘ts ‘

- In lage August, 1984 specimens of U. lofotensts were transplanted to the Harbor
Limit 33: (where U. lofotenszs were rare to absent) to test if O. pzctus wggld associate.
with U. Iofotensxs at these* snes and also to test if the presence of this anemone
would have any effect on local 0. pzcms populauon density. Four areas WCI‘ set up
thh permanent transect lines (30 min length) as prekusly descgbed The transect

areas werc surveyed for 0. pzctus to detennme ‘mean populanon densities. Two __




survey$ were done of each transect on separate days. After the initial surveys were
completed, two of the transect areas were left as control sites and“SO U. lofotens:s
were transplanted into each of the other two sitds. The structuraT component of the
transplanted anemones was not taken into account in the control plots since it was

already known that O. pictus would not associate with three dimensional models

similiar to anemones and since there was abundant structure already present in the

27

habitat. TheFefore, it was assumed that the test was for the effect of the presence or

absence of anemones (not solely structure) on the population density of O. pictus.’

The specimens of U. lofotensis were collected from other areas Qu} Barkley Sound and .

were transplanted to the study sites by divers. The anemones were placed on flat -

‘open rock surfaces along the transect lines and their locatiens were notﬁed in relation to
the marked lcngths on the lines. The transplanted anemones in the treatmem sites
wcr!: surveyed at night for the presence of associated O. ptctus at monthly intervals
for five months. Both treatment and conqol sites were surveyed on three different
occasions for O. pfctus densities approximately one year later. (September of 1985).
To determine if individuals of Q. pictus utilize paniculﬁr sites because of the
. : .

presence of anemones, individual U. lofotensis which were known to have associated

O. pictus were removed from the substratum dﬁrin%the day in November of 1985,

That same night, thesite where the anemone had been removed was surve yed for the .

[}

presence of the pre&iously agsociated O. pictus. If a fish was not found within a two
meter radius of the removal sxte it was considered to have been preyed upon or to
have rmgrated to another area. Control anemones which were not removed were also
surveyed for the presence of .associated ﬁsh. Day and night observatiods were

conducted in the same areas after the removals to check for the presence of 0. pictus.

-~
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) RESULTS

Population Biology;

Anemones -,
- Large populadons of U. lofotensis and U. piscivor’a‘were pfesent at Blackfish and
‘ Ohiat Islets (Tablé 25. These anemones were less abundant at more protected sites
near Bamfield Inlet. Small individuals (<6 cm) were not as abundant as large”
individuals in populations of both specnes at Blackfish and Ohxat Islets (Fig. 4). The "
sizes of the anemones did not differ between these sites (U. lofotensis, t=1.15,
P>0.1, df=1'84, 151; unpaired r-test; U. piscivoru, U=249, P>0.1,. df=3o,‘ 19;
Mann-Whitney U-test). .;thicina Iofutensis was over six times more abundam than
U. piscivoraﬁi'n both areas. Both species were most abundant in shallow water at the
Blackfish Isfet site (Fig. 5). At Ohiat Islet they uvere rare or absent above 3 m, and
were distributed to depths of 18 m. All small U. pisciv0(a (<6 cm) were found at"the

bottom of the rock slope amongst rock boulders. Urticina lofotensis was mostly'in

cracks and crevices (57% of anemones), but most individuals of U. piscivora were

-~ -

" attached in open rock areas (87% of anemones). 'Approximately 55% of the -
individualsAof both species were attached on rock surfaces oriented at angles of

greater than 45° from horizontal, and 45% on rock surfaces from 0° to 45° from

| horizontal. ‘

All of the large 1nd1v1duals in the pOpulatlons were found at the same locanons
after 18 months; no anemones moved more than a few centimeters. Some small
_ anemones (<4 cm oral disk. dlameter) were not found after the mmal surveys The
loss rates of mdmduals n this size class were very high for both species of anemones -
(50 _percent). but these mdmduals made up a srnall ,propomon- of the total populanons |
for both U. lofotensis (2 percent ) and U. pisciuufa (6 percent) (’Fig 4). Recruitment
ratcs were ‘also very low for these two specxes thh only fwe '‘new’, small U.

lofotenszs bemg found over 18 months. and one U. pzsavora Measurements of oral

. 28
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Table 2._Orylebius pictus, Urticina lofotensis, and U. piscivora densities at different study sites. Mcan
densitiés from four separate transects.  Statistical comparisons among groups are all significantly
differcnt (Kruskal-Wallis tests, P<0.01). Multiple comparisons between each pair of sites was done using
non-parametric method of Zarr (1974). Significant differences between populations (P<0.05) indicated by

use of differcnt letters.

Density (mean no. of individuals/100m2 + 1 5.d.)

\
Sites \ Oxylebius Urticina Urticina
\\ pictus . lofotensis piscivora
\ — . i
Harbor limit \ 46+12 03+03 =  ° 1.0+03
* A o " o 'y A A
Blackfish Islet 23403 3754217 . 50446
. B 7B - B
Ohiat Islet 17412 . - 3834235 6.6 +2.7
‘BC- . B B
Aguilar Point 05+01 1L1+01 6.5+ 0.8

C- o c B~
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P

Flgure 4, Size fnequency distfibutions of Uriicina Iofotenszs and U. prscxvora Combmed data
from both the Blackﬁsh and Oluat Islet sites. .
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Depth (m)

Depth (m)

31 ..

‘Frequency _{percent) o

o Flgure 5. Depth frequency dlstnbuuon of Umcma loforen.ns and Umcma pxscxvora at Blackﬁsh
(a) and Ohiat (b) Islets. , .



dtsk dtameter were found to be qurte vanable over tlme (1 2 cm. between
measurements), which precluded any precrse measure of growth rates of the
anemones over the study pertod | ‘ L |
. Flve other species of large sea anemones were also present at the study sites.
3 ,Memdtum semle was more abundant than all other specres of anemones It was
usu'ally found in aggregauons of many mdxvrduals, and was present-at all depths.‘
| Large specrmens of the common 1ntert1dal anemone Anthopleura xanthogrammzca
were found subttdally in shallow water (<3 m) The three other specnes of Urticina
were all rare to absent at the study sites: a total of six- U cortacea for both srtes and
smgle‘tndtwduals of both u. crasszcomts and U: columbtana Artedms harrmgtom ,
' and Scyra acutzfrons were often observed w1th Memdtum sentIe, but no ﬂshes crabs
or shnmps were found assocxated with' the other anemone specres Only quahtanve
' ’observattons were made of these assocxatxons, and most effort was concentrated on:
-the assoc:ates of U Iofotenszs and U. pzsczvora S |
- These seven specres of sea anemone‘s dlffered in the amount of enclosed space
| beneath thetr tentacles whtch an orgamsm Was able to use for shelter (Frg 6) The .-
tentacular crown of some spectes 'was hrgh off of the substratum whtle others were
| .’.flush to the substratum, provrdtng no enclosed subtentacular shelter space for
' assocxates Urucma lofotenSts appeared to provrde the most useful shelter space of
these anemones, and 1t also had the largest and most dtverse assemblage of
-"assoctates s = " 2 :
, Surveys of Umcma anemones at the study sntes revealed that most ﬁshes and large "‘:.
- crustaceans assoctated wrth U lofo:ensxs (>99% of total observattons), whlle very

-

few orgamsms assoetated w1th U ptsavora (<1% of total observanons) The

ol sample snzes for the number of orgamsms assoctattng wrth U. pxsczvora were too

2 : ".small to allow stattsttcal analyses so these data are only brxeﬂy dtscussed All




33

tanthogrommica |

. PO

Q

: 'anure 6 Companson of thc Subtemacular shelter spacc provnded by dnffcrem specxes ot‘ largc L
- -, anemones found in the Barkley- Sourid region.. Side.view of each species at the levelof the -
. “substratum, Each dxagram approximately one tenth acmal snze An'ow mdncatcs lhc cnclosed

: subtentacular space of Umcma Iofotenszs ‘ e e

'_.\'.' :
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'

‘further quanutauve results refer to the' populauons of orgamsms assoélaung w1th U.

‘.

Iofotensts

34

Upto 58 percent of the U‘ Iofo‘ten‘sis‘had assoeiated 'organlsms"during‘a survey, ‘

. wnth sigmﬁcantly more anemones havmg assocxates at mght than dunng the day (Fig. "

7 Table 3). The t0tal number of assocrates was htghest in the fall of 1984 then i

decreased throughout the wmter and d1d not reach the same peak in the fall of 1985,

~ “There was a stgmﬁcant drfference between the total number of orgamsms assocnaung '

) ;wuh anemones at Blackﬁsh and Ohlat Islets There was also a drfference between day -

ki

. and mght surveys, and rnonths for both srtes More orgamsms assoc1ated thh .‘

anemones m deeper water at both sites (Flg 8 Table 4). This was especially ev1dent |

for the Ohxat Islet populauons where the anemones were dlstnbuted over a wxder -

: depth range Small U{ Iofotenszs (<6 cm oral dxsk dlameter) rarely had any assocxated,

o orgamsms (<1% of. observauons) w1th most assocrates bemg found w1th the larger

- anemones in the. populauon

I \.,: ~

- .‘Oxylebtus ptctus

Oxylebtus pzctus populauon densmes were dlfferent between the I—Iarbor L1mxt_

. study sne, B \gckﬁsh and Ohlat Islets, and‘ Agullar Pomt (Table 2) The ﬁsh were‘ ‘,

: generally more abundant in calm water areas protected from open oceamc swell and '

" Ohxat Islets(th 9 'I‘able 3) — Z‘ L . j;

Oxylebms pzctus assocxated t'nost closely wuh U lofotenszs (98% of totalv- o o |

B where the substratum consrsted of rocks and boulders ,'I‘he number of 0 plctus

R ,assocraung thh anemones was not sxgmficantly dxfferent between Blackﬁsh andﬂ. B

o ; observed assoctauons) and rarely thh U pzsczvora (2%) Slgmﬁcantlyz more 0 v
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2ot . anure 7 “The percent of Umcma lofotens:s wnh assocnawd orgamsms at Blackﬁsh (a) and
- : _*_ hxat (b) Islets dunng the day and mght. * mdlcates no sample for thxs month
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the columns of anemones (88% of observations for this size class). Large juvcnile

~ and adult O. ptcrus were always found under the tentacles next to the column of host

', anernones (Plate 4) Distinct size classes of O. pictus associated most closely with

"anemones. J uvemlc ﬁsh (<12 cm total lcngth) accounted for 92 percent of the total

{

total number of observations) and females (4%) were rarely observed with anemones.
Surveys of the total area of the study sntes within the 30 m transect botmdanes

showed "that juvcmles (<12 cm total length) 1n the populanons associated with

40

number of obscrvattons of fish assocratmg with the anemones. Adult males (4% of

anemones at mght but few of the adults (>12 cm total length) in the populanons'

ssocrated with anemones (approxtmately 30 % of individuals), Adult males were
htghly temtonal and most mdmduals were consistently found at particular locauons

within the study areas. They were most common in shallow water at Blackfish Islet

(< 8 m) and in deep. water at Ohxat Islet (30 m). The fish were usually found in the

rock boulder habrtats at these depths, except in spnng and summer when some males

moved to open, solid roc{( areas to defend spawning territories. Some of the males in

“\
t

the solid rock areas assocxated with anemones (25% of adult males observed with
spawtl), and others used holes or £oSk crevices for shelter.
Males guarded up to three dlfferent sets of spawn from late April to August.

There was no sxgmﬁcant difference in the number or size of egg masses between

X3 LI

males which associated with anemones and’ those that did not, indicating that

 associated males did not attract signiﬁcantly more or larger femnales to spawn ('fable

- S) ‘Daily exammanons of egg masses to’ detect dtfferences in survrval to hatChmg‘

- were nor done, but exammatton é? males and their egg masses every few weeks

suggésted there was no distinct difference in the survival of males or their €gg masses

betwecn groups, with most fish remaining in the same areas over the 's;?wning

L

period.
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The number of O. pictus associating with sea anemones differed siguiﬁcautly by

, season (Fig. 9, Table 3). Few-small post-settl‘emcnf. ﬁsh‘ (<6 cm‘totall‘lcﬂgth) were
found assocxatmg with U. Iofotensts in July, and their numbers mcreased throughout
e the fall (Fig. 10) The number of fish in thc populations at all study sites decreased
throughout the winter. The fish were active and fed duﬁng all months of the year,
unlike populations of O.vpictus in Puget Souud which are inactive during the winter
(DeMartini‘, 1976). Total reemitmcnt of post.-scttlement fish at Blackfish and Ohiat
Islets from.J uly to November of 1984 was estimated as 90 and 81 fish, respectivéi)‘lh
By June of 1985 ouly 30 perceut'of these fish rem‘ai'ned associated with anemones at
Blackfish Ilslet,‘and 7 percent at Oh&i‘et Islet. Therewas a large difference in the
recruitment of O. pictus between the fall of 1984 and 1985.‘ The loss rate of ‘larger
fish was much lower than for small post-settlement individuals, but it was not
assessed quantitativley since individuals which did not associate with anemones were

\

‘ not always observed durlng surveys

42

" Fish smaller than 8 cm total length were less than one year old (Fig. 10) Aging

of fish of larger sxze was attempted by ex;runauon of otoliths, but cleanng of otoluhs
with a number'of clearmg agents was not succesl_sful. F;sh age was therefore
assumed to follow a siruilar pattern to that descﬁbed by Demartini (1976) for O.
.p'ictus: populations in Monterey, | Ca_]ifomié, since the siie distn'_butions and maxiruum
si;zel's of the fish were similar for the two areos. S o

Usually only one fish was found per anemone'during the day, but at night more

than_one fish was often observed with the same host (Table 6).‘ The number of |

observations of more than one fish associating with the sanie hosi anemone increased
dunng the fall when fish populanon densities' were hlgh (Fig. 11). At other nmes of

. the year. usually only one fish was found per host anemone. Cohabxtanons were

- usually between small post-settlement fish, but these mdlvxduals were also found to

i
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o Table 6. Dax-night comparisons of the percent of observations of each species with more than one

conspecific on the same host. Chi-square tests were conducted on totals of day and night obsérvations ‘
over 15 months at both Blackfish and Ohiat Islets. NC= no satistic calculated. n.s.= non-significant

* chi-square statistic. ' -

% of obs. with " Maximum number
- >1indivi P of individuals
. Day' Night . on the same host
Oxylebius pictus 5 ° 18 <0.0005 5
' Artedius harringtoni 0 9 NC 4
Jordaniazonope - - 0 s N~ 3
Coryphapterus nicholsii - 0 5 NC 2
Scyra acutifrons Y 12 o 7

Hepuacapuskincaidi ~* 45 36. ' ns. 15
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LA

. occur on the same anemones as large Juvemles and adults A maxtmum of ﬁve ﬁsh

T4

were observed on. the same host anemone at mghL

. '. Small post-settlement fish rarely assocnated thh U. ptsctVora but large Juvemle .

and adult 0. ptctus dtd assocxate vvnh thts species. Two small post settlement fish

juveniles (8- 12 cm total length), five males and four females were observed with

| ‘dtfferent anemones. Two of the adult males were. guardmg egg masses.

' were observed next to the columns of two different U. pzscxvora Four large

More 1nd1v1duals of 0. ptctus were, found w1th anemones on substrata of angles 00

to 450 from honzontal than expected 1n compartson to the number on substrata of

4

'-relattvely steeper angles (>45° from honzontal) (P<0 OOl Chi- square test) o

‘Anemones on relattvely honzontal substrata allowed the ﬁsh to rest on the substratum ‘

| ~rather than on the column of the anemone It appeared to be more dlfﬁcult for g

sy
DR T

; ,{;j’donc 50 that mdtvxdual fish could be

N v:l;,usually found m the same locauon 'ne

mdwtduals of 0 ptctus to remain. stable while. on. the column or oral disk. of

1

' :anemones whtch were on more vemcally onented substrata 'I'he depth of the host"

anemone was s1gmﬁcantly cornelated with the number of assocxated fish at Ohlat Islet |

' test)

but not at Blackﬁsh Islet (Table 4) The rrucrohabttat of the host U Iofotensts dld‘ :
- not affect the assocxauon pattem of 0 ptctus with the same proporuons of ﬁsh bemg .

. f-found wrth anemones m crevrces an’d m open, sohd rbck areas (P>0. 1 Ch1 squaref‘ o

Taggmg studxes and contmuous surveys of mdmdual anemones mdrcated that

L : ; most 0 ptctus assoctated wrth the same anemone or groups of anemones thhln a~-; '

; pamcular area Invthe late summer and early fall when few small post-settlement ﬁsh i .
_. ‘ were present arthe study srtes, they were easxly recogmzed because of the1r parucular_ ': S
i 'L}‘Stze and the anemone they were found wrth Later in the fall when many ﬁsh were\:

- - -assocratmg w:th anemoncs, taggmg of some post-settlement and Juvemle ﬁsh was"‘f'i L
gntzed Small post-settlement ﬁsh were “ o

"»st anemones durmg repeated surveys, but G Y




L

: male ﬁsh assoc1ated thh the same anemone(s) for the durauon of the study

: Other assocnated f‘shes o .

ularge Juvemle and adult female fish were not as consxstently observed thh the same :

‘hosts. Some Juvemles were. found w1th the same hosts for up to 8 months and some‘ '

Three small benthtc ﬁsh specxes (Artedms harrmgtom .Iordama zonope and .

Coryphopterus ntcholsu) were found next to the column of both U. Iofotenszs and U -

were often seen sheltenng in cracks and crev1ces away from anemones These ﬁshes

the ﬁshes were all dlumally acuve, and that they sheltered in- crevrces or next to -

- ptsczvora All of these fish spemes were common at the study sites (Table 7) and '

‘ were stung if they contacted thexr host s tentacles Flshes were almost always found .
| ;w1th U. Iofoten.s‘ts, but were rarely observed thh U pzsczvora (<l% of total nurhber o .
- of observauons) Artedtus hamngtom was also observed in amongst aggregauons of .

‘ Metrzdtum semIe Surveys of the study sltes at night and durmg the day revealed that ‘

anemones at mght (Table 7) More ﬁshes were found ‘with anemones at mght than'f“ -

durmg the day (Table 3.

Artedtus harrmgtom was the second most common assoc:ated ﬁsh specxes .

mdtvxduals ‘were found w1th up to 22 % of the U. lofbtensxs at mght (Fxg 12) More

L ﬁsh assoc:ated w1th anemones at Ohxat Islet thari at Blackﬁsh Islet (Table 3) The =

g populauon densmes of the ﬁsh however, dld not: dlffer between these two locattons " " '_

| g F(Table 7) A companson of the two measures of abundance for the same locattons S

o “‘assoctated w1th anemones at mght (approxxmately 30%) Most ﬁsh sheltered m L S

o ":and samplmg penods mdlcated that only a small propornon of the populatlons. ':‘

crev1ces and amongst other sessﬂe mvertebrates atmght FlSh were most commonly .'
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‘ Table 7. Population dcnsmes of ﬁshes (mean number of ﬁsh/lOOm2 +s.d.)at the Blackﬁsh and Ohiat .

study sites. Means are from total number of fish within 2 separate transects at each site sampled during
. the day and night. Paired t-testsused for comparisons between day and night, and unpau'ed t-tcsts for o

compansons between snes NCmstausuc not calculated.

‘..

‘ham‘ngtoni )

~ Jordaria
- zonope .

Co&phopterus

.. nicholsii

N 'Bl.é‘;:kﬁsh day |

, -mght

. Ohiat —day
| ‘-,mght |

P dayvs mght o

P locanon »

’ 42+35
: 08+04 o
l 42iZOf
©19£20

.‘P<0‘.05“ |
COP>040

1.1 +08
22 +24 o
00

N
UP0d -

392 +04
0.6+0.8

. 64104

L0

P<005

. P<0.0001




0.257
10.20 -

0154

0.'0-

0.05

No. of fish/no. of anemones

0.00

- T
- -

0.25q

No. of fish/no. of anemones

_';F|gure iz, The' P
7 numb r'of Urncma iofarensis at Blackﬁsh (8) and Ohlal (b) Islets * mdncatcs no samplc f°l' U“s sl

Munth

number of Arledms harrmgtoru assocxatcd wuh Urucma lofotens:s / total
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. depths and onentattons throughout the study srtes Artetyus harrmgtom was o

o observed in very ‘wave exposed areas throughout Barkley Sound and it appeared to

s 'remarn stable .on all onentatlons of substrata Other specres of Artedtus were also. .

I

observed at the study sites, but all specrmens collected from anemones were A. -

harrmgtom

Indrvrduals of A. harrmgtont were always solrtary with host anemones dunng the

- day, but up to 4 ﬁsh were found on the same anemone at mght (Table 6). The srze of -

| the A harrmgtom ranged from 3. 2 7.8 cm total length (mean=5 O S. d —0 4, n-461)

| whrch lS smaller than the average adult srze (pers. obs) (maxrmum srze-lO cm)

¢

| (Hart l973) There d1d not appear to. be any srgmﬁcant drfference in the srze .

“dtstnbuttons of assocrated ﬁshes between samples

Jordama zonope and C mcholsu were only observed thh anemones dunng the

i 'summer and fall penods of the study (Frgures 13 and 14) The seasonal dtfferences

‘tn thetr assocratton patterns were mgmﬁcant (T able 3) Coryphopterus ntcholsu was

‘ "anemones at Ohrat Islet Most of the C mcholsu counted durmg transects at Ohrat -

s , more abundant at Blackﬁsh lslet (Table 7) and only two fish were observed with sea: :

e ‘lslet were in the deeper areas of the site. Thts ftsh specxes was usually observed on

" honzontal Surfaces, and rt dld not rest on vertrcal rock faces Stgmﬁcantly more ﬁsh, ,

SO assoclated wrth anemones on substrata of angles 0° to 45° from honzontal than on. ‘

1 ,substrata of angles >450 from honzontal (P<O OOl Cht-square test) In contrast RN

. "'mdmduals of J zonope were often observed on. verttcal rock faces, and they_"v o

o '. assocnated w1th anemones on substrata of all onentauons

Only a small propomon of the populauons of J zonope and C mcholsu .

’ assoclated wrth anemones However, an accurate determmanon of percentage‘of the.“; Do

i populanons was not possnble stnce no ﬁshes were found wrth anemones at the nme of e

'_‘;‘1’;of J. 0 zanope ranged 1n sxze from 4 5 10 0 cm total length (mean-6 ( “sd.=1.

1;"populanon densrty surveys (February-March 1985) (Frg 7) Assoctated mdwrduals;-ﬂ"f"_",_':f;‘i- RS
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n—124’) and the C. mcholsu ranged in size from 5.0-9. 5 mm in lcngth (mean_7 S,

ooosdi= l l n-—39) These ﬁsh dld not represent any dtsunct size class of the resxdent

L

| populattons A maxxmum of one fish was found per host anemone dunng the day
MOSt )‘tshes were sohtary at mght also (Table 6) . - o
. Dorrdu:ola sunmvae e | | | - |
| Exammauon of U ptsCtvora in the ﬁeld and in the labomtory revealed the presence | |
of only an occasronal copepod assoc1ate However many D. sunntvae were found‘ o
on the oral dtsk and tentacles of U. lofotensts (Plate 6). Both red and white copepods
were present the latter betng more abundant (Fig. 15) Populatton densmes on the :
| "anemones drd not dtffer between Blaokﬁsh and Ohtat Islets (Table 3): The number
of D sunnivae found per. mdtvrdual U. Iofotensts was htghest dunng the late summer ;
’ : and fall (Frg 16) Few copepods were present dunng othertttmes of the year
' Seasonal copepod populauon densmes were htghly correlated wrth monthly surfaoev:‘ :

| g
sea water temperatures (Cape Beale- ltghthouse data L*thvando pers comimn.)

| | _‘throughout the study penod (3 -O 90 P<0 001 Spearman rank correlatton) When'
temperatures rose to a maxtmum in August copepod populauons also mcreased to
- maxtmum densmes Copepod densmes were negauvely correlated wrth the depth of
. the host anernones at bo;h Ohlat and Blackﬁsh Islets (th 17 Table 4) W(ater“
‘ ;temperatures vary between 2 to 6 degrees celsnus between the surface and a depth of ,
| 20 m durmg the late sumrner and fallun the Bamﬁeld area (Lee and Stuccht 1983) |
| "Scyra acuttfrons and other crabs . |
Many drfferent crab specres were found netho the coltrmns of sea ancmoncs Th&

: .'_most common assocxate was Scyra acunfrons (89% of crab assoctauons). and other

‘.crabs were onIy found occasxonally w1th anemones Pugema rtchu (5%). Juvemle

:',“f.v"v'ff‘f"Cancer productus (4%), Phyllalzthodespapzllosus (1%) Cancer oregonensxs (<l%)~ AR “
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and Oregonia gracilis (<1%). The crabs were usually oriented with their rostral ends : '
| facing out from the anemones and their 3rd and 4th pair of Walking legs clinging to
the anemone's column (Plate 7). All species of crabs came into contaCt thh the
tentacles of U. lofotensis, apparently without bcmg stung Large numbers of S.
acuufrons were observed wnh U. Ioforenszs but these crabs were rarely observed
with U. piscivora (<1% of observanons) Scyra acuufrons was alsb found wnh

other species of anemones, espécially within aggregations of thie anemone Meiridium '

senile.

More S. acutifrons associated with anemones at Ohiat Islet than at Blackfish Islet -

invertebrates. Absolute population densities of the crabs were not det&rmined. so‘it
was not known if absolute density was related to the number of Vcrabs which

- associated wirh‘ anemones. More crabs were found with anemones inedlceper water
(Table 4). Significantly more crabs sheltered next to anemones during ihé day than
during the night.('I;ab!e 3). Scyra acurq‘ro'ns was more active at night. -Transe‘ct,
surveys showed that more crabs were out of shelter at night .than'duﬁng the day |
:(P<O.v05, n=3,3; Mann-Whitney U-test). All sizes of.crabs associated with anemones
(Fig. 19), bm'rnedium size i'ndiuiduals were the most»common associates: ‘Small- '
crabs (<'O.5 cm) were probably underrepresented in the sambles since they were hard |
to find beneath the folds of the column of U. lofotensis. Usually only. one crab was

‘ found per anemone (Table 6), but up to- seven crabs were observed around ‘the

column of the same host.
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Heptacarpus kmcardi ‘ |
. The number of H. kmcazdt (Plate 8) assocrated with anemones vaned throughout
the study (Fig. 20). Maxtmum densmes were observed in. the fall of 1984 then SRR
- numbers decreased until the fall of 1985. Monthly dtfferences in abundance were ,

' srgntﬁcant (Table 3) Heptacarpus kmcatdz was only observed with U. Iofotensrs in

the study areas, but some md1v1duals were also observed with U piscivora out31de of '
the study areas., Heptacarpus kmcatdx did not appear to be immune to the nematocysts S

‘ of the. anemones, and the shrimp v was stung if it came mto contact with the tentacles of" (R

its host Shnmps were inv 'ably found w1th anemones in the deeper areas of the .,

study sttes The number f assocrated shnmps was correlated w1th tlte depth of the :

"t

“_. anemones (T: able 4). THe shnmp were hard to observe wrthout theuse of a dlvmg S

L .hght Mepths of~15-20 m Absolute populatlon densmes were not deterrmned but'
. ‘. ,’aggregauons of H kmcazdt were only observed around anemones More shnmp o
assoctated with anemones durmg the: day than dunng the mght but the dtfference was

‘.not sxgmﬁcant (Table 3): Usually more than, one shnmp was found per anemone B

- .*'(T able 6) and a maxtmum of 15 shnmp was observed on one host

’.'i Interspecles mteractlons
E . The percent of anemones w1th exther one, two, or three assoctated specres dunng ,
o R the day or mght is shown m Table 8 These data reveal that only a small propornon RN L
P * " of host anemones harbored more than one specxes of assocxate at the same mne dunng e :
the day or mght The shghtly lower number of specres co-occurrences at Blackfish b =
S | :.';lslet is related to the smallernumber of observanons of S acuufrons at thls s1te S

o j*Analysrs of mterspemes co-occurrence usmg Hurlbert s (1969) C8 mdex resulted m . G

f B -most’assocxattons of spectes patrs bemg close to 0 (Table 9) Tlus mdlcates a lack of | g FRRA Iy

o :_ '.mterdependence m the co-oc urrence of these spectes Both Oxylebzus pzctus and'

'Artedms harrmgtom had sngmficant negattve assoclanons wrth S acuttfrons durmgi e
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| v‘mght examlnatlons of the anemones Also, adult 0. pzctus were never observed on
the same host as H kzncardz dunng erther day or mght samples The only neganve .
| i assocranon between fishes. was for O ptctus and J. zonope These specres only co— :
loccurred wrth anemones ‘which were on honzontal substrata Heptacarpus kmcazdz Lo -
| "“ had a posmve assocrauon with both S. acutifrons and the other specres of crabs‘ :
o ‘dunng mght samples Durmg the day, S. acunfrons had a negauve assocratron with
B the other specres of crabs There was a sngmﬁcant posmve assocrauon between the |

- ﬂshC mchoIsu andA harrmgtom dunng mght samples Only a few observatlons‘ -

" of co-occurrence were made of C. mcholsu thh other specres -and. these were all at

o ‘Blackﬁsh Islet

:Behavroral observatlons o T | g )
| Over 10‘0 hours of observanons were made of the behavror of 0. pzcrus and host
anemones at’ the Blackfish Islet study site by use of a submersrble vrdeo camera.'
_ . system Large Juvemle and adult ﬁsh were rarely observed near thetr host anemones »
' “‘dunng the day (<l% of observatlon trme) Small post settlement ﬁsh (<6 cm total .
| “.length) spent more nme assocrated wrth thetr host anemones than large ﬁsh CIIhCl" k
| ‘. \_ next to the column (44% of total observauon ume for 8 drfferent ﬁsh) oron the oral
‘ drsk of anemones (5 % of total observatlon ume) These ﬁsh were observed feedrng T
S 1 “on the eopepods D. Sunmvae when on the oral drsk of U Iofotenszs The rest of the 1
.""nme the fish foraged close to thetr anemones (thhm 0 5 m' radrus, 25% of
observatlon nme), or were away from—thetrhosts out of the field of view of the E L

‘-

S ,..v.,camera (26 % 'of'observatron tune) The host anemones d1d not appear to change therrf e

shape or behavxor in response to the presence of O pzc{us

‘AI “ Small post-settlement ﬁsh returned to therr host anemones before dusk and settled A

‘, .next to the column or on the o v dlsk' Larger Juvemles and adults usually retumed tof' e
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before hght levels were high enough to use. the vrdeo camera system Small post-

| | settlement fish remamed w1th therr hosts unnl after dawn None of the. ﬁsh exhtbrted

’ any sxgns of acchmauon behavror o the tentacles of the anemones durtng ﬁeld
»

h observauons, but the tentacles of U Iofotensts were occasronally observed fo adhere

to mdrvrduals of 0 pzctus

\
-

Aggressxve mteractrons were observed between ﬂsh whrch cohabrted the same

| host durmg the day Larger ﬁsh chased smaller fish away from ho$t anemones (n= 56‘;

" mteracttons) dunng the day, but the smaller fish were able to return to the anemones

‘ wrthout confrontauon during IWIhght or when larger ﬁsh were not present
& : .
No assocxattons between the other ﬁsh specres and anemones were observed wrth

- At

the video camera system ‘but some observauons were made of large S. acuufrons

3 On 12 occasxons dunng dmng and vrdeo observatton penods large crabs were‘

observed plckmg at the tentacles of anemones, thh therr chelxpeds or removmg food |

items from the gastrovascular cavxty of their hosts. The crabs moved thetr chehpeds

\ s

"'to thetr mbuths and agpeared to clean off adherent matenal wrth therr thtrd

r maxrlhpeds ‘The tentacles of the anemones dxd not adhere to the crabs and the

. anemones oCcasmnally became flaccxd durmg these encounters

No aggressrve mteracnons were observed between .any. of the specres when they

'were assocrated wrth the same hOSt anemone However durmg the day many’ ‘ o

agomsttc mteractrons fe. observed between small post-settlement ON ptctus and C

£

" other assocxated ﬁsh specres Coryphopterus mcholstt often attacked small‘f

- mdtvtduals of 0 ptcttis Wthh entered the goby s temtory Artedtus harrmgtom and T

g ',' J zonope were also observed attackmg small 0 ptctus The 0 pzctus would usually‘ .

\ -\.retreat back to 1ts host anemone m response to such attacks, and the other ﬁsh would KA e

- “fnot attempt to follow Adult 0. pzctus were seen to feed on 1tcms around the bases of . R

o \V.anemones (where there were usually small crabs), but 1denuﬁcauon of the prey ttems' “ =

L was not pOSSlblc SRR SRR PSS ST

s




°

* Many rockfish species and kelp greenlings (‘Hexagr‘ammos‘ decagrammus)

approached individuals of O. pictus next to their host anemones. S‘mall post-
- settlement fish responded to these pxscxvorous ﬂshes by retreatmg under the tentacles
of thetr host anemones Large 0 pxctus either remamed stauonary or swam away to

b shelter in rock crevices.

'Stomach content< analysts of f' shes ‘

- to assoctate thh sea anemones were found in the samples ‘The stomach of one large

Stomach content analysts of 0. pzcrus conﬁrmed that the ﬂsh were preymg on D '
' "sunmvae Small post settlement ﬁsh collected at mght had a largc of number of

j copepods m thetr stomachs (Table lO) Most of these were’ benthtc harpacttcord :

copepodi but many D sunnivae were also present Copepods were the most

import

mdex values In contrast copepods were a minor 1tem in the dle[S of large Juvemle‘
: and adult ﬁsh whlch preyed on mostly gammand amphtpods caprelhd amphrpods

. and crabs The presence of hydrords in the stomachs of the fish was probably a result

of the fish feedmg on caprelhd amphxpods Wthh were abundant on hydroxd colomes

. ’l
. The crabs enumerated were mostly porcellamds whtch were not found assocrated

"~ with anemones No Scyra acunfrons or other specres of crabs Whlch were observed

‘ “‘0 ptctus ( 11 cm total length), however contamed a Heptacarpus kmcazdt a specres

B 'whtch was commonly observed wrth U. Ioforemsts |

o (Tables ll and 12) Amphtpods were 1mportant m the dtets of both specres, but they L O

e Arredms hamngtom and J zonope also fed on crustaceans (>70% of R 1 mdex)' '

dtffered 1n the types and‘relauve amounts of othcr 1tems eaten Crabs and fish were y

eaten by A

copepods “ut they made up a larger proportton of the dtet of J zonope Smaller o -

86

1tems of these small ﬁsh as tndtcated by thetr high relanve tmportance '

'rrmg:on; b‘ﬂt “0‘ " ZO"OPe Both specxes fed on, harpacncmd
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fishes of both species were observed to have more copepods in their stomachs than

large individuals. None of the copepods found were D. sunnivae.

Effect of Oxylebius pictus predation on Doridicola sunnivae

Small post-settlement O. pictus had Aan effect on the oopnlation densities of D.
sunnivae. Dun'né the late summer and fall when larval O. pictus settled out of the
. plankton and began to associate with U lofotensis, the number ‘of copepods per
| ‘anemone also decreased (Fig. 21). There were significant differences in the number
of copepods on anemones with assocrated post- -settlement fish oompared to anemones

without fish for the late summer and fa.ll months, but not dunng the winter (Fig. 22)

70

The number of copepods on mdrvrdual anemones before and after the settiement ofa

fish was also srgmﬁcantly dtfferent (n-29 P<0.0001, Wnlcoxon sign-rank). 'When
copepod numbers were increasing during July, however, the densrty of copepods on

most anemones continued to increase despite the presence of an associated fish.

Copepod predatlon experlments

\

.‘ Post-settlement 0. ptctus were observed feedmg onD. sunmvae durmg laboratory

experrments The fish fed on'the copepods dunng extended penods in the tentacles

~and on the oral disk of U Iofotensu Stomach content analysrs of these fish -

b conﬁrmed that they were feedmg on the copepods Over a penod of two days a ﬁsh'

| was able. to remove almost all of. the copepods from an anemone The copepods
'appeared tb respond to deatxon by the fish by aggregatmg on_ the tlps of the

ancmonestentacles L

Freld cages, desrgned to etther esclude small post-settlement 0. ptctus, or allow

......

them access to anemones wrth assocrated D. sunmvae, resulted in srgmf‘ cant

[

- dtfferences between densmes of copepods on anemones m ﬁne mesh cages and those o

open to fish (th 23 Table 13) Small post-settlement 0. ptctus were observed on ;

T . . . . N ' s ’
R L . -7 - v N " - ‘> B : . . o . ) . v,
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anure 21 P0pulauon densxues ot‘ Dorldtcola sunnivae in relanon o the abundance of small

post-sememem Oxylebmspxcms (<6 cm total length) associ ted wuh Umcma Iojoten:u e
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—-'Fable—la Slaustical analys1§ of cagmg expenmr)t shown in Fxgurp 23 Kruskaths—tss&s for .
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opcn cages at Blackfish Islet and Helby Island at start of expenmem in September and two momhs
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the anemones m the coarse mesh and open cages but no ﬁsh were. seen in the fme
‘mesh cages At the start of the expenment in September, the anemones m each
treatment had approxtmately the same densmes of copepods After one and two B
months. the copepod densmes in all treatments decreased srgniftcantly (P<0 01

' ‘Fnedman tests for each treatment) B ‘ ‘ : o

n

LN

: Host preference experlments \
Preference expenments done 1n the laboratory w1th six specres of sea anemones
resulted in only small post-settlement 0 pzctus showmg any régular assocratron
~' ) behavror Large O. ptctus and the other ﬁsh crab, and shrtmp assocxates were most
oft‘en found drstrtbuted throughout the expertmental sea tables, and were mtermrttemly
found next to an anemone Small post-settlement 0 ptctus showed a dtstmct
| preference for U Iofotenszs, but durmg some trtals they dld not assocrate wrth
- anemones (Table 14) Two ﬁsh were captured and mgested by U. ptsczvom durmg
| fhost preference expenments L ‘ |
| Field .preference expenments resulted m both 3uven11e and adult 0 ptclus showm g
S a preference for U Iofotensts (P<0 025 n-6 Chr-square test) Of twd plots
o contarmng three specres of anemones, all but one ﬁsh was observed wrth U

' lofotensu One adult male was observed on two occastons wrth the same mdrvrdual

pf U ptsctvora,. and no ﬁsh were found wrth mdtvrduals cOf Anthapleura L
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they d1d not have any aversxon to, the models Four mghtly exammattons of 10

concrete and rubber tubmg models placed out m the subudal at Helby Island dld not

' reveal any ﬁsh assocrates Fteld expenments mvolvmg the removal of host anemones

and subsequent replacement thh model anemones also resulted m no ﬁsh assocnatmg

L

‘ w1th the models. Trtals were done with 4 rubber models and 5 concrete and rubber

- tubmg models Of the 9 0 ptctus whrch were observed to associate wi h the host

anemones, only 1 Was found in the same general area when the m dels were

examtned for assocranes the mght ofthe removal The other ﬁsh wer etther not

-

.'/77 '

found & mdmduals) or were observed w1th anemones located nearby All 0. pzcms )

were present at control anemones whrch were not removed (6 md1v1duals) These

expenments suggeSted that mdxvtduals of U Iofotenszs possessed other qualmes

R

bestdes thetr 3-d1mensronal structure wluch caused the fish to assoctate w1th them

The presence of Icopepods on U Iofotensis was‘lmportant 1n the host preference "
behavxor of small post-settlement 0 pt‘ctus Ftsh glven a choxce between anemones .

‘ " thh and wrthout copepods Ispent more of theu' ume on the anemone thh copepods

\h ¥

and 1 fish chose the anemone w1thout copepods (P<0 01 n-8 Chr square)

o

The ﬁsh fed on the copepods dunng the day, and most ﬁsh settled next to the column -1 o

" of. the e anemones at mght Seven fisli settled next to the anemones w1th copepods, 1- S
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anemoqes whlle U. lofotensts had a relanvely weakep adhesxve force than, exther of o ‘

‘\

thesesyecles " ;‘ l' : Tl L o IR
; - The epldermal mucous eoaung of O. pzctus appeared to be mvolved m the abthty 2 |
<-}:i , B of the ﬁslr to acchmate to anemones. When the mucc’ms coatmg oﬁ the ﬁsh was - s
. N rgnqved the tentacles of the anemones adhered strongly to the ﬁsh (Table 15) Fxsh‘ :‘JI
3*‘ ‘3 whxeh e‘ir mucous coanng mtact d1d not ehclt nematocyst dlscharge ) "the:,\,‘;‘lv/.- .
R ‘:\anemon except for srftall post—settlement fish whlch were occastonally ! ng by U |

,.H

,4.,*‘; \ \

| dxscharge and. subsequent tentacle adhesmn by U ptsczvora The other specunens of PR

: 0 p;ctus only caused contxaeuons of the tentacles or no reactlon at zm on the par,t.of o S
Co ,,-. & i i ‘ . i T ’ . ‘ - '
;theaqemones o R EEEE L

.
a,

E The eggs and larvae of O pzctus CllClth nematocyst dlschargaupon ¢ontact wnh o
the tentacles of anemones When larvae were mtroduced into aquana contamlng U v

. . ) v
lofotens:s and U ptsc:vora the ﬁsh were stung and kllled when they came mto .

contac thh the tentacles of the anemones The larvae dxd not show sxgns of

T acchmauonbehavwr S

Wl

Only one of ﬁve small post-settlement 0 pzctus whxch were separated from thetr B ‘
hosts for at least 3 days appeamd to go through a penod s1m11ar to that of acclimauon P v
of troplcal anemone ﬁshes (Manscal 1971) The ﬁsh was stung upon mmal contact "’ R




o ‘ enter the tentacles thhout eltcmng nematocyst dlscharge or any other. reacuon by the

| ancmones It ts suspected that the 0 pxctus were able’to reacchmate to anemones

) - once the ﬁsh secreted more eprdermal mucus but measurements of mucus secretlon
were not conducted Small post* ettlement O ptctus (wrth mucus removed) whlch '

‘ contacted the tentacles of U ptsczvora ‘were stung, and someumes\captured and e

mgested(ZﬁshoutofStrtals) ‘ | SR

.‘ . , Lo 3 . )
i [ \ A LA

Predator populatlons ’

Many drfferent spectes of large ﬁshes ~which, were potenual predatqrs on the
assocxates of sea anemones, were present at Blackﬁsh and Ohlat Islets (Table 16)

The abundances of some ﬁsh specres dtffered srgmﬁcantly between srtes and the
" | [N N
overall densmes of predatory ﬁshes at the two srtes w}:re also drfferent The most

»

| } common ﬁshes at both sites were Hexagrammos decagrammus- and other rockﬁsh
' .
spec1es Th\: pther fishes were only present in small numbers and were counted in a

small proportton of the survoys There was a seasonal trend in the overall

abundances of the ﬁshes, w1th htghest densmes bemg observed in the fall durmg L,

B Py

OctoberandNovember(th ) L oG .

,1 . . S ',

The dxstnbutmns abundances, and actrvrty pattems of the ﬁshes were dtfferent

between day and mght Most ﬁshes Were more abundant m transects at mght than

"'.,!

durmg th e day eTable 17) Thcse mffemnces tn abundance were faatcd to the

T f somqﬁshes Whlch were not detected in cre"yic 'S



T able 16. Abundanccs of large ﬁshes at Blackﬁsh and Ohlal Islets pWilcoxon mgn -rank lesls for pmrcd A
observations’ by month. ‘ ;

5
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in verncal drstnbunon (Ebllng and Bray, 1976). The stat18t1c ranges from a maxtmum

shift downward from the tmd -water zone durmg the day to crevrces at night (323 0), 1o
L
a maxiniuin Shlft up from shelter dunng the day to mid-water at mght Q3 0). The ﬁsh

“with the most pronounced nocturnal pattern of actlvxty was Hemtlepzdotus
" hemilepidotus. Thrs species was only ranely observed during the day, but mdmduals

emerged from shelter dunng twilight and were consptcuous members of the reef at

night. Sebastes caurinus and S. flavidus were also. observed to be active at mght N .

J uvemles of S. ﬂawdus were usually fnactive durmg the day, but became more active -
| -at night. Sebastes maltger and S. nebulosus had relanvely low positive a h values,
and/Vvere often. observed to be active dunng night surveys. All of the fishes except
H decagrammus foxaged most 1ntensely during twrhght

Oth;r potential predators observed at the study srtes were 0ctopus rubescens 0.

L

doﬂezm and juvenile Anarrhzchthys ocellatus These 3 species were often observed
during mght leCS at both Blackﬁsh Rock and O?nat Islet, but were most abundant at
the Harbor Limit. The octopuses and wolf eels were usually observed foragmg or
sheltenng in ho@s or rock ¢ crevroes ! ’

Predation Eitperiments

Predatlon experiments w1th both plscxvorous ﬂsh species and Octopus rubescens
| showed that: 1) small O. ptctus were more vulnerable to predators than large fish, 2) -
U. Iofoten.s'ts promded effectrve shelter space for the ﬁsh and 3) anemones may
provnde more effectlve shelter than rock holes or crevices- from some specres of

predators. Most small 0 pzcms (3-5 cm total length) were eaten by predators in the

~

absence of host anemones, and those fish assocrated thh anemones were usually not
preyed upon (Tables 19, 20) Large 0 ptctus were: not preyed upon by 0
rubescens, but one large f_ish (11 cm total length) was eaten by‘a’l‘arge S..caurinus (30

‘cm total length) One small O"pzctus was eaten by S mallger in the presence ofa:

\

85. .}

-
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Table 19. Predation experiments with Oétopus rubescens (4-7 cm mantle length) and small"sand
ldrge Oxylebius pictus il the presence and absence of Urticina lofoiensis. )

\

\ . . . ' A ' » \\ )
N o ¥ -no. of fish eaten (no. of trfals) \
i ‘ . T : ry
o Without - - - Wih ™)
~Fish . "’ anemone * ', anemone \ \
Small Oxylebius pictus Qe . L 2q4)
(3-6 cm total length) , ¢ TA, |
. ' : . o : ( 4 "\" o
Large Oxylebiu?;icm - 000 to0(0) *
(> 10 cmtotal length) : ‘
5\ .
4 i
é ‘
- * '

’

Table 20. Laboratory predation experiments with the piscivorous fishes Sebastes caurinus,.S.

maliger, and Hemilepidotus hemilepidotus (15-30.cm, total length) and the prey Oxylebius pictus in

the presence and absence of Urticina lofotensis.

no. of fish eaten (-no. oﬂ_&ials_) ) "

. L Wamew T wm
Fish - 3 ‘ - anemone . - anemone
. - . ‘ ' ' * : o
Small Oxylebius pictus 15 (15) - 1(15)
(3-6cm'totalleng_th)~ S RN o ,
Large Oxylebiis pictus 0 T L 1)
(>—}Ocmtota.llc,n‘gd1) e o ~ ‘
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i host anemone The rockﬁsh was observed to approach the 0 ﬂ{t‘tus whnch

37

reSpondcd by sw1mnung out from under thedentacles of its anemone and“bventually

being chased down and eaten The small individuals of 0 pictus which were eaten

PN )

by octopqus dld not appear to associate closely thh anemoneQ Specrmens of 0.

rubescens were observed trymg to capture small O. ptctus durmg the day, but they

[N

| were unsuccessful dun e attempts seen. 'I'he octcrpuses were successful

how!?er when the fish were inactive at mght and sh;ltered in holés between ghe

/\ ks in the aquanum The pxscrvorous fishes would usually prey upon the small 0

\v“

ot

. Scyra acunfrons were also fed to. the octopuses The octopuses readrly fed upon the

"trabs which did not assocrate wrth anemones.

- A

- Anemone transplant ‘and removal expenmeﬁ s : e

“within" mm%tes to hours after the predators were put into the tanks, but the ‘

topuses ‘would often take days to ‘weeks to feed ona ﬁsh Specrmens df. the crab .

The densmes of O. pictus did not dxffer sxgmficantly bctwcen the, control and\‘

" tréatment plots at the Harbor Lmut etudy site during lmttal surveys in 1984 ('l‘ able

21). After these surveys, 30 U Iofotensts were transplanted mto each of the two -

\

mght over the next six months‘?evealed that many O ptctus associated thh the ,

anemones (Frg 25). Most of the 0 pzctus were small post-settlement ﬁsh and up to

: ‘seven 1nd1v1duals were fouhd wrth one anemone The number of assocrated ﬁsh per
- anemone was: over three trmes greater at the l-larbor ermt transplant srte than at

‘ ,Blackﬁsh or Oluat—Islets The populauon densmcs of 0 pzctus were also muclr

- stte after six months, and 15 anemones were found in the other Some of the losses

v ‘ B
Yy

' rephcate trea,t’ment plots in late August 1984 Exarmnatrons of these anemones at -’

' htgher at the arbor lert (Table 2) Many of the anemones were not found in the -

. u'ansplant\areas after six months Only 10 anemones were located m one treatment S

- were probably from dtfficulty in locatmg the anemones amongst the rock boulders, !
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‘Table 21.- Mean“pobulation"Hehsiﬁ’és of Qxylebius pictus observed in control and treatment plots ..

- at the Harbor Limit study site during surveys conducted in late August, 1984, and Septemiber 1985.

_ {(n=4 for treatments and control). Mann-Whitney U-tests for comparisons between controls and " -

~ juveniles

“Treatments were 2 replicate plots each containing 30 transplapted Urricina lofotensis . Controls were

" 2 replicate plats without anemones. Population densities were detérmined from 2 separate transects -
~

- in each treatment and control plot. Each transect was sampled 2 times on separate days in 1984, and

-

~ 4

three times in 1985." Totals of the samples for each transect were used, in'statistical comparisohs. ©

reatments. , ; . - S y

" Ca

"' . (Meanno. of fish /100 m? +'s.d)

“Control "0 .. Treatment .. -~ P

RN

Sototals o Al 120 - 44116~ 0 >01 -
Cadults T 28408 30409 . s
| : B W i O Y

v

v 72£21°° 7 005<P<0.1.

" totals .

adubs " 29405 29212 o+ s01.

Cjuveniles T 11x05 . *39u1y C 0.01<P<0.05 *

N
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h/no. of anemones" - -

No. 9’st‘ no

=
P

S ' ’ ’ NS PO

\ber of Urticina lofoténsis. transplanted in two treatmefit plots at the Harbor Limit. ‘Each

»'"':.‘jtreaunen‘tplqtschmaine'dgo.aqe'mcnes;which'wére‘nans'plant_edrin Augustof 1984, - .

-

Lo ,

-‘. . ,‘v..“ ' B
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* Figure 25, The total number of O;ylebvius'picms‘.associ&sitéd. with Urticina lofotensis | total .« S
n ‘



. but many mdmduals probably dxed from ussue damage Wthh occurred whtle they

'were bemg txansplanted - SR -' N ‘ | | e

. 90

" Fish populanon surveys were made of both the control and treatment ots in

.

September of 1985, There was not a mgmﬁcant deference in the overall denstty of 0.

' plctus between the the treatment and control sites, but there was a dtfference in the

site where thetr host anemone was removed The rest of)the ﬁsh were exther found : at 7 "

4

_ density of Juvemle ﬁsh (Table 21). The Juvemle ﬁsh were all members of the size

class which had recrutted the prevfous fall The number of adult ﬁsh in‘the treatment A

‘ plot was not sngmﬁcantly drfferent from the control plot

Dayt1me removal of 32'U. lofotensis (whlch had assocxated 0. ptctus the prevmus' 3

~night) in the fall of 1985 resulted in only 16 perl;t of the: 0. ptctus retummg to the

anemones nearby (34%) or were not found w1th1n 2 m of the removal sntes (50%)

Al ﬁshes were present at the 8 control anemones whlch we'r&e‘not removed Surveys
[

done one month'later durmg the day and mght resulted in no ﬁsh bemg found at the

l‘ o ‘
removal sites. - AR e



DISCUSSION

//-
,”’\

Many physrcal and btologlcal factors tnﬂuenced the dtstrrbuuons and abundances »
of the anemones and thetr assoctates Thefollowmg dlscussron will 1dent1fy these
factors and illustrate the vanous relanonshrps between the assoclates and thetr host -

| anemones Predauon appeared to be very 1mportant in detemumng the assoctanon “
pattems between the orgamsms and the dtscussion w1ll begtn wrth a descrtpuon of
the predators in the system The ecology of the host anemones kﬂl then be
dest:rtbed followed by an autecologrcal analysrs of each assoctated specres The ey
majority of the dlscussmn will center on the assocratlon between 0 ptctu; \and U

| lofoten.s't.\s smce this relatronshtp was studted most tntensely The other assocrauons .
' wrll be dtscussed in less detall,, These autecologtcal analyses wrll put the results of
: the study in perspecuve and provrde the basrs for a general discussion of the relevance-.'

L of anemone assocrattons to the study of symbtoses ';'\

e, ,

Predators of anemone assoctates R

1Ma,ny specres of orgamsms whtch are predators of anemone assocrates were
present at all of the study srtes The most tmportant predators were large ﬁshes K
Hexagrammos/decagrammus was abundant Z: both study sttes, and large numbers‘}f: ; L
| were present all year around It 1s a generahst feeder whtoh preys on whatever ts-l_.'»:'
avaxlable, mostly benthrc crustaceans, and holothuroxds (Moulton, 1977), but it also
feeds on small benthlc ﬁshes. ’I‘hls predator feeds dunng the day and dunng twrhght - | I
but rs macttve at ntght (Moulton, 1977) Anothet’fexagramrmd ﬁsh present at tHef :

s1t,es, Ophtodon elongatus, 1s also dturnally actrve It feeds almost exclusrvely on{" o

0ther fishes (Hart, 1973 Moulton 1977 Eschmeyer et al 1983) TS
The rockﬁshes Sebastes melanops and S ﬂawdus l‘eed rna.mly on pelaglc fish and" B ‘- :,"}f

crustaceans (Leaman, 1976 Moulton, 1977) but S melanops also preys heavrly on"__, :




benthtc spectes of shnmp (Moulton 1977) These ﬂsh are crepuscular predators

feedmg rnost acuvely durmg dayn and’ dusk ultOn 1977) Sebastes melanops

t surve}s Thts is the result of ﬁshes bemg acttve in .

was most abundant d m
N :open water dunng me; retufmng to reef areas at mght where they rested on the )

,surface of the substratum or in crevrces Sebastes pmmger 1s also a pelagtc feeder‘ |
g (Moulton 1977), but it was rarely observed at the s 'dy sxtes ‘ |

‘The three other sp cies, of rockﬁshes, S. maltger, S, caurmus and S nebulosus | ‘_
: are all benthxc spe 4 ies Wthh are mamly crepuscular predators but are also act,tve‘. '

, durmg the day nd mght (Moulton 1977 McElderry, 1979) They all feed on

=Y
eans and ﬁshes Detatls of thetr feedtng habits w1ll be described in

~.,

benthxc cmstj

later secuon on thetr pamcular prey specres !

Vo

Hemt epzdotus hemtleptdotus was the only ﬂsh spectes whtch had a dtstmct

,to f rage over. the reef at nlght Thts behavxor has also been documented by‘ ‘
.. De art1n1 and Patten (1979) Feedmg habtts are descnbed in DeMamm and Patten-

{ 1979), and major prey ttems are crabs (mcludmg S. acutxfrons) shnmps -and small .

«

. .“ ot

‘ ’Cottlds (Artedzus spp)

It is clear that the ﬁshes whtch are prescnt at the sttrdy srtes fecd heav:ly on the" :

'assocmtes of the anemones The predanon pressure exerted by these ﬁshes lS ltkely a?‘r"

- : kstrong selectxve force moldmg not only the drel behavtor patterns of the assoctates, “ L

R but also. thetr chorce of refuge sxtes The effects of Other predators whxch wére' \ |

i relattvely less abundant at the study srtes, such as- octopuse} are ltkely not as large as | 1 t o
e those of the ﬁshes However the predatory effects of octopuses are pmbalﬂy much__, E O 5
o _-dlfferent from those of most fish spectes because of/the octopuses dlfferent feedmg s

.k - habtts, and thetr abthty to enter all types of holes and crevrces to capture thetr prey
- ’J uvemle Anarrhtchthys acellatus are also well adapted to entermg holés and crevxces

» :-jft‘o pursue thetrprey (Eschmeyeretal 1983) , - S




'A'ne‘mones o S TR '} S
Urticma lofotensts was most abundant in exposed habttats and was: rare to absent ,

S
4 protected areas thh ltttle wave actton Umcma ptsctvora was present atall study

‘ \§le These drstnbutton pattems may be due to the effects of exposure on the feedmg . '
'. SUCCCSS of the anemgnes Anemones are opportumsuc feeders, and they can onlyl,
prey on 'whatever orgam?ms come up eontact wrth thetr tentacles. Stomach content“

. analysns of U Iofotensts mdtcates that it feeds on mostry small benthtc crustaceans B

o and sesstle tnvertebrates whtch have beer\t‘detached from the substratum (Sebens and 'l
e Laakso 1978 Elltot‘t' and Warren in prep) Umcma ptsavora preys on the . SMe .
types of orgamsms except that it also has the abthty to catcﬁ small ﬁshes and
sw1mrmng scallops wrth its s _trongly adhesrve tentacles The feedmg posture and -

‘ ——‘—‘ ' habttat selectton of the anemones reﬂected their dtfferent feedxng habtts The tentaeles :

| ‘of most Umcma lofotenszs exteh‘ded down close to the substratum and mdmduals .

. were dxstnbuted evem‘ be‘tWt":e—rfopen rock: areas 3nd crevrces l’n contrast most U

: ptscwora were in open rock areas on the tops of boulders om‘ock prormnences w1th‘ 3

L thexr tentacles extended up tnto the water column Both specres of anemones were Lo

o ‘usually orlented w1th thetr oral dtsks facmg in an upward dtrecnon facrlttanng the _' "

= “'capture of prey commg d6wn from above them The greater abundance and S

o ; .avatlablltty of prey m exposed habttats may explam why U Iofotens:s was found’ .

G more commonly tn these areas Heavy ane action dtslodges ammals from the o

ot substratum and tncreases thetr chance of contacnng the‘tentacles of an anemone The :

o' Bs

— feedmg habtts of ‘mcma msczvora, however, allowed—rt to uttllze p]anktomc prey s

ttems wluch were avatlable inall study habttats e :_'-\;."»‘4 f o

At Blackf’ sh Islet the anemones wexe most abundant m shallow water (0-3 m), ' o

: but at Ohtathslet there were few U iofotensts and no U pzscwora at those depths ;o

S Both specxes were abundan“t*from depths ot“3 18 metcrs>at OhiaJIslet Thxs llkely; e

S : Tt oLt s C i
. L h P VA"" ‘('ﬁ".“ EREEA

'. reﬂects the food avatlabtltty at dtfferent depths 1n relatton to the amount of food” i .



L damage anemones whtch are in shallow water at Ohiat Islet ‘

. . I8 . \ .
. . . A . R
' . ' o | Yo 4

transported to deeper water by wave actton Wave exp sure may also physrcally
These anemones are not

. adapted for survrval in h1gh wave stress areas as is Ant

i Ay
(Koehl 1976) which was abundant m shallow water at t

)

: water spectes of Umcma avoid the full 1mpact of wave's j TR T

Predauon by smrfish is 1mportant in determmmg the dlstnbuuon and abundance of

R anemdnes (Sebens 1977, Elhott etal 1985) Few small mdrvtduals were found m “ | X

‘the populauons of either U Iofotensm or U ptscrvora These were the only
. anemones Wthh dtsappeared from the study sttcs, whlch was probably due to the
hrgh predatton pressure on small anemones by either Dermastertas tmbrtcata or'

‘substratum grazers, such as the sea urchm Strongyloce&m)tus francnscanus Large

. lofotgmts and U plscwora have a refuge in size from .Dermasterias tmbrtcata ‘

“r

= (Elhott et al., 1985) Small U. ptsctvora have an escape response to the starﬁsh but

mdrvxduals of U Iofotenszs donot1~ Small anemones may also have a refuge from D

. lmbrtcata by settlmg next to large mdrvrduals as do small sea urchtns (Duggms,
1981) Many sesstle orgamsms in the rocky mterndal only persrst in crevrces where :
“ ,“‘-they h a refuge from predators (Menge and Lubchenco 1981) Erghty percent Ot‘ o

o U Iofotensts smaller than 4 cm oral dtsk drameter were attached in rock crevrces and o

-

‘ ‘the other 20 pereent were found next © large anemones T N

wy

All large mdrvxduals m—the populanons were present in the same locatlons after 18 L
. months Large 1nd1v1duals of Anthopleura xanthogrammtca are also known to persrst - Y

in the same locatrons for long penods (Sebens, 1977) TTs suggests that these o

v

Sebens, 1977) Urucma lofatensts and U pzsczvora therefore provrde an abund&nt | .

X Stable. and vmually permanent source of shelter area for orgamsms Whlch have the_ B \

| behaﬁoral or physrologrcal capabtlmes to assocrate w1th anemones

S

. eura xanthogrammtca :

" site.’ By living in' déeper :

L ¢
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" Oxylebius pictus Y,
Herald (1972) was the first to report that Oxylebtus ptcrus had the ability to

’ }
contact the tentacles of Urticina anemones without being stung, but no ﬁeld studies

were camed out to determine if the fish associated closely with anqmones in the

g
natural environment, Results from thls study show that the assoc1attdh‘ QQes‘occur in
s "
areas of Barkley Sound wherp the fish and sea anemones dxsmbuuonstwerlap The

association is facultative since both the fish" and the anemones.
y)

) i . " ¥ - . 4 :
“ the absence of the other. , ’ZA“'#;“ ,t@ﬁ

o - et R

The anemones beneﬁt O. pictus by modifying exrsung mtefacnons betWeen’thc fish
and its food resources and predators Food is not consxdered o be altmmng resource
for most populations of O. ptctus (DeMartini, 1976). All of the fish collected for
stomach content analysis had something in their guts, 'Which suggests that there were

adequate food resources in the habitats Large 0 pzctus fed on amphtpods crabs,

95

copepods, and other smail benthic crustt{ceans as has been reported in previous

studies (DeMartxm 1976), Small 0€ptcms fed almost exclusively on copepods and
amphipods. The crustacean assocxates of the' anemones contnbuted to only a small
proportion of the diets of large fish, but the copepod D. sunnivae made up one fourth
of the diets of small ﬁsh This is the ﬁrst documentcd evxdence of fish unhzmg other-
associates of a host sea anemone as a regular food resource. Manscal (1970)
suggested that copepod assocxates of tropical anemones may serve as a food source
for Juvemle Ampthrzon but are probably not important in the diet of large adults.

He descnbe’d the n\tbblmg behavior of Amph:pnon specnes of the fentaeles of the
anemones, and speculated that the fishes may actually be feedmg ofi associated
eopepods Cyclopond copepods-are probably the most common crustacean associates
of anembnes (Briggs, 1976; Gotto, 1979 Humes, 1982; L¢nmng and Vader, 1984),

e,.

and thelr small size and often crypuc color patterns make them hard to distinguish on

theu' hOSts Some of the observanons of troptcal anemone ﬁshes feeding on the',
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mucus and tissues of host anemones may have been misinterpreted, and the fishes
may have actually been prcymg on associated copepods, 4

Laboratory experiments showed that a ﬁsh could remove most of the copcooos
from an inc‘iividual U. lofotensis within a few days. To-maintain a constant source of
these copepods in the field, fish: must either feed imermittcn’tly‘on the copepods from
one anemone, or feed from several anemones. Recruitment of ‘Copcpods during the
laté summer may be high enough Ito maintain populations despite the foraging of fish,
butin the fall O. pictus reduced the copepod populations on host anemones, cbausing
an intrinsic shortage of this food resource for small post-settlcrﬁcnt fish. The fish
then had to seek food sources away from the protective shelter of their host
anemones. |

Protccuon from predators is considered to be the major benefit that fishes gain by
assocmtmg with anemones (Allen, 1975 Mariscal, 1970, 1972; Fautin Durin, 1981).
Obligate anemone ﬂshcs which are caught and released away from their host anemone
are readily preyed upon by other piscivorous fishes (Mariscal, 1970). Also, when
host anemones are removed, the anemone fishes are pursued and eaten by predatory
reef fishes (Mariscal, 1966). " In areas where pfcdators are not z;bundant. anemone
fishes \:cnturo long distances away from their host anémoncs\without a high risk of
being preyed upon (Moyer, 1980). Facoltadvc ﬁSi’l associates are also assumed to
. benefit from reduced predation pressure by sheltering in tﬁc tentacular sphere of

anemdnes (Colin and Heiser, 1973; Smith, 1973; Hanlon and Kaufman, 1976;

rFIanlon etal., 1983) Only fishes most vulnerable to prcdauon such as  juveniles or

individuals of small species, gre facultative associates. As the fishes grow larger they

—_—

do not associate closely with anemones, but use other structural reef components for
. : . C :
~ shelter.’

.
————

As in other facultativg associations, small 0. pzctus were observed to associate

more closely with aremones than largc fish. Juvcmlc O. pictus have also been



observed assocnatmg with gorgomans in California (cher et al 1974). Prcdauon by

97

relatively largcr piscivorous ﬁshes has been shown to cause small fish to remain in -

sheltered areas, whereas large fish forage out in the open (Wcmcr et al,, 1983),
Small post-settlement O. pictus spent much of their tim; with host anemones during

the day. Larger juvenile and adult O. pictus only associated. with anemones at night

when the fish became inactive. Some adults did not associate with anemones, but

| shcitcrc‘d in crevices at night. These observations suggest that small-inactive fish
were most vulnerable to Ip_redation‘ Expcrimcrrts with different si’zcd individuals of O,
pictus showed that small fish were preyed upon more readil.yA rlran large fish whcn'no(
associated with a host an’cma‘nc.' Piscivarous fish predators captured small
individuals of O. picrus daring the d‘ay,‘ but specimens of Octopus rubescens
appegrcri to be most successful at capturing small fish at night. In the field, juvcpiles
were less attentive than adults at night and were more easily collected by a diver.
Perhaps small fish are also captured more easily by nocturnal prcdators. )

Small fish returned to their host anemones either before or during early evening

- twiiight, and left the anemones after sunrise. Large fish usually returned to anemones

during late evening twilight, and left during early morning tw-nhght This size related

acnvxty pattern is also seen in other fishes, whcre ¢ large individuals take shelter later in'

the evening and leave shelter carlier in the mormng than small mdmduals (Hobson,

1972; Helfman, 1978; Hobson et al., 1981). This pattem is considered to be the

‘result of increased predation during crepuscular periods, and the higher vulnerabllxty ,'

of small fishes to predators (Hobson et al 1981). Behavioral observations of the

large pxscxvorous fish species at the survey sites indicated that they were most active -

durmg twilight. Studies of thcse species in other areas and at Ohiat Islet support thesé

obscrvanons (Lcaman 1976; Moulton, 1977 McElderry, 1979).

-

Even though-few adult fish were observdil with anemones, some males associated

with an;moncs while guarding egg masses during the spring and summer spawning
_ Sy , .
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period. Adult males defend spawnmg sites in high relief- rocky areas exposed t:
strong water movement (DeMamm 1986). Areas of stronger water movement
provide mcreased aeration for eggs, which leads to faster development times
(DeMartini, 1976) Adult males are probably more vulnerable to predators when they
are actively guardmg egg masses (DeMartini, 1986) The sites where males were
associated with anemones in this study were solid rock areas’ wtthout cracks or
crevices in which th,ey could shelter in, whereas most of the other males defended

spawns in rock boulder areas with crevxces for shelter holes The presence of

anemones in solid rock areas may prov1de needed shelter space for adult male fish if

shelter holes are absent. However monitoring of all males which were guarding egg

masses did not indicate any dxstmct difference in the survival of associated and non-

associated fish.

Oxylebius picrus eggs are preyed upon by many fishes (DeMartini, 11986) and the

presence of an anemone may deter these predators from feeding on egg masses

spawned near by. 'I'he survival of egg masses guarded by either associated or non-

assoctated males was not closely monitored, but cursory observations suggest that

there was not any dtsttnCt dtfference between groups. If males which associate with
anemones do have "Better” spawmng sites, more females would be expected to spawn

with these males in comparison to males with spawning sites near shelter holes.

However, males associated witlr anemones did not have si sgmﬁcantly larger mean
number or size of spawns than non-associated males, but the maximum number of
spawns was far greater for assoctated males (6 compared to 2). A larger sample size
and measurements of hatching success are needed to substantiate these results. -

Oxylebius pictus readily aSsociated with the transplantcd anemones at the Harbor

| Limit site where there was already abundant shelter i in the rock boulder substratum.

This suggests that small fish prefer to shelter with anemones rather than shcltenng in _

rock holes and crevices. Small O. pictus were only immune from predatlon by O.
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rubescens when the fish were assocrated with U lofotenszs Tth stmgmg tentacles
of the anemones were a strong deterent to the octopuses. Ross (1971) has also
‘shown that symbiotic anemones ;;rotect their hermit crab hosts from octopuses The

( ',l{;nemones probably provided O. pictus wlth effective protection from predators which
could enter holes and crevices; such as octopuses and'individuals of Anarrhichthys .
ocellatus |

The qualtty of shelter provrded by the anemones vaned between mdmdual&and

*ﬂtfferent specnes of hosts Oxylebzus plctus was only found in association with two
spec:es of Urticina, and host preference experiments showed that 0 pictus preferred
U. lofotensis to other species of anemones. The-tentacles of U lofotenszs often
extended down to the substratum forrmng an enclosed space next to the column of the
anemone. This morphologlcal charactensnc allowed U. lofotenszs to provrde more
shelter space than other species of anemones which had their tentacular crowns exther

~ high above or nght on the surface of the substmtum It was dxfﬁcult to observe fish
whtch were next to the column of U. lofotensrs, and the shelter space may have

* concalled the fish from predators. R

Oxylebms ptctus only associated with U. Iofotenszs which were larger than'6 cm,
and U. pzscxvora larger than ll cm. This selection of h’ost anemones was probably
related to the amount of enclosed subtentacular space of dtfferent snzed individuals of
g each spec1es, and the size of the assocxated ﬁsh Smce U pzscxvora had its tentacularv

" only large mdtvxduals had long endugh tentacles to

& column to fonn an effecuve shelter space

'I'he onentatlon of the substratum and host anemone also mﬂuenced the shelter

.y

space provxded by anemones Indmduals Wthh were orxented wrth their oral dlSkS
'facmg downward or honzontally had less subtentacular shelter space since their
——~tentacles did not extend down toward the substratum forrmng a space next to the

column More -O. pzctus assoc1ated with anemones whlch ‘were on. relattvely'

,‘\\ e

A I

[N
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honzontal substrata and had their oral drsks facmg upward than anemones whtch

were on substrata of other onentauons Frsh appeared to’ be' more stablerwhen they

rested on the substratum under the tegtacles compar@ to when they resfed on the

columns or oral disks of anemones on vertical substrata 7

The bamer of tentacles which fonned the shelter space were a strong deterrent to
potential predators All ﬁshes except O. pxctus appeared to avord the tentacles of
U. Iofotensts and U. pxsczvora The sq&Ong tentacular adhesive force of U. ptscxvora
. whrch allows it to capture and feed on ﬂshes (Sebens and Laakso 1978 Elliott and
Warren, in prep) may. also provrde better protecuon from predators than other

-

anemones wrth weaker adhesrve forces. However small O. pr’crus were prevented

100

from. assocratlng with this anemone since they may be caught and eaten dunng Tnitial .

il‘
acclimation. These fish were able to accltmate to U. Ioforerxsts, whose tentacles

| appeared to be an adequate deterrent to predators Predators whtch pursue ﬁshes into
the tentacles of anemones not only nsk being captured they also nsk bemg stung and

havrng thetr eptdermrs damaged by the anemone s nematocysts and spuocysts
ﬂ

+ Small post- settlement fish are probably most vulnerable to predatlon when -

K

' .'foragmg in areas away from shelter, whether rt be a crevrce or thetr host anemone

v
‘

Smce the copepods on the anemones are a source of food small fishes can feed on

these copepods and be protected from predators at the same ttme, reducmg the amount

of time spent away from shelter During periods of htgh copepod densmes the ﬁsh

may never hme to leave their host anemone;for food but dunng the fall when

' ."-vcopepod densmes decrease, fish must venture away from therr anemones for food.

¥

'l"e observauons in thrs study suggest that the. ﬁsh do spend less trme wrth therr_,_

anel nones in the fall once copepods numbers are reduced

‘.w—v .

The Ppresence of cohabmng mdrvrduals can also affect tl’le -amount of time a ﬁshﬁ

must Spend away from shelter. ,When more than one fish assocrated wrth the same -

host anemone larger fish chased smaller mdrvxduals away durmg daytrme :

.v
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encounters Small 0 ptctus were able to cohabrt anemones thh larger ﬁsh either by
) retummg dunng thltght or by staymg ona separate part of the anemone away from
: the larger ﬁsh ’I'he behavtor of small fish to remain on the oral disk of an anemone at
‘ mght may be parually due to mrraspecrﬁc aggresswn since 75 percent of all ﬂ pictus

3 observed on the oral drsle at mght were on host anemones, w1th another fish beneath

C

the tentacles One pair of ﬁsh whrch remamed together on a host anemone for over '

four months were always found with the larger ﬁsh next to e column of the
anemone, and the smaller ﬁsh on the oral disk. This partmomng of space on the
anemone may have reduced the number of aggressive encounters, and allowed the
two ﬁsh to share the same host. Once fish attamed larger sizes dunng the wmter
~they became more terntonal Thxs resulted in usually one ﬁsh being found on the

‘ same host fromMarch to June.

It has been shown that the anemones benefit. the fish by detemng predators and

increasing prey avarlabthty, thereby modxfytng exlstmg predator-prey mteractxons

These beneﬁts are at the individual level but they do not necessanly lead to beneﬁcral v

- effects at the populanon level in mutuahsnc assoclauons (Addxcott 1985) Beneﬁts

~may arise at the populatron level in etther faster growth rates or mcreased population

densrty 'l'he\l‘fect of mdmdual level beneﬁts on populatron dens1ty are’ dependent

'on the complexrty of the mutuahsm, whether an orgamsm assoclates w1th its

‘ mutuahst for a small or large part ‘of il its hfe hlstory, and whether the mutuahst isable
"to mcrease the avarlablhty of a lmutlng resource" (Addrcott, 1985) Food resources.\ o

: do not appear to be’ lmuung to 0 pzctus populattons (DeMamm and Anderson _l' |

- 1980). but the presence of - a food g_urce on hOSt anemones allows small post-*_ :

settlement fish to remam on or near therr anemone wrthout havmg to venture farther -
. WRY

t

-_away for food where they are more open to predators Predat10n on small post~._ o
settlement fish 1s assumed to be the major factor llmmhg 0 ptcms populatxon densrty A

A

o a—

*
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' (DeMamm 1976) Smce the fish associate closely w1th anemones at this critical life .

g

' htstory stage there may also be beneﬁcxal effects at the populauon level : o

102,

Predauon has been shown to be i rmportant in regulaung populauon densmcs of

\

prey specxes in aquatic habttats (Slh et al., 1985) especnally in fish commumues
(Wemer et al,, 1983) Studles by DeMartini ( 1976) and DeMarum and Anderson

(198 ) presented indirect evidence for predator limitation of 0 ntctus populatton
densifties in Puget Sound, \’Fshmgton and Monterey Bay, Cah"fomta The htgher

‘ dtversrty and abun ce of predators in the Monterey Bay area was assumed to be the

-main determmant of the populattons skewed size dtstrtbuuon towards more‘ ‘

Juvemles and smaller maxtmum srze and shorter life span of adult ﬁsh “The size and -

esumated age dtsmbuuons of O. pictus populations in Barkley Sound were most

similar to the Monterey populauons A companson of O. pzctus population densities -

at different srtes in the north Pacrfic 1ndlcate that there are fewer fish aﬂd a hx&er '

propomon of juvemles in areas where predators are most abundant DeMarum and

_;Washmgton (36 0+ 2.0, mean number of fish per 100 m2 + S E., n=27 transects)

b

; sue SRR e

The relattvely low populatmn densmes of 0 pzctus in Barkley Sound may be due .

) ': predators) Predauon on small post-settlement 0 pzctus has been reportcd for D

S
poe

o Anderson (1980) reported 0. ,pzctus denstty for the Shtlshole Breakwater “’

""where predators were rare, and densmes at two other sites where prcdators wereﬁf» .
“ ‘abundant Keystone Jetty, Washmgton (4 Om» 004 n-9) @nd Powell Rtver Bnt\f'ﬂﬁ ‘ |
. ?Zolumbra (2 0 n—l) DeMartml (1976) suggests theSe populauon densrty patterns o
L area result of the dtfferennal predauon rates intfie areas. A compartson of these 0 :
= ptctus densmes w1th those for populauons irf Jarkley Sound (Table 2) mdtcates that o
o the Harbor Lumt populauon densxty was similar to the one at Keystone Jetty The .

', populauon densrues at Blackfish and Ohtat Islets were snmlar to the Powell Rtver B ‘

. to the htgh dlversuy and abundance of predators in thlS regton (refer to dxscussxon of . o




IO - ""'

prscrvorous ﬁshes (Burge and Schultz 1973; Larson 1972), and for one brrd
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species, Brandt s cormorant Phalacrocorax pemczllatus (DeMartrm and Anderson E

asgo.

The drfferences in populatlon densmes between srtes m Barldey Soupd may also '

be related to the drverstty and abundance of predators The Ohrat Islet srte had a

3

‘ greater abunaance of piscivorous ﬁshes than Blackﬁsh Islet (Table 2) Thts may *

explam the lower sumval rates of first year 0. ptctus at Ohrat Islet 7% ovel' 1 year)

compared to Blackﬁsh Islet (30 % over 1year). Survival rates of other age classes o

were not accurately measured, but they were assnmed to-be hrgher for larger fish.

. Many of the adult males remamed in the same areas for the duration of the study The

,populatron densrty of 0 pictus, was hrghest at the Harbor Lumt and the’ densrty of

prscrvorous fishes was lowest at thiis srte ihere was a hrgher densrty of octopuses at |

§ _this srte compared to both Blackﬁsh and Ohtat Islets bur—laboratory predatron o

P g

e srte, and densmes were lower at Blackﬁsh and Ohrat Islets whrch were ex

v».htgher'wave actron, respectrvely Mdre ﬁshes assocrated wuh anemones ‘

prey heavrly on ﬁshes (Hartwrck etal, 1980)

'expertments in thxs study and reports of theu' feedmg hablts suggest that they do not c

The amount of wave exposure and shelter space at the drfferent study sites m K

o _Barkley Sound may also affect 0 pzctus populatron densmes Oxylebtus ptctus is

- known to be more abundant in habltats protected from open oceanic swell (DeMarum |

1976 Eschmeyer etal, 1983), and tlus was supported by densrty surveys at drfferente ‘

, compared to shallow water

" 'srtes (Table 2) Frsh densmes were hrghest at the Harbor ermt whrch is aprotected.

: | ‘,water at Ohlat Islet (Table 4), where the @cts of wave surge were not as greatf )

- Expenments in aquattc commumnes have shoW%hat habrtat structural complexlty 1s . o
in xmponant m regulatrng prey densmes (Srh et al 1985) The drfferences m structural N

"'."complexrty between habxtats in Baﬁ'kley Sound may also explam the drfferer?' E



| populauon densmes of 0 pzctus m these areas. At the Harbor Lumt, where 0 ptctus

@‘I

many holes for the fish to shelter in. The Blackfish Islet srte had a smular rock

. boulder bottom in shallow water nearest Helby Island but towards the Trevor
channel sxde of the 1slet the substratum was' composed of mostly solid rock (Flg 3)

- The sohd rock areas dld not have as many potennal shelter holes for the fish, and

many of the crevices were frequented by large plscrvorous ﬁsh specxes At the Ohtat

“Islet site, the!éubstratum was mostly sohd rock w1th a small boulder area at one end

' of the study site at a dépth of 20 m (Frg 2). Most of the large Juvemles and adults

were observed in the boulder area: The predormnance of a SOlld rock substratum

‘densmes were hrghest the substratum ‘was composed of rock boulders whlch had |

T

whtch offered httle shelter space for the fish, may be one expla,natron for the low ‘

densites of 0. pzctus at Blackﬁsh and Ohiat Tslets. The anemones were an 1mportant

‘ 1mportance of shelterﬂurther supported by the low densmes of 0. ptctus at Agutlar

) limit the populatton densmes of 0. pzctus v 't, : v(_ B |

T source of shelter space for the populattons of 0. pzctus m these habltat‘s ‘The ., .

Point. The combmatlon of a sohd ’rock substratum and low densmes of U Iofotenszs :

" in shallow water at thxs srte suggests that the avarlabrltty of> effectrve shelter space may‘

Mampulatton expenments in other aquatlc systems have shown an tncrease in prey -

"

| e -populatxon densrty of fish in areas where there were prevrously very low densmes of 2

o

= anemones The expenment d1d not result m a s1gmﬁcant mcrease in the overall‘ o

y -

rCooper 1982 Grlmsky, 1984) l‘h_e transplant expenment at the Harbbr Lmut was_‘

’ "':; 1984 to 1985 However there was a dlfference m the densrty of Juvemle fish‘

!

o f_‘ recrurted the | prevrous fall and assocrated wrth anemones m the transplant plots Smce'f o
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L]

| densxty with an mcrease in’ the abundance and quahty of refuges (Crowder and.

o conducted to test 1f an mcrease 1n anemone densrty would have an effect on the-"-'

o populanon densrty of 0 pwtus in transplant plogs compared to control plots from‘l'"{' -

- kbetween the transplant and control plms These fish were of the srze class whteh..”f"_ ;" S



juvemKO pzctus beneﬂtted most by assocxatmg w1th sea anemoﬁes thxs denSlty
_ mcrease may reflect the' increased survxvorshrp of small post- settlement ﬁsh in
transplant plots as compared to comrol plots There was no { gmﬁcant change inthe
densrty of the adult fish, and rt is not known 1f the mcrease in JuVemle fish would
eventually affect the densrty of adult fish'in two or three years when the Juvemles|
‘ matured Bt even if the short term mcrease in the abundance of juvemles has no
effe‘c't on the future equthbnum denstty of the populauon the mcreased survxval of
Juvemles may havea mgmﬁcant effect on populatton growth rates.. The assoctauon '
may be more unportant at p0pulauon densmes below equlhbrtum levels, affectlng the
‘ rate at whlch the populauon could recover from a perturbauon (Addtcott, 1985; Wolm
and Lawlor 1985) ‘The mcreased survwal of small post-settlement fish i in areas with
anemones may allow a qutcker recovery from low populatton densmes or years of
| low recrultrnent Recrultment of 0. ptctus was qurte vanable for the two years of

study, and mcreased survxval of small post settlement fish whlch assoctate w1th

' anemones may reduce populatlon fluctuauons between years Recruttment is also

B vanable in other northern populauons of 0 ptctus (DeMartmt 1976)

The results of the transplant expenment may also be mterpreted as bemg caused by
: htgher recruttment of small post-settlement fish in plots wrth anemones than.plots “ : : N

w1thout anemones At Blackﬁsh and Ohxat Islets, newly recrulted ﬁsh were ony

found wrth anemones The fish appeared to preferenttally settle wrth anemones m S

’ these habltats, and they prébably searched for a host before they settled out of the |
plankton At the Harbor lelt larval fish may have also searched for hosts over the \, o

- scale of the expenmental area, w1th most mdmduals settlmg m areas wrth anemones

because of the dtfﬁculty m locatmg small post-settlement fish in the rock bbulder

habttat However. 1t appears evxdent that selecuve larval settlement allows 0 pzctus |

R
e,
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- to locate thetr hosts over at least a small spaual scale and may have profound effects

o
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' onrecruttmentmaparttcularhabttat : R o Co e f- o

Removal expenments demonstrated that areas Wthh were suttable for mdxvxduals . \

) of 0. ptctus when host anemones were present were deserted when anemones were

removed Some of the fish moved to nearby anemones; but other ﬁsh were etther ‘

‘ preyed upon by predators or moved to areas away from the removal Sttes Ftsh
Whlch returned to the removal sttes the ftrst mght of the experiment were left out in
: the open wtthout shelter These ﬁsh were hkely preyed upon if they did not fmd
shelter in other areas. ' B
Other associated fishes

The ﬁshes Artedms harrmgtom Jordanta zonope and Coryphopterus mchoisu

.“dtd not assocxate closely with anemones These ﬁsh specres were only found

mtertmttently w1th U lofotensts and U. ptsavor?z whtle most mdtwduals in the

B populauons sheltered m crev1ces or amongst other sessﬂe mvertebrates Although

_ these’ assoc1attons are clearly facultattve the anemones beneﬁtted the fishes by

“ provrdmg protecnon from predators (as dtscussed for 0 pzctus) The shelter space :

' prov1deciby the anemones may be a better refuge from predators than natural shelter e

B holes, but the cost of utlltzmg thts space 1s the chance of betng stung, or even

o captured and eaten by a host anemone The ﬁshes may also benefit by feedmg on the

- .crustacean assoc1ates of anemones The results of the stomach content analyscs of A

i {'harrmgtom and J zonape were sxmtltar to those of Moulton ( 1977) The ﬁsh fced

Tk

. they do feed on the large crustacean assocxates of the anemones

The overall beneﬁts of the shelter space vanes between dtfferent spectes, and

L "between dtfferent tndmdual anemones The ﬁshes assoctated almost exclustvely w1th

,i'l‘. o

9

P
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‘ U Iofotensts except A harrmgtom Whlch also was observed in aggregauons of

; Memdtum senile. As for 0. pxctus U Iofoftenszs offered the best shelter to the ﬁsh

107

Also, the weak tentacular adhesxve force of U. Iofotenszs would make it less costly to ‘

issociate w1th than other Ur(zcmq species if the ﬁshes acmdcntly cOntacted the.

; tentacles of thetr host The orientation of the anemones was only tmportant to S

1nd1v1duals of C. mcholsu Thts specles of ﬁsh was usually observed resu g on

" honzontal surfaces but A. harrmgtom and J. zanope were often’ observed in stable B

il

‘ resung posmons on substrata of all onentauons ]ordamu anope is. usually found in

.

wave swept areas where 1t is commonly observed resting on verttcal rock faces' o

N a

£ : ‘n‘

(Eschmeyer et al., 1983)

-/=.‘

The abundance of the ﬁshes dlffered seasonally, wuh few or no 1nd1v1duals :

’ 3assoctat1ng ‘with anemones durmg the months of lowest sea water temperatures fro

| .December to Apnl Cold wmter temperatures are suggetsed to affect the acuv1 y; :

3 pattems of ﬁshes, w1th many spec1es betng torptd durmg wmter months (DeMam i,

| 1976 Gascon, 1982) The fewer numbers of assocxated ﬁshes durmg winter may be L

related to thetr becomtng Ies\s active at thxs ttme of year and sheltenng m rock holes - - e

| Iand crevtces Thls pattem has been observed for C mcholsu in Barkley Soundt o

l’.

e (Gascon 1982)

N e a
J N y

The densrty of the ﬁshes also dxffered betwen the study sites CoryphOpterus o L

. tndtvxduals shelter under boulders on sandy substrata

,‘\
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* .Doridicola sunmvae o .

Dortdtcola sumuvae has an obltgate relauonshtp with U Iofotensts (Lehmng and
Vader 1984) The copepod is dependent on the anemone for both food and
proteetron from predators Populatton densmes of the c0pepods fluctuated )
seasonally, with hxghest densmes occurnng in the summer and early fall when sea -
~water temperamres were warmest The htgh correlatton between these tWo

parameters (r2 =0. 90) suggests thz)t temperature may be.a factor affecung copepod

abundance, but other cnvtronme tal factors whtch vary seasonally probably also
' affect the survrval or reproducttve rates of the copepods Water temperature also\
decreases thh depth and there was a srgmﬁcant correlatton between copepod densrty
and depth o‘f the host anemones Temperature does not appear to affect the survnval
of adult stages of the copepod Paranthesstus anemomae (Bnggs 1976) but its effects
: on. the metal\)ohc rate of symblouc copepods and thetr assmulatton of food for gr0wth

and reproductxon have not been 1nvesttgated Dorzdtcola sunmvae has a hlgh o

fecundtty (Lonmng and Vader 1984) and mcreased sea water temperatures may

‘ anemones 'I'he htgh ; producnve potenual and short generauon t1me of D sunnzvae
may allow It to take advantage of mcreased water temperatures dunng summer and
mamtam populauon densmes throughOut the early fall ‘

.Jm

Altemanvely, the surv1val and subsequent recruttment of planktontc stages may
also be htghest durmg tlmes of warm water temperatures Phytoplankton is most |
abundant durtng summer m the Barldey Sound regron and the relattvely lower food

;' resources in wmter may hrmt the recnutment of the copepods durtng thts,pme of year

Loy
'

Seasonal changes in envuonmental condmons may also affect the productton rate

of anemone mucus, ,whlehD sunmvae utthzes as a food resource Copepods

D

densmes may be htmted by the amount of mucus produced by anemones at certaln

ttmes of the year, or by the arnount of mucus produeed by anem‘o'nes at dlfferent

e
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' presence and actwrty of symhtpnts When the crustacean symbionts of the coral

0
ocdlopora are removcd the amount of mucus produced by the coral decreases _

C&@ynm 1983) Schhchter (1972) has shown that sea anemones produce more mucus
when mechamcally sumulated Ani mcrease; in the denstiy and activity of D, sunnivae
may incCrease the amount of mucus produced by U. loforensis, which may suppon a

~ larger populauon of copepods
Increased water temperature may be a posmve ‘factor affectmg denstty for this

T spec:es of copepod" but for the copepod Paranrhesstus anemoniae on Anemonia

o

- sulcata densnty is mversely correlated with temperature (Bnggs 1976). The reasons
for t‘hts pattem are not known but another factor which has bcen suggested to affect

copepod populauon dcnsrty on anemones is mcreased wave action dunng the winter

‘-'\

" 'months when there are ymore storms (Gotto, 1962 Lenning and Vader, 1984).
Turbulent wategg are assumed to affect the host location abilities of the larval
copepods, thereby reducmg recrmtment In Bnggs (1976) study. the copepod

populanons decreased during ttmes of high wave actton in winter; In the northeast
. } [V .

Pa%tﬁc the number of storhts mcrease throughout the fall pWﬂd wave action-

could affect the populattons of copepods Decreased densmés‘ of copepods on

" anemones have been- reported after heavy rain stonns (Lonmng and Vader, 1984)

which suggests that salinity changes may also affect the survival of copcpods on

shallow water and mterttdal anemones. | ' ,
Predatton by 0. ptctus had a large effect on the populanons of D. sunnivae during
the late summer and fall The density of post settlement 0. ptctus was negatively
| ,correlated with copepod' densities, and anemones with associated fish had
- s‘gmﬁcantlyv fewer copepods than those wrthout ﬁsh Field and laboratory

: ‘obServattons, combmed with stomach content analysxs demonstrated that -the fish

) werg}fe&dmg on the copepods Small post-settlement O. pictus removed most of the.

Ty



D sunnivae from the ancmoncs except in July whcn copcpod populanon dcnsmcs

were rapidly increasing. Hcavy rccrumncm of planktonic copepod latvae was likely

taking place at this time, and the growth rate of the copepod populations appearéd to

- be higher than the predation rate of the fish. The number of copepods on some of tt;e

n

host anemones increased from the July to the August survcy cvcn though associated

110

fish were present durmg this pcnod In the fall however, when densities of small .

post-settlement fish increased, and individuals foraged over larger areas, there was a
substantial increase in thcAprcdation pressure _bn the copepods. This may have
résultcd in the subsequent decrease in-the population densities of thc‘lcopepods.

The decline in copepod abundances during the fall of both years of the study was
‘likely due to a combination of both predation and other physical fa'cto.rs. " The results
© of the caging clxpcriment demonstrated that even if O. pictus Wcrcl prevented from
preying on D, sunnivae, "the populauons of the copepods decreascd over the fall
period, This is also supported by thc declme in copcpod density in the fall of 1985
- when the recruitment of O. pictus was very low. However, prcdat?on by O. pictus
. may be cffcctive in maintaining D. sunnf;)ae‘ populations below their maximum
density. This is suggested by the differences in populanon densities of the two

species between the fall of 1984 angl 1985 The densxty of D. sunnivae on the

anemones was much higher dunng the late summer and fall of 1985 than during the

same period of 1984. ‘Converscly, O. pictus récruitment was much higher in 1984
a :

than in 1985. These density patterns may not be caysatively relgltéd, but they suggest
that the high densities of small post-seftlement O. pictus may Ha'v‘e kept D. sunnivae
'populatwns below maximum dcnsmes in 1984, and low fish dcnsmcs in 1985
allowed copepod populations to increase to hi gher levels. |

. f



Scyra acutiffor;s and other crabs 0

» Scyraf acutifrons was the most co\mmon crab species found with anemones. It
benefitted from the association by rccc1v1ng protection from prcdators and by fcedmg
on anemone mucus and food matcnal Large crabs (>2.5 cm) removed food material

from the coelenteron of U. lofotensis, and they also appeared to scrape mucué from

the tentacles of the anemones and move the material to their mouths. This type of

feeding behavior is not uncommon for crab associates of cnidarians. Mithrax
commmensalis is known to steal food from its host anemones (Stanton, 1979), and
jTrapezié crabs feed on t“he m.ucus'of their coral hosts ((‘Ialstro, 1976; Glynn, 1983). It
is not known how much food material S. acurifrons obtams from anemones, but it
probably makcs up only a small propomon of the diet of most mdmduals

Protection from predators is probably the major benefit that all the species of crabs
received from associating with anemones. JMany rockfish spccxcs were abundant at
the study sites, and crabs are the most common item in the guts of some fishes
(McElderry, 1979;.J. C. Holmes, pers. comm.; pers. obs.). Octopuses also prey
heavily on crabs (Hartwick et al., 1980). Small ( rubescens readily fed on §.

acutifrons which were not associated with anemones during laboratory experiments.

The anemones probably offered more effective shelter space than a crevice, since

octopuses. were able to enter crevices, but were repelled by-anemones. - The size of

host anemones was important, aﬁd crabs were usually found with large individuals of .

U. loforenszs Ind1v1duals of S. acuufrons were also commonly observed in .

aggreganons of Memdzum semle where the crab could hide between the columns of

the ancmones. Few crabs were observed with U. pzsc:vora compared to their

abundancc with U. lofotensis and M. senile. This abundance pattem may reflect the . .

dlfferences m tentacle adhesxon\between the anemones Crabs were we to contact

the tentaclcs of U. Iofotenszs and M. senile without being stu stung, but they were

captured and eaten by U. pzsavor&—



More crabs associated wnh anemones at Ohiat Islet than at Blackﬂsh Islct Itis
not known 1f this pattern is related to crab populatxon densmcs since populanon
surveys were done only at Blackﬁsh Islet, but there are othcr possible cxplanauons
Scyra acutifrons may uuhzc anemones more at Ohiat Islet because of hnghcr predation
pressure at this site and fewer physncal refugds from predators Changes in habnat
utilization  have been documcntcd for other aquatic arthropods i in response to ﬁsh

predation pressure (Slh 1982 Cook and Streams, 1984), Predatory fishes were

more abundant at Ohiat Islct espccxally Sebastes nebulosus Stomach content analysis

112

of S nebulosus at Ohiat Islet (McElderry, 1979) revealed that 88 pcrcent of the fish

were feeding on crabs (n=33 fish) and 36 percent were feeding on spider crabs
‘(which were assumed to be S. acutifrons since this is the most abundant spider crab at

~ the site). Stomach content analysis of-S. nebulosus by J: C. Holmes (pcrs comm.)

has also shown that this fish species feeds heavily on §. acunfrons and other crabs :

' The hard rock substratum at Ohiat Islet provided little shelter space for the crabs

» comparcd to the numerous rock boulder areas at Blackfish-Islet. The lack of refuges.

may also explain why more crabs were associated with anemones in deep water at
Ohlat [slet, since there were fewer sessile marine mvcrtcbrates and algac with which

to shelter in this area compared to shallow water. T -

"The crabs were nocturnally active, and more mdxvxduals were observcd wnh '

- anemones dunng the day than at night. This type of actmty pattern is common for

most marine crustaceans, and is usually related to the abundance. and. acuvuy of

dlurnal prcdators (Castro 1978) Predatoryﬁshcs fed most actively dunng the day

/"‘\-———

and at twilight. The crabs benefitted most by associating thh anemones at thcsc.»‘

" times when they were casxly detected by thelr vxsual predators Mostly small crabs

iated wnth anemones, probably becausc they are more vulnerabl’c to predators

(e B
R0
3

than large crabs. At night, when predatory fishes were lcss active, the crabs were

able to leave their shc‘ltcr, Nocturnal prcdation by octopuses wasﬁ'i)robably less.

o
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important than fish predation, since octopuses were rare compared to the predat_ory
fishes at the sites. _ A 4

thht time activity of symbiotic crabs allows them to move between hosts, Wthh‘

is necessary for dispersal and estabhshment of matmg pairs (Castro 1978; Diesel,

1986). Females of the spider crab Inachus phalangtum are known to be site-
constant but males move among anemones at mght (Diesel, 1986). Indxvrduals of S.

acutifrons dxd not appear to have any fidelity to the same anemohe host, and the crabs
‘frequently moved between dtfferent anemones. It is not known if the crabs are
temtonal and taggtng and movement studies are needed to detemune if they have
‘ distinct home ranges. Usually only one §. acunfrons‘was found per anemone, but no
aggressrve mteracuons were observed to suggest that there was any 1ntraspecrﬁc

competition for anemones. However S. acuttfrons dld have a negative association

(C8) with the other crabs specresdunng day observations. This suggests there may"

be aggresswe interactions deterrmmng which crabs areata pamcular host.

There was a seasonal dlfference in the number of associatedS acutifrons, wnh ,

.more crabs being found wrth anemones in the late summer and fall. The srgmf cance

of this pattem is not clear, but it may be related the generauon cycle of the crabs, as -

'has been shown for the ‘spider- crab Inachus phalangium (Diesel' 1986). Distinct size

[

. classes of S acutifrons ‘were not more abundant at different umes of the year, but

smcecrabs smaller than 0.5 cm were not reliably censused patterns of recruitment

-

-and shifts in size class may have been overlooked. -

Heptqcarpus kmcatdt

The shnmp Heptacarpus kmcazdl 1s ‘an assocrate oi' a vanety of sea anemone

‘ specres in dtfferent areas (Butler, 1980 Elhott 1985), and is also.known to occur m

htgh populatxon densmes in deep water areas on soft substrata where anemones are -

¢ .

‘niot present (G Shmn, pers comm pers obs.). Indtvrduals of H kmcaxdt were
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found only in the deeper areas of ‘thesurvey sites (>7m depth). sheltering in hydroid
or bryozoan colonies, or with anem‘oneﬁh‘e shri‘mpwere' most abundant with
~ anemones at Ohiat Islet, where: many anemones were present in the deeper areas of
the site (t0 20 m)., Predatory reef ﬁshes are most abundant in relauvely shallow
~ water'in Barkley Sound (<30 m) (pers obs ), and many of these fishes feed pnmanly
_on.benthic crustaceans (refer to dtscussnon of predators). The shallow subtidal may.
be only a margmal habttat for H. kmcatdt and its utthzatton of this area may be
facilitated by the presence of anemones which provide a refuge from predators. The
red color pattern of this shrimp enables it to be very cryptic tn deep water where red
wavelengths of light do not penetrate (Butler 1980) but in- shallow water the shrimp
were v1s1ble without the use of a diving hght They were probably more vulnerable to
visual predators in shallow water. The shrimp were also hard to observe when niext

~'to the red columns of U lofotensis and U. piscivora. . However, H. kincaidi also

assocxates thh a white anemone, Cnbrtnopsts fernaldi. This § Species of anemone is
D

mostly found in deep water /(>25 m), and when shnmp are dtsturbed by a diver, they‘ ,

-

leave their host and qutckly dtsappear from view.

Aggreganons of many shrimps were observed around the column and under the -

tentacles of U Iofotensu Heptacarpus kmcatdt is not known to be temtortal and

‘ aggressxve mteracttons were not observed between conspecnﬁcs Many other spccxes o

of symbxotlc shrimps are terntonal and defend thelr host anemone agatnst tntruders ‘

(Bruce, 1976; Knowlton, 1980) Indxvxduals_of.H kmcazdz did notappear to have, |

any ftdeltty to' one host anemone and- most shnmp probably moved betmen Y

| ~ anemones durtng the mght when they were most acttve (EDliott, 1985) The shnmp -

- were.only abundant on the anemones dunng July, August, and September of both L

years The ecologtcal factors respon51ble for thts trend are not knOWn



General discussion

prevrous discussion revealed that the number of assocrates found wrth
\

~anemones vaned spanally, temporally, and thh respect 10 the charactenstrcs of

‘ dtfferent associates and hosts The followrng drscusston wrll identify the general

- pattems of thrs vanatron and mdrcate how they may affect the costs and beneﬁts to

the partners in these assocratrons I conclude with an analysrs of“the evoluuonary

’ tmplrcanons of this variation, and the condrtlons under whrch dtffcrent types of

assocrauons may evolve

» Lo ‘ - l"‘ 4

* Spatial variation L
The populatxon densmes of the anemones and thelr assocrates dtffered between ‘
habttats The frequency of assocnatrons between the orgamsms was therefore also
dtfferent between areas Blackﬂsh Islet, Ohtat Islet and the Harbor ermt dtffered
wrth respect to wave exposure the amount of structure in the habrtats and the densrty
| of predators (th 26) These factors appeared to be most 1mportant in deterrrumng
the populauon densitles of the orgamsms at the three sites, whrch in turn affected the
- number of assocrates found wrth the anemones." The number of orgamsms found
with the anemones was’ related to the abundance of the pamcular specres in the .
habttat S o ‘;-' | | T
Wave exposure had both dlrect and mdlrect effects on the populatron densmes of
,the orgamsms It had a posmve effect on the populatron densmes of U Iofotensz&, A
"harrmgtont J. zonope and possrbly S acutfrons but a negauve effect on 0 ptctus
" and C mcholsu Depth modtﬁed the negatrve effects of wave exposure, and some B
o 'spec1es occupled the deep water areas in exposed habttats. fI'hose assocrates whrch
-._‘appeared to be well adapted to hvmg rn the same habttats as U Iofotens1s were only
f-j'}'mterrmttent assocrates wrth thrs anemone (exceptD sunmvae) Those specres whose B 1‘;}

o _‘ overall dlstnbutlon and abundance pattems were not srrmhar to U Iofotenszs were
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‘ more closely assoc1ated with the anemones in areas where their drstnbunons

overlapped Thrs suggests that the assocrauons were most 1mportant for the

T orgamsms Wthh were outsrde of therr normal range of envrronmental condmons '

Predatron is very 1mportant in aquauc systems (Vermerj, 1984 Srh et al. 1985)
' z}nd many authors have emphastzed its importance in ﬁsh communmes (Larkm 1956 ‘
Helfman 1978 Crowder anid Cooper 1982 Fraser and Cem 1982 Cowen; 1983)
; Predators should have an espectally strong effect on prey of relatrvely small size
‘ (Connell 1983; Schoener 1983) and studtes with ﬁshes show that small individuals
are most vulnerable to predators (Wemer et al 1983) Smce most of the assocrates "
were of relattvely small size m relatton to their predators and predators were
‘ ‘abundant in the habttats itis ltkely that predatron was tmportant in detemumng the
| dtstrtbutton and abundance of the assocrates Predanon is 1rrlplrcated as the major ‘
kfactor controlltng populauon densrty of 0 ptctus (DeMamm 1976; DeMarnm and |
Anderson, 1980), but no studres have addressed the questton of populauon regulauon o
of the other assocrates ‘ | N
The specres composmons and abundances of large ﬁshes Wthh were predators of

the assocrates (except copepods) drffered between the three study 51tes Large ﬁshes o

. ‘were most abundant at Ohiat Islet and were relattvely less abundant at Blackftsh Isletr -

»and the Harbor Ltnut respecuvely (th 26) ThlS suggests that predanon pressure o

t‘ on the assoclates was htghest at Ohlat Islet, and lowest at the Harbor Lumt

The level of structure m a habttat whlch pr0v1des refuges from predators, can S
B _'\greatly affect the foragtng success of predators and subsequent persrstence or i
‘ ':abundance of prey (Stlret al 1985) Crowder and Cooper (1982) and Glhnsky |

E ,—'-1“27(1984) exarruned the mﬂuence of macrophyte densrty on' the effects of blueglll..”
?,fpredatron on macromvertebrate prey specres Both studres showed an mcrease mv‘ o 5_ =
prey btomass wrth an mcrease 1n the level of structure in the habxtat Smnlarly, the s

e perStstence and absolute densmes of the small ﬁshes and crustaeeans m thrs study' o '_"f -
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‘may also be dependent on the amount of structure in the habttats (l €., holes and
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crevices, and sesstle mvertebrates) The three study sites dtffered in the amount of :

physrcal structure, with the Harbor Limit havmg the most structure (boulders) and .

'Ohtat Islet havmg the least (sohd rock) (th 26). The mcreased level of structure

provrded by anemones at the Blackﬁsh and Ohtat Islet sttes may allovg o: ptctus and

C. mcholsu to better utilize these h%bttats especrally small post- settlement 0. ptctus ,

whtch Wwere htghly vulnerable to predators when not sheltered Shallow ‘water isa . .

margtnal habttat for H: ktncazdt and anemones may also facnhtate the presence of-the |

shnmp in this area The structural refuge provrded by anemones was probably not as '

.. important to the other fish and large crustacean associates which also uttltzed crevices .

" and other lessﬂe mvertebrates for shelter at Blackﬁsh and Ohtat Islets

Predatton can profoundly affect the behavror of prey (Slh et al., 1985). Ftsh and e

anhropod prey have been shown to mcrease their use of refuges tn the presence of '

—

'predatory ftshes (Frazer and Cern 1982 Werner et al.; 1983 Cooper 1984)

. thferent levels of predanon pressure have also been shown to pos31bly affect the

frequency of the mutualtsttc relattonshrp between henmt crabs and thetr anemones .

e (Bach and Hermkmd 1980) In the present study, there was no, dtrect evrdence of

| changes in- behav1or by the assoctates of U. Iofotenszs m areas of htgh and low" v. K

N predator abundance However further expenmental studtes of the assodratton_t .

" | behavtor of the ﬁshes and crustaceans in the presence and absence of predators mayf' o

' demonstrate a dxfference in thetr pattems of habttat unltzatton

.:} Temporal vartatlon

Predators affect the actrvrty pattems of thetr prey (Slh et al 1985) Large l}' s

) ‘advantage over thetr prcy (Munz and McFarland 1973 Ebltng and Bray, 1976 =

. ;predatory fishes are most actrve durmg crepuscular penods when they have a vtsual el

N Hobson et al 1981) To decrease thetr chances of bemg eaten,_most small ﬁshes ':";‘

"



‘ retum to shelter before sunset and do not leave unttl after sunrise. These specres

‘ usually remain 1nact1ve m thetr shelter areas at mght but they are also vulnerable to

(
noctumal predators at thts time. In this study, the assocrated ﬁshes were all drumally

acttve and sheltered thh anemones dunng tw1hght and darkness The crabs and

K

- shnmp were'all noctumally acttve, and smaller numbers were found w1th anemones at

| . mght Crabs shnmps and small ﬁshes arethe ma_10r prey 1tems of the drumal and
- crepuscular ftshes (Moulton 1977), as’ well as the nocturnal ﬁshes (DeMamm
1979) present at the study srtes The temporal vanabthty in predatton pressure by
* the ﬁshes and octopuses was hkely a strong selective force influencing the acuvrty

pattems of thelr prey .The assoctated fishes (except small post—settlement 0 pzctus)

were able to escape most predators dunng the day, but they were probably vulnerable

V

at mght when macttve The crabs and shrtmp, whrch were less. motlle than the :

{ﬁshes, were probably hlghly suscepttble to predatton durtng the day when they were
more consptcuous to visual predators | L

‘ There was a dtstmct seasonal trend in the abundances of all the assocrates thh U
- Iofotensts I-nghest numbers of assocxates were.in the months from J uly to Octobet

"and th__re were few assoclates wrth anemones tn the wmter months The populauon

densmes of the assocxates also varted through the seasons These vanattons in

' densrty were related fo seasonal changes m emnronmental condmons and recrmtment
Seasonal changes m the abundance of large ﬁshes drd not appear to determme the
By : seasonal densmes or assocratton patterns of the symbtonts Predator densrttes were

o htghest 1n the fall and lowest in wmter and summer, whtch correspondéd wrth that of

e 1f thetr prey The large ﬁshes may actually be cuetng m on the seasonal ﬂuctuauons m _-

o the densmes of therr prey. and be foragmg most mtensely in these areas at nmes of the

- ; year when prey are most abundant and are of small s1ze frem new recrurts

Densmes of all the assoctates dtffered between years ; Htghest densmes of all

ERRIEE
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decreased throughout the rest of the study, wrth some. specres showmg a small |

| mcrease in the fall of 1985 There are no clear explanattons for this pattem except

that 1985 may have been a bad year for recrurtment Oxylebtus pictus had a‘telatrvely

‘ ‘_ low recruttment of fish m 1985 compared to 1984. This may also be true for the.

other specres However D sunmvae populattons were over twice as large in 1985

than in 1984 whtch suggests the factors causmg the overall drop in densmes of the

other specres drd not, affect D, sunnivae, or had a posmve effect on the copepods. -

Interacttons between assoctates. o

Most of the specres Wthh assocrated wtth the anemones appeared to do 0.

) mdependently of the other’ species, as revealed by the | many non srgmﬁca.nt and low-

values of 1nterspec1ﬂc assocratton (C8) There was no evrdence of tnterspecrﬁc ‘

competltlon for hosts The number of anemones was not hmmng smce less than 60 o

percent of the populatron had assocjates at ttmes of peak densrty The contrastmg

e

- "acttvtty and assocratlon pattems of the ﬁshes and crustaceans may h‘ave reduced the .

- chances of 1nteractrons between these groups, and may act as a form of temporal

partmomng of the host anemones In the Cartbbean, a small percent of the populatton o

- of- Lebruma danae has assocrated ﬁshes and crustaceans, and few aggressrve g

P

) "mteracttons are observed between specres (Stanton 1979) In other troptcal systems, SR

o mterspecrﬁc aggressron is often observed between obltgate symbtonts whtch attempt”‘l,‘_a‘ S

' to occupy the same host ( Preston 1973 Fauttn, 1984 Knowlton and Keller 1986) o

o However, in these s1tuatrons the majortty of the hosts are usually occupted The- ( aEy

n shortage of thlS resource may cause mcreased competmon between assocrates G

Predanon by ﬁshes on the crustacean assoctates of thc anemones may be a more R

' 1mportant factor affectmg assoctatlon pattems than has been shown by thls study R

small post-settlement 0 pzctus ha‘d a large effect on thepopulatxon densrttes of D e

o -:sunntvae but the effect of larger ﬁshes on the other crustacean assoctates was not. S

. : ‘. . t'n'.'
o




clear Cozoccurrence pattems mdtcated that fewer S. acunfrhns than expected co-'
‘o<‘:curred thh 0. ptctus and A harrmgtom (Table 9) Also no H kmcatdt were .
~‘ found on the same anemones’ as adult 0 pzctus durmg day or mght exammatrons of “
the a;mones The only ﬁrm ev1dence of the fish feedtng on the larger crustacean
assocrates was fmm the stomach content analysxs of 0. ptctus but since both of these - o
e ;ﬁshes fed heavrly on crabs 1t is not unhkely that they would feed on small crabs
which co-occurred thh them on an anemone All stzes of ﬁshes were capable of -
| feedmg on the small juvemle stages of crustaceans and megalops larvae were
common prey 1tems in the diets of both small and large 0. ptctus These smaller
‘stages were not adequately enumerated in thls study, and thetr pattems of co-
occurrence with ﬁshes may be a better mdtcator of any negattve mteractlons between '

these specres o “ . |
There was also,\a srgmﬁcant posmve assocxatton between H klncaldl and S\'
) acuttfrons but thetr cs8 value was qulte low Thls co-occurrence pattem may be a
‘ result of the shrlmp only bemg found in deep water and the crabs also bemg common -
gy wlth anemones at these depths Heptacarpus Iancazdt also had a posmve assocxa%’o
4 value (C8) thh the other crab specxes but the btologtcal srgmﬁcance of th1s result is - - ;
" .;‘._‘unknown The only negattve assoctatxon between the crustaceans was between S
) V;acuttfrons and the other crab sp:t:—les Thts suggests that there may have been‘ . ”
| :Ecompetmve interacttons between these crabs for hosts dunng the day when the crabs‘ '
" wcre most abundant on the anemones . ‘_jj S B W RS
) Intraspectﬁc 1nteractrons betweeni assbcxates were 1mportant m detenmntng the 'j‘ RO
.;E}:._';abundance of ﬁsh assoctates on the anemones dunhg the day, but not at mght 'Ihe -
- larger mdmduals of cohabmng 0 ptctus were observed to ch‘ise smaller 1nd1v1duals;

- away from anemones durmg the day, and the small ﬁsh were able to return before e

lsunset when the ﬁsh werc becomlng less acttve Both assoctated sculpms and the~‘ RN o ,

-;'fzgoby are temtonal (Hart 1973 Moulton 1977 Gascon 1982 Eschmeyer et al

198‘3\) and dunng the day no two ﬁsh were observed w1th the same host ‘I‘lus 1s not»;; R



o varlety of ﬁshes and crustaceans asocxate w1th Condylacns gtgantea (Stanton 1979

'surpnsmg, smce few ﬁsh assocrated wrth anemones durmg the day, but aggressnve ‘

' -

, 'mteractrons used in the mamtenance of temtones may keep conspecnfxcs from
occupymg the same anemone durmg the day The crustacean associates did not
: .dlSplay any 1ntraspec1ﬂc aggressxve behavrors and were ofteri found wrth more than‘ ,

one 1nd1vrdual on the same host

. ' o . ' I
. ,

Host specificity | - |
l The number of orgamsms Wthh assoctaigwnh a parug:ular anemone Was N ‘1 |
"'dlependent on the Size, shape orientation, and tentacular adhesive force of the host Y ,‘
The fish, crab and shnmp symbxonts were most always found wnh Iarg! anemones | |
(>6 Cm) but, copepods were found on ,anemones of all SlZCS All segen specnes of
anemones studled were ‘able to reach falrly large sxzes but they all dlffered thh .
respect to shelter space, and tentacle adheswn qualmes Smce U Iofotensxs had the
: most assocxates of all the anemone specxes at the study srtes 1t ¢an be’ assumed that | E .
7the charactensncs of thxs anemone made 1t a better host than the Wherefore R g :
the qualmes whrch appear to make a good host for a vanety of assocrated specnes are: o
| 1) large size relat1ve to assocrates, 2) shelter space behmd or wrthm long tentacles IR R
,and 3) a relanvoly weak tentacular adhesxve force whxch 1s effecttve at detemng |

| predators but not, so strong as to senously harm the assocxates ‘In the Canbbeanl _

- Hanlon et al 1983), an anemone wluch has charactenstrcs whtch arc sumlar to large
| U lofotenszs The assoclates of thls anemone are also mostly facultanve, and range
from specxes Wthh are able to contact the tentacles w1thout betng stung, to ones e e

S E .
_-:whlch hrde in the spaces between the tentacles kae U Iofotenszs C gtgantea has :

v
P

e long tentacles wlnch offer a large amount of shelter space and 1t also has a rclanvely

v—,'

"weak tentacular adheswe force (Levrne and Blanchard 1980)

B s, ,r.,'.‘

S
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(Fig. 27).

) ptctus, b.ut was assumed for the other species since the copepods were obligate
_ "

Cost-benefit analysis . »

Roughgarden (1975) has presented a cost-benefit modgl to explain the conditions-

under whicnzsymbi‘oses may evolve, The model is specifically used to illustrate the

conditions under which a fish species may evolve from being a facultative commensal
or parasite to an obl‘igate mutualist of a particular species of host anemone. He
defines the benefit of associating with anemones as the difference in fitness between

an individual which has not attempted~ to colonize a host and an individual who has
I

successfully found a host. Costs are defined as the difference in fitness between
\ . «

,wdmduals whtch have not attempted to associate with anemones, and those which

.. attempt to associate with anemonés but fail to do so. "Using these definitions, a

simple cost-benefit analysis was done for each assqciated species and U. lofotensis

.
' .

LN

Most of the, benefits arose from modifications of existing predator- -prey
relanonsht,»s and other beneﬁts were through nutnnonal pathways to the assoctates
These are both common types .of benefits in mutualistic and commensal systems

v(Addtcott 1984) and the main ways that cnidarians beneﬁt their symbionts (Stantgg

123 -

Js

1979) Protective benefits are indirect since they mvolve the presence of add}nona&

© species besrdes the host and symbiont (Addtcott 1984). Assocrates whrch fedon the

mucus or nssues of the anemones received dxrect beneﬁts (Addicott, 1984) Scyra

acunfrons also fed on the coelenteron contents of the anemones, and 0 ptctus fed on

assoctated copepods. These were mdu'ect benefits since they were modifications of
extsun&)mdator-pxey relauonshxps N o 33;“‘» '

Tho specres which appéared to gam the most benefit from associating with
anemones were D.- sunmvae 0. -pxctus," and H kinc"aidi These speciq were
probably htghly suseepttble to predators when they were not assocxated thh

anemone% Thls was expenmentally demonstrated for small post-settlement 0.

&
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Figure 27. Summary of the costs and benefits to the associates and Unticina lofotensis.
Arrows indicate direction of cost or benefit. Lines with two arrows indicate that the interaction
affects both organisms. Costs are indicated by a minus sign, benefits have no sign. The length
of the lines refer to the magnitiide of the interaction. :
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\ ,
symbnonts and the shnmps were rarely observed' without their hosts in areas where

their drsmbunons overlapped. Benefits were probably not as high for the other fish
“and crustacean assbciates which could survive in the absence of host anemones by
- sheltermg in crevices and amongSt other sessile 1nvert_e_l_)rares | |
In Roughgarden s (1975) cost-benefit model, he assumes that the only cost to a
X _,symblo_n_t is that of finding a host. It is clear that there are qther costs to the fishes and
crustaceans which associate witn anemones. Any organism which attempts to .
'assqeiarc with an anemone risks the chance of being stung; physically damaged, or
captured if it contacts t;xe tentacles of itskhost. If the associate is small in relation to
the anemone (as in most cnidarian associations), then the symbiont may be able to .
avoid the tentacles 6f the anemone without getting stung (¢.g., small reef fishes in the .
Can'bbean‘ Hanlon et al,, 1983). Relatively large associates must contact thc tentacles .
of their host in orderto adequately shelter themselves from predators (e. g 0 plcrus

o

and S. acutifrons). This requires a further investment in acchmanon physmloglcal

, .
~

costs, tissue damage dunng early parts of acclimation, as well as the increased cost of
~ ~tei exposed to predators while acclimating (Stanton, 1979) These costs probably

varied between {nemones with dxfferent tentacle adhesxon forces. Anemone ﬁshes

have been shown t d1ffer in their ability to acclimate to different specres of ancq;:ones
(Mariscal, 1971; Lubbock, 1980 Brooks, 1981), which could possxbly affect fhelr .
selection of a . hast. Small post-settlement 0 pictus were able to acchmate to U. -
lofotenszs but none of these fish were observed in the tentaclcs of U. pzsczvora a

- species wuh strongly adhesxve tentacles. Those ﬁsh which tried to assocnate w1th U.
Discivora were captured and eaten. Crabs and shnmps which contacted the tentacles |
of U. piscivora were also captuggd and eaten. There is probably a lower cost for
these associates to acchmatc to U. lofotensis, which had a relanvely weak tentacular

adhesxvc force. Orgamsms capable of paying the costs of acchmauon were also able

to gaxn other benefits from the assocxanons - Small post-settlement O. pictus were

i
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able u\,\ feed on copepods of the anemones, and D. sunnivae and S. acutifrons gained
food ré‘sources from the anernones. . - |
Symbtonts must also locate their host in the habttat “The cost of ﬁndmg a host wnll
be hrgher in areas with low densmes of anemones than in areas with high densities.
Costs wrlltalso be lower for facultattve symbionts than for obligate symbionts.
Obligate s;\mbionts, by definition., must find 'a host or they cannot survive.
Facultative s§'\mbionts are suscepdb!e to predators w‘hile searching’for a host, but they
can also utilize other shelter space if anemones are not available. In this system, the
‘costs of ﬁndmg a host were likely very hrgh for D. sunnivae, but the high beneﬁts of
the association offset these costs. The only other symbiont which was likely to have

\

any host searching behavior was O.. pictus. In areas where U. Iofotensis was

v

present, small post-settlement .O‘ p.ictus associated exclusively with anemones.
However, these ﬁsh‘were also observed in areas where there were low densities of
anemones or were abSent Wthh suggests that the larvae of O pictus search for
anemones over a small spaual scale but will settle in areas without anemones if
unsuccessful in finding a\host ‘The amount of time spent searchmg for hosts would
probably be quite small.- a |

- The potential COSts and nefits to anemones of harboring' associates were diffitult
to 1dent1fy None of the assoctates caused any apparent physrcal damage to the
"~ anemones, and the presence of associates did not affect the survival of their hoss.
Howe_ver, L¢nmng and Vader\(l984) consider D?m‘diéb‘la-spp. to be parasites of -
anemones. The copepods were bserved feedtng on the mucus and the tissues of
their hosts, but this does not appe to be detrimental to the overal] health of most
anemones (Gotto, 1979; Humes, g 2) The ; presence of copepods may- actually bc
'beneﬁmal to thelr hosts, as has been shown for the crustacean symbtonts of corcﬂs
(Glynn, 1976 1983). Symbiotic crab cause some tissue damage to theu- hosts, but

_ the net effect of thetr presence is bene cial to the host. Further work is needed to
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establish the effects "of the copepods on their ‘hosts. Scyra acutifrons was
occasionally observed picking at the tentacles of anemones, and stealing food from
the coelenterons of some'hosts A loss of food is an obvxous cost to the anemones

| but since it occurs mfrequently, it probably doesn t have a substantlal effect on thetr

fitness. : -

1
[

Anemones are suggested to benefit from thetr associates by recetvmg protecnon

127

from predators parasrte removal cleamng, and mcreased food resources (Manscal )

1966, 1970) The only potential beneﬁts which apply to thlS system are removal of

copepod parasrtes and cleamng provided by the copepods. These are obv1ously :

contradlctory beneﬁts If the copepods are parasites, then the anemones beneﬁt from

‘the presence of 0. pictus, whtch preys on ‘the copepods Oxylebiu,s'pictus and U.

.

: lofotensrs would then have a mutuahsuc relatlonshlp If the copepods are

commensals or mutualists with the anemones, the status of O.pictus would change to -

a commensal or a parasxte respectively. More detalled studies are needed of the .

relatwnshxp betWeen the copepods and their hosts to obtam a definitive answer as to_

the status of these associations. The other fish and shnmp associates of the anemones

S

were probably commensals since they had no obvxous demmental effect on thetr'

“hosts. Large S. acunfrons may be consrdered parasntes smce they stole food from

anemones, but the majonty of the assoctated crabs were small mdxvrduals which d1d

not appear to feed on their hosts &

Ani 1mportant pomt to recogmze is that the costs and beneﬁts to the orgamsms“ '

vaned over space and tJme, and between tndmdual hosts and symbtonts Symbtonts a

o can Shlft from. bemg a parastte to a commensal to a mutuahSt, dependtng on the

| _‘,envrronmental (e.g., nutrtent avatlabrhty) and: ecologtcal (e 8 populatton densxty) '

condmons at that penod in t1me (Addtcott, 1984; Janzen 1985 Whltﬁeld 1979) |

ThlS vartabthty makes 1t necessary to consrder the - costs: ang benefits to- each.. .

: lndxvrdual over a vanety of condmons, and use an average net measﬁrement for the B
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populatron to determine whether a specres should be constdered a ‘parasite, -

commensal or mutualist, This i is obviously a difficult, and probably tmpossnble taslc |

-~

-for most assoctauons Itis therefore drfﬁcult to apply these terms unless the costs

and beneﬁts are straightforward and relatively easy to measure

! ‘ - . ‘.
Evolution of associations

Predation is seen as an important cause of selection in marine systems which

favors the evol\rtion of intimate associ:;ttions betWeen species (Vermeij,- 1984). Since
predators of the small fishes and crustaceans were abundant in thlS system one

would expect selection to favor the evolution of annpredatory adaptattons in the prey.

Because anemones are usually avorded by large predators one would also expect

them to attract a vanety of vulnerable prey specres Roughgarden (1975) predrcts that

the initial formatlon of these assocratlons should occur when the fitness of individuals

- which associate wrth anemones exceeds that of free—hvmg or solltary individuals. He

also states that three factors must occur for an assocrauon to evolve‘ l) the host

- should be easy to find, 2) the host should survwe well wrth the assocxate, and 3) the

host should prov1de substanual beneﬁt to the guest Urnctna 10fotenszs meets all three

L

‘ presence of assocrates and provrdes protecuon and food resources to assocrates 'I’he

srmple change in shelter behavror requlred on the part of the: assocrates for thts type of

antlpredatory relauonshtp to: evolve may be reﬂected in the large number of small

’of these requtrements of a host The anemone is abundant is long-hved in the_'

free-swrmmmg troptcal fishes which shelter in the tentacular sphere of anemones, but"

\ -

/

In lhlS study, three small common ﬁshes specres A. hamngtom, J zonope, and C

- do not come in contact w1th the tentacles wrthout betng stung (Hanlon etal, 1983)

mcholsu also assocrated wrth anemones and avorded contacnng theu' host s tentacles (

The bene‘f" to these specxes was probably low sxnce they wcre able to survrve‘

, adequately in the same habrtats wrthout anemones, but therr costs were also very low
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The costs to Heptacarpus kmcatdz were also low, but it appeared to beneﬁt hrghly -

-from assocxatmg with anemones in habttats where the shnmp was more vulnerable to
' predators These sxmple behavroral modtﬁcanons are consrdered to have preceded the
further physiological and morphologtcal adaptapons needed to acclimate to sea

'. anemones (Mayr, 1963 Gendron and Mayzel 1976) - - v

. Those specxes which acclxmated to anemones had hlgher costs, but they also had

htgher benefits. Small post settlement o. ptctus gamed a substantial beneﬁt from

assocratmg wtth U lofotensts The ﬁsh recerved necessary protecuon from,

predators, and the presence of copepods and ‘other crustacean assocrates on the

anemones may have been a further advantage for the estabhshment of the relattonshrp,

| espectally since larval fish settled out of the plankton at approximately the same tlme ‘

of year that D. sunnivae populauons were at thetr hrghest densmes on U Iofotenm

| Predators were also most abundant at this trme of year whrch may mcrease the

. selectrve advantage of the assocratton By feedtng on cbpepods the ﬁsh did not have .

. to venture away from the protecnon of thetr host for food
. ¢ .
Dondtcola sunnivae and S. acuttﬁons were also able to acchmate to the tentacles of

B . U lofotensts The cost of acchmatton must be relanvely Iower than’ the beneﬁts for

, these orgamsms since assocxatrons w1th cmdartans have evolved in so many groups =

‘ 'of crustaceans (Bruce 1976; Gotto, 1979 Humes, 1982) The ablltty to contact the -

tentacles of the anemones allowed the crustaceans to feed on the mucus, t1ssues, and

- :whtch have the potenttal to harm thetr hosts should be more deletenous on hosts

- whxch have a hlgh survrval than on comparatrVely vulnerable hosts The hlgh_"_‘f'._ P

o ; " food matenal of thetr hosts Roughgarden ( 1975) predtcts that facultauve assocrates , -

e survwablltty of U Iofotens:s may promote the crustaceans to take advantage of the" B L

anemones by feedmg on tlssues or stealmg food If the detnmental effect of the "_“ L

o k, copepods or the crabs Stgmficantly affected the fitness of U lofotenszs, one wouldj_'

S expect the ancmones to cvolve some type of mechamsm to mhrbtt the assocranons

P
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‘.'The anemones could erther strengthen their defenses by mcreasmg the adhesrve force

’ or tox1c1ty of . their. cmdae or they could make thetr mucus unpalatable to the

symbtonts However \NO ev1dence exrsts for any counter-adaptauons on the part of .
A

\

the anemones in response to the presence of the assocrates
Once a symbrotrc assocxauon is estabhshed there may be the potennal for a
mutuahstrc relauonshrp to arise. For mutuahsm to be selected for, Roughgarden

‘(1975) suggests that the symbronts must be hrghly dependent on their host for ’

~ '

Zurvrval and the survrval of the host must be increased by the assocrated orgamsm |

Mutualisms may proceed much more readnly if the initial condmons are neutral or |

,comlnensal as opposed to parasmc (Keeler, 1985). Thrs dcpends, of course. on 1f the

symbtont has any, attnbutes which allow itto confer some type of advantage toits

. host If it requrres no novel behavior or tratts, or can be readxly produced from o

existing geneuc vanatlon then mutuahsm may be more readxly estabhshed (Keeler .

1985) In thts system, D. sunnivae has the potentlal to beneﬁt the anemones through_ o

'1ts normal feedlng acuvmes 1f those acuvmes mvolve cleamng the anemones of | 2

necrotrc tlssue or. the larvae of other sessrle mvertebrates In contrast if the

copepods are parasrtes of the anemones then 0. plctus may be a mutuahst because of

its nonnal acavrty of fe feedxng on copepods But smce U Iofotenszs already has a |

o bvery hlgh survrval rate, 1t appears that any mutuallsttc behavror by the assocrates ,

| ‘:'would have a neghgrble effect on thetr host's survwal o ‘ L ‘
Roughgarden (1975) suggests that faeultauve assoclanons whtch confer large .

‘ beneﬁts to the symbxont whtle retamrng htgh survrval of the host should readtly | . |

| evolve mto fully obhgate relattonshrps Thls does not appear to be consxstent w1th"\

} .,vour present knowledge of the many Spectes of ﬁshes whxch are facultatlve assocrates -i'f. e

v".;of anemones (Hanlon et al 1983) Accordmg to the assumptrons of Roughgarden s :*'“ -

model these ﬁshes erther do not gam enough beneﬁt or the hOS[ has low survwal on- .

;- account of the presence of the assocrates, restnctmg them from developmg an oblrgate‘; X R

B



relauonshrp However it seems clear that other factors must also be taken in account
before an assocratron can become oblrgate An- oblrgate anemone ﬁsh cannot survrve ;
wrthout bemg in close proxrmrty to its host in order to escape from predators
Anemone ﬁsh feed mostly on planktomc prey, whrch allows these ﬁshes to remain in
“the shelter of thetr host unttl a prey item passes by them in the water column
' Facultauve ﬁsh symbtonts are not all planlmvorous and must leave the shelter of their . -
host anemones in order to feed \I\f they are far away from thetr anemones it is : |
necessary for them to retam the abrlrty to escape predators Therefore the: fishes'
mode of feedmg may deterrmne therr eventual dependence on their host anemones for -
- survival. The only obhgate assocrate of v. IoforenSts was Dorzdtcola sunnivae. The.
copepod not only recerved protectron from its host but by feedrng on the anemone s
mucus and trssrfes it never had 10 leave its host (except as larvae) Thrs could lead to |
complete dependency on the host for food resources, and the tnabthty to escape‘
predators wl;gn away from hosts Oxylebrus pzctus also recetved both protectron and )
food resources from assoctanng wrth anemones but once the populatron of copepods "
was depleted small post-settlement ﬁsh had to forage away from thetr hosts The | .
benefits also vaned between dlfferent srzed ﬁsh and over space, trme and between ‘I R
‘ hosts Thrs vanabtlrty may also make it especrally unlrkely that an mtrmate:‘l; |

‘ assoctatlon can evolve when there isn' 't constant selecnve pressure on all mdrvrduals :

. m a populatron Most symbroses are vanable over space, trme, and betweenb AR

' mdtvrduals (Whrtfield 1979) Varratrons in the costs and beneﬁts of symbrottct

-_rntcracuons need to be mcorporated mto models and our concepts of symbtoses
Intrmate assocratrons between between manne orgamsms are more prevalent 1an

trop 1cal rcgrons than m temperate regrons (Vem‘lClJ. 1984) Thts ts especrally evrdent S

for the troprcal Indo-Pacrﬁc regton, whrch has more obhgate assocratrons than othera,»; g 2

' troprcal areas. Obhgate relanonshrps between ﬁshes and anemones are found‘ T

exclusrvely m the troptcal Indo-Pacrﬁc for two genera of fishes and ﬁve genera ofeta'" '

',.;‘_1“‘.,:_‘_‘..v“. hE h




© cannot be reached wrth the presently avatlable evrdence (Vermetj. 1984)

“anemones but facultattve ggomanons do not show such btogeographtc or

phylogenettc boundanes Obltgate assocrattons of crabs and shrtmps with cmdanans ‘

- are also more prevalent in the Indeacxﬁc regton than in other troptcal and temperate -

areas. 'Thrs zooge ographtc pattem is suggested to be the result of decreaSed predation
. pressure and the greater vartabtltty in envrronmental condmons as one goes from the
troptcal Indo- Pacrﬁc region to htgher latntudes (May, 1976 Vermetj, 1984) ln the
~ tropics, where predatton pressure is conStdered to be intense and relattvely constant
year round there may be strong selectton for obltgate associations to evolve I |

temperate regtons where predation presure is less mtense (Eblmg and Bray, 1976

“Hobson, et al., 1981; Vermetj, 1984) and vanes seasonally, facultauve assocxattons

' may provrde a more. flextble means of mcreased survrval The prev1ous dtscuSSton ‘

, tndtcated that it ltkely requtres more than intense. predatton pressure and constant

: envrronmental condmons for an obltgate assocranon to evolve The trophtc Status of

. 'the symbtont the types of beneﬁts exchanged between partners and the vartabthty of -

‘the assocratton are probably also i tmportant Our knowledge of beneficral tnteracttons

‘s so tncomplete and geographtcally btased that a sansfactory answer to thts questton .

-

The geographtc dtstnbutton of oblrgate assocrattons "may not reﬂect etther the

‘ overall frequency or, srgmﬁcance of mutualtsm" (Addtcott 1984) Other types of

132"

e facultattve assocrattons must also be consrdered Recent studtes tg manne ecosystems

have shown that many beneﬁmal tnteracttons are e less obvrous because of redé)ced
‘ specrﬁcny (Vance, 1978), benefits betng exchanged through mdtrect pathways

; 1_»(Duggms 1981 Dethter and Duggtns, 1984) or mterrmttent assoctatton (Shtmek

. '1981) 'l'he results of thlS study also show that some beneﬁc1al tnteracttons arf less
B ”obv1ous because of vanabtltty in the assocrattons Further mvesttgattons of

: .f"v'tnteractlons hetween orgamsms in the martne envrronment wxll probably reveal that

o

symbtoses are more prevalent in temperate regtons than prevrously t‘:on51dered
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, g Plate 1 Concrete ind rubber tubmg model: anemone used i 1n ﬂeld and lszoratory o
- - expenments to test for whether 0. pzctus assoc:ates wuh anemones stnctly because of Cen e
S _thexrumque3-dunensxonalstmctme C Ty e
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