
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

Epizoites on Marine Invertebrates: With Particular Reference to Those
Associated with the Pycnogonid Phoxichilidium Tubulariae Lebour, the
Amphipod Caprella Linearis (L.) and the Decapod Corystes Cassivelaunus
(Pennant)
A. R. Pipea

a Department of Biology, Todd Centre, University of Strathclyde, Glasgow

To cite this Article Pipe, A. R.(1982) 'Epizoites on Marine Invertebrates: With Particular Reference to Those Associated
with the Pycnogonid Phoxichilidium Tubulariae Lebour, the Amphipod Caprella Linearis (L.) and the Decapod Corystes
Cassivelaunus (Pennant)', Chemistry and Ecology, 1: 1, 61 — 74
To link to this Article: DOI: 10.1080/02757548208070786
URL: http://dx.doi.org/10.1080/02757548208070786

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757548208070786
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Cheniislry in Ecolog.~. 1982, Vol. I ,  pp. 61 -74 

(9 1982 Gordon and Breach Science Publishers, Inc. 
Printed in Great Britain 

0275-7540/82/0101-0061 $06.50/0 

.EPIZOITES ON MARINE INVERTEBRATES: 
REFERENCE TO THOSE ASSOCIATED WITH THE PYCNOGONID 

WITH PARTICULAR 

PHOXICHILIDIUM TUBULARIAE LEBOUR, THE .AMPHIPOD 
CAPRtLLA LINEARIS ( L . )  AND THE DECAPOD CORYSTES 
CASSIVELAUNUS (PENNANT 1 

A. R. PIPE 
Un ive rs i t y  o f  S t r a t h c l  yde, Department o f  Biologj/ ,  
Todd Centre, Taylor St reet ,  Glasgow. 

An account i s  g iven o f  a p re l im ina ry  s tudy o f  e p i z o i t e s  
occur r ing  on the  pycnogonid Phox ich i l id ium t u b u l a r i a e  
Lebour and the  c a p r e l l i d  Capre l la  l i n e a r i s  ( L . )  from 
the  southern North Sea; and on t h e  burrowing crab 
Corystes cassivelaunus (Pennant) from the  Solway F i r th .  

Each o f  these species appears t o  be associated 
w i t h  a d i s t i n c t i v e  and r e s t r i c t e d  ep izo i c  fauna domi- 
nated r e s p e c t i v e l y  by c i l i a t e  and suc to r ian  protozoans; 
hydro ids (Carnpanularidae) and the  anascan b r  yozoan 
Electra i l o s a  (L. ; the  hydro id  Gonothyraea l o v e n i  
1-e barnac le Balanus crenatus (B ru ju i5 re ) .  
These faunas are described i n  terms o f  t h e i r  species- 
composit ion and d i s t r i b u t i o n ;  
species compared with reference t o  the  h a b i t a t s  t h a t  
they o f f e r  f o r  e x p l o i t a t i o n .  The eco log i ca l  s i g n i -  
f icance o f  inver tebra tes ,  p a r t i c u l a r l y  v a g i l e  forms, as 
h a b i t a t s  f o r  s e s s i l e  organisms i s  discussed i n  terms 
o f  t h e i r  e f f e c t s  upon d i s t r i b u t i o n  and d i spe rsa l .  
The fac to rs  responsib le  f o r  v a r i a t i o n s  between the  
composit ion o f  ep i zo i c  faunas, and a l so  t h e  e f f e c t s  
t h a t  these communities exe r t  upon the  hos t  species are 
reviewed. 

and the  th ree  hos t  

INTRODUCTION 

The purpose o f  t h i s  paper i s  t o  g i v e  an i n d i c a t i o n  o f  
t he  composition, d i s t r i b u t i o n  and eco log i ca l  s i g n i f i c a n c e  
o f  epozoic communities associated with aquat ic ,  p a r t i c u l a r l y  
marine, inver tebra tes ,  and t o  emphasize the  poss ib le  impor- 
tance o f  ex te rna l  metabol i tes (Lucas, 1947) and a n t i b i o t i c s  
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62 A. R. PIPE 

(A l -Ogi ly  and Knight-Jones, 1977) as determin ing fac to rs  in 
the  species-composition o f  these communities. 

MATERIALS AND METHODS 

The Pro jec t  MASS s tudy  o f  o f f sho re  marine f o u l i n g  has 
invo lved ana lys is  o f  f o u l i n g  communities from a wide range 
o f  s t ruc tu res  and loca t ions ,  p a r t i c u l a r l y  Nor th Sea o i l  and 
gas produc t ion  p la t fo rms (Pipe, 1979, 1980). Analys is  o f  
photographs, video-tape record ings and samples has revealed 
the  presence o f  a complex assemblage o f  algae and i n v e r t e -  
brates t o t a l l i n g  over200 species f o r  t h e  Nor th Sea area, 
ranging from diatoms and protozoans t o  ke lps and l a r g e  
tun icates.  I n  a d d i t i o n  t o  the  s e s s i l e  ' f o u l i n g '  species, 
a d iverse fauna o f  v a g i l e  i nve r teb ra tes  i s  a l so  present, 
p a r t i c u l a r l y  i n  f o u l i n g  dominated by  t u r f s  o f  hydroids, 
e.g. Tubular ia  spp., Obelia spp., and Nemertesia spp., o r  
arborescent bryozoans, e. g. Bugula spp. This fauna inc ludes  
nemertines, polychaetes, nematodes, opisthobranchs, gastropods, 
pycnogonids, amphipods and decapods. The most commonly 
encountered species are t h e  polychaetes Lepidonotus squamatus 
(L.), Phyllodoce spp., and E u l a l i a  spp., the  opisthobranch 
molluscs T r i t o n i a  spp. and Eubranchus spp.; the  pycnogonid 
P. tubulariae-Lebour; t h e  amphipodsJassa f a l c a t a  (Montagu) , 
Capre l la  l i n e a r i s  (L.) and stenoFhoids and the  decapods 
Porcel lana l o n g i c o r n i s  (L.  ), H as araneus (L. ), H.coarctatus 
T e a c h )  and Cancer- pagurus (L  -f----- 

Prel im inary  observations i n d i c a t e d  the  presence o f  an 
appreciable i nve r teb ra te  fauna on P. t ubu la r i ae  and C. l i n -  
ea r i s  whereas the  o ther ,  l a r g e r ,  arthropods e.g. P. l o n q i -  
corn is ,  Hyas spp., and C. pagurus were almost e n t i r e l y  
unfouled. 

I nd i v idua ls  o f  P. t ubu la r i ae  and C. l i n e a r i s  were 
ex t rac ted  from a sample o f  t he  hydro ids Tubular ia  i n d i v i s a  L. 
and T.  l a r ynx  E l l i s  & Solander taken from a depth o f  19.5 m. 
(with reference t o  Lowest Astronomical Tide l e v e l )  on a 
s t e e l  gas-production p la t fo rm ( 53O05'N, 1 O42'E) on 22-5-80. 

I nd i v idua ls  o f  Cor ystes cassivelaunus were removed from 
beam t r a w l  samples taken i n  Saltom Bay (26-9-79 and 29-1-80> 
and Parton Bay (26-9-791, Solway F i r t h .  

I n  a l l  cases, t he  m a t e r i a l  examined had been preserved 
i n  4-10?; formaldehyde so lu t i on .  
ment o f  hosts  and ep izo i tes  was c a r r i e d  ou t  us ing  standard 
equipment and techniques, an attempt be ing made t o  de f i ne  
the  most impor tant  attachment s i t e s  and est imate t h e  area o f  
host  sur face co lon ized b y  each species. 

I d e n t i f i c a t i o n  and measure- 
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INVERTEBRATE EPIZOITES 63 

RESLII-TS 

Phoxich i l id ium tubu la r iae  Lebour (Fig. 1 ) 

i n d i v i d u a l s ,  two male and fou r  female, were obta ined from 
t h i s  l oca t i on .  Body length ,  taken as the  d is tance from 
the proboscis/cephalon j u n c t i o n  t o  the  t i p  o f  t h e  abdomen, 
ranged from 1.525 t o  1.725 m i l l ime t res .  

The o v e r a l l  inc idence o f  f o u l i n g  was 83.3%, one female 
o f  body l eng th  1.700 mm. apparent ly  bear ing  no ep ib io ta .  
The remainder bore a genera l l y  sparse cover ing o f  un iden t i -  
f i e d  f i laments,  poss ib l y  o f  the  b a c t e r i a  Leucothr ix  spp., 
s ta l ked  protozoans, probable p e r i t r i c h  c i l i a t e s  and suctorians, 
and, i n  one case, o f  t h e  hydro id  Opercu la re l la  l a c e r a t a  
(Johnston), 
f o rma l in )  o f  the  protozoans was extens ive,  and consequently 
these organisms were regarded as one species fo r  t he  purpose 
o f  t h i s  study. The t o t a l  l eng th  o f  these forms ranged 
from 0.120 - 0.270 mm. The t y p i c a l  attachment s i t e s  f o r  
these organisms were the  do rsa l  surfaces o f  t he  prox ima l  
reg ions o f  the l imbs and l a t e r a l  processes o f  t h e  body. 
The chelae, claws and d i s t a l  reg ions o f  the  l imbs and 
v e n t r a l  surfaces i n  general were ext remely l i g h t l y  fouled. 
The ov igers,  proboscis and c e n t r a l  reg ions o f  t he  do rsa l  
and v e n t r a l  surfaces were almost e n t i r e l y  unfouled. 

host ,  50-100% o f  these be ing  conf ined t o  the  do rsa l  surfaces. 
Surface coverage was i n  a l l  cases l e s s  than 1%. The uniden- 
t i f i e d  f i lamentous organisms (Leucothr ix  spp.?) occurred 
main ly  on the  do rsa l  surfaces o f  the  t runk  l a t e r a l  processes 
and, much less  commonly, on the che l i f o res .  The f i laments  
a t ta ined  a maximum length  o f  0.050 mm. and a diameter o f  
0.005 mm. 

The campanularid hydro id  0. l ace ra ta  occurred as s i n g l e  
zooids on one male i n d i v i d u a l  o f  body l eng th  1.525 mm. 
The co lon ies  were conf ined t o  the  do rsa l  surfaces o f  coxa 2, 
coxa 3, femur, t i b i a  1 and t i b i a  2 o f  t he  second and fou r th  
l imbs.  Ten co lon ies,  each a t t a i n i n g  a he igh t  o f  0.3 mm., 
were present. 
No gonophores were present, 
the d i s t r i b u t i o n  and abundance o f  these organisms i s  g iven  
i n  F iqure 1. 

53O05'N, 0I042'E (-19.5 m. L.A.T.)(22-5-80). S i x  a d u l t  

The d i s t o r t i o n  (presumably due t o  t h e  use o f  

Tota l  dens i t y  o f  protozoans ranged from 1-59 per fou led  

Surface coverage was approximately 1%. 

Surface coverage was approximately 1%. 
A diagrammatic summary o f  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
2
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



64 A. R. PIPE 

FIGURE 1 Phoxichilidium t u b u l a r i a e :  
'Lxterna l  morphology snowmg e p i z o i t e  
a t tachment  sites. 

A B a c t e r i a l  f i l a m e n t s  
0 S e s s i l e  protozoans 
x O p e r c u l a r e l l a  l a c e r a t a  

Capre l la  l i n e a r i s  (L.) (Fig.  2) 

i n d i v i d u a l s ,  219 (84.5%) male and 40(15.44%) female,  were 
examined from t h i s  l o c a t i o n .  

Body l e n g t h ,  t aken  as t h e  d i s t a n c e  from t h e  head to  
t h e  t e l s o n ,  ranged from 3.475 t o  16.00 mm. 

The o v e r a l l  inc idence  o f  f o u l i n g  was 3.48%, e p i z o i t e s  
being confined t o  n ine  a d u l t  males (4.11% o f  t o t a l  males)  
of  body l e n g t h  12.500 - 16.00 mm. 

53"05'N, 0I042'E (-19.5 m ,  L.A.T.)(22-5-80). 259 

4.5% o f  males w i t h i n  
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INVERTEBRATE EPIZOITES 65 
t h i s  s i z e  r ange  were fou led .  
females  or juveniles.  

No e p i b i o n t s  were p r e s e n t  on 

FIGURE 2 C a p r e l l a  l i n e a r i s :  E x t e r n a l  morphology 
(o f  male)  showing e p i z o i t e  a t t achmen t  s i tes .  
0 Campanularidea 
x E l e c t r a  p i l o s a  

The e p i f a u n a  c o n s i s t e d  o f  an u n i d e n t i f i e d  s p e c i e s  o f  
campanularid hydroid [ p o s s i b l y  Obe l i a  dichotoma ( L .  ) ]  and 
o f  t h e  e n c r u s t i n g  anascan bryozoan E l e c t r a  i l o s a .  

h o s t s  (1.93% o f  t h e  t o t a l  s a m p l e ) .  Each co lony  c o n s i s t e d  
o f  an annu la t ed  s t o l o n  p l u s  a s i n g l e  d i s t a l  zooid.  The 
t o t a l  l e n g t h  o f  each co lony  was i n  t h e  r ange  0.500 mm. - 
1.000 mrn. The t o t a l  d e n s i t y  o f  h y d r o i d s  v a r i e d  from 1 - 6 
c o l o n i e s / z o o i d s  p e r  fou led  h o s t .  The p r i n c i p a l  a t t achmen t  
s i t e s  were t h e  mid-dorsal  and mid -ven t r a l  a r e a s  o f  t h e  
body, p a r t i c u l a r l y ,  with r e s p e c t  t o  t h e  v e n t r a l  s i t e s ,  n e a r  
t h e  b a s e s  o f  t h e  second gnathopods and o f  t h e  b r a n c h i a l  
l obes .  
t h e  antero-ventral surface o f  t h e  ischium o f  t h e  second 
gnathopod. 
a l l  cases less t h a n  1%. No gonophores were p r e s e n t .  
E l e c t r a  p i l o s a  occur red  on 8 (99.89%) o f  t h e  f o u l e d  h o s t s ,  
3.09% o f  t h e  t o t a l  sample. Each h o s t  bo re  1 - 3 s e p a r a t e  
c o l o n i e s ,  each c o l o n y  c o n s i s t i n g  o f  1 - 6 zoo ids .  The 
mean number o f  c o l o n i e s  p e r  h o s t  was 1.88 with each c o l o n y  

The hydroid occur red  on f i v e  (55 56 -* o f  t h e  f o u l e d  

In one h o s t  a damaged s t o l o n  was a l s o  p r e s e n t  on 

I o t a 1  s u r f a c e  cove rage  by  t h i s  e p i z o i t e  was i n  
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66 A. R. PIPE 

c o n t a i n i n g  a mean o f  1.73  zoo ids .  Each zoo id  measured 
approx ima te ly  0.45 x 0.3 mm. The p r i n c i p a l  a t t achmen t  s i t e s  
were t h e  i s c h i a  o f  t h e  second gna thopods ,  t h e  l a t e r a l  and 
v e n t r a l  s u r f a c e s  o f  t h e  f i r s t ,  second and t h i r d  t h o r a c i c  
segments p a r t i c u l a r l y  nea r  t h e  b a s e s  o f  t h e  gnathopods.  
I n d i v i d u a l  z o o i d s  a l s o  o c c u r r e d  on t h e  mid-dorsal  s u r f a c e  
o f  t h e  f i r s t ,  f i f t h  and s i x t h  t h o r a c i c  segments .  

To ta l  s u r f a c e  cove rage  by t h i s  e p i z o i t e  ranged from 
less t h a n  I t o  I+%, 

A diagrammatic  summary o f  t h e  d i s t r i b u t i o n  and abundance 
o f  t h e s e  organisms is g i v e n  i n  F i g u r e  2. 

Corys te s  c a s s i v e l a u n u s  (Pennan t )  (F ig .  3 )  

( a )  Pa r ton  B a y  (Solway F i r th I (26 -9 -79)  F i v e  a d u l t  
i n d i v i d u a l s ,  fou r  male and one f ema le ,  were o b t a i n e d  from 
t h i s  l o c a t i o n .  

t o  t h e  p o s t e r i o r  edge o f  t h e  c a r a p a c e ,  ranged from 24.5 - 
20.2  mm.  The o v e r a l l  i n c i d e n c e  o f  f o u l i n g  was 20%, e p i z o i t e s  
being c o n f i n e d  t o  two a d u l t  males .  Both t h e s e  i n d i v i d u a l s  
bo re  a s p a r s e  c o v e r i n q  o f  t h e  campanular id  hydro id  Gonothyraea 
l o v e n i .  
mm. i n  l e n g t h ,  a t t a i n i n g  a maximum o f  7.0 mm. The p r i n c i p a l  

Body l e n g t h ,  t a k e n  as t h e  d i s t a n c e  from t h e  ros t rum 

The c o l o n i e s  o f  t h i s  s p e c i e s  were ma in ly  1.0 - 3.0 

M 2*.*[ M. 

FIGURE 3 C o r y s t e s  c a s s i v e l a u n u s :  E x t e r n a l  morphology 
showinq e p i z o i t e  a t t achmen t  si tes.  
I Podocoryne s p .  
0 Gonothyraea l o v e n i  Electra p i l o s a  
El ConoDeum r e t i c u l u m  

+ Balanus c r e n a t u s  
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INVERTEBRATE EPIZOITES 67 

attachment s i t e s  were the  l a t e r a l  and antero-dorsa l  areas 
of  t h e  carapace i n c l u d i n g  the  rostrum, t h e  max i l l i peds ,  t he  
prox imal  reg ions o f  t he  c h e l i p i d s  and a l so  the  genera l  
antero-ventra l  reg ion  i n c l u d i n g  t h e  areas near the  limb-bases 
and mouth. 
est imated a t  5?i 

Balanus crenatus a l l  o f  3.0 - 4 .0  mm. maximum diameter. Two 
of these occurred on the  do rsa l  sur face o f  the  carapace 
immediately p o s t e r i o r  t o  the  post-ocular teeth,  t h e  t h i r d  on 
the v e n t r a l  s ide  adjacent t o  the  mouthparts. 

(b)  Saltom (Solway F i r th I (26-7-79) .  Nine a d u l t  i n d i v i -  
duals, a l l  male, were examined from t h i s  l oca t i on .  Body 
length,  taken as the  d is tance from the  rost rum t o  t h e  post -  
e r i o r  edge o f  t h e  carapace ranged from 23.5 - 33.3 mm. The 
o v e r a l l  inc idence o f  f o u l i n g  was 77.a%, ep izo i tes  be ing absent 
from two i n d i v i d u a l s  o f  body l eng th  24.3 and 33.3 mm. Each 
fou led host  bore a cover ing o f  campanularid hydro ids,  probably  
G. loven i .  The co lon ies  o f  t h i s  species were ma in l y  2.0 - 
5.0 mm. i n  length ,  a t t a i n i n g  a maximum o f  15.0 mm. The 
attachment s i t e s  were again the  l a t e r a l ,  an tero-vent ra l  and 
antero-dorsal areas o f  t he  carapace, p a r t i c u l a r 1  y around 
the  l imb  bases, t h e  prox imal  reg ions o f  t he  l imbs and the  
chel ipeds. To ta l  sur face coverage by  G. l o v e n i  va r ied  
from l e s s  than 1% t o  5%. 

Balanus crenatus occurred on two i n d i v i d u a l s  (an i n c i -  
dence o f  22.26) o f  body l eng th  30.5 mm. and 29.3 mm. I n  
both cases t h i s  species was conf ined t o  the  antero-dorsal 
reg ion  o f  the  carapace, ma in ly  i n  the  area immediately 
p o s t e r i o r  t o  the  post-ocular teeth.  

a group o f  20 i n d i v i d u a l s ,  t h e  group being composed o f  two 
d i s t i n c t  s i ze  classes o f  maximum diameter 0.5 mm. (12 i n d i -  
v idua ls )  and 3.0 - 4.0 mm. (8  i n d i v i d u a l s )  respec t i ve l y .  
Three barnacles, a l l  o f  maximum diameter 1.0 - 1.5 mm., were 
present on the  smal ler  host  again i n  the  area pos te r io r  t o  
the  post-ocular teeth.  To ta l  sur face coverage by  t h i s  
e p i z o i t e  was estimated t o  be 5% and 1% respec t i ve l y .  

An encrust ing colony o f  the  athecate hydro id  Podocor yne 
sp. was present on a hos t  of body leng th  30.9 mm. 
hydro id  was loca ted  on the  do rsa l  sur face o f  t he  ischiurn 
o f  t he  fou r th  pereiopod.  The area o f  t he  co lony was estimated 
a t  30 sur face coverage beinq 1 + %. 

To ta l  sur face  coverage by  t h i s  e p i z o i t e  was 

One fou led  i n d i v i d u a l  (body l eng th  25.0 mm.) bore 3 
No gonophores were present. 

No gonophores were present. 

The barnacles present on the l a r g e r  host  occurred i n  

The 

The encrus t ing  anascan b r  yozoan Conopeum re t i cu lum 
occurred on one hos t  (body l eng th  29.2 mm.). The co lony 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
2
 
1
5
 
J
a
n
u
a
r
y
 
2
0
1
1



68 A. R. PIPE 

e n c r u s t e d  most o f  t h e  d o r s a l  and a n t e r o - l a t e r a l  a r e a s  o f  
t h e  ca rapace .  Su r face  cove rage  was 35%. 

o f  t h e s e  e p i z o i t e s  is  g i v e n  i n  F igu re  3 .  
A diagnammatic summary o f  t h e  d i s t r i b u t i o t i  and abundance 

DISCUSSION 

1. Di scuss ion  o f  r e s u l t s  

P r e l i m i n a r y  a n a l y s i s  o f  t h e  t h r e e  h o s t  s p e c i e s  i n d i c a t e s  
t h e  p re sence  o f  d i s t i n c t i v e  e p i z o i c  communities. These 
communities are r e s t r i c t e d  i n  terms o f  spec ie s -compos i t ion ,  
d i s t r i b u t i o n  on t h e  a v a i l a b l e  s u r f a c e s  o f  t h e  h o s t  and a l s o ,  
i n  t h e  c a s e  o f  C a p r e l l a  l i n e a r i s ,  d i s t r i b u t i o n  w i t h  r e s p e c t  
t o  t h e  s i ze - r ange  e x p l o i t e d  w i t h i n  t h e  a v a i l a b l e  h o s t  
popu la t ion .  

d u r i n g  t h i s  s t u d y  are drawn from a wide r a n g e  o f  t a x a  i .e .  
b a c t e r i a  , Pro tozoa ,  Coe len te r  a t a , Ar th ropoda  (Crus t  acea 
and Bryozoa, t h e  t o t a l  number o f  s p e c i e s  p r e s e n t  on  each 
h o s t  is small i .e.  P. t u b u l a r i a e  - f o u r  s p e c i e s ,  C. l i n e a r i s  
- two s p e c i e s ,  C. c a s s i v e l a u n u s  - f i v e  s p e c i e s .  This  
s i t u a t i o n  c o n t r a s t s  markedly wi th  t h e  much r i c h e r  assemblages 
found on o t h e r  a q u a t i c  a r t h r o p o d s  e .g .  on t h e  gas t ropod  
s h e l l s  o f  hermi t  c r a b s  (Conover, 1979; Cuadras and Pereira, 
1977; S tachowi t sch ,  1977, 1980) and on t h e  e x t e r n a l  s u r f a c e s  
o f  f r e s h w a t e r  Cladocera (Green, 1974).  

t h e  d i s t r i b u t i o n  o f  e p i z o i t e s  was l a r g e l y  l o c a l i z e d  i n t o  
d i s t i n c t  sites. 
i n  some c a s e s ,  marked, e.g. t h e  r e l a t i v e  absence o f  f o u l i n g  
from t h e  mid-dorsal  a r e a  o f  P. t u b u l a r i a e  i n  comoarison with 

Spec ie s  composi t ion.  Although t h e  e p i z o i t e s  i d e n t i f i e d  

D i s t r i b u t i o n  on h o s t  s u r f a c e s .  For each h o s t  s p e c i e s ,  

Although between-host d i f f e r e n c e s  were, 

C. l i n e a r i s ,  and C. c a s s i v e l a h u s , .  t h e r e  were d e f i n i t e  a r e a s  
o f  common e x p l o i t a t i o n .  Thus, t h e  most commonly f o u l e d  
areas for a l i  t h r e e  h o s t  s p e c i e s  were t h e  proximal  r e g i o n r  
o f  t h e  l imbs  and t h e  mid- and a n t e r o - v e n t r a l  r e g i o n  p a r t i -  
c u l a r l y  nea r  t h e  l imb  bases .  In C .  l i n e a r i s  and C. c a s s i -  
velaunus t h e  d o r s a l  r e g i o n s  were o f t e n  f o u l e d .  
g e n e r a l l y  b e a r i n g  l i t t l e  o r  no f o u l i n g  were a n t e n n a e ,  e y e s ,  
c l aws  and d i s t a l  r e g i o n s  o f  l imbs ,  e x c e p t  c h e l i p e d s / c h e l i -  
f o r e s ,  and t h e  p o s t e r i o r  appendages.  

D i s t r i b u t i o n  w i t h i n  h o s t  p o p u l a t i o n .  Results f o r  
t h e  h o s t  s p e c i e s  i n d i c a t e  a g e n e r a l  low d e n s i t y  o f  e p i m i t e  
i n f e s t a t i o n .  Thus t o t a l  s u r f a c e  cove rages  v a r i e d  from 
0 - 35?;. The small numbers o f  P. t u b u l a r i a e  and C. c a s s i -  

Areas 
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INVERTEBRATE EPIZOITES 69 

velaunus (from 2 s i t e s )  examined imp ly  t h a t  t he  values for 
f o u l i n y  inc idence on these hosts  (83.3% and 20% and 77.8% 
respec t i ve l y )  should be t rea ted  with caut ion.  In C. l i n -  - e a r i s  f o u l i n g  was conf ined t o  3.48% o f  the  t o t a l  sample, 
a l l  fou led i n d i v i d u a l s  be ing adu l t  males o f  body l e n g t h  
12.5 - 16.0 mm. 
presence o f  a wide size-range o f  i n d i v i d u a l s  suggest t h e  
opearion o f  a d e f i n i t e  a c t i v e  or passive process o f  se lec-  
t i v e  co lon iza t ion .  

The l a r g e  s i z e  o f  t he  sample and t h e  

2. Occurrence and e f f e c t s  o f  ep i zo i tes  

The co lon i za t i on  o f  aquat ic ,  p a r t i c u l a r l y  marine, an i -  
mals and p l a n t s  by  inver tebra tes  i s  a w ide ly  repor ted  and 
described phenomenon (e.9. Sieburth, 1975). Such assoc- 
i a t i o n s  have been s tud ied  from many aspects. The epi:aunal . .  
communities o f  p a r t i c u l a r  hos t  species e.g. Dardanus ar rosor  
(Cuadras and Pere i ra ,  19771, Pe lve t i a  c a n a l i c u l a t a  (Dunstone 
-' e t  a1 1979), Nemertesia 
s a l l e i  (Rao and 

fo l iacea 
o f  community s t r u c t u r e  and ecoloqy. Wider taxa, e.g. 
- 
freshwater Cladocera (Green, 1974) and pagurids (Stachowitsch, 
1977), have a lso  been d e a l t  with i n  t h i s  manner. The s i g -  
n i f i cance  o f  these r e l a t i o n s h i p s  has, however, rece ived 
comparatively l i t t l e  cons iderat ion.  Major e f f e c t s  imposed 
upon the  hos t  range from t h e  p u r e l y  mechanical t o  much more 
complex ecolog ica l /behavioura l  in f luences .  

Phys ica l  e f f e c t s .  
hos t  w i l l  exe r t  two obvious e f f e c t s  i.e. an inc rease i n  
body s i z e  and weight; 
w i th  a poss ib le  hindrance o f  l imb,  appendage and sense organ 
func t ion .  
photosynthet ic  a c t i v i t y .  An increase i n  body s ize/weight /  
volume i s  known t o  induce a decreased swimming r a t e  i n  
cladocerans (Green, 1974). I n  the same s tudy  it was shown 
t h a t  increased energy demand a r i s i n g  from maintenance of 
normal a c t i v i t y  (e.9. swimming and v e n t i l a t i o n )  induced a 
reduc t i on  i n  egg production. Hindrance o f  oxygen uptake 
induced increased m o r t a l i t y  under cond i t ions  o f  lower  
ambient oxygen concentrat ion.  
' c lean ing '  mechanisms, e.g. caridearis (Bauer, 1979) and 
pycnogonids (King, 1973), o r  a n t i - b i o t i c s  .(e.g. A l -Og i ly  
and Knight-Jones, 1977) t o  prevent sur face  fou l i ng .  

The presence of  ep izo i tes  on a 

and an obscurat ion o f  t he  body sur face  

I n  p l a n t  hosts  an e f f e c t  may be exer ted upon 

Some organisms employ e i t h e r  
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70 A. R. PIPE 

Eco log ica l  and behav ioura l  effects.  The increase i n  
body s i z e  o f  he rmi t  c r a b  gas t ropod  s h e l l s  h a s  been shown 
t o  c o n f e r  an i n t r a - s p e c i f i c  c o m p e t i t i o n a l  advantage upon 
t h e  h o s t  (Wright,  1973).  R e l a t i o n s h i p s  between he rmi t  
c r a b s  and t h e  s y t b i o t i c  anemone Calliacfis p a r a s i t i c a  
a r e  known t o  i n v o l v e  complex b e h a v i o u r a l  p a t t e r n s  by  h o s t  
and e p i z o i t e  (Ross, 1960, 1979a and 1979b).  I n  t h i s  
a s s o c i a t i o n  a d e f i n i t e  p r o t e c t i o n  a g a i n s t  p r e d a t i o n  e.g.  
by Octopus (Ross,  1971) is c o n f e r r e d .  Ep izo ic  communities 
a r e  u t i l i z e d  a s  camouflage by molluscs e.g. clams (Vance, 
1978) and decapod c r u s t a c e a n s  e.g. Loxorhynchus c r i s p a t u s  
(Wicksten,  1979).  

3. Hos t - ep izo i t e  i n t e r a c t i o n s  

This a s p e c t  o f  t h e  r e l a t i o n s h i p  is less well s t u d i e d .  
The ha rd  s u r f a c e s  o f  a h o s t  may p rov ide  t h e  o n l y  a v a i l a b l e  
a r e a  f o r  c o l o n i z a t i o n  by  sessile e p i f a u n a  i n  an o t h e r w i s e  
u n s u i t a b l e  environment.  They may be a s  such p rov ide  a 
s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  d i s t r i b u t i o n a l  r ange  o f  
t h e s e  s p e c i e s  (Allen,  1953).  C o l o n i z a t i o n  o f  a v a g i l e  
h o s t  may p rov ide  a means o f  d i s p e r s a l  f o r  e p i z o i t e s  with 
l a r v a l  s t a g e s  o f  s h o r t  d u r a t i o n  and must be cons ide red  as 
a p o s s i b l e  major i n f l u e n c e  on t h e  d i s t r i b u t i o n  o f  f o u l i n g  
organisms. 

The p resence  o f  sess i le  organisms on such  a h o s t  may 
ensu re  t h a t  t h e y  a r e  maintained f r e e  o f  sediment .  
morphological  and behav ioura l  c h a r a c t e r i s t i c s  o f  t h e  h o s t  
may c o n f e r  p r o t e c t i o n  from p r e d a t o r s  on t h e  s y n b i o n t s  
e i t h e r  by  p r o v i s i o n  o f  i n a c c e s s i b l e  settlement sites or  
by r a p i d  movement. 
gleaned from t h e  h o s t  may be s i g n i f i c a n t  f a c t o r s  i n  t h e  
n u t r i t i o n  o f  e p i z o i t e s .  

is known t o  d e r i v e  some d i r e c t i o n  n u t r i t i o n a l  i n p u t  from 
t h e  h o s t  (De Burgh and Fankboner,  1978) .  
a l g a l  e p i p h y t e s  o f  Zos te ra  have been shown t o  t a k e  up ca rbon  
and n i t r o g e n  from t h e  leaves o f  t h e  h o s t  (MCROY and Goering, 
1974). Although some o f  t h e  f a c t o r s  i nvo lved  i n  t h e  
s e t t l e m e n t  o f  e p i b i o n t s  (e.g. Hayward and Harvey, 1974a; 
Wallace,  1978) and t h e i r  subsequent  growth and c o l o n y  
development (e.9. Hayward and Harvey, 1974b; BUSS, 1979; 
S tebb ing ,  1973) have been a n a l y s e d ,  t h e  l i n k a g e s  between 
t h e  b i o l o g y  o f  h o s t  and e p i b i o n t  ( s )  have been c o m p a r a t i v e l y  
neg lec t ed .  The e x i s t e n c e  o f  such  l i n k a g e s  is c o n v i n c i n g l y  
demonstrated by t h e  r e l a t i o n s h i p  between t h e  e c d y s i a l  

The 

Food p a r t i c l e s  and m e t a b o l i c  p r o d u c t s  

The bryozoan Membrani o r a  
membranacea e p i z o i c  upon t h e  k e l p  N e r e o c y s t i s  ---% l u e t  eana 

S i m i l a r l y ,  t h e  
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INVERTEBRATE EPIZOITES 71 

cyc le  o f  the decapod Calacarius macandreae and reproduc t ion  
i n  i t s  ectoproct  ep ib ion t  T r i c e l l a  koveni  (Eggleston, 1971 1. 
S im i la r l y ,  t he  pre-emerqence behaviour o f  t he  ephemeropteran 
Ephemera-danica' i s  v i t a i  f o r  successful  emergence o f  i t s  
pho re t i c  ep ib ion t ,  the  l a rvae  o f  the chironomid Epoic ladius 
ephemerae (Svensson, 1979) .  A cons idera t ion  o f  the  complex 
fac to rs  invo lved i n  the establ ishment and maintenance o f  
such h i g h l y  synchronized r e l a t i o n s h i p s  and r e s t r i c t e d  com- 
munit ies (Forester, 1979; Foster - e t  a l ,  1978; L ind ley ,  
1978) imp l i es  t h a t  much o f  the  under ly ing  basis o f  these 
associat ions i s  chemical. A cons idera t ion  o f  non-predatory 
re la t i onsh ips  i n  p lank ton ic  organisms (Lucas, 1947) suggests 
the p o s s i b i l i t y  t h a t  ex te rna l  metabol i tes may be, a t  l e a s t  
i n  pa r t ,  responsible f o r  t he  establ ishment o f  these f a r  
from random associat ions. A f u r the r  de ta i l ed  ana lys is  o f  
s p e c i f i c  host-symbiont associat ions from th is viewpoint  
could revea l  t h a t  the interdependence o f  such associates 
operates on a chemical l e v e l  i n  a d d i t i o n  t o  a p u r e l y  phys i ca l  
u t i l i z a t i o n  o f  ava i l ab le  surface. 

The i d e n t i f i c a t i o n  o f  the substances invo lved and the  
e l u c i d a t i o n  o f  t h e i r  modes o f  synthegis and a c t i o n  (e.g. 
Al-Ogilvy and Knight-Jones, 1977) would a s s i s t  i n  a deeper 
comprehension o f  a n t i - f o u l i n g  mechanisms. Such an under- 
standing must be the key t o  a new approach t o  the  design 
o f  an t i - f ou l i ng  s t ra teg ies  f o r  a r t i f i c i a l  ,surfaces. 

Further evidence fo r  the  existence o f  such chemical 
f ac to rs  i s  provided by  a comparison o f  the  epifauna occu r r i ng  
on i n e r t  surfaces w i t h  t h a t  on i nve r teb ra te  hosts from the 
same area. Pre l im inary  ana lys is  o f  f o u l i n g  on p l a s t i c  
surfaces, polythene sheet ing and sea-bed d r i f t e r s ,  from 
the Solway F i r t h  reveals the  presence o f  a r a t h e r  more com- 
p lex  ep i fauna l  community than t h a t  occur r ing  on C. cassi-  
velaunus from the  same area. F loa t i ng  polythene i s  fouled 
by campanularid hydroids, Pomatoceros t r i q u e t e r  , B. crenatus, 
Anomiidae, Alcyonidium spp., E. p i l o s a ,  C. r e t i cu lum and 
t u b u l i p o r i d  bryozoans. Sea-bed d r i f t e r s  bear the  asc id ian  
B o t r y l l u s  sch losse r i  (Pa l l as )  i n  a d d i t i o n  t o  these species. 
C lea r l y  the  d i f f e rences  between the  communities on the  
i n e r t  and inve r teb ra te  subs t ra ta  are an i n d i c a t i o n  o f  the  
opera t ion  o f  the  b i o l o g i c a l  and chemical in f luences  t h a t  
have been suggested. 
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