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Nehaviour mside the host

Within three davs of ingestion, digestion causes the rupuare of egg shells: the larvae hatch, pen-
efrate the gut wall and remain outside the ducdenum within the body cavity. There they feed on
rl_lptl.ln;w_'l infestinal capillaries. They grow to about 10 mm. Sexual dilferen tialoon and I.I.I.-i:l.l.i.I:IH
take place within four wesks, Females become precociowsly mature. Copulation takes place
when both sexcs lvave a length of about 10 mm and the uterns of the fermale is nat yet filled with
enps, Spermatozoa are stored n two seminal roeceptacles.

Sales then magrate and can be fownd b oall part of the gull's interior where they die, whereas
fermnales start their migration by penetration mito the abdosinal aie sac. Within the air sac svs-
tem, they move via two thoracic air sacs (anterior, posterior) to the clavavicalar air sac, feeding
an the W]:lilla ries of the air sac In':,-'rr. This Flh.'l.*n.' is characterised |'|-].' ian elun|.r,;.|.l|'|.rr|. af the slender
body of the pentastomid to up to about 50 mm, and high activity of the ovary {oogenesis]. The
eggs are shed via the oviduct and along the seminal receptacle towards the uterus, only when the
females arcive at the clavicular air sac, and start symchronows development, Females grose fo
their fimal size {65 mum) and swoce a toal of about 60040 eggs. In abour six weeks, the embryos
reach the Sth larval stage with two parrs of limbs,

After a prepatent time of about six months, the second migration of the Female leads from
the clavicular air sac via the hifurcatio tracheas and trachea to the pharyns, There, the whole
animal or part of it can he i:-r_.1_1ghn._-r] aut ar swalloweed, Em:gﬂmrﬂfﬂ'egﬁ::, hundreds of which are
cinbedded as a conglomerate in a sticky mucws (produced by the dorsal organ), or whole
Cermales are tAJ.IL'ul.'lJ dnte e envinoment cu'.aJ]}' or via facces.

Effects on hosts and ecological importance

Pentastnmids rarely have pathological effeces on their hoses, Retpkardie sternae has a low inci-
dence of infection. According to hiometrical analysis (sive, body weight and plumage), seagulls
infected with B, sternae are without anomalies. Repented infections are reduced by the develap-
ment of an immune response (Riley 1979, 1992, Backeler 1984h). As known to date, penfasta-
rinids Brave o significant ecological importance,

Important references
A r.:_enl.-ru| account af the Pentastonida 1s 1.!}' Storcly (19930 Hﬁ.l.'l:.’l_jﬂ. el al. (197R), F.ill:“‘_.-' (19727,
Riley (1975}, Banaja of al. [1976) and Béckeler {19841 muade irrn oLt contribulions o aur
I.Il1i.'|{'1'$1‘1111-|.'|'i1'|g of the lite cycle of Rm;g'.'mrdin L e Tl

The drawings of Jens Moller, Kiel (Germany] are gratefully acknowledged.

Mollusca (molluscs)

Felix Lorenz

Introduction

With maore than 30 000 living species, the Mollusca are the second Largest phylum and among
the mast important components of marineg scosvstems. The first molluscan fossils appear in the
garly Cambrinm. The phylum compriscs seven classes, the Aplacophora (worm snails, marine,
250 gpecies), Molvplacophora (chitons, marine, SO0 specics), Monoplacophora (marine, 10 spe-
ciesh, Bivalvia [mmussels, roacuee and Hoaode, 73400 5[.1L‘{iE'-5-]. S-.'ap]mpﬂda (tusk shells, maring, 350
species |, Gastropoda (soails, marine, lmoie and erresteial, =40 600 species) and Cephalopada
[octopuses and squids, marine, 600 species]). Amaong the bivalves, certann Larval stages parasitise &
the gills of freshwater fish, bot only gastropods heve become parasitic in and on marioe animals.




B gremsps arel fassib

Morphology of molluscs
Molluscs arve bilateral Spiralia in which the pericard, gonocoe] and sephrocoel are the only rem-
pants of a reduced coelom, The body of molluscs is usually compused of four functional sections:

I The head carries optical and sensory organs and the proboscis, o snost cr tube
containing the raduly, the universal feeding-organ of the Mollusca — it is usually a tape
like structure covered with tiny calcareous teeth that enable the smail to rasp fond
particles off a hard substrate; on cither side of the radula there are jaws' which may be
modificd or absent in sone groups. The Bivalvia are lacking a head.,

2 The fasris a muscnlar organ of locomotion. It is densely ciliate and rich in muecous
glands. Tn many gastropods it has a borny or calcareous operculum,

3 The visceral! soc contains stomach and interstinge, di__gﬁili,l.-q_- El:\_u]d_, H'-"”-“-‘Jﬁ- fiEart and
EXCTEROTY OTFANs.

4  The sl curries respiratory organs as well as sensory organs (ctenddivm). It forms an
ectirdermal skeleton, the shell, consisting of inorganic (caleium carbonate, aragomite)
and organic {(conchin} components. The shell may cover the visceral sac, protect the head
and the mantle cavity howsing the respiratory organs, or as in the Bivalvia and the
Scaphopuada, the entire animal, The shell may consist of eight plates { Polyplacophora),
twent walves [Bivalvia) or is single. It characterises the classes and has taxonomical
impoTtane,

Morphology and development of gastropods
Oaly the Gastropoda have a significant number of parasitic forms in marine scosvstems,
ilthough some limnic Bivalvia have parasitic phases in their larval development: their glochid-
ian larvae settle in the gills of various species of fish. There are no significant parasitic Bivalvia
kncwmn froom masine ecosyslems,

minst gastropods are characterised by a torsion of the visceral sac and a subsegquent coiling of
the univalve shell, and a highly modifiable radula. These characteristics have probably led o the
cvolutionary success of the gastropods. The protective shell may be modified (or several pur
poses: shelter, camouflage, brood-case, attachocnt platfonn, wol for opening bivalve shells, and
the radula, used tor rﬂ.s»pjn.g off food, Ay sl great \'uri.uh'i]it'_,-'. Im sovme FrOUPs I:_Tox:;:gl_n:rasa,q_:n
the raduls is modificd o poison-loaded barbs which are shot into the prey. In parasitic growps,
it may be reduced or absent, whereas the jaws may be stiletto-like for penetration of host Lisswe.

Gastropods have a characteristic veliger larva with an operculum and ciliate sail-like protri-
sions on cither side of a simple, coiled larval shell, Many familics disperse with a planktomnic
veliger phase, others are intracapsular developers that may use sponges and other marine organ-
isrmns as vehicles for their brood and hence for dispersal. This strategy might have lead f0 some
fsrms of parasitism in the Gastropoda.

Parasitism in the gastropods

Plarime gustropnds can be ectoparasites or cndoparasites of many slow moving or sessiles marins
invertehrates, with a varicty of transitional stages (lable 5.5). In the following parts of this sub-
section, the origins and wvpes of parasitism are diseussed, as well a5 sexual dimorphism and her-
maphreoditism in some species, and finally, the transition from a commensal life wo specialised
Ll LESTL. "

The way to ectoparasitism
The transition from a fee-liviog maolluse that feeds on debris, sponges and soft corals to a tempo-
rary ectoparasite of a particular host can be observed in closcly related species. Aanong the cowries,
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242  Marine Parasibokagy #

Tahle 5.5 Parasitic gastropods {maodified after Warén 1983, Rosenberg 1993)

Farnily Parasitic species Slze {(mm) | Hosts Type of para:ltl.u; E
Fuilirnldae 1 500 2140 Echinodoerms Ecto-, gall-, cndo-
Pyrammicsdlidae =500 2-25 EAnINIECS, Ectoe, suctiom

| Anmedics
Drvulichae 400 5-80 | Coslenterates Ecti-
[pitsniidas 200 260 | Coslenterales Ecto-
Irrviidac 1080 320 Azcidians Brood-
Arehitectaniciciaes A0 A=50k Coelenborates Ecto-
Coduibrariiclas 30 15-70 Fish Ecto-, suictiam
el L ase 30 5-25 AscCidians Bronc-
Cypraricas <20 #-150 SpEonges |l |
Cancellariicdae =150 S Al Fasky Eclo-, suclion _:.
rarginellidac =300 200 Fishi Ccto-, suction |

family Cyvpraesidae, Cyprroeovuls alpoensis from the Atlantic coast of South Africa feeds on small
sponges and soft corals. Om the Indian Ocean side of the Cape, Cygreeovula roikelaert? s adapled wo
parasitising black sponges Tefrapocillen sp. and Gusdarns sp. oo which i sats holes and chambsers
that serve as hiding places and for the deposition of ege clusters, Similar transitions are observed in
other cvpracid genera which are cotoparasitic on large sponges. Some of these spocics may return
Lo preying o various sponges in the absence of their preferential host sponges, This potential of
becoming parasitic is found mainky in cowries adapred mo arcas with extreme conditiens and high
competition with closely related species, Species of Zoila eat deep cavities into sponges in which
thiey hide and deposit their spavn. When taorn off the groand, the sponige may serve as a vehicle tor
fmveniles develnping in capsules (Lorenz and TTobhert 1993, Lorenz 20001 ).

Ciligatary ectoparesitiss

The large [unily of epp-cowries, Ovalidae, comprises obligaiory ecloparasiles oo gorgonians,
aleyonarians and antipatharians, Tle species have spindle-shaped o cop-shaped shells with a
corpcave base that protects tee foot of dae soail which feaaly attaches o the stem or the branches
of the host, bMost species Bave separate sexcs, The mantle lobes usually cover the shell and have
thie saime colour as the host. They often carey papillac which rescmble the host’s polyps, canuo-
flaging the parasite perfoctly. Owvalids wsually spend their whole lives on their host coclenterates,
writh diﬁ’rrin[l; rlrgn-ﬂ. of hiost s'pn:'.-:_"iﬁn._'in'. Thev feed on pﬂ]}"]’ls ar body fluids, hot retain the cApa-
hility of moving rather quickly about the host, sometimes cansing obvious damage to the colomy
[ Liltved and Gosliner 1SR, Liltved 19589, Fretter and Grabham 1997,

Mrovad parasitism

Az form of parental cave, some species place thedr spawn inwo pockets eaten ot the tssue of
compound tunmicates with the aid of an ovipositor (Freoer 19460 Adulis of the Gonuly Uriviidae
live on or in close association with Qe teoecates, feediog on thean and osing deem as hidiog
places, Some Triviidae have developed mantle patterns that camowflage them peefectly anvoag
their hosts (Liltved and Gosliner 198577,

Perrapsitisan or sy rrbiosist
In the derived ovulid genus Pedicudaria, a transition from a parasitic to a symbiotic life can be
abserved. The female stage of these protandric hemaphrodites becomes sessile and firmly
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attaches the shell to stems of sylasterine corals. The proboscis is prolonged for feeding on the
mwcus that the sylasterine corals secrete {Liltved 19890,

The path between symhbiosis and parasitism iz narrow in many fanilies of gastropods, Exam
ples fur this phenomenon are specics of the large family Epitoniidae, the often bizarre-shalled
Coralliophilidac as well as the Architectonicidae. Young specimens of thess families may crawl
about frecly, but at a certain size become attached to a host coclenterate. For cxample, many spe-
cies of Eprenium and Coralliophila attach firmly to soft corals of the genus Palythoa and subse
gquently become overgrown (Robertson 19740, 195170 Some of them feed on the host’s tissue and
hence are parasitic, others feed exclusively on the mucus that the coslenterates secrete, Colonics
of discosomatid anemones weie observed o grow denser and larger when inhabited by Coralli-
opefiln which keeps the coelenterate colony clean of secretions (Lorenz 1959467,

Temporary cotofparasitisen

Thaose ectoparasitic spocics that feed by suction usually have reduced radulae and a prolonged
proboscis, a suction pump is fonmed by the buccl mass. The jaws may be medificd w stvlets
that aid in the penetration of host tissue, Temporary ectoparasitism by sucking body Liguids or
blood 15 found in many tamilies of gastropods {e.g. Bulimidae and Pyramidellidae) ( Vaney 1913,
Fretter and Graham 1949, Fretter 1951, Maorton 1979, Bobertson and Mao-Tastrovicka 1979,
Wize 1993), The hosts may be coelenterates, molluscs, annelids, echinodermes, but also fish., Cep-
fain species of the families Marginellidae, Cancellaviidae and most Colubrariidac (Fig. 5.37A)
are known o approach sleeping rays, parrot fish and others, and inscrt their extremely pro

lunged proboscis in body openings such as the mouth to reach thin, well-Tlooded tissues e of
the gills) (O 5ullivan of gl 1987, Bouchet 198%, Johoson and leewinski 1995, Bouchet and Per-
rinme 19560,

Sexuel dimorphiser, hermaphrodites

The large tamily Fulimidas represents all levels of parasiti=m, commuonly on all classes of Fohin-
adermata (Humphrews and Littzen 1972, Liteen 197 2a b, Wiarén and Crossland 1975 and Warén
1921, 1983 ). The members diller from other gastropods in a high degree of sexual dimorphisi.
The lunpet-shaped Indo-Pacific Thypea cristalling is a famous cotoparasite living on the starfish
Linckia laevigata, Subadult specimens ¢rawl across the arms of their host, female adults attach
Hrm I:.-' to the aral side of the arms, to the jg].'l.l of the ambulacral EOiHIVE, F;lr_'inH, the oral n]'lrrl'ing,
Dhwarfed males Llive o the imantde cavity of the fermales. Thyea burrows its proboscis deeply into
the host tssue, feeding on body Auids {Elder 1979, Pglaft of al. 1988,

Echimeulisma (Vig. 5.371) parasitises the echinoid familics Diadematidae and Echinometri
cive. They are protandric hemaphrodites. The presence of a female suppresses other males to
become temales. These parasitic smails attach themselves o the host's test with a disk-like “smout’
(opening of the probosciz) that forms microvilli-like protuberances attaching it firmly to the
host tissue. Throwugh this 'anchor’, the long proboscis renches deep into the perivisceral cavity of
Lthie host [(Liitzen and Mislzsan 19751,

Goall formation and the way to endoparisitam
The infection with sume parasitic eulimids causes the formation of galls within which the para-
sitic snail is embedded. Sabinelfn inhabits the spines of sca urchins and forms galls in which
female, male and egg capsules find shelter (Fig. 3.37C). The proboscis of the adults reaches into
the host fissue through an opening at the base of twe spine {Warén 1983 ].

5':I'|5|'|f,l‘-t'.l' burrows d.l’.‘i:].'l it thie tissue ol its host asteraid, !-:11'rnin;.'; Hrl.ll.:. The shell i= qntirfl}'
covered by a pseudopallium. Typical organs of a snail {e.g. tentacles) are absent in this genus as
ary adaplation to parasitic lite. In the related genus Casterasiphan (Fig, 53700 only a long caial
leaves an opening from the internalised parasite through which the larvae can escape from the

2%
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Figure 537 A Temporary ectoparasitism, & parrot-fish, Scorus sondidus, parasitised by tvo
Cobroria cbscung. B. BCloparasilism: Echireulimo sp. parasitising an echinoid. €. Gall-formatinn;
miale and female Sobinella with cqg capsules inoa gall of a spine of Eucidors, D-H. Transition Lo
endoparasitison. D, Gasterosipfor in a holothurian. E. Fermale Digcodox in bost holothurian.

F. Ertocolox. G, Emtoconcho. H. Enteroxenns. Abbreviations: bl, blood-lacuna of hast; ec, Ry capsube;
fo, female; by, intestine of host; ip, intestine of parasite; ma, male; oe, cesophagus of host; ov, ovary;
p. probosciy; pe, piecsdopallial chamber; rs, receptaculum seminds; sh, shell; s, sipho; sk, skin of host
A, After a photo by M, Strickland. B. and C. alter Warén 1963, D.-H. After Warén (1983),

hiost holothurian. These genera demonstrate tramsitions to cndqpnrgsiri;.m {Warén 1983, Pretter
amnd Ciraham 19977,

Endoparasiiism
Endoparasitism s an exception in the Mollusca, Some genera of the large family Eulimidae
have become mostly worm-like, highly modified endoparasitic snails lacking head, radula,

P
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blood svstem, nervous system and maost ather organs {(Dincalazx, Enrocalax, Erntocemchi, Thyon

el and Entermceros), their host is usually a holothurian. The female of Diacolax (Fig, 5,37E)
has a rostrum (probably & moedified proboscis) deeply inserted in the body cavity of s hol-
othurian host Cucwmaria. Its intestine forms a blind sac at whose outer side a massive ovary
releases its products into a large brood powch for eggs and larvae formed by the pseudopallium.
It cowers the entire anumal, at whose terminagl end there is an cpening Caiplio') w release the
larvae (Voigt 1901, Koehler and Vancy 1903, Mandahl-Barth 1941, 194, Tikasingh 1961,
Litzen 1979, Wapdn 1HEI).

Enfocolax (Fig. 5.37F), Fntoconcha (Fig, 5.37G), Thyonicoln and Enteroceros {Fig. 53711}
are genera with endoparasitic specics in bolothurians, They show gradual morphological
transitions to highly derived endoparasites without sensory and locomotory organs, large
ovaries, sexual dimorphism, occurrence of dwarf males to absorplion of the male, very short
larval perinds outside their host, and finally, complete loss of intestines (Vaney 1913, Warén
19383,

A well-siudied example is Pateroxesos, parasitic in aspidochirote holothurians, 1t has lost
most of its organs, including its mouth and an alimentary canal. The larva enters the host
through the oral vpening, sheds its larval shell and the operculum and becomes a fermale, L b
14 cm long, a worm-like appendage to the hosts viscera. It is covered by a peritoncum of the
host, and has a ciliated tubule, a canal communicating with the hosts coophageal lumen on
ot side, opening into a central body cavity on the other side. An wvarial ridge protrudes into
this cavity, The male centers the female through the ciliated tubule from the host’s ocsophagus,
enters the lemale’s bady cavity, sheds the shell and operculum and attaches Lo the ‘receptaculum
masculinum’, an epithelial protrusion of the females body cavity at the terminal end of the
tubule. The male grows o an irregular-shaped vesicle — basically the male becomes nothing laat
a lestis, After oviposition, the female detaches from the hosts viscera. Larvae and parasites arc
released during the holothurian™s annual evisceration, The veligers arc suspected to have a very
short phase outside the host, which probably gets reinfected by swallowing larvae with the
debris they feed on (Litzen 1979,

Effects on hosts

The effect of parasitism on the host, with few cxcoptions, is relatively low. Coslenterate colonies
usnally seem to suffer very little damage from gastropod parasitison (Robertson 19700, One
exception is Chada aviwm (Ovulidae), an ectoparasite of the soft coral Sarcopiniem. A single indi-
vidual of this 5 cm to 8 cm long snail can destroy a 30 e diameter colony of palyps within one
day (F Lorenz, pers. obs.). Ectoparasitic and endoparasitic calimids scem to have little effect on
their hosts (Warén 1983)., Tnfected holothurians do not show any effects of the parasite on their
growth ar fertility (LOtzen 1979,

Important references

Amn early account of adaptations of gastropods to parasitism is by Vaney (1913). Humphreys and
Laezen (19720, Litzen and Mielsen {1975}, and Latzen (19724, b, 1979) made important contri-
butions to gastropods infecting echinoderms. Papers by Bouchet {1989], lohnson and Tazwinski
C1295) and Bouchet and Pervine {1996} contain information on gastropods parasitizsing sleeping
fishes. Robertson (1970] reviewed the predators and parasites of stony corals, with special refer

ence tn symbiotic prosobranch gastropods, and Robertson (1981) discussed two prosobranch
gastropods symbiotic with Indo-Pacihic zoanthids. A detailed study of the anatomy and fune-
tivnal morphology of the feeding structures of an ectoparasitic pyramidellid gastropod is by
Wise [ 1993],



& CSI0 2005

All rights reserved. Fxcept under the conditions described bn the Australian Copyright Act 1968 and
subgequent amendments, no part of this publication may be reproduced, stored i 4 retrieval system or
transmitted in any form or by any means, electronic, mechanizal, photocopying. recording, duplicating or
otherwise, without the prior permission of the copyright cwner, Contact CSIRO PURLISHING for all
permission requasts,

Matiomal Library of Australia Cataloguing-in-Publication entry

barine parasitology.
I'!il;-l'ingra FIIT!.'.
Includes index.
l5BM 0843 0eid5 B,

1. Parassiism. 2. Marine animals — Parasites,
I. BEnhde, Klaps, 1952— . IL CSIRO.

578.65

Published exclusively lin Australia, New Zealand and the Americas, and non-exclusively in other terrilories
of the world {excluding Europe, the Middle East, Asix and Africa), by

CEIRO PUBLISHTIMNG

PO Bos 1139 (150 Craford St

Collingwood VIC 3066

Aunstralia

Tel: (03] 9662 TEBE Lotz =1&13) 662 ThGG
Faxz (03} B6a2 7555 Lot +(%13) 9663 F555
Ermail: publishing.salesid'cainean

Website: www.puhlish.csiro,an

F"'I-I-hli!i[_'lcd axclusively in Europe, the Middle East, Asta (including India, Japan, China, and South-East Asia)
andd Africa, and non-exchusively in other tevritaries of the world (excluding Australia, New Zealand and the
Americas) by CAB] Publishing. a Division of CAR International, with iee [SBN 1 84533 053 3,

CABL Publisbing
Wallingford

Creon CE(1L0 5DE
Umited Kinpdon

Tel: 014%] 832 111 Lot =44 1491 832 111
Fanc: (1491 829 14 Lont: +44 1491 829 292
Eormail: |11|hiishinEI-=_1'c,=|bi.n:|]'g

Website: wwwocahi publishing.org

Frant covier:
Background: A heavy infection by Cyapues svliz on skin of the Northern right whale,
Evlalaena glacializ, from East leeland. Photo by Jargen Lutzen,

Insct: A matuse female salmon bowse, Lepeophsfeivus seimoniz with nowly extraded,
wihitish cog stelngs, Mot by @ivind @rines,

Set in 10 pt Adobe Minion and Stone Sans

Cover and test design by James Belly

Typaset by Desktop Concepts Pry Lud, Melbourne
Printed in Australia by Ligars



