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ABSTRACT

Gelatinous zooplankton, including planktonic cnidarians, ctenophores and tunicates, share a common popula-
tion dynamic of boom-bust ‘bloom’ cycles. Most research tends to emphasize bloom formation, and considerably
less attention is paid to factors that ultimately regulate the magnitude, extent and duration of the bloom. Among
these are physiological tolerances (i.e., seasonality), food-limitation, predation, and the poorly-understood role of
parasitism. We have discovered in the nearly-enclosed marine ‘lakes’ of Mljet Island (Croatia) an interesting host-
parasite association between a quasi-stable year-round population of the scyphomedusa Aurelia sp. 5 and the early
and larval parasitic stages of an anthozoan. In this paper we describe the rapid (~72 hr) sequence of early develop-
ment in this anthozoan. While the species-level identity of the anthozoan remains uncertain, we still provide the first
description of the entire sequence of the early developmental stages for parasitic anthozoans. Our ultimate aim is to
understand the basic ecology of this host-parasite relationship to further determine whether parasitism is an impor-
tant factor in Aurelia sp. 5 population regulation in the Mljet lakes ecosystem.
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SEQUENZA INIZIALE DI SVILUPPO DI UN ANTOZOO PARASSITA DELLA MEDUSA
AURELIA SP. 5 IN UN LAGO MARINO ISOLATO (MLJET, CROAZIA)

SINTESI

Lo zooplankton gelatinoso (inclusi cnidari, ctenofori e tunicati planctonici) condivide una comune dinamica ci-
clica con aumenti e ricadute della popolazione. Molte ricerche tendono ad enfatizzare la formazione delle cosid-
dette fioriture, e quindi meno attenzione viene prestata ai fattori che in definitiva regolano la magnitudine,
I’estensione e la durata della fioritura. Fra tali fattori spiccano tolleranze fisiologiche (stagionalita), limitazione ali-
mentare, predazione ed il mal compreso ruolo del parassitismo. Gli autori hanno scoperto nei semi-chiusi "laghi"
marini dell’isola di Mljet (Croazia) un’interessante associazione ospite-parassita, fra una quasi stabile popolazione di
scifomedusa Aurelia sp. 5, presente tutto I’anno, ed una fase di sviluppo iniziale ed una fase larvale parassitica di un
antozoo. Nell’articolo viene descritta la rapida sequenza (~72 ore) della fase iniziale di sviluppo di tale antozoo.
Benché l'identificazione a livello di specie dell’antozoo resti ancora incerta, viene comunque fornita una prima de-
scrizione dell’intera sequenza delle fasi iniziali di sviluppo di antozoi parassiti. Lo scopo finale della ricerca e quello
di capire I'ecologia di base della relazione ospite-parassita, al fine di accertare se il parassitismo sia effettivamente un
fattore importante nella regolazione della popolazione di Aurelia sp. 5 nell’ecosistema dei laghi di Mljet.

Parole chiave: scyphomedusae, regolazione della popolazione, Peachia, Halcampa, Edwardsiella
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INTRODUCTION

Macro-parasitism is one of the greatest, if not the
greatest, sources of morbidity in multi-cellular eukaryotic
populations (Anderson & May, 1978). Our general
knowledge of parasitism in the sea is far more limited in
comparison to terrestrial systems, but parasitism never-
theless may be equally important in regulating host
populations of marine species. Thus it would be truly
beneficial to understand the nature of parasitism as a
source of morbidity leading to reduced fecundity or sur-
vival in populations of nuisance blooms of gelatinous
zooplankton such as medusae.

The association between gelatinous zooplankton (hy-
dromedusae, scyphomedusae, ctenophores, and pelagic
tunicates) and ectoparasitic crustaceans such as am-
phipods has been studied in detail (Laval, 1980; Buecher
et al., 2001; Gasca & Haddock, 2004). The ecto- and en-
doparasitic association between gelatinous zooplankton
and anthozoan sea anemones has been reported numer-
ous times in the literature (Miiller, 1860; Haddon, 1886—
87; Mclntosh, 1887; Haddon, 1888; Badham, 1917;
Blackburn, 1948; Nyholm, 1949; Spaulding, 1972; 1974;
Crowell, 1976; McDermott et al., 1982; Bumann & Puls,
1996), but ecological studies are lacking (Arai, 1997).
There is the additional uncertainty regarding the taxon-
omy of parasitic anthozoans because the phenomenon
usually involves the anthozoan larval and juvenile stages,
which remain poorly described, highly variable or en-
tirely unknown (Spaulding, 1972; 1974; Shick, 1991;
Fautin, 2002). Very few successful attempts have been
made to culture parasitic larvae to recognizable adults
(Spaulding, 1972; 1974; Crowell, 1976).

As shown in Table 1, the larval forms of the genera
Peachia spp. and Edwardsiella spp. are the most com-
monly reported parasites of hydromedusae, scyphome-
dusae and ctenophores (Miller, 1860; Haddon, 1886-87;
Mclntosh, 1887; Badham, 1917; Blackburn, 1948; Spaul-
ding, 1972; Crowell, 1976; McDermott et al., 1982; Bu-

mann & Puls, 1996). Edwardsia lineata reported by Bu-
mann & Puls (1996) is synonymous with Edwardsiella
lineata (Verrill in Baird, 1873). Halcampa chrysanthellum
reported by Haddon (1886-87) is recognized as H. duo-
decimcirrata (M.Sars, 1851), but the genus Halcampa
spp. has been rarely mentioned as a parasite on jellyfish.
Philomedusa vogtii cited by Miuller (1860) is likely a
misidentification by that author as the species has not
been observed since.

As part of the large multinational "Meduza" research
program investigating the ecology of gelatinous zoo-
plankton in the southern Adriatic Sea region, we initiated
an observational study on the reproductive patterns of the
resident scyphomedusa, Aurelia sp. 5 (Dawson & Jacobs,
2001). This species, described ecologically elsewhere
(Benovi¢ et al., 2000; Malej et al., 2007; Alvarez Co-
lombo et al., 2009; Graham et al., 2009) is the dominant
macroplanktonic organism in the semi-enclosed ‘lakes’
of northern Mljet Island (refer to Graham et al., 2009, for
a detailed description). This population of Aurelia sp. has
likely been isolated for several thousand years in the
small marine lakes ecosystem of Mljet Island and recent
investigations by us (Graham et al., 2009) and others
(Malej et al., 2007) point to a quasi-stable year-round
population of medusae that may be regulated largely by a
combination of bottom-up trophic processes and re-
duced productivity induced by parasitism (Graham et al.,
2009; L. Chiaverano & W. Graham, umpubl. data).

During initial field studies in summer 2002, we ob-
served very heavy infections (~50%) of Aurelia sp. 5 by a
presumed, yet unidentified, anthozoan species. Informa-
tion regarding identification, developmental patterns and
ecological significance of larval anthozoan infections of
medusae, in general, is poor, so we have attempted to
shed light on this association by describingthe the early
developmental stages of the anthozoan likely responsible
for at least a portion of Aurelia sp. 5 population regula-
tion in this ecosystem.

Tab. 1: Compilation of anthozoan species described as parasites of specific gelatinous zooplankton.
Tab.1: Seznam koralnjaskih vrst, opisanih v vlogi parazitov specific¢nega Zelatinoznega zooplanktona.

Host

Anthozoan Reference

Olindias sp., Chrysaora sp.

Philomedusa vogtii Miiller, 1860

Muiller, 1860

Leptomedusae

Halcampa duodecimcirrata (M. Sars, 1851)
(reported as Halcampa chrysanthellum)

Haddon, 1886-87

Thaumantias sp. Peachia sp.

Mclintosh, 1887

Catostylus mosaicus (Quoy and Gaimard,

1824) (reported as Crambessa mosaicus)

Peachia hilli Wilsmore, 1911

Badham, 1917

Cyanea capillata (L.) var. marginata von
Lendenfeld, 1844

Peachia clava (Quoy and Gaimard, 1833)

Blackburn, 1948

Phialidium gregarium (A. Agassiz, 1862)

Peachia quinquecapitata McMurrich, 1913

Spaulding, 1972

Mnemiopsis leidyi (A. Agassiz, 1965)

Edwardsiella lineata (Verrill in Baird, 1873)

Crowell, 1976

Cyanea capillata (Linnaeus, 1758)

Peachia parasitica (L. Agassiz, 1859)

McDermott et al., 1982

Mnemiopsis leidyi (A. Agassiz, 1965)

Edwardsiella lineata (Verrill in Baird, 1873)
(reported as Edwardsia lineata)

Bumann & Puls, 1996
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MATERIALS AND METHODS
Sampling and observations

All specimens of Aurelia sp. 5 medusae were col-
lected in Veliko Jezero by SCUBA divers during July
2003 and May 2004. No more than three medusae,
captured by gentle handling, were placed in a given
plastic bag and quickly transported to the laboratory
usually within 30 min. A total of 15 medusae were ex-
amined each year. Individual medusae were measured,
photographed and then manipulated with clean glass
pipettes to detach parasites from the subumbrellar sur-
faces and transfer them to multi-chambered petri dishes
(chamber volume 15 ml). Each chamber was filled with
‘lake” water filtered at 30 pm from the medusa collection
sites. No more than five larvae were placed in a cham-
ber. With the exception of observation points, larvae
were maintained at 18°C in the dark.

Microscopic observations and digital photographs
with scale reference were made twice each day, usually
early morning and late afternoon. During the observation
period, handling was minimal and limited to observa-
tions and photography only. No feeding occurred,
though development clearly proceeded. There was no
need to provide a substrate or to make additional water
changes.

RESULTS

Parasite developmental progression and distribution
within Aurelia sp. 5 are qualitatively linked. Moreover,
presence of infection in Aurelia sp. 5 (Fig. 1) is con-

Fig. 1: Gastric cavity of Aurelia sp. 5 infected by the an-
thozoan larvae in Veliko Jezero (Mljet, Croatia).

Sl. 1: Prebavna votlina primerka vrste Aurelia sp. 5,
okuZena z licinkami koralnjaka v Velikem jezeru (Mljet,
Hrvaska).
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spicuous as the large (500-600pm) and orange antho-
zoan zygotes and blastulae are about three times the size
of white Aurelia sp. 5 ova and developing planulae
(~180um). Earliest parasite developmental stages found
only in the gastric pouches of Aurelia sp. 5 are zygotes
(recently fertilized and showing no evidence of mitotic
divisions; Fig. 2a). The development from zygote (as-
sumed to be time O hr) to larva was complete in about 72
hr after the beginning of the observation; a synopsis of the
timing of each phase is shown in Table 2. The zygote is
surrounded by a thin, transparent gelatinous membrane
and has a granulated cytoplasm (Fig. 2a). Cleavage was
visible after about 12 hr of initial observation of this earli-
est stage (i.e., not after fertilization; Fig. 2b—c) and lead-
ing to the development of the blastula within 18 h (not
shown). Gastrulation occurred around 32-36 hr through
invagination (Fig. 2d). The transition from gastrula to
larva is complete in about 24-36 hr. Larvae (72 h after
the beginning of observations; Fig. 2e-f) migrated from
the gastrovascular cavity of the medusae to colonize the
sub-umbrella, ultimately burrowing either into the
epithelial layer or into the radial canals. No larvae older
than represented in Figure 2f were observed in any me-
dusa collected.

Tab. 2: Timing of the early developmental stages of the
anthozoan parasite on Aurelia sp. 5 in Mljet ‘lakes’
(Croatia).

Tab. 2: Casovni razpored zgodnjih razvojnih faz koral-
njaskega parazita na vrsti Aurelia sp. 5 v Mljetskih ‘jeze-
rih’ (Hrvaska).

Developmental stage Time (hr)
Zygote 0
Cleavage 12
Blastula 18
Gastrula 32-36
Larva 72

DISCUSSION

Our observations on the early developmental se-
quence of this anthozoan parasite shed light on the eco-
logical processes surrounding this interesting host-para-
site relationship. That most of the earlier developmental
stages (i.e., fertilized eggs, developing zygotes and blas-
tulas) are located in the medusa gastric cavities indicates
that infection occurs shortly after egg fertilization. It also
suggests that infection occurs via feeding processes by
the Aurelia. In other words, recently fertilized anthozoan
eggs or individual gametes are broadcast into the water
column where medusae subsequently ingest them. This
was previously theorized as the mode of infection of the
hydromedusa Phialidium gregarium by the parasitic an-
thozoan Peachia quinquecapitata (Spaulding, 1972). By
presumably avoiding digestion within the gastric pou-
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e.

0.25 mm

0.25 mm

Fig. 2: Developmental stages of the anthozoan parasitizing Aurelia sp. 5 in Mljet ‘lakes’ (Croatia): a = fertilized egg;
b, ¢ = cleavage; d = gastrula; e = non contracted larva; f = contracted larva. Scale bars indicate size changes.

Sl. 2: Razvojne faze koralnjaka, ki paratizira vrsto Aurelia sp. 5 v Mljetskih ‘jezerih’ (Hrvaska): a = oplojeno jajcece;
b, c = cepitev; d = gastrula; e = neskrcena li¢inka; f = skrcena licinka. Merilo prikazuje spremembe v velikosti.

ches, development proceeds through gastrulation and
larval development with most of the later larval stages lo-
cated in the radial canals of Aurelia sp. 5. We can only
assume that recruitment of the larval stages back to the
still-undescribed adult population occurs after the later-
staged larvae emerge from the medusa. Over the course
of dozens of dives in all seasons, we have never observed
parasites further developed than shown in Figure 2f.

This is the first description of the entire sequence of
the early developmental stages of a parasitic anthozoan
and, to our knowledge, just the second for all anthozoans
since the work of Nyholm (1949). Cnidarians, in general,
manifest high developmental variability (Shick, 1991;
Fautin, 2002), and developmental stages described by
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Nyholm (1949) for Halcampa duodecimcirrata (M. Sars,
1851) and by Spaulding (1972, 1974) for Peachia quin-
quecapitata McMurrich (1913) were particularly useful in
our attempt to identify basic characteristics of parasitic
actiniarian larvae. It is, however, unfortunate that identi-
fication below the family level is impossible due to lack
of taxonomic information in the recent literature. Moreo-
ver, our limited time of about two weeks at the remote
field location prohibited the rearing of these larval stages
to an identifiable adult stage.

This list of potential candidate genera is limited to
Peachia, Halcampa, and Edwardsiella, with the two
former genera of most interest as they are widely de-
scribed as "medusophilous" (Tab. 1). Since we never ob-
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served the spiny macrovilli described by Spaulding  Mljet lakes. Including the three described parasite genera
(1972, 1974) for the eggs of Peachia quinquecapitata, — mentioned above, there are 48 genera in 10 families, and
we quickly ruled out Peachia. A higher level of similarity it may well be that parasitic associations are taxonomi-
was instead found with the developmental stages de-  cally far more common than we previously believed. The
scribed by Nyholm (1949) for Halcampa duodecimcir-  accurate identification of the Mljet Aurelia sp. 5 parasite
rata, even though this description was made on free- may remain unknown until reference DNA is collected
living developmental stages. One significant structural — and made accessible for comparison with our samples.

difference between our parasitic larvae and that of Ny- We continue to seek a better understanding of the
holm’s (1949) description is the presence of a thick jelly  ecology of this parasitic relationship in the Mljet ‘lakes’.
coat surrounding all the developmental stages. Parasitism has been documented over repeated trips to

Recently, however, a molecular genetic analysis on  the Mljet ‘lakes” over 5 years and during three seasons
the developing parasites suggested a 16S rRNA region  (spring, summer and winter), thus the association appears
most closely, but not exactly, matching Edwardsiella sp.  to be fixed in this system. While the anthozoan parasitism
(L. Chiaverano & K. Bayha, unpubl. data). Both Hal- itself is not novel, the magnitude of infection across the
campa sp. and Peachia sp. were included in the Gen-  Aurelia sp. 5 population (as much as 50% of the medu-
Bank reference library, so we are reasonably confident sae), extent of infection with individual medusae (see Fig.
that the Mljet Aurelia sp. 5 parasite is neither of these 1 as an example) and persistence over time, give us a
species. Placement within the Edwardsiidae would be an  tantalizing picture of jellyfish population regulation by
interesting finding as the only ecological descriptions of  parasites rather than by food-limitation or macro-
parasitism are with ctenophores (Crowell, 1976; Bu- predation. Therefore, we continue to push for a complete
mann & Puls, 1996) and not with cnidarian medusae.  understanding of this particular host-parasite relationship
Moreover, parasitism has only been reported for post-  with the hope that it will ultimately reveal underlying
larval stages of Edwardsiella sp., but never for the larval  ecology applicable to jellyfish population dynamics well
stages (Daly, 2002b; Reitzel et al., 2006). Recent sys- beyond the boundaries of this remote and isolated ma-
tematic revision of Edwardsiidae (Daly, 2002a) reveals a  rine lake ecosystem.
clustering of all the "medusophilous" genera within the
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AURELIA SP. 5 V IZOLIRANEM MORSKEM JEZERU (MLJET, HRVASKA)
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POVZETEK

Za populacije Zelatinoznega zooplanktona, vklju¢no s planktonskimi oZigalkarji, rebracami in plascarji, je
znacilna cikli¢na dinamika izbruhov in upadanj masovnega pojavljanja. Vecina raziskav se osredotoca na formiranje
tega pojava, precej manj pozornosti pa se namenja dejavnikom, ki regulirajo obseg in trajanje masovnega po-
javljanja. Sem vkljucujemo fizioloske tolerance (npr. sezonskost), omejeno koli¢ino hrane, predacijo in slabo ra-
zumljeno vlogo parazitizma. V skoraj zaprtih morskih ‘jezerih’ na otoku Mljetu (Hrvaska) smo odkrili zanimivo raz-
merje gostitelj-parazit, in sicer med kvazistabilno, skozi vse leto prisotno populacijo klobu¢njakov Aurelia sp. 5 ter
koralnjakov v zgodnji razvojni fazi in parazitski fazi licinke. V pri¢ujoc¢em ¢lanku je opisana hitra (~72 ur) sekvenca
zgodnjega razvoja tega koralnjaka. Ceprav $e vedno ni popolnoma jasna identiteta koralnjaka na ravni vrste, je tu
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prvi¢ opisana celotna sekvenca zgodnje razvojne faze parazitskih koralnjakov. Nas poglavitni cilj je razumeti os-
novno ekologijo tega razmerja gostitelj-parazit ter dalje oceniti, ali je parazitizem pomemben dejavnik regulacije
populacije vrste Aurelia sp. 5 v ekosistemu Mljetskih jezer.

Klju¢ne besede: skifomeduze, regulacija populacije, Peachia, Halcampa, Edwardsiella
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