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PERKINSUS (PROTOZOA: APICOMPLEXA) INFECTIONS IN ABRALONE FROM

SOUTH AUSTRALIAN WATERS
by P. J. O'DoNOGHUE?Y, P. H. PHILLIPSY & S. A. SHEPHERIT

Summary

O'DorocHu, P J, PHoes, Po H, & SHEPHERD, S. A, (1991) Ferkinsus (Protozon: Apicomplexa)
ifections m abalone from South Australian waters. Jrans, R, Sve, S, Awust. 115(2), 77-82, 31 May, 1991,
A toral of 234 abalonc were eollected from nine sites in South Australiun coastal waters and examined
lfor infeclions with 1he protozoan parasite Perkinsus sp. Infecrions were detected in ten Haliotis leevicwa
from one locatlon in Gulf St Vincent and in nine H. rubra tom another location in Spencer Culf, All
infections were characterized by the présence of macroscopic necrotic nodules (0.5 8.0 mm in diameier)
in the adducior muscles and mantle, Microscopic examination revealed the nodules o contan variable
numbers ot host amoehocyies and numerous developmenial stages ot the parasice, including single ovoid
traphozoites (10,0-175 pm) and lurger rounded schizonis (12.5-35.0 um) conuiining vacuolated merozaites.
The morphological and ulirastruciural characteristics of rhe parasites were similar 10 thase previously
deserihed for 2 olseni. A total of 240 Paaific oysiers (Crassesirea gipas) were also examined from four

commercial farms in neighbouring coastal waters but no Perkinsus infections were detected.

Kcy Warps: Apicomplexa, Perkinsus, abalone, Heliotis, morphology.

Introduction

Two abalone species are fished commercially
lrom South Australian coastal walers; blackhp
abalone, Haliotis rubra Leach, and greenlip
abalone, H. laeviguta Donovan. Since 1972, licensed
divers have reported the occurrence of yellowish
pustules in the flesh of H. rubra collected near
Neplune Island in Spencer Gulf, The pustules
render the flesh of the abalone unacceprable for
processing and marketing, Microscopic examination
revealed the pustules to be caused by a protozoan
parasite, Perkinsus olsent Lester & Davis, 1981, Only
Iwo other Perkinsus spp. have heen described; P
marinus from the American oysier Crassostred
virginica (Mackin ef wf. 1950; Perkins 1969) and 2
@flanticus from the clam Ruditapes decussatus
(Azevedo 1989). In recent years, local divers have
becorne increasingly concerned with dwindling,
stocks of M. laeviyata along the western shore of
CGull St Vincent. Perkinsus infections were detected
in H laevigata collected from reéfs south of
Edithburgh (Lester 1986). The present investigalion
wis cainied out to determine the geographic extent
of Perkinsus infections in greenlip and blacklip
abalonc from South Australian coastal waters, und
whether Perkinsus infections occur in commercially-
farmed Pacific oysters (Crassostrea gigas) from
neighbouring waters.

* Cential Velerinary Laboraiories, Dept Agriculire,
Frome Road, Adelaide, S, Aust. 5000,
1 Dept Fisheries, 135 Pirie Street, Adelaide, S, Ause. SO00.

Mauterials und Methods

Nine sampling sites were selected from the three
abalone fishery management zones of SA.(Fig. 1,
Table 1). Licensed divers collected approx, 30
abalone at random from euch site between April
and October 1986, A Fisheries Officer also collected
approx. 60 oysters from ¢ach of four comimercial
oyster farms. The abalone and oyslers were fixed
by immersion in Davidson’s fluid immediarely alter
collection and the species, sex and shell length were
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2. | Locations of sampling sites in Soulh Ausiralian
coastal waters fram which abalone and oysters were
collected.



18 F. . O'BONOGHUE, P, H. PHILLIPS & S. A. SHEPHERD

recorded in the laboratory following shell removal.
The adductor muscles and mantle were examined
for macroscopic lesions on all superficial aspects
and internally through a series of longitudinal
incisions 1 cm apart. Suspicious lesions were excised
together with surrounding tissue. Small blocks of
mantle, adductor muscle and gonad tissue were also
sampled from cach abalone and oyster. Tissues were
embedded in paraffin wux, sectioned at 5 pm
thickness, stained with haematoxvlin and eosin and
examined by light microscopy at 100-400 «
magnification. Tissue blocks [ound 1o contain
parasites were then processed for electron
microscopy by de-paraffinization in xylo)
conwining 2% osmium tefroxide, clearing in
propylene oxide and embedding in epoxy resin
(TAAR Laboratories). Ultra-thin sections were cut
al 75 nin thickness, stained with 6% uranyl acetate
and 0.5% lead citrate and examined in a
transmission electron microscope (JEM 100 CX,
JEOL, lokyo). Voucher specimens of lixed tissues
containing parasites.were deposited with the South
Australian Museum, Adelaide (SAM E2180 1).

Results

Adtotal ol 125 Faliotis leevigaia and 109 H, riubra
were collected from the nine sampling sites,
Perkinsus infecrions were detected in ten M.
laevigata (6 & o, 4 @ 2 ) collected from Troubridge
Shodl in Gulf St Vincent and in nine H. rubra (6
o cr, 3 @ Q) from Thorny Passage in Spencer Gulfl
(Table I). Infections were not restricted lo any
particular size (hence age) group of shulone,
Infected M. laevigata ranged in size from 8.5-16.0
em in shell length and infected H. rubra from
10.0-16.5 ¢m, No parasitic infections were detected
in any of the 240 Pacific oyslers examined,

Infections in abalone were characterized by
macroscopic hemispherical blister-like nodules on
the superficial uspects of the adductor muscles and
mantle (Fig. 2), The nodules were soft and slightly
darker in appearance than the surrounding tissue,
Larger nodules were found fo contain creamy
viscous fluid when incised. Ovoid nodules were
occasionally detected deeper within the tissues when
sectioned (Fig. 3). [nleciion levels ranged from 1-14

TABLE 1. Prevalence of Peckinsus infections in abalone and ovsters from South Ausiralia.

Hatiolis luevigdia H. rubra Crassostred 2igas
Locatian Depth {greenlip abalone) {blacklip abalone) (Pacific ovster)
() No. No. ND, No. No. Mo,
examined infected examined intected examined infecred
Baird Bay 10 21 ] 23 }] - -
(33°08'S5, 134"16'L)
Ihorny Passage 5 2 o 16 9 - -
(34°5K°S, 136°04'L)
Hardwicke Bay i} 16 i} - - -
(34°50°5, 137°227E)
[oul Day 20 8 f 2 0 - -
(357135, 13TI5'LE)
Iroubridge Shoal 5 10 10 - - - -
(35°08’S, 137-36'F)
Cmu Bay 15 24 0 | 0
(35°33'S. 137°34'E}
Cape Gantheaume 14 - 28 0 - -
(3670778, 137930 E)
West 1sland 10 20 0 15 Q -
(35°37'5, 118"35'E)
Ringwood Reef 6 - 24 0 - -
(37°38'S, 140707°LE)
Coffin Bay L - - - | ]
(34°30°5, 135"IR"C)
Bird lsland | - - 52 0
(33°59'S, 137°33°E)
Pori Price 1 B - - - 66 0
(34°15'S, 138"04" L)
Oyster Bay l - - 71 {0
(34°52'S, 137°48'E)
Toral 125 (0 109 ] 240 1]
(B.0%) (8.3%)
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Figs 2-5. 2. Nodules on surface of adductor muscle of Haliors rubra. Scale bar - 5 mm, 3. Necrotic lesion in adductor
muscle of H. rubra. Scale bar = 5 mm. 4. Histological section through nodule in adductor muscle of H. laevigara.

H&E. Scale bar -
of H. luevigata. H&E. Scale bar = 50 um.

nodules per abalone and the nodules ranged in size
from 0.5-8.0 mm in diameter, Those detected in H.
laevigata and H. rubra were similar in location, size,
shape and appearance. They were not encapsulated
but bound by normal tissues which sometimes
contained mild infiltrations of mononuclear
inflammatory cells (amoebocytes). The nodules
were necrotic and contained variable numbers of
amoebocytes together with other host cells. The
majority of cells appeared degenerative containing
pvknotic nuclei. Connective tissue fibres and
occasionally the remnants of muscle fibres were
found throughout the lesions forming a loose
supporting network., All lesions contained
numerous clusters of extracellular basophilic bodies
which were identified as various developmental
stages of a protozoan parasite (Figs 4, 5). The
majority of parasite stages were vacuolated in
appearance but some were homogeneous and
stained uniformly throughout, Most stages
appeared degenerative and morphological integrity

0.5 mm. 5. Trophozoites (T) and schizonts (S) of Perkinsus within lesion in adductor muscle

was not well preserved within lesions, Nonetheless,
two types of parasite developmental stages were
evident by light and electron microscopy; unicellular
and multicellular forms (Fig. 6).

Unicellular stages (termed trophozoites) were
found scattered throughout the lesions as individual
cells sometimes grouped together in small clusters,
They were ovoid in shape measuring from 10.0-17.5
pam in diameter (mean 15.0 gm) and were bounded
by a dense wall varying in thickness from 1.5-2.5
pm (Fig. 7). The trophozoites contained a single
nucleus with a prominent nucleolus and a highly
vacuolated cytoplasm usually containing a large
central vacuole measuring from 5-10 uym in
chameter. A small dense vacuoplast consisting of
eosinophilic granular material was occasionally
detected within the central vacuole,

Multicellular stages (termed schizonts) were
detected throughout the lesions in distinct clusters
(Fig. B). They were larger in size than the
trophozoites measuring from 12,5-35.0 am n
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diameter (mean 27.5 pm). They were surrounded
by a dense wall (2.0-3.5 um thick) with an irregular
outer margin. The schizonts contained 2-24
rounded cells (termed merozoites) ranging from
5-10 ym in diameter. Each merozoite contained a
highly vacuolated cytoplasm and a single nucleus
with a prominent nucleolus. Large central vacuoles
were not detected in the merozoites nor were
vacuoplasts. The majority of schizonts appeared
degenerate particularly towards the centre of the
lesion.

Discussion

Identical lesions and parasites detected in H.
laevigata and H. rubra suggests that both abalone
species were infected by the same parasite species.
This species is similar to P olseni previously
reported in blacklip abalone (Lester & Davis 1981).
All three parasite developmental stages
(trophozoites, schizonts and merozoites) were
similar in structure to those previously described
although some schizonts appeared larger (mean

Figs 6-8. 6. Electron micrograph of trophozoite (T) and schizonts (5) of Perkinsus in adductor muscle of Haliotis
laevigata. Scale bar = 5 um. 7. Electron micrograph of Perkinsus trophozoite bounded by thick wall. Scale bar
= Sum. 8. Electron micrograph of Perkinsus schizont bounded by thick wall (W) and containing several merozoites
(M). Scale bar = § um.
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diameter ol 275 um compared (0 150 gm) and
mare marure containing  greater  pumbers  of
merpzoltes. |lowever, developing or immalure
prezopsponangia were not detected and lesions were
not surrounded by o loose wall of connective tissue.
Despite these diflerences, the marphological and
nlirastructural characteristics of the parasites were
considered 10 be ¢consistent with those of 2 alseni
| ester & Davis, |981.

Similar developmental slages have been described
previously Tor Iwe nther Perkinsus spp. Parasites
lound in the American oysier CC virginica were
originally described as Dermacystidium marinum
hy Mackin ez al. (1950) and later ws Labvrinthomyxa
Mmarine by Mackin & Ray (1966), Levine (197%)
subsequently renamed the species Perkinsus
murinws and crected the class Perkinsasida in the
phylum Apicomplexs on the basis af the electron
microscopic sludies of Perkins (1976). This spevies
differs from P olseni in having much smaller
trophozoltes (3-10 yun in diameler), membranous
rather than thickened walls and basophilic rather
than cosinophilse vacuoplasis. More recently, thick-
walled Perkinss-hke trophozoites were lound in the
gl filaments of the clam R, decussaius in Porlugal
by Comps & Chagot (1987)and Chagot ot @l (19K7).
These parasites were cultured in thioglycolate
medium o form mature sporangia containing
billugellated zoospores hy Azevedo (1989) and were
named B atfenccus on the basis of host identily,
pathology and zpospore wlirastructure. The
dimensions, shape and Aagellar organizaton of the
Zouspores were more regular than those of P
metrinus bt comparisons with £ ofsén could not
be madc because their zaospore ultrastructore has
not vet been delermined. Several other undescribed
Perkinsuy spp. have been reporied in 57 species of
malluses [rim Morth Amernica, the Medlierranean
and Australia (Andrews 1954; Ray 1954'; da Ror
& Canzonicr 1985, Goggin & Lester 1987) but
compinsons could nar be made because the unly
developmental stages reporred were large ovoud cells
presumed 10 be prezaosporalgia,

Early cross rransmission studies suggesied (hat
Perkinsiy spp. may be specific for particular groups
of molluscs; £ marius for oysters {(lamellibranchs)
and £ alsen| for abalone (gasinipods) (Ray 1954 ';
Lester & Davis [981). Hlowever, recent stindies have
nut supported any rigid host specificity for these
parasites, I~ olseni isolated from /. lpevigdala was
successfully transmitted o two lamellibranch
species (Pimcteda sugitlata and Anadara trapeziv)
and Lerkinsus spp, isclaled Mom five lamellibranchs

TRity. S M. (1954) Bialogical studies of Lermuoevstidium
mariauem, i Ningus. parasite of oysters. Rice Insiitute
Pamphle, Special Tsue Tinpubl,

(Anadara wapezta, Chamae pocificus. Tridacna
glgas, T vrocea and T, miaxima) were suctesstully
transmitted 1o H, laevigwin (Gogsin er al, 1989), P
fruriries his also been (ransmilied [tom the oyster
C. virginiva in the pyramidellid gastropod Boonee
impressit (White er al. 1987). These results sugges!
that Perkinsus infeciions mav be rransmitted
berween differemt molluse species inhabiting the
same walers No infections were detecied in oysters
sampled from neighbouring areas in this siudy bul
other mollusc specres remain 10 be examined.

Intected H. rubra and I, laevigela were derected
al two different sites located 140 km apart
adjacent Spencer Gulf and Gulf St Vincenl.
Infections have previously been found in abalone
from the same general areas (Lester & Davis 1981
Lester  [98A). The reasons for this patchy
distriburion of infections are not known . The twa
sites are separated by Yorke Peninsula but both are
situated neur the mouths of the Gulfs where the
sani¢ ocean current passes in an easterly direction,
However, no infections were detected in abalone
sampled from intermediate sites nor from siles
locared fusiher away in the same curren! Mow, There
are also no records of abalone slocks being moved
between the two sites of infection. These sites must
be regarded as potential point sources of infection
and local molluse populations should be monitored
regularly for the spread of infections,

Significant mortalities of H. leevigata were firsl
reported along the western coast of Gulf Si Vincem
i 1980 and further deaths were reported each
commer from [982-1985 (Lewis of ol 1987),
Abalone had been abundant in this area as tas north
#s Black Point but stocks have now practically
disappearcd (K.L. Branden pers. commn.). Claims
made by divers thar mortalines were due 1o
pollution were not substantiated by laboratory
investigations for heavy metals, oreanochlorines,
olganophosphates and hydrocarhans (Shepherd
1485), Subseguent studies revealed thar many
abalong in this area were Infected with & olséni
(Lester 1986) but it is nol known whether infections
caused the mortalities. The parusite is certainly
pathogenic and causes necrotic lesions within hasl
tissues, Mortalities have bheen upbseived in
expertmentally infected /. ruebre maintained in the
laboratory at 20°C whereas those maintained a
15°C recovered from mfection (Lester 1986). The
continued detectton of Perkinsies infections in
abalone from dicback areas highlights 1he need for
turther studies on parasite pathogenicity,
rransmission and coniri,



82 P J. O'DONOGHUE, P. 11, PHILLIPS & S. A. SIIEPHERD

Acknowledgments

The authors wish to thank the Director of
Fisheries, R. K. Lewis, lor supporting the survey
with [acilities and resources; A. Geering, J. Godden,
W. Guidera, J. Kroezen, I. McGovern, R. Spruyt

and A. Vermeulen for collecting the abalone; R.
Grove-Jones for collecting the ovsters and B. Dixon
lor conducting the electron microscopic studies. The
first author was also supported by a grant from the
Australian Biological Resources Study.

References

Annkriws, I D. (1954) Notes on the fungus parasites of
bivalve molluses in Chesapeake Bay. Proc, natl. Shellfish
Ass, 45, 157-163.

Azevepo, C. (1989) Fine structure of Perkinsus
atlanticus n. sp. (Apicomplexa, Perkinsea) parasite of
the clam Rudirapes decussatus from Portugal. J
Parasitel, 75, 627-635.

CHacor, D, Comes, M,, Bouro, V., Ruaxo, F. &
Grizer, H. (1987) Histological study of a cellular
reaction in Rudirapes decussafus infected by a
protozoan. Aquacufture 67, 26(-26).

Comes, M. & CHacor, D. (1987) Une parasitose nouvelle
chez la Palourde Ruditapes decussatuy L. C. R. Acad,
Scr Pariy 304, 4] 44,

Da Ros, L. & CawnvoMier, W, J. (1985) Perkinsus, a
protistan threat 1o bivalve culture in the Mediterrancan
basin. Bull. Eur. Ass. Fish Path, 5, 23-25,

Gocaln, C, L, & Lester, R, 1L G, (1987) Oceurrence of
Perkinsus species (Protozoa, Apicomplexa) in bivalves
from the Great Barrier Reel. Dis. aguar. Org. 3, 113-117.

. SewiLe, K. B, & Lester, R. L G. {1989) Crass-
inlection experimenrs with Australian Perkinsus species.
Ihid, 7, 55-59,

Lester, R. 1 G. (1986) Abalone die-back caused by
protozoan infection? Aust. Fish. 45, 26-27.

& Davis, G, H. G. (1981) A new Perkinsus specics

(Apicomplexa, Perkinsea) lrom the abalone Halions
ruber. J. Invert, Pathol 37, 181-1K7.

LEVINE, N. D. (1978) Perkinsus gen. n. and other new
:‘aaxa in the protozoan phylum Apicomplexa. J. Parasitol.

. 549

Lowis, R. K., SHEPHFRD, S. A, O'DonocHUE, P, T, &
PHu vies, P. H, (1987) Protozodan parasite (Perkinsus)
infection in abalone: a progress report. SAFISH 1L, 7-8.

Mackin, ). G, & Rav, S. M. (1966) The taxanomic
relationships of Dermocystidium marinum Mackin,
Owen and Collier. J. Invert, Pathol. 8, 544-5435.

, Owen, H. M. & Cowvier, A. (1950) Preliminary
naote on the occurrence of a new protistan parasite,
Dermocystidium marinum n. sp. in Crassostrea
virginica (Gmelin). Science 111, 328-320,

PERKINS, F. Q. (1976) Zoospores of the ovster pathogen,
Dermocystidium marinum, 1. Fine structure of the
conoid and other sporozoan-like organelles. J Parasiiol
62, 59-974,

SHEPHERD, S. A_ (1985) No evidence of contamination af
abalone stocks in western St Vincent Gulf, SAFISH 9, 5.

WhiTe, M. E., Powrrni, E. N, Ray, 5. M. & WiLson,
E. A. (1987) Host-to-host transmission of Perkinsus
marinus in oyster (Crassostrea virginica) populations
by the ectoparasitic snail Boonea impressa
{(Pyramidellidae). J Shellfish Res. 6, 1-5.




ImEE BHL

Biodiversity Heritage Library

O'donoghue, P J, Phillips, P H, and Shepherd, S A. 1991. "Perkinsus (Protozoa:
Apicomplexa) infections in abalone from South Australian waters."
Transactions of the Royal Society of South Australia, Incorporated 115, 77-82.

View This Item Online: https://www.biodiversitylibrary.org/item/128096
Permalink: https://www.biodiversitylibrary.ora/partpdf/271285

Holding Institution
South Australian Museum

Sponsored by
Atlas of Living Australia

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
License: http://creativecommons.org/licenses/by-nc-sa/3.0/

Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 13 November 2023 at 05:04 UTC


https://www.biodiversitylibrary.org/item/128096
https://www.biodiversitylibrary.org/partpdf/271285
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

