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Introduction

Abstract

This study investigates the infestations and prevalence of apicom{ilexparasites in
marine gastropods from Merambong seagrass bed in Johor Straits, Malaysia. The gast
were collected during spring low tideshen the seagrass bed exposed. Result showed t
the digestive gland and digestive duct were the most infected organs, and no parasite
observed in the gills and general tissues. The condleevistrombuscanariumand
Canariumurceys displayed highest infestation rates, followed by the volutes
Cymbiolanobilisand Melomelg and others Nassariuslivescenand Notocochlistigring
Furthermore, parasite infestations were significantly higher in prey species (con
compared with their natural predatofvolutes). This indicated that bimccumulation across
the trophic level was not occurred, and does not involved a terminal host. Further stt
are greatly needed for better understanding of the histopathology characteristic of pare
infestation at the study area, which is very important for the sustainable management of
gastropod species.

The cells will eventually burst and releagimerozoites
that infect new cells. This may occur several times, u

The phylum Apicomplexais a large group of spo
forming, singlecelled eukaryotes.Most of the
Apicomplexa are obligate parasites, and some n
cause important human or animal diseases such
malaria,  toxoplasmosis, coccidiosis, babesio:
theileriosis, cryptosporidiosis and others. Howeve
many apicomplexans are not pathogenic to theishor
at least not proven to be parasitic in nature
Apicomplexa possess a unique pladii@ organelle
(apicoplast) and an apical complex structure involved
penetrating a host's cell (Foth& McFadden, 2003; Lin
McFadden, 2010;Sato, 2011). Memberstlois phylum
include organisms such as Coccidia, gregari
(Gregarinasina), piroplasms (Piroplasmid:
haemogregarines (Haemogregarinidae), and plasmc
(Plasmodiidae). They have three transformation stag
to complete their life cycle known as gamont
sporocysts and  trophozoites(Rohde, 2005;Sa
2011).This complex lifeycle involving both asexual an
sexual reproduction. After invasion, they divide
LIN2 RdzOS &L NRIT 2AGS4a6aLR2N

gamontswere produced, forming gametes that fused
create new cysts. However, there are variations in tl
basic pattern, which may involve a single hc
(monoxenous) or more (heterexous) (Leander, 2003
Mikheev, 2011).

The studies of parasitism relationship betwee
apicomplexa parasites and marine gastropod hg
widely beenstudied and reported. For examples tl
coccidian parasite iStrombusgigagBaqueire/ + NR S
et al, 2007), Nematopsisgigasin Neritaascencionis
(Azevedo&Padovan, 2004)Pseudoklossiahaliotisin
Haliotis spp.(Friedmanet al, 1995). Mollusks are
important seafood and fishery resource and some
them have been commercially cultured. The study
parasites and disseses affecting mollusks with econom
interest is very important both for the management ¢
natural stock and for aquaculture (Boeks$ al., 2010;
Carnegieet al, 2016). The objective of this study
therefore to investigate the incidence of apicomplex
like parasites infestation in someimportant gastropol
from Merambong Shoal, Johor, Malaysia.
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Materials and Methods

Gastropod Sample Collection

Live gastropal samples were collected fron
November 2012 to February 2013 at the Merambol
{K2Ff aSrFr3aNIraa o0SRI W2K?2
Mnoc op® pTQ 9 Oweré ColleBtddNGy
hand and kept in a container with a small volume
seawater, andwere brought back to the laboratory fo
analysis. The seagrass bed contained high diversit
gastropods (Colet al., 2008,2014), but only the more
dominant, conspicuous, and economically importa
species were sampled. This incluc
theconchgaevistrombuscanariu¢hinnaeus, 1758) anc

Canariumurcey&innaeus, 1758), the volute
Cymbiolanobilig.ightfoot, 1786)
andMelomeldLightfoot, 1786), the mud snai

Nassariuslivesce(Rhilippi, 1849) and the moon sna
Notocochlistigrina (Roding, 1798). Thughout the

sampling period a total of 10Q. canariumindividuals
have been sampled, followed by 75 individuals Qf
urceus ten individuals ofc. nobilisten individuals ofN.

livescens5 individuals oM. meloand 5 individuals oN.

tigrina.

Histological Analyses

¢KS Y2t tdza1aQ RAISAGA
gonad, renal organ, proboscis, heart, gill and gene
GA&adadzsS 6SNBE RA&aSOGSR Ly
hours. The tissues were dehydrated in an ethanol sel
and embedded in paraffin, sectioned4 >Y K.
ailrAySR dza A y 3 I al aaz
protocol(Prophetet al., 1992) The histological section:
were observed undera light microscope.The presence
the Apicomplexaand other parasites was identifie
following descriptions by Meyersd Burton (2009), Kim

et al. (2006), Desseet al. (1998), and others. Variou
apicomplexan life cycle stages were identifie
accordingto Perkins (1991), based on the presence
lack of a thick wall and/or an inner budding.The paras
prevalence (numberof gastropod with parasite or
pathology per number of gastropod examined), ai
distributionin the host were evaluated for each sna
The intensity of parasite infestation was evaluate
bycounting the number of parasites or pathology p
histologic sectionif possible,or by gross estimatiol
without counting (Kim & Powell, 2006; Boebs$ al.,
2010).

Results
Histological Observations

Microscopic examination of the histologic sectiol
of the gastropod showed that all species studied we
infected by the Apicomplexdike parasite. In
general,almost all organs were infected except for ti
gillsand the general tissue. The parasite infestation a
pathologies on the respective tissues is presented
Table 1.

Digestive Gland

There are three different typeof cells in the
digestive gland, that is the vacuolated cells, digest
cells and crypt cells. Ih. canariumand C. urceus
different life cycle stage of Apicomplexa parasite i
gamonts, sporocysts and trophozoite were observed
all the three digestive glandcell types, with 100
prevalence (Figure 2a, 2b). The gamonts wx
characterized by their thin wall, sporocysts Ineir thick
walls, and trophozoite by their apical condikle
structure. Apart from that,different types of spores an
elongated parasite were also observed in the digest

L

Sungai Pulai

B

<

MALAYSIA

10HOR

/.
Merami g Shoal /
/

|
Merambong Is. & -

N
T

MALAYSIA

o

N

4
S
|

1083308

I0FISTE

Figure 1 Sampling location, at Merambong Shoal, Johor Straits, Malaysia.
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cells of this two conch species. In the predatory volut
C nobilisand M melg sporozoalike organisms were
found in their digestive cells with 100% prevalence a
infection intensity (Figure 2c, d). There was no paras
observed inthe digestive gland of the scavengir
gastropodN. livescenand another predatoiN. tigrina

Digestive Duct

Digestive duct is one of the organs in the digesti
gland. There are two sections in the duct that is tl
primary and secondary duct. The primary duct w
bordered with two epithelium structure, i.e. plicate
epithelium and flat epithelium. This primary du
contained coarse inclusions and flocculent substan
Histological section showed that the digestive ductw
infected by protozoan parasite, that were also present

the digestive gland described above. The primary duc
L. canariumandC. urceusvere infected by gamonts anc
sporocyst with high infestation (75%) and prevalen
rates (5@6) (Figure 3a, b). The primary duct®fnobilis
and M. melo also showed high infestation and
prevalence rates, at 75% and 40% respectively.

Gonad

Majority of the gmad samples analyzed wer
mature gonads of males(spermatozoa) and fema
(oocyst). An inclusion of a Rickettdilee organism was
observed in the wall of developed ovary lof canarium
and C. urceus with moderately high prevalence rat
(40% to 46.7%), luow in intensity (1.67% to 1.78%
(Figure 4a &4b).Apart from that,a coccidian infectic
was also observeih the developingwall of ovary Gf

Table 1.Apicomplexdike parasites stages/species infestation gpathologies of the gastropod tissues and organs. P = Pari
prevalence (number of gastropod with parasite or pathology per number of gastropod examined); | = Infection intensity (@iur
parasites or pathology per histological section). ND = not detkatumber of samples in parenthesis

Laevistrombusca Canariumurceus Cymbiolanobilis Melomelo Nassariuslivescer Notocochlistigrin
narium(100) (75) (10) (5) 5(10) a(5)
Digestive Gland Gamonts Gamonts Sporozodike Sporaoalike ND ND
P=100;1=20 P =100;1=20.9 organisms organisms
Sporocyst Sporocyst P =100;1=100 P =100;1=100
P=100; 1=33.7 P =100; =449
Trophozoite Trophozoite
P=100; 1=1.0 P =100; | =1.00
Elongated Elongated
parasite parasite
P=50; I=1.67 P =50;1=3.56
Spore colony Spore colony
P=100; 1=75.3 P =100; | =62.2
Digestive Duct Sporocyst Sporocyst Bacterialike Bacterialike ND ND
P=751=2.0 P =50;1=22.7 inclusions inclusions
Gamonts Gamonts P =75; 1400 P =40;1=100
P=75;1=15 P =50;1=13.3 Spore colony
Spore colony Spore colony P =100; | =100
P =100;1=29.3 P =100;1=40
Gonad Rickettsialike Rickettsialike ND ND ND ND
organisms organisms
P=40;1=167 P=46.7;1=1.78
Coccidian
P=356;1=12.4
Renal Organ Sporocyst Rickettsialike Sporocyst Spore colony Bacterialike Bacterialike
(kidney) P =75;1=2.67 organisms P =75; 1 =100 P =100; | = 100 inclusions inclusions
Rickettsialike P =50.7;1=1.33  Spore colony P=33.3;1=100 P=66.7;1=100
organisms Spore colony P =100; | = 100
P=50,1=4 P=50;1=16.4
Oocyst of
Pseudoklossia
P =50;1=1.67
Spore colony
P=50;1=12.0
Unidentified
Coccidia
P =50; 1=20.5
Proboscis Bacterialike Bacterialike ND ND ND ND
inclusions inclusions
P =50;1=94 P =50;1=100
Heart Spore of Bacterialike Spore colony Spore colony ND ND
Nematopsis inclusions P =60; 1 =100 P =60; 1 =100
P=40;1=167 P =60;1=100 Rickettsialike
Spore colony organisms
P=50;1=12.7 P=375;1=10
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Figure 2. Trophozone (T) and sporocyst (S) in the vacuolated cells (vC) and dlgestlve cells (DC) of the digestive glan
Laevistrombuscanariun2a) and Canariumurcey®b). Sporozodike organisms in the vacuolated cells of digestive gland
Cymbiolanobilig2c) andMelomelo(2d). L = Lumen of the tubule; CC = Crypt cells.

Figure 3. Sporocyst (S) and gamont (G) in the primary duct (PD) of the dlgestlve du:aeoétrombuscananun@a) and
Canariumurceug3b). PD is bounded by two epithelium structure such as a plicate epithelium (PE) and flat epithelium (FE).

urceus but with low intensity 12.4% and 35.6¢
prevalence (Figure 4b).

Renal Organ

Renal organ of all gastropods studied were fou
infected by the apicomplexhke parasite and sporozea
like organisms. Inclusion of this parasites a
sporozoaoccupying most of the intracellular space of t
epithelial tissues. Ii. canarium different development
stages of matured oocysts Bseudoklossias found in
the epithelium cells of the renal organ(Figure 5a). The

were also mild inclusions of coccidian detected in rel
cells of L. canariumwith 50% prevalence. Colony ¢
spores were present imenal organ ofL. canarium C.

urceus C. nobilisand M. melg with highest intensity in
the renal cells o€. nobiliand M.melo(Fig. 5b). Bacteria
like inclusions were observed with in the renal organ
N. livescensand N. tigring with 33.3% and 66.7%
prevalence respectively.

Proboscis

All the muscles of the proboscis, including the he
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sections that contains a terminal buccal mass we
analyzed. The histological analysis showed a bacte
like inclusions in the proboscis @f canariumand C.
urceus with 50% prevalence and up to 100% infectic
intensity (Figure 6a & b). The bactesile organism
were rod and spherical shaped. The proboscisCof
nobilis Melomelg N. livescensand N. tigrinawere not
infected with any parasites.

Heart

The heart of four specie&. canariumC. urceusC.
nobiilis and M. melowere found infected by parasite:
with relatively high infestation rates. Thdematopsis
spores have infected the heart af canariumwith 40%
prevalence, but at low intensity of @7% (Figure 7a)
while bacteriatike inclusions were observed @ urceus
with 60% prevalence and 100%fection intensity
(Figure 7b). The heart d&@. nobilisand Melomelovere
infected by spore colonies with 60% prevalence a
100% intensity (Figure &nd 7d). Moreover, Rickettsia
like organisms were also observed in the heartGf
nobilis but only with mild prevalence and intensit
values.

B wh AR o ALY - e

Gill and Tissue

In this study the gill and tissue was also analy:
but no parasite infestation nor pathologyere observed
in the six species of gastropods studied.

Discussions

Information on parasite infestations in marin
resources are not only important for the management
the species, but also for the people as direct consun
of the resources. The studies of parasitism relations|
between apicomplexa parasites and their arme
gastropod hostsare very limited throughout th
Southeast Asian region. Although Johor Straits is
rapidly developing coastal area where many scient
studies have been conducted over the vyea
informationregarding parasites in gastropods
currently not available.Study by Nurfauzana, Mazlan a
Cob (2014) on bivalves from the same area found h
incidence of parasite infestations in the species studie

This study showed that the digestive glan
digestive duct and renal organ werethe most irtéat;
followed by the gonad, proboscis and heart tissL

)
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Figure 4.Infestation of Rickettsidike or'ganism (thin arrow head) and coccidian (thick arrow head) in the developed wall of o

of Laevistrombuscanariurf#a) andCanariumurceu#b).
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Figure 5.Different IveI of oocyst steudohossiéarroW) and sp

Laevistrombuscanariurf®a); and spore colony with highest infection in renal cellsefomelo(5b).
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Figure 6.Inclusion of rod and spherical shaped colony of bactiék@organisms in the infected proboscisl@fevistrombus canariun

(6a) andCanarium urceuésb).

Figure 7Nematopsisspore (thick arrow) and spore colony (thin arrow) in the infected heartadvistrombuscanariun(7a);
infestation of bacterialike inclusion in the infected heart @anariumurceug7b); spore colony in the heart cells @ymbiolanobilis

(7c) andvielomdo (7d).

Parasiteinfestation was however not detected in the gi
andthe general tissues. Different apicomple:
development stages were observed, which inclu
thegamonts, sporocysts and trophozoites, and mos
them were particularlyabundant in the digestive glar
and digestive duct. Different types of apicomplexa st
as the oocyst oPseudoklossiand coccidian were alsc
observed. Apart from that,other infections an
pathological condition were also obsed such as
infestation by spores, bacterial, Sporoziee
organisms, Rickettsia and others.

Among the gastropod species studied, the con
shailsl..canarium and C. urceusecorded the highest
prevalence and intensity values,which ranged betwe
50% to 1006, and 1% to 75% respectively. Furthermo

both species showed similar pattern of infection whe
highest prevalence and intensitieswere recorded in t
digestive gland and digestive duct. Conchs are hic
commercial species and some have been liste@IFES
due to overexploitation (Acosta, 2006). Studies on ott
conchs, particularly in the Caribbean region, ha
reported apicomplexdike parasitesinfestation in
species such aStrombusgigagBaqueire/ + NR &ty
al., 2005, 2007;Groset al, 2009), Stranbusgallus
(Vollandet al., 2008),StrombusraninugVollandet al.,

2008),Strombuscostatiend StrombuspugiligVollandet

al,, 2009). These above studies also reported sim
observations where different apicomplexa life stag
were present in a single dst. Furthermore,similar
pattern of parasite infectionwas reported where th



