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ABSTRACT: We investigated the efficacy of praziquantel (PZQ) administered orally to yellowtail
kingfish (Seriola lalandi in sea-cage aquaculture in South Australia) against the monogeneans
Zeuxapta seriolae and Benedenia seriolae infesting gills and skin, respectively. PZQ was adminis-
tered to fish by surface-coating feed pellets (Trial 1) or by direct intubation of the stomach (Trial 2). In
both trials 4 daily doses were administered: 50 and 75 mg kg~! body weight (BW) d~! for 6 d, and 100
and 150 mg kg™! BW d*! for 3 d. Mean parasite intensity was compared between medicated fish and
unmedicated control fish. In Trial 1, fish fed lower daily doses of PZQ for 6 d (50 and 75 mg kg™! BW
d™!) had fewer Z. seriolae and B. seriolae than fish fed higher daily doses for 3 d (100 and 150 mg kg™*
BW d7'). Fish rejected feed pellets surface-coated with PZQ, suggesting PZQ affected palatability of
feed, and may explain differences in efficacy between treatments. In Trial 2, where PZQ was admin-
istered by intubation, there were fewer Z. seriolae and B. seriolae in medicated fish than control fish.
Intubated PZQ was also effective against newly recruited Z. seriolae and B. seriolae. PZQ could be
developed as a useful treatment for Z. seriolae and B. seriolae parasitising S. lalandi in sea-cage
aquaculture if suspected palatability problems are resolved.

KEY WORDS: Monogenea - Sea-cage aquaculture - Oral treatment - Anthelmintic - Seriola lalandi

Resale or republication not permitted without written consent of the publisher

INTRODUCTION

Yellowtail kingfish Seriola lalandi (Carangidae)
farmed in sea-cages in Spencer Gulf, South Australia
are parasitised by the monogeneans Zeuxapta seriolae
(Heteraxinidae) and Benedenia seriolae (Capsalidae).
Z. seriolae, a polyopisthocotylean, attaches to gill
lamellae by haptoral clamps. This species feeds on
blood and heavy infestations have been associated
with anaemia and mortality in aquaculture of Seriola

*Email: rissa.williams@adelaide.edu.au

spp. in Japan (Ogawa & Yokoyama 1998), in S. lalandi
in Australia (Ernst et al. 2002) and New Zealand (Sharp
et al. 2003), and in S. dumerili in the Mediterranean
(Grau et al. 2003, Montero et al. 2004). Benedenia seri-
olae, a monopisthocotylean, attaches to the skin, fins
and eyes of fish using a sucker-like haptor armed with
sclerites (Whittington 1996). Although attachment
appears to cause little damage to fish, B. seriolae feeds
on epithelial cells and heavy infestations can result in
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wounds that penetrate the epidermis deeply, and may
be associated with increased rubbing behaviour of
infested fish. Aggravated wounds may provide entry
for secondary bacterial, fungal or viral infections
(Paperna 1991, Thoney & Hargis 1991) and affect the
appearance of fish, therefore reducing their value and
marketability.

Management of Zeuxapta seriolae and Benedenia se-
riolae in South Australian Seriola lalandi aquaculture
relies on bathing cages of fish in a hydrogen peroxide
solution. Bath treatments of sea-caged S. lalandi are
labour-intensive, time-consuming, weatherdependent
and stressful to fish. Although the industry has devel-
oped considerable expertise in bath treatments, some
mortalities may still occur due to difficulties in calculat-
ing bath solution, physical damage to fish from crowd-
ing, or lack of oxygen. A treatment effective against
Z. seriolae and B. seriolae administered in-feed would
be a practical alternative to bath treatment, because it
requires no extra labour or infrastructure and does not
stress fish through handling or crowding.

Praziquantel (PZQ), a synthetic anthelmintic, was
developed to treat internal platyhelminths in livestock,
domestic animals and humans (Day et al. 1992). Recent
studies have investigated its effect on the polyopistho-
cotyleans Microcotyle sebastis (Kim et al. 1998, 2001,
Kim & Cho 2000, Kim & Kim 2002), Heterobothrium
okamatoi (Hirazawa et al. 2000) and Sparicotyle
chysophrii (Sitja-Bobadilla et al. 2006), as well as the
monopisthocotyleans Gyrodactylus sp. (Tojo & Santa-
marina 1998) and Neobenedenia girellae (Hirazawa et
al. 2004). PZQ is used as an oral treatment for tape-
worm in rainbow trout Onchorhynchus mykiss and
Atlantic salmon Salmo salar farmed in Norway (Hor-
mazabel & Yndestad 1995), and it is contained in
Hadaclean® (Bayer), an oral treatment for Benedenia
seriolae parasitising sea-caged Japanese yellowtail
Seriola quinqueradiata in Japan. However, PZQ has
not been tested as an oral treatment for monogeneans
parasitising S. lalandi farmed in Australia. This study
investigated the efficacy of PZQ, administered orally
either in-feed or by direct intubation, against Z. serio-
lae and B. seriolae parasitising S. lalandi.

MATERIALS AND METHODS

Source of fish and parasites. Yellowtail kingfish
Seriola lalandi were obtained from a commercial sea-
cage aquaculture farm in Spencer Gulf, South Aus-
tralia, in May 2003 and March 2004 for Trial 1 and Trial
2, respectively, and maintained in a 12 m? tank in a
commercial fish hatchery prior to experiments. Fish
became infested with Zeuxapta seriolae and Benede-
nia seriolae while in sea-cages. Before each trial, 10

fish were sampled from the cohort to confirm presence
of Z. seriolae and B. seriolae. Parasite sampling
involved bathing each fish individually in 2 separate
bath solutions. A bath in dechlorinated tap water for
5 min killed all B. seriolae and any remaining attached
to fish were manually removed (Chambers & Ernst
2005). This was followed by a seawater bath contain-
ing 5 ppm PZQ for 10 min to remove Z. seriolae
(Mooney et al. 2006). Parasites were collected by filter-
ing bathwater from each fish through 75 pm mesh. The
filtrate was preserved in 2% formalin solution and
parasites were counted using a stereoscopic dissection
microscope. PZQ was purchased from MP Biomedicals
(Lot no. 95758).

Trial 1 —PZQ delivered by surface-coating of feed.
Trial 1 was conducted in a rectangular floating sea
cage in the warm-water outlet channel of a power sta-
tion during June and July 2003. Temperature ranged
from 19 to 21°C and the salinity was 48 psu. The salin-
ity is naturally high in the upper Spencer Gulf, but
despite this, both wild and farmed kingfish carry
viable infestations of both Zeuxapta seriolae and Bene-
denia seriolae. Ten fish from the same cohort were
sampled before the trial to confirm presence of para-
sites, according to methods detailed above. The mean
weight of these fish was used to determine the ration of
feed (in percentage BW [body weight, kg]) and the
actual PZQ dose (mg kg~! BW) to administer during the
trial. A total of 163 fish with mean weight 0.32 kg
(range 0.12 to 0.51 kg) were randomly distributed
among 15 cages, each 1.5 m in diameter and con-
structed from 12 mm plastic mesh. Fish were accli-
mated for 7 d prior to experimentation and fed to satia-
tion with 5 mm Skretting Classic HS pellets (Skretting
Australia). The mean daily ration consumed during the
acclimation period was calculated and used as the
ration during the trial. Medicated feed was prepared
by surface-coating pellets with PZQ. Each dose, calcu-
lated from mean weight of fish, was dissolved in 2 ml of
absolute ethanol and sprayed evenly onto the ration of
pellets using a household trigger-style spray bottle. As
these sprayers often leave a small amount of liquid
behind in the bottle, this was measured prior to the
trial and compensated for. Fish oil (2 ml) was also
applied in an effort to mask the PZQ ‘flavour’ on med-
icated feed. Pellets were prepared the day before use
and allowed to dry overnight. Control fish were fed
regular pellets (unmedicated without fish oil). Four
daily doses were administered: 50 and 75 mg kg~! BW
d! for 6 d, and 100 and 150 mg kg™! BW day! for 3 d.
Three replicates were used for each of the 4 treatments
and 1 control. Respective doses were administered
over 3 d and 6 d simultaneously. Each cage was pro-
vided with feed, and fish were observed carefully for
rejection of pellets, or signs of toxicity such as dark-
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ened skin or loss of equilibrium caused by medicated
feed. Fish were held for 4 d following completion of
treatment to allow PZQ to be completely absorbed and
metabolised. The fish were then sampled using the
method described earlier, to determine remaining par-
asite intensity.

Trial 2—PZQ administered by intubation. Trial 2
was conducted in a 12 m? tank at a commercial hatch-
ery in the Spencer Gulf region of South Australia in
May 2004. A total of 50 fish averaging 1.25 (0.88 to 1.5)
kg in weight were distributed randomly among 5 cages
identical to those used in Trial 1. Water temperature
ranged from 17 to 18°C and salinity was 48 psu. Pres-
ence of monogeneans was confirmed on a sample of
fish from the same cohort using the method detailed
above. Mean weight of fish for each cage was deter-
mined to calculate actual PZQ dose (mg kg~! BW). The
experiment commenced the day following transfer of
fish to cages. PZQ was delivered in a paste made from
18 g of pre-pellet meal and 35 ml of dechlorinated tap
water. Fish were anaesthetised in a 60 1 tub containing
a bath solution of 25 ppm clove oil in seawater until
they were unresponsive to touch, then 4 ml of paste
was intubated into their stomach directly using a 60 ml
cathether syringe fitted with an extension of soft silicon
hose 4 mm in diameter. Fish were placed in a 60 1 tub
of clean seawater to recover, monitored for 5 min to
ensure no medication was regurgitated, then returned
to their cage. Control fish underwent an identical pro-
cedure, but were administered 4 ml of paste without
PZQ. Four daily doses were administered: 50 and
75 mg kg™ BW d! for 6 d, and 100 and 150 mg kg!
BW d! for 3 d. Fish were sampled using the method as
described previously. Monogeneans have a direct life-
cycle allowing them to reproduce rapidly in a closed
environment (Thoney & Hargis 1991). The primary
focus of this trial was to measure the ability of PZQ to
remove existing parasites. Due to the length of this
trial, the water temperature and the physical set-up of
the tanks, new parasite recruitment was impossible to
prevent; therefore Zeuxapta seriolae and Benedenia
seriolae <1.2 mm in total length (I. Ernst & I. D. Whit-
tington, unpubl. data) were considered to have para-
sitised fish after treatment, and were counted sepa-
rately from the remaining parasites.

Statistical analyses. Genstat Release 6.1 and SPSS
11.0 statistical software were used to analyse the data.
The efficacy for each treatment was calculated as a
percentage according to the formula of Stone et al.
(1999):

% efficacy = 100 - (100 X

mean parasite intensity of treatment
mean parasite intensity of control j
In Trial 1, parasite intensity data for individual fish
were pooled for each cage. To satisfy the assumption of
equal variances, data for Zeuxapta seriolae were
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Fig. 1. Mean intensity of (A) Zeuxapta seriolae and (B) Bene-
denia seriolae remaining on fish after Trial 1 (surface-coated
feed treatment with PZQ [praziquantel]) at 4 daily doses and
2 durations: 50 and 75 mg kg~! BW d™! over 6 d and 100 and
150 mg kg~! BW d~! over 3 d. Error bars represent 95 % confi-
dence intervals of the means. Z. seriolae data have been
logo(y+1) transformed. BW = body weight of fish

logio(y+1)-transformed where y is the number of
Z. seriolae (Fig. 1A), before performing a 1-way
ANOVA. No transformation was required for Benede-
nia seriolae data (Fig. 1B); therefore a 1-way ANOVA
was performed on raw (untransformed) data. Where
significant differences were detected, the efficacy of
each treatment was calculated as a percentage,
according to the formula in Stone et al. (1999) (see for-
mula given above). Linear contrasts were carried out
on data for Z. seriolae and B. seriolae to explore (1)
whether the mean parasite intensity for control fish
was significantly different from the mean parasite
intensities for the treatments, (2) whether the mean
parasite intensities for fish fed the lower daily PZQ
concentrations (50 and 75 mg kg~! BW d™!) were signif-
icantly different from the mean parasite intensities of
fish fed higher daily concentrations (100 and 150 mg
kg™! BWd!), and (3) whether fish fed the lowest daily
concentration of PZQ (50 mg kg~! BW d™!) had signifi-
cantly higher mean parasite intensity than fish fed the
highest daily concentration (150 mg kg~! BW d™1).

In Trial 2, parasite intensity data for individual fish
were not pooled as each fish was intubated individu-
ally and therefore each was considered a replicate.
The mean number of Zeuxapta seriolae remaining on
fish in the 50, 100 and 150 mg kg~! BW d"! treatments
was zero (Fig. 2A); therefore a 1-tailed 1-sample t-test
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Fig. 2. Mean intensity of (A) Zeuxapta seriolae and (B) Bene-

denia seriolae remaining on fish after Trial 2 (treatment by

intubation with PZQ) at 4 daily doses and 2 durations: 50 and

75 mg kg™! BW d"! over 6 d and 100 and 150 mg kg' BW d*

over 3 d. Error bars represent 95 % confidence intervals of the

means. B. seriolae data have been V(y+ 0.5)-transformed. See
Fig. 1 legend for definitions of acronyms

was carried out to determine whether the control mean
parasite intensity differed from the mean parasite
intensity of Z. seriolae on fish fed 50, 100 and 150 mg
kg BWdl. A 1-tailed independent-sample t-test was
performed between the 75 mg kg! BW d! treatment
(the only treatment with a mean parasite intensity >0,
see Fig. 2A) and the control. To satisfy the assumption
of equal variance, data for Benedenia seriolae remain-
ing on fish (Fig. 2B) were V (y+ 0.5)-transformed where
y is the number of parasites. This was followed by a
1-way ANOVA, and where significant differences
were detected (p < 0.05), linear con-
trasts were carried out (1) if the mean
parasite intensity for control fish was
significantly different from that for the
treatments, (2) if the mean parasite

RESULTS
Trial 1 —PZQ delivered by surface-coating of feed

A mean daily ration of 1.3 % BW was offered to each
treatment group during the feed trial. Fish were
observed to reject pellets surface-coated with PZQ at
all treatment doses, but especially at the higher daily
doses (100 and 150 mg kg~! BW d!), suggesting PZQ
reduced palatability of feed. The amount of pellets
consumed was difficult to quantify because rejected
pellets fell through cage mesh and were lost. There-
fore, doses assigned to each treatment group are
approximate at best, and the actual dose delivered is
likely to be less than the target total dose. No behav-
ioural abnormalities nor adverse physical signs of toxi-
city (e.g. skin darkening or loss of equilibrium) were
observed in any fish at any of the treatment doses.

Fish fed pellets medicated with PZQ had fewer
remaining Zeuxapta seriolae and Benedenia seriolae
compared with control fish, which received unmed-
icated pellets (Figs. 1A and B, respectively). Significant

Table 1. Efficacy, calculated as percentage reduction of mean

parasite intensities from the control mean (Stone et al. 1999),

of (A) PZQ (praziquantel) delivered in feed (Trial 1) and

(B) PZQ delivered by intubation (Trial 2) at 2 total doses and
durations. BW = body weight

Target daily dose (mg kg~! BW d}),
duration (d)

50 (6) 75(6) 100 (3) 150 (3)
(A)
Zeuxapta seriolae 81.4 70.8 35.8 14.7
Benedenia seriolae 58.1 66.4 30.9 21.6
(B)
Zeuxapta seriolae 100 99.5 100 100
Benedenia seriolae 92.5 95.5 91.0 97.7

Table 2. Linear contrasts performed on intensities of (A) Zeuxapta seriolae and

Benedenia seriolae remaining on treatment fish after PZQ (praziquantel) was

delivered by surface-coating feed (Trial 1); (B) B. seriolae remaining on treat-
ment fish after PZQ was delivered by intubation (Trial 2). BW = body weight

intensities for fish fed the lower daily
concentrations of PZQ (50 and 75 mg
kg™! BW d7!) were significantly differ-

ent from fish fed higher daily concen- A)
trations of PZQ (100 and 150 mg kg!
BW d'), and (3) if fish fed the lowest
daily concentration of PZQ (50 mg
kg™' BW d!) had significantly differ- (B)
ent mean parasite intensity of from
fish fed the highest daily concentra-
tion of PZQ (150 mg kg™! BWd ™).

Contrast Zeuxapta Benedenia
seriolae seriolae
Control vs. all treatments p =0.040 p <0.001
50 and 75 vs. 100 and 150 mg kg ' BW d™! p=0.014 p <0.001
50 vs. 150 mg kg BW d! p =0.024 p = 0.002
Control vs. all treatments p <0.001
50 and 75 vs. 100 and 150 mg kg™! BW d! p = 0.549
50 vs. 150 mg kg BW d! p =0.054
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differences were detected between the mean intensity
of Z. seriolae remaining on control fish and the mean
intensities remaining on fish that received doses of
PZQ (1-way ANOVA, p = 0.040, F = 2.58, df = 4). Sig-
nificant differences were also detected between the
mean intensity of B. seriolae remaining on control fish
and the mean intensities remaining on fish that
received doses of PZQ (1-way ANOVA, p < 0.001, F=
23.40, df = 4). Efficacy of PZQ against Z. seriolae and B.
seriolae was greater with lower daily doses (50 and
75 mg kg-! BW d7!) than with higher daily doses
(100 and 150 mg kg™' BW d!) (Table 1A). This is
reflected by the significant differences obtained in all 3
linear contrasts performed (Table 2A).

Trial 2—PZQ administered by intubation

Calculation of dose was based on mean weight of
each treatment group taken at the start of the trial. No
regurgitation of medicated paste nor adverse physical
signs associated with the treatment were observed.
PZQ administered by direct intubation at 50, 100, and
150 mg kg~! BW d~! resulted in complete elimination of
existing Zeuxapta seriolae infestation and 75 mg kg~!
BW d ! PZQ resulted in an efficacy of 99.5% (Table 1B;
Fig. 2A). A 1-tailed 1-sample t-test suggested the
mean parasite intensity of Z. seriolae remaining on
control fish was >0. This indicated that the mean para-
site intensity of Z. seriolae on control fish was likely to
be greater than the mean parasite intensities remain-
ing on fish in the treatment groups 50, 100 and 150 mg
kg™! BW d! (p > 0.001), which were also zero. The
75 mg kg! BW d°! PZQ treatment had a lower mean
intensity of Z. seriolae than the control (1-tailed inde-
pendent-sample ¢-test, p > 0.001).

Efficacy of PZQ administered by intubation against
Benedenia seriolae was >90% on all treatment fish
compared with control fish (Table 1B; Fig. 2B). Mean
parasite intensities of B. seriolae remaining on treated
fish were found to be significantly different from con-
trol fish (1-way ANOVA, p > 0.001, F = 86.28, df = 4).
Linear contrasts indicated that the higher daily doses
for shorter treatment periods (100 and 150 mg kg~! BW
d! delivered over 3 d) of PZQ were not significantly
different from the lower daily doses for longer treat-
ment periods (50 and 75 mg kg™! BW d~! delivered over
6 d) (p =0.549, see Table 2B). Linear contrasts also sug-
gested that the mean intensity of B. seriolae remaining
on fish fed the lowest daily dose (50 mg kg™ BW d})
was not significantly different from fish fed the highest
daily dose (150 mg kg~! BW d™%; p = 0.054), but overall,
found that fish in all 4 treatment doses had signifi-
cantly different numbers of B. seriolae remaining on
them than the control fish (p < 0.001) (Table 2B).

25-
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Fig. 3. Mean intensity of newly recruited (A) Zeuxapta serio-
lae and (B) Benedenia seriolae after Trial 2 (treatment by intu-
bation with PZQ) at 4 daily doses and 2 durations: 50 and
75 mg kg™! BW d! over 6 d and 100 and 150 mg kg™! BW d!
over 3 d. See Fig. 1 legend for definitions of acronyms

Mean parasite intensities of newly recruited
Zeuxapta seriolae and Benedenia seriolae in Trial 2
(i.e. infesting fish after treatment) appeared lower in
fish from all treatment doses when compared with
control fish. While treatments were not considered
independent, and statistical analysis was not per-
formed, the raw data are presented for discussion
(Fig. 3).

DISCUSSION

Fish treated with PZQ by surface coating of feed pel-
lets (Trial 1) had fewer Zeuxapta seriolae and Benede-
nia seriolae than control fish that received unmed-
icated pellets (Fig. 1). However, higher daily doses
(100 and 150 mg kg~! BW d™!) had lower efficacy than
lower daily doses (50 and 75 mg kg~! BW d™}) for treat-
ing infections of Z. seriolae and B. seriolae (Table 1A).
While we expected higher daily doses to have the
same or higher efficacy in removing parasites from
fish, this result could be explained by fish in the higher
daily dose treatments consuming fewer feed pellets
than fish fed the lower daily dose treatments. Fish
were observed to reject pellets at all doses adminis-
tered, especially at higher daily doses. This indicated
that surface-coating pellets with PZQ reduced the
palatability of pellets to Seriola lalandi. Hirazawa et al.
(2004) also observed reduced appetite in spotted hal-
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ibut Verasper variegates fed pellets medicated with
PZQ at a dose of 150 mg kg~! BW d~! and noted that
Japanese vyellowtail Seriola quinqueradiata and
amberjack Seriola dumerili in commercial aquaculture
in Japan may reject pellets medicated with PZQ. Sitja-
Bobadilla et al. (2006) also encountered suspected
palatability problems with gilthead sea bream Sparus
auratus, demonstrating reduced appetence towards
PZQ-medicated feed. An oral treatment that reduces
feed palatability makes it difficult for farmers to
administer the required dose accurately. Furthermore,
uneaten food and therefore unassimilated medication
is wasteful and expensive, and a prolonged reduction
in feeding may lead to slower fish growth, which is
highly undesirable for farmers. If PZQ were adminis-
tered to commercially farmed Seriola lalandi by sur-
face coating of feed, other strategies may be required,
such as the use of agents to mask the ‘flavour’ of the
medicated feed, e.g. microencapsulation of PZQ prior
to incorporation into feed or fasting fish for a period
prior to treatment. However, microencapsulation may
be too expensive, and fasting fish for any period may
still be undesirable for farmers trying to achieve maxi-
mum growth from their fish. Alternatively, a lower,
more palatable daily dose over a longer duration may
be required to ensure fish do actually consume the
required dose to treat Z. seriolae and B. seriolae, while
retaining their appetite.

A number of studies investigating the use of PZQ as
an orally administered anthelmintic have not recorded
rejection by fish of feed medicated with PZQ; however
those studies delivered the medication incorporated
within the feed ration. For example, Hirazawa et al.
(2004) incorporated PZQ into a pre-pellet mixture
before pellets were passed through a disc pelleter and
dried. Kim et al. (2003) delivered PZQ by a moist pel-
leted feed (a feed normally manufactured on-site,
immediately prior to feeding, with no drying process).
In light of these studies, the occurrence of pellet rejec-
tion with surface-coated feed suggests that incorporat-
ing PZQ homogenously within the feed may overcome
suspected palatability issues for some fish species. In
South Australia, fish are fed commercially available
pellets made through an extrusion process and it is
possible that medicated diets incorporating PZQ could
be commercially manufactured. However, extrusion
does involve potentially destructive processes for med-
ication such as pressure, humidity and high tempera-
tures (Broz et al. 1997, Vertommen & Kinget 1998).
Although the use of extruded feed pellets has been
widely adopted in Japanese finfish aquaculture, incor-
poration of medications at the point of manufacture is
not permitted. Consequently, farmers must apply med-
ications themselves, usually by surface-coating feed,
and this may exacerbate suspected palatability prob-

lems, depending on how refined their method of appli-
cation is. Further experimentation is required to
ensure extrusion processes do not reduce the activity
of PZQ before a commercial medicated extruded pellet
feed can be developed.

Three treatment doses (50, 100 and 150 mg kg~! BW
d™') in Trial 2 resulted in complete elimination of exist-
ing Zeuxapta seriolae infestations (Fig. 2A) and the
fourth treatment dose (75 mg kg™! BW d!) had an effi-
cacy of 99.5% (Table 1B). Treatment fish also had
fewer newly recruited Z. seriolae than control fish
(Fig. 3), suggesting that all 4 daily doses of PZQ may
prevent Z. seriolae from recruiting to fish. As the treat-
ments were not independent, a separate trial would be
required to investigate this apparent prophylactic
effect further.

These results demonstrate that PZQ is an excellent
candidate for oral treatment against Zeuxapta seriolae.
Through strategic application, by timing treatments
based on knowledge of the parasite life cycle at differ-
ent water temperatures, PZQ could be a useful tool in
the management of Z. seriolae. PZQ has the potential
for wide application, as Z. seriolae not only parasitises
Seriola lalandi farmed in South Awustralia, but also
farmed S. lalandi in New Zealand, farmed S. dumerili
in the Mediterranean and farmed S. lalandi and S.
dumerili in Japan. There are no published reports of
the efficacy of orally administered PZQ for treatment of
Heteraxine heterocerca (a blood-feeding gill monoge-
nean) on farmed S. quinqueradiata. However, consid-
ering the results reported here for Z. seriolae, and prior
reports of the efficacy of PZQ for treating other poly-
opisthocotylean Monogenea, it is likely that PZQ will
be effective against H. heterocerca in Japan.

Intubation by hand of individual fish is labour
intensive. Administration of any treatment to an
entire cage of fish or to an entire farm stock using
this method is not practical. However, this method
allowed exact doses of PZQ to be tested without sus-
pected palatability problems confounding results. It
also requires fewer fish as each is treated individu-
ally, and therefore can be treated as a replicate,
while still retaining a statistically robust experimental
design. Using intubation, we have demonstrated that
orally administered PZQ can achieve high efficacy
against Zeuxapta seriolae and Benedenia seriolae
parasitising Seriola lalandi, if suspected palatability
problems can be resolved.
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