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Abstract

Heterocotyle tokoloshei sp. nov. is described from the gills of a single Short-tail stingray, Dasyatis brevicaudata, kept in cap-
tivity at the Two Oceans Aquarium in Cape Town, South Africa. The stingray exhibited laboured gill ventilation and deterio-
rating health on exhibit and was removed to the quarantine area for parasitological study and treatment. A 12 h bath treatment
of praziquantel at 20mg/1, pre-dissolved in ethanol, removed 3084 parasites from the gills of the ray. However, the presence of
a large number of eggs 24 h post-treatment indicated that viable egg laying adults remained on the gills and that the treatment
was not 100% effective. Praziquantel was subsequently administered orally by intubation to the same ray at 150 mg/kg under
anaesthetic (2-phenoxyethanol at 0.15 ml/l for approximately 1 h), which resulted in the removal of approximately 392 000 par-
asites from the gills 12 h post-oral treatment. Twenty-four h post-oral treatment, 3383 worms, but no eggs were recovered. No
worms or eggs were recovered 48 h to 10 days post-oral treatment. The ray died approximately 30 days after the completion
of the treatment. Heterocotyle tokoloshei sp. nov. is the first Heterocotyle species described from South Africa and represents
the first record of a pathogenic Heterocotyle species. The new species can be distinguished from the other 16 species in the genus
by the distal region of the male copulatory organ which has distinct small spines and by the morphology of the male copula-
tory organ accessory piece. Eggs of H. tokoloshei sp. nov. are laid singly and hatch spontaneously between 5 and 8 days at 18°C.
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Introduction

Monocotylid monogeneans are known to cause health prob-
lems in stingrays maintained in public aquaria (Chisholm and
Whittington 2002, Janse and Borgsteede 2003, Chisholm ef al.
2004, Vaughan et al. 2008a, Vaughan and Chisholm 2009).
Monocotylids parasitising the skin surface of stingrays held in
captivity have received the most attention because infections
are more visible and physical damage associated with feeding
worms typically presents itself as conspicuous tissue dis-
colouration. Infection by skin parasites also often results in a
notable change in host behaviour. For example, stingrays in-
fected with members of Dendromonocotyle Hargis, 1955 be-

come restless and irritated and will flash (Whittington and
Chisholm 2008) or can be observed folding their wings over
their backs. Populations of monocotylids infecting host gills,
however, can potentially increase unnoticed until the host be-
comes seriously debilitated.

Members of Heterocotyle Scott, 1904 are exclusively par-
asitic on the gills of their stingray hosts. They have 1 central
and 8 peripheral haptoral loculi and are distinguished from
other members of the Monocotylidae Taschenberg, 1879 by the
presence of 4 accessory structures on the dorsal surface of the
haptor and by a single or multiple ridges, said to be sclerotised,
on the ventral surface of the haptoral septa (Chisholm and
Whittington 1996).
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Reports of monocotylids infecting captive stingrays are in-
creasing, but little information is available on their control and
treatment. No Heterocotyle species has been described from
South Africa. An exploratory investigation into the deterio-
rating health of a captive Short-tail stingray, Dasyatis brevi-
caudata (Hutton, 1875), at the Two Oceans Aquarium in Cape
Town revealed a large number of monocotylids infecting the
gills. These monogeneans are proposed here as a new species
of Heterocotyle. The heavy infection provided the opportunity
to investigate the potential use of praziquantel as a non-inva-
sive means of collection and possible treatment of these mono-
genean parasites.

Materials and methods
Host and treatment using praziquantel

A female D. brevicaudata kept on exhibit at Two Oceans
Aquarium showed signs of laboured gill ventilation and re-
fused food offered via SCUBA during routine public-exhibi-
tion feeding. The 140 kg ray was removed from the exhibit in
August 2008 and isolated in a 4000 1 quarantine holding tank
supplied with fresh, filtered seawater maintained at 18°C. The
stingray was examined for any external parasites on both the
dorsal and ventral skin surfaces, but none was observed.
Twelve h post-isolation the bottom surface of the tank was si-
phoned and the water was filtered through a 23 um sieve. The
contents of the filter were examined using an Olympus SZ60
stereo zoom microscope to check for the presence of mono-
genean eggs. An unquantifiable mass of tetrahedral eggs was
observed, confirming a large infection. Some of these eggs
were kept for egg hatching experiments. The supply of in-
coming fresh seawater to the holding pool was closed and the
pool was treated for 12 h with 20 mg/l of pure praziquantel
powder dissolved in 200 ml ethanol, after which time the si-
phoning procedure was repeated. In addition to a large num-
ber of eggs, monogeneans were recovered and were fixed in
absolute ethanol. The supply of incoming fresh seawater was
resumed for 24 h to allow a complete turnover of the treated
water volume. The bottom of the tank was siphoned again, and
a large mass of eggs but no further worms were recovered, thus
it was clear that the efficacy of the bath treatment was not
100%. Immediately thereafter, the stingray was anaesthetised
using 0.15 ml/l of 2-phenoxyethanol (Vaughan et al. 2008b)
for approximately 1 h and intubated with praziquantel at
150 mg/kg before being revived. The praziquantel was mixed
with seawater and administered with a 60 ml syringe and a
length of 0.5 mm plastic tubing inserted into the stomach. At
12 h post-oral treatment, the bottom surface of the tank was si-
phoned again and filtered. The presence of eggs was noted and
worms recovered were counted under the dissection micro-
scope using a grid consisting of 870 equal squares. The mean
number of monogeneans counted in 50 randomly selected
blocks was calculated and then multiplied by the total number
of blocks to determine an approximation of the total number

of worms. Siphoning of the bottom of the tank was repeated
every 24 h for a further 10 days but no further treatments
(bathing or intubation) were administered.

Processing of monogeneans

Approximately half the worms recovered during the oral treat-
ment were fixed unflattened in absolute ethanol and the other
half in 10% buffered neutral formalin (BNF). Sixteen speci-
mens used for the species description were flattened under cov-
erslip pressure and fixed separately in BNF. These were re-
turned to freshwater before being stained with alum carmine,
dehydrated in a graded ethanol series, cleared in cedarwood oil
and individually mounted in Canada balsam. Some specimens
preserved in absolute ethanol were subjected to proteolytic di-
gestion (Vaughan et al. 2008a) to provide clear definition of the
sclerotised structures of the haptor and of the sclerotised male
copulatory organ. This method was also used to provide fur-
ther information on whether or not the sinuous ridges on the
haptoral septa are sclerotised.

Permanently mounted monogeneans, digests and eggs were
examined using an Olympus CX 41 compound light micro-
scope fitted with phase-contrast and dark-field optics. Pho-
tomicrographs were taken with an Olympus Altra20 digital mi-
croscope camera and drawings were made with the aid of a
drawing tube. All measurements were done using Olympus
AnalySIS5® software and are given in micrometres as the
mean + standard deviation, followed in parenthesis by the
range and number measured. The slightly curved male copu-
latory organ was measured along the curve.

Taxonomic terminology follows that of Chisholm and
Whittington (1996). The type series of the new species is de-
posited in the Iziko South African Museum (SAMCTA) in
Cape Town, 8000, South Africa, and the Australian Helminthol-
ogical Collection (AHC) at the South Australian Museum
(SAMA), North Terrace, Adelaide, South Australia, 5000,
Australia. The voucher material, consisting of all remaining
worms collected in this study, is deposited in SAMCTA.

Egg collection and hatching

Two replicate sets of 50 eggs each were collected for hatching
from the bottom of the quarantine tank 12 h after the ray was first
isolated. The eggs were cleaned of debris and 1 egg was placed
into each well (volume =4 ml) of 10, 12-well tissue plates with
lids. The plates were allowed to float at the surface of the wa-
ter, ensuring that lids remained in place, in glass incubation tanks
containing fresh filtered seawater. Incubation tanks were main-
tained at 18°C using thermostatically controlled glass immersion
aquarium heaters. Lighting (2 non-filtered standard white-light
30 watt fluorescent tubes) was controlled using an automated
timer set to a 12 h light-dark (LD) regime (i.e., light on 06:30,
light off 18:30). Half the volume of each well was replaced daily
with fresh filtered seawater from the incubation tanks using a sy-
ringe to deliver the water slowly. The eggs were checked daily
and the development of the larvae was noted.



110 David B. Vaughan and Leslie A. Chisholm

do

amg

alg

ex

mco
ap
mag

vi

———vp

spv

sr

vd

mm

or
dhas

) = ha

Fig. 1. Heterocotyle tokoloshei sp. nov.: Whole worm ventral view composite. Abbreviations: alg — anterolateral gland; amg — anterome-
dian gland; ap — accessory piece; dhas — dorsal haptoral accessory structure; dm — dark mass of unknown function; do — gland-duct opening;
e — eyespots as dispersed pigment granules; eb — ejaculatory bulb; ex — excretory bladder; g — glands associated with either side of pharynx;
h — marginal hooklet; ha — hamulus; i — intestinal caecum; m — mouth; mm — marginal membrane; mag — male accessory glands; mco — male
copulatory organ; oot — ootype; or — outer-ring septum; ov —ovary; ovo — ovovitelline duct; p — pharynx; r — sinuous ridge; spv — sclerotised
region of proximal vagina; sr — seminal receptacle; sv — seminal vesicle; t — testis; tvd — transverse vitelline duct; v — vagina; vd — vas defer-
ens; vi — vitellarium; vp — vaginal pore. Scale bar =400 um
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Results

Monocotylidae Taschenberg, 1879
Heterocotylinae Chisholm, Wheeler et Beverley-Burton, 1995
Heterocotyle Scott, 1904

Heterocotyle tokoloshei sp. nov. (Figs 1 and 2)
Type-host: Dasyatis brevicaudata (Hutton, 1875).

Type-locality: Originally collected from Struisbaai, South
Africa and held at Two Oceans Aquarium, Dock Road,

Victoria and Alfred Waterfront, Cape Town, 8000, South
Africa.

Location on host: Gills.

Etymology: This species is named after the Tokoloshe,
the small and troublesome mythical creature of the traditional
South African Zulu and Xhosa cultures.

Date of specimen collection: 26 August 2008.

Holotype: SAMCTA 29477.

Paratypes: SAMCTA 29478 (10 whole mounts), SAM-
CTA 29479 (1 sclerotised male copulatory organ and haptor di-
gest), SAMA AHC 29876-29880 (5 whole mounts).

Fig. 2. Sclerotised male copulatory organ and haptoral armature of Heterocotyle tokoloshei sp. nov. A — hamulus; B — marginal hooklet;
C — dorsal haptoral accessory structure (dorsal view); D — male copulatory organ; E — accessory piece; F — distal region of male copulatory
organ. Abbreviations as in Figure 1. Scale bars: A= 50 pm, B=10 pm, C =30 um, D = 100 um, E and F = 20 um
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Vouchers: 2 bottles containing all remaining worms in ei-
ther 10% BNF (SAMCTA 29480) or analytical-grade absolute
ethanol appropriate for future molecular investigation (SAM-
CTA 29481).

Description: Based on 16 whole flattened adult specimens
and 1 proteolytic digest of the sclerotised male copulatory or-
gan and haptor. Total body (Fig. 1) excluding haptor 1077 +
181.8 (768-1428, n = 16) long, 455 + 75.5 (307-583, n = 16)
wide at widest point. Haptor oval 419 +44.0 (343-502, n=16)
long, 515 £ 67.4 (377-606, n = 16) wide consisting of 1 cen-
tral and 8 peripheral loculi. Sinuous ridge single on inner and
outer ring and 3 posterior septa, double on 2 lateral radial septa
and triple on 3 anterior radial septa (1/2/3 configuration; see
Chisholm and Whittington 1996). Hamulus (Figs 1, 2A) 55 +
2.1 (52-58, n = 10) long with robust guard. Hamulus handle
embedded in tissue of septum between posterior and postero-
lateral loculi (Fig. 1). Fourteen marginal hooklets (Fig. 2B) 10
+0.3 (9-10, n=8) long, distributed in the marginal membrane
as illustrated (Fig. 1). Dorsal surface of haptor with 4 acces-
sory structures with sclerotised, striated anterior edge (Figs 1,
2C). Lateral extremity of each sclerotised striated edge folded
around adjacent region of outer-ring septum (Figs 1, 2C).

Mouth ventral, subterminal. Small distinct dark masses of
unknown function on either side of mouth (Fig. 1). Anterior re-
gion with 3 glands; | anteromedian and 2 anterolateral glands
containing granular secretion (Fig. 1). Anterolateral glands in-
conspicuous, posterior to mouth opening (Fig. 1). Lateral
glands not observed, possibly obscured by vitellarium. Phar-
ynx 141 +£25.2 (101-191, n = 16) long, 100 + 19.1 (64147,
n=16) wide. Glands present either side of pharynx. Intestinal
caeca lacking diverticula, running full length of body, ending
blindly. Eyespots in form of dispersed pigment granules dis-
tributed in 2 areas (Fig. 1); 1 pair of concentrated granules lat-
eral to anterior region of pharynx, and loosely dispersed gran-
ules anterior to pharynx. Pair of excretory bladders positioned
lateral to posterior region of pharynx, midway between outer
body wall and intestinal caeca (Fig. 1).

Testis lobed (Fig. 1). Vas deferens originates from left side
of testis, runs anteriorly, dorsal to transverse vitelline duct, pass-
ing between outer wall of vagina and intestinal caccum (Fig. 1).
Path of vas deferens to where it swells to form seminal vesicle
obscured by vagina and extensive male accessory glands. Sem-
inal vesicle positioned right of posterior region of ejaculatory
bulb, posterior to male accessory glands, narrows, entering
ejaculatory bulb at its base (Fig. 1). Ejaculatory bulb muscular,
ovoid, 197 +32.3 (136-247, n=16) long, 103 +27.2 (46145,
n = 16) wide (Fig. 1); extensive network of male accessory
glands enters base (Fig. 1). Anterior region of ejaculatory bulb
narrows to meet proximal region of distinct sclerotised male cop-
ulatory organ 238 +21.3 (189-260, n = 17) long (Figs 1, 2D).
Comb-like sclerotised accessory piece 87 + 6.3 (7898, n = 15)
long, originates from proximal region of male copulatory organ
(Figs 1; 2D, E). Shaft of male copulatory organ straight, then
curved at distal end. Distal region of male copulatory organ
armed with approximately 20 small spines (Figs 1; 2D, F).

Ovary loops right intestinal caecum dorsoventrally, narrows
abruptly to form loosely curved oviduct which meets common
vitelline duct near base of seminal receptacle (Fig. 1). Ovo-
vitelline duct enters o6type. O6type 191 + 47.8 (126-287,
n=16) long (Fig. 1). Mehlis’ glands not observed. Tetrahedral
egg 90 + 7.8 (74-100, n = 10) side length with long polar fila-
ment; measured from free eggs laid by adults. Vaginal pore on
left side of body at level of seminal vesicle (Fig. 1). Vagina 204
+ 18.7 (180-222, n = 6) long; large, sack-like with longitudi-
nal folds internally, with thick, non-sclerotised walls (Fig. 1).
Proximal region of vagina narrows to form area with small,
tightly packed lateral sclerites, then leads to duct entering small
seminal receptacle 37 = 7.3 (28-48, n = 8) long (Fig. 1). Sper-
matophores not observed. Vitellarium extends from posterior
end of pharynx to posterior region of body proper (Fig. 1).

Egg incubation and hatching

Tetrahedral eggs of H. tokoloshei are laid singly and in this case
became entangled with each other and detritus forming large
mats. Eggs incubated in a LD 12:12 light regime at 18°C con-
tained larvae with eyes and marginal hooklets after 3 days.
Spontaneous hatching commenced on day 5 and ended on
day 8 with a 100% hatching success in both replicates.

Remarks

Heterocotyle tokoloshei can be distinguished from all known
species of Heterocotyle by the unique morphology of the dis-
tal end of the male copulatory organ with 20 small spines (Figs
1; 2D, F), the morphology of the male copulatory organ ac-
cessory piece (Figs 1; 2D, E) and the small area of sclerotisa-
tion at the base of the proximal region of the vagina (Fig. 1).

Proteolytic digestion of the haptor revealed that the striated
edge of all 4 sclerotised dorsal haptoral accessory structures
wraps around the outer ring septum opposite the anterior and
anterolateral loculi (Figs 1, 2C). The dorsal haptoral accessory
structures resisted digestion for the most part, however, the
sclerotised edge is thin and eventually disintegrates if left for
too long in the digestion fluid. In addition, the degree of di-
gestion of the sinuous ridge on the septa was equal to other
non-sclerotised parts of the haptor and it is therefore likely that
the ridge is not sclerotised as noted previously for other mem-
bers of Heterocotyle.

Praziquantel treatment

When the ray was bathed in 20 mg/l praziquantel for 12 h,
3084 worms were recovered. It was clear that this treatment did
not eliminate all of the parasites because numerous eggs were
found in the bottom of the tank 24 h post-treatment. The
stingray was then anaesthetised for approximately 1 h with a
concentration of 2-phenoxyethanol at 0.15 ml/I (Vaughan et al.
2008b) and intubated with praziquantel at 150 mg/kg. Twelve
h post-treatment a large number of eggs and approximately
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392 000 worms were recovered. Twenty-four h post-treat-
ment no eggs and 3383 parasites were collected. No further
eggs or parasites were found 48 h — 10 days post-treatment.

Discussion

Heterocotyle tokoloshei is the first reported Heterocotyle
species from South Africa and the first published account of a
pathogenic Heterocotyle species. The host stingray’s general
health did not improve after the removal of the massive in-
fection with H. tokoloshei and died in the quarantine facility
a month after the completion of the treatment. Information on
the treatment of monocotylid monogeneans is currently lim-
ited. Chisholm and Whittington (2002) tested the efficacy of
various praziquantel treatment protocols against 4 monocotylid
species infecting the gills (3 species) and nasal tissue (1
species) of the Giant Shovelnose Ray, Glaucostegus typus
(Bennett, 1830), (syn. Rhinobatos typus). Two 40 h bath treat-
ments of praziquantel at 5 mg/l, 48 h apart were successful in
eliminating all 4 monocotylid species (Chisholm and Whit-
tington 2002). Exposure of monocotylids in vitro to 20 mg/1
praziquantel for 2 h proved ineffective and worms were able
to make a full recovery and produce viable eggs. However,
monocotylids exposed to 20 mg/I died after in vitro exposures
of 12 and 14 h (Chisholm and Whittington 2002). Although
Chisholm and Whittington (2002) indicated that G. typus
could not withstand long periods of exposure to high levels of
praziquantel (2 h at 20 mg/1 at 25°C; 6 h at 10 mg/l at 26.3°C),
it is likely that the distress encountered in their experimental
rays was due to deteriorating water quality and not prazi-
quantel exposure. Experimental tanks with volumes of 50 1
containing 30 I of praziquantel-treated seawater were used for
maintaining individual rays between 45 cm and 60 cm in to-
tal length. Filtration could not be used and water temperatures
ranged between 23.8°C and 26.5°C (Chisholm and Whitting-
ton 2002). These conditions are conducive to a rapid decrease
in water quality and toxic build-up of ammonia and nitrite
(Randall and Tsui 2002, Kroupova ef al. 2005).

In the present study the large female D. brevicaudata was
exposed initially to a praziquantel bath at 20 mg/l for 12 hin a
quarantine holding tank with an approximate volume of 4000 1.
Although over 3000 individual H. fokoloshei were recovered
from the bottom of the holding tank after this bath treatment,
the presence of masses of eggs 24 h later indicated that it had
been unsuccessful in completely removing all parasites.

In their in vivo experiments using various praziquantel con-
centrations, Chisholm and Whittington (2002) noted differ-
ences in the susceptibility of different monocotylid size classes
to the same concentrations. These differences were attributed
to the ability of the monocotylid developmental stages to make
use of different host microhabitats. Chisholm and Whittington
(2002) observed that smaller developmental stages of the gill
monogeneans withdrew deeply between the gill lamellae as a
reaction to initial contact with the praziquantel, possibly shield-

ing them from full exposure. This may be why the initial praz-
iquantel bath treatment in the present study failed. However, it
is also likely that hyperplasia of the gill lamellae in reaction to
a large infection of H. tokoloshei could have further inhibited
the effective exposure to praziquantel in solution.

In teleosts, oral praziquantel treatments at 150 mg/kg have
successfully removed skin and gill monogeneans (see Hi-
razawa et. al. 2004, Williams et al. 2007). Until now, oral ap-
plication at this dosage in elasmobranchs has not been inves-
tigated. Janse and Borgsteede (2003) presented results of both
a bath treatment and oral application of praziquantel to treat
captive spotted eagle rays Aetobatus narinari (Euphrasen,
1790) infected with monocotylids they misidentified as Clema-
cotyle australis Young, 1967 (likely Dendromonocotyle torosa
Chisholm et Whittington, 2004; see Whittington and Chisholm
2008) and an unidentified hexabothriid species. Orally ad-
ministered praziquantel at 10—40 mg/kg (note the exact con-
centrations are difficult to interpret from their results) did not
remove the parasites infecting A. narinari, but limited short-
term success was achieved with bath treatments.

We determined that a single dose oral treatment of prazi-
quantel administered at 150 mg/kg by intubation was highly
successful in removing all remaining parasites by 24 h post-
treatment. However, because the praziquantel was adminis-
tered by intubation while the ray was anaesthetised with 2-phe-
noxyethanol at 0.15 ml/l, it is unclear if the praziquantel was
solely responsible for the success of this treatment. Pironet and
Jones (2000) found that a 1.5 h freshwater bath alone removed
91.5% of the monogeneans identified as Haliotrema Johnston
et Tiegs, 1922 (Dactylogyridae) from Glaucosoma hebraicum
Richardson, 1845, whereas a 1.5 h freshwater bath in combi-
nation with 300 mg/1 2-phenoxyethanol removed 100% of the
monogeneans. Pironet and Jones (2000) also noted that Halio-
trema seemed sensitive to 2-phenoxyethanol, because the ma-
jority of the monogeneans became detached after 10 min in ap-
proximately 300 mg/1 of 2-phenoxyethanol.

In addition to its treatment properties, this protocol can also
be used as a non-invasive means of prospecting stingrays sus-
pected to be infected with Heterocotyle species as well as
other monogeneans. As stated above, we cannot know how
much the 2-phenoxyethanol contributed to the success of our
protocol but it is likely that the oral dosages of praziquantel
(1040 mg/kg) tested by Janse and Borgsteede (2003) to re-
move monogeneans from A. narinari were too low. Clearly,
controlled experiments are needed to determine the isolated ef-
fects of 2-phenoxyethanol and oral praziquantel doses by in-
tubation against monogeneans on elasmobranchs.

Monogeneans have a direct life-cycle and produce eggs
which are resistant to treatment (Whittington and Chisholm
2008). It is therefore important to consider biological data to
correctly time follow-up treatments in public aquarium exhib-
its where monocotylids have already become established
(Vaughan and Chisholm 2009). Here, information on egg
hatching, potential hatching cues, and development time to
sexual maturity should be used to determine an optimum treat-
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ment strategy to break the life-cycle. Using a one-off treatment
or randomly generated follow-up strategies may only provide
temporary relief, as re-infections usually result. In our opinion,
preventing monogeneans from becoming established in pub-
lic aquarium exhibits through the implementation of adequate
quarantine protocols is both easier and more responsible.
Therefore, the following preventative quarantine protocol was
designed for new acquisitions of D. brevicaudata at the Two
Oceans Aquarium based on the effect of the oral application of
praziquantel and the subsequent egg development and hatch-
ing data collected for H. fokoloshei at 18°C. Upon arrival,
stingrays are weighed and isolated in the quarantine area in a
holding tank maintained at 18°C. Praziquantel at 150 mg/kg is
administered orally (intubated under anaesthetic of 2-phe-
noxyethanol at 0.15 ml/I). The bottom of the holding tank is si-
phoned daily to check for parasites and eggs and the oral
dosage of praziquantel re-administered on day 10—12 to coin-
cide with the recruitment of any new larvae.

References

Chisholm L.A., Whittington .D. 1996. A revision of Heterocotyle
(Monogenea: Monocotylidae) with a description of Hetero-
cotyle capricornensis n. sp. from Himantura fai (Dasyatidi-
dae) from Heron Island, Great Barrier Reef, Australia. Inter-
national Journal for Parasitology, 26, 1169-1190. DOI:
10.1016/S0020-7519(96)00113-0.

Chisholm L.A., Whittington I.D. 2002. Efficacy of praziquantel bath
treatments for monogenean infections of the Rhinobatos
typus. Journal of Aquatic Animal Health, 14, 230-234. DOI:
10.1017/S0031182003004062.

Chisholm L.A., Whittington I.D., Fischer A.B.P. 2004. A review of
Dendromonocotyle (Monogenea: Monocotylidae) from the
skin of stingrays and their control in public aquaria. Folia Pa-
rasitologica, 51, 123-130.

(Accepted January 18, 2010)

Hirazawa N., Mitsuboshi T., Hirata T., Shirasu K. 2004. Susceptibil-
ity of spotted halibut Verasper variegatus (Pleuronectidae) to
infection by the monogenean Neobenedenia girellae (Capsali-
dae) and oral therapy trials using praziquantel. Aquaculture,
238, 83-95. DOL: 10.1016/j.aquaculture.2004.05.015.

Janse M., Borgsteede F.H.M. 2003. Praziquantel treatment of cap-
tive white-spotted eagle rays (Adetobatus narinari) infested
with monogenean trematodes. Bulletin of the European Asso-
ciation of Fish Pathologists, 23, 152—156.

Kroupova H., Machova J., Svobodova Z. 2005. Nitrite influence of
fish: a review. Veterinary Medicine-Czech, 50, 461-471.

Pironet F.N., Jones J.B. 2000. Treatments for ectoparasites and dis-
eases in captive Western Australian dhufish. Aquaculture In-
ternational, 8, 349-361. DOI: 10.1023/A:1009257011431.

Randall D.J., Tsui T.K.N. 2002. Ammonia toxicity in fish. Marine
Pollution Bulletin, 45, 17-23. DOI: 10.1016/S0025-326X(02)
00227-8.

Vaughan D.B., Chisholm L.A. 2009. Three Dendromonocotyle
species (Monogenea: Monocotylidae) reported from captive
rays, including D. lotteri sp. n. from Himantura gerrardi
(Elasmobranchii: Dasyatidae) in the public aquarium at the
Atlantis resort, Dubai. Folia Parasitologica, 56, 99-106.

Vaughan D., Chisholm L., Christison K. 2008a. Overview of South
African Dendromonocotyle (Monogenea: Monocotylidae),
with descriptions of 2 new species from stingrays (Dasyati-
dae) kept in public aquaria. Zootaxa, 1826, 26—44.

Vaughan D.B., Penning M.R., Christison K.W. 2008b. 2-Phenoxy-
ethanol as anaesthetic in removing and relocating 102 species
of fishes representing 30 families from Sea World to uShaka
Marine World, South Africa. Onderstepoort Journal of Vet-
erinary Research, 75, 189—198.

Whittington 1.D., Chisholm L.A. 2008. Diseases caused by Mono-
genea. In: (Eds. J.C. Eiras, H. Segner, T. Wahlii and B.G.
Kapoor) Fish Diseases. Science Publishers Inc., New Hamp-
shire, USA, 683-816.

Williams R.E., Ernst I., Chambers C.B., Whittington I.D. 2007. Ef-
ficacy of orally administered praziquantel against Zeuxapta
seriolae and Benedenia seriolae (Monogenea) in yellowtail
kingfish Seriola lalandi. Diseases of Aquatic Organisms, 77,
199-205. DOI: 10.3354/dao01824.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /HorndonD
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /Humnst777BlkCnEU-Normal
    /Humnst777BlkEU-Italic
    /Humnst777BlkEU-Normal
    /Humnst777CnEU-Bold
    /Humnst777CnEU-Normal
    /Humnst777EU-Bold
    /Humnst777EU-BoldItalic
    /Humnst777EU-Italic
    /Humnst777EU-Normal
    /Humnst777LtCnEU-Normal
    /Humnst777LtEU-Italic
    /Humnst777LtEU-Normal
    /Humnst777XBlkCnEU-Normal
    /Humnst777XBlkEU-Normal
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Swiss911BT-UltraCompressed
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolMT
    /SymbolProportionalBT-Regular
    /TagLetPlain
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalARoman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


