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1. Abstract

Cultured fish are commonly afflicted by disease caused by
monogenean flukes. resulting in significant production losses. /n vitro trials
were conducted to identify an effective treatment against the monogenean
flukes Cafceostoma sp. and Diplectanum sp. infecting the silver kob
Argyrosomus  inodorus. Treatments  included  praziguantel,  formalin,
freshwater, hydrogen peroxide and copper sulphate. Freshwater was found to
be 100% effective on both species of flukes, whereas praziguante! was more
effective at a higher concentration. The other treatments were not effective
against the flukes and are not recommended for use. The influence of
ternperature on larval haiching was investigated to determine an appropriate
time for follow-up treatmenis to be administered. Temperature did not
influence the larval embryonation period of Calceostoma sp. (r= - 0.22), but
had an effect on that of Dipfecfanum sp. (r = - 0.87). It appears that eggs of
Dhipfectanuim sp. hatch spontaneously, whereas a cue such as light periodicity
or mechanical disturbance may be responsible for the hatching of
Calcecstoma sp. eggs. Follow-up treatments should be administered after 7-
12 days to prevent reinfection of Caftceostoma sp. Dipfectanum sp. shoufd be
treated weekly at tugh temperatures of argund 19 °C, and every three to five
days at lower temperatures. A general cverview of the genera Cafceostoma
and Dipfectanum 15 included to facilitate identification of the monogenean

flukes infecting silver kob.



2. Introduction

Mariculture has become more intensive over the last two decades
largely due to the introduction of new technologies, greater understanding of
the farmed fishes' biology, an increased demand for fish products and an
improvement in water guaiity in farming systems {De Voe 18984). Development
in aguaculture has put greater emphasis on the problems posed by parasites
and the negative impact thay have on the productivity of aguaculture facilities
In genarai {(Schoitz 1999, Intensive culture systems expose captive fish to a
vanety of stressors that may include overcrowding, oxygen deficiency,
handling Injury and poor water quality. Stress can result in the fish becoming
more susceptible to disease, as the confined spaces allow the concentrations
of pathogens to be higher than in the natural envirecnment, as well as reducing
the natural spatial arrangement between parasite and host and thus
increasing the host's chances of infection. It is estimated that 10-20% of fish
mortalities in culture facilities are the result of parasite related disease {Bauer

et al. 1981).

Little is known about the diseases and parasites that infect fish, as
compared to those that infect land animals such as sheep and pigs
{Whittington &t &t 2001). Commercial production of fish in tanks or sea-cages
has been negatively affected particularly by parasitic monogenesan flukes.
Flukes are ectoparasites frequently found on the gills, skin or fins of fishes
(Reed ef al. 1896). They have caused worldwide havoc in intensive culture

facilities primarily due to their ability to reproduce rapidly. They are



hermaphroditic, have a direct life-cycle and shed their eggs straight into the
water column, where upon hatching the free-swimming larvae infect a new
host directly (Chishelm & Whittington 2002). Flukes attach themselves to their
hosts by means of hooks, suckers or clamps and are freguently host-specific
(Barnes ef al. 1993, Reed et al 1996). They feed on epidermal cells, mucus
or blood, and in heavily infected fish this leads to emaciation, lethargy and
anaemia. The worms rarely cause death to the host directly in nature, but
rather through secondary infection, as a result of bacteria and fungi
associated with them (Grimes &f af. 1885). Gill epithelial hyperplasia, excess
mucous production and mechanical damage to the gills, causing respiratory
difficulties in fish;, have been reported as a result of monogensan flukes in
captivity (Sharp ef afl 2001). It is thus of utmost impoertance to control
monggensans in culture facilities to prevent disease outbreaks (Buchmann

1998).

Diseases caused by monogeneans have resulted in the need for trials
to be conducted to assess the effects of anthelmintics on the flukes
(Buchmann 1887). Although fish farming contribuies more than 10% of fish
produced worldwide no anthelmintics have been development to specifically
combat moncgensan flukes in aguaculture {(Buchmann 1988). Monogeneans
are difficult to eradicate, as the majority of treatments used are not 100%
effective, merely reducing parasite numbers. The direct life-cycle allows for
the recovery of parasite numbers in a matter of days. Furthermore, some
treatments that may be effective on the parasite may be harmful to the host or

the environment and thus cannot be used. Hence the impertance of
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identifying a chemicaltreatment that iz safe to use on the host and can
affectively 2liminatz the moncgensans to control disease outhbrea<s in cuiture

emyironments.

Treatmants  used in culiure  faciities  must  effectively  contrel
monogenean flukes to ensure reduced losses in fish, while permiting
satisfaciory arowth and an increase in preductivity {Buchmann 1998). In order
for trea‘ments to be effective they must be administered at the time of
mencgenean larval hatching to prevent further infestation. Very little s known
of the kicicgy of the gill flukes. therefore it s necessary o investigate the
inculkration time of the egos to ensure that treatmenis adminisiered during a
hatching period eradicate the larvae before they infect a new hos? (Cecchini at
al 1898y Infections by gl mconogeneans have been ohserved to recur
sevaral weeks afler fish have been reated. Ineffective dosages ar eggs leftin
the culturz sysiem have been identified as potential causes of this reinfection
iChrisholm & Whittington 20021, A single bath reatment has no effect on the
eqgs of moenogensans, heefare a second treatment is required to erad' caie
the new generation of parasites. Embryonation studies are necessary to
determine the exact time when to cont-ol iarvae ust hatchad from eggs, but
before they start to produce egos themselves {Cecchini et of 1998} Treating
parasites in cuiture systems can be costly and in order to develop an aptimai
cenol strategy for the management of a pa-asite, information on its biclogy is
necessary (Whittington et all 2001). A geperic diagnosis musi be conduciad (o
corectly identify the mconogensan to ke treated, as each speces of

monagenean reacts differenily to a specific chemicai treatment. An infegrated



approach to parasite management, where parasite biology is combined with
chemotherapy, ensures treatments are administered when necessary and

hence reduce treatment costs by minimising the use of chemicals.

Gill flukes of the genera Calceostorna van Beneden 1852, and
Diplectanum Diesing, 1858 (Fig. 1) have been identified in large numbers on
silver kob (Argyrosomus inodorus Criffiths & Heemstra, 1995) {Christison ef
al. submitted). Flukes of the same genera were |dentified on the closely
related species Argyrosomus  japonicys  Lacepéde, 1802  (previously
misidentified as 4. hololepidotus) off the coast of Western Australia (Willlams
1889, Griffiths & Heemstra 1995). Brood stock of silver kob are obtained from
the wild and then introduced into culture systems, bringing parasites with
them that have the potential to reproduce rapidly. thus increasing the rigk of
disease outbreaks in the system. The commercial rearing of kob may be at
risk of monogenean epizoplics that could affect productivity and profitability,
Wild-caught kob need to be examined and compared with captive kob for the
prevalence and abundance of both Diplectanum sp. and Cafecosfoma sp.
such a study would provide an indication of the potential risk these parasites

pose on kob culture.



Fig. 1a Adult Calceostoma sp. mﬁnagenea whmh %ﬁfﬁﬂts the-glils of
silver kob (Argyrosomus inodorus),

Fig. 1b Dipfectasum sp. adult with notable eyespots and distinctive
attachment organs to infect gills of the silver kob (Argyrosom ﬂsmﬂmj
(Christison).



The silver keb (Fig. 2) is 8 medium sized sciaenid reaching a maximum
mass of 34 kg, and is an important recreational and commercial line fish
(Thorpe 1980; Griffiths & Heemstra 1995} throughout its distribution, which
extends from northern Namibia to the Kei River in South Africa. It is most
common between Cape Point and the Kei River, but due to overexploitation
numbers have declined in recent years (Griffiths 1987). Culture of a closely
related species, A japonicus (dusky kob), occurs in Australia and this species
is a potential agquaculture candidate in South Africa, along with A fnodorus.
Kaob are considered ideal for aquaculture as they display fast growth rates,
good food conversion ratios and a preference to form schools, allowing them
to adjust te a captive environment (Griffiths 1995, Searle 1998, Aquaculture
SA 2003} Any farming operation does, however, run the risk of being plagued

by disease causing low growth rates. meortalites and an overall loss in

productivity, The culiure of kob is no excepticn In this regard.

Fig. 2 The silver kob (Argvrosomus inodorus) 8 potential aquaculiure species
in southern Africa, {Griffiths).



Before the kob can be treated to remove monogensans, drugs must be
tested for efficacy, Efficacy of a drug is tested in trials to compare treated with
untreated groups. There is at present no drug being used to treat
meonagenean parasites an A inodorus, therefore it is necessary to identify a
drug that could effectively remove gill flukes from this species. Once a drug
has been identified, in vivo tregtment trials can be conducted to determine the
gffects of the drug an the host. Treatments including formalin, praziquantel,
hydrogen peroxide, freshwater, copper sulphate and trichlorfon hawve all
proved effective at eradicating some species of monogensans (Thoney &
Hargis 1991: Francis-Floyd 1996, Poynton et af 1997; Hirazawa ef af 2000;
Rajendran ef &, 2000) and they are legally used internationally or are under
review for use (Tabkle 1) Drugs used to treat fish must be accepted

internationally as well as locaily as many agquaculture products are exported.

Tabie 1. Examples of drugs sither approved or under investigation for
approval for treatment of monogenean parasites infecting various aguaculture
species. A — drugs approved, Ul — drugs Under investigation (Schnick ef al.

1909).

Country f Continent

Drug Asia Australia Europe Canada USA
Farmalin Ui Ui A A
Hydrogen peroxide A [Japan) Ui A A Ui
Praziguantel A, W Ul
Copper sulphate Ul LI
Trichlorfon ) A (Japan} Ul

The optimal timing of sach treatment also needs to be established:
hence the necessity to conduct embryonation studies on the eggs of both
Calcenstoma sp. and Diplectanum sp. This project aimed to determing the

embryonation period of Calceostoma sp. and Diplectanum sp. and to identify



which treatments will effectively eradicate monogenean flukes from the silver

kob.

3. Materials and methods

Generic diaghosis

Specimens of Calceostoma sp. and Diplectanum sp. from the gills of
silver kob {Argyrosomus inodortisy caught in Gansbaai by hook and line were
used to determine the generic diagnoses of the two species. Drawings were
made using a camera lucida. A Leica DMLS microscope with JVC colour
video camera {TK — 1280E) was used to take photographs of whole mounts

of the flukes.

Prevalence and abundance of Calceostona sp. and Diplectanum sp. on

wild-caught silver kob

Sub-samples of silver kob brood stock were euthanased to determine
the prevalence and abundance of monogenean parasites on the gills of wild-
caught kob. The gill arches wefe removed to count those on the left side of
the gill arch only. Thirteen fish were killed directly after capture whilst another
sarmple of five fish was kept in captivity for 30-days before being examined for
the presence of flukes. Prevalence is usually expressed as a percentage and
is defined az the number of individuzals of a host species infected with a
particular parasite species divided by number of hosts examined. The
abundance of a parasite is determined by the total number of individuals of a

particular parasite species in a sample of hosts divided by total number of



individuals of the host species (uninfected plus infected) in a sample (Margoelis

ef ol 1982).

Source of parasites for in vifro trials and eqq hatching experiments

Ten ocne-year-old wild-caught juveniles of Argyrosormus nodorus were
transported from the Irvin and Johrson farm (Darger Point, Ganshaal) to the
Seapoirt Research Aguarium (Cape Towr: and kept in a 7.7 m’ balding
tank several weeks prior to the commencemeant of reatmert trials and egg
hatching experimerts, to ensure high parasite numbers on the gills. Two
weeks prior to the start of the experimertal waork ong specimen of A inodarus
was sacnficed to determire if both Caleeostoms sp. ard Dipleclanum sp,

infected the fish.

in vitro treatment trials on adult and juvenile worms

Cne fish was sacrificed per treatment trial and the gills remaoved,
Dissections were carried out between 07HOO ard 08HOD. Once removed, the
second ard third gill arches or beth the left and right side of the fish were
dllocated rardomly to a freatment or cortrol group. Three treaiments and a
contro! group were allocated per fish. Three replicates of 2ach treatment were
conducted. a single treatment was tested on three separate gill arches fram
threg separate fish, The treatmerts chosen for the i wvitro trials ircluded
praziguantal, copper sulphate, formaling hydrogen peroxide and freshwater at
the concentrations shown ir Table 2. Each drug was dissolved in filtered

seawater to obtain the required carcentration. Praziguantel does nat readily
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dissolve in water and therefore had to be made into a fine paste before adding

it to the seawater,

The gill arches were placed in Petri dishes {diamster 85 mm}
containing 50 ml solution of seawater and a treatment drug. Farasite-infected
gills immersed in 50 ml untreated segwater acted as a control group. The
affect of the treatment on the gill fluke's behaviour was recorded on an hourly
basis for 12 h {adapted from Hirazawa et af. 2000}, The flukes were observed
under a dissecting microscope and both the number of living and dead
individuals present on the gills counted in the first hour, thereafter the number
of dead individuals were counted and removed each hour. Parasitic worms
were assumed dead if there was no response to prodding with a fine needle

{Chisholm & Whittington 2002).

Table 2: Chemical treatments used in tha in vitro trials to test their efficacy on
monogenean flukes of the silver kab (Argyrosomus incdorus).

Treatment Dosage -

1. Control None

2. Praziquantel 10 mg/l **

3. Praziquantel 20 mgfl

4, Praziguante| 40 ma/|

5. Hydrogen peroxide 30 mgA***

6. Freshwater 50 mil

7. Copper sulphate 0.2 mgfl™

8. Formalin {37% formaldehyde} 100 mg/l**

9. Formalin (37% formaldehyde) 200 myg/|

** Buchmann 1993
*** Thoney & Hargis 1981

Collection and incubation of eqggs from adult warms

Eggs collected from adult worms were reguired for life-cycle studies, to

determine time of egg hatching, so that follow up treatments could be



administered to eradicate new generations of worms before they infected new
hosts. Calceostoma sp. adults were removed from the outer excised gill
arches using hypodermic needles and placed in Petri dishes containing
filtered seawater, where they were left to lay eggs over a 24 h period. The
diplectanids were left on the gills to fall off naturally and subseguently lay
eggs. The eggs were counted before being immersed in filtered secawater at
12, 15, 17 and 12 °C in smail fish tanks. the temperatures chosen reflecting
the range of water temperatures off the Cape Peninsula. Partial water
changes were conducted on a dally basis, as full immersion of the Petri dish
was not possible, as some of the eggs had a tendency to float, £ggs from the
first batches of eggs were lost because of this: The light regime used was 12
i light and 12 hdark,
Egg development was monitored daily until the |ast sign of hatching occurred.
The following data were recorded (Chisholm & YWWhittington 2000}

«  Temperature

» |ncubkation time {days)

»  Number of eggs hatched

Statistical Analysis

Data were analysed statistically using a 5% significance level, in order
to compare the results of the treatment groups and those of the control.
ANOWVA was utilized to compare treatments far the final mortaiity at the end of
the 12 h period for Calceostomsa sp. as the data was homoscedastic, whereas
final morality data for Diplectanum sp. was neither normally distributed nor

homoscedastic therefore Kruskal-Wallis (ANOVA by Ranks) was used.
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Kolmogorov-Smirnov tests were conducted to compare the mortality rate per
hour of each treatment to the control, STATISTICA version 7 was used for all

statistical analysis. Data were exprassed as pearcentage maortality.

4. Results

Generic diagnosis of the genera Calceostormna and Diplectanum

Class: Monogenea (van Beneden, 1858)
Subclass: Polyonchoinea (Bychowsky, 1937)
Order: Dactylogyridea (Bychowsky, 1937)
Suborder: Calceostomatinea (Parona & Perugia, 1840)
Family: Calceostamatidae (Parona & Perugia, 1880)

Subfamily: Calceostominae (Parona & Perugia, 1830)

Genus: Calceostoma van Beneden, 1852

The genus Cafceostoma infects the skin and gills of fish over a large
geographical distribution including the waters off Australia and southern Africa
fWilliams 1989). The body of Calceasforms is divided into distinct regions:
cephalic region, trunk, peduncle and hapter. The tegument is described as
being thin and smooth. A thin, flexible cup-shaped haptor is characteristic of
this genus, with one ventral and dorsal pair of anchors attached to a "T°
shaped median bar. Up to 14 marginal hooks may also be present on the

haptor (Kritsky et a/. 1978; Willams 1988). Figure 3 lllustrates these features



in Calceastorna sp., and a summary of the generic diagnosis of the genus

Calceoastorna van Beneden, 1852 appears in Table 3.
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Fig 3. A-F Microscape projection drawings of Calceostoma sp. van Beneden,
1852 from the gills of silver kob {Argyrosomus inodorus). A — darsal hamulus,
B - median bar, C —ventrai hamulus, D —marginal hook, E — hamular complex

of median bar and ventral hamuii, F — copulatory organ. Photograph of
Calceostoma sp. whole-maunt not to scale,
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Class: Mcnogenea (van Beneden, 1858)
Subcass: Pelycnchoinea {Bychowsky, 19371
Qrder: Dactylocgyr.dea {Bychowsky, 1937)
Suborder; Dactylogyringa (Bychowsky, 1937)
Farnily: Dipiectanidag iMonticelli, 1903)

Subfamiiy: Diplectaninas (Manticelli. 1903)

Genus: Dipfectamum Diesing, 1958 sensy Oliver, 1968

Ciplectanum is the largest genus in the family Diplectanidag comprising
approximately 80 sp. of which B7 % are found in tropical/subtropical seas
(Hayward 1%5868). Gill tissue cf both marineg and freshwater teleosts of the
arder Perciformes is parasitised by this genus (Santos et al 2002). Generally
this genus is associated with the inclusicn of a ventral and dorsal squamodisc,
comprising continuous rows of redlets. Three transverse bars join up the twe
pairs of haptoral hooks and the copulatory organ consists of a scleritized tube
(Hayward 1556 Santos <f al 2002). Figure 4 illustrates these features in
Diplectapum sp, and the generic diagnosis of genus Dipicctanum Diesing,

1958 = summartised in Table 3



Fig 4. A-H Microscape projection drawings of Diglectanum sp. Diesing, 1858
from the gills of silver kob {Argyrosomus inodorus). A — ventral hamuli, B -
dorsal hamuli, C—"J" shaped copulatary organ, D — marginal haok , E —
squamodisc made up of concentric rings of rod lets, F- ventral transverse bar
with lateral groove, G — darsal lateral bars. Phatograph of Dipfectanum sp.
whale-maunt not to scale.
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Table 2: A comparison of the generic diagnosis of genus Calceosioma van
Beneden, 1852 and genus Diplecfarm Diesing, 1858, two speciss of
monggeneans that infect the silver kob (Argrrosomus inodorus) (Kritsky et al
1978, Obiekezie 1988; Williams 1988, Hayward 15496, Santos ef af, 2002).

Cafceosfama van Beneden,

1852

Body

Haptor

Female
reproductive
organ

Male

reproductive
organ

General

Elongate

Thin and smoath
tegument

Antarior end expanded to
form a hood-like lappet

Cup-shapad with a "frilly"
margin

Cine pair dersal hamuli
greatly reduced in size
(Fig. 3 &)

14 marginal hooks

(Fig. 3

Cine pair ventral hamul
with seleratised madian
bar *T" shaped) (Fig. 3 E)

Owvary [ohed
Oviduct elengate

Elongate, sclarofised
penis with a solid base
and hollow central section
{Fig. 3 F}

Large well developad
head crgansicephalic
glands at antarior
ewtremmity

Fharynz glandular and
muscular

Two pairs of small
eyespols

Dipfectanum Diesing, 1858

Elohpate
Darsoventrally flattened

Wider tharn body

Twi pairs lateral hamuli -
dorsal and ventral whlsh
differ in size and shape
iFig. 4 4, B)

14 marginal hooks

iFig, 4 1

Oval dorsal and ventral
squamadiss of concentric
rivwrs of rodlets (Fig. 4 E)
rmedian bar with
canspicuous lataral grogwe
{Fig. 4 F}

Lataral bars proximal ends
are swollen whilst the disfil
ends taper and articulate
with the hamuli (Fig. 4 3]

Creary simple

Penis stylet "J" shaped,
tubular and sclerfied
fFig. 4 3}

Well developed head
organs at the anterior
extremity

Tweo pairs eye shots
Pharynx spherical and
muscular
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Prevalence and abundance of Calceostorna sp. and Diplectanum sp.

infecting the qills of Argyrosomus inodorus

Dipfectanum sp. and Cafceostoma sp. were found on newly caught
silver kob (Argvrosomus inodorus), Diplectanum sp. had a prevalence of
100%. whereas Cafceostoma sp. prevalence was 38 5 % (Seven out of the13
fish examined were Calceastoma sp. free). The prevalence of Calceostoma
sp. increased to 100 % when kob were in captivity (Fig. 5). The parasite
abundance (mean number of parasite individuals per host examined) on wild-
caught kob was 46. 4 for Dplectanum sp. and 37 .3 for Cafceostoma sp. The
abundance of Oiplectamm sp. greatly increased to 301.6 aver a 30-day
period in captivity. The abundance of Caleeostoma sp. on five kob was lower

at 18 individuals per host examined (Fig. 5).
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Fig. & The prevalence and abundance of Calceosfoma sp. and Diplectanum
sp. from wild-caught silver kob in Gansbaai.



In vitra treatment trials

Calcensioma sp.

The curmulative mean percentages of dead worms for eight treatments
and the cantrel over the 12 h peried are shawn in Fig. 6. Freshwater and
praziquantel 40 mg/l were 100 % effective at eradicating Calceostoma sp.
Freshwater was effective after just ane hour, whereas praziquantel 40 mg/l
was 100 % effective after six hours of exposure to the treatments (Fig. &). All
other freatments displayed a similar trend to that of the contral where thers
was a gradual decline in the number of live worms over 12 h (Fig. 8),
FPraziguante| at lower caoncentrations was less effective at remowving the
worms: praziquantzl 20 mgfl was only 100 % after 11 hours whilst
praziguantel 10 mag/l only eradicated 80% of the worms present (Fig. 8). Only
the efficacy of the freshwater and praziguantel 40 mgdl treatments differed
significantly to the control at ans-houriniervals over the full 12 h period {(Table
4: Kolmogorov-Smirnoy, p < 0.05). All concentrations of pracquantel had an
immediate effect on Calcgostoma sp. The warms fell off the gills in the first
hour and appeared distorted in shape due to what appeared to be tegument
damage. Similarly worms exposed to freshwater were immediately affected by
the treatment, they fell off the gills in the first hour and curled up. On death the
worms appeared black in calouration. No Calceostoma sp. eggs were

oheerved in the Petrl dishes of praziguantel and freshwater treatments.
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Farmalin. nydregen peroxide and copper sulphate were not affective at
completety eradicating Calocostaoms sp. from the gilis of the kel (Fig. 6. The
treatments were found to be ineffective against the flukes (Takle 4) and they
continued 1o lay eggs as a result. Formalin tock lengest to affect the flukes,
only atter aight hours did the werms start dyirg off, whereas mortalities in the
control were observed from howr 2. Fermalin 100 mg/l and copper sulphate
werg the |east effective at eradicating Cafogosioma sp. adults, remaving

approximately 40 % of the worms over the 12 b period (Fig. &).



Table 4. The results of Kolmogorov-Smirnoyv test comparing the cumulative
mean percentage of dead worms per hour over a 12 hour period in the
individual treatments to the control for Calceosioma sp. Treatments were
considered effective against the worms if the p value was less than 0,05 as
compared to the control.

Treatment Concentration {(mg/l} P value
1. Praziquantel 10 NS
2. Praziguantel 20 NS
3, Praziquantel 40 <0.05
4. Farmalin 100 NS
5. Formalin 200 NS
6. Freshwater - =0.05
7. Hydrogen paroxide a0 N.S
8. Copper sulphate 0.2 N.S

There were no statistically significant differences between mortality of
Calcecstoma sp. in the treatments and the control at the end of the 12-hour
pariod (Fig. 7, One-Way ANOVA, Ha =z F= 1.7912, p=0.05}. Praziguantel at
20 mg! and 40 mg/l and freshwater appeared to be the most effective at
eradicating adult Calcepstoma sp. from the gills, as 100% mortality was

observed, whereas only 80% of the worms in the control died {(Fig. 7).
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Fig. 7 Percentage of Calceasioma sp. dead after 12 hour exposure to various
treatmants. Two standard error bars ‘were used to indicats whelhar a
treatment differed significantly from the control in its ability o cffectively
rermove flukes from the gills of Argyrosomus inodornis

Diplectanum sp.

The cumulabve mean percentages of dead worms for eight treatments
and the cogtrolover tha 12 h period are shown in Fig. 8. In the 12 hour penod
the freshwaler ‘rea'men’ cradicated Diplectanum sp. in five hours, and
praziguantel 40 mg/l was effective after 10 howrs. Praziguante! 10 and 20 mg/l

were 90 and 80 % effective at eliminating the worms from the gills

respeclively (Fig. 8)

Fraziquantel caused Diplectanurm sp. to curl up and becama véry
inactive as soon as they wera axposed to the drug. The flukes displayed small

jerey movements for hours before their death Tegument damage was
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observed to occur causing the flukes to release from the gills after the first
hour of the experiment. The adult worms did not appear to lay eggs in the
presence of the treatment. Freshwater also had an immediate effect on the
flukes causing them fo curl up and turn black in colouration. Once again no

eggs appeared to have been |aid in the dish.

Formalin caused 4565 % monality of the worms in the 12 h period
{Fig. 8) proving to be ineffective at eradicating Dipfectanum sp. The worms
were highly active on and off the gills for up to eight hours and eggs were
found in the Petri dish at the end of the experiment. Diplectanum sp. worms
were highly active in the presence of hydrogen peroxide for over eight hours
into the experiment. Only 37 % of the worms died over the 12 h period (Fig. 8)
and many eggs laid hy the adulis were found in the Petri dish. Conversely,
copper sulphate removed over 70 % of Oiplectanum sp. flukes, they started
falling off the gills after two hours of the experiment, but were active for seven

hours before they started to die off (Fig. 8).

The results of the Kolmogorov-Smimoy test show that there were no
significant differences beiween the mortality rate over time between the

control and individual treatments (Kolmogorov-Smimov, p = (L.05).
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Fig. 8 Cumulative mean percentage of dead Dipfectanum sp. after exposure

to various treatments in vifro over a 12 hour period.

However, the KruskalVWallis test (ANOVA by Ranks) found a

significant difference between the treatments and the control at the end of the

experiment (Kruskal-Wallis, Hg n=zz, F= 16.59, p=<0.05), A lack of overtap of

standard errors bars on figure 9 shows significant differences between the

total percentage of dead Dipfectanurm sp. worms in freshwater, copper

sulphate, praziquantet 10 and 40 mg/ from the control.
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Fig. @ Percentage of Diplectanum sp. dead after 12 hour exposure to various
treatments. Two standard errar bars were used to indicate whether a
treatment differed significantly from the control in its ability to effectively
remove flukes from the gills of Argurasomus inodoris.

Egq hatching

The effect of temperature on the development time of Calceosioma sp.
2ggs is shown in Fig. 10. No statistically significant correlation was found
between temperature and embryonation period (r= -0.22, p=0.05). Period of
development varied between 5 —14 days amongst the various temperatures.
Time of egg hatching appeared to be random with no definite pattern evident.
This indicates that hatching may not be spontaneous, but rather influenced by
a cue. Of the eggs incubated 92-100 % hatched in most batches. There was,
however, no hatching observed in two separate batches of 2ggs, ong at 15 °C

and another at 17 °C.



16

14 .
w
%‘ 121 L " L -
=
) . L ] ]
=
S 10 . . .
o
£y
E L] [ ] L]
GEJ B » » M
=

g8t .

11 12 13 14 15 18 P 18 19 20
Temperature

Fig, 10 Day to hatching of Calceostoma sp. eggs under the influence of
influence of temperature {r = -0,2219). Day hatched = 12,612 -
0.1903temperature.

The embryonation penod of Diplectanum sp. eggs was related o
temperature (r = -0.87, p<0.03}, although only two temperaturas were tested.
At 18 °C hatching started on day three, whereas at 12 °C hatching only
oceurred from day seven (Fig. 11). Hatching did occur over a number of

consecutive days and a 100 % hatching success was observed, indicating

that spontaneous hatching had taken place.

20



Time to hatching {days)

T 12 13 14 15 16 TE 18 148

Temperature

Fig. 11 Day to hatching of Diplectarium sp. £ggs under the influence of
influence of temperature (r = -C.8880). Day hatched = 14 — 0. 5*temperature.
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5. Discussian

Carrecily identifying the moncgenean parasites that infect silver kob is
essential to finding a selution to combat them in a culture envirchment,
Species or genera of menogensans respond differently to various treatmenits
(Moga 2000). therefore a correct generic diagnasis is necessary. Cafceosforma
sp. and Diplectanum sp. were identified on silver koo (Argyrosomus inodorus)
from the wild. Diplectanum sp. and Cafceostoma sp. accur naturally on kob in
nature, but it is in captivity that their ability to reproduce rapidily poses a threat
to kob culture in South Africa on a commercial basis. Cafceosfoma sp. are not
as abundant on the gills of kol as Diplectanwm sp. but are highly reproductive
(Christison ef al submitted). The patentially high Calceasfoma sp. abundance
on captive fish is not evident in this study as only five fish were available for
examination after the 30-day pericd. Diplectanuym sp. ability to rapidly
reproduce caused a heavy infestation on the host's gills (an average of 301.6
waorms per host). The high prevalence of both Cafcgostermna sp. and
Diplectanum sp. was due to amongst other stressors in captivity, the
reduction of the spatial distance between hosts, Culture enviranments provide
ideal conditions for monogensan parasites to increase in numbers, this can
lead to discase as well as death to a large number of hosts {Thoney & Hargis
1991; Whittington ef af, 2001}, Identification of effective drug treatments,
along with studies of the parasites' life cycles, transmission and epizootiology
(Scholtz 1998) are necessary o provide effective management procedures to
contrel manogenean infestations. Losses in aquaculture facilities affect

preductivity and increase running costs, therefore information that permits the
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contral of parasites is necessary for the productive culture of any aguaculture

Species.

in vitro pre-treatrment trials revealed that freshwater treatments as well
as praziguantel at a higher concentration had a negative effect on bath
Cafcenstoma sp. and Diplectanunt sp. Freshwater eradicated both spacies of
fluke within a matter of haurs. proving it to be an effective bath treatment.
Freshwater has been noted to be effective against a similar species of gill
fluke. Dinlactanum Jatesi that infects seabass, i1 vilro freshwater treatments
kitled the parasite in 10-20 minutes (Rajendran ef of 2000). Freshwater ar low
salinity water tréatments showd be considered for the removal of
monogenean parasites an Kob as it prevants egq laying by adult worms, does
not invalve using harmful chamicats and is thus environmeantally friendly
(Rajendran of af 2000;. Freshwater baths are however, stressful to some
species of fish {Thoney & Hargis 1991), thaerafore in vivo treatment trials have
to be administered to the kob in order to assess the hosts response o the

treatrment before it can be used on a commercial basis,

Praziguantel 13 regarded as a safe and effective treatment to use cn
fish against monogeneans (Thoney & Hargis 1921). Warms exposed to the
drug were immediately affected by it, the diplectanids curled up instantly. and
the calceostomatids became distonted in shape. The drug effect was
immediate on the warms at all concanirations tested. warms fell off the gills
almost immediately and were inactive. appearing dead except for jerks

caused by muscle spasms. The effects of praziguante!l at a cellutar level have



been described for many spacies of monogeneans, severe contractions and
ireversible vacuolisation of the tegurent have been observed by Buchmann
(12953} and Sharp of al. {2004). The damags to worms preventad egg laying
by both calcecstomatids and diplectanids sugoesting that praziquantzl reay be
an effective drug at controlling the monogensan populations by preventing
reinfection, tharefare fellow up treatmants of praziquantel may be effecrive at
eradicating the flukes altogether. Similarly. adult Banedeonia sericlae were
prevented from laying egas in ‘he presence of praziguantel, pioving it an

effective anthelmintic (Sharpg ef &l 2034).

The temperature of the seawater was approximately 12 "C throughout
the experiment, which may have had an effect on the efficacy of praziguants!,
Praziquantel is graatly influancad by temparature, appearing to be less
effective at lower temperatures (Buchmanr 1998). Therefore it may be
necessary to sxpose the worms (o praziguantsl al mgher temperawres to
gradicate the {lukes more rapidly. On the olhar hand, as an allzrnative, lower
concantratons of praziquaniz| can be administerad over a longer ducation, as
the length of exposure can have a greater effect on the worms than a higher
concentration over a short period. Lower drug concentrations would hbe
aconomically favourable, as prazigquantel 15 very castly (o administer {Table &)
{Sharp &f al. 20043 Thoney and Hargis (1297) suggest that long exposuies ta
praziguantel are more effective than the concantration used, this supporns the
results obtained. Praziguantzl at lower concentrations started remaving (he
flukes ar later stages In the experiment than at the start. Long-term exposure

ta & drug undsr culture conditions can, howsver. have negative affects on the
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host. as no water exchange occurs during treatment o maintain drug
concentration and this can lead to poar water quality and cause the host to

stress.

Table 5 Cost of a drug treatment in a 7cm? tank at concentrations tested in

Drug Concentration Unit Cost Total cost per

_ {mgh) tank (R)
Prazigquaniel 10 R 218.88/ 100g 153.22
Praziguantel 20 R 218.88/ 100g 306.43
Praziguantel 40 R 218,88/ 100g 612 86
Hydrogen peroxide 30 R 8.40f 100ml 176.40
Copper sulphate 0.2 R 6.20/ 1009 0.087
Farmalin 100 R 7.44/ 100m| 52.08
Formalin 200 R 7.44/ 100ml 104.16

If the length of exposure to a drug is not long encugh, or a drug is
ineffective against 8 monggenean. there is the possibility of anthelmintic
resistance develaping in fish farms. Pscudodactylogyrus strains infecting eels
in Duteh commergial farms became resisiant to mebendazole following
extensive use of benzimidazoles, resulting in large losses in production
(Kamstra et a1 1994). To avoid anthelmintic resistance in flukes under culture
conditions, an alternation of {reatments is recommeanded (Buchmann 1998).
For example alternating between praziquantel and treatments of freshwater or

farmalin,

Formalin treatments have been used successfully to control gill flukes
on many other species of fish, but were very unsuccessful at removing both
Diptectanum sp. and Calceesioma sp. from the gills of silver kob. The
ineffectiveness of the treatment may have been due o the use of 37%

formaldehyde and not formalin. Confusion frequently occurs between formalin



and formaldehyde in dosages used, The Formaldehyde Solution BP is
available as a 34-38% solution with methyl alcohol to act as a stabilising
agent to prevent polymerisation, this solution is often referred to as ‘formalin’
{Scott 1993). Therefare when calculating dosages confusion occurs as to
whether o dilute formalin or formaldehyde. Formalin has been noted to be an
effective controlling agent, but did not eradicate Cafrceostomsa sp. and

Diplectanum sp. In previous trials conducted by Christisan (submitted).

Eggs laid by adult worms In the presence of formalin have been
ohserved for other species of monogeneans. Benederva serofae and
Zeukapta serfolae detached from their host and continued 1o tay viable eggs
in concentrations of 250 and 400 mg/| (Sharp &t al 2004} As Cafceostoma
sp. and Dipfectanum sp. lay in the presence of formalin it is not recemmended
as an effective treatment t¢ eradicate flukes. Egys are resistant to chemicai
treatments and will hatch within a matter of days to reinfect the kob.
Furthermore the continuous use of farmalin for foliow up treatments could
prove costly (Table 5% and potentially envircnmentally damaging (Hirazawa ef

af. 2000),

There was 2 negligibie difference belween the percentage of worms
that died in the presence of hydrogen peroxide and in the control, therefore
hydrogen peraxide is not effective at eradicating monogenesan infections an
the silver koh. The worms laid a large number of eggs into the water before
they died. as in formalin treatments, so the chances of reinfection are high.

The efficacy of a chemicai is not only dependent on the dosage used and/or
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the time of exposure, but also on the species of monogenean (Sharp ef al.
2004). The diplectanids were not susceptibie to hydrogen peroxide and hence
it had little effect on them. Conversely the majority of calceostomatids were
remaved by hydrogen peroxite. The possibly of reinfection in this case is still
high. due to the laying of treatment-resistant eggs. Christison (submitted}
observed hydrogen peroxide to be highly effective at removing Calceastoma
sp. from the gills of the silver kob. The concentration used was 06 mif
whereas the concentration used in this experiment was equivalent to 0.3 mlfl,
thus hydrogen peroxide may be more effective at controlling Calceostama sp.

popUlaticns in cultured kob at higher concentrations.

Although copper sulphate did not eradicate monagenean flukes an the
gills of kob it proved to be more effective at removing Oipfectanum sp. than
Calceastoma sp. The ineffectiveness of copper sulphate at removing the
flukes entirely may be due to the fact that it is a slow acting agent, which is
more effective on the oncomiracidia than on adult worms (Thoney & Hargis
1881). Gill and skin fluke infections on captive lemon sharks have been
successfully treated with copper sulphate at a concentration of 0.25 ppm for a
period of 85 days {(Poynton et af. 1997). A continuous treatment ensures that
new generations of the parasite are destroyed before infecting a new host.
Copper sulphate may, however, be impractical in treating large numbers of
kab as it is difficult to maintain the required concentration of copper sulphate
in the tank for the duration of treatment. Copper sulphate absocrbs o filter
media and organic particles very rapidly hence greatly reducing its

concentration {Thoney & Hargis 1991).
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Monogeneans have proven difficult to eradicate in past experiments. Of
approximately 35 compounds tested for their effects on a number of
monogengan species very few have an acceptable anfiparasitic efficacy
without displaying side effects to the fish they are intending to treat {Table &)
The effects of a specific drug vary considerably from parasite to parasite and
its toxicity on the host varies, hence the impartance of /i vivo trials to be
conducted before any drug is chosen for treatment on a large scale

(Buchmann 1998).

identifying and developing an effective antiparasitic drug can be very
costly, and after identifying a drug its use may be restricted due to
environmental concerns. There is a growing trend to restrict chemicat use In
the aguaculture industry, therefore forcing farmers to integrate managemeant
strategies of which drug use is a small component In order fo obtain an
integrative management approach to farming an understanding of the

parasite’s biology and infection dynamics is reguired (Ernst &f af, 2002),

Mot only is it important to know what fo treat, but also when to treat kob
with monogenean infections. The egg hatching experiments revealed that
temperature did not have an effect on the embryonation peried of
Calceostorna sp. eggs. Hatching occurred at all temperatures within 7 - 12
days, indicating that this would be the best time to treat the host to prevent
reinfection. Monogenean egg hatching may be spontaneous, or g variety of

stimuli could be responsible, Previous studies have revealed that light
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Table £: Drugs tested for effects on monogenean flukes in past studies. + parasiticidal effect recorded, - no parasiticidal effect
recorded (Buchmann 1887, Buchmann 1998} {Appendix1).

Drug
Oxibendazole
Thiabendazole
Albandazole
Flubendazole
Mebendazole
Parbendazole
Fenbendazole
Triclabandazole
Luxabendazole
Netobimin
Febaniel
Metrifonate
Dichlorves
Pyranial
Maoranie!
Ivermectin
Niclosamida
Closaniel
Rafoxanide
Phanolsulfonphihalein
Chigrsulon
Toltrazurll
Praziguaniol
Lavamigole
Niclopholan
Bithlanel
Nitroscanate
Flperazing
Bunamiding
Copper sulphale
Formaldehyde
Hydrogen peroxide

Potassium manganate/bichomate

Sodium chioride
Ammonia
Ammonium hydroxde

No. of species tested
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periadicity or intensity, temoerature mechanical ¢isturbance anc secretions
frem the haost skin are possible cues for hatching (Crnst & Whittingion 1836;
Chishelm & Whittington 20005 The experiments were conducted in a seni-
controlled environment, therefore thers are one of two cues that could be
responsible for Calccosfomsa sp. 2gg haiching, namely light periadicity and
mechanical disturbanse Palterns influgnsed by lignt peradicity have been
observed for the moenggensans Bepedenia luliani and B. ronde! from the skin
and glls of Lulanus carpenotalus (Ermst & Whittington 18861, Managenean
parasites from the shovelnose ray (Rhinobsatos typus) disolay true circadian
rhythms, as ¢ggs incubated in 24 h dark or 24 h light continued to hateh at the
sarme tme as those under conditions of natural illumination (Chisholm &
Whittington 2000). The cue respaongble for egg hatohing of the managenean
Dielidopnora lyscae is mechanical disturbance by meaans of a jet of water or
aradding with a needle (Whittington & Kearn 1988). Further studies cn
Calcecstoma sp. embryonation would have to be conducted to canfirm the

cue required for 2gg hatching.

There are a number of faciors that couid have resulted in two egg
batcrncs of Calceostorng so. not hatching, such as the condition, age and
saxual mawrity of the parasite, which may have affected the eggs wiakility.
Farasites cften lay non-viable eggs if they are ¢amaged after removal from
the host 07 as time increases off the hos: they lay fewer eggs that are
frequently malformed. Bacterial infections are comman and thus cannot be
ruled ouUt as & possikle facter that may have prevented egg hatching in this

case (Ernst & Whittington 1556 Sharp of & 2004),




A correlation was found between Diplectanum sp. larval development
and temperature. Therefore, water temperature is a factor to be taken into
account to determine time interval between the first and follow-up treatments.
The influence of temperature on embryonation has been observed for another
diplectanid Diplectanum aequans, a parasite of the sea bass (Dicentrarchus
labrax). At 30 °C spontaneous hatching began after two days, whereas at 15
°C hatching began on day seven (Cecchini et al. 1998). A regression curve of
temperature verses time can be used to determine the best time to apply
follow-up treatments. Only two temperatures were studied in this experiment
due to the limited number of fish available for the trials and although there
was a large number of diplectanids on the gills of the fish very few eggs were
laid that could be collected for egg hatching experiments. The experiment
indicates that treatments should be administered on day's three to five at 19
°C, or on day's seven to nine at a lower temperature of 12 °C. Further studies .
on this species at differing temperatures would be advantageous to
demonstrate a stronger relalionship between temperature and time to

spontaneous hatch.

Eggs of both species from several batches were observed to hatch
over a number of consecutive days. Hatching patterns have often been linked
to host behaviour so as to increase the chances of the larvae being
successful at finding a new host (Chisholm & Whittington 2000). The
oncomiricidia of Diplozoon homoion gracile hatch and infect the southern

barbel at night, when the hosts are inactive (Macdonald & Jones 1978).
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Unfortunately little is known about the behaviour of silver kob in the wild, to
predict whether the larval hatching of the monogenea infecting this species is
linked to the host's behaviour. Silver kob do, however, school well in captivity
during the hours of daylight. If this is true in the wild, then it may give us an
indication that hatching during daylight hours is advantageous to the flukes,
as their chances of finding a new host are greatly increased when host

numbers are high.

Monogeneans have in the past proved difficuit to eradicate from culture
systems, therefore the best way to control them is to prevent their introduction
into culture facilities. A sub-sample of new fish should be taken to assess if
monogeneans are present and if so which species. In order to do this a wet
mount of the gills should be made and observed under a microscope.
Monogeneans move by means of caterpillarlike movements and are thus
easy to identify (Noga 2000). Kob considered for culture should then be
quarantined and treated with chemicals. A period of isolation can help prevent
the spread of contagious diseases and parasites (Vaughan 2004). Treating
and thus controlling monogenean populations on a small scale is easier than
tfrying to treat fish in large numbers. A quarantine period allows for the
observation of the hosts progress and the ability to control the concentration
of drugs administered more effectively. The quarantine period should consist
of both a primary and secondary treatment to eradicate monogeneans before
the kob enters the culture environment (Vaughan 2004). The primary
treatment will remove adult worms and a secondary treatment removes

immature worms subsequently hatched from eggs present in the system
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during primary treatment. The secondary treatment is essential to disrupt the
parasites life-cycle, therefore it must be timed appropriately to ensure removal
of the new generation of worms before reinfection occurs (Sharp ef al. 2004).
If prophylactic treatments fail the fish should be destroyed, as prevention of
introducing a monogenean into a culture facility is the most effective way at

controlling infestations (Thoney & Hargis 1991).

In order to eradicate Calceostoma sp. and Diplectanum sp. from kob
freshwater treatments are recommended. Freshwater treatments should be
administered at intervals of 7-12 days to eradicate Calceosfoma sp. When
treating Diplectanum sp. temperature must be taken into account. For higher
temperatures around 19 °C treatments should be administered every three —
five days whereas, freatments at cooler temperatures should be conducted
weekly. Although freshwater has been shown to be effective at removing
monogeneans infecting silver kob, it may not be as effective on those infecting
dusky kob (Argyrosomus japonicus). The dusky kob is a euryhaline species
spending much of its life in turbid estuaries (Griffiths 1995), therefore the
monogeneans may be more resilient to low salinity treatments (Thoney &
Hargis 1991). Praziquantel is an effective agent of eradication that could be
utilised as an alternative; there is however the risk of drug resistance on farms
if praziquantel is used on an on going basis, thus another controlling agent
could be used intermittently. Christison (submitted) found formalin to be
effective at controlling both Calceostoma sp. and Diplectanum sp. Alternating
treatments of the ftwo chemicals may prove effective at controlling the

monogenean populations on both silver and dusky kob.
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In order to find an appropriate treatment for flukes infecting the siiver
kob further treatment trials (in vitro and in vivo) and egg hatching experiments
will have to be conducted. Although freshwater and praziquantel treatments
appear suitable, they may have a negative impact on the host rendering them
unsuitable treatments for use. A time of larval hatching has been estimated
but further studies may help pinpoint a more accurate time to administer

follow-up treatments.
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8. Appendix

Appendix 1: A list of drugs tested to eradicate monogenean flukes. (+ : some
parasitical effect recorded; -: no parasiticidal effect recorded), (Buchmann

1997)

Paragile

Host

Drug and sifect

Benedeniella posterocolpa

Dermophthirius sp.
Gyrodactylus aculeati
Diplozoon paradoxurn

Gyrodactylus spp.

Ancylodiscoides vistulensis

Dactylogyrus vastator,D.
extensus, D.comu, Diplozoon
homoion, 0. paradoxum,
Pseutodactylogyrus bini,

P. anguillae, Gyrodactylus
arcuatus

Pseudodactylogyrus anguillae

Pseudodactylogyrus bini
Pssudodactylogyrus anguillae
P. bini

Rhinoptera bonasus

Negaprion brevirostris
Gasterosteus
aculeatus

Abramis brama
Squalivs cephalus
Oncorhynchus mykiss

Silurus glanis

Anguilla anguilla

Anguilla anguilla
Anguilla anguilla

Metrifonate (+) Praziquantel {+) Copper
sulphate (+)

Formaldehyde (+) Metrifonate (+)
Praziquante! (+) Niclosamide (+)
Levamisole-HCI (+) Metrifonate (+)

Oxibendazole (-) Thiabendazole(+)
Albendazole (-) Oxfendazole (+)
Flubendazole (+) Mebendazole (-)
Parbanazole (-) Fenbendazole

{-) Triclabendazole (+) lvermectin (-/+)
Closantel (+) Netobimin (-} Febantel (+)
Praziguante! (+) Niclofolan (+) Bithionol
{+yTrichlorfon (+) Levamisole-HCI (+)
Piperazine (-/+) Nitroscanate (+)
Albendazole (-) Levamisole (-}
Mebendazole (-) Praziquantel
Toltrazuril (-) Potassium bichromate (-}
Ammonium hydroxide (+)

Toltrazuril (+)

Metrifonate (+) Dichlorvos (+) Metrifonate
{+) Formaldehyde (+) Sodium chioride (+)
Bunamidine {-)Praziquantel (+}
Levamisole(-)

Praziquantel (+)

Formaldehyde (+) Mebendazole (+)
Metrifonate (+) Sodium chloride(+)
Bithionol (-} Ammonia (+) Albendazole (+)
Fenbendazole (+) Flubendazole (+)
Luxabendazole (+) Mebendazole (+)
Oxibendazole (+) Parbendazole (+)
Thiabendazole (-) Triclabendazole (+)
Miclosarmide (+)Toltrazuril (-} Rafoxanide
{+) lvermactin (-) Pyrantel (+) Morantel (+)
Albendazole (+) Mebendazole (+)
Triclabendazole (+)

Pseudodactylogyrus spp. Metrifonate (+) Ammonia (+)
Formaldehyde (+) Sodium chioride (+)
Potassium permanganate (+)
Praziguantel(+)

Dactylogyrus vastator Cyprinus carpio Metrifonate (+)

Dactylogyrus vastator Carassius auratus Mebendazole (+) Metrifonate (-)

Gyrodactylus elegans Carassius auratus

Gyrodactylus derjavini Carassius aurstus Formaldehyde (+)

Gyrodactylus wageneri Notemigonus Formaldehyde (+)

crysoleucas
Gyrodactylus cyclopteri Cyclopterus lumpus Formaldehyde (+)
Gyrodactylus sprostonas Cyprinus carpio Copper sulphate (+)
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