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BeNeZe is a decision support tool for managing flatworm infections 
in kingfish and amberjacks (Seriola species). BeNeZe [pronounced 
Ben-easy] was named after three important ectoparasites: skin 
flukes Benedenia seriolae and Neobenedenia girellae, and gill fluke, 
Zeuxapta seriolae which impact Seriola aquaculture. BeNeZe is 
available as the BeNeZe app or through the BeNeZe website  
and helps to determine a parasite treatment regime based on  
local conditions. 

This user manual provides background information about the tool 
and guides users through six key steps to use the tool appropriately 
and effectively. Ultimately the BeNeZe app, combined with farm 
biosecurity, good husbandry, and disease surveillance, can aid the 
prevention of parasite outbreaks in Seriola aquaculture. 

The science behind BeNeZe is supported by international research. 
Farm health managers looking to further advance, adapt and 
develop the tool, are encouraged to read our open access 
publication (Hutson et al. (2022) A decision support tool for 
parasite management in fish aquaculture. Reviews in Aquaculture).



Temperature affects the rate at which parasites 
develop. Fish farmers can use seawater temperature 
to apply custom treatments at timed intervals to 
interrupt a parasite’s life cycle. This prevents 
parasites from maturing and contaminating the  
farm area by laying eggs that hatch into more 
parasites. Breaking a parasites’ life cycle means  
fish will be less burdened by infections, there will  
be improvements in production and welfare,  
and the number of treatments will be reduced. 

BeNeZe has been developed for three ectoparasitic 
flatworms (commonly called ‘flukes’) known to 
infect kingfish and amberjack aquaculture. These 
flatworms are worms (platyhelminths) in the Class 
Monogenea and are commonly referred to as 
monogeneans. The name ‘monogenea’ is derived 
from Greek monos ‘single’ + genea ‘generation’ 
which describes their direct life cycle. Monogenean 
flatworms only need a single fish species to 
complete their life cycle which means that their 
numbers can rapidly build in fish farms.

Adult skin flukes (A) attach to fish skin and lay their 
eggs singly into seawater. The eggs are tetrahedral 
in shape with a long filamentous thread (B) that 
may entangle on aquaculture structures and 
netting, other eggs, and host fish. A single larva, 

called an oncomiracidium (C), hatches out of an 
egg through a pre-weakened cap in the morning, 
usually in the first three hours after sunrise, and 
swims in search of a suitable fish host. Larvae are 
positively phototactic, so they will swim towards 
light. Fish can become infected by the larvae within 
minutes following hatching (D). Once attached, the 
parasites feed on skin and mucus and develop into 
adult parasites. Skin flukes can reproduce sexually 
or they can self-fertilise. An individual worm can 
produce up to 3,000 eggs in its lifetime. The skin 
flukes Benedenia seriolae and Neobenedenia girellae 
can co-occur on fish, but Neobenedenia is more 
common in warmer climates and will not usually 
tolerate seawater temperatures below 16 °C.

Adult gill fluke, Zeuxapta seriolae, attach to host gill 
lamellae (A) using clamps on the haptor. The eggs 
are stored in the parasite’s uterus over a 24-hour 
period before being expelled in a single continuous 
egg string (B) in the first three hours after sunset. 
A single oncomiracidium (C) hatches out of the 
egg during darkness through a pre-weakened 
operculum and swims in search of a suitable fish 
host (D). Oncomiracidia are positively phototactic. 
Once attached to the gills, the parasites feed on 
blood and develop into adults.

Benedenia seriolae, Neobenedenia seriolae and 
Zeuxapta seriolae life cycles showing adults 
(A), eggs (B), and larvae (C) that directly infect 
fish (D). Not to scale, stylised.

Zeuxapta seriolae

How does BeNeZe work?

BeNeZe uses information on the parasite life 
cycles at a given temperature. Timed treatments 
administered before parasites reach sexual 
maturity will prevent them from laying eggs  
and thus reduce the source of infection.
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BeNeZe involves a six-step process. 
Here we provide details on each of these steps.

Step 1
Farm Surveillance 1
It is recommended to observe fish daily for 
behavioural and clinical signs of disease.  
Fish infected with monogeneans (skin and/or gill 
flukes) may exhibit ‘flashing’ where they rub their 
bodies rapidly against surfaces (e.g., ropes, nets, 
lines, and each other). Skin fluke infestations can 
severely impact the fish skin, causing scale loss,  
and the skin takes on a grey-black eroded 
appearance. Infestations of gill flukes can cause 
anaemia or pale looking gills. Fish typically exhibit 
behavioural changes when they are unwell. It is 
important to note that fish may exhibit similar 
responses to various disease agents and poor  
water quality.

Surveillance involves consistent, routine collection 
of fish from the farm or observation of parasite 
eggs on farm structures to determine whether there 
is an active infection. Close visual inspection and 
fluke counts will help determine whether treatment 
is required. Moribund or dead fish should be 
avoided for sampling as flukes may vacate dead 
or dying hosts. The frequency with which parasite 
surveillance is done will depend on the behaviour 
of the fish on the farm, whether there has been an 
increase in mortality, and the history of flukes at the 
farm. The more frequent the surveillance, the better 
picture the farmer will develop of the situation and 
the more rapid the response. For example, summer 
surveillance may occur weekly while in winter it may 
occur every two or three weeks.
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Skin flukes are difficult to detect with the naked 
eye because they are transparent. Holding a 
sedated fish at an angle in sunlight can sometimes 
reveal transparent worms on the skin surface. 
Sedated fish can be immersed in dechlorinated 
freshwater for approximately 3 to 5 minutes which 
will kill the flukes, and they will change from clear 
to white. Most will become dislodged when they 
die. A proposed surveillance regime may include 
immersing representative fish per location into 
a sedative in fresh water and collecting and 
counting the skin flukes that sink to the bottom 
under a microscope. 
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How to sample fish for flukes

Gill flukes attached to fish gills appear as brown-
black coloured strings or flecks (when submerged 
in water) or blobs on gills (out of water). Immature 
worms, or adult worms buried deep in the gills, 
may be difficult to detect with the naked eye. 
Gills may be pale pink if fish are anemic; this is 
a typical sign of a severe infestation. Sedated 
fish can be immersed in a chemo-therapeutant 
to remove gill flukes to facilitate counting (e.g., 
praziquantel). Most flukes will lose the ability to 
attach to the host gills and will be expelled as the 
fish pushes water across the gills. The gill flukes 
will sink to the bottom of the bath where they can 
be collected and counted.

A) Immersing fish for a few minutes into 
dechlorinated freshwater will help determine 
whether they have skin fluke infections. (B) 
Immersing fish in praziquantel will cause the 
gill flukes to lose the ability to clamp onto 
the gills. (C) Filtering the solution(s) through 
a sieve will enable the flukes to be collected 
and counted and give a very rough estimate of 
average infection levels on fish in the farm.
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The ability to tell the difference between 
embryonated from hatched eggs on farmed fomite 
or monogenean egg collectors can give insight into 
infection status. Under a dissecting microscope, 
embryonated eggs will either have evidence of 
cellular division, eye spots, or developing larvae. 
Larvae can be observed within the egg casing using 
transmitted light on a microscope. Larvae that are 
observed moving within the eggs indicates that 
hatching is imminent – eggs will hatch in the next  
24 to 48 hours. Hatched eggs are hollow and 
typically the operculum or egg ‘cap’ will be absent 
or may appear as a partially attached cone.  
A sample that contained all hatched eggs indicates 
an historic hatching event. A combination of 
embryonated and hatched eggs could mean an 
infection is increasing on fish.

Brood stock, which are usually housed in land-based 
recirculating or flow-through systems, are of 
extremely high value and thus producers may wish 
to minimise animal handling. In this situation a fluke 
egg collector should be deployed to monitor for the 
presence of parasite infection. Egg collectors can 
also be deployed in sea pens. An egg collector  
can be as straightforward as suspending a piece  
of fine mesh or rope into the tank with fish.  
The mesh can then be monitored once or twice a 
week for the presence of entangled eggs under a 
microscope with a fresh piece replaced each week. 
The mesh should be observed under the highest 
magnification of a dissecting microscope and 
searched for entangled eggs. The shape of the egg 
can potentially be used to discriminate between 
fluke species (see Step 2 Parasite identification). 
Following treatment of fish in the hatchery, fomites 
should be inspected and cleaned to remove viable 
parasite eggs.
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An egg collector suspended in a tank or sea 
pen can be monitored for the presence of fluke 
eggs. In this image the eggs on the egg collector 
indicate there are three different parasite 
species present on the farm (see Step 2: Parasite 
identification). One could also conclude that this 
is an active infection based on the presence of 
embryonated eggs.

Neobenedenia girellae eggs showing four stages 
of development. Early stages show an intact egg 
showing evidence of cellular division; eye-spots 
appear; larvae may be observed moving inside 
eggs; hatched egg casings are clear, empty with 
the egg cap lifted or missing.



2Step 2
Parasite Identification

Skin flukes and their eggs
Live skin flukes attached to fish are transparent 
and are difficult to detect with the naked eye.                   
Adult Benedenia seriolae and Neobenedenia girellae 
are dorso-ventrally flattened worms with a single 
large posterior sucker (haptor) and two smaller 
anterior attachment organs. To confirm if the worms 
are mature, live worms can be removed carefully 
from the fish by sliding them off with a scalpel blade 
and maintained live in a glass dish in fresh sea water. 
Benedenia seriolae and N. girellae usually lays eggs 
continuously. The dish can be checked after a few 
hours under a microscope for the presence of eggs.
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Benedenia seriolae (left-hand side) and 
Neobenedenia girellae schematic drawings.  
The body of B. seriolae is tapered at the anterior  
at the level of the attachment organs, while  
N. girellae is broad    . The haptor of B. seriolae is 
broadly tapered posteriorly while the N. girellae 
shape is rounder. The eggs of Neobenedenia 
girellae exhibit short, hooked appendages  
on two of the four poles of the tetrahedron  
which are absent in Benedenia seriolae.

Seriola lalandi infected with Benedenia seriolae 
and Neobendenia girellae. Flukes are transparent 
when they are alive but turn white when they  
are dead.

It is difficult to distinguish between B. seriolae  
and N. girellae by their appearance. The body of  
N. girellae is broad anteriorly at the level of the 
attachment organs, while B. seriolae is tapered.  
A vagina is present in B. seriolae and absent in  
N. girellae, however this is rarely obvious. It has been 
suggested that B. seriolae is larger in body size, but 
this has not been validated under experimental 
conditions. The haptor shape (posterior attachment 
organ) is rounder in N. girellae, while the haptor  
of B. seriolae is broadly tapered posteriorly.  
It is important to note that parasites can exhibit 
considerable morphological variation which may be 
influenced by host species and temperature. Note 
that the consistency and reliability of morphological 
differences between these two species needs to be 
validated using molecular methods.

Farmers can distinguish B. seriolae and N. girellae 
species based on the appearance of the eggs. 
The eggs of Neobenedenia girellae exhibit short, 
hooked appendages on two of the four poles of the 
tetrahedron which are absent in Benedenia seriolae. 
Eggs laid by B. seriolae and N. girellae are straw-
coloured and tetrahedral in shape. They are laid 

singly, but typically entangle in large egg masses  
or clumps. Egg size is affected by temperature,  
with larger eggs laid in cooler waters. B. seriolae 
eggs are reported to be 144 μm (130 – 150 μm) 
while N. girellae eggs are 128 μm (99 – 154 μm) 
along a single axis.

Benedenia seriolae Neobendenia girellae



Gill flukes and their eggs
Commonly called gill fluke, Zeuxapta seriolae 
(Meserve, 1938) Price, 1962 is a macroscopic 
marine ectoparasite (Platyhelminthes: Monogenea: 
Capsalidae) that attach to the gills and feed on 
blood. Adult Zeuxapta seriolae are long (2 to 25.8mm 
in length) tapered worms, with an attachment organ 
(haptor) at their posterior end. The haptor bears 
numerous clamps that help the parasite attach to 
the gills. Maturity may be grossly assessed by the 
presence of the vitellarium or ‘yolk’. Adult worms 
may also have bright straw-coloured eggs stored  
in the uterus.

Adult gill fluke, Zeuxapta seriolae producing eggs 
joined together forming a single sticky egg ‘string’.
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Adult parasites produce ovoid eggs joined together 
by filamentous strands to form a single sticky egg 
‘string’. Eggs are approximately 117 x 57 µm size. 
The eggs are stored in the uterus before they are 
expelled daily. The string, up to 50 mm long, can 
entangle on the host’s gills, or physical structures 
in the environment. Parasites tend to release their 
egg string in the early evening. Adult Zeuxapata 
seriolae may look superficially like other gill fluke 
species that infect Seriola in certain locations 
(e.g., Paramicrocotyloides reticularis Rohde, 1978 
off the east coast of Australia and New Zealand 
and Heteraxine heterocerca (Goto, 1894) Yamaguti 
1938 off Japan). If uncertain, seek advice from a 
parasitologist or a veterinarian to confirm parasite 
species identification and thus whether BeNeZe is 
the right tool for the situation.

Schematic of a gill fluke, Zeuxapta seriolae 
infection on fish gills.



3Step 3
Measure Water Temperature

Water quality parameters on farms may be obtained 
from sea surface temperatures provided from online 
resources (e.g., coastal monitoring buoys) or taken 
directly on the farm. Temperature is essential for 
appropriate application of the BeNeZe application, 
and so the temperature should be determined with 
an accurate thermometer and confirmed on the day 
the treatment is applied. Temperature in the app is 
provided in whole increments. The tool should be 
applied to the nearest whole increment (i.e., round 
up or down as appropriate).

In some farming areas thermoclines can occur. 
Given a high proportion of monogenean eggs 
occur in the first few meters of the farm, we 
recommend that the BeNeZe app be applied based 

on sea surface temperature. It is also important to 
consider that the pen temperature may influence the 
efficacy of the treatment. As such the temperature 
at different depths should be considered by the 
fish health manager with respect to treatment 
administration. 

When applying the tool, health managers should 
consider that increasing water temperatures due 
to seasonal changes, such as winter to spring, will 
result in accelerated parasite development.  
Thus, temperature should be assessed regularly. 
When temperatures are increasing, it is best to 
treat earlier in the second treatment window where 
possible to avoid accelerated parasite development.
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4Step 4
First Treatment

Download the BeNeZe app onto your phone or use 
it directly through the website. Select the species 
of fluke(s) that occur on the fish. Knowing which 
parasite species occur on the farm is important, 
so if you are not sure, please see our suggestions 
for identification in Step 2. Enter the temperature 
recorded on the farm in Step 3 into the temperature 
slider and the recommended treatment plan will 
automatically display. 

You can click on the date when you plan to 
administer the first treatment. Scheduling the first 
treatment a few days in advance for treatment 1 
will permit logistics to be arranged or when there 
is an appropriate weather window. The decision 
to implement the first treatment is a farm-based 
decision based on a subjective assessment of the 
economic threshold and animal welfare.  

We recommend that the treatment should be 
conducted as soon as feasibly possible following 
diagnosis of juvenile or adult worms on fish. 
Monogeneans can proliferate rapidly in aquaculture 
environments and fish that are compromised 
because of heavy parasite burdens will not respond 
well to additional stressors, including handling  
and treatment. 

The tool assumes that an initial treatment (on 
day 1) kills attached parasite stages on stock and 
advises the number of days to wait before applying 
the second treatment. Ensure the temperature 
accurately reflects the day when Treatment 1 is 
administered. In subsequent days the temperature 
should be checked and adjusted if required. In 
industry applications, the appropriate treatment and 
dose is determined by the farmer and then added to 
the tank or net pen. 
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Step 5
Net Change and Removal  
of Contaminated Fomite

Fluke eggs entangle on nets and other immersed 
farm structures. To reduce reinfection it is best 
to remove as many contaminated fomites as 
possible. Following the first treatment in open 
aquaculture, a net change at the time of treatment 
is recommended because the net will be a primary 
source of reinfection in the environment and 
this will reduce subsequent infection burden. 
A net change may also be considered at the 
end of winter or early spring before sea surface 
temperatures rise. In the hatchery, nursery or in 
recirculating aquaculture systems, remove and 
change filters, clean standpipe catchments and 
clean tank scum and any floating debris.
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6Step 6
Second Treatment

The BeNeZe app assumes that Treatment 1 removes 
all parasites attached to fish but is ineffective 
against parasite eggs which may be dispersed in  
the farm environment. The time taken to first 
and last hatch of parasite eggs, larvae infectivity 
and time to sexual maturity at the nominated 
temperature will be predicted in boxes in the 
BeNeZe calendar. ‘Last hatch’ corresponds to 
the time taken for eggs to finish hatching after 
having been laid. ‘Time to sexual maturity’ denotes 
the earliest time taken for parasites to reach 
sexual maturity after first infecting a host. These 
parameters are used by BeNeZe to calculate the 
recommended treatment plan. 

The second treatment must be applied in the 
second treatment window. BeNeZe will not be 
effective if the second treatment is applied on a 
date after sexual maturity as the parasites will have 
commenced egg laying and contaminated the 
environment. If possible, it is best to treat earlier 
within the treatment window than later to avoid 
parasites attaining sexual maturity. If the window 
is missed, the subsequent treatment should be 
considered as ‘Treatment 1’ and steps 4, 5 and 6 
repeated. The efficacy of the treatment should also 
be monitored and recorded (see Step 1 surveillance) 
to determine whether parasites show signs of 
developing resistance.
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