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ABSTRACT

The use of wrasse (Pisces: Labridae) as cleaner fish to combat infections with the
parasitic copepods Lepeophtheirus salmonis (Krgyer) and Caligus elongatus
(Nordmann) (sea-lice) in the culture of Salmo salar L. (Atlantic salmon) 1S now
common. Infections with these parasites has caused considerable losses in the industry
since its formative years. The use of the wrasse species Ctenolabrus rupestris (L.)
(goldsinny), Centrolabrus exoletus (L.) (rockcook), Symphodus melops (= Crenilabrus
melops) (L.) (corkwing) and Labrus mixtus L. (cuckoo) as cleaner ﬁsh was first
suggested in 1988. The use of these species in the industry is now widespread in
Scotland, Ireland and Norway. The fish used are normally caught from the wild before
being stocked with S. salar smolts during their first year at sea. The fish are routinely
collected from waters close to the farm sites to be stocked. As most of the S. salar sea
production sites in Scotland are located on the west coast of the country, the wrasse to
be used in these sites are normally collected from these waters. The movement of wild

fish into farm pens presents a risk of disease transfer from wrasse to S. salar and vice

veISsa.

Prior to their use as cleaner fish, these four species of wrasse had received little
attention as subjects of scientific study. As a result, there was very little information
available in the literature regarding their diseases. The present study was undertaken to
investigate the potential pathogens present in wild populations in Scottish coastal waters,
and, in particular, which of these pathogens, if any, could be transmitted to the S. salar.

The study also investigated the susceptibility of wrasse to the two major viral diseases

of S. salar to which they would be exposed in pens.

In order to fully assess the pathogenicity of the potential disease agents under
farm conditions, 1t was first necessary to establish the normal morphology of the wrasse

species. Hence, a study of the morphological features of wrasse, with particular

emphasis on those features important in the health of the fish was undertaken. Wrasse




were shown to differ in many aspects from salmonids but shared many morphological
features with other perciforme fish. Major differences from salmonids were evident in the
skin, fins, pancreas, intestine, gonads and heart. There were also aspects of their
morphology which differed from other perciforme fish, notably the structure of the heart.
These features were regarded to be adaptations to the specific demands of their feeding
strategies and habitats. This study was the first of its kind undertaken for wrasse and
showed some early contraindications for the use of wrasse in culture; most notable was

the marked lipid accumulation in, and resultant degeneration of, the liver resulting from

the consumption of high energy S. salar feeds.

Once the normal morphological features were established, it was possible to
examine the disease status of wrasse. Wild fish were sampled from three different
locations on the west coast of Scotland. These sites were all geographically distinct and
were all used as sources of wrasse for the S. salar farming industry. Samples of wrasse
were also obtained from farm sites supplied with wrasse from these wild sites, and an
additional number of other geographically distinct farm locations. As a comparison
wrasse were also obtained from a wrasse captive breeding facility and another captive
location unrelated to the S. salar industry, a public aquarium. The fish from all of these
sampling sites were examined fully for the presence of parasites, bacteria and, in some
cases, viruses. Histological examination was also carried out on all of the fish studied. A
total of 24 new parasite host records, and two tentative ones, were recorded from the
four wrasse species studied. These new parasite records included protozoa, digeneans,
nematodes and crustacea. Parasite infections were found to vary in prevalence,
abundance and mtensity in respect to the geographical characteristics of sampling sites
and also the length of time spent in S. salar pens. It was concluded that the separation of
wrasse from their natural diet and habitat influenced the degree of parasitism. None of

the parasites found to infect wrasse were observed to cause any significant pathology mn

their hosts other than localised tissue responses.
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The possibility of transfer of wrasse parasites to S. salar was also investigated
experimentally 1n a series of infections in which parasites dissected from wrasse were
introduced to S. salar smolts by means of a novel gavage method. None of the parasites
used established in the §. salar, indicating that there is little risk of transfaunation of
parasites between wrasse and S. salar. However, this aspect requires further work due

to the low number of parasites available and the subsequent low numbers of S. salar

infected.

Bactenal 1solates were obtained from wrasse held in S. salar pens but were not
found in any of the fish collected from the wild. Most of the bacterial strains isolated

would normally be considered as opportunistic pathogens of fish. It was concluded that
the relatively high levels of stress, both environmental and physical, that wrasse are
subjected to under farm conditions were instrumental in the number of bacteral
infections seen in wrasse. Only one pathogenic bacterial infection was seen in any of the
fish sampled. This was an isolate of Aeromonas salmonicida, the agent known to cause
the disease furunculosis, isolated from a wrasse obtained from one of the farm samples.
Other authors have reported that this bacterium has already caused substantial losses of

wrasse under farm conditions. It was concluded that Aeromonas salmonicida will prove

to be a major pathogen of wrasse held in S. salar pens. No viruses were 1solated from

any of the wrasse studied.

The susceptibility of wrasse to the most significant pathogens of S. salar under
farm conditions was also subjected to investigation. In addition to sea-lice infection, the
industry lists Infectious Pancreatic Necrosis (IPN) and Pancreas Disease (PD) as of

primary importance for further research. Both of these diseases cause substantial losses

in the industry.

The susceptibility of wrasse to both of these disease conditions was investigated

by means of experimental infections. In the case of IPN wrasse were infected by bathing
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with two different infective doses, a low dose which would be expected to induce the
disease in S. salar parr and a second dose substantially higher than the first. The C.
rupestris used were found to be susceptible to IPN. The wrasse developed some of the
pathological characteristics typical of the disease in S. salar, however, other pathological
signs were peculiar to wrasse. The recovery rate from the disease seen in wrasse was far
more rapid than that recorded from S. salar. Shedding of the virus in the faeces of
infected C. rupestris was also demonstrated. This study has illustrated for the first time

the susceptibility of wrasse to IPN and that they can shed the virus in their faeces. This

suggests that infected wrasse could be a source of continual reinfection in an affected sea

site.

Experimental infections of C. rupestris with PD followed a standard protocol for
the reproduction of the disease in S. salar. Infection was by means of intraperitoneal
injection with putatively infective material obtained from S. salar affected with PD. Two
infection doses were used, the lowest dose used had been proven to be effective in
inducing the disease in S. salar parr while the second dose, ten times higher than the
first, had been shown to be effective in reproducing PD in S. salar smolts. The C.
rupestris infected did not develop any of the typical signs of the disease seen in S. salar.

It was, therefore, concluded that wrasse were not susceptible to PD.

The implications of the findings of the study on the continual use of wrasse in the

production of S. salar is discussed and suggestions for further research are made.
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CHAPTER 1: GENERAL INTRODUCTION

®
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Almon Farminge 10O

The farming of Salmo salar (L.) (Atlantic salmon) is still a relatively young
industry in Scotland, only really becoming successful in the 1980s. According to the
Scottish Fish Farms Annual Production Survey, 1994, published by the Scottish Office,
Agriculture and Fisheries Department, the total number of people employed by the
industry in sea production of S. salar has increased from 550 in 1985 to 1,226 in 1994.
Over the same period total S. salar production has increased from approximately 7,000
tonnes to 64,006 tonnes. It 1s also predicted that the total production will continue to

rise but at a slower rate than in the late 1980's. This improved efficiency is partly due to

the advent of improved technology and management techniques during both the
freshwater and marine stages of production of S. salar. Other advances are being made
such as the production of S% and S1'% smolts. This allows companies to target

particular times of the year to harvest fish, when the market best suits their product.

As is the case in any new industry, there are still numerous problems inherent in
the production of the fish. In the early years of the industry a large percentage of the
possible harvest of fish was lost due to disease. The development of vaccines to diseases
such as furunculosis and the implementation of the Diseases of Fish Acts, 1939 & 1983,
which made the occurrence of certain diseases notifiable, has resulted in a far higher
percentage of the parr produced reaching harvestable size and thereby adding to the
improved efficiency of the industry. This is reflected in the steady increase in the total
percentage of fish recovered from sea sites in recent years, this recovery is currently

around 80% of all fish put to sea (Scottish Fish Farms Annual Production Survey 1994).

There 1s now a three phase approach to combating diseases within the industry.
The first phase 1s legislation, in the form of the Diseases of Fish Acts, which restricts the

spreading of diseases away from the point of origin or first reported occurrence. The

1




second stage is effective husbandry techniques which prevent disease outbreaks in the
first instance and also minimise the effect of any outbreaks that do occur. The third and
final phase is the use of chemotheraputants to combat the direct effects of diseases and
also vaccines to lessen the impact of disecases. It is preferable that the use of
chemotheraputants 1s avoided due to the problems of steadily rising resistance to drugs
and also the withdrawal period related to some of the drugs used. However, when they

are used they should be administered correctly in a way that significantly reduces the

impact of a disease outbreak.

The disease problems which are now causing economically significant losses
were, in most cases, considered to be minor problems during the early growth stages of
the industry. In 1993 the industry listed its main diseases of concem as;

1. Sea-lice infestation

2. Infectious Pancreatic Necrosis (IPN)

3. Pancreas Disease. (PD)

(Scottish Salmon Growers Association, SSGA)

Both IPN and PD, which are considerations of this study, were of relatively

minor concern in the early years of production and it is only now that other diseases are

well controlled, that their significance has increased.

The most serous disease of concern to the industry today is parasitic infestation
with copepods of the genus Caligidae and, in particular, the species Lepeophtheirus
salmonis (Krgyer) and Caligus elongatus Nordmann (sea-lice). They were a major
problem in the early years when treatments were unsatisfactory but continue to be a
major problem because of the build up of parasite populations with the expansion of the
industry. These infections are now also relatively well controlled but are still the subject

of considerable research as limitations are imposed on the use of chemical and drug

treatments.
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2o Problems Re

With the recognition that sea-lice infections are the main disease problem
affecting the industry, much attention has focused on investigating control of the
problem. All aspects of lice are currently under investigation including lice biology,

prevention of mfection and methods for controlling established infections.

1.2.1: Lice Biology and Pathogenicity
There are over 400 species of caligids world wide but only a small percentage of
these occur as pests in aquaculture systems. It is estimated that as much as 10% of

potential harvestable fish are lost due to caligid infestations world wide (Boxshall &
Defaye 1993).

Sea-lice are ectoparasites which feed on the mucus and epithelium of the host
fish, utilising a feeding tube which bears a serrated bar to rasp at the surface of the
epithelium (Kabata 1979). Damage to the host caused by sea-lice in this way can be
severe. There is a tendency for lice to accumulate on the dorsal surface of the fish and
erosion of the epithelium on the dorsum, particularly the head, can lead to damage of
underlying tissues, with the cranial bones being exposed in severe cases (J6nsdéttir,

Bron, Wootten and Tumbull 1992). The loss of osmoregulation resulting from this

damage can lead to mortality and may be combined with secondary infections.

The infective stages of sea-lice are water-borne and have a natural reservoir of
infection in wild fish. It is therefore very difficult to avoid infections in penned fish. For

this reason 1t has become necessary to employ control measures to minimise infections

and therefore damage to, and losses of, S. salar.




1.2.2 Lice Control Methods
There are several approaches to the problem of controlling sea lice and the
methods used can be split into the following categories:
1. Chemical control;
a) Organophosphates.
b) Hydrogen peroxide.
¢) Ivermectn.
d) Pyrethroids.
2. Physical;
a) Light traps.
b) Pumping and filtration.
3. Management;
a) Fallowing.
b) Single year classes.

¢) Reduced stocking densities.
4. Biological,

a) Vaccines.

b) Hyperparasitism.

¢) Cleaner fish.

L3 Chemical Treatments
These were reviewed by Roth, Richards & Sommerville (1993a) and
Sommerville (1995).

1.3.1: Organophosphates

Until recently the main methods in use in Scotland and Norway to control sea-
lice were organophosphates. In Scotland dichlorvos (previously marketed as Nuvan and

now as Aquaguard, Ciba Geigy) is used. Organophosphates are applied as a bath

4




treatment and are used to bathe whole pens of §. salar. Aquaguard is the only
organophosphate licensed in the UK for use on S. salar farms. However, other
organophosphates may be given under veterinary prescription or are being used under
amimal test certificates for research trials such as azamethiphos, marketed as Salmosan
by Ciba Geigy, which is currently under trial in Norway. Organophosphates act by
inhibiting acetylcholinesterase (AChE) activity resulting in an accumulation of the
neurotransmitter acetylcholine, death follows a tetanus like condition (World Health
Organisation 1986). Although all stages of lice posses AChE, chalimus stages are not
affected by dichlorvos (Walday & Fonnum 1989). The use of such chemotheraputants is
expensive and complicated with consideration having to be given to the volume of the
pens, water temperature and current systems on the site. Consideration has also to be
paid to the lasting damage which can be caused by the prolonged use of such chemicals.
The possibility of bioaccumulation of dichlorvos is thought to be slight due to the short
half life of the chemical in sea water, however, there is evidence of resistance to

dichlorvos 1n sea lice in some areas resulting in increased numbers of treatments (Jones,

Sommerville & Wootten 1992 and Sommervilie 1995).

This resistance and the dangers of relying on only one effective treatment makes

the development of an effective alternative treatment imperative.

Other organbphosphates and related compounds are currently in differing stages
of research, some being i1n the final stages of consideration for the granting of a UK

licence. Sommerville (1995) summarises the present situation with regard to these

chemicals.

1.3.2: Hvdrogen Peroxide

Because of the problems associated with the traditional use of organophosphates,

alternatives are now being investigated. One of these alternative chemicals i1s hydrogen
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peroxide, which 1s now being used commercially on a trial basis. Paramove and Salartect
are both treatments consisting of hydrogen peroxide, neither of which have received full
licence yet. Hydrogen peroxide would appear to be a more suitable compound than
organophosphates for the treatment of lice, as it breaks down quickly to form oxygen
and water leaving no harmful residues in the environment. The break down of hydrogen
peroxide causes bubbles of oxygen to form. The method by which hydrogen peroxide
kills lice is not yet known. However, during and after a treatment, the lice are seen to
float to the surface and are unresponsive to external stimuli (Thomassen Pers. Com.).
There have been reports of up to 80% mortality of lice with the remainder being

removed (Sommerville Pers. Com.). If the mechanisms involved in the death of lice are

physical, due to tissue disruption by the formation of bubbles of oxygen, then there
should be lttle possibility of lice becoming resistant to hydrogen peroxide. This
compound also has the added advantage of being partially effective against chalimus
stages (Thomassen 1993). One disadvantage is the narrow safety margin since prolonged
exposures, greater than 20 minutes, causes irreversible gill damage (Sommerville Pers.
Com.). Despite this, hydrogen peroxide appears to be a very promising alternative

treatment for sea hice but involves a very high cost when compared to treating with

Aquaguard.

1.3.3: Ivermectin

The pesticide Ivermectin is the best known oral treatment effective against sea-
lice. At the present time it 1s not licensed for general use in Britain and can only be used
as a Prescription only Medicine (POM). That is to say it can only be prescribed by a
veterinarian when there are no other alternatives available, for example when a lice
population proves resistant to all other treatments (Sommerville 1995). Ivermectin is
administered orally with the food and takes several days for the flesh concentration to

reach a level high enough to affect lice. There is also a long withdrawal period required

between treatment and harvest, preventing the treatment of fish close to harvest.
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A large amount of the administered drug passes out, unaltered, in the faeces of
the treated fish (HOy, Horstberg & Nafstad 1992) leading to accumulation of ivermectin
in the sediments, waste food, and invertebrate life around fish pens. It has been
recommended that ivermectin should only be used in extreme cases, if at all (Costello
1993). Indeed the manufacturers have opposed any further development of the drug as a
treatment for sea lice (Brewer 1991). There are, however, relatives of this family of

chemicals, for example avermectins, which may prove useful for future development

(Sommerville Pers. Com.)

1.3.4: ethroids

Pyrethroids (synthetic pyrethrins), which are widely used insecticides, have also
been investigated as possible lice treatments. In particular, resmethrin and lambda-
cyhalothrin. Pyrethrins are more widely studied in Norway and comparisons between the
efficacy of pyrethrins in comparison to dichlorvos made by Boxaspen (1994) illustrated
that both compounds had a similar efficacy against sea lice. The use of pyrethrins was
reviewed by Roth, Richards & Sommerville (1993a & b). These compounds would
appear to be lethal to adult lice and partially effective against chalimus stages. The safety
margin for the use of some pyrethroids is very narrow with fish mortalities occurring
within a small concentration difference from effective treatment doses. Pyrethroids are
also know to be toxic to aquatic life, particularly fish, and their wide spread use could

lead to many secondary problems (Roth et al 1993b). Pyrethroids must still be

considered as possible alternative chemotheraputants although further research is needed

before pyrethroids could be tested on a commercial scale.

L4: Physical Controls

The main purpose of physical methods is to attempt to interrupt the transmission

of the parasites by trapping the infective free-swimming larval stages, or to physically

remove the lice from the fish.




1.4.1: Light Traps
Huse, Bjordal, Ferno & Furevik (1990) attempted to reduce lice infections by

means of shading pens and placing light traps beside pens to trap the photopositive larval

stages. They were unsuccessful. Currently a prototype light trap is being tested at certain

Scottish farm sites, but the results as yet are unknown.

1.4.2: Pumping and Filtration

Sites which use a pump ashore system, where fish are grown in tanks on shore,
would not appear to sufter from high numbers of lice (McVicar Pers. Com.). These sites
are supplied by water pumped from either deep below the surface of the sea, or from
bore holes sunk deep enough into a porous rock layer to tap the sea water table. It is
possible that the pressure changes experienced by the infective copepodid stages of the
lice, as they pass through the large capacity pumps required by these operations, disrupts
their ability to attach to their hosts. Another possibility is that the number of infective
copepodids deep in the water column is significantly lower than those found on the

surface, which would result in a reduced number of infective stages entering the

ongrowing tanks. This method would not be effective in sea pen culture due to the pens
being open to the sea. Similarly the filtration of sea water to remove the infective stages
in sea pens 1s impracticable (Costello 1993). A different approach to the use of pumps is
the removal of lice directly from the fish. Innovac Europe Ltd. have began marketing a
combined fish grader and lice remover. The machine utilises a Silkstream live fish
transfer pump and a spray bar which administers a lice removing agent to the surface of
the fish as they pass through the grader. Lice that are removed from the fish are caught
in a filter and disposed of safely. In early trials, the lice killing agent used was Pysal 25, a
pyrethroid. The machine performed well when tested on a Sutherland fish farm. The
development of this system was probably prompted by the fact that in desperation some

farms began pumping fish in normal transfer pumps from one cage to another to reduce




lice burdens and avoid the withdrawal period that would have applied if chemicals had

been used.

LS: Management Strategies
1.5.1;: Fallowin

The implementation of a fallow period, between harvesting fish from a site and
the introduction of a new year class, effectively delays the onset of lice infections in the
new year class. Bron, Sommerville, Wootten & Rae (1993a) postulated that this delay
was due to the reduction of farm-generated lice at a given site. New infections were
most probably the result of cross infection from wild fish. To be fully effective a whole

loch system should be fallowed simultaneously and, in most cases, this will require

collaboration between several companies. This approach was used successfully in Loch
Sunart on the west coast of Scotland where the whole loch was fallowed between
February 1991 and April 1991. This involved three companies and proved to be effective
(Grant & Treasurer 1993). According to the Scottish Fish Farms Annual Production
Survey 1994 the number of sea sites employing a fallow period in 1994 was 358, or

approximately 97% of the operational sea sites.

1.5.2: Single Year Classes

If fish of the same year class are the only fish kept on a site, and all the fish are
stocked and harvested at the same time, then the risk of transmitting diseases between
age classes i1s eliminated. Also the management of any disease outbreaks is greatly
simplified. If a fallow period is implemented before the stocking of single year class sites

then the period before first treatment for lice can be significantly increased (Bron et al.

1993a & b).




1.5.3: Lowered Stocking Densities
If the density of fish in pens is reduced then stress levels in the fish are reduced,
giving better growth characteristics and also improved ability to withstand infections.

This leads to an improvement in the general health of the fish. Lower stocking densities

also simplify the treatment of disease outbreaks.

In reahty all three of these management strategies would be initiated for

maximum success (Bron et al. 19932).

1.6: Biological Control

1,6.1;: Vaccines

Work to develop an effective vaccine against sea lice has also been underway for
some time. In heavy lice infestations severe damage can be caused to the epithelium of
the fish resulting in exposure of the underlying dermis and ingestion of blood by the lice.
Raynard, Munro, King, Bruno, Bricknell, Vahanakki, Sommerville, Petrie, Vivers,
Andrade-Salas, Melvin, Amezega, Labus, Coull, Reilly, Mulcahy, O'Donoghue &
O'Connell (1994) stated that there has been no evidence that fish acquire an immunity
against subsequent lice attacks, therefore, if an antigen was to be effective it would have
to be a hidden antigen. The most probable source for these antigens is the intestine of
lice. Fish injected by the authors with whole louse extract developed an antibody
response to several antigens but did not acquire immunity to lice attack. It was presumed
that the complexity of the whole louse extract resulted in antigenic competition and that
individual antigens would need to be tested. Several antigens have been purified from
lice which illicit antibody responses when injected into mammals (Jenkins, Grayson,
Hone, Wrathmell, Gilpen & Munn 1993). These and other antigens developed from
various lice tissues by Raynard et al. (1994) were subsequently tested histochemically
using monoclonal antibodies on sectioned lice (Andrade-Salas, Sommerville, Wootten,
Turnbull, Melvin, Amezega & Labus 1993). S. salar were then immunised with selected

clones and their antibody response monitored using ELISA techniques. These fish were
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then challenged with lice. The first few potentially effective antigens are currently under

test (Raynard et al. 1994).

1.6.2: Hyperparasitism of Lice

Several epizoonts are commonly found on sea lice. The nionogcnean trematode
Udonella caligorum Johnston is found on the dorsal surface of lice. The presence of
these worms may have a detrimental effect on the lice, however, this has not been
established. No obvious detrimental effects to S. salar have been observed resulting from
the presence of the worms (Minchin & Jackson 1993). Several ciliated protozoans are
also seen on the surface of lice. Gresty & Warren (1993) reported the ciliate Epistylis
Ehrenberg from the carapace fringe and ventral surface of L. salmonis removed from
Onchorhynchus keta Walbaum (Japanese Chum salmon) and attached ciliates of the
genera Trochiloides Kahl and Licnophora Claparéde have been removed from sea lice

from S. salar from Scottish farms. It is not known if these ciliates have detrimental

effects on lice or 5. salar.

The lack of information on parasites of sea-lice reflects the lack of investigation

of the subject. No commercial trials have arisen from this research.

The serious problems with all the above methods led to evaluation of alternative

lice control methods.

1.6.3: Cleaner Fis

One of the methods considered was the use of cleaner fish to reduce the lice
burden on infected . salar. Symbiotic relationships of this type are widely reported from
the wild (Limbaugh 1961). Fish of the genus Labridae are commonly seen as cleaners n
tropical waters and their potential as cleaner fish in the production of §. salar was

investigated initially by Bjordal (1988).
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* The Potential ¢ aaner K .+ : INtraols ¢

1.7.1: Cleaning Behaviour

Symbiotic cleaning relationships have been known throughout the ammal
kingdom for many years. These relationships are not limited to aquatic animals as several
examples can be seen in terrestrial species also. The relationships between the tick bird
and the rhinoceros, the Egyptian plover and the crocodile and also the egret and cattle
are well known. However, many of the best documented examples are from the marine
environment. Most of these records have arisen from the spreading popularity of
SCUBA-D1ving. These techniques have allowed biologists to observe aquatic animals 1n
their natural environment with the minimum of interference. The range - of animals
displaying cleaning behaviour is diffuse, with examples being seen in many different

groups of teleosts and crustaceans. Limbaugh (1961) presented a review of cleaning

behaviour detailing many interesting examples.

Most of the examples seen in crustaceans involve shrimps in tropical waters. For
example Periclimenes pedersoni Chace (the Pederson shrimp) from the Bahamas sets up
cleaning stations in quiet water. The shrimps are always found in association with the
anemone Bartholomea annulata Leseur. When fish pass by, the shrimp enters a typical
pattern of behaviour mmvolving antennae whipping and body swaying to attract the fishes
attention. A fish will then approach the shrimp and present areas of its body to be
cleaned. If there are any wounds on the fish, these areas will be presented first. The
shrimp moves onto the fish and moves rapidly over its surface removing any external
parasites and cleaning infected areas. The host fish remains still with it's fins erect and
opercula flared, allowing the shrimp to enter the gill chamber and even to exit through

the mouth. Fish can often be seen congregating around these cleaning stations waiting to

be cleaned.
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The relationships between teleost cleaners and their hosts is very similar to that
of crustacean cleaners and their hosts. The cleaner fish establish a cleaning station which
is visited by fish wishing to be cleaned. The cleaner fish then adopts a typical display to

attract potential host fish which, when they approach the cleaning station, adopt a typical
‘ posture with fins erect and opercula flared. Generally their bodies will be orientated in a

particular fashion also, for example, they may point their bodies upwards towards the

surface.

The majority of examples of teleost cleaners involve fish of the genus Labridae

(wrasse) In tropical waters where the number of species of wrasse is considerable.
Perhaps the most well known of these cleaner wrasse is Oxyjulis californica (Gunther)

(sefiorita) from the Californian coast. This is a small brown coloured wrasse with a black

spot on the caudal peduncle which is known to clean many different species of host fish.

The species mvolved in cleaning in these waters are often evolved for the
purpose with long pointed snouts to allow the removal of parasites and they are also
very brightly coloured in order to stand out from their backgrounds. This is also the case
for cleaner shrimps in tropical waters. Cleaners in tropical waters tend to be solitary or in
pairs. In contrast to this, cleaners in temperate waters tend to be less colourful and live in
shoals which follow host fish, surrounding them and removing parasites. Also, in
temperate waters, it 1s often only the juvenile stages of wrasse that act as cleaners and
even at this stage do not rely totally on cleaning as a feeding strategy. Tropical species

come closer to being wholly dependent on cleaning as their feeding strategy.

Eibl-Eibesfeldt (1935), considering the significance of coloration in cleaning
species, developed the "Guild Mark" theory. He observed that cleaners from widely
different zoo-geographical regions evolved very similar coloration. He suggested that

this coloration may serve as a guild mark to allow host fishes to recognise cleaner
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species. The best known examples are found in the genus Labridae, where all the fish

concemed bear longitudinal black stripes.

1.7.2: Cleaning Behaviour in British Wrasse

Observations of cleaning behaviour in some of the European wrasse species had
been made as early as 1973 in a marine aquarium (Potts 1973). Two species of labrids
Symphodus melops (L.) (corkwing) and Ctenolabrus rupestris (L.) (goldsinny) were
observed to remove the praniza larvae of the isopod Gnathia maxillaris (Montagu) from
the skin of other fish species in the aquarium. There appeared to be variation in the
relationships between the cleaner wrasse and the host fish being cleaned. Some species
of host fish, Pagellus centrodonus (Cuvier)(pink bream), Spondiliosoma canthan (L.)
(black bream) and Labrus bergylta Ascanius (ballan) would adopt a typical invitation
posture when in the presence of the actively cleaning wrasse. This posture consisted of a
"head down" position with the unpaired fins erect. Other species of host fish, Scomber
scombrus L. (mackerel) and Pleuronectes platessa L. (plaice), did not actively take part
in the cleaning activity and the wrasse would remove parasites opportunistically from the
host fish as they passed by. Parasites were also recovered from the stomachs of wild
caught specimens of S. melops suggesting that cleaning does occur in the wild. Potts
(1973) also reports observing Centrolabrus exoletus (L.) (rockcook) cleaning specimens
of L. bergylta m the wid where the specimen of L. bergylta had adopted the typical
invitation posture described above. Specimens of L. bergylta were also observed to
adopt the mwvitation posture while being cleaned by C. rupestris specimens in Swedish
coastal waters (Hilldén 1981). Hilldén (1983) postulated that species displaying cleaning
behaviour evolved from substrate feeders that were opportunistic in their feeding habits.
These species may also have selected food items by size, as discussed in chapter 2.4, as
is the case for C. rupestris. It is also suggested that the ability to take food items quickly

would be important in the development of cleaning behaviour (Hilldén 1978a).
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The colouration of both C. rupestris and C. exoletus with dark marks on the
caudal peduncle would appear to add weight to the "Guild Mark" theory as their

coloration is close to that of O. californica. The coloration of non-breeding C. melops

would also agree in part with this theory (Hilldén 1978a).

The mnvitation posture, described above, has never been observed in the case of
3. salar stocked in pens with wrasse. Any lice removed are taken with short,

opportunistic movements of the wrasse (Treasurer 1994a). The relationship between

wrasse and S. salar is therefore best described as being facultative cleaning.

1.7.3: Use of Wrs

2 for Parasite Control

1.7.3.1 Practical Use: An Historical Perspective

Bjordal (1938 & 1990) first suggested that wrasse could be used to control lice
numbers on S. salar farms. This suggestion followed a series of small and then full scale
trials in Norway. The small scale trials involved stocking 220 S. salar smolts in small
sized sea pens with a combination of wrasse species and stocking ratios, any wrasse that
died being replaced to maintain the stocking ratio. The results of these small scale trials
were favourable with the experimental pens needing fewer de-lousing treatments than a
control group with no wrasse. C. rupestris and C. exoletus proved to be slightly more
efficient cleaners than L. mixtus. The commercial scale trials that followed these
experiments were equally successful. These involved the use of three adjacent
commercial S. salar pens stocked with 20,000, 26,000 and 30,000 smolts respectively.
The middle pen was also stocked with 500 C. rupestris and 100 C. exoletus, giving a
wrasse to S. salar ratio of 1:43. During the 7 week period of the experiment only a few
smolts in the experimental pen were observed with low level lice infections while the
control groups received a total of four de-lousing treatments between the two pens. The
following year (1989) a number of fish farms in Norway and one in Shetland began to

use wrasse to control lice infections. The data from 20 of the Norwegian farms collated
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by Bjordal (1991a) suggested that C. rupestris, C. exoletus, S. melops and female and
juvenile Labrus mixtus L. (Cuckoo) were potential candidates for use as cleaner fish.
The next most abundant of the Northern European labrids, L. bergylta, did not display
any cleaning ability. Its size and aggressive nature also made it unsuitable for use. The

initial stocking density suggested by Bjordal was 1 wrasse to 50 S. salar smolts (Bjordal
1988, 1990, 1991a,b, 1992).

After the nitial, successful trials in Norway, commercial trials were undertaken
by the Shetland Salmon Farmers Association. The trials in Shetland were successful,
with a mixture of C. rupestris and C. exoletus being used at a ratio of 1 wrasse to 50 S.
salar (Anon 1991). A mixture of species was thought to be best to avoid any

intraspecific aggression as reported by Bjordal (1991a).

The use of wrasse as biological controls increased sharply in Scotland, Shetland,
Norway and Ireland after these early successes (Costello & Bjordal 1990, Costello &
Donnelly 1990, Treasurer 1991 a, b, Darwall, Costello & Lysaght 1991).

1.7.3.2: Current Use

The most widely used wrasse species is C. rupestris due to its abundance around
the coasts of Scotland, Shetland, Norway and Ireland with both C. exoletus and S.
melops being used according to their availability (Costello 1993).

[t has been suggested that C. exoletus is the most active cleaning species

(Costello 1991), although the use of this species is limited by its relative rarity.

Wrasse generally inhabit the sub-littoral regions of rocky coastlines. A review of
the biology of the wrasse species found in northern European waters was carried out by

Costello in 1991. Wrasse for use on S. salar farms are normally caught using fyke nets
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or baited, small mesh, prawn creels fished in 2-15 metres of water, although some local
variations in fishing methods exist (Costello 1993, Treasurer 1994b). The fish are then
stocked with §. salar at ratios of 1:50-150 (Costello 1993). It would appear that very

few companies screen the wrasse for parasites or other diseases before stocking them

1NtO pens.

This lack of screening is surprising considering that high numbers of wrasse
losses have been reported in the early years of their use (Darwall et al. 1991). The
possible causes of these losses are escape of fish due to too large a mesh size being used

or holes in the nets and also deaths due to "gilling", predation by piscivorous birds or .

disease.

The numbers of wrasse losses due to escape or "gilling” can be reduced by the
use of small mesh size nets. The mesh size generally used is 12mm. Indeed, it has been
suggested that there should be a minimum length, of around 100mm for wrasse caught
for stocking of fish farms (Treasurer 1991a). In addition to reducing the number of
escapees and death due to "gilling" it also aids in the conservation of the wrasse species
by allowmg smaller fish to remain in the wild. In one trial carried out by a major fish
farming company, 8.6% of the recorded wrasse mortalities could be attributed to
"gilling" (Treasurer 1993a). The use of smaller mesh sizes may cause an increase in net
fouling requiring more labour to keep the nets clean (West 1991). However, it has been
reported that wrasse removed from S. salar pens have been found to have net fouling
organisms such as Mytilus edulis L. (Edible mussel) in addition to lice fragments in their
stomachs (Treasurer 1993b). They may also then be regarded as an aid to keeping nets
clean although 1t is not known 1f an over abundance of fouling orgamsms would decrease
the cleaning ability of the wrasse (Bjordal 1991a). The provision of hides, constructed
from sectioned small bore plastic piping, for the wrasse in the pens may aid the retention

of wrasse as they would have a refuge in which to shelter (Treasurer 1991a). In addition
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to this, if there are observed to be increased mortalities in the winter when wrasse are
reported to enter a torpid state due to cold temperatures, wrasse should be removed to

suitable holding facilities during periods of low temperature (Darwall et al. 1991).

Despite the numerous winter mortalities, the successful cleaning of lice from fish
has been observed for the duration of a two year growing cycle with wrasse stocked in
the first year (Thorburn 1991, Bjordal 1992). Darwall et al. (1991) reported the

successful cleaning of brood stock fish of 6.5 kg, in this case, however, the S. salar were
in a non-feeding phase and in similar trials, with feeding S. salar, the wrasse were
reported to be predated by S. salar. It is generally accepted that the use of wrasse as a
biological control of lice is not a complete solution to the problem of lice infestation as
they are most successful in the first sea year of S. salar. Their use must form a part of a

combined management strategy utilising the best control methods depending on the

many factors involved in a particular situation (Sommerville 1995).

L8: Proiect Aj

It was recognised that there was a need for the health of wrasse in their natural
environment to be studied to establish what pathogens could be imported into the farm
environment with wild caught wrasse. However, for this survey to be effective the
normal morphology of wrasse must first be defined. It was also important to assess the
risk of transferring infections from wrasse to S. salar and the risk of transfer of S. salar

pathogens to wrasse. This would allow the appraisal of what disease factors may play

major roles in the survival of wrasse under farm conditions.

1.8.1: Wrasse Biology, Morphology and Histology

The first aim of the present study was to describe some relevant aspects of the

biology of the four wrasse species currently being used in the industry and also the range

of normal morphological features of organs that can be important in disease diagnosis in
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these wrasse species. This would enable fish diagnosticians to effectively monitor the
health of wrasse in . salar pens or to assess wrasse health prior to stocking in pens. For

this process to be successful it is necessary to understand certain aspects of wrasse

biology and the range of normal features seen in the fish. This knowledge 1s also
essential before considering the abnormal features caused by diseases due to parasites,

bacteria or viruses. At the start of this study there was no knowledge concerning the

biology, morphology or histology of wrasse species.

1.8.2: The Natural Infections of Wrasse

The second aim of the present study was to assess what infections occur

naturally in wrasse. This would allow the evaluation of which pathogens may be
important in wrasse mortalities in the wild. In addition to this, when considering the
importation of wrasse into the controlled environment of a S. salar farm it is essential to
consider which diseases and parasites are present in the fish in the wild in order to avoid
disease outbreaks. The knowledge gained from the wild wrasse survey would allow the
evaluation of these risks. This information is also important in determining what possible

disease problems could arise in wrasse culture. Wrasse are occasionally stocked in S§.

salar farms located in a different area from that in which they were caught. This practice
may increase as local stocks dechine. It was therefore necessary to extend this part of the
study to include different geographical areas for comparison. The practice of moving
wrasse between different geographical locations would allow the transportation of

pathogens between different areas, possibly introducing new infections. International

codes of practice, such as the ICES code of practice on introductions and transfers of
marine organisms, are established to prevent these situations occurring. The movement
of wrasse from Norway to Scotland has already been prevented by legislation due of the
risks of Norwegian §. salar diseases such as Viral Haemorrhagic Septicaemia (VHS) and

Infectious Haematopoietic Necrosis (IHN) being imported. This restriction in movement
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was possible due to the fact that Norway is not within an EEC "free zone" giving

Norway a lower disease status when compared to Scotland.

Once the information regarding the naturally occurring infections of wrasse was
available it would be possible to fulfil the third aim of this project which was to assess
the effect of time in S. salar pens on the infections of wrasse. The farm environment 1s
very different from the natural environment of wrasse. The isolation of the wrasse from
their natural food sources and habitats may significantly affect the pathogens which
affect them. Pathogens which do not cause problems to the wrasse in the wild may be

favoured by the change in conditions in the farm pens causing a risk to the health of

Wrasse.

The fourth aim of this study was to assess the risk to S. salar from pathogens
imported with wild caught wrasse. The fulfilment of this aim was dependent on the
completion of the second and third aims of the study. The information gained from these
studies would allow the assessment of risk to S. salar from the pathogens found to affect

wild wrasse and also the ones which were important to the health of wrasse after a

period of time in captivity.

1.8.3: The Susceptibility of Wrasse to Salmo salar Pathoge

The fifth and final aim of this project was to assess the risk to wrasse of S. salar
pathogens. The cost effectiveness of wrasse as cleaner fish depends, at least partly, on
their health and how long they survive in §. salar pens. An important factor acting upon
this is the susceptibility of wrasse to common S. salar pathogens. It was, therefore,

necessary to determine whether or not wrasse could become infected with pathogens of

S. salar and act as carriers for these diseases. The importance of this information 1s two
fold;

a) Are these pathogens a risk to wrasse?
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b) Is there a risk to S. salar from the transfer of these diseases with wrasse?
There is particular risk when considering the transportation of wrasse between totally

different geographical areas, such as transferring fish from Ireland or Norway to

Scotland.

In addition to sea-lice infections the two disease conditions that the industry
regards as most in need of research are Infectious Pancreatic Necrosis (IPN) and

Pancreas Disease (PD). The susceptibility of wrasse to these diseases, therefore, needed

to be investigated with regards to the above criteria.
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CHAPTER 2: WRASSE BIOLOGY AND MORPHOLOGY
&l Introduction

The first aim of this part of the project was to describe the biological and
morphological characteristics peculiar to the species of wrasse used in the farming of S.

salar, with particular reference to those features which are important in assessing the

health of the wrasse.

There have been no works published which give information on the normal
morphological features of the wrasse species important to the S. salar farming industry.
If fish diagnosticians are to effectively monitor the health of wrasse 1n §. salar pens then

this information 1s essential as a comparison for abnormal features caused by parasites,

bacteria or viruses.

What little information has been published mainly deals with distantly related
wrasse species from waters other than those used by the S. salar industry. Texts such as
the common field guides to coastal fish species give general descriptions of the species

involved. The following is abstracted from one such guide, Webb, Walwork & Elgood
(1981):

Wrasse are perciform fish of the family Labridaec with the following common

features:

1. Wrasse have a single, elongate dorsal fin with spiny rays anteriorly.

2. Typically the pelvic fins are located anteriorly beneath the pectorals.

3. The anal fin usually has three spiny rays anteriorly.

4. The jaws are protrusible with teeth on the jaws and pharynx.

5. Wrasse have deep bodies which are compressed and have striking colouration.
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2.1.1 Description of the Species Used in Salmo salar Farming

Only the four species used in the farming of S. salar are considered here. These
species are C. rupestris, C. exoletus, L. mixtus and S. melops. There is a very limited
amount of information available on the labrids of British waters. The only texts that deal
with them 1n any depth are the general texts of Webb, Wallwork & Elgood (1981) and
Wheeler (1969 & 1978). Considering the emergent interest in the group due to their
recently acquired economic importance and also their importance in the ecosystem of the
tertidal zone, a more detailed study of the group is warranted. Sayer, Treasurer &
Costello (1995) have begun researching aspects of the biology of labrids which could
prove in the long term to be very interesting, for example, the ability of at least some of
the labrid species mvolved to enter a state of partial "hibernation” in low water

temperatures, a behavioural feature which may be unique amongst fish.

2.1.1.1 Ctenolabrus rupestris L. (goldsinny)

Appearance

This species, illustrated in Fig 2.1, has a slender body with a pointed head and a
small mouth. The scales are large and number between 35 and 39 along the length of the
lateral line. The pre-operculum is finely serrated on the distal edge but not ventrally. The
anal fin typically has seven to eight branched rays. The teeth are found in the front of the

jaw and are large, curved and i two rows. Adults can be up to 18 cm in length but are

usually around 12cm (Wheeler 1978).

Colouration

C. rupestris 1s normally brown or reddish-orange in colour, with dusky spots on
the dorsal fin membrane between the first and fifth spines and on top of the tail in front
of the caudal fin (Wheeler 1978). Adults in breeding condition normally have a golden
colour on their flanks and abdomen (Pers. Obs.).
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Fig 2.1: An adult Ctenolabrus rupestris, scale bar = Scm.
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Distribution
C. rupestris 1s the most common small wrasse in north European waters, but they

are only abundant locally despite the wide distribution. They live close to algal covered

rocks 1n 11 to 50 metres of water, among eel-grass beds and in extreme low-water tidal

pools of less than one metre in depth. Sayer, Gibson & Atkinson (1993) postulated that
the limiting factor in the distribution of C. rupestris is the availability of suitable
habitats. Wheeler (1978) reported that they are usually found in proximity to deep water
and were ornginally thought to migrate off-shore during winter months due to the
difficulty in catching them at that time of year. However, Costello (1991) and Darwall et
al. (1991) suggest that during winter months C. rupestris remain inactive in refuges in
rock crevices and recent work by Sayer, Cameron & Wilkinson (1994), using
anaesthetics to flush fish from amongst rocks in winter months, would appear to confirm

these ideas, suggesting that they enter a state of partial "hibernation” in cracks in rocks
when the water temperature drops. Darwall er al. (1991) postulated that C. rupestris

activity was limited to temperatures above seven degrees centigrade.

Feeding

The most mmportant food item in the diet of C. rupestris is crustaceans but they
will eat almost anything which is easily captured and abundant amongst the algal habitat.
The teeth are adapted for tearmng food items off algae (Hilldén 1978a). Unpublished
work by Sayer (Pers. Com.) on the stomach contents of wild caught C. rupestris would
appear to agree with this, as a very wide range of prey items was found in the intestines
of the animals examined. These prey items varied from gastropod and lamelibranch

molluscs to amphipod, copepod and decapod crustacea. They also included fragments of

echinoderms, a full range of polychaetes, teleosts [Lepadogaster candollei Risso

(Connemara clingfish)] and even some insect larvae.
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Reproduction

Males are highly territorial, defending against other males, non-gravid females,
young and C. exoletus. A single male may spawn with several females over a breeding
period, spawning having been seen to take place with up to three different females a day.
The females then stay near the territory of the males with whom they spawn and may
become territorial themselves after spawning. Spawning occurs within a few days of the
fish being seen in shallow water, around mid May, and continues for a period of about
one month. Territories are generally around 1.4 m® and the literature would suggest that
only some males return to the same territory year after year. Once released by the female
some eggs sink while others float. It was originally postulated that these two apparently
different types of eggs represented two different reproductive strategies. The eggs that
floated would be a dispersal phase to permit the colonisation of new areas, while the
eggs that sank would repopulate the immediate area (Hilldén 1981). However,
Sjolanders, Larson & Engstrom (1972) reported that C. rupestris only produce pelagic
eggs. Preliminary breeding trials, using C. rupestris brood stock caught from the wild,
indicated that any eggs that sink were non-viable and, therefore, there i1s only one
breeding strategy, pelagic eggs (Stone 1995). The production of pelagic eggs by C.
rupestris 15 unique amongst the labrids. All other species produce demersal eggs. The
presence of territoriaity and pairwise spawning is inconsistent with this type of
reproduction. Sjolanders er al. (1972) postulated that C. rupestris originally produced
demersal eggs similar to those of other labrids before the switch was made to pelagic
ones. This may explain the presence of territorial behaviour patterns seen in the species

at spawning déspite the use od pelagic eggs which do not require to be deffended after

being fertilised.

Some males may act as accessory males, they behave and look lke females to

sneak matings. These males are never chased away by the dominant male. Sham matings

occur between the dominant male and a female where no eggs or sperm are released.
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This is thought to counter the accessory male's tactics.(Hilldén 1981).

Cleaning behaviour

In the wild there may be a low percentage of this species exhibiting cleaning
behaviour. C. rupestris are known to establish cleaning stations which are visited by

other fish which adopt a cleaning posture typical of that described in chapter 1.7.1. Only
L. bergyita have been observed as clients in the wild (Potts 1973). C. rupestris do not
rely totally on cleaning as their only feeding strategy (Hilldén 1983).

2.1.1.2 Centrolabrus exoletus L. (rockcook)
Appearance

This species, illustrated in Fig 2.2, is also a deep-bodied, small wrasse with a
small mouth and thick lips. The teeth are small and in a single row on the jaw, the anal
fin has four to six stout spines and the pre-operculum is serrated. Wheeler (1978)

reported that adults can be up to 15 cm in length but are more commonly slightly smaller
than this.

Colouration

C. exoletus generally has a greeny-brown or reddish back and is lighter on the

flanks, with a yellowish tinge on the abdomen. The male has blue spots on the vertical

fins and on the side of the head; the tail has a dark crescent shaped mark with a light

band at the front and the edge of the caudal fin, (Wheeler 1978). Colouration is the main

distinguishing feature between this species and C. rupestris.
Distribution

Little is known about the general behaviour of C. exoletus. However, Wheeler

(1978) reported that they are found 1n localised populations in two to 25 m of water

27




Fig 2.2: An adult Centrolabrus exoletus, scale bar = Scm
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amongst algae covered rocks and eel-grass beds. The young can be found in shallower

water and may occasionally be caught near the extreme low tide level.

Feeding
They eat small crustaceans and are frequently found in prawn traps where they

may be scavenging the bait, or feeding on amphipods attracted to the bait (Wheeler

1978). It is most likely that this species is an opportunistic feeder similar to C. rupestris.

Reproduction
Similar to C. rupestris, C. exoletus have discrete sexes. Very little is known
about the reproductive behaviour of the species but Potts (1985) suggested that the

striking sexual dichromism 1n the species indicates that it would show some degree of

parental care for the demersal eggs.

Cleaning Behaviour

C. exoletus behaviour as cleaners is little known and has only been described
once by Potts (1973), a single specimen of C. exoletus was seen to clean three L.

bergylta in the wild. However, trials have been carried out to assess their ability to clean

lice from §. salar, (Bjordal 1990 & 1991a & b, Darwall et al. 1991, Treasurer 1991a &
b, & 1993a & b and West 1991). All of these trials indicated that C. exoletus acted as an

efficient cleaner of lice in a farm environment.

2.1.1.3 Labrus mixtus L. (cuckoo)

There 1s less mformation available for this species than the others in the study,

the only text that deals with the species in any detail is Wheeler (1978).
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Fig 2.3: An adult female Labrus mixtus, scale bar = Scm.

Fig 2.4: An adult male Labrus mixtus, scale bar = S5cm.

30



Appearance

This species has a slender body with an elongated head and a pointed snout. The
female is illustrated in Fig 2.3 and the male in Fig 2.4, It has a large mouth which
extends almost up to eye level. The scales are small with between 45 and 48 along the
length of the lateral line and the distal edge of the operculum is smooth. There are 16 to
18 spines on the dorsal fin and adults can be up to 35 cm in length and 1 kg in weight.

The general body shape and size of L. mixtus distinguishes it from both C. rupestris and

C. exoletus.

Colouration
Females and immature males are yellow, reddish - orange or red being paler on

the lower abdomen. They have three dark patches which alternate with three white areas

along the length of the top of the caudal peduncle. The male has a brilliant blue head and

blue streaks on the flanks across yellow or orange. During the spawning season the male

has a white patch on the top of his head.

Distribution

This species is generally uncommon in northern Europe but may be common

locally espeeially close to rocks i 35 - 108 m of water. They move to shallower water in

summer and may be found in 10 m of water, with juveniles being found in the lower tidal

fringe.
Feeding

The feeding behaviour of this species has been little studied but the diet probably

consists mainly of crustaceans, molluscs etc.
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Reproduction

Potts (1985) reports that L. mixtus is hermaphrodite. All individuals start life as

females and it 1s only the most dominant individual that becomes male.

The male builds a nest before courting the female who then lays eggs into the
nest. Wilson (1958) and Potts (1985) describe these nests as being shallow depressions

in coarse substrates close to sublittoral reefs. Growth of the young is slow but they may

live to seventeen years of age.

Cleaning Behaviour

Bjordal (1990) indicated that female L. mixtus have a limited ability to clean lice
from S. salar. This finding was corroborated by Darwall et al. (1991). However, due to

their relative rarty, it is unlikely that this species will ever be important in the

commercial use of cleaner fish.

2.1.1.4 Symphodus (=Crenilabrus) melops L. (corkwing)
Appearance

This is a deep bodied wrasse with large scales, the species is illustrated in Fig 2.5.
There are normally 32 to 36 scales along the lateral line; these scales extend to the head
and cheeks where there are several rows. There are three spines on the anal fin which has
eight to ten branched rays. The pre-operculum is serrated on the distal and lower edges
and the pelvic fins are long, reaching almost to the anus. The teeth are in single series.

Adults can be up to 25 cm long but are more usually 15 cm in length (Wheeler 1969).

Colouration
The colour of §. melops varies with the habitat. They are usually green to greeny
- brown and sometimes reddish. There is a dusky comma shaped mark behind the eye

and a pupil sized spot on the tail before the fin, on or below the lateral line. The males
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Kig 2.5: An adult Symphodus me

lops, scale bar = 5cm




have bluish lines on the lower sides of the head and lower abdomen. (Wheeler 1969).

Distribution

This species 1s common in north European waters especially in rocky habitats
both littoral; in heavily weeded rock pools, and sub-littoral down to 30 m depth. They
are also found in eel-grass beds especially when young. During the winter they are
thought to move to deeper waters (Wheeler 1969). In view of the findings by Sayer et
al. (1993), in regard to the hibernation of C. rupestris, it could be postulated that the

same behaviour might be found in other labrids such as S. melops. Further studies in this

area are needed to confirm this suggestion.

to act as cleaners for other fish species, mainly L. bergylra, in the wild (Wheeler 1969).

Specimens of this species were also observed by Potts (1973) to remove parasites from

the bodies of several fish species in an aquarium environment.

Reproduction

They nest among algae in the summer with the male guarding the nest. Potts
(1985) describes the nests as predominantly occupying north facing rock crevices and
being constructed of several types of algae. The type of algae seems dependent on algal
availability. The use of algae was suggested by Potts (1973) to protect the eggs from
desiccation, temperature extremes and prevailing turbulence of the sea. However, as the
nests are never exposed to the air it 1s difficult to see how the eggs could be subject to
dry conditions or temperature extremes. Potts also suggests that building the nest along
a crevice enables the male to spawn with several females and also allows protection of

the brood from fertiisation by intruding males. Wheeler (1969) reported that the fry are

planktonic and by autumn they drift inshore.

34




2.1.2: Previous Descriptions of Morphological Features of Wrasse

The fine structure of wrasse has been very poorly described with the literature

limited to one paper by Verigina & Kobegenov (1988) describing a histological study of
the digestive tract of four species of the family Symphodus (Crenilabrus), which are
closely related to the species in the present study, and also a labrid of the family Cheilo,
which is not as closely related. Four out of five of the species studied fed on a variety of
items, mainly molluscs, the fifth species being predominantly herbivorous. The authors
examined the intestines of the five different species and drew comparisons based on the

diet and structure of the intestines of the different species.

Two papers have been published on the ultrastructure of the reproductive organs
of labrids. Bentivegna & Benedetto (1989) studied seasonal variations in the gonads of

Symphodus (Crenilabrus) ocellatus (Forsskil), a Mediterranean species closely related
to S. melops. Unlike S. melops, §. ocellatus is a protogynous hermaphrodite. The second

paper on the structure of the gonads of labrids focused on the testes of the protogynous

labrid Thalassoma dupperrey (saddleback wrasse) (Hourigan, Nakamura, Nagahama,
Yamauchi & Grau 1991).

A further paper dealing with the ultrastructure of labrids was published by Lénke
(1991). In this paper the author investigated the structure of the opercular gland in
several species of tropical labrids that secrete a protective mucosal cocoon in which they

rest at night. None of the species in the present study display this behaviour and are not

closely related to the species mnvolved.

Geerlink (1989) compared the fin morphology of two labrids, both of the family
Coris, to that of a cichlid. The two labrids studied were not closely related to those in

the present study, but use the same method of locomotion.
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If disease diagnosticians serving S. salar farms are to recognise abnormal

features in wrasse it 1s essential that the full range of normal features is known first. It
appears that the current level of information available in the literature is not sufficient for
this purpose. With this view 1n mind members of the species of wrasse, important in the
farming of S. salar, were examined histologically and the normal features of the tissues
and organs described. All four species of wrasse used in aquaculture have very similar
morphologies, indeed 1t 1s extremely difficult to differentiate between the species based

on histological sections only. For this reason all four species will be dealt with

simultaneously and any vanations noted.

2.2: Materials and Methods
2.2.1: Collection of Tissue Samples

Samples of normal tissues were removed from fish used for the parasite survey

described in Chapter 3A and also from experimental and control fish from the work
described in Chapters 4 and 5. The main species studied was C. rupestris with a total of
60 wild caught fish, 37 farm held fish and 352 captive bred fish examined. The second
species studied was C. exoletus with a total of eight wild caught fish and 25 farm held
fish examined. Two specimens of L. mixtus and S. melops were examined. One wild and

one from a farm pen, in the case of S. melops and two wild caught specimens in the case

of L. mixtus.

Fish were killed by severing the spinal column immediately behind the head and

samples for histology were removed immediately before fixation.

Tissue samples were removed using a scalpel or a pair of sharp scissors. In the

case of the kidney, removal of a sample of kidney only was extremely difficult due to its
small size and its very close association with the spinal cord. Due to this difficulty it was
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decided that the best method for sampling kidney for histological purposes was to
remove a steak from the dissected fish which would contain not only kidney but also
muscle, spinal cord and skin. Using this method the intact structure of the kidney could

be observed.

Tissues were fixed immediately in 10% buffered formol saline for a minimum of

24 hours before histological processing.

2: Histological Pr in
The procedure used for the processing of histological sections followed the
standard methods for the procedure and are included in the Appendix.

Tissues were mounted 1 wax and sections cut at 5-8um thickness. All sections

were routinely stained in haematoxylin and eosin.

2. Resulis
A styhsed drawing of the arrangement of the morphological features of a wrasse

is shown in Fig 2.6. The fish shown is a female C. rupestris.

2.3.1: Skin

The scales on the flanks of wrasse are large and strong giving the skin a very
tough property. Due to this tough nature and large scale size it is very difficult to obtain
good histolo gical sections of the skin of wrasse. In the majority of skin sections obtained
there is separation of the laminar regions which is artefactual. Sections do show
numerous mucus cells and melanophores can be seen both below the epithelium and also
below the dermis. In most sections the subcutaneous layer is quite thin. These features

are illustrated in Fig 2.7 which shows the skin of a C. exoletus. Within the skin on the

head and cheeks of wrasse numerous small pores can be seen which are believed to have

37




8t

'(JoppR[q WIMmS - gS ‘1312In - ) ‘19ppe[q - g ‘ua9rds - S ‘aunsaul
10113150d - [d ‘OUNSIIUT PIu - [JA ‘QUIISIIUT JOLIAUER - [V ‘AIBAO - O “1onp 3INq - g ‘I9ppe[q [[BS - g0 ‘1Al - 7T ‘ourf [ela1e] - T ‘Ulj [BpNed - )
'ug JA[ad - 44 Uy [eUR - JV Uy [esiop - Jq ‘wnmoredo-aid - Jod ‘winmorado - go ‘oreu - N ‘ynow - A ‘ok2 - g )ury [e10102d 21 yum Suope

PRAOWAL U23q SeY [[eM [RIIISIA 1JI[ Y “asseim [eordAl e Jo sained) reordojoydiow ayy Suimoys srgsadna ) apewad) © Jo Suimelp pasqiis :9°7 Sig




a sensory role. These sensory pits would appear to be extensions of the prominent lateral

line. The prominent nares are located dorso-posteriorly in relation to the mouth.

2.3.2: Eves
The eyes of wrasse are relatively large in comparison to the size of the head and
are located shghtly anteriorly. The two eyes can be moved independently. Like the rest

of the skin the cornea is resistant to abrasion which offers good protection to the eyes.

Histologically the eyes of labrids do not differ significantly from those of other fish

species.

2.3.3: Opercul
The opercula are heavily armoured and the presence or absence of serrations, and

the distribution of those serrations, on the pre-operculum is an important identification

feature between species (see the species descriptions above).

2.3.4: Motile Organs
2.3.4.1;: Fins

The main locomotory fins in wrasse are the pectoral fins and the posterior section
of the dorsal ﬁn, followed by the caudal fin. These fins are flexible with relatively soft fin
rays. The other fins of wrasse are supported by rigid fin rays. This is most noticeable in
the anterior portion of the dorsal fin where the fin rays are formed into defensive spines
which protrude above the upper margin of the fin membrane. The number of fin rays in
the dorsal fin 1s also an important identification feature between species. The pelvic fins
are held close to the underside of the abdomen and are supported at their distal margins

by a single spiny ray. The anal fin is also equipped with spiny rays. These rays should be

noted when handling labrids due to the danger of puncture wounds to the handler. The

pectoral fin of a C. rupestris 1s llustrated in Fig 2.8. The epithelium is thicker than that
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Fig 2.7: This figure illustrates the skin of a C. exoletus. The separation of laminar
regions is an artefact of processing. (EP - epithelium, D - dermis, S - scale, ST -

subcutaneous tissue, MC - mucus cell, arrow - melanophore), x25 objective.
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Fig 2.8: Section through the pectoral fin of a C. rupestris, x40 objective (EP -
epithelium, D - dermis, FR - fin ray, arrow - fin ray junction, ST - subcutaneous tissue, C

- cartilage).
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seen in the skin section ilustrated in Fig 2.7, as is the dermis. The flexible fin ray can

clearly be seen, as can the cartilaginous support in the centre of the fin.

In general the fin membranes are nearly transparent except for the dorsal and
caudal fins which are opaque. A light pink coloration can often be seen around the base

of the pectoral fins and the posterior region of the dorsal fin. This coloration is due to

the concentration of red muscle fibres in these regions.

2.3.4.2: Musculature

The flesh of all four species is firm and pale in colour. As mentioned above the

majority of red muscle 1s located around the base of the locomotory fins. The remainder

is white muscle. The myotome structure is quite compact with very little fat deposition in

the junctions between muscle fibres and myotomes, this is illustrated in Fig 2.9, taken

from a S. melops.

.3.5: Gills
The gills are arranged in the classical design; with four gill bars, the posterior gill
bar being firmly attached to the posterior wall of the opercular chamber. A pseudobranch
is present, being seen as a dark red organ embedded in the tissue of the inner surface of
the opperculum. The gill bars are strong and give considerable support to the primary
Jamellae, as dllustrated in Fig 2.10 which shows the cartilage in the centre of the gill bar
along with a block of muscle located at the proximal end of the gill bar. The base of the

gill rakers can be seen at the bottom of the section. It can also be seen from this figure

that the epithelium of the gill rakers is similar to that of the pectoral fins in terms of
thickness.

In histological section numerous chloride cells and mucus cells can be seen at the

base of the secondary lamellae, illustrated in Fig 2.11. There are no significant
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Fig 2.9: The muscle arrangement in a S. melops, x10 objective (MF - muscle fibre,

arrow - muscle fibre junction, MJ - myotome junction).

Fig 2.10: The gill bar of a C. rupestris, the bases of the primary lamellac can be seen at
the top of the frame and the bases of the gill rakers at the bottom. The section was taken
close to the proximal end of the gill bar and the muscle block which joins to the cartilage
of the gill bar can be seen (PL - primary lamella, SL - secondary lamella, GR - gill raker,

M - muscle, EP - epidermis, C - cartilage), x10 objective.
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Fig 2.11: A section of the primary lamella of a C. exoletus showing the chloride cells
located at the base of some of the secondary lamellae, x25 objective (SL - secondary

lamella, arrows - chloride cells).
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differences between the gills of labrids when compared to other wholly marine teleosts.

As with other fish species, the gills of a healthy fish are dark pink to red in colour.

2.3.6: Vascular System
2.3.6.1: Heart

The atrium 1s a very delicate sac-like organ which will, in most cases, be
damaged during dissection making its identification difficult. The ventricle in all four
wrasse species is a thin walled organ with a spongy appearance when viewed
histologically, due to the highly convoluted nature of the ventricle walls. There is no
obvious differentiation throughout the ventricle. The convoluted nature of the ventricle
muscle fibres is illustrated m Fig 2.12 which shows the heart of a C. rupestris. The
serous membrane surrounding the ventricle is very thin often only being a single cell in
thickness. This feature is illustrated in Fig 2.13, this section being from a L. mixtus. The
endocardium is not visible 1n most sections. The bulbous arteriosus is a more muscular

organ but this development 1s less than would be seen in salmonid hearts. The normal

heart is light pink in colour.

2.3.6.2: Spleen

The spleen is dark red in colour and is commonly attached loosely to the
posterior intestine although its exact location on the intestine can vary. The serous
membrane is very thin, perhaps only one cell thick. Little differentiation can be seen
histologically within the spleen. Melanomacrophage centres are often evident as well as
accumulations of haemocidirin granules. These features are not arranged around any

common pattern. These features are illustrated in Fig 2.14 from the spleen of a C.

rupestris.
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Fig 2.12: The convoluted nature of the ventricle of the heart from a C. rupestris. Red
blood cells can be seen in the centre of the ventricle. While the serous membrane around

the heart is visible the endocardium is not, x10 objective (RBC - red blood cells, MF -

muscle fibres, SM - serous mcmbrane)
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Fig 2.13: Higher powered x40 ob]cctlve VIEW of the serbus mcmbrane of the ventricle

of a L. mixtus. The single cell thickness of the membrane can be clearly seen (MF -

muscle fibres, SM - serous membrane).
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2.3.7: Digestive System
2.3.7.1: Mouth

The jaws of wrasse are protrusible allowing the fish to remove even firmly
attached organisms from the substrate. The jaws are strong with either a single or double
row of sharp, curved teeth. Teeth can also be found on the top of the pharynx. A
hardened plate on the bottom of the pharynx forms a grinding plate which is used in

conjunction with the pharyngeal teeth to crush molluscs and crustaceans which compose
the majority of the diet. Bogachik (1969) described how labrids eject the crushed shells

of their prey from the mouth. This results in very little inert material entering the

intestine which would otherwise reduce the digestive efficiency of the intestine.

2.3.7.2: Alimentary Tract

A short, muscular oesophagus merges with the anterior intestine. For the
purposes of description, the anterior intestine is considered to begin at the point where
the bile duct enters the intestine. There is no true stomach only a slight widening of the
intestine prior to it narrowing again as it doubles back at the posterior margin of the
liver. This fold may be regarded as the margin between the anterior and mid intestines. A
further fold marks the junction of the mid and posterior intestines which is also
characterised by another gradual narrowing of the intestine. The posterior intestine then

runs directly to the anus where it merges with the urinary duct to form the vent.

Morphologically there are few features which distinguish the different regions of
the intestine in the four species of wrasse. There are normally a greater number of goblet
cells in the mid section of the mtestine compared to the anterior and posterior sections.
This difference is not always easily distinguished. Figs 2.15 to 2.17 show sections from
the intestine of a C. rupestris. Fig 2.15 is from the anterior intestine, Fig 2.16 from the
mid section and 2.17 from the posterior section. The other difference that can be noted

in the different regions 1s the degree of convolution in the intestinal villi. While this
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Fig 2.15: Anterior intestine from a C. rupestris, x10 objective. Mucus cells are clearly
visible in the intestinal epithelium (IW - intestinal wall, IE - intesinal epithelium, arrows -

mucus cells).

Fig 2.16: Mid intestine from the same C. rupestris, x6.3 objective. Again the mucus cells
are clearly visible, there is a greater number of mucus cells in the mid intestine than in the

anterior or posterior portions of the intestine (IW - intestinal wall, I[E - intestinal

epithelium, arrows - mucus cells).
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Fig 2.17: Posterior intestine of the same C. rupestris, x6.3 objective. Fewer mucus cells
are seen In this area of the intestine than in the mid intestine, in addition to this the
intestinal villi are less convoluted (IW - intestinal wall, IE - intestinal epithelium, arrows

- mucus cells).
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factor is common in the anterior and mid intestines the villi are less convoluted in the

posterior 1ntestine.

The intestinal wall 1s uniform in thickness throughout the length of the intestine.
The serous membrane of the intestine is more substantial than that of the other organs
already described, but is still only a few cells thick. The tella subserosa is thin and
indistinct. The wall of the intestine 1s muscular with both transverse and longitudinal
muscle layers being obvious within the muscularis. There would appear to be no stratum
compactum in wrasse with the submucosa lying directly above the muscularis. There are
often eosinophylic granular cells within the submucosa and the presence of low numbers

of these cells may be regarded as normal. The cells of the mucosal layer of the four
species studied mn the present work are compact with a microvillus border which can

only be seen under high magnification. These features are illustrated in Fig 2.18 which

shows a section from the mid intestine of a C. exoletus. A rectal valve is present in the

caudal part of the intestine which is composed of highly convoluted epithelial folds with

muscular cords at their bases.

2.3.7.3: Liver

The hiver of wrasse is a bi-lobed structure which varies from a light fawn to a mid
brown in colour depending on the diet of the wrasse. The most obvious feature of the
liver in histological sections is the presence of strands of pancreatic tissue which pass

through the hiver m discrete ducts, although depending on the area sectioned these

strands are not always apparent.

The appearance of the hepatocytes varied considerably depending on diet. In fish
recently caught from the wild the liver was compact with well defined cells and very few
lipid droplets, Fig 2.19. In fish which had been held in §. salar pens the livers had a more

"vacuolated" appearance due to the presence of high numbers of lipid droplets in the
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Fig 2.18: The structure of the intestinal wall ffom a C. exoletus. The various layers of
the imtestinal wall can be seen, x25 objective (SM e serous membrane, M - muscularis,

SM - sub mucosa, LP - lamina propria, EP - epithelium, arrows - EGC'’s).

Fig 2.19: The compact hepatocyte structure of the liver from a wild caught C. exoletus,

x40 objective.
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hepatocytes. Fig 2.20 shows a liver from a C. rupestris with some lipid accumulation in

the hepatocytes while Fig 2.21 shows the liver from a C. rupestris with chronic lipid

accumulation.

2.3.7.4: Pancreas

The pancreas of wrasse 1s very diffuse with acinar cells being found throughout
the liver (hepatic pancreas) illustrated in Fig 2.22, adipose tissue (fat pancreas)
illustrated in Fig 2.23 and associated with the outside of the intestine (intestinal

pancreas) illustrated i Fig 2.24. Figures 2.22.-2.24 were all taken from sections of a

C.rupestris.

The hepatic pancreas is closely associated with blood vessels passing through the
liver as most strands of pancreas would appear to have a blood vessel in their centre.
The pancreatic tissue found in the adipose tissues is more variable in structure. It can be
seen as small collections of acinar cells amongst the adipose cells (Fig 2.23 shows
adipose pancreas from a C. exoletus) or as large congregations of acinar cells (Fig 2.25
shows adipose pancreas from a L. mixtus). The pancreatic tissue associated with the
intestine more closely resembles that seen in the liver being organised into discrete
strands, illustrated in Fig 2.24 from a C. rup<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>