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ABSTRACT.
THE BIOLOGY AND COMMERCIAL USE OF WRASSE (LABRIDAE) IN

SALMONID CULTURES.

By Richard Donnelly.

Wrasse were fished from Mulroy Bay in County Donegal from
September 1989 until the end of July 1991 using shrimp pots and
fyke nets. The majority of wrasse caught in Mulroy Bay were
corkwing wrasse (Crenilabrus melops (L.)) (97.6%), the remaining
species were goldsinny (Ctenolabrus rupestris (L.)) (2.3%) and ballan
(Labrus bergylta (Ascanius) (0.1%).
The corkwing and goldsinny wrasse were found to have the ability to
remove sea lice, in particular Lepeophtheirus salmonis from salmon
smolts held under commercial farming conditions at a ratio of 1:150
wrasse to salmon. This biological control of salmonid ectoparasites
was found to be cheaper and easier to administer and reduced stress
in the salmon while posing no threat to the environment, as opposed
to conventional chemical controls.
The population structure in relation to age, growth rates and
condition factors was examined for the corkwing wrasse. A reduction
in the proportion of female to male corkwing was noted throughout
the fishing season (April to October).
The habitat preference and depth distribution throughout the fishing
season was examined for the corkwing and goldsinny wrasse in
Mulroy Bay. Corkwing wrasse were found to be most abundant in the
top 5 meters of the water column while goldsinny were more
dominant at depths below 5 meters.
Both species of wrasse were tested for the presence of salmonid
parasites, viruses and bacteria. No potentially harmful salmonid
internal or external parasites were discovered. One parasite
(Leposphilus labrei ), found only on corkwing wrasse had a curious
asymmetric distribution on either side of the wrasse.
No salmonid viruses were detected in the wrasse. However, two
salmonid pathogens were found in the wrasse. Vibrio anguillarum is
a common bacterium found normally in Mulroy Bay. The second
bacterium was a atypical strain of Aeromonas salmonicida which
showed no ill effect in the infected wrasse.
Conclusion from this study is that both corkwing and goldsinny
wrasse show promise as a biological control of ectoparasites for
commercially farmed salmon smolts.



$1JMMARY,

The use of wrasse (Osteichthyes: Perciformes: Labridae) as a

biological control agent of ectoparasites (particularly sea lice,

Lepeophtheirus salmonis) in salmon farming was the basis of

this thesis. From work conducted in Norway, Scotland, and the

Shetlands using wrasse to control sea lice on commercial salmon

farms (Bjordal 1988; Smith, in press.), the method showed

promise as an alternative to chemical treatment. Fanad Fisheries

began developing the use of wrasse at their sea farm in Co.

Donegal, Ireland in 1989.

The following areas were examined:

1. Use of wrasse under commercial salmon farming conditions.

Wrasse were fished from Mulroy Bay using fyke nets and shrimp

pots in 1990 from April to October (wrasse were not caught

outside these months) while shrimp pots were used from April to

the end of July in 1991. The captured wrasse were placed in with

smolt, grower and broodstock salmon. The majority of wrasse

caught in Mulroy Bay were corkwing (Crenilabrus melops (L.))

(97.6%) wrasse; the remaining species were goldsinny

(Ctenolabrus rupestris (L.)) (2.3%) and ballan (Labrus bergylta

(Ascanius) (0.1%).

Both the corkwing and goldsinny showed the ability to remove

ectoparasites from the smolt size salmon at ratios of 1:150 but

there was insufficient evidence to indicate that they could remove

ectoparasites from the larger growers and broodstock under

commercial fish farming conditions.

2. Population structures and abundance of wrasse in Mulroy Bay.

From the examination of a total of 6289 wrasse samples caught a

reduction in the proportion of female corkwing was noted from

May (ratio 1: 0.96) until the end of September 1990 (ratio 1:.08).



Growth rates and age length keys were constructed from scale

readings for 128 corkwing wrasse; most wrasse were 2-3 years

old. Condition factors for these wrasse showed a decrease during

and after the breeding, and a gradual improvement in autumn.

3. Transect surveys of wrasse in Mulroy Bay.

Estimates of the population structure and effect of fishing on the

wrasse in Mulroy Bay were calculated by observing wild

populations of wrasse using transect surveying techniques.

Corkwing wrasse were found to be most abundant in the top 5

meters of the water column while goldsinny were more dominant

at depths below 5 meters.

4. Salmonid pathogens found in wrasse.

No internal or external parasites potentially harmful to salmonids

were discovered. One parasite (Leposphilus labrei), found on

30.7% of corkwing wrasse had a curious asymmetric distribution

on either side of the wrasse. No salmonid viruses were detected in

the wrasse.

Two salmonid microbial pathogens were found in the wrasse.

Vibrio anguillarum is a common bacterium occurring widely in

Mulroy Bay. The second bacterium was an atypical strain of

Aeromonas salmonicida which showed no ill effect in the wrasse

infected with this bacterium.



INTRODUCTION.

1. General biology of wrasse.v=

In the waters of North West Europe five common species of wrasse

(Osteichthyes: Perciformes: Labridae) have been recorded: the

Corkwing, Crenilabrus melops (L.); Goldsinny, Ctenolabrus rupestris

(L.); Ballan, Comber or Connor, Labrus bergylta Ascanius; Rock cook

or small mouth wrasse, Centrolabrus exoletus (L.); and Cuckoo,

Labrus mixtus L. (also called L.ossifagus L. and L. bimaculatus

L.).The five main species of wrasse are found all around the coast of

the British Isles and Northern Europe from the west coast of Norway

to the Mediterranean and the north-west of Africa (Quignard 1966;

Wheeler 1969,1978).

Although these are the main species of wrasse in North West

Europe there have also been reports of other species of wrasse such

as Coris julis (L.) the rainbow wrasse (Daniels et.al.1937; Pethon

1966; Quignard 1966; Reuter 1967; Wheeler 1978), Acantholabrus

palloni (Risso) the scale-rayed wrasse and Baillon’s wrasse

Crenilabrus bailloni (Valenciennes), (Wheeler and Clark 1984).

Although Baillon’s wrasse is very similar to the corkwing and is

probably not a separate species (Potts 1974). The identifying

features of each species are described by Quignard (1966), Wheeler

(1969,1978), Lythgoe and Lythgoe (1971), Delgado (1981), Dipper

(1976, 1987), Hayward and Ryland (1990) and Costello (1991).

The two species of wrasse looked at in this study were the corkwing

and the goldsinny wrasse. From personal observations the male

corkwing are predominantly dark green-blue colour with a
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distinctive banding on the head region sometimes mixed with

orange and blue stripes. They may display a faint tail spot in the

centre of the tail.

The females are dark brown and green with dark stripes along the

flanks. The females have a distinctive tail spot in the centre of the

tail and the urogenital papillae are black in colour. Some females

may be green in colour with no evidence of any brown coloration or

stripes, but all retain the tail spot and black urogenital papillae. The

body of the females is more rounded than that of the males and less

firm particularly during the breeding season (Quignard 1966; Dipper

1976).

The goldsinny have a golden body colour in both sexes with a white

underside and a distinctive black spot on the top of the tail. In the

breeding season the female has a swollen abdomen with faint white

stripes running toward the underside.

All the wrasse are found in coastal inshore areas with algal and rock

cover. The corkwing seem most abundant in sheltered bays to a

depth of about 5m but have been observed at 15m (Quignard

1966.) The goldsinny wrasse are found in both exposed and

sheltered bays where they are usually found below 5m and have

been observed at 30m. They tend to inhabit areas with a large

proportion of rock in the substrate (Quignard 1966; Costello 1991).

The wrasse chiefly feed by grazing on rocks and seaweed. The

corkwing seem to favour molluscs (Quignard 1966; S.Deady,

pers.comm.). The removal of ectoparasites from other fish, observed

in both these species (Potts 1973a; Bjordal 1988; Hutcherson 1990;

Smith 1991; pers.obs.), would provide another food supply.

The ballan and cuckoo wrasse display sex-inversion. However the
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rock-cook, corkwing and goldsinny are gonochoristic, that is they do

not change sex (Dipper 1976). Although the corkwing are

gonochoristic, there are some males which show female coloration

(Quignard 1966; Dipper 1976; per.obs.). These ’accessory’ males

(Quignard 1966) have the coloration of the female corkwing but

have the characteristic slender and firmer body of the males and

also have male gonads. They make up between 2% and 14% of the

population (Quignard 1966; Dipper 1976). They are not believed to

be the product of sex inversion since they have primary testes

(Dipper 1976). These ’accessory’ males do not build nests like other

male corkwing; their coloration allows them to move into a

dominant male’s territory, termed ’sneaking’, or to join a spawning

pair, called ’streaking’, (Warner and Robertson,1978). ’Accessory’

males have also been observed in goldsinny wrasse (Hillden 1981a).

Both corkwing and goldsinny spawn from April to June (Hillden

1984; pers.obs.) although some individuals were still ripe until

September (Quignard 1966; Dipper 1976; pers.obs.). Both male and

female corkwing mature at between 1-3 years old (Quignard 1966;

Dipper 1976). The male corkwing builds a n.est in the algae and

entices several females to deposit her benthic eggs in the nest

where he fertilises them (Danois 1949; Fiedler 1964; Potts 1985;

Dipper 1987; pers.obs.). The males guard their territory around the

nest from any rival males during the breeding season (Potts 1985;

pers.obs.). Goldsinny are also territorial (Hillden 1981a, 1981b) after

they reach maturity at 1-2 years, but they do not build a nest, as

their eggs are planktonic (Russell 1976).

The eggs of the corkwing hatch in between 3 and 12 days

depending on temperature (Dipper 1976); eggs of the goldsinny

hatch in between 2 and 4 days (Heincke and Ehrenbaum 1970;
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Sjolander et a1.,1972).

All wrasse larvae are planktonic (Ford 1922, Fives 1976), with the

corkwing and goldsinny larvae most abundant at around 10m in

depth according to Russell (1976) who collected diurnal plankton

samples near Plymouth.

The activity of wrasse would appear to be controlled by photoperiod

and temperature (Quignard 1966; Potts 1973a; Wheeler 1978;

Hillden 1984; Dipper 1987; Lenke 1988; pers.obs.). Corkwing and

goldsinny seem to be absent from their usual habitats from

November till April (Hillden 1981a, 1984; pers.obs.). Hillden (1981a,

1984) suggests that they leave their territories in winter and return

in the spring, although Costello (1991) suggests that the corkwing

and goldsinny remain hidden amongst the algae and rocks and

reappear when the temperature increases. From my winter

observations of sites where both corkwing and goldsinny are

abundant during the summer, not one wrasse was seen during the

winter. Even when the rocks and algae were moved about and

crevices between the rocks searched no wrasse were seen, therefore

it would seem more likely that the wrasse mov.e off to deeper water

during these months.

2. Commercial use of wrasse.

Farmed salmon (Salmo salar) are very susceptible to infestation

from the copepods Lepeophtheirus salmonis (Kroyer) and Caligus

elongatus (Nordman); these ectoparasitic copepods are commonly

named ’lice’. These lice cause considerable damage to all the sea

stages of salmon if left untreated. The life cycle of these copepods

consists of five phases and 10 stages. These include two free-

swimming naupliar stages, one free-swimming infective copepodid
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stage, four attached chalimus stages, two preadult stages, and an

adult stage (Kabata 1991). All the attached stages cause damage to

the salmon. The damage caused by the lice will include abrasion of

the salmon skin which causes bleeding and osmotic stress to the

host fish which may ultimately be fatal. Even if fatality is avoided

the growth rate of the salmon is reduced and susceptibility to

secondary infections increased (Brandal and Egidius 1977; Wootten

et al. 1982.).

The most common method of controlling sea lice infestation has

been through the use of organophosphate solutions such as

Aquaguard or Neguvon (formerly called Nuvan) which has

dichlorvos, DDVP as the active compound. These compounds inhibit

acetyl-cholinesterase activity of copepods, but only remove adult

and preadult stages of the lice. The salmon are treated by bathing

the fish in a solution of these compounds (Ross and Horsmann

1988.).

Corkwing, goldsinny, rock cook and female cuckoo wrasse have all

been noticed to exhibit cleaning behaviour in aquaria (Potts 1973;

Samuelsen 1981; Bjordal 1988; pers.obs.) while rock cook and

goldsinny were recorded cleaning parasites from other fish in the

wild (Potts 1973; Hillden 1983).

Bjordal (1988) began trials of the use of this cleaning behaviour of

wrasse as a biological control of external parasites on a salmon farm.

The results of these experiments showed that goldsinny, rock cook,

and female cuckoo wrasse all showed the ability to remove lice from

salmon under commercial farming conditions. By 1989 many

Norwegian salmon farms were using wrasse and additional results

suggested that salmon treated with wrasse had better growth rates

than salmon treated with Aquaguard (Bjordal and Kardal 1989).
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Other countries became involved in this alternative treatment and

trials in the Shetlands and Scotland showed that goldsinny wrasse

could effectively control lice infestation on salmon (Smith, in press).

The encouraging reports from Norway, Scotland, and the Shetlands

prompted the first trials to be undertaken in Ireland (Costello and

Donnelly 1990). These trials began in September 1989 at Fanad

Fisheries in Co. Donegal and are the basis of this thesis. The object of

the study was to find a locally abundant species of wrasse and to

determine its ability to remove lice from various sizes of salmon,

firstly in tank trials and later in commercial farming conditions.

Studies were needed in the general biology of wrasse including

disease testing to help maintain the local fishery and prevent the

introduction of any harmful pathogens to the salmon. The

effectiveness and ratio of wrasse to salmon required was another

factor that needed to be determined.

This thesis reports first on the commercial trials carried out at

Fanad (Chap. 2.) and then discusses the biology of the wrasse

species (Chap. 3.); their population structure (Chap. 4.) and

pathogens (Chap. 5.).



CHAPTER 2.

COMMERCIAL USE OF WRASSE IN MULROY BAY, COUNTY

DONEGAL, IRELAND.

Introduction.

The first reported evidence that wrasse could be used as ’cleaner

fish’ of salmon under commercial conditions came from studies

carried out in Norway, where Goldsinny (Ctenolabrus rupestris

(L.)), Rock cook (Centrolabrus exoletus (L.)) and female Cuckoo

(Labrus mixtus L.) all proved to be successful cleaner fish under

salmon farming conditions (Bjordal 1988 and 1990).

The first trials carried out in Ireland were conducted during 1989

at Fanad Fisheries in northwest Donegal (Map 1). Although these

trials were carried out mainly with corkwing (Crenilabrus melops

(L.)) wrasse, since these were the most abundant species of

wrasse caught in the area, some goldsinny wrasse were also

examined.

The four main areas were investigated;

(1). The ability of corkwing wrasse to clean salmon was studied

first in tank trials, then under commercial farming conditions at

sea.

(2).The level of lice infestation on the salmon was studied to

evaluate the effect of the wrasse.

(3). The behaviour of the wrasse in the cages was also monitored.

(4). A record of salmon and wrasse mortalities was kept.
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Methods.

(1).Tank and cage trials.

(i). During September and October 1989 51 corkwing wrasse were

placed in a tank 5m in diameter and 2m in depth with a regular

flow of sea water. Plastic piping about 60 cm in length and with a

diameter of 15 cm was provided to give cover and they were fed

mussels (Mytilus edilus (L.)) and isopods (Ligia oceanica (L.)) at

regular intervals. On October 1 l th five grilse salmon about 50 cm

in length with about 20 adult lice (Lepeophtheirus salmonis ) on

each    salmon were placed in the tank with the wrasse.

Observations were made for 30 minutes at two hour intervals

from 8am to 6pm each day over the following week for any signs

of cleaning behaviour.

(ii). A total of 19 Turmec cages with a mesh size of 16mm each

containing between 17,000-32,000 salmon smolts were used in

the sea trial from May 22nd 1990 until April 1st 1991. The 19

cages used were located in the Broad Water part of Mulroy Bay

(Grid Ref. C 19 38); this is a sheltered area of the bay and about

20m in depth. Wrasse were placed directly into the cages after

capture. The cages were stocked one at a time from May 22nd

until August 28th, the final stocked ratios were between 1:50 to

1:150 wrasse per salmon. Cage 11 did not have wrasse placed in

it until October 1990 and was used as a control cage up to this

date. A problem of wrasse attacking the eyes of the salmon

became evident in cages that had lice-free salmon; in these cages

the wrasse were removed by fishing with baited(crushed mussels)

shrimp pots and either placed in the cages that had lice infestation

or were held in a holding cage until the the level of lice infestation

increased.



(iii). Trials were also conducted using wrasse to clean two year old

growers and broodstock salmon. The cages used were located

south of the Broad Water area of Mulroy Bay (National Grid Ref. C

20 35); this site is slightly more exposed than the Moross site and

in about 30m of water. Twelve Turmec cages containing the

’growers’ were used; each cage had a mesh size of 18mm and

contained about 8,000-10,000 salmon. The wrasse were stocked at

a ratio of 1:20 to 1:50 because of the large size of salmon being

used. In the four broodstock cages a 16ram mesh was used to hold

the 600-800 salmon and wrasse were added at a ratio of 1:3.

(2). Levels of lice infestation.

The monitoring of lice infestation levels was carried out at twice

weekly intervals in all the cages, starting after the first wrasse

were placed in cage two. The technique used was to dive through

each cage using SCUBA. While descending to the bottom of the

cage estimates were made of the numbers of visible (mobile) lice

on at least 10 salmon and the average number of lice per salmon

was then calculated. Observations were made by the author each

time the salmon were checked in order to remove any bias

between divers. Lice infestation levels were recorded in all cages

on the same dates.

All the smolt, growers and broodstock cages were treated with

Nuvan (Aquaguard) once before wrasse were placed in them,

except for smolt cages 1-4 which were only treated with wrasse,

and cage 11 which was treated twice with Nuvan and never with

wrasse, so this was used as the control cage.

The tarpaulin method was used for treating with Nuvan. This

method involves removing the salmon from the cage into a

smaller tarpaulin cage which is about 3 meters in depth. The



water in the tarpaulin is aerated by pumping oxygen through

pipes running along the tarpaulin cage. Nuvan is applied onto the

salmon at a concentration of 2mg. per litre of water for 20

minutes. The salmon are then placed back into their original cage.

(3). Wrasse behaviour;

Observations of wrasse behaviour was carried out in the cages

with the use of SCUBA.

(i). "General observations" were made when the wrasse were first

put into the cage. These "general observations" involved simply

noting what the wrasse were doing while the diver was in the

cage for approximately 30 minutes, in order to provide backround

information and to allow the wrasse to become used to the

presence of an observer and to their new surroundings. Then as

the wrasse became accustomed to the cage more intensive studies

were carried out from June until August 1990.

(ii). In these studies a diver would stay in the cage for up to one

hour and record the activity of the wrasse under certain

categories of behaviour. A total of ten hours was spent in the

cages, a total of 25 corkwing wrasse were observed, 22 males and

3 females (reflecting the prevailing sex ratio of 1:0.35 from June

until August). Nine goldsinny were also observed which could not

be sexed with certainity in the water. The diver would select a

wrasse at random, and follow it for as long as possible recording

its activity every 30 seconds according to four chosen categories

of behaviour; (1) Swimming along the net. (2) Inspecting the

salmon. (3) Cleaning the salmon. (4) Foraging along the net. The

area on the salmon where the wrasse cleaned was also noted.

These observations were made at different tides during day time

on wrasse that were accustomed to cage conditions.



(iii). From October till April 91 only "general observations" were

made of the wrasse behaviour.

(4). Mortalities.

Dead fish were removed from the cages three times per week and

wrasse and salmon mortalities were totalled at the end of each

week from April 1990 until March 1991. The mortalities were

expressed as a percentage of the total numbers of wrasse or

salmon remaining at the end of each week.



Results.

(1). Tank and cage trials.

(i). The preliminary results obtained from the tank trials were

encouraging. After the third day 4 or 5 of the 51 wrasse were

observed cleaning the salmon in the tank. Both male and female

adult corkwing wrasse were seen removing lice from the surface

of the salmon. The wrasse usually swam around the salmon as if

inspecting it, then in one very quick movement they lunged

forward and pecked at the dorsal fin or underside of the salmon.

The salmon although startled quickly settled down again with no

sign of damage to the surface of the fish. All five grilse salmon

were removed one week later and no lice were visible on any of

the fish. This evidence suggested that corkwing wrasse could be

used as a ’cleaner fish’ and full scale sea trials were started in

May 22nd 1990.

(ii). The wrasse were stocked at densities of between 1:50 and

1:150 from May 22nd until August 28th (Table 1), following

Bjordal (1988). For the first three weeks no cleaning behaviour

was observed and the wrasse seemed very stressed but after

about three weeks the wrasse seemed less stressed and cleaning

behaviour was observed (See Results section (3)) and the level of

lice infestation on the salmon decreased. Even at a ratio of 1:150

the salmon were free of lice three weeks after the introduction of

the wrasse.

(iii). Of the 12 cages containing the growers no reduction in the

level of lice infestation was noted after six weeks; also only about

10% of the 2719 wrasse placed in these cages were observed after

the same peroid. In the broodstock cages of the 542 wrasse placed

in these cages only five were seen four weeks later. This suggests

that the growers and broodstock may eat the wrasse but further



work is needed in this area.

(2). Levels of lice infestation.

Figures 1-14 show the relative level of mobile lice infestation in

14 of the smolt cages from May until September 28th 1990.

"Wrasse" indicates when each cage was fully stocked with wrasse;

dates of Nuvan treatment are shown as "Treated". Fig.15 shows

the average numbers of mobile lice per salmon from all the cages

in the weeks after treatment with wrasse or Nuvan, with 95%

confidence intervals.

The level of lice infestation remained at a low level in cages that

were treated with wrasse, with the average amount of lice per

salmon only exceeding two on one occasion and this was in cage 6

where there were three lice per salmon during September. Cages

1 and 2 also showed a slight increase in the level of lice

infestation during September but only to the level of about two

lice per salmon and this was probably due to the fact that any

wrasse lost due to mortality or escaped wrasse were not replaced.

The control cage (Fig. 9) had an average of three lice per salmon

on two occasions and required two treatments with Nuvan.

In all the cages that were treated with wrasse there was a

immediate reduction in the levels of lice infestation apart from

cages 4 (Figure 4) and 20 (Figure 14) where lice levels increased

initally but then decreased after two weeks. In the cages that

were treated with Nuvan the level of lice infestation was reduced,

but repeated treatments were needed in order to keep the level of

infestation at a low level (cage 11). There seemed to be no

relationship to the amount of lice infestation on the salmon

whether wrasse were used at a ratio of 1:50 or 1:150, the lowest

ratio of wrasse to salmon used.



Fig. 15 shows that when wrasse are used instead of Nuvan

treatment, the average number of mobile lice per salmon is lower

and remains lower for at least four weeks.

In the cages that contained the broodstock the wrasse seemed to

have no effect on the levels of lice infestation. The wrasse in these

cages were believed to be attacked and possibly eaten by the

salmon. When divers looked for live wrasse in the cage very few

if any were seen in the cages, and investigations into wrasse

mortalities revealed many decapitated fish.

In the cages with grower salmon the wrasse showed higher rates

of mortality. Dead wrasse were not replaced, and the data are

inadequate to indicate if wrasse would keep these fish free of lice.

(3). Wrasse behaviour.

(i). When the wrasse were placed in cages with the salmon their

initial response was to swim to the bottom corners and base of the

net. They poked at the net but very rarely gilled themselves.

When disturbed by a diver at this stage they swam frantically

against the net. This behaviour may last for up to two weeks, but

after one week most of the wrasse become more relaxed and

began to swim around the bottom of the cage. They continued this

behaviour for about two to three weeks. After three weeks the

wrasse were seen to move up the water column and to disperse

themselves into smaller groups or individually throughout the

cage, ranging from one metre from the surface to the bottom of

the cage. While the majority of the wrasse seemed to prefer to

stay close to the cage wall, some could be seen swimming through

the main stock of salmon, undisturbed by the presence of the

salmon. Wrasse were occasionally seen swimming in the opposite

direction from the salmon, moving up and down over a range of



about one metre, apparently inspecting the salmon. They were

also observed inspecting any salmon stationary against the cage

wall.

When a salmon was pecked by a wrasse the salmon seemed

slightly startled, giving a slight jerk and swimming only about

half of one metre away. On one occasion three male corkwing

wrasse were observed cleaning the salmon in this fashion for

about ten to fifteen minutes, picking at about 20 salmon per

minute, rapidly moving from one salmon to the next. Another

male corkwing wrasse was observed pecking 10 salmon during a

45 second period. Female corkwing wrasse were also observed

cleaning the salmon in the cages. Many wrasse were also seen

grazing on the epiphytic growth of the cage wall. The wrasse tend

to start grazing on this growth after been in the cage for one to

two days but it seems to take about three weeks before they are

observed regularly cleaning the salmon.

(ii). An interesting species difference in cleaning behaviour was

evident between the corkwing and the goldsinny wrasse. Both

species spent approximately an equal percentage of time

swimming along the net and inspecting the salmon, but the

goldsinny spent more time foraging on the net and less time

picking at the salmon than the corkwing wrasse (Fig. 16). Both

male and female wrasse of both species were noted cleaning the

salmon; however, the corkwing wrasse were always observed

cleaning in the top 3m of the cage while the goldsinny were

always observed cleaning in the cage which was over 3m in depth.

Figure 17 indicates that the corkwing wrasse predominately clean

the dorsal and underside of the salmon while relatively little time

is spent cleaning the eye and head. One problem that developed

when the salmon were free of lice was that both corkwing and



goldsinny wrasse began to peck the eyes of the salmon. A total of

7072 salmon mortalities (10% of salmon mortalities) were

believed to have been caused from this behaviour.

(4). Mortalities.

Figure 18 indicates the percentage of wrasse mortalities from the

total number of wrasse in the cages at the end of each week at the

Moross cages. The total number of wrasse mortalities from June

1st 1990 until April 1st 1991 was 2974 which represents 86.25%

of the 3448 wrasse placed in the cages. Of the 474 wrasse not

accounted for as mortalities, only about 100 were seen when the

cages were inspected in April 1991, suggesting that the remainder

possibly escaped. The highest mortality rates occoured in July

1990 when the wrasse contracted the bacterial disease Vibrio

anguillarum and again in February when the salmon and wrasse

were graded.

Figure 19 shows the percentage of salmon mortalities in each cage

calculated from the total number of salmon placed in each cage in

the 14 cages at Moross from April 1990 to March 1991.

One interesting feature is that the control cage (cage 11) showed

the highest percentage of salmon mortalities (Fig 19).



Discussion.

(1). Tank and cage trials.

(i).The tank trials showed that both male and female corkwing

wrasse had the ability to remove ectoparasites from salmon and

further, that the corkwing wrasse could also clean salmon larger

than smolts size. Work carried out in Norway and Scotland

(Bjordal 1988, Smith 1991) show that wrasse can be used with

salmon larger than smolts.

(ii). In the Mulroy Bay sea trials corkwing successfully reduced

lice levels on smolts, but it was unclear that the wrasse were

removing parasites from the larger salmon (growers and the

broodstock).

From the trials under commercial conditions the wrasse seem to

provide an alternative chemical free treatment for the control of

sea lice on salmon smolts. There are still some minor problems

with regard to mortality levels of the wrasse under present

husbandry conditions (see (4) below).

(2). Levels of lice infestation.

From the results on the levels of lice infestation in the cages with

and without wrasse it seems that the wrasse do have the ability to

keep the salmon smolts relatively free of lice at a ratio of 1:150 (1

wrasse per 150 salmon). With the broodstock salmon the wrasse

seemed to be ineffective and may indeed be attacked or eaten by

the salmon. With the growers (2-3 year old salmon) not enough

work was done to show the effect of the wrasse on the the levels

of lice infestation on these salmon. The 18mm mesh size used on

these cages may have allowed some of the wrasse to escape also,

and husbandry conditions in the cage may not have been

adequate for the wrasse, for no shelters or piping was provided in



these cages. The ratio of wrasse to these larger salmon may also

need to be examined in more detail since this study was unable to

determine a working ratio. Despite these problems other studies

suggest that wrasse can be effective in removing lice from these

larger salmon (Bjordal 1990).

The problem of the wrasse pecking the eyes of the lice free smolts

was solved in one of two ways. Wrasse were removed from the

cage when the salmon were free of lice and either moved into

cages that had lice infestation, or kept in a holding cage. This

required careful monitoring of lice levels in order to maintain this

delicate balance. The second method required supplying the

wrasse with an adequate food supply. Onion bags full of fresh

mussels were placed in the cages; this allowed the wrasse to be

kept in the same cage and was easier to maintain. Both the above

methods proved to be successful in preventing the wrasse

attacking the eyes of the salmon.

(3). Wrasse behaviour.

(i). Wrasse are coastal water fish living in rocky habitats with

ample weed cover, for this reason they move to the corners of the

cage and require shelters, such as short lengths of piping. After

about three weeks they become accustomed to the new

environment and use the piping and corners of the cage for

shelter.

(ii). Goldsinny are found in deeper water than the corkwing

(Chapter 3). This corresponds with and may explain the

observations that they clean the salmon in the deeper parts of the

cage than the corkwing.



(4). Mortalities.

The high percentage of wrasse mortalities in the cages can be

attributed to a number of factors;

(i). The husbandry of the wrasse was experimental and developed

in the light of experience. The wrasse were not given adequate

shelters in the cage and were thus probably very stressed. The

wrasse were also very hungry when the lice were removed from

the salmon, and there was very little algae and invertebrate

growth on the cage wall. The feeding bags of mussels were only

used during September and then not in all cages.

(ii). During July the salmon contracted heavy infection of the

bacterial disease Vibrio anguillarum and this bacterium also

infected the wrasse, increasing their mortalities.

(iii). In the month of February the wrasse and salmon were

graded. When the fish are graded they are taken out of the cages

by netting and passed through a grading machine, then placed

back into the appropriate cage. This stressful ’process may explain

the high wrasse mortalities during this month.

(iv). Finally an unknown number of wrasse could have escaped,

either during changing of nets or through small holes in the mesh;

or if dead, were simply undetected by the divers removing the

mortalities.

Although the salmon mortalities were highest in cage 11 the

majority of these mortalities took place on a single day when they

were treated with Nuvan when the oxygen supply was not

sufficient during treatment. The mortalities of salmon are affected

by a combination of factors such as stocking density, effect of

treatment with antibiotics and Nuvan and feeding rate. The



reduced stress on the salmon treated with wrasse instead of

Nuvan should in theory lower the mortality rate in the salmon. It

would seem that any methods that reduce stress in salmon would

be beneficial to their condition and growth.

These trials suggest that corkwing and goldsinny wrasse can be

used as an effective control in reducing and maintaining lice

infestation at sub-lethal levels on salmon smolts at a density of

1:150. On broodstock salmon the wrasse were shown to be

ineffective and on 2-3 year old salmon further work is required,

but trials carried out elsewhere suggest that lice can be reduced to

sub-lethal levels on these salmon (Bjordal 1988). The use of

wrasse should also reduce the levels of stress on the salmon as

lice populations are never allowed to increase to the levels they

reach under conventional methods of treatment. Since the salmon

do not need to undergo the Nuvan treatment process this also

reduces the stress on the salmon. With this reduction in stress on

the salmon, the fish have more energy available for growth and

greater resistance to disease (Maule et al. 1989) thus permitting

an increase in the growth rate and a reduction in the mortality

rate.
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WILD POPULATION STRUCTURE AND ABUNDANCE OF

CORKWING WRASSE(C. melops)IN MULROY BAY.

Introduction.

Work started on the experimental capture of wrasse in Mulroy

Bay in September 1989 and finished in July 1991. Wrasse were

caught in order to be used as a biological control ofectoparasites

at Fanad Fisheries salmon farm in Mulroy Bay. In preliminary

surveys, fyke nets and shrimp pots were employed at a number

of sites around the coast of Fanad Co. Donegal. North of the

Broadwater area of Mulroy Bay (National Grid reference C 16 42 )

proved to be the most favourable site, and this area was then

intensively investigated. The captured wrasse were studied with

respect to a number of aspects of their biology and fisheries,

namely;

(1). Catch data to show the seasonal variation in wrasse

abundance.

(2). Variation in catches at each fishing site.

(3). Sex ratios of the male and female corkwing wrasse in Mulroy

Bay.

(4). Aging, growth rate and length of age groups of wild

population of wrasse from Mulroy Bay.

(5). Condition Factors.
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Materials and Methods.

(1). and (2). Catch data, seasonal and site variation.

Corkwing wrasse were fished from Mulroy Bay (north of the

Broadwater) from September 28th 1989 until July 27th 1991.

Eight double fyke nets were used, each 3.5 m long joined by a 10

m leader with an entrance of 72 cm and a mesh size of 14mm.

These were fished from September 28th 1989 until August 31st

1990. From September 1st until September 28th 1990 16

commercial shrimp pots with a mesh size of 16mm was the only

fishing gear used. From May 1st until July 27th 1991 local

fishermen fished for the wrasse using an unknown amount of

shrimp pots in the same area of Mulroy Bay. The mesh sizes on

both types of gear retained all the adult wrasse; some juveniles

were also caught but smaller juveniles were observed swimming

through the mesh of the nets and pots.

The Fyke nets were all set down at the Moross site in 1989, while

in 1990 and 1991 the nets and pots were set at various sites all

north of the Broadwater area (Map 2) The nets and pots were

checked and rebaited with crushed mussels and crab, each

weekday throughout the study period.

The catch per unit effort per day of the eight double fyke nets (16

nets) was calculated only for the months of July and August to

eliminate any bias that the breeding season (May to June) may

have on the numbers of wrasse caught, so a comparison could be

made between the catch per unit effort per day using the 16

shrimp pots which were used in September.

The wrasse caught each day at each site (Figure 49) during 1990

were recorded separately in order that a yield per day could be
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obtained for each fishing site.

(3). Sex ratios.

No recordings of length, weight or sex were made of wrasse

caught during 1989 so these fish were excluded from this area of

the study. Numbers of wrasse, sex, length and weight when

possible, were recorded for the wrasse captured in 1990 and

1991.

The sex of each corkwing wrasse was identified by external

coloration and body shape; the reliability of these features was

confirmed by internal examination of samples throughout the

fishing season and by stripping milt and eggs from mature fish

during the breeding season.

Distinctive features of breeding male corkwing wrasse were the

dark blue-green colour and orange stripes along the sides of the

head. After the breeding season the males become predominantly

green in colour and some may display a faint tail spot in the

centre of the tail. The fish may still retain faint stripes along the

sides of the head.

Breeding colours of the female corkwing wrasse are dark brown

and green with dark stripes along the flanks. The females have a

distinctive tail spot in the centre of the tail and the uro-genital

papilla is black in colour. After the breeding season the body

colour and stripes become less vivid. Some females may be green

in colour with no evidence of any brown colouration or stripes,

but all retain the tail spot and black colour of the uro-genital

papilla. The body of the females is more rounded than that of the

males and less firm particularly during the breeding season; the

head is also less pointed.

In the corkwing wrasse some males (’secondary males’) may take
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on female colouration (Dipper and Pullin 1979) and can only be

distinguished externally from true females by noting the structure

of the body during the breeding season. These males have a

pointed head and are more slender than true females but less so

than the true males; their bodies also feel firmer than that of a

true female.

The sex of all corkwing wrasse was estimated for each month

from May 8th 1990 until September 28th 1990 and again from

May 1st 1991 until July 27th 1991. But the secondary males were

only recorded during the breeding season in 1990.

(4). Age structure.

The age structure of the captured wrasse was derived primarily

by using scales and otoliths from 128 wrasse collected in 1990.

The length of these wrasse was also recorded to the nearest

millimetre so that a length-age index could be used to estimate

the ages of corkwing wrasse from 1990 and 1991. The length-age

index was used since length frequency histograms did not provide

clear separation of the age classes.

About six scales were taken from each wrasse from just below the

fifth dorsal spine. The scales were cleaned in warm water, then

placed with a drop of water on a slide and observed magnified

using a Bell-Howell MT8 microfiche reader. The annuli observed

were taken to be laid down during the winter; each ring

representing one year of life after the first ring (Dipper 1976).

From personal observations the birth date was taken to be June

1st. Scale radius and distance between each ring was measured

and a regression made of scale radius to body length for male and

female corkwing wrasse in order to provide information for

the back calculation of length (Lb) at age (b), using Lee’s formula:
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SbLb - a -

S (L- a)

( Lee 1920)

Where;

Lb

L

Sb

S

a

= Length of fish (cm) when annulus ’b’ was formed,

= Length of fish when scale sample was obtained,

= Radius of annulus ’b’ (at fish length Lb),

= Total scale radius,

= The intercept on the length axis when total length

(y- axis) is plotted against scale radius (x- axis).

Otoliths provided confirmation of scale readings. The otoliths were

removed from the fish and dried, then placed in Histoclear for five

minutes. They were read under a stereo microscope at 50X

magnification, illuminated from above. Therings were seen as

dark bands around a pale nucleus, and each was taken to

represented one winter.

(5). Condition factors.

Condition factors were calculated for each age class from the aged

samples for the months May to September, using Fulton’s

Condition Factor (K):
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Where;

K= 100W

L3

W = Observed total weight, (g).

L = Observed total length, (mm).
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Results.

(1). Seasonal variation in catches.

A total of 6289 wrasse were caught from May 8th until

September 28th 1990. Three species of wrasse were caught, 6263

(99.6%) corkwing (Crenilabrus melops (L.)), 18 (0.3%) goldsinny

(Ctenolabrus rupestris (L.)) and 8 (0.1%) ballan wrasse (Labrus

bergylta (Ascanius)). In 1991, 16,236 wrasse were caught of

which 15,530 (95.6%) were corkwing and 733 (4.4%) were

goldsinny but, no ballan wrasse were recorded. The wrasse were

fished for each week day throughout the study period (a total of

107 days.). The total amount of wrasse caught each week in 1990

are shown in Figure 20. Eight double fyke nets were used from

May 8th till August 31st and 16 shrimp pots were used for the

month of September. Figure 20 shows that the majority of the

wrasse are caught in the months of July and September.

The catch per unit effort per day with the fyke nets was 5 wrasse

per net per day while the shrimp pots gave 8.7 wrasse per pot per

day.

(2). Catch variation at fishing sites.

The yield per day at each of the fishing sites (Map 2) is shown in

Table 2. All the sites are located north of Broadwater part of

Mulroy Bay and are rocky shore sites with ample weed cover

ranging from 1-6m in depth. Depth seems to have an influence

on the yield at each site; the three lowest yielding sites are

shallow water sites (1-3m), while the medium yield sites are

about 3-5m in depth and the three highest yielding sites are

between 3-6m in depth.
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(3). Sex ratios.

Monthly sex ratios indicate a progressive reduction in the

proportion of females with time, and an overall predominance of

males (Table 3). Females make up 36.4% of the corkwing wrasse

catch during the breeding season (May June) in1990 and

decrease steadily to 25.3% in August, after which they then

decline more rapidly. A reduction in the proportion of female

corkwing after the breeding season was also noted in 1991.

The secondary males were recorded by their external features in

the breeding season May and June and made up 3.7% of a catch of

436 C.melops. The internal examination of 128 samples showed

that the secondary males made up 3.1% of the population outside

the breeding season.

(4). Age structure.

Age was calculated from 125 samples collected in 1990, using

readings from the scales and otoliths. Mean lengths were

calculated for each age group identified and for each sex with

99.8% confidence intervals (Table 4 and Fig. 23).

Once the most probable length range was established for each age

group, the measured wrasse (469 males, 215 females in 1990 and

570 males and 457 females in 1991) were grouped into age

classes. Where the range of two age classes overlapped the mid-

point of the overlap was taken as the division point. The

proportion of each age class for each sex was calculated and is

shown in Tables 5(a) and 5(b).

In the 1990 catch samples 66.1% of the males and 68.8% of the

females were aged at two or three years old, while in 1991, 55.7%

of the males and 91.9% of the females were either two or three
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years old. However, the percentage for the one year old fish

cannot be considered accurate as the mesh size of the gear was too

large to retain all the wrasse in this age class.

The body length versus scale radius showed a linear relationship,

with the least squares regression line not passing through the

origin for either male or female wrasse (Figures 21 and 22).

Length at each age was back-calculated for 82 males and 39

females. By comparing these back-calculated lengths between age

groups, the average growth was calculated for each year (Table 6

and Figure 24).

The length-age index and the back calculated data confirms that

males are larger than females of a similar age. The growth of both

sexes is greatest for years one to three (Figure 24).

A male corkwing 189 mm at 6 years old was the largest corkwing

found in this survey, the largest female was 160 mm and 7 years

old.

The average length of the 16 secondary males was 97mm(+/-

7mm). The four secondary males aged were found to be between

one and two years of age.

(5). Condition Factors.

Since the majority of the corkwing wrasse were between two and

three years of age, condition factors were only calculated for the

male and female fish in these age classes (Figures 25 and 26).

The males in 1990 showed a drop in June then increased in

condition in August and September. The female condition factor in

1990 remained relatively unchanged but there was a slight

decrease in July. In 1991 the condition factors showed a marked

increase in both male and female in June, then the male condition
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factor decreased in July while that of the females remained

unchanged.
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Discussion.

(1). Seasonal variation in catch

Fishing with shrimp pots had a number of distinct advantages

over the fyke nets. The shrimp pots were easier to set and

retrieve, since they were smaller and did not need to be anchored

in the same way as the fyke nets were. Wrasse were easier to

remove from the shrimp pots. The shrimp pots gave a higher

catch per unit effort (8.7 wrasse per pot per day) than the fyke

nets (5 wrasse per net per day). Finally, the shrimp pots were

approximately a third of the price to purchase than the fyke nets.

The high percentage of corkwing among the wrasse caught in

1990 and in 1991 is probably related to the areas fished which

were favoured habitats for corkwing wrasse and not as favourable

for goldsinny or ballan wrasse. In the Fanad area, the corkwing

are usually found in shallow water between lm and 10 m with

good algae cover and rocky coastline while goldsinny and ballan

are usually found in greater abundance in water over 8m in

depth in more exposed rocky coastal sites (pers. obs.). The

increase in the percentage of goldsinny in 1991 could possibly be

due to the change in fishing technique used by the local fishermen

setting the pots to a greater depth.

Figure 20 shows an increase in the amount of wrasse caught from

the start of May until the end of July and the a drop in August

and another increase in September. The low catch in May and

June could be due to two possible reasons: The fish are breeding

at this time of the year and since the males are guarding their

nests and territories (Potts 1985) they are unlikely to be foraging

for food. A second reason may be that the sea temperatures have

not reached the maximum levels for Mulroy Bay (Figure 27) and

the wrasse are not at their most active since they seem to show
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much more activity when the temperature exceeds 16C°

(Quignard 1966 and pers. obs.). The increase in yield in July could

then be related to the fact that the wrasse have finished breeding,

together with an increase in the sea temperature during this

month. The drop in August may be explainable by the fact that

stocks were becoming fished out at some of the fishing sites,

although some new sites were found. The increase in the month of

September is probably due to the change of fishing technique.

Shrimp pots were used for the month of September and have

been shown to give higher yields than fyke nets.

(2). Catch variation at sites.

The fishing sites that gave the highest yield per day (Bullock 1+2,

Gull Is. 1) were not very unlike the low yield sites. In appearance

both were on rocky shores with ample weed cover in about l m-6

m of water.

The differences both in size catch and the time it takes to deplete

a fishing site seem to be related to the depth of the site, when the

shore type and weed cover are similar (Table 1). The deeper sites

have a larger area for the wrasse to live in and therefore larger

numbers of fish may exist at these sites.

(3). Sex ratios.

The reason for a progressive seasonal reduction in the proportion

of females in the catches is unclear. Females may move into the

fishing ground for the breeding season, then move away again.

Alternatively, there may be an overall excess of males in the

population. During the breeding season many of the males would

be guarding their nests and eggs (Hillden 1981a; Potts 1985) and

may prevent other males moving into the fishing area, thereby
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hiding the true proportion of excess males in the population; they

may also be unable to move from their territories in search of

food, therefore they would seem less likely to get caught in the

traps. After the breeding season they may become more mobile

again, thereby increasing the overall percentage of males in the

catches. However this hypothesis does not explain the large

increase in the number of males in September since the breeding

season finishes at the end of June.

The percentage of secondary males in the population (3.4%) is

lower than the percentage found by Dipper (1976) which was 11%

from a sample of 156 C.melops taken from the Isle of Man. The

lower percentage of secondary males caught in Mulroy Bay could

possibly be due to the 14 mm mesh size being unable to retain all

the smaller wrasse; Dipper collected C.melops from rock pools

using Quinaldine (Gibson 1967), a method which should be more

successful in capturing the smaller wrasse.

(4). Age structure.

The length frequency histograms did not provide clear distinctions

in length between the age groups. Readings made on the otoliths

and scales provided data on the relative length a corkwing wrasse

is at a particular age. Although there was some overlap in the

length ranges between age groups the data provided quite a

good estimation of the range of lengths in the 1-4 year age class.

The division of the length data for 1990 and 1991 into age classes

showed the majority of the corkwing measured to be between two

and four years old. The higher percentage of one year old wrasse

caught in 1990 is probably due to the use of the fyke nets up to

September which have a smaller mesh size, while only shrimp

pots were used in 1991. However, The estimation of the one year
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old fish cannot be considered representative as these fish can be

seen swimming through the mesh of the nets and pots. The higher

percentage of age classes over four in the males may be due to the

fact that the fishermen may have been fishing their pots in

deeper water in 1991 and these larger wrasse are found in deeper

water (see below, Chapter 4). It is not clear why there is such a

high percentage of the female population in the two and three

year old range and so few in the older age classes in 1990 and

1991, when the corkwing wrasse are believed to live up to at

least, 9 years (Dipper 1976). One possible reason is that the area

fished in Mulroy Bay is a well sheltered area and the habitat

available for the wrasse is relatively shallow and limited. The

larger corkwing have always been caught at the deeper sites

(pers. obs.), and this may suggest that the older corkwing move

off to deeper sites in other areas in or outside the bay.

The average length at each age class shows that maximum growth

occurs in the first two years in both male and female corkwing

wrasse and then declines steadily (Figures 23 and 24). The males’

greater growth rate is probably due to the fact that as they invest

less energy in gonad growth they have more available energy for

body growth. The back calculated lengths obtained using the

scales of the fish showed the same growth patterns as were

calculated from the length data. The average length for each age

class of the back calculated data was slightly less than the lengths

directly recorded from the wrasse. This is probably because the

back calculated lengths are based on the rings on the scales, which

are laid down during the winter, while the length data were

obtained during the summer so that the difference between the

two calculations is an indication of growth between the winter

and the summer.
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The aging of the secondary males suggest that they are sexually

mature in their first year. Only one and two year old secondary

males were found, but this may be due to the small sample of fish

aged (4 fish).

(5). Condition factors.

The reduction in condition factors for both male and female

wrasse after the breeding season is to be expected since the

weight of the wrasse decreases when the gonads are spent. There

is a general increase in the value of the condition factor at the end

of the fishing season; this may be caused by the wrasse building

up fat reserves for the winter. The increase in condition factor in

both male and female corkwing in 1991 for the month of June

may suggest that breeding took place later in 1991 due to cooler

sea temperatures.

The continued maintenance of the local wrasse fishery in Mulroy

Bay is important as wrasse should not be imported on to salmon

farms for disease and economic reasons. This baseline study

provides important information for maintaining the Mulroy

fishery and developing any new wrasse fisheries. Differences in

the cleaning behaviour of male and female wrasse have been

noted for cuckoo wrasse (Labrus mixtus (L.)) (Bjordal 1988), and

if differences also exist between male and female corkwing a

knowledge of the sex ratios may prove important in maintaining a

supply of male and female corkwing wrasse. The removal of

certain age groups may also affect the wild population and further

work is needed in this area. The indices of growth and condition of

the corkwing wrasse should provide an indicator of the well-being

of wrasse under farm conditions. If captive breeding of wrasse

becomes an alternative to fishing, as fishing may not provide a
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long term disease free supply of wrasse all year round, this data

will be useful in setting up a breeding programme.
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CHAPTER 4.

TRANSECT SURVEYS IN MULROY BAY TO ASSESS WILD

POPULATION STRUCTURES OF CORKWlNG (CRENILABRUS

MELOPS) AND GOLDSINNY (CTENOLABRI,]S RUPESTRIS) WRASSE.

Introduction

In order to examine the population structure of wrasse in the

wild, direct observations were made of wrasse at various sites in

the fishing area (Map 2). Wrasse were fished from Mulroy Bay

throughout the study period and were used as ’cleaner fish’ at

Fanad Fisheries salmon farm in the same bay. It was important to

collect some baseline information on the population structure of

the wrasse in the wild in order to determine the level of yield of

wrasse which could be sustainable under continued fishing effort.

These studies involved the following stages:

1. A survey of the habitats where wrasse were being fished, in

terms of depth, substrate and algae cover, and to relate these

parameters to the abundance of wrasse at each site.

2. Calculations of the abundance and distribution of corkwing

wrasse in three size groups;

(i). At three sites from May until September 1990 and from

June until September 1991.

(ii). As an overall percentage for each year in order to

compare with the data obtained from fishing (Tables 5(a) and (b)).

(iii). In order to compare the impact of intensive fishing on

the population structure at one site with the population structure

of a partially fished site over two seasons.

3. Investigations of the population structure of goldsinny wrasse

in relation to their site, habitat and depth preferences.
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Methods.

1. Habitat surveys.

The method used to gather the information on the population

structure was obtained by using transect survey technique as

follows:

Three sites were chosen in the North Water area of Mulroy Bay;

Ardy Point, Boat Island and Moross Point. At each site two

transect lines were set down about five meters apart, tied to the

shore and then anchored down using rocks. Each transect line was

divided into thirty sections at one meter intervals. The three sites

chosen were areas where wrasse had been observed.

The first site is located at Ardy Point (Grid Reference C19 42), in a

small bay in which the depth does not exceed 15 meters. The

transect lines extended to a maximum depth of 8.5 meters at this

site. (Figures 28 and 29). The characteristic features of the second

site, Boat Island (Grid Reference C 18 41) include the fact that it is

a island with steep underwater cliffs and is surrounded by deep

water up to 50 meters in depth. The transect extended to a depth

of 12 meters ( Figures 30 and 31). The third site is Moross Point

(Grid Reference C 18 39) which is located in a narrow channel

with very strong tidal currents (up to four knots).The depth of

water in the channel does not exceed 10 meters. The transect lines

were set to a depth of 3.5 meters (Figures 32 and 33).

At each site a profile was made along each transect line, thus

giving a total of six transect profiles. When constructing these

profiles the depth, substrate and percentage of algal cover was

recorded at each one meter interval. The substrate was divided

into various categories; bedrock, boulders (>500mm.), cobbles

(100-500mm.), sand, gravel and silt/mud. The percentage of each

type of substrate was noted at one meter intervals on the transect
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line, as was the percentage cover of algae.

From these data substrate profile graphs were constructed

(Figures 34-39). On these graphs the percentage of each particular

substrate is shown as the average for each 10 meter interval

rather than for each 1 meter interval for the sake of clarity.

2. Wrasse surveys.

To record the wrasse along the transect line the diver would first

descend directly to the last (30 meter interval) of the transect

line. While ascending along the transect line the wrasse were

recorded at each one meter interval, at distances up to one meter

on either side of the transect line. It was found that different

divers varied in their ability to see and classify all the wrasse

present. To avoid this bias all the recordings were made by the

same diver (R. Donnelly).

Each wrasse observed was assigned to one of three groups

depending on size ; Group 1. 0 - 99mm, Group 2. 100-149 mm,

and Group 3. >150mm in length. The wrasse were placed in the

appropriate size group by visual estimation. These groupings were

selected because the majority of fish fell well within these various

size ranges. Recordings were made at least once a month from

May to October 1990 and from June to September 1991. Each

transect at Boat Island was surveyed 13 times in 1990 and 10

times in 1991; at Ardy Point each transect was surveyed 10

times in 1990 and 10 times in 1991 and at Moross Point each

transect was surveyed 10 times in 1990.

The numbers of wrasse in each size class and at each site were

recorded along each transect line at Boat Island and Ardy Point in

1990 and 1991, while recordings at Moross Point were only made

during 1990.

39



3. Goldsinny population structure.

At Boat Island goldsinny wrasse recorded at one meter intervals

along the transect line were totalled for each 5 meter interval

both in 1990 and 1991. From this data the percentage of

goldsinny in the wrasse population and their habitat and depth

preference could be shown.
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Results.

1. Figures 28-33 show depth profiles at each of the transect lines

at the three sites. At each site the two transect lines were similar

in gradient and depth, while the differences between the sites

were more marked. Figures 34-39 show the average substrate

composition and algal cover for each 10 meter interval along the

transect line. Bedrock, boulder, cobble and sand were the

predominant components in the substrate at Boat Island, while

boulder and mud were predominant at Ardy Point and bedrock

and gravel were most abundant at Moross. Algal cover was over

50% in the top 10 meters of the transect at all sites with the

lowest level being 58% at the Ardy South transect. The algal cover

varied between the sites in the lower 20 meters, with the deeper

sites Boat Island and Ardy Point having a lower percentage of

cover than the transects at the shallower site of Moross Point.

2. Wrasse surveys.

(i). Figures 40-44 show the distribution of corkwing wrasse at

each 5 meter interval on the transect lines at each site and in each

year. At each site the total number of observations on both

transects was taken, since the substrate and depth was similar for

both transect lines at each site. All observations were totalled for

each 5 meter interval for the sake of clarity. At Ardy Point the

majority of the wrasse at all depths were Group 2 wrasse. The

three size classes were found in greatest abundance between 1-5

meters in depth in both 1990 and 1991. Below 5 meters the

Group 1 and Group 2 fish declined rapidly, with the Group 3 fish

showing the least variation in relation to depth (Figures 40 and

41).

At Boat Island the majority of wrasse at all depths were again the



Group 2 fish. The highest abundance of all three size classes in

1991, was between 1-6 meters, all size classes decreasing

gradually below this depth. In 1990 the pattern was similar apart

from an increase in the numbers of the Group 2 wrasse between 8

and 10 meters (Figures 42 and 43).

The transects at Moross show that the Group 1 wrasse are

predominant between 1-2 meters in depth, the Group 2 wrasse

then became the most abundant size class below 2 meters. Below

the 2 meter mark the Group 1 wrasse decreased gradually;

conversely the Group 2 fish increased after 2 meters but then fell

again between 2-3.5 meters. The Group 3 wrasse fish showed a

slight increase in numbers and remained constant below 2 meters

(Figure 44).

(ii). The percentage of corkwing in each of the three size groups in

each year was calculated. This was used to compare with the

percentages of the three size classes obtained from fishing with

fyke nets and shrimp pots in 1990 and shrimp pots in 1991

(Table 5(a) and (b)).

Table 7 shows the percentage of each size class observed on the

transects in 1990 and 1991 and the percentage of each size class

obtained by fishing. The percentage of Group 2 wrasse is quite

similar in the observations and catch data for both years, but

there are some discrepancies in the percentage of Group 1 and

Group 3 wrasse. On the transects the majority of the wrasse

belonged to the Group 2 class in both years, although in 1991 the

percentage of Group 2 corkwing increased and the percentage of

Group 1 and Group 3 wrasse decreased. In the catch data the

Group 2 wrasse were also the most abundant size group in both

years, and although the Group 1 also showed a decrease in 1991,
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the Group 3 group showed a percentage increase in 1991.

(iii). The average amount of the three size classes of corkwing

wrasse observed along each transect line at a intensively fished

site (Ardy Point) and at a partially fished site (Boat Island) was

calculated during 1990 and 1991.

Figures 45 shows the average number (with 95% confidence

intervals) of corkwing wrasse in each size category observed at

Ardy Point in 1990 and 1991. At this site the average numbers in

each size group were lower in 1991 than in 1990, but only the

Group 1 and Group 3 wrasse were significantly different at the

95% confidence interval.

At Boat Island (only fished between April and June in 1991) the

averaged data show that there was no significant difference at the

95% confidence level in the Group 1 wrasse between 1990 and

1991 but there is in the Group 2 and Group 3 fish which increase

and decrease respectively in 1991 (Figure 46).

3. Goldsinny population structures.

Goldsinny wrasse were only observed at Boat Island and made up

23.8% of all wrasse observed there in 1990 (the remaining 76.2%

were corkwing) and 36.6% of the population in 1991 (63.4%

corkwing).

Figures 47 and 48 show the total numbers of corkwing and

goldsinny observed at each 5 meter interval along the transect

line in 1990 and 1991.The majority of the corkwing are found

above 10 meters; below this depth the numbers of the corkwing

decrease and the goldsinny become the most abundant species.

This division is particularly evident in wrasse observed in 1991.
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Discussion.

1.Habitat survey.

The coast type, substrate, depth and algal cover are all believed to

have an affect on the abundance and species of wrasse present at

any one site (Dipper 1976), although no previous work had

quantified which of these factors affected abundance or looked at

the interaction of the size groups and different species of wrasse

in relation to these factors. Therefore, this study looked at the

substrate, algal cover, and depth at three sites in which wrasse

had already been observed. Although all sites were in the same

sheltered bay they differed in substrate composition and in depth

(see above). The common factor between all the sites was a large

percentage of algal cover in the first few meters, along with a

varying percentage of cobbles or boulders. These factors would

seem to be prerequisites for establishing a population of

corkwing wrasse. The extent of these factors and the interaction of

the other parameters would affect the abundance of wrasse at

each site.

2. Wrasse surveys.

(i). At Ardy Point 89.7% of the wrasse were observed above 6

meters in 1990 and 1991 and the subsequent decrease in

numbers below this level is associated with a marked change in

substrate type (Figures 40 and 41). However, at Boat Island 41.3%

of the wrasse observed were found below 6 meters (Figure 42 and

43) where there is ample algal cover and over 40% cobbles or

boulders in the substrate. But even under these conditions the

majority of the wrasse show a preference for depths between 2-6
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meters.

Figure 44, showing low counts of all size classes at Moross Point,

suggest that, strong currents (4-5 knots), lack of boulders or

cobbles (Figures 38 and 39) and shallow water (Figures 32 and

33) may be some of the factors limiting the abundance of wrasse

at a site. Even with a large percentage of algal cover the

population count is very low. The count of Group 1 fish is

relatively similar to that in the other sites but there is a large

reduction in the numbers of Group 2 and Group 3 wrasse. The lack

of cobbles and boulders may not be the limiting factor here since

there is a high percentage of algal cover but the strong tidal

currents in the channel here may prevent the males from building

nests in this area and thus they are found in smaller numbers.

(ii). Both the transect observations and the catch data show that

the population of corkwing wrasse is dominated by fish between

100-149 mm, and there is generally a higher percentage of

juveniles or small adults (0-99 mm) than large adults (>150 mm).

The percentage of wrasse in each size class in 1990 is quite

similar between the observations and the catch data, suggesting

that the use of fyke nets (with smaller mesh size than the shrimp

pots (Chapter 3)) are effective in removing corkwing from all the

size classes although some of the very small wrasse will still

escape capture. In 1991 when only shrimp pots were used the

percentage of Group 1 wrasse is much lower in the catch samples

since this method of fishing, with larger mesh size, provides a less

accurate representation of each size class.

(iii). Figure 45 shows a significant decrease in the numbers of

Group 1 and Group 3 fish between 1990 and 1991; while the
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average number of the Group 2 wrasse is lower, this drop cannot

be considered significant at the 95% confidence level. This overall

reduction in the numbers of the corkwing wrasse observed could

be attributed to the fact that the area was fished intensively in

1990 and in 1991. The reduction in these size groups would

suggest that fishing at this level does have a detrimental effect on

the population at all age classes. The long term effects of this

fishing are unknown as the recruitment levels in the corkwing

wrasse are unknown. The effect of reducing the large territorial

breeding males could be detrimental to the numbers of wrasse

available for breeding. The other possibility that this change is a

natural fluctuation in the population cannot be ruled out.

At Boat Island, which was only fished in 1991 between April and

June the numbers of Group 1 corkwing wrasse observed remained

unchanged, while the Group 2 fish increased in number and the

Group 3 actually decreased (Fig 46). The effect of fishing early on

in the season when large males are setting up territories (Potts

1984) may be to remove some of these from the area thus

accounting for the drop in the average number of Group 3 wrasse.

Their removal may allow the Group 2 wrasse to move into these

areas, thus increasing in number. There may also have being a

general increase in numbers of Group 2 wrasse in the population.

The Group 1 wrasse remained unchanged; the majority of these

fish avoid capture and do not seem to be involved in territorial

disputes (pers.obs.).

3. Goldsinny population structures.

The numbers of goldsinny were greater in 1991 than in 1990 at

Boat Island. This could be due to a natural increase in the

population. Another reason could be that the fishing from April to
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June removed the larger goldsinny which are more dominant

(Hillden 1981a.) thus allowing a greater number of smaller

goldsinny in to the same territories.

The fact that the goldsinny are only found along the transects at

Boat Island would suggest that the deep water in this area has a

bearing on their distribution, since many of the other physical

characteristics at this site are similar to Ardy Point.

Figures 47 and 48 would seem to suggest that the goldsinny have

a preference for deeper water than the corkwing. Goldsinny are

generally observed in the crevices between the boulders (pers.

obs.), and the higher percentage of boulders and cobbles at these

depths may be more favoured.

In conclusion, the above data suggest that corkwing wrasse need a

rocky coastal shore with ample algae cover. Goldsinny seem to be

less dependent on weed cover but favour a rocky substrate; they

also have a preference for slightly deeper water than the

corkwing. Depths of 2-6 meters seem to be the most suitable for

all sizes of corkwing wrasse while the goldsinny are more

abundant below 6 meters.The smaller sizes of corkwing wrasse

seem to be limited to the upper area (1-2 meters) of the water

column and do not seem to be involved in or affected by

territorial disputes. The larger size groups are found at all depths

between 1-12 meters but are most abundant between 2-6 meters.

The abundance of these wrasse seem to be partially affected by

the territorial space available.

The majority of the corkwing population in Mulroy Bay are made

up of Group 2 fish between 100-149 mm with the Group 1 wrasse

(0-9.9 cm) being more prevalent than the Group 3 wrasse (>150

mm).

The effect of relatively intensive fishing on such a population of
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wrasse seems to be a overall reduction of all the size groups.

Fishing in the breeding season seems to have a more drastic effect

on the larger corkwing wrasse, and may allow an influx of mid-

sized corkwing into the area. The effect on the goldsinny

population is still unclear but changes appear similar to those seen

in the corkwing wrasse.
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CHAPTER 5.

SURVEY OF PATHOGENS OF WRASSE IN MULROY BAY, WITH

SPECIAL REFERENCE TO PATHOGENS OF SALMONIDS.

Introduction,

When wrasse are to be used as cleaner fish in salmonid

aquaculture, there is a potential for the transfer of disease from

wild wrasse to the farmed salmon. The only work in this area was

in relation to external and internal parasitic invertebrates and

protozoans.

The philichthyid copepod Leposphilus labrei (Hess1866) has been

widely recorded in corkwing wrasse (Hess 1866, 1873, Quignard

1968, Dipper 1976, Hess 1866, 1873). Quignard (1968) also

describes this parasite in cephalic canals of rock cook wrasse

(Centrolabrus exoletus (L.)).

Three species of copepod from the family Hatschekiidae have

been recorded on wrasse, but only Hatschekia pygmaea (Scott and

Scott) has been recorded on goldsinny (Ctenolabrus rupestris (L.))

or corkwing (Crenilabrus melops (L.)) wrasse.

The widespread isopods such as Anilocra frontalis (Edwards) and

Nerocila bivatta (Risso) have been described from corkwing

wrasse (Trilles et al. 1989), while Gnathia maxillaris (Montagu)

was found on ballan (Labrus bergylta (L.)) and cuckoo (Labrus

mixtus (L.)) wrasse.

Internal parasites such as the digenean trematodes Proctoeces

maculatus (Looss) and Helicoetra fasciata (Rudolphi) are known in

the corkwing and goldsinny (Radujkovic et a1.1989). The

monogean trematode, Microcotyle donavini (Van Beneden and

Hesse) has being found on the gills of ballan wrasse (Radujkovic

and Euzet 1989).
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The only nematode parasite so far recorded was Cucullanus

micropapillatus (Tornquist) in the corkwing wrasse (Petter and

Radujkovic 1989).

Protozoans such as Icthyosporidium giganteum were recorded in

corkwing wrasse (Moller and Anders 1986), as was Sphaerospora

divergens (Thelohan) (Lubat et al. 1989) while Eimeria

banyulensis (Lom and Dykova) was found in the intestinal

epithelium of the goldsinny (Daoudi et a1.,1989).
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Methods.

This chapter describes a survey of parasites and potential

pathogens of wrasse which may be of importance in salmonid

aquaculture.

In order to avoid transference of disease from site to site wrasse

were only taken from within the same water body (Mulroy Bay)

where the salmon were being farmed. A sample of 174 wrasse

(100 male, 60 female and 14 juvenile corkwing wrasse) in 1990,

and 111 wrasse (5 male andl0 female goldsinny; 56 male and 40

female corkwing wrasse) in 1991 were screened for

parasitological and bacterial pathogens at Fanad Fisheries by C.

McManus and R. Donnelly. A complete recording of the external

parasite Leposphilus labrei was made for all the 6270 wrasse

caught in 1990.

1 .Parasitology.

(i). External parasites.

A sample of 100 males, 60 females and 14 juvenile corkwing

wrasse was collected between May 8th and September 28th 1990.

The wrasse were collected about two hours before being taken to

the laboratory and killed just prior to being examined for any

external parasites. Skin smears were taken of male, female and

juvenile wrasse and from wrasse of all age classes. This procedure

involved taking a sterile blade and removing the surface mucus

between the pectoral fin and the tail. The mucus was then placed

on a slide with a drop of sea water and left for one minute to

allow any parasites come out of the mucus. The slide was then

examined for parasites under low power magnification. Gill

smears were also prepared by cutting off a small section of the gill

and smearing it on a slide with a drop of sea water, then



examining it under low power magnification.

The external parasite Leposphilus labrei (Hess,1866) could be

observed visually on the wrasse without the aid of a skin smear

or microscope, therefore it was recorded for all wrasse caught

from May till September, a total of 6270 wrasse. Records were

made of the sex of each fish and on which flank the parasite was

located. In 20 captured wrasse the parasite was dissected out

from the lateral line tissue and then examined under a stereo

microscope.

(ii). Internal parasites.

Thirty samples of corkwing wrasse were sent to Stirling

University for this work. A further 30 samples of corkwing wrasse

were examined by R. Donnelly at Fanad. Here the wrasse were cut

open along the underside and the internal organs observed at 40x

magnification with the aid of a stereo microscope. Any parasites

observed in the gut or the body cavity were removed and

identified.

2. Bacteriology.

The 173 samples from 1990 and the 111 samples from 1991 were

tested for bacterial salmonid pathogens. Kidney swabs were taken

from the freshly killed samples and streaked onto a marine agar

plate and incubated at 20 C° for five days, being examined daily

for growth.

The following tests were carried out to identify any bacterial

growth that developed on the marine agar.

(i). Gram stain. ( see Appendix 1)

(ii).Oxidase test.

(iii). Motility test.



(iv). Indole test.

(v). Ferment glucose test. (O. F. test).

(vi). O/129 test.

3. Virology

Thirty samples both male and female corkwing wrasse were sent

to Stirling University where they were screened for salmonid

viruses, RTG-2 and BF-2 cells.
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Results.

1. External parasites.

No parasites were detected in the skin smears. Protozoan

Trichodinids were present on the gills of all fish. Monogenean

trematodes, apparently Dactylogyrus species, were also found on

the gills.

The external parasite L. labrei was found in 1924 (30.7%) out of

6270 corkwing caught. All the L.labrei were found in situ in the

lateral line on either the left or the right side of the wrasse. Only

on two occasions (0.1%) was this parasite found on both sides of

the same fish. The parasite was found below the third and fourth

dorsal spine on all the fish examined. When examined using a

stereo microscope the copepod was found in a chamber excavated

just below the scales on the lateral line. The scales in this region

had been pushed upwards forming a lesion. The chamber

excavated by the parasite extended for the length of three scales

towards the anterior end of the fish. Some L. labrei examined at

the beginning of August were found in the chamber with egg sacs

loosely adhering to the exterior of the parasite.

Of the 6270 samples of wrasse examined the L. labrei showed a

preference for the males, infecting significantly (p<0.005) more

males than females. There was also a low percentage of infestation

in the juveniles caught (Table 8).

The parasite also showed a significant preference for the left side

of the wrasse in the males (p<0.005) and females (p between 0.2

and 0.25).
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Se___~x %L. labrei left side. %L. labrei right side.

Male 55.6% 44.4%

Female 53.9% 46.1%

(ii). Internal parasites.

An encysted helminth was present on the gill of one fish (1.6%).

This parasite is likely to be Cryptocotyle lingua (Creplin). This

wrasse also had conspicuous black lesions on the fins. This

parasite is responsible for the disease known as ’Black Spot’ due to

the black spots caused by the encysted parasite on the skin of the

fish (Moiler and Anders 1986).

Nematodes were present in some guts and also in the abdominal

cavity. Helminths were seen encysted in the mesentery, but were

not identified further.

2. Bacteriology.

A number of bacteria were identified from the samples but only

two of these were of any concern in the context of posing a threat

to the salmon. The first was a Vibrio bacterium, probably Vibrio

anguillarum. This was present in 12.6% of the wrasse examined in

1991, both corkwing and goldsinny. The second bacterium was an

atypical strain of Aeromonas salmonicida, detected in 4% of the

wrasse tested in 1991 by Stirling University.

The only other bacterium identified was Aerornonas hydrophilia

which is harmless to salmon and wrasse.
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3. Virology.

No viruses, RTG-2 or BF-2 cells were discovered that would pose a

threat either to salmonids or to wrasse.
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Discussion.

1.(i). External parasites.

The trichodinids present on the gills of the wrasse are also

common on the salmon in Mulroy Bay (C.McManus pers. comm.)

and should pose no additional risk to the salmon (pers.comm. R.

Soutar, Stirling University). The monogeneans are likely to be

fairly specific and are unlikely to cause any problems in the

salmon.

The L.labrei parasite seems to be specific to the Labridae (Hess

1866,1873). It should therefore pose no threat to the salmon.

Reasons why the males should have a higher percentage of

infection with the L.labrei parasite than the females are unknown.

One possible reason may be that as the males are generally larger

than females of the same age ( above, Chapter 3) the L.labrei find

the males provide better conditions as a host; they would have a

larger lateral line to accommodate the parasite. Age and size

would also help to explain the low percentage of infection in the

juveniles.

There are no known factors which mightexplain the higher

percentage of infection on the left side of both male and female

wrasse. Buchmann (1988) and McCarthy and Rita (1991) found

asymmetry in the distribution of the monogenean

Pseudodactylogyrus bini (Kikuchi) on eels, but gave no reason for

this asymmetry. Neville (1976) also describes asymmetry in the

animal kingdom but does not discuss asymmetric distribution.

(ii). Internal parasites.

The encysted helminth (probably Cryptocotyle lingua) should not

pose a substantial threat to the salmon. This parasite requires a

snail that inhabits rocky shores as an intermediate host for the
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cercarial stage (Moiler and Anders 1986).

The nematodes and helminths would only pose a threat since

these parasites remain within the gut or mesentery of the wrasse

and would only infect the salmon if they ate the wrasse.

2. Bacteriology.

The presence of Vibrio anguillarum in Mulroy Bay is not

uncommon and is prevalent in the salmon particularly when the

sea temperature is above 16C°( pers. comm. C.McManus). It seem

unlikely that the wrasse would infect the salmon with the Vibrio

but both species of fish are susceptible to the natural increase in

the abundance of this bacterium when the temperature exceeds

16°C.

The discovery of an atypical strain of A.salmonicida in 4% of the

wrasse tested in 1991 curtailed any further experimental work

with the wrasse at this site. The atypical features of this

bacterium included a slower growth rate and less defined

pigmentation, and it seems to have had no effect on the condition

of the wrasse. A. salmonicida is also found in other wild fish such

as cod and coalfish and seems to have no pathogenic effects at this

low level (Willumsen 1990). However, since the fish farm had no

previous infection with any form of A. salmonicida, the potential

risk of transference from the wrasse was deemed to be too great

to continue the sea cage trials at this site and all the wrasse were

culled in August 1991.

In conclusion, the wrasse examined contained no external or

internal parasites that would pose a serious threat to salmon. With

regard to the bacterial infections it seems that the wrasse are

susceptible to the same bacterial problems faced with the salmon

on this fish farm. The presence of A. salmonicida reflects its

58



occurrence in some wild population of fish and no evidence was

found that any of the salmon in 1990 or in 1991 had this

bacterium. This would suggest that some populations of wild fish

may have a latent non-pathogenic form of this bacterium, which

would not pose any real threat to farmed salmon. Other fish

farms in Norway using wrasse for 5 years have not detected any

increase or new pathogens in the farmed salmon since the

introduction of wrasse (Bjordal 1991).

It is therefore believed that wrasse used in salmon farming

should not pose a threat of disease to the salmon if they are taken

from the water body in which the salmon are being farmed.

However, cross infection could happen if the wrasse are moved

between different generations of salmon and sites, as they have

the potential to carry some salmonid pathogens.
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TABLES.



Table 1. Wrasse to ~almon ratios in Moro~s cages for the
month of August 1990,

Cage number. Wrasse to Salmon ratio. Ave. Nos. of
lice per salmon
at the end of
August.

1 1:54 0
2 1:79 1
3 1:150 2
4 1:83 0
5 1:79 0
6 1:50 1
7 1:126 0
8 1:150 3*

11 0 3
14 1:125 4*
17 1:90 0
18 1 : 105 1
19 1 : 150 0
20 1 : 125 4*

* Wrasse not placed in these cages until August 28th 1990.



Table 2, Catch Dcr day at sites fished in Mulrov Bay from
May 22nd until September ~th 1990.

Site. Depth Total Catch. Days Fished. Catch
in metres Per Day.

Bullock land 2 5 530 25 21.2
Gull Island 1 5 672 33 20.4
Ardy 2 4 1065 57 18.7
Gola Pot 5 464 25 18.6
Rock 3 Pot 4 448 25 17.9
Rock 5 4 171 12 14.2
Gull Island 2 4 307 22 13.9
Gola More 5 62 5 12.4
Gull Pot 4 267 25 10.7
Horse Pot 3.5 156 15 10.4
Rock 1 3.5 535 55 9.7
Rock 4 3.5 243 25 9.7
Cliff 2 3.5 80 10 8.0
Cliff 2 Pot 3.5 157 20 7.8
Ardy 1 3.5 198 30 6.6
Ardy 3 3 184 31 5.9
Rock 4 Pot 3.5 138 25 5.5
Bullock 2 3.5 104 20 5.2
Rock 4 and 5 Net 3.5 52 10 5.2
Boat Island 4 120 25 4.8
Bullock 1 3 77 20 3.8
Moross 2.5 103 30 3.4
Ardy 4 3 27 10 2.7
Ardy 2 Pot 3 32 15 2.1
Cliff 1 2.5 39 20 1.9
Cliff3 2 23 15 1.5
Broadwater 2.5 18 15 1.2
Bullock 3 and 4 2.5 18 15 1.2



Table 3. Sex ratios of 6261 adult corkwing wrasse
collected in Mulrov Bay.

Date. Numbers.
Male Numbers Female Numbers.

Sex Ratio.
Male    Female

May 56 54 1 : 0.96
June 507 268 1 : 0.53
July 1729 531 1 : 0.31
August 739 250 1 : 0.34
September2110 17 1 : 0.08

Totals. 5141 1120

Sex ratios of 916 adult corkwing collected from Mulroy Bay in
May 1991.

May 518 398 1 ¯ 0.77
June 52 59 1 ¯ 1.13
July 89 26 1 ¯ 0.31



Table 4. Mean length for
female ¢orkwin~ wrasse.

each a.g_~c~ass for male and

MALES
Class Nos. Mean Length(mm) Confidence Intervals (99.8%).

1 3 86 (64-108)
2 41 113 (110-119)
3 30 132 (128-140)
4 4 153 (133-174)
5 5 163 (131-195)

FEMALES
Age Class Nos. Mean length (mm) Confidence Intervals (99.8%).

1 9 73
2 21 96
3 8 120
4 3 134
5
6     1 160

(64-82)
(90-102)

(112-129)
(116-195)



Table 5(a). Size rang¢~ an~l oercentages of male and
female corkwing wrasse in each ~lg¢ class during 1990.

MALES.
Year Class. Range of lengths~ Nos. Measured Percentage

1 64 -109 97 20.7%
2 110 -124 178 37.9%
3 125 -140 132 28.2%
4 >141 62 13.2%

Total. 469 100.0%

FEMALES.
Year Class. Range of Lengths. ~ Nos. Measured .Percentage.

1 64 - 86 47 21.7%
2 87 -107 117 54.4%
3 108 -129 3 1 14.4%
4 >130 20 9.3%

Total 215 100.0%

Table 5(b). Size ranges and oercenta~es of male and
female corkwin~ wrasse in each age class durin¢ 1991.

MALES.
Year Class. Range of lengths~ Nos. Measured Percentage

1 64 -109 35 6.0%
2 110 -124 103 17.8%
3 125 -140 219 37.9%
4 >141 222 38.3%

Total. 57 9 100.0%

FEMALES.
Year Class. Range of Lengths.(mm) Nos. Measured. Percentage.

1 64 - 86 19 4.2%
2 87 -107 209 45.7%
3 108 -129 21 1 46.2%
4 >130 18 3.9%

Total 457 100.0%



Table 6. Estimate~!
C.melops, ila 1990,

~rowth

Males
Year Class. n.

1 83
2 80
3 36
4 10
>5 4

Ave.Length (mm).
71
105
124
146
161

between each age,. class of

C.I.(99%) Growth (mm).
(69 -72) 70-7

(103 -108) 34’7
(120- 129) 18-9
(133- 158) 21"3
(105 - 215) 15-3

Females.
Year Class. n.

1 39
2 32
3 11

>4 7

Ave. Length ~ C.I.(99%) Growth (mm).
56 (52 -59) 55"6
88 (85 -92) 32.9

111 (104-118) 22-3
130 (113 -148) 11-4



Table 7. Percentage of wrasse in each size class observed
and caught in 1990 and 1991.

Percentage in each size class observed at all sites.

1990
Grp. 2. Grp. 3.

%    30.7% 61.9% 7.5% 16.25%
(n) (512) (699) (89) (118)

1991
G~.2. G~.3.

86.4% 3.3%
(586) (24)

Percentage in each size class from catch data.

1990
Grp.1. Grp. 2. Grp. 3. Grp. 1.

%    26.1% 67.6% 6.3% 8.8%
(n) (186) (481) (45) (91)

1991
G~.2. Grp. 3.

81.2% 10%
(841) (104)

Group 1 = 00- 99 mm.
Group 2 = 100- 149 mm.
Group 3 = > 150mm.



Table 8. Percentage of male. female and iuvenile C. melops

infected with Leposphilus labrei,

Total Population. (n).

% Pop.with L.labrei.

Amt. (n).

% Males with L. labrei.

Amt. (n).

% Females with L. labrei.

Amt. (n).

% Juveniles with L.labrei.

(n).

6270

1689

228

(%).

30.7%

34.4%

20.1%

3.0%
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APPENDIX.

Methods used to test for salmonid pathogens in wrasse;

1. Gram stain.

(i). Crystal violet:

A. Difco 94.5% crystal violet 2.0 g

Ethyl alcohol 20.0 ml

B. Ammonium oxylate 8.0 g

Distilled water 80.0 ml

Mix solutions A and B.

(ii). Decolourizer:

Ethanol 95% 95.0 ml

Acetone 5.0 ml

(iii). Iodine:

Iodine 1.0 g

Potassium iodine 2.0 g

Distilled water 300.0 ml

(iv). Safranin:

Safranin 0.85% 6.0 g

Ethanol 95% 20.0 ml

Distilled water 200.0 ml

Method.

(i). Pick off a young colony from the agar plate with a loop

emulsify in a drop of distilled water on a clean slide. Allow to air

dry. Fix in a flame by passing through at least five times. Allow to

cool.

(ii). Stain with methyl violet solution for 30 seconds. Wash off.

(iii). Replace with iodine for one minute. Wash off with

decolourizer, leaving on for a few seconds only. Wash off with

water.

(iv). Counterstain with safranin for 30 seconds. Wash off with



water and blot dry. Examine under high power (’100) microscope.

2. Cytochrome oxidase test:

(i). Reagent: (Kovachs)

Dissolve 1.0 g of tetramethyl-p-phenylenediamine dihydrochloride

in less than 10 ml of distilled water by gently warming. Bring up

to 10 ml with distilled water.

Method.

(i). On a piece of filter paper in a petri dish place 2-3 drops of

Kovachs reagent; do not allow the drops to dry on the paper.

Remove a young colony from the agar plate with a platinum wire

and smear across the surface of the impregnated paper. A positive

reaction is indicated by the development of a dark purple colour

within 10 seconds. Alternatively, impregnate an ’Oxoid’

cytochrome oxidase stick with a actively growing culture. Again a

positive reaction is indicated by the development of a dark purple

colour with in 10 seconds.

3. Motility.

(i). Motility medium.

Gelatin 80.0 g

Distilled water 1000.0 ml

Peptone 10.0 g

Beef extract 3.0 g

NaC1 5.0 g

Agar 4.0 g

Soak gelatin in the water for 30 minutes, add other ingredients,

heat to dissolve, and sterilise at 115 deg. C. for 20 minutes.



(ii). Procedure.

Inoculate tubes of motility medium by stabbing the medium to a

depth of about 5 mm. Incubate at the optimum temperature and

below. Motile organisms migrate through the medium which

becomes turbid; growth of the non-motile organisms is confined to

the stab.

If motility is suspected but not evident, resuspend culture in

nutrient/marine broth and incubate for 24 hours. Repeat test on

inoculated broth.

4. Production of Indole:

(i). Kovacs reagent for indole:

p-dimethylaminobenzaldehyde 5.0 g

Absolute 75.0 ml

Conc. HCL 25.0 ml

Dissolve the aldehyde in the alcohol by gently warming in a water

bath between 50-55 deg. C. Cool and add the acid. Protect from

light and store at 4 deg. C.

Note: The reagent should be light yellow to light brown in colour;

some sample if amyl alcohol are unsatisfactory, and give a dark

colour with the aldehyde.

(ii). Procedure:

Inoculate peptone water nutrient broth and incubate for 48 hours.

Add Kovacs’ reagent, for indole, shake well and examine after

about 1 minute. A red colour in the reagent layer indicates indole.



5. Oxidative [ Fermentative Test.

(i). Ox./Ferm. basal medium:

Dehydrated O/F basal media.

Distilled water

Dispense 4.5 ml per tube

Dextrose

Distilled water

4.7 g

500.0 ml

10.0 g

100.0 ml

Sterilise O/F basal medium and 10% dextrose solution separately.

Add 0.5 ml of 10% dextrose solution to each tube, aseptically.

(ii). Procedure:

Inoculate two tubes of Ox./Ferm. media with actively growing

culture. Incubate one aerobically and the other anaerobically by

addition of liquid paraffin at 20+/- 2 deg. C. for up to 14 days.

Results:. Open tube: S e a 1 e d

Oxidation Yellow Green

Fermentation Yellow Yellow

No action on Blue/Green Green

carbohydrate

tube:

6. O/129 sensitivity (Vibriostatic agent).

(i). Test materials:

"Oxoid" O/129 discs, 10 /am and 150 ~m.

Physiologial saline.

TSA agar plates.

(ii). Test method.

Suspend colony in saline and uniformly seed agar. Place sensitivity

discs on the surface and incubate at 20-22 deg. C. for 16-24 hours.

Sensitive organisms show a clear zone around the disc. (Almost

exclusive for vibrios).



7. Acid / Alkaline / H2S Production:

(i). Triple sugar iron agar (TSI)

Beef extract

Yeast extract

Peptone

Glucose

Lactose

Sucrose

FeSO4. 7 H20

NaC1

Na2 S2 03. 5H20

Agar

Distilled water

Phenolred, 0.2%

3.0 g

3.0 g

20.0 g

1.0 g

10.0 g

10.0 g

0.2 g

5.0 g

0.3 g

20.0 g

1000.0 ml

12.0 ml

Heat to dissolve the solids in the water, add the indicator solution,

mix and tube. Sterilise at 115 deg. C. for 20 minutes and cool to

form slopes with deep butts.

(ii). Procedure.

Inoculate a tube of TSI by stabbing the butt and streaking the

slope; observe daily for up to 7 days for blacking due to H2S

production and change in indicator colour for acid production.



Sl~mmary Table of bacterial pathogens found in salmonids

and corresvondin~ tests used to detect these Datho~,ens.

Bacteria.
1. 2. 3. 4. 5.

Aeromonas
spp.

Test.
Gram
Cyt./Ox.
Motility
Indole
O/F Gluc.
Ox./none
O/129
r 2s

Y. ruckeri    E.tarada Vibrio Pseud-
omonas

+ - _ + ÷
+ + +

Ferm. Ferm.

.,I ., . ..

i!
11 17 JUL 1992 ii
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