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1. INTRODUCTION
This two month desk study has been commissioned by the 'Loch Fyne Initiative'. The
remit was to:

•

Describe the current state of the knowledge of the physical environment of Loch
Fyne and to address the question of whether Otter Spit is an appropriate biogeographical boundary.

•

Describe the historical fishery that once existed in Loch Fyne and the current
fishery. Relate any decline in the fishery to environmental and anthropogenic
factors.

•

Investigate the potential for fisheries enhancement for various economically
important fishery species. In particular to look at the cod stock enhancement
work currently under way in Norway and determine the transferability of the
result of this research to the west coast of Scotland.

This report is divided into three main sections. Section 2 introduces the concepts of
fishery enhancement and fish ranching together with some ofthe associated problems.
Section 3 looks at the physical and biological characteristics of the loch and then reviews
the historical and current fisheries in Loch Fyne. The final section summarises some of
the issues associated with stock enhancement and discusses the feasibility of stock
enhancement in the Loch Fyne environment.

This section aims to introduce the concepts of fishery enhancement and considers species
selection, survival of hatchery reared juveniles, some environmental and legal issues and
a look at the successful Japanese stock enhancement/ranching programme.

2.1 Introduction to stock enhancement and marine ranching
Increases in fishing effort coupled with advances in fishing technology have resulted in
the decline of commercial fish stocks. Attempts at reducing this decline are hampered by
intense lobbying from nations which have a huge interest in maintaining fishing quotas.
One method of assisting the recovery of wild stocks is to augment them with hatchery
reared fish. Commercial fish species such as plaice and cod are highly fecund but high
mortality in larvae and juvenile fish means a vast majority never recruit to the fishery or
the breeding stock. In cod and plaice only 10 out of one million eggs recruit to the
breeding stock (Blaxter, 1997). The aim of modern stock enhancement programmes is to
release fish after the period of extremely high mortality.

The objectives of fish ranching and stock enhancement are different. In stock
enhancement the objective is to increase recruitment to the adult stock and thus
increase the overall stock size through subsequent reproduction by the hatchery reared
fish. In contrast the objective in fish ranching is to re-catch all the released fish, usually
before maturity. Production is maintained by the regular addition of further hatchery
fish. In both stock enhancement and fish ranching the released hatchery fish are faced
with all the problems of wild fish ie. gaining food and avoiding predation. This contrasts
with aquaculture where hatchery reared fish are maintained in high densities in nets
and fed artificial foods and, in theory, are protected from all predation.

Fish ranching and stock enhancement is not a simple matter of rearing larvae and
releasing them. This type of approach was used at the turn ofthe century with no
success (see section 2.7). Many issues must be considered before embarking of fish
ranching or stock enhancement, some of these are discussed in the following sections.

Recent technological developments (such as the capacity to rear and tag large numbers
ofjuveniles), increasing political interest in ranching following disagreements in Europe
and elsewhere over quotas together with well publicised crashes in wild fish stocks such

as that which occurred in the Newfoundland cod fishery, all increase the interest in
ranching and stock enhancement as methods of fishery management. The processes
leading to stock enhancement are shown in figure 1.

2.2 Species selection
As shown in figure 1 there are three main requirements for the selection of the optimal
species for ranching on any given site.

An assessment of the historical fishery serves to indicate what species have done well in
the environment when not exploited by man. If an environment such as Loch Fyne has
been shown to be particularly productive for a particular species then it must be
concluded that the environment is suitable, at least, for the survival of adult fish.
However, the presence of a fish population doesn't necessarily mean that the
environment is good for all life stages of the fish, for example, they may have simply
migrated to an area to spawn. A biological survey is then required to establish if the
presence of a large fishery occurs because the environment is suitable for the whole of
the life cycle of the species in question. The environment must be suitable for all life
stages of the fish if stock enhancement is to be financially successful. If fish ranching is
the objective then the environment does not need to include areas suitable for spawning
(as this will occur in the hatchery).

A knowledge of the fish species should indicate whether the proposed area is suitable for
the growth of that particular species. For example an indication of food and predator
abundance would indicate the likely carrying capacity (see section 2.4.2) of the
environment under consideration.

The following is a summary of points that should be considered when thinking of fish
ranching/ stock enhancement (Blankenship and Leber, 1995).
Fish considerations
•

Diet

•

Migration behaviour

•

Growth rate
Response to predators

•

Role as predators (on other fish)

•

Interaction with other fish species

•

Survival (%)

•

Carrying capacity (for the species in the location considered)

•

Competition with existing stock

•

Level of the existing stock

These factors are usually interrelated and the enhancement of one particular species
cannot be considered in isolation. Some of these factors have profound implications for
the receiving environment and are considered in section 2.4.

FISHERIES
SURVEY
I

BIOLOGICAL
SURVEY
I

ENVIRONMENTAL
SURVEY
I

I
DETERMINE SUITABLE
SPECIES

I
CAN SPECIES BE
RANCHED?

I
ECONOMIC
ASSESSMENT

I
DEVELOP MANAGEMENT
STRATEGY

I
RANCHING
PROCEEDS

I

IAUDITI

Once a suitable species has been identified then the problem of mass rearing should be
addressed. Much of the fish rearing work has been conducted in Japan (see section 2.5)
with species that could not be introduced here. The Norwegians have developed the

technology to rear cod in large numbers and similar information is available for certain
flatfish species in particular plaice, turbot and sole. As far as shellfish are concerned the
technology is available to rear lobsters, scallops, oysters and several other species that
are relevant to the west coast of Scotland. While some species can be"routinely reared,
cost of rearing can be prohibitive. If the technology to rear the species under
consideration has not been developed or is unavailable then any stock enhancement or
ranching of that species will be delayed. Once released, juveniles can be very susceptible
to predation and this is the major cause ofloss. This very important subject is discussed
in the next section.

2.3 Survival of hatchery reared juveniles
Hatchery reared fish are generally less well equipped to survive under natural
conditions than wild caught fish (Howell, 1994). This deficiency is highly variable and
due to a number of factors, some of which will be discussed.

2.3.1 Diet Quality
A lack of knowledge concerning the dietary requirements for growing fish has resulted in
high stress related mortalities in salmon. An important dietary component are fatty
acids. The effect of a dietary imbalance of polyunsaturated fatty acids has been reported
to lead to transport induced shock syndrome in salmon (Bell et ai, 1990) and visual
impairments in herring (Bell et ai, 1995). Similar effects could be expected in species
proposed for use in ranching programmes. The manifestation of an inadequate diet
might not be seen until the release ofjuveniles into the natural environment with the
poorly adapted, stressed juveniles being more susceptible to predation. Longer term
consequences include the inability to withstand temperature shock, especially low
temperatures. Certain lipids (present in the natural diet but possibly lacking in the
artificial diets) are required to maintain structural integrity of membranes at low
temperatures and the lack ofthis type oflipid may cause mortality in ranched
individuals when introduced to environments with seasonally low water temperatures
(Cossins and Bowler, 1987).

When hatchery reared fish are released into the wild they have frequently been observed
to feed less than wild fish. This leads to a loss of condition which exacerbates their
susceptibility to predation and can eventually lead to starvation.

2.3.2 Predation
Predation is the major cause of mortality among both released ranched and natural
juvenile fish populations. Adaptive processes have been evolved by fish to minimise
predation. This includes behavioural adaption such as avoidance strategies and the
ability to recognise predators and take evasive action. Increased size reduces the
vulnerability to predation and there is therefore evolutionary pressure for rapid growth
and food searching strategies which maximise food intake. However, food searching
behaviour often exposes the fish to greater levels of predation. A fine balance exists
between these strategies and any deviation in the behaviour of hatchery fish is likely to
be exploited by predators (Howell, 1994). The timing of release and the release site
environment are very important in determining subsequent predation. The optimum
time for release may be at night when the released fish are protected by the darkness
from predators such as other fishes. The receiving environment should be suitable for
example plaice juveniles may require a sandy substratum whilst codjuveniles may need
rocky scree in which to hide.

Predator avoidance and feeding behaviour. Research has shown that hatchery
reared sole released into a novel saltmarsh environment took three days to establish and
develop normal behaviour patterns (Lagardere et al, 1988). Shoaling behaviour, the
searching out of refuges and territory finding is likely to take several days during which
time the fish will be very vulnerable to predation. In the absence of predators (ie. in a
hatchery environment) it is likely that ranched fish will shift to a strategy of 'high risk high gain' in order to maximise growth. This might not be the best strategy for survival
under natural conditions.

Feeding behaviour has been observed to be different between ranched and wild fish of
the same species. In cod, for example, ranched fish tend to consume more sedentary
species than their wild counterparts (Nordeide and Salvanes, 1991). The difference in
diet slowly diminishes over time after the release of the ranched stock. This effect also
occurs with other species (for example sticklebacks) but is not so apparent when
comparing wild and ranched salmonids. Svarsand (1993) reports that reared cod chased
goby prey to exhaustion whilst wild cod used an ambush technique to successfully catch
prey. This second technique is much more efficient and would lead to higher growth
rates in wild juvenile cod and less susceptibility to predation (both through less exposure

Sole reared in the absence of sand show significantly longer times of burying behaviour
than similar fish reared in the presence of sand. When not buried such fish may be more
susceptible to predation (Gibson and Robb, 1992). The lack of cryptic colouration in
ranched flat fish has been noticed but the effect of this on subsequent predation is
unknown but may depend on the time taken to recover wild type colouration and the
extent of the difference between wild and ranched fish.

Times of feeding have been reported to be different between hatchery reared sole (a
nocturnally active species) kept indoors and those kept outdoors (under a natural
photoperiod) with the outdoor fish conducting 90% of feeding at night compared to 66%
for those kept indoors. The effect on survivorship of this difference is unknown as is the
longevity of the effect.

Predator recognition and escape responses. Avoidance is one mechanism of
reducing predation but survival will also depend on recognising a potential predator and
performing the correct (optimal) escape response. Experimental evidence suggests that
hatchery reared fish are less able to recognise predators and take appropriate action
compared to wild fish. This deficiency can be ameliorated by learning. This has been
clearly demonstrated with salmon (Howell, 1994 and references therein). Concomitant
with the behavioural deficiency some hatchery reared juveniles also lack locomotor
performance required for successful predator avoidance; through lack of exercise the fish
are not 'fit' (Blaxter, 1976).

Growth. Predation risk reduces as size increases and there is therefore a selective
advantage for rapid growth. Growth rate will depend on food availability (which will be
less if appropriate feeding skills are lacking). More surprisingly it has been shown that
earlier life stage diet may affect subsequent growth rates, for example oyster spat grown
using a mixture of algal cells subsequently grew better than those grown on a single
algal species. This effect has also been demonstrated in lemon sole (Microstomus
(Howell, 1994 and references therein).
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2.4 Environmental issues
The release of large numbers of artificially reared organisms into a natural system can
have large effects both on the wild stock of the released species and on the ecosystem
into which they are released. This means that stock enhancement carlllot be undertaken
lightly and an assessment of the likely effects should be made.

2.4.1 Genetic conservation
Genetic pollution is a process where the wild stock gene pool is altered by the
introduction of ranched individuals which mature and spawn. As a result of the limited
size of broodstock in any ranching programme rare alleles can become extinct and the
genetic diversity of the resultant ranched individuals is reduced. When these are
released into the wild stock they dilute the wild stock gene pool. This can reduce the
genetic diversity of the population and may reduce the fishery's ability to adapt to
changes. This process is exacerbated by the intensive fishing effort which normally
follows (and is often the objective of) stock enhancement programmes. When a fish stock
becomes seriously depleted (through overfishing for example) it becomes an uneconomic
fishery. This allows a remaining wild type breeding stock to remain albeit at a low level.
When this wild population is diluted with ranched individuals then the fishery becomes
increasingly viable with the resultant increased fishing effort. This reduces the wild fish
stock further resulting in further genetic diversity losses.

The aim of genetic conservation is to maintain genetic variability between and within
populations. The maintenance of hereditary differences between as well as within
populations is critical if one accepts the concept of local adaptation (Ryman, 1991). The
conservation of gene pools follows the precautionary principal in that the impact of
reducing variability of gene pools on economical, ecological or evolutionary processes is
unknown but is considered potentially very damaging.

The lack of information on the effects of reducing genetic variability on wild stock means
that objectives in this field are difficult to define. Kapuscinski and Lannan (1984, 1986)
(cited in Ryman, 1991) state that the genetic objective is to maintain the 'variance of
fitness at a sufficiently broad level to allow the stock to perpetuate itself in the face of
fishing and natural mortality in an unpredictable environment'. This objective was later
extended to 'maintain the probability distribution of fitness'. Local variation must also be

considered as this may be important in the survival of local populations. The migration
of genes into such a population by the transfer of stock could result in a decrease in the
viability of that population.

The importance of maintaining gene pools has been recognised in some countries. For
example in Sweden legislation limits the contribution of hatchery reared fish to 10% of
the total offspring (smolt) production of Atlantic salmon. This apparently restrictive
guide could, however, result in the severe compromising of the receiving population
within a few generations regardless of the ancestry of the broodstock. In about 10
generations most of the genes of the original population would be replaced by those of
the donor population (Anon, 1988 cited in Ryman, 1991). In this case the attachment of
importance to parameters which are independent of those which determine genetic
characteristics of the population is dangerous. The management of the genetic resource
must be based on genetically meaningful parameters.

In the case of the white sea bass ranching programme reported by Kent and Drawbridge
(1996) genetic analysis of wild and cultured fish showed that there was no temporal,
clinal or geographic genetic diversity in the population studied, that the genetic diversity
of cultured fish from a single spawn is less than that of the wild population and that to
maintain genetic diversity a broodstock of at least 150 fish is necessary. This is sufficient
to maintain the rarest alleles in the population.

All fish populations are under selective pressure and the presence of an allele which
confers a selective advantage on an individual is more likely to survive to the next
generation. However, the introduction of low numbers of genetically inferior ranched fish
may spread their influence throughout the whole population thus reducing its fitness. As
a result the population may decline (where the stocking objective was to increase the
population). However, the population should recover as individuals expressing weak
alleles are removed so long as sufficient wild type fish survive. An example of this
occurred in North America where Largemouth bass (Micropterus salmoides) exists in two
forms. One is termed the Northern Largemouth the other the Californian Largemouth
bass. An area of hybrid isat ion occurs between the two populations. Phillip et al (1991)
(cited in Waples, 1995) have shown that the hybrid fish has increased in occurrence as a
result of stock transfers. In certain areas the hybrid individuals have almost replaced the

'pure' forms in an environment where the pure form has a selective advantage (the 'pure'
form grows faster and has a higher survival rate). This can be considered to be a
reduction in the population fitness and is as a result of large scale stock transfers. Whilst
selective processes will restore the populations' fitness the process may take a
considerable time (Waples, 1995).

Whilst considerable caution should be advocated because of the potential loss of genetic
diversity occurring as a result of the introduction of ranched juveniles this does not mean
that potential benefits could not result from the introduction of ranched fish. Fish stocks
which have been heavily fished for example, may benefit from the introduction of 'new
blood' especially if it can be shown that the population has a high natural exchange
within its own subpopulation.

2.4.2 Inter and intraspecific competition
The mass release of a species, particularly into an enclosed area, will effect the local
ecological system. The release ofjuvenile cod, for example, will increase the demand on
juvenile cod prey items. Organisms that are predated by 0 group cod could be expected to
decline.

The carrying capacity of an environment relates to the numbers of a species that can be
maintained in that environment and not suffer density-dependent effects such as
reduced growth. The carrying capacity also applies to the stage in the life cycle of a
species and may be dependent on a number of factors. These are commonly food and
space (refuge) availability (Fossa et ai, 1994). During particularly productive years
(caused as a result of natural variation in temperature for example) the carrying
capacity for some species may not be reached. Carrying capacity is therefore life stage,
species- and location- specific and is also dependent on random factors such as the
weather. Where the carrying capacity has not been reached it may be economical to fill
the space with hatchery reared fish.

If the juvenile cod population exceeds the carrying capacity of the environment then the
cod will not grow quickly as there will not be enough food to go around. In this type of
scenario the effect of stock enhancement will be a negligible increase in cod biomass,
displacement of wild stock (exacerbating the genetic modification of wild stock gene pool)

but with all the costs associated with stock enhancement. Some authors (Folkvord et al,
1994) believe that cannibalism is an important regulatory mechanism controlling the
relationship between the carrying capacity and numbers offish in an ecosystem. The
enhancement of one species may be to the detriment of another. For example released
cod may compete with other gadoids (Fossa et al, 1994). This could result in a certain
degree of community reconfiguration in the stocking area. If released cod did displace
other gadoids then they themselves may become increasingly important (frequent) prey
items for predatory fishes (such as larger cod). Hatchery released cod are frequently
larger than their wild counterparts of the same age (Blaxter, 1994) because of ideal
hatchery conditions. This means that when released they may predate upon the wild
stock of 0 group cod and cause a serious depletion in the wild stock with all the
associated problems including genetic modification.

2.4.3 Introduction of parasites and disease to wild stock
There are several examples of the disastrous consequences to wild fish stocks from the
introduction of disease following fishery enhancement attempts.

Gyrodactylus salaris is a monogenean parasite of salmon that was introduced to the
Norwegian salmon fishery in the mid 1970's from the Baltic region. Salmon from the
Baltic region are resistant to the parasite indicating a genetic heterogeneity between the
populations. This in itself is interesting and important (see section 2.4.1) G. salaris feeds
on the skin of the salmon and the perforations that it causes provide an inlet for
numerous bacterial and fungal infections leading to mortality. It is considered likely that
the parasite entered the Norwegian fishery following stock transfers from Swedish to
Norwegian salmon hatcheries. From there it was transferred to rivers during stock
enhancement programmes. The parasite infected almost all individuals in a great
number of Norwegian rivers and making the wild stock almost extinct (Johnsen and
Jensen, 1996).

The introduction of the bacterial species Aeromonas salmonicida, which causes
furunculosis, into the Norwegian wild stock occurred in 1966 after an import of Danish
rainbow trout. The disease took hold and caused substantial mortalities especially
during periods of high temperature and low river flow. The disease appeared to have
disappeared by 1979 but was re-established in 1985 following an import of salmon from

Scotland. Within a few years the furunculosis spread along the Norwegian coast and was
present in 507 fish farms. Escapees from the fish farms then spread the disease to the
wild stock as some ofthem ascended rivers. The impact of the disease varied but was
very serious in some rivers (Johnsen and Jensen, 1996). These incidents emphasize that
importing live fish and either deliberately or accidentally releasing them can introduce
disease and parasites to which the indigenous wild fish are not resistant. This can result
in the virtual extinction of wild fish stocks when the original aim was fishery
enhancement.

A decline in the sea trout population has been recorded in recent years especially on the
west coast of Scotland. The increased abundance of the parasite Lepeophtheirus salmonis
(the louse) found on wild salmonids has been implicated as a cause of this decline.
However, the decrease in the wild sea trout population does not correlate directly with
the increase in salmon farming. Northcott and Walker (1996) postulate that louse
infestations leading to mortality in sea trout may follow favourable climatic conditions.
In particular, mild winters may favour overwintering stages that lie dormant at the
mouths of rivers having fallen off autumn returning salmon. Juvenile lice then infect
spring migrating smolts. The role of salmon farming in this cycle still remains unclear
but it may promote a high background level oflice which are able to take advantage of
favourable conditions and heavily infect wild salmonids. One of the 'Scottish salmon
strategy task force' (Anon, 1997) recommendations relates to the importance of reducing
the incidence oflice on fish farms to reduce the possible impact on wild salmonid stocks.

2.4.4 Introduction of exotic species
There are numerous example of the invasion of exotic species into new environments.
Such invasions are often characterised by the uncontrolled expansion of the exotic
species as a result of the lack of predators/ grazers. The deliberate introduction, for the
purpose of ranching, of exotic species is rare and great care should be taken when
considering this option. An example of such an introduction has occurred in Japan where
the northern species of abalone (Yezo abalone) has been introduced into many places
with no consideration given to native species (R. Masuda, personal communication,
1997). In Italy over a century of introductions of exotic species to freshwater river
ecosystems has resulted in the 'homogenisation' oflocal fish fauna, followed by loss of
district identity and genetic pollution. About 65% of the original ichthyofauna has been

at least partly disturbed by transplantations

and the introduction of exotic species

(Bianco, 1995). In Mexico the introduction oftilapid species ofthe genus Oreochromis
has resulted in the displacement of some of the most important cichlid species in a large
(2,500 krn2) brackish lagoon. The tilapids are not as acceptable to local markets as the
native species (Olvera et al, 1995) resulting in a decrease in the value of the fishery.

2.5 Legal issues and property rights
The adoption in 1609 AD of the doctrine of mare libarum by Holland and England was
the historical precedent resulting in the fact that fisheries are given an open access
status. This means that the fish in the sea belong to no-one until they are caught, only
then are fish owned by the captor. This basis of ownership and exploitation rights within
the marine environment is governed by the United Nations Convention on the Law of
the Sea III (1982) (UNCLOS III).

The UK is unique in Europe in that it grants 'Several Orders' and 'Regulatory Orders'
(by an order under the Sea Fisheries (Shellfish) Act, 1967) which over-turns the ancient
right, adopted under the doctrine of mare libarum, of the freedom to fish. Of most
relevance to Loch Fyne and stock enhancement are the Regulatory Orders. These allow
the establishment of a committee which overseas fishing effort in a predefined area. The
committee can set quotas and charge for fishing access through tolls, royalties on catch
or the granting oflicences. This transfer of property rights from no-one to someone
means that it becomes a criminal activity to take named species from within the
boundaries ofthe Regulatory Order without permission from the owner. Anyone caught
doing so can be prosecuted under criminal law. The Several Order or Regulatory Order
defines an area of sea bed where the change in rights occur. To gain either types of order,
permission must be given by Parliament; this process is lengthy. At present these
restrictions only protect certain bivalves (scallops, mussels, oysters and cockles) and
lobsters from an open access fishery. There is only one commercial Scottish scallop
ranching programme in operation protected by Several Orders (in Loch Crinan). As yet
no finfish are covered under these regulations. The extension of scope to finfish does not
appear to have been considered but this is a priority when considering ranching. One
mechanism of protecting finfish from trawl boats would be to site it in a location where it
was unsuitable for trawling. However, commercial fishermen using other gear and sport
fishermen would be attracted to the site and there is currently no mechanism of

protecting such stock from exploitation. In small isolated communities stock
enhancement can progress without the requirement of legislation because the local
community can self-police the operation. This is not applicable to Loch Fyne as it is close
to commercial fishing grounds and Glasgow (a source of sport angling effort).

Sport angling is an important source of revenue in the Clyde region but has declined
primarily as a result of the diminishing cod stocks. Their is, therefore, an economic
argument for managing cod to increase the stock. However, measures to increase the
demersal stock could have a detrimental impact on the commercial sector as it may
adversely affect the Nephrops fishery. This is the most important fishery in the Clyde
region and the enhancement of the cod stocks may therefore be opposed by the fishing
community (Anon, 1988).

Attempting to overturn the ancient right to fish will cause an uproar in fishing
communities and may require a change in international legislation. This is unlikely to
happen, certainly not in the near future.

2.6 Fish ranching in Japan. a case study
The basic concept of stock enhancement in Japan goes back to the 18th century when the
samurai 'Aoto' sought to protect the natural spawning grounds of salmon. Research into
stock enhancement is considerable in Japan, probably because seafood is favoured in the
diet and demands high prices. The marine environment is very varied around the
Japanese archipelago as it stretches over a considerable latitude and both warm and cold
currents wash its shores. This results in oceanographic conditions which range from
tropical in the south west to boreal in the north east and supports a large range of
marine species. The development of new techniques includes the construction of a
feeding raft to which ranched fish are attracted for food and shelter. The re-catch rate of
these fish is very high.

The Japanese currently ranch about 80 marine species including 34 finfish, 12 crustacea
and 25 species of shellfish. A range of species which have been successfully ranched in
Japan are discussed below.

2.6.1 Salmon
There are two species of salmon of interest to Japanese fishermen. The first is the chum
salmon. Around two billion seedlings have been released per year for the last 15 years
and the catch of salmon has increased in the same period from 20 to 60 million fish. All
the adult fish recruiting to the fishery originate from hatcheries (hence the recapture
rate has increased from 1 to 3%).The success of the ranching programme has been
ascribed to the following:
•

Environmental factors have been suitable for salmonids all over the north Pacific.

•

Research has led to the improvement of egg collection technique, juvenile diet,
and timing of release (both in terms ofjuvenile size and season)

As the population size of the chum salmon has increased density effects have been
noticed in the form of decreased size and increased age of fish recruiting to the fishery
(Ishida et ai, 1993). This implies that the carrying capacity has been reached and that an
increase in smolt release would not increase the salmon biomass.

The other species of salmon of interest to the Japanese is the masu salmon. In this case
ranching and release ofjuveniles is not considered as effective as the release offish fry,
the conservation of mature (over two year old) adults and the preservation of the
spawning grounds (habitat protection).

The Japanese salmon ranching programme is very successful, for example it has been
estimated that 1 kg of released salmon fry generates 80 kg of adults. However, the
reason for salmon ranching in Japan is that many of the rivers are no longer suitable for
spawning due to environmental degradation (Isaksson, 1996). This can be considered a
'high tech' solution to a man made problem, the alternative being the restoration of the
natural spawning grounds. This may be more expensive and which is preferable is a
matter of opinion.

2.6.2 Scallops
Over the last 30 years scallop ranching in Japan has boomed. The total catch of scallops
in Sarufutsu Fisheries coop at the north end of this group of islands increased from 1674
tonnes in 1974 to 27761 tonnes in 1980. The reason for the increase has been ascribed to
the availability of good quality natural spat, the improvement of the re-stocking area by

the removal of predators (starfish) by dredging prior to seeding, by the judicious timing
of seeding and the careful rotation of the stocking areas. The price for the scallops did
not crash as production soared through the development of the domestic market by
advertising and promotion (particularly of cooking methods). Perhaps the most
important factor was the development of spat collection technique. The Japanese now
rotate their stock so that an area is seeded in one year out of four or five. This system of
rotation appears to enhance natural recruitment of stocks.

2.6.3 Flounders
Initial problems with the enhancement of the flounder fishery was the high mortality of
the reared fish. Furuta (1991 & 1996) attributed this to the behavioural inferiority ofthe
reared fish. He showed that reared flounders tend to spend more time swimming off the
bottom whilst feeding compared to wild ones and that acclimation to semi-natural
conditions modify this behavioural deficiency and prepare the juvenile flounders for life
in the wild. The critical size for flounder release was 9 cm, smaller fish were more liable
to predation. One ofthe predators ofjuvenile flounders, greenling (another fish species),
were attracted by the prepared nursery grounds as they provided hiding places. The
release of flounders into such nursery grounds was therefore considered unwise
(Yamashita et ai, 1993). This emphasises the importance of a good understanding of the
ecology of both the species to be ranched and their predators.

Artificially reared Japanese flounders can be recognised by their irregular body
colouration. This means that the success of ranching can be monitored easily. This is an
important factor in any commercial ranching programme. In one area of Japan
(Fukushima Prefecture) the recapture rate of ranched flounders is 10 - 30%. This is very
high and has been attributed to the following:
•

A large population of flounder food items (mysid shrimps)

•

The large size of the released flounders

•

High water temperature at time of release (juveniles are able to grow out of the
'high predation risk' size quickly).

•

Intensive fishing effort

The flounder catch used to fluctuate by an order of magnitude before the introduction of
stock enhancement. During poor years of natural recruitment the stock may have been

less than the carrying capacity for the environment. Stock enhancement can work to
make up this shortfall and maintain the population at around carrying capacity. It would
be useless to attempt to increase production above the carrying capacity, stocking at
above this level is likely to result in density dependent effects such as reduced growth
and cannibalism. Work in Japan has concluded that stock enhancement should only
proceed after the detailed monitoring of food and predator abundance.

2.7 Ranching Programmes in the N. E. Atlantic
While there are important principles to be learnt from work in the Far East there are
differences in terms of environment, species and the markets for the ranched products.
This means that research conducted in the Far East cannot be directly applied to the
west coast of Scotland. Research into ranching in the N. E. Atlantic which has relevance
to Loch Fyne includes primarily the research into cod ranching done in Norway, the
lobster stock enhancement work done in the UK (south coast of England) and some
plaice stock enhancement work conducted in the Isle of Man, Conwy and Denmark.
Research into the enhancement of the salmonid stocks has been reported by Anon (1997).
This is very relevant to Loch Fyne. These will be considered in the following sections.

2.7.1 Cod stock enhancement
Cod enhancement programmes started in Norway and the US at the end of the last
century. The approach at that time was to release yolk sac larvae. Around 70 billion
larvae were released but as no beneficial result was noticed as a consequence of this type
of programme they were phased out in the late 1940's.

Renewed interest and further research (including the development of tags for adult fish)
culminated in some tag and release studies based in Norway. Initial experiments
released tagged juveniles into a relatively open fjordic environment. In one instance the
reared juveniles recruited successfully to the wild stock and made a significant
contribution to the year class (making up 35% of the 1983 year class caught 4 years
later). The released cod did not show migration patterns that differed from the wild stock
and no spawning migrations were observed (cod in this area reach sexual maturity at
between 3 and 4 years). Fish were generally caught near the release site (96% within 10
km). A weak association between size and distance caught from release site was noticed.
This was particularly apparent in fish over 50 cm body length (Svarsand and

Kristiansen, 1990a). Migration away from the release site is an important potential
problem with marine ranching. The extent of control of migration (genetic versus
environmental) should be established as some cod stocks show considerable spawning
migrations. If the migratory urge is a genetic attribute then selecting migratory fish as
broodstock for ranching would be unwise.

Svarsand and Kristiansen (1990a) comment that the success of the restocking
programme could, in part, be due to the high quality of the juveniles. The juveniles were
reared in essentially natural conditions (they fed on live natural prey) which equipped
them well for release. In this particular study (Svarsand and Kristiansen, 1990a) genetic
differences were noted between the reared and wild cod; hatchery reared cod lacked 2
rare alleles. This has been attributed to the relatively small size of the broodstock.
Otherwise no genetic differences were found.

Nordeide and Salvanes(1989) report heavy predation on codjuveniles just after release.
Juveniles at this stage are likely to be stressed as a result of handling and it can be
expected that the stock is at its most susceptible to predation at this stage. The authors
also speculate that a paucity of refuges, the high density of released fish and juvenile
naivety to predators could have contributed to the high level of post release predation.
The release of the juveniles into an area of shallow macrophyte covered rocky scree may
offer a degree of protection from predators and allow the stock to familiarise with their
new environment with a subsequent increase in survivorship. The provision of this sort
of environment designed for codjuveniles (and sited close to a cod rearing facility) could
be supplied by the construction of an artificial reef (Wilding and Sayer, 1996).

Svarsand and Kristiansen (l990b) report that reared cod enter the fishery as 2-group
and that survival from release as 0- and 1- group cod to recruitment was between 13 and
32% in a 2.9 km2 fjord. Studies indicate high natural mortality in 0- and 1- cod with low
fishing mortality and high fishing mortality in older cod (2+ groups) with low natural
predation. As with all ranching programmes the stocking density for the ranched species
depends on the carrying capacity of the receiving environment and an accurate
assessment of the existing stock. Cod are predatory fish and will take a large range of
species. The limiting factor is often gape size. In one study in Norway juvenile cod (>12
mm) feed extensively on the copepod Calanus finmarchicus. The abundance of this food

item will determine the growth of both wild stock and ranched cod. If this food supply is
limiting (ie the environment has no spare carrying capacity for juvenile cod) then the
addition of ranched juveniles will not add to, but merely displace, the wild stock
(Folkvord et al, 1994). Ranching may have a role where monitoring of food species
indicates that the environment is below carrying capacity. The release ofjuveniles could
then occur. This emphasises the point that detailed studies on the ecology of the chosen
species for stock enhancement is required. This information is not yet available for cod in
Loch Fyne. Whilst there has been some encouraging results from cod ranching studies in
Norway the Norwegians appear to be somewhat pessimistic as to the feasibility of using
this method for fisheries management. This may be as a result of the limited carrying
capacity in the sheltered environments in which the work has been conducted. Using a
more open marine environment may offer the advantage increased spare carrying
capacity but losses from such an environment may be considerable.

Cod suffer from infection by the copepod parasite Lernaeocera branchialis. This parasite
has been shown to cause high mortality (33% usually within 4 months) in cod kept in
aquaria. Background levels of this parasite in wild cod stocks are in the range 4 - 6%.
The build up of this parasite in waters used for cod ranching may be severely
detrimental to fish stocks (Khan et al, 1990). The cod from the Clyde Sea are considered
to be 'wormy' by local fishermen. This 'worm' has been identified as Porrocaecum
decipiens (the 'codworm'). Levels of infestation vary considerably over time and space
and increase with increased fish size (Rae, 1972). The definitive host is the seal and the
larvae occur in the flesh of a variety of inshore fish species including cod and plaice.
Larvae can be transmitted when predatory fish eat infected fish (ie when cod eat smaller
cod) (Sinderman, 1970). Further research should be conducted into the codworm and its
prevalence and likely spread in the remaining Loch Fyne stock. The presence of
parasites has profound implications for the marketability of the product from a ranching/
stock enhancement operation.

Following the complete crash of the Newfoundland cod fishery a moratorium on fishing
has been enforced in this region to allow the natural stocks to recover. To assist recovery
juvenile cod are reared in pens and fed capelin or herring. These cod reach breeding
condition faster than wild cod and have been released and successfully integrated into
what remains of the breeding stock. It is considered that some ofthe released fish will

stay with the resident population while others will join the migrating stock. (Wroblewski
et al, 1996).

Gordon (1981) and references therein state that the cod in the Clyde eat mostly
crustacea. During research cruises it was noted that the fish were small with most less
than 50 cm and that the most common crustacean in the diet of the cod in the Clyde
region was Nephrops norvegicus. The enhancement of the cod population in this area
therefore has implications for the Nephrops fishery (Anon, 1988). Brook (1887) (cited in
Gordon and DeSilva, 1980) found that copepods were the dominant food items in 0 group
cod from Loch Fyne. Howard (1982) reports that Nephrops is found in the stomach of
eighty percent of cod that have been analysed.

2.7.2 Flatfish stock enhancement
Plaice (Pleuronectes platessa) larvae have been produced and released for the purpose of
stock enhancement since the turn of the century. From the period 1880 to 1921 between
1.5 and 56 million plaice larvae were released annually in the Bay of Nigg near
Aberdeen. This program was abandoned (as with cod) because of a lack of evidence that
any increase in catch had occurred. When figures for wild stock egg production and
hatchey egg production are compared the likely reason why such programmes fail
becomes apparent. The human input of plaice larvae was just 1/8300 of the likely natural
output from the wild stock. Similar experiments occurred in Loch Fyne over the period
1896 - 1902 when a total of 160 million plaice larvae were released. During the release
period the average catch of juvenile plaice on the shores of Loch Fyne was approximately
twice that occurring in the 5 years after the release period and the results looked
encouraging (Fulton, 1909). However, the increase is not statistically significant
(Blaxter, 1997) and it is concluded that the release of hatchery reared plaice larvae was
not beneficial to the fishery. Fulton (1909) acknowledges that Loch Fyne has a very
limited area of intertidal sediment suitable for the growth ofjuvenile plaice.

The technology to rear plaice until and beyond metamorphosis was developed in the
1960's. It is important because juveniles are less susceptible to predation than larvae.
However, the mass release (25,000) ofjuveniles which occurred in Loch Ewe and in an
artificially constructed embayment at Ardtoe in 1966 were not successful. It has been
argued that the reason for this failure is that laboratory reared plaice are not well

adapted to life in natural conditions (the Loch Ewe fish were predated by saithe whilst
the Ardtoe fish were taken by crabs) (Blaxter, 1997). Despite improvements in
husbandry techniques which have occurred through investment in research (particularly
in Denmark) rearing large numbers of plaice is still difficult and this is limiting further
research into the enhancement of plaice stocks (J. Langsdale, 1997, personal
communication).

In an extensive study Rogers (1994) found that a sole nursery ground in North Wales
was likely to be at less than carrying capacity for sole and that, therefore, enhancement
of the stock may increase the recruitment of sole into the fishery. However no positive
results have been shown. In summary there is no evidence that the release of hatchery
reared plaice (which, of the flatfish, has most relevance to Loch Fyne) results in stock
enhancement.

2.7.3 Sea trout and salmon stock restoration
The following information is taken from the 'Report of the Scottish salmon strategy task
force' (Anon, 1997) which reported to the Secretary of State for Scotland. It is likely that
the deterioration of both salmon and trout stocks are due to similar causes so, in this
section, references to salmon can also apply to sea trout.

Reproduction occurs in freshwater therefore the salmonid stocks are affected by
alterations of the freshwater environment. As a result of the relatively complex life
history of salmon a brief description is given.

Adult salmon spawn in rivers and streams in the autumn and winter and bury their eggs
in nests (termed redds). They require a good flow of water both over and through the
nest sites. The eggs hatch in the following spring into alevins which remain buried in the
gravel and utilise their yolk sac to grow. Theses emerge as fry and secure feeding
territories. They then begin their existence as parr. Mter anything between 1 - 5 years
the parr undergoes physiological and behavioural changes called smolting. These
changes equip the salmon for life in seawater. The silvery fish, now called smolts,
migrate downstream during spring and enter the sea. However, some male parr remain
in the river, become sexually mature and are thus able to participate in spawning. Such
fish are much smaller then returning males. Smolts which enter the sea begin their

Atlantic migration which can last a year or more and culminates in the return of the fish
to the spawning river. Females need to accumulate enough reserves to enable successful
spawning, if this is achieved over a single winter at sea the returning fish are termed
grilse. The adult fish migrate up river to the breeding site where the 'females lay their
eggs which are fertilised by the males. After spawning the fish are termed kelts and
generally die. Some females manage to return to the sea but very few survive to spawn a
second time.

The remarkable ability of salmon to return to the same river and even part of a river
means that there are numerous different populations of salmon. It has been shown that
there are genetic differences in salmon from different areas of the same river as well as
between rivers and that these differences confer characteristics to individual salmon
which give a selective advantage to that individual.

The sea trout is the migratory form of the brown trout Salmo trutta. The life cycle is
broadly similar to that of salmon. However, the sea trout has a very variable life history
with some populations remaining in fresh water for their entire life whilst others
migrate to the sea for varied periods oftime (Pemberton, 1976). Sea trout tend to remain
in coastal waters whilst in the sea, unlike salmon. They also manage many spawning
events, returning to the sea after each spawning.

The main constraint in Scotland over the numbers of smolts a river can produce is the
carrying capacity of that river for juvenile salmonids. Each stage in the life history of
salmon has different and quite specific requirements in terms of food supply and cover.
The quality of the rivers of Scotland is a major factor determining the status of the
salmon fishery. Anthropogenic interference in terms of alterations in drainage, gravel
extraction, afforestation, nutrient input, the construction of dams for hydro power and
the removal of water can all have serious implications for the suitability of rivers for
salmon and trout. The status ofthe estuaries, through which migrating smolts and
returning salmon have to pass, is also important.

The stocking of salmon into Scottish rivers is widespread and has been practised for the
last 150 years. Various strategies have been applied ranging from the planting out of
eggs to the release of hatchery reared smolts into rivers. The District Salmon Fishery

Boards issue approvals for the stocking of salmon and trout into Scottish rivers.
However, they have no jurisdiction over the movement of salmon around fish farms and
the release of salmon into the sea. The stocking of salmon has all the inherent dangers
as outlined in section 2.4.

The release ofjuvenile salmonids is considered ranching (as opposed to stock
enhancement) because these species naturally return to the river in which they spawned
to breed. Therefore, even though they may migrate many miles away from the release
site during their growth phase their eventual return to a defined location means that
firstly the ranched fish will have limited dispersion and secondly that the fishery is
exploited before the fish spawn. Hansen and Jonnson (1995) defines salmon ranching as
'the release of artificially reared smolts with a view to harvesting the entire crop of
returning adults'. The survival of smolts till they return as spawning adults is
considered to be between 10 and 30%. The survival rate depends on a number of factors,
one may be the temperature of the north Atlantic which varies considerably from year to
year. Salmon prefer water between 4 and 10 e and colder water will affect growth rates,
0

behaviour and possibly survival. Evidence suggests that cold water has moved south in
the NE Atlantic and that migrating salmon are exposed to water that is colder than
optimal. Smolt numbers may be further reduced by industrial fishing activities which
use small meshes able to retain post smolts. The low density of salmon post smolts in the
sea mean that it is difficult to monitor sea populations of salmon but even if a very small
proportion of industrial species catch such as sand eels consists of salmon post smolts
then the impact on the Scottish fishery may be severe. The deterioration of the estuarine
environment in which both the outward moving smolt and returning adults must pass
through is likely to impact on salmon stocks.

In summary the threat to Scottish salmon and sea trout stocks appears to come from
several sources which includes:
•

Degradation of spawning grounds.

•

Deterioration of estuaries.

•

Temperature fluctuations in the north Atlantic.
Inclusion of post smolts as by-catch in commercial fisheries.
Increased incidence of disease and parasites (see section 2.4.3).
Increased predation

The remit of the 'Report ofthe Scottish salmon strategy task force' was to 'improve and
maintain wild salmon fisheries for the economic and social benefit of Scotland, by
increasing salmon abundance and conserving the diversity of salmon populations'. The
task force made 64 recommendations which would help salmon stocks to recover. Those
relevant to stock enhancement are summarised below:
•

Control over water abstraction, impoundment, cross river water transfer and any
alterations to the river affecting salmon migration and habitat.

•

Assessment of all activities that effect salmon habitat including land drainage,
flood defence schemes, road construction, fresh water aquaculture and gravel
abstraction.

•

Consideration of the salmon habitat by the Forestry Authority. Prevention of
replanting where it is considered harmful to salmon. The establishment of buffer
zone between forestry and rivers.

•

Prevention of population mixing by restocking programmes. Restocking to occur
only where no native population is available.

•

Prevention of the introduction to salmon rivers of native or exotic species, other
than salmon, without permission form the Secretary of State.

•

Further regulations on the importation of live fish from abroad.

•

Reduction of the levels of parasites found in!on farmed salmon. Improved
husbandry techniques and the adoption of practices which reduce the likelihood of
salmon parasites and diseases transferring from farmed to wild salmon.

•

Transgenic salmon should be kept in shore based farms where there is no
possibility of escape.

•

A regulatory authority should be established which controls the siting and
operations on fish farms in order to minimise their impact on wild stocks.

•

A Total Allowable Catch should be set for North Sea sand eel fisheries and
further research should be undertaken to establish the survival of post smolts in
the marine environment.

Prior to any salmon! sea trout restocking programme there needs to be research to ask
why the stocks have declined. Restocking fish into an area which can no longer support a
population will be wasteful of resources. Therefore to enhance the wild salmon fishery in
Loch Fyne research should be conducted into the rivers leading into the loch. Whilst

there are examples of successful restocking programmes (for example the transformation
of the River Rangorn in Iceland by the alteration of the gravel substrate required for
spawning and the Delphi Fishery in Ireland where sea trout died out and where replaced
with ranched salmon) restocking is generally considered a last resort as a method of
restoring salmonid fish stocks.

2.7.4 Lobster stock enhancement
There are several species of lobster found on the west coast of Scotland. Of most
importance is the European lobster Homarus gammarus but in addition to this there is a
small spiny lobster (Palinurus elephas) fishery. The aquaculture potential of spiny
lobsters on the west coast of Scotland is thoroughly investigated by Archer and Nickell
(1996). Spiny lobsters have very long (about 1 year) time to metamorphosis which makes
them expensive to rear. The expense of rearing spiny lobsters to juvenile size means that
it is unlikely that they will ever be ranched in open sea conditions (S. Archer, personal
communication, 1996).

This section will concentrate on the European lobster as it has most relevance to the
west coast of Scotland. It is also found in Norway where research has been conducted
into restocking heavily fished natural populations.

The techniques for rearing lobsters to juvenile stages is well understood and proven,
preliminary work occurring at the turn of the century. The evaluation of early attempts
at stock enhancement was hampered by the lack of means of identifying the reared
lobsters. Since the development of micro wire tags this problem has been overcome.
There are no technical problems in rearing lobsters to adult size in an aquaria. However
the tendency towards cannibalism and the time taken to reach marketable size (>6
years) means it is uneconomical. The alternative approach is to produce juveniles in the
aquaria and release them onto suitable substrata. This work has been done in the UK
and is supported by the Ministry of Agriculture Fisheries and Food. Between 1983 and
1990 about 91,000 juvenile lobsters (three months old, 15 mm carapace length) were
released in various locations around the UK (Bannister et al, 1994). Commercial catches
were monitored for the presence of microwire tags. Over 1,200 tagged lobsters have been
captured since 1985 (Addison and Bannister, 1994).

Unlike the UK where the lobster fishery is still productive the Norwegian lobster stock
has been almost completely fished out. The Norwegian research into lobster stock
enhancement has shown some very encouraging results but this may be as a result of the
very low natural stock. Lobster growth is very temperature dependent hence the lobsters
in Norway tend to take longer to recruit to the fishery. However, it is speculated that
hatchery reared individuals could ultimately make up to 50% of the Norwegian catch
(Addison and Bannister, 1994).

The results from the research conducted in the UK, Norway and Ireland indicate that
juvenile lobsters can be successfully introduced if the receiving environment is suitable.
It has, however, proved difficult to interpret the re-catch data to assess the juvenile
survival rate and economic prospects for enhancement. Evidence suggests that the recatchability oflobsters is low at around 1-2%.This means that to significantly increase
the numbers of lobsters taken by commercial fishermen an enormous number of released
juveniles is required. However, as uncaught released individuals reach sexual maturity
they will reproduce and add to the population.

One of the major problems in assessing whether restocking has actually increased the
fishery occurs because of an ignorance of the initial stock density and the difficulty in
establishing controls. The addition of hatchery reared juveniles may simply displace the
existing stock. To increase the stock the added animals must not compete with the wild
stock in terms of food and territory. Such competition is likely in the case of lobsters
because they have very specific territories and the lack of food induces more foraging
behaviour which increases susceptibility to predation. The problem of assessment is
compounded by considerable variation in the background stock and variations in fishing
effort which reflect market prices. The emigration of adult lobsters away from the
release site and the possibility ofthe retention oflarvae within the release site will
determine whether a single release or an annual release is required to improve stocks of
lobsters. (Addison and Bannister, 1994)

Much research has been conducted into the enhancement of the habitat as a means of
enhancing the lobster stock. This addresses the fundamental problem associated with
density-dependent habitat limitation in that it can provide new and suitable habitats for
lobsters. Artificial reefs may be a solution to the problem of habitat limitation in lobster

An artificial reef is a man made stationary structure placed on the sea floor. It can be
constructed from a variety of materials and have a variety of functions. Artificial reefs
and fish attracting devices have been used for many centuries. The idea of constructing
an artificial reef probably results from the observation that fish are attracted to
structures floating or suspended in the water column (a fish attracting device) or on the
sea floor (artificial reef). Both structures enhance the local fishery and are perceived as
beneficial.

Artificial reefs were originally used for fishery enhancement. Debate over whether an
artificial reef increases the fishery through a genuine increase in productivity or whether
the reef merely attracts fish or shellfish from other (natural) reefs (the 'production versus
aggregation' issue) remains unresolved. However, there is certainly potential for lobster
ranching using artificial reefs on the west coast of Scotland and research into using reefs
to ranch other species is on going.

Work is continuing at the Shellfish Research Laboratory, Conwy, North Wales to design
reef blocks or arrangements of reef blocks which create the best lobster habitat.
Important factors determining the viability of such a venture include the productivity of
the area (which is dependent on water temperature and food availability), the price of
the product and the costs of the reef. Careful site selection should indicate areas where
lobster growth is likely to be optimal and the costs of the reef should be minimal if waste
aggregates are used in its manufacture. Furthermore, ongoing research will indicate the
optimal reef design in terms of suitability for lobsters which could increase the
profitability still further (Whitmarsh and Pickering, 1995).

Sea floor type is a very important factor in determining the site for lobster ranching.
Juvenile lobsters live in burrows in soft sediment prior to moving into the sort of rock
crevices that would be supplied by the artificial reef. The sediment needs to be of the
correct type to enable burrow construction by the juveniles. Ranched lobsters with a good
food supply are less likely to 'wander' because of the reduced foraging requirement. This
also minimises predation on the lobster by limiting the time spent outside the protection
of the burrow or crevice. An 'immature' reef is unlikely to provide adequate food, it will

need to be in place for several years before a biological community can develop to sustain
lobsters in economically viable densities. Growth of fouling organisms and the
productivity of the reef will depend on its location in terms of exposure to water currents
and light (which will be proportional to water depth and clarity). Res"earchindicates that
it may be possible to design a reefthat maximises the numbers of the preferred food
items for lobsters (J. Wickins, personal communication, 1996)

Lobster populations have been monitored on the Torness (Lothian district) artificial reef
(built to protect the nuclear power station at that site). There was an indication that the
reefhad an enhancing effect on the lobster catch. From this work it was concluded that
the reef may well provide the refuges for the juvenile lobster and enhance the
sustainability of the fishery by improving the survivorship ofjuveniles (Todd, 1992).

An artificial reef constructed for the purpose of lobster ranching may make an ideal reef
for sport fishermen. It is therefore probable that any lobster ranching programme could
be coupled with sport fishing increasing the economic attraction of the operation. The
very recent legislative change in the Sea Fisheries (Shellfish) Act (1967) means that
areas of seabed can now be set aside for lobster ranching with legal protection for the
ranched stock. This has eliminated one of the primary factors limiting interest in lobster
ranching. Lobster ranching may now develop in response to this change with both
commercial and government interest.

The range of species that could be ranched using artificial reefs as a substratum is large
and many species other than lobsters have been investigated. Studies into cod ranching
and the ranching of spiny lobsters (which have several advantages over lobsters) have
been conducted. Most are at an early stage but the development of a reef programme in
this area is likely to attract further research into reef ranching of commercially
important species. A reef development could be the basis for an application for a Several
Fishery Order thus giving ownership rights to stock.

In summary lobster juveniles can successfully be released into suitable environments
and grow to recruit into the fishery. However, there remains doubt as to whether they
add to or just displace existing stocks. The provision of a suitable environment (ie an
artificial reef) on which to grow hatchery reared lobsters may be the best way forward.

The value of a restocking program will depend on the social and economic benefit from
increased landings. This is a complex area of economics and property right law. Research
into this field is on-going.

2.8 Exploitation of ranched fish stocks
The exploitation of enhanced fish stocks would normally be conducted in a similar
manner to the exploitation of wild stocks. For some species, such as the scallop, it is
sometimes the requirement of the Several Order that the scallops be harvested by diver;
dredges are not allowed. The imposition of harvesting caveats in the granting of Several
Orders may restrict the financial viability of any ranching programme. The selection of
inappropriate gear may deleteriously affect the environment for the ranched fish. If
standard gear types are to be used then the most appropriate mesh size should be
calculated as it may be larger than the legal limit. Thought should also be given to
leaving some areas untouched to provide a refuge for both the ranched species and its
prey items. Species such as the salmonids can be caught at the point of release because
of their migratory behaviour. This type of control of the ranched fish increases the
viability of such schemes.

This section describes physical aspects of the loch in terms of hydrography and substrata
type and then considers the biological communities present in the loch. Finally it reviews
fisheries ofthe past and the present.

3.1 Physical characteristics
Loch Fyne is the longest (ca. sixty five kilometres) and deepest ofthe Scottish sea lochs.
It was cut during the last ice age and possibly followed an existing river valley. The deep
basins, separated by one or more sills and typical of Scottish sea lochs, were formed by
glacial over-deepening of pre-existing hollows. Figure 2 shows Loch Fyne and the
surrounding area.

The loch is separated into the upper and lower lochs by the Otter Spit. This is the
remains of a glacial terminal moraine and is overlain by up to 36 metres of water (mean
20 metres) (Edwards and Sharples, 1985). The lower loch descends to 200 metres. The
upper basin is further divided by another sill near to Minard Castle referenced to as the
Minard sill in this report. The sill breaks the surface and forms the islands of Eilean
Aoghainn and Fraoch Eilean (referred to as the 'Minard Islands'). The basin above this
sill descends to 135 metres. Between Otter Spit and the Minard Islands the water depth
varies from 40 to 60 metres. Otter Spit forms a distinctive boundary and, as such, may be
useful to prevent outward migration ranched fish and for political reasons (demarkation)
should licensed stock enhancement schemes occur.

Loch Fyne is overlooked by the hills of Argyll, Kintyre and Cowal and it is considered
sheltered or very sheltered (Davies, 1989). However, the length and orientation mean
the fetch can be considerable with the resultant sea swell making fishing in the loch
difficult. The surface area of the upper loch is approximately 78 km2 (42% of the total
loch area). Of that ca. 48 km2 is represented by the loch above the Minard sill (see figure
2). The loch lies in an area of metamorphic rocks ofthe Dalradian supergroup (Davies,
1989). These are characterised by relatively hard schists and quartzite. Igneous
intrusions and faults are common.

For the purposes of this report the area of Loch Fyne considered will be that above the
Otter Spit (the upper basin).
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Figure 2 Loch Fyne and the surrounding area
(from Davies, 1989).

3.1.2 Hydrography
The major influences governing the hydrography of the Loch Fyne area are the presence
of the sills at Otter and Minard, the relatively low tidal range and the high loch volume
(as a result of the considerable depth).

The loch is predominantly steep sided, especially towards the head and this combined
with the relatively small tidal range (approximately 3 m at spring tides) results in a
small intertidal area (4% oftotal high water area). A summary of some comparative
figures for Loch Fyne and other Scottish sea lochs is shown in table 1.

Table 1 Comparison between Loch Long and other Scottish Sea lochs
(Edwards and Sharples, 1985, see key for explanation ofualuesJ
Loch

Flushing time(days)

Loch Fyne

9747

13

Loch Long

805

6

Loch Etive

940

14

% intertidal - indicates the extent of the intertidal area as a proportion of the total area.

LW Volume - the volume of the loch at low water in 106m3
Flushing time - an indication of the rate of exchange with the sea outside the loch. This figure is
the average for the whole loch (upper and lower basins). The flushing time may be much greater
for upper basins (where applicable).

Edwards and Sharples (1985) calculated the Loch Fyne catchment area to be 894 km2
and, using an estimate of annual rainfall (1750mm), calculated an annual freshwater
input of 1340.4 million cubic metres. This would result in a mean reduction of salinity of
just 0.2 ppt in the whole loch. This low reduction is as a result of the extremely high
volume of the loch. However, the fresh water entering the loch tends to remain on the
surface and move seawards. This results in significant stratification especially towards
the head of the loch (Davies, 1989).

Stratification of the water column will, in part, depend on meterological conditions
prevalent at the time. A wind blowing up the loch will reduce the seaward flow of surface

brackish water while a wind blowing down the loch will tend to assist the seaward flow
of surface water and induce up welling of deep water near the loch head. At certain times
of the year this may augment the nutrient supply to algae and increase primary
productivity. The relatively nutrient rich brackish water at the head of Loch Fyne may
be important in the onset ofthe primary algal bloom in the spring (Jones et al, 1981).
Fjords often have relatively high primary production rates because of terrestrial nutrient
input (see table 2).

Table 2 Primary productivity

in different marine environments

(* - Bunt, 1975; ** - Syvitski,

1987 )

Productivity (mg C/m2/day)
(mean value)
Mid ocean (oligotrophic waters)

70*

Subpolar

200*

Inshore waters

340*

Fjords

460**

Stratification has been recorded in the upper basin during the summer months (Jones et
al, 1981) and is as a result of the small tidal range and considerable sill depth at Otter
spit combining to give insufficient turbulent energy to break down density layering
through the water column. The mean current speed across the Otter sill is 37 cm S·l. This
drops to 13 cm S·l across the Minard sill (Edwards and Sharples, 1985). This results in a
residence time for Loch Fyne of 13 days; this is the second longest for any sea loch in
Scotland (Edwards and Sharples, 1985).

Edwards and McDougall (1986) reports that the water temperature varies from between
6°C at the end of February to 14°C at the end of August at Portavadie (lower basin). This
is within the normal temperature range for this area but values higher and lower than
this might be expected for the upper basin especially in shallower water. Davies (1989)
observed ice on the water at the head of the loch during the winter months and at
Furnace (personal observations). Jones et al (1981) found that in August 1980, the deep
water in the upper basin was approximately 7°C and nutrient rich suggesting that it had
probably remained largely unchanged since the late spring. This could possibly account

for the presence of the cold water anemone B6locera tuediae found on hard substrates in
the loch (Conner, 1991).

Edwards and Sharples (1986) postulate that the Clyde Sea should be considered a vast
fjord with a broad sill (the Great Plateau) separating the area from the north channel of
the Irish Sea. A front on the Great Plateau separates tidally mixed waters in the north
channel from the less saline waters of the Clyde itself. Interestingly it has been reported
that the physical characteristics of the Clyde are not static and are undergoing long term
changes. Barnett and Watson (1986) (cited in Connor, 1991) report long term changes in
temperature in the loch which may account for the disappearance of the bivalve Spisula
subtruncata during the last century'. The alteration of biological communities due to long
term changes in temperature may have had effects on the fishery of the whole Clyde

Jones et al (1981) reports that deep water from Inchmarnock Water surfaces at Otter
Spit and, while containing low levels of phytoplankton, is nutrient rich and may be
important in supplying nutrients to phytoplankton in the upper basin

Toxic algal blooms have been reported (1979 and 1980) in Loch Fyne and some adjoining
sea lochs where they caused salmon mortalities on fish farms (Jones et al, 1981). The
organism responsible is Gyrodinium aureolum; blooms of this species have been reported
to cause extensive mortalities in benthic communities all around the UK. Communities
affected include lugworm, wild fish, starfish and mussels (Jones et al, 1982 and
references therein). The occurrence of toxic algal blooms could have implications for
stock enhancement.

3.1.3 Principle biological communities
The information for this section is taken from the results of two surveys of Loch Fyne
conducted as part of the 'Marine Nature Conservation Review' (Howson and Davies,
1991; Davies, 1989).

Sediments at a depth of less than 50 metres are dominated by shelly muds. The deeper
water is dominated by soft muddy sediments but interestingly some reefs and vertical
rock faces are present. In the upper loch these are found opposite the quarry at Furnace

and have been identified as a rare habitat. North of the Minard Islands the deep water
muds appear to be particularly soft with a high organic content and flocculent surface.
South of the Minards the water is shallower and contains a higher proportion of shell
fragments. The bottom becomes increasingly coarse toward Otter Spit as a result of
scouring of fine material by tidal currents. In such areas bedrock and boulder fields are
also found (Davies, 1989).

The nature and productivity of biological communities associated with these habitats is
very important in determining the likely success or otherwise of ranching programmes.

The major macrofauna identified during an underwater towed video camera survey
(Howson and Davies, 1991) indicate the following (starting at the head ofthe loch): the
deep water has a substantial population of the burrowing thalassinid shrimp Calocaris
macandreae. Also present are the burrows of the worm like echiuran Maxemuelleria
lankesteri and the anemone Pachycerianthus multiplicatus which form the dominant
megafauna in the deep water areas of the upper basin. Common in the coarser sediment
between the Minard sill and Otter spit is Calocaris macandreae together with Nephrops
novegicus (which was absent from the basin above the Minard sill). Close to Otter Spit
and associated with the tidal currents were numerous brittle stars of the genus
Amphiura. Associated with hard substrates (loch sides) throughout the loch was the
anemone Bolocera tuediae, the spider crab Lithodes maia and the plumose anemone
Metridium senile (personal observations.) The scallop Pseudamussium

septemradiatum

was also present.

3.1.4 SSSI and conservation status
The range of biological communities and habitat types found in the Loch is somewhat
limited compared to other Scottish sea lochs. In the lower basin (around Tarbert) there
are three sites of special scientific interest (SSSIs) and the area above a line drawn
between Dalchenna Point and Creag a' Phuill in the upper basin is a 'marine
consultation area'. This area is of particular conservation interest because of the
unusually dense beds of the cerianthid anemone Pachycerianthus multiplicatus which
together with a characteristically deep water sublittoral community occurs in shallow
water (Davies, 1989). Otter spit has been given SSSI status because it is an unusual
geological feature.

Davies (1989) considers the loch to be largely unmodified by human activity and is
therefore "natural". Exceptions are at Furnace quarry where a boulder slope extends
from the intertidal to 30 metres. Such a feature could be considered a type of artificial
reef (see section 2.7.4). The intertidal area in Loch Fyne is considered typical ofthe Firth
of Clyde in that it is backed by woodland which results in large amounts ofterrestrial
detritus on the beaches. Both the tidal and subtidal areas are unusually sheltered
because the loch opens into the relatively sheltered Firth of Clyde. The fauna and flora
found in the loch are common with very few rare species of note. Of most interest is the
presence of P. multiplicatus and the brachiopod Terebratulina reusa is of interest
because of its isolation from Irish and other Scottish populations. The diversity of
habitat is low because of the homogeneity of exposure and the scarcity of intertidal
sediments. The communities do not appear to be particularly fragile (Davies, 1989) but
the long flushing time, especially above the Minard sill may mean that pollution may
take along time to dissipate.

3.1.5 Anthropogenic

inputs

The shores of the upper basin of Loch Fyne are not heavily populated so the input of
sewage is small. The main population centres in the upper loch are situated around Loch
Gair, Furnace, Strachur and Inveraray. Inveraray has a population of ca. 1500 with a
considerable increase in the summer months. Sewage from these population centres
generally enters the loch through pipes in an untreated form (the European Community
Waste Water Directive only applies to larger population centres).

In the lower loch towns such as Tarbert and Ardrishaig discharge sewage which has
undergone primary treatment into the loch. This may be introduced to the upper loch by
currents. It is considered unlikely that these inputs will have a large effect on the
biological communities ofthe loch given the large volume of the loch and associated
dilution.

The fish farming industry has expanded considerably over the last 15 years. There are
numerous fish farming sites in Loch Fyne, one operator 'Lighthouse of Scotland' has
total consent limit of 1650 tonnes of salmon in the upper loch. Whilst this may have
negligible effect as a nutrient source the presence of farmed salmon may have an impact
on wild salmonid stocks. This is further considered in section 2.4.

3.2 The historical fishery in Loch Fyne
The reasons for the apparent decline in the fish stocks of Loch Fyne are probably
numerous and, as far as local fishermen are concerned, include overfishing in areas
beyond Loch Fyne and possibly out with the Clyde Sea. However natural variation and
long term environmental changes may effect the fishery of the Clyde area and therefore
the perceived decline in fish stocks may be a more complex issue than simply
overfishing.

Tagging experiments have revealed that a large proportion of the commercially
important fish species found in the Clyde area (including Loch Fyne) do not migrate.
This could be because the Clyde Sea is a relatively self contained system or because
fishing effort is so intense that tagged fish are not given an opportunity to leave (Hislop,
1986). It has been noted (Bagenal, 1965) that certain Loch Fyne fish populations (for
example the haddock) show considerable natural variation.

Official fishery statistics are notoriously inaccurate and subject to bias as a result of
numerous factors including the presence of so called 'black fish'. Because Loch Fyne is a
small part of the Clyde Sea (ICES area VIa) and this excludes the upper basin of Loch
Fyne (the area of particular interest) official catch statistics were not considered.

The purpose of examining the historical fishing record of the Loch Fyne region (usually
including the Clyde Sea) was to establish which stocks have declined in recent years.
The presence, at any time in history, of a thriving fish stock indicates that that
particular species does well in the environment that was then offered by Loch Fyne. This
is a preliminary step to deciding if stock enhancement is worthwhile in this area. The
absence of fish does not mean that stocks could be assisted by the simple release of
hatchery reared fish as the reason for the absence of fish may be that the environment is
just too degraded or otherwise unsuitable to support commercial fisheries.

In the following sections an asterisk following a reference indicates that it is cited in
Gordon and DeSilva (1980) whilst two asterisks indicate it is cited in Gordon (1981). The
'War' refers to the Second World War. Much of the information on the fish stocks of Loch
Fyne come from an interview with Robert Ross (of Tarbert, Argyll) who is a retired Loch
Fyne and Clyde Sea fisherman.

Table 3 is extracted from Bagenal (1965) and shows the species offish that were
commonly found in the Clyde Sea area. The fish are listed in alphabetical order. This
table is considered to indicate relative abundances of commercial fish stocks. Accurate
detailed landings data is not available for the Loch Fyne area in particular. Bagenal
(1965) did not consider shellfish.

Table 3 Fish species found in the Clyde Sea area in 1965
(from Bagenal, 1965)
Common Name

Frequency of occurrence

Angler

Frequent and generally distributed

Black mouthed dogfish*

Common in deep water

Cod

Common sometimes locally abundant

Conger eel

Adults frequent

Dab

Frequent and generally distributed

Founder

Frequent in spring

Haddock

Abundant and generally distributed, population fluctuates
markedly

Hake*

Large individuals abundant in the deep water of Loch Fyne

Herring

Abundant and generally distributed

Lemon sole

Frequent and generally distributed

Lesser spotted dogfish

Frequent and widely distributed

Ling*

Frequent in the deep water of Loch Fyne

Long rough dab

Abundant

Mackerel
Plaice

Abundant

Poor cod

Abundant in 1949, now only frequent

Saithe

Adults frequent but young abundant

Sea trout

Frequent in shore seine catches in Kames Bay

Skate

Occasional and generally distributed

Sprat

Common

Spur dog

Abundant though local and variable

Thorn back ray

Common and generally distributed

Whiting

Abundant and generally distributed

KEY

* - species

noted to have occurred in Loch Fyne in particular

Bold. - important fishery species

3.2.1 The demersal fishery
The demersal white fishery includes cod, haddock, hake, whiting and saithe. These are
very important fishery species and have been present in commercial quantities in the
upper basin of Loch Fyne.

Cod are noted as common and locally abundant in table 3. During the Second World War
boats from the east coast of Scotland worked in the upper basin using Danish seine nets.
Some of the best fishing grounds for cod were reputed to be around the Otter Spit where
the catches were good. The cod fishery was based on spawning fish that moved into Loch
Fyne from the Clyde area. The optimal depth to catch the spawning fish was ca. 80
metres. Between the two world wars cod were caught off Dunderave Point near the head
of the loch. The white fishery was exploited during the winter with the exception of
haddock which was caught between the Otter Spit and Loch Gair during August. Cod
that were migrating to spawn in the upper loch were considered of a better quality than
'local' cod because they tended to be less 'wormy' (see section 2.7.1). The migrating cod
were caught during March whilst the local cod and codling were present all year. Unlike
the North Sea stock the Scottish west coast cod stock does not have an offshore spawning
ground. Few spawning cod are found west of 7°W. The Clyde sea is one possible
spawning area. Spawning has been recorded as occurring very nearshore (Gordon, 1980).

The cod fishery in the whole of the Clyde sea is now much reduced. Elmhurst (1926a**)
comments that the cod fishery replaced the haddock fishery during the thirty years up to
1926. This may represent the start of the exploitation of the cod stocks.

Hake are widely distributed around the west coast of Scotland. The major fisheries occur
in deep water off the continental shelf. Hake are piscivorous which has implications for
stock enhancement. It has been shown that the spawning ground for hake includes the
mouth of the Clyde. Gordon and DeSilva (1980) report that yearly recruitment can vary
considerably after an abundance of ca. 8 cm long fish were caught in December, 1960.
Hake which had moved to shallower water to spawn between the months of June and
August were targeted by fishermen using Danish seine nets during the War.

Saithe are abundant in the near shore waters in Loch Fyne but they have not been
studied extensively. Saithe were an important fishery during the war period when they

fetched a good price. The area around Otter Spit was particularly good but the fishing
grounds moved to an area between Cambeltown and Carradale during the 1960's.
Spawning is thought to occur from February to June with a peak in April. The beds of
the sea grass Zostera sp. are important feeding grounds for juvenile saithe where
copepods are the main food organism ofthe 0 group fish (Gordon and DeSilva, 1980).

Whiting is an important fishery on the west coast of Scotland including the Clyde
(Gordon and DeSilva, 1981). During the period 1959 - 1962 Garrod and Gamble (1965*)
found, during research cruises, that the Clyde catch was dominated by 0 group fish
contrasting with other areas on the west coast of Scotland. It was reported that older fish
move out from the Clyde area. The whiting fishery is exploited during the winter when 1
- 2 group fish are caught. There is no indication that whiting spawned in the Clyde sea
area and the Clyde stock may have originated from a spawning ground on the north
Irish coast. However ripe fish have been found in Loch Fyne and a spawning ground in
that Loch has not been discounted. Elmhurst (1926a**) made the observation that the
whiting fishery only began in 1921 when the stock became sufficiently large to support
it. Interestingly Gordon (1977a**) reports that 0 group whiting in Loch Etive remain to
spawn in years two and three. This contrasts to the open Firth of Lorne where the 0
group fish have disappeared by the following spring. In Loch Etive the adult fish are
retained by the presence of the sill and remain for at least another year in the deep basin
behind the sill and form a self contained stock. Gordon (1977b**) reports that whiting
feed on fish and crustacea and that diet depends on seasonal abundance of prey items.
During the War the whiting fishery concentrated on the east side of Loch Fyne opposite
Loch Gair and made up over half the yearly catch.

The use of seine nets, which was the dominant fishing method used during the war
period until the mid 1950's, did not over-exploit the breeding stock and hence a viable
stock remained. However, the amount of fish in Loch Fyne increased dramatically during
the latter part ofthe war (1942 - 1945) when the decreased fishing effort as a result of
enemy submarine activity allowed stocks to recover in the Clyde sea and north Irish
Channel. After the war Loch Fyne still had a viable white fishery until the introduction
oflarger, more powerful boats which removed larger fish (including the adult stock)
which were missed by the seine netting used previously. The disagreements between
fishermen using differing gear types and their impacts is discussed in Anon, 1970. White

fish stocks were further reduced by the advent' of prawn fishing. The 55 mm mesh size
initially used caught juveniles of all species which subsequently suffered heavy
mortality. The minimum mesh size was increased but the cod end, when filled with
prawns, tended to prevent the escape of the by-catch and resulted in heavy juvenile
mortality.

The fishery for white fish has almost entirely disappeared in Loch Fyne. This is probably
due to a number of factors but local fishermen believe that the introduction of large
fishing vessels fishing mid water were responsible as they fished out the adult (breeding)
stock before it migrated into Loch Fyne and then they moved into the loch and overfished
the remaining stock. Whilst the fishery in Upper Loch Fyne was economically viable
earlier in the century there is some doubt as to whether that same stock would be
economically viable to a modern fishing fleet (J. D. M. Gordon,; personal communication,
1997). An in depth assessment of the actual stocks that were present is required in
addition to their viability as a fishery at that time.

During the late 1920's and early 1930's plaice were caught at the head of the loch using
both plaice and cod nets. However it is not known whether the plaice had migrated to the
head of the loch (possibly to spawn) or had spent their whole life in the loch.

•Juvenile and adult plaice are widely separated in their distribution, the former being
found on the beaches whilst the latter live in offshore waters. Planktonic plaice larvae
were found in Loch Fyne in 1899 during April but it is unknown whether the larvae
came from fish spawning in the Loch or whether they were carried by currents
(Williamson, 1899**).Juvenile plaice settle from the plankton and migrate to shallow
water. Settlement occurs in the spring and the fish grow until September/ October. Many
juveniles move into the intertidal zone at high tide to feed. During the autumn the mean
size of the fish in the shallow water then decreases as larger individuals migrate into
deeper water in search of suitable food (Gibson, 1973**, 1975**).

The presence of shallow, productive sandy beaches is a necessity for the ranching of
flatfish. In the upper basin of Loch Fyne such areas are relatively scarce as the loch sides
tend to be quite steep. However, areas such as Loch Gair and the shallow grounds
around Inveraray may be suitable. The diet ofjuvenile plaice is well documented and

consists of copepods, amphipods, cumaceans, siphons of burrowing molluscs and
polychaetes (Gibson, 1973**). Research would need to be conducted into the availability
ofthese types of food item before ranching could be considered. Poxton (1976**)
concludes from tagging work that the Clyde Sea plaice stock is relatively self contained
and that little migration occurs. This has important implications for ranching as it
indicates that ranched fish would not migrate away from the stocking area. Stock
enhancement of Loch Fyne plaice has been attempted (see section 2.7.2).

j2.2 The pelagic fishery
The pelagic fishery formerly included herring, mackerel and sprat. All these species were
found in the Upper Loch and were fished commercially until the 1950's. Sprats were
fished up as far as Inveraray while mackerel were could be found up to the head of the
loch. The introduction of purse seine nets may have depleted stocks; none of these
species are now fished commercially in the loch. However, the migration pattern of
mackerel has been shown to change and it is unlikely that the reduction in this stock is
due to overfishing (Walsh et ai, 1994).

Historically the herring fishery is one of the most important in the Clyde Sea area. Loch
Fyne smoked herring were a well known and valued commodity. The Clyde herring stock
is distinguished for the purposes of management from the Irish Sea and other west coast
populations. However, it is considered unlikely that their is any biological distinction
between these stocks (J. D. M. Gordon, personal communication, 1997). The herring
fishery was based on spring spawners that were exploited the following summer and
autumn. The fishery began to decline in about 1969 and to some extent the spring
spawners have been replaced by autumn spawners of unknown spawning origin in this
fishery.

The importance of the herring fishery has been noted since the middle of the last
century. As a result of the importance of the herring fishery this species has been studied
extensively (Gordon and DeSilva, 1980 and references therein), However, very little
research has been conducted into the enhancement of pelagic stocks (possibly because of
their large ranges), until such research is done it seems unwise to pursue the idea of
ranching pelagic species further.

3.2.3 The shellfish fishery
The Clyde Sea area has several shell fisheries; the most valuable being the Nephrops
fishery. These were discarded as by-catch until a market in the near continent was
established in the early 1960's. They are now the most important sh~llfish fishery in the
area and are fished in Loch Fyne, especially during poor weather.

The lobster (and crab) fishery is well established on the west coast of Scotland. However,
the Clyde Sea area is proportionally unproductive and there has never been a
substantial lobster fishery in Loch Fyne. This may be as a result of a lack of suitable
habitat for lobsters in the Clyde Sea area. The emergence of artificial reefs as a means of
supplying habitats to a high specification for particular species may allow the ranching
of lobsters. This is further discussed in section 2.7.4. An important issue in the ranching
oflobsters or scallops is that of property rights (see section 2.5).

The native oyster Ostrea edulis has a long history on the west coast of Scotland. Oyster
shells have been found in neolithic and Roman archeological sites and they have been an
important food item on the west coast of Scotland up until the middle of the last century.
Since about the 1850's there has been a decline in the native oyster fishery until it
finished in Loch Ryan in 1954. This followed some excessive harvests during the period
1908 - 1918 which seemingly were too great for the population. Intermittently shells
have been imported from Essex and the continent (often with the purpose ofreestablishing oyster populations). Details are often not recorded but it is possible that
they introduced disease to the native stock which caused their continued decline (Millar,
1961). Millar (1961) reports that Loch Gair in upper Loch Fyne is possibly a suitable
place for native oysters. Loch Gair is a small circular embayment with a narrow entrance
and hence is well protected from storms. It is very shallow, rarely exceeding 6 metres in
depth. Much of it is less than 4 metres. Large areas of foreshore are exposed at low tide
which should result in considerable local heating. Millar (1961) reports potential danger
of sewage contamination of any oysters reared in Loch Gair. This would need further
investigation. Problems include the presence ofthe borrowing worm Polydora ciliata
which can reduce the market value of the oyster. Further offshore (below the low tide
mark) the sediment is too muddy to facilitate laying of oysters. Young (1888) started
oyster cultivation in Loch Gair and found it successful until the stock was stolen by
fishing boats (cited in Millar, 1961). Another attempt at oyster rearing in Loch Gair was

made in 1955 following the relaying of Brittany oysters (Ostrea edulis that had
originated from Brittany) dredged from West Loch Tarbert. Growth was considered
satisfactory and it is concluded that Loch Gair is suitable for the growth of native
oysters. However, any population of native oysters established in Loch Gair would not be
self perpetuating. It is doubtful whether the restocking of the native oyster could be
economic as there is likely to be negligible natural spat fall: maintaining the population
would require continuous laying of spat (A. D. Ansell, personal communication, 1997.).
Drinkwater (1987) reports that several attempts at re-introducing native oysters have
occurred in Scotland and none have been successful.

The scallop fishery is both well established and productive in the Clyde Sea as a whole
(Mason et al, 1986). In Loch Fyne most scallop dredging occurs in the lower basin and
around Otter Spit where tidal currents create a better environment for scallop growth.
One of the few commercial scallop ranching operations (Loch Fyne Seafarms, Tarbert) is
situated in the lower basin. The upper basin is predominantly muddy, deep and has low
current velocities which may make it unsuitable for scallops. Whilst some have been
found around the Furnace area (personal observations) it is unlikely that scallops could
be successfully ranched in the upper basin. Site selection for scallop ranching has been
identified as a critical issue by and Dare (1995). This is holding back the development of
the scallop ranching industry as there is a lack of scientific data on site requirements for
scallops.

3.3 The current fishery
In addition to a review of the literature, details of the current fishery in Loch Fyne have
been sought from fishermen that have worked in the area. Fisheries data are notoriously
inaccurate and because of relatively rapid changes in fish stocks relatively recent sources
are out of date.

There are currently no full time commercial fishing boats working solely in Loch Fyne. It
is used as a poor weather site by fishermen, some of them operating from large vessels
using mid water gear targeting whiting, cod, ling and hake. Fishermen report that after
poor weather the fish stocks in the loch are considerably reduced due to the increased
fishing effort. This makes them less viable for smaller vessels also seeking a fishing

ground during poor weather. Plaice are sometimes caught in the deeper water after a
weekend break from fishing by the larger boats.

The only remaining fishery in Loch Fyne is for Nephrops norvegicus with trawling
occurring both above and below the Minard sill. This contradicts information from the
towed video surveys where few Nephrops burrows were reported in the deep water above
the Minard sill (Davies, 1989). Whilst species other than Nephrops are sometimes caught
(in particular hake during February and March) and sold they are considered by-catch.
Fishermen have indicated that the size of the Nephrops is decreasing. Several Tarbert
based boats currently pot for edible, velvet and green crabs, lobsters and dredge for
scallops.

During August mackerel are found in high numbers in Loch Fyne but not enough to
support any commercial boats. Non shoaling herring (possibly spawning) are found in
the upper Loch, again in non-viable quantities. Cod and whiting have been 'fished out';
in the lower loch the fishery was reasonable till about 1988. Dredgers for 'queenies'
(Chlamys opercularis) sometimes operate in the shallower waters around Loch Gair and
Loch Gilp.

As a result ofthe length ofthe loch it takes a considerable time and fuel to fish in the
upper reaches. If the resultant catch is poor fishermen can suffer considerable losses.
The consensus from the fishermen questioned during this research is that the stock of
white fish, sprat, mackerel and others has been reduced by fishing occurring outside
Loch Fyne.

3.4 Summary of fishing in Loch Fyne
An analysis of the historical Loch Fyne fishery has shown which species can thrive in
that environment. The evidence suggests that in the upper basin of Loch Fyne (above the
Otter Spit) a commercial fishery existed from 1920's until the 1950's. The decline of the
fishery may have resulted from the introduction of new, efficient gear deployed both
inside and outside the loch using more powerful boats. Fishing in the upper basin is now
a last resort for use in poor weather and often result in poor returns.

Whilst the decline in the Loch Fyne fishery is very probably real it must be remembered
that the anecdotal evidence reported here of large fisheries in bygone days may simply
reflect a different economic climate. It is unlikely that Loch Fyne could have ever
supported an economically viable fishery by modern standards. This raises the issue of
carrying capacity which is discussed in section 2.4.2.

4. CONCLUSIONS
Increasing pressure is being placed on the worlds fish stocks through overfishing, habitat
destruction and pollution. One method of redressing the balance and restoring overfished
stocks is through stock enhancement or fish ranching programmes. Hatchery reared fish
often do not perform well once released into the wild environment. Some of the problems
associated with hatchery reared fish are summarised below.
•

Stress can occur as a result of handling and the introduction offish to their new
environment. This reduced fitness is exacerbated by poor hatchery diet.

•

Predation is the major cause of mortality in juvenile fishes. Hatchery reared fish
are more susceptible because they often show an inferior ability to perform
optimal escape responses when being attacked, have inferior cryptic colouration
compared to wild fish, are physically less 'fit' and expose themselves to elevated
predation by not seeking shelter and refuges.

•

Hatchery reared fish lack the ability to hunt or find their food as efficiently as
their wild counterparts. This results in reduced growth and makes them more
susceptible to predation.

If the released fish recruit successfully and join the wild stock they introduce several
problems. Some of these are summarised below.
•

Genetic pollution occurs when introduced (hatchery reared) fish integrate with
the wild stock. Hatchery reared fish show less genetic variation because of
practical limitations on broodstock size. When integrated with the wild stock the
whole stock can suffer a reduction in genetic variability which can reduce the
population's ability to withstand change (a reduction in fitness).

•

Intraspecific competition occurs between the wild stock and the introduced
hatchery reared fish. The released fish compete with the wild stock for food and
shelter. Unless the environment is below carrying capacity for the introduced
hatchery fish, wild stock will be displaced. This further exacerbates the genetic
pollution problem. The hatchery reared fish may also compete with other species
causing a reconfiguration of the ecosystem to which they have been introduced.

•

Diseases and parasites can be introduced by hatchery reared fish. This has
happened with disastrous consequences to the wild salmon stock in Norway
during the mid 1970's when the parasitic flat worm Gyrodactylus salaris was
introduced by the importation of Baltic salmon to Norwegian hatcheries.

•

Exotic species introductions can displace wild stocks and be impossible to
eliminate. Such introductions can unde~go population explosions because they are
often not controlled (through predation) in their new environment.

Stock enhancement and ranching continues to be successful in Japan. The reason for
this success may be attributed to the considerable amount of baseline research which
enables the production of high quality juveniles, the development of an appropriate
method of release for hatchery juveniles, management ofthe nursery ground (including
predator removal and rotation of seeding areas), the monitoring of the environment to
establish when it is below carrying capacity prior to releasing juveniles and the
establishment of markets following advertising campaigns for the ranched product.
Japanese research and practice indicates that successful stock enhancement and
ranching is possible. However, some of this research is not directly applicable to the UK
because of differences in climate, native species and product markets. Research into
species applicable to the west coast of Scotland is ongoing.

Nearer home several attempts have been made to restock flatfish populations
particularly of plaice, sale and turbot. This work has been concentrated in Denmark with
some releases occurring in Wales and the Isle of Man. The results have been very poor
with negligible returns of fish of any size and limited information on the likely cause of
loss. This together with the technical difficulties associated with rearing large numbers
of flatfish means it is unlikely to be economic to ranch flatfish. Loch Fyne lacks large
areas of sandy substratum which is preferred by many flatfish species and is therefore
not considered a good environment for flatfish stock enhancement or ranching.

The apparent reduction of salmonids in Loch Fyne may be attributable to a number of
factors including the degradation of spawning grounds, deterioration of estuaries,
temperature fluctuations and heavy commercial fishing in the Atlantic, increase in the
numbers of parasites and incidence of disease and increased predation. There is growing
consensus that the preferred method of salmonid stock restoration is habitat restoration
and protection as opposed to restocking with hatchery reared fish.

The lack of suitable substrata sometimes limits the development of fisheries. This may
be the case in Loch Fyne were there is an absence of hard substratum away from the
shore (the bottom is predominantly muddy). It may be possible to create an artificial reef

which is designed to be optimal for the production of lobsters. If the habitat is limiting
for lobsters in Loch Fyne then the provision of'refuges and crevices in which they can
hide would be a necessary first step in enhancing the population. Recent legislative
changes has increased the economic attractiveness of lobster ranching. The likely
development ofthis industry and the suitability ofthe Loch Fyne environment for
lobsters is unknown.

The once viable cod fishery in Loch Fyne indicates that it is a suitable environment for
this species. Results from the Norwegians were initially encouraging with hatchery
reared cod showing good initial survival after release. However, the long term survival of
hatchery fish has not been shown and it therefore appears that hatchery fish did not
recruit to the fishery. It is thought that this may be due to the limited carrying capacity
of the environment. The Loch Fyne environment should be investigated to determine
whether it is below the carrying capacity for cod. This would require an extensive
biological survey to establish the community structure including quantifying and
qualifying predators. Particular to the Loch Fyne area is the problem of the cod worm;
the extent and impact of this parasite should be evaluated. At present there is no
infrastructure to supply a large number ofjuvenile cod in the UK. Stock enhancement
using for example, Norwegian cod, is more likely to fail because of the cost of and stress
induced by transport and the genetic differences between Norwegian and Scottish cod
stocks (with all the associated problems of genetic pollution). The development of a
facility to rear large numbers ofjuvenile cod near to the release site is a priority. In
addition to the problem of acquiring juveniles there is, as yet, no legal way to protect
them from fishing effort. To gain such protection would be very involved and would
require radical changes in the legislation concerning inshore fisheries.

The success or otherwise of a ranching programme depends on a number of factors
including the objectives of such a scheme. If the objectives are simply to enhance local
fisheries without being financially viable then it is more likely to be successful. At this
stage it seems unlikely that ranching or stock enhancement will give a good return on
any investment.

RECO~NDATIONS
•

To establish contacts with the Norwegian scientists currently
researching cod ranching and to make further investigations into the
feasibility of cod ranching in Loch Fyne.

•

Determine the carrying capacity for lobsters in Loch Fyne, if there is
habitat limitation consider the establishment of artificial reefs.

•

Direct resources aimed at salmonid stock enhancement to the
restoration and protection of the freshwater habitat and to promote the
recommendations of the Salmon Strategy Task Force.
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