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ABSTRACT
FACULTY of SCIENCE
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Master of Philosophy
EPIZOOTIC OBSERVATIONS IN RELATION TO GROWTH PERFORMANCE OF
RAINBOW TROUT SALMO GAIRDNERI (RICHARDSON) AT COMMERCIAL FISH
FARMS, ON THE RIVERS ITCHEN AND TEST, HAMPSHIRE. U.K.

By
MOMIN NAICH

The Itchen Abbas and Romsey fish farms on the rivers Itchen
and Test, Hampshire, U.K. were selected for  the
investigation. Both farms are large 1intensive units
specializing in producing rainbow trout Salmo gairdneri
(Richardson). 1,702 fish of age O+ were examined during six
intensive surveys between September 1986 and August 1988,

The ©prevalence and intensity of the protozoan
parasites Trichodina, Hexamita salmonis, Ichthyvophthirius
multifiliis, Costia necatrix, Chilodonella, Sessile
peritrichs and one monogenean Gyrodactvlus were recorded.
Proliferative Kidney Disease caused by PKX was alsoc noted.

The majority of the parasites were noted during the
spring and summer periods. Parasitic abundance was high at
higher temperatures.

During the concurrent surveys (4th and 5th surveys) at
two fish farms, Trichodina, Gyrodactylus and sessile
peritrichs showed higher abundance at Romsey fish farm,
whereas high prevalence of I. multifiliis gill infection
was noted at Itchen Abbas fish farm. PKD infection
prevalence was highest in the 6th survey at the Romsey fish
farm.

By using the analysis of covariance, the majority of

the parasites, including PKD, showed significant
correlation of prevalence with fish weight, length and
condition factor (P<0.05). Both one-way and two-way

analysis of wvariance revealed significant interactions
between certain pairs of parasites in their effects on fish
weight, length and condition factor (P<0.05). A log-
logistic model also revealed significant relationships of
the infection rate of certain parasites with both time and
temperature. Intensity of I. multifiliis on the gills and
density of Gyrodactylus infections 1in mucus showed
significant relationships with time and temperature in sone
surveys by a simple regression analysis.

Using a simple regression analysis it was evident that
the fish weight and length of both uninfected and infected
groups have a significant relationship with age. However,
there was very little difference between infected and
uninfected fish, age for age, especially where the sample
was big enough to be useful.

The effects of chemicals used by the management were
investigated during the surveys namely Chloramine-T- for
external parasites, Oxolinic acid for bacterial diseases,
Furazolidone for H. salmonis and Malachite Green for PKD.
Other management parameters such as food consumption and
feeds per day were recorded and related with other data.




CHAPTER 1
INTRODUCTION

Intensive conditions in fish farms are due to high

stocking densities imposed by management for commercial

reasons. They affect environmental parameters which may

induce pathological and physiological changes directly or

via stress and other agents in the fish (Peters, 1984).

According to Lagler (1969), the ailments of fish may be

classified into four categories.

1l. Disorders resulting from external physical and chemical
agencies such as temperature, pH, dissolved gases,
mechanical injuries, or pollution.

2. Dietary or developmental deficiencies such as stunting,
anaemia, degeneration, nutritional gill disease and
cataract.

3. Tumour and atypical cell growth.

4. Diseases including those caused by infectious agents and
parasites.

According to Bauer (1970), both ecto and endo
parasites cause harmful effects on their host's organs or
tissues. Parasites causing these changes are regarded as
pathogenic. Light parasitic infection, however, does little
harm to the fish, and is c¢onsidered as non-pathogenic.
Nevertheless, every parasite is harmful to its host to some
extent.

Conmencement of symptoms or physiological changes in
hosts may be related to an increase in the number of
parasites. At that stage the non-pathogenic parasite
becomes pathogenic. For example high levels of density or

intensity of Trichodina, Chilodonella, Costia,

Gyrodactylus, sessile peritrichs and Ichthyophthirius

multifiliis can cause skin danage and affect cutaneous

respiration.

Several studies have been carried out on the parasite
fauna of both wild trout and trout in hatcheries such as
studies on brown trout by Aderounmu (1965, 1966) and

Pickering and Christie (1980), on individual parasite



species 1in wild brown trout (Aho and Kennedy, 1984;
Kennedy, 1969; Kennedy and Lie, 1976), on wild rainbow
trout (Kane, 1966; Wootten, 1973), and laboratory studies
on individual parasites in guppies, cod and rainbow trout
by Scott (1984); Cusack (1986); Khan (1988) and Cone and
Cusack (1989). There are numerous reports of parasites in
hatchery and farm trout, for example the work on brown
trout by Pottinger et al. (1984), and on rainbow trout by
Alvarez-Pellitero and Gonzalez-Lanza (1983) and Ingham and
Arme (1973).

A range of parasites are to be found on or in trout in

fish farms in Hampshire (Poynton, 1985). These are
Gyrodactvlus spp., Hexamita salmonis, Trichodina spp.,
Costia necatrix, I. multifiliis, sessile peritrichs,

Chilodonella spp. and PKX . A section on each parasite

includes (i) Reports of pathogenicity and effects on growth
(ii) Life cycle, reproduction and seasonal effects (iii)
Transmission (iv) Host response and parasite population
regulation. An introduction to each parasite is followed by
sections relating to the growth of fish, temperature

effects and chemical treatment of parasitic infections.

1.1. Gyrodactylus spp.

(i) Reports of pathogenicity and effects on growth

The common characteristics of monogenean parasitic
infection effects are pathological changes of the skin.
Such changes are associated with the presence of
Gyrodactylus reported by previous authors. The genus
Gyrodactylus Nordmann (1832) (Monogenea) includes

approximately 350 known species parasitic on the gills and
body surface of marine and freshwater teleosts (Cone and
Odense, 1984). Gyrodactylus spp. have been reported from
fish in Europe and the U.S.S.R (Yamaguti, 1963), whereas,
Rogers (1967, 1968), Rogers and Wellborn (1965), and
Wellborn and Rogers (1967) described 24 new species of
Gyrodactylus from fish 1in the South-East of the United

States of America.



Gyrodactylus spp. parasitize many families of teleost

fish, both marine and freshwater (Malmberg, 1970). They are
also recognized as pathogens in aquaculture (Malmberg,
1973). '

Their ability to kill fish has also been demonstrated

experimentally for G. alexanderi (Mizelle and Kritsky,

1967) and on stickleback Gasterosteus aculeatus by Lester

and Adams (1974), and G. bullatarudis on guppies Poecilia
reticulata by Scott and Anderson (1984).
Malmberg (1957) suggested that the wounds caused by

the flukes may permit the entry of pathogenic bacteria.
Tripathi (1957), Davis (1961), Bykhovskaya-Pavlovskya et al.
(1964), and Parker (1965) suggested that pathogenic fungi
may enter by the same route. Protozoan infestation has also
been associated with the flukes (Yin and Sproston, 1948;
Noble et al., 1963; Parker, 1965).

In Norway, high mortality of salmon in different
rivers was associated with the high infection of

Gyrodactylus (Heggberget and Johnson, 1982). The finding of

Gvrodactyvlus on rainbow trout in two streams in Canada was

associated with fish mortality in farmed trout (Hoskin and
Hulstein, 1977).

(ii) Life cycle, reproduction and seasonal effects

Gyrodactylids are viviparous, the offspring attaches
immediately to the host fish and contains a well-developed
embryo within the uterus (Scott, 1982). The details of the
reproductive system have been studied (Kathariner, 1904;
Turnbull, 1956; Bychowsky, 1957; Braun, 1966; Khalil,
1970). The male reproductive system develops and copulation
occurs frequently (Scott, 1984).

The life-span of Gyrodactylus spp. on fish 1is noted as
12-15 days at room temperature (Bychowsky, 1957), and 30
days at 4° to 6°C (Ikezaki and Hoffman, 1957).

The flukes usually die within 48 hr off the host
(Gubberlet et al., 1927; Turnbull, 1955; Tripathi, 1957;
Bychowsky, 1957). Scott (1982) has reported that




Gyrodactylids survive for an average of 4.20 days, a result
which corresponds with those for many other parasites
(Anderson and Lethbridge, 1975; Anderson and Whitfield,
1975; Anderson et al., 1977; Evans and Gordon, 1983). Both
the birth and death processes are temperature dependent
(Scott and Nokes, 1984).

(1i1) Transmission

Transmission from fish to fish occurs during contact
and can result in epidemic spread of the parasite to

uninfected fish. Gyrodactylus spp. may cause fish mortality

in hatcheries, fish farms and in the natural environment
(Malmberg, 1956).

(iv) Host response and parasite population requlation

Gyrodactylus populations may be affected by the host

responses. The slough of mucus is produced by both
uninfected and infected fish. The shedding of mnmucoid
material has been observed by Lester (1972) and Lester and
Adams (1974). The infected fish moult a layer of mucoid
material together with parasites because the hooklets of

the Gyrodactylus are attached to the slough. This means

that the loss of parasites by the host response works as a
self~-cure mechanism.

The majority of the ectoparasites are temperature
dependent, with the result that infection levels increase
in the summer period. Kennedy (1975) has reported that the
infection rates can be controlled by changes in host

behaviour, temperature and tine.

l.2. Hexamita salmonis

(1) Reports of pathogenicity and effects on growth

Hexamita salmonis (Moore, 1922) is a flagellated

protozoan parasite which belongs to the family Hexamitidae
(Alexeieff, 1914). H. salmonis have been reported from the
U.S.A (Davis, 1926), Canada (McGonigle, 1940), Yugoslavia

(Bulovec et al_, 1969), N.Ireland (Ferguson, 1979) and Japan



(Miura and Ohshima, 1960). The literature suggests the

prevalence of H. salmonis was only in farmed fish. The

presence of this parasite in wild fish is not clearly
known, however, the genus has been reported from wild fish.

H. salmonis has often been associated with moderate to

severe mortalities of hatchery-reared fingerling trout
(Davis, 1926; Roberts and Shepherd, 1974). According to
Davis (1956) the disease has been given much attention
because of heavy mortality among fingerling trout in
hatcheries. The disease is so widely distributed throughout
the United States of America that it is very difficult to

find a hatchery in which H. salmonis has not occurred.

Since trout farming has become popular in Japan,
hexamitiasis has also become a common disease in trout
hatcheries of that country (Miura and Ohshima, 1960).

The pathogenicity of the organism is, however, still
a matter of debate (Ferguson, 1979). Schmidt (1920)
considered it as a harmless commensal. The presence of
large numbers of organisms found in some cases of high
mortalities in hatchery fingerlings may be due to other
increased stress factors (Amlacher, 1961; Uzmann et al_,
1965). McGonigle (1940) has reported that fish mortality is

due to some other pathogenic parasites but not H. salmonis.

It has been considered that this continual form of disease
required prophylactic and chemotherapeutic measures (McKay
and Tunison in Davis 1937; Fish and McKernan, 1940; Nelson,

1941; Sano et al., 1961 and Yasutake et al., 1961).

(ii) Life cycle, reproduction and seasonal effects

The life cycle of H. salmonis is described by Davis

(1925, 1926). According to his studies, the parasite
appears to go through two different stages in the course of
its development. One is the intracellular stage, in which
the parasite appears in epithelial cells as a cyst,
restricting itself chiefly to the anterior end of the
intestine, the other is the flagellated (trophozoite)

stage, during which it is found swimming about actively in



the fluid contents of the intestine.

(iil1) Transmission

Johnston (1982) has suggested that transmission is via
trophozoites, and that if encystation occurs it takes place
after the trophozoites have been released from the gut

environment.

(iv) Host response and parasite population regulation

A large numbers of trophozoites H. salmonis are often
found in the upper region of the intestine of rainbow trout
(Ferguson, 1979). Trophozoites are also found in the
intestinal caeca of both sick and healthy fish (Uzmann et
al,, 1965). Davis (1926) has reported that heavily infected
fish lose their appetite and become inactive and Yasutake
et al. (1961) intimated it is also that heavy infection may

interfere with the normal growth of fish.

1.3. Trichodina spp.

(i) Reports of pathogenicity and effects on growth

Members of the genus Trichodina Ehrenberg (Protozoa:

Ciliophora) family Trichodinidae may be found both within
and on the outer surface of a large variety of marine and
fresh water hosts, including many of the Mollusca and the
Chordata. About 200 species have been described (Corliss,
1979).

Among teleosts, Trichodina are found on both the

integument (including fins) and the gill arches and
filaments. Mueller (1931) recorded trichodinid ciliates
from the urinary tract of the pickerel Esox niger in the
North American Lake Oneida. Lom (1961) found Trichodina

domerguei on the surface of the body including skin, fins
and gills of different species of fish, and on the skin of
tadpoles belonging to several species of frogs.

Trichodina infection rates can be very high in

shallow ponds with relatively stagnant water, particularly

in hatcheries and nurseries when fish population densities



are high. Trichodina only becomes a serious pathogen at

high levels of infection such as commonly occurs within
crowded tanks or raceways on fish farms. A high‘ fish
stocking density tends to stress the fish and the general
effect is to lower host resistance to pathogens (Sniesko
and Axelrod, 1976).

{(ii) Life cycle, reproduction and seasonal effects

The method of reproduction is by binary fission, as
observed by Diller (1928). Sexual reproduction by
conjugation has also been observed by Padnos and Nigrelli
(1942).

Trichodina feeds on debris of the epithelial cells and

also on micro-organisms such as bacteria and fungi that
invade the integument as a result of microscopic wounds
caused by the adhesive disc of the parasite (Reichenback-
Klinke and Elkan, 1965).

Seasonal variation in temperature is the strongest
influential factor, which controls infection level
throughout the trout 1life cycle. At high temperatures
(summer period} the trichodinids are commonly found in
farms, but they are at very low levels in the winter season
(Meyer, 1970).

In the literature it has been reported that Trichodina

infection is associated with poor environmental conditions
(low water flow, poor water quality). For example during
the summer months oxygen concentration may be reduced and
water quality becomes poor. In these circumstances the
parasites are advantaged, lower temperatures being more
suitable to the host, whereas higher temperatures increase

the population density.

(iii) Transmission

The protozoan ectoparasites of fish have a direct
life-cycle in which the infective stages are released into
the water to reinfect the same host or spread through the

fish population (Roberts, 1978).



The parasite is unable to survive for long periods off
the  host, their length of survival depending on
temperature, being much reduced at high temperatures
(Davis, 1947).

Transmission of the infection from one fish to another
is by direct contact and there is no evidence that

parasites can be spread via intermediate hosts (Davis,
1947).

‘(iv) Host response and parasite population requlation
Kabata (1985) has described the harmful effects and

symptoms of trichodinid infections of fish. "Some species

of trichodinids infect fish of all ages, but are most
abundant on fry and fingerlings. Infected fish may exhibit
abnormal behaviour or colouration. Fish eventually become
sluggish, lose weight and become moribund. The skin becones
irritated. A dull, light, whitish coating of mucus develops
on the affected surface. Fins often fray. Similar damage
occurs on the gills. The disruption of the respiratory
process, due to the physical presence of the parasites on
the skin and gills is the most serious effect of infection

by trichodinids and is often directly lethal to fry"

1.4. Costia necatrix (Ichthyobodo necator)

(1) Reports of pathogenicity and effects on growth

Costiasis, or the disease caused by Costia necatrix,

1s of serious consequence to pond fish and salmon and trout
as well (Fish, 1940). This disease is common at hatcheries
and fish farms in both America and Europe (Davis, 1943).
Costia necatrix was described originally by Henneguy
(1883) as Bodo necator. In 1890 LeClerg founded the genus

Costia into which he put Bodo necator renaming it Costia

necatrix, leaving the genus Bodo to those species having
only two flagella. In live Costia four flagella can be seen
(Tavolga and Nigrelli, 1947).

In 1940 a new species was found on rainbow trout Salmo

gairdneri and brook trout Salvelinus fontinalis in Leetown,



West Virginia and was named Costia pyriformis (Davis,

1943). According to Davis (1943) Costia pyriformis can be

easily distinguished from Costia necatrix by different

morphological features (i.e shape, position of body groove,
structure of blepharoplast and size). Tavolga and Nigrelli

(1947) have disputed as to whether Costia pyriformis is a

separate species. According to their observations several
features used by Davis (1943) are not distinctive enough to
validate the separate species status. At the present
time, the genus Costia contains the single species
necatrix. It appears to be the only species found in this
country (Houghton, 1980). Therefore, no further reference

will be made to Costia pyriformis.

According to Fish (1940) Costia necatrix is a highly

dangerous pathogenic parasite.

(1i) Life cycle and reproduction and seasonal effects

According to Tavolga and Nigrelli (1947), there appear

to be three stages in the life cycle of Costia necatrix.

Firstly there is a parasitic stage which occurs on the skin
of fish and causes the disease costiasis. The second stage
is a migratory one consisting of free swimming Costia
having left the host. The third stage consists of
saprophagous forms inhabiting the sediment at the bottom of
the tank, feeding on scales and mucus. Reproduction is by
longitudinal division (Wenyon, 1926; Kudo, 1931; Tavolga
and Nigrelli, 1947). The highest parasite population size

occurs in summer months.

(111) Transmission

Costia has been found on the skin of fry and the roe
of Carp (Hloud, 1963). Costia occurs on alevins of rainbow
trout fish, and on eggs (Houghton, 1980).

The attachment and swimming forms of both Costia and
Scyphidia are described by Fish (1940). This author further
said that Costia can be seen on any part of the body

because it does not swim in any particular direction.



The second stage of the life-cycle of Costia 1is
migratory, during which flagellates detach themselves from
the host, become free swimming and migrate to a new host
(Tavolga and Nigrelli, 1947). The transmission of parasites

increases during periods of slow flowing water supply.

(iv) Host response and parasite population regqulation
Fish (1940) observed 15 individual parasites attached

to a single epithelial cell. Consequently, irritation and
death of the cells may be because of high parasitic
infection. An increase in a bluish-grey mucus is the result

of high infestation of C. necatrix. As the infection builds

up penetration of epithelial cells takes place leading to
necrosis of the epidermal cells (Ribelin and Migaki, 1975).
The main site of infection is the caudal peduncle, but
Costia may occur on the gills leading to congestion and
death (Houghton, 1980). It has been suggested that the
levels of infections of Costia are higher during the summer
months due to the rise of temperature and is worst in
crowded tanks (Roberts and Shepherd, 1974).

1.

. Ichthyophthirius multifiliis
(i) Reports of pathogenicity and effects on growth

I. multifiliis is a ciliated parasite of freshwater

fish species. It lives on the epidermis of the host. The
disease caused by the parasite which is visible externally
is "white spot" disease (McCallum, 1982).

I. multifiliis was firstly reported in carp and

freshwater fish of central Europe (Fouquet, 1876). It is
not host particular and causes epizootics in every part of
the world (Nigrelli et al,, 1976). This parasite is quite
common in the crowded conditions of intensive culture,
where the pathogen can become dangerous to commercial fish
farms. It infects gills, skin, eyes and fins, and for this
reason it has been the cause of severe epizootics in
aquaria, hatcheries, rearing ponds and commercial fish

farms world-wide (Nigrelli et al., 1976).
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Epizootics have been reported in feral fishes in
tropical and temperate regions (Dogiel, 1961; Hoffman,
1967; Mallie, 1946). In tropical Southeast Asia it occurs
in India (Gopalakrishnan, 1968), Ceylon (Mendis and
Fernando, 1962), and Malaysian fish farms (Indo-Pacific
Fisheries Council, 1965). It has been found on goldfish
imported from Hong Kong and Singapore and in Tilapia

mossambica introduced to Hawaii (Brock and Takata, 1955).

(1i) Life cycle, reproduction and seasonal effects

The life cycle of the parasite is direct and very
simple, it has three stages termed tomite, trophozoite and
cyst (McCartney et al, , 1985).

The tomite 1is the infective stage, and can survive "96
hr" outside the host (Suzuki, 1935). The anterior end of
the tomite is a capsule, which contains acid phosphatase
and non-specific esterases. The tomite, with the aid of the
capsule, makes its way into the epithelium. After burrowing
into the epidermis of the host the tomite becomes spherical
and develops 1its oral apparatus. It 1is now called a
trophozoite.

The trophozoite begins to feed upon skin and gills.

The trophozoite's growth 1is temperature dependent, and
leaves the host when it reaches a diameter of 100-1000 um
(MacLennan, 1942).
The freed trophozoite swims slowly as compared to the
tomite, and attaches itself to surfaces of its environment.
The oral cavity and cilia are withdrawn, an exocyst is
secreted, and schizogony begins.

The cyst forms a resting stage during unfavourable
seasons, otherwise it may develop without delay. Direct
cell division occurs (MacLennan, 1937). After division is
completed a large number of infective stages, or tomites,
are released which invade the epithelium of further hosts,
beneath which they develop into mature trophozoites. Large
cysts may release up to 1000 infective tomites. The

life-cycle of this parasite is entirely temperature
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dependent, which takes less than 6 days at 25°C and more
than 100 days at 4°C (Wagner, 1960). The parasite is not
able to reproduce on the host (Bauer, 1962). I. multifiliis

is highly pathogenic, killing fish by interfering with
their osmotic regulation and gill function (Hines and Spira
1974b). This is of considerable economic significance as
cémpared to the other pathogenic parasites in fish culture

(Hines and Spira 1973a).

(iii) Transmission

The widespread distribution of the parasite is
directly related to the common practice of transporting
infected fish into different environments (Hoffman, 1970).
The parasite was also reported from Africa (Paperna, 1972).
Such a far reaching distribution of the parasite may be due
to the encysted reproductive stage which is able to survive
at temperatures ranging from 2° to 27°C (Bauer et al., 1973;
Herman, 1958; Suzuki, 1935).

(iv) Host response and parasite population regulation

"White spot"” disease 1is the world wide disease

produced by I. multifiliis. Both low and heavy infection

causes skin irritation. The most heavily infected fish
tends to rub and scrape against the side of the tank or
pond. As infection increases the fish try to jump out the
water, stop feeding, become discoloured, lethargic and do
not respond to stimuli.

Fish immunity depends on the initial infection to I.
multifiliis, fish that have recovered from infection
possess different levels of resistance to the same
infection (Bauer, 1953a; Bradshaw et al., 1971). Areerat
(1974) observed that fish immunised with ground
trophozoites survived infection on challenge with small
numbers of trophozoites per fish. Goven et al. (1980)
demonstrated that channel catfish immunised with

Tetrahymena pyriformis showed an immune response against I.

multifiliis infection.
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1.6. Sessile peritrichs

(i) Reports of pathogenicity and effects on growth

The peritrichs are known by the «circular or
subcircular arrangement of cilia near the oral end.
Temporary locomotion is by cilia which are present at the
posterior end of the «cell of the migratory stage
(telotrochs) of the Sessilina. Any species belonging to the
suborder Sessilina is supported by a stalk or peduncle for
their attachment, and they also form colonies. By contrast,
the suborder Mobilina are mobile, without a stalk and never
live in colonies (e.g. Trichodinidae).

The suborder Sessilina contains five important genera
(Kabata, 1985). They are Vorticella sp., Carchesium sp._,

Epistylis sp., Apiosoma sp. and Scyphidia sp. "Red sore"
fish disease is caused by peritrichous protozoa belonging

to the family Epistylidae. This disease is very common in
the Southeastern U.S., where it appears to affect mainly
species of sport fishes (Rogers, 1970). This disease
occurred in every month of the year, but is most prevalent
during the winter and spring months. Peritrichs are also
common on South-East Asian fish. In Thailand, Malaysia and
Indonesia, they parasitise a number of different fish
species.

In heavily infected fish the telotroch causes lesion
and proliferation of the epithelium, in this way both
epidermis and dermis are destroyed and haemorrhage results.
Bacteria and fungi are also commonly associated with the
lesions and may cause fish mortality.

In those fish in which the skin has a main respiratory
function, this parasite can cause respiration problens.
Large colonies of the peritrichs on the operculum can
disturb its normal movement and affect respiration. Growth
is retarded and weight lost. Mass mortalities due to
sessile peritrichs are known in hatcheries (Kabata, 1985).
Significant presence of this disease is associated with

poor water gquality (Roberts and Shepherd, 1974).
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The foot of the Peritrichs impairs the epithelial
cells. Therefore, with the increase of parasitic burden on
the host the function of the epithelium is affected. The

increase of mucus also indicates a heavy infection rate.

(ii) Life cycle, reproduction and seasonal effects

Soft-skined hosts are suitable for peritrichs,
therefore, the infection is quite common in small fish,
though the infection intensity decreases with increase of
fish age (Kabata, 1985).

The life cycle of peritrichs is described by Rogers
(1971). Asexual reproduction is found in colonies of the
organism in the laboratory on _food particles or other
organic debris in fish holding tanks. The formation of the
telotrochs was observed which are the main characteristic
of the Peritricha. The development of the telotroch has
been described in the following way.

1. The body of the organism contracts and rounds up and
then a ring of cilia develop near the proximal end of
the body.

2. The adoral ring of cilia is apparently reabsorbed into
the body.

3. The body then changes from a rounded to a dorsoventrally
depressed, disk like shape with a ring of cilia around
the margin.

4. It then detaches from the stalk and becomes a free-
swimming telotroch. The telotroch then seeks a new
host or other attachment site, secretes a stalk and
holdfast, elongates and divides by binary fission to

produce a new colony.

(1i1) Transmission
According to Rogers (1971) study the telotroch is the

main source of disease transmission. The telotroch always
attaches itself to the epithelium of the host. In severe

infestations colonies are found all over the body.
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(iv) Host response and parasite population regulation

The skin irritation is caused by the large numbers of
peritrichs. Peritrich populations increase because of
organic substances and low oxygen concentrations dissolved
in the water (Rogers, 1970). Esch et al. (1976) considered
that fish in poor condition are more susceptible to high
infection. The reduction in immunity may be because of high
metabolic rate at high temperature. Heavy infection by
Apiosoma sp. results in excess of mucus, skin covered by a

pale blue covering and gills with whitish mucus.

1.7. Chilodonella spp.
(i) Reports of pathogenicity and effects on growth.

"Chilodonasis”™ disease is caused by holotrichous

ciliates of the family Chlamydodontidae, Chilodonella

cyprini (Moroff, 1902), infecting the gills, fins and body
surface. Another species, Ch. hexasticha, was described

from Tinca by Kiernik (1909). Both species parasitize

freshwater fishes (Calenius, 1980).
Chilodonella spp. has previously been found in Finland

in Esox lucius (Wikgren in Calenius, 1980) on the skin and

gills of the wild fish species Coregonus albula, Rutulus

and Nemacheilus brabalus (Calenius, 1980) and in young
fishes in fish farms (Brofeldt, 1925; Ojala, 1963). Sarig
(1971) and Lahav and Sarig (1972) have reported widespread

infections by Chilodonella spp. in fish farms in Israel with

resulting mortalities in cultured carp, Cyprinus carpio and

cichlids, Sarotherodon aurea. Du Plessis (1952) reported

nass mortalities of Oreochromis mossambicus in fish ponds.

in Transvaal, South Africa during winter, which coincided
with heavy infection of Chilodonella spp.. During surveys
in South Africa Paperna (1980a) and Basson (1982) have

reported C. hexasticha infection on a number of cichlid

species. In South Africa Basson (1982) found only the

native cyprinid fishes, Barbus paludinosus were infected

with C. hexasticha. Further infections have also been noted
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among cyprinid fishes including carp in Eastern Europe
(Kazubski and Migala, 1974) and on carp, goldfish and
channel catfish, Letalurus punetatus, in the United States
(Hoffman et al, , 1979). In South East Asia Chilodonella spp.

have been reported from the Philippines, Malaysia,

Indonesia and Thailand. In Malaysia, Chilodonella spp. was

reported to be widespread in agquaria, infecting about 50

fish species.
Chilodonella feeds upon the mucus of the gill surface

and on the sloughed off epithelial cells. Chilodonasis can
be a severe problem on fish skin and gills of fry or
growers, (Roberts and Shepherd, 1974). In Israel fish
mortality has been caused by Chilodonella (Kabata, 1985).

(11) Life cycle, reproduction and seasonal effects

Asexual and sexual reproduction occur, the former
being by transverse binary fission, the latter by
conjugation. Chilodonella spp. is unable to survive off the

host for longer than 12-24  hours, except ~ during

unfavourable conditions when resting cysts are formed
(Dogiel, 1950). The parasite reproduces vigorously during
the second half of the winter season, the development of

Chilodonella occurring between 5° and 10°C.

(1ii) Transmission

The infection occurs by active transfer of the
parasite from fish to fish (Kabata, 1985). Parasites with
direct life cycles, including the ciliate protozoans
(Chilodonella, Ichthyophthirius), are particularly

dangerous (Dogiel et al., 1970).

(iv) Host response and parasite population requlation
The fish infected with Chilodonella become irritable,

jump clear of the water and eventually become weak and
unresponsive. Bluish-grey mucus covers the infected skin.
Young fish are the most suitable hosts for this parasite.

The gills may be badly damaged due to tissue hyperplasia.
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1.8. Proliferative kidney disease
(1) Reports of pathogenicity and effects on growth

Proliferative kidney disease (PKD) has become one of

the most important diseases of cultured rainbow trout,

Salmo gairdneri (Richardson) in several European countries

reported by Clifton-Hadley et al., 1984). The disease was
also detected in rainbow trout in North America (Smith et
al,, 1984), in pacific Salmon and Steelhead trout Salmo
gairdneri in California (Hedrick et al., 1984).

The causative agent of PKD is the myxosporidean with
presporogonic stage reported by Kent and Hedrick (1985;
1986). A number of different species of myxosporideans
belonging to the genus Sphaerospora spp. have been reported
from fish (Arthur and Lom, 1985). The parasites have

particularly been found in cavities (i.e lumens) of the
kidney, and in the urinary bladder, gill and skin tissues

Hedrick et al., 1988). The Sphaerospora trophozoites or

spores have been observed in a number of different fish
species in Czechoslovakia reported by Lom et al. (1985).
Studies by Korting (1982), Kovacs-Gayer et al. (1982),
Csaba et al. (1984) and Molnar and Kovacs-Gayer (1986)
showed that the symptom known as swim bladder inflammation
of carp was associated with the pathogenic presporogonic

stage of Sphaerospora renicola.

(ii) Life cycle, reproduction and seasonal effects

The disease is associated with fish farms and occurs
during the summer time at high temperatures (Michael et al_,
1985). PKD infection decreased with declining temperature
(Ferguson, 1981) and Schlotfeldt (1983) described PKD
infection in a closed recirculation at between 15° and 19°C
water temperature. Roberts and Shepherd (1974) described
the association of PKD in soft water supply, whereas Scott
(1979) reported that the outbreaks occurred on farms which
drew their water from a highly eutrophic alkaline chalk
stream with pH 7.9 to 8.3 and hardness in the region of 230
ppm CaCO;.
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In Czechoslovakia, Lom (1987) provided a detailed
account of PKX. The author said the protozoan found in the
kidney of infected fish was first thought to be amoeba
(Ghittino et al., 1977). Later, haplosporean affinities
were suggested (Seagrave et al., 1981) because of the
presence of the small dense bodies in its cytoplasm. A
recent study by Kent and Hedrick (1986) suggested that the
PKX 1is a myxosporean. The primary PKX cells contain
secondary and tertiary cells and are found among
interstitial cells of the kidney, in blood vessels and
other organs. These cells migrate into the lumen of the
renal tubules, where the secondary cells are shed from the
primary cells and then develop into a sporogonic stage
producing sporoblasts. These sporoblasts are similar to

those of Sphaerospora and Parvicapsula, and these authors

also said that in salmonids they never develop into a
mature spore. The heavy host reaction as well as the
failure to complete the spore development support the idea
that PKX 1s a myxosporean parasite of some other fish
living in the water in which the juvenile salmonids are
released. Salmonids are susceptible to infection, but as
nonspecific hosts do not provide conditions necessary for

spore production.

(iii) Transmission

Ferguson and Needham (1978) found the PKX cells 1in
renal tubules of PKD infected fish. These authors suggested
that PKX may be released into water by the excretory system
and thus transmitted to other fish. After the PKX parasites
enter into the body of fish, they travel through the

lymphatic system and circulation to the kidney causing
chronic proliferative changes in the kidney (Ghittino et
al., 1977).
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(iv) Host response and parasite population regqulation

The most consistent signs of PKD are exophthalmia,
anaemia, abdominal swelling, enlargement of both the
haemopoietic anterior region of the kidney and the
posterior excretory part (Clifton-Hadley et al., 1984).
Similar changes are reported in the 1liver and spleen
(Roberts & Shepherd, 1974).

Ferguson and Ball (1979) have observed that fish
showed no mortality and morbidity in the second summer
after having been infected in their first summer. The
authors considered that with the increase of fish age the
immune system became stronger. Ellis et al, (1982) have also
reported that some salmon stock were less susceptible than

others because of an innate immunity to PKD.

1.9. Growth of fish

It is evident from the literature survey, that the

growth curve of fish in their natural environment is
sigmoid. In autumn and winter fish growth is slow because
of decline in temperature, and in spring and summer fish
growth is rapid due to increase in temperature.

In general, the differences of growth and food
conversion efficiency between fish in nature (Gerking,
1972) and in culture units (Brett, 1974) are quite
important from the scientific point of view (Wurtsbaugh and
Davis, 1977). Most work has been done on unrestricted and
restricted ration categories. Brown (1946a), Brett (1974),
Hamada et al., (1975) and Elliot (1975b) have investigated
fish growth when fed on wunrestricted ration levels,
whereas, Brown (1946b), Lee (1969), Gerking (1971), Kelso
(1972), Niimi and Beamish (1974), Brett and Shelbourn
(1975) and Elliot (1975¢c) have investigated fish growth
when fed on restricted ration levels. The amount of food
consumed by fish for maintenance and growth has become
increasingly important to commercial fish farm managements.

A number of reports on trout growth are available, and

agree that environmental factors affect fish growth
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(Pentelow, 1939; Wingfield, 1940). The range of
environmental factors affecting the growth and feeding of
fish have been reviewed by Brown (1957), 1Ivlev (1961),
Paloheimo and Dickie (1965; 1966a, b), Phillips (1969) and
Elliot (1975b, c¢). Variation in fish growth is associated
with climate but temperature is the most important factor
(Gerking, 1966). Allen (1940) reported that parr do not
grow if the water temperature is less than 7°C. Growth of
one year old trout was nil at temperatures less than 6°C,
but was rapid between 10° and 15°C (Pentelow, 1939;
Wingfield, 1940). Brook trout, even when acclimatised, did
not survive at extremes of temperature (0° and 25.3°C) (Fry
et al., 1946), the most suitable temperature for brook trout
being between 14° and 19°C (Graham, 1949).

In the literature there are many reviews of the
importance of effects of temperature on food consumption
and fish growth. Titcomb (1920) investigated the difference
in fish growth in trout hatcheries at different water
temperatures, Haskell et al, (1956) showed the effect of
temperature on fish growth in trout hatcheries and Cooper
(1953) observed a significant increase in fish growth with
increase of water temperature in the summer months.
Wur tsbaugh and Davis (1977) have studied the effect of
temperature on food consumption, growth and food conversion
efficiency of rainbow trout.

Fish farmers tend to only record the weight of their
trout. A normally growing fish does not change its shape as
it grows, therefore, its weight is proportional to the cube
of its length. However any disturbance of normal growth
would upset this relationship. Recognising this Hile (1936)
and Le Cren (1951) recommended a weight/length ratio and
this approach was developed by Bennett (1972), who defined
a condition factor that improved the biological information
for fisheries management. This approach has been applied by
a number of authors (Brown, 1946b; LeCren, 1951; Frost and
Brown, 1967; Bennett, 1972; Gordon 1977a, b, c¢; ; Anderson
and Gutreuter, 1983; Khan and Lacey, 1986; Weatherley and
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Gi1ll, 1987; Khan, 1988; Khan and Lee, 1989). The attention

of these workers focused on:

1. determining the relationship between length, weight and
condition parameter for different species of fish.

2. and determining the general condition of fish (good or
poor 1in condition, heavy or 1light in weight) in

relation to the characteristics of the species.

1.10. Water temperature.

Temperature is one of the most important and critical
environmental parameters of 1life. Living beings have
adopted different methods to maintain relatively constant
body temperatures. The body temperatures of poikilothermic
animals follow that of the environment. The temperature of
water does not change so much as that of air or soil
(Warren, 1971) and fish species have been observed to exist
at temperatures from -2° to 40°C (Fry in Warren, 1971).
Salmon and trout are coldwater fish and survive within the
temperature range 0° to 25°C (Roberts and Shepherd, 1974).

Temperature 1is much more important than other
environmental factors and can have an adverse effect on
living organisms (Prosser in Warren, 1971). 1In their
natural environments, fish suffer from a variety of
diseases. Under artificial culture conditions these may be
increased many times and result in harmful epizootics
(Herman, 1970). Fish diseases are mostly influenced by
water temperature. In marine situations temperature-
dependent disease will fluctuate during the course of a
year (Moller, 1985) for example, in warmer months, with
increasing rates of skin ulcer in cod (Moller, 1979) and
cauliflower disease in eels (Peters, 1977; Moller and
Anders, 1983). Similar observations about diseases have
been noted in freshwater agquaculture (Meyer, 1970; Roberts,
1978; Reichenbach-Klinke, 1980).

Rodgers and Burke (1981) attributed high rates of
ulcerated mullets in Queensland estuaries as due to

changing water temperature and salinity. An ulceration-like
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skin damage disease in North Sea sole during extremely low
water temperatures was reported by Rauck (1969), Burreson
(1981) reported a high infection rate of juvenile summer
flounder in the coastal waters of Virginia with the blood

parasite Trypanoplasma bullocki; here fish mortality was

related to the coldest water temperatures.
Kabata (1985) has described the symptoms of ™~Cold
disease' which has been reported from Indonesia and

Malaysia. "This disease affects grass carp Ctenopharvngodon

idellus and milkfish Chanos at lower water temperatures.
The rapid temperature change brings about pathological
changes in the gills. Respiration is impaired by abnormally
copious mucus production. The gills turn white, indicating
circulatory disorders. These changes are severe enough to
cause the death of grass carp, though not of milkfish. Fish
growth is affected at lower temperatures. Clariidae and

Cichlidae begin to be affected by temperatures below 17°C".

1.11. Chemical treatment
To control external parasites of fish, fishery workers

have tried a large number of chemicals and methods of
application (Allison, 1957). The main treatments for
external parasites in ponds generally consist of either
Formalin, Malachite green, or Copper sulphate.

Fish and Burrows (1940) and Fish (1940a, b; 1947)
discussed the use of formalin for the control of external

parasites. These authors said I. multifiliis can not be

controlled by a single treatment because of its more
complicated life-cycle. Treatment of fish infected with
Ichthyophthirius is discussed by Davis (1956) who reported
that the parasite can be effectively controlled by 250 ppm

formalin. The protozoan parasites such as Trichodina spp..

Epistylis spp., Chilodonella spp., C. necatrix., and I.

multifiliis can be eradicated effectively by a single

direct treatment of 15 to 25 mg/l formalin to fish ponds
(Reichenbach-Klinke and Elkan, 1965; Van Duijn, 1967;
Dogiel et al., 1970; Goldstein, 1971; Paperna, 1980a).
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According to Paperna (1980a) the treatment of Chilodonella

requires a higher concentration: 40 to 50 mg/l of formalin.
Lahav and Sarig (1972) suggested that 30 to 40 mg/l of

formalin is sufficient to eradicate Chilodonella spp.,

Costia sp., and Trichodina spp. Gyrodactylus spp. can be

controlled in ponds with formalin at 5 ppm and also with
potassium permanganate (KMnO,) at concentrations of 2 to 4
ppm. Leteux and Meyer (1972), have also recommended a
concentration of 15 ppm formalin as a pond treatment.

The major use of malachite green, however, has been
for the control of fungus growths in incubating fish eggs
(Leteux and Meyer, 1972). Willford (1967) showed malachite
green to be toxic to trout, bluegill, and channel catfish
at 0.11 to 0.40 ppm in 48 hours, and Clemens and Sneed
(1959) found the 24 hour LDso for channel catfish to be 0.19
ppm. Hublou (1958) found that 7 ppm for one hour resulted
in 85 percent mortality of treated steelhead rainbow trout.
Johnson (1961) reported that a concentration of 1.25 ppm
malachite green and 0.25 percent of sodium chloride applied
to vearling rainbow trout and cutthroat brood stocks twice
daily for 30 minutes over an 11 day period was successful

in controlling Ichthyophthirius. Leteux and Meyer (1972),

have also recommended a concentration of 0.1 ppm malachite
green as a pond treatment. Malachite green has been used
effectively in flush and dip methods of treatment for

Trichodina in various parts of the world (Hoffman and

Meyer, 1974). Malachite green is very toxic to fish in the
presence of zinc and was lethal to centrarchid fishes at

concentrations required to kill Ichthyophthirius.

Chloramine~T has been successfully used to control I.
multifiliis at 20 ppm twice daily for 14 days (Kabata,
1985).

Copper sulphate has been used for parasite control
under pond conditions. Amlacher (1961) used 1.5 ppm and

found it to be successful. Copper sulphate is generally
ineffective in waters high in calcium carbonate and may be

toxic to fish in low-carbonate waters (Leteux and Meyer,
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1972).
Ammonium chloride was also used to control
Gyrodactylus spp. as a short bath at 25, 000 ppm for 30 to

60 second. Gyrodactylus spp. infection on the "Golden

Shiner" fish was controlled with chlorine solution at 3.5
ppm (Lewis and Ulrich, 1967).
Schaperclaus (1941) used quinine at 1.5 ppm to control

Chilodonella spp.. Acetic acid has also been used as a dip

treatment at a concentration of 2 ppm for one minute.
Lysol, a well known commercial disinfectant, was used to

kill Trichodina spp. in a dip of 30 seconds, at a

concentration of 2, 000 ppn.

In the USSR sodium chloride, has been used for the
control of freshwater fish parasites. The literature
contains records of treatment with NaCl solution ranging
from 2, 000 ppm to 50, 000 ppm.

In China, a local plant, Pirasma quassioides, has been

used to control Trichodina spp. {(Kabata, 1985).
PKD infection was eliminated with the help of

Sulfadiazine therapy reported by Rucker et al, (1951). It
has also been demonstrated that malachite green can be used
for effective control of proliferative kidney disease in
rainbow trout fish (Alderman and Clifton-Hadley, 1987;
1988). )

Hexamita gut infection has been controlled with
Carbarsone treatment (Nelson, 1941). Yasutake et al.  (1961)
have tested twenty four chemotherapeutic agents to control
H. salmonis gut infection in chinook salmon fingerlings. Of

the chemicals which were tried, P-carbamidophenyl

arsenoxide, 2-amino-5-nitrothiazole, PR-3714, or fumagilin
were found to be succeséful in killing the parasite when
given a concentration of 0.2 percent in the diet of
infected fish. At a 1.0 percent concentration,
Chlorotetracycline hydrochloride, arthinal, P-
carbamidobenze arsonic acid and 4,7-phenanthroline-5,6~-
quinone were also found to be successful. Calomel treatment

has previously been used to control H. salmonis gut
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infection, but it was noted that it has deleterious effects
on fish growth. Ferguson (1979) also reported, the
treatment of Hexamita with Furazolidone which cleared the

parasites and reduced fish mortality within 7 days.

1.12. The aims of this investigation

The majority of trout farmed in Great Britain are
rainbow trout Salmo gairdneri Richardson, produced for the
table market. It has been considered that the South is the

major trout producing region in England and Wales, because
the growth of rainbow trout farming in the Southern Water
Authority area has been significantly increased. 1In
England, Poynton (1985) reported that the majority of the
335 fish farms in England and Wales produce trout, for
release into angling waters and for human consumption. The
output from the Southern region comes almost entirely from
two rivers, the Test and Itchen. The present study was
carried out at farms on both the Test and the Itchen and it
covers the period from September 1986 to August 1988.

At low levels the parasites discussed in this chapter
are not regarded as pathogenic or of any significance to
fish farms though it has been suggested by Chubb (1973)
that any parasites are harmful to effective management of
good fisheries. On the rivers Itchen and Test fish farmers

do not regard Trichodina as a pathogenic problem (Poynton,

1985). During the investigation she also suggested that

parasites such as Trichodina spp., H. salmonis and

Gyrodactvlus spp. of brown and rainbow trout from the river

Itchen in Hampshire can cause disease and mortality and
required further investigation. However, individually and
in combination several or most of these parasites can be
important pathogens.

In Wisconsin, Anthoney (1969) observed that fish
heavily infected with Trichodina and Ichthvophthirius
nultifiliis did not survive and he thought that the

presence of both parasites on fish had a more severe effect

than that caused by Gyrodactylus. Anthoney, therefore
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suggested that more work was needed to determine the effect
of different parasitic species, their interaction effects
and the relationship with temperature. Costia, Trichodina,

I. multifiliis, Chilodonella, Scyphidia, Hexamita and

Apiosoma can cause fish mortalities most frequently
(Rogers, 1970; Sedgwick, 1982). In Quebec, Canada, Scott

(1984) said that under natural conditions Gyrodactvlus is

a pathogen and is capable of reducing host populations.
Holmes (1982) has also suggested that it is still more
imnportant to do field study which can provide some more
detail about the factors such as predation and competition
which are responsible for regulating gyrodactylids. Heavy
populations of I. multifiliis and Costia necatrix are
highly pathogenic to fry (Roberts and Shepherd, 1974). More

investigations are required to understand the relationship

of PKD with environmental factors (Ferguson et al., 1978).
In Warszawa, Poland, Migala and Kazubski (1972) reported
that Chilodonella were mainly found on weak carps Cyprinus
carpio L., and heavily infected fish died because of the

severe infection. Uzmann et al. (1965) has suggested that

Hexamita required more study to determine whether or not it
causes fish mortality. He also suggests that pathogenic
effects of Hexamita should be investigated in a variety of
hatcheries.

Pathogenic parasites may occur in trout, especially
in farm conditions. These parasites have been studied
individually in the laboratory but in natural environments
they are not easy to study. Therefore, it is interesting to
ask how these parasites behave and affect the fish in the
fish farm situation, specially under the required high
density situation where temperature and water supply
problems may cause greater stress. It was thought possible
to assess the effects of individual parasite infections and
of concurrent infections by statistical analysis of fish
weight, length and condition factor. However it was not
possible to design a proper experimental investigation

because of the problem of not having control over the
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management of the fish tanks which are part of commercial
farms where the manager must take decisions on fish density
and chemical treatment etc. A comparison in the same season
of two fish farms on different rivers with different water
supply was also undertaken. The present investigation may
also answer some of those suggestions which have been made
by others. This thesis, therefore sets out to test the
hypothesis that certain concurrent infections of the above
parasites affect the parameters of fish growth, namely
weight, length and c¢ondition factor in the fish farm
environment.

Host responses such as mucus sloughing are well
documented, hence an evaluation of these responses on
concurrent infections should provide information on degrees
of specificity of the response. It may also be possible to
determine which parasites are most important in stimulating
the non-specific host responses thereby regulating and
controlling the populations of the parasite species 1in
concurrent infections.

The present investigation also observes the effects of
different epizootics in relation to growth and food
consumption in rainbow trout fry. Efforts were also made to
investigate the relationship between management and
environmental parameters, principally temperature, with
respect to the various parasitic infections found to be
present.

It 1s hoped that the results of the present
investigation may contribute to improved management and
increased productivity. Furthermore, fish farmers may gain
information from this study as to the presence and
intensity of certain pathogenic parasites, to give a guide
to husbandry and prophylactic chemotherapeutic practice
appropriate to combating deleterious level of these
parasites or reduction in fish population density at

certain times of the vyear.
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CHAPTER 2
MATERIALS AND METHODS

Studies of the prevalence and intensity of infection
of fish parasites were made in a series of six surveys
divided between two fish farms. The location and
construction of the fish farms are described, followed by
an account of general methods used in the collection of
fish for parasitic examination. The pattern of sampling and
the details of procedure for post mortem examination are
described separately for each of the six surveys because
development and improvement were made during the study.
Finally the methods used for statistical analysis of the
data are described.

The terms 'prevalence', 'intensity' and 'density' of
infection follow the definitions of Margolis et al. (1982).
The infection density and intensity of Trichodina,

Gyrodactylus, H. salmonis and I. multifiliis gill infection

follow the scoring criteria of Poynton (1985); Uzmann et
al. (1967); Tavolga and Nigrelli (1947).

2.1. Fish farms used in the study

The greatest concentrations of freshwater fish rearing
units 1in Hampshire are on the Rivers Itchen and Test,
rivers which are within easy reach of Southampton
University. The selection of the farms for detailed study
was dependent upon their continuous production, freedom of
access (so that samples could be collected at regular and
frequent intervals), and obtaining permission for sampling
from the farm owner.

During this investigation two fish farms were
monitored, A) Itchen Abbas fish farm, and B) Romsey fish
farm. A total of 4 surveys were completed at farm A, and
two surveys were carried out at farm B. Both fish farms are
run by the same management. The detailed description of
each farm is given below. Fry are obtained throughout the

vyear from various hatcheries in the United Kingdom. Each
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tank was scrubbed with clean water before and after use.
During the period of study, fish were fed on B.P
'Mainstream' trout food. The fish farmer fed fry according
to the general guide to the optimum cost-effective feeding
level which is recommended by the food supply company. The
optimum level of feeding also depends upon the
environmental conditions, such as water temperature. Fish

approximately a year old are sold for the table.

2.1.A. 1JItchen Abbas fish farm

This farm was established in 1978, and is one of the

largest intensive units specializing in producing rainbow
trout for the table market in the South of England. It is
situated on the north channel of the river Itchen at Itchen
Abbas. The holding facilities consist of circulating tanks
(lined with concrete and steel), built on the self cleaning
principle. There are 20 small circular tanks (4.6m
diameter, 1l.lm deep) the stocking density of each tank
being 25,000 fry, 20 large circular tanks (9.1lm diameter,
1.2m deep) which have stocking densities of 25,000
fingerlings, 5 large channels (30.5m x 12.2m x 1.5m deep)
which have stocking densities of 80,000 fish, and 5 raceway
tanks (9.2m x 1.5m x 1.0m deep) which have stocking
densities of 6,000 table fish. Before selling off, fish are
graded into different weight categories.

114 million litres of water per day are abstracted
from the north channel of the river and passed into 2 inlet
channels on the outer edges of the site. It is then fed in
parallel to the circular tanks, which discharge into the
central outlet channel, and thence to a return channel
below the farm (see fig. 1-6). The circular tanks are
regularly drained and hosed with cleaning water. Dead fish
were buried in pits and mortality records were regularly
maintained. Wild fish were not known to have entered the

farm.
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