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ABSTRACT 

lnterspecific variation in susceptibility to infection wRh sea lice, Caligus 

elongatus between Atlantic salmon and Arctic charr, was cornpared and host 

characteristics which may determine differences in susceptibility to infection 

were assessed. The hast characteristics chosen were host skin morphology and 

skin mucus protein profiles. lntraspecific variation in infection intensities with 

sea lice within different treatment groups of Atlantic salmon and Arctic charr was 

also compared and host characteristics which may affect differences in 

susceptibility to infection were assessed. Host characteristics investigated were 

host immunocompetency, host stress levels, and host nutrition, in particular, 

iodinehodide levels. Highly significant differences (Pc0.001) occurred in 

infection intensities between the two species when they were allowed to 

acquire sea lice infections naturally. Atlantic salmon acquired significantly fewer 

(Pc0.001) sea lice than Arctic charr when held in the same sea pen. There were 

no major differences in the skin mucus protein profiles between the two species, 

and cytology of epidennal tissues from salmon and chan, from both infected 

and non-infected sites, did not show any major differences. However, there 

were some evidence to indicate that charr may be more susceptible to osmotic 

damage to the epidermis which may be due to the presence of more mucus- 

producing cells and fewer cell layers in the epidermis. On both host species, the 

chalimus stages of sea lice larvae fed on the epidermal cells around the 

attachment site and denuded the epidemis down to the basement membrane. 

Ruptured and picnotic cells were also evident around the holes created by the 

sea lice larvae. Serum samples analysed by electro-immunotransfer blot 
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indicated no detectable specific antibodies to crude sea lice antigens either in 

salmon or in chan. However, both salmon and chan injected with crude sea 

lice extracts acquired significantly (salmon: Pe0.001; charr: PtO.05) fewer sea 

lice than did controls when exposed to challenge infection. Experiments were 

also conducted to investigate: (1) the effect of stress response on infection 

intensity with C. elongatus on Atlantic salmon and Arctic charr; and (2) the 

effects of iodine supplements, either as a feed additive or as an addition to the 

freshwater holding tank, on cortisol and thyroid hormone levels in both salmon 

and charr, and on the subsequent intensity of infection with C. elongatus. 

Cortisol-implanted Atlantic salmon had significantly (Pc0.05) higher mean 

intensities of sea lice than had control salmon. Naturally acquired sea lice 

infections were significantly reduced on Atlantic salmon treated either with 

iodized-feed (Pe0.05) or with iodinated-water (Pe0.05) compared with controls 

with no treatments. Arctic charr treated with iodized feed had also significantly 

(Pc0.05) reduced infections. Arctic charr treated with iodinated water showed a 

sirnilar trend in reduced numbers of sea lice but the differences were not 

significant. Salmon and charr, treated with both iodized feed and iodinated 

water, showed reduced plasma cortisol levels, smaller nuclear diameters of 

interrenal cells, higher levels of TJ and T4, and higher ratios of T U 4 ,  

indicating reduced stress effects. These results suggest that supplementation of 

iodine or iodide reduces physiological stress in both Atlantic salmon and Arctic 

charr, and reduces the number of sea lice acquired by these fish. 
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Chapter 1 

General Introduction 



From a modest start at the end of the 1960s, marine salrnon aquaculture 

has grown immensely in several countries. The major producers are Norway, 

Chile, Scotland, Iceland, Ireland, the Faroe Islands, and Canada. In Eastern 

Canada, the industry is vatued at approximately $100 million annually and 

employs hundreds of people. Production of salmon can be hindered by the 

presence of the salmon louse, Lepeophtheirus salmonis (Krôyer, 1837), and 

the sea louse, Caligus elongatus Nordmann, 1832. These ectoparasitic 

crustaceans feed on fish skin, mucus and blood (Kabata, 1 974; Brandal et ai., 

1976), cause small haemorrhages and sores, and L. salmonis , in particular, 

may erode the skin and expose the underlying tissue; and in severe cases, 

reveale the bones in the skull roof (Egidius, 1985; Berland, 1993). This can 

lead to problems with osmotic regulation and to secondary infections (Wootten 

et al., 1982), which in severe cases c m  result in the death of the fish (Jackson 

and Minchin, 1993). An article in "Fiskarenn (unauthored, April 20, 1994) 

estimated that up to $100 million were lost annually due to sea lice in Nonivay 

alone. 

The life cycles of caligid copepods have been compared by Kabata 

(1972) and those of L. salmonis and C. elongatus are typical of the group 

(Pike, 1989). The life cycle of L. salmonis consists of 10 stages. These stages 

include two free-swimming nauplii, one free-swirnming infectious copepodid, 

four attached chalimi, two preadult, and one adult (Kabata, 1972; Pike, 1989; 

Johnson and Albright, 1991). Piasecki and MacKinnon (1995) found only eight 

stages in the life cycle of C. elongatus, which consists of two nauplii, one 

copepodid, four chalimi, and one adult , with no separate preadult stage. In both 

species, the copepodid larva is the invasive stage which transforms, on 



reaching the fish skin, to the first of four chalimus larvae, which are attached to 

the fish skin by an invasive frontal filament (Pike, 1989). After the fourth 

chalimus stage, the parasites are no longer attached to the host; the preadult 

stages, when present, and the adults are free-rnoving over the surface of the 

fish hosts (Pike, 1989). The generation time, depending on the temperature, can 

vaty between four to six weeks during the summer months. L. salmonis is a 

large, dark brown parasite, in which the female reaches over 18 mm in length, 

excluding the egg strings, and males are up to 7 mm long; C. elongatus is a 

lighter brown species in which fernales reach only 6 mm long and males up to 5 

mm (Pike, 1989). 

Lepeophtheirus salmonis is appaiently restricted to salmonids 

belonging to the genera Salmo, Oncorhynchus, and Salvelinus in the northem 

hemisphere, whereas Caligus elongatus has been reported from more than 80 

species of fish from marine waters around the world (Kabata, 1973; 1988; 

Johnson and Albright, 1991). In Canadian waters, it has been recorded from 15 

species of fish representing eight families (Margolis and Arthur, 1979; Kabata, 

1988). Even though both species of sea lice, L. salmonis and C. elongatus , 

are cornmon in most countries, the most common of the sea lice in the lower 

Bay of Fundy was C. elongatus until 1994. However, in Atlantic Canada, 

sporadic, severe outbreaks of L. salmonis were first reported in Grand Manan 

in 1984 and in Cape Breton in 1987 (Stuart, 1990). 

In the early 1970s, when Norwegian salmon farmers first began reporting 

heavy infestations of sea lice at their sites, growers in neighbouring countries 

were not familiar with this particular pest. A few years later, salmon growers in 



the Northeast Atlantic found that problems with sea lice were on the rise. The 

Faroe Islands, Scotland, and lreland soon found that they had few, if any, sites 

without severe sea lice problerns. Until 1994, North Arnerican salmon famers 

had been relatively fortunate with respect to sea lice, with only a few severe 

cases reported in the east and incidental outbreaks reported in the west (Roth. 

1993). In 1991, with the increase in the number of salmon-producing farms in 

Eastern Canada, it was predicted (B. M. MacKinnon, personal communication) 

that sea lice would be a big problem for the salmon farrners in this region. 

Several methods for control of these parasites have been investigated in 

Canada and Europe including: (1) various dip-type drugs, such as Nuvan 

(dichlorvos), Neguvon (trichlorfon), Pyrethrum (pyrethrin), Salmosan 

(azamethiphos), Cyperrnethrin and hydrogen peroxide; (2) drugs incorporated 

in feed such as Ivermectin (avermectin), Diflubenzuron; and (3) biological 

controls such as the use of vaccines, use of wrasse fish (cleaner fish) and 

fallowing to reduce the lice numbers (Brandal and Egidius, 1979; Palmer et al., 

1987; Pike, 1989; Bjordal 1991 ; Kent and Johnson, 1992; Roth et al., 1993; 

Treasurer,l 993; Mackinnon, in press). The organophosphate dichlorvos drug, 

Aquagard SL* (previously known as Nuvan 500 a), is most commonly used to 

treat fish infected with sea lice in Norway, Scotland, and Ireland, but 

Lepeophtheirus salmonis has shown reduced sensitivity to this drug upon 

repeated treatments (Jones et al., 1992). The use of this drug has also been 

questioned because of toxicity to lobsters and crabs (Egidius and Moster, 

1987) and because of the extensive gaps in Our knwledge of long-term 

environmental effects (Ross, 1989; Roth et al, 1993). 



Development of alternative methods for the control of sea lice is therefore 

essential to minimize the dependence on the chemical treatments and improve 

the economics of salmonid aquaculture. With respect to sea lice, Caiigus 

elonga tus, which was the predominant species until 1 994, development of 

alternative rnethods of control was limited by deficiencies of understanding of 

many aspects of its biology and host-parasite relationships. The broad aim of 

this present research was, therefore, to increase our knowledge of the basic 

biology of C. elongatus as a basis for later development of non-drug methods 

of control. 

Two different species of fish, Atlantic salmon and Arctic charr, were 

chosen in these experiments considering the fact that even though Atlantic 

salmon is the most important aquaculture species in Eastern Canada, Arctic 

charr could possibly be an altemate species in aquaculture in the near future 

and face similar situation, if cultured in sea water. One objective was to 

compare these two species in infection intensity with C. elongatus, and the 

other objective was to compare host factors within experimental groups of these 

species which may affect infection intensities with C. elongatus. 

The specific objectives of this research were to investigate the host 

factors important in determining infection intensity with Caligus elongatus. 

These included: 

Objective 1. 

The detemination of interspecific variation (between Atlantic salmon, 



Salmo salar L. and Arctic charr, Salvelinus alpinus L.) in susceptibility to 

infection with the sea louse, C. elongatus; and the assessment of host 

characteristics which may affect these differences. 

The host characteristics examined were: 

a) host skin morphology, and 

b) host skin mucus protein profiles. 

Objective 2. 

The determination of intraspecitic variations ( between experimental 

groups of Atlantic salmon, Salmo salar L. and between experimental groups of 

Arctic charr, Salvelinus alpinus L.) in susceptibility to infection with the sea 

louse, C. elongatus; and the assessment of host characteristics which may 

affect these differences. 

The host characteristics examined were: 

a) host immunocompetency, 

b) host stress levels, and 

c) host nutrition - -  in particular iodineliodide levels. 

Studies with sea lice repeatedly have shown differences in infection 

intensity between individual fish. Although it was obsewed that unhealthy fish 

acquired higher numbers of sea lice than did healthy fish (Johnson and 

Albright, 1992a; Mustafa and MacKinnon, 1993), it was hypothesized that many 

other factors also could predispose fish to heavy sea lice infections, some of 

which could be genetically based. In fish, strains of brook trout (Salvelinus 

fontinalis) and brown trout (Salmo trutta) have been shown to differ in their 



susceptibility to furunculosis (Embody and Hayford, 1925; Snieszko, 1958; 

Snieszko et al., 1959). and strains of common carp (Cyprinus carpio) in 

susceptibility to infectious dropsy disease (Kirpitschnikow and Faktorowitsch, 

1969). In comparative performance tests of different trout species, Silim et al. 

(1982) found large differences in the susceptibility to infectious pancreatic 

necrosis virus (IPNV). 

Host factors which could affect sea lice intensity are: (1) differences in 

fish sire; or (2)differences in skin characteristics, such as the morphology of the 

epidemal attachment sites or differences in the skin mucous proteins ingested 

by the parasites. Chalimus larvae attach to dermal areas and feed on the 

epiderrnal cells. Thus, cells and epidemal secretions are a major food item for 

these larvae. Ultrastructural studies of salmonid epidermis are rare, and none 

is reported for charr. Mann (1970) reported destruction of epithelium and demis 

caused by another copepodid parasite, L. pectoralis, and noticed inflammation 

and haemorrhaging in the areas where parasites were attached. Serious 

alterations of fish skin due to infection with the salmon louse, L. salmonis, have 

also been reported by Johnson and Albright (1992b). The role of mucus in the 

stress response of fish has been reported, and it is generally believed that more 

mucus is produced by stressed fish. Skin mucus of fishes is also important in 

natural defence against parasites and pathogenic micro-organisms 

(Hjelmeland et al., 1983). The presence of lysozymes, complement 

cornponents, and antibodies suggests that the skin mucus takes an active part 

in the immune system (Hjelmeland et al., 1983) 

Earlier experiments demonstrated that resistance to infection with sea 
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lice, L. salmonis, differs bbtween species of salmon. Nagasawa (1987) and 

Nagasawa et al. (1993) showed that marked differences in infection intensities 

of L. salmonis occurred ûn six different species of salmon. Johnson and 

Albright (1992a) assessed levels of infection on naive Atlantic (Salmo salar), 

coho (Oncorhynchus kisutch), and chinook salmon ( 0. tshawytscha) , and found 

coho to be the most resistant, followed by chinook and then Atlantic Salmon. 

Casual observations in the lower Bay of Fundy have also indicated interspecific 

differences in infection with C. elongatus between Arctic charr and Atlantic 

salmon. It is known that charr do not do well in sea water, when kept for 

prolonged periods, because of their low salinity tolerance and poor 

osmoregulation (Johnson, 1 980). This suggests that they may be more stressed 

than are salmon in sea water. 

It is also possible that the differences in infection intnsities between 

species could also be due to other factors, such as differences in the relative 

competency of specific and non-specific defence systems. As in mammals, the 

piscine immune response to an invading organism also includes both innate 

and acquired immunity (Woo and Jones, 1989). Factors which confer innate 

immunity in fish occur on the body surface in the mucus andlor in the blood. 

Natural agglutinins, lysins, complement, and lysozyme are some of the 

important components in non-specific protection (Ellis et al., 1976). Monocytes 

are also important non-specific phagocytes in fish and have been reported 

several tirnes (Ingram and Alexander, 1980). In the acquired immune system, 

fish produce specific immunoglobulins against particular and soluble antigens 

(Ingram and Alexander, 1980). Fish also possess complernent, specific 

antibodies, phagocytes (Sakai, 1984) and a cutarioous secretoiy immune 



system (Woo and Jones, 1989). Grayson et al. (1 991) studied the immune 

responses of rainbow trout (Oncorhynchus mykiss) and Atlantic salmon ( Salmo 

salar) naturally infected with L. salmonis and confimed the differences in the 

immune responses between these two species. Rainbow trout were capable of 

producing antibodies to many more lice components than Atlantic salmon. 

Ocean-farmed salmon and Arctic charr in Eastern Canada are 

susceptible to acquiring large numbers of sea lice because high stress levels 

induced by different stressors in seapen cages (Mustafa and MacKinnon, 1 993). 

Stress, in aquaculture, is any stimulus that impairs the performance of the fish 

and results in endocrinological changes causing a number of secondary and 

tertiary effects including immune suppression and increased susceptibility of 

fish to infections (Mazeaud and Mazeaud, 1981). Several other studies have 

also shown that salmonids under stress are more susceptible to bacterial, 

fungal, and parasitic infections, including the salmon louse, Lepeophtheirus 

salmonis (Pickering and Pottinger, 1987; Woo et al., 1987; Johnson and 

Albright, 1992a). The increased production of cortisol and decreased 

production of thyroid hormones and proteins due to stress is also well 

documented, but little has been reported on assessing stress responses 

induced by sea lice on salmonids. 

Hatchery-reared salmonids in fresh water are naturally iodine deficient, 

as the availability of natural iodine in prepared feed is greatly reduced as a 

result of flame drying or improper storage (Lall et al., 1985). It is therefore 

possible that fish, deficient in iodine, produce relatively less thyroid hormones. 

Salmonids are also thyroid-hormone-dsficient due to their massive use of 



thyroid hormones during the smoltification process (Folmer and Dickhoff, 1979) 

and due to stress (Mustafa and MacKinnon, 1993). The relationship between 

stress and thyroid hormones haî also been demondrated by Redding et al. 

(1984, 1986), Laidley (1987), and Vijayan and Leatheriand (1989). In this study, 

it is hypothesized that iodine, supplernented in fish holding tank water, or 

iodide, in small quantities in animal feed, reduces the stress response, and may 

strengthen the immune response. Lall et al. (1985) demonstrated that 

supplementation of the diet with iodine and fluorine reduced the prevalence of 

clinical and non-clinical bacterial kidney disease (BKD) in Atlantic salmon. 

To understand the host characteristics that are important in determining 

infection intensity with the sea louse, Caligus elongatus , on Atlantic salmon 

and Arctic chan, the overall objectives of this present study have been dealt 

with in this thesis in the following order: 

Chapter 1) General introduction; 

Chapter 2) Investigation in sea lice infection intensity between Atlantic salmon 

and Arctic charr and investigation of various host factors which may, in 

part, affect differences in infection intensities between these two 

species (objective 1 a, and 1 b); 

Chapter 3) Examination of the relative immunocompetency of Atlantic salmon 

and Arctic charr after injection with a crude extract of C. elongatus 

(objective 2a); 



Chapter 4) Investigation of the effect of the physiological stress response on 

(a) infection intensity with C. elongatus on Atlantic salmon and Arctic 

charr (objective 2b); (b) investigation of the effects of iodine 

supplements on cortisol and thyroid-hormone levels in both salmon 

and charr (objective 2c); and on the subsequent intensity of infection 

with C. elongatus ; and 

Chapter 5) General conclusion. 
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Chapter 2 

Variation in sea lice infection intensity 

between Atlantic salmon and Arctic charr 

and 

investigation of factors which may affect differences in 

infection intensity between these two species. 



ABSTRACT 

Atlantic salmon and Arctic charr were compared for differences in 

infection intensities with sea lice, Caligus elongatus. Various host parameters 

that might affect infection intensity were also investigated, such as: skin mucous 

protein profiles and cytology of epidermal tissues. Highly significant differences 

(k0.001) occurred in infection intensities between the two species when they 

were allowed to acquire sea lice infections naturally. Atlantic salmon acquired 

significantly (P<0.001) fewer sea lice than Arctic charr when held in the same 

seapen. For both species, SDS-PAGE was used to deterrnine skin mucous 

protein profiles. There were no major differences in the protein profiles between 

the two species. Cytotogy of epidermal tissues from salmon and chan, from both 

C. elongatus infected and non-infected sites, did not show major differences, 

but some evidence indicated that charr may be more susceptible to osmotic 

damage to the epidermis perhaps as a result of holding in sea water. Charr 

appeared to have more mucus-producing cells and fewer cell layers in the 

epidermis. Malpighian cells in the charr epidermis were interconnected by 

finger-like cell membrane elaborations while those cells in salmon were 

connected by intercellular junctions. The chalimus larvae on both species fed 

on the epidermal cells around the attachrnent site and denuded the epidermis 

down to the basement membrane. Ruptured and picnotic cells were evident 

around the hole created by the sea lice latvae. Little other damage or host 

react ion was evident. 



INTRODUCTION 

Intensity of infection with any given parasite can Vary greatly between 

individual hosts, and some species of hosts are more susceptible to infection 

than others. Underlying factors that determine whether a fish or a group of fish 

resists a parasite or a pathogen are complex and may be based on 

morphological, physiological, behavioural, immunological, or nutritional 

characteristics. With respect to sea lice infections, intensities Vary considerably 

even among fish with the same genetic background in the same seapen. 

Casual observations by the fish famers in the lower Bay of Fundy, have also 

indicated interspecific differences in infection with sea lice, Caligus elongatus, 

between Arctic charr, Salvelinus alpinus (L.), and Atlantic salmon, Salmo salar 

L., with the charr being noticeably more heavily infected. These observations 

were made when charr and salmon were being raised in the same seapen in 

the St. Croix estuary. The first objective of the present research was to quantify 

the intensity of infection with C. elongatus on Atlantic salmon and Arctic charr. 

Although charr thrive. in intensive fresh water culture (Baker, 1983; Papst 

and Hopky, 1983) and some wild charr populations have a seaward migration 

each spring and a retuming migration to fresh water each autumn (Dempson, 

1981), they perform less well when kept for prolonged periods of time in sea 

water because of their low salinity tolerance and poor osmoregulation 

(Gjerdem, 1975; Sutterlin et al., 1977; Johnson, 1980). This suggests that charr 

may be more stressed than salmon in estuarine seapens since, unlike salmon, 

charr do not undergo true smoltification (Delabbio, 1995), and naturally do not 

remain in sea water as adults for a prolonged period of time. The primary and 



secondary stress responses in fish are well known to increase susceptibility to 

infection and disease. 

The second objective was to investigate the host factors which may, in 

part, affect the differences in infection intensity between Atlantic salmon and 

Arctic charr. Differences in infection intensity with C. elongatus between Atlantic 

salmon and Arctic charr may be due to the effects of stress, to innate differences 

in fish behaviour or skin characteristics or a combination of these and other 

factors. The effect of host stress on infection intensity will be dealt with as a 

major component of the thesis in chapter 4. This particular chapter deals with 

differences in skin characteristics between the two species. The skin was 

chosen as the obvious tissue for cornparison since the parasite feeds on the 

skin mucus and epidermal cells. The host skin characteristics investigated were: 

(1) biochemical, by comparing skin mucous protein profiles; and (2) 

morphological, by comparing the cytology of epidermal tissues. 



MATERIALS AND METHODS 

Fish source and their maintenance 

In each of two years, 1992 and 1993, two year old (2+) Atlantic salmon 

srnolts and two-year-old (2+) Arctic charr (Fraser River Stock), weighing 

between 200 and 400 g, were obtained from the Huntsman Marine Science 

Centre (HMSC), St. Andrews, N. B., and were divided into two groups of at 

least 100 fishlgroup. Each group was kept in a two-meter diameter fibreglass 

tank at HMSC, with a constant flow (>50 Umin) of dechlorinated fresh water. 

The fish were al1 in apparent good health, were fed to satiation once daily with 

pelleted dry commercial salmon feed (Moore-Clark, St. Andrews, N.B.), and 

acclimated for a period of four weeks prior to the onset of the experiments 

(Busacker et al., 1990). The experiments ran from May to Novernber in each of 

two consecutive years. 

Experimental design 

The experimental design consisted of two phases. During the first phase, 

al1 fish were kept in fresh water for 14 weeks and maintained in two separate 

groups: Atlantic salmon and Arctic charr. (The groups of Atlantic salmon and 

Arctic charr discussed in this chapter were maintained in parallel with other 

groups of Atlantic salmon and Arctic charr that were experimentally 

manipulated. The groups described here are also the control groups for the 

experiments further described in chapter 4). The fish were then gradually 

acclimated to sea water over a further two week period. At the end of the 



acclimation period, fish were fin-clipped under anaesthesia (2-phenoxyethanol) 

using patterns of half or full clips of adipose fins to identify members of each of 

the two groups. Following the process, fish were placed in a recovery tank and 

later transferred to designated holding tanks. During this first phase, the water 

temperature varied between 10% (1 992) or 9.50C (1 993) at the beginning of 

the experiments (May) and 11.20C (1992) or 13.0oC (1 993) at the end 

(August). 

During the second phase of the experiment. al1 fish were kept in a 

12mx12m seapen for 12 weeks in Lime Kiln Bay, St. George, N. B. (1 992) or in 

Brandy Cove, St. Andrews, N.B. (1993). The experimental seapen was located 

adjacent to other cages holding Atlantic salmon with moderate sea lice 

infections (10-40 mobile individuals/fish). The Lime Kiln Bay site housed >20 

cages (seapens) while the Brandy Cove site housed only six cages. 

Experimental fish were allowed to naturally acquire sea lice infections from 

infective stages originating from fish in the adjacent pens. During this period, 

fish were fed twice daily with pelleted dry salmon diet (Moore-Clark, St. 

Andrews, N. B.). Water temperature during the sea water phase ranged from 

10.60C (1 992) or 13.2% (1993) in August to 10.0oC (1992) or 10.20C (1 993) 

in November. 

The experimental fish were used to investigate infection intensity of sea 

lice and cytology of epidennal tissues. Skin samples for the investigation of the 

structure of epidennal tissue were collected from seapen-held Atlantic salmon 

and Arctic charr, which were infected with sea lice. lnfected samples were 



removed by recovering Icm square of tissue around an attached chalimus 

larva. Control samples were taken from fish not having such infections. Mucus 

samples for protein profiles were collected from Atlantic salmon and Arctic 

charr, raised under parallel conditions at HMSC and maintained in sea water. 

Both salmon and charr were 2+ year old and obtained from HMSC. The fish 

were untreated and never exposed to sea lice. 

Comparison of infection levels 

Sampling of fish , counting sea lice, and analyses of data 

At the end of the experiment, fish were collected by dip-net from the 

seapen and placed in individual plastic specimen bags, killed by a blow to the 

head, and kept frozen for further analysis of sea lice infections. Fish were 

subsequently thawed and the total number of sea lice on the fish were counted 

(from 15 fish, sampled randomiy, from each group of fish in 1992; from 30 fish, 

sampled randomly, from each group of fish in 1993) for the calculation of fish 

length, prevalence, mean intensity. and intensity per unit of body length. The 

terms prevalence and mean intensity follow the definitions of Margolis et al. 

(1982). Prevalence is the percentage of infected fish in the entire population 

sampled, and mean intensity is the mean number of parasites per infected fish. 

Since aquacultured fish are raised under the same environmental conditions, 

fish length was used as a good surrogate measurement of fish size. Fish length 

was also used as an estimate of fish size by Berland (1993) and Nagasawa et 

al. (1 993). Fish length, as opposed to fish weight, was felt to be a better factor to 

use in relation to to the number of parasites per surface area of fish or fish size, 



since sea lice are naturally distributed over the back of the head and behind the 

dorsal fin, not over the sides or belly of fish where differences in fish weight 

would play a greater role. 

All the statisticai analyses were executed by Datadesk (Release 4.1). 

Fish size, mean intensity, and mean intensity per unit body size were compared 

behnreen two groups (Atlantic salmon and Arctic charr) within each year using t- 

tests to find significant differences between the means (Pagano, 1986; Sokal 

and Rohlf, 1987). For each test, differences were considered significant when 

PeO.05. All the values shown in this investigation are mean f standard error. 

Mucous protein profiles 

Collection of mucus for protein profiles 

At the end of acclimation to sea water, in August, 1993, mucus samples 

were collected from 1 0 representative fish of each species. Individual fish were 

dip-netted from the tanks and anaesthetised with 2-phenoxyethanol. Mucus 

samples were obtained by gently scraping the Hat side of a glass cover slip 

along one side of each fish. Following the process, fish were transferred to a 

recovery tank and later to the designated holding tanks. Mucus samples were 

stored in glass vials containing 1 ml of phosphate buffer saline (PBS) at -700C 

for further analysis of protein profiles. 



Analyss of mucus for protein profiles 

Mucus samples were analysed using a standard poly-acrylamide gel 

electrophoresis (PAGE) method (Laemmli, 1 970). Mucus samples for the PAGE 

were thawed and TCA (trichloro-acetic acid) precipitated. The precipitated pellet 

was resuspended in an electrophoresis sample buffer. Protein content was 

assayed using a Bio-Rad protein assay kit and detemiined to be 1 pg/~~l.  Ten pl 

of sample were added to each gel well of the Mini Protein II Electrophoresis 

and run using an SDS-PAGE apparatus (Bio-Rad Laboratories Limited). 

Molecular weight standards (Sigma) were also included in the gel. The proteins 

were separated at 200 volts for 45 minutes. Gels were then stained with 

coomassie blue, stored in a cool dry place, and photographed later. 

Cytology of epidermal tissue 

Collection, fixation, embedding, sectioning, and examination 

Epidenal tissue from both uninfected and infected fish (from chalimus 

larvae attachment sites) were excised from 1 0 representative freshly-killed fish 

of eash species, Atlantic salmon and Arctic charr, during the sea water phase in 

November, 1993. Samples were prepared for transmission electron microscopy 

as follows. All specimens were immediately fixed in Karnovsky's fixative, pH 7.2, 

for 24 hours (Appendix 1) at room temperature. Fixed samples were washed 

through two, 15-minute changes of sodium cacodylate buffer at room 

temperature and post-fixed in 1% (wlv) osmium tetraoxide buffered in 0.1 M 

sodium cacodylate for one hour at room temperature. 



Following post-fixation in osmium tetraoxide, samples were washed in 

two, 1 bminute changes of buffer and dehydrated to 100% acetone. After two 

changes of acetone and Epon 812 Araldite (3:1 for 2-4 houn and 1 :3 for 12 

hours respectively), the samples were embedded in epon-araldite and 

polymerised at 45oC for 24 houn, and at 60% for 24 to 48 houn (Appendix 1). 

Thick, 1 .O pm sections were cut using an LKB ultramicrotome and 

stained with toludine blue (Kay, 1965), for examination under the light 

microscope (see Appendix II for staining schedule). Ultra thin sections (60-70 

nm) were obtained using an LKB ultramicrotome and glass knives. These were 

collected on 200-mesh copper grids coated with formvar and stained with 

uranyl acetate (Watson, 1958) and lead citrate (Reynolds, 1963) prior to 

examination using a Phillips EM 400T microscope at 80 KV. Photographs were 

taken using a 35 mm camera attached to the Phillips EM 400T. 



RESULTS 

Levels of infection 

Total numbers of C. elongatus (adults and larvae) on Atlantic salmon 

and Arctic charr are expressed in terms of prevalence and mean intensity in 

Table 2.1 for 1992 and in Table 2.2 for 1993. Mean intensities of infections 

between Atlantic salmon and Arctic chan are shown graphically in Figures 2.1 

(1 992) and 2.2 (1 993). Cornparisons between mean numbers of sea lice larvae 

and mean numbers of adult sea lice per fish in salmon and charr are also 

illustrated in Figures 2.3 (1 992) and 2.4 (1993) . 

The results indicated that in both experimental years, Atlantic salmon had 

lower mean intensity (20.313.3 :l992; 14.8i2.3 :1993) of sea lice than Arctic 

charr (32.0.313.5 : 1 992; 29.6k3.4 : 1 993). These differences were statistically 

significant (1 992: tobttl0.8, dh28, P<0.001; 1 993: tobt=14.4, df=58, PcO.00 1 ) 

(Tables 2.1 and 2.3). Even though there was a significant difference between 

the lengths of salmon and chan only in 1992 (1 092: tobt=4.89, df=28, P<0.05), 

mean intensity per unit fish length (mean intensitylcm) was also significantly 

different in both years (1 992: tobt=4.8, df28, P<0.001; 1993: tobt=l 7.1 , df=58, 

Pc0.001) and indicated that there was no effects of fish length on the infection 

intensity (Tables 2.1 and 2.2). 

Interestingly, although charr harboured significantly more sea lice (mean 

intensity: adults and larvae combined), there was no significant difference in the 



mean numbers of attached chalimus larvae pet fish between these two host 

species (1 992: tobt=l .O, df=28, Pd.32; 1993: tobpl.08, df=58, Pa.28) (Figure 

2.3 for 1992 and 2.4 for 1993). However, differences in the mean numbers of 

adults pet fish were highly significant between salmon and chart in both the 

experimental years (1 992: tobt=l 2.6, df=28, k0.001; 1993: tobt-15.77, df=58, 

P<O.OOl) (Figure 2.3 for t 992 and 2.4 for 1993). 

Skin mucous protein 

Skin mucous protein profiles for Atlantic salmon and Arctic charr were 

similar, but did show some differences (Figure 2.5). Protein bands about 94 kDa 

range were more densely stained in salmon samples than in charr samples 

while bands in other ragions had similar density. Salmon samples in the 67-94 

kDa range showed more protein bands than did samples from chan. Salmon 

had an additional strongly-staining band btween 30 and 42 kDa. 

Cytology of epidermal tissues 

A tht ic  salmon 

Light and electron micrographs (Figure 2.6) of uninfected salmon 

epidermis indicated an intact layer of outer squamous epithelial cells bearing 

microridges. Distal malpighian cells were interspersed with mucous cells. More 

proximal malpighian cells were characterized by large nuclei and a cytoplasm 

having a few vacuoles and lirnited endoplasmic reticulurn. Several intercellular 

junctions were also present. 
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In areas where chalimus laivae were attached (Figure 2.7), extensive 

abrasion of the epiderrnis was evident. Epidermal cells were absent down to the 

basernent membrane. These holes were surrounded by ripped and dying cells. 

Picnotic cells were present next to the excavated hole and the normal epithelial 

cells bearing rnicroridges were absent. Normal malpighian cells were located 

near the damaged area and thete was no evidence of white blood cell 

infiltration, excessive mucous cells or melanocytes. 

Arctic charr 

Light and electron micrographs of uninfected charr epidermis (Figure 

2.8) indicated an intact layer of squamous cells with rnicroridges. Mucous cells 

were numerous and were seen opening to the extemal surface. Malpighian 

cells were irregular in outline and contained large electron-dense nuclei. They 

also contained rnany electron-lucent inclusion bodies similar to the 

mucopolysaccharide inclusions evident in rnucous cells. Some poorly-fixed 

specimens showed extensive vesicle-like areas, in the malpighian cells, which 

had been leached by chernical treatments. Few intercellular junctions were 

evident but the outer ce11 membrane appeared elaborately folded, interdigitating 

with adjacent cells. There vras some evidence of loss of cell contact in more 

distal areas since gaps were evident between some cells. 

The epidermis of charr in areas where chalimus larvae were attached 

(Figure 2.9) showed excavated holes down to the basernent membrane. 

Picnotic cells at the edges of the holes were evident but not as obvious as those 

in salmon. There was evidence of inflammation-like osmotic damage to 



adjacent areas but white blood cells were not evident in the area. No 

hyperplastic areas or melanocytes were evident. 



Table 2.1. Occurrence of sea lice, Caligus elongatus , on Atlantic salmon and Arctic charr in 1992. 

Experimental N Prevalence Mean Mean fish Intensitylunit fish Mean Mean 
fish groups (%) intensityfSE lengthf SE IengthISE nurnbers of numbers of 

(cm) (intensitylcm) adultsîSE larvaef SE 

Atlantic salmon 1 5 100 

Arctic charr O 15 100 32.W3.5 b 31.3f3.2 b 1 .M .1  b 27.5I1.5 b 4 . M  .8 a 

Means with different Mers are significantly different as determined by 1-test. 



Atlantic salmon Arctic charr 

1992 

Figure 2.1. Mean intensity of sea lice (C. elongatus) infection on Atlantic salmon 

and Arctic chan in 1992. Values are meanfSE. Means with different letters are 

significantly different as detemined by t-test (Pc0.001). 



Table 2.2. Occurrence of sea lice, Caligus elongatus , on Atlantic salmon and Arctic charr in 1993. 

Experimental N Prevalence Mean Mean fish Intensitylunit fish Mean Mean 
fish groups (%) intensityISE IengthISE lengtMSE numbers of numbers of 

(cm) (intensitylcm) adultsSE IarvaeISE 

Atlantic salmon 30 100 14.8I2.3 a 27.3I1 .7 a 0.5I0.1 a 11 .W1.9 a 2.W) .ô a 

Arctic charr 30 100 29.6I3.4 b 29.1 I2.3 a 0.9f0.1 b 25.6I4.3 b 3.4f1.9 a 

Means with different letters are significantly different as detemined by 1-test. 



Atlantic salmon Arctic charr 

1993 

Figure 2.2. Mean intensity of sea lice (C. elongatus) infection on Atlantic salmon 

and Arctic chan in 1993. Values are meanfSE. Means with different letten are 

significantly different as detenined by t-test (Pc0.001). 
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Figure 2.4. Mean numbers of chalimus larvae and mean numbers of adults of C. 

elongatus per fish on Atlantic salmon and Arctic charr in 1993. Values are 

meankSE. Means with different Mers are significantly different as detennined 

by t-test (P<O.OOl). 



Figure 2.5. SDS-PAGE gel (representative photograph) of skin mucus samples 

from Atlantic salmon (Sm) and Arctic charr (Cm) (each lane represents one fish 

sample). Ss= Salmon serum, MW= rnolecular weight standards; numbers in 

scale denote approximate mw in kD. 
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Figure 2.6. Light and electron micrographs of sections through epidenis of 

Atlantic salmon. (A) Light micrograph of a normal epidermis. ep, intact outer 

epidermal layer; ml malpighian cells. Bar = 30 pm. (B) Electronmicrograph of a 

normal epithelium. mr, micro ridges; mc, mucus-producing cells. Bar = 1.0 Pm. 

(C) Electron rnicrograph of inner layen of normal epithelium. m, malpighian 

cells; v, vacuole; arrow. intercellular junctions. Bar = 1 .O prn. 





Figure 2.7. Light and electron micrographs of sections through epidermis of 

Atlantic salmon infected with chalimus larva of Caligus elongatus. (A)  Light 

micrograph of damaged epidertnis. ff, part of frontal filament; eh, excavated 

hole; ie, intact epidermis; n, necrotic cell; s, scale. Bar = 30 pm. (6) Electron 

micrograph of a damaged epithelium. pn, picnotic nucleus; b, blebbing of 

disrupted cell surface. Bar = 2.0 Pm. 





Figure 2.8. Light and electron micrographs of sections through epidenis of 

Arctic charr. (A)Light micrograph of a normal epidermis. ep, intact outer 

epidermis; mc, mucus-producing cells; m, rnalpighian cells; arrow, space 

between cells showing osmotic damage. Bar = 30 Pm. (B) Electron micrograph 

of a normal epithelium. mr: micro ridges. Bar = 1 .O Pm. (C) Electron rnicrograph 

of inner layers of normal epithelium. n, nucleus of a malpighian cell; arrow, 

cytoplasmic exclusions. Bar = 1 .O Pm; lnset showing extensive intercellular 

digitation (arrow). Bar = 1 .O Pm. 





Figure 2.9. Light and electron micrographs of sections through epidemiis of 

Arctic charr infected with chalimus larva of Caligus elongatus. (A) Light 

micrograph of a damaged epidemis. eh, excavated hole; ep, epidemal cells. 

Bar = 30 Pm. (B) Electron micrograph of a damaged epithelium. mc, mucus 

cells; m, rnalpighian cells; arrows, disrupted tissue and evidence of osmotic 

damage. Bar = 1 .O p. 





DISCUSSION 

Sea lice, Caligus elongatus, are known to infect over 80 different 

species of hosts including salmonids (Hogans and Trudeau, 1989). Even 

though C. elongatus has a wide host range, some hosts may be more easily 

colonized than others. In the present study, the levels of infection with C. 

elongatus on Arctic charr and Atlantic salrnon were significantly different. 

Although charr harboured more adult sea lice than salmon, it is a relatively 

unimportant host in the life cycle and population dynamics of C. elongatus , 

since chan are not found naturally and are seldom cultured in Passamaquoddy 

Bay. 

Lepeophtheirus salmonis, a larger and now cornmon sea louse in 

eastem Canada, also infects various salrnonid hosts at markedly different 

infection levels. In Pacific waters, Nagasawa (1987) and Nagasawa et al. 

(1993) showed a marked difference in infection levels by L. salmonis on six 

different host species of Pacific salmon. These differences in the infection level 

can be attributed to many characteristics of the host species. 

The present study did not show any differences in the mean numbers of 

attached C. elungatus larvae between Atlantic salmon and Arctic charr in 

either of two experimental years. lnfective sea lice larvae actively swirn upward 

and are photosensitive (Johannesen, 1978; Wootten et al., l982), and it is 

therefore reasonable to presume that they are in the upper water column during 

the day as they are attracted to the light. According to Furevik et al. (1 988), 

salmon are very active during the day and prefer to leap and roll at the surface. 



Holm (1 988) and Nortvedt and Holm (1 988) dunng their duoculture studies with 

salmon and charr also observed that salmon are dispersed, highly aggressive 

and rnaintain their position over charr within a seapen. Based on the relative 

position of the two species of fish within a seapen, it should follow that salmon 

would be more heavily infected than charr. However, because salmon prefer to 

"leapl and roll2 at the surface of water" (Furevik et al., 1988) and are generally 

faster swimmers than charr (Nortvedt and Holm, 1988), this could, in part, 

account for the "equalizingn in infection levels between the two host species of 

fish since it is hypothetically more difficult for an infective lama of C. elongatus 

to attach to a rapidly-moving fish. 

On the other hand, charr were infected with significantly more mean 

numbers of adult C. elongatus than were salmon. Presuming that the initial 

infection dynamics for these adults were similar to the dynamics operating when 

the younger larvae were attaching to these fish, i.e., that these adults grow frorn 

lawae that infected charr and salmon equally, two explanations are possible to 

account for more adults on charr than salmon. The first explanation is that many 

of the larvae settling on salmon did not survive to adulthood. The second 

explanation is dependent on the knowledge that sea lice adults often swim 

away from their host to the same or a different host. lt is therefore possible that 

sea lice moved from salmon and on to charr, since charr are subdominant and 

less active than salmon (Adams et al. , 1987; Linner et al. , 1990). Thus, 

1. Leap: The fish breaks the surface with most of its body clear of the water. 

2. Roll : The fish partly and quietly breaks the surface. 

(Ref: Furevik et al., 1988) 
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although salmon and charr are epipelagic in nature, the precise swimming 

depth of each species would influence the encounter rate with swimming adult 

sea lice (Nagasawa et al., 1993). Swimming speed, chemical cues or other 

differences behiveen charr and salrnon, could also account for increased 

resettlement of sea lice on charr. 

This study has investigated a few of the many parameters that may 

explain the higher resettlement or higher suivival of C. elongatus on charr than 

salmon. Differences in epiderrnal structure and function in different salmonid 

species, may be a factor contributing to the differences in infection intensity on 

different salmonids (Nagasawa et al., 1993). Caligos elongatus larvae and 

adults feed on the mucus and epidemial cells of their hosts. PAGE analysis of 

both Atlantic salmon and Arctic charr skin mucus indicated that there are no 

major differences in the protein composition of the two species. In general, the 

electrophoretic patterns for the two species were reasonably similar although 

salmon had a few extra protein bands in the 30-42kDa and 67-94 kDa range. It 

is possible that the appearance of these protein bands were due to density 

differences or due to artifact. It is also possible that these proteins do differ 

between salmon and charr. These may be important to the nutrition of C. 

elongatus and may result in adults remaining to feed longer on charr before 

ieaving their host. The fact remains that Atlantic salmon harbour reproductively 

viable adult sea lice and thus the importance of these different proteins to the 

nutrition of C. elongahrs rnust be marginal. It may be that chan skin mucus has 

a chemo-attractant effect on free-swimming adult C. elongatus. Although laival 

sea lice do not appear to be attracted to hosts by chemical cues, this does not 

negate adults doing so (MacKinnon, personal communication). 



The cytology of epidermal tissues from uninfected and infected charr and 

salmon indicated that in both species, chalimus only caused srnall lesions as a 

result of the feeding and attachment. There was little evidence of inflammatory 

response and no infiltration of WBCs. In both infected and uninfected charr, 

there appeared to be gaps between the distal malpighian cells that were not 

seen in salmon. Break down of intercellular connections is one of the first 

symptoms of infections associated with the skin (Ferguson, 1989) and may also 

result from osmotic stress. This may be an indication that charr lost some 

epidermal integrity as a result of stress from being kept in sea water for a 

prolonged period. Charr epithelial cells were interconnected by interdigitation of 

the cell membranes whereas salmon cells were connected by intercellular 

junctions. These findings may indicate that charr epidermis is more easily 

disrupted by a feeding sea louse. While few differences in the ultrastructure of 

infected sites were recorded between infected salmon and infected charr in this 

study, differences in histopathology have been recorded as a result of 

Lepeophtheirus salmonis infections on Atlantic, chinook and coho salmon by 

Johnson and Albright (1 992). 

Charr are less adapted to withstanding long periods of time in sea water 

than are salmon, and are more stressed in net-pens in water with high salinity 

(Gjerdem, 1975; Sutterlin et al., 1977; Johnson, 1980). It was therefore, 

hypothesized that charr being more stressed would harbour more parasites. 

The effects of "stressn in these two species on sea lice infections is discussed in 

chapter 4. 
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Chapter 3 

Effects of injection with crude ma lice extract on sea lice 

infection inteneity in Atlantic salmon and Arctic charr. 



ABSTRACT 

The immune response of Atlantic salmon and Arctic chan, experimentally 

injected with a cnide protein extract from the sea louse, Caligus elongatus , was 

investigated. Serum samples analyzed by a western blot 

(electroimmunotransfer blot) method indicated that the fish did not produce 

detectable specific antibodies to sea lice antigens. However, significant 

(P<O.O5) differences occurred in the infection intensities when the fish were 

allowed to acquire sea lice naturally. 80th salmon and chan injected with crude 

sea lice extracts acquired significantly fewer sea lice (Pc0.05) than their 

respective controls when exposed to challenge infection. 



Current levels of infection of aquacultured Atlantic salmon (Salmo salar 

L.) in the northem hemisphere with ectoparasitic crustacean copepods, sea 

lice, Lepeophtheirus salmonis (Kroyer) and Caligus elongafus Nordmann , 

remain extremely high. This often results in large losses of fish stocks due to the 

direct consequences of the louse infection, to opportunistic secondary infectious 

organisms, and to increased physiological stresses (Grayson et al. , 1991 ; 

Spencer, 1 992). 

Current treatments, such as the use of organophosphate pesticides, 

(e.g., Aquagard SL* - previously known as Nuvan 500 9, are most commonly 

used to treat fish infected with sea lice in Scotland, Ireland, and Norway, but 

Lepeophtheirus salmonis has shown reduced sensitivity to these drugs upon 

repeated treatments (Jones et al., 1992). The use of these drugs have also 

been questioned because of toxicity to lobsters and crabs (Egidius and Moster, 

1987), ever-reducing efficacy (increased resistance of the lice to 

organophosphates) and because of extensive gaps in Our knowledge of long- 

term environmental effects (Ross, 1989; Spencer, 1992; Roth et al., 1993). The 

absence of cornpletely effective and safe methods for treating sea lice infections 

emphasizes the need to understand the immune response of various species of 

fish to sea lice in order to determine the potential for sea lice vaccines. 

Grayson et a l .  (1991) have demonstrated a low level serum response in 

Atlantic salmon naturally infected with L.salmonis and an enhanced response 

in vaccinated rainbow trout, Oncorhynchus mykiss, but MacKinnon (1 991) 
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indicated that naturally-infected Atlantic salmon, reared in seapen, did not 

generate a blood serum antibody response against moderate infections of 

Caligus elonga tus. 

Other investigators have demonstrated some success in the vaccination 

of mammalian hosts against parasites inctuding the nematodes, Haemonchus 

contortus (Smith et al. , 1993), the lawae of the sheep blowfly, Lucilia cuprina 

(East et al . , 1 993), the ixodid tick, Rhipicephalus appendiculatus (Rechav et al.. 

1992), and the cattle tick, Boophilus microplus (Willadsen et al ., 1989). These 

findings suggest that the development of a vaccine against sea lice using a 

similar strategy might be possible. 

In the context of the present work, the investigation of the ability of 

Atlantic salmon and Arctic charr, to produce anti-sea louse antibodies after 

vaccination, was intended as a cornparison of the relative immunocompetency 

of the two species, rather than as a project aimed at developing a vaccine. 

The present investigation was designed: (1) to determine if previously 

uninfected Atlantic salmon and Arctic charr were capable of producing an 

antibody response to injected crude sea lice (C. elongatus) extract; and (2) to 

determine if vaccination with a sea lice extract reduced natural infection levels 

of C. elongatus . 



MATERIALS AND METHODS 

Effects of vaccination on infection levels 

Experirnental groups, injection of fish, and their maintenance 

Two-yearsld (2+) Atlantic salmon smolts and two-year-old (2+) Arctic 

chan (Fraser River Stock), weighing between 200 and 400 g were obtained 

from Huntsman Marine Science Centre (HMSC), St. Andrews, N. B., and 

divided into four groups (see below) of 100 fish/group. Each group was kept in a 

2-meter fibreglass tank at HMSC, initially with a constant flow of (>50 Umin) of 

dechlorinated fresh water for 14 weeks and then acclimated to sea water 

gradually over a further two weeks period. The fish were al1 in apparent good 

health and were fed to satiation once daily with pelleted dry commercial salmon 

feed (Moore-Clark, St. Andrews, N.B.). Fish were acclimated for a period of four 

weeks before the onset of the experiment (Busacker et al., 1990). 

The four experimental groups of fish were : 

Group 1. Atlantic salmon fed regular feed, maintained in sea water; 

injected with crude sea lice antigen emulsified with 

Freund's lncomplete Adjuvant (FIA). 

Group 2. Atlantic salmon fed regular feed, maintained in sea water; 

injected with Phosphate Buffered Saline (PBS) emulsified with 

Freund's lncomplete Adjuvant (FIA). 

Group 3. Arctic chan fed regular feed, maintained in sea water: 

injected with crude sea lice antigen emulsified with 

Freund's lncomplete Adjuvant (FIA). 



Group 4. Arctic charr fed regular feed, maintained in sea water: 

injected with Phosphate Buffered Saline (PBS) emulsified with 

Freund's lncomplete Adjuvant (FIA). 

At the end of the sea water acclimation period, half of the fish of each 

species (1 00 fish per group; groups 1 and 3 for salmon and chan, respectively) 

were anaesthetized with Pphenoxyethanol and were injected intraperitoneally 

with 200 pl of fluid comprising 1 00 pl of of sea lice extract (1 68 pg of protein) 

(see below) (as determined by the Lowry method ; Peterson, 1979) and 100 pl 

of Freund's lncomplete Adjuvant (FIA). The other half of the fish of each species 

(controls; 100 fish per group; groups 2 and 4 for salmon and charr, 

respectively) were also anaesthetized and injected intraperitoneally with 200 pl 

of Freund's lncomplete Adjuvant (FIA). The fish were fin clipped under 

anaesthesia for future identification. Following the procedures, the fish were 

placed in recovery tanks and later transferred to a 12mx12m seapen in Brandy 

Cove, St. Andrews, N.B., and kept there for 12 weeks. During this phase, the 

water temperature varied between 10% (1992) or 9.5oC (1993) at the 

beginning of the experiments (May) and 11.2% (1992) or 13.0% (1993) at the 

end (August). 

The experimental seapen was located adjacent to five other cages 

holding Atlantic salmon infected with moderate nurnbers of sea lice (10-40 

mobile individualdfish). Experirnental fish were allowed to naturally acquire 

sea lice infections from infective stages originating from fish in the adjacent 

pens. During this twelve-week period, fish were fed twice daily with pelleted dry 



commercial salmon feed (Moore-Clark. St. Andrews, N. B.). Water temperature 

during the sea water phase ranged from 13% in August to 10.20C in 

November, 1 993. 

Preparation of crude sea lice extract 

Whole sea lice Caligus elongatus were collected from naturally-infected 

Atlantic salmon not involved in any other part of this study. These were washed 

three times in phosphate buffer saline (PBS) (pH of 7.2). One hundred lice 

were then homogenized with 2 ml of PBS in a glass homogenizer for 

approximately five minutes. The homogenate was sonicated three times for 30 

seconds each time (Sonicator; Bransonic 220). The extract was next 

centrifuged for 10 minutes at 9000 g. The supernatant was diluted to 3 ml with 

PBS, analysed for protein concentration, and kept frozen at -700 C until used 

for injections or as a source of sea lice antigens for the western blot. Prior to 

injection, the antigen was mixed with an equal amount of Freund's lncomplete 

Adjuvant (FIA). 

Sampling procedure 

At the end of the experiment, al1 fish were collected by dip net from the 

seapen. Blood samples were immediately drawn from the caudal vesse1 of five 

fish per group, using a heparinized vacutainer (Becton- Dickinson Company, 

USA). Blood 

laboratory foi 

wss kept on ice at the cage site and then transported to the 

further processing. All the fish were then placed in individual 
- 



bags, killed by a blow to the head, and frozen at -200C for further analysis of 

sea lice infections. 

tevels of infection 

At the end of the experiment, fish were collected by dip-net from the 

seapen and placed in individual plastic specimen bags, killed by a blow to the 

head, and kept frozen for further analysis of sea lice infections. Fish were 

subsequently thawed and the total nurnber of sea lice on the fish were counted 

(from 15 fish, sampled randomly, from each group of Atlantic salmon; from 30 

fish, sampled randomly, from each group of Arctic chan) for the calculation of 

fish length, prevalence, mean intensity, and intensity per unit of body length. 

The ternis prevalence and mean intensity follow the definitions of Margolis et al. 

(1982). Prevalence is the percentage of infected fish in the entire population 

sampled, and mean intensity is the mean number of parasites per infected fish. 

Since aquacultured fish are raised under same environmental conditions, fish 

length was used as a good surrogate measurement of fish sire. Fish length was 

also used as an estimate of fish size by Berland (1993) and Nagasawa et al. 

(1 993). Fish length, as opposed to fish weight, was felt to be a better factor to 

use in relation to to the number of parasites per surface area of fish or fish size, 

since sea lice are naturally distributed over the back of the head and behind the 

dorsal fin, not over the sides or belly of fish where differences in fish weight 

would play a greater role. 

All the statistical analyses were executed by Datadesk (Release 4.1 ). 

Fish size, mean intensity, and mean intensw per unit body size were compared 
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between two groups (vaccinated and control) of each species using 1- test to 

find significant differences between the means (Pagano, 1986; Sokal and Rohlf, 

1987). For each test, alpha level was set at 0.05. All the values shown in this 

investigation are mean I standard error. 

Analysis of fish serum for anti-sea lice antibodies 

Fresh blood was centrifuged at 900g and the serum frozen at -700C until 

analyzed. Thawed serum samples from Atlantic salmon and Arctic charr were 

assayed for sea lice specific immunoglobulins by using an 

electroimmunotransfer blot method (EITB) (Tsang et al., 1983). Sea lice extract 

(prepared as described above) was diluted in sample buffer to a protein 

concentration of 1.68 pg/pI and boiled for five minutes. An equal amount (10 

pl) of sample was added to each lane of a preformed SDS- polyacrylamide gel 

and subjected to electrophoresis (Laemmli, 1970) using a Mini Protein II 

electrophoresis apparatus (Bio-Rad Laboratories Ltd., Ca, USA). Molecular 

weight standards (Sigma) were also included in the gel. The proteins were 

separated at 200 volts for 45 minutes. Following SDS-PAGE, the separated 

sea lice proteins were transferred to nitrocellulose paper using an SE 250 

transfer blot cell and a model 200/2.0 power supply (Bio-Rad Laboratones Ltd, 

Ca, USA) at 20 volts for 30 minutes. The nitrocellulose blots were then 

transferred to a Mini Protein II multi-screen apparatus (Bio-Rad Laboratories 

Ltd.) and incubated in the following reagents. The first binding reagents were 

1 :10 dilutions of serum samples diluted in Tris-buffered saline containing 0.5% 

V/V Tween-20 (TTBS) either from vaccinated or control salmon or charr (see 

below). Following incubation, the blots were washed three times in TTBS for 10 
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minutes each. The second binding reagents were 1 : 100 dilution of mouse- 

anti-fish (mouse-anti-salmon or mouse-anti-charr) (see mouse-anti-fish 

antibody preparation below) 1g sera, as appropriate to initial reagent, and 

incubated for 30 minutes. Sera from mice vaccinated with sea lice extract and 

from mice vaccinated with Freund's lncomplete Adjuvant (FICA) were also used 

as second binding reagents, as positive and negative controls respectively. The 

blots were next washed two times with TTBS for five minutes each. The third 

binding reagent was a 1:500 dilution of biotynulated goat-anti-mouse lg senim 

(Amersham Corp., USA) incubated for 30 minutes and followed by two washes 

for five minutes with lTBS. The fourth binding reagent was streptavidin alkaline 

phosphatase (Amersham Corp., USA) incubated for 10 minutes, followed by 

two washes for five minutes with lTBS . The blots were colour developed as 

described by Olivier et a l .  (1992), using NBT/BCIP (nitro Mue tetrazolium 1 5- 

bromo-4-chloro-3inodyl phosphate) colour development solution. 

Preparation of mouse-antisera 

Anti-salmon, anti-charr, and anti-sea lice antibodies were developed in 

mice for use in the previous electro-immuno transfer blot method. 

Five uninfected and untreated Atlantic salmon and five uninfected and 

untreated Arctic charr were anaesthetized with 2-phenoxyethanol and blood 

samples were drawn from the caudal vessels and processed as described 

earlier. The serum samples were pooled for each of the fish species. Sera were 

fractioned by column affinity chromatography (Phamacia LKB Biotechnology, 

USA) and the fractions (1 mi/ fraction) were collected using a fraction collecter. 



The samples were collected from fractions which correlated with the highest 

peaks of UV absorbence. Samples containing protein at 74, 26 and 12 kD were 

then combined and concentrated using amicon macro soluble concentrator. 

The collected samples were analysed for protein concentration using the Lowry 

method (Peterson, 1 979). 

Sea lice antigens were prepared as indicated above for crude sea lice 

extract. Twenty black mice (C57 BU6) were divided into four groups of five mice 

each. These were anaesthetized with halothane and injected subcutaneously 

with 100 pg protein emulsified in Freund's incomplete adjuvant (FIA) . Each 

injection of 0.2 ml of solution contained either 0.1 ml of salmon serum protein 

(1 00 pg protein) and 0.1 ml of FIA, or chan serum protein (100 pg protein) and 

0.1 ml of FIA, or 0.1 ml of sea lice protein and 0.1 ml of FIA. or 0.1 ml of 

Phosphate Buffered Saline (PBS) and 0.1 ml of FIA. All the mice received 

booster shots of antigens 21 days after the initial injections. 

All the mice were sacrificed three weeks after the last injection and bled 

by cardiac puncture. The blood was centrifuged and the serum stored at -700C. 

Throughout these procedures the mice were monitored closely for any adverse 

effects of Freund's lncomplete Adjuvant. 



RESULTS 

Effect of vaccination on infection levels 

Atlantic salmon 

Numbers of sea lice, Caligus elongatus, on Atlantic salmon are 

expressed in terms of prevalence and mean intensity in Table 3.1 and 

expressed graphically in terms of mean intensity in Figure 3.1 . The results 

showed that prevalence was 100% for both control and vaccinated groups of 

Atlantic salmon. Howerc:, t-test results indicated that vaccinated Atlantic 

salmon had significantly fewer C. elongatus (mean intensity 8.6i1.3) than had 

control Atlantic salmon (mean intensity 14.7k3.1) (tobt=6.97,df=28, Pc 0.001 ). 

Mean intensity per unit fish length (mean intensityhm) also indicated that there 

was no effect of fish length on the infection intensity ( tobt=12.34,df=28, Pe 

0.001 ) (Table 3.1) . 

For Arctic charr, numbers of sea lice, C. elongatus, are expressed in 

terms of prevalence and mean intensity in Table 3.2 and graphically expressed 

in terms of mean intensity in Figure 3.2. In Arctic charr, prevalence was also 

100%. Arctic charr, vaccinated with crude sea lice extract, had also significantly 

fewer sea lice (mean intensity 24.8I2.7) that had control Arctic charr (mean 

intensity 29.2I1.2) (tobt=4.23, df=58, p<0.05). The t-test results also indicated 



that there was a significant difference in mean intensity per unit fish length 

(mean intensity/cm) between these groups (vaccinated and control) 

(tobt=5.1 9,df=58, Pc 0.05) (Table 3.2) indicating that there was no effect of fish 

length on the infection intensity. 

Blood serum analyds for anti-sea lice antibodies 

The electroimmunotransfer blot methods used for analysing blood 

samples revealed no evidence of specific antibodies produced by either 

species of fish against injected sea lice antigens. The only reactions visible on 

the blots appeared to be non-specific cross reactions caused by the goat-anti- 

mouse lg serurn in the 94 kDa range (Figure 3.3). 



Table 3.1. Occurance of Caligus elongatus on vaccinated and control groups of Atlantic salmon. 

Experirnental N Prevalence (%) Mean intensityfSE Mean fish Intensitylunit fish IengthkSE 
fish groups IengthISE (Intensitylcm) 

(cm) 

Control 

Vaccinated 

O> 
U, Meens with different letter are significantly different as determined by t-test. 



Intensity 

Control Vaccinated 

Atlantic salmon 

Figure 3.1. Mean intensity of sea lice, Caligus elongatus , on vaccinated and 

control groups of Atlantic salmon. Values are mean f SE. Means with different 

letters are significantly different as detennined by t-test (P<0.001). 



Table 3.2. Occurance of Caligus elongatus on vaccinated and groups of Arctic chan. 

Experimental N Prevalence (%) Mean intensitykSE Mean fish Intensitylunit fish IengtMSE 
fish groups IengthiSE (Intensitylcm) 

(cm) 
--- - - - 

Cont rol 30 100 29.2k1.2 a 29.lf2.3 a 1.0f0.1 a 

Vaccinated 30 100 24.8I2.7 b 28.4I2.8 a 0.8f0. 1 b 

Q) 
-l 

Means with different letter are significantly different as determined by t-test. 



Control Vaccinated 

Arctic charr 

Figure 3.2. Mean intensity of sea lice, Caligus elongatus , on vaccinated and 

control groups of Arctic charr. Values are mean f SE. Means with different 

letters are significantly different as determined by t-test (PcO.OS). 



Figure 3.3. An electroimmunotransfer biot for salmon, chan, and mouse serum 

samples reacted with sea lice antigens. Note: anti-sea lice antibodies were not 

detected in either fish species. SC= Salmon control. SI= Salmon vaccinated, 

CC= Charr control, CI= Charr vaccinated, M a l =  Mouse-anti-louse, GaM= Goat- 

anti-mouse, and MWS= Molecular weight standards. 





DISCUSSION 

Although there were significant diffetences in the intensities of infection 

with C. elongatus between the vaccinated and control groups of fish within 

each species, analysis of senim samples from experimental and control Atlantic 

salmon and from experimental and control Arctic charr showed extensive cross 

reactions and thus specific antibody response to injected sea lice proteins of C. 

elongatus could not be distinguished. In addition, no specific antibody 

response to the injected sea lice proteins was obseived in the mouse serurn 

control. The immunized mouse serum bands appeared more dense than did 

the salmon bands and charr bands suggesting that the mouse serum was 

indeed positive for anti-sea louse antibodies. A comparable study by Grayson 

et al. (1991) showed that rainbow trout, Oncorhynchus mykiss, produced 

antibodies to proteins present in an injected crude extract of another sea louse, 

Lepeophtheirus salmonis . The ability of fish to produce antibodies depends on 

factors such as the antigen concentrations, use of adjuvants, ambient 

temperature, route of administration of antigens, and physiological status of fish 

(Speed and Pauley, 1985). 

In the present study, a single injection of 168 pg of protein was given to 

each fish, but in the study reported by Grayson et al. (1 991 ), 500 pg of protein 

was administered to each fish, and booster shots were given three and six 

weeks later. In addition, they used Freund's complete adjuvant instead of an 

incornplete adjuvant. It is possible that an antibody response could have been 

stimulated in the present study, if more protein had been introduced with each 

injection and if booster shots had been administered. The production of large 



amounts of antibody is typical of a secondary antibody response in fsh and the 

antibody titres usually remain elevated for a longer period of time than do those 

induced by primary vaccination (Brotz et aIJ984). In the present study, the 

experimental fish were not given any second injection. A booster injection 

could possibly elevate the antibody titres to a detectable level. However, 

Cleghorn (1 993) also found little detectable anti-sea louse antibody response 

in salmon and charr after three successive injections. 

In the present study, the crude extract vaccine was not purified for active 

antigenic components. Although Grayson et al. (1991) stimulated antibody 

production using a similar cnide extract, the absence of response in the present 

study rnay be due to the use of whole animal extract. Ellis (1988) also indicated 

that a crude extract mixture of antigens rnay not elicit the best antibody 

response, since the possibility exists that some of the proteins in a cnide extract 

may be immunosuppressive. 

Temperature was not believed to be a factor in the absence of a 

detectable humoral response in this study. An antibody response develops best 

in salmonids when fish are held in 12-14% (Ellis, 1988). In the present 

experiment, the ambient temperature was 130C when the fish were vaccinated 

and ranged between 13% and 10.20C for the next 12 weeks when the fish 

were allowed to acquire sea lice infections naturally. However, Peterson and 

Fryer (1 974) found that juvenile coho salmon produced anti-Aeromonas 

salmonicida antibody in a shorter time when they were maintained at 17.8% 



rather than 6.7% or 12.2%. Cottrell (1977) found no antibody response in 

pl aice, Pleuronectes platessa, exposed to Cryptocotyle lingua and 

Rhipidocoiyle johnstonei metace rcariae when the fish were maintained at 5 OC 

for up to two months, but at 150C and above, some of the plaice had a 

detectable antibody response. 

Grayson et al. (1991) found similar bands around 94kD range as well as 

other bands of estmated molecular weights of 170 kD and over 200 kD in 

rainbow trout, vaccinated with extracts from chalimus lawae of another louse, 

L. salmonis. The foregoing suggests that a low level antibody response may 

have been elicited in the salmon and charr in this study, but could not be 

differentiated from a generalized cross reaction throughout the blot. It is 

possible that the natural sea lice infection did not trigger antibody production 

from memory cells, perhaps because C. elongatus does not penetrate the 

dermis in moderate infections, and thus, does not expose antigens to the 

immune system. That the numben of sea lice were reduced on vaccinated fish, 

suggests that some protection may have been offered by the vaccination. This 

protection could have been mediated by cell-based factors. Johnson and 

Albright (1992) have reported a similar kind of protection in coho salmon to 

experimental infection with L. salmonis, and reported the presence of an 

inflammatory reaction (neutrophils, macrophages, and few lymphocytes) and 

nectrotic tissue. During this study, experimental fish were not investigated for 

the presence of a cell-mediated response and hence, it is difficult to make any 

conclusion at this present stage. 



Further work is now required to detemine the actual mechanism of the 

response of salmonids to injection with antigens of C. elongatus and also 

whether the response can be manipulated artificially to control sea lice on fish 

fams. 
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Chapter 4 

Effects of physiological stress on infection intensity of 

Caligus elongatus 

on Atlantic salmon and Arctic charr 

and 

Interaction of iodineliodide nutrient supplernent, 

physiological stress, and infection intensity 

in Atlantic salmon and Arctic charr 



ABSTRACT 

Experiments, conducted over 24 weeks, from May until October in two 

separate years, were designed to investigate : (1) the effect of physiological 

stress response on infection intensity with C. elongatus on Atlantic salmon and 

Arctic charr (the secondary stress response being elicited by cortisol implants in 

salmon and by prolonged holding of charr in sea water), and (2) the effects of 

iodine supplements, either as a feed additive or as an addition to the fresh 

water holding tank, on cortisol and thyroid hormone levels in both salmon and 

charr and on the subsequent intensity of infection wHh C. elongatus. 

Expenrnental groups of Atlantic salmon and Arctic charr were given iodide as a 

feed additive (20 mg KI /kg feed) or iodine as an additive to water flow (c 70 

ppb) for 14 weeks while in fresh water. Control fish had regular pelleted dry 

commercial feed and untreated water. At week 14, half of the salmon in each 

treatment group were implanted with cortisol (10 mg in 0.5 ml coconut oil). 

Charr were not implanted. After 14 weeks in fresh water al1 groups were slowly 

acclimated to sea water over a two-week period before transfer to seapens 

where they were kept for a further 12 weeks. Plasma cortisol levels and levels of 

3,5,3'-triiodo-L-thyronine (Tg) and thyroxine (T4) were monitored every four 

weeks while in fresh water and at weeks 16 and 28 while in sea water. As a 

measure of chronic stress, nuclear diameters of interrenal cells were also 

measured. Cortisol-implanted Atlantic salmon had higher mean intensities of 

sea lice than cortisol non-implanted salmon. Naturally-acquired sea lice 

infections were significantly reduced on Atlantic salmon treated either with 

iodized feed (Pc0.05) or iodinated water (P<O.OS) than controls. Arctic charr 

treated with iodized feed also had significantly reduced infections (PcO.05). In 



general, iodized feed had a greater effect than iodinated water. Salmon and 

charr, treated with both iodized feed and iodinated water, showed reduced 

plasma cortisol levels and smaller nuclear diameters of interrenal cells 

indicating reduced effects of stress. 60th species of fish treated with 

iodine/iodide had higher levels of TJ and Tq and had a higher ratio of Tfl4 

than had controls, indicating reduced stress effects. 



INTRODUCTION 

Sea lice. such as Lepeophtheirus salmonis and Caligus elongatus, are 

ectoparasitic copepods which infect various pelagic fishes but prefer salmonids. 

Feeding on the skin, mucus, and blood of fish, the lice cause small 

haemorrhages and sores, and may erode the skin and expose the underlying 

tissue in severe cases even revealing the bones in the skull roof (Berland, 

1993). High intensities of sea lice are common on seapen-reared salmonids, 

presumably as a result of stress and infection facilitated by crowding. It has 

been observed that Arctic charr in aquaculture harbour heavier parasitic 

infections with Caligos elongatus than do Atlantic salmon when they are 

maintained in sea water (see previous chapters), hypothetically as a result of 

chronic stress. Stress, in aquaculture, is any stimulus that impairs the 

performance of the fish, the reaction being the stress response (Mazeaud and 

Mazeaud, 1981 ; Pickering, 1981 ; Schreck, 1981). Stress results in neuro- 

endocrinological changes in fish which activate the adrenergic system and the 

hypothalamic-pituitary-interrenai axis (HPI), and increase the production of 

catecholamines and corticosteroids (Mazeaud et al., 1977; Donaldson, 1981 ; 

Mazeaud and Mazeaud, 1981). This neuro-endocrine response causes a 

number of secondary effects in biochemical and physiological processes such 

as osmoregulation and carbohydrate metabolism (Mazeaud et al.. 1977; 

Donaldson, 1981; Mazeaud and Mazeaud, 1981). The tertiary effect or 

response during stress includes suppression of immune function which 

ultimately increases susceptibility of fish to infection (Mazeaud and Mazeaud, 

1981). The suggestion that the stress-related hormone, cortisol, may greatly 

potentiate the disease process has been supported by several studies. Cortisol 



has been shown to induce lymphocytopenia (Pickering, 1984; Pickering and 

Pottinger, 1987) and to increase the susceptibility of fish to fungal (Pickering 

and Duston, l983), bacterial (Pickering and Duston, 1983) and parasitic (Woo 

et a/., 1987; Laidley et a l  ., 1988; Johnson and Albright, 1992; Mustafa and 

MacKinnon, 1993) infections. 

Chapter 2 described the differences in infection intensity between 

Atlantic salmon and Arctic charr. In each of the two trial years, charr had 

significantly higher infections with C. elongatus than did salmon. The first 

objective, therefore, was to determine *whether or not these differences were 

correlated with blood cortisol levels as an indication of different stress levels. 

As a part of this first objective, a preliminary experiment was conducted to 

measure levels of cortisol in Arctic charr over a period of eight weeks during 

which time the fish were transferred from fresh to salt water. Levels of 

physiological stress for Atlantic salmon during smoltification as measured by 

blood cortisol levels are well known, but these levels for Arctic charr have not 

yet been published. As a starting point for the larger experiment, it was 

essential to have an indication of plasma cortisol levels in charr. 

Cortisol levels were monitored in untreated salmon and charr for 14 

weeks in fresh water and 14 weeks in sea water. A further group of salmon 

were given cortisol implants to determine if the addition of this stress hormone 

would increase infection intensity with sea lice. Experimentally-implanted 

cortisol was thus used to maintain hypercortisolic conditions in Atlantic salmon 

over a prolonged period, and thus mimicked in part, the situation that is 

possibly present in chronically-stressed animals. The implantation of cortisol 



in fish has been shown to increase their susceptibility to a wide variety of 

parasitic diseases (Woo et a/., 1987; Laidley et al., 1988; Johnson and Albright, 

1 992; Mustafa and MacKinnon, 1993). The experimental implantation of cortisol 

in fish has also been shown to cause chronic immunosuppression by inhibiting 

inflammatory responses, inhibiting phagocytosis, suppressing both humoral 

and cellular responses, and retarding the wound-healing process (Pickering 

and Pottinger, 1987; Johnson and Albright, 1992). With respect to sea lice 

infections. it has often been noted that small or weak salmon have higher 

numbers of sea lice, presumably as a result of stress caused by other factors, 

such as poor health. Johnson and Albright (1992) showed that coho salmon. 

Oncorhynchus kisutch, experimentally implanted with cortisol acquired heavier 

infections of Lepeophtheirus salmonis. 

The second objective was to detenine if supplementary iodine or 

iodide, provided to the fish, would result in lowered blood cortisol and lowered 

infection intensity with C. elongatus. This novel approach is based on the 

observation that hatchery-reared salmonids in fresh water are naturally iodine 

deficient (Lall et al., 1985). The availability of iodine in prepared feed is greatly 

reduced and may not be adequate to meet the dietary requirements of salmon 

during smoltification, presumably as a result of flame drying of feed or improper 

storage conditions (Lall et al., 1985). Fish deficient in iodine produce relatively 

less thyroxine (Tq) and 3,5,3*-triiodo-L-thyronine (T3), than do fish with sufficient 

iodine. If thyroid hormone levels are low, the interrenal cells (homologue of 

mammalian adrenal gland; Donaldson, 1981) increase secretion of cortisol to 

cope with the extra metabolic needs that would othetwise be controlled by 

sufficient thyroid hormones. During times of stress, iodine-deficient fish may 



produce more cortisol than iodine-sufficient fish, thus exacerbating the stress 

response. In this study it was hypothesized that when provided with iodine (or 

iodide), the thyroid would increase production of thyroid hormones (Tg and T3). 

This would reduce the need of the interrenal cells to secrete excess cortisol 

thereby reducing one of the effects of stress and possibly also reducing sea lice 

infections. The relationship between the thyroid and interrenal axis involving Tq 

and T3 has been demonstrated by Solomon et al. (1 952), Redding et al. (1 984 

and l986), Laidley (1 987), and Vijayan and Leatherland (1 989). Lall et al. 

(1985) have also shown that Atlantic salmon, supplemented with dietary iodine 

and fluorine, had a reduced susceptibility to bacterial kidney disease (BKD). In 

addition, levels of thyroid hormones have been found to be useful as indices of 

chronic stress response (Vijayan and Leatherland, 1989). 

This aspect of the investigation compared blood cortisol levels, thyroid 

hormone levels, and levels of infections with Caligus elongatus in Atlantic 

salmon and Arctic chan, under experimental conditions involving cortisol- 

implanted and control fish. It also compared the previous parameters in 

comparable groups of fish which have also been provided with supplemental 

iodine in the water or iodide in the feed. 

Studies suggest that measurement of plasma cortisol alone may be 

inadequate for measuring changes in stress levels in fish, especially when the 

fish are challenged with chronic stressors (Pickering and Stewart, 1984; Laidley 

et al., 1988). Therefore, changes in the interrenal tissues, in particular nuclear 

diameter changes, were also monitored as an additional indicator of chronic 



stress. lnterrenal hypertrophy is symptomatic of stress, and a semi-quantitative 

histological method. Stress first causes depletion of interrenal vitamin C, 

corticosteroids, and other lipids (Wedemeyer et al., 1990). Under chronic stress, 

interrenal hypertrophy occurs, followed by eventual cellular degeneration and 

the irreversible loss of tissue function (Donaldson and McBride, 1974 in 

Wedemeyer et al., 1 990). 



MATERIALS AND METHODS 

1. Preliminary experiment to determine the levels of physiological 

stress in Arctic charr during transfer from fresh to salt water. 

Fish source and their maintenance 

As a measure of physiological stress, blood cortisol levels were 

monitored in Arctic charr prior to, during, and after transfer to salt water. Arctic 

charr (Fraser River Stock) were obtained from the Huntsman Marine Science 

Centre, St. Andrews, New Brunswick, as 2 year+ fish and transported to the 

aquatic facilities at the University of New Brunswick, Fredericton. They were 

divided into two groups (50 fish/group), maintained in 1 -meter square fibreglass 

tanks (0.15rn3 of fresh water) and allowed to acclimate for four weeks. The 

water flow remained constant at 2-2.5 Usec. The temperature varied between 

1 O%, at the beginning of the acclimation period, and 13%, at the end of the 

study. Each tank was separated frorn the other by a systern of partitions which 

allowed the fish to have a disturbance-free environment. The fish were in 

apparent good health and were fed to satiation with regular pelleted dry 

commercial salmon diet (Corey Feed Mills Ltd., Fredericton, N. B. ). 

Experimental design 

This experimental design consisted of two phases and ran for eight 

consecutive weeks from mid-February to rnid-May, 1992. During the first phase, 



at weeks 0-4, the charr were maintained in fresh water. During the second 

phase, at weeks 5-8, they were maintained in salt water. At weeks 5-6, the 

salinity was increased to 8 ppt and at weeks 7-8, the salinity was increased to 

14 ppt by adding increasingly-concentrated, premixed, artificial salt water to the 

tanks. Further salinity increases were not attempted since some of the charr 

began to show signs of poor health and died. 

Sampling procedure 

Blood samples for cortisol analyses were collected at regular 2-week 

intervals at week 0, 2, 4, 6, and 8 from each of 5 fish per group. Fish were 

individually dip-netted from the tank and blood samples were drawn from the 

caudal vein (without anaesthesia) immediately within two minutes of capture. 

Subsequent fish were sampled as quickly thereafter as possible since cortisol 

levels are known to rise substantially within two minutes of disturbance. It is 

likely, however, that the last one or two fish from each tank exceeded this limit. 

Blood samples were processed and analysed for cortisol as described later 

under the experimental procedures. 

II. Sea lice infection levels on Atlantic salmon and Arctic charr: the 

interaction of stress and iodine therapy. 

Fish source and their maintenance 

In both years (1992 and 1993), two year old (2+) Atlantic salmon smolts 

and two-year-old (2+) Arctic charr (Fraser River Stock), weighing between 200 



and 460 g, were obtained from the Huntsman Marine Science Centre (HMSC), 

St. Andrews, N. B., and divided into six different groups of Atlantic Salmon and 

three different groups of Arctic charr (see below) of at least 100 fiswgroup. Each 

group was kept in a 2-meter diameter fibreglass tank at HMSC, with constant 

flow (>50 Umin) of dechlorinated fresh water. The fish were all in apparent 

good health and were fed to satiation once daily with pelleted dry commercial 

saimon feed (Moore-Clark, St. Andrews, N.B.) and acclimated for a period of 

four weeks prior to the onset of the experiments. 

Experimental groups of Atlantic salmon received either iodine in the tank 

water or iodide in the feed, and were further subdivided into groups either with 

or without peritoneal cortisol implants. Arctic chan received either iodine in the 

tank water or iodide in the feed (see details below for the experimental 

groups). Arctic charr received no implants since it was determined from the 

experiment (part 1) that these fish experience relatively high stress levels while 

being kept in salt water. Details of al1 experimental procedures appear below, 

following the description of the experimental design. 

Experimental design 

The experimental design consisted of two phases. During the first phase, 

al1 fish were kept in fresh water for 14 weeks and maintained in six separate 

groups of Atlantic salmon and three different groups of Arctic charr. Each group 

received different treatments (see below). All treatments stopped at week 14. 

The fish were then gradually acclimated to sea water over a further two-week 

period. At week 14 during the fresh water phase, Atlantic salmon received either 



cortisol or sham implants intrapentoneally (described later). Arctic chan did not 

receive any implants at all. Both salmon and charr were fin-clipped under 

anaesthesia (2-phenoxyethanol) using patterns of half or full clips of adipose 

and pelvic fins to identify members of each of the nine experimental groups. 

Following the process, the fish were placed in a recovery tank and later 

transferred to designated holding tanks. During this fresh water phase. the 

water temperature varied between lOoC (1992) or 9.5% (1993) at the 

beginning of the experiments (May) and 11.20C (1992) or 13.0oC (1 993) at the 

end (August). 

During the second phase of the experiment, al1 fish were kept in a 

12mx12m seapen for a further 12 weeks in Lime Kiln Bay, St. George, N. B. 

(1 992) or in Brandy Cove, St. Andrews, N.B. (1993). The experimental seapen 

was located adjacent to other cages holding Atlantic salmon with moderate sea 

lice infections (10-40 mobile individuals/fish). The Lime Kiln Bay site housed 

>20 cages (seapens) while the Brandy Cove site housed only six cages. 

Experimental fish were allowed to acquire sea lice infections naturally from 

infective stages originating from fish in the adjacent pens. During this period. 

fish were fed twice daily with pelleted dry salmon diet (Moore-Clark, St. 

Andrews, N.B.). Water temperature during the sea water phase ranged from 

13.2% (1 992) or 10.6% (1 993) in August to 10.0oC (1 992) or 10.20C (1 993) 

in November. 

The different experimental groups of fish and their treatments during the 

first 14 weeks in fresh water were as follows: 



Groups of Atlantic salmon: 

Group 1. Atlantic salmon fed regular feed, maintained in normal fresh water; 

received sham implants at week 14. 

Group 2. Atlantic salmon fed regular feed, maintained in normal fresh water; 

received cortisol implants at week 14. 

Group 3. Atlantic salrnon fed iodized feed, maintained in normal fresh water; 

received sham implants at week 14. 

Group 4. Atlantic salmon fed iodized feed, maintained in normal fresh water; 

received coitisol implants at week 14. 

Group 5. Atlantic salmon fed regular feed, maintained in iodinated water; 

received sham implants at week 14. 

Group 6. Atlantic salmon fed regular feed, maintained in iodinated water: 

received cortisol implants at week 14. 

Groups of Arctic charr: 

Group 1. Arctic chan fed regular feed, maintained in normal fresh water; 

received no implants. 

Group 2. Arctic charr fed iodized feed, maintained in normal fresh water; 

received no implants. 

Group 3. Arctic charr fed regular feed, maintained in iodinated water; 

received no implants. 

These experiments were not replicated within each experimental year 

due to the shortage of appropriate resources. 



Sampling procedure 

During the first 16 weeks (at the beginning of the expriment and at four 

weeks inteivals thereafter) and at the end of the experiment (at week 28) blood 

samples were collected from each of five fish (as described later under 

experimental procedures) from each group for detemination of plasma levels 

of cortisol, T3 , and Tq. At the end of the sea water phase, at week 28, al1 fish 

were collected by dip net from the seapen. FNe fish from each group were 

used for blood samples and were then killed and dissected immediately for 

samples of head kidney tissue which were fixed for later analyses for interrenal 

cell nuclear size as a measure of chronic stress levels. All the fish were placed 

in individual bags, killed by a blow to the head, and kept frozen for further 

analyses of sea lice infections and condition factors. 

Experimental procedures : 

Data collected from the above groups (experimeotal groups) of fish 

included: number of sea lice infecting fish in seapens (1992 and 1993). plasma 

cortisol levels (1 992 and 1993), interrenel cell nuclear diameter measurernents 

(1 993), plasma triiodothyronine (T3). and thyroxine (T4) levels (1 993). 

Preparation of iodized feed 

lodized feed was prepared every second week by spraying 20 mg of 

potassium iodide dissolved in 500 ml of 95% ethanol over one kg of regular dry 

pelleted commercial salmon feed. The feed was air dried and stored at room 
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temperature. 

lodination of water 

Fresh water saturated with elemental iodine was delivered to appropriate 

fish tanks to a final concentration in the fish tank of <70 ppb by regular drip from 

an iodinater (Figure 4.1) (supplied by lomech Disinfection Systems, lomech 

Limited, Toronto, Canada). Concentration of iodine in the tanks was measured 

weekly by a chernical analyses systern slipplied by the lomech Disinfection 

Systems. 

lntraperitoneal cortisol implants 

Fish from groups 2, 4, and 6 were anaesthetized with 2-phenoxyethanol 

and injected intraperitoneally with 0.5 ml warm coconut oil containing 10 mg of 

cortisol (Sigma Chernical Co, USA). Control fish from groups 1, 3, and 5 were 

each injected with wam coconut oil only. Following the process, the fish were 

placed in a recovery tank and later transferred to designated holding tanks. 

Coconut oil becomes a liquid when warmed, allowing injection, but becomes 

solid at the ambient temperatures at which fish were maintained allowing slow 

and relatively constant uptake from the intraperitoneal cavity. 

Sea lice infection levels 

At the end of the experiment, fish were collected by dipnet from the 

seapen and placed in individual plastic specimen bags, killed by a blow to the 



head, and kept frozen for further analysis of sea lice infections. Fish were 

subsequently thawed and the total number of sea lice on the fish were counted 

(from 15 fish, sampled randomly, from each group of fish in 1992; from 30 fish, 

sampled randomly. from each group of fish in 1993) for the calculation of fish 

length, prevalence, mean intensity, and intensity per unit of body length. The 

terms prevalence and mean intensity follow the definitions of Margolis et al. 

(1982). Prevalence is the percentage of infected fish in the entire population 

sampled, and mean intensity is the mean number of parasites per infected fish. 

Since aquacultured fish are raised under the same environmental conditions, 

fish length was used as a good surrogate measurement of fish size. Fish length 

was also used as an estirnate of fish size by Berland (1993) and Nagasawa et 

al. (1993). Fish length, as opposed to fish weight, was felt to be a better factor to 

use in relation to to the number of parasites per surface area of fish or fish size, 

since sea lice are naturally distributed over the back of the head and behind the 

dorsal fin, not over the sides or belly of fish where differences in fish weight 

would play a greater role. 

Blood collection 

At regular intewals, throughout the investigation, blood samples were 

drawn from the fish. Individual fish were dip-netted from the tanks or the 

seapens and blood was drawn from the caudal vesse1 using a heparinized 

vacutainer (Becton- Dickinson Company, USA). Five fish from each group were 

sampled, and an attempt was made to collect blood from al1 fish in each tank 

within two minutes of initial disturbance, since it is well known that blood cortisol 

levels rise quickly after this time. This time restriction was difficult to meet at the 



cage site, at week 28. Blood samples from fish netted from seapens could not 

be collected within two minutes of disturbing the seapen, but were collected 

within two minutes of capture. Samples were then kept on ice, centrifuged at 

3000 g for 10 minutes, and the resultant plasma stored at -700 C until 

further analysis of cortisol, T3, and Tq. 

Plasma cortisol assay 

As one measure of stress, plasma cortisol levels of the representative 

fish from each experimental group were analysed using a validated and 

characterised highly specific cortisol radioimmunoassay kit (Gamma coat 1251, 

Clinical Assays, lncstar Corporation, USA) and expressed in nglml. This assay 

has been validated for the genus Oncorhynchus by Sumpter and Donaldson 

(1986). The detailed procedure for cortisol assay is described in Appendix III. 

Histology of interrenal cells 

As a measure of chronic stress, the diameters of interrenal cell nuclei 

were measured and compared for each group of fish. Samples of head kidney 

from each of five fish per group were placed in Bouin's - Hollande-sublimate 

fixative and later decalcified, embedded, sectioned and stained for tight 

microscopy (Appendices IV and V). Sections were cut at 5-10 pm using a rotary 

microtome (Reichert, Histostat), mounted on glass slides with a glycerol- 

albumen mixture and stained using standard techniques for Harris' 

haematoxylin and eosin. The sections were examined using an Olympus 



compound microscope, the interrenal cell nuclear diameters for a cumulative 

total of 60 measurements from five fish in each group were calculated and 

photopphed using a 35-mm camera. 

Plasma thyroid hormone assays 

To determine whether the fish were actually absorbing and utilizing the 

added iodine or iodide in producing thyroid hormones, plasma TJ and T4 

levels were analyzed for five fish per group using highly specific 

radioimmunoassay kits (Gamma coat 1251, Clinical Assays, lncstar Corporation, 

USA). T3 and T4 were expressed in ng/ml and as ratios of T3/T4 for each 

experimental group. This radioimmunoassay has been previously used by 

several other investigators for several salmonid species (Boeuf et al., 1989; 

Vijayan and Leatherland, 1989). following the procedures described by Chopra 

(1978). The detailed procedures for plasma thyroid hormone assays are 

described in appendices VI and VI1 respectively. 

Data analyses 

Analyss of variance and test of multiple means 

All the statistical analyses for values, such as infection levels, plasma 

cortisol concentrations, interrenal cell nuclear diameters, and plasma TJ and Tq 

concentrations were executed by SAS (Software release 6.1 0) using Analysis 

of variance. If F values indicated significance (P<0.05). then specific 



cornparisons between means of different treatment groups within each species 

(Atlantic salmon and Arctic charr) were made using Tukey's multiple 

cornparison test (Pagano, 1986; Sokal and Rohlf, 1987). For each test. 

difference was considered signifiant when PcO.05. All the values shown in this 

investigation are mean f standard error. 





RESULTS 

Sea lice infection levels on Atlantic salmon and Arctic charr 

Experimental year 7992 

Numbers of sea lice, Caligus elongatus, on Atlantic salmon and Arctic 

charr in 1992 are expressed in t ens  of prevalence, mean intensity, and mean 

intensity per unit body length in Tables 4.la and 4.2a, and expressed 

graphically in terms of mean intensity in Figures 4.2 and 4.3 respectively. 

Results from ANOVA indicated that there were significant (Pc0.001) 

differences among the mean intensities of different treatment groups within 

each species (Atlantic salmon: Table 4.1 b; Arctic charr: Table 4.2b). 

In 1992, among the cortisol non-implanted groups, salmon treated with 

iodinated water had the lowest mean intensity (16.4I1.4) of sea lice followed by 

salmon treated with iodized feed (mean intensity, 17.5f1.8) (Table 4.1a; Figure 

4.2). Difference in infection intensities between these groups and controls were 

significant (PcO.05) (Table 4.1 a). Among the cortisol-implanted groups again, 

both salmon treated either with iodized feed (mean intensity 2423.8) or with 

iodinated water (mean intensity 34.8I3.7) had significantly (P10.05) fewer sea 

lice than had salmon treated with regular feed (mean intensity 36.7I3.2) (Table 

4.la; Figure 4.2). Mean intensity per unit fish length showed similar results 

indicating that there was no effect of fish length on infection intensities. 



In the same year (1 992), Arctic chan given regular feed (control) had the 

highest mean intensity (32.W2.5) and Arctic chan treated with iodized feed had 

the lowest mean intensity (24.5I5.0) (Table 4.2a; Figure 4.3). Multiple mean 

comparison tests (Tukey's test) indicated that differences in mean intensities of 

sea lice between control and treated Arctic charr (either iodized feed or 

iodinated water) were significant (Pc0.05). Mean intensity per unit fish length 

showed similar results indicating that there was no effect of fish length on 

infection intensities. 

Experimental year 1993 

Numbers of sea lice, Caligus elongatus, on Atlantic salmon and Arctic 

charr in 1992 are expressed in ternis of prevalence, mean intensity, and mean 

intensity per unit body size in Tables 4.3a and 4.4a, and expressed graphically 

in ternis of mean intensity in Figures 4.4 and 4.5, respectively. 

Results from ANOVA indicated that there were significant differences 

among the mean intensities of different treatment groups of Atlantic salmon 

(Pc0.001) (Table 4.3b; Figure 4.4), and among the mean intensities of different 

groups of Arctic charr (Pe0.05) (Table 4.4b; Figure 4.5). 

In 1993, among the cortisol non-implanted groups, salmon treated with 

iodized feed had the lowest mean intensity (9.4I2.3) of sea lice followed by 

salmon treated with iodinated water (mean intensity, 1 0.1 I2.7) (Table 4.3a; 

Figure 4.4). Difference of infection intensities between these groups and 

controls (mean intensity 14.8I2.3) were significant (PcO.05) (Table 4.3a). 



Among the cortisol-implanted groups, salmon treated either with iodized feed 

(mean intensity 12.6I3.8) or with iodinated water (mean intensity 12.5I3.7) had 

significantly (Pe0.05) fewer sea lice than salmon treated with regular feed 

(mean intensity 16.2I3.3) (Table 4.3a; Figure 4.4). Mean intensity per unit fish 

length showed similar results indicating that there was no effect of fish length 

on infection intensities. 

In the same year (1 993), Arctic cham given regular feed (control) had the 

highest mean intensity (29.6I3.4) and Arctic charr treated with iodized feed had 

the lowest mean intensity (26.4e.0) (Table 4.4a; Figure 4.5). Multiple rnean 

cornparison tests (Tukey's test) indicated that differences in mean intensities of 

sea lice between control and iodized feed-treated Arctic charr were significant 

(PcO.05). In this year, the difference in fish lengths between experimental 

groups was significant (k0.01). However, mean intensity per unit fish length 

showed that t h e  were also significant differences (Pc0.05) between ail three 

groups. This, thus, indicated that although there were significant differences in 

fish lengths, the significant differences between treatment groups reflect the 

actual treatment, not the length. 

Plasma cortisol concentrations 

1. Preliminary investigation to detetmine plasma cortisol levels in Arctic charr 

The preliminary investigation indicated that levels of plasma cortisol were 

similar in both experimental groups of Arctic charr. The combined results 

indicated that there were differences among the means, sampled at different 



periods (ANOVA: df =4,45; Fobt =270.5; P<0.001). Cortisol levels were below 

12ngfml in chan when kept in fresh water (weeks 0, 2, 4), but levels increased 

significantly ( Pc0.001) to 28.5 nglml when kept in salt water at week 8 (Figure 

4.6). 

II. 10 measure physiological stress 

Experimental year 1992 

The mean plasma cortisol concent rations for different treatment groups 

of Atlantic salmon and Arctic chan in 1992 are expressed in Tables 4.5a and 

4.6a and presented graphically Figures 4.7 and 4.8 respectively. 

For Atlantic salmon, ANOVA results indicated that the differences in 

plasma cortisol levels among treatment groups were significant at weeks 4 

(P<0.05), 8 (P<0.001), 12 (Pe0.001). 16 (PcO.001) and 28 (P<O.001) (Table 

4.5b). Post-ANOVA cornparisons (Tukey's test) indicated a number of significant 

differences (PeO.05) between individual groups at different sampling periods 

(Table 4.5b). Atlantic salmon treated with iodized feed with no cortisol implants 

had the lowest cortisol levels at weeks 12, 16, and 28 among the cortisol non- 

implanted groups (Table 4.5a; Figure 4.7). Among the cortisol-implanted 

groups, Atlantic salmon treated with iodized feed had the lowest cortisol levels 

at week 16 and Atlantic salmon treated with iodinated water had the lowest 

cortisol level at week 28 (Table 4.5a; Figure 4.7). 

For Arctic charr in 1992, ANOVA results indicated significant differences 



among the different groups at weeks 4 (P~0.001)~ 8 (P<0.05), 16 (P<0.001), 

and 28 (Pc0.001) (Table 4.6b). Tukey's test also indicated a number of 

significant differences (P<0.05) between individual groups at different sampling 

periods (Table 4.6b). Arctic charr with no iodine treatment (controls) had the 

highest levels of cortisol throughout the experiment, except at week 8 (Figure 

4.8). Arctic charr treated with iodized feed had significantly lower levels of 

cortisol than had controls at weeks 4, 16, and 28, and Arctic charr treated with 

iodinated water had significantly lower levels of cortisol than had controls at 

weeks 16 and 28 (Figure 4.8). 

Experimental year 1993 

In 1993, a trend existed for several comparison groups and that trend 

followed the pattern of significant differences recorded for either species- 

Atlantic salmon and Arctic charr in 1992. 

The mean plasma cortisol concentrations for different treatment groups 

of Atlantic salmon and Arctic chan in 1993 are expressed in Tables 4.7a and 

4.8a and presented graphically Figures 4.9 and 4.10 respectively. 

For At!antic salmon, ANOVA results indicated that the differences in 

plasma cortisol levels among treatment groups were significant at weeks 4 

(P<0.001), 16 (Pe0.001) and 28 (k0.05) (Table 4.7b). Post-test comparisons 

(Tukey's test) indicated a number of significant differences (FkO.05) between 

individual groups at different sampling penods (Table 4.7b). Among the cortisol 

non-implanted groups, Atlantic salmon treated with iodized feed had the lowest 



cortisol levels throughout the experiment (Figure 4.9). Atlantic salmon treated 

with iodinated water also had lower levels of cortisol than had controls treated 

with regular feed throughout the experiment. Among the cortisol-implanted 

groups, Atlantic salmon treated with cortisol with no iodine treatment had the 

highest cortisol levels at week 16 and 28 than had salmon treated with iodized 

feed or iodinated water (Pc0.05) (Figure 4.9). 

For Arctic charr in 1993, ANOVA results indicated significant differences 

among the different groups at weeks 12 (Pc0.001), 16 (Pc0.001), and 28 

(PcO.001) (Table 4.8b). Post-test corn parisons (Tu key's test) also indicated a 

num ber of significant differences (Pc0.05) between individual grou ps at weeks 

12, 16, and 28 (Table 4.8b). Arctic charr with no iodine treatment (control) had 

the highest levels of cortisol at most sampling periods, except at weeks 4 and 

12 (Table 4.8b; Figure 4.10) and Arctic charr treated either with iodized feed 

had the lowest levels of cortisol at most sampling periods (except at weeks 0, 4 

and 16) (Table 4.8b;Figure 4.10). 

lnterrenal cells 

In both Atlantic salmon and Arctic charr, the interrenal tissue consisted of 

large groups of closely packed small cells in the anterior kidney, the cytoplasm 

of which was normally granulated having a prominent nucleus. In general, 

those fish with cortisol implants had relatively hypertrophied interrenal cells, the 

nuclei of which were larger and had prominent nucleoli. 

For Atlantic salmon, interrenal cell nuclear diameters for different 
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treatment groups are presented in Table 4.9. ANOVA results indicated that there 

were significant (Pe0.05) differences among the mean nuclear diameters of 

different groups of Atlantic salmon and post-test comparisons (Tukey's test) 

indicated a number of differences between the individual means (Table 4.9). 

Atlantic salmon treated with iodinated water with cortisol implants had the 

largest mean nuclear diameter (6.08I0.39) among al1 the experimental groups 

and Atlantic salmon treated with iodinated water with no cortisol implants had 

the smallest mean nuclear diameter (5.4M.49) among al1 the experimental 

groups. Among the cortisol non-implanted groups, salmon treated with 

iodinated water had the smallest nuclear diameters (5.4M.49) and among the 

cortisol-implanted groups, salrnon treated with iodized feed had the smallest 

interrenal cell nuclear diamters (5.6W.45). In both cases, these differences 

were significant (Pc0.05) compared to their respective controts (controls with no 

cortisol-implants and controls with cortisol-implants). 

For Arctic charr, interrenal cell nuclear diameters for different treatment 

groups are presented in Table 4.10. Results from ANOVA indicated that there 

were significant (Pc0.05) differences among the mean nuclear diameters of 

different groups of Arctic charr and post-test comparisons (Tukey's test) 

indicated differences between the individual means (Table 4.9). Arctic charr 

treated with regular feed had the largest mean nuclear diameter (6.36M.52) 

and Arctic charr treated with iodinated water had the smallest mean nuclear 

diameter (6.1 W.42) (Table 4. IO) with a significant difference of PcO.05. 

In general, both salmon and charr receiving iodindiodide treatments had 

significantly (Pc0.05) smaller nuclear diameters than had their respective 



controls with no iodinefiodide treatments, presumably indicating lower stress 

levels in the treated groups. 

Plasma f3/T4 concentrations 

Atlantic salmon 

Plasma concentrations of T4 and T3 (expressed in ng/ml), and T31T4 

ratios for different treatment groups of Atlantic salmon are presented in Tables 

4.1 1 a, 4.1 2a, and 4.1 3a respectively and for visual cornparison for Tg and T3 in 

Figures 4.1 1 and 4.12 respectively. 

For the levels of Tq in Atlantic salmon, ANOVA results indicated 

significant differences among the treatment groups at weeks 16 (P<0.01) and 

28 (P10.001) (Table 4.1 1 b). Levels of Tq were relatively higher in iodineliodide 

treated groups both among cortisol implanted and cortisol non-implanted 

groups throughout the sampling periods, but the differences were not significant 

at weeks O (P=O. 1 5), 4 (P=0.44), 8 (P=0.11), and 12 (P=0.61) (Tables 4.1 1 a and 

4.1 1 b). Atlantic salmon groups treated with cortisol implants had significantly 

(Pc0.05 at weeks 16 and 28) lower levels of T4 than had cortisol non-implanted 

groups (Figure 4.1 1). 

In Atlantic salrnon, levels of TJ were below the detectable limit in the 

control group (salmon fed regular feed) for the first three sampling periods 

(weeks 0, 4, and 8) (Table 4.1 2a; Figure 4.12). From ANOVA, results indicated 
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that the differences of T3 levels among different treatrnent groups were 

significant (Pc0.001) at weeks 12, 16, and 28 (Table 4.12b). Post-ANOVA 

comparisons (Tukey's test) also indicated a number of significant differences 

(Pe0.05) between the individual groups (Table 4.12a). Levels of TJ were 

significantly higher in iodineliodide treated groups than their respective 

controls, both arnong cortisol-implanted (Pe0.05) and cortisol non-implanted 

groups (P10.05) throughout the sampling periods (Table 4.12a; Figure 4.12). 

Between the cortisol-implanted and non-implanted groups, Atlantic salmon 

groups treated with cortisol implants had relatively lower levels of TJ than had 

cortisol non-implanted groups (Figure 4.1 2). 

For Tfl4 ratios in Atlantic salmon, ANOVA results indicated significant 

differences (k0.05 at weeks 4 and 8; Pc0.001 at weeks 12,16, and 28) among 

the treatment groups throughout the experiment, except at the beginning at 

week O (P=0.78) (Table 4.13b). Both iodine anc; iodide treated groups had 

significantly (Pc0.05) higher levels of T3/T4 ratios than controls with no iodine 

treatments, both among cortisol implanted and cortisol non-implanted groups 

(Table 4.13a). The highest ratios of T3/T4 were recorded for Atlantic salmon 

treated with iodinated water with no cortisol-implants throughout the experiment 

(Table 4.13a). 

Arctic charr 

Plasma concentrations of Tq and T3 (expressed in ng/ml), and T3/T4 

ratios for different treatment groups of Arctic charr are presented in Tables 
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4.14a, 4.1 5a, and 4.1 6a, respectively and for visual comparison for Tq and Tg 

in Figures 4.13 and 4.14, respectively. 

For the levols of Tq in Arctic charr, ANOVA results indicated significant 

differences among the treatment groups at weeks 4 (P<O.Ol), 16 (Pc0.01) and 

28 (P<O.OS) (Table 4.14b). Levels. of T4 were relatively higher in iodindiodide 

treated groups than in control group fed regular feed at most sampling periods, 

but the differences were significantly different (P<0.05), only at weeks 4, 16 and 

28 (Tukey's test) (Table 4.1 4a; Figure 4.13). 

In Arctic charr, levels of TJ were below the detectable limit in the control 

group (charr fed regular feed) at weeks 4 and 8 (Table 4.1 5a; Figure 4.14). 

From ANOVA, results indicated that the differences of Tg levels among different 

treatment groups were significant at weeks 8 (P<0.05), 12 Pe0.05), 16 

(P<0.001), and 28 (kO.001) (Table 4.1 5b). Post-ANOVA cornparisons (Tukey's 

test) also indicated a number of significant differences (P4.05) between the 

individual groups (Table 4.15a). Levels of T3 were highest in iodized feed 

treated charr at most sampling periods, except at weeks O and 4 when iodinated 

water-treated charr had the highest levels of T3 (Table 4.1 5a; Figure 4.1 3). 

For T3/T4 ratios in Arctic charr, ANOVA results indicated significant 

differences among the treatment groups throughout the experiment, except at 

week 4 (P=0.14) (Table 4.16b). Both iodine and iodide treated groups had 

significantly (Pc0.05) higher levels of T u 4  ratios than controls with no iodine 



treatments (Table 4.1 6a). The highest ratios of T u 4  were recorded for Arctic 

charr treated with iodized feed at most sampling periods (Table 4.1 5a). 





Fish groups 

Figure 4.2. Mean intensity of sea lice on different treatrnent groups of Atlantic 

salmon (1992). Values are meanfSE. Means with different letters are 

significantly different (Pe0.05) as determined by Tukey's test. 



Table 4.2a. Occurrence of sea lice, Caligus elongafus , on different treatment groups of Arctic charr in 1992. 

Experimental N Prevalence Mean intensityfSE Mean fish IengtMSE Intensitylunit fish 
fish groups ("/O) (cm) length 

(Intensitylcm) 

Regular feed 15 100 32.M.5 a 31.3I3.2 a 1.0m.10 a 
lodized feed 15 100 24.315.0 b 31.4f1.9 a 0.77M. 18 b 
lodinated water 15 100 26.95t2.2 b 31 A3e.4 a 0.82+0.15 b 

Means with different Mers are significantly different as detemined by Tukey's test. 

Table 4.2b. Summary of ANOVA results for Table 4.2a. 

ANOVA Mean intensity Mean fish length Intensityhnit fish length 
values 

d f 
Fobt 
Fcrit 
P value 
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T a 

Fish groups 

Figure 4.3. Mean intensity of sea lice on different treatrnent groups of Arctic 

charr (1 992). Values are rneankSE. Means with different letten are significantly 

different (Pe0.05) as detemined by Tukey's test. 



Table 4.3a. Occurrence of sea lice, Caligus elongatus , on different treatment groups of Atlantic salmon in 1993. 

Experimental N Prevatence Mean intensitySE Mean fish lengthf SE Intensitylunit fish 
fish groups (%) (cm) lengt h 

(intensitylcm) 

Regular feed 30 100 14.8I2.3 a 
lodized feed 30 100 9.432.3 b 
lodinated water 30 100 10.lf2.7 b 
Regular feed-cortisol 30 100 1623.3 c 
lodized feed-cortisol 30 100 12.6f3.8 a 
lodinated water-cortisol 30 100 12.5k3.7 a 

Means with different letters are significantly different as determined by Tukey's test. 
4 

O 

Table 4.3b. Summary of ANOVA results for Table 4.3a. 

ANOVA 
values 

Mean intensity Mean fish length Intensitylunit fish tength 

d f 
Fobt 
Fcrit 
P value 



Intensity 

Fish groups 

Figure 4.4. Mean intensity of sea lice on different treatment groups of Atlantic 

salmon (1993). Values are meanfSE. Means with different M e r s  are 

significantly different (P<0.05) as determined by Tukey's test. 



Table 4.4a. Occurrence of sea lice, Caligus elongatus, on different treatment groups of Arctic charr in 1993. 

Experimental N Prevalence Mean intensityfSE Mean fish IengtMSE lntensitylunit fish 
fish groups (cm) length 

(Intensitylcm) 

Regular feed 30 tOO 29.6I3.4 a 29.lf2.3 a 0.92f0.10 a 
lodized feed 30 100 26.4k2.0 b 31 .9f1.2 b 0.83I0. 16 b 
lodinated water 30 100 29.1k5.4 a 31 . M . 7  b 0.88I0.14 c 

--- 

Means with different letters are significantly different as determined by Tukey's test. 
A 
A 

0i 

Table 4.4b. Summary of ANOVA results for Table 4.4a. 

ANOVA Mean intensity Mean fish length Intensityhnit fish length 
values 

d f 
Fobt 
Fcrit 
P value 



Fish groups 

Figure 4.5. Mean intensity of sea lice on different treatment groups of Arctic 

charr (1 993). Values are meamkSE. Means with different letters are significantly 

different (Pe0.05) as detemined by Tukey's test. 



Time (week) 

L 

Figure 4.6. Plasma cortisol concentrations in Arctic charr during maintenance in 

fresh-water and during transfer to salt water. Salt concentrations were shown in 

boxes under each time period. Values are meanfSE. Means with different 

letters are significantly different (Pc0.05) as determineci &y Tukey's test. 

14ppt Freshwater 8 ~ ~ t  



Table 4.5a. Plasma cortisol concentrations (ngfml) in control and treatment groups of Atlantic salmon in 1992. 

Expenmental N* week O week 4 Week 8 Week12 Weekl6 Week28 
fish groups 

Regular feed 5 17.7I1. 1 8.4I2.1a 13.7f4.0a 5.8f1.7a 19.8I7.8a 40.2f10.2a 
lodized feed 5 19.9f1.5 26.2I11.8 b 2.6I0.4 b 1.6îû.7 b 5.W3.9 b 35.4* 9.0 a 
lodinated water 5 20.le.2 23.3* 9.0 b 1.7M.8 b 3.5I1.1 c 17.0I2.4 a 38.4î 6.2 a 
Regular feed-coilisol 5 21.713.9 a 55.4I 9.6 b 
lodized feed-cortisol 5 17.W4.2 a 43.7f11.8 a 
lodinated water-cortisol 5 21.7I8.2 a 43.5k10.5 a 

Means with diff erent letters are significantly diff erent as determined by Tukey's test. A 

a N' denotes sample size at each week. 

Table 4.5b. Summary of ANOVA results for Table 4.5a. 

ANOVA 
values 

week O week 4 Week 8 Week 12 Week 16 Week 28 

P value 
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Figure 4.7. Plasma cortisol concentrations in different treatment groups of 

Atlantic salmon (1 992). Values are meanskSE. 



Table 4.6a. Plasma cortisol concentrations (nglml) in control and treatment groups of Arctic charr in 1992. 

Exporimental N* weekO week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

Regular feed 5 10.2+1.3 a 15.2e.4 a 9.1fl.6 a 6.lf 1.8 a 23.2I3.7 a 36.7I5.0 a 
lodized feed 5 8.4f1.4 a 3.ûîO.8 b BO 5.3I0.9 a 12.7I1.2 b 27.813.4 b 
lodinated water 5 11.3I1.8 a 12.3k3.3 a 12.2f1.6 b 5.4k1.4 a 11.9f3.7 b 23.2f5.2 b 

Means with different letters are significantly different as determined by Tukey's test; 60- Value below detectable. 
N' denotes sample size at each week. 

(U 
O 

Table 4.6b. Summary of ANOVA results for Table 4.6a. 

ANOVA 
values 

week O week 4 Week 8 Week 12 Week 16 Week 28 

P value 
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Figure 4.8. Plasma cortisol concentrations in different treatment groups of Arctic 

chan (1992). Values are meansiSE. BD= value below detectable. 



Table 4.7a. Plasma cortisol concentrations (ng/ml) in control and treatment groupsof Atlantic salmon in 1993. 

Experimental N* weekO week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

Regular feed 5 98.311 8.6 a 145.6I11.3 a 46.9I14.8a 26.3I3.4a 50.2k4.6a 243.8I16.5a 
lodized feed 5 67.1f 1 1.3 a 50.7k19.5 b 36.3I13.2 a 26.2î3.7 a 26.314.9 b 191.3f 4.7 b 
lodinated water 5 68.9f14.8 a 68.9I11.7 b 59.9I11.2 a 27.2I4.8 a 27.2B.6 b 228.W 6.8a 
Regular feed-cortisol 5 80.3f3.7 c 291.6f10.9 c 
lodized feed-cortisol 5 49.6e.5 a 201.6I46.0 a 
lodinated water-cortisol 5 50.412.1 a 234.5I54.5 a 

Means with different letters are significantly different as detemined by Tukey's test. 
2 N' denotes sample size at each week. 

Table 4.7b. Summary of ANOVA results for Table 4.7a. 

ANOVA 
values 

--- -- 

week O week 4 Week 8 Week 12 Week 16 Week 28 

d f 
Fobt 
Fcr~ 
P value 
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Figure 4.9. Plasma cortisol concentrations in different treatment groups of 

Atlantic salmon (1 993). Values are meansfSE. 



Table 4.8a. Plasma corüsol concentrations (nglml) in control and treatment groups of Arctic chan in 1993. 

Experimental N* weekO week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

Regular feed 5 10.tI2.5 a 14.1I3.4 a 28.9k1.2 a 23.lf3.6 a 45.5f 5.1 a 283.0138.4 a 
lodized feed 5 8.4f1.7 a 16.6I3.1 a 25.711.9 a 16.613.1 b 27.m 5.0 b 245.Zk2.8 b 
lodinated water 5 7.6I2.6a 14.412.3a 28.8I2.2a 24.4e.3a 21.8f10.8b 270.8I7.2~ 

- - 

Means with different letters are significantiy different as determined by Tukeyvs test. 
N' denotes sampfe size at each week. 

A 
Table 4.8b. Summary of ANOVA results for Table 4.8a. 

h) 

* ANOVA week O week 4 Week 8 Week 12 Week 16 Week 28 
values 

d f 2,12 2,12 2,12 2,12 2,12 2,12 
Fobt 3.63 0.79 0.79 17.84 13.69 43.48 
&rit 3.88 3.88 3.88 3.88 3.88 3.88 
P value 0.06 0.48 0.48 eO.00 1 eO.00 1 <0.001 
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Figure 4.10. Plasma cortisol concentrations in different treatment groups of 

Atctic charr (1993). Values are meansfSE. 



Table 4.9. lnterrenal cell nuclear diameter (pm) of control and treatment groups of Atlantic salmon (1993). 
- - - -- - - - - - - 

Experimental fish groups N Mean nuclear diameter (pm)fSE 

Regular feed 60 
lodized feed 60 
lodinated water 60 
Regular feed-cortisol 60 
lodized feed-cortisol 60 
lodinated water-cortisol 60 

With d . 0 5 ,  df =5,354, Fobt =34.5>Fcrit 2.23, Ho is rejected. Means with different Mers  are significantly different as 
detemined by Tukey's test. 



Table 4.10. lnterrenal cell nuclear diameter (pm) of control and treatment groups of Arctic charr (1993). 

Experimental fish groups N Mean nuclear diameter (pm)kSE 

Regular feed 
lodized feed 
lodinated water 

With ~ 1 d . 0 5 ,  df =2,177, Fobt= 4.49>Fcrit= 3.04, Ho is rejected. Means with different letters are signiiicantly different as 
detemined by Tukey's test. 



Table 4.1 1 a. Plasma Tq concentrations (nglml) in control and treatment groups of Atlantic salmon in 1993. 

- - - - - - - -- 

Experimental N* weekO week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

. . . . . . . - . . . - - -. - - - - - -- - 

Regurar feed 5 15.5W.7 a 12.2e.0 a 5.3M.9 a 6.8f 1.1 a 13.212.1 a 25.3M.5 a 
lodized feed 5 17.1M.6 a 18.8B.8 a 7.5f2.0 a 8.8I3.0 a 15.6i2.0 a 27.3I1.7 a 
lodinated water 5 16.5k1.1 a 14.413.3 a 8.M.5 a 7.113.0 a 13.3f5.0 a 26.8f2.9 a 
Regular feed-cortisol 5 7.5f0.5 b 11  .7*1 .6 b 
lodized feed-cortisol 5 9.3fl.2 c 1 1 .W.5 b 
lodinated water-cortisol 5 8.W.1 c 14.3iû.7 c 

Means with diff erent letters are significantly diff erent as determined by Tukey's test. 
N' denotes sample size at each week. 

h) 
Q, 

Table 4.1 1 b. Summary of ANOVA results for Table 4.1 1 a. 

ANOVA 
values 

week O week 4 Week 8 Week 12 Week 16 Week 28 

d f 
Fobt 
Fcfît 
P value 
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Figure 4.1 1. Plasma Tq concentrations in different treatment groups of Atlantic 

salmon (1 993). Values are meansfSE. 
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Figure 4.12. Plasma TJ concentrations in different treatment groups of Atlantic 

salmon (1993). Values are meanstSE. BD= values below detectable. 
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Table 4.1 4a. Plasma Tq concentrations (nglml) in control and treatment groups of Arctic charr in 1993. 

Experirnental N* WeekO Week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 
- - - - - - - - 

Regular feed 5 6 2 1 . 2  a 7.W.2 a 6.7e.2 a 5.lf0.9a 6.lf0.9a 11.3*3.1a 
lodized feed 5 7.8I0.8 a 14.4e.8 b 8.7I2.1 a 6 .W .5 a 6.7f1 .O a 16.9e.7 b 
lodinated water 5 7.6I0.9 a 17.lf 1.7 b 9.5I0.7 a 10.W3.6 a 16.524.0 b 17.9f1.5 b 

Means with different letters are significantly different as determined by Tukey's test. 
N' denotes sample size at each week. 

Table 4.14b. Summary of ANOVA results for TaMe 4.14a. 
- 

ANOVA 
values 

week O week 4 Week 8 Week 12 Week 16 Week 28 

-- - - - - - - - - - -- - - - 

d f 2,12 232 2,12 2,12 2,12 2,12 
Fobt 2.53 15.33 1.92 2.48 16.73 5.85 
b i t  3.88 3.88 3.88 3.88 3.88 3.88 
P value 0.16 <0.01 0.22 0.16 ~0 .01  e0.05 
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Figure 4.13. Plasma Tg concentrations in different treatment groups of Arctic 

charr (1993). Values are meansISE. 



Table 4.1 5a. Plasma T3 concentrations (nglml) in control and treatment groups of Arctic charr in 1993. 

- - 

Experimental N* WeekO Week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

- - - - - - - 

Regular feed 5 2.1i1.5a BD BD 2.4I0.3 a 3.M.4 a 4 . M . 2  a 
lodized feed 5 2.4M.2a 2.8M.5a 5.3I1.3a 6.111.4b 7.4iO.5b 7.9M.1b 
lodinated water 5 2.5I0.2 a 4.0f0.1 b 4.8e.4 b 5.5k1.3 b 6.2M.3 b 6.6f0.6 c 

Means with different letters are significantly different as determined by Tukey's test; 8D= Value below detectable. 
N* denotes sample size at each week. 

Table 4.15b. Summary of ANOVA results for Table 4.1 5a. 

ANOVA 
values 

- - - - - -- 

week O week 4 Week 8 Week 12 Week 16 Week 28 

d f 
Fobt 
Fcrit 
P value 
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Figure 4.14. Plasma TJ concentrations in different treatrnent groups of Arctic 

charr (1 993). Values are meaneSE. BD= values below detectable. 



Table 4.16a. Plasma T$ Tq ratios in control and treatment groups of Arctic charr in 1 993. 

Experimental N* WeekO Week 4 Week 8 Week 12 Week 16 Week 28 
fish groups 

Regular feed 5 0.3410.01 a BD BD 0.4620.05 a 0.56k0.08 a 0.37I0.02 a 
lodized feed 5 0.31f0.01 b 0.20f0.02 a 0.61+0.04 a 0.87f0.10 b 1.08I0.14 b 0.48I0.05 b 
lodinated water 5 0.3310.01 a 0.23k0.02 a 0.5W0.05 b 0.55I0.05 c 0.38î-û.06 c 0.37I0.04 a 

N* denotes sample site at each week.Means with different letters are significantly different as detemined by Tukey's 
test; BD= Value below detectable. 

Table 4.16b. Summary of ANOVA results for Table 4.1 6a. 

ANOVA 
values 

week O week 4 Week 8 Week 12 Week 16 Week 28 

d f 2,12 198 7 ,8 2,12 2,12 2,12 
Fobt 9.6 3.37 7.16 30.0 39.24 10.0 
Fcm 3.88 5.32 5.32 3.88 3.88 3.88 
P value ~0.05 0.14 ~0.05 <0.001 e0.00 1 ~0.05 



DISCUSSION 

From our previous investigations, Arctic charr were known to be more 

susceptible to infection with Caiigus elongatus than were Atlantic salmon. This 

difference of infection intensity may have been due in part to the elevated stress 

levels in chan held in sea water. The levels of plasma cortisol in Arctic charr in 

the preliminary part of this investigation were significantly higher in sea water 

than those in the fresh water. This degree of cortisol elevation is similar to that 

observed in the Arctic charr in the later experiments where the fish were 

subjected to prolonged confinement in sea water in a single seapen. 

It has been repeatedly confirmed that vanous fomis of stress not only 

increase the output of adrenal glucocorticoids, but also levels of circulating 

adrenocorticotrophic hormone (ACTH) (Ramsey, 1982). lncreases in levels of 

ACTH always precede the elevation of glucocorticoids. Small quantities of 

ACTH are secreted continually by the adenohypophysis, but in the presence of 

physiological stress, this secretion can be increased as much as 20-fold within 

a few minutes (Ramsey, 1982). Furthermore, the primary regulator of ACTH 

secretion is the central nervous system, especially a secretion from certain 

hypothalamic nuclei. Thus, the release of cortisol in response to stress is 

mediated first through the nervous system and then through the pituitary. This is 

designated as the hypothalamic-pituitary-adrenal axis or, in fish, the 

hypothalamic-pituitary-interrenal axis. Secretion of ACTH is controlled by the 

output of cortisol through a negative feedback system, but there is evidence 

that, during chronic stress, release of ACTH may persist independently of 

existing plasma levels of cortisol, hence overriding the negative feedback loop 



(Rarnsey, 1982). Moreover, animal studies have suggested that when the stress 

is sustained, the feedback loop tends to function from a higher set point, with a 

much greater than usuel steroid level being necessary to achieve operation. 

In general, significantly higher intensities of C, elongatus on the 

cortisol-implanted groups of Atlantic salmon compared to those on fish without 

implants demonstrated that treatment with cortisol predisposed Atlantic salmon 

to infection with C. elongatus. Cortisol implantation mimics one aspect of the 

primary stress response, but is expected to result in typical cortisol-controlled 

secondary and tertiary stress responses including reduced immunocompetency 

and a switch from anabolic metabolism to catabolic metabolism (Hadley, 1984). 

Although the nature of the mechanism, whereby stress responses increase host 

susceptibility to infection, is poorly understood, that this does happen is well 

documented. Ramsey (1 982) suggested that cortisol diminishes production of 

immunoglobulins by suppressing the synthesis of proteins. He also suggested 

that cortisol activity results in decreased numbers of eosinophils, lymphocytes, 

and macrophages. Johnson and Albright (1992) found that coho salmon, 

Oncorhynchuç kisutch, implanted with cortisol, harbour heavier infections with 

Lepeophtheirus salmonis , and suggested that cortisol reduced the host non- 

specific defence mechanism. In another study, Maule et al. (1987) 

demonstrated that chronic elevation of plasma cortisol levels, due to cortisol 

implantation in coho salmon, from basal values of 0.5 ngfml to 14 ng/ml, was 

sufficient to reduce the number of antibody-secreting cells in fish immunized 

with Vibrio anguillanrm antigen. Similarly, Robertson et al. (1963) reported 

that rainbow trout given intraperitoneal implants of cortisol using cholesterol as 

a carrier agent developed heavy infections of the ciliate lchthyophthirius 



multifiliis. Cortisol-implanted rainbow trout also had a significantly higher 

parasitemia, higher rnortatity, and lower antibody titres than control fish when 

challenged with the hemoflagellate, Cryptobia saimositca (Woo et al. , 1987). 

The higher intensities of C. elongatus on chan compared to salmon and on 

cortisol-implanted salmon compared to salmon without implants, in this study, 

confirmed the hypothesis that the heavier infection was due, at least in part, to 

their chronically-stressed conditions in sea water. 

Blood cortisol levels are known to rise quickly and dramatically during 

acute stress, stimulated for example by handling of fish to withdraw blood 

samples. While blood samples were always taken well within two minutes of 

catching the fish, disturbances of the tank would have resulted in raised cortisol 

levels in those fish sampled last. The large range in cortisol levels for each 

group reflect this reality. All groups of experimental fish were handled similarly, 

thus, the cortisol levels should be comparable. While an increase in plasma 

cortisol is a good measure of the primary neuro-endocrine response to stress in 

fish, there are other measures that can be used to assess stress. As an 

additional measure of chronic stress in fish, changes in the interrenal tissues 

were monitored for fish from each experimental group as it is known that the 

mean nuclear diameter of interrenal cells increases during chronic stress 

(Mazeaud and Mazeaud, 1981; Yang and Albright, 1995). The present study 

showed that among the cortisol-implanted salmon, the nuclear diameters of 

interrenal cells were significantly larger than the salrnon with no cortisol 

implants. Using classical histological methods, several other authors have also 

observed increases in the interrenal nuclear diameters in salrnonids exposed to 

different stresson, when accompanied by increased cortisol levels (McBride et 



al., 1 986; Yang and Albright, 1 995). These resuits and those from the present 

study suggest that plasma cortisol increases are accompanied by significant 

hypertrophies of the interrenal tissues. 

During this study, cortisol levels were generally higher in fish in 1993 

than in 1992, particularly, in the fish sampled at the end of the experirnent from 

the seapen (week 28). In 1 992, fish were heM in seapens at the Atlantic Salmon 

Demonstration Fann in Lime Kiln Bay, N. B. and in 1993 fish were held in a 

seapen in Brandy Cove, N. B. The Brandy Cove site was, overall, a poorer site 

to raise fish, for various reasons, including shallow water resulting from tidal 

action, and not as efficient husbandry of fish. These factors may well have 

contributed to higher cortisol levels. 

The present study indicated that iodineliodide therapy significantly 

reduced the interrenal nuclear diameters. In salrnon, the nuclear diameters of 

the interrenal cells for iodineliodide-treated groups were significantly smaller 

than those of control and cortisol-implanted groups, with no iodinefiodide 

treatment. Similarly, iodine/iodide-treated charr had significantly smaller 

interrenal nuclear diameters than had controls. The present study also 

indicated that al1 groups of Atlantic salmon and Arctic charr with iodineliodide 

treatments had consistently decreased levels of plasma cortisol and increased 

levels of plasma TJ and Tq than had unsupplemented controls. lodineliodide- 

treated groups of fish had also consistently lower numbers of sea lice, C. 

elongatus. T3K4 ratios were also significantly higher in most iodineliodide 

treated groups. 



Although, a few stressors operate through a hypothalamic releasing 

factor to stimulate production of thyrotropic stimulating hormone (TSH) from the 

anterior pituitary, which in turn stimulates the thyroid gland to release its 

hormones thyroxine (Tg) and tniodothyronine (Tg), in most cases of stress the 

output of thyroid hormones is diminished (Ramsey, 1982). Indeed, some studies 

have led to the idea that there may be an inverse relationship between thyroid 

output and adrenal cortex/interrenal activity. According to this idea, since 

stresson activate the adrenal cortex, thyroid secretions would be expected to 

decrease. The generally accepted concept is that thyroid output may increase in 

response to acute stress, but may decrease with chronic forms of stress 

(Ramsey, 1982). In this respect, if the thyroid gland is provided with 

supplemental iodine, it is possible that it would increase the production of 

thyroid hormones. 

The consistently increased levels of thyroid hormones (T3 and 14) and 

the T u 4  ratios and the consistently decreased levels of plasma cortisol during 

the iodineliodide treatments in fresh water suggests that supplementation of 

iodineliodide was actually elevating the levels of TJ and T4, and decreasing the 

levels of cortisol in the blood. Higgs et al. (1979) have suggested that thyroid 

hormones, administered exogenously, can stimulate the growth in a variety of 

teleosts and most salmonids, and McBride et al. (1982) have shown that 

administration of TJ as a diet supplement did increase the production of thyroid 

hormones of anadromous salmonids. It is generally accepted that the thyroid 

hormone formation is correlated with iodinehodide accumulation by the thyroid 

gland (Solomon et a/. ,1952). Significant increase in the production of thyroid 



hormones after administration of iodine has also been reported in other 

vertebrates e.g., rats by Sherer et al. (1991). 

The lower plasma T3 and Tq levels in the cortisol-implanted groups of 

Atlantic salmon throughout the experiment, suggest that cortisol was 

decreasing the production of thyroid hormones. It is apparent from the results 

presented that elevated cortisol levels are capable of inhibiting the 

accumulation of iodineliodide in the normal thyroid gland and therefore 

inhibiting thyroid hormone production. The studies of Hill et al. (1950; in 

Solomon et al.. 1952), which showed clinical improvement with ACTH in 

hyperthyroidal subjects, and those of Hardy et al. (1 950 in Solomon et al. . 1952) 

which demonstrated a depressing effect of ACTH on the serum PB1 (Protein 

bound iodine), confirm this point of view. In fish, there have also been 

confirming results in studies of the effects of cortisol on thyroid physiology. 

Milne and Leatherland (1980) found altered plasma thyroid hormone 

concentrations in cortisol-treated rainbow trout, Oncorhynchus mykiss , as did 

Redding et al. (1 984) in coho salmon, and Vijayan et al. (1 988) in brook charr. 

These results and those from the present study indicate that the cortisol- 

mediated inhibition of thyroid hormone levels may be detectable at the 

peripheral level . 

In salmonids, the thyroid is thought to produce mainly thyroxine (14) 

which in turn, by extrathyroidal deiodination yields active 3,5,3'-triiodo-L- 

thyronine (T3). In other words, Tq acts as a prohormone or reserve for the 

maintenance of plasma T j  levels (McBride et a/., 1982; Eales, 1985). It has 



been estimated that 10% of the extrathyroidal Tq is metabolized daily, whereas 

75% of TJ is metabolized; and in the blood plasma the ratio of TJ to Tq is 

generally 1 :3 (0.33). In stressed salmonids, elevated levels of cortisol reduce 

the conversion of Tq to T3 or increase the clearance of TJ (Eales and 

MacLatchy, 1989). Thus, stressed fish in the present study have relatively lower 

amounts of Tg, the form most commonly used for metabolic functions at the 

cellular level. 

During the sea water phase, the levels of thyroid hormones (Tg and Tq) 

in Atlantic salmon and Arctic charr with no iodineliodide supplement increased 

sirnultaneousfy with the iodine/iodide-treated groups. This is not surprising. 

Evidence suggests that this increment in the thyroid hormones in al1 groups is 

due to the availability of the extra environmental iodine. This possibility has 

been reported for other salmonids (Folmar and Dickhoff, 1979). The other 

possible explanation for increased thyroid hormones in fish kept in sea water is 

the association between Na+-K+ ATPase and the thyroid hormones. Folmar 

and Dickhoff (1979) suggested that increased levels of Tq are correlated with 

the activation of Na+-K+ ATPase. Although there have been a number of 

demonstrations that gill Na+-K+ ATPase is stimulated by entry into sea water, 

the exact mechanism by which environmental changes stimulate Na+-K+ 

ATPase is unknown. Folmar and Dickhoff (1979) observed increased plasma 

Tq levels in coho salmon, Onchorynchus kisutch, upon entry into sea water 

and suggested that the relationship is due to neuroendocrine involvement. 



Thyroid regulation of Na+-K+ ATPase has also been reported for brook trout, 

Salvelinus fontinalis, by McComick and Naiman (1 984). 

The T3/T4, cortisol, and interrenal data from this present investigation 

suggest that iodine- or iodide-treated salmon and charr exhibit less 

physiological stress and were, therefore, less susceptible, in this case to sea 

lice, Caligus elongatus . This finding is in agreement with that of Lall et al. 

(1 985). Lall et al. (1 985) also demonstrated that wpplementation of the diet with 

iodine and fluorine significantly reduced the prevalence of clinical and non- 

clinical bacterial kidney disease (BKD) in Atlantic salmon. Generally, fishmeal 

in commercial dieVfeed initially contains relatively high concentrations of iodine, 

but because of severe conditions of processing (flame drying) it may lose most 

of the iodine and may not be adequate to meet the dietary requirements of 

salmonids for metabolic processes. lmproper storage conditions also affect the 

stability of compounds, such as potassium iodide, which is used as a source of 

iodine in fish feeds. Therefore, providing supplemental iodine or iodide to fish 

in fresh water may help the fish to synthesize thyroid hormones and help 

modulate carbohydrate metabolism. 

The present investigation suggests that in fish that are iodine-deficient, 

insufficient production of TQ and Tq causes the interrenals to increase 

secre!Ions of cortisol to undertake metabolic conversions that otherwise would 

be controlled by the thyroid hormones. Levels of cortisol are further increased 

during times of stress. Providing extra iodine in the water or iodide in the 

dietlfeed increases production of T3 and Tg, thus possibly reducing the levels of 



plasma cortisol. 

Throughout this woik, although salmon and charr responded similarly to 

al1 treatments, there was an order of magnitude difference in their responses. 

For example, iodioneliodide-treated chan showed less reduction in sea lice 

numbers than did treated salmon. Cortisol levels in iodindiodide-treated charr 

were similarly less reduced than b e l s  in treated salmon. These differences 

may be explained by the relative dependence of the two species on iodine, as 

Salmon go through a true smoitification requiring elevated levels of thyroid 

hormones, and therefore, require more iodine than perhaps do charr. 
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Chapter 5 

General Conclusions 



The overall objective of this study was to investigate host characteristics 

important in determining infection intensity with the sea louse, Caligus 

elongatus. 

The influence of interspecific variation occurring between two species- 

Atlantic salmon and Arctic chan, was assessed in experiments which confimed 

the differences in infection intensity with C. elongatus on Atlantic salmon and 

Arctic charr. These demonstrated that charr harboured significantly higher 

numbers of sea lice than did salmon (1992: Pc0.001; 1993: Pc0.001), and 

indicated that infection intensity may be attributed to many characteristics of the 

host species. The electrophoretic analysis frorn mucous proteins have indicated 

that the protein patterns between these two species are similar, but there exist 

some differences in the protein composition. Understanding the function or 

relative importance of these proteins to sea lice survival may help explain why 

more parasites are attracted to Arctic charr than to Atlantic salmon. The cytology 

of epidermal tissues indicated that chan suffered some epidermal osmotic 

damage when held in sea water. Intercellular contact between malpighian cells 

in charr is attained by interdigitation of the ceIl membrane, and in salmon is 

attained by intercellular junctions. The host cellular response to infection by 

chalimus larvae was similar in both species. 

In examining the relative imrnunocompetency of Atlantic salmon and 

Arctic charr to respond to an injected crude extract of sea lice antigens, it was 

found that "vaccinationw significantly reduced infection with this parasite. This 

vaccination induced a stronger protective response in salmon than in charr 

(salmon: Pc0.001; charr: Pc0.05), but analysis of serum samples from 



vaccinated and control salmon or charr did not show any specific antibody 

response to injected antigens of C. elongatus. Further work should be done to 

determine the actual mechanism of the response to vaccination with C. 

elongatus antigens and to detemine if that response could be manipulated on 

fish farms to control sea lice. 

The influence of other host characteristics impoitant in determining 

infection intensity with C. elongatus were investigated by examining the effect 

of stress and nutrition (iodinehodide supplementation) on sea lice infections. 

Experiments were designed and conducted to investigate the effects of elevated 

stress levels (by artificial implantation of cortisol) in Atlantic salmon on the 

intensity of infection with C. elongatus, and the effects of iodine supplements, 

either as a feed additive or as an addition to the fresh water, on cortisol and 

thyroid hormone levels in both Atlantic salmon and Arctic charr and on the 

subtequent intensity of infection with C. elongatus. Cortisol-implanted salmon 

had significantly higher mean intensities of sea lice than had control salmon. 

Naturally-acquired sea lice infections were significantly reduced on salmon 

treated with iodized feed (Pe0.05) or iodinated water (Pç0.05). Arctic charr 

treated with iodized feed also had significantly (Pc0.05) reduced infections. 

Both salmon and charr, treated either with iodized feed or iodinated water, 

showed reduced plasma cortisol levels and smaller nuclear diameters of 

interrenal cells, and higher levels of thyroid hormones, Tg and Tq, indicating 

reduced effects of stress. 

Significantly higher intensities of C. elongatus on the cortisol-implanted 

groups of Atlantic salmon demonstrated that treatment with cortisol predisposed 



salmon to infection with sea lice. The present study also showed that 

supplementation of iodine or iodide reduced cortisol levels and increased the 

thyroid hormone levels, both in salmon and in charr. Some of the iodine or 

iodide treatment groups had also significantly lower numbers of sea lice than 

had unsupplemented controls. These results suggests that supplementation of 

iodine or iodide reduces physiological stress in both Atlantic salmon and 

Arctic charr, and reduces the numbers of sea lice acquired by these fish. These 

findings can be tested at the industry level to detemine their potential for 

reducing sea lice numbers in commercial fish farrns. 



APPENDICES 



Fixation and embedding schedule: TEM 

1 . Kamovsky fixative' 

2. Wash in buffer (0.1 M sodium cacodylate) 
3. Osmium tetroxide fixative 
4. Wash in buffer (0.1 M sodium cacodylate) 

5. Dehydrate in acetone, 30% 
50% 

70% 

90% 

100% 

6. Acetone plus Epon-Araldite 
3: 1 

1 :3 
7. Epon-Araldite 

8. Embed and polymerize 

400 C 

'Kamovskv !1965) fixative 

2 g parafomaldehyde 

25 ml distilled water 

Heated to 600 C with continuous stirring 

1 to 3 drops 1 M NaOH 
10 ml 25% glutaraldehyde 

Made up to 50 ml with 0.2 sodium cacodylate 

24 hours 

2x15 minutes 

1 hour 
2x1 5 minutes 

15 minutes 

15 minutes 
15 minutes 

15 minutes 

3x10 minutes 

12 hours 

2x1 hour 

24 hours 

24-48 hours 



Schedule for staining thin and thick sections 

Thin sections: 

1. Uranyl acetate 20 to 30 minutes 

2. Rinse with distilled water 

3. Lead citrate 20 to 30 minutes 

4. wash with 0.02 N sodium hydroxide 

5. Wash with water 

Thick sections: 

1. Microscope slides stored in methanol were wiped dry just before use 

2. thick sections were transferred from knife trough with platinum loop 

3. Slides were warmed over a flame as the section dried out 

4. Slides were placed on a slide wanner at 50-700 C and covered with 

stain* 

5. After 1-2 minutes slides were flwhed with distilled water and put on 

warrner 

'Preparation of stain 

1 g Toludine blue 

1 g Sodium tetraborate 

100 ml distilled water 



APPENDIX III 

Procedure for Plasma Cortisol Radio-immunoassay 

1. Label the Gamma coat tubes in duplicate 

Total counts 

Serum blank or standards 

sam ple 

2. Add to the bottom of Gamma coat tubes 

a) 10 pl of cortisol serum blank or cortisol serum standards 

b) 10 pl of each sample 

3. Add 1 .O ml of tracer-buffer reagent to each tube 

4. Vortex gently 

5. lncubate tubes for 45 minutes in a 37i20 C water bath 

6. Aspirate or decant al1 tubes except total counts 

7. Count tubes in a gamma counter for 1 minute 

8. Calculate results: 

Concentration of plasma cortisol levels were calculated according to 

manufacturer's procedures. Since replicate samples were close in 

values, an average of the two was used as the value for each fish. 

* Sensitivity of cortisol radioimmunoassay : 2.1 ng/ml 



Schedule for embedding fixed material for Light microscopy 

(Bouin's fluid fixed) 

1. Wash material in 70% alcohol 

2. Dehydrate through 95% and two changes of absolute alcohol 

(20-30 minutes in each solution) 

3. Xylene (2 changes each of 20-30 minutes) 

4. Xylene: Wax- 50:50 (20-30 minutes) 

5. Transfer to rnelted paraffin wax in oven (1 hour) 

6. Embed in wax 

* Tissue blocks were of 1 cm cubed 



Schedule for staining sections for Light microsoopy 

----------------------------------------- 
1. Xylene 
2. Xylene 
3. 100% alcohol 
4. 100% alcohol 
5. 95% alcohol 
6. 70% alcohol 
7. Distilled water 
8. ~ematox~l in* 
9. Cold running tap water 

Acid alcohol 
Running tap water 
Tap water with 20 drops 
of conc. ammonia 
Running tap water 
70% alcohol 
Working eosin" 
70% alcohol 
100% akohol 
100% alcohol 
Xylene 
Xylene 
Mount 

2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
2 minutes 
1 minute 
10-1 5 minutes 
5 minutes 
(or until no more blue cornes out) 
10-12 dips 
1 minute 

5-6 dips (until tissue tums blue) 
10 minutes 
1 minute 
1-2 minutes 
1/24 minute 
1 minute 
1 minute 
2 minutes 
2 minutes 

In 1 litre of Harn's hernatoxylin add 40 ml of glacial acetic acid; filter 

** Workina eosin 

800 ml of 80% alcohol, add 200 ml stock, add 5 ml of glacial acetic acid 

Eosin &oc& 

In 1 litre 80% alcohol dissolve 10 g eosin Y and 1 g Phloxine 6 



Procedure for Plasma Thyroid Hormotw (T3) Radio-immunoassay 

1. Label the Gamma coat tubes in duplicate 

Total counts 

Serum blank or standards 

sample 

2. Add to the bottom of Gamma coat tubes 

a) 50 pl of T3 RIA serurn blank or serum standards 

b) 50 pl of each T3 RIA control senim, levels I and II 

c) 50 pl of each sample 

3. Add 1 .O ml of tracer-buffer reagent to each tube 

4. Vortex gently 

5. lncubate tubes for 1 hour in a 37I20 C water bath 

6. Aspirate or decant al1 tubes except total counts 

7. Count tubes in a gamma counter for 1 minute 

8. Calculate results: 

Concentration of plasma T3 levels were calculated according to 

manufacturer's procedures. Since replicate samples were close in 

values, an average of the two were used as the value for each fish. 

Sensitivity of T3 radioimmunoassay : 0.09 ng/ml 



APPENDIX VI1 

Procedure for Plasma Thyroid Hormone (Tq) Radio-immunoassay 

---------------------------------------------------- 

1. Label the Gamma coat tubes in duplicate 

Total counts 

Serum blank or standards 

sample 

2. Add to the bottoni of Gamma coat tubes 

a) 10 pl of T4 RIA serum blank or senirn standards 

b) 1 0 pl of each sample 

3. Add 1 .O ml of tracer-buffer reagent to each tube 

4. Vortex gently 

5. lncubate tubes for 45 minutes in a 37e0  C water bath 

6. Aspirate or decant al1 tubes except total counts 

7. Count tubes in a gamma counter for 1 minute 

8. Calculate results: 

Concentration of plasma Tq levels were calculated according to 

manufacturer's procedures. Since replicate samples were close in 

values, an average of the two were used as the value for each fish. 

Sensitivity of Tg radioimrnunoassay : 0.4 ngh l  




