
EPIZOOTIC OBSERVATIONS IN RELATION TO GROWTH PERFORMANCE OF 

RAINBOM TROUT SALMO GAIRDNERI (RICHARDSON) AT COMMERCIAL FISH 

FARMS, ON THE RIVERS ITCHEN AND TEST, HAMPSHIRE. O.K. 

By 

MOMIN NAICH 

A Thesis submitted for the degree of 

MASTER OF PHILOSOPHY 

Department of Biology 

Faculty of Science 

Southampton University 

Southampton, Hampshire 

United Kingdom 

February, 1990 



I DEDICATE THIS SCIENTIFIC INVESTIGATION, 

TO MY MOTHER, FATHER, BROTHERS, AND SISTERS, 

AND TO MY WIFE Z. N. NAICH, SONS AMMAR YASIR, 

AHSUN YASIR AND LITTLE DAUGHTER SABEEQA YASMEEN. 



ACKNOWLEDGEMENT 

The author is indebted to Dr. C.E. Bennett, Department 

of Biology at Southampton University, Southampton for his 

supervision and advice during the course of his study. 

I am also grateful to Professor M. Sleigh, also of the 

Biology Department, for his advice and helpful discussion 

during revision of the manuscript. Gratitude is also 

expressed to Dr. R. White, Department of Biology, Dr. P. 

Prescott, Department of Statistics and Dr. R. Pickering, 

Department of Social Statistics at Southampton University, 

for enormous statistical advice, helpful discussion and 

assistance in the preparation of the data model. 

I am also thankful to the staff of the Southampton 

University Computing Service, and also to the computer 

programming specialist, Mr. J. Hepworth for his help during 

the analysis of ray data. Technical assistance was provided 

by Mr. J. Thurston. I am also thankful to S.L. Poynton for 

permission to quote from her unpublished work. 

I would like to extend sincere gratitude to my 

mother, father, brother, and sister, and to my wife Z.N. 

Naich, Sons Ammar Yasir, Ahsun Yasir and little daughter 

Sabeeqa Yasmeen, who were a constant source of inspiration, 

and for their support, encouragement, patience and kindness 

during the course of this study. Thanks to my relatives and 

friends, and to other individuals who have helped and 

encouraged me during my study. 

Special thanks to my younger brother Mr. Nadar Ali 

Naich for his help and looking after ray family at 

Southampton. 

I would like to express my sincere thanks to the owner 

of the Itchen Abbas and Romsey Fish farms, Mr C.Saunders-

Davies, who so generously collaborated with this 

investigation. I am also most grateful to the managers and 

workers of both fish farms for their sincere cooperation. 

Finally the tenure of my study at the Southampton 

University was financed through the Sind/Pakistan 

Government Central Overseas Training Scheme (No. F.7-69/B2-

SCH.III) Scholarship. 



CONTENTS 

Page 

CHAPTER; 1- INTRODDCTION 1 

1.1. Gyrodactylus spp. 2 

1.2. Hexamita salmonis 4 

1.3. Trichodina spp. 6 

1.4. Costia necatrix (Ichthyobodo necator) 8 

1.5. Ichthyophthirius multifiliis 10 

1.6. Sessile Peritrichs 13 

1.7. Chilodonella spp. 15 

1.8. Proliferative kidney disease 17 

1.9. Growth of fish 19 

1.10. Water temperature 21 

1.11. Chemical treatment 22 

1.12. The aims of this investigation 25 

CHAPTER: 2- MATERIALS AND METHODS 28 

2.1. Fish farms used in the study 28 

2.1.A. Itchen Abbas fish farm 29 

2.1.B. Romsey Fish Farm, Greatbridge 33 

2.2. Collection of fish samples 36 

2.3. First Survey, at Itchen Abbas, 

September to December 1986 37 

2.3.a. Sampling Procedure 37 

2.3.b. Post Mortem Procedure 37 

2.4. Second Survey, at Itchen Abbas, 

January to May 1987 38 

2.4.a. Sampling Procedure 38 

2.4.b. Post Mortem Procedure 39 

2.5. Third Survey, at Itchen Abbas, 

April to July 1987 40 

2.5.a. Sampling Procedure 40 

2.5.b. Post Mortem procedure 40 

2.6. Fourth Survey, at Itchen Abbas, 

April to August 1988 41 

2.6.a. Sampling Procedure 41 

2.6.b. Post Mortem procedure 41 

2.7. Fifth survey, at Romsey, 

April to August 1988 41 

2.7.a. Sampling procedure 41 



2.7.b. Post mortem procedure 42 

2.8. Sixth survey, at Romsey, 

July to August 1988 42 

2.8.a. Sampling procedure 42 

2.8.b. Post mortem procedure 42 

2.9. Statistical nalysis 42 

CHAPTER: 3- RESULTS 46 

Part I. Comparisons of Growth Rates 46 

3.1. Growth rates recorded in the six surveys 46 

3.1.A. Growth of rainbow trout, including both 

infected and uninfected fish 46 

3.I.B. Growth of rainbow trout, including only 

fish in which no parasites were found 47 

3.I.e. Growth of rainbow trout, including only 

fish in which parasites were found 47 

3.1.D. Comparison of growth rate of infected and 

uninfected fish 48 

Part II. Parasitic Infections and their 

Correlation. 48 

3.2. First survey, at Itchen Abbas, 

September to December 1986 49 

3.2.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor 56 

3.2.a.l. Hexamita salmonis 56 

3.2.b. The relationship between prevalence of 

the different parasitic infections and 

a) the age of the fish, b) the temperature... 58 

3.2.b.l. Gyrodactylus spp. 58 

3.3. Second survey, at Itchen Abbas, 

January to May 1987 61 

3.3.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor 73 

3.3.a.1. Trichodina spp 74 



3.3.b. The relationship between prevalence of 

the different parasitic infections and 

a) the age of the fish, b) the 

temperature 79 

3.3.b.l. Trichodina spp 79 

3.4. Third survey, at Itchen Abbas, 

April to July 1987 82 

3. 4.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor.. 91 

3 . 4 . a . 1. Trichodina spp 92 

3.4.b. The relationship between prevalence of 

the different parasitic infection and 

a) the age of the fish, b) the 

temperature 97 

3.4.b.l. Gyrodactylus spp 97 

3 . 4 . b. 2 . Hexamita salroonis 98 

3.5. Fourth survey, at Itchen Abbas, 

April to August 1988 99 

3.5.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor 110 

3.5.a.l. Trichodina spp 110 

3.5.b. The relationship between prevalence of 

the different parasitic infection and 

a) the age of the fish, b) the 

temperature 114 

3.5.b.l. Trichodina spp 114 

3.6. Fifth survey, at Romsey fish farm, 

April to August 1988 116 

3.6.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor 127 

3.6 .a . 1. Trichodina spp 127 

3.6.b. The relationship between prevalence of 

the PKD infection and a) the age of the 

fish b) the temperature 131 

3.6.b.l. Trichodina spp 131 

3.7. Sixth survey, at Romsey fish farm, 

July to August 1988 133 



3. 7.a. Correlations between specific parasitic 

infections and fish weight, length and 

condition factor 139 

3.7.a.l. Gyrodactylus spp 139 

3.7.b. The relationship between prevalence of 

the PKD infection and a) the age of the 

fish b) the temperature 143 

3.7.b.l. Gyrodactylus spp 143 

CHAPTER: 4- DISCUSSION 145 

4.1. Introduction to the discussion 145 

4.2 General discussion of the surveys at 

the fish farms 145 

4.2.a. First survey, at Itchen Abbas, 

September to December 1986 145 

4.2.b. Second survey, at Itchen Abbas, 

January to May 1987.. 148 

4.2.C. Third survey, at Itchen Abbas, 

April to July 1987 152 

4.2.d. Fourth survey, at Itchen Abbas, 

April to August 1988. 154 

4.2.e. Fifth survey, at Romsey fish farm, 

April to August 1988 156 

4.2.f. Sixth survey, at Romsey fish farm, 

July to August 1988 159 

4.3. Fish Growth. 160 

4.4. Sampling Size 164 

4.5. Mucus scraping and post mortem 167 

4.6. Parasite types 169 

4.6a. Gyrodactylus spp. 170 

4.6b. Trichodina spp. 178 

4.6c. Hexamita salmonis 183 

4 . 6d . Costia necatrix (Ichthyobodo necator) 188 

4.6e. Chilodonel la spp.. 194 

4.6f. Sessile peritrichs 197 

4.6g. Ichthyophthirius multifiliis 201 

4.6h. Proliferative Kidney Disease 208 

4.7. Host Responses..... 209 

4.8. Interspecific Competition 214 

4.9. Chemical treatment 216 



4.10. General conclusion 219 

4.11. Areas and suggestions for 

further investigation 225 

CHAPTER: 5- REFERENCES 232 

APPENDICES 274 

APPENDIX: 1 

Analysis of the relationships between fish weight 

and fish length and the age of the rainbow trout 

Salmo qairdneri (Richardson), in the six surveys 

performed (all fish, including both uninfected 

and infected fish) 274 

APPENDIX: 2 

Analysis of the relationship between fish weight 

and fish length and the age of the rainbow trout 

Salmo qairdneri (Richardson), in the four surveys 

at Itchan Abbas fish farm, (including only fish 

in which no parasites were founded) 286 

APPENDIX: 3 

Analysis of the relationship between fish weight 

and fish length and the age of the rainbow trout 

Salmo qairdneri (Richardson), in the three surveys 

at Itchan Abbas fish farm, (including only fish in 

which parasites were founded) 292 

APPENDIX: 4 

Summarised mean weight, length and condition 

factor of each fish sample collected from each 

tank on each visit, together with the temperature 

of the tank on the day of collection and the total 

daily food consumption of all fish in tank for 

the previous week 298 



APPENDIX: 5 

Detailed results of the analysis of covariance 

and logistic regression 314 

APPENDIX: 6 

Summarised results of the analysis of covariance 

and logistic regression 367 

APPENDIX! 

Summarised results of the one-way and two-way 

analysis of variance showing the interaction 

effects 382 

APPENDIX: 8 

Analysis of the relationship of 

Ichthyophthirius multifiliis gill infection 

intensity and Gyrodactylus mucus infection 

density with time (=age) and temperature 400 

APPENDIX: 9 

Summarised results of the each tank showing the 

density of Trichodina on each visit 414 

APPENDIX: 10 

Summarised data of the density of Gyrodactylus 

mucus and the intensity of Ichthyophthirius 

multifiliis gill infection on each visit.... 419 

APPENDIX: 11 

Graphs on the data of Parasites Prevalence in 

Surveys 1-6... . 426 



APPENDIX; 12 

Additional information on data collection, 

computing training and presentation of 

results at scientific meetings 445 



LIST OF FIGDRES 

CHAPTER: 2- MATERIALS AND METHODS 

Itchen Abbas Fish Farm 

Fig. 1. A view of a circular tank of the early 

fry unit 30 

Fig. 2. A view of a single tank of fry 30 

Fig. 3. A view of a large empty circular tank 31 

Fig. 4. A view of a large outlet channel 31 

Fig. 5. A view of the marketing unit raceways... 32 

Fig. 6. A view of a single marketing raceway tank 32 

Romsey Fish Farm 

Fig. 7. A view of 25 raceway tanks for fry rearing... 33 

Fig. 8. A view of a single raceway tank for fry. ... 34 

Fig. 9. A view of a large circular tank 34 

Fig. 10. A view of a long narrow outlet channel 35 

Fig. 11. A view of a long wide outlet channel 35 

CHAPTER: 3- RESULTS 

Fig. 1. Regression with age of the weight of 

rainbow trout Salmo gairdneri (Richardson) 

for fish infected and uninfected with 

H. salroonis 57 

Fig. 3. Relationship between age and 

Gyrodactylus spp. mucus infection rate 

in rainbow trout Salmo qairdneri (Richardson) 59 

Fig. 4. Relationship between temperature and 

Gyrodactylus spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 60 

Fig. 7. Regression with age of the weight of 

rainbow trout Salmo qairdneri (Richardson) for 

fish infected and uninfected with Trichodina 75 

Fig. 8. Regression with age of the length of 

rainbow trout Salmo qairdneri (Richardson) for 

fish infected and uninfected with Trichodina 76 



Fig. 12. Relationship between age and 

Trichodina mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 80 

Fig. 13. Relationship between temperature and 

Trichodina mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 81 

Fig. 20. Regression with age of the weight of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina 93 

Fig. 21. Regression with age of the length of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina 94 

Fig. 29. Relationship between age and 

Gyrodactylus spp. infection rate in rainbow 

trout Salmo qairdneri (Richardson)... 97 

Fig. 30. Relationship between age and 

H. salmonis gut infection rate in rainbow 

trout Salmo qairdneri (Richardson) 98 

Fig. 31. Regression with age of the weight of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina Ill 

Fig. 32. Regression with age of the length of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina. 112 

Fig. 36. Relationship between age and 

Trichodina spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 114 



Fig. 37. Relationship between temperature and 

Trichodina spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 115 

Fig. 42. Regression with age of the weight of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina 128 

Fig. 43. Regression with age of the length of 

rainbow trout Salmo qairdneri (Richardson) 

for fish low infected and high infected with 

Trichodina 129 

Fig. 51. Relationship between age and 

Trichodina spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 132 

Fig. 59. Regression with age of the weight of 

rainbow trout Salmo qairdneri (Richardson) 

for fish with low infection and with high 

infection with Gyrodactylus 140 

Fig. 60. Regression with age of the length of 

rainbow trout Salmo qairdneri (Richardson) 

for fish with low infection and with high 

infection with Gyrodactylus 141 

Fig. 67. Relationship between age and 

Gyrodactylus spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 143 

Fig. 68. Relationship between temperature and 

Gyrodactylus spp. mucus infection rate in 

rainbow trout Salmo qairdneri (Richardson) 144 



LIST OF TABLES 

CHAPTER: 3- RESULTS 

Table 1. Summarised results of tank A showing 

the prevalence of parasites over a 

period of 13 weeks 50 

Table 2. Summarised results of tank B showing 

the prevalence of parasites over a period 

of 13 weeks (B was separated from A after 

2nd week) 52 

Table 3. Summarised results of the first tank 

showing the prevalence of parasites over 

a period of 11 weeks 62 

Table 4. Summarised results of the second tank 

showing the prevalence of parasites over 

a period of 11 weeks 64 

Table 5. Summarised results of the third tank 

showing the prevalence of parasites over 

a period of 11 weeks 66 

Table 6. Summarised results of the fourth tank 

showing the prevalence of parasites over 

a period of 11 weeks 68 

Table 7. Two-way analysis of variance showing 

interaction of multiple infection upon weight, 

length and condition factor.... 77 

Table 8. One-way analysis of variance test for 

the effect of a second parasite on weight, 

length and condition fish also infected with 

first parasite. 78 

Table 9. Summarised results of the first tank 83 



Table 10. Summarised results of the second tank 85 

Table 11. Summarised results of the third tank 87 

Table 12. Two-way analysis of variance showing the 

interaction of multiple infection upon weight, 

length and condition factor 95 

Table 13. One-way analysis of variance test for 

the presence of a second parasite on weight, 

length and condition factor of fish also 

infected with first parasite 95 

Table 14. Summarised results of the first tank 

showing the prevalence of parasites over 

a period of 11 weeks 100 

Table 15. Summarised results of the second tank 

showing the prevalence of parasites over 

a period of 11 weeks 102 

Table 16. Summarised results of the third tank 

showing the prevalence of parasites over 

a period of 6 weeks 104 

1'able 17. Summarised results of the fourth tank 

showing the prevalence of parasites over 

a period of 6 weeks 106 

Table 18. Two-way analysis of variance showing 

significant interaction of multiple infection 

upon weight, length and condition factor 113 

Table 19. One-way analysis of variance showing test 

for the effect of a second parasite on weight, 

length and condition factor of fish also 

infected with a first parasite 113 



Table 10. Summarised results of the second tank 85 

Table 11. Summarised results of the third tank 87 

Table 12. Two-way analysis of variance showing the 

interaction of multiple infection upon weight, 

length and condition factor.. 95 

Table 13. One-way analysis of variance test for 

the presence of a second parasite on weight, 

length and condition factor of fish also 

infected with first parasite 95 

Table 14. Suinmarised results of the first tank 

showing the prevalence of parasites over 

a period of 11 weeks 100 

Table 15. Summarised results of the second tank 

showing the prevalence of parasites over 

a period of 11 weeks 102 

Table 16. Summarised results of the third tank 

showing the prevalence of parasites over 

a period of 6 weeks 104 

I'able 17. Summarised results of the fourth tank 

showing the prevalence of parasites over 

a period of 6 weeks 106 

Table 18. Two-way analysis of variance showing 

significant interaction of multiple infection 

upon weight, length and condition factor.. 113 

Table 19. One-way analysis of variance showing test 

for the effect of a second parasite on weight, 

length and condition factor of fish also 

infected with a first parasite 113 



Table 20. Summarised results of the first tank 

showing the prevalence of parasites over 

a period of 11 weeks 117 

Table 21. Summarised results of the second 

tank showing prevalence of parasites 

over a period of 11 weeks 119 

Table 22. Summarised results of the third 

tank showing the prevalence of parasites 

over a period of 5 weeks 121 

Table 23. Summarised results of the fourth tank 

showing the prevalence of parasites over 

a period of 5 weeks. 123 

Table 24. Two-way analysis of variance showing 

interaction of multiple infection upon 

condition factor 130 

Table 25. One-way analysis of variance of test 

for the effect of a second parasite on 

weight, length and condition factor of 

fish also infected with a first parasite 130 

Table 26. Summarised results from the first tank 

showing the prevalence of parasites over a 

period of 5 weeks 134 

Table 27. Summarised results from the second 

tank showing the prevalence of parasites 

over a period of 5 weeks 136 

Table 28. One-way analysis of variance to test 

for the effect of a second parasite in fish 

also infected with a first parasite 142 



ONIVERSITY of SOUTHAMPTON 

ABSTRACT 
FACULTY of SCIENCE 

BIOLOGY 
Master of Philosophy 

EPIZOOTIC OBSERVATIONS IN RELATION TO GROWTH PERFORMANCE OP 
RAINBOW TRODT SALMO GAIRDNERI (RICHARDSON) AT COMMERCIAL FISH 

FARMS, ON THE RIVERS ITCHEN AND TEST, HAMPSHIRE. U.K. 

By 

MOMIN NAICH 

The Itchen Abbas and Romsey fish farms on the rivers Itchen 
and Test, Hampshire, U.K. were selected for the 
investigation. Both farms are large intensive units 
specializing in producing rainbow trout Salmo qairdneri 
(Richardson). 1,702 fish of age 0+ were examined during six 
intensive surveys between September 1986 and August 1988. 

The prevalence and intensity of the protozoan 
parasites Trichodina, Hexamita salmonis, Ichthyophthirius 
multifiliis, Costia necatrix, Chilodonella, Sessile 
peritrichs and one monogenean Gyrodactylus were recorded. 
Proliferative Kidney Disease caused by PKX was also rioted. 

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

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

By using the analysis of covariance, the majority of 
the parasites, including PKD, showed significant 
correlation of prevalence with fish weight, length and 
condition factor (P<0.05). Both one-way and two-way 
analysis of variance revealed significant interactions 
between certain pairs of parasites in their effects on fish 
weight, length and condition factor (P<0.05). A log-
logistic model also revealed significant relationships of 
the infection rate of certain parasites with both time and 
temperature. Intensity of I. multifiliis on the gills and 
density of Gyrodactylus infections in mucus showed 
significant relationships with time and temperature in some 
surveys by a simple regression analysis. 

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

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



CHAPTER 1 

INTRODUCTION 

Intensive conditions in fish farms are due to high 

stocking densities imposed by management for commercial 

reasons. They affect environmental parameters which may 

induce pathological and physiological changes directly or 

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

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

classified into four categories. 

3̂ . Disorders resulting from external physical and chemical 

agencies such as temperature, pH, dissolved gases, 

mechanical injuries, or pollution. 

2. Dietary or developmental deficiencies such as stunting, 

anaemia, degeneration, nutritional gill disease and 

cataract. 

3̂ . Tumour and atypical cell growth. 

Diseases including those caused by infectious agents and 

parasites. 

According to Bauer (1970), both ecto and endo 

parasites cause harmful effects on their host's organs or 

tissues. Parasites causing these changes are regarded as 

pathogenic. Light parasitic infection, however, does little 

harm to the fish, and is considered as non-pathogenic. 

Nevertheless, every parasite is harmful to its host to some 

extent. 

Commencement of symptoms or physiological changes in 

hosts may be related to an increase in the number of 

parasites. At that stage the non-pathogenic parasite 

becomes pathogenic. For example high levels of density or 

intensity of Trichodina, Chilodonella, Costia, 

Gyrodactylus, sessile peritrichs and Ichthyophthirius 

multifiliis can cause skin damage and affect cutaneous 

respiration. 

Several studies have been carried out on the parasite 

fauna of both wild trout and trout in hatcheries such as 

studies on brown trout by Aderounmu (1965, 1966) and 

Pickering and Christie (1980), on individual parasite 



species in wild brown trout (Aho and Kennedy, 1984; 

Kennedy, 1969; Kennedy and Lie, 1976), on wild rainbow 

trout (Kane, 1966; Wootten, 1973), and laboratory studies 

on individual parasites in guppies, cod and rainbow trout 

by Scott (1984); Cusack (1986); Khan (1988) and Cone and 

Cusack (1989). There are numerous reports of parasites in 

hatchery and farm trout, for example the work on brown 

trout by Pottinger ^ (1984), and on rainbow trout by 

Alvarez-Pel1itero and Gonzalez-Lanza (1983) and Ingham and 

Arme (1973) . 

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

fish farms in Hampshire (Poynton, 1985). These are 

Gyrodactylus spp., Hexamita salmonis, Trichodina spp., 

Costia necatrix, I. multifiliis, sessile peritrichs, 

Chilodonel la spp. and PKX . A section on each parasite 

includes (i) Reports of pathogenicity and effects on growth 

(ii) Life cycle, reproduction and seasonal effects (iii) 

Transmission (iv) Host response and parasite population 

regulation. An introduction to each parasite is followed by 

sections relating to the growth of fish, temperature 

effects and chemical treatment of parasitic infections. 

1.1. Gyrodactylus spp. 

(i) Reports of pathogenicity and effects on growth 

The common characteristics of monogenean parasitic 

infection effects are pathological changes of the skin. 

Such changes are associated with the presence of 

Gyrodactylus reported by previous authors. The genus 

Gyrodactylus Nordmann (1832) (Monogenea) includes 

approximately 350 known species parasitic on the gills and 

body surface of marine and freshwater teleosts (Cone and 

Odense, 1984). Gyrodactylus spp. have been reported from 

fish in Europe and the U.S.S.R (Yamaguti, 1963), whereas, 

Rogers (1967, 1968), Rogers and Wellborn (1965), and 

Wellborn and Rogers (1967) described 24 new species of 

Gyrodactylus from fish in the South-East of the United 

States of America. 



Gyrodactylus spp. parasitize many families of teleost 

fish, both marine and freshwater (Malraberg, 1970). They are 

also recognized as pathogens in aquaculture (Malmberg, 

1973). 

Their ability to kill fish has also been demonstrated 

experimentally for G. alexanderi (Mizelle and Kritsky, 

1967) and on stickleback Gasterosteus aculeatus by Lester 

and Adams (1974), and G. bullatarudis on guppies Poecilia 

reticulata by Scott and Anderson (1984). 

Malmberg (1957) suggested that the wounds caused by 

the flukes may permit the entry of pathogenic bacteria. 

Tripathi (1957), Davis (1961), Bykhovskaya-Pavlovskya et al. 

(1964), and Parker (1965) suggested that pathogenic fungi 

may enter by the same route. Protozoan infestation has also 

been associated with the flukes (Yin and Sproston, 1948; 

Noble ^ , 1963; Parker, 1965). 

In Norway, high mortality of salmon in different 

rivers was associated with the high infection of 

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

Gyrodactylus on rainbow trout in two streams in Canada was 

associated with fish mortality in farmed trout (Hoskin and 

Hulstein, 1977 ) . 

(ii) Life cycle, reproduction and seasonal effects 

Gyrodactylids are viviparous, the offspring attaches 

immediately to the host fish and contains a wel1-developed 

embryo within the uterus (Scott, 1982). The details of the 

reproductive system have been studied (Kathariner, 1904; 

Turnbull, 1956; Bychowsky, 1957; Braun, 1966; Khalil, 

1970). The male reproductive system develops and copulation 

occurs frequently (Scott, 1984). 

The life-span of Gyrodactylus spp. on fish is noted as 

12-15 days at room temperature (Bychowsky, 1957), and 30 

days at 4° to 6°C (Ikezaki and Hoffman, 1957). 

The flukes usually die within 48 hr off the host 

(Gubberlet ^ , 1927; Turnbull, 1955; Tripathi, 1957; 

Bychowsky, 1957). Scott (1982) has reported that 



Gyrodactylids survive for an average of 4.20 days, a result 

which corresponds with those for many other parasites 

(Anderson and Lethbridge, 1975; Anderson and Whitfield, 

1975; Anderson et a_l_., 1977; Evans and Gordon, 1983). Both 

the birth and death processes are temperature dependent 

(Scott and Nokes, 1984). 

(iii) Transmission 

Transmission from fish to fish occurs during contact 

and can result in epidemic spread of the parasite to 

uninfected fish. Gyrodactylus spp. may cause fish mortality 

in hatcheries, fish farms and in the natural environment 

(Malmberg, 1956). 

(iv) Host response and parasite population regulation 

Gyrodactylus populations may be affected by the host 

responses. The slough of mucus is produced by both 

uninfected and infected fish. The shedding of mucoid 

material has been observed by Lester (1972) and Lester and 

Adams (1974). The infected fish moult a layer of mucoid 

material together with parasites because the booklets of 

the Gyrodactylus are attached to the slough. This means 

that the loss of parasites by the host response works as a 

self-cure mechanism. 

The majority of the ectoparasites are temperature 

dependent, with the result that infection levels increase 

in the summer period. Kennedy (1975) has reported that the 

infection rates can be controlled by changes in host 

behaviour, temperature and time. 

1.2. Hexamita salmonis 

(i) Reports of pathogenicity and effects on growth 

Hexamita salmonis (Moore, 1922) is a flagellated 

protozoan parasite which belongs to the family Hexamitidae 

(Alexeieff, 1914). H. salmonis have been reported from the 

U.S.A (Davis, 1926), Canada (McGonigle, 1940), Yugoslavia 

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



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

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

presence of this parasite in wild fish is not clearly 

known, however, the genus has been reported from wild fish. 

H. salmonis has often been associated with moderate to 

severe mortalities of hatchery-reared fingerling trout 

(Davis, 1926; Roberts and Shepherd, 1974). According to 

Davis (1956) the disease has been given much attention 

because of heavy mortality among fingerling trout in 

hatcheries. The disease is so widely distributed throughout 

the United States of America that it is very difficult to 

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

Since trout farming has become popular in Japan, 

hexamitiasis has also become a common disease in trout 

hatcheries of that country (Miura and Ohshima, 1960). 

The pathogenicity of the organism is, however, still 

a matter of debate (Ferguson, 1979). Schmidt (1920) 

considered it as a harmless commensal. The presence of 

large numbers of organisms found in some cases of high 

mortalities in hatchery fingerlings may be due to other 

increased stress factors (Amlacher, 1961; Uzmann e^ al. , 

1965). McGonigle (1940) has reported that fish mortality is 

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

It has been considered that this continual form of disease 

required prophylactic and chemotherapeutic measures (McKay 

and Tunison in Davis 1937; Fish and McKernan, 1940; Nelson, 

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

(ii) Life cycle, reproduction and seasonal effects 

The life cycle of H. salmonis is described by Davis 

(1925, 1926). According to his studies, the parasite 

appears to go through two different stages in the course of 

its development. One is the intracellular stage, in which 

the parasite appears in epithelial cells as a cyst, 

restricting itself chiefly to the anterior end of the 

intestine, the other is the flagellated (trophozoite) 

stage, during which it is found swimming about actively in 



the fluid contents of the intestine. 

(ill) Transmission 

Johnston (1982) has suggested that transmission is via 

trophozoites, and that if encystation occurs it takes place 

after the trophozoites have been released from the gut 

environment. 

(iv) Host response and parasite population regulation 

A large numbers of trophozoites H. salmonis are often 

found in the upper region of the intestine of rainbow trout 

(Ferguson, 1979). Trophozoites are also found in the 

intestinal caeca of both sick and healthy fish (Uzmann ^ 

al., 1965). Davis (1926) has reported that heavily infected 

fish lose their appetite and become inactive and Yasutake 

et (1961) intimated it is also that heavy infection may 

interfere with the normal growth of fish. 

1.3. Trichodina spp. 

(i) Reports of pathogenicity and effects on growth 

Members of the genus Trichodina Ehrenberg (Protozoa: 

Ciliophora) family Trichodinidae may be found both within 

and on the outer surface of a large variety of marine and 

fresh water hosts, including many of the Mollusca and the 

Chordata. About 200 species have been described (Corliss, 

1979). 

Among teleosts, Trichodina are found on both the 

integument (including fins) and the gill arches and 

filaments. Mueller (1931) recorded trichodinid ciliates 

from the urinary tract of the pickerel Esox niger in the 

North American Lake Oneida. Lorn (1961) found Trichodina 

domerguei on the surface of the body including skin, fins 

and gills of different species of fish, and on the skin of 

tadpoles belonging to several species of frogs. 

Trichodina infection rates can be very high in 

shallow ponds with relatively stagnant water, particularly 

in hatcheries and nurseries when fish population densities 



are high. Trichodina only becomes a serious pathogen at 

high levels of infection such as commonly occurs within 

crowded tanks or raceways on fish farms. A high fish 

stocking density tends to stress the fish and the general 

effect is to lower host resistance to pathogens (Sniesko 

and Axelrod, 1976). 

(ii) Life cycle, reproduction and seasonal effects 

The method of reproduction is by binary fission, as 

observed by Diller (1928). Sexual reproduction by 

conjugation has also been observed by Padnos and Nigrelli 

(1942). 

Trichodina feeds on debris of the epithelial cells and 

also on micro-organisms such as bacteria and fungi that 

invade the integument as a result of microscopic wounds 

caused by the adhesive disc of the parasite <Reichenback-

Klinke and Elkan, 1965). 

Seasonal variation in temperature is the strongest 

influential factor, which controls infection level 

throughout the trout life cycle. At high temperatures 

(summer period) the trichodinids are commonly found in 

farms, but they are at very low levels in the winter season 

(Meyer, 1970). 

In the literature it has been reported that Trichodina 

infection is associated with poor environmental conditions 

(low water flow, poor water quality). For example during 

the summer months oxygen concentration may be reduced and 

water quality becomes poor. In these circumstances the 

parasites are advantaged, lower temperatures being more 

suitable to the host, whereas higher temperatures increase 

the population density. 

(iii) Transmission 

The protozoan ectoparasites of fish have a direct 

life-cycle in which the infective stages are released into 

the water to reinfect the same host or spread through the 

fish population (Roberts, 1978). 



The parasite is unable to survive for long periods off 

the host, their length of survival depending on 

temperature, being much reduced at high temperatures 

(Davis, 1947). 

Transmission of the infection from one fish to another 

is by direct contact and there is no evidence that 

parasites can be spread via intermediate hosts (Davis, 

1947). 

(iv) Host response and parasite population regulation 

Kabata (1985) has described the harmful effects and 

symptoms of trichodinid infections of fish. "Some species 

of trichodinids infect fish of all ages, but are most 

abundant on fry and fingerlings. Infected fish may exhibit 

abnormal behaviour or colouration. Fish eventually become 

sluggish, lose weight and become moribund. The skin becomes 

irritated. A dull, light, whitish coating of mucus develops 

on the affected surface. Fins often fray. Similar damage 

occurs on the gills. The disruption of the respiratory 

process, due to the physical presence of the parasites on 

the skin and gills is the most serious effect of infection 

by trichodinids and is often directly lethal to fry" 

1.4. Costia necatrix (Ichthyobodo necator) 

(i) Reports of pathogenicity and effects on growth 

Costiasis, or the disease caused by Costia necatrix, 

is of serious consequence to pond fish and salmon and trout 

as well (Fish, 1940). This disease is common at hatcheries 

and fish farms in both America and Europe (Davis, 1943). 

Costia necatrix was described originally by Henneguy 

(1883) as Bodo necator. In 1890 LeClerq founded the genus 

Costia into which he put Bodo necator renaming it Costia 

necatrix, leaving the genus Bodo to those species having 

only two flagella. In live Costia four flagella can be seen 

(Tavolga and Nigrelli, 1947). 

In 1940 a new species was found on rainbow trout Salmo 

qairdneri and brook trout Salvelinus fontinalis in Leetown, 



West Virginia and was named Costia pyriformis (Davis, 

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

easily distinguished from Costia necatrix by different 

morphological features (i.e shape, position of body groove, 

structure of blepharoplast and size). Tavolga and Nigrelli 

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

separate species. According to their observations several 

features used by Davis (1943) are not distinctive enough to 

validate the separate species status. At the present 

time, the genus Costia contains the single species 

necatrix. It appears to be the only species found in this 

country (Houghton, 1980). Therefore, no further reference 

will be made to Costia pyriformis. 

According to Fish (1940) Costia necatrix is a highly 

dangerous pathogenic parasite. 

(ii) Life cycle and reproduction and seasonal effects 

According to Tavolga and Nigrelli (1947), there appear 

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

Firstly there is a parasitic stage which occurs on the skin 

of fish and causes the disease costiasis. The second stage 

is a migratory one consisting of free swimming Costia 

having left the host. The third stage consists of 

saprophagous forms inhabiting the sediment at the bottom of 

the tank, feeding on scales and mucus. Reproduction is by 

longitudinal division (Wenyon, 1926; Kudo, 1931; Tavolga 

and Nigrelli, 1947). The highest parasite population size 

occurs in summer months. 

(iii) Transmission 

Costia has been found on the skin of fry and the roe 

of Carp (Hloud, 1963). Costia occurs on alevins of rainbow 

trout fish, and on eggs (Houghton, 1980). 

The attachment and swimming forms of both Costia and 

Scyphidia are described by Fish (1940). This author further 

said that Costia can be seen on any part of the body 

because it does not swim in any particular direction. 



The second stage of the life-cycle of Costia is 

migratory, during which flagellates detach themselves from 

the host, become free swimming and migrate to a new host 

(Tavolga and Nigrelli, 1947). The transmission of parasites 

increases during periods of slow flowing water supply. 

(iv) Host response and parasite population regulation 

Fish (1940) observed 15 individual parasites attached 

to a single epithelial cell. Consequently, irritation and 

death of the cells may be because of high parasitic 

infection. An increase in a bluish-grey mucus is the result 

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

up penetration of epithelial cells takes place leading to 

necrosis of the epidermal cells (Ribelin and Migaki, 1975). 

The main site of infection is the caudal peduncle, but 

Costia may occur on the gills leading to congestion and 

death (Houghton, 1980). It has been suggested that the 

levels of infections of Costia are higher during the summer 

months due to the rise of temperature and is worst in 

crowded tanks (Roberts and Shepherd, 1974). 

1̂ . 5 . Ichthyoph thirius raultifiliis 

(i) Reports of pathogenicity and effects on growth 

I. multifiliis is a ciliated parasite of freshwater 

fish species. It lives on the epidermis of the host. The 

disease caused by the parasite which is visible externally 

is "white spot" disease (McCallum, 1982). 

I. multifiliis was firstly reported in carp and 

freshwater fish of central Europe (Fouquet, 1876). It is 

not host particular and causes epizootics in every part of 

the world (Nigrelli e^ a%_, 1976). This parasite is quite 

common in the crowded conditions of intensive culture, 

where the pathogen can become dangerous to commercial fish 

farms. It infects gills, skin, eyes and fins, and for this 

reason it has been the cause of severe epizootics in 

aquaria, hatcheries, rearing ponds and commercial fish 

farms world-wide (Nigrelli et al., 1976). 
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Epizootics have been reported in feral fishes in 

tropical and temperate regions (Dogiel, 1961; Hoffman, 

1967; Mallie, 1946). In tropical Southeast Asia it occurs 

in India (Gopalakrishnan, 1968), Ceylon (Mendis and 

Fernando, 1962), and Malaysian fish farms (Indo-Pacific 

Fisheries Council, 1965). It has been found on goldfish 

imported from Hong Kong and Singapore and in Tilapia 

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

(ii) Life cycle, reproduction and seasonal effects 

The life cycle of the parasite is direct and very 

simple, it has three stages termed tomite, trophozoite and 

cyst (McCartney ^ , 1985). 

The tomite is the infective stage, and can survive "96 

hr" outside the host (Suzuki, 1935). The anterior end of 

the tomite is a capsule, which contains acid phosphatase 

and non-specific esterases. The tomite, with the aid of the 

capsule, makes its way into the epithelium. After burrowing 

into the epidermis of the host the tomite becomes spherical 

and develops its oral apparatus. It is now called a 

trophozoite. 

The trophozoite begins to feed upon skin and gills. 

The trophozoite's growth is temperature dependent, and 

leaves the host when it reaches a diameter of 100-1000 pm 

(MacLennan, 1942). 

The freed trophozoite swims slowly as compared to the 

tomite, and attaches itself to surfaces of its environment. 

The oral cavity and cilia are withdrawn, an exocyst is 

secreted, and schizogony begins. 

The cyst forms a resting stage during unfavourable 

seasons, otherwise it may develop without delay. Direct 

cell division occurs (MacLennan, 1937). After division is 

completed a large number of infective stages, or tomites, 

are released which invade the epithelium of further hosts, 

beneath which they develop into mature trophozoites. Large 

cysts may release up to 1000 infective tomites. The 

life-cycle of this parasite is entirely temperature 

11 



dependent, which takes less than 6 days at 25'C and more 

than 100 days at 4"C (Wagner, 1960). The parasite is not 

able to reproduce on the host <Bauer, 1962). I. multifiliis 

is highly pathogenic, killing fish by interfering with 

their osmotic regulation and gill function (Hines and Spira 

1974b). This is of considerable economic significance as 

compared to the other pathogenic parasites in fish culture 

(Hines and Spira 1973a). 

(iii) Transmission 

The widespread distribution of the parasite is 

directly related to the common practice of transporting 

infected fish into different environments (Hoffman, 1970). 

The parasite was also reported from Africa (Paperna, 1972). 

Such a far reaching distribution of the parasite may be due 

to the encysted reproductive stage which is able to survive 

at temperatures ranging from 2° to 27"C (Bauer ^a_l., 1973; 

Herman, 1958; Suzuki, 1935). 

(iv) Host response and parasite population regulation 

"White spot" disease is the world wide disease 

produced by I. multifiliis. Both low and heavy infection 

causes skin irritation. The most heavily infected fish 

tends to rub and scrape against the side of the tank or 

pond. As infection increases the fish try to jump out the 

water, stop feeding, become discoloured, lethargic and do 

not respond to stimuli. 

Fish immunity depends on the initial infection to I. 

multifiliis, fish that have recovered from infection 

possess different levels of resistance to the same 

infection (Bauer, 1953a; Bradshaw et aj^., 1971). Areerat 

(1974) observed that fish immunised with ground 

trophozoites survived infection on challenge with small 

numbers of trophozoites per fish. Goven ^ (1980) 

demonstrated that channel catfish immunised with 

Tetrahymena pyriformis showed an immune response against 

multifiliis infection. 
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1.6. Sessile peritrichs 

(i) Reports of pathogenicity and effects on growth 

The peritrichs are known by the circular or 

subcircular arrangement of cilia near the oral end. 

Temporary locomotion is by cilia which are present at the 

posterior end of the cell of the migratory stage 

(telotrochs) of the Sessilina. Any species belonging to the 

suborder Sessilina is supported by a stalk or peduncle for 

their attachment, and they also form colonies. By contrast, 

the suborder Mobilina are mobile, without a stalk and never 

live in colonies (e.g. Trichodinidae). 

The suborder Sessilina contains five important genera 

(Kabata, 1985). They are Vorticella sp., Carchesium sp,, 

Epistylis sp., Apiosoma sp. and Scyphidia sp. "Red sore" 

fish disease is caused by peritrichous protozoa belonging 

to the family Epistylidae. This disease is very common in 

the Southeastern U.S., where it appears to affect mainly 

species of sport fishes (Rogers, 1970). This disease 

occurred in every month of the year, but is most prevalent 

during the winter and spring months. Peritrichs are also 

common on South-East Asian fish. In Thailand, Malaysia and 

Indonesia, they parasitise a number of different fish 

species. 

In heavily infected fish the telotroch causes lesion 

and proliferation of the epithelium, in this way both 

epidermis and dermis are destroyed and haemorrhage results. 

Bacteria and fungi are also commonly associated with the 

lesions and may cause fish mortality. 

In those fish in which the skin has a main respiratory 

function, this parasite can cause respiration problems. 

Large colonies of the peritrichs on the operculum can 

disturb its normal movement and affect respiration. Growth 

is retarded and weight lost. Mass mortalities due to 

sessile peritrichs are known in hatcheries (Kabata, 1985). 

Significant presence of this disease is associated with 

poor water quality (Roberts and Shepherd, 1974). 
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The foot of the Peritrichs impairs the epithelial 

cells. Therefore, with the increase of parasitic burden on 

the host the function of the epithelium is affected. The 

increase of mucus also indicates a heavy infection rate. 

(ii) Life cycle, reproduction and seasonal effects 

Soft-skined hosts are suitable for peritrichs, 

therefore, the infection is quite common in small fish, 

though the infection intensity decreases with increase of 

fish age (Kabata, 1985). 

The life cycle of peritrichs is described by Rogers 

(1971). Asexual reproduction is found in colonies of the 

organism in the laboratory on food particles or other 

organic debris in fish holding tanks. The formation of the 

telotrochs was observed which are the main characteristic 

of the Peritricha. The development of the telotroch has 

been described in the following way. 

1. The body of the organism contracts and rounds up and 

then a ring of cilia develop near the proximal end of 

the body. 

2. The adoral ring of cilia is apparently reabsorbed into 

the body. 

3. The body then changes from a rounded to a dorsoventrally 

depressed, disk like shape with a ring of cilia around 

the margin. 

4. It then detaches from the stalk and becomes a free-

swimming telotroch. The telotroch then seeks a new 

host or other attachment site, secretes a stalk and 

holdfast, elongates and divides by binary fission to 

produce a new colony. 

(iii) Transmission 

According to Rogers (1971) study the telotroch is the 

main source of disease transmission. The telotroch always 

attaches itself to the epithelium of the host. In severe 

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

The skin irritation is caused by the large numbers of 

peritrichs. Peritrich populations increase because of 

organic substances and low oxygen concentrations dissolved 

in the water (Rogers, 1970). Esch et al. (1976) considered 

that fish in poor condition are more susceptible to high 

infection. The reduction in immunity may be because of high 

metabolic rate at high temperature. Heavy infection by 

Apiosoma sp. results in excess of mucus, skin covered by a 

pale blue covering and gills with whitish mucus. 

1.7. Chilodonella spp. 

(i) Reports of pathogenicity and effects on growth. 

"Chilodonasis" disease is caused by holotrichous 

ciliates of the family Chlamydodontidae, Chilodonella 

cyprini (Moroff, 1902), infecting the gills, fins and body 

surface. Another species, Ch. hexasticha, was described 

from Tinea by Kiernik (1909). Both species parasitize 

freshwater fishes (Calenius, 1980). 

Chilodonella spp, has previously been found in Finland 

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

gills of the wild fish species Coregonus albula, Rutulus 

and Nemacheilus brabalus (Calenius, 1980) and in young 

fishes in fish farms (Brofeldt, 1925; Ojala, 1963). Sarig 

(1971) and Lahav and Sarig (1972) have reported widespread 

infections by Chilodonella spp. in fish farms in Israel with 

resulting mortalities in cultured carp, Cyprinus carpio and 

cichlids, Sarotherodon aurea. Du Plessis (1952) reported 

mass mortalities of Oreochromis mossambicus in fish ponds 

in Transvaal, South Africa during winter, which coincided 

with heavy infection of Chilodonella spp.. During surveys 

in South Africa Paperna (1980a) and Basson (1982) have 

reported C. hexasticha infection on a number of cichlid 

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

native cyprinid fishes, Barbus paludinosus were infected 

with C. hexasticha. Further infections have also been noted 
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among cyprinid fishes including carp in Eastern Europe 

(Kazubski and Migala, 1974) and on carp, goldfish and 

channel catfish, Letalurus punetatus, in the United States 

(Hoffman , 1979) . In South East Asia Chilodonel la spp, 

have been reported from the Philippines, Malaysia, 

Indonesia and Thailand. In Malaysia, Chilodonella spp. was 

reported to be widespread in aquaria, infecting about 50 

fish species. 

Chilodonella feeds upon the mucus of the gill surface 

and on the sloughed off epithelial cells. Chilodonasis can 

be a severe problem on fish skin and gills of fry or 

growers, (Roberts and Shepherd, 1974). In Israel fish 

mortality has been caused by Chilodonella (Kabata, 1985). 

(ii) Life cycle, reproduction and seasonal effects 

Asexual and sexual reproduction occur, the former 

being by transverse binary fission, the latter by 

conjugation. Chilodonella spp. is unable to survive off the 

host for longer than 12-24 hours, except during 

unfavourable conditions when resting cysts are formed 

(Dogiel, 1950). The parasite reproduces vigorously during 

the second half of the winter season, the development of 

Chilodonella occurring between 5® and 10"C. 

(iii) Transmission 

The infection occurs by active transfer of the 

parasite from fish to fish (Kabata, 1985). Parasites with 

direct life cycles, including the ciliate protozoans 

(Chilodonella, Ichthyophthirius), are particularly 

dangerous (Dogiel ^ al^., 1970). 

(iv) Host response and parasite population regulation 

The fish infected with Chilodonella become irritable, 

jump clear of the water and eventually become weak and 

unresponsive. Bluish-grey mucus covers the infected skin. 

Young fish are the most suitable hosts for this parasite. 

The gills may be badly damaged due to tissue hyperplasia. 
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1.8. Proliferative kidney disease 

(i) Reports of pathogenicity and effects on growth 

Proliferative kidney disease (PKD) has become one of 

the most important diseases of cultured rainbow trout, 

Salmo qairdneri (Richardson) in several European countries 

reported by Clifton-Hadley et , 1984). The disease was 

also detected in rainbow trout in North America (Smith 

al., 1984), in pacific Salmon and Steelhead trout Salmo 

qairdneri in California (Hedrick et , 1984). 

The causative agent of PKD is the rayxosporidean with 

presporogonic stage reported by Kent and Hedrick (1985; 

1986). A number of different species of myxosporideans 

belonging to the genus Sphaerospora spp. have been reported 

from fish (Arthur and Lorn, 1985). The parasites have 

particularly been found in cavities (i.e lumens) of the 

kidney, and in the urinary bladder, gill and skin tissues 

Hedrick ejt a%. , 1988). The Sphaerospora trophozoites or 

spores have been observed in a number of different fish 

species in Czechoslovakia reported by Lom et (1985). 

Studies by Korting (1982), Kovacs-Gayer ^ _al. (1982), 

Csaba e;t _aJ. (1984) and Molnar and Kovacs-Gayer (1986) 

showed that the symptom known as swim bladder inflammation 

of carp was associated with the pathogenic presporogonic 

stage of Sphaerospora renicola. 

(ii) Life cycle, reproduction and seasonal effects 

The disease is associated with fish farms and occurs 

during the summer time at high temperatures (Michael et al., 

1985). PKD infection decreased with declining temperature 

(Ferguson, 1981) and Schlotfeldt (1983) described PKD 

infection in a closed recirculation at between 15° and 19°C 

water temperature. Roberts and Shepherd (1974) described 

the association of PKD in soft water supply, whereas Scott 

(1979) reported that the outbreaks occurred on farms which 

drew their water from a highly eutrophic alkaline chalk 

stream with pH 7.9 to 8.3 and hardness in the region of 230 

ppm CaCOg. 
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In Czechoslovakia, Lorn (1987) provided a detailed 

account of PKX. The author said the protozoan found in the 

kidney of infected fish was first thought to be amoeba 

(Ghittino et al., 1977). Later, haplosporean affinities 

were suggested (Seagrave et al., 1981) because of the 

presence of the small dense bodies in its cytoplasm. A 

recent study by Kent and Hedrick (1986) suggested that the 

PKX is a rayxosporean. The primary PKX cells contain 

secondary and tertiary cells and are found among 

interstitial cells of the kidney, in blood vessels and 

other organs. These cells migrate into the lumen of the 

renal tubules, where the secondary cells are shed from the 

primary cells and then develop into a sporogonic stage 

producing sporoblasts. These sporoblasts are similar to 

those of Sphaerospora and Parvicapsula, and these authors 

also said that in salmonids they never develop into a 

mature spore. The heavy host reaction as well as the 

failure to complete the spore development support the idea 

that PKX is a myxosporean parasite of some other fish 

living in the water in which the juvenile salmonids are 

released. Salmonids are susceptible to infection, but as 

nonspecific hosts do not provide conditions necessary for 

spore production. 

(iii) Transmission 

Ferguson and Needham (1978) found the PKX cells in 

renal tubules of PKD infected fish. These authors suggested 

that PKX may be released into water by the excretory system 

and thus transmitted to other fish. After the PKX parasites 

enter into the body of fish, they travel through the 

lymphatic system and circulation to the kidney causing 

chronic proliferative changes in the kidney (Ghittino e_t 

al., 1977). 
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(iv) Host response and parasite population regulation 

The most consistent signs of PKD are exophthalmia, 

anaemia, abdominal swelling, enlargement of both the 

haeroopoietic anterior region of the kidney and the 

posterior excretory part (Clifton-Hadley e_t aj[., 1984). 

Similar changes are reported in the liver and spleen 

(Roberts & Shepherd, 1974). 

Ferguson and Ball (1979) have observed that fish 

showed no mortality and morbidity in the second summer 

after having been infected in their first summer. The 

authors considered that with the increase of fish age the 

immune system became stronger. Ellis et (1982) have also 

reported that some salmon stock were less susceptible than 

others because of an innate immunity to PKD. 

1.9. Growth of fish 

It is evident from the literature survey, that the 

growth curve of fish in their natural environment is 

sigmoid. In autumn and winter fish growth is slow because 

of decline in temperature, and in spring and summer fish 

growth is rapid due to increase in temperature. 

In general, the differences of growth and food 

conversion efficiency between fish in nature (Gerking, 

1972) and in culture units (Brett, 1974) are quite 

important from the scientific point of view (Wurtsbaugh and 

Davis, 1977). Most work has been done on unrestricted and 

restricted ration categories. Brown (1946a), Brett (1974), 

Hamada et a_l., (1975) and Elliot (1975b) have investigated 

fish growth when fed on unrestricted ration levels, 

whereas, Brown (1946b), Lee (1969), Gerking (1971), Kelso 

(1972), Niimi and Beamish (1974), Brett and Shelbourn 

(1975) and Elliot (1975c) have investigated fish growth 

when fed on restricted ration levels. The amount of food 

consumed by fish for maintenance and growth has become 

increasingly important to commercial fish farm managements. 

A number of reports on trout growth are available, and 

agree that environmental factors affect fish growth 
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(Pentelow, 1939; Wingfield, 1940). The range of 

environmental factors affecting the growth and feeding of 

fish have been reviewed by Brown (1957), Ivlev (1961), 

Paloheimo and Dickie (1965; 1966a, b), Phillips (1969) and 

Elliot (1975b, c). Variation in fish growth is associated 

with climate but temperature is the most important factor 

(Gerking, 1966). Allen (1940) reported that parr do not 

grow if the water temperature is less than 7'C. Growth of 

one year old trout was nil at temperatures less than 6'C, 

but was rapid between 10° and 15°C (Pentelow, 1939; 

Wingfield, 1940). Brook trout, even when acclimatised, did 

not survive at extremes of temperature (0° and 25.3 " O (Fry 

^ , 1946), the most suitable temperature for brook trout 

being between 14° and 19'C (Graham, 1949). 

In the literature there are many reviews of the 

importance of effects of temperature on food consumption 

and fish growth. Titcomb (1920) investigated the difference 

in fish growth in trout hatcheries at different water 

temperatures, Haskell et (1956) showed the effect of 

temperature on fish growth in trout hatcheries and Cooper 

(1953) observed a significant increase in fish growth with 

increase of water temperature in the summer months. 

Wur tsbaugh and Davis (1977) have studied the effect of 

temperature on food consumption, growth and food conversion 

efficiency of rainbow trout. 

Fish farmers tend to only record the weight of their 

trout. A normally growing fish does not change its shape as 

it grows, therefore, its weight is proportional to the cube 

of its length. However any disturbance of normal growth 

would upset this relationship. Recognising this Hile (1936) 

and Le Cren (1951) recommended a weight/length ratio and 

this approach was developed by Bennett (1972), who defined 

a condition factor that improved the biological information 

for fisheries management. This approach has been applied by 

a number of authors (Brown, 1946b; LeCren, 1951; Frost and 

Brown, 1967; Bennett, 1972; Gordon 1977a, b, c; ; Anderson 

and Gutreuter, 1983; Khan and Lacey, 1986; Weatherley and 
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Gill, 1987; Khan, 1988; Khan and Lee, 1989). The attention 

of these workers focused on: 

1. determining the relationship between length, weight and 

condition parameter for different species of fish. 

2. and determining the general condition of fish (good or 

poor in condition, heavy or light in weight) in 

relation to the characteristics of the species. 

1.10. Water temperature. 

Temperature is one of the most important and critical 

environmental parameters of life. Living beings have 

adopted different methods to maintain relatively constant 

body temperatures. The body temperatures of poikilothermic 

animals follow that of the environment. The temperature of 

water does not change so much as that of air or soil 

(Warren, 1971) and fish species have been observed to exist 

at temperatures from -2° to 40°C (Fry in Warren, 1971). 

Salmon and trout are coldwater fish and survive within the 

temperature range 0° to 25'C (Roberts and Shepherd, 1974). 

Temperature is much more important than other 

environmental factors and can have an adverse effect on 

living organisms (Prosser in Warren, 1971). In their 

natural environments, fish suffer from a variety of 

diseases. Under artificial culture conditions these may be 

increased many times and result in harmful epizootics 

(Herman, 1970). Fish diseases are mostly influenced by 

water temperature. In marine situations temperature-

dependent disease will fluctuate during the course of a 

year (Moller, 1985) for example, in warmer months, with 

increasing rates of skin ulcer in cod (Moller, 1979) and 

cauliflower disease in eels (Peters, 1977; Moller and 

Anders, 1983). Similar observations about diseases have 

been noted in freshwater aquaculture (Meyer, 1970; Roberts, 

1978; Reichenbach-Klinke, 1980). 

Rodgers and Burke (1981) attributed high rates of 

ulcerated mullets in Queensland estuaries as due to 

changing water temperature and salinity. An ulceration-like 
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skin damage disease in North Sea sole during extremely low 

water temperatures was reported by Rauck (1969), Burreson 

(1981) reported a high infection rate of juvenile summer 

flounder in the coastal waters of Virginia with the blood 

parasite Trypanoplasma bullocki; here fish mortality was 

related to the coldest water temperatures. 

Kabata (1985) has described the symptoms of ""Cold 

disease' which has been reported from Indonesia and 

Malaysia. "This disease affects grass carp Ctenopharynqodon 

idellus and milkfish Chanos at lower water temperatures. 

The rapid temperature change brings about pathological 

changes in the gills. Respiration is impaired by abnormally 

copious mucus production. The gills turn white, indicating 

circulatory disorders. These changes are severe enough to 

cause the death of grass carp, though not of milkfish. Fish 

growth is affected at lower temperatures. Clariidae and 

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

1.11. Chemical treatment 

To control external parasites of fish, fishery workers 

have tried a large number of chemicals and methods of 

application (Allison, 1957). The main treatments for 

external parasites in ponds generally consist of either 

Formalin, Malachite green, or Copper sulphate. 

Fish and Burrows (1940) and Fish (1940a, b; 1947) 

discussed the use of formalin for the control of external 

parasites. These authors said I. multifiliis can not be 

controlled by a single treatment because of its more 

complicated life-cycle. Treatment of fish infected with 

Ichthyophthirius is discussed by Davis (1956) who reported 

that the parasite can be effectively controlled by 250 ppm 

formalin. The protozoan parasites such as Trichodina spp. , 

Episty1 is spp., Chilodonella spp., C. necatrix., and I. 

multifiliis can be eradicated effectively by a single 

direct treatment of 15 to 25 mg/1 formalin to fish ponds 

(Reichenbach-Klinke and Elkan, 1965; Van Duijn, 1967; 

Dogiel et a_l., 1970; Goldstein, 1971; Paperna, 1980a). 
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According to Paperna (1980a) the treatment of Chilodonella 

requires a higher concentration: 40 to 50 mg/1 of formalin. 

Lahav and Sarig (1972) suggested that 30 to 40 mg/1 of 

formalin is sufficient to eradicate Chilodonella spp., 

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

controlled in ponds with formalin at 5 ppm and also with 

potassium permanganate (KMnO*) at concentrations of 2 to 4 

ppm. Leteux and Meyer (1972), have also recommended a 

concentration of 15 ppm formalin as a pond treatment. 

The major use of malachite green, however, has been 

for the control of fungus growths in incubating fish eggs 

(Leteux and Meyer, 1972). Willford (1967) showed malachite 

green to be toxic to trout, bluegill, and channel catfish 

at 0.11 to 0.40 ppm in 48 hours, and Clemens and Sneed 

(1959) found the 24 hour LD50 for channel catfish to be 0.19 

ppm. Hublou (1958) found that 7 ppm for one hour resulted 

in 85 percent mortality of treated steelhead rainbow trout. 

Johnson (1961) reported that a concentration of 1.25 ppm 

malachite green and 0.25 percent of sodium chloride applied 

to yearling rainbow trout and cutthroat brood stocks twice 

daily for 30 minutes over an 11 day period was successful 

in controlling Ichthyophthirius. Leteux and Meyer (1972), 

have also recommended a concentration of 0.1 ppm malachite 

green as a pond treatment. Malachite green has been used 

effectively in flush and dip methods of treatment for 

Trichodina in various parts of the world (Hoffman and 

Meyer, 1974). Malachite green is very toxic to fish in the 

presence of zinc and was lethal to centrarchid fishes at 

concentrations required to kill Ichthyophthirius. 

Chloramine-T has been successfully used to control I. 

multif iliis at 20 ppm twice daily for 14 days (Kabata, 

1985). 

Copper sulphate has been used for parasite control 

under pond conditions. Amlacher (1961) used 1.5 ppm and 

found it to be successful. Copper sulphate is generally 

ineffective in waters high in calcium carbonate and may be 

toxic to fish in low-carbonate waters (Leteux and Meyer, 
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1972). 

Ammonium chloride was also used to control 

Gyrodactylus spp. as a short bath at 25, 000 ppm for 30 to 

60 second. Gyrodactylus spp. infection on the "Golden 

Shiner" fish was controlled with chlorine solution at 3.5 

ppm (Lewis and Ulrich, 1967). 

Schaperclaus (1941) used quinine at 1.5 ppm to control 

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

treatment at a concentration of 2 ppm for one minute. 

Lysol, a well known commercial disinfectant, was used to 

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

concentration of 2, 000 ppm. 

In the USSR sodium chloride, has been used for the 

control of freshwater fish parasites. The literature 

contains records of treatment with NaCl solution ranging 

from 2, 000 ppm to 50, 000 ppm. 

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

used to control Trichodina spp. (Kabata, 1985). 

PKD infection was eliminated with the help of 

Sulfadiazine therapy reported by Rucker ^ (1951). It 

has also been demonstrated that malachite green can be used 

for effective control of proliferative kidney disease in 

rainbow trout fish (Alderman and Clifton-Hadley, 1987; 

1988). 

Hexamita gut infection has been controlled with 

Carbarsone treatment (Nelson, 1941). Yasutake ^ a_l. (1961) 

have tested twenty four chemotherapeutic agents to control 

H. salmonis gut infection in chinook salmon fingerlings. Of 

the chemicals which were tried, P-carbamidopheny1 

arsenoxide, 2-amino-5-nitrothiazole, PR-3714, or fumagilin 

were found to be successful in killing the parasite when 

given a concentration of 0.2 percent in the diet of 

infected fish. At a 1.0 percent concentration, 

Chlorotetracyc1ine hydrochloride, arthinal, P-

carbamidobenze arsonic acid and 4,7-phenanthroline-5,6-

quinone were also found to be successful. Calomel treatment 

has previously been used to control H. salmonis gut 
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infection, but it was noted that it has deleterious effects 

on fish growth. Ferguson <1979) also reported, the 

treatment of Hexamita with Furazolidone which cleared the 

parasites and reduced fish mortality within 7 days. 

1.12. The aims of this investiqation 

The majority of trout farmed in Great Britain are 

rainbow trout Salmo gairdneri Richardson, produced for the 

table market. It has been considered that the South is the 

major trout producing region in England and Wales, because 

the growth of rainbow trout farming in the Southern Water 

Authority area has been significantly increased. In 

England, Poynton (1985) reported that the majority of the 

335 fish farms in England and Wales produce trout, for 

release into angling waters and for human consumption. The 

output from the Southern region comes almost entirely from 

two rivers, the Test and Itchen. The present study was 

carried out at farms on both the Test and the Itchen and it 

covers the period from September 1986 to August 1988. 

At low levels the parasites discussed in this chapter 

are not regarded as pathogenic or of any significance to 

fish farms though it has been suggested by Chubb (1973) 

that any parasites are harmful to effective management of 

good fisheries. On the rivers Itchen and Test fish farmers 

do not regard Trichodina as a pathogenic problem (Poynton, 

1985). During the investigation she also suggested that 

parasites such as Trichodina spp., H. salmonis and 

Gyrodactylus spp. of brown and rainbow trout from the river 

Itchen in Hampshire can cause disease and mortality and 

required further investigation. However, individually and 

in combination several or most of these parasites can be 

important pathogens. 

In Wisconsin, Anthoney (1969) observed that fish 

heavily infected with Trichodina and Ichthyophthirius 

multifiliis did not survive and he thought that the 

presence of both parasites on fish had a more severe effect 

than that caused by Gyrodactylus. Anthoney, therefore 

25 



suggested that more work was needed to determine the effect 

of different parasitic species, their interaction effects 

and the relationship with temperature. Costia, Trichodina, 

I. multifiliis, Chilodonella, Scyphidia, Hexamita and 

Apiosoma can cause fish mortalities most frequently 

(Rogers, 1970; Sedgwick, 1982). In Quebec, Canada, Scott 

(1984) said that under natural conditions Gyrodactylus is 

a pathogen and is capable of reducing host populations. 

Holmes (1982) has also suggested that it is still more 

important to do field study which can provide some more 

detail about the factors such as predation and competition 

which are responsible for regulating gyrodacty1 ids. Heavy 

populations of I. multifiliis and Costia necatrix are 

highly pathogenic to fry (Roberts and Shepherd, 1974). More 

investigations are required to understand the relationship 

of PKD with environmental factors (Ferguson ^ , 1978). 

In Warszawa, Poland, Migala and Kazubski (1972) reported 

that Chilodonella were mainly found on weak carps Cyprinus 

carpio L. , and heavily infected fish died because of the 

severe infection. Uzmann et (1965) has suggested that 

Hexamita required more study to determine whether or not it 

causes fish mortality. He also suggests that pathogenic 

effects of Hexamita should be investigated in a variety of 

hatcheries. 

Pathogenic parasites may occur in trout, especially 

in farm conditions. These parasites have been studied 

individually in the laboratory but in natural environments 

they are not easy to study. Therefore, it is interesting to 

ask how these parasites behave and affect the fish in the 

fish farm situation, specially under the required high 

density situation where temperature and water supply 

problems may cause greater stress. It was thought possible 

to assess the effects of individual parasite infections and 

of concurrent infections by statistical analysis of fish 

weight, length and condition factor. However it was not 

possible to design a proper experimental investigation 

because of the problem of not having control over the 
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management of the fish tanks which are part of commercial 

farms where the manager must take decisions on fish density 

and chemical treatment etc. A comparison in the same season 

of two fish farms on different rivers with different water 

supply was also undertaken. The present investigation may 

also answer some of those suggestions which have been made 

by others. This thesis, therefore sets out to test the 

hypothesis that certain concurrent infections of the above 

parasites affect the parameters of fish growth, namely 

weight, length and condition factor in the fish farm 

environment. 

Host responses such as mucus sloughing are well 

documented, hence an evaluation of these responses on 

concurrent infections should provide information on degrees 

of specificity of the response. It may also be possible to 

determine which parasites are most important in stimulating 

the non-specific host responses thereby regulating and 

controlling the populations of the parasite species in 

concurrent infections. 

The present investigation also observes the effects of 

different epizootics in relation to growth and food 

consumption in rainbow trout fry. Efforts were also made to 

investigate the relationship between management and 

environmental parameters, principally temperature, with 

respect to the various parasitic infections found to be 

present. 

It is hoped that the results of the present 

investigation may contribute to improved management and 

increased productivity. Furthermore, fish farmers may gain 

information from this study as to the presence and 

intensity of certain pathogenic parasites, to give a guide 

to husbandry and prophylactic chemotherapeutic practice 

appropriate to combating deleterious level of these 

parasites or reduction in fish population density at 

certain times of the year. 
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CHAPTER 2 

MATERIALS AND METHODS 

Studies of the prevalence and intensity of infection 

of fish parasites were made in a series of six surveys 

divided between two fish farms. The location and 

construction of the fish farms are described, followed by 

an account of general methods used in the collection of 

fish for parasitic examination. The pattern of sampling and 

the details of procedure for post mortem examination are 

described separately for each of the six surveys because 

development and improvement were made during the study. 

Finally the methods used for statistical analysis of the 

data are described. 

The terras 'prevalence', 'intensity' and 'density' of 

infection follow the definitions of Margolis et al. (1982). 

The infection density and intensity of Trichodina, 

Gyrodactylus, H. salmonis and I. multifiliis gill infection 

follow the scoring criteria of Poynton (1985); Uzmann et 

al. (1967); Tavolga and Nigrelli (1947). 

2.1. Fish farms used in the study 

The greatest concentrations of freshwater fish rearing 

units in Hampshire are on the Rivers Itchen and Test, 

rivers which are within easy reach of Southampton 

University. The selection of the farms for detailed study 

was dependent upon their continuous production, freedom of 

access (so that samples could be collected at regular and 

frequent intervals), and obtaining permission for sampling 

from the farm owner. 

During this investigation two fish farms were 

monitored. A) Itchen Abbas fish farm, and B) Romsey fish 

farm. A total of 4 surveys were completed at farm A, and 

two surveys were carried out at farm B. Both fish farms are 

run by the same management. The detailed description of 

each farm is given below. Fry are obtained throughout the 

year from various hatcheries in the United Kingdom. Each 
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tank was scrubbed with clean water before and after use. 

During the period of study, fish were fed on B.P 

'Mainstream' trout food. The fish farmer fed fry according 

to the general guide to the optimum cost-effective feeding 

level which is recommended by the food supply company. The 

optimum level of feeding also depends upon the 

environmental conditions, such as water temperature. Fish 

approximately a year old are sold for the table. 

2.1.A. Itchen Abbas fish farm 

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

largest intensive units specializing in producing rainbow 

trout for the table market in the South of England. It is 

situated on the north channel of the river Itchen at Itchen 

Abbas. The holding facilities consist of circulating tanks 

(lined with concrete and steel), built on the self cleaning 

principle. There are 20 small circular tanks (4.6m 

diameter, 1.1m deep) the stocking density of each tank 

being 25,000 fry, 20 large circular tanks (9.1m diameter, 

1.2m deep) which have stocking densities of 25,000 

fingerlings, 5 large channels (30.5m x 12.2m x 1.5m deep) 

which have stocking densities of 80,000 fish, and 5 raceway 

tanks (9.2m x 1.5m x 1.0m deep) which have stocking 

densities of 6,000 table fish. Before selling off, fish are 

graded into different weight categories. 

114 million litres of water per day are abstracted 

from the north channel of the river and passed into 2 inlet 

channels on the outer edges of the site. It is then fed in 

parallel to the circular tanks, which discharge into the 

central outlet channel, and thence to a return channel 

below the farm (see fig. 1-6). The circular tanks are 

regularly drained and hosed with cleaning water. Dead fish 

were buried in pits and mortality records were regularly 

maintained. Wild fish were not known to have entered the 

farm. 
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Fig. 1. A view of a circular tank of the early fry unit, 

Fig. 2. A view of a single tank of fry. 
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Fig. 3. A view of a large empty circular tank, 

Fig. 4. A view of a large outlet channel 
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Fig. 5. A view of the marketing unit raceways 

Fig. 6. A view of a single marketing raceway tank. 
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2.I.B. Romsey Fish Farm, Greatbridge 

This farm was established in 1974, and produces 

rainbow trout for the table. It is situated in the middle 

reaches of the river Test. 

The holding facilities consist of raceways, circular 

tanks and outlet streams, built on the self cleaning 

principle. There are 25 small raceway tanks (9.5m x 1.8m x 

0.9m deep) the stocking density of each tank being 33,000 

fry; 5 large marketing raceway tanks (10.5m x 2.5m x 0.9m 

deep: which have stocking densities of 6-8,000 table fish; 

and 26 lar^e circular tanks (9.2m diameter, x 1.1m side x 

1.2m centre) which have sto king densities of 21,000 

fingerling fish. There are 6 outlet streams of varied si; -;-s 

(two 37.8m long, 4.9m wide. 1.1m deep; two 27.5m long 

12.2m wide 1.8m deep; one 23.5m long, 4.9m wide 1.1m deep; 

one 35.4m long, 4.9m wide 1.1m deep), all of which also 

contain fish. These facilities are shown in figs. 7-11. 

I T] llMfmiT 

Fig. 7. A view of 25 raceway tanks for fry rearing, 
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Fig. 8. A view of a single raceway tank for fry. 

%» 

Fig. 9. A view of a large circular tank. 
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Fig. 10. A view of a long narrow outlet channel 

Fig. 11. A view of a long wide outlet channel 
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2.2. Collection of fish samples 

At regular intervals during the course of the study a 

sample of fish was collected from selected fry/fingerling 

tanks. Fish were taken from the tanks by a large hand net. 

The net was brought down on the fish, turned and brought up 

out of the water as swiftly as possible. This random method 

of catching the fish was considered satisfactory for 

determining the incidence of parasitic disease. If fish 

were caught by a side to side movement of the net, or if 

the net was not moved swiftly, larger fish were able to 

swim away, avoiding capture; consequently the sample would 

consist of smaller fish of which several were abnormal, 

blind or sick. From the net, fish were counted into 10 

litre buckets. Other details or any change in sampling 

procedure, are given in the descriptions of each survey. 

In deciding on a sample size, two factors were 

considered. Firstly, the sample size should be large enough 

to accurately reflect the population of each tank. The 

second consideration was that the sample size should be low 

enough to be insignificant compared to the tank population. 

A number of authors including Amend and Wedemeyer (1970), 

Ossiander and Wedemeyer (1973), Petrushevsky and 

Petrushevskaja (1960) and Poynton (1985), have demonstrated 

the importance of sample size in quantifying the incidence 

of parasites and diseases. The parasites can not survive 

very long without a host (Lom, 1966). Due to problems of 

handling the material, requirements for staining and the 

need to complete whole samples, the parasites were 

identified only to genus level. Therefore, for reasons 

related to the time taken to complete the post mortems a 

sample size of not less than 6 and not more than 15 fish 

was selected. The sampling procedure described for each 

survey gives the details of any changes in sampling size. 

During the period of study a minimum of 2 and maximum of 4 

tanks were monitored at any one time. 

At each collection the water temperature, pH, 

variations in symptoms displayed by the fish, water supply. 
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ration levels, details of any chemical treatment and fish 

age (from hatching) were recorded. 

2.3. First Survey, at Itchen Abbas, September to December 

1986. 

2. 3.a. Sampling Procedure 

The tank selected for sampling contained fry 86 days 

old on the date of the first sample. Fifteen fish were to 

be collected weekly during the period September 1986 to 

December 1986. As a result of a perceived growth rate 

problem, however, after 2 weeks the tank was split into two 

(Pers.Comm.Manag .) , hereinafter referred to as tanks 1 and 

2. Thereafter, and for reasons related to the time taken to 

complete all post mortems, ten fish per week for nine weeks 

and fifteen fish per week in the last 2 weeks were sampled 

from each tank. Over 13 weeks a total of 300 fish of age 0+ 

were collected by dip net from the above tanks. Fish were 

transported to the laboratory in polythene bags containing 

water from the farm. Polythene bags were supported in 10 

litre buckets. During transit, battery-powered bubblers 

were used to aerate the water. On return to the laboratory, 

fish were maintained at 7° to 10°C and mains-operated air 

pumps substituted for the bubblers. Fish were not fed 

during the time they were held at the laboratory. 

2.3.b. Post Mortem Procedure 

The post mortem procedure described below was followed 

for all fish. Preparations were examined using a compound 

microscope (xlO eye piece and xlO and x40 objective), under 

a 22 X 22 ram coverslip. The majority of parasites found in 

the mucus were recorded as being present or absent. 

1. Fish were sacrificed within 4 hours of sampling (under 

the Animals Scientific Procedures Act, 1986). Benzocaine 

(ethyl -4- aminobenzoate) was used as a killing agent. A 

10% stock solution was made up in ethanol, and diluted for 

use according to the size of fish. Concentrations found to 
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be appropriate ranged from 2% to 5% of stock solution in 

water. 

2. Fish length (snout to fork of tail in cm) and weight (to 

the nearest 1/100 gram) were recorded and the general 

condition of the fish was noted. 

3. Mucus samples were collected by the method of Poynton 

(1985). A mucus scraping was taken from the dorsolateral 

surface; a 22 x 22 mm coverslip was drawn over the 

integument (on the right side of the fish), from a position 

just posterior of the operculum, over the lateral line to 

the anal fin. The total scraped area was not more than 5 

and not less than 4 cms long. The scraped material was 

diluted with Phosphate Buffered Saline (PBS), pH 7.6, on a 

clean slide prior to microscopical examination. Parasitic 

prevalence was noted. 

4. The foremost left gill arch was scraped with a coverslip 

and the scraping was examined under a compound microscope. 

5. The gill arches were removed from both sides, placed in 

a petri dish containing PBS solution and examined using a 

dissecting microscope. 

6. A ventral incision was made from the vent forward to the 

gills to expose the body viscera and the intestine was 

removed. Microscopical examination of gut contents from the 

region of the pyloric caecae (but not from the caecae 

themselves) was made on material scraped from the gut and 

diluted with some phosphate buffered saline, specifically 

to determine whether Hexamita salmonis infection was 

present. 

2.4. Second Survey, at Itchen Abbas, January to May 1987. 

2.4.a. Sampling Procedure 

During the second survey 4 tanks were monitored on a 

weekly basis between January and May 1987, fifteen fish fry 

being taken from tanks 1 and 3 and six fish from tanks 2 

and 4 each week. The ages of the fish on the first sampling 

date were: in tank 1, 131 days: tank 2, 86 days: tank 3, 83 
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days: and tank 4, 90 days. Over 11 weeks a total of 462 

fish of age 0+ were collected from the above 4 tanks, 

2.4.b. Post Mortem Procedure 

The post mortem methods employed in the first survey 

were modified and improved following Poynton (1985) for the 

second survey of the study. In the second survey the 

standard post mortem procedure was changed as under: 

1. Fish were killed within 3 hours of sampling (as 

described in the first survey). 

2. Fish length and weight were recorded (as described in 

the first survey). 

3. Mucus scrapings were taken from the dorsolateral surface 

with a 22 X 22 mm coverslip (as described in the first 

survey). The following features of mucus samples examined 

were noted. 

a. the condition of the mucus i.e thin mucus, thick dark 

mucus or fish losing scales; 

b. the total number of Gyrodactylus and Ichthyophthirius 

multifiliis in mucus per 22 x 22 mm coverslip; 

c. the density of mobile Trichodina was recorded as Low, 

Medium and High, (defined by parasite numbers ranging from 

1-5 individuals per 22 x 22 mm coverslip (- grade low), 

6-10 individuals per 22 x 22 ram coverslip (= grade medium), 

and 11-20 or more individuals per 22 x 22 mm coverslip (= 

grade high), and if no parasite the grade was nil); 

d. sessile peritrichs such as Vorticella spp. Epistylis 

spp. Apiosoma spp. and Scyphidia spp.; 

e. Chilodonella spp., and Costia necatrix. 

4. The general condition and any abnormality of each fry 

was examined macroscopically, including the buccal cavity, 

operculum and fins. 

5. Gill scrapings were taken from one side and covered with 

a 22 X 22 mm coverslip (as described in the first survey); 

the gill condition was noted i.e normal in mucus, thin or 

thick in mucus or dark in appearance and the extent of 

necatrix infection was noted. 
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6. The gill arches were removed from both sides, placed in 

a petri dish containing PBS solution, and examined by 

dissecting microscope to determine if fry had I. 

multifiliis gill infection. 

7. Each fish was opened by ventral incision (as described 

in the first survey) to determine the presence of H. 

salmonis. The density of mobile H. salmonis was recorded as 

Low, Medium or High. A quantitive estimate of density 

ranged from 1-8 individuals per 22 x 22 ram coverslip ( = 

grade low), 9-15 individuals per 22 x 22 mm coverslip ( = 

grade medium), and 16-25 or more individuals per 22 x 22 

mm coverslip (= grade high), and if no parasite was present 

the grade was nil. Any gut abnormalities were also 

recorded, including watery fluid in the small intestine 

(Moore, 1922), or yellow and stringy mucus (Sedgwick, 1973; 

Wood, 1968; Roberts and Shepherd, 1974). 

8. The body cavity and all visceral organs were examined 

macroscopically for any gross abnormality. 

2.5. Third Survey, at Itchen Abbas, April to July 1987. 

2.5.a. Sampling Procedure 

During the third survey 3 tanks were monitored on a 

monthly basis between April and July 1987. Over a 4 month 

period, a sample of fifteen fish was taken each month from 

each tank making a total of 180 fish of age 0+. At the 

start of the survey the fry were 276 days old in tank 1, 

229 days in tank 2 and 189 days in tank 3. 

2.5.b. Post Mortem procedure 

In the third survey the standard post mortem procedure 

was improved and modified only for Trichodina mucus and I. 

multifiliis gill infection as under. 

1. The density of mobile Trichodina were recorded and a 

quantitative estimate of density was made; 2 grades were 

used, low and high. The low grade infections had densities 

of parasites of between 1 and 25 per 22 x 22 mm coverslip. 
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and high grade infections 26 or more parasites per 22 x 22 

mm coverslip. Zero infections were also recorded. 

2. Gill arches were removed from both sides, placed under 

water and examined under a dissecting microscope. Due to 

the high prevalence of infection of the gills with I. 

multifiliis, fish were scored as to their intensity of 

infection by counting the total numbers of I. multifiliis 

on all gill arches. The degree of infection was classified 

as low or high: if the total number of parasites was no 

more than 20 individuals per fish the grade was low, and if 

21 or more individuals per fish the grade was high. 

2.6. Fourth Survey, at Itchen Abbas, April to August 1988. 

2.6.a. Sampling Procedure 

During the fourth survey 4 tanks were monitored on a 

weekly basis between April and August 1988. Over an 11 week 

period, ten fish a week were sampled from tanks 1 and 2, 

and over six weeks ten per week were also sampled from 

tanks 3 and 4. The survey therefore involved a total of 340 

fish of age 0+ from four tanks. When the survey commenced 

the fry were 101 days old in tanks 1 and 2, and 113 days in 

tanks 3 and 4. 

2.6.b. Post Mortem procedure 

The post mortem procedure and other details remained 

the same as described in the third survey. 

2.7. Fifth survey, at Romsey, April to August 1988. 

2.1.a. Sampling procedure 

During the summer survey 4 tanks were monitored on a 

weekly basis between April to August 1988. Over an 11 week 

period, ten fish per week were sampled from tanks 1 and 2, 

and over five weeks ten fish per week were also sampled 

from tanks 3 and 4. A total of 320 fish of age 0+ were 
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taken from the above tanks. At the commencement of the 

survey the fry were 109 days old in tanks 1 and 2, and 190 

days in tanks 3 and 4. 

2.7.b. Post mortem procedure 

The modified standard post mortem procedure and the 

methods of recording prevalence were improved only for 

Gyrodactylus mucus infection by counting the total number 

of Gyrodactylus. When the total number of parasites was no 

more than 20 individuals per 22 x 22 mm mucus coverslip the 

grade was regarded as low, and if over 21 individuals were 

found per 22 x 22 mm mucus coverslip the grade was high. 

2.8. Sixth survey, at Romsey, July to August 1988. 

2.8.a. Sampling procedure 

During this survey 2 tanks were monitored on a weekly 

basis during July and August 1988. Over a 5-week period, 

ten fish per week were sampled from tanks 1 and 2. A total 

of 100 fish of age 0+ from above tanks were used. At the 

commencement the fry were 190 days old in tanks 1 and 2. 

2.8.b. Post mortem procedure 

The modified standard post mortem procedure remained 

the same as described in the fifth survey at Romsey fish 

farm. Any Clinical signs of PKD disease were noted and 

classified as low or high according to the kidney infection 

levels (Clifton-Hadley ^ , 1987). 

2.9. Statistical analysis 

Host and parasitological data of each fish were 

processed by the IBM 3090 computer at Southampton 

University, using the SPSS* Software programme, (see User's 

Guide, SPSS*, 2nd edition, 444 North Michigan Avenue, 

Chicago, Illinois, U.S.A). 

One-way analysis of variance (SPSS* ANOVA), with 

Duncan's multiple range test and Bartlett-Box F test (for 
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variance homogeneity), was tested with data for each fish 

tank. However, one-way analysis is not compatible with 

covariable parameters, therefore, analysis with a 

covariable model was substituted. 

An analysis of covariance (SPSS* MANOVA), was also 

performed for each tank. Data in each survey involving more 

than one tank were stored in different files of the same 

structure. Since several tanks were monitored in each 

survey, data from the separate tanks were merged to make 

one file for analysis. The model which was selected was: 

jji=a+3iTank+g2lnfection+P3xWeek. 

Where week = sampling week, y is a coefficient 

parameter for the dependent variable of fish weight which 

is a, a tank parameter is represented by Pi and Pa denoted 

the value for each infection level. The same model was also 

applied with length and condition factor as the dependent 

variables. The model however did not indicate significant 

results, possibly because the age parameter was not 

accurately represented, and this method of analysis was 

also abandoned. 

Calculation of age used the YRMODA function (see 

User's Guide, SPSS*, 2nd edition, pp. 94-95 INC., 444 North 

Michigan Avenue, Chicago, Illinois, U.S.A). According to 

the YRMODA function, an individual's age is represented by 

a day number; using this function a linear model was 

applied as follows: 

li=a+PiTank+P2lnfection+$3xAge. 

Where, v is a coefficient and a represents the 

dependent variable of fish weight, length or condition 

factor. Whereas Pi represents the tank parameter because all 

fry from different tanks within one survey were combined to 

make one file. This model allows comparison of the average 

weight of the infected and uninfected fish while adjusting 

for any expected growth due to age. The coefficient Pa in 

the model estimates the difference in the weight for the 

two groups (uninfected and infected) of fish while Pa gives 

an estimate of the growth rate due to age. 
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The condition factor (K) is calculated from a formula 

derived from the weight/length relationship. 

Weight 
K= X 100 in g/cm* 

Length* 

The average trout has K equal to 1, if K is less than 

1, the fish is in poor condition, if a fish is in good 

condition, its weight will be more than expected and K will 

be more than 1 (Frost and Brown, 1967). 

The linear model (YRMODA function) revealed 

significant results as compared to the previous models. 

Regressions and graphs of the data were computed with the 

aid of the IBM 3090, using a SAS Software programme (see 

User's Guide, SAS/Graph (Colour Graphic), 5th edition, pp. 

53-306, SAS Institute INC., P Box 8000, Cary, North 

Carolina, 27511-8000, U.S.A). 

Two-way analysis of variance (SPSS* ANOVA), with 

DUNCAN ' S multiple range test, was performed to determine 

the interaction of all concurrent parasitic infection 

effects on fish weight, length and condition factor. That 

is to determine whether, in the presence of one of these 

parasites infection by the second caused an effect on the 

weight, length or condition factor of the fish different 

from that which would be expected merely by the addition of 

the individual effects. When such difference is found, this 

means that the effect of one parasite on the weight, length 

or condition factor depends on whether or not the other 

parasite is present. 

One-way analysis of variance (SPSS* ANOVA), with 

DUNCAN ' S multiple range test was applied to test the effect 

of a second parasite on weight, length and condition factor 

in fish also infected with a first parasite. A positive 

result means that infection by a second parasite (i.e 

parasite in column 2) caused an effect on fish weight, 

length or condition factor in fish which were also infected 

by the first parasite (i.e parasite in column 1). 

Data from each season show that the prevalence and 
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intensity of some types of parasitic infections changed 

with temperature and with the fish age, therefore, in this 

section some more models are used to describe the 

relationship between infection and time (i.e. age in days) 

and temperature. Logistic regression was applied to each 

parasitic infection with time and temperature as 

explanatory variables. The logistic model predicts the 

probability of infection from the formula 

p=exp(y)/(l+exp(y)). Where y is a linear function of one or 

more explanatory variables. Alternatively the logit of p, 

the probability of infection, is given by the equation 

logit{p)=Loglp/{l-p)J = y=a+gx. Where y is a coefficient 

parameter for the dependent variable (infection) which is 

a, and P represents the independent parameter of x which is 

time or temperature. 

A stepwise Logistic Regression (BMDP PLR) model was 

applied with the aid of an IBM 3090 mainframe, using BMDP 

Programme (See User's Guide, (BMDP PLR, 1985 Printing), pp. 

330-344, BMDP Statistical Software, INC., 1440 Sepulveda 

Boulevard Los Angeles, California, 90025 U.S.A) 

Regression analysis and student's t-test of the data of 

intensity, density and on fish growth were computed with 

the aid of an IBM 3090 computer, using the SPSS" (see User's 

Guide, SPSS*, 2nd edition pp. 601 - 621) Statistical 

Software Package. 
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CHAPTER 3 

RESULTS 

During the study a total of 4 separate surveys were 

carried out in different seasons at the Itchen Abbas fish 

farm, and 2 surveys at the Romsey fish farm. 

The data collected will be described by introducing 

the patterns of growth of the fish in the different surveys 

at the two farms. Then the incidence and intensity of 

parasitic infections found in the different surveys will be 

described, and correlations involving growth parameters, 

parasitic infections, age of fish and temperature will also 

be considered. 

Part I. Comparisons of Growth Rates. 

3.1. Growth rates recorded in the six surveys. 

The fish farmer is concerned to maximise the growth rate of 

his fish, but it is suspected that certain parasitic 

infections, or a combination of parasitic infections, might 

reduce growth rates. The fish being studied in the 

different surveys are of different ages, and have been 

grown at different temperature, so their growth rates may 

be expected to be different, irrespective of any parasitic 

infection. It is therefore important to describe the growth 

in weight and growth in length found in each survey as a 

background to the study of the effect of parasitic 

infections. In some surveys there is a significant number 

of fish in which no parasites were found, and it is 

interesting to compare the growth of these fish with 

parasitised fish. 

3.1.A. Growth of rainbow trout, including both infected and 

uninfected fish. 

The mean weights and lengths of fish in each sample 

collected are listed in Appendix 4 (see p. 298). The data 

on the relationship of the wet fish weight and fish length 

with the age of the rainbow trout Salmo gairdneri 

(Richardson) in the six surveys performed are summarised in 
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figures 1-12 of Appendix 1 (see p. 274). The information on 

the simple regression analysis of the data is also provided 

in each figure. 

One-way analysis of variance indicated that fish 

weight and length of rainbow trout have a significant 

positive relationship with age. The growth rate varies from 

season to season and also with the age of the fry. In each 

survey fry were sampled from several tanks, and the age of 

fry was different from the tanks of one season to another. 

During the survey fry were also infected with different 

parasitic infections. 

3.I.B. Growth of rainbow trout, including only fish in 

which no parasites were found. 

The data on the relationship of the wet fish weight, 

fish length and the age of all unparasitised rainbow trout 

Salmo qairdneri (Richardson) in three surveys (1st, 2nd and 

4th) at Itchen Abbas fish farm are summarised in figures 1-

6 (see Appendix 2 p. 286). The number of unparasitised fish 

in the other surveys was too small for analysis. The 

information on the simple regression analysis of the data 

is also shown in each figure. 

One-way analysis of variance showed that the fish 

weight and length of rainbow trout have a significant 

relationship with age. In each survey the growth rate of 

fish varies with the age of fish. 

3.I.e. Growth of rainbow trout, including only fish in 

which parasites were found. 

The data on the relationship of the wet fish weight, 

fish length and the age of all parasitised rainbow trout 

Salmo qairdneri (Richardson) in the three surveys (1st, 2nd 

and 4th) at Itchen Abbas fish farm followed in 3.1.B are 

summarised in figures 1-6 (see Appendix 3, p. 292). The 

information on the simple regression analysis of the data 

is also given in each figure. 
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One-way analysis of variance revealed that fish weight 

and length of rainbow trout have a significant relationship 

with age at the 5% level. The growth rate of infected fish 

showed variation with age. 

3.I.D. Comparison of growth rate of infected and 

uninfected fish. 

The data and graphs showed that the infected fish were 

bigger than the uninfected ones; and it is also clear from 

the data that the sample size of uninfected fish was very 

small as compared with the infected group. Therefore, the 

result may have been influenced by small sample size. The 

field data showed that the parasitic prevalence increased 

with the increase of fish age and temperature. Therefore, 

it suggested that the infected fish of the later part of 

the survey were bigger than those in the earlier group of 

uninfected fish. Furthermore, at peak prevalence (100%) it 

is not possible to compare the growth parameters of 

infected fish with uninfected ones. However, there is very 

little difference between infected and uninfected fish, age 

for age, especially where the sample is big enough to be 

useful (1st survey). Therefore, the analysis of covariance 

was applied because by adjusting the fish age this analysis 

is able to provide the comparison of average weight and 

length of the infected and uninfected fish with specific 

parasitic infections (for detail see statistical section 

chapter 2). The literature survey suggests that large 

sample size of fish is important. 

Part II. Parasitic Infections and their Correlation. 

The results of each survey are presented separately. 

In each case data are presented about the physico-chemical 

conditions measured at each collection, together with 

details of fish size, age, feeding regime and any chemical 

treatment and details of the prevalence of parasites found 

at post mortem. Particular points of interest concerning 

these data are described. An analysis of covariance is then 
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presented for selected parasites found in that survey to 

compare the regression of fish weight, length or condition 

factor for parasitised fish with those of fish without that 

particular parasite. Comparisons were also made between the 

prevalence of specific parasitic infections and fish age 

and the prevalence and temperature. The level of 

significance was set at 5%. 

3.2. First survey, at Itchen Abbas, September to December 

1986. 

Weekly sampling commenced on 23rd September when 15 

fish were taken for parasitological examination; this 

sampling was repeated on 29th September. By the subsequent 

visit on 8th October the farm manager had encountered a 

growth problem in this tank and separated the fish into two 

tanks, A and B. In weeks 3-11 samples of 10 fish were taken 

from each tank and samples of 15 fish were taken from each 

tank in the final two weeks. A total of 4 different types 

of parasitic infection were recorded from the 300 fish; 

these were 1 Gyrodactylus spp., 2 Hexamita salmonis, 3 

Costia necatrix in body mucus and on the gill and 4 I. 

multifiliis gill infection. 

Description of the field data 

Tables 1-2 provide the summarised data of the sampling 

week number, mean fish length, weight or condition factor, 

food consumption, feeds per day, pH, parasite prevalence, 

fish age, sample size and temperatures with any chemical 

treatment of the tanks by the farm management. Prevalence 

data of parasites are also represented by graphs (see 

Appendix 11, p. 426). 

Tables containing the field data commence on page 50. 
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Table 1. Summarised results of tank A showing the 
prevalence of parasites over a period of 13 weeks. 

s.w 1 2 3 4 5 6 7 8 9 10 11 12 13 

S.D 23S 29s 80 150 220 290 5N 12N 19N 26N 3D lOD 17D 

S.S 15 15 10 10 10 10 10 10 10 10 10 15 15 

Age 86 92 101 108 115 122 129 136 143 150 157 164 171 

Lgt 5.5 7.3 8 8 9.2 9.4 10 11 11 13 13 14 14 

Wgh 5.4 6.4 8 9.5 15 15 18 21 21 29 32 32 36 

K.F 3.2 1.6 2 1.8 1.9 1.8 2 1.8 1.8 1.3 2 1.3 1.4 

Tern 12 13 12 12 11 8 8 7 6 7 6 6 5 

PH 6.8 7.0 6.5 6.3 6.7 6.5 7.4 6.7 6.8 7.1 7.3 7.3 7.1 

F/D 5 5 6 6 7 8 8 8 6 6 6 6 6 

FC. 6 7 7 8 10 10 15 20 25 25 20 20 25 

Gyr 40 60 60 100 70 50 0 10 10 0 0 7 0 

Hex 0 0 0 0 50 60 70 60 100 0 0 0 0 

C.M 0 0 20 50 10 10 30 40 70 0 0 0 0 

C.G 0 0 0 30 10 10 40 40 60 0 0 0 0 

I.G 0 0 0 0 0 0 0 0 0 0 40 60 80 

Trt - - - - — - — FCh FCh Ch Ch Ch Ch 

The detail of the abbreviations is given on p. 51. 
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Abbreviations used in the table. 

S.W. = Sampling week number 

S.D. = Sampling date (S=September; 0=0ctober; N=November; 

D = December 1986) 

S.S = Sample size 

Age =Fish age (days) 

Lgt. = Mean fish length (cms) 

Wgh. = Mean fish weight (g) 

K.F. = Mean Fish condition factor (g/cm*) 

Tern. = Temperature ("O 

pH = Water pH 

F/D = Feeds per day 

FC. = Food consumption (kg) per day 

Gyr. = Gyrodactylus mucus infection % 

Hex. = Hexamita salmonis gut infection % 

C.M. = Costia necatrix mucus infection % 

C.G. = Costia necatrix gill infection % 

I.G. = Ichthyophthirius multifiliis gill infection % 

Trt. = Chemical treatment 

FCh. = Both Furazolidone and Chloramine-T 

Ch. = Only Chloramine-T 

Table 2 which shows the data of tank 2 is on page 52. 
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Table 2. Summarised results of tank B showing the 
prevalence of parasites over a period of 13 weeks <B 
was separated from A after 2nd week). 

s.w 1 2 3 4 5 6 7 8 9 10 11 12 13 

S.D 23S 29S 80 150 220 290 5N 12N 19N 26N 3D lOD 17D 

S.S 15 15 10 10 10 10 10 10 10 10 10 15 15 

Age 86 92 101 108 115 122 129 136 143 150 157 164 171 

Lgt 5.5 7.3 8 8 8.9 9.5 10 9.4 11 12 13 14 14 

Wgh 5.4 6.4 8 9.5 14 15 17 20 22 27 30 33 39 

K.F 3.2 1.6 2 1.7 2 1.7 2 2 1.7 1.6 1 1.4 1.5 

Tern 12 13 12 12 11 8 8 6 6 7 6 6 5 

PH 6.2 6.5 6.8 7.0 6.8 6.8 7.2 6.9 6.5 7.2 7.1 7.4 7.3 

F/D 5 5 6 6 7 8 8 8 7 6 6 6 7 

FC. 6 7 7 8 10 10 15 15 15 18 20 20 25 

Gyr 40 60 60 60 30 0 10 40 20 10 0 7 7 

Hex 0 0 0 10 90 50 60 70 100 20 0 0 0 

C.M 0 0 70 70 100 70 30 20 70 0 0 0 0 

C.G 0 0 60 40 50 60 40 10 50 0 0 0 0 

I .G 0 0 0 0 0 0 0 0 0 0 80 80 67 

Trt - - — - — — — - - — - Ch -

The detail of the abbreviations is given on p. 53 
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Abbreviations used in the table. 

S.W. = Sampling week 

S.D = Sampling date (S=September; 0=0ctober; N=November; 

D = December 1986) 

S.S. = Sample size 

Age = Fish age (days) 

Lgt. = Mean fish length (cms) 

Wgh. = Mean fish weight (g) 

K.F. = Mean fish condition factor (g/cm*) Mean 

Tern. = Temperature ( " O 

pH = Water pH 

F/D = Feeds per day 

FC. = Food consumption (kg) per day 

Gyr. = Gyrodactylus mucus infection % 

Hex. = Hexamita salmonis gut infection % 

C.M. = Costia necatrix mucus infection % 

C.G. = Costia necatrix gill infection % 

I.G. = Ichthyophthirius multifiliis gill infection % 

Trt. = Chemical treatment 

Ch.= Only Chloramine-T 

The description of the data commences on p. 54 
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40% of the fish in the first sample were found to 

carry Gyrodactylus mucus infection. All fish were found in 

normal condition with no other infection in the gut or 

gills. By the second week 60% of fish carried Gyrodactylus 

and fish were losing their scales. 

In subsequent weeks infections with Costia, Hexamita 

and eventually Ichthyophthirius were present, although in 

week 10 no parasites were found in tank A, possibly because 

of chemical treatment. In the fourth sample on 15th October 

Gyrodactylus showed its peak prevalence (100%) in tank A 

and 60% in B (at 12°C). On 22nd October Costia mucus 

infection in tank B peaked with 100% prevalence, and gill 

infection of 40% to 60%. It is also clear from the tables 

that the prevalence of Costia mucus and gill infection is 

higher in tank B than tank A. H. salmonis gut infection 

first appeared in tank B on 15 October, when all fish had 

a thick and dark mucus as compared with earlier sampling. 

By the following week the prevalence of Hexamita was high 

in both tanks, and peaked in week 9. After 22nd October 

Gyrodactylus and both Costia mucus and gill infection 

reduced in both tanks. It appears from the field data that 

the prevalence of parasites changes with both age of fish 

and temperature; this will be considered in the statistical 

results section. 

Treatment commenced in Tank A in week 8. During the 

eighth and ninth weeks treatment was with Furazolidone (fed 

at 1% of 8.0 kg per day/tank) to control Hexamita, and with 

Chloramine-T (6 ppm) to control external parasites. From 
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week 9 to 13 Chloramine-T treatment alone was provided. In 

week 10 no parasites were found in tank A. H. salmonis gut 

infection reduced in both tanks during the remaining 

sampling weeks. 

Data from this survey involving two tanks were stored 

in different files with identical structure. Since both 

tanks were monitored in the same season and the same weeks, 

the data f,rom both tanks were merged to form one combined 

file for analysis, although the chemical treatments of the 

two tanks were different. 

It is clear from both tables (Table. 1 and 2) that fry 

consumed more food as they grew older. In both tanks (Tank 

A and B) ration consumption increased with the increase of 

fish age. 

During the earlier sampling weeks water temperature 

was higher and food consumption may have been influenced by 

the size of the fish, possibly because of increased both 

activity of fish and metabolic rates related to the 

increase of fish age and temperature. In tank B, from week 

5 to 9 food consumption was 10-15 kg per day, and feeds per 

day remained at 7 or 8. Food consumption may have been 

affected by the change of temperature or higher parasitic 

burdens of H. salmonis, Costia and Gyrodactylus. From 26th 

November to 17 December temperature remained 5° to 7"C and 

maximum ration levels were 6. From week 10 to 13 in tank A, 

and week 11 to 13 in tank B all other parasites disappeared 

except 'Ich' gill infection, whereas food consumption did 

not exceed 18-25 kg per day. At lower temperature fish 
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activity decreases, therefore the lower ration levels may 

have been attributed to the cold season or 'Ich' gill 

infection. In both tanks pH ranged between 6.5 and 7.4. 

Both fish weight and length in each sample increased with 

the increase of fish age (detail see Appendix 4). 

3.2.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regression of the same parameters against age for fish 

lacking that parasite, to determine which types of 

infection were significantly correlated with change in 

these parameters. 

Hexamita is used here as an example of this analysis. 

Results for other parasites are described in Appendix 5 

(see p. 314). 

3.2«a.l, Hexamita salmonis 

Seventy five (25%) fish carried H. salmonis gut 

infection and two hundred and twenty five (75%) fish were 

uninfected. The presence of H. salmonis was significantly 

correlated only with fish weight (F=9.88; DF=1&296; 

P=0.002), the difference in fish weight amongst fish with 

infection was -2.5 g (with -4.09; -0.94 confidence limits) 

see fig. 1 p. 57. Fish length and condition factor were not 

significantly different in infected and uninfected fish. 
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Figure 2 and the regression data on the correlation 

between Costia necatrix mucus infected and uninfected fish 

is provided in Appendix 5 (see p. 314). 

Fifty fish (17%) carried Costia gill infection and 

fifty five (18%) out of 300 fish carried I. multifiliis 

gill infection. Analysis of covariance of the effects of 

the presence of the above parasites was not attempted due 

to the low numbers of infected fish. 

X 

X 
X 

x< 
X 
X 

X 

X 

1 ' 
X 

X 
X 

X 

AGE (Days) 

Fig. 1. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish infected and uninfected with H. salmonis. 

Uninf 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

Interaction effects of multiple infection on fish 

weight, length and condition factor were assessed by 

analysis of variance. 
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Both H. salmonis and Costia mucus infection showed 

significant interaction effect on fish weight and length 

(P<0.05) by two-way analysis of variance (see Appendix 7 p. 

382). By the one-way analysis of variance, Costia mucus 

infection showed significant interaction effect on fish 

weight of those fish which were also infected with 

Gyrodactylus <F=6.478; DF=1&89; P=0.013). For 

interpretation of interaction effect see statistical 

analysis in chapter 2. Other details of the summarised 

results of the analysis of variance showing interaction 

between parasitic concurrent infections on fish are also to 

be found in Appendix 1, p. 382 (see tables 1 and 2). 

The details of the results of the statistical tests on 

the data are provided in Appendix 5 and summary in Appendix 

6, p. 367 (see tables 1-3). 

3.2.b. The relationship between prevalence of the different 

parasitic infections and a) the age of the fish, b) the 

temperature. 

The data show that the prevalence and intensity of 

parasitic infections varies with temperature and with fish 

age. Therefore, in this section the log-logistic model is 

described for the relationship of infection rate with time 

(age in the form of time in days) and temperature. Logistic 

regression was applied to each parasitic infection with 

time and temperature as explanatory variables. The logistic 

model predicts the probability of infection rate from the 

formula which is described in the materials and methods 

(for detail see statistical analysis section). 

Gyrodactylus is used here as an example of this analysis. 

Results for other parasites are in Appendix 5 (see p. 314). 

3.2.b.l. Gyrodactylus spp. 

The Gyrodactylus mucus infection showed a significant 

relationship with both age and temperature. 
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The Gyrodactylus mucus infection rate significantly 

decreased -5.3% per day with increase in age (at -5.6%, -

4.0% confidence limits) see fig. 3 p. 59. 
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Fig. 3. Relationship between age and 
Gyrodactylus spp. mucus infection rate 
in rainbow trout Salmo gairdneri (Richardson). 

Gyrodactylus infection rate significantly increased 

with temperature. The rate of increase was +79.1% per 

degree with increase in temperature (at 57.2% to 103.9% 

confidence limits (see fig. 4 p. 60). 

59 



CO 
% 

S 
o 
s 

U t3 
r, , 

TEMPERATURE (°C) 

Fig. 4. Relationship between temperature and 
Gyrodactylus spp. mucus infection rate in 
rainbow trout Salmo qairdneri (Richardson). 

Figure 5 showed significant relationship between H. 

salroonis with temperature and C. necatrix mucus with age 

(see fig. 6). Log-logistic analysis showed that there was 

no significant relationship between H. salmonis and age, 

and C. necatrix and temperature (figs. 5, 6 and other for 

regression details see Appendix 5). 
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3.3. Second survey, at Itchen Abbas, January to May 1987. 

The second survey commenced on 29th January. 4 tanks 

were monitored on a weekly basis. Samples of 15 and 6 fish 

were taken from tanks 1 and 2 respectively; 

Further tanks 3 and 4 were sampled in a similar manner, 

taking 15 and 6 fish respectively. Sampling of tank 4 

commenced after a delay of 4 weeks. A total of 7 different 

types of parasitic infection were recorded from the 462 

fish examined; these were 1. Trichodina spp., 2. Hexamita 

salmonis, 3. Gyrodactylus spp., 4. Costia necatrix in body 

mucus and on the gills, 5. Chilodonella spp., 6. Sessile 

peritrichs, 7. I. multifiliis in body mucus and on the 

gills. 

Description of the field data 

Tables 3-6 provide the summarised data with sampling 

week, sample date, sample size, mean fish length, weight or 

condition factor, food consumption, feeds per day, pH, 

temperature, parasitic infection and chemical treatment. 

The graphs showing the prevalence of parasites are in 

Appendix 11 (see p. 426). 

Tables which contain the field data commence on page 62, 
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Table 3. Summarised results of the first tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 29J 5F 12F 19F 26F 5M 12M 19M 26M 2A 8A 

S. size 15 15 15 15 15 15 15 15 15 15 15 

Age 131 138 145 152 159 166 173 180 187 194 200 

Lgth. 8.7 8.8 8.9 9.5 10 11 11 11 13 13 13 

Wght. 12 13 13 16 18 23 23 22 32 37 38 

K.F. 1.8 1.9 1.9 1.8 1.7 1.7 1.8 1.8 1.6 1.7 1.7 

Temp. 7 8 7 5 7 6 5 10 10 8 10 

pH. 7.4 7.1 7 7.8 7.8 8.5 8.1 7.8 7.7 7.6 7.4 

Feed/D 6 7 6 6 6 6 6 4 4 4 5 

Food/C 5 7 7 8 9 11 10 15 15 20 15 

Trich. 7 27 53 60 80 60 93 67 100 100 100 

Gyrod. 0 0 0 0 0 0 0 27 0 0 0 

Hexam. 7 7 60 20 53 73 100 93 100 87 100 

Cost.M 0 0 60 87 100 47 60 33 80 73 80 

Cost.G 0 0 27 46 87 47 60 33 80 60 73 

Chilo. 0 0 13 33 100 100 53 27 13 0 0 

Perit. 0 0 20 67 100 100 87 27 33 33 33 

Ich. M 0 7 0 7 7 0 0 0 0 0 0 

Ich. G 0 0 0 0 13 0 0 7 0 0 0 

Treat. - — C C C - — - — -

The detail of the abbreviations is given on p. 63. 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (J= January; F=February; M=March; 

A = April 1987) 

S.size = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

Food/C.= Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

% Perit. = Sessile peritrichs mucus infection 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

C. = Only Chloramine-T 

Table 4 which shows the data of tank 2 is on page 64, 
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Table 4. Summarised results of the second tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 5F 12F 19F 26F 5M 12M 19M 26M 2A 8A ISA 

S.size 6 6 6 6 6 6 6 6 6 6 6 

Age 86 93 100 107 114 121 128 135 142 148 155 

Lght. 9.2 8.3 8.9 9.9 11 11 11 12 13 13 13 

Wght. 13 13 13 18 22 19 19 27 35 39 36 

K.F. 1.6 2.2 1.9 1.8 1.7 1.6 1.6 1.6 1.5 1.7 1.7 

Temp. 9 6 6 10 8 10 10 11 11 10 11 

pH. 7.7 8.2 8.1 7.8 7.5 7.6 7.4 7.3 6.8 6.8 6.8 

Feed/D 6 6 6 5 4 5 5 5 5 5 5 

Food/C 8 7 8 10 15 10 10 7 7 10 8 

Trich. 0 0 0 17 33 67 100 100 100 100 100 

Gyrod. 0 0 0 0 0 0 0 0 0 17 0 

Hexara. 67 83 83 67 83 100 83 83 83 83 100 

Cost.M 17 17 33 67 100 83 100 83 83 33 83 

Cost .G 17 17 33 0 100 83 67 83 83 33 83 

Chilo. 100 67 0 0 33 100 83 33 100 0 17 

Perit. 0 0 0 0 0 17 0 33 17 0 0 

Ich. M 0 0 17 0 0 17 0 0 0 0 17 

Ich. G 0 0 0 0 17 0 17 0 34 0 67 

Treat. N N N N N N N N N N N 

The detail of the abbreviations is given on p. 65. 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (F= February; M=March; A=April 1987) 

S.size = Sample size 

Age. - Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cra^) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

Food/C.= Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyred. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

N. = No chemical treatment 

Table 5 which shows the data of tank 3 is on page 66. 
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Table 5. Summarised results of the third tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 2F 6F 16F 23F 2M 9M 16M 23M 30M 6A 13A 

S.size 15 15 15 15 15 15 15 15 15 15 15 

Age 83 90 97 104 111 118 125 132 139 146 153 

Lght. 6.7 6.8 7.3 7.6 8 8.3 8.8 9.8 10 10 11 

Wght. 5.2 6.1 7.3 8.1 8.7 10 12.5 14 18 19 24 

K.F. 1.7 1.9 1.9 1.8 1.7 1.8 1.8 1.4 1.8 1.9 1.6 

Temp. 7 9 5 7 9 6 6 10 8 10 10 

pH. 6.8 7.1 7.2 7.9 7.4 8.1 8.0 7.7 7.7 7.5 7.2 

Feed/D 7 7 6 6 6 6 6 4 4 5 5 

Food/C 8 9 9 8 10 6 7 10 20 10 10 

Trich. 0 0 0 0 0 0 0 7 53 80 53 

Gyrod. 0 0 0 0 0 0 0 0 0 0 7 

Hexam. 13 60 60 40 67 73 87 100 100 87 100 

Cost. M 0 0 33 20 33 53 87 67 80 80 100 

Cost. G 0 0 33 7 27 27 87 40 60 75 100 

Chilo. 0 0 7 33 93 67 8 7 40 100 87 

Perit. 0 0 0 0 0 0 13 13 0 0 0 

Ich. M 0 0 0 0 0 0 0 0 7 0 0 

Ich. G 0 0 0 0 0 7 0 0 0 20 0 

Treat. — 
-

C C c C C C - — — 

The detail of the abbreviations is given on p. 67. 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (F= February; M=March; A=April 1987) 

S.size = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D. = Feeds per day 

Food/C. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

C. = Only Chloramine-T 

Table 6 which shows the data of tank 4 is on page 68. 
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Table 6. Summarised results of the fourth tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 2M 9M 16M 23M 30M 6A 13A 2 OA 27A 5MA IIMA 

S.size 6 6 6 6 6 6 6 6 6 6 6 

Age 90 97 104 111 118 125 132 139 146 154 160 

Lght. 6.5 7.1 7.7 7.2 7.4 7.9 8.7 10 10 11 12 

Wght. 4.5 5.8 7.4 6 6.8 8.3 10.7 17 19 23 33 

K.F. 1.6 1.6 1.6 1.6 1.7 1.7 1.6 1.7 1.7 1.8 1.7 

Temp. 8 7 5 7 6 5 10 10 8 10 10 

pH. 7.2 7.3 8.1 7.9 8.4 8.1 7.9 7.8 7.7 7.5 7.2 

Feed/D 7 6 6 6 6 6 4 5 4 5 5 

Food/C 9 9 9 10 13 11 15 15 20 15 15 

Trich. 0 17 33 33 67 100 100 83 100 83 100 

Gyrod. 0 0 0 0 0 17 0 0 0 0 0 

Hexam. 50 100 50 33 83 100 100 67 100 100 100 

Cost. M 0 33 100 67 0 100 50 33 67 100 100 

Cost. G 0 0 50 17 0 100 33 50 67 100 100 

Chilo. 0 0 0 100 100 0 0 0 0 0 

Perit. 0 0 0 0 100 0 33 33 67 17 33 

Ich. M 0 0 0 0 0 0 0 0 0 0 17 

Ich. G 0 0 0 0 0 0 0 0 0 0 0 

Treat. — — c C c c - - — — — 

The detail of the abbreviations is given on p. 69. 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (M= March; A=April; Ma=May 1987) 

S.size. = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm* 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D. = Feeds per day 

Food/C. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chile. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

C. = Only Chloramine-T 

The description of the data is commenced from p. 70 
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On 29th January 7% of the fish in the first sample of 

the tank 1 carried Trichodina mucus infection. All fish 

were found in normal condition. 

Throughout the sampling weeks the parasitic prevalence 

of Trichodina, Hexamita, Costia, Chilodonella and 

Peritrichs were the highest, whereas Gyrodactylus and I. 

multifiliis were at low prevalence. Trichodina occurred in 

tank 1 in the first week and was recorded first at 17% 

prevalence on 9th March in the second sample from tank 4. 

It peaked at 100% prevalence in tanks 1, 2 and 4 (at 5° to 

IS'C) and at 80% prevalence in tank 3 (at 10°C). 

The low prevalence noted in tank 3, as compared to other 

tanks, may possibly be attributed to its treatment with 

Chloramine-T. 

H. salmonis gut infection appeared at all sampling 

dates in all four tanks. H. salmonis prevalence increased 

with both time and temperature. Tank 4 was the most heavily 

infected as compared with other tanks. Infection peaked 

between 5* and 11°C. 

Costia appeared in the first sample on 5th February at 

17% prevalence in body mucus and gill (tank 2 at 9°C). On 

9th March Costia mucus infection with 33% prevalence was 

also recorded in tank 4. Costia infection of both mucus and 

gill showed relationships with both time and temperature. 

Costia prevalence at both infection sites peaked (100%) at 

5 to 10°C; 100% Costia gill prevalence was recorded at 5® 

only in tank 4. It appears from the second table that the 
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infection prevalence was higher in tank 2 than in tank 1, 

3 or 4. 

Chilodonella was found in the first sample in tank 2 

(on 5th February) and was at 100% peak prevalence. In 

contrast in tanks 1 and 3 Chilodonella mucus infection 

gradually increased and peaked in March and April. In both 

the fourth and fifth samples Chilodonella showed its peak 

prevalence (100%) in tank 4 (at 6* and 7*C), and in the 

remaining sampling period it was absent. Chilodonella was 

noted at high prevalence in tanks 1, 2 and 3 between 6° 

and lO'C. 

Sessile peritrichs were found first in the third 

sample on 12th February with 20% prevalence in tank 1 and 

reached 100% in the 5th and 6th samples (on 30th March). 

Sessile peritrichs were present at 100% in tank 4, and were 

to be found in the latter weeks of the sampling period. No 

peak was noted in tank 2. 

During the survey tanks 1, 3, and 4 were treated with 

Chloramine-T to control external parasites. The reduction 

of parasitic prevalence during the survey may have been 

affected by this treatment. Tank 2 was left untreated which 

shows higher parasitic prevalence as compared with other 

tanks (i.e Chilodonella, Costia and I. multifiliis). 

Data from the second survey involving these four tanks 

were stored in different files with identical structure. 

Since all tanks were monitored in the same season, the data 

from the four tanks were merged to form one combined file 
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for analysis. This data handling method was applied to all 

the other surveys as a standard procedure. 

During the second survey the fry of tank 1 were bigger 

than in the other three tanks (see spring survey). Table 3 

shows that with the increase of fish age ration consumption 

had risen. It indicates that food consumption is related 

with the growth of fish. However, the feeding time reduced 

to 6 per day possibly because of high parasitic infection 

food supply was less often. Since fry were monitored in the 

spring season, therefore both temperature and fish age 

increased simultaneously with time. It means growing fish 

required more food in warm period than cold, but were 

larger. During the period from 19th March to 8th April food 

consumption did not change very much, possibly because of 

the high parasitic burden or reduction in feeding levels. 

In this tank pH ranged 7.1-8.5. 

On 5th February fry of tank 2 were 85 days old (see 

table 4). It is clear from the table that both food 

consumption and feeds per day increased with the increase 

of age in first seven weeks and in last 4 weeks the ration 

levels did not vary from week to week but food consumption 

was reduced after 5th march, possibly because of high 

parasitic infection. Table 4 also shows that parasitic 

prevalence such as Trichodina, H. salmonis, both C. 

necatrix mucus and gill, Ich mucus and gill and low 

prevalence of Chilodonella mucus infection increased with 

the increase of temperature. Tank 2 showed lower pH than 

tank 1 (i.e. it ranged between 6.8 and 8.2). 
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In tank 3 fry were 83 days old when first sampled. 

During the earlier period of the study both food 

consumption and feeding levels did not change very much in 

the earlier weeks, possibly because of changes in 

temperature or treatment. During week 8 and 11 fry showed 

constant food consumption, possibly because of stress due 

to parasites or a decline in feeding rates. In this tank pH 

ranged 6.8 to 8.1. 

Fry of tank 4 were 90 days old when sampled on 2nd May 

(see table 6). The food consumption did not change in the 

first 3 weeks but later it rose with increase of time, 

because ration consumption depends upon the size of fish. 

From 13th April to 11th May ration levels were 4 or 5 per 

day and food consumption remained 15 to 20 kg per day. 

During the course of investigation fry were also infected 

with large numbers of parasites (see table 6). Therefore, 

ration level may have been affected by high parasitic 

population or lower feeding rates. The pH of tank 4 was 

higher than tank 2 and 3 (7.2 to 8.4). 

3.3.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regression of the same parameters against age for fish 

lacking and with low, medium and high burden of that 
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parasite, to determine which types of infection were 

significantly correlated with change in these parameters. 

3.3.a.l. Trichodina spp. 

Two hundred and twenty three <48%) fish carried 

Trichodina mucus infection, two hundred and thirty nine 

(52%) fish were uninfected. 

Trichodina spp. were present at high levels of mucus 

infection (as compared with lower levels as described in 

materials and methods) and the density of infection was 

significantly correlated with effects on fish weight and 

length, the weight of heavily infected fish being greater 

than those of lightly infected fish (see fig. 7 p.75). The 

analysis of covariance of fish weight at the different 

infection levels gave the following figure for the 

differences in mean 'weight' (with 95% confidence limits) 

as compared with uninfected fish. 

(a -ve value indicates reduced weight and a +ve value 

increased weight). 

Low infection level; -0.79 g (-2.21, 0.63) 

Medium infection level: +0.19 g ( 0.21, 4.17) 

High infection level: +4.78 g ( 2.58, 6.98) 

Analysis of covariance on these data gave an F value of 

12.22 with 3 and 454 degrees of freedom, giving a 

probability value of P<0.001. 
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Fig. 7. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) for 
fish infected and uninfected with Trichodina. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

The analysis of covariance of fish length at the 

different infection levels gave the following figure for 

the differences in mean 'length' (with 95% confidence 

limits) as compared with uninfected fish. 

(a -ve value indicate reduced length and +ve value 

increased length). 

Low infection level: -0.15 cm (-0.42, 0.10) 

Medium infection level: +0.34 cm (-0.03, 0.71) 

High infection level: +0.05 cm (+0.24, 1.01) 

Analysis of covariance on these data gave an F value of 

7.72 with 3 and 454 degree of freedom, giving a probability 

value of P<0.001, See fig. 8 p. 76. 
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Fig. 8. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) for 
fish infected and uninfected with Trichodina. 

Uninf. 
Inf. 

X = Uninfected fish. 
0 = Infected fish. 

Interaction effects of multiple infection on fish 

weight, length and condition factor were assessed by 

analysis of variance. 

Correlations between Costia mucus and Chilodonella 

infection and fish weight and length are shown in Appendix 

5, figs. 9-11. 

Table 7 and 8 provide the significant interaction 

results at the 5% level. Other details of the summarised 

results of the analysis of variance showing interaction 

between parasitic concurrent infections are provided in 

Appendix 7 (see table 3 and 4). 
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Table 7. Two-way analysis of variance showing interaction 
of multiple infection upon weight, length and 
condition factor. 

Parasite Weight Length 

First Second F DF P F DF P 

Trichod. Hexam. 9.314; 1&457; 0.002 5.119; 1&457; 0.024 

Trichod. Chilo. 27.575;1&457;<0.001 23.943;1&457;<0.001 

Hexarn. Chilo. 5.524; 1&457; 0.019 5.312; 1&457; 0.022 

Cost.M Chilo. 15.718;1&457;<0.001 N.Sig. 

Cost. M Perit. N.Sig. 13.306;1&457;<0.001 

Cost.G Chilo. 16.145;1&457;<0.001 N.Sig. 

Parasite Condition factor 

First Second F DF P 

Trichodina Chilodon. 8.490; 1&457; 0.004 

Costia. M Chilodon. 5.165; 1&457; 0.024 

Underlined P values show significant interaction at 

the 5% level (N.Sig. = non significant interaction). 

Table 8 is continued on 78. 
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Table 8. One-way analysis of variance test for the effect 
of a second parasite on weight, length and condition 
fish also infected with first parasite. 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Hexam. 8.555; 1&220; 0.004 7.494;1&220; 0.007 

Trich. Chilod. 23.993; 1&220;<0.001 19.343;1&220;<0.001 

Hexam. Trich. 21.663; 1&328;<0.001 23.595;1&328;<0.001 

Hexam. Chilod. 18.948; 1&328;<0.001 9.404; 1&328; 0.002 

Cost.M Trich. 7.431; 1&255; 0.007 7.986; 1&255; 0.005 

Cost.M Hexam. 4.999; 1&255; 0.026 5.953; 1&255; 0.015 

Cost.M Chilod. 28.507; 1&255;<0.001 17.489;1&255; 0.001 

Cost.G Trich. 5.645; 1&220; 0.018 6.437; 1&220; 0.012 

Cost.G Chilod. 26.912; 1&220;<0.001 17.632;1&220;<0.001 

Perit. Chilod. 14.176; 1&106;<0.001 12.435; 1&106;0.001 

Perit. Trich. 4.226; 1.&106; 0.042 3.978; 1&106;0.049 

Perit. Hexam. 4.947; 1&106; 0.028 7.290; 1&106;0.009 

Parasite Condition factor 

First Second F DF P 

Trichodina Chilodonella 3.883; 1&220; 0.050 

Peritrich Chilodonella 3.861; 1&106; 0.052 

Peritrich Hexamita gut 5.805; 1&106; 0.018 

Peritrich Costia mucus 5.067; 1&106; 0.026 

Seven fish (2%) carried Gyrodactylus mucus infection, 

eight fish (2%) carried I. multifiliis mucus infection 

whilst sixteen fish (5%) out of 462 carried I. multifiliis 

gill infection. Analysis of covariance of the effects of 

the presence of the above parasites was not attempted due 

to the low numbers of infected fish. 
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3.3.b, The relationship between prevalence of the different 

parasitic infections and a) the age of the fish, b) the 

temperature. 

Data show that the prevalence and intensity of several 

parasitic infections are associated with temperature and 

with the fish age. In this section only one example of the 

log-logistic model is given for the infection rate 

relationship with time (age in the form of time in days) 

and temperature, using the procedure followed in section 

3.2.b. (for details see Appendix 5, and summary in Appendix 

6) . 

Trichodina is provided here as an example of this analysis 

(other parasites appear in Appendix 5). 

S.B.b.l. Trichodina spp. 

The Trichodina mucus infection showed significant 

relationship with both age and temperature. 

From figure 12 it is evident that the infection rate 

with Trichodina significantly increases with time. The rate 

of increase is 6.9% per day, with 95% confidence interval 

5.6% to 8.2% (see fig. 12 p. 80). 
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Fig. 12. Relationship between age and 
Trichodina mucus infection rate in 
rainbow trout Salroo gairdneri (Richardson) 

Trichodina infection also significantly increased with 

temperature. The rate of increase was 39.3% per degree, 

with 95% confidence interval 25.3% to 54.8% (see fig. 13 p. 

81) . 
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Fig. 13. Relationship between temperature and 
Trichodina mucus infection rate in 
rainbow trout Salmo qairdneri (Richardson). 

Figures 14-19 and the detailed results of the other 

relationships between prevalence of the different parasitic 

infections and a) the age of the fish, b) the temperature 

are given in Appendix 5, and summary in Appendix 6, see 

tables 5 and 6, where it is seen that H. salmonis and 

Costia necatrix in both mucus and gills all increased with 

both age and temperature. Sessile peritrichs increased with 

age, but decreased with temperature and Chilodonella showed 

no significant change with either age or temperatures. 
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3.4. Third survey, at Itchen Abbas, April to July 1987. 

Monthly sampling commenced on 1st April, in tank 1 from 

April to July and tanks 2 and 3 from May to August. During 

the survey 3 large tanks were selected, a sample of 15 fish 

was taken from each tank for parasitological examination. 

This survey was carried out to find out if there is any 

difference in parasitic prevalence in fingerling and in fry 

(in large tank) (because in other surveys only small tanks 

were monitored). A total of 7 different types of parasitic 

infection were recorded from the 180 fish; these were 1. 

Trichodina spp., 2. H. salmonis, 3. Gyrodactylus spp. , 4. 

Costia necatrix in body mucus and on the gill, 5. 

Chilodonella spp,, 6. Sessile peritrichs, 7. I. multifiliis 

in body mucus and on the gill. 

Description of the field data 

Tables 9-11 provided the summarised data of parasite 

prevalence, sample size, fish age, mean fish length, weight 

or condition factor, temperature, water pH, feeds per day, 

food consumption and chemical treatment in fingerling fish 

over a period of 4 months. 

The graphs showing the prevalence of parasites are in 

Appendix 11 (see p. 426). 

Tables containing the field data commence on p. 83. 
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Table 9. Summarised results of the first tank. 

S.Dt. 1st April 1st May 1st June 1st July 

S. size 15 15 15 15 

Age 276 306 337 367 

Lgth. 18.8 18.8 20.8 22.0 

Wght. 97.98 99.70 141.60 153.35 

K.F. 1.46 1.50 1.57 1.44 

Temp. 8'C 12'C 14'C 15'C 

pH 7.6 7.3 7.4 7.5 

Feed/D. 4 4/5 4/5 3 

Food.C. 33 45 58 53 

Gyrod. 7 67 60 53 

Trich. 40 87 87 100 

Hexam. 87 73 73 40 

Cost. M 60 53 7 0 

Cost. G 53 13 7 0 

Chilo. 0 33 40 47 

Perit. 27 67 33 40 

Ich. M 0 13 20 40 

Ich. G 0 40 100 47 

Treat. N N N N 

The detail of the abbreviations is provided on page 84 
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Abbreviations used in the table. 

S.Dt. = sampling date 

S.size = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (°C) 

pH = Water pH 

Pood/D. = Feeds per day 

Food.C. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat, = Chemical treatment 

N = No chemical treatment 

The table 10 shows the data of tank 2 is on p. 85. 
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Table 10. Summarised results of the second tank, 

S.Dt. 8 May 8 June 8 July 10 August 

S. size 15 15 15 15 

Age 229 261 291 324 

Lgth. 16.2 19.4 22.0 24.8 

Wght. 77.64 128.27 167.88 257.13 

K.F. 1.83 1.76 1.58 1.80 

Temp. 12'C 14°C 15'C 15°C 

pH 7.1 6.8 6.7 6.8 

Feed/D. 5 4 SF SF 

Food.C. 10 12 — — — — 

Gyrod. 33 47 40 27 

Trich. 100 100 87 93 

Hexam. 100 60 27 27 

Cost. M 53 7 0 0 

Cost. G 13 7 0 0 

Chilo. 0 0 0 0 

Perit. 0 0 0 0 

Ich. M 13 87 27 55 

Ich. G 100 100 53 60 

Treat. N N N N 

The detail of the abbreviations is provided on page 86, 
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Abbreviations used in the table. 

S.size. = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm^) 

Temp. = Temperature ("O 

pH = Water pH 

Food/D. = Feeds per day 

Food/C. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexara. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

N = No chemical treatment 

SF. = Self feeder 

The table 11 shows the data of tank 3 is on p. 87. 
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Table 11. Summarised results of the third tank. 

S.Dt. 12 May 15 June 11 July 13 August 

S.size 15 15 15 15 

Age 189 219 253 282 

Lgth. 13.5 17.2 20.1 19.7 

Wght. 44.42 84.98 128.04 124.24 

K.F. 1.81 1.67 1.58 1.63 

Temp. ll'C 15'C 14'C 13°C 

pH 7.6 6.7 6.6 6.7 

Feed/D. 4 5 4 4/5 

Food/C. 44 25 43 45 

Gyrod. 0 13 67 53 

Trich. 100 100 100 47 

Hexam. 93 53 47 33 

Cost. M 13 0 0 0 

Cost. G 13 0 0 0 

Chilo. 0 0 0 0 

Perit. 0 0 0 0 

Ich. M 47 73 27 53 

Ich. G 47 100 93 100 

Treat. N N N N 

The detail of the abbreviations is provided on page 88 
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Abbreviations used in the table. 

S.size. = Sample size 

Age = Fish age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm^) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D. = Feeds per day 

Food/C. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

N = No chemical treatment 

The description of the field data is commence on page 89. 
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At the commencement of the study Trichodina mucus 

infection was at 40% prevalence in tank 1 and at 100% 

prevalence in both tanks 2 and 3 (at 15*C). Parasitic 

prevalence gradually increased and peaked (100%) on 1st 

July in tank 1. In tank 2 Trichodina showed its peak 

prevalence in the first and second samples (May and June), 

and infection declined in July and August. In tank 3 

Trichodina also showed its peak in May, June and July and 

infection decreased in August. 

H. salmonis gut infection in tank 1 was at 87% 

prevalence on the 1st April and from May infection 

prevalence was found to decrease. In tank 2 in the 1st 

sample (May) Hexamita showed 100% prevalence and 27% 

prevalence on July and August. In tank 3 H. salmonis gut 

infection prevalence also gradually decreased with increase 

of time. It appears from the table that H. salmonis gut 

infection decreased as fish grew older. 

The presence of Gyrodactylus mucus infection in 

initial samples was 7% in tank 1, 33% in tank 2 and zero in 

tank 3. During the survey Gyrodactylus infection increased 

in May and June, and decreased in July and August. Higher 

prevalence of Gyrodactylus was noted in tank 1. 

In tank 1 on 1st April Costia was found at 60% 

prevalence in mucus and at 50% on gills. Overall both 

Costia mucus and gill infection prevalence reduced in May 

and June, and disappeared in July and August. In tank 2 on 

8th May Costia was at 53% in mucus and 13% on gills (at 
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12'C). Costia was at 7% prevalence in June and zero in July 

and August. 

In tank 3 both Costia mucus and gill infection were at 

13% prevalence on 12th May and absent thereafter. The 

pattern of prevalence of Costia mucus and gill in tanks 1 

and 2 are exactly the same as each other and higher than in 

tank 3. 

In fingerlings Chilodonella and Peritrichs were only 

noted in tank 1. Chilodonella infection prevalence ranged 

from 33% to 47% (at 12° - 15°C), and Peritrichs 27% to 67% 

(at 8" - 15'C). 

I. multifiliis mucus and gill infection was noted in 

all three tanks. I. multifiliis gill infection was higher 

than mucus infection. Neither I. multifiliis mucus nor gill 

infection were apparent in April in tank 1. In tank 1 gill 

infection peaked with 100% prevalence in June (at 14°C). 

In tank 2 peak prevalence was recorded in May and June, in 

tank 3 in June and August (at 13° and 14°C). During the 

high gill infection prevalence, gills were covered with a 

thick mucus coat. During the survey chemical treatment was 

not used against the parasites. 

During the 3rd survey fingerling of tank 1 were the 

oldest and were bigger than the other two tanks (see tables 

9-11). In tank 1 feeding rates ranged from 3 to 5 per day. 

From April to June food consumption increased with fish 

age. However, a lower ration consumption was noted in July 

possibly because of lower feeding levels (see table 9). 

This table shows that fish weight, length or condition 
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factor also increased with the increase of temperature and 

age. In tank 1 pH ranged 7.3 to 7.6. 

In tank 2 self feeder system was introduced. 

Therefore, this may have been the reason for high ration 

consumption in July and August. Whereas in May and June 

only 10 or 12 kg of food was consumed by fingerling, such 

a low food consumption may be because of the manual feeding 

system. It is also possible that large food consumption may 

have been affected by the increase of fish activity at high 

temperature. It is also clear from table 10 that with the 

increase of fish age the mean weight of fingerling was 

higher in July and August, compared to May and June. In 

tank 2 pH was lower than tank 1 (6.7 to 7.1). 

In tank 3 on 12th May, 11th July and 13th August food 

consumption was 43 or 45 kg per day at 11° to 14"C. On 15th 

June food consumption reduced at 15°C. The change in food 

consumption may have been affected by the change of 

temperature or high parasitic population. In this tank pH 

ranged 6.6 to 7.6. 

3.4.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regression of the same parameters against age for fish 

lacking and low and high burden of that parasite, to 
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determine which types of infection were significantly 

correlated with change in these parameters. 

3.4.a.l. Trichodina spp. 

Trichodina mucus infection showed its peak prevalence 

(at 14° and 15°C). One hundred and fifty four (86%) fish 

carried Trichodina mucus infection, and twenty six (14%) 

fish were uninfected. Therefore as the 26 uninfected fish 

provided an inadequate group for comparison, only 154 fish 

were processed for statistical analysis on the basis of 

infection density (other details are the same as described 

in chapter 2). 

Analysis of covariance revealed that the fish with 

heavy Trichodina mucus infection had significantly 

different weight and length as compared to fish with low 

infection. 

Fish with high infection weighed on average -15.9 g 

(confidence limits -31.7 and -0.2) less than fish with low 

infection (F=3.97; DF=1&149; P=0.048), see fig. 20 p. 93, 

and fish with high infection were on average -0.5 cm 

shorter (confidence limits -1.7 and -0.2) than fish with 

low infection (F=5.52; DF=1&149; P=0.020) see fig. 21 p. 

94. 
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Fig. 20. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 
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Fig. 21. Regression with age of the length of 
rainbow trout Salmo qairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O - High infected fish. 

Fifteen fish (8%) carried Costia gill infection, 29 

fish (16%) carried Costia mucus infection, eighteen fish 

(10%) carried Chilodonella mucus infection and twenty five 

fish (14%) out of 180 fish carried Sessile peritrichs mucus 

infection respectively. 

Figures 22-28 provide correlations between 

Gyrodactylus, H. salmonis and both I. multifiliis mucus and 

gill infection and fish weight or length (for detail see 

Appendix 5, p.314). 

Analysis of covariance of the above parasites was not 

attempted, due to the low numbers of infected fish 
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Interaction effects of multiple infection on fish 

weight, length and condition factor were assessed by 

analysis of variance. 

Table 12 and 13 provide the significant interaction 

results at the 5% level. Other details of the summarised 

results of the analysis of variance showing interaction 

between parasitic concurrent infections are provided in 

Appendix 1, p. 382 (see table 5 and 6). 

Table 12. Two-way analysis of variance showing the 
interaction of multiple infection upon weight, length 
and condition factor. 

Parasite Weight Length 

First Second F DF P F DF P 

Hexam. Gyrod. 4.201; 1&175; 0.042 Non Sig. 

Hexam. Ichth.M Non Sig. Non Sig. 

Parasite Condition factor 

First Second F DF P 

Ichthy.M Ichthy.G 6.121; 1&175; 0.014 

Table 13. One-way analysis of variance test for the 
presence of a second parasite on weight, length and 
condition factor of fish also infected with first 
parasite. 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Hexam. 7.465; 1&151; 0.007 9.001; 1&151; 0.003 

Trich. Icht. G 4.214; 1&151; 0.042 3.859; 1&151; 0.051 

Ich.G Hexam. 5.048; 1&125; 0.026 7.441; 1&125; 0.007 

Table 13 is continued on p. 96. 
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Parasite Condition factor 

First Second F DF P 

Trichodina Ichthyoph. G 8.006; 1&151; 0.005 

Hexamita Ichthyoph. G 12.072; l&lOl; 0.001 

Ichthyop.M Ichthyoph. G 5.098; 1&47; 0.029 

Underlined P values show significant interaction at the 5% 

level (Non.sig. = non significant interaction test). 

The results showing the relationship between prevalence of 

different parasitic infection and the age of fish and 

temperature are continued from page 97. 
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3.4.b. The relationship between prevalence of the different 

parasitic infection and a) the age of the fish, b) the 

temperature« 

In this section two examples of the log-logistic model 

are given for the infection rate relationship with age 

(other details of the results are given in Appendix 5 see 

p. 314). 

3.4.b.l. Gyrodactylus spp. 

The Gyrodactylus mucus infection rate per day 

significantly increased with increase in age +0.9% (at 

+0.3%, +1.6% confidence limits) see fig. 29 p. 97. 

z 

=.0 
AGE (Days) 

Fig. 29. Relationship between age and 
Gyrodactylus spp. infection rate in rainbow 
trout Salmo qairdneri (Richardson). 
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3.4.b.2. Hexamita salroonis 

H. salmonis gut infection significantly decreased with 

increase in age; -1.0% (at -1.7%, -0.4% confidence limits) 

see fig. 30 p. 98. 

."5 
4 ' i ito 790 3 0 0 3 1 0 : j o :30 340 3 i C 340 37, 

AGE (Days) 

Fig. 30. Relationship between age and 
H. salmonis gut infection rate in rainbow 
trout Salmo gairdneri (Richardson). 

A detailed summary of the results of the other 

relationships between prevalence of the different parasitic 

infections and a) the age of the fish, b) the temperature 

are given in Appendix 6 tables 8 and 9, where it seen that 

Trichodina and I. multifiliis both mucus and gill showed no 

significant change with either age or temperature, Hexamita 

and Gyrodactylus also showed no significant relationship 

with temperature. 
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3.5. Fourth survey, at Itchen Abbas, April to August 1988. 

The fourth survey commenced on 27th April, during 

which 4 tanks were monitored on a weekly basis. Over an 11 

weeks period, ten fish were sampled from tanks 1 and 2. 

Commencing 13th July (over six weeks) ten fish were also 

sampled from each of tanks 3 and 4. A total of 7 different 

parasitic infections were recorded from the 340 fish; these 

were 1 Trichodina spp., 2 H. salmonis, 3 Gyrodactylus spp., 

4 Costia necatrix in body mucus and on the gill, 5. 

Chilodonella spp. 6 Sessile peritrichs, 7 I. multifiliis in 

body mucus and on the gill. However, PKD infection was not 

noted. 

Description of the field data 

Tables 14-17 provide the summarised data with sampling 

week, sample date, sample size, mean fish length, weight 

and condition factor, temperature, water pH, feeds per day, 

food consumption, prevalence of parasites and chemical 

treatment. 

Prevalence of parasites are also shown by graphs in 

Appendix 11 (see p. 426). 

Tables containing the field data commence on page 100. 

99 



Table 14. Summarised results of the first tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 27A 4M IIM 18M 25M lJu 8Ju 15Ju 23Ju 29JU 6JL 

S.size 10 10 10 10 10 10 10 10 10 10 10 

Age 101 108 115 122 129 136 143 150 157 164 171 

Lght. 11 8.9 11 13 13 13 14 14 13.5 13.6 14 

Wght. 16 13 18 25 29 27 33 34 32.6 31.8 55 

K.F. 1.4 1.9 1.3 1.3 1.4 1.4 1.4 1.2 1.3 1.3 2.0 

Temp. 11 12 13 14 13 14 14 14 14 15 14 

pH. 6.6 6.7 6.8 6.7 6.7 6.8 6.5 6.5 6.7 6.8 6.6 

Feed/D 3 4 4 4 4 4 4 4 4 4/5 4 

Food.C 5 7 10 18 10 16 18 16 17 20 23 

Trich. 80 100 100 100 100 100 100 100 100 90 100 

Gyrod. 20 20 20 10 40 20 70 60 70 80 80 

Hexam. 0 0 0 0 10 0 0 0 20 10 20 

Cost.M 0 0 40 0 0 0 0 0 0 0 0 

Cost.G 0 0 0 0 0 0 0 0 0 0 0 

Chilo. 0 0 80 0 0 0 0 0 0 0 0 

Perit. 50 50 70 0 0 0 20 40 20 20 0 

Ich. M 0 0 0 0 10 0 0 0 20 10 20 

Ich. G 50 70 90 100 100 100 100 70 70 90 40 

Treat. N N N N N N N N N N N 

The detail of the abbreviations is given on p. 101 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (A=April; M=May; Ju=June; JL=July 

1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature ("O 

pH = Water pH 

Food/D.= Feeds per day 

Food.C.= Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

N = No chemical treatment 

Table 15 shows the data of tank 2 on p. 102. 
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Table 15. Summarised results of the second tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 27A 4M IIM 18M 25M lJu 8Ju 15Ju 23Ju 29Ju 6JL 

S.size 10 10 10 10 10 10 10 10 10 10 10 

Age 101 108 115 122 129 136 143 150 157 164 171 

Lght. 11 10 11 12 12 12 13 14 13.7 14.0 16 

Wght. 13 15 19 21 21 26 27 39 33.8 34.5 53 

K.F. 1.1 1.3 1.3 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

Temp. 11 12 13 14 13 14 14 14 14 15 14 

pH. 6.8 6.6 6.7 6.5 6.6 6.9 6.7 6.4 6.6 6.9 6.9 

Feed/D 3/4 4 4 4 4 4 4 4 4 4 4 

Food.C. 5 7 10 20 10 18 15 18 18 24 24 

Trich. 100 100 100 100 100 100 100 100 100 100 100 

Gyrodc. 0 10 60 20 20 20 60 30 90 90 80 

Hexam. 10 10 20 0 0 0 0 0 0 0 0 

Cost. M 0 0 0 0 0 0 0 0 0 0 0 

Cost. G 0 0 0 0 0 0 0 0 0 0 0 

Chilo. 0 0 0 0 0 0 0 0 0 0 0 

Perit. 60 60 60 0 0 0 30 20 0 20 10 

Ich. M 0 10 0 10 10 0 0 10 0 10 10 

Ich. G 0 70 70 100 100 100 100 40 50 90 20 

Treat. N N N N N N N N N N N 

The detail of the abbreviations is provided on page 103 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (A=April; M=May; Ju=June; JL=July 

1988) 

S.size. = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (*C) 

pH = Water pH 

Food/D. = Feeds per day 

Food.C. = Food consumption (kg) per day 

Trich. = Trichodina.mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

N = No chemical treatment 

Table 16 shows the data of tank 3 on p. 104 
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Table 16. Summarised results of the third tank showing the 
prevalence of parasites over a period of 6 weeks. 

s .w.;;. 1 2 3 4 5 6 

S.Dt. 13 Jul 20 Jul 27 Jul 3 Aug 10 Aug 17 Aug 

S. size 10 10 10 10 10 10 

Age 113 120 127 134 141 148 

Lght. 10.6 10.3 12.2 13.2 12.2 13.0 

Wght. 15.9 14.8 23.7 29.7 24.3 28.2 

K.F. 1.3 1.4 1.3 1.3 1.3 1.3 

Temp. 14'C 14'C 14'C 14"C 14'C 14"C 

pH. 6.8 6.5 6.6 6.7 6.9 6.7 

Feed/D 4 4 4 3 3 3 

Food.C. 10 12 18 11 11 11 

Trich. 10 10 0 0 40 50 

Gyrodc. 40 20 20 30 20 40 

Hexam. 50 30 10 20 40 30 

Cost. M 0 0 0 0 0 0 

Cost. G 0 0 0 0 0 0 

Perit. 0 20 10 20 0 0 

Chilo. 0 0 0 0 0 0 

Ich. M 20 50 30 20 0 0 

Ich. G 100 100 80 100 50 80 

Treat. - — OX. OX. — — 

The detail of the abbreviations is provided on page 105, 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date <Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

Food.C.= Food consumption (kg) per day 

Trich = Trichodina mucus infection % 

Gyrod .= Gyrodactylus mucus infection % 

Hexam .= Hexamita salmonis gut infection % 

Cost. = Costia necatrix mucus infection % 

Cost. = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. = Ichthyophthirius multifiliis mucus infection % 

Ich. = Ichthyophthirius multifiliis gill infection % 

Treat. = Chemical treatment 

OX = Oxolinic acid 

Table 17 shows the data of tank 4 on p. 106. 
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Table 17. Summarised results of the fourth tank showing the 
prevalence of parasites over a period of 6 weeks. 

S.W.N. 1 2 3 4 5 6 

S.Dt. 13 Jul 20 Jul 27 Jul 3 Aug 10 Aug 17 Aug 

S.size 10 10 10 10 10 10 

Age 113 120 127 134 141 148 

Lght. 10.3 12.1 12.8 11.6 13.2 15.1 

Wght. 14.4 23.7 29.3 22.5 30.7 42.5 

K.F. 1.3 1.3 1.4 1.4 1.3 1.2 

Temp. 14'C 14"C 14'C 14'C 14"C 14"C 

pH. 6.9 6.6 7.0 6.8 6.0 6.6 

Feed/D 4 4 4 3 3 3 

Food.C. 10 12 19 11 11 11 

Trich. 20 20 30 20 30 50 

Gyrodc. 30 20 20 60 30 40 

Hexam. 0 0 30 0 40 0 

Cost. M 30 0 20 0 20 0 

Cost. G 0 0 10 0 0 0 

Perit. 40 0 0 40 0 0 

Chile. 0 0 0 0 0 0 

Ich. M 40 20 40 40 10 30 

Ich. G 100 100 90 80 40 40 

Treat. - — OX. OX. — MG. 

The detail of the abbreviations is provided on page 107 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

Food.C.= Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilo. = Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treat .= Chemical treatment 

OX.= Oxolinic acid 

MG.= Malachite green. 

The description of the data commences on page 108. 
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Over the whole survey neither Costia mucus nor gill 

infection were found in tanks 2 and 3. I n tank 1 40% of 

fish carried Costia mucus infection on 11th May (at 13"C) 

with no gill infection. In tank 4 in the first sample on 

13th July 30% of fish carried Costia mucus infection, and 

on 27th July and 10th August 20% fish were also infected 

with Costia mucus and 10% gill infection. 

In tank 1 Chilodonella was at 80% prevalence in the third 

sample on 11th May (at 13'C), whereas it was absent from 

ail other samples. 

In tank 1 on 27th April and 4th May sessile peritrichs 

infection prevalence was at 50%, and increased to 70% 

prevalence in the third sample on 14th May (at 11' to 

13"C). Sessile peritrichs prevalence reduced in later 

sample dates. Sessile peritrichs infection prevalence was 

higher in tank 1 than tanks 2, 3 or 4. 

Trichodina infection was highest in tank 1 and 2 at 

peak prevalence (100%) (at 11' - 15'C), with low prevalence 

in tanks 3 and 4. 

I. multifiliis gill infection showed its peak 

prevalence (100%) in tanks 1 and 2 in the 4th sample on 

18th May (at 14'C), and in both tanks 3 and 4 in the 1st 

sample on 13th July peak prevalence was also noted at the 

same temperature. Gills were covered with dark and thick 

mucus only in heavily infected fish. In both tanks 1 and 2 

after 8th June I. multifiliis infection reduced. The 

decline of 1. muitifiliis infection during August in both 

tanks 3 and 4 may have been affected by the treatment. 

108 



rnultifiliis mucus and H. salmonis gut infection were also 

noted at low prevalence in all 4 tanks. 

In tank 1 Gyrodactylus mucus infection was at 20% in 

the first sample, at 40% in tank 3 and 30% prevalence in 

tank 4. In tank 2 Gyrodactylus was absent from the 1st 

sample on 27th April. The prevalence of Gyrodactylus mucus 

infection is higher in tank 1 and 2 in July and August than 

in tanks 3 and 4. In tank 2 on 29th June Gyrodactylus 

showed its maximum prevalence (90%) in tank 2 (at 15'C) and 

was at 80% prevalence on 29th June and 6th July in tank 1 

(at 14' and 15'C>. 

During the summer period tanks 1 and 2 showed similar 

results. Tables 14 and 15 revealed that food consumption 

rose with the increase of fish growth in both tanks (Tank 

1 and 2), meaning fry consumed more food as they grew older 

and bigger. During week 4 to 8 food consumption showed a 

little change in tanks 1, and week 5 to 9 in tank 2 

possibly because of the change in temperature. In both 

tanks Trichodina, Gyrodactylus and I. multifiliis gill 

infection showed a higher prevalence at higher 

temperatures. The ration levels were not more than 4 times 

per day in both tanks. In both tanks water pH ranged 6.4 to 

6.9. 

In tanks 3 and 4 both food consumption and feeds per 

day showed similar observations as in tanks 1 and 2. The 

increase of ration levels in July and decline in August at 

14'C may have been influenced by the chemical treatment, 
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parasitic burden or less feeds per day. In tank 3 and 4 

water pH remained 6.0 to 7.0 (see table 16 and 17). 

3.5.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regressions of the same parameters against age for fish 

lacking and with low and high burden of that parasite, to 

determine which types of infection were significantly 

correlated with change in these parameters. 

Trichodina is provided here as an example of this analysis. 

Results from other parasites such as Gyrodactylus and I. 

multifiliis gill infections are to be found in Appendix 5 

and figures 33-35. 

3.5.a.l. Trichodina spp. 

During the survey Trichodina mucus infection 

prevalence reached a peak between temperatures of 11° and 

15"C. 

Two hundred and forty three (71%) fish carried 

Trichodina mucus infection, and ninety seven (29%) fish 

were uninfected. Uninfected fish were not analysed due to 

the low number of fish. Consequently, only 243 fish were 

processed for analysis of covariance on the basis of 

infection density (other details are described in chapter 
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2). The data of the density of Trichodina is given in 

Appendix 9 (see p. 414). 

Fish with high infection weighed on average -4.4 g ( 

confidence limits -6.7 and -2.0) less than fish with low 

infection (F=13.30; DF=1&237; P<0.001), see fig. 31, p. 

111, and fish with high infection were on average -0.64 cm 

shorter (confidence limits -0.97 and -0.33) than fish with 

low infection (F=14.91; DF=1&237; P<0.001), see fig. 32, p. 

112. 
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Fig. 31. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish, 
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Fig. 32. Regression with age of the length of 
rainbow trout Salmo qairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 

Other results of the analysis of covariance are 

described in Appendix 5. 

Eleven fish (3%) carried Costia mucus infection, one 

fish (0.3%) carried Costia gill infection, eight fish (2%) 

carried Chilodonella mucus infection, sixty four (18-6) fish 

carried Sessile peritrich mucus infection, thirty four 

(10%) fish carried Hexamita gut infection and forty two 

(12%) fish out of 340 fish carried I. multifiliis mucus 

infection. 

Analysis of covariance of the above parasites was 

abandoned, due to the low numbers of infected fish. 
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Interaction effects of multiple infection on fish 

weight, length and condition factor were assessed by 

analysis of variance. 

Tables 18 and 19 provide the significant interaction 

results at the 5% level. Other details of the summarised 

results of the analysis of variance showing interaction 

between parasitic concurrent infections are provided in 

Appendix 7, p. 382 (see table 7 and 8). 

Table 18. Two-way analysis of variance showing significant 
interaction of multiple infection upon weight, length 
and condition factor. 

Parasite Weight Length 

First Second F DF P F DF P 

Gyrod. Ich. G 6.032; 1&335; 0.015 4.137; 1&335; 0.043 

Table 19. One-way analysis of variance showing test for the 
effect of a second parasite on weight, length and 
condition factor of fish also infected with a first 
parasite. 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Ichth.G 8.877; 1&240; 0.003 Non Sig. 

Gyrod. Tricho. Non Sig. 3.709; 1&122; 0.056 

Gyrod. Ichth. G 14.635; 1&22; <0.001 8.896; 1&122; 0.003 

Ich. G Tricho. Non Sig. 3.765; 1&253; 0.053 

Underlined P values show significant interaction at 

the 5% level (Non Sig. = non significant interaction 

results) . 

No significant interactions were found with condition 

factor. 
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3.5.b. The relationship between prevalence of the different 

parasitic infection and a) the age of the fish, b) the 

temperature. 

In this section one example of the log-logistic model 

is given for the infection rate relationship with age and 

temperature (other details of the results are given in 

Appendix 5). 

3.5.b.l. Trichodina spp. 

Trichodina mucus infection rate per day significantly 

increased 2.2% with increase in age (at 0.8%, 3.5%), see 

fig. 36 p. 114, and -50.3% rate increased with increase in 

temperature (with -66.5% and -26.5% confidence limits) see 

fig. 37 p. 115. 

AGE {Days) 

Fig. 36. Relationship between age and 
Trichodina spp. mucus infection rate in 
rainbow trout Salmo gairdneri (Richardson) 

114 



z 

Fig. 37. Relationship between temperature and 
Trichodina spp. mucus infection rate in 
rainbow trout Salrao qairdneri (Richardson). 

Figures 38-41 and the detailed results of the other 

relationships between prevalence of the different parasitic 

infection and a) and age of the fish, b) the temperature 

are given in Appendix 5 and summary in Appendix 6 table 11 

and 12, both Gyrodactylus and I. muItifiliis gill infection 

significantly increased with both age and temperature. 
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3.6. Fifth survey, at Romsey fish farm, April to August 

1988. 

The first survey at Romsey fish farm commenced on 21st 

April, during which 4 tanks were monitored on a weekly 

basis. Over an 11 weeks period, ten fish were sampled from 

tanks 1 and 2, and over five weeks ten were also sampled 

from tanks 3 and 4. A total of 7 different parasitic 

infections were recorded from the 320 fish; these were 1 

Trichodina spp., 2 H. salmonis, 3 Gyrodactylus spp., 4 

Costia necatrix in body mucus and on the gill, 5. 

Chilodonella spp., 6 Sessile peritrichs, 7 I. multifiliis 

in body mucus and on the gill. 

Description of the field data 

Tables 20-23 provide the summarised data of sampling 

week number, sampling date, sample size, temperature, mean 

fish length, weight or condition factor, parasite 

prevalence and chemical treatment. The graphs showing the 

prevalence of parasites are in Appendix 11 (see p. 426). 

Table 20 contains the field data of tank 1 is on p. 117. 
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Table 20. Summarised results of the first tank showing the 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 21A 28A 5M 12M 19M 26M 2J 9J 16J 23J 30J 

S.size 10 10 10 10 10 10 10 10 10 10 10 

Age 109 116 123 130 137 144 151 158 165 172 179 

Lgth. 11 11 11 12 11 12 12 13 13 14 14 

Wght. 17 17 16 21 18 21 23 25 26 31 39 

K.F. 1.4 1.4 1.3 1.3 1.3 1.3 1.2 1.2 1.2 1.2 1.3 

Temp. 13 12 14 14 13 14 14 15 17 18 17 

pH. 6.7 6.9 6.8 6.8 6.9 6.7 6.7 6.6 6.7 6.9 6.8 

Feed/D. 3 3 3 2/3 2/3 3 2/3 2/3 2/3 2/3 2/3 

FoodC. 8 13 13 13 9 11 7 18 9 9 13 

Trich. 90 100 100 100 100 100 100 100 100 100 100 

Gyrodc. 100 100 100 80 100 100 100 100 100 90 70 

Hexam. 10 0 10 0 0 0 10 0 10 30 50 

Cost. M 0 0 0 0 0 0 0 0 0 0 0 

Cost. G 0 0 0 0 0 0 0 0 0 0 0 

Chilod. 0 0 0 0 0 0 0 0 0 0 0 

Perit. 20 100 100 90 70 40 80 70 50 20 0 

Ich. M 0 0 10 0 60 30 70 70 50 20 40 

Ich. G 0 20 20 50 100 100 100 100 80 100 100 

Treatm. - — — — c — — — MG. MG. MG. 

The detail of the abbreviations is on p. 118. 
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Abbreviations used in the table. 

S.W.N. = Sampling week number 

S.Dt. = Sample date (A=April; M=May; J=June 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm' 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treatm.= Chemical treatment 

C. = Chloramine-T 

MG = Malachite green. 

Table 21 shows the field of tank 2 is on p. 119. 
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Table 21. Summarised results of the second tank showing 
prevalence of parasites over a period of 11 weeks. 

S.W.N. 1 2 3 4 5 6 7 8 9 10 11 

S.Dt. 21A 28A 5M 12M 19M 26M 2J 9J 16J 23J 30J 

S.size 10 10 10 10 10 10 10 10 10 10 10 

Age 109 116 123 130 137 144 151 158 165 172 179 

Lgth. 9 10 12 12 13 13 13 14 13 14 15 

Wght. 12 13 23 26 25 26 25 32 28 33 45 

K.F. 1.5 1.4 1.4 1.4 1.3 1.3 1.3 1.2 1.2 1.3 1.4 

Temp. 13 12 14 14 13 14 14 14 17 18 17 

pH. 6.6 6.8 6.6 6.9 7.0 7.2 6.9 6.7 6.8 7.0 6.9 

Feed/D. 3 3 3 2/3 2/3 3 2/3 2/3 2/3 2/3 2/3 

FoodC. 7 13 13 13 9 11 7 18 9 9 13 

Trich. 90 100 100 100 100 100 100 100 100 100 100 

Gyrodc. 90 100 100 100 90 100 80 100 90 80 80 

Hexam. 0 20 0 10 0 10 0 10 0 20 50 

Cost. M 0 0 0 0 0 0 0 0 0 0 30 

Cost. G 0 0 0 0 0 0 0 0 0 0 10 

Chilod. 10 0 0 0 0 0 0 0 0 0 0 

Perit. 60 100 100 70 60 60 70 50 50 30 0 

Ich. M 0 0 10 0 30 70 70 50 80 20 20 

Ich. G 0 20 10 70 100 100 100 90 100 100 80 

Treatm. — - — - C — - — MG. MG. MG. 

The detail of the abbreviations is on p. 120. 
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Abbreviations used in the table. 

S.W.N = Sampling week number 

S.Dt. = Sample date (A=April; M=May; J=June 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm^) 

Temp. = Temperature ("O 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyred. = Gyrodactylus mucus infection % 

Hexara. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treatm.= Chemical treatment 

MG.= Malachite green. 

C = Only Chloraraine-T 

Table 22 shows the field of tank 3 is on p. 121. 
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Table 22. Summarised results of the third tank showing the 
prevalence of parasites over a period of 5 weeks. 

S.Dt. 4 Jul 11 Jul 20 Jul 27 Jul 5 Aug 

S.size 10 10 10 10 10 

Age 190 208 215 222 229 

Lgth. 13.0 14.0 14.9 15.8 15.2 

Wght. 28.55 33.3 43.4 46.9 43.0 

K.F. 1.3 1.2 1.3 1.2 1.2 

Temp. 15'C 16'C 16'C 16'C 17'C 

pH. 6.7 6.9 6.8 6.9 6.6 

Food/D. 2/3 2 2 2 2 

FoodC. 7 7 13 9 9 

Trich. 100 100 100 100 100 

Gyrod. 90 90 90 90 100 

Hexara. 80 40 10 40 0 

Cost. M 60 0 0 0 0 

Cost. G 60 0 0 0 0 

Chilod. 0 0 0 0 40 

Perit. 0 10 0 10 0 

Ich. M 10 10 10 50 10 

Ich. G 90 40 10 60 80 

Treatm. MG. MG. — -

The detail of the abbreviations is on p. 122. 
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Abbreviations used in the table. 

S.Dt. = Sample date (Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cmr 

Temp. = Temperature ("O 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treatm.= Chemical treatment 

MG.= Malachite green. 

Table 23 shows the field of tank 4 is on p. 123 
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Table 23. Summarised results of the fourth tank showing the 
prevalence of parasites over a period of 5 weeks. 

S.Dt. 4 Jul 11 Jul 20 Jul 27 Jul 5 Aug 

S.size 10 10 10 10 10 

Age 190 208 215 222 229 

Lgth. 13.3 16.6 16.4 14.1 15.8 

Wght. 37.3 55.4 59.7 49.0 47.6 

K.F. 1.3 1.2 1.7 1.7 1.2 

Temp. 12'C 16'C 16'C 16"C 17"C 

pH. 6.8 7.0 6.7 6.8 6.5 

Food/D. 2/3 2 2 2 2 

FoodC. 7 7 13 9 9 

Trich. 100 100 100 100 100 

Gyrod. 90 70 70 90 100 

Hexara. 0 30 20 60 0 

Cost. M 10 20 10 30 0 

Cost. G 10 30 0 0 0 

Chilod. 0 0 10 0 0 

Perit. 0 0 0 10 0 

Ichth.M 30 20 10 30 50 

Ichth.G 100 40 20 60 90 

Treatm. MG. MG. - — -

The detail of the abbreviations is on p. 124. 
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Abbreviations used in the table. 

S.Dt. = Sample date (Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature ( " O 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Sessile peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

Treatm.= Chemical treatment 

MG.= Malachite green. 

The description of the field data commences on page 125. 
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In tank 1 both Costia mucus and gill and Chilodonella 

infection prevalence remained zero, whereas low prevalence 

was recorded in tank 2, 3 and 4. 

On 21st April sessile peritrich infection was 20% 

prevalence in tank 1 and 60% in tank 2 (at 13°C). In both 

tanks 1 and 2 sessile peritrichs showed peak prevalence of 

100% in the second and third samples (at 12" and 14'C); 

thereafter prevalence reduced and zero prevalence was noted 

in the last sample. In tank 3 and 4 Peritrichs also showed 

low prevalence. 

On 4th July H. salmonis showed its maximum 80% 

prevalence in tank 3, and lower prevalence was recorded in 

the other three tanks (tank 1, 2 and 4). 

Over the whole survey Trichodina, Gyrodactylus and I. 

multifiliis mucus and gill infections were also recorded. 

In all sampling weeks Trichodina and Gyrodactylus 

infections showed high prevalence (70 - 100%) at 12° - 17°C 

in all 4 tanks. In the first sample on 21st April I. 

multifiliis gill infection was absent in both tanks 1 and 

2, but it later appeared with peak prevalence (100%) in 

tank 4 and 90% in tank 3. Infection prevalence increased 

with both sampling week and temperature. Heavily infected 

fish showed thick and dark mucus on the body surface and 

gill as compared with lightly infected fish. 

The changes in prevalence of Gyrodactylus, peritrichs 

and Ich mucus infection (see table 20), and a little change 

in Gyrodactylus, peritrichs and 'Ich' mucus and gill 

infection in last three weeks in tank 2 (see table 21) may 
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have been affected by the chemical treatment. Tanks 1 and 

2 were treated on 19th May with Chloramine-T (6 ppm) to 

control external parasites, whereas the last three samples 

of tank 1 and 2 and first two samples of tanks 3 and 4 were 

taken after treatment with Malachite green (dissolved at 

2.5 ppm) as a prophylactic for PKD infection. 

Data from this survey involving four tanks were stored 

in different files with identical structure. Since all four 

tanks were monitored in the same season, the data from all 

4 tanks were merged to form one combined file for analysis. 

Tanks 1 and 2 showed that ration consumption increased 

with the increase of temperature and fish age. Because 

growing fish required a sufficient amount of food in order 

to maintain the constant growth rate. Tables 20 and 21 show 

that ration levels remained 2 or 3 feeds per day. It is 

also clear from both tables that population of Trichodina, 

Gyrodactylus, peritrichs and 'Ich' mucus and gill infection 

was higher at a high temperature. Therefore, the stress 

problem may have been minimised by not feeding fish as 

often. In both tanks (Tank 1 and 2) water pH ranged 6.6 to 

7.0. 

The fry of tanks 3 and 4 were not at the same age as 

in tanks 1 and 2 (see table 22 and 23). The ration 

consumption did not change very much with the increase of 

time and temperature, and fry was fed twice a day. 

Therefore, ration consumption may have been affected by 

reducing feeding levels. In both tanks including H. 

salmonis at medium level the population of Gyrodactylus and 
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Trichodina and 'Ich' gill infection was also high. The 

range of pH in both tanks were same as in tank 1 and 2 (see 

table 22 and 23). 

3.6.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regression of the same parameters against age for fish 

lacking and with low and high burden of that parasite, to 

determine which types of infection were significantly 

correlated with change in these parameters. 

Trichodina is provided as an example of this analysis. 

Results from other parasites are provided in Appendix 5 

(see p. 314). 

3.6.a.l. Trichodina spp. 

Three hundred and eighteen (99%) fish carried 

Trichodina mucus infection, and only two (0.6%) fish were 

uninfected. Uninfected fish were not analysed due to the 

low number of fish. Consequently, only 318 fish were 

processed for statistical analysis on the basis of 

infection density. The data of the density of Trichodina is 

given in Appendix 9 (see p. 414). 

Fish with high infection weighed on average -6.3 g 

(confidence limits -5.59 and -3.99) less than fish with low 

infection (F=28.99; DF=1&312; P<0.001), see fig. 42 p. 128, 
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and the length of fish with high infection was on average -

0.75 cm shorter( confidence limits -1.01 and -0.44) than 

the length of fish with low infection (F=22.25; DF=1&312; 

P<0.001), see fig. 43, p. 129. 

The details of the regression analysis of 

Gyrodactylus, Peritrichs and both I. multifiliis mucus and 

gill infection and figures 44-50 are given in Appendix 5, 

and summary in Appendix 6, see table 13. 

0 
x 

x 

@ x 
x 

% 
a; $ x 

x 

25 
@ 

'f" o 

-r % § 
0 o 0 
6 0 

o 

O 
x 

AGE (DAYS) 

Fig. 42. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 
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Fig. 43. Regression with age of the length of 
rainbow trout Salmo qairdneri (Richardson) 
for fish low infected and high infected with 
Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish, 

Interaction effects of multiple infections on fish 

weight, length and condition factor were assessed by-

analysis of variance. 

With two-way (ANOVA) no significant results were found 

relating interaction with either weight or length. The 

following significant results were found with interaction 

on condition factor (Table 24) and by one-way (ANOVA) with 

weight, length and condition factor (Table 25). 

Table 24 and 25 is on page 130. 
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Table 24. Two-way analysis of variance showing interaction 
of multiple infection upon condition factor. 

Parasite Condition factor 

First Second F DF P 

Gyrodacty Ichth. M 8.290; 1&315; 0.004 

Peritrich Ichth. M 8.290; 1&315; 0.004 

Peritrich Ichth. G 14.382; 1&315;<0.001 

Underlined P values show significant interaction at the 5% 
level. 

Table 25. One-way analysis of variance of test for the 
effect of a second parasite on weight, length and 
condition factor of fish also infected with a first 
parasite. 

Parasite Weight Length 

First Second F DP P F DF P 

Trich. Gyrod. 6.020; 1&315; 0.015 Non.Sig. 

Trich. Perit. 11.292; 1&315; 0.001 14.477;1&315;<0.001 

Trich. Ich .M 6.795; 1&315; 0.010 Non. Sig. 

Gyrod. Perit. 10.486; 1&287; 0.001 12.315; 1&287;0.001 

Gyrod. Ich. M 5.652; 1&287; 0.018 Non.Sig. 

Perit. Ich. M 4.515; 1&132; 0.035 Non.Sig. 

Icht. M Trich. 23.307; 1&88; <0.001 15.137; 1&88;<0.001 

Icht. M Perit. 11.739; 1&88; 0.001 8.977; 1&88; 0.004 

Icht. G Trich. 24.010; 1&209;<0.001 23.757;1&209;<0.001 

Icht. G Gyrod. 4.047; 1&209; 0.046 Non.Sig. 

Icht. G Perit. 10.282; 1&209; 0.002 14.069;1&209;<0.001 

Icht. G Ich. M 4.616; 1&209; 0.033 Non.Sig. 

Table 25 continued on page 131. 
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Parasite Condition factor 

First Second F DF P 

Trichod. Ichthyoph: M 6.325; 1&315; 0.012 

Trichod. Ichthyoph: G 15.631; 1&315;<0.001 

Gyrodact. Ichthyoph. M 5.757; 1&287; 0.017 

Gyrodact. Ichthyoph. G 18.492; 1&287;<0.001 

Peritrich Ichthyoph. M 10.120; 1&132; 0.002 

Peritrich Ichthyoph. G 24.256; 1&132;<0.001 

Ichthy. M Peritrich 4.404; 1&88; 0.039 

-Ichthy. G Gyrodactylus 6.668; 1&209; 0.011 

Underlined P values show significant interaction at 

the 5% level <Non Sig. = non significant interaction 

results). 

Sixteen fish (5%) carried Costia mucus infection, 

eleven fish (3%) carried Costia gill infection, six fish 

(2%) carried Chilodonella mucus infection and fifty two 

(16%) fish out of 320 fish carried Hexamita gut infection. 

Regression analysis of the above parasites was not 

attempted due to the low numbers of infected fish. 

3.6.b. The relationship between prevalence of the PKD 

infection and a) the age of the fish, b) the temperature. 

In this section one example of the log-logistic model 

is given for the infection rate relationship with time 

<=age). Other details of the results are given in Appendix 

5. 

3.6.b.l. Trichodina spp. 

Trichodina mucus high infection rate significantly 

increased 1.01% per day with increase in age (at 0.4%, 1.6% 

confidence limits) see fig. 51 p. 132. 
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Fig. 51. Relationship between age and 
Trichodina spp. mucus infection rate in 
rainbow trout Salmo gairdneri (Richardson). 

Figures 52-58 and the detailed results of the other 

relationships between prevalence of the different parasitic 

infections and a) the age of the fish, b) the temperature 

are given in Appendix 5, and summarised in Appendix 6 

tables 14 and 15, where it is seen that Gvrodactylus and I. 

multifiliis gill infection showed significant relationship 

with both age and temperature, I. multifiliis mucus 

infection significantly increased only with temperature. 
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3.7. Sixth survey, at Rorosey fish farm, July to August 

1988. 

The third weekly survey commenced on 11th July to seek 

evidence of interaction between parasite and PKD 

infections. Over a five week period, 10 fish were sampled 

from two tanks. A total of 8 different parasitic infections 

were recorded from the 100 fish; these were 1 Trichodina 

spp., 2 H. salmonis, 3 Gyrodactylus spp., 4 Costia necatrix 

in body mucus and on the gill, 5 Chilodonella spp. 6 Sessile 

peritrichs, 7 I. multifiliis in body mucus and on the gill 

and 8 PKD. 

Description of the field data 

The field data showing the sampling week number, 

sampling date, sample size, temperature, mean fish length, 

weight and condition factor, foods per day, feed 

consumption, water pH, prevalence of both parasite and PKD 

and chemical treatment are shown in tables 26 and 27. 

The graphs showing the prevalence of parasites are in 

Appendix 11 (see p.426). 

Tables are continued from page 134. 
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Table 26. Summarised results from the first tank showing 
the prevalence of parasites over a period of 5 weeks. 

S.Dt. 11 Jul 29 Jul 5 Aug 12 Aug 19 Aug 

S.size 10 10 10 10 10 

Age 190 208 215 222 229 

Lgth. 12.8 13.5 14.6 15.2 15.6 

Wght. 27.8 33.5 42.8 43.2 46.5 

K.F. 1.3 1.4 1.4 1.2 1.3 

Temp. 15'C 16'C 16"C 16'C 17"C 

pH. 6.6 6.5 6.7 6.8 6.6 

Food/D. 2/3 2 2 2 2 

FoodC. 7 8 12 10 9 

Trich. 100 100 100 100 100 

Gyrod. 70 100 100 90 100 

Hexam. 60 10 10 40 0 

Cost. M 60 0 10 10 0 

Cost. G 40 0 0 0 0 

Chilod. 0 0 0 30 0 

Perit. 0 10 0 10 0 

Ich. M 10 10 10 40 20 

Ich. G 70 40 30 80 100 

PKD 70 90 100 50 60 

Treatm. MG. MG. MG. — -

The detail of the abbreviation is given on 135 
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Abbreviations used in the table. 

S.Dt. = Sample date (Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth. = Mean fish length of each sample (eras) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm^ 

Temp. = Temperature (°C) 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexam. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

PKD = Proliferative kidney disease % 

Treatm.= Chemical treatment 

MG.= Malachite green. 

Table 27 shows the data of tank 2 is on p. 136. 
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Table 27. Summarised results from the second tank showing 
the prevalence of parasites over a period of 5 weeks. 

S.Dt. 11 Jul 29 Jul 5 Aug 12 Aug 19 Aug 

S.size 10 10 10 10 10 

Age 190 208 215 222 229 

Lgth. 14.0 16.2 13.8 16.0 16.5 

Wght. 36.8 58.5 48.3 47.7 55.2 

K.F. 1.3 1.4 1.8 1.2 1.2 

Temp. 12"C 16'C 16'C 16"C 17'C 

pH. 6.9 6.7 6.8 6.6 6.7 

Food/D. 3 2/3 2 2 2 

FoodC. 7 8 12 10 9 

Trich. 100 100 100 100 100 

Gyrod. 90 90 80 100 100 

Hexam. 0 20 30 50 0 

Cost. M 10 20 10 10 0 

Cost. G 10 20 10 0 0 

Chilod. 10 0 0 0 0 

Perit. 0 0 0 10 0 

Ich. M 20 10 20 30 20 

Ich. G 80 60 20 60 90 

PKD 30 90 80 90 50 

Treatm. MG. MG. MG. — -

The detail of the abbreviations is provided on p. 137 
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Abbreviations used in the table. 

S.Dt. = Sample date (Jul=July; Aug=August 1988) 

S.size = Sample size 

Age = Fry age (days) 

Lgth- = Mean fish length of each sample (cms) 

Wght. = Mean fish weight of each sample (g) 

K.F. = Mean fish condition factor of each sample (g/cm*) 

Temp. = Temperature ("O 

pH = Water pH 

Food/D.= Feeds per day 

FoodC. = Food consumption (kg) per day 

Trich. = Trichodina mucus infection % 

Gyrod. = Gyrodactylus mucus infection % 

Hexajm. = Hexamita salmonis gut infection % 

Cost.M = Costia necatrix mucus infection % 

Cost.G = Costia necatrix gill infection % 

Chilod.= Chilodonella mucus infection % 

Perit. = Peritrichs mucus infection % 

Ich. M = Ichthyophthirius multifiliis mucus infection % 

Ich. G = Ichthyophthirius multifiliis gill infection % 

PKD = Proliferative kidney disease % 

Treatm.= Chemical treatment 

MG.= Malachite green. 

The description of the data commences on page 138. 
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In both tanks Chilodonella, Peritrichs and Costia in 

body mucus and gill infection showed low prevalence. 

Trichodina appeared with 100% prevalence in both tanks (at 

12° - 17°C), and Gyrodactylus mucus infection was also high 

and increased with increase of temperature. 

In tank 2 on 11th July H. salroonis gut infection 

showed 60% prevalence (at 15"C), whereas lower prevalence 

was recorded in tank 1. 

During the survey infection was present with both I• 

multifiliis at both body mucus and gill sites. In both 

tanks I. multif iliis gill prevalence was higher than I. 

multifiliis mucus infection. In the 2nd and 3rd sample in 

both tanks multifiliis gill infection reduced with 

increase of both time and temperature, but in both tanks 

its prevalence was noted to increase in the final weeks to 

reach a prevalence of 100% in tank 1 (at 17°C). 

On the first sample date 70% of the fish in tank 1 and 

30% of fish in tank 2 were found to carry PKD infection. 

PKD prevalence increased in the last two weeks, its peak 

prevalence (100%) on 5th August in tank 1 (at 16'C). The 

decline of I. multifiliis gill infection on 29th July and 

5th August may have been caused by the Malachite green 

treatment (2.5 ppm) as a prophylactic for PKD. Though PKD 

increased during the treatment. 

Tables 26 and 27 shows that in the first three 

sampling weeks food consumption increases with increases of 

temperature and time. On 12th and 19th August ration 

consumption decreased with the increase of time, but no 
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change in ration levels, possibly because of an increase in 

water temperature, parasitic population, high stocking 

density or chemical treatment. In this situation high 

ration levels are not suggested. Therefore, change in food 

consumption and no change in ration levels may have been 

affected by high PKD, Gyrodactylus Trichodina and 'Ich' 

gill infection or Malachite green treatment. In both tanks 

pH ranged 6.5 to 6.9. 

3.7.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

Using the analysis of covariance, the regressions of 

fish weight, length and condition factor against age for 

fish infected with each parasite were compared with 

regressions of the same parameters against age for fish 

lacking and with low and high burden of that parasite, to 

determine which types of infection were significantly 

correlated with change in these parameters. 

Gyrodactylus is provided an example of this analysis. 

Results from other parasites such as Trichodina, I. 

multifiliis gill infection, PKD and figures 61-66 are 

presented in Appendix 5. 

3.7.3.1. Gyrodactylus spp. 

Eighty eight fish (88%) carried Gyrodactylus mucus 

infection, and twelve fish (12%) were uninfected. 

Therefore, only infected fish were processed for analysis 

of covariance on the basis of infection density ( other 
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details are the same as described in chapter 2). The data 

of the density of Gyrodactylus is given in Appendix 10 (see 

p. 419). Fish with high infection weighed on average -7.16 

g (confidence limits -12.9 and -1.60) less than fish with 

low infection (F=6.50; DF=1&84; P=0.012), see fig. 59 p. 

140, and fish with high infection were on average -.81 cm 

shorter (confidence limits -1.49 and -0.14) than fish with 

low infection {F=5.78; DF=1&84; P=0.018), see fig. 60 p. 

141. 

Fig. 59. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish with low infection and with high 
infection with Gyrodactylus. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 
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AGE (DAYS) 

Fig. 60. Regression with age of the length of 
rainbow trout Salrno gairdneri (Richardson) 
for fish with low infection and with high 
infection with Gyrodactylus. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 

Interaction effects of multiple infection on fish 

weight, length and condition factor were assessed by 

analysis of variance. 

Two-way analysis of interaction provided no 

significant results. One-way analysis provided the 

following results on weight, length and condition factor 

(Table 28). Other details of the summarised results of the 

analysis of variance showing interaction between parasitic 

concurrent infections are provided in Appendix 7 (see table 

11 and 12). 
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Table 28. One-way analysis of variance to test for the 
effect of a second parasite in fish also infected with 
a first parasite. 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyroda. 12.053; 1&97; 0.001 6.300; 1&97; 0.014 

Gyroda. Trich. 9.417; 1&85; 0.003 10.661; 1&85;0.002 

Ich. G Trich. 9.330; 1&58; 0.003 11.575; 1&58;0.001 

Ich. G Gyrod. 9.312; 1&58; 0.003 4.665; 1&58;0.035 

PKD Trich. 8.278; 1&69; 0.005 10.732; 1&69;0.002 

PKD Gyrod. 11.721; 1&69; 0.001 6.189; 1&69; 0.015 

Parasite Condition factor 

First Second F DF P 

Trichod. Gyrodactylus 4.979; 1&97; 0.028 

Trichod. PKD 4.537; 1&97; 0.036 

Gyrodac. PKD 3.801; 1&85; 0.055 

Ichthy. G Gyrodactylus 4.813; 1&58; 0.032 

Underlined value show significant probability at the 
5% level. 

Thirteen fish (13%) carried Costia mucus infection, 

eight fish (8%) carried Costia gill infection, four fish 

(4%) carried Chilodonella mucus infection, twenty two fish 

(22%) carried Hexamita gut infection and nineteen (19%) 

fish out of 100 fish carried I. multifiliis mucus. 

Analysis of covariance of data containing the above 

parasites was not performed, due to the low numbers of 

infected fish (other details of the results see Appendix 

5) . 
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3.7.b. The relationship between prevalence of the PKD 

infection and a) the age of the fish, b) the temperature. 

In this section one example of the log-logistic model 

is given for the relationship of infection rate with age 

(other details of the results are given in Appendix 5 and 

summary in Appendix 6). 

3.7.b.l. Gyrodactylus spp. 

Gyrodactylus mucus high infection rate significantly 

increased with increase in age by 4.1% per day (at 

confidence limits of 0.7% and 7.9%), see fig. 67 p. 143. 

Infection also significantly increased with increase in 

temperature at 54.4% per degree (at 0.5%, 132.2% confidence 

limits) see fig. 68 p. 144. 

z 

AGE (Days) 

Fig. 67. Relationship between age and 
Gyrodactylus spp. mucus infection rate in 
rainbow trout Salmo gairdneri (Richardson) 
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Fig. 68. Relationship between temperature and 
Gyrodactylus spp. mucus infection rate in 
rainbow trout Salmo gairdneri <Richardson). 

The Gyrodactylus mucus density (nos./fish) significantly 

increased only with age (see Appendix 8 p. 400). 

Figure 69 and the detailed results of the other 

relationships between other parasitic infection and a) the 

age of the fish and b) the temperature are given in 

Appendix 5, and summarised in Appendix 6 tables 17 and 18, 

where it is seen that I. multifiliis mucus infection 

increased with the age of fish, I. multifiliis gill 

infection increased with temperature, and Trichodina and 

PKD showed no significant change with either time or 

temperature. 
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CHAPTER 4 

DISCDSSION 

4.1. Introduction to the discussion 

During the investigation 4 surveys were carried out at 

Itchen Abbas fish farm and 2 surveys were also made at 

Romsey fish farm. In each survey the population dynamics of 

the different fish parasites, their influence on fish 

growth and their relationship with age and with change of 

temperature are discussed. The sampling size, post mortem 

examination and the scraping (mucus, gut and gill) 

procedures are also compared with previous studies by 

others. Host responses involving mucus secretion and its 

causes, immune responses and behavioral responses and their 

effects on parasitic populations are also discussed in this 

chapter. The effects of a single high intensity parasitic 

infection upon other infections are considered in an 

interspecific competition section; and the chemical 

treatments which were used on the farms during this study 

and their effects on the parasitic populations are also 

discussed. Finally the general conclusions of the 

investigation, and the areas and suggestions for further 

investigation are described. 

4.2. General discussion of the surveys at the fish farms. 

In this section the results of each survey are 

discussed separately. During the survey the associated 

parameters such as temperature, change in parasitic 

population, over-crowding and change in stocking density 

are also discussed in detail. 

4.2.a. First survey, at Itchen Abbas, September to December 

1986. 

This survey commenced in the autumn period, in which 

2 tanks were monitored. During the early period (first 4 

samples) of the survey the prevalence of Gyrodactylus 

increased in both tanks (Tank A and B). Gyrodactylus showed 

a change in its prevalence after the separation of tank B 
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from tank A; this may be attributed to the reduction in 

stocking density. The abundance of gyrodactylid species is 

related to water temperature and stocking density (Kirby, 

1981), therefore the population of parasites can be higher 

in high stocking density and at higher temperatures. In 

over-crowded conditions (high stocking density) 

particularly, the transfer rate of parasites increases 

during feeding times and at slow water flow. Field studies 

have shown that the life-cycle of Gyrodactylus spp. is 

variable seasonally, presumably related to temperature 

fluctuations (Scott, 1984). Hoffman and Putz (1964) 

reported that temperature can influence the outbreaks of 

gyrodactylid species. On 15th October each and every fish 

had thick mucus and loss of scales as compared with earlier 

samples. These symptoms may have been due to the concurrent 

infection effect of Costia necatrix and Gyrodactylus (see 

table 1 and 2). Khan and Lacey (1986) found that cod 

infected with Trypanosoma murmarensis and Lernaeocera 

branchial is were poor in condition compared to fish 

infected with only one parasitic species, although one of 

these is an endoparasite. 

Fish heavily infected with Hexamita salmonis showed 

symptoms of yellow and watery fluid intestinal contents but 

these symptoms were also noted in some fish in which H. 

salmonis was not found; these symptoms may be due to H. 

salmonis or other stresses, because the fish were also 

infected with other parasites. Miura and Ohshima (1960) 

noted that fish infected with H. salmonis showed fatty 

change in the liver which is a common symptom in trout 

hatcheries. Further, these authors thought it may increase 

the disease condition by reducing the resistance of the 

fish. H. salmonis did not show much change in its 

prevalence in either tank. Tank A was treated in week 8 and 

9 with Furazolidone to control H. salmonis gut infection; 

the disappearance of H. salmonis gut infection may have 

been affected by this treatment (see table 1), but it also 

occurred in tank B, which was not treated. 
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Infection of both mucus and gills with C. necatrix was 

noted in both tanks. In tank B, C. necatrix mucus 

prevalence was a little higher in comparison to tank A. The 

higher prevalence of C. necatrix may be because of the 

decreased prevalence of Gyrodactylus (see table 2). For 

example, on 22nd October Gyrodactylus prevalence was 30%, 

whereas C. necatrix showed its peak prevalence (100%) (see 

tank B). This is consistent with the proposition that the 

presence of one parasite is influenced by the low/high 

prevalence of other parasites. The same observations were 

also noted in tank A. 

The loss of scales may be caused when a fish sheds its 

mucus layer. The mucus layer was reduced in thickness from 

29th October, and the decrease in prevalence of 

Gyrodactylus and C. necatrix may be attributed to the fish 

sloughing off layers of 'mucus' to which the parasites were 

attached (Tank A and B). It was confirmed from the 

remaining samples that fish which showed a reduced amount 

of mucus also displayed a low parasitic prevalence. C. 

necatrix gill infection showed lower prevalence in tank B, 

possibly because of the reduced prevalence of C. necatrix 

in mucus. Since C. necatrix is a small, fast-moving 

protozoan parasite, it can be found on any part of the 

body. This may be the reason for finding C. necatrix on 

both mucus and gills. It is also possible that there was a 

medium rate of C. necatrix transfer from mucus to gill or 

high rate of parasite transferred to other fish. The 

decline of the Costia mucus population may be due to the 

low temperature, or the life-cycle of the parasite may be 

slow in a satisfactory water supply. 

During the 11th, 12th and 13th weeks of sampling, I. 

multifiliis showed an increase in its prevalence in both 

tanks (Tank A and B). The fish had gill infection only. 

This infection may have occurred due to poor environmental 

factors, such as poor water supply and slow water flow, 

which may also have contributed to the significant increase 

of this infection. It may also have arisen due to 

favourable condition for the life-cycle. In week 13 

147 



roultifillis prevalence declined in tank B which was treated 

with Chloramine-T by mistake, and the reduction may 

possibly be due to the effect of Chloramine-T. It is clear 

from tables (Table 1 and 2) that parasites did not show a 

large variation in their prevalence in tanks A and B, 

except that in tank A 'Ich' gill infection did not decline 

with treatment. The decrease in parasitic prevalence 

therefore may or may not be due to treatment. It has to be 

considered whether the change in parasitic population may 

be due to change in water temperature, water quality, 

reduction in stocking density or immune response, which 

increase with the increase of fish age (Hines and Spira, 

1974c). 

4.2.b. Second survey, at Itchen Abbas, January to May 

1987. 

In tank 1 the prevalence of Trichodina, H. salmonis, 

C. necatrix, Chilodonella and sessile peritrichs increased 

with increase of both temperature and time, because the 

warmer temperatures are more suitable for the life-cycles 

of these parasites. At low parasitic prevalence fish did 

not show thick mucus nor loss of scales in tank 1. The 

secretion of thick mucus is the main response of infected 

fish, therefore decline in infection may be due to this 

host response (Bauer, 1962). However, on 12th February a 

change occurred in the character of the mucus (i.e. it 

became thick and cloudy), and loss of scales was also 

noted. This may have been due to the increased prevalence 

of Trichodina, Chilodonella, sessile peritrichs and Costia 

mucus infection. 

In week 4 fry showed less mucus and loss of scales as 

compared with the previous week. This may have been 

effected by the Chloramine-T treatment or to the fact that 

heavily infected fish tend to shed their mucus layers. The 

mucus layer increased in thickness again in weeks 5 and 6, 

this may have been due to the high parasitic burden of the 

fish such as Chilodonella, sessile peritrichs and Costia 

mucus infection (see table 3). On 5th May prevalence of 
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Trichodina and Costia mucus infection declined and the 

mucus layer also reduced in thickness; these effects may be 

attributed to the second dose of treatment or peak 

prevalence of Chilodonella and sessile peritrichs. The 

prevalence of both Trichodina and Costia mucus infection 

also reduced on 19th May; though no treatment was applied, 

and the prevalence of Chilodonella and sessile peritrichs 

reduced to 27%. This shows that possibly the change in 

prevalence may have been due to the removal of mucus or low 

prevalence of Gyrodactylus. 

The decline in prevalence of Chilodonella and 

peritrichs may have been caused by the increased prevalence 

of Trichodina and Costia mucus infection. Their lower 

prevalence as compared with Trichodina and Costia, may be 

due to the interaction between the different parasitic 

species. The presence of one species of parasite may affect 

the population of other species (Kennedy, 1977). It is 

clear from table 3 that Chilodonella disappeared and 

peritrichs showed low prevalence, when Trichodina and C. 

necatrix were at high prevalence. Smears of the body mucus 

of fish infected with C. necatrix showed higher abundance 

than gill preparations (Fish, 1940). Therefore, the 

increase of Costia gill infection, was probably due to the 

increased prevalence of C. necatrix mucus infection. The 

prevalence of H. salmonis infection increased with time, 

probably because of poor water quality. Davis (1926) 

reported that the chronic form of hexamitiasis was most 

prevalent during the spring and early summer. 

In tank 2 Chilodonella showed a higher prevalence 

compared to tank 1. This may be because of the absence of 

chemical treatment. The decline in prevalence of 

Chilodonel la may have been effected by the change in 

temperature, or the fish may have lost parasites because of 

the moulting of the mucus layer. The population of Costia 

increased with time, a change which appeared to be 

associated with the decline in some other parasitic 

infections. In the first 4 weeks the mucus layer was normal 

(thin) perhaps because of a low parasitic burden. The mucus 
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increased in thickness from 5th March, a change which may 

be linked with the higher parasite prevalence. On 26th 

March, the prevalence of Costia and Chilodonella began to 

decline, which may have been linked with the abundance of 

Trichodina and the increase of the sessile peritrich 

population. The loss of parasites may have also been 

connected with the shedding of mucoid material. Tank 2 

showed high parasitic prevalence as compared to tank 1. The 

higher prevalence in tank 2 may be because of the absence 

of chemical treatment, although unlikely to be as 

temperatures should be the same small sample sizes may have 

affected the observations. 

Low parasitic prevalence was noted in tank 3. H. 

salmonis prevalence increased with time, but was mostly 

noted in wet weather, during which the water supply was 

dirty, and the poor water quality may have caused increased 

infection. 

In tank 3 Trichodina showed lower prevalence compared 

with other tanks. This parasite bears a ring of teeth and 

feeds on mucoid material. In February and early March 

Trichodina were absent and other parasites had lower 

prevalence; therefore this may be the reason for the thin 

mucus. In tank 3, sessile peritrichs almost disappeared in 

all the sampling weeks. They may have been affected by 

chemical treatment or by higher prevalence of Chilodonella 

and Costia mucus infection. The sessile peritrichs are 

always found in colonies. Fish in poor condition and bad 

water quality provide suitable conditions for sessile 

peritrichs. Sessile peritrichs are indicators of poor water 

quality (Korting, 1984). On 16th, 23rd and 30th March the 

gills of fry were covered with thick mucus, a symptom which 

may be due to increased Costia gill infection, excessive 

weed contamination or dirty water supply. 

On 6th and 13th April almost every fish showed 

symptoms of yellow intestinal contents; this may have been 

caused by a heavy infection of H. salmonis in the gut 

infection or stress imposed by other parasites such as 

Trichodina, Gyrodactylus or I. multifiliis gill infection. 
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In tank 4 the sessile peritrich population was higher 

compared to Chilodonella, but the decline in the prevalence 

of both parasites may have been the result of treatment or 

higher prevalence of other parasites (see results table 6). 

On 16th March the fry showed a moderately thick white mucus 

but no loss of scales, and their gills were also covered 

with white thick mucus. These concurrent symptoms of both 

mucus and gill were only noted in a poor water supply and 

high parasitic prevalence. Trichodina showed a higher 

prevalence with an increase of temperature. A Chinese 

specialist (Anon., 1973) reported that outbreaks of 

trichodinids during the period from May to August may have 

been because of high temperature. In week 5 both Costia 

mucus and gill infection disappeared, possibly because of 

chemical treatment or peak prevalence of Chilodonella and 

sessile peritrichs. On a subsequent visit on 6th April 

infection of both mucus and gills with Costia revealed its 

peak (100%) prevalence, and both Chilodonella and sessile 

peritrichs disappeared, possibly through effects of 

Chloramine-T treatment or the interaction with high 

population of other parasites. 

Gyrodactylus and I. multifiliis mucus and gill 

infection were noted with low prevalence. The change in 

prevalence of these parasites may be due to several causes. 

For example, fish may have lost parasites during the 

journey to the laboratory because of stress. Change in 

temperature during transportation may have affected the 

parasite prevalences, change in pH and oxygen concentration 

may also be factors in declining parasitic prevalence, and 

low sample size may not be accurate enough to detect the 

evidence of parasitic disease in high stocking density. 

Trichodina, H. salmonis and C. necatrix mucus and gill 

infection as well as Chilodonella occurred at the same 

time. Therefore, fish showed multiple infection, and it was 

not possible to test fish only with single parasitic 

infection. Therefore, the test for interaction was applied, 

in order to interpret their multiple effects. The 

populations of Trichodina are dynamic, and the increase in 
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prevalence in older fish may be attributed to fish gaining 

parasites rather than losing them as they get older, and 

due to the length of time that parasites and hosts have had 

to make contact. Therefore, at peak prevalence (100%) it 

was not possible to analyse the effects on fish on the 

basis of comparison between infected and uninfected groups. 

4.2.C. Third survey, at Itchen Abbas, April to July 1987. 

On 1st April in tank 1 Gyrodactylus showed a lower 

prevalence as compared with other ectoparasites such as 

Trichodina, C. necatrix both mucus and gill, H. salmonis 

and sessile peritrichs, whereas I. multifiliis and 

Chilodonel la were not recorded. At this time the 

fingerlings were being graded and possible stress problems 

were reduced by not feeding the fish {Pers.Comm.Manag.) , so 

that the fingerlings had little chance of contact. The 

moving of Gyrodactylus bullataradis directly from one fish 

to another during the contact is considered to be the 

predominant source of transmission reported by Scott and 

Anderson (1984). In the large tank the transfer rate of 

parasites remained low because of reduced stocking density. 

On 1st May the fish were being fed on normal ration levels 

and parasites showed a higher prevalence compared with the 

April sample. The parasites can be transmitted during 

feeding times, because of collision. For this reason, or 

because of the rise of temperature, parasitic prevalence 

increased during April. The mucus also increased in 

thickness from this month. The decline in C. necatrix mucus 

infection with rise of temperature may have been affected 

by the presence of the other parasites such as Trichodina, 

Gyrodactylus, Chilodonella, sessile peritrichs and ' Ich' 

mucus infection. In May and June samples the fingerlings 

showed heavy mucus and a loss of scales as compared with 

the April sample. The decline in C. necatrix gill infection 

may be the result of infection of gill by I. multifiliis. 

Trichodina showed 40% prevalence in April and, 87% in May 

and June eventually peaked in July. The change in 

Trichodina infection may be attributed to the increase of 
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temperature or change in Gyrodactylus and Costia mucus 

infection. 

In tank 2 on 8th May Chilodonella and sessile 

peritrichs were not noted. C. necatrix were recorded in 

mucus and gill samples, but their prevalence decreased and 

they eventually disappeared in July and August. Their 

prevalence may have been affected by the higher prevalence 

of other parasites (see table 10). On 8th July fish showed 

heavy mucus and loss of scales, perhaps because of the high 

parasitic burden. The loss of parasites, notably 

Trichodina, may also have been effected by sloughing of the 

mucus layer associated with increase of temperature. H. 

salmonis gut infection declined with age. Low stocking 

density, normal feeding levels and improved water 

temperature parameters are not associated with hexamitiasis 

(Uzman et al. , 1965), therefore, this may have been the 

reason for the decline of infection with time. Gills were 

covered with thick dark mucus, which might be due to the 

abundance of I. multifiliis gills infection. I. multifiliis 

gill infection also increased with the increase of 'Ich' 

mucus infection. I. multifiliis infection of gill and in 

the mucus appear to be correlated with each other. The 

intensity of I. multifiliis gill infection peaked in June 

<45 individuals/gill); however, I. multifiliis mucus and 

gill infection was noted in all months, showing higher 

prevalence particularly in the summer period, possibly 

because of the high temperature. The increase in 'Ich' 

prevalence also correlated with symptoms of the gill and 

mucus. Hines and Spira (1973a) recorded a high population 

of 'Ich' in fish which showed heavy debris and mucus 

present in the gills and/or epithelial proliferation of the 

gill filaments. During such favourable conditions for the 

growth of tomites and trophozoites these parasites increase 

very rapidly particularly in the warm season because of 

rise in temperature. 

In tank 3 Trichodina showed a higher prevalence 

compared with Gyrodactylus and I. multifiliis mucus and 

gill infection. Trichodina showed higher prevalence in May, 
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June and July, because the warm temperature is more 

suitable for its life-cycle. At peak prevalence of 

Trichodina (100%) 47% fish showed heavy mucus infection, 

possibly because of the higher Gvrodactylus burden. In 

August both Gyrodactylus and Trichodina reduced in their 

prevalence, perhaps because of change in temperature. Fish 

with heavy mucus were noted at high parasitic burden. Heavy 

mucus and loss of scales are attributed to the active 

movement of parasites and their feeding on the body mucus 

of fish. 

During this survey Chilodonella, sessile peritrichs 

and Costia (both mucus and gill infection) showed lower 

prevalence when compared to Gyrodactylus, Trichodina and 

multifiliis gill infection. Therefore, these high parasitic 

populations may affect the abundance of other parasites. 

For example, lower population of sessile peritrichs, Costia 

and Chilodonella are less pathogenic, and at low prevalence 

they do not harm fish; however infection can be dangerous 

in weak fish, particularly in crowded conditions. 

4.2.d. Fourth survey, at Itchen Abbas, April to August 

1988. 

During this survey H. salmonis, C. necatrix, 

Chilodonella, sessile peritrichs and I. multifiliis mucus 

infection showed low or zero prevalence in tanks 1 and 2. 

Trichodina showed a high prevalence in all sampling weeks; 

in week 1 and 2 fry showed normal mucus thickness (thin 

layers) in both tanks, but the mucus layer increased in 

thickness after 11th May. Trichodina feeds on debris of 

epithelial cells and micro-organism such as bacteria and 

fungi, therefore the omnivorous diet of Trichodina could be 

the reason for causing heavy mucus. High levels of 

Trichodina are associated with the increase of temperature, 

time and low water quality. Gyrodactylus infection level 

also increases with the increase of temperature and time. 

However, sudden changes in prevalence (increase/decrease) 

may be attributed to the transfer of parasites which is 

well documented. The transmission of Gyrodactylus species 
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in usually through contagion (Bychowsky, 1957). 

Gyrodactylus density increased with the increase of time 

and temperature. Table 1 in appendix 10 shows the maximum 

nos. of 60 flukes per fish in week 10 at 15'C, possibly 

because of low density of Trichodina (see Appendix 9 table 

1), and low prevalence of Ich mucus infection (see results 

table 14). In crowded conditions it is transmitted via the 

substrate (Lewis and Lewis, 1963). Kamiso and Olson (1986) 

observed the transmission of G. stellatus when infected and 

uninfected fish were allowed to mix with each other. The 

prevalence of Trichodina did not decline with the increased 

prevalence of Gyrodactylus, however the density of 

Trichodina was affected. The density may have declined due 

to the effect of the moulting of mucus in early July, for 

mucus was observed to reduce in thickness from 8th July. 

The low level of Trichodina infection was also noted on 

gills, possibly because Trichodina is a mobile peritrich 

and high level of mucus infection may have infected the 

gill. I. multifiliis showed a high prevalence on gills 

possibly due to the faster growth of parasites at the 

suitable temperatures. In both tanks 1 and 2 chemical 

treatment was not used (see tables 14 and 15). On 8th June 

'Ich' gill infection intensity reached its maximum level 

(40 individuals per fish), possibly because of peak 

prevalence. It is also clear from the field data (see table 

14) with the decline of prevalence intensity of 'Ich' gill 

also reduced (see Appendix 10, table 1). 

Sampling of tanks 3 and 4 commenced on the same date. 

In both tanks parasites showed a lower prevalence compared 

with tanks 1 and 2. Trichodina showed low prevalence, and 

increase in lower density (see Appendix 9) in both tanks 3 

and 4, possibly because of the increased population of 

Gyrodactylus and 'Ich' mucus. H. salmonis was higher in 

tank 3 compared with tank 4. However, infection declined 

with the age of the fish; it may have been affected by an 

immune response or improved water quality. In tanks 3 I. 

multifiliis mucus infection increased in week 2 and 

decreased in week 3 and 4, it eventually disappeared from 
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the last two weeks, and in tank 4 'Ich' mucus with little 

variation in its prevalence was noted in all samples. In 

tank 3 and 4 'Ich' gill infection was high and parasites 

ranged 2-10 per fish in first 4 weeks, and in final two 

weeks its prevalence decreased. The change in prevalence 

may have been caused by Oxolinic treatment. The data of the 

intensity of 'Ich' gill is given in Appendix 10. 

4.2.e. Fifth survey, at Romsey fish farm, April to August 

1988. 

In both tanks 1 and 2 H. salmonis, Chilodonel la, 

Costia mucus and gill infection prevalence remained at zero 

or low levels, which coincided with the contemporaneous 4th 

survey at Itchen Abbas fish farm. Sessile peritrichs are an 

indicator of poor water quality, and they had a high 

prevalence only in the fifth survey, at Romsey fish farm. 

This indicates that during the summer period, the water 

quality of Romsey fish farm was less satisfactory than at 

Itchen Abbas fish farm. In all sampling weeks Trichodina, 

Gyrodactylus and I. multifiliis gill infection abundance 

remained dominant, compared with other parasites. During 

the sampling weeks sessile peritrichs showed a change in 

prevalence which may have been affected by an improved 

water supply, abundance of other ectoparasites or chemical 

treatment. During the survey I. multifiliis mucus 

prevalence remained low compared with that of sessile 

peritrichs but its prevalence increased with time, possibly 

because of the increase in 'Ich' gill population. A minute 

change in 'Ich' mucus may have been affected by Malachite 

green treatment or a change in temperature. It is clear 

from the tables that the abundance of Trichodina, 

Gyrodactylus and I. multifiliis gill infection remained 

high at higher temperatures (see table 20-21). Therefore, 

in order to understand the change in parasitic abundance in 

different sampling weeks, criteria of density and intensity 

were applied. For example, in week 1 Trichodina showed 80% 

with low and 10% with heavy infection levels, and 10% of 

fish were uninfected (see Appendix 9 table 5). On 21st 
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April Gyrodactylus peaked with 100% prevalence <19 

flukes/scrape). On 28th April, 60% of fish carried 

Trichodina low infection and 40% of fish were heavily 

infected, and Gyrodactylus population had also increased 

(75 flukes/scrape). It is clear from these observations 

that the density of Trichodina and Gyrodactylus changes 

with the change of temperatures and time (for detail see 

Appendix 9 and 10). 

However, by 12th May the density of Trichodina and 

Gyrodactylus had become reduced, possibly because the fish 

may have lost parasites by sloughing of mucus or due to the 

abundance of sessile peritrichs. On 26th May Trichodina 

showed its highest density, whereas prevalence of sessile 

peritrichs and I. multifiliis mucus infection were reduced. 

The change in prevalence may have been affected by the high 

density of Trichodina or fish were losing sessile 

peritrichs and I. multifiliis mucus infection to other 

infected fish. The decline in the peritrich population 

could be the result of improved water supply. On 30th June 

the density of Trichodina was reduced, possibly because of 

reduced mucus, treatment or the change in temperature. 

In early sampling weeks the prevalence of I. 

multifiliis gill infection increased with time in both 

tanks Tank 1 and 2. After 12th May in all sampling weeks I. 

multifiliis gill infection increased to its peak 

prevalence. In week 9 decline in prevalence was noted in 

tank 1, and in tank 2 infection prevalence declined in week 

11. The decline in prevalence may be due to the effect of 

Malachite green. On 19th May maximum 'Ich' gill infection 

intensity was recorded (13 individuals/ gills) and fish 

were also heavily infected with Trichodina and Gyrodactylus 

(i.e. 23 flukes per host). On 12th May I. multifiliis gill 

infection increased, possibly because of the rise in 

temperature which may cause faster growth of the 

trophozoites and tomites. In addition, poor water quality 

and heavy mucus in gill may favour 'Ich' (Hines and Spira, 

1973a). Consequently, at higher temperature these 

parameters may have promoted the abundance of 'Ich*. On 9th 
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and 16th June the intensity of I. multifiliis gill 

infection decreased in tank 1; and on 16th June in tank 2; 

a maximum of 11 and 12 individuals on both gill arches was 

noted and fish were also less infected with other parasites 

(see Appendix 10, tables 5 and 6). The chemical treatment 

may have affected the intensity of 'Ich' as well. By 23rd 

June in tank 1 I. multifiliis had begun to increase in its 

intensity (14 individuals/ gills); this increase of 

intensity may be because of increase of temperature. 

Sampling of tanks 3 and 4 were monitored in July and 

August, and parasite prevalence was not very much different 

from tanks 1 and 2. Trichodina, Gyrodactylus and I. 

multifiliis showed a high prevalence compared to H. 

salmonis, Costia, Chilodonella and sessile peritrichs. The 

decline in sessile peritrichs may be because of the good 

water supply, and reduction of Costia infection may be 

because of Malachite green or a high abundance of other 

parasites (Table 22 to 2 3 K In July sampling weeks both 

Gyrodactylus and Trichodina showed high abundance because 

of the warm temperature. 

On 4th July Gyrodactylus were found at a maximum 

density of 5 and 6 flukes (Appendix 10 tables 7 and 8). On 

11th July in comparison to tank 4 a smaller number of 

flukes were recorded in tank 3, perhaps because of the high 

density of Trichodina (60% heavy infection). This could be 

due to interaction between the two parasites or because 

flukes may have been lost during the feeding time. On 20th 

July Gyrodactylus density increased to its maximum range 

(20 flukes in scraped area) and fish lost less scales. In 

both tanks 3 and 4 on 27th July the density of Trichodina 

had declined and the density of Gyrodactylus had increased. 

The Trichodina density may have been reduced because of the 

removal of mucus or the effect of the abundance of 

Gyrodactylus. In every sampling week almost every fish 

showed heavy mucus and loss of scales. This may be due to 

high prevalence of Gyrodactylus and Trichodina. On 5th 

August Gyrodactylus showed higher prevalence and its 

density increased in both tanks, possibly because of the 
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rise in temperature or low density of Trichodina, other 

parasites showed nil or low prevalence. 

I. multifiliis gill infection showed its high 

prevalence in both tanks 3 and 4, whereas I. multifiliis 

mucus infection decreased with the declined intensity of 

gill infection, possibly because of the slow development of 

trophozoites, treatment or less mucus in the gills. This 

may be the reason for the decline of 'Ich' mucus infection 

in week 2. In week 4 and 5 'Ich' gill infection prevalence 

began to increase with the rise of temperature and time. On 

27th July 'Ich' gill intensity increased, (11 individuals/ 

gill) and its prevalence also increased. On 5th August 

'Ich' gill at 80% prevalence showed high intensity of 12 

individuals/ gill in tank 3, as well as in tank 4 at 90% 

prevalence with an intensity of 11 individuals/gill (see 

Appendix 10, table 7 and 8). 

4.2.f. Sixth survey, at Romsey fish farm, July to August 

1988. 

Costia, Chilodonella, sessile peritrichs and 

H. salmonis showed zero/low prevalence in both tanks (Tank 

1 and 2). Whereas, Trichodina, Gyrodactylus and I. 

multifiliis showed high prevalence, possibly because of the 

faster development of tomite at a suitable temperature as 

explained in the earlier part of the discussion. Two 

samples in July and 3 in August were collected from Tanks 

1 and 2 at Romsey fish farm. During this survey PKD was 

more highly prevalent in the Romsey fish farm than in the 

Itchen Abbas fish farm; possibly the water quality of 

Romsey fish farm was not very good. PKD is a temperature 

dependent disease which only occurs in the summer period 

because of a rise in temperature. It is clear from the 4th 

survey at Itchen Abbas fish farm that the abundance of 

parasites, particularly sessile peritrichs, was less 

compared with Romsey fish farm. The observation that other 

parasites in the 6th survey were similar to those in the 

fifth survey at Romsey fish farm means that this section is 

only related to PKD, which was noted in both tanks 1 and 2. 
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Initially high infection was noted only in tank 1, although 

both tanks are at the same site of the fish farm, but with 

independent water supply, and the samples from both tanks 

were also collected on the same time, date and temperature. 

The reasons for the difference of PKD prevalence in the two 

tanks were not obvious, but may be because the fish of tank 

1 were highly susceptible, although the fry were of the 

same brood stock. In week 2 the PKD prevalence increased in 

both tanks, possibly because of increase of temperature. 

Although chemical treatment was applied to control PKD, the 

results did not show a great reduction in PKD prevalence. 

On 5th August 100% PKD was noted in tank 1, and 30% of fish 

had high infection, whereas in tank 2, 80% of fish had low 

PKD levels as compared with tank 1. In tank 1 fish had low 

PKD infections in weeks 4 and 5; the heavily infected fish 

may have died, and healthy fish were not catching PKX very 

quickly (perhaps because of immune response, improved water 

quality or Malachite green treatment). 

4.3. Fish Growth 

The growth of fish can be affected by poor water 

quality, fewer feeds and stress due to parasitic diseases. 

Therefore, in this section the discussion is associated 

with the different ration levels and changes in water 

quality. 

In Oregon, U.S. Hermann et al. (1962) observed that at 

20'C coho salmon Oncorhynchus kisutch in different seasons 

of the year was not susceptible to the effect of decreased 

oxygen concentrations; their susceptibility decreased as 

fish grew older and larger. However, in two different 

summers and autumns, these authors noted the lethal and 

depressing effects of low oxygen concentration because some 

toxic substance leached from the water supplying pipes. 

In the present study, particularly at the higher 

parasitic population densities, both mortality and 

susceptibility problems were reduced by minimising feeding 

levels, reducing stocking density and grading fish less 

often. The mortality, morbidity and growth may have been 
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affected by the combined effect of poor water quality (i.e 

lower oxygen concentration) and parasitic burden. 

Therefore, the result of analysis of water samples at 

different temperatures should be related to the outbreak of 

parasitic diseases. 

The difference in growth rate between mature and 

immature fish may be related to the reduction in somatic 

cell division. Mature fish require more energy to produce 

gonads, and after growth may have been affected by 

parasitic infection and low water quality. Therefore, these 

may have been reasons for declined growth efficiency with 

the increase of ration levels (Paloheimo and Dickie, 

1966b). In the present study fry were used, of under one 

year old, and growth of fry also showed a significant 

relationship with some parasitic infections, although the 

fry were of the same brood stock, and monitored under the 

same management methods. Therefore, the change in fish 

growth may have been linked with parasitic disease. 

In Oregon, at the maintenance ration level the growth 

efficiency of trout increases with food consumption 

(Wurtsbaugh and Davis, 1977). The authors, however, noted 

declined efficiency at maximum feeding levels. The change 

in growth efficiency may have been affected by a decrease 

in assimilation or increased activity of the fish (Averett, 

1969; Kerr, 1971). Wurtsbaugh and Davis (1977) did not find 

such differences in their experiments. Infected fish may 

undergo a stress response by which they may not have eaten 

enough food to maintain their growth rate. The growth of 

fish is correlated with water temperatures and its quality. 

The change in growth efficiency may have been caused by 

greater variations in water temperature or poor water 

quality. 

The difference in food conversion efficiency and 

growth of fish may be due to seasonal changes and 

temperatures (Brown, 1946a; Anderson ,1959; Averett, 1969 

and Gross et al., 1965). Both growth of rainbow trout and 

parasitic abundance are related to age and water 

temperatures. During the present study, the effect on fish 
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growth and food consumption may have been due to different 

ration levels, or stress may be due to high stocking 

density in the tank and/or parasitic population. 

Lee (1969) found no seasonal differences in fish 

growth of black bass Micropterus salmoides and Elliott 

(1975c) found that the rate of weight loss in starving 

brown trout Salroo trutta was constant at 13°C but it 

increased at high temperature. During the present study 

seasonal variation was noted in parasitic prevalence in 

both fish farms. High parasitic populations were noted in 

the summer period, possibly because of the suitable 

temperature for their life-cycle. Consequently, in the 

summer periods both the general condition of the fish (skin 

mucus, scales and fins) and growth (weight and length) may 

have been affected by the parasitic population. It is clear 

from the results that parasitic infection showed a 

relationship with temperature and with time (age), and 

infected fish also showed a relationship between fish 

weight, length or condition factor and certain parasitic 

infections (see results summary in Appendix 6). 

The present survey, and previous studies by others 

have confirmed that in trout farms the ectoparasites are 

troublesome and affect the health of rainbow trout. During 

time with high parasitic burdens, fish may undergo stress 

conditions by which food intake can be affected. The growth 

of fry can be affected at higher temperatures, possibly 

because of high stocking density, poor water quality, 

recirculation of the water and inadequate feeding 

conditions (Korting, 1984). During the present study this 

may have been the reason for reducing the stocking density 

(results table 1 and 2) and food levels at high 

temperatures (results table 3 and 4). 

Khan and Lee (1989) observed that cod infected with 

Lernaeocera branchialis consumed more food and gained more 

weight compared to uninfected fish, possibly the fish were 

infected with immature parasites. It would have been 

interesting to know the parasitic relationship with 

temperature in this case. It may be possible that the 
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growth of infected fish may have been more affected by the 

change of temperature or immune responses. The parasitic 

reproduction rate is also temperature dependent. The 

temperature and seasonal changes also affect the food 

consumption, growth of fish and parasitic population as 

reported by a number of authors. 

During the present study the reduction in fish growth 

may have been linked with less food intake, because the 

parasites are capable of producing a different kind of 

effect in fry by disturbing food intake (Khan, 1988). 

Cod fish infected with L. branchialis showed a lower 

concentration of liver lipids (Mann, 1953; Kabata, 1958). 

Therefore, the delay in development in gonads may have been 

affected by parasitic infection (Kabata, 1958; Natarjan and 

Balakirshnan Nair, 1977; Hislop and Shanks, 1979). 

It is also evident from the present study that the 

majority of infections carried by fry were saprophagous 

ectoparasites. The most common symptoms shown on fry were 

the sloughing of mucus, loss of scales and fin frayal. It 

may be worth considering whether the loss of fish weight 

may have been due to an extra amount of energy required to 

produce these symptoms in order to keep the parasitic 

burden below the lethal level. 

Templeman et al. (1976) observed that the prevalence 

of infection in sexually mature cod fish in Newfoundland 

seas was lower than in immature fish of the same size. 

These authors thought that the parasite delayed the onset 

of sexual development and caused the fish to be immature at 

a large size and age because infected fish grow more slowly 

than uninfected fish. The authors, however, did not comment 

on the immune system or any environmental parameter, such 

as temperature and time which may have affected the 

development. It is possible that the low prevalence in 

immature fish may have been effected by immune responses. 

Bigger fish with more developed immune responses being 

capable of maintaining their constant growth rate at low 

infection levels. The smaller fish are highly susceptible 
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because of lower immune responses reported by a number of 

authors. 

For example, Phillips and Wakelin (1976), Cox (1977) 

and Bell et al. (1984) in their studies on concurrent 

parasite infectious have observed that protozoan parasites 

are capable of accelerating the effects of another 

parasite. 

Khan and Lacey (1986) reported that cod infected with 

Trypanosoma murmensis and L. branchialis were poor in body 

condition as compared to those with one parasitic species. 

This effect is evident in the present study, the fish 

were infected with different parasitic species, and change 

in fish weight and length, heavy mucus and loss of scales 

may have been enhanced by multiple infections. 

Khan (1988) observed the intensity of L. branchialis 

reduced because of the multiple infection. During the 

present study similar observations were noted, for example 

Chilodonella and sessile peritrichs (see results table 4). 

Mann (1953) reported that infected fish consumed less 

oxygen than uninfected fish. During this investigation high 

parasitic prevalence increased the mucus quantity, 

therefore, thick and dark mucus may have increased the 

impermeability of gills and skin and possibly fish may have 

died because of the low intake of oxygen. 

4.4. Sampling Size 

This section deals with the sampling size, because in 

the past different sampling sizes have been suggested for 

parasitological examination. Therefore, it is necessary to 

discuss to what extent the sampling size of the present 

study agrees with previous studies by others. 

During the present investigation, a total of 6 surveys 

were carried out at two different fish farms. During the 

first survey two tanks were monitored. A sample of 15 fish 

from the first and last two weeks and ten fish per week for 

nine weeks were sampled from both tanks. This was the first 

survey of the present study and for reasons related to the 

time taken to complete all post mortems the sample sizes of 
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15 and 20 fry were found to be convenient. It is clear from 

chapter 2 (Methods and Materials) that in the other 5 

surveys the post mortem procedure for parasitological 

examination was improved and modified from the first 

survey; and during all the surveys a minimum of 2 and a 

maximum of 4 tanks and sample size 6, 10 and 15 fry from 

each tank were examined in each survey (other details see 

chapter 2). The choice of a particular sampling strategy 

depends on the aim of the study. Routine monitoring of the 

health of fish requires a different sample size compared 

with emergency examination related to disease outbreaks or 

mass kill (Kabata, 1985). 

Sampling by 'Lot' is recommended. "A lot is defined as 

fish of the same age that have always shared the same water 

supply and have originated from a different spawning 

population" (Anon., 1977). 

In the United States, Olson (1978) collected 877 

juvenile English sole Parophys vetulus from the Yaquina Bay 

estuary from December 1970 to November 1971, and October 

1972; and 742 both juvenile and adult sole were also 

collected from the Pacific Ocean off Oregon for 

parasitological examination. The author observed a total of 

29 parasite species in the whole sole population. In a 

field study Kamiso and Olson (1986) examined the host-

parasite relationship between English sole and Gyrodactylus 

stellatus, using sample sizes of a minimum of 17 and a 

maximum of 50 fish collected monthly from July 1981 to June 

1982. Over a one year survey 12 samples were examined for 

investigation, a total of 588 fish were collected for 

prevalence and intensity of G. stellatus in English sole 

from Yaquina Bay, Oregon. On the basis of seasonal 

occurrence of the attachment of G. atratuli on spotfin 

shiner from two study streams, a sample of 50 fish per 

month were collected during 1974 -1976 (Kirby, 1981). 

Thirty five wild brown trout, Salmo trutta L. , were 

collected during the periods November-December, 1977 and 

1988; and a total of 688 hatchery-reared brown trout were 

also examined for the sexual differences in the incidence 

165 



and severity of ectoparasitic infections in October-

December 1977 and 1978 (Pickering and Christie, 1980). The 

authors recorded a total of eight genera of parasites, 

comprising five ciliates such as I. multifiliis, 

Trichodina, Scyphidia, Glossatella and Epistylis; one 

flagellate Ichthyobodo (Costia); one raonogenean 

Gyrodactylus and one parasitic fungus Saproleqnia. During 

the present investigation including Saproleqina all above 

genera were also recorded only in 2nd, 3rd, 4th 5th and 6th 

surveys at both fish farms. Miura and Ohshiraa (1960) 

selected 96 rainbow trout of the age of 10 months old for 

pathological investigation caused by H. salmonis. For the 

observation of protozoan parasites in Finland a total of 

1593 fish of 27 species were collected from several 

localities during the period of 1973-1976 (Calenius, 1980). 

Poynton (1986) said a sample of 5 fish would detect 

parasites only at high prevalence. Petrushevsky and 

Petrushevskaja (1960) observed 100-60% parasites in 5 

dissections. Zitnan (1982) studied the seasonal dynamics of 

the invasion cycle of Gyrodactylus katharineri on carp 

Cyprinus carpio L. , a total of 1180 fish were collected 

during the period of 1978-1981. During the present study 

the lower parasites prevalence was in the first survey as 

compared to other 5 surveys, and parasites showed higher 

prevalence in spring and summer surveys (see results). Over 

a 3 months period, a sample of 50 eels were taken for the 

study of Democystidium spp. from cultured eels Anquilla L., 

in Scotland (Wootten and McVicar, 1982). For 2 years study, 

a total of 625 Atlantic salmon Salmo salar L. , were taken 

for different parasitological examination from two weeks 

after first-feeding and monthly upto the smolting stage 

(Wootten and Smith, 1980). These authors observed eight 

protozoan and seven metazoan parasite species from the wild 

fish. Between December 1980 and February 1983, a total of 

1,457 Salmo spp. were examined for the study of the 

parasites of trout in the river Itchen and three of its 

fish farms (Poynton, 1985). This author recovered 27 

parasitic genera; 2 fungi, 16 protozoan and 9 metazoa. 
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The present study was carried out on two different 

fish farms and two rivers, during the course of the study, 

all four seasons (Fall, Winter, Spring and Summer) were 

covered. In each survey various sample sizes, smaller and 

bigger were collected from different tanks. Since all tanks 

in each survey were monitored in the same season, therefore 

all fish were processed together in order to obtain one 

combined result. However, surveys of the two fish farms 

were analysed separately for comparison. At both fish farms 

an equal number of surveys were not carried out because of 

the time scale. Therefore, a detailed comparison between 

the two fish farms was not attempted. However, the 4th 

survey at Itchen Abbas fish farm, and 5th survey at Romsey 

fish farm were completed during the summer period. 

Consequently, these two surveys were compared for the 

incidence of parasitic disease during that period. 

The sampling size in the present study was similar to 

the experimental and field studies of others (for detail 

see Materials and Methods). It also depends upon the 

orientation of the study. The protozoan parasites can not 

survive much longer, after the removal from the host (Lom, 

1966). Therefore, the time taken for the complete post 

mortem procedures may affect the population counts of 

parasites. Isolated C. necatrix from body mucus and gills 

of the host solution cannot survive more than 5 minutes in 

physiological salt (Fish, 1940). Therefore, in order to 

avoid the loss of parasites, each mucus examination had to 

be completed within that time. 

4.5. Mucus scraping and post mortem 

Various post mortem and skin scraping procedures are 

well described in the literature. 

Pickering and Christie (1980), working in England, 

killed their fish by a blow to the head and a skin scrape 

was taken from the left flank with a scalpel. A skin sample 

(approximately 1 cm square) was also collected from the 

right flank of the fish for the detailed study. Each 

parasite was noted as absent or present, and if present, 
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the severity of parasitic infection was classified into 

mild or severe levels. In another study a mucus smear from 

the dorsal flank of each fry was examined in water under a 

22 X 22mm coverslip; the total number of parasites per 

smear was recorded (Wootten and Smith, 1980). 

Lom (1966), working in Czechoslovakia, reported that 

fish should be kept alive during the investigation of the 

protozoan parasites, because the ciliates perish very 

shortly after the fish had been killed and taken out of the 

water. This author also advised immobilization of the fish 

by an electric shock (direct current of 220 V), because too 

firm a grasp of the fish may damage the mucous material 

with the ciliates. 

In Washington, in an experimental study of 

hexamitiasis in juvenile coho salmon Oncorhynchus kisutch 

and steelhead trout Salmo qairdneri, by Uzmann et al. 

(1965), the authors anaesthetized fish with MS222 (tricaine 

methanesulphonate) Sandoz Chemical Co. The caecal portion 

of the intestine was removed and a sample of the contents 

was diluted with physiological saline on a clean slide. The 

preparation was examined at 100 magnification, and 

parasitic infection was classified into zero, light, 

moderate or extreme. 

In Halifax, Nova Scotia, Cone and Cusack (1989) have 

also used MS222 (tricaine methanesulphonate) anaesthesia to 

immobilize fish during a study of infrapopulation dispersal 

of Gyrodactylus colemanensis (Monogenea) on fry of Salmo 

qairdneri. In another study the outermost gill arch on the 

right side was scraped with a coverslip and the scraping 

examined under a compound microscope (Poynton, 1985). 

During the present study fish were not killed by an 

electric shock, because an alternative more convenient and 

easy method was available. Fish were killed by the method 

of anaesthesia (see chapter 2), and were examined within 3 

or 4 hours of each collection. A mucus scraping was taken 

from the dorsolateral surface; a 22 x 22mm coverslip was 

drawn on the integument (on the right side of the fish) 

from the position just posterior of the operculum, over the 
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lateral line to the anal fin ( for detail see chapter 2). 

During all 6 surveys the outermost left gill arch was 

scraped with a coverslip and the scraping was examined 

under a compound microscope. From each fish a sample of the 

contents from the pyloric region was collected and examined 

for the detection of H. salmonis gut infection. In the 

autumn and winter season the majority of parasites were 

recorded as being present or absent. Whereas, in spring and 

summer surveys at both fish farms the parasitic infections 

were graded as absent, present, low, medium or high (for 

detail see chapter 2). The procedure of the post mortem, 

mucus, gill scraping and examination of a sample of 

intestinal contents used in the present study shows 

similarity to the previous studies of others, but is more 

quantitatively consistent than many of them. 

4.6. Parasite types 

It is evident from the literature that high parasitic 

populations affect fish management and can cause fish 

mortality. The discussion highlights the three aspects of 

fish/parasite associations. These are dealt with as 

separate sections for each parasite: namely (i) Population 

dynamics in fish farms, in this section p^^^sitic 

prevalence, density and intensity in both fish farms are 

discussed. It also includes the change of infection with 

time and temperature which is supported by literature 

survey <ii) Pathology, it deals with the effects of 

parasites on weight, length or condition factor. It was 

evident from the post mortem examination that fish were 

infected with large numbers of parasites, therefore, change 

in fish weight, length and condition factor may have been 

caused by concurrent infections. Consequently, the 

concurrent infection affects are also discussed, (iii) 

Symptoms, it is well documented, that infected fish may 

show typical symptoms, and infected fish with different 

parasites may show different clinical signs. Therefore, in 

this section symptoms of the infected fish with each 
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parasitic species are discussed. In this chapter the 

following parasite types are to be discussed. 

4.6a. Gyrodactylus spp. 

4.6b. Trichodina spp. 

4.6c. Hexamita salmonis. 

4.6d. Costia necatrix (Ichthyobodo necator) (A,B) 

4.6e. Chilodonella spp. 

4.6f. Sessile peritrichs. 

4.6g. Ichthyophthirius multifiliis <A,B) 

4.6h. Proliferative Kidney Disease 

4.6a. Gyrodactylus spp. 

(i) Population dynamics in fish farms 

Gyrodactylus spp. infection was noted in mucus samples 

in each survey in both fish farms. The prevalence of 

Gyrodactylus was higher in Romsey fish farm as compared to 

Itchen Abbas fish farm. At Itchen Abbas fish farm the mean 

prevalence of Gyrodactylus was 28% in the autumn survey, 2% 

in the spring, 41% and 39% in the two summer surveys, 

whereas 92% mean prevalence was noted in the two summer 

surveys carried out at Romsey fish farm. 

In West Virginia, Gyrodactylus atratuli on the 

blacknose dace, Rhinichthys atratulus (Hermann), collected 

at 12"C disappeared when placed in an aquarium at 19° to 

26'C, and the loss was attributed to unfavourable water 

quality or the increased immune response of host at high 

temperature (Putz and Hoffmann, 1963). In the summer 

surveys at Romsey fish farm Gyrodactylus showed high 

populations compared to the summer surveys at Itchen Abbas 

fish farm. Possibly the water quality of the river Test may 

have been different from the river Itchen. During their 

field study Kamiso and Olson (1986) noted that young 

English sole Parophrys vetulus became infected soon after 

entering the estuary in spring and by June the intensity 

of infection peaked. In October prevalence and intensity 

decreased when the English sole were emigrating from the 
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estuary. The authors thought it possible that the 

population of G. stellatus may have remained small through 

the winter months. However, these authors did not comment 

that the population of G. stellatus may have been affected 

by decline in temperature. This observation corresponds to 

my first and second surveys in which Gyrodactylus showed 

low prevalence in the winter period. The data of first 

surveys at Itchen Abbas fish farm showed that infection of 

Gyrodactylus declined at lower temperatures (Table 1 and 

2). Further, Kamiso and Olson reported that the faster 

reproductive rate more than compensated for the shortening 

of the life span by increase in water temperature, and they 

also noted heavily infected fish at high temperature. This 

suggests, that the infection of Gyrodactylus species is 

related to water temperature which is evident from the 

summer surveys at both fish farms. 

In Arkansas, Meyer (1970) noted that Gyrodactylus spp. 

infection on golden shiner Notemiqonus crysoleucas was 

present from January to July, peaking in April. His study 

agreed with results from Russia where Gyrodactylus 

infection was observed from February to April (Bauer, 

1958). Meyer has also suggested that the occurrence of 

Gyrodactylus spp. and Dactylogyrus spp. on channel catfish 

Ictalurus punctatus and golden shiners on American fish 

farms can be reduced by the change in temperature, however, 

the author did not give any details about the relationship 

between parasite and temperature. These observations 

disagree with the observation of Parker (1965), who found 

that G. eleqans was prevalent during Autumn, Winter and 

Spring months in Illinois. Hoffman and Putz (1964) reported 

that G. macrochiri disappeared from bluegills Lepomis 

macrochirus at water temperatures from 12° to 20*C. Similar 

results were found by Anthony (1969). At Itchen Abbas fish 

farm the Gyrodactylus prevalence during the first survey 

peaked at 100% at 12"C and in the fourth survey prevalence 

ranged from 10 to 90% at 11° and 15°C; however the peak was 

not recorded at these temperature (see table 14-17). At 

Romsey fish farm Gyrodactylus infection prevalence reached 
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to its peak (100%) at a temperature of 13' to 17°C (5th and 

6th surveys). During the 2nd survey at Itchen Abbas fish 

farm from January to April only 7 fish were infected with 

no peak in April. A maximum prevalence of Gyrodactylus 

(67%) was noted at 12° and 14'C with no peak in 3rd survey 

(see table 9-10), whereas the 5th survey at Romsey fish 

farm showed peak prevalence in April at 12° and 13°C (Table 

20 and 21). Therefore, surveys at Itchen Abbas fish farm 

disagree with Meyer (1970), but Romsey results (5th survey) 

agree with Bauer (1958). This is also clear from the Romsey 

fish farm surveys which showed 92% Gyrodactylus prevalence 

during April and August 1988. 

Rawson and Rogers (1973) recorded the high density of 

G. macrochiri on largemouth bass Micropterus salmoides, 

which occurred at water temperature of 20° to 25°C. Density 

of G. macrochiri on bluegills Lepomis macrochirus showed 

two peaks, the first in June at 28°C and the second in 

September at 27'C. These authors have also reported that 

high prevalence of Gyrodactylus on the basis of seasonal 

abundance can be noted during cool months. These authors, 

however, did not comment on Gyrodactylus prevalence at low 

temperatures. Both these authors, however observed low 

infection levels of Gyrodactylus in warm periods of the 

year. This shows that there is a considerable amount of 

disagreement among authors regarding the Gyrodactylus 

density and prevalence relationship with temperature and 

time. The present investigation has provided some 

significant results relating to the parasitic density and 

prevalence with both water temperature and time. At Itchen 

Abbas fish farm the Gyrodactylus prevalence during the 

first survey was 100% at 12°C (number of flukes ranging 

from 1 to 6), and in the fourth survey parasite showed its 

abundance at 14° and 15°C (numbers of parasites ranging 

from 1 to 40 per mucus scrape) . At Romsey fish farm 

Gyrodactylus infection reached a peak at a temperature of 

13° to 17°C (parasites ranged from 5 to 75 per mucus 

scrape). Therefore, these observations suggests a 

relationship between the reproductive rate of Gyrodactylus 
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and high temperature. This means the increase in parasitic 

abundance is influenced by the increase of temperature. 

Cusack (1986) experimentally observed non-significant 

correlation of intensity of G. colemanensis with fry length 

and weight. Possibly there was a higher rate of parasite 

increase on small fry and (or) higher rate of parasite 

transfer from large fish to small fry. Similar observations 

have been noted in the fifth survey at Romsey fish farm. 

The density of Gyrodactylus significantly decreased with 

the increase of both time and temperature. This may be 

attributed to the effect of high temperature on the life-

cycle. At high temperature parasites grow faster and life 

span becomes shorter. Smaller fish are highly susceptible. 

Particularly parasites can be transmitted to other fish 

during feeding time at high stocking density, and bigger 

fish can resist because of immunity. Infected fish normally 

shed a mucoid material (Lester, 1972). Uninfected fish also 

produced slough, but in the presence of Gyrodactylus slough 

density would be much higher (Kennedy, 1975). Therefore, 

the loss of parasites (i.e decline in prevalence or 

density) is due to the sloughing off. 

During the first survey the data shows a high 

population of Gyrodactylus in the first 5 samples compared 

with the last samples. The log-logistic model showed that 

Gyrodactylus infection rate significantly declined with 

age. The fry were examined during the autumn and winter 

season. Therefore, change in parasite population may also 

have been affected by the change in season and temperature; 

the model suggests that infection rate significantly 

decreased as the temperature fell. It is also clear from 

the tables (Tables 1 and 2) that the prevalence of 

Gyrodactylus was high during weeks 1-6, when the 

temperature was higher, and after week 6 the prevalence of 

Gyrodactylus declined when the temperature was lower. 

Although the infection rate decreased as the fish grew 

older, it seems likely that the decrease in temperature had 

a greater influence on the number of parasites than 

increasing age. 
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During the 3rd survey Gyrodactylus infection 

significantly increased only with the increase of time. 

During this survey the temperature increased, as did the 

number of parasites; although these increases did not show 

significant correlation. 

In the 4th survey, using the simple regression 

analysis, the density of Gyrodactylus showed a +ve 

(increase) significant relationship with both time and 

temperature, it may be due to increase in its reproductive 

rate (see Appendix 8, p. 400). In Rorasey fish farm a 

significant -ve (decrease) with time and temperature was 

noted in the fifth survey. Whereas in the 6th survey 

Gyrodactylus density and infection rate increased with both 

time and temperature. The change in density 

(increase/decrease) may have been effected by chemical 

treatment, sloughing mechanism or because of the slow 

development of parasite at low temperature; all of these 

have been suggested by a number of authors. The infection 

levels can be affected by the host responses, and may 

prevent the parasite reaching high density (Kennedy, 1975). 

These findings are supported by the third survey, which 

indicated that infection rates significantly increased with 

increase of time and non-significantly decreased with 

temperature at the 5% level. During the third survey Table 

1 and 2 showed lower prevalence at higher temperature. 

Therefore, it may be the reason of non significant 

relationship with temperature. According to Hoffman (1967), 

the crowding of fish is conducive to increased G. elegans 

populations. It reflects the relationship between fish 

stocking density and parasitic infection. During the first 

survey Gyrodactylus showed a little lower prevalence in 

tank B than tank A. Because fry had a growth rate problem 

the fry had been split into two tanks. Therefore, it is 

confirmed from the first survey that by reducing stocking 

density the prevalence of Gyrodactylus infection declined. 

Infection also showed a significant relationship with 

both time and temperature in two surveys which were carried 

out at Rorasey fish farm. The infection rates significantly 
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decreased with the increase of both time and temperature 

during the 5th survey, whereas, infection significantly 

increased with both time and temperature during the 6th 

survey. The different results <-ve/+ve) may have been due 

to large sampling weeks in 5th survey (see table 20 and 

21), low prevalence at high temperature or sloughing of 

mucoid material. A positive correlation between host 

mortality and Gyrodactylus was found by Scott (1984) with 

smaller fish tending to be heavily infected. 

(ii) Pathology 

It is evident from the literature survey that heavy 

infection of Gyrodactylus in fresh water hatcheries and 

ponds may cause fish mortality. In Halifax, Nova Scotia, 

Cone et al. (1983); Cusack and Cone (1985) and Cone and 

Cusack (1988) reported that Gyrodactylus may act as a 

vector for pathogenic bacteria. During the first survey at 

Itchen Abbas fish farm Gyrodactylus only significantly 

affected fish condition factor (P<0.05). This implies that 

fish with Gyrodactylus infection were not maintaining a 

constant growth rate in that particular period of 

infestation or it may have been affected by the other 

concurrent parasitic infections, such as interaction 

between Gyrodactylus and C. necatrix mucus infection. 

Analysis of covariance revealed that fish weight and length 

were significantly correlated with heavy Gyrodactylus mucus 

infection as compared to fish with light infection (small 

number of parasites) in both surveys at Romsey fish farm. 

One-way and two-way analysis showed significant interaction 

effects between Gyrodactylus and some other parasites (see 

results table 7 and 8). The reduction in fish weight and 

length with Gyrodactylus infection may be due to the 

multiple infections. 

During the third and fourth surveys at Itchen Abbas 

Gyrodactylus showed significant correlation only with fish 

weight. By two-way analysis of variance Gyrodactylus showed 

significant interaction with H. salmonis in the 3rd survey. 

By both one-way and two-way analysis of variance 
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Gyrodactylus and I. multifiliis gill infection also showed 

significant interaction effect at the 5% level. This means 

the presence of one parasite affects the loss in weight due 

to the other parasite. Therefore, in multiple infections it 

would be difficult to draw final conclusions. Cusack (1986) 

observed that during the experiment intensity did not reach 

stressful levels, therefore infected fry were not 

significantly different from uninfected fry. Cusack and 

Cone (1986) experimentally observed heavy mortality of fry 

when brook trout Salvelinus fontinalis were infected with 

Gyrodactylus salrnonis. During one survey captured fish died 

because of the combined effects such as starvation and 

heavy Gyrodactylus burden (Kamiso and Olson, 1986). Whereas 

in the present study loss of fish weight may be due to the 

combined effects of different parasitic species, but not 

because of starvation. 

(iii) Symptoms 

Various authors have described different clinical 

signs of Gyrodactylus infection. Moore (1923) reported that 

a Gyrodactylus-infected fish showed its body covered with 

bluish grey slime layer of mucus. Discolouration of the 

skin associated with G. salmonis was reported by Cone and 

Odense (1984). 

Fish with excess mucus and loss of scales were noted 

during the first, third and fourth surveys at Itchen Abbas 

fish farm, and fifth and sixth surveys at Romsey fish farm. 

Cusack (1986) did not find any evidence of cuticular 

shedding and he concluded that rainbow trout may have been 

responding by an immune response. Cusack and Cone (1986) 

showed that the epidermis of infected fish became thinner 

with few goblet cells compared to uninfected fish. During 

post mortem examination these authors discovered that fry 

had extensive kidney tubule damage that was not noted in 

uninfected fish. Therefore, they believed that the change 

in the kidney may have been caused by the stress of G. 

salmonis infection. During the present study at both fish 

farms such symptoms were not recorded. The change in 
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kidneys has also been reported in infections with 

myxosporidans whose presporogonic stages cause an intense 

inflammatory response in the interstitium of the kidney 

(Kent and Hedrick, 1985, 1986). The change in kidney may be 

due only to PKD disease. Gyrodactylus population may be 

controlled by host response. Details of the host response 

are given in section 4.7 (see p. 209). 

According to Lester (1972), sticklebacks carrying a 

number of Gyrodactylus shed a layer of mucoid material. 

Lester noted that flukes were removed with it, because the 

booklets were attached to the mucoid debris instead of the 

surface of the epidermis. However, it appears from this 

investigation that infection level and mucus receded at 

different intervals. 

The feeding of Gyrodactylus on the epithelium results 

in a number of a perforations in the skin, which may cause 

secondary infection by bacteria and fungi, such as 

Saproleqnia (Johnson, 1978a). In Halifax, Nova Scotia, 

Canada, Cusack and Cone (1986) reported that the majority 

of parasite species including monogenean are potential 

vectors. According to Cusack and Cone the parasite tears 

the epidermis of host and their ability from transfer 

directly from one fish to another serve the vector role. An 

other by Cone and Cusack (1988) during which bacterial 

microcolonies were recorded on the surface of G. 

colemanensis, but authors were unable to find any 

relationship between parasite and secondary bacterial 

infections. During the 1st and 5th surveys of this 

investigation the author found bacteria, algae and 

Colpodidae, only when the water supply was poor. 

Gyrodactylus-infected fish tend to lose colour and the fins 

droop, the skin becomes very slimy and shows blood spots 

(Ormer, 1981). No shrivelled gills, haemorrhage on peeling 

skin were observed. The only symptoms shown by fry were a 

thick dark mucus, loss of scales and frayed fins when 

heavily infected. The description of symptoms of fish 

heavily infected with Gyrodactylus fish agreed with that of 

Mackenzie (1970). During that study the author observed 
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fraying of the fins in fish heavily infected with 

Gyrodactylus, however the author did not comment whether 

or not the heavily infected fish may have been infected by 

some other ectoparasites. During the present study heavily 

parasitised fish carried different parasitic species such 

as Gvrodactylus, Trichodina, Sessile peritrichs and 'Ich' 

mucus infection. Therefore, it shows that heavy mucus may 

have been linked with different parasitic species. It is 

also evident from the literature survey that infected fish 

with different numbers of parasitic species will show heavy 

and dark thick mucus as compared to fish infected only with 

single species. 

It is known that Gvrodactylus spp. can attack juvenile 

rainbow trout Salmo gairdneri (Hoskins and Hulsten, 1977), 

who noted that Gyrodactylus were present on the gills of 

the fish. In Russia, Bauer and Karimov (1990) recorded G. 

montanus infecting the gills of Schizothorax intermedius. 

During the present investigation no parasites (i.e. flukes) 

were found on the gills of rainbow trout. Heggberget and 

Johnsen (1982) found similar results. These authors 

reported that all the recorded species of Gyrodactylus in 

the research showed that Gyrodactylus was present on the 

fins or the body of the Atlantic salmon Salmo salar L. 

4.6b. Trichodina spp. 

(i) Population dynamics in fish farms 

Within the two fish farms there was a significant 

change in the prevalence of Trichodina within the same 

season. 

The mean prevalence of Trichodina was 51% in the 2nd 

survey, 88% in the 3rd survey and 72% in the 4th survey at 

Itchen Abbas fish farm, whereas, at Romsey fish farm 

prevalence was at 97% in the fifth and 100% in the sixth 

surveys. 

The higher parasitic prevalence at Romsey fish farm as 

compared to Itchen Abbas fish farm, may be due to a number 

of factors including the source of fish, husbandry 

practices and fish holding facility. The most obvious 
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difference between the two farms was the nature of the 

holding facility and the source of the water supply. At 

Itchen Abbas fish were held in a lined circular tank and 

the source of water supply the river Itchen, whereas 

Romsey fish farm fish were held in raceway tanks and the 

source of water supply was the river Test. The river Test's 

water quality was less satisfactory than the river Itchen 

at these farms (Pers.Coram.Manag.). The infection level of 

Trichodina was very low during the winter season (Cooper, 

1983). 

The first indication of Trichodina mucus infection was 

noted during the second survey of this study at Itchen 

Abbas fish farm. The first infection was seen in the first 

sample with 7% prevalence at 7°C in tank 1 (see table 3). 

It later increased to its 100% prevalence at high 

temperature. During the period of the last sampling weeks 

of the second survey this infection mostly remained at 100% 

prevalence (see table 3,4,6). 

Whilst absent from the first survey, Trichodina was 

noted in the 2nd, 3rd and 4th surveys at Itchen Abbas fish 

farm, and in the fifth and sixth surveys at Romsey fish 

farm. During the study, in lx)th 5th and 6th surveys 

Trichodina mucus infection prevalence reached a peak at 

temperatures of 12" to 17"C. The greater change in size of 

freshwater Trichodina than in marine species of Trichodina 

may be due to the greater seasonal changes in water 

temperature reported by Poynton and Lom (1989). The 

populations of Trichodina are dynamic and the increase in 

prevalence in older fish may be attributed to fish gaining 

parasites rather than losing them as they get older and 

larger, and due to the length of time that parasites and 

hosts have had to make contact. Larger fish will have been 

subject to more handling and grading procedures and slow 

water current when fish become crowded, which may have 

facilitated increased levels of the parasites (Poynton, 

1985). 

During the investigation Poynton (1985) noted the high 

prevalence of Trichodina at one of two different fish 
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farms. The author suggested that the difference may 

attributable to a variety of factors such as husbandry 

practices, water supply, source of fish and holding 

conditions. During the present study high prevalence of 

Trichodina was noted in spring and summer surveys. 

Therefore, the high population of Trichodina at both fish 

farms may have been promoted by high temperature. In 

England, Kennedy (1975) reported that the majority of 

protozoan parasites do not show seasonal changes in their 

incidence. However, the changes in the infection level are 

related to the water temperature and host population. For 

example, Trichodina can be found on fish of all ages, in 

every season and they are also able to reproduce in all 

seasons. According to Lorn (1961), the prevalence of 

Trichodina was highest during the spring months. In late 

spring and summer both infection intensity and prevalence 

declined. In the present study this has not been clearly 

observed. During the present study Trichodina was not seen 

at all in autumn, its low prevalence at the end of winter 

and prevalence increased with the increase of temperature. 

This may be due to the unfavourable seasons, since at low 

temperatures Trichodina remains dormant in the cystic 

stage, and becomes active again at warm temperatures. The 

results show clearly that the Trichodina mucus infection 

significantly increased at higher temperatures. The 

difference in prevalence of Trichodina in both fish farms 

may be due to the different stocking density (see chapter 

2) or the different water quality of the rivers Itchen and 

Test. High parasite prevalence could be due to a low level 

of chlorides dissolved in water (Dubinin, 1948). 

Both Lom (1961) and Bauer (1957) have demonstrated 

that trichodinids show seasonal variation in dispersion and 

intensity of infection in fish. These authors suggested 

that peaks of abundance of trichodinids can be noted in 

spring months (March-April). During the later spring and 

summer months both intensity and transmission of Trichodina 

decrease, disappearing in July to September. This variation 

is associated with the poor condition of the fish in winter 
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months, being most marked in March and April. In contrast 

the condition of the host improved in summer months (June-

August) and infection decreased. In the present 

investigation Trichodina was noted in spring and summer 

surveys at both fish farms. It is also clear from the 

surveys that the prevalence of Trichodina increased with 

increase in temperature. Therefore, the results of this 

study did not follow the scheme of Lorn and Bauer. Possibly 

because Lorn collected 28 freshwater fish species from 

Czechoslovakia and discovered four different species of 

Trichodina. During the present study rainbow trout were 

from commercial fish farms, therefore differences may be 

linked to different fish species. However, in the present 

stud: attempts to differentiate species of Trichodina were 

not made. :: richodina infection significantly decreased with 

both time and temperature in the third survey, whereas 

infection significantly increased with both time and 

temperature in the fourth survey at Itchen Abbas fish f irm. 

Infection also showed a significant relationship only with 

time in 5th survey. There may therefore be a relationship 

of parasitic infection with time and temperature. 

In this study a high infection density of Trichodina 

mucus infection was found during July and August at both 

fish farms. 

(ii) Pathology 

Trichodina can cause damage to the skin and gills of 

the fish <Reichenback-Klinke and Elkan, 1965, Roberts and 

Shepherd, 1974). In the second survey at Itchen Abbas four 

tanks were monitored at a time and data was pooled for the 

analysis of covariance. The last three samples in tank 1, 

five in tank 2 and four samples in tank 4 of this survey 

showed 100% prevalence of Trichodina (see tables 3-6). It 

was very obvious from post mortem examination that the 

older fish had a high rate of Trichodina mucus infection as 

compared to earlier sampling of younger fish, which may 

suggest that infected fish tend to be heavier. Khan and Lee 

(1989) observed that Atlantic cod, Gadus morhua, infected 
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with Lernaeocera branchialis, a copepod, were growing as 

well as the control fish initially, possibly because of the 

immaturity of the parasites. During the different trials 

these authors found the direct effect of the parasites on 

their hosts. They believed that after completion of the 

life-cycle L. branchialis may have produced stress effects 

on its hosts. During the present study it was not possible 

to distinguish between mature and immature parasites 

because of their smaller size. In the third and fourth 

surveys at Itchen Abbas infected fish were processed for 

the analysis of covariance only on the basis of infection 

density. High and low density levels of Trichodina were 

recorded. In both surveys analysis revealed that fish with 

heavy Trichodina mucus infection were significantly lighter 

than fish with low levels of infection. 

In the second survey the rate of infection of 

Trichodina in mucus, increased significantly with both time 

and temperature at the 5% level. The 3rd and 4th survey at 

Itchen Abbas fish farm, and the 5th and 6th survey at 

Romsey fish farm showed that fish heavily infected with 

Trichodina were lighter than fish with low infection. Also 

reduction in fish weight may be influenced by other 

multiple infections. Khan and Lee (1989) have also noted 

the same observations (see section 4.7). By one-way and 

two-way analysis of variance Trichodina showed significant 

interaction effects with some other parasites (see results 

tables 7,8,12,13,19,24,25,28). Therefore, the change in 

fish weight and length may have been influenced by other 

parasitic infections. 

The way in which Trichodina harm the fish was 

described by Lom and Corliss (1973). In a study of 

Trichodina these authors found that whilst the surface of 

the adhesive disc was smooth, in attachment the adhesive 

disk engulfed a portion of the epithelium and sharp borders 

of the disc contacted portions of the epithelial cells. In 

heavy infection this could result in damage to the 

epithelium. Trichodina may indeed promote epidermal 

demucification in brown trout (Pottinger et al., 1984). 
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On the Itchen and Test fish farmers do not regard 

Trichodina as a problem and did not use treatment against 

this ectoparasite (Poynton, 1985). During the present study 

at both fish farms Chloramine-T was used for external 

parasites. To control ectoparasites Chloramine-T (6 ppm) 

was used. These results indicate that the 6 ppm dose of 

Chloramine-T was less successful in eliminating Trichodina. 

Therefore, the decline in Trichodina infection may have 

been effected by other parasitic infection or due to 

sloughing of mucus layers (details are given in section 

4.7) . 

The results of this study are different from those of 

authors who have reported that "Trichodina do not harm 

fish". Analysis of covariance revealed that during the 3rd 

and 4th survey at Itchen Abbas and 5th and 6th survey at 

Romsey fish farms Trichodina significantly affected fish 

weight, length and sometimes condition factors. The change 

in fish growth performance may be due to Trichodina alone 

or by Trichodina with other parasitic infections. 

(iii) Symptoms 

White irregular blotches on the head and body surface, 

loss of scales, irritation, sluggishness and loss of 

appetite are due to trichodiniasis (Davis, 1947; Cooper, 

1983). Stress may have increased at higher temperature 

which resulted in fish with heavy infections not feeding 

well. During the present study it was confirmed that during 

heavy infections, almost all fish had dark thick mucus, 

loss of scales and the gills were covered with a thick 

mucousy covering. These symptoms may have been caused or 

modified by other parasitic infections. 

4.6c. Hexamita salmonis. 

(i) Population dynamics in fish farms 

H. salmonis gut infection was noted in each survey in 

both fish farms. In Itchen Abbas fish farm there were 

significant changes in prevalence of H. salmonis within the 

surveys. H. salmonis showed a mean prevalence of 29% in the 
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1st survey, 75% in the 2nd survey, 60% in the 3rd survey 

and 10% in the 4th survey. A particularly high prevalence 

of H. salmonis was noted in the second survey at Itchen 

Abbas fish farm. It was suggested by Poynton (1986) that 

high levels of H. salmonis in this farm were due to the 

importation of a greater proportion of H. salmonis-infected 

fish. In this survey young fish examined in the 1st and 2nd 

surveys at Itchen Abbas were uninfected supporting the 

hypothesis that infection arises from agents in the water 

at Itchen Abbas. Escaped fry may have become infected with 

H. salmonis gut infection, and the infection become 

established in the wild fry population. Therefore infection 

may have been transmitted by infected faeces (Poynton, 

1986). During the present investigation H. salmonis gut 

infection showed high populations in the 1st, 2nd and 3rd 

surveys at Itchen Abbas fish farm. During the summer 

surveys (4th and 5th) H. salmonis showed little difference 

prevalence at both fish farms. This may be attributable to 

the farms location and/or to a coincidence with an area of 

naturally high infection levels as suggested by Poynton 

(1986). Poynton also believed that the intense conditions 

at farms may also have facilitated high prevalence of 

salmonis. At Romsey fish farm stocking density was higher 

as compared to the Itchen Abbas fish farm. Therefore this 

may have been the reason for increased prevalence of H. 

salmonis in 5th and 6th surveys at Romsey fish farm. Fish 

farm management are unable to tell of escaped fry have 

entered the fish farm (Per.Comm.Manager) . Poynton (1986) 

reported that factors affecting the life-cycle are poorly 

known, but she noted that conditions in the river favoured 

increased populations. It appears therefore that the life-

cycle and abundance of H. salmonis are linked with the 

water supply quality. The water supply of the river Test at 

Romsey was less satisfactory than the river Itchen at 

Itchen Abbas. This was also clear from the 4th survey at 

Itchen Abbas fish farm which showed low H. salmonis 

prevalence as compared to the 5th survey at Romsey fish 

farm. The increase in prevalence may have been effected by 
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poor water quality. H. salmonis infection was associated 

with wet weather when there was a high level of suspended 

solids (Pers.Obser.). 

According to Davis (1926) the chronic form of 

hexamitiasis was prevalent during the spring and early 

summer in the U.S. During the present study a high 

prevalence of H. salmonis was noted in autumn and early 

spring and a lower prevalence in summer. 

Davis (1926) reports that environmental parameters such 

as rise in temperature, food quality and overcrowding are 

associated with hexamitiasis disease. He reported that 

older fish have sufficient immunity to resist parasitic 

infection. The fingerlings of the third survey were older 

than the other surveys, and H. salmonis showed higher 

prevalence as compared to fry of the 4th, 5th and 6 th 

survey. Therefore, the results of 3rd survey at Itchen 

Abbas fish farm disagreed with Davis (1926). 

The results of this study indicated that H. salmonis 

infection was significantly related to both time and 

temperature. 

Infection significantly decreased as the temperature 

fell in the first survey, whereas in the second survey it 

increased with both time and temperature. During the third 

survey H. salmonis infection prevalence reached a peak 

(100%) in May at 12*C and the infection prevalence 

decreased (27%) by July at 15°C (see table 10). In the 

fourth survey a 10% infection prevalence was recorded 

between April and July. The decrease in infection may have 

been affected by the immune response, which is related to 

the growth of fish. 

H. salmonis mostly infects wild and cultured salmonids 

(Needham and Wootten, 1978). During this investigation the 

occurrence in wild fish has also been confirmed (ray 

unpublished 1987 data) by the presence of H. salmonis and 

Trichodina from a sample of 5 escaped rainbow trout while 

working with Southern Water Authority. The sample was 

brought from the river Aire (river Itchen tributary at 

Alresford). The density of infection of H. salmonis in 
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rainbow trout in the present investigation varied from 

sample to sample with smaller, younger fish tending to be 

infected rather than bigger fish. It may be that this 

infection is associated with age and development of 

immunity to H. salmonis or environmental factors. It is 

possible that older fish have developed immunity to the 

parasitic infection (Davis, 1926). 

(ii) Pathology 

In Washington, Uzmann et al. (1965) showed that under 

experimental conditions, H. salmonis did not affect the 

growth rate of coho salmon Oncorhynchus kisutch or 

steelhead trout Salmo gairdneri, but fry of the latter did 

show a low but significant mortality. Moderate levels of H. 

salmonis gut infection might be considered normal and 

harmless, while high level of infection might be due to the 

unsuitable fish environment (Uzmann et al. , 1965). In his 

study, Johnston (1982), found that H. salmonis has no 

detectable effect on the growth of rainbow trout. The way 

in which H. salmonis causes pathogenicity is disputed 

(Amlacher, 1961; Roberts and Shepherd, 1974; Stevenson, 

1980). 

The present study shows some degree of support for the 

hypothesis that H. salmonis may cause a pathogenic form of 

disease. In the first survey analysis of covariance 

revealed that H. salmonis infected fish were significantly 

lower in weight than uninfected fish at the 5% level. Two-

way analysis showed significant interaction between H. 

salmonis and C. necatrix mucus infection. The decrease in 

fish weight may have been effected by C. necatrix mucus 

infection in the first survey at Itchan Abbas fish farm. It 

was not possible to conclude whether mortality was due to 

H. salmonis or some other parasites as well. During the 

third survey Gyrodactylus and H. salmonis showed 

significant interaction effects on fish weight by two-way 

analysis, and by one-way analysis H. salmonis also showed 

significant effects on the weight and length of fish which 

were also infected with Trichodina or had I. multifiliis 
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gill infection (detail see results table 5 and 6). Davis 

<1926) reported that high mortality due to H. salitionis may 

occur as a result of an imbalance in the state of 

equilibrium between the healthy condition as influenced by 

pathological changes and the external environmental 

parameters. Sano (1970) argued that fish mortality caused 

by H. salmonis may have been influenced by a concurrent 

infection of virus. Furthermore, the author thought the 

pathological changes in the alimentary canal are not 

lethal, they could cause a deterioration in digestive 

function and also facilitate secondary infections such as 

bacteria and virus. Therefore, the indirect influences 

(concurrent studies of bacteria and virus) on the fish host 

should be investigated, suggested Sano (1970). According to 

Davis (1926) H. salmonis does not cause pathogenic problems 

after the 1st summer, and it would be likely to find 

yearlings in healthy condition in spite of the fact that 

they are infected with large numbers of trophozoites. 

However, the author considered it does not mean that high 

parasitic populations are harmless, H. salmonis possibly 

interferes with the growth of the host. The similar 

observations were also noted in third survey; H. salmonis 

prevalence was high and fingerling were in healthy 

conditions at the end of survey, however its prevalence 

reduced with the increase of fish age (see table 9). It 

would be worth considering that yearling fish may have 

developed an immune response. During the 1st, 2nd, 4th, 5th 

and 6th survey fish were under one year old, and the immune 

response depend upon the age and size of the fish. 

Therefore, fry in their 1st summer do not possess enough 

immunity to keep the parasitic population at low levels. 

During the first survey the first infection was seen at the 

age of 108 days with 10% prevalence at 12*C (see table 2). 

When the fish were 136 days old the management treated the 

fish with Furazolidone fed at 1% food weight (8.0 kg per 

day). This coincided with 100% prevalence of H. salmonis at 

6°C in tank A (see table 1). The decline in infection from 
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100% to 0% in week 10 may have been effected by this 

treatment. 

<iii) Symptoms 

It has been suggested that H. salrnonis is responsible 

for producing symptoms in fry, but these may also be due to 

overcrowding, low oxygen content in the water, high 

temperature and dietary factors which result in stress 

(Johnston, 1982). These same factors were also described by 

Davis (1925). The farm manager noted no such problem during 

the period of the survey. 

The symptoms of hexamitiasis reported by Roberts and 

Shepherd (1974) were loss of appetite, reddened gut, 

yellowish water gut contents. Infected fry lose their 

appetite and become thin, lethargy, loss of ability to 

orientate, random movement and eventual sinking to the 

bottom of the tank (Davis, 1926). During this investigation 

it was very difficult to observe such symptoms at high 

stocking density, and all the fish looked very healthy. 

However, the loss of scales, thick mucus, diarrhoea and 

empty stomachs were noted in infected wild fish 

(unpublished data, 1987). Lethal infections of H. salmonis 

are associated with small rather than large fish (Davis, 

1926). Johnston (1982), indicated that the symptoms 

occurred independently of H. salmonis, possibly as a result 

of other factors such as environmental fluctuations. 

The present investigation found light yellow mucus and 

fluid intestinal contents in both infected and uninfected 

fish. If environmental factors were causing these symptoms, 

all fish should have shown similar symptoms. This was not 

the case. 

4.6d. Costia necatrix (Ichthyobodo necator) 

It has been reported that Costia necatrix infects both 

body mucus and gills of the fish. During the present 

investigation the material scraped from the body and gills 

of each fish was examined microscopically to determine 

whether C. necatrix infection was present (mucus and gill 
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infection). C. necatrix body and gill infection fish were 

tested separately. Therefore, the discussion of the Cj 

necatrix is classified into A) mucus infection, and B) gill 

infection. 

A) C. necatrix mucus infection 

(i) Population dynamics in fish farms 

C. necatrix mucus infection was recorded in each 

survey at Itchen Abbas fish farm. The mean prevalence of 

infection was 25% in the first survey, 57% in the second 

survey, 16% in the third survey and 3% in the fourth 

survey. At Romsey fish farm the mean prevalence was 5% in 

the fifth survey and 13% in the sixth survey. The parasites 

were recorded only during the cooler season in Itchen Abbas 

fish farm by Poynton (1985) but the author did not mention 

the range of temperature, whereas, the present study 

indicated that parasites were present in all seasons 

(Autumn, Winter, Spring and Summer). 

The highest prevalence was recorded during the autumn 

(in the first survey) and the spring (in the second survey) 

at Itchen Abbas fish farm. In both summer surveys (4th and 

5th) the prevalence of C. necatrix did not show much 

variation in both fish farms. However, its prevalence 

increased in 6th survey, possibly because of the lower 

prevalence of the sessile peritrichs and Chilodonella, 

although Trichodina was noted at higher population levels 

(see table 26-27). 

Alvarez-Pel1itero and Gonzalez-Lanza (1983) and 

Robertson (1979) noted that the prevalence of C. necatrix 

in farmed salmonids increased when the water temperature 

fell below l O ' C . Poynton (1985) claimed that her 

investigation also showed similar observations. However, in 

the present study the levels of infection were high at 

higher temperatures (see tables 3-6). 

During the first survey the logistic regression model 

indicated that C. necatrix mucus infection rates 

significantly decreased only with time (=age>. The 

reduction in infection rate may be effected by the 
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Chloramine-T treatment in tank A or change in temperature 

(see table 1). During the second survey C. necatrix mucus 

infection rates significantly increased with both time and 

temperature (P<0.05). It indicates that the life-cycle of 

C. necatrix starts with mucus infection. C. necatrix can be 

abundant at suitable temperatures and covers the body 

surface after which gills become infected. This postulation 

have also been reported by Tavolga and Nigrelli (1947). 

Results from the second survey showed that C. necatrix 

infection increases at higher temperatures and could cause 

harmful effects. 

In the 3rd sample on the 8th October the minimum 

density of C. necatrix was recorded at 12°C (< 20 

parasite/scraped area). The density of parasites decreased 

with the increase of infection prevalence, because during 

the feeding period the infected fish may have been losing 

or donating parasites to some other uninfected fish. On 

22nd October each fish was found to carry C. necatrix mucus 

infection, i.e. there was peak (100%) prevalence in tank B. 

The density of the parasite increased (> 21 individual per 

scraped area) possibly because of the higher parasitic 

population in tank B (see table 2). A change in prevalence 

or density of infection may be caused by the presence of 

Gyrodactylus mucus infection (see tables 1 and 2). During 

the second survey similar observations were noted. C. 

necatrix showed lower prevalence at the higher prevalence 

of Trichodina, Chilodonella and sessile peritrichs (see 

tables 3 and 6). 

(ii) Pathology 

In Washington, Fish (1940) reported upon the preserved 

specimens of ailing trout and salmon submitted to the 

Seattle Pathology Laboratory for diagnosis. It was evident 

from post mortem examination that fish were heavily 

infected with Costia. At higher density this parasite can 

be pathogenic. Tavolga and Nigrelli (1947) have found C. 

necatrix to be very active at temperatures as low as 8°C 

and as high as 38°C. Analysis of covariance, however. 
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revealed that C. necatrix mucus infected fish were 

significantly lower in weight than fish without C. necatrix 

in the first and in the second surveys at Itchen Abbas fish 

farm (P< 0.05 ) . 

Roberts (1978) has shown that the most significant 

stress affecting the balance between fish host and its 

environment is temperature. With high stocking densities 

the fish will be subject to stress conditions due to an 

increase in the amount of metabolic waste products in the 

water and a decrease in oxygen concentration which will 

make them more susceptible to infection. 

The increase of fish immunity at high temperatures has 

a significant effect. It has been shown that at high 

temperatures the hidden period for an immune response 

becomes shortened and the intensity of the response is 

enhanced (Harris, 1973). According to Roberts (1978) 

antibody production is either delayed or completely 

abolished at low temperatures. This suggests that the 

immune system also depends upon the age of the fish. 

Therefore, the immune response changes with the age of 

fish. Small fish with weak immune response are highly 

susceptible to any parasitic infection. The decline of 

infection may be related to the increase of fish age. More 

work is needed to examine an immune response against C. 

necatrix in rainbow trout. 

C. necatrix had little affect on fry, according to 

Houghton (1980). The author thought the infection was 

probably too low to cause too much stress to the fish, that 

in turn could have led to a reduction in the amount of food 

intake and therefore growth. The author did not note 

whether or not some other parasitic infection may have also 

stressed the fish. 

(iii) Symptoms 

C. necatrix feeds upon epithelial cells (Tavolga and 

Nigrelli , 1947). It reproduces over the body surface of 

the fish (Joyon and Lom, 1969), and can cause cellular 

hyperplasia, epidermal cell necrosis, irritation and 
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hypersecretion of mucus (Fish, 1940, Needhara and Wootten, 

1978). 

Heavily infected fish may show loss of appetite and 

rub themselves against the substrate losing scales and 

opening the way for secondary bacterial and fungal 

infections (Poynton, 1985). The above symptoms may be due 

to the presence of the other ectoparasites such as 

Gyrodactylus and Trichodina as reported by various authors. 

Tavolga and Nigrelli (1947) have also suggested that 

heavily infected fish showed loss of appetite, thick mucus, 

impairing of swimming ability and weak dorsal fins that 

remain folded, further the authors said that all these 

symptoms are characteristic for fish infected by most 

protozoan and trematode ectoparasites. Therefore, this 

suggests that symptoms produced by fish infected with 

Costia may have been influenced by other parasitic 

infections, concurrent in this study. 

Stress may be increased at feeding time and during 

slow water flow. In such situations Costia can be 

transmitted quite easily from one fish to another. The 

significant difference between weight of infected and 

uninfected fish indicates that probably the heavily 

infected fish do not feed very well, thereupon fish begin 

to lose weight. Fish with heavy infection may be more 

lethargic and have a darker mucus than uninfected fish. 

B) C. necatrix gill infection 

(i) Population dynamics in fish farms 

C. necatrix infection of the gills was also noted in 

both fish farms. The prevalence of C. necatrix was higher 

in Itchen Abbas fish farm as compared to Romsey fish farm. 

At Itchen Abbas fish farm C. necatrix gill mean prevalence 

was 19% in the 1st survey, 47% in the 2nd survey, 9% in the 

3rd survey and 0.3% in the 4th survey, whereas at Romsey 

fish farm prevalence was 2% in the 5th survey and 8% in the 

6th survey. 

C. necatrix showed its highest prevalence during the 

autumn and spring period at Itchen Abbas fish farm. The 
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prevalence of C. necatrix gill infection may have been 

influenced by the increase of C. necatrix mucus infection. 

The increase in gill infection depends upon the mucus 

prevalence. During the 1st survey 70% fish carried 

necatrix mucus infection and 50% gill prevalence was noted 

in tank A at the temperature of 6"C, and 60% in tank B at 

8°C. In the second survey C. necatrix gill infection showed 

its peak prevalence (100%) in tanks 2, 3 and 4 at a 

temperature of 5° to lO'C Usee result tables 3-6). 

In the 3rd sample of the first survey the maximum 10 

parasites per gill scrape were counted in tank B. In the 

4th-7th samples the maximum parasites per gill scrape were 

> 21. A lower number of parasites was noted in the second 

survey. 

(ii) Pathology 

C. necatrix infecting both mucus and gill of fry is 

important in causing mortality (Robertson, 1979). During 

the second survey analysis of covariance showed that fish 

with gills infected with C. necatrix were not significantly 

different in their weight, length or condition factor from 

fish without these gill infections. Infection, however 

increased significantly with both time and temperature only 

in the spring season. To this end it was not possible to 

draw any firm conclusion about the cause of the gill 

infection. C. necatrix has been reported from the gills of 

trout and salmon fry (Tavolga and Nigrelli, 1947). The 

cellular reaction to the irritation of C. necatrix can be 

noted in gill epithelium and this gill disease can affect 

the normal processes of respiration (Fish, 1940). Becker 

(1977) reported that gills infected with C. necatrix were 

pale and covered with mucus. Nevertheless, in teleosts 

gills are the main respiratory organ. Since the gill 

structure is very delicate, even low infection could cause 

stress and congestion of the gill and fish death. 
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(iii) Symptoms 

During heavy gill infection the symptoms shown by fry 

were of a thick, dark mucousy coat around the gills. These 

symptoms also depend upon the water quality. Therefore, it 

was not easy to conclude whether or not the symptoms may 

have been caused by the C. necatrix gill infection or dirty 

water supply. 

4.6e. Chilodonella spp. 

(i) Population dynamics in fish farms 

Chilodonella spp. is a freshwater fish parasite which 

is very sensitive to salinity (Lahav and Sarig, 1972). In 

tropical areas high populations of Chilodonella can be 

found in cyprinids. However, it is generally believed to be 

non-specific (Kabata, 1985). Chilodonella mucus infection 

was not confirmed in the autumn and early winter period but 

was noted during the spring and summer periods. During the 

spring season the abundance of Chilodonella is highly 

correlated with higher temperatures. The field data showed 

the high prevalence of Chilodonella in February - April, 

possibly because of rise in temperature (Tank 3 and 4). The 

minimum infection noted was 7% at 5°C (see tank 3) and 100% 

at 6" to ll'C (Table 3 - 6). At Romsey fish farm mean 

prevalence was 2% in the fifth survey and 4% in the sixth 

survey, whereas at Itchen Abbas fish farm the mean 

prevalence was 34% in the second survey, 10% in the 3rd 

survey and 2% in the 4th survey. 

Parasitic prevalence increased with time and 

temperature in the second survey. In the two fish farms, 

within the same season no significant differences were 

observed in the prevalence of Chilodonel la (4th and 5th 

surveys). All fish farms in the Jordan valley having 

mortality due to Chilodonella infection were investigated 

by Lahav and Sarig (1972). Further these authors noted that 

unlike the Chilodonella, C. necatrix was found in all parts 

of Israel and infection was not affected by the water 

salinity. 
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In the present study both parasites were found to be 

infecting fry in both fish farms. The populations of both 

parasites changed with time and temperature. Therefore, the 

decline in infection may have been effected by sloughing of 

mucus, interspecific competition or change in water 

quality- These authors claimed that the parasite 

disappeared at higher salinity. The above authors did not 

take season and temperature into account. However, it would 

be worth investigating the Chilodonella and Costia 

infection in relation to the water supply quality at both 

fish farms. 

During the present investigation the Chilodonella 

prevalence was noted during the spring and summer time but 

not in the autumn. Chilodonella infection was noted in 

mucus but not gills. Low levels of Chilodonel la were 

observed by Poynton (1985), and were not found to be 

pathogenic. 

In U.S.S.R, Bauer (1970) reported that at high 

temperature that reproduction of Chilodonella slows down, 

and its fission stop and parasite dies in large numbers at 

20°C. therefore, during the summer period Chilodonella can 

only be seen in low numbers, but appears in abundance in 

autumn because of decline in temperature. During the 

present study high population was recorded only in spring 

season and low prevalence in summer surveys. This shows the 

result from this investigation also agree with Bauer except 

in relation to the autumn. 

The abundance of Chilodonella infection was noted at 

the end of winter. In the first sample from tank 2 in the 

second survey the maximum number of 10 parasites per mucus 

scrape was noted. Infection may have increased due to high 

stocking density, slow current of water, low oxygen and 

suspended particles in the water, allowing the parasite to 

multiply rapidly and infect the gills and skin of fish, as 

reported by Migala and Kazubski (1972). During the spring 

season the infection, however, did not significantly 

increase with either time or temperature (P>0.05). This may 

have been due to treatment with Chloramine-T which was used 
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to control ectoparasites (see table 3,5,6). It is quite 

clear from the field data that prevalence declined after 

treatment. The density may have been affected by the 

presence of the other parasites such as Trichodina and C. 

necatrix mucus infection (see section 4.6). 

(ii) Pathology 

Migala and Kazubski (1972) found that carp which were 

infected with Chilodonella did not survive much longer, and 

the authors suggested that it would be interesting to 

investigate in the future whether these ciliates do harm or 

do not harm their hosts directly. 

In the present investigation fish infected with 

Chilodonella were significantly lighter than fish without 

Chilodonella. This finding has also been supported by 

Bykhovskaya-Powlovskaya et a 1. (1964) and Calenius (1980); 

however, these authors claimed that Chilodonella infections 

only become heavy if the fish condition is poor. It is 

difficult to draw a final conclusion from one survey, to 

say that Chilodonella was responsible for reducing weight. 

During the present study high prevalence was only noted in 

the 2nd survey. The change in fish weight may have been 

caused by other parasites. However, it would be very 

valuable to do more surveys in the different seasons, fish 

farms and rivers in order to determine the pathogenicity of 

Chilodonella. 

According to Hoffman et al. (1979), the optimum 

temperature for Chilodonella is 5° to 10*C, multiplication 

occurring at a maximum rate between these temperatures. 

It has been reported that Chilodonella often attacks 

skin (Bauer et al., 1969), and gills (Amlacher, 1961; 

Hoffman et al., 1979). During all 6 surveys Chilodonella 

was recorded from skin but not gills. It is clear from the 

present study that whatever the fish condition Chilodonella 

prevalence can be high at suitable temperatures and could 

cause fish mortality. 
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(iii) Symptoms 

Chilodonella feeds on epithelial cells and causes 

mechanical irritation and damage to the epithelium 

(Calenius, 1980). Fish with Chilodonella mucus infection 

showed dark and excessive mucus. Nevertheless, these 

symptoms were also noted when fish were heavily infected 

with other external parasites. Heavily infected fish with 

Chilodonella showed proliferation of mucus cells, skin with 

dark colour and opaque eyes (Paperna and Van As, 1983). 

During the present study heavily infected with Chilodonella 

only showed dark and thick mucus, and fish were also 

infected with other parasites. Therefore, the thick and 

dark mucus may have been caused by multiple infections. 

4.6f. Sessile peritrichs. 

(i) Population dynamics in fish farms 

Infection with sessile peritrichs was confirmed in 

both fish farms. Seasonal variation in the prevalence of 

sessile peritrichs was also noted in both fish farms. The 

infection prevalence was high only during the second survey 

at Itchen Abbas fish farm. Although infection peaked (100%) 

at 6° and 7°C, sessile peritrichs showed a mean prevalence 

of 20% in the second survey, 14% in the third survey and 

19% in the 4th survey at the Itchen Abbas fish farm, 

whereas at the Romsey fish farm mean prevalence was 41% in 

the fifth survey and 3% in the sixth survey. Both the 4th 

and 5th surveys were carried out in the summer period and 

the higher ciliate populations in Romsey fish farm may have 

been due to poor water supply (slow water flow, dirty water 

supply and suspended particles) at these rivers. 

In Germany, Korting (1984) reported sessile peritrichs 

can be noted during periods of "poor water supply quality". 

Lorn (1966) found high populations of Epistylis sp. and 

Apiosoma sp. during the January and May, but in summer and 

autumn these peritrichs disappeared. The author considered 

that the body surface of the host becomes less suitable for 

the sessile peritrichs in summer. The colonies can be 

recorded on a suitable host's surface. However, it would be 
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more reasonable to consider the sessile peritrichs 

prevalence may have been caused by poor water quality as 

reported by Korting. 

Sessile peritrichs showed significant seasonal changes 

in their prevalence. According to various reports the 

prevalence of sessile peritrichs is correlated with 

increases in the organic matter in the water (Calenius and 

Bylund, 1980; Rogers, 1971; Rogers and Gaines 1975). 

Seasonal changes in prevalence of sessile peritrichs were 

not related to water temperature (Poynton, 1985). 

The significant increase in infection with time may be 

due to host exposure time to parasites. According to Esch 

^ (1976) the infection in largemouth bass Micropterus 

salmoids was correlated with body size; 2% infection 

prevalence was noted in fish 14 cm fish length and 25% 

prevalence in 44 to 53cm in length. That means it was 

related to the duration of exposure to infection or to 

increase in surface area, both factors being a function of 

age, with larger fish having a higher probability of 

infection . 

In North Carolina, Esch et a 1. (1976) noted the 

seasonal variation in parasitic infection among largemouth 

bass Micropterus salmoids in Par Pond. These authors 

observed parasitic peaks in spring and low prevalence in 

winter. In Arkansas, Meyer (1970) found two peaks of 

peritrichs such as Scyphidia spp. and bacteria Aeromonas 

spp. The author said the first peak was in late March to 

May when golden shiners Notemigonus cryseleucas began to 

spawn, the second being in the spawning period of catfish 

Ictalurus punctatus (late May to July); the author also 

noted the high degree of correlation between decline of 

dissolved oxygen and parasitic infections. Esch et al . 

observed the outbreaks of epizootics occurred in spring 

because of high oxygen concentration. This suggests there 

is considerable amount of disagreement about the 

relationship of the outbreaks of bacteria and sessile 

peritrichs with oxygen concentration. During the present 

study abundance of sessile peritrichs was noted in the 2nd 
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and 5th surveys. In the spring season a high population was 

seen in tank 1 (late February to early March), in the 5th 

survey peak (100%) prevalence was noted in April and May 

(see table 20 and 21). However, during the present study 

the bacterial infections were not investigated, though 

Oxolinic acid was used to control the bacterial disease 

'Furunculosis' (Pers.Comm.Manag.). It would however be 

valuable to investigate possible any correlation between 

the outbreaks of the bacterial infection and sessile 

peritrichs. During the second survey Chloramine-T was given 

in the 3rd to 8th week of sampling when infection was high 

in tanks 1,3,4. Whereas in 5th survey Malachite green and 

Chloramine-T was applied in tanks 1 and 2 (see table 20 and 

21). It may be that it was due to the effect of treatment 

that sessile peritrichs prevalence declined. Therefore, 

prevalence decline with temperature may have been entirely 

related to the effect of the treatment. 

Esch et al. (1976) have observed the strong 

correlation between fish size and probability of infection. 

Further these authors said, the increase of infection may 

have been influenced by time. The log-logistic model showed 

that infection population significantly increased with the 

increase of time, but it declined with the increase of 

tem^ierature at the 5% level. During the second survey in 

tank 3 sessile peritrichs showed low prevalence at higher 

temperatures (see results table 3) and this may have been 

the reason for declines in infection. 

(ii) Pathology 

The pathological effect of sessile peritrichs is 

disputed, and it was thought that this infection was not 

harmful (Calenius and Bylund, 1980). The attachment of 

sessile peritrichs to the host is via a short stalk and 

loosely arranged fibres (Lorn and Corliss, 1973), with no 

demonstrable damage to the host cells (Lorn, 1973). It has 

recently been shown, however, that sessile peritrichs can 

produce pathogenic changes in the skin which take the form 

of decreasing numbers of mucus producing, epidermal-goblet 
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cells (Pottinger et al., 1984), a problem which may cause 

morbidity and mortality. 

During the second survey at Itchen Abbas fish farm 

sessile peritrichs did not significantly correlate with 

fish weight, length or condition factor. One-way and two-

way analysis of variance also showed non-significant 

interaction effects (see Appendix 7). 

At Romsey fish farm peritrichs showed significant 

correlation with fish weight and length at the 5% level. In 

survey 5 the significant effect on fish weight and length 

may have been linked with the high abundance of the sessile 

peritrichs. Fijan (1962) described losses of two months old 

carp fry caused by Apiosoma, which were infecting both 

gills and mucus; the author said that these peritrichs 

prevented the normal oxygen and metabolic diffusion through 

the gills and skin surface. Lorn (1966) replied that it is 

difficult to decide whether this is true or whether the 

losses may have been caused by other protozoan parasites. 

One-way analysis of variance of the result from the 

5th survey showed significant effect of peritrichs on 

weight and length in fish also infected with Trichodina, 

Gyrodactylus and both I. multifiliis mucus and gill 

infections. During the 5th survey the significant 

correlation of sessile peritrichs on fish weight or length 

may have been linked with these other parasitic infections. 

(iii) Symptoms 

Sessile peritrichs are thought to induce mechanical 

irritation and increased mucus secretion, thus impairing 

the gaseous exchange and excretory functions of the gills 

(Calenius and Bylund, 1980), and mass mortality may occur 

(Schaperclaus et al., 1979). During the present study 

sessile peritrichs gill infection was not observed. An 

increase in mucus was noted at higher infection rates but 

the fish were also infected with some other parasites as 

well. Therefore, thick mucus and loss of scales may have 

been caused by the other parasites. 
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4.6q. Ichthyophthirius multifiliis 

I. multifiliis infects body mucus, fins, eyes and 

gills of the fish. During the present investigation the 

scraped material from the body and gills of the each fish 

was examined microscopically to determine whether I. 

multifiliis infection was present (mucus and gill 

infection). Thereupon, body mucus and gills of infected 

fish were analysed separately. The discussion of I. 

multifiliis is also classified into A) mucus infection, and 

B) gill infection. Prevalence of gill infection is higher 

than mucus infection. 

A) I. multifiliis mucus infection 

(i) Population dynamics in fish farms 

I. multifiliis mucus infection was recorded in both 

fish farms. At Itchen Abbas fish farm the mean prevalence 

of I. multifiliis mucus infection was zero in the first 

survey, 2% in the second survey, 38% in the third survey 

and 12% in the fourth survey, whereas at Romsey fish farm 

29% was found in the fifth survey and 19% prevalence was 

noted in the sixth survey. The population of I. multifiliis 

mucus infection was higher in the third survey at Itchen 

Abbas fish farm, possibly because development of the 

parasite is faster at warm temperature (Suzuki, 1935). 

After the cystic stage, the tomites are highly infectious 

(Nigrelli et al., 1976). Within the cyst the cell divides 

asexually many times over, each cyst gives rise to hundreds 

of free swimming larvae, the 'Swarming' stage. These larvae 

have to find a host very quickly and die if they fail to do 

so (Andrews, 1989). Therefore, increase in the parasitic 

mucus population may have been due to the faster processes 

of the life-cycle and increase of the tomite population. 

The highest prevalence was recorded in the summer 

period in both fish farms. During the second survey at 

Itchen Abbas fish farm this infection was found at low 

prevalence in both body mucus and gill scrapes. It 

suggests that the I. multifiliis life-cycle is accelerated 

by the warm temperatures. The prevalence of the 
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multifiliis mucus and gill infections is inter-dependent. 

The increase in mucus infection also depends upon the free 

swimming (trophozoite) stage of the parasite. The infection 

peak was in warm weather and may be attributed to 

temperature, increasing the rate of development of the 

parasite (Poynton, 1985). Therefore, the present 

investigation provided some degree of confirmation since at 

higher temperatures I . muItifiliis mucus infection 

prevalence increased in the third survey at Itchen Abbas 

fish farm, and in the 5th and 6th survey at the Romsey fish 

farm. 

During the third survey at Itchen Abbas fish farm the 

maximum density of 5 individuals ]̂ :r scraped area were 

noted at temperatures of 15°C in tank 1. The increase in 

mucus density was due to the large number of trophozoites 

at higher temperature. The density shows the large number 

of individuals at higher prevalence. 

The numbers of I. multifiliis were higher in Romsey 

fish farm as compared to Itchen Abbas fish farm (number of 

parasites ranging from 1-5 per mucus scrape), which may be 

attributed to the faster development of tomites. 

(ii) Pathology 

In the third survey at Itchen Abbas fish farm, and in 

the fifth survey at Romsey fish farm, analysis of 

covariance showed significant correlation with weight and 

length of fish infected with I. multifiliis mucus 

infection. Both one-way and two-way analysis of variance 

showed significant interaction effects, therefore the 

decrease in weight and length nrny influenced by some 

other parasitic infections (see results table 24 and 25). 

(iii) Symptoms 

In Baghdad, Khalifa et al. (1983) reported that common 

carp Cyprinus carpio; shabout Barbus grypus; bunni B. 

sharpeyi; gattan B. xanthoperus and biz B. esocinus fish 

infected with I. multifiliis showed white spots on their 

body. The skin was sometimes shed in the water. The 
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infected fish held their fins close to their body, showed 

loss of appetite, and were less active. However, these 

symptoms were also noted in fish which were infected with 

Gyrodactylus, Trichodina and C. necatrix mucus infection. 

Therefore, these authors should have investigated in detail 

whether or not the fish were infected with some other 

ectoparasites as reported Lorn (1966), Sano (1970), Kennedy 

(1975) and Khan and Lacey (1986). 

During the present study it was difficult to describe 

the symptoms of fish infected with I. multifiliis mucus 

infection, because all fish were also infected with some 

other parasites, and their prevalence was higher as 

compared to 'Ich' mucus. Therefore, the dark excessive 

mucus may be due to the presence of other parasites. 

B) I. multifiliis gill infection 

(i) Population dynamics in fish farms 

I. multifiliis gill infection was recorded in each 

survey at both fish farms. The parasitic population also 

showed significant variations. The mean prevalence of gill 

infection was 16% in the first survey, 4% in the second 

survey, 70% in the third survey and 74% in the 4th survey 

at the Itchen Abbas fish farm. At Romsey fish farm 

prevalence was 65% in the 5th survey and 63% in the 6th 

survey. 

In the present study I. multifiliis gill infection 

showed lower prevalence at the lower temperature and high 

prevalence in the summer period because the life-cycle of 

I. multifiliis depends on temperatures. The results in the 

present study relating to the population dynamic of 'Ich' 

in both fish farms showed similarity with the findings of 

MacLennan (1935). During all seasons of the year he noted 

'Ich' prevalence in all species of fish frc^n the Palouse 

River in Washington, and attempted to compare the 

percentage infection of fish during the various seasons of 

the year under natural conditions. He found that the 

prevalence of infected fish with 'Ich' was higher in summer 

and the August to October period whereas lower prevalence 
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was noted in winter and spring seasons. The higher 

prevalence in the summer period may have been influenced by 

the warm season. Within the fish farms there was a 

significant difference in the prevalence of I. multifiliis 

gill infection in the 4th and 5th surveys. With the 

exception of the first survey at Itchen Abbas fish farm, 

the infection was noted at warm temperatures. This may be 

attributed to the influence of temperature on the life-

cycle of the parasite (Bauer, 1961; Bauer et al. , 1969). 

The development of tomites and trophozoites is faster at 

higher temperatures (Meyer, 1974). 

During the third survey I. multifiliis gill infection 

rate did not significantly increase with either time (=age) 

or temperature. By simple regression I. multifiliis gill 

infection intensity (nos./fish) also did not significantly 

change with either time (=age) or temperature. This 

suggests that the change in 'Ich' infection rate and 

intensity are related to each other. 

During the 4th survey at Itchen Abbas fish farm, using 

the log-logistic model 'Ich' gill showed a significant (-

ve) relationship with age and (+ve) with temperature. Î ^ 

multifiliis infection intensity significantly decreased 

with time and increased with temperature. This may be 

because, in the first part of the life-cycle the tomites 

are highly active, their infecting frequency decreasing 

with time as reported by Nigrelli et al . (1974). These 

authors, however, did not comment on the relation of 'Ich' 

infection with temperature. It is clear from the present 

study that 'Ich' intensity significantly increased with 

temperature. Possibly infection intensity may have been 

influenced by warm temperature. At Romsey fish farm in the 

5th survey 'Ich' gill infection significantly increased 

with both time and temperature. The simple regression 

analysis showed significant -ve relationship of 'Ich' gill 

infection intensity (nos/fish) with time, and non 

significant with temperature. During the 6th survey 

infection intensity (nos/fish) significantly decreased with 

both time (=age) and temperature, using the log-logistic 
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model the change in infection significantly decreased with 

temperature. The difference of 'Ich' infection intensity 

and prevalence may have been caused by different water 

quality. However, the field data showed that in some 

sampling weeks 'Ich' gill infection showed low population, 

possibly this might be the reason for decline of intensity 

with temperature. The majority of ectoparasites showed 

their seasonal cycles in both incidence and intensity of 

infection, since generation and maturation timing are 

temperature dependent and depend upon seasonal temperature 

cycles, as reported by Kennedy (1975). Further, various 

authors also have reported that the parasitic populations 

can be controlled by water temperature and host behaviour. 

McCallum (1985) reported that I. multifiliis infection may 

show variation in its prevalence following sudden decrease 

of water temperature. The reproductive rate of 'Ich' 

declined rapidly with decreasing of temperature (Wagner, 

1960). During peak parasite prevalence, the fish farm water 

supply had been very poor; the reasons suggested were 

excessive weed contamination, dirty water, lowered oxygen 

concentration and poor water flow (Pers.Comm.Manager). 

During the study a maximum number of 5 individual 

parasites per fish were noted in the 1st and 2nd survey, 45 

individuals per fish in the third survey and 40 individual 

parasites in the 4th survey at the Itchen Abbas fish farm. 

At Romsey fish farm in the 5th survey the parasites ranged 

from 5-20 and in the 6th survey 1-16 per fish (for detail 

see Appendix 10). 

In summary, in two surveys (4th and 5th) infection 

rate of 'Ich' gill increased only with the increase of 

temperature, and in the 6th survey infection rate declined 

with the increase of time (=age) and temperature. During 

3rd survey it did not change. 

Intensity of gill infection declined only with the increase 

of time (age of fish) in 4th and 5th surveys, whereas in 

6th survey it increased with time and temperature. 

The change in infection rates (%) and intensity 

(nos/fish) may have been influenced by the number of stages 
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in its life-cycle. According to MacLennan (1937) the life-

cycle of 'Ich' is classified into the following stages; (a) 

a growth stage, in this stage the parasite (trophozoite) 

feeds on skin, fins and gills, and becomes mature; (b) a 

pre-cystic stage, this stage is stimulated by a sudden 

change in temperature in which the locomotor activity of 

the parasite is increased and it migrates from the host to 

a substratum; (c) a cystic stage, in this stage parasite 

withdraws its ciliary and feeding system and encloses 

itself in a cystic membrane; (d) a reproductive stage, in 

which the organism undergoes repeated divisions within the 

cyst; (e) a liberation stage, in this stage the cyst wall 

ruptures, with the release of many (up to 1000) actively 

swimming infective individuals called tomites. 

The infectivity of tomites is high immediately after 

excystment and it decreases with the increase of time 

(Nigrelli aj^, 1976; Andrews, 1989). The infective 

duration of the tomite is 24 hrs and after that time they 

do not survive (MacLennan, 1937; Nigrelli, et al,, 1975; 

Ewing et al., 1983; Andrews, 1989). 

Hines and Spira (1973a) found the number of parasites 

per area of the gills was higher than on the surface of the 

body. Therefore, it is suggested that the gill lamellae or 

interlamellar site are more suitable for parasites to 

found and their population can increase very quickly at 

suitable temperatures. Since the trophozoite stage is a 

free-swimming stage, and the tomite infecting stage can 

easily be transmitted to other hosts, which in turn would 

lead to a reduction in intensity on the gill. 

(ii) Pathology 

I. multifiliis in both natural and aquatic condition 

can cause fish mortality (Elser, 1955; Hopkins, 1959; 

Bauer, 1962). 

During the first survey at Itchen Abbas fish farm I. 

multifiliis gill infection occurred only in the last three 

samples, and infection did not cause any mortality 

problems, because bigger fish with developed immune systems 
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can cope with "Ich" gill infection. Smaller fish are highly 

susceptible to infection as compared with bigger fish. 

Stress also increases in crowded fish during feeding time 

and parasites can be transmitted very easily to non-

infected fish. 

At both fish farms in 3rdf 4th and 5th surveys the 

analysis of covariance showed that fish with high infection 

of 'Ich' on their gills were significantly lower in fish 

weight, length and condition factor compared with those 

with low infection. Both one-way and two-way analysis of 

variance also showed significant interaction effects with 

the presence of other parasitic infections (see 

results table 12,13,18,19,24,25,28). Therefore, prevalence 

of other parasitic infections may have enhanced the 

significant effects of I. multifiliis gill infection on fry 

(Khan and Lacey, 1986). 

(iii) Symptoms 

I. multifiliis feeds upon epithelial and blood cells 

and burrows laterally through the epidermis, undermining it 

(Amlacher, 1961; Bauer, 1958; Reichenbach-Klinke, 1980). It 

is also confirmed from the present study, following 

previous investigation by others, that the interlamellar 

space of the gill is the most suitable site for this 

parasite. Gills are very delicate respiratory organs, the 

infection of which may cause stress and starvation, 

therefore, gill infection is more dangerous than mucus 

infection. The tomite and trophozoite stages living within 

the epidermis of the fish are the pathogenic stages of the 

life-cycle (Farly and Heckmann, 1980; McCatney et a 1 . , 

1985) causing disturbance of the respiratory and excretory 

functions of the skin and gill (Hines and Spira, 1973a); 

and leaving the fish by rupturing the skin, causing 

epithelial erosion and thickening (Needham and Wootten, 

1978). During the present study fish with heavy infection 

had thick dark mucous coats around the gills. This may have 

occurred due to poor environmental factors, such as low 
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temperature and slow water flow, which may also have 

contributed to the significant increase of the symptoms. 

4.6h. Proliferative Kidney Disease 

The literature indicates that PKD is a seasonal 

problem, and is associated with water quality, temperature 

and the time of the year. 

During the present investigation PKD infection was 

studied only in the 6th survey, at Romsey fish farm. 

Analysis of covariance showed that the fish with heavy PKD 

infection had significantly lower weight and length as 

compared to fish with low infection. PKD showed significant 

interaction effect only on condition factor in fish also 

infected with Trichodina by one-way analysis of variance. 

PKD prevalence in both tanks (Tank 1 and 2) showed 

variation with the increase of time and temperature (see 

table 26 - 27). The change in PKD infection may have been 

affected by Malachite green treatment or because of the 

development of an immune response. This may have been the 

reason, using log-logistic model PKD did not show 

significant change (+ve/-ve) with either time (=age) or 

temperature. 

Hoffmann and Dangschat (1981) found that pollution, 

especially organic loading, was often present when PKD 

occurred, and concluded that poor water quality may 

predispose towards the occurrence of PKD. In this study 

poor water quality occurred on 3 occasions (i.e low oxygen, 

suspended particles etc) all at high temperatures. 

Dark colour, mortalities and abdominal swelling are 

PKD symptoms according to Roberts and Shepherd (1974). 

During this study the above symptoms were not observed in 

all PKD infected fish. Small fish having heavy infection 

showed swelling of the abdomen and were darker in colour. 

During the present investigation it was confirmed that 

small fish with heavy infection levels were effectively 

starving with low body fat (deposited in the caecal region) 

and watery fluid in the intestinal contents. Possibly fish 

heavily infected with PKD have been stressed and therefore 
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their food intake is reduced. Gills were pale in colour. 

During the entire period of study PKD infection was noted 

only in the 6th survey at Romsey fish farm, in which 88 

fish were infected. Therefore, it is not easy to expand the 

PKD discussion in detail. 

4.7. Host Responses 

Host responses involving mucus secretion are well 

documented. Consequently, the effects of parasites on the 

host such as heavy mucus and loss of scales, as well as the 

decline in parasitic burden which may be attributable to 

the sloughing of their body mucus, are discussed in this 

section. 

Host responses involving mucus secretion are a main 

characteristic of infected fish (Bauer, 1962). According to 

Kennedy (1975) mucus is produced by both infected and 

uninfected fish, but the mucus produced by infected fish is 

thicker compared to uninfected fish. Furthermore, this 

author said that the loss of parasites may have been caused 

by the shedding of mucus and this shedding is not related 

to the age of the parasite. Reinfected fish may show a 

lower infection level; the dependence of the resistance of 

infected fish upon the density of initial infection, which 

also varies from fish to fish is well documented. 

Seasonal cycles in both incidence and intensity of 

infection, maturation and generation of ectoparasites 

depend upon temperature (Kennedy, 1975). The abundance of 

parasites in the warm season is minimised by the change in 

host behaviour so that parasitic populations on fish tend 

not to reach lethal densities. Therefore, the parasitic 

population is controlled by water temperature and host 

behaviour. 

The present investigation has provided some evidence 

to support the findings of other workers. During the 

present study fry were infected with multiple parasitic 

infections. Therefore, it was clear whether heavy mucus 

and loss of scales may have been caused by the combined 

infection, or any particular parasitic species. However, 
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fry with multiple infections showed an excess of thick 

mucus compared to those fry which were infected with 

certain single parasitic species or to uninfected fish. For 

example, in the first survey at Itchen Abbas fish farm 

heavy mucus was noted in October, possibly because of high 

prevalence of Costia and Gyrodactylus. The infection of 

Gyrodactylus is much worse compared to Costia because of 

damage caused by booklets (Lester, 1972; Lester and Adams, 

1974). Therefore, heavy mucus may be due to irritation from 

booklets. In Japan, Sano (1970) said that fish can be 

stressed by combined infection of virus and H. salmonis, 

and it may also be possible that the pathological changes 

caused by this parasite may facilitate the bacterial and 

virus infections. In the second survey at Itchen Abbas fish 

farm Trichodina showed high prevalence compared with other 

ectoparasites (see results tables 3 - 6); Trichodina is a 

mobile parasite which feeds on the debris of epithelial 

cells and the wound is caused its adhesive disk, 

therefore the heavy mucus may have been caused by its 

higher abundance. Similar observations were also noted in 

the 3rd and 4th surveys at Itchen Abbas fish farm. During 

the fifth and sixth surveys at Romsey fish farm Trichodina 

and Gyrodactylus showed their higher population densities 

compared with other parasites. In Halifax, Nova Scotia, 

Canada, Cone and Wiles (1989) observed the relocation of 

colemeanensis on the surface of the body of the infected 

fish, such behaviour indicate the response by the infected 

fish. Gyrodactylus does not move very much on the body 

surface, and remain attached, with the help of its 

booklets, to one spot on the epidermis longer than ciliated 

parasites. Therefore, the heavy mucus is a mutual response 

between host and parasites. Bauer et a1. (1969), Roger and 

Gaines (1975) and Ahmed (1976) said that the ectoparasitic 

infection can increase the production of mucus. In other 

reports a loss of mucous cells are linked with parasitic 

infections (Mines and Spira, 1974a; Logan and Odense, 1974 

and Paperna, 1980a). This suggests that symptoms such as 
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heavy mucus and loss of scales may have been caused by high 

parasitic population. 

In England, Pickering and Christie (1980) observed 

that sexually mature male brown trout Salmo trutta harbour 

more 'Ich' parasites than either immature fish or mature 

females kept in the same conditions. The authors suggested 

that this may be due to a qualitative difference in the 

mucus secretion of the host. In the present study it was 

not possible to assess the above features when fry were 80 

days old. I. multifiliis showed a high prevalence in the 

gills compared with the body mucus; since the mucus of the 

fry was not collected from the whole body surface, this may 

be the reason for finding low numbers in body mucus. 

In England, McCallum (1982) reported that black mollie 

Poecilia latipinna infected with I. multifiliis may resist 

the parasite because of its previous infection. During the 

present investigation heavily infected fish had thick 

mucus, possibly because of high parasitic burden, but high 

stocking density and poor water quality are also 

contributory factors. It may well be that young and 

immature fry may not be able to produce a different quality 

of mucoid material. Therefore, it would be more useful to 

find out more detail about the quality of mucoid material 

which is produced by the infected and uninfected fish with 

different parasites. 

The number of tomites produced from a single cyst also 

varies with temperature. During the first 48 hours, tomites 

are highly infective, their ability to infect decreases 

with the increase of time, therefore the infection activity 

of 'Ich' parasite is also correlated with time and 

temperature (Nigrelli et a1. , 1976). Suzuki (1935) reported 

that in carp the cyst stage was completed in 24 hrs at 

16.2" to 25°C, whereas at 5.8° to 14°C division took a 

longer period. It means the 'Ich' also responses by 

delaying in its life-cycle at lower temperature. This may 

be the reason for finding its lower prevalence in the first 

and second survey at Itchen Abbas fish farm. During the 

summer period the 'Ich' population was noted on each 
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sampling date, and in each sampling week 'Ich' abundance 

increased with time and temperature. The time required for 

the completion of the life-cycle is purely temperature 

dependent, less than 6 days at 25'C, and more than 100 days 

at 0°C (Wagner, 1960). 

Hosts may respond to infection either behaviourially 

or immunologically in such a way that could limit further 

parasitic establishment (McCallum, 1982). Fish are also 

known to be capable of producing a certain amount of 

immunity to infection, but it does not develop quickly 

enough for parasitic infection to be reduced, according to 

Mines and Spira (1974c). In the present investigation the 

study of the immune response was not attempted. At peak 

prevalence of 'Ich' (100%) it was not obvious that fish 

were losing/gaining parasites by behaviourial mechanisms. 

The decline in parasitic prevalence may be affected by 

other parasitic burdens or decreasing temperature. 

Scott (1987) observed that the prevalence of 

Gyrodactylus in challenge infected fish declined compared 

to initially infected fish. The decline in challenge 

infection could be caused by the following three factors, 

(i) Weak parasite (ii) Experimental error (iii) Unsuitable 

host. His study did not comment on the qualitative 

difference in the mucus secretion of the host, by immunity 

or whether disestablishment may have caused by the 

sloughing of mucoid material as reported by other authors. 

The author thought that the result was perhaps due to 

innate resistance to Gyrodactylus during the first 

exposure, or an acquired resistance during subsequent 

exposures. The abundance of Gyrodactylus can be affected at 

high temperature, possibly because the high temperature of 

water which accelerates the processes of morphogenesis and 

leads to the reduction in the uterus reported by Ergens 

(1976). In another study the degree of aggregation varied, 

perhaps due to the death of Gyrodactylus heavily-infected 

fish or immune response (Scott, 1987). During the present 

study fry were of the same age and brood stock (pers. comm. 

hatchery). During the surveys (particularly at Romsey fish 
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farm) it was not possible to enumerate healthy and 

unhealthy parasites at peak prevalence or death due to 

parasitic infection, however fish harboured both types of 

parasites i.e mature and immature. The abundance of 

parasites showed that rainbow trout is a suitable host for 

all ectoparasites. 

Host response by handling fish have been studied by 

number of authors. For example, recovery of the brown trout 

Salmo trutta from acute handling stress by Pickering et al. 

(1982). During the study these authors observed that after 

handling fish did not feed for three days. Wedemeyer (1976) 

found coho salmon Oncorhynchus kisutch did not feed for 4 

to 7 days when they were moved from one tank to another, 

whereas rainbow trout under the same condition began normal 

feeding behaviour the day after transfer. However, these 

author did not comment on any parasitic infection. It may 

be possible that their fish may have been infected with 

some ecto or endoparasites, therefore the handling stress 

may have been enhanced by the change in temperature or 

parasitic infections. Concurrent infection effects have 

also been mentioned in numbers of previous studies by 

others. During the present investigation concurrent effects 

is clear from the interaction results where the fish were 

infected with multiple parasites. Therefore, it is still 

interesting to study the concurrent relationship between 

handling stress and parasitic infections. During the 

present investigation at commercial fish farms it was not 

easy to study handling stress because of high stocking 

density. However, the fish stress have been minimised by 

less feeding, reducing stocking density and not moving fish 

very often particularly in summer period because of high 

temperature. 

The induced stress effects by parasites on fish is 

well documented. For example, infected male and female 

haddock Melanoqrammus aeqlefinus with Lernaeocera obtusa 

had smaller gonads weights than uninfected fish (Kabata, 

1958). Hickling (1963) noted that parasitised both male and 

female dogfish Etmopterus spinax with the cirripede 
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Anelasma sgualicola were never pregnant. Breeding was 

affected delaying the sexual maturity in three-spined 

sticklebacks Gasterosteus aculeatus infected with the 

plerocercoid of the cestode Schistocephalus solidus 

(Pennycuick, 1971). During the present study immature fry 

were examined. Therefore, the stress on fish maturation was 

not recorded. However, the parameters such as excess of 

mucus, appetite, loss of scales and change in fish weight, 

length and condition factor were mostly observed in 

infected fish. This mean these changes have been influenced 

by parasitic infections. Threlfall (1968) and Williams 

(1964) reported that in the natural environment high fish 

mortality may be due to the combination of several species 

of parasite. It suggests that more than one parasitic 

species would have great affects on fish condition. 

PKD is an internal and more dangerous disease, and 

PKD-infected fish response by less eating and abnormal 

swimming. Heavily PKD-infected fish have limited duration 

of survival. The observations such as empty stomach and 

watery fluid intestinal contain was only recorded in highly 

PKD-infected fish in the sixth survey at Romsey fish farm. 

Such responses are responsible for making the fish 

condition worse. Fish in poor conditions are a more 

suitable host for any ectoparasites, and they eventually 

die, possibly because of concurrent infection effects. 

4.8. Interspecific Competition 

According to the literature survey it is evident that 

most successful parasitic species generally depress the 

population of other parasites. Therefore, it is possible 

that interspecific competition may have played an important 

role in different parasites. It is possible that in this 

study the decline of parasitic populations may have been 

affected by high populations of other parasitic species. 

Interaction between two or more species of parasites 

has been reported on numerous occasions in fish (Kennedy, 

1977). It is also well documented that they may take the 
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form of positive or negative associations between two 

species. 

It is possible that in many cases the presence of one 

species of parasite in a fish may affect the abundance of 

another (Cross, 1934; Chappell, 1969b). These authors 

further said that it is difficult to observe the 

competitive interaction between two species, because the 

author considered that the regulation between two species 

merely affects the low population densities. Kennedy (1977) 

said in order for one species population to regulate that 

of other, they must share a common regulatory mechanism, 

and the density of each species must respond by this 

mechanism. In this situation the feedback will increase. 

Furthermore, the more successful species generally 

depresses the population density of the other, and in the 

absence of niche diversification and habitat segregation 

between them, the less successful species will disappear. 

During the present study in each survey a number of 

different species of parasites were recorded in the fish 

farms. Analysis of covariance revealed that the majority of 

parasitic infections showed significant effects on fish 

weight and length. Both one-way and two-way analysis of 

variance showed interaction effects of one parasitic 

species in the presence of the other. In New York, Tavolga 

and Nigrelli (1947) reported the symptoms displayed by fry 

infected with C. necatrix were loss of appetite, heavy 

mucus and swimming disability, and these symptoms can be 

found in those fish which are infected with other 

ectoparasites. In Canada, these concurrent infection 

effects were also reported by Khan and Lacey (1986). These 

authors noted that cod infected with Trypanosoma 

murmanensis and Lernaeocera branchialis showed poor body 

condition in contrast to control fish infected with one 

parasitic species. In this case as one is an endoparasite 

and the other an ectoparasite different regulatory 

mechanism are likely to be operated. Therefore, the 

decrease in fish weight and length may be because of the 

combined effect of two species as reported by other 
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authors. In this study the increase in mucus thickness and 

loss of scales may also result from a combined effect of 

different parasitic species. The decline and disappearance 

of any parasite may possibly result from the abundance of 

other parasitic species, chemical treatment, change in 

temperature or change in water supply. It was also very 

difficult to draw any conclusion which is related to niche 

diversification and site segregation from results of the 

4th survey at Itchen Abbas fish farm or the 5th and 6th 

surveys at Romsey fish farm, because Trichodina, 

Gyrodactylus and I. multifiliis all showed high abundance. 

It means all these three species were highly successful at 

this time as compared to other species such as 

Chilodonella, C. necatrix and sessile peritrichs. There are 

number of studies in which interspecific competition is 

well described. For example, Paperna (1964) reported that 

Dactyloqyrus vastator and D. extensus did not coexist on 

the gills of the same fish; further, challenge infections 

with D. vastator reduce the numbers of the previously 

est^ Wished D. extensus. A study by Ivasik (1953) showed 

that Dactyloqyrus extensus and D. vastator were antagonists 

to Trichodina. Therefore, this suggests that different 

parasitic species with higher prevalence are highly 

successful and they can be recorded with high population 

than others. The observations from the present study showed 

similarity to the study by Wootten and Smith (1980). These 

authors in the study of the parasitic fauna of cultured 

fish observed the loss of some parasitic species was 

associated with increasing abundance of others. 

4.9. Chemical treatment 

The fish farmer did not consider all parasites as 

being pathogenic to fish. He did, however, take notice and 

treat fish on finding serious problems such as mortality 

and reduced growth rate. It has previously been reported 

that ectoparasites can be controlled by treating the 

infected fish with a very dilute solution of formalin 

(Fish, 1947; Davis, 1953) or chlorine (Lewis and Ulrich, 
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1967). In the present study formalin was never used, 

because it is too harsh and chlorinated water is 

inconvenient to the fish farm ( Pers . Coram.Manager ) . The only 

chemical used in the entire period for this purpose was 

Chloramine-T which they had found was very effective 

(Pers.Comm.Manager). 

During the first survey at Itchen Abbas fish farm tank 

1 was intentionally treated with Chloramine-T but did not 

show significant results, whereas tank 2 was treated by 

mistake. The disappearance of Gyrodactylus and C. necatrix 

mucus infection may have been effected by the low 

temperature, because the life-cycle of the parasites is 

slow at lower temperature. This may have been the reason 

for low prevalence in cold weather. 

During the second survey at Itchen Abbas fish farm in 

tanks 1, 3, and 4 the same treatment was repeated and 

showed significant results only with C. necatrix, sessile 

peritrichs and Chilodonella. During the 3rd and 4th surveys 

chemicals were not used at all. The life-cycle of 

ectoparasites is faster at high temperature, therefore 

parasite populations can be higher at higher temperature. 

During the fifth survey at Romsey fish farm Chloramine-T (6 

ppm) was used only once and it was not found satisfactory 

in eliminating the external parasites. Possibly at high 

parasitic populations a single treatment may not have been 

enough to effect a reduction in the abundance of parasites. 

To eliminate gut infection a number of drugs are 

available (Yasuake et al. , 1961). These workers suggested 

that it is an important commercial consideration that fish 

should maintain or increase their growth rate while 

undergoing antihexamital or any other gut infection 

therapy. These authors observed that drug toxicities, in 

the form of fish mortalities or depressions in weight gain 

were found with a number of the compounds tested. Their 

experiments also suggested that certain drugs were 

effective in killing this infection, but interfered with 

normal growth. Calomel has been frequently used in treating 

H. salmonis infection in fish (Davis, 1953); it markedly 
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decreased fish growth even at a concentration of 0.04 

percent. McNiel and Hinshaw, (1945), have also found that 

Calomel, used to treat infection of H. roeleagridis in 

turkey poults, is non-toxic only at concentrations low 

enough to have no therapeutic value, and at higher 

concentrations it produced turkey mortality. For H. 

salmonis treatment, Enheptin has been suggested as a 

replacement therapeutic agent for Carbarsone and Calomel, 

which are highly toxic (Post and Beck, 1966). Roberts and 

Shepherd (1974) reported that Calomel and Carbarsone have 

been used commonly and found less satisfactory, however 

Furazolidone been found more successful as compared to both 

these compounds. Ferguson (1979) suggested that treatment 

for H. salmonis using Furazolidone cleared the parasites, 

and deaths ceased in 7 days, despite no change of diet. 

However, this author did not explain at what concentration 

Furazolidone was effective, or comment as to whether the 

said chemical had any effect on fish growth. Furazolidone 

was used by the management of this farm because they had 

found it to be very effective on previous occasions 

(Pers.Comm.Manager) . During the present study Furazolidone 

was used in the first survey and after that H. salmonis gut 

infection was not recorded (see results table 1). The 

disappearance of H. salmonis gut infection may have been 

due to the effect of this treatment. One week after 

treatment H. salmonis also disappear from tank B (see table 

2), though this was not treated. After week 9 Gyrodactylus 

showed low prevalence and Costia mucus and gill 

disappeared, possibly because of decline in temperature in 

both tanks (Table 1 and 2). By contrast, Chloramine-T, 

Oxolinic acid and Malachite green showed little effect on 

parasitic population, perhaps due to the low numbers of 

treatments or light doses (see 2nd, 4th, 5th and 6th 

surveys). Measurements of fish growth during the chemical 

treatment were not recorded; therefore, it was difficult to 

decide whether or not the growth of the fry was affected by 

the chemotherapy. 
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Many treatments have been tried to control PKD in both 

field and laboratory experiments. Neither antibacterial nor 

antiprotozoal compounds have proved successful as 

chemotherapeutic agents, (Ghittino et al . , 1977; Ferguson 

and Ball 1979; Bucke et al., 1981). Alderman and Clifton-

Hadly (1988) reported that a high degree of PKD disease was 

controlled by treatment at 21 day intervals with exposure 

for 40 minutes to 1.6 ppm Malachite green. During the 

present study Malachite green 2.5 M 5 minutes) was use^ 

three times in the 6th survey. The decline in PKD may have 

been effected by chemical treatment, change in temperature 

or better water quality. 

During the present study PKD infection was not noted 

in current surveys (4 and 5th) at the two fish farms. More 

work is required to make satisfactory comparison between 

infection levels at different temperatures, rivers and 

sampling time at the two fish farms. 

4.10. General conclusion 

This section provides general conclusions based upon 

the present study and previous studies by others. These 

suggestions are applicable to any kind of fish farm 

management. 

Water quality is the main source of the success or 

failure of a fish farm. The physical and chemical 

properties of water such as dissolved gases, temperature, 

suspended solids, pH, and mineral content, are the main 

parameters, and require special attention for good fish 

farm management. 

Temperature is the main environmental parameter for 

fish growth. Because metabolic rates are associated with 

temperature, and it increases as temperature increases. 

Water contains a large concentration of nitrogen and 

oxygen gases and also a lower concentration of carbon 

dioxide. Oxygen is the most important gas for fish and fish 

cannot survive without it. The dissolved oxygen 

concentration in fish farm water supply and tank water may 

be affected in several ways such as by respiration and 
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chemical reaction with organic matter (faeces, waste food 

and dead fish). The oxygen concentration can be affected 

because of increased metabolic rates and respiration; and 

its solubility in water also decreases at higher 

temperature. A decline in oxygen concentration may stress 

the fish and death can occur. Temperature can cause the 

most significant stress by changing the balance between 

fish and its environment Roberts (1978), particularly in 

overcrowded conditions when fish will be more stressed 

because of an increase in the amount of metabolic waste 

products in the water and a decrease in the oxygen 

concentration; both of these will make them more 

susceptible to infection. Consequently, changes in water 

temperature and oxygen concentration must be considered in 

good fish farm management. During the summer months the 

major outbreaks of bacterial infection such as Aeromonas 

1iquefaciens and fish mortalities can occur because of low 

oxygen concentration (Meyer, 1970; Mckee and Wolf, 1963). 

Environmental stress from contaminants can affect 

immune responses and internal resistance to infection by 

causing a reduction in phagocytic activity (Wedemeyer, 

1970). This suggests that regulation of environmental 

parameters is most important for good fish farm management. 

Both environmental stress and parasitic disease problems 

can only be controlled by maintaining high water quality 

standards. The oxygen concentration should ideally be 100% 

of saturation. The pH should not exceed the range of 7.0 to 

7.5, because trout is less tolerant of pH 9.0 and more 

precautions should be taken during the period of the rainy 

season. Because rainwater is slightly acid due to dissolved 

carbon dioxide (Warren, 1971), and the low pH can cause 

bleeding on gills and mortality (Roberts and Shepherd, 

1974). 

The ideal water temperature for rainbow trout 

production is that which does not change very much in all 

seasons. The optimum temperature for rainbow trout 

metabolism is 18°C; at this temperature fish make the best 

use of food. At high temperature the oxygen concentration 
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would be less, therefore, at higher temperatures feeding 

levels should be minimised because reduced oxygen 

concentration will increase the fish susceptibility. During 

the summer season, particularly at high temperatures, the 

oxygen supply can be maintained at the required level by 

putting more water through the unit. The experimental 

lethal limit for rainbow trout is 25° to 27°C. Therefore, 

it is necessary that the water temperature should not 

exceed these limits. In practice, the best water 

temperature for a rainbow trout farm is 10° to 15°C. 

The stocking density relates to water temperature and 

water flow, therefore, it is worth considering to keep the 

stocking density at a low level in the summer period. 

It is essential that the water supply for a fish farm 

should be free from pollution. Polluted water causes 

different types of diseases, as reported by a number of 

authors. The best known disease from polluted water is 'fin 

rot' or ' fin erosion' (Bullock and Snieszko, 1970; 

Sindermann, 1979). Suppression of immune responses by 

toxicants such as heavy metals and pesticides is well 

documented; therefore, it might be worth considering 

whether environmental pollutants can affect the resistance 

of fish to infection by reducing the defence system. 

Systems involving the reuse of water should be avoided 

at commercial farms. Each tank must have an independent 

supply and drainage of water. Larmoyeux and Piper (1973) 

reported that water of good quality can be made poor by a 

reuse water system. In the reuse water system the oxygen 

level is reduced, ammonia level increases and pH is also 

affected; these may affect fish growth, damage the gill 

tissue and also affect the visceral organs (liver, spleen 

and kidney). 

In case of spring water supply, the water quality 

should be tested for presence of metals and salts such as 

sodium and chlorides. In any condition water super-

saturated with air (excess of nitrogen) is not advised, 

because it causes 'bubble disease', which is caused by the 

formation of bubbles of nitrogen in the tissue, to which 
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fry are very susceptible. Even at supersaturation levels as 

low as 102% it can cause gas bubble diseases in fish (Piper 

et al., 1986). All types of fish species including 

coldwater, warmwater, freshwater and marine species are 

susceptible to gas bubble diseases. Trout fingerling can 

not tolerate a nitrogen gas concentration in excess of the 

105% level. Therefore, a regular record of water quality is 

most important, and water samples must be taken for 

analysis under all weather conditions and seasons. 

It is also clear from this study that the populations 

of parasites such as Gyrodactylus, H. salmonis, Trichodina, 

C. necatrix and I. multifiliis increase with temperature, 

therefore, outbreak of parasitic disease may be observed in 

the summer season. 

Meyer (1966a) commented that the occurrence of wild 

fish in fish farms had been reported by a number of 

farmers, and farmed fish were found to be parasitised. The 

author considered that the entrance of wild fish must be a 

source of introduction of disease. Therefore, it is 

suggested that fish farmers should make every effort to 

prevent the entry of wild fish into the fish farm 

(particularly in the case of avoiding Gyrodactylus 

infection which occurs largely by direct contact). 

In New York Bight, Mahoney et al. (1973) reported skin 

haemorrhages, skin ulcers and blindness. These symptoms 

were caused by bacterial infections such as Aeromonas sp., 

Vibro sp. and Pseudomonas sp. It may be possible that this 

fish general condition, morbidity and mortality may have 

been the concurrent result of parasitic and bacterial 

infections. Therefore, it would be useful to make sure that 

fish are free from bacterial infection by subjecting some 

samples for bacteriological examination. 

All types of parasitic disease can be noted in the 

summer period. Therefore, it is important that fish farmers 

check their farms daily for symptoms of unfavourable 

conditions, such as fish swimming at the surface early in 

the morning, strange smells, heavy blooms, suspended 

particles, algae or any change in water quality. 
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Suspended solids such as chemical precipitates, live 

or dead planktonic organisms and sediment from the tanks 

all make the water cloudy or opaque; in these conditions it 

would be difficult for fish to find food. Therefore, the 

fish farmer should take proper action on finding such 

symptoms. 

Trout and salmon are more susceptible to heavy metals 

than other fishes. Therefore, a fish farm should not be 

established near to any industrial or agricultural 

pollution. 

Every treatment should be considered a serious task 

because all drugs and chemicals used to control infectious 

diseases can be toxic to fish if concentrations are too 

high. Yasuake et al. (1961) reported that it is an 

important commercial consideration that fish should 

maintain or increase their growth rate while undergoing 

antihexamital or any other gut infection therapy. Their 

experiment suggested that certain drugs were effective in 

killing H. salmonis gut infection, but interfered with 

normal growth. Calomel has been frequently used in treating 

H. salmonis infection in fish (Davis, 1953); it markedly 

decreased fish growth even at a concentration of 0.04 

percent. McNiel and Hinshaw, (1945), have also found that 

Calomel, used to treat infection of H. meleagridis in 

turkey poults, is non-toxic only at concentrations low 

enough to have no therapeutic value, and at higher 

concentrations it produced turkey mortality. Therefore, 

before treatment commenced, the calculation of the chemical 

treatment should be checked properly. Heavily infected fish 

can be cured by placing them into flowing water, by this 

means the mature parasites (such as the trophozoite stage 

of 'Ich') are swept away before they have an opportunity to 

reproduce and reinfect the fish (Allison and Kelly, 1963). 

This method of cure may not be appropriate because by this 

means parasites can be transmitted to dependent water 

supply tanks and downstream fish farms. 

Overcrowding is likely to produce behaviourial 

abnormalities and fish can be stressed thereby affecting 
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the fish health; it also facilitates the spread of disease. 

Fish can be stressed by unfavourable water quality and 

inadequate food supply. Therefore, high stocking density 

and over/under ration levels should be avoided. Bardach 

al. (1972) suggested that the effect of metabolic wastes 

(passing from fish farms) may induce stress and enhance the 

proportion of diseases in wild fish downstream. Therefore, 

overfeeding must not be practised. The fish farmer should 

try to disturb the fish as little as possible. During 

periods of moving and grading fish must be handled very 

gently. The appliances used for moving fish such as nets, 

dippers and pipes should be designed in such way as to 

avoid injury or loss of scales. 

Therefore, every day the fish farmer should measure 

the physical parameters of water such as water flow, gas 

concentrations, temperature, pH, colour, transparency, 

smell and taste such as sweet, sour, bitter or salty. On 

finding any problem with these parameters at that stage 

quick action is required to correct the system. 

This study showed that the risk of parasites was high 

in the summer period. Therefore, the treatment such as 

Chloramine-T, Furazolidone and Malachite green should be 

made available throughout the year, and accurate doses are 

required to keep the parasitic burden to a minimum level. 

The fish farmer should also examine fish for parasitic 

diseases. Temperature and pH records should be maintained 

every day. However, in both conditions, i) high temperature 

and ii) parasitic diseases, stresses of handling and high 

stocking density should be avoided. It is important to keep 

the tanks as clean as possible. In order to avoid the 

spreading of infections boots must be sprayed with 

disinfectant chemical. Dead and sick fish should be removed 

straight away. 
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4.11. Areas and suggestions for further investigation 

The majority of trout farmed in Great Britain are 

rainbow trout Salmo qairdneri Richardson, produced for the 

table market. The output from the Southern region comes 

almost from entirely from two rivers, the Test and Itchen. 

There is considerable scope for further investigations into 

the biology (i.e. ecology, taxonomy, pathology and life-

cycle) of parasites; however, in the natural environment 

they are not so easy to study. It would be useful to 

undertake more detailed studies not only at the Romsey fish 

farm on the river Test and Itchen Abbas fish farm on the 

river Itchen, but also at different fish farms on these 

rivers for comparison. 

It is known that ectoparasites such as Trichodina, 

Gyrodactylus, I. multifiliis and Costia cause excess 

secretion of mucus and epithelial desquamation, although 

the degree and mode of such damage is not so clear. It will 

be of interest to determine whether these parasites affect 

a fish's appetite and whether they have relationships with 

the weight, length and condition factor of fish. The study 

of infected-fish mucus quality is still not yet clear and 

requires further study. A laboratory study by Pickering and 

Christie (1980) showed that mature brown trout harbour more 

'Ich' parasites than immature fish, possibly because of 

qualitative differences in the mucus secretion of the host; 

this question has not been resolved yet, therefore this 

area needs more investigation to detect the different types 

of mucus produced by both uninfected and infected fish at 

different ages, in a laboratory study. The pathological 

status of H. salmonis is still a matter of debate. Fish 

infected with H. salmonis may or may not show obvious 

symptoms; therefore, further investigation is required to 

clarify the relationship between the parasite and its 

reported symptoms, and the effects of parasites on fish 

growth. The decline of H. salmonis gut infection may be 

related to the increase of fish age, and work is needed to 

examine any change in the immune response against this 

parasite with fish age. Bearing in mind the conclusion of 
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this thesis concerning concurrent interactions among 

different parasitic species, there is clearly scope for 

further work in this area. Laboratory study would be more 

suitable, because one would be able to observe the 

difference between fish infected with one parasitic species 

or with multiple infection or fish infected with low or 

high infection levels. 

During the present investigation a high prevalence of 

Chilodonella was noted in the second survey. Therefore, it 

would be very valuable to do more surveys in different 

seasons, fish farms, and rivers in order to determine the 

pathology of Chilodonella. It is also clear from this work 

that bacterial infections were not investigated. 

Consequently, it would be important to do more work in 

order to determine the correlation between outbreaks of 

bacterial infection and sessile peritrichs with water 

supply quality. 

It is evident from the literature survey that 

different parasitic species are associated with high 

stocking density, poor water quality, recirculation of 

water and inadequate food. Therefore, more work is needed 

on the relationship of fish disease with both low and high 

stocking density, different fish farms on different rivers 

and the use of different feeding levels. 

Attention must be given to the following parameters: 

a) the parasite's relationship with water pH and oxygen 

concentration dissolved in water; b) the relationship of 

fish growth with food consumption at different infection 

levels; c) the relationship of food consumption with both 

time and temperature in the presence of various parasites; 

d) the food conversion efficiency at different temperatures 

in the presence of different infections. Although some of 

these parameters have been discussed briefly in this 

thesis, they have not been analysed. 

Another aspect of importance would be to determine 

more precisely the effects of chemical treatments such as 

Chloramine-T, Malachite green and Furazolidone on 

parasites. Since chemotherapy is necessary for disease 
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control, it may be possible that during the period of 

treatment different parasitic species may show varying 

susceptibilities to chemical treatment. During the summer 

period high parasitic prevalence and PKD outbreaks can be 

recorded. It had been hoped to investigate this by 

monitoring the effects of chemical treatment of one tank by 

comparison with one which was to have been left without 

treatment as a control for the whole summer. Unfortunately, 

this could not be done because the manager of the fish farm 

was unable to comply due to excessive mortalities. It would 

also be worth following the PKD infection dynamics with 

time, temperature and water quality during the summer 

period. PKD was confirmed during this investigation at 

Romsey fish farm on the river Test, but PKD outbreaks do 

not occur at the same time in each fish farm and outbreaks 

occur in different months on the river Itchen as compared 

with the Test (Pers.Comm. Manag.). 

High parasitic burden also stresses the fish, 

therefore more work is required to examine the fish stress 

due to parasites. The relationship between handling stress 

and parasitic infections needs more work. Both field and 

laboratory studies will also be useful in investigating the 

prevalence of infections to understand the difference in 

outbreaks in controlled and uncontrolled environment. 

During the present study different sample sizes of 

fish were tried from different tanks, and data from the 

separate tanks were merged to make one file for analysis. 

Small sample size is not suggested because of high stocking 

in tanks. Other details see Methods and Materials (section 

2.9). The data and graphs showed that infected fish were 

bigger than uninfected ones; and it was also obvious from 

the data that the sample size of uninfected fish was very 

small as compared with the infected group (see Appendix 2 

and 3). Therefore, the results may have been influenced by 

small sample size. It is also clear from the field data 

that parasitic prevalence was higher at higher 

temperatures, and at peak prevalence (100%) it was not 

possible to compare the growth parameters of both infected 
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and uninfected groups. However, there is very little 

difference between infected and uninfected fish, age for 

age, especially where the sample is big enough to be 

useful. Therefore, it is suggested that bigger sample sizes 

would be more useful. A maximum of 20 fish from two 

different tanks were post mortemed in this study in one 

day. Monitoring parasitic population by a small sample size 

i.e. 6 used in this study would be helpful to decide on 

tanks which has particularly interesting associations of 

parasites. The data from different tanks should also be 

analysed separately. The fry of the 1st, 2nd, 3rd, 4th and 

6th surveys were post mortemed in the laboratory at the 

Biology Department of Southampton University. The changes 

in parasitic prevalence may have been due to several 

causes. For example, fish may have lost parasites during 

the journey to the laboratory because of stress. Change in 

temperature during the transportation may have affected the 

parasite prevalences, change in pH and oxygen concentration 

may be factors reducing the parasitic prevalence. 

Consequently, as in survey 5, it would be more sensible to 

do post mortems on the fish farm in order to obtain 

accurate data of the abundance of parasites. The model 

suggested would be: 

W=a + PiInfection + $2xAge 

The result from this suggested model will provide 

useful comparison between combined and uncombined tanks 

with different sample size and fish age. During the present 

investigation a linear model was applied to understand the 

change in growth in fish infected with a particular 

parasite. It would be more helpful to use the log linear 

model; by applying this model it would be quite easy to 

understand the percentage change in infected fish. The 

comparison between linear and log linear models would be 

useful to understand the different results of each model. 

Fish growth and food consumption rates can be 

expressed as average relative growth and average relative 

food consumption rates by the following formula: 
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W2-W1 
Growth rate (%/day)= X 100 

0.5(W1+W2)t 

Consumption rate (%/day) X 100 
0.5(W1+W2)t 

Where: C and W are in grams:-

Wl= Initial weight of fry 

W2= Final weight of fry 

t= Duration of sampling in days 

C= Weight of food consumed 

In laboratory studies both these methods have 

previously been used by Warren (1971); Wurtsbaugh and Davis 

1977) and Hill (1983), but at commercial fish farms they 

are not easy to use because of the high stocking density, 

fish mortality, parasitic infections, number of feeds per 

day and change in temperatures. Consequently these 

parameters require more precise investigation. The results 

of such research will help the fish farmers by recording 

the growth of trout and their food consumption during 

periods of outbreak of parasitic diseases. 

Gross efficiencies of food conversion can be 

calculated by dividing total growth by total food 

consumption. Efficiency values are than multiplied by 100 

and expressed as percentages. The relationship between 

growth and food consumption efficiencies will reveal if 

there is any kind of linear or high order structure, using 

the regression analysis of growth and food consumption. 

Since it is evident from this investigation that there 

were variable degrees of infection present in the tanks, an 

analysis can be performed to see whether the infection 

level may explain some of the variation in growth, together 

with the food consumption. 

Models suggested are as under: 

A) Growth= v=a + 3^Infection + $^Food Cons.+B^Tank + B^xAge 

B) Food consumption^ ij=a + $^Infection + g^Growth + B^Tank + B^xAge 
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In order to determine the effect of parasites on fish 

growth and food consumption, a control group is essential 

on the fish farm. This can be made by selecting one or more 

non parasitised tanks as controls, for comparison with 

other tanks in which there are parasitic infections (as 

revealed by examining fry samples for parasitic infections 

and mortality). The problem then is how to maintain the 

control tanks parasite-free. One solution is to reduce the 

stocking density of control tanks, maintaining the same 

water flow, feeding levels and tank size as the 

experimental tanks; at reduced stocking density fish are 

less susceptible and any infections are less likely to 

become epidemic and spread to uninfected fish. Another 

solution is to install filters and/or sterlization of the 

inflow water to prevent infection of fish that had been 

raised parasitic-free, but these would be very expensive on 

a fish farm. Yet another possibility would be to try to 

reproduce the fish farm environment within the laboratory, 

using controlled environment facilities and regulated 

feeding levels, to maintain parasitic-free fish and fish 

with selected infections. 

The occurrence of various species of parasites on 

rainbow trout at the commercial fish farm is unavoidable. 

The abundance of several parasites increases in the summer 

months due to increase in temperature; in the present study 

Trichodina, Gyrodactylus, Costia and Chilodonella behave in 

this way. It is also clear from this study, by using the 

one-way and two-way analysis of variance, that a number of 

parasites such as Trichodina, Costia, Hexaroita, 

Chilodonella, I. multifiliis, PKD, Gyrodactylus and Sessile 

peritrichs showed significant concurrent interaction 

effects on fish weight and length. Therefore, it was not 

easy to make final conclusions about which parasites have 

greatest influence on fish weight and length, and it needs 

further investigation. In order to determine the 

interaction effects of parasites conclusively, laboratory 

studies using controlled introduction of parasites are 

suggested. A number of different fish samples infected with 
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specified parasites could be arranged to determine the 

effects of particular parasites and combinations of 

parasites on fish growth. By comparison with fish infected 

with different parasites, this study would help to 

interpret which parasite has greatest effect on fish growth 

rate. 

Rainbow trout form an increasingly important protein 

source as global food demand expands and since potentially 

pathogenic forms affect their production, a knowledge and 

control of parasites is of increasing importance. 
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Khan, (1988) ibid. 

Margolis, L., Esch, G.W., Holmes., J.C., Kurtis, A.M. and 

Schad, G.A. (1982). The use of ecological terms in 

parasitology. J. Parasit. 68; 131-133. 

McCallum, H.I. (1982). Infection dynamics of I. 

multifiliis. Parasitology. 85: 475-488. 

McCallum, H.I. (1985). Population effects of parasite 

survival of host death: experimental studies of the 

interaction of I. multifiliis and its fish host. 

Parasitology. 90; 529-547. 

McCartney, J.B., Fortner, G.W. and Hansen, M.F. (1985). 

Scanning Electron Microscopic studies of the life 

cycle of I. multifiliis. J. Parasit. 71(2): 218-226. 

McGonigle, R. H. (1940). Acute Catarrhal Enteritis of 

Salmonid Fingerlings. Trans. Amer. Fish. Soc. 70: 297-

303. 

Mckee, J.E. and Wolf, H.W. (1963). Water quality criteria. 

State Water Quality Control Board, Sacramento, 

California Publ. No. 3-A. 548 pp. As quoted in Meyer, 

(1970) ibid. 

259 



McNeil, E. and Hinshaw, W.R. (1945). Effect of mercurous 

chloride on turkeys and on H. meleaqridis. Poul. Sci. 

24; 516-521. 

Mendis, A.S. and Fernando, C.H. (1962). A guide to the 

freshwater fauna of Ceylon. Bulletin of the Fisheries 

Research Station, Ceylon, No 12 pp 160. As quoted in 

Paperna, <1972) ibid. 

Meyer, F.P. (1966a). A new control for the anchor parasite, 

Lernaea cyprinacea. Progve. Fish Cult. 28(1): 33-39. 

Meyer, F.P. (1970). Seasonal Fluctuations in the Incidence 

of Disease on Fish Farms. Amer. Fish. Soc. Special 

Publ. A Symposium of Disease of Fishes and Shellfish. 

5_L 21-29. 

Meyer, F.P. (1974). Parasites of freshwater fishes. II 

Protozoa. 3. I. multifiliis. U.S. Dept. Int. Fishwild. 

Serv. Fish Dis. Leaft. 2. 

Michael L., Kent., Ronald P. and Hedrick. (1985). PKX, the 

causative agent of Proliferative Kidney Disease (PKD) 

in Pacific salmonid fishes and its affinities with the 

Myxozoa. J. Protozool. 32(2): 254-260. 

Migala, K. and Kazubski, S.L. (1972). Occurrence of 

nonspecific ciliates on carps (Cyprinus Carpio L.) in 

winter ponds. Acta protozoologica. 9_̂  329-337. 

Miura, S. and Ohshina, K. (1960). On octomitiasis in 

rainbow trout with special reference to the 

pathological findings, Japanese Journal of 

Veterinary Science, 22(4): 201-208. 

Mizelle, J.D. and Kritsky, D.C. (1967). Studies on 

monogenetic trematodes. XXXIII. New species of 

2 6 0 



Gyrodactylus and a key to the North American species. 

Trans. Amer. Microsc. Soc. 86: 390-401. 

Molnar, K. and Kovacs-Gayer, E. (1986). Experimental 

induction of Sphaerospora renicola (Myxosporea) 

infection in common carp Cyprinus carpio L. by 

transmission of SB-protozoans. J. Appl. Ichthyol. 2T 

86-94. 

Moller, H. (1979). Geographical distribution of fish 

diseases in the NE Atlantic. A bibliographic review. 

Meeresforschung, 27: 217-235. 

Moller, H. and Anders, K. (1983). "Krankheiten und 

parasiten der Meeresfische." Moller, Kiel. Moller, H. 

(1985). A critical review on the role of Pollution as 

a cause of fish diseases: In Fish and Shellfish 

Pathology. Ellis. A.E. Acad. Press. Lond. pp.169-178. 

Moller, H. (1985). A critical review on the role of 

pollution as a cause of fish diseases. In: Fish and 

Shell fish Pathology (ed. by A.E. Ellis), pp. 359-367. 

Academic Press, London. 

Moroff, Th. (1902). Chilodon cyprini nov. sp. Zool. Anz., 

26: 5-8. 

Moore, E. (1922). Octomitus salmonis a new species of 

intestinal parasite in trout. Trans. Amer. Fish. Soc. 

52: 74-93. 

Moore, E. (1923). Diseases of fish in State hatcheries 12th 

Annual Report of the New York State Conservation 

Commission (1922): 66-79. As quoted in Cusack, (1986) 

ibid. 

261 



Mueller, J.F. (1931). A new species of Cyclochaeta from the 

ureters and urinary bladder of Esox reticulatus. J. 

Parasit. 18: 126. 

Natarjan, P. and Balakerishan Nair, N. (1977). On certain 

effects of parasitic infestation by Lernaeenicus 

hernirhamphi Kirtisinghe on Hemirhamplus xanthopterus 

Val. and H. far Forsk. J. animal. Morphol. Physiol. 

24: 229-243. 

Needham, E. and Wootten, R. (1978). The parasitology of 

teleosts. In fish pathology (R.J.Roberts, ed.), pp. 

144-182, London: Balliere Tindall. 

Nelson, B.C. (1941). Carbarsone treatments for Octomitus. 

Progve. Fish Cult. 55: 1-5. 

Nigrelli, R.F., Pokorny, K.S. and Ruggieri, G.D. (1976). 

Notes on I. multifiliis a ciliate parasitic on 

freshwater fishes, with some remarks on possible 

physiological races and species. Trans. Amer. Microsc. 

Soci. 9 ^ 607-613. 

Niimi, A.J. and Beamish, F.W.H. (1974). Bioenergetics and 

growth of largemouth bass (Micropterus salmoides) in 

relation to body weight and temperature. Can. J. Zool. 

52: 447-456. 

Noble, E.R., King, R.E. and Jacobs, B.L. (1963). Ecology of 

the gill parasites of Gillichthys mirabils Cooper. 

Ecology. 44: 295-305. 

Ojala, O. (1963). Fish diseases in Finland. Bull. Off. Int. 

Epiz, 59(1-2): 31-42. 

Olson, R.E. (1978). Parasitology of the English sole, 

Parophrys vetulus Girard in Oregon, U.S.A. J. Fish 

Biol. 13: 237-248. 

262 



Orme, F.W. (1981). Cyclopaedia of ooldwater fish and pond 

life. Saiga. Publ. Co. Ltd., Royal Parade, Hindhead, 

Surrey England, pp. 24-57. 

Ossiander, F.J. and Wedmeyer, G. (1973). Computer program 

for sample sizes required to determine disease 

incidence in fish populations. J. Fish. Res. Bd Can. 

30: 1383-1384. 

Padnos, M. and Nigrelli, R.F. (1942) . T. spheroidesi and T. 

halli spp. nov. parasitic on the gills and skin of 

marine fishes, with special reference to the life 

history of T. spheroidesi. Zoologies. 27; 65-72. 

Paloheimo, J.E. and Dickie, L.M. (1965). Food and growth of 

Fishes. I. A growth curve derived from experimental 

data. J. Fish Res. Bd. Can. 22: 521-542. 

Paloheimo, J.E. and Dickie, L.M. (1966a). Food and growth 

of Fishes. II. Effect of food and temperature on the 

relation between metabolism and body weight. J. Fish 

Res. Bd. Can. 23: 869-908. 

Paloheimo, J.E. and Dickie, L.M. (1966b). Food and growth 

of Fishes. III. Relations among food, body size, and 

growth efficiency. J. Fish Res. Bd Can. 23; 1209-1248. 

Paperna, I. (1964). Competitive exclusion of Dactylogyrus 

extensus by Dactyloqyrus vastator (Trematoda, 

Monogenea) on the gill of reared carp. J. Parasit. 

50(1): 94-98. 

Paperna, I. (1972). Infection by I. multifiliis of fish in 

Uganda. Progve. Fish Cult. 34; 162-164. 

Paperna, I. (1980a). Parasites, infections and diseases of 

fish in Africa. CIFA Tech. Pap. 7, 216 pp. 

263 



Paperna, I. and Van As, J.G. (1983). The pathology of 

Chilodonella hexasticha (Kiernik) infections in 

cichlid fishes. J. Fish Biol. 23; 441-450. 

Parker, J.D. <1965). Seasonal occurrence, transmission and 

host specificity of the monogenic trematode 

Gyrodactylus elegans from the golden shiner 

Notemigonus crysoleucas. Ph.D. Thesis, Southern 

Illinois University, Carbodale, III. As quoted in 

Lester and Adams, (1973) ibid. 

Pentelow, F.T.K. (1939). The relation between growth and 

food consumption in the brown trout Salmo trutta L. J. 

Exp. Biol. 16; 446-473. 

Pennycuick, L. (1971). Quantitative effects of three 

species of parasites on a population of three-spined 

sticklebacks, Gasterosteus aculeatus. J. Zoo., Lond. 

165; 143-162. 

Peters, G. (1977). The papillomatosis of the European eel 

Anguilla anguilla L. Analysis of seasonal fluctuations 

in the tumour incidence. Arch. Fishwiss. 27: 251-265. 

As quoted in Moller, (1985) ibid. 

Peters, G. (1984). Pathological effects of stress and 

environmental conditions on cultured fish. Bull. Eur. 

Ass. Fish Pathol. ^ 74. As quoted in Poynton, (1985) 

ibid. 

Petrushevsky, G.K. and Petrushevskaja, M.G. (1960). The 

accuracy of quantitative indices under the study of 

the parasite-fauna of fishes. Parasit. Sbor. Zool. 

Akad. Nauk. SSSP, 14; 333-343. 

Phillips, A.M. (1969). Nutrition, digestion and energy 

utilization, in "Fish physiology. Vol. 1. Excretion, 

264 



Ionic Regulation and Metabolism" (M.S. Hoar and D.J. 

Randall, eds.). Academic press. New York and London. 

Phillips, R.S. and Wakelin, D. (1976). Trichuris rouris: 

Effect of concurrent infections with rodent piroplasras 

of immune expulsion from mice. Exp. Parasit. 39: 95-

100. 

Pickering, A.D. and Christie, P. (1980). Sexual differences 

in the incidence and severity of ectoparasitic 

infections of the brown trout, Salmo trutta L. J. Fish 

Biol. JL6: 669-683. 

Pickering, A.D., Pottinger, T.G. and Christie, P. (1982). 

Recovery of the brown trout Salmo trutta L. , from 

acute handling stress: a time course study. J. Fish 

Biol . M l 229-244. 

Piper, R.G, McElevain, I.E., Orme, L.E., McCrarean, J.P., 

Fowler, L.G. and Leonard, J.R. (1986). Fish hatchery 

management. United States Department of the interior 

Fish and Wildlife Service Washington, D.C. 

Post, G. and Beck, M M . (1966). Toxicity, tissue residue, 

and efficacy of Enheptin given orally to rainbow trout 

to hexamitiasis. Progve. Fish-Cult. 28(2): 83-88. 

Pottinger, T.G., Pickering, A.D. and Blackstock, N. (1984). 

Ectoparasite induced changes in epidermal mucification 

of the brown trout Salmo trutta L. J. Fish Biol. 25; 

123-128. 

Poynton, S.L. (1985). Parasites of trout: Epizootiology and 

Transmission in the river Itchen and three of its fish 

farms. Ph.D. Thesis, Dept. Biology, University of 

Southampton. 

265 



Poynton, S.L. (1986). Distribution of the flagellate 

Hexaroita salmonis Moore, 1922 and the microsporidian 

Loma salmonae Putz, Hoffman and Dunbar, 1965 in brown 

trout, Salmo trutta L. and rainbow trout, Salrno 

qairdneri (Richardson) in the river Itchen (U.K). and 

three of its fish farms. J. Fish Biol. 29: 417-429. 

Poynton, S.L. and Lom, J. (1989). Some ectoparasitic 

trichodinids from Atlantic cod Gadus morhua L. , with 

a description of Trichodina Coopere n. sp. C. J. Zool. 

67(7): 1793-1800. 

Putz, R.E. and Hoffman, G.L. (1963). Two new Gyrodactylus 

(Trematoda: Monogenea) from cyprinid fishes with 

synopsis of those found on North American fishes. J. 

Parasit. 49: 559-566. 

Rauck, G. (1969). Uber das Auftreten toter und 

hautverletzter Seezungen in der Nordsee nach kalten 

Wintern. Inf. Fischwirtsch. 85-88. As quoted in 

Poynton, (1985) ibid. 

Rawson, M.V. and Rogers, W.A. (1973). Seasonal Abundance of 

Gyrodactylus macrochiri (Hoffman and Putz, 1964) on 

Bluegill and Largemouth Bass. J. Wildl. Dis. ^ 174-

177. 

Reichenback-Klinke, H.H. and Elkan, E. (1965). "The 

principle diseases of lower vertebrates. Book 1. 

Diseases of fish".T.F.H. Publications. As quoted in 

Poynton, (1985) ibid. 

Reichenbach-Klinke, H.H. (1980). "Krankheiten und 

Schadigungen der Fische". Fischer. Stuttgart. As 

quoted in Holler, (1985) ibid. 

Ribelin, W.E. and Migaki, G. (1975). Pathology of fishes. 

(Wisconsin). 

266 



Roberts, R.J. and Shepherd, C.J. (1974). Hand book of trout 

and salmon disease. Fishing News (Books) Ltd, Surrey. 

Roberts, R.J. (1978). The pathophysiology and systematic 

pathology of teleosts. In 'Fish Pathology' ed. 

Roberts, R.J. pp, 55-91. Balliere, Tindall, London. 

Robertson, D.A. (1979). Host-parasite interaction between 

Ichthyobodo necator (Henneguy, 1983) and farmed 

salraonids. J. Fish Dis. 2_̂  481-491. 

Rodgers, L.J. and Burke, J.B. (1981). Seasonal variation in 

the prevalence of "red spot" disease in estuarine fish 

with particular reference to the sea mullet, Muqil 

cephalus L. J. Fish Dis. 4j_ 297-307. 

Rogers, W.A. (1967). Six new species of Gyrodactylus 

(Monogenea) from the Southeastern U.S. J. Parasit. 53: 

747-751. 

Rogers, W.A. (1968). Eight new species of Gyrodactylus 

(Monogenea) from the Southeastern U.S. with 

redescriptions of G. fairporti (Van Cleave, 1921), and 

G. cyprini (Diarova, 1964). J. Parasit. 54; 490-495. 

Rogers, W.A. and Wellborn, T.L.JR. (1965). Studies on 

Gyrodactylus (Trematoda;Monogenea) with descriptions 

of five new species from the Southeastern U.S. A. J. 

Parasit. 51; 977-982. 

Rogers, W.A. (1970). Epistylis (Ciliata: Peritricha) 

Epizootics of fish in the Southeastern U.S. Abstract 

in Bull. Assoc. S. E. Biol. 17; 61. 

Rogers, W.A. (1971). Diseases in fish due to the protozoan 

Epistylis (Ciliate: Peritricha) in the South eastern 

267 



U.S. Proc. Ann. Conf. Southeast. Game Fish Comm. 25: 

493-496. 

Rogers, W.A. and Gaines, J. (1975). Lesions of protozoan 

diseases in fish. In "The pathology of fishes" 

(Ribelin, W.E. and Migaki, G, eds) Vol.3, pp. 117-150. 

Wisconsin University press. 

Rucker, R.R., Bernier, A.F., Whipple, W.J. and Burrows, 

R.E. (1951). Sulfadiazine for Kidney Disease. Progve. 

Fish Cult. 13(3); 135-137. 

Sano, S.S., Ohshima, M.K. and S. Shogunal. (1961). The use 

of Lomezine for a type of rainbow trout disease. Vet. 

& Livestock News, No. 309 (Supplement): 910-912. (In 

Japanese, translated by Robert H. Kono.). 

Sano, T. (1970). Etiology and histopathology of 

hexamitiasis and an IPN-Like disease of rainbow trout. 

J. Tokyo University Fish. 5j6. 23-30. 

Sarig, S. (1971). The prevention and treatment of diseases 

of warmwater fishes under subtropical condition with 

special emphasis on intensive fish farming, 129 pp, 

Jersy City: T.F.H. Publications. 

Schaperclaus, W., Kuhlow, H. and Schreckenback, K. (1979). 

Fish hrankeiten Akademic Verlag, Berlin. II: 537-632. 

Schaperclaus, W. (1941). Fishkrankheiten. 2. Auflage. 

Gustav Wenzel und Sohn, Braunschweig, 296 S. 

Schlotfeldt, H.J. (1983). Field observation on 

proliferative kidney disease (PKD) in rainbow trout. 

Bull. Eur. Assoc. Fish Pathol. 3(3): 32. 

268 



Schmidt, W. (1920). Utersuchungen uber Octomitus 

intestinalis truttae. Archiv Fur Protistenkunde. 40: 

252-289. As quoted in Poynton, (1985) ibid. 

Scott, P.M. (1979). The occurrence of proliferative kidney 

disease on a chalk stream. Veterinary Record. 105; 

330-331. 

Scott, M.E. (1982). Reproductive potential of Gyrodactylus 

bullatarudis (Monogenea) on guppies Poecilia 

reticulata. Parasitology. 85: 217-236. 

Scott, M.E. (1984). Experimental epidemiology of G. 

bullatarudis (Monogenea) on guppies Poecilia 

reticulata: short- and long-term studies. Linnaean 

Society Symposium Series. 11: 21-38. 

Scott, M.E. and Nokes, D.J. (1984 

reproduction and survival 

(Monogenea) on guppies 

Parasitology. 89: 221-227. 

Temperature dependent 

of G. bullatarudis 

Poecilia reticulata. 

Scott, M. E. and Anderson, R.M. (1984). The population 

dynamics of Gyrodactylus bullatarudis (monogenea) 

within laboratory populations of the fish host 

Poecilia reticulata. Parasitology. 89: 159-194. 

Scott, M.E. (1987). Temporal changes in aggregation: a 

laboratory study. Parasitology. 94: 583-595. 

Seagrave, C.P., Hudson, E.B. and McGregor, D. (1981). A 

survey of the prevalence and distribution of 

proliferative kidney disease (PKD) in England and 

Wales. J. Fish Dis. 4: 437-439. 

Sedgwick, S.D. (1973). "Trout Farming Handbook' 

Service and Co. London, pp. 169. 

Seeley 

269 



Sedgwick, S.D. (1982). 'The Salmon Handbook'. Andre Deutsch 

Publication. Ltd. London, pp. 242. 

Sindermann, C.J. (1979). Pollution-associated diseases and 

abnormalities of fish and shellfish: a review. Fish 

Bull. 717-749. 

Smith, C.E., Morrison J.K., Ramsey H.W. and Ferguson, H.W. 

(1984). Proliferative kidney disease: first reported 

outbreak in North America. J. Fish Dis. JJL 207-216. 

Snieszko, S.F. and Axelrod, H.R. (1976). Diseases of 

Fishes. T.H.F. Publications. As quoted in Cooper, 

(1983) ibid. 

Stevenson, J. P. (1980). Trout farming manual. Fish News 

Book Ltd. Farnham, England. 

Suzuki, J. (1935). On the reproduction of I. multifiliis 

Fouquet in relation to water temperature. Bull. Jap. 

Soc. Fish, 2L 265-272. (in Japanese with English 

summary) . 

Tavolga, W.N. and Nigrelli, R.F. (1947). Studies on Costia 

necatrix, (Henneguy). Trans. Amer. Micros. Soc. 66(4): 

366-378 

Templeman, W, Hodder, V.N. and Fleming, A.M. (1976). 

Infection of lump-fish Cyclopterus lumpus with larvae 

and of Atlantic cod Gadus morhua with adults of the 

copepod, Lernaecocera branchialis in and adjacent to 

the Newfoundland area, and inferences therefrom on 

inshore-offshore migration of cod. J. Fish Res. Bd. 

Can. 33i 711-731. 

Threlfall, W. (1968). A mass die-off of three-spined 

sticklebacks Gasterosteus aculeatus L. caused by 

parasites. Can. J. Zool. 46: 105-106. 

270 



Titcorabr J.W. (1920). Some fish cultural notes. Proc. Amer. 

Fish Soc. 50: 200-211. 

Tripathi, Y.R. (1957). Monogenetic trematodes from fishes 

of India. Indian J. Helminthol. 9j_ 1-149. 

Turnbull, E.R. (1955). Studies on two species of 

G y r o d a c t y 1 us N o r d m a n n 18 32 ( M o m o g e n e a : 

Gyrodactylidae). M.A. Thesis, University of Toronto, 

Ontario. As quoted in Scott, (1984) ibid. 

Turnbull, E.R. (1956). Gyrodactylus bullatarudis n.sp. from 

Lebistes reticulata P. with a study of its life cycle. 

Can. J. Zool. 34: 583-594. 

Uzmann, J.R., Paulik, G.L. and Hayduk, S.H. (1965). 

Experimental hexamitiasis in juvenile coho salmo, 

Oncorhynchus kisutch and steelhead trout, Salmo 

qairdneri. Trans. Amer. Fish. Soc. 94: 53-61. 

Van Duijn, C. (1967). Diseases of fishes, 2nd edn, Iliffe 

Books Ltd. London, 309 pp. 

Wagner, G. (1960). Der Entwicklungszyklus von I. 

multifiliis Fouguet und der Einfluss physikalisher und 

chemischer Aussen Faktoren. Zeitsehrift fur Fischeri. 

9; 425-443. As quoted in McCallum, (1982) ibid. 

Warren, C.E. (1971). Biology and water pollution control. 

The department of fishes and wildlife. Oregon State 

University, Corvallis, Oregon. U.S.A. pp. 434. 

Weatherley, A.H. and Gill, H.S. (1987). The biology of fish 

growth. Academic Press Publication. Ldt. London, pp. 

443. 

271 



Wederneyer, G.A. (1970). The role of stress in the disease 

resistance of fishes. In " A symposium on diseases of 

fishes and shellfishes" ed. Snieszko, S.F. pp. pp. 30-

35. Araer. Fish Soc. Spec. Publ. No. 5. 

Wedemeyer, G. (1976). Physiological response of juvenile 

coho salmon Oncorhynchus kisutch and rainbow trout 

Salmo qairdneri to handling and crowing stress in 

intensive fish culture. J. Fish Res. Res. Bd. Can. 33: 

2699-2702. 

Wellborn, T.L.JR. and Rogers, W.A. (1967). Five new species 

of Gyrodactylus (Treroatoda: Monogenea) from the 

Southeastern U.S. A. J. Parasit. 53: 10-14. 

Wenyon, C.M. (1926). Protozoology. Vol.1 (Baillier, Tindall 

& Cox. London). 

Willford, W.A. (1967). Toxicity of 22 therapeutic compounds 

to six fishes. U.S. Bureau of Sport Fisheries and 

Wildlife, investigations in fish control No. 18 

(Resource Publication 35) p. 1-10. 

Williams, H.H. (1964). Some observation on the mass 

mortality of the freshwater fishes Rutilus L. , 

Parasitology. ^4_: 155-177. 

Wingfield, C.A. (1940). The effect of certain environmental 

factors on the growth of Brown trout Salmo trutta L. 

J. Exp. Biol. 17: 435-448. 

Wood. J.W. (1968). Diseases of Pacific salmon their 

prevention and treatment,. State of Washington, Dept. 

of Fisheries, Hatchery Division, Olympia, Washington. 

Wootton, R. (1973). The metazoan parasite fauna of fish 

from banning field Reservoir, Essex in relation to 

272 



features of the habitual and host populations. J. 

Zool. Lond. 171; 323-331. 

Wootten, R. and Smith, J.W. (1980). Studies on the parasite 

fauna of juvenile Atlantic salmon, Salmo salar L. , 

cultured in freshwater in Easter Scotland. Z. 

Parasitendk. 63; 221-231. 

Wootten, R. and McVicar, A.M. (1982). Democystidium from 

cultured eels, Anquilla L., in Scotland. J Fish Dis. 

5^ 215-222. 

Wurtsbaugh, W.A. and Davis, G.E. (1977). Effects of 

temperature and ration level on the growth and food 

conversion efficiency of Salmo qairdneri, 

(Richardson). J. Fish Biol. 11: 87-98. 

Wurtsbaugh, W.A. and Davis, G.E. (1977). Effects of fish 

size and ration level on the growth and food 

conversion efficiency of rainbow trout. Salmo 

qairdneri, (Richardson). J. Fish Biol. 11: 99-104. 

Yamaguti, S. (1963). Systema helminthum. Volume IV. 

(Monogenea and Aspidocotylea). Interscience Publ. New 

York and london. 

Yasutake, W.T., Buhler, D.R. and Shanks, W. (1961). 

Chemotherapy of hexamitiasis in fish. J. Parasit. 47: 

81-86. 

Yin, W. and Sproston, N.G. (1948). Studies on the 

monogenetic trematodes of China. Parts 1-5. Sinensia. 

19: 57-85. 

Zitnan, R.H.V. (1982). The seasonal dynamics of the 

invasion cycle of Gyrodactylus katharineri Malraberg, 

1964 (Monoqenea). Helminthology. 19: 257-265. 

273 



APPENDIX 1 

Analysis of the relationships between fish weight and fish 
length and the age of the rainbow trout Salmo qairdneri 
(Richardson), in the six surveys performed (all fish, 
including both uninfected and infected fish). 

1.1 First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

SimpIe-Y:Wet weight (g) 
DF: R-squared: Std.Err; 

X: Age (days) 
Correl: 

299 0.7548 6.0648 0.8688 

Table la. Beta Coefficient 
Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -28.748 1. 621 -17.733 <0.001 

Age (days) 0.3711 0. 0123 30.287 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=917.278; 
DF=1&298; P<0.001). 
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Fig. 1. Relationship between wet fish weight and age 
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Table 2. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

299 0.7548 0.9596 0.9054 

Table 2a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 0.720 0. 256 2.805 0.005 

Age (days) 0.0714 0. 002 36.817 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=1355.517; 
DF=1&298; P<0.001). 
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Fig. 2. Relationship between fish length and age. 
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1.2 Second survey, at Itchen Abbas, January to May 1987. 

Table 3. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of rainbow trout Salrno 
qairdneri (Richardson). 

Siraple-Y:Wet weight (g) X: Age (days) 

DF; R-sguared: Std.Err: Correl: 

461 0.56537 6.9676 0.7519 

Table 3a. Beta Coefficient 

Parameter; Value Std Err T-Value Sig.T 

INTERCEPT -17.306 1 456 -11 .884 <0.001 

Age (days) 0.2544 0 0104 24 .462 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=598.371; 
DF=1&460; P<0.001). 

: 0 -OO 1 ; 0 1 20 I 30 140 - .50 ISC 1 70 ; e o ; zoc 
AGE (DAYS) 

Fig. 3. Relationship between wet fish weight and age, 
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Table 4. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

461 0.58288 1.3609 0.7635 

Table 4a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 2.622 0. 2844 9.220 <0.001 

Age (days) 0.0515 0. 002 25.353 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=642.792; 
DF=1&460; P<0.001). 
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Fig. 4. Relationship between fish length and age 

277 



1.3 Third survey, at Itchen Abbas, April to July 1987. 

Table 5. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y;Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

179 0.32442 52.00674 0.5696 

Table 5a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -76.214 22. 1713 -3.438 <0.001 

Age (days) 0.7264 0. 0786 9.245 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=85.476; 
DF=1&178; P<0.001). 
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Fig. 5. Relationship between wet fish weight and age. 
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Table 6. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

179 0.44591 2.42554 0.6678 

Table 6a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 7.209 1. 0340 6.972 <0.001 

Age (days) 0.0439 0. 0037 11.968 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=143.244; 
DF=1&178; P<0.001). 
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Fig. 6. Relationship between fish length and age, 
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1.4 Fourth survey, at Itchen Abbas, April to August 1988. 

Table 7. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Siinple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

339 0.52783 8.56766 0.7265 

Table 7a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -35.647 3. 2525 -10.960 <0.001 

Age (days) 0.4668 0. 0240 19.438 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=377.850; 
DF=1&338; P<0.001). 
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Fig, 7. Relationship between wet fish weight and age. 
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Table 8. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-sguared: Std.Err: Correl: 

339 0.55284 1.30916 0.7435 

Table 8a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 2.417 0.4970 4.864 <0.001 

Age (days) 0.0750 0.0037 20.442 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=417.874; 
DF=1&338; P<0.001). 
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Fig. 8. Relationship between fish length and age, 
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1.5. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 9. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

319 0.50428 11.07082 0.7101 

Table 9a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -18.274 2. 7972 -6.569 <0.001 

Age (days) 0.2965 0. 0165 17.986 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=323.493; 
DF=1&318; P<0.001). 
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Fig. 9. Relationship between wet fish weight and age, 
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Table 10. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salroo 
qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

319 0.57962 1.49219 0.7613 

Table 10a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 5.427 0. 3770 14.394 <0.001 

Age (days) 0.0465 0. 0022 20.939 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=438.462; 
DF=1&318; P<0.001). 
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Fig. 10. Relationship between fish length and age, 
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1.6. Sixth surveyr at Romsey, July to August 1988. 

Table 11. Simple regression data on the relationship of 
wet fish weight (g) and age (days) of rainbow trout 
Salmo qairdneri (Richardson). 

Simple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

99 0.09314 15.37523 0.3052 

Table 11a. Beta Coefficient 

Parameter: Value Std. Err. T-Value Sig.T 

INTERCEPT -33.198 24.5061 -1.355 0.179 

Age (days) 0.3646 0.1149 3.355 0.002 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=10.065; 
DF=1&98; P=0.002). 
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Fig. 11. Relationship between wet fish weight and age, 
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Table 12. Simple regression data on the relationship of 
fish length (cm) and age (days) of rainbow trout Salmo 
qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

99 0.12198 1.81742 0.3493 

Table 12a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 4.458 2. 8967 1.539 0.127 

Age (days) 0.0501 0. 0136 3.690 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=13.615; 
DF=1&99; P<0.001). 

AGE (Days) 

Fig. 12. Relationship between fish length and age 
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APPENDIX 2 

Analysis of the relationship between fish weight and fish 
length and the age of the rainbow trout Salmo gairdneri 
(Richardson), in the four surveys at Itchfin Abbas fish 
farm, (including only fish in which no parasites were 
found ). 

2.1 First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of uninfected rainbow 
trout Salmo qairdneri (Richardson). 

Simple-Y:Wet weight (g) 
DF: R-squared: Std.Err 

X: Age (days 
Correl: 

74 0.73704 6.4797 0.8585 

Table la. Beta Coefficient 
Parameter: Value Std. Err: T-Value Sig.T 

INTERCEPT -24.728 3.2908 -7.514 <0.001 

Age (days) 0.3465 0.0242 14.304 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=204.609; 
DF=1&73; P<0.001). 

90 1 0 0 I 10 I 20 1 30 MO 150 i «0 i ? 0 i « 0 

AGE (Days) 

Fig, 1. Relationship between wet fish weight and age. 
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Table 2. Simple regression data on the relationship 
of fish length (cm) and age (days) of uninfected 
rainbow trout Salmo qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

74 0.82652 1.02016 0.9091 

Table 2a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 0.841 0. 5181 1.623 0.109 

Age (days) 0.0711 0. 0038 18.650 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=347.517; 
DF=1&73; P<0.001). 

6 

i 

"0 

AGE (Days) 

Fig, 2. Relationship between fish length and age, 
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2.2. Second survey, at Itchen Abbas, January to May 1987. 

Table 3. Simple regression data on the relationship 
of wet fish weight (g) and age (days) of 
uninfected rainbow trout Salmo gairdneri 
(Richardson). 

Simple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

58 0.54626 2.8116 0.7391 

Table 3a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -5.344 1.8208 -2.935 0.005 

Age (days) 0.1347 0.0165 8.284 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F= 68.623; 
DF=1&57; P=0.005). 

AGE (Days) 

Fig. 3. Relationship between wet fish weight and age. 
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Table 4. Simple regression data on the relationship 
of fish length (cm) and age (days) of uninfected 
rainbow trout Salmo gairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

58 0.53354 0.79587 0.7304 

Table 4a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 3.862 0. 5154 7.494 <0.001 

Age (days) 0.0372 0. 0046 8.074 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=65.197; 
DF=1&57; P<0.001). 

i 

AGE (Days) 

Fig. 4. Relationship between fish length and age. 
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2.4. Fourth survey, at Itchen Abbas, April to August 1988. 

Table 5. Simple regression data on the relationship 
of wet fish weight (g) and age (days) of 
uninfected rainbow trout Salmo gairdneri 
(Richardson). 

Simple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

14 0.33426 11.95255 0.5782 

Table 5a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -42.131 27. 9915 -1.505 0.156 

Age (days) 0.531 0. 2079 2.555 0.024 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=6.527; 
DF=1&13; P=0.024). 

AGE- (Days) 

Fig. 5. Relationship between wet fish weight and age. 
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Table 6. Simple regression data on the relationship 
of fish length (cm) and age (days) of uninfected 
rainbow trout Salmo gairdneri (Richardson). 

Siraple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

14 0.35926 1.92413 0.5994 

Table 6a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 0.648 4. 5061 0.144 0.888 

Age (days) 0.0903 0. 0334 2.700 0.018 

One-way analysis of variance showed significant 
relationship between fish length and age (F=7.289; DF=1&13; 
P=0.018). 

i 

AGE (Days) 

Fig. 6. Relationship between fish length and age 
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APPENDIX 3 

Analysis of the relationship between fish weight and fish 
length and the age of the rainbow trout Salmo qairdneri 
(Richardson), in the three surveys at Itch@n Abbas fish 
farm, (including only fish in which parasites were 
found ). 

3.1. First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Simple regression data on the relationship of wet 
fish weight (g) and age (days) of infected rainbow trout 
Salmo qairdneri (Richardson). 
Simple-Y:Wet weight (g) X: Age (days) 
OF: R-squared: Std.Err: Correl: 

224 0.76191 5.9065 0.8729 

Table la. Beta Coefficient 
Parameter: Value Std. Err: T-Value Sig.T 

INTERCEPT -30.132 1.8645 -16.161 <£^gpi 

Age (days) 0.3798 0.0142 26.713 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=713.603; 
DF=1&223; P<0.001). 

" = 1 = 0 H O 1 2 0 1 3 0 M O I J O H O 1 1 0 1 1 3 

AGE (Days) 

Fig, 1. Relationship between wet fish weight and age. 
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Table 2. Simple regression data on the relationship 
of fish length (cm) and age (days) of infected 
rainbow trout Salmo qairdneri (Richardson). 

Simple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

224 0.81615 0.94186 0.9034 

Table 2a. Beta Coefficient 

Parameter; Value Std. Err T-Value Sig.T 

INTERCEPT 0.697 0. 2973 2.343 0.020 

Age (days) 0.0713 0. 0022 31.464 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=989.517; 
DF=1&223; P<0.001). 

S 

E-i 1 

AGE (Days) 

Fig, 2. Relationship between fish length and age, 
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3.2. Second survey, at Itchen Abbas, January to May 1987. 

Table 3. Simple regression data on the relationship 
of wet fish weight (g) and age (days) of infected 
rainbow trout Salmo qairdneri (Richardson). 

Siraple-YrWet weight (g) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

402 0.53649 7.29729 0.7325 

Table 3a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -17.685 1. 7226 -10.266 <0.001 

Age (days) 0.2583 0. 0119 21.544 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F= 464.134; 
DF=1&401; P<0.001). 
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AGE (Days) 

Fig. 3. Relationship between wet fish weight and age, 
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Table 4. Simple regression data on the relationship 
of fish length (cm) and age (days) of infected 
rainbow trout Salmo gairdneri (Richardson). 

Sinple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

402 0.54591 1.41429 0.7389 

Table 4a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 2.739 0. 3339 8.202 <0.001 

Age (days) 0.0510 0. 0023 21.957 <0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=482.080; 
DF=1&401; P<0.001). 
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Fig. 4. Relationship between fish length and age. 
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3.4. Fourth survey, at Itchen Abbas, April to August 1988 

Table 5. Simple regression data on the relationship 
of wet fish weight (g) and age (days) of infected 
rainbow trout Salmo gairdneri (Richardson). 

Simple-Y:Wet weight (g) X: Age (days) 

DF: R-squared: Std.Err; Correl: 

324 0.53982 8.41414 0.7347 

Table 5a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -35.524 3. 2375 -10.973 <0.001 

Age (days) 0.465 0. 0239 19.465 <0.001 

One-way analysis of variance showed significant 
relationship between wet fish weight and age (F=378.901; 
DF = lSc323; P<0.001). 

AGE (Days) 

Fig. 5. Relationship between wet fish weight and age 
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Table 6. Simple regression data on the relationship 
of fish length (cm) and age (days) of infected 
rainbow trout Salmo gairdneri (Richardson). 

Siraple-Y:Fish length (cm) X: Age (days) 

DF: R-squared: Std.Err: Correl: 

324 0.56606 1.27985 0.7524 

Table 6a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 2.458 0.4924 4.991 <0.001 

Age (days) 0.0746 0.0036 20.527 0.001 

One-way analysis of variance showed significant 
relationship between fish length and age (F=421.350; 
DF=1&323; P<0.001). 
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Fig. 6. Relationship between fish length and age. 
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APPENDIX 4 

Summarised mean weight, length and condition factor of each 
fish sample collected from each tank on each visit, 
together with the temperature of the tank on the day of 
collection and the total daily food consumption of all fish 
in tank for the previous week. 

4.1 First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank A. (The initial age 
of the fish was 86 days). 

Date Length 
(era) 

Weight 
(g) 

K. factor 
(g/cm*) 

Temp. 
'C j 

F.C/day 

23. 9.86 5.5 5.35 3.22 12 6 kg 

29. 9.86 7.3 6.37 1.64 13 7 = 

8.10.86 7.7 8.41 1.84 12 7 = 

15.10.86 8.1 9.45 1.78 12 8 = 

22.10.86 9.2 15.02 1.93 11 10 = 

29.10.86 9.4 14.64 1.76 8 10 = 

5.11.86 10.3 17.94 1.64 8 15 = 

12.11.86 10.5 20.55 1.78 7 20 = 

19.11.86 10.6 21.10 1.77 6 25 = 

26.11.86 13.0 28.88 1.31 7 25 = 

3.12.86 12.6 32.01 1.60 6 20 = 

10.12.86 13.5 32.11 1.31 6 20 = 

17.12.86 13.7 35.16 1.37 5 25 = 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg 
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Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank B. (The initial age 
of the fish was 86 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

FC/day K. factor 
(g/crn^) I 

23. 9.86 5.5 5.35 12 6 kg 3.22 

29. 9.86 7.3 6.37 13 7 = 1.64 

8.10.86 7.9 8.72 12 7 = 1.77 

15.10.86 8.3 9.53 12 8 = 1.67 

22.10.86 8.9 13.94 11 10 = 1.98 

29.10.86 9.5 14.92 8 10 = 1.74 

5.11.86 10.0 16.89 8 15 = 1.69 

12.11.86 9.4 20.00 6 15 = 2.40 

19.11.86 10.9 22.44 6 15 = 1.73 

26.11.86 12.0 27.98 7 18 = 1.62 

3.12.86 13.2 30.25 6 20 = 1.32 

10.12.86 13.5 33.22 6 20 = 1.35 

17.12.86 13.9 38.88 5 25 = 1.45 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 
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4.2. Second survey, at Itchen Abbas, January to May 1987 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 1. (The initial age 
of the fish was 131 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K. factor 
(g/cm*) 1 

29.1.87 8.7 11.59 7 5 kg 1.76 

5.2.87 8.8 12.62 8 7 = 1.85 

12.2.87 8.9 13.28 7 7 = 1.88 

19.2.87 9.5 15.56 5 8 = 1.81 

26.2.87 10.2 17.97 7 9 = 1.69 

5.3.87 11.0 22.75 6 11 = 1.71 

12.3.87 10.9 22.81 5 10 = 1.76 

19.3.87 10.6 21.98 10 15 = 1.84 

26.3.87 12.6 32.80 10 15 = 1.64 

2.4.87 12.9 36.63 8 20 = 1.71 

8.4.87 13.2 38.10 10 15 = 1.66 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. - Water temperature ("O 

F.C/day = Food consumption per day (kg) 
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Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 2. (The initial age 
of the fish was 86 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K .factor 
(g/cm*)I 

5.2.87 9.2 12.46 9 8 kg 1.60 

12.2.87 8.3 12.88 6 9 = 2.25 

19.2.87 8.9 13.19 6 9 = 1.88 

26.2.87 9.9 17.79 10 8 = 1.83 

5.3.87 10.9 21.96 8 10 = 1.70 

12.3.87 10.7 19.20 10 6 = 1.57 

19.3.87 10.5 19.03 10 7 = 1.64 

26.3.87 11.9 26.75 11 10 = 1.59 

2.4.87 13.2 35.16 11 20 = 1.53 

8.4.87 13.2 38.67 10 10 = 1.68 

15.4.87 13.0 36.41 11 10 = 1.66 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 
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Table 3. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 3. (The initial age 
of the fish was 83 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K. factor 
(g/cm^) I 

2.2.87 6.7 5.16 7 9 kg 1.72 

6.2.87 6.8 6.05 9 9 = 1.92 

16.2.87 7.3 7.34 5 9 = 1.89 

23.2.87 7.6 8.07 7 10 = 1.84 

2.3.87 8.0 8.70 9 13 = 1.70 

9.3.87 8.3 10.24 6 11 = 1.79 

16.3.87 8.8 12.48 6 15 = 1.83 

23.3.87 9.8 13.54 10 15 = 1.44 

30.3.87 10.0 17.94 8 20 = 1.79 

6.4.87 10.0 18.53 10 15 = 1.85 

13.4.87 11.3 23.47 10 15 = 1.63 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg) 
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Table 4. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 4. (The initial age 
of the fish was 90 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
°C 

F.C/day K. factor 
(g/cra^) 1 

2.3.87 6.5 4.53 8 8 kg 1.65 

9.3.87 7.1 5.82 7 7 1.36 

16.3.87 7.7 7.35 5 8 1.61 

23.3.87 7.2 5.96 7 10 1.60 

30.3.87 7.4 6.80 6 15 1.68 

6.4.87 7.9 8.32 5 10 1.69 

13.4.87 8.7 10.72 10 10 1.63 

27.4.87 10.0 16.48 10 7 1.65 

5.5.87 10.3 18.79 8 7 1.72 

7.5.87 11.0 23.36 10 19 1.76 

11.5.87 12.4 32.84 10 8 1.72 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg 
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4.3. Third survey, at Itchen Abbas, April to July 1987. 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 1. (The initial age 
of the fish was 276 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K. factor 
(g/cm*)1 

1.4.87 18.8 97.98 8 33 kg 1.46 

1.5.87 18.8 99.70 12 45 = 1.50 

1.6.87 20.8 141.60 14 58 = 1.57 

1.7.87 22.0 153.35 15 53 = 1.44 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg 

Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 2. (The initial age 
of the fish was 229 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K.factor 
(g/cm*)I 

8.5.87 16.2 77.64 12 10 kg 1.83 

8.6.87 19.4 128.77 14 12 = 1.76 

8.7.87 22.0 167.88 15 selffeed 1.58 

10.8.87 24.8 258.13 15 = 1.80 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 

304 



Table 3. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 3. (The initial age 
of the fish was 189 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
'C 

F.C/day K.factor 
(g/cm®)f 

12.5.87 13.5 44.42 11 44 kg 1.81 

15.6.87 17.2 84.98 15 25 = 1.67 

11.7.87 20.1 128.04 14 43 = 1.58 

13.8.87 19.7 124.04 13 45 = 1.63 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 
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4.4 Fourth survey, at Itchen Abbas, April to August 1988 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 1. (The initial age 
of the fish was 101 days). 

Date Length 
{cm) 

Weight 
(g) 

Temp 
°C 

F.C/day K.factor 
(g/cm^) 1 

27.4.88 10.6 16.13 11 5 kg 1.35 

4.5.88 8.9 13.02 12 7 = 1.85 

11.5.88 11.3 18.34 13 10 = 1.27 

18.5.88 12.5 24.54 14 18 = 1.26 

25.5.88 12.7 28.92 13 10 = 1.41 

1.6.88 12.5 26.91 14 16 = 1.38 

8.6.88 13.5 33.02 14 18 = 1.34 

15.6.88 14.0 34.00 14 16 = 1.24 

23.6.88 13.5 32.56 14 17 = 1.32 

29.6.88 13.6 31.37 15 20 = 1.26 

6.7.88 14.0 55.14 14 23 = 2.00 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg) 
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Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 2. (The initial age 
of the fish was 101 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
'C 

F.C/day K.factor 
(g/cm^) [ 

27.4.88 10.5 12.52 11 5 kg 1.10 

4.5.88 10.4 14.59 12 7 = 1.30 

11.5.88 11.3 18.81 13 10 = 1.31 

18.5.88 12.0 21.18 14 20 = 1.24 

25.5.88 11.6 20.80 13 10 = 1.35 

1.6.88 12.4 25.52 14 18 = 1.33 

8.6.88 12.8 26.55 14 15 = 1.25 

15.6.88 14.3 39.33 14 18 = 1.33 

23.6.88 13.7 33.79 14 18 = 1.31 

29.6.88 14.1 34.52 15 24 = 1.26 

6.7.88 15.8 52.50 14 24 = 1.33 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg 
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Table 3. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 3. (The initial age 
of the fish was 113 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K.factor 
(g/cm*) j 

13.7.88 10.6 15.93 14 10 kg 1.34 

20.7.88 10.3 14.83 14 12 = 1.36 

27.7.88 12.2 23.71 14 18 = 1.31 

3.8.88 13.2 29.70 14 11 = 1.29 

10.8.88 12.2 24.23 14 11 = 1.34 

17.8.88 13.0 28.16 14 11 = 1.28 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg 
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Table 4. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 4. (The initial age 
of the fish was 113 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
•c 

F.C/day K. factor 
(g/cm^) 1 

13.7.88 10.3 14.43 14 10 kg 1.32 

20.7.88 12.1 23.71 14 12 = 1.34 

27.7.88 12.8 29.33 14 19 = 1.40 

3.8.88 11.6 22.25 14 11 = 1.43 

10.8.88 13.2 30.71 14 11 = 1.34 

17.8.88 15.1 42.45 14 11 = 1.23 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 

309 



4.5. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 1. (The initial age 
of the fish was 109 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K. factor 
(g/cm^) 1 

21.4.88 10.6 17.18 13 8 kg 1.44 

28.4.88 10.7 17.18 12 13 = 1.40 

5.5.88 10.6 15.98 14 13 = 1.34 

12.5.88 11.7 20.80 14 13 = 1.40 

19.5.88 11.3 18.17 13 9 = 1.26 

26.5.88 11.8 21.36 14 11 = 1.39 

2.6.88 12.3 22.59 14 7 = 1.21 

9.6.88 12.8 25.06 15 18 = 1.19 

16.6.88 12.9 25.46 17 9 = 1.19 

23.6.88 13.8 30.56 18 9 = 1.16 

30.6.88 14.3 39.01 17 13 = 1.33 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg 
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Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 2. (The initial age 
of the fish was 109 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K. factor 
(g/cm*) 1 

21.4.88 9.2 11.62 13 7 kg 1.49 

28.4.88 9.6 12.58 12 13 = 1.42 

5.5.88 11.9 22.80 14 13 = 1.35 

12.5.88 12.4 26.40 14 13 = 1.39 

19.5.88 12.5 25.00 13 9 = 1.28 

26.5.88 12.5 26.13 14 11 = 1.34 

2.6.88 12.6 25.44 14 7 = 1.27 

9.6.88 13.8 31.47 14 18 = 1.20 

16.6.88 13.1 27.64 17 9 = 1.23 

23.6.88 13.8 32.73 18 9 = 1.25 

30.6.88 14.7 44.46 17 13 = 1.40 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 
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Table 3. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 3. (The initial age 
of the fish was 190 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
'C 

P.C/day K.factor 
(g/cmf) j 

4.7.88 13.0 28.55 15 7 kg 1.30 

11.7.88 14.0 33.28 16 7 = 1.21 

20.7.88 14.9 43.43 16 13 = 1.31 

27.7.88 15.8 46.89 16 9 = 1.19 

5.8.88 15.2 43.00 17 9 = 1.22 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg) 

Table 4. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 4. (The initial age 
of the fish was 190 days). 

Date Length 
(cm) 

Weight 
( g ) 

Temp 
"C 

F.C/day K. factor 
(g/cm^) [ 

4 . 7 . 8 8 14.3 3 7 . 2 7 12 7 kg 1 . 2 7 

1 1 . 7 . 8 8 1 6 . 6 55.40 16 7 = 1 . 2 1 

2 0 . 7 . 8 8 16.4 5 9 . 6 7 16 13 = 1 . 3 5 

2 7 . 7 . 8 8 1 4 . 1 4 9 . 0 0 16 9 = 1.75 

5 . 8 . 8 8 15.8 4 7 . 6 4 17 9 - 1 . 2 1 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature CO 

F.C/day = Food consumption per day (kg) 
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4.6. Sixth survey, at Romsey fish farm, July to August 
1988. 

Table 1. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 1. (The initial age 
of the fish was 190 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
'C 

F.C/day K. factor 
(g/cmf) 1 

11.7.88 12.8 27.86 15 7 kg 1.33 

29.7.88 13.5 33.54 16 8 1.36 

5.8.88 14.6 42.85 16 12 1.38 

12.8.88 15.2 43.25 16 10 1.23 

19.8.88 15.6 46.50 17 9 1.25 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature ("O 

F.C/day = Food consumption per day (kg) 

Table 2. Mean wet weight, length and condition factor 
of each fish sample and the temperature and food 
consumption per day of tank 2. (The initial age 
of the fish was 190 days). 

Date Length 
(cm) 

Weight 
(g) 

Temp 
"C 

F.C/day K.factor 
(g/cm*) 1 

11.7.88 14.0 36.80 12 7 kg 1.34 

29.7.88 16.2 58.45 16 8 1.38 

5.8.88 13.8 48.33 16 12 1.84 

12.8.88 16.0 47.65 16 10 1.18 

19.8.88 16.5 55.24 17 9 1.23 

Abbreviations used in the table 

K. Factor = Condition factor 

Temp. = Water temperature (°C) 

F.C/day = Food consumption per day (kg) 
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APPENDIX 5 

Detailed results of the analysis of covariance and logistic 

regression. 

5.1 First survey, at Itchen Abbas, September to December 

1986. 

5.1.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this section details of the analysis of covariance 

results are given for the other parasites found in this 

survey (for summary see Appendix 6 p. 367). 

5.1.a.2. Gyrodactylus spp. 

Ninety two (31%) fish carried Gyrodactylus mucus 

infection, and two hundred and eight (69%) fish were 

uninfected. 

The regression showed that Gyrodactylus mucus 

infection was significantly correlated with fish condition 

factor (F=6.51; DF=1&296; P=0,011), the decrease in fish 

condition factor amongst fish with infection of -0.80 g/cm^ 

(at -0.32, -0.04 confidence limits). This means that on 

average the condition factor was 0.80 g/cm* less in infected 

than in uninfected fish. Infected fish showed no 

significant weight loss or reduced length compared with 

uninfected fish. 

5.1.a.3. Costia necatrix mucus infection 

Seventy six (25%) fish were infected and two hundred 

and twenty four (75%) fish were uninfected. 

The presence of C.necatrix was also significantly 

correlated with only fish weight (F=4.32; DF=1&296; 

P=0.038), the difference in fish weight amongst fish with 

infection was -1.71 g (at -3.33, -0.09 confidence limits) 

see fig. 2 p. 315. 
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Fig. 2. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish infected and uninfected with C.necatrix 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

S.l.b. The relationship between prevalence of the different 

parasitic infections and a) the age of the fish, b) the 

temperature. 

In this section other results of the log-logistic 

model are described for the relationship of infection rate 

with time (age in the form of time in days) and 

temperature. 

S.l.b.2. Hexamita salmonis 

H. salmonis showed a significant relationship only with 

temperature. Infection rate significantly decreased -15.0% 

per degree with increase in temperature (with -23.0%, -6.0% 

confidence limits) see fig. 5 p. 316. 
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Fig. 5. Relationship between temperature and 
H. salrnonis gut infection in rainbow trout 
Salmo qairdneri (Richardson). 

5.1.b.3. Costia necatrix mucus infection 

C. necatrix infection rate significantly decreased -

1.1% per day with increase in age (at -0.6%, -0.1% 

confidence limits) see fig. 6 p. 317. 
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Fig. 6. Relationship between age and C. necatrix 
mucus infection rate in rainbow trout 
Salmo qairdneri (Richardson). 
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5.2. Second survey, at Itchen Abbas, January to May 1987. 

5.2.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this section details of the analysis of covariance 

of results from the other parasites present are provided 

(see summary in Appendix 6). 

5.2.a.2. Hexamita salmonis 

Three hundred and fifty one (72%) fish carried 

salmonis gut infection and one hundred and thirty one (28%) 

fish were uninfected. 

H. salmonis gut infection was present at high levels 

(as described in chapter 2) and the density of the 

infection was not significantly correlated with effects on 

fish weight, length or condition factor at the 5% level. 

The summary of the analysis of covariance is provided in 

Appendix 6 (see table 4). 

5.2.a.3. Costia necatrix mucus infection. 

Two hundred and fifty eight (56%) fish carried 

necatrix mucus infection and two hundred and four (44%) 

fish were uninfected. 

Uninfected C. necatrix significantly correlated with 

fish weight (F=4.71; DF=1&456; P=0.031), the difference in 

fish weight amongst fish with no infection was -1.25 g 

(with -2.38, -0.12 confidence limits). The parameter for 

the regression line shows that the infected fish are bigger 

than the uninfected fish (see fig. 9, p. 319). The analysis 

of covariance gave the following two best fit of regression 

equations for both uninfected and infected fish. 

Uninfected fish weight (-16.5489+0.02484xage) 

Infected fish weight (-15.5173+0.02484xage) 
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Fig. 9. Regression with age of the weight of rainbow 
trout Salmo qairdneri (Richardson) for fish 
infected and uninfected with C. necatrix. 

Uninf. X = Uninfected fish. 
Inf. O = Infected fish. 

The uninfected fish being longer than those of 

infected fish (see fig. 10, p. 320). The analysis of 

covariance of fish length for infected group gave the 

following figure for the differences in mean 'length' (with 

0.02 and 0.25 confidence limits), the difference in fish 

length amongst fish with no infection was +0.12 cm (F=5.65; 

DF=1&456; P=0.018). 

The analysis of covariance gave the following two best 

fit lines for both uninfected and infected fish. 

Uninfected fish length (2.7838+0.0502xage); and infected 

fish length (2.6740+0.0502xage). 
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Fig. 10. Regression with age of the length of rainbow 
trout Salmo gairdneri (Richardson) for fish mucus 
infected and uninfected with C.necatrix. 

Uninf. 
Inf. 

X = Uninfected fish. 
0 = Infected fish. 

5.2.a.4. Chilodonella spp. 

One hundred and seventy two (37%) fish carried 

Chilodonella mucus infection and two hundred and ninety 

(73%) fish were uninfected. 

Infected Chilodonella significantly correlated only 

with fish weight (F=12.43; DF=1&456; P<0.001), the decrease 

in fish weight amongst fish with infection was -1.85 g (at 

-2.89, -0.82 confidence limits) see fig. 11, p. 321. 
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Fig. 11. Regression with age of the weight of rainbow 
trout Salmo gairdneri (Richardson) for fish 
infected and uninfected with Chilodonella. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

5.2.b. The relationship between prevalence of the different 

parasitic infections and a) the age of the fish, b) the 

temperature. 

In this section the details of the results of the 

log-logistic model are given for the infection rate 

relationship with time (age in the form of time in days) 

and temperature. 

5.2.b.2. Hexamita salmonis 

The H. salmonis gut infection showed significant 

relationship with both time and temperature. 

It is evident from figure 14 (see p. 322) that H. 

salmonis infection rate significantly increases with 
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increase in time. The rate of increase of infection is 1.8% 

per day, with 95% confidence interval 1.1% to 2.5%. 

10 »8 100 130 MO 150 3iO we Ito 300 
AGE (Days) 

Fig. 14. Relationship between age and 
H. salmonis gut infection rate in rainbow 
trout Salmo qairdneri (Richardson). 

H. salmonis infection rate also significantly 

increased with increase in temperature. The rate of 

increase was 35.5% per degree, with 95% confidence interval 

20.5% to 52.4% (see fig. 15, p. 323). 
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Fig. 15. Relationship between temperature and 
H. salrnonis gut infection rate in rainbow 
trout Salmo qairdneri (Richardson). 

5.2.b.3. Costia necatrix mucus infection 

C. necatrix mucus infection showed a significant 

relationship with both time and temperature. 

Costia mucus infection significantly increased with 

increase in age by 2.4% per day (at 1.7%, 3.1% confidence 

limits), see fig. 16, p. 324. 
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Fig. 16. Relationship between age and 
C. necatrix mucus infection rate in 
rainbow trout Salrno qairdneri (Richardson). 

C. necatrix mucus infection also significantly 

increased with increase in temperature by 13.3% per degree 

(at 2.6%, 25.2% confidence limits) see fig. 17, p. 325. 
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Fig. 17. Relationship between temperature and 
C.necatrix mucus infection rate in rainbow 
trout Salmo gairdneri (Richardson). 

5.2.b.4. Costia necatrix gill infection 

C. necatrix gill infection also showed significant 

relationship with both time and temperature. 

C. necatrix significantly increased with increase in 

age. The rate of increase was 2.7% per day, with 95% 

confidence interval 1.9% to 3.4% (see fig. 18, p. 326) 
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Fig. 18. Relationship between age and 
C.necatrix gill infection rate in rainbow 
trout Salrao gairdneri (Richardson). 

C. necatrix gill infection also significantly increased 

with increase in temperature. The rate of increase was 

20.0% per degree, with 95% confidence interval 8.5% to 

32.7% (see fig. 19, p. 327). 
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Fig. 19. Relationship between temperature and 
C. necatrix gill infection rate in rainbow 
trout Salrno gairdneri (Richardson). 
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5.3 Third survey, at Itchen Abbas, April to July 1987. 

5.3.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this section other details are provided of the 

analysis of covariance results for the other parasites 

present (for summary see Appendix 6 p. 367). 

5.3.a.2. Gyrodactylus spp. 

Sixty five (36%) out of 180 fish carried Gyrodactylus 

mucus infection. Therefore, fish were mainly scored as 

uninfected and infected. 

Analysis of covariance showed that Gyrodactylus mucus 

infection significantly correlated only with fish weight 

(F=4.41; DF=1&175; P=0.037), the decrease in fish weight 

amongst fish with infection was -0.13 g (at -25.20, -0.78 

confidence limits) see fig. 22, p. 329. Infected fish 

showed no significant reduced length or condition factor 

compared with uninfected fish. 
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Fig. 22. Regression with age of the weight of 
rainbow trout Salrno gairdneri (Richardson) for 
fish infected and uninfected with Gyrodactylus, 

Uninf. 
Inf. 

X = Uninfected fish. 
O - Infected fish. 

5.3.a.3. Hexamita salroonis 

Seventy six (42%) fish were uninfected and one hundred 

and four (58%) fish were infected. Fish were mainly scored 

as uninfected and infected. 

H. salrtionis was significantly correlated with fish 

weight (F=12.05; DF=1&175; P=0.001), the reduction in fish 

weight amongst fish with infection was -21.7 g (with -34.08 

and -9.38 confidence limits), see fig. 23, p. 330, and fish 

length (F=16.54; DF=1&175; P<0.001), the decrease in fish 

length amongst fish with infection was -1.3 cm (with -1.91 

and -0.66 confidence limits), see fig. 24, p. 331. 
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Fig. 23. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish infected and uninfected with H. salraonis. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 
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Fig. 24. Regression with age of the length of 
rainbow trout Salmo qairdneri (Richardson) 
for fish infected and uninfected with H. salmonis, 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

5. 3.a.4. Ichthyophthirius multifiliis mucus infection 

Fifty (28%) fish were infected and one hundred and 

thirty (72%) fish were uninfected. Fish were therefore 

mainly classified as infected and uninfected. 

Fish with I. multifiliis mucus infection weighed on 

average significantly less than uninfected fish (see fig. 

25, p. 332) (F=9.93; DF=1&175; P=0.002), the decrease in 

fish weight amongst fish with infection was -20.9 g (with 

-34.05 and -7.82 confidence limits), and for fish length 

(F=5.05; DF=1&175; P=0.026), the reduction in fish length 

amongst fish with infection was -0.77 cm (at -1.46, -0.09 

confidence limits) see fig. 26, p. 333. 
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Fig. 25. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish mucus infected and uninfected with 
I. multifiliis. 

Uninf. 
Inf. 

X - Uninfected fish. 
O = Infected fish. 
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Fig. 26. Regression with age of the length of 
rainbow trout SaImo qairdneri (Richardson) 
for fish mucus infected and uninfected with 
I. multifiliis. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

5. 3.a.5. Ichthyophthirius multifiliis gill infection 

I. multifiliis gill infection prevalence increased at 

a temperature of 15°C. 

Fifty two (23%) fish out of 180 fish were uninfected. 

Therefore, on the basis of infection degree (parasitic 

intensity), only one hundred and twenty eight fish (87%) 

were processed for statistical analysis (other details are 

the same as described in chapter 2). 

Fish with high infection weighed on average -32.2 g 

(confidence limits -45.83 and -18.42) less than fish with 

low infection (F=21.55; DF=1&123; P<0.001), see fig. 27, p. 

333 



334, and fish with high infection were on average -1.55 cm 

(with -8.17 and -0.94 confidence limits) shorter than fish 

with low infection (F=24.97; DF=1&123; P<0.001), see fig. 

28, p. 335. 

1 1 0 1 > 0 7 0 0 3 1 0 2 2 © 2 3 0 2 * 0 2 5 0 2 « 0 2 7 0 2 « 0 2 > 0 3 0 0 3 1 0 3 2 0 3 3 0 3 4 0 3 S 0 3 ( 0 3 7 0 

AGE (DAYS) 

Fig. 27. Regression with age of the weight of 
rainbow trout Salrao gairdneri (Richardson) 
for for fish whose gills show low infection 
or high high infection with I. multifiliis. 

L.inf. 
H. inf. 

X = Low infected fish. 
O = High infected fish. 
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Fig. 28. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) 
for as fig. 27. I. multifiliis 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 

I. multifiliis gill infection intensity did not show 

significant relationship with both age and temperature (see 

Appendix 8, table 1,2). 
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5.4 Fourth survey, at Itchen Abbas, April to August 1988. 

5.4.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this Appendix details are given of the regression 

analysis results for the other parasites present (for 

summary see Appendix 6, p. 367). 

5.4.a.2. Gyrodactylus spp. 

One hundred and twenty five fish (37%) carried 

Gyrodactylus mucus infection and two hundred and fifteen 

(63%) fish were uninfected. Therefore, fish were mainly 

scored as uninfected and infected. The data of the 

abundance of Gyrodactylus is given in Appendix 10 (see p. 

419) 

Analysis of covariance showed that Gyrodactylus mucus 

infection significantly correlated with fish weight 

(F=4.11; DF=1&334; P=0.043), the decrease in fish weight 

amongst fish with infection was -2.08 g (with -4.11 and -

0.06 confidence limits), see fig. 33, p. 337. Infection 

showed no significant reduced length and condition factor 

compared with uninfected fish. 
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Fig. 33. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) 
for fish infected and uninfected with 
Gyrodactylus. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

The Gyrodactylus mucus density significantly increased with 

both age and temperature (see Appendix 8, p. 400). 

5.4.a.3. Ichthyophthirius multifiliis gill infection 

The I. multifiliis gill infection prevalence increased 

at a temperature of 15"C. 

Eighty four (25%) fish out of 340 fish were 

uninfected. Therefore, only two hundred and fifty six (75%) 

fish were processed for statistical analysis on the basis 

of infection intensity (other details are the same as 

described in chapter 2). The data of the intensity of Ich 

gill infection is provided in Appendix 10 (see p. 419) 
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Analysis of covariance revealed that the intensity of 

infection was significantly correlated with effects on fish 

weight and length, the weight of heavily infected fish 

being lower than those of lightly infected fish. Fish with 

high infection weighed on average -2.84 g (with -5.17 and -

0.50 confidence limits) less than fish with low infection 

(F=5.74; DF=1&250; P=0.017), see fig. 34, p. 338, and fish 

length with high infection were an average -.47 cm shorter 

(with -0.85 and -0.09 confidence limits) than fish with low 

infection (F=6.02; DF=1&250; P=0.015), see fig. 35, p. 339. 

AGE (DAY?) 

Fig. 34. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) for 
as fig. 27. I. multifiliis 

L.inf. 
H.inf. 

X = Low infected fish. 
0 = High infected fish. 
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Fig. 35. Regression with age of the length of 
rainbow trout Salmo qairdneri (Richardson) 
as fig. 27. I. rnultifiliis 

L.inf. 
H.inf. 

X = Low infected fish. 
0 = High infected fish. 

I. multifiliis gill infection intensity significantly 

decreased only with age (see Appendix 8, table 5). 
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5.4.b. The relationship between prevalence of the different 

parasitic infection and a) the age of the fish, b) the 

temperature. 

In this section other results of the log-logistic 

model are given for the infection rate relationship with 

age and temperature (the summary of the results is given 

in Appendix 6, p. 367). 

5.4.b.2. Gyrodactylus spp. 

Gyrodactylus mucus infection significantly increased 

with increase in age by +5.0% per day (at 3.6%, 6.5%), see 

fig. 38, p. 340, and temperature by +124.8% per degree (at 

58.0%, 219.9% confidence limits) see fig. 39, p. 341. 

AGE (Days) 

Fig. 38. Relationship between age and 
Gyrodactylus mucus infection rate in 
rainbow trout Salmo qairdneri (Richardson) 
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Fig. 39. Relationship between temperature and 
Gyrodactylus mucus infection rate in 
rainbow trout Salmo qairdneri (Richardson). 

5.4.b.3. I. multifiliis gill infection 

I. multifiliis gill infection rate significantly 

decreased with increase in age by -1.5% per day (at -2.7%, 

-0.2%), see fig. 40, p. 342, and temperature by 69.2% per 

degree (at 31.2%, 118.3% confidence limits) see fig. 41, p. 

343. 
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Fig. 40. Relationship between age and 
I. raultifiliis gill infection rate in rainbow 
trout Salmo qairdneri (Richardson). 
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Fig. 41. Relationship between temperature and 
I. rnultifiliis. gill infection rate in rainbow 
trout Salmo gairdneri (Richardson). 
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5.5. Fifth survey, at Romsey fish farm, April to August 

1988. 

5.5.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this section details of the analysis of covariance 

results are provided for the remaining parasites (for 

summary see Appendix 6, p. 367). 

5.5.a.2. Gyrodactylus spp. 

Two hundred and ninety fish (91%) carried Gyrodactylus 

mucus infection, and thirty (9%) fish were uninfected. 

Therefore, only infected fish were processed for analysis 

of covariance on the basis of infection degree (parasitic 

density). 

Analysis of covariance showed that Gyrodactylus mucus 

infection significantly correlated fish weight, the 

difference in fish weight amongst fish with high infection 

was -4.12 g (with -6.70 and -1.56 confidence limits) 

(F=10.01; DF=1&284; P=0.002), see fig. 44, p. 345, and for 

fish length (F=8.97; DF=1&284; P=0.003), the reduction in 

fish length amongst fish with high infection was -.55 cm 

(with -0.90, -0.19 confidence limits) see fig. 45, p. 346. 
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AGE (DAYS) 

Fig. 44. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
as fig. 27. Gyrodactylus 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 
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Fig. 45. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) 
as fig. 27. Gyrodactylus 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 

In the 5th survey at Romsey fish farm Gyrodactulys density 

showed significant (decline) relationship with both time 

(=age) nd temperature (see Appendix 8). 

5.5.a.3. Sessile peritrichs 

One hundred and thirty five (42%) fish carried 

Peritrichs mucus infection, one hundred and eighty five 

(58%) fish were uninfected. Therefore, fish were mainly 

scored as uninfected and infected. 

Peritrichs mucus infection significantly correlated 

with fish weight (F=11.18; DF=1&314; P=0.001), the decrease 

in fish weight amongst fish with infection was -4.8 g (at -

7.68, -1.99), see fig. 46, p. 347 and for fish length 
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(F=15.15; DF=1&314; P<0.001), the reduction in fish length 

amongst fish with infection was -0.75 cm (at -1.13; -0.37 

confidence limits) see fig. 47, p. 348. 

AGE (DAYS) 

Fig. 46. Regression with age of the weight of 
rainbow trout Salroo gairdneri (Richardson) 
for fish infected and uninfected with Peritrichs 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 
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Fig. 47. Regression with age of the length of 
rainbow trout Salino gairdneri (Richardson) 
for fish uninfected and infected with Peritrichs, 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

5.5.a.4. I. multifiliis mucus infection 

Ninety one (28%) fish carried I. multifiliis mucus 

infection, and two hundred and twenty nine (72%) fish were 

uninfected. Therefore, fish were mainly scored as infected 

and uninfected. 

I. multifiliis mucus infection significantly 

correlated with fish weight (F=11.31; DF=1&314; P=0.001), 

the decrease in fish weight amongst fish with infection was 

-4.6 g (confidence limits -7.26 and -1.90), see fig. 48, p. 

349. and for fish length (F=7.18; DF=1&314; P=0.008), the 

decrease in fish length amongst fish with infection was -

348 



0.49 cm (at -0.86; -0.13 confidence limits) see fig. 49, p. 

350. 

AGE (DAYS) 

Fig. 48. Regression with age of the weight of 
rainbow trout Salrao gairdneri (Richardson) 
for fish whose mucus was infected and uninfected with 
I. raultifiliis. 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 
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:.G: (DAYS) 

Fig. 49. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) 
as fig. 48. I. multifiliis 

Uninf. 
Inf. 

X = Uninfected fish. 
O = Infected fish. 

5.5.a.5. I. multifiliis gill infection 

The I. multifiliis gill infection prevalence and 

intensity peaked at a temperature of 18°C. 

One hundred and eight (44%) fish out of 320 fish were 

uninfected. Therefore, on the basis of infection degree 

(parasitic intensity), only two hundred and twelve (66%) 

fish were processed for statistical analysis (other details 

are given in chapter 2). 

Regression analysis indicated that fish with high I. 

multifiliis gill infection significantly correlated with 

fish weight and condition factor. Fish with infection 

weighed on average -3.0 g (with -6.04 and -.02 confidence 
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limits) less than fish with low infection (F=3.82; 

DF=1&206; P=0.052), see fig. 50, p. 351. and the condition 

factor of fish with high infection was on average -0.05 

g/cm^ (with -0.08, -0.01 confidence limits) lower than in 

fish with low infection (F=7.79; 1&206; P=0.006), see 

Appendix 6, table 13c. 

I 50 I \*Ct ltd ) »S 2C& 

.GE (DAYS) 

Fig. 50. Regression with age of the weight of 
rainbow trout Salmo gairdneri (Richardson) 
for fish gill low infected and high infected with 
I. multifiliis. 

L.inf. 
H. inf. 

X = Low infected fish. 
O = High infected fish. 

5.5.b. The relationship between prevalence of the different 

parasitic infections and a) the age of the fish, b) the 

temperature. 

In this section details of results of the log-logistic 

model are given for the infection rate relationship with 
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both time (=age) and temperature (a summary is given in 

Appendix 6). 

5»5.b.2« Gyrodactylus spp. 

Gyrodactylus mucus infection significantly decreased 

with increase in age by -1.2% per day (at -2.3%, -0.2%), 

see fig. 52, p. 352, and infection also significantly 

decreased with increase in temperature by -24.6% per 

degree C. (at -40.6%, -3.4% confidence limits) see fig. 53, 

p. 353. 

C-13 
C -12 

..0 ,» io 
AGE (Days) 

Fig. 52. Relationship between age and 
Gyrodactylus mucus infection rate in 
rainbow trout Salmo gairdneri (Richardson) 
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Fig. 53. Relationship between temperature and 
Gyrodactylus mucus infection rate in 
rainbow trout Salmo qairdneri (Richardson). 

5.5.b.3. Sessile peritrichs 

Peritrichs infection significantly decreased with 

increase in time (=age) by -4.5% per day (with -5.4%, -3.5% 

confidence limits), see fig. 54, p. 354, and infection 

significantly decreased with increase in temperature by -

40.2% per degree C. (at -48.7% and -30.3% confidence 

limits) see fig. 55, p. 355. 
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Fig. 54. Relationship between age and 
Peritrichs mucus infection rate in rainbow 
trout Salmo gairdneri (Richardson). 
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Fig. 55. Relationship between temperature and 
Peritrichs mucus infection rate in rainbow 
trout Salmo gairdneri (Richardson). 

5.5.b.4. I. multifiliis mucus infection 

Infection significantly increased with increase in 

temperature by 22.1% per degree C. (at 6.2%, 40.4% 

confidence limits) see fig. 56, p. 356. 
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- TEMFERATUPE (°C) 

Fig. 56. Relationship between temperature and 
I. multifiliis mucus infection rate in rainbow 
trout Salmo gairdneri (Richardson). 

5.5.b.5. I. multifiliis gill infection 

I. multifiliis gill infection significantly increased 

with increase in time (=age) by 0.8% per day (at 0.1%, 

1.4%), see fig. 57, p. 357, and increase in temperature by 

29.1% per degree C. (at 12.0%, 48.9% confidence limits) see 

fig. 58, p. 358. 

I. multifiliis gill infection intensity (nos./fish) 

significantly decreased only with time (i.e. fish age) (see 

Appendix 8, table 9). 
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Fig. 57. Relationship between age and 
I. multifiliis gill infection rate in rainbow 
trout Salmo gairdneri (Richardson). 
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Fig. 58. Relationship between temperature and 
I. multifiliis gill infection rate in rainbow 
trout SaliDO gairdneri (Richardson). 
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5.6. Sixth survey, at Romsey fish farm, July to August 

1988. 

5.6.a. Correlations between specific parasitic infections 

and fish weight, length and condition factor. 

In this section other details of the results of the 

analysis of covariance are provided. 

5.6.a.2. Trichodina spp. 

During the survey Trichodina mucus infection 

prevalence and intensity reached a peak at a temperature of 

13° to 18°C. One hundred (100%) fish carried Trichodina 

mucus infection. Therefore, 100 fish were processed for 

analysis of covariance on the basis of infection density 

(other details are same as described in chapter 2). The 

data of the density of Trichodina is given in Appendix 9 

(see p. 414). Analysis of covariance revealed that heavy 

Trichodina mucus infection significantly affected fish 

weight and length as compared to fish with low infection. 

Fish with high infection weighed on average -9.2 g 

(with -14.7 and 8.6 confidence limits) less than fish with 

low infection (F=10.63; DF=1&96; P=0.002), see fig. 61, p. 

360, and fish length with high infection were on average -

1.16 cm shorter (at -1.8, -0.5 confidence limits) (F=19.14; 

DF=1&96; P<0.001), see fig. 62, p. 361. 
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AGE (DAYS) 

Fig. 61. Regression with age of the weight of 
rainbow trout Salrno gairdneri (Richardson) 
as fig. 27. Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish, 
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AGE (DAYS) 

Fig. 62. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) 
as fig. 27. Trichodina. 

L.inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish 

5.6.a.3. I. multifiliis gill infection 

The I. multifiliis gill infection prevalence peaked at 

a temperature of 18°C. 

Sixty one (61%) fish out of 100 fish were infected and 39 

(39%) fish were uninfected. Therefore, on the basis of 

infection degree (parasitic intensity), only sixty one fish 

were processed for analysis of covariance (other details 

are the same as described in chapter 2). 

Analysis of covariance indicated that the high I. 

multifiliis gill infection significantly correlated with 
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fish weight and length. Fish with high infection weighed on 

average -9.7 g (with -17.27 and -2.09 confidence limits) 

less than fish with low infection, (F=6.52; DF=1&57; 

P=0.013) see fig. 63, p. 362, and fish with high infection 

were on average -1.0 cm shorter (with -1.9 and -0.1 

confidence limits) than fish with low infection (F=4.99; 

DF=1&57; P=0.029), see fig. 64, p. 363. 

AGE (DAYS) 

Fig. 63. Regression with age of the weight of rainbow 
trout Salroo gairdneri (Richardson) for fish gill 
as fig. 27. I. multifiliis. 

L.inf. 
H. inf. 

X = Low infected fish. 
0 = High infected fish. 
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AGE (DAYS) 

Fig. 64. Regression with age of the length of rainbow 
trout Salrao qairdneri (Richardson) for fish gill 
as fig. 27. I. rnultif il iis. 

L. inf. 
H.inf. 

X - Low infected fish. 
0 = High infected fish. 

5.6.a.4. PKD infection 

Seventy two (72%) fish carried PKD infection, and 

twenty eight (28%) fish were uninfected. Therefore, fish 

with PKD were classified as with low or heavy infections. 

Analysis of covariance showed that heavy PKD infection 

significantly correlated with fish weight and length as 

compared to low infection of fish. Fish with high infection 

weighed on average -13.5 g (with -20.4, -5.7 confidence 

limits) less than fish with low infection (F=12.41; 

DF=1&68; P<0.001), see fig. 65, p. 364, and fish with high 

infection were on average -1.67 cm shorter (with -2.4 and -

0.7 confidence limits) than fish with low infection ( 

length (F=13.05; DF=1&68; P=0.001), see fig. 66, p. 365. 
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(DAYS) 

Fig. 65. Regression with age of the weight of 
rainbow trout Salmo qairdneri (Richardson) 
for fish low infected and high infected with PKD. 

L. inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 
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Fig. 66. Regression with age of the length of 
rainbow trout Salmo gairdneri (Richardson) 
for fish low infected and high infected with PKD. 

L. inf. 
H.inf. 

X = Low infected fish. 
O = High infected fish. 

5.6.b. The relationship between prevalence of the PKD 

infection and a) the age of the fish, b) the temperature. 

In this section the other results of the log-logistic 

model are described for the infection rate relationship 

with both time (=age) and temperature. 

5.6.b.2. I. multifiliis gill infection 

I. multifiliis gill infection significantly decreased 

with increase in temperature by -33.1% per degree C. (at -

54.7%, -1.2% confidence limits) see fig. 69, p. 366. 
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Fig. 69. Relationship between temperature and 
I. multifiliis gill infection rate in rainbow 
trout Salmo gairdneri (Richardson). 

I. multifiliis gill infection intensity significantly 

increased with time (=age) and temperature (see Appendix 8, 

table 13 and 14). 
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APPENDIX 6 

Summarised results of the analysis of covariance and 
logistic regression. 

6.1 First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Summarised results of the analysis of covariance 
shows the effects of parasites on fish weight, length 
and condition factor (underlined P values shows 
significance at the 5% level). 

Table la. Fish weight. 

Paras. Level F OF P Wt.Change Conf.limits 

Gyrod. A/P 0.21 1&296 0.650 +0.42 g (-1.39;+2.22) 

Hexam. A/P 9.88 1&296 0. 002 -2.52 g (-4.09; -0.94) 

Cost.M A/P 4.32 1&296 0.038 -1.71 g (-3.33; -0.09) 

Table lb. Fish length. 

Paras. level F DF P Lt. Change Confi. limits 

Gyrod. A/P 0.01 1&296 0.943 +0.01 cm (-0.28; +0.30) 

Hexam. A/P 0.41 1&296 0.521 -0.08 cm (-0.34; +0.17) 

Cost.M A/P 0.02 1&296 0.897 -0.02 cm (-0.28; +0.24) 

Table Ic. Condition factor. 

Parasi. Level F DF P K.Change Confi. limits 

Gyrod. A/P 6.51 1&296 0.011 -0.80 (-0.32; -0.04) 

Hexam. A/P 2.58 1&296 0.109 + 0.10 (-0.02; +0.22) 

Cost.M. A/P 0.14 1&296 0.711 + 0 . 02 (-0.10; +0.15) 

Abbreviations used in the table 

A = Absent (Uninfected fish) 

P = Present (Infected fish) 

Wt= Weight (Fish weight in gram) 

Lt= Length (fish length in centimetre) 

K = Condition factor (g/cm^) 
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Table 2. Summarised results of the logistic regression 
model showing the change in infection rate with time 
(in days). 

Paras. U (Linear function) Change in 
infection 
rate 

Confidence 
limits 

Gyrodac. 5.666+-0.0541xAge -5.3% (-6.5%,-4.0%) 

Hexamita -1.529+ 0.0032xAge + 0.3% (-0.6%,+1.0%) 

Costia. M 0.972+-0.0108xAge -1.1% (-2.0%,-0.1%) 

Table 3. Summarised results of the logistic regression 
model showing the change in infection rate with 
temperature. 

Parasite U (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Gyrodac. -6.5154+ 0.583xtemp +79.1% (+57.2%,103.9%) 

Hexamita 0.2706+-0.164xtemp -15.1% (-23.3%, -6.0%) 

Costia.M -2.0403+ 0.086xtemp + 9.0% ( -1.1%,+20.1%) 

Notations used in table 

1. + = Infection rate increased per day or per degree. 

2. - = Infection rate decreased per day or per degree. 
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6.2 Second survey, at Itchen Abbas, January to May 1987. 

Table 4. Summarised results of analysis of variance shows 
the effects of parasites on fish weight, length and 
condition factor (underlined P values show 
significance at the 5% level). 

Table 4a. Fish weight. 

Paras. Lev. F DF P Wt.Change Confi. limits 

Trich. L 
M 
H 

12.22 3&454 <0.001 -0.79 g 
+0.19 g 
+4.78 g 

(-2.21; +0.63) 
(+0.21; +4.17) 
(+2.58; +6.98) 

Hexam. L 
M 
H 

1.77 3&454 0.151 -1.12 g 
+1.07 g 
+0.70 g 

(-2.45; +0.19) 
(-2.73; +0.58) 
(+0.70; +3.04) 

Cost.M P/A 4.71 1&456 0.031 -1.25 g (-2.38; -0.12) 

Cost.G P/A 1.02 1&456 0 . 313 -0.60 g (-1.78; +0.57) 

Chilod P/A 12.43 1&456 <0.001 -1.85 g (-2.89; -0.82) 

Perit. P/A 1.16 1&456 0.281 -0.71 g (-2.02; +0.59) 

Table 4b. Fish length. 

Paras. Level F DF P Lt.Change Confid.1imits 

Trich. L 
M 
H 

7.72 36454 <0.001 -0.15 cm 
+0.34 cm 
+0.65 cm 

(-0.42; +0.10) 
(-0.03; +0.71) 
(+0.24; +1.07) 

Hexam. L 
M 
H 

1.69 3&454 0.151 -0.27 cm 
-0.24 cm 
+0.01 cm 

(-0.51; -0.02) 
(-0.54; +0.08) 
(-0.43; +0.44) 

Cost.M P/A 5.65 1&456 0.018 +0.12 cm (+0.02; +0.23) 

Cost. G P/A 2.93 1&456 0.087 -0.19 cm (-0.41; +0.03) 

Chilod P/A 1.92 1&456 0.166 -0.14 cm (-0.33; +0.06) 

Perit. P/A 0.08 1&456 0.779 +0.04 cm (-0.21; +0.08) 

Table 4c is on page 370. 
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Table 4c. Fish condition factor. 

Paras. Level F DF P K. Change Confid.1imits 

Trich. L 
M 
H 

2.06 36454 0.105 + 0.08 
-0.07 
-0.06 

(-0.04; +0.20) 
(-0.24; +0.09) 
(-0,24; +0.13) 

Hexam. L 
M 
H 

1.20 3&454 0.308 + 0.01 
+ 0.11 
-0.06 

(-0.10; +0.12) 
(-0.03; +0.24) 
(-0.21; +0.17) 

Cost.M P/A 1.07 1&456 0.302 + 0.05 (-0.04; +0.14) 

Cost.G P/A 2.76 1&456 0.098 + 0.08 (-0.01; +0.18) 

Chilod P/A 0.17 1&456 0.677 + 0.02 (-0.07; +0.10) 

Perit. P/A 1.58 1&456 0.209 -0.07 (-0.17; +0.04) 

Abbreviations used in the table 

A = Absent (uninfected fish) 

P = Present (Infected fish) 

L = Low (Low infection level) 

M = Medium (Medium infection level) 

H = High (High infection level) 

Wt = Weight (Fish weight in gram) 

Lt = Length (Fish length in centimetre) 

K = Condition factor (g/cra^) 
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Table 5. Summarised results of the logistic regression 
model showing the change in infection rates with 
time (in days). 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. -9.197+ 0.0669xAge + 6.9% ( 5.6%, 8.2%) 

Hexamita -1.338+0.01765xAge + 1.8% ( 1.1%, 2.5%) 

Cost. M -3.028+ 0.02409xAge + 2.4% ( 1.7%, 3.1%) 

Cost. G -3.755+-0.0262xAge + 2.7% ( 1.9%, 3.4%) 

Chilod. -0.791+-0.00252xAge + 0.3% (-0.7%,+0.9%) 

Perit. -6.358+0.03495xAge + 3.6% ( 2.6%, 4.5%) 

Table 6. Summarised results of the logistic regression 
model showing the change in infection rates with 
temperature. 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
limits 

Trichod. -2.7037+ 0.331xtemp +39.3% ( 25.3%,+54.8%) 

Hexamita -1.3425+ 0.304xtemp +35.5% ( 20.5%, 52.4%) 

Cost. M -0.7634+ 0.125xtemp +13.3% ( 2.6%, 25.2%) 

Cost. G -1.6218+ 0.183xtemp +20.0% ( 8.5%, 32.7%) 

Chilod. -0.6974+ 0.009xtemp + 0.9% ( -9.0%, 11.9%) 

Perit. 0.8129+-0.27 3xtemp -23.9% (-33.0%,-13.7%) 

Notations used in the table 

1. + = Infection rate increased per day or per degree. 

2. - = Infection rate decreased per day or per degree. 
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6.3 Third survey, at Itchen Abbas, April to July 1987. 

Table 7. Summarised results of analysis of variance shows 
the effects of parasites on fish weight, length and 
condition factor (underlined P values show the 
significance at the 5% level). 

Table 7a. Fish weight. 

Paras. Lev F DF P Wt.change Confid.1imits 

Trich. L/H 3.97 1&149 0.048 -15.90 g (-31.66;-0.31) 

Gyrod. P/A 4.41 1&175 0.037 -12.99 g (-25.20;-0.78) 

Hexam. P/A 12.05 1&175 0.001 -21.73 g (-34.08;-9.38) 

Ich. M P/A 9.93 1&175 0.002 -20.93 g (-34.05;-7.82) 

Ich. G L/H 21.55 1&123 <0.001 -32.13 g (-45.83;-18.42) 

Table 7b. Fish length. 

Paras. Lev. F DF P Lt.Change Confid.1imits 

Trich. L/H 5.52 1&149 0.020 -0.91 cm (-1.67; -0.14) 

Gyrod. P/A 2.77 1&175 0. 098 -0.53 cm (-1.16; +0.10) 

Hexam. P/A 16.54 1&175 <0.001 -1.29 cm (-1.91; -0.66) 

Ich. M P/A 5.05 1&175 0.026 -0.77 cm (-1.46; -0.09) 

Ich. G L/H 24.97 1&123 <0.001 -1.55 cm (-2.17; -0.94) 

Table 7c is continued on page 373. 
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Table 7c. Fish condition factor 

Paras. Level F DF P K.Change Confid.limits 

Trich. L/H 2.79 1&149 0.097 + 0.67 (-0.01; +0.15) 

Gyrod. P/A 0.33 1&175 0.568 -0.02 (-0.08; +0.04) 

Hexam. P/A 00.00 1&175 0.950 -0.01 (-0.06; +0.06) 

Ich. M P/A 0.39 1&175 0.533 -0.02 (-0.08; +0.04) 

Ich. G L/H 0.84 1&123 0.362 -0.03 (-0.09; +0.03) 

Abbreviations used in the table 

A = Absent (uninfected fish) 

P = Present (Infected fish) 

L = Low (Low infection level) 

H = High (High infection level) 

Wt = Weight (Fish weight in gram) 

Lt = Length (Fish length in centimetre) 

K = Condition factor (g/cm^) 
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Table 8. Summarised results of the logistic regression 
model showing the change in infection rates with 
time (in days) 

Parasite U (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. 3.147+-0.00489xAge -0.5% (-1.3%, 0.4%) 

Gyrod. -3.232+0.00911xAge + 0.9% ( 0.3%, 1.6%) 

Hexamita 3.278+-0.01033xAge -1.0% (-1.7%,-0.4%) 

Ich. M -0.565+-0.0014xAge -0.2% (-0.8%, 0.5%) 

Ich. G 2.783+-0.00679xAge -0.7% (-1.3%,+0.0%) 

Table 9. Summarised results of the logistic regression 
model showing the change in infection rates with 
temperature. 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. 2.8095+-0.227xtemp -20.3% (-59.6%,+57.3%) 

Gyrod. -0.2702+-0.089xtemp -5.8% (-43.1%, 47.1%) 

Hexamita 0.7580+-0.083xtemp -8.0% (-42.2%, 46.4%) 

Ich. M -1.2578+ 0.067xtemp + 6.9% (-35.8%, 87.0%) 

Ich. G -5.3200+ 0.470xtemp +60.0% ( 25.5%,-13.0%) 

Notations used in the table 

1. + = Infection rate increased per day or per degree. 

2. - = Infection rate decreased per day or per degree. 
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6 . 4 F o u r t h survey, at Itchen Abbas, April to August 1988. 

Table 10. Summarised results of the analysis of variance 
shows the effects of parasites on fish weight, length 
and condition factor (underlined P values show the 
significance at the 5% level). 

Table 10a. Fish weight. 

Paras. Lev. F DF P Wt.Change Confid.1imits 

Trich. L/H 13.30 1&237 <0.001 -4.36 g (-6.71; -2.00) 

Gyrod. P/A 4.11 1&334 0.043 -2.08 g (-4.11; -0.06) 

Ich. G L/H 5.74 1&250 0.017 -2.84 g (-5.17; -0.50) 

Table 10b. Fish length. 

Paras. Lev. F DF P Lt.Change Confid.1imits 

Trich. L/H 14.91 1&237 <0.001 -0.64 cm (-0.97;-0.32) 

Gyrod. P/A 3.22 1&334 0.074 -0.28 cm (-0.59;+0.03) 

Ich. G L/H 6.02 1&250 0.015 -0.47 cm (-0.85;-0.09) 

Table 10c. Fish condition factor 

Paras. Level F DF P K.Change Confid.limits 

Trich. L/H 0.13 1&237 0.719 -0.01 (-0.03;+0.02) 

Gyrod. P/A 3.28 1&334 0.071 -0.22 (-0.05;+0.00) 

Ich. G L/H 3.19 1&250 0.075 -0.03 (-0.05;+0.00) 

Abbreviations used in the table 

A = Absent (uninfected fish) 

P = Present (Infected fish) 

L = Low (Low infection level) 

H = High (High infection level) 

Wt = Weight (Fish weight in gram) 

Lt = Length (Fish length in centimetre) 

K = Condition factor (g/cm*) 
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Table 11. Summarised results of the logistic regression 
model showing the change in infection rate with the 
time (in days) 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
limits 

Trichod. -1.880+ 0.0214xAge + 2.2% ( 0.8%,3.5%) 

Gyrod. -7.075+ 0.0489xAge + 5.0% ( 3.6%,6.5%) 

Ich. G 3.133+-0.0147xAge -1.5% (-2.7%,-0.2%) 

Table 12. Summarised results of the logistic regression 
model showing the change in infection rate with 
temperature. 

Parasite U (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. -5.983+0.526 xtemp -50.3% (-66.0%,-26.5%) 

Gyrod. -11.532+0.807 xtemp +124.8% ( 58.0%,219.9%) 

Ich. G 10.591+-0.70Oxtemp +69.2% ( 31.2%,118.3%) 

Notations used in the table 

1. + = Infection rate increased per day or per degree. 

2. - = Infection rate decreased per day or per degree. 
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6.5. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 13. Summarised results of the analysis of variance 
shows the effects of parasites on fish weight, length 
and condition factor (underlined P values show the 
significance at the 5% level). 

Table 13a. Fish weight. 

Paras. Lev. F DF P Wt.Change Confid.1imits 

Trich. L/H 28.99 1&312 <0.001 -6.29 g (-8.59;-3.99) 

Gyrod. L/H 10.01 1&284 0.002 -4.12 g (-6.70;-1.56) 

Perit. P/A 11.18 1&314 0.001 -4.83 g (-7.68;-1.99) 

Ich. M P/A 11.31 1&314 0.001 -4.58 g (-7.26;-1.90) 

Ich. G L/H 3.82 1&206 0.052 -3.01 g (-6.04;+0.02) 

Table 13b. Fish length. 

Paras. Lev. F DF P Lt.Change Confid.1imit 

Trich. L/H 22.25 1&312 <0.001 -0.75 cm (-1.06;-0.44) 

Gyrod. L/H 8.97 1&284 0.003 -0.55 cm (-0.90;-0.19) 

Perit. P/A 15.15 1&314 <0.001 -0.75 cm (-1.13;-0.37) 

Ich. M P/A 7.18 1&314 0.008 -0.49 cm (-0.86;-0.13) 

Ich. G L/H 0.91 1&206 0.340 -0.20 cm (-0.60;+0.20) 

Table 13c is on page 378. 
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Table 13c. Fish condition factor 

Paras. Level F DF P K. Change Confid.1imits 

Trich. L/H 3.97 1&312 0.047 -0.03 (-0.06;-0.00) 

Gyrod. L/H 2.10 1&284 0.149 -0.02 (-0.05;+0.01) 

Perit. P/A 0.10 1&314 0.748 0.01 (-0.03;+0.04) 

Ich. M P/A 2.75 1&314 0.098 -0.03 (-0.06;+0.01) 

Ich. G L/H 7.79 1&206 0.006 -0.05 (-0.08;-0.01) 

Abbreviations used in the table 

A = Absent (uninfected fish) 

P = Present (Infected fish) 

L = Low (Low infection level) 

H = High (High infection level) 

Wt = Weight (Fish weight in gram) 

Lt = Length (Fish length in centimetre) 

K = Condition factor (g/cm^) 
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Table 14. Summarised results of the logistic regression 
model showing the change in infection rate with time 
(in days) 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. -1.796+0.010239xAge + 1.0% ( 0.4%, 1.6%) 

Gyrod. 4.571+-0.0124xAge -1.2% (-2. 3%,-0.2%) 

Perit. 6.982+-0.0455xAge -4.5% (-5. 4%,-3. 5%) 

Ich. M -1.477+0.00424xAge + 0.4% (-0.2%, 1.1%) 

Ich. G -0.512+0.0075 xAge + 0.8% (+0.1%,+1.4%) 

Table 15. Summarised results of the logistic regression 
model showing the change in infection rate with 
temperature. 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. -1.4182+0.0884xtemp + 9.2% ( -3.9%,+24.1%) 

Gyrod. 6.6646+-0.278xtemp -24.6% (-40.6%, -3.4%) 

Perit. 7.3141+-0.514xterap -40.2% (-48.7%,-30.3%) 

Ich. M -3.7623+0.1996xtemp +22.1% ( 6.2%, 40.4%) 

Ich. G -3.0535+0.2556xtemp +29.1% ( 12.0%, 48.9%) 

Notations used in the table 

1. + = Infection rate incersied per day or per degree. 

2. - = Infection rate decreased per day or per degree. 
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6.6. Sixth survey, at Romsey fish farm, July to August 
1988. 

Table 16. Summarised results of the analysis of variance 
shows the effects of parasites on fish weight, length 
and condition factor (underlined P values show the 
significance at the 5% level). 

Table 16a. Fish weight. 

Paras. Level F DF P Wt.Change Confid.1iraits 

Trich. L/H 10.63 1&96 0.002 -9.18 g (-14.77;-3.60) 

Gyrod. L/H 6.50 1&84 0.012 -7.26 g (-12.91;-!.60) 

Ich. G L/H 6.52 1&57 0.013 -9.68 g (-17.27;-2.09) 

PKD L/H 12.41 1&68 0.001 -13.05 g (-20.42;-5.65) 

Table 16b. Fish length, 

Paras. Level F DF P Lt.Change Confid.1imits 

Trich. L/H 12.14 1&96 0.001 -1.16 cm (-1.81;-0.50) 

Gyrod. L/H 5.78 1&84 0.018 -0.81 cm (-1.49;-0.14) 

Ich. G L/H 4.99 1&57 0.029 -0.99 cm (-1.88;-0.10) 

PKD L/H 13.05 1&68 0.001 -1.67 cm (-2.43;-0.70) 

Table 16c. Fish condition factor 

Paras. Level F DF P K. Change Confid.limits 

Trich. L/H 0.54 1&96 0.466 + 0.02 (-0.03;+0.07) 

Gyrod. L/H 0.33 1&84 0.568 -0.02 (-0.06;+0.04) 

Ich. G L/H 0.09 1&57 0.768 -0.01 (-0.08;+0.06) 

PKD L/H 0.14 1&68 0.706 -0.01 (-0.09;+0.06) 

Abbreviations used in the table 

A = Absent (Uninfected fish) 

P = Present (Infected fish) 

L = Low (low infection level) 

H = High (High infection level) 
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Table 17. Summarised results of the logistic regression 
model showing the change in infection rate with time 
(in days) 

Parasite y (Linear function) Change in 
infection 
rate 

Confidence 
1imits 

Trichod. 1.321+-0.00812xAge -0.8% (-3.7%, 2.2%) 

Gyrod. 9.378+0.41145xAge + 4.2% ( 0.7, 7.9%) 

Ich . G 4.359+-0.0187xAge -1.9% (-4.8%, 1.2%) 

PKD -4.476+0.01766xAge + 1.8% (-1.5%,+5.1%) 

Table 18. Summarised results of the logistic regression 
model showing the change in infection rate with 
temperature. 

Parasite U (Linear function) Change in 
infection 
rate 

Confidence 
limits 

Trichod. 0.6636+-0.682xterap -6.6% (-30.4%,+25.3%) 

Gyrod. -7.4574+0.4345xtemp +54.4% ( 0.5%,+137.1%) 

Ich. G 10.591 +-0.700xtemp -50.3% (-66.5%,-26.5%) 

PKD -6.0713+0.3390xterap +40.4% ( -6.3%,110.8%) 

Notations used in the table 

1. + = Infection rate increased per degree or per day. 

2. - = Infection rate decreased per day or per degree. 
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APPENDIX 7 

Summarised results of the one-way and two-way analysis of 
variance showing the interaction effects. 

7.1 First survey, at Itchen Abbas, September to December 
1986. 

Table 1. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infections on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Gyrod. Hexam. 0.496; 1&295; 0.482 0.769; 1&295; 0.410 

Gyrod. Cost. M 0.028; 1&295; 0.868 0.283; 1&295; 0.595 

Hexam. Cost. M 7.529; 1&295; 0.006 5.716; 1&295; 0.017 

Parasite Condition factor 

First Second F DF P 

Gyrodact. Hexamita 0.548; 1&295; 0.179 

Gyrodact. Costia.M 1.488; 1&295; 0.223 

Hexaraita Costia.M 0.589; 1&295; 0.444 
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Table 2. Summarised results of the oneway analysis of 
variance to test for the effect of a second parasite 
on weight, length and condition factor in fish also 
infected with first parasite (underlined P values show 
the significant test effect at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Gyrod Hexamita 2.586; 1&89; 0.111 0.185; 1&89; 0.668 

Gyrod. Costia.M 6.478; 1&89; 0.013 1.006; 1&89; 0.319 

Hexami Gyroda. 0.185; 1&72; 0.668 1.169; 1&72; 0.683 

Hexarai Costia.M 3.427; 1&72; 0.068 2.520; 1&72; 0.117 

Cost.M Hexamita 2.211; 1&73; 0.141 1.642; 1&73; 0.204 

Cost.M Gyroda. 0.000; 1&73; 0.987 0.000; 1&73; 0.997 

Parasite Condition factor 

First Second F DF P 

Gyrodact. Hexamita gut 0.143; 1&89; 0.706 

Gyrodact. Costia mucus 1.532; 1&89; 0.219 

Hexamita Gyrodactylus 0.246; 1&72; 0.622 

Hexamita Costia mucus 0.324; 1&72; 0.571 

Costia. M Hexamita gut 1.666; 1&73 0.201 

Costia. M Gyrodactylus 1.024; 1&73; 0.315 
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7.2 Second survey, at Itchen Abbas, January to May 1987. 

Table 3. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infection on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trichod. Hexa. 9.314; 1&457; 0.002 5.119; 1&457; 0.024 

Trichod. Cos .M 0.364; 1&457; 0.547 1.200; 1&457; 0.274 

Trichod. Cos .G 1.129; 1&457; 0.288 0.342; 1&457; 0.559 

Trichod. Chilo. 27.575;1&457;<0.001 23.943;1&457;<0.001 

Trichod. Perit. 0.382; 1&457; 0.537 1.971; 1&457; 0.161 

Hexam. Cost.M 1.546; 1&457; 0.214 1.000; 1&457; 0.318 

Hexara. Cost.G 0.696; 1&457; 0.405 0.553; 1&457; 0.457 

Hexam. Chilod 5.524; 1&457; 0.019 5.312; 1&457; 0.022 

Hexam. Perit. 1.041; 1&457; 0.306 0.730; 1&457; 0.393 

Cost. M Cost. G 0.125; 1&457; 0.724 1.200; 1&457; 0.274 

Cost.M Chilod 15.718;1&457;<0.001 0.330; 1&457; 0.566 

Cost. M Perit. 0.484; 1&457; 0.487 13.306;1&457;<0.001 

Cost.G Chilod 16.145;1&457;<0.001 3.564; 1&457; 0.060 

Cost.G Perit. 0.015; 1&457; 0.903 0.040; 1&457; 0.842 

Chilod. Perit. 3.424; 1&457; 0.065 1.629; 1&457; 0.202 

Continued (table 3) on page 385. 
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Parasite Condition factor 

First Second F DF P 

Trichodina Hexamita 0.042; 1&457; 0.838 

Trichodina Costia. M 2.719; 1&457; 0.100 

Trichodina Costia. G 2.051 1&457; 0.153 

Trichodina Chilodon. 8.490; 1&457; 0.004 

Trichodina Peritrich 0.034; 1&457; 0.854 

Hexamita Costia. M 0.067; 1&457; 0.795 

Hexamita Costia. G 0.007; 1&457; 0.934 

Hexamita Chilodon. 1.125; 1&457; 0.724 

Hexamita Peritrich 0.643; 1&457; 0.423 

Costia. M Trichodina 2.719; 1&457; 0.100 

Costia. M Costia. G 1.249; 1&457; 0.264 

Costia. M Chilodone. 5.165; 1&457; 0.024 

Costia. M Peritrich 0.167; 1&457; 0.683 

Costia. G Chilodone. 3.273; 1&457; 0.071 

Costia. G Peritrich 1.088; 1&457; 0.297 

Chilod. Peritrich 0.017; 1&457; 0.897 
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Table 4. Summarised results of the oneway analysis of 
variance to test for the effect of a second parasite 
on weight, length and condition factor in fish also 
infected with first parasite (underlined P values show 
the significant interaction at the 5% level) . 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Hexami. 8.555; 1&220; 0.004 7.494;1&220; 0.007 

Trich. Cost.M 0.410; 1&220; 0.523 0.097; 1&220; 0.756 

Trich. Cost. G 0.410; 1&220; 0.523 0.097; 1&220; 0.756 

Trich. Chilod. 23.993; 1&220;<0.001 19.343;1&220;<0.001 

Trich. Peritr. 1.619; 1&220; 0.205 0.471; 1&220; 0.497 

Hexam. Tricho. 21.663; 1&328;<0.001 23.595;1&328;<0.001 

Hexam. Cost. M 0.733; 1&328; 0.393 1.089; 1&328; 0.297 

Hexam. Cost. G 1.359; 1&328; 0.245 1.293; 1&328; 0.256 

Hexam. Perit. 0.032; 1&328; 0.859 0.597; 1&328; 0.440 

Hexam. Chilod. 18.948; 1&328;<0.001 9.404; 1&328; 0.002 

Cost.M Tricho. 7.431; 1&255; 0.007 7.986; 1&255; 0.005 

Cost .M Cost. G 0.859; 1&255; 0.355 0.382; 1&255; 0.537 

Cost.M Hexam. 4.999; 1&255; 0.026 5.953; 1&255; 0.015 

Cost.M Chilod. 28.507; 1&255;<0.001 17.489;1&255; 0.001 

Cost.M Peritr. 3.728; 1&255; 0.055 1.323; 1&255; 0.251 

Cost.G Cost. M 0.198; 1&220; 0.675 0.440; 1&220; 0.508 

Cost.G Hexam. 2.689; 1&220; 0.102 3.661; 1&220; 0.057 

Cost.G Tricho. 5.645; 1&220; 0.018 6.437; 1&220; 0.012 

Cost.G Chilod. 26.912; 1&220;<0.001 17.632;1&220;<0.001 

Cost.G Pertri. 2.127; 1&220; 0.146 0.467; 1&220; 0.422 

Chilo. Perit. 0.081; 1&169; 0.777 0.133; 1&169; 0.715 

Chilo. Hexam. 0.056; 1&169; 0.813 0.009; 1&169; 0.926 

Chilo. Tricho. 0.134; 1&169; 0.714 0.012; 1&169; 0.914 

Continued (table 4) on page 387, 
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Chilo. Cost. M 3.602; 1&169; 0.059 3.501; 1&106; 0.063 

Chilo. Cost .G 0.879; 1&169; 0.350 1.376; 1&106; 0.242 

Perit. Chilod. 14.176; 1&106;<0.001 12.435; 1&106;0.001 

Perit. Tricho. 4.226; 1&106; 0.042 3.978; 1&106;0.049 

Perit. Hexam. 4.947; 1&106; 0.028 7.290; 1&106;0.009 

Perit. Cost. M 0.123; 1&106; 0.726 0.192; 1&106; 0.662 

Perit. Cost. G 2.082; 1&106; 0.152 0.617; 1&106; 0.434 

Parasite Condition factor 

First Second F DF P 

Trichod. Hexaraita gut 0.013; 1&220; 0.909 

Trichod. Costia mucus 1.709; 1&220; 0.193 

Trichod. Costia gill 1.709; 1&220; 0.193 

Trichod. Chilodonella 3.883; 1&220; 0.050 

Trichod. Peritrich 0.999; 1&220; 0.319 

Hexamit. Trichodina 0.003; 1&328; 0.953 

Hexamit. Costia mucus 0.402; 1&328; 0.526 

Hexamit. Chilodonella 0.285; 1&328; 0.594 

Costia.M Trichodina 0.151; 1&255; 0.698 

Costia. M Costia gill 0.994; 1&255; 0.320 

Costia.M Hexamita gut 0.000; 1&255; 0.998 

Costia. M Chilodonella 2.268; 1&255; 0.133 

Costia. M Peritrich 1.184; 1&255; 0.278 

Costia. G Costia mucus 0.291; 1&220; 0.590 

Costia. G Hexamita gut 0.014; 1&220; 0.908 

Costia. G Trichodina 0.166; 1&220; 0.684 

Costia. G Chilodonella 1.537; 1&220; 0.216 

Continued (table 4) on page 388. 
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Costia. G Peritrich 1.294; 1&220; 0.257 

Chilod. Peritrich 2.326; 1&169; 0.129 

Chilod. Hexaraita gut 0.510; 1&169; 0.601 

Chilod. Trichodina 1.403; 1&169; 0.238 

Chilod. Costia mucus 1.536; 1&169; 0.238 

Chilod. Costia gill 1.550; 1&169; 0.215 

Peritrich Chilodonella 3.861; 1&106; 0.052 

Peritrich Trichodina 0.160; 1&106; 0.690 

Peritrich Hexamita gut 5.805; 1&106; 0.018 

Peritrich Costia mucus 5.067; 1&106; 0.026 

Peritrich Costia gill 1.642; 1&106; 0.203 
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7.3. Third survey, at Itchen Abbas, April to July 1987. 

Table 5. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infection on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Tricho. Ichth. G 1.473; 1&175; 0.226 1.786; 1&175; 0.183 

Tricho. Ichth .M 0.077; 1&175; 0.781 0.202; 1&175; 0.654 

Tricho. Gyrod . 0.964; 1&175; 0.328 0.934; 1&175; 0.335 

Gyrod. Ichth.M 0.407; 1&175; 0.524 0.757; 1&175; 0.385 

Gyrod. Ichth.G 1.084; 1&175; 0.299 1.250; 1&175; 0.265 

Hexam. Tricho. 0.082; 1&175; 0.775 0.015; 1&175; 0.902 

Hexam. Gyrod. 4.201; 1&175; 0.042 3.115; 1&175; 0.079 

Hexam. Ichth.M 0.789; 1&175; 0.376 3.691; 1&175; 0.056 

Hexam. Ichth.G 1.122; 1&175; 0.271 0.751; 1&175; 0.387 

Ichth.M Icht.G 0.460; 1&175; 0.498 1.970; 1&175; 0.162 

Parasite Condition factor 

First Second F DF P 

Trichod. Ichthy.G 0.015; 1&175; 0.901 

Trichod. Ichthy.M 0.361; 1&175; 0.549 

Trichod. Gyrodac. 0.908; 1&175; 0.342 

Gyrodac. Ichthy.M 0.029; 1&175; 0.864 

Gyrodac. Ichthy.G 2.648; 1&175; 0.105 

Hexamita Trichod. 0.007; 1&175; 0.934 

Hexamita Gyrodac. 0.221; 1&175; 0.639 

Hexamita Ichthy.M 3.365; 1&175; 0.068 

Hexamita Ichthy.G 1.707; 1&175; 0.193 

Ichthy.M Ichthy.G 6.121; 1&75; 0.014 
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Table 6. Summarised results of the oneway analysis of 
variance to test for the effect of a second parasite 
on weight, length and condition factor in fish also 
infected with a first parasite (underlined P values 
show significant interaction at the 5% level). 

Parasite Weight Length 

First Second DF DF 

Trich. Gyroda, 1.227 1&151; 0.270 1.020 1&151; 0.310 

Trich. Hexam. 7.465 1&151; 0.007 9.001 1&151; 0.003 

Trich. Icht.M 1.344 1&151; 0.248 2.347 1&151; 0.128 

Trich. Icht. G 4.214 1&151; 0.042 3.859 1&151; 0.051 

Gyrod. Trich. 0.059 1&62 0 . 8 0 8 0.321 1&62 0.573 

Gyrod. Hexam. 0.162 1&62 0.689 0.629 1&62 0.431 

Gyrod. Icht. M 0.089 1&62 0.756 0.104 1&62 0.748 

Gyrod. Icht. G 2.635 1&62 0.110 2.770 1&62 0.101 

Hexam. Trich. 0.708 l&lOl; 0.402 0.09: l&lOl; 0.761 

Hexam. Gyroda. 0.779 l&lOl; 0.380 0.412 l&lOl; 0.522 

Hexam. Icht. M 1.309 l&lOl; 0.255 3.570 l&lOl; 0.062 

Hexam. Icht. G 5.764 l&lOl; 0.081 2.849 l&lOl; 0.095 

Ich.M Trich. 3.373 1&47 0.073 1.528 1&47 0 . 2 2 2 

Ich.M Gyroda. 3.066 1&47 0 . 086 2.417 1&47 0.127 

Ich.M Hexam. 0 . 0 2 6 1&47 0.872 0.135 1&47 0.715 

Ich.M Icht. G 0.117 1&47 0.734 0.946 1&47 0.336 

Ich .G Trich. 1.063 1&125; 0.305 0.613 1&125; 0.435 

Ich.G Gyroda. 0.039 1&125; 0.845 0 . 0 0 2 1&125; 0.961 

Ich.G Hexam, 5.048 1&125; 0.026 7.441 1&125; 0.007 

Ich.G Icht. M 2 . 2 0 8 1&125; 0.140 2.109 1&125; 0.149 

Continued (table 6) on page 391. 
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Parasite Condition factor 

First Second F DF P 

Trichodina Gyrodactylus 0.267; 1&151; 0.606 

Trichodina Hexamita gut 0.584; 1&151; 0.446 

Trichodina Ichthyoph. M 0.002; 1&151; 0.966 

Trichodina Ichthyoph. G 8.006; 1&151; 0.005 

Gyrodacty. Trichodina 0.039; 1&62; 0.843 

Gyrodacty. Hexamita 0.042; 1&62; 0.837 

Gyrodacty. Ichthyoph. M 0.016; 1&62; 0.899 

Gyrodacty. Ichthyoph. G 0.223; 1&62; 0.638 

Hexaraita Trichodina 0.627; l&lOl; 0.430 

Hexamita Gyrodactylus 0.001; l&lOl; 0.971 

Hexamita Ichthyoph. M 1.167; l&lOl; 0.283 

Hexaraita Ichthyoph. G 12.072; l&lOl; 0.001 

Ichthyop.M Trichodina 0.515; 1&47; 0.476 

Ichthyop.M Gyrodactylus 0.537; 1&47; 0.467 

Ichthyop.M Hexamita 1.105; 1&47; 0.298 

Ichthyop.M Ichthyoph. G 5.098; 1&47; 0.029 

Ichthyop.G Trichodina 0.000; 1&125; 0.985 

Ichthyop.G Gyrodactylus 1.756; 1&125; 0.188 

Ichthyop.G Hexamita gut 0.121; 16125; 0.729 

Ichthyop.G Ichthyoph. M 0.779; 1&125; 0.379 
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7.4. Fourth survey, at Itchen Abbas, April to August 1988. 

Table 7. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infections on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyrod. 1.228; 1&335; 0.269 1.612; 1&335; 0.205 

Trich. Ich. G 0.007; 1&335; 0.931 0.666; 1&335; 0.415 

Gyrod. Ich. G 6.032; 1&335; 0.015 4.137; 1&335; 0.043 

Parasite Condition factor 

First Second F DF P 

Trichod. Gyrodac. 0.010; 1&335; 0.921 

Trichod. Ichthy.G 0.452; 1&335; 0.502 

Gyrodac. Ichthy.G 0.861; 1&335; 0.354 
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Table 8. Summarised results of the oneway analysis of 
variance to test for the effect of a second parasite 
on weight, length and condition factor in fish also 
infected with a first parasite (underlined P values 
show significant interaction at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyroda. 1.334; 1&240; 0.249 0.741; 1&240; 0.390 

Trich. Ichth.G 8.877; 1&240; 0.003 2.469; 1&240; 0.105 

Gyrod. Tricho. 2.236; 1&122; 0.137 3.709; 1&122; 0.056 

Gyrod. Ichth.G 14.635; 1&22; <0.001 8.896; 1&122; 0.003 

Ich. G Tricho. 2.733; 1&253; 0.100 3.765; 1&253; 0.053 

Ich. G Gyrod. 3.067; 1&253; 0.067 2.097; 1&253; 0.097 

Parasite Condition factor 

First Second F DF P 

Trichodina Gyrodactylus 1.835; 1&240; 0.177 

Trichodina Ichthyoph: G 0.960; 1&240; 0.325 

Gyrodacty. Trichodina 0.066; 1&122; 0.797 

Gyrodacty. Ichthyoph: G 0.205; 1&122; 0.652 

Ichthyo. G Trichodina 0.242; 1&253; 0.624 

Ichthyo. G Gyrodactylus 2.649; 1&253; 0.105 
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7.5. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 9. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infection on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyrod. 0.285; 1&315; 0.593 0.011; 1&315; 0.917 

Trich. Perit. 0.267; 1&315; 0.605 0.502; 1&315; 0.479 

Trich. Ich.M 0.983; 1&315; 0.322 1.100; 1&315; 0.295 

Trich. Ich.G 0.430; 1&315; 0.513 0.521; 1&315; 0.471 

Gyrod. Perit. 2.464; 1&315; 0.117 0.924; 1&315; 0.337 

Gyrod. Ich.M 0.384; 1&315; 0.536 0.091; 1&315; 0.763 

Gyrod. Ich.G 0.058; 1&315; 0.810 0.769; 1&315; 0.381 

Perit. Ich .M 0.384; 1&315; 0.536 0.091; 1&315; 0.763 

Perit. Ich.G 0.036; 1&315; 0.580 1.068; 1&315; 0.302 

Ich.M Ich.G 0.030; 1&315; 0.864 0.010; 1&315; 0.921 

Parasite Condition factor 

First Second F DF P 

Trichodina Gyrod. 0.019; 1&315; 0.890 

Trichodina Perit. 0.134; 1&315; 0.824 

Trichodina Ichth. M 0.200; 1&315; 0.655 

Trichodina Ichth. G 0.052; 1&315; 0.820 

Gyrodacty Perit. 2.335; 1&315; 0.127 

Gyrodacty Ichth. M 8.290; 1&315; 0.004 

Gyrodacty Ichth. G 3.419; 1&315; 0.065 

Peritrich Ichth. M 8.290; 1&315; 0.004 

Peritrich Ichth. G 14.382; 1&315;<0.001 

Ichth. M Ichth. G 1.289; 1&315; 0.257 
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Table 10. Summarised results of the one-way analysis of 
variance for the effect of a second parasite on 
weight, length and condition factor in fish also 
infected with a first parasite (underlined P values 
show significant interaction at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Tricho. Gyrod. 6.020; 1&315; 0.015 1.977; 1&315; 0.161 

Tricho. Perit. 11.292; 1&315; 0.001 14.477;1&315;<0.001 

Tricho. Ich.M 6.795; 1&315; 0.010 1.751; 1&315; 0.187 

Tricho. Ich.G 2.780; 1&315; 0.096 0.706; 1&315; 0.401-

Gyroda. Trich. 0.296; 1&287; 0.587 1.822; 1&287; 0.178 

Gyroda. Perit. 10.486; 1&287; 0.001 12.315; 1&287;0.001 

Gyroda. Ich. M 5.652; 1&287; 0.018 1.164; 1&287; 0.282 

Gyroda. Ich .G 1.743; 1&287; 0.188 1.761; 1&287; 0.186 

Perit. Trich. 0.198; 1&132; 0.657 0.447; 1&132; 0.505 

Perit. Gyrod. 0.679; 1&132; 0.411 0.248; 1&132; 0.619 

Perit. Ich. M 4.515; 1&132; 0.035 0.721; 1&132; 0.397 

Perit. Icht.G 0.006; 1&132; 0.939 3.657; 1&132; 0.058 

Icht. M Trich. 23.307; 1&88; <0.001 15.137; 1&88;<0.001 

Icht. M Gyrod. 1.324; 1&88; 0.253 0.320; 1&88; 0.573 

Icht. M Perit. 11.739; 1&88; 0.001 8.977; 1&88; 0.004 

Icht. M Ich. G 0.074; 1&88; 0.786 0.217; 1&88; 0.643 

Icht. G Trich. 24.010; 1&209;<0.001 23.757;1&209;<0.001 

Icht. G Gyrod. 4.047; 1&209; 0.046 0.776; 1&209; 0.379-

Icht. G Perit. 10.282; 1&209; 0.002 14.069;1&209;<0.001 

Icht. G Ich. M 4.616; 1&209; 0.033 3.590; 1&209; 0.059 

Continued (table 10) on page 396. 
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Parasite Condition factor 

First Second F DF P 

Trichod. Gyrodactylus 2.672; 1&315; 0.103 

Trichod. Peritrich 0.034; 1&315; 0.853 

Trichod. Ichthyoph: M 6.325; 1&315; 0.012 

Trichod. Ichthyoph: G 15.631; 1&315;<0.001 

Gyrodact. Trichodina 0.311; 1&287; 0.578 

Gyrodact. Peritrich 0.099; 1&287; 0.754 

Gyrodact. Ichthyoph. M 5.757; 1&287; 0.017 

Gyrodact. Ichthyoph. G 18.492; 1&287;<0.001 

Peritrich Trichodina 0.206; 1&132; 0.650 

Peritrich Gyrodactylus 0.418; 1&132; 0.519 

Peritrich Ichthyoph. M 10.120; 1&132; 0.002 

Peritrich Ichthyoph. G 24.256; 1&132;<0.001 

Ichthy. M Trichodina 0.192: 1&88; 0.662 

Ichthy. M Gyrodactylus 0.690; 1&88; 0.408 

Ichthy. M Peritrich 4.404; 1&88; 0.039 

Ichthy. M Ichthyoph. G 0.011; 1&88; 0.915 

Ichthy. G Trichodina 2.027; 1&209; 0.156 

-Ichthy. G Gyrodactylus 6.668; 1&209; 0.011 

Ichthy. G Peritrich 2.714; 1&209; 0.101 

Ichthy. G Ichthyoph. Mj 0.683; 1&209; 0.410 
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7.6. Sixth survey, at Romsey fish farm, July to August 
1988. 

Table 11. Summarised results of the two-way analysis of 
variance showing interaction between parasitic 
concurrent infection on fish weight, length and 
condition factor (underlined P values show significant 
interactions at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyrod. 2.173; 1&95; 0.144 1.691; 1&95; 0.197 

Trich. Ich. M 0.178; 1&95; 0.599 0.427; 1&95; 0.515 

Trich. Ich. G 0.518; 1&95; 0.473 0.678; 1&95; 0.412 

Trich. Pkd 0.143; 1&95; 0.706 0.555; 1&95; 0.458 

Gyrod. Ich. M 0.278; 1&95; 0.599 0.104; 1&95; 0.747 

Gyrod. Ich. G 0.119; 1&95; 0.731 0.010; 1&95; 0.920 

Gyroda PKD 0.115; 1&95; 0.735 0.175; 1&95; 0.676 

Ich. M Ich. G 0.138; 1&95; 0.711 0.500; 1&95; 0.481 

Ich. M PKD 0.086; 1&95; 0.770 0.030; 1&95; 0.863 

PKD Ich. G 2.256; 1&95; 0.136 2.386; 1&95; 0.126 

Parasite Condition factor 

First Second F DF P 

Trich. Gyrod. 0.005; 1&95; 0.945 

Trich. Ich. M 0.177; 1&95; 0.753 

Trich. Ich. G 0.106; 1&95; 0.745 

Trich. PKD 0.809; 1&95; 0.371 

Gyrod. Ich. M 0.167; 1&95; 0.684 

Gyrod. Ich. G 0.402; 1&95; 0.528 

Gyrod. PKD 0.060; 1&95; 0.808 

Ich. M Ich. G 1.954; 1&95; 0.165 

Ich. M PKD 0.042; 1&95; 0.837 

PKD Ich. G 0.018; 1&95; 0.893 
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Table 12. Summarise results of the one-way analysis of 
variance to test for the effect of a second parasite 
on weight, length and condition factor in fish also 
infected with a first parasite (underlined P values 
show significant interaction at the 5% level). 

Parasite Weight Length 

First Second F DF P F DF P 

Trich. Gyroda. 12.053; 1&97; 0.001 6.300; 1&97; 0.014 

Trich. Icht .G 0.807; 1&97; 0.371 0.508; 1&97; 0.478 

Trich. PKD 0.186; 1&97; 0.667 0.837; 1&97; 0.363 

Gyroda. Trich. 9.417; 1&85; 0.003 10.661; 1&85;0.002 

Gyroda. Icht. G 0.968; 1&85; 0.328 0.494; 1&85; 0.494 

Gyroda. PKD 0.985; 1&85; 0.324 1.670; 1&85; 0.200 

Ich. G Trich. 9.330; 1&58; 0.003 11.575; 1&58;0.001 

Ich. G Gyrod. 9.312; 1&58; 0.003 4.665; 1&58;0.035 

Ich. G PKD 0.000; 1&58; 0.996 0.167; 1&58; 0.684 

PKD Trich. 8.278; 1&69; 0.005 10.732; 1&69;0.002 

PKD Gyrod. 11.721; 1&69; 0.001 6.189; 1&69; 0.015 

PKD Ich. G 0.186; 1&69; 0.668 0.171; 1&69; 0.680 

Continued (table 12) on page 399. 
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Parasite Condition factor 

First Second F DF P 

Trichod. Gyrodactylus 4.979; 1&97; 0.028 

Trichod. Ichthyoph: G 0.612; 1&97; 0.436 

Trichod. PKD 4.537; 1&97; 0.036 

Gyrodac. Trichodina 0.311; 1&85; 0.578 

Gyrodac. Ichthyoph: G 0.970; 1&85; 0.327 

Gyrodac. PKD 3.801; 1&85; 0.055 

Ichthy. G Trichodina 0.085; 1&58; 0.772 

Ichthy. G Gyrodactylus 4.813; 1&58; 0.032 

Ichthy. G PKD 3.674; 1&58; 0.060 

PKD Trichodina 0.823; 1&69; 0.368 

PKD Gyrodacty: 2.952; 1&69; 0.090 

PKD Ichthyoph: G 0.000; 1&69; 0.992 
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APPENDIX 8 

Analysis of the relationship of Ichthyophthirius 
multifiliis gill infection intensity and Gyrodactylus mucus 
infection density with time (age) and temperature. 

8.1. Third survey, at Itchen Abbas, April to July 1987. 

Table 1. Simple regression data on the relationship of I. 
multifiliis gill infection intensity with age. 

Simple -Y : Intensity X : Age (days) 
DF: R-squared: Std.Err: Correl: 

127 0.028 10.273 -0.168 

Table la. Beta Coefficient 
Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 20.579 5. 303 3.880 0.002 

SLOPE -0.036 0. 019 -1.912 0.058 

One-way analysis of variance did not show significant 
relationship between the intensity of 'Ich' gill infection 
and time (F=3.657; DF=1&126; P=0.058). 
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Fig. 1. Relationship between intensity (i.e. total number 
of parasites per fish) of I. multifiliis gill 
infection and age. 
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Table 2. Simple regression data on the relationship of I. 
multifiliis gill infection intensity with temperature. 

Simple -Y : Intensity X : Temperature (°C) 

DF: R-squared: Std.Err: Correl: 

127 0.058 10.338 0.126 

Table 2a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -1.967 8. 863 -0.222 0.824 

SLOPE 0.939 0. 659 1.424 0.157 

One-way analysis of variance did not show significant 
relationship between the intensity of 'Ich' gill infection 
and temperature (F=2.027; DF=1&126; P=1.157). 
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Fig. 2. Relationship between temperature and gill infection 
intensity (i.e. total number of parasite per fish) of 
I. multifiliis. 
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8.2. Fourth survey, at Itchen Abbas, April to August 1988. 

Table 3. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with age. 

Simple -Y : Density X : Age (days) 

DF: R-squared: Std.Err: Correl: 

339 0.067 4.172 0.260 

Table 3a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -5.563 1. 583 -3.513 <0.001 

SLOPE 0.578 0. 012 4.939 <0.001 

One-way analysis of variance showed significant 
relationship of Gyrodactylus mucus infection density with 
age (F=24.396; DF=1&338; P<0.001). 
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Fig. 3. Relationship between density of Gyrodactylus and 
age. 
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Table 4. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with temperature. 

Simple -Y : Density X : Temperature (°C) 

DF: R-squared: Std.Err: Correl: 

339 0.034 4.246 0.184 

Table 4a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -9.797 3.488 -2.809 0.005 

SLOPE 0.877 0.255 0.183 <0.001 

One-way analysis of variance showed significant 
relationship between the density of Gyrodactylus mucus 
infection and temperature (F=11.842; DF=1&338; P<0.001). 
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Fig. 4. Relationship between temperature and density of 
Gyrodactylus mucus infection. 
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Table 5. Simple regression data on the relationship of I_ 
multifiliis gill infection intensity with time (=age) 

Simple -Y : Intensity X : Age (days) 

DF: R-squared: Std.Err: Correl: 

255 0.017 4.427 -0.130 

Table 5a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 10.632 1. 162 4.917 <0.001 

SLOPE -0.034 0. 016 -2.094 0.037 

One-way analysis of variance showed significant 
relationship between the intensity of 'Ich' gill infection 
and age (F=4.037; DF=1&254; P=0.037). 

>1 

CO 
z O 0 0 0 0 0 

@ 
0 

0 0 

G 0 c o 0 0 0 
0 0 o 0 
0 0 O 0 0 
@ 0 0 0 
o @ 0 0 0 0 0 0 

0 0 O 0 - G e _ 0 0 0 
0 C 0 0 0 0 0 0 0 0 —-g 0 o e 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 C 0 0 0 0 eo 0 0 0 

AGE (Days) 

Fig. 5. Relationship between intensity (i.e. total number 
of parasites per fish) of I. multifiliis gill 
infection and age. 
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Table 6. Simple regression data on the relationship of jL 
multifiliis gill infection intensity with temperature. 

Simple -Y : Intensity X : Temperature (°C) 

DF: R-squared: Std.Err: Correl: 

255 0.009 4.445 0.093 

Table 6a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -1.593 5. 191 -0.307 0.759 

SLOPE 0.562 0. 376 1.492 0.137 

One-way analysis of variance did not show significant 
relationship between the intensity of 'Ich' gill infection 
and temperature (F=2.226; DF=1&254; P=0.137). 
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Fig. 6. Relationship between temperature and intensity 
(i.e. total number of parasites per fish) of I. 
multifiliis gill infection. 
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8.3. Fifth survey, at Roinsey fish farm, April to August 

Table 7. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with age. 

Gyrodactylus mucus infection density relationship with age. 

Simple -Y : Density X : Age (days) 

DF: R-squared; Std.Err: Correl: 

289 0.095 9.141 -0.308 

Table 7a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 21.389 2. 387 8.962 <0.001 

SLOPE -0.078 0. 014 -5.493 <0.001 

One-way analysis of variance showed significant 
relationship between the density of Gyrodactylus mucus 
infection and age (F=30.178; DF=1&288; P<0.001). 
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Fig. 7. Relationship between density of Gyrodactylus and 
age. 
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Table 8. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with temperature. 

Simple -Y : Density X : Temperature (°Ci 

DF: R-squared: Std.Err: Correl: 

289 0.078 9.227 -0.279 

Table 8a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 31.183 4.613 6.760 <0.001 

SLOPE -1.183 0.312 -4.927 <0.001 

One-way analysis of variance showed significant 
relationship between the density of Gyrodactylus mucus 
infection and temperature (F=24.271; DF=1&288; P<0.001). 

TEMPERATURE (°C) 

Fig. 8. Relationship between temperature and density of 
Gyrodactylus mucus infection. 
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Table 9. Simple regression data on the relationship of 
multifiliis gill infection intensity with age. 

Simple -Y : Intensity X : Age (days) 

DF: R-squared: Std.Err: Correl: 

211 0.028 3.432 -0.167 

Table 9a. Beta Coefficient 

Parameter; Value Std. Err T-Value Sig.T 

INTERCEPT 8.298 1. 328 6.246 <0.001 

SLOPE -0.019 0. 007 -2.457 0.015 

One-way analysis of variance showed significant 
relationship between the intensity of 'Ich' gill infection 
and age (F=6.039; DF=1&210; P=0.015). 
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Fig. 9. Relationship between time (=age) and intensity 
(i.e. total number of parasites per fish) of I. 
multifiliis gill infection. 
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Table 10. Simple regression data on the relationship of I. 
multifiliis gill infection intensity with temperature. 

Simple -Y : Intensity X : Temperature (°C) 

DF: R-squared: Std.Err: Correl: 

211 0.028 3.432 -0.167 

Table 10a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT 8.661 2.175 3.983 <0.001 

SLOPE -0.236 0.143 -1.655 0.100 

One-way analysis of variance did not show significant 
relationship between the intensity of 'Ich' gill infection 
and temperature (F=2.737; DF=1&210; P=0.100). 
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Fig. 10. Relationship between temperature and intensity 
(i.e. total number of parasites per fish) of I. 
multifiliis gill infection. 
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8.4. Sixth survey, at Romsey fish farm, July to August 
1988. 

Table 11. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with age. 

Simple -Y : Density X : Age (days) 

DF: R-squared: Std.Err: Correl: 

87 0.079 5.743 0.280 

Table 11a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -20.399 9. 536 -2.139 0.035 

SLOPE 0.121 0. 045 2.707 0.008 

One-way analysis of variance showed significant 
relationship between the density of Gyrodactylus mucus 
infection and age (F=7.329; DF=1&86; P=0.008). 
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Fig. 11. Relationship between density of Gyrodactylus and 
time (=age). 
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Table 12. Simple regression data on the relationship of 
Gyrodactylus mucus infection density with temperature. 

Simple -Y : Density X : Temperature (°c; 

DF: R-squared: Std.Err: Correl: 

87 0.114 5.633 0.337 

Table 12a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -44.649 15. 082 -2.960 0.004 

SLOPE 3.183 0. 959 3.319 0.001 

One-way analysis of variance showed significant 
relationship between the density of Gyrodactylus mucus 
infection and temperature (F=11.014; DF=1&86; P=0.p01). 
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Fig. 12. Relationship between temperature and density of 
Gyrodactylus mucus infection 
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Table 13. Simple regression data on the relationship of I. 
multifiliis gill infection intensity with age. 

Simple -Y : Intensity X : Age (days) 

DF: R-squared: Std.Err: Correl: 

60 0.135 2.513 0.368 

Table 13a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -9.464 4. 298 -2.202 0.032 

SLOPE 0.061 0. 020 3.038 0.004 

One-way analysis of variance showed significant 
relationship between the intensity of 'Ich' gill infection 
and age (F=9.232; DF=1&59; P=0.035). 
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Fig. 13. Relationship between intensity of I. multifiliis 
gill infection (i.e. total number of parasites per 
fish) and age. 
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Table 14. Simple regression data on the relationship of 
raultifiliis gill infection intensity with temperature, 

Simple -Y : Intensity X : Temperature ("Ci 

DF: R-squared: Std.Err: Correl: 

60 0.178 2.450 0.422 

Table 14a. Beta Coefficient 

Parameter: Value Std. Err T-Value Sig.T 

INTERCEPT -20.749 6. 804 -3.050 0.034 

SLOPE 1.542 0. 431 3.576 <0.001 

One-way analysis of variance showed significant 
relationship between the intensity of 'Ich' gill infection 
and temperature (F=12.790; DF=1&59; P<0.001). 

Fig. 14. Relationship between temperature and intensity 
(i.e. total number of parasites per fish) of I. 
multifiliis gill infection. 
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APPENDIX 9 

Summarised results of the each tank showing the density of 
Trichodina on each visit. 

9.A. Fourth survey, at Itchen Abbas, April to August 1988. 

Table 1. Summarised results of tank 1 showing the density 
of Trichodina mucus infection over a period of 11 
weeks. 

Date 27A 4M IIM IBM 25M lJu BJu 15Ju 23Ju 29Ju 6J1 

Week no. 1 2 3 4 5 6 7 8 9 10 11 

Absent % 20 0 0 0 0 0 0 0 0 10 0 

Low (%) 60 60 50 50 50 60 90 90 50 90 90 

High (%) 20 40 50 50 50 40 10 10 50 0 10 

Table 2. Summarised results of tank 2 showing the density 
of Trichodina mucus infection over a period of 11 
weeks. 

Date 27A 4M IIM 18M 25M lJu BJu 15Ju 23Ju 29Ju 6Jl 

Week no. 1 2 3 4 5 6 7 8 9 10 11 

Absent % 0 0 0 0 0 0 0 0 0 0 0 

Low (%) 60 40 70 60 40 50 50 70 60 90 90 

High (%) 40 60 30 40 60 50 50 30 40 10 10 
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Table 3. Summarised results of tank 3 showing the density 
of Trichodina mucus infection over a period of 6 
weeks. 

Date 13Jul 20 Jul 27 Jul 3 Aug 10 Aug 17 Aug 

Week no. 1 2 3 4 5 6 

Absent % 90 90 100 100 60 50 

Low (%) 10 10 0 0 40 40 

High (%) 0 0 0 0 0 10 

Table 4. Summarised results of tank 4 showing the 
density of Trichodina mucus infection over a 
period of 6 weeks. 

Date 13Jul 20 Jul 27 Jul 3 Aug 10 Aug 17 Aug 

Week no. 1 2 3 4 5 6 

Absent % 80 80 70 80 70 40 

Low (%) 10 20 30 20 30 60 

High (%) 10 0 0 0 0 0 
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9.B. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 5. Summarised results of tank 1 showing the density 
of Trichodina mucus infection over a period of 11 
weeks. 

Date 21A 28A 5M 12M 19M 26M 2J 9J 16J 23J 30J 

Week no. 1 2 3 4 5 6 7 8 9 10 11 

Absent % 10 0 0 0 0 0 0 0 0 0 0 

Low (%) 80 60 60 70 50 40 50 50 60 60 90 

High (%) 10 40 40 30 50 60 50 50 40 40 10 

Table 6. Summarised results of tank 2 showing the density 
of Trichodina mucus infection over a period of 11 
weeks. 

Date 21A 28A 5M 12M 19M 26M 2J 9J 16J 23J 30J 

Week no. 1 2 3 4 5 6 7 8 9 10 11 

Absent % 10 0 0 0 0 0 0 0 0 0 0 

Low (%) 70 60 60 50 50 50 40 60 60 50 90 

High (%) 20 40 40 50 50 50 60 40 40 50 10 
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Table 7. Summarised results of tank 3 showing 
the density of Trichodina mucus infection 
over a period of 5 weeks. 

Date 4Jul 11 Jul 20 Jul 27 Jul 5 Aug 

Week no. 1 2 3 4 5 

Absent % 0 0 0 0 0 

Low (%) 70 40 50 80 60 

High (%) 30 60 50 20 40 

Table 8. Summarised results of tank 4 showing 
the density of Trichodina mucus infection 
over a period of 5 weeks. 

Date 4Jul 11 Jul 20 Jul 27 Jul 5 Aug 

Week no. 1 2 3 4 5 

Absent % 0 0 0 0 0 

Low (%) 50 60 60 70 60 

High (%) 50 40 40 30 40 
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9.C. Sixth survey, at Romsey, July to August 1988» 

Table 9. Summarised results of tank 1 showing 
the density of Trichodina mucus infection 
over a period of 5 weeks. 

Date llJul 29 Jul 5 Aug 12 Aug 19 Aug 

Week no. 1 2 3 4 5 

Absent % 0 0 0 0 0 

Low (%) 80 50 50 70 60 

High (%) 20 50 50 30 40 

Table 10. Summarised results of tank 2 showing 
the density of Trichodina mucus infection 
over a period of 5 weeks. 

Date llJul 2 9 Jul 5 Aug 12 Aug 19 Aug 

Week no. 1 2 3 4 5 

Absent % 0 0 0 0 0 

Low (%) 50 70 60 80 60 

High (%) 50 30 40 20 30 
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APPENDIX 10 

Summarised data of the density of Gyrodactylus mucus and 
the intensity of Ichthyophthirius multifiliis gill 
infection on each visit. 

10.A. Fourth survey, at Itchen Abbas, April to August 1988. 

Table 1. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infections in tank 1 over a period of 
11 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

27th April 0 - 1 1 - 4 

4th May 0 - 1 1 - 5 

11th = 0 - 3 1 - 7 

18th = 0 - 2 5 - 1 7 

25th = 1 - 3 6 - 1 6 

1st June 1 - 9 4 - 1 6 

8th = 1 - 1 4 3 - 4 0 

15th = 2 - 2 0 1 - 1 2 

22nd = 1 - 3 0 3 - 1 5 

2 9 th = 1 - 6 0 1 - 5 

6th July 1 - 5 1 - 6 
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Table 2. Summarised data of Gyrodactylus mucus and I. 
rnultifiliis gill infection in tank 2 over a period of 
11 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

27th April nil nil 

4th May 0 - 2 1 - 5 

11th = 1 - 4 1 - 6 

18th = 1 - 3 5 - 1 8 

25th = 1 - 2 3 - 1 6 

1st June 1 - 3 3 - 1 1 

8th = 1 - 6 2 - 1 2 

15th = 1 - 5 2 - 7 

22nd = 1 - 7 2 - 1 0 

29th = 1 - 1 6 1 - 6 

6th July 1 - 4 1 - 2 
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Table 3. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 3 over a period of 
6 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

13th Julyl 1 - 2 5 - 1 0 

20th = 0 - 1 3 - 1 1 

27th = 0 - 1 1 - 8 

3rd August 0 - 4 1 - 1 5 

10th = 2 - 1 1 2 - 6 

17th August 1 - 4 1 - 5 

Table 4. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 4 over a period of 
6 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

13th Julyl 1 - 2 3 - 1 1 

20th = 1 - 3 3 - 1 5 

27th = 1 - 3 1 - 1 2 

3rd August 1 - 2 2 - 2 0 

10th = 1 - 2 1 - 3 

17th August 1 - 2 1 - 2 
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10.B. Fifth survey, at Romsey fish farm, April to August 
1988. 

Table 5. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 1 over a period of 
11 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

21st April 5 - 1 9 nil 

28th = 5 - 7 5 0 - 1 

5th May 3 - 5 0 0 - 1 

12th = 4 - 44 1 - 4 

19th = 3 - 2 1 2 - 6 

26th = 3 - 3 0 2 - 9 

2nd June 2 - 1 9 5 - 2 0 

9th = 3 - 1 5 3 - 1 2 

16th = 1 - 1 3 2 - 1 1 

23rd = 1 - 7 3 - 1 4 

30th = 2 - 1 1 1 - 7 
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Table 6. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 2 over a period of 
11 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

21st April 1 - 2 0 nil 

28th = 2 - 5 1 nil 

5th May 5 - 3 5 0 - 1 

12th = 2 - 2 9 2 - 5 

19th = 3 - 2 3 1 - 1 3 

26th = 4 - 5 0 5 - 1 3 

2nd June 3 - 1 8 5 - 1 2 

9th 3 - 2 5 3 - 1 5 

16th = 2 - 2 0 4 - 1 1 

23rd = 1 - 1 3 3 - 8 

30th = 2 - 1 2 2 - 4 
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Table 7. Summarised data of Gyrodactylus mucus and I» 
multifiliis gill infection in tank 3 over a period of 
5 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

4th Julyl 1 - 5 1 - 6 

11th = 1 - 14 1 - 5 

20th = 2 - 1 5 0 - 2 

27th = 1 - 2 5 2 - 1 1 

5th August 2 - 2 5 3 - 1 2 

Table 8. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 4 over a period of 
5 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

4th Julyl 1 - 6 1 - 8 

11th = 1 - 2 0 1 - 3 

20th = 2 - 2 0 1 - 2 

27th = 2 - 3 2 - 3 

5th August 2 - 2 5 2 - 1 1 
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10.C. Sixth survey, at Romsey, July to August 1988. 

Table 9. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 1 over a period of 
5 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

11th Julyl 1 - 7 2 - 6 

29th = 2 - 1 6 0 - 6 

5th August 2 - 1 5 0 - 2 

12th = 1 - 2 7 2 - 14 

19th = 2 - 2 4 2 - 1 4 

Table 10. Summarised data of Gyrodactylus mucus and I. 
multifiliis gill infection in tank 1 over a period of 
5 weeks. (Mean number of parasites found per fish). 

Sampling date Gyrodactylus ranged Ich ranged 

11th Julyl 1 - 8 2 - 6 

29th = 1 - 1 5 1 - 5 

5th August 1 - 1 6 0 - 2 

12th = 1 - 2 6 1 - 1 6 

19th = 2 - 2 5 2 - 1 5 
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APPENDIX 11 

Graphs on the data of Parasites Prevalence in Surveys 1-6. 

11.1 First survey, at Itchen Abbas, September to December 

1986. 

FIRST SURVEY TANK A 

Fig. 1. Prevalence of parasites in tank A over a period of 
13 weeks, from 23rd September to 17th December 1986. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Gyrodactylus mucus infection = Red 

4. H. salmonis gut infection = Black 

5. C. necatrix mucus infection = Blue 

6. C. necatrix gill infection = Blue 

7. Ich gill infection = Green 

O 

X 

0 

X 

0 
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FIRST SURVEY TANK B 

Fig. 2. Prevalence of parasites in tank B over a period of 
13 weeks, from 23rd September to 17th December 1986. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Gyrodactylus mucus infection = Red —: 

4. H. salmonis gut infection = Black 

5. C. necatrix mucus infection = Blue 

= Blue 

= Green 

6. C. necatrix gill infection 

7. Ich gill infection 

O 

X 

O 

X 

O 
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11.2 Second survey, at Itchen Abbas, January to May 1987. 

SECOND SURVEY TANK 1 

Fig. 3. Prevalence of parasites in tank 1 over a period of 
11 weeks, from 29th January to 8th April 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Green 0 

6. C. necatrix mucus infection = Blue X 

7. C. necatrix gill infection = Blue O 

8. Chilodonella mucus infection = Red O 

9. Peritrich mucus infection = Black X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Blue 0 
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SECOND SURVEY TANK 2 

-a g-

Fig. 4. Prevalence of parasites in tank 2 over a period of 
11 weeks, from 5th February to 15th April 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green 0 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection = Green X 

11. Ich gill infection = Blue X 
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SECOND SURVEY TANK 3 

Fig. 5. Prevalence of parasites in tank 3 over a period of 
11 weeks, from 2nd February to 13th April 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red O 

4. Gyrodactylus mucus infection = Black : X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection - Green O 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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SECOND SURVEY TANK 4 

Fig. 6. Prevalence of parasites in tank 4 over a period of 
11 weeks, from 2nd March to 11th May 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue ;— X 

6. C. necatrix mucus infection = Green 0 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue 0 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black 0 
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11.3 Third survey, at Itchen Abbas, April to July 1987. 

THIRD SURVEY TANK 1 

Fig. 7. Prevalence of parasites in tank 1 over a period of 
4 months, from 1st April to 1st July 1987. 

1. Age = Fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection - Green X 

11. Ich gill infection = Black 0 
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THIRD SURVEY TANK 2 

Fig. 8. Prevalence of parasites in tank 2 over a period of 
4 months, from 8th May to 10th August 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red O 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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THIRD SURVEY TANK 3 

^ ^ 2M MO ^ MO 2W ZfO MO 2W 

Fig. 9. Prevalence of parasites in tank 3 over a period of 
4 months, from 12th May to 13th August 1987. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green 0 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black 0 
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11.4 Fourth survey, at Itchen Abbas, April to August 1988 

FOURTH SURVEY TANK 1 

Fig. 10. Prevalence of parasites in tank 1 over a period of 
11 weeks, from 27th April to 6th July 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red O 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection - Green X 

11. Ich gill infection = Black O 

435 



FOURTH SURVEY TANK 2 

100 • 0 ©. a-

Fig. 11. Prevalence of parasites in tank 2 over a period of 
11 weeks, from 27th April to 6th July 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection - Black X 

5. H. salmonis gut infection - Blue X 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue 0 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black 0 
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FOURTH SURVEY TANK 3 

Fig. 12. Prevalence of parasites in tank 3 over a period of 
6 weeks, from 13th July to 17th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Red 0 

4. Gyrodactylus mucus infection = Black X 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green 0 

7. C. necatrix gill infection = Red O 

8. Chilodonella mucus infection = Black X 

9. Peritrich mucus infection = Blue O 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black 0 
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FOURTH SURVEY TANK 4 

Fig. 13. Prevalence of parasites in tank 4 over a period of 
6 weeks, from 13th July to 17th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black X 

4. Gyrodactylus mucus infection = Red 0 

5. H. salmonis gut infection = Blue X 

6. C. necatrix mucus infection = Green X 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue 0 

10. Ich mucus infection = Green O 

11. Ich gill infection = Black O 
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11.5. Fifth survey, at Romsey fish farm, April to August 

1988. 

FIFTH SURVEY TANK 1 

X a 0 

Fig. 14. Prevalence of parasites in tank 1 over a period of 
11 weeks, from 21st APril to 30th June 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black O 

4. Gyrodactylus mucus infection = Red 0 

5. H. salmonis gut infection = Blue 0 

6. C. necatrix mucus infection = Green 0 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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FIFTH SURVEY TANK 2 

Fig. 15. Prevalence of parasites in tank 2 over a period of 
11 weeks, from 21st April to 30th June 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black O 

4. Gyrodactylus mucus infection = Red O 

5. H. salmonis gut infection = Blue 0 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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FIFTH SURVEY TANK 3 

Fig. 16. Prevalence of parasites in tank 3 over a period of 
5 weeks, from 4th July to 5th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black 0 

4. Gyrodactylus mucus infection = Red 0 

5. H. salmonis gut infection = Blue O 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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FIFTH SURVEY TANK 4 

1 0 . t -

Fig. 17. Prevalence of parasites in tank 4 over a period of 
5 weeks, from 4th July to 5th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black 0 

4. Gyrodactylus mucus infection = Red O 

5. H. salmonis gut infection = Blue 0 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 
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1.6. Sixth survey, at Romsey, July to August 1988. 

SIXTH SURVEY TANK 1 

Fig. 18. Prevalence of parasites in tank 1 over a period of 
5 weeks, from 11th July to 19th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black O 

4. Gyrodactylus mucus infection = Red O 

5. H. salmonis gut infection = Blue O 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black O 

12. PKD = Red X 
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SIXTH SURVEY TANK 2 

Fig. 19. Prevalence of parasites in tank 2 over a period of 
5 weeks, from 11th July to 19th August 1988. 

1. Age = fish age (days) on X axis 

2. Prev= prevalence (%) of parasites on Y axis 

3. Trichodina mucus infection = Black 0 

4. Gyrodactylus mucus infection = Red O 

5. H. salmonis gut infection = Blue O 

6. C. necatrix mucus infection = Green O 

7. C. necatrix gill infection = Black X 

8. Chilodonella mucus infection = Red X 

9. Peritrich mucus infection = Blue X 

10. Ich mucus infection = Green X 

11. Ich gill infection = Black 0 

12. PKD = Red X 
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APPENDIX 12 

Additional information on data collection, computing 
training and presentation of results at scientific 
meetings. 

12.A- Detail of the parameters which were noted during 

each visit. 

1- Date of sample 

2- Tank code no. 

3- Name of Fish Farm 

4- Name of fry supplier 

5- Date of arrival 

6- Age of fry (days) 

7- Fish per kilogram or pound 

8- Water temperature (°C) 

9- Water pH 

10- Oxygen concentration dissolved in water 

11- Fresh water supply to each tank (litre/day) 

12- Source of water supply 

13- Name of food 

14- Name of food supplier 

15- Total feeds per day 

16- Total food consumption per day (kg) 

17- Size of fry tank 

18- Stocking density in tank 

19- Grading/splitting of fry 

20- Fish mortality 

21- Chemical treatment 

Finally the general- discussion with the manager of fish 

farm about the growth performance of fry and its related 

parameters on each visit. 
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12.B- Post mortem record sheet 

Date: 

Tank code no. 

Source of specimen 

Nos. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Fish numbers read down, characters read across. 

The abbreviation of the characters is given on p. 447. 
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Abbreviations used in the table 12B 

Nos. Fry numbers 

1- Fish length (cm) 

2- fish weight (g) 

3- Trichodina mucus infection 

4- Trichodina gill infection 

5- Gyorodactylus mucus infection 

6- Costia necatrix mucus infection 

7- C. necatrix gill infection 

8- Sessile peritrichs mucus infection 

9- Chilodonella mucus infection 

10- Ichthyophthirius multifiliis mucus infection 

11- I. multifiliis gill infection 

12- PKD infection 

13- Hexamita salmonis gut infection 

14- General symptom of each fish (i.e. condition of mucus, 

scales and fins) 

15- Symptom of gut contents 

16- Symptom of kidney 

17- Miscellaneous 
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12.C- List of the computing courses which were studied 

during the period of study. 

1- Introduction to the IBM 3090 mainframe computer, (by-

course ) . 

2- Data collection Preparation and Exploration (by course). 

3- SPSS* Statistical Package for the Social Sciences (by 

course). 

4- Wordwise Word Processing Program using BBC machine 

(self-study). 

5- Open Access II Word Processing Program using IBM PS/2 

(self-study). 

6- WordPerfect 5.0 Word Processing Program using IBM PS/2 

(self-study). 

7- Minitab Statistical Computing Program (self-study). 

8- SAS Programs (Statistical Analysis System) using IBM 

mainframe (by course). 

9- SAS Colour/Graphic Programe using IBM mainframe computer 

(by course). 

10- Statgraphics Statistical Graphics system using IBM PS/2 

computer (by course). 

11- BMDP (Biomedical Statistical Computer Programs) (self-

study ) . 
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11.D- List of presentations which have also been made at 

different scientific meetings. 

1. Poster presentation 

Cohort analysis of Salmo gairdneri Richardson with respect 

to Gyrodactylus spp. in a fish farm. 

International meeting on fish immunology, Plymouth England. 

20 to 24 July, 1987. 

2. Abstract presentation 

Cohort analysis of Salmo gairdneri Richardson with respect 

to Hexamita salmons in a fish farm. 

2nd international symposium on Ichthyoparasitology, Tihany, 

Hungary. 

Sept. 27th - 3rd Oct. 1987. 

3. Poster presentation 

Observation on Hexamita salmons (Moor, 1922) in relation to 

growth performance of rainbow trout fry Salmo gairdneri 

Richardson at a commercial fish farm on the river Itchen. 

The British Society for Parasitology, 26th annual spring 

meeting, Reading. 

March 23 to 25, 1988. 

4. Paper presentation 

Epizootic observations in relation to growth performance of 

rainbow trout fry Salmo gairdneri Richardson at a 

commercial fish farm on the River Itchen. 

The British Society for Parasitology, 27th annual spring 

meeting, Southampton University. 

March 20 to 23, 1989. 
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