Chapter 16

16.  Biology and Diseases of Fish

Biology and Diseases of Fish
I.
INTRODUCTION

Rainbow trout (Oncorhynchus mykiss), blue gill, and goldfish.  Specialized fishes, such as the electric eel, the Amazon molly (Poecilia formosa) in which all members are female and genetically identical, and hybrids such as the platyfish-swordtail hybrid which has a very high incidence of melanoma.

Choice of species dictates the type and quality of water to be used.

The type of housing selected is frequently dictated by the test species and in particular the water quality requirements of that species.

Caution must be exercised particularly w/ those fishes coming from the wild or poorly run hatcheries not to begin a study w/ diseased fish.  Every effort should be made to utilize disease- and parasite-free fish and to provide an environment as nearly optimal as possible.

Nutritionally balanced diets are commercially available.  Very specialized fishes or fishes from certain environments can develop signs of deficiency when maintained in the laboratory, e.g., the jawfish which develops thyroid hyperplasia on a diet containing adequate iodine for most marine species.  Certain toxins may increase the fishes need for a specific nutrient; increased requirement for vitamin C in the presence of low levels of toxaphene.

Individual handling of fish may be both difficult for the investigator and detrimental to the fish.

Numerous aquaria systems have been devised.  Three basic systems are employed: (1) those using water that is not flowing or filtered, so-called static systems; (2) those that continually filter the water and add additional water only to replace that lost by evaporation or spillage; (3) flowing systems in which some fraction or all of the water is replaced during each full cycle.

· Static systems are utilized in acute toxicity and other short experiments.  Fish are not usually maintained in static systems for more than 1 week.

· Filtration systems may consist of complex self-contained units each supplied with a means of aeration, filtration, and temperature control or may be arranged in banks of aquaria w/ central water conditioning equipment.

· Flowing systems may incorporate all of the features of the filtration systems while replacing some part of the water during each cycle.

II.
BIOLOGY

· All fish are poikilothermic and must be capable of adapting to changes in water temperature.  Each species is obligated to live w/i a specific temperature range.

A.
Integument

· Fish skin covered by a cuticle comprised of mucopolysaccharides, mucous, occasional sloughed cells, immunoglobins, and free fatty acids.

· Club cells or so-called alarm substance cells produce a substance (pheromone) that is released when the skin is damaged and causes a panicky “flight” response in nearby fish of the same species.

· Scales, calcified plates covered w/ epidermis, originate in the dermis.

B.
Respiratory System

· Combination of low oxygen content and high weight of water when compared to air requires fish to expend much more energy than mammals during respiration.

· For each 10(C rise in water temperature oxygen demand increases by a factor of 2.0–2.3.

· Oxygen carrying capacity of sea water is from 20–23% less than fresh water.

· Respiratory rate of fishes is controlled by oxygen receptors generally found in the first functional gill arch.

· The Bohr shift, not unique to fish, reduces the affinity of Hb for oxygen in the presence of increased CO2 content or decreased pH.  Allows for a more rapid release of blood-borne oxygen at sites undergoing rapid oxidative processes, while increasing the blood’s affinity for oxygen immediately after it enters the gills where CO2 is rapidly dissipated into the water.

· Root effect, which is only known to occur in teleost fishes, depends upon differences in the oxygen loading and unloading characteristic s of hemoglobin as influenced by changing pH values.  At the high pH levels found in the gills, oxygenation is approx. 4 times faster than deoxygenation.  At the lower pH of actively metabolizing tissue, a reversal occurs w/ deoxygenation 400 times as fast as oxygenation.

· Respiratory exchange in fishes is primarily a function of the gills.

· Countercurrent principle, highly developed in the fish, well exemplified in the gill.  Blood flow around each gill lamella is counter to that of the flow of water.  Allows the least oxygenated blood to exchange w/ the most poorly oxygenated water.  As the blood gains more oxygen, it is supplied by more highly oxygenated water until reaching the anterior limits of the lamella.  Allows the fish to remove from 40-80% of the oxygen from water.

C.
Circulatory System

· Fish has a two-chambered heart composed of one ventricle and one atrium.

· Retina is the most highly oxygen-demanding tissue in the fish body.

D.
Urinary System

· Urinary system of the most primitive fishes develops from the embryological pronephros.  In more advanced fishes, develops from the pronephros and mesonephros.

· Kidney is the major site of hematopoiesis in the fish

E.
Muscular System

· Vast majority of fish muscle is associated w/ the trunk and only minor components w/ limb function.

· Most fish the entire muscle mass is comprised of white muscle fibers.  Red muscle fibers are confined to a narrow band that parallels and lays beneath the lateral line.

F.
Reticuloendothelial System

· Lymph nodes are absent, and functional Kupffer cells are not apparent in the liver.  Do possess facultative phagocytic cells in the endothelial lining of the atrium and the gill lamellae.

· Distinctive feature is the presence of accumulations of pigmented macrophages w/i the spleen, kidney, and liver.

· Only class of immunoglobin produced by fish is IgM.

· Thymus appears to be a central lymphoid organ that is the source of all lymphocytes.

G.
Digestive System

· Relatively simple but not markedly different from those of the higher vertebrates.

· Unique features

a)
Presence of teeth in the pharynx as well as the oral cavity.

b)
Most instances, fishes’ teeth are ankylosed directly to bone.

c)
Taste buds are numerous w/i the buccal cavity, the pharynx, and often extend into the esophagus.

d)
Many fishes have numerous pyloric ceca that secrete digestive enzymes into the intestine.

· Toxins are metabolized in fish liver by mechanisms similar to those of mammals.

· Swim bladder or air bladder arises as an outpouching of the digestive tract.  Adjusts specific gravity reducing the amount of energy required by the fish to stay at a constant depth.

H.
Endocrine System

· Pituitary is similar to the mammalian in location, morphology, and products, although the effect of the product may differ.

· Thyroid tissue is diffusely scattered along the ventral aorta and branchial arteries.

· There is no parathyroid or other hypercalcemic organ.

· Cortisol and other corticosteroids are produced by the interrenal tissues located in the “head” kidney.

I.
Acousticolateralis System

· Can be divided into two major parts: the ear, which responds primarily to acoustic stimuli and changes in angular acceleration, and the lateral line system, which is sensitive primarily to hydrostatic stimuli but is also sensitive to sound generated in the near field.

· The lateral line canal system extends the length of the trunk w/ contiguous extensions over the head.

J.
Normal Values

· Stress associated w/ sampling procedures may have a profound effect upon various blood values.

K.
Nutrition

· Salmonids, ictalurids, and others have an absolute requirement for ascorbic acid, while carp are able to synthesize this nutrient.
L.
Reproduction

· Viviparous fish; gravid females should be separated prior to parturition into aquaria w/ screening to allow the young a means of escape from the cannibalistic parent.

· Ovoviviparous species; the Amazon molly is an all female species in which the sperm of closely related species stimulate the development of the ova but do not contribute to the genetic makeup.  In effect they are clones.

M.
Behavior

· Behavior is influenced by various exogenous stimuli, including light, temperature, sound, odor, pressure, hypoxia, and possibly geomagnetic forces.

· The sense that appears to exert the greatest influence is odor.

III.
DISEASES – See tables
Fish Models

# 36
Human Dz:  Hepatocellular Carcinoma

Animal Model:  Liver Cell Carcinoma in the Rainbow Trout

# 98
Human Dz:  Malignant Melanoma

Animal Model:  Hereditary Malignant Melanomas in Platy/Swordtail Hybrids

# 106
Human Dz:  Diabetes Mellitus

Animal Model:  Sekoke: Diabetes of Nutritional Origin in Carp

# 156
Human Dz:  Identical Genetic Material as a Source for Studies of Cell Injury

Animal Model:  Damage to DNA in the Amazon Molly by Physical and Chemical Agents (Poecilia formosa)

# 282, 282(S)
Human Dz:  Neurofibromatosis, von Recklinghausen’s Disease, Multiple Schwannomas, Malignant Schwannomas

Animal Model:  Multiple Schwannomas in Bicolor Damselfish (Pomacentrus partitus)

# 381
Human Dz:  Wilson’s Disease, Hepatolenticular Degeneration

Animal Model:  Hepatic Copper Storage in White Perch (Morone americana)
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