CLASS: FISH

CENTRARCHIDS

CYPRINIDS

Cyprinus carpio						carp



ICTALURIDS

SALMONIDS

Salmonids - hi O2, hi qual, cool water nec. 

Salmo salar 						atlantic salmon



Salmo gairdneri 					rainbow  trout

model for hepatocellular carcinoma assoc. w/ aflatox. 



Salvelinus fontinalis				brook trout

Oncorhynchus nerka			kokonee=sock-eye salmon

O. tschawytscha						chinook salmon

O.  kisutch						coho salmon

?						Pacific salmon

Cushing's disease



DON"T KNOWIDS

Poecelia formosa				    Amazon molly	

-Amazon & black molly: sperm transfers to female Amazon, but does not fertilize egg;  all members are female; "Poor celia, for most of her life, she had no man."



?							betta

 can be maintained for a month or more in sm. volume of water w/pout aeration or cooling;



Lepomis irus						blue gill

Ictalurus punctatus				channel catfish

Pomacentrus partitis				damsel fish

swanomma neurofibroma model (human dz = Von 	Recklinghausen



Anguilla anguilla					eel

Anguilla japonica					electric eel

?							giant sturgeon

Carassius auratus					goldfish

Poecilia reticulata					guppy

Clupea spp. 						herring

Opistognathus aurifrons		jawfish

-get thyroid hyperplasia on N marine fish diet



Oryzias latipes						medaka

tox rsch; LAS 92: purified diet to test sens. to carcinogens; exhibit hepatic enz. response to polycarbons sim. to vertebrates; wasvy tail - rec. trait infl by diet; easy to rear (oviparous), mature early - tox & carcinogenesis studies





Pimephales promelas				fathead minnow

-easy to rear (oviparous), mature early - tox & carcinogenesis studies



Nothobranchius geuntheri			?



Astronotus ocellatus				oscar

LAS, 42:3 - visceral granulomas of fish; female oscar





Marone americanus				white perch

- Wilson's Dz





Perca flavescens					 	yellow  perch	

Esox lucius						northern pike

Stizostedion vitreum				wall-eyed pike 

Poeciliopsis spp						?

Cyprinodon n. nevadensis		desert pupfish

-easy to rear (oviparous), mature early - tox & carcinogenesis studies



Rivulus marmoratus					?

-easy to rear (oviparous), mature early - tox & carcinogenesis studies; hermaphroditic



Marone saxatilis						striped bass



Xiphorphorous maculatus		platyfish

X. helleri						swordtail

-cross these 2; F1 get premelanoma; F1 x swordtail get melanoma



Brachydanio rerio					zebra fish

-easy to rear (oviparous), mature early - tox & carcinogenesis studies



MARINE MAMMAL: 

Orcina oricas						killer whale

Chediak-Higashi



GENERAL:

��WATER QUALITY: Marine - hi salt content; Salmonids - hi O2, hi qual, cool; chlor. water needs to cure for 24 hr or be filtered w/ charcoal before use;  exp'ts may requ. reconst. distilled or deionized water;  HOUSING:   depends on spp; flow may be nec.; waste disposal big problem is flow used w/ carcinogens;  many substances absorb to glass;  SOURCES:  single source, commercial, wild;  STRESS: perhaps more than any other lab animal; due to parasites, dz (if wild caught), overcrowding, ox. deplet'n, nutrient enrichment enhances parasites & inf. condit'ns!! NUTRITION: some comm. available, but usu. contain a'bcs; specialized requ. f (e.g. jawfish); some toxins incr. requ. (e.g. toxaphene - fish need more Vit C); SAMPLING: best to use fish once; marked hemotol/chem changes w/ handling; also, trauma & incr. CCS from handling incr. infectious dz, esp. Saprolegniales fungi;   HUSBANDRY:  3 basic systems: 1) Static: water not flowing or filtered;  utilized in acute tox or short exp'ts (<1 wk); may or may not requ. aeration;  temp. usu. room temp;2) Filtered:  complex self-contain w/ aeration, filtration, & temp. control, or use indiv. banks of aquaria w/ central water conditioning;  first remove particulate matter by sedimentation or passage thru mechanical filters, then use bio. filter of porous medium (e.g. sand or plastic beads) where bugs convert ammonia to nitrites & nitrates; finally, use activated charcoal to remove nitrogenous wastes & organic matter.  Hi MW cmpds can by removed by adding ozone (plus a froth-reducing agent).  If use ozone & bio. filter, poss. to 100% recycle water. Adv: decr. water cost, heating/cooling cost, incr. growth rate (hier water temp), reduced poll'n;  3) Flow system: does same as filter system, but also adds new water in ea. cycle, but this may reduce effectiveness of bio filters by introducing new bugs & upsetting balance of water.  Every conceivable dilut'n rate has been used, but best is 100% new water ez. time!!  WATER QUALITY:  well & spring water better than surface water (free of bugs & worms, more chem/phys. constant).  Should analyze for pH, dissolved gases (ox, nitr., car. diox - deep well water may have no oxygen!!!), hardness (calcium carbonate), toxins (pesticides & hvy metal).  Surface water (lakes, rivers, ponds) need same testing plus testing for susp. solids, dissolved solids, biol ox. demand, ammonia, nitrates, & nitrites.  Don't use copper pipes!!  May need deion/demin. water in tox. studies; (expensive, so best to use filtered sys.)



��BIOLOGY: Vast  interspp diff'ces!! TEMP:  Poikilotherms - adapt to change in env't temp.; ea spp has specific temp rangs; abrupt temp. change (>5oC/40oF) ) may be lethal for some spp;  INTEGUMENT: no keratin layer!! Cuticle - instead of keratin, make of mucopolysac, mucous, sloughed cells, Ig, & FFA;  Epidermis: living Malpighian cells (all levels) plus mucous & granule cells, l'ctyres, macs, & club or alarm substance cells (some spp) which produce pheromone when skin is damaged - nearby fish cruise!!  SCALES:  calcified plates covered w/ epidermis & which originate in the dermis.   Elasmobranchs - ctenoid scales w/ spicules (sandpaper appearance); Teleost Fish - cycloid scales w/ smooth surface;  Both types of scales are laid out in concentric rings - can tell age;  Dermis: has pigment cells w/ endogenous melanin or guianin or exogenous carotenoids to produce the wild colors.  RESPIRATORY SYSTEM:  Low ox. content & hi wt of water means fish need alot more energy for respir'n.  (10x less ox. in water than air at same temp;  sea water has 20-23% less ox). The colder the water, the more oxygen there is.    For ea. 10oC (80oF) rise in temp, the oxygen damand increases 2-2.3 times.  Bc of this, fish are good sprinters w/ lots of white m. & can take up lg amts of lactic acid which takes hrs to metabolize;  TELEOSTS (bony fish): if need more ox, they incr. resp. flow rate (incr. water going over gills), incr. BP, & incr. stroke rate while decr. HR! ELASMOBRANCHS (cartiliginous fish) do same except either maintain or reduce the resp. flow rate under hypoxic conditions; Bradycardia allows trabecaulted hrt m. more time to absorb ox from venus blood!!  Some spp can aclimate to chronic low ox.  RR is controllled by ox. R's in 1st gill arch;  Bohr shift reduces the affinity of heoglobin for ox w/ incr. carb. diox. or decr. pH which allows more rapid release of blood ox. to tissue while incr. blood ox. affintiy at gills where carbon. diox rapidly dissapated to water.  Root Effect:  only in teleosts, at hi pH (gills) oxygenation 4x that of deoxygenation, oppos. at tissues w/ low pH.  Ox. exchanges at gills (mostly), skin, & other structures.  Skin ox. only good for skin.  Accessory breathing organs: sacs/pouches in oral cavity, modifies gills, modified swim bladder (lungs) - can get ox. from air & water.  Most fish w/ access. organs are in tropic where ox. tension is low & demand is hi.  Countercurrent Principle:  blood flow  is counter to water flow  in gills to allow  least oxyg. blood to exchange w/ most poorly oxygenated water.  Allows fish to remove 40-80% of oxygen from water under normoxic cond'ns.  CIRCULATORY SYSTEM:  2 chambers: 1 ventr., 1 atrium;  Flow: hrt gets most poorly ox. blood, this venous blood flows from the ventricle to elastic bulbus (helps maintain pressure) then ventral aorta to afferent arteries to gills then rtns by efferent brachial aa to dorsal aorta.  Some of this hily ox blood enters the 1st gill arch (pseudobranch) to travers a contercurrent cap. bed, then a 2nd ctrcrnt cap bed in the choroid gland (v. to eye) which supplies hily ox blood to retina (hiest demand here);  dorsal aorta bl then goes to rest of body.  Some spp have a renal portal system or muscular lymph hearts win major lymphatic vessels. URINARY SYSTEM:  excretion & major site of hematopoiesis; hem. tissue is bw nephrons in posterior (trunk) kidney; hem tissue is most prom't feature of anterion (head) kdny.  Sometimes head & trunk kdnys indistiqu (e.g. salmonids);  some saltwater fish don't have glomeruli; saltwater fish must conserve water & excrete lg amt of monovalent ions.  (Sharks bypass this problem by maintiang osmolar equivalene to seawater w/ hi levels of urea & trimethlamine oxide in blood); Fresh water fish must conserve ions & remove lots of water;  In teleosts, the major excretion occurs thru gills.  Chloride cells of gills, buccal cavity & operculum are 1o means of maintaining osmoregul'n;  The chloride cells do opposite fxn in saltwater vs freshwater.  MUSCULAR SYSTEM:  most is assoc. w/ trunk;  segmental myomeres parallel long axis of body & are sp'ted by CT that attaches to vertebrae;  Myomores are divided into 4 quadrants (dorsal/ventral & ant/post) by septae;  most is white muscl. red musc. are in narrow band that parallels & lays beneath later line.  RETICULOENDOTHELIAL TISSUE:  no LN. no lver Kupffer cells.  Have phagocytes in atrium & gills;  pigmented macrophages in spleen, kidney, & lvr - melanomacrophage ctrs - have hemosiderin, ceroid, & melanin (also amph. & reptile); melanin might inh. free radicals produced during lipid ox & may be bactericidal w/ produc'n of H2O2.  These are nonenzymatic & thus don't depend on temp!!  Only tetrameric IgM produced.  May not see circ. Ab for weeks tho see Ab in spleen & kdny in days.  Cold water fish take longer to make Ab.  Fish have a thymus where l'cytes leave from, but do not rtn.  Precursor B's leave 1st, then only T's.  T & Bs are in spleen, B's only are in kdny;  Do have ns factors (C, hemolysin, interfoeron & lysozyme);  DIGESTIVE SYSTEM:  carnivorous - dg shorter than body, omniverous - dg>body length, herbivorous - >3x body length.  Teeth in pharynx!  most teeth anchored to bone, but eels embedded in ct pads; taste buds extend into esoph;  catfish have skin tastebuds; many fish have numerous pyloric ceca that secrete dig. enzymes into int. beyond pyloris otherwise, enzymes come from liver & pancreas.  Usu. pancreas is diffues; liver not lobulated; sometimes have a hepatopancreas assoc. w/ central veins; toxins are metab. in lvr like mammals, but some enzymes missing;  optimal enzyme temp in fish is 12oC lower than mammal (oxidase system);  seasonal var'n in ezyme in wild, not hatcheries; swim bladder arises as an outpouching of dig tract & is usu. in communication w/ esoph.  Fxns to adjust specific gravity reducing the amt of energy requ. to stay at a constant depth;  if at grt dpths (hi pressure), swim bladder may be absent or filled w/ oil;  ENDOCRINE: Pituitary sim. anatomy, but diff't fxn (e.g. prolactin controls water * ion perm of gill & kdny); thyroid is diffusely scattered along v. aorta & branchial aa; no parathyroid or other hypercalcemic organ!! calcitonin (hypocalcemic) is produced by a sm. discrete ultimobranchial body near esoph.  Add'l hypocalcemic activity comes from corpuscles of Stannius in kdny.  Cortisol & ccs are produced by interrenal tissue in head kdny;  cortisol antagonizes prolactin thus acting like a mineralo-corticoid (which is absent);  Urotensins are produced by the urophysis (near the distal spinal cord) which is involved in osmoregulation of env'tl salinity.  Melatonin produc'n by pineal is suppressed by lt; melatonin influences melanin distrib'n in skin & circadian actvity, ACOUSTICOLATERALIS SYSTEM:  detects mechanical stimuli: linear/angular accelerat'n, acoustics, hydrodynamics; includes: ear (acoustics & angular accel'n) and the lateral line system (sens. to hydrostatic stimuli & near field sound);  Ear has 3 semicircular canals & 3 otolith organs.   The canals & the utriculus detects change in angular acceleration & gravity;  the other otoliths (sacculus & lagena) detect sound;  Superficial neuromasts (pit organs) are lateral lin organs of all spp.  Some spp also have la'l line canal organs.  Small pit organs are widely distr. (mostly on head) - shallow pores w/ sensory cells (electroR's).  Large pit organs have cilia & a cap (cupula) attached to a single kinocilium.  Mech. stimuli moves ver cupula which moves the kinocilia to produce a n. impulse.  The canal system extend thelength of the trunk & extends over head in the dermis, partially encased in bone (access. ossicles).  Poss. evolutionary sign'ce of lateral line system, to otolith organs, etc.  accessible, simple lateral line organ a tempting model for remote, intricate mammalian ear.  NORMAL VALUES:  only a few spp known;  seasonal var'n as well as changes w/ pH, ox, minerals, size, age, etc.  stress, anesthesia, etc. also alter;  Sampling:  small fish - sever caudal peduncel (dilutes sample); lg fish - hrt puncture (pure venous blood); little clinical value, must have precisely matched controls for studies;  SIZE/LONGEVITY: bigger the fish, the longer it lives;  (6 mos=grams, 100yrs - giant sturgeon); Short-lives spp good for carcinogenesis studies.  Brook trout show pot'l for genetic manipulation where they were selected for short-lived animals& now the longer lived-later maturing ones are mostly gone.  NUTRITION: same as mammals.  Need 49% grwth & 37% maint'ce protein (cf to rat at 13% & 5%) thus hi capacity to convert aa to energy which does not change if try to replace protein with less exp. carbs; extreme glycogen storage due to slow release, but doesn't occur in wild (all protein diet);  Vit C needed by salmonids, ictalurids, & others (but not carp); some spp can utilize B-carotene to make vit A (yell perch), others can't (brook trout);  rec. method to est. dietary requ. is to do egg analysis & base aa of diet on aa in egg; REPRODUCTION: varies widely bw spp;  Some are viviparous (live yng): guppy, platyfish, swordtail, A. molly.  Need aquaria w/ screens for yng to escape or parents will eat them;  ovoviv-parous spp (egg bearers) are easier to rear.  Salmonids produce masses of egg & sperm & leave embryos to fend for themselves.  Centrachid build nest & guard eggs, then eat their offspring.  Cyprinodonts arrach eggs to stones or plants where the male guards them from the female.  Repro. is hily affected by stress of any kind (pH, ox tension, salinity, temp, toxins, etc);  Dam construction has lowered water temp, & acid rain has changed the pH in places - the adults do ok & look healthy, but they don't breed.  Most sens to stress: oogenesis, then newly spawned eggs, then hardened eggs, then larvae, then adults.  SEX DETERMINATION: difficult unles dimorphic spp; f studies done wout regard to sex & sex is determined at necropsy;  adult size & time to maturity related;  COMMON LAB SPP - oviparous & easy to raise, mature early, so used in tox & carcinogenesis studies: zebrafish, desert pupfish, fathead minnow, Rivulus marmoratus (hermaphroditic) & medaka.  BEHAVIOR: infl. by various exogenous stimuli: lt, temp. sound, odor, pressure, hypoxia, geomagnetic forces;  Circadian rhythms affect all fish but is not always 24 hr;  hypoxia stimulates frantic swimming activity in many spp & often they seek surface;  fish seek water at the temp. they like, but can't do this in lab!! Odor exerts the grtst influence!! can get feeding activity w' extracts of prey or aa's;  Pheromone vy imp't: may be involved in migr'n; ovarian fluid, ova, & synthetic estrogens attract males; schooling activity, rtning to right school, recognition of  yng (will eat yng of same spp but not their own) all influences by pheromones.  Alarm substance, a pheromone of club cells in skin is released following trauma & causes flight from the injured fish.



DISEASES: All classes of dz occur.  f  viral & parasitic dz only affects one genus & occ. one spp.  VIRUSES

DNA

 Herpesvirus ictaluris(channel catfish virus dz (CCV)) - hi mortal, exopthal, edema & necrosis of kidney, lvr, gut; grows on ictalurid cells w/ syncitia & Cowdry Type A, IFA; lower temp to 19oC

Herpesvirus salmonis - rainbow trout, sockeye salmon; facal casts, gill pallor; exopth, immature RBCs, only salmonid virus to produce syncytia on RTG-2 cells; Raise temp to 15oC or more

Epitheloma papillosum (fish pox/Herpes) - carp & other cyprinids; wh-yell plaques on skin that slough & get black as they heal

*Lymphocystosis- (see pct, BB,verrucose overgrowth (striped bass); many spp, not salmonids; warts; ICIB; self-limiting

RNA

*Inf. Hematopoietc Necrosis (*IHN) - (see pct, BB,kidney, rainbow trout); rainbow trout, sockeye & chinook salmon; from feeding salmon cannery waste, shed for life if live; lethargic or hyperactive fry/fingerlings w/ abd distension, exoph., dark color, fecal casts, hi mortal. at 12-15oC.; pale gills, hemorr in viscera, severe necrosis of hematopieitic tissue; CPE on RTG-2 w/ margination of chromatin (only one to do this !!); IFA; 15oC before outbreak or 18oC to tx. 

Spring Viremia of Carp (SVC) - Rhabdovirus carpio; carp & other cyprinids; verticle trns; loss of coord'n/equilibrium, abd distention, expoth; gill pallor, ascites, edema, hemorrhage; CPE on many cell lines; serum neuthr. Can also get swim bladder infl.  

UNKNOWN 

Infectious Pancreatic Necrosis (IPN) - salmonids except Oncorhynchus spp; water/vertical trns; fecal casts, loss of equil, hi mortal, small fish get dark, exopth, distended abd, gelatinous stuff in stomach suggestive, necrosis of pancreasis, CPE on RTG-2, serum neut. 

NEOPLASIA FROM VIRUSES

Lymphosarcoma - n. pike, muskellunge; hi mortal; red, ulcerating sub Q, regress w/ 21-30oC water

Papilloma of Brown Bullhead (Ictalurus nebulosus)

Dermal sarcoma of Walleyed Pike 

BACTERIAL DZ

Furunculosis: (Aeromonas salmonicida) - Salmonids, esp. Salmar salmar; focal subQ swellings that ulcerate/cavitate; peracute die; petechiae in muscle, necrosis - kndy, spleen; hemorr!! leukocytolytic exotoxin;  RX: sulfas, oxytet will not elim carriers;

Ulcer Dz of Goldfish - 

Bact. Hemorr. Septicemia (Red Sore Dz)  -(Aeromonas hydrophila, A. punctata,Pseudomonas fluorescens) - many freshwater; common; grt variat'n in virulence; superficial ulcer ringed in red, erosions & red around mouth, exopth, peracute death i some; ascites (opaque), soft, swollen kdny, lver, int; bloody mucous in int.; RX: oxytet, chloramph.

*Vibriosis- (Vibrio anguillarum) very imp't dz of most marine fish!! (some freshwater if feed marine offal); normal gut flora w/ dz triggered by elevated water temp or stress; yng fish get dark, old fish get dark area that may ulcerate; exopth, hemorr - peritoneum, spleen, kdny (renal liquifat'n); survivors get visceral lesion or granulomsa, & hemolytic anemia w/ hemosideran in melanomacr. ctrs.

Enteric Red Mouth (Yersinia ruckeri) - salmonids, esp. rainbow trout; only common G- pathogen that it Oxidase neg!  Sluggish, darken, epith. of jaws, palate, & operculum becomes red & ulcerates; fat & lower gut hyperemia, stoamch & gut fluid-filled;  septicemia; bacterins avail.; sulfa, oxytet, chloram.

�Bacterial Gill Dz ( Flexibacter & Flavobacter spp) - yng salmonids, outbreaks at low water temp; resp. dz w/ protruding opercula; gill filament covered by thick yell-br mucoid stuff.  See organisms on wet mnts but not histo. RX: surfactants to remove bacteria & mucous;

*Bacterial Kidney Dz (Renibacterium salmoninarum) -  (see BB pct - exopthlamos &  cavitations of  somatic muscle; coho salmon)  salmonids only.  Brook trout most affected, rainbow trout least affected.   Chronic course, exoph, dark skin, hemorr at base of pectoral fins, vescicles progress to ulcers.  Kdny pale or w/ miliary white granulomas. Also lvr, spleen.  Extensive muscle cavitation.  G+ diplobacilli w/ typical lesions & bugs in macs.  IFA. 

Tuberculosis (M. marinum, M. fortuitum) - all spp, but f in tropical saltwater fish (M. marinum) & occ. in freshwater fish (M. fortuitum).  Zoontic (swimming pool granuloms, fish fancier's finger, fish tank granuloma).  Trns is from inges'n of dzed fish or offal, thru abraded skin in man, poss. vertical trns; emaciation, ulceration, fin rot, darken, scliosis, exopth. anorexia; miliary tubercles of kver, kndy, & spleen.

Nocardiosis (N. asteroides) - tropical fish, rainbow trout, chinook salmon; abd. swelling, emaciation; granulomas in & protruding from viscera & peritoneum.

Epitheliocystis (chlamydia) - bluegulls, striped bass, white perch, etc); asymtomatic, white cyts on gill lamellae & skin w/ lots of basophils. 

Hole-in-the-Head Dz (on boards)

Edwardsiella ictaluri - enteric septicemia w/ char. raised lump bw eyes

MYCOTIC/ALGAL DZ: 

Branchiomycosis (Branchyomyces sanguinis & B. demigrans) - carp, bluegill, ell, etc; confined to blood vessels (B. sanguinis) or penetrates vessel walls (B. demigrans); esp. in water >20oC w/ hi organics; resp. distress/death; gill necrosis (B. demigrans) or surface growth; thrombosis;

**Ichthyosporidiosis - (Ichthyophonum hoferi) - poss. a protozoan; many fish, but esp. herring;  PAS+ spores most f form; grows on Saborouds w/ 1% bovine serum; trns by ingestion of fish or copepods; emaciation, scoliosis, minute raised black granulomas on skin that ulcerate; Internally - white granulomas; f encysted spores w/ a thick CT wal (see BB- scoliosis, brown trout; quietscent spot in trunk kidney of cod); best to sterilize fish or fish offal feed; 











LAS 45:1 (98) "Ich" or "white spot disease" caused by  Ichthyopthirius multifiliis, a ciliated protozoan parasite, was found in rainbow trout (Oncorhynchus mykiss).  This organism can infect all freshwater spp causing hi M&M.  CLSA: erratic swimming, emaciation, 1 mm white, raised, multifocal mucoid lesions on the skin & gills.  Ich causes damage to the host by producing ulceration of the skin which leaves the fish unable to maintain internal homeostasis.  The gills may also be affected where the parasite causes hyperplasia & hypertrophy of the gill epithelial cells (clubbing & fusion of secondary lamellae) which reduced O2 effeciency & excretion of nitrogenous wastes.  Life cycle: Trophont - adult feeding stage; within epithelium of skin or gills; rupture thru epithelium to become a tomont. Tomont - free swimming stage;  attaches to suitable surfaces such as walls of aquariums.  Undergoes multiple fissions to become a tomite. Tomite - organisms within each cyst;  further differentiation to theront occurs in the cyst.  Theront  - organisms released from the cyst & which survive for <48 hr unless they contacts a fish & penetrate the epithelium, feeding on tissue & body fluids, until it becomes a trophont!  The life cycle is temperature dependent w/ optimal temp of  21 - 24oC (70 - 75oF), the cycle can be completed in 4 d.  The treatment involved temp & chemicals: raise the tank temp to 32oC (89.6oF) for sev. days to maximize the speed of the life cycle; clean the tank daily & partially change the water to remove encysted forms from the envir't (this greatly augments chemical tx); malachite green, formalin, & copper sulfate or 3-15 min salt dip weekly for 2-3 wks or prolonged salt txis best to eliminate cysts; don't used ionized salt or salt w/ anti-caking agents; use rock salt, solar salt, or sea salt; only formalin is approved by FDA; both formalin & malachit e green are carcinogens; best method for prevention is quarantine at 21oC for 2-3 weeks and examine for parasites; GOOD PCTS of trophont w/ cilia & horseshoe-shape nucleus. 



Saprolegniasis - (Saprolegnia parasitica); (see BB, Gridley's stain; nonseptate); freshwater fish; nonseptate, branching hyphae w/ motile biflagellate spores; invade traumatized or dzed epidermis;  ccs or sex H's may induce; see focal, circular lesion on skin/gill that looks like cotton candy; may invade viscera/muscle;  RX: good husbandry, external disinfectants (malachite green, CuSO4, KmnO4, formalin, or salt);

Blue-Green Algae - "blooms" of toic stuff will kill fish; cause thick-wallled granulomata in sev. spp;





�PROTOZOA - EXTERNAL

Velvet Dz(Ondinium spp) - shimmering yell-br coat on skin w/ mucous of aquarium fish, resp. distress; RX: methylene blue or copper sulfate.

Icthyoboda necatris - blue slime; lots of mucous;  RX: formalin, acetic acid, or KmnO4;

**Icthyophthirius multifiliis ("Ich" or White Spot Dz) - (see BB, trophozoite, skin, channel catfish); all freshwater; largest protozoan parasite of fish; trophozoites are ciliated & containmacronucleus; 4 day cycle where trophozoite cysts on plants/tank surface grow tomites which rupture cyst & swim to host;  fish initially rub on sides of aquarium or rocks; see whie dots over skin & gills; if severe, may die from rupture of cysts on skin & loss of body fluid; RX: remove fish for 3 days, water at 25oC, quarantine new fish for at least 1 week; tx water w/ diseased fish for 10 d at 25oC or 30 d at 10oC w. formalin, malachite green, meth. ble, or KmnO4.

Trichodina spp - most fish; bell-shaped which looks like ornat edisc w/ dark inner ting; white blotches w/ hvy mucouse on skin, scale sloughing, lethargy, death. RX: formalin, acetic acid,  KmnO4;

Tetrahymena corlissi - guppy, n. pike fry; if overcrowd/overfeed, hi organics; body wall ruptures & fish eviscerates!! massive invasion of muscle esp. v. body wall; RX: good husb, tetracycline

PROTOZOA - INTERNAL

Plistophera ovariae - golden shiner; 

Glugea spp - most fish; cysts in muscle, subQ, or viscera, poss. deformity/death; 

Eimeria anguillae - eel; incidental in intestine;

Trypanoplasma (cryptobia) - many spp; leech is IH; debilitat'n/death; mucous on sk. & gills, ascites; 

Hexamita salmonis - salmonids, aqu. fish; catarrhal enteritis & death or anorexia, decr. groth & debilit'n; 

Schizamoeba salmonis - salmonids; trophozites in int.

**Myxosoma cerebralis (Whirling Dz) - salmonids esp. rainbow trout; whirling in yng fish, scoliosis & deformed head, hi mortal in yng fish; necrosis of cartilage; see spores in skeleton; TX: maintian in concrete raceways, raise fry in filtered water that received uv lt tx;

Henneguya spp - channel catfish & other freshwater; cysts

TREMATODES-(MONEGENETIC)

Gyrodactylus spp - ea fish has own spp; rub on side of aqu; emaciated; blue mucouse, dyspnea; frayed fins, see organisms on gill, body, fins. RX: salt, acetic acid, trichlolofon, formalinl

Dactylogyrus spp - common in warm-water fish esp. carp & goldfish; resp. distress; hi mortal; thick mucous over gills

CRUSTACEANS

Argulus spp (fish louse) - many spp; green to brown, flat, seen on skin (puncture sites); raies brown to red papular areas = puncture sites; remove w/ forceps & tx w/ KmnO4 of trichlorofon;

Copepod Lernaea cyprinacea (anchor worm) - many spp;  slow-healing deep ulcers, poss. resp. distress; same tx as Argulus;

Mollusks - salmonids; larvae attach to gill, poss resp distress but usu. hyperplasia of gill epth/cyst format'n;

Leeches - vectors

TREMATODES (DIGENETIC)

*Diplostomum spp (eye fluke) - DH=gulls & pelicans; IH = snails & fish; blindness, cataracts (see BB pct - cataract, channel catfish); parasite in lens, retina, brain

*Uvulifer ambloplitis (black spot) - DH=herons & kingfishers, IH=snails & fish; subQ; black or brown spots up to 4 mm surrounted by CT wall - pigment is within the wall not the parasite!! (See, BB - bluefish)

Clinostomum marginatum (yellow grub) - DH=heron, IH = snail, fish; subQ, muscle, gill,  yell-white cysts up to 2.5 cm w/ metacercaria

*Sanguiinicola spp - DH=rainbow trout & others; IH= snails; adults in aorta, branchial aa, renal veins, choroid gland of eye; ova in gill capillaries; resp. distress if stressed; multiple granulomas after parasites leave;  see BB -  ova & miracidia, parasitic branchitis, gill, rainbow trout

Crepidostomum spp - DH=many fish; IH=calm then mayfly or crayfish; adults in intestine, if severe, get emaciation & death; usu. incidental;

CESTODES

Corallobothrium spp - DH=ictalurids; IH=copepod or small fish; see adults in int. of catfish; minor debility if any; 

Proteocephalus ambloplitis - DH=black bass; IH= copepod; see in intestine; emaciation & distornt'n of body, sterility (migrates thru viscera & ovaries); massive adhesions of visceral organs; 

Ligula intestinalis - DH=birds; IH=copepods then fish; larvae in coelom, if severe, dist. abd which may rupture;

NEMATODES

Philonema spp - DH=salmonids; IH=copepod; larvae in viscera; inapparent to emaciat'n/death; adhesions; 

Cystidicola spp - DH- eels, salmonids, other fish; IH=amphipods; infects swim bladder, inapparent;

Anisakis spp (Anisakiasis in man) - also caused by Contracaecum & Phocanema spp; DH=marine mammals; IH=herring & other fishes; larvae in viscer & muscle in thick CT capsule; incidental to dish, but eosinophilie granulomata of stmch & int. in man; Avoid by freezing at -20oC for 24 hr;

�ACANTHOCEPHALANS (acanthocephaliasis - intestine, striped bass - see BB)

Pomphorhynchus bulbocolli - DH=many predatory fish; IH= amphipod or sm. fish; adults in int, interm. stage encysts in liver, spleen, or mesentery; some debil.

Echinorhynchus spp - DH=many fish, IH= amphipod;

adult in int; emac'm/ death if severe; sim . to P. bulbolli, but can get ulcerat'n & obstruct'n of int.

DEFICIENCY DISEASES

Pantothenic acid - affects gills; hvy metals may cause sim. lesions; anorexia, resp. distress, massive hyperplasia of gill epith w/ fusion of secondary lamellae; anemia;  rapid response to tx;

Vit C - rainbow trout, coho salmon, channel catfish, eel, yellowtail (but not carp!);exposure to sublethal toxaphene incr. need for C; see decr. grwth rat, scoliosis, dark skin, erosions of fin, incr. mortal; hemorr, soft/enlged vertebrae, fx spine, deformed gill, delayed wound healing;  remarkable recovery w/ suppl.

Vitamin E - rainbow trout; see w/ rancid feed (hi fat content); see reduced grwth, irregular swimming, dark skin, atrophy of posterior motomes, hi mortal; 

Methione - lake trout, rainbow trout; def of riboflavin, zinc or vit A worsens; cataracts dev

Tryptophan - sockeye salmon, rainbow trout; decr. growth, scoliosis, Ca dep. in kdny & bone; 

Iodine - salmonids, goldfish, jawfish; jawfish esp. susc.; see enlged lower jaw & abduct'n of opercula; hyperplasia of thyroid

Linolenic/Linoleic Acids - all fish; rel. to lipoid liver dz assoc. w/ fat rancidity & vit E & C def.  See fin erosion, pigment loss & bulging of anterioventral body wall (enlged lvr), myxomatous degen'n of fat, myocardial defen'n.

TOXINS

Methyl Mercury - fish cannot methylate mercury; abd distention, lethargy, anorexia, death; liver, rnl tublr, & hepatopancreatic  necrosis, selenium & mercury are protective; 

Acidity - acidosis casues gill & kdny dmg & repro failure; Carp - resp. distress & erratic swimming,can add red or yellow (nontoxic) dye to pons or control pH & ammonium levels;  Salmon - repro failure & fry death; leave water if too acid; can reduce sulfur, nitrate, & chlorine emmissions from coal/oil burn; lime lakes & ponds; 

Petroleum - general demise

Chloramphenicol (oxytet) - eel; granulocytopenia, thrombocytopenia, monocytosis, & l'cytosis;

Irradiation - goldfish (x-ray), rainbow trout (tritium); affects immune system; prob. from nuclear waste;

**Aflatoxin - (see BB: centrilobular necrosis, rainbow trout; 	hempatocellular carcinoma, aflatox-induced, kidney, nonpigmented macrophages, rainbow trout); salmonids esp. rainbow trout & prob. most fish; toxin from Aspergillus flavus usu. from oil seed meals (esp peanut); see dark fish, lethargy & death or if chronic, see dist. of ant. v. body wall due to lvr enlgt; massive, hemorr. necrosis of ovr & mod. bile duct prolif'n if survive, later get hepatocellular carcinoma;

Ciguatoxin - Zoonotic - man gets burnt tongue, prostration, vomiting, severe abd pain, diarrhea, & occ. death ; many spp, but usu. assoc. w/ barracuda.  Toxin prob. produced by algae, eaten by herb. fish, then predator fish;  no problem to fish;

NEOPLASIA

**Melanoma - platyfish/swordtail cross; genetic spotting pattern due to loss of repressor genes; must cross F1 hybrid (which get premelanoma spotting) w/ swordtail to get frank melanoma (soft, black raised masses in skin & eye); 

Hepatocellular Carcinoma - many spp, but f in rainbow trout; assoc. w/ aflatoxin (rarely spontaneous); usu. lvr w/ metastasis to kdny & sometime gill; 

Stomatopapilloma (cauliflower disease) - eel; epith of head (usu. snout) which prevents feeding; prob. due to virus, seasonal, worse in summer; usu. in polluted waters; 

Lymphosarcoma - n. pike, muskellunge, occ. salmonids; head & mouth of pike, flank subQ of musk; f metastasis to spleen, kdny, lvr; prob. viral, enzootic in some area; raised purple cut. masses

Leiomyoma - yellow  perch; testicle
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�VIVIPAROUS FISH

Guppy

Platyfish

Swordfish

Amazon molly

Poeciliopsis sp.



UNIQUE FISH ANATOMY

No parathyroid

Ultimobranchial gland (Ca+ reg)

Corpuscle of Stannis

Separate adrenal medulla & cortex

No lymph nodes

No stomach (guppies & carp)

Pyloric ceca

No distinct intestinal divisions

Dorsal & ventral aorta

2 chambered heart

Bulbous arteriosus

Lateral line system of baroreceptors 	& neuromast cells (acoustic lateralis)

Swim/air bladder

Mononuclear neutrophil





TYPES OF FISH SCALES

Ctenoid - elasmobranchs; spicules extend above surface, 	sandpaper texture

Cycloid - teleosts; smooth outer surface, concentric rings



FISH GILL COMPONENTS

Holobranchs (4)

Hemibranches (2/holobranch)

Primary lamella

Secondary lamella (gas exchange)

Pseudobranch (??oxygenates eye,

  thermoregulation, baroreceptors??)



NO KUPFFER CELLS

Fish



PARTHOGENETIC

Lizards (26 species)

Snakes (1 species)

Rivulus marmoratus (fish)

Amazon molly (Poecilian formosa) - all female species (i.e., clones)
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CLINICAL SIGNS

BEHAVIOR

Loss of Equilibrium/Coordination

SVC

IPN - rotate 

**Myxosoma cerebralis - whirling dz

Vitamin E def - irregular swimming

Acidity - erratic swimming

Lethargic

*IHN - fry or fingerlings

Methyl Mercury

Aflatoxin

Hyperactive

*IHN - fry or fingerlings

GENERALIZED

Emaciation

Nocardiosis 

Tubuculosis

**Ichthyosporidiosis

Echinorhynchus spp

Proteocephalus ambloplitis

Trypanoplasma - debil.

Hexamita salmonis - debil.

Gyrodactylus spp



High Mortality

CCV

IPN

Dactylogyrus spp

EYE

Exphthalmos

CCV

Herpesvirus salmonis 

*IHN 

SVC

IPN

Red Sore Dz

*Bacterial Kidney Dz

Eye Lesions

*Diplostomum spp (eye fluke) - cataracts

*Sanguiinicola spp - choroid gland, also other vessesl

Methione def - cataracts



MUSCULOSKELETAL

Enlarged Lower Jaw

Iodine def

Scoliosis

Tuberculosis 

**Myxosoma cerebralis

**Ichthyosporidiosis

Proteocephalus ambloplitis (distorti'n)

Vit. C def.

Tryptophan def

SKIN

Dark Color

*IHN

IPN - small fish

*Vibrio - yng fish, old fish get dk areas that ulcerate

Enteric Red Mouth

*Bacterial Kidney Dz

Tuberculosis 

Vit C

Vitamin E

Aflatoxin

Ulcerations

red, subQ - lymphosarcoma

Furunculosi - start w/ focal subQ swellings

Red Sore Dz - superficial ulcers ringed in red; erosions 	& red around mouth

*Vibrio

Enteric Red Mouth - jaws, palate, & operculum

*Bacterial Kidney Dz - vescicles that progress to ulcers

Tuberculosis 

**Ichthyosporidiosis - minute raised black granulomas 	on skin eventually ulcerate

Argulus spp - raised brown to red puncture sites

Anchor worm - slow-healing/deep

White-Yellow Skin Plaques

fish pox/Herpes - early

Epitheliocystis (chlamydia) - gills & skin

**Icthyophthirius - white dots over skin & gills

Black Spots

fish pox/Herpes - healing 

*Uvulifer ambloplitis (black spot) - in CT

Melanoma - raised

Cotton Candy

Saprolegniasis - skin, gills

White Blotches

Trichodina spp - hvy mucous, scale sloughing,

Cysts

yellow grub - yell-wh cysts

Anisakis spp

Lymphosarcoma 

Growths

warts - *Lymphocystosis

Stomatopapilloma (cauliflower disease) - eel

melanoma

�Slime/Mucous Layers on Skin

Velvet Dz - yell-brown

Icthyoboda necatris - blue slime

Trypanoplasma - skin & gills

Gyrodactylus spp - blue slime

Dactylogyrus spp - thick mucous over gills

ABDOMINAL

Distended Abdomen

*IHN 

SVC

IPN

Nocardiosis 

Ligula intestinalis - may rupture

Methyl Mercury

RESPIRATORY

Gill Pallor

Herpesvirus salmonis 

*IHN 

SVC

Gill Mucous

Bacterial Gill Dz

Gill Necrosis

Branchiomycosis 

Resp Distress

Branchiomycosis 

Bacterial Gill Dz 

Gyrodactylus spp

anchor worm

Mollusks

*Sanguiinicola spp - gill capillaries

Pantothenic acid

Acidity 



CLIN PATH SX

Fecal Casts

Herpesvirus salmonis 

*IHN 

IPN

Immature RBCs

Herpesvirus salmonis 

IFA

*IHN

Serum Neutr

SVC

IPN

Chloramphenicol (oxytet) - eel; granulocytopenia, thrombocytopenia, monocytosis, & l'cytosi



GROSS SIGNS

GENERALIZED

Necrosis

CCV- kidney, lvr, gut

*IHN - hematopoeitic tissue

IPN - pancreas of course

Furunculosis - kdny, lvr, gut 

*Vibrio - renal liquifat'n

Methyl Mercury - liver, rnl tublr, & hepatopancreatic

Hemorrhage

*IHN  - viscera

SVC

Furunculosis - petecchiae in m.  & gen. hemorr.

*Vibrio- peritoneum, spleen, kdny

*Bacterial Kidney Dz - at base of pectoral skin

Vit C

Aflatoxin

Muscle Cavitation

*Bacterial Kidney Dz

Granulomas

*Bacterial Kidney Dz - kdny

Nocardiosis 

**Ichthyosporidiosis - minute black ones on skin & 	white cysts in CT

Blue-Green Algae

*Sanguiinicola spp - after parasite leaves

Blood Vessels

Branchiomycosis 

*Sanguiinicola spp - choroid gland, also other vesses

ABDOMINAL

Ascites:

Herpesvirus salmonis 

SVC

Red Sore Dz

Trypanoplasma 

Evisceration

Tetrahymena corlissi

Ligula intestinalis - may rupture

Intestine

Crepidostomum spp 

 Corallobothrium spp

Pomphorhynchus bulbocolli

Proteocephalus ambloplitis

Echinorhynchus spp

Abd Adhesions

Proteocephalus ambloplitis

Philonema spp

Enlarged Liver

Linolenic/Linoleic Acids

Aflatoxin

THORACIC

Large Thyroid

Iodine def

Swim Bladder

SVC - inflammation

Cystidicola spp

VISCERAL

Edema 

CCV- kidney, lvr, gut

SVC- kidney, lvr, gut



HISTO

�Syncytia: 

CCV on ictalurid cells

Herpesvirus salmonis - on salmonid cells; only salmonid virus to produce syncytis on RTG-2 cells.

Cowdry Type A:

CCV on ictalurid cells

Herpesvirus salmonis 

ICIB

*Lymphocystosis

PAS+

**Ichthyosporidiosis - spores

Large, Horseshoe Macronucleus

**Icthyophthirius

RX

Raise water temp:

 to 15oC or more for Herpesvirus salmonis, *IHN

Lower Water Temp: 

- to 19oC for Herpesvirus ictaluris (CCV)

Antibiotics: 

Furunculosis: sulfas, oxytet will not elim carriers;

Red Sore Dz - oxytet, chloramph

Enteric Red Mouth - sulfas, oxytet, chloram

Surfactants

Bacterial Gill Dz

Chemicals

Saprolegniasis  - Malachite green, CuSO4, KmnO4, formalin, or salt 

Velvet Dz - methylene blue, copper sulfate

Icthyoboda necatris - formalin, acetic acid , KmnO4

**Icthyophthirius - formalin, malachite green, meth. 	blue, or KmnO4.

Trichodina spp - formalin, acetic acid,  KmnO4;

Gyrodactylus spp  - salt, acetic acid, trichlolofon

formalin

Argulus spp - KMnO4 or trichlorofon
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�FISH SUMMARY: LAS & FASCICLES



Genus/Spp		Common Name		Model

Astronotus ocellatus	oscar			case report of Mycobacterium 

Brachydanio rerio	zebra fish		popular lab animal generic fish

Cyprinus carpio		carp			Diabetes Mellitus from feeding silkworm pupae leading to 						excess oxidized unsat. fatty acid. Can be prevented by a-						tocopherol.  Resembles type 1. 

Ictalurus punctatus	channel catfish		pharmacokinetic studies 

Marone americanus	white perch		Wilson's disease (copper storage disease) = Hepatolenticular 						Degeneration

Oncorhynchus mykiss	rainbow  trout		hepatocellular carcinoma from aflatoxins (cottonseed meal)

(used to be Salmo gardenieri); Fish reared in cold water develop 						tumors slowly, allowing for study of all stages of  patomagenesis. 						Differs from man in that fish hepatomas seldom arise from

cirrhotic liver, seldom exhibit bile stasis and infrequently

 metastasize. 

Oryzias latipes		medaka			carcinogenesis/tox studies (small, orange warm-water fish)

Can be fed purified casein-based diet

Poecelia formosa		Amazon molly		reproduce gynogenetically (eggs activated after mating with 						males of related species but sperm doesn't contribute

genetically); can use this identical genetic material to study 						physical & chemical  sources of cell injury & for bioassays 						because of the genetic homogeneity. 

Pomacentrus partitis	bicolored damsel fish	multiple schwannomas (neurofibromatosis, Von 							Rechlinghausen's disease)

Salmo salar 		atlantic salmon		pharmacokinetic studies 

Xiphorphorous maculatus	platyfish			crossed w/ swordtail: malignant melanoma

X. helleri		swordtail		crossed w/ platyfish: malignant melanoma




