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Identifying Trout and Salmon
Great Lakes Trout

Brown Trout Brook Trout
Very silvery in summer. Dark spots on body but not
colorful reds or blue

Pale markings may look
similar to small lake trout

Square tail

Rainbow Trout
Spots all over tail remain, but rest of body is silver

White mouth identifies rainbow (steelhead) from the salmon

Great Lakes Salmon and Lake Trout

‘hinook Salmon

Coho Salmon Spots on upper
part of tail

Spots over

entire tail

_—

P
o — sl NP
15 - 19 anal rays and white gums 13 - 15 anal rays

Lake Trout  Ireguiar wormiike markings
on back and dorsal fin

Light spots in

Deeply
forked tail
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Approximate indicative weight of different size classes of rainbow trout: Q\w@
e fry,0.3-10g

e fingerlings, 1.0-25.0 g Food and Agriculture
Organization of the
* grower, 25-1500 g

United Nations

e adult>1500 g.

Rainbow frout fingerlings Trophy-size rainbow trout
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Trout fry from 2g to 7g suffering IPNV infection, February 2000, showing
abdominal distension. Some fish with slight swellings on the head. The latter
were more visible while the fish were kept live in an aquarium for observation.



Fish &N External Disease Signs

Necropsy Manual

PR 473

Small furuncle and haemorrhagic Numerous Argulus on ventral surface Focal extensive deep ulcer with Exophthalmia and cornea opacity
ulcer attributed to Aeromonas of freshwater fish (courtesy of FHI) healed margins attributed to and ulceration in wrasse (courtesy of
salmonicida infection in Atlantic infection by Flavehacterium sp. in FHI)

salmon (courtesy of FHI) rainbow trout (courtesy of FHI)

Multiple circumscribed ulcerations on Thin, potentially runt post smolts Hyperpigmentation of blind side of Ancphthalmia noted from Atlantic
head and operculum attributed to (courtesy of FHI) common dab salmen

comycete infection of Atlantic salmon

(courtesy of FHI)

NS

Multiple roundish blackened skin Focal yellowish raised lesion ventral Shortened operculum due to Focal raised reddened lesion on flank
lesions consistent with Cryptocotyle of lateral line consistent with early damaged branchiostegal membrane attributed te Red mark syndrome in
lingua infection of whiting stage of red mark syndrome on in rainbow trout rainbow trout

rainbow trout



External Disease Signs

Sharply demarcated lesions Lordosis in Atlantic salmon Shortened operculum in rainbow Perforated cornea and loss of lens
attributed to seal damage on Atlantic trout together with hemorrhage in bulbus
salmon

in rainbow trout

Circular ulceration on operculum and Extended hemorrhages on ventral Extended skin ulceration on caudal Clogging of gill filaments and whitish
comycete infection in rainbow trout, body site together with severe sea body part, multifocally deep discoloration consistent with multiple
additionally note cataract and focal lice infestation, note also eroded fins ulcerations due to Tenacibaculum sp. necroses and epithelial hyperplasia
ulcerative [esion on flank infection with increased mucous production in

Atlantic salmon (courtesy of FHI)

B P -

Healed sharply demarcated linear Exophthalmia and diffuse Dorsal head and opercula, irregulr Abdominal distention and reddened
lesion attributed to mechanical haemorrhage on ventral surface of circular ulcerations attributed to area on lateral line of rainbow trout.
damage on Atlantic salmon (courtesy Atlantic salmon (courtesy of FHI) comycete infection in Atlantic salmon

of FHI) (courtesy of FHI)



Fish &N

Necropsy Manual

External Disease Signs

Extended, raised, irregular and Multiple raised reddened skin lesions
haemorrhagic lesion on body site and attributed to red mark syndrome
multiple petechia on belly of rainbow from rainbow trout, note also

trout (courtesy of FHI) multiple small hemorrahgic lesions

and small ulcers, also exophthalmia
(courtesy of FHI)

Multiple raised skin lesions. Note Focal prolferative lesion on head
superficial ulceration and scale loss, region consistent with
consistent with liquefactive necrosis Dermocystidium sp. infection in carp.

of dermis and musculature due to
Aeromonas salmonicida infection in
rainbhow trout.

http://www.necropsymanual.net

Focal extensive deep ulcer with Thin, potentially runt post smolts
defined margins attributed to Vibric

infection on flank of Atlantic salmon

(courtesy of FHI)

Multiple whitish nodular lesions Multiple whitish irregular shaped

diffusely distributed over whole body slightly raised areas randomly

consistent with {chthyophthirius distributed over whole body,

multifiliis infection in rainbow trout. consistent with epithelial hyperplasia
due to Cyprinid Herpesvirus 1
infection.


http://www.necropsymanual.net/

Fish ™\

Necropsy Manual

Enlarged kidney and spleen
(splenomegaly) with multiple
ranulomas consistant with bacterial
idney disease, note yellowish faecal
casts in intestine

Pectinate haemorrhage on liver and
perivisceral fat attributed to enteric
redmouth in rainbow trout

Multiple whitish polymorphic nodules
consistent with granulomas and dab

Liver, petechial haemorrhages and
skin ulcerations attributed to Vibrio
infection in Atlantic salmon

Liver with multiple whitish, sliﬁthly
raised and circular lesions wit
reddish center consistent with
granulomatous hepatitis attributed
to Piscirickettsia salmonis in Atlantic
salmon

Internal Disease Signs

Multiple haemorrhages in liver and
ulcerations on skin attributed to
Vibrio sp. infection in Atlantic salmon

Petechiae on liver with generalised
anaemia in rainbow trout caused by a
bacterial septicaemia

Multiple Anisakis on liver of Atlantic Vertebral fusion of about 9 vertebhae
cod in haddock

-

Diffusely distributed petechial
haemorrhage in musculature and

Chart used to categorise liver colour,
eg for diagnostics of ISA (courtesy of
FHI) erivisceral fat attributed to viral
aemorrhagic septicaemia in rainbow
trout



Internal Disease Signs

- -
e

Mottled liver appearance and Multiple fluid filled cycts of irregular Petechiae on liver with generalised Pectinate haemorrhage on liver and
multiple Anisakis on liver of wild size in liver, consistent with Polycystic anaemia in rainbow trout perivisceral fat attributed to enteric
Atlantic cod (courtesy of FHI) liver from Atlantic salmon (courtesy redmouth in rainbow trout

of FHI)

Enlarged kidney and spleen Widespread petechial haemorrhage Multiple granuloma (whitish Multiple whitish noluar lesions
(splenomegaly) with multiple in muscle and perivisceral fat tissue proliferative lesions) in kidney (granuloma) in kidney, spleen and
granulomas consistant with bacterial attributed to viral haemorrhagic attributed to Excphiala infection in intestine and splenomegaly in

Eidney disease, note yellowish faecal septicaemia virus in Atlantic salmen Atlantic salmon Atlantic cod attributed to infection by
racte in infocting

Eranricalla nhilamiracia ciihen

Variable sized whitish nodules Kidney, swollen, proliferative lesion Granuclomatous lesions in kidney, Multiple greyish pleiomorphic

(granuloma) in liver attributed to mainly affecting the caudal part of the liver and spleen attributable to nodules in liver and peritoneum,

Mycobacterium infection in Atlantic kidney with multiple whitish nodules bacterial kidney disease in Atlantic possible consistent with neoplastic or

salmon consistent with granulomatous salmon granulomatous lesion from rainbow
nephritis attributed to Exophiala trout

infection



Fish &\ Internal Disease Signs

Necropsy Manual

Multiple whitish, sligthly raised areas Pale organs, lack of body fat Kidney, multiple whitish nedules, Eubothrium infestation in Atlantic
with reddish center on liver attributed to infection by infectious sometimes interconnected forming salmon

consistent with granulomatous pancreatic necrosis virus in Atlantic strand like lesions attributed to

hepatitis attributed to Piscirickettsia salmon nephrocalcinosis in rainbow trout

salmanis in Atlantic salmon

Diffuse haemorrhage in spleen and Dark liver due to congestion and Cystidicola farionis (multiple Splenomegaly and blurred spleen
kidney and splenomegaly attributed diffuse haemorrhage attributed to nematodes) infestation in swim margins due to Flavobacterium
to infection by infectious salmon infection by infecticus salmon bladder of rainbow trout psychrophilum infection in rainbow

anaemia virus anaemia virus trout fry (RTFS= rainbow trout fry

syndrome).

http://www.necropsymanual.net/en/additional-info/fpa/

e & . 2 24 D le o

Severely enlarged kidney and greyish
discolouration consistent with
granulomatous nephritis due to
Proliferative Kidney Disease in brown
trout. Picture courtesy by E.
Schneider-Switzerland.


http://www.necropsymanual.net/en/additional-info/fpa/
http://www.necropsymanual.net/en/additional-info/fpa/
http://www.necropsymanual.net/en/additional-info/fpa/
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Fish

Counter for Grading Machine

Using acoustic broadband to count fish
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Rainbow trout fry at first feeding are relatively large with mature
digestive systems. They are capable of ingesting small feed particles Food and Agrcufture
(<0.5 mm) and digesting pelleted feed, providing very small pellets or ﬂrga{ltizgtrilmlpfthe
niea Nations
crumbles are fed. Hence, live feeds are not used in trout farming.

e Most rainbow trout feed is produced by cooking-
extrusion to make floating pellets.

e Extruded pellets are top-dressed with oil to achieve
levels of 18-25 percent total lipid (Hardy and
Barrows, 2002)

* Fry and fingerling feeds have lower lipid levels than
feeds for grower fish.
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Rainbow trout feeds have undergone a shift since the 1970s from
. s 3 4 5 . NS Food and Agriculture
being relatively high in protein content and low in total lipid to rganizatonofthe
United Nations
being lower in protein content and higher in lipid ——
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Figure 6. Changes in percent protein, digestible protein and fat in rainbow trout feeds

* An additional change in trout feeds has been a reduction of the percentage of
protein supplied by fishmeal and a corresponding increase in the contribution of
alternate proteins, mainly plant protein concentrates and rendered animal proteins,
such as poultry byproduct meal.

e Generally, lysine and methionine are the first and second limiting amino acids.

 DL-methionine is supplemented to trout feeds when high levels of soy proteins are
used in the formulation.



Ten of these are probably essential in trout
food. The other eight may be manufactured in

the body, or are not required.

Known Amino Acids

Food and Agriculture
Organization of the
United Nations

Essential Other
1. Arginine____ __ _ ... 1. Tyrosine
2, Histidine_ . .- ... 2. Glyeine
3. Isolewecine__ ___________________ 3. Alanine
4, Leuelne_ - ... 4. Aspartic acid
b, Lysine. ... ... ... 5. Cystine
6. Methionine___________________. 6. Glutamie acid
7. Phenylalanine.__._____________. 7. Proline
8. Threomine____________________. 8. Serine
9, Tryptophan
10. Valine
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Carbohydrates

< OAC

Online Archive of Californ

Carbohydrates are made up of hydrogen, carbon, and oxygen. Unlike proteins, they do not contain
nitrogen. They are used as energy, temporarily stored as glycogen (animal starch), or formed into
fat.

Compound carbohydrates are digested into simple sugars before they are absorbed. Their
availability is dependent on a fish's ability to digest them.

Carbohydrates in the body are found in the form of glucose (sugar) and glycogen. Glucose is
deposited in the fluids and cells of the body, and glycogen in the liver and muscle tissues.

Excess carbohydrates in the diet will cause swollen bodies and deposit excess glycogen in the liver,
resulting in swollen, light-colored livers. Mortality will be high.

Not over 9 to 12 percent of digestible carbohydrate should be included in a diet for salmonids.
Practically all trout and salmon diets containing dry food exceed this percentage of raw
carbohydrates. This is possible because all of the carbohydrates are not digested. often only a small
part is available to the fish. For example, only a minute fraction of the carbohydrate content of
distillers' solubles is digested.

In general, the more complex the carbohydrate, the harder it is to digest. However, cooking makes
carbohydrates more digestible. A satisfactory diet may be ruined by cooking simply because the
carbohydrates become more digestible.

Major sources of carbohydrates are plant products. Meats contain only minor amounts of
carbohydrates.



Vitamins

Online Archive of California

* The understanding of vitamins has increased rapidly in the last few years. There are now 16
generally recognized vitamins. Probably there are more to be discovered. The known
vitamins, their requirements, and known symptoms of deficiencies are listed in Table

Mimimum
daily requirement
in mg. per kg,

Vitamins body weight Deficiency symptoms
Fat soluble
. Unknown.___.__.___._| Unknown. Believed to cause cataracts, retarded
growth.
D ________ Unknown_ _____ ___ Unknown.
E_ e Unknown.________ Unknown.
W ______ Unknown_ ____ _ _ __ Unknown.

Water soluble

B! thiamin___ _ __________-___ 0.150____________ Mortality from shock and fright; poor appetite;
instability; convulsions; pale livers.

B2 riboflavinm_ __ _ ___________ 0.44-0.68_ _ _ _____ Blindness:; hemorrhagic eyves, nose, and oper-
culum.

Pantothenic acid _ _ __ _ _ _ _ _ _ __ 0.97-1.25_ _ _ _____ Western gill disease.

Pyrodoxine_ - - _ - _ _ ________. 0.225-0.250_ _ ____ | MNervous disorders; light spots on the liver.

Inositol .- - - - - o e . Unknown._._.._... | Poor growth; distended stomach; degenerated
fins.

Biotin_ _ _ _ _ _ _ _ __ ___________ 0.0433-0. 00678 _ _ _| Anemia; poor growth; blue slime.

Folic acid_ - - - - & - & 0 o o e o - 0.00292_ _ _ _______ Anemia; poor growth.

NIBCIM - o oo o o oo B3040 _______._ Swollen, unclubbed gills; poor growth; back
peel.

Ascorbicacid-C_____________] Unknown_________ Hemorrhagie liver, kidney, and intestine (sus-
pected).

Vitamin B12__ __ _ _ _ _________ Unknown_________ Unknown. Probably not required.

Para-aminobenzoic acid._ ____ Unknowmn_________ Unknown. Probably not required.

Choline_ ___ _ _ _ ____ ________._ Unknown_________ Hemorrhagic liver, kidney, and intestines; fatty

infiltration of the liver.
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Influence of ration size (% bw/d) on the specific growth rate (SGR) and feed
conversion ratio (FCR) of rainbow trout grown from 100g in freshwater at 11°C

185
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Figure 1: Growth and FCR data of rainbow trout fed diets with increasing
doses of nucleotides. Adaption of data reported by Adamek et al. [135].



Improvements in FCR Atlantic salmon, Norway

AQ1 optical and acoustic sensor systems produce results for fish farmers and
aquacul.:citﬁre; researchers in a broad variety of applications.
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Feed conversion
Kg feed/ kg fish produced

Feed conversion ratio (FCR)
in Norwegian Salmon farming
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SALMON FEED DEVELOPMENT IN NORWAY:
Feed cost per kg fish (fixed 2006 prices)

Euros/kg
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Rainbow trout - Growth

Organization of the
United Nations

Rainbow trout is a freshwater species that also exhibits an anadromous form
(the steelhead trout) that migrates from freshwater to the ocean at 1-3 years of
age, followed by a marine residency of 18-30 months, after which maturing fish
return to their natal stream or river to spawn. There is considerable plasticity
among anadromous rainbow trout in life history as it relates to time spent in
freshwater or the ocean.

 Growth of rainbow trout under natural conditions is highly variable,
depending on water temperature and food abundance.

* Trout in cold mountain streams may only weigh 20 g after one year, whereas
fish in productive lakes may weigh 300-500 g.

e At maturity, anadromous rainbow trout weigh up to 19 kg and can be up to
seven years of age, compared to 1-3 kg for freshwater fish and 3—10 years of
age (Behnke, 1992).

 However, most anadromous rainbow trout mature at four years of age.



Organisms have a range of tolerance for each limiting factor

that they encounter

#For any factor, there is an upper limit and o lower limit that defines the
conditions in which an organism can live.

~Tolerance is the ability of any organism to survive when exposed to abiotic or
biotic factors

Tolerance of Steelhead Trout
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Organisms have a range of tolerance for each limiting fxctor

that they encounter

» Steelhead trout live in cool, clear coastal rivers and streams with the ideal
range of water temperature for steelhead trout is between 13°€ and 21°€

Tolerance of Steelhead Trout
9°C 13°C 21°C 25°C

I
Steelhead | Steelhead Greatest number Steelhead | Steelhead
- trout | trout of steelhead trout trout
o absent | infrequent infrequent absent
> |
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Organisms have a range of tolerance for each limiting tixctor

that they encounter

» However, steelhead trout can also survive water temperatures lower than
13°€ (9°C) and more than 21°€ (up to 25°C)

At these temperatures, steelhead trout experience physiological stress =
inability to grow or reproduce, but they still survive

A 7%

Tolerance of Steelhead Trout
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Organisms have a range of tolerance for each limiting tizctor

Number of steelhead trout

that they encounter

Beyond the upper tolerance limit of 25°€ and the lower tolerance limit of
9°C, there are no steelhead trout, as they would die living there
Therefore, water temperature is o limiting factor for steelhead when

water temperature is outside the range of tolerance

Tolerance of Steelhead Trout
9°C 13°C 21°C 25°C

Steelhead Greatest number Steelhead Steelhead
trout : of steelhead | trout trout
infrequent | | infrequent absent

Zone of Zone of . Zone of Zone of

intolerance §physiological physiological § intolerance
stress — . i stress

Lower limit Range of tolerance Upper limit |
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Rainbow trout - Growth &
Growth rates of rainbow trout in farms are much higher those
that of wild fish, but growth rates in farms also vary with water

temperature.

In constant 15 °C freshwater, farmed rainbow trout reach 800-1 000 g in weight 12
months after eggs hatch (Figure 5).

Growth of rainbow trout in Idaho farms
600
500
- Average weight (g)
400
300
200
100
0
0 4 8 12 16 20 24 28 32 36
Weeks from first feeding

Figure 5. Growth of rainbow trout in Idaho farms



TrophyTroutGuide.com
rainbow mounts




A couple of rainbows




What is called a "lightening trout.” A hybrid rainbow
stocked in different states around the country.




A unique spawning male rainbow
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< OAC
1. The upper curves show a
15 percent quality loss due

to freezing when frozen
immediately after taking

2. The middle curves
indicate the quality
relationship when fish are
held on ice for one week
prior to being frozen.

3. The lower four curves
indicate the doubtful
practicability of freezing fish
that have been held two
weeks on ice.

Meats and fish should be quick-frozen at —35 degrees and stored at —10
degrees. At this temperature, autolysis is minimized and oxidation is
greatly reduced. Deterioration does continue, however, and considerable
value may be lost after 90 days instorage.
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Ficure 32. Degradation of food quality of fish held at various temperatures after freezing.



Salmon Processing




Salmon Processing




Salmon - Net Pen Culture
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