
 
A Fish Farming Odyssey: where we've been - 
 where we are now. An "old fellow's"  
   perspective 

             Charlie E. Smith, USFWS,  Retired 
     

Presenter
Presentation Notes
Odyssey = a long wandering marked by many changes,  Not a typical Keynote presentation, but then I’m not a typical Keynote speaker either.  Attended 1st NFCC 50 years ago this month.



•         My first job after college was with USFWS in 1961 
at the Western Fish Nutrition Lab in Cook, WA 
(located at Willard WA)  up river about 50 miles. 

•         Lab, under the direction of Dr. John Halver, 
established 1953 to identify nutritional requirements 
of salmon reared in hatcheries  & to mitigate for 
dams being built on the Columbia river. Lab closed 
in 1978 - now operated by USGS 

       1961  Involved in liver cancer research with RBT to 
 determine cause ––Assistant to  – Dr. L.M Ashley,    
 Histopathologist  - funded by NCI  - national  pro.     
 Worked at WFNL for 7 years and developed 
 expertise in histopathology, hematology & 
nutrition.  Also developed an interest in fish diseases. 
 

Background 
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Want to stress the importance of mentors in our lives no matter what we do.  I have had several over the past 50 years, but want to recognize  Dr. Larry Ashlee a pioneer in fish histopath WFNL  &  Dr. John Halver who hired me and was also a mentor.  I had hoped to acknowledge Dr. Halver personally today, but he passed away the end of October at age 90



 Drs L.M. Ashley & J.E Halver at WFNL 
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• Transferred to FWS, Bozeman, MT  Fish 
Technology Center in 1968 where I worked 
until 1993.         

• Was Director of the Center from 1985 to 1993.  
• Scientific Program varied; fish culture, 

nutrition, disease diagnosis & histopath. T&E, 
water treatment systems & oxygen 
supplementation     

• After retirement from FTC worked from home 
half time for Rangen Research for 9 years, then 
contract histopathology for Dr Dave Erdahl, 
AADAP, & Dr.’s R. Barrows and W. Sealey 
nutritionists.  Still do some diagnostic 
histopath, and work for some Rangen Inc.  
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Be nice to your to everyone, you never know who your next boss may be!!



Nutrition 
 

       Hepatoma/ Hepatocellular Carcinoma 
• 1960 –A shipment of rbt from commercial 

hatchery in ID examined at CA border and 
found to be affected by “whitish pustules” and 
refused entry into the state ( later diagnosed as 
hepatoma/hepatocellular carcinoma – Liver 
cancer). 

       



 
•   Preliminary information suggested 

the disease was restricted to trout fed 
dry pelleted feed in which the vegetable 
protein was CSM.   

•  Studies at various hatcheries and labs 
confirmed the CSM being fed at @ 
20% of the diet was contaminated with 
aflatoxin, produced by Aspergillus 
fungus was the cause of liver tumors 

– tumors were induced by feeding as low 
as 2 to 4 ppb aflatoxin over a 6-12 
month period depending on water 
temperature 
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Tumors are typical of what I saw when I inspected rainbow trout broodstock at the Winthrop, WA NFH & Goldendale WA SFH in 1962.



Trout Feeds 50’s & 60’s 
•  Beef liver 12.5%, pork melts (spleens) 37.5% 

& 50% dry mix composed of wheat middlings 
& CSM.   

• Also used tripe, horse meat, ground up fish. 
• Development of dry pelleted feeds – 1950’s  

Rangen, Inc., Moore Clark, Purina, Murray 
Elevators  & Ziegler’s in Eastern US 

• USFWS began some diet formulation at same 
time at Spearfish NFH in South Dakota. 

• Rangen Inc., followed by Silver Cup began 
manufacturing extruded feeds in early 90’s 

         



Nutritional disorders 
seen in 60’s – 80’s 

• Vitamin C deficiency 
• Anemia -  primarily due folic acid,  & vitamin 

E            
• Nutritional gill disease - (pantothenic acid 

deficiency- a B vitamin 
• Cataracts – high ash fish meals/zinc deficiency 
• Don’t see many overt nutritional problems now 

 



Vitamin C deficiency 
Coho Salmon 



Vitamin C 

• High temperatures during steam pelleting And 
extrusion destroys some of the vitamin 

• Development of stabilized forms of 
phosphorylated vitamin C by Dr. Blake Grant, 
Rangen Inc, KSU & Zeigler has all but 
eliminated the problem – Prior, 40-50%  lost 
rapidly 

• Optimum levels  of Vit C & other vitamins in 
extruded feeds recently determined for 
extruded feed by Dr. Barrows and coworkers 

  



Rick & Wendy - Vitamin Premix Study 
Termination 
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Drs Rick Barrows and Wendy Sealey at termination of Vitamin premix study



Abernathy Salmon Tech. Ctr 
• Laurie Fowler – nutritionist. Started same year I did. 
• Involved in practical  research      
• Feeding wet meat diet –equal amounts of  beef & hog 

liver and spleen (2% salt binder)  feed through large air 
powered ricer as wet diet.  Same process at Willard  NFH. 
– Responsible  for development of the Abernathy 

Salmon Dry Diet (Open Formula Diet)  Is still being 
used with good success by some salmon hatcheries 
primarily with Tule strain and URB Chinook salmon. 
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 Laurie Fowler began his career at Abernathy at same time I began mine.  Nutritionist 



Anemia 

• Common in early feeds made of raw fish, 
meat and cottonseed meal mixed with 
with these 

• Fresh liver usually solved the problem 
• Nutritional anemia’s rare anymore 



Folic acid deficiency Coho 
salmon 



NGD 

• Caused by difficiency of B-vitamin, 
Pantothenic acid 

• Common in early days of fish culture and 
somewhat in 70’s & 80’s 

• Seldom seen anymore 



 Nutritional Gill Disease 
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Presentation Notes
Unlike bacterial gill disease proliferation and fusing starts at tips of gill filaments and progresses to bases and laterally to adjacent filament causing fusion of filaments as well as lamellae.



Nutrition Related 
Cataract 

 



       
• Ennis experience – USFWS feed contract 

allowed feed be made with ½ herring & ½ 
whitefish meals (high in ash content) 
resulting manager calling HELP. 
Cataracts were prevalent in fish.  

• Research by Dr.Geo..Ketola,  Tunison lab 
of fish nutrition, Cortland, NY identified 
specific cause as zinc deficiency due to 
high ash limiting availability of zinc 
 
 

Primary Cause 
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Other hatcheries receiving the same feed had problems as well. 



Feeding Methods 
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Mick Hoover, Mackay ID SFH ---     Walt Bethke feeding at Mullin Idaho hatchery, -- Hagerman state hatchery with blower in bed of PU blowing feed into raceway



Feeding Methods 

Presenter
Presentation Notes
Tom Frue filling demand feeders designed by Leo Ray.  Babbington feeders 



Net Pen Culture 
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Net pen culture Pacific Aquafarm below Grand Coulee Dam, Columbia River  floating feed delivered down pipeline from automatic feeding station on hillside.



Fish Transportation 
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Walt Bethke –packing fry/fingerling to high mt lakes    Hagerman NFH transportation Galena Summit STT @9,000 ft;  5 sections -  haul 800#/section 5000  gal water



Infectious Diseases 
• Origin of most infectious diseases of young 

salmonids in 1950’s & 60’s could be traced to 
feeding infected diets, or having infected fish in 
the water supply 
– In early years “wet feed” contained raw salmon 

carcasses & viscera = BKD; TB & IHN in salmon.. 
– Millions of young sockeye salmon died from sockeye 

salmon virus disease (IHN)  at Leavenworth, Entiat & 
Winthrop, NFH’s 

– Later, pasturized carcass & viscera ok to use (OMP) 
– Pelleting, extrusion & good quality feed ingredients & 

sufficient vitamins  & minerals have eliminated these 
problems 



ERM &  CWD  
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Vaccines prevented ERM – Originally Hagerman Red Mouth.  Seldom seen anymore in Thousand Springs area. Some SC .  CWD -  usually 50 degrees or less,  Dr. Ken Cain et al about to have good vaccine for CWD  



Coldwater Disease - systemic 
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Adaption to warmer temps and became systemic- Ken Cain et al close to having vaccine available soon. 



Fish Health labs 
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Number of women in workforce at FH Labs, hatcheries & management has increased over the years. Region I FWS  Drs. Sonia Mumford; Guppy Blair, Idaho FHC & Joy Evered Oly FHC –Directors – Susan Guttenberg lower Columbia .  Region 6--  Bozeman FHL  Crystal Hudson former Director retired - Ken Peters only man 6 women, , lucky or feel sorry for him – think I better say he is a lucky fellow!



AADAPP 
• Aquatic Animal Drug Approval Partnership (AADAP) Program 
• “Swimming Upstream to Obtain New FDA-approved Drugs 

for Use in Aquatic Species” 

 Prior to the 1990s FDA chose not to regulate drug 
and chemical use in aquaculture (via “regulatory 
discretion”) 

Hence, fisheries managers  were able to use 
virtually anything (and everything!!) they could get 
their hands on to meet management objectives 

The Bozeman National INAD Office (NIO) was 
established in 1995 with a staff of 2.5 FTEs and 
a base budget of $200K 
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QUATERNARY AMMONIA CPDS, MALACHITE GREEN, PMA (MECURICAL CPD) SULFA DRUGS 



Why is AADAP’s Mission 
Important to Fisheries Managers? 
FDA’s decision to regulate left aquaculture with only 
3 therapeutants and a single anesthetic approved for use in all 
fisheries programs 

Use of these approved drugs was limited by species, life 
stage, specific pathogen, and use pattern 

Effect of decision was exacerbated by FDA’s broad definition 
of a “drug”…… that includes even apparently innocuous 
compounds such as ice, salt, onion, and garlic 

Mission  



 
   AADAP Today 
Established in 2003 as a distinct Branch under the Division 
of the National Fish Hatchery System…..a National Program 
supervised by the WO  

Staff of 8 FTE’s with a budget of ~$1000K  
NADA management…New! 

Information transfer…New! 

Significantly increased research capabilities 

Active involvement in virtually all facets of the aquaculture 
drug approval process 

Since 2003 



Dr. Dave & JB 

 my 
last load of 
 hay! 
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Moved to Walla Walla WA area 3+ yrs ago to be close to son and family, wondered what I would do for entertainment!



Bucking horses 

Didn’t do too good 



Bull riding did worse 



Fishing – did much better 



Water Reuse 



Cooperative study 
1970’s 
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Pollutants – solids and ammonia via Nitrification process using nitrifying bacteria –water quality by KCM and fish rearing/health by FTC staff.
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Biological Filter using process of nitrification by nitrifying bacteria to convert ammonia to NO2 and then N03 -Design & water quality  info used in part in design of Dworshak NFH.  KCM did all water quality monitoring, Bozeman staff fish culture & health. 



Nitrite toxicity – Brown Blood   
(methemoglobinemia) 
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 Brown blood due to methemoglobin build up and inability of RBC’s to release O2 to tissues.    Literature said NO2 toxic at 5.0 ppm, we killed fish as low as  0.25 to 0.5 ppm -  info valuable for Dworshak design and operation and helpful to others in later years designing and using water recycle systems. Salmonids are very sensitive to nitrite but very tolerant of Nitrate.



Dworshak NFH 
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Major modifications at hatchery.  Increased use of reservoir rather than river water with IHNV – currently with incub., early rearing and system one fingerlings.  Will replace Burrows ponds with partial recycle ponds (hear more about these later), will eventually discontinue operation of reuse using biofilters.  Still 1 yr smolts due to increased temp from reservoir. Hindsight is always twenty-twenty. 



Development of Packed Columns 

Presenter
Presentation Notes
DEO & Pagoda  some hatcheries have spring or well water limited or devoid of oxygen and increased N2.  





Operation of packed columns 

• If designed properly and are receiving the 
proper flow for the diameter of the column 
– Oxgen saturation should be 85-90% of saturation 

after passing through columns 
– Nitrogen gas should be reduced to 101-103% of 

saturation 
– Columns make sense if you are already pumping 

water or have good hydraulic head pressure 



Oxygen Supplementation 



High pressure low water flow  
fine bubbles appear white. 
Easy to supersaturate water  

with oxygen.   But  
be careful!  

Presenter
Presentation Notes
Early studies on oxygen supplementation tested High pressure systems to supersaturate water with O2  and side stream into total flow of raceway.



Oxygen induced 
GBD 
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Due to TGP 120%, &  O2 saturation of 200%, & N2 101% resulted in GBD & mortality



Utah hatchery with ATEC unit 
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Midway SFH in Utah.  ATEC unit worked good but didn’t supersaturate with oxygen.



Before & after O2 injection 
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Increased available oxygen by 2.4 ppm and more than doubled production, improved FCR & DLI and made better use of raceway space.  12/lb end



Oxygen Supplementation 
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Harry Westers great friend and colleague. Passed away a couple years ago.  Michigan hatchery supervisor – Championed the use of pure oxygen to maximize growth, decrease nitrogen gas & maximize use of raceway space.  



Packed sealed columns 
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Suggestions by some folks selling equipment that fish raised in supersaturated water grow faster and have better FCR’s   tested with CTT at Jackson NFH
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Springs flowing into Snake River near Hagerman Idaho.  Water flow from the Snake River Plains Aquifer  Northern Rim have been decreasing over the past few years due to increased farming of new land & dairy production activity.  Increased pumping from deep wells for irrigation, change from flood to sprinkle irrigation,  and insufficient mountain snow pack & an influx of large dairies are mostly responsible. This has dramatically affected many hatcheries in the Thousand Springs area along the Snake River, Idaho. 
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It’s hard to believe I have been working with fish for 50 years. The saying “Time fly’s when you are having fun”  is certainly true.  I have truly been blessed with wonderful friends, colleagues  & staff over the years. Hopefully, each of you will have as much fun and rewarding times as I have had. Best of Luck to each of you.







WRAC 



Other changes (cont.) 
• Education opportunities increased with 

development of 2 year programs, Short 
course in Cold Water Fish Culture – 
USFWS, NCTC two week intensive 
course, mostly state and federal 
attendees, but individuals from private 
hatcheries welcome. Held annually in 
various parts of the country 



Its been a good ride!! 
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