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Abstract:	
State,	federal,	and	private	hatchery	managers	and	aqua?c	biologists	are	con?nuously	under	increased	
scru?ny	to	produce	more	with	fewer	resources.	This	report	aDempts	to	summarize	some	of	the	most	
significant	and	recent	studies	sugges?ng	simple	but	very	effec?ve	prac?ces	that	should	be	seriously	
considered	by	all	fishery	managers.	

As	the	trend	of	modern	animal	produc?on	systems	has	been	toward	greatly	increased	density	of	animals	
and	automated,	highly	controlled	environments,	we	have	seen	produc?ons	sore,	but	we’ve	also	seen	
many	nega?ve	outcomes.		

This	report	focuses	both	on	produc?on	and	quality	of	life	factors	for	a	newly	emerging,	“best	
management	prac?ce”,	fish	and	plant	technology	that	is	considered	both	high-intensity,	and	animal/eco	
friendly.		Known	as	floa?ng	In-Pond	Raceway	Systems	(IPRS)	and	patented	by	Superior	Aquaculture,	LLC,	
these	newly	revamped	systems	may	offer	an	almost	perfect	modular	and	flexible	framework	for	
implemen?ng	the	recent	scien?fic	findings	outlined	in	this	report.	

While	the	focus	of	this	report	is	on	fingerling	development,	data	and	studies	from	some	grow-out	
applica?ons	are	presented	as	appropriate.			Some	of	the	studies	report	a	“50%	savings	in	opera?ng	costs	
for	grow-out”,	“weather-proof,	high-intensity,	outdoor	zooplankton	produc?on”,	“fish-free	feed”,	“use	of	
dried	biofloc	for	re-feeding”,	“enhanced	autoimmune	systems	and	reduced	cellular	stress”,	the	poten?al	
ability	to	“improve	fish	hearing	by	as	much	as	50%”,	and	numerous	other	fingerling	produc?on	factors.	
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While	most	federal,	state,	and	private	fish	hatchery	opera?ons	have	substan?al	untapped	resources	in	
the	form	of	ponds,	reservoirs,	and	lakes,	the	impetus	to-date	for	u?lizing	these	resources	has	been	
curtailed	largely	by	a	lack	of	technology.		Yet	fishery	managers	and	biologists	are	coming	under	
increasing	pressure	to	produce	larger	numbers	of	fish	under	greater	regulatory	restric?ons,	shrinking	
budgets,	and	cries	to	“priva?ze”	many	phases	of	their	opera?ons.	

This	report	is	intended	to	provide	decision-makers	with	an	up-dated	over-view	of	well-respected,	very	
recent	studies,	all	poin?ng	toward	the	adop?on	of	a	revamped,	floa?ng,	In-Pond	Raceway	System	(IPRS)	
for	mul?ple	hatchery	and	grow-out	opera?ons.		While	the	informa?on	presented	represents	a	sampling	
from	many	different	environments,	e.g.	cold	water	vs.	warm	water	and	freshwater	vs.	saltwater,	plus	a	
variety	of	species,	there	is,	in	most	cases,	a	common	thread	applicable	to	almost	all	hatchery	opera?ons.	
In	most	cases	cited	in	this	report,	the	focus	will	be	on	carnivorous	species.	

Because	both	capital	investment	and	opera?onal	expenses	appear	to	be	the	most	discussed	topics,	we’ll	
first	look	at	extended	growth	fingerlings	and	related	expenses.		In	the	northern	states,	our	prime	interest	
might	be	with	walleyes,	muskies,	or	trout,	and	further	south	it	might	be	red	drum,	flounder	or	hybrid	
striped	bass	(HSB’s).		It	makes	liDle	difference.		The	survivability	of	releasing	smaller	fingerlings	into	the	
wild	is	much	lower	than	releasing	6-8	inch	extended	growth	fingerlings.	

The	short-coming	with	the	produc?on	of	extended	growth	fingerlings	has	always	been	the	extra	expense	
and	risks	associated	with	extended	care.		It’s	much	easier	for	a	facility	to	release	its	smaller	fingerlings	
into	the	wild	and	report	a	very	large	and	successful	plan?ng.		A_er	all,	who	can	be	responsible	for	the	
liDle	guys	a_er	they’re	released?		Addi?onally,	extended	growth	of	fingerlings	may	require	larger	holding	
facili?es,	and	new	capital	expenditures	with	lengthy	?melines	for	planning	and	permits---not	a	very	
popular	subject	these	days.	

Opera@onal	Expenses:	
Commercial	feed	or	forage	fish?	
In	almost	all	cases,	feed,	followed	by	labor,	is	the	major	opera?onal	cost	in	extended	growth	fingerling	
produc?on.		For	hatcheries	that	incur	a	cost	for	accessing	forage	fish,	“Ninety-two	percent	of	the	cost	(of	
raising	the	fingerlings)	was	the	cost	of	the	forage	itself.	(Engle	and	Southworth,	2010)		For	this	reason,	
the	“economics”	sec?on	of	this	report	will	focus	primarily	on	the	opera?onal	impacts	of	feed	and	related	
biological	impacts.	

Opera?onal	expenses	associated	with	extended	growth	fingerlings	(to	5-	10	inches)	o_en	starts	with	the	
feeding	of	live	zooplankton	to	fry	and	smaller	fingerlings	in	fer?lized	ponds,	followed	by	minnows	in	the	
same	or	different	pond.	(Summerfelt,	et	al.,	2016)		In	other	cases,	when	adequate	facili?es	are	available,	
smaller	fingerlings	are	moved	inside	for	habitua?on	to	ar?ficial	feed,	but	very	soon	a_erward	are	
stocked	elsewhere	---		o_en	because	of	lack	of	facili?es.		

A	very	revealing	study	out	of	the	University	of	Arkansas	at	Pine	Bluff	reports	on	largemouth	bass	
fingerlings:	“	4-inch	fingerlings	raised	on	forage	cost	$1.58	to	$1.63	per	fingerling,	but	4-inch	fingerlings	
raised	on	(commercial)	feed	cost	$0.14	per	fingerling	on	private	farms	and	$0.25	to	$0.26	on	public	
hatcheries.”		(Engle	and	Southworth,	2010)	

“The	produc?on	costs	were	similar	for	private	farms	and	public	hatcheries	where	management	prac?ces	
were	similar.		However,	private	farms	that	raised	feed-trained	fingerlings	stocked	at	higher	rates	obtained	
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greater	yields	than	did	public	hatcheries.		The	greater	yields	resulted	in	reduc?ons	in	the	cost	per	
fingerling.”		(Ibid.)	

“	Feed	training	cost	$0.0187	per	fingerling,	of	which	77%	was	for	krill	and	krill	meal.”		“When	raising	
feed-trained	fingerlings	to	4	inches	on	feed,	feed	accounted	for	16%	to	20%	of	total	costs.”	“6-inch	
fingerlings	cost	$0.27	to	$0.28	per	fingerling	on	private	farms	and	$0.68	to	$0.71	on	public	hatcheries.”	
“Fingerlings	stocked	at	higher	rates	in	private	farms	resulted	in	reduc?ons	in	the	cost	per	
fingerling.”	(Ibid.)	

While	a	lot	might	be	said	about	the	quality	of	forage	fish	versus	commercial	feed,	the	above	costs	are	
preDy	strong	indicators	that	we	might	want	to	start	looking	more	closely	at	using	a	high	quality	
commercial	feed.		Food	conversion	ra?os	(FCR’s)	for	forage	fish	are	about	4:	1	(with	forage	containing	
about	75%	moisture),	compared	to	commercial	feed	at	very	roughly	2:1	FCR	,	(and	only	10%	moisture).		
But,	in	fairness,	the	quality	and	amount	of	(good)	omega-3’s	and	(poor)	omega-6’s	in	many	commercial	
feeds	should	be	a	topic	of	major	concern.	

Full	Flow-Through,	In-Door	RAS,	Open	Pond,	or	In-Pond	Raceway	Systems	(IPRS)?	
To	be	clear,	this	researcher	is	sold	on,	and	has	financial	interest	in	IPRS.		Therefore,	we	will	be	blunt.		
Flow-Through	systems	are	nice	if	you	have	unlimited,	high	quality	water	that	you	can	send	downstream	
to	someone	else.		In-Door	RAS	systems	are	nice	if	you	like	expensive,	more	complicated,	failure-prone	
equipment,	and	like	robo	calls	and	texts	in	the	middle	of	the	night.		Open-Pond	technology	is	in-efficient,	
and	both	economically	and	environmentally	unsustainable	for	anything	other	than	hobby	farming,	if	
that.		IPRS’s	are	basically	simplified	RAS’s	in	a	pond.			IPRS’s	take	the	basic	func?ons	of	a	RAS	and	use	
largely	solar	and	wind	energy	(with	moderate	electric	power	consump?on)	plus	naturally	exis?ng	flora	
and	fauna	to	not	only	raise	aqua?c	animals	and	purify	the	water,	but	to	also	raise	pond-sourced,	cri?cally	
needed,	feed	supplements---omega-3	essen?al	faDy	acids,	and	bio-accumulated	lipids	in	live	
zooplankton.		The	severe	shortage	of	these	essen?al	feed	ingredients	during	cri?cal	?mes	is	a	major	
short-coming	with	most	other	aquaculture	technologies	and	will	be	discussed	further.	

Addi?onally,	algae	absorb	huge	amounts	of	CO2	and	produce	more	O2/acre	(>72%	of	the	earth’s	supply)	
than	any	land	plant.	

To	view	a	PowerPoint	presenta?on	comparing	the	economics	of	raising	caoish	in	an	Open-Pond	vs.	IPRS	
(and	saving	50%	of	opera?ng	expenses),	you	can	simply	Google	“Warecki	Open-Pond”.		To	see	what	a	
modern,	Floa?ng	In-Pond	Raceway	System	(Patented)	looks	like,	you	can	visit:		
www.superiorraceways.com		.	

	Algae	and	Zooplankton	Produc@on	in	IPRS’s	
Zooplankton	culture	in	fer?lized	ponds	can	o_en	be	a	challenge,	especially	with	unpredictable,	cool,	
cloudy	weather.		In	early	summer	of	2015,	we	aDempted	several	somewhat	novel	experiments	at	our	
experimental	farm	in	Steven	Point,	WI.		We	successfully	completed	the	spawning	and	hatch	of	bluegills	in	
ar?ficial	nests	within	one	of	our	small	(6,000	gal.)	floa?ng	in-pond	raceways.		While	this	was	not	
important,	we	concurrently	aDempted	to	culture	a	high	concentra?on	of	ro?fers	in	an	adjacent	floa?ng	
raceway	by	fer?lizing	the	raceway,	almost	elimina?ng	its	flow,	and	producing	a	fairly	consistent	algae	
produc?on.		When	an	algae	crash	began,	we	simply	fed	the	ro?fers	some	baker’s	yeast,	and	we	were	
able	to	retain	a	ro?fer	popula?on	comparable	to	what	might	be	found	in	a	fer?lized	2	acre	pond.		While	
most	of	the	ro?fers	ceased	carrying	eggs	for	a	few	days,	the	general	popula?on	declined	only	slightly.		
This	is	such	a	simple	procedure,	it	might	be	of	assistance	as	a	hatchery	back-up	plan.	To	be	sure,	
addi?onal	research	on	this	technique	would	be	helpful.	
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While	algae	may	hold	a	large	number	of	nutrients,	it	appears	that	it	may	be	the	lipids	that	are	of	prime	
value.		Nevertheless,	“The	presence	of	algae	in	the	rearing	tanks	improved	growth	of	red	drum	larvae…		
Growth	was	significantly	higher	in	larvae	reared	in	the	presence	of	algae.”		Addi?onally,	“…survival	was	
42%	higher	in	the	tank	containing	the	algae.		Significantly	higher	trypsin	and	aminopep?dase	ac?vity	was	
observed	in	the	presence	of	algae,	which	may	have	influenced	the	diges?on	of	the	diet.”	(Lazo,	Dinis,	
Holt,	Faulk,	and	Arnold,	2000)		The	addi?on	of	algae	to	the	rearing	tanks	of	marine	fish	larvae	(green	
water	culture)	has	shown	to	enhance	growth	and	survival	as	well	as	the	quality	of	the	fry.		(Reitain,	et	al	
1997).		“One	of	the	beneficial	effects	aDributed	to	adding	algae	is	an	increase	in	inges?on	rates	of	food	
by	marine	fish	larvae.”	(Naas,	et	al,	1992)	

If	you’re	familiar	with	“biofloc”,	you	might	think	about	uneaten	feed	and	feces	collected,	well	aerated	to	
promote	a	strong	aerobic	bacteria	growth,	and	then	de-watered	or	possibly	dried.		Superior	IPRS’s	can	
easily	collect	a	large	amount	of	the	uneaten	feed	and	feces	(and	algae)	for	transfer	to	a	dewatering	
system	on	shore.		Does	the	dried	biofloc	have	any	value?		“The	suitability	of	biofloc	(BF),	discarded	as	
waste	from	a	shrimp	farm,	was	inves?gated	as	a	dietary	replacement	in	rearing	shrimp	postlarvae	(PLs).		
Results	showed	that	PLs	fed	50%	biofloc	feed	had	significantly	higher	growth	rates,	compared	to	other	
treatments.		In	addi?on,	PLs	fed	with	50%	and	75%	BF	had	significantly	higher	survival	rates,	compared	
to	those	fed	with	commercial	feed	only.		This	study	demonstrated	that	waste	biofloic	has	poten?al	to	be	
used	as	a	cost	effec?ve	feed	for	rearing	shrimp	PLs.”	(Khatoona,	2016)		Keep	in	mind	that	the	animals	fed	
were	PL’s,	which	like	fry	and	fingerlings,	may	need	a	beDer	diet	that	adults.		Addi?onally,	outdoor	
sourced		biofloc	could	be	expected	to	have	a	much	beDer	nutri?onal	profile	than	that	from	an	indoor	
RAS.	

Turbidity	and	Total	Suspended	Solids	(TSS)	
Most	hatchery	opera?ons	like	to	operate	primarily	with	crystal	clear,	perhaps	almost	sterile,	spring	or	
well	water.		The	reasons	for	this	are	well	understood.	But	such	water	quality	can	be	far	different	than	
that	found	in	historically	successful,	natural	spawning	environments.	While	there	are	many	water	quality	
parameters	to	consider,	the	subject	of	turbidity	or	total	suspended	solids	(TSS)	is	one	that	is	a	more	
visible	and	rela?vely	easy	subject	to	monitor,	discuss,	and	control.		Tradi?onal	thinking	has	o_en	been	
that	higher	levels	of	turbidity,	which	are	o_en	linked	to	poor	husbandry	(tank	cleaning)	prac?ces,	can	
become	a	leading	cause	of	gill	disease	and	related	health	problems.		While	this	is	true,	a	certain	amount	
of	turbidity	has	been	shown	to	have	some	very	posi?ve	impacts.	

The	ques?on	should	be,	“What	is	the	composi?on	of	the	suspended	par?cles?”		If	it’s	algae	and/or	
zooplankton,	there	may	be	some	very	significant	nutri?onal	value.		If	the	bacterial	load	is	too	large	or	
inappropriate	for	the	species,	it’s	a	problem.		Fortunately,	most	seDleable	solids	are	fairly	easy	to	
separate	via	gravity.		IPRS’s	usually	use	a	“quiet	zone”,	which	is	proven	very	effec?ve.			

Micro	algae	smaller	than	10	microns,	which	can	be	very	valuable,	but	some?mes	troublesome	in	excess	
amounts,	can	be	separated	in	pond	water	via	“diffused	air	floata?on”	(DAF)	as	it	enters	Superior’s	
raceways.		The	DAF	separa?on	system	can	be	automa?cally	ac?vated	by	a	simple	TSS	sensor	in	the	pond.		
TSS	within	the	raceway	can	also	be	controlled	by	the	flow	rate,	type	of	in-tank	auxillery	aera?on	used	(if	
any),	feed	type,	baffles,	and	dwell	?me.	

One	of	several	benefits	of	an	appropriate	level	of	turbidy	can	be	its	affect	on	fish	behavior.		“The	findings	
in	the	turbidity	study	indicated	an	increase	in	habitua?on	survival	due	to	addi?on	of	turbidity.		This	
increase	in	survival	was	due	to	a	32%	reduc@on	in	cannibalism…”	.		“These	results	may	have	been	even	
more	pronounced	if	the	incoming	(control)	water	supply	had	been	substan?ally	lower	than	22	
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NTU.”		(	Johnson	and	Rudacille,	2005)		“Eleva?ng	turbidity	levels	in	culture	water	was	found	to	increase	
survival	of	walleye	fry	and	eliminate	wall-clinging	behavior.	(Bristow,	et	al,	1996)			

While	Johnson	and	Rudacille	(2005)	report,	“Prac?cal	applica?on	of	turbidity	on	a	produc?on	scale	is	
limited	because	a	large	amount	of	clay	would	be	required”,		this	author	would	report	that	it	is	definitely	
possible	and	prac?cal	on	a	large	scale	to	replace	clay	with	micro	algae	when	using	IPRS’s.		(We’ve	
successfully	done	this	many	?mes	at	our	research	facility	in	Stevens	Point,	WI.)	

Flow	Rates	and	Raceway	Cleaning	
Flow	rates	in	most	land-based	raceways,	tanks,	and	in-door	RAS	applica?ons	appear	to	be	restricted	by	
either	the	water	source	(e.g.	well	size),	the	size	and	scope	of	the	water	treatment	components	(e.g.	bio-
filters),	or	economic	opera?ng	considera?ons	(e.g.	electrical	costs).		O_en,	land-based	facility	design	may	
be	based	more	upon	waste	water	treatment	engineering	than	biological	understanding	of	the	species	to	
be	reared.		Addi?onally,	it	may	be	possible	that	as	the	main	ingredients	in	our	commercial	feed	have	
been	changing	from	fish-based	to	plant-based	proteins,	that	our	fish	might	require	greater	amounts	and	
types	of	“exercise”.	

In	general	terms,	“…most	raceways	are	operated	with	water	veloci?es	that	are	very	low,	from	1.0	to	3.0	
cm/sec	(0.033	–	0.1	_/sec.).			A	minimum	velocity	of	about	15	cm/sec	is	usually	needed	for	self-
cleaning”,	especially	for	smaller	fish.	(Westers,	1992)		When	raceways	are	loaded	with	larger	fish,	the	
ac?vity	of	the	fish	is	usually	sufficient	to	s?r-up	the	debris	on	the	boDom.		When	this	occurs,	water	
veloci?es	of	much	less	than	15	cm/sec	can	move	debris	downstream	to	collec?on	areas.		However,	the	
velocity	in	this	scenario	must	be	adequate	to	achieve	the	desired	water	quality	for	the	species	reared.		

For	fingerlings,	which	are	not	able	to	s?r-up	the	boDom,	this	can	be	achieved	through	spurts	of	in-tank	
aera?on.		Again	flow	rates	need	to	be	higher	than	the	seDling	rates	of	the	debris,	and	water	exchanges	
need	to	be	adequate	---	something	beDer	than	30	minutes/exchange.		In	an	8,000	gal.	raceway,	that	
exchange	rate	would	require	a	flow	of	about	300	gal/min.,	which	would	equal	about	1	cm/sec.		If	
fingerling	density	is	not	high	and	water	quality	parameters	remain	good,	a	smaller	flow	rate	might	be	
appropriate.	

In	reality,	most	fingerling	produc?on	in	raceways	is	augmented	by	cleaning	with	a	pool-type	cleaning	
devise,	either	manually	or	automated.		In	outdoor	sewngs,	concentra?on	of	effort	does	NOT	need	to	be	
on	removing	algae	that	might	be	growing	on	surfaces,	but	rather	on	uneaten	feed	and	feces.		Algae	and	
zooplankton	growth	may	not	be	esthe?cally	appreciated,	but	they	do	have	some	posi?ve	impacts	and	
significantly	reduce	labor	costs.	(Ibid.)	

Flow	rates	in	some	IPRS	have	a	unique	advantage	in	permiwng	very	high	flow	rates	(>10,000	gal/min)	at	
very	economical	costs	by	simply	increasing	the	airli_s’	capacity.		There	is	no	need	to	modify	solids	
collec?on,	bio-filters,	ozone	treatments,	replacement	water,	or	possibly	aera?on.		Likewise,	flow	rates	
can	be	easily	programmed	to	fluctuate	around	feeding	?mes	(for	prompt	removal	of	TSS	and	ammonia,	
and	increased	levels	of	fresh,	aerated	water.	

While	Westers,	and	others	(Ibid.)	have	reported	extensively	(and	advocated)		the	advantages	and	short-
comings	of	using	baffles	for	cleaning	raceways,	Superior	Aquaculture,	LLC	is	con?nuing	its	research	on	
the	use	of	a	singular,	moving	baffle,	unlike	others	previously	suggested	in	the	literature.		“With	a	gap	
one-tenth	of	the	water	depth,	water	velocity	under	the	baffle	is	approximately	ten	?mes	average	
raceway	velocity.		Generally,	op?mum	velocity	(through	the	gap,	added)	varies	from	15	to	25	cm/sec,	
depending	on	fish	size.”	(Ibid.)	
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“The	use	of	baffles	in	raceways	does	not	completely	overcome	the	shortcomings	of	providing	ideal	
veloci?es	for	fish	health	and	condi?oning.		Baffles	increase	veloci?es,	but	only	over	a	small	area	along	
the	boDom.”	(Ibid.)	

Velocity	and	Benefits	to	Fish	
Higher	raceway	veloci?es	have	very	major,	posi?ve	impacts	on	almost	all	measures	of	fish	health,	
growth,	and	survival.		Depending	to	some	extent	on	the	species	studied,	the	general	findings	are	that	
ideal	flow	rates	should	be	somewhere	between	1.5	and	2	?mes	the	Body	Length	of	the	fish.	(Ibid.)	
However,	a	minority	number	of	studies	have	shown	that	0.5	to	1.0	BL	veloci?es	have	worked	well.	A	
recent	study	on	Arc?c	charr	reports,	“The	threshold	speed	for	schooling	is	probably	somewhere	
between	0.5	and	1	body	length	per	second.”	(Saether	and	Siikavuopio	2009)		This	report	also	states	that	
“The	water	current	speed	should	always	be	kept	high	enough	to	support	schooling…	but	this	is	best	
judged	by	observing	the	behavior	of	the	fish.		This	sustains	self	cleaning	of	feed	and	reduced	aggression.”	
(Ibid.)	Therefore,	it	should	be	clear	that	both	water	velocity	and	fish	size,	plus	loading	density	all	need	to	
be	considered	and	observed	to	determine	op?mal	flow	rates.	

As	an	example,	a	4	inch	(10	cm)	fingerling	x	(1.5	BL)	might	find	a	flow	rate	of	15	cm/sec	ideal.		The	good	
news	is	that	with	a	15	cm/sec	flow	rate,	the	raceway	would	probably	be	con?nuously	self-cleaning---	a	
huge	asset	to	fish	health,	higher	stocking	densi?es,	and	labor.		But	the	bad	news	is	that,	again,	such	
veloci?es	are	rarely	achieved.	As	an	example,	a	38	_	x	8	_,	u-shaped,	Superior	Floa?ng	Raceway	(a	
smaller	unit)	that	holds	about	8,000	gallons	of	usable	water	would	require	a	tank	exchange	rate	of	about	
1	minute	and	a	flow	rate	of	about	6,000	gal/min.	to	achieve	15	cm./sec.		Fortunately,	this	can	be	
achieved	with	IPRS’s	in	several	ways	using	airli_s	and	a	2.5	hp	blower.		However,	the	ques?on	of	op?mal	
flow	rate	s?ll	becomes	a	tough	judgment	call---even	before	we	look	at	the	cost	of	energy	and	fish	health,	
both	being	major	factors	and	discussed	below.	

	Regarding	energy,	as	per	calcula?ons	of	Wurtz	(2009),	a	properly	manufactured	“rectangular	airli_”	
should	be	able	to	move	approx	3,547	gpm/hp	or	about	7,000	gal/min	with	a	2.5	hp	blower.		Superior	
Aquaculture,	LLC	has	recently	constructed	and	is	now	tes?ng	such	an	airli_	made	of	HDPE	plas?c.		
Results	appear	promising.			Approxima?ng	1,875	waDs	(1.8	kw)	electricity	@	$0.10/kwh,	the	electric	cost	
would	be	about	$0.18/hr	or	$4.32/day,	or	$130/month.		PreDy	economical	for	all	the	many	produc?on	
factors	covered!	

Knowing	now	that	high	veloci?es	are	possible,	let’s	take	a	look	at	some	of	the	long-known	and	some	of	
the	more	recent	findings	regarding	fish	health	and	water	velocity.		Totland	et	al	(1987)	“…found	
improved	survival	of	exercised	Atlan?c	salmon	over	caged	fish.		Loses	for	caged	fish	were	double	that	of	
exercised	fish.		Weight	gain	was	40	percent	greater	in	exercised	fish.		Meat	quality	was	9.2%	higher.”		
“Leon	(1986)	found	improved	disease	resistance,	growth	rates,	and	feed	conversions	when	brook	trout	
were	reared	in	veloci?es	of	1.5	to	2.0	BL/s.”		

“Josse	et	al	(1989)	maintained	rainbow	trout	at	sustained	veloci?es	of	about	2.5	BL’s	with	bursts	of	3.8	
BL’s	for	a	few	minutes	daily.	Con?nuous	swimming	also	had	a	posi?ve	effect	on	tail	muscle	development.		
Red	muscle	area	increased	17%,	the	white	9%	over	controls…		Furthermore,	muscle	fibers	increased	75%	
and	39%	in	number,	respec?vely,	resul?ng	in	denser	muscle	as	well.”		(Westers,	1992)	Among	other	
things,	Josse	concluded	that	the		faster,	con?nuous	water	movement	promoted		“…op?mal	distribu?on	
of	fish,	and	inhibi?on	of	territorial	behavior	which,	in	turn,	resulted	in	100%	increase	in	rearing	density	
over	the	control	group	(68.35	kg/m3	versus	35.98	kg/m3)”	(Ibid.),	or	0.7	Lbs/gal.	vs.	0.3	Lbs/gal.	
“Mortali?es	during	the	early	rearing	were	significantly	less	in	the	high	velocity	environment”	(Ibid.),	and	
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they	concluded	that	the	treatment	fish	would	be	beDer	prepared	for	survival	a_er	release.	(Westers,	
1992).	

“Earlier	studies	by	Poston	et	al.	(1969)	pointed	out	similar	benefits	to	rearing	at	high	velocity.		Brook	
trout,	exposed	to	veloci?es	in	excess	of	2.0	BL’s	had	increased	stamina,	more	efficient	feed	conversion	
ra?os,	and	faster	replacement	of	muscle	glycogen	a_er	exposure	to	strenuous	exercise	in	a	stamina	
tunnel,	compared	to	uncondi?oned	fish.		Those	authors	recommended	physical	condi?oning	of	hatchery	
trout	before	stocking.”	(Ibid.)	

According	to	a	recent	study	of	juvenile	salmon	by	Sven	Mar?n	Jorgensen	(2016)	and	others	in	the	field,	
“…exercise	challenges	the	salmon	and	allows	them	to	grow	beDer;	it	builds	stronger	cardiovascular	
swimming	muscles	and	increases	the	fish’s	physiological	capacity.		The	posi?ve	impact	of	exercise	was	
obvious:	beDer	growth,	enhanced	heart	health	and	physiology,	as	well	as	significantly	higher	survival	
under	PD-infec?on	trials.”		The	report	suggested	that	star?ng	the	exercise	via	increasing	flow	rates	early	
in	the	development	stage	was	very	important.	

“Behavioral	issues	like	tail-bi?ng	in	pigs	and	feather-pecking	in	hens	are	understood	and	extensively	
researched.		But,	the	reasons	for	fin-nipping	in	young	salmon	(and	some	other	species)	are	less	
understood.”	(Denton,	A.,	2016)	The	researchers	from	S?rling	University	confirmed	that	a	strong	
direc?onal	flow	helped	reduce	the	problem.		They	are	also	studying	the	use	of	what	they	hope	will	be	
stress-reducing	“toys”	in	the	raceways.		They	feel	that	a	few	strings	of	colored	plas?c	balls	or	fabrics	
suspended	in	the	water	might	help	improve	fish	behavior,	health,	and	wellbeing.		(Ibid.)	Could	be	good	
for	some	hatchery	managers,	as	well?	

Lastly,	“As	many	as	half	of	the	world’s	hatchery-bred	salmon	have	trouble	hearing	according	to	a	study	
published	recently	in	ScienHfic	Reports.		The	hearing	loss	is	owing	to	a	deformity	of	the	sagiDal	otolith,	
the	primary	hearing	structure	of	the	inner	ear.		The	researchers,	led	by	Tormey	Reimer	from	the	
University	of	Melbourne’s	School	of	BioSciences,	sampled	wild	and	farmed	salmon	in	Norway.		Their	
findings	revealed	that	the	prevalence	of	vaterite,	a	crystal	form	that	replaces	calcium	carbonate	in	the	
ear	bone	or	otolith,	was	ten	?mes	more	likely	to	appear	in	farmed	fish	than	in	their	wild	
cousins.”		(Reimer	and	Dodd,	2019)	

“The	vaterite	makes	the	bone	notably	lighter,	larger,	and	more	briDle,	ul?mately	affec?ng	the	ear	
func?ons,	poten?ally	having	a	nega?ve	effect	on	salmon	survival	ins?ncts.		Reimer	said,	‘The	deformity	
occurs	at	an	early	age,	more	o_en	than	not	while	fish	are	s?ll	in	the	hatchery,	but	that	its	effects	on	the	
fish’s	hearing	become	more	pronounced	as	?me	passes.		Reimer	also	said,	’Our	research	suggests	that	
fish	afflicted	with	this	deformity	can	lose	up	to	50%	of	their	hearing	sensi?vity’.”		(Ibid.)	

The	researchers	also	compared	fish	from	Norway,	Canada,	Scotland,	Chile,	and	Australia,	finding	that	the	
problem	was	global.	They	also	found	that,	“…the	deformity	was	much	higher	in	farmed	fish	than	wild	
fish.		Billions	of	hatchery-bred	juvenile	salmon	are	released	…	every	year,	and	their	survival	is	between	
10	to	20	?mes	lower	than	that	of	wild	salmon.”		(Ibid.)	

With	this	newly	discovered	problem	in	mind,	how	might	it	be	affec?ng	U.S.	hatcheries?		What	could	be	
causing	this?		Is	it	related	to	nutri?on,	environment,	or	gene?c	damage?		Stay	tuned	as	researchers,	
including	some	of	us	at	Superior	Aquaculture,	take	a	closer	look	at	the	issue.		

Some	Environmentally-Related	Factors	
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The	importance	of	reducing	stress	on	young	fish	at	the	cellular	level	is	a	key	to	improving	fish	health,	
all	fish	growth	parameters,	and	ul:mately	the	nutri:onal	value	and	health	impact	on	human	
consumers.			

Oxida?ve	stress	at	the	cellular	level	is	caused	primarily	by	an	insufficient	supply	of	an?oxidants	to	
counter	the	normal	metabolic	produc?on	of	free-radicals.		Free-radical	damage	to	exposed	strands	of	
DNA	are	especially	common	during	periods	of	rapid	cell	reproduc?on.		Omega-3	essen?al	faDy	acids	are	
an?oxidants	and	an?-inflammatories.		Omega-6’s	are	pro-oxidants	and	pro-inflammatories.		Both	the	
human	diet	and	that	of	farmed	fish	have	seen	a	tremendous	shi_	away	from	omega-3’s	and	toward	
omega-6’s.		In	humans,	this	dietary	shi_	is	largely	responsible	for	all	of	the	70	most	common,	chronic	
degenera?ve	diseases,	including	most	neurologically	related	issues.		In	fish,	the	incorpora?on	of	larger	
amounts	of	soybeans,	coDon	seed	oil	and	other	vegetable	oils	to	replace	fish	meal,	has	resulted	in	faDy	
liver	disease	(fish	diabetes)	and	numerous,	incalculable	fish	health	problems.		(For	more	informa?on	on	
this,	contact	the	author	who	is	also	the	Founder	and	Director	of	Medical	Research	Educa?on	(MRE)	
Associates,	www.mreassociates.org	,	and	a	specialist	in	human	prenatal	nutri?on	research.)	

Regarding	a	study	on	hybrid	striped	bass	and	some	of	their	cousins,	“Fish	fed	a	natural	diet	(fat	head	
minnows)	had	unsaturated	:	saturated	faDy	acid	ra?os	10%	-	25%	higher	than	fish	fed	a	commercial	diet.		
A_er	being	subjected	to	simulated	cold	fronts,	all	groups	fed	the	commercial	diet	suffered	high	mortality	
(50-90%),	whereas	there	was	zero	mortality	among	the	groups	receiving	the	natural	diet.”	(Kelly	and	
Kohler,	1999)	The	study	demonstrated	that	unsaturated	faDy	acids,	e.g	omega	-3’s,	when	added	to	
commercial	diets	can	significantly	improve	the	ability	of	fish	to	adjust	to	stressful	environments.	

According	to	Worldfishing	&	Aquaculture	and	PLOS	ONE	(June	2016),	“Dartmouth	College	scien?sts	led	
by	Anne	Kapucinski	have	discovered	that	marine	microalgae	can	completely	replace	the	wild	fish	oil	
currently	used	to	feed	?lapia”.		The	algae	was,	“…successfully	used	as	a	complete	replacement	of	fish	
oil…”	(Ibid.)	

The	Dartmouth	report	and	many	others	focusing	on	algae	are	all	poin?ng	in	the	same	direc?on.	
However,	the	most	exci?ng	revela?on	for	both	hatchery	and	grow-out	managers	is	that	many	can	now	
see	the	amazing	benefits	of	producing	and	u?lizing	much	of	that	some?mes	nuisance	algae	and	
zooplankton	found	in	their	ponds.		“When	green	is	gold.”	(Warecki,	2015)	

For	those	using	IPRS’s	that	capture	almost	all	the	uneaten	feed	and	feces	before	it	leaves	the	raceway,	
they	now	can	have	an	environmentally-sound,	renewable,	and	truly	green	“food	plot”	growing	right	in	
their	pond.		The	food	plot	serves	as	the	greatest	solar	energy	capture	and	photo-to-chemical	energy	
transformer	available	anywhere.		“One	acre	of	a	warm	water	pond	can	produce	up	to	10,000	gallons	of	
algae	oil	per	year”.		(Oakhaven,	2016)		It	can	even	produce	electricity.		Addi?onally,	the	algae	cells	act	like	
trillions	of	minute	sponges	and	absorb	as	much	soluble	reac?ve	phosphorus	and	other	solubles	as	the	
fish	urine	can	produce.		The	liDle	photo	absorbers	in	the	pond	even	move	so	as	to	maximize	absorp?on	
rates.		What’s	more,	the	photo	receptors	are	free	with	the	pond	water.	

As	if	the	algae,	itself,	isn’t	enough,	the	“crop”	of	algae	automa?cally	replaces	itself	and	then	fosters	
extensive	animal	life	in	the	form	of	zooplankton,	which	further	bio-accumulate	the	omega-3’s	and	other	
valuable	lipids.			

While	smaller	micro	algae	may	need	addi?onal	DAF	processing	in	order	to	be	removed	from	the	water	
column,	the	larger	algae	and	much	larger	zooplankton	readily	seDle	both	in	the	IPRS	fish	sec?on	and	in	
the	sediment	collec?ng	pod.		The	value	of	these	plankton	is	of	major	significance	as	an	in-house	feed	
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supplement;	an	automated,	environmental	water	quality	control	system,	and	possibly	an	addi?onal	
revenue	stream.		

	IPRS’s	have	been	shown	to	capture	more	phosphorous	in	their	sediment	collec?on	pods	than	is	fed	to	
the	system	via	fish	feed.	(Brown	TW,	et	al.	2011)		In	such	cases,	the	source	of	the	extra	phosphorous	
collected	must	be	coming	from	the	algae	and	zooplankton	collected,	which	obtains	it	from	“background	
phosphorous”	emiwng	from	the	environment---normally	old	pond	sediment,	tree	leaves	interjected,	etc.	

Not	wan?ng	to	forget	the	planet’s	top	predator,	it	should	be	noted	that	omega-3	supplementa?on	to	
standard	fish	feed	can	significantly	improve	the	omega-3	levels	in	fish	fillets---within	thirty	days.		This	
should	be	considered	a	maDer	of	public	health,	at	least	for	the	human	food	market.	

Conclusion	
The	implementa?on	of	IPRS’s	may	be	of	great	benefit	to	numerous	hatchery	and	fishery	managers,	both	
in	government	and	the	private	sectors.		It’s	hoped	that	the	above	summary	of	findings	will	be	helpful	and	
that	it	will	suggest	further	study.		The	website	listed	below	contains	addi?onal,	relevant	informa?on,	
especially	in	the	“Blog”	sec?on.		Ques?ons	or	comments	may	be	sent	or	phoned	to	the	author	via	the	
contact	info	below.	

Jay	Warecki,	Ph.D.	
Superior	Aquaculture,	LLC	
Summer	Address:	P.O.	Box	641	
	 	 				Baileys	Harbor,	WI	54202	
Winter	Address:			7324	Kings	Drive	
	 																		Ellenton,	FL	34222	
Phone:		(715)	340-0932	
Email:			info@superiorraceways.com			
Website:			www.superiorraceways.com				 				

References	
Bristow,	et	al.	1996.		Compara?ve	performance	of	intensely	cultured	larval	walleye…		Fish	Cult	58:1-10.		
Brown,	TW.	2011.	A	commercial-scale,	in-pond	raceway	system	for…	Aqua	Eng.	Vol	44,	72-79.	
Denton	A.	2016.	Hatchery	salmon	just	want	to	have	fun.	S?rling	Univ	and	Hatchery	Int.,	June.	
Engle	C,	Southworth	B.	2010.	Cost	of	rearing	largemouth	bass	fingerlings.	Univ	of	Ark-Pine	Bluff.	
Johnson	A,	Rudacille	J.	2005.	Stocking	densi?es	and	culture	environments…	walleyes,	Iowa	DNR.	
Jorgensen	SM.	2016.	Swimming	for	fitness.	Nofima	and	Hatchery	Int.,	June.	
Kapocinski,	A.	2016.	Fish-free	feed	breakthrough.	PLOS	and	World	Fishing	&	Aqua.	June.	
Kelly	AM,	Kohler	CC.	1999.	Cold	tolerance	and	faDy	acid	composi?on	of	striped	bass…NA	J	of	Aq.	61,4.	
Khatoona	H.	2016.	Biofloc	as	a	poten?al	natural	feed	for	shrimp	PL…	Intl	Biodeter	&	Degrad	June.	
Lazo,	et	al.	2000.	Co-feeding	micropar?culate	diets	with	algae…Univ	of	TX-Aus?n.	
Naas,	et	al.	1992.	Enhanced	first	feeding	of	halibut	larvae…	Aqua.	105,	143-156.	
Oakhavenpc,	et	al	2016.		hDp://oakhavenpc.org/cul?va?ng_algae.htm.	
Reitain,	et	al.	1997.	A	review	of	the	nutri?onal	effects	of	algae…Aqua	155,	207-221.	
Reimer	and	Dodd.	2016.	Hatchery	bred	salmon	hard	of	hearing.	Sci	Rpts	&	Hatch	Int,	June.	
Saether	BS,	Siikavuopio	SI.	2009.	Water	quality	requirements…Arc?c	charr.		Nofima	Marin.	
Summerfelt,	et	al.	2016.	Walleye	fingerling	culture	in…	Iowa	State	Univ-Ames.	
Totland,	et	al.	1987.	Growth	and	composi?on	of	the	swimming…	Elsevier.	
Warecki	J.	2016.	FACTS	if	in-pond	raceway	economics.	PowerPoint.	

� 	9

mailto:info@superiorraceways.com
http://www.superiorraceways.com


Westers	H.	1992.	Fish	Rearing	Units.	Michigan	DNR.	
Wurts	WA.	2009.	Rectangular	Airli_	Performance.	PowerPoint.	Kentucky	State	Univ.	

� 	10


