Reference material for this lecture:Westers & Weeks
“Principle of Intensive Fish Culture” workshop.
Agquaculture Bioengineering Corp.



§‘Ome of the basics:

e in oxygen and give off CO2
In in blood is the oxygen carrier

e (CO2) is a gas which can readily
1bine ater

ish “pee” ammonia compounds (NH4 and
H3+1§ these also combine with water

gasses abide by the rule that high pressure will
ways seek out low pressure and try to equalize

is a measure of acidity - the HIGHER the
ber, the LESS acid a substance is. LOW pH
means HIGH acidity.

7. Alkalinity is a measure of hardness, or how much
Calcium 1s in the water. Calcium likes to combine
with other elements and acts as a good “buffer”

C




tes Produced by Fish during and after

1 Diox

out fish in a raceway the water coming in goes out
ean as it entered. Adding fish and feed that the fish
ume to gain energy results in waste excreted into
aceway 1n the form of feces, CO2, and Ammonia
bined with uneaten feed, deteriorates water quality.

| nain factor responsible for deteriorating the rearing
environment of a raceway is feed._ Not just as a waste
product either.

- @ The main factor that limits fish production is oxygen.




“Available Oxygen

DOout = Available Oxygen

] - Out = 7mg/1 the DO available
on = 3mg/1

1g salmonids in a non-

>m should not fall below

e more oxygen flow to a raceway the

ore fish it can support up to a certain

int. Increased feed and excreted metabolic
~ wastes combined with density will
eventually become limiting for the rearing
area regardless of flow.




Respiration
em with very high DO’s:
Der saturation)

‘and this can interfere
ce) CO, excretion — less water contact.

: — reduction can create
- problems (e.g. removal of waste products)



bolic Rate as it relates to dissolved oxygen
available

00 300 400 500 1000

> 468 630 130 260
39.0 588 786 162 3.24
64 516 /8.0 1044 130 259
18 618 936 126 156 312
8 40.2 (7.4 117 157 194 389

I/h of water fish must pump across their gills based on an uptake
efficiency of 32% at various DO levels and MR’s.
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Carbon Dioxide

ng/l of oxygen consumed by fish
O2 is excreted into the water.

ion COz is released into the water

on compounds.
CO3 = Carbonic Acid
"3 = Bicarbonate ion
' = Carbonate ion
= Carbon Dioxide gas or free CO2

Carbon Dioxide gas is harmful to fish



‘Carbon Dioxide

ith water to form H2CQO3 or
can lower pH

1it10: al CO2 @ water increases the
sure on the water side - this means it’s
1 for the fish to get rid of what’s inside

n can't get rid of CO?2, it builds up inside

the
= Lowers blood pH
= Reduces ability of hemoglobin to deliver oxygen



‘ aseous) Is Toxic
Ut h free CO,? Table I-3

May have to control CO.:

Chemical
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~ Alkalinity in mg/l (15° C)

200 250
184 230
116 145
73 92
46 58
29 36
18 23
12 15
7 9
5 6
3.0 3.7



2 can build up in the blood of a fish even in a
y oxygenated environment.



—

ugh respiration by the fish COz2 is

d into the water 1§ivilr|1_% up hydrogen
' e pH.

ease in the fish’s bloodstream

= [n a highly oxygenated environment the fish does
not have to move much water across it gills to get
oxygen, therefore less CO2is removed from the
bloodstream.

If the rearing environment has a high
concentration of CO2 the simple process of

smosis can make it difficult for the fish to expel
the gas.

= Once again, CO2 buildup in the
bloodstream lowers blood pH and makes it
difficult for the fish to bind oxygen.



Ammonia Nitrogen

60 - 90% of ammonia produced by fish is excreted
through the gills, it requires less energy than
forming urea.

Meters used to measure ammonia only sense total
ammonia. Ammonia excreted into the water ionizes
into NH4 and unionized NH3 which is toxic to fish.

There are tables to calculate what portion of the
total ammonia nitrogen measured is the toxic form
(NH3) with known temperature and pH.

One full increase in pH creates a ten fold increase in
harmful NH3

In flow through systems with low pH and
hardness, Ammonia is not a factor limiting
prOdUCtlon Ammonia Meter Kit

easures total ammonia directly in ppm or mg/l. With its
ha w that all-important
- = ST ..1.




Table 1. Percent of total ammonia that will be in the toxic form over the range of pH and
temperature listed.

Am m O n i a I eve I S Water temperature (°C)
as they relate to o 10 s

6.0

temperature and 62
6.4
p H 6.6
6.8
7.0

7.2
7.4
7.6
7.8
80
8.2
84
8.6
88
9.0

SQURCE: G.A. Wedemeyer, 1996. Physiology of Fish in Intensive Culture. pp 232
Chapman and Hall, New York (HIGHLY RECOMMENDED RESOURCE!)




we have the simple



Raceway Waste Management

ic environment a fish lives in
thing it needs to survive and

0od and oxygen are obtained from the same
ter the fish excretes metabolic waste into.

ntaining a healthy rearing environment can
a challenge essential to producing healthy
lts.

= The unique environment the fish lives in
combined with other factors that exert negative
pressures can lead to stress and disease.



oduction Theory

yroduction of intensive aguaculture
s IS based on feed.

Input

Growth and production

!

O, consumption & waste build up
to fish tolerance levels



Energy In; Lost; Used; Stored.







shing Loading Values
») L0l N e) 4 - (DO) First limiting carrying capacity factor.

‘best expressed in terms of feed! (OF)

- OF = Gram O, per kg feed
Per kg: 200 to 250g
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Other factors affecting
o roductlon levels

ures such as

10N

ter qu
owding
0gens

t fish culturists

- Providing a stress free healthy rearing
- environment will minimize disease and enable
- you to meet production goals.




biress in the presence of pathogens & poor
water quality will often lead to disease

Environment Pathogen




| celihood of an epizootic
case outbreak).



Waste Management continued

healthy rearing environment is a matter
quality with adequate flow.

iceways are essentially settling
velocities in the range of 1-

ins with
n/s. |
7 velocities do not enable the raceway to self

n. Self cleaning raceways require a velocity of
Ocm/'s.

D1Cc

aspended solids in raceways are elevated due to
= Uneaten Feed

= Fecal Material

= Silt, sand and organics in influent water supply



Typical Raceway Dimensions
(Plug-Flow Rearing Unit)

A
—_——t = po—— PR s e (S S p o= T ST | S SR o fom X >
S | - s | mrmemo [ S, P s O N F——- poaafeap eaia b siaiae [ R ,.§ Y
_._._._..’ e P = = — O O ) P> =P . | .

Mlchlgan 100’ x 10’ x 2.2’ with Baffles QZ = 100 Ft?

_____ AT T T T TTRT

Total Volume 220 Ft3

*R=3.6 Q=990 GPM Baffles Move Solids
Jee Vh = 910’/8

2>
L1
llll

Total Volume 8100 Ft2 Q =6.0 c/s (2693 gpm)
*R=2.66**Vh=0.11"/s

B. “ldaho” 150’ x 18’ x 30’

Fish Move Solids — (re-suspension)

*Rvalue - R= — Qx8 **VVh value = Vh =1 xR
' RV 3600




ish in the raceway contribute to
quality by excreting metabolic
eakmg down solids by agitation
mming. “Fish - we could get so much
1d here if we didn’t have ‘em”

s function as settling basins,
isturbed by fish activity
particles.

spension longer and

N/ / 1
V V C

mto

T artlcles remain
ill irritants.

Smaller ¢
water at fa
sma




Vianaging the Problem

ately most raceways have not been designed with self
water quality as the driving design force.

e been designed to accommodate a production

der for baffles to be effective the velocity in the raceway
s to be a minimum of 3cm/s.

een the bottom of the baffle and raceway floor. Forcing the
wough this gap increases the velocity and moves solids to
d of the raceway.

The end of the raceway should have a quiescent zone (QZ)
equivalent to 15% of the volume to act as settling basin for solids
removal.









emember our old friends?



.Ufs‘.&, the fish in our care
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Loading

Density

g (Ld) And Density

Ib/gpm
Cap |
|b/ft3

@)

(RV)
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1 Linear khaceways - a
ynship of flow and

V=Lm x R
36

Example; WLH R1 (30.5x1.3)/36 = 1.1cm/s

36 = seconds/hr
100

The 4 stooge - velocity



imple Problems

=L 25m W=3m d=1m
- 22kg/m3

/ much flow (Q) is required for an R of 17?
?,OOOIpm, what is the turnover rate (R)?
= 75m3 R=2.4 what is Q?

is R if D = 22kg/m3 and Ld =1.5kg/lpm?
5 Ld if R = 27
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