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Pref<Jce 

This report represents a Technical Completion Report of a 15 month 

study entitled, "Aquaculture Techniques: Water Use and Discharge Quality". 

The supporting agency was the Office of Water Research and Technology, 

Department of the Interior. The project was administered through the Idaho 

Water Resources Research Institute, University of Idaho. 

In writing this report, we have attempted to present our findings and 

conclusions from a practical standpoint. It is our hope that fish culturists 

in both the public and private sectors of aquaculture will find some of the 

concepts and methods contained herein useful. 

The collaborative efforts of the Idaho Department of Fish and Game are 

gratefully appreciated - especially the personnel at tl1e Rapid River Salmon 

Hatchery and the Hagerman Trout Hatchery. 
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I. INTRODUCTION 

Abatement or, at least, reduction of pollutants in ground waters and 

streams is currently a national priority. In this regard, the Environmental 

Protection Agency in 1974 issued a "Developinent Document for Proposed 

Effluent Limitations Guidelines ~nd Performance Standards for Fish Hatcheries 

and Farms". The final regulations have not been promulgated but the issuance 

of permits, based upon the proposed guidelines, has been in pro gress for the 

past year or two. 

Although the initial discharge limits in effect until June 30, 1977 for 

ammonia-nitrogen and solids (both suspended and settleable) were not too 

restrictive, the limits proposed for the period beginning 1 July 1977 are quite 

restrictive and will require extensive modification of current fish culture 

practices at most fish hatcheries and farms in IdCJho and elsewhere in the nation. }'< 

The proposed limits were derived largely from data gathered empirically and, in 

the opinions of many, are rather unrealistic. furthermore , current fish culture 

methodology is not CJdequate to predict the time CJt which the limits will be 

exceeded in a given fish culture situation. In other words, an individual will 

not knm.,r he has exceeded the pennitted dis c har ge limitations until he has done so. 

Idaho currently ranks tl1lrd behind Washin g ton and Oregon, in that order, 

in numbers of existing hatchery facilities. However, in terms of pounds of 

fish produced, Id<J.ho le<J.ds the nation in trout t1nd salmon production. The 

commercial f·ood fish indus try in Idaho produces 15-20 million pounds .of rainbow 

trout c:wd channel C;-ttf.Lsh annually in 69 currently licensed facilities. This 

is approximately 90% of the nation's commercial pcocessed trout production. 

The Idaho Department of Fish and Game currently operc:~tes 17 hatcheries 

out the state. · In PY -19 7l~ the Department releCJ sed 9. 3 million spring 

salmon, 0.3 million summer chinook salmon, 6.7 million steelhead, and 5.2 
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million rainbow trout. During the same period the three U.S. Fish and 

· Wildlife Service hatcheries in Idaho released 1.8 million steelhead, 3.0 

million kokanee, 1.5 million rainbow trout, and 0.8 million spring and 

summer chinook salmon. 
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The majority of the commerc,ial fish fanns (1~6 out of 69), one National 

Fish Hatchery, and three Idaho Department of Fisl1 and Game hatcheries lie 

along a 25-mile stretch of the Snake River ext ending from Twin Falls down

stream to Hagerman (Figure 1) . The current s t<-tnding crop; i.e. , pounds of 

fish on hand each day, in these hatcheries is es tim..'lted at 6-7 million pounds. 

At a dietary efficiency of 65% and at an average feeding level of 3% . of 

body weight (bas ed upon current practices), these facilities discharge an 

estimated 63,000-73,000 pounds of biological contaminants daily into the Snake 

River (Klontz and King, 1975). 

Based upon the foregoing , at least two problems regarding fish hatchery 

and farm effluents become apparent : 1) How to reduce economically the waste 

load in effluents from fish culture operation s ; 2) How to raise fish within 

the permitted discha rge limitations. 

This project was des i gned to define the problems, to test methods for their 

resolution, and to implement thos e methods deemed most appropriate for the 

particular situation. It had the following obj ec tives: 

1) To determin e the r.:1 te (lbs/100 kiloc.J.lories metabolizable energy / 

1 b of feed) of produc lion of the foll(nv lng by r a l.nbow trout. 

a) carbon cl.ioxicl e 

b) ammonia nitro ge n 

c) phosphate phosphorous 

d) solids ( s uspc nclcd and settleable ) 

e) dissolved oxyge n depletion 
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2) To determine the optimum pounds of rainbow trout per inch · of body 

length per cubic foot of water per water change per hour. 

3) To construct and to test a rainbow trout production program designed 

to predict the time at which the following will exceed levels established 

for the particular situation: 

a) lbs fish/in. body length/cu.ft. of \.Jater/water change/hr. 

b) carbon dioxide 

c) ammonia nitrogen 

d) pho s phat e phosphorous 

e) settleable solids 

f) suspended solids 

g) dis solved oxygen depletion 

This project derived its data inputs from a highly controlled laboratory 

study and from field studies at the Hagerma n State H~tchery, Idaho Department 

of Fish and Game. 

References Cited 

Klontz, G.\.J. a nd J.C. King (1975): /\qu.qcult11r e in Idaho and Nationwjde. 
Res. Tech. Compl. Report Im.JR Proj. /1 5-080. 
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II. fACTORS i\fFECTING THE PRODUCTIVITY OF 

AN AQUACULTURE FACILITY: A CO~U1ENTARY 

In any aquaculture facility the following are identifiable as major 

components: fish; water; container ; nutrition; management. Each has one 

or more interactions with each 'other and each consists of sev~ral unique 

factors which may or may not be present individually at any one particular 

facility (Table 1). Nonetheless , when each is present it can have some 

positive or negative influence on the productivity of the facility. 

The factors associated with each major component can, in most cases, 
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be quantitated. Also, each factor must be considered as having either a 

cause or an effect role with one or more factors. For example , if the water 

de pth in a pond of fish \.Jere decreased by 30% with nothing else changed, 

the following direct effects on the fish would occur: l) increased swimming 

activity; 2) increase d density; i.e ., pounds of fisl1 per cubic foot of water . 

i\s a result of the increased swimming activity tl1e following would occur: 

1) increased oxygen dema nd; 2) increased nutritional demand; J) decreased 

growth rate. The point be i ng made is that altering one of the many variable 

factors in an cH[uC1culture facility has either direct or jndirect effects on 

one or more other components. To accurately as s ess the effects, the direct 

effects must be co nsidered separately from the indirect. For example, in 

the original illustration, the \..rater depth was decreased by 30% and one of the 

indirect effects of this on the fish was to de crease the growth rate. This 

effect could be offset C[Urtntitatively hy increasing the feeding rate. However, 

what will be the effects on the fish by incrensi ng the feeding rate? First, 

there will be an incre.::tsed oxygen demand - in oclclition to the oxygen demand 

cr ea ted by the increa sed swimming activity . Second , tl1ere will be an expec ted 

change in growth r ate . Indirectly, on the environment; i . e ., the water, there 

will be the following effec ts: 1) in creased <lmmonia-nitrogen production; 
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increased solids production; 3) decreased carrying capacity. It then 

follows, then to consider wltat effects these environmental changes have 

on the fish. As can be seen, it is no easy matter to manage environmental 

causes and effects in an aquaculture system. 

6 

When considering several of the direct and indirect cause and effect 

interrelationships of the variables found in an aquaculture system (Table 1), 

it is our recommendation that a chart (Figure 2) be constructed listing the 

individual variables cl1anged along one axis and the variables affected 

directly and inversely along the other axis. By ascribing the letter D for 

direct cause and effect and the letter I for inverse cause and effect, one 

can visualize the far-reaching effects of altering a variable and what 

variables can be altered. 



..., • J ' 

Table 1 . Interdependent and independent variables affecting fish 
production. 

I. Fish Associated 

A. Ammonia-nitrogen 

B. Behavior 

c. Nutritional requirements 

D. Environmental requirements 

1. Physical 

2. Chemical 

E. Growth rate 

F. Infectious disease 

G. Length-weight relationship 

H. Product definition 

I. Cannibalism 

J. Oxygen uptake 

II. Hater Associated 

A. Dissolved oxygen 

B. Nitrite-nitroge n 

C. Alkalinity/Hardness 

D. pH 

E. Inflow in gpm of cfs 

F . Suspended solids 

G. Settleable solids 

H. Temperature (constant or variable) 

I. Carrying capacity 

J. Agricultural contam.Lnants 

K. Industrial contaminants 

7 
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Ttib le 1 . Continued. 

L. Municipal contaminants 

M. Natural contaminants 

N. Utilization 

0. Salinity 

III. Container Associated 

A. Water volume 

B. Water velocity 

C. Composition 

D. Water flow pattern 

E. Outfall design 

IV. Nutrition Associtit ed 

A. Feeding rate 

B. Feed efficiency 

C. Feed style 

D. Nutritional quality 

1. Proximate a nalysis 

2. Metab olizab le energy 

E. Feed storage 

V. Hanagement As soc iated 

A. Fish sampling techniques 

B. Feedtng frequency 

C. Feeding t e chniques 

D. Record keepin g 

E. Pond cleaning 

F. Fish size grading techniques 

G. Hanagement pro gr a mming 

H. Management objectives 

8 



Figure 2 . Chart of the direct (D) and indirect (I) effects of cha ng ing variables in an aquaculture system. 

Factors Affected 
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rate D D D/I 

~.Ja t e r 
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I 
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I 
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I 
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( DO) 

Te mpe r ature I D/I D D 

De nsit y 

I 
factor D I I 
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I 
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III. FACTORS IN HASTE PRODUCT GENERATION: 

A REVIEW · 

Fish are nonconsumptive users of water; however, · they do alter 

biologically the \.Jater in which they reside. The more important biological 

alterations include: 1) increased nitrogenous compounds; i.e., ammonia

nitrogen, nitrite-nitrogen, and nitrate-nitrogen; 2) increased carbon 

dioxide and phosphates; 3) increased solids - both suspended and settleable; 

4) decreased dissolved oxygen; 5) increased biological oxygen demand (BOD). 

The generation of waste products in an aquaculture facility consists 

of a rather complex series of interactions among fish, nutrition, water, and 

management. The container component does interact to some degree but is 

largely dependent upon the interactions of tl1e other components. Simplisti

cally, tl1e fish-nutrition interactions would seem to be the most important 

but they are modified drastically by the interactions with and among the 

other two components. 

The readily identifiable fish-associated factors . involved in the quality 

and quantity of waste product generation are : 

1) Size: Currently, fish being raised in Idaho range in size from 1" 

to over 12". The smaller fish eat more; i . e., a higher percentage of 

body weight, than do larger fish; but there are generally less pounds 

of small fish on hand at any one time. Also, the presence of small 

fish in a fish culture facility, especially one producl.ng a game fish, 

is seasonal with tl1e highest poundage occurring in the fall and winter. 

2) Species: In ldaho, the following fishes 0re being reared in 

hatcheries and f ·arms: rainbow, steelhead, brook, brown , cutthroat, 

kokanee, Dolly Varden, coho, spring chinook, summer chinook, grayling, 

channel catfish, blue catfish, Tilapia, ma c k.Ln<Jw, and Kamloop . It 
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has been convenient to assume tl1at all species of salmonids are similar. 

In many respects they are but each has its own unique behavior, space 

requirements, nutritional requirements, temperature preferences, growth 

rates, and metabolic pathways. 

3) Growth rates: Growth rates of fish ace intimately dependent upon '. 

water temperature and caloric intake. Under optimal conditions for 

the species being raised, the growth rate of salmonids can approach 

1. 5 inches per month. 1\.t this level the c.:.1loric intake is approximately 

twice that required for \vha t would be cons trued as a "normal" growth 

rate. Conservation hatcheries; i.e., state and federal, as a general rule 

grow fish at a lower rate than do commercial hatcheries. Therefore, the 

waste load generated in pounds per 100 pounds of fish daily from a 

commercial facility could be greater than that generated from a conser

vation facility. 

The readily identifiable nutrition-associated fac.tors involved in the 

quality and quantity of waste product generation are: 

1) Metabolizable energy: It is generally accepted that salmonids require 

1650 kcal per pound of weight gain and that catfish require 1750 kcal per 

pound ·of wei~1t gain . Commercially available feeds contain 1100-1200 

kcal metabolizable energy per pound. Theore tically, then, a feed conver-

sion, i.e., pounds of feed required per pound of gain in fish, of 1.5-1.375, 

respectively, could be expected for sa]_monids and 1.59-1.46, respectively, 

for catfish. This suggests that for each pound of feed fed to salmonids 

there is 0.33-0.27 pound, respectivel y , of waste generated. For catfish 

there would be 0 . 37-0 .32 pound, respe c tively, of waste generated per 

pound of feed _ fed . 

2) Feed conversion (or dietary efficieu~: As has been stated, under 

ideal conditions 1.375-1.5 pounds of f e ed will produte a 
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gain in salmonids. However, in practice this does not always occur. 

The "real life" feed conversion range from 1.J-1.5 for small fish 

( 1"-3''), 1. 5-1.7 for medium sized fish (3"-8''), and 1. 8-2.0 for 
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large fish (8"-12"). This makes estimating the waste load in discharge 

waters difficult. 

3) Quantity: The quantity of feed fed daily is directly dependent 

upon the desired growth rate, fish size , and dietary efficiency. This 

can be expressed as the pounds of feed per 100 pounds of fish being 

calculated from dividing the Pond Constant by the length (in inches) 

of the fish being fed. The Pond Constant is derived by multiplying 

the 6L (daily length increase in inches) by tl1e estimated or historical 

feed conversion ancl then multiplying the result by 300. The 300 is 

derived from a length-weight conversion factor of 3 and a decimal

removing factor of 100. An example of feeding different lengths of 

fish at frequently used Pond Constants is presented in Table Z. 

TI1e readily identifiable w~ter-associated factors involved in the 

quality and quantity of waste product generation are: 

1) Temperature: Salmonids growing at their preferred water tempera

ture - termed the Standard Environmental Temperature (SET) - can 

increase their length by nearly 1.5 in c hes per month. For each ° F 

decrease from the:i.r SET, salmonids decrea se their metabolic rate by 

apprbximately 5% and, correspondingly, their metabolic intake and 

waste product output. The fish-raising facilities in the Hagerman 

Valley are supplied with year-around 59° f water. Facilities in other 

parts of tl1e state have seasonal water temperature fluctuations 

ranging from the low-40's to the lmv-60' s . 
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a 
Table 2 . Pounds o£ feed and pounds \vast e gencr.:1 ted per 100 pounds of 
fish at length (L) 2t different Pond Constants (PC)b. 

PC 12.5 PC 15 PC 17.5 PC 20 

lbs lbs lbs lhs lbs lbs lbs 
L feed waste feed \vas te feed waste feed waste 

1 12.5 4.1 15.0 5.0 17.5 5.8 20.0 6.6 

2 6.3 2. 1 7.5 2.5 8.3 2.9 10.0 3.3 

3 4.2 l. l~ 5.0 1.7 5.8 1.9 6.7 2.2 

4 3. 1 1.0 3.8 1.3 4.4 1.5 5.0 1.7 

5 2.5 0.8 3.0 1.0 3.5 1.2 4.0 1.3 

6 2. 1 0.7 2.5 0.8 2.9 1.0 3.3 1.1 

7 1.8 0.6 2.1 0.7 2.5 0.8 2.9 1.0 

8 1.6 0.5 1.9 0.6 2.2 0.7 2.5 0.8 

9 1.4 0 r . _) 1.7 0.6 1.9 0.6 2.2 0.7 

10 1.3 0 .l~ 1.5 0.5 1.8 0.6 · 2.0 0.6 

a 
Using the Buterbaugh-Willoughby modification of Haskell's method. 

b Using the Willoughby et al. ( 19.72) method. 

c PC L Conv . 

12.5 0.078 1.5 

15 0.033 1.5 

17. 5 0.038 1.5 

20 0.044 1.5 
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2) Dissolved oxyge n: Host fl.sh - salmonids, in particular - require 

a minimum of 5 mg/1 dissolved oxygen. At this level growth is marginal. 

For optimum growth, fish-raising waters should be 95 % saturated with 

oxygen, with both temperature and altitude affecting the oxygen

carrying capacity. Spring ~aters in the Hagerman Valley have dissolved 

oxygen .levels of 9.0-9.3 mg/1. 

As was noted earlier , small fish have a higher metabolic rate 

than do large fish . Correspondingly, the oxygen demand in small fish 

decreases with age. Carrying capacities of fisl1 raceways and ponds, 

in pounds per cubic foot of rearing space or per ~allon per minute of 

water in-flow, are calculated by taking into account the amoun t of 

available dissolved oxygen and the oxygen demand for the particular 

sized fish. 

The readily identifiable management-asso cii:lted factors involved in the 

quality and quantity of waste product generation are: 

1) Feeding techniques : In Idaho, fish are fed by hand, by truck

mounted blowers, by track-mounted blowe rs, by stationary, mechanical 

feeders, and by demand feeders. Each style has its unique favorable 

and unfavorable qualities. As a general rule , hand feeding is the 

least wasteful and th e most accurate but the most costly from a labor 

standpoint. UnE~nten feed contributes significantly to the solids load 

in the discharge and to the increa sing cost of raising fish . 

2) feeding fr equency: Fish fed several t imes eoch day generally 

pe rform bett e r tlwn do fish f ed only onc e or twice a day. Also, there 

is less likelihood of wasting feed with i11 crensed feeding frequency. 

3) Growth progrnmmLn g : This is a rela tively new fish culture practice 

which is receiving increasing interest and application. It has its 

basis in takin g into account all the interactions of fish, water, 



container, nutrition, and management so th~t a desired product may 

be obtained within the scheduled time. It also has the benefits of 

reducing production costs, increasing production efficiency , and 

reducing loss-of-production potential. 

4) Pond cleaning, inventorxing, harvestiog, and grading: These acts 
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on any fish-raising facility are often referred to collectively as 

"working the fish". On any occasion when fish are handled, sediments 

(uneaten feed, fish feces , algae, etc.) are disturbed and swept out in 

the discharge. More frequent cleaning of ponds decreases the sedimented 

load ~1ich decreases the BOD and which, in turn, increases the fish 

carrying capacity of the pond or stream below the discharge. It 

should also be pointed out that any working of the fish creates a 

potential health hazard for the fish. The inherent stress may by 

itself be lethal or it 1Jl.c1.Y induce a .latent microbial infection into 

becoming a clinical outbreak resulting in a significant economic loss. 
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IV. GROW'l1l -AND GROWTH PROGRJ\N.HING: A REVI D..J 

Growth of fish in an aquaculture system can be quantitated by documenting 

changes in length, weight, or number of fish per pound. All three are 

currently used by fi s h c ulturists . 

Growth programming is the practice of predicting the rate of growth during 

a period of time termed e ither the growth per iod or inventory period. It has 

as its basis the ove r-all gain in either pounds or inches divided by the number 

of growth or inventory periods available. On most facilities the growth period 

is 14-15 days while on so me it. may be 30 days. For example, in a conservation 

hatchery raising fall-spawning rainbow trout for mid-summer release into the 

wild as 7-inch fish, will have approximately 8-9 months production time. 

Assuming that the facili ty has 15C water, the grm-.rth rat e can exceed 0.5 in . 

per 14 day period. Ass uming further that the fish c ~m be ready for programmed 

growth (i.e., 1.35 in. or 1000/lb) 1-2 months afte r the eggs are taken, it 

will leave 6-8 months actual growth time . This means that the fish will have 

to grow 5.65 in. in 7 months (av.) or 0.4 in. per 14-day period. The problem 

now is how to do it 1...rith the reasonable assur[lnl:e meetin g the deadline. 

Before dealing \v i th the above probl en, s pecif ically , . there is another 

problem which must be cons ide red; n·tJ mely, pond loa din g or carrying capacity. 

Every fish raisin g facili ty consists of some sort of ponds into and out of 

which water flows to keep the fish hale and hc.1rty. The interr elationships 

. of pond and water flow are integral component s of gr m.,rth progranm1ing. The 

fish de pend upon th em fo r life support (DO) , removing the accumulated excretory 

products (NH
3

-N and solids), and for providing ll1e environment in which the 

innate behavior patt ern requirements of th e fjsh are me t. 

l 
r 
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To date there have been seven published methods to determine the 

carrying capacity of a pond (Haskell 1955; Willoughby 1968; Elliott 1969; 

Westers 1970; Piper 1970; Liao 1971; Piper 1972). Each of the seven takes 

into account two or more of the following variables occurring in the 

sys tern (Appendix I ) : 

Fish associated - growth rate 

weight 

length 

oxygen uptake 

Pond associated - volume 

Density Index 

Water associated - inflow 

changes per hour 

temperature 

dissolved oxygen 

elevation 

lbs fish/gpm 

lbs fish/cu. ft. 

lbs fish per pond 

Feed associated - feeding rate 

Carrying capacity values obtained from applying each method to a fish 

raising system appear quite realistic when viewed individually; however, a 

wide disparity among values is seen when th e individual values are vimved 

co 11 e c t i v e 1 y (Tab 1 e 3 ) . The p r i rna r y rca so n f o r this 1 i c s in the fa c tors 

taken into account by the individual method s (Table 4 ) . 

17 

Haskell's Feeding Level ~1ethod estimates the carrying capacity from 

knowing historically hmv many pounds of feed c a.n be fed per cubic foot of water, 

the limits of which are bas e d upon the avalletble dissolved oxygen. Then,by 
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Table 3. Comparison of reported pond loading calculations. 

Pond: 1920 cu.ft. (8' x 80' x 3') 

6" rainbow trout (0.086 lb eac.h) (K=4.05 x 10-4) 
IIi! 

Fish: 

Hater temp.: 

Dissolved oxygen: 9.8 mg/1 

Elevation: 1000' above MSL 

Hater flow: 1.07 cfs (481.5 gpm) 

Water changes /hr: 2.0 

Max . feed I c u . f t . 0.05 

Feeding rate (R£) 2.4% 

~1E1'Il0 lJ LBS FI SH IN POND 

Haskell 4000 

Hilloughby 57 25 

\-Jesters 5376 

Piper (Load Factor) 3813 

Liao 3263 

Piper (Density factor = 0.5) 5760 

Hean 4656 

Range 3263-5760 



Table 4. Factors considered by the published methods of calculating carrying capacity. 

FACTOR HETHODS 

Haskell \-Jilloughby Hesters Elliott Piper (1970) Liao 

Pond volume :-:_x XX 
Water inflm.; X.,'{ XX X.. X XY . 
Water change s per hour JCX 
water temperature XX X.,'{ XX 
Dissolved oxygen X.,'{ XX X.,'{ XX 
El eva tio n XX XX 
Fish length XX 
Fish \veigh t XX 
Density Index 
Lbs fish/gpm XX XX XX XX 
Lbs fish/cu.ft. XX XX 
Oxygen uptake X.,'{ X.,'{ XX 
Lbs fish/pond XX X., X X., X X.,'{ 

Grmvth rate X.,'{ 

Feeding rate XX XX 

; 

Piper (1972) 

XX 

XX 

XX 

X.,'{ 

~ 

\0 
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dividing the estim<lted feeding rate into the pounds of feed permitted and 

multiplying the result by the cubic feet available, the maximum number of 

pounds of fish and the pond will support is estimated (Haskell 1955). 

Willoughby's Feeding Level Method is similar to Haskell's in that it 

is based upon the pounds of feed that can be metabolized by fish in the 

pond. The amount of feed is estimated from the availabl~ dissolved oxygen 

rather than historical data as was the case in Haskell's method. The available 

dissolved oxygen is calculated from the difference between inflow and outfall 

oxygen levels. The feeding rate is determined from ~L method (Haskell 1959). 

Westers' Water Replacement Time Method estimates pond loading based upon 

pounds of fish per gpm (W ) times the wnter changes per hour (RA) times the 
gpm o 

volume (V) all divided by 8 (a factor converting gpm ~o cfh). W was obtained 
gpm 

from a series of temperature-correlated graphs considering pounds of fish per ··· 

3 ft , fish length, and water changes per hour. 

Elliott's Oxyge11 Uptake Method estirn<1tes tbe pounds of fish per gpm from 

dividing the oxygen demand for a fish of specified weight into the available 

dissolved oxygen. The method was derived for chinook salmon fingerlings. 

Piper's Load Factor Hethod estimates the pond lo<1ding based upon the 

pounds of fish per gpm per inch of fish (F) times tl1e gpm (I) times th~ length 

of the fish (L)L f was de rived empirically and co rrected for water temperature 

and evaluation to correspond to the amount of nv~ilable dissolved oxygen. 

Liao's Oxygen Consumption Method estinDtes pond loading based upon the 

oxyge n consumption of a fish of specified weight, the omount of dissolved 

oxygen available, and the water inflow . When comp~ ring the pond loading for 

rainbow trout using this method with th:1t oht.:1ine d using Piper's Load Factor 

Method, L.Lao's estin1.:1te is 16.3% less than Piper 's irregardless of the pond 

volume or water inflow. However, when the same pond data are used with chinook 

salmon the differ e nces are very irregular. 
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Piper's Density Index Method estimates pond loading based upon the 

space factor requirement for the species of fish in que·sticin. For example, 

rainbow trout grow well at a density of 0.5 lbs of fish per cubic foot of 

water per in. of body length. Cutthroat perform well at a density of 0.3 

pounds per cubic foot per inch ~f body length. This Density Factor takes 

into account only the psycltological requirements of the fish in question; i.e., 

some fish can stand crowded conditions and some cannot. In this method there 

is no consideration of life support parameters. To apply this method , the 

life support capabilities of the pond must be balanced with the space capa

bilities of the pond. 

One definition of carrying capacity is the maximum quantity of fish 

able to remain healthy in a system. Implicit in this definition is the 

understanding that if the carrying capacity of tl1e system is exceeded the 

rate of fish growth will be decreased. Implicit also is the fact that the 

system must be load ed initially with an amount of fish that, when fed to 

provide a specified growth rate, the carrying c;:q)acity of the system will not 

be exceeded too soon. Unfortunately, there i s no loading method available 

which takes growth into .-:1ccount . 

During the past two decades a great deal of research - both basic and 

.-:1pplied - has been conducted on the subject of fls l1 growth (Halver 1972). 

As a result, the basic nutritional r e quire ment s [or salmonids and , to some 

degree, ictalurids have been established . These data, pe rhaps, do not have 

too much useful application by the average fi s h c ulturist since they feed 

their fish a commercloLLy prepared ration rather than preparing their own. 

The concern of th e f ish culturist is how to feed a prepared diet to produce 

a fish of desired length and /or weight within a prescribed time period. 

There have been several methods offered a nd each merits some consideration. 
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Sch~eperclaus (1933), among the first to of[er a method of quantitatively 

feeding fish, considered tl1e calories requiied for growth based upon body 

surface, water temperature, and the hourly caloric intake requirements. He 

calculated the body surface in square decimeters (1 dm = 10 em) for trout as 

being equal to 10 times the bodx weight in grams to the 2/3 power. The caloric 

2 
needs of trout were estimated at 1.44 gram-calories (gcal) per dm per day. 

Other fish nutritionists have subsequently offered methods of feeding based 

upon the caloric requirements of fish (Phillips and Brockway 1059; Brown 1957; 

Winberg 1960; Polol1eimo and Dickie 1956, 1966a, 1966b). Application of these 

methods presumed that the caloric values of the rations were known. 

The development of the "hatchery feeding chart", which relates the 

amount of feed with the fish size and water temperature, removed the necessity 

of knowing the caloric value of the feed (Deuel, et al. 1937; Deuel, et al. 

1952). These charts have withstood the test of time and modifications of the 

basic charts are currently offered by virtually every fish feed manufacturer 

for their customers (Table 5). However, use of the chart for feeding fish was 

considered by some to be too r~gid a progre1m to permit inclusion of other 

variables influencing growth which were unique to one facility or another . 

To this end , two methods of feeding were o ffe red, either of which allowed the 

fish culturist the latitude of his particular sLtuation. One was the L\L, or 

daily increase in body length, concept (Haskell 1959) and the otl1er was based 

upon the estimated weight gain (Freeman et al. 1967). 

Haskell (19 59) considered the major factors affecting fish growth were 

water temperature, fish species, and feeding rat e . His c.1.lculations of 

feeding rate took into consLderation and weight-length ratio (K-factor) of 

the fish, the daily length increase, .1.nd the ;Jnticipated feed conversion. 



Table 5. Recon©ended feeding rates (lbs feed/100 lbs fish) for salmonids raised in conservation hatcheries. • 
U1odif i ed f ro m the Deuel e t .:11. me thod.) 

~.Ja ter 
Temp. 

(F) 1 1-2 2-3 3-4 

39 3.0 ) ~ 

..... ::> 2.2 1.7 

41 3.3 2.8 2.2 1.8 

43 3.6 3.0 2.5 1.9 

45 4.0 3.3 2.7 2.1 

47 4 .3 3.6 3.0 2.3 

49 4.7 3.9 3.2 2.5 

51 5.~ 4 .5 3.5 2.8 

53 5. 6 4 . 7 3 . S 2.9 

55 6. 1 5. 1 4.2 3.2 

57 6.7 5.5 4.5 3.5 

59 7.3 6.0 5.0 3.7 

Approximate Size (in.) 

4-5 5-6 6-7 

1.3 0.9 0.8 

1. 4 1. 1 0.9 

1.4 1. 2 1. 0 

1.6 1.3 1. 1 

1.7 1.4 1. 2 

1.9 1. 5 1.3 

2 . 1 1. 7 . 1. 5 

2 . 2 1.8 1.5 

2.4 2.0 1. 6 

2.6 2. 1 1.8 

2.8 2.3 1.9 

7-8 8-9 

0.7 0.6 

0.8 0.7 

0.9 0.8 

1.0 0.9 

1.0 0.9 

1. 1 1.0 

1.3 1. 1 

1. 3 1. 1 

1. 4 1.3 

1. 5 1. 4 

1.7 1.5 

9-10 

0.6 

0.6 

0.7 

. 0. 8 

0.8 

0.9 

1. 0 

1. 1 

1. 1 

1.2 

1. 3 

10-

0.5 

0.5 

0.6 

0.7 

0.7 

0.8 

0.9 

1.0 

1. 0 

1 . 1 

1. 2 

N 
w 
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Nathematically stated: 

feeding rate as % body weight conversion x 6L x 3 x 100 
L 

where: llL the daily length increase (in.) 

3 weight-length conversion factor 

100 decimal-removing factor 

L the length (in.) of the fish on the particular day 

By assuming that at a constan t water temperature, tl1e rate of length 

increase (llL) is constant, then the daily feed rate can be estimated by 

adding the ~L to each succeeding daily length. For example, if the llL is 
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0.03"/day and the starting L was 3", then the lOth day L would be 3 + 10(0.03) 

or 10.3". 

However, since very fe~ ~atcheries have constant water temperature 

throughout the growing period, Haskell developed a method to adjust the feeding 

r ate estimations according to water temperatures. lle found that brook trout 

growth~ for all intents and purposes, ceased at J8.6F and from this developed 

the con c e p t of the Temper a t u r e U n i t ( T . U . ) , \v hi c h was de f in e d as the aver age 

water temperature for a month wl1ich exceeds 38.6F by lF. Thus, T.U. = average 

monthly water temperature (°F) = 38.6F. IL then follows that an average water 

temperature of 55F would have a monthly T.U. of 16.4 and an average water 

temperature of 46.8F would have a monthly T .U. o[ 8 .2. From that, one could 

say that it would take two months at the lower water temperature to increase 

the length or weigltt of the fish and the same as it would increase during one 

month at the higher temperature. By applying this concept , one can estimate 

the number of T.U. 's required per inch of ijain anJ then by knowing the 

expected T.U. during the grmvth period, the expected growth during the period 

can be estimated. 
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Parenthetically, we would like to leave th e historical pres e ntation 

for a bit to amplify Haskell's findings with some current observations. 

In determining that trout growth virtually ceases at 38.6F, Haskell provided 

the basis for a valuable concept . Although it l1as not been stated quantita-

tively in so many words, each s~ecies of fish has a preferred temperature 

which has been termed the Standard Environmental Temperature (SET). For 

rainbow trout this has bee n estimated to b~ 59F (15C). For years fish cultur-

ists have said that for each °F decrease there is a 5% decrease in growth 

rate in rainbow trout. (For each °C decrease th e r e i s a 9 % decrease in 

growth rate .) Accordingly, if the average monthly water temperature decreased 

by SF in a succeeding month there would be a 25 % decrease in growth rate. 

This concept concurs with Haskell's T.U. theory very well . Translating this 

to Pacific salmon is realistically possible. Chinook salmon are considered 

to have a SET of 54F and their zero - growth level is considered to be 34F; 

i.e., a 20F drop. The same principle applies to channel catfish and coho salmon, 

as best as we can estimate . 

To remove some of the work in calculating feeding rates by Haskell's 

method, Buterbaugh and Willoughby (1 967) developed a hatchery feeding chart 

based upon the hatchery constant (HC) concept . 11wy defined the hatchery 

constant as the numerCJ tor of Haskell's equation; i . e ., HC =conversion x LlL x 

3 x 100. For variable water temperatures the expec ted LlL is calculated as 

follows : 

T.U. expected (month) divided by 30 days 
T . U. required for 1" growt h 

111c daily f ceding rate i s cs t ima ted by di v id in g the hatchery constant by the 

leng th (estimated da ily) of th e fish. 
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Using the concept of hatchery constant developed by Buterbaugh and 

Willoughby, Piper (1970) substituted the use of lengthy tables with a 

slide rule modification. The hatchery constant is set up on the D scale by 

aligning the index of the CI scale with the selected HC. The length of the 

fish to be fed is read off the D scale using the sliding hairline. The per 

cent body weight to be fed is read off the CI scale for the appropriate 

length of fish. 

In recent years some facilities have been using computer progranuning 

to estimate the daily amount of feed required in a system. None of these, 

to our knowledge, has been published. They all employ the 6L concept with 

the daily increases in length and feed being printed out for each day in the 

growth period. There have been two major constraints to growth forecasting. 

The first is obtaining an accurate and realistic growth rate and the second 

is obtaining accurate input data; i.e., pound-cou~t, head-count, pond weight, 

and anticipated feed conversion . 
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V. DESCRIPTION Of GENERAL APPROACH TO THE STUDY 

A. Background 

At the outset of this study the intent was to establish a predictable 

model for waste product generation for use in any aquaculture system. The 

further the study progressed the more it became apparent that ''the cart 

somehow had gotten placed before the horse''. The subject of growth and 
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growth rates became the central issue rather than the waste products generated. 

TI1e design of this study includes 1) a method to evaluate growth of 

rainbow trout fed comme rcially prepared di e ts; 2) the effects of population 

density and water replacement time on growth; 3) the effects of density and 

growth rate on oxygen consumption; 4) a method to realistically predict daily 

solids production in an aquaculture system. 

B. Study Approach 

1) Fish: Two strains of rainbow trout were used in the study.. One 

was the typical rainbow trout raised at mo s t public and private hatcheries 

and the other was the Kamloop strain of rainbow trout. Eyed eggs of both 

strains were obtained from Troutlodge, Tacoma , Wasl1ington. The rainbow 

trout eggs were incubated and raised at the Idnlto De partment of Fish and Game 

Hatchery at Hage rma n and the Karnloop eggs \vere incubated and raised in the 

experimental facilities on the Univers ity o.f Idalw campus. 

Both strains of trout performed very well during the course of the 

study despite the usual mishaps one encounters wl1en using fish as biological 

research subjects . The most frequent mish iJ p Wtls the plugging of the water 

inlet with the aquatic sl.Lme bacteria, ~~-~otilus ~·, which was ultimately 

controlled by changin g water systems. Samples o[ fish were examined on 

inventory days for the prese nce of infectious ancl noninfectious diseases. 
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The examinations consisted of the following: gross, wet mounts of gill 

filaments, hematology, bacteriology, and virology (where indicated). 

Population densities were set and maintained in accordance with the 

individual study protocols. 

2) Water: Throughout the study two wate r temperatures were used, 

namely: 15C (59F) and 12.5C (55F). The water at the Idaho Department of 

Fish and Game hatchery at Hagerman was a constant 15C. The experimental 

facilities on tl1e University of Idaho campus use dechlorinated and filtered 

(to remove the iron) water which can be heated or chilled to any selected 

temperature. The dissolved oxygen levels were maintained at both sites in 

excess of 95% saturation for the elevation and temperature selected. 

The water use at the Hagerman facility was single-pass with no reuse 

while that at the University of Idaho facilities was either a closed system 

with 10-15% make-up or an open, multiple reuse system. Unfortunately, since 

the same input parameters \vere not me asured in both the open and closed systems, 

there could be no determination of th e effects of water use on growth . 

Water flows were set and maintained in accordance with the individual study 

protocols. 

Sixteen tanks each constructed of ~-inch plate glass and measuring 18 x 18 

x 24 inches, were ar ranged into two eight-tank sys tems (Figure 3). Each tank 

received a regulated amount of water from a head pipe filled under pressure 

from the hatchery supply. The outflow of each tank was through a Venturi stand

pipe system . 

3) Container: In addLtion, <It llagennan, concrete dee p tanks (15' x 32" 

x 27" w.:1ter depth or 90 cubic feet) were useJ in one portion of the study. 

This was done to compare the growth values obtained in the small units with 

those obtained in a larger unit. 
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F_i;~t lrc J . . Sc hcmntic of a 4 tonk system \vhi c h \v,'J;; cxpnncl c d to <1n 8 tank 
unit for this study . t~bt:c r use ls a clos e d syst~m vJL tlt make-up . 
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4) Nutrition: Commercially prepared diets \vere used throughout the study. 

Since the purpose of tl1e study was to test methods of diet evaluation, nutrient 

utilization, growth rate estimation, and waste product generation and .not to 

compare the relative efficacies of two or more diets, the brand names are 

unnecessary. 

The diets were labelled 'A' and 'B' with the pellet sizes of each listed 

numerically. During the study, fish were fed four pellet sizes for each diet. 

Proximate analyses of freshly prepared feed were conducted by Agra-Test, 

Inc., Twin Falls, Idaho (Table 6). Also dried fecal samples were analysed for 

proximate composit:lon (Table 7). Adiabatic bomb calorimetries were conducted 

on feed and fecal samples at the University of Idaho. In all cases, samples 

were identified by code designation only. 

Fecal samples were collected by two metl1ods. One was a daily collection 

of the entire fecal load over a 14-day period. This was accomplished by passing 

the tank outfall through a fine (20 urn) mesh sock . 111e entire daily· collection 

was air-dried in the sock, removed, weigl1ed, and stored frozen until analysed. 

The other method was to collect spot-samples of feces in@ediately after passage 

from the fish. The collection was done with a sip hon tube flowing into either a 

fine mesh sock or into a centrifuge tube. The sample was dewatered by drying in 

tl1e collection sock or following centrifugation a nd stored frozen until analysed. 

1bere are several pot~ntial sources of error in the fecal collection methods. 

the ma jor one in the collection of the entire d<lily load was the possible leach

inch out o:f · water soluble components plus the growth of bacteria and fungi. This 

source of error was min imi?.ed by frequently ch<:lllg.i.ng the collec ting socks. Com

paring the daily metlwd analyses with the spot-sample method analyses indicated 

that error was not apparent in proximate composition a nd gross energy. Also, 

wh P- n comparing the weight of the dried feces to the <:lpparent digestibility 

coefficients, <J surprising degree of correlcJtion was obtained. 
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Table 6. Proxtmatc <1t1alyses of diet s . 

Gross 
% Crude energy 

Diet protein %N %FAT %NFE %FIBER %ASH (Kcal/g) 

A-3 52.5 8.4 10.3 21.4 2. 1 13.7 
4 52.5 8 .. 4 10.3 22.3 2.2 12.7 4.67 
5 43.1 6.5 7.3 33.0 4.3 12.3 

6 44.4 7. 1 7.3 31.0 4.9 12.4 4.50 
B-2 53.8 8.6 11.5 20.3 1. 2 13.2 

3 50.6 8.1 . 11. 7 22.8 2 .3 12.6 4.82 
4 46.9 7.5 11. 7 28.4 3.8 9.2 

.5 47.5 7.6 10.8 27.9 3.5 10.3 4.72 

Table 7. Proximate analyses of feces. 

Gross 
From % Crude 0'nergy 
Diet protein %N %FAT %NFE %FIBER %ASH (Kcal/g) 

A-4 26.9 4.3 4. 2 20.7 7. 1 41.1 3.10 

A-5 36.3 5.8 1.5 35.2 13.6 13.5 

A-6 25.6 4. 1 1. 7 37 .6 17.3 17.8 3.04 

B-3 36.3 5.8 5.8 23.7 13.7 20.6 2.96 

B-5 21.3 3.4 3. 1 33.8 16.8 25 . 1 3.14 
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Nutrition data were analysed using accepted methods in animal nutrition 

(Church and Pond 1974) and in fish nutrition (Rumsey 1977). The following . 

analytic methods were used: 

a) Digestibility (%) = NI - Nf x 100 
NI 

where: 

NI total intake (g) of nutrient; i.e., diet, protein, 
fat, or NFE during a growth period. 

NF total output (g) in feces of nutrient; i.e., diet, 
protein, fat, or NFE during a growth period. 

b) Protein Efficiency Ratio (PER) = weight gain (g) 
protein intake (g) during growth period. 

c) Digestible Energy (DE) as kcal/g of diet 

where: 

GEd gross energy as kcal/g diet 

GEf gross energy as kcal/g of feces 

d) Total Digestible Nutrient (TON) = DCP + DNFE + DCF + 2.25 DEE 

where: 

DCP digestible crude protein (% or g) 

DNT-'E digestible NFE (% or g) 

DCF digestible fiber (% or g) 

DEE digestible ether extract (Fats) (% or g) 

5) Management: Growth rates were pro gra~ned for 14-day periods using 

either the OWRT computer program (Appendix II) or the BROCK computer program 

(Appcndixiin. A third computer pro gram (IRV) wa s developed from the data 

obtained from this study but has not been te s t ed under field conditions 

(Appendix IV). 

The OWRT program is a specialized program in which fish are raised to 

attain the maximum population density (bas ed up on Density Index or life support) 

at the end of each growth period. It has very little application outside 

study. 
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The BROCK progr-am was designed to permit the user a choice of methods 

to determine carrying capacity; i.e., Piper Flow Index method, Liao Oxygen 

Consumption method, W~llougltby Feeding Rate method, Pond Loading Index method, 

Piper Density Index method, and Westers' Water Replacement Time method 

(Appendix I). All these methods except the Pond Loading Index method (PLI) 

have been discussed in Section IV. 'The PLI me thad was developed and tested 

during this study. The input feeding rate was based upon Haskell's AL concept 

which implies that a reasonable growth rate must be estimated. 111e program 

will print out daily pond . weight, no./lb, length (in.), feeding rate, lbs of 

feed, and head count. If the average daily mortality can be estimated, it 

will be considered in the daily print-out for the growth period. The program 

is designed to have maximum loading at the end of the growth period and initial 

loading is back-calculated within the program. That is, at the end of the 

growing period, it will be necessary to remove fish from the pond. 

The IRV program is similar to the I3ROCK program except that it will 

print-out a daily solids (lbs/100 lbs of fish), daily NH
3
-N (mg/1), and daily 

free-NH
3 

(mg/1). The ammania-N calculations arc based upon the method by 

Willoughby et al. (1972) using the NH
3 

association-dissociation table by 

Trussell (1972). The solids calculation is based upon the method developed 

during this stud y (Appendix VI). 

At the end o1 a 14-day period, tank or pond inventories were conducted 

using both sample counting techniques and whole population inventory methods. 

A comparison of the two . metltods will be presented . 

Feeding frequencies (number of feedings per day) were dependent upon the 

size of the fish being fed and the feeding rat e . Small fish on a high feeding 

level received more frequent feedings each cl:.ly tll .::m did either the same size 
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fish on a lower feeding rate or larger fish at the same growth rate. The 

reason for this was based upon the smaller stomach cap.:1city in the small 

fish. 

Estimations of growth rate were, at the outset, based upon 80% and 90% 

of the growth rate considered to be maximum at the particular water tempera-

ture. Later in the study another ·method of estimating growth rate was tested 

and found to be promising. 
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VI . 11-lE EFFECT OF DENSITY AND GRO\-JTH gJ\TE ON THE 

WEIGHT-DEPENDENT OXYGEN CONSUMPTION: A STUDY 

A. Background 
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In the past 25 years, the relation of body weight to oxygen consumption 

in fishes has received a great deal of attentfon (Job 1955, 1959, 1969; 

Winberg 1956; Fry 1957; Basu 1959; Beamish 1964(a), (b); Beamish and Mookhergii 

1964; . Brett 1964, 1965; Kutty 1968; Elliot 1969; Llao 1971). However, very 

little of this work bas dealt with the metabolic response of fishes to various 

densities and growth rates, two of the most important factors dealt with in 

fish culture. They give rise to questions s uch as : "\ . .Jill the added stress on 

fish held at high density cause them to usc more or less oxygen per unit 

biomass than the same fish held at lower .density?" "Do fish growing at a high 

rate require more oxygen than do fish growing at a low rate?" These two 

questions must be answered to help fisl1 culturists better understand the needs 

of the fish being reared. The purpose of this study is to determine the effects 

of density, growth rat e , and the interactions betwee n density and growth rate 

on the oxygen cons umption of rainbow trout. 

The study· was also designed to test th ~ efficacy of a new method of 

determining oxygen uptake. Most of the published st udies were conducted using 

specially constructed respiratory chambers into \vhlch a small number of fish 

could be placed :1nd allowed to acclimate for 8-L1 8 hour s . The practice of 

moving fish from their normal environment, be it hatchery rearing pond or 

stream into a completely ne\v and dif ferent environment to do oxygen consumption 

tests has been qu es tionable. 1\. thre e-fold increase in oxygen consumption by 

tench after trans£ eren cc from a pond to a b<1rrel \vas shown by Schaeperclaus 

(1933). This suggested that a change in environment causc.cJ stress or excite

ment leading to a very large change in the [ishc~• oxyg en requirements. 
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In this study, a new approach was used to remove l1andling stress and 

the need for adaption to a new environment as possible sources of error. 

The oxygen consumption tests were run with the entire lot in the same tanks 

in which they were being reared. Standard hatchery conditions were 

duplicated as much as possible, so that the data gathered could actually 

be used in ~ field situation. 

B~ Study Approach 

1) Experimental Fish : Rainbow trout, obtained from the Idaho 

Department of Fish and Game trout hatchery at Hagerman, were from two 

separate lots being reared there at the time. Tile lots were labelled A and 

A' , with lot A fish 11aving an average initial weight of 4. 340 grams and lot 

A' fish having an average weight of 0.387 grams. Tite fish were reared 

through four two-week periods. 

2) Fish Holding Facilities: These were described in section V. 

3) ~en Consumption Procedure: The oxygen consumption tests were 

run during the afternoon preceeding an inventory sampling day. The fish 

were not fed 20 to 22 hours prior to being test ed. For two weeks before 

and during the test, the fish were not handled. 1\. YSI Dissolved Oxygen 

Meter (Model 54 ARC) and probe were used to mensure oxygen uptake in the 

tank. The test t<1nk was filled with water, then sealed with a special glass 

lid, the inside of \.Jhich was covered with porou ~; foam rubber which allowed 

water to penetrate thereby moving th e air-\.;ater interface out of the fish's 

range (I".Lgure l~) . The lid also he1cl a hole dr ll Le d in th e center· to allow 

entry of the oxyge n probe. Readings of di~~solv e cl oxy~en W(~ re taken 

initially then at ten-mlnute intervals until e-Lther th e dissolved oxygen had 

reached a level of 4 mg/liter or 30 minute s hid passed . The oxygen consump

tions in mg oxyge n per kg of fish per hour ond mg oxyge n per hour were 
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computed as follows: 

mg 02/Kg fish/hr 

Where: 

(V(Oi- Of)) ( 60 /t) 

N 

(V(Oi - Of)) (60/t) 

B 

V volume of w~ter in the t es t tarik 
in liters; . 

0. initial oxygen level in mg/liter; 
l 

of final oxy gen level in mg/liter; 

N number of fish in th e tank; 
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B biomass of fish in the t.Jnk in kilograms; 

t time be tween the initial ~nd final oxygen 
readings in minutes. 

4) Experimental Design: Three va riables were introduced into each system; 

namely: Maximum Density Index (MDI), feed rate (Rf), and water inflow (Rw). 

1\..•o density levels were te s ted, 0.2 and 0.5 pounds of fish per cubic foot per 

inch of body length . These densities were selected to represent that typical 

of a conservation hatchery (0.2) and tha t of a commercial ha tchery (0.5). 

Two growth rates were selected because fish cnlturi sts must sometimes 

either increase or decrease growth rates in the fislt they are re~ring . 

As s uming m~ximum grmvt h for r~inbow trout to be l. 5 i nch es per month at 15C, 

the two groups were fed to attain 70 % and 90% of this, or 1.05 and 1.35 inches 

per month (corresponding to daily growth of 0.035 .Jitd 0.045, respectively). 

A food convPrsion of I .2 was ass11med for the smaLler fish ~nd 1.5 for the larger 
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fish. The fish were fed a commercially prepare~ diet several times daily. 

Water inflow (in gprn) wr::1s determined using the newly developed Pond 

Loading Index formula (cf Section VII). This permits adjustment of the 

inflow to meet the life support requirements of the fish in the pond. For 

example, in two identical ponds~ one loaded at a density of 0.2 and the 

other at n.4 pounds per cubic foot per inch of body length, all other factors 

constant, the first pond would require half the life support of the second 

pond. All possible combinations of density, feed rate, and inflow were made 

in at least one tank, but in this study, only tanks which had the water 

inflow adjusted to meet life 3upport were used. 

The fish were sampled every two weeks for weight gain, length gain, gill 

condition, number per pound, and dietary efficiency. The day before sampling 

the fish received no feed and it was on this day that oxygen consumption tests 

were run. Data collected were processed through .the University of Idaho 

Computer Center by means of an on-site portable computer terminal. The program 

used had been specifically written for this study (Appendix II) anJ performed 

all of the pond loading and feeding calculations needed for the next two-week 

period (Appendix V). Fi.:;h were removed from each tank to maintain the specified 

Maximum Density Index. The tanks were cleaned daily and the fish fed eight to 

ten times daily. 

C. Results and Disc us s ion 

Th e general equation relating metabo lic rate (Y, mg oxygen/hour) to weight 

b 
(X, grams) has b ee n expressed as Y = aX , or .Log Y = log a + b log X (Brett 

1965). Using this transformation with tile oxygen consumption data collected, 

and using a standard least squares regression, the slope values (b, the rate 

of change of metabolic rate with size ) can be computed. The dnta were also 

subjected to a fJctorial analysis of covariance (Steel and Torrie 1960). If 



all the data are treated together, a b-value of 0.8423 is the result. 

Slopes or b-values ·for high and low density as well as high and low feed 

rates are also found in Table 8. 
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lhese data are in agreement with those found in literature for fishes. 

Lagler et al., (1977) states th~t b-values between 0.6 and 1.0 are common 

for fishes. Barrett (cited by Fry 1957) obtained a slope of 0.8 for rainbow 

trout, as did Coche (1967), who reported a slope value of 9.8 for steelhead 

(Salmo gairdneri). Brett (1965) reported a slope value of 0.178 at lSC in 

fresh water for Oncorhynchus nerka. lluesner et al., (cited by Hadan Hohan 

Rao 1971) obtained mean slope values of 0.7, 0.8, and 0.7, at 25C for three 

species. Hadan Mohan Rao (1971) reports b-values of 9.7838 in SC fresh 

water and 0.7834 in 15C fresh water for rainbmv trout. Beamish (1964b) and 

Beamish and Hookherjii (1964) cited b-values of 0.88 for Sa.lmo trutta, 1.05 

for Salve.linus fontina.lis, 0 .86 for Catastomous commersoni, 0.93 for Ictaluris 

nebulosis, and 0.85 for Carrassius auratus (overall mean of 0.9). 

1he close correlation between our findin gs ~:md those of other studies 

has a dual meaning; it corroborates the methods used in previous work and 

validates the results of the new oxygen consumption method. This indicates 

that eight to 48 hours was indeed enough time for the fish to become 

acclimated to th eir new environment, a nd th <1t tl1 c procedure use d in this 

study provides <1 new and accurate me thod of determining oxygen consumptions. 

Our new oxygen consumption procedure allows te s ting the ef fee ts of various · 

fish culture manipulations on oxygen consumption in a simulated hatchery pond. 

This procedure also eliminates the need for using more expensive respiratory 

flow chambers. 
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Table 8. Equations for relationship between metnboJ.ic rate (Y, mg 02/hour) 
and weight (X, grams) at different levels of density and fe ed rate. Also 
included is an equation for a combination of all da ta ga thered. 

Variable Equation Correlation (r) 

Low Density log y -0.3204 + 0.8441 log X 0.9884 

High Density log y -0.2865 + 0.8165 log X 0.9943 

Low Feed Rate lo g y -0.3022 + 0.8106 log X 0.9904 

High Feed Rate log y -0.3224 + 0.8699 lo g X 0.9941 

Combined log Y -0.3128 + 0.8423 log X 0.9916 

1) The Effec.t of Density on Oxygen Cons umption: It can be seen from 

the graphic presentation of the data that the rate of oxygen consumption 

at both densities is virtua lly the same (Figure 5). The factorial analysis . 

of covariance run on the data showed no significant effect (P < 0.01) on 

oxygen consumption by the change in density. The F-value obtained was 1.57~ 

which shows that the re is no significance at the 99 percent level. 

Rainbow trout a r e a territorial fish and the data indicate that terri-

toriality was not broke n down even at the hi gh density level. This con-

elusion is supported by actual observation of fish behavior in both the high 

and low density t anks. If territoriality were broken down it is assumed that 

oxygen co nsumption would increase du e to increased activity and stress on the 

fish . One might also ass ume that because th e f.Lsh in the low density tanks 

would have larger territories they would mov e aro und more or be more active 

in the territory th ereby using more oxygen, but this is apparently not the 

case. 

2) The Effec t of Growth Rate on Oxygen Co ns Utnption : Growth rate has 

little or no effec t on the rate of oxygen consu mpt ion (Figure 6). Statistical 

analysis of the data provided an F-value of 0.0 for the effec t of growth rate 

on the rate of oxy ge n cons umption. An F-voluc s uc h a s this indicates that 

there is absol.ut ely no affect on oxygen consumpt ion caused by the change 
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growth rate from ltigh to low. This can be explained by the fact that the fish 

had been starved for between 20 to 22 hours before oxygen consumption tests 

were run. We believe that this timing factor was sufficient under our given 

water temperature (15C) to allow metabolism to reaclt a baseline level which 

was virtually identical for the high and low growth rates. Wells (1935) did 

.not find a significant change in the rate of oxygen consumption of Girella 

nigricans beyond 24 hours of starvation. No furtlter change in the rate of 

oxygen consumption could be detected after two days of starvation by Moss 

and Scott (1961). Beamisri (1964a) stated that a comparison of the average 

routine and average standard rates of oxygen cons umption indicates that, at 

both levels of activity, oxygen consumption decreased witlt starvation during 

the first two or three day~. Beyond this there was no further decrease at 

the standard level, whereas average routine oxygen consumption continued to 

decrease although not at as high a rate . 

. 3) The Effect of the Interaction Between Density and Growth Rate: There 

was no significant effect (P < 0.01) on oxygen consumjltion caused by any 

interaction between growth rate and density (the F-value as determined by 

statistical analysis was 0.808). 

D. Implications 

Oxygen uptake per unit biomass decreases as individual fish weight in

creases (Figure 7). Tltis was also found by Brett (1965), Madan Mohan Rao 

(1971), and Elliot (1969). For example, a kilogram of 5 g fish would use 

64.2 mg more oxy ge n per hour than 1 kg of 15 g fish. Taking this into consider

ation, caution should be used in J_oading ponds with fish of different size. 

· Available oxygen has to be a consideration Ln poncl loading calculations. For 

example, in a raceway (8 x 80 x J feet) with an inflow of 1.07 cfs and 2.5 

turnovers per hour, with a dissolved oxygen level at the inflow of 9.0 mg/1 
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and a minimum dissolved oxygen level at the outflow of 5.0 mg/1, there 

would be 544,372 mg of oxygen available for utiliza tion. This pond could 

support 1741.0 kg of 15 g fish but only 1444.0 kg of 5 g fish. Relating 

this to Piper (1972) this pond could support a density of 0.553 .lb/cu:ft./in. 

of 5 g fish and only 0 .4 65 lb/cu.ft. ft/in. of 15 g fish (based on a K-factor 

of 0.00041). If the dissolved oxygen were dropped only 1 mg/1, it would 

drop the life support in tl1e pond to a level that would only support 0.415 

lb/cu.ft./in. of 5 g fish and 0.349 lb/cu.ft./in. of 15 g fish. 

E. Conclusions 

1) There is no significant effect (P < 0.01) on the r a te of oxygen 

uptake between densities of 0.2 and 0.5 lb/cu.ft./in . of body length. 

2) Rainbow trout held in 15C water and starved for 20 to 22 hours 

prior to testing for oxygen consumption show no significant difference 

(P < 0.01) in rate of oxygen consumption caused by the difference between 

high (61 = 0.045 inches) and low (61 = 0.035 inches) growth rates. 

3) TI1e interaction between growth rate and density causes no significant 

(P < 0.01) change in the rate of oxygen consumption. 

4) Per unit biomass, smaller fish us c. more oxygen than do larger fish. 

5) Metabolic rate is reduced to the same bnseline afte r 20 to 22 hours 

of starvation whether the fish were on a hi gh or low growth rate. 
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VII. EVALUATION OF GROW'TI-£ DATA: 1\ METHOD 

A. Background 

Al1y hatcheryman who has dealt with pond inventory records knows, 

firsthand, the frustration of not knowing exactly the numbers of fish or 

the total weight of fish in a p~nd. Most will agree that a (+) or (-) 5% 

discrepancy between what is in the pond and \vhat is on the record would be 

nice; but the discrepancy is often (+) or (-) 15-20%. As it turns out, 

the results of this study .improved somewhat on the error; but the error 

is still there and must be dealt with since the over-all predictability 

and output are affected by the error. 

The data used to evaluate growth rates wcrl.' obtained from raising 

groups of rainbow trout in four 90 cu.ft. concrete tanks. Two groups 

we re designated as th e S-series, one of whi ch was designated as S-A and 
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the other S-B. Two groups were designa ted as the L-series, one of which 

was desi gnated as L-A and the other L-B. The's' designated small fish and 

the'L' designated large fish. The'A' designated one diet and'B' another diet, 

both commercially available . During the four biweekly growth periods the 

S-A group were fed diets A-3 and A-4, which indicates pellet sizes. The 

S-B group was feel diets B-2 and B-3. The L-1\ group was fed diets A-5 and 

1\-6. The 1-B group was fed diets B-4 and B-5. All groups were fed at a 

level to increase the length during each 14-day period by 0.56 in. (1.422 em). 

The feed conversions expec t ed were: 1.2 for diets A-3, A-4, B-2, and B-3; 

1. 5 for cl ie ts A-5, J\-6, B-4, and B-5. The wo tcr (1 5 C) F lmvs Here adjusted 

to two change-overs per hour. The OWRT feeding program \.vas used throughout 

the four growth periods. Initial and biweekly inventories were ac complished 

as fallows: · 
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a. Initial and s ubs e quent pound counts (no./lb) and individual 

lengths (mm) at the e nd of each growth period were taken by "herding" 

the fish to the inflow end of the tank with a lar ge dipnet and removing 

each sample fr om the middle of the group (Tables 9 and 10). 

b. Weights of biomass (lb~) were done i oitially and at the beginning 

of each growth period. The starting biomas s in eacl1 growth period 

was done by the weight-in method rather than the weight-out method; 

i.e., fish were we ighed into a pond rather than removing a calculated 

weight from the pond~ Thus, the actual v..fei ght at the start of each 

growth period was known. 

c. The biweekly data were recorded on a s ummary from especlally 

designed for this study (Table 11) and transferred to a data compilation 

form (Table 12) for analyses. 

B. Results and Dis cussion 

Upon reviewing the compiled data (Tabl e 12) the age-old problem of 

discrepa ncy between e s tima t ed and actual numb e r s o f fis h a nd total biomass 

is present. Column 13 indicates that the r e i s a 8 .8% to -9.9 % population 

difference between weight s calculated from init i a l pound-counts and weights 

calculated from end i ng pound-counts. The ne t d iffer e nce for the f our growth 

periods for ea ch gr oup r a nged from -2.99 % to -17. 32%. The compa risons between 

the tota l estimate d w~ i ght gain (Columns 4 minus 3) and th e actual total 

weight gain during t he four periods a re l ess dra ma tic; i.e., - 2 .28% to -6.85%. 

Hhat is indicated by bo th comparisons - nu mbe r s a nd \.ve i ght - i s that s a mpling 

errors were significant. 

If it is assumed tha t 1) the pound- count s n.re acc ura te; 2) the mortalities 

are accurate; 3) the a ctua l we ights are ac cura t e ; th en, the head counts are 

accurate. But, t he po und- co unts at the end o f each pe riods multiplied by 

the wei ght at the enJ of eac h period do es no t e qua l the estimated head-count 
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Table 9 . S-series sample sizes. 

No . S <J m p 1 e ~~ g t . No. s<Jmples 
Period measured (No./lb.) (No./lb.) 

Initial 44 200-400 g 5 

1 44 200:--400 g 4 

2 4L~ 1 lb 4 

3 44 1 lb 5 

4 44 2 lbs 4 

Table 10. L-series sample sizes. 

No. Sample Hgt. No. samples 
Period measured (No ./lb.) (No./lb.) 

Initial 22 1 lb 5 

22 1 lb 5 

2 44 1 lb 5 

J 44 2 lbs 5 

4 4LI 2 lb s 5 
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Table 11. Exhibit of biweekly data recording form. 

Po~•d ::o . 

Lot ~o. 

l. ~~~~ec/lb at s:cr~ 

2 . ~:L::-:-.~2 :-/lb a ::. e:-:~ 

3. ~;~-::_je_r/ l.b ;2:::.:-: 

4 . ~:u~~e~ at .3t~=-~ 

5. Loss 

6. ~u:-:'::>er 2t er:d 

7. ~-: e i g :t t a t sta.r'-

8 . ~.; 2:; :--.:: 2t 2 ::~ 

9. G.::i.:-: 

1 0 . r oo ci f eci 

ll. Cc:-:·:c;rsio:J. 

12. Cost of f ood (c; / lo) 

13. Co5 t of =~s~ / :j ; 2 ~:-: 

14. Length o.t e~c (c~) 

15. Lt::~1;t~ 2.t st.:.:.rt (::-.:-:-.) 

B H."L Es:.L Y PO\D S c:-=-:_-\.:1 Y 

S.J:-:-:?lc D2.t2 

Date of Last ScGple 

I I 

16. 

1..., 
- I . 

13 . 

19 . 

20 . 

21. 

22. 

23. 

24- . 

25. 

26. 

27. 

28 . 

29 . 

Gr o ~-·th 

:\~::·. b-2 :- of ci 2. ys 

G r o -;.: t l-: I d 2 y 

F1m-: (G?:i) 

Velocity (ft/sec) 

Pc~:-:ds/ ga 11on/~in. 

Po::.d L.)o.d ing Incie:.;: (1bs/po r-.C./in) 

P::u:-:.:s cubic foot 

:·~""?:. :·: i::--. u=: Cer'.s i ty I~.c c: :-: (lbs / ?C-:id/ in) 

Te:-:-:p (OC) 

Te ::-.? c-:::its/in . 

0:-:y:; c: n (:-:-:g/ 1) 

I:(-:.::ctor 
I 

(x 10--.) 

Po ne Con stan t esti:::.c::.t2d 

~---- -- I - 2c tual I 
I I - -~---- - - · -- I lJ1 

w 

; 



Table 12. Biweekly invcnto~y data from each of t~o size groups of rainbow trout split into two diet groups. 

Parar:1etcr No./lb. I 'Weight (lb.) Pooulntion (nos.) 

Column 1 2 I 3 4 5 6 7 8 9 10 11 

Start Enc Start 
End 

c.J.lc 
Gain 

calc End Cain St.Jrt Morts End 
End 

calc 
Calc. i"!e thod Dir~ct Direct Direct ( 10/2) ( 4-3) Direct ( 6-3) (l:d) Direct (8-9) (2x6) 

Size-Diet-Period 

Swall A-1 583 .43 365 . 63 22 . 36 35. 45 13. 09 JS.60 16.24 13, 0~7 85 12,96 2 14,114 

2 365 . 92 223.00 21. 3 7 3t..96 13.59 31.50 10. 13 ! 7, 8 13 21 7' 797 7,025 

3 223.11 131. 20 27.66 46.95 19.29 42.90 15.24 6' 17 2 12 6. 160 5, 629 

4 131.06 91. 75 32 .07 45.77 13.70 48 . 80 16.73 4,20 3 4 4, 199 4,478 

Small B-1 583.43 333.28 22 .3 6 33.92 16.56 40.40 18.04 13,047 76 12,971 13,46 5 

2 333.73 193 . 75 22. 17 33 . 12 15.95 34.40 12.23 7,398 12 7,336 6,665 

3 193.94 116.64 27 . 78 46.29 18.51 46.00 18. 22 5,337 8 5,397 5,364 

4 11 6 . 64 76.40 33.41 50.92 17.51 50. 60 17. 19 3,396 6 3,890 3,866 

Large A-1 I 9!. . 7l 75.01 29.32 37.50 7. 68 35.30 5. 48 2,324 12 2,812 2, 648 

2 I 74 . 93 60 .06 3!. . 50 4 i. 90 7.40 4 1. 40 6.9o I 2,537 92 2,495 2,-1,84 I 
3 

I 

60. 06 4 3. 00 

i 
30 . 65 42 . 50 11. 85 36.60 5.95 1' 841 14 1, 827 1,574 

4 43.00 33.50 33.68 42.70 9.02 43 . 90 10.22 1,448 17 1,431 1, 4 71 

Large B-1 94.71 70. 8 1 29. 82 39.73 9.91 38 . 10 8.28 2,824 11 2,813 2,697 

2 

I 

70.81 45 . 80 36.13 54.96 18.83 48.90 12.77 2,533 41 2,517 2,240 

3 45.86 35.77 31.60 40.02 8.42 41.90 10.30 1,447 14 1 '433 1,500 

4 35.77 26.00 36. 32 50.23 13.41 52.80 15.93 I 1,317 11 1,306 1,373 

12 

Diff. 
(11-10) 

+1152 

- 772 

- 531 

+ 279 

+ 494 

- 721 

- 33 

- 24 

- 164 

- ll 

- 253 

+ 40 

- 116 

-277 

+ 67 

+ 67 

1.3 

% 
(12/1 0) 

+ 8 . 89 

- 9.90 

- 8. 62 

+ 6.64 

+ 3.71 

- 9.76 

- 0.61 

- 0.62 

- 5. 83 

- 0.!.4 

-13.85 

+ 2 . 80 

- 4 .12 

-11.01 

+ 4.68 

+ 5.13 

I 

V1 
~ 
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(Col. 10 vs. Col. 11); nor does the head-count at the end of the period 

(Col. 10) divided by the pound-count at the end of the period equal the 

actual weight at the end of the period (Col. 4 vs. Col. 6). Therefore, 1) 

the pound-counts are in error and the weights are correct; 2) the weights 

are in error and the pound-counts are correct; 3) both the weights and 

pounds are in error. 

Some insight into the foregoing deductive logic was accomplished by 

ordering the lengths (mm) of sampled fish and determining the range, mid-

range, median, and mean for each sample (Table 13). By assuming a normal, 

symmetrical distribution of lengths within a population and that, if this 

were the case, there would be similarity among the mid-range, median, and 

mean lengths. Testing this assumption indicated that 88.9% of the fish 

measured would fall within 95% of equality in their respective groups and 

that 100% of the fish would fall within 93.8% of equality . Thus, there 

were sampling biases in each inventory but within each group they tended 

to be mutually exclusive during the four growth periods. 

In addition, the greater the length range the more likely the sample 

would be size selective, thus, the larger the pound-count bias. The follow-

ing are methods of correcting the pound-counts to remove the sampling bias: 

a) Corr. no./lb = (mean/mid-ra~ge) x no./lb b 
0 s 

Assumes a symmetrical distribution of l eng th in the initial population. 

b) Corr. no./lb = (% inequalityend 
% inequality 

start 

x % inequality d) x no./lb d e n en 

Assumes <ln asymmetrical distribution of length in the initial 
population which is treated as unity with respect to % equality. 

c) Corr. no./lb = no./lb off K-factor (O.OOOL~) table using length (mm) 
as the input. 

Assumes that the length-weight comparisons within the sample were 
biased by the distribution of length within the sample. 
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Table 13. Length sampling clata of rainbow trout on programmed growth. 

Length 
Range Mid-range Hedian He an 

Unit n (mm) (nun) (mm) (mm) No./lb 

S-A-0 44 19 39 . 5 43 42.1 583 . 4 

1 44 19 48 . 5 50 49.9 365 . 9 

2 44 23 59 . 5 60 60 . 3 223. 

3 44 24 67 67 67.27 131.0 

4 44 so 75 77.5 76 . 5 91 . 75 

S-B-0 44 19 39 . 5 43 42 . 1 583.4 

1 44 23 51.5 51.5 51.3 333 . 7 

2 44 19 58.5 60 60.3 19 3. 9 

3 44 28 71 69 69.5 116.6 

4 44 30 80 80 80.1 76 . 4 

L-A-0 22 36 73 70.5 73 . 4 9!,. 7 

1 22 44 81 83 . .5 81.9 74 . 9 

2 44 34 91 90 91.45 60 . 0 

3 44 6.5 97 . 5 95 95.9 43 . 0 

4 44 65 97.5 1()3 . .5 102.5 33 . 5 

L-B-0 22 36 73 70.5 7 3. L, '94. 7 

1 22 30 85 8.5 84 . 9 70.8 

2 44 54 96 92 91.5 45.9 

J 44 66 109 lOl. 5 103. 1 35 . 8 

4 44 80 122 1l(J.5 117. 2 26.0 
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After applying each method to the data (Table 12) it was concluded that none 

would suffice to diminish the disparity already present. Method (b) did 

diminish the net error in the four growth periods in each group; however, 

the biweekly error was still quite significant. 

From this study, the follo~ing recommendations may be made (but remain 

to be tested): 

a. Determine the length (mm) frequency, distribution, range, mid-range, 

mean, and median at each sampling . Unity of the mean and median are 

botl1 more significant than unity among mean, median and mid-range because 

mid-range values are froQ two extremes. 

b. Crowd the fish to one end of the pond with a screen rather than 

"herding" them with a net . This will minimize the size selection bias. 

c. Grade the fish when the length range exceeds 50% of the length 

range of the previous period . After grading, a new length distribution 

and pound-count must be done . 

d. Weigh the fish into the pond rather than removing a certain weight 

to reduce the biomass to the prescribed level. 

e . Determine the biomass (weigh all fish) at the end of every second 

growth period. 

f. For sample we ighing small fish (1.5-3 in .) us e a metric beam balance 

rather than an avoirdupois spring scale. f or fi s h more than 3 in. long 

an avoirdupois scale with 0.01 lb accurac y ma y be used . Also, at each 

sampling, the ba lance or scale should be c<:tlibrated using at least three 

reference wei ghts covering the range of the samples to be weighed. Samples 

of small fish should be weighed to the neare s t 0.5 g (0.0011 lb), 3"-6" 

fish samples s hould be weighed to the neare s t gram (0.0022 lb), and 

samples of fish more than 6" should be weighed to the nearest 10 g (0.022 

lb). Recall th<1t l oz . equals 28 . 5 g ; thu s , i f a one pound sample were 
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weighed to the nearest ounce the error will be 6.3% while the error for 

weighing to the nearest 10 g will be 2.2%. 

g. In sampling fish for no./lb estimates, a minimum of five samples 

should be weighed and counted. Each sample should contain 150-250 fish. 

There should be at least a 90% agreement among the individual pound-counts. 

The most accurate pond-count will be .obtained by dividing the total fish 

counted by the total weight rather than calculating the mean no./lb from 

each pound-count. 
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VIII. EFFECTS OF POPULATION DENSITY i\ND 

WATER REPLACEMENT TIHE ON GROWI1l: A STUDY 

A. Background 

As has been stated previously, there dre m3ny factors on an aquaculture 

system which can affect growth. This portion of the study was designed to 

test a method of determining the optimum biomass in a system permitting 

growth to occur without being affected by either population density or water 

replacement time. 

The method, designated the Pond Loading Index (PLI), was derived from 

applying Piper's F (lb s of fish per gpm per in. body length) to Westers' 

method fo r carrying capacity (cf Appendix I). Piper's Flow Index method 

considers carrying capacity from the standpoin~ of water inflow and does 

not consider the volume of rearing space. It W.JS assumed that F was fairly 

accurate although it was derived empirically from a single v alue ; namely, 

1.5 lbs/gpm/in. This value was found to permit goo d g rowth of fish in SOF 

water at an elevation of 5000' above mean sea l evel (MSL). A table of F-values 

(Table 14), taking into account the effect of temperature on metabolic rate 

and the effect of elevation and temp erature on th e dissolved oxygen level in 

0 
water, assumed that; a) for each F increase from SOF there would be a 4% 

increase in growth rate and carrying capacity; b) for each °F decrease from 

50F there would be a 5% decrease in growth r a t e and carrying capacity; c) for 

each 1000' decre.Jse in elevation there would b e a 4% increase in carrying 

capdcity due to the additional dissolved oxygen (Pip e r 1970). 

Westers' Water Re placement Time method consideres carrying capacity as 

a function of water replacements per hour and volume of rearing space. However, 

Westers' method of determining the baseline pound s of fish by size groups is 

subject to some e rror in that it must be r ead from a graph (Wester s 1970). 



, . ... 

Table 14. Lo ad Factors (lbs fish/inch of length/gpm) for trout and salmon as 
related to water temperature and elevation. 

Water 
t empera ture 
Fo 0 1000 2000 3000 4000 5000 

40 2.70 2.61 2.52 2 , Ld 2.34 2.25 
41 2.61 2.52 2.44 2.35 2.26 2.18 
42 2.52 2.44 2.35 2 .27 2.18 2.10 
43 2.43 2.35 2.27 2.19 2. 11 2.03 
44 2.34 2.26 2.18 2. 11 2.03 1.95 

L~s 2.25 2.18 2 .10 2 .03 1. 95 1.88 
46 2. 16 2.09 2.02 1. 94 1. 87 1.80 
47 2.07 2.00 1.93 1.86 1. 79 1.73 
48 1. 98 1. 91 1.85 1. 78 1. 72 1. 65 
49 1. 89 1. 83 1. 76 1. 70 1. 64 1.58 

50 1.80 1.74 1.68 1.62 1.56 1. 50 
51 1. 73 1.67 1.62 l. 56 1.50 1. 44 
52 1. 6 7 1. 61 1.56 1.50 1.44 1. 39 
53 1.61 1. 55 1. 50 1.45 1. 39 l. 34 
54 1. 55 1. 50 1.45 1 . [~0 l. 34 1.29 

55 l. 50 1. 45 1. 40 l. 35 1.30 l. 25 
56 1. 45 1. 40 . 1. 35 1. 31 1.26 1. 21 
57 1. 41 1.36 1. 31 1.27 1. 22 1. 17 
58 l. 36 1.32 1.27 1. 23 1. 18 1.14 
59 1.32 l. 28 1. 24 l. 19 1.15 1.10 

60 1. 29 l. 24 1.20 l. J 6 1. 11 l. 07 
61 1. 25 1. 21 1. 17 1. 13 1.08 1. 04 
62 1. 22 1. 18 1.14 1. 09 1. 05 1. 01 
63 1. 18 1.14 1. 11 1. 07 1.0] 0.99 
64 1.15 1.12 l. 08 1. 04 1.00 0.96 

From Piper , 1970 

60 
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In the PLI method the ~aximum permissable pounds of fish per pond may 

be calculated by the following formula: 

Where: W 
p 

w. 
l 

v 

L 

lbs fish at length L per pond 

3 
lbs fish per £t per inch body length per cubic foot per 
water replacement per hour 

cubic feet of rearing space 

length of fish (in.) at the end of the growth period 

water changes per hour, determined by~~ 
v 

In this study, the PLI was used to represent the pounds of fish per inch of 

body length which the pond would support. It was then a simple matter to 

~1ltiply the starting and ending lengths by the PLI to determine the starting 

~nd ending pond loadings. 

The central figure in the PLI method is the pounds o[ fish per cubic f,oot 

of rearing space per water turn-over per hour per inch of body length (W.). 
l 

This figure can be expressed as the Density Index (D.I.) divided by the water 

changes per hour (R~). The D.I. concept, developed by Piper (1972), has as 

its basis the fact that fish have an upper limit of crowding above which 

growth will be negatively affected . The D.I. equals the lbs of fish per ft 3 

per inch of body length . The following D.I . values were derived empirically: 

rainbow trout 0.5 

cutthroat trout 0 . 3 

chinook salmon 0.3 

coho salmon 0 . 4 

Thus, theW. serves another useful function by c1llowing a hatcheryman to 
l 

determine the amount of water needed to ma i nt.:1in fish at a specified density. 

For example, ·a sys tern has a W. of 0. 170 (Tz1ble 15) and the fish have 
l 
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Table 15. Pounds of fish (Wi) per cubic foot of rearing space per inch of 
body length per water turn-over per hour*. 

OF Elevation (feet above MSL) 

0 1000 2000 3000 4000 

32 0.427 0.416 o.L~os 0.394 0.381 

33 0.416 0.405 0.394 0.382 0.369 
34 0.405 0.394 0.382 0.371 0.358 

35 0.394 0.382 0.371 0.360 0.348 
36 0.382 0.371 0.360 0.349 0.337 
37 0.371 0.360 0.349 0.337 0.326 
38 0.360 0.349 0.337 0.326 0.315 
39 0.349 0.337 0.326 0.315 0.304 
40 0.337 0.326 0.315 0.303 0.293 
Ld 0.326 0.315 0.305 0.293 0.283 
42 0.315 0.305 0.293 0.283 0.273 
43 0.303 0.293 0.282 0.273 0.264 
44 0.292 0.282 0.272 0.264 0.256 
45 0.281 0.272 0.262 0.254 0.244 

46 0.270 0.261 0.252 0.2L~2 0.234 
47 0.259 0.250 0 . 2Ld 0.232 0.225 
48 0.247 0.239 0 .2 31 0.222 0.215 
49 0.236 0.229 0.220 0.212 0.205 
so 0.225 0.217 0.210 0.202 0.195 

51 o;216 0.209 0.202 0.195 0.188 
52 0.209 0.201 0.195 0. 187 0.180 
53 0.201 0.194 0 . 18 7 0. 181 0.174 
5!i 0. 19/.f 0.187 0.181 0. 17 5 0.168 
55 0. 187 0.181 0.175 0. 168 0.163 
56 0.181 0.175 0 .1 68 0. 164 0. 158 
57 0.176 0.170 0. 16!~ 0. 159 0. 153 

58 0.170 0. 165 () . 159 0. 154 0. 148 
59 0. 165 0.160 0 .1 55 0. 148 0.144 

60 0. 161 0.155 0.150 0.145 0.139 

* Applicable to raceways only 
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of 0.4, then the wnter che1nges per hour must exceed 2.35 . 

In using the PLI method it must be kept in mind that the pond is not 

loaded at that level. The initial loading must be back-calculated fr6m 

the PLI load taking into account growth re1te. This is inherent in both 

the BROCK and IRV programs. 

B. Study Approach 

The test systems consisted of two S-tank units arranged so that there 

were duplicates of two fislt sizes, two water replacement levels, two densities 

and two growth rates (Table 1~. All groups were fed the same diet. The OWRT 

program was used to predict feeding rates and maximum loading. 

C. Results and Discussion 

111e data obtained after four 14-day gro\vth periods indicate that grmvth, 

measured as a change in length, was somewhat retarded in the H. = 0.154 
~ 

groups and markedly retarded in theW. = 0 . 385 groups when compared with the 
l 

Hi = 0. 062 groups (Table 17) . The difference be tHe en the mean growths of the 

two W. = 0.154 groups is explained by the fact that the 1.3 water turn-over 
~ 

groups had hyperplastic gill epithelia and reduced oxygen uptakes. Presumably 

this was due to the accumulation of waste products . The gill tissues in the 

3.25 water turn-over groups were unaffected nnd the oxygen uptakes were 

within prescribed limits (cf Section VI). 

It was assumed from the data (Table 13) that: if W. = 0 . 062 can be considered 
~ 

to permit the maximum (100%) growth \vithout the constraints of either density 

or water turn-over unci that at W. = 0 .154 growth is affected by both density 
~ 

and water turn-over, the highest W. a t which growth is not affected by density 
l 

or water turn-over lies somewhere beth'een 0.062 and 0 .15 4 . 
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Table 16. 
on growth. 

Program inputs to test effects of density and water replacement 

System 

Water flow (gpm) 0.609 

Density (lb/ft
3
/in.) 0.2 

Fish L (in.) 1.305 
0 

6L (in./day) 0.045 

Diet efficiency (%) 83.3 

Elevation 

Water temperature 

Volume 

D.O. (in) 

D.O. (out) 

K-factor 

A' A 

l. 523 0.609 

0.5 0.2 

1.305 2.866 

0.045 0.035 

83 .3 66.7 

Common to all Systems 

3000' above MSL 

59° F (15° C) 

3 
3.75 ft. 

8.9 mg/1 

6 .0 mg/1 

L~. 0 X 10-4 

1. 523 

0.5 

2.866 

0.035 

66.7 
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Table 17. Growth (~L ) of rainbow trout raised at two densities and at two water replacement times. t 

A'-1 A'-2 A'-3 A'-4 A'-5 A'-6 A'-7 A'-8 

D. I. (lb/ ft .
3
/in.) 0.2 0.2 0.5 0.5 0.2 0.2 0.5 0.5 

R (Water replace~ents) 
D. per hour 3.25 1.3 3.25 1.3 3.25 1.3 3.25 1.3 

Initial Length (L ) l. 305 1.305 1.305 1.305 1.305 1.305 1.305 1.305 
0 

Growth Period (14 days) 

1 1.746 1.726 1.732 1.742 1.742 1.756 1. 711 1.746 

2 2.132 2.069 2.018 1.963 2.142 2.071 2.093 1.988 

3 2 . 327 2. 415 2.436 2.266 2.469 2.415 2.346 2.240 

4 .2.799 2.614 2 .61 4 2.411 2.982 2.746 2.825 2.293 

~Lt l. 494 l. 327 1. 309 1. 106 1.677 1.441 1.502 0.988 

LL T ( %) 114.5 101.7 100.3 84 . 8 128.5 110.4 116.5 75.7 
0 

Ci' 
Vl 
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Table 17. Continued. 

A-1 A-2 

D. I. (lb/ft. 3/in.) 0.2 0.2 

R (Wa t e r repl a cements) 
0. per hour 

3.25 1.3 

Initial Leng th (L ) 2.866 2.866 
0 

Growth Pe riod (1 4 days) 

1 3.059 3.089 

2 3.364 3.382 

3 3.876 3.628 

4 3.982 3.821 

i'.L l. 116 0.955 t 

i1L 
t-

.... Cl ) U.L ,., 38 .9 33.3 
0 

A-3 A-4 A-5 

0.5 0.5 0.2 

3.25 1. 3 3.25 

2.866 2.866 2.866 

3.071 2.933 3.240 

3.287 3.112 3.510 

3.719 3.163 3.945 

3.913 3.293 4.343 

1.047 0.427 1.477 

36.5 14.9 51.5 

,,.. " .. - ~..,.: __ f: • <: ' "'!' 

A-6 A-7 

0.2 0.5 

1.3 3.25 

2.866 2.866 

3.175 3.079 

3.344 3.258 

3.880 3. 732 

4. 16 7 4.152 

1. 301 1. 286 

45.4 44.9 

A-8 

0.5 

1.3 

2.866 

2.980 

3.157 

3.266 

3.423 

0.557 

19.4 

0\ 
0\ 

! 



Table 18. Comparison of methods to estimate carrying capacity in systems having the constraints 
or density and water replacement. 

Water changes/hr (R 

lb/ft
3
/in. (D.I.) 

~-1. 
l (~) 

R 

Carrying capac ity (lb) (PLI Method) 

Est. growth (in.) 

Obs. growth (in.) 

Obs./ e st. ( %) 

Calcul a ted carrying capacity (lb) per : 

Feed Level ~ethod 

F lm.,r Index ~1e thod 

Oxygen Up t ake Method 

Density Fac tor ~ethod 

Water Replacement Time Method 

1 

3.25 

0.2 

0.06 2 

1. 4 

2.52 

1. 58 

62.7 

2 . 1 

3.4 

4.0 

1.4 

1.5 

Period 1 - A' System 
2 

1.3 

0.2 

0. 15 4 

1.5 

2.52 

1.37 

54.4 

0.8 

1.4 

1.6 

1.4 

0.6 

3 

3.25 

0.5 

0.154 

3.6 

2.52 

1.42 

56.3 

2. 1 

3.4 

4.0 

3.6 

1.5 

4 

1.3 

0.5 

0.385 

3.6 

2.52 

0.99 

39.3 

0.8 

1. 4 

1.6 

3.6 

0.6 

0'\ 
-....J 



Attempts to validate this assumption by accurately locating theW. 
l 

permitting maximum growth without being affected by either density or 

water turn-over failed because of the insufficient number of data points 

to establish a meaningful slope. However, by comparing the data from all 

·groups tested in this study, for whatever intent, a \.J. of 0.144 appeared 
l 

consistently to be the value sought. TheW. from the table (Table 15) is 
1 

0.148, or 2.8% over theW. suggested by the data. 
l 

For comparison with other methods of determining permissable biomass 

in the study ·systems, the ·inputs for the first growth period in system 

68 

A' (Table 16) were used. Assuming that the rLI method is valid, all methods 

can be used safely. However, if density is a constraint the biomass permitted 

using either Flow Index method or the Oxygen Uptake method will require 

correction as neither considers density. Also, if water turn-over is a 

constraint the biomass permitted using the Density Factor method will have 

to be corrected be cause it does not consider wat e r inflow . Use of either 

the Feed Level method or the Water Replacement Time method will permit safe 

loadings, though considerc1b.ly under optimum, in the systems tested. 

In summary, the PLI method offers the user the ability to consider fish 

length, water inflow, and density in raceway systems . The table W. is the 
1 

relation s hip between densi ty and water r cpl3cemcn ts per hour. If density is 

a constraint, then the wcJter flow can be adjusted and vice versa. For example, 

the tabl e W. = 0.165, the optimum Density lnclcx is 0.3, then the water replace
l 

mcnts mu s t exceed 1.82 per hour. Correspondin gJy , if only 1 .4 w.:1ter replace

ments per hour arc avnilnblc, the density cannot exceed 0.23 lb/ft
3
/in. without 

growth being affec ted. 
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IX. ESTIMATION OF SOLIDS GENERATED IN AN AQUACULTURE SYSTEM: A STUDY 

A. Background 

As was stated at the outset of this report, the discahrge of waste 

products from aquaculture systems has come under the scrutiny of the 

Environmental Protection Agency. At the present time the average suspended 

solids load which can be discharged legally is 2.2 pounds per 100 pounds of 

fish per day. The maximum daily suspended solids load cannot exceed 3.3 

pounds per 100 pounds of ~ish . The cleaning effluent shall not contain more 

than 2.2 ml/1 settleable solids and the non-clea ning effluent shalf not 

contain more than 0.2 ml/1 settleable solids. Curre ntly, large amounts of 

money and time are being spent in both the public and private sectors to seek 

economic and practical methods of compliance with the existing regulations. 

This study is part of those efforts. 

This portion of the study was developed from the belief that management 

methods were sufficient to maintain dischar ge quality within the regulated 

levels. Considerable time was spent identifying the qualitative and quanti-

tative factors involved in waste product generation (cf Section III). 

Throughout the proces s of factor identification, feed quality and 

quantity kept emerging as the most likely candid.:1te for study. The feed 

quantity was conside r e d to be dependent upon the desired growth rate and the 

dietary efficiency; i.e ., feed quality. It was further considered that the 

hatcheryman had the ability to establish the gcowth rate within the constraints 

of the aquaculture system; however, he h ;1d 110 c·onLrol over the dietary quality 

unless a diet of specified composition were fed. 

r 
j 
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There have been two methods of estimating the amount of solids generated 

daily in an aquaculture system. Both are based upon the feeding rate (lbs . 

of feed per 100 lbs of fish) and do not take into account dietary efficiency. 

Willoughby et al. (1972) proposed that by multiplying the pounds of feed fed 

per gpm by 25, one could estimate the mg/1 solids generated. Converting 

mg/1 to pounds per day can be accomplished in the following manner: 

lbs 

Thus, the calculation then becomes: 

mg/1 x cfs 
0.184 

25 x lbs fccd/gpm x cfs · lbs. solids per day = ---------0-.-1-8~4~-~---------

Li.ao (1974) proposed that the suspended soli_cls prodtJction rnt<.• (lhH/l.OO lhs 

fish/day) at 50-58F could be estimated by multiplying the feed rate (lbs feed/ 

100 lbs fish/day) by 0.52. 

In this study, a new method of estimating pounds of solids generated per 

100 pounds of fish per day which considered both dietary quality and quantity 

was tested. 

B. Study Approach 

Data were gatl1tered from applying mcLhods described in Sections V, VI, VII, 

and VIII. In each of these sections were provisions for determining feed 

efficiencies as they related to estimated growth rat es . Daily solids production 

levels were recorded for varying conditions of [>Opulation density, water replace-

ment time, feeding rate, and diet quality. 

C. Resul~s and Discussion 

It became apparent at the outs e t of data analyses tl1at dietary efficiency 

was not only a function of diet quality but of fce djng rate based upon estimated 

weight gain. The method used to estimate weight gai n \vas based upon the 61 
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concept in which the daily increase in length is propo rtional to the cube 

root of the weight. Thus, if a group of fish of 3 in. (uniform length) were 

to increase their length by 0.5 in., the expected weight gain would be 58.7% 

of the starting weight. For a group of 5 in. fis lt, an increase of 0.5 in. 

would increase the weight by 32.9% of the starting weight. 11tese estimations 

(Table 19) were taken from the weight-length tables (USFWS 1977) and are 

independent of K-factor. 

Data from four lots of fish were selected (Tabl e 20) to typify the 

situation. Lot A'-6-3 was fed to achieve a wei ght gain of 111.8%, and 

Lot A'-2-3 was fed for a 81.5 ~~ weight gain. Both groups contained virtually 

the same length of fish with a length range of 20 mm. The weight gain during 

the 14-day period was 55.7 % and 51.5% resp ec tively . It should be noted that 

the fish in both groups ate all the fe ed with lJttle or no wastage. A third 

group Lot S-B11-4 consisting of similar sized fish but in greater numbers 

was fed for a 68.1 % weight gain and the actual ga in was 51.6%. The maximum 

weight gains considered possible, based upon % l ength increase under the 

circumstances, we re 56.4 %, 56 .8%, and 53.4% r es pective ly. A fourth group 

(Lot L-B12-4) consj_sting of large fish (4") were fed for a 43.6% v.reight gain 

and the actual gain was 43.5 % \vi th the maximum gain for this sized fish 

estimated to be ~7.2% . 

The followin g dietary efficiencies were recorded for the four groups: 

% est. weight gain % diet efficiency conversion 

111.8 L,(). 1 1:2.1~9 

81.5 50.8 .l: l. 9 7 

68 .1 55 . 9 l: l. 79 

43.6 61+. 5 1:1.55 
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% WEIGHT INCREASE (%6W) IN 
Table 19. 

RELATION TO LENGTH INCREASE ( L\L) 

Length (in.) % W/0.25"6L % W/0.5"6L 

1.0 
1.25 95.4 
1.5 73.1 238.2 
1.75 58.4 
2.0 49.3 136.6 
2.25 42.5 
2.5 37.1 95.3 
2.75 33.8 
3.0 29.1 72.8 
3.25 27. 1 
3.5 24.8 58.7 
3.75 23.1 
4.0 21.4 49.4 
4.25 20.2 
4.5 18.9 42.9 
4.75 17.4 
5.0 16.5 36.7 
5.25 15.7 
5.5 14.9 32.9 
5.75 14.2 
6.0 13.6 29.9 
6.25 13.1 
6.5 12.6 27.3 
6.75 11.9 
7.0 11.5 24.4 
7.25 11.2 
7.5 10.9 23.6 
7.75 10.5 
8.0 9.6 22.0 
8.25 9.6 
8.5 9.3 19.8 
8.75 9.1 
9'. 0 8.9 18.7 
9.25 8.7 
9.5 8.5 18 .1 
9.75 7.9 

10.00 7.8 16.3 
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T<Jble 20. Growth ln fo ur g roups of rainbow trout fed a t different rates 
based on estimated weight g<:~ in. 

Lot A'-6-3 1\.'-2-3 L-1312-:-4 S-Bll-4 

Diet A-!+ A-4 13-5 13-3 

%tM 14 - expected 111.8 81.5 43.6 68.1 

%tM 14 - observed 55.7 51.5 43.5 51.6 

*Hax %6Wl4 56.4 56.8 47.2 53.4 

Length (in.) - start 2.071 2 .069 ~~ . 059 2.733 

Length (in.) - end 2.415 2 . Ld5 4.623 3.162 

6L14 (in.) - observed 0.344 0. 31~6 0.564 0.429 

6L14 (in.) - expected 0.63 0. L~9 0.56 0.56 

%~L 14 - observed 16. 1 16.7 13.9 15.7 

%6L 14 - expected 23.7 30 . 4 13.8 20.5 

% Digestibility 

Total 50.8 L~O. 1 55 .9 64.5 

Protein 73.3 5 2 . ~~ 68 .4 . 84.1 

.- .. * f - " j ~· r .tf .. .1- - -

NFE 30.1 41. 7 SL~. 2 56.9 

PER 0.97 0 . 77 l. 11 1.36 

TON 65 .1 55.<) . 67.5 77.7 
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Thus, it can be seen th(]t although the three grou ps of fish in the 2" 

size range were fed at different levels, all three grew about the same 

with the differences being seen in the diet efficiencies. This indicates 

that there were more waste products generated in the 111.8% weight gain 

group as compared with the 43.6~ weight gain group . 
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By comparing proximate analyses of the coll ec t ed feces with the 

proximate analyses of the diets, another facet of growth becomes apparent 

(Table 20). TI1e protein utilization was highest in group Lot L-B12-4 and 

lowest in Lot A'-G-3; i.e.", the lowest and highest estimated percent weight 

gain, respectively. These arc substantiated by the PER (Protein Efficiehcy 

Ratio) values. However, fat utilization among (]11 groups, irregardless of 

feeding rate, was very similar. Carbohydrate uti.Uzation (expres~ed as NFE 

digestibility) varied app(]rently independent of feeding rate. Among the 

several explanations for these observations, tlte only one lending itself 

to being plausible is: The high feeding rate fish (111.8% weight gain) were 

fed several times daily and the sheer bulk as compared to a lower feeding rate 

group decreased the time the ingesta resided in the digestive tract. Also, the 

intestinal tract was much more distended in the higher feeding rate group than 

in the lower feeding rate group, thereby decreasing the exposure of the ingesta 

to the intestinal lining. Both these fac tor s contributed to the decreased 

over-all efficiency. Appare11tly, fat is absorbed quite readily while it takes 

more time and less inte s tinal distension to utilize crude protein efficiently. 

These assumptions are somewha t born out in the TDN values. 

From the foregoing ob:--.;ervll tions and interpruL1tions, it became obvious 

that a better method of estimat ing the weight gain during a grm.;th period 

must be developed. It is acce pted that srn.a.l.l fL:; h have a greater percent 

wei ght gain per length increment increase than dn large r fish. This can 

be easily visualized by compa ring the weight/1000 fisl1 gain with length 



increase using the standard length-weight tables. For example, fish 

under 1.5'' will increase in wei~ht 4.7% for each percent length increase 

while fish over 5.5" will increase their weight 3.4% for each percent 

length increase (Table 21). 

Table 21. To calculate estimated %weight gain multiply the% estimated 
length increase by the approximate W-factor. 

Fish length \..J-fac tor 

<1 .5 11 L~ • 7 

1.5 - 5.5 3 . 8 

3.0 - 5.5 3.4 

5.5 - 10 3.2 

For example, a 14-day length increase expected for 4 . 211 fish is 0.4 11 or 
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a 9.5% increase. The estimated weight increase will be 9.5 x 3.4 or 32.3%. 

Using the L1L method, only a 28.6% weigh increase can be expected for the 

same period. This suggests that the length-weight conversion factor of 3 in 

the l\1 equation should be replaced with the correct "H-factor" . In the 

example, the two mcit hods would be equilibrated i[ this were done, thus negating 

the necessity of having to calc~late the % lengtl1 increase and multiplying it 

by the "W-factor". Back-calculating this concept into the data presented 

(Table 20) indicate s a high degree of ~orrelation . 

Applying these assumptions togc ther \vi th the weights of feces collected 

for each group, gave rise to a method of estinkJ.ting the solids generated per 

100 pounds (s
100

) o[ fish per day. It states: 

0.95 [lbs fed - (lbs fed x etficiency)] x cwt 

It assumes that 95 % of the metabolic waste will be as s olids. Tl1is assumption 

is supported by the fecal sample data. Recallin g that the feces were collected 
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in fine mesh "socks", dried and weighed, an error in quantitative proximate 

analysis could have been introduced by the leaching of the solubles into 

the water. However, the leaching was considered to be of no consequence 

because this is what normally happens to fish feces. 

The method has the advanta&e over the Hilloughby method and the Liao 

method by considering the dietary efficiency. In t\vO selected groups of 

fish (Table 21), the following lbs of so lids per 100 1 bs of fish \vere 

calculated: 

Lot L-A12-4-14 (the 14 day of the 4th period of Lot L-A-12) 

Willoughby - 1.06 

Liao - 2.24 

Proposed - 2.34 

Lot L-Bl2-4-14 (the 1.4th day of the 4th period of Lot L-Bl2) 

Willoughby - 1.32 

Liao - - 2.38 

Propos ed - 1. 55 (From Table 22) 
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Both groups consisted of essentially the same number of fish and the same size 

fish. Both were fed o.t compar.:1ble rates. The differ e nce was in the respec

tive dietary efficiencies . Lot L-A12 had a dictnry e(ficiency of 41.3% 

whereas, lot L-B l 2 hacl a dietary efficiency of 6!1 . 1%. According to the Liao 

method both groups exceeded the EPA cJ is charge lim i_ ts i_l nd according to the 

Willoughbymethod neither exceed the EPA di sc harge limits. However, according 

to the proposed method the lot with the lower di e tary efficiency exceed the 

discharge limits but the other did not. 

A chart was constructed to estimate the pound s of solids generated 

per 100 pounds of feed based upon th e diet.1ry efficiency (Table 23) . It is 

very simple to vi s uali ze the importgnce of having t:he dietary efficiency as 
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Table 22. Estimation of solids (lb) produced daily in two groups of 
rainbow trout using thr~e methods. 

Example 1: 

Unit - L-A12-4-14 

Biomass - 49.6 lb (22.518 kg) . 

Feed - 2.08 lb (944.32 g) 

Feeding Rate - 4.3% 

Dietary Efficiency - 0.413 

Water- 28.1 gpm (0.0624 cfs) 

Willoughby's Method: 

Solids = 25 x lb fced/gpm x cfs 
0. 184 

Liao's Method: 

Solids 

0.593 lb 

1.106 lb/100 lb fish 

-2 
0.52 x f eed rate x lb fish x 10 

1.11 lb 

2.24 lb/100 lb fish 

Proposed Method : 

Solids 0.95 [lbs feed - (lbs fed x effie.)] 

1.16 lb 

2.34 lb/100 lb fish 
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Table 22. Continued. 

Example 2: 

Unit - L-B 12-4-14 

Biomass - 52.86 lb (23.998 .kg) 

Feed - 2.42 lb (1.098 kg) 

Feeding rate - 4.58% 

Dietary Efficienc~ - 0.641 

Water - 17.97 gpm (0.0399 cfs) 

Willoughby's Method: 

Solids = 25 x lb fccd/gpm x cfs 
0.184 

0.70 lb 

1.32 lb/100 lb fish 

Liao's Hethod: 

Solids 0.52 x feed rate x lb 

1.26 lb 

2.38 lb/100 lb fish 

Proposed Method: 

fish X 10-2 

Solids 0.9 5 . [lbs feed - (lbs fed x e ffie.)] 

0.82 lb 

1.55 lb/100 lb fish 
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Table 23. Estimated 
efficiency. 

Feed 
conversion 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2. 1 

2.2 

2.3 

2. L~ 

2.5 

,,, 
lbs solids/100 lb feed as related to dietary 

Dietary Lb s solids 
efficiency (%) 100 lb feed · 

90.9 8.65 

83.3 15.87 

76.9 21.95 

71.4 27.17 

66.7 31.64 

62.5 35.63 

58.8 39.14 

55.6 42. 18 

52.6 45.03 

50.0 47.50 

47.6 49.78 

45.5 51.78 

43.5 53.68 

41.7 55.39 

40.0 57.00 

,·~ Solids (lbs) 0.95 [lbs fed- (lb s fed x diet effie.)] 
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high as possible. For example, 300 lbs of feed being fed daily to 10,000 

pounds of fish will generate 1.07 lbs solids per 100 lbs of fish at a 

dietary efficiency of 62.5%. However, at a dietary efficiency of 50%, 

1.43 lbs of solids per 100 lbs of fish will be generated . 

In sunnnary, we think that more basic and applied research must be 

done to "fine tune" the method used. At best estimate, based upon the 

data collected, there is no more than a 5% error between the actual 

values and the calculated values. Furthermore, we think a large portion 

of the error to consist of the usual rounding errors encountered whenever 

numerical significance is attempted. 
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X. SUHHJ\.RY 

As was stated at the outset of this report, tlte objectives of this study 

were to develop and test methods of predicting waste product generation from 

aquaculture facilities. The approach to attain the objectives began with a 

complete identification of the factors involved in waste product generation. 

It was found that, among the 40-plus factors having the capability of affect

ing production in an aquaculture facility, each factor interacted with one or 

more factors in a dependent or counterdependent manner. 1~e problem of 

selecting those factors having the greatest role in waste product generation 

and also having the greatest potential of being controlled through management 

techniques was resolved after considerable consultation with professional 

fish culturists - both public and private - and testing opinions in a model 

flow chart. 

The factors chosen for testing were: 1) feeding rate; 2) diet efficiency; 

3) growth rate; 4) population density; 5) water replacement time; 6) oxygen 

consumption; 7) fish size ; 8) water temperature. Although there were other 

probable choices for consideration ; we believed the ei ght chosen were at "the 

top of the heap" with the other factors be ing dependent functions of them 

(cf Section II). 

We believe the following to be signifi cant findin gs resulting from the 

study: 

1) The identification of factors involved not only with the generation 

of waste products from an aquaculture f<1 c ility; bu·t the identification 

of factors having the potential of affec tin g the production of an aq ua

culture facility. 
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2) The development of a practical method for determining oxygen 

consumption of fish in varying (controlled) environmen tal conditions. 

3) TI1e development of a computerized program for fish growth in 

optimized loading conditions of population density and water replace

ment time. 

4) A method to predict more accurately the anticipated growth_ rate of 

a group of fish which corrects the existing method. 

5) A method to predict the solids - both settleable and suspended -

produced daily by a gro up of fi s h being held in known conditions. 

Although it is conceded that more research must be done, this study 
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clearly indicates that it is within the capability of existing fish culture 

technology to control waste product discharge from fish raising facilities 

t hrough management so as to comply with the current EPA rc.gulation_s. The 

need for sophisticated and expensive pond cleaning equipment and solids 

disposal should be necessary only in those cases where continuously cleaning 

ponds do not exist or ca nnot be modi fied to be. so . 

In conclusio~ we would like to suggest the following for future research 

a reas to further understand the fish:water:nutrition:container:management;: 

interrelationship s~ 

1) The effect of dietary quality on survival of game fish following 

release from the hatchery e nvir onment. 

2) The testing of the fish:container relations hips with r espect to 

hydraulic action of the. pond, fish behavior, self -cleaning propensities, 

and pond shape and dimensions. 

3) The effect of regularly scheduled continuing education sessions for 

fish culturists and fishery resource man<J gcrs . 
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APPENDIX I 

Published Carrying Capacity Methods 
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A. Feeding Level ~1cthod (llaskell 1955) 

Lb f : 1 I f _max . lbs . feed per cu.ft. x 100 
s. 1Sl cu. t. - --------------~.---------------

percent body we1ght fed 

B. Feeding Level Method (Willoughby 1968) 

N 
Wn = Rf x 10-2 

Where: Wn total weight of fish in pond (lbs) 

N pounds of food per day 

(Oa - Ob) X 
5 i6~ X Rw 

Oa ppm dissolved oxygen incoming 
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Ob ppm dissolved oxygen at outfall (min. 5 ppm for salmonids) 

5.45 

100 

Rw 

Rf 

conversion 

6L 

3 

~etric tons of water at 1 gpm for 24 hours 

grams oxygen r equired to metabolize 1200 kcal 

water inflow in gpm 

feeding rate in percent body weight of fish 

conversion x ~L x 3 x 100 
L 

pounds of feed required per pound of body weight gain 

daily increment of length increase (hr) 

weight-length conversion factor 



j 

l 

C. Water Replacement Time Method (Westers 1970) 

Lb fish/cu.ft. = lb.· fish/gpm x no. water changes/hour 
8 

Wt (Wgpm x R6) X V 
8 

Where Wt pounds of fish in pond 

Wgpm pounds of fish/gpm 

R6 water changes/hour 

8 conversion of gpm to cfh 

v pond volume (cu. ft.) 

D. Oxygen Uptake Hethod (Elliott 1969) 

~.J Oi - Oo 
Yri 

Where: w pounds of fish per gpm 

y oxygen requirement for fish at size 

a x T - b 

(a & b are constants, T is ° F) 

I I n . 
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F. Oxygen Consumption Method (Liao 1971) 

Where: 

Ho 

Wo 

Rw x 1.2 (Ce - C) 
K x T11 x wm 

weight of fish in pond (lbs) 

Rw ·water inflow (gpm) 

1.2 correction constant 

Ce dissolved oxygen (ppm) at t emperature (T in ° F) 
elevation (E) and saturation (S) 

S X 132 760 
= TQ. 625 X 760 +E 

32.8 

C minimum dissolved oxygen ;1t outL:l11 

K rate constants 

s;1 lmo n 
<50° F 7.20 X 

-..5()0 F 4.90 X 

<5.0° F ] .90 X 

>50° F 3 .05 X 

T water temperature (0 F) 

n = temperature-water slope 

salmon 
<50° F 3.200 
>50° F 2. 120 

<50° F · 3.130 
trout >50° F 1.855 

H weight of individual [ish ( 1 b) 

m = weight-oxygen slope 

<50° F -0. 194 
>50 

0 
F -0.194 

<50° F -0. 138 
>50° F -0. 138 
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10-s 

10-6 

10-4 
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G. Density Factor Method (Piper 1972) 

Wd D X v X L 

Where: Wd 

D 

total weight of fish in pond (lbs) 

density factor (lbs fislt/cu.ft./in. fish length) 

V volume of ~earing space in pond (cu.ft.) 

L length of fish (in.) 
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Table 1 . Load factors (lbs fish/inch of length/gpm) for trout and salmon 
as related to water temperature and elevation. 

Water 
Temperature 
Fo 0 1000 2000 3000 4000 5000 

40 2.70 2.61 2.52 2.43 2.34 2.25 
41 2.61 2.52 2.44 2.35 2.26 2. 18 
42 2.52 2.44 2.35 2.27 2.18 2.10 
43· 2.43 2.35 2.27 2.19 2.11 2.03 
44 2. 31-J 2.26 2.18 2.11 2.03 1. 95 

45 2.25 2.18 2.10 2 .·o3 1.95 1.88 
46 2.16 2.09 2.0 2 1.93 1. 87 1. 80 
47 2.07 2.00 1. 93 1. 86 1. 79 1. 73 
48 1.9 8 1. 91 1.85 1.78 1. 72 1. 65 
49 1.89 1.83 1.76 1.70 1. 64 1.58 

so 1.80 1.74 1. 68 1.62 1. 56 1. 50 
51 1.73 1.67 1. 62 1. 56 1. 50 1. 44 
52 1. 67 1. 61 1. 56 1. 50 1. Lt4 1. 39 
53 1.61 1. 55 1. 50 1. 45 1. 39 1. 34 
54 1.55 1.50 1.45 l. 40 1. 34 1. 29 

55 1. 50 1. Lt5 1. LtO 1. 35 1.30 1. 25 
56 1.45 1.40 1. 35 1. 31 1. 26 1. 21 
57 1. 41 1.36 1. 3 ]_ 1.27 1.22 1. 17 
58 1. 36 1.32 1. 27 1.23 1.18 1.14 
59 1.32 1.28 1.24 1. 19 1. 15 1.10 

60 1. 29 1.. 2Lt 1. 20 1. 16 1. 11 1. 07 
61 l. 25 l. 21 1. 17 1.13 1. 08 1. 04 
62 1. 22 1.18 1. 14 1.09 1. 05 1. 01 
63 1. 18 1.14 1. 11 1. 07 1. 03 0.99 
64 1. 15 1. 12 1.08 1.04 1. 00 0.96 
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APPENDIX II 

List of OWRT Fish Culture 'Pr ogr nm 
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OWRT 

10 ~.JRI TE ( 6, 10) 
20 10 FORHAT(3X, 'TYPE IN THE NUt-1BER OF TANKS AND NO . OF PERIODS TO BE RUN -
EXAMPLE ?3, 1 ') 
30 READ (5, *) J .J, MM 
40 DO 123 J=l,JJ 
50 WRITE(6,1) 
60 1 FORHAT(3X, 'TYPE IN ROOH NUHJ3ER AND TANK NUHBER (8 SPACES ~1DST BE FILLED) 
EX . ?1 '12, SA') 
70 READ(5,23)A,AA 
80 23 FOR.HAT(2A4) 
90 WRITE(6,33) 
100 33 FORMAT(2X, 'TYPE IN DELTAL,MAX. DENSITY INDEX,POND CHANGES(RDELTA),PLI 
NO.,% DAILY MORTALITY') 
110 R.EAD(S,*)DELTAL,DI,RDELTA,PLIALT,PCMORT 
120 WRITE(6,25) 
131 25 FORMAT(1X, 'TPE IN LE NG TH,NO./LB.,K-FACTOR,POND VOLUME,EST. CONVERSION, 
WATER TEMP. I) 
140 READ(S,*)ZLONG,ZN(LB,ZKFACT,VOL,ESTCON,TEMP 
150 WRITE(6,26)A,AA 
160 26 FORMAT(20X, ' ROOM NUHBER" ,A4,3X, 'TANK NUMB ER ' ,A4) 
170 WRITE(6,2)DELTAL,TEMP 
180 2 FORJ.'•iAT( 1X, I DELTAL = I' F6. 4, 30X, I TEMPERJ\11J RE = I, FS. 0/) 
190 WRITE(6,3)ESTCON,RDELT/\ 
200 3 FORHAT(lX, 'EST. CONVERSION= ',F5.3,27X, 'PO ND CHANGES/HOUR= ',F5.3/) 
210 WRITE(6,4)ZLONG,ZNOLB 
220 4 FORHAT(1X, 'STARTING FISH LENGTH= I ,F6.4, 21X , ' // /Ll3- I ,Fl0.3/) 
230 WRITE(6,6)VOL,DI 
240 6 FORHAT(lX, 'POND VOLUHE = ',f9.3,30X, 'DENSITY IND EX 1 ,F5.3/) 
242 HRITE(6,7)ZKFACT,PCNORT 
244 7 FORHAT(1X, 'K-FACTOR = I ,F8.6,30X, I % DAILY ~lORTALI1Y - I ,F5.3/) 
250 DO 180 M=l,MM 
260 WRITE(6,11) 
270 11 FORMAT(1X,/' DAY POND WEIGHT NO .? LB LENGTH % BW FED FEED NO . FISH') 
280 ZLONG=ZLONG+DELTAL*l3 
290 ZMDI.=DI'I:VOL'''ZLONG 
300 ANOLB=l./(ZKFACT'''ZLO NG''"''J) 
310 ZNUMB=ZMDI "'ZNULB/ ( ( 1. -PCMORT / 100.) •'"'' 13) 
315 l)i\Y 14= ( ZNUMB/ ZNOLn) ,., ( ES TC0N'''3 'I:DELTAL) / ZLONG 
320 ZLONG=ZLONG-DELTAI.J'l3. 
330 F'EDSUM=O . 
340 DO 111 1=1,14 
342 IF(I . GT . 7) GO TO 99 
3L~L~ X DAY 14 =. 05 "'DAY 14 ,·,t~ 54 
JL~S GO TO 17 
J 4 6 9 9 X D !\ Y 14 = . 0 9 3 ,., DAY 1 L~ ,., 4 51+ 

348 17 CONTINUE 
350 AMDI=DI*VOL*ZLONG 
360 ZNOLB=1./(ZKF/\CT*ZLONG**3) 
380 MORTS=ZNUMR '" (PC!v!ORT / 100.) 
390 TOTWT=ZNUMJ3/ZNOLB 
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400 PLI==PLIJ\L T''<VOL''c ZLONG''c RDELTJ\ 
410 PCI3DHT==(ESTC0N''cJOO. '''DELTAL) /ZLO NG 
420 FOODFD==(TOTWT*PCBDHT/100.)*454.+XDAY14 
425 IF(I .EQ. 14) FOODFD=O. 
430 FEDSUH=FEDSUH+FOODFD 
440 IF(M .EQ. 1) GO TO 100 
450 IF(I .NE. 1) GO TO 100 
460 DIFFWT=ZHHDI-TOTWT 
470 DIFNUM==ZNNUHB-ZNUH13 
480 WRITE(G,S)DIFFWT,DIFNill1 
4 9 0 5 FORMAT ( 1 X , ' R CNOV E ' , F 1 0 . 3 , ' POUNDS 0 R ' , F 1 0 . 0 , ' FISH ' /) 
501 100 WRITE ( 6, 15) I, TOTWT, ZNOLB, ZLONG, PCBD\..JT, FOODFD, ZNU.HB 
510 15 FORHAT(I5,Fl2.2,F8.2,3Fl0.2,Fl0.0,/) 
52.0 ZLONG=ZLONG+DELTAL 
530 ZNUMB==ZNUMB-MORTS 
540 ZI'-1MDI=ZHDI 
550 ZNNUHB=ZNlJMB+t-lORTS 
560 111 CONTINUE 
565 WRITE(6,112) FEDSLJM 
566 112 FORMAT(1X,' TOTi\L FEED FOR PERIOD ',F1 2. 2,' GRAMS '/) 
570 180 CONTINUE 
580 123 CONTINUE 
590 STOP 
600 END 
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APPENDIX III 

List of BROCK Fish Culture Pro gram 



BROCK 

10 WRITE(6,20} 
20 20 FORHAT(3X, 'TYPE IN THE POND LOADING FORl'lULA YOU hTISH TO USE---1YPE 
IN 1' FOR \VILLOUGHBY; 2 FOR WESTERS; 3 FOR LIAO; 4 FOR PIPER DENSIIT INDEX 
HETIIOD; 5 FOR PIPER FLOW INDEX HETHOD; and 6 FOR KLONTZ') 
30 READ(S,*)LL 
40 IF(LL.EQ.l) GO TO 126 
~0 IF(LL .EQ. 2) GO TO 71 
60 IF(LL .EQ. 3) CO TO 157 
70 IF(LL .EQ. 4) GO TO 43 
80 IF(LL.EQ.5) GO TO 98 
90 ~.JRITE(6, 21) 
100 21 FORML\T(3X, 'YOU 1-!J\VE CHOSEN 11-IE KLONTZ LOADING FORMULA--ITPE IN THE 
NUMBER OF PONDS TO BE LOADED--EXAHPLE ++? 5') 
11 0 READ ( 5 , ''t) NP L 
120 DO 1 J-l,NPL 
130 WRITE(6,22) 
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140 22 FORMAT(3X, 'TY.PE IN POND NUHBER AND HO\.J tvli\NY DAYS THE PERIOD IS TO RUN----
EXAMPLE? 10,14') 
150 READ(5,''-)NP,ND 
160 WRITE(6,23) 
170 23 FOllliAT(3X, '1YP E IN DELTA L, FISH LENGTH, K-FACTOR, ESTIMATED CONVERSION') 
180 READ(5,*)DELTAL,ZLONG,ZKFACT,ESTCON 
190 WRITE(6,24) 
200 24 FORMAT(3X, 'ITPE IN POND VOLUHE,POND CllANGES/llOUR,PLI NUHBER,% DAILY HOR 
TI\LITY. I) 
210 READ (5, "')VOL,RDELTA,PLI,PCMORT 
220 WRITE(6,25)NP 
210 25 FORHAT(20X, ' KLONTZ LOADING METHOD FOR POND 1

, I2/) . 
240 WRITE(6,26)ZLONG,ZKFACT 
250 26 FORMAT(3X,'ST/\RTING FISH LENGTH= ', f 7. L~ , T45 ,'K-FACTOR = ',F7.6/) 
260 WRITE(6,27)DELTAL,tSTCON 
270 27 FORtv1AT(3X, 'DEL TA L- 1,F6.4,TL~5, 'ESTH·!ATED CONVERSION = ',F5.3/) 
280 WRITE(6,28)VOL,PCMORT 
290 28 FORMAT(3X, 'POND VOLUME= 1 ,F9.2,T45, '%DAILY HORT/\LITY = 1 ,F5.3/) 
300 WRITE(6,29)PLI,RDELTA 
31.0 29 FORHAT(JX, 'PLI NUHHER = ',F4.3,T45, ' POND CHANGES/HOUR= ',F5.3/) 
340 t.JRITE(6,30) 
350 JO FOR~iAT(JX, 'DAY POND hiT. NO/LB LENGTH % B\.J FED FEED No. Fish'/) 
360 ZLONG=ZLONG+DELTAL*(FLOAT(ND)-1.) 
370 ZNOLB=l. / (ZKFAC'f''< ZLONC)'o''J ) 
380 ZPLI=VOL*RDELTA*ZLONG*PLI 
390 ZNUMB=7.PLI i<ZNOLD/ ( ( 1. -PCMORT/ 100.) )'d' ( FLOAT (NO) -1.)) 
L100 ZLONG=ZLONG-DEl../TAL '''(FLOAT(ND)-1.) 
410 FEDSUH=O. 
L~ 20 ZGPM=VOLi'lillELTA)q. 5 / 60 . 
LdO CALL FISH (FED SUH , ZKFACT , ZLONG, ZNUMB, ESTCON , DEL'l't\L, PCHORT, ND, ZGPH) 
440 1 CONTINUE 
450 GO TO 75 
460 43 hTRITE(6,31) 
4 70 31 FORNi\ T ( JX, 'YOU lit\ VE CHOSEN 11IE PIPER DENS I lY INDEX NETHOD---'IYPE IN 
THE NUr1BER Of PONDS TO BE LOADED---EXAMPLE ? 5') 
L~90 REt\D (5, ;'c) Nl)L 
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500 DO 2 J=1,NPL 
510 HRITE (6,22) 
520 READ(5,*)NP,ND 
530 WRITE(6,23) 
540 READ(5,*)DELTAL,ZLONG,ZKFACT,ESTCON 
550 WRITE(6,32) 
560 . 32 FORMAT(3X, 'TYPE IN POND VOLUME,WATER TEMPERATURE, MAXIMUM DENSITY 
INDEX, %DAILY MORTALITY,POND TURNOVERS/HR') 
5 70 READ (5, 7c) VOL, TEMP, DI, PCMORT, RDELTA 
580 WRITE(6,33)NP . 
590 33 FORMAT(20X, 'PIPER DENSITY INDEX METHOD FOR POND ',I2/) 
600 WRITE (6,26) ZLONG,ZKFACT 
61.0 WRITE (6,27) DELTAL,ESTCON 
620 WRITE (6,34) DI,TEHP 
630 34 FORHAT(3X,'MAXIMUH DENSITY INDEX ',F4.3,T45,'WATER TEMPERATURE 
',F3.0/) 
640 WRITE (6,28) VOL,PCMORI 
660 WRITE (6,30) 
6 70 ZLONG=ZLONG+DELTt\L''' (FLOAT( ND) -1.) 
680 Zt-IDI=ZLONG''~VOL*DI 

690 ZNOLB=1./(ZKFACT*ZLONC**3) 
700 ZNUNB=ZMDI 7<ZNOLB/ ( ( 1. -PG10RT/ 100.) ''c* (FLOAT ( ND) -1.) 
710 ZLONG+ZLONG-DELTAL*(FLOAT(ND)-1.) 
720 FEDSUM=O. 
730 ZGPM=VOL*RDELTA"'7 .5/ 60 . 
740 CALL FISH (FEDSUM,ZKFACT,ZLONG,ZNUMB,ESTCON,DELTAL,PCMORT,ND,ZGPM) 
750 2 CONTINUE 
760 GO TO 75 
770 71. WRITE (6,99) 
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780 99 FORMAT(3X, 'YOU HAVE C1IOSEN THE \\TESTERS LOADING FORMULA---TYPE IN THE 
NUMBER Of PONDS TO BE LOADED--EXM1PLE? 5') 
790 READ (5,''c)NPL 
800 D) 3 J=1,NPL 
810 WRITE (6,22) 
830 READ (5, •'c) NP, ND 
840 \.JRITE (6, 23) 
850 READ (S,*)DELTAL,ZLONG,ZKFACT,ESTCON 
860 WRITE (6,35) 
870 35 FORHAT(3X, 'T'r'PE IN POND CHANGES/HOUR, PO ND VOLUNE, HAXIMUM POUNDS OF FISH 
IGPM, % DAILY MORTALITY.') 
880 READ ( 5, ''') RDELTA, VOL, ~.JGP~1, PCMORT 
890 ZGPtv1=WGPM 
900 WRITE (6,36)NP 
910 36 FORHAT (20X, 'WESTERS LOADING ME:THOD FOR POND ', I21) 
920 WRITE (6,26)ZLONG,ZKFACT 
9"30 WRITE (6,27) DELTAL,ESTCON 
9L~O WRITE (6, 28) VOL , P010RT 
950 WRITE (6,37)IUJELTA,WGPN 
960 37 FORHAT(JX, 'POND CHANCES I HOUR ',F5.3, TLI5, 'LBS. FISH/GPM ',5.2/) 
980 WRITE (6,30) 
990 ZLONG=ZLONG+DELTAL'''(FLOAT(ND)-1.) 
1000 ZNOLB=1. I (ZKFAC T7<ZLONC '""'3) 
1010 ZWEST=WCPM*RDELTA*VOLI 8 . 
1020 ANUHB=ZWEST''' ZNOLB/ ( ( 1. -PC~10RT I 100.) ,·o·c (FLOAT ( ND ( -1..)) 
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1030 ZLONG=ZLONG-DELTAL*(FLOAT(ND)-1.) 
1040 FEDSUH=O·. 
1050 CALL FISH (FEDSUM,ZKFACT,ALONG,ANUMJ3,ESTCON,DELTAL ,PCHORT,ND,ZGPM) 
1060 3 CONTINUE 
1070 GO TO 75 
1080 98 WRITE (6,38) 
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· 1090 38 FORMAT(3X, 'YOU HAVE CHOSEN THE PIPER FLOW INDEX METHOD----TYPE IN 
THE NUHBER OF PONDS TO BE LOADED--EXAMPLE? 5') 
1100 READ (5,*) NPL 
1110 DO 4 J=1,NPL 
1120 WRITE (6,22) 
1130 READ (5,*) NP,ND 
1140 WRITE (6,24) 
1150 READ (5,*)DELTAL,ZLO NG ,ZKFACT,ES TCON 
1160 WRITE (6,39) 
1170 39 FORMAT (3X, 'TYPE IN F-FACTOR, WATER TEHPERATURE, INFLOW (GPM), %DAILY 
NORTALITY. ') 
1180 READ ( 5, ;'.) ZFF ACT, TEHP , ZGPM, PCMORT 
1190 WRITE (6,40) NP 
1200 40 FORMAT(17X, 'PIPER FLOW INDEX METHOD FOR POND ', I2/) 
1210 WRITE (6,26)ZLONG ,ZKFACT 
1220 WRITE (6,27)DELTAL ,ESTCON 
1230 WRITE (6,41)ZGPH ,TENP 
12L~O 41 FORMAT (3X, 'INFLOW (GPH) = I ,F6.1, T45, 'WATER TEMPERATURE = I ,F3.0/) 
1250 WRITE(6,732)ZFFACT,PGHORT 
1260 732 FORHAT(3X, 'F-FACTOR = ',F5.2,T45, ' %DAILY MORTALITY= ',F5.3/) 
1280 WRITE (6,30) 
1290 ZLONG=ZLONG+DELTAL ,., ( FLO/\ T (ND) -1.) 
1300 ZNOLB=1./(ZKFACT*ZLONG**3) 
1310 ZPF=ZFFACT*ZLONG*ZGPM 

1320 ZNUHB=ZPF*ZNOLB/ ( ( 1.-PCHORT /100.) )'n'.: (FLOAT (ND) -1.)) 
1330 ZLONG=ZLONG-DELTAL*(FLOAT(ND)-1.)) 
1340 FEDSlJ1v1=0. 
1350 CALL FISH (FEDSUH, ZKF/\CT, ZLONG, 1\NUHB, ESTCON, DEL TAL, PC~10RT, ND, ZGPH) 
1360 4 CONTINUE 
1370 GO TO 75 
1380 126 WRITE ( 6,42) 
1390 42 FORHAT(3X, ' YOU HAVE CHOSEN THE HILLOUGliB Y POND l,OADING HETHOD---TYPE 
IN THE NUMBER OF PONDS TO BE LO/\DED--EXAHPLE? 5') 
1400 READ ( 5, ;'') 
14 l 0 DO 5 J -1, NP L 
1420 WRITE (6,22) 
1430 READ (5, .,.,) NP, ND 
1440 WRITE (6,23) 
1450 READ (5,*) DELTAL,ZLONG,ZKFACT,ESTCON 
1460 \vRITE (6,430 ) 
11170 430 l70RMAT(J X, 'TYPE IN OXYGEN AT INFLO\v, OXYCEN AT OUTFALL, WATER 
TEHPERATURS, INFLOW (GPH ), % DAILY MORTALITY') 
1L~80 READ (5, ''')OIN,OOUT,TEi'lP,ZGPM,PCMORT 
1 490 ~<JJUTE ( 6, L14) NP 
1500 44 fORHAT(l8X, '\v iLLOUClWY LOADING METHOD FOR POND _ ' ,I2/) 
1510 HRITS (6,26)ZL.ONG,ZKF/\CT 
1520 ~vRITE (6, 27)nELTAL, ESTCON 
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1530 WRITE (6,45) OIN,OOUT 
1540 45 FORHAT(3X, 'OXYGEN AT INfLOW= ',F4.l,T45, 'OXYGEN AT OUTFALL= ',F4.1/) 
1550 WRITE(6,460)ZGPM,TEMP 
1560 460 FORl-fAT (3X, 'INFLO'i.J = ', F6. 1, T45, 'WATER TEHPERATURE = ', F3. 0/) 
1570 WRITE (6,30) 
1580 ZLO.NG=ZLONG+DELT/\.L)''(FLO/\.T(ND)-1.) 
1590 ZNOLB=1./(ZKFACT*ZLONG**3) 
1600 PWILL=(OIN-OOUT)*.0545*ZGPM 
1610 PCBDWT=ESTCON*JOO.*DELTAL/ZLONG 
1620 ZWI LL-PWILL/ (PC!3DWT'~. 0 l) . 
1630 ZNUMB=ZWILLj<ZNOLB/ ( ( 1. -PCMORT I 100.) 1d< (FLOAT (ND) -1.)) 
1640 ZLONG=ZLONG-DELTAL*(FLOAT(ND)-1.) 
1650 FEDSUM =0. 
1660 CALL FISH (FEDSUM,ZKFACT,ZLONG,ZNUMB,ESTCON,DELTAL,PCMORT,ND,ZGPM) 
1670 5 CONTINUE 
.1680 GO TO 75 
1690 157 WRITE (6,46) 
1700 L~6 FORHAT (3X, 'YOU HAVE CHOSEN 'I1IE LIAO NE TIIOD --TYPE IN TilE NUMBER OF 
PONDS TO BE LOADED--EXAMPLE? 5') 
1710 READ (5,*)NPL 
1720 WRITE (6,47) 
1730 47 FORMAT(3X,'TYPE IN 1 FOR SALMON; 2 FOR TROUT .') 
1740 READ (5,,~)SPECIE 

1750 DO 6 J=1,NPL 
1760 WRITE (6,22) 
1 7 7 0 READ ( 5 , *) N1) , N D 
1780 WRITE (6,23) 
1790 READ (5,*)DELTAL,ZLONG,ZKFACT,ESTCON 
1800 WRITE (6,430) 
1810 READ (5, 1<) OIN, OOlJT, TEMP, ZGPH, PCMORT 
1820 WRITE (6,48)NP 
1830 48 FORMAT(20X, 'LIAO LOADING HETHOD FOR POND ',12/) 
1840 WRITE (6,26)ZLONG ,ZKFACT 
1850 WRITE (6,27) DELTAL,ESTCON 
1860 WRITE (6,45) OIN,OOUT 
1870 \ffiiTE(6, 460) ZGPN, TEMP 
1880 WRITE (6,30) 
1890 ZLONG=ZLONG+D ELTAL* (FLOAT(ND)-1.) 
1900 W=ZKFJ\.CT*ZLO MG** 3 
19 l 0 ZNOLB= 1. /I.J 
1920 IF(SPECIE.EQ .l.) GO TO 189 
1930 ZH=-.138 
1950 IF (TEMP.GE.SO.) GO TO 186 
1960 ZN=3.l3 
1970 GO TO 196 
1980 186 ZK= .000305 
1990 ZN=l.855 
2000 GO TO 196 
2010 189 ZM=- . 194 
2020 IF (TEHP.GE.SO.) CO TO 19LI 
2030 ZK=7.2E-07 
20L~O ZN=3.2 
2050 GO TO 196 
2060 194 ZK=.0000~9 
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2070 ZN=2.12 
2080 196 ZLIAO=ZGPM*1.2*(0IN-OOUT)/(ZK*TEMP**ZN*W**ZM) 
2090 ZNUNB=ZLIAO'''ZNOLB/ ( ( 1. -PCMORT/ 100.) io'< (FLOAT(ND) -1.)) 

. 2100 ZLONG=ZLONG~DELTAL*(FLOAT(ND)-1.) 
2110 FEDSUM = 0. 
2120 CALL FISH (FEDSUM,ZKFACT,ZL9NG,ANUMB,ESTCON,DELTAL,PCMORT,ND,ZGPM) 
2130 6 CONTINUE 
2140 75 CONTINUE 
2150 END 
2160 SUBROUTINE FISH (FEDSUH,ZKFACT,ZLONG,ZNUHB,ESTCON,DELTAL,PCMORT,ND,ZGPM) 
2170 DO 15 I=1,MJ 
2180 ZNOLB=l. I (ZKFACT7(ZLONG''o'•3) 
2190 TO'H.JT-ZNUMB/ZNOLB 
2200 PCBDWT=ESTCON*300.*DELTAL/ZLONG 
2210 FOODFD=TOTW'P'•PCBm.JT/100. 
2220 FEDSUM=FEDSUN+FOODFD 
2280 WRITE ( 6, 7 50),.,, TOTWT, ZNOLB, ZLONG, PCBDWT, FOODI;' D, ZNU~1B 
2300 750 FORMAT(1X,'''3,F10.2,F8.2,F7.2,F10.?,F8.1,F9.0/) 
2310 ZLONG=ZLONG+DELTAL 
2320 ZNUMB=ZNUMB- ( ZNUMB ,., (PCMORT/ 100.)) 
2330 15 CONTINUE 
2340 WRITE (6,76)FEDSUM 
2350 76 FORMAT(2X, 'TOTAL FEED FOR PERIOD = ',F12. 2, 'POUNDS'/) 
2360 RETURN 
2370 END 
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100 HRITE(6,20) 
110 20 FORHAT(3X, ·'TYPE IN 'TilE POND LOADING FOR~1ULI\ YOU HISH TO USE---TYPE 
IN 1 FOR HILLOUGHBY; 2 FOR WESTERS; 3 FOR LII\0; 4 FOR PIPER DENSITY INDEX 
HETHOD; 5 FOR PIPER fLO\..J INDEX ME11IOD; and 6 FOR KLONTZ') 
120 READ(5, ''<)LL 
130 IF(LL.EQ.1) GO TO 126 
140 IF(LL .EQ. 2) GO TO 71 
150 IF(LL .EQ. 3) GO TO 157 
160 IF(LL .EQ. 4) GO TO 43 
170 IF(LL.EQ.5) GO TO 98 
180 HRITE(6,21) 
190 21 FORHAT (3X, 'YOU HAVE CHOSEN THE KLONTZ LOADING FOilliULA--TYPE IN TilE 
NUMBER OF PONDS TO UE LOADED--EXAHPLE ++-? 5') 
200 READ(5,*)NPL 
21 0 DO 1 J=1,NPL 
220 WRITE(6,22) 
230 22 FORMi\T(3X, 'TYPE IN POND NilllBER AND 1!0\v HANY DAYS THE PERIOD IS TO 
RUN---- EXAHPLE? 10, 14') 
240 READ ( 5, i<) NP, ND 
250 WRIT£(6,23) 
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260 23 FORHAT(3X, '1YPE IN DELTA L, FISH LENGTH, K-fJ\CTOR, ESTIMATED CONVERSION') 
2 70 READ (5, "~<)DEL TAL, ZLONG, ZKFACT, ES TCON 
280 HRITE(6,24) 
290 24 FOR11AT(3X, 'TYPE IN POND VOLUME ,POND CllANGES/HOUR,PLI NUMBER,% DAILY 
MORTALITY.') 
300 READ ( 5, "~<)VOL, RDELTA, PLI, PCMORT 
302 WRITE(6,240) 
304 240 FORHAT(JX, 'TYPE IN ~..JATER TEMPERATURE AND PH') 
306 READ(5,-'<)F,PII 
310 HRITE(6,25)NP 
320 25 FORHAT(20X, ' KLONTZ LOADING METHOD FOR POND 1 ,I2/) 
330 WRITE(6,26)ZLONG,ZKFACT 
340 26 FORI1AT(JX, 1 STi\RTlNG FISH LENGTH= I ,F6.4,T45, ' K-FACTOR = I ,F7.6/) 
350 WRITE(6,27)DELTAL,I~STCON 
360 27 FOP-.~'1AT(3X, ' DELTA L = 1 ,F6.4,TLf5, 'ES THtATED CONVERSION= 1 ,F5.3/) 
370 HRITE(6,28)VOL,PCMORT 
380 28 FORMAT(3X, 1 POND VOLUME= ',F9. 2,T45, 1 % DAlLY HORTALITY- ',F5.3/) 
390 WRITE(6,29)PLI,RDELTA . 
400 29 FORHAT (3X, 'PLI NUMBER= ',F4.3,T45, 'POND CHANGES /HOUR= ',F5.3/) 
L~ 10 WRITE ( 6 , 2 9 5) 
420 29 5 FORMAT (TSO' I LBS SOL IDS I I 'T68 , I FREE I) 
430 HRITE(6,JO) 
!•40 30 FORJ'1TA(2X, 'DAY POND HT. NO/LB LENGTH % BW fEED FISH 100//FISH 
NH3-N Nll3 I/) 
450 ZLONG=ZLONG+Dl~LTAIJ'(rLOAT(ND)-1.) 

460 ZNOLB=1. I (ZKFAC'P'•7.LO NG'"-'<J ) 
4 70 ZPLI=VOL•'<Ili)ELTJ\''- ZLONG'''PL I 
480 ZNUMB-ZPLI'~ZNOLB/ ( ( 1. -PCNORT/ 100.) ''"'' (.FLOAT(ND) -1.)) 
490 ZLONG=ZLONG-DELTAL'''(FLOAT(ND)-1.) 
500 FEDSUM=O. 
510 ZGPM=VOL*RDELTA*?.S/60. 
5 20 CALL FISH (FET)SlJH , ZKFACT, ZLONG , ZNUNB , ES TCON, DE LTL\L , PCHORT , ND, ZGP~l, F, PH) 
530 1 CONTINUE 
5!iO GO TO 7 5 



550 43 WRITE(6,31) 
560 31 FORHAT (3X, 'YOU HAVE CHOSEN THE PIPER DENSI1Y INDEX "t-'lETHOD---TYPE 
IN THE NUMBER TO BE LOADED---EX~~LE ? 5') 
580 READ(5, -"')NPL 
590 DO 2 J=l,NPL 
600 \.JRITE (6,22) 
610 READ(5,*)NP,ND 
620 WRITE(6,23) 
630 READ(5,*)DELTAL,ZLONG,ZKFACT,ESTCON 
640 WRITE ( 6, 32) . 
650 32 FORHAT (3X, '1YP E IN POND VOLUME, WATER TEMPERATURE ,MAXIMUM DENSITY 
INDEX, % DAILY HORTALITY, POND TURNOVERS/HR') 
660 READ(5, '")VOL, TEMP,DI,PCHORT,RDELTA 
662 WRITE(6,244) 
664 READ(5,*)PH 
670 WRITE(6,33)NP 
680 33 FORMAT(20X, 'PI PER DENSITY INDEX ME'HlOD FOR POND ', 12/) 
690 WRITE (6,26) ZLONG,ZKFACT 
700 WRITE (6,27) DELTAL,ESTCON 
710 WRITE (6,34) DI,TEMP 
720 34 FORHAT(3X, 'MAX IMUM DENSI1Y INDEX ', F4 . J,T45 , 'WATER TEMPERATURE 
',F3.0/) 
730 ~.JRITE (6,28) VOL,PCMORT 
740 \.JRIT£(6,295) 
750 WRITE (6,30) 
760 ZLONG=ZLONG+DELT/\L''' (FLOAT(ND) -1.) 
7 70 ZHDI=ZLONG'''V0L 1•DI 
780 ZNOLB=1./(ZKFACT*ZLONG**3) 
790 ZNUMB=ZMDI "' ZNOrJ3/ ( ( 1. -PCt-10RT /100.) ''de (FLOAT (ND) -1.)) 
800 ZLONG=ZLONG-DELT/\L*(FLOAT(ND)-1.) 
805 F=TEHP 
810 FEDSUH=O. 
820 ZGPH=VOL*RDELT/\*7.5/60. 
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830 CALL FISH (FEDSUM, ZKFACT , ZLONG, ZNUMB, ES TCON, Dr·:LT/\L, PCMORT , ND, ZGPM, F, PH) 
840 2 CONTINUE 
850 GO TO 75 
860 71 WRITE (6,99) 
870 99 fORHAT (3X, 'YOU HAVE CHOSEN THE WESTE RS L01\DINC FORl-'fULA---TYPE IN THE 
NUMBER OF PONDS TO BE LOADED--EXAMPLE? 5') 
880 READ (5,*)NPL 
890 DO 3 J=1,NPL 
900 WRITE (6,22) 
920 READ (5,''')~P,ND 

930 WRITE (6,2.3) 
940 READ (5, 1~)DELTJ\L, ZLONC, ZKFACT,ESTCON 
950 WRITE (6,35) 
960 35 FORMAT(JX, 'TYPE IN POND CHANGES/IIOUI~, PONU VOLUt-IE, MAXH1UM POUNDS OF 
FISH/GP~I. % DAit Y ~10RT/\LITY . ') 
970 READ (5,*)RDELT/\,VOL,IVGPM,PC~10RT 

9 7 2 \~ R I T E ( 6 , 2 50 ) 
9 7 L+ READ ( 5, *) F, PH 
980 ZGPJ:v! =WGPM 
990 WRITE (6,JG)NP 
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1904 RE/\D(5, *)PH 
1906 F=TE~IP 

1910 WRITE (6,48(NP 
1920 t~B FORMAT(20X,'LI/\O LOADING METIIOD FOR POND ',I21) 
1930 WRITE (6,26)ZLONG,ZKF/\CT 
1940 WRITE (6,27) DELT/\L,ESTCON 
1950 WRITE (6,45) OIN,OOUT 
1960 WRITE(6,460)ZGPM,TEMP 
1965 WRITE(6,295) 
1970 WRITE (6,30) 
1980 ZLONG=ZLONG+DELI/\L*(FLO/\T(ND)-1.) 
1990 W=ZKFACT*ZLONG**3 
2000 ZNOLB= 1. IW 
2010 IF(SPECIE.EQ.1.) GO TO 189 
2020 ZM=-.138 
2030 IF (TEHP.GE.50.) GO TO 186 
2040 ZK=.0000019 
2050 ZN=J.13 
2060 GO TO 196 
2070 186 ZK=.000305 
2080 ZN=l.855 
2090 GO TO 196 
2100 189 ZM=-.194 
2110 IF (TE.HP.GE.50.) GO TO 194 
2120 ZK=7.2E-07 
2130 ZN=3.2 
2140 GO TO 196 
2150 194 ZK=.000049 
2160 ZN-2.12 
21 70 19 6 ZLI/\0= ZG p~pq . 2 ~·, ( OI N-OOUT (I ( ZK -,I:TE~1P ~·_,•, /.:N'''H'''* /.:~1) 
2 180 ZNUt'lB=Zl~ I AO-,'<Z NOJ,l) I ( ( 1 . - PC~lORT I 100.) ,.,,1: ( foLOA'f (NO) -1 . ) ) 
2190 ZLONG=ZLONG-DELTAL'I: (FLOAT(ND) -1.) 
2200 FEDSUM = 0. 
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2210 CALL FISH (FEDS UM, ZKFACT, ZLONG, ZNUMB, ES TCON, DEL TAL, PGlORT, ND, Z.GPM, F, PH) 
2220 6 CO NTINUP. 
2230 75 CONTINUE 
2240 END 
22 50 SUBROUTINE FISH ( FEDSUH, ZKFACT, ZLONG, ZNU~!I), ES TCON, DEL TAL, PC~10RT, ND, ZGPH, F, PH) 
2260 DO 15 I=1,ND 
2263 NTE~W=5*(F-3s.)/9. 
2266 IF(NTEHP .LT. L,)NTn1P=4 
2268 NNU~l=NTE~tp-t, 

2270 ZNOI..B=1. I (ZKFA C'P'<f.LONG''c;'c J) 
2272 IF(Pil .LT. 6.5)P1!=().5) 
2274 IF(PH .GT. 9.9)Pil =9.0) 
2276 t\NONK=(NNU~1 •'< .0157+1.4 8 ) 
2 2 7 8 W AT C g K = ( N N U ~ 1 * . .J 9 8 + l • 7 3 5 ) i'l 0 ,•ot, ( - 5 ) 
2 2 79 QATERK=NNUI'-1'''. JCJ8+ l. 7 35 
2280 TOT1.</T=ZNU~IB/!.NOI.B 
2 2 9 0 P CBDHT= ES TCON._·, 300 . )''DELTALI ZLONG 
2300 FOODFD=TOTHT-,I:PCBDWT/100. 
2310 FEDSUH=FEDSUM+FOODFD 

-----~----··- · ·--- -··--- -
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1460 GO TO 75 
1470 126 WRITE (6,42) 
14 80 4 2 FOIUv1AT ( 3X, 'YOU IIA VE CIIOS EN TilE WILLOUGHBY POND LOADING HETHOD--
TYPE IN THE NUHI3ER OF PONDS TO BE LOADED--EXAMPLE? 5') 
1490 READ (5,*)NPL 
1500 DO 5 J=1,NPL 
1510 WRITE (6,22) 
1520 READ (5,*)NP,ND 
1530 WRITE (6,23) 
15ltO READ (5,*) DELTAL,ZLONG,ZKF.ACT,ESTCON 
1550 WRITE (6,430) 
1560 430 FORMAT(3X, 'TYPE IN OXYGEN AT INfLO\V, OXYGEN AT OUTFALL, HATER 
TENPERATURE, INfLO\.J ((;PH), % DAILY }!ORTALITY') 
1570 READ (S,*)OIN,OOUT,TEMP,ZGPM,PCNORT 
1572 WRITE(6,244) 
1574 READ(5,*)PH 
1576 F=TEMP 
1580 WRITE (6,44)NP 
1590 l~l+ f"ORHAT(18X, 1 \~ILLOUCIIBY LOADING METJIOD FOR POND ', I2/) 
1600 WRITE (6,2G)ZLONG,7-KfA CT 
1610 WRITE (6,27) DELTAL,ESTCON 
1620 HRITE (6,1t5) OIN,OOUT 
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1630 45 FORHAT(3X, 'OXYCEN AT INFLOW= ',F4.1, Tlt5 , 'OXYGEN AT OUTFALL= ',F4.1/) 
1(.,1+0 HRI TE ( 6, t,60) ZGPH, TE~IP 
1650 460 FORHAT(3X, 'INFLOW ',F6.l,T45, 'WATER TEHPERATURE = ',f3.0/) 
1655 WRITE(6,295) 
1660 WRITE (6,30) 
16 70 Z LONG=ZLONG+D E LTAL ;'< ( F LOA'f (N D) -1.) 
1680 ZNO Lr3= 1 • / ( ZK FACT''< 7-LONC: ;'(;'( 3) 
1690 P\.JI LL= (OIN-OOU T) *. 05t,st:zGP~1 

.1700 PCBD\.JT=ESTCON'<'JOO. IJELTAL/ ZLONG 
1710 ZWILL=P\.JILL/(PCBD\.J1'>'<.01) 
1720 ZNU~li3-ZWILL7<ZNOLB/ ( ( 1. -PCNOI\T/ 100.) ''o'( (fLOAT(ND) -1.)) 
1730 ZLONG=ZLONG-DELTAL*(FLOAT(ND)-1.) 
1740 fEDSUH =0. 
17 50 CALL fiSH ( fEDSUt-'1, ZKFACT, ZLONG, ZNU~1B, ES TCON, DEL TAL, PCl'10RT, ND, ZGPN, F, PH) 
1760 5 CONTINUE 
1770 CO TO 75 
1780 157 WRITE (6,46 ) 
1790 46 FOlUvtAT ( JX , 'Y OU !lAVE CHOSEN TilE LIAO HETllOD --TYPE IN 'lllE NUMBER OF 
PONDS TO BE LOADED--EXM1PLE? 5') 
1800 READ (S,*)NPL 
1810 WRITE (6,47) 
1820 L,7 FOfU1AT(3X, 'TYPE IN 1 FOR SAL~10N; 2 FOR TROUT.') 
1830 READ (5,*)SPECIE 
1840 DO 6 J=l,NPL 
1850 \•!RITE (6,2 2) 
1860 READ (5,*)NP,ND 
1870 WRITE (6,23) 
1880 READ (5, ·k ) DEL TAL, ZLONG, ZKFACT, ESTCON 
1890 WRITE (6,430) 
1900 READ (5, ''() OI N, OOUT, TEt'IP , ZGPH, PCNORT 
1902 WRITE (6,244) 



1 

1000 36 FORHJ\T ( 20X, I \.JESTERS LO/ill[NG HETHOD fOR POND I, I 21) 
1010 WRITE (6,26)ZLO NG,ZKFACT 
1020 ~{ITE (6,27) DELTAL,ESTCON 
1030 HRITE (6,28) VOL , PCHORT 
1 0 4 0 WRITE ( 6 , 3 7 ) RD E L Ti\, wr; PH 
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1050 37 FORMi\T(3X,'POND CHANGES I HOUR- '· ,F5.3,T45,'LBS. FISHIGPM- ',F5.2/) 
1060 \.JRITE(6, 295) 
1070 WRITE (6,30) 
1080 ZLONG=ZLONG+DEL TAl."' (FLOAT (NO) -1.) 
1090 ZNOLB=1. I (ZKPACT;''ZLONG'''* 3) . 
1100 ZWEST=HGPH;'~RDELTA*VOLI8. 
1110 ZNU~1B=ZWES T'''ZNOL!) I ( ( 1. -PCNORT I 100.) *:/( (FLO/\ T (NO) -1.)) 
1120 ZLONG=ZLONG-DELTAL ;', (FLOAT (ND) -1.) 
1125 ZGPH=VOL*RDELTi\"'7. 5160. 
1130 FEDSUH=O. 
1140 CALL FISH (FEDSUH,ZKFACT,ZLONG,ZNUMll,ESTCON,DELTAL,PCMORT,ND,ZGPM,F,PH) 
1150 3 CONTINUE 
1160 GO TO 75 
1170 98 WRITE (6,3 8) 
1180 38 FORHAT(3X, 'YOU 11/\VE CHOSEN TilE PIPER FLOW IND EX METHOD----TYPE IN 
THE NUHBER OF PONDS TO BE LOADED--EXAMPLE? 5') 
1190 READ (5,*) NPL 
1200 DO 4 J=1,NPL 
1210 WRITE (6,22) 
1220 RCAD (5,*) NP,ND 
l 2 3 0 \.JR I TE ( 6, 2 3) 
!240 READ (5,*)DELTAL,ZLO NG,ZKFACT,ESTCON 
1250 WRITE (6,39) 

1260 39 FORHAT(3X, 'TYPE IN F-Fi\CTOR, WATER TE~lPER.ATURE, INFLOW (GPH), % DAILY 
tv! OR TALI TY. ') 
12 70 READ ( 5, ''' ) ZFFACT, TEMP, ZGPM , PCMORT 
1272 WRIT£(6,244) 
12 7l~ 2l~4 FORNAT ( 3X, 'TYPE IN Pll OF WATER') 
1276 READ(5,*)PH 
1278 F=TEHP 
1280 WRITE (6,40) NP 
1290 40 FORHAT(l7X, 'PIPE!~ f:' LOW INDEX METilOD fOR POND ',I21) 
1300 WRITE (6, 26)ZLONG , ZKFACT 
1310 WRITE (6,27)DELTAL,ESTCO N 
1320 WRITE (6,1~1)7.GP1'1,TE~1P 

1330 ld FORHAT (3 X, I INFLO\V (C:P~l) = I , F6.1 , T45 , 'HATER TE~1PER.ATURE = I ,F3.0I) 
1340 ~UTE(6, 732)ZFFACT,PCI·!ORT 
1350 732 F0Rl"1J\T(3X, 'F-FAC TOR = ',F5.2,T45, ' % DAILY HORTALITY = ', F5.3l) 
1360 WRITE (6,295) 
1370 t.JRIT!~ (6,30) 
13 80 ZLONC= ZLO NG+D !~LT/\ L ~·, (r: !.OAT ( ND) -1 . ) 
1390 ZNO LB= 1. I ( ZK FACP'' Zl .ONG '""' 3) 
1. L, 00 ZP F=ZI; FJ\CT"' ZLON(;''( I:C.: Pt--1 
lldO ZNU~!B=ZPF'''ZNOJ..B/ ( ( 1. -PCHORT I 100.) '"* (FLOAT( ND ) -1.)) 
J.l~ 20 ZLONG=ZLONG-DELTAL* (FLO/\ T (NO) -1.) 
1430 FEbSUM =0. 

1f,4 0 CALL F IS fl ( FEDS UM, ZK F 1\CT, ZLONG, ZNUMB, ES TCON, DELTAL , PC~IORT, NO, ZGPH, F, PH) 
1450 4 CONTINUE 
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2320 SOLIDS=.95*fOODfD*(l-l/ESTCON) 
2330 SLD= (SOLIDS/TOTHT) 'r 100. 
2340 WLSLDS=SOLIDS/(.Ol2*ZGPM) 
2350 i\MONY A=. OJ 2 1(FOODFD 
2360 WILANO=/\HONYA/ ( .Ol2"'rZGPH) 
2366 PPH=P!i-5. 
2368 SUBl= ( 10 *''( ( -Pl'll)) 1'1.000 
2370 SUB2=H/\TERK/SUB1 
2372 SUBJ=SUB2/AMONK 
2374 M10PCT=SURJ'r. 77 
2378 i\MONHJ=i\~!OPCPr\.JILi\~10/ 100. 
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2380 \.JRI IE ( 6, 7 SO) I, TOTI.JT, Z·NOLB, ZLONG, PCI~DHT, FOODfD, ZNill1B., SLD, HILM10, AMONH3 
2390 750 FO~~T(LX,IJ,F10.1,F8.2,F7.3,F7.2,F7.1,F8.0,2F7.3,F8.5/) 
2400 ZLONG=ZLONC+DELTAL 
2410 ZNU~1B=ZNU~1!3- ( ZNUNIPr ( PCHORT. 100.)) 
2420 15 CONTINUE 
2430 HRITE (6, 76)FEDSU~1 
2440 76 FORM.t\T(2X, ' TOTAL FEED FOR PERIOD ', Fl2 .2, 'POUNDS'/) 
2450 RETURN 
2460 END 

. ; ··' .. .. 
·, . 
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APPENDIX V 

Computer Output Specimen Using the OWRT Program. 

106 
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R00~1 NU~ffiER 2A TA~'K ~1J}[BER 1 

DELT.\L = 0.0350 TE~lPE~\TURE 59. 

EST. CO~"\'ERS IO~ = 1. 500 PO~ CHA~GES/HOUR = 2.500 

ST.:\RTI);G FISH LE0JGTH = 3.0000 I! /LB 101.000 

PO~D VOLL')l£ = 3.690 DE:,iSIIT I~DEX = 0.500 

K-FACTOR ~ 0.000410 % DAILY :rORT.\LITI ·· = 0.030 

DAY P0~1) \-JEIGrtT ~m . /LB LEXGTH % B\-1 FED FEED NO . FISH 

1 4.19 90.33 3.00 5.25 106.48 378. 

2 4.34 87.25 3.03 5.19 108.82 378. 

3 4.49 84.29 3.07 5.13 111.19 378. 

4 4.64 81.48 3.10 5.07 113.59 378. 

5 4.80 78.78 3. 14 5.02 116.01 378. 

6 4.97 76 .21 3. 17 4.96 113.47 378 . 

7 5. 13 73.74 3.21 4.91 120.95 378 . 

8 5.30 71.38 3.24 4.85 129.15 378. 

9 5.48 69. 12 3.28 4.80 151. 68 3 78. 

10 5. 65 66.95 3.31 4.75 134.24 378 . 

11 5.83 64.88 3.35 4.70 136.83 378. 

12 6.02 62.88 3.38 4.65 139.45 378. 

13 6.21 60.97 3.42 4.61 142.09 378. 

14 6.40 59. 14 3.45 4.56 0.0 378. 

TOT4\L FEED FOR PERIOD = 160 3. 9 5CRA:1S 
......... 
b 
'-J 

. . 
) 
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APPENDIX VI 

Computer Output Exhibits Using the IRV Progr<1m 



Input .Data: 

Fish - rainbow trout 

Water -

Pond -

Feed -

length - 2.67" 

Density factor - 0.4 

1 - 0 . 0 3'' / cb y 

K-Factor 4.1 x 10-4 

daily mort;1lity (est.) 

temp. 59° F 

inflow - 775 gpm ( l. 72 

water replacement time 

- 0.03% 

c fs) 

- 28.5 

elevation - 1000' above HSL 

DO in - 9.6 mg/1 

DO out - 6.0 mg/1 

pH - 8.0 

volume 3000 ft 
3 -

conversion (es.t.) - 1.6 

109 

min. 



I . . 

WILLOUGHBY LO:\DI~G :1ETHOD FOR PO:ID 1 ~ 

STARTI~G FISH LE~~GTH = 2. 6 700 K-FACTOR = .000400 

DELTA L = 0.0300 ES TI:l<\TED COWERS IO N = 1. 600 

OXYGE~~ AT INFLm-I = 9. 6 0~1GEN AT OUTFALL = 6.0 

I :-rFLO~; = 775.0 \.JATER TL-fPERATURE = 59. 

LBS SOLIDS/ FREE 
DAY PO~;o \-iT. NO/LB LE:-:GTt-I % B\-1 FEED FISH 100 :::FISH f..'H3-:.l NH3 

1 215 4 . 9 131. 3-'+ 2.670 5.39 116. 2 283028. 1.921 0.400 0.00361 

2 2227.7 127.01 2.700 5.33 118.8 282943. 1. 900 0.409 0.00369 

3 2302.1 122.87 2.730 5.27 121.4 28285 8 . 1.879 0.418 0.00377 

4 23 73 .1 11 8 .91 2.760 5.22 124. 1 282773. 1.859 0.427 0.003 85 

5 2455.7 115.11 2.790 5.16 126.7 282689. 1.839 0.436 0.00394 

6 2535.0 111.48 2.82 0 5. 11 129. 4 282 604 . 1.81 9 0.445 0.00402 

7 2616 . 0 108 .00 2.850 5.05 132 .2 282519. 1.800 0.455 0.00411 

s 26 98 .7 10 4 . 66 2.880 5. 00 134 .9 282434. 1.781 0. 464 0.00 419 

9 2783.1 101.45 2.910 4.95 137.7 282349. 1.763 0.474 0.00428 

10 236 9 . 2 98 .3 8 2.9 40 4 . 90 140 .5 2822 65 . 1.745 0.4 84 0.00436 

11 2957 . 0 95.43 2 .97 0 4.85 143 . 4 282180. 1.727 0.493 0.00445 

12 3046 .6 92.59 3.000 4.80 146.2 282095. 1.710 0.503 0.00454 

13 3138 .0 89 .87 3.030 4.75 149.1 282011. 1.693 0.513 0.00463 

14 32 31. 2 87.25 3.060 4.71 152. 1 281926. 1. 6 76 0.523 0.00472 

TOTAL FEED FO R PERIOD = 1872.88 POU(-.1)S 
~ 

0 



I 

l 
1 
1 

i 
WESTERS LOADI:.lG :1ETHOD FOR PO~D 1 

STARTING FISH LE~GTH = 2.6700 K-FACTOR = .000410 

DELTA L = 0.0300 ES TI:L-\ TED COWERS IO:.l = 1 . 600 

PO .:.ID VOLU:·1E = 3000.00 % DAILY ~10RTALITY = 0. 030 

PO:\"J CHA..'!GES /H00R = 2 . 100 LBS. FISH/GP~ = 4.23 

LBS SOLIDS/ FREE 
DAY P0 \1) HT. KO/LB LE);GTrl % B\-7 FEED FIS H 100 :=F ISn i\11 3-:.r NHJ 

1 2247.8 123.14 2.670 5.39 121.2 2880 32. 1. 9 21 0.411 0.011 69 

2 2323.7 123.92 2.700 5.33 123.9 ·28 7945. 1.900 0.420 0.01196 

3 240'1.3 119.88 2.730 5.27 126.7 287859. 1. 8 79 0.429 0.01222 

4 24 80 .6 116.01 2.760 5.22 129.4 287773 . 1.859 0.438 0.012-+8 

5 2561.6 112.31 2.790 5.16 132.2 287686. 1.839 0.448 0.01275 

6 26 44 .3 }08 .7 6 2.320 5. 11 13 5 . 0 287600. 1.819 0~457 0.01302 

7 2728. 8 105.36 2.350 5.05 137.9 287514. 1.300 0.467 0.01330 

8 2815.1 102 .1 0 2. 880 5.00 140.8 287427 . 1.781 0.477 0.01357 

9 29 03 .1 98.98 2.910 4 . 95 143.7 287341. 1.763 0.486 0.01385 

10 2992.9 95.98 2.940 4.90 146.6 287255. 1.745 0.496 0.01 414 

11 3084 .5 93. 10 2.970 4.85 149.6 287169. 1.727 0.506 0.01442 

12 3178.0 90.33 3.000 4.80 152.5 287032. 1.710 0.517 0.01471 

13 3273.3 87.68 3.030 4.75 155.6 286996. 1.693 0..527 0.01500 

14 3370.5 85.12 3.060 4.71 158.6 286910. 1.676 0.537 0.01530 

TOTAL FEED FOR PERIOD = 1953.64 POU~'DS ....... 
....... 
....... 
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PIPER DE NS I IT I ~'DEX ~tETHOD FO R POND 1 

STARTI~G FISH LE NGTH = 2.6700 

DAY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

DEL TA L = 0.0300 

t-L\..\:VU_;~· 1 DE~SITY I.C..l)EX 

P00iD VOLI;~·LE = 3000 . 00 

PO:\D ~-iT . 

24 43 . 9 

2531. 6 

2616 .1 

2702 .5 

2790 . 8 

2830 . 9 

2972.9 

3066 . 9 

3162.8 

32 60. 6 

3360.4 

34 62 .3 

3566 .1 

3672.0 

i'~O/ LB 

123 .1 4 

123.92 

11 9 . 88 

116.01 

11 2 .31 

103 .76 

105.36 

102 . 10 

98.98 

95.9 8 

93.10 

90.33 

87.68 

85.12 

TOTAL FEeD FOR PE RIOD 

. 400 

LE0:Glli 

2 . 670 

2.700 

2.730 

2.760 

2.790 

2.820 

2 . 850 

2. 330 

2.910 

2.9 40 

2.970 

3.000 

3. 030 

3.060 

% B~\T 

5.39 

5.33 

5.27 

5.2 2 

5.16 

4. 11 

5. 05 

5.00 

4.95 

4 . 90 

4.85 

4.80 

4.75 

4.71 

2128.40 POUP.'TIS 

K-FACTOR = .000410 

ESTI~·l-\TED CO~VERSION = 1. 600 

WATER TD-IPER..-\TIJRE = 59 . 

% DAILY HORTALITY = 0.030 

LBS SOLIDS/ FREE 
FEED FI SH 100 :.:F ISH NH3 - N Nl-13 

132.1 313797. 1.921 0. 447 0.00 404 

135.0 313703. 1.900 0. 457 0.00 413 

13 8 .0 313608. 1.879 0.467 0.00422 

141.0 31351 4 . 1.859 0. 477 0.00 43 1 

144 .0 313420. 1.839 0. 488 0.00440 

147.1 323326 . 1.8 19 0.498 0.00450 

150.2 313232. 1.800 0.509 0. 00459 

153 . 3 313138 . 1.78 1 ' 0.519 0.00 469 

15 6 .5 313044. 1.7 63 0.530 0. 00478 

159.7 31 2950 . 1.745 0.541 0.00 483 

16 2 .9 31285 6 . 1.727 0.55 2 0.00 493 

166.2 31276 2 . 1.710 0.563 0.00508 

169.5 312669. 1.693 0. 574 0.00518 

172.8 312575. 1.676 0.585 0.005 28 

.. 
.) 

1-' 

1-' 

w 

.-, 
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PIPER FLm.J INDEX ~1ETIJ:OD FOR PO~D 1 

ST.\R.Tl0;G FISH LE~GTH = 2.6700 K-FACTOR = .000410 

DELTA L = 0.0300 ESTI:~TED CO~VERSIO~ = 1.600 

OXYGE~ AT I~FLOW = 775.0 \.JATER TE·rPERATURE = 59. 

I :-iFLC~·l = 1. 3 2 % DAILY ~10RTALIIT = 0.030 

LBS SOLJDS/ FREE 
DAY PO:;D ~~TT . ~0/LB LE:-:GTH % BH FEED FISrt 100 :"/F ISH NH3-:i Nl{3 

1 2087.7 128 .14 2.670 5.39 112.6 267512. 1.921 0.3 87 0.00350 

2 2158.2 124.92 2.700 5.33 115.1 267432. 1.900 0.396 0.00358 

3 2230.2 119.88 2.730 5.27 117.6 267351. 1.869 0. 405 0.00365 

4 2303.9 116.01 2.760 5.22 120. 2 267271. 1.859 0.414 0.003 73 

5 2379.1 112.31 2.790 5.16 122.8 267191. 1.839 0.423 0.003 81 

6 2456.0 108.76 2.820 5. 11 125.4 267111. 1.819 0.432 0.00390 

7 253~.4 105.26 2.850 5.05 12 8 . 1 267030 . l.800 0.441 0.0039 8 

s l i' 1 I -
- 01-+ • .) 102.10 2. 880 5.00 130 .7 267950. 1.78 1 0. 450 0.00406 

9 2696.3 98.98 2.910 4.95 133.4 266870. 1.763 0.459 0.00 4 14 

10 277 9 .7 95.9 8 2.9 L. O 4 .9 0 136.1 266790. 1.745 0.468 0.00 423 

11 2864.8 93. 10 2.970 4.85 138.9 266710. 1.727 0.478 0.00431 

12 2951.6 90.33 3.000 4.80 141.7 266630. 1.719 0.487 0.00 4!.0 

13 3040.1 87.68 3.030 4.75 144.5 266550. 1.693 0.497 0.00449 

14 3130.4 85.12 3.060 4.71 147.3 266470. 1.676 0.507 0.00458 

TOTAL FEED FOR PERIOD = 1814.46 POu~1)S ....... 
....... 
-'=' 
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KLO~TZ LOADI~G :1ETHOD FOR POC...'TI 1 j 
A 

STARTI~G FISH LE:\GTII = 2.6700 K-FACTOR = .000410 

DELTA L = 0.0300 ES TINA TED CO~'\TERS ION = 1. 600 

PO~u VOLL~1E = 3000.00 % DAILY NORTALITI = 0.030 

PLI ~ru:t3 E R = . 165 PO~~ CHA~GES/HOUR =2.100 

LBS SOLIDS/ FREE 
DAY PO :~D \-JT. ~0/LB LE:\GTII ~~ B\.J FEED FISH 100!f FISH NH3-N NH3 

1 2121.3 123.14 2.670 5.39 114.4 271827. l. 921 0.387 0.00110 

2 2193.0 123.92 2.700 5.33 117.0 271745. 1.900 0.396 0.00113 

3 2266.2 119.88 3.730 5.27 119.5 271663. 1.879 0.405 0.00115 

4 2341.1 116.01 2.760 5.22 122. 1 271582. 1.859 0.414 0.00118 

5 2417.5 112.31 2.790 5. 16 124.8 271500. 1.839 0.423 0.00120 

6 2495.6 108. 76 2.820 5.11 127.4 271419. 1.819 0.432 0.00123 

7 2575.3 105.36 2. 850 5.05 130.1 271338. 1. 800 0.441 0.00125 

8 2656.7 102. 10 2. 880 5.00 132.8 271256. 1.781 0.450 0.00128 

9 2739.7 98.98 2.910 4.95 135.6 271175. 1.763 0.459 0.00131 

10 282 4 .5 95.98 2.940 4.90 138.3 271093. 1.745 0.468 0.00133 

11 2911.0 93. 10 2.970 4.85 141. 1 271012. 1.727 0.478 0.00136 

12 2999.2 90.33 3.000 4.80 144.0 270931. 1.710 0.487 0.00139 

13 3089.1 87.68 3.030 4.75 146.8 270849. 1.693 0.497 0.00142 

14 3180.9 85.12 3.060 4.71 149.7 270768. 1.676 0.507 0.00144 

TOTAL FEED FOR PERIOD = 1843.72 POUNDS ~ 

~ 
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