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FOREWORD

Gertjan de Graaf (NEFISCO', Amsterdam, the Netherlands) and Pieter
Dekker (Xi% Delft, the Netherlands) developed an Individual-Based Tilapia

Farming Simulation Model.

The development of this model is the result of G.J. de Graaf's experiences
with large-scale farming of Nile tilapia (Oreochromis niloticus) in Congo

Brazzaville during a FAO/UNDP aquaculture project.

In Congo Brazzaville, use of proper feeding and stocking regimes led to
productions of 6-8 t/hal/yr. and elimination of the famous tilapia stunting was
not a problem. These results were published in a number of scientific articles
(de Graaf et al. 1996, 1999). During the analysis of the Congo Brazzaville
data and writing of the articles it was realised that there could be some basic
biological driving forces behind the failure or success of tilapia farming,
especially in rural Africa. Field experiments to test the validity of the ideas

were too expensive to conduct.

However, the availability of the large data set acquired during five years of
tilapia farming in Congo Brazzaville and the development of the computer
industry with increased availability of cheap, powerful computers and

software, provided the idea:

“Why not build a simulation model that can identify the most important
driving forces within the system?”

The tilapia model was built in MATLAB and calibrated with the data set of
Congo Brazzaville. The first simulations of the model provided good results
and the idea of making a more user friendly version of the model to support

tilapia farmers and students in developing countries was introduced.

! http://www.nefisco.org/software.htm
% http://www.xi-advies.nl



Thanks to the financial support of GTZ (Deutsche Gesellschaft fur Technische
Zusammenarbeit, German Technical Cooperation) we were able to develop
this Tilapia Farming Support Tool (TFST), which you have downloaded free

from the Internet.

Before you start using TFST, you should realize two things:

1. TFST is only a support tool, giving you a general idea of what you can
do with your pond. However, it will never give you the complete picture
and in some cases your reality may be completely different.

2. This is the first version of TFST developed using data obtained from
the African continent. We did our best to include the major principles
and driving forces in tilapia farming, but we acknowledge some
shortcomings in the present version, For example, TFST does not
encompass water temperature. Also, the relation between growth and

the protein content of the feed can be improved.

For improvement of TFST, we need your help. You can be a passive
consumer, (thanks, but TFST isn’t working for me), or you can be an active
consumer and share your suggestions with us, so that we can incorporate
them and improve this free software. | hope you are an active consumer and

that you will send your comments to us at degraaf@nefisco.org

The Program

The program is based on population dynamics. In other words, it follows each
individual fish in your virtual pond throughout the rearing period. In this
respect, it differs from other aquaculture simulation software, which are based
mostly on the flow of nutrients into the ponds. Because of this set up, there

are two constraints you should realize:

1) Growth of fish depends on water temperature: higher temperatures
lead to higher growth. This is not incorporated into the model. The
program assumes that the water temperature in your pond NEVER

-6-



gets below 23 degrees Celsius. Do not use the program if the water in
your ponds gets colder.

2) Growth of fish depends on feeding. If you do not feed your fish they will
not grow. The program DOES NOT incorporate natural productivity or

the water quality of your pond.

Gertjan de Graaf
Amsterdam, the Netherlands
November 2003



INSTALLING TFST

If you correctly downloaded TFST from our websites® you went through the
following menus:

File Download

9 Some files can harm your computer. IF the file information below
* looks suspicious, or wou do not fully trust the source, do not open ar
zave this file.

File narme:  TFST_inztall exe
File type:  Toepassing
Fram: C:\WwWEBSITES\MEFISCOAdownloads

@ Thig type of file could harm pour computer if it containg
malicious code.

‘Would you like to open the file or zawe it bo pour computer?

Cancel | More Info |

¥ &lways ask before opering this pe of file

Select “Save” to save TFST installation on your hard disk.

T - -
P T ameed-
e 2 e
Dprkaan ke o [Toenieny 2 |

Indicate the subdirectory on your hard disk where you want to save your file,
in this example the subdirectory is C:\downloads.

BE of TFST _inatallexs Completed

® - &
SEving

TFST _ineal mws from demo.ri-sbsznl

- Fu X Sl

Eslmaind ma kefl: 2 min 54 eoc [F20 LB of 05 ME copmd]
Dlcwrbod b CADowmicads\ TFS T_inzlalloen
Tiarmfr 1abe S ERSe

¥ Llesz i diskog b viben dwrioad completed

II|| Canecal I

® http://www.nefisco.org\sofware.html
http://www.xi-advies.nl/project-tilapias.shtml




You will see the progress of downloading.
To install TFST, go to the subdirectory where you saved the installation file of
TFST, in the example it is C:\downloads, and double click on the installation

icon.

R R e S -
R L a2 3| e B e |
[ Up | Booech. Foidon Hidosy | Ve Drkie Uk | Vo
iz 1] [upvwrdids j L]
-..
-
TEET el

e e i O o beschivig
P
Tl

Vi e

Vi ek boe sivs

JCHTC L

Tt 15 [T —r—

Figure 1: Installing TFST

The next pop up screens will guide you through the installation process:

1) Welcome to the install program: click “ Next”

Tilapia Farming Support Tool Install Program I

Welcome to the Tilapia Farming
Support Tool Install program.

Thiz prograrm allows vou ta install Tilapia Farming
Support Taoal on pour hard drive.

If you do not wish toinztall Tilapia Farming Support Tool,
click ‘Exit’ now, otherwise click Mext' to continue.

Figure 2: Installation pop-up 1
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2) TFEST is free software: click “ Next”

Tilapia Farming Support T ool Install Program

"ELCOME TO THE INSTALLATION OF TRST 2.0

Thiz Tilapia Farming Suppart Tool was developed by
Mefisco foundation and i in the Metherlands, with financial
support of GTZ [Deutzche Gesellzchaft fur Technizche
Zuzammenarbeit)

Thisz iz free software and can be downloaded from our
websites.

vy M efizco.org

v Hi-advies. nl

Flease let us know if sormebody ties to zell this package to
T'ou

< Back E xit

Figure 3: Installation pop-up 2

3) Read and agree with the Disclaimer/License agreement: click “Next”

Please read the license agreement below and select '
Agree' if pou agree with its terms and conditions.

Although everny precaution has been taken in the ;I
preparation of TEST, Mefizco foundation as well az Xi
azzume no rezponzibility for ermors or omizgions.

In no event will Mefisco or Xi-consult will be liable for
direct, indirect, special, incidental, or consequential
damages arsing out of the uze of, or inability Lo use
TF5T. evenif advised of the possibility of such
damages. Specifically, Nefizco as well a3 ®i-consult, is
not responzible for any costz including, but not limited to,
thoze incured  as a result of lost profits or revenue, loss
of uge of TFST, the cost of recovery of information or

data, claims by third parties, or other similar costs, ;I

((:' i _agree vath the above terms and conditionﬁ)
(" | do not agree

< Back Mext » | Exit |

Figure 4: Installation pop-up 3
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4) Select the subdirectory for the installation or agree with the standard

setting: click “Next”

Tilapia Farming Support Tool Install Program I

Tilapia Farming Suppart Tool's files will be installed in the
following directany:

UE:\Program FileshTFST J _|

Dizk zpace needed 29 Mb
Awailable disk space : 16565 Mb

Click 'Wext' to continue.

Ext |

Figure 5: Installation pop-up 4

5) Create this new sub directory: click “Yes”

Tilapia Farming Support Tool Inztall Program | 3<]

@ The deztination directory dogsn't exizt. Do you want it to be created?

Figure 6: Installation pop-up 5
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6) Start installation: click “ Start”

Tilapia Farming Support Tool Install Program I

Thiz program will install Tilapia Farming Support Tool into C:
“Program Files\TFST.

Click *Start’ to install Tilapia Farming Support Tool.

< Back |

Figure 7: Installation pop-up 6

7) The progress bar

Tilapia Farming Support Tool Install Program I

File:  C:\Program Filesh...\Mibme:x.dll

16%

< Back | et > I

Figure 8: Installation pop-up 7
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STARTING TFST

Once you have installed TFST properly, you can start TFST by clicking on the

@TFST icon on your desktop, or by opening it through the menu: start >
programs 2>TFST 2TFST

The first time you start TFST you will be guided through two introduction
pages, please read them carefully. Fill the check box on the bottom left of the
page if you want to skip the introduction pages the next time you start TFST,
then start TFST (Figure 9).

L=

Arcsbes
Upsmising yeus pead
Wi i S0Mana 10 Can SeE I 0w Cain ook ca tha b rencal peronvence oiyourpond by isisg ofer laed o by using asofer
s eysiem

Fosvessey i e 0 el o st eech COINRY has I o 0N sUmesy preberences v Tish, i own price s 1arinpais such es ke
sndfirgeringz and of caurss farhefshwauwanta zell n some cosntraz high quelity tlapia ived izemilable whis
1 e 1 OO FN RS 0 iy S rouBa TG b oohick: B0 eeibshie:

Thea e e § yoi want 10 uss thes panof e sobse ywau feaihese o prod de fee va ke which aiesakd o you and vou can do
thizin 0BT own oeTency:

Wore mim shan e prosded nhe v naseal snd we siongkcrecommend el youread £ 82 FOAE wou comiiaee

_EI
Nefisco 7 gtz)

Lt Deutrcts st b
irfo il o Techrmche Irmrmrarbos {IT2] O

wraw Nafinen.org
Camaiuaianed By

Y
ﬁﬁ * Bundesmiinein (i
i T W wrishailiche Jnanrrcikes
Inogdad s sl wred EnburicHurg
v - tharn el

I

Wenih

[r' Tl rik #howe i miockstion o the sted olthe m;ﬁ.w\.:] — | Brewul

Figure 9: The second introduction page

If you want to read the introduction again later, go in the main menu to “Help”

and double click on “Introduction.”
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THE STRUCTURE OF TFST

Before we present the details of the different menus of TFST, we will explain

to you the main structure and how TFST works.

TFST consists of three main programs (Figure 10):

0 The database: This contains all the information you provided on your
pond, the type of tilapia, the second species in your pond, type of feed
prices, investments, etc. This data is used in the simulation of the
optimisation program.

o The simulation program: This is the main program, which simulates
your pond after you have provided the needed details. Here you can
simulate one setting for your pond and rearing system precisely and
the results can be displayed with a number of graphics. If you want to
see if there are alternative options, which give higher financial benefits,
then you’ll have to run the optimisation program.

o The optimisation program: Here you can look for better alternatives.
The main settings you used in the simulation program are automatically
exported to this program. You can select other rearing systems and
different types of feed, look at the number of days you culture your fish,
different stocking rates, etc, and see if this improves the financial
performance. After running “Optimise” you can display the three best
options: “Gold,” “Silver” and “Bronze.” Then, the settings of the selected
option are automatically exported to the main screen of the simulation

program, where you can do a new precise simulation with this setting.

-14 -



MAIN MENU

ag T { OPTIMISATION
Here you cam optimise
Your rearing systam
You can lll'ﬂln_lllh by selecting differeal
your pond with aptions
precise setlings e

\/u

-- = -

DATABASE
This contains il the = e
information you provide s o -
on your pond, your e
fish, feeding, costs -ty

o -

prices, otc

gra phics =

Gold scenario

Figure 10: The structure of TFST

Once TFST is started, you will notice a MSDOS screen is operating in the

background. (P TFST

This is part of the stand-alone version of TFST made in Matlab and has no
further function for you. If TFST crashes, you will see here an indication what
went wrong in the software. If this is the case, please send us the lines

displayed in this screen.
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THE MAIN MENU

Once you have started TFST, you arrive in the main simulation menu. In this
main screen (Figure 11), you can set the basics of a simulation such as:
1. The type of tilapia you use
The culture system, i.e. mixed, mixed with a predator, all male
Information on the predator, if you use one
The type of feed you use
Financial information and prices
The size of your pond

The number of days you keep the fish in your pond

® N o oA ®w N

The number of simulations you want to carry out

Details on each function are provided in the following paragraphs.

= T R e R ¢ [ riitad
Blaake bnpiel paramoters
1 [ Thalrhpe locd Tigl =
2 | T e ] oy paeschdon "i
e |
% O

B (Ecnamcr  Ghea *

Fius parenstos
6 |Pord szl 2] w
7 |matecieavgdns [0
B | Muanbed o swiditions =

- Giphins seleoton - Aclin
Fn | St oni i = Sjetan |
[Weyiicn E T = i o |

Figure 11: The Main menu

TILAPIA TYPE

TFST operates with two types of tilapia (Figure 12):
1. A local strain of tilapia, which is the common tilapia used for years in

your area.
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2. A Genetically Improved Farmed Tilapia (GIFT strain) developed by
ICLARM and a number of fisheries research stations. The growth of
this strain is much higher if compared with local strains. However, they

are at present only produced in a limited number of countries.

Figure 12: Local and GIFT tilapia of the same age®

In the tilapia menu, you indicate the type of tilapia you want to use and the

weight of the tilapia fingerlings you stock. YOU |Tilapiatype:  local Tilapia _Irj

enter this menu by clicking on the green arrow.

* http://www.worldbank.org/html/cgiar/newsletter/Oct94/SupTil.html
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4| Tilapia Farming Support Tool - Stock settings [c] MEFISCO / Xi 2003 !E

ficcelerators

Set the values for the Tilapia pou uge

— Stocking par. k — Information
‘Weight stocked Tilapia [q] Step 2 I a0 Locally available tlapia fingerings from government or private
hatcheries or the fingerlings harvested from pour pond and
Density stacked Tilapia [no per m™2] 22 e stocked again.
Type of stocked Tilapia : % L v
Genetically Improved Farmed Tilapia strain. Thiz type of tilapia
E 13013 fingerling has been produced by ICLARM. It hag often a much
GIFT Tilapia 3 higher growith rate than local strains but you ean only buy them
Step 1 from specialized breeding stations or specialized private
hatcheries.
hd Step 3

Cancel H Ok “

Figure 13: The Tilapia menu

First you select the tilapia type (Figure 13). On the right hand side of the
screen a small description of your tilapia is displayed. Then you enter the
stocking weight of your tilapia fingerlings. Note that you cannot change the
stocking density of your tilapia. TFST uses a standard setting of 2.2
fingerlings per m? or 22,000 fingerlings per ha. When finished, click on the
“OK” button. Your settings will be saved and you will return to the main menu.

CULTURE TYPE

TFST can work with four culture types:

1. Mixed without a predator: You stock your pond with un-sexed tilapia
fingerlings, in general 50% of the fingerlings will be male and 50% will
be female

2. Mixed with a predator: In order to get rid of the excessive fingerling
production, predators can be raised in combination with tilapia. In

TFST, you can use the African catfish or the African snakehead.

-18 -



3. All male culture, sex reversed: with this option, you stock your pond

with all male fingerlings that are produced with hormone treatment in

their early life. Sex reversed fingerling in general can only be obtained

from specialized hatcheries and are 100% male even if you buy them

at a weight of 15 grams.

4. All male culture, hand sexed: You stock your pond with all male

fingerlings that are obtained by hand sexing. This can be done at a

specialized hatchery or you can sex the fingerlings harvested from your

own pond. Hand sexing can only be done correctly with fish larger then

35 grams, which means that in the “Tilapia type menu” you should give

a stocking weight of 35 grams. With hand sexing, there is always a

small sexing error (5%) which is incorporated in TFST.

Standard TFST opens with “mixed culture, no
predator.” In the menu you can select your own
option. If you select “mixed with a predator,” you

will see that the menu just below “predator type”

Culture type Imi:-:eu:l no predatar __V_I

rmixed with predator
all male, sex reversed
Fredator denzity | all male, hand zexed

Predator type:

pops up and you have to fill in the information on the predator you use.

PREDATOR TYPE

If you intend to use a predator in your pond,
you first have to indicate which predator you

want to use: the African catfish or the African

Culbure type imi:-:eu:l with predator j

Fredator bupe: I Clariaz j

Predator density T

snakehead. Fredatar weight [g] I an
The second step is to provide the density and | ;e wpe |mived with predator ]
the weight of the stocked predator.
Predator type:  [EECG_— ~ |
Predatar density [no per m™2] 0z
For the African catfish you can stock up t0 1 | predator weight [q] | a0

fingerling per m? (10,000 per ha) and the

-19 -




maximum stocking density for African snakeheads is set at 0.1 fingerling per

m? (1000 per ha). Above these values the results are not coherent with the

reality in the field.

NOTE

option and results can be unreliable.

Here, TFST has a geographical problem, as it was developed with data from the African
continent. In some countries of Asia, Southeast Asia and South America, the African
catfish is imported and raised in ponds and you can use this setting if fingerlings are
available. For the African snakehead it is more complicated, as they are only found on the
African continent. For Asia and Southeast Asia the snakehead settings could be
representative for the use of the “Asian snakehead” (Channa Striatus). The efficiency of
predation for the African snakehead or the Asian snakehead is more or less in the same
order, but for growth, we do not know. So please realize that TFST is not calibrated for this

We need your co-operation to solve this and include more predators in updated

versions of FTST

FEED TYPE

Selecting the type of feed you use is
straightforward: just select one from the menu.
You can define one type yourself, if the feed you
use is not among the pre-defined ones. You can
include your own type of feed in the “economic

menu”.

Feed type

high quality dry pellel_:j

hame made feed
zopbean meal
cotton zeed cake
dried chicken dung
groundnut cake
musztard ol cake
wheat bran [gluten]
rice bran

LIZEr aE |nea eea l

Go to the economic menu by clicking on the

E conomics:

Ghana ﬂ

green arrow
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THE ECONOMIC MENU

The economic menu consists of three sub menus (Figure 14):

1. Investments and labor: here you provide the details of the costs of
constructing your pond and the prices of labor needed to operate your
farm.

2. Input and feed: here you give information on the cost of fingerlings
and the feed you use.

3. Farm gate prices: here you enter the selling price of the fish.

In the main menu, you can enter the name of your country and the name of
your currency. Automatically, TEST gives all the results in your own currency.
You open the sub menus by clicking on the name of the sub menu.

W | Tilapia Faming Suppot Tool - Shock seltings I} WEFISCD /5 S003 I
Bl fooalerators
DlslE] amnne () e ()
(Jkveasinient and labow ) (Ireut and leed ) (Famnoste prees ) |
| rrweptment [ZAF]Tha] Amorizaiion [p] | et [%] Coat [20R ] ha|li]
Fizh lamn | E iR aNin] | an | 15 R
Eguipmeri, l, 1EDLLO0 | 5 15 477 30
Maintenance cosls
M art=arce and 1eplacemerds J%] Cioett [Z8R] Tha[pr]
Fish laim 3 E00.00
Equiprert 3 B0
Labnur costs
Prce EAAF day] Uit/ [hs] Cet [205] rTha| 1]
Sklad kbou [ 3200 I 0 HERD
Ukakibad lahou [ 1500 I 1 AT
Cancal Ok ]

Figure 14: The Economic menu
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Investment and Labor

In this submenu, you provide information on your investment, maintenance

and labor costs of your farm.

Please note that TFST calculates on a hectare basis, which means that
you have to convert all your costs here, i.e. your pond is 100 m? or 0.01
ha, and the construction costs for this pond were 200 ZAR. Therefore,
your construction costs for TEST are 20000 ZAR/ha. If your pond is 5000
m? or 0.5 ha and your investments were 1250000 CFA then your

construction costs were 2500000 CFA/ha, etc.

Investments

For your investments you provide:

o Investments made to construct your pond

o Investments made in equipment needed to operate your farm

0 Amortization period, the time period needed to pay off the investments
or for equipment that has to be replaced completely at the end of the
time period

o Interest rate, the annual interest rate you pay to the bank/NGO if you
borrowed the money. Even if you constructed the farm with your own

money, you have to indicate the interest rate.

TFST automatically converts all your values into costs per hectare, per year.

— Investment

Inwestment [ZaR]/[ha) Amortization [yr] Interest [%] Cozt [ZAR]Thallw]
Fizsh farm | 20000.00 | a0 | 15 3195.23
Equipment | 1600.00 | 5 15 47730

-22.



Maintenance

Once you have constructed your farm, you have to carry out maintenance
continuously to keep it in good order. As a standard, TFST calculates
maintenance cost as 3% of the investment costs, but you can change this

figure if you think it is higher.

—Maintenance costs
Maintenance and replacements [%] Cozt [ZaR]Thallw]
Fizh farm | 3 500,00
E quipment | 3 48.00
Labor

You need people to run your farm. This can be yourself, family members or
hired staff, but in all cases, it costs you money. TFST makes a division in
“Skilled” and *“Unskilled” labor. Skilled labor, for example a general
manager, is needed if you have a large farm.

In the menu you enter the salary to pay per day, and the number of persons
you employ (again, calculated per hectare). TFST converts it automatically

into annual costs per hectare.

— Labour costs

Price [Z4R]/[day] Perzon / [ha] Cost [ZAR]/hallvr]
Skilled labour | 2200 | 0.1 1168.00
Unskilled labour | 15.00 | 1 5475.00

Input and Feed

Fingerlings and feed are often the major costs and you enter these costs in
the submenu “Input and feed”
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Fingerling Prices

Fingerling prices are the price per fish and there are five categories as

discussed before:

Tilapia, mixed male and female
Tilapia, all sex reversed
Tilapia, all male, hand sexed
Catfish

Snakehead

ok 0 Dd e

Note: please make sure the prices conform to the type and weight of
your tilapia fingerlings, for example, if you use GIFT tilapia then also
give the price of GIFT fingerlings. The prices are NOT UPDATED
AUTOMATICALLY if you change the Tilapia type or stocking weights in

the main menu.

— Input costs for local Tilapia g
Price of Tilapia and predator fingerlings Weight [ar] Cozt [ZAR]
Tilapia, mixed male and female 25 pEr piece l 0.e0
Tilapia, all male, sex reverzed 25 pEr piece | 2.00
Tilapia, all male, hand sexed 25 pEr piece | 360
Catfish 30 per pisce | | 200
Shakehead a0 per piece | | 200

Feed Prices

Providing the feed costs is straightforward, just fill in the different cells with the
price per ton of feed. TFST converts it automatically into the feed cost per
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ton of fish harvested from your pond, and adapts the growth rate of your fish

to the protein content of your feed®.

You can define your own feed. If it is not in the predefined list, enter the name

of your feed and the percentage of protein it contains, the latter based on dry

matter.
—Feed costs
L Price [PARJtor]  Cost [ZAR]/[tan fish]

hugh guality dry pellet feed I 2000.00 3000.00
home made feed | 200,00 2000.00
sopbean maal | EA0.00 25GR0.00
cotton seed cake | A80.00 2400.00
dried chicken dung | E40.00 3200.00
groundnut cake | 400,00 2000.00
mustard oil cake | E40.00 3200.00
wheat bran [gluten] | A400.00 2400.00
rice bran | z20.00 3200.00
“ Feed fram Bobo J Percentage proteiru 28 ] J 42000 A 184825

Please Note

It is possible that some of the pre-defined feeds are not available in your
country. TFST keeps the standard values if you do not provide a price for
these feeds. In this case, you will get ridiculous results in Optimise if you

include them in the search. . . . ... ..

Farm Gate Prices

The price for which you sell your fish (farm gate price) in most cases depends
on the size of the fish. Therefore, in this menu (Figure 15) you first make the
different categories of fish you sell, then give the price per kilogram for each

category.

® The conversion factors used are provided in Annex 1
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Provide the price per fingerling as entered in the input menu, if you sell
fingerlings® harvested from your pond or stock the fingerlings again in one of

your other ponds.

If you do not sell fingerlings, but sell these small fish on the market for
consumption then the price will be much lower, but you still have to enter the
price per fish. For example, you sell the fish between 20 and 50 g for two ZAR
per kg. One kilogram contains 1000/35= 28 fish. Therefore, the selling price is
2/28=0.07 ZAR per piece.

W | Tilapia Faming Suppot Tool - Shock seltings ) WEFISCD /5 P03 I
Eile  focelerators
WA= | o CLATERS Ranes | A 7 0 GO AT fﬁ-:uhhhca

|rveesineni and labowr Irput 2nd feed Famnoste prices

— Farmgste price Tilapia

From [r] Tolml
ey emall I i [ pet kg
Fingerings: | il [ Al pieca
Sk i fich | (1] [ ] pet kg
I eiuim zizad fish | 120 | 17 perkg
Lage sized Izh || 170 | ¥ pet kg
Farmgaste price prsdasior
Fi Tolwml Hirperie
Callish 100 [ ArdLp peikg 1EL0
Snakahsad 00 [l T et kg TR0

Cancal r ﬂh l]

Figure 15: Farm gate prices

Click on “Ok” once you have provided all the economic details of your farm,

the data will be saved and you will return to the main menu.

® For example to your neighbour fish farmer
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POND AND SIMULATION SETTINGS

— Hun parameters

You are almost ready to start your Pond size [m"2] 100

simulation. In the “Run parameters” Murnber of rearing daps 220
provide: Mumber of simulations | 10

o The size of your pond or farm in m?

o The number of days you raise your fish

o The number of simulations you want to carry out. One simulation is a
complete rearing cycle. With 10 simulations, you repeat the simulation
ten times with the same settings, and TFST shows you the ranges of
the results. A set of several simulations is called a run in TEST

Click “ Start” to start your simulation and a bar will |-Actien

Start run

appear indicating the progress of your

# [ TFST - Simulating

simulation. With small ponds, it takes 1-2 —
minutes to complete a simulation run. But | FEEEE——————— |

the larger your farm the more time it takes
to complete a run, which is the reality of TFST as it is based on Individual

Based modelling and follows each individual fish in your pond.

Once the run is completed, the progress bar disappears and you see that the

graphics menu P —

il [Sondation 1 =l
[N:I_ml-ds _'J |¢.'.'=|nn=wed1|.pr: gloup 3

becomes brighter and

you can visualize the

results of the simulation with this menu.

VISUALIZING THE RESULTS OF YOUR SIMULATION

In the main menu, you can visualize the results either of a complete run or of

each individual simulation. For each you can see a graphics on:
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0 Average weight of your fish at harvest

o The net yield at harvest and the development of the yields during the
rearing in case you selected an individual simulation

o The percentage of the different categories of fish in your pond at
harvest or the development over time, in case you selected an
individual simulation

o Your costs, revenues and profit and their development over time in

case you selected an individual simulation

Results of a Complete Run

To view the results of a simulation, select the type

of graph you want to display in the left menu and it

Relative biomass
Revenues

will automatically pop up. [Wet yields

Examples of the four graphs are presented below:

= F =T

Figure 16: Example of average weight at harvest obtained from 10

simulations of one pond
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Figure 17: Example of net yields (kg/hal/year) obtained from 10

simulations of one pond

Figure 18: Example of relative biomass obtained from 10 simulations of

one pond
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Figure 19: Example of cost, revenue and profit obtained from 10
simulations of one pond (on a ha basis)
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Results of an Individual Simulation

If you want to see the results of each [Simulation1

Simulation 2

individual simulation, you must first select the |zm-sion 3

| Sirnulation 4

. . . . S ilation 5
simulation number in the right menu and the [Simuition &
Simulation ¥

i Simulation 3
type of graph from the right menu below. S palen 8
Simulation 10

Simulation 1 j

Examples of the four types of graphs are

presented below:

Fielative biomazs over time

Revenue
Average weight per group j
A0 1 : : : : : : : : 1
e
- fEmae
= = rpmrulmas
= reoruil lsmal=s
= predalor
S0
291
200 =
=
191 |
100 |
E:| =
a | . ) I . 1 T i
o o 40 B0 ao o0 120 140 =i = a0 &
no ofresrrg days

Figure 20: Example of the development of the average weight in one

simulation
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Figure 21: Example of the development of the net yields in one

simulation
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predator
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o ol reanng days
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[ ===y
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Figure 22:

simulation
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Figure 23: Example of the development costs, revenues and profits of

one simulation
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OPTIMISING THE RESULTS OF YOUR POND

Once you have simulated with your own preferences or your real settings, you
can use “TFST-Optimize” to see if there are alternatives providing a better
financial performance. You start this module either by clicking on the Icon in
the menu bar or by clicking on the Optimise button below right in the main

menu (Figure 24)

Frevstos bk .-:. : I—-I—-
Foodlpn [ty drpeii]
Eoonapior Godesos H
— Alis gt e
Ford e 2| [
Hunbar of raasing daye [z
Munder of sniwlsdivns IT

- Ganphed seleclon ¥ i

1 1&“#“' . ..'_'J Efstrun
R ] [erovae vt e oo = oatze
Figure 24: Start Optimise
After you start, the Optimise |EEFERETTIETD

Warning message “Did you enter ? Diid yiou enter your Stack and Economics setings®?

your Stock and Economic settings?” yes no |

will pop up. This is of utmost
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importance, if you did not provide your own data the optimisation would be
carried out with our default settings. Click “Yes” If you are sure that you have

provided the proper data. If you are not sure check, and start Optimise again.

When you arrive in the “Optimise Menu,” you can enter your preferences in
the left part of the menu, and in the right part, the results will be displayed
after you have run Optimise (Figure 25).

4 Tilapia Farming Support Tool - Dptimization settings [c] NEFISCO / Xi 2003 !EE
Accelerators
é Enter your preferences and start optimize Three best scenarios: Igold Yl
— Culture type for local Tilapia —+ — Optimal scenario settings
mixed with predator Culture type: #
[T allmale, sex reverzed Stock type #
[T allmale, hand sexed \w/eight # [l
Mumber # [pieces]
— Rearing period Predator typs RESULTS SCREEH #
M awirnurn number of days l |2DD 'I‘ ‘weight # [q]
o
Zrond nes Murnber [pieces]
! : Feed type #
V¥ high quality dry pellet feed) Amaunt # [kal
[™ home made feed Number of dags i

[T sopbean meal
[" cotton seed cake Your costs: .
[~ dried chicken dung Food costs Z4R]

[T groundnut cake Fish CD.SIS # [Z4A]

[ mustard oil cake Operational costs £ [Z5A]

[~ wheat brar [gluten)] Tatal # [ZAR]

[ rice bran You sell:

[ user defined feed Large Tilapia i # [Z4R]
Medium Tilpia # # [Z4R]
Small Tilapia i # [Z4R]
Predator t # [Z8R]
Tatal # # [Z4R]
Profit # [Z8R]

Cptimize Cancel Ok

Figure 25: The Optimise menu

TFST-Optimise looks at:
o0 The type of fingerling you use: mixed, all male, sex reversed, all male
hand sexed
o The rearing period
o The type of feed used

o The use of a predator: catfish or snakehead
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0 The stocking density of the used predator

Please note the phrase “Culture type for local Tilapia” on top of the input
menu. It means that in the main menu the local strain was selected as your
“Tilapia type”. If in the main menu GIFT tilapia is selected you will see here
“Culture type for GIFT Tilapia”.

This means that Optimise ONLY calculates with the selected tilapia type
setting. It cannot compare between a local and GIFT strain tilapia. If you
want to compare the two you have to run Optimise two times, once for

the local strain and again for the GIFT strain.

The Optimise menu opens with the standard scenario “mixed, no predator”,
“300 rearing days” and “high quality feed” but you can replace with your own

preferences.

OPTIMISING WITH A PREDATOR

If you click the check box “Mixed with predator,” a new menu appears below
in the menu “The predator settings.” Again, you see that it is the setting
either for catfish or for snakehead, depending on your selection in the main

menu.

In this menu, you can indicate how you want to search for alternatives, if you

intend to use a predator in your pond:

Predator settings for Catfish — Predator settings for Snakehead
& from  step to  fived fo from  step tar " fired
Derisity rarige oz =] 01 Jos = |02 =] Dierisity range jooz =] om Joos =] |00z 7]

Density range: you can search with a fixed stocking density of your predator,
or you can select a range of stocking densities: 0.1-1.0 per m? (1000-10.000
per ha) for catfish or 0.01-0.1 per m? (100-1000 per ha) for snakehead.
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Weight in the Main Menu

TFST automatically defaults to the weight of the predator you entered in the

main menu.

OPTIMISING WITH ALL MALE FINGERLINGS

You can optimise for the use of all male fingerlings, sex reversed or hand

sexed, if you have indicated in the main economic menu

that you can buy them. If so, just click the check box and

continue with the types of feed you want to use.

OPTIMISING FOR THE NUMBER OF DAYS

During the optimisation you can see if
increasing or decreasing the number of
rearing days will have an impact on the
financial performance. Just select in the
“Rearing period” the maximum number of
days you want to raise your fish and
Optimise will use the range from 90 — this

maximum number of days.

all male, sex reversed
all male, hand sexed

— Rearing period

F a=irmurm number of days

200 'i

100
1110
120
130
140
150
160
170
180
130
200
210
220
230
240

260

OPTIMISING FOR DIFFERENT TYPES OF FEED

Here, the same as with the fingerlings, you can only optimise for a certain

feed type if you have indicated in the

— Food types

main menu that you have access to | | high qualty diy pellet feed

it and provided a price for it. Click

the check boxes to select the feed

I home made feed
[ sovbean meal

[T cotton seed cake
[ dried chicken dung

types you want to incorporate during || graundnut cake

™ mustard oil cake

the Optimisation. [~ wheat bran [gluten]

™ rice bran
[ user defined feed
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START OPTIMISE

Start Optimise by clicking the “Optimise button” on the right side __Cptimize
below in the screen. After clicking, the “Optimise bar” will pop up, indicating

the number of simulations that will be made, and the progress of the

simulation process.

#!TFST - Simulating

Simulation ¥ of 21

RESULTS OF OPTIMISE

Once Optimise is ready with the calculations, the best results: “the gold

scenario” will be automatically displayed (Figure 26).

In the example displayed, an optimisation was made for: mixed no predator,
all male sex reversed and all male hand sexed, 360 days of rearing and a

wide range of feed available.

The results indicate that using all male sex reversed fingerlings, rearing them
for 263 days and feeding them with our own defined feed will give the highest

profit of 690 ZAR for one rearing cycle of the pond/farm.

Select the “Silver” or “Bronze” to display |Thesbestssenaras: |gold [

the second best or third option.

By clicking on the “OK” button below right on the screen the displayed option
will be automatically saved in the main menu settings (Figure 26, Figure 27)

and you can run this scenario to get information that is more precise.
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Figure 26: Results of running the Optimise module
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Figure 27: Using the results of Optimise again in the main menu.
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SAVING FILES

SAVING THE RESULTS OF YOUR RUNS

You can save your settings once you have found your optimal settings

Go to File &> Save (in the top left corner of the main screen) or click on the

“save button” I—EJ

The save menu will pop up and we recommend you save your data in the

“data” subdirectory:

| [ T ||
BT =] =mcrd-

vy
{ = | vap_rawdan

Mnals i R = emerD-

[ Jdata §
|_Jhaip
L) irvagr
L) s
|yl

Bustutyaar [
Opriaan ripm [

i
£
i

I

[ oo |
|

Figure 28: saving your data files

To open your files again go to File = Open or click on the “Open file

|
button” I.E".’.i and select the file you want to run again.

TFST only saves your settings and not the generated data, as this usually

results in huge files.
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SAVING THE GRAPHICS OF YOUR RESULTS

Once you have completed a simulation and displayed the results as a graph,

you can save this graph as a picture file by File = Print plot or by clicking on

the “Printer button” %

The save a picture menu will automatically pop up and you can save the file

as a Bitmap file (bmp).
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AN EXAMPLE

To familiarize you with TFST in this chapter we present you an example.

Note
TFST includes variation, so your results of this exercise can

differ slightly from the one presented here in the manual

MR KoFFl GOMBO FROM IVORY COAST

My name is Koffi Gombo, | am living in Ivory Coast, and constructing 10
ponds of 500 m? each in my home village.

Figure 29: Mr Koffi’'s ponds, under construction

Before | start running my farm | want to find the best way to do it and | will use
TFST to give me an idea. To carry out this example, open the file “lvory

Coast.sim.”
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In TEST, | use the following parameters:

Main menu-Tilapia type

I will use a local tilapia as we do not have a strain GIFT in Ivory Coast and |

will stock my pond with fingerlings of 35 grams.

Economics menu-Investments

1. The currency in my country is the CFA

2. The name of my country is Ivory Coast

3. To construct one pond of 500 m? | pay 250.000 CFA. The construction

of the 10 ponds cost me 2 500 000 CFA or 5 000 000 CFA/ha

To run the farm | bought scales, buckets, a seine net, wheelbarrows,
etc, this cost me 25 000 CFA or 50 000 CFA/ha.

For the construction of the ponds | borrowed money from the local
commercial bank and | have to pay an annual interest rate of 20%

Replacement and maintenance is 3% per year

7. My two nephews will operate the farm and | will pay them 1100 CFA

8.

per day. My farm is 0.5 ha operated by two nephews, so | need four
persons/ha

| do not need skilled labor for my farm

| entered these values in the Investments menu (Figure 30):

o 1 i ey et [l - B e vl i TN . =]

Figure 30: Investments of Mr. Koffi
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Economic menu-inputs and feed

In my district I can buy mixed fingerlings, all male hand sexed fingerlings,
catfish and snakehead fingerlings. All male sex reversed fingerlings are

available from a specialized hatchery, located 200 km from my village.

Fingerlings Weight (g) Price CFA per piece
Mixed male and females 35 35
All male hand sexed 35 75
All male sex reversed 35 150
Catfish 15 100
Snakehead 15 100

All feed types are available and in Bobo-town a Tilapia feed, made of
cottonseed cake, copra cake and wheat bran is available. It has a protein
content of 30% and costs 140 000 CFA/ton. The other prices for feed are:

Feed type CFA/ton
High quality Tilapia pellet 250 000
Home made Tilapiafeed 150 000

Soy bean meal 160 000
Cotton seed cake 180 000
Dried chicken dung’ 20 000

Ground nut cake 160 000
Mustard oil cake 160 000
Wheat bran 100 000
Rice bran 60 000

" Difficult to get
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The values | entered in the Input and feed menu are presented in Figure 31.

) Tilapia Farming Suppact Tool - Econcmio seflings ic] MEFISCO
Fim  frnseraion:
D= ‘iow curencp nare | CFA “ou counlig rnane W
Iremciment snd lshma | Inpuk and fs=d | Fanpsis prcer
Input coste For looal Tilapia I
Piica of Thapia ahd placaicr lingaiings “ehaachil [cp] st JOFA|
Thapia, mised naka and lans kL patpaca | F0
Thapia, ol maks, s e zad an prpaca [ 1E0O0
Tiaoe o make, hand pased an permaca | A
Catizh 15 perpmcn | 10000
5 rfumhe.ad 15 perpmcn | tooon
Fend cozlz
Fics [CRARion| el [CFALhon fidh]
g quality dy peled feed [ Zomom 150000
hionre nae feed | BT SHEIN 0T
sxipbesan fehl [ eabmoa AT 00
cotton seed cake [ jmemoo SEFIED
dieed chicher dung [ 2omm 1134600
QAL caka [ oo el ]
mastand of calis [ jmpmoo ==
Ll bran [guen| [ moooo SI560.00
i bian [ emoae ShBeas 00
[Boboked  Pocentage poten| ] [ 140000 00 S27240.00
Canced ok

Figure 31: Inputs and feed costs of Mr. Koffi
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Economic Menu — Farm Gate Prices

The situation in my country is particular as we like to eat large fish and it is

difficult to sell small fish, unless they are really cheap.

For my fish, | can fetch the following prices:

Very small tilapia 0-20 g 10 CFA/kg

Fingerlings 20-50 g 500 CFA/kg or 18 CFA per piece
Small tilapia 50-120 g 700 CFA/kg

Medium sized tilapia 120-200 g 1000 CFA/kg

Large tilapia 200 g and bigger 1200 CFA/kg

Catfish 1000 CFA/kg

Snakehead 1000 CFA/kg

| entered these values in the Farm gate prices menu (Figure 32):

J Tilagia Famming S uppxi Tool - Econd fcl HEFISCD @ xXmec: MEE
Eds  focebssion
| @ln “Frar DUy name. | CF AN DRIF A, | o Cosast
I esimani and kbol) I and Nasd Famais pkes
Fmngale pice Tiapa
Fram k| To o Alereene | (R
Vg araad | i | o L | mnm
Lo e R— S—— proece [ m
Srallued ksh [ ] [ per kg i)
Widiuns sadikh [ 120 [ 0 peikp | 100000
Lagesmdish [ 20 | rd peibp [ fFIa]
Fmmgale prce predsto
Fram || Ta o] e are.m [CF)
Ll [ 100 [ rd prikp | [T ]
& rik chscaad | 100 | il pakp | 100000
Capoal ok

Figure 32: Farm gate prices of Mr. Koffi
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Optimising

First, 1 want to know what will be the best feed to use. So, | optimise for
“mixed culture,” 360 days and all the feed types, except “dried chicken dung”

as this is very difficult to get.

Optimising takes some time as the farm has an area of 5000 m?. But after a
while the results are displayed (Figure 33) and it indicates that | will produce
2695 kg of fish in one rearing cycle of 256 days. The best feed to use is
soybean meal, because it is relatively cheap and has a high protein content.
However, it also indicates that | will go bankrupt, because | produce too many

small tilapia, which are fetching a low price at the market.

<) Tilapia Farming Suppoit Tool - Dptimization settings [c] HEFISCO / i 2003 !E
Accelerators
@ Enter your preferences and start optimize Three best zcenanos: Igc.ld VI
— Culture type for local Tilapia — Dptimal gcenario settings
¥ mixed no predator You use:
[ mixed with predator Culture type mixed no predator
[T all male. sex reversed Stock type local Tilapia
™ &l male, hand sexed Weight 35 [a1]
= 7 Mumber 11000 [pieces]
—Hearing period
Predator type none
I awirnurm nurmber of days |3BEI VI weight # [a1]
e
=~ Food types MHumber [pieces]
! : Feed vpe zopbean meal
r]:" high guality dry pellet feed Amourt 5873 [kal
wlihone madcleed Mumber of days 256

V¥ zoubean meal
¥ cotton zeed cake Your costs:

W) e Feed costs 939658.00 [CFA]

M agroundnut cake Fizh costs 38500000 [CFA]

s e ol e ek Operational costs 99¥E17.00 [CFA]

¥ wheat bran [gluten] Liotal 2322315.00 [CFA)

W' rice bran You sell:

¥ Boba feed Large Tilapia B33 [kg]  759213.00 [CFA)
tediunn Tilapia 482 [kag] 482071.00 [CFA)
Small Tilapia 15880 [kg]  E31467.00 [CFA]
Predator 0kg] 0.00 [CFa)
Tatal 2695 [kg] 1872751.00 [CFA]
Profit -449564.00 [CFA]

Cptimize | Cancel | (u]'3

Figure 33: Results of the first optimising of Mr Koffi
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An alternative would be to use catfish as a predator. | optimise again with:
mixed with a predator-catfish, 360 days, soybean meal as feed, and select a
stocking range of 0.1-1 for the catfish density. Optimising takes even longer
than the first time as it has to calculate 10 scenarios: one for each stocking
density of catfish. Rearing tilapia with the African catfish will increase my yield
to 3164 kg of which 447 kg is the catfish. | use 0.3 catfish fingerlings per m?,
but | am still going bankrupt due to the large quantity of small tilapia | am

producing.

[c] NEFISCO / Xi 2003

<) Tilapia Farming Suppoit Tool - Optimization settings

P |

Accelerators

é Enter your preferences and start optimize

— Culture type for local Tilapia

Three best scenanos: Igc.ld vl

— Dptimal scenario settings

[~ mixed no predator

W mixed with predator
[T all male, sex reversed
[ all male, hand sexed

—Rearing period

b axinum number of days

IBED 'I

—Food types

[ high quality dry pellet feed
™ home made feed

W soybean meal

™ cotton seed cake

™ dried chicken dung

[ groundrut cake

[T mustard il cake

Operational costs

You use:
Culture type mixed with predator
Stock type local Tilapia
‘wieight 35 [ar]
Murmnber 11000 [pieces]
Fredator type Catfizh
wieight 15 [ar]
Mumber 1500 [pieces]
Feed type zopbean meal
Amount E302 [ka]
MHurnber of days 256
Your costs:
Feed costs 1104291.00 [CFA)
Fish costs 4535000.00 [CFa)

S97EI7.00 [CFA]

™ wheat bran [gluten) okl £986308.00 [CFA)
™ rice bran You zell:

[ Bobo feed Large Tilapia E72[kg]  BOB074.00 [CFa)

. . edium Tilapia 4B6 [kg]  4E64841.00 [CFa]

PRI s tor Bl : Small Tilspia 1503 kgl 32650.00 [CFA]

i from  step to ™ fived

; Predator 447 [kg]  44706E.00 [CFA)

Sl or B ot 82 B 1y 3167 [kg]  2350631.00 [CFA]

Profit -236278.00 [CFa)

Cptimize | Cancel | (]'3

Figure 34: Results of optimising with African Catfish for Mr. Koffi

| save this option and run it again in the main menu to identify the problem.
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After running this scenario in the main menu it is clear (Figure 35) that the

stocked females only reach a weight of about 100-120 gram at harvest, so

most likely it is better not to stock females and only use all male fingerlings on

my farm.
) Tilapia Fasming Supmoit T ool Ic) MEFISCO 4 #2003 IS E3
b Edk Help
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Figure 35: Results of the run with catfish.

The alternative is to use all male fingerlings, so | start optimise again and

select: All male hand sexed, 360 days, with soybean meal as feed. The

results (Figure 36) are much better now as | am producing 3792 kg of fish and

make a profit® of 996 904 CFA per rearing cycle of 259 days.

8 Without tax
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<) Tilapia Farming Suppoit Tool - Dptimization settings

Accelerators

[e] NEFISCO / Xi 2003

P |

@ Enter your preferences and start optimize

— Culture type for local Tilapia

™ mixed na predator

[ mixed with predator
[T all male. sex reversed
V&l male, hand sexed

Three best scenarnos: Igc.ld vI

You use:
Culture type

Stock type
Weight

Murnber

—Hearing period

b awirum nurmber of days

Predator type

|3BE' 'I wieight

MHumber

—Food types
™ high quality dry pellet feed
" home made feed
V¥ zoubean meal
[ cotton zeed cake
[™ dried chicken dung
[ aroundrut cake
[T mustard oil cake
[ wheat bran [gluten)
™ rice bran
[" Eobo feed

Feed type
Amount
MHumber of days

Your costs:
Feed costs

Fish costs
Operational costs
Tatal

You sell:
Large Tilapia

tediunn Tilapia
Small Tilapia
Predator

Tatal

Profit

— Dptimal gcenario settings

all male, hand sered
local Tilapia
35 [ar]

11000 [pieces]

none
# o]

# [pieces]

sovbean meal
8263 [ka)
2583

1322021.00 [CFa)
825000.00 [CFA]
997E17.00 [CFA]
T44538.00 [CFa)

3059 [kg] 367058200 [CFA]
195[kg]  195184.00 [CFA]
537 [kg]  275775.00 [CF&)

0 [kal 000 [CFa)
5792 [kg]  4141542.00 [CFA]

996904.00 [CFA)
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Dk|

Figure 36: Results of optimising with all male hand sexed fingerlings

The last option is to look at the use of sex reversed all male fingerlings (Figure

37). 1 would still make a profit of 638 296 CFA per rearing cycle but here the

major bottleneck is the price of the sex-reversed fingerlings.
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<) Tilapia Farming Suppoit Tool - Optimization settings [c] MEFISCO f Xi 2003 !E

Accelerators

@ Enter your preferences and start optimize Three best scenarios: Igc.ld vI
— Culture type for local Tilapia — Dptimal scenario zettings
[ mixed no predator You use:
[ mixed with predatar Culture twpe all male, sex reversed
¥ all male, sex reversed Stock type local Tilapia
™ all male, hand sexed Weight 5 (o]
= 7 MNumber 11000 [pieces]
—Hearing period
Predator type none
M awirnurm nurmber of days ISED 'l weight # [gr]
ool by Mumber # [pieces]
; : Feed type zopbean meal
F' high quality dry pellet feed Amount 8433 [kg]
fongmatlees MNumber of days 260

v zopbean meal
[ cotton zeed cake Your costs:

I™ dried chicken dung Feed costs 1349276.00 [CFa]

[ groundrut cake Fish costs 1E50000.00 [CFA]

B Operational costs 997617.00 [CFA)

™ wheat bran [gluten) Liotal 3336833.00 [CFA)

I rice bran You zell:

" Bobafeed Large Tilapia 3830 [kg] 4596281.00 [CFa)
Medium Tilapia 38 [ka] 37695.00 [CF&)
Small Tilapia 2 [ka] 1213.00 [CFA)
Predatar 0 kgl 0.00 [CFa)
Tatal 3870 [lg]  4635189.00 [CFa)
Profit 638296.00 [CFA]

Cptimize | Cancel | (u]'3 I

Figure 37: results of optimising with all male sex reversed fingerlings
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THE SCIENTIFIC VERSION OF TFST

The development of TFST was based on the Individual Based Tilapia Farming
model developed by Nefisco and Xi (de Graaf et al., in press). This scientific
version has more options, this as the standard settings can be changed, it can
be adapted to use it for other species, or it can be used for prey-predator
modelling in fisheries.

For more information on the scientific version please contact Nefisco or Xi

Info@Xi-advies.nl

Info@Nefisco.org
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ANNEX 1: BASIC SETTINGS

For the scientists/experts using TFST, major basic settings are:

Growth according to the von Bertalanfy growth curve:

Linfinitif (cm) K (year™)
Tilapia ,males 32.5 1.73
Tilapia females 23.0 1.28

Feed conversion according to crude protein level of feed:

CV = 0.523*(% protein) + 19.015

Based on the data below:

Feed type Conversion factor Crude protein (DM)
High Quality Tilapia dry pellet feed 1.7 30
Home made Tilapia feed 3 30
Soybean meal 4 35
Cotton seed cake 5 26
Dried chicken dung 5 24
Groundnut cake 5 23
Mustard oil cake 5 30
Wheat bran gluten 6 25
Rice bran 10 12

Growth adaptation according to crude protein level of feed:

K=Kmax*Ln(% protein) —0.0821
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