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MANUAL ON GENETIC IMPROVEMENT OF FARMED TILAPIA

RESEARCH METHODOLOGIES INSTRUCTOR’ S MASTER CHECKLIST

Module Handouts Progress | Progress Mastery Visual Aids Duration
No. Test Test Test/
Question | Answer Exercise
1b PTQ-1b PTA-1b Transparency 1b.1 4hrs &
to 1b.12; 21 mins
slide 1b.1 to 1b.14
2a PTQ-2a PTA-2a Practical Transparency 2a.7 9hrs &
exercise 2a to 2a.17; 10 mins
Slides 2a.1 to 2a.7
PTQ-2aA | PTA-22A 3hrs &
51 mins.
2b PTQ-2b PTA-2b Practical Transparency 7hrs &
exercise 2b 2b.1-2b.15; 58 mins.
slides 2b.1 to 2b.8
2c Basic Computer PTQ-2¢ PTA-2¢c Practical Transparency 9hrs &
Operation Manual; SAS exercise 2¢ 2c.1t02¢.10 30 mins
Operational Manual;
GIFT Stat Manual
3a PTQ-3a PTA-3a Practical Transparency 3hrs &
exercise 3a Ja.1-32.9 50 mins
4a PTQ-4b PTA-4b Practical Transparency 25hrs &
exercise 4a 4a.1-4a.8 24 mins
5a Manual on CAMA PTQ-5a PTA-5b Practical Transparency 16 hrs &
exercise 5a 5a.1-5a.16 16 mins
5b PTQ-5b PTA-5b Practical Transparency 13 hrs &
exercise 5b 5b.1-5b.12 21 mins
6a PTQ-6a PTA-6a Practical Transparency 3hrs &
exercise 6a 6a.1-6a.18 41 mins
6b Manual of Operation PTQ-6b PTA-6b Practical Transparency 10 hrs &
KRYO 10; Manual on exercise 6b 6b.1-6b.18 58 mins
Cryopreservation of
Tilapia by K. Rana
7a PTQ-7a PTA-7a Practical Transparency 7a.1 10 hrs &
exercise 7a to 7a.8 25 mins
8a ICES/EIFAC Codes of PTQ-8a PTA-8a Practical Transparency 8a.1 4hrs &
Practice; Manual of exercise 8a to 8a.11 30 mins
Procedures for Transfer
of Fish
8b PTQ-8b PTA-8b Practical Transparency Shrs &
exercise 8b 8b.1-8b.13 2 mins
Total Number of | 128 hrs &
hrs 28min or
16 days
and 30

mins
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PRACTICAL GUIDE/EXERCISE
ON
MODULE 2a: SAMPLING AND RECORDING OF PHENOTYPIC
TRAITS

INTRODUCTION

Gathering and recording of biological data vital to experiments in a genetic
improvement program should be carried out with efficiency, precision and
accuracy. This is important in order to avoid marking erroneous conclusion about
the results.

The GIFT team has so far standardized the methods of measuring some
of the important phenotypic traits in tilapia. These traits are noted and
measured during breeding and fry collection, stocking, rearing and harvesting
activities.

OBJECTIVES:

Given the necessary materials and sample data forms, the trainee will be
able to collect and record biological data according to the standard sampling and
recording procedures developed by the GIFT project and with 100% accuracy.

MATERIALS:

Live fish
breeder size (with Floy or PIT tag)
fingerling size
swim-up fry
Measuring board (ruler)
Top loading balance (0.10 g sensitivity)
Anaesthetic (MS222)
Plastic tubs, basins, strainers, scoop nets, aerators
Flat sheet iron
Paint, paint brush, paint thinner
hand tally counter
Data forms w/ clip boards, pencils, ballpen, pentel pen
Breeding and fry collection form



Breeding and fry collection form

Sampling

Summary
record on

record form of fish transfer to B-net cage/
Sampling record before tagging

form on fish transfer to B-net/ Summary
sampling

before tagging

Grow out data form
Hapa net cages (1m°)

B-netcage (1m°)
Seine net

Data collector/reader

Data recorder

PROCEDURE:

. Before Spawning:

1.
2.
3.

4.
5

10.

Prepare/Get breeding and fry Collection Form

Collect Sample of breeders from hapa cage

Immerse fish sample for few minutes in basin filled with
anesthetic solution until sedated

Remove fish from anesthetic solution

Read and record the code number indicated in the fish tag
(Floy or PIT tag)

Put the tilapia breeder on the top of loading balance and record
the body weight (grams)

Put the tilapia breeder on the plastic ruler, read and record the
standard length (cm). This is measured from the tip of the
upper jaw to the posterior end of the hypural bone or base of
the caudal fin.

Measure and record the body depth (cm) from the base of
origin of the dorsal fin to the base of the origin of the pelvic fin.
Count and record the number of caudal fin bars (CFB). Dark
ventricular stripes on the caudal fin.

Identify the sexual maturity condition whether the fish is ready
to spawn (RS), has spawned (HS) and not ready to spawn
(NR). —



After Spawning

1. Repeat procedure 1-4 mentioned in Activity .

2. Record the hapa number

3. Identify and record the sex

4. Read and record the tag number

5. Read and record the fish body weight (g).

6. Measure and record the standard length (cm)

7. Measure and record the body depth (cm)

8. Count and record the number of Caudal fin bars

Fry Collection

1. Prepare/get Breeding and Fry Collection form

2. - Record the hapa number

3. Identify and record the batch (number of times the female
breeder has spawned)

4. Record the date of fry collection

5. Count and record the number of fry collected, separate the
dead and alive collected fry, count record of total number-

7. Scoop out the fry collected from each hapa and weight in top
loading balance. Get and record the bulk weight in grams.

8. Get and record the mean weigth based on the bulk weight
divided by the total number of fry

9. Stock the collected fry and record the hapa size (dimension of

hapa net cage). Maintain the stocking density of 150 to 200
per hapa net cage (1m3).

Transfer of Post-fry from nursery hapa to B-net cage

> w

Record the hapa number where the family or post-fry
harvested

Record the size of hapa 1 (refers to the dimension of hapa net
cage where post fry are harvested)

Get the previous number of fry stocked in hapa 1

Count the post fry for each hapa or replicate family to record
the survival.

Compute and record for the total number of post fry for all
replicate families



Record size of B-net cage (hapa size 2) this refers to
dimension B-net cage where post fry are transferred. Note to
maintain the stocking density to 100 per 1m?.

Collect 30 samples randomly for each replicate family and
record for the individual weight (g).

* data are taken from fry collection

V. Before tagging

AN =

Get and prepare the data form

Collect 30 sample of fish for each of the replicate family.
Anesthetize the sample

Weight and record the individual weight (g)

Count and record the total number of fish survived for each
replicate family before tagging.

VI. After tagging or during stocking to different test environments for
family, group testing or complementary experiments.

W=

Get the data form

Anaesthetize the fish samples

Identify and record the culture system (pond, cage, rice, fish
etc.)

Record the place of study

Record the pond number

Record the date of sampling

Record the sample number

Read and record the tag number

Read and record the tag color

. ldentify and record the sex

. Read and record the body weight (g)

. Measure and record the standard length (cm)

. Measure and record the body depth (cm)

. Remarks (record any observable characters, i.e. deformities,

abnormalities etc.)



15. Record the water temperature at stocking and at harvest

16. Record the general observations on water condition

17. ldentify and record the name of the person who measure and
the recorder.

VIl.  During regular sampling and harvesting

1. Repeat procedures 1 to 7 in activity VI.
2. Record the special maturity condition of the fish (please refer to
Module ___ for details)

PRACTICAL MASTERY TEST:

Given the data forms and the necessary sampling materials, the task is for
the trainees to record all pertinent data corresponding to any one of the
following activities, depending on the live specimens given.

Sampling prior to stocking of tilapia breeders in breeding hapa for spawning.
Sampling during fry collection

Sampling during transfer of post-fry to B-net cage

Sampling prior to distribution of tagged fingerlings to different test
stations/environments.

N =



Attachment

PRACTICAL GUIDE / EXERCISE
ON
MODULE 2a : ANESTHETIZATION OF TILAPIA

Introduction:

Fish are sensitive and should be handled with extreme care. The
application of an anesthetic eliminates the stress experienced by fish during
handling; for example during tagging or sampling.

Objective:

Given the necessary materials and background information on the
subject, the trainee will apply anesthetization procedures on a given sample of
fish with minimal stress and 100% restoration of fish mobility after a designated
period of exposure in recovery basin.

Materials:

. Anesthetic (MS-222)
. Weighing scale

. Spatula

. Petri dish

. Plastic basin

. Tap water

. Stirring rod

. Fish

. Aerator



Procedure:

1. Prepare the materials needed in the application of anesthesia to tilapia.

2. Take a small amount of MS-222 powder with a spatula and weigh this
on a weighing scale.

3. Dissolved a known amount of MS-222 powder in water (desired
concentration for tilapia is 1 gram of MS-222 powder for every 3 liters
tapwater).

4. Immerse the fish in anesthetic solution; after 2-3 minutes or the
moment it loses equilibrium, remove fish from solution.

5. Perform the activity desired for the anesthetized fish (e.g. weigh or tag
fish).

6. After weighing or performing the activity desired for anesthetized fish,
immediately put fish in a recovery basin to regain consciousness.

MASTERY TEST

Actual performance test in the field, the trainee with all the necessary
materials will anesthetize tilapia. The anesthetized fish after exposure in
recovery water should have minimal stress and should regain 100% mobility
after a designated period



Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

INGA PROTOCOL FOR EXCHANGE
OF FISH GERMPLASM

Exporting Country:

© Provide information on fish
to be exported

© Certify health of fish

© Disinfect fish prior to
transport

Transparenc y 8a.7



Modile 8a: TRANSPORT OF LIVE PISH GERMPLASM

INGA PROTOCOL FOR EXCHANGE
OF FISH GERMPLASM

 Importing Country:

© Stocks to be imported should be on early life
history stage (e.g fry, fingerling) ‘

© Examine health of ﬁewly arrived fish

© . Disinfect stocks upon arrival ;
© Quarantine newly arrived fish (at least 30

days)
© Adviselinform exporting country on status of
stocks

Transparency 8a.8



Module 8a: TRANSPORT OF LIVE FiSH GERMPLASM

Fig. 3. Flow of activities prior to and during transport
of live tilapia germplasm from GIFT Project,
Murnoz, Nueva Ecija, Philippines to INGA
member countries

Collection of fish for
transport

Condition of fish in tanks

Treatment with KMnO4 [ Collection of fish samples for
I U T T health examination (Fish Health
Unit, Bureau of Fisheries and

Aquatic Resources)

Preparation of Transport H
Materials (bags, boxes,
oxygen etc.)

Certificate of Transport from Fish Health}
Unit and Office of the BFAR Director

Y Issuance of Special Permit to Load [§
Loading of fish in from the Bureau of Customs :
p]asﬁc bags — T
SeEETeso _——————_—_-—_—I—
Fish Transport (from GIFT
Project-Muiioz to Airport

Water replenishmentand 3
repacking of fish in styrofoam H§
boxes for air transport i

Air Transport

Transparency 8a.9



Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

Fig. 4. Schematic diagram of laboratory

procedures on fish health examination

Collect fish

Y
Condition fish in tanks

Y

Treat fish with KMnO4
30 ppm for 1 min.

Y
Stock fish in disinfected tanks

Y

Take sample of fish for fish heaith examination

Y

Take individual weight/std. length of
fish sample 30/1000 pcs per strain

POST FRY / \ FINGERLING

Make a squash preparation
and observe under HPO

Prepare a smear by scraping body
surface and observe under HPO

Y

Cut off fins, place on petri dish
and observe under HPO

Y
Remove whole gills, cut off lamellae and
sgread thinlx on a slide and observe under HPO

Y

Cut across esophagus to anus; scrape contents
of alimentary canal and organs and observe under HPO

Y

Make a squash preparations from heart, liver,
gall bladder, spleen, kidney, gonads, urinary
bladder and swim bladder and observe under HPO

\ 4
Repeat treatment of fish with KMnO4 for 1 min.

Y
SHIP FISH

Transparency 8a.10
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Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

SUMMARY |

© Policies/Regulations on Transfer of
fish

© INGA Protocol on Fish Transfer

'© Procedures in Packing/ Transport
of Fish

© Importance of Fish Health
Examination

Transparency 8a,12



Module 2: TRANSPORT OF FISH GERMPLASM

TRANSPORT OF FISH GERMPLASM

WHY IMPORT TILAPIA ?

The established farmed stocks in Asia do

not form the best genetic base for genetic
improvement program.

Transparency 8a.13



Modale 2: TRANSPORT OF FISH GERMPLASM
TIRANSPORT OF FISH GERMPLASM

STRATEGIC PLANNING

WHAT: Transport of Tilapia
WHERE: AFRICA

eSenegal - representing extreme west
eGhana - Volta system

eEgypt - Nortrhern distributions
eKenya - Lake Turkana

WHEN: 1988 - 1992

HOW: ?

Transparency Ba.14



TITLE OF MODULE

QUARANTINE OF
INCOMING AND OUTGOING]
TILAPIA GERMPLASM |




Module 8b: GUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

OBJECTIVES

& Specify procedures.on how to:

» quarantine of incoming and
outgoing tilapia germplasm
treat infected fish
-calculate food required during
quarantine

> calculate treatment concentration

& Apply procedures on:

> post-mortem examination
of tilapia

» disinfection of fish by giving
20 ppm KMNO, bath

Transparency 8b.2



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

WHAT IS QUARANTINE?

process of holding a particular specjes
in a confined system designed to

prevent release of species or any
other associated organism into thg

environment

Transparency 8b.3



Modute 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

WHY IS QUARANTINE IMPORTANT?

W risk of spreading diseases and parasites

& health status of fish not fully known

Transparency 8b.4



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

Quarantine Facility Is Disinfected
According to the Following Procedure:

1) Soak overnight quarantine facility (tank and
aquaria) with 3% KMnO4.

2) Prepare 25 ppt formalin solution for soaking

siphon, scoop nets etc.

3) Rinse and flush holding facilities and air dry
for 1 day. | |
4) Fill holding facility with water to a depth of 3/4
its volume. |

Transparency 8b.5



Modulo 86 GUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

Arrivalof new garmplasm
al the project site

SIS LTINS LT LT P DA AT

Unpack plastic bags and dilute water
with clean water from quaranline
tanks

Carry-out routine quarantine
activities for 3-7 months

T e o e - v et

+

Monitor fish stocks P

}

Tolally drainH,0 in
holding facilities every
morning; partially draln
H,0 every afternoon;

clean all containers

pos o

of infection,
disease, parasites

Check for presence [§

Carry-out treatmant
whon necessary

Fig. 1. Schematic diagram of quarantine procedures for incoming tilapia
germplasm.

AR mbpipwalm il S pri- g oy B L

Transparency 8b.6



Module 8b: QUARANTINE OF INCOMING AND OUTGOMNG TILAPIA GERMPLASM

Fig. 2. Schematic diagram of quarantine
procedures for out-going tllapia
gormplasm.

Harveslt fish

Condition fish for
1 day

Bath fish with
20 ppm KMnO4, Don't
feod fish

Routine Quarantine
Procedure

Foeed stocks 3x a day

Tolally dealn H,0 In
holding facllity every
morning & remove

A

Aftoer 2 waeks

provide sample to
Fish Health lab for
examination '

i

A h

Check for

Check for presence
of infection, disease,
parasile

Bath fish with 20 ppm
KMnO4

Departure

L

ransparenoy 8b.7



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

HOW TO AVOID CONTAMINATION
DURING QUARANTINE?

@’ avoid transfer of stocks from one
container to another.

@ use siphon and scoop nets only to |
containers/holding facility assigned to it. |

& thoroughly wash/disinfect scoop nets
after each use.

Transparenoy 8b.8



Module 8b; QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

Table 1. Strains of O. niloticus from the wild, the disease
agent and problem detected, symptoms and

treatment
Strain Disease Infected Quarantine
(Country of Agent/Problem Organ Symptom Treatment period
Origin) : (daysp
Egypt injrqgdicaudal fin | caudal fin | rotiemeaudalhdal fin ciElshifin gtsberp! 1.0% sitver hirate 249
Gyrodactylus sp. : 1. &g Wﬁﬁ:ﬁ?‘?&en as
(epnesafius sp. | gis eroded gills with white | PRl RBACKMnO4 (2.5
PaRsitjean spot ppm, 20-30 mins.) given as bath with
parasite) heavy aeration?
hyperplasia gills reddish and distended 20-30 ppt NaCl, lessen amount of
Hyperplasia opeculum food and flow through water system
Ghana Cichlidogyrus sp. gills darker color of infected fish | Kmn04 (20 ppm, 10-15 sec.) given 105
as dip with heavy aeration’
Kmn04 (2.5 ppm, 20-30 min.) given
as bath with heavy aeration?
Sénégal Ichthyophthirius sp. | skin and/or | white cysts on the gills or cysts were manually removed from 105
gills opeculum the gills or operculum and fish were
given bathe of formalin with
Malachite green (25 ppm, 0.1 ppm,
2-3 h) and flow through water
system
Kenya injred dorsal and | rot{en finpy 1.0RGtgiiveomiteatee'and 1.0% 102
ons caudal fin ns potdSsRilveliraiemastd 0%
potassium dichromate?
' acute stage of infection
2 early stage of infection
1
} total "E’zm‘ﬁz‘xﬁm“ Transparanocy Bb.0



Moduie 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

Pointers to Be Taken lnt Cosidet
When Treating Infected Fish:

¢ Sort fish by degree of infection

W Before giving any therapeutic or prophylactic
treatment, test it first to few fish.

% Calculate dosage carefully and treat fish done
early in the morning.

@ Repeat treatment when necessary

& Starve fish prior to treatment

@ Remove and kill fish which shows sign of diseases]

Transparency 8b.10



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

HOW TO CALCULATE AMOUNT OF
FOOD REQUIRED BY INFECTED

FISH AT A GIVEN PERIOD OF
TREATMENT:

Transparency 8b.11



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

HOW TO CALCULATE TREATMENT
CONCENTRATION USING TREATMENT

CONVERSION CHART:

Transparency 8b.12



Module 8b: QUARANTINE OF INCOMING AND OUTGOING TILAPIA GERMPLASM

HOW TO CONDUCT POST

MORTEM EXAMINATION:

Transparency 8b.13
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LIST OF READING MATERIALS

Diagram on Natural Reproductive Cycle of Oreochromis sp.

Establishment of Tilapia Spawning Families Providing a

Continuos Supply of Eggs for in vitro Fertilization
PETER C. PHILIPPS' and CHRISTOPHER C. KOHLER?

The Ecology and Evolution of Reproductive Synchrony
ROLF ANKER IMS

Prospects of Selecting for Late Maturity in Tilapia
(Oreochromis niloticus) II. Strain Comparisons under

Laboratory and Field Conditions
W. OLDORF', U. KRONERT', J. BALARIN?, R. HALLER?, G. HORSTGEN-
SCHWARK' and H. J. LANGHOLTZ'

Genetic Variation in Quantitative and Selective Breeding in

Fish and Shelifish
TRYGVE GJEDREM

Improvement of Productivity through Breeding Schemes
GJEDREM, TRYGVE, Institute of Aquaculture Research, The Agricultural
Research of Norway

Improving Spawning Synchrony in the Nile Tilapia.
Oreochromis niloticus (L.)
D. C. LITTLE, D. J. MACINTOSH and P. EDWARDS

Mass Synchronized Spawning of Tilapia Guineensis
D. CAMPBELL, A. T. MAHATANE, and S. O. ALEEM

Predicted Response to Selection for Early Growth in Tilapia

nilotica
DOUGLAS TAVE' and R. O. SMITHERMAN
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JUURNAL OF TILE
WORLD AQUACULTURE SOCIETY

Val, 22, No. 4
Decembes, 1991

Establishment of Tilapia Spawning Familics Providing a
Continuous Supply of Eggs for in ritro Fertilization

Perer C. PiuLuirs' AND Curistorner C. KolLER? .

{

Fisheries Research Laboratory and Departiment of Zoology, Southetn Hlinois University.
Curlionddale, {llinois 62901-6511 USA

Abstract

Theee hybsid thhapia (Oreechromis massambicus » Q. niloticus) spawning familics were estab.
lished In theee separate culture tanks to provide a continuous supply of fsesh gameles. An orulation
event, resulting in & natueal spawa, an artificial spawa or oocyte resorption, occurred wilh 3 mean
of every 1.4 days among 19 females, though only a few females demonsicated perivds of cvenly
spaced 10 tv 20 day matucativn-ovulation cycles. Ovulation events/female/yrar were smilar among
the three spawning familics: 13.1, 17.5 and 13.4/fcmale, as were mean interovulation intervals (23.6,
21.9, and 23.9 days). Estimated (criilizatiun 1ates, both natural and as & result of strip-spaw ning,
were highly vaciahle. Rates from natural spavwns ranged from a mean per female of 25.7 10 573%,
and from arlificial spawns from 47.8 e 58.8%, Establishinent and active management of spawaing

families of tilapias proved to be an effective procedute for obtaining a continuous supply of gameles

for pulalive penetic 1

Applicd genctic rescarch on fishes in arcas
such as induced polyploidy and gene Lrans-
fer requires a continuous supply of viable
sperm and ova. Tilapias provide an excel-
lent modcl for asscssing the utility of gene
transfer icchnology in fishes because of their
prolonged spawning scason and frequent
ovulations. Recombinant, DNA can be mi-
croinjected into zygotcs 10 test the optimal
form and concentration of cxcgenous DNA

.10 be used, as well as 1o 1est the usclulness

of diffcrent genes, cloning vectors. and pro-

motcr/cnhancer constructs (Phillips and -

Kohler in press; Phillips ¢t al. in prcss).
Some rescarchers have successfully
stripped tilapia cges for feriilization and/or
artificially hatched fry. Valenti (1975)
achicved a maximum success of 90% hatch-
ing when he allowed female O. awreus to
deposit two groups of cggs prior to being
stripped. Myers and Hershberger (1990), af-
ter stop-spawning O. ailoticus, O. mossam-

} Present address: Rescarch Center for Stience and
Technology, Clark Atlanta University, Atlanta, Geor-
gia 30314 USA.

1 Corresponding author.

“bicus and their hybrid, obtained an average

hatching ratc of 68.6% (mican for all com-
binations).

To routinely conduct replicaled microin-
jection or ploidy manipulative cxperiments,
it is nceessary 10 artificially, or strip-spawn,
tilapia cpgs. Most researchers control the
natural spawning cycle via environmental
manipulation. Much rescarch cmphasis has
been placed on survival to the yolk-sac stage.
Little information is available on numbers
of ovulations per individual female tilapia
over an extended period of time.,

This study was designed to develop a pro-
tocol for obtaining a continuous supply of
gamctes from a population of O. mossam-
bicus x 0. niloticus hybrids. An additional
focus was to compare fertilization rates be-
tween natural and strip-spawned cgg batch-
cs.

Matcerials and Methods .
Spawning Families

Four females and one male of a hybrid
strain of Q. mossambicies x Q. niloticus were
obtained from the University of Washing-
ton in June 1987. These were the parcnt

4. Copanpat by the World Aquacultere Suciery 1991
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stock of the two additional spawning lam-
ilics of seven or eight females and one male.
The parent broodfish were held in tank 2,
and tanks { and 3 contained their progeny.
The latier were approximalely scven months
old at the beginning of the spawning man-
agement period in January 1988. Thesc three
1,325 L circular tanks were part of a recy-
cled-watcr system; Each tank was covered
with a black plaslic tent, and a 25 W incan-
descent bulb provided a 16 hlight : 8 h dark
regime throughout the experimental peried.
Water tcmperature was maintained at ap-
proximately 29 C. An arrangement of 7.6
cm diamcter plastic pipes were used to pro-
vide refuge~Fish were fed a granular 40%
crudc proicin feed (Zeigler Brothers, Incor-
porated) daily at a minimum 3% level of
body weight or ad libitum. Feeding time was
irregular.

Obiaining Eggs

Each female was color-tagged (Floy Tag
& Manufacturing, Incorporated) to facili-
1ate individual behavioral observations of
female: female and male: female interac-
tions. T ilapias cxhibit diurnal periodicity in
fecding. territorial and spawning behavior.
Fecding is mainly concentrated in the
moming hours. Territorial and courtship
behavior builds 10 a peak in the afternoon
hours when spawning occurs (Munro and
Singh 1987). Therefore, observations in the
present study commenced at cight hours af-

‘ter the onset of the Jight cycle~Potential

spawning pairs werc identificd over a period
of scveral days of agonistic, then courting
and nesting behavior. A swollen and red-
dish genital papilla indicated that the female
had likely ovulated and was ready to strip-
spawn that same day/Af(er approximately
10 hours of light, strip-spawning readiness
was confirmed by gently squeezing the ven-
tral 1egion. If discrete non-bloodied cges
were easily extruded, then that female was

rcady 10 be stripped.
Eggs were stripped dry (Leititz and Lewis
“®0)into a stainlcss stec! bowl. Sperm was
*-v suclion from the malc's genital

papilla into a Pasteur pipctic and dropped
over the cggs. Water was added to the cgg
and spcrm mixture and fertilized cggs were
held at 29 C for 10 minutes before rinsing
and decanting. The cggs were thea cooled
on an ice pack over a 15 minulc period to
approximately 20 C in order to delay the
time of first cleavage. This delay was nce-
essary 1o achicve other research objectives
(Phillips and Kohler, in press). Eggs were
transferred to Petri dishes by gently drawing
them into pipettes with an cnlarged orifice
in order 1o minimize mechanical damage to

Taoee | Total number of avalation events, separaied
into natural spawnings, artificial spawning amd ao-
cvie resorption, per femule Oreochromis mossam.
bicus x Q. niloticus hybrids arranged into three
spawsnting familics during ene year (Janvary 1958 ta

* January 1939},

Ovulation events

Mat- Rarorpe
Spawning family ura}  Anihcial  tion
1 (7 femiales: § mialc) 0 5 8
8 0 1
9 2 2
.0 4 9
0 2 13
0 6 §
. 40 L
Total ‘ 15 19 55
Grand total 92
Mean 13.1
2 (4 females: | malc) 0 6 9
k] 4 1
8 6 S
R 3
Total : 16 22 32
Grand total 70
Mean 17.5
3 {5 females: | male) 9 5. 3
2 1 1
10 1 2
2 1 3
. ? (23 :'l
5 2 H
1 | 1
1308 2
Total 41 25 35
Grand 10tal 10?7
Mean ©13.4
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1

4
,:1 Family 1 (7 lemales)

141 | \n\lln'

Famlly 2 (4 females)

A AN TR R TR

eon

4

NUMBER OVULATION EVENTS
“

31 Famlly 3 (8 fomalos) ‘
2 ] ’
b L lanl sy
Jan Fed uu nn . .hzs\ i A’n‘n f; (;cll N;av l;-lc J;‘u
1983 DATE ‘ 1909

Ficune 1. Doile distribution of avulation events separated into natural and anificial spawnings {solid linc) and
spawning inhibition (dotted line) per three spawning families of Orcochroniis mossambicus x O. siloticus

during one year (January 19SS to January 1959).

the chorionic membrane during examina-
tion. Fertilization rates were determined
microscopically, by estimating the percent-
age of live eggs among the total batch of
cggs relcased per female after a 24 h anificial
incubation period.

1n any onc reproductive cycle, tilapia ci-
ther spawned naturally, werc antificially
stripped, or they resorbed their oocytes. The
exact day of spawning could be determined
by the stape of embryonic d-'vclopmcm/B)
removing cges from the female's mmouthgan-
other oocyle maturation cycle would com-
mence and thus the interval between ovu-
lations would be shoriened (Verdegem and
McGinty 19587). An antificial spawn rclers
to manual stripping of both female and male
gamctes. Resorption of ovulated cocytes or
spawning inhibition occurred when a fe-
malc ovulated, but natural spawning was
suppressed or artificial spawning was not
attempted. Resorption was identified by the
presence of softcned, casily broken oocyles
whil2 genliy stripping tise jeraale,

\When a female spawned nawrally and,
during routinc inspection, was found to be
mouthbrooding, the fenilization. rate was
estimated and the incubating cggs were dis-
carded. The anificial incubation protocol

for maintaining cges to hatching and sub-
sequent yolkesac absorption is discussed in
Phillips et al. (in press).

Results and Discussion

Among 19 female tilapia in three spawn-
ing familics, ovulation events were broadly
distributed throughout 365 days. Though
there was considerable variation in the
spawning paticrn per female and per family,
an ovulation event occurred once every 1.4
days (269 events/365 days, Table 1 and Fig.
1). Female ovulation was asynchronous and
a few females accounted for the majority of
all natural and artificial spawning cveats.
Within one tank, scveral females commonly
ovulated on the same day. Frequently, one
would spawn and the others would resorb
their eggs. Occasionally, two females in the
same tank would spawn nalurnlly on the
same day, and sometimes all ovulated fe-
males would resorb their oocytes. The latier
was most common in family | where 60%
of ovulation events ended in OUCYIE FESOTP-
tion (Table 1). The greatest number of nat-
ural spawns occurred in family 3 where 44%
of ovulation cvents resuited in natural
spawns (Table 1). When the natural and ar-
tificial spawning and oocyte resorplion
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TanLe 2. Percent fertilization per female tilapia hybrid (Oreochromis

e

x Q. niloticus) cgg ratch

in natural and artificial spawns when arranged inio three spawning families, N refers to the number of natural
or artificial spawns per female. Each row refers to one female.

Percent fentilization

. Natural spawn Anificial spawn
Spawning family N Mean Range N Mean . - "Range
1 (7 females: ] malQ) °1 s s 0
8 88 50-100 '] :
9 79 0-99 2 95 95
0 | 28 1-50
0 2 5 s
0 6 38 0-90
0 — — 3 n_ 60-95
Total 18 513 0-100 21 47.8 - 0-95
2 (4 females: | male) 3 1 1 4 46 10-90
8 63 50-95 6 72 25-99
.5 11 1-50 6 26 0-90
0 _ 6 9 80-100
Toual 16 25.7 1-95 22 58.8 R 0-100
3 (8 females: 1 male) 9 47 . 0-95 b ] 34 10-50
2 90 90 7 43 0-95
10 15 0-90 1 10 10
2 10 10 1 3s 3s
s 73 1-99 2 93 90-95
] 95 95 L 60 60
1s 57 5-99 8 64 20-95
3 25 10-40 K o2 —_
Total 47 51.% 0-99 25 49.r 0-95
51.9

Overall mean 44.8

events were totaled per tank, the mean num-
ber of ovulations per female per 365 days
was 13.1 in tank 1 for seyen females, 17.5
in tank 2 for four females, and 13.4 in tank
3 for eight females.

The range in percentage fenilization rates -

for both artificial and natural spawning
cvents was-extremely broad (Table 2). The
mean peecentage fertilization rates in family
2 was much higher in anificially-spawncd
females (59%) compared to those females
that naturally spawned (26%). The mican
natural and artificial fertilization rates with-
in tanks were comparable among family t
(57% natural and 48% artificial) and family

.3 (52% natural and 49% antificial).

The mean intcrovulation interval (Burt et
al, 1988) per female was 23.6,21.9,and 23.9
days for families 1 10 3, respectively (Table

3). Several females in cach family ovulated
regularly cvery 10 to 20 days during scveral
months of the ycar-long experimental pe-
riod. During these periods of regular ovu-
lations, it was possiblc (o accuratcly predict

Tante 3. Mean interovulation interval/female tilapia
hybrid (Oreochromis mossambicus x O. niloticus)
and standard deviation (SD) during once year. There
was no significant (P < 0.05) diffesence in mean in-
serovulation Interval between spawning families.

$atcrovulation interval

(days)
Spawning family Days sSD
. 1 (7 females: |- male) B X 1.5
2 (4 females: | male) 219 1.2
3 (8 females: | male) 239 12.2
Overall female 23.1 11.6
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the exact day of spawning. Eventually,
though, these females became asynchro-
‘nous and were ofien replaced by onc or more
females that would then ovulate regularsly.
The shortest interovulation interval was §
days and the longest extended to 5§ months.
The breadth of these interovulation inter-
vals, taken in the context of the entire ycar's
cxperiment, account for the large standard
deviations (SD) obtaincd (Table 3). Onc
family 3 fcmalc was the only individual to
consisicntly ovulatcevery 11 to 19 days (SD
= 4.9) throughout the ycar.

Though spawning distribution was un-,

cven, with the management of three spawn-
ing families, an ovulated female was ob-
1aincd on an average of once cvery 1.4 days.
In addition, by rcmoving cgg broods from
their mouths, the interovulation interval
may have been reduced (Lee 1979; Verde-
gem and McGinty 1987). Removal of eggs
from the brooding femalc appears 10 accel-
crate recruitment (Mceske 1985) and add 1o
the reproductive potential rather than ex-
ploit a fixed gonadal reserve. In addition,
reproductively active females continued to
fced (when not mouthbrooding) and 1o
maintain growth throughout the spawning
scason. Therefore, loss of somatic food re-
serves was made up by feeding; apparcntly
a supply of high quality food 1o the brooders
is cssential for successive and frequent
spawning of tilapias. ’
Rothbard and Pruginin (1975) first sug-
-gested the establishment of “spawning fam-
ilics.” Thesc arc established prior to scxual
maturity (45 mo old or 50-100 g) by high-

_ densily stocking of aquaria with 50 2-5 g

fry. They arc culled until there is one male
and seven to ten females left. In the presence
of so many females, the male may be main-
tained in a permancnt state of sexual readi-
ness. Upon complcting incubation, a female
will be ready to mate again. By this mcthod,
aggression is reduced between individual
family members and frequent spawning is
facilitated.

I is difficult to asscss which are the key
factors that stimulatc, inhibit, or exert any

regulation on the various stages of the
breeding cycles of tilapia. This uncertainty
is duc, in pan, to the paucity of experimen-
1al studics dissociating the role of scparatc
environmental and behavioral factors that
determinc the intensity of tilapia reproduc-

_tive activity. In indoor aquaria, Katz and

Eckstcin (1974) found that tilapias became
reproductively aclive at waler lemperatures
above 22 C, whercas below 18 Call activity
ccased. Their aquaria were cleancd cvery
two to three weeks and the authors specu-
lated that scxual activity may have been

_triggered by these water changes. Fishelson
(1966) reported that, above 20 C, a female

tilapia spawncd in aquaria 11 times in a
year. In the present study, the maximum
number of ovulations for onc O. niloticus
x O. mossambicus female was 25—she
spawned naturally 15 times, arnificially
spawncd § times and resorbed her ocuytes
twice during one year,

Spawning inhibition or oocytc resorption
among these hybrids was likely a result of
male-female incompatibility and interrup-
tion in the courtship behavior due to inter-
ference from the remaining females. This
was a2 common occurrence in the present
research. lies (1973) reported that tilapia
ova are competent for fertilization only
bricfly following ovulation. If spawning
docsn't occur, the cggs can be resorbed
thereby conscrving energy-rich material.
Since there is more than onc clutch of co-
cvtes present in a tilapia ovary at onc time,
after cgg resorplion a new batch of oocyles
can rapidly maturc. Apparently, oocytc re-
sorption in tilapias is usual, and was not
necessarily a result of conditions unique 10
the breeding facility employcd in this study.

1t is not possible to make strict compar-
isons between artificial, ‘or strip-spawning,
and natural spawning cvents. For cxample,

‘during the time period in which the greatest

number of artificial fertilizations were con-
ductcd, among families 1 and 2 several suc-
cessful artificially-spawned oocyte baiches
would probably have been resorbed if the
females had not been steipped. This con-
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clusion is reached beeause far fewer females
in thosc families were ever found mouth-
Lrooding fertilized cgegs and fry compared
1o family 3. Thercfore, a successful artificial
spawn does not mean that a successful nat-
uml spawn was usurped,

* Only one published report on cgg fertil-
ization rates in tilapia could be found. Wa-
tanabe ¢t al. (1989) reported a mean fertil-

b" ization success (percentage of ¢ggs
\ 2 undergoing cmbryonic development in a

\l\‘

,J'X

7’"‘

o

sample of 100 cggs) in O. urolepis hornorum
x O. mossambicus at low salinitics in the
range of 67-80%. Fertilization decreased 1o
35% at 36 ppt salinity. A review of survival

"o hatching will serve to placs into perspec-

tive the modest 50% [lertilization rates of
the present study, from both aatural and
artificial spawning episodes. Myers and
Hershberger (In press) reported in labora-
tory expcriments with the same O. mossani-
bicus x O. niloticus hybrids that hatching
success was 65%. Valenti (1975) achicved a
maximum successful hatch of 90% (range
of 35-90%) with O. aureus inaquaria. Crid-
land (1962) (in Riedel 1965) rcported a 61%
mean survival-to-hatching rte (range 14~

100%) in O. niger during buccal mcubnuon i

in the natural habitat.

~An examination of the results of the ex-
treme variability in number of ovulations
per female, and in the variation in fertiliza-
tion rates within families and between fam-
ilics tends to lead to the conclusion that
there is no regularity in tilapia spawning.
Nevertheless, the overall picture is quite dif-
ferent. By color tagging females for casy
identification, careful handling and man-

- agement permitted familiarization with in-

dividual femalcge Several females ovulated

with a consistent and regular paticm during -

periods of several months. Tbey also pro-
duccd cggs that gave high fertlization rates.
When these females no Jonger ovulated reg-
ularly, other [emales would often replace
them. Therefore, though the mean inter-
ovulation intervals for the whole experi-
mental period extended beyond 20 days per
female, during periods of several months, it

was common to regularly obiin epps a
much shoiter and regul’ + “d.oivis Tan
hours alter the onsct of hie aht cucie, a
rapid examination fora swoé -« and o :dish
urogenital papilla was suflicient to aeter-
minc spawning readiness. Daily handling did

not interrupt courtship and spawning be- -

haviof, In addition, the regular timing of
stripping cight to ten hours afier the onset
of the light cycle provided, in the context
of the 2ntire year, a rcliable supply of high-
quality fertilizable tilapia cggs. This allowed
for the design of repetitive gene transfer ex-
periments into onc-cell siage tilapia zygotes
(Phillips and Kohler, in press: Phillips et al.,
in press).
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Thie temporal pattern of breeding in popu-
lations is often characterized by a pro-

nounced temporal clustering of births, .

flowering or seed set. It has long been
suspected that this phenomenon is not
caused by climalic seasonality alone but
that reproductive synchrony represents a
strategy that individuals adopt to maximize
reproductive success. The classical hypoth-
eses predicling an adaptive advantage of
reproductive synchrony incorporale bolh
sociobiological and ecological explanations.
However, new theoretical and empirical
analyses have shown thal the predicted
advantage of reproductive synchrony de-
pends on the ecological selling in which
populations reproduce, - and  processes
earlier thought to be responsible only for
synchrony may under some ecological
conditions lead to asynchronous reproduc-
lion being the best strategy.

Reproductive  synchrony has
been defined as the tendency of
individuals to carry out some part of
the reproductive cycle at the same
time as other members of the popu-
lation'?. This phenomenon is best
known from its rather extreme mani-
festations, forinstance in bamboos?,
cicadas! and sea turtles®. However,
besides these famous examples, a
pronounced temporal clustering of
reproduction is rather widespread
in both the animal and the plant
kingdoms.

In seasonal environments there is
commonly some degree of temporal
clustering of reproduction, usually
because reproduction at certain
times of the year will be best for
offspring survival. Hence, what is
often termed ‘reproductive syn-
.chrony’ may simply be the conse-
quence of individuals selecting the
same favourable time for reproduc-
tion in relation to climate. However,
reproduction is often far more syn-
chronous than would be expected
from environmental * seasonality
alone. For example, a pronounced
temporal clustering of reproduction
is quite common in relatively
aseasonal, tropical regions®. This
fact has led biologists to search for
explanations other than environ-

“mental seasonality (climate) to
explain the temporal pattern of

Roll Ims is in the Division of Zoology. Dept of
Biology, University of Oslo, PO Box 1050 Blindern,
N-0316 Oslo 3, Norway.

The Ecology and;Evqutio'n of
~ Reproductive Synchrony

reproduction in animal and piant
populations. and it is now acknowl-
edged that the temporal pattem of
reproduction may be shaped by
several ecological and sociobiologi-
cal processes (Fig. 1.

In this review | will refer to
reproductive synchrony. or syn-
chronization of reproduction, as a
phenomenon caused by biologicai
interactions operating to produce a
tighter clustering of reproductive
events than would have been
imposed by environmental season-
ality alone.

Fraser Darling’ suggested in 1938
that the degree of reproductive syn-
chrony in colonial birds may affect
nest predation rates. Subsequently,
a number of other processes inter-
acting with the temporal pattern of
reproduction has been suggested.
When such interactions le.g. pre-
dation) affect the reproductive suc-

Rolf Arker Ims

cess of individuals, natural selectica
can modify the temporal pattem
of breeding which initially may
be determined by environmenizi
seasonality (Fig. 1. Reproductiv2
synchrony will then evolve as a re-
sult of a reproductive advantage ez
reduced predation on offspring)
accrued to individuals capable c¢f
synchronizing their reproductica
with their neighbours.

Several of the classical hypott-
eses about the ecological/socic-
biological implications and the re-
sulting evolution of reproductiva
synchrony have long escaped closar
theoretical examination and rei-
evant empirical testing. Although
recent theoretical and experimeniz
studies lend some support to the
older ideas, these new studies als2
show that the ecology of reproduc-
tive synchrony is far more compli-
cated than was earlier believed.

ENVIRONMENTAL SEASONALITY

» | REPRODUCTIVE SUCCESS |+

TEMPORAL BREEDING PATTERN

Asynchrony -e«———» Synchrony

SOCIOBIOLOGICAL
-mating system
-spacing system

ECOLOGICAL
-predation
-seed dispersal

A

-communal feeding
-communal breeding

Y

-pollination

Fig. 1. Environmental Iclimaticl and biotic (ecological and sociobiologicall factors that potentially
interact with the temporal pattern of reproduction. The temporal pattern of reproduction may have
immediate consequences for ecological processes le.g. predation) or sociobiological processes te.g.
communal feeding). These processes may in turn affect the relative reproductive success of individuals
and ultimately select the degree of reproductive synchrony.
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group (‘followers’) had evolved as
an antipredation strategy (see be-
Jow). Sinsch'? used the same ap-
proach to conclude that breeding
synchrony in the natterjack toad
{Bufo calamita} was uncoupled from
environmental seasonality, and that
this was probably due to an en-
dogenous mechanism.

In some cases, the temporal pat-
tern of breeding may resuit from the
combined action of environmental
and social variables. For example,
animals living in an environment
with unpredictable food availability
often use the amount of food, or
some of its properties, as a cue
to initiate reproduction’®. In such
species, the temporal pattemn of
breeding may be determined by
the social organization of breeding
females together with the spatial
distribution of the food resource.

. In a spatially homogenous en-
vironment — a situation that facili-
tates space sharing between
reproductive females" - individual
females should be exposed to the
same reproduction-triggering cue at
the same time, and reproductive
synchrony will result'?. Note that for
space-sharing females there will
also be rich possibilities for ex-
change of, for example, pheromonal
stimuli facilitating socially medi-
ated reproductive synchrony®. In
a spatially heterogeneous environ-
ment, on the other hand, females
will tend to maintain individual ter-
ritories' of different quality, re-
sulting in different onsets of the
triggering cue and consequently
asynchronous reproduction'? {Fig.
3). The opportunity for exchange of
social stimuli and hence for socially
mediated synchrony will probably
be less among territorial females
than in group-living femalest2. The
predicted relationship between
female social system and temporal
pattern of breeding has recently
been examined in microtine
rodents'>!?, and it seems to hold
true for species for which there is
information about both spacing sys-
tem and temporal breeding pattern.

Finding that reproductive events
are tightly clustered according to
some environmental factorls) does
not necessarily imply that the cluster-
ing in itself has no adaptive value.
For example, some marine poly-
chaetes use lunar cycles to time
their swarming®, whereas some
tropical plants flower immediately

after heavy rain showers®. Although
it has been suggested that the en-
vironmental factors in such cases
most likely act merely as cues to
attain reproductive synchrony, the
potential causes are hard to sep-
arate. Here, as for all possible
cases of reproductive synchrony
— irrespective of the type of
reproduction-initiating cue — the ul-

_timate test for an adaptive advan-

tage is to compare the reproductive
success of asynchronously versus
synchronously breeding individuals
in a population. However, few criti-
cal tests of this kind have been
done.

Adaptive hypotheses of repraductive
synchrony
Saciobiological causes . .

Emlen and Demong? compared
the feeding efficiency and repro-
ductive success of pairs of synchron-
ously breeding, colonial swallows
(Riparia riparia) that reproduced at
the reproductive peak of the colony
with pairs that reproduced off-peak.
Off-peak breeding pairs fed less ef-
ficiently and had lower reproductive
success than on-peak pairs. Swal-
lows and many other colonial birds
feed communally on unpredict-
able food patches, and information
about such food patches is spread
most efficiently among colony mem-
bers® when their reproductive
cycles are synchronized.

in addition to enhancing the re-
productive success of the individ-
uals, asiin the case of communal
feeding systems, reproductive syn-
chrony is a necessary condition for
communal breeding systems. In
such systems, groups of breeding
females share the parentage of the
young and it is necessary for the
group members to synchronize
their breeding so that the young
can be communally nursed (mam-
mals®) or eggs can be jointly
incubated (birds™). )

For solitary breeding females. it
has been argued that reproductive
synchrony may have evolved as a
means of enforcing monogamy on
males? when paternal investment
in the young increases their prob-
ability of survival. Reproductive
synchrony is generally expected to
decrease the potential for polyg-
amy in animals?® (Fig. 4). Hence.
reproductive synchrony may have
evolved as a result of sexual selec-
tion. However, for females the suc-
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Fig. 4. Predicted number of successful matings for four
males of different quality li.e. ability to find and com-
pete successfuily for females) in relation to the degres
of synchrony of female sexual receptivity. The predic-
tion is derived from a simulation model assuming 3
promiscuous mating system characterized by male-
male competition and active searching for recepltive
females. The a values are positively correlated with the
males’ competitive abilities. The potential for polygyny
increases with the degree of asynchrony in the popu-
lation. Reproduced with permission from Ref. 28.

cess of this strategy is not only
dependent on the temporal pattern
of reproduction and paternal invest-
ment, but also on other factors such
as the operational sex ratio. the
spatial distribution of receptive
females. and the mode of mate ac-
quisition in males3. For example, if
males have the capacity to monop-
olize spatially aggregated females
— either by means of territories or by
guarding grouped. mobile females
{harem formations| - female repro-
ductive synchrony can result in
polygyny rather than monogamy'>3S,
Accordingly, recent genetic evi-
dence for birds indicates that a high
degree of reproductive synchrony
does not hinder extra-pair copu-
lations in males®.

it should also be noted that sex-
val selection may be responsible
for reproductive asynchrony rather
than synchrony in species where
paternal investment in young is un-
important. Reproductive asynchrony
can increase the opportunity for op-
timal mate choice. since each recep-
tive female can attract more males
when no other receptive females
are around'’.

The temporal pattern of repro-
duction can also be an important
mating system variable in plants.
Although some degree of flowering
synchrony is necessary for outcross-

-ing, inbreeding avoidance or sexual

selection are probably not the
reasons for the widespread occur-
rence of pronounced flowering syn-
chrony®. On the contrary. 3 slight
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hypotheses on reproductive syn-
chrony. In particular, it is important
to understand how reproductive
synchrony at different spatial scales
may affect ecological and socio-
biological interactions.

However. there is an even
stronger need for empirical tests.
Although observational studies fol-
lowed by multivariate statistical
analyses may be valuable in assess-
ing the relative importance of dif-
ferent variables for the temporal
patiern of reproduction'®'?, an ex-
perimental approach is likely to be
more rewarding. Recent experimen-
tal studies on plants>** have shown
that it is possible to manipulate
the temporal pattern of reproduc-
tion within populations (Fig. 7) and
subsequently compare the repro-
ductive success of individuals in
populations with more or less tem-
porally clustered reproduction. In
particular, experiments performed
in different ecological settings. for
instance on populations with differ-
ent spatial structuring and pred-
ators, will be essential to advance
further our understanding of the
ecology and evolution of reproduc-
tive synchrony.
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Brief Technical Note

SEXUAL DIMORPHISM IN TILAPIAS

JONATHAN CHERVINSKI )
Fishcries Department, P.O. Box 699, Haifa 31000 (Isract)
{Accepted 13 February 1983)

Sexual dimorphism is known in many tilapias. The male grows larger than
the female even in fish from the same spawn. During sexual activity the
male, but usually not the female, develops a breeding dress. Morphologicals
changes: usually - take place in the male during periods of sexual activity. In -
Oreochromis aureus male (formerly known as Tilapia aurea or Sarotherodon
oureus) the dorsal fin thickens and becomes continuous instead of notched
(Fishelson, 1966). In O. mossambicus there is enlargement of the upper jaw
in large males but not in females. The male has one opening, urinogenital, on

? d

Y
)

W

[EEIAN
W

Fig. 1. Schematic drawing of the pelvic fin in males and females of Oreochromis aureus
and Sarotherodon galilaeus.

0044-8486/83/503.00 © 1983 Elsevier Science Publishers B.V.
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the apex of the genital papilla. The female has two openings on the genital
papilla. The urinary tract empties through a small pore, whereas the genital
opening is a breadth-wise slit in front of the urinary pore. In S, galilaeus and
O. aureus the dorsal and anal fins are pointed in males and rounded in female,
(Chervinski, 1965).

Working with O.-aureus, S.-galilaeus and T. zillii it was found that sexing
can.be.accomplished either.according.to genital papilla.or according-to the
pelvic fin size.

In.fish-of 60 g the .pelvic-fin in.males is-usually longer than that of -the
females: In males the pelvic fin reaches the anus or the genital papilla, where-
as in females the pelvic fin does not usually reach the anus (Fig. 1). In largor
fish, 200 g,.these differences are more distinct. These secondary -sexuul
characteristics may be helpful in sexing tilapias for monosex culture.

REFERENCES

Chervinski, J., 1965. Sexual dimorphism in Tilapia. Nature, 208'(5011): 703.
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_ Prospects of Selectmg for Late Maturlty in T11ap1a

- (Oreochromis niloticus) -
II. Strain Comparisons under Laboratory and F1e1d

. Conditions

W. OLDORF', U. KRONERT', J. BALARIN2 R.HALLER? G. HORSTGEN-SCHWARK' [}/
and H.-J. LANGHOLZ' ‘.

Unstitut fitr Tierzucht und Haustiergenetik der Universitdt Géttingen, Albrecht Thaer-Weg I,

3400 Géttingen (Fedcral Republic of Germany)
?Baobab Farm Ltd., P.O. Box 90202, Mombasa (Kenya)

(Accepted 6 September 19'88)

ABSTRACT

Oldorf, W., Kronert, U., Balarin, J., Haller, R., Hirstgen-Schwerk, G. and Langholz, H.-J., 1989.
Prospects of selecting for late maturity in tilapia (Oreochromis niloticus). I1. Strain compan .
sons under laboratory and field condnhons Aquaculture, 77: 123-133.

This investigation deals with the question about. the extent to which resuits on the genetic,
control of maturity with one population of Oreochromis niloticus (Lake Manzala) under labora-
tory conditions can be generalized. In particular the lollowing two main problems were studied:
(1) The validity of the genetic parameters measured under laboratory conditions for commercial

production conditions in the tropics. .
(2) The range of strain variability in gonastdal development and growth performance '
A representative outbred sample of the reference strain O. niloticus Lake Manzala tested under
laboratory conditions was subjected to a full-sib family test under commercial farming conditions
at the Baobab Farm, Mombasa, Kenya. The testing procedure was organized in an analogous way
to that under laboratory conditions, with slight adaptations to local conditions. Despite signifi-
cantly slower growth under tropical conditions, there was no indication of greater differences in
the genetic parameters. Genetic variability turned out to be as high under tropical as under labo-
ratory conditions. Other populations (strains) tested under either laboratory or field conditions
also showed very similar genetic structure in the two main traits of concern. :

Under bath laboratory and field conditions, significant differences between strains were evi-
dent, particularly in gonadal development. Sume of the strains included matured so late that the
variability of the onset of maturity could not be suff'c:enlly analysed by the standard testing
procedure applied.

According to findings up to now, there is no indication that breeding results ohtained under
laboratory conditions cwM;ggJy transferred to commercial production conditions in the
tropics. Furthermore, ‘The resulls of the strain comparison clearly show the need for a very careful
selection of the Liasic population when starting up breeding programmes for late-maturing tilapia /

with high growth potential.

0944;8486/89/$03.50 © 1989. Elsevier Science Publishgrs B.V.
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Phase " Duration No units  Feeding regimev '
: indays - andsize
Mating 3-7 9%4501 3 mm local pellets,

26% crude protein,
2% of body weight®®

Hatching 7 . 23x3dl

- ' - First feeding 2T 30%x6l imported ornamenlal
fish food (flakes).
47% CP,ad lib. ~
) Fattening 108 36x2501 3 mm local pellets,
o) 2 . : 26% CP, 4% of body
1 Janrg & weight"®
D be = ‘ , :

Slaughtering
at day . 136

Fig. 1. Testing procedure applied under field conditions.

Despite these necessary adaptations in the testing techniques, no funda-
mental changes of the testing procedure were made and the length of the test
period was maintained. Even though growth under the examined field condi-
tions was to some extent retarded at day 136, a certain frequency of overripe -
females in the reference strain of O. niloticus was observed.

A classification of gonadal development was done for both sexes. Despite the
known difficulties in classifying testes, the assessment of sexual maturity stages
in male gonads was carried out according to the method described in Table 1,
because this technique may simplify recording under field conditions.

The testing period had to be prolonged to 210 days for only one population
(O. niloticus El Nolo, see Material), because the first occurrence of overripe
fernales was delayed to this age.

Continuous recording of weather parameters (temperature, humidity, rain-
fall, radiation) at the project site, the Baobab Farm near Mombasa, Kenya,
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TABLE 1

Classification of gonadal development in males (modified after Babiker and [brahim, 1979) .

Maturity stage  Appearance of testis

WD AN e

.immature  ::thread like; colourless

. inactive . translucent; wider than above

.inactive-active flesh colour; still thin

.active - .  white/yellowish; thickened; no mxlt apparent when cot

. active-ripe cream coloured; thick and enlarged

. ripe ‘distended fully over length of visceral cavity; mllt evident if testis cut
. ripe- runnmg white/silvery; milt runs freely under pressure

TABLE2 |

" Means and standard deviations of the water quality parameters at the project site in Kenya

Parameter z s
Temperature (°C) . 26 1.0
Salinity (%) 0.2 0.1
0. (%) 85.0 1.0
NH; (mg/l) 0.0 0.0
' NOs (mg/l) 00 0.0
NOj; (mg/l) 0.0 0.0
pH 75 0.1
Total hardness (mg/l) 510 0.2
Alkalinity (mg/l1) 180 - 0.3

revealed nearly no climatic influence on water quality, as can be seen in Table
2. Thus the seasonal effect of the quality of water on the test results should be
neglected. However, to ensure that all environmental bias is ruled out, .the
weekly test batches were composed of families representing all populations
simultaneously, as a rule. More details on testing environment and the exper-
imental implementation are given by Oldorf (1987).

Material

In addition to the reference strain, two additional populations were tested
under field as well as under laboratory conditions. The stock for the repeated
test of the reference strain under field conditions was taken from 10 full-sib
families bred under laboratory conditions in G&ttingen, which were trans-
ferred as fry to the Baobab Farm and raxsed there. In total 424 of these fish
formed the parental stock. :

The populations additionally tested under t,he two test environments were
the following: '
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Laboratory test Gé‘itingen: ‘ :
O. niloticus originating from fish ponds near Bangkok, Thailand. This.popu-
lation was obtained from the Agricultural Research Organisation, Israel. The

. parental stock consisted of 400 fish derived from eight full-sib families.

0. niloticus originating from the Central African Republic and Zaire (Mélard
and Philippart, 1980). This population was obtained from the Institute de
Zoologie de I'Université de Litge. A sample of 60 fish of unknown pedigree was
used as parents.

Field test Mombasa: '

O. niloticus originating from Lake Baringo, Kenya. A sample of this population
was caught in 1976 in the wilderness and since then kept at Baobab Farm. A
random sample of 429 fish derived from eight families constituted the parental
stock. '

O. niloticus originating from El Molo Bay at Lake Turkana. Staff from the
Baobab Farm collected this population in the wilderness in 1978. Some 650
fish from 11 full-sib families were randomly taken to serve as parents.

All spawners were individually marked so as to have controlled mating on a
single-pair basis and to avoid sib mating. The total numbers of full-sib families
for all populations tested, as well as the average group size of full-sib families
and their sex ratio, are given in Table 3.

_Statistical ahalysis

As in part one of this stucfy, statistical evaluation was based on LSQ proce-
dures (Harvey, 1977). Each population and each sex was analysed separately.

TABLEJ

Numbers and average size of full-sib families, and sex ratio for populations tested

Full-sib families Sex ratio
) Number Average size
Field test Mombasa:
O. niloticus Manzala .
(reference strain) 23 105 -1:1.08.
O. niloticus Baringo ‘ 18 82 1:1.11
O. niloticus E! Molo 16 111 1:1.17

Laboratory test Géttingen: .
O. niloticus Bangkok 25 74 1:1.28
O. niloticus CAR/Zaire 13 15 1:0.53
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For calculation of heritabilities and genetic correlations, which in this case was
-restricted to a full-sib analysis, all data had to be transformed (logarithm) to
assure a.normal distribution. T - )

- RESULTS
Field test of reference strain

‘Contrary to the laboratory test, the field test did not show an unbalanced
sex ratio for the reference strain as can be seen from Table 3. - .
For a direct comparison. between the.performance of the reference strain
under field and under. laboratory conditions, overall means, standard devia-
_ tions and coefficients of variation for all traits studied are given in Table 4.
Under field conditions in both sexes growth was significantly retarded,
whereas variability in all traits turned out to be of the same scale. Growth
reduction was much more pronounced for the females, which attained only
55% of the male weights under field conditions as compared to 70% under
laboratory conditions. ' .
Reduction in gonad weight corresponded directly to the reduction in body
weight, as can be seen from the GSI mean values, which do not show any dif-
ference between the two test sites, As already indicated, with reduced gonad
weight the average maturity stageﬁTemaIes is significantly lower. Slightly
crore-thar-50% 6 the females did not enter the maturing phase at all, even
though the incidenceof overTipe femaleswas at least eqjoal to that Urider the

laboratory test conditions (Table 5). In males the visual assessment of gonadal

TABLE4

. MNumber of observations (N}, overall means (£), standard deviations (s) and coefficients of vari-
" ation (CV) for all traits studied in the reference strain at both expex’xment.al sites

Trait - Body weight Gonad weight Gonadosomatic. Maturity stage
’ . index*
£ s CVi s CV i s CV £ s C

Males
Laboratory (N=4028) 28.8 10.5 37 0.18 020 11 056 053 95 - - -
Field (N=1165) 903 7.8 38 0.11 0.11 100 0.56 0.50 89 530 1.50 28
Females _
Laboratory’ (N=2541) 224 68 31 0.21 030 143 0.88 1.15 131 287 137 48
Field (N=1254) 123 5.1 42 0.10 0.15 150 .0.80 0.89 111 175 1.10 63

ont h ’
"GSI _gonad weig lxlOO_.

"7 body weight
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TABLE5

Distribution of females (%) according t&:.x staée of gonadal development for all populations studied

~ Maturity - . Population

stage T -

Field conditions ' Laboratory conditions

N Reference strain Baringo El Molo Bangkok CAR/Zaire

1 " '53.6 43.6° 74.4 71.8 41.5
2 31.5 33.6 20.4 15.6 16.1 -
3 58 . 9.6 - 23 8.6 17.8
4 49 . 6.7 07 . - 34 13.6
5 3.3 ’ ] 4.4 2.1 0.3 8.5 .
6 09 . 2.1 0.1 0.3 2.5
TABLE 6

Distribution of males (% ) according to their stage of gonadal development

Maturity stage ~ Population
Reference strain Baringo El Molo

1 2.7 2.3 3.9
2 2.7 4.9 27.2
3 7.9 11.2 24.2
4 24.1 23.9 26.1
5 18.2 16.9 10.2
6 13.6 138 - 4.5
7 334 27.1 3.9

development indicated that close to 50% of the fish were sexually mature {Ta-
ble 6). . _ :

Heritability values in Table 7 indicate that also under field conditions there
is a clear genetic control of growth and gonadal development. Heritabilities of
gonadal development correspond very closely to those observed under labora-
tory conditions, the heritability estimates for maturity stage being slightly lower
under field conditions. Heritability estimates for growth are clearly lower, but
still statistically highly significant. ’

Phenotypic and genetic correlations were estimated but, because of their
high standard errors, the actual values are not tabulated. A tendency towards
the same relationship between body weight and the traits of gonadal develop-
ment as seen under laboratory conditions can be observed. While the genetic:



___,..Hant“i;'es for all traits studied in the reference strain at both experimental sites

e e e N Gonad weight  GSI _Malu.rity.stag'e . Body weight
N L Y L h? s h*. s

7 - Laboratory conditions ‘¢ 023 006 035 008 - - 0.60 0.11°
(pooled full-sib analysis): _ ' T ’

" Field conditions d 017 0.06 0.42 0.11 0.10 ..0.04 0.39 ° 0.10

(full-sib.analysis)
Laboratory conditions -

- (pooled full-sib analysls) .. ,
Field conditions . "9 036 010 - 050 012 035 0.10 0.34 0.09
(full-sib analysis) ’ - ’ '

40

034 . 009 042 0.I1 057 013 - 070 0.4

o ———

correlation between body weight and maturity stage in females is zero or slightly
‘negative, there seems to be a clear positive genetic correlation between body
“weight.and matunty stage in males.

‘ ~St;:aur.rompartsons under field and laboratory conditions

~ Differences between populations in patterns of gonadal development.have
_--beenzobserved in both tested environments, as illustrated in Table 5. Under
- field conditions the El Molo population and under laboratory conditions the
Bangkok population reach maturity distinctly later, showing more than 70%
of:females with no gonadal development at all at the time of test slaughter,
even though for the El Molo population the testing period was prolonged by 69
days. -In males a corresponding diversity of gonadal development can be ob-
served between populations, proving El Molo to be a very late maturing
population. o
For the additional populations, mean performance and its variation are listed
. .in.Table 8. For all populations tested and in all environments, the absolute
gonadal weights are low and very similar. This means that the differences in
the GSI values, which can be observed to some extent between populatlons,
are predominantly due to differences in body weight.
Estimates of heritability for the additional populations are tabulated in Ta-
~ ble 9. There is no indication of great differences in heritability between popu-
lations: However, lower heritabilities for growth under field conditions, as ob-
, served in the reference strain, were not found. Due to limited numbers of
| observations the actual figures for heritability estimates are of limited

reliability.

Estimates of phenotypic and genetic correlations confirm the patternin the
relationship between body weight and gonadal development described earlier,
with one exception. The correlation betiveen body weight and gonadal devel-
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Ov erall means (£), standard deviations (s) and coefficients of variation (CV) for all traits studied in’
additional populations tested under field or laboratory conditions

Population ~° N . Gonad weight (g) GSI Maturity stage Body u;'eight. (z)

i s CV(%) £ s CV(%) i s CV(R)i s CV (%)

Field conditions _ .
" Baringe - 4 698 0.10 0.1 110 0.73 0.59 81 50 1.7 34 16.6 11.1 67
" El Malo d 823 0.10 0.05 50 0.23 0.14 61° 34 14 &) 33.0 16.9 51

Lab. conditions : .
Bangkok & 815 0.09 0.12 133 0.27 0.29 107 - - - 27.0 12.1 45

CAR/Zaire & 641 0.10 0.09 90 0.29 0.24 83 - - - 311 11.2 36
Field conditions

Baringg @ 778 0.10 0.14 140 1.31 1.23 90 20 1.2 60 90 5.9 66

El Molo Q 963 0.10 0.}11 110 0.41 0.43 105 1.4 0.8 55 1.7 7.6 43
Lab. conditions . . .

Bangkok @ 1040 0.09 0.18 200 0.34 0.5 164 1.7 L1 65 23.8 109 46

CAR/Zaire @ 337 0.1! 0.16 146 0.41 0.533 142 23 1.3 56 25.4 8.8 35
TABLES

Heritabilities (h?) and standard errors (s) for all traits studied in additional populations tested
under field or laboratory conditions

Population . Gonad weight GSl Maturity stage ~  Body weight
d Q Jd 9 -d Q d ?
» Field conditions -
Baringo © h? 0.36 0.40 044 090 0.21 0.43 062 - 0.93
s 0.11 0.12 0.13 0.18 0.08 0.13 0.16 0.18
El Molq h? 0.06 0.04 044 043 0.48 0.23 0.66 0.58
K 004 - 0.03 ‘0.13 0.13 0.14 . 0.08 0.17 0.16
Lab. conditions o
Bangkok h? 0.02 0.05 001 004 nur 0.09 0.38 0.26
s 0.04 0.05 004 0.05 - 0.07 0.19 0.14
CAR/Zaire h? 1.08 + 08 + n.r. + 0.75 +
s 0.36 0.36 - 0.34

n.r.=not recorded.
+ =no calculation possible due to insufficient numbers of females within families.
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opment in females of the late-maturing El Molo population# tended to be as

positive as in males. Again, because of the high stand
i ard erro
figures are given. ~ ¢ E = ne absolyte

. DISCUSSION AND CONCLUSION

05

{
1

. Thg success,fu} repetition of the testing précedure under commercial condj-
tions in the tropics has shown that the concept of family breeding can also be
applied under the less favourable conditions of developing countries, even
‘though a certain reduction in accuracy of testing has to be expected due to
necessary adaptation and simplification of the testing procedure. Since the
main objective was to obtain sufficiently reliable estimates of the genetic var-
iability in growth and gonadal development, a testing procedure as similar as
possible to the one applied under laboratory conditions was employed for the
repeated test of the reference strain under field conditions. -

Under field conditions genetic variability of the strains studied was as high

as under laboratory conditions. The heritability values also remained within a

medium range. Thereforé a similar pattern of genetic control can be assumed.

Thus; selection results obtained under laboratory conditions can most likely

be directly transferred to field conditions in the tropics, although a direct proof

cannot be drawn from this investigation. The lower heritability values esti-

mated for the body weight of the reference strain under field conditions have

to be seen in connection with the lower growth performance. The poorer growth

performance under tropical field conditions was most likely caused by the low

quality of the pelleted food and the unavoidable denaturalisation processes in

storage. These environmental factors should make up for genetic differences

in growth potential to some extent. The more pronounced sexual dimorphism

-under field conditions might be due to the lower stocking density and the spe-
cial tank shape with a proportionately larger surface at the bottom, both of

‘which favour territorial behaviour of the males. Furthermore, the retarded
growth resulted in a corresponding retardation of gonadal development. Thus,

at day 136 the fish examined were generally at an earlier stage of maturity than

“those examined under laboratory conditions. However;everiat this stagethe

¢/ full genetic variability could be observed. The results indicate that the testing

period should be prolonged to ensure a higher body weight in females and a
higher proportion of mature animals. Further investigations should clarify at
what stage, with regard to weight and age, the testing period should be termi-
nated in order to obtain a balanced variation in gonadal development without
having a higher proportion of overripe females. :

The results of the family studies with different strains in the two testing
environments do not indicate any major differences in the pattern of the quan-
titative genetic control of growth and maturation. Thus, in setting up breeding
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programmes for a given population, genetic parameters which have been esti-
! mated with sufficient accuracy in other populations can be Used: For actual
breeding programmes, the genetic parameters obtamed from half-sib analyses
of the reference strain under laboratory conditions should be applied until more
i specific. estimates on genetic parameters of corresponding accuracy are
1 available. . o ,

% The much more important result from the strain comparison is the observed
1 strain difference in growth and especially in ‘gonadal development. Obviously
strains can be found which are much later maturing, e.g. the El Molo strain.
Further investigations will have to prove the overall potential of this strain
" under technically improved environmental conditions. However, even at this
. stage one can conclude that the selection of the foundation stock deserves our

. highest attention when establishing breeding programmes.
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ABSTRACT

Gjedrem, T., 1983. Genetic variation in quantitative traits and selective breeding in
fish and shellfish. Aquaculture, 33: 51—72.
' s we

Before selection programmes can be started, breeding objectives must be defined
exactly. In most species, traits of high economic importance are: growth rate, food
conversion efficiency, resistance to disease, meat quality and age at m‘atixration{ ’

Estimates of standard deviation and heritability for important traits in several species
are listed. Rather few estimates are based on extensive data, and many estimates are
missing. Nevertheless, it is concluded that the possibilities for improvement through
selection are particularly good for growth rate and age at maturation, because of large
genetic variance and because high fecundity makes strong selection possible. For meat
quality and disease resistance genetic variance is quite low, and therefore slower se-
lection response is expected.

Sixteen selection experiments are reviewed. Selection was practised for growth rale
and disease resistance in 12 and four experiments, respectively. Positive response was
obtained in 15 of these experiments. These responses to selection strongly support
the conclusion that possibilities for genetic improvement are good in fish.

Selectj_og'_ayggrgp}gxgg___tlgg.(_i‘p_n_ combined_individual_and family merit are shown

to be most efficient. It is recommended to eslablish breeding stations to carry out se-
lection programmes. High priority should be given to the estimation of phenotypic
und genetic parameters necessary to construct selection indexes.

There is a strong need to initiate and develop national selection programmes for
fish and shellfish to raise productivity within the industry.

INTRODUCTION

In farm animals and plants selection and hybridization have played
important roles in domestication, increasing yield, survival rate and im-
proving product quality. Many examples could be given to show large
improvements in production traits in a number of species. Selection for
additive gene effects aims at increasing frequencies of favourable genes
for the characters in question. Reciprocal recurrent selection aims to in-



52

crease heterozygosity and the number of favourable gene combinations
which can be utilized through crossbreeding. During the last decades se-
lection has been made more efficient by new technology and better se-
lection methods. Thus the genetic gain obtained is much larger today com-
pared with orily a few years ago.

In aquaculture, selection programmes are not commonly used by the
industry. This is surprising because of the economic importance which
aquaculture has reached in many countries. There is no obvious reason
for this. Fish and shellfish seem to be little different from farm animals
and plants in response to selection and hybridization effects. One reason
for selective breeding not being commonly used in aquaculture may be
found in the education of researchers, advisory personnel and fish farmers.
Education in fish biology involves little attention to selective breeding
and quantitative genetics. The majority of published papers discussing
genetics in aquaculture deal with genetic variation in single gene charac-
ters such as blood groups and protein polymorphisms (see for example
Wilkins, 1981; Gosling, 1982). Most frequently researchers do not even
try to investigate what relation such characters have to economically im-
portant traits. On the other side, aquaculture and agriculture have a close
connection in many countries and research is frequently carried out by
the same personnel. This approach should make the transfer of knowledge
quick and easy.

In the following, a summary is given of estimates of genetic variation
in quantitative traits of economic importance and response to selection
for some of the species most commonly used in aquaculture. In addition,
principles -of breeding and selection plans are discussed. Hybridization
to utilize non-addilive genelic variance will not be particularly discussed
here, because this topic is covered by others. However, a combination
of selection and crossbreeding is frequently the optimal solutxon in prac-

tice.
BREEDING OBJECTIVES

Breeding objectives should be set by the industry and the consumer
and should be exactly defined. Everybody involved in a coordinate se-
lection programme should use the same objectives to avoid working in
different directions. Breeding objectives are frequently different from
one species to another, from one country to another and even within coun-
tries (see Mahon, 1983, this volume). In the following, only traits of com-
mon importance for most of the species under cultivation are discussed

(Table I).
Food conversion efficiency

When production is based on using artificial food, the primary aim in
a selection programme should usually be to improve food conversion effi-
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TABLEI

Traits and their relative economic importance for some species used in aquaculture

Traits Salmonids Warm  Bivalves Prawns
’ water
fish

Growth rate +4+ +++ ++4 e+
Meat quality ++ + + T
Mortality, early + + + +
Mortality, late ++ ++ ++ ++
Age at maturation* ++ ? ? ?
Fecundity 0 0 0

* Production of large fish.

ciency. In carnivorous species, food costs may be a very large part of the
total production cost while it is of less magnitude for herbivorous animals
or detritus feeders.

Being poikilothermic, fish use less energy for maintenance compared
to domestic animals. It is therefore likely that genetic variation in basic
metabolic rate will be less in fish than in mammals. On the other hand,
most of the fish species that are at present under domestication may be
under continuous stress which would raise the maintenance requirement.

Until recently, there has been no population information on food con-
version efficiency suitable for genetic analysis, because of the difficulty
in direct measurement of food consumption on a large scale. Kinghorn
(1981) developed a system to estimate food consumption in 33 tanks
at a time through consideration of energy metabolised (via oxygen con-
sumed) and the energy component of growth. It is, however, concluded
that net food conversion efficiency in young rainbow trout is heritable
(h*=0.31 % 0.11) and with a low coefficient of variation (CV = 6%).

Edwards et al. (1977) and Refstie and Austreng (1981) showed no sig-
nificant family X diet interaction in trials involving rainbow trout on feed
of various carbohydrate levels. This indicates that selection for the spe-
cific ability to utilize a cheaper, high carbohydrate food would meet with
little success.

Although food conversion efficiency usually is the most important eco-
nomic trait in fish farming, it can not yet be included in a selection pro-
gramme because of msuff1c1ent ‘methods of measuring it. Further devel-

opment of syslems for direct and/or indirect measurement of food con-
sumed should be given high priority.

Growth rate

Growth rate is of economic importance for all species used in aquacul-
ture. Usually it is easy to estimate through measurement of weight or body

length.
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Rapid growth speeds up the turnover of production and frequently
large animals demand a higher price per kilogram compared with smaller
ones. In farm animals, there is a high genetic correlation between growth
rate and food conversion so selectlon for high growth ‘rate results in a rapid
correlated improvement in food conversion. Kinghorn (1981) concluded
that young rainbow trout which consume more food, grow faster but are
not better net converters of food.

The genetic correlation between body weight and length in salmonids
is close to umw (Refstie and Steine, 1978; Gunnes and Gjedrem, 1978,
1981; Refstle 1980) suggesting that one should use the trait with the
highest heritability to measure growth rate, although body weight must
be considered as the breeding objective.

Mortality/resistance to disease

. Mortality in fish and shellfish is of considerable economic importance
to the farmer. Since egg and young individuals are very cheap, mortality
is of particular importance for ongrowing fish and shellfish. Mortality
is, however, a very complex trait. The cause may be different from one
farm to another, and from one year to another. Mortality is therefore
a rather difficult trait to work with and heritability is commonly very
low (Table II). Death rate is, however, usually the only way to measure
this economically important trait.

Measuring resistance to specific diseases may give more scope for im-
provements (Gjedrem and Aulstad, 1974; Mclntyre and Amend, 1978).
A possible way of measuring resistance is to expose fish (family members)
to specific disease agents and count number of deaths as done by McIntyre
and Amend (1978). It is, however, a rather expensive method to practice.
Indirect measure of re51stance to certain diseases may be obtained by ap-
plying immunological methods such as antibody levels after vaccination.

It is believed that fish under siress are more susceptible to disease. There-
fore, if one could measure the reaction to stress one could possibly speed
up the domestication rate through selecting fish which better tolerate
stress. Estimates of cortisol levels in the blood after a standard stress are
considered to be an accurate measure of stress response ‘(Fagerlund, 1967).

Fecundity

Fish and shellfish have usually a very high reproductive rate (salmonids
have more than 1000 eggs/kg body weight, common carp and channel
catfish more than 100000/kg, tilapia 1000/kg, oysters millions/spawn).
This makes the expense of brood stocks quite low. In salmonids, for ex-
ample, eggs account for less than 1% of the total cost of producing large
fish and less than 5% for small-portion size fish. Therefore, it is not in-
portant to consider egg number as an economically important trait in a
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selection scheme. An exception could be a production system where the
egg is the end product, for example caviar. In addition there seems to be
a high genetic correlation between egg number and body welght (Gall
and Gross, 1978a).

Meat quality

In general, aquaculture produces food for human consumption. The
quality of the meat is of great importance particularly in species of lux-
ury food. It is, however, difficult to define quality because it varies from
one species to another and from one market to another. For fish it is usu-
ally a question of size, meatiness, fat percentage, meat colour, taste, shape,
dressing percentage, and so forth. For some of these traits it is difficult
to make objective measurements. This is true for meat colour, taste, meat-
iness and shape. Development of exact measurements for these traits should
be considered.

Age at maturation

Several fish species must be marketed prior to sexual maturation be-
cause of reduced meat quality and high frequencies of mortalities. Par-
ticularly when producing a large fish, age at sexual maturity becomes a
very important economic trait. '

Recapture frequency '

In sea-ranching systems, recapture frequencies are of great importance.
This is, however, a complex trait where survival is an important compo-
nent. In the literature very few attempts have been made to study genetic
variance for this trait. Carlin (L969) found signilicant difference in recap-
ture percentage after release of 17 full-sib families in the Baltic sea. Ryman
(1970) analysed the dala stalistically.

GENETIC VARIATION IN QUANTITATIVE TRAITS OF ECONOMIC IMPORTANCE

A parameter of great importance when discussing selective breeding
is the additive genetic variance (oG) The magnitude of genetic variance
deterrnm_es response to selection. It may be calculated by multiplying
heritabilities (h?) by the phenotypic variance (a ). Heritabilities based
on sire components and regression of offspring on parent. usually give un-
biased estimates of additive gene effects. The difference between herita-
bilities estimated from dam and sire components may be taken as an es-
timate of non-additive genetic variance and possibly maternal effects. Her-
itabilities based on full-sib analysis are of less value in this connection
because they contam genetlc variance in the broad sense, together with
maternal and common environmental effects.




TABLE II

Phenotypic and genetic parameters for quantitative traits in fish and shellfish. (X'= mean, o = standard deviation,
CV = coefficient of variation, S.E. = standard error. Heritability (h?) as estimated from sire (S), dam (D) and family

(F) component of variance)

Species/traits X CV hi:SE. h} .+ S.E.  Numberof Authors
ht ¢ S.E. families
‘Rainbow trout:
150 day weight (g) 13.6 4.12 30 0.09:0.10 0.06p = 0.09 14g;28p Aulstad et al. (1972)
160 day length (cm) 9.8 1.14 12 0.16:0.14 0.06p = 0.09 14g;28p Aulstad et al, (1972)
280 day weight (g) 13.6 4.37 33 0.29:0.20 0.01p = 0.05 14g5;28p Aulstad et al. (1972)
280 day length (em) 10.1 1.26 12 0.37:0.23 0.03p =z 0.04 14g;28p Aulstad et al. (1972)
180 day weight (g) 16.5 0.48p 8¢ Mé¢ller and Naevdal (1973)
2 year weight (kg) 1.1 0.26 23 0.21f = 0.05 39f Gell (1975)
300.day weight (g) 51.0 16 32 0.13¢ 19¢ Chevassus (1976)
Dead eyed eggs 0.15: 0.04 0.27p = 0.04 143p Kanis et al. (1876)
Dead alevins 0.14 £ 0.03 0.06p = 0.01 143p Kanis et al. (1976)
147 day weight (g) 0.06 Realized h* Kincaid et al, (1977)
175 day weight (g) 7.0 2.41 34 0.60F £ 0.0 54f Gall and Gross (1978a)
160 day weight (g) 2.8 0.82 29 0.32r = 0.08 46f Gall and Gross (1978a)
610 day weight (kg) 0.8 0.12 15 0.74¢ ¢ 0.10 bB4p Gall and Gross (1978a)
630 day weight (kg) 0.6 0.13 22 1.045 + 0.12 46f Gall and Gross (1978a)
2 year weight, female (kg) 17 0.50¢" 126p Gall and Gross (1978b)
2 year weight, male (kg) 20 0.31¢" 126 Gall and Gross (1978b)
Survival of eyed eggs 20 0.23p 126 Gall and Gross (1978b)
125 day weight (g) 1.06F ¢ 0.49 .6§ . Klupp (1979)
334 day weight (kg) 0.82F = 0.38 6p Klupp (1979)
140 day weight (g) 29.7 16.6 56 0.06 1.04p° 34s5:41p Refstie (1980)
140 day length (cm) 12.5 24 19 0.20 0.63p 34g;41p Refstie (1980)
2% year weight (kg) 3.0 0.9 30 0.17* 0.24p° 34g;116p Gunnes and Gjedrem (1981)
2% year length (cm) 56.3 5.6 10 0.23* 0.20p° 68gi116p Gunnes and Gjedrem (1981)
Growth rate (%/day) 1.63 0.31 19 0.26:0.12 345 Kinghorn (1981)
Food consumed (%/day) 1.37 0.27 20 0.41:0.13 345 Kinghorn (1981)
Net food conversion 1.46 0.08 6 0.31:0.11 34g Kinghorn (1981)

9g



TABLE II (continued)

Species/traits X CV hi:SE h} + S.E Number of Authors

hi ¢+ S.E families
Fat % 9.71 1.00 10 0.47:0.34 13g Kinghorn (1981)
Oxygen consumption 3.73 0.68 18 0.51:0.12 34g Kinghorn (1981)
24 year weight (kg) 2.8 07 26 0.17:0.11 0.39p :0.11 B56g5;108p Gjerde and Gjedrem (1983)
214 year gutted weight (kg) 2.3 0.6 26 0.19:0.12 0.40p :0.11 565;108p Gjerde and Gjedrem (1983).
2% year length (cm) 54.6 4.6 8 0.11:0.11 0.44p = 0.12 b66g;108p Gjerde and Gjedrem (1983)
Dressing percent 82.3 4.5 6 0.01:20.05 0.14p=0.07 565;108p Gjerde and Gjedrem (1983)
Carcass quality score 3.6 0.7 20 0.14:0.06 0.07p:0.05 b6g;108p Gjerde and Gjedrem (1983)
Flesh colour, score 3.4 0.8 23 0.06:0.08 0.28p:0.09 56g;108p Gjerde and Gjedrem (1983)
Age at maturity 0.18 + 0.07 0.09p = 0.05 b66g;108p Gjerde and Gjedrem (1983)
Atlantic salmon
Tolerance to vibriosis 0.12: 0.05 0.07p = 0.05 42g5;140p Gjedrem and Aulstad (1974)
180 day weight (g) 0.15: 1.00 0.21p = 1.00p Naevdal et al, (1975)
2 year length (cm) 0.27 2+ 0.36 0.07p = 0.36p Naevdal et al. (1975)
Dead eyed eggs 0.05: 0.04 0.62p :0.05 361p Kanis et al. (1976)
Dead alevins 0.04 £ 0.01 0.15p = 0.01 361p Kanis et al. (1976)
Dead fry -0.02: 0.01 0.11p = 0.02 144p Kanis et al. (1976)
3% year weight (kg) 0.34 0.34p Naevdal et al. (1976)
314 year length (cm) 0.76 0.84p Naevdal et al. (1976)
-Age at maturity 1.00 0.67p Naevdal et al. (1976)
190 days weight (g) 7.8 5.9 176 0.08** 0.15p 28s; 29p Refstie ang Steine (1978)
190 day length (cm) 8.2 1.9 23 0.12* 0.17p 28s; 29p Refstie and Steine (1978)
3% year weight (kg) 5.6 1.6 28 0.31** 0.31p° 107s; 214p Gunnes and Gjedrem (1978)
8% year length (cm) 78 6.9 9 0.28% 0.30y° 107s5; 214p Gunnes and Gjedrem (1978)
314 year weight (kg) 5.7 1.4 25 0.44:0.11 0.54p = 0.08 105g;248p Gjerde and Gjedrem (1983)
3% year gutted weight (kg) 5.0 1.2 25 0.44:0.11 0.53p:0.07 105g;248p Gijerde and Gjedrem (1983)
3% vear length (cm) 80 5.7 7 0.35%0.10 0.60p:= 0.08 1055; 248p Gjerde and Gjedrem (1983)
Dressing percent 90 3.1 4 0.03:002 0.02p:0.02 105g;248p Gjerde and Gjedrem (1983)
Carcass quality score 3.8 0.7 19 0.16:0.05 0.14p = 0.03 106g; 248p Gjerde and Gjedrem (1983)
Flesh colour score 3.6 0.6 16 0.01:0.03 0.17p:0.04 105g;248p Gjerde and Gjedrem (1983)
Age at maturity 0.42: 0.08 0.15p = 0.03 1064; 248p Gjerde and Gjedrem (1983)
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TABLE II {continued)
Species/traits X o CV hl:S.E. Lz S.E. Number of Authors

hi 2 S.E, families
Pacific salmon
Tolerance to ITHN 0.32 Meclntyre and Amend (1978)
Carp
Weight of fingerlings 0.10 « 0.20 Kirpichnikov (1972)
Body weight 0.25 Smisck (1979)
Dry matter 0.15: 0.18 Smisek (1979)
Fat content 0.14 = 0.15 Smisek (1979)
N in dry matter 0.15+ 0.17 Smisek (1979)
4 month weight (g) 7n 17 23 0.48y Sr Nagy et al. (1980)
4 month weight in lab (g} 0.12p Sf Nagy et al. (1980)
Tolerance to hypoxina 179 50 28 - 0.51p 9 Nagy et el. (1980)
Weight gain (g) 366 81 22 0.47 (b) 17 off/

parents Brody et al. (1981)

Catfish
5 months weight (g) 0.61 : 0,35 175: 34p Reagan et al. (1976)
5 months length {em) 0.12: 0.30 175 34p Rengan et al. (1976)
15 months weight (g) 0.75 ¢ 0.53 17s5; 34p Reagan et al, (1976)
15 months length (cm) 0.67 + 0.57 17g: 34p Reagan et al. (1976)
48 week weight, female (g) 237 56 24 0.52:0.42 0.51p = 0.37 13g;26p El-Ibiory and Joyce (1978)
48 week length, female (cm) 31 2.3 7 0.81:0.46 0.25p = 0.27 13s:26p El-Ibinry and Joyce {1978)
Dressing %, female 69 1.5 2 0.0 =020 0.47p:0.36 13g;26p El-Ibiary and Joyce {1978)
Lipids % 42 3.8 9 0.08:0.25 0.50p 1 0.32 135:26p El-Ibiary and Joyce (1978)
48 week weight, male (g) 328 90 27 0.27: 037 0.67p 2 0.41 135;26p El-lbiary and Joyce (1978)
48 week length, male (cm) 33 2.6 8 0.37:0.39 0.60p 1t 0.38 13s;26p El-Ibiary and Joyce {1978)
Dressing %, male 68 1.2 2 0.00:0.27 0.84p: 0.44 135:26p El-Ibiary and Joyce (1978)
Lipids %, male 43 3.1 7 0.00:0.23 0.65p 1 0.37 13g;26p El-Ibiary and Joyce (1978)
42 week weight (g) 53 2.4 46 Bondari (1980)
60 week weight (g) 375 11.2 30 o Bondari (1980)
150 day weight (g) (1975) 0.28 : 0.85 10g; 20p Reagean (1980)

150 day weight (g) (1976) 0.0 10g; 20p Reagsn (1980)



TABLE II (continued)

Species/traits X 0 CV h}:zS.E. h} ¢ S.E. Number of Authors
hi ¢ S.E. families
150 day weight (g) (1977) 0.81: 0.95 10g; 20p Reagan (1980)
18 months weight (g) 0.41 2 0.69 10g; 20p Reagan (1980)
Fat % 0.61: 0.78 10g; 20p Reagan (1980)
Tilapia
90 day weight (g) 19 5.1 27 0.04:0.06 . 0.04p ¢ 0.08 165;32p Tave and Smitherman (1980)
90 day length (cm) 99 0.8 8 0.06:0.06 -0.02p 2 0.07 16g;32p Tave and Smitherman (1980)
42 week weight, male (g) 187 52 28 Bondari (1980)
42 week weight, female (g) ~ 116 37 32 Bondari (1980)
60 week weight, male (g) 676 148 22 Bonderi (1980)
60 week weight, female (g) 363 75 21 Bondari (1980)
Oysters
18 months weight (g) 30 0.33p 2 0.19 1lp Lannan (1972)
18 months meat weight (g) 63 0.37r 2 0.06 11p Lannan (1972)
Larval survival (%) 35 0.31p 2 0.06 1llp Lannan (1972)
Setting success % 45 0.095 ¢ 0.08 11f Lannan (1972)
Larval growth 0.24 Longwell (1976)
6 day growth 0.33 0.43f 8s Newkirk et al. (1977)
16 day growth 0.50 0.60p 8s Newkirk et al, (1977)
7 day length 0.44 + 0.21 Bg Losee (1978)
6 weeks length 0.50 = 0.30 5s Losee (1978)
Blue mussel
16 day length 0.16* 0.29p 6s; 36F Innes and Haley (1977)
Growth rate 0.12 0.62f¢ Newkirk (1980) -
Length of larvae 169 8 b 0.43 Newkirk (1980)
Fresh water prawn
311 day weight unsexed (g) 2.3 0.16+ 0.14 0.15p 2 0.156 16g;14p Malecha (1983, personal commun.)
311 day weight, male (g) 2.2 -0.14 £ 0.25 0.19p z 0.19 16g;14p Malecha (1983, personal commun.)
311 day weight, female (g) 2.4 0.35: 0.30 0.35p = 0.28 16g;14p Malecha (1983, personal commun.)
Lobster
100 day weight (g) 0.33p 12¢ Hedgecock et al. (1976)
90 day weight (g) 0.38p Op Hedgecock and Nelson (1978)

6¢

*P < 0.05;**P < 0.01.



TABLE I

Average values for coefficients of vari
figures given in Table IT for economic

ation (CV) and heritabi
ally important traits. Superscripts give nu

lities based on sire component calculated from
mber of estimates involved

Economically Rainbow Atlantic Common Channel Tilapia Oysters Prawns

important trout salmon carp catfish

trait CV h; CV h; CV h}
CV h; CV k] CV h; CV h;

Body weight,

juveniles 33’ 0.12¢ 78' 0.08' 0.15' 46' 0.42* 2B' 0.04' 0.36° 0.12}

Body weight, .

adults 29" 0.17*' 27° 0.36° 22 0.36* 27° 0.49°

Body length,

juveniles 14 0.24* 23' 0.14° 0.12' &' 0.08' 0.47°

Body length,

adults 9* 0.17* 8° 0.41° 8’ 0.61°

Mortality/

resistance 0.14° 0.11¢ 28

Carcass traits:

Meatiness 20' .0.14' 19' 0.16'

Meat colour 23" 0.06' 16' 0.01'

Fat-% 10¢ 047 0.14' 8' 0.23

Dressing-% 6' 0.01* 4' 0.03 2! 0.00°

Age at

maturation 0.18' 0.71?

09
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The coefficient of variation (CV) is_a useful parameter for judging the
magnitude of variance. It expresses .the ratio of phenotypic standard de-
viation to the mean of_the . trait in question_ (CV = (op/x) 100). CV may
be misleading for traits recorded as percentage because it is so dependent
on the average frequency. B

In Table II some estimates of phenotypic and genetic parameters found
in the literature are listed. The estimates are grouped by species. It has
not been possible to fill in all the columns because of lack of information.
It is surprising how many authors do not give simple averages and stan-
dard deviations for the traits studied. Heritability estimates based on less
than five sires or five full-sib groups were considered to be of little value
and are not included. It would have been desirable to set the limit much
higher, but then very few estimates would have been left, except for salm-
onids.

A few general comments can be made about the estimates in Table II.
Many of them are based on few families and have large errors. Since so
few estimates for each trait per species are available, the actual estimates
given by authors have been listed. Few attempts have been made to esti-
mate the magnitude of non-additive genetic variance. However, looking
at body weight, there are five estimates from sire components which are
higher than estimates based on dam components, three estimates are equal
and nine dam estimates are higher than the corresponding sire estimate.
It may be concluded that there is some non-additive genetic variance or
maternal and common environment variance in growth rate of fish.

In Table III average values are summarized for CV and heritabilities
estimated from the sire component of variation. It would have been more
correct to weight each estimate by the inverse of its standard error, but
since several of the estimates do not have standard errors this could not
be done. It is not advisable to use the estimates presented in Table III
for practical purposes, because parameters should be estimated from data
recorded under similar environmental conditions where selection shall
take place. However, if no estimate is available for the population in ques-
tion, the estimates given in Table III provide a good guide to the likely
relative values.

From Table III the following conclusions can be drawn:

(a) Only a few estimates of CV and heritability are available for each
trait. Atlantic salmon and rainbow trout are the only species which have
estimates for most of the traits in question. For Pacific salmon only one
estimate of heritability is given, namely for disease resistance (Table II).

(b) Coefficients of variation are very high for body weight for all spe-
cies, and higher for young than for older animals. CV for body length
is quite low.

(c) Heritability for body weight of juveniles is rather low with the ex-
ception of channel catfish and oysters. Heritability for body weight of
adults is of medium size and higher than for young animals.

? [

™
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(d) Body length shows varying heritability from low to medium in large
Atlantic salmon and small oysters, and high in channel catfish.

(¢) The high phenotypic variance of body weight of adults together
with medium size heritability means that there are large genetic effects
for this trait for all species with estimates.

(f) Mortality shows low heritability while resistance to specific diseases
shows medium to high heritability.

(g) Meat quality traits show some genetic variation. An exception is
dressing percentage which shows low genetic variance.

(h) Age at sexual maturation shows low heritability in rainbow trout
compared with Atlantic salmon.

RESPONSE TO SELECTION

Response to selection usually gives the most valuable information about
the possibility for genetic improvement. However, many selection experi-
ments utilize very limited numbers of animals resulting in inbreeding and
thus ruin the experiment.

Common carp

Common carp have been farmed for thousands of yea.rs and have be-
come well adapted to the pond environment. Schiperclaus (1961) re-
ports that farmers of Western Europe have been selecting carp for growth
rate for many years and a lot of distinct breeds have been developed through
inbreeding. Soviet fish breeders have followed the same procedures to
improve growth rate and resistance to disease (Kirpichnikov, 1972).

Israeli scientists have for several years worked with selection experi-
ments. Moav and Wohlfarth (1973) summarise the results from several
small experiments as follows:

(a) Single brother—sister mating is followed by a high degree of inbreed-
ing depression.

-(b) Selecting for slower growth rate yields a response.

(c) Selection for fast growth rate does not yield positive response, in
fact, a slight negative response is indicated.

In 1965 a new selection experiment was started (Moav and Wohlfarth,
1976). Mass selection for slow growth and fast growth rate to 7 months
of age was done for five generations followed by two generations of fam-
ily selection in the high lines. The selection was practiced on fish grown
in earthen ponds. During the last three generations of mass selection, repli-
cated groups were held in cages and in ponds. As reported by Moav and
Wohlfarth (1976) selection for slow growth rate yielded strong response
for the first three generations while the high growth rate groups showed
no response to, selection.

However, the three generalions of the high selection line reared in cages
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icant additive genetic variance. It is not possible to get a correlated response
when there is no additive genetic variance for the . selected trait in the se-
lection line. I‘amﬂy selection also showed 51gn1f1cant increase in growth
rate in the high line. This also means that there must have been additive
genetic variance for growth rate in the high line.

Kirpichnikov et al. (1976) report a moderate response when selecting
against dropsy disease in common carp. Hines et al. (1974) showed that
while testing five inbred strains and nine crossbred strains of common
carp, one inbred strain was found to be infected by a swimbladder inflam-
mation and another by epidermal epithelioma disease. Crossbreds between
these two strains, as well as between them and other strains did not show
a single fish infected by either disease. It was concluded that susceptibil-
ity to both of these diseases is controlled by recessive genetic factors.

Salmonids

Lewis (1944) selected rainbow trout for fast growth rate and large num-
ber of eggs at 2 years of age. He reports large gains in egg number, growth
rate and the frequency of females spawning at 2 years of age. No control
line was used.

In 1949 Donaldson initiated a selection programme with chinook salm-
on in a sea-ranching programme. He found large gains in growth rate and
fecundity (Donaldson and Menasveta, 1961; Donaldson, 1970). Donaldson
and Olson (1957) and Donaldson (1970) report remarl\able progress for
selection in rainbow trout. The selected stock excelled in almost every
character of importance compared to cultured rainbow trout. However,
Donaldson did not have a proper control group in either of his experiments.

Kincaid et al. (1977) selected for increased weight at 147 days post-
fertilization. The genetic gain during three generations of selection was
0.98 g or 5% gain per year. A correlated response in percentage hatch and
fry survival was obtained.

From a selection programme at the Nikko research station, Japan, Kato
(1978) reported response in lines selected for number of eggs, egg diam-
eter, growth rate and in one of the lines they succeeded in getting one
which spawned twice a year.

Response to one generation of selection in 190 day weight in Atlantic
salmon was 2 g or 7% per year (Gjedrem, 1979). Genetic change in body
weight after keeping the fish for 2 years in sea cages was found to be 3.6%
and 2.7% per year compared with wild control and control groups, respec-
tively. This response is of the expected magnitude when estimating genetic
change based on genetic parameters.

Channel catfish

Bondari (1980) selecting for fast growth rate in channel catfish, reported
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ward lines after one generation of selection. A very high response to se-
lection was observed by Reagan (1980): 90-day weight was increased by
59 g per generation.

Oysters

Logie et al. (1961) reported that over a period of many years the oys-
ters of Malpeque Bay slowly but surely became resistant to the Malpeque
disease through natural selection. Selection progress has also been obtained
for resistance against MSX (Minchina nelsoni) disease of the American
oyster. Artificial selection for resistance to MSX in Delaware Bay was
carried out on a number of hatchery-reared lines (Haskin and Ford, 1978).
After four generations of selection the percentage survival rate was nine
times the average of unselected stocks. These unselected stocks were im-
ported and not previously exposed to MSX. Offspring of native Delaware
Bay oysters had two to three times higher survival than the susceptible
lines.

Haley et al. (1975) reported that mass selection of adult oysters gave
an apparent strong response to selection for growth rate. They concluded
that because of large environmental variability, a combination of family
and mass-selection would be required to achieve maximum response.

Newkirk - (1980) obtained considerable selection response in growth
rate of oysters after one generation of selection. He concluded that 10—
20% gain per generation in growth rate is a reasonable expectation.

In conclusion, 11 selection experiments for improving growth rate and
four for improving disease resistance reported here, have given quite high
responses. For growth rate there is one exception, namely the early Israe-
li experiment with common carp.

BREEDING PLANS

It should be stressed that selection in general should be based on ftraits
taken close to the time of marketing the animal. Records taken at younger
ages can only be used as correlated traits. Further, animals should be tested
in the same type of environment as the production takes place to avoid
possible genotype—environmental interaction.

Methods of selection

It has been shown that investment in selection programmes may give
very high returns expressed as interest on capital spent (Hill, 1971) and
there is no reason to believe that fish and shellfish are exceptions in this
respect.

What selection methods should be used with fish and shellfish is quite
easy to determine by studying Figs. 1 and 2 (taken from Falconer, 1960).
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rRelalive response
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Fig. 1. Relative merit of fullsib family (F) selection compared with individual (I} se-

lection. Number per family is infinite and there is no variance due to common environ-
ment (Falconer, 1960).
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Fig. 2. Responses expected under family selection relative to that for individual selec-
tion, plotted against family size. It is considered that there is no variance due to common

environment (Falconer, 1960).

The following conclusions can be drawn: _

(a) A combination of individual and family selection is always most
efficient (Fig. 1).

(b) Family and individual selection are of equal efficiency when the
heritability is approximately 0.5. When the heritability is lower, family se-
lection is more efficient. When h? is higher than 0.5, individual selection
is more efficient than family selection. If there are common environmental
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effects involved, the above relationships are true at lower values of herita-
bility. )

(c¢) The efficiency of family selection compared with individual selec-
tion increases markedly as the number per family increases (Fig. 2) when-
ever the heritability is below 0.4,

Progeny-testing is widely used in farm animals. In fish and shellfish
it is of much less advantage since family selection can be applied. Progeny-
testing will increase the generation interval markedly, frequently it will
be doubled. Besides, the fact that several fish species spawn only once
or a few times would make progeny-testing difficult., Deep freezing
of milt is, however, now possible 'in salmonids (Stoss and Holtz, 1981).
Brody et al. (1976) strongly recommend progeny-testing in common carp
although they admit its limitations.

Individual selection can only be applied when the traits in question
can be recorded directly on the individual. Individual selection is rarely
effcient for all-or-none traits. An exception here could be when the de-
sired trait has a very low frequency and is highly heritable. _

With fish and shellfish, selection should be based on a combination
of individual and family merit. Individual selection alone is only of in-
terest when growth rate is the only trait of economic importance and is
highly heritable.

A breeding programme involving crossbreeding will need a reciprocal
recurrent selection scheme which will be more complicated and is likely
to be more expensive to run than a selection programme aiming at im-
proving additivity.

Marking fish and shellfish

Testing of families requires a marking system. Except for shellfish, where
a label or code in the shell can be used (Newkirk, 1980), this is a real prob-
lem. Attached marks harm the fish and should thus be avoided (Refstie
and Aulstad, 1975). Tatooing has given varying results (Hill et al., 1970;
Refstie and Aulstad, 1975). A combination of finclipping and cold branding
has given satisfactory results (Gunnes and Refstie, 1980), and Brody et al.
(1976) and Joyce and El-lbiary (1977) used brand marking. Nose-tags
have many advantages and are widely used in sea-ranching. One can mark
small fish, a large number of fish can be marked per hour and there are
few losses. The disadvantage is that the small metal tag must be dissected
out of the nose before it can be read. This makes nose-tagging impractical
for a breeding programme where selection of brood stock must take place.
It is a pity that nobody has made a ‘‘nosetag” that can be read on live
fish on a large scale. The present technology should make this possible.

Electrophoretic (y) detectable genetic markers have been proposed
for use by several authors and this is strongly recommended by Moav et
al. (1976). H_owever‘, they admit the method is time-consuming, difficult
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and expensive. The advantage of electrophoretic markers is that one can
avoid common environmental effects both in hatcheries and later on.
Newkirk (1980) states that the expense of using electrophoretic markers
to keep track of individuals hardly seems justifiable at least for mollusks.

For breeding schemes with large numbers of families and several thou-
sand individuals, electrophoretic markers are not practical because:

(a) Selection of brood stock must be carried out on the spot. :

(b) The marking system would reduce selection intensity for economic
traits in order to select for markers that would distinguish the progeny
by their electrophoretic phenotype.

(c) Rather a high frequency of the animals may not be identifiable.
Brody et al. (1980) report that 3/11 of the groups had to be abandoned
because the progeny marker phenotype did not match that expected from
the known parental phenotype. ,

Thus we are left with finclipping, cold-branding and hot-branding as
methods of marking fish in large scale selection programmes. Since these
methods also have some drawbacks, one can only hope for a readable “‘nose-
tag”. .

Selection indexes

In most cases selection should be based on several economic traits in
each species. The traits may vary from one species to another and from
one market to another. In addition information from individual and fam-
ilies must also be combined before selection can be applied. This situa-
tion has been discussed in many papers and the general conclusion reached
by Hazel and Lush (1942) has been confirmed. Their conclusion was
that when selecting for several traits it is most efficient to do this simul-
taneously based on a selection index.

Multibreed selection

For most species there are a large number of strains available for farm-
ing. This expands the possibilities for genetic improvement in two ways:

(a) Selection between strains. Selecting the best strain or strains gives
an immediate improvement in genetic value. :

(b) Crossbreeding among strains. This exploits heterotic effects and
is probably best carried out in practice by forming a new synthetic pop-
ulation by mixing the best strains. A large proportion (n - 1)/n (Dickerson,
1969) of the heterosis is maintained when n breeds are mixed with equal
participation.

Both these policies must compete with the selection policy within strains.
However, the three policies can be merged into one by using a multibreed
selection index (Kinghomn, 1982). This will give the optimum rate of genetic
improvement from the resource of fish stocks available. Only when two
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strains are notably better than all the other strains available, will it be
worthwhile to form an F, cross in a system with maintenance of parental
lines.

Breeding station

Because of high fecundity of fish and shellfish, it is possible to produce
large numbers of eggs and sperm from only a few selected animals. This
means that only one or a couple of breeding units can supply a national
market even if it is large. It is therefore of interest to discuss the possi-
bility of developing breeding stations for fish and shellfish as are widely
used in plant and pouliry breeding.

A breeding station could be organised on a cooperative basis among
breeders, or private firms could establish their own stations.

A breedlng station should be able to test a large number of half- and
full-sib families each year. Large efforts should be made to standardize
envircnmental conditions in order to reduce errors in estimating breeding
‘values. The breeding station must be able to control the whole lifecycle
of the species in question. Testing should be done under similar environ-
mental conditions as in the fanning industry. All economically important
traits should be recorded close to the time of marketing. Strong selection
should be practiced at both the family and individual level. However, one
should not allow much increase in inbreeding. By practicing strong selec-
tion there is always the risk of loosing desirable genes. Small founder pop-
ulation sizes and bottlenecks during selection should be avoided. There-
fore, the testing capacity should be as large as economically feasible. As
an example, let us consider a breeding station with a capacity to hatch
and rear 100 full-sib families per year. In order to avoid inbreeding, brood
stock should at least be selected from ten families yielding a selection
intensity between families of only 10%. It is therefore recommended that
a breeding station should at least have a testing capacity of 100 families
per year-class.

The weakness of concentrating on one or a few national breeding sta-
tions is the risk of infectious diseases which could quickly be spread to
the whole industry. Therefore steps should be taken to reduce the possi-
bility for infections. One should also try to find ways to store the latest
achievements in the selection programme, by deep freezing or by starting
parallel isolated programmes. This would, in the case of an infectious dis-
ease, make a new start possible without being forced to start from wild
populations.

A breeding station should have a control population to measure genetic
response.

CONCLUSION

The outlook for obtaining genetic progress in fish and shellfish is very
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(a) It is possible to practice a very high selection intensity in all species
discussed.

(b) There is considerable genetic variance in growth rate and age at matu-
ration for all species (Tables II and III). For mortality and meat quality
the genetic variance is much lower.

Since there are several economically important traits in each species
and since combined individual and family selection should be practiced,
selection indexes should be used to rank animals. However, looking at
Table III, there are not sufficient genetic and phenotypic parameters avail-
able to construct an index for all species. High priority should therefore
be given to estimating the necessary phenotypic and genetic parameters
to be able to construct selection indexes. The necessary parameters for
each trait are, mean, standard deviation, economic value and heritability.
Genetic and phenotypic correlations between all traits involved should be
estimated.

So far there are only a few selection programmes aimed at developing
more productive animals for the industry. It is our duty to try to initiate
and stimulate development of breeding schemes. This will be very impor-
tant in order that aquaculture may become competitive with other meat
products in the future. A selection programme will, however, cost money
but it is likely that it will give higher interest than other investments in
the industry.
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; ' Improvement of Productivity through Breeding Schemes

. ‘Gjedrem, Trygve, Institute of Aquaculture Research, The Agricultural Research
‘ Council of Monway, Box 10, N-1432 As-NLH, Norway

Abstract: The possibility to Improve productlvity In aquaculture by applying selective bresd-
! ing and hybridization Is very good. This Is due particulacly to farge genetic varfability In most
economically important traits and high fecundity in specles of [nterest. To increase efficiency,
individual selection should be combined with family sclectlon. It Is concluded that if additive
genetlc varlance is present in economically important traits, selection should be practiced, and
if non-addltive geaetlc varianee is considerable, selectlon should be combined with crossbresd-
Ing, Itis recommendsed that breeding statlons be established to carry outselection programmes.

Breeding programmes need considerable Investments and operating funds. However, they have

been shown to produce very favourable bencfit/cost relatlonships

In an appendix a recording scheme for rainbow trout and a description of how selection

is practiced are given,

Introduction

There is a long tradition to increase yield and product
quality of farm animals and plants through breeding and
selection. The rate of change has been particularly rapid
in the last 2—3 decades and today one cannot really imagine
animal husbandry and plant production without such
‘selection programs.

In' aquaculture, efficient breeding and selection pro-
grams are rarely practiced even though the tradition of fish
farming goes back thousands of years, in some regions.
There are several reasons for the lack of selective breeding,
the main one being that control of the reproduction cycle
is 2 requisite for it In fact it is one of the overall obstacles

to aquacuiture development that artificial reproduction -

has not been achieved in some farmed species, because
hatching and feeding of lariae or fry has not been possible
or-has been"difficult to perform. This has been the case, for
instance, in eel and yellowlail farming. Gjedrem (1983)
speculates. that another reason for the lack of attention
to breeding-in aquaculture could lie in the education of fish
biologists which pays little attention to quantitative genetics
and breedirlg plans. "Yet breeding and “selection programs
will ?ive aquatic animal husbandry a new dimension since
it is possible to make the animals conform to existing
envirt)nmental conditions.

The purpose of this paper is to discuss the patential
of breeding and selection in aquaculture and how to develop

such programs for fish, and the appendix describes a re-
cording scheme in rainbow trout and how selection is
practiced in this species.

Possibilities for Genetic VChange

Varying results have been reported in a large number of
selection experiments but with some plant and animal
species remarkable progress has been obtained. For example
Enfield (1974) accounted that after 85 gencrations of
selection the pupa weight of Tribolium was increased by
more than 3000 microgram or 14 phenotypic standard
deviations and 26 additive genetic standard deviations.
The base population had an average pupa weight of 2450 -

. microgram with a phenotypic standard deviation of 207

microgram and an additive genetic standard deviation of
115 microgram.

Dudley (1977) reported the progress of 76 generations
of selection for high and low oil and protein content in
corn to be more than 20 additive genetic standard devia-
tions in the high direction for both oil and protein. The
selection had not exhausted genetic variation for either
trait in ecither direction. Dudley (1977) concluded that
this experiment suggested the potential -for improvement

of random mating corn population may well be beyond
what is commonly considered possible.
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These tvo selection experiments show no sign of a
selection plateau. However, many of the reported experi-
ments have reached selection limits in 30 generations or

lass. The main reason for raaching 2 selection limit after few

generations is small population size and involvement of faw

aenes (Falconer 1981).

Gjedrem (1983) reviewed the results of selection
experiments which had baen carried out in fish and shall-
fish. In 11 experiments selection for growth rate, and in

, selection for disease resistance had been practiced. The
responses have been fairly high in all experiments exceptin
onz selecting for high growth rate in carp which had given
no rasponse. Bondary (1983) and Dunham and Smitherman
{1983) found positive response to selection for growth rate

for channel catfish~fn European oysters, selection in
sacond generation was efficient for survival but.not

the
for

growth rate (Mewkirk and Hatey 1983). Busack (1983}
found selection responses in growth rate in both sexes of ,_ ¢)

mosquitofish but only the male responded significantly.
Gjedrem (1975, 1976} discussed the possibilities

for

genetic change in salmonids on a general basis. Gains are
particularly dependent on selection differentials, genetic
variance of the traits in question and they are inversely
related to lerigth of the generation interval. He concluded
that the possibilities for a large genetic gain was good,
particularly because of the high fecundity of saimon and
trout — and for that matter of many other fishes —~ which
makes a strong selection possible. At that time very few -
estimates of heritability and genetic variance for economic
important traits were published but lately several such
estimates have been added. In Tab 1 average estimates of

i
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heritability and coefficient of variation (CV = {g,/) - 100)
are given for different traits and for several species referred

by Gjedrem (1983). The information given in Tab 1 can be
summarizad as follows.

a)

b)

d)

f)

Cocfficients of variation are very high for body weight
in all species and higher for younger than for older
animals. ) .
Heritability for body wéight of juveniles is rather low
with ‘the exception of channel catfish and oysters.
Heritability for body weight of adults is not pronounced
but it is higher than for young animals.

The high phenotypic variance of body weight of
adults together with medium size heritability means
that there is large genetic variance for this trait for the
species listed.

Mortality shows low heritability while resistance to
specific diseases shows medium to high heritability.
Meat quality traits show some genetic variation. An
exception is the dressing percentage which shows low
genatic variance.

Age at sexual maturation being an all or none trait
shows medium size heritability in rainbow trout but a
high one in Atlantic salmon.

The generation interval in fish is variable; in the most
important cultured species in the temperate zone it is
relatively long with sexual maturity only occurring in the
third year of life, or later. This will reduce the yearly
genetic gains that may be attained.

In this paper special breeding programs for inverte-

brates will not be discussed. The principles are of course
the same, but the magnitude of the genetic variance for the

\

Tab 1 Average Values for Coefficients of Variation {CV) and Heritabilities {h?) Based on Sire Component Cilculated from Figures Given in

Tah 2 (of source) for Ecanomically Important Traits (superscripts give number of estimates iavolved).

Source: Gjedrerm, 1983,
] Rainbow Athantic .. Common Chananel i Tilaola o .t p
Economically trout salmon carp catfish ? ysters rawns
Important trait 2 . 2 q 3
N A 2 Y- cv  h} CV cv  n} v b cv  n} cv b}

Body weight, 337 0a2® 78! o.08 0.15'  46' 0.42% 265 004! 0.36% 0.12°

juveniles . .

Body weighr, 227 017! 27 036) 22' 038 27} 0.9

adults

Body length, 14 0243 23! 0u4? 012" &' o006 0472

Juveniles ~ "

Body Icnglh. 2 1 2 3 2 3

adults o9t o 3 0.:u 3 0.6

Mortality/ 0.14! 0.11% 28!

fesistance

Corcass traits: . *

Meatiness 20! 044! 19! - 06t

Meat color 23!  o0.06! 16! o0.01} -
Fatt 10t 047! 0.14} 8? 0.23 :
| Oressing-% 6' o0.01! 4 o.03! 2? o.00? :
Age at maturation 0.18! 0.412

v
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economic traits in the different species are not yet \ve':!l
documented (Gjedrem 1933). Other things, such as simplic-
ity of life cycles being equal, (which they rarely are), the
advantage of invertebrates is that th?y usually have short
gzneration intervals. Based on experimentl resultf, Ne.w-
kirk (1980) concludes that one may expect genetic gains
of 10—20 percent per generation in bivalves. Some tropical
food fishes also breed every year. Tilapia is a prime example
are; its tolerance of a varlety of environmental conditions
and the relative ease with which it can be propagated have
ilready given it the name of the *“aquatic chicken” of the
future (ICLARM 1984).
In conclusion, the possibility for genetic gains from
sclection programs in aquatic animals is very high.

Breeding Goals

Definition of the breeding goal is an important prerequisite
of a selection program; all traits of economic importance
which show genetic variance, should be included in it. As
discussed by Gjedrem (1983) the breeding objectives
should be set, cooperatively by the industry and by con-
sumers. Each salected trait should be defined precisely so
that it can be measuced and/or judzad in the most accurate
way.

Some traits — growth_cate, food conversion.efficiency
and survival — are of economic importance in most produc.
tion systems and species. Growth rate is easy to record
and can be measured exactly either as body weight or as
body length. Growth rate seems to have a heritability of
moderate magnitude (Tab 1 and 1a) and a high pheno-
typic (individual) variance. Food conversion efficiency is,
however, more difficult to deal with. Under practical con-
ditions — the subjects live in water — individual measure-
ments cannot be taken on many animals. Food conversion
efficiency is also difficult to record even on a family
basis of young animals. Methods are laborious and thus
expensive as it is difficult to record food not eaten once
given; furthermore ' some of the nutrients will dissolve in
the water. ’

In farm animals relatively high genetic correlations
are found between growth rate and food_conversion, ef-
ficiency (Andersen (1977); rg = 0.95 in cattle and Vangen
(1984); r=0.93 in pigs). Kinghorn (1983) found a high
positive genetic correlation in young rainbow trout between
growth rate and gross food conversion (Growth/Food con-
sumed) ‘and a negative genetic correlation between growth
rate and net food conversion (Growth/Food consumed less
the maintenance ration). The gross foad conversion had a
low heritability (h?=0.03 £0.10) while net food con-
version had moderate heritability (h?=0.31 £ 0.11). More
information and more accurate recording systems should be
developed before it is justifiable to include food conversion
efficiency in a selection program. After all selection for

growth ratz is likely to improve food conversion efficiency
through a correlated response.

Survival rate js of great economic importance but of
rather low heritability, as shown in Tab 1. 1t is presently
recorded as number of dead or alive subjects and it is con-
founded by other factors. Recording the frequency of
survival is not a satisfactory observation because one should
also be able to measure degree of resistance to disease.
Immunological studies may create new ways of recording
degrees of resistance to disease and thus increase efficiency
in selection.

Other traits may be of different economic importance
in one market compared to another and may vary con-
siderably according to production systems. This is certainly
true for meat quality. Fish quality is usually a question of
size, meatiness, fat percentage, meat color, taste, shape of
body, dressing percentage and so on. It js difficult to find
exact definitions and make objective measurements for
some of these traits. Heritability seems to be low for them
except for fat percentage traits (Tab 1).

When producing large salmonids age ot sexual mocura-
tion is of great importance and early maturation is a dis-
advantage because food is diverted from meat to gonads.
According to the estimates presented in Tab 1, the heri-
tability for age at maturation seems to be higher for Atlan-
tic salmon than for rainbow trout.

The fecundity in fish is usually very high and need not
be improved. However, €gg size could be of importance as a
selection trait, if it is correlated with survival and early
growth rate.

Traits under selection may be geneticaily correlated
with other traits not considered. It is therefore impartant
to take records also on other traits, not necessarily of

economi¢ importance today and to study whether they
are changing or not.

Selection . f

The efficiency of selection is partly dependent on how
accurate the breeding value of individual animals are
evaluated. In genetic parlance the breeding value of an
individual is the mean value of jts progeny (Falconer
1981). Breeding value can also be defined in terms of
the sum of the average effects of the genes of an individual,.
the summation being made over the pair of alleles at each
locus and over all loci. Falconer (1981) adds that one
cannot speak of an Individual's breeding value without
specifying the population within which it is to be mated.

In order to estimate breeding values and make a
ranking list of individual animals, it is necessary to obtain
information about its praduction capacity. This requires
having a recording system throughout the whole life sp'_an
of the animals. An example of a recording system ‘for
rainbow trout is given in the appendix.

.



Selection based on individual merit oc phenotypic
selection (also called, mass selection) is the most widely
used szlection method in fish. Such individual selection
can only be used on traits possible to record on live animals
and it is not efficient for traits with low heritability. There-
fora in fish it is best applied to grawth rate and to some
extant to salection for age at maturity. For the other
econamic traits mentioned earlier other selaction methods
must be chosen.

Fumily selection is of particular interest in fish becausa
of their high fecundity; both full- and halfsibs are used.
Family selection compared with individual selection is
particularly efficient when the haritability is low. Thus it
will be efficient for survival, meat quzlity and age at matura-
tion. One of the advantages of using full- and halfsib
families in a selection program is that the generation
intacval will not be increased compared to individual
selection.

Because it is impossible to mark newly hatched larvae
or fry, each family must be re:r.d in separate tanks for
the first months of their life, befora they can be marked.
“This type of rearing will introduce some environmental or
tank effects between families. Refstie and Steine (1973)
estimated -the tank effect on body weight in Atlantic

" salinon fingerlings to be 4.5% while Aulstad et al. (1972).

estimated the tank effect in 150 and 280 days weight in
rainbow trout to be 6.2% and 4.3 95, respectively.

For most traits family selection is more efficient
than individual selection {Falconer 1981) but generally
a combination of individual and family selection will be
more efficient than using only one of them.

Testing of families requires a marking system. Gjedrem
(1983) discussed several types of marks and concluded
that at present we can choose from finclipping or cold-
and/or hotbranding as methods of marking fish in large
scale selection programs. Since thesz methods have several
disadvantages one should try hard to develop a ''nosetag
readable on live fish. Molluscs can be marked quite easily
once their shells are formed but crustaceans paose great
problems, because they moult.

Progeny testing, i.e. assessment of breeding results in
the next generation, is widely used in farm animals. [a fish
where bath sexes could have been progeny tested, it is of
much less advantage since family selection can be applicd.
Progeny testing will increase the generation interval mac-
kedly, frequeri!ly doubling it. Besides, the fact that several
fish species spawn only once or a few times in their lives
would make progeny testing difficult to practice.

Selection Indices are much used in selection schemes;
they are the most efficient method to combine mformatlon
from several traits as well as information from an individual
and its relatives (Hazel and Lush 1942). In the case of
individual selection for body weight simple indices can be
used to evaluate the breeding value of each animat and to
make ranking listsH,
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__Fronomic aspects of selection programs have been
investigated by several authors for most of the domestic
animal species. In general, investment in selection programs
gives very high returns expressed as interest on capital
spent. Full investment appraisals have recently been worked
out by Barlow (1982) and Mitcheli et al. (1982). They
covered sheep, pigs and beef cattle and showed net benefit/
cost ratios ranging from 5/1 to 50/1.

Gjedram (1983a) considered a national production of
25,000t of Atlantic saimon and a yearly genetic gain in
growth rate of 3%, which has been obtained in practice
(Gjedrem 1983). He calculated that farmers cooperatives
could invest 7.5% of the yearly production value into a
selection program and get 209% % interest on the investment.
The actual expense entailed in obtaining the genetic gain is
likely to be below 195 of the value of the fish marketed.

One or More Breeds

A breed or 2 strain is a genetically different population of
a species, and the basic question to be asked when planning
a breeding program is, whether or not there are genotype-
environment interactions? If there is no such interaction, a
selection program can concentrate on the best breed only
or combine the best breeds into one breeding population.
On the other hand, if significant genotype-environment
interaction exists, one certain breed should be kept in each
environment

Moav et al. (1975) and Wohlfart et al. {1983) found

. genotype-environment interaction in carp. Sneed (1971)

estimated considerable genotype-rearing system interaction
in catfish, and Gunnes and Gjedrem (1978) found significant
interaction for growth rate between Atlantic salmon strains
and certain sea water farms. However, the component of
variance accounted for only 1.2% to 3.7% of the total
phenotypic variance. Similar results were obtained by
Gunnes and Gjedrem (1981) for interaction between full-
sib families of rainbow trout and sea water farms. Gunnes
and Gjedrem (1978, 1981) concluded that the interaction
was so small under these conditions that it could be ignored -
when planning selection schemes. In another rearing scheme
Ayles and Baker (1983) estimated the strain-lake inter-
action for growth and survival in rainbow trout to account
for 295 to 28 % of the total phenotypic variance.

Thus it appears that one cannot draw a general con-
clusion about how many breeds should be used. That
question must be investigated for each species and each
location. It is, however, likely that genotype- environinent

lnleracnon will increase with the variability of environ-
mental condmons
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Croussoreeding

In hatarosis or hybrid vigor the offspring surpasses the
averaze of its parents for one or more traits; it is the reverse
of inbreeding depression which is obtained by mating
related animals. The two phenomena are almost universally
distributed in plants and animals and are particularly as-
sociatad with reproductiva fitness.

Using inbreeding and crossbreeding in breeding schemes
is to try to exploit non-additive genetic variance. In practical
braeding work inbreeding is only of interest when inbred
lin2s are to be used in crossbreading programs.

Gjerde and Refstia (1984) investigated the heterosis
sifect betwean crosses of five Norwegian strains of Atlantic
salmon. They did not find a significant heterosis effect for
either growth rate or survival rate. Likewise, Friars et al.
{1979) found no heterosis effect for growth rate of Atlantic
salmon fry. But in rainbow trout Gall (1975) and Ayles
and Baker (1933) reported significant heterosis for body
weight among crosses of rainbow trout strains.

Moav et al. (1976} discussing hybridization between
Chinese and European races of the common carp, con-
cludad that hybrids between the two races can be valuable
under polyculture rearing systems using feed made of
cheap agricultural byproducts. Moav et al. (1975) showed
high hybrid vigor in growth rate between races of carp
but the best cross did not exceed the best race in growth
rate. Brody etal, (1980) reported that hybrids generally
graw more rapidly than purebreeds in four 2 X 2 diallel
experiments in the Dor-70 line of common carp and Suzuki
and Yamaguchi (1980} also found pronounced heterosis
for growth rate when crossing different races of common
carp.

Chevassus (1979) reviewed the status of hybridization
between species of salmonids. He concluded that in most
cases the hybrids raised in the same environment as the
parental species show intermediary or, at best, equal growth
to that of the better of the parents. Better results have been
found for survival rate, the hybrid often being similar or
even superior to the most hardy species. Kirpichnikow
(1931) lists 18 promising species of hybrid combinations
and says that many other hybrids are also possible to
produce, particularly in salmonids and cyprinids.

The search may become very important for infertile
hybrids which'do not divert food into gonads and there-
fore have superior production traits. As unisexual off-
spring have been obtained in several interspecific crosses in
tilapia such monoseéx male cultures are recognized as the
best solution to over-population caused by the very high
fecundity of tilapia under almost any pond condition.
In addition, males also grow faster than females. Pruginin
et al. (1975) list several crosses which have given 100
percent male offspring while Hulata et al. (1983) propose

to use progeny testing to ensure gatting 100 percent male
prozzny in tilapia,
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Introduction of new genes from strange populations
inta a local strain are frequently done by crossbreeding.
This is usually a simple and very cheap way to improve
native races. However, prior to iatroduction of 1 new
bread or cross it should be tested under the existing local
conditions. Milt or fertilized eggs rather than fish shouly
be used when introdicing a new breed. This will reduce
the possibility of importing new diseases.

After these general remarks on crosshrezding it will
now be of interest to describe a crossbreeding scheme for
fish farming:

| Test of 2l possible crosses batween different straing
or species for the economic traits in question. If the
number of strains available is large, one must select
the crosses which are most likely to give valuable
results. However, it is very difficult to try to pradict
results of different crosses. 1t may be useful to try and
use strains with very different origin and also to use
strains which, in combination, have favorable traits.
1l Develop inbred lines and test the crosses under natural
conditions to find the most valuable cross for farming.
This breeding sysiem aims particularly ac utilizing
non-additive genetic variances, One of the practical
difficulties here could be to keep the inbred lines
running because of high mortality.
Start a reciprocal, recurrent selection (RRS) program.
* This is necessary in order to ensure continuous genetic
improvement. RRS will aim at utilizing both general
and specific combining abilities simultaneously.
The theoretical basis of RRS has been given by Com-
stock et al. (1949) and Dickerson {1952). Falconer
(1981) outlines the procedure as follows: “The start
is made from two populations, preferably two already
known to give some heterosis when crossed. These two
populations, whose combining ability is to be im-
proved, will be refered to as lines A and B. Crosses
are made reciprocally, a number of Add {males)
being mated to Bgq (females) and a number of Bdd
to Agq. The crossbred progeny is then measured for
the traits to be improved and the parents are judged
from the performance of their progeny. The best
parents are selected and the rest discarded, together
with all the crossbred progeny, which are used only
to test the combining ability of the parents. The
selected individuals must then be remated to members
of their own line to produce the next generation of
parents to be tested. These are crossed again as before
and the cyclé is repeated. Deliverate inbresding is
dvoided because random changes of gene frequencies
are not desired."”
According to Falconer (1981) RRS programs are
used by commercial breeders of poultry and have
given promising results in corn. However, direct com-
parison with other sefection methods has not been
encouraging. RRS can only bz used for multiple



spawners and can therefore not be applied in Pacific
salmon. It would also be very difficult o practice
in Atlantic salmon since the majority of males die
after the first spawning together with a high aumber
of females. It should work better with tilapia.

Breeding Stations

In species with high fertility in both scxes, the breeding
can be concentrated on only a few animals in each genera-
tion In poultry, for example, where the hen lays 200—-300

gs per year, only a low percentage {23 %).of the znima]’ s
ne:.ds o be mvolved in breﬂdlnz schemes and most of the

- ——,

work takes pl'—e at t breedmz stations.
. "Ta fish and shellfish where the fe'-undxty is even higher,
with thousands of eggs per female, the breeding can be con-
cantrated on less than one percent of the animals. As de-
scribed earlier in this paper, family testing and selaction
will play an important role in fish breeding, mainly because
several of the economic important traits cannot be recordad
on individuals while alive and secondly because some of the
traits have low heritability. Both these arguments make
central units or breeding stations a necessary tool in prac-
tical fish breeding.

As pointed out by Gjedrem (1983), a breeding station
should be large to allow testing of many full- and halfsib
families each year. Large efforts shoutd be made to stand-
ardize environmental conditicis in ordEr”t’o reduce errors
in esnmatmg breedmg values. The breeding station must be
able to control the whole life- -cycle of the species in ques-
tion. Testing of animals should be done under similar
environmental conditions as in the farming industry; this
will reduce the problem of genotype-environment inter-
actions. Al economically important traits should be re-
corded close to the time of marketing. |f records are taken
in younger fish, there may be low correlation between
records taken early and records taken at marketing.

Since the genetic gain is so closely related to selection
intensity, very strong selection should be practiced at both
family and individual levels. One should, however, not
allow uch increase in inbreeding because significant in-
breeding depression has been found both in survival and
growth rate in rainbow trout (Aulstad et al. 1972; Kin-
caid 19763, 1976b; Gjerde et al. 1983) and in growth rate
Jdn carp (Moav 1976). Mallet and Haley (1983), however,
reported positive effects due to inbreeding for larval survival,
but depression for spat size in oysters. '

Yet, desirable genes may be lost by practicing strong
selection. Therefore small founder populations during
selection should be avoided. These difficulties can ke
reduced using a breeding station with a large testing ca-
pacity, by systematic introduction of new g2nes and by
leumg the yearclasses overlap each other.
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In Figl the curves give the relationship betwezn
selcction diiferential, number of families selected and
numbers tested. The shape of the curves show that much
is to be gained by testing 150 families compared with 100,
because selection differentials are increased from 1.75 to
1.96. In practice capital for investments and funning costs
will usually set the upper limit for testing capacities.

The weakness of concentrating breeding work in one
or a couple of breeding stations in a region or a country
is the risk of infectious diseases which could quickly
spread to the whole industry. Therefore steps should be
taken to reduce the possibility of infections at all levels.

Conclusion

A breeding program will have two main objectives: Firsz,
to increase productivity and product quality, secondly to
develop animals which are better adapted to captivity.
When the breeding aims are exactly defined, the objectives
are to work out breeding plans which will reach the zims
in the shortest time, taking cost into consideration.

In practice there are particularly two breeding metheds
to choose from for fish, namely crossbresding and selecticn
or, of course, combinations between them. Crossbreeding
has the advantage of simplicity and often an immediate and
visible impact on animal performance (Fig2). To use
crossbreeding only as a breeding method over several
generations is, however, 2 static procedure. As illustratad
in Fig2, the advantages of using inbred lines or strain
crosses, are reached during the first generation and if no
further testing and selection is practiced there will be no
more progress. It is, however, often used, and usually with
success to change races or strains completely or to partly
upgrade existing populations. In some species unisexual
ofispring have successfully been preduced by crossbreeding.
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Reciprocal recurrent selection (RRS) aims at im-
proving ooth general and spacific combining abilities,
thus potentially taking advantage of both selection and
crossbreeding. There was considerable expectation for
RRS which was used with some positive results in poultry
and cornbreeding (Falconer 1931). However, investigations
oy Calhoon and Bohren (197+4) and McNew and Bell (1976)
who compared RRS with other meihods of selection were
not encouraging. Also RRS requires a very complex and
extansive tasting system and it will usually lengthen the
42nzration int2rval consideraoly.

More simple crossbrzeding systems have been devel-
aped and used in farm animals as well as in plants and
fish: Two to four races which combine favorably in cross-
breading, are selected on a within races basis, to improve
¢ach of them additively. Other alternatives are to develop
;pecinlized sire and dam lines for crossbreeding.

Selection schemes based on individuals can be vary
simple and cheap to practice. However, if selection should
b2* made more efficient and include traits such as meat
quality, survival and age at maturation, 2 more complex
system, including family szlection should be developed.
Because of the very high fertility of fish, it is only necas-
sary to have few breeding stations. This will reduce the
expense considerably compared with testing systems for
species with low fertility. As illustrated in Fig 2 the gain
from selection will competz favorably with that of cross-
- breeding, already after few generations of selection, but
gains will depend on the magnitudz of the heterosis effact
and the realized selection response.

As pointed out earlier it is not likely that an additive
genetic variance will be reduced in the first generations of
selection. If the number of parents is kept quite large, in
each generation, and ‘inbreeding is avoided, it is likely
that the additive variance for the quantitative traits salected
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| Gain per year,
4 Crossbreeding  Crossbreading G2neraticn inler-
inéred lines Séreins val 3 years [ |
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Fig 2 Comparison between two types of crossbreeding and selec-
tion, 1 simplified example; production in arditraey units.

will last many generations. If there are indications of
reduced variance, matters can be restored by introducing
genes from unrelated populations or by using crossings
between generations. There are several advantagss devel-
oping synthetic races where new genes are continuousiy
tested and included in the synthatic {Webb and King
1976). :

Finally, as long as additive genetic variance is present
in the traits of interest, selection should bz practiced in
any breeding program. If the component of non-additive
genetic variance is considerable, selection should be com-
bined with one or another system of crossbreedins.

As regards aquaculture in general, this brief account
makes it abundantly clear that the application of standard
applied genetic tachniques holds much promise for the
husbandry of aquatic organisms. Their use soon pays for
itself and it promises to raise the potential of aquatic
food production by a substantial margin.

Appendix

A testing and selection plan for rainbow trou: to
utilize additive genetic variance

The Production Cycle

This testing and selection scheme Is carried out 3¢ the Institute of
Aquaculture Research, Sunndalsdra unit (fresh watsr farm) and
Averdy unit (se1 water farm), Morway. The produciion cycle is
s follows: Spawning occurs In February and Mareh and duting
the flest year the fingerlings are reared In fresh water at Sunadal-
s¢r3 and reach 100-1503. In May the fngerlings are transported
to Averdy and reared for 1-1/2 years In sea water cages. In Novem-
ber the selection of brood stock rtakes place and culled fish ars
slaughtered. The averags body weight at that age is 3.5 kg, with 2
standard deviation of 1| kg7].The selected brood stock arz transported
to Sunndalsdra and kept in brackish water for the next 3 months
15 3 high propoction would die during this period if they were
retained in full sea water.

The Fresh Water Period

Usually 200 dams and 30 sires are used as parents during February
and March when full- and halfsib families are made up. Each fullsib
family is kept in 2 separate tray in the hatchery. At the eyed eyy
$tage the number of eygs is reduced to 3000 per family. The aumber
of dead eyed ezggs and larvae are recorded. There is usually a vacia-
tion in hatching data of 45 weeks.

Each family is startfed and resred in separate plastic tanks of
1 m3, Al families are kept fn the same barn. Vlater, feed, tee2imens
and 5o on is uniform In all units. Whean the fingerlings have besn cn
feed for 140 days, 2 sample of about 200 fish is weighed in bulk
3nd some groups are individually weighed to give estimatss of
viariance of weight. The number of dead fish is recorded excest
during the first 4 weeks on food.

The fish 3re marked when they reach 135-=29 4. Finclipoing
(adipose and pelvie fins) and cold branding (Refstic 3ad Aulsiad
1974) 3ce tfscd. Two hundred and fifty fish are fandomly selevisd
from esch family and marked with the same mairk. One hundred
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2nd Sty fish from eich {imily are put into 3 concrete pond and
raared these until May for later transport to Avergy. Ths last 100
fish from all families are put into a separate unit and, sold in May,
to three private farms with which special igreements have besn
made. From time of marking until transfer to the sea water farms,
the number of dead fish in each family are rezorded. .

Tha Sea Water Period

From May on, the fish are kept foc 1-1/2 years in 2=3 nylon net
cages, exch with 2 volume of 300—500 mJ, both at Averdy and in
onae cage At each of the three privite farms which received samples
of all families. During the first winter all fish ars examined for ap-
proaching maturity. These early maturing fish which are usually
males, are slaughtered, after recording family mactk and body
weight. Further records are not taken during the sea water period
except that the number of dcad fish is countsd eiach week and
sample weights are taken four times 3 year.

At the private farms marked fish are slaughtersd after 1-1/2
years and before October 1. Body weight, sex and gonad dzvelop-
ment and carcass traits such as fat percentage, flesh color and score
for meatiness are recorded on each fish which can be identified.
The data are transferred to 1 computer and family Indices are astl-
mated, based on body weight, frequencies of early maturation and
carcass Lraits, also taking halfsib information Into account. This
family ranking is the basis for selection of broodstock at Averdy.

Selection

A stepwise selection is practiced:

. Hotchery survivol. Based on survival during the eyed ¢33 and
fry stages, the 150 best families out of 200 are selected. (There are
130 one-m?2 tanks available for testing of rainbow trout families at
Sunndalsgra uale.)

W,  Growth rate of fingerlings. Qne hundred forty day weight is
adjusted for date of hatching and density in the tank at recording,
as described by Refstie (1977, 1980). Each family is ranked ac-
cording to its own average body weight and the average body
weight of halfsib groups, The best 120 families are selected, while
the other families are discarded. The marking system allows only
120 comblnations of coldbranding and finclipping.

Il Selection ot Avergy. Based on records taken at the private
farms, of body weight, frequency of early maturation and carcass
traits, Indices are calculated for ranking of families. Broodstock
are selected with males taken from the best 8—10 and females
from the best. 15—-20 families. Individual selection is practiced
within these families. Only males and females are selected with
body weights of 2 and | standard deviations tbove the average,
respectively. At this time individual weights are recorded and
sclected fish are individually marked with a metal t3g in the gill
cover.

IV. Final selection. All data are then accumulated 3nd processed.
Records are adjusted for sex and environmental factors such as date
of hatehing, cage, farm and so on. Individual indices are calculated
for all (ish selected at Averdy taking all aviilable Information
into account, prominently encompassing individul body weight
and information about full- and halfsibs. At the final selectlon
the best 30 males'and 200 females are selected.

.
There will, however, always be 3 few Tish with 2 higher index
in the second best families than in the best. It is therelfore neces-
sary to make some exceptions fram the ranking list to ensure that
2 necessary number of families 3re represented among the sclected
males and females. To avaid increase in iabreeding, full- 3nd halfsib
matings are not practiced.

.
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Footnotes

1) The selection response *for one trait over one 3eneration can
be predicted by:

G=h? (X=X} +X

where h? is heritability, X; is weight of individual fish and
X is the population average. If breeding values of fish reared
in different enviconments {j) are to be compared the index
will be 3s follows:

i = b (X; = Xi) + bj{Xj = Xj) + X

where Xj is the rearing unit average 3nd the b's are weighting
factors (see below),

When several traits (1 to n) are under selection and individusl
and family information is availadle, the index will become
more complex:

=by(X)=X}j) + ba(Xq=Xp) + b3{X3=X3) +...ba{Xq=Kp)

bj is the weighting factar for each trait and is dependent on
heritability, numbers in each family, correlation between
traits, economic value of the trait and so on. According to
Falconer (1981) It is estimated by flnding what value gives
the maximum correfation between the index and the breeding
value. X; is the phenotypic value of an individual or average
of a full- or haifsib family and Xjare averages of trait i.

2) Rainbow trout must spawn In fresh water though they grow
well In brackish or full strength sea water; sea-grown trout are
often prefecred on the market aside from the fact that it may
be cheaper to rear them in cages in the sea than in ponds or
raceways.
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Improving spawning synchrony in the Nile tilapia,
Oreochromis niloticus (1.)

D. C. LITTLE Division of Agricultural and Food Engineering, Asian Institute of
Technology, Bangkok, Thailand

D. J. MACINTOSH Institute of Aquaculture, Univeristy of Stirling, Stirling, Scotland

P. EDWARDS Division of Agricultural and Food Engineering, Asian Institute of
Technology, Bangkok, Thailand

Abstract. The development stage and number of seed {cggs and fry) removed from individual
incubating Oreochromis niloticus (L.) broodfish at 10-day interharvest intervals (1HI) was
compared with the harvest of free-swimming [ry from undisturbed fish held in a tank within the
same system. Spawning synchrony and productivity were compared for (1) total exchange of
females for ‘conditioned" females afier each harvest, (2) exchange of only spawned females,
and (3) return of females back into the spawning tank. Improved synchrony and seed
production were positively related toremoval of cggs and fry from incubating females and could
have imponant implications for broodstock management.in commercial hatcheries. Allowing
fish to remain undisturbed in clear water 1anks may lead 1o inhibition of spawning activity
related to the formation of hierarchies. Individual weight loss by females during incubation was
correlated with stage of seed harvested 2nd thus with liming of spawning during the interharvest
interval.

Introduction

~The asynchronous breeding habit of maternal mouthbrooding tilapias, Oreochromis spp.,
together with their low fecundity, are major constraints to controlled mass production of
seed/Attempts to improve natural breeding synchrony using gonadotropins were ineffective
in O. niloticus (L.) (Srisakultiew & Wee 1988). However, use of GnRHa with dopamine
antagonists has since proved successful to induce ovulation and allow stripping of eggs
(Gissis, Levavi-Sivan, Rubin-Kedem, Ofir & Yaron 1991). The economic feasibility of these
labour-intensive techniques is doubtful except for research purposes including induction of
chromosome manipulation, interspecific hybridization and genetic studies (Mair & Little
1991).

Spawning synchrony does occur in wild populations and has been related to the influence
of sunlight, temperature and rainfall (Lowe McConnell 1959), In Taiwan, cultured broodfish
tend to spawn most synchronously in spring after inhibition of breeding by low winter
temperatures (Liao & Chen 1983). Spawning synchrony and frequency of spawning has been
stimulated by using warmwater effluents in temperate climes (Behrends & Smitherman
1983)/Guerrerro & Guerrerro (1985) found that synchrony can occur if broodfish are
conditioned prior to spawning. Lovshin & Ibrahim (1988) reported that female broodfish

Correspondence: Dr D.C, Little, Division of Agricultural and Food Engincering, Asian Institute of Technology,
PO Box 2754, Bangkok, Thailand.
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exchange failed to improve seed output in hapas, but 21-day spawning and conditioning
periods exceeded the optimum period (Little, Macintosh & Edwards, in press). Some studies
suggest that early removal of seed from mouthbrooding females can improve output (Lee
1979; Verdégem & McGinty 1987), but others believe the effects of broodfish disturbance in
larger systems are detrimental (Liao & Chen 1983; Beveridge 1984), This study investigated
the effect of disturbance and female broodfish exchange on spawning synchrony in large
groups of fish. - .

Materials and methods

The 155-day study (5 March — 8 August 1986) was conducted on the campus of the Asian
Institute of Technology (AIT), near Bangkok, Thailand. Two tank systems were used,
consisting of four circular spawning tanks (diameter 4 m) and 32 conditioning tanks (of which
eight were used during the trial; diameter 1-5m), each with a water depth of 1m. The two
groups of tanks were connected to separate but similar recirculation systems supplied
continuously with water filtered through horizontal bioflters. Both tank systems were
sheltered by a 3-m-high galvanised iron roof. Residence time of water in spawning and
conditioning tanks was 7-3 and 1-3h respectively. Each spawning tank had concrete blocks
placed perpendicularly to the wall at intervals of 16cm to provide nest sites.

Treatments (one per spawning tank) were: (1) daily removal of free-swimming fry from
the edge of the tank with minimal disturbance of broodfish (NODIs); (2) replacement of all fish
back into the tank after eggs and fry (seed) harvest, i.e. no exchange (NOEXC); (3) exchange
of only spawned females (SPEXC); or exchange of all females (ALLEXC) with equal numbers
of ‘conditioned’ fish taken from tanks stocked with only females.

Broodstock (Chitralada strain) were obtained from the final harvest of a free breeding
population in a fertilized earthen pond and were 3-18 months of age and ranged from 7010
300g. Female broodfish were tagged behind and under the dorsal fin with nylon line after

"sedation using benzocaine in aerated water. Every female fish was weighed to the nearest

gram and total length measured to the nearest 0-1cm at each interharvest interval (IHI) in
treatments NOEXC, SPEXC and ALLEXC/Body weights were recorded before spawning, after
spawning (+10 days) and after conditioning (+20 days). Male broodfish were individually
weighed and measured at stocking and final harvest and were bulk weighed and counted at
every seed harvest, Undisturbed fish (NODIS) were weighed at the beginning and end of the
trial. Broodfish density and sex ratio were maintained at 8 fish/m* and 1:1 respectively, for the
duration of the experiment. Females in conditioning tanks were stocked at the same density
(50/m?) in both treatments (SPEXC and ALLEXC).

At 10-day intervals, the water level was reduced to 20-30cm in the NOEXC, SPEXC and
ALLEXC tanks to facilitate capture of broodfish. Seed were harvested from the mouths of
incubating females after carefully catching the fish in a hand-held net; fry already liberated
were taken directly from the tank. Individual clutches were held in plastic bowls to allow
staging before preservation in 4% formaldehyde (Peters 1983) in sealed glass or plastic
bottles. Stages included: (1) no development visible; (2) eyed eggs; (3) pre-hatched; (4)
hatched, yolk-sac larvae; (5) free-swimming, yolk-sac absorbed.

Replacements for females in SPEXC and ALLEXC treatments were selected randomly from
the conditioning tanks. Male and females mortalitics were replaced using fish from the same
original broodstock population maintained as single sex groups in seperate tanks. The
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undisturbed treatment tank (NODIS) was checked for free swimming fry 5-6 times daily
during daylight hours and any fry present were removed immediately.

All broodfish were fed to satiation three times daily with a floating catfish pelleted feed
(Chareon Pokaphand, Bangkok; crude protein content 30%). Feed intake, expressed as
% body weight/day, was calculated from summing the daily feed portions and mean total
weight of fish in the system.

After the 125-day trial was completed, experimental fish were restocked and management
continued for 30 days with a reduced 1HI of 5 days. Variance of individual seed production
data was greater than the mean and contained zero values, therefore data were transformed
using log (x + 1) before comparing means using a /-test to detect significant differences at the
0-05 level of probability. A Spearman rank correlation coefficient () was used to described
the relationship between seed stage and individual weight change of spawned female fish
(Fowler & Cohen 1990).

Results

Removal of seed from the mouths of incubating females every 10 days significantly improved
yields from 31 seed/kg/day (NODIS treatment) to 106 seed/kg/day (Table 1, P < 0-001).
Exchange of female fish further improved productivity by more than 50%, with exchange of
all females resulling in statistically higher yields (274 seed/kg/day) than exchange of only
spawned females (160 seed/kg/day). Reducing interharvest interval (IHI) from 10 to 5 days
appeared to improve individual productivity (seed/kg female/day), but this was only
significant (P < 0-05) when compared to the non-exchange treatment (NOEXC). There were
no significant differences in the productivity of individual females among treatments when
comparing seed productivity at 5-day intervals. By using the shorter IHI of 5 days, there was
no release of seed into the tank between harvest periods (Table 1).

The amounts of early spawned (stage 4-5) and late spawned (stage 1-2) seed collected
indicated that spawning synchrony was positively correlated to female exchange (Fig. 1).
Exchange of female broodfish stimulated early spawning. Exchange of all females was more -
effective than the exchange of spawned females only (P < 0-05). Thus, relatively few late
spawned seed were harvested from exchanged females, whilst more then 50% of seed

Table 1. Yield of seced (eggs and fry) of female broodfish under different
management regimes held in spawning tanks before and after a reduction in
interharvest interval from 10 to 5 days

Mean seed number/kg female/day

Spawning period (days)

10 5
Treatment Tank Mouth Tank Mouth
NODIS 311 - 79 -
NOEXC 233 82:6 - 2785
SPEXC 37-2 122:6 - 231-6
ALLEXC 45-8 2256 - 3217
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Figure 1. Mean numbers of carly spawned (stage 4-5) and late spawned (stage 1-2) seed harvested from individual

spawning female O. niloticus broodfish per day stocked in spawning tanks under different management regimes over
a 125-day experimental period.

harvested from females maintained continuously in the spawning tank were late spawned.
The greater numbers of free-swimming fry removed from tanks in which more females were
exchanged is also consistent with the conclusion that exchange of all females stimulated
earlier, more synchronous spawning (Table 1).

Broodstock management and the resultant difference in timing of spawning had a
significant effect on growth characteristics of broodfish; both during incubation and recovery,
and over the experiment as a whole. A negative correlation (P < 0-01) was shown between
the duration of mouthbrooding (= seed stage) and weight loss of females in all treatments
involving disturbing broodfish for seed harvest (NOEXC, r, = —0-69; SPEXC, r, = — 0-66;
ALLEXE, r; = —0-70). A positive correlation between duration of mouthbrooding and weight
gain during the period after seed removal was only shown for females exchanged as a
complete group (ALLEXE, r, = 0-37). Undisturbed fish (NODIS) fed more intensively (2:6%
body weight/day) than in disturbed treatments (1-3-1-4% body weight/day) and gained
weight faster than those in the disturbed treatments (females 1-5g/day compared with
0-6-1-2g/day, P < 0-05). Male fish grew best in NODIS treatment (3-0 g/day) and least in
NOEXC (1-9 g/day). Treatments with exchange of females were intermediate (NOEXC and

SPEXC, 2-4 g/day).
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Discussion

Removal of seed from incubating females and exchange of female. O. niloticus after a short
spawning period for conditioned (rested) females appears to enhance both individual egg and
fry yield and synchrony of spawning. Regular harvest of seed from incubating females
increased production by a factor of 3 to 40 compared to harvesting fry from an undisturbed
population. Spawning activity appeared low in the NODIS treatment but poor incubation
success and/or high levels of cannibalism may also have reduced seed yields (Snow,
Berrios-Hemandez & Ye 1983; Gregory 1987). Frequent and complete harvest of seed by
draining the spawning tanks prevented the build-up of cannibalistic, larger fry and reduced
the duration of incubation by mouthbrooding females. Early removal of eggs has frequently
been reported to reduce the interspawning interval of female tilapias (e.g. Peters 1983; Lee
1979; Rana 1986) and this may also partly explain the higher seed yields obtained in
treatments where seed was removed from the females.

Inhibition of spawning during conditioning (SPEXC, ALLEXC) appeared to encourage
females both to spawn earlier and to produce more seed per day once stocked in the spawning
tank. Conditioning for 10 days did not appear to cause the atretic deterioration in egg quality
that Peters (1983) observed in fish maintained for a period of a week after maturation.

_-Another study indicated that conditioning periods longer than 10 days reduced productivity
(Little er al., in press). Both high fish density and stocking as all female groups were probably
critical to ‘conditioning)/Other studies have shown that ovulation and oviposition do occur
in female-only groups (Silverman 1978a,b), but high densities are known to inhibit spawning
(Balarin & Haller 1982; Coche 1982).

The effect of reduced IHI points to the advantages of frequent seed harvest for hatchery
productivity. Although the trial was continued for a short time, it is unlikely that the increase
in productivity observed was simply a short-term phenomenon_-A subsequent experiment in
the same tanks indicated that seed yields of over 350 seed/kg female/day could be maintained
over 200 days if fish were conditioned for 10 days prior to a spawning period of 5 days (Little
1990)

Differences in spawning synchrony, as indicated by seed stage at harvest, explained
changes in female weight during the spawning period. Earlier, more synchronous spawning in
exchange treatments (ALLEXC, SPEXC) resulted in a longer period of oral incubation and
greater weight loss. Spawned females from the total exchange treatment (ALLEXC), which
spawned early and therefore incubated longest, subsequently showed more weight gain
during the conditioning period than females that had spawned later and incubated for a
shorter period. This trend was not shown by the other treatments, perhaps due to
competition with non-spawning fish in the spawning (NOEXC) and conditioning (SPEXC) tanks
respectively. Growth rate of males was related to breeding synchrony,/Apparently, when
breeding synchrony was pronounced (ALLEXC, SPEXC), feeding by males was less restricted
by reproductive activity and/or competition with females already mouthbrooding and thus
unable to eats The establishment of hierarchies among fish in stable communities which
inhibits reproduction has been described for Oreochromis spp. (Fishelson 1983; Tumner
1986). This phenomenon may not only be a major cause of the low spawning activity observed
in treatment NODIS, but may also explain the differential spawning intensity noted among the
disturbed treatments. Tumner (1986) suggested that stress during barvest could entirely
disrupt the structure of territories and social relationships between fish. The exchange of
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females after harvest might accentuate this effect, thereby allowing subordinate fish to breed
more frequently and synchronously.

AJUndeveloped Oreochromis eggs harvested from the female’s mouth have proved difficult
to incubate artifically (Rothbard & Pruginin 1975) and improved breeding synchrony ensures
that a high proportion of harvested seed are more developed and easier to incubate artifically!
If suitable incubation facilities are available, synchronized spawning allows a reduced IHI
and much more efficient use of the spawning area.
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ABSTRACT

} teéhniqhéffér maéS'gybchronizéd épéﬁhihg‘of Tiiépia guineeﬁsis
is described. Ey;iﬁtroduciné‘a single‘cduble.into each of a series of ~
25,O.ém3 ccncré@é'éénks;‘ﬁbé'Spéwns wefé‘bﬁtéineﬁ fﬁdﬁta total cf 179
ccuplés with 1355 % 726 fmean + SD) fry produced per spéwn. ‘Using
fish captured from the wild, 64% spgwned 1n 3.3 + 2 01 days. 4&% of
the fish that had been prevzously used and kept in pends spawned in
+ 5.75 cays. Fish produced during a one week pericd wzre of
cufficiently uniform size to aveid cannibalism wihen intrcduced

into pends.

: a ”Present address.
; rlsherle; Ingtlpute, Uyege21 P 0. Pox 1213 Vuanza 1anzan1a.

P .

1
v

\‘

sy virresTitt e et asimsrezeiecys.



T & 00 ZP CENSVETINRT

Tilapia guineensis (Bleeker, 1862) is a euryhaline species
found along the Voest Coast of Africa frém Senegzl to ﬁhgola. |
(Prilippart and Ruwet, 1982). A substratum spawner, the fish
will reproduce in ponds. However;, the ne'wly hatched fry weigh
only aboat 2mg (Legendre, 1983) and easily fall prey to ‘other

species, particularly Sarotherodon melanother'o'x fry (FAO, 1969-,

Dadzie, 1981). A..;,horlgh not readlly apparent in pond sysb=ms,
carnibalism by both larger fr'y and adults of‘.z. ,g,gmeens:.s is also
a rrobler, particularly at the yolk sac stage .(Cémpbell unpubl.).
Survival in spawning ponds is ver'y poor, and pr'oductlon of 3uve'111es
has bssn & problem whzn attemptlng to a.ltur‘e the sp=c1es in the
Niger River Delta. |

i simple means of producing?jehcmgh seed fish for S‘docking is
necessary for agquaculiure davelopnent. This paper presents the
~aenits chtzined from an attempt to pr-c»duce T. gaineensis fry in
iaro nunbers and th2 behavioural di ffe**ences observed between

i34 20d used broodfizh in the degree of synchronization of cpaimirg.

ALS AKRD METHODS

The work vas from September 1985 to April 1986 at the Bugimz
specleish water fish fzrm located in the Niger River Delta, .
25 ceparzte concrete tanks measuring 65 X 90 X 70em or 0.4113 vere
used to spawn the fish.: ' Each® tank was ‘filled to 50cm. depth giving
sheat 3001 volume of water. The vater was Filtered and ‘pumped from
ticz1 ponds. Salinity'ias’ 17 < 20 ppt and water temperatire

_9—_’°C during ths px.l"lC‘d of the e> oor_monus After filling,

gri.culuu“l lime (Ca'CO")' was spr:mkled in the tanks fg‘;iﬁ};ééipitabz

m

f
spended: matter allox'mg clear' observation of the tank bo;.tom
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“hes the tenks were filled there was no further vater circulation or
cxcl nnge.

i sgawning cycle or test begzn by draining and cleaning all
the tanks and filling them with new brackish water. in each test
£y - 50 ssxuzlly mature fish with a standard length ranginé from
S - 16cm {15 - 2203) wzre visually sexed and a vmale and female of
ihe came size were i'nt*'oduced into each tank. Fish were chosen
and raireé with no attempt made to ascertain thelr' readiness to
srawn. Ezch spawning cycle 1asted 2-3 weeks and the fj.sh were
aot fed throughout the ecpﬂrlment. The tanks were monitored at least
3 times daily for the presence of fertilized.eggs. As soon as the
ecgn were found; the male fish was removed to avoid cannibalism.
The fzmale wes left to guard and ventilate the eggs. The fry were

.91 actad and transferred to a nursery pond when the yolk sack was
shscerozl,

orocdfish were initially captured by seining f‘_i,s'n frcm unused
=idnl porkis and were referred to as mdld" brocdfish. After canp-
1et-on of a cvcle, 2ll fish used in the test were placed in a 200
o :}()’3.12 earthen cond with a density of 0.2 - 0.5 f3 sh/m . The
ronis wmre indtially 1m=d (CaCO ) at a rate of 10kg/are and fer"cl-
liz:d with inorganic fertilizer (N:P:X 15: 15:15) at an initial rate

-ng/":r't.. Bl-,ncnthly fertlhmt.lo'x at a rate of‘ 2.5«xg/are

{
con=inued as lor\g zs Lhe f.\.Sh were m the pcnds, and dm.ed brewer's
vaste Wais g).v='1 as a c1.uaplm1entaur'y f‘eed In further spawnmg cycles,

i
theze fish were r\-,fex*u.d to as "used" broodfish.

In =ach cyc:]e., ...cme mor'tallﬁy of‘ the br-oodflsn occur'r‘ed

.L

usuzlly due to poor handhng when stockmg, but on sare occas:.ons
fish would jump fream th° tanks, be kllled _._n ﬁghtlng, or remove the

drain plug from the tank when attemptmg to build a nest.
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T:wese fish ware not x*eplaced during that particular test, nor taken
into account for further calculations.

The time f1rom stc;cking to 'spawning was recorded. In each
cycle, the percentage of couples spawning was détermined from the
nruber of ccuples widch spawned or remained at the end of the cycle,
z1d mortality was ﬁct considered. Used and wild breodfisn were
coupzred for days to spawning and perceméage spawning using
Students' ¢ test. To study the relationship tetween the standard
length of the female and the number of fry produced, the result of

=5 indivicual spawns were counted and the female measured.
FZSULTS

Mine spawning cycles were completed producing over 120,000 fry.
;. toizl of 102 spzwns were reccrded, vi.th a mean numbzr of 1255 + 126

v par spawa.  In znzlysing the results, a difference becam2

apparant in spawiing behavior and degres of synchronization betveer

3

ctock-s of wild and used broodfish. These dif Terences are presented

spavming T. guineensis.

? Wild Used Totals
Total numder off couplés 7 '96 | 83 179
Total spawning . ol B2 : 40 102
4aan days to spawring ©3.3+2.01  8.8+5.75
umber of trials L 5 4 9
Percent of ceuples | i B A ‘
spawning per teial 'y i i o : .

- meani: - 6% ! S %

-~ minimam.. . 50.%, - 35 %

- maximm = | . 88'% . 60%
CRE LD |
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The 3.3 mean days to,spawning of the wild fish is significantly
dilferent (£¢0.05) from the value of 8.8 days from the used broodfish
Of 211 the wild brooafish introduced into the tanks; 44% spavmed
vithin 3 days,-and 62% within the first week. In cne instance, the
fish spawned only 3 hours after stocking, in another 10 hours.

The spawningrate of the wild fish (64%) was not significantly
different (FC0.05 vf‘rcm the value of the used fish (48%). idoreovar, |
with the uscd Tish, the spawning was mcre protracted and erratic
{Fig. 1).

Tre number of fry produced per female varied supstantially

(Table II) alihoagzh 211 brocds counted originated fram vild females.

3tzndard lengeh of female number of fry prcduced.

Stzndard Minimam Maximun Mean Standard jamier
length e mmosr number numter deviaticn cozervailions
8- ¢ 2C 1633 7C7 515 5
g - 10 531 2301 1145 526 _ 10
10 - 11 1273 2051 1562 359 L
11 - 12 55) 2342 1380 894 4
12 - 13 537 - 1904 1160 592 A
13 - 14 1451 2714 2232 © 549 4
3

14 - 15 927 3116 1919 1103

Pegressw.cn analySJ.S g_wes Y =219.9 X - 1019 5 (r‘ = 0.635)
wl’e.rv X is the s»andard 1ength and Y tt}e number' of‘ fr'y pr‘muced In
t-=rm o the number Q_f‘ mber' of‘ fr-y pr'oducad and the lowest mortzlity,
fish of‘ 10 - 12 cm standard length @.ve the best results although this
also have bzen a. ﬂ.mctlcn of «,hg, tank size as ths 1arg,er fish were

certzinly more stressed-in the small area.
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n 2uca sgawmng cycle, 10,000 - 35,000 fry were produced.
Thoze spawning in the first wéek, as was the case of.almdst.all of the
spawning {isa frem the wilc}, pro;iuceq fish of a.r'elativel'y: uniform
size ¢hat could be introduced into a% single pend with fo f‘;a}' of
camibalisa. Ct b a """?'

AR R R S

DISCUSSICN o Eee o

The method pvoved to be 2 v1ab1e means of‘ produc:mg large
numters of T. gumeensm f‘z:y. Using mly w:.ld broodﬁ.sh ww"d be .
reccrzended 2s the tiime bo'épawmng and the degr‘ee o‘f‘ spawm.ng
synchircnizaticn is su;n_f:.cantly ber,ter' than that. of. thn used brocdfish.

/'?he difference may be due to the cendition of the fish.
Fercilization and vsugplementél fegdjng with only dr-iéd brevers vaste
szea probably not cufficient to maintain 21l the fish in good
;)i*;ysical condition.

Wzt is more difficult to explain is the degree of synchrcni-
=zfion obdtzinsxd, lz-articularlyv from the wild fish. In substratum
sozwners, pair formation, courtship, nest building, and spawning
ara time consumang and spavming frequency can vary from 24 - 84 days
(Fryar and 1les, ‘:972) E\mthermore,' the'fish were stressed during
hzndling and .;uf’l:er'ed a canplete cl*nnge of environment.. Individuals

. longer' when 15cm :;tandard 1en§;th vould usually die or jump cut of
the tanks. ‘ . |

"fith s:n.LJ fi;h, the 'fgct j:ﬁat 44%. of the wild fish spavned

d'.lring'the first 3 days ) aé*xd m some' cases in as little as 3 or

10 hcui:'é, is remarable. It could be eitl;ér that the tank environ-

ment stimulztes the fish or removes an inhibitory factor present in

the wild. The change in substrate, water quality, the absence of

predstors, or forced association may be the stimulus. Alternatively

<he stress on the fish during capture and handling might have



stiaadaled the releass of raproductive hormenzs. It was not

psuikle to deboermaine the stimuwli involved.

Thz cencrate tfa:-ks used on the farﬁ x-:-ére previcusly built
for other purposes, and were not necessarily thg ideal size or
contlipuraticon. It is quite pc$§ibfe t}?ét better resuli:g would
hzva been obtained by using 1argér' tanlfs A;élﬁati*iely ver:'y
sl ponds would perhaps be us%l. : \'IhAt is ilmpor'tént is that
thts provad to bz a 1"2liable tecimique for pr‘ﬁdug:ing large mumbars
of uniform size fry i‘o.r':stock:;mg. , | - |
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Predicted Response to Selection for Early Growth in LRIy

: - Tilapia nilotica o
Doucras Tave! anp R, O. SmiTiterMAN i
Department of Fisheries and Allicd Aquacultures | i ’
Alubuina Agricultwral Experiment Station L
Auburn Univensity, Aubvrn, Alabama 36330 } . b

. Abstract » i

Heritability estimates and genetic and phenotypic corvelations were determined for length |

and weight at 45 and 90 days in the Auburn strain of Tilapia nilvtica. Heritability estinates were
determined by hall-sib analysis from an experiment that contained 16 paternal half-sily families
or 32 full-sil Camilies, that is, two (ullsib Gamilies nested in each of 16 patesnal hall-sib Lunilies.
Average length aned weight were 63 mm and 4.9 K a5 days, and 99 mo and 18.6 g at 90 days.
Sire heritability estimates ranged From 0.04 to 0.10, and dam heritabifity estimates rnged from
- =002 1 054, Dam heritability Tor lengih w15 days was the ooly heritability estimase that was .
*signilicantly differem from zero (I* = 005). Al 45 shays, environmental and dominance genetic
vrknee were the major contributors 1o phenntypic variance, while w90 days environmentad
variance siccounted Tor viroally all of the phenotypic variance, Genetic aad phenatypic corre.
Lations between lengil and weight w45 and 90 dhays ranged from 0.94 to 112, Predicied gains
_from miass selection were small because of tow heritabilities and simall standard deviations. Low
genetic varintion may have heen cansed by deastic reductions iy the cilective breeding number
 during cranaler of the lish stocks Trom ahe Ivary Coast to Brazil and from Benzil to Auburn,

Problems caused by veduction-of genetic variance as a result of reductions in elfective breeding

number e discussed.

M breeding work with tilapia has been di-
ied towards the production of monoscx
Pulations in order to prevent reproduction
md consequent stunting of growth that occurs
»aresult of their ‘early sexual matrity and
beh fertility. If selection for early growth s
knible, it 1y be possible to improve growth
wilactilapia reach ‘marketable size before be- -
woiing sexually mature and thus eliminate the
xed for inonosex culture, '

Bclore embarking on a selective brecding
pougram it is possible to predict its practicality
b etimating the heritability for the trait th
ullbe selected. The heritability of a metric trait
enc that cin be measured) is one ol its most
npatant properties. 1t expresses the portion
4 phenotypic variance that is anributable o
WHitive genetic variance. Additive genctic vari-
meis the variance of breeding values and is
$e most important component of phenotypic
wince because it is the chief geuetic deter-

——

‘Present address: National Marine Fisheries Ser-
2 Galveston Labovatory, 41700 Avenue U, Galves-
va. Texas 77350, Reprints shoukd be requsted from
Lolury University. :

.

minant of the response to selection
1960).

In tropical fishponds, Tilapia nifotica matures
between 4 and 6 months of age (Ruwet et al.
1976). To predict the efficiency of selection for
carly growth, heritability estimates for length
and weight prior to 4 months of age are need-

(Falconer
M

ed.

This project represcnts the first quantitative
genetic analysis of any Tilapia species to deter-
mine il growth rate can be improved by selec-
tive breeding. The objectives of this study were
(1) to estimate heritability for length and weight
at 4% and 90 days in 7. nilotica; (2) 1o estimate
genetic and phenotypic corrclations between
these traits: and (3) to predict possible gains
from mass sclection programs.

. Methods

Heritability estimales and standard errors
were determined from intraclass correlations of
paternal half-sib fumilies as described by Beck-
er (1975). In this procedure, phenotypic vari-
ance is partitioned into its genctic and environ-
mental variance compouents by analyzing data
gathered from a series of full-sib families (lull-

. . 439
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Ficure VL. —Schematic diugram of one paternal half-sib
: Sumily (half-sib fumily A) or two full-sib fawmilies (full-sik
Samilies 41 and 42) wwed to determine hevitubility esti-
mates and genetic corrvelutions, Sixteen such half-sib fun-
ilies or 32 full-sib families weve wused in the experiment
with “Tilapia nilotica.

sibs share two parents in common) that are
nested within a series of hall=sib Gunilies (ball-
sibs shitre one parent in commop).

The experimental design used in this exper-
iment was a nested, completely rindomized de-
sign which contained 100 oflspring per pool
(40 of which were measured), two pools (rep-
licates) per din, two dams per sire and 16 sires
(Fig. 1).

Estimates of variance components were ob-
tained from the statistical model

Ve = + 8 + Du + E + Wipg,
where:

Yy is. the observed phenotype of the [th
oﬂ'aprmg in the Ath pool from lhe Jth
dam mated to the ith sire;

u is the population mean;

S,is the random effect of the ith sire;
this effect is assumed to be normally
distributed with a mean of 0 and vari-
ance a,* [N(O, o)};

Dy is the random eflect of the jth dam
mated to the ith sire; [N(0, o)) ’

within the ijth family; [N(0, o,%)]:
Wy is the environmental and genelic devia-
tion of the individual fish from the pool
mean; [N(0, o..9)). .
Variance components used to calculate her-
itability estimates were determined by analysis

N L"-" " BT ,\l

TAVE AND SMITHERMAN

*Hength and weight at 45 and at 90 days, and ile

 Ep is the random effect of the kth pool.

r—“u..-»-u' SRR x':l 4]

of variance (Table 1). Each sire group was,
hall-sih family, so o, was the covariance of hal-
sibs; each dimn contributed a full-sib fawily, »
o2 was the coviriance of Tull-sibs less the w
aiviance of hall=sibs; the covironmental v
ance component and the remaining gena
ariance components are found in o2 The g
netic and environmental composition of van
ance are deseribed in Becker (1975). All con
ponents of phenotypic variance could nof L
estimated withip the scope ol the experimen
so it was assumed that epistuic variance and
maternal variance were zero. Once those »
sumptions were made, then

ot =WV,
ot =YV, + Uy |
ot =BV, + %y + Ve

where V, is the addititive genetic varianc.
V, is the dominance genetic variance and I,
is the environmental variance components d
phenotypic variance (V,.); Vi, Vi, and Viwa
determined by simultinceous solulion of
mein squares.

Sire heritability estimates (4,?) and da
heritubility estimates (h,) were determined |
as follows: :

[

1 4u,? .
I" == 1 F] [N
ocltoyt tott o
h,! = 4(7'1’ M
[l

0’,"' + U’u". + 0’,’ + Ur,'

where o2, 0,8, @2, and @2 are now cstimite
Sire estimates of heritability contained only I,
and were accurate estimates (4,3 = 1,V,) 05
contained boh P, and ¥y, and were an ind
cation of the upper limit of heritability, 4,
(Va + VoV

When two or more traits are measured s
multancously, correlations between the i
can be determined by analysis of covarimce o
described b) Becker (1975). Genetic conels
tions and phenotypic correlations betwee

standard errors for genetic correlations wae
caleulated. Fish were not nulmdu'llly ideni
fied, so it was not possible to pair lengths ad
weights between the 45- and the 90-day sue-
ples.

Spuuming

“To produce the paternal half-sib fmilic,
series of 80 breeding scts, each consisting o

Ay

.-. ,." [’
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tun, V.—dAnalysis of variance that was wsed to detesmine vaviance components of heritability estimates for Tilapia
.

nilmica.
Svurce ir Expectatinn of mean squarcs
Total (V) N-=1
Sires (S, 1) s~-1 a,t + 10q,t + Bla.’ + 160g,?
Dans (1), d¥Sires . sMqn-0 ot + 400, + B0}
Fouls (P, ) ' me - n o' + 40o,}
Within (ol fspring) Qav, w) rag-1 U

wemale and three females that were randomly
* bacn, were established. Each brecding set was
wigned to a circular plastic pool, 3.05 m in
tumeter, on July 23, 1978, Females in all pools
wie checked daily for spawning activity. Fe-
ades incubating cggs or fry cuuld be easily de-
" mied because they become tervitorial and their
waths become mekmic. As svon as a feale
dleased her [ry they were removed by seine
od dip net (7 meshesfem). The territorial na-
,te of the brooding Temale and the habit of
1ol released fry of remaining in close prox-
sty to the mother allowed the collection of
wmh family with no mixing. Each Eamily was
sentransferred o one of 10 nursery pools and
fned in separate cges (7 meshes/em) Lo main-
s its integrity.
one ol the major gaals of the experiment was
upioduce the Fnilies within a short period
wanse initial size advantages are important
=4 are maintained (Wohlfarth and Moay
w2 Hulma et al. 1976). This was accom-
fhied when 89 familics were collected during
n Bduy period, July 30-August 6. Sixteen
wernal hall=sib families or 32 Tull-sib Tumilics
wie randomly chosen for the experiment.

Stocking

The spawning pools were drained and re-
el 10 2 depth of 71 em; eacli pool containerl
1300 liters of water, Ou August 14, cach pool
us fentiliced with 44 kg/hectare of 20-20-5 fer-
der and 55 kp/hectare ol Auburn Number 3
W ration (445 protein) ground to a meal, On
wgust 17, the 32 families were stocked with
xh family Leing randomly assigned to two
puls. One hundved fry from each family were
exked in each of the two replicates. The av-
age length of the fry at stocking was 14 mm.

Feeding
Tilapia were fed ground Auburn Number 3
wion thioughout the experiment. While in the

cages, the fry were fed the fine meal three times
daily; after stocking, the fish were led twice dai-
ly. A fine meal was used so that food particle
size could not become a source of environmen-
tally induced length variance as has heen shown
in curp (Wobllarth 1977). Feeding rates were
gradually increased [rom 6.7 kg/hcaare-day on
August 17 10 47.5 kg/hectare-day on October
6. ‘o prevent pussible oxygen depletion in
pouls, the daily ration was not increased after
Octuber G.

Sampling

Forty randomly chosen fish frowm each rep-
licate of each Eamily were measured to the near-
st millimeter and weighed to the nearest 0.1
g 15 and 90 days alier their eollection.”The fish
used in the 45-day smnple were treated with
scrifllavin to lielp prevent discase problems aris-
ing fromn possible stress and were restocked.

Temperature

On Ouioher 4, all pools were covered with
0.15-mm clear polyethylene in order 1o main-
Lin warm water temperatures despite drop-
ping air temperatures due 10 seasonal changes.
Daily maximum and minimuin water temper-
atures were taken at a depth of 23 cm from
August 24 until the experiment was terminat-
ed. Average maximum and minitnum water
wemperatures during the experiment were 27

and 22 C, respectively.

TanrE 2.—Mean, standard deviation, and cvefficient of

vaviation (CV = 100-SDhnean) for length at stocking
and for length and weight at 43 and 90 days for Tilapia
nilotica. :

Mean s (A
Siucking length (mm) 4 ¢ "
A5-day leagth Gwmd 61 5 8
Adclay weight (1) 49 13 . ¥6.5
Htkday length () v 8 R
an-day weight () 18.6 a.l 274
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TAbLE 3.—dnalysis of variance and the devived variance components for length and weight at 45 and 90 days in Thi

nilutica.
Variance comprncats
. A5-clay . BO-day

Source ar Lemgth Weiglu Length Weight

Sire . 15 .58V nee? 1.2530 (%1}
D 16 4.791 0473 ~0.347 Vi
ool : EY 1.7 361 1.497 1.833
2.0 2,74 [N 70.501 ©ubsal

Within (aflspiing)

Results and Discussion

The fish grew [rom an average size of 14 mm
at stocking to 63 inm and 4.9 g a5 days, and
99 men andd 186 g at Y0 days (Table 2), Survival
rites were Y5% or greater in 81% ol the pools,
and 919 or greater in 94% of the pools. Only
four pools had survival rates Jess than 1%, the
lowest being 72%..

Herimlfiﬁly Estimates

Variance componeénts that were used o cal-
culate herit: \lnlu) are presented in ‘Fable 3, and
heritability estimates are present in ‘Table .
The only heritability estimate that was signili-
cantly different (P = 0.05) from zero was byt
for length at 45 days. The h,? showed
marked, although not significant, decrease bhes

tween 45 and Y0 days. A1 45 d:lys environmen-

tal and dominance genetic variance were the
greatest contvibutors o phenotypic variance,
while at 90 days the enviroumenal variance
component accounted for virually all ol the
phenotypic vaviance (l.ll)h. 5). A possible ex-
pl.m.umn for this change is ghat the fish were
growing rapidly and undergoing vapid phys-
iological changes during this peviod, and dil-
ferent genes were operating at the two ages;
thus the t.lnngv.s in Vg Vy, Iy, and lu,ril:ll)ility
The negative h,? for lenglh at 90 days is a hi-

ological impossibility. 1t is the result of sam-

Tante 4.—Sire (h,2) amd dm (W) heritability nlmmm
= SE fur length and weight of "[ilapia nilotich af 43°
and 90 days.

&t he
151 = 023
0I5 =009

=002 = 0.07
i = 0.08

0ie = 01y
0 = 0.0

0.06 = Q.06
0.04 = 0.06

A3y lengih
43-clay weight
9t-ctay length
90-elay weight

pling or statistical ervor. "The negative il
suggests it true heritability is low (Gill s
Juensen 196G8),

The Jow heritability estimates discoveral fi
T, nilutica in this study are in agreement sg
those Tound lor length, weight, or growhs
carp (Cyprinus carpio: Moav and Wohlag

1968, 1976; Kirp:cthov 197 1), rainbow thu
(Satmo gairdneriz Aulstad e al. 1972; Mifllore
al. 1979), and Auantic salmon (Sulmu salar: fa
man 1972; Relstie and Steine 1978).

Large heritability estimates lor length, weie
or growth have been veported for At
salmon (Gunnes and Gjedrem 1978), chame
cutlish (fetadurus puncatus: Reagan et al, 193
and rainbow rout (von Limbach 1970; Auhut
et al. 1972). Sire heritabitities Tor lengil ad
weight in Ataniic salinon are large (0.31-0%
and ave significanly difTerent from zero. tae
ever, the standard ervors associnted with de
heritiliility estimates for channel catfish
rainbow trout reander them not significantlydd
ferent [rom zero. Additivnally, the heritabio
estimites fur lenygth and weight for channeles.
fish are probably avilicially intlated beaee
there was assortative mating, and the fanin
with larger fish were led more than those it
smaller fish,

Call (1975), Chevassus (1976), and Gall :nl
Gruss (19784, 1978Db) reported modercly lu;l ;

" heritability estimates (0.2-0.3) with small wa *

dard errors for body size and weight of rainluw :
trout. However, the heritubility estimates wor
determined by corvelations of full-sibs (k'

1, 4 Val/utVp), and this is an inllated estinae ;
of vue heritability (21 = V., V). !
]
:

Correlutions

Genetic and phenotypic correlations wae”
caleututed and are shown in "Uable 6, Large po
itive correlutions were expected, and the fid

e amee. oo



Tt Se—deldlitive (V 1), dominance (V. and environ-
neatal (V) venniunces expressed as a pereent of the total
rarinnce fur length and weight at 45 and 90 days in
filapia nilotica.

HERITABILITY OF EARLY TILAPIA GROWTH

43

Taver G.—Sive (,) and dam (v4) estimales of genetic cor-

relations and phenotypie (€,) eovrclations between length -

and weight at 45 awl at 90 duys, and the stawdard ervor
for genctic correlations in “Tilapia nilotica.

1% Fa Fe
(3] [543 I %)
T — 1) 17 a2
libay weighn E) 13 62
widay length ? o 93
ndsy weight 4 ] 1 95

i was assnsed to he zero for case in calenbation:
<.

.

s are consistent with those found flor length
ol weight in channel culish (Reagan ct al.
19§6) and Athtic salmon (Gunnes and Gjed-
wm 1978; Relstic and Sicine 1978). These re-
why indicate that (1) selection Tor one trait will
o improve the other; (2) weight can be ace
wntcly estimated by measuring total length.

Responses to Selection

Response to individual sclection {mass sclec-
um) can be predicied using the following lor-
aula (Falconer 1960):

R =ioch%

§ hese R is the response per generation of se-
® hiian, i is the sclection intensity, o, is the stan-
X lid deviation of the it under selection, and

#ishe heritability of the trait under sclection,
{ Aibough heritability estimines for T. nilotica

4 qonses to selection were larger (Tauble 7). "This
4 slccause the standard deviations were larger
Y 110 days. In cither case, the predicted re-
4 pimes to sclection were sall. ‘The small her-
8 ddiics coupled with small phenotypic vari-
R res indicate that there is little genotypic
¥ Liance in the Auburn strain of T nilotica, thus
§ ting progress through mass selection difli-
ol

4 Trdirect sclection is used when dircet sclec-
‘B saisdilficult because the desired trait has low
4 titbility or is dillicult o mcasure, Weight is
f pacimportant than fength in marketable lish,
4 1 direct selection for weight s difficult he-

lige positive genetic correlitions between
B trpib and weight indicate that indirect sclec-
N 5a for weight by divect selection on length
wild be possible, but low heritabilitics angd

d vie smaller at Y0 days, the predicted re-

e itis hard 1o obtain accurate weights. “The’

“of improved di

Dy v, e [
45 108 = L 048 = 061 0.4
. 80 1122161 .* - 1.0%

s a1 <0 sar, could nu be calculatedd.

-

small variances make it doubtful that indirect
selection for weight would be of any practical
use for this strain of T. nilotica.

An explanation for the lack of genetic vari-
ation in the Auburn steain of T. nilutica is the
history of the fish. The 7% nifotica at Auburn
came from The Cenvro de Pesquisas fctiologi-
cas, Pentecoste, Cearit, Brazil, in 1974, Aue
burn's loundation stock was between 100 and
200 small juveniles that were scined from a sin-
gle pond that contained an estimated 5 w 10
pairs of brooders. The foundation stock for the
fish sttion at Pentecoste was 50 to 100 fish
which had come from the Station de Recher-
ches Piscicoles, Bounke, Ivory Coast, in 1971}
(l.. L. Luvshin, Auburn University, personal
communication). ‘The Auburn strain of T. ni-
lotica has thus undergone at least two reduc-
tions in effective breeding number, and it is
very likely that these inadequaie sample sizes
have reduced the genetic variance in the pop-
ulation. The variance data show that even
though Auburn maintains around 150 to 200
randomly mating pairs, there is litle genetic
variance in the Auburn strain of T. nilotica.

Shiould it be necessary, the genetic variation

of the Aubum strtin of T nilatica could be re-
established by outbreeding the fish to wild AF-
rican strains o fish [rom other fish stations. To
maximize genctic variation, these fish should be
allowed to mite at random for several genera-
tions 1o break up any linkage groups that may
exist. - .

The problem of a narrow _g_ggg_tjc base is one
that should Be given consideration in aquacul-

(ure because the unintentional restriction of a

gene pool can lead to serious problems. Kincaid

(1976) has shown that certain levels of inbreed-

ing con adversely. affectsunvi aland.weightof

rainbow trout. To date, lish culiurists have giv-
To date, Tish M= =

en most of theif agtention_ o the development

, proper stocking densities, et

s =

o — s ¢

-

v —
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‘Canst 7.—Predicted responses to theee levels of mass see
Iection Jor une genniation for Leugth (mm) awd weight
{x) in Tikapizs nilotica.

Iredicied respunse for nie jenesation

“length  Weight  Length  Weight

tevel of BT L] a i3 at i ut Y
selection days ’ tlays days cdays
1“4 14 u.2 1.5 n.s
2%%* 1.2 0.4 [ 04
105 0.9 0.1 1.0 0.3

s Carrespowls to sclecting 3 ow of 100 fish.
* Cursespamls 10 selecting 5 owt uf 200 fish.
¢ Cacresponds 1o sclecting 10 ot of 10U fish.

cetera, but yields can noj be optimized il ge-
netically inferior fish ave usetl. An additional
problem is that the envjronmental improve-
ments and manipulations that are developed
for a population with a narrow genetic base
may only be effective for such a1 gene pool and
may not he applicable to other populations. It
is imperitive that proper care he taken to avoid
the unintentional restriction of gene puols aned
unintentional inbreeding in fish stocks. 1 this
is not done, much of the elfort directed towards
envivonmental improvements in aquaculture
may be wasted.
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- Efficiency indicators in intensive Orcochromis seed production systems

David C. Little

Division of Agricultural and
Food Engineering,
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Bangkok 10501,
Thailaod

Abstract:

The seed of Oreochromis niloticus can be
produced using a variety of methods which are
variably intensive with respect to the use of
broodfish, concentrate  feeds, land,and water.
Criteria are defined for various measures of
efficiency allowing comparison between sysiems
under different economic conditious. In additioa to
the normal productivity measures (e.g. seed/kg
female/month and seed/m*/day) seed output/unit
concentrate feed and seed output/unit water used are
compared. System net yields are conlrasted in which
the output of marketable seed, recruits and growth of
broodfish is compared. Earthen ponds produced first
feeding fry in numbers 2-100 times more than
clearwater tanks and 1-5 times more than hapas-in-
ponds in terms of amount of concentrate feed given.
Harvested first feeding fry suitable for hormonal sex
reversal represented only between 1.7 and 11.6% of
total system net yield the remainder of production
consisting of fry too large for sex reversal, recruits
and pet weight gain of broodfish (depending oa
system).

Key-words:  Efficiency indicator, Tank, Hapas,
Earthen Pond, Coacentrale Feed.

Introduction:

Oreochromis __are unusual _among __the
important cultured fish species for their ease of seed
production and yet, paradoxically, for the difficulties
that batcheries face in the synchronous production of

. large quantities of seed. This is particularly important
when first feeding fry are required for hormonal sex

reversal, since large numbers are required to make

the process economically viable. Techniques such as
Tequent egg harvest from incubating females are

known to improve individual female productivily

Paper presented at the Asian Fis

(Lee, 1979; Verdegem and McGinty, 1987) and
exchange of broodfish to improve synchrony of
breeding (Little, Macintosh and Edwards, 1993).
Commercial hatcheries have begun to adopt these
techniques in Thailand. Open pond spawning and
collection of first feeding fry as described by Liao
and Chen (1983) and Rothbard et al (1983) are still
commonly used to mass produce fry suitable for
hormonal sex reversal. The adoption of more
intensive systems will have consequences for the use
of land, labour, water ,broodfish and feeds. The
relationship of inputs to outputs of three types of seed
production system iocluding removal of first-feeding
fry from the perimeter of open earthen ponds, and
harvest of seed from mouthbrooding females spawned
in hapa-in-ponds and tanks supplied with filtered,
recirculated water respectively are compared in the
current paper with a view to establishing suitable
efficiency parameters.

Methods
Description of systems:
Main features (see Figure 1);

The experimental facilities were based on the
campus of the Asian Institute of Technology. All
broodfish were obtained from the same stock
(Oreochromis niloticus, Chitralada strain), previously
raised in fertilised earthen ponds and used in
experimental units at a sex ratio of 1:1. The quanitiy
of harvested seed of all types was estimated by
counting and weighing sub-samples of 100 seed and
then bulk weighing the total batch to two decimal
places. .
.- The earthen ponds (area 1740 m°) used were
made by excavation of a clay soil of the Rangsit
series; these soils are characterised by their low
permeability. Ponds were filled and maintained to a
depth of 1 metre with irrigation water and fertilised
using septage at 150 kg COD/ha/day. First feeding
fry were removed from the shallow perimeter of
ponds by dip-net 3-6 times daily for durations of
between 105-116 days.

All seed were removed from incubating
females held in hapas and taoks as individual clutches
every 5 days and combined on the basis of stage of
development (except for one experimental treatment
in which free-swimming fry were removed from the
perimeter of the tank): Seed was staged at harvest

heries i-'orurn, November 1992, Singapore.
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seed barvested from hapas or tanks approximately
doubles water requirements bhowever, Irrigation
quality water was used in open ponds whereas deep
groundwater was the original source of water in the
recirculated systems (tank breeding and incubation)~

_Differences in_broodfish productivity were
related (o the intensity of management. Broodfish
condition can be maintatned and_breeding synchrony
eahanced in tank and bapa systems when_fish are
bandled, and seed harvested, frequently (Little et al,
1993). The complete harvest of seed in such systems
is also important in the reduction of canmibalism
relitéd fosses.” Productivity i anks_ in which free-
swimming fry were removed daily (rather lam by
harvést “of eggs and yolk-sac fry direct from the
mouth) was very low (360/kg female/monlh/ Table
2).

Highly skewed sex ratios improved the
output. of fry per kg male. A sex ratio of 4:l
(female:male) gave more than double the fry output
compared 10 a sex ratio of I:1 (4556 compared to
10765 fry/kg male/month). Frequent harvest of fry
(6x . daily) and the stocking of small broodfish
optimised output of fry/kg female in earthen ponds.

Table2 Range of Oreochromis broodfish
productivily in’ concrete tank (12.6 md).
hapas-in-pond' (40 w") and cartiicn pond
(1740 ) systems

Brood(ish
B . Fryikg Frvikg
female/moath | male/month
Tanks 361-4523
Hapas 2729-8463 2118-10765
Ponds 2022.5077

Fertilised earthen ponds were 2-40 limes
more efficient than tanks in the use of pelleted feed
(Table 3). Efficiency of feed use in hapas was
intermediate. Typical system FCR’s were under 3
and the proportion of net production as first feeding
fry suitable for sex reversal was under 15% for all
systems. Broodfish growth made up most of the net
production in tanks and bapas (Table 4), but the
growth of recruits was more important in earthen
ponds in which harvest of fry was incomplete.

Discussion:

Orcochrormis spp. are characterised by their

Table 3 Range of feed ulilisation efficiency in
Oreochromis fry production in concrete tank
(12.6 or), hapas-in-pond (40 m?) and
earthen pond (1740 m®) systems.

Feed
Frylg feed System FCR
Tanks < 1.5 1.9-2.7
Hapas 2-10 1.52.5
Ponds 9-40 6.2

- —— — e

Table 4 Range of yields of yolk-sac absorped {ry and source
of byproduct yield by type from concrete tank, hapa-
in-pond and earthen pond systems.

Byproducts

Yolk-sac Type of Byproduct

absorped

fry asa

% of net | Broodfish Rezruit Large

yield ' fry
Tanks 5.7-11.6 7/ - -
Hapas 2.8-12.8 v - -
Ponds 1.7-:1.8 v/ v/ 7/

high degree of parental care of small batches of seed.
These features make an apalysis of their seed
production efficiency more comparable to livestock
than other commercial fish species in which induced
spawning of a few fecund individuals can produce
many seed at the same time. The relevance of
improved seed production efficiency is clearer for
Orechromis than, for instance, the carps in which
fecundities of 100,000 eggs/female are the norm.

The batch spawning babit of Oreochromis
also necessitates that the basis for comparison
between systems is clear and  relevant to commercial
systems since data obtained from short term studies
(less than 3 months) do not reflect commercial
conditions. Early_peaks_in_seed production followed
by rapid declines are a feature of Oreochromis fry
production systems (e.g. Guerrero and Guererro,
1985) and can lead to elevated productivity
predictions.

Conveational production of tilapia seed in
which spawning and nursing occur in the same pond
bas been described (Broussard et al, 1983), as bave
adaptioas to this method to produce seed suitable for
sex reversal, both continuously (Liao and Chen,



1953) and by batch (Rothbard et al, 1983).
Practically, the poor productivity and sustainability of
seed output from such systems can be counteracted
by an increase in production area but this option may
not be possible if land costs are high. In Northeast
Thailand the high opportunity cost of hatchery land
was identified as being a major constraint to
extensive, opea pond tilapia fry production (Little et
al, 1987). Consideration of seed output in terms of
production area or total area, particularly in the case
of hapa systems, will depend on whether hapas are
suspended in earthen ponds (high opportunity cost) or
in communal waters (Beveridge, 1984). When hapas
are suspended in a lake or resevoir the "seed
output/area of spawning hapa is of more relevance to
a hatchery- operator than output per unit area of lake
Of reservoir.

~Quality of water is a major factor in the
sustainability of yields and the higher output of fry
from tanks in this study reflects the higher initial
quality of (ground) water used compared to the
surface, irrigation water in ponds. Hapa-in-pond
systems are also more subject to variability in water
quality than tanks supplied with water recirculated
through a suitable biofilter (Little, 1990},
Oreochromis seed yields in hapas and tanks using
water from Laguna lake were affected by seasonal
declines in quality (Batao, 1988). Other studies in
which seed production was monitored_in-hapas:in-
tanks (e.g. Hughes and Behrends, 1983) and/or for
only short culture periods may not be affected by
such water quality deterioration. In contrast to the
low productivity per unit area, earthen ponds can be
more efficient in terms of seed/kg broodfish than
hapas or tanks, despite the incomplete harvest of fry
inhereat in this method. The importance of hierarchy

in the control of Oreochromis breeding in arenas has .

been indicated (Turner, 1986 Little et al, 1993) and
suggests that this can be a major constraint in
individual fish productivity within inteasive systems.

Differences in the value of male or female
broodfish will affect the importance of output/kg
broodfish. The YY males used to produce all male
Oreochromis without direct use of bormones, for
example, are expensive and fry output/kg male will
be a more important efficiency indicator than seed/
kg female or seed/kg of all broodfish.

Stocking broodfish at low density in
fertilised earthen ponds improved the efficiency of
concentrate feed use (fry/kg feed) compared to more
inteasive systems. The concept of ‘sparing’
concentrates with natural feeds for phytophagous fish
raised in semi-intensive systems (Hepher, 1988) can

be cost effectively applied to Oreochromis broodfish
management. This efficency parameter could also
indicate overfeeding and in the determining optimal
strategies where cost of feed or logistics restrict their
use,

The system feed conversion ratio reflects the
growth of broodfish rather than seed production and
altbough earthen ponds appear efficient in terms iof
feed use, fry yields are low when expressed as a
percentage of total net production. MT-treatable fry
represent only a small proportion of total net yield,
even in intensive systems. The nature of byproducts
reflect the management of broodfish and seed harvest.
Broodfish growth is the main source of production in
tanks and hapas where seed harvest is regular and
complete but recruits, derived from fry that evaded
barvest earlier in the production cycle, make up most
of the final yield in earthen ponds. Larger fry of
indeterminate age were also removed in considerable
numbers from earthen ponds at the same time as
treatable fry but were not considered sex reversible,
Liao and Chen (1983) do not mention these fry in
their description of practices in_Taiwan and the
twenty day complete cycle described by Rothbard et
al (1983) ensures pear synchronous breeding and
similar aged/sized fry suitable for sex reversal.
Popma (1987) describes the successful sex reversal of
larger, uneven-sized fry after harvest by edge
seining.

There_are.many other factors that could be
considered when evaluating different fry production
systems.~Yields in terms of labour, for example,
(found to be similar for ponds, hapas or tanks; Little, .
1990) are very important. The choice of system for
Oreochromis seed production should also consider the
ease of drainage of tank and poond systems,
availability of suitable hapa material and sites for
their use, and the risks associated with contamination
of broodfish with wild breeding populations.
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PRACTICAL GUIDE
ON
MODULE 2b: Marking of Tilapia

Introduction:

Generally, fish marking is divided into two. (a) fin clipping which involves
removing some of fin or spines and (b) tagging which involves insertion,
attachment, or injection of a foreign object or substance. Marking is an
efficient method of distinguishing an individual or group of individual fish in a
breeding program. The GIFT project is dependent on an efficient marking
system to identify the groups, strains, families and individual tilapia. It is also
important for tracing pedigrees because each generation of fish is identified
based on the unique tags or markings. There are two major type of marking
used in the GIFT Project, first is the tagging which uses fingerling floy tag (for
fingerlings) and PIT tags (for breeders) to identify individual fish while the
second type of marking uses pelvic or pectoral fin-clipping, spine uprooting
and plastic discs to identify groups of fish.

Behavioral Objective

Given all the materials necessary for marking the fish and background
information on the subject, the trainee will fix and prepare floy tags and
plastic disc tags and perform and should be able to:

(a) tag at least 60 fingerlings

(b) PIT tag 10 fish breeders

(c) fin-clip (pectoral and pelvic) 20 fingerlings

(d) uproot dorsal spine of 10 breeders in two hours with minimal stress
and without mortality on the fish.

Intermediate Objectives

Discuss the importance of marking in a breeding program
Specify the types of marking suitable for the fish

Fix and prepare floy tags and plastic disc tags

Assemble all the materials needed for marking



Mark the fish by floy, plastic disc, PIT, pectoral, pelvic and dorsal spine
uprooting

Materials
A. Fixing and preparation of floy and plastic disc tags

Fingerling floy tags
Vinyl threads
Needles

Plastic disc

Card board/cartolina paper
Paste

Pentel pen
Ballpen

. Scissors

10. Scotch tape

11. Bond papers
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B. Floy and plastic disc tagging

Fingerling and breeders
Anesthesia

Fixed and prepared floy tags and Pit tags
Plastic disc

Card board/cartolina paper
Paste

Pentel pen

Ballpen

. Scissors

10. Scotch tape

11. Bond papers
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Breeders
Anesthesia

Towels
Tubs
Strainers/scoop nets
Aerators

Clean fresh water
Identity tags

PN WON



9. Implanter (modified syringe)
10. Identity tag reader

D. Fin-clipping and dorsal spine uprooting

Towels

Anesthesia

Basins

Strainers

Aerators

Scoop nets

Surgical scissors

Tubs

Clean aerated fresh water
10. Disinfectant (merthiolate)

11. Cotton ball or cotton buds
12. Hand gloves

13. Tissue paper

14. Masking tapes

15. Record sheets

16. Net covers

17. Tally counters

18. Twissors

LN AhWON~

Procedures
A. Fixing and Preparation of Floy tags

Prepare materials

Cut several 6 inch vinyl threads

Make single or double knot on one end of the thread

Put the tag and make another knot to lock the tag

Insert the thread with floy tag into the needie

Put plastic disc

Arrange in sequence in card board/cartolina paper with the corresponding
numbers

Noghwp=

B. Floy tagging and Plastic disc tagging

. Prepare materials (see above)
. Anesthetize fingerlings in 0.3 g MS222/li of water
3. Position the fingerlings in a swimming position facing your left hand

N —=
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Locate the insertion site between sixth and seventh dorsal spine above
the lateral line

Insert the needle underneath one scale and insert through the tissue
Attach plastic disc for further anchorage to securely lodged the tag

Make three loopholes untieable knot 4

Cut the thread with 1-2 inch length for further growth of the flesh

Put tagged fish in a recovery basin with clean aerated freshwater

. PIT Tagging

Prepare the materials (see above)
Anesthetize the fish 0.3 g or more depending on the size of the fish
Surgeon/implanter’s position with elbows braced against body

Load identity tag in the needle line up the tip of the tag with the slot in the
needle

Position the fish lay on its right side with the head of the fish facing your
left hand

Locate insertion site on the left ventral side of the fish adjacent to the
anus, soft area

Insert needle underneath one scale and insert through the tissue

. Post operative recovery spacious basin with clean, aerated freshwater

. Fin-clipping

Pelvic fin-clipping

Prepare the materials (see above)

Anesthetize the fish in 0.3 g or more depending on the size of the fish
Hold the fish at the anterior head portion, tail end towards your body
Turn the fish ventrally and cut the pelvic fin at the base

Apply disinfectant on the wound with cotton balls or buds

Put in recovery tubs, with clean aerated fresh water

Pectoral fin-clipping

Prepare the materials (see above)

Anesthetize the fish in 0.3 g or more depending on the size of the fish
Hold the fish at the anterior head portion, tail end towards your body
Turn the fish on its side and cut the pectoral fin at the base

Apply disinfectant on the wound with cotton balls or buds

Put in recovery tubs, with clean aerated fresh water
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Dorsal spine uprooting

Prepare the materials (see above)
Anesthetize the fish in 0.3 g or more depending on the size of the fish
Hold the fish at the anterior head portion, tail end towards your body
Position the fish in swimming position, covering the eyes with white towel
Spread the web of dorsal spines, count from the first anterior and locate
the spine for uprooting. The first dorsal spine should not be cut.

Rip or tear membrane on both sides of the spines to be uprooted

Hold the spine and bend carefully until the bones break

Loosen the broken spine by twisting and moving sideways then uproot
with twissor

Apply disinfectant on the wound with cotton balls or buds

10. Place in a recovery tubs, with clean aerated freshwater

MASTERY TEST/END OF MODULE TEST

Given the materials for marking the fish, task is to mark (tagging and fin-
clipping) the fish with less stress and no mortality. Performance will be
observed based on the condition of the fish after marking and the number of
fish tagged within one hour period.



PRACTICAL GUIDE/EXERCISE
ON
Module 3a : ASSESSMENT OF SEXUAL MATURATION

INTRODUCTION

A precise method for recording the sexual maturation stages of live fish in an
applied breeding program and hatchery operations is necessary. Examination
on the external characteristics of the genital papilla conditions as RS (ready to
spawn), S (swollen), HS (had spawned) and NR (not ready to spawn) in female
breeders could be used. Better understanding on the different stages of gonadal
development will be useful to further assess the spawning condition of female
tilapia. Recording of females readiness to spawn will facilitate the time of fry
collection.

Behavioral Objectives

Given all the necessary background information about the subject matter and
materials needed, trainee will be able to assess correctly the sexual maturation
of eight female tilapia breeders based on papilla condition and gonadal
development.

Materials

Breeders (female only)
Tubs )
Basins

Strainers

Aerators

Scoop nets

Masking tapes
Pens/pentel pens
Record sheets



Hand gloves
Freshwater
Towels
Tissue paper
Anesthesia
Petri dish
Siphon

PROCEDURES:

A. Assessment of Sexual Maturation based on papilla condition

1. Prepare all the materials listed above except petri dish and siphon.

2. Properly label the tubs/basins with RS, S, HS and NR.

3. Scoop five to ten breeders and place in a tub.

4. Anesthetize in a previously prepared solution (refer to manual on Module 7
for  details)

5. Take but the sedated fish from the anesthetic solution. Take one fish at a
time.

6. Examine the papilla condition whether RS, S, NR or HS (refer to Table 1 of
Module 10a for detailed description).

B. Assessment of Sexual Maturation based on stages of Gonadal Maturity

1. Prepare all the materials listed above.

2. Anesthetize the fish as in previously prepared solution

3. Take out the sedated fish from anesthetic solution

4. Lay the fish on its right side facing your left hand on a wet towel

5. Apply gentle pressure on the abdomen of the fish to collect eggs for gonad
examination. Refer to Table 2 of Module 10a for detailed description of

gonadal
development.

MASTERY TEST

Given the materials for assessing/scoring the sexual maturity of fish, task is to
score the fish whether as RS, S, HS or NR based on papilla condition and
gonadal maturity. Performance will be checked whether the fish are scored
properly.



PRACTICAL GUIDE ;
ON g
MODULE 4a : Breeding Strategies |

Introduction

Fish genetics research and breeding programs are an effective means of contributing to
increases in the productivity and production efficiency of aquaculture. The possibilities
for improving productivity through selective breeding are especially promising because
fish have high fertility, short generation intervals and high gnetic variability compared
with other farmed animals. Purebreeding programs hinge around three genetic
parameters: heritability, genetic variations and genetic correlations between traits.
Depending on heritability for a given trait, different types of purebreeding strategies can
be adopted: mass selection, within-family selection, family selection, progeny testing
and a combination of one or more types. ‘

Behavioral Objective

Given all the materials necessary for the estimation of some genetic parameters and
background information on the subject, the trainee will compute for heritability and
response to selection using calculator and SAS procedures. The following will be done
prior to estimation:

(a) body weights correction for the sex effects

(b) produce same outputs (calculator and SAS procedures)

Intermediate Objectives

Discuss the importance of estimating genetic parameters in a breeding program
Assemble all the materials needed in the estimation of genetic parameters

Short introduction about SAS software (e.i. how to get into SAS and perform simple
SAS procedures)

Materials

Scientific Calculator
Records of harvest data
Yellow paper
Pencil/ballpen
Computer

Diskettes

Procedures



Note: All calculations or analysis (heritability and response to selection) will be
performed first, using handheld calculator then followed by using SAS
procedures for comparison. All the data are already entered into the computer

In the directory: d:\gift\training

1. Collect all the necessary materials to compute for heritability and response to
selection. Follow the steps given in th_e text or from the previous lecture.

2. Correct the body weights for the effect of sex prior to estimating heritability and
response to selection.

3. Perform SAS procedures to compare the outputs.

4. Run SAS procedures to produce computer outputs

Heritability:

1.) To work into SAS declare your working directory by typing the ff:

LIBNAME IN 'DAGIFT\TRAINING';
RUN,;
I*then press F8 to submit*/

2.) To correct for the sex effects type the following SAS procedures:

PROC MEANS DATA=IN.
VAR BW,

PROC SORT;
BY SEX;

PROC MEANS;
VAR BW;
BY SEX;
RUN;
I*press F7 then type file ‘prn’ to print the output then go
back to the program editor and continue typing the following:



DATA IN. ;
SET IN. ;
IF SEX=1 THEN CBW=BW*(GM/MWM);
IF SEX=2 THEN CBW=BW*(GM/MWF);
RUN
1* GM= grand mean
MWM= mean weight of male
MWF= mean weight of female*/

PROC SORT;
BY SEX;

PROC MEANS;
VAR CBW,;
BY SEX;
RUN;
/* Note: it should be that the mean weights (CBW)
of male and female are the same after correction
otherwise error must have been made*/

3.) To produce ANOVA or GLM output type the following:

PROC ANOVA DATA=IN.
CLASS SIRE DAM;

MODEL CBW=SIRE DAM(SIRE);
RUN;

PROC GLM DATA=IN.

CLASS SIRE DAM:;

MODEL CBW=SIRE DAM(SIRE)/SS1 SS3;
RANDOM SIRE DAM(SIRE);

RUN;

4.) Retrieve the heritab.prq (see attached) for computing the heritability
by typing the following in the program editor in the command line:

include ‘d:\gift\training\heritab.prg’
5.) Then enter all the values from the ANOVA or GLM output into the

heritab.prg (SSs, SSp, d.f. (sire), d.f. (dam), d.f. (error) and the MSy
or MSerror



6.) After inputting all the values then submit the program for
processing by pressing F8

7.) Go to the output window by pressing F7 then print the output
by typing file ‘prn’

8.) Compare the two outputs ( calculator and SAS outputs)
. Calculator and SAS outputs must jive otherwise, repeat.

Response to selection

To correct for the sex effects type the following SAS procedures:

PROC MEANS DATA=IN.
VAR BW;

PROC SORT;
BY GROUP SEX;

PROC MEANS;
VAR BW;,
BY GROUP SEX;
RUN;
*press F7 then type file ‘prn’ to print the output then go
back to the program editor and continue typing the following:

DATA IN.
SET IN. X
IF SEX=1 AND GROUP="SELECTED' THEN CBW=BW*(GM/MWMj);
IF SEX=2 AND GROUP="SELECTED' THEN CBW=BW*(GM/MWF);
IF SEX=1 AND GROUP='AVERAGE' THEN CBW=BW*(GM/MWM);
IF SEX=2 AND GROUP="AVERAGE' THEN CBW=BW*(GM/MWF,);
IF SEX=1 AND GROUP='ISRAEL' THEN CBW=BW*(GM/MWM);

IF SEX=2 AND GROUP='ISRAEL' THEN CBW=BW*(GM/MWF);
RUN

I* GM= grand mean (across groups)
MWMs= mean weight of male (Selected group)
MWFs= mean weight of female (Selected group)
MWM,= mean weight of male (Average group)
MWEF = mean weight of female (Average group)
MWM;= mean weight of male (Israel group)
MWF= mean weight of female (Israel group)*/



PROC SORT,;
BY GROUP SEX;

PROC MEANS;
VAR CBW;

BY GROUP SEX;
RUN;

1* Note: it should be that the mean weights (CBW)
of male and female in all the groups are the same
after correction otherwise error must have
been made*/



PRACTICAL GUIDE / EXERCISE
ON
MODULE 5a - Characterization of Tilapia Using Truss
Morphometry '

l. Title: Photodocumentation:
Introduction:

Image processing consists of methods to enhance images such as
contrast and edge detection, so that the desired details of the images are
more evident.

An image is treated as a two-dimensional pattern of brightness that is
produced by an optical system such as a camera.

Advantages of images such as photographs are: provision of accuracy
and clarity; permanent record; ease of sampling and labor requirement.

Data acquisition is by photographic approach because the program to
measure the linear distance is based on photographic image.

Objective:

Given the necessary materials and background information on the subject,
the trainee will produce clear fish images / photographs for morphometric
analysis.

Materials:

SLR camera
Kodalith film
styropore board
marker (white sheet)
pentel pen

pins



ruler

copy stand/tripod
anaesthesia

recovery basin
anaesthetizing solution

Procedure:

1. Prepare copy stand or tripod at a height that can capture the whole body

outline of the fish

Set the ASA to 25. Load the film

Mount the camera

Anaesthetize 6 pieces of fish at a time (breeder size)

Fasten the left uppermost side of fish into the styropore board. Make

sure that the fish is immobile to ensure clear shots.

Place the ruler as a calibration device prior to measurements

Position the marker at the lower left side, This will indicate the name,

strains, sex and date of documentation.

8. Focus the camera to the image, check for the light by slowly and lightly
pressing the shutter (opening 5.6 or light indicator is yellow orange) and
then press the shutter .

9. Repeat procedures 1to 9.

O kWM
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Mastery test: The trainee shall produce clear picture/photographs as an
output suited for digitization. Evaluation can be done a week
after the photodocumentation.



Il. Title : Data Gathering by Caliper method/Digitizer

Introduction:

The image typically seen on photographic film (prints, negatives, slides,
x-rays) are continuos tone images composed of graded series of gray tones
or colors that at least in principle blend smoothly into one another to
reconstruct the original.

The process of converting a continuos tone image to digital format is
termed ‘“digitizing” . A digitizing pad (graphic tablet) is a device for getting
positional information into a computer with cursor (resembles a mouse with
cross hair or “bulls eye”). This pointing device is preferred than a stylus (ball
point pen) because the point being digitized is more visible and easier to
keep steady.

Distinct advantages offered by digital formats are: speed which digital
images can be acquired and reproduced; their portability, and facilitate
quantifications of morphology by increasing the accuracy.

Objective:

To collect morphometric data by digitization.

Materials:

Digitizing tablet

slide projector

transformer ‘

processed slides

projector positioner slides

computer, printer & printer papers, diskettes
CAMA program

slide tray



Procedure:

-t

obwn

Assume the slides had been processed. Load slides into
tray.

Prepare the slide projector at a level height of the digitizer.
Plug the digitizer onto the transformer.

Open the computer and initialize, load the CAMA program.
Check for the perpendicular projection. If this cannot be
attained, the program cannot be opened further. Many
attempts should be tried.

Assume the program has been opened, select the sequence
measurement to progress (this time, slide sequence
measurements, a sequence measurements to complete the
21 distances).

Project the first slide into the vertically hanged digitizing pad,
calibrate the image (state in the menu driven program)
based on the standard length of the image (i.e. to calibrate
the image, point to the tip of the mouth and to the tip of the
caudal peduncle to get the actual length of the image).

The linear measurement is automatically saved both into a
file or printer.

Repeat procedures 6 to 7 until all photographs were
digitized.

NOTE: When errors are encountered, during measurements,

Mastery Test:

there are options in the program to cancel and repeat the
process, either by selecting single measurement option.

This will be based on the efficiency of performing
procedures. The output should not bear different
directions of lines due to uncontrolled cursor movements.
Scores may vary on the body outline of fish that can be
produced.



lll. Title: Data Management

introduction:

In data analysis, a well managed data is crucial to ascertain
the correct information contained in each cell. The saved
worksheets file of the collected morphometric data by digitization
will be parsed to structure the data. Database is the basic key

prior to analysis. An uncleaned datasets will always project
outliers in the resulting analysis.

Objective: To arrange a CAMA stored data into a well structured Lotus
worksheet file and be able to translate the file into logarithmic

transformation.
Materials:

diskettes

Computer with Quatro

CAMA files with stored data sheets
Procedures:

1. Encode data in quatro.
2. Format data in Foxpro.

Mastery Test: The trainee shall produce a well structured datasets ready
for SAS runs. A print out of a short and prepared datasets
will be evaluated. (print-out).



IV. Title: Size Correction

Introduction:

Size factor plays a crucial role in morphometry. Any
information must relate only to shape that contains more information on
taxonomic groupings minus the size effects. Sexual dimorphism is evident
in tilapias, with males normally bigger than females.

Objective:

To create a standard measure of body size given a set of fish
measurements.

Materials:

Edited & translated .SSD file
Computer with SAS program

Procedure:

1. For each sex, male and female, type a SAS program that will
create a variable column to contain the standard
measurement of size, call it Xp variable . Xp = x1 +x2 +x3 +
x21/21.

2. To derive the corrected size for that particular sample of fish:

correct size = observed truss divided by predicted length; the
predicted length or size is derived from the regression
procedure.

Repeat correcting from x1 until x21 variables.

Mastery Test: The task is for the trainees to establish the standard
measure of body size and use this standard size to
correct the observed size and establish a new set of
variable for a corrected size.



FIELD GUIDE

Module Sb: Characterization of Tilapia Population Using
Isozyme Electrophoresis’

INTRODUCTION

The importance of genetic variation within populztions, especially hatchery populations, enables
populations to adapt to changing environments. High levels of variation is assaciated with greater
survival and better growth performance of some fish populations. Inbred populations of Tilapia, on
the other hand, are known to display morphologicel zbnormalities, lower survival rates and poor
growth periormance. Thus, it is always desirable io maintain as much variation as possible by
avoiding excessive inbresding.

Variation is also the basis for breeding programs. In order for a selection program to succeed, the
broodstock must have a wide range of genetic traits from which desirable qualities are selected.
Affinities between stocks are established by assessing the genetic variation within a group &nd
comparing these with others. Information on the relzticnships between stocks is cruciel in arriving
at broodstock and hatchery management decisions. '

Isozyme electrophoresis is one technique by which variation may be evaluated. With this
technique, a sample of genetic characteristics are visuzlized on starch gels. These patterns are
evaluated to quantify variation within the populaticns and establish the degree of afiinity betwezn
them. Isozymes were chosen over other molecular markers because of the simplicity of the
technique and the moderate need for equipment and supplies to periorm the procedures.

BEHAVIORAL OBJECTIVES

After the training, the participant appreciates the nesd to evaluate genetic variation, its applicatiens
to their current research as well as the simplicity of using isozyme markers. The span of the
training is not enough to make the trainee able to independently gather and evaluate the data but
should increase interest to develop expertise work in collaboration with others in this area.

INTERMEDIATE OBJECTIVES

Dissect/ prepare samples for electrophoresis

Cook starch gels and load samples on to the gels

Carry-out the electrophoresis, gel slicing and staining procedure
Record bands/ assign allele designations

Perform simple standard statistical analyses on the dzta
Interpret information from the data



MATERIALS NEEDED

Equipment:

Electrophoresis power supplies
Buffer tanks

Cold cabinet/ refrigerator

Others:

30 Fish samples

Gel molds

Cutting saw

Plastic sheets

Staining sheet

Potato starch hydrolyzed for electrophoresis

Various enzyme substrates, co-factors and activators
2% Agar preparation

Graphing paper

PROCEDURES

1. Prepare materials listed above. Choose stains that develop fast and would have stable

patterns.

Show participants how to dissect tissues from whole fish and prepare these for loading into the

starch gels.

Let participants dissect tissues and prepare samples themselves.

Demonstrate how to cook and set starch into the molds.

Allow participants to carry out this procedure in pairs.

Show participants how to load samples.

Let participants load their own samples into the gels.

Run gels under standard conditions for at least five hours.

Prepare stains for the gels as well as the stains which the participants will use according to

standard recipes.

10. Show participants how to slice, pick up and stain gels.

11. Let participant do these steps with their own gels.

12. Have the participants read the pattemns on their gels and record the data.

13. Demonstrate how to enter and analyzed data using a microcomputer.Data will be analyzed to
determine simple genetic parameters only.

1]
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MASTERY TEST

The test for this module would be for each pair of participants to perform electrophoresis on
samples and interpret the information gathered from the gels.



PRACTICAL GUIDE / EXERCISE
ON
FIELD GUIDE: .
MODULE 6a: Maintenance of Live Tilapia Germplasm

I. Title: Inventory of Stocks

INTRODUCTION

Inventory of stocks is important in maintaining the live tilapia germplasm
because this checks the health condition and survival of the fish. This can be
done early in the morning or late in the afternoon monthly and quarterly in tanks
and ponds, respectively. During inspection, the insertion site of floy tag, pit tag
or any fish mark should be noted if there is any infection.

BEHAVIORAL OBJECTIVES

Given all the background information about the subject matter and
materials needed for inventory of stocks, the trainees will be able to conduct
proper/effective inventory and checking of stocks (record at least five fish per
trainee) without mortality and with minimal stress on the fish.

MATERIALS:

Pit tag reader

Batteries (for pit tag reader)
Tubs

Scoop nets (big mesh size)
Towels

Record Sheet

Pen / pentel pen

Masking tapes

Holding facilities (sorting/checking of stocks)
Tables

Chairs

Freshwater

Cages

Aerators



Tissue paper
Note: three to four person are needed

PROCEDURES:

1. Prepare all the materials listed above.
2. Prepare tanks prior to reading of individual pit tag
3. Properly labeled the tubs with freshwater (e.g. G1 for Male and Female)
4. Scoop the fish in cages and place in tubs. Take one fish at a time.
5. Lay the fish on top of the table and cover with soft wet towel
6. Using the PIT tag reader, get the PIT tag number of the fish.
7. Record the pit tag number and other fish mark of the fish.
8. Check the health condition of the fish.
(if not in good condition isolate the fish in a separate tank)
9. Check the recorded tag number against the masterlist
(Separate the fish if the tag number is not found in particular fish populations
10. Place the inventoried fish in labeled tubs and stock in clean tanks.
11. Repeat the same procedure from 4 to 12 until you finish all the stocks
12. Be sure to count the fish and make a location map after each stocking.

MASTERY TEST

Given the materials for inventory of stocks, task is to record 5 to 10 individual fish
mark (pit tag, floy tag, fin clip and etc.) check against the masterlist and examine
the health condition of the fish with less stress and mortality. Performance will
be observed based on the condition of the fish after conducting the inventory
within 5 hours.



PRACTICAL GUIDE / EXERCISE
ON
MODULE 6b - Cryopreservation of Tilapia

l. Title: Collection and Motility Scoiing of Milt

Introduction:

The first step involved in cryopreservation is the collection and scoring
of spermatozoa. This involves a process whereby milt collected will be
checked in the laboratory to see its viability for long term preservation. This
step is crucial because milt quality can be affected by sample contamination
brought about by improper milt collection.

Objective:

Given the step by step procedure on collection and motility scoring of
spermatozoa, the trainees will be able to collect uncontaminated milt and
score its motility according to the standard procedures developed by the
university of Stirling in Scotland.

Materials:

Capillary tubes

Absorbent paper, tissue paper or towel

Inverted microscope

Marker pen

Appendorf tubes/microcap tubes

Styrofor box with cracked ice

Small amount of tap water at 25-28°C for checking sperm motility
Finpipettes (100-200 pl) set at 200 pl

Finpipette tips



Procedure:

A) Collection of Milt (Field)

1. Select fish and ensure careful handling.

2. Apply abdominal pressure to clear bladder of urine.

3. Dry genital papilla and remove all moisture and mucus with

absorbent towel.

Hold selected broodfish with both hands.

Place 100 pl capillary tube at the tip of the genital papilla.

Gently press the abdomen, and draw the collected sample into

the tube by capillary attraction.

7. Put collected milt into fabeled appendorf tube/micro cap and store
in a Styrofoam box with cracked ice.

o oA

B) Checking Sperm Sample (laboratory)

1. Check sample by placing a small amount on a glass slide.

view under the microscope.

Sperm sample should be immotile at this stage.

Only immotile samples should be used.

Activate sperm sample by the addition of small amount of water.

Check sperm motility.

Give motility score of 5 if 100% of sample is moving upon

activation and 0 if none is moving.

7. Now store sperm sample in the fridge and use as soon as
possible.

SnhoN

Mastery test:

At the end of the exercise, the task are for the trainees to collect
uncontaminated sample and to score sperm motility.

Reference:  Manual on Cryopreservation of Tilapia by Dr. Krishen J. Rana
& Anne Gilmour from the University of Stirling, Scotland.



Il. Title: Estimation of Sperm Density

Introduction:

Objective:

Materials:

Although this step is optional in an ordinary
cryopreservation activity, this procedure is done to know
sperm concentration in a given volume sample. This is
important especially in conducting researches, wherein
materials used should be of known concentration.

Given the step by step procedure on estimating sperm
density using a Neubaeur Haemacytometer counter, the
trainees will be able to estimate sperm density of
collected spermatozoa procedures developed by the
University of Stirling in Scotland.

Spermatozoa sample put in Styrofor box with cracked ice
Neubaeur Haemacytometer counter

Inverted microscope

Marker pen & paper

Appendorf tubes/microcap tubes

Finpipette (5-40 pl) & (200-1000 nl)

Finpipette tips for 5-40 pl & 200-1000 p

Tally counter

Deactivator solution containing 0.7 g/100 mi NaCl and 0.6 g/100 mi KCI
in distilled water

Procedure:

Make a dilution with deactivator which is practical for
counting a range between 1 in 500 and 1 in 1000 is
suggested.

Carefully place a drop of this solution on the Neubauer slide
counter and cover with the designated cover slip.

Leave the slide for approximately 10 min. to allow the sperm
to settle into one plane.



4. Count 5 large square. This should be done 3 times and the
average no. of cells calculated.

5. To estimate conc./ml, use average count x dilution x 50000

Example: if average no = 200 and dilution = 500
cell conc. (no. per ml) = 200 x 500 x 50000 =
5.0x 10°
Diagram 1
Diagram 2

Procedure

1. Count the no. of sperm in 5 of the squares marked with an | on diagram (1)

2. Each of the squares is divided into 16 diagrams (2)
3. This procedure should be repeated 3 times, with different groups of 5 squares
4. Calculate average = Total number (numbers from the 3 different counts) divided by 3

5. Use this figure in the above formula to give cell conc./ml

Fig. 2. Steps for estimating sperm density (cell conc./mi) using Haemacytometer.



Mastery Test:

Reference:

Count the number of sperm in 5 of the squares marked with
an x on diagram 1

Each of the squares is divided into 16 on diagram 2

This procedure should be repeated 3 times with different
groups of 5 squares.

Calculate average = Total no. (numbers from the 3 different
counts) divided by 3.

Use this figure in the above to give cell conc./ml.

At the end of the exercise the task is for the trainees to
estimate sperm density of collected spermatozoa at cell
conc. per ml.

Manual on Cryopreservation of Tilapia by Dr. Krishen j.
Rana & Anne Gilmour from the University of Stirling,
Scotland.



lIl. Title:  Fill Dewar and check Programme in KRYO 10

introduction:

Objective:

Materials:

Procedures:

Prior to continuing this step, it is important that trainees
have already read the Manual of Operation of KRYO 10.
This is important so that trainees will know the machine,
its parts and function and way of operation.

Checking the program should be initiated prior to freezing
the sample. This should be done especially there are
other programs loaded in the machines. This is to make
sure also that the program activated is the right program
used in freezing tilapia spermatozoa.

Given the necessary materials and Manual of Operation
of KRYO 10, the trainees will be able to fill up dewar with
liquid nitrogen and check program set in KRYO 10
according to the standard operating procedures
explained in KRYO 10 Manual of Operation.

Liquid Nitrogen
KRYO 10
Manual of Operations of KRYO 10

A) Filling of the dewar and connection to the KRYO 10

1. Use face mask and protective gl'oves, fill the dewar 1/2 full with
liquid nitrogen.

2. Attach the pump to the dewar with the valve in an open position.

3. Switch on the heater, close the valve lever and wait until the
pressure rises to 5 on the gauge.

4. Check the program installed in KRYO 10.

B) = Checking Programme in KRYO 10

1. Using the instructions provided turn on the machine



aohwn

No

Select program menu

Give access code

Select view

Check the following parameters:
Room temperature i.e. 20 °C
Cooling rate is -5°C per minute
Target temperature set at -60 °C
Hold step here for 2 minutes

Select exit menu

Turn off the machine.

Mastery Test: At the end of the exercise the task is for the trainees to fill up

Reference:

dewar with liquid nitrogen and check program installed in
KRYO 10.

Manual of Operation of KRYO 10.



IV. Title: Preparation of Sample for Cryopreservation

Introduction: The procedure involved here includes labeling of straws
and goblets, computation of the needed mil,
cryoprotectant and modified fish ringer in a required
number of straws. Later when this had been settled the
three ingredients are mixed in the following order; modified
fish ringer, 10% methanol then the milt sample. The milt
sample is added when all the materials had already been
prepared. Also, it is at this point that the 30 minutes
equilibration time starts.

Objective: Given the necessary materials and step by step procedure
in cryopreservation, the trainees will be able to preserve
tilapia spermatozoa following the standard procedures
developed by the University of Stirling in Scotland.

Materials:

Modified Fish Ringers

10% Methanol

Small plastic or glass containers for dilutions
Milts sample

Marker pen & paper

Finpipettes 200-1000 pl & 2-10 m _
Finpipette tips for 200-1000 p! & 2-10 mi
Beads

Straws

Cryo pen

Plunger

Tissue

Procedure:

A) Labeling of Straws and Goblets

1. Choose straw, goblet and bead to be used ensuring the colors
are matched with the list of straw/bead combination assigned
for each strain of fish.



B)

2.

Label straw and goblets using cryo pen and written strain
code, PIT tag number of Fish ID and date of freezing in each
individual straw.

Preparation of Sperm Sample

1.
2.
3

Decide on required dilution

Calculate amount of straws desired

Mix modified Fish Ringers + 10% methanol and sperm
sample.

A maximum of 30 minutes should be allowed from mixing the
milt with extender and methanol to placing in the KRYO 10.
The amount of straws which can be reasonably filled within
this span should be calculated.

Straw Filling and Sealing

0.5 ml straw

1.

Place unplugged end of straw into prepared milt sample,
insert plunger into plugged end of straw.

2. Depress the plunger drawing the sample through until the plug
has gelled.

3. Seal at the opposite end with a bead applying enough
pressure to ensure that the bead is firmly inserted to the
straw.

4. Dry the straws with absorbent paper to avoid ice forming
during the freezing process and the straws adhering to one
another.

5. The time spent for this procedure should be kept within 30
minutes equilibration time.

6.  Arrange the straws in the KRYO 10 prior to freezing.

0.25 ml straw

1. Follow step 1-2 for 0.5 ml straw

2. Dip the unplugged end of the straw into a small amount of
water and then immediately into a small container of tightly
packed gel powder.

3.  Follow step 4-6 for 0.5 ml straw.



Mastery Test:

Reference:

At the end of the exercise the task is for the trainees
to label straws and goblets, prepare sperm samples,
fill up straws and freeze sperm samples using KRYO
10. :

Manual on Cryopreservation of Tilapia by Dr.
Krishen J. Rana & Anne Gilmour from the
University of Stirling, Scotland.



V. Title: Thawing of Straw after freezing

Introduction:

Objective:

Materials:

Thawing of straws is one of the most critical variables
affecting the success of cryopreservation. This step is
done to rehydrate cells prior to checking post
freezing motility score of spermatozoa. It is suggested
that rapid warming should be done to prevent ice
crystal formation. Frozen sample from liquid nitrogen
with -196 °C temperature are thawed in water bath
with 40-41°C temperature to prevent recrystalization
which are thought to be the main causes of cryeinjury.

Given the necessary materials and step by step
procedure in thawing cryopreserved milt, the trainees
will be able to check after freezing motility score of
tilapia spermatozoa following the standard
procedures developed by the University of Stirling in
Scotland.

Water bath 40 °C . This can simply be a bucket
Thermometer

Timer
Scissors

Slide and microscope
Tap water at approximately 27 °C
Face visor and protective gloves and tweezers

Procedure:

-

Use visor and gloves

2. Tweezers can be useful here as gloves may be too clumsy to
handle the straws

3. Identify straw and immediately plunge into the water bath and
gently agitate for 8 seconds. ‘

4. Wipe the straw and cut the unmarked end.



Place onto a microscope slide and activate with the addition of
100 pl tap water by carefully mixing.

Give motility score from 1-5 when 5 is equivalent to 100%
motility

Mastery Test: At the end of the exercise the trainees will be able to

Reference:

thaw cryopreserved samples and give after freezing.
sperm motility score..

Manual on Cryopreservation of Tilapia by Dr.
Krishen J. Rana & Anne Gilmour from the
University of Stirling, Scotland.



VI. Title: Check Viability of Cryopreserved Milt

Introductio

Objective:

Materials;

n.:

This step is done to check the success of
cryopreservation. Eggs collected from ovulated
female tilapia are fertilized with thawed cryopreserved
spermatozoa. Two hours after fertilization, number of
eggs that reached morula stage of egg development
are counted to compute for the fertility rate. This last
step is the true measure of success of
cryopreservation. '

Given the necessary materials and step by step
procedure in artificial fertilization, the trainees will be
able to check viability of cryopreserved milt by using it
to fertilize tilapia eggs. following the standard
procedures developed by the University of Stirling in
Scotland.

Ovulating tilapia

Thawed cryopreserved milt
Scissors

Petri disc

Tap water

Tissue paper or absorbent paper
Incubator

Fine brush or feather

Procedure:

wN =

Select ovulating female tilapia and ensure careful handling

Strip ovulated female by applying abdominal pressure

Collected eggs are divided into aliquots of approximately 400

eggs.
Empty cryopreserved sperm suspension over eggs.



o
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Mastery Test:

Activate spermatozoa by the addition of small amount of tap
water. :

Gently agitate eggs and sperm mixture and let stand for 5
minutes.

Rinse egg with tap water

Transfer fertilized eggs to incubating jars

Control egg movement by adjusting water flow

After 2 hours remove eggs from incubating jars and count
eggs that reached morula stage of development

At the end of the exercise the trainees will be able to
check viability of cryopreserved milt by using it to fertilize
tilapia eggs



PRACTICAL GUIDE/EXERCISE
ON
Module 7a: ORGANIZATION AND COORDINATION WITH TEST
STATIONS

Introduction

In preparation for on-station and cn-farm ~ssearch work, thers is a need tc
select test stations, farms and culture systers (rice fish. waste food and cages:
suitable for genetic trials. For instance. for riccrous evaluation of strains or strair
crosses under different culture sysiems anc /arious geograghic iccations. ihe
GIFT project selected experimental sites in rice paddies. earthen ponds, wasie
fed and cage systems. Government ard rcn-government stations/institutions
played key role in the execution of these zxperiments by providing required
facilities, and/or helping establish contact with 'ocal farmers for on-farm trials.

in this exercise, the trainess wil! fc.cw the protecci for organizing
experiments in test stations/farms baszd ¢r 72 2xperience of the GIFT Preiect.

Objective

To periorm under simulated conditions the step-by-step procedures in
organizing experiments and coordinating with test stations or farms.

Procedure

Assuming a project has been assigned to conduct on-farm/station
experiment (Evaluation of genetically improved breed of tilapia in ponds). For on-
station trial a potential site will be the BFAR in Musioz and the farms in the
nearby areas. A request letter was already fcrwarded to the BFAR-NFFRTC, Mu
oz for site visit. This letter of request was granted and a scheduled visit to the
station and farms was arranged. The scheduled visit will be on July 30, 1997.

The task is for the trainees to carry out the following:
Trainees will be grouped into two:

GROUP 1 - ON-STATION TRIAL
GROUP 2 - ON-FARM TRIAL



STEP L.

STEP Il

STEP V.

STEP VL.

STEP VI

Ccocrdinate with siaticn nead.
State the purpcse of visit and discuss.
Inspect/evaluate the faciiities.

Note the imporianr items such as:
- water source
- pond area
- outlet/inlet
- security of fish
- others

If the site is suitable for trial brief the station head
about the experimeni. Request permission to usg the
facilities and assistance.

For on-farm triai. ask the sssistance of the staticn o
assist the group for a farm visit and evaluzation.

During farm visit follow the items listed in STEP Ii.

Coordinate with tha station head/farmers about the
activities .

Record the data during the visit and make a group
presentation.



PRACTICAL GUIDE / EXERCISE
ON
MODULE 8a- Transport of Fish Germplasm

Introduction:

Techniques in packing and fish transport play an important role in the
conduct of the experiment. Since early 1580's the GIFT Project has been
involved in transporting tilapia from Africa in o the Philipoines, fingerling
distribution to farmers in different regions of the country znd also to INGA
member countries in Asia. Through this experience. the GIFT Project has
developed techniques in packing and transporting tilapia at minimal moriality.

Objective:

To specify and apply under simulated conditions the basic steps in
transporting livefish germplasm with consideration with the ICES/EIFAC
Codes of practice and manual of procedures for iransfer of fish.

Materials:
Laboratory Materials

Thermometer

Weighing balance

Tally hand counter

Holding tanks with Aeration
Ruler '

Transport Materials

Plastic bags

Pandan Bags

Rubber band

Filled Oxygen tank with rubber hose
Scoop nets

Basins/tubs

Aerators

Styrofoam boxes



Old news paper
Packaging tape
Scissers

Pentel pen

lce cubes
Plastic pail

Procedure:

Trainess will be divided intc two groups. Eacn group will be
packing fish for transport iocaily and abroad.
To perform the task, the following assumptions are given:

For fish transport to other couniry (Case 1)

GIFT fingerlings with sizs range of 1.5 -2 g will be transporied.
The Bureau of Fisheries and Aguatic resources has issued the
Fish Health Certificate and permit to transport. Based on the
laboratory resuits taken from 3C pieces of fish sampies. the fish
for transport are healthy and free from parasites and diseases.
Special permit to load was also issued by the Bureau of Customs
and the Airway bill was pre-arranged at airport’'s cargo section.

The time and date of flight is on 30 July 1987, 1300 hrs. (1:000
p.m.). Loading time at the station is at 0500 hrs (5:00 a.m.).

For fish transport to test station {Case 2)

A total of 600 pieces GIFT fingerlings with size range of 1.5 - 2
g will be transporied to the test station. The fish were conditioned
in the tank and are now ready for transport. A letter of request to
the Station Head was given and the stocking date was
coordinated.

The scheduled arrival of fish to the station is on 30 July 1997,
1500 hrs (3:00 p.m.). Loading time at the station will be at 0500
hrs (5:00 a.m.).



Steps:

A. Plastic bag preparation:

1.

Check the bags for any damzge ¢r puncture.
g g

2. Insert old newspapers between two plastic bags for

plasiic bags protection.
Fill plastic bags with unchiorinatzd tapwater (6-8 liter per
bag)

note:

For air transport. bags with newspaper will be
oxygenated , packed and placed inside the styrofoam
boxes. The fingerlings will be transferred to these bags
prior to the scheduied {light.

lace plastic bags with water inside pandan bags

B. Fish Loading

1.

2.

H~

Coliect fish from holding tanks. Transfer the fish in plastic
basins/tubs.

Using a scoop net. transfer the fish in plastic bags. Count
the number of fish per bag. Ccunting can be done by
volumetric method actual/manuzl counting.

Introduce oxygen in plastic bags at about 2/3 of the bag’s
volume.

Fasten upper end of plastic bags with rubber band.

Place ice cubes on top of the bags.

C. Transport of Fish

1.

2.

Arrange and file the bags inside the vehicle. Keep the
bags away from pointed materials/object.

Check the bags every hour to make sure that there is no
oxygen leaks or bag damage.

Bring extra plastic bags and rubber band and portable
oxygen tanks.



D. Water Replenishment and Styrofoam Sox Pz king (For air
transport only}

1.

2.

(4]

Upon arrivai at the airport Cargo Section, transfer the fish
from the bags te styrofoam boxes.

Drain the water and transier the fish slowly inio the bags
with newspaper linings.

Introduce cxygen in piastic bags at about 2/3 of the bag's
volume.

Present the cargc for insgection

After inspection. cicse the styrofcam boxes and seal it
with packing tape.

Cargo will be carried to crate.

E. Unloading and Stecking

2.

NOTE:

Upon arrival at the desiination. monitor the temperaiure
of the waier ir the iank or pond where fish will be
stocked.

Be sure that ths recipient of fish is informed about the
protocols on fisih handling and quarantine.

The trainees will be graded according to the efficiency of
work and percentage of survival or success of transport.



PRACTICAL GUIDE / EXERCISE
ON
MODULE 8b - Quarantine and Postmortem of Tilapia

. Title: Prophylactic Treatment for Qut-going Tilapia Germplasm

Introduction:

Frior to fish transpcrushipment, stocks usually uncergo at least 2 weeks of
quarantine. This is to snsure that fish being transpcried are free of parasites
and diseases. Samples are also given to BFAR Fish Health Laboratory for
Heaith examination. Disinfection of fish using 20 com bath of KMnQ4 is a
routine procedure during quarantine. This is usually dene two days afier

Objective:

Given the materials and step-by-step procecures in crophylactic treatment,
the trainees will be able to give a bath of 20 ppm KMnO4 to tilapia fingerlings
following the procedure demonstrated.

Materials:

Basin

Fine mesh net
Aerators
Pre-measured KMnQ4
Stop watch
Freshwater/tap water

Procedure:

1. Disinfect tank where fish will be held after treatment.
2. Fill with water.

3. Collect fish to be treated.

4.  Thoroughly mix pre-measured KMnO4 with water.
5. Put fine mesh hapa in the basin with KMnO4.



8. Asrate the mixwurs.

7. Take S fish and dip in the 2asin mth KMnO4 mixture for 45 sec.

8. Rinse fish in basin with tap water.

9. Puttreated fish in disinfected container {Tank or aquaria).

10. Observe fish. _

11. Repeat step 7-10 for the rest of the fish, taking 15-20 fish at a time

depending on size.

Mastery test:

At the end of the exercise. the task is for the irziness ic give
prophylactic treatment of 20 pom to tilapia fingerlings.



Il. Title: Fish Postmortem Examination

Introduction: Postmortem examinaticn is necessary whnen the
cause of disease or infection is nct known. Live fisn
which shows evidence of disease should be taken
out and killed immediately. Pcstmertem examinaticn
should be performed hygienically. Thus. aiter
examination.. any fish remains shouid be properly
disposed of and the examiner should adequately
disinfect himself and his utensils.

Objectives: Given the materiais and step-by-siep procedure in
fish postmortem examination, the trainees will te
able to conduct pcstmortem examination following
the standard procedure developed by the BFAR Fish
Health Unit.

Materials:

Microscope

Microscope slide

Cover slip

Scalpel

Mounted needle

Fine scissors

Hand knife

Hand lens

Bottles with 10% formal saline solution

Procedures:

1. Kill the fish by a sharp blow on a skull or by cutting the spinai cord with a
sharp scalpel.

2. Keep the fish wet throughout the examination.
Skin
1. Take scrapings for examination.

2. Scrape fish with sharp scalpel in an anterior to posterior direction and place
some mucus and ephitelial tissues on a slide with a drop of water.

3. Spread scrapings thinly, add a drop filtered water and cover with a cover
slip.



4. Examine under the micrescope using high powerad objeciive (HPQ: of ths
stereo microscope.

5. Examine the entire fish under the low power objective (LFO) of the sterss
microscope. Be sure to examine under the fins and other areas of the bcdy
for presence of large parasites.

Gills

1. Remove operculum and examine inside.

2. Remove a whole gill and piace on a slide or in a petri disc (add water if
necessary) and examine under low power objective.

3. Separate the primary lamellae with needles tc cbserve large monogenes

and crustacea. Examine any lesions in detail under high power.
4, Cut off lamellae and remove gill arch. Place lamellae on a slide and spread
thinly-crop if necessary with coverslip. Examine under high power.

Other Organs

Make an incision along the ventrum, frcm anus tc head.

Remove the abdominal wall to expose the viscera.

Examine any abnormalities under HPO

Remove alimentary canal and associated organs by cutting across the
esophagus and around the anus.

5. Examine the surface of the alimentary canal and organs by scrapping the
contents onto a slide and observe under HPO.

PN =

Internal Organs

1. Make a squash preparations from the heart, liver, gall bladder, spleen,
kidney, gonads, urinary bladder and swim bladder and observe under
HPO.

Eves

1. Dissect eyes and open nares. Examine under LPO and HPO for helmints.
Dissect carefully out the separate tissues of the eyes to determine the
location as the site is helpful for identification.

2. Remove the skin and slice some muscle tissues for helminth larvae and
protozoan cyts.
3. Squash some muscle tissues between slides or glass plates and examine

over a bright light source.
Open the cranial cavity.
Examine a slide and make smear of the brain tissue.

o b



Mastery test:

At the end of the exercise, the task is for the trainess to conduci posimortem
examination following the standard procedure set by the BFAR Fish Health Unit.
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Main
Units/Steps/Aids

MP - 1b

4| Page: 1of2
il Module No.: 7b

Contents: - Summary of Activities, points to be
emphasized, etc.

5 mins.

Introduction

Introduce the module and explain the objectives of the module

10
mins.

Transparency 1b.3 -
1b.9

Describe research and testing facilities used in conducting
GIFT breeding experiments.
Explain the need to be familiarized with these facilities.

Enumerate the various components of research and testing
facilities used in GIFT Project. Show Transparency 1b.3 - 1b.4.
Explain that facilties under each component have been
specially designed to suit the requirements of
breeding/selection activity

Give specific examples of these facilities.
Show Transparency 1b.5 - 1b.9.

15
mins.

Slide Presentation:

Tell trainees they will now see slides that will show/describe the
research and testing facilities used in GIFT Project as an
example. Ask them to note on a piece of paper key important
points about the facility.

(i) Show slide describing Quarantine facilities. Explain its
purpose. Emphasize the importance of isolating the
quarantine facility from others. Describe how drainage
system was put up( Slide 1b.1 and 1b.2).

(i) Present slide describing the facilities used for truss
morphometric characterization of tilapia. Explain briefly
its use (Slide 1b.3).

(i) Show slides illustrating facilities for maintenance of live
fish germplasm and cryopreserved sperm. Explain the
use of reference collection tanks, (Slide 1b.4) holding
pond facilities, (Slide 1b.5) cryopreservation laboratory
and the various equipment within the cryopreservation
laboratory (Slide 1b.6 - 1b.7).

(iv) Show slides describing facilities for breeding and family
testing experiments: Hapa net cages (Slide 1b.8)

Artificial incubating system (Slide 1.9)

B-net cages (Slide 1b.10)

Earthen ponds (Slide 1b.11)

Rice paddies (Slide 1b.12)

Floating/fixed net cages (Slide 1b.13, 1b.14)

Explain briefly the use of these facilities

Please turn over
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15 Discussion/Question | Encourage trainees to ask questions for clarifications.

mins. and Answer

78 Practical Instructor to explain the practical application of the Module.

mins. Application - Cite specific examples.

Minimum facility Discuss factors/problems to consider in running a minimum
requirement to run a | facility.

given activity

(Discussion)

10 Mastery Test Distribute MTQ - 1b and collect completed questionnaires

mins.

MTQ-1b

10 Test Answers

mins.

MTA -1b Distribute MTA - 1b and discuss suggested answers with the
trainees

10 Mastery Test Trainor to discuss to trainees the Suggested Answers of the

mins. (Suggested Mastery Test.
Answers)

75 mins | Tour of Research Bring trainees to the project site and identify facilities.
Facilities/Field Demonstrate, if necessary, the use of research facility
Demonstrations

20 Opinion Distribute opinion questionnaire. Get trainees to complete and

mins. Questionnaire hand in to instructor. Make improvements to the course as

necessary.

5 mins. | Feedback Instructor to give feedback to trainees.

TOTAL | Time of Module 1b: | 4 hours and 21 mins.
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. _ ] Module No.: 2a

) 5 i £
Contents: - Summary of Activities, points to be emphasized, etc.

5 mins. | Introduction Show title of module (Transparency 2a.1). The procedure of
(Transparency 2a.1 - gathering and recording important biological data or
2a.2) phenotypic traits will be taught in detail.

Present module objectives.

10 mins. | Plan specific activities The following should be ascertained prior to data gathering
prior to sampling and
recording of data (i) What is the objective of breeding experiment?
(Transparency 2a.4) (ii) What are the pertinent data which needs to be collected?

(i) How often one should gather these data?
(iv) How these data will be collected?
(v) Who should collect the data?

5 mins. | Description of GIFT data | Show Transparencies 2a.5 to 2a.8 describing the data sheet
forms forms for recording of information during specific activities
(Transparencies 2a.5to | gch as:
2a.8)

a) breeding and collection of fry

b) fish transfer to B-net cages

c) Communal stocking and regular sampling
Enumerate the variables in each data form and explain in
detail how data or information are recorded.

20 mins. | Slide\Transparency Show a complete package of films slide describing how

different data are to be gathered in the field and recorded:

Before Spawning: hapa number, sex of breeder, tag number,
individual body weight, standard length,
body depth, caudal fin bars, maturity
condition

After Spawning: hapa number, sex of breeder, tag number,
body weight, standard length, body depth,
caudal fin bars

During Fry Collection: hapa number, batch, date of fry

collection, date of fry collected (dead & alive), bulk weight of

fry collected, mean weight, dimension of hapa

Please turn over
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Module No.: 2a

Contents: - Summary of Activities, points to be emphasized, etc.

During transfer of post-fry from nursing hapa to B-net cage:

Hapa number, dimension of hapa, previous
number (nursing hapa), survival of fry from
each hapa, number of post fry counted from
all hapa and stocked in hapa 2 size of B-net
cage, body weight per family.

Before tagging: weight measurement and survival.

After tagging: and before stocking ;Sample number, tag
number, tag color, initial body weight, initial standard length,
initial body depth.

Final sampling during grow-out: Sample number, tag
number, tag color, sex of the fish, final body

weight, final standard length, final body
depth, maturity condition

10 mins.

Question & Answer
Discussion

Instructor to encourage trainees to ask questions for
clarification on matter presented

Instructor to stress to trainees that batch no. of fish is
important for recording in data analysis.

10 mins.

Summary
(Transparency 2a.9)

Instructor to summarize important points about the module.
Instructor to remind trainees about the activities for their
practicals.

25 mins.

Progress test

Distribute PTQ-2a. Collect completed questionnaires.
Distribute PTA-2a.

440
mins.

Demonstration/
Practicals

Instructor to bring trainees to the experimental site.

Distribute Sampling forms and Practical Guide on this
module. Trainees will anesthetize/weight fish individually.
Each of them will determine the weight, length, body depth,
sex, tag no. & condition remarks of fish. Each trainees will
closely observe how to collect and record data. Instructor will
distribute materials and will ask each trainees to perform the
task that has been demonstrated.

15 mins.

Feedback

Review the performance of trainees in general. Provide
corrective feedback. Answer all queries.

10 mins.

Opinion questionnaire

Distribute opinion questionnaire and collect completed
sheets.

Total

Time of Module 2a:

9 hours and 10 mins.
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Page: 1of2

Module No.: 2a (Attachment)

Contents: - Summary of Activities, points to be emphasized, etc.

§mins. | Introduction Present title of module (Transparency 2a.1) and explain how
Transparencies the present module fits with all others. Introduce module
2aSa.1and 2aSa.2 | gbjectives (Transparency 2a.2) and explain importance of

anesthetization to reduce stress during handling. Stress the
importance of minimizing handling stress to fish and give
pointers to lessen physical injury to fish during
tagging/handling.

10 mins. | Terminology Instructor to define anesthetic and explain its effect on fish.
(Transparency Instructor to define fish marking and it's importance.
2aSa.3) Instructor to give examples of anesthetics.

o Chlorobutanol
. MS - 222
o Quinaldine

5 mins. | Examples of List examples of anesthetics used on tilapias by GIFT Project
Anesthetic and describe its effect on fish. Point out precautions and
(Transparency state which anesthetic was found suitable for tilapia.
2aSa.4 & 2aSa.5)

5 mins. | (Transparency Show and explain Transparencies and slides describing the
2aSa.5 - 2aSa.10; step-by-step procedure on anesthetization. Instructor to
Slides 2aSa.1 - emphasize on the process and determining the dosage
2aSa.2) required for the fish to be anesthetized.

5 mins. | Discussion Encourage trainees to ask question for clarification on

matters presented.
Slide showing for each type of tags.

5 mins. | Summary Instructor to summarize important points  about
(Transparency anesthetization of Tilapia.
2aSa.11) Tell trainees the disadvantages of prolonged exposure to the

anesthetic solution.

§ mins. | PROGRESS TEST Distribute PTQ - 2aA. Collect Progress Test Questionnaires.
Distribute PTA - 2aA and discuss suggested answers with
trainees.

170 Demonstration and | Given all the materials required including sample live tilapia

mins Practicum

specimen, the instructor will demonstrate how to properly
anesthetize the fish, emphasizing on the precautions to be
observed during the process.

Instructor will distribute Group trainees into 3 and let each
group perform anesthetization on a given sample of live
tilapia.

Please turn over
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Time Main UnitsIStepslAis Contents: - Summaryctivities, points to be emphasized, etc.

5mins. | Opinion Distribute  opinion questionnaire and collect completed
questionnaire sheets.

Make improvements to the course necessary.

15 mins. | Feedback Instructor to comment on performance of trainees and
provide corrective feedback.

TOTAL Time of Module 7 = 3 hours and 57 minutes
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Module No.:

2b

A
Contents: - Summary of Activities, points to be emphasized, etc.

Time
5 mins. | Introduction/ Instructor to present module. Show trainees the objectives of module.
Discussion Discuss to trainees about fish marking and it's importance.
(21:2';593" ency 2b.1 - Enumerate to trainees the different types of fish marking.
5 mins. | Discussion Discuss to trainees (to be illustrated/drawn in white board) the
different shapes used in plastic disc tagging.
45 mins. | Slide Presentation Show slide films 2b.1 - 2b.6 illustrating the various types of marking
Procedure tilapia. '
(Transparency 2b1.- | nstructor to describe each type of tag and its suitability for use in
2b.6) tilapia based on GIFT experiments.
Emphasize the specific purposes for each distinct feature of tag (e.g.
letters, numbers, colors codes).
Show slide films describing the step-by-step procedures in
preparation of floy tags. Instructor to explain clearly the ff.:
a) importance of proper tag fixing
b) procedure of keeping a master list of tags for each environment
Show slide films describing the step-by-step procedure in fish
marking (floy tagging, PIT tagging and fin clipping) (Note: Each slide
film illustrates a specific step).
Instructor should encourage trainees to ask questions or clarify some
points as each step is shown on slide.
5 mins. | Summary Instructor to summarize important points about fish marking (show
transparencies).
Stress important points based on the objectives of the module
presented.
10 mins. | Progress test (PTQ - Distribute PTQ-2b. Collect Program Test Answers.
2b) Distribute PTA-2b and discuss suggested answers with trainees.
66 mins. | Demonstration/ Given all the materials required in fish marking, the instructor will

Exercise

group the trainees into 2 batches. Each batch of trainees will closely
observe how fish marking is actually performed on an individual fish.
Instructor will entertain queries for better understanding of
participants. After the observation, Instructor will distribute tagging
materials and live fingerlings (20 pcs. each) for each trainee for floy &
plastic disc tagging. Another 5 pcs. breeders for PIT Tagging and 15
fish for fin clipping will also be distributed. The task will be performed
following the instructions stated in Practical Guide on Fish Marking.

Please turn over
' ]




MP - 2b

Page: 2 of 2

Module No.: 2b

Time Main Units/Steps/Aids .. Contents: - Summary of Activities, points to be emphasized, etc.
294 Practicals After demonstration, each trainee, provided with all the required
mins. materials, will have real practice on all steps involved in each type of

marking tilapia. Practical instructor to closely observe each trainee
and make sure that he assigned the necessary skill.

15 mins. | Feedback Review the performance of trainees in general. Provide corrective
feedback.
Answer all queries.

10 mins. | Opinion questionnaire | Distribute opinion questionnaire and collect completed sheets.

TOTAL Time of Module 2a: 7 hours and 58 minutes
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| Module No.: 2c¢

Contents: - Summary of Activities, points to be emphasized, etc.

10 mins.

Introduction
Transparencies 2c.1 and
2c.2

Explain how the present module relate with all other
modules.

Present title and objective of module.

Inform trainees there will be an end of module practical
exam/exercise.

15 mins.

Transparency 2¢.3 to
2c4.5

Define database in general and other related terms. Go
over/Refer to definition of terms when necessary.

Instructor to demonstrate on how to modify data structures.
Explain the importance of efficient database management in
breeding/genetic improvement program.

Describe datasets generated from GIFT Project experiments.

10 mins.

Components of GIFT
database
Environment/System
Transparency 2¢.5

Show Transparency illustrating the components of GIFT
database environment.

Explain importance of defining/knowing the environment
system.

Enumerate the six major components:

(1) Database

(2) Data dictionary

(3) User/system interface

(4) Database Management system
(5) Database Administration

(6) User-groups

Explain each major component and describe how these are
linked with each other.

5 mins.

Transparency 2c.6

Give layman example.
Show Transparency illustrating the components and their
relationships.

15 mins.
50 mins.

Exercise

Question and Answer session

Distribute sample forms (2-3) and background information to
facilitate discussion.

Modification of data structures.

Dissect form to come up with a data structure.

30 mins.

Transparency 2¢.7

Show again Transparency 11.5 to relate to next subject.
Show flow chart of GIFT Project’'s Database.

Tell trainees the chart describes the routine procedures of
management of data generated from the GIFT breeding
experiments.

Please turn over
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Module No.: 2c

R
Contents: - Summary of Activities, points to be emphasized, etc.

Explain in detail the procedures for storage, retrieval and
analysis of the data.

10 mins.

Discussions

Instructor to encourage trainees to ask questions.
Instructor to review lessons before the exam.

60 mins.

Open session

Inform and introduce to the software packages to be used in
Module. Determine the trainees literacy on the topic.
Conduct guided practice.

205 mins.

Demonstrations / Hands
on Computer session
using two sample
datasets

Using Projection Panel and computer, instructor to
demonstrate to trainees the step-by-step routine procedures
on how to store, retrieve and analyze datasets using
appropriate software.

20 mins.

Progress test

Distribute PTQ - 2c.
Distribute PTA - 2c¢. Discuss answers with trainees.

125 mins.

Mastery test

Instructor to group trainees into three (with three trainees
per group).

Do cross referencing with the GIFT database flow chart and
GIFT database environment transparencies.

Provide necessary references:
1. GIFT Data Dictionary
2. GIFT Stat Manual
3. SAS Procedure Manual (optional)

10 mins.

Summary/Recap

Let each group present their solutions. Provide them
materials.

Provide feedback; obtain feedback from rest of class.
Answer queries from trainees and clarify important points.

5 mins.

Opinion Questionnaire

Distribute opinion questionnaire. Get trainees to complete
questionnaires and hand in to instructor.
Make improvements to course as necessary.

TOTAL

Time of Module 2c:

9 hours and 30 minutes

o
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Module No.: 3a

Time

Main UnitsIStepsIAlds

' Contents Summary of Actsvitles, points to be emphasized, etc.

10 mins. | Introduction Show Transparency 3a.1(Title of module) and explain how
Transparencies 3a.1 and | the module relates with all others.
3a.2 Present module objectives (Transparency 3a.2). Tell trainees

there will be one Progress test and one Practical Mastery
test.

5 mins. | Protocol for holding & Instructor to explain the importance and the procedure of
conditioning of breeders | holding and conditioning of breeders.

§ mins. | Assessment of sexual Instructor to describe protocol on how to assess the maturity
maturity based on secondary sexual characteristics of female Nile
(Transparencies 3a.3) titapia.

(Slide 3a.1 - 3a.4) Present Transparency 3a.3
Show pictures or slides (Slides 3a.1 - 3a.4) and describe how
to give codes/scores based on the genital papilla of female
fish.

§ mins. | Timing of fry collectiob | Explain the timing of fry collection.

. (Show Transparency 3a.3)

15 mins. | Summary Instructor to summarize key important points about the
(Transparency 3a.4) module. Show transparency 3a.4.

10 mins. | Progress test Distribute PTQ - 3a..

Collect completed questionnaires.
Distribute PTA - 3a and discuss answers with trainees.

60 mins. | Demonstration Bring Trainees to the field. Demonstrate/show to trainees
tilapia stocks with varying sexual maturity condition of genital
papilla. Explain in detail how to distinguish one fish to the
other.

100 Practicals/ Distribute Practical Guide on Module 3a (Assessment of
mins. | Exercise Sexual Maturation).
Trainees will be graded based on the success of spawning
using genital papilla of female as indicator. (trainees to
inspect their work after 10 days).

10 mins. | Comments Comments on performance of each trainee to provide
feedback

10 mins. | Opinion questionnaire Distribute and then collect completed questionnaires.

Total Time of Module 3a: 3 hours and 50 minutes
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s BEE L S MOMDULEPLAN .+ | Modute No: 4a
A Time ~ Mam UmtsISt;;;sIAids T hc‘érnténts: - Summary 6f Acﬁ;riﬁes, points to be emphasized, etc.
5 mins. | Introduction Show title of Module (Transparency 4a.1). Introduce Module
~ | Transparencies 4a.1 and | objectives (Transparency 4a.2) and tell trainees there will be
4a.2 one progress test and one mastery test.
420 Lecture Instructor to give background on GIFT breeding strategy.
mins. Instructor to give a general review on quantitative genetics
and fish breeding; Explain selection and their importance in
improving aquaculture productivity; Describe fish breeding
‘ protocol including mating, the types of mating and the
procedures in developing mating plan.

94 mins. | GIFT Breeding Protocol | Show schematic diagrams (Transparencies 4a.3 to 4a.8)
(Transparencies 4a.3 to | describing the breeding protocols used by the GIFT Project in
4a.8) conducting seven generation experiments. Explain fully each

diagram.

15 mins. Questions and Answers

10 mins. Instructor to show graph (scale of merit) for Phenotypic traits.

Instructor will explain graph & entertain questions/queries.

5 mins. | Summary Instructor to review/remind to trainees the key factors of the

module.

20 mins. | Progress test (PTQ - 4b) | Distribute PTQ-4b and collect completed questionnaires.

Distribute model answers and discuss feedbacks.
230 Demonstrations In this field, instructor will give a simulated demonstration with
mins. emphasis on the steps that should be carried out in
sequence, while trainees observe the performance.
720 Practicals and Mastery | Trainees will refer to Trainee Material 4a (Manual on
mins. | test Breeding of Tilapia) as reference material.
Trainees will be grouped comprising 3 members per group.
Let each group practice all the steps in breeding under close
supervision.
Comment on performance of each group to provide feedback
5 mins. | Opinion questionnaire Distribute and then collect completed questionnaires
Total Time of Module 4b: 25 hours and 24 minutes
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Module No.: 5a

Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.

10 mins. | Introduction Present title of module and explain how this relates with
Transparencies 5a.1 and previously taken up modules (Transparency 5a.1)
5a.2 Introduce module objectives

(Transparency 5a.2)

15mins. | Lecture - Present details of subject matter
(Transparencies 5a.3 and - Define and explain morphometry
5a.6) o Truss

¢ Conventional
‘ - State advantages of truss morphometry
10 mins. | Transparency 5a.7 Describe body morphology of fish.

+ external
¢ indexed

Explain how to arrive at 21 indexes

Discuss coding of fish slide & advantage of recording on film

(Kodalith)

5 mins. Procedures of Data Introduce photodocumentation. Explain the requirements,
collection mounting of camera, techniques of data collection, digitization
(Transparency 5a.8 - 5a.10) | and measurements (Transparency 5a.8 -5a.10).

5 mins. CAMA Analysis Introduce CAMA (Computer Aided Monoscopic Analysis).

Give emphasis on definition.
Refer to CAMA Manual for details.

S mins. Data Management Explain how to prepare worksheets and translate files,

(Transparencies 5a.11) structuring of data FOXPRO
(Transparency 5a.11)

60 mins. | STATISTICAL ANALYSIS Discuss procedure on how to analyze and interpret data.
(TRANSPARENCIES §a.12 | Explain multivariate analysis, PCA and interpretation. Define
TO 5a.16) terms for clarifications.

10 mins. | Recap Instructor to summarize all important points taken up in the

module. Answer queries and clarify.

10 mins Progress test (PTQ - 5a) Give PTQ - 5a to trainees.

200 mins | Practicum Photographic collection of samples in groups; Mastery test is
based on clarity of picture outputs (evaluation can be done
after a week due to developing process)

240 mins. | Practicum Digitization (ready made pictures are available for purposes of
getting data. Mastery test is based on digitizing process; if lines
are in different directions, (unable to control the cursor)
scores may vary on the performance of digitizing.

Please turn over
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Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.

300 mins. | Practicum Data management , translation (ready made data and
programs) are available for translation and analysis for SAS,
size correction using PCA.
Mastery test is based on the output from SAS
Trainee should be able to plot the results.

10 mins. Mastery Test Computing for Means.

20 mins. | Mastery Test Computing for Predicted size.

60 mins. | Mastery Test Individual Assessment of trainees.

5 mins. Comments Comment on performance of class to provide feedback.

§ mins. Opinion Questionnaire Distribute and then collect completed questionnaires.

TOTAL Time of Module 5a: 16 hours and 16 minutes

2
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Main Units/Steps/Aids

MP - 5b

Contents: - Summary of Activities, points to be emphasized, etc.

(Slides 5b.4 to 5b.11)

10 mins. Lecture 1 Present title and objective of module.
Introduction Tell trainees how this relates with other modules.
(Transparency 4b.1
and 5b.2)
40 mins. Definition/ Define electrophoresis.
Explanation
Transparency 5b.3 and | Explain its use and importance in fish population genetics
5b.4
Additional -Define isozyme markers; Explain how to interpret gel
Transparencies: banding patterns. Cite examples of these in some
* Nature of Variation electrophoretic studies in teleosts, in freshwater species in
*  Quantifying particular & their application
Variations at
morphological -Describe the progress made on tilapia particularly the
meristics, proteins, studies made in GIFT Project.
DNA
Slide Presentation Show slide 5b.2. Describe how to prepare fish samples,
process tissue samples. Emphasize that dissection and
extraction of tissues involves a more delicate procedure
5 mins. Summary of Protocol Present Slide 5b.1 illustrating the flow of steps for starch gel
(Slide 5b.1) electrophoresis. Explain in detail the diagram.
3 mins. Starch gel Preparation -Show slide 5b.3. Enumerate the chemicals/materials
(Slide 5b.3) needed. Describe how to prepare correctly the starch gel
mold.
20 mins. | Sample application Show slides 5b.4 to 5b.11. Explain the following:

-degassing a starch solution by suction

-pouring the starch solution into the mold

-releasing the starch gel from the mold by means of a
scalpel blade

-cutting a longitudinal section of gel mold for sample
application

-separating the anodal from the cathodal portions for
sample application

-marking the edges and mid-portion of the gel with tracking
dye
-sample application from the left and to the right of the gel

-aligning the anodal and cathodal pieces in preparation for
electrophoresis

Please turn over
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Time Main UnitslSepslAids Contents: - Sa of Actlv s, points to be emphasized, etc.
3 mins. Setting up a Gel for Show Slides 5b.12 and 5b.13. Explain the detailed procedure
Electrophoresis (Slides | of setting up the gel ready for electrophoresis.
§5b.12 and 5b.13) :
2 mins. Slicing the Starch Gel | Present Slide 5b.14 to slide 5b.19. Explain how to slice gel
'| (Slides 5b.14 to 5b.19) | horizontally into thin slabs. Emphasize the need for slicer's
dexterity in accomplishing the task.
5 mins. -Staining recipes and Tell trainees about staining recipes used in Project's
Aliele Nomenclature electrophoretic studies on tilapia.
-Interpretation of Explain standardized nomenclature and how to read
Banding Patterns electrophoretic mobility of enzyme in a zymogram.
30 mins. Lecture 2
20 mins. Discussions Encourage trainees to ask questions.
Instructor to clarify important points.
10 mins. Exercise Instructor gave sample exercise for trainees to work on
(reading the bands).
10 mins. Progress test (PTQ - 5h)
10 mins. Feedback Distribute suggested answers and discuss with trainees
240 mins. | Practical Instructor to bring trainees to the Genetics Laboratory.
demonstrations 1 Instructor to demonstrate the step by step procedure of
making starch gels & preparing samples. Prepare gels /
samples to run on the next day. Trainees are grouped in pairs.
30 mins. End of day 1 1. Review of activities for the day
2. Summary of lab exercise from the previous day
90 mins. Practical Group trainees in 5 (assuming there are 10 trainees). Each
demonstrations 2 group comprising 2 trainees per group will perform the
procedure. Instructor to closely observe the performance per
group. Demonstrate how to load samples & prepare
electrophoretic gels. Set gels to run - 5 hours.
Lecture 3/ Data Analysis (Intreductory)
Practicals What to do with bands
* Computing allele frequencies
*+ Determining Hardy-Weinberg equilibrum
*  Polymorphism
+ UPGMA
*  Genetic distance or identity

Please turn over
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Time Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.

120 Mastery test (MTQ - §b) | Analysis of data from gels

mins. .

120 mins. | Practicals/ Slicing

Demonstrations 3 Staining and Scoring gels

15 mins. | Feedback Review the performance of trainees in general. Provide
corrective feedback.

10 mins. | Opinion questionnaire Distribute opinion questionnaires and collect completed
sheets.

Total Time of Module 5b: 13 hours and 21 minutes
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Module No.: 6a

i Main UtsIStepsIAlds Conts. -Summary Actiitles, points to be emphasized, etc.

5 mins Introduction Show Transparency 6a.1 (Title of Module) and explain
(Transparency 6a.1) importance of maintenance of tilapia germplasm.

5 mins. Objectives Present module objectives (Transparency 6a.2).
(Transparency 6a.2)

Tell trainees there will be one practical exercise and one
mastery test during the course.

10 mins. | Importance Explain in detail the importance of maintaining live tilapia
(Transparency 6a.3) stocks. Define ex-situ conservation and their use in

- aquaculture and for breeding.

5 mins. (Transparency 6a.4) Tell trainees the live tilapia stocks being maintained by the
GIFT Project. Enumerate the various strains and why these
are being kept.

§ mins. (Transparency 6a.5) Show Transparency 6a.5 and briefly explain how to maintain
stocks in tanks and ponds.

15 mins. | Marking of stocks Describe the procedure on how to identify the stocks using

(Transparency 6a.6 & fish marking (floy tagging, PIT tagging, fin clipping).

6a.8) Show Transparency in Preparation of Masterlist.
Show sample table of Masterlist and explain in detail how it is
prepared. Emphasize the need for keeping a masterlist of fish
stocks.

5 mins. Detailed Procedure Tell trainees the importance and the procedure of maintaining
(Transparency 6a.7) replacement or back-up stocks

5 mins. Inventory of stocks Specify importance of conducting inventory of stocks.
(Transparency 6a.9) Present Transparency 6a.9 and explain procedure on how

inventory is conducted.

15 mins. | Routine maintenance Describe the step-by-step procedures in routine maintenance
(Transparency 6a.10 - of stocks. Present Transparency 6a.10 to 6a.15 and discuss
6a.15) the following:

a) Feeding

b) Fertilization

c) Maintaining good water quality (ponds, tanks)
d) Daily monitoring/inspection of stocks

Please turn over
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Time of Module 6a:

Main Units/Steps/Aids ntnts:- Summary of Activities, points to be emphasized, etc.

5 mins. Summary Instructor to summarize key points in module :

(Transparency 6a.16)
a) importance of maintaining live germplasm
b) routine maintenance
c) inventory of stocks

10 mins. | Discussion Ask trainees the important points they have learned.
Encourage trainees to ask questions and clarify important
points.

10 mins. | Progress test Distribute PTQ - 6a. Collect completed questionnaires.

(PTQ - 6a) Distribute PTA - 6a. And discuss answers with trainees.

10 mins. | Field Demonstration Practical instructor bring trainees to the GIFT facility for
maintenance of tilapia germplasm. Emphasize on the
importance of conducting the actual inventory of stocks aside
from performing routine maintenance activities.

In the field , instructor will demonstrate how the actual
inventory of stocks is done, while trainees observe the
performance.

85 mins. | Practical Using Practical Guide on Module 6a, Trainees will perform

exercise/Mastery test inventory of stocks.

10 mins. | Opinion questionnaire Distribute and then collect completed questionnaires.

10 mins. | Comments Comment on the performance of trainees to provide
feedback.

-Total 3 hours and 41 mins.

[SV]
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Module No.: 6b

Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.
§ mins. | Introduction Present title of module and discuss how the present module
Transparencies 6b.1 fits with other modules
and 6b.2. Introduce module objectives and discuss the important points
they have to remember from the lecture. Tell trainees that
there will be one mastery test to be given at the end of the
discussion.

10 mins. | Trainee assessment Instructor to ask trainee to define: ex situ conservation, gene

(Transparency 6b.3 & bank & Cryopreservation. Instructor to define the terms
6b.4) mentioned and explain its importance in aquaculture and
genetic improvement.

5 mins. | Safety precaution Present some helpful tips and safety measures that must be
observed when working in the Cryopreservation laboratory
Refer to attachment 4 of Module 6b.

§ mins. | Flowchart of Protocol Show Transparency 6b.5 and briefly mention the steps

for Cryopreservation of | involved in the Cryopreservation of tilapia spermatozoa.
tilapia spermatozoa
Transparency 6b.5
5 mins. | Materials Instructor presented materials to be used in cryopreservation.
10 mins. | Preparation of extender | Instructor to define extender (Transparency 6b.6a) and
Transparency 6b.6 explain its use in Cryopreservation. Enumerate different types
of extender for tilapia. Describe the procedure for preparing
the extender for tilapia. Show the chemical composition of
Modified Fish Ringers (Transparency 6b.6b).

S mins. | Selection of Milt donor | Explain criteria for selectihg fish to be used as milt donor and
the preparations needed to prepare fish prior to milt
collection.

5 mins. | Collection of Milt from Explain procedure for collecting tilapia milt from male

tilapia broodfish broodfish. Show Transparency 6b.7 - 6b.8. Stress the
(Transparency 6b.7 - importance of collecting uncontaminated milt and proper
6b.8) handling of collected milt upon collection.

15mins. | Exercise for sperm | Instructor presented formula for sperm counting.

counting Exercise for calculating amount of Milt, Methanol & Extender
(on white board).
Instructor asked for queries regarding the exercise.

please turn over
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| Module No.: 6b

Time Main Units/Steps/Aids Contents: - Su ry ities, points to be emphasized, etc.
5 mins. Labeling of Straws Enumerate information that should be written in individual
(Transparency 6b.11) straws namely: Fish Code, PIT tag number date of freezing
' & trainee number.
Inform trainees about coding of straws and beads used to
facilitate cataloguing of samples (Transparency 6b.1 1).

5§ mins | Transfer of KRYO 10 Emphasize that prior knowledge on how to operate the
and Run Program machine and run the program are important in performing the
(Transparency 6b.14) activity.

Trainee must be familiar on all the display features of the
KRYO 10 machine. Show Transparency 6b.14a.

Tell trainees that samples should be loaded immediately as
soon as the machine displays the alarm (Transparency
6b.14b).

Discussed record/catalogue form for cryopreservation.

5 mins. | Recap Instructor write the steps of cryopreservation and review the

steps to trainees.

10 mins. | Progress test Distribute Progress test (Part 1) for Module 6b.

10 mins. | Progress test Distribute Progress test (Part 2) for Module 6b.

120 Practicals Trainees proceed to cryo lab for practicals1 (Collection and

mins. (CRYO Lab) motility scoring of milt)

Trainees are divided into three groups.

Instructor demonstrates collection of milt using capillary tube.
(note: First group proceed to practicals while the next group
are asked to prepare the solution to be used and the last
group to solve the problem [individually] written on the white
board)

20 mins. | Reference Tanks Trainees proceed to GIFT Reference tanks.

Instructor gave demo. on collection of milt.

5 mins. | Check Sperm Motility Proceed to Cryo lab.

(Transparency 6b.9) Define sperm motility, Explain procedures for checking and
scoring sperm motility. Show Transparency 6b.9

please turn over
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Time Main UnIStepslAids i Contents: - Summary of Activities, points to be emphasized, etc.

§ mins. Estimation of Sperm Explain to trainees that although this step is optional, estimating
Density sperm density is important especially in conducting researches.
(Transparency 6b.10) | Show the trainees the materials/equipment needed and explain

procedure on how to estimate the sperm density using
haemacytometer counter per ml as a unit. Show Transparency
6.10a and 6.10b. Show/do some computations in the board.

85 mins. | Practicals Practicals 2 (Estimation of Sperm density).

Instructor to demonstrate checking of motility under a
microscope.

15 mins. | Practicals Practiclas 3 (Check program in Kryo 10).

§ mins. | Filling of straws with Enumerate materials needed in filling and sealing straws.
Milt and Sealing Trainees must be familiar with the use of micropipette & syringe
(Transparency 6b.13) | (Transparency 6b.13).

Tell trainees to seal the other end of the straws depending on
the size of straws.
Emphasize that only 30 minutes is allowed to do this step.

Smins. | Preparation of Tilapia | Enumerate materials/chemicals needed to prepare tilapia milt for
Milt for Cryopreservation.

Cryopreservation Define cryoprotectant and explain its use.

(Transparency 6b.12) | pogeripe steps on how to prepare milt ready for
Cryopreservation.
Tell trainees that tilapia milt should be the last to be added in the
mixture (Transparency 6b.12).

75 mins. | Practicals Practicals 4 (Preparation of Sample for Cryopreservation).
Instructor to demonstrate to trainees procedures in filing of
straws.

§ mins. | Transfer straws and Trainee must recognize when to remove the samples and

Store sample in LN2 transfer this to dewar containing liquid nitrogen (Transparency
6b.15). Emphasize the importance of wearing proper clothing
and accessories when handling hazardous chemicals like liquid
nitrogen.

5 mins. | Thaw Cryopreserved Enumerate the equipment required for thawing the
Milt samples cryopreserved milt samples within the straws and describe its

(Transparency 6b.16)

procedure. Show Transparency 6b.16.

Please turn over
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Time Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.
5 mins. | Check Motility of Define procedures in checking and scoring sperm motility.
Cryopreserved Milt
samples
15 mins. | Check viability of Define viability of cryopreserved milt sample.

Cryopreserved Milt Describe how to collect unfertilized eggs from female tilapia

samples broodfish. Show Transparency 6b.17a - 6b.174.

(Transparency 6b.17) | pescribe the stages of egg development for ease in
identification. Explain to the trainees what is meant by fertility
rates and its importance in checking viability of cryopreserved
milt.

5 mins. | Demonstration Instructor to show trainees on how to strip eggs .
Instructor to demonstrate to trainees procedures on Thawing
activity.
e cutting of straws
* _examining cryopreserved milt under a microscope.
55 mins. | Practicals Practicals no. 5 (Thawing of straws after freezing).
Instructor to distribute Cryo preservation record for each trainees
to fill out.
20 mins. | Cryopreservation Instructor to stressed the importance of the viability of tilapia milt.
activity Instructor to enumerate the materials needed & to brief trainees
of the procedures.
Instructor to check the temperature of water (should be 40°).
Demonstration by instructor on thawing of straw, cutting end of
straw and scoring of eggs.
85 mins. | Practicals Practicals no. 6 (Fertilization of eggs).
5 mins. Opinion questionnaire | Distribute questionnaire and collect completed sheets.
TOTAL 4 Time of Module 6 = 10 hours and 58 minutes
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Module No.: 7a

Contents: - Summary of Activities, points to be emphasized, etc.

15 mins.

Introduction
(Transparency 7a.1 &
7a.2)

Show title of (Transparency 7a.1). Explain module objective
and how this relates with previous modules. Show
Transparency 7a.2. Briefly introduce the topic by going over
the important points stressed in the module.

Tell trainees there is one case study to check if trainees have
achieved module objectives.

60 mins.

Lecture
(Transparency 7a.3 -and
7a.5)

-Explain rationale for conducting trials/experiments in selected
farms/stations(Transparency 7a.3 & 7a.4).

-Emphasize importance of efficiency in organization/coordination
with the selected test stations/farms.

-Present list of test stations which participated as research
partners of GIFT Project (Transparency 7a.4).

-Describe how GIFT Project coordinated with these test
stations/farms in terms of conducting experiments and note the
lessons learned from the experience.

-Instructor to emphasize the roles of test stations/farms in
implementation of the experiment.

80 mins.

Protocol
(Transparency 7a.6 to
7a.7)

-Explain in detail the flow-chart of activities for on-station and on-
farm coordination. Show Transparency 7a.6 & 7a.7.
-Describe how the following activities are carried out, following
GIFT Project experience:
» Planning/Scheduling of on-farm/on-station activities
Identification of test environments
Coordination with test stations/farms
Briefing of station/farm managers on the entire study and
specification of requirements for implementation of tasks.
Monitoring on-farm/station activities
Fish Stocking/Monitoring
Fish Harvest
Providing feedback to station/farm manager on study

60 mins.

Case Study

-Distribute instructions on case study - Coordination with Test
Station

-Trainees to visit accredited GIFT test stations for actual
interview.

Please turn over
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Time Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.
20 mins. | Discussions -Encourage trainees to ask questions; Instructor to clarify
important points.
-Instructor to comment on trainees performance in convincing
on-station managers/farmers.
360 Case Study -Distribute instructions on case study - on-farm coordination.
minutes -Trainees to visit accredited GIFT stations for actual interview.
10 mins. | Summary Instructor to summarize key important points about the
(Transparency 7a.8) module.
Show Transparency 7a.8.
15 mins. | Discussion on Case -Discuss model answer to case study.
Study
S mins. | Opinion Questionnaire -Get trainees to complete and hand in to Instructor.
-Make improvements to the course as necessary.
Total Time of Module 7a: 10 hours and 25 minutes
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Time
§ mins Introduction Present title of module and explain how the present module
(Show Transparency relates with all others. Emphasize that transport of live fish
8a.1) germplasm is only necessary when there is a valid reason to
transfer fish germplasm from one country to another and that
the activity must satisfy the conditions set by the international
Codes of Practice.
5 mins Transparency 8a.2 Present module objectives.
§ mins. Policies of fish transfer | Explain the policies/regulations for transfer of fish germplasm.
(Transparency 8a.3) Show Transparency 8a.3
5 mins. Procedures of Show trainees the schematic diagram of procedures followed in
Importation/Exportation | the GIFT Project during germplasm collection from Africa
(Transparency 8a.4 - (Transparency 8a.4) and flow of activities during transport of
8a.5) live tilapia germplasm from Africa to the Philippines
(Transparency 8a.5).
(Transparency 8a.6 - Briefly introduce INGA and its member countries. Show
8a.8) Transparency 8a.6. Discuss recommended protocol for
exchange of fish germplasm among INGA member countries.
Refer to attachment 1 of Module 8a. Show Transparency 8a.7 -
8a.8. Cite examples of regulations followed by Philippines for
importation.
(Transparency 8a.9 - Show Transparency 8a.9. Describe protocol prior to and during
8a.11) transport of live tilapia germplasm from Philippines to INGA
member countries.
Present flow of activities during laboratory fish health
examination (Transparency 8a.10)and steps in packing of
tilapia germplasm for transport (Transparency 8a.1 1).

15 mins. Slide presentation Show slides 8a.1 to 8a.5 describing GIFT experiences on
transport/shipment of fish.

10 mins. Discussions Ask trainees the important points they have learnt and
encourage trainees to ask questions and clarify important
points.

10 mins. Summary Instructor to summarize key important points in module .

(Transparency 8a.11) (Show Transparency 8a.11)

15 mins. Progress Test

Distribute PTQ. 8a to each trainee and collect completed
questionnaires

Please turn over
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10 mins. Comments/Feedback Discuss PTA. 8a and comment on the performance to provide
feedback to trainees

110 mins. Practical Instructor to distribute Practical Guide/Exercise on Packing and

Demonstrations Transport of Live Fish Germplasm.
Instructor will demonstrate each step in packing and loading of
live germplasm, while trainees observe the performance.
Emphasize that the steps should be carried out in sequence.

375 mins Group activity Instructor  to  explain  mechanics/procedures  of the
exercise/mastery test. Trainees will perform actual transport of
fish to designate place.

Instructor will observe closely the performance of trainees.

60 mins. Report Trainees to give their report on Mastery test (transport).

(writing/reporting)
15 mins. Comments Comment on performance of the class to provide feedback
Discussions/Feed back

5 mins. Opinion Questionnaire | Distribute and then collect completed questionnaires.
Make improvements to the course as is necessary.

TOTAL 4 hours and 30 minutes

Time of Module 8a:
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Module No.: 8b

Time Main Units/Steps/Aids Contents: - Summary of Activities, points to be emphasized, etc.

10 mins. | Introduction Show Transparency 8b.1 (Title of Module). Tell trainees that in
previous module, the procedures for transport of fish germplasm
were explained. In this module, the methods on how to quarantine
and diagnose disease/parasite for newly transported germplasm will
be discussed.

Objectives Show Transparency 8b.2. Present the objectives. Emphasize to the

Transparency 8b.2 trainees important points they have to know from the lecture based
on the objectives presented. Tell trainees that a mastery test will be
given at the end of the discussion.

S mins. | Quarantine Present Transparency 8b.3 and 8b.4 Explain what is meant by
Definition/importance quarantine. Emphasize that quarantine is a ‘must to newly
Transparencies 8b.3 & transported fish germplasm.
8b.4

Smins. | Transparency 8b.5 Present Transparency 8b.5. Specify the procedure to be followed
prior to the arrival of new fish germplasm.

Routine Quarantine Present Transparency 8b.6. Enumerate and explain the important
Procedures for In-coming | things to do upon arrival at quarantine facility.

Tilapia Germplasm

Transparency 8b.6

10 mins. | Routine Quarantine Present Transparency 8b.7 and explain schematic diagram of
Procedures for Out-going | quarantine procedures followed by GIFT team for outgoing tilapia
Tilapia Germplasm germplasm.

Transparency 8b.7
10 mins. | Transparency 8b.8 Present Transparency 8b.8  Stress to the trainees the practical
' ways of avoiding contamination of fish stocks while conducting
quarantine.

10 mins. | Transparency 8b.9 Present Transparency 8b.9 Introduce to the trainees Table 1.
which summarizes the disease and problems encountered by the
GIFT team.

Show some slides describing how the different parasites look like
and slides describing symptoms of infections/diseases encountered.
Present the life cycle of ICH as an example.

5mins. | Transparency 8b.10 Present transparency 8b.10 and enumerate steps involved in
treating infected fish.

Smins. | Transparency 8b.11 Present transparency 8b.11 and show trainees how to calculate
amount of food required by infected fish at a given period of
treatment.

Smins. | Transparency 8b.12 Present transparency 8b.12 and show trainees how to calculate Ask
trainees to refer to Treatment Conversion Chart provided in
Attachment 4.
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GIFT Manual of Procedures
Objective Derived From Task/Sub-task/ Job Aids
(Short Title):
Ref. Nos.: Yes (] No[]
Research and Testing Facilities .
A. TERMINAL OBJECTIVE (] ' POST TRAINING OBJECTIVE []

Conditions : Given the necessary materials and background information on
research and testing facilities used in GIFT Project.

Behavior  : Specify the minimum facility requirements for conducting
breeding/selection work; explain the importance of major facilities
required in fish breeding program.

Standard  : According to specification standards set by GIFT Project

B. MASTERY TEST (Brief outiine)

Real performance test in a simulated condition. The whole mastery test can be
given in a training room by asking the trainee to specify all the necessary facility
requirements for conducting fish breeding/selection work and explain briefly their
corresponding use or importance.

Ref. No.
Sub | int . s Type of
Task | Obj. Intermediate Objectives SIKIA
1.0 01 | Specify the minimum basic facility requirements for conducting Classifying
quarantine of germplasm.
02 | Determine basic quarantine facility to avoid contamination of Rute Using
stocks.
03 | Specify facilities for maintenance of live fish germplasm. Classifying
04 | Specify facilities for maintenance of cryopreserved germplasm. Classifying
05_ | Specify facilities for breeding of tilapia. Classifying
06 | Categorize facilities used during different phases of selective Classifying
breeding experiment.
07 | Determine importance of the facilities used for each phase of Rule Using
selective breeding.
Completed by: Date:
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GIFT Manual of Procedures :
Objective Derived From Task/Sub-task/ Job Aids
(Short Title):
Ref. Nos.: Yes [X] No[]
Sampling and recording of phenotypic traits
A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE []

Conditions : Give the necessary materials and sample data forms

Behavior : Collect and record biological data

Standard : According to standard sampling and recording procedures developed
by GIFT Project and with 100% accuracy

B. MASTERY TEST (Brief outline)

Real performance test in a simulated condition, the trainee, given the
necessary materials and sample data forms will collect and record biological data

according to standard sampling and recording procedures developed by GIFT
Project and with 100% accuracy.

Ref. No.

?‘::k ’g;j Intermediate Objectives Tgﬁ; : f

2a 01 Determine the objective of the breeding experiment Rule Using
02 Identify pertinent data which needs to be collected Classiiying
03 | Assign who should gather and record data Classifying
04 | Devise data sheet form Problem

Solving
05 | Coordinate with other members of the group who will participate in Problem
sampling and data gathering Solving

06 | Schedule sampling of breeders prior to stocking in breeding hapa Rule Using
07 | Assemble all the materials needed for sampling breeders Classifying
08 [ Collect breeders to be sampled Classifying

Please turn over



R Lo

TO-2a

INGKOBJECTI:E
SRR R IR vl R e
Project: Page: 20f 4
GIFT Manual of Procedures
Ref. No.
Sub | /nt. ; I Type of
Task | Obj. Intermediate Objectives SIKIA
09 | Apply anesthetization procedure to breeders before sampling Physical Skill,
Rule Using
10 | Specify and record breeding hapa number where a selected Classifying,
breeder is to be stocked Physical Skill,
11 Differentiate the sex of male breeder from female breeder Discriminating
12 | Recognize the sex of fish breeder Discriminating
13 | Identify breeder through its Pit tag or Floy Tag Classifying
14 | Read and record the tag number Rule Using,
Physical Skill
15 | Weigh each breeder and record initial weight Rule Using
16 | Measure and record standard length Rule Using
Rule Using
17 | Measure and record body depth Physical Skill
18 | Specify caudal fin bars Classifying
19 | Specify the schedule dates for collection of fry Classifying
20 | Define sexual maturity Classifying
21 Describe indices of sexual maturity Rule Using
22 | Examine condition of papillae/belly and buccal cavity of breeder Rule Using
23 Determine scoring system to indicate status of sexual maturity Rule Using
24 | Construct reproductive index in each brood fish Problem
Solving
25 | Schedule sampling of breeders 10-14 days after stocking Rule Using
26 | Assemble all the materials needed for sampling of breeder Classifying
27 | Collect breeders to be sampled Classifying
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Ref. No.
Sub | Int. . I Type of
Task | Obj. Intermediate Objectives SIKIA
28 | Collect and record data such as hapa number, sex, tag number, Classifying
body weight, standard length Physical Skill
29 | Specify and record the number of Hapa where fry are collected Classifying
Physical Skill
30 | Define batch variable Classifying
31 | Specify and record the batch number spawned families Classifying
Physical Skill
32 | Specify and record the complete date when tilapia fry are collected Classifying
Physical Skill
33 | Specify and record the complete date when fry are stocked in Classifying
nursing hapas Physical Skill
34 | Sort the fry collected Classifying
35 | Separate the dead fry from alive fry Classifying
36 | Count and record the number of dead and alive fish Classifying
37 | Define bulk weight of fry Classifying
Discriminating
38 | Weigh in bulk the fry collected and record Physical Skill
Problem
39 | Compute for mean weight of individual fry based in bulk weight solving
40 | Record mean weight Physical Skill
41 Specify and record size of hapa where fry are stocked Classifying
42 | Schedule sampling of post fry prior to transfer in B-net cage Rule Using
43 | Assemble all the materials needed Classifying
44 | Collect the post fry to be sampled Classifying
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Ref. No.
Sub | /nt. : Iy Type of
Task | Obj. Intermediate Objectives SIKIA
45 | Specify the dimension and number of hapa where post fry are Classifying
harvested
46 | Count and record the number of fry harvested from each Rule Using
replicated hapa 1 Physical Skill
47 | Count and record the number of fry stocked in hapa 2 Rule Using
Physical Skill
48 | Specify and record the dimension of B-net cage where post fry are | Classifying
transferred Physical Skill
49 | Define body weight per family Classifying
50 | Schedule sampling of fingerlings prior to tagging Rule Using
51 | Assembile all the materials needed to sample fingerlings Classifying
52 | Collect at random 30% of the population per B-net cage Classifying
53 | Apply anesthetization procedure to fingerlings before sampling Rule Using
54 | Collect and record the sample number, tag number, tag color, Classifying
initial body weight, standard length, initial body depth, maturity Physical Skill
condition
55 | Schedule final sampling of fish Rule Using
56 | Assemble all the materials needed in final sampling Classifying
Collect and record the sample number, tag number, tag color, sex Classifying
of fish, final body weight, final standard length, final body depth, Physical Skill
maturity condition
Completed by: Date:




GIFT Manual of Procedures

T0-2aA

Job Aids

Objective Derived From Task/Sub-task/
(Short Title):

Ref. Nos.: Yes [X] No[]
Anesthetization of tilapia

A. TERMINAL OBJECTIVE []

POST TRAINING OBJECTIVE []

designated period of exposure in recovery water

Conditions : Given the necessary materials and background information on the
subject

Behavior Specify and apply anesthetization procedures on a given sample of
fish

Standard With minimal stress and 100% restoration of mobility of fish after a

B. MASTERY TEST (Brief outline)

Real performance test in a wet laboratory, the trainee with all the necessary
materials will anesthetize tilapia. The anesthetized fish after exposure in recovery
water should have minimal stress and should regain 100% mobility after a
designated period.

Ref. No.
Sub | Int . s Type of
inter
Task | Obj. ntermediate Objectives SIKIA
4.0 01 | Define what is anesthetic Classifying
02 | Specify materials necessary for anesthetization Classifying
03 | Determine effect of anesthetic on fish Rule Using
04 | Recognize the materials necessary for anesthetization Discriminating
05 | Weigh a small amount of anesthetic powder needed to prepare the | Discriminating
solution
06 Estimate the time required for fish to be immersed in anesthetic Discriminating
solution
07 | Realize negative side effects brought to fish during prolonged Problem
exposure to anesthetic solution Solving
08 | Place anesthetized fish in recovery basin to regain full mobility Physical Skill
Completed by: Date:
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GIFT Manual of Procedures

Objective Derived From Task/Sub-task/ Job Aids
(Short Title):

Ref. Nos.: Yes [ ] No[]
Marking of tilapia

A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE (]

Conditions : Given necessary materials for tagging the fish and background
information on the subject

Behavior : Perform different marking procedures (floy-tagging, PIT tagging, fin
clipping and dorsal spine uprooting) in tilapia

Standard : With minimal stress on the fish and should be able to tag at least 60
pieces of fish per hour, PIT tag 10 fish breeders, pin clip 20 fingeriings
and uproot dorsal spine of 10 breeders in 2 hrs..

B. MASTERY TEST (Brief outline)

Real performance test in a wet laboratory, the trainee will be given all the
necessary materials and will be asked to perform the different fish marking procedures on
tilapia. Fish marking should be done with minimal stress on the fish and trainee should be
able to tag at least 60 pieces of fish per hour, PIT tag 10 fish breeders, pin clip 20
fingerlings and uproot dorsal spine of 10 breeders in 2 hrs.

Ref. No.
Sub | Int, ; . Type of
Task | Obj. Intermediate Objectives SIKIA
5.0 01 Define fish marking Classifying
02 | Specify importance of fish marking in a breeding program Classifying
03 | Determine effects of tagging/marking on fish Rule Using
04 | Determine advantages and disadvantages of different types of Rule Using
tags/marking procedure
05 | Specify the kind of tag suitabie for the fish Discriminating
06 | Assemble all the materials needed for fixing the tags Classifying
07 | Assign tags according to groups of fish and the environments Classifying
where these fish will be stocked
08 | Arrange all the materials that will be used for tagging Classifying
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Ref. No.
'?:sk ’ggj Intermediate Objectives TngKel : f

09 | Match the fingerlings with the assigned tag numbers Discriminating

10 | Specify the correct side of the fish body for marking Classifying

11 Determine the specific site/location in fish body for marking Rule Using
Physical Skill,

12 | Employ the marking procedure Rule Using
Physical Skill,

13 | Transfer marked/tagged fish in recovery water to regain mobility Rule Using

Completed by:

Date:
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Objective Derived From Task/Sub-task/ Job Aids
(Short Title): )

Ref. Nos.: Yes X No[]
Management of Genetic Database

A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE [ ]

Conditions : Given sample datasets from breeding experiments, computer and
necessary background information on the subject

Behavior : Specify and apply procedures for storage, retrieval and analysis of
datasets

Standard : With accuracy and according to standard database management
protocols

B. MASTERY TEST (Brief outline)

Real performance test in a classroom, the trainee given sample datasets
generated from breeding experiment and background information on the subject,
will store, retrieve and analyze data with accuracy and according to standard
database management protocols

Ref. No.
?::k Igzj Intermediate Objectives Tgﬁfj : f
12.0 01 Define database management Classifying
02 | Specify objectives of genetic database management Classifying
03 | Check softwares/programs used in storing, retrieval and analysis Rule Using
of data
04 | Review application and operation of these programs/softwares Classifying
05 [ Review procedures on management of genetic database Discriminating
06 | Collect all accomplished forms with dataset entries Classifying
07 | Check if correct entries have been inputted into their respective Rule Using
boxes or columns in data form

Please turn over
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Ref. No.
Sub | iInt. . - Type of
Task | Obj. Intermediate Objectives SIKIA
08 | Double check, clear and look for dubious entries of data Classifying
08 | Arrange accomplished forms chronologically and put controls in Classifying
each form
10 | Check if footers and headers of data forms are properly filled out Rule Using
11 Define data structures Classifying
12 | Specify functions of data structures Classifying
13 | Specify procedures for defining data structure Classifying
14 | Specify user-interface that will handle data entry activities for GIFT | Classifying
Project
15 Specify appropriate procedure of editing data Classifying
16 | Define updating of file Classifying
17 | Run for an updated file to check again if error still exists Rule Using/
Physical Skill
18 | Perform a regular clean-up and back-up of the master file Rule Using/
Physical Skill
19 | Choose appropriate software in analysis of genetic data Discriminating
20 | Apply statistical analysis procedure using the Program/Software Physical Skill/
Rule Using/
Problem
Solving
Compileted by: Date:
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GIFT Manual of Procedures

Objective Derived From Task/Sub-task/ Job Aids
(Short Title): )

Ref. Nos.: Yes [X] No[]
Breeding of tilapia

A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE []

Conditions : In the classroom and in field laboratory under simulated conditions

Behavior : Specify the step-by-step field procedures for conducting the breeding
experiments which led to genetic improvement of farmed tilapia and
estimate the important genetic parameters.

Standard : In accordance with the protocol adopted by the GIFT Project

B. MASTERY TEST (Brief outline)

Given all the needed background information, trainees will specify (by written
examination) the step-by-step field procedures for conducting breeding
experiments; trainees, in groups, will be asked to estimate the important genetic
parameters (heritability and response to selection).

Ref. No.

?::k g’;} Intermediate Objectives Tglpl-?l : f

4a 01 Review fish breeding protocol/quantitative genetics Discriminating
02 | Specify objective, strategy of the breeding experiment and Classifying

expected output

03 | Specify required facilities, materials, manpower requirements Classifying
04 | Schedule activities of the breeding experiment Rule Using
05 | Choose stocks that will be used as breeders Discriminating
06__| Determine the number of breeding hapas Rule Using
07 | Determine the number of breeders required per hapa net cage Rule Using

Please turn over
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Ref. No.
Sub | Int. : A Type of
Task | Obj. Intermediate Objectives SIKIA
4a 08 | Determine importance/protocols in conditioning of tilapia breeders | Discrimina-
prior to spawning ting; Rule
Using
09 | Specify principle of mating plan Classifying
Rule Using
10 | Develop a mating plan prior to stocking of breeders Problem
Solving
1 Determine all pertinent data to be gathered prior to stocking of Rule Using
breeders in breeding hapa
12 | Determine appropriate procedures in fry collection Rule Using
Classifying
13 | Specify data to be gathered during fry collection Discriminating
14 | Determine procedures in rearing tilapia fry/fingerlings Classifying;
Rule Using
15 | Determine the total number of fingerlings to be tagged and Rule Using
stocked in test environments
16 | Know pertinent data to be recorded during grow-out cf fingerlings Discriminating
17 | Determine procedures for gathering/recording data on growth, Discrimina-
survival, reproduction and other phenotypic traits ting;
Rule Using
18 | Collect pertinent data during harvesting Classifying
’ Physical Skill
19 | Assemble all the materials needed in estimating genetic Rule Using
parameters
Correct the body weights for the effect of sex prior to estimating Discrimina-
20 | heritability and response to selection; Run SAS procedures fo ting; Rule
produce computer outputs Using

Please turn over
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GIFT Manual of Procedures

Objective Derived From Task/Sub-task/ Job Aids
(Short Title):
Characterize fish population through Ref. Nos.: Yes No [}
morphometry
A. TERMINAL oBJECTIVE [ POST TRAINING OBJECTIVE [}

Conditions : Given the necessary materials and background information on the

subject
Behavior Characterize fish population by using truss morphometry
Standard According to standard procedures described in truss morphometry

B. MASTERY TEST (Brief outline)

Real performance test in a laboratory, the trainee with all the necessary skill
will perform with accuracy the various truss morphometric procedures (photo

documentation, data gathering by caliper method/digitizing, data analysis and
interpretation). Scoring key will be used in measuring the accuracy.
Ref. No.
?::k ’g:y Intermediate Objectives T;F:]:f
6a.0 01 Define truss morphometry Classifying
02 | Review technique of photodocumentation Discriminating
03 | Assemble the materials, equipment necessary to carry out the Classifying
task
04 | Choose the fish samples to be measured Discriminating
05 | Review external body morphology of fish Discriminating
06 | Specify tandmark points in fish body Classifying
07 | Position the camera to take lateral view photos of fish samples for Rule Using
linear measurements
08 | Determine the operationalization of CAMA Rule Using
09 | Specify the CAMA system requirements Classifying




TO-5a

27 -'.1-%"' Py
Project: Page: 20of 2
GIFT Manual of Procedures -
Ref. No.
?::k ’g:y Intermediate Objectives Tg’pz:f
10 | Collect morphometric measurements by digitizing the landmark Classifying
points
11 | Specify the statistical analysis to be used Classifying
12 | Conduct the Analysis Rule Using,
Problem
Solving
13 | Interpret the resuits Rule Using
14 Construct the graphs or graphical illustration to describe the Problem
genetic variability of fish population Solving,
Rule Using
Completed by: Date:
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Project: Page 1 of 2
GIFT Manual of Procedures _
Objective Derived From TaskISub-task[ Job Aids
(Short Title):
Characterize tilapia by biochemical means Ref. Nos.: Yes X] No[]
using starch gel electrophoresis

A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE []

Conditions : Given the necessary materials for tagging the fish and background
information on the subject

Behavior : Characterize a given fish population by biochemical means using
starch gel electrophoresis

Standard : According to standard procedures described in starch gel
electrophoresis (See Fish. Tech. Manual No. 11, December 1891)

B. MASTERY TEST (Brief outline)

Real performance test in a laboratory, the trainee with all the necessary
materials will perform starch gel electrophoresis in a given fish population.

Ref. No.
?::k I(,;:;] Intermediate Objectives Tnge] : f
6b.0 01 Define electrophoresis Classifying
02 | Specify importance of starch-gel electrophoresis in population Classifying
genetics
03 | Collect fish samples suitable for biochemical characterization Classifying

04 | Photodocument fish samples for morphometric analysis and then Physical Skill

freeze
05 | Specify the parts of fish body where tissues will be obtained Classifying
06 | Dissect and extract the tissue Physical Skill
07 | Determine procedure on how to properly process the tissue Rule Using
extracted

Please turn over
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Ref. No
Sub | Int. . Ce Type of
Task | Obj. Intermediate Objectives SIKIA
08 | Assemble the materials that will be used in preparing the starch Classifying
gel
09 | Cook starch gels and load samples onto the gels Physical skill,
Rule Using
10 | Carry out the electrophoresis, gel slicing and staining procedures Physical skill,
Rule Using,
Discrimina-
ting
11 Record band/assign allele designations Discriminating
12 | Perform simple standard statistical analyses on the data Discrimina-
ting; Rule
Using
13 | Interpret information from the data Discrimina-
ting; Rule
Using
Completed by: Date:
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Projec-t: Page: 1of2
GIFT Manual of Procedures :
Objective Derived From Task/Sub-task/ Job Aids
(Short Title):
Ref. Nos.: Yes No []
Maintain Live Tilapia Germplasm

A. TERMINAL OBJECTIVE [}

POST TRAINING OBJECTIVE []

Conditions : Given the necessary background information on the subject, under
simulated condition

Behavior Identify and apply routine procedures for maintaining important live
fish germplasm

Standard According to standard procedures followed in GIFT Project

B. MASTERY TEST (Brief outline)

Real performance in a simulated laboratory conditions, the trainee, with all the

background information on the subject and clear instructions, will describe how to
maintain important live fish germplasm and apply its routine procedures.

Ref. No.
Sub | Int. . —_— Type of
Task | Obj. Intermediate Objectives SIKIA
6a 01 | Define ex-situ conservation of fish Classifying
02 | Specify purpose/objective of maintaining live collections of fish Classifying
germplasm
03 | Develop cost effective procedure or means of maintaining live Classifying
tilapia collections
04 | |dentify strains or fish populations that will be kept as live Classifying
collections
05 | Pit tag tilapia stocks to differentiate individuals Classifying,
Physical Skill
06 | Condition stocks in B-net cages for 14 days to prepare for Physical Skill
breeding

Please turn over
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Project: Page: 20f2
GIFT Manual of Procedures
Ref. No.,
Sub | Int. o Type of
Task | 0bj. Intermediate Objectives SIKIA
07 | Apply procedures in breeding stocks in hapa net cages Physical Skill,
Rule Using
08 | Separate 50 fry from each family and stock in 1mx1mx1m hapa Classifying
net
09 | Separate males and females from each family/strain, floy tagged Classifying,
and stock in B-net cages Physical Skill
10| Apply procedures for rearing until they are ready for pit tagging Physical Skill
11 Transfer pit tagged breeders to ponds separated by strain Classifying,
Physical Skill
12 | Develop a masterlist of stocks to be maintained in all holding tanks Problem
and ponds Solving
13 | Organize routine maintenance activities Rule Using
14 | Monitor physico-chemical characteristics of water in ponds and
tanks Rule Using
15 | Check feeding requirement of stocks in tanks and ponds Rule Using
16 | Specify amount of fertilizers required in ponds Classifying
17 | Check the number of fish that remain in tanks and ponds Classifying |
18 | Monitor health conditions of stocks Rule Using
19 | Check for my unusual behavior or fish mortality Rule Using
20 | Specify pertinent parameters or data to be recorded in form Classifying
Completed by: Date:
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TO-6b

Page: 10of3 —

Objective Derived From Task/Sub-task/

(Short Title):

Cryopreservation of tilapia milt

Job Aids

Ref. Nos.: Yes No []

A. TERMINAL OBJECTIVE [

POST TRAINING OBJECTIVE [

Conditions : Given the tilapia milt sample and all the necessary equipment and
materials
Behavior Cryopreserve the milt and test the viability of the sample
Standard With accuracy and according to the protocols developed by University
of Stirling in Scotland
B. MASTERY TEST (Brief outline)

Real performance test in a cryopreservation laboratory, the trainee with all the
necessary materials will cryopreserve the milt of a given fish sample. The activity
should be performed with accuracy and according to the protocols developed by
the Institute of Aquaculture, University of Stirling, Scotland.

Ref. No.
?::k ’g{v Intermediate Objectives TgFKe,:‘
10.0 01 Revie_ew ex situ conservation in general and cryopreservation of the Discriminating
species
02 | Specify equipment and materials needed Classiiying
03 | Specify the population or stocks to become donor of milt samples Classifying
04 Deten.'mine appropriate extender to be used in cryopreserving the Rule-Using
species
05 | Determine dosage of extender solution to be prepared Rule Using
06 | Determine the main parts and function of the KRYO 10 Rule Using
07 | Specify procedures for operating the equipment Classifying
08 | Choose breeders for milt collection Discriminating

Please turn over
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GIFT Manual of Procedures
Ref. No.
?:':k lg;j Intermediate Objectives Tgf:j :f
09 | Assemble all the materials to be used Classifying
10 | Specify procedures for collecting tilapia milt Classifying
11 | Apply procedures for milt collection Physical Skill
12 | Identify stages for estimating sperm density Classifying
13 | Identify procedures in counting all concentration using Classifying
haemacytometer
14 Use haemacytometer and compound microscope Rule Using
15 | Get average cell count Rule Using
16 | Convert average cell count into sperm cell concentration Rule Using
17 | Specify procedure for preparing milt with extender Classifying
18 | Calculate the amount of methanol to be added to the sperm Rule Using
sample
19 | Calculate the number of straws which cén be reasonably filled Rule Using
within the time span given
20 | Assemble the material for filling straws with milt Classifying
Assign colors of straw and bead to a particular milt sample of a
21 given strain Classifying
22 | Gauge proper timing to fill the straw with milt and seal Rule Using
23 | Specify general safety procedures to be observed Classifying
24 | Identify protective clothing required for cryopreservation activity Classifying
25 | Specify procedures for operating the equipment Classifying
26 | Define all signals in the machine Classifying
27 | Transfer straws containing milt sample and run the program Physical Skill

Please turn over
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GIFT Manual of Procedures

Ref. No.
Sub | Int. . I Type of
Task | Obj. Intermediate Objectives SIKIA
28 | Gauge proper timing to remove samples from KRYO 10 and Rule Using
transfer in liquid nitrogen
29 | Specify general safety procedures when handling liquid nitrogen Classifying
30 | Wear proper clothing when opening dewar with cryopreserved milt | Physical Skill
samples
31 Observe safety measures when opening dewar Attitude
32 | Specify materials/equipment for thawing cryopreserved milt Classifying
samples
33 | Immerse cryopreserved milt samples into waterbath Physical Skill
34 | Define motility of milt Classifying
35 | Specify procedure for scoring motility of tilapia milt Classifying
36 | Estimate motility of tilapia milt Rule Using
37 | Define viability of milt Classifying
38 | Compare different stages of tilapia milt Classifying
Problem
39 | Develop cryopreservation record data form solving
40 | Identify cryopreserved milt samples through color of straws, beads | Classifying
and dividers
41 Record pertinent cryopreservation data Rule Using

Completed by:

Date:
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TO-7a

Objective Derived From Task/Sub-task/ Job Aids
(Short Title):

Organization and Coordination with Test Ref. Nos.: Yes [] No[¥
Stations

A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE [}

Conditions : Given the background information on the subject

Behavior : Specify the basic steps in organizing/coordinating with selected test

stations/farms

Standard : In accordance with the procedures adopted by the GIFT Project.

B. MASTERY TEST (Brief outline)

In classroom, trainees will be grouped into two and will conduct field survey to
selected farm/station. The trainees will record all data during the visit and will make

a report for group presentation.

Ref. No.
?’::k g’;j Intermediate Objectives Tg ,pKeI : f
1.0 01 Recognize importance of conducting genetic evaluation Discriminating
experiments in selected test stations/farms
02 | Determine test environments or culture sites needed Rule Using
03 | Assign overall coordinator for on-station/on-farm Classifying
04 | Specify schedule of activities Classifying
05 | Specify protocol for conducting on-farm experiment Classifying
06 | Survey potential stations/farms Classifying
07 | Inform station/farm managers about the planned experiment and Physical Skill/
possibility of considering it as test station/farm Rule Using
08 | Visit the potential study site for survey Physical Skill/
Rule Using

Please turn over
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Ref. No.

?'::k Iglt)_, Intermediate Objectives Tgf;/ : f

09 | Inform manager about the study, its objectives, activities Physical Skill/
Rule Using

10 | Evaluate existing research facilities Discriminating
11 Determine source of water Rule Using
12 | Specify outlet/finlet of ponds/tanks Classifying
13 | Evaluate security of fish in test station/farm Discriminating
14 | Define roles of station/farm collaborators/cooperators Classifying
15 | Define roles of station/farm as collaborators/cooperators Classifying
16 | Record all pertinent data during farm/station survey Rule Using

Completed Date:

by:
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Objective Derived From Task/Sub-task/ Job Aids
(Short Title):

Ref. Nos.: Yes [] No [
Transport of Live Fish Germplasm
A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE []

Conditions : Given the background information on transport procedures adopted by

GIFT Project.
Behavior  : Specify and apply the basic steps in transporting live fish germplasm.
Standard  : With consideration of the ICES/EIFAC Codes of Practice and Manual

of Procedures for transfer of fish.

B. MASTERY TEST (Brief outline)

Ref. No.
Sub | Int. . s Type of
Task | Obj. Intermediate Objectives SIKIA
2.0 01 Check policies/regulations for transfer of fish germplasm. Rule Using
02 | Specify conditions set by international codes of practice. Classifying
03 | Check protocols set by INGA for importing and exporting live carp Rule Using
and tilapia germplasm.
04 | Review import and export procedures. Discriminating
05 | Determine source or place from where fish germplasm will be Rule Using
obtained.
06 | Determine steps in securing clearances and permits from Rule Using
importing/exporting country.
07 | Specify all facilities/materials needed for transport. Classifying
08 | Classify the required facilities/materials according to phase of Classifying

transport activity.

09 | Discriminate between desired and undesired stocks for transport.

Discriminating
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Project T
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Ref. No.

%':’k lgzj Intermediate Objectives Tgr;'; : f
10__| Perform conditioning of stocks. -
11__ | Determine number of fish to be transported. Rule Using
12 | Pack live fish germplasm in plastic bags. -
13 | Examine water quality parameters in transport bags. Rule Using
14 | Load transport bags containing fish stocks to be transported. -

Completed by: Date:
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GIFT Manual of Procedures
Objective Derived From Task/Sub-task/ Job Aids
(Short Title): Ref. N

. ef. Nos.: Y N

Quarantine and post-mortem examination es LI No[J
of tilapia germplasm
A. TERMINAL OBJECTIVE [] POST TRAINING OBJECTIVE []

Conditions : Given the fish samples and all the necessary facilities

Behavior : Recognize importance of quarantine and apply its procedures
under simulated conditions

Standard :  With consideration of INGA protocols on fish transfer and with
: minimal fish mortality after the quarantine period

B. MASTERY TEST (Brief outline)

Real performance under simulated wet laboratory, the trainees will be grouped
and will be asked to apply the quarantine procedures in a given sample of fish
stocks. Trainees will be observed and will be scored based on performance.

Ref. No.
Sub | Int. . R Type of
Task | Obj. Intermediate Objectives SIKIA
3.0 01 | Organize 'things to do’ prior to arrival or exportation of fish Rule Using
germplasm
02 [ Schedule disinfection of all holding facilities and quarantine Rule Using
accessories
03 | Replace water in plastic bags containing fish with clean water from | Physical Skill
holding tanks
04 | Check fish stocks during acclimation period of 1-3 days Rule Using
05 | Monitor stocks closely during the conduct of routine guarantine Rule Using
procedures
06 | Recognize difference between healthy and unhealthy stocks Discriminating |
07 | Examine fish stocks for external sign of diseases and parasites Rule Using
08 | Diagnose cause of disease or parasitic infection Problem
Solving
09 | Prescribe treatment to infection Rule Using

Completed by: Date:
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TDF-23

Job: Fish breeder/Aquaculturist

Duty: Fish breeding

Completed by: Date:

Task: 2a. Sampling and Recording of Phenotypic

Traits

* Where performed: Farm/Station

% Triggering Event: Indication of need to gather
pertinent genetics data

* Terminating Event: Genetics data accurately

4. References/Standards for the task
(If any):

100% accuracy in reading and recording
the genetics data and according to the
standard procedures developed by the
GIFT Project

recorded
% No. ¢ Sub-Tasks ” Performance 8 Summary of SIK/A Requirements
Difficulties
2a.1 | Plan specific activities | Inefficient gathering Determine the objectives of the
prior to sampling and | of data breeding experiment
recording of data
Identify pertinent data which needs to
be collected
Assign who should gather and record
data
Devise data sheet forms
Coordinate with other members of the
group who will participate in sampling
and data gathering
Sample breeders Inadequate data Schedule sampling of breeders prior to
2a.2 | prior to stocking of gathered prior to stocking in breeding hapa

breeders in breeding
hapa

stocking of breeders

Stress during
sampling

Assemble all the materials needed for
sampling of breeders

Collect breeders to be sampled

Apply anesthetization procedure to
breeders before sampling

Please turn over



* No.

8 Sub-Tasks

7 Performance
Difficuities

TOF-2a

® Summary of S/K/A Requirements

2a.3

2a.2.

2a.2.

2a.2.

2a.2.

2a.2.

2a.2.

2a.2.

2a.2.

Determine breeding
hapa number

Indicate the sex of
breeder

Indicate the tag
number of breeder

Determine initial
weight of each
breeder

Determine standard
length prior to
stocking

Determine body
depth prior to
stocking

Indicate caudal fin bar

Determine sexual
maturity condition

Sample breeders
after spawning

-Specify and record breeding hapa

number where a selected breeder is to
be stocked

Differentiate the sex of male breeder
from female breeder

Record sex of fish breeder

Identify breeder through its Pit tag or
Floy tag

Read and record the tag number

Weigh each breeder and initial individual
weight

Measure and record standard length

Measure and record body depth

Specify caudal fin bars

Define sexual maturity
Describe indices of sexual maturity

Examine condition of papillae/belly and
buccal cavity of breeder

Determine scoring system to indicate
status of sexual maturity

Construct reproductive index in each
broodfish

Schedule sampling of breeders 10-14
days after stocking

Please turn over



% No. § Sub-Tasks 7 Performance ® Summary of S/K/A Requirements
Difficulties
Assemble all the materials needed for
sampling of breeders
Collect breeders to be sampled
Collect and record data such as hapa
number, sex, tag number, body weight,
standard length, body depth, caudal fin
bars
2a.4 | Gather data during fry Apply procedures in pond preparation
collection
2a.4. | Indicate the hapa Specify and record the number of hapa
1 number where fry are collected
2a.4. | Determine batch Define batch variable
2 variable
Specify and record the batch number of
spawned families
2a.4. | Record data of fry Specify and record the complete date
3 collection when tilapia fry are collected
2a.4. | Record date of fry Specify and record the complete dates
4 transfer when fry are stocked in nursing hapas
2a.4. | Record number of fry Sort the fry collected
5 collected
Separate the dead fry from the alive fry
Count and record each group (dead and
alive fry)
2a.4. | Determine bulk Define bulk weight of fry
6 weight
Weight in bulk the fry collected and
record
2a.4. | Determine mean Compute for mean weight of individual
7 weight of individual fry based on bulk weight

fry
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7 Performance
Difficulties

® Summary of S/K/A Requirements

2a.5

2a.5.

2a.5.

2a.5.

2a.5.

2a.5.

2a.6

Indicate hapa size

Gather data during
transfer of post-fry
from nursery hapa to
b-net cage

Indicate hapa number
and dimension

Record survival from
each replicated hapa

Record number of
post fry stocked in
Hapa 2

Record size of B-net
cage

Record body weight
per family

Sample fingerlings
before tagging

Record mean weight

Specify and record size of hapa where
fry are stocked

Schedule sample of post fry prior to
transfer in B-net cage

Assemble all the materials needed
Collect the post-fry to be sampled

Specify the dimension and number of
hapa where the post fry are harvested

Count and record the number of fry
harvested from each replicated hapa 1

Count and record the number of fry
stocked in Hapa 2
Specify and record the dimension of B-

net cage where post fry are transferred

Define body weight per family

Schedule sampling of fingerlings prior to
tagging

Assemble all the materials needed to
sample fingerlings

Collect at random 30% of the population
per B-net cage

Apply anesthetization procedure to
fingerlings before sampling

Specify and record weight and length
measurements of the fingerlings

Please turn over
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* Summary of S/K/A Requirements

* No. & Sub-Tasks ? Performance
Difficulties
2a.7 | Sample fingerlings
after floy tagging
2a.8 | Sample fish at
harvest
final sampling
2a.9 | Tag fingerlings
fingerlings to be tagged
tagging of tilapia
2a, Stock tagged
10 fingerlings in test
environment
prior to stocking
2a. Rear tagged
11 fingerlings in test

environment

Assemble all the materials needed to
sample fingerlings after floy tagging
Apply anesthetization procedure
Collect and record the sample number,
tag number, tag color, initial body
weight, initial standard length, initial
body depth, maturity condition
Schedule final sampling of fish
Assemble all the materials needed in
Collect and record the sample number,
tag number, tag color, sex of fish, final
body weight, final standard length, final
body depth, maturity condition
Determine the total number of

Sort the fingerlings to be tagged
according to families and environment
Apply appropriate procedures on
Check test environments (pons, cages,

etc.) are reading for stocking

Specify the number of tagged fingerlings
lo be stocked per environment

Sort the tagged fingerlings to be stocked

Record pertinent data on fingerlings

Check feed requirements of stocks
Monitor water quality in test environments

Monitor stocks in test environments
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% No. S Sub-Tasks 7 Performance * Summary of SIK/A Requirements
Difficulties

Sample fish to gather data on growth,
survival, reproduction and other
phenotypic traits
Determine pertinent data to be gathered
during grow-out

2a. | Harvest fish Stress during Specify schedule of harvesting stocks

12 harvesting

Apply appropriate harvesting procedures
Collect pertinent data during harvesting

Observe the condition of the fish before
sampling

Put the harvested fish in tanks
separately by sex for conditioning prior
to transport to Project Site.




Duty: Fish breeding

Completed by: Date:

Task: 2b. Marking of Tilapia

! Where performed: Field/Laboratory

% Triggering Event: Indication of need to mark tilapia

stocks for identification (for
example during communal

rearing)

> Terminating Event: Fish stocks tagged efficiently

4. References/Standards for the task
(If any):

To be performed with minimal stress
on fish and that trainee after the course
should be able to tag at least 60 fish
after one hour.

2b.3

2b.4

2b.5

2b.6

for external marking of
a given species and
stage of fish

Prepare the materials
for tagging

Floy Tagging
Fixing the Floy tags

Prepare materials for
tag insertion

Prepare the fish

* No. ¢ Sub-Tasks " performance 8 Summary of S/IK/A Requirements
Difficulties
2b.1 | Introduce tagging Lack of Define tagging. Specify importance of
understanding on tagging in a breeding program.
importance of tagging
2b.2 | Identify tag suitable Use of the wrong type | Determine advantages and

of tag on fish

Possible use of poor
quality tag

Incomplete set of
materials

Error in assigning

tags to group of fish

Unfamiliarity with the
tagging materials

disadvantages of different types of tags.
Determine effects of tagging fish

Recognize the suitable tag taking into
consideration the age and size of the
fish.

Determine the supplier of appropriate
tag.

Assemble all the materials needed for
fixing the Floy tags.

Assign Floy tags according to groups of
fish and the environment where these
fish will be stocked.

Arrange all the materials that will be
used for Floy tag insertion.

Match the fingerlings with the assigned
tag numbers.
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% No. S Sub-Tasks ” Performance ® Summary of S/K/A Requirements
Difficulties
2b.7 Stress on fish due to | Specify the correct side of the body for

2b.8

2b.9

2b,
10

2b.
11

2b.
12

2b,
13

2b.
14

Position the fish
Locate the insertion
site

Insert the needle

Place tagged fish in
recovery basic

Pit Tagging
Prepare materials for
tag insertion

Load identity tags in
the needle

Pit tag the fish

Placed tagged fish in
recovery basin

incorrect insertion site

Lack of dexterity
during tag insertion

Increased stress of
fish due to prolonged
handling

Lack of familiarity with
Pit tag materials

Difficulty in locating
Pit tag insertion site

Lack of dexterity in pit
tag insertion

Increase stress of fish
due to prolonged
handling

tag insertion.

Determine the insertion site in the fish
body.

Push the needle on the insertion site,
attach plastic disc, make three loophole
knots and cut thread to desired length.

Transfer Floy tagged fish in recovery
basin to regain mobility

Arrange all the materials for pit tagging
Insert the tag into the hole of the syringe
needle

Determine insertion site

Push the plunger of the syringe to
securely lodge the tag in visceral cavity

Transfer pit tagged fish in recovery
basin to regain mobility.




TDF-2¢

Job: Fish breeder/Aquacuiturist

Duty: Fish breeding

Completed by: Date:

Task: 2c. Management of Genetic Database

* Where performed: Computer Room/Classroom

% Triggering Event: Indication of need to manage a
huge amount of data generated
from breeding experiments

* Terminating Event: Data compiled into one
integrated database following
standard procedures for
processing, management and

4. References/Standards for the task
(If any):

With accuracy and according to
standard database management
protocol;

Basic Operational Manual

SAS Operational Manuals

GIFT Stat Manual

access.
% No. ¢ Sub-Tasks " Performance ® Summary of S/K/A Requirements
Difficulties
2c.1 | Review Database Define Database
Management
Specify objectives of genetic database
management
Check softwares/programs used in
storing/retrieval and analysis of data
Review application and operation of
these programs/softwares
2c.2 | Validate the data Erroneous encoding | Check if correct entries have been
collected inputted into their respective boxes or

columns in data form

Double check, clear and look for
dubious entries of data

Arrange accomplished forms
chronologically and put controls in each
form

Check if footers and headers of data
forms are properly filled out

Please turn over
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® Summary of S/K/A Requirements

knowledge in the use
of application
programs for data
analysis

“No "8 Sub-Tasks 7 Performance
Difficulties
2¢.3 | Prepare data Lack of Define data structures
structures understanding on
data structures Identify functions of data structures
Specify procedures for defining data
structure
2c.4 | Encode/Edit data Specify user interface that will handle
data entry activities for GIFT Project
Identify appropriate procedure of editing
data
2¢.5 | Updating the file Define updating of file
Run for an updated file to check again if
error still exists
Perform a regular clean-up and back-up
of the master file
2c.6 | Analyze datasets Inadequate




Duty: Fish breeding

Task: 4a. Breeding Strategies for Tilapia

! Where performed: Project/Farm Site

% Triggering Event: Indication of need for selective

breeding due to poor
performance of stocks

* Terminating Event: Breeding experiment

conducted and important
genetic parameters
(heritability, response to
selection) estimated.

Completed by:

Date:

4. References/Standards for the task
(If any):

In accordance with the GIFT Project
Protocols.

breeders that will be
used in breeding
experiment

* No. ¢ Sub-Tasks " Performance ® Summary of S/KIA Requirements
Difficulties

4a.1  Determine Inadequate Review fish breeding protocols/
objective/strategy of  knowledge on quantitative genetics
the breeding breeding protocols/
experiment and quantitative genetics  Specify objective, strategy of the
expected output of fish breeding experiment and expected

output

4a.2  Plan resource Lack of planning, Specify required facilities, materials,
requirements/ organization of the manpower requirements;
activities prior to start  experiment
of breeding Schedule activities of the breeding
experiment experiment

4a.3  Condition tilapia Select stocks that will be used as

breeders;
Determine the number of breeding hapa
net cages

Determine the number of breeders
required per hapa net cage

Clip premaxilla of male breeders before
stocking in hapa net cages

Record the weights of breeders before
stocking

Stock the breeders in hapa net cages
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% No. S Sub-Tasks " Performance ® Summary of S/K/A Requirements
Difficulties
Determine the amount of amflcnal feed
required
Feed breeders in hapa net cage during
conditioning
4a.4  Prepare breeding Apply procedures in pond preparation
ponds
4a.5 |Install breeding hapas Possible presence of  Check breeding hapas before
: holes in hapas which  installation in earthen ponds
may result in loss of
fry
4a.6  Stock breeders Inavailability of Specify principle of mating plan

4a.7

4a.8

4a.9

Collect Fry 10-14
days after stocking
the breeders

Gather pertinent data
during fry collection

Rear families in
nursery hapas

mating pian

Asynchronous
spawning

High mortality due to
stress in fry collection

Inadequate data
gathered during fry
collection

Tendency of fry to be
overstocked or under
stocked

Mortality due to
stress in stocking

Develop a mating plan prior to stocking
of breeders

Determine all pertinent data to be
gathered prior to stocking of breeders in
breeding hapas

Record the important data of breeders
prior o stocking

Specify the schedule dates for collection
of fry

Apply appropriate procedures in fry
collection

Specify data to be gathered during fry
collection

Apply appropriate procedures in
weighing/counting the fry collected

Determine the suitable number of fry to
be stocked in each nursery hapa

Stock the known number of fry/post fry
in nursery hapas/B-net cages with less
stress

Please turn over



TR R R SR,

E

T
R

& Sub-Tasks

7 Performance
Difficulties

* Summary of S/IK/IA Requirements

4a.
10

4a.
11

4a.
12

4a.
13

Tag fingerlings

Stock tagged
fingerlings in test
environment

Rear tagged
fingerlings in test
environment

Harvest fish

Stress during
harvesting

Determine the total number of
fingerlings to be tagged

Sort the fingerlings to be tagged
according to families and environment

Apply appropriate procedures on
tagging of tilapia

Check test environments (pons, cages,
etc.) are reading for stocking

Specify the number of tagged fingerlings
to be stocked per environment

Sort the tagged fingerlings to be stocked

Record pertinent data on fingerlings
prior to stocking

Check feed requirements of stocks
Monitor water quality in test environments'
Monitor stocks in test environments
Sample fish to gather data on growth,
survival, reproduction and other

phenotypic traits

Determine pertinent data to be gathered
during grow-out

Specify schedule of harvesting stocks
Apply appropriate harvesting procedures

Collect pertinent data during harvesting

Observe the condition of the fish before
sampling

Put the harvested fish in tanks
separately by sex for conditioning prior
to transport to Project Site.
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4a.

14 Compute for genetic  Inadequate Assemble all the materials needed in
parameters knowledge in SAS, estimating genetic parameters
(heritability, response  basic quantitative
to selection) genetics Correct the body weights for the effect

of sex prior to estimating heritability and
response {o selection

Run SAS procedures to produce
computer outputs




TDF-5a

Job: Fish breeder/Aquaculturist

Duty: Fish breeding

Completed by: Date:

Task: Sa. Characterize fish population through
morphometry

 Where performed: Genetics Laboratory

* Triggering Event: Indication of need to
characterize fish to determine
genetic variability

* Terminating Event: Fish stocks/population
characterized successfully
using morphometrics

4. References/Standards for the task

(if any):
Perform with accuracy the step-by-step
procedure described in Practical Guide
Mod. 52;
Manual on CAMA Version 1.0

5 No. * Sub-Tasks 7 Performance
Difficulties

® Summary of S/IK/A Requirements

5a.1 | Plan activities to carry | Lack of basic
out morphometric knowledge in
measurements morphometry

5a.2 | Prepare materials for | Unfamiliar with the
photo documentation | technique

§a.3 | Establish indices by Unfamiliar with the

plotting chosen external body

landmark points in morphology of fish

fish body

5a.4 | Get photographs of Lack of skill in getting

fish samples photographs,
focusing,
understanding of
lights

Review morphometry in general;
techniques of truss morphometry

Review technique of photo
documentation

Assemble the materials, equipment
necessary to carry out the task

Choose the fish samples to be
measured

Review external body morphology of
fish

Identify landmark points ih fish body

Determine the operationalization of a
camera

Position the camera to take lateral view
photos of fish samples for linear
measurements

Please turn over
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® Summary of S/IK/A Requirements

% No. ¢ Sub-Tasks 7 Performance
Difficulties
5a.5 | Collect morphometric | Operationalization of | Determine the operationalization of
- data using CAMA CAMA not known CAMA
Specify the CAMA System requirements
Collect morphometric measurements by
digitizing the landmark points
5a.6 | Analyze Inadequate Specify the Statistical Analysis4to be
morphometric data understanding of used
performing the
Multivariate Statistical | Conduct the analysis, Interpret the
Analysis, results

Discriminant Analysis

Construct the graphs or the graphical
illustration to describe the population
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Joh: Fish breeder/Aquaculturist

Duty: Fish breeding

Completed by: Date:

Task: 5b. Characterize tilapia using starch gel

electrophoresis

- Where performed: Genetics Laboratory

> Triggering Event: Genetic variability of a given fish
population not known

¥ Terminating Event: Fish stocks anesthetized

successfully

f

4. References/Standards for the task
(If any):

According to standard procedures
described in A Practical Laboratory
Guide to the Techniques and
Methodology of Electrophoresis” by J.
Macaranas; Fish Tech. Man. No. 11,
Dec. 1991

* No. S Sub-Tasks 7 performance 8 Summary of S/IK/A Requirements
Difficulties

5b.1 | Review Defined electrophoresis
electrophoresis

5bh.2 | Prepare fish samples Collect fish samples suitable for
from field and photo- biochemical characterization
docurnent for
morphometric
analysis

5b.3 | Freeze fish samples Photodocument fish samples for
immediately upon morphometric analysis and freeze
arrival in the
laboratory

5b.4 | Priorto Specify the part of fish body where
electrophoresis, tissues will be obtained
process the tissues
from 20-25 fish Dissect and extract the tissue
samples per run

Determine procedure on how to properly
process the tissues extracted

5b.5 | Keep tissue samples Put the microwell tissue culture plates
in microwell tissue on ice or refrigerated packs to keep the
culture plates samples cold.

5b.6 | Labelthe plate and Specify correct label for the microwell
store in freezer until tissue culture plate
tissues are analyzed

Please turn over
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¢ Sub-Tasks

7 Performance
Difficulties

5b.7

5b.8

5b.9

5b.10

5b.11

5b.12

5b.13

5b.14

5b.15

Prepare starch gel by
mixing a buffer with
hydrolyzed potato
starch -

Release the starch
gel from the moid by
means of a scalpel
blade

Cut the longitudinal
section of the starch
gel for sample
application

Separate the anodal
and cathodal portions
of the starch gel for
sample application

Mark the edges and
mid portion of the gel
with tracking dye

Apply sample from
the left to the right
end of the gel

Align the anodal and
cathodal pieces in
preparation for
electrophoresis

Setthe gelon a
cooling plate and
apply the filter paper
and absorbent
sponge cloth on both
sides of the gel

Set up the starch gel
between the

.electrode buffer tanks

Assemble the materials that will be used
in preparing the starch gel

Weigh the starch and put in Erlenmeyer
flask

Cook the starch mixture

Check whether the starch gel is ready
for release from the mold

Specify the anodal and cathodal
portions of the starch gel

Please turn over
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7 Performance
Difficulties

1WUr=Ju

¥ Summary of S/K/A Requirements

5b.16

5b.17

5b.18

5b.19

5b.20

5b.21

Prepare the starch
gel for slicing by
putting it on a firm
elevated foundation

Slide the gel with a
cupping saw fitted
with a thin-rusting
wire

Cut the gel in two to
facilitate the peeling
process

Peel the top gel slab
with a thin plastic strip

Lift the gel! slab with
fingers

Transfer the gel slab
to the steaming dish




Job: Fish breeder/Aquaculturist

TDF-6a

Duty: Fish breeding

Completed by: Date:

Task: 6a. Maintenance of Live Tilapia Germplasm

" Where performed: Project/Farm Site

* Triggering Event: Indication of need to maintain
live tilapia germplasm for ex situ
conservation

* Terminating Event: Live tilapia germplasm
maintained for specific
activities

4. References/Standards for the task
(If any):

In accordance with the GIFT Project
Protocols.

5 No. ¢ Sub-Tasks 7 Performance
Difficulties

* Summary of S/IK/IA Requirements

6a.17 | Plan cost-effective
strategy for
maintaining live fish
collections

6a.2 | Prepare stocks for
maintaining live
collections

6a.3 | Breed stock in hapa
net cages

6a.4 | Collect progeny for
use as replacement
stocks

Define ex-situ conservation of fish

Specify purpose/objective of maintaining
live collections of fish
germplasm

Identify cost-effective procedure or
means of maintaining live tilapia
collection

Identify strains or fish population that
will be kept as live collections

Pit tag tilapia stocks to differentiate
individuals

Condition stocks in B-net cages for 14
days to prepare for breeding

Apply procedures in breeding stocks in
hapa net cages

Apply procedures in collecting fry

Separate 50 fry from each family and
stock in 1mx1mx1m hapa net cage

Please turn over
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7 Performance
Difficulties

TDF-6a

s Summary of S/K/A Requirements

6a.5

6a.6

6a.7

6a.8

Rear progeny until
they can be floy
tagged and pil tagged

Carry out routine
roainlenane:

Coriduct stocks
inventory

Record all
observations in data
form

Separate males and females from each
family/strain, flow tagged and stock in
B-net cage

Apply procedures for rearing until they
are ready for pit tagging

Transfer pit tagged breeders
(replacement stocks) to ponds
separated by strain

Develop a master list of stocks to be
maintained in all holding tanks and
ponds

Organize routine maintenance activities
Monitor physico-chemical
characteristics of water in ponds and
tanks

Check feeding requirements of stocks in
tanks and ponds

Specify amount of fertilizers required in
ponds

Check the number of fish that remain in
tanks and ponds

Monitor health condition of stocks

Check for any unusual behavior or fish
mortality

Specify pertinent parameters or data to
be recorded in form
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Job: Fish breeder/Aquacuiturist

Duty: Fish breeding

Completed by: Date:

Task: 6b. Cryopreservation of Tilapia Spermatozoa

* Where performed: Genetics laboratory

% Triggering Event: Indication of need for ex situ
conservation of fish germplasm

* Terminating Event: Spermatozoa of fish

4. References/Standards for the task
(If any):

Manual of Operations of KRYO 10.
According to procedures devised by
University of Stirling, Scotiand

cryopreserved
% No. ¢ Sub-Tasks ” Performance ® Summary of S/IK/IA Requirements
Difficulties

6.1 Plan activities prior to | Lack of awareness on | Review ex situ conservation in general
cryopreservation cryopreservation and cryopreservation of the species
activity

6.2 List down resources Identify equipment and materials
needed needed

Specify the population or stocks to be
cryopreserved

6.3 Prepare extender Lack of knowledge on | Determine appropriate extender to be
solution how to prepare used in cryopreserving the species

extended solution
Determine dosage of extender solution
to be prepared.

6.4 Prepare Unfamiliarity with the | Identify the main parts and functions of
cryopreservation use of equipment the KRYO 10 (Cryopreservation Unit)
facility

Specify procedures for operating
equipment

6.5 Condition and select | Possibility of Choose breeders for milt collection
breeders for milt choosing breeders
collection unfit for milt collection

6.6 Prepare materials Materials incomplete | Assemble all the materials to be used
equipment

Please turn over
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& Sub-Tasks

# Summary of S/K/A Requirements

7 Performance
Difficulties
6.7 Coliect tilapia milt Possibility of Specify procedure for collecting tilapia
collecting milt
contaminated milt
Apply procedure for milt collection
6.8 Estimate sperm Inadequate Identify steps for estimating sperm
density knowledge on how to | density
calculate sperm
density identify procedures in counting cell
Unfamiliarity with the | concentration using haemacytometer
use of
haemacytometer Use haemacytometer and compound
microscope
Get average cell count.
Convert average cell count into sperm
cell concentration
6.9 Prepare milt with Procedure for Specify procedures for preparing milt
extender preparing milt with with extenders
extenders not clean
Calculate the amount of methanol to be
added to the sperm sample
Calculate the number of straws which
can be reasonably filled within the time
span given
6.10 Fill straws with milt Assemble the materials for filling straws
and seal with milt
Assign colors of straw and bead to a
particular milt sample of a given strain
Gauge proper timing to fill the straw with
milt and seal
6.11 Transfer milt samples Specify general safety procedures to be

to KRYO 10 and run
program

observed

Identify protective clothing required for
cryopreservation activity

Please turn over
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% No.

7 Performance
Difficulties

® Summary of S/K/A Requirements

6.12

6.13

6.14

6.15

6.16

Transfer straws from
KRYQ 10 and store in
liquid nitrogen

Thaw cryopreserved
milt samples

Check motility of
cryopreserved milt
samples

Check viability of
cryopreserved milt
samples

Record data

Specify procedures for operating the
equipment

Define all signals in the machine

Transfer straws containing milt samples
and run the program

Gauge proper timing to remove samples
from KRYO 10 and transfer in liquid
nitrogen

Specify general safety procedures when
handling liquid nitrogen

Specify materials/equipment for thawing
cryopreserved milt samples

Wear proper clothing when opening
dewar

Immerse cryopreserved milt samples
into waterbath

Define motility of milt

Specify procedures for scoring motility
of tilapia milt

Estimate motility of tilapia milt
Define viability of milt
Compare different stages of tilapia eggs

Develop cryopreservation record data
form

Identify cryopreserved milt samples
through color of straw, beads and
dividers

Record pertinent cryopreservation data
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Job: Fish breeder/Aquaculturist

Duty: Fish breeding

Completed by: Date:

Task: 7a. Organization and Coordination with Test
Stations

- Where performed: Selected test stations/farms

% Triggering Event: Need to conduct on-station/farm
research experiments

* Terminating Event: Experiments in test
station/farms effectively

4. References/Standards for the task
(If any):

In accordance with the procedures
adopted by the GIFT Project

implemented
* No. % Sub-Tasks " Performance ® Summary of S/K/A Requirements
Difficulties
7a.1. | Plan/Organize Inadequate planning | Recognize importance of conducting
Strategy for genetic evaluation experiments in
conducting on- selected test stations/farms
station/farm
experiments Determine test environments or culture
sites needed :
Assign overall coordinator for on-
station/on-farm
Specify schedule of activities
Specify protocol for conducting on-farm
experiment
Survey potential stations/farms
7a.2 | Coordinate with test Lack of coordination | Inform station/farm managers about the
stations/farms with heads of planned experiment and possibility of
stations/farms considering it as test station/farm
7a.3 | Evaluate test Visit the potential study site for survey
stations/farms Determine source of water
Specify outlet/iniet of ponds/tanks
Evaluate security of the fish in test
station/farm

Please turn over
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% No. ¢ Sub-Tasks 7 Performance 8 Summary of SIKIA Requirements
Difficulties
7a.4 | Arrange meeting with | Possibility of Inform manager about the study, its
station/farm manager | collecting objectives, activities

to discuss plans/
results of survey

contaminated milt

Specify requirements for successful
implementation of experiment

Define roles of station/farm as
collaborators/cooperators




Jobh: Fish breeder/Aquaculturist

TDF-8a

Duty: Fish breeding

Completed by: Date:

Task: 8a Transport of live fish germplasm

 Where performed:

% Triggering Event: Indication of need to transport
live fish germplasm

* Terminating Event: Live fish germplasm
transported successfully

4. References/Standards for the task
(If any):

ICES/EIFAC Codes of Practice and
Manua! of Procedures for Transfer of
Fish; Live fish germplasm
transported with minimal mortality

live fish germplasm
to be transported

8a.3 Secure clearance to
import/export

8a.4 Prepare holding
facilities, transport
materials,
equipment

* No. ¢ Sub-Tasks " Performance * Summary of SIK/A Requirements
Difficulties
8a.1 Plan/organize Lack of awareness on | Check policies/regulations for transfer of
strategy for policies/regulations fish germplasm
transport of fish for transfer of fish
germplasm germplasm
Specify conditions set by international
codes of practice
Check protocols set by INGA for
importing and exporting live carp and
tilapia germplasm
Review import and export procedures
8a.2 Contact source of Determine source or place from where

fish germplasm will be obtained

Determine steps in securing clearances
and permits from importing/exporting
country

Specify all facilities/materials needed for
transport

Classify the required facilities/materials
according to phase of activity

Please turn over
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7 Performance
Difficulties

® Summary of S/K/A Requirements

8a.5

8a.6

8a.7

8a.8

8a.9

8a.
10

8a.
11

Collect/harvest fish
to be transported
from the wild/culture
sites

Bring collected fish
germplasm to the
laboratory

Condition stocks in
holding tanks

Take fish samples
for health
examination

Submit samples for
health examination

Secure

quarantine/health
certificate

Pack and load fish
to be transported

Discriminate between desired and
undesired stocks for transport

Perform conditioning of stocks

Specify fish organs to be examined

Make squash preparations from fish
organs

Examine tissue sample under
microscope

Identify disease-causing agent or
species of parasites present in fish

Diagnose findings

Interpret quarantine/health certificate
issued

Determine number of fish to be
transported

Pack live fish germplasm in plastic bags

Examine water quality parameters in
transport bag

Load transport bags containing fish
stocks to be transported
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Job: Fish breeder/Aquaculturist

Duty: Fish breeding

Completed by: Date:

Task: 8b. Quarantine and disease diagnosis for

new tilapia germplasm

! Where performed: Project/Farm Site

% Triggering Event: Arrival of newly transported fish

germplasm

3 Terminating Event: Newly arrived fish germplasm

4. References/Standards for the task
(If any):

With consideration of INGA protocols
on fish transfer and with minimal
mortality after the quarantine period.

quarantine
procedures after
acclimatization

quarantined
* No. & Sub-Tasks ” Performance * Summary of S/K/IA Requirements
Difficulties

8b.1 Plan activities prior | Lack of organization | Organize ‘things to do’ prior to arrival of
to arrival of new fish | in implementation of | new fish germplasm.
germplasms transport activities

8b.2 Disinfect all holding | Possible spread of Schedule disinfection of all holding
facility (tanks, contaminants facilities and quarantine accessories.
aquaria) and other
quarantine
accessories few
days before arrival
of fish

8b.3 Upon arrival, Stress of fish brought | Replace water in plastic bags containing
introduce fish to about by difference in | fish with clean water from holding tanks.
local water water quality
conditions

8b.4 Stock germplasm in | Low survival of stocks | Check fish stocks during acclimatization
quarantine holding during acclimatization | period of 1-3 days.
facilities for period.
acclimatization

8b.5 Conduct routine Low survival of stocks | Monitor stocks closely during the

during quarantine

conduct of routine quarantine
procedures.

Please turn over
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8b.6

Treat fish stocks
infected with
parasites or
diseases

Possibility of disease/
parasite outbreak

Recognize difference between healthy
and unhealthy stocks.

Examine fish-stocks for external signs of
diseases and parasites.

Diagnose cause of disease or parasite
infection.

Prescribe treatment to infection.
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PROGRESS TEST - Module 1b

Name: Date:

. Enumerate the major components of research and testing facilities used in GIFT
Project.
Answers:
(a)
(b)
(c)
(d)
(e)
) :

(Score : 20 pts.)

. Enumerate at least 3 important facilities used in the cryopreservation laboratory.
Answers:
(a)
(b)
(c)

(Score : 20 pts)

. What are the examples of facilities used in family testing experiment?
(Give 3 examples)
Answers:
(a)
(b)
(c)

{Score : 20 pts)

. State the main purpose of quarantine facilities.
Answer:

(Score : 40 pts.)




PTA-2b .

| 5. State the next step that should be followed immediately after tagging the fish.

Answer: Immediately place newly tagged fish in the recovery basin with clean
aerated freshwater.




PTQ-2c

PROGRESS TEST - Module 2c

Name: Date:

1. It is important to have a database system in place to have a better understanding
and usage of such system. Identify & explain briefly each component of the GIFT
database system.

Answer:

(score: 40 pts.)

2. Database management procedures in the GIFT Project have two phases:

2.01 ldentify the different procedures under these phases
Answer:

(score: 30 pts.)

3. There are three steps for a database user to access data. This depends however on
the ability of the user i.e. knowledge about the data: computer literacy. List at least 2
ways . Indicate what kind of user. '

Answer:

(score: 30 pts.)
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PROGRESS TEST - Module 2¢

Suggested Answers .

1. It is important to have a database system in place to have a better understanding
and usage of such system. Identify & explain briefly each component of the GIFT
database system. ,

Answer;

Database - Collection of inter-related data designed to meet the information needs of a
project

Data Dictionary - Detailed listing of the project’s database and their data structures. It
also includes documentation of the nature/background of data.

User System Interface - A computer software wic contains different application
programs written to facilitate access of databases through the
database management system.

DB#S - A computer software which consists of a set of programs to access the
database.

Database Admin. - Refers to a group of people responsible for overall direction &
implementation of the database system.

User Groups - The identified/authorized clients or possible users of the GIFT database,
user interface, & data dictionary.

2. Database management procedures in the GIFT Project have two phases:
Data Processing
Data Maintenance

2.01 Identify the different procedures under these phases
Answer:

i. Study the data collected

ii. Provide appropriate database design
iil. ldentify software requirements

iv. Validate data

v. Encode data

vi. Edit & update data
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3. There are three steps for a database user to access data. This depends however on
the ability of the user i.e. knowledge about the data: computer literacy. List at least 2
ways . Indicate what kind of user.

Answer:

1. If user is not knowledgeable of computer operations, database access can be
the coursed through the database administration.

2. If user is well-versed with the software used, he/she can access data using the
user-interface available or

3. Using the database management system itself.
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PROGRESS TEST - Module 3a

Name: Date:

1. Enumerate the two methods of assessing the tilapia female breeder’s readiness to
spawn.

Answer:

(Score : 30 pts.)

2. Matching Type. In the following, the morphological characteristics of the tilapia
female’s genital papilla described in the right-hand column is to be matched with the
Code (left column) used to indicate female's sexual maturity, by placing appropriate
number in the answer box.

Code ‘ Answer Papilla condition
Not ready to spawn (NR) ____ 1. Pinkish to reddish, protruding genital pore full
opened. Abdomen distended.
Had Spawned (HS) 2. Pinkish/yellowish, genital pore slightly
opened. Abdomen slightly distended.
Ready to Spawn (RS) — 3. Whitish/clear, genital pore is flat. Abdomen.
Swollen (S) ___ 4 stiltreddish, significantly shrunken &

compressed abdomen.

(Score : 40 pts.)

3. Estimate the number of days needed before an inspection for possible presence of
eggsl/fry of tilapia female with ‘RS’ (ready to spawn) genital papilla can be made.

Answer:

(Score : 30 pts.)
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PROGRESS TEST - Module 3a

Suggested Answers

1. Enumerate the two methods of assessing the tilapia female breeder’s readiness to
spawn.

Answer:

(a) Visual examination of genital papilla
(b) Examination of maturity of eqgs

2. Matching Type. In the following, the morphological characteristics of the tilpia
female's genital papilla described in the right-hand column is to be matched with the
code uses for female's sexual maturity, by placing the morphological characteristics
number in the corresponding answer box.

Code . Answer Papilla condition

Not ready to spawn (NR) 3 1. Pinkish to reddish, protruding genital pore full
opened. Abdomen distended.

Had Spawned (HS) 4 2. Pinkish/yellowish, genital pore slightly
opened. Abdomen slightly distended.

Ready to Spawn (RS) ——1— 3. Whitish/clear, genital pore is flat. Abdomen.

Swollen (S) 2 4, Still reddish, significantly shrunken &
compressed abdomen.

3. Estimate the number of days needed before an inspection for possible presence of
eggs/fry of tilapia female with ‘RS’ (ready to spawn) genital papilla can be made.

Answer:
In female tilapia with RS papilla condition. inspection for
presence of eggs/fry can be made 7-10 days after stocking

with male tilapia.
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PROGRESS TEST - Module 4a

Name: Date:

Consistent ranking of strains in different environments means low Gx&

. Write True or False

Score: 10 pts.

Low GXE implies development of specific strain for a particular environment

Score: 10 pts.

Fill in the blanks.

a.

b.

C.

a.

The value decides on what breeding strategy is to be adopted in a
a breeding program.
Score: 10 pts.

High heterosis level justify. strategy
Score: 10 pts.
Low heterosis level justify strategy

Score: 10 pts.

. True or False

Heretability (h*=1) means that phenotypic variations is all caused by genetic
variations

Score: 10 pts.
Heretability (h?=0) means that phenotypic variation is all caused by environmental
variations

Score: 10 pts.

Maternal half sib is the most often used to calculate heritability

Score: 10 pts.

. What is to be avoided in mating of two individuals?

Score: 20 pts.
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PROGRESS TEST - Module 4a

Suggested Answers

. Write True or False

Consistent ranking of starins in diff. environments means low GXE  True

Low GXE implies development of specific strain for a particular environment False

Fill in the blanks.

a. The heterosis value decides on what breeding strategy is to be adopted in a
a breeding program.

b. High heterosis level justify cross breeding/hybridization strategy

c. Low heterosis level justify pure breeding/selection strategy

. True or False

a. Heretability (h®=1) means that phenotypic variations is all caused by genetic
variations True ’

b. Heretability (h?=0) means that phenotypic variation is all caused by environmental
variations True

c. Maternal half sib is the most often used to calculate heritability False

. What is to be avoided in mating of two individuals?
Mating of related individuals




PTQ- 5a

PROGRESS TEST - Module 5a

Name: Date:

(Trainees may be allowed to open book/notes)

1. Enumerate the step-by-step procedures on truss morphometry:
Answers:

(a)
(b)
(c)
(d)
(e)

(f)
: (Score : 30 pts)
2. Matching type. In the question below, the number of the ‘Description’ stated in the
right-hand column is to be matched with the ‘Technique' (left column) corresponding
to it, by placing the correct number in the answer box.

Technique Answer Description of Technique
Principal component Analysis ~ ——— 1. Uses traditional caliper to measure skeletal
structures such as standard length,
width & depth.

Conventional Morphometrics 2. Uses electronic digitize linked to a

computer and a suitable projection to
measure distances between homologous
pattern of quadrilaterals on cells

Compu'ter aided Monoscopic 3. Multivariate technique for examining

Analysis relationships among several quantitative
variables

Truss Morphometric method 4. Computer program used to take linear
measurements of objects in photographic
image.

(Score : 40 pts.)

3. State briefly the importance of truss morphometry in genetics.
Answer:

(Score : 15 pts.)




PTQ 52 ~

PROGRESS TEST - Module 5a

4. Explain briefly why should there be a logarithmic transformation of raw data prior to
multivariate analysis.
Answer:

{Score ;: 15 pts.)




PTA - 5a

PROGRESS TEST - Module 5a

Suggested Answers

1. Enumerate the step-by-step procedures on truss morphometry:
Answers:
(a) Prepare fish samples
(b) Mount the camera
(c) Get photograph of fish samples
(d) Collect morphometric data using CAMA
(e) Analyze data
(f) Interpret results

2. Matching type. In the question below, the number of the ‘Description’ stated in the
right-hand column is to be matched with the "Technique’ (left column) corresponding
to it, by placing the correct number in the answer box.

Technique Answer Description of Technique
Principal component Analysis 3 1. Uses traditional caliper to measure skeletal
structures such as standard lenght,
width & depth.
Conventional Morphometrics —1 2. Uses electronic digitizer linked to a

computer and a suitable projection to
measure distances between homologous
pattern of quadrilaterals on cells

Computer aided Monoscopic 4 3. Multivariate technique for examining

Analysis relationships among several quantitative
variables

Truss Morphometric method 2 4. Computer program used to take linear
measurements of objects in photographic
image.

3. State briefly the importance of truss morphometry in genetics.

_ Answer:
Truss morphometry is important in detecting subtle difference in shape
independent of strains within a given species.

4. Explain briefly why should there be a logarithmic transformation of raw data prior to
multivariate analysis.
Answer:
Log transformation converts an arithmetic to geometric scale and is
necessary to make the distribution normal and make the variance -
independent of the mean.
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PROGRESS TEST MODULE - 5b

Name: ’ Date:

Reading of Bands.

1.

|




PTQ-5b

Computation of Bands.

Population 1

Population 2

Population 1

Population 2

LOCUS 1
A
a

LOCUS 2
B
b




PROGRESS TEST MODULE - 5b

Suggested Answers

PTA - 5b

Reading of Bands.
1.
Aa Aa AA
aa aa
2.
AA AA
aa Aa aa
3.
Aa AA Aa
AA
aa aa
Bb BB BB BB BB
- bb
4,
AA
aa aa aa
Bb Bb
bb bb
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Computation of Bands.

5.
Population 1
AA AA AA AA AA
Bb Bb
bb bb bb
Population 2
Aa AA
aa aa aa
BB Bb
bb bb bb
POPULATION 1 POPULATION 2
LOCUS 1
A 1.0 0.3
a 0 0.7
LOCUS 2
B 0.2 0.3
b 0.8 0.7




PTQ-6a

PROGRESS TEST - Module 6a

Name: Date:

1. State briefly the importance of maintaining live tilapia germplasm.

Answer:

(Score : 20 pts.)

2. Suppose you are planning to replace tilapia broodstocks, how would you go about it?

Answer:

(Score : 40 pts.)

3. Enumerate 5 routine maintenance activities for keeping tilapia germplasm.

Answer: (a)
(b)
(€)
(d)
(e)

(Score : 40 pts.)




PTA - 6a

PROGRESS TEST - Module 6a

Suggested Answers

1. State briefly the importénce of maintaining live tilapia germplasm.

Answer: Keeping live germplasm is important because of the present
limitation of cryopreservation to preserve only the spermatozoa of
fish germplasm. Ex situ conservation of fish is also necessary for
future use in breeding and evaluation of other important economic

traits such as disease resistance, carcass quality and maturation.

2. Suppose you are planning to replace tilapia broodstocks, how would you go about it?

Answer: Breed broodstock at one pair of breeders per hapa, one strain of
broodstock per pond. When first filial stocks of different strains are
produced, separate 50 fry from each family and stock in 1 m® fine
mesh hapa. Once fish reach sexable size of 20 g, select four males
and four females from each family/strain and tag it with fingerling floy
tag. Stock fish in B-net cages until they reach 80 g size and are

ready for pit tagging.

3. . Enumerate four routine maintenance activities for keeping tilapia germplasm.

Answer: (a) Check physico-chemical characteristics of ponds/reference tanks
(b) Fertilize ponds regularly
(c) Feed stocks as necessary
(d) Monitor stocks daily
(e) Conduct regular inventory of stocks




PTQ-6b
PROGRESS TEST - Module 6b

Name : Date :

(Trainees may open manual/notes)

1. State briefly the importance of gene or sperm bank.

Answer:

{Score : 10 pts)

2. Fillin the blank. is a suitable extender found for tilapia.

(Score : 10 pts)

3. Enumerate the steps (in chronological order) involved in the cryopreservation of
tilapia spermatozoa

Answer:

(a)
(b)
(c)
(d)
(e)
(f)

(@
(h)
(i)

(Score : 30 pts)
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4. Calculate for the amount of milt, methanol and modified fish ringer to come up
with 12 straws of 0.5 and 0.25 ml.

Answer:

(Score : 25 pts)

5. Assuming the average number of cell count is 120, what is the sperm cell
concentration per ml.

Answer:

(Score : 25 pts.)
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PROGRESS TEST - Module 6b

Suggested Answers

1. State briefly the importance of gene or sperm bank.

Answer:

It is essential to a selective breeding program because it affords
storage of important genetic material for future reference, as well as
easy access and distribution of this genetic material to national
breeding programs.

2. Fillin the blank. Modified Fish Ringer is a suitable extender found for tilapia.

3. Enumerate the steps (in chronological order) involved in the cryopreservation
of tilapia spermatozoa
Answer:

(2) Prepare Extenders

(b) Collect Milt

(c) Check collected milt if contaminated or not

(d) Label straws for identification (Straws should contain
informations such as divider number, fish origin, Pit tag no. and
freezing date)

(e) Get cell count (sperm density)

(f) Prepare Milt with Extenders + MeOH

(g) Transfer sample to Kryo 10 and Run Programme

(h) Transfer frozen sample in dewar storage containers filled up with
LN2

(i) Check viability of frozen milt by using it to fertilize eggs.




PTA - 6b

PROGRESS TEST - Module 6b

Suggested Answers

4.

Calculate for the amount of milt, methanol and modified fish ringer to come
up with 12 straws of 0.5 and 0.25 ml.

Answer: For 0.5 ml straw you will need 6250 pl of sample (250 pl is the
allowance for checking pre-freezing motility score)

(a) divide 6250 by 20 to come up with the amount of milt needed
6250/20=312.5 pl milt

(b) multiply 6250 by 10 to come up with the amount of methanol to
be added

6250 x .10 = 625 ul methanol

(c) add amount of milt and methanol and subtract this with 6250 to
come up with the amount of Modified Fish Ringer.

312.5 pl milt

+ 625 pl methanol
937.5

- 6250

5312.5 nl Modified Fish
Ringer

d) add amount of milt, methanol and Modified Fish Ringer. This
should tally with the amount of sample needed to fill up 12
straws of 0.5 ml.

312.5 pl milt
625 pl methanol
+5312.5 pl Modified Fish Ringer
6250.0 pl sample
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PROGRESS TEST - Module 6b

Suggested Answers

Answer: For 0.25 mi straw, you will need 3250 pl of sample (250 pl is the
allowance for checking pre-freezing motility score).

a) divide 3250 by 20 to come with the amount of milt needed
3250/20 = 162.5 pl milt

b) muitiply 3250 by 10 to come up with the amount of methanol to
be added

3250 x .10 = 325 pl methanol

¢) add amount of milt and subtract this with 3250 to come up with
the amount of Modified Fish Ringer.

162.5 pl milt
+ 325 ul methanol
487.5
- 32500
2762.5 pl Modified Fish Ringer

d) add amount of milt, methanol and Modified Fish Ringer. This
should tally with the amount of sample needed to fill up 12
straws of 0.25 ml.

162.5 pl milt
325 ul methanol
+ 2762.5 yl Modified Fish Ringer
3250.0 ul sample

5. Assuming the average number of cell countis 120, what is the sperm cell
concentration per ml?

Answer: average cell count = 120
dilution number = 500
constant = 5,000 then
sperm cell concentration (no./mil) = 120 x 500 x 5,000

3.0x10°




PTQ-7a

PROGRESS TEST - Module 7a

Name: Date:

1. Describe through a flow chart the protocols in organizing and coordinating
on-station/on-farm trial.

(pls. use extra sheet of paper for this question)

(score: 50 pts.)

2. During appraisal/evaluation of research facilities, what are the things to be
inspected?

Answer:

NoasLh=

(score: 25 pts.)

3. On fish monitoring, what important parameters should be checked? How often a
farm should be visited?

Answer:

APl ol

(score: 25 pts.)




PTA-7a

PROGRESS TEST - Module 7a

Suggested Answers

1. Describe through a flow chart the protocols in organizing and coordinating
on-station/on-farm trial.

(pls. use extra sheet of paper for this question)

2. During appraisal/evaluation of research facilities, what are the things to be
inspected?

Answer;

Area of the site

Security of the fish
Inlet/Outlet of water

Source of the water

Location

Facilities

Accessibility of transportation

NoOahwd =

3. On fish monitoring, what important parameters should be checked? How often a
farm should be visited? )

Answer:

1. Water quality (parameters - pH, D.O., temperature, water depth, transparency
2. Fish- body weight, body depth, standard length and condition of fish
3. Farms/stations should be visited twice a month.




»

PTA-73

[ Identify test stationsffarms |

{ Coordinate with test stations/farms

1

| Visit & evaluation of test stations/arms |

Arrange meeting with the Station
headffarm managers

v

Orientation & planning of experiment
to be conducted (schedule of activities
etc..)

!

|_Stocking of fish on station/farm |

[ Monttoring of fish/activities |

-

Fish sampling

Water parameters

monitoring

v

Communicate for the schedule
of Harvest

|__Harvest& sampling of fish |

Make a report on
study/experiment conducted &
make an acknowledgement
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PROGRESS TEST - Module 8a

Name: Date:

1. Identify the important documents needed when importing or exporting fish
germplasm

Answers:
(a)
(b)
(c)

. (Score : 10 pts.)
2. Enumerate the basic steps in packing of tilapia germplasm prior to transport
Answers:
(a)
(b}
(c)

(d)
(e)

(Score : 20 pts.)

3. Indicate on the opposite column whether the task listed below is the

responsibility of the exporting country or importing country

TASK Indicate whether exporting country or

. i I
1. Provide information on a
fish requested

2. Certify health of fish b

3. Quarantine newly arrived fish c

4. Advise on status of fish received d

3. Disinfect fish prior to transport e

{Score : 40 pts.)
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4. State briefly the main reason why laboratory fish health examination is
necessary prior to transport of fish to other countries.

Answers:

(Score : 30 pts)




PTQ- 8a

PROGRESS TEST - Module 8a

Suggested Answers

. Enumerate the important documents needed when importing or exporting fish
germplasm '
Answers:

(a) Importation permits issued by requesting country
(b) Permit _to export issued by source country

(c) Health certificate issued by country of origin/source

of shipment.

. Enumerate the basic steps in packing of tilapia germplasm prior to transport
Answers:

(a) Fill_plastic bag with unchlorinated water

(b) Transfer the appropriate number of fish per plastic bag

(c) Introduce oxygen_ to plastic bag

(d) Fasten upper end of plastic bag with rubber band
(e) Place plastic bag either in styropore box or in buri bag

Indicate on the opposite column whether the task listed below is the
responsibility of the exporting country or importing country

TASK Indicate whether exporting country or
R i I
1. Provide information on a Exporting country
fish requested
2. Certify health of fish b. Exporting co'untgg
3. Quarantine newly arrived fish ¢ Importing country
4. Advise on status of fish received d Importing_country
5. Disinfect fish prior to transport ¢ Exporting country

. State briefly the main reason why laboratory fish health examination is

necessary prior to transport of fish to other countries.

Answers:
Health Examination is absolutely necessary prior to transport of fish
germplasm to prevent the introduction of any disease or parasite to
existing fish stocks in the country of destination.




PTQ-8b

PROGRESS TEST - MODULE 8b

Name: Date:

. Enumerate two main reasons why quarantine is important
Answer:

(a)

(b)

(Score : 20 pts.)

2. Enumerate at least three practical ways of avoiding contamination of stocks when
incidence of during or parasitic infection is observed during quarantine period.
Answer:
(a)
(b)
(c)

(Score : 20 pts.)

3. Give at least 3 pointers to be considered when treating infected fish.
Answer:

(a)

(b)

(c)

{Score : 20 pts.)

4. Given a 1 kg weight of fish to be treated for 3 days and using a feeding rate of 3%, computg
for the total amount of feed needed for the entire duration of treatment (Note the amount of
food given to fish during normal feeding is reduced).
Answer;

total amount of feed = 1000g x 2.5 x 3 = 750g
100




PTQ-8b

5. Complete the diagram below by filling out the blank boxes with the appropriate step

(Score : 40pts.)

Arrival of new germplasm
at the project site

v

Transfer fish in quarantine tanks
with flow-through system

1

2.
3.
|
Monitor fish stocks feed stocks 3x daily Totally drain H,0 in
holding facilities every

morning; partially drain
Hh,O every afternoon;
clean all containers

Carry-out treatment
when necessary

Fig. 1. Schematic diagram of quarantine procedures for incoming tilapia germplasm.




PTA - 8b

PROGRESS TEST - MODULE 8b

Suggested Answers

Enumerate two main reasons why quarantine is important

Answer:
(a). There s risk of spreading diseases and parasites during international

exchange of fish germplasm.
(b). The health status of the fish is not fully known .

Enumerate at least three practical ways of avoiding contamination of stocks when
incidence of disease or during parasite infection is observed quarantine period.

Answer:
(a) Avoid transfer of stock from one container to another

(b) Use siphon and scoop nets only to containers/holding facility assigned to it.
(c) Thoroughly wash and disinfect nets.and holding facility after each use.

Give at least 3 pointers to be considered when treating infected fish.
Answer: (Anyone of the answers below is correct).

(a) Sort fish by degree of infection. Segregate those which are severely
affected from those which are less affected.

(b) Before giving any therapeutic or prophylactic treatment, test it first on a few
fish. Observe treated fish for 12-24 hours before treating the rest.

(c) Treatment of fish is done best early in the morning or when water
temperature is low.

(d) Calculate the dosage carefully before administering treatment.

(e) Repeat treatment only if absolutely necessary and after 30 hours of the first
treatment.

(f) Starve infected fish for 12-24 hours prior to treatment.

Given a 1 kg weight of fish to be treated for 3 days and using a feeding rate of 3%,
compute for the total amount of feed needed for the entire duration of treatment (Note the
amount of food given to fish during normal feeding is reduced).

Answer:

total amount of feed = 1000g x 2.5 x 3 = 750g
100
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5. Complete the diagram below by filling out the blank boxes with the appropriate step

Arrival of new germplasm
at the project site

Unpack plastic bags & dilute
water with clean water from
quarantine tanks

Transfer fish in quarantine tanks
with flow-through system

1

Condition for 1 to 3 days

!

Carry-out routine quarantine activities for 3-7 months | 3.

[

v

Monitor fish stocks

feed stocks 3x daily

[ 4

Totally drain h,O in

holding facilities every

morning; partially drain
h,O every afternoon;
clean all containers

Check for presence
of infection, disease
parasites

Check for mortality 5.

Carry-out treatment
when necessary

4.

Fig. 1. Schematic diagram of quarantine procedures for incoming tilapia germplasm.
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MTQ-1b

MASTERY TEST - Module 1b

. Name : Date :

1. As a trained staff, your supervisor is requesting you to handle strategic
research in multiplying your few selected breeders, how will you identify the
minimum facility requirement to implement the required activities :

Manpower

Selection

Operating funds

Technical capability

2. Which of the facility discussed in the Module will be used to differentiate fish
population & why?

3. You have encountered problems of survival among your selected male
broodstocks, which facility is helpful to overcome this decreasing number of live
population? And why?




MTQ-1b

MASTERY TEST - Module 1b
( Suggested Answers)

1. As a trained staff, your supervisor is requesting you to handle strategic
research in multiplying your few selected breeders, how will you identify the
minimum facility requirement to implement the required activities :

Manpower

Selection

Operating funds

Technical capability

Answer:
It is important to determine first the required manpower, how much is the
available operating funds, and what is the technical capability of the staff to
perform activities under selection work. Based on these findings, the trained staff
will list down only the facility required to implement the activity given the present
constraints/limitations.

2. Which of the facility discussed in the Module will be used to differentiate fish
population & why?

Answer:
Digitizer
Vernier caliper method
Equipment for Electrophoresis

These equipment are used to get morphometric and biochemical differences of
the fish population.

3. You have encountered problems of survival among your selected male
broodstocks, which facility is helpful to overcome this decreasing number of live
population? And why?

Answer;
Quarantine
Cryopreservation




MTQ - 2a

MASTERY TEST - Module 2a

- Name : Date :
1. Given the attached data forms (Forms 1-4) and the necessary sampling
materials, trainees will record all pertinent data corresponding to the following
activities :

a. Sampling prior to stocking of tilapia breeders in breeding hapa for spawning.

b. Sampling during fry collection.

c. Sampling during transfer of post-fry to B-net cage.

d. Sampling prior to distribution of tagged fingerlings to different test
stations/environments.

2. Trainees should follow the standard sampling and recording procedures
developed by the GIFT Project (see Practical Guide on Module 2a for details) in
performing the activity.

3. Trainees will be graded following the criteria/scoring key indicated in the
attached.




MTQ-2a

CRITERIA/SCORING KEY FOR
- MASTERY TEST 2a
(Sampling and Recording of Phenotypic Traits)

- Mastery test 1 ( Breeding and Fry collection - sampling )

Scoring Key Points
1. AccuraCy e, 40%
2. Speed e 20%
3. Sequence 20%
4. Handling e - 20%
Total Score 100%

Mastery test 2 ( Sampling of Fish transfer to B-net - during fry rearing )

Scoring Key Points
1. ACCUTACY e 40%
2. Speed 20%
3. Sequence e, 20%
4. Handling e e 20%

Total SCore e 100%
Mastery test 2 ( Sampling of Fish transfer to B-net - during fry rearing )

Scoring Key Points
1. ACCUrACY e 40%
2. Speed 20%
3. Sequence e 20%
4. Handling e 20%

Total SCOE et 100%
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FORM - 2
MTQ- 2a

ey P e T L L Y DAL I i P L

SUMMARY ON FISH TRA NSFER TO B-NET/ SUMMARY
RECORD ON SAMPLING BEFORE TAGGING

Date of Fry Collection

Date of Transfer to B-net

FINE MESH SURVIVAL REFUCATES

HAPA REV.
[ o}
SIZE 1 P NO.

-

ssvpm o b IAE et

HAPA NO. - Hapa numter c¢ {amily aurker

PREV. NO. - Number of ky at stecking in nursery hap3

SURVIVAL - Survival of fry Irom nursery hapa tp lo bansfer in B-nel (fcr each REPUICATE)
HAPASIZE1  -Size of nursery haps

HAPASIZE2 - Size of B-net




YT S YO R A L X

SeetrieBe v

kW Dol & neenl80a

ST oo Bane g 4n 0B N

\oasr

Re-w st W -~

SAMPLING
SAMPLING R

-~

PO —— b a

RECORD ON FISH TRANSFER TO B-NET/
ECORD BEFORE TAGGING

prr—orremgpre TR L] w.-\.':ml."ni -d e a4 A TP AP T ST PCTY

GENERATION

Date of Stocking in Nursery hapa:
Date of Transfer to B-net:

FAM NO. FAM NO. FAM NO. FAMNO.____ | FAMNO. FAM NO,
REP No‘—'—' REP NO. REP NO. REP NO. REP NO. RE?P NO.
Bdwt. (9) 8dwt. (9) Bewt. (9) 8dwl (g) ‘Bewt {g) Bewt (5)

FAM. NO.
REP. NO.
Bdwt

e Ty T T S e X e h WA R BRI NPy S AT @2 R o B m L W e

- family number or hapa number
- replicate numbter for each family (Le., AB,C,D, etc.)
- individual body weight of sampled fish {9)

ﬁwe«wu:»_.mm‘ AT Fa B

FORM -3
MTQ- 2a

¢
3

LA I B A

A B Ay ar e T8 808,800 1 Mok Db

x4

NI D21

s
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a eIV AT MR IARAI T B bed B BT st a4 ns
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FORM -4
MTQ- 2a

GROW-OUT DATA
GENERATION

HS=had spawned).

CULTURE SYSTEM:_______ CAGCT/POND NO. :
PLACEOF STUDY :________ DATE:
SAIMPLE | TAG TAG COLOR | SX[B0WT | STL | EoPTE | MR
NO. wo. | R P Yy w_ 18 o {e) (c) fex) | conow EMARKS
|
H
: I I
|
I
I I
I I
I I
[ |
§  Renzrks: o
Weter Temperzture ~C: Name ef gerscn
: Cenerel Observaticns onwaler condition: Weigh/measure
¥ Recoed H
TAG NO =Tag Number of individizl
: TAG COLOR =R=ved, P=Pink, Y=yellow, B=Blue 2nd O=Orznge =~ .
2 seX =M=for mzle; F=lor femrzle
: BOWT =Body weight (q)
STDL =Standard length (am)
: BOPTH =Body degth (am) .
- MATY. CONO'N.  =Malurity cendiion (NR=vat rezdy lo spawn, S=Swcllen, RS=Rezdy lo spavm, and

i B P om UGS st Tatm

P N P T T

L AT AIT s e X s O b M TN Y T A TRLLY O L ot Lt T 0L P T s Ak & DA e S
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MTQ- 2a

MASTERY TEST - Module 2a(Attachment)
(Anesthetization of tilapia)

Name : Date :

1. At the end of the exercise, the task is for the trainees to performindividually
the anesthetization of tilapia fingerlings. the anesthetized tilapia after exposure in
recovery water should have minimal stress and regain 100% mobility after a
designated period. Trainees should refer to Practical Guide on Module 2a for

detailed procedures on anesthetization.

2. Each trainee will be graded using the criteria/scoring key in the attached.
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CRITERIA/SCORING KEY FOR
MASTERY TEST 2a
(Anesthetization of tilapia)

Mastery test ( Anaesthetization of tilapia)
" Scoring Key Points

1.1 Revival -5
1.2 Speed - 5/10

10710 e e 100%
O/10 e anenas 95%
BI10 e —————————— 90%
70 e 85%
B/10 e, 80%
5110 e 75%
410 e eeree e 70%
3110 e 65%
2110 e eerereae s 60%
1710 e e areaaeas 55%

Mastery test Sampling tilapia fingerlings

Scoring Key Points
2. TIME

= 60 seconds = 100%
Beyond 60seconds
18 s 99%
B-10 s 98%
11-15 e 97%
1620 e 96%
2125 e 95%
26-30 e 94%
3135 e e 93%
36-40 e——————————— 92%
A1-45 i 91%
4650 e————————————— 90%
B1-55 ———————— 89%
B6-60 e, 88%
B1-65 s 87%
6670 s 86%
175 e 85%

768-80 84%



MTQ -2a

81-B5  rrrseeeeesreessesnsesasennes 83%
86-90 e 82%
91-95 s er s enan oo 81%
06-100  reseeeeneeseesneee s snnnseenaens 80%



MTQ-2b

MASTERY TEST - Module 2b

- Name : Date :

1. At the end of the exercise, the task is for each trainees to perform the marking
procedures as indicated step-by-step un the Practical Guide on Module 2b. Each
trainee will be given the required set of material for each marking technique and will
perform the following:

(a) fix and prepare floy tags and plastic disc tag;

(b) floy tag and plastic disc tag at least 20 tilapia fingerlings;

(c) PIT tag 10 fish breeders;

(d) fin-clip 15 fish breeders (pectoral, pelvic and dorsal spine uprooting).

2. Individual trainee will be graded using the criteria/scoring key in Attached.




ATTACHMENT - 1

MTQ-2b
CRITERIA/SCORING KEY FOR
MASTERY TEST 2b
(Marking of tilapia)
- Mastery test 1 ( Fixing of Floy fingerling & Plastic Disc Tags)
Scoring Key Points
1. Efficiency inknot making 50%
2. Efficiency in arranging the tags in ... 5%
sequence
3. Efficiency in preparing the board o 40%
4. Timelspeed s 5%
Total SCore e 100%
Mastery test 2 ( Floy fingerling & Plastic Disc tagging )
Scoring Key Points
1. Speedftime e 20%
2. Making three loophole knot 20%
3. Lengthofthethread 10%
4. Insertion site (between the 6th and 7th ..., 10%
dorsal spine, above lateral line) .
5. Insertion through the tissue (N0 ..., 20%
bleeding should occur)
6. Mortality/survival after tagging 20%

Total SCOFE s 100%



. Mastery test 3 ( Pelvic/Pectoral Fin Clipping )
Scoring Key

1. Manner of clipping (cut from the base ........................

and with slight bleeding)

2. Speeditime
3. Positioning of the fish

Total Score e

Mastery test 4 ( Dorsal Spine Uprooting )
Scoring Key

1. Positioning ofthe fish

2. Manner of uprooting (should be ..................

uprooted from the base not cut)

3. Speeditime
4. Survival/Mortality after tagging ... e

Total Score ™ e,

ATTACHMENT - 1
MTQ-2b



ATTACHMENT -1

MTQ-2b
Mastery test 5 ( Dorsal Spine Uprooting )
Scoring Key Points

1. Positioning ofthe fish 10%
2.  Location of the insertion site (left .......ccocoiiiiiiiiiiiieiiiinenenn 20%

ventral side of the fish adj. anus)
3. Manner of insertion (insert only the tip ..o 20%

of the needle, touching only the

visceral wall of the fish)
4. Speeditime 10%
5. Readability of the tag after injection ... 20%
6. Survival/mortality after tagging . 20%

Total SCOre e 100%



MTQ- 3a

MASTERY TEST - Module 3a
~ Name : Date :
1. Given the materials for assessing/scoring the sexual maturity of tilapia

breeders, the tasks are the following:

a. Select matured male tilapia breeders.

b. Examine the genital papilla condition of female tilapia breeders and
classify whether RS, S, NR or HS (refer to Table 1 of Module 3a for
detailed description).

c. Stock the selected male and female tilapia breeders in breeding hapas.

2. Refer to Practical Guide on Module 3a for the step-by-step procedure.

3. Performance of each trainee will be evaluated/graded by using the
criteria/scoring key for Mastery Test 3a (see attached).




ATTACHMENT -1
MTQ- 3a

CRITERIA/SCORING KEY FOR
MASTERY TEST 3a
(Techniques in Synchronization of Tilapia Spawning)

* Mastery test

Scoring Key Points
1. Papilla grading ( selection of 4 different ... 30%
kinds of papilla based on maturity
condition)
2. Setting on breeding ( at least 2 males, ... 25%
females should be selected as ‘RS’
and'S’)
3. Success of spawning 9 check maturity ... 25%

at the time of inspection )

4. Breeding data ( accuracy of recording ... 20%
the data during stocking, spawning &
fry collection)

Total SCOIrE e 100%



MTQ-4a

MASTERY TEST - Module 4a
~ Name : Date :
1. Given the background information on the subject, sample data sets (see

attachment 1,2 ) trainees ( in groups of 2 ) will compute for :

a. heritability; and
b. response to selection using calculator and SAS procedure

( Note: Body weight correction for the sex effects should be done prior to
computation )

2. Each trainee will be graded using the criteria/scoring key indicated in the
attached.




CRITERIA/SCORING KEY FOR
MASTERY TEST 4a
( Breeding Strategies )

- Mastery test (Breeding Strategies)
Scoring Key

1. Results of computations { answers to ...

computation using hand calculator ans
SAS procedures must be the same )

2. Speeditime

Total Score e,

ATTACHMENT - 1
MTQ- 4a



ATTACHMENT - 2

: MTQ- 4a
TRAINEE # 1
(OBS 1-50 FOR HERITABILITY ESTIMATION)
(OBS 1-81 FOR RESFONSE TO SELECTION ESTIMATION)
OEBS TAGNO DAM SEX BW SIRE GROU?D
3 F001-016 M i69.7 SELZCTED
2 F001-017 13 €3.1 ~ SELICTED
3 F001-013 T 95.3 SELECTED
4 F001-01¢9 M 131.1 SELIoTED
g F001-020 3 52,8 SELESTED
5 F002-01¢6 3 65.4 SELICTED
7 F002-017 M 133.8 SELISTED
8 F002-018 M 188.4 SZIITTED
) F002-019 T £1.2 SELECTED
10 £002-020 £ 117.¢ SEITiTED
il F003-016 B 142.90 STIIITED
12 F£003-017 T §9.8 SELITTED
13 F003-018 3 7e.f SELETTED
id FO03-019 b i32.5 SEIISTID
is £)03-020 i 1.2 SELIITET
i3 £004-016 M 15:1.3 SELIoTES
17 FO02-017 : ¢1.3 SELITIE
15 FOCa-013 M 104.¢ SLLIITEL
19 F004-019 3 70.1 SELECTED
20 F004+020 £ 61.5 SELECTE
21 F005-016 M 107.9 SELECTED
22 F005-017 M 68.5 SELECTED
23 F005-018 97.8 SELECTED

(=)
(Ve
.

0

F0G5-019
F005-020
F006-016
F006-017
F006-018
F006-019
F006-020
F007-016
F007-017
FO07-018
F007-019
F007-020
F008-016
Fo08-017
F008-018
F008-019
F008-020

SELZCTED
SELTCTED
SELECTED .
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED
SELECTED

N
=%

102.7

: 51.1
M 127.2
M 117.2
F 58.3
M 39.8
M 40.5
M 79.5
M 85.7
3 56.6
F 45.0
M 156. 4
M 132.2
F 42.8
F 70.0
M 110.5

N
w
m iz

WMNNDNN
O W W~

w W
M =

W W Wi Ww
QO ~J OV U o

W
O
G N S G S N N N SRR R R AR A N PN NI R ISR URE SN VI RN RN S CR N DR 5 I SO RN R IR LER DB o B Lol S S L S

NNNNNDE SR ERNDRNRNNN R N R R R B 12 = 19 13 = (DN RPN e = = 1

-3
o



ATTACHMENT - 2
TRAINEE £ 1 MTQ-4a

(OBS 1-50 FOR HERITABILITY ESTIMATICN)
(OBS 1-81 FCR RESPOMNSE TO SELECTION ESTIMATICN)

0BS TAGNO DAM SEX BW SIRE GROUZ
41 F009-016 1 F 85.2 3

42 F009-017 1 13 73.2 5

43 F005-018 1 M 150.2 5

44 F009-019 1 M 1356.5 5

45 F009-020 1 3 54.8 3

46 F010-016 2 M 163.8 5 .

47 F010-G17 2 F 43.8 s SEL!

48 F010-018 2 F 75.2 g 2

49 F010-019 2 M 45.4 5 -

50 £610-020 2 F £3.1 3

COMTROLS

s Gi1-45% 1 Kl 104 .0 G

52 G4-459 1 M 47.3 0

S3 Gd-460 1 M 83.56 ¢

4 Gd-451 1 M 82. % J

58S Gd-462 1 2 7.1 0

56 G4-463 1 M 74.7 G Z s
57  Gd-464 1 M 118.9 e TSRAL:
58 G4-4566 1 F 41.9 0 ISH2TL
59 G4-A1-010 1 M 42.5 0 AYERACE
60 G4-A1-011 1 F 31.7 0 RVERAGE
61 G4-A1-013 1 i 64.5 ¢ PVERAZE
62 G4-A1-014 1 v 48.7 0 RVERACT
63 G4-p1-015 1 M 77.4 0 AVZRAGE

4 G4-A1-016 1 F 48.0 0 RVERRGE

65 G4-A3-028 1 3 29.9 0 ISRAZL
66 G4-A3-034 1 r 20.7 0 ISRAEL
67 G4-A3-037 1 3 38.7 0 ISRAEL
68 G4-A3-049 1 s 39.7 0 ISRAEL
69 G4-A3-050 1 M 40.6 0 ISRAEL
70 G4-A3-051 1 13 26.0 0 ISRAEL
71 G4~A3-054 1 3 29.8 0 ISRAEL
72 G4-C2-009 1 F 49.9 0 AVERAGZ
73 G4-C2-010 1 M 99.7 0 AVERAGE
74 G4-C2-011 1 £ 52.9 0. AVERAGE
75 G4-C2-012 1 £ 50.6 0 AVERRGE
76 G4-C2-016 1 3 53.0 o RVERAGE
77 * G4-E2-010 1 M 66.6 0 AVERAGE
78 G4-E2-011 1 13 33.6 0 AVERAGE
79 G¢-E2-013 1 M 69.2 0 AVERAGE
80 G4-E2-014 1 3 75.5 0 AVERAGE
81  G4-E2-015 1 13 0

44 .4 . AVERAGE



MTQ - 5a

MASTERY TEST - Module 5a

Name : Date :

1 At the end of the exercise for each major activity, the task is for eacj trainee
to perform the step by step procedures on Photodocumentation, Collection of data
( Vernier Caliper/Digitizer), Management of data, size correction and individual
assessment of data, as described in Practical Guide on Module 5a.

2. Trainees will be graded using the criteria/scoring key described in
Attachment 1.

(Note : Use designated forms (see Attachment 2 ) during collection of data.




CRITERIA/SCORING KEY FOR
MASTERY TEST 5a
(Truss Morphometry)

Mastery test 1 (Photodocumentation)
Scoring Key

1. Focusing

2. Checking of light & speed
3. Clarity of Image

4. Positioning of sample

Total Score

Mastery test 2 (Vernier Caliper Method)
Scoring Key

1. Data collected by Caliper Method

Total Score

Mastery test 3 (Data Management)
Scoring Key

1. Print-out data (from .DBF to . SAS)

Total Score

Mastery test 4 (Size Correction)
Scoring Key

1. SSD data used to establish standard .............ooiiiiiiiini.

size

Total Score

....................................

....................................

....................................

....................................

....................................

ATTACHMENT - 1
MTQ - 5a

Points

......... 25%
......... 25%
......... 25%

......... 25%

Points

......... 100%

......... 100%

Points

......... 100%

......... 100%



ATTACHMENT - 1

mTQ-5a
Mastery test 5 (Individual Assessment - Details of Using SAS)
N Scoring Key Points

1. Opening Of Program s e 20%
2. ViewingofData = 20%
3. SavingData e, 20%
4. Retrieving Programs e 20%
5. Printingdata 0 e 20%

Total SCOFE e e 100%



ATTACHMENT - 2
MTQ- 5a

MASTERY TEST - (MODULESa)
(Truss Morphometry)

.. PART 1: FEMALE GROUP

NAME: DATE:

'INDICES | #1 |- #2 #3 | #4 | #5 #6 | #7 #8 | #9-| #10 .

MTDS

MTPM

MTDL

PMDS

PMDS

PMLL

PMPC

PMPV

DSL

LPF

LCPF

DPF

PSAS

PFDR

DSAS

DSR

DRAS

ASTC

DRBC

DRTC

TCBC




ATTACHMENT - 2
MTQ - 5a

-~ PART 2: MALE GROUP

.. INDICES #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

MTDS

MTPM

MTDL

PMDS

PMDS

PMLL

PMPC

PMPV

DSL

LPF

LCPF

DPF

PSAS

PFDR

DSAS

DSR

DRAS

ASTC

DRBC

DRTC

TCBC
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MTQ-5b

MASTERY TEST - Module 5b

Name : Date :

1. At the end of the exercise, trainees will be grouped in pairs. The test is for
each pair of participants to perform electrophoresis on tilapia samples and

interpret the information gathered from the gels.
(Note : Trainees will refer to Practical Guide and Manual on Electrophoresis for

details of the procedures).

2.  Trainees will be graded based on the Scoring key/criteria for Mastery test 5b
(see attached).




MTQ - 5b

CRITERIA/SCORING KEY FOR
MASTERY TEST &b
(Starchgel Electrophoresis)

" Mastery test (Starchgel Electrophoresis)

Scoring Key Points
1. Altention e 33.33%
2. Participation e 33.33%
3. Practicals e 33.33%

Total SCOTE eeeeeeeeeeeeeserrsses b a—————_ 100%



MTQ - 6a

MASTERY TEST - Module 6a

Name : Date :

1. At the end of the exercise, the task is for each trainee to conduct inventory of
stocks. Each trainee will record 5 to 10 individual fish mark (PIT tag, floy tag, fin
clip etc.). While recording, trainee will check against the masterlist and will
examine the health condition of the fish. Overall performance of inventory will be
based on the accuracy of the task performed and the general health condition of

the fish within 5 hours after conducting the inventory.

2. Trainees (individual) will be graded based on the criteria/scoring key indicated
in the Attachment 1.

(Note : Trainees should record data in the designated form (see Attachment 2.).




ATTACHMENT - 1

MTQ- 6a
CRITERIA/SCORING KEY FOR
MASTERY TEST 6a
(Maintenance of tilapia Germplasm)
' Mastery test
' Scoring Key Points
1. Accuracy in reading & recording of PIT ... 25%
tag number :
2. Check health condition 25%
3. Check against masterlist 25%
4. Check condition of the fish after ... 25%
inventory (w/o mortality & w/ minimal
stress)

Total SCOre e 100%



NAME:

MASTERY TEST - MODULE 6a

(Maintenance of Tilapia Germplasm)

ATTACHMENT - 2

DATE:

MTQ - 6a
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MTQ - 6b

MASTERY TEST - Module 6b

Name : Date :

1. At the end of the exercise, the task are for the individual trainee to perform
the following using the step-by-step procedures described in the Practical Guide
on Module 6b.
a) Collect uncontaminated samples of tilapia milt and score sperm motility.
b) Estimate sperm density (cell concentration per ml) of collected
spermatozoa
¢) Fill up dewar with liquid nitrogen and check program installed in KRYO 10
d) Label straws and goblets, prepare sperm samples, fill-up straws and
freeze sperm samples using KRYO 10.
e) Thaw cryopreserved samples and after freezing, compute the sperm
motility score.
f) Check viability of cryopreserved milt by using this to fertilize tilapia eggs.

2. Trainees (individual) will be graded based on the criteria/scoring key indicated
in the Attached.

(Note : Trainees should record data in the attached Cryopreservation form).




CRITERIA/SCORING KEY FOR
MASTERY TEST 6b

ATTACHMENT - 1
MTQ-6b

(Cryopreservation of tilapia Spermatozoa)

_ Mastery test 1 (Collection & Motility scoring of milt)

Scoring Key

1. Know the pre-collection preparations  ...........cccocee
2. Able to collect uncontaminated sample  .........ccccvvevveeenes
3. Know post-collection stage of sperm ...l
4. Can score sperm motility .

5. Know sequential steps of milt collection .........................

& motility scoring

Total Score

Mastery test 2 (Estimation of Sperm Density)
Scoring Key

1. Know sequential steps in estimating .........................

sperm density

2. Know how to use Haemacycometer ...

counter

3. Know how to dilute samples ..
4. Can compute cell concentrationperml. ...

Total Score e

Points

................... 20%
................... 20%
................... 20%
................... 25%

................... 20%

................... 100%

Points

................... 30%

................... 20%

................... 25%
................... 25%

................... 100%



ATTACHMENT - 1

MTQ-6b
Mastery test 3 ( Check program KRYO 10)
Scoring Key Points
1.  Know sequential steps in checking ..., 80%
program
2. Familiar with the display features of ..........cccccviiiiiiniiniiiin 20
KRYO 10
Total SCOre e 100%
Mastery test 4 ( Preparation of samples for Cryopreservation)
Scoring Key ’ Points
1. Know sequential steps Of e 20%
preparing/mixing sample for
preservation
2. Canproperly label straw 15%
3. Able to calculate amount of sperm i 25%
suspension needed
4. Canfillandsealstraw e 20%
5. Accuracy in measurements ., 20%

Total Score e 100%



Mastery test 5 ( Thawing of straws after freezing)
Scoring Key

1. Know sequential steps of thawing ...

cryopreserved sample

2. Aware of the required temperature ...
3. Canscore sperm motility

4. Aware of the precautionary measures .............ccccoeeeneen.

such as wearing mask & gloves.

Total SCOre e

Mastery test 6 ( Check viability of cryopreserved milt)
Scoring Key

1. Sequential step in checking viability of ...

cryopreserved milt

2. Able to fertilize eggs uUSing e

cryopreserved milt

3. ldentify morula stage of tilapiaegg ..o

development

4. Compute fertilityrate

Total SCOre s

ATTACHMENT -1
MTQ-6b



ATTACHMENT 2 -
MTQ- 6b

GENETIC IMPROVEMENT FOR FARMED TILAPIA
" CRYOPRESERVATION RECORD

FISH DETAILS SPECIES: NO. OF STRAWS:

MALE/FEMALE: "ORIGIN: TAGNO:
LOCATION DEWAR: STRAW SIZE:
- CAN NUMBER: SUCCESS: PF-
CAN POSITION: - AF.

] Red | Yel | Pink | Purp | Clear | Blue | Grey | Black | Brown I Orange { Green i Silver ! Cream
STRAW | | | I | i ! i ! ] 1

I I ] | | I | ! I | ]
POWDER/ ! i | | | [ ; [ ! ' ! -
BEAD ! J ] I | l | [ [ ! :
DIVID ] I ! ] I i I ! | ! i
| ! I ! | I | | | [ f {
DIVID 1 | | | : : . ) g
W/ LINE [ | | | ! I [ [ [ I [ ]
DIVIDER No. .

PRESERVATION DETAILS

DATE. . DILUTION:
DENSITY: ‘ COOL RATE:

FREEZE METHOD:
CRYOPRESERVATIVE: REMARKS:




MTQ-7a

MASTERY TEST - Module 7a
- Name : Date :
1. The task is for the trainees to carry out, in groups of two, the step-by-step

procedures in organizing equipments and coordinating with test station/farms.
Trainees will coordinate, conduct an ocular inspection to the site and interview the
farm/station manager, following the protocols indicated in Practical Guide on Module
7a. Each group will prepare a report on the farm visit and this will be presented
before the class for discussion.

2. Performance of the trainees will be graded based on the criteria/scoring key for
Mastery test 7a (see attached).




ATTACHMENT - 1

MTQ- 7a
CRITERIA/SCORING KEY FOR
MASTERY TEST 7a '
(Organization & Coordination with Test Stations)
Mastery test (Organization & Coordination w/ Test Stations)
Scoring Key Points
1. Interview/Participation 30%
2. Station/farm evaluation efficiency i 10%
3. Awareness of the on-farm/on-station ... 20%
coordination procedure
4. Technique of coordination ., 20%
5. Reportpresentation e 20%

Total SCOME e 100%
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MTQ- 8a

MASTERY TEST - Module 8a

- Name: Date :

1. At the end of the exercise, the task is for the trainees (in two groups) to apply
the basic steps in transporting live tilapia germplasm. Group 1 will perform the
packing/loading procedures of live tilapia for transport to other country. Group 2 will
perform the packing/loading and transport to test station (e.g. Tayag's Tilapia Farm
in Arayat, Pampanga).

Trainees will refer to Practical Guide on Module 8a for details of procedures.

2. Trainees in group will be graded using the Criteria/Scoring key in Attachment 1.

(Note : Attachment 2 will be used only by the group who will transport fish to other
country).




ATTACHMENT - 1

MTQ- 8a
CRITERIA/SCORING KEY FOR
~ MASTERY TEST 8a
(Transport of Fish Germplasm)
- Mastery test
Scoring Key ' Points
1. Accuracyinpacking 60%
(Note the following:
survival of fish
condition of fish after transport
fish handling)
2. Participation in practicum session ... 10%
3. Efficiency in executing transport .. 20%
procedure
4. Presentation of Report e 10%

Total Score



ATTACHMENT - 2
MTQ- 8a

SAMPLE OF CERTIFICATION ISSUED
BY THE EXPORTING COUNTRY

Date {ssued:

CERTIFICATION

TO WHOM IT MAY CONCERN:

This is to authorize the to transport

pieces of to
on

The fingerlings will be utilized for

This is to certify that the fish to be transported are apparently healthy. Attached is the result of the
parasitological examination conducted by our fish health laboratory.

Signature by:

Director of Fisheries
Country




ATTACHMENT - 2
MTQ - 8a

HEALTHCERTIFICATE

We certify that cultured Orechromis niloticus (GIFT Strain) from GIFT project, BFAR,
| NFFTRC, Mufioz, Nueva Ecija, Philippines were found to be apparently healthy. We
conducted external and internal parasitological examination of the samples (n = 30,
mean weight = 0.25g; mean standard length = 1.25 cm) and found the following:

Strain Parasite Species Site Prevalence (%)
GIFT Cichlidogyrus gills 10.0
schlerosus
intensity (parasiteffish) 1.0

The sample did not show any overt signs of possible Bacterials Hemorrhagic
Septiceamia (Aeromonas hydrophila) of finfish which are reported to be a major disease
problem in Indonesia (ADB/NACA 1991):

Furthermore, the sample did not show overt signs of viral diseases.

Examined by:

Research Associate Research Assistant
Fish Health Section Fish Health Section




mMiQ-8b

MASTERY TEST - Module 8b

Name : Date :

1. At the end of the exercise, each trainee will be given live tilapia specimens,
trainees will prepare the required KMnO4 solution (20 ppm) and then administer the
prophylactic treatment to tilapia fingerlings. For details of procedures, trainees will
refer to Practical Guide on Module 8b.

2. Individual trainee will be graded using the criteria/scoring key in the attached
page.




ATTACHMENT - 1

MTQ-8b
CRITERIA/SCORING KEY FOR
MASTERY TEST 8b
(Prophylactic Treatment of tilapia)
.. Mastery test
Scoring Key Points

1. Attainment of Objective 30%
2. Accuracy of Measurementitime 15%
3. Participation/Interaction e 10%
4. Fish survived after treatment 25%
5. Sequencing of steps 20%

Total Score 100%



MiQ-8b

MASTERY TEST - Module 8b

(Postmortem examination)

. Name : Date :

1. At the end of the exercise, the task is for each trainee to conduct post mortem
examination of tilapia following the standard procedure developed by BFAR Fish
Health Unit (please refer to Practical Guide on Module 8b. for details). Each trainee
will be given sample specimen of infected tilapia (adult size) for the examination.

2. Trainees (individual) will be graded using the criteria/scoring key indicated in
the attached page.




ATTACHMENT - 1

MTQ-8b
CRITERIA/SCORING KEY FOR
‘ MASTERY TEST 8b
(Post Mortem Examination)
-~ Mastery test
Scoring Key Points
1. Gross Examination 20%
2. Dissection e 20%
3. SmearPreparation 0 e, 20%
4, Squash Preparation PN 20%
5. MICroscopy e 20%
Total Score . 100%



GIFT Research Methodologies (Instructors Guide)
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Module 1b: RESEARCH AND TESTING FACILITIES

RESEARCH AND TESTING FACILITIES

OBJECTIVES

& Enumerate the major components of
research and testing facilities used in
the GIFT Project.

& Determine the minimum facility
requirement to run a given tilapia
research activity.

Transparency 1b.2
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Module 1b: RESEARCH AND TESTING FACILITIES

Facility for Maintenance
of Cryopreserved Tilapia Germplasm :

& used for long-term preservation and
maintenance of tilapia spermatozoa

e.g. KRYO 10, storage dewars, fncubation
system

Transparency 1b.7
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Module 1b: RESEARCH AND TESTING FACILITIES

FACILITIES FOR MASS PRODUCTION OF
BROODSTOCK FOR HATCHERY
OPERATIONS

e.g. breeding pond, nursery pond, rearing pond &
conditioning pond
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Module 2a. SAMPLING-AND REGORDING OF PHENOTYPIC TRAITS

WHAT ARE PHENOTYPIC TRAITS?

& Phenotypic traits are those traits of fish
which are observable and measurable.

Examples: fish body weight, body
length, sexual maturity
conditions, no. of fry
produced, etc.




Module 2a. SAMPLING AND RECORDING OF PHENOTYPIC TRAITS

The Following Questions Should Be

Asked Prior to Sampling and
Recording of Data:

& What is the objective of breeding
experiment ?

& What are the pertinent data which
need to be collected?

& How often one should gather these
data? |

& How data should be collected ?
& Who should collect data ?




Module 2a. SAMPLING AND RECORDING OF PHENOTYPIC TRAITS

BREEDING AND FRY COLLECTION

GENERATION

ooy . L. weomH
L. ‘,hﬂ (]

' - AFTER SPAWNING g - ] . FRY COLLECTION

crs | watew  oate: oAt ane  pmo  tora
sy ead atocnes, T

HAPA HO.
PIT TAG NO.
L]

P

P2

9owT
BDPTH

=hapa number or family number
=Pit tag number

=male breeder

=female number 1 or dam 1
=female number 2 or dam
=body weight (g)

=body depth (cm)

CF8:

MATY COND'N.
BAYCR

BIWT

A_Wr

‘HAPA SIZE

number of caudal fin bars

maturity condition (NR/RS/HS)
number of times the female spawn
bulk weight of fry (g)

mean weight of fry (g)

size of nursery hapa

Transparency 2a.5



Module 2a. SAMPLING AND RECORDING OF PHENOTYPIC TRAITS

Sampling & Recording ...

S Planning Specific Activities
& Identify pertinent data which needs to be

collected
& How & who should gather the data
k) Prepare data sheets form

o Familiarization to the data forms
¢ Recording Information (Accurate)
o Before spawning
o After spawning
o During fry collection

o During transfer of post fry from nursing
hapa to B-net cage

o Before tagging

o At stocking, regular sampling &

Transparency 2a.6
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Module 2a. SAMPLING AND RECORDING OF PHENOTYPIC TRAITS Attachment (Anaethetization of Tilapia)

STEP 4: Immerse the fish in anesthetic solution; after 2-3
minutes or the moment it loses equilibrium,
remove fish from solution.

Transparency 2a.14
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Module 2b: MARKING OF TILAPIA

MATERIALS FOR TAG INSERTION

Floy fingerling tags

Vinyl threads

Needles

Plastic disc

card board

paste

pentel pen

scissors / scotch tape

0 O O O O O ©

Masterlist form

Transparency 2b.4
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Module 2b: MARKING OF TILAPIA

WHAT IS FISH MARKING?

ok it /s an efficient method of

identifying or distinguishing

group or individual fish

Transparency 2b.7
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Module 2b : MARKING OF TILAPIA

PROCEDURES
PIT TAGGING

. prepare materials

. anesthetize

. load identity tag in the needle

. position the fish

. locate insertion site

. insert needle - underneath the
scale '

. check the efficiency of
implantation

. putin a recovery basin

Transparency 2b.9



Module 2b : MARKING OF TILAPIA

PROCEDURES
FLOY TAGS

1. prepare materials
2. anesthetize
3. position the fish - swimming
position facing your left hand
4. locate insertion site -
between 6th & 7th dorsal
spine
- above lateral line
. insert needle - underneath
one scale
. put round plastic disc
. make 3 loopholes knot
. cut thread - 1-2 inches
. putin recovery basin

Transparency 2b.10



Module 2b : MARKING OF TILAPIA

-————ten

) Ly rry =y reprpr e

MATERIALS FOR DORSAL SPINE UPRQOTING

Towels
Anesthesia
Basins
Strainers
Aerators
Scoop nets
Surgical scissors
Tubs
Clean fresh water
Dissinfectant
Cotton ball / buds
Hand gloves
Tissue paper
Masking tape
Net covers
Twissors
Record sheets

Transparency 2b.11



Module 2b : MARKING OF TILAPIA

MATERIALS FOR FIN-CLIPPING
(pelvic & pectoral fin clipping)

Towels
Anesthesia
Basins
Strainers
Aerators
Scoop nets
Surgical scissors
Tubs
Clean fresh water
Dissinfectant (merthiolate)
Hand gloves
Tissue paper
Masking tape
Net covers
Tally counters
Record sheets

Transparency 2b.12



Module 2b : MARKING OF TILAPIA

PROCEDURES
DORSAL SPINE UPROOTING

prepare materials
anesthetize

position the fish

locate the spine for uprooting

. rip of tear the membrane

break the spine

uproot the spine

disinfect the wound

put in recovery basin

1.
2.
3.
4.
5
6.
7.
8.
9.

Transparency 2b.13



Module 2b: MARKING OF TILAPIA

MATERIALS FOR PIT TAGGING
Identity tags

Implanter ( modified syringe )
Identity tag reader

Basins

Anaesthesia

Aerators

Towels

W
D)
W
D)
@
@
&
k)

Strainers / scoop nets

Transparency 2b.14



Module 2b: MARKING OF TILAPIA

PROCEDURES FOR FIN CLIPPING
(pelvic & pectoral fin clipping)

prepare materials

anesthetize

position the fish

cut the pelvic fin

disinfect the wounAd

| @ 9 » O N =

put in a recovery basin

Transparency 2b.15
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Module 2c. DATABASE MANAGEMENT

INTERMEDIATE OBJECTIVES

define database system

identify and explain components of
database system

identify procedures for data validation

identify & apply procedures for data
processing

identify & apply procedures for data
maintenance

identify & apply procedures for data
retrieval

Transparency 2¢.3



Module 2c. DATABASE MANAGEMENT

WHAT IS A DATABASE?

S A database is a shared

collection of interrelated data

designed to meet the

information needs of a project.

Transparency 2¢.4
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Module 2c. DATABASE MANAGEMENT

Famno / Hapa

G7BREED

Famno / Hapa + Batch

. Famnho / Iapa + Batch

P
<

Y¥:M

Y

M:M

MY ,
(G 7ESNE
Famno / Hapa l':M:
Famno / Hapa + Batch
Y

Famno / Hapa + Batch + Rep

G7EGNH

Faimno - Batch

Y

M:M

|

M:

Famno Hapa - Batch

G7ESBN

I:M

Y

G7EGBN

T

M:N

Y

Y

GROW - OUT

A

M:M

Famno / Hapa + Baich

Transparency 2¢.9
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Module 3a: TECHNIQUE IN SYNCHRONIZATION OF NATURAL SPAWNING IN NILE TILAPIA

HOLDING OF BREEDERS

Fin clipping
dorsal spine uprooting / cutting
Stocking
separate by sex
at 3 - 7 fish per cage
Feeding
2 - 3% body weight
Fertilization
100 to 150 kg 16-20-0
2500 to 3000 kg C.M.

Transparency 3a.6
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Module 3a: TECHNIQUE IN SYNCHRONIZATION OF NATURAL SPAWNING IN NILE TILAPIA

Table 1. Coding of females sexual maturity based

on their genital papilla conditions

Papilla Condition

Probable Onset of
Spawning

Ready to Spawn
(RS)

Pinkish to reddish, protruding;
genital pore fully opened;
Abdomen distended.

3-7

Swollen

C))

Pinkish/yellowish, genital pore
slightly opened; Abdomen
slightly distended

Not Ready to Spawn
(NR)

Whitish/clear, genital pore is
flat; abdomen '

Has Spawned

Still reddish, significantly
shrunken and compressed
abdomen

- Transparency 3a.9
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Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

OBJECTIVES
& Specify and apply step-by-step

procedure of characterizing strains |
within the same species of fish through:

photodocumentation
digitization
photointerpretation

manipulation of datasets

statistical analyses and
reporting

Transparency 5a.2



¢'eg Aouasedsuel]

| sa|gelleAn

10 sJa910ke.4eyo jeaibojoydiow
JO SJUNO2 40 sjuswalnseaw
Ag ysi} jo sdnoub aqluosap

0} sisijewdlsAs Aq pasn jooj e &

AYdLINOHJION SI LVHM

VidVlL 4O NOLLVZIH3LOVUVYHO JIHLINWOHJHON "eg e|npoy



Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

TRUSS VS CONVENTIONAL
MORPHOMETRIC METHOD

& Truss morphometric method - measures
distances between homologous points

along fish body; uses electronic digitizer

linked to a computer and projection of

specimen onto a flat surface

Transparency 5a.4a



Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

TRUSS VS CONVENTIONAL
MORPHOMETRIC METHOD

& Conventional morphometric method -
measures distances between homologous

points along fish body; uses electronic
digitizer linked to a computer and

projection of specimen onto a flat surface

Transparency 5a.4b



Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

WHY TAKE FISH MEASUREMENTS ?
o Quantify shape similarities & differences
& Find out how they are related

CLASSES OF MEASUREMENTS

< Distance
> Coordinates

INSTRUMENT FOR MEASURING DISTANCE

< Calipers - distances across a form

INSTRUMENT FOR COORDINATE DATA

& Digitizing pad (graphic tablets) device for
getting positional information into a computer
with cursor (resembles a mouse) with cross-
hair

Transparency 5a.5



Module 5a. MORPHOMETRIC CHARACTERIZATION'OF TILAPIA

TRUSS MORPHOMETRICS

< body of fish divided into series of “cells”

< cell or quadrilateral contain six lines
(2 diagonals, 2 lengths, 2 breadths)

LANDMARKS

<> homologous points along the body
(Fig. 1 and Fig. 2)

< antero-dorsal measurements (10 distances)
< length and body measurements (6 distances)
< caudal measurements (5 distances)

Transparency 5a.6
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B. Preparation of Samples

<> collect at random 30-45 pieces samples
(approximately 100 g in average weight)

o immerse fish samples in anesthetic solution
(0.3 g MS222 to 1 liter water)

< lay fish samples on a 12 x 18 inch styropor
board. With dissecting needles, fasten the
left uppermost side of each fin down.

Transparency 5a.9



Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

C. Photointerpretation

. CAMA program
% plug digitizer to 110 volts

<> check perpendicularity of projection
(positioner slides)

<> open menu-driven program

< calibrate standard length on image
projected |

<> measure distances

< save to file and print

Transparency 5a.10



Module 5a. MORPHOMETRIC CHARACTERIZATION'OF TILAPIA

DATA MANAGEMENT

> import saved file into Lotus worksheets

% translate into logarithmic form

< Quatro software to translate lotus to
.DBF file |

< translate .DBF to SSD file (SAS file)

< file 24 columns (21 distances, strain,
sex, id codes)

Transparency 5a.11



Module 5a. IORPHONETRIC CHARACTERIZATION OF TILAPIA

STATISTICAL ANALYS/S

. Multivariate Techniques

< multiple measurements never
contain less information than
single measurements

Multivariate Software Programs

< Statistical Analysis System

Transparency 5a.12



Module 5a. MORPHOMETRIC CHARACTERIZATION'OF TILAPIA

- MODUILE IN SAS

Principal Component Analysis

‘< summarizes variance of a set of points in multi-
dimensional space along new synthetic axes
that are orthogonal to each other.

% new variable related to the old variables along
synthetic axes or principal components.

% each variable has a loading on the new axis
expressing its correlation to the synthetic
variable.

Transparency 5a.13



Module 5a. MORPHOMETRIC CHARACTERIZATION OF TILAPIA

DEFINITION OF TERMS

Orthogonal eigenvectors are at right angle

popular term for coefficients scaled
in one another way; the correlation
between original variables and the
scores

Loading

variables whose values called principal
component scores represent linear
combinations of the original variables.

Principal Components

are principal component variances
or variances of the scores.

Eigenvalues

are the weights or coefficients (f values)

Eigenvectors

are the co-sines of the angles by which
the axes are rotated.

f-values

Transparency 5a.14



Modale Sa: MORPHONIETRIG CHARAOTERIZATION'OF TILAPIA

INTERPRETATION OF PCS

1st principal component or major axis (PC1)

© maximum variance
% all coefficients have same sign and magnitude

- size component

2nd principal component or minor axis (PC2)
% reflect contrasts of measurement (“-” and “+”)
< shape component

Any component with the highest value of coefficient

for
a given variable may indicate:

> length component

Transparency 5a.15
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Module 5b: CHARACTERIZATION OF TILAPIA THROUGH STARCHGEL

STARCHGEL ELECTROPHORESIS

Transparency 5b.5



Module 5b: CHARACTERIZATION OF TILAPIA THROUGH STARCHGEL

STARCHGEL ELECTROPHORESIS

QUANTIFYING VARIATION

%~ Morphological Variations

%" Performance Variations
&= Genetic Markers

Transparency 5b.6



Module 5b: CHARACTERIZATION OF TILAPIA THROUGH STARGHGEL

STARCHGEL ELECTROPHORESIS

APPLICATIONS

&= Stock identification

% Hatchery management
" Conservation

Transparency 5b.7



Module 8b: CHARACTERIZATION OF TILAPIA THROUGH STARCHGEL

STARCHGEL ELECTROPHORESIS

GENOTYPE VS. PHENOTYPE

BY bY
BY |BBYY 'y BbYY
BbYY bbYY

|BbYY

Transparency 5b.8



Module 5b: CHARACTERIZATION OF TILAPIA THROUGH STARGHGEL

STARCHGEL ELECTROPHORESIS

NON-OVERLAPPING GENERATION
MODEL

Birth Birth Birth
Maturation Maturation | Maturation
Reproduction Reproduction| ~ > | Reproduction
Death | Death I Death II

Transparency 5b.9



Module 5b: CHARACTERIZATION OF TILAPIA THROUGH STARCHGEL

STARCHGEL ELECTROPHORESIS

RANDOM MATING SYSTEM

Choice of mate is independent of genotype
and phenotype

Other possible mating systems:
* Positive or Negative Assortative Mating
* Inbreeding

Transparency 5b.10



Mudile 5b: CHARACTERIZATION OF TILAPIA THROUGH STARGHGEL

STARCHGEL ELECTROPHORESIS

Transparency Sh.11



Moduie 5b: CHARACTERIZATION OF TILAPIA THROUGH STARCHGEL

STARCHGEL ELECTROPHORESIS

ASSUMPTIONS OF HARDY-WEINBERG
EQUILIBRIUM

@ Sexually reproducing diploid organism
& Non-overlapping generations

& Random mating

& Large population size

& Negligible migration or mutation

& Natural selection does not affect the trait
considered

Transparency 5b.12



Module'6a. MAINTENANCE OF LIVE TILAPIA'GERMPLASM

TITLE OF MODULE

MAINTENANCE OF
TILAPIA GERMPLASM



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

OBJECTIVES

& Specify routine procedures on how to
maintain important live fish germplasm.

& Conduct efficient inventory of fish stocks
without mortality and minimal stress on the
fish.

Transparency 6a.2



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

IMPORTANCE

O Ex-situconservation

- future use in breeding
- evaluation of other economic traits
(disease resistance, carcass quality,
sexual maturation, survival)

& Limitation of cryopreservation technique

Transparency 6a.3



Module 6ai MAINTENANCE OF LIVE TILAPIA GERMPLASM

LIVE TILAPIA STOCKS
MAINTAINED IN GIFT PROJECT

a) Eight founderstocks and their
replacement stocks

Egypt Strain
Ghana Strain
Senegal Strain
Kenya Strain
Israel Strain
Singapore Strain
Taiwan Strain
Thailand Strain

Top ranking crosses

Base Population

Selected Lines

Transparency 6a.4



Modute 6a. NAINTENANGE OF LIVE TILAPIA GERMPLASM

Procedure in Stock
, Replacement

& Setting up of breeding
- pairwise mating

& Collection of fry
& Nursing of fry

& Rearing to B-net cage until
tagging size

Transparency 6a.5




Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Fish Marks used in Live
Tilapia Germplasm

& PIT tags
& Floy tags
& Finclip

Transparency 6a.6



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Facilities used to Maintain Stocks

& Concrete Tanks
& Nursery Ponds

& Rearing Ponds

& Breeding Ponds

Transparency 6a.7



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Table 1. A Sample of Masterlist File

G1_FS_EGYPT | 000*000*126 | G1-A1-934AB G1 F TANK4B
G1_FS_ISR 000*000*272 G1-P1 G1 F Z_u.“.“ |
O‘_l_uml_mn 000*000*284 G1-P1 G1 | F NP4
G2_SELECT 000*000300 | G2-A3P4-384 G2 F NP7
G2_SELECT 000*000368 | G2-A1A4-347 G2 F NP7

Transparency 6a.8



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Inventory of Stocks

& Importance of conducting inventory of stocks
Check the health condition of fish
Check the survival of the stocks

& Time of conducting inventory of stocks

early morning

late in the afternoon

Transparency 6a.9



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Routine Maintenance
Activities

o Supplemental Feeding

Ponds
2-3% fish body weight
Tanks
ad libitum |
Cages _
3-5% fish body weight |

Transparency 6a.10



Routine Maintenance
Activities

o Pond fertilization

Chicken manure

2500-3000 kg/ha/mo.

Ammonium phosphate (16-20-0)

100-150 kg/ha/mo.

Transparency 6a.11



LASM

Module 6a. MAINTENANCE OF LIVE TILAPIA GERMP

Routine Maintenance
Activities

o Daily inspection in all holding
facilities
o Daily monitoring of stocks

o Daily recording of activities and
observation in logbook

Transparency 62a.12



Module 8a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Monitor Water Quality

Tanks

& Daily flushing of tanks
with freshwater

& Avoid overfeeding

& Regular Cleaning

Transparency 6a.13



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Maintain Good Water Quality

Pond's

& Regular adding of water
(overflowing if needed)

o Observe color and odor of
water

& Monitor water level

" Transparency 6a.14



Module 6a. MAINTENANCE OF LIVE TILAPIA GERNMPLASM

Maintain Good Water Quality

Tanks/Ponds

Check -chemical
parameters (DO,

temperature, pH) of water

Transparency 6a.15



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

SUMMARY

& Importance of maintaining
live fish germplasm

& Routine Maintenance

& Importance of conducting
inventory of stocks

Transparency 6a.16



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

Masterlist is prepared and kept after tagging
of breeders for future use, especially during

verification and editing.

Transparency 6a.17



Module 6a. MAINTENANCE OF LIVE TILAPIA GERMPLASM

PREPARATION OF MASTERLIST

A Masterlist form contains record on the
following :

Group or generation of selection\

PIT tag no. of individual fish
Old tag no.

Sex of fish
Remarks

Transparency 6a.18



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

TITLE OF MODULE

| CRYOPRESERVATION|

OF TILAPIA
SPERMATOZOA

Transparency 6b.1



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

OBJECTIVES

O Specify and apply the step-by-step

Transparency 6b. 2



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Record Form for Cataloguing Cryopreserved Tilapia Sperm

FISH DETAILS MALE/FEMALE: NO.OF STRAWS:
SPECIES: TAGNO:

ORIGIN:
w

'LOCATION DEWAR: STRAW SIZE:
CAN NUMBER: SUCCESS: PF-
CAN POSITION AF-

e A B T Y Y I T~ T Y YIS YTy BN S T B TR YT
PINK PURP CLEAR SILVER

o

STRAW
POWDERI/BEAD
DIVID

DIVID W/ LINE
PRESERVATION DETAILS

DATE: DILUTION:

DENSITY: COOL RATE:
CAN POSITION:
FREEZER METHOD:

CRYOPRESERVATIVE: REMARKS:

P Ly e e R R L O e N e L

Transparency 6b.18



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

in cryo  of tilapia ¢

spe

Transparency 6b.17d



Module'6b: CRYOPRESERVATION OF TILAPIA SPERMATOZOA

After 2 hours of fertilization, check tilapia egg
______development under an 5<m_...n,mn.3mo_.omoo pe

.
Lmav-. oot

LR o T e L O T LR I .

Transparency 6b.17¢



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Collect unfertilized eggs by stripping fem

ale tilapia broodfish.

PR S e e e L L N L T e o e R e O N R

Transparency 6b17a



Maodule 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Cut end of straw containing thawed tilapia milt sample and
empty sperm suspension over egg aliquots.

Transparency 6b.17b



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Transparency 6b.16



Module 6b. CRYOPRESERVATION OF TILAPTA SPERMATOZOA

"

Transfer frozen milt samples to storage container
Aomémc *___ma <<_:.. __nc_a ::_.omm:.

Transparency 6b.15



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Fill straws with prepared milt and ready all straws containing samples
for freezing: freeze samples using programmable KRYO 10.

Transparency 6b.14b



Module 6. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

PROGRAM KRYO 10

Start temperature at 20-25°C

Set cooling rate at -5 ° C/minute
Target temperature -60°C
Hold step here for 2 minutes

Transparency 6b.14a



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Straw Filling - Note the hand holding the straw

B e st T A R i

Transparency 6b.13



Modile 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Prepare tilapia milt for cryopreservation; mix extender (modified Fish
Ringer), cryoprotectant (MeOH) and milt using a micropipette.

Transparency 6b.12



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Label straws for identification of tilapia milt (note: straw contains information on
strain code, Pit tag no., freezing date and straw number).

Transparency 6b.11



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Diagram 1

PROCEDURE
1. Count the no. of sperm in 5 of the squares marked with an x on diagram (1)

2. Each of the squares are divided into 16 diagrams (2)

3. This procedure should be repeated 3 times with different groups of 5 squares

4. Calculate average = Total no. (hnumbers from the 3 different counts ) divided by 3
5. Use this figure in the above formula to give cell conc./ml

Transparency 6b.10a



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Sperm concentration per ml = average cell count x dilution number
(volume of sperm suspension x constant)

Example: If average cell count 200
dilution number 500
constant = 50,000

200 x 500 x 50,000 =5.0 x 10°

sperm cell concentration (no./ml)

Transparency 6b.10b



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Collect milt from tilapia male broodfish

Transparency 6b.8



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

VL

M LA

Check motility of tilapia sperm under an inverted microscope; estimate
sperm density using a Neubeur counter haemacytometer

Transparency 6b.9



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

MATERIALS/EQUIPMENT NEEDED
DURING MILT PRESERVATION:

fin pipette tips

goblets

straw

beads

styropor box w/ cracked ice
Appendorf tubes
Haemacytometer counter
methanol

modified fish ringer
thermometer

scissors

Petri disc

stop watch

face visor, protector gloves

| © © O © © © © ¢ © O O & & O

Transparency 6b.7



Modute 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Box 1

ChemicalComposition of Fish Ringers

NaCl 3.25 ¢
KCl1 1.5¢g

NaHCO, 0.1¢g

CaCl, 6H,0 0.15 g

Distilled water 500 ml

pH 7.9

Box 1. Chemical Composition of Fish Ringers

Transparency 6b.6b



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

Fig. 1. Summary flowchart of protocol for
cryopreservation of tilapia milt

Preparation of Modified Fish Ringer jg 1

Fill Dewar and Programme Kryo 10 |§ 4

Collection of Milt

@ Good
(Non Motile)

| Label Cryo Straws h

Collect underfertilized egg i
(1 00-200/Petri dish) !

Cut Straw over Eggs and Flush

" Cut Straw and Activate under
: Contents of Straw

Microscope. Score Motility

Transparency 6b.5



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

What is a genebank ?

o it is a maintained collection of sperma-
tozoa from various stocks of fish.

Why is genebank important?

o it affords storage of important genetic
material for future reference

o for easy access and distribution of
genetic material to national breeding
programs, following protocol set by
ICES/EIFAC International Codes of
Practice. ~

Transparency 6b. 4



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

What is Extender?

solution of organic and
inorganic chemicals

resembles blood or
seminal plasma

Transparency 6b.6a



Module 6b. CRYOPRESERVATION OF TILAPIA SPERMATOZOA

WHAT IS CRYOPRESERVATION?

& Cryopreservation is the long-term
preservation of gametes (fish sperma-

tozoa) through freezing in liquid nitrogen

using a cryoprotectant and an extender.

Transparency 6b. 3



Module 7a. ORGANIZATION AND COORDINATION WITH TEST STATIONS/FARMS

TITLE OF MODULE

ORGANIZATION AND
| COORDINATION WITH |
TEST STAT/IONS/FARMS |




Module 7a. ORGANIZATION AND COORDINATION WITH TEST STATIONS/FARMS

OBJECTIVES

& Specify the step-by-step procedures
in coordinating with tlest stations.

based on GIFT Project experience.

& Perform under simulated condlitions
the above step-by-step procedures.

Transparency 7a.2



Module 7a. ORGANIZATION AND COORDINATION WiTH TEST STATIONS/FARMS

& On-farm/on-station trial is conducted
to test or evaluate the animal

(specifically strain of fish) and the

technology in comparison with
farmer’s  stocks and  culture

pracltices.

Transparency 7a.3



Module 7a. ORGANIZATION AND GOORDINATION WITH TEST STATIONS/FARMS

Why is effective organization/ coordination
with test stations important in the conduct
of genetic experiments?

& For rigorous strain evaluation experiments
under different culture systems and
geographic locations, there is a need lo
select test stations farms and culture

systems suitable for conducting the

experiments.




Module 7a. ORGANIZATION AND COORDINATION WITH TEST STATIONS/FARMS

Table 1. List of Test Stations/Institutions/Organization
that paﬂ:c:pated/ass:sted the GIFT Pro_/ect in
conducting studijes.

Station/Institution/ Activity

Organization Address Involvement

Freshwater Fisheries San Mateo, Isabela Test station in pond for
Research Outreach Station family testing and farmer

coordination (cage culture)

International Institute for Rural Sto. Domingo, Albay Farmer coordination for
Reconstruction, (IIRR) and Silang, Cavite on-farm trial

Bicol Integrated Agriculture- Regional Office Pili, Farmer coordination for on-
Research Center. Dept. of Camarines Sur farm trial
Agriculture

Regional Freshwater Bula, Camarines Sur Test station in pond
Freshwater Fisheries Center
Department of Agriculture

Research Outreach Station La Trinidad, Benguet Test station in pond family/
La Trinidad Fish Farm group testing for cold

environment

DA-BFAR Hanga, Hagonoy Test station in pond for
Research Outreach Station Bulacan group testing for brackish-

water environment

DA-BFAR, National Pagbilao, Quezon Test station in pond for
Brackishwater Fisheries family/ group testing for
Research and Training Center brackishwater environment

Pantabangan Fish Cage Pantabangan, Nueva Test environment for family
Operator Cooperative Ecija group testing and on-farm
trial

Seven Lakes Fish Cage San Pablo, Laguna Test environment for family
Operator Cooperative and on farm trial

Transparency 7a.5



Module 7a. ORGANIZATION AND COORDINATION WITH TEST STATIONS/FARMS

Fig. 1. Flow Chart for On-Farm Coordination

COORDINATION WITH BFAR
ROS STATION OR
INSTITUTION WORKING

LIST POTENTIAL FARMER
COOPERATOR RECOMMENDED IN

CONDUCT FARM VISIT
AND FARM

ORIENTATION OF Jr
FARMERS THAT WILL BE PLANNING AND SCHEDULE

INVOLVED FOR ON-FARM OF STOCKING AND

STOCKING OF FISH
FOR

A
MONITORING OF

ON-FARM ‘ l

I FISH SAMPLE l WATER

PARAMETERS

COMMUNICATION
FOR HARVEST

.2
HARVEST AND
FISH SAMPLING
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Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

INGA (International Network on Genetics in

Aqguaculture) Member Countries:

0O 00 OO0 0000O0O0O0O0

Bangladesh
China

Cote d’lvoire
Egypt

Fiji -
Ghana

India
Indonesia
Malawi
Philippines
Thailand
Viethnam
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Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

Fig. 2. Flow of activities prior to and during
transport of live tilapia germplasm
from Africa to the Philippines

Holding of collected fish

at NARS laboratory (Africa)
' Collection of fish samples

for health examination

l, Fish Health Laboratory
Conditioning of fish for 2 (NARS institution, Africa)
days prior to transport

Packing of fish in oxygenated plasticy
bags placed inside styrofoam boxes 8

' Issuance of fish certificate |
(NARS institution, Africa) H§

to airport cargo section)  §

Presentation of certificate and i
documents at the airport fish quarantine
and customs section (Certificateto ¥}
transport fish from Africa to Phil.,
Health Certificate, etc.) :

| Loading and &anspoﬁ by airh .

l to Germany
Get samples of collected fish
for serological examination

l : to Philippines

Brief (2-3 days) stage point at the
University of Hamburg, Germany §

PRI L c

Loading and transport by airp
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Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

K

| ©

OBJECTIVES

Specify detailed procedures in importing
and exporting live tilapia germplasm.

Apply the basic steps in transporting live
tilapia germplasm with consideration of
the ICES/EIFAC Codes of Practice and |
Manual of Procedures for transfer of fish.

Transparency 8a.2



Module 84: TRANSPORT OF LIVE PISH GERMPLASM

IMPORTANT DOCUMENTS NEEDED WHEN
IMPORTING OR EXPORTING FISH GERMPLASM:

Importation permit ‘issued by the
requesting country

Permit to export issued by the
source country

Health certificate issued by country
of origin/source of shipment
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Module 8a: TRANSPORT OF LIVE FISH GERMPLASM

Fig.1. Schematic diagram of procedures followed
during germplasm collection in Africa

Prepare materials
for collectionand §
transport !

GIFT Project Locate germplasm f§
expedition team collection site
l Laboratory I

Transport of fish
to laboratory

Contact reliable
fishermen for _
each site identified

Collect pure
strains of O. niloticus §

Load fish and
pact containers
for land transport
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PTA-1b.

PROGRESS TEST - Module 1b

Suggested Answers

. Enumerate the various components of research and testing facilities used in GIFT
Project.

Answers: (a) Facilities for quarantine of fish germplasm
(b) Facilities for maintenance of live fish germplasm
(c) Facilities for breeding
(d) Facilities for rearing families to tagging size
(e) Facilities for grow-out

. Enumerate at least 3 important facilities used in the cryopreservation laboratory.

Answers: (a) Kryo 10 programmable cryo chamber
(b) Olympus inverted microscope
(c) Storage dewars

. What are the examples of facilities used in family testing experiment?
(Give 3 examples)

Answers: (a) Ponds
(b) Cages
(c) Rice paddies

. State the main purpose of quarantine facilities. -

Answer:  Quarantine facilities are used to hold imported or newly arrived
fish germplasm until they are free of harmful diseases or parasites
and are completely safe for transfer to their intended culture
environment




PTQ-2a .

PROGRESS TEST - Module 2a

‘Name: Date:

1. Enumerate the important question to be answered prior to gathering and recording of
data

Answer:

Score : (25 pts)

2. How do you differentiate the sexes of male and female tilapia?
Describe the distinct and important morphological features of the genital papillae.

Answer:

Score : (25 pts)

3. Construct sample data forms for strain evaluation experiment Score (50 pts)




PROGRESS TEST - Module 2a

Suggested Answers

1. Enumerate the important questions to be answered prior to gathering
and recording of data.

Answer;

(a). What are the data to be collected?

(b). How often one should collect the data?
(c). How are data to be collected?

(d). Who should collect the data?

2. How do you differentiate the sexes of male and female tilapia?
Describe the distinct and important morphological features of the
genital papillae.

Answer:

The male tilapia has two openings, the lagre opening or anus and the smaler
opening or urogenital pore. In females, the genital papillae is usually smaller
and has three openings; the anus, the oviduct (where eggs are released) and
the urethra.

3.  Construct sample data forms for strain evaluation experiment

Answer: (see attached forms)
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PTA - 2a

SURVIVAL AT HARVEST
CAGE NUMBER
DATE OF STOCKING
DATE OF HARVEST
STRAIN CODE NO. OF FISH NO. OF FISH PERCENTAGE

STOCKED RECOVERED RECOVERY




PTA - 2a

PROGRESS TEST - Module 2a

(Anesthetization of tilapia)
Suggested Answers

11. Fillin the blank. The MS - 222 powder has been found an effective anesthetic
used by the GIFT Project for tilapia fingerlings and breeders.

2. Enumerate at least 4 materials that should be prepared prior to anesthetization of
tilapia (Any of the following answers is correct):

Answer: (a) Anesthetic (Ms - 222)
(b) Weighing Balance
(c) spatula
(d) Petridish
(e) Plastic basin
(f) Tap water
(g) Stirring rod

3. State briefly the main purpose of applying anesthetic or tranquilizer to fish.

Answer:

The application of an anesthetic eliminates the stress experienced by the fish
during handling, for example during tagging and sampling.

4. Enumerate the step-by-step procedures of app'lying anesthetic to tilapia.

Answers :

(a) Prepare the materials needed.

(b) With a spatula, take a small amount of MS - 222 powder and
weigh this on a weighing balance.

(c) Dissolve a known amount of MS-222 powder in water.

(d) Immerse the fish in anesthetic solution.

(e) After 2-3 minutes or the moment the fish losses its equilibrum,
remove fish from solution.




PTA -2b

PROGRESS TEST - Module 2b

Suggested Answers

1. What is the importance of tagging in a fish breeding program?
(Underline the correct answer below)

(a) It ensures improved fish productivity

(b) ltis used in marking or identifying the strains, broodstocks, famllles and
individual fish in a breeding program

(c) Itis used in characterizing tilapia populations

2. What are the two types of tags used by the GIFT Project?

Answer: (a) Tagging
(b) Fin clipping

3. Differentiate the use of floy fingerling tags and plastic disc tags/fin clips
Answer: Floy fingerling tags are used for individual marking of tilapia
while Plastic disc tags and fin clips are for marking groups of
tilapia.

4. State whether the following statements are true or false:

a. Passive Integrated Transponder (PIT) tag is suitable only for smaller fish or tilapia
with an average weight of 3-5 g.

Answer: False

b. The insertion site for PIT tag is on the left ventral side of the tilapia adjacent to
the anus.

Answer: True

c. The insertion site for the floy fingerling tag is between the 6th and 7th dorsal spine
above the lateral line.

Answer: True




PTQ-2aA

PROGRESS TEST - Module 2a

(Anesthetization of tilapia)

Name: . Date:

1. Fill in the blank. The has been found an effective anesthetic used
by the GIFT Project for tilapia fingerlings and breeders.

(Score : 10 pts)

2. Enumerate at least 4 materials needed to perform anesthetization of tilapia :
Answer: (a)

(b)
(c)
(d)

(Score : 20 pts.)

3. State briefly the main purpose of applying anesthetic or tranquilizer to fish.
Answer:

(Score : 20 pts.)

4. Enumerate in chronological order the step-by-step procedures of applying
anesthetic to tilapia.
Answer: (a)

(b)
(c)
(d)
(d)

(Score : 50 pts)




PTQ-2b

PROGRESS TEST - Module 2b

Name: Date:

1. What is the importance of tagging in a fish breeding program?
(Underline the correct answer below)

(a) It ensures improved fish productivity N
(b) ltis used in marking or identifying the strains, broodstocks, families
and individual fish in a breeding program

(c) Itis used in characterizing tilapia populations
(Score : 20 pts)

2. What are the two types of tags used by the GIFT Project?

Answer: (a)

(b)

(Score : 20 pts.)
3. Differentiate the use of floy fingerling tags and plastic disc tags/fin clips.

Answer:

{Score : 10 pts.)
4. State whether the following statements are true or false:

a. Passive Integrated Transponder (PIT) tag is suitable only for smaller fish or tilapia
with an average weight of 3-5 g.
Answer:

(Score : 10 pts.)
b. The insertion site for PIT tag is on the left ventral side of the tilapia adjacent to
the anus.

Answer:

{Score : 15 pts.)
c. The insertion site for floy fingerling tag is between the 6th and 7th dorsal spine
above lateral line.
Answer:

(Score : 15 pts.)
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