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Introduction

Rohu is the most important aquaculture species in Myanmar and most rohu seed in the
country is sourced from hatcheries (FAO 2010). Accordingly, the product
in hatcheries is integral to the productivity of aquaculture in Myanmar.

The quality of seed produced by a hatchery is influenced by the genetics of the seed and the
environment (i.e. husbandry) experienced by the seed. Only the first of these factors is
addressed here. With the overarching objective of improving the genetic quality of rohu seed
for aquaculture in Myanmar, this report aims to:

9 report on current broodstock management in carp hatcheries;

1 identify key issues with respect to inbreeding and genetic improvement;

9 identify knowledge gaps and constraints with respect to the management of
inbreeding and genetic improvement;

1 recommend changes to practices; and

1 identify research needs.

Current broodstock management in carp hatcheries

To examine current broodstock management in carp hatcheries, Matthew Hamilton visited
five Department of Fisheries (DOF) and five private hatcheries across the Sagaing Region,
Shan State, Mandalay Region and Yangon region between the 27" of August and the 1% of
September (Appendix 1). At these hatcheries, a number of approaches aimed at minimising
inbreeding and/or genetically improving rohu in Myanmar were observed. If these, or other,
desirable practices can be widely implemented, there is the potential for substantial
improvement in the genetic quality of seed produced in Myanmar. Observed desirable
practices included:

9 replacement of old broodstock with new unrelated broodstock from rivers;
1 between-strain crossing of unrelated strains for the production of non-inbred seed for
grow out; and

1 genetic improvement using a mass selection approach.
Key issues

Broodstock management and replacement

In spite of the aforementioned examples of desirable practices, much of the hatchery-

produced seed in Myanmar likely suffers from moderate to extreme levels of inbreeding due

to inappropriate broodstiox kT hmeamraygée nemtApg pemrd ioxGen
inappropriate broodstock management practices currently implemented in rohu hatcheries in

Myanmar include:

91 the establishment of closed hatchery populations from a small number of founders;
and

91 the replacement of broodstock over multiple generations from spawning events
involving a small number of parents.
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DOF Rohu Genetic Improvement Program

Under a ODOF Rohu Genetic | mprovement Progr amo
established at each of two hatcheries (Hlawgar and Kume) from a small number of founders

collected from different river systems. Under the program, it was intended that all DOF

hatcheries be supplied with broodstock from unrelated strains. Supplied hatcheries were

then expected to undertake between-strain crosses to produce non-inbred seed for

commercial grow out. However, the program has been discontinued and there is no
organisation-wide approach to replace aging broodstock supplied under the program. If

DOF hatcheries replace their aging broodstock without maintaining the purity of the original

DOF strains (see Approach 2.2 of Appendix 2), a substantial increase in the level of

inbreeding in seed produced by these hatcheries is likely in coming years.

Recommendations
Short term

1. Hatchery managers and policy makers should be trained to consider and understand
the genetic principles underpinning:

a. inbreeding depression and genetic improvement, in the context of seed
production for aquacul turbeg e(ede e» g6 Geomd triod 6
Appendix 2); and

b. genetic management of fish stocks in natural water bodies, in the context of
restocking programs (see 6Broodstock mana
Appendix 2).

2. Hatchery managers and policy makers should be encouraged to think in terms of
strains and to record strain origins (see Appendix 3).

3. Assuming biosecurity risks can be addressed, hatcheries producing seed for
aquaculture should either:

a. obtain replacement broodstock from wild populations (see Approach 1.1 in
Appendix 2); or

b. exchange broodstock with another hatcheries and cross unrelated strains to
produce seed for grow out (see Approach 2.1 in Appendix 2).

4. Hatcheries producing seed for restocking should be encouraged to follow the

principles outlined in 6BroodspemdxR management
5. Key hatcheries producing seed for aquaculture should be supported to establish and

maintain multiple unrelated mass selected strains (see Approach 2.2 in Appendix 2),

as:

a. a proof of concept;

b. a source of genetically improved stains of broodstock to other hatcheries; and

c. training sites

6. Low-cost and easily implemented approaches to externally tagging or marking fish
according to strain should be identified (s
7. Appropriately designed dtsshoul benmplememtpdar i sonod
(Ponzoni et al. 2012a), in accordance with animal welfare laws and policies
(WorldFish 2004), to:
a. Quantify the extent of inbreeding depression in hatchery-produced seed;
b. Quantify the extent of genetic improvement in hatchery broodstock; and

e
(S3
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c. Provide a baseline from which to assess future interventions aimed at
reducing inbreeding and the genetic improvement of Rohu in Myanmar.

Long term

8. All hatcheries should implement one of the following approaches:
a. maintain multiple unrelated mass selected strains (see Approach 2.2 in
Appendix 2);
b. routinely obtain broodstock from two unrelated genetically improved strains
(see Approach 2.3 in Appendix 2); or
c. routinely obtain broodstock from a single genetically improved strain in which
average relatedness is controlled (see Approach 1.3 in Appendix 2).
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Appendix 1 Hatcheries visited in 2018

Name Ayeyarwa | Nyaung U Tun U Hla Ms Yi Yi Shewbo Shwebo Thayet Nad Yay Hlawgar
dy Shwe Shwe Kyaw Lwin MFF DOF Kone DOF | Kan DOF DOF
Region Yangon Shan Shan Shan Shan Sagaing Sagaing Mandalay Mandalay Yangon
Latitude 16.951719 | 20.685969 | 20.694167 | 20.685000 | 20.743611 | 22.555833 | 22.577500 | 21.990000 | 21.880560 | 16.969444
Longitude | 96.476077 | 96.931752 | 96.938333 | 96.933611 | 96.930833 | 95.699722 | 95.663333 | 96.124170 | 96.091940 | 96.111111
Features Formal Mass Maintains Replacing
mass selection two strains elderly
selection applied to avoid DOF
program inbreeding genetic
improveme
nt program
broodstock
with wild
caught
stock
Date 27-Aug-18 | 28-Aug-18 | 28-Aug-18 | 29-Aug-18 | 29-Aug-18 | 30-Aug-18 | 30-Aug-18 | 31-Aug-18 | 31-Aug-18 | 01-Sep-18
Ownership | Private Public Private Private Private Private Public Public Public Public
(DOF) (DOF) (DOF) (DOF) (DOF)
Species Common, Common, Grass carp, | Common, GIFT, 10 others Silver carp | 18 others
other than Inle, grass, | grass, common grass, plan | pacu,
rohu silver barb, | silver barb | carp, silver | to collect pangasius,
catla, silver carp, catla, | Inle others
carp silver barb
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Appendix 2. General principles regarding inbreeding
control and genetic improvement

Introduction

This Appendix details the pros and cons of a number of approaches that aquaculture
hatcheries can adopt to control inbreeding and/or genetically improve the seed they produce
for grow out. A brief introduction to the genetic theory underpinning these approaches is
provided.

The focus of this report is on the management of broodstock in hatcheries for the production
of seed for aquaculture. However, the management of broodstock in the context of seed
production for the restocking of water bodies is briefly addressed.

It is evident that the genetic quality of seed is only one factor affecting the quality of seed
produced by hatcheries © the quality of seed can also be impacted by environmental and
husbandry (i.e. management) factors, such as suboptimal seed rearing and handling
practices. It is also evident that hatcheries have a major role in avoiding and controlling the
spread of disease through the adoption of appropriate biosecurity practices (Mohamed Din
and Subasinghe 2017). Although not the focus of this report, biosecurity and the disease
risks posed by the movement of fish among rivers, hatcheries and farms must be managed
and kept front-of-mind when considering approaches to inbreeding control and genetic
improvement.

Notet hat the term 6fish6é has been used throughout
species, including non-vertebrates. Indeed, many of the concepts outlined are also

applicable to non-aquaculture species, particularly those that are highly-fecund and in the

early stages of domestication.

Genetic theory

Hatchery managers should aim to maximise the genetic quality of seed produced for grow
out. Although the genetic concepts driving the genetic quality of seed are complex, from the
perspective of a hatchery manager primary consideration should be given to i) maximising
the average additive genetic value (i.e. average breeding value) of the seed produced, and
i) minimising the deleterious impacts of inbreeding, a component of the non-additive genetic
value of the seed. The additive genetic value of an individual is the component of its total
genetic value (i.e. genetic quality) that is transmitted from one generation to the next, and
the non-additive genetic value is that which is not transmitted across generations
(assuming the species is diploid and ignoring epistasis).

Inbreeding results from the mating of related parents. The level of inbreeding in an

individual, measured by Wr i ght 6 s coef fi ci (&nmdnging fromiOndl),ésedi ng
directly proportional to the extent of additive genetic relatedness between its parents. In

mathematical terms, F of an individual equals half the coefficient of relationship between

its parents. As an example, if two full siblings (i.e. individuals with the same two parents) are

mated, their progeny are highly inbred (F O 1/ 4) ; and if t wo first C O
progeny are |less inbred (F O 1/16). However,

progeny are not inbred (F = 0), no matter how inbred the parents themselves are.
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The control of inbreeding is important because inbreeding can result in inbreeding
depression. Inbreeding depression can be manifested as poor growth, poor survival, poor
reproductive performance, disease susceptibility and/or morphological deformities (Gjerde et
al. 1983; Komen et al. 1992; Evans et al. 2004).

A closed population 7 here considered synonymous with a strain i is a population
descended from a finite number of founder individuals into which no subsequent introduction
of individuals or genes has occurred. Refer to Appendix 3 for guidelines on of how to name
strains and document their ancestry.

Genetic improvement is here described as the process of making cumulative desirable
changes to the average breeding value of a strain, for one or more characteristics. This is
achieved by selecting individuals to be mated (i.e. parents) from each generation that are
believed to havehigh breeding values, based on their measured characteristics and/or the
characteristics of their relatives.

Genetic improvement requires the presence of additive genetic variation (i.e. additive
genetic diversity) in the population for the characteristic/s under selection. Accordingly,
there is an inherent conflict between maximising short-term genetic improvement versus
maximising long-term genetic improvement and controlling inbreeding. For example, to
maximise short-term genetic improvement, one would select the very best male and very
best female as parents to produce one full-sibling family as the next generation. Under this
scenario, i) the level of additive genetic diversity in the next generation will be less than if
multiple parents had been used to produce multiple families and ii) the progeny of
subsequent crosses between full-siblings will be highly inbred.

One means of maintaining additive genetic diversity and minimising future inbreeding in a
strain is to control the increase in average relatedness among individuals (Meuwissen
1997; Meuwissen and Sonesson 1998). In a strain, average relatedness among individuals
increases with each generation. This is unavoidable. However, a number of management
strategies can be implemented to minimise the rate of increase in average relatedness. A
number of these approaches are detailed below.

Inbreeding control

Methods to control inbreeding in hatcheries producing seed for aguaculture can be classified
into two general approaches:

1 Approach 1: Minimise average relatedness in a single strain
1 Approach 2: Cross unrelated strains

Within these two broad approaches, a number of different strategies can be adopted. Some
of these result in the genetic improvement of strains, other do not.

Approach 1. Minimise average relatedness in a single strain

Approach 1.1. Routinely obtain broodstock from wild populations

This approach requires old broodstock to be replaced with individuals sourced from wild
(indigenous or introduced) populations. Two means of implementing this approach are
evident; i) maintain a single-aged broodstock population, all of which are replaced once

Implemented by:
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animals have reached the end of their useful life as broodstock (Figure A2.1), or ii) maintain

a mixed-age population, a proportion of which is replaced each year. However, if the second

of these options is adopted and age classes are not distinguished in some way (e.g. with

tags or mark, or maintained in separate ponds), there is a risk that old, but small and slow

growing individuals, will be retained when they should be replaced, resulting in 01
s e | e c(fHussaimahd Mazid 2005).
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Age Age Age
0-1 1-2 2-3
Year 1 (\ A ’) ,,':5‘\\_\

Year 2 "Iﬂ:\ E A |
l'____.\ l.___a'
Year 3 A
:'—-.“ l'\\
Year 4 LB /BN
\____I I—---J
7\ ]
Year 5 /B i B 1

Year 6

O Nursery pond A Grow-out pond

Age Age Commercial spawning
3-4 4-5 (Priority to younger brood)

Others

Others

AxA

AxA

A AxA

BxB

Broodstockpond M\ Selection

Figure A2.1. Management of broodstock to avoid inbreeding by regularly sourcing fish from wild populations or from a single genetically
improved strain in which average relatedness is controlled. Letters refer to strains. Shapes with dashed outlines are not necessary in all
circumstances. Note that in species that do not adhere to an annual breeding cycle, the age of animals is best expressed in terms of intervals

between spawn runs, rather than years.
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To maximise the probability that broodstock obtained from wild populations are unrelated,
replacement broodstock should be i) obtained from large water bodies with large
populations; and ii) if collected as spawn or fry, obtained at the peak of the spawning season
from areas in which the species is prevalent (Hamilton et al. submitted-a; Hamilton et al.
submitted-b). Refer to Table 1 for a list of pros and cons for this and other approaches.

Approach 1.2. Maintain a single strain (i.e. a single closed population)

Approach 1.2.1. Family-based breeding and genomic selection

Family-based breeding programs track the ancestry (i.e. pedigree) of individuals in a strain.
This is achieved by maintaining families in separate vessels (e.g. tanks or hapas) after
spawning until they reach a size that allows individuals to be tagged and families to be
pooled, or with parentage assignment using molecular tools. Cost-reducing techniques,
such as walkback selection 1 whereby only phenotypically superior individuals have their
parentage assigned i can also be employed (Sonesson 2005). Inbreeding is controlled in
family-based breeding programs i) in the short term, by undertaking crosses between
unrelated, or distantly related, individuals; and ii) in the long term, by selecting parents
(Figure A2.2) in a manner that minimises the average relatedness among individuals in
subsequent generations (Meuwissen 1997; Meuwissen and Sonesson 1998). Family-based
breeding programs also enable accurate estimati
utilising measurement data from not only the individual itself but also its relatives. The more
accurate estimated breeding values (EBVs) are, the more accurately the best individuals for
mating (i.e. parents) can be selected in each generation and the more rapidly genetic
improvement can be achieved in a strain. Furthermore, measurement data from relatives
can be used to estimate breeding values for traits that cannot be directly measured on
candidate parents (e.g. disease resistance). Genetic parameters, such as heritabilities and
genetic correlations (Falconer and Mackay 1996) can also be estimated using data from
family based breeding programs. Among other things, genetic parameters are required to
predict the extent to which genetic improvement can be achieved in a characteristic. For
example, if the heritability of a characteristic is zero, it is not possible to increase the average
breeding value of a strain for that characteristic.

Genomic selection combines molecular marker data (generally for tens of thousands of
individual single nucleotide polymorphisms; SNPs) with phenotypic (i.e. measurement) data
to more accurately identify superior individuals for selection as parents. It is generally
implemented within family-based breeding programs and represents an additional level of
expense and complexity, albeit one that is increasingly adopted for traits that are expensive
or difficult to measure, or cannot be measured on candidate parents (e.g. disease resistance
and tolerance) (Bangera et al. 2017).

Approach 1.2.2. Maintain a single mass selected strain

Approaches to mass selection with one or multiple strains are described in the
01 mpl e me ndtmanagement obmass-s el ecti on programsé section |
Figure A2.2.
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Founders Age Age
Age 3+ 0-1 1-2

Year 1 A " @ A
AxA
Year 2 /A\

Year 3

Year 4

Year 5 /A\

Year 6
AxA

O Nursery pond AGrow—out pond

Age
2-3

Broodstock pond

Age Age
3-4 4-5

Commercial spawning
(Priority to younger brood)

Founders or others

Founders or others

AxA

AxA

A AxA

AxA

A sclection

o Within-strain spawning

Figure A2.2. A single-strain (A) approach to genetic improvement using family-based or mass selection, suitable for species that reach sexual
maturity at age three years. Note that in species that do not adhere to an annual breeding cycle, the age of animals is best expressed in terms

of intervals between spawn runs, rather than years.
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Approach 1.2.3: Rotational mating among cohorts

Rotational mating among cohorts involves i) the establishment of multiple, generally four or
eight, founder cohorts of fish and ii) the systematic transfer of males between cohorts at the
time of spawning (Figure A2.3). After each spawning, the progeny cohorts are given the
same identifier as the cohA23). 6s mothers (e.g. 1

Rotational mating among cohorts results in considerably less inbreeding than single-strain
mass selection (i.e. Approach 1.2.2) (Nomura and Yonezawa 1996; Ponzoni et al. 2012b). If
implemented appropriately, it can also achieve ongoing genetic improvement of a
population, as it essentially represents a modified form of mass selection (see the
Ol mpl ementation and-smarazgemaentprofgrmans® secti on |

Ponzoni et al (2012b) outlined a protocol for rotation mating among cohorts for tilapia, which
has been implemented in a number of countries. This approach could be modified for
application in other species. Refer to Ponzoni et al (2012b) and the modified eight-cohort
mating approach in Figure A2.3 for details.

Figure A2.3. Movement of males between cohorts (indicated by arrows) under the eight-
cohort rotational mating system. The three cycles depicted should be repeated in sequence
indefinitely. This three-cycle approach controls inbreeding more effectively than the two-
cycle approach detailed in Ponzoni et al (2012b).

Approach 1.3: Routinely obtain broodstock from a single genetically improved strain in which
average relatedness is controlled

This approach is implemented in the same fashion as Approach 1.1 (Figure A2.1) except
that replacement broodstock are sourced from a genetically improved strain, in which
average relatedness is controlled, instead of genetically unimproved wild populations.
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Approach 2: Cross unrelated strains

Approach 2.1 Cross a hatchery strain with an external unrelated strain

Many hatcheries maintain their own strains. Assuming that the largest and heathiest animals
have been selected as the parents of broodstock over multiple generations (i.e. negative
selection is not an issue, Hussain and Mazid 2005), it is possible that some degree of
genetic improvement has occurred in such strains. However, if active measures to control
average relatedness have not been implemented, such populations maintained by
hatcheries over multiple generations are also likely to produce inbred progeny. In these
circumstances, the issue of inbreeding in progeny produced for grow out can be overcome
by crossing one inbred strain with another, possibly inbred, but unrelated strain (Evans et al.
2004). In the long term, the adoption of this approach would require a hatchery to
intermittently undertake within-st r ai n matings to maintain the 0&6p!
routinely obtaining broodstock from an external unrelated strain to cross with and produce
seed for grow out. This could involve the exchange of males between hatcheries, to the
benefit of both hatcheries, or obtaining broodstock from wild populations (Figure A2.4).

Approach 2.2 Maintain multiple unrelated mass selected strains

This approach involves the genetic improvement of two or more unrelated strains with mass

selection and the production of non-inbred seed for grow out by crossing between these

unrelated strains. Such an approach ensures that seed supplied for grow out is not inbred,

something that cannot be assured under single-strain mass selection (Approach 1.2.2).

Within strains, the mating of a large number of dams and sires in each generation is
desirable (see the Ol mplemensateonhi amdpmagagmme
below) as this practice is most likely to retain additive genetic diversity over many

generations (Bentsen and Olesen 2002).

Specific approaches to maintaining multiple unrelated mass selected strains are detailed in
Figures A2.5 to A2.7. These represent discrete-generation (Figure A2.5) and rolling-front
(Figures A2.6 and A2.7) approaches. A rolling-front approach, once established, requires
the same operations to be completed in each year with benefits including:

1 smoothing of peaks and troughs in activity across years;

9 Dbetter utilisation of infrastructure (i.e. nursery, grow out and broodstock ponds are
used every year); and

9 skill retention i all skills are practiced each year.

In the case of species that mature at 3 years of age, the rolling front approach necessitates
the management of three strains if implemented in full (Figure A2.7). However, in this case,
a partial rolling front approach could be implemented by removing Strain C from Figure A2.7.
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Figure A2.4. An approach to inbreeding control and genetic improvement involving mass selection of a hatcheries own strain and obtaining
broodstock of an unrelated strain for commercial production, suitable for species that reach sexual maturity at age three years. Letters indicate
strains. Strain A r epresents the hatcheryds own str ai n-straimmaatingst &irameBdeprbsgntsi nt e r mi
broodstock from an external unrelated strain. Note that in species that do not adhere to an annual breeding cycle, the age of animals is best
expressed in terms of intervals between spawn runs, rather than years.
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Figure A2.5. A discrete-generation two-strain mass-selection approach to inbreeding
control and genetic improvement, suitable for species that reach sexual maturity at age three
years. Letters indicate strains. Shapes with dashed outlines are not necessary in all
circumstances. Note that in species that do not adhere to an annual breeding cycle, the age
of animals is best expressed in terms of intervals between spawn runs, rather than years.
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