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Thesissummary

Mass spawning hatchery practices using small btoolsgpopulations, in
addition to the cannibalistic nature of some fipaes, contribute to a reduction of
genetic diversity from parent to offspring and tighout the juvenile grow-out
stages. This is of concern when establishingecteé breeding program for such
species because the genetic diversity that is aghin the start-up and initial
generations of the program is the basic ingredmrfuture genetic improvement.
The aim of this thesis was to examine methodsdptuwring and conserving genetic
diversity in mass spawning barramunidates calcarifer), when constructing a base
population for a long-term selective breeding paogifor the species.

Involving 21 males and 12 females, the transfegewfetic diversity from
broodstock to offspring in a large commercial mgsswn was investigated in
chapter 2. Previous studies had indicated thattanbal amounts of genetic
diversity were lost using mass spawning technigwés;h are normal practice for
the commercial barramundi industry. A high papiition rate of parents was
detected among the large spawning group usedsrsthdy ( = 31). Broodstock
contributions were skewed and the contributionfgniidual dams and sires was as
high as 48% and 16% respectively at one day pashifdph). Barramundi progeny
were monitored throughout the juvenile stages vestigate the conservation of
genetic diversity, during the periods of larval embrphosis and size grading (to
inhibit cannibalism).

A reduction in allelic richnesg\) was identified from broodstock to offspring
at 1 dph, & was 3.94 among broodstock and 3.52 among offsgangpled).

However, no further loss & or genetic diversity was detected in the offspfirogn
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1 to 90 dph, which included the period of metamori$, multiple size grading
events and losses through size culling, mortalédies the sale of juveniles. The
effective population size\g) in the broodstock group ranged from 10.1 — 1&4|
below the broodstock census size of 33, whereasatheof inbreeding was less than
5%. The results from the mass spawn provided depotive and demographic
parameters that could be used to inform the dasfignbase population for a
barramundi selective breeding program.

In chapter 3, 407 mature captive broodstock undeeat use in eight
commercial barramundi hatcheries were pedigreedasding 17 microsatellite
markers, to determine their suitability for inclusiinto a base population. Levels of
genetic diversity within each hatchery and the de@f relatedness between
individuals were estimated and compared. Genetersity was moderate within
each broodstock groupy(ranged from 2.67 — 3.42) and heterozygosity rariged
0.453 — 0.537. Relatedness estimates within haesherere generally low and
ranged from -0.003 to 0.273. Structure analysisated that captive Australian
broodstock were broadly divided into two genetaxks and suggested that hatchery
individuals were either sourced from the two stooksepresented an admixture
between them. From the results, an assessmemhads of the genetic suitability of
existing domesticated broodstock as contributothédase population.

Chapter 4 sampled 1205 barramundi individuals fd@wild sites covering a
broad distribution range. Levels of wild genetieedsity were estimated and
compared to captive groups from chapter 3. Thd wallections were found to
cover two broad ranging genetic stocks, an eastetdnvestern stock and a central
stock of genetic admixturé§& = 0.076). The majority of captive individuals were

assigned to the eastern stock (59%), followed byatbstern stock (23%) and central
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region of admixture (13%). Levels of genetic dargr, as determined by allelic
richness &), were slightly lower in the captive groups (a4, = 3.15) when
compared to the wild populations (avera@ge- 3.40). Some genetic variation was
unrepresented in the captive groups and it waslgded that the inclusion of wild
individuals would enhance overall levels of gendticersity in a base population for
selective breeding.

Finally, a computer simulation model was develomechapter 5 and used to
compare different options for sourcing genetic ation for inclusion into the base
population. It was assumed that the primary gdemestablishing the base
population would be to maximise genetic diversi@andidates for inclusion into the
synthetic base populations were selected accotdifeyels of genetic diversity and
relatedness. A range of options were tested, whidhded the use of candidates
from both wild and captive populations. There wasgnificant reduction in the
level of A, between broodstock and offsprirfg€ 0.05) for many of the options.
The best options for retaining genetic diversityevigom the base populations
constructed from an even representation of wildgasifrom genetic stock¥\GA,,
broodstock and offspring, was 5.21 and 4.75 respectively) and to seleciwaapt
broodstock according to the lowest mean kinshiple{mk, broodstock and
offspring Ar was 5.05 and 4.69 respectively). Five alternatelpopulation sizes
(Nc) were tested to estimate the effective populasiaa (Ns) based on the variance
of parental contribution and unequal sex ratiQ.was 76, 85, 98, 105 and 115 from
anN; of 150, 180, 200, 230 and 250 respectively, arddle of inbreeding\f)
ranged from 0.4 — 0.7%. Under the model presentéus study, amN; of more than
213 broodstock individuals is required to achidike> 100 and\F < 0.5%. The

results suggested that a mixture of both wild aaqutive barramundi should be
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included in the base population at the commencewofemtelective breeding
program for barramundi.

This thesis investigated the effects of hatcheagices, such as mass
spawning and size grading on the conservation mégediversity. In addition,
options for selecting candidates to compose a fignpopulation were explored,
and recommendations made to promote the longerdyirapact of a selective
breeding program for barramundi. The Australiadustry has on hand a large
number of mature captive broodstock that wouldwble for inclusion into a base
population for barramundi selective breeding. Hesveit would be beneficial to
include a selection of wild individuals from regsaf high genetic diversity to
strengthen the fitness of a base population atdh@emencement of a selective

breeding program.
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Summary of chapters

This thesis is presented as a series of manusci@tapter 2 has been published,
chapter 3 is under review and chapters 4 and Bareiscripts in preparation for

publication.

Chapter 2 publication:

Broodstock contribution after mass spawning and grading in barramundiLétes
calcarifer, Bloch).

Loughnan, S.R., Domingos, J.A., Smith-Keune, Crréster, J.P., Jerry, D.R.,

Beheregaray, L.B., Robinson, N.Aquaculture 2013, 404—-405, 139-149.

Barramundi is naturally a mass spawning specieghndan be induced to
spawn in captivity under conditions that attemptetplicate the natural environment.
Due to the high fecundity of females and the incliof numerous adults into a
spawning group, the production of large quantitiekrvae can be high. Relatively
few breeders have the potential to supply a largpgtion of the grow-out industry.
However, the main complications identified by poas studies involving captive
mass spawning barramundi, were the low participaties for particular broodstock
and highly skewed levels of parental contributioroas all broodstock. With a
limited number of contributors, inbreeding rates ba high and genetic diversity
can be lost within offspring cohorts, which can @hicate the selection of unrelated
broodstock candidates for the next generation @dbers. Typically, small
broodstock groups of 1 — 2 females and 3 — 5 naakesonstructed, not only due to
high fecundity but space requirements and the adstgintaining numerous adult

barramundi can be high. In this study, a largesnspawn (12 females and 21 males)
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not previously applied on this scale was carriedtounvestigate the level of
parental contribution from a large mass spawnimgigy and the number of parent
pair relationships that could be detected withmaffspring. The offspring were
sampled at regular intervals during grow-out, wipcbvided the opportunity to
investigate the conservation of genetic diversitptighout the period of size grading
and culling for the avoidance of cannibalism. Ryes studies have reported on a
loss of genetic diversity by size grading, howewerstudy has yet monitored the
maintenance of genetic diversity throughout thé&remannibalistic stage of
juveniles. The major findings from this chaptezlude a high participation rate of
both male and female broodstock and the subseguedaction of a large number of
parent pair combinations or families. Despiteghhiate of participation,
contribution levels were unequal and there wagh hariance in family sizes. In
addition, there was a slight loss of genetic divgfsom broodstock to offspring but
throughout the period of size grading and cullmg further loss of genetic diversity
was detected. The results suggest that a massisgparoup of at least 30
barramundi individuals is required to achieve anipgrticipation rate of breeders

and to limit the loss of genetic variation transéerto the offspring.
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Chapter 3in review:

Genetic diversity and relatedness estimates faivaaparramundil(ates calcarifer)
broodstock populations, informs efforts to formasé population for selective
breeding.

Loughnan, S.R., Smith-Keune, C., Jerry, D.R., Beparay, L.B., Robinson, N.A.

JournalAquaculture.

The Australian barramundi industry has on handgelaumber of mature
broodstock that are currently supplying the grow+oarket, however, before
selective breeding programs can begin, it is ingydrto assess the levels of genetic
diversity and relatedness of current captive brammdspopulations. This has not yet
been assessed for Australian captive stocks, reothiesapplication of such
information been applied to establishing a baseifadijon for selective breeding.
Due to the implications of mass spawning inveséidah chapter 2, it is also unclear
how this has impacted on genetic diversity andeellzess levels across the captive
industry. To address these issues, microsatBItd markers were utilised to
genotype barramundi broodstock from eight majortfalisn commercial hatcheries.
Population structure analysis indicated that capfiustralian broodstock were
broadly divided into two genetic population grougenetic diversity levels were
moderate and a level of relatedness was detecteatim broodstock group. The
estimates of genetic diversity and relatedneswyeléfirom this study suggest that the
Australian barramundi industry has on hand suithbb®@dstock candidates for the
development of a base population for selectivedingefrom current captive stocks.
Although, sourcing additional broodstock from wiljions of high genetic diversity

could enhance the fitness of current captive sthatBer. The results are discussed
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with regard to broodstock management and the dpredat of a base population for

selective breeding using existing Australian broods.

Chapter 4 to be submitted:

Assignment of captive barramundliafes calcarifer) broodstock to wild Australian
stocks guides captive base population recruitnmargdlective breeding.
Loughnan, S.R., Smith-Keune, C., Jerry, D.R., Beparay, L.B., Robinson, N.A.

JournalAquaculture.

The quality of captive barramundi founder stocks ba enhanced and fithess
maintained by including wild individuals from geroatlly diverse stocks at the
commencement of a selective breeding program.tifgiamg which wild stocks to
target can be aided with assignment tests, whiolckzify the wild genetic origins
of captive individuals and determine the degrewitsf genetic diversity not
currently represented in captive stocks. In chaptéevels of relatedness and
genetic diversity were estimated for eight capbueodstock groups under current
production, and in this chapter the individualshiviteach of these groups were
assigned to their wild ancestral origins. Levdlganetic diversity and population
structure were determined for wild barramundi sasftom 48 sites with 16
polymorphic microsatellite loci. Two wild genesitocks and a region of genetic
admixture were detected and levels of genetic dityewere slightly higher in the
wild sample collections than the captive groupgotJdeveloping a base population
for the selective breeding of barramundi, wild kmas demonstrating high levels of
genetic diversity identified in this study shoulel &ccessed to gather broodstock

candidates. Ideally, an even number of broodssbckild be sourced from each of

22



the three wild genetic stocks, to lower the levigletatedness between individuals

and to gather a broad range of genetic diversityhie founding population.

Chapter 5to be submitted:

Comparison of the use of different source stocke&tablishing base populations for
selective breeding of barramundifes calcarifer).

Loughnan, S.R., Smith-Keune, C., Jerry, D.R., Beparay, L.B., Robinson, N.A.

JournalAquaculture Resear ch.

To determine the most appropriate broodstock cateldto use when
establishing a base population for barramundi seebreeding, a computer
simulation model to predict the maintenance of gertkversity at 16 microsatellite
loci was developed. There are various methodsdlacting broodstock candidates
for inclusion into a base population, such as selg@ccording to kinship levels
between individualsntk;) or choosing individuals from wild regions demaaghg
high levels of genetic diversity. Both of thesetinoels were tested in the simulation
model. Synthetic base populations were developed the observed genotypes of
captive broodstock from eight hatcheries (accefsead chapter 3) and the
genotypes from 48 wild sites were utilised frompmtea 4. In addition, chapter 2
provided parental contribution probabilities, whighre used to select male and
female parents at the commencement of the simalatiomimic the skewness of
parental contribution that can occur in barramumdss spawning. Overall, this
chapter incorporated the findings of the previduslies and utilised the results to
recommend the best method for selecting a basdatapu Under each option there
was a loss of genetic diversity from each broodstgroup to offspring, although the

highest level of genetic diversity was maintaindtew selecting broodstock
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according to low mean kinship valuesk(). The results suggest that a base
population of at least 213 individuals split inteef spawning tanks of an equal sex
ratio, will provide aN. of 100 andAF of 0.2%. In addition, wild broodstock should
be sourced from regions of high genetic diversitg aombined with current captive
broodstock that have been selected according tlowestmk; values. This will

help to maintain founder genetic diversity and retggosity levels in subsequent

generations.
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