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Abstract

Florida'pompano haseen identified as a promising candidate for commercial scale
aquaculture productigmut todatelittle information is available regarding captive
broodstock spawning characteristicen@tic markersveretestedfor their power in
monitoring mating outcomesnd potential iranalyzing heritability of rapid growth
trait in Trachinotus carolinus. A total of 20 unrelated adul{d0 females and 10 males)
were chosenfor Bormone-inducedassspawning event. The 515 fastest growing
and 485slowest growing fistout ofthe total4852 offspringwere considered a
selected progeny stocksh werecollectedat 45 days podtatchbased on their

growth traitsParentagerslyses based on t26€ breedersaand1,000selectedrogeny
were performedsing a total of ninenicrosatellite markers 100% assignment rate
was achieved ana fourmarkerset was the minimum number for the parentage

assignmentThe effective breeding number fibre selected progerwas 11 (six

females and five males), among which three females and two males were predominant

contributors with the total contribution of 95.8% and 94.78gpectivelyThe

proportion of fast-growing offspring from broodfish and each mating cross (sire/dam)

was used for detecting whether variation in growth of the offspring was related to
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parental stocks. Results showed that three adults and their mated combination
exhibited the greatest fagrowing offspring proportion (69.73% and 55.95%)is
research provided new information regarding spawning performangeaegrtal
contribution during mass spawning events; both important first steps toward

developing‘improved managent strategies for captive Florida pompémnoodstock.

Introduction

Florida pompanoTrachinotus carolinus) aredistributed in coastal waters throughout
the Gulf'efsMexico and along the eastern United States in the Atlantic QGdhert
1986).Males'and females are sexually mature at one to three years of age and
normally=attain a maximum weight ranging from 0.7 to 2.3 kg (Gilbert 1986). In
Florida;'spawning is thought to occur year round in the Gulf (Berry & Iverson 1967)
and on the Atlantic coast from February to October at 22-26 °C, with peaks in April to
May and.September to October (Fields 1962). Larvae develop ailsmaas

juveniles inhabit the surf zone until temperatures are < 20 °C, when they again
migrate,offshore (Field$962).

Pommano have long been considered a high-value marine foocdfisvidenced by
increasing market prices and a rise in consumer demand (Hauville,
Zambonino-InfanteBell, Migaud &Main 2014; Main Rhody, Nystrom 8Resley

2007). Although significant interest in developing commercial culture capabilitie
began as early as the 1960’s and 1970’s (Watanabe 1995), efforts to develop reliable
protocals for successful commercial scale farming of Florida pompano are ongoing.
To dateystudies on the cultureToftarolinus have focused on feed composition
(Hauville et al. 2014; Riche & Williams 2011), spawning behayidoff, Mountain,
Frakes& Halcott1978; Reynolds 201@nd improving overall culture conditions
(Weirich & Riche 2006; WeirichWills, Baptiste Woodward& Riche 2009).

Research has shown pompano can be readily induced to spawn in captivitgt(Main
al. 2007; Weirich & Riley 2007), have a high tolerance to different salinities and
stressorsWeirich & Riche2006),and readily accept pelletized diets (Hauvéiel.

2014; Riche 2014)These advantages makKecarolinus an excellent candidate
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species for commercial aquaculture. However, further improvements in aquaculture
technology are needed to ensure development of a viable Florida pompano industry.
The implementation of selective breeding programs for commeréaathed fishes is
important forithdong-term sustainabilityf the aquaculture industr§o far selective
breedingpragrams have been well established for some marine and freshwater species
including'red'sea brearRdrgus major) (Murata,Miyashita Izumi, Maeda Kato &
Kumaid996), European sea baBsdentrarchus labrax) (VandeputteDupontNivet,
HaffraysChavanneCenadellj Paratj Vidal, Vergnet &Chatain 2009), Atlantic

salmon Galmo salar) (de Mestral& Herbinger, 2013), common car@yprinus

carpio) (Ninh, Ponzoni, NguyeiWoolliams Taggart McAndrew& Penmar011;
Vandeputte:2003) and Egyptian Nile tilap@réochromis niloticus) (Rezk, Ponzoni,
Khaw, Kamel Dawood& John 2009)During the past ten years, a summary of
measured responses to selection has shown that estimated genetit gyawwsh rate
could reach . 220% per generatiofGjedrem& Baranski 2010). However, Gjedrem
Robinson& Rye (2012) estimated that only 10% of aquaculture production
worldwide is based on genetically improved stocks. Qrssiple reasois the fact

that pedigree information wftendifficult and costly to obtaifVandeputte &Haffray
2014).

Accurate pedigree information is of paramount importance in selective breeding
programs (EKassabyCappaliewlaksaneeyanawjrKlapsté & Lstiburek 2011;

Lacy 2012)Molecular tools, such as microsatellite markers, have been used in
parentage analysis providepedigree informatioto estimae breeding success,
effectivespopulation size, individual inbreeding levels and other genetic paramet
(Blonk, Komen Kamstra Crooijmans & van Arendonk 2009; Doddste & Sise

2005; KapralovaMorrissey Kristjansson Olafsdottir, Snorrason & Ferguson 2011;
Ponzeni Khaw, Nguyen& Hamzah2010). Additionally, genetic markers have also
been used extensively as a management tool, particularly in selective breeding
programs involving a number of fish species, including gilthead sea bSpamig

aurata) (Antonello,Massault Franch Haley, Pellizzari Bovo,Patarnello de Koning

& Bargelloni2009; Navarro, Zamorano, Hildebran@inés Aguilera& Afonso
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2009), large yellow croakeL &rimichthys crocea) (Liu, Sui, Wang Cai, Yao & Chen
2011) and Japanese floundBagalichthys olivaceus) (Shikano 2005). To datthere

is no information on parental contributionrt@ss spawning Florida pompano,

which is impertant not only for understanding basic and fundamental data on
spawning characteristics, but also for the development of a successful breeding
program.

Accurateparentage assignmepdsed on high resolutionolecular markers is
important ferthe purpose of conducting future heritability studies. The estimation of
heritability-and genetic correlations allows operations to design breeding programs
and allows for the evaluation of expected genetic gdasdeputte & Haffray 2014).
As a firstrstep in thiglirection we initiated a scoping study employing
microsatellitebased DNA profiling to obtain pedigree information within a subset of
captiveFlorida pompano broodstock maintained at Mddgiaculture Parkn

Sarasota, Flarida, USA. A moleculbased assignmeaof the selectegprogenystock

to parens was undertaken, genetic diversity data were compared between broodstock
and progenygtock assignment power of selected markers were evaluateld,
individual/parental contributions to larval production were detected and qedmntf
estimate reproductive success addollers. In addition to evaluating spawning
performance.of broodstock, associations betweergfasting progeny and related
breeders were investigated to determine whether variation in growth of thengffs
was related to parental stock3ur objective is to demonstrate the potenigeof
molecularbased parentage assignment psaatical tool forconductinggenetic
selection-eimportant attributes ievaluating spawning performance using captive

Florida pompanolrachinotus carolinus.

Materials and methods

Broodstock collection, spawning and larval rearing

Eightadult Florida pompano were collected from coastal wateBaasota (Florida,
USA) and transported to Mote Aquaculture Research Park (Sarasota, Florida, USA).
Following a 40day quarantine period, wild caught broodstock were PIT-tagged and
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combined with an existing population of F1 generation pomyeaqative bred
offspring)that were previouslgpawned and reared at Mote Aquaculture Research
Park.A tissue sample (fin clip) was taken from each fish and samples were stored
individually in 90% ethanol for later parentage analysis. Prior to spawalingglult
broodstock'were screendtough genotyping with 1&icrosatellite markerto
ensureheywere unrelatedneither full-or halfsibling). A total of seven F1 and one
wild fish wereremoved from the broodstock population thus excluding them from the
study.

In total,20-adult fish (1@emales and 1fales) werdneld in a single, indoor,
photoperiod (1113 H light) and temperature controlled systé@a-28°C) and
maintainedat a salinity of 361 g L* (Fig.1). The recirculating systeconsistef a

28 nt tank'equippeavith filtration, which included a 0.085 harop filter

(Aquaculture Systems Technologies, New Orleans, LA, USA) for solids removal, a
900-1 movingsbed for biofiltration containing 0.283 plastic extruded floating media
(AMBTM media, EEC, Blue Bell, PA, USA), a protein skimmer, and two Y\60-

High Qutput SMART HOQUV® units.

To sample broodstock, individual fish were netted into a 500-I tank containinlg 200-
of saltwater and anesthetized with TricaBéWestern Chemical, Inc., Ferndale, WA,
USA) atia.concentration of 300 ppm for approximately 1-2 minutes. All male and
female/pompano were weighed (body mass, weight, g) and measured (standard length,
SL, cm) at samplingTable ). Fulton'scondition factor (K) was calculatddllowing

the formula: K =10? x body weight x standard lengt{Williams 2000).

To aseertain broodstock spawning condition, females were cannulated using a soft
plastic tubing (1.0 mm inside diameter) and oocytes wraeined under a light
microscope. Oocyte staging terminologgsused to identify the reproductive
condition (stage and step) of each femaletartétermingheindividualsthatwere
suitable for hormonal implantatidikhody,Neidig, Grier, Main & Migaud 2013).

Only females with oocytes in late secondary growth (SGI) or the later stages of
oogenesisX 400 um, n = 10 females) were induced to spawn. A single intramuscular
implant containing gonadotropin releasing hormone analogue (sGnRHa) was
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adminigered at a dosage of 50 pg/kg body weight (Ovaplant®, Western Chemical,

Inc., Ferndale, WA, USA). Males were not implanted during this study.

Spawning occurred approximately 24 hours following hormonal implantation.
Following the spawning event, eggs were transferred from the broodstock tank to a
100-I conical hatching tank. At 8-h post fertilization (blastula stage), aeration was
removedand non-viable (sinking) eggs were discarded. The aeration was then turned
back on and three aliquot 5 ml samples were taken and counted to estimate the egg
concentration and fertilization rate. Approximately 150 eggs (volumetrically
measured)were stocked into individual microcosms. Accuracy of initial stocking
ranged from 151 to68 larvae per microcosm. The microcosms (n = 12) were made
of a 100mm-diameter PVC pipe sealed at one end with a 330 um mesh. The sieves
were set'on‘a grid in a 340 L water table equipped with UV sterilization (salinity 34

1 g L, dissolved oxygen 5 1 mg L*, pH 8.5 + 0.3, temperature 27)°C

Larvae werereared in a 3.3 tank (temperature 26 + 1 °C, salinity 35 + 1§ L
dissolved ‘oxygen 6 + 1 mg) following protocols described by Hauvikeal.

(2014)-.All progeny were size graded at 45 days post-hatch (n = 4,852) and the
following'size standards were established and used to separate the pompano
fingerlings intothreegroups: fast-growing (standard length > 4.7 cm, body height >
2.0 cm, body mass > 2.9 g), slow-growing (standard length < 3.5 cm, body height <
1.5 cmy’body.mass < 1.1 g) and modegatawing (with the size in between the fast
and slow- growing)AIl individualsfrom the fastgrowing group (515 fish) and
slow-growing group485fish) weresampled to forna selected progeny stock (n =
1,000) whese members were of significant different growth tré&itshwere collected
from the tank and euthanized withicaineS (Western Chemical, Inc., Ferndale, WA,
USA) in accordance with Mote Marine Laboratory’s Institutional Animal Care and
Use/Committee approved protocols (IACUC Approval No. 1&08k). Whole

animals were stored in absolute ethanol for further DNA extraction and genotype

analysis.

DNA extraction

This article is protected by copyright. All rights reserved
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Total genomic DNA was extracted from caudal fin clips of pompano broodstock and
offspring by using PureGene DNA Extraction kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’s instructions. RNase treatment was performed by
addingstDNasdree RNas A solution and incubating at 37 °C for 60 min. All DNA
samples'were quantified using NanoDrop 1000 Spectrophotometer (Thermo iBcientif
Wilmington, DEyUSA), then diluted to 100 ng/ul and stored at 4 °C prior to PCR

amplifieation.

PCR ampilification and microsatellite analysis

Microsatellitemarkers used in this study were selected faonexisting suite of
microsatellite DNA markers developed foermit (Trachinotus falcatus) and
describedbyseyoum (2014). Each broodfish was independently genotyped using 15
polymarphic microsatellite markers (Table 2), which were validated for pompano.
Each amplifieation and analysis was run twice to evaluate scores for consistency of
the broodstockelation testNine polymorphic microsatellite loci (TFIO5, TFIO7,
TFI15,:LFI39, TFI51, TFI56, TFI62, TFI64, TFI70) were finally selected for parentage
assignment of all 1,000 fingerlings, and these loci were assayed in five odtimize
PCR multiplexes (Table 2).

Each 12.5,ul. PCR reaction consisted of 0.3 U of GoTaq (Promega, Madison, WI,

USA), 2.5 uI'S x GoTaq Buffer, 0.2 mM each of four ANTPs, 3 mM MgCl,, 1.25

mg/ml BSA, 0.8 uM of each primer, and 100 ng DNA template. PCR amplification

was performed according to the following protocol: 94 °C for 2 min; followed by 8
cyclesof:94:°C for 45 s, 58 °C for 45 s, 72 °C 45 s; 10 cycles of 94 °C for 40 s, 57 °C
for40s, 72°C 40 s; 12 cycles of 94 °C for 35 s, 56 °C for 35 s, 72 °C 35 s; 9 cycles
of 94 °C for 30 s, 55 °C for 30 s, 72 °C 30 s; and a final extension of 7 min at 72 °C.
One microlitre of each PCR multiplex was combined with 12 pl Hi-Di formamide and
0.5ul Gene Scab00 ROXlabeled size standard (Applied Biosyste@arlsbad, CA,
USA) for fragment assay and denatured at®#br four minutes, and snagooled
before loadingMicrosatellite alleles were detected and sized omw@omatedABI
3130XL genetic analyzer (Applied Biosystems, Carlsbad, CA, U3Ajgment
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237  lengths were analyzed usi@eneMapper (version 4.0; Applied Biosystems, Carlsbad,
238 CA, USA).

239

240  Genetie diversity, parentage assignment and statistical analysis

241  Genetigrdiversity estimators (number of alleles, observed and expected heterozygosity,
242 and polymorphic information content) were assessed for each locus based on the
243  genotypes of 20 broodstock and 1,000 offspring using the genetic parentage analysis
244  software;CERVUS (version 3.0) (KalinowskiTaper& Marshall2007)

245  The effective population siz@le) was estimated from the microsatellite DNA

246  genotype/data using the linkadesequilibrium of Burrows option (Hill 1981; Waples

247  2006) implemented in the prograxeEstimatonversion 2(Do, Waples Pee|

248  MacbethTillett & Ovenden 2014)This approach generally gives unbiased estimates
249  of linkagedisequlibrium from which estimates Nf can be derived (Robinson &

250 Moyer 2012)with 95% confidence intervals based on the parametric procedure of
251  Waples(2006)Deviations from HardyWeinberg (HW) equilibrium and linkage

252 disequilibrium between all possible pairs of loci in the broodstock were analyzed

253  using.GENEPOP (version 4.2) (Rousset 2008). Prior to spawanimgykerbased

254  parentage testing was usedute-out full-sib or halfsib individuals from the adult

255  broodstock population (Tringali 2006) ssignment rateof the nine marketia all 20

256  breeders and 1,000 offspringemecalculatedwith theconfidence of 95%,reor rate

257  of 0.01 and minimum number of typed la¢i3) using CERVUS (version 3.0)

258  (Kalinowskiet al. 2007).Markers were then removed in a steige fashionn order

259  to exelude:the locus with the lowest PIC (removed oftElz70, TFI51, TFI39 and

260 TFIO5, TFI56,TFI62), andassignment rates the remaiimg marker sets were tested

261 to evaluate the power.

262  Subsequently, the number of progeny produced by each parent was determined and
263 used to calculate their contribution as a percentage of thesémigled cohort (the

264  subset of fastand slow- growing individuals). The number of fast- and slow- growing
265  offspring produced by each parental combination was also calculastdyr&wing

266  offspring proportiorof eachbroodfish or mating paiwwasdefined ashe percentage of
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fastgrowing offspring ints total progeny.

Growthdata were expressed as the mean * standard deviation {8dight (g) and

body length (SL, cmineasurements weemalyzed by on&ay ANOVA to determine
significant differences between samples using the Statistical Package for the Social
Sciences, SPSS (version16.0). Values were considered statistically significari® when
< 0.05/Therstrength of association between paramétezight,Fulton's condition

factor, No. offspring andastgrowing offspring proportionwas evaluated by

calculaing the Pearson produntement correlation coefficienRj. Values were
consideredssignificantly positilye correlated when R > 0.80, while moderate positive

correlation was determined when 0.50 < R < 0.80.

Results

Growth characteristics of sample sources

Theweight (g) and body length (SL, cm) of male and female pompano broodstock are
presented.in Table 1. Overall, mean female weightoaag length were calculated at
1,682.0.£ 534.7 g and 37.6 + 4.7 cm, respectively. When compared, the mean weight
(891.5+7328.5 g) and body length of males (32.19+c2n) was significantly less than

in femaleg(P < 0.01). Additionally, the average body length and height of the
fastgrowing.progeny (4.8 £ 0.2 cm, 2.1 £ @&) wassignificantly higher P < 0.0

than insslow-growing progeny (2.8 £ @c, 1.2 + 0.1cm).

Parentage assignment and contribution of breeders

Analyses-based on the broodstock (n = 20)thadelected progeny stock (n = 1,000)
were performed by usingtatal of nine microsatellite markersomplete genetic
profiles were.obtained for each individual with 100% assigned to a single parental
pair (Tables 1 and 3). Among all 20 breeders used for the spawning event, the
effective breeding number of the selected progeny st@skl] including six females
and five males; however, a limited number of individuals contributed a large
proportion of the offspring. As listad Table 1, three females{R2, F13 and F9)

and two males (M and M10) were predominant contributors to gempled
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offspring. Progeny were identified from three predominant female breeders (95.8%)
and two males (94.7%). Low levels of contribution (3-20 offspring) were detected for
the other three females and three male$gH--1, F-10, M-12, Mt and M®6).

The mean fertilization and hatch rate of this single mass spawning event measured
35.5 %@nd59.5 %, respectiveBll the mating crosses (siresdams) and their
contribution totheselectedffspring are listed in Table 3. Among the die/dam
combinations represented, three mating pairs (M-9/F-12, M-9/F-13 and M-10/F-12
had thedargest contribution with over 100 out of the total 158@@pledoffspring. An
additional$¢< mating pairs produced 7-71 offspringhereas the remainirgjghtpairs

contribukd the least with less than s$otal offspring (Table 3)

Effects'on‘reproductive success of broodfish

The effects of body size, sample sour@eitd versus F1) and condition factor on the
reproductive/success were evaluated in this study. The largest female broodf¥h (F-
contributed,59.4% of the total progeny. However, the third largest contrivatothe
third'smallest female ¢B), whichcontributed 11.2%. Among the ten male breeders,
only thefive largest males contributed to the spawning, with the greatest contribution
(73.8%) from the largest male (®). As shown in Fig. 2A and®, there was
significant.correlation between male body weight and contribution to offsgrirg (
0.001, R =0.88, n = 10), and moderate positive correlation was detected in fémales (
=0.02, R=0.66, n = 10).

In comparison with the F1 individuals (nl2), the wild broodfish (n = 8) showed
greater repreductive success in both females and males. Wild females contributed
86.6% of the,offspring, and wild males contributed 99.1% of the total progeny.
Additionally, we analyzed the effect of K values on reproductive success. As shown
in Tablel, F-10 and M-9 exhibited the highest K vatufemale and male breeders

and M9 wasalsothe predominant contributor in majdsowever, F-10 only

contributed three offspring to the spawning event. The analysis revealed that there
was no significant correlation between condition factor of the broodfish and their
contribution to offspring (male regressidh= 0.10, R = 0.56, n = 10; female

This article is protected by copyright. All rights reserved



327 regressionP = 0.42, R =0.29, n = 10) (Fig. 2C anD)2

328

329  Evaluation of broodfish contribution to rapid growth offspring

330 Inthis study,weexaminedhe proportion ofastgrowing offspringfrom broodfish

331 and each matingross(sire/dam). The results revealed that the-gstving offspring

332  proportion‘oftwo females (E2 and F13) and one male (M-9) were over 50% (Table
333 1). Furthermore, four pairs of mating combination were shown to extiigh

334  proportien effastgrowing offspring(Table 3) Based on the proportion of

335 fastgrowing offspring, only two sire/dam combinations (M-9/F-12 and M-9/Fai8
336 recommended as candidateddfish for further studieshe other twamating crosses
337 (M-9/F=16andM-10/F-10 contributed a small number of total offspring numbers
338  (one andfive).

339

340 Genetic.diversity of breeders and progeny

341  The 20broedstock were genotyped at mmerosatellite loci (Tabld). The number

342 of alleles per locus ranged frddrto 16(mean =11.11). The mean observed

343  heterozygosityH o) was 07833, the mean expected heterozygosity) (was 07858,

344  and the mean polymorphic information content (PIC) was 0.7427. In Florida pompano
345  broodsteck,.no significant departures from HW equilibrium expectations was

346  observed atall theineloci, and he results showed tht(P-value for HWE) > 0.071
347  which indicated the data was not affected by Hardy-Weinberg equilibrium.

348  The genetic characteristics of the nine microsatellite loci of the seleatepano

349  progeny-{able 4 indicated that the average number of alleles per locus was 9.11, the
350 meanHp was,0.8522, the medde was 0.6996, the mean PIC was 0.6640, and

351  significant departures from HW equilibrium expectati@imsterozygosity exceps

352  were observed at all the nine Iothe estimated\ of the total 1,000 offspring was

353 3.6 = 3.3 with used lowest allele frequency of 0.05. When the progeny was divided
354 into fast- and slow-growing grouphe estimated\. at lowest allele frequency of

355 0.05was3.9 £ 3.4 an®.5+ 3.2, respectively.

356

This article is protected by copyright. All rights reserved



357  The power of the markers for parentage assignmenh Florida pompano

358 In this study, thepower of theselected markers for parentage assignment in Florida
359 pompano was investigated in the context of the data (genotype data of all 20 parents
360 and 1,000 offspringParentage assignment rate was calculatdd tivé full set of 9

361  markersfand,was found to be 100% with the 95% confidétaekers were then

362 removedin‘asstepise fashiorin order to exclude the locus with the lowest PIC. As a
363  result, TFI70 (PIC = 0.2793), TFI51 (PIC = 0.5813), TFI39 and TFIO5 (PIC = 0.6883
364 and 0.6898urespectively), TFI56 (PIC = 0.6978), TFI62 (PIC = 0.A466) removed

365 in order‘andthe assignment rates were calculated by using the remained markers. The
366  results showed that 99% of assignment rate could still be determined wherwBEI56
367 removed«(only 4 markers left), but the assignment rate dropped to 89%a witen

368  was removed and there were only 3 markers left (TFIO7, TFI15 and TFI64).

369

370 Discussion

371 Using amolecular based assessmehits tvork provides the first description of spawn
372 contribution and mating success of captive pompano broodstock. In this study, nine
373 microsatellites with a combined number of 102 allelésquately identifiethe

374  effective breeding number and their relatoamtribution to the progeny. A high level

375  of accuracy.(100%) was found in achieving the assignment success to parental pairs,
376  thus highlightinghe usefulness of these markers to retain pedigree information.

377 ldentification ofthe minimum number of microsalite markers required to assign

378  parentage with a targatcuracy rate of 95% correct assignméngs, to build a

379  costeffective system with markers of high assignment ppigef great importance

380 in selective breeding programkhe assignment powef markes was shown to

381 depend on several factors, such as polymorphismmadfers, locations of markers on
382 the genome, the number of parents and offspring, and mating systems (Vandepultte,
383  Rossignol & Pincent 2011%efc& Koblmuller (2009) reported thahe variability of

384 the markers can be more critical than the number of markers used. In this study, we
385 found that theverage nomxclusion probability of each locus was significantly

386 related to their PIQP < 0.05). In other words, the markers with higRéC exhibited
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387 higher exclusion probability (assignment powéihder this circumstance, we tested

388 the power of marker sets by removing one or two weakest mdr&arshe set, the

389  results showed that removing the weakest markers did not have much effect on the
390 assignment rate until there were only 4 markers left (TFI62, TFIO7, TFI15 and TFI64)
391  As aresultwith 10 males and 10 females in this study, the foarkersetlisted

392  above ighe'minimum numbefor parentage assignment in Florida pompano.

393  According to Vandeputte (2014), assignment power > 0.99 can generally be obtained
394 by 8-15smierosatellite markers in fish crosses involving a few tens or hundreds of
395 parents,;"and a reasonable option when designing a marker set is to include agew mor
396 markes than'theoretically neededhcethere might be small problems of genotyping
397  errorsduringthe assignment due to inbreeding omifesencef null alleles.In this

398  study, mly*four markers were required to successfully assign parentage with a target
399  accuracy rate of 95%. However, using all nine markers would be optimal in future
400  studies for.identifying family structure in mixed family cohortso€arolinus.

401 In studies'with gilthead seabreaime variance in family size and a large number of

402  non-contributing fish (males), were foundite the main limitations thle (Brown,

403  Woolliams & McAndrew2005).Similarly, genetic diversity data were compared

404  between broodstock arsglectegprogeny in the present study and this significantly

405 decreased.from breeders to offspriRgr example, PIC was reduced from 0.7427 to

406  0.6640/due to the limited number of pompano breeders used for the spawning event.
407  AlthoughNe of broodstock was nastimablesince the breedersight beof different

408 age, thdow estimated\. of offspring (3.6)atlowest allele frequency of 0.05 might

409 also be related to the overhthited contribution oftotal broodfishn the spawning

410 event.

411  In this studya theoretical number of 100 full sibs could have been obtained by using
412 10 males and 10 females as broodstockphlyt 17 families werédentifiedinstead

413  Aslisted in Table 1, nearly 90% of geoffspringfrom 17 familiesturned out to

414  have been siredy two male breeders (i and M10). Similar results have also been
415  reported in Japanese floundenereapproximately 100% offspring were contributed

416 by a single mal¢Sekino,Saitoh YamadaKumagaj Hara & Yamashita2003). In
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evaluating spawning performance in captive common snook populations, up to 93%
of the offspring were assigned to aiee in asingletank (Rhody, Puchulutegui,
TaggartMain & Migaud 2014). Possible explanations for these findings might be
reproductive ,competitioamong males at the mating event or unsuccessful
reproduction,of other males (i.e., poor sperm quality) (Riebdl; 2014; Sekincet al.
2003).More evidence from this study were found that the body weight of male
breeders to be significantly related to the contribution to offspring @&ig@nly the
largest fivesmales contributed to the spawn with one siring 73.8% of the total progeny.
This observation suggested that the larger males might be more competitige i
reproductive 'event, and the reproduetsuccess of male breeders might be linked to
their bodyssize.

BeldadeHolbrook,Schmitt PlanesMalone& Bernardi (2012suggested there is an
important maternal effect of female size on traits of their offspvitngrelarger

female fish.contribute more to population replenishment. Nevertheless, nacaignif
correlation\was detected between the female body weight and the contribution to the
offspring.in this study. The unequal contributions of females to differential numbers
of offspring have been attributed to other factors, such as age and coftdisiop

1988; Marteinsdottir &Steinarsson 1998Brown et al. (2005) also indicated that
parental,contribution was associateith parent weightwhich may be explained by

the agedf fish. Moreover, correlations between parental size (age) and offspring size
could be due to egg size, i.e., egg diameter has been shown to indgtbase
broodstock age in some species, and larger eggs normallyindsugier larvagJerez,
RodriguezbC€ejasaMarting Bolafiosb & Lorenzo 2012)arental age was not

known in this study since some of the broodstock were wild cdisghFuture
researclshouldconsiderparental agas a factor affectingeproductivesuccess.
According to our results, wild broodfish showed greater reproductive success in
comparison with F1 individual#dditionally, all three beeders with the greatest
proportion offastgrowing offspring (F-12, A-:3 and M9) were wildcaught fish.
However, the effeadf breeder source (wild versus F1) on fish reproductive success
has not beeastablishedin giant freshwater pravensignificant differences in terms
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of offspring quality between different broodstock sources (peaded and wildjvas
detected byNhan Wille, Hung & Sorgeloos (2009), which indicating that broodstock
sourcing deserves proper attention in hatchery operabaspite the potential role of
broodstock seurces in reproductive success of pompano, most of the wild fish in this
study were‘larger thaihe F1 broodstock. Since brooder body size exhibéaed
correlation'with their contribution to offspring, the differeretween contributions

of the wild and F1 brooders might also be related to the bodylisiaddition tobody

size, variations in condition factor can reflect the state of sexual maturity and degree
of nourishmen{Lamas& Godinho 1996; Williams 2000).rBvious reports have
shownithat fertilization success is positively associated with male K value in Atlantic
cod (RakitinyFerguson &Trippel 1999), which led us to examine the effect of
condition“factor on the contribution to offspring in the present paper. Although male
body weight was significantly correlated with contribution to offspring, no significa
correlation.was detected between contribution to offspring and the K values of either
female'or male breeders (Fy.

Improving growth rate is a major breeding goal for the aquaculture industry, but
individual selection has often shown poor responses in fish species (Chevassus,
Quillet, Krieg, HollebecqgMambrini, Fauré Labbé Hiseux & Vandeputte 2004). In

this study,.all progeny from a single spawning event of Florida pompano were
cultured in the same tank and grown to 45 days post-hatch. Offspring of significant
differences (fastand slow-growing) in growth characteristics weesellected to form

a selected progeny stock and genotyped, the relationship between parentage and
growth eharacteristics of progemasestimatedGiven that growth is heritable in fish,
we speculate that certain breeders may have a higher contritoutienfastgrowing
progeny. Overall, two females (F-12 and F-13) and one male (M-9) produced a higher
proportion of fast-growing offspring (> 50%hterestingly, F12 and M-9 also turned

out to be the largest female and male breeders in our spawning population. However,
whether theapid growth in Florida pompano broodstock is related to their own
growth characteristicstill needs further studigsince thecondition ofwild fish in
broodstock &ge, etg.was uncleam this study Both the sire and dam might have
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characteristics associated widpid growth in order to produce more fast-growing
progeny. For instance, among all the matingsse, only M-9/F-12 and M-9/F-13

were shown to produce a large proportion of high growth rate offspring, and all three
breeders in these twoating combinations also exhibited individually high evaluation
scores.#As 'shown in Table 3, when one of best performing females (F-12) mated with
a different'male’(ML0), the proportion of fast-growing offspring only reached

29.32%.

Selective breeding programs have been well established in agriculture as a means to
produce'genetically improved animals and seed; howmaamporationof this

technology in aquaculture has been sldhis study is the first attempt to select
suitable®microsatellitéoci for parentage assignment of Florida pompanadrolinus)

and toevaluate the assignmenpowerto obtain an effective marker set. As a result,
polymarphic and powerful markers were selected for efficiently parentage asstgnme
and obtaining pedigree informatiorhd potential to utilize this practical tool for
estimating reproductive succeasdanalyzing heritability of growth related traits in
Floridaspompano was demonstrated.

Anothermain finding of this research is that a \v@nallnumber of breeders were
contributed to the spawninghis type of dominance has also been seen in other mass
spawning.fish species, such as Atlantic @adrlin, DelghandiWesmajerviTaggart,
McAndrew & Penman 2008), common sole (Blogtkal. 2009),gilthead seabream
(ChavanneParatj Cambuli,CapoferriJiménez& Galli 2012) and barramundi (Frost,
Evans &Jerry2006; Loughnan, DomingosBmithrKeuneb Forrester& Jerry2013).

For instance; broodstock contributions of barramwetie skewed following mass
spawning, although there was a high participation rate of broodstock, individual
broodstock contribution reached 48% (Loughstaal. 2013. However, slection
programs in all livestock require as many families as possilogitdain a strain with
sufficient genetic diversity for breeding. From the aforementioned barramundi
research, recommendations for further program wereitoring parental contribution
over multiple spawning nights, synchronising spawning in multiple tanks, and using
more broodfish per spawning group, in order to maximizértémsfer of genetic
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variation to the next generation of broodstoekdidates As a preliminary research

of pompano breeding programe suggest thdtrtherresearcheseed tancreasehe
total number of broodstock population and the contribution of breeders. Empdoying
genetically rigorous breeding plan, such as setting up mating setspiiitial
numbers‘oflams and sire@.e., 12 females to 3 malgswould be thestrategyfor
furthersbreeding program to generate large numbers of familiemaxichizethe

genetievariability.

Acknowledgments

Funding for this study was provided blote Marine LaboratoryFlorida Fish and
Wildlife*Research InstituteNational Oceanographic awdmospheric Administration
(NOAA);"National Marine FisherieService Office of AquacultureChina

Postdoctoral Science Foundation (2013M531658);latednational Science &
Technology.Cooperation Program of China (grant no. 2013DFA31%he)views are
those ofithe@authors and do not necessarily reflect the view of these organiZéwsons.
authors,also thank the research teatrthe Mote Marine LaboratdsyAquaculture
ResearcehParkandFlorida Fish and Wildlife Research Institugess well as Dr. Ernst

Peebles at the College of Marine Science, University of South Florida for histsuppor

References

Antonello J., Massault C., Franch R., Haley C., Pellizzari C., Bovo G., Patarnall® RgningD.J. & Bargelloni
L. (2009)Estimates of heritability and genetic correlation for body length and mststa fish
pasteurellosis in the gilthead sea breg®pafus aurata L.). Aquaculture 298 29-35.

Beldade R., Holbrook S., Schmitt R., Planes S., Malong BernardiG. (2012)Larger female fish contribute
disproportionately more to seléplenishmentProceedings of the Royal Society B: Biological Sciences
279 2116-2121.

Berry F. & IversonE.S.(1967)Pompano: Biology, fisheries and farming potential. Gulf Caribbean Fisheries
Institute.Proceedings Nineteenth Annual Session 1966. 116-128.

Blonk R.J., Komen J., Kamstra A., CrooijmadR$.& van Arendonk].A. (2009)Levels of inbreeding in group
mating captive broodstock populations of Common g8#ea solea), inferred from parental

This article is protected by copyright. All rights reserved



537 relatedness and contributiohguaculture 289, 26-31.

538 Brown R.C., Woolliamgl.A. & McAndrew B.J. (2005)Factors influencing effective population size in

539 commercial populations of gilthead seabre&payus aurata. Aquaculture 247, 219-225.

540 Chavanne H., Parati K., Cambuli C., Capoferri R., Jiménez& @alli A. (2012)Microsatellites markers to
541 depictithe reproductive and genetic patternfaohed gilthead seabreai$pérus aurata): illustration by
542 a case study on maspawning Aquaculture Research 45, 577-590.

543 ChevassuB., Quillet E., Krieg F., Hollebectyl.G., MambriniM., Fauré A., Labbé L., HiseukP. & Vandeputte
544 Mz (2004)Enhanced individual selection for selecting fast growing fish: the “PROSPER” metitlod,
545 application on brown trouSalmo trutta fario). Genetics Selection Evolution 36, 643-661.

546 de MestralL.G. & HerbingerC.M. (2013)Reduction in antipredator resporgstected between first and second
547 generations of endangered juvenile Atlantic saliB&mo salar in a captive breeding and rearing

548 programmeJournal of Fish Biology 83, 1268-1286.

549 Do C, Waples RS, Peel D, Macbeth GM., Tillett B.J. & Ovenden .R. (2014)NeEstimator v2:

550 reimplementation of software for the estimation of contemporary effective populat®Nsi) from
551 genetic/dataMolecular Ecology Resources 14, 209-214.

552 Dodds Ky, LateM. & SiseJ. (2005)Genetic evaluation using parentage information from genetikarsadournal
553 of Animal Science 83, 2271-2279.

554 El-Kassaby Y.A., Cappa E.P., Liewlaksaneeyanawin C., Klapsté J. & Lstibarek M. (2011)Breeding without

555 breeding: is a complete pedigree neceskargfficient breedingPLoS One 6, €25737.

556 Fields H.M. (1962) PompanosTrachinotus spp.) of south Atlantic coast of the United States. U.S. Fish and
557 Wildlife Service Fishery Bulleti?07:189-222.

558 Frost L.A,; Evans B.S. & Jerry D.IR006)Loss ofgenetic diversity due to hatchery culture practices in

559 barramundi l(ates calcarifer). Aquaculture 261, 1056-1064.

560 GilbertC. (1986)Species profiledife histories and environmental requirements of coastal fishes and invertebrates
561 (south Florida}Florida pompanoBiology of Reproduction 82, 24.

562 Gjedrem, T .& BaranskiM. (2010)Selective Breeding in Aquaculture: An Introduction. pp2@2ringer, ihe

563 Netherlands.

564 Gjedrem T., RobinsoN. & RyeM. (2012)The importance of selective breeding in aquaculture to meet future
565 demands for animal protein: A revieguaculture 350—-353 117129.

566 Hauville M.R., Zamboninomfante J.L., Bell G., Migau#l. & Main K.L. (2014)Impacts of three different

This article is protected by copyright. All rights reserved



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

microdiets on Florida Pompanr,achinotus carolinus, weaning success, growth, fatty acid
incorporation and enzyme activitquaculture 422, 268-276.

Herlin M., Delghandi M., Wesmajervi M., Taggart J.B., McAndiBwW. & PenmarD.J. (2008)Analysis of the
parentalcontribution to a group of fry from a single day of spawning from a commercidicAtiagh
(Gadusmorhua) breeding tankAquaculture 274, 218-224.

Hill W.G. (1981) Estimation of effective population size from data on linkage di@fjuin. Genetical Research
38,209-216

Hislop J. (1988)The influence of maternal length and age on the size and weight of the eggs alzditiee re
fecundity of the haddockielanogrammus aeglefinus, in Britishwaters.Journal of Fish Biology 32,
923-930.

Hoff F., Mountain'J., FrakeE. & HalcottK. (1978)Spawning, oocyte development and larvae rearing of the
Florida pompanaoTrachinotus carolinus). Proceedings of the World Mariculture Society 9, 279-297.

JerezS., Rodriguezb C., Cejasa J.R., Marfih¥. BolafissbA. & LorenzoA. (2012)Influence of age of female
giltheadrseabreanfgarus aurata L.) broodstock on spawning quality throughout the reproductive
seasonAquaculture 350—353 54-62.

Kalinowski,ST., TapeM.L. & MarshallT.C. (2007)Revising how the computer program CERVUS
accommodates genotyping error increases success in pagssignmentMolecular Ecology 16,
1099-1106.

Kapralova K., Morrissey M., Kristjansson B., Olafsdottir G.A., Snorr&&d FergusorMl. (2011)Evolution of
adaptive diversity and genetic connectivity in Arctic ch&atvelinus alpinus) in Iceland Heredity 106,
472-487.

Lacy R.C:(2012)Extending pedigree analysis for uncertain parentage and diversengregsiiemsJournal of
Heredity 103 197-205.

Lamasl.R. & GodinhoA.L. (1996)Reproduction in the pirant8errasalmus spilopleura, a neotropical fish with
an unusual pattern of sexual maturlypvironmental Biology of Fishes 45, 161-168.

Liu X4, Sui B, Wang Z., Cai M., Ya€. & ChenQ. (2011)Estimated reproductive success of brooders and
heritability of growth traits for large yellow croakerafimichthys crocea) using microsatelliteChinese
Journal of Oceanology and Limnology 29, 990-995.

Loughnan&s.R, Domingosb.A., Smith-Keuneb C, Forresterc P. & JerryD.R. (2013)Broodstock contribution
after mass spawning and size grading in barramuuatieg calcarifer, Bloch) Aquaculture 404-405,

This article is protected by copyright. All rights reserved



597 139-149.

598 Main K.L., Rhody N., NystronM. & ResleyM. (2007)Species Profile- Florida PompandSouthern Regional
599 Aquaculture Center (SRAC), No. 7206

600 MarteinsdottirG. & Steinarssor\. (1998)Maternal influence on the size and viability of Iceland Gadus

601 morhuaieggs andarvae.Journal of Fish Biology 52, 1241-1258.

602 Murata OrMiyashita'S.|zumi K., Maeda S., Kat&. & KumaiH. (1996)Selective breeding for growth in red sea
603 bream Fisheries Science 62, 845-849.

604 Navarro AgiZamorano M.J., Hildebrandt S., Ginés R., Aguilzr& AfonsoJ.M. (2009)Estimates of

605 heritabilities and genetic correlations for growth and carcass traits in gilthalbam $parus auratus
606 L.),/under industrial condition#quaculture 289, 225-230.

607 NhanD.TirWillesM., HungL.T. & SorgeloosP. (2009)Comparison of reproductive performance and offspring
608 qualityof giant freshwater prawiMgcrobrachium rosenbergii) broodstock from different regions.
609 Aquaculture 298 36-42.

610 Ninh N.H.,.Ponzani R.W., Nguyen N.H., Woolliams J.A., Taggart J.B., MCAn@&w& PenmarD.J.(2011)A
611 comparison of communal and separate rearing of families in selective breeding of coanpon c
612 (Cyprinus carpio): Estimation ofgenetic parametersguaculture 322, 39-46.

613 Olafssonksy"Hjorleifsdottir S., Pampoulie C., Hreggvidss@nO. & GudjonssorS. (2010)Novel set of multiplex
614 assays (SalPrint15) for efficient analysis of 15 microsatellite loci of contengmamples of the

615 Atlantic.salmon $almo salar). Molecular Ecology Resources 10, 533-537.

616 Ponzoni R:W., Khaw H.L., Nguyed.H. & HamzahA. (2010)Inbreeding and effective population size in the
617 Malaysian nucleus of the GIFT strain of Nile tilap@réochromis niloticus). Aquaculture 302, 42-48.
618 Rakitin A%, FergusoM.M. & Trippel E.A. (1999)Sperm competition and fertilization success in Atlantic cod
619 (Gadusimorhua): effect of sire size and condition factor on gamete qu&padian Journal of

620 Fisheries and Aquatic Sciences 56, 2315-2323.

621 ReynoldstE.A. (2010)Analysis of spawning behavior and gamete availability of the florida pomfaach{notus
622 caralinus) in a recirculating aquaculture systevtaster thesisUniversity of Florida.

623 Rezk M.A., Ponzoni R.W., Khaw H.L., Kamel E., Dawobd& John G. (2009%elective breeding for increased
624 body weight in a synthetic breed of Egyptian Nile tilaf@egochromis niloticus: Response to selection
625 and genetic parameteiquaculture 293 187194.

626 Rhody N.R., Neidig C.L., Grier H.J., MaluL. & Migaud H. (2013)Assessing Reproductive Condition in

This article is protected by copyright. All rights reserved



627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

Captive and Wild Common Snook Stocks: A Comparison between the Wet Mount Technique and
Histological Preparationgransactions of the American Fisheries Society 142, 979-988.

Rhod/ N.R., Puchulutegui C., Taggart J.B.aMK.L. & MigaudH. (2014)Parental contribution and spawning
performance in captive common snd@éntropomus undecimalis broodstockAquaculture 432,

144-153.

RicheM. & WilliamsT. (2011)Fish meal replacement with solvesxtracted soybean meal or soy protein isolate
in a practical diet formulation for Florida pompafiogchinotus carolinus, L.) reared in lowsalinity.
Aquaculture Nutrition 17, 368-379.

RicheM. (2024)Development of a semipurified test diet for determining amino acid requirementsidaFI
pompanoTrachinotus carolinus reared under lovgalinity conditionsAquaculture 420-421 49-56.

RobinsonidiDm&Moyer G.R. (2012) Linkage efigilibrium andeffective population size when generations
overlap.Evoltionary Applications 6, 290-302.

RousseF. (2008)genepop’007: a complete-i@plementation of the genepop software for Windows andxin
Molecular Ecology Resources 8, 103-106.

SefcK.M."& Koblmuller S.(2009)Assessing parent numbers from offspring genotypes: the importance of marker
polymorphism.Journal of Heredity 100, 197205.

SekinoMgsSaitoh K., Yamada T., Kumagai A., Hara Bl.YamashitaY. (2003)Microsatellitebased pedigree
tracing in a Japanese flound@aralichthys olivaceus hatchery strain: implications for hatchery
management related to stock emtement progranAquaculture 221, 255-263.

Seyoum S Puchulutegui C., Guindon K.Y., Gardinal C.M., Denison S.H., & Tringali MAD14) Development
of microsatellite markers for PermiEr@achinotus falcatus), crossamplification in Florida Pompand (
carolinus) and Palometal( goodei) and delineation of a new species of Pompano. Florida Fish and
Wildlife:Conservation Commission FWRI Technical ReportXR.

ShikanoT. (2005),Markebased estimation of heritability for body color variation in Japanese flounder
Paralichthys olivaceus. Aquaculture 249, 95-105.

TringaliM.D. (2006)A Bayesian approach for the genetic tracking of cultured and releaeiduals.Fisheries
Research 77, 159-172.

VandeputteM. (2003)Selective breeding of quantitative traits in the common &@ypr{nus carpio): a review.
Agquatic Living Resources 16, 399-407.

VandeputteM., DupontNivet M., Haffray P., Chavanne H., Cenadelli S., Parati K., d®., VergnetA. &

This article is protected by copyright. All rights reserved



657 Chatain B. (2009Response to domestication and selection for growth in the European sea bass
658 (Dicentrarchus labrax) in separate and mixed tankguaculture 286, 20-27.

659 Vandeputte M., Rossign®.N. & PincentC. (2011)From theory to practice: empirical evaluation of the

660 assignment power of marker sets for pedigree analysis in fish breAdirgulture 314, 80-86.

661 VandeputtéM. & Haffray P. (2014)Parentage assignment with genomic markers: a major advance for
662 understanding and exploiting genetic variation of quantitative traits in farmedcaguimtials Frontiers
663 in Genetics 5, 432.

664 WatanabaN.O.(1995)Aquaculture of the Florida pompano and other jacks (Family Carangidae) in the Western
665 Atlantic, Gulf of Mexico, and Caribbean bass#tatusand potentialln: Culture of High-Value Marine
666 Fishes (ed. byMain K.L. & RosenfeldC.), pp 185205. Oceani¢nstitute, Honolulu, Hawaii, USA.
667 Waples RS#(2006) A bias correction for estimates of effective population size based orelidisggjuilibrium at
668 unlinked gene lociConservation Genetics 7,167—184.

669 Weirich C.R.& Riche M. (2006)Acute tolerance of juvenile Florida pompafoachinotus carolinusL., to

670 ammonia and nitrite at varioualmities. Aquaculture Research 37, 855-861.

671 Weirich C.R.&Riley K.L. (2007)Volitional spawning of Florida pompan®tachinotus carolinus, induced via
672 administration of gonadotropin releasing hormone analogue (GnBdtahal of Applied Aquaculture
673 19/47-60.

674 Weirich C.R., Groat D.R., Reigh R.C., Chesiiey.& Malone R.F. (2006)Effect of feeding strategies on

675 production characteristics and body composition of Florida pompano reared in marinéatagyc
676 systemsNorth American Journal of Aquaculture 68, 336-338.

677 Weirich C.R., Wills P.S., Baptiste R.M., Woodwd&d\.& Riche M.A. (2009)Production characteristics and
678 body composition of Florida pompano reared to market size at two different densitiessialihity
679 recireulating aquaculture systenNorth American Journal of Aquaculture 71, 165-173.

680 Williams J. (2000) The coefficient of condition of fishin: Manual of Fisheries Survey Methods I1: with Periodic
681 Updates (ed. by Schneider J.C.). Michigan Department of Natural Resources, Ann Arbbigafic

682 USA.

This article is protected by copyright. All rights reserved



Table 1 Sires/Dams spawn contribution of the Florida pompano (Trachinotus carolinus)

Sires /[Damsg#~Sample Weight Standard Condition Factor TotalNo. Offspring  Total Contribution Fast-growing Fast-growing
Source (Q) length (en) (K) (%) offspring No. proportion (%)

M-2 ., E1 500 27.0 254 0 0 0 N/A
M-3_ F1 785 31.8 244 0 0 0 N/A
M-4__F1 925 32.0 282 5 0.5 0 0
M-5  F1 675 33.0 1.88 0 0 0 N/A
M-6""F1 995 33.0 2.77 4 0.4 0 0

Males
M-7% "F1 665 310 223 0 0 0 N/A
M-8 Fi1 635 29.0 260 0 0 0 N/A
M-9  Wild 1645 375 3.12 738 73.8 453 61.4
M-10 _Wild 1135 35.0 265 209 20.9 59 28.2
M-12"=Wild 955 320 291 44 4.4 3 6.8
Fel=ekl 1555 370 3.07 19 1.9 2 10.5
F-2mekl 1080 341 2.72 0 0 0 N/A

Females

F-3 Fi1 1585  36.0 340 0 0 0 N/A
F-9 K1 1300 360 2.79 112 11.2 29 25.9
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F-10 F1 1135 29.0 4.65 3 0.3 1 33.3
Locus Primersequence 153) Primer Repeat motif No. of Sizerange Relation  Parentage
label alleles of alleles testing assignment
Multiplex  Multiplex
F-12.. Wild 2730 455 3.90 594 59.4 337 56.7
F-43==wild 1820 39.0 3.07 252 25.2 141 56.0
F-14. Wild 2440 44.0 2.86 0 0 0 N/A
F-15 Wild 1465 375 2.78 0 0 0 N/A
F-16  Wild 1710 382 3.07 20 2.0 5 25.0

Table 2 15 microsatellite DNA loci used in this study
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TFIO1

TFIO5

TFIO7

TFI15

TFI26

TFI30

TFI39

TFI43

TFI51
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: CGTAAAGGAAAGGAATGAAGTTAATC

R#CETCTTCCTCTTTCTATCTCTCTTTG

ATLTAGGATGAAGAAGGAAAAGCAAA

RLTCATTTATGGGGAATAATCTGAATG

:CGTTTACTTTACTTTGGTCTCTGGT

R:AACCAATAAATTAAAGCGGCTCTC

TACACTAAGCAATACAAGAGCACTCC

RO TAAACCACAGAAATGCAGACAATTT

“TGTGTTTTACAACTCTCCTCACATT

"TGAGCACCTTTTGTGTGATATTTTA

: GACAGGTCTCCTCTCTGAGCTG

SCTFCGACTCTAAGTCTGGAGTGTTTC

LAAACGCATCCTCTCACATACTCAC

. GCAAACACACACTCCACTCTGTTAT

: ACAGTGATAGTTCCTGCTACAGTGG

"ACCTTCTCTGCCATCACTCATTTTA

=GAGAAGAGAGAAAAGAGCAGAGCA

FAM

HEX

FAM

NED

HEX

NED

NED

FAM

NED

(GThr

(CA)1s

(CT)CC(CT)

¢/(CT)o

(GTho

(CA)/(CA)10

(GT)z

(CT)a(AC)1A(

TC)(CT)e

(CA)

(GTho

14

17

~

241-63

147-225

170-208

133-221

224-228

134142

210-238

163-181

201-209

N/A

N/A

N/A

N/A



TFI56

TFI62

TFI64

TFI65

TFI66

TFI70

R:AAGCCTTTATACTTCACTCTCCTGT

F#rTAGAGCAGAAAAACAACTTTCAACC

R-CTIGGCAAGCCAAATATATGATCTAC

F_ ATAATTCATCCATTCAGCCTACTTG

R:ACTAATCCAATTTCTAGCCGAAGAC

F:ACATTGGCGTTGTTGTTATAGTTCT

RTGAGCAGATAACCGTCTAATCATCTG

FAETTTTCCTGCATCCTGCTATAACC

Ri: TGGAGGAATGTGAACAAGTAATACA

FEGLITCCATTCACACTCTGAACTCC

R:ACTGACTGGCACAGCATAAGAGAC

FAGGCATATTAACAACACACTCACAGA

R;CATTTGCACAAAGTGATTTAACGTA

HEX

HEX

FAM

HEX

NED

FAM

(CTo(TC)s1

(AC)z4

(GCA)s

(CA)12

(CA)10

(CA)16

a1

112-148

157-195

122-191

136-148

187-205

110-122

N/A

N/A
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Table 3 Mating crosses (sires x dams) and their contribution to the offspring

Offspring No. Fast-growing
Sires Dams _

Fast-growing Slow-growing Total proportion
M-4 F-16 0 5 5 0.00%
M-6 F-9 0 3 3 0.00%
M-6 F-10 0 1 1 0.00%
M-9 F-1 1 6 7 14.29%
M-9 F-9 27 44 71 38.03%
M-9 E-12 281 122 403 69.73%
M-9 F-13 141 111 252 55.95%
M-9 F-16 3 2 5 60.00%
M-10 F1 0 1 1 0.00%
M-10 F-9 0 7 7 0.00%
M-10 F-10 1 0 1 100.00%
M-10 F-12 56 135 191 29.32%
M-10 F-16 2 7 9 22.22%
M-12 F-1 1 10 11 9.09%
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M-12 F-9 2

M-12 F-10 0

M-12 F=16 0

29

31

6.45%

0.00%

0.00%

Table 4 Characterization of 9 microsatellite loci in broodstock and progeny of Trachinotus carolinus

TFIO5 TFI0O7 TFI15 TFI39 TFI51 TFI56 TFI62 TFI64 TFI7T0  Average

Broodstock 14 11 16 7 5 13 13 16 5 11.11

N Progeny 11 9 13 6 5 11 10 13 4 9.11
Broodstock 0.7000 0.9000 0.8000 0.7500 0.5500 0.8500 0.8500 1.0000 0.6500 0.7833

o Progeny 0.8592 0.9930 0.9790 0.8870 0.9610 0.7840 0.9870 0.8930 0.3263 0.8522
Broodstock 0.8269 0.8782 0.8808 0.7974 0.5833 0.7885 0.8897 0.9244 0.5026 0.7858

e Progeny 0.7373 0.7730 0.8250 0.7364 0.6479 0.7255 0.7472 0.8041 0.3000 0.6996
Broodstock 0.7895 0.8410 0.8476 0.7433 0.5163 0.7564 0.8562 0.8938 0.4401 0.7427

e Progeny 0.6898 0.7414 0.8014 0.6883 0.5813 0.6978 0.7166 0.7797 0.2793 0.6640
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Broodstock +0.0776 -0.0271 +0.0442 +0.0206 +0.0359 -0.0604 +0.0058 -0.0547 -0.1738

" Progeny -0.0807 -0.1399 -0.0888 -0.0951 -0.2198 -0.0331 -0.1689 -0.0521 -0.0616
Broodstock 0.0716 0.4016 0.0937 0.7060 0.1138 0.8936 0.2991 0.3367 0.6610

i Progeny 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

o Broodstock 0.1563 0.1180 0.0983 0.2482 0.5004 0.1733 0.0943 0.0597 0.5816 0.00002010

Progeny 0.3260 0.2408 0.1709 0.3348 0.4655 0.2683 0.2595 0.1887 0.7320 0.00000013

Na, Number of allelesHp, observed heterozygosityzHexpected heterozygosityIC, polymorphic information conten, Null allele frequency estimate; P,
Hardy-Weinberg equilibrium tesNE-PP, averagaonexclusion probability (parent pair).

"indicates:theJocus deviated from Harllyeinberg proportions ' represents Combined non-exclusion probability (parent pair).
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Figure. lsSchematic representation of ambient natural and artificial (simulated)
environmental conditions associated with the annual reproductive cycle @f wil
Florida pompano located on the Gulf coast of Florida and captive broodstock held at
Mote Aquaculture Reseeh Park, Sarasota, FL. Natural ambient cycle of day length
(light h/day) &) and water temperature(%s) (n Tampa Bay, FL. Imposed
photothermal cycle used to mature and spawn captive broodstock including day
length (light'h/day)« -- —) and water termgrature (°C) ¢-).
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Fig.2. Scatterplot of males() and femalee() body characteristis versus contribution
to offspring(n=10). Male (A) and female (B) bodyeight(g) versus contribution to
offspringmnumber Male (C) and female (Dgondition factorversus contribution to
offspring number.
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