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EXECUTIVE SUMMARY

Chainat province has high potential for agriculture because more than 60% of the area
is irrigated. There are three rivers running across the province, indicating its potential for
aquacultural activities. However, annual fisheries production including aquaculture has been
relatively low, despite the province’s reputation for a high diversity in fish species. Therefore,
aquaculture of the local fish species should be promoted subject to consideration of suitable
species, market demand and the possible impact on wild populations. This study aimed to 1)
understand the present situation regarding aquaculture and fish marketing in Chainat and 2)
study aquaculturalf/fisheries activities based on people’s knowledge of the conservation of fish
biodiversity.

The results from the survey showed that: 1) aquacultural activities were carried out all
year round, 2) people had limited knowledge of aquaculture, 3) the most important obstacle to
rearing local species was their slow growth and 4) only 2% of the farmers cultured local fish
species. The species reared in cages were: striped catfish (Pangasianodon hypophthalmus, Ua
§218), giant gouramy (Osphronemus goramy, Ua1i1a), Pla Kod Kaang (Macrones wyckioides,
Uanaas or ‘ﬂ’sﬂﬂ@LLﬁ”}), spot pangasius (Pangasius larnaudii, ‘l_lmmI‘W) and Pla Sang Ka Wart
(Pteropangasius pleurotaenia, ‘.leﬁ\‘iﬂx’s’m). The species cultured in ponds were: striped
catfish, Thai silver barb (Barbodes gonionotus, Uanaziiv 81117), snakehead (Channa striatus,
1anwau), snakeskin gouramy (Trichogaster pectoralis, Uan&&®) and climbing perch (Anabas
testudinius, Uavaa).

There are only three main retail fish markets in Chainat, which cater for the majority of
large-size fish brought in from other provinces while local fish were of the small-size species
available in highly fluctuating quantities. The fish retailers stated that the highest demand was
for Pla Kod Kaang among the freshwater fish species.

The study identified three aquacultural/fisheries activities that may impact conservation:
fish-trapping ponds and Kram (artificial fish shelters where fish are subsequently caught)
operating in shallow or in deep water. The fish trapping ponds contained massive aggregations
of fingerlings of riverine and swamp fish, which may impact the conservation of freshwater fish,

while the other activities seemed to have minor impacts.



Pla Daeng (Phalacronotus bleekeri) is among the flag-ship species for restocking. The
study investigated the genetic alteration of Pla Daeng cultured in the Center for Fisheries
Research and Development, Chainat province using the newly developed microsatellite
markers. Genetic deterioration of the hatchery stocks was identified, while a nearby wild
population was still healthy with regard to genetic diversity and there had been no genetic
contributions made by the hatchery fish to their wild counterparts. Consequently, the study
recommended not releasing this species into the wild.

This study also attempted to understand the obstacles to rearing local fish and found
that the major problems are slow growth, the lack of a wholesale market and insufficient
amounts of both fingerlings and suitable feed. However, the results from a meeting between
farmers, students and lecturers of the Department of Aquaculture identified five research topics
according to the necessity of the research, time constraints and available expertise. The

research topics and a brief summary of the results are:

(1) Anatomy of sexual dimorphism in Pla Daeng and histology of the testis: Pla Daeng
showed apparent sexual dimorphism during the spawning season. Females and males were
differentiated by the shape of the urogenital papilla, roughness of the serrated spines of the
pectoral fins and the existence of mucus glands behind the pectoral fins in females. Histology of

the testis showed spermatogenic cells in all stages.

(2) A preliminary experiment on the effects of methyl testosterone (MT) on the fertility of
the spermatozoa of Pla Daeng: A dose of 10 mg/kg MT orally applied to male brooders of Pla
Daeng at 5 to 7 wk tended to increase the concentration of spermatozoa compared with the
control. The sperm of the MT-treated groups enhanced the hatching success of the eggs
compared with the control group, when they were used as concentrated milt (no dilution).
However, due to the small number of fish samples as well as the variation in egg quality in the

study, further study is needed.

(3) An on-farm experiment on the effects of stocking density on the growth and survival
of Pla Kod Kaang (Macrone wyckioides): The farmers in Chainat province stock Pla Kod Kaang
in cages at a high density (40 fish/mz), which may be responsible for the very low growth rate of
this species. An experiment was conducted to rear Pla Kod Kaang in cages (3 x 5m and 2 m in
depth) with 20 and 40 fish/m2 on three farms (where each farm represented a replication) for
14.5 mth. It was found that fish at the low stocking density had lower survival rates than those

at the high stocking density (P < 0.05) while the growth rate was not affected.



(4) Pathogenic organisms responsible for the diseases outbreak of Nile tilapia cultured in
cages in Chainat and Angthong provinces: Although Nile tilapia is an introduced species, due to
its economic importance, the farmers in Chainat province convinced the researchers to include
this species in the study. A farm in Angthong was included in order to determine if there was
any variation in pathogens between the areas. The survey was made on two- and one-cage
culture farms in Chainat and Angthong, respectively, which were facing a disease outbreak
(during May and June 2009). The results showed that the pathogens responsible for the disease
outbreaks were Streptococcus agalactiae in Chainat, while Flavobacterium spp were identified at
the Angthong farm and that they were most sensitive to Amoxycillin and Enrofloxacin, containing

respectively S. agalactiae and Flavobacterium.

(5) Effects of probiotics on resistance to a bacterial pathogen (Aeromonas hydrophila)
and growth of Clown featherback (Chitala ornata) fingerlings: The probiotics developed by the
Department of Aquaculture (AQHBS02) have enhanced resistance to A. hydrophila by Clown
featherback fingerlings (2-3 inches long) over the control when orally applied at either 1, 3 or 5
g/kg feed, while no effects on growth were observed. Enhanced resistance was detected 14 d

after the application.

Notably, two of the five topics (hnumbers 4 and 5) were conducted by the undergraduate

students of the Department of Aquaculture, Faculty of Fisheries, Kasetsart University.
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ABSTRACT

This study aimed to understand the present status of aquaculture and marketing of local
fish species in Chainat and to study aquacultural/fisheries activities based on the people’s
knowledge relating to conservation of fish biodiversity. The results showed that aquacultural
activities were performed all year round with people having only limited knowledge. The most
important obstacle to rearing local species was their slow growth with only 2% of the farmers
culturing local fish species (5 species each for cage and pond culture). The fish retailers stated
that the highest freshwater fish demand was for Pla Kod Kaang (Macrone wyckioides).
Aquaculturalffisheries activities that may impact conservation were explored and it was found
that the fish-trapping ponds may impact conservation of freshwater fish species because the
ponds were aggregation sites for fish fingerlings, while Kram (artificial fish shelters where fish
are subsequently caught) may have a minor impact. In this study, based on newly developed
microsatellite primers, genetic deterioration was reported in two hatchery stocks of Pla Daeng
(Phalacronotus bleekeri) being used to produce fingerlings for restocking. No genetic
contributions of the hatchery fish were detected in their wild counterparts. In attempts to employ
technology to ease aquaculture problems occurring in Chainat province, five research topics
were identified, with three (numbers 4, 5 and 6) being conducted by undergraduate students of
the Department of Aquaculture. The topics were: (1) the anatomy of sexual dimorphism in Pla
Daeng and histology of the testis; (2) a preliminary experiment on the effects of methyl
testosterone (MT) on the fertility of Pla Daeng spermatozoa; (3) an on-farm experiment on the
effects of stocking density on growth and survival of Pla Kod Kaang (Macrone wyckioides); (4)
pathogenic organisms responsible for disease outbreaks of Nile tilapia cultured in cages in
Chainat and Angthong provinces; and (5) the effects of probiotic bacteria on resistance to a
bacterial pathogen (Aeromonas hydrophila) and growth of Clown featherback (Chitala ornata)

fingerlings.
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Antibiotic Code Performance N %EA Interpretive criteria s< I R=>
MIC pg/mL MIC pg/mL

Amoxicillin AC  S. pneumoniae 200 98 S. pneumonia 2 4 8
0.016 — 2.56 Nonmeningiltis

Enrofloxacin EF Aerobes 36 100 CLSI M31 — A2;2002

0.002 - 32

Trimethoprim*/ TS Aerobes 543 99 Aerobes 2 - 4
sulfamethoxazole H. influenza 393 95 Haemophilus spp. 0.5 1-2 4
(1/19) S. pneumoniae 314 97 S. pneumonia 0.5 1-2 4

0.002 - 32*
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Oxolinic acid OA 2 13 14 - 18 19
Ampicilin AMP 10 11 12 - 13 14
Oxytetracyclin OT 10 14 15-18 19
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nanmsloTaUandulsalunundaningrsnadnuite Flavobacterium columnarae
anwmuelaladl naw vaunsn wasidurianed wRauiuuy Gliding movement AAFLAS WANNT
ganunsuidn Grams'-ve

NANINAREU Sensitivity test VadTaTRaA9 9N ldnMIdsTaNa28819lBIInIa
819N2IUFAI AN 11 LagNLINNNANTILRAINANINAREL Sensitivity test ¥inlinui
dql’ . A o o 1 a 1 a . d'
\Ta Flavobacterium columnare NWuUludsnine1inas Aanuhidassiia Enrofloxacin nge
\a997n A1 MIC siefige 38989 fia 81 Trimethoprim/sulfamethoxazole (pg/ml) U &7

Oxytetracycline uaz Amoxycillin ldanansagugnuafisele famaduniueng 2 siad

A19191 11 HAMINAFaY Sensitivity test UaTavRad1e 97 ldannsilosannaladnali

PWHINB1INDI
has anuldan
Oxytetracycline (cm) 1.2/R
Enrofloxacin ([lg/ml) 0.004/S

Trimethoprim/sulfamethoxazole (Llg/ml) ~ 0.064/S
Amoxycillin (LLg/ml) 1.0/R

wannhnmsansnensanwsasdanfithe lasssnannaiauazsiwinueada
\Raauavdaithewudn danidhediulng 228 infaidaa Platelets Was Lymphocytes 61

(@197 12)

a 2 a o ' & A A o o,
13791 12 Naﬂ']iﬂﬂﬁ:ﬂlhlnmLLﬂZﬂ@ﬁ’]a'ﬂuLﬁJ@Laﬂ(ﬂ"llaﬂl]ﬂ’]'ﬂLﬂuiiﬂluﬁmﬁ']@aqdﬂad

AIN Total RBC Monocyte Lymphocyte Platelets
1 667.0 69.0 26.0 4.0 1.0
2 107.0 98.0 1.0 1.0 0.0
3 156.0 95.0 3.0 2.0 0.0
4 779.0 84.0 14.0 2.0 0.0
5 870.0 88.0 10.0 2.0 0.0
6 597.0 97.0 2.0 0.0 1.0
7 665.0 96.0 2.0 2.0 0.0
8 605.0 92.0 5.0 3.0 0.0
Aiad 555.8 89.9 7.9 2.0 0.3

SD 277.3 9.7 8.6 1.2 0.5




53

PIRIATEIUIN

mianadaanviiui 1 @asifudaiisiunudt iluudihnlfssliguuas na
= A & o a ! o A Aa & a £
Walugy Umfdeslunszfiveansainsfiomyioiidesmassnfiiuaziivainesanstiuu
IAuduszez ) lanaash

A v

% dl v A dl a = o 1 1 = :/ 1 v = dl
@27 1 a9 aNLRAANATURIY W9anBmeaIaznsan Nt lutasrias frsiaviun
2zl s1 18N LRs NN B NIRY 3ULIN
o A a ' a A o a A A v & o o 9
A7 2 AIURIINTan launTuaniian viasuly wudsalanwian luduwduriad aunazana
123 &1 LRaNLRY qaﬁnamu
o A Ao A A = A o a s | o S a a
AN 3 Uandaneucfain wianda 18019 viasuan i lutasriag Q4L 100% 1
o a o A A & o A A @ & A
inuflaanuas dulaiFoy woldslauasidusesianmian aterzmeluniruaild
A =1 dq’
WARad Nsauwtaans
o A o A A A = a A oA o A a A =
@271 4 asunu wiandifiaaan Aeslasfanivian wiuaNEaa lakAIURIIANLIAAR LNAG

%Q(ﬂ NaILINLAZANLAEA
Nﬂﬂ’)ﬂtﬁlﬂL%E]ﬁ)’lﬂﬂﬂ’Hf]%Zﬁﬂ

=< dqz a A dl [ o o 6 dl dl ]
Naﬁ]’mmiﬂﬂ‘h}’]L°1iaLL1Jﬂ°nLitmLLEmVLﬁILuﬁNWm%UWmWWS&m 1 (9193797 13) WU
Aa o ' £ o & A Ade o v &
LL‘Uﬂ‘YlLiﬂmﬂm’aaﬁmmmﬂ,@ﬁdaaﬁﬂﬂﬁLaﬂdL"Haﬂ“E LLazﬁquiﬂLLﬂﬂvL@ﬂﬂﬁﬂJ@ 5 Isolates I@U
A Ada | = v A _a & : v o® @ A o
WUV Iﬂiau&laﬂl’l’n;‘u VYWIALAN PDUAARNI Lsﬁaﬂgﬂiq\‘]ﬂau@]aﬂul,ﬂul,ﬁuﬁqEJ LN@%’]VL‘]_JWG]&@U

AusuiamaaiiudldinmudnduuuafiiSs  Streptococcus agalactiae

= o A o & AAa A A A o )
A19197 13 uaesansmelalat wazanwmsimasvasiuanSunnulndaNnidulsanwuluasnia
TUUIN WASUN 1

wiagolse anwouzlalafiuuafiise ANBULLTARLUATISE Grams'stain
Isolated F11 Iﬂiaﬁma@mﬂuqmmmﬁﬂ fagusimaanandanwluiduans Grams' +ve
Isolated F12 Iﬂiaﬁmaﬂmﬂuﬁ;mmmﬁﬂ farusimaanandanwluiduans Grams'+ve
Isolated F13 lalaflrngwduaavmiaiin farusimasnaudanwduiduwans Grams'+ve
Isolated F14  lalafilavauSsuwwialan fasunsaadiduriandu 9 Grams'-ve
Isolated F15 lalatlrngwiugavmiaiin farumaanaudanwluidwans Grams'+ve

MNaEey Sensitivity test lanaaIn39R 14 Flimuindefinulusiniatown
wWisuft 1 Jana'ladesn Amoxycilin mnﬁq@ (1 MIC ﬁaﬂﬁq@) I@m%@lunﬂ Isolates §M3
aauAkaIfasn Amoxycilin Taafidnmssansusniiaun vafionsiadu 9 lideniu
Enrofloxacin, Trimethoprim/sulfamethoxazole (pg/ml) ez Oxytetracycline ﬁ?u L%@Lwﬂﬁﬁﬂmu
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o ' a A o ' A v, A 1 [~3 A ol s [l [
@]’Jaﬂﬁdaﬂ%u\?@]’.}vl,llﬁ’m’]‘iﬂL’%W:Laﬂ@]vl,@]) UAAIRIUVDILNAALRANTININ I@]U&L%U']G@]’Jail']d"ﬂzvlll

& A A = PN } & A a
wunaatRaaludaNdlulsams (@1371990 15) duLlaldaauad monocyte Wae lymphocyte

ARy 93.3+2.5, 3.742.1 LAY 2.3+3.2 AUy

A & A Ay o A & A
M99 14 LURAINANITINAROL  Sensitivity test YBILDATUHAGN emvl,mnﬂmswmawwﬂu

5 o o & A
FINAATUUIN WU 1

Minimal Inhibitory Concentration (Llg/ml)

P4
siaiTalia

Oxytetracycline  Enrofloxacin Trimethoprim/sulfamethoxazole  Amoxycillin

(cm) (ug/ml) (Hg/ml) (ug/ml)
Isolated F11  2.0/S 1.5/S 4/R 0.032/S
Isolated F12 1.8/ 2/8 6/R 0.094/S
Isolated F13  1.2/R 2/S 2/ 0.094/S
Isolated F14  3.2/S 0.25/S 0.094/S 0.125/S
Isolated F15 1.4/R 6/1 R 0.032/S

-:l' 2 a o ' & A P o o & o
M99 15 Naﬂ’]iﬂﬂﬁ:ﬂﬂiﬂ’]muazﬂ@]i’]aqul,ll@Laﬂ(ﬂ"ﬂaﬁﬂﬂq‘ﬂL‘IJ%I?@]I%%GWQ@%U%’]V]WWSNV] 1

AN Total RBC Monocyte Lymphocyte Platelets
1 585.0 93.0 6.0 1.0 0.0
2 974.0 91.0 3.0 6.0 0.0
3 1166.0 96.0 2.0 0.0 2.0
duadn  908.3 93.3 3.7 2.3 0.7
SD 296.0 25 2.1 3.2 1.2
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AN YUNARNIN Lsﬁﬂﬂgﬂiqﬂﬂﬂw(ﬂaﬂuLﬂuLauﬁ’]El (9137191 16) L%%L@]U’JﬂUﬂWUIuWWS&M 1 WY

A o wn A A v o Y | A A )
Lwﬂuqqﬂﬂ@aﬂ‘ﬂﬂmaNU(ﬂﬂ'}\ﬁﬂrJLﬂ&]LLQ’JV]’]ELWV]'T]U'J”ILﬂuLLﬁJﬂﬂLiﬂ Streptococcus agalactiae

A o A o s AaAa A A = ~ o o
M19191 16 anwzlalat wazanwumsioasvasnuansunnulndafidulsanwuludsvnia

TN WITUN 2

shatolse anwouzlalafiuuafiise ANBULTALUATILSE Grams'stain
Isolated F26 lalafianlavauSourwieLin faFunsaafiduriondu 9 Grams'-ve
Isolated F27 lalafidnlzvauSouawiaian faraaimaananaanwduiduwans Grams' +ve
Isolated F28 lalafidnlzvauSuuawiaian faruadoasnandanuduiduans Grams' +ve
Isolated F29 lalaflianlzvauSsusmialan Gasuasaafiduriausn 9 Grams'-ve
Isolated F210  lalaflianlavevisouamialan faFdrasaanangdanwuiduas Grams' +ve

NAUBININATEL Sensitivity test Nlua15197 17 i lknuinsedinuluismiateuin
whind 2 Sanwhiden desndfBiuennafia lan Amoxycillin azidusndfimenanuliun

ﬁq@ T8989 fa Trimethoprim/sulfamethoxazole, Enrofloxacin L.az Oxytetracycline NN

= X A AV o A & 4
139N 17 LRAINANIINGARDU SenSItIVIty test YILDATUANTI val,m*mﬂ’mwmaﬂwulu

WRIATUUIN WATUN 2

Minimal Inhibitory Concentration (LLg/ml)

sliairelin Oxytetracycline  Enrofloxacin Trimethoprim/ Amoxycillin

sulfamethoxazole

Isolated F26 2.5/8 0.032/S 0.094/S 0.10/S
Isolated F27 2.3/S 1.0/S 0.25/S 0.032/S
Isolated F28 2.5/S 0.75/S 0.19/8 0.032/S
Isolated F29 2.8/S 0.75/S 0.25/S 0.25/S
Isolated F210  2.2/S 0.75/S 0.38/S 0.047/S

namIasraden nunUmfdulseludmiatown wrfafl 2 S5 manpes Lymphocytes
LLatzmﬁmLﬁa@@‘iﬁﬂ’j%ﬂmﬁﬁmmpu (1.4£1.7 uaz 0.240.4 ANEAL) wasfidlagludmfithoung
srsiwunylinuindadoanialinuias (a1519% 18) #1160 RBC Waz monocyte Qe 1.4+1.7
WAz 0.240.4 MURIAU
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a =2 ™ o ' & A A v o ¢ A
M19791N 18 Naﬂﬁiﬂﬂ‘hﬂﬂiuﬂmLLaza(ﬂi’]muLu@Laa(ﬂma\‘iﬂm‘ﬂL‘iJ%IiﬂI%%WJ@“HEJWWIW’]S&M 2

AN Total RBC Monocyte Lymphocyte Platelet
1 589.0 96.0 4.0 0.0 0.0
2 762.0 97.0 2.0 1.0 0.0
3 1238.0 95.0 4.0 0.0 1.0
4 734.0 95.0 3.0 2.0 0.0
5 562.0 91.0 5.0 4.0 0.0
duadn  777.0 94.8 3.6 14 0.2
SD 2721 2.3 1.1 1.7 0.4
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agalactiae ‘nwuumamvl,ﬂmaauumwmmmm"hmmnﬂmiummu mmmﬂszmm&mﬂmlﬁ
1 Taganzagnadan Amoxycillin H931nN5AN®1289 Al-Sweih et al. (2003) wudwmlumju
Penicillin, Ampicillin LLaz Cephalothin 5’@LﬂumjumﬁﬁmmmmmlumiﬁuEl'al,%a S. agalactiae
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F1mn 1-3% vesdaiapsthe) azldmsldondjaucnagludmiveldnadlunsinm

&
JUU

a0

fnlusuludsniasgrenes wm%ammgﬁa wuafiseafiianaluuafiison
(Flavobacterium columnare) %dLﬂuLLUﬂﬁﬁmmﬁJau mmmwulmﬁaﬂmaaﬂmﬁlﬂﬂsﬂ lag
Usndulsnezdianwasaaaig ATUNLALATUNINTAUUAZANIRD qufwamu Falawrialud
wuidnsrneludammwadnuazialsaludafiusnwaeniouan (External infection)
YT athdlafanuluifagiulunsaunas 9 eewivldinnuindesieifisana
AalAiialsanaluszuusiene (Systemic infection) Tutainane 9 ofia 1iunn (Decostere et
al., 1998; Jiri and Bohumil, 2007; Soto et al., 2008)

danluneseuanuhassndfFuenuin deuvediriail fanauladem
Enrofloxacin mﬂﬁq@ J898931 A Trimethoprim/sulfamethoxazole mmzﬁm Oxytetracycline LLae
Amoxyaillin lisansadusnuaiii3eriiadile 9 Decostere et al. (1998) ldmenunmagow
anuhaasendeiiie Flavobacterium columnare Wuin mlumjuﬁ"ﬁm MiC Tuszauduasdan
vb@im%a"ﬁﬁ@f:ﬁa Chloramphenicol, Erythromycin, Furazolidone, Kanamycin, Lincomycin,
Nalidixic acid, Oxytetracycline WLaz Streptomycin wuegndididn MIC agluﬁaoquLanLaJa’]:;JWin
fusaarfiaitle @a Colistin, Sulfamethoxazole Uz Neomycin [wlgRUMsANHY8S Kubilay
et al. (2008) ldmununinasauanyhvaiufFiue Taunsls ATB-Vet strips wuinenfid
anusnansalunstusage Flavobacterium columnare laagnafivszansnwldun
Chloramphenicol, Oxytetracycline, Furazolidone, Nitrofurantoin, Erythromycin, Streptomycin,
Penicillin, Amoxicillin Lt8s Cephalothin d’mmﬁmmmmmuqu L%ﬂ“ﬁﬁ@ﬁﬂlﬁ "léﬁm' Colistin LR

Oxacillin LT waw
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v o =< ° A v o Aa o Ao a &
(2009) VL@mmimsﬂm:Nﬂavl,ﬂmswmmaaszuugqunumaaﬂmuammmammmmma
Enterococcus sp. WU awadnnUan lasuBaadnadnatiuig 24 13lus YSunadaiian
& . [ & ' @ o '
WNNINNG (Total white blood cells) LL8s Lymphocytes ﬁ]:ﬁLLu’JIu&lgwu LAZLANAWNNUNUNAN
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aqu wivziiuwlkugeliulurie 9 2a3mInmasas wananndt Zaki et al. (2008) HywuinLan
fanin3@aLBaIn Saprolegnia parasitica 3rsIHadaa1 MNALaasluidanvaslalasass lag
wuIMsnadnnAUan lasumauanduian 7 7 Usunmliaiiaanad, YSuno Hemoglobin,
creatinine, sodium, potassium, insulin and glucose ﬂza@adaﬂﬁdﬁﬁﬂﬁﬂﬁQLﬁaLﬁUuﬁuﬂa’lﬂﬂ@
fayaannisAnmaisiuszmInsnuivdumanInsliiiuedtaianin maddsuulasues

6 A = a a s a & 1 o a o
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Huasiindsfienmsaiiialse dsaansaiien lddnwsinanimalunstlasnusnsnlsaludan
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MEYIIIR saaf. 2550. lsndaniisinansznudemamnzissdafinludsandlng, .
319-326. 2% ‘]_]izil’sﬂL%adﬂﬂiﬂi:‘gu%‘ﬁ’m'ﬁﬂﬁﬁ@nLL‘W‘Y]gLLa:ﬂWiLgﬂdgﬁ’jﬂ%ﬁ 33. ﬂ’]ﬂ%’ﬁ’l?ﬂ%’ﬁﬂﬁ’]
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1.INTRODUCTION

The global aquatic environmental deterioration and overexploitation of aquatic resources has
led to the decline of fish stocks (e.g. Atlantic salmon, Salmo salar, Grandjean et al., 2009). As
a consequence, stock augmentation has been practiced worldwide with variations of success
[see Connor et al., 2004; e.g., for examples, successful cases of steelhead in the Carp River,
Michigan (Daugherty et al., 2003). There are concerns on adverse impacts on genetic
diversity of wild populations if the hatchery reared fish were released and interbred with the
wild counterparts [e.g. dilution of wild genetic variation; loss of genetic integrity of the wild
populations (e.g. Madeira et al., 2005); decline of adaptability of the recipient populations due
to break down of coadaptive gene complexes (e.g. Clifford et al., 1998; Cooke and Philipp,
2005; Araki et al., 2007).

Southeast Asia, one of the world hotspots of freshwater fishes is now facing threats on
species extinction and decline of abundance of many native species. To cope with this
problem, restocking has been widely practiced for conservation and enhancing fishery
production. Recently, concerns on adverse impacts of this practice have been raised.
However, there has been only limited studies on this issue, for examples, Kamonrat (1996)
based on microsatellite markers, found that the released of hatchery reared silver barb,
Puntius gonionotus has resulted in decline of genetic variation between populations but not
the genetic variation within populations.

In this study the change of genetic variation of the captive stocks of Phalacronotus
bleekeri (Glinther, 1864) (synonym: Kryptopterus bleekeri) over 5 generations was evaluated.
P. bleekeri or Pla Daeng in Thai, inhabiting rivers, streams, lakes and impoundment in
Cambodia, Laos, Thailand and Vietnam (Froese and Pauly, 2010), is of high value and the
production is solely from artisanal fisheries. Due to the decline of abundance of many native
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fishes in the Chaophraya River in Thailand, the restocking programs have been established
and P. bleekeri is among the target species. At present two generations of broodstock were
maintained in the Chainat Fisheries Research and Development Institute, Chainat Province,
and were used for producing fingerlings for restocking. Therefore, it is of great interest to
evaluate genetic alteration of the captive broodstocks over generations of captive breeding
relative to the wild populations. The information obtained from this study is essential for
recommendations on necessity of the stock enhancement program. Simultaneously
recommendation on broodstock management will be provided. More importantly, in this
study microsatellite primers specific to P. bleekeri were developed to enable multiplex PCR
which would save the expenses and time for the analyses.

2.MATERIALS AND METHODS

2.1 Sample collection

Samples of caudal fin clip (approximately 20 g) of Phalacronotus bleekeri were
collected from 39 and 40 samples each of the third generation broodstock (spawned in 1999:
1999-broodstock) and the fifth generation broodstock (spawned in 2006: 2006-broodstock) of
Chainat Fisheries Research and Development Institute, respectively. These stocks were
originated from wild fish collected from Chaophraya River below Chaophraya Dam at the
location adjacent to the Chainat Fisheries Research and Development Institute and were
maintained without re-introduction of the wild fish. The samples of 39 wild Phalacronotus
bleekeri were collected from Chaophraya River at the location where the founders of the
captive stocks have been collected. The fin clips were preserved in 90% Ethanol until DNA
extraction was performed.
2.2 DNA extraction

DNA extraction was performed according to the method described by Taggart et al.
(1992) with slight modification. The DNA samples were used for development of
microsatellite primers and subsequent scoring of microsatellite loci.
2.3 Development of microsatellite primers and Multiplex PCR

The protocols employed here were as described in Na-Nakorn et al. (2010). In brief,
genomic DNA derived from Phalacronotus bleekeri were digested with Rsal then ligated to
21 bp and 25 bp Mlul adapters. Next it was purified using QIAquick PCR purification kit
(Qiagen) and amplified. The PCR conditions and primer sequence were as reported in
Edwards et al., (1996). For enrichment of microsatellites, 100 ng of ligated, denatured DNA
was hybridised to repeated oligonucleotides {(GACA)y, (GATA)9, (AAAT)y, (GATG)y,
(CAA) 14, (CA)no, (GT)s, (AAT)14, (CT)15, (AAG)14} bound to the filter membranes.
Following hybridisation the filters were washed, the bound DNA was eluted and amplified
following Edwards et al. (1996). The enriched DNA products were cloned using the pPGEM"-
T easy vector system I kit (Promega). Then the plasmids were transformed into E. coli
JM109. The white colonies were selected in the presence of X-gal and IPTG in LB agar with
ampicillin. Then DNA sequencing was performed using BIG DYE 3.1 terminator mix on an
ABI 377 Sequencer (Applied Biosystems).

The PRIMER v.3 program (Rozen and Skaletsky, 2000), based upon the
guideline for multiplex primer design (Multiplex PCR Handbook 09/2002, Qiagen), was used
to design primers. Then a 5’end of forward primers were labeled with NED, PET, FAM, VIC
fluorescent dyes (Applied Biosystems) based upon allelic size range. Next, each primer pair
was individually applied to amplify each of five DNA samples to corroborate correct
amplification, allele size range and microsatellite identification before using all primers
together in a multiplex PCR. All PCR reactions contained 10 ng of DNA, 0.5 units of
DreamTaq DNA polymerase (Fermentas), 1.5 mM of MgCl,, 0.2 mM of each dNTP and 0.5
uM of each primer in the manufacturer's buffer. The reaction profile was 95 °C for 3 min, 35
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cycles of 94 °C for 45 s, 57 °C for 45 s, and 72 °C for 60 s, followed by 10 min at 72 °C. PCR
reactions were performed using PX2 Thermal cycler (ThermoScientific). Then the amplicons
were analyzed in 1% agarose gel electrophoresis and visualized by SYBR® Gold (Invitrogen)
staining. Those microsatellite markers that did not amplify individually were discarded from
the multiplex reaction. Two robust multiplex PCRs were developed based on allelic size range
and fluorescent dye labeling. The individual DNA samples were amplified in the multiplex
PCR using QTAGEN® Multiplex PCR kit (QIAGEN), PCR conditions and reactions followed
by QIAGEN® Multiplex PCR handbook February 2008
(http://www1.qiagen.com/Iiterature/protocols/QIAGENMuItipIexPCR.aspx). The PCR pTOdUCtS were detected by

3130 Genetic Analyzer (Applied Biosystems) machine and demonstrated allelic size using
Genemapper” software v.4.0 (Applied Biosystems).
2.3 Data analyses

The Genepop version 4.0 (Rousset, 2008) was employed to test whether genotypic
distributions of each population conform to Hardy-Weinberg equilibrium (HWE). Exact P
values were estimated using the Markov chain method (dememorization: 1000; batches: 100;
iterations per batch: 1000) (Guo and Thompson, 1992). Then inbreeding coefficient was
calculated using FSTAT 1.2 (Goudet, 1995). Next, parameters describing genetic variation
within a population, allele frequencies, average number of alleles per locus, and observed and
expected heterozygosities, were calculated using Popgene version 1.32 (Yeh et al., 2000). The
differences of genetic variation among populations were tested using the t -test (Archie,
1985). For all multiple tests, P values were corrected using a sequential Bonferroni correction
(Hochberg, 1988; Rice, 1989). The average pairwise genetic relatedness (ry,; Ritland
estimator) among individuals within populations was calculated using KINGROUP version
2 090501 (Konovalov et al., 2004). Effective population size (N.) was estimated using N.
Estimator version 1.3 (Peel, 2004).

To test the occurrence of significant reduction of effective population size (a recent
bottleneck), the program Bottleneck version 1.2.02 (Cornuet and Luikart, 1997) was used.
The independent segregation of genotypes (linkage disequilibrium) was tested using the exact
test (Markov chain: dememorization: 1000; batches: 100; iterations per batch: 1000) (Guo and
Thompson, 1992) facilitated by Genepop version 4.0 (Rousset, 2008).

Then F statistics (Fst, Fit and Fis) were calculated using FSTAT version 2.9.3.2
(Goudet, 2001) and tested against zero by a bootstrapping method to determine the existence
of population differentiation. Differences in distributions of allele frequencies between
populations were tested using Fisher’s exact test in Genepop version 4.0 (Rousset, 2008).
Cavalli-Sforza and Edwards’ (1967) genetic distances between population pairs were
calculated using the program PHYLIP version 3.63 (Felsenstein, 1993).

To elucidate the contributions of the hatchery populations to the genepool of the wild
population, the multilocus genotypes of individuals in the wild population were assigned to
the two hatchery populations and the wild population itself using GeneClass2 (assignment
threshold: 0.05; Criteria for computation: Bayesian method of Rannala and Mountain, 1997;
resampling algorithm: Paetkau et al., 2004; minimum number of simulated individuals: 1,000)
(Piry et al., 2004).

3. RESULTS
3.1 Microsatellites of Phalacronotus bleekeri

Among 30 sequenced positive clones, 10 clones contained microsatellites among
which 10 sequences allowed for successful primer design of which two robust multiplex PCR
panels were successful. They comprised hexaplex (PBL06, PBL10, PBL16, PBL21, PBL2S,
PBL33) and tetraplex panels (PBL14, PBL17, PBL24, PBL26). However, when those primers
were tested across large number of samples (> 50 samples) only seven primers produced
unambiguous and reproducible microsatellite profiles. The useful primers comprised five
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microsatellites with perfect dinucleotide motifs (PBL10, 21, 24, 26 and 33); one each with
imperfect dinucleotide (PBL06) and perfect trinucleotide motifs (PBL17). Overall these
microsatellites possessed high polymorphisms (number of alleles per locus = 14 — 24;
expected heterozygosity- H. = 0.848 — 0.927), except for PBL17 of which number of alleles
per locus =5 and H.= 0.588).

Sixteen alleles observed in the wild population were missing in the hatchery
populations. On the other hand, 10 alleles found in any hatchery populations were not
observed in the wild population, among which PBL178-235 (p = 0.438, 0.231) and PBL24-
242 (p=0.213, 0.115) were observed at high allele frequencies.

All loci conformed to Hardy-Weinberg equilibrium in wild population (n = 39),
whereas homozygote excess was observed in one of the broodstock populations at four loci
(PBL10, 17, 24 and 33), in both of the populations at PBL26. Distortion of genetic
equilibrium was observed at two pairs of loci (MBL06 - MBL21 and MBL21 x MBL33) in
wild population; three pairs of loci in the 1999-broodstock (MBL06 - MBL21, MBLI10 -
MBL21 and MBL24 - MBL33); at eight pairs in 2006-broodstock (MBL06 - MBL17, MBL06 -
MBL21, MBL10 - MBL17, MBL10 - MBL21, MBL10 - MBL26, MBL17 - MBL21, MBL17 -
MBL26 and MBL21 - MBL26). Notably, the linkage between MBL06 - MBL21 was
significant in all three populations. Therefore we decided to remove one of them from the
analysis. We found that removing either MBL06 or MBL21 from the analysis gave similar
results. As such, MBL21 was removed from further analyses.

3.2 Hardy-Weinberg equilibrium of populations across loci

Genotype distribution of the wild population conformed to Hardy-Weinberg
equilibrium at all loci while the departure from HWE towards homozygote excess was
observed in the 1999-broodstock at MBL24 and MBL26. Heterozygote excess was significant
in the 2006-broodstock at three loci (MBL10, MBL17 and MBL33) and homozygote excess at
MBL26. Overall, the exact tests showed that only the wild population conformed to HWE and
the captive stocks showed homozygote excess (sequential Bonferroni correction).

3.3 Genetic variation and genetic relatedness within populations

Genetic variation based on six loci was showed in table 2. Allele diversity (mean
number of alleles per locus - 4 and average effective number of alleles per locus - 4.) of the
wild population is almost 1.5 times higher than both yearclasses of broodstock and the
difference is supported by the Archie’s 7-test. We did not calculate allelic richness because the
sample sizes were almost equal (39 — 40 individuals/population). Heterozygosities were not
different among the brooders and the wild population although the trend was towards
reduction of heterozygosities in the broodstock relative to the wild population.

3.4 Genotype disequilibrium

Based on six microsatellite loci (without MBL21), non random association was
observed at one loci pair each in the wild population (MBL10 x MBL33) and the 1999-
broodstock (MBL06 x MBL24). While in the 2006-broodstock, four loci pairs (MBL06 x
MBL17, MBL10x MBL17, MBL10 x MBL26, MBL17 x MBL26) showed significant genotype
disequilibrium.

3.5 Genetic diversity between populations and genetic distance

Fsr was 0.086 and the confident interval (95%) was 0.130 — 0.052, hence indicated
significant genetic differentiation among populations. Every population pair was significantly
different as revealed by differences in distributions of allele frequencies between populations
and the pairwise Fst. Both pairwise Fst and genetic distance showed the highest significant

differentiation between wild and the 2007 broodstock (D = 0.103; Fst = 0.152), followed by
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wild and 1999 broodstock (D = 0.083; F'st = 0.083) and the most similar populations were
between the two broodstock yearclasses (D = 0.026; Fst = 0.052).

3.6 Effective population size (N,)

N, estimated from linkage disequilibrium showed that the wild population had
relatively high N, (N, = 213.7; C.L.gs¢, = 106.2 — 3101.7) whereas those of the two captive
stocks were very low (N, = 39.4; C.1. 950, = 28.4 — 59.6 for the 1999-broodstock; and N. =9.5;
C.1 950, = 8.0 — 11.3 for the 2007 broodstock). The method based on heterozygote excess
showed N, = infinity in every population.

3.7 Contributions of the hatchery populations as revealed by the Bayesian assignment

The Bayesian assignment assigned all of the wild individuals to its own population at
a score of 100. None were assigned to the hatchery populations. Thus this implied no
contributions of the hatchery populations to the wild populations.

4. DISCUSSION

4.1 Microsatellite

We developed the first primer sets for P. bleekeri, which could be run in the multiplex
PCRs. Six loci contained dinucleotide motifs thus they showed high polymorphisms
(O’Connell and Wright, 1997) comparing to the microsatellites of other teteosts (e.g. number
of alleles per locus = 4.50 £ 2.72 of Epinephelus lanceolatus (Zeng et al., 2008); 3.42 = 0.90
of E. septemfasciatus (Zhao et al., 2009); 10.08 + 4.54 of E. fuscoguttatus (Lo and Yue,
2007); 10.20 £ 3.79 of Plectropomus maculatus (Zhu et al., 2005); 22.28 £ 10.39 of E.
guttatus (Ramirez et al., 2006); 10.00 £ 12.73 of Cromileptes altivelis (Na-Nakorn et al.
2010). Their high polymorphisms allow for high efficacy in parentage analyses (O’Connell
and Wright, 1997; Liu and Cordes, 2004) while they performed very well in the population
genetic study (e.g. every locus conformed to HWE in wild population despite of relatively
low sample size, n = 39, this study). In addition, due to their capability of multiplex PCRs,
thus they would allow for saving of time and cost relative to single PCR (e.g., Neff et al.,
2000; Navarro et al., 2008), with improved precision (Navarro et al., 2008).

4.2 genetic variation of the broodstocks

It was obvious that both broodstock yearclasses of which levels of genetic variation
within populations was not different, lost allele diversity relative to the wild stock, while
decline of heterozygosities are not significant. This clearly demonstrated the effect of genetic
drift caused by founder effect (using small number of individuals as founders) which is
characterized by loss of alleles with minimal effect to heterozygosities (Allendorf and
Phelphs, 2001). Although the initial number of founders were relatively large (approximately
200 fish, Sonthipan Phasukdee, pers.comm.) but only small portion had contributed to the
subsequent generations due to the limited success of hatchery operations (e.g. broodstock
maturation, induced breeding, nursing of fry, etc.). Notably, decline of N, was not only a
matter of broodstock number, but also mating scheme (Falconer and Mackay, 1996; see also
Fiumera et al., 2004), increase variance of family size (Falconer and Mackay, 1996) which
partly due to limited success of induced breeding which is common in early domesticated
fish, e.g. Cromileptes altivelis (Na-Nakorn et al., 2010).

The 2007 broodstock, despite of in-significant statistical comparison, showed the
declining trend of genetic variation (allele diversity reduced by 10.37% and expected
heterozygosity reduced by 11.39%) relative to the 1999 broodstock. This is in accordance
with the previous studies in many fish species base on either low polymorphic and highly
polymorphic markers, for examples, 12% lower mean number of alleles per locus (isozymes)
and 17% lower heterozygosity of domesticated stocks of Atlantic salmon (Salmo salar) than
in wild stocks (Skaala et al., 2005);
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Moreover, the information from genetic disequilibrium apparently showed that N, of the
2007 broodstock was 75.89% reduced comparing with the 1999 broodstock.

4.3 Genetic impacts of the restocking

The prior release of P. bleekeri fingerlings into the Chaophraya River did not
contribute to the genepool of the wild population as revealed by the Bayesian assignment.
Failure of the stock enhancement program of P. bleekeri may mainly owe to too small
numbers of released fingerlings (=10,000 fingerlings/year, Worawit Prompakdi, pers. comm.).
In general, the released fingerlings had low survival rates [e.g. 1.5 and 13.8% in white sea
bass, Atractoscion nobilis, Hervas et al. (2010)]. Therefore, the successful restocking
programs needed large numbers of released fingerlings, e.g. the most successful stock
enhancement reported for scallops and shrimp involved releasing of hundreds of millions to
billions of juveniles each year (Uki, 2006; Wang et al., 2006a). In addition, measures should
be established to enhance survival and hence genetic contributions of the released fish, e.g.
proper fisheries measures to avoid harvest of immature fish (reviews by Bartley and Bell,
2008), restoration of habitat which was reported as very effective to recreate new populations
of Atlantic salmon (Grandjean et al., 2009).

4.4 Is restocking necessary and whether the present hatchery stocks are appropriate for the
restocking program?

Although the relationship between effective population size (N.) and a census size (N,)
varied between species (Frankham, 2001; see also Osborne et al., 2010), N, reflects the
sustainability of a population because it inversely determines genetic drift which mainly
responsible for decline of allele diversity, and also the increment of inbreeding rate (4F =
1/2N,) (Falconer and Mackay, 1996; Allendorf and Luikart, 2007). N, of 213.7 individuals of
the wild population was in the range recommended by Franklin (1980). This author
suggested the minimum short term N, of 50 individuals to sustain the population, whereas the
long-term N, was recommended at 500 individuals. This recommendation was based on the
idea that inbreeding occurring at less than 1% (4F < 1%) could be balanced by natural
selection.

Although H, which relates to N, was not low in the hatchery populations (H, = 0.70-
0.79), the LD based N, were low (39.4 and 9.5 in the 1999 and 2007 broodstocks,
repectively). The low N, coupled with low allele diversity suggested these hatchery stocks
are not the populations of choice for the restocking program because they may have low
adaptability in natural habitats (Allendorf and Phelps, 2001; Allendorf and Luikart, 2007).
Moreover, evidence from a salmonid indicated rapid decline of reproductive success of
hatchery fish relative to the wild counterpart (Araki et al., 2007), thus this supported the
failure scenario for these hatchery populations in the wild. An additional reason for not
releasing these hatchery populations into the wild is that if they ever survive and hybridize
with the wild population they will deteriorate genetic variation of the wild population due to
their low genetic variation revealed in the present study.
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