
CHAPTER I

Introduction

T he giant tiger shrim p (P e n e a u s  m o n o d o n , Fabricius 1798) is one o f  the m ost 

im portant cultured shrim p sp ec ies am ong those reported by the F ood  and Aquaculture  

organization  o f  the U nited  N ation  (FA O ). It has presently cultured w orldw ide  

coverin g  a vast geographic area including Australia, B angladesh , China, India, 

Indonesia, P h ilippine, Thailand and V ietnam  (B ailey-B rock  and M o ss, 1992).

T he w orld  shrim p production from an aquaculture sector w as estim ated  to be 

7 3 7 ,2 0 0  m etric tons in 1998. T his increased from 6 6 0 ,2 2 0  tons o f  production in 1997  

for approxim ately 12 %. S even ty-tw o  percent o f  the total production w as from the 

eastern hem isphere. The main p . m o n o d o n  farm ing is located  in South -  East A sia  

(Thailand, Indonesia, and P hilippines). O f  these, Thailand is a leader for cultured  

shrim p production for nearly a decade.

T he production o f  p . m o n o d o n  in Thailand has accounted  for approxim ately  

2 0 0 ,0 0 0  tons annually sin ce 1992. The annual production o f  farm ed p . m o n o d o n  from  

T hailand accounted  for 33 .6  % o f  the eastern hem isphere ’ร production in 1998. Fresh  

and frozen  p . m o n o d o n  w ere exported to several countries in clud in g the A sian  

countries (Japan, China, Singapore etc .), the U nited  State o f  A m erica, Canada, Eu 

countries, A ustralia and N e w  Zealand (Table 3).
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Farm ing o f  p . m o n o d o n  in Thailand has show n rapid expansion . B ased  on the 

fact that breeding o f  p . m o n o d o n  larvae from pound-reared tiger shrim ps rarely 

produces en ou gh  larval quality required b y  the industry, the farm ing o f  p . m o n o d o n  

has thus relied  entirely  on w ild  fem ale broodstock, resulting in h eav y  exp loitation  o f  

w ild  p . m o n o d o n  fem ales b y  aquaculture activity.

T able 1.1 W orld Prawn Farm ing in 1998

A rea o f % o f H eads-on Production K ilogram s N um ber N um ber
Prawn W orld Production Areas per H ectare o f o f

Farm ing Production (m etric tons) (H ectares) H atcheries Farms

W estern 28 2 0 7 ,0 0 0 2 2 6 ,8 00 913 457 2 ,494
H em isphere

Eastern 72 5 3 0 ,2 00 6 3 7 ,5 50 832 3 ,718 168,833
H em isphere

Total 100 7 3 7 ,2 0 0 86 4 ,3 50 853 4,175 171,327

Source: W orld Prawn Farm ing, 1998

T o overcom e consequent problem s from over-exp loita tion  o f  w ild  stocks, 

breeding o f  h igh-q u ality  pond-reared p . m o n o d o n , through dom estication  and 

subsequently se lec tiv e  breeding program m es are currently required. The su ccess o f  

these p rocesses w ou ld  reso lve  problem s o f  overexp loitation  o f  p . m o n o d o n  from  

natural populations.
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N ev erth eless , dom estication  and se lec tiv e  breeding program m es are long  

p rocesses. S tock  enhancem ent (producing and releasing artificia lly  propagated p .  

m o n o d o n  from  appropriate breeding projects) o f  P. m o n o d o n  is an alternative 

approach that can be used  to supplem ent the natural p . m o n d o n  populations. To  

construct appropriate stock  enhancem ence (the so called , restock in g) program s, the 

b asic k n ow led ge on population gen etics o f  p . m o n o d o n  in T hailand including the 

inform ation on lev e ls  o f  gen etic  d iversity and the num ber, i f  any, o f  reproductively  

iso lated  stock s o f  p . m o n o d o n  in Thailand is required.

T able 1.2 Eastern H em isphere Farm ing in 1998

Country Percent o f  
Production

H eads-on  
Production  

(m etric tons)

Production
Areas

(H ectares)

K ilogram s
per

H ectares

N um ber o f  
H atcheries

N um ber o f  
Farms

Thailand 39 .6 2 1 0 ,0 0 0 70 ,0 0 0 3 ,0 0 0 1,000 25 ,0 0 0
Others 28 .3 150 ,000 2 0 0 ,0 0 0 75 0 2 ,0 0 0 10 ,000
India 13.2 7 0 ,0 0 0 140,000 500 150 100,000

Indonesia 9.4 50 ,00 0 2 0 0 ,0 0 0 2 5 0 300 30 ,0 0 0
Philippines 6.6 35 ,0 0 0 2 0 ,0 0 0 1 ,0750 90 2 ,0 0 0

M alaysia 1.5 8 ,000 4 ,000 2 ,0 0 0 100 800
Sri Lanka 0.9 5 ,000 3 ,000 1,667 66 1,000
A ustralia 0 .4 2 ,2 0 0 550 4 ,0 0 0 12 33

Total 100 53 0 ,2 0 0 6 2 7 ,5 5 0 832 3 ,718 168,833

Source: W orld Prawn Farm ing, 1998
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T able 1.3 D ata ind icating T hailand Export o f  Fresh and Frozen M arine Prawn  

(m ain ly  P. m o n o d o n )  (Q  =  quantity in tons, V  =  va lu es in m illion  bath)

N o . Country Jan -  D e c  1997 Jan - D ec  1998 % Change

Q V Q V Q V
1 A sia 7 4 ,6 8 0 .0 0 2 4 ,9 4 5 .2 2 7 3 ,2 8 8 .0 0 25 ,957 .01 -2% 4%

China 15 ,484 .00 4 ,0 7 1 .8 7 16 ,796 .00 4 ,8 1 6 .6 3 8% 18%
H on g K ong 4 ,6 5 0 .0 0 1 ,632 .36 4 ,5 9 4 .0 0 1,147.51 -1% -30%

Japan 2 7 ,8 0 4 .0 0 12 ,277 .14 2 8 ,0 2 1 .0 0 12 ,723 .67 1% 4%
K orea 4 ,1 4 4 .0 0 1 ,201 .70 2 ,1 1 7 .0 0 41 7 .6 7 -49% -65%

Singapore 13 ,61 3 .00 3 ,4 5 2 .8 7 15 ,188 .00 4 ,7 9 3 .0 0 12% 39%
Taiw an 8 ,9 8 5 .0 0 2 ,3 0 9 .2 8 6 ,5 7 2 .0 0 2 ,058 .5 3 -52% -11%

2 U .S .A . 3 7 ,9 9 1 .0 0 14 ,516 .20 5 2 ,5 4 1 .0 0 2 0 ,5 5 9 .5 0 38% 42%
3 Canada 3 ,7 7 7 .0 0 1,453.81 4 ,7 8 5 .0 0 2 ,0 8 7 .2 5 27% 44%
4 EU 13 ,16 1 .00 3 ,7 8 7 .8 2 15 ,519 .00 5 ,818 .8 2 18% 54%

B elg iu m 50 2 .0 0 172.98 88 2 .0 0 337 .45 76% 95%
D enm ark 168.00 51 .39 2 7 0 .0 0 115.92 61% 126%

France 4 ,2 1 5 .0 0 1,197 .17 3 ,8 8 9 .0 0 1,477 .33 -8% 23%
G erm any 1 ,579 .00 596.41 2 ,4 0 4 .0 0 1,148 .27 52% 93%

Italy 1 ,897 .00 33 2 .6 4 2 ,2 4 4 .0 0 554 .35 18% 67%
N etherlands 1 ,253 .00 4 1 1 .9 9 1 ,678 .00 71 4 .3 7 34% 73%

Spain 95 9 .0 0 201 .25 84 2 .0 0 2 1 8 .6 7 -12% 9%
U nited  K ingdom 2 ,5 8 8 .0 0 823 .99 3 ,3 1 0 .0 0 1,252 .46 28% 52%

5 A ustralia 4 ,8 8 0 .0 0 1,726 .33 5 ,6 4 1 .0 0 2 ,4 7 9 .0 9 16% 44%
6 N e w  Z ealand 3 6 6 .0 0 98 .87 4 9 2 .0 0 163.37 34% 65%
7 Others 2 ,2 2 5 .0 0 655.61 3 ,9 1 0 .0 0 1,278 .28 76% 95%

Total 13 7 ,0 80 .00 4 7 ,1 8 3 .8 6 15 6 ,1 76 .00 5 8 ,3 4 3 .3 2 14% 24%

Source ะ D epartm ent o f  B u sin ess E con om ics (19 9 8 )
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1.1 B iology o f  the giant tiger shrim p (p : m o n o d o n )

1.1.1 T axonom y
T he tiger shrim p (P. m o n o d o n )  can be m orp h olog ica lly  c la ssified  as fo llo w s  

(B a iley -B ro ok  and M oss, 1992);

Phylum  A rthopoda  

Subphylum  Crustacea  

C lass M alacostraca  

Subclass Eum alacostraca  

O rder D ecap od a  

Suborder Natantia  

Infraorder Penaeidea  

Superfam ily P enaeoidea  

Fam ily Penaeidae R afm esque, 1985 

G enus Penaeus Fabricius, 1798 

Subgenus Penaeus  

Species m onodon

S cien tific  nam e: P e n a e u s  m o n o d o n  (Fabricius, 1798)

E nglish  C om m on name: Giant tiger shrimp (or black tiger prawn)

Syn on ym s ะ P e n a e u s  ca r in a tu s  D ana, 1852

P e n e a u s  c a eru leu s  S tebbings, 1905

P en a e u s  m o n o d o n  var. m a n ilen s is  V illa lu z  and A rriola, 1938

P e n a e u s  b u b id u s  K ubo, 1949
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1.1.2 M orphology

Shrim ps can be m orp h olog ica lly  d ivided  externally into the thorax and 

abdom en (F ig. 1.1). T he thorax (or head) is covered  by a s in g le , im m ob ile  carapace 

w h ich  protects internal organs and supports m u scle origins. The ey e  stalks and eyes, 

the sensory antennules and the antennae (all paired) arise rostrally. T he w alk in g legs  

(or p ereiopod s) are the thoracic appendages. G ills are form ed from sac-like  

outgrow ths o f  the base o f  the w alk in g legs and located in branchial cham bers on  

either side o f  the thorax. The carapace extends laterally to cover the g ills  com pletely . 

The abdom en has the ob v iou s segm entation  o f  invertebrates. A  pair o f  sw im m in g legs  

(or p leop od s) arise from each  o f  the six  abdom inal segm ents. A  tail fan com prising a 

telson , w hich  bears the anus. T w o uropods attach to the last (6th) abdom inal segm ent.

The cutic le  secreted by an epiderm al cell layer, con sists o f  chitin  and protein  

in w h ich  calcium  carbonate and calcium  phosphate have been deposited . P igm ents 

are deposited  in the cutic le  for colour and pigm ent ce lls  or chrom atophores are 

present in the hypoderm is. Parts o f  the d igestive  tract are lined by ch itinous cuticle.

Shrim ps grow  by p eriod ically  shedding their cutic le  (term ed m oulting or 

ecd ysis). The epiderm is detaches from the inner cuticle  layer and b egin s to secrete a 

n ew  cu ticle , w h ile  the old  cu tic le  is m oulted. Im m ediately after m oulting , the n ew  

cutic le  is soft and is stretched to accom m odate the increased size  o f  the prawn. 

N otab ly , actual tissu e grow th w ith in  the shrimp is continuous b etw een  m oults.
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Pereiopods Pleopods

Figure 1.1 Lateral v ie w  sh ow in g  important parts o f  P. m o n o d o n  (A nderson , 1993)

Figure 1.2 L ife cy c le  o f  P enaeid  shrim ps (B a iley  -  B rock  and M o ss, 1992)
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Rostrum  has 7-8  dorsal and 3 -4  ventral teeth and curves dow n very slightly. 

Rostral ridge lack a d istinct groove behind it and the hepatic ridge is long and curved. 

T elson  has a groove but is w ith out lateral sp ines. Carapace and abdom en have black  

bands g iv in g  a tiger -  striped appearance to this sp ecies. P ereiop od s m ay be red 

(B a iley  -  B rock  and M o ss, 1992).

1.1.3 Life cycle

The life  cy c le  o f  penaeid  shrim ps includes several d istinct stages found in a 

variety o f  habitats. Juven iles prefer brackish waters o f  estuaries and coastal w etlands  

w h ile  adults are usu ally  found off-sh ore at higher salin ities and greater depths. Larvae 

inhabit p lankton-rich surface w aters off-sh ore, w ith a subsequent on-shore m igration  

during the later stages o f  d evelop m en t (F ig. 1.2) (B a iley  -  B rock  and M oss, 1992).

The d evelop m en t o f  penaeid  praw ns is com p lex . Larvae hatching from the 

fertilised  eg g s  pass through a series o f  m oults and m etam orphic stages before  

b ecom in g  adult-like (ju ven iles). Juven iles continue grow ing , m oulting and finally  

d evelop in g  into adults.

G enerally, the nauplius hatches from a fertilised eg g  at approxim ately 12 hour 

after spaw ning. Larval stages con sist o f  three to six  nauplius, three p rotozoea and tw o  

or three m ysis substages depending on the actual sp ecies  (s ix  nauplius, three 

protozoea and three m ysis  substages for P .m o n o d o n ). T he period o f  larval 

d evelop m en t varies w ith  tem perature and feeding lev els  but is usu ally  10-14 days. 

The post-larvae (PL) have all the appendages and organs sim ilar to adult prawns.
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Shrim p larvae are naturally p lanktonic in behaviour. S w im m in g  is p ossib le  

usin g antennae in nauplii, antennae and thoracic appendages in protozoa and thoracic  

appendages in m y sis  larvae. T he first nauplii are about 0.3 m m  long and are 

characterised b y  b ein g  tota lly  p lanktonic and p ositiv e ly  phototaxic. The larvae begin  

to feed  at protozoea. T h ey  are filter- feeders and consum e particles o f  the correct s ize  

at 8 -2 0 0  pm  (un icellu lar algae are typ ica lly  provided as food  in hatcheries). T hey are 

approxim ately 1 m m  in length, w ith  a narrow elongated  thorax and abdom en, and a 

lo ose-fittin g  carapace. Paired ey es , a rostrum and feed in g appendages are present for 

the first tim e. T he secon d  m etam orphic change is seen  w hen  the third protozoea  

m oults into the first m ysis  stage. M ysid s have five pairs o f  fun ction ing pereiopods  

(thoracic appendages). The carapace at this stage covers all the thoracic segm ents. 

The m ysid s sw im  in a m ore adult m anner and actively  seek  out for phytoplankton and 

zooplankton . T he final m ysis larval stage m etam orphoses to the post-larvae, w here a 

full com p lem ent o f  function ing appendages is present.

Post-larval stages are g iven  a num erical su ffix  to indicate the num ber o f  days 

sin ce m etam orphosis. P ost-larvae continue to m oult as they grow . T hey m igrate  

shorew ard and settle in nursery areas c lo se  to the shore or in estuaries, w here they  

grow  q u ick ly  to ju v en ile  and sub-adults. Sub-adults m igrate back to the sea w here  

they fin a lly  m ate and spaw n. T he life  spaw n o f  penaeid  prawn is le ss  than tw o years.

(A nderson , 1993)
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1.2 D istributions

The black  tiger shrim p (P. m o n o d o n )  distributes over the m ajor part o f  the 

Indo - W est P acific  region. It is principally  found in the East and Southeast o f  A frica, 

through the R ed Sea and Arabian G ulf, around the Indian subcontinent, throughout 

the M alasian A rchipelago, N orthern A ustralia and Japan (F ig  1.3). It is a marine 

sp ec ies inhabits mud or sand bottom s at all depths up to 162 m eters (A nderson , 1993)

Figure 1.3 G eographic distributions o f  p . m o n o d o n  (M otoh , 1981)

•  =  M ain fisheries areas



as a result, it can be caught offsh ore or inshore as w ell as from  tidal zon es. It is a local 

sp ec ies  in Thailand found in both sid es o f  the Thai - M alaysian  Peninsula (the 

A ndam an and the South China S’ea on the w est and east coasts, resp ectively). The 

giant tiger shrim p is the m ost im portant cultured marine shrim p in A sia  (D ore and 

Frim odt, 1987).

1.3 M olecular genetic m arkers and population genetics

G en etic markers and gen etic  d istances have been used to exam ine  

relationships o f  organism s at d ifferent taxonom ic levels. P opulation  gen etics based  

inform ation can be applied to several aspects o f  shrim p culture; for instance, 

determ ination o f  stock  structure in a particular area, identification  o f  hybridization  

and introgression b etw een  c lo se ly  related shrimp sp ecies (e .g . b etw een  p . m erg u en sis  

and p . in d icu s ), and analysis o f  ind iv iduality and percentage in se lectiv e  breeding  

program m es

G en etic  m arkers used  for population gen etic  studies should  exh ib it suitable  

polym orphic lev e ls  for the desired application and be se lec tiv e ly  neutral. Under this 

circum stance, the inform ation from  gen otyp es and a lle le  frequencies is assum ed to be 

prim arily in flu en ced  by m utation, gen e flow , gen etic  drift, rather than by selection  

(Sm ith  and B row n, 1988). M olecu lar gen etic  techniques com m on ly  used  for 

population gen etics  and system atics can be c la ssified  in to those at the protein level 

(a llozym es and polym orphism  o f  functional proteins) and the D N A  level (restriction  

m apping, restriction fragm ent length polym orphism , m icrosatellite  an alysis, D N A  

seq u encin g, am plified  fragm ent length polym orphism  etc.)
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A nim al m itochondrial (m t) D N A

A nim al m tD N A  is a circular m olecu le  usually  ranging in s ize  from 14 ,000 to 

2 0 ,0 0 0  base pairs (bp) (A v ise , 1994). It is present in h igh cop y  num bers per cell 

(B row n, 1983). G enerally , m tD N A  is h om oplasm ic, (all m o lecu les are identical in an 

organism ) m ean ing that any tissu e can be used as a source for purification. The 

nu cleotid e substitution rates in the m tD N A  o f  higher vertebrates is approxim ately 5 - 

10 tim es greater than that o f  s in g le  co p y  gen es, enhancing the ab ility  to detect genetic  

p olym orphism  for population gen etic  studies (B row n 1983; M oritz et al, 1987).

M tD N A  is usually  m aternally transm itted and is not subject to recom bination  

(A v ise  and V erijenhoek , 1987; O venden , 1990). M aternally inherited and the haploid  

nature o f  m tD N A  result in sm aller estim ated  effec tive  population size  com pared with  

sin gle  cop y  nuclear gen es u n less ex ten sive  heteroplasm y is existen t and a sex  ratio is 

h eav ily  b iased  tow ards fem ales. T h is m eans that m tD N A  is m ore su scep tib le to 

reduction in gen etic  variability due to population bottlenecks than d oes sin g le  copy  

nuclear D N A  (N ei and Tajim a 1981; B irky et al, 1989).

A ssu m in g  equal m igration ability  o f  both sex es , four tim es as much  

interchange am ong populations is required to h om o gen ize  the m itochondrial 

d ivergence, as opposed  to that o f  the nuclear gen e w here a gen e f lo w  o f  one  

individual per generation m ay h om o gen ize  d ifferentiation b etw een  pairs o f  

populations su ccessfu lly . (B illin gton  and H ebert, 1991)

The anim al m itochondrial gen om e carries gen es cod ing  for 13 proteins, 2 

ribosom al R N A s (12S  and 16S rR N A s), 22 transfer R N A  (tR N A ), and a n oncoding
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region w hich  contains the origin  o f  h eavy  strand replication (ca lled  D -lo o p  region  in 

vertebrates). T he gen es that cod e for proteins are N A D H  d ehydrogenase (N D )  

subunits 1, 2 , 3, 4 , 4L , 5 and 6 , cytochrom e b, tw o subunits o f  A T P synthetase  

(A T P ase 6 and 8) and three subunits o f  cytochrom e ox id ase  (C O I, c o n  and c o i n )  

(A v ise , 1994). The gene order in the m itochondrial gen om e is h igh ly  conserved  

w ith in  the phylum  (M oritz et al, 1987).

R estriction F ragm ent Length Polym orphism  (R FLP)

R estriction fragm ent length polym orphism  (R FLP) is the early approach used  

for evaluation  o f  gen etic  d iversity  at the n ucleotide (D N A ) lev el. V ariation in 

restriction en zym e c lea va ge sites (usu ally  detected by Southern blot hybridization) 

generates s ize  d ifferen ces o f  the resulting fragm ents. Therefore, the technique is 

called  RFLP representing the p olym orphism  o f  restricted D N A  fragm ents.

RFLP an alysis can som etim es be v isua lized  directly by staining w ith  ethidium  

brom ide fo llo w in g  electrophoresis o f  the d igested  D N A  in the agarose g e ls . For the 

classica l RFLP approach, Southern b lotting is necessary to v isu a lise  the sp ecific  

interest region. Probes can be from  the sam e sp ecies (h o m osp ec ific ) or from  the other 

related sp ec ies (heterosp ecific). T he probe should represent a sp ec ific  seq u en ce that 

occurs in an interested region . B a sica lly  the extracted D N A  is d igested  w ith  the 

appropriated restriction en d on u clease and electrophoresed through the agarose gel. 

The restricted D N A  is transferred to a m em brane before hybridised w ith  the labelled  

D N A  probe. R esu lts from restriction analysis can be v isu a lised  by autoradiography.



14

P olym orphism  o f  nuclear D N A  u sin g  Southern b lotting analysis has been  

carried out s in ce  the technique w as d evelop ed  in 1977. H ow ever, the use o f  this 

technique for analysis o f  m tD N A  polym orphism  w as estab lished  in 1979 (Brow n, 

1979; A v ise , 1994). The con ven tion al m u lti-locu s D N A  fingerprints d evelop ed  by  

Jreffrys et.al. (1 9 8 5 ) is c la ssified  as a Southern b lotting based  technique.

PC R -R F L P

The polym erase chain reaction (PC R ) is a technique for in  v itro  am plification  

o f  sp ec ific  D N A  seq u en ces by sim ultaneous prim er exten sion  o f  com plem entary  

strands o f  D N A . PC R  is a p rocess based on a sp ecia lised  polym erase en zym e, Taq  

polym erase. T he PC R  reaction com p onen ts are com p osed  o f  D N A  tem plate, a pair o f  

prim ers for the target seq u ence, a bu ild ing b lock  like each o f  d N T Ps and the suitable  

buffer.

T he am plification  reaction con sists o f  three steps; tem plate dénaturation at 

high tem perature, prim er annealing at optim al tem perature, and the exten sion  o f  the 

annealed primers by D N A  polym erase at the w orking tem perature o f  D N A  

polym erase. A  large num ber o f  cop ies o f  the target D N A  seq u ence can be generated  

w ithin  a relatively  short period o f  tim e. The am plified  product can then be digested  

w ith restriction en zym es. The restricted fragm ents are separated on an agarose gel (or 

a p olyacrylam ide ge l)  and d irectly v isu a lised  after ethidium  brom ide staining. S ince  

restriction analysis u sin g Southern hybridisation are tedious and tim e consum ing, 

PC R -R FLP analysis is rapid increasingly  used for population gen etic  studies o f  

various taxa w here a large num ber o f  sp ecim en s needs to deal w ith.
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1.4 Population genetic studies in penaeid shrimps

B en z ie  et al. (1 9 9 2 ) exam in ed  gen etic  variation o f  P. m o n o d o n  in Australian  

w aters based  on a llo zym e an alysis. Sam ples w ere obtained from  sev en  co llection  

sites; C larence R iver (N  =  100), T o w n sv ille  (N  =  85 ), Cairns (N  =  100) from the 

eastern cost, W eipa (N  =  100), M elv ille  Island (N  =  64) and Joseph Bonaparte G u lf  

(N  =  74) from the northern coast and the D e G rey R iver (N  -  73 ) from  the western  

coast o f  A ustrialia. Three loci ( G P I*, P G M * , and M P I* )  contributed to the significant 

differen ces b etw een  the w estern  p . m o n o d o n  and the northern and eastern p . 

m o n o d o n  (P <  0 .05).

S odsuk  et al. (1 9 9 2 ) reported gen etic  d iversity o f  p . m o n o d o n  origination from  

the South -  East A sian  region  u sin g a llozym e analysis. A pproxim ately  100 

ind ividuals o f  p . m o n o d o n  w ere co llected  from  each geographic sam ple including  

Trat and Surat located in the G u lf  o f  Thailand and Phuket and Satun located in the 

Andam an sea betw een  1991 and 1992. In the 1991 sam ples, Phuket and Surat w as  

sign ifican tly  d ifferent at ID H P *  (P <  0 .0 5 ) and G P I*  (P <  0 .0 1 ). S ignificant  

distribution b etw een  a lle le  frequencies betw een  Trat and Surat w as surprisingly  

observed  at the G P I*  locu s (P <  0 .05 ). For the 1992 sam p les, all pairw ise  

com parisons w ith  the exception  betw een  Surat and Satun w ere sign ifican t different 

w ith  at least one en zym e (A L A T *, G PI*, M P I* ). H eterogeneity  o f  a lle le  distribution  

o f  sam ples co llected  from  the sam e locations but d ifferent years w as observed  in Trat 

(M P I*, p <  0 .05  ) and Surat (P G M *, p < 0 .0 5 ) but this circum stance w as not observed  

in Phuket. L ow  lev el o f  population su b div ision  w as found betw een  the Andam an and 

the G u lf  o f  Thailand. The sign ifican t d ifferen ces betw een  sp ecim en s co llected  from
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the sam e geographic location  but d ifferent tim e shou ld  be further confirm ed to 

indicate that the results from that study w as not caused by sam pling errors.

B en zie  et al. (1 9 9 3 ) u sed  m tD N A  analysis to study the population structure o f  

P. m o n o d o n  in A ustralia co llected  from  T o w n sv ille  (N  = 6) and Cairns (N  = 6) from  

the east and D e  G reg R iver (N  = 3) and d igested  w ith  B a m  HI, E co  0 1 0 9 , E co  R V  

and S a c  I. F requencies o f  the m tD N A  gen otyp es betw een  the east and w est coasts (P 

<  0 .0 5 ) w ere sign ifican tly  different. T his studies prelim inary su ggested  that RFLP  

analysis provide a better source o f  usefu l markers for penaeid  prawns. It should  be 

noted that the sam ple s izes  used  in this experim ent w as extrem ely  lim ited  for marine 

sp ecies. A s a result, m ore num ber o f  sp ecim en s m ust be used  for m ore reliable  

results.

B ouchon  et al. (1 9 9 4 ) analysed  m tD N A  PC R -R FLP data o f  three laboratory 

strains o f  p . m o n o d o n  originating from  M alaysia , A ustralia and Fiji and one farm  

population o f  p . ja p o n ic u s .  U sin g  RFLP analysis, the percentage o f  genetic  

d ivergen ce o f  1.68%  w as found b etw een  the Fiji and the A ustralia/M alaysia strains. 

T his result im plied  the p ossib ility  on b iogeography o f  p . m o n o d o n  in the Indo-W est 

P acific  region. A  restriction map o f  the entire m tD N A  o f  the Fiji strain w as 

estab lished  and the sm all subunit o f  ribosom al (12S  rD N A ) gen e region  w as located. 

The farmed population o f  p . ja p o n ic u s  w as gen etica lly  studied. H ow ever, gen etic  

diversity w as not found in the farmed p . ja p o n ic u s .  Presum ably, this p . ja p o n ic u s  

population m ay have been established  from a lim ited num ber o f  founder individuals 

having the sam e m tD N A  haplotype.
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G arcia et al. (1 9 9 4 ) exam ined  gen etic  d iversity in populations o f  p . va n n a m e i  

u sin g  R A P D . The population  1 w as a sp ec ific  - pathogen free (SP F ) stock  originated  

from  at least three separated sp aw ns o f  d ifferent breeding fem ales in a hatchery from  

Sinaloa, M ex ico . T w elv e  m aternal fam ilies w ere subsequently estab lished  from this 

SPF population. T he population 2 w as a lso  a SPF stock  originated from a hatchery  

stock  in Ecuador. The last population  (population 4 ) w as originated from w ild  

captured postlarvae at O axaca, M ex ico . A  total o f  141 individuals w ere investigated  

u sin g  5 R A P D  prim ers (O P A 9, O PAIO , O P A 20, O P B ll ,O P B 1 4  and O P B 20). H igh  

lev e ls  o f  gen etic  d iversity  am ong p . v a n n a m e i  populations w ere observed. A  total o f  

73 scoring bands w ere found. The percentage o f  polym orphic bands w ere 55%  for 

both fam ilies 1.5 and 1.6 o f  the population 1. A  sligh tly  low er percentage o f  

polym orphic band w as ob served  in the population 2 (48% ). T he w ild  population 4  

exh ib ited  the h ighest p olym orphic bands (77%  ). A  population - sp ec ific  marker w as  

found in all ind ividuals o f  the population 2 w hen  the O P A 20 w as used. Large genetic  

d ifferen ces am ong groups o f  p . v a n n a m e i  w as illustrated by this technique im ply ing  

the potential u sefu ln ess o f  R A P D  for exam in ing gen etic  d iversity  o f  each stock  used  

in a breeding program m e.

G arcia and B en zie  (1 9 9 5 )  dem onstrated the inheritance o f  R A P D  banding  

patterns in s ix  fu llsib  fam ilies o f  p . m o n o d o n  (each o f  s ix  w ild -cau gh t fem ales w as 

sin g ly  m ated to each o f  s ix  different w ild -caught m ales). F ifty  offspring from  each  

fam ily  w ere screened. Forty-eight consistent R A P D  bands w ere am plified  from  

gen om ic D N A  o f  parents and progeny u sin g 14 primers. F orty-five bands (accounting  

for 98.8%  o f  scorable bands) w ere m onom orphic. N ev erth eless , three polym orphic
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markers (accou n tin g  6.2% ) illustrating M en d elian ly  inherited fash ion  w ere identified. 

The results indicated that R A P D  w as prom ising to generate markers assisted  in 

se lec tiv e  breeding program m e in P. m o n o d o n .

T he prelim inary study o f  nuclear rD N A  polym orphism  in p . m o n o d o n  had 

recently show n. Inter-and intraindividual polym orphism  o f  rD N A  resulted in 

d ifficu lties to  an alyze rD N A  polym orphism  statistically . In d ividu al-sp ecific  rD N A  

restriction patterns w ere observed  w h en  d igested  w ith B a m  HI and S a c  I. The 

intergenic spacers (IG S) region  o f  p . m o n o d o n  rD N A  m ay p lay an important role in 

length heterop lasm y at both b e tw e e n -  and w ith in -in d iv id u a l lev e ls  in this sp ecies. 

T herefore, this D N A  marker w as not suitable to be used  for population genetic  

studies in p . m o n o d o n . (K linbunga et al., 1998)

R estriction fragm ent length polym orphism  (m tD N A -R F L P ) o f  the entire 

m tD N A  w as u tilised  for determ ination o f  the gen etic  variation and population  

structure o f  p . m o n o d o n  co llected  from  Satun (the Andam an Sea) and Surat and Trat 

(the G u lf  o f  Thailand). T w en ty-eigh t com p osite  haplotypes w ere generated from 52 

restriction profiles generated from  d igestion  o f  the entire p . m o n o d o n  m tD N A  with  

11 restriction en d on u cleases. (A va  II, B a m  H I, B g l  II, c ia  I, D ra  I, E c o K V , H in d  III, 

P vu  II, S a c  I, S e a  I, and X b a  I). Three p . m o n o d o n  populations w ere allocated  in to 

tw o different stock s com p osed  o f  the Andam an (Satun) and G u lf o f  Thailand (Surat 

and Trat) stocks (K linbunga et al., 1999).

Tassanakajon et al. (199 7  and 1998) illustrated geographic population  

differentiation o f  p . m o n o d o n  in Thailand usin g random ly am plified  polym orphic
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D N A  (R A P D ) analysis. The A ndam an P. m o n o d o n  (w est) sh ow ed  sign ificant genetic  

d ifferen ce w ith  the G u lf  o f  T hailand P. m o n o d o n  (east), indicating genetic  

su b d iv ision  b etw een  p .m o n o d o n  from  th ese  m ain fisheries reg ion s in Thailand.

T assanakajon et al. (1 9 9 7 )  in vestigated  genetic variation and differentiation o f  

w ild  p . m o n o d o n  in Thailand u sin g  R A P D  analysis. T w o hundred octanucleotide  

prim ers w ere screened , and 84 prim ers su ccessfu lly  y ie ld ed  am plification  products. 

S ix  p ositiv e  prim ers (U B C 1 0 1 , U B C 1 7 4 , U B C 4 2 8 , U B C 4 56 , U B C 4 5 7  and U B C 4 59)  

that ga ve  h igh ly  reproducible R A P D  patterns w ere se lected  for population  analysis o f  

the three geograp hica lly  d ifferent sam p les (Trat, Satun-Trang and A n gsila ) o f  p .  

m o n od o n . A  total o f  70  reproducible R A P D  fragm ents ranging from  20 0  to 2 0 0 0  bp 

w ere scored. Forty fragm ents (57% ) w ere polym orphic. The R A P D  analysis o f  

broodstocks from  Satun-Trang, Trat, and A n gsila , revealed  different lev els  o f  genetic  

variability am ong geographic sam ples. T he percentages o f  polym orphic bands w ere  

48%  and 45%  in Satun-Trang and Trat, resp ectively . T h ese indicated high genetic  

variability o f  these sam ples. O nly  25%  polym orphic bands w ere found in the A n gsila  

sam ple, ind icating the low est p olym orphic level am ong all sam p les exam ined. The  

prim er U B C 4 28  sh ow ed  a R A P D -a m p lified  band that appeared in p . m o n o d o n  

originating from  Satun-Trang but disappeared from Trat and A n gsila . T his finding  

su ggested  the potential use o f  th is marker as a reg ion -sp ecific  marker in this sp ecies.

Tassanakajon et al. (199 8a ) further analyzed gen etic  differentiation in w ild  

populations o f  b lack  tiger shrim p (P. m o n o d o n )  based on R A P D  analysis. Specim ens  

w ere co llected  from  five  geograp hica lly  separated locations: Satun-Trang {N  = 17), 

Phangnaga (N  = 2 0 ), and M edan (N  = 15) in the Andam an Sea and Chum phon (N  =
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20) and Trad (N  = 28 ) located  in the G u lf  o f  Thailand) and w ere investigated  using  

seven  arbitrarily se lected  prim ers (U B C 1 0 1 , U B C 1 7 4 , U B C 2 6 8 , U B C 4 28 , U B C 456 , 

U B C 4 57  and U B C 4 5 9 ). F ifty -eigh t (72.5% ) o f  e igh ty  reproducible R A P D  fragm ents 

ranging in s ize  from  2 0 0  to 2 2 0 0  bp w ere polym orphic. The percentages o f  

p olym orphic bands o f  the f iv e  geographic populations investigated  varied from 51.5  

to 57.7% . The gen etic  d istance b etw een  populations and a U P G M A  dendrogram  

indicated that the M edan population w as g en etica lly  different from  Thai P. m o n o d o n  

( D i j  =  14.975% ). W ithin Thailand, the Satun-Trang p . m o n o d o n  w as separated from  

the rem aining geographic populations w ith  a gen etic  d istance o f  2 .632% . R A PD  

analysis using those seven  prim ers generated 25 2  gen otypes. A  M onte Carlo 

sim ulation illustrated geographic heterogeneity in gen otype frequencies w ithin  p . 

m o n o d o n , su ggestin g  that gen etic  population su b div ision  does ex ist in this taxon (P <  

0.001 for all prim ers). S ign ifican t d ifferen ces in gen otyp e frequencies betw een  Thai 

and Indonesian (M edan) p . m o n o d o n  w ere observed  (P <  0 .0 0 0 1 ). W ithin Thailand, 

the gen e p ool o f  p . m o n o d o n  from  the Andam an Sea w as sign ifican tly  d ifferent from  

that o f  the G u lf  o f  Thailand (P va lues b etw een  0 .0 0 0 0  and 0 .0 3 8 7 ), indicating  

fragm entation o f  gene p oo ls b etw een  p . m o n o d o n  from  these tw o m ain fishery  

regions o f  Thailand.

Tassanakajon et al, (1 9 9 8 b ) iso lated  and characterized m icrosatellites in p .  

m o n o d o n . Partial gen om ic library o f  p . m o n o d o n  w as constructed and screened  using  

synthetic (G T )i5 and (C T )i5 o lig on u cleotid es. T he results indicated that (GT)n 

m icrosatellites w ere m ore abundant than (CT)n. A m on g com p lete , in com plete and 

com pound m icrosatellites iso lated , tw o loci, C U P m o 18 and C U P m o 386 , w ere
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su ccessfu lly  am plified . O bserved  h eterozygosity  for these loci w as 0 .6 6  and 0 .19 , 

resp ectively . T he ability to iso la te  m icrosatellites in this sp ec ies  a llo w s the p ossib ility  

to include m icrosatellites in breeding program m es o f  p . m o n o d o n .

M oore et. al. (1 9 9 9 ) characterised m icrosatellite and am p lified  fragm ent 

length polym orphism  (A F L P ) D N A  m arkers and estab lished  a linkage map in p . 

ja p o n ic u s .  L im ited  num ber o f  m icrosatellites w ere iso lated  from  a partial library o f  

p . ja p o n ic u s  gen o m ic  D N A . T his caused  by the ex isten ce  o f  exten d ed  length o f  

sim ple seq u en ce repeats o f  iso lated  m icrosatellites. The num ber o f  m icrosatellites  

w as not enough  to establish  a usefu l linkage m ap in th is sp ecies . Isolated  

m icrosatellites d isp layed  b etw een  4 -2 4  a lle les and exh ib ited  h etero zyg osities betw een  

47-91%  in unrelated p . ja p o n ic u s  but they did not su ccessfu lly  am plified  p .  

m o n o d o n , p . e sc u le n tu s  and p . s ty liro s tr is  D N A .

A F L P s w ere d evelop ed  as an alternative approach. M ore than 570  

polym orphic loci w ere identified  u sin g  different primer com binations. A F L P s are 

quite robust and som e bands w ere con served  across fam ilies. S eq uence T agged  S ites  

(ST S) markers cou ld  be d evelop ed  in p . ja p o n ic u s .  A  prim ary linkage m ap based on a 

three generation pedigree sam p les gen otyped  at 24 6  A F L Ps loci has been  constructed.

It incorporated 129 markers in 4 4  linkage groups w ith  an estim ated gen o m e coverage  

o f  approxim ately 57%  (M oore et ah, 1999).

M icrosatellites w ere a lso  used  to exam ine gen etic  variation and differentiation  

o f  Thai P e n a e u s  m o n o d o n  from  five  geographic locations (C hum phon, Trat, 

Phangnga, Satun, and Trang). U sin g  five  m icrosatellite loci (C U P m o  18, D i2 5 , D i l l ,
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C S C U P m o l,  and C S C U P m o l) ,  the num ber o f  a lle le s  across overall loci ranged from  

19 to 30 , and h eterozygosities ranged from 0 .4 9  to 0 .95 . The m ean num ber o f  alleles  

and e ffec tiv e  num ber o f  a lle le s  per locu s w ere 2 1 .0  to 2 6 .6  and 13.1 to 20 .4 , 

resp ectively . The average h eterozygosity  across all in vestigated  sam p les w as 0 .78, 

ind icating high gen etic  d iversity  in this sp ecies.

G eographic heterogeneity  analysis based  on lo c i C U P m o lS  and D i2 5  show ed  

sign ifican t d ifferences b etw een  P. m o n o d o n  from  the G u lf  o f  Thailand (Trat and 

C hum phon) and the Andam an Sea. G eographic heterogeneity  w as also observed  

w ithin  the G u lf  (betw een  Trat and C hum phon) but not w ith in  the Andam an Sea. The 

Trat p . m o n o d o n  w ere gen etica lly  d ifferent from the Andam an (P <  0 .001 ) and 

C hum phon (P <  0 .001 ) p . m o n o d o n . T he gen etic  d ifference w as not observed w hen  

com pared Chum phon w ith  each o f  the A ndam an sam p les (P <  0 .05).

A n a lysis o f  population differentiation u sin g Fsx statistics a lso  indicated  

con sisten t results (Fst b etw een  A ndam an-Trat w as 0 .0 1 0 1 , p <  0 .0 0 2  and betw een  

Chum phon-Trat w as 0 .0 1 1 8 , p  <  0 .0 0 2 ). The gen e p oo ls o f  p . m o n o d o n  from five  

geographic locations w ere d iv ided  into three d istinct populations com p osed  o f  the 

A ndam an Sea (A ), C hum phon (B ), and Trat (C ) (Supungul et ah, 20 0 0 ).

1.5 O bjectives

The ob jectives o f  this thesis are to exam in e the lev e ls  o f  gen etic  variation and 

in traspecific population differentiation o f  w ild  p . m o n o d o n  co llected  from five  

geograp hically  d ifferent lo ca les in Thailand (C hum phon and Trat from the G u lf  o f  

Thailand and Phangnga, Satun, Trang from the A ndam an Sea) u sin g PCR -R FLP o f
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m itochondrial gen es (16S  rD N A  and an intergenic CO I-CO II) and to sim p lify  the 

m ethod for typ ing o f  P. m o n o d o n  m tD N A . The basic inform ation can be further 

applied for construction o f  restock in g program m es o f  p . m o n o d o n  in Thailand.
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