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ABSTRACT

The apphication of penetic varation s of practical signifi-
cance in both fisheries management and conservation objec-
tives, Restriction fragment polymerphism of mitechendrial
DNA (mtDNA-RFLP) was emploved to mvestigate the ge-
netic diversity and genetic structure in the mtDNA cyvio-
chrome b - D-loop region (2.0 kb of the migratory catfish
Pangasius bocourti collected in the Cambodin’s Mekeng
River in 2001, We observed seven mtldNA haplotypes
among the 90 individuals assayed. On average, intraspecific
wenete diversity (1.2, genetic vanation) ranged from (4,439 1o
(L684, Based on our inital gepetic malyses of the total fixa-
tion index {Gsr) among all'symples, pair-wise Fgp valucs ol
Slatkin’s genetic distances, . bocourti scems w0 represent 2
single stock iy the Cambedia’s Mekong River.

The destruction of the spawning ground of this species might
bave pegative impacts on the Cambodia’s Mekong River and
probably the whole Mekong River basin, Since the stock i3
shared among the nparan countries of the Mekong, hohstic:
and basin-wide resource mapagement strategics have to be
developed and implemented,
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INTRODUCTION

mong the warld largest and biologically richest
Anw:rs, including the Yangtze and Xijlang (East

Asia), Amazon (South Amencaj, Mississippn (North
America), Congo (Africs) and Danube (Europe), the Me-
kong River basin is no exceplion in its faunal characteristics
{Banarescu 1992 Myers et oal, 20000 Witk a mean annsial
discharge of 475 x 10" m" v the Mekong has its source in
High Asia, s muddle course Nows through the province of
Yiunnan (PR, China), the lower course and its tributanes
drain Lacs, Cambodiz, southem Victram and Thailand. [ts
aquatic fauna s very rich with at least 1,200 fish species
(Ramboth, 19496). Furthermore, annual floods muondate larger
areas, establishing temporary connecthons between vadous
wialer-bodics that otherwise remain selated duning the dry
season. These flooded arcas provide abundant food, spawn-
ing argas and frv nurseries for fish, Many [sh species mi-
grate laterally between the tloodplain and the deeper lake or
trabutaries, or carry out longitudinal migrations to and within
the main Mekong stream, Typically many species spawn
within the main Mekong River and its tributaries, Epgs and
larvise are swept downstream by the river and into the Nood-
plam where they grow. Other species mayv spewn directly on
the flocdplan and o the swollen lakes and ressrvoms. The
lomg-range migrations undertaken by some species appear o
e spawning migrations, when the fish home to particular
spaswning areas (Smghanouvong et al, 1996). Environmeantal
detenioration from human activities has disrupted migrations
anid decreased fish populations,
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The Asian catfish family of the Pangasiidae ineludes rivering
fishes generally occwrring in freshwater, with exception of
Pangasius. pangasips, . polyuranodon, T crempli, and P
kunyit, which may enter in saline waters. They ocour from
the Indian subcontinem and Burma to continental Southeist
Asia {[ndochinaMekong) and Insular Southeast Asia (Indo-
Malay  Archipelago) (Roberts and  Vidthavanon, 1991
Vidthavanon, 1993; Pouvaud et-al, 1599), Pangasiclae are
moderately to very latge catfishes, with at teast 21 living
species (Vidthavanon, 1993, Rainboth, 1996). They are an
important fisheries resource, some of them being coltured
widdely and sonve well known gs aquarium fishes,

Today, unfvrtunately, human sctivinies along the Mekong
River watershed are increasing rapidly and threaten this
heritage of mankind. Fish vield appears o be related (o
vireations in the éxtent of the vearly food regime (Ahmied et
el [998), Since the 1950's nearly 4,000 laree and small
dams anid associated reservoirs and imigation sehemes have
been built in the Mekong watershed, This has led to large
reductions i the coverage of aquatic habitats, the hlocking
of accesses of migratory [5h specics to spawning and fry
nursery arcas: the alterng of the level and quality of water,
and the ending of the seasenal ehb and Tow that is vital 1o
the ¢yele of mating and reproduction (Robert, 1993a
Marcau and Frrsherger, 20010, This has resulted in decreas-
mg Mekong  populations, including  Pangasius  bocourti
(Roberts, 19934}, Hence assessment of population diversiiy
and structure of Pangasius bocourti represents mmperative
sclentific information,

Panpusis bocowrti (Trey Pri Kechao o Cambedian)
{Pangasiidae, Teleostel) plays a major role in the Mekong
River ecosystem due te their migrptory behavior, feeding
ceology, development of aguacubre and commercial values
as popular food sh [t is an ommvon: feeding on froicand
plant material (Vidthavanen, 1993; Singhanouvong et al,,
19%6; FishBase, 2002) and malluses, crustacesns and small
fish ir nature (Mam So. 2000 pers. obs ), The 1o estimialed
pradduction of ' becourt and Pangasianodan hypophthlmus
was 20.000-40,000 tons for pend culture and 40,000-30,000
tons for cage culture in the An Giang and Dong Thap prov-
inces of the Mekang delta in 2000 (Tung et al, 2001, Tong
etal I002).

Pangasius bocourti nmight spawn m the Mekong: River be-
tween the north end of Ko Rongiev (Kratiel, through Koh
Eha Nhae and Kol Ou Randear next to the border a1 Stung
Treng province and below the Khone Falls. Fish may con-
centmte in he Stung Treng province from Kholl Baychor
(Siembok  distrier) near the Kratie border 100 Koh Eel
( Ihalaboriwath district) during Aprl-July (Tough, 2000
pers. comm.: Nam 8o, 2001 pers. obs. ), Poulsen and Valho.
Jorgensen (2000 ) reported that spawnmy of P, bocourt may
take place between Kratie and Stung Treng provinees, The
upsircam. nugration of adult fish wwaends - the spawning
prounds oceurs from November to March and the down-
stream migration from Aprit te Cetober, foHewed by the fry
and lingerling (Pouksen and Valbo-Jorgensen, 2001 )

Within species diversity might be partitioned into variation
within and emong populations (Wright, 19681 It is ncces-
sary o maimtain both types of varation o munimiee the fre-
quency of extirpation of local populations and fo sustain
species stability sinee genctic diversity s a requisite for evo-
lwtionary adaptation to 8 changing environment {Avise,
2000; Frankbam, 2002}, So far, genelic diversity and genetic
diftferentintion at the population levels has proven 1o be the

best method 10 manage the conservation of species
i Templeton et al, 1995: Crandall ¢t al., 2000, including
fisheries (Ryman & Utter, 1987; Waples, 1991: Pullin et al.,
1998). However, their application, particularly in tropical
regions, isstill s mianey,

The specific ohjectives of this study are; (1} o optimize the
mitochondrial DNA RFLP markers of 1 bocourti; (2) 1o
examine genetic diversity, levels of penetie differéntiation
and population structure: and (3) 1o sssess the implications
for fishery mansgement of this species: in the Cambodian
Mekong River,

MATERIALS AND METHOTS

Bivlogical material

Pangasius bocourtl samples were collected from five major
watersheds in the Cambodia’s Mekong River (Fig. 1), Sam-
pies were typically taken at three ife stages: adult, sub-sdull
and fingerling,; There were difficulties to sample adult [ish,
therefore fingerlings include aboul 60% of the fish geno-
typed. A total of 90 specimens were collected from five sam-
pling localities (Stung Treng, Kratie, Prey Vieng, Bassac:
Kandal, and Kampong Chhngng), with the sample sizes
varying frem 12 10 20 mdividuals per location (Table 1),
Tissue samples consisted of fin clips, although muscle Hssue
was occasionally used. Most of the samples were collected
from eage colture opertions along the Tonle Sap and Me-
kong River: some samples were collected from fishers and
refailers. Attention was paid to muke sure that fish speci-
mens sumpled from cach loeation enginated from than local-
iy erder o avoid mixing of populations, Fin clips were
stored inca saltsaturated DMSO solutien (200 DMS0: 250
mM Ethylencdiaminetetracetic acid and 5 M NaCl) and kept
al room temperature for transport w the laboratony for fur-
ther DNA dnalysis. They were transferred to pure ethanol
and stored at rovm temperate upon amival,
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Figure 1. Map of Cambodia showing the geopraphical locations
imamed in Table 1) of Pangasius bocourti sampled from the
Cambaodia’s Mcekong River basin,

Each specimen was identificd and classificd according w
Roberts and Vidibavanon (1991), Vidithavanon (1993) amd
Rambaoth (1996},
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Table 1 Sampling locations and sample sizes for Pangasius
bocourti sampled i the Cambodia’s Mekong River, Tetters
(BR., CHN, KT, PV and ST} correspond to sampling sites pg
illuserated m Fig. 1.

Sampling site Sample siee

5T Mekong Stung Treng 20
KT Mekong Kratie 12
PV Mekong Prey Veng 19
B Bassac River Kandal (]
CHN Tonle Sap Kampong Chhnang 20

MIDNA extraction and RELFP genctic amalusi

Tissue of 30-100 mg was digested with proteinase K in
CTAB (Cetylmimethy l-ammonium bromide) buffer and in-
cubated at 35°C overnight. DNA was extracted using a stan-
dard phenol-chloroform extraction procedure (Sambrook et
al., 1989}

The pritners used 1o amplify the eytochrome b {(eyib) and D-
loop regions were the complimentary NDS6 and HNZO
{Bernatchez and Danzmann, 1993}, Polvmerase chain reac-
fion {PCR)Y mixture contamed approcimately 10-100 ng of
DA, (LR M ol Torward and reverse primer each, 200 M
of each ANTP, 0.5 U of Globalstar Taq  poelymerase
(Eurogentec, Seraing, Belgium) and the correspeonding Ix
reaction buffer, 2 mb MpCl: and water in 2 final volume of
253 pub Amplificaton was performed in a thermal cycler
(Trieblock, Biometis, Cioettingen, Cemany) programmed as
follows: 95°C for 3 min, 35 cycles a1 957°C for 30 5, 46°C for
30 s, 72°C for 2 min 30, followed by o fnal exténsion at
72°C for 7 oman. PR amplification vielded a fragment ol
approximately 2100 base pairs. which were visuabized by
ethidium bromide o 1.2% agarose pel,

The amplified fragments were subsequemly screcned for
polymorphism using five restriction endonuclenses: Hinfl,
Mbol, Alul. Tasl, and FrulL Al these épzvmes recognize
tetmnucleatide palindromic sequences. Five or 7 ul of each

PCR product were digested overnight with 10 U of the re-
striction emeyme in @ fnal volume of 10-12 pl The restrae-
tien fragments were visuahzed onder UV light on 1.2 - 2%
agaroge pels stainad with ethidium bromide. The molecular
size of each restriction fragment was messured by dens:-
tometry (Gel documentation svstem, Amersham Biosgienees,
MNew Jersey, USA), based on comparison with a comigrating
108 bp molecular weight ladder

The RFLP pattern produced by sach endonuclease was as-
signed a letter so that each composile miDNA haplotype was
defmed by a fve-lener eode ( Table 23

Plata arnalysis

Endenuclease fragment patterns conld be nterpreted ensily
in terms of guin or loss of restiction fragments (Table 2,
which were usid as dald 1o analyze genetic relationships
within . bocourt,

Data analysis, including mDNA gene diversity {within
population) (Nei, 1987}, total fixation index {Gsr) among
populations (Weir and Cockerham, 1984, Long1986), pair-
wise Fip values between populations (Reynolds, Weir and
Cokherham, 1983 Slatkin, 1995) and genctic  distances
(Slatkin 1993) was done with the soltware packapge ARLIE-
QUIN version 2,0 (Schoeider etal,, 2000)

Results

Distribmvion of mtDNA haglotvpes

Of the five restriction enzymes used, three (Hinfl, Mbol and
Adul) were polymorphic in Pangasius bocourti (Table 2.

We ohserved seven mDNA baplotypes. among the 90 fish
tested in the five samples (Table 2). The number of haplo-
types within a single sampling locality varied from three to
sin: four were detected m Stung Treng, three at Kratie, five
al Prey Veng, three at Bassac river and sixoat Kampong
Chhnang: Haplotypes Phl, Ph2 and Ph3 added up w 79
(37%) out of the 90 fish analyzed, The dominant haplotype
(PhI} was found i 55 (61%) P, bocourti. Al Kratie, 75% of
fsh tested had the common haplotype (P}, followed by
T0%at Stung Treng. Three smgletons (unique haplotypes)
were detected: two (Phé and PBT) wt Kampong Chhrang and
one (Ph3)at Prey Veng.

Table 2. Absolute {in brackets) and relative frequengies and distribution of the composite haplotypes and presence/absence of re-
strichion fragments resalved among Pangasiios bocourt, Bestiction enzymes are Hinfl, Mbol, Alul, Tasl, and FoulI Capital let-
ters identily fragment patterns. Abbreviation betters refer to sanple locations lustrated in Fig. 1. HC denotes Haplotype Code:

_ KT Py BR CHM Total
HET Haplotype  Restriction fragments ) )
Safm20)  Yim= 12), %ain=19) Yim=19) Yin=20) Yain=9H

Phl  AAAAAN IR L Lo IO E LI E LRI LT LEl T4} 39 3341 SE(LD S5 (11} 6 [55)
Pb2 o AABAN LOTLILIO00T P10 1000 ETETELELTL B(L) 1613} 112} 15{3) 14 (13)
Phi  ABAAA LTI a1 o o Ll 21 (4} 31 {5) 10 (2} 1260
Fhi ARBAA TOTETRIOETOTE o GEOnTTO0ITITTITenE 17(2) F{1) - iy ()
Pos ACAAAN LERR AT R RIS AR AR SH RN - 341} - - 1i1)
e ALEAA FOLTE TR L IOREOuaT LOE LT LT EEiLnLl 30 Ll
7 BEBAA OFLTELRIO RO R0 I0GE G0 LI x - - S0k L1l

et EINA haplotepe diversity

The restnction fragments for each endonuclease in Pangasius bocourti {Table 2) were vsed to estimate genetie vanation, Gene di-
versity was estimated 10 measure population [itness. We detected an average gene diversily of 05303 a1 Swng Treng, 0.439 m
Koratie, 0La8d ar Prey Veng, 060401 Basac, 0,684 s Kampong Chhnang (Table 3),
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Table 3. Sampling sites, number of individuais used for RCR-RFLP

Pangasius bovourti sampled in the Cambodia’s Mekong River.

analysis, number of it DNA haplotypes and genc diversity for

Samplung siue MNumber of individuals

Number of haplotypes

Cicne diversity

ST 20 4 0.505=0.125
KT 2 3 (14392 0.158
PV | 5 (084 (0,002
BR 19 4 (a4 + 0008
LHN 20 i 0684 4 (L1053

Table 4. Pawrwise Fyy values (above dingonal) and corrected Slatkin®' genetic distances (below diagonal) of Panpasms bocourtl, e

value is significanthy different at P= 0105

HR CHH KT PV 5T
3R - VT IR (L0 (3. (7040
CH™ 0005 - (L0000 NN O
KT -0024 -0 (1554 L0000 VNS
Py - 048 A26Z A30435 - (A0
5T -4}0249 L0023 A OBST -k0374 -
NSCUSSION

Based on the miDNA PUR-RLFF analysis, it is obvious that;
(1) The catfish Pangasies bocourtd hos o moderate level of
genctic diversity in the Cambodia’s Mekong River; (2) The
petpulations of P bocourti are not significantly differenti-
alek and (3) There s no abvious evidenee for genetic strig-
ture in P bocount o the Cambodia®s Mekong River,

P, bocourtt samples hadoa sinilor distribution of oitlINA
haplatypes in the Cambodia’s Mekong River. Twa haplo-
Lypas swere ubigquilaus and none were frequent and ueique 1o
4 particalar river. At Kampong Chhnang i Tonle Sap the
heghest number of haplatypes was found, which might sug-
gest that we are either dealing with o mixed group or o more
arcesiryl populstion, The location 55 koown 1o be of recent
gealogical origin and as a feeding ground, with an abun-
daniee of food and habitats lor Gsh species adapted to peri-
odve water-tevel change (Lim et ol 19997, Henee we ot fur
the mixed group hypothess.

The overall genetic sdiversity 1n P, bacourn was higher than
vther fish such as whitefish Coregonus clupeatormis in
Morth Ameriea, which wis reporied to range between 000
351 (Bermatcher and Dodson, 1991} and 00670700 Ty
et al. 2001} Atlantic salmon Salmo salar, 0.00-0.682 (King
etal,, 2000 brown out Salmo trutta g Danish river svs-
temy, DO00-DEAN (Hansen et al, 1995, in Span, 0000
0712 (Machordom et al., 20000 and in tributaries of the
Auvstrian Danube, 0181-0.772 (Weiss et al, 20010 Heaw-
cver: the values for brows trout (0.511-0.931) in Adantics
Adratic, Danubian, Mediterrancan and marmoratus areas
(Bermatches, 2000 were higher than P. bocourti, Further
marre, the genene diversity of P bocourtt in the Cambodia’s
Mekenp River was higher than the Pimelodid carfishes
Brachyplatystoma favicans aid Pseudopbatystona faseiatom
it the Bolivian Amaron basin (L034-0.667T) (Coronel ot al.,
2004},

The reduced genetic diversity st Kratie and Stung Treng
might be atriboted to four causes: (1) incomplete sampling

fte n= 12, Kntic), (2) stockashic consequences, including
gemetic: drft and inbreedmy (Hedrick 1992 Frankham,
20023, (31 historie bottlenecks (Wilson and  Bernatchesz,
1995, or (4] human-associted eMfects. meluding Ashing
pressure (Ryman and Utter, 1987; Frankham 2002}, These
genetic conseguences might be caused by the small popula-
tion size assumed to be present at Kratie and Stung Treng,
The fishenies in the geeas are poorly documented for various
reasons and henee no popalation dynanue data are available;

Bused on our analyses, the overall Gy valpe arnong all sun-
ples suggests very weak oF no genetic structure and insignifi-
cant differentiation in P, bocourts, Additionnl analvses, in-
cluding pair-wise Fyr values and Saltkin's penene distinces
alsa reffect no genetic structure and differentiation at all
along the sretehes of the Cambodia’s Mckong River

The Mekong River hiss, so far, been poorhy studied, which
cemplicates a eompartive approsch. However, one possible
comparisen coukl be made wilh several carp species, which
showed mirimal phylogeogmphical differentiation: along 2
S0-kmostretch of the Yangtze River in China (Lu et al,
1997}, Also, the migratery preaniou (Arapaim gizas) shows
it luck ol genetie structuring, a high level of gene flow angd
low eftective papulation sizes in the Amazon basin {Hrbek o
al,, 2004 ),

Thete are no obvicus natural or artificial barriers among all
sampling sites (Stunge Treng, Kratle, Proy Veng, Bassac
River and Kampong Chhnang) covering the four major
branches of the Cambodia’s Mekong River. Hence, it is pos-
sibile that P. bocourtn might constituie a single stock; praba-
Bly due to strong migration or high gene flow amang all
samipling locations in the Cambodia’s Mekong River, Tis
seenario parallels o hypothesis Based on ceolegical surveys
along the Mekong River using indigenous fishers’ know|-
edge that there are two distinet populations of P. bocownti in
the Mekong River, One papulation eccurs from the Mekong
delta through Cambogdia w the Mukdaban-Sovarmaket areq
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i southern Laos; another population occurs Inoom around
Boulikhamxay-Nong Kai provinces to around Chiang Rai-
Bokeo provinces (Lao-That border) io the north {Poulsen
and Valbo-Jorgensen, 2001 )

In conclusion, the jmigeatory, catfish P bocournt should im-
tially be consideresd as o single stock m the Cambodia’s Me-

komg River basin, The destruction of the spawning ground of

this species wight have negative impacts oo the Cambodin’s
Mekong River and probably the whole Mekong Brver basin,

Sinee the stock ds shared wmone the riparn conntries of The

Mekong, holistic and  basin-wide  resource  managemen
strategres ave W be devieloped and naplemented,
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