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1
MO DAU
1. Dit van dé

Trong s6 16 loai va 3 phu loai ca Chinh thuc glong Anguzlla da dugc xac dinh,
c4 Chinh hoa c6 kich thudc 16n thir hai va phan b rong trén the - giol. O Viét Nam, ca
Chinh hoa phan bd nhiéu nhét 13 cdc tinh tir Thira Thién Hué dén Khanh Hoa. Trong
qué trinh di cu glu:a moi truong nudc ngot, nude lg va nudc man nhleu dic diém sinh
hoc khac bi€t cua ca Chinh hoa dé dugc hinh thanh. Nhimg thay d6i moi truong da
dinh hinh céc déc tinh sinh 1y va cau trac di truyen cua loai. Sy da dang, phan bo va
thich nghi v6i méi trudng séng ciia ca Chinh c6 thé bi anh hudng boi nhiéu yéu té moi
truong, nhu d0 man, nhiét do, do cao, luu vuc song va kha nang canh tranh sinh thai.
V6i pham vi phan bd rong va vai tro sinh thai cao, ca Chinh hoa duoc dé xuat 1a mot
loai chi thi, dai dién cho viéc bao ton da dang sinh hoc trong cac hé sinh thai nudc ngot.
Do do, viéc xem x¢t sy thay ddi va nhén dién céc dic trung hinh thai, moi1 truong phan
b6 va di truyén cho loai c4 Chinh hoa 14 can thiét dé xay dung cac chién luoc phuc hoi
va phat trién ngudn loi.

Céac diéu kién vé tu nhién, moi truong, thoi tiét khi hau va ché do trao doi nude
giita cac hé thong thuy vuc vao mua mua va mua kho ¢ Thira Thién Hué di tao ra céc
diéu kién thuan lgi cho c4 Chinh hoa sinh sdng va phat trién. Trong hai loai ca4 Chinh
da duogc x4c dinh tai Thira Thién Hué, ca Chinh hoa xuét hién phé bién hon véi gia tri
thuong mai va sinh thai cao. Nhung ap lyc cua viéc thay d6i moi tru’ong trong qua trinh
di cu, khai thac qua murc va cac nhan t6 anh huong moi truong song tu nhién, nhu 6
nhiém moi truong, xay dung cac hd, dép, thuy dién di dan dén su gia ting nguy co suy
giam nguon loi trong tw nhién. Nam 2007, ca Chinh hoa da duoc liét ké trong Sach
Do Viét Nam ¢ cap do 1a VU. Tuy nhién, nhung hleu biét Ve cd Chinh hoa ¢ Viét Nam
noi chung va Thira Thién Hué néi riéng van con rat han ché. Cac nghlen clru truge day
chi méi dung lai ¢ viéc xac dinh thanh phan loai va su ¢6 mat ctia ca Chinh hoa tai cac
thuy vuc. Do vay, cac nghién clru sau vé dic diém sinh hoc va da dang di truyén quén
thé ctia c4 Chinh hoa 1 can thiét.

Pé x4c dinh da dang di truyén ctia sinh vat c6 thé dya trén cac thong tin hinh
thai, sinh hoa va phan tu. Viéc su dung chi thi phén tir cho d¢ chinh xac cao hon so véi
chi thi hinh thai va chi thi hoa hoc vi né khong phu thugc vao cac yéu t6 khach quan nao.
Trong cac k¥ thuat di truyén phan tir dang dugc Gmg dung trong linh vyc thiy san,
DNA barcode dang tr¢ thanh b cong cu hiru ich trong nghién ciru dinh danh va da
dang di truyen cua sinh vat lién quan dén nhiing hleu biét vé ranh giodi loai, sinh thai
quan thé, tién hoa, tuong tac chudi thirc dn va bao tdn da dang sinh hoc. Déi voi dong
vat, mot ving DNA ngén cua gen ty thé thuong duoc su dung lam chi thi DNA, trong
d6 ving ma hoa COI va 16S rRNA 1a nhitng chi thi phd bién va hiu qua nhat. Vi Vay,
viéc ung dung cac chi thi phén tir trong danh gia da dang di truyen quan thé cia ca
Chinh hoa cén dugc thyc hién dé lam 16 mdi quan hé giita sy bién thai, thich nghi sinh
thai va di truyén trong qua trinh tién hoa ciia loai.

Tur nhiing ly do trén, ching toi da lya chon dé tai: “Nghién ctru dic diém phén
b6, hinh thai va da dang di truyén ciia ca Chinh hoa (4nguilla marmorata Quoy
& Gaimard, 1824) & Thira Thién Hué", dé thuc hién trong pham vi nghién ctru thudc
Luan an Tién sy nay.



2. Muc tiéu nghién ctru

Nhim bd sung thong tin vé dic diém sinh hoc, cAu triic quan thé va da dang ngudn
gen lién quan dén sy thay doi moi truong song clia ca Chinh hoa (4. marmorata Quoy
& Gaimard, 1824) tai Thira Thién Hué, lam co s¢ cung cap dan liéu khoa hoc va thuc
tién phuc vu cong tac bao tén va phat trién bén viing tai nguyén ca Chinh hoa.

3. Y nghia cua luan an
1) Y nghia khoa hoc

Luan &n da cung cap nhu’ng dan liéu khoa hoc méi vé m01 quan h¢ gitra ddc diém
hinh thai, phan b va di truyén cua loai ca Chinh hoa phan bd tai Thira Thién Hué. Bén
canh nhu’ng thong tin lién quan dén dic diém sinh hoc cua loai, két qua nghlen ctru chi
ra duoc vai tro sinh thai, ¥ nghia ctia viéc bao ton va phat trién nguodn loi ca Chinh hoa
trong ty nhién. Day chinh la nhiing co s¢ quan trong trong viéc dé xuat cac chién lugc
bao ton, phét trién bén Vu:ng tai nguyén ca Chinh hoa tai dia ban nghién ctru cling nhu
& Viét Nam va trén Thé gidi.

2) Y nghia thuc tién

Két qua nghién ctru ctia luan an lan dau tién da phan tich duoc ciu triic quan thé
ca Chinh hoa dya trén cac déc diém hinh thai va sinh thai phan bd; 1an dau tién cung
cap dit liéu vé gen COI va 16S rRNA thudc hé gen ty thé ctia ca Chinh hoa; va g
dung ky thudt DNA barcode trong danh gia c4u triic quan thé ciia ca Chinh hoa ¢ Thira
Thién Hué.

4. Nhirng dong gop méi cia luan an

Luan 4n di mo ta duoc cac dic diém ciu tao dic trung vé hinh thai, dic diém
moi trudng sinh théi va hién trang phan bb quan thé ctia c4 Chinh hoa tai Thira Thién
Hué c6 kich ¢& tir 120 — 1. 137 mm (3,0 — 4.500 g). Lan dau tién luan an sir dung bo
cong cu phén tich thanh phan chinh (PCA) va phén tich cum (CA) dé phan tich cac
yéu tb anh huong dén su da dang trong ciu tric quan thé ca Chinh hoa tai Thira
Thién Hué lién quan dén qua trinh thich nghi vé&i diéu kién sinh thai moi truong va
bién thai cta cac giai doan trong vong doi.

Luan an da giai trinh ty va xay dung dugc bd ma vach cho loai ca Chinh hoa dya
trén trinh ty hai doan gen COI va 16S rRNA de st dung trong dinh danh thanh phan
loai va bao ton nguon gen. Nhiing phén tich vé da dang di truyén quan the dé cho thay
su dang dang di truyen va tién hoa theo hu’(mg mé rong quy mo quan thé ngau nhién

VOl sy bat gap clia cc allen hiém cao trong quan thé khi duoc mé rong pham vi dia ly.
Ket qua nghlen ctru d3 phan nao khang dinh dugc sy anh huong manh me& cua cac
yéu to moi tru’ong sinh thai 1én sy da dang vé dic diém hinh thai va cau trac di
truyén quan thé cia ca Chinh hoa phan bé tai Thira Thién Hué.

Thong qua danh gia m6 hinh ciu trac quan thé cta c4 Chinh hoa tai Thira Thién
Hue bang cac chi sO hinh thai, méi truong phan bd va phan tir da lam sang t6 hon
nhiéu théng tin vé qué trinh sinh tru’O’ng, thich nghi, vong doi va su tién hoa cua loai
sau khi di nhap va sinh song tai cac thiy vuc ¢ Thira Thién Hué. Chinh vi Vay, két
qua nghién ctru lam co s¢ dé cac nha khoa hoc, cac nha quan 1y thuy san xay dung
cac phuong an bao ton va phat trién loai ca Chinh hoa mot cach hiéu qua va bén viing
¢ khu vyc cling nhu Viét Nam.



3

Chuong 1. TONG QUAN TAI LIEU
1.1. So lwgc dic diém tw nhién viing nghién ciru
1.1.1. Vitridia ly
1.1.2. Bia hinh, dia mao
1.1.3. Khi hau
1.1.4. Thuay van
1.1.5. Tai nguyén sinh vt
1.2. So lrge vé ca Chinh hoa
1.2.1. Thanh phan loai va phan bo
1.2.2. Vong doi va dic diém sinh hoc
1.3. Chi thi phan tir va ing dung trong thiy san
1.3.1. Nhitng chi thi phan tir dya trén DNA
1.3.2. K¥ thuat DNA barcode
1.4. Tinh hinh nghién ctru vé ca Chinh Anguilla
1.4.1. Nghién ctru hinh thai
1.4.2. Phan bd, vong doi va thich nghi sinh thai
1.4.3. Ung dung chi thi phan tir
1.4.4. Nghién ctru ¢4 Chinh ¢ Viét Nam

Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong va pham vi nghién ciru
Nghién ctru dugce thyuc hién trén dbi tugng la ca Chinh hoa (4. marmorata Quoy
& Gaimard, 1824) phan bd tai Thira Thién Hué trong vong 4 nam tir 2017 — 2021.
2.2. N§i dung nghién ciru

- X4c dinh thanh phan loai c4 Chinh phan bé tai Thira Thién Hué bang chi thi hinh
thai va phan tu.

- Nghién ctru hién trang, dac diém méi trudng va phan cum sinh thai phan b cia
c4 Chinh hoa ¢ Thira Thién Hué.

- Nghién ctru ddc diém va cdu tric quan thé cia ca Chinh hoa & tinh Thira Thién
Hué dya trén cac chi thi hinh thai. 9 o

- Panh gia da dang di truyén quan thé c4 Chinh hoa ¢ tinh Thira Thién Hué bing
chi thi phan tu.

2.3. Phuong phap nghién ciru
Céc phuong phap nghién ctru duoc trinh bay trong so do sau:
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Hinh 2.2. So dé nghién ciru

2.3.1. Khdo sdt thwe dia va thu mdu cd Chinh hoa
Céac mau ca Chinh hoa duogc thu truc tiép tai 7 ving nghién ctu (Bang 2.1).

Bang 2.1. Tuyén nghién ciru va so lwong mdu vat nghién cuu

STT Tuyén nghién cir K}/ S6 1’1’151,1 86 ma:l}l S6 mau phéﬁn tich phan
hi€u | quansat | gidi phau tor
1 |Séng O Lau SOL 34 26 14 (HuePD)
2 | Hé thong song Huong SHU 105 64 10 (HueDTL)
3 | Séng Trudi STR 49 38 14 (HueDTR, HueND)
4 | Song Bu Lu SBL 57 30 8 (HueBL)
5 | Pam Lang Co LC 45 15 2 (HueLC)
6 | Ctra biér| Thuan An TA 30 9 0
7 | Ctra bién Tu Hién TH 30 7 0
Tong 350 189 48

2.3.2. Phan tich dic diém hinh thdi, méi trwong va bin dé phéan bo

Tong cong 21 chi s6 hinh thai ngoai ciia ca Chinh hoa do dém va chuan hoéa trén
toan b 350 ca thé c6 khdi lugng tir 3,0 —4.500,0 g (120,0 — 1136,9 mm). Trong d6, 10
chi sd dugc do bfmg cach sir dung mat trai cua co thé hodc mit lung cua dau, bao gém:
chiéu dai tong (TL), chiéu dai dau (LH), khoi diém vay lung (PD), khai diém vay hau
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mon (PA), khoang cach vay lung va vy hau mon (AD), khoang cach tir vay nguc dén
vay lung (PDH), chiéu dai vay dudi (T), Chiéu dai than (TR), dudng kinh mat (E),
khoang cach giita 2 mat (I0). 10 ky tu duoc chuan hoa theo ty 16 LT hodc LH: HL/TL,
PD/TL, PA/TL, TR/TL, AD/TL, PDH/TL, T/TL, E/HL, IO/HL. Céc chi s6 hinh thai
trong dugc mo ta va phan tich qua giai phau 189 mau vat.

Céc thong tin vé mdi truong phan bd nhu: nhiét d, do man, pH, DO duoc xac
dinh bang may d6 chuyén dung; do sau dugc do bang dia Sachi; cac thong tin vé nén
day, ché @6 thuy tridu, chu ki tring, thoi tiét, thoi gian dugc xac dinh théng qua quan
sat truc tiép va dir liéu khi tugng, thiy van. Dung may anh dé chup khi quan sat, ghi
nhat ky nghién ctru, 1ap phiéu theo doi dé ghi lai két qua tai thuc dia.

Céc tap dir liéu bao gom 20 chi sb hinh thai ngoai va 11 chi s6 méi trudng phan
b ctia ca Chinh hoa d duge xur Iy theo phuong phap thong ké sinh hoc trén mén Excell
2016. Phuong phéap phan tich thanh phan chinh (PCA) va phan tich cum tht bac (CA)
da duoc thuc hién trén phﬁn mém SPSS 22.0 dé phan tich cau tric quﬁn thé cua ca
Chinh hoa ¢ Thira Thién Hué dya trén chi s6 hinh thai va méi trudng. Str dung may
dinh vi GPS dé danh dau cac vi tri thu mau va phan mén ArcGIS ver 10.3 dugc str dung
dé v& ban dd hién trang ctia ¢4 Chinh hoa & Thira Thién Hué.

2.3.4. Phan tich da dang di truyén bang chi thi phin tiv

DNA téng s6 ctia 48 mau ca Chinh duoc tach chiét theo md ta cua Kumar va cs

(2007) co stra doi. Cac doan gen barcode tir cac mau cé thu duoc bang phan img PCR
v6i cac cap moi dic hiéu (Bang 2.2).

Bing 2.4. Trinh tw doan moi svr dung dé khuéch dai doan gen COI va 16S rRNA

Doan gen Chi thi doan méi Trinh ty doan méi (5- 3") Nguon

cor A.angFw-1 GCACTAAGCCTTCTAATCC Nguyén ctru
A.angRv-1 GATGATTATTGTGGCAGAAG hién tai

165 rRNA | L2510 CGC CTG TTT ATC AAA AAC AT Palumbi va cs
H3080 CCG GTC TGA ACT CAG ATC ACGT (1991)

San pham PCR duoc tinh sach bang kit Kit Isolate I PCR and Gel (Bioline) theo
huéng dan ctia nha san xuat. Sau d6 duogc giai trinh tu truc tiép bang phuong phap
dideoxy terminator trén may ABI PRISM® 3100 Avant Genetic Analyzer (Apphed
Biosystems) tai Cong ty Maccrogen, Han Quéc. Céc trinh tu nucleotlde duogc sip xép
va hiéu chinh bang phan mém BioEdit 7.2.5. Céc trinh tu cudi ciing duoc so sanh va
dang ky ma s truy cap trén ngan hang dir liéu Genbank 1a MN067923 - MN067970
cho 48 doan COI va MN633308 - MN633355 48 doan /6S rRNA dé xac dinh thanh
phan loai va phan tich da dang di truyén. Thanh phan nucleotide, amino acid, cc cay
phat sinh chung loai dugc phan tich biang phan mém Mega X. Céac doan gen tham chiéu
tir genbank (AP007242.1, HQ141374.1 cho COI va AB278871.1 cho 16S rRNA) dugc
str dung 1am nhom ngoai khi xay dung cay phat sinh. Cac chi sé da dang di truyén quan
thé, cac kiém dinh trung tinh va gia tri Fst duoc thuc hién bang phan mém DNAsp 6.0.
Phan mém Network 10.0 dugc str dung dé v& cac mang luéi haplotype. Gia tri Nm
duoc tinh theo cong thirc Nm = (1 - Fst) / 4 Fst.




Hai loai ca Chinh phan bd ¢ Thira Thién Hué da duogc xac dinh bang chi thi hanh thai
va phan tor (Bang 3.1 va Bang 3.2). Dya trén cac chi s6 hinh thai hoan toan c6 thé phan biét
dugc su sai khac gitra hai loai. Cac chi thi phan tor dugc sir dung da ho trg tinh chinh xac vé
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Chuwong 3. KET QUA NGHIEN CUU
3.1. Thanh phin loai ¢4 Chinh phén bo tai Thira Thién Hué

thanh phan loai ctia cidc mau vat st dung trong nghién ctru ndy 13 c4 Chinh hoa (4.

marmorata). Ngoai ra, cac chi thi phan tir 3 hd tro phan loai cac don vi dudi loai va khiang

dinh duoc ca Chinh mun ¢ Thira Thién Hué 1a 4. biocolor pacifica.

Bing 3.1. Ddc diém hinh thdi cia Anguilla spp. dwoc thu thdp tai Thira Thién Hué

Miu Anguilla Anguilla Anguilla Anguilla Anguilla | Anguilla
sp.01 sp.02 sp.03 sp.04 sp.05 sp.06
W(g) 34,0 89,0 3.200,0 133,1 388,2 491,0
TL (mm) 255,0 362,0 1.080,0 405,0 540,0 613,0
HL (mm) 33,0 49,0 160,0 55,0 75,0 80,0
PD (mm) 6,5 8,4 31,0 11,0 15,0 27,0
PA (mm) 97,0 152,0 500,0 190,0 260,0 270,0
AD (mm) 42,0 59,0 190,0 80,0 110,0 0,0
TR (mm) 64,0 103,0 340,0 135,0 155,0 190,0
PDH (mm) 32,0 35,0 150,0 55,0 75,0 190,0
PA/TL(%) 39,0 42,0 46,0 47,0 48,0 44.0
HL/TL(%) 12,9 13,5 14,8 13,6 13,9 13,0
TR/TL(%) 25,1 28,5 31,5 33,3 28,7 30,1
AD/TL(%) 16,5 16,3 17,6 19,7 20,4 0,0
PDH/TL(%) 12,5 9,7 13,8 13,6 13,9 30,9
Maiu sic Co Co Cod Co Co Khong
Xuong ham Hep Hep Hep Hep Hep Rong
Lodi A. A. A. A. A. A.
marmorata | marmorata | marmorata | marmorata | marmorata | bicolor

Bing 3.2. Két qud xdc dinh thanh phan lodi cd Chinh Anguilla ¢ Thira Thién Hué

twe dir lieu Genbank

col 16S rRNA
Miu vt Chi thi Chi thi . R . R
U Ve hinh thai phén it Ma s6 Ti I¢ tuong Ma so Ti 1€ tuong
Genbank dong (%) Genbank dong (%)

Anguilla A. A. AP007242.1 99,44

sp.01 marmorata | marmorata | HQ141374.1 99,53 AB278871.1 99,69
Anguilla A. A. AP007242.1 99,53

sp.02 | marmorata | marmorata | HQ141374.1 99,29 AB278871.1 99,84
Anguilla A. A. AP007242.1 99,56

sp.03 marmorata | marmorata | HQ141374.1 99,64 AB278871.1 99,84
Anguilla A. A. AP007242.1 99,76

sp.04 | marmorata | marmorata | HQ141374.1 99,53 AB278871.1 99,84
Anguilla A. A. AP007242.1 99,56

sp.05 marmorata | marmorata | HQ141374.1 99,64 AB278871.1 99,69
Anguilla . A. bicolor AP007237.3 99,84

$p.06 A. bicolor pacifica AP007237.3 99,53 AB278743.1 99,69
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3.2. Hién trang phan b, dic diém méi trwong va phan cum sinh thai phan b6 ciia
ca Chinh hoa ¢ Thira Thién Hué

3.2.1. Hi¢n trang phdn bé ciia cd Chinh hoa 6 Thira Thién Hué

3.3.2.1. Phdn b6 theo thoi gian

C4 Chinh hoa xuét hién quanh nam tai Thira Thién Hué c6 kich cO tur 100 — 1100
mm (3,0 — 4,500 g), nhiéu nhat tir 200 — 599 mm (> 15 g). Su phan bd cua ca Chinh
hoa duoc chla thanh hai thoi ki, mia kho tir thang 1 - thang 4 (dién hinh boi sur Xuét
hién cua ca con TL > 200 mm) va mua mua tir thang 8 - thang 12 hang nam (dién hinh
boi sy xudt hién cua ca truong thanh) (Bang 3.3).

Bing 3.3. S6 lirong va ti 1¢ cdc nhém kich cé theo thoi gian

] Kich ¢6' (mm) T(Z)ng Ti 16
Thang | 100- | 200- | 300- | 400 - | 500 - | 600- | 700~ | 800- | 900- | 1000 - | 1100- %)
199 299 399 499 599 699 | 799 | 899 | 999 1099 1199
1 0 5 1 1 0 0 0 0 1 0 0 8 2,3
2 7 5 6 3 1 1 0 0 0 0 0 23 6,6
3 22 18 22 22 16 4 3 1 2 0 0 110 31,4
4 3 4 9 3 6 0 1 0 0 0 0 26 7,4
5 0 0 0 0 0 0 0 0 0 0 0 0 0,0
6 0 0 1 1 0 0 0 0 0 1 0 3 0,9
7 0 0 1 3 0 0 1 1 0 1 0 7 2,0
8 1 1 7 10 9 5 3 3 1 1 1 42 12,0
9 0 0 0 6 1 6 3 3 1 0 0 20 5,7
10 5 14 5 2 1 4 4 5 1 2 1 44 12,6
11 0 1 3 7 4 2 5 1 1 1 0 25 7,1
12 6 10 8 5 4 3 1 3 2 0 42 12,0
Téng 44 58 63 63 42 | 25 | 20 | 15 | 10 8 2 350 | 100.0
Tile (%) | 12,6 | 16,6 | 18,0 | 18,0 | 12,0 | 7,1 | 5,7 | 43 | 29 | 2,3 0,6 ’
3.2.1.2. Phdn b6 theo khéng gian
Bang 3.4. So6 lwong cac nhom kich co khai thac tai cac vung nghién cuu
TL (mm) SOL SHU STR SBL LC TA TH
100 - 199 0 0 2 19 15 5 3
200 - 299 3 0 6 25 14 6 5
300 - 399 8 21 12 9 8 4 1
400 - 499 12 29 4 2 3 6 7
500 - 599 7 23 4 2 1 4 1
600 - 699 2 11 6 0 1 1 4
700 - 799 1 7 6 0 1 2 3
800 - 899 1 5 4 0 1 1 3
900 - 999 0 5 3 0 0 1 1
1000 - 1099 0 4 2 0 1 0 1
1100 - 1199 0 0 1 0 1 0 1
Téng 34 105 50 57 46 30 30
Ti 1€ (%) 9,7 30,0 14,3 16,3 13,1 8,6 8.6
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Hinh 3.5. Hién trang phdn bé theo kich c&

ssssssss

Tai céc thuy vuc ¢ Thira Thién Hué, ca Chinh hoa phén b chi yéu co kich O tur
300 — 699 mm, song & Vung ha luu hoac cac khe sudi 16n nho & ving thu:ong nguon
C4 Chinh hoa c6 kich ¢& > 700 mm xuét hién tap trung & ving ha luu va rai rac ¢ trung
va thuong luu. Ca Chinh hoa kich ¢& nho (< 200 mm) chi xuat hién & Vung ha luu.
Cang 1én cao, sy xuat hién ctia ca Chinh hoa c6 kich thudc 100 — 299 mm cang giam

(Hinh 3.5va Bang 3.4).
3.2.2. Diic diém moi trwong phin bo va phén cum sinh thdi

3.2.2.1. Bdc diém moi truong phéin bé

Bing 3.5. Ddc diém méi truong phan bé ciia cd Chinh hoa ¢ Thira Thién Hué

Théong s6 méi trudng

Trung binh (Min — Max)

Nhiét do (°C)

26,3 + 1,65 (21,0 — 32,0)

B6 mén (0/00)

1,5 +3,38 (0,0 — 15,0)

DO (mg/L) 8,0+ 0,47 (6,5 —9,5)
pH 7,2+0,51 (6,5 - 8,6)
Do sau (m) 3,4+3,07(03—11,0)

Chi s6 sinh thai

Tan s6 (%)

12,3 %); 2 (6,6 %); 3 (31,4 %); 4 (7,4 %); 6 (0,9 %); 7 (2,0 %);

Thing 8 (12,0 %): 9 (5.7 %): 10 (12,6 %): 11 (7.1 %): 12 (12.0 %)

Thoi tiét Mua (72,9 %), khong mua (27,1 %)

Mau nudc DPuc, bac (48,9 %); trong (51,1 %)

Nén dy Réu tron, béng phéng (0,9 %); Cat bun (0,9 %); ba, cat bun (26,3
%); P4, hang hoc (72,0 %)

Chu ki trang T6i troi (89,7 %), sang tring (20,3 %)

Ché do thuy triéu

C6 anh huong (9,8 %), khong bi anh huong (90,2 %)




Bdng 3.6. PBac diéem moi truong tai cac vung nghién cuu

Tén thily vie | Ky hiéu Vi tri 0 | posau | MUY | Npiet g pH DO Nén day Dong chay
mau tricéu man
PD, OL | Ha ngudn song O Lau 8 25— | 25510213 | 67-88 | 7.7-88 | 4, catbun | D00 chdy manh,
A A 4,5 27,5 tur tay sang dong
Song O Lau De v ah
SOL 5n sone O LA } . ong chay nhe,
(SoL) PD Thuong nguon song O Lau | 0| 04- | 50 104 085 | 0 | 66-75 | 7.6-9.1 | PHDaNE | e e tir tay sang
tai Phong My, Phong DPién 6,5 hoc dong
SH/ Trung va ha luu song 32 Khong | 24,5-28 | 0 67-7,6 | 7.8-9,1 | P4, citthe | Dongchdy manh,
DTL Huong tur tdy sang dong
Hé théng song SBO Sm}g B6 tai Quang AI{, 1 0,5 - Khéng 26 -32 0-10 68-8.6 | 8.0-9.1 ba 101}, cat D‘onAg chay m?nh,
Huong (SHU) Quang Tho, Huo*ng Van 7,0 tho tir tdy sang dong
Thuong nguén séng 03— P4. han Dong chay nhe,
AL Huong, song Bo tai Hong 52 ’ Khong | 24 -30,5 0 6,5-177 6,5 -8,8 ’ % & lién tuc, tur tay
. N \ 5,2 hoc A
Kim, Hong Ha, A Roang sang dong
Thuong ngudn séng \ .
Te s X 1 Dong chéy nhe,
ND Huong, song Trudi tai 29 04— | knong | 240- 0 67-76 | 809, | PAlonhang | p B e tirtay
o A Thugng Quang, Trung Luu 6,5 30,0 hoc R
Song Trudi huven Nam D6 sang dong
(STR) uyén Nam Dong
Ha ngudn song Trudi tai 04 - Dé, hang Dong chay manh
DTR - hguon song - 20 ’ Khong | 25-29,5| 0-5 | 6,5-74 | 7,6-8,3 | hécvacat ong chay mant,
dapTruoi 11 bin tur tdy sang dong
iy Dong chay nhe,
SBL Phu Loc 33 04~ | Khong | 24-26 | 0-11 | 67-7,5 | 7,588 | PAlomhang | e B e tir tay
N N 6,5 hoc A
Séng Bu Lu sang dong
(SBL) X ‘ 1 Dong chay nhe,
PL Thuong nguon song BuLu, |, 04~ | Knong | 24-285| 0 67-76 | 7.4-85 | PAlomhang | Cpl S e tir tay
Pht Loc 2,5 hoc R
sang dong
Sudi d6 vé dam . \ .
Lap An, cira LC Thi trAn Ling c6, Phi Loc 45 0.4- | Co/ 251 010 | 67-86 | 6.5-8.5 | Da, catbun | DOngchdy manh,
N A 7,0 Khoéng 29,0 tu tay sang dong
Lang Co
Ctra bien Thuan | 1, Thuan An, Hai Duong 30 | 41-7| co |22-295| 3-12 | 68-86 | 7.5-9.1 | D4, catbun | DOngchdy manh,
An tu tdy sang dong
ira bié \ Dong chay manh,
Cuabién Tw | py Tu Hién 30 | 4-7 | co [21-200| 3-15 | 69-86 | 7.5-8.9 | P4, citbin g chay I

Hién

tu tdy sang dong
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3.2.1.2. Phdn tich thanh phan chinh va phdn cum sinh thdi

Bing 3.7. Phdn tich thanh phan chinh cdc yéu té méi trieong phéin bo
cua ca Chinh hoa ¢ Thuwa Thién Hué

. X Thanh phan chinh
Chi so 1 5 3
Thang 0,514 -0,468 0,394
Thoi tiét (mua) -0,701 0,416 0,218
Nhiét do -0.565 0,197 0,241
Db man 0,462 0,788 -0,014
DO 0,368 -0,075 0,650
pH 0,432 0,684 0,206
Mau nudc 0,594 -0,492 -0,066
Do sau 0,608 0,045 0,277
Nén day -0,541 -0,219 0,061
Chu ki trang -0.609 0,174 0,439
Ché d6 thuy triéu 0,345 0,766 -0,188
Eigenvalue (gié tri ri€éng) 3,115 2,435 1,039
Variability (Phuong sai) (%) 28,321 22,133 9,447
Cumulative (Tich liy) % 28,321 50,454 59,901
25,0
20,0
I
150 I
10,0
b
50
0 | I |
Cum 1 Cym 4 Cym 2 Cym5 Cum3

Hinh 3.13. So do6 phdn cum cdc yéu t6 méi truong phdn bo
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Bing 3.8. Ddc diém méi truong cia cac cum sinh thdi phan bé ciia cd Chinh hoa ¢ Thira Thién Hué

—_— Cum
Chi so 1 ) 3 4 5
171 50 68 36
Y DTL(22), DTR (13), LC (7), ND DTL (6), DTR (2), LC(3), | LC(20), ND (2), PL 25
86 cd the (8), OL (8), PL (14), SBL (23), AL | PTL (& DATE{((% LTCA((IS)’ ND(0). 1 Np(9), PD (25), SBL(10), (10), AL (1) SBO LC(1), TA(10), TH (14)
(23), SBO (16), TA (19), TH (18) ’ AL(11), SBO(2) 3)
Nhiét d6 (°C) 21,0-28,5 24,8 - 30,5 24,0 - 28,5 23,5-32,0 22,0-29,0
D6 mian (%0) 0,0-13,0 0,0-10,0 0,0-10,0 0,0 5,0-15,0
DO (mg/1) 6,5-9,5 6,5-8,5 6,7-8,5 6,7-8,5 7,5-9,5
pH 6,5-84 6,7-8,4 6,6 — 8,6 6,7-17,8 6,9 -8,6
D) sdu (m) 0,3-31,0 0,4-6,0 0,4-7,0 0,4-3,7 4,1-7,0
Thoi tiét (mua) Mua (100%) Mua (2,0%); Khong mua (98,0%) Mua (100%) Khong mua (100%) | Mua (56,5%); Khong (43,5%)
Mau nuéc Puc, bac (100%) Trong (88,0%); Puc, bac (12,0%) Trong (100,0%) Trong (100,0%) Trong (100,0%)
Réu tron, bang phang (0,6%); Cat R N 2 . . % C g e .
A as N R Réu tron, bang phang (4,0%); D4, cat , ; b4, hang hoc b4, cat bun (95,7%); Da,
Nén day bun (1,8%); Da, cat bun (28,0%); ; 0/, Tz x o P4, hang hoc (100,0%) o £ o
P4, hang héc (59,6%) bun (6,0%); Da, hang hoc (90,0%) (100,0%) hang hoc (4,3%)
Chu ki tring Toi troi (100%) Tbi troi (100%) Toi troi (100%) Toi troi (100%) Toi troi (100%)
Thiy triéu Khéng (93,6%); c6 (6,4%) Khéng (100%) Khéng (100%) Khéng (100%) C6 (100%)
A 0 . 0 . A o . 1) .
Thang 1 (1,2%); 2 (4,1%); Thang 1 (4,0%); 2 (18,0%); | 1401 (2.99%); 3 (47,1%); | Thang 3 (58,3%); | Thang 1 (8,7%); 2 (30,4%)
thang 3 (12,9%); 4 (6,4%); thng 3 (46,0%); 4 (4,0%); | 44154 (2.9%): 8 (10,3%); | thang 4 (25,0%): thang 3 (43,5%)
Thang thang 6 (0,6%); 8 (18,1%); thang 7 (6,0%); 8 (4,0%); > Sosa ’ ’ ’ ’ ;

thang 9 (10,5%); 10 (24,0%);
thang 11 (12,3%); 12 (9,9%)

thang 10 (6,0%); 11 (4,0%);
thang 12 (8,0%)

thang 9 (2,9%); 11 (2,9%);
thang 12 (30,9%)

thang 8 (11,1%);
thang 9 (5,6%)

thang 4 (8,7%)
thang 7 (8,7%)

Kich ¢& (mm)

100 — 200 (5,3%),
200 — 299 (15,2%),
300 — 399 (17,5%),
400 — 499 (19,3%),
500 — 599 (13,5%),

600 — 699 (9,4%),

700 — 799 (7,6%),

800 — 899 (4,1%),

900 — 999 (3,5%),
1000 — 1099 (3,5%),
1100 — 1199 (1,2%)

100 — 200 (20%),
200 — 299 (16%),
300 — 399 (16%),
400 — 499 (16%),
500 — 599 (12%),
600 — 699 (6%),
700 — 799 (4%),
800 — 899 (6%),
900 — 999 (2%),
1000 — 1099 (2%)

100 — 200 (8,8%),
200 — 299 (8,8%),
300 — 399 (26,5%),
400 — 499 (26,5%),
500 — 599 (14,7%),
600 — 699 (5,9%),
700 — 799 (2,9%),
800 — 899 (2,9%),
900 — 999 (1,5%),
1000 — 1099 (1,5%)

100 — 200
(36,1%), 200 —
299 (27,8%), 300
~399 (16,7%),
400 — 499 (5,6%),
500 — 599 (5,6%),
700 — 799 (2,8%),
800 — 899 (2,8%),
900 — 999 (2,8%)

100 — 200 (24%), 200 —
299 (28%), 400 — 499
(16%), 500 — 599 (4%),
600 — 699 (8%), 700 —
799 (8%), 800 — 899
(8%), 900 — 999 (4%)
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3.3. Diic diém hinh thai ciia ca Chinh hoa
3.3.1. Hinh thdi ngoai
Mau séc cua vay nguc, su xudt hién ctia cac ddm hoa va mau séc co thé thay doi

tuong g voi 4 giai doan phat trién: ca con, ¢4 giong, ca tién truong thanh va ca truéng

thanh (Bang 3.9). Gi4 tri cac chi s6 hinh thai thé hién trong Bang 3.10.

Bing 3.9. Mau sdc co thé ciia ¢ Chinh hoa trong quan thé ¢ Thira Thién Hué

STT Chi tiéu W () TL (mm) 1u?;1)1g T((’;)l)e
1 | Co thé c6 mau vang, lung
¢6 dai nau, dom c}lua ro; 3,0 -20,7 120,0 — 228,5 61 17.4
Vay Vér}g nhat gan nhu 10,9+ 4,91 180,1 + 30,58 ’
trong S}lf)t.
’ ggmtﬁiacﬁlaﬁli‘ég ?gg’\/g 1341488 | 187.0-4100 15, | 597
_— ’ 71,5 + 39,47 313,9 + 60,81 ’
mau vang. ]
L e | 1 —asmo | a0 taes ||
L e ’ 6574+ 805,41 | 574,7+ 170,61 ’
mau vang nau. ]
4 E:;Igg :gn%u%?u’vggg ‘\i/e;, 165,4-4.5000 | 410,0-11369 | < | |,
# N > YY11310,0+1.101,29 | 726,4 £196,19 ’
mau den hoac den do ,
Tong 350 100
Bing 3.10. Gid tri cdc chi sé hinh thdi ngodi ciia cd Chinh hoa
A + z +
Chi b v Chi b s
W(g) 470,5 + 788,19 (3,0 - 4500,0) | TL (mm) 452,9 + 231,85 (120,0 - 1136,9)
HL (mm) 62,3 +27,25 (16,0 - 160,0) | HL/TL (%) 13,9+ 0,64 (11,2 - 16,6)
PD (mm) 117,8 £51,71 (29,1 - 315,0) | PD/TL (%) 26,2+1,35(21,2-29,2)
PA (mm) 190,6 + 83,14 (51,7 - 500,0) | PA/TL (%) 42,4+ 1,97 (37,5 - 48,1)
TR (mm) 128,3 + 56,42 (32,7 - 340,0) | TR/TL (%) 28,5 +2,04 (22,7 - 34,3)
AD (mm) 72,8 +32,21(18,5-190,0) | AD/TL (%) 16,2+ 1,57 (11,9 - 21,3)
PDH (mm) | 55.,5+2521(11,7-160,0) | PDH/TL (%) 12,3+ 1,43 (7,3 - 15,5)
T (mm) 257,74 110,85 (66,3 - 614,6) | T/TL (%) 57,6+ 1,97 (51,9 - 62,5)
E (mm) 6,0 +2,90 (1,4 - 18,0) E/HL (%) 94+1,27(59-11,9)
10 (mm) 13,5+6,13 (3,2 - 35,0) IO/HL (%) 21,0 + 1,86 (16,0 - 25,0)

3.3.2. Hinh thdi ciu tao trong

Bing 3.11. C& miéng cua cd Chinh hoa phén bé ¢ Thira Thién Hué

Chi so TB £ SD Min - max
Cd mi¢ng (mm) 31,3 +16,06 6,7 -79,5
C0& miéng/chiéu dai than (%) 7,0 +£0,48 5,6-79
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Bdng 3.12. Chiéu dadi da day va ruot cua ca Chinh hoa

Chi sb TB + SD Min - Max
Dai dai day (mm) 138,1 +72,38 31,8 - 398,5
Dai da day/chiéu dai than (%) 30,9 +2,42 26,5 - 35,3
Chiéu dai rudt (mm) 167,3 £ 91,63 38,5 - 470,7
RLG 0,37 + 0,041 0,30 - 0,43

3.3.3. Ciu triic quan thé cd Chinh hoa duwa trén cdc chi sé hinh thdi ngoai
Bing 3.13. Phén tich thanh phan chinh cdc tinh trang hinh thdi ciia cd Chinh hoa

Pic diém F1 F2 F3 F4 F5

TL (mm) 0,954 0,040 0,000 0,000 0,003
HL (mm) 0,947 0,046 0,001 0,000 0,000
PD (mm) 0,973 0,017 0,001 0,003 0,000
PA (mm) 0,982 0,013 0,000 0,000 0,001
TR (mm) 0,986 0,004 0,000 0,000 0,004
AD (mm) 0,965 0,007 0,003 0,012 0,004
PDH (mm) 0,963 0,001 0,001 0,016 0,004
T (mm) 0,920 0,069 0,000 0,000 0,004
HL/TL 0,027 0,046 0,149 0,101 0,676
PD/TL 0,105 0,382 0,195 0,253 0,064
PA/TL 0,167 0,767 0,005 0,050 0,010
TR/TL 0,118 0,839 0,003 0,013 0,026
AD/TL 0,054 0,320 0,091 0,526 0,009
PDH/TL 0,056 0,474 0,062 0,391 0,016
T/TL 0,167 0,767 0,005 0,050 0,010
10 (mm) 0,949 0,031 0,006 0,001 0,003
E (mm) 0,926 0,022 0,020 0,002 0,006
E/HL 0,023 0,037 0,610 0,070 0,064
I0/HL 0,005 0,029 0,555 0,104 0,099
Dic diém hinh thai 0,772 0,001 0,005 0,001 0,001
Gi4 tri riéng 11,839 3,930 1,718 1,597 1,005
Phuong sai (%) 56,378 18,716 8,181 7,603 4,786
Tich Ly (%) 56,378 | 75,094 | 83275 | 90,878 | 95,664

25,0

20,0

I 1

15,0

10,0

5.0 Tla TIb

.. |
Cym4 Cuml Cum3 Cym 2 Cum 5

Hinh 3.26. Cdy phdt sinh di truyén thé hién méi quan hé ciia 350 cd thé cd Chinh hoa
dwa trén khoang cach Eculidean swr dung phuwong phap Ward
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Bing 3.14. Ddc diém hinh thdi ca Chinh hoa & 5 cum sir dung phirong phdp Ward dwa trén khodng cach Eculid

. X Cum
, Chi 0 1 2 3 4 5
SO ca thé 76 70 83 85 36
DTL(13), DTR(2), LC(12), DTL(7), DTR(7), LC(2), DTL(6), DTR (1), LC(2), ND | DTR (3), LC(26), ND(4), DTL(6), DTR(7), LC(3),
ND(11), PD(9), OL(4), PL(7), ND(6), PD(6), OL(2), PL(2), (6), PD (9), TA(11), TH (8), OL(3), PL(15), SBL(19), ND(2), PD(1), TA(2), TH(6),
SBL(14), TA(2), TH(2) TA(6), AL(18), SBO(6) AL(28), SBO(12) TA(9), TH(6) AL(6), SBO(3)
W (g) 160,8 £ 93,30 (29,0 —469,5) | 731,6 £297,01 (374,9 - 1540,3) | 195,4 + 81,84 (52,3 - 369,0) 14,8 £ 8,05 (3,0 - 34,0) 2406,1 = 1025,5 (143,5 - 4500)
TL (mm) 401,3 + 74,21 (260,0 — 552,0) 647,3 + 74,80 (540,0 - 814,0) | 435,5+ 56,73 (324,6 - 532,9) | 193,4+ 35,04 (120,0 - 255,0) |915,5 + 160,81 (407,0 - 1136,9)
HL (mm) 65,0+ 16,31 (35,0-91,2) 82,7+ 10,83 (58,0 - 122,4) 78,9 £ 4,18 (64,0 -91,2) 26,7+ 5,36 (16,0 - 39,0) 94,4 £ 29,99 (45,0 - 160,0)
PD (mm) 124,1 +30,89 (63,4 - 175,0) 154,7+19,70 (112,0 - 210,6) 150,6 = 7,37 (135,7 - 175,0) 49,7+ 9,46 (29,1 - 68,0) 179,1 £ 57,83 (90,0 - 315,0)
PA (mm) 199,5 £ 48,74 (112,0 - 265,6) 254,3 +£30,50 (188,0 - 341,3) | 241,0+ 10,99 (221,5-265,6) | 80,1 +15,05(51,7-106,0) | 288,3+ 88,91 (150,0 - 500,0)
TR (mm) 134,5 +33,28 (71,9 - 182,6) 171,6 22,46 (130,0 - 232,4) 162,1+10,92 (140,1 - 182,6) | 53,5+ 10,05 (32,7 - 72,0) 193,8 £ 59,62 (105,0 - 340,0)
AD (mm) 75,4+ 18,95 (38,9 - 112,4) 99,6 £14,30 (70,5 - 140,0) 90,4 £ 8,05 (70,1 - 112,4) 30,4 + 6,24 (18,5 -43,1) 109,1 + 32,37 (60,0 - 190,0)
PDH (mm) 59,1 + 15,88 (22,0 - 90,0) 72,0+ 11,47 (45,4 - 103,2) 71,7+ 8,13 (58,9 -90,0) 23,0 £4,66 (11,7 - 33,0) 84,7 + 29,08 (45,0 - 160,0)
T (mm) 268,2 £ 67,44 (147,0 - 391,4) 338,4 £ 40,37 (240,0 - 488,3) | 327,0+ 16,61 (275,0-391,4) | 113,3 £ 20,48 (66,3 - 158,0) | 395,6 £ 118,56 (192,0 - 614,6)
HL/TL (%) 13,9+ 0,68 (11,2 - 16,6) 13,9+ 0,65 (13,0 - 15,9) 13,9+ 0,69 (11,2 - 15,1) 13,8 £ 0,61 (11,2 - 15,9) 13,8 +£ 0,43 (13,0 - 14,8)
PD/TL (%) 26,5+ 1,26 (23,1 -29,2) 26,1 £ 1,41 (21,2 -28,7) 26,5+ 1,24 (23,3 -29,2) 25,7+ 1,26 (21,2 - 28,6) 26,1 +1,50 (21,2 -29,2)
PA/TL (%) 42,7+ 1,85 (37,5 -47,6) 42,9+2,37 (37,8 -48,1) 42,4+ 1,84 (38,9 -45,8) 41,4+ 1,49 (38,0-44,7) 42,2+ 1,87 (38,0 - 46,3)
TR/TL (%) 28,8+ 1,92 (22,7 - 33,9) 29,0 £2,50 (23,1 - 34,3) 28,5+ 1,89 (24,6 - 32,0) 27,7+ 1,59 (23,7 - 31,1) 28,4+ 1,93 (23,7 -31,5)
AD/TL (%) 16,2+ 1,47 (11,9 -20,4) 16,8 + 1,87 (12,4 - 21,3) 15,9+ 1,40 (12,3 -19,3) 15,7+ 1,47 (12,3 - 20,4) 16,0 £ 1,26 (13,7 - 18,4)
PDH/TL (%) 12,6 + 1,42 (7,3 - 15,5) 12,2+ 1,42 (8,0 - 14,5) 12,6 + 1,42 (9,4 - 15,5) 11,9+ 1,32 (8,0 - 15,5) 12,4+ 1,47 (8,0 - 14,8)
T/TL (%) 57,3+ 1,85 (52,4 - 62,5) 57,1 £2,37 (51,9 - 62,2) 57,6 £ 1,84 (54,2 -61,1) 58,6 + 1,49 (55,3 - 62,0) 57,8 £ 1,87 (53,7 - 62,0)
10 (mm) 14,1 £4,15 (7,0 - 20,2) 17,9 £ 2,46 (13,0 - 27,6) 17,6 £ 1,52 (13,8 — 20,2) 5,7+1,36 (3,2 - 8,8) 20,7 - 6,26 (9,0 - 35,0)
E (mm) 6,2+2,00(2,6-9,9) 8,2+ 1,55(5,0-13,1) 7,9 £1,06 (4,9 —-9,9) 2,5+0,60 (1,4 -4,0) 9,3+£3,16 (4,0 - 18,0)
E/HL (%) 9,2+1,34(5,9-11,9) 9,5+1,27 (6,1 -11,7) 9,5+1,23(5,9-11,9) 9,4+1,17(7,3-11,5) 9,5+1,16 (7,7-11,6)
IO/HL (%) 20,9 + 1,67 (16,7 - 24,2) 20,9 + 1,67 (17,6 - 24,1) 21,2+ 1,61 (16,7 —24,2) 21,2+£2,20 (16,0 - 25,0) 21,2+2,10 (17,6 - 24,2)
mau V%mg, ‘d()m hoa r6,. vay mau vang, d6m hoa rd, vdy | mau vang, dém hoa chua 3,
nguc mau vang (69,7%); hung lung néu, hoa rd, bung xam nguc mau vang: 32,5%; lun vay nguc c¢6 mau vang nhat lung néu, hoa rd, bung xam
. . mau nau, dom hoa rd, bung < g. * 0. 0, DUIE Xat &t VANS: 32,07, g 1Y DL Lang nhat, < g : >, DUNE xarr
Hll’ll:ll thai miu x4m tring, viy ving niu tr?ng. 65,7%; lur}g vang nau, nau, hoa 19, bupg xam tran. gan ’nhl:r tr(?ng §u0t (7;1 ,8%) tran. (52,8%), lu‘ng vang néu,
ngoai ’ dom den, bung va dudi vang, 62,7%; lung vang nau, dom | va ca cd6 mau vang, dom hoa | dom den, bung va dudi vang,

(23,7%) va lung mau vang
nau, dom mau den, bung vang,
vay den hoac do den (6,6%)

vay den hoac do den: 34,3%

den, bung va dudi vang, vay
den hoac d6 den: 4,8%

rd, vy nguc mau vang
(28,2%)

vay den hoac d6 den: (47,2%)
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3.3. Pa dang di truyén bing chi thi phﬁn tur

3.3.1. Phan lap doan gen COI va 168 rRNA

Céac doan DNA barcode di dugc phan lap thanh cong v6i ma sé trén Genbank 1a
MNO067923 - MN067970 (COI) va MN633308 - MN633355 (/65 rRNA) chiéu dai chudi
1an luot 1a: 845 bp va 641 bp

3.3.2. Da dang di truyén quan thé

3.3.2.1. Murc do da dang va xu hu"ong tzen hoa

Mirc d6 da dang di truyén cua quan thé dugc trinh bay trong Bang 3.15, Bang 3.16
va Bang 3.17.

Bdng 3.15. Phan tich tinh trung ldp dwa trén trinh tu doan gen COI

Quan thé DTL DTR ND PD PL TTH

S6 lwong mau 10 5 9 14 10 48

H 5 4 6 9 5 17(35,42%)

S 7 4 6 9 6 20

Hd 0,76 + 0,017|0,9 + 0,026 (0,89 + 0,0080,88 + 0,0062(0,76 + 0,0170,801+ 0,003

11 0,00185 | 0,00190 | 0,00178 | 0,00242 | 0,00161 0,00196

Tajima’s D -1,573" -1,0938 | -1,3984 | -1,06599 | -1,4929 | -2,03402"

Fu's Fs -1,181" -1,405" -2,978" -4,742" -1,507 | -12,2282"

Fuand Li'sFs | -1,818 -1,0938 | -1,5509 | -1,07521 | -1,6893 | -2,93225"

Fuand Li's D -1,634 -1,0938 | -1,3904 -0,8946 -1,51 -2,70391"

Bdng 3.16. Phan tich tinh trung ldp dwa trén trinh tuw doan gen 16S rRNA
Quan thé DTL DTR ND PD PL TTH

S6 mau 10 5 9 14 10 48

H 4 3 3 4 3 8(16,67%)

S 3 2 2 3 2 7

Hd 0,53 + 0,032/0,70 + 0,048|0,64 + 0,016/0,58 + 0,019/0,38 + 0,033 | 0,53 +0,079

11 0,00094 | 0,00125 0,00113 0,00105 0,00062 0,00096

Tajima’s D -1,56222 | -0,97256 | -0,06382 -0,886 -1,40085 | -1,62974*

Fu's Fs -1,964 -0,829 -0,239 -1,290 -1,164 -5,307*
Fuand Li's Fs | -1,93380 | -0,97256 | -0,18701 | -022536 | -1,57441 | -1,96622%
Fuand Li's D | -1,78443 | -0,97256 | -0,22104 | 001678 | -1,58662 | -1,84556*

Bing 3.17. Gid tri Fst va Nm giita cdc quan thé cd Chinh hoa ¢ Thira Thién Hué

Gen Quan thé | DTL DTR ND PD PL
DTL -- 0,012 -0,012 -0,011 0,001
DTR -0,038* - 0,003 -0,012 0,011
cor ND -0,042* -0,073* - -0,020 -0,011
PD 0,046* -0,045* 0,012* - -0,010
PL 0,003* -0,041* -0,045* 0,048* -
DTL -- 20,2981 | 8,415511 | -3,74993 | -6,24952
165 DTR -0,0606* | -- 30,0119 | -522611 | -24,0822
R4 IND 0,02459* | -0,0703* | -- -3,80568 | 9,916734
PD -0,0105* | -0,0502* | -0,0084* |- -4,37473
PL -0,0417* | -0,0714* ]0,02885* |-0,0125% |--

Chu thich: Dit liéu ¢ phia trén la Fy; Nm la dit liéu o phia duoi. * mirc y nghia cua gid tri Fy voip < 0.001.
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3.3.2.2. Céc bién thé di truyén

Hinh 3.27. Mang ludi haplotype dua trén trinh tw doan gen COI

H20
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204 218 y o

313 H-30
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176
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Hinh 3.28. Mang luoi haplotype dua trén trinh tw doan gen 16S rRNA
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Hinh 3.29. Cady phat sinh di truyén giita cdc haplotype sit dung trinh tw COI

H7 - PD04 15
H8 - BL20

H5 - DTRO1

H4 - DTL28 DTRO3 ND4 5 9 PD6 9 BL2
H3-DTL10

H2 - DTLO4

H1 -DTL(7) DTR(3) ND(5) PD(9) PL(8)

HE - NDO3 PDO8

T T T T T T T T T 1
0.00450 0.00400 0.00350 0.00300 0.00250 0.00200 0.00150 0.00100 0.00050 0.00000

Hinh 3.30. Cdy phat sinh di truyén giita cdc haplotype sir dung trinh tw 16S rRNA
3.3.3. M6 hinh dw dodn diic diém quén thé va cdy phdt sinh loai

Cac cay phat sinh di truyén duoc xay dung, trong do, cac cay Neighbor-Joining da
xdy dung c6 tong chiéu dai nhanh lan luot 14 0,08396 cho doan COI (Hinh 3.31) va
0,01346 cho doan 16S rRNA (Hinh 3.35); cadc cdy Maximum Likelihood, c6 tinh hop 1y
cao nhét 13 -1336,57 cho gen COI va — 934,58 cho gen 16S rRNA (Hinh 3.32 va Hinh
3.36); cac cdy Maximum Parsimony c6 chi s6 théng nhét 1a (0,727273), chi s6 duy tri 1a
(0,875) va chi sb tong hop 13 0,77 (0,636364) cho doan COI (Hinh 3.33). Tong chiéu dai
nhanh = 8 v&i chi s thdng nhat 1a 1,00, chi sb duy tri 1a 1,00 va chi s tong hop 1a 1,00
cho doan 76S rRNA (Hinh 3.37). Cay tién hoa bang phuong phap UPGMA ctia doan gen
COI c6 tong chiéu dai nhanh = 0,05699 (Hinh 3.34) va 0,0102 cho 49 doan gen 16S rRNA
(Hinh 3.38).
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Hinh 3.31 va Hinh 3.32. Cdy phat sinh lodi ciia quan thé ca Chinh hoa & Thira Thién Hué dya trén trinh ty doan gen
COl bang phuong phap Neighbor-Joining va Maximum Likelihood
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Hinh 3.33 va Hinh 3.34. Cdy phat sinh lodi ciia quan thé ca Chinh hoa & Thira Thién Hué dya trén trinh ty doan gen
COl bang phuong phap Maximum Parsimony va UPGMA
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Hinh 3.35 va Hinh 3.36. Cdy phat sinh lodi ciia quan thé ca Chinh hoa & Thira Thién Hué dya trén trinh tw doan gen
16S ¥RNA bang phuwong phdap Neighbor-Joining va Maximum Likelihood
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Hinh 3.37 va Hinh 3.38. Cdy phat sinh lodi ciia quan thé ca Chinh hoa 6 Thira Thién Hué dya trén trinh tw doan gen

16S rRNA bang phwong phdp Maximum Parsimony va UPGMA
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Chuong 4. BAN LUAN
4.1. Pic diém hinh thai

Céc mo ta hinh thai cta ca Chinh hoa & Thura Thién Hué (TL = 120 - 1137
mm) phu hgp voi cac ddc diem hinh thai dac trung cua loai da duoc nghién ctiu
truoc day. Nhitng dac diém dac trung cua cac giai doan phat trién da duoc the hién.
biéc diém ve hinh thai ngoai va cau tao trong thé hi¢n kha nang thich nghi voi moi
truong song, phu hop Vo1 cac tap, tinh sinh hoc va tinh an thién vé dong vat cya ca
Chinh hoa. Phan tich cdu triic quan thé dya trén cac chi s6 hinh thai d3 cho thay su
da hinh cao vé kiéu hinh lién quan dén mau sac co thé ciia ca Chinh hoa & céc ‘giai
doan phat trién khi sinh séng trong cic hé sinh thai khac nhau.

4.2. Pic diém phan b

Cac dac diem moi truong ¢ cac thuy vuc trén dia ban tinh Thtra Thién Hué
hoan toan phu hgp véi dac diém sinh hoc cua ca Chinh hoa trong giai doan tur 120
— 1137 mm (3,0 — 4500 g). Ching phan bo rong rai trén hau hét cac thiy vuc nghién
ctru. Giai doan ca Chinh con TL <200 mm va c& Chinh trudng thanh xuat hién theo
mua vu (mua khoé va mua mua). Bac diém phéan bo theo thoi gian va khong gian cuia
ca Chinh hoa hoan toan phu hgp v61 sy van hanh cua cac co ché sinh thai va tap
tinh sinh hoc cua loai. Cac phan tich PCA va CA cho thay co6 sy da dang trong qua
trinh thich nghi cta ca Chinh hoa ¢ cac kich c& khac nhau véi cac diéu kién sinh
thai khac biét tai cac vung nghién cuu. Két qua nay cho thiy sy anh hu’O’ng manh
mé cila cac yéu té moi truong 1én kha nang thich nghj cua loai trong cac giai doan
phat trién khac nhau. Dua trén cac dit liéu vé€ dac diém phan bo, vong doi cua ca
Chinh hoa & khu vire noi dia Thira Thién Hué da phan nao duoc hé 16. Pay la co s¢
quan trong dé xay dung cac chién lugce bao ton loai lién quan dén bao v¢ moi truong
song cua ching ¢ cac giai doan va thuy vuc khac nhau. Bén canh do, so6 lugng va ti
1€ thap cua ca Chinh hoa c6 kich thudc 16n phan bo ngoai tu nhién & cac khu vuc
trung va thuong luu cling lam day 1én nhitng lo ngai v€ nguy co suy giam ngudn loi
do nhirng tac dong cua cac hoat dong kinh té xa hoi 1én qua trinh di cu ngugc dong
va moi truong song cuia chung ngoai ty nhién.

4.3. Pa dang di truyén

Cac phan tich da cho thay su da dang cap trong cau truc di truyén cua quan thé
cd Chinh hoa & Thtra Thién Hué véi ty 1€ xuat hién cac bién thé, cac alen hi€ém cao
trong qua trinh bién thai va thich nghi sinh thai. Xu hudng ti¢n hoa theo huéng mo
rong pham, vi dia ly ciing da dugc tim thay trong quan thé c4 Chinh hoa tai dia
phuong. Két qua nay phu hop voi cdc gial thuyet va két qua nghién ctru cua cac tac
gia khac dugce thuc hién trén ¢ac quan thé ca Chinh hoa va cac loai Chinh 4nguilla
khac trong khu vuc va trén thé gidi. Hon thé nita, thong qua phan tich mé hinh phat
sinh quan thé cho thay su da dang cao vé khoémg cach di truyén gitra cac ca thé voi
nhau trong cung quan thé nghién ctru, cuing vung thu mau va cac cé thé c6 ngudn
goc khac ¢ khu vuc Indg — Thai Binh Duong. Su gan gui vé khodng cach di truyén
cho thay da s0 cag ca thé thudc quan thé ca Chinh hoa phan b6 tai Thura Thién Hué
c6 cung nguon goc di truyén vé1 nhau va c6 moi quan hé gan gui voi quan thé ca
Chinh hoa tai khu vuc Indo — Thai Binh Duong. Nhitng bién thé c6 khoang céach di
truyén xa so voi cac c4 thé con lai ¢6 thé dugc phat sinh tir qua trinh di cu ngau
nhién tir mot s6 quan thé tach biét trong khu vuc hodc dugc hinh thanh béi dac diém
moi truong dac trung tai Thira Thién Hué.
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] KET LUAN VA KIEN NGHI
Keét luan

. 1) Ca Chinh hoa (4. marmorata) c6 hinh thai dac trung, c6 bon giai doan phat
trién: ¢4 con, ca glong, tién truong thanh va truong thanh. Su tang truong ve khoi
lugng c6 twong quan véi tong chiéu dai than theo cong thirc W = 5x1077L>?. C6 tinh
da dang cao v¢é hinh thai trong quan thé & Thira Thién Hué (95,664 %). Cac dac diém
cau tao bén trong cua ca Chinh hoa thé hién tap tinh an thién vé dong vit.

2) Su xuét hién cua c4 Chinh hoa c6 lién quan mat thiét dén sy thay d6i cua cac
yéu t6 sinh thai moi truong: nhiét do: 21 — 32 °C, pH: 6,5 -8,6,D0; 6,5-9,5 mg/L
d6 man 0 dén 15 %o, 40 sau tr 0,3 — 31 m, nén day cod nhleu hang héc (72 0 %) va su
x40 tron dong chay2 thay d6i mau nudc, ché do thuy triéu, lwong mua 1 (72,9 %)
chu ki trang. Cac yeu t0 moi truong co tinh quyéet dinh 59 ,9% su da dang sinh thai
trong cau triic cua quan thé phan bo tai Thira Thién Hué.

3) Tai Thua Thién Hug, ca Chinh hoa xuét hién trén hiu hét cac thuy vuc 16n
nhé c6 dong chay hu:ong veé ph1a Dong vao hai mua rod rét: mua kho tur thang 1 dén
thang 3, twong u’ng vo1 thot gian di nhap cua ca Chinh con (tir 100 dén 200 mm) &
bién vao Vung noi dia, va mua mua tr thang 8 dén thang 12, twong ung voi thoi diém
di cu sinh san cua ca bd me (> 700 mm) tur vung thuong nguén ra bién dé sinh san
va ca co kich ¢& 200 — 1137 mm xuat hién quanh nam.

4) Hai phan doan gen COI va 16S rRNA da dugc phén 1ap voi chiéu dai chudi
1a 845 va 641 nucleotide c6 ma s6 trén ngan hang dir liéu Genbank tugng mg la
MNO067923 - MN067970 va MN633308 - MN633355. C6 ty 1€ tuong dong cao vé
trinh tu cta cc chudi dugc phan lap véi cac chudi d6i chung trén ngan hang
Genbank. Quan thé c6 tinh da dang di truyén cao voi ty 18 da hinh va cac bién di di
truyen cao (20 vi tri da hinh va 17 haplotype tir phén g doan gen COI; 7 vitri da hinh
va 8 haplotype tur phan doan gen 165 rRNA). Quan thé tién hoa theo xu huong chon
loc ngéu nhién va mo rong quy, mo. Quan thé ca Chinh hoa ¢ Thira Thién Hué co
moi quan h¢ gan giii véi cac quan thé thudc khu vuc Indo - Thai Binh Duong.
Kién nghi

1. Tiép tuc cac nghién ciru vé sy di cu_ & cac g1a1 doan sinh truéng cua ca,
nguon dinh duong ¢ giai doan ca Chinh 14 lidu, kha nang sinh san, phan tich dac
diém céu trac mo té bao hoc dé xay dung bo chi th1 sinh hoc cho ca Chinh hoa & céc
giai doan sinh truong khéac nhau.

2. Su dung phan tich di truyen dua trén vi¢e thu thap dir lidu DNA tir m6i
tru’ong (eDNA) dé han ché su suy giam nguon lorl ngoai ty nhién do viéc thu thap
mau vat nghién cuu. Thuc hién cac nghién ciru vé sy anh huong cua blen d6i khi
hau, 6 nhiém moi trudng, cac hoat dong ngan dong, tao lap cac hé thong ho, dap,
dlCh vu du lich sinh thai, khai thac thuy san ... trén cac luu vuc tac dong dén nguon
loi c4 Chinh hoa.

3, Xay du:ng cac g1a1 phap ky thuat gan lién vdi cac giai phap quan ly nhiam
phat trién va bao ton ngudn gen cé Chinh hoa & Thutra Thién Hue, Viét Nam va cac
nudce trong khu vuc. Ngoai ra, trén co sO phat trién cac nghién ctru cao hon vé kha
ning din truyén cac xung dlen trén co thé cua ca Chinh hoa dé gitip cong tac nhan
biét, du bao, canh bao sém nhiing bién dbi ciia méi truong.
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INTRODUCTION
1. Urgency of research topics

Out of 16 species and 3 subspecies of Anguilla identified, Marbled eel (4.
marmorata Quoy & Gaimard, 1824) has the second largest size and widely
distributed in the world. In Vietnam, Marbled eel is mainly distributed in coastal
areas, estuaries, lagoons, lakes, rivers, freshwater streams from Ha Tinh to Vung
Tau, Central Highlands, and Phu Quoc Island with the most are from Thua Thien
Hue to Khanh Hoa. During the migration between freshwater, brackish and saltwater
environments, many different biological characteristics of the eel have been formed
and have attracted great attention from biologists for many centuries. Environmental
changes have also shaped the physiological and genetic diversity of Anguilla. The
diversity, distribution and adaptation of Anguilla can be greatly influenced by
environmental factors, such as salinity, temperature, altitude, river size and tolerance
in ecological competition. Given its wide range of distribution and ecological role
as the highest predator in the food chain, Marbled eel is proposed as an indicator
species, represents the conservation of biodiversity in freshwater ecosystems.
Therefore, consideration of the change and identification of morphological,
distributional, and genetic characteristics for Marbled eel species at various stages
of development as well as changes by habitat in each region in relation to geographic
and climatic factors are needed to develop resource recovery and development
strategies.

Thua Thien Hue province has a unique hydrological network with dense river
systems. All rivers and streams in the province have small basins with big slopes.
Tam Giang - Cau Hai lagoon system has a basin area of about 22,000 ha, is the
intersection between river and sea ecosystems. The regime of water exchange
between rivers and the sea on the river system in the rainy and dry seasons has
created favorable conditions for the migratory behavior of Eels. Of the two species
of Anguilla genus identified, Marbled eel is more popular with high commercial and
ecological value. In the wild, Marbled Eel is being exploited under great pressure to
serve the commercial needs and to provide seed in farms. The pressures of
environmental change in the process of migration, exploitation and threats from
natural habitat problems caused by pollution and artificial activities have led to the
increased risk of decline in natural resources. In 2007, Marbled eel was listed in the
Vietnam Red Book Data at the VU (vulnerable) level. However, the understanding
of Marbled eel in Vietnam in general and Thua Thien Hue in particular is still
extremely limited. Previous studies just stop at determining the species composition
and the presence of Eels in the water bodies. Therefore, in-depth studies on the
biological characteristics and genetic diversity of the Eel are necessary to serve the
conservation, protection, and development of resources.
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To determine the genetic diversity of the organism can be based on
morphological, biochemical, and molecular markers. The use of the molecular
markers is more accurate than the morphological and chemical markers because it
does not depend on objective factors. In molecular genetic techniques being applied
in the fisheries, DNA barcode is becoming a useful toolkit in identification research
and genetic diversity of organisms related to understanding of species boundaries,
community ecology, functional trait evolution, trophic interaction, and the
conservation of biodiversity. In animals, a short DNA region of the mitochondrial
gene is often used as a DNA marker, in which, the cytochrome c oxidase subunite |
(COI) and 16S ribosomal ribonucleic acid (16S rRNA) encoding regions are the most
common and effective indicators. Therefore, the application of molecular indicators
in Marbled Eel's population genetic diversity assessment needs to be done to clarify
the relationship between metamorphosis, ecological adaptation, and genetics in the
evolution of the species.

Base on these reasons, we have chosen the topic: ""Study on characteristics
of distribution, morphology and genetic diversity of Marbled eel (4Anguilla
marmorata Quoy & Gaimard, 1824) in Thua Thien Hue", to conduct in the
Doctoral program.

2. Research objectives

Objective to complement information on biological characteristics related to
distribution, morphology and genetic diversity to adapt to the eviromental changing
and life stages of Marble eel. Since, providing scientific and practical data for the
conservation, restoration and sustainable development of Marbled eel resources in
Thua Thien Hue, Vietnam and around the world.

3. Significances of thesis
1) Scientific significance

The thesis has provided new scientific data on the relationship between
morphological, distribution and genetic characteristics of Marbled eel distributed in
Thua Thien Hue. Besides the research results have also shown the ecological role
and significance of the conservation and development of eel resources in the wild.
This is an important basis in proposing strategies for conservation, development and
sustainable protection of Marbled eel resources in Thua Thien Hue, Central of
Vietnam, in the region and over the world.

2) Practical significance

The study analyzed the structure of the Marbled eel population for the first time
based on morphological, environmental and molecular markers. DNA barcode data
of two gene segments, COI and 16S rRNA, of the eel's mitochondrial genome have
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been published and used in the identification and evaluation of genetic diversity in
populations.
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Chapter 1. OVERVIEW
1.1. Natural features of Thua Thien Hue
1.1.1. Geographical location
1.1.2. Topography, geomorphology
1.1.3. Climate
1.1.4. Hydrological
1.1.5. Biological resources
1.2. Biological characteristics of Marbled eel
1.2.1. Species composition and distribution
1.2.2. Life cycle and biological characteristics
1.3. Molecular indicator and application in fisheries
1.3.1. DNA-based molecular markers
1.3.2. Technical DNA barcode
1.4. Research situation on the Anguilla
1.4.1. Morphological studies
1.4.2. Distribution, life cycle and ecological adaptation
1.4.3. Molecular indicator application
1.4.4. Study of Anguilla in Vietnam

Chapter 2. MATERIAL AND METHODOLOGY

2.1. Research scope and object

The study was researched on Marbled eel (Anguilla marmorata Quoy &
Gaimard, 1824) distributed in in Thua Thien Hue province, Vietnam for 4 years from
2017 to 2021.

2.2. Reseach contents

- Determining the composition of Eel species distributed in Thua Thien Hue
by morphological and molecular markers.

- Research on the current status, environmental characteristics and ecological
clustering distribution of flower eels in Thua Thien Hue.

- Study on characteristics and population structure of flower eel in Thua Thien
Hue province based on morphological indicators.
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- Evaluation of the genetic diversity of the Eel population in Thua Thien Hue
province by molecular markers.

2.3. Reseach methods

The research methods are presented in the following diagram:

[ Identify research topics ]

Data collecting

Reading articles Field survey Laborat()ry
|
\ v Vi
Natur: l . —
o Articals Maps .

conditions Morphological and

molecular analysis

2 v
. Evir
Overview virone . Sample
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factors

Data analysed, GPS, J_
GIS

ANTA
Distribution status, Species Morphological Genetic diversity and
environmental characteristics . characteristics and population
composition

and ecological clusters population structure phylogenetics

.

Figure 2.2. Research diagram

2.3.1. Field survey and sampling
The samples collected in 7 study areas are representative and with high
concentration of distribution of Marbled eel in Thua Thien Hue (Table 2.1).

Table 2.1. The number of research samples

Number of | Anatomical
Number of molecular
No. Research routes Symbol | samples sample .
analysis samples
observed number

1 | O Lau river system SOL 34 26 14 (HuePD)
2 | Huong river system SHU 105 64 10 (HueDTL)
3 | Truoi river system STr 49 38 14 (HueDTR, HueND)
4 | Bu Lu river system SBL 57 30 8 (HueBL)
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5 | Lang Co lagoon LC 45 15 2 (HueLC)

6 | Thuan An gate TA 30 9 0

7 | Tu Hien gate TH 30 7 0
Total 350 189 48

2.3.2. Analysis of morphological and environmental characteristics, and
build distribution maps

A total of 21 morphology indicators measured and standardized on 350
Marbled eels with size TL= 120.0 - 1136.9 mm. Among them, 10 indicators are
measured using the left side of the body or the dorsal side of the head, including:
total length (TL), head length (LH), the predorsal length (PD), preanal length (PA),
the distance between the verticals through the anus and origin of the dorsal fin (AD),
PD without HL (PDH), Tail (T), PA lengths without HL (TR), eye diameter (E),
distance between clear margins of eyes (I0). Ten characters normalized according
to the ratio LT or LH: HL/ TL, PD/ TL, PA/TL, TR/ TL, AD/TL, PDH/TL, T/
TL, E / HL, 10 / HL. Morphological indicators in the description and statistics
through anatomical 189 samples.

Information about the distributed environment such as temperature, salinity,
pH, DO is determined by a dedicated machine; depth is measured with Sachi disk;
information on the base, tidal regime, moon phase, weather, time is determined by
direct observation and meteorological and hydrological data. Use a camera to take
pictures while observing, record research diaries, make a monitoring sheet to record
field results.

The datasets include 20 morphological indicators and 11 distributional
environmental indicators were processed according to the biological statistics
method on Excel 2016 software. Principal component analysis (PCA) and
hierarchical cluster analysis (CA) were done on SPSS 22.0 software to analyze the
population structure of Marbled Eel in Thua Thien Hue based on morphology and
environment index. Use a GPS to mark sampling locations and ArcGIS version 10.3
was used to map the current state of the Marbled Eel in Thua Thien Hue.

2.3.4. Analysis of genetic diversity using molecular markers

Total DNA of 48 samples was extracted as described by Kumar et al (2007)
with modification. Barcode gene segments from Marbled Eels were obtained by
PCR with specific primers (Table 2.4).

Table 2.4. Primer sequences were used to amplification of COI and 16S rRNA genes

Genetic Primer segment Primer sequence (5'- 3") Source

segment indicator

Ccol A.angFw-1 GCACTAAGCCTTCTAATCC Current
A.angRv-1 GATGATTATTGTGGCAGAAG research

16SrRNA | L2510 CGC CTG TTT ATC AAA AAC AT Palumbi va cs
H3080 CCG GTC TGA ACT CAG ATC ACGT | (1991)
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The PCR products were purified by the Isolate IT PCR kit (Bioline) according
to the manufacturer's instructions. The PCR products were purified by the Isolate 11
PCR kit (Bioline). These PCR products were then sequenced directly by the dideoxy
terminator method on ABI PRISM® 3100 Avant Genetic Analyzer (Applied
Biosystems) at Maccrogen company, Korea. The nucleotide sequences were
manually edited and assembled on the BioEdit software Ver. 7.2.5. The final
sequences were compared and registered access codes on the Genbank data were
from MN067923 to MN067970 for 48 segments of COI and from MN633308 to
MNG633355 for 48 segments of 165 rRNA, respectively, to determine species
composition and genetic diversity analysis. Components of nucleotides, amino
acids, phylogenetic trees were analyzed using Mega X software. The reference gene
segments from genbank (AP007242.1, HQ141374.1 for COI and AB278871.1 for
16S rRNA) were used as the external group when building phylogenetic trees.
Population genetic diversity indexes, neutral tests and Fst values were performed
using DNAsp 6.0 software. Network 5.0 software was used to draw haplotype
networks. The Nm value is calculated using the formula : Nm = (1 - Fst) / 4 Fst.
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Chapter 3. RESULTS

3.1. The composition of Eel species distributed in Thua Thien Hue

Two species of Anguilla Eel distributed in Thua Thien Hue were identified by
morphological and molecular markers (Table 3.1 and Table 3.2). Based on the
morphological indicators, it is possible to distinguish the difference between the two
species. The molecular markers used supported the accuracy of the species composition of
the specimens used in this study, the Marbled eel (4. marmorata). In addition, molecular
markers have supported the classification of subspecies and confirmed that the Shortfin eel

in Thua Thien Hue is A. biocolor pacifica.

Table 3.1. Morphological characteristics of Anguilla spp. collected in Thua Thien Hue

Sample Anguilla Anguilla Anguilla Anguilla Anguilla Anguilla
sp.01 sp.02 sp.03 sp.04 sp.05 sp.06
W (g) 34.0 89.0 3,200.0 133.1 388.2 491.0
TL (mm) 255.0 362.0 1,080.0 405.0 540.0 613.0
HL (mm) 33.0 49.0 160.0 55.0 75.0 80.0
PD (mm) 6.5 8.4 31.0 11.0 15.0 27.0
PA (mm) 97.0 152.0 500.0 190.0 260.0 270.0
AD (mm) 42.0 59.0 190.0 80.0 110.0 0.0
TR (mm) 64.0 103.0 340.0 135.0 155.0 190.0
PDH (mm) 32.0 35.0 150.0 55.0 75.0 190.0
PA/TL(%) 39.0 42.0 46.0 47.0 48.0 44.0
HL/TL(%) 12.9 13.5 14.8 13.6 13.9 13.0
TR/TL(%) 25.1 28,5 31.5 333 28.7 30.1
AD/TL(%) 16.5 16.3 17.6 19.7 20.4 0.0
PDH/TL(%) 12.5 9.7 13.8 13.6 13.9 30.9
Color marking | Variegated | Variegated | Variegated | Variegated | Variegated Vai\it);te d
Dentition Narrow Narrow Narrow Narrow Narrow Wide
. A. A. A. A. A. A.
Species .
marmorata | marmorata | marmorata | marmorata | marmorata bicolor

Table 3.2. The results of Anguilla ssp. identification by COI and 16S rRNA sequences

from NCBI
cor 16S rRNA
Sample Morphological | Molecular . .
P marker marker Genbank 'A) ng Genbank .A) ng
sequences identify sequences identify
Anguilla A. AP007242.1 99.44
sp.01 | A-marmorata | b orara | HQ141374.1 | 99.53 | AB27SSTLL | 99.69
Anguilla A. AP007242.1 99.53
sp.02 | Amarmorata | o orata | HQI41374.1| 9929 | AB2Z7887LL99.84
Anguilla A. AP007242.1 99.56
sp.03 A. marmorata marmorata | HQ141374.1 99.64 AB278871.1 99.84
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Anguilla 1 AP007242.1 ] 99.76
sp.04 | Amarmorata | orata | HQ141374.1| 9953 | AB278871.1 1 99.84
Anguilla A AP007242.1 | 99.56
sp.05 | A marmorata | morata | HQ141374.1| 99.64 | AB2788711 1 99.69
Anguilla . A. bicolor AP007237.3 99.84
e | Abicolor | R | AP0072373 | 90,53 | RpE | Ol

3.2. Distribution characteristics
3.2.1. Distribution status
3.2.1.1. Timeable distribution

Marbled eel appears all year-round in Thua Thien Hue with sizes from 100 -
1100 mm, the most from 200 to 599 mm (> 15 g). The distribution of the Marbled
eel 1s divided into two periods, the dry season from January to April (typical by the
appearance of fish with TL < 200 mm) and the rainy season from August to
December every year (typical figure by appearance of adult fish) (Table 3.3).

Figure 3.3. Number and proportion of size groups by time

TL (mm) Rate
Month | 100- | 200 - | 300- [ 400 - | 500 - | 600- | 700— | 800- | 900- [ 1000 - [ 1100- | Total %)
199 | 299 | 399 | 499 | 599 | 699 | 799 | 899 | 999 | 1099 | 1199
1 0 5 1 1 0 0 0 0 1 0 0 8 2.3
2 7 5 6 3 1 1 0 0 0 0 0 23 6.6
3 22 18 22 22 16 4 3 1 2 0 0 110 | 314
4 3 4 9 3 6 0 1 0 0 0 0 26 7.4
5 0 0 0 0 0 0 0 0 0 0 0 0 0.0
6 0 0 1 1 0 0 0 0 0 1 0 3 0.9
7 0 0 1 3 0 0 1 1 0 1 0 7 2.0
8 1 1 7 10 9 5 3 3 1 1 1 42 12.0
9 0 0 0 6 1 6 3 3 1 0 0 20 5.7
10 5 14 5 2 1 4 4 5 1 2 1 44 12.6
11 0 1 3 7 4 2 5 1 1 1 0 25 7.1
12 6 10 8 5 4 3 1 3 2 0 42 12.0
Total 44 58 63 63 | 42 | 25 | 20 | 15 | 10 8 2 350 | 100.0
Rate (%) | 12.6 | 16.6 | 18.0 | 18.0 | 120 | 7.1 | 5.7 | 43 | 29 | 2.3 0.6 ’
3.2.1.2. Special distribution
Figure 3.4. Number of Eels by fishing size in the study areas
TL (mm) SOL SHU STR SBL LC TA TH
100 - 199 0 0 2 19 15 5 3
200 - 299 3 0 6 25 14 6 5
300 - 399 8 21 12 9 8 4 1
400 - 499 12 29 4 2 3 6 7
500 - 599 7 23 4 2 1 4 1
600 - 699 2 11 6 0 1 1 4
700 - 799 1 7 6 0 1 2 3




800 - 899 1 5 4 0 1 1 3
900 - 999 0 5 3 0 0 1 1
1000 - 1099 0 4 2 0 1 0 1
1100 - 1199 0 0 1 0 1 0 1
Total of number 34 105 50 57 46 30 30
Rate (%) 9.7 30.0 14.3 16.3 13.1 8.6 8.6
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Figure 3.5. Distribution status by size of Marbled eel in Thua Thien Hue

In Thua Thien Hue, the Marbled eel has the size TL = 300 - 699 mm, mainly
distributed in the downstream area or large and small streams in the upstream area.
Flower eels with size TL > 700 mm appear concentrated in the downstream and
scattered in the middle and upstream. Juvenile eel (TL <200 mm) occurs only in the
downstream area. When elevation increases, the appearance of eel with size TL =
100 - 299 mm decreases (Figure 3.5 and Table 3.4).

3.2.2. Environmental characteristics and ecological clusters

3.2.2.1. Environmental characteristics
Table 3.5. Environmental characteristics

Environmnetal factors

Average (Min — Max)

Temperature (°C)

26.3 £ 1.65(21.0-32.0)

Salinity (°/o0)

1.5+ 3.38 (0.0 — 15.0)

DO (mg/L)

8.0+ 0.47 (6.5—9.5)
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pH

7.2+0.51 (6.5 8.6)

Deep (m)

3.4+3.07(03-11.0)

Ecology indicatos

Frequency (%)

Month

12,3 %): 2 (6,6 %); 3 (31,4 %); 4 (7,4 %); 6 (0,9 %): 7 (2,0 %); 8
(12,0 %); 9 (5,7 %); 10 (12,6 %); 11 (7,1 %); 12 (12,0 %)

Weather Rainy (72,9 %), Dry (27,1 %)

Water color Cloudy (48,9 %); Clear (51,1 %)

Bottom Stone, sand and mud (26,3 %); Stone with caves (72,0 %)
Moon phase Dark (89,7 %), moonlight (20,3 %)

Tide cycle

Yes (9,8 %), No (90,2 %)
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Table 3.6. Environmental characteristics in the study areas

Name of Number
. Sign Location of Deep Tide | Temperature | Salinity pH DO Bottom Flow
water bodies
sample
_ PD, OL | Downstream 8 25- | yes | 255-275 | 0-13 | 67-88 | 7.7-8.8 | Stonesand | Strong currents,
O Lau river 4.5 and mud from west to east
system (SOL i - i i
y ( ) PD Upstream in Phong My, 2 0.4 No 24285 0 66-75 | 76-91 Stone with Slighly curents
Phong Dien 6.5 caves from west to east
SH/ Stone, sand Strong currents,
DTL Downstream 32 No 24.5-28 0 6.7-7.6 | 7.8-9.1 and mud from west to east
Huong river Bo river in Quang An, 0.5- B B Stone with Strong currents,
system (SHU) SBO Quang Tho, Huong Van 21 7.0 No 26-32 0-10 1 6.8-8680-9.1 caves from west to east
AL Upstream in A Luoi 52 03— 1 No 24-30.5 0 |65-77| 65-88 | Stonewith | Slighly curents
5.2 caves from west to east
Upstreams in Thuong 0.4 - Stone with Slighly curents
ND Quang, Trung Luu, Nam 29 6 5 No 24.0-30.0 0 6.7-76 | 8.0-9.1 f ghly
Truoi river Dong . caves om west to east
system (STr)
DTR | Downstream 20 04 - No 25-295 | 0-5 |65-74|76-83 | Stonesand | Strong currents,
11 and mud from west to east
SBL | PhuLoc 33 4= No 24 -26 0-11 | 67-75 | 7.5-88 | Stonewith | Slighly curents
. 6.5 caves from west to east
Bu Lu river
system (SBL) . . .
PL Upstream of Bu Lu River, 24 0.4 - No 24985 0 67-76 | 74-85 Stone with Slighly curents
Phu Loc 2.5 caves from west to east
Lap An (Lang | | Lang Co, Phu Loc 45 04= 1 Both | 235-290 | 0-10 | 67-86 | 6.5-8.5 | Stone,sand | Strong currents,
Co) lagoon 7.0 and mud from west to east
Thuan An gate | TA Thuan An, Hai Duong 30 41-7 | Yes 22-295 3-12 | 68-86 | 7.5-9.1 | Stone,sand | Strong currents,
and mud from west to east
i i Stone, sand | Strong currents,
Tu Hien gate TH Tu Hien 30 4-17 Yes 21-29.0 3-15 | 69-86 | 75-8.9 and mud from west to east
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3.2.2.2. Principal component analysis and cluster analysis of distribution
environment characteristics

Table 3.7. PCA results of the distribution environment characteristics

: Factors
Indicators 1 ) 3

Month 0.514 -0.468 0.394
Weather (rain) -0.701 0.416 0.218
Temperature -0.565 0.197 0.241
Salinity 0.462 0.788 -0.014
DO 0.368 -0.075 0.650
pH 0.432 0.684 0.206
Water color 0.594 -0.492 -0.066
Deep 0.608 0.045 0.277
Bottom -0.541 -0.219 0.061
Moon phase -0.609 0.174 0.439
Tide 0.345 0.766 -0.188
Eigenvalue 3.115 2.435 1.039
Variability (%) 28.321 22.133 9.447
Cumulative (%) 28.321 50.454 59.901

250

200

Il
15,0 I
10,0
Ta IIb
50
30 | |
Cluster 1 Cluster 4 Cluster2  Cluster5 Cluster 3

Figure 3.13. The clustering of distributed environmental factors
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Table 3.8. Environmental characteristics of ecological clusters

. Clusters
Indicators 1 P) 3 4 5
171 50 68 36
DTL(22), DTR (13), LC (7), ND DTL (6), DTR (2), LC(3), LC(20), ND (2), PL 25

No. of sample

(8), OL (8), PL (14), SBL (23), AL

DTL (4), DTR (5), LC (16), ND (10),
AL (14), TA (1)

ND(9), PD (25), SBL(10),

(10), AL (1) SBO

LC(1), TA(10), TH (14)

(23), SBO (16), TA (19), TH (18) AL(11), SBO(2) 3)
Temperature (°C) 21.0—28.5 24.8 - 30.5 24.0 - 28.5 23.5-32.0 22.0-29.0
Salinity (%o0) 0.0-13.0 0.0-10.0 0.0-10.0 0.0 5.0-15.0
DO (mg/l) 6.5-9.5 6.5-8.5 6.7-8.5 6.7-8.5 7.5-9.5
pH 6.5-84 6.7-84 6.6 —8.6 6.7-178 6.9-8.6
Deep (m) 0.3-31.0 0.4-6.0 04-7.0 04-3.7 4.1-7.0
Weather (rain) Rainy (100%) Rainy (2.0%); Dry (98.0%) Rainy (100%) Dry (100%) Rainy (56.5%); Dry (43.5%)
Water color Cloudy (100%) Clear (88.0%); Cloudy (12.0%) Clear (100%) Clear (100%) Clear (100%)
Stone, sand and mud (28.0%); . o . o Stone with caves Stone, sand and mud (95.7%);

Bottom Stone with caves (59.6%) Stone with caves (90.0%) Stone with caves (100%) (100%) Stone with caves (4.3%)
Moon phase Dark (100%) Dark (100%) Dark (100%) Dark (100%) Dark (100%)
Tide No (93.6%); Yes (6.4%) No (100%) No (100%) No (100%) Yes (100%)

1 (1.2%); 2 (4.1%); 1 (4.0%); 2 (18.0%); o/, o/,

3 (12.9%); 4 (6.4%); 3 (46.0%); 4 (4.0%); 411 ggé)i’ g 8‘(7);0?;’ 3(58.3%); 4 1 (8.7%); 2 (30.4%)
Month 6 (0.6%); 8 (18.1%); 7 (6.0%); 8 (4.0%); 9 (2'9(;)f 11 (2'90/0)f (25.0%); 8 3 (43.5%); 4 (8.7%)

9 (10.5%); 10 (24.0%); 10 (6.0%); 11 (4.0%); '120(’30 90/5 o (11.1%); 9 (5.6%) 7 (8.7%)
11 (12.3%); 12 (9.9%) 12 (8.0%) 70
_ 0
100 =200 (3.3%), 100 — 200 (20%), 100 — 200 (8.8%),

200 — 299 (15.2%), 100 — 200

300 — 399 (17.5%) 200 —299 (16%), 200 — 299 (8.8%), (36.1%). 200 —

400 — 499 (19'3(;)’ 300 - 399 (16%), 300 — 399 (26.5%), 299 (.2708.0/) 300 100 — 200 (24%), 200 —

500 — 599 (13'5(;)’ 400 — 499 (16%)), 400 — 499 (26.5%), 399 (.1607,%) 299 (28%), 400 — 499

- -2 70), _ 0 _ 0 - . > 0 _ 0

Zise (mm) 600 — 699 (9.4%), 500 — 599 (12%), 500 — 599 (14.7%), 400 — 499 (5.6%), (16%), 500 — 599 (4%),

700 — 799 (7.6%),
800 — 899 (4.1%),
900 — 999 (3.5%),
1000 — 1099 (3.5%),
1100 — 1199 (1.2%)

600 — 699 (6%),
700 — 799 (4%),
800 — 899 (6%),
900 — 999 (2%),

1000 — 1099 (2%)

600 — 699 (5.9%),
700 — 799 (2.9%),
800 — 899 (2.9%),
900 — 999 (1.5%),
1000 — 1099 (1.5%)

500 — 599 (5.6%),
700 — 799 (2.8%),
800 — 899 (2.8%),
900 — 999 (2.8%)

600 — 699 (8%), 700 —
799 (8%), 800 — 899
(8%), 900 — 999 (4%)
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3.3. Morphology characteristics
3.3.1. Description of morphological characteristics
The changes color of the pectoral fins, spots and body color corresponding to 4

stages of development: juveniles, fingerlings, pre-adults, and adults (Table 3.9). The
values of morphological indicators are shown in Table 3.10.
Table 3.9. The body color of the Marbled eel in the population in Thua Thien Hue

No Indicators W (g) TL (mm) Amount | Ratio (%)
1 | The body is yellow, the back is
brown, the spots are not clear; 3.0-20.7 120.0 — 228.5 61 17.4
The fins are pale yellow almost 10.9+4.91 180.1 +30.58
transparent.
2 | The body is yellow, with clear 13.4—148.8 187.0 —410.0 104 297
gray spots; The fins are yellow. 71.5+39.47 313.9 £ 60.81
3 | The back is brown, the spots are
f:lear, the cplor is gray, the belly | 143.5—-4500.0 | 387.0-1136.9 135 386
is gray-white; the fins are 657,4 £ 805,41 | 574.7+£170.61
yellow-brown.
" | black spos, yelow bellyand | 165445000 | 410011369 | 5|, 4
tail; The fins are black or red 1310.0+1101.29 | 726.4 +£196.19
Total | 350 | 100
Table 3.10. The values of morphology indicators of Marbled eel in Thua Thien Hue
Indicators Al\‘/’[liflg_e;:’? Indicators ?\Xﬁg_e;[:?
W(g) 470.5 +788.19 (3.0 - 4500.0) | TL (mm) 452.9 +£231.85(120.0 - 1136.9)
HL (mm) 62.3 £27.25(16.0 - 160.0) | HL/TL (%) 13.9+0.64 (11.2 - 16.6)
PD (mm) 117.8 £51.71 (29.1 - 315.0) | PD/TL (%) 26.2+1.35(21.2-29.2)
PA (mm) 190.6 = 83.14 (51.7 - 500.0) | PA/TL (%) 42.4+1.97(37.5-48.1)
TR (mm) 128.3 +£56.42 (32.7 - 340.0) | TR/TL (%) 28.5+2.04 (22.7 - 34.3)
AD (mm) 72.8+£32.21(18.5-190.0) | AD/TL (%) 16.2+1.57 (11.9 - 21.3)
PDH (mm) | 55.5+25.21(11.7-160.0) | PDH/TL (%) 123+ 1.43(7.3-15.5)
T (mm) 257.7+110.85 (66.3 - 614.6) | T/TL (%) 57.6 £1.97 (51.9 - 62.5)
E (mm) 6.0+£2.90 (1.4 -18.0) E/HL (%) 9.4+£1.27(5.9-11.9)
IO (mm) 13.5+6.13 (3.2 -35.0) IO/HL (%) 21.0 + 1.86 (16.0 - 25.0)

3.3.2. Internal structure
Table 3.11. Marbled Eel’s mouth size

Indices TB £SD Min - max
Mouth size (mm) 31.3+16.06 6.7-79.5
Mouth size / body length (%) 7.0 £0.48 5.6-79

Table 3.12. Marbled eel's stomach and intestinal indexs

Index TB +SD Min - Max
Stomach length (mm) 138.1 + 72.38 31.8-398.5
Stomach length / body length (%) 309 +2.42 26.5 - 35.3
Bowel length (mm) 167.3 £ 91.63 38.5-470.7
RLG 0.37 +0.041 0.30-0.43
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3.3.3. Population structure is based on morphological indicators

Table 3.13. The principal components analysis of the morphological characteristics

Index F1 F2 F3 F4 F5
TL (mm) 0.954 0.040 0,000 0,000 0.003
HL (mm) 0.947 0.046 0.001 0,000 0,000
PD (mm) 0.973 0.017 0.001 0.003 0,000
PA (mm) 0.982 0.013 0.000 0.000 0.001
TR (mm) 0.986 0.004 0.000 0.000 0.004
AD (mm) 0.965 0.007 0.003 0.012 0.004
PDH (mm) 0.963 0.001 0.001 0.016 0.004
T (mm) 0.920 0.069 0.000 0.000 0.004
HL/TL 0.027 0.046 0.149 0.101 0.676
PD/TL 0.105 0.382 0.195 0.253 0.064
PA/TL 0.167 0.767 0.005 0.050 0.010
TR/TL 0.118 0.839 0.003 0.013 0.026
AD/TL 0.054 0.320 0.091 0.526 0.009
PDH/TL 0.056 0.474 0.062 0.391 0.016
T/TL 0.167 0.767 0.005 0.050 0.010
10 (mm) 0.949 0.031 0.006 0.001 0.003
E (mm) 0.926 0.022 0.020 0.002 0.006
E/HL 0.023 0.037 0.610 0.070 0.064
IO/HL 0.005 0.029 0.555 0.14 0.099
Morphological characteristics 0.772 0.001 0.005 0.001 0.001
Eigenvalue 11.839 3.930 1.718 1.597 1.005
Variability (%) 56.378 18.716 8.181 7.603 4.786
Cumulative (%) 56.378 75.094 83.275 90.878 95.664
25,0
20,0
I 1
15,0
10,0
50 IIa IIb
0
Cluster 4 Cluster1 Clyster3  Cluster2 Cluster 5

Figure.3.26. Phylogenetic tree of 350 Marbled eels based on Eculidean distance
using Ward's method



41

Table 3.14. Morphological characteristics of A. marmorata in 5 clusters using Ward method based on Euclidean distance

Cluster
Index 1 2 3 4 5

Number of 76 70 83 85 36
sample DTL(13), DTR(2), LC(12), DTL(7), DTR(7), LC(2), DTL(6), DTR (1), LC(2), ND DTR (3), LC(26), ND(4), DTL(6), DTR(7), LC(3),

ND(11), PD(9), OL(4), PL(7), ND(6), PD(6), OL(2), PL(2), (6), PD (9), TA(11), TH (8), OL(3), PL(15), SBL(19), ND(2), PD(1), TA(2), TH(6),

SBL(14), TA(2), TH(2) TA(6), AL(18), SBO(6) AL(28), SBO(12) TA(9), TH(6) AL(6), SBO(3)

W (g) 160.8 +93.30 (29.0 —469.5) | 731.6 £297.01 (374.9 - 1540.3) | 195.4 +81.84 (52.3 -369.0) 14.8 + 8.05 (3.0 — 34.0) 2406.1 £1025.5 (143.5 - 4500)
TL (mm) 401.3 +£74.21 (260.0 — 552.0) 647.3 +74.80 (540.0 - 814.0) 435.5+56.73 (324.6 - 532.9) | 193.4 +35.04 (120.0 - 255.0) |915.5 £ 160.81 (407.0 - 1136.9)
HL (mm) 65.0+16.31 (35.0-91.2) 82.7+10.83 (58.0 — 122.4) 78.9+4.18 (64.0 -91.2) 26.7£5.36 (16.0 - 39.0) 94.4 +£29.99 (45.0 - 160.0)
PD (mm) 124.1 +30.89 (63.4 - 175.0) 154.7 £ 19.70 (112.0 - 210.6) 150.6 = 7.37 (135.7 - 175.0) 49.7+9.46 (29.1 - 68.0) 179.1 £ 57.83 (90.0 - 315.0)
PA (mm) 199.5 +48.74 (112.0 - 265.6) 254.3 +£30.50 (188.0 - 341.3) 241.0 +£10.99 (221.5-265.6) | 80.1 +15.05 (51.7 - 106.0) 288.3 + 88.91 (150.0 - 500.0)
TR (mm) 134.5+33.28 (71.9 - 182.6) 171.6 £ 22.46 (130.0 - 232.4) 162.1 +£10.92 (140.1 - 182.6) 53.5+10.05 (32.7 - 72.0) 193.8 £ 59.62 (105.0 - 340.0)
AD (mm) 75.4+18.95(389-112.4) 99.6 £14.30 (70.5 - 140.0) 90.4 +£8.05(70.1-112.4) 30.4+6.24 (18.5-43.1) 109.1 + 32.37 (60.0 - 190.0)
PDH (mm) 59.1 +15.88 (22.0 - 90.0) 72.0+£11.47 (454 -103.2) 71.7+£8.13 (58.9 - 90.0) 23.0+4.66 (11.7 - 33.0) 84.7 +29.08 (45.0 - 160.0)
T (mm) 268.2 + 67.44 (147.0 - 391.4) 338.4 +£40.37 (240.0 - 488.3) 327.0+16.61 (275.0-391.4) | 113.3+£20.48 (66.3 - 158.0) | 395.6 £ 118.56 (192.0 - 614.6)
HL/TL (%) 13.9+0.68 (11.2 - 16.6) 13.9+£0.65 (13.0- 15.9) 13.9+£0.69 (11.2-15.1) 13.8+£0.61 (11.2-15.9) 13.8+0.43 (13.0 - 14.8)
PD/TL (%) 26.5+1.26 (23.1-29.2) 26.1+£1.41(21.2-28.7) 26.5+1.24 (23.3-29.2) 25.7+1.26 (21.2 - 28.6) 26.1 +£1.50(21.2-29.2)
PA/TL (%) 42.7+1.85(37.5-47.6) 429+237(37.8-48.1) 42.4+1.84 (38.9-45.8) 41.4+1.49 (38.0-44.7) 422+ 1.87 (38.0 - 46.3)
TR/TL (%) 28.8+1.92 (22.7-33.9) 29.0+2.50 (23.1 - 34.3) 28.5+1.89 (24.6 - 32.0) 27.7+1.59 (23.7-31.1) 28.4+1.93(23.7-31.5)
AD/TL (%) 16.2+1.47 (11.9 -20.4) 16.8£1.87(12.4-21.3) 159+1.40(12.3-19.3) 15.7+£1.47 (12.3-20.4) 16.0£1.26 (13.7 - 18.4)
PDH/TL (%) 126 £1.42 (7.3 -15.5) 12.2+1.42 (8.0 - 14.5) 126 £1.42 (9.4 -15.5) 11.9+1.32(8.0-15.5) 12.4+£1.47 (8.0 - 14.8)
T/TL (%) 57.3+1.85(52.4-62.5) 57.1+£2.37(51.9-62.2) 57.6+1.84(54.2-61.1) 58.6 +£1.49 (55.3 - 62.0) 57.8+1.87 (53.7-62.0)
10 (mm) 14.1£4.15(7.0-20.2) 17.9 £2.46 (13.0 - 27.6) 17.6 £1.52 (13.8-20.2) 5.7+1.36(3.2-8.8) 20.7 - 6.26 (9.0 - 35.0)
E (mm) 6.2+2.00(2.6-9.9) 82+1.55(5.0-13.1) 7.9+1.06(4.9-9.9) 2.5+0.60 (1.4 -4.0) 9.3+3.16 (4.0 - 18.0)
E/HL (%) 92+1.34(59-11.9) 9.5+1.27(6.1-11.7) 9.5+1.23(59-11.9) 94+1.17(7.3-11.5) 9.5+1.16 (7.7-11.6)
IO/HL (%) 20.9+1.67 (16.7 -24.2) 20.9+1.67 (17.6 - 24.1) 21.2+1.61(16.7-24.2) 21.2+2.20(16.0 - 25.0) 21.2+2.10(17.6 - 24.2)
Outward yellow, clear mottled color, brown back, clear mottled yellow, clear motted color, yellow, not clear mottled brown back, clear mottled
appearance yellow pectoral fins (69.7%); color, gray and white abdomen: | yellow pectoral fins (32.5%); | color, pectoral fins are pale | color, gray and white abdomen

brown back, clear mottled
greyish-white abdomen,
brownish-yellow fins (23.7%)
and yellow-brown back, with
black spots, yellow abdomen,
black fins or red-black (6.6%)

(65.7%); brown yellow back,
black spots, yellow abdomen
and tail, black or red fins
(34.3%)

brown back, clear mottled,
gray and white abdomen:
(62.7%); brown yellow back,
black spots, yellow abdomen
and tail, black or red fins
(4.8%)

yellow, almost transparent

(71.8%) and Eel is yellow,

clear mottled color, yellow
pectoral fins (28.2%)

(52.8%), brownish-yellow
back, black spots, yellow
abdomen and tail, black or red
fins (47.2%)
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3.4. Genetic diversity by molecular markers

3.4.1. Isolation of COI and 16S rRNA gene segments

The DNA barcode fragments have been successfully isolated with the codes

on Genbank as MN067923 - MN067970 (COI) and MN633308 - MN633355 (16S

rRNA) with a total length: 845 bp and 641 bp, respectively.
3.4.2. Population genetic structure

3.4.2.1. Variety and evolutionary trends

The genetic diversity of the population is shown in Table 3.15, Table 3.16 and

Table 3.17.
Table 3.15. Neutrality tests for COI data
Population DTL DTR ND PD PL TTH
No. of sample 10 5 9 14 10 48
H 5 4 6 9 5 17(35.42%)
S 7 4 6 9 6 20
Hd 0.76 £0.017/0.9 £0.026 0.89 = 0.0080.88 + 0.0062/0.76 £ 0.017,0.801+ 0.003
I1 0.00185 0.00190 0.00178 0.00242 0.00161 0.00196
Tajima’s D -1.573" -1.0938 -1.3984 -1.06599 -1.4929 -2.03402°
Fu's Fs -1.181" -1.405" | -2.978" -4.742" -1.507 | -12.2282°
Fu and Li's Fs -1.818 -1.0938 -1.5509 -1.07521 -1.6893 -2.93225"
Fuand Li's D -1.634 -1.0938 -1.3904 -0.8946 -1.51 -2.70391°
Table 3.16. Neutrality tests for 16S rRNA data
Population DTL DTR ND PD PL TTH
No. of Sample 10 5 9 14 10 48
H 4 3 3 4 3 8(16.67%)
S 3 2 2 3 2 7
Hd 0.53 £0.032/0.70 + 0.048(0.64 £ 0.016]0.58 + 0.019]0.38 + 0.033]0.53 £0.079
I1 0.00094 0.00125 0.00113 0.00105 0.00062 0.00096
Tajima’s D -1.56222 | -0.97256 | -0.06382 -0.886 -1.40085 | -1.62974*
Fu's Fs -1.964 -0.829 -0.239 -1.290 -1.164 -5.307*
Fu and Li's Fs -1.93380 | -0.97256 | -0.18701 -0.22536 | -1.57441 | -1.96622*
Fu and Li's D -1.78443 -0.97256 -0.22104 0.01678 -1.58662 | -1.84556*
Table 3.17. Fst value and Nm among populations in Thua Thien Hue
Gen Population DTL DTR ND PD PL
DTL -- 0.012 -0.012 -0.011 0.001
DTR -0.038* -- 0.003 -0.012 0.011
col ND -0.042* -0.073* -- -0.020 -0.011
PD 0.046* -0.045* 0.012* -- -0.010
PL 0,003* -0.041* -0.045* 0.048* --
DTL -- -20.2981 8.415511 -3.74993 -6.24952
165 DTR -0.0606* -- -30.0119 -5.22611 -24.0822
“RNA ND 0.02459* -0.0703* -- -3.80568 9.916734
PD -0.0105* -0.0502* -0.0084* -- -4.37473
PL -0.0417* -0.0714* 0.02885* -0.0125* --

Data allow is Fy;

Nm values are data above, * indicates the significance level of Fy value at p < 0.001.
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3.4.2.2. Genetic variations

Figure 3.27. Median-joining network for COI haplotypes

H20
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Figure 3.28. Median-joining network for 16S rRNA haplotypes
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Figure 3.29. The phylogenetic relationship among haplotypes was determined using COI
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Figure 3.30. The phylogenetic relationship among haplotypes determined using 16S rRNA
3.4.3. Estimates of the evolutionary divergence and phylogenetic trees

The phylogenetic trees were built. In which, Neighbor-Joining phylogenetic
trees have the total of branch length = 0.08396 for COI (Fig 3.31) and 0.01346 for
16S rRNA (Fig.3.35). Maximum Likelihood phylogenetic trees have highest
reasonableness = -1336.57 for COI and — 934,58 for 16S rRNA (Fig. 3.32 and Fig.
3.36). Maximum Parsimony phylogenetic tree shows consistency index = 0.727273,
the retention index = 0.875, and the composite index = 0.77 for COI (Fig. 3.33). The
total of branch length = 8, consistency index =1.00, the retention index =1.00 and
the composite index = 1.00 of Maximum Parsimony phylogenetic trees for /6S rRNA
(Fig. 3.37). UPGMA phylogenetic trees for COI have the total of branch length =
0.05699 (Fig. 3.34) and 0.0102 for /6S rRNA (Fig. 3.38).
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Figure 3.31 and Figure 3.32. Neighbor-Joining and Maximum Likelihood phylogenetic trees based on COI sequences
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Figure 3.33 and Figure 3.34. Maximum Parsimony and UPGMA phylogenetic trees based on the COI sequences
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Figure 3.35 and Figure 3.36. Neighbor-Joining and Maximum Likelihood phylogenetic trees based on 16S rRNA sequences
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Figure 3.37 and Figure 3.38. Maximum Parsimony and UPGMA phylogenetic trees based on 16S rRNA
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Chapter 4. DISCUSSION
4.1. Distribution characteristics

The environmental characteristics of the water bodies in Thua Thien Hue province
completely match with the biological characteristics of the Eel in the period from 120 -
1137 mm (3.0 - 4500 g). Marbled eel is widely distributed in most studied water bodies.
The juvenile eel (TL< 200 mm) and adult eels appear seasonal (dry and rainy seasons).
The distribution characteristics of time and space of Eel are completely consistent with
the operation of the ecological mechanisms and biological behavior of the species. PCA
and CA analyzes showed diversity in the adaptation of Eel at different sizes to ecological
conditions in the study areas. This result shows the strong influence of environmental
factors on the adaptability of the eel in different stages of development. Based on data of
distribution characteristics, the life cycle of the Marbled eel in Thua Thien Hue has been
partly provided. This is an important basis for developing species conservation strategies
related to the protection of their habitats at different stages and water bodies. In addition,
the low numbers and proportions of large eels distributed in the wild in the middle and
upstream regions have raised concerns about the risk of loss of resources due to the
impacts of socio-economic activities on upstream migration and their habitats in the wild.

4.2. Morphological characteristics

The morphological descriptions of the Marbled eel in Thua Thien Hue (TL = 120
- 1137 mm) are consistent with the descriptions in studied previously. In this study,
distinct characteristics between developmental stages have been shown. The external and
internal morphological characteristics show the ability to adapt to the living environment,
and to the biological behavior and predatory behavior of the Marbled eel. Population
structure analysis based on morphological indicators has shown high phenotypic
polymorphism associated with the eel's body color at the developmental stages while
inhabiting different ecosystems.

4.3. Genetic diversity

Analysis has shown high genetic diversity of the Marbled eel populations in Thua
Thien Hue with a high rate of variations and alleles. An evolutionary trend towards
geographic expansion has also been found in Thua Thien Hue population. This result is
consistent with the hypotheses and research results of other authors performed on the
Marbled eel and other Anguilla in the region and over the world. Moreover, the analysis
of the population generation pattern shows a high diversity of genetic distance between
individuals in the Thua Thien Hue population, the same sampling areas and other
individuals in the Indo - Pacific region. The proximity to genetic distance shows that the
majority of individuals belonging to the Marbled eel population distributed in Thua Thien
Hue have the same genetic origin and have a close relationship with the populations in
the Indo-Pacific region. Variants that are genetically long distant from the rest may arise
from random migration from isolated populations within the area or by typical
environmental characteristics in Thua Thien Hue.
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CONCLUSION AND RECOMMENDATION
Conclusions

1) Marbled eel distributed in Thua Thien Hue has characteristic morphology
corresponding to four stages: juveniles, fingerlings, pre-adults and adults. The correlation
equation between weight and length has the form: W = 5x107L>*°. The Eel population
has a high morphological diversity associated with changes in body color at various stages
of development and environmental factors. The internal structural characteristics show
that Marbled eel is an animal-eating species.

2) Commonly occurring eels in environmental conditions include: temperature: 21 -
32°C,pH: 6.5-8.6,D0O: 6.5-9.5mg/ L, salinity: 0 - 15 %o, depth: 0.3 - 11 m, the bottom
has many holes (72.0%), flow disturbance, water color, tidal regime (72.9%). The high
diversity in the population structure of the Eel in Thua Thien Hue is related to the choice
of their distribution environment in the water bodies and the stages of the life cycle
(59.9%).

3) In Thua Thien Hue, Marbled eel (TL = 120 — 1137) distributes widely year-round
in all water bodies for two seasons. The dry season is from January to July, which
corresponds to migration time of juveniles (TL = 100 - 200 mm) from the coastal. The
rainy season corresponds to spawning migration time of adults (TL > 700 mm) from
August to December.

4) The two gene segments, COI and 16S rRNA, were 1solated with 845 bp and 641
bp of total lengh of sequences, respectively. Their access code on NCBI data is from
MN067923 to MN067970 and from MN633308 to MN633355 for COI and 16S rRNA,
respectively. Most of them have a high similarity rate with the control samples on
Genbank. Marbled eel population in Thua Thien Hue recorded the high genetic diversity
(20 polymorphic sites and 17 haplotypes for COI; 7 polymorphic sites and 8 haplotypes
for 16S rRNA), evolution tendency in random and expand the geographic range of the
population (negative values of neutral tests) and having a close genetic relationship with
the Indo-Pacific populations.

Recommendations

1) Studies on migration, nutrition, growth, reproduction, and cytology analysis
should be performed to build blologlcal indicators for Marbled eel at different growth
stages, and increase species awareness.

2) Using DNA data from the environment (¢éDNA) to study genetic resources and
diversity. Carry out researches on the effects of climate change, environmental pollution,
diversion activities, tourism services, and fishing in basins on Eel resources.

3) Develop plans, strategies and coordinate to conserve genetic resources and
protect living environment in order to maintain and develop Eel resources in Thua Thien
Hue, Vietnam and other countries in the region. On the basis of developing higher studies
and the ability to conduct electrical impulses on the surface of the fish and recognize the
environmental change through automatic chips.
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