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PAC TINH AM PHAN HOI CUA CA NUC SO (DECAPTERUS MARUADSI), CA BAC
MA (RASTRELLIGER KANAGURTA) VA CA NGAN (ATULE MATE) DUA TREN
PHUONG PHAP PHAN TiCH PAP TUYEN TAN SO

Vii Viét Ha
Vién Nghién ctru Hai san, Hai Phong
(Bai nhdn ngay 01 thang 10 nam 2009, hoan chinh sia chita ngay 17 thang 03 nam 2010)

TOM TAT: S6 liéu thiy am da tan s6 thu thap bang phwong phap nhot ca Zrong long ¢ Cat Ba
nam 2005 dwo'c sir dung. dé phan tich dac tinh am phan hoi theo tan sé ciia cd Nuc s6, ¢d Bac md va ca
Ngan Tong 56 168 chudi tin hiéu cua ca Ngan 291 cua ca Nyc va 53 cua ca Bac ma da dwoc ¢ ldp va
Su dung dé xdc dinh dap tuyén tan sé. Két qua nghién ciru cho thdy dap tuyén tan sé cia cd Nuc so, cd
Bac ma va ca Ngan khac nhau hoan toan (Post Hoc Tukey Test, p<0,001). St dung phwong phap phdn
tich phwong trinh biét thire véi cac bién déc lap la déap tuyén tan sé ¢ 38 kHz, 120 kHz, 200 kHz va tiét
dién am phan hoi 6 tan sé 38 kHz cho phép phdn biét tin hiéu thity Gm ciia timg lodi cd véi dg chinh xdc
87%. Pdp tuyén tan sé ¢ 38 kHz, 120 kHz va tiét dién am phan hoi o tan sé 38 kHz la cdc bién déc lip
quan trong sir dung dé phan biét tin hiéu am phdn héi cia cdc lodi cd. Két qud nghién ciru mé ra mot
hiréng méi trong viée dp dung phirong phdp thiy am danh gia nguén loi cé néi nho & bién Viét Nam.

Tir khéa: dic tinh am phan hoi, chudi tin hiéu am, dép tuyén tan so, phicong trinh ham biét thirc.

1. MO PAU

Phuong phap thiy am da va dang dugc su
dung rong rii trong nghién ctru phan bd va udc
tinh trit lugng cac loai ca (Simmonds &
MacLennan, 2005), n6 dugc xem la phuong
phép danh gia nguon lgi co do chinh xac kha
cao, riit ngan dwoc thoi gian diéu tra va cung
cép nhanh c4c thong tin vé hién trang ngudn loi
trong ving bién nghién ctru (Jennings et al.,
2001). Nguyén ly cua phuong phap dua duogc
trén quan hé tuyén tinh giita ning lwong 4m
phan hdi va mat do phéan bd cua ca trong khéi
nuéc (Foote, 1983; Gunderson, 1993). Tuy
nhién, phuong phap nay ciing ton tai nhiing han
ché nhét dinh do tin hiéu 4m phan hdi thu dugc
bi pha tron ciia rat nhiéu loai sinh vat, gay kho
khan cho viéc xac dinh tin hi¢u cua ting loai
riéng bi¢t (Simmonds & MacLennan, 2005).
Do d6, khi thyc hién cac chuyén diéu tra bién
bang phuong phap thuy am, viéc danh lugi dé
kiém tra tin hiéu thu dugc 1a rit can thiét dé
lam co s& dé phan tich ning luong 4m phan
hodi cia timg loai riéng biét. O cac ving bién
nhiét d&i c6 khu hé ca da loai, viéc danh ludi
kiém tra tin hiéu doi hoi phai dugc thyc hién
nhiéu 1an va thuong xuyén dé co dugc nhimng
thong tin chinh xac nhat vé& thanh phan loai
hién thi duéi dang tin hi¢u trén cac ban ghi tich
phan am. Tuy nhién, trong mot s6 truong hop,
vi nhiéu ly do khéc nhau viéc danh luéi kiém

tra tin hiéu rat khé thdm chi khong thé thuc
hién dugc, gay kho khan cho viéc phan tich tin
hiéu thiy am.

Cung v6i su phat trién ctia khoa hoc cong
ngh¢, k¥ thuat tong hop dit liéu tich phan am
ctia nhiéu tin s6 khac nhau cho phép xac dinh
chinh xdc tin hi¢u thuy am cua tung loai ca
riéng biét (Simmonds & MacLennan, 2005) ma
khéng can phai danh lugi kiém tra tin hiéu
nhiéu. Phuong phap thiy 4m da tan sé
(acoustic multi frequency methods) gin day da
¢6 nhitng budc tién dang ké va dugc ap dung
rat thanh cong trong viéc phan tach tin hidu cua
cac loai sinh vat bién. Phuong phap nay di
duogc str dung dé phén tach tin hi¢u cta cac loai
ca tr tin hi¢u cua cac loai dong vat phu du
(McKelvey et al., 2006), gitra cac loai ca (Jech
& Michaels, 2006) hoac gilta cac tin hiéu cta
cac loai ca khong cé bong boi, cac loai ca co
bong boi va cac loai dong vat phu (Kloser et al.,
2002; Korneliussen et al, 2002). Fernandes va
Stewards (Fernandes & Stewart, 2004) da su
dung phuong phap thuy 4m da tan sb bang cach
so sanh thé tich 4m phan hdi ¢ ting tan s0 khac
nhau dé phan tach tin hiéu cua mot s6 loai ca
chinh bién (dmmodytes spp.) va ca Thu bién
Béc (Scomber scombrus). Phuong phap thuy
4m da tAn sb tham chi con dugce sir dung dé ude
tinh trir lvgng va phan b cia cac loai dong vat
phu du theo cac kich thudc khac nhau (Pieper
et al., 1990). Nhitng thuan loi, uu diém va han
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ché cua phuong phéap ap dung trong nghién ctru
nghé ca ciing duoc thao luan cin nhic nhim
giam téi da chi phi diéu tra khao sat va dam
béo tinh chinh x4c cao nhit cia két qua thu
dugc (Jech & Micheals, 2006).

Phén tich d4p tuyén tin s6 1a phwong phap
téng hop tin hiéu 4m phan hdi cua loai sinh vét
& céc tan s6 khac nhau. Phuong phap nay dang
duoc phat trién va ap dung rong rai dé phan
tach tin hidu cta cac loai ca ¢ ving bién on d6i
(Korneliussen et al., 2003; Korneliussen & Ona,
2004). O Viét Nam, phuong phap thuy am da
duogc 4p dung trong diéu tra ngudn loi ca ndi
nhd tr nam 1979 trén tau nghién ciu Bién
boéng (1500 CV). Nam 2003, Vién Nghién ctu
Hai san thuc hién dé tai nghién ctru trit lwgng
va kha nang khai thac ca ndi nhé trén toan
ving bién Viét Nam st dung phwong phap thiy
am (N. V. Nghia 2007), tuy nhién dé tai chi
dung lai ¢ viéc danh gi trit lugng va lap ban
dd phan b, cac nghién ctru sau hon chwa thuc
hién duoc.

Céa Nuc s6 (Decapterus maruadsi) (Fischer
& Whitehead, 1974), ca Bac ma (Rastrelliger
kanagurta) (Collette & Nauen, 1983) va ca
Ngén (Atule mate) (Carpenter & Niem, 1999)
14 nhitng loai ca néi nhd chiém wu thé trong
quéan dan ca ndi nho & bién Viét Nam. Nghién
ctru cua N.V. Nghia (2007) cho thdy cac loai ca
Nuc, ca Bac ma va ca Ngan chiém ti 1 kha cao
trong san lwong danh bat ciia cac mé ludi kéo
déay va lu6i kéo trung ting & ca mua gié Pong
Béc va mua gié Tay Nam (ti 1& san luong trung
binh dinh bit bang ludi kéo day ciia ca Ngan:
1,4-15,9%; ca Nuc $0: 1,0-13,9% va cé Bac
ma: 1,8-8,2%). Ap dung phuong phap thiy &m
két hop véi ludi kéo day va ludi kéo trung tang
danh gia ngudn lgi cac loai ca nay da dugc thuc
hién, tuy nhién c6 rat nhidu han ché trong viéc
trién khai thuc hién dic biét 1a phén tich tin
hi€u tich phan am do cac loai ca & bién nhiét
d6i khong phan bd tép trung thanh cac dan 16n
ma phén bé rai rac thanh cac dan ca nhé, pham
vi phan bé rong va mot s6 loai ca thuong co xu
hudéng hop dan cung nhau. Trong truong hop
ndy, viéc phan tach ning lwgng 4m phan hdi
cho timg loai ca rat kho thyc hién. Phwong
phap thity am da tin s6 v6i tiép can bang phan
tich dap tuyén tan s6 1a phwong phép hd trg cho
viéc phan tich dir li¢u tich phan am dya trén
nhimg déc trung phan héi 4m ciia cac loai ca ¢
céc tan s6 khac nhau. Phén tich dap tuyén tan

s6 dugc xem 1a phuong phap tdi wu
(Korneliussen et al., 2003; Anon 2005; Johnsen
et al., 2009) dé xac dinh tin hiéu thuy am cua
cac loai ca gitp giam thiéu sai s6 khi phan tich
va danh gia trir lvong ngudn loi.

Vé6i ngudn s6 lidu thuy am da tin sé thu
thap dugc qua thi nghiém xac dinh cuong do
4m phan hdi cua mot sé loai ca ndi nhod & bién
Viét Nam nim 2005, dic trung phan hdi am
theo tan s cua céac loai ca Nuc, c4 Bac ma va
ca Ngan s€ dugc phan tich tao co so khoa hoc
cho vi¢c phan tich s6 liéu thiy am, danh gia trix
lwong ngudn lgi ca bién.

2. TAI LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Tai liéu

Tai liéu nghién ctru dugc thu thap qua thi
nghiém do hé s6 phan hdi 4m cta ca bi nhét
trong lé)ng do dé tai “Nghién ciru trix luong va
kha ning khai thac cac loai c4 ndi nho chi yéu
1a ca Nuc, ca Trich, ca Bac ma & bién Viét
Nam” thyc hién nam 2005 & dao Cat Ba (Hai
Phong). DPéi tugng dugc lya chon lam thi
nghiém 1a cac loai: ca Nuc (Decapterus
maruadsi), ca Ngan (Atule mate) va ca Bac ma
(Rastrelliger kanagurta).

2.2. Phuong phap

2.2.1. Bé tri thi nghi¢m

+ Trang thiét bi va mau thi nghiém:

Thi nghiém dugc thuc hién trén be ndi dat
tai ctra Tung GAu, Cat Ba. Bé thi nghiém duoc
thiét ké gdm cac bd phan chinh 1a: 16ng lwu giit
c4 sdng, 1dng thi nghiém, phong dit thiét bi
thuy am va céc phong chuc nang khac (mo
phong & hinh 1). P§ sau noi dat léng thi
nghiém la 12 m

Léng thi nghiém c6 kich thudc 4x4x10m
dugc lam bang cic khung sit vudng, xung
quanh duoc bao boc bing ludi soi don, kich
thudc mét ludi 2a=10 mm, tao vach ngin giira
khu vyc thi nghiém v6i moi trudng bén ngoai.
bay long duoc lip 8 rong roc cho phép kéo
16ng thi nghiém 1én va tha xudng sau mdi lin
thi nghiém.

Long luu giit ca dwoc thiét ké véi kich
thude 1,5x2x2m, lam béng ludi nylon soi don,
kich thuéc mit lugi 2a=10 mm. Cac 16ng giit
¢4 duoc sir dung dé luu giit ca sdng phuc vu
cac thi nghiém.
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Mau ca séng dugc thu thap trén cac tau
danh ludi vay hodc v6 manh & cac ngu truong
xung quanh khu vye Cat Ba. Ca danh bat dugc
giit séng va van chuyén vé 1dng luu giir tai be
thi nghiém.

Hé thong may thay am da tin SIMRAD
EK60 gdm cic dau do tan sé 38, 120 va 200
kHz dugc stir dung dé thyc hién céc thi nghiém.
Céc dau do thuy 4m dugc lap dat trén gia do va
tha nbi trén mat & vi tri trung tdm cia 16ng thi
nghiém. Cac dau do duoc nbi voi hé thong thu
nhan va chuyén déi tin hiéu bang cap quang, &
d6 tin hiéu duge khuyéch dai va truyén vé may
tinh qua hé théng mang LAN. Truéc khi tién
hanh thi nghiém, thiét bi thiy am dugc hiéu
chinh theo hudng dan ciia Foote et al. (1987)
nhim giam thiéu sai s§ do su troi dat tin hiéu
va dam bao cho may do thiy 4m hoat dong on
dinh. Cac tham sb cai dit cho may thiy 4m va

két qua hiéu chinh thiét bi dugc trinh bay &
bang 1.

+ Tién hanh thi nghiém:

C4 sau khi bi bat dugc van chuyén vé nudi
nhdt trong 10ng lwu giit tai bé thi nghiém, tai
day ca duoc luu giit khoang 1-2 ngay dé hoi
phuc tro lai trang thai binh thudng sau khi bi
bat va van chuyen tir ngu truong vé 1dng luu
giit. Khi tién hanh thi nghiém, ca duge chuyén
tir 1ong luu giit sang 1ong thi nghiém. Thi
nghiém duoc thuc hién trong khoang 2-3 gio.
Mbi lan thi nghiém dugc thuc hién véi sb
luong ca tir 5-20 ca thé. Két thac thi nghiém,
16ng thi nghiém duoc kéo 16n va toan bd sb ca
dung trong thi nghiém dugc phan tich sinh hoc,
gom do chleu dai, can khéi lugng, xdc dinh do
chin mudi tuyén sinh duc va mot s6 tham sé
sinh hoc khac.
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Hinh 1. M6 phong bé thi nghiém xéc dinh cudng d6 am phéan hdi ctia ca [1]
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Bang 1. Cac thong sb cai dat va hiéu chinh thiét bj trong thi nghiém xéc dinh cudng do 4m phan hdi cua
ca nuc, ca bac ma va ca ngéan ¢ Cat Ba, thang 7/2005

Thong so Gia tri
Tan s6 Frequency (kHz) 38 120 200
H¢ s6 hap thy Absoption coefficent (dB/km) 5,82 43,41
Khoang xung Pulse duration (ms) 1,024 | 1,024 1,024
Cong suat Power (w) 1000 250 120
Heé s6 phan hoi 4m chuyén dbi TS transducer gain (dB) - -25,33 -
21,47 25,32
Hg¢ s6 hi¢u chinh dién tich &m phan hoi sA Correction (dB) -0,61 -0,38 -0,23
Goéc phat — thu tin hiéu Two-way beam angle (dB) -15,5 | -20,8 -20,7
Do nhay ciia dau do theo chidu doc Angle sensivity alongships (0) -12,5 | -21,0 -23,0
Do nhay ciia dAu do theo chiéu ngang Angle sensivity athwartships (o) -12,5 | -21,0 -23,0
Goc nhan tin hiéu chuan theo chiéu doc | Angle offset alongships (o) 0,28 -0,1 0,0
G6c nhdn tin hidu chuén theo chiéu Angle Offset athwartships (o) -0,05 -0,05 0,01
ngang
Do rong goc quét theo chiéu doc 3 dB Beamwidth alongships (0) 11,83 | 7,04 6,65
D6 rong goc quét theo chi€u ngang 3 dB Beamwidth athwartships (o) 1191 | 7.1 6,7
Bing thong Bandwidth (kHz) 2,43 3,03 3,09
Qua cau hiéu chinh Calibration sphere Cu-60 | WC-38,1 | WC-
38,1

2.2.2. Phwong phdp phn tich sé ligu

+ Dic tinh Am phan hdi theo tin sb

Dic tinh phan hdi 4m cua loai sinh vat déi
Vv6i cac tan sd khac nhau dugc mo ta thong qua
dai luong dap tuyen tan sb. Pay la dai lugng
vat Iy biéu thi mbi tuong quan gilta tiét dién &m
phan hdi tai mot tan sO bét ky s0 VOi tong tiét
dién am phan hdi cua tat ca cac tan s6 st dung
(Anon 2006). Pép tuyén tan sé dic trung cho
loai (Martin et al., 1996; Korneliussen & Ona,
2003). Trong cung mdt 10a1 déap tuyén tan sb
bién thién theo céc tin sé song 4m.

Khi phén tich tin hiéu thay 4m da tan sb,
c4c tin hiéu phan hdi cta ca dugc phong dai téi
d6 phan giai cao nhit bang phin mém chuyén
dung Large Scale Survey System, LSSS
(Korneliussen et al, 2006), sau d6 danh dau
khoanh ving va c6 1ap véi céc tin hi¢u khac.
Tin hiéu dugc danh ddu theo timg chudi 4m
phan hdi (echotrace) tir diém bat du gap tin
hiéu t6i khi két thuc chudi tin hiéu. Qué trinh
phén tich c6 1ap tin hiéu dugc thuc hién & tan
sé cao nhit (200 kHz) sau d6 chong 16p sang
céc tan s thip hon (120 kHz va 38 kHz) dé
dam bao tin hiéu 4m phan hdi khi da trich rat
dugc ghi lai ¢ tat ca cac tin sb. Cac thong sb co
ban khi trich rut tir cdc ban ghi tich phan am
gdm: chudi tin hiéu 4m phan hdi (echotrace),
tiét dién am phan hdi cua timg tin hiéu trong
chudi am tin hiéu, do sau bt gap tin hi¢u, tha
tu cua tin hi€u trong chudi tin hiéu va thoi gian
ghi dugc tin hiéu. Cac thong sé nay dugc trich

rit riéng & cho cac tan s6 khac nhau va dugc
lru dudi dang dir liéu trao d6i. Pap tuyén tan
s6 trung binh cho loai dugc tinh tir cac chudi
tin hiéu 4m phan hdi theo coéng thuc
(Korneliussen & Ona, 2003):
H(f) = nj,-(f) 1
2.0(f)
i=1

Trong d6 r(f) la dap tuyén tin sb,
o,(f)1a tiét dién am phan hoi cla loai & tan
sOf.

+ Phén tich tin higu am phdn héi ciia
cdc lodi ca

Pap tuyén tan sé dac trung cho loai va
duogc str dung dé phén biét tin hi¢u am phan hdi
ctia cac loai ca (Reid, 2000; Korneliussen &
Ona, 2003; Johnsen et al., 2009). Phuong phap
phan tich ham biét thirc (Discriminant Function
Analysis, DFA) la phuong phap phan tich da
bién duoc st dung dé xé4c dinh tham s6 chinh
ding dé phén tach gilra cac nhom ddi tugng
trong mot tong thé (Klecka, 1980). O day,
nhém ddi tugng 1a cac loai ca, dap tuyén tan sb
clia cac loai ¢4 & cac tin s6 38 kHz (r38), 120
kHz (r120), 200 kHz (r200) va tiét dién am
phan héi clia ca ¢ tan s6 38 kHz (055 ) 1a céc

bién doc 1ap. Ham biét thirc co dang (Klecka,
1980):
L=b1x1 + bzXz + b3X3+... + biXi + ann +c (2)
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Trong do6 b; 1a cac hé s6 phén tach giira cac
loai va x; 1a céc bién ding dé phan tach va ¢ 1a
hang sd.

Pap tuyén tin sd khi dua vao phan tich
ham biét thirc dwoc chudn héa bing cach
logarit co s6 10 (Johnsen, 2009). Phan tich ham
biét thirc gdm 2 budc chinh 1a kiém dinh mic y
nghia cia moé hinh va phan nhém cac bién doc
1ap (Klecka, 1980). Budc 1 dugc thuc hién dua
trén phéan b Fisher kiém tra muc do déng nhét
cua bién sb theo gia tri Wilks lambda. Buéc 2
duoc thyuc hién khi két qua kiém dinh & budc 1
¢ y nghia théng ké, tir d6 cac nhdém bién sb s&
dugc phan 1ap dua trén khoang cach
Mahalanobis. Phuong trinh biét thirc str dung
dé phén tach tin hi¢u gilta cac loai dugc xac
dinh khi cac budc phan tich 1 va 2 c6 y nghia
théng k&, tir d6 cac tham sb co ban sit dung dé
phan tach tin hi¢u thuy am cua dan ca theo
phuong phap da tan sb s& dugc xac dinh.

3. KET QUA NGHIEN CUU

3.1. Dic tinh phan hdi Am

Dic tinh phan hdi 4m cua ca & cac tn sb
song 4m khac nhau duge moé ta thong qua dai
luong dap tuyén tan sd. Pap tuyén tan so trung

binh cua c4 Nuc, cad Bac ma va cd Ngan duoc
trinh bay ¢ hinh 2 va phu luc 1. Két qua phan

tich cho thay dap tuyén tan sb bién dong rat 1on
trong cung mot loai va khac nhau giita céc loai.

D6i v6i ca Nuc va ca Bac ma, dap tuyén
tan s6 cao nhét & tan sb 120 kHz, thip hon &
tan sb 38 kHz va thip nhét & tin s 200 kHz.
Bién d6 dao dong dap tuyén tan sb cia ca Nuc
thip hon so v&i cua c4 Bac ma thé hién & dap
tuyén tin sé & 120 kHz ciia ca Bac mé cao hon
s0 v&i cia ca Nyc. Tuy nhién dép tuyén tan sb
& 38 kHz va 200 kHz ciia c4 Bac ma thap hon
so véi ctia ca Ngan.

Pap tuyén tin sd cua ca Ngan bién dbi
theo chiéu nghich, giam véi bién d 16n tur tan
s6 38 kHz dén tan s6 120 kHz sau do6 ting dan.
Dap tuyén tin s trung binh ciia ca Ngan & tan
s6 38 kHz va 200 kHz cao hon so véi clia ca
Nuc va ca Bac méa. Dap tuyén tin sb trung binh
ctia ca Ngén 6 tin s6 120 kHz thap nhat.

So sanh dap tuyén tin sb trung binh cia
cac loai c4 & tAn sb bat ky cho thay su khac
nhau cé y nghia véi d6 tin cdy 95% (Post Hoc
Tukey Test, p<0,005). O cung mot loai, dap
tuyén tdn sé O cac tan sb khac nhau thi khac
nhau (Post Hoc Tukey Test, p<0,005). Nhu vay
c6 thé nodi dap tuyén tan s 1 dai lugng dic
trung cho loai. Céac loai ca khac nhau c6 dap
tuyén tdn s6 khac nhau do d6 cé thé st dung
dap tuyén tan s6 dé phan biét cac loai ca trong
ban ghi tich phan am.
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0.5 -
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Dap tuydn tén sé

0.2
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—&— C4 Ngén (Atule mate)
—e#- Cd Nuc 56 (Decanterus maruadsi)
-+ o+ C4 Bac mé (Rastrelliger kanagurta)

38kHz
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200 kHz

Hinh 2. Dap tuyén tin sb trung binh =+ sai s6 chudn ctia c4 Nuc s6, c4 Bac ma va c4 Ngan theo cac tan sé khac nhau

3.2. Phén tach tin hiéu Am phan hdi cia
cac loai ca

Tdng s6 512 tin higu 4m phan hoi thu dugc
trong qua trinh phén tich cac ban ghi tich phan

am, trong d6 168 chudi tin hiéu ciia ca Ngan,
291 cua ca Nuc va 53 cta ca Bac ma (Bang 2).
Kich thuéc trung binh (chidu dai dén ché vay
duobi) cia ca Nuc st dung trong thi nghiém la
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10,4 cm; ca Ngan 1a 9,1 cm va ca Bac ma la
11,0 cm. St dung phuong phép phan tich
phuong trinh biét thirc, cac tin hiéu cua cac loai
ca khac nhau da dugc phan tach thanh cong.
Tinh trung binh, 87% s6 chudi tin hiéu am di
dugc phan biét chinh xac (Bang 2), trong do
chudi tin hiéu 4m cua ca Nuc duoc phan tach
thanh cong nhét véi ti I¢ chinh xac dat 93%,

tiép theo 1a c4 Bac méa (85% chinh xac). Chudi
tin hidu 4m phan hdi ciia ca Ngan thuong bi 1an
véi cac chudi tin hiéu cia cad Nuc. Trong sb
168 chudi tin hiéu ctia ca Ngan thi ¢6 31 chudi
tin hiéu bi 1an véi ca Nuc va 7 chudi tin hiéu bi
13n véi ca Bac ma. Ti 1& phan biét chinh xéc
ctia ca Ngan vdi ca Nuc va ca Bac ma trong mo
hinh 14 77% (Bang 2).

Bang 2. Két qua phan tach cac tin hiéu (Echotraces) ciia c4 Nuc, c4 Bac ma va ca Ngan bang phuong
phap phan tich phuong trinh biét thirc

A pa— o Ti 1¢ phan tach Tong sb
Cd Ngin Ci Nuc Ca Bac ma chinh xic (%) echotrace
Ca Ngin 130 31 7 77 168
Ca Nuc 9 271 11 93 291
Ca Bac ma 7 1 45 85 53
Chung 146 303 63 87 512
7 T T T T T T
(e}
5 o |
[e] [e]
3 —
—_ (e}
QN
X 1 —
O
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2t -
L o)
3+ -
5 ]
7 I I I I I I
-7 -5 -3 -1 1 3 5 7
FACTOR(1)
CaBac ma < CaNucsd O CaNgan

Hinh 3. Db thi phéan bd cac diém chinh tic (canonical scores) cua ca Nuc, ca Bac ma va ca Ngén xac dinh béng
phuong phap phan tich phuong trinh biét thirc (Discriminant Function Analysis). Cac toa d6 diém trung tdm la: ca
Nuc (1,03; 0,11), ca Ngan (-1,55; 0,41) va ca Bac ma (-0,73; -1,89).

Két qua kjém dinh théng ké theo phan b
Fisher cho thay cac tin hiéu dugc phén tach
bang phuong phap phan tich phuong trinh biét

thirc c¢6 y nghia théng ké (F =110,4; p<0,0001).

Gia tri Wilks's Lambda = 0,28 chung to su
phéan b cia cac diém chinh tic kha dong nhat
so v6i diém trung tdm (Wilks's Lambda dao
dong tir 0 dén 1, Wilks's Lambda cang nho do
chum cang cao). M6 hinh phan tich phuong

trinh biét thirc ciing cho thay tit ca cac bién doc
lap (055, R38, R120 va R200) déu dong vai
tro quan trong trong viéc phan tach céc tin hiéu,
trong d6 0,5 va R120 la céc bién quan trong
nhit st dung dé phéan tach giita cac loai ca
Ngéan, ca Nuc va cad Bac ma.

Hinh 3 mé ta phén b6 cac diém chinh tic
xac dinh bang phuong phap phén tich phuong
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trinh biét thirc ddi voi ca Nuc sd, ca Ngan va ca
Bac ma4, cic toa d§ trung tdm tuong Ung la
(1,03; 0,11), (-1,55; 0,41) va (-0,73; -1,89. Két
qua phén tich thong ké ciing cho thiy khoang
cach trung tdm cua ca Ngan va ca Bac ma gﬁn
nhéit (F=59,3) tiép dén 1a ca Nyc va ca Bac ma
(F=78.9) va cubi cing 1a ca Ngan va ca Nuc
(F=177,8). Nhu vy, cac diém chinh tic quan
sat duogc cia céc loai phan bd xen ké& nhau tai
moét sb vi tri chinh 13 nhitng diém gay nham 1an
khi phén biét tin hiéu 4m phan hdi cia cac loai.

4. THAO LUAN

Khi méy thuy 4m hoat dong, tat ca cac sinh
vét phan bd trong khéi nuée, gdbm ca va cac
sinh vat ngoai ca s€ dugc ghi lai dudi dang céc
ban ghi tich phan am, bao gdm vi tri cua tin
hiéu dan, d6 16n cua dan, hinh dang dan va tiét
dién am phan hdi ciia dan (Reid, 2000). Kha
ning phan hdi 4m cua c4 dic trung cho loai,
trong cting mot loai kha nang phan hoi am ctia
ca phu thudc vao tAn sb (Simmonds &
MacLennan, 2005). C4 c6 bong boi co kha
nang phan hoi 4m tot hon so véi ca khong co
bong boi va cac sinh vat khac nhu dong thuc
vat phu du hodc cac vat thé troi lo ling trong
nudce (Foote, 1980). Viéc phan tich cac ban ghi
tich phan am doi hoi nguoi phan tich phai co
nhiing kién thtc co ban vé dic trung phan hdi
4m ctia ca cling nhu thanh phin loai ca & vung
bién nghién ciru. Di véi cac loai ca co tap tinh
hop dan don loai, viéc phan tach, cd 1ap tin
hiéu cho dan ca duogc thuc hién dé& dang hon.
Nguoc lai, khi cac loai c4 phan bd cung nhau
tao thanh dan cé da loai thi viéc phan tich, xac
dinh tin hiéu 4m phan hdi cho timg loai tré 1én
phirc tap va trong nhiéu truong hop khong thé
thuc hién dugc.

Str dung Iudi kéo day hoac ludi kéo trung
tﬁng @& kiém tra tin hiéu duoc ghi lai duéi dang
tich phan 4m 1a phuong phap phan tich truyén
théng (Gunderson, 1993; Simmonds &
MacLennan, 2005), tuy nhién phuong phap nay
cling ton tai nhitng han ché nhit dinh do tinh
chon loc cua ngu cu (Engas & Gode, 1989;
Engés & Soldal, 1992) va tap tinh tranh vat dir
cia ca (Aglen, 1994). Nhiing nam gin day,
phuong phap thuy &m da tan s duoc ap dung
dé phan tich hinh anh tich phan am, tlep can
bang phuong phap so sanh dap tuyen tan s cia
cac loai cho phép xéc dinh twong ddi chinh xé4c
tin hi€u cta tung loai hoac nhoém loai (Horne,

2000; Korneliussen & Ona, 2002; Korneliussen
& Ona2003), tuy nhién viéc két hop danh lugi
kiém tra tin hiéu 1a khong thé thiéu.

Trong nghién ciru nay, dap tuyén tan s
duoc xac dinh tr tiét dién am phan hdi (s,
(MacLennan et al., 2002)) & cac tan sé 38 kHz,
120 kHz va 200 kHz cho timg chudi tin hiéu
duogc ghi lai. Phuong phap nay duoc ap dung
trong phan tich tin hiéu am phan hdi cua cac tin
hiéu don 1é bing cac thi nghiém c6 lap dbi
tuwgng nghién ctru (phuong phép ex situ). Do 1a
phuong phép xé4c dinh dap tuyén tin sb thuc
nghiém (Anon 2005) cho phép xéac dinh chinh
xac dap tuyen tan s6 cua loai. Mot tlep can
khac trong nghién ciru x4c dinh déap tuyén tin
s6 cua ca 1a sir dung dién tich 4m phan hdi (s,,
(MacLennan et al., 2002)) cta dan ca thu dugc
trong qué trinh didu tra (phuong phap in situ).
Phuong phap nay d& bi sai s6 hé théng do viéc
phan tach tin hiéu dan ca co thé ton tai nhitng
tin hidu nhiéu cia nhitng d6i twrong khac.

Ca Nuc, ca Ngén va ca Bac ma 1a nhitng
loai c4 co tap tinh ty dan, phan bd chu yéu &
vung bién ven bd, mat do phan bd cao & tﬁng
mat (Fischer & Whitehead, 1974; Collette &
Nauen, 1983; Carpente & Niem, 1999). Quan
sat tap tinh phan bd cua ca trong qué trinh thi
nghiém cho thdy, ca ba loai c4 trén déu phan bd
tap trung ¢ tang nudc 3-4m cach mit, rét it khi
¢4 boi xudng sdu hon. Trong khi d6, & méi
truong ty nhién, cac loai ca nay phan bb chu
yéu & do sau 40-50m nudce, tham chi trén 100m
nude (Fischer & Whitehead, 1974; Collette &
Nauen, B. B. Collette & C. E. Nauen 1983;
Carpenter & Niem, 1999). Nhu vay c6 thé do
didu kién bi nudi nhdt trong 1dng, tap tinh tu
nhién cla ca da bi anh huong. Mt khac, kich
thudc ca st dung trong thi nghiém kha nho (ca
Nuc $0: 10,4 cm; cd Ngan: 9,1 cm va cé Bac
ma: 11,0 cm) so véi kich thudc cua ca trong
quin dan khai thic & bién Viét Nam (N. V.
Nghia 2007), nhu vy c6 thé tap tinh phan bd
cua cac loai ca ¢ giai doan con non c6 su khac
biét nhét dinh so véi cé trudng thanh.

C4 Nuc s0, ca Ngéan va cd Bac ma 1a nhiing
loi ca c6 bong boi ho, thé tich bong boi thay
ddi phu thudc vao d¢ sau phan bd cia ca.
Trong qué trinh thi nghiém c4 chi phan bé tap
trung & d6 sau 3-4m nudc, lam cho cuong do
phan hdi 4m co thé cao hon so véi thi nghiém
duoc thuc hién trong diéu kién tu nhién do hé
s6 phan hdi am cua cac loai ¢4 ¢ bong boi ho
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phu thudc vao do sau. Cuong do phan hdi 4m
cua ca con phu thudc vao goéc boi cua ca
(Nakken & Olsen, 1977). Ban ngay ca thuong
tap trung thanh dan va boi theo phuong nim
ngang, nguoc lai khi dém xudng c4 co6 xu
huéng phan bd phan tan va boi theo phuong
xién. Nhiéu nghién ctru da chimg minh cuong
d6 phan hoi 4m cta c4 cao nhét khi ca boi theo
phuong nam ngang (Love, 1971; Love, 1977;
Nakken & Olsen, 1977). Foote da chimg minh
rang cudng d6 4m phan hdi cua ca do dugc ddi
v6i céc thi nghiém ban ngay cao hon 2-3 dB so
v6i két qua thi nghiém vao ban dém (Foote,
1987). Trong nghién ciru nay, toan bd thi
nghiém xac dinh cudng d6 4m phan hdi cua ca
Nuc s, ca Bac ma va ca Ngan déu dwoc thuc
hién vao ban ngay, cuong d6 phan hdi 4 am cua
¢4 thu dwoc co thé ton tai nhimg sai s nhit
dinh. Tuy nhién tham s} sir dung dé phan tach
tln hleu am phan hdi cua cac loai 1a dap tuyen
tan s6, do d6 viéc cudong do6 am phan hdi am
cao hay thép ciing it anh huong dén dap tuyén
tan so.

Trong nghién ctru ngudn loi bang phwong
phép thiy am, tan s6 38 kHz dugc lya chon deé
danh gia trtr luong do & tan so nay tin hi¢u
nhiéu thip nhat so véi cac tan sd cao hon hodc
thap hon (Gunderson, 1993). Su dung dap
tuyen tin s6 cung véi tiét dién am phan hdi &
tan sé 38 kHz trong phuong phap phan tich
phuong trinh biét thirc s€ tang dd chinh xac ctia
két qua phan tach tin hiéu (Anon 2005; Gorska
et al, N. Gorska et al. 2007; Johnsen et al.,
2009). O day, cac bién doc 1ap gdm R38, R120,
R200 va o33 dugce st dung trong phuong trinh
phén tich biét thirc da phan tach thanh cong tin
hi€u cua cac loai vdi d chinh xac 87%. Trong
do6 tin hiéu cta ca Nuc dugc phén tach voi do
chinh xé4c cao nhét, dat 93%. Céc loai ca Nuc,
ca Bac ma va ca Ngan c6 kich thudc trung binh
trong duong nhau, hinh dang cling tuong dbi
giong nhau, cung c6 bong boi ho va phan bb
cha yéu ¢ ting mat (Fischer & Whitehead,
1974; Collette & Nauen, 1983; Carpenter &
Niem, 1999). Do d6 khi phan biét tin hiéu cua
timg loai c¢6 thé ton tai nhing sai s6 nhat dinh
trong khoang cho phép. Horn (Horne, 2000)

cho rang viéc 4p dung phuong phéap phén tich
phuong trinh bi¢t thire cho phép phén biét tin
hiéu cua cac loai hodc nhom loai ca bién vai do
chinh xac dao dong trong khoang 41-96%. Bap
tuyén tan sb & 38 kHz va 120 kHz cing vdi tiét
dién 4m phan hdi & tin sb 38 kHz la nhiing
bién doc 1ap quan trong nhit dwoc sir dung
trong mo hinh phan tach gifta ca Nuc $0, ¢4
Bac mé va ca Ngan phu hop véi ly thuyét do
sai s6 hé théng 6 tan s6 38 kHz la thap nhat.

Dap tuyén tan s6 dugc img dung dé xac
dinh tin hi¢u &m phan hdi cua céc loai ca bién
tr ndm 2001 (Anon 2005) va da duoc su dung
dé phan biét tin hi¢u &m phan hdi cia rit nhidu
dbi twong, bao gdm ca ndi, ca day, ca co bong
boi va ca khong c6 bong boi (Gorska et al.,
2005; McKelvey & Christopher, 2006; Gorska
et al., 2007; Vu, 2008), thdm chi con dugc ap
dung dé xéac dinh tin hiéu 4m phan hdi cua loai
ca Chinh cat (Johnsen et al., 2009) theo cac
nhom tudi véi d6 chinh xac dao dong trong
khoang 74-93%. Ket qua nghién déc tinh am
phén hoi theo tan sb cia ca Nuc s6, ca Ngan va
ca Bac m4 cho thiy viéc (g dung dap tuyen
tan s6 dé phan biét tin hi¢u am phan hdi cua
cac loai ca hoan toan ¢ thé thyc hién duge &
Viét Nam.

5. KET LUAN

Pic trung phan hdi Am cua cé Nuc, ca Bac
ma va cd Ngan khac nhau (Post Hoc Tukey test,
p<0,001) va phu thudc vao tan sé song am do
d6 c6 thé sir dung didc trung phan hdi 4m theo
tan sb dé phén biét tin hiéu cta cac loai ca.

Ap dung phuong phép phan tich phuong
trinh biét thire sir dung dép tuyén tan sé R38,
R120, R200 va tiét dién 4m phan hdi & tin sb
38 kHz 1a cac bién doc 1ap cho phép phan biét
tin hi€u am phan hdi cta cac loai ca voi do
chinh xac trung binh dat 87%.

Dap tuyén tin sb & 38 kHz, 120 kHz va tiét
dién 4m phan hdi & tin sé 38 kHz 1a cac bién
doc 1ap dong vai tro chu dao trong viéc phén
biét tin hiéu 4m phan hdi ciia ca Nuc s6, ca Bac
ma va ca Ngan.
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ACOUSTIC PROPERTIES OF INDIAN MACKEREL (RASTRELLIGER
KANAGURTA), YELLOWTAIL SCAD (ATULE MATE) AND JAPANESE SCAD
(DECAPTERUS MARUADSI) BASED ON FREQUENCY RESPONSE ANALYSIS

Vu Viet Ha

Research Institute for Marine Fisheries, Hai Phong

ABSTRACT: Multi-frequency acoustic data collected during ex situ target strength
measurements in Catba Island, Vietnam was used to calculate frequency response for Japanese scad,
Indian mackerel and Yellowtail scad. Total of 168 echotraces of Yellowtail scad, 291 of Japanese scad
and 53 of Indian mackerel were generated for frequency response analysis. Results indicated
significantly different in r(f) of three species (Post Hoc Tukey Test, p < 0,001 ). A discriminant function
analysis used frequency response at 38, 120 and 200 kHz and backscattering cross section at 38 kHz as
independent variable was able to differentiate between species. Approximatly of 87% echotraces of
these species was classified correctly. Frequency responses at 38 kHz, 120 kHz and backscattering
cross section at 38 kHz were the most important independent variables. This study revealed that
Japanese scad, Yellowtail scad and Indian mackerel could be identified acoustically, a finding may be
important for acoustic surveys for small pelagic fish in Vietnam.

Keywords: acoustic properties, echotrace, frequency response, discriminant function analysis.

TAI LIEU THAM KHAO

[1]. Nguyén Viét Nghia. Bio cao tong két
dé tai "Nghién ciru triv hwong va kha
nang khai thac cac lodi cd néi nhé chi
yéu la ca Nuc, ca Trich, ca Bac ma ¢
bién Viét Nam"Hai Phong, Vién Nghién
ctru Hai san.(2007).

[2]. Aglen A. Sources of Error in Acoustic
Estimation of Fish Abundance. in Fernd,
A. and S. Olsen (eds.). Marine Fish
Behaviour in Capture and Abundance
Estimation, Fishing News Books,
Oxford: 107-133,(1994).

[3]. Anon, Species Identification Methods
From Acoustic Multi-frequency
Information. Final Report of SAFAMI
Project funded by European
Commission’s; Fifth Framework
Programme and Quality of Life and
Management of Living Resources
Programme. (2005).

[4]. Anon, Species identification methods
from acoustic multi-frequency
information (SAFAMI). Final Report EU
contract Q5RS-2001-02054. 486
pages.(2000).

[5]. Carpenter K. E. & Niem V. H., Eds.
FAO species identification guide for
fisheries purpose. The living marine
resources of the Western Central Pacific.

Bony fish part 2 (Mugilidae to
Carangidae). Volume 4. ROME,
FAO.(1999).

[6]. Collette B. B. & Nauen C. E.
Scombrids of the world. An annotated
and illustrated catalogue of tunas,
mackerels, bonitos and related species
known to date. Rome, FAO Fisheries
Synopsis.(1983).

[7]. Engas A. & Gode O. R. Escape of fish
under the fishing line of a Norwegian
sampling trawl and its influence on
survey results. J. Con. Int. Explor. Mer
45(269-276).(1989).

[8]. Engas A. & Soldal A. V. Diurnal
variation in bottom trawl catch rate of
cod and haddock and their influence on
abundance indices. 1CES Journal of
Marine Science 49: 89-95.(1992).

[9]. Fernandes G. P. & Stewart M.
Determining  the  quality of a
multifrequency acoustic identification
algorithm. ICES CM2004: R:11, 11 pp.
(2004).

[10].Fischer W. & Whitehead P. J. P., Eds.
FAO species identification sheets for
fisheries purpose. Eastern Indian Ocean
(fishing area 57) and Western Cetral
Pacific (fishing area 71). Volume 1.
ROME, FAO.(1974).

Trang 79



Science & Technology Development, Vol 13, No.T1- 2010

[11].Foote K. G. Importance of the
swimbladder in acoustic scattering by
fish: A comparison of gadoid and
mackerel target strengths. The Journal
of the Acoustical Society of America
67(6): 2084-2089.(1980).

[12].Foote K. G. Linearity of fisheries
acoustics, with addition theorems.
Journal of Acoustical Society of
America 73(6): 1932-1940.(1983).

[13].Foote K. G. Fish target strengths for
use in echo integrator surveys. Journal
of the Acoustical Society of America
82(3): 981-987.(1987).

[14].Foote K. G., Knudsen K. P., Vestnes G.,
MacLennan D. N. & Simmonds E. J.
Calibration of acoustic instruments for
fish density estimation: a practical guide.
ICES Cooperation Research Report
144(-): 69 pp.(1987).

[15].Gorska N., Korneliussen R. J. & Ona E.
Acoustic backscatter by schools of adult
Atlantic mackerel. 1CES Journal of
Marine Science  64(6):  1145-
1151.(2007).

[16].Gorska N., Ona E. & Korneliussen R.
Acoustic  backscattering by Atlantic
mackerel as being representative of fish
that lack a swimbladder. Backscattering
by individual fish. ICES Journal of
Marine Science 62(5): 984-995.(2005).

[17].Gunderson D. R. Survey of Fisheries
Resources. New York, John Wiley and
Sons, Inc.(1993).

[18].Horne J. K. Acoustic approaches to
remote species identification: a review.
Fisheries oceanography 9(4): 356-371.
(2000).

[19].Jech J. M. & Michaels W. L.A
multifrequency method to classify and
evaluate  fisheries  acoustics  data.
Canadian Journal of Fisheries and
Aquatic Sciences 63: 2225-2235. (2006).

[20].Jennings S., Kaiser S. J. & Reynolds J.
D. Marine Fisheries Ecology. Oxford,
England, Blackwell Publishing. (2001).

[21].Johnsen E., Pedersen R. & Ona E. Size-
dependent frequency response of sandeel
schools. ICES J. Mar. Sci. 66(6): 1100-
1105. (2009).

[22].Klecka W. R. Discriminant Analysis,
Sage Public Inc.(1980).

[23].Kloser R. J.,, Ryan T., Sakov P.,
Williams A. & Koslow J. A. Species
identification in deep water using
multiple acoustic frequencies. Canadian
Journal of Fisheries and Aquatic
Sciences 59: 1065-1077.(2002).

[24].Korneliussen R. J., E. O., Eliassen I. K.,
Heggenlund Y., Patel R., Gode O. R.,
Giertsen C., Patel D., Nomes E. H.,
Bekkvik T., Knudsen K. P. & Lien G.
The Large Scale Survey System - LSSS, a
new post processing system for multi
frequency echo sounder data. 1CES
WGFAST Report 2006. (2006).

[25].Korneliussen R. J. & Ona E. 4n
operational system for processing and
visualizing multi-frequency acoustic data.
ICES Journal of Marine Science 59(2):
293-313.(2002).

[26].Korneliussen R. J. & Ona E. Synthetic
echograms generated from the relative
frequency response. ICES Journal of
Marine Science 60(3): 636-640.(2003).

[27].Korneliussen R. J. & Ona E. Verified
acoustic  identification of  Atlantic
mackerel. ICES CM2004. R:20: 14pp.
(2004).

[28].Love R. H. Dorsal-Aspect Target
Strength of an Individual Fish. The
Journal of the Acoustical Society of
America 49(3B): 816-823.(1971).

[29].Love R. H. Target strength of an
individual fish at any aspect. The Journal
of the Acoustical Society of America
62(6): 1397-1403.(1977).

[30].MacLennan D. N., Fernandes P. G. &
Dalen J. A consistent approach to
definitions and symbols in fisheries
acoustics. ICES Journal of Marine
Science 59(2): 365-369.(2002).

[31].Martin L. V., Stanton T. K., Wiebe P. H.
& Lynch J. F. Acoustic classification of
zooplankton. ICES Journal of Marine
Science 53(2): 217-224. (1996).

[32].McKelvey D., R. & Christopher D. W.
Discriminant Classification of Fish and
Zooplankton Backscattering at 38 and
120 kHz. Transactions of the American
Fisheries Society 135: 488-499.(2006).

Trang 80



TAP CHi PHAT TRIEN KH&CN, TAP 13, $0 T1- 2010

[33].Nakken O. & Olsen K. Target strength
measurements of fish. Rapports et
Procés-Verbaux Réunion Conseil
international de 1' Exploration de la Mer
170: 52-69. (1977).

[34].Pieper R. E., Holliday D. V. & Kleppel
G. S.  Quantitative  zooplankton
distributions  from multifrequency
acoustics. Journal of Plankton Research
12: 433-441.(1990).

[35].Reid D. G. Echo trace classification.
ICES Co-operative Research Report No
238: 115 - 482.(2000).

PHU LUC

[36].Simmonds E. J. & MacLennan D. N.
Fisheries  Acoustics:  Theory  and
Practice.  Second edition. Oxford,
England, Blackwell Publishing. (2005).

[37].Vu H. V. Separating Blue whiting
(Micromesistius poutassou Risso, 1826)
from Myctophid target using multi
friqguency methods. Department of
Biology, University of Bergen, Norway.
Master: 97 pages.(2008).

Phu luc 1. Thdng ké mo ta gid tri trung binh, sai tiéu chuan va khoang tin cdy 95% ctia dép tuyén tan sd
doi voi ca Nuc, ca Bac ma va ca Ngan

Loai Tén s Trung binh Sai sb -95% +95% N
Ca Ngin 38 kHz 0.44 0.01 0.41 0.46 168
120kHz 0.21 0.01 0.19 0.23 168
200kHz 0.35 0.01 0.33 0.37 168
Ca Bac ma 38 kHz 0.25 0.02 0.21 0.29 53
120kHz 0.59 0.02 0.55 0.62 53
200kHz 0.17 0.02 0.13 0.21 53
Ca Nuc 38 kHz 0.35 0.01 0.33 0.37 291
120kHz 0.41 0.01 0.40 0.43 291
200kHz 0.24 0.01 0.22 0.25 291

Phu luc 2. Céc gi tri cua phuong trinh biét thie sir dung dé phén tach giita cac loai ca

Bién doc lap Ca Ngin Ca Nuc sb Ci Bac ma
63 1032.8 16835.1 -3442.5
LOG_R38 -40.2 -40.5 -39.0
LOG_R120 522 -36.3 -43.4
LOG_R200 413 -32.7 -44.0
¢ -41.4 -32.9 -38.1
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