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Abstract: Fisheries acoustics methods have been applied in fisheries investigation and research for decades, which
superiored in direct, effectual, economical and does not result in fish mortality in fish sampling. They have been used to
acquire the in situ information, such as fish abundances, temporal-spatial distribution and behaviours. Nanxi River is a
model stream and is plentiful in fishery resources in the southern part of Zhejiang Province, which is located near the
Wenzhou city. The Reach located in Shatou town, Fuli village Shizhu village and Lixi village ( Area I —IV ) is the major
fisheries area. More than 37 fish species had acquired in those areas from 2007 to 2009, with Zacco platypus as the
dominant species.

In present study, the acoustical fish abundance assessment was conducted in the four Reaches of Nanxi River using
EY60 split-beam echosounder (200kHz,Simrad) in 4" and 5" October, 2008. In post processing analysis, the GIS model
had been applied to analysis the fish spatial distribution pattern in Area [ —1II, using the interpolation method of inverse

distance weighting (IDW). During such procedure, the survey areas were divided into numerous gridding cells by the grid
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size of about 30m x 10m in the Area | and Areall , and an grid size of about 10m x 10m in the Area [ll. The result showed
that, the mean target strength of four investigation area is ( —55.03 +£5.44) dB, and the standard length of fishes are
ranging from 3 to 10 ¢cm, with the mean length of 7cm, according to the empirical measures of target strength. The deviation
of the fish sizes in the four area are not significant (P >0.05). The mean density of four survey area is 8. 87 ind./
1000m’, with the 95% confidence interval ranging from 1.66 ind. /1000m’ to 16.09 ind. /1000m’. The mean fish density
of Area T is (20.06 +9.34) ind./1000m’, which is the highest fish density among these areas. The fish spatial
distribution in each survey area are aggregated into plaque pattern, based on the GIS modeling. However, the fish
distribution pattern of Area IV had not revealed in this study, for the zigzag transects of this area is not dense. As for the
fish biomass, the four investigation area are all together possessed of 25 thousand fish individuals, the biomass of each
survey area is 3971ind. , 11478ind. , 6587ind., 2978ind. respectively, according to vectoring grid technique of fish

density, and the volume of element grid.

Key Words: fisheries acoustics; GIS; Nanxi River; spatial distribution; fish abundance
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BrgE . %Ok A 20 4R 80 AERBIATRE LIk, B RN B By IR R A T M EE 2 —.
il4n , ¥ BT T K F-PEBRAE ( Theragra chalcogramma ) S ¥R IR A7) ; 55 41, 04 5 B3 3 F 2 45 50 06y v
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J7 T, LT 5 O {68 1T ST P A4 A 40 TR R AR 1) A5 0 5 MRS AR L 5 b [T, il 7 0 B B A
T kK R 2R B A BEE , B I h ABEE BE R E Y KL BRI K fa IR A N
FE B iR 8 28 25 [ 40 540 Je AR Rt X, S AR R , EAMB SR 8 T iR 15 S A5 | FE b G i+ 2= i IR B A O 15
HFIAHNLFE FZREAE T o DUk T #2825 18] 10 A0 454 578 S T AL Rl , S iRk vk BEIR P 223
i LB — SEME R R AT N EER R R BRE

TRV W TR SR SRR, A a2 60 A, bk ZE E mE Ak " o Hrh v sk B AR A
TLE AL B LA S SRR TLECH EZE AR L X 5, #§ 2007—2009 4 Hiaiky 4, 6% 4 LB
PAGEAIL 37 b, FEONWER A, Hp LITEEEIE( Zacco platypus) HRHFEE, LG EREH 35% L |,
IR N #6 #5 ( Hemibarbus maculatus ) | 15 M 36 J& £ ( Acrossocheilus wenchowensis ) | 5 1L 1% #£ & ( Abbottina
kiatingensis) . /]N 8§ ( Sarcocheilichys parvus ) | J& 22 11 # ( Vanmanenia stenosoma chekianensis ) . & &5 5= fl £
( Varicorhinus barbatulus ) % , 4351 5 G5 it i RE ) 8% —4% 7

SRR AR 5T K, AHSGER T 1998 AFS2HE T & VL e Tl R EE , i F X 24
WV F TR T i, P07 R %, R T G EAEFR R, MR LR SR E S THRKMBIR, B4
WL 4 A EZ VAR LB A XTSRRI SR 2 Iy X AT 30, I 456 # Gt 1127 07 ¥ (GIS
) R ARTLB A Bz B A A, DR L B MR R MERN S %

1 MRRBSHARFIE
1.1 5 IX A28

FERIL (&R 27°59'—28°37" , AR 4 120°19'—120°59" ) i TR i 7k 52 B35 9, D97 VL r AR A S BRI 37,
FRFIRE28.7 12 m’ T ERBCR AR (B 1) o Hd FRILBK 2y 135. Skm, Y11 58 BTG E 2 0. 05—
0. 8km , /KHFFE N 0. 5—20. 5Sm, 7E 4 D EEWARAM LB K TR , - BIKHRAE 4.0—7.0m Z[H],

1.2 FEEREEE
2008 410 H 4—5 H , R AR 28R I EXHZ LB E T i 4 A XEEHET 73RN, HRIVLE SR EY N
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WL Ky 1. 0m/s, FERRI I3 72 P 46 BB 25 [ & T RTAZ,
ATKBRZ) 0. 4m, WR B G HmEERN T, MRU“Z
FBREATHE . SR Garmin /A 7] 4 7= ) GPS60CS #EAT
ST, A A IBM T60 {5 48 =X Hi figi 2F 17 75 24 5048 A1 GPS
BRI At PR RED RS MABER I RS TR

>z

9 240W; Bk P SERESN 64us. D9 TH BRAS R B 4% 14 % 4 ’ o i
REARIE RE R , SRS RE AR O UMERR IS 55 S8, LIFATR

[ 36 308 ROV B ) o R AR e R A TR Bl WRIETROEFREES
%E@E*,%Fﬁﬁg&jﬂ 13. 7mm E‘J%ﬁﬂﬁ)ﬁf*%j’l‘s E'(J Fig.1 Acoustic survey area in the Nanxi River
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Table 1 The primary information of each survey area in Nanxi River

PRI KR PRIV B K JE/km K ETERY hm? WAL E GPS GPS sites of the survey area

Survey area Length of Reach Hectare of the survey area {&{ y Start site 214 45 End site

X3 I Area I 2.30 40 28°11.867'N, 120°45.896'E 28°12.528'N, 120°44.911'E
XK I Areall 1.70 30 28°13.250'N, 120°43.938'E 28°13.727'N, 120°44.575'E
XIS IT Areall 1.10 10 28°15.600'N, 120°45.379'E 28°16.160'N, 120°45.425'E
XKV ArealV 0.65 6 28°23.970'N, 120°45.760'E 28°24.194'N, 120°45.610'E

1.3 FEEBRBRGHT

@1 Sonar-5 4% 4 ( Lindem Data Acquisition, Oslo, Norway) X7 F 8 IE 1T 0 #r. Sonar-5 (Sonar-5
Post processing system) ] i I T 128 H AR {55 B3R HL, ik 1 B 3hit 8, VRIS, ASCRAGHENS
B B A BT BRI B T I MR 1 SR BUE W8 LU L BRI (5 5o [ SR P B [ 75 A 38 5 R 2% 43 AT ( single
echo detection and tracking methods, STM) FIEI& 4341 J7 Bk 4T B FE WUR B 7347 , B — 3B B An 55 1 Hin ik
J& (Target strength, TS) H{E (SCHGE—5E XN TS) , AM A ALK IRE S o BRI B SR i 25500 51
N BRI FE R (Single Echo Detection, SED) [Bl3 H{E &y — 60dB ; 7KK UL R E N 8. 72dB/km ; £ /N Bl K &
90. 8 F KRB AEER 2. 05 RAHZE N 1. 25 75 S B0 B B K3 #2 %M (Max. Gain Compensation, MGC)
> 6dB,
1.4 #ERFEEGE(BEMGE)

% Kieser and Mulligan""™ f) [8] 75 3+ $007 B 34T S 28 % B HOAG 38, R0 T -

=%7r-tan(0'/2) tan(¢'/2) - (R -F) (1)
=Pﬂv (2)

A, N R B BB @ = f/m’ Sy SR RBUK Pl 5o T AR K T S 28 B0, B R S IR AR 2
B AREREEE . V lyhE—A Ping FRIUEIAART; P N e 1) ping 20, V W BORIRI B KR AHH, 07
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" o330 e RE A% BA AR 1) RN 1) 5 1) PO A S8R 0 B2, JEL Dy [ 9 7 75 o AT 7 1) 3R A e K0 g
(MGC) i BTk A , R, R EIK IR, R, 94 BE#: 1m AR BIZK TR o
1.5 AT oA B GIS A

N T e AN IR X 358 4 £ 9825 ) 3 AR ARFAIE , (8 AreGIS9. O B b4 X 8 T — I 9 £ 9825 [|] 40 A ) GIS
SRR (XIRIV i £ 5875 6] 40 A ) GIS BUEARSE H, JR R L SC P shE &R Aar) o

R R W AR SGRS O BUE (AL RAE S GPS ABAR KRR KE R ) FA ArcGIS V-5, R 5K 3K
IR KRR PEA TS AL , R F S BE B AL 3% (Inverse Distance Weighting, IDW) #EATHi{HIZH . XITHE% I8
T HEES R G AR, B P T, BB LSO P R MR P BRI TR N R
s K/ 3 ASSEBEE o ARYEAR O SCHR MBI L 32 bR AR U BE RV IR A/, B p =215, N =3,
sk T AR, I 35 H A A% /N2 2k 30m x 10m , X488, I HE A% K /N2 S 10m x 10m,
1.6 #RFHHEEME

WRYHRE (LY R) R , @1 ArcGIS. 0 BRIFFRAT B~ K I Y £ 820 B AR 2die o (R
B PIHE BT 3K, LA B~ RS BT A2 i 7K T T8 AR S B0 AT 20 3338, 3R A5 41 IR B AR i 7k 4
Mo BEJEE A RIS B8 BEFK AR Z AR, BIAT 3RS & R N 2R B R AL, e Ed St
PR A Y F 2K S R A, TSRS A R B R PR S . BRI

k
B = Z{(Oi'vi (3)

KA, B RN X YR, @ AT & )T 5 50, IEE i S MAR A B, RIE T
ez [H] 43 A Y GIS BRARLIRAT AR AL B s V.ol o, SEE N 3RAR 7K AR AR, 138 @ 4> IR BT AR 7K T T
FRFIZ A I SEBRER I P K TR AR AR o B A& NI XS A A 550, P AEXBR T,k = 128 ZEXBR IT L& =
88, ZEX B k=92,

1.7 FARMGH 0

AR X B 2 B AR R B 2= R RSSO I, DL F 2% B 22 R 7 22 43 A (ANOVA) S8 ¥R 4t

BT SPSS(V. 13.0) i#17 .
2 BRESH
2.1 BRI RE RS A EMERE

AR EHGAE 4 DRI DK IR , HeARATBA 1) R AME E R AF S 539 4, oK TS fH2 - 27. 15dB, f/)N TS
{8 - 60dB (B} SED [a] 7 M4 g 5 A BRI , SF-35 TS {509 ( —55.03 £5.44) dB, %18 Foote'™! f 25 /A,
(TS =20log,,L - 67.4) AJ 1%, ZILE AR KPP AEKIEE 228 Tem, ZBETE 2 3—10cem,

& XA ARG SHE TS R, &R aAMER TS {5510 5 ik 7S Est. KT
60% 1) AMAR HFRIRBELE - 60— - 50dB Z [A] ,4 AR X 38453 5128 62. 5% \90. 0% 88. 2% F 82. 8% ,
& TS EMMEE S 2, & TS EHMMEGFSIEE D, & KIS AR TS AR5 i LA 2,

BT 4 AR B 2 ME R 3 A& ES S RIE X (B 2) , BCR FAESE IR 7 20 & KA A
[l X [ ffa 2 TS HZRFETRR . 4580 (x* =1.921,P >0.05) , FRIBHAEK TSHNEFABE,

xR2 FEHFERGHERIARTIRGEXMNELRER
Table 2 The essential information of single fish obtained by acoustic method in the four surveyed area of Nanxi River

R X3 KiG IR /(ind. ) K TS (dB) P TS + b (dB)
Survey area No. of individual fish Max. TS of individuals Mean TS + SD
X3 I Areal 70 -32.83 -56.44 +5.67
X3 I Areall 188 -34.56 -57.77 +5.40
X3 I Areall 246 -34.77 -57.80 +5.24
XIRIV ArealV 35 -27.15 -53.81 +6.84
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Fig.2 Frequency distribution of fish TS in the four area of Nanxi River

HAp XK I a8 B (1.91 £1.17 ) ind. , S K BN 149. 32ind. , L B ) GPS

i1 53 28°

12.522'N, 120°44.898'E; XI5 [[ a5 F % K (7. 64 +£2.56) ind. , Fx KB E N 141. 84 ind. , F.ONE K

GPS {3 £ 28°13.467'N, 120°44. 555'E ; X 35§ Il #2539 B 4y (20. 06 +9.34) ind. , F K% &y 1106. 31

+4.49)ind. ,

,120°15.477'E, XBRIV # #38F- 258 B (7. 32

BN 87.36 ind. , FLM B GPS fi £ 28°15. 724N, 120°45.444'E , 4 /NI X I8 i fa 2O 3 55

HRUOE B Y GPS 37 45 :28°15. 903N
SAED L 3,

ind.

ZEREW, K

KB EFRTTZ T (One-Way ANOVA) 4T 4 X IR £ I BE 22 53¢ (1 & TR I
TAHEAt 3 X IR 6] () 28 50 A BB PRI GE T2 2250 (P <0.05) , Hofth 3 > XS [] Y £ 8 4 B TG 1. 2

S5 3 AT, IR I £ D BE B I 3 v T LA 3 S XIS £ R

PRI 2R (P >0.05)
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2.3 oS [ES AR RHERY GIS FEAY

KA ArcGIS9. O K445t 3 AR X 35, i) £ 2 2%
W25 Bl AR AT GIS ZAR , 25 R LA 4,

M 3 AR 2875 B8] 4347 1) GIS EFTLAE HY , 138
23 (B oA A HARE T, BB N BEHUR B AL M2 (] 45
AR XIS AR ERR K, R AEHEHITH
W& LB , H45 6 &S I K (AR AR SE K R 4%
Bl , XSS AT IR SR A 5

X I H, REWBAFERXIFHRBAE
26.43hm’ , 2 5 5 50 7K Y 1R ALY 66. 08% , -2 7K I
2320 5. 78m ; % BEAE 0—Lind. Z [B] 7K TH T FR L Ry
3.01thm® , 25 (5 S48 I m UK 7. 55% , SF ¥ K R R
9. 43m; BB KT 10ind. FY7K [ H L) J 10. 24hm? | S

35

30
;E\ZS -
‘@;M% 20 | %W
wE .
T //
= Sl
0

I I I v
R0 X35 Survey area

B3 4 MRARENEXTESHRR
Fig.3 Fish density distribution in the four survey areas

HI7KBEL N 6. 08m ; 825732 BE AT 100ind. 7K T TR g 0. 30hm® , 2y 55 BARWK BT HE AR 0. 75% , F

KKIRZ N 4. 16m,

DX3 T o, SR R0 B 48 28 43 A ) X AR 20. T9hm® , 24 5 BRI K T T BRI 69. 28% , SF- 37K IR 4 g
3. 10m; 8% BEAE O—Lind. Z [ (/K T EIFRZ) K 0. 45hm” , 25 5 BRI E AR 4. 48% , F-H7K Py 11. 60m;
HEEART 10ind. 7K E EFZ N 8. 41hm” PR IRL g 7. 05m 5 25 F %R T 100ind. f7K I EFAZ

X3 1

[ N
A
\
* -
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Fig.4 GIS map of fish spatial distribution in the three survey area
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0. 8hm®, i BHMK EE AR 2. 67% , F-HI7K Ty 2. 30m,
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30 - 710 KR |
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20 g 48 3
46 515k 5
- < . <
P 4 2 10l ¢ =
07 - & 1 §
S 5k 12 5 & 51 12
g B %
- 0 | 1 1 1 A 0 'E 0 1 1 1 [l 0
§ 0 0693 143 313 551 811 149932 & 0 05 24 49 1681 47.12116.57
_ _n B 0 AP
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E gL %
= - 10
¥ 5 1s
T 1e —a— KR
3k —e— KiF
S 4
1k -2
oL 1 ] ] ] 0

0 0.82 151 599 14.36 24.96 64.23150.31
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Mean density of fish/(ind./1000m*)

B5 EXEANEXZTEMAETNKEERIEHKRER
Fig.5 The size of water area and the water depth in each interval of fish density

BRI, SR 00 B £ 20 A () IR 5. 99hm® , 24 7 450 /K T TET ARG 59. 86% , SE-XI7K N 3. 29m;
15 5% BEAE 0—1lind. 22 8] f/K T AR L0 0. 81hm? | 2 & S HM/K T AR A 2. 70% , SE-HIK BN 10. 30m; 25
KT 10ind. B/KE AL 2. 01hm® ; £ 3557155 B AT 100ind. 97K [ ARk 0. 10hm? | (5 3 I T AR
B 1. 1% ,SE357K K 2. 80m,

2.4 BREYEMLE

TP A% GIS WA Fb B0HE | 25 Mt 1 7K T T AR K TR SR B , X A 2 e VR S B AT A R (X
3), 458 0, K3 1 AR A REL 397 ind. ; X 1T /A 2EF IR BB 2920 11478ind. ; IR )£ 28 WE IR
BEZN 6587ind. o H T DX IV AR FAT IS BE 7340 BOMAE Ak , BRI ISR FEER I DX 35 1 ¥ £ 288 285 B FE 1
KRR FRHAT EEAGE, 55 R 2 2978ind. , 4 NMEIIX M AR SR N 2.5 TR,

3 itig

ISR FFE F R LG T2 T R IR L 4 A X 28 R IR E TR EN . BT
RIS LA Hh 3 % A4 g BRI, TLBUARZE , RIBH K BRAR R , S 45 SRR, i I ) P ¥ KR/ T Sm, B, /2
XIRAEBEAE VLT I8 , K REIR 1) 4 A RIRAEAT , [F]B 5 4 A4~ DI A2 2 1l iy = 2L AR Mk X 3, R4S
FREIR B M IR G55, Rl & F ST 2 40 I GIS BEAU S5 BN H IR BT 174 .

BT 4 MRITLBOK RESER , FBK R R 5. 3m, e KK R 20. Sm, R AEZRI S AR A, #2808 00 A
R A —E M E BTN , AT AT fE S SEURMISE R 5L B A —EMmE . B, FEEIR T T
o, T TH BRI E DX BRI 25 SR A e, B B 4B RAr i T /KR 1m (578 27K 5S £ 28 5% B, T X 7K T
K Im (B ARSMIEARES T RAEWIL, 75 2F A R E D A ISR IR B 2 1 T
758k, AT SEARAL G e Ll R AL O i i 2 R R

X FHRI 2 4 f 2 AMA, X F TS T 5, HAEZ /T H A 500 35 B iy 28 TS, Bl in gk vLiy TS B{E

-42.2dB" P RIRIT B ta S M FEGE B8 ( Zacco platypus) , EAREE R /NR #8286 , 5 K ARt A
iF 20em"" | R TSRS B A 2810 TS SERITATLEAAB TS MIHLE /N, B, TS KRB 5 R B, Hfa
B FB R/ NEIAME, R AV & LEIR/ DN B AR ARBE G, AN AITFHERK AN Tem, 28
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ALY #E 3—10cm Z (8], 3@t 2007—2009 LAY R AL R BN, ZILBE W AR FHEK N
7.57em""” ZEER GEERAE SR WAREN ., FL, %5 S R RN T IR VLB AT B R R R
AN TR SRR
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HIRIR BT G . AR SCRA AT 25 407 GIS AL RY M A% L5 HE , 45 A &A% 1 AR 3 1 /K T v
FROKIR AT fa 28 W IR B A A B , 7B A %o R T) DX 3882 [ 0 2R 5 B R K AR AR R AT T AR, T AR T B3R — 1
R R BRI , 38 T 2 IR B A B RS

AT F A2 A GIS s A2, DL IDW T4 E . X s — LA s, A THE AT R A
BRARE A 45 5, 2 ArcGIS Hc i R Z B G k2 —" o ZEHHB IR A, E 48 A E R — 0 8K,
FIENENEBMET 1.0, E—MHESS MBS EAGH, RS HA T — LN 1.0 ME,
A Eo A LI S 28 T — LT 0.0 B, BRASMERRIRIE"™ . IDW fE R —Fh Rt , BB aTR
SR SR 0 A5 52 20 0 2 ) A PO ) LR 2 4 A B B K 2 0 B ER X R RM B JR B4 A T A
AR, HL 2598 ) IR T T 43 32 B SR A s BUE Y L B B AR B9 K /NS B R . 7B B ST #9828 [B] 43 A 1Y)
GIS BRI rp | X3, T — M ASRAE s AR N 355 4 A | SRR A 0 I I F 5% B AR 25 (8] b W /A R AE . T FE X
BV, AHARAR 5 RS EE LIRS , (UK 24 MR R . RIET, 730
I IRAFAT HIRE R B BR , R 5 8 R 40 WA o R T TG o 2SI J B 42 28 25 8] 43 A5 9 S PR B, S R AR
53T

AN RKAEDS RGP W TR, KESTENSMEL, REHASEALR LB, X T A
2S5 oA, AN R B Y 2 A — R 22 57, DX 3ef I ) 0 28 20 3 A S v T LAt 3 NI X ek ) £ K 35
R R B , AR BRI R AAE — B MR R IR T 3 B UK IR S B AN
JEPE IR B S R (HR T B M B PR R TR0 , o i A R U B £ %
ZRREEA R E—B 5

References :

[ 1] Zhan BY. Fishery Resources Assessment, Beijing: China Agricultural Press, 1995; 236-253.

[2] ZhaoXY,ChenYZ,LiXS, Chen WZ, Li YZ, Sun J M, Jin X S, Tang Q S. Acoustic estimation of multi-species marine fishery resources.
Acta Oceanologica Sinica, 2005, 25 (suppl ) :192-202

[3] TaoJP, Qiao Y, Tan X C, Chang J B. Species identification of Chinese sturgeon using acoustic descriptors and ascertaining their spatial
distribution in the spawning ground of Gezhouba Dam. Chinese Science Bulletin, 2009 ,54 (21 ) :3972-3980.

[4] Getabu A, Tumwebaze R, MacLennan D N. Spatial distribution and temporal changes in the fish populations of LakeVictoria. Aquatic Living
Resources, 2003, 16 159-165.

[5] Jones1]J, Winfleld 1], Case F. Assessment of long-term changes in habitat availability for Arctic charr ( Salvelinus alpinus) in a temperate lake

using oxygen profiles and hydroacoustic surveys. Freshwater Biology, 2008, 53: 393-402.

http ://www. ecologica. cn



3000 B Ox ¥ R 30 %

[6] TangQS, Wang W X, ChenSZ, Li F G, Zhao X Y, Jin X S, Chen J F, Dai F Q. Sotck assessment of walleye Pollock in the north pacific ocean
by acoustic survey. Journal of Fisheries of China, 1995, 19(1) . 8-20.

[7] Chen G, Chen W Z. The application of acoustic method in fishery resources survey. Jouranal of Shanghai Fisheries University, 2003, 12(1) :40-
44.

[ 8] Zhao X. In situ target-strength measurement of young hairtail ( Trichiurus haumela) in the Yellow Sea. ICES Journal of Marine Science, 2006, 63 ;
46-51.

[ 9] Zhao X and Ona E. Estimation and compensation models for the shadowing effect in dense fish aggregations. ICES Journal of Marine Science,
2003, 60: 155-163.

[10] Tatsukawa K I, Zhu Z L, Miura T. Hydrocoustic estimates of fish in the East Lake of Wuhan city using shallow water Echosounder, Acta
Hydrobiologica Sinica, 1986, 10(4) : 311-326.

[11] Qiao Y, Tang X C,Brosse S, Chang J B. Chinese Sturgeon (Acipenser sinensis) in the Yangtze River: a hydroacoustic assessment of fish location
and abundance on the last spawning ground. Journal of Applied Ichthyology, 2006, 22 (Suppl. 1) : 140-144.

[12] Tan X C, Li X H, Chang J B, Tao J P. Observation of the Spawning Aggregation of Megalobrama hoffmanni in the Pearl River. Journal of
Freshwater Ecology, 2009, 24 (2) : 293-299.

[13] Tan X C, Li X H, Lin J Z,Zhou D H, Gao X, Li M J. Ecological differentiation between two breeding populations of Megalobrama hoffmanni in
the Pearl River based on hydro-acoustic research. Acta Ecologica Sinica, 2009, 29(4) :1756-1762.

[14] Petitgas P. Geostatistics for fish stock assessments; a review and an acoustic application. ICES Journal of Marine Science, 1993, 50, 285-298.

[15] Gimona A and Fernandes P G. A conditional simulation of acoustic survey data:advantages and potential pitfalls. Aquatic Living Resources, 2003,
16 123-129.

[16] MaoJ R. Zhejiang Fauna for Freshwater Fish. Zhejiang: Zhejiang Science and Technology Press,1991: 9-21.

[17] GuJ Y. Primary Investigation of the Fish Resources in the Nanxi River. Wenzhou: Dissertation for degree of Master of Science, College of Life
Science, Wenzhou Medical College, 2009 3-15.

[18] Kieser R and Mulligan T J. Analysis of echo counting data; A model. Canadian Journal of Fisheries and Aquatic Sciences, 1984, 41 451-458.

[19] Li X, Cheng G D, Lu L. Comparison of spatial interpolation methods. Advance in Earth Sciences, 2000, 15(3) ; 260-265.

[20] Zhang C Q, Zhou H, Feng X T. Zhang Z H, Dong S R. Method for obtaining local stress field based on interpolation and numerical simulation
method. Rock and Soil Mechanics, 2008, 29(8) : 2016-2024.

[21] Foote K G. Fish target strengths for use in echo integrator surveys. Journal of the Acoustical Society of America, 1987, 82 981-987.

[22] Godlewska M, Dhugoszewski B, Doroszczyk L, Jézwik A. The relationship between sampling intensity and sampling error — empirical results from
acoustic surveys in Polish vendace lakes. Fisheries Research, 2009, 96 17-22.

[23] Jackson D and Marmulla G. The Influence of Dams on River Fisheries // Acreman M C, Farquharson F A K and McCartney M P eds. The Report
of World Commission on Dams, Earth can Publications, 2000, III; 14-15. 2008, http://www. dams. org/report/.

[24] Mabragafia E, Lucifora L. O, Massa A M, The reproductive ecology and abundance of Sympterygia bonapartii endemic to the south-west Atlantic.
Journal of Fish Biology, 2002, 60: 951-967.

[25] Vbégler R, Milessi A C, Quitiones R A. Influence of environmental variables on the distribution of Squatina Guggenheim ( Chondrichthyes,
Squatinidae) in the Argentine-Uruguayan Common Fishing Zone. Fisheries Research, 2008,91(2) ; 212-221.

SEHK:

(1] AR, Wl BT, dbat: shER iR, 1995: 236-253.

(2] MZEH, PRGN, Z2BAR, BRILE, 20K, haki, &M, BRI SR WP SRS IR R MO . v,
2003, 25(H4F] 1) . 192-202.

(6] REF, EHWE, BRn, 2EE, S0 REH, B, SO ORISR PR RERSE. A4k, 1995, 19 (1)
8-20.

(7] BRAI, BRILE. Ml BEUoralish A2 0r s R . Bk ™= K224, 2003, 12(1) :40-44.

[10] SplI¥E—, K&, =M. FABKENHR ARG RB AR, KAEEYEHR, 1986, 10(4) :311-326

(13] iEgng, 2000, pRaak, AR, MM, 25 TR =R BT R R SR A S 2 k. A5, 2009, 29(4)
1756-1762.

[16] B, WHLEWE Bk Wil diipbdoR m L, 1991 9-21.

(17]  Jgks. RHERVLERE B R YTRF L AT, IR IR B ek Bl 24 Be il L= 3C, . 2009, 3-15.

[19] Z=3%, BEW, /S48 SRk L. HsRB g, 2000, 15(3) : 260-265.

http ://www. ecologica. cn



	11b53.pdf
	11b54.pdf
	11b55.pdf
	11b56.pdf
	11b57.pdf
	11b58.jpg
	11b59.pdf
	11b60.pdf
	11b61.pdf

