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2009 A7 R AR R A B T AT @L;&B\A
AT 55 149 A T D S 48 Y 3 Y TR IBR O 7197, B K

32.28 m A

e 5.70 m, AP 2.60 m, B W A7

97.00 t 4 Ififi7 34.00 t, EHLLHZ 220 kW, 2010
AETE T IR ARV R E B T SR BRAT I B SR AT: 55 0 YR A
Shy SIE 2 B < IR A 9017, B 26,80 m B T
5.20 m U P 2. 20 m, gy 102. 00 t 4 i {37
30.00 t, EHLI 2 400 kW, G U | 555 1 i
AR TR AU S WA B/ NI= B 7 R A = U
K1,

1 WREBLIRFAER.EESEEFTMRBER
Tab.1 Survey fishing vessels, duration,areas,and catch
) ) . R4l B/ 2 incidental catch/individuals
it I} fi] Flei] — - -
fishing vessels duration areas i S i HL 16/0 [ETIE 4 18/0 R B4 44
traditional gear experimental gear circle hook circle hook
TR, 719 2009-10-04— 5°01'N ~ 169°52'E ~
(ﬂa‘\ﬁfc 93 33 14 5
Shen lian cheng 2009-12-25 01°07'S 176°42'E
TRIE i 901 2010-11-20— 0°42'N ~ 169°00'E ~ 74 24 5 3
Shen lian cheng 2011-01-20 03°34'S 179°59'E )
43t total / / / 167 57 19 8
146°E 158°E 170°E 177°W 164° W 151° W 138° W 125° W 112° W
18°N
12° N
i QO ——20105F # ik o
6’ N T OREEN O—zooatp s i il 6° N
0 - . The Republic o e 0
o B#EZ.S | Kiribati N ERME 1 N o
6°S g, S d wg v © o2 | 6°S
12°S Rapua New -~ ° v Gibert 22 0 N 12°S
R £ G‘-llnea N - N Islands 51 dm T2 N N
18°S : | 5, : | 18°8
24°S o oy wg®aly o, . o R24°s
\ s 1 ‘Y & & 1 s
30° s | AAEE | oo @ q | 30°S
Australia ) 2 7 & 3 3 2 @ ®
35" S A"‘ W, i V330 g3 g 1 3 " 35" S
40°s || "y New éaland Lo S 40°'S

146°E 158" E 170°E 177° W 164" W 151° W 138° W 125° W 112° W

E1 2009 F£5% 2010 FHRRELEHRNETNREHSF
[1:2009 43 55 O :2010 43 5 5 K0 i3k R 4K
Fig.1 Catch sites and individual distribution of C. falciformis in 2009 and 2010
[J: Catch sites of 2009; O :Catch sites of 2010; Numbers: Caught individuals

1.2 LBHAEMBE
PO T b S BT ARG R O TR E 4R Y .
2009 AFIREC 719 5 B AR P RS 8T .

T HARA 360 mm; iFF4E K 20 m, HiEH
4.2 mm; TEEBLN4.0 mm; THELEK 20 m,

B 3 Ao R, L 5 — 43 i M T R
@ﬁ%ﬁlﬁ? HAK3 mm, KEH 1.5 m; 5 3

RO EAR O 18 mm  KCBEK 18 mo [ B 22

B e, AR N 12 mm, KDY 0.5 m.
P GE R HL i FL AL B - 2 — 0 70 3l i B B G 4R AE
Sl b 5 55— 020 M SR 8 B AN 5 5

HB A NG = 43 30 Ao B IR e 5 5 AR A
HEAMIE

2010 4E R B AL 901 5 B FH A9 15 48 29 HL 4535
NBRGETFTHENEAH 4.2 mm B NE5.0
mm, K i 20 m 30 F) 25 m Z sk, HAl 4
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353 hy R4 Af a2k 15:30 ~21:00, £ 35 5.5 h,
W — o 7.5 kn, B 4g LAY SR E — R
10.5 kn, f& G889 HL WA TE T Z 18] 1 89 2 2500 —
25 M, BERILTF B4 750 Mtk g B,
PR RS0 ) 5 T ) B T ) By — iy 8 s SEER Y H
BT g £, 1 AR B L 1 AH DG 1 b S B0R 45 4 )
2009 4 | 52 5 3 a) T A R A S 55 4 HL R B T
iRl 3%,

1.3 BB FERANE

2009 4 J 2010 £E7E 35 7K A0 55 BF 5 i 1 52 59
S99 (B X4 T e i & Ok RBR 24 ) i 32 1 2 Ui
il 5% X (TDR ), # 5 25 2050 ( RBR Co,

Canada) , ZAX &% B K AL BRCEY B i 72 v, Bl
PR — Rk 2 v K b DU I 5 4 8 100 T B S L
AT A

B R HAI ARG, AN K RBR 2w il
1) 2 ) RE 7K A, B %5 o XR-620 (RBR Co,
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S R], 1 e A 8 Al 0 4 ek A LAY
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1.4 #H|RF*
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7
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l:f (2)
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k= L2101 = V,/V, = ctgep, arsinh(tgp,) (4)
A (D)H D (x) AP BIERIE (m) 5h, 4S04
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450 1 ——091221 ——091221
——091217 450 ¢ ——091217
500 b 500 L
(©) (d)
2 BE(a) HEMD) MHERRE()MBFERE(JEEITE

091010:2009 4 10 H 10 H (4°5'N,175°5’E) ;091026 :2009 4 10 H 26 H (3°1'N,175°45'E) ;091103 :2009 4£ 11 H 03 H (1°56'N,
174°42'E) ;091221 :2009 4 12 H 21 H (1°5'N,170°42'E) ;101202 :2010 4 12 A 02 H (3°33'S,175°49'E) ;101216 :2010 4 12 H 16
H (2°27'S,177°51'E) ;091217 ;2009 4F 12 A 17 H (1°7'S,175°16'E) ;101231 :2010 4= 12 H 31 H (0°14'S,171°15'E)
Fig.2 The vertical profiles of temperature( a) ,salinity(b) ,chlorophyll concentration ( c) and
dissolved oxygen concentration(d)

091010 ; October 10,2009 (4°5'N,175°5'E, ) ; 091026 . October 26,2009 (3°1'N,175°45'E) ; 091103 ; November 3,2009 (1°56'N, 174°
42'E) ; 091221 ; December 21,2009 (1°5'N,170°42'E) ; 101202 : December 2,2010(3°33’S,175°49'E) ; 101216 : December 16,2010 (2°
27'S,177°51'E) ; 091217 ; December 17,2009 (1°7'S,175°16'E) ; 101231 : December 31,2010(0°14'S,171°15'E)
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KIZ LI W, 2, S n K2 IR, A
e A 7( -2.84 ~ —2.08) fE R 1Y 52
M A1~ o

MEH B IR BT F A A A 5T R H
SPSS 13. 0 Ge i+ #5441l 194 #4984 19 305 R L, B4
FSE RS IR B (D) FIy 8 iy e W [ D,
(x) JZIIH 2 FR . 2009 4E 4R T 236 Hfl 4t
PIE BRI 59 U1 R 40,2010 AR A T 316 A
RS BB T 8 V) R A AR B A B 5T B A AT
WA, o3 % 2 AR AR Se B HOoR T 2 e itk i3 46
[l 5 7 B AT A .

i B A% 8 44 5 1) 400 B ) TR 8 4 T 4 g 1) B
WIRE SR TURER (p) Z B, 815 1 UL 5
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g (x) x0T,

R IR AT AR %t F 2009 2010 4 4%
e B AU G B TR B T AR AL 430 R

_ -0.311-0.258Lg(x) -0. 1217+0. 038Lg( siny)
D, =D, -10 ,

(n =236,r = 0.66) (6)
— DTz . 1070-82570»23%3(0*0- 3427-0.012Lg(siny) ,
(n =316,r = 0.75) (7)
R (6) F1(7) ,2009 4 F1 2010 445 5y
AR aiRE SHHERS (x) iU &2 5 () &
KA A (y) B XK.
1.5 HIEAEFGE
Bk B R A R0 B F B E ST oM
2009 4EF1 2010 4L 2] 251 BHR a1
HL g i Bl AR 167 2R M B 3K 57 2,
16/0 [B BYE #4454k 19 2, 18/0 [B B 4 4 4l 3K 8
RB(F 1), AKX S 4l gi B S5
H 16/0 [ L4484 F1 18/0 [ 7 £ £ B 4> 52 55 o
SRR E B 0 DR 4 % JF R SPSS 17. 0 i# AT
Wilcoxon £ 56 K6 56 9 9 2. ] 1Y 1% 4iff %6 I 75 17 7
WEEER,
1 000N,
R, = (8)
H,
A, a BT (a0 =1,2,3 ,70) ,8 it
HA2E(B=1,2,3,4) N, o 37 B i H K i
RREH o8 o« 7 B i HLAHAHY B F B
AERFERTFHSEFT® BB TEE
7 40.0 ~239.9 m, [X [A] N K I R BE U AR IR
BE R BB 12.0 ~29.9 T ,34.00 ~

36.39,1.50 ~6.99 mg/L,0.040 ~0.999 ng/L,
AR S 2L A 40 m g — 2K I g 18
B 31 Ty — B #h A 0.20 Sy — B, 2k 12
BL W i R BE B 0. 50 me/L Oy — B L 11 B i
ERA UL 1 0.080 pg/L y—Be, 404 12 B

EHABATERGRME X TEHEMEA
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RBH IC Al No) 1 7 43 e [ 23 BICAE Py Py
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B Hy) B E Y B Py Py Py Py P »
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Ny Ny N 3RO T B8 530 By
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L R JEE 2 2 A RE O A L LA 3 A
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AN i S e L PR A0 1520 36 L3 SIS A Ry, (R
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H, =P, xH (12)
L1 o00N, .
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A(9) ~A(13),i=1,2,3,4,5; 5% KIZH
BAE(i=1)0,j=1,2,3,- 55 5014 KR T
Bl (i =2) i ,j=1,2,3, 18 G % £L T [H
MR (1=3)IF,j=1,2,3, 12, 53T & it 4 R
W MEE (i =4)1f,j=1,2,3, 12 53145
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P/ I 39 &

REBE R R R, R A
kAl 3 ¥, I B O BXIR BE B ( Euclidean
distance ) , 15 75 W Ry B85 25 5 ik

2 4k

2.1 EHEBRHBENEZUER

By H 1870 B BY 44 ) 47 7 35 P 22 57 (P = 0.003
I P =0.001), T f£ 549 H A5 16/0 [ 514y g, 9¢
K H 5 16/0 5] B4 4 SEEe 49 H 55 18/0 (5] Y
B ,16/0 B B4 £ 5 18/0 [B] I 44 8y 2 18] ¥ A
BEMLF(P=0.067,P=0.962,P =0.053,P =
0.151)(#£2,%3),

F A Wilcoxon #5350 J5 & 8, (G S 9 B 5 5L 5

®2 WEFZHE16/0 EEH.18/0 BEHNH
WIREZ R R Wilcoxon 155 R

Tab.2 The results of Wilcoxon test about the incidental catch rates of C. falciformis

among the traditional gear,16/0 circle hook,and 18/0 circle hook

17 # negative ranks
1F Bk positive ranks
45 ties

WL & observed total
Z

asymp. sig. (2-tailed)

BRI A SLE R H gy H 16/0 5 %15 44 gy H 18/0 [ 11 54
traditional gear  experimental gear traditional gear circle hook traditional gear circle hook
49° 38° 61°¢
19¢ 10° 4f
17¢ 37" 20
85 85 85
-2.977) -1.832" -5.423"
0.003 0.067 0.001

TEa B H > RH A H b G H > 16/0 R s R H > 18/0 A #;d. LR A < LRI H e FHHH <16/0 [{H!
FIE AR H <1870 [ ARIEH s e A H = LR B h A H = 1670 R B 851 R SR80 B = 18/0 B ALEY 455, (L BB H > 5K
B H sk ARG R > 16/0 BB H ;1L L5 H > 18/0 [ 594

Notes: a. traditional gear > experimental gear;b. traditional gear > 16/0 circle hook; c. traditional gear > 18/0 circle hook;d. traditional gear <

experimental gear;e. traditional gear < 16/0 circle hook;f. traditional gear < 18/0 circle hook; g. traditional gear = experimental gear ; h. traditional

gear = 16/0 circle hook ; i. traditional gear = 18/0 circle hook j. traditional gear > experimental gear; k. traditional gear > 16/0 circle hook; 1.

traditional gear >18/0 circle hook

®3 MEZWHE.16/0 BRH.18/0 BE A
HREZIZHER Wilcoxon ITH R

Tab.3 The results of Wilcoxon test about the incidental catch rates of C. falciformis

among the experimental gear,16/0 circle hook,and 18/0 circle hook

71 Bk negative ranks
1 # positive ranks

4k ties

WL {& observed total

z

asymp. sig. (2-tailed)

SREA 160 HRKE SRR 180 WM 16/0 [ 18/0 [AEH
experimental gear circle hook experimental gear circle hook circle hook circle hook

22° 24° 11°
10¢ 5¢ 5'
53¢ 56" 69'
85 85 85

-0.480’ -2.112* -1.435'

0.962 0.053 0.151

Ea. S H > 16/0 FIBIFY 8 5b. SCHREIH > 18/0 B4 #5c. 16/0 [ BIFY 4 > 18/0 [ B985 d. SLEFY R < 16/0 I FY 4 5. S
PIH <18/0 B RIFY 44 ;1. 16/0 [ ALE# < 18/0 [ A48 5. SCEREY A = 16/0 [ AL 4 sh. SCEG 40 A = 18/0 [ AU 49451 16/0 [ AL 4 =
18/0 BB EY 44 55, SeIR B9 R > 1670 BIRIEY 8 k. SeI B9 H > 1870 A4 £ 51. 1670 BRI F9 4 > 18/0 [ A4 £

Note:a. experimental gear >16/0 circle hook;b. experimental gear > 18/0 circle hook;c. 16/0 circle hook > 18/0 circle hook;d. experimental

gear < 16/0 circle hook;e. experimental gear < 18/0 circle hook;f. 16/0 circle hook < 18/0 circle hook ; g. experimental gear = 16/0 circle hook;

h. experimental gear = 18/0 circle hook;i. 16/0 circle hook = 18/0 circle hook;j. experimental gear > 16/0 circle hook; k. experimental gear >

18/0 circle hook;l. 16/0 circle hook > 18/0 circle hook

http : // www. scxuebao. cn



13 RANT 45 < i T FRBE A0 A L X 75 2 A e A 2 A B IR T R A R 1 2 ) 153

2.2 EREBERTEERAMNIREER

X T A e i EL A AR B IR I R AP R
5 M R A R AR K E IR R B R R
FIVA A S0 W BE 42 B 7 40.0 ~79.9 m,24.0 ~

24.9 Cf1 29.0 ~29.9 T, 35.40~ 35.99,
0.120 ~ 0. 199 pg/L #1 4. 00 ~ 4.99 mg/L
(E3).
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Fig.3 The incidental catch rates in the ranges of environmental variables

(a)water layer; (b)temperature; (c)salinity; (d)chrolophyll; (e)dissolved oxygen
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Tab.4 The correlation between the incidental catch rates of

*x4

BRREENRAESELNETENRKE

C. falciformis and the environmental variables

en}\ffnﬂiital ZES W . Eéﬁ( nufbi% of ﬁéﬁ/ﬂ%/( R/TH) KH}UE
variable class range individual hooks incidental catch rate correlation
1 40.0 ~79.9 96 27 150 3.54 % high
2 80.0 ~119.9 63 37 125 1.67 #1145 moderate
/ii:hm 120.0 ~159.9
3 160.0 ~199.9 8 6 675 1.19 fi§ low
200.0 ~239.9
1 12.0~12.9 15 11 530 1.3 fi§ low
15.0~15.9
21.0~23.9
18.0~18.9
25.0~25.9
K/ T 2 19.0~19.9 99 47 264 2.04 T relative high
temperature 26.0 ~28.9
3 24.0 ~24.9 53 9 725 4.73 7 high
29.0~29.9
4 13.0 ~14.9 0 2 431 0 M AK very low
16.0 ~17.9
20.0 ~20.9
1 34.00 ~34.19 27 22 903 1.18 fi§ low
34.40 ~35.19
2 34.20 ~34.39 30 18 643 1.63 145 moderate
i 36.00 ~36.19
salinity 35.20 ~35.39
3 35.60 ~35.79 45 12 954 3.47 7 high
4 35.80 ~35.99 45 13 500 3.33 & high
5 35.40 ~35.59 20 2 950 6.78 7 high
1 1.50 ~1.99 0 30 0 A very low
2 2.00 ~2.99 4 5542 0.78 AKX very low
HRE/ (mg/L) 3 3.00 ~3.99 15 9117 1.6 H1 4% moderate
dissolved oxygen 4 4.00 ~4.49 118 50 840 2.29 #: 2 relative high
5.00 ~6.99
5 4.50 ~4.99 30 5421 5.53 % high
1 0.040 ~0.119 38 24 337 1.56 F1 4% moderate
0.520 ~0.759
uféii/olifl/lm 2 0.760 ~0.999 9 7 840 1.13 fi§ low
3 0.200 ~0.519 69 30 175 2.25 i85 relative high
4 0.120 ~0.199 51 8 598 5.93 & high
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Effects of environmental factors and fishing gear on catch rates of
silky shark ( Carcharhinus falciformis)in waters near Gilbert Islands

SONG Liming'**** | LIU Haiyang', XIE Kai', ZHAO Hailong'
(1. College of Marine Sciences,Shanghai Ocean University ,Shanghai 201306, China;
2. National Distant-water Fisheries Engineering Research Center ,Shanghai Ocean University ,Shanghat 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,Ministry of Education
Shanghai Ocean University ,Shanghai 201306, China;

4. Collaborative Innovation Center for National Distant-water Fisheries,Shanghai Ocean University ,Shanghai 201306, China)

Abstract.: At present,many scientists pay more attention to the incidental catch of top predator of food chain
in longline fisheries, such as sharks, sea turtles and sea birds. Given the long life span and relatively low
reproductive capacity of many shark species,reducing the incidental catch of sharks during commercial fishing
operations is thus critical in the conservation of shark species. In 1999 ,FAO promulgated the International Plan
of Action for the Conservation and Management of Sharks. In order to protect the marine environment and
conserve the shark species, many countries and regions declared a law prohibiting commercial shark fishing in
its national waters. Shark ’ s habitat environment is complex with respect to both spatial and temporal
variations. Mechanisms of their migration are not fully understood even though many studies suggested that
they might be related to the behavior and dynamics of zooplankton. The effective fishing gears and methods to
mitigate the incidental catch rate of Carcharhinus falciformis and the effects of 16/0 and 18/0 circle hooks to
the incidental catch rate of C. falciformis should be studied further. Based on these studies,the robust results
could be obtained and could be used to reduce the incidental catch rate of C. falciformis effectively. On the
other hand,there were many studies about the biological characteristics of C. falciformis,but the studies about
the impacts of marine environment on the incidental catch rate of C. falciformis were rare. The aim of this
study is to reduce the incidental catch rate of C. falciformis in longline fisheries. In this study, the mean
nominal catch rates of C. falciformis and environmental variables were obtained from two longlining surveys in
waters near Gilbert Islands from 4 October 2009 through 25 December 2009 and from 20 November 2010
through 20 January 2011. Data included :hook depth data,temperature,salinity ,dissolved oxygen concentration
and chlorophyll concentration vertical profile data, operating parameters, catch statistics. Stepwise regression
was used to develop the hook depth calculation model. Wilcoxon-test was used to test if there were significant
differences among C. falciformis incidental catch rates of four kinds of fishing gear or hook types. Statistics and
clustering analysis were used to analyze environmental effects on the C. falciformis catch rate. Results showed
that. (1) C. falciformis incidental catch rate can be significantly reduced by using the experimental gear or 18/
0 circle hook; (2) the depth, temperature , salinity , chlorophyll concentration and dissolved oxygen (DO ) range
with the high incidental catch rate for C. falciformis was 40.0 -79.9 m,24.0 -24.9 C and 29.0 -29.9 C,
35.40 -35.99,0. 120 - 0. 199 pg/L,and 4.50 —4.99 mg/L, respectively. This study suggests that: (1) the
numbers of 18/0 circle hook or hook deeper than 120 m should be increased; (2 )the numbers of hook should
be reduced in the higher incidental catch rate ranges of hook depth, temperature, salinity, dissolved oxygen
concentration and chlorophyll concentration.
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