43 5 Vol.43, No.5
2012 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2012

(Thunnus obesus)

%
1,2,3 57 3 3 3 3
1
(1. 201306; 2. 201306;
3. 201306)
2010 10 —2011 1 32
, (80—240m, 40m )
, “ (integrated habitat index, IHI) 77, 8
, (1) IHI ;1 (2)
, (80—200m), ,
(>200m) ;(3) 120—160m; (4)
IHI 2—3°S, 169—175°E  1—3°S, 178—180<E,
, 120—160m , ,
Q958
(Thunnus obesus) ,
(Song et al, 2010) 2010
(Maunder et 9 —2011 1
al, 2006) (Dagorn et al, 2000;
Biglow et al, 2002; , 2004, 2006, 2008, 2009, ,
2010) (2007)  Song ( , 2007, 2011a; Song et al,
(2010) (Koenker et al, 1978) 2010)
; (IHD
* (863)  , 2012AA092302 ; 1277168
,20113104110004 ;2009 , D8006090066 , , ,

, E-mail: Imsong@shou.edu.cn
:2011-06-12, :2011-09-20



5 (Thunnus obesus) 955
1 ( , 2010,
2011b)
11 , , 06:00—09:00 ,
1.1.1
3h ; 15:30—21:00 ,
“ 90177 :
5.5h ;
26.8m 5.20m 2.20m 102.00t
30.00t, 400kW ’
3°N 7.5 10.5
2°N | 25
1°N = r 8s 750
o Lo EROREERS ? e 1 2
hd . e o ’
1°S + A 4 21
[ ]
25 S A ! ¢ 7 , 42 ., 16
v D G S A N N et 8 (1—8 9—16 ) , 100
e o o o 0 e e o o 0O © o
4°S
s 1.14
168°E 170°E  172°E  174°E  176°E  178°E  180° (
1
Fig.1 Survey sites )
D e ,0 R RBR
XR-620 0—450m
1.1.2
20010 9 24 —2011 1 26
40 0°48" N—
3°34" S, 169°00" E—179°59" E, 32
, 8
(D
1.1.3
( )
360mm, 5.0mm 25m,
4.0mm, 3.5mm One e
1.5m hs L I
1.8mm 18m, L @hw
1.2 0.5 20 %
mm m m s P . =%
h, | — 2%
AN
, ( , 1 J 1
2010) 2 34 43
5% 0 06 5
8 9101110 9 8
3a) (  3b) , 2010, (b)
2011a) ,

2

Fig.2 The configuration of two fishing gears
a. ;b



956 43
] 220m SPSS13.0 ,
,  TDR TDR
2050 , (Cao
etal, 2011):
, D = D, -1 0—0.098—0.241g(§)—o.0831g(vg)—040161g(siny) )
NORTEK D} =D/ 1 00.081—0.3861g(§)—0.064(vg) (10)
3
9)—(10) , Dy D}
0— a - (9)—(10) f f
450m 3 (m); Vy (m/s); siny
1.2 Fig.3 Two hook types ; (1)—()
1.2.1 a. ;b 122 CPUE;
(Cao et al, 2011) 40—240m,
’ 40m, 5 , 40—80 80—120 120—
( , 1992), 160 160—200 200—240 m
. CPUE;; (Song et al, 2008, 2009,
2 ) 2011; ,2011a):
Dy = hy + hy + 1| 1+ cte’o, —\/(1-—) +ctg?e, | (D) N..
L ’ n ’ CPUE;; =H—”x1000 (11)
_ ij
L = V,xnxt () an N, | J
V, xnxt j
== 3) » Hij i j :
LV i=1,2,3, ,40, 220 ,
k=—="2=ctggp,sh™\(t 4
TR g@osh™ (tgpo) (4) ( ) 26 (
(H)—4) . Dy (m); h, 98.18%)
(m); hy (m); | 5 @ 1.2.3 CPUE;
, k CPUE; (Song et
, s & 2 al, 2008, 2009, 2011; ,2011a):
2 b2 CPUE; =N <1000 12
=X
Ve (st 2 T (12
(m); V, (m/s) (12) , N; i , i
’ i ,i=1,2,3, ,40
;o 1.2.4 CPUE;
2
, 28 ) (Song et al, 2008,
D/=ha+ hy + hy + 1| \1+ctg’g —, || 1-=2 tg o)
v { TeE \/£ mj e %} 2009, 2011; ,2011a):
N
©) CPUE; =—L x1000 (13)
! 2 2 fl
L =Va(m + 4Ht=2,/(2Vit)" —hy (6)
(13) , N; i » i
V) xmxt )
'ZT (7) j
L' ' -1 ' 125
k :E = ctggysh (tg(/’o) (8)
(5)—®) , D (m); hy
(m); L’ (m); m (Song et al, 2010;
2 o ,2011a):
; (D—#) Fi=> (CPUE;Fy) /> (CPUE) (14)



5 (Thunnus obesus) 957
(14) ,F i (Ti Si DO; T; Si DO; FIC;
FIC; HC; VC;) ,CPUE; j HC; VC; TS; TFIC;
, Fij i j ( TDO; THC; TVC; SFIC; SDO; SHC; SVC; FICDO;
Ti Sij DOj FIC; XR-620 FICHC; FICVC; DOHC; DOVC; HCVC, 21
: , : CPUE, HI;
HC;; VC; .
) CPUE, = C; + aT; + biS; + GFIC; + diDO; + e;HC; +
1.2.6 fivC; + g;iTS; + hiTFIC; + k;TDO; + liTHC; +
Koenker  (1978), m;TVC; + 0;SFIC; + p;SDO; + qiSHC; + riSVC; +
( , 2007, 2011a; Song et al, 2010) siFICDO; + t;FICHC; + u;FICVC; + v;DOHC; +

(Midcon-
tinent Ecological Science Center, U.S. Geological Sur-
vey) Blossom

(Cade et al, 2001)

1.2.7 (IH1y)
CPUE;;
Ty Sj DOy FIC;
HC;; VC;; :
CPUE;, IHI;
(CPUEj) Ty Si DOy
FIC; HC;; VC;;

CPUEIJ = Cij + aijTij + bijSij + CijFICij + d”DO” +
einCij + fijVCij + gijTSij + hijTFICij + kijTDOij +
|ijTHCij + m;TVCj; + 0;;SFIC;; + p;SDO;; +
0;;SHC;; + rjSVCj; + s;;FICDO;; + t;FICHC;; +
uijFICVCij + VijDOHCij + WijDOVCij +
XinCVCij +&jj (15)

(15) ,Cj , TS; TFIC; TDO; THC;
TVC; SFIC; SDO; SHC; SVC; FICDO; FICHC;
FICVC; DOHC; DOVC; HCVC;
s Eij
CPUE;
IHIj = ——2 (16)
CPUE;™
(16) , CPUE™ CPUE;
1.2.8 IHI,
(CPUE))

w;DOVC; + x;HCVC; +¢ 17)
17, G , @, b, L X , Ei
T .
m: CPAUEi (18)
CPUE™™
(18) , CPUE™ CPUE,
1.2.9 IHI IHI ,
Marine ex-
plore 4.0 IHI
1.2.10 IHI
32 ,
IHI
CPUE ,
(Song et al, 2010; ,2011a)
IHI IHI;
CPUE; ,
(Song et al, 2010; ,
2011a) t-
8 CPUE
CPUE( CPUE;; CPUE))
IHI
(Song et al, 2010; ,2011a)
2
2.1 IHI;;
R 1 40—
80m , P 0.05,
L,
4 IHI;

4 IHI;



958

43

#1 BEEUFENSHMEIT

Tab.l Estimation parameters of optimal simulation equation

80—120m 120—160m 160—200m 200—240m
o 0.80 0.99 0.85 0.90
P P P P
Cij (constant) 512.26 —1400.48 -90.16 27.64
a; (Ty) 0 0 0 -1.31 0.011
by (i) 0 30.34 0.002 0 0
¢ (FICy) 0 0 0 0
dij (DOy) —114.15 0.033 90.72 0.002 38.02 0.025 0
eij (HCy) —766.85 0.050 0 171.46 0.029 0
fij (VCy) -39.61 0.006 0 -55.03 0.010 0
gij (TSip) 0 0 0 0
hi (TFIC;) 0 0 0 0
ki (TDOy) 0 0 0 0
I (THCy) 0 0 0 0
m;j (TVCy) 0 0 0 0
0jj (SFICy) 0 0 0 0
pij (SDOy) 0 0 0 0
gij (SHCy) 0 0 0 0
rij (SVCy)) 0 0 0 0
sij (FICDOy)) 0 0 0 0
tij (FICHC;)) 0 0 0 0
uij (FICVCy) 0 0 0 0
vij (DOHC;)) 173.69 0.022 0 —68.76 0.020 0
w;; (DOVCy) 0 0 0 0
x;j (HCVCy) 0 0 0 0
3°N 3°N
22N+ A 2°N- B 3
1°N s 1°N e
o AV AR —— o AN\ G Fyros LN
] —o NS e | (e
030 o ( R — . e

o

0.05

3°S —
o Im o o o

?fﬁg\,
u<“

7 s (i3
o L

1

8

. 3°S ?’
Wl | CRUE g
8

0

25 4°S =

550

168°E 170°E 172°E 174°E 176°E 178°E 180°

1 ; ]
i T T T T T T T 8 58*‘» T

168°E 170°E 172°E 174°E 176°E 178°E 180°

3°N 3°N

2°N4{ C 4+ 2°>N4 D e

1°N T 1°N

0° 0° 4

1° 1°S

2°S 2°S

3°s CPUE  3°S-

4°S 17‘26 4°S

5°S St T T —T—T 1T

168°E 170°E 172°E 174°E 176°E 178°E 180°

4 IHI;

:A. 80—120m; B. 120—160m; C. 160—200m; D. 200—240m

CPUE /

168°E 170°E 172°E 174°E 176°E 178°E 180°

Fig.4 The bigeye tuna IHI;; distribution of various water layers in waters near Gilbert Islands

IHI;; (

CPUE

18‘58

CPUE

6
‘92

)



5 (Thunnus obesus) 959
(0.02—0.89), 2, 50.76TFIC; (6=0.8) (19)
2, 120—160m IHI;; (9 ,
(0.24—0.89),  200—240m IHI; 4 , P
(0.02—0.08) 0.03 0.049 0.02 0.03
2.2 HI, THI;
: (9 . THI; ( 2,
CPL]Ei =—457.34 + 8.243T; + 7.525; + 1024.15FIC;— W (0.64—0.88) (0.51—0.94)
£2 EMRESH IHL. H, EREEREXMEAN IHIE
Tab.2 The area boundary with the relatively greater IHI;;, IHI;, and their IHI values
(m) IHI IHI
IHI; 80—120 2—3°S, 178—180°E 0.24—0.32
120—160 0—1°S, 176—180°E 0.24—0.89
1—3°S, 169—174°E 0.73—0.77
160—200 3—4°S, 169—180°E 0.14—0.40
200—240 3—4°S, 169—180°E 0.02—0.08
HI; — 2—3°S, 169—175°E 0.64—0.88
— 1—3°S, 178—180°E 0.51—0.94
3N R 120—160m
2°N— s IHI;
1°N
. HEONN
1oos \\@% j‘(‘; o 0.98 "
— — N / .
Zosm : NS /\E\J 24 1HI
4°5 i 30‘ 48 ( , 2002) 8
5°31 L B s e B AL B b CPUE
168°E  170°E  172°E  174°E  176°E 178°E  180° CPUE P ,
5 WI, 4, CPUE
Fig.5 The bigeye tuna IHI; distribution of whole water column in CPUE (P>0.05)
waters near Gilbert Islands
1HI; ( ); CPUE 3
/
3.1
2.3 IHI
32 40—80m R
> IHI 160—200m  200—240m s
CPUE , ( 3), 3 (1)
0.400 0.400—0.499
0.500—0.699 0.700 , ,
(Song et al, 2010; ,
2011a), IHI . ; (2)
CPUE 3, >



960

43

Fz3 FHIKETMET IHI 58 53N CPUE B AIAFAHE X
BRE R T E
Tab.3 The Poisson correlation coefficients between predicting
IHI and the observed CPUE in corresponding depth stratum and
their predictive power

(m)

80—120 0.50

120—160 0.75

160—200 0.64

200—240 0.45

0.70

8r -6~ CPUE —A— IHI 106
T 6F
= 104
it -
W 4 =
% 0.2
S 2t '

80—120  120—160 160—200 200—240

ARE/m
6 IHI
CPUE

Fig.6 The comparison of the arithmetic average predicting
IHI with the observed CPUE of bigeye tuna in corresponding
depth stratum

x4 FBKEMN CPUE 53 CPUE (8] i X M A 918
S AT R
Tab.4 The results of paired two samples t-tests for CPUEs
between the model prediction and observation in corresponding
depth stratum

(m) P
80—120 0.2956
120—160 0.3724
160—200 0.1245
200—240 0.0935
0.2313
,
, ,
; 3)
,
3.2 IHI
IHI
6 , IHI
CPUE

0.98, 6
120—
160m CPUE IHI
120—160m XR-620 ,
27.0—28.0C,
(2006)
27.0—27.9C,
IHI ,
IHI 3 ,
40—80m 200—240m ,
IHI CPUE
0.50, ;
IHI CPUE
0.70, 4(B) 5 , 120—
160m IHI [ 4B)] (1°—
3¢S, 169°—176°E; 0°—1°S, 176°—180°E)
IHI « 95 (2°—3°S, 169°—
176°E; 1°20'—3°S, 177°—180°E) ,
120—160m IHI
IHI Hanamoto(1987)
100.0—
(2010)
200.0—

>

250.0m )
CPUE
240.0m, ,

3.3 IHI
IHI

>

CPUE, 4 ,
CPUE CPUE
(P>0.05), 160—200m  200—240m
P , IHI
CPUE
CPUE ,

(P=0.2313), 0.70(  3)

CPUE CPUE , HI
( 80—240m
) IHI



(Thunnus obesus) 961

3.4
( 1 19) ,
Song
(2009)

>

(Costello et al, 1996) R ,

(Garey et al, 1971),

B >

>

(Holland et al, 1992)
Fry(1971) ,

35
: IHI
2°—-3°S, 169°—175°E  1°—3°S,
178°—180°E, ,

, 120—160m

3.6

32

15

Bigt AFFRATE] T R 2 @ 2 Ae B BT 6915 7T,

FAFEE Y| T EE R E B LA RG] EERK BT AR,
B2BEEES. ANBEERAP . BRZEH L3,
“RBER 901”7 SHEKAASKRERF RS LI, %
st

, 2004.
, 11(6): 561—566
, , 2006.
,30(3): 335—340
, 2007.
, 31(6):
798—804
) ) , 2008.
, 32(3): 369—
378
, 2009.
(Thunnus obesus) . ,
40(6): 768—776
, s , 2010.
,32(4): 374—384
S ,2011a.
,35(8): 1208—1216
, B, , 2011b.
. ,20(3): 424—430
s ,2002. DPS
: 1 333—339
, 1992.
:9—10
Biglow K A, Hampton J, Miyabe N, 2002. Application of a habi-
tat-based model to estimate effective longline fishing effort
and relative abundance of Pacific bigeye tuna (Thunnus
obesus). Fisheries Oceanography, 11(3): 143—155
Cade B S, Richards J D, 2001. User manual for BLOSSOM sta-
tistical software. Colorado: Midcontinent Ecological Science
Center US Geological Survey: 1—106
Cao D M, Song L M, Zhang Y et al, 2011. Environmental pref-
erences of Alopias superciliosus, and Alpias vulpinus in wa-
ters near Marshall Islands. New Zealand Journal of Marine
and Freshwater Research, 45(1): 103—119
Costello O M, Brill R W, Hochachka P W, 1996. Structural basis
for oxygen delivery: Muscle capillaries and manifolds in
tuna red muscle. Comparative Biochemistry and Physiology
Part A: Physiology, 113(1): 25—31
Dagorn L, Bach P, Josse E, 2000. Movement patterns of large
bigeye tuna (Thunnus obesus) in the open ocean, determined
using ultrasonic telemetry. Marine Biology, 136(2): 361—371
Fry F E J, 1971. The Effect of Environmental Factors on the
Physiology of Fish. In: Hoar W S, Randall D J ed. Fish
Physiology. New York: Academic Press: 1—98
Garey F G, Teal J] M, Kanwisher J W et al, 1971. Warm-bodied
fish. Oxford Journals, 11(2): 137—143



962

43

Hanamoto E, 1987. Effect of oceanographic environment on
bigeye tuna distribution. Bull Jap Soc Fisheries Oceanogra-
phy, 51(3): 203—216

Holland K N, Brill R W, Chang R K C et al, 1992. Physiological
and behavioral thermoregulation in bigeye tuna (Thunnus
obesus). Nature, 358: 410—212

Koenker R, Bassett G, 1978. Regression quantiles. Econometrica,
46(1): 43—61

Maunder M, Hoyle S, 2006. Status of bigeye tuna in the eastern
Pacific Ocean in 2004 and outlook for 2005. Inter-Amer,
Trop Tuna Comm, Stock Assess Rep, 6: 103—206

Song L M, Wu Y P, 2011. Standardizing CPUE of yellowfin tuna
(Thunnus albacares) longline fishery in the tropical waters

of the northwestern Indian Ocean using a deterministic

habitat-based model. Journal of Oceanography, 67: 541—
550

Song L M, Zhang Y, Xu L X et al, 2008. Environmental prefer-
ences of longlining for yellowfin tuna (Thunnus albacares)
in the tropical high seas of the Indian Ocean. Fisheries
Oceanography, 17(4): 239—253

Song L M, Zhou J, Zhou Y Q et al, 2009. Environmental prefer-
ences of bigeye tuna, Thunnus obesus, in the Indian Ocean:
an application to a longline fishery. Environmental Biology
of Fishes, 85(2): 153—171

Song L M, Zhou Y Q, 2010. Developing an integrated habitat
index for bigeye tuna (Thunnus obesus) in the Indian Ocean
based on longline fisheries data. Fisheries Research, 105(2):
63—74

AN INTEGRATED HABITAT INDEX OF BIGEYE TUNA THUNNUS OBESUS IN
WATERS NEAR GILBERT ISLANDS

SONG Li-Ming"*? ~ YANG Jia-Liang’, WU Ya-Ping’, HUI Ming-Ming®, LU Kai-Kai’
(1. National Engineering Research Centre for Oceanic Fisheries, Shanghai, 201306; 2. Key Laboratory of Sustainable Exploitation of
Oceanic Fisheries Resources, Ministry of Education, Shanghai, 201306; 3. College of Marine Sciences, Shanghai Ocean University,
Shanghai, 201306)

Abstract

through Jan., 2011, the vertical profile data of temperature, salinity, chlorophyll-a, dissolved oxygen concentration, hori-

On the basis of the survey data at 32 sampling stations in waters near Gilbert Islands from Oct., 2010

zontal current, vertical current and the catch per unit effort (CPUE) data of bigeye tuna were applied to develop the “Inte-
grated Habitat Index (IHI)” models by the quantile regression method. Models were developed for six water strata from
40m to 280m (40m per stratum) and the entire water column to understand the relationship between the bigeye tuna CPUE
and the environmental variables. The measured environmental variables at the other eight sampling stations were used to
validate the models’ predictive power. The results showed: (1) the models’ predictive power was good; (2) the key envi-
ronmental parameters in the IHI models differed among the depth strata. In the shallow water (80—200m), there was
closely relationship among the CPUE of the bigeye tuna and the dissolved oxygen and the sea current; In the deep water
(>200m), there was closely relationship between the CPUE of bigeye tuna and the temperature; (3) the optimal depth that
bigeye tuna inhabit was in the range of 120—160m; (4) the bigeye tuna’s IHIs in the areas of 2—3°S, 169—175°E and
1—3°S, 178—180°E were relatively high. Our study suggested that to deploy the fishing gears in the water depth of
120—160m should improve fishing efficiency and reduce the bycatch.

Key words Bigeye tuna Thunnus obesus, Gilbert Islands

Integrated habitat index, Quantile regression,



