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Long-term fluctuation in the abundance of abalone and top shell in Japan
and factors affecting those fluctuations

Jun Havakawa'?, Takashi YamMakawa? and Ichiro Aok1?

We studied the trend of long-term fluctuation in the abundance of abalone and top shell catch in Japan and examined
the relationship of those long-term fluctuations with global climate change. Trend of fluctuation index (TFI) was de-
rived from time-series of yearly catch in five sea areas around Japan by removing the dependence of amplitude of catch
fluctuation on its level and calculating the slope of regression line at each year. Approximately two decadal scale fluctu-
ations were found in TFI of each resource. There were significant positive correlations between TFI of three abalone
species (Haliotis discus discus, H. gigantea, H. madaka), which inhabit in four sea areas influenced by the warm cur-
rents, and moving means of Aleutian Low Pressure Index (ALPI). In two sea areas along the coast of the Pacific, TFI of
these three abalone species was positively correlated also with that of agar, red algae belonging to the Gelidiaceae. In
contrast, TFI of H. discus hannai, which inhabits in one sea area influenced by the cold current, was negatively corre-
lated with ALPI or TFI of agar. We could not find any coherent relationship of TFI of top shell, Turbo (Batillus) cornu-
tus, with ALPI or TFI of agar. The results of this study suggest the possibility of the influence of global climate change
to the long-term fluctuation in the abundance of rocky shore resources, which have been thought to be “local” stocks,
and of the difference of such influences among species.
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Figure 1. Relation between annual catch and its variation of top
shell in prefectures along the Pacific coast in Japan. When C,
represents the annual catch at time #, (C,,,—C)* represents
the variation of catch at time 7.

Table 1. Values of power 8 to transform the catch data of each
rocky shore resource to minimize the correlation between
transformed catch and its variation.
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Figure 2. Comparison of fluctuation between annual catch and
that transformed by the power method, for top shell catch in
Shizuoka Prefecture.
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Figure 3. Comparison of fluctuation between transformed an-
nual catch and Trend of Fluctuation Index (TFI) of top shell
in Shizuoka Prefecture. TFI was calculated from slopes of
fluctuation of transformed catch at each year.
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Figure 4. Classification of sea areas around Japan based on the similarity of Trend of Fluctuation Indices (TFIs) of
rocky shore resources and the distribution of abalone, top shell, and marine alga species.

__ 98—



T B LYY T EEO RN & O ER

D5 DODOWXIZHFAL 72 (Fig. 4). 77 B X OO
ARESA & LCid, KREFRIERIC Yy 77 eh, Z0fli4
Xizz a7 I EihdE$ 3R T 7 el KOy
FINELL TS, KPEHEIEXIC BN T, HHEROBA
WA IR R AT 7 7 YA, KPR IRy
TIERZNENER LT3, HARMEI & KEAHEM D
R EZ DTN TE AL 72720, WFhiTy
77 DGR T & B KL & 8 TN 217 5 72,
—7, Y ZERFIC BN THERRO T TOIERIIHA
WHNFIEETTH S0, HEHREOY Y LfET — 4 %
HAGACX 125 T L 72, Fig. SIC&MXIZEIT 5 7
7 IO 5 KON & AR O W R O RERY] T —
A%, Fig. 61K WBXICET 2 ¥ TOfERL LONE
R DI B DOWRY| T — % &R L 7=

D EDFNEIZ & » CTHREZHBXIZE T 57 7 CHHEHR,
F W KT v 7 HE WO TFI & b icfit L 7,
ARERBEZE S LT > T HERREOZLEHER & OBE
AW T, RSB 2 KRB 4 R B OB E L
T7 ) a—¥ v VIRKERE (LUF, ALPI; Aleutian Low
Pressure Index) 7% JHV>7=. Fisheries and Oceans Canada @ ¥
4 b (http://www.pac.dfo-mpo.gc.ca/sci/sa-mfpd/climate/clm_
indx_alpi.htm) %* 5 1900 -2 & 2000 4 & T ALPID Kl
T4 %fF72. ALPLIE, LR FED 12 A2 563 Ik
% 100.5kPa LU T O 5T 2 R § A A 53k 5, TED
EREEE T 2 — ¥ v VIRKEDB I RN & &%
LCW5%, ALPIEERAF — &2 D 11 OBEIELEZ LD |
BBHREIRD TFI & Mg U 7z,

7o, BIREREEEGEGRYE S 5 &F A4 5N 2R
EOEFOEEL LT v 7 HHEEEO TR 2 W, 7
VOYEBAET S HICET A Y, AN, %
ZOHBEEDRMTH B0, WFhOME LEETHD,
Kz S R TR L, BalE A2 R T 5.
TV RSB FE SN2, U AR T Y T
D &S IZFHEAEPEDRINNC K 2RI NN & 4
ER I L S T3 2 L, BFEETH D707 h
AFD & D B — MR & N TRIBEEB OB L 21T %
BB EWZ 25, WERT — 2 PFET 5EOPT
FHEEOZEBOREE LRGN EE L. £,
Ty, Y IHEEOFEERIO D Th D (BER
1E22 1987; B 1998) , ¥ R I3 2 BN R % %
DrEhb (W 1998) Z &5, HHFIEIRDOZEDIC
WEEGZ5WBRESELEND,

7B XU ZEEDTFI L, ALPIREIT-
K OF Y HEEEO TFL & ORI, KEIZB T 51
2R & G BN GESHM) (231 2 lREAROE =
% 3R TR 7= R B O AHBI R B A Bl <ok 5 Z &1
Ko TTo7. iDL, 79 HEBIUY ¥ T EIK
DO TFIR, ALPIMEITYY, 7V 7 HHEEHRO TFICIZ B B

K Z 20 F AT ORRMN 228 A T, ko REABO
BAAEHBEORR N L Y FAELE > TWB EIIZRI TS
N5, ZTO XS R & RO RERIIR CHIZ R 2 AH B
SR EAT - 72354, RO ZE SR RO R b L
VERIZE o TT A ENTLUE Y, RO RIZEY)
RSN WATREEAE Z 5D, ZD7-0ARZETIE,
25 TF1 & 7213 ALPURSE) T O ¥ %, Rt 25 5 4R oo o]
REROMEEIZ L > TRET S Z LIk - T, RESOMH
WLy FORELERS KSICLT.

F 72, BRERVOEEEFOBIZ 2 4 &5 T HBFET S
AR BR L, SFERE IO TR L CTALPIR T v
7 HFHEIRD TF1 & —4~+4FEOHEP T 6 L, KBEF
ob 2R ERD 2. 2V 7o, BBRAKRE T
T, Yy, FryovEzhIhicoR, ART A A
WX A 351 BB R DO MM R A & 72 135N e 5 R Eh 4
B R, 2L TZOBEFRE, SEREE LT 5
XA B0 2 IMOREFR L U CRTIC V2. FHEY
BEBOAEEOHRIZOWTIE, YT Y v OREHBEREK
DHFEMEREIZ K > THEAKUEE 1% THRIE E1T - 7=,

s 2
AREREZTES LSO T > T HERREOZTENIER & OREFR
Fig. 7IC& W XIZ BT 5 7 7 CHEE & 7 v 7 3 FHEE O
TFI & ALPISE) V-3 % | Fig. 8IZRMXIZH T 24 i
e T v 7Y HEERO TFI & ALPLEEEIEY) & i ¢ TR L
7o, TUOECHERE I EHEO TR 5 ¥ — 7 B0
RS, MEFROZEEZ T H L7 204FFRE DD
iR 5 HEZ o7z, 7 CHBEISH L EEHD
TFIX, ALPIEIEY, 7V 7 3 HEEDO TFI TR Y — 2
RO BAE DO KERFRIZ L > TEAL L TH D, 204F
TORMIN 2258 A T, RO L BB O
WMLV RBFIEL TR EZEZ SN,

(1) 7IbH
7O EHEEO TFIOME X O L, ALPIRENES B L O
7V Y FHE RO TRIOE & O & o AH BE fFHT O f5 1 %

Table 21Z/8§. £IZIE, ALPLE 7V 7 S MBI T 3
FERVIME %2 —4~+4FO P CRE) X B2 L DI K E 7=
i/ NOMBIRE L, 2 OMHBIREE 5 2 5 FEIFER AR
LT3, KEFIEX TR 7 7 e IO TF1 & ALPIFE
M & ORICE B A AOHBEREGRAZD 6h 52, H
AUFPYIX % i < BERR O 3 X CTlds, 7V B HEEO
TFI & ALPIRSE) M & ORICHE L EOMBE R 5 5.
BT 52X TOMBRBOMMPRK F 7213w/ % b
FEIFERIE, ALPIREPFIMEIZBIL T2y 7 7 BT 24,
AR 7 T CHTH1FE L k-7, 77 CHEED
TFI & 7 ¥ 7 FHE RO TFL & O iz B T, A3
X TIIHEE A AOHBBR, AR & K FEEIX
TIIAB L IEOMBIBGR2 R 6 h /. HARMBHX & HA



RN, Wl s, EHAR—RR

6000 12 4000 16
Northern coast area of the Pacific Eastern coast area of the Pacific

3000

iy

4000 »? L 8 % 3000 4 1 12 ﬁ
[} m
= o — Q
_CB 3000 %Wm i %ﬂ:%’x 5 m S 6 g st i mER? e i‘? %? ;Fﬂ it -
3 ﬁ] Pl I G 2000 (= 4 RNRER G AP

2000 2 4 2 B 4° 8 q d =

MRS Jid O 5
f ! % . 2
%
1000 —— Catch i 2 1000 o Y ¥ 4 E
—=— Transformed catch U e Catch
0 L . L L 10
—=— Transformed catch
1000 Eastern coast area of the Pacific 73 0 0
800 2300 13
£ Western coast area of the Pacific
®
2 600 5 2000 1 12
33 P_ m
. & 2 1500 &g 2
- g 5 N | £
200 & Ak o R R o) =
& 1000 el E”*@&?% 6 §
Y :
=

0 . . A . d g ZE E A,

300 “ ﬂ‘ﬁ
1200 8
Western coast area of the Pacific

0 . . J g
800 ] £
& 8000
= 3
5 600 s e 4 E
2 i £
S N 3 6000 5
pEad e ~ g
300 w % R J‘ 2 i =
G 4000 E
(1 o
0 . . . . d g o =
B
2000 8 2000 .—
1500 5 f:g 0 L . d g
o 3
= = 1800 12
g 1000 4 g Northern coast area of the Japan Sea
ot < ﬁ
i =
= , 1350 ° 5
o " ,% Qa
=z i ﬁm‘ 3
0 L L J g 3 900 lﬂ 1;1 uﬁT 4] E
= T @%& by o N‘J U 2
250 5 D@%,j &
.xNorthBrn coast area of the Japan Sea 450 + a E
200 4 ‘ﬁfﬁf,«m M‘\I
© 150 T, T i 1810 1940 1970 2000
5 o T éﬁm ‘ ﬁﬁﬂm@ﬁg’ g
i 1 % ﬁ” o Year
O 100 "K’ 2%
t . M\ f% e Figure 6. Time series of annual catch and that transformed by
50 *4 ”“ ol v.‘ 1 the power method for top shell in each sea area.
0 ! * * * “ 0
1800 1820 1840 1860 1880 2000
Year

Figure 5. Time series of annual catch and that transformed by
the power method for abalone in each sea area.
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Figure 7. Comparison of fluctuation among moving mean of
ALPI for 11 years, Trend of Fluctuation Index (TFI) of

abalone and that of agar in each sea area.
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of ALPI for 11 years in each sea area.
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Table 2. Correlation coefficients and their p-values between Trend of Fluctuation Index (TFI) of abalone and moving
mean of ALPI for 11 years, or TFI of agar in each sea area. Time lag means the duration of years moved in the

time series of ALPI or TFI of agar.

—ALPI —TFI of agar
r p Time lag r p Time lag
Northern coast area of the Pacific —0.416 <0.01 -2 —0.316 <0.01 -2
Eastern coast area of the Pacific 0.557 <0.01 +1 0.700 <0.01 +2
Western coast area of the Pacific 0.322 <0.01 +1 0.750 <0.01 +2
Western coast area of the Japan Sea 0.143 >0.05 +1 —0.156 >0.05 +2
Northern coast area of the Japan Sea 0.423 <0.01 +1 —0.264 >0.05 +2

Table 3. Correlation coefficients and their p-values between Trend of Fluctuation Index (TFI) of top shell and mov-
ing mean of ALPI for 11 years, or TFI of agar. Time lag means the duration of years moved in the time series of

ALPI or TFI of agar.
—ALPI —TFI of agar
r p Time lag r p Time lag
Eastern coast area of the Pacific 0.022 >0.05 +3 0.093 >0.05 -1
Western coast area of the Pacific —0.604 <0.01 +3 0.613 <0.01 -1
Western coast area of the Japan Sea —0.239 >0.05 +3 0.034 >0.05 -1
Northern coast area of the Japan Sea 0.040 >0.05 +3 —0.085 >0.05 -1
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Table 4. Correlation coefficients and their p-values between
Trend of Fluctuation Index (TFI) of agar and moving mean
of ALPI for 11 years. Time lag means the duration of years
moved in the time series of ALPI.

—ALPI
r p Time lag
Northern coast area of the Pacific 0.211 >0.05 -2
Eastern coast area of the Pacific 0.334 <0.01 -2
Western coast area of the Pacific 0.476 <0.01 -2
Western coast area of the Japan Sea —0.153 >0.05 =2
Northern coast area of the Japan Sea  0.195  >0.05 =2
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Figure 9. Comparison of fluctuation between Trend of Fluctua-
tion Index (TFI) of top shell in each sea area and moving
mean of winter AO (Arctic Oscillation) index for 11 years.
Winter AO index is the average of daily AO index from Janu-
ary to Mach in each year.
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