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Influence of the Kuroshio path on the catches of Japanese butterfish
Hyperoglyphe japonica in waters around Hachijyo-jima Island in central Japan

Haruhiko Ho' T, Shinya Basa? and Ichiro Komazawa®
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We examined stock abundance trends and the influence of the Kuroshio path on catches of Japanese butterfish (Hyper-
oglyphe japonica) in waters around Hachijyo-jima Island in central Japan. The results of a selected generalized linear
model (GLM) using Akaike's information criterion indicated that year, month, and changes in the Kuroshio path influ-
enced catches of Japanese butterfish. The number of fishing boats per half month and the Kuroshio path were also
found to influence fishing efficiency (catch per fishing boats per half month). Assuming that the coefficients of the
year of the selected GLM indicated the stock abundance trend, no decrease in the stock abundance of Japanese butter-
fish was detected. Moreover, fishing efficiency improved with an increase in the number of fishing boats per half
month, which can be attributed to the improvement in effective searching for fishing grounds. In addition, the effect of
improvement in fishing efficiency with an increase in the number of fishing boats was generally higher in the C-type
than in the except C-type of the Kuroshio path. In the case of the number of fishing boats per half month exceeding
13.3, it was predicted that the catches were higher in the C-type of the Kuroshio path than in the except C-type. In the
case of the C-type, the depth of suitable water temperature for Japanese butterfish was shallower than that of the except
C-type because of cooling of deep waters. Therefore, in the case of the C-type, fishing grounds may form in shallower
depths. Therefore, fishing efficiency may improve because of a decreased influence of current and increased operation
frequency per day due to a reduction in operation time.
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Figure 1. Location of Hachijyo-jima Island and examples of the Kuroshio path. (a) Except C-type on April 23, 2009, (b) C-type on
April 7,2009. The open square indicates the monitoring station of oceanographic survey.
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Figure 2. Changes in the Kuroshio path around Hachijyo-jima
Island from 2001 to 2016. Open and filled squares indicate
except C-type and C-type of the Kuroshio path, respectively.
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Figure 3. Seasonal changes in the mean vertical water structure of except C-type and C-type of the Kuroshio path. (a) Winter (January),
(b) spring (April), (c) summer (July), and (d) fall (October). Arrows indicate the depth of water where the temperature was 15°C.
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Figure 4. Seasonal changes in chlorophyll a concentrations in
waters around Hachijyo-jima Island. Horizontal lines in the
box indicate the median values, and lower and upper box
levels indicate 75% and 25% percentiles, respectively. Verti-
cal bars indicate the minimum and maximum values. Left
and right sides of each month indicate except C-type and C-
type of the Kuroshio path, respectively.

VamiZIECH I D 185 (=exp(0.617)) fiEV T LAVR
a7 BIREN72EF IV No. 1D DFREZ Fig. 512
RL72. HoREii4 A28 (0) & L7226, 58HIC
P T—-1.440F TR L, ZOBMIELTI10HIZ-0.924
Elholz.

BEEH LU CPUEDREZE(L

2001 4E 2> 5 2016 42 LB i KBRS KT S iz
A7 A4 OifiEREB X ONCPUE DFFAEZAL % Fig. 6 1R L7z,
AT A OWHERIZ10-130 t LW KE VD DD, 20094
VIR 4090 t THERL L 72, CPUE 12002 4E4* 5 2008 £E 22>
T 37-136 kg7 F THIMIL 724812, 2009 4E12 13 67 kg4
E T L72A%, 20104E LAREIZ 100 kg ' FEEETHER L
7z.

E#RER 0D CPUE & ZDEHZEL

LR D X 5 4 O CPUE & Z DZFEHiIZAL % Fig. 71278
L7z. % H®CPUE D HYLft, 1 HIZIECHEIT40 kg £,
CHITS0kg- B LR Z /R L72RICEA L, ThTh
45 12130 kg ™", 5 HIC220kg- T LI E R L7z,
Z D%, CPUEDHYHIZIECH TITREITHMA L, 128
IZ40kg- B L 572, —F, CHITIX10 HIZ70 kg 7!
F WA L2, BIMCEE U, 12 HITid95 kg- 471 & i
L7z, £AOCPUEDOHIEIZ4AB LU THZRWVWTC
BOFPECHEID BEWETHERLTBY, FICSHD
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Table 1. Explanatory variables and Akaike’s Information Crite-
rion (AIC) scores for alternative models to explain chloro-
phyll a concentrations in waters around the Hachijyo-jima

Island.

No.  Explanatory variables AIC AAIC
1 Year+Month+Kuroshio —70.5 0.0
2 Month+Kuroshio —54.1 16.4
3 Year+Month —494 21.1
4 Month —-27.8 42.7
5 Year+Kuroshio —49 65.6
6  Kuroshio 12.0 82.5
7  Year 15.2 85.7
8  Null model 31.2 101.7

Table 2. Coefficients and standard errors for the selected model

(No. 1) in Table 1.

Variables Coefficient ~ Std. Error

Intercept —0.828 0.192
Year (relative to 2005)

2006 —0.046 0.249

2007 0.475 0.126
Month (relative to April)

May —0.022 0.218

June —0.985 0.216

July —0.901 0.205

August — 1.440 0.211

September — 1.094 0.221

October —0.924 0.307
Kuroshio (relative to except C-type)

C-type 0.617 0.136

% Table 31Z/R L7z, AICIZ X 5 EF I VRIROKEE, 4, H,
RS, PRSEER B L BEE RO HEEHEE
SR E L2 BT IV No. 1 DSBS 7z, BEEKE
Tk MHEHICT AL, AICAHTRE SHWIML:. BRI/
E 7V No. 1 DFR%L % Table 4 1278 L 72,
BIRENIZET VN 1DEB I VA OBRBOELE
Fig. 8 1Z/R L7z, AEOMREIZ 2001 4E % JLHE (0) & L72A
20024F12 = 0.026 Z 78 L, 2003 4E7* 5 2005 42 A7 THEN
LC0.965 & ik R L7z (Fig. 8a). D%
20094F120.202 & 7~ L, 20104F PAREIZ IS HE U C 0.643—
0.898 L WETHER L7-. HofREix1 A %#&i#E (0) &
L72a, 2H12-0038% /R L72#IZMmL, 45HIC
0.654-0.677 &£ W iliz R L7 (Fig. 8b). =0k, HO%
B LT ICIE —0.099 &AMl Z R L, 11 HI2IE
MBI LT 0.031 & o7z,
BEEROREIT 1134 L g s, HEEH LR

14—
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Figure 5. Coefficients of the month (relative to April) for the
selected generalized linear model (GLM) to explain chloro-
phyll a concentrations in waters around Hachijyo-jima Is-
land. Vertical bars indicate standard errors.
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Figure 6. Catches and catch per unit effort (CPUE) of Japanese
butterfish which landed at the Okago branch of the Hachijyo-
jima Island Fishermen's Cooperative Association from 2001
to 2016.
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L L7 G OBSE RO ZALIHE S iR o FRlE 2 B
W RNCR L7z (Fig. 9). ZORSE, BEERI Mz
M2 HEFCHED DS CHROMMBRLNL L 7D LIRS
e EINFBEEII, UToAR%ER(1) 12LoT
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Figure 7. Seasonal changes in CPUE of Japanese butterfish for

except C-type and C-type of the Kuroshio path. Horizontal
lines in the box indicate the median values, and lower and
upper box levels indicate 75% and 25% percentiles, respec-
tively. Vertical bars indicate the minimum and maximum val-
ues. Left and right sides of each month indicate except C-
type and C-type of the Kuroshio path, respectively.

Table 3. Explanatory variables and AIC scores for alternative models to explain the catches of Japanese butterfish landing at the Okago
branch of the Hachijyo-jima Island Fishermen's Cooperative Association. Only 10 models from the lowest AIC one are presented.

No. Explanatory variables AIC ANAIC
1 Year+Month+Kuroshio+Log (Effort) +Kuroshio: Log (Effort) 6167.0 0.0
2 Year+Month+Log (Effort) 6167.8 0.8
3 Year+Month+Kuroshio+Log (Effort) 6168.1 1.1
4 Year+Month+Kuroshio+Log (Effort) +Month: Kuroshio+Kuroshio: Log (Effort) 6175.2 8.2
5 Year+Month+Kuroshio+Log (Effort) +Month: Kuroshio 6175.6 8.6
6 Year+Month+Kuroshio+Offset (Log (Effort)) 6185.7 18.7
7 Year+Month+Kuroshio+Month: Kuroshio+Offset (Log (Effort)) 6193.7 26.7
8 Year+Month+Offset (Log (Effort)) 61942 27.2
9 Year+Kuroshio+Log (Effort) +Kuroshio: Log (Effort) 6249.5 82.5

10 Month+Kuroshio+Offset (Log (Effort)) 6268.4 101.4
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Table 4. Coefficients and standard errors for the selected model
(No. 1) in Table 3.

Variables Coefficient  Std. Error
Intercept 3.127 0.171
Year (relative to 2001)
2002 —0.026 0.154
2003 0.218 0.155
2004 0.470 0.153
2005 0.965 0.150
2006 0.804 0.150
2007 0.532 0.146
2008 0.601 0.148
2009 0.202 0.145
2010 0.643 0.152
2011 0.657 0.151
2012 0.791 0.149
2013 0.898 0.147
2014 0.704 0.148
2015 0.829 0.146
2016 0.718 0.146
Month (relative to January)
February —0.038 0.126
March 0.293 0.125
April 0.677 0.128
May 0.654 0.135
June 0.531 0.137
July 0.148 0.138
August 0.094 0.136
September - 0.099 0.134
October — 0.006 0.132
November 0.031 0.134
December - 0.012 0.132
Kuroshio (relative to except C-type)
C-type - 0.316 0.234
Log (Effort) 1.134 0.041
Kuroshio: Log (Effort) (relative to except C-type)
Kuroshio (C-type): Log (Effort) 0.122 0.067

ZTT, o dU (3.127), a,iE CRIRE O BB O4REL
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Figure 8. Coefficients of (a) year (relative to 2001) and (b)
month (relative to January) for the selected GLM to explain
catches of Japanese butterfish which landed at the Okago
branch of the Hachijyo-jima Island Fishermen's Cooperative
Association from 2001 to 2016. Vertical bars indicate stan-
dard errors.
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T LIz AR ENT:. 5%, T 254 ~Dift
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BEEH ORI X 2GR EOMFNIEZONL. N
WEIZBWTIRA—ARE D I T 2 iAmE, BEREA
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Figure 9. Relationships between number of fishing boats per
half month and predicted catches of Japanese butterfish for
January 2001. The bold line indicates threshold (13.3) of
number of boats for except C-type and C-type of the Kuro-
shio path.
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FERERYs, 1968), T B MMM A MR 720
BEERIMPT LI EZONS. FECHL Y B CHY
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CHENIRATT % L sh 25 L3 2 R E LT, @ik
MDD LA X BRI R O EAFE 2 S b. Af
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200mP b ER2 2 EAVRENT: (Fig. 3). NLEOHSE
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Figure 10. Seasonal changes in number of fishing boats per half
month for except C-type and C-type of the Kuroshio path.
Horizontal lines in the box indicate the median values, and
lower and upper box levels indicate 75% and 25% percen-
tiles, respectively. Vertical bars indicate the minimum and
maximum values. Left and right sides of each month indicate
except C-type and C-type of the Kuroshio path, respectively.
The bold line indicates threshold (13.3) of number of boats
for except C-type and C-type of the Kuroshio path.
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