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Occurrence and present status of Japanese eel in a canal “Horiwari” at Yanagawa
City, Fukuoka Prefecture, Japan
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Abstract

The Japanese eel (Anguilla japonica) population has experienced significant declines across
East Asia. The canal network called Horiwari in Yanagawa City, Fukuoka Prefecture, Japan is
no exception. The deployment of sluice gates between Horiwari and adjacent rivers may have
prevented eels from entering the canal, which has likely reduced the eel population in the area.
A local high school and nonprofit organization have been releasing tagged juvenile eels into the
canal to aid in the recovery of the species. However, there is currently limited knowledge
regarding the effectiveness of these efforts in repopulating the canal with both wild and released
eels. We used an electro-fishing unit to collect eels during five surveys conducted in October
2021, February, March, and November 2022, and February 2023. A total of 47 eels were collected,
ranging from 122 to 623 mm in total length. Two silver phase eels were collected in November
2022, while the remaining 45 yellow phase eels were at all surveys. Our observations indicated
that eels of varying lengths utilized mud and sand habitats, with larger eels (> 400 mm in total
length) primarily found in boulder or stonewall habitats rather than pebble or cobble areas. These
findings suggest that Horiwari offers a suitable habitat for Japanese eels to inhabit and to grow
and provide important insights into the effectiveness of current recovery efforts for this
endangered species in the region.

Key words: Anguilla japonica; bottom environment; habitat; growth stage
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Fig. 1. Maps of the study area. A: Kyushu, Japan.
B: Horiwari (enclosed by square) and its
surrounding areas. C: Enlarged map of Horiwari
showing six sampling locations (D to ®). The
light blue and red areas indicate water area and
sampling locations, respectively. The diamonds
indicate the sluice gates. D: Enlarged maps of six
sampling locations. The diamond indicates the
sluice gate in sampling location (D.
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Table 1. Summary of Japanese eels caught in Horiwari at Yanagawa City, Fukuoka Prefecture,

Japan.
D sampling l?ody total length growth sampling dominant substrate
date weight (g) (mm) stage area
I 100ct2021 — 321 Y 1 —
2 10 Oct 2021 — 333 Y 1 —
3 100ct 2021 — 220 Y 5 —
4 10 Oct 2021 — 166 Y 5 —
5 10 Oct 2021 — 157 Y 5 —
6 21 Feb 2022 108 415 Y 1 mud
7 21 Feb 2022 165 460 Y | boulder
8 21 Feb 2022 249 565 Y 1 boulder
9 21 Feb 2022 280 623 Y 1 boulder
10 21 Feb 2022 158 493 Y 1 cobble
11 21 Feb 2022 80 436 Y 2 pebble
12 21 Feb 2022 153 482 Y 2 mud under concreate pipe
13 21 Feb 2022 84 427 Y 1 boulder
14 21 Feb 2022 156 492 Y 1 gap of stonewall and tree
15 21 Feb 2022 78 422 Y 4 gap of sandbags
16 21 Feb 2022 152 486 Y 4 gap of sandbags
17 21 Feb 2022 261 497 Y* 5 mud under algae
18 21 Feb 2022 7 169 Y 5 mud
19 26 Mar 2022 14 245 Y 5 mud
20 26 Mar 2022 116 476 Y 5 gap of stonewall
21 26 Mar 2022 8 181 Y 5 mud under algae
22 26 Mar 2022 3 139 Y 5 sand
23 26 Mar 2022 12 216 Y 5 mud
24 25 Nov 2022 260 558 S 1 mud (under wooden stake)
25 25 Nov 2022 191 526 S 1 mud (under boulder)
26 25 Nov 2022 40 331 Y | pebble
27 19 Feb 2023 87 442 Y 1 boulder
28 19 Feb 2023 71 390 Y 2 mud
29 19 Feb 2023 153 474 Y 6 cobble
30 19 Feb 2023 30 299 Y 6 mud
31 19 Feb 2023 30 309 Y 6 mud
32 19 Feb 2023 6 173 Y 6 pebble
33 19 Feb 2023 3 143 Y 6 pebble
34 19 Feb 2023 11 235 Y 6 cobble
35 19 Feb 2023 18 250 Y 6 cobble
36 19 Feb 2023 5 162 Y 6 boulder
37 19 Feb 2023 60 377 Y 6 boulder
38 19 Feb 2023 100 471 Y 6 boulder
39 19 Feb 2023 86 422 Y 6 sand
40 19 Feb 2023 4 167 Y 6 pebble
41 19 Feb 2023 7 189 Y 6 boulder
42 19 Feb 2023 6 199 Y 6 boulder
43 19 Feb 2023 3 147 Y 6 pebble
44 19 Feb 2023 1 122 Y 6 pebble
45 19 Feb 2023 70 430 Y 6 boulder
46 19 Feb 2023 77 398 Y 6 pebble
47 19 Feb 2023 10 192 Y 6 cobble

Growth stage was determined by silverling index (Okamura et al. 2007).
Sampling areas are corresponding to those shown in Fig. 1. Y: yellow eel stage, S: silver eel stage.
*Cultured eel that escaped from eel restaurant or eel farm.
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Fig. 3. Size compositions (A: total length, B: body
weight) of Japanese eels collected in Horiwari.

AR TIZ, =AU T F T EINEH O
DTFRWIROH T, AHEOMPR 7 & OARFE)N H
BEETenTE AT ciRESh, 2
NI THRES L TV D =Ry
FORILFELE —FHLTW5 (Aoyama et al.
2005; Kume et al. 2019, 2020; Matsushige et al.
2020), F7=, BRBKRE DO TATE

700

300

DRAT HERBGANEE LT HEE5 20T
% (Kume et al. 2020; Matsushige et al. 2020) ,
AWFFETIE, BIROF 26 F R I L7 EE D
BRIIIRY RBEANLSICRA D, LML,
RO K TR AR S U BRI R R A 400
mm KV/hINHDONREL, BEEESCAHER S
THREINTMEIZEED 400 mm Ll ED G
DREWMEIB R BTz, ZhbDZ Link,
WEITHLRRIKFEL TARRREAZELSE
TWD AR H D, 7272 L, AENTFRE %
1T WIR2S 10 A6 3 HIZIRGN TR |
AFEOA BGFTAIH OZFHrEIZHZE L TR
VW, =R FRIFOKIRD 13 °C 2 FlES &
EH LIS D2 &R MBALTND

(Itakuraetal. 2018), F7-, FHilc L v EEY
IR ZELT 2LV @MELHDLZ LD

(Noda et al. 2021), A RIFHEFICLRE LT
WATEDOARBREZH NI T2 L b E
TLEZD,

AT CTERE LTz =7 v 7 I3 R
Toh D NRKEETH D0 THB TE 22
7eo PEFIOALVEIZ I Ty, FE A 23
WATHRY, #HE & DA KT s T
WD, 1970 FEAE TIIARRO KRR E S

14 13 11 4

700 -

600 - -
5 et
g 500 * N N —
= 400 - % . *. -
=11]
= [
2300 . :
= .. o
S 200 - . .ﬁ'. %%

100 - —

Mud/Sand Pebble/Cobble Boulder Other

Substrate

Fig. 4. Boxplots of total length of eels sorted by different substrates in Horiwari. Black dots are jitter

plots.

Aquatic Animals 2023 | June 1 | Tajima et al. AA2023-11



THEY, POTIEZDAME@ES>T=HRr Y
FERRENRAL Tz E Ebi Tz,
LZAM, a7 — | ESROKMIZEE
I Z & THREI L B OW A3 K i,
AREPEENRATERLI RoT2EEEZ LN
TW2  (f& e B S25E R @ A E 2018,
2021), LU, FEBICKM2BIZT 5 &, 48
B O M 331 B ATE KRR AKE
) N HEK T % 720 oK PICIZBIM S T
WTWD HOCHMRETHLIMADRHERTE S
LORHY, KIROD=FKr 7 FXMR ALK
FANER O RE 72 BEZ F 5 2 & CHIREINIZZET
HZEHBZOND, =AU T EFNEER
BEZ 129 2 TREDE ST RERERD—D
THdHDD (Kumeetal. 2019, 2020; Yokouchi
etal. 2022) . Kumeetal. (2022) 1% 15 cm R
DOAEEDS 165 cm OIEEHEZ B2 T LIEICH
95 EMEL TS, LEN-> T, AKMN
OMEERBEOE SPET L, =hr X
DEEZ b THEINITIR A TE 5 ATREMEN &
WV, INZ T, AREEE SR DR EN H L 7o (8
TR E DO RN AFAET D EEEH O K T
BEINTEY (@[ RSB s AW
2021), =R 7T IED D HKEA~BE
ARETH D L F &2 D, FAKEEORIEEIZITIE
BINDBFAET D720, BN LT KEK
D=Rr T XPHKEZREE L CTHEICE
THZEHEZDOND, R UHUEOHKEE T
X, RAREERTH D SIXHBCEh ozt
DD, ATA v —®wNY 7 TEHI LT
VAR bLERE SN TS (HIEDL RERT
— %), £72, 11 AOFPFHETIETH Y T LN
R FXLERESNTZTZ0, BEINTHRE L.
ERT X L e o T fER A A2 E AR LT
KRS0 7K I % 38 > CHFIZ B T35 ATREME DS
BWEEZLND,
AFRIZE VERE SN =HR o U FFITE
JRNEREZFLTEY, Yy FFHAERLT
W2 Z b BT ORENIBIE TH AR
IZEoTAR - RETEZ2RERHD Z &N

HOENCoTe, Flo, =R 7 FXI3HEE
FCHRICHEED FRoAEOBRARNFE L L
THHRIZFHAL TV, LaLRns, AL
FICES N B CH HIMENCIT, 20X D
RATDRNE L 722 K 5 7R EECRIBRITIR &
NTW5D, LT, IREINICREEZ B A
L7z, ar 7 V) — MERETIER ARAS
AWMEHERL-#RICLEZEY T2 LT, =
R T XORBNEEZEC L, AREOARIC
LVELTBREAEHT LN TEDLLE
XD, EORE., WEINICK T HAFHD
BIRENHRT 2 EMFTE D, RO
RED | WHT=A 7T XFOEENHIR S
TV 233t ot 3% CERREE A b LA
BERRD LI LThH, MUK EREZ
K25 L TEEEoRIEICESETESEE
25, BENIZBWT=hRr 7 XM
FEEMSE, EURREEZRT Z &,
A ERFENILA L TN Z ENTHTATRET
L LERTHBERIEF THLLEEZX D,
Mz T, RIKD =72 7 F X8 KKK
Z i@ TEAOFIN S IEINICEA L TH
LHEEEMENEZ BND 0, KOG Z =
R FENRBEYFKTLT OV OICSGET D
ZELARMEOMEBE A EMSED Z Lok
NHEMBIND, ZTOHICHLAE%, HHE
EHIZR T 5 AERRERELZITO> 2L T
BINTO =7 > 0 F X0 ohfi A4 BB BT
EHOENNITHIENRMBETHAY, 1o,
FIRMERDBIEENAZ AL TV DD E B3
EThdH, bL. RAREEIMRALTND 2
SIEL N DIEENAR AT DK S D 5
WZTHZENEEERD, ZNHEZEBLUT,
BENCBTA=R U FTX2ITLHLE LK
EEMOERREZYGET 2 2 LRI s
2o

HEE
AHFZE D —F 1%, 2021 4501 4Bk
¥ (BB 2021-6111-013) . AfE3tE +

Aquatic Animals 2023 | June 1 | Tajima et al. AA2023-11



T AL s TN =T 7 R 2022 FEERFSE
Bipk (B 205) 12X wiThivE Lz,
F 7o, @ R RSTARE R PR O AR BEETE
IR RIS S e~ A 7 r T A
Y —HTRA T A M — NIRRT D
Bz ncllEE Lic, DR VSR L LT
£7

51 FISCHR

Aoyama, J., Shinoda, A., Sasai, S., Miller, M. ],
Tsukamoto, K. (2005). First observations of the
burrows of Anguilla japonica. J. Fish Biol. 67:
1534-1543.

Chen, J. Z., Huang, S. L., Han, Y. S. (2014). Impact
of long-term habitat loss on the Japanese eel
Anguilla  japonica. Estuar.  Coast.  Shelf
Sci. 151: 361-369.

AR ILHRNF A s (2017). CBEZERRD) SRk
28 R IBREEEAITPE O M R B
BRRAZES (REI D v % 15 ot
Koo o) https://nriver.jp/wp-
content/themes/nriver/download/project/bus
iness02.pdf. (accessed on 13 April 2023).

B OACHE (2019). BIJIHEE] [0 M5k (I
HD, WEE 2 I 2 =T 4 I2OVTDH
TP A RS 15:34-40

] LSRR AR (2018). AR B
BRODPLRZXTELL=AUFTF LT
7= B DARKA~ RIS - FF - B b ~.
http://www.japanriver.or.jp/taisyo/oubo_jyusy
ou/jyusyou_katudou/no20/no20_pdf/denshuka
n.pdf?msclkid=373fc096d0e811ec85d1f603eff
fe679. (accessed on 12 May 2022).

i ] VST AR B e A AR S (2021). LIRS R
=R vFF*oHdr7F27V 39
ZE L2 oDOMIRAIE~=FKR L U FFED
i E D B A 2T & 7o 2R B yEE BR o0 8 B
IZ DWW T ~.  http://www.japanriver.or.jp/
taisyo/oubo_jyusyou/jyusyou_katudou/no23/n
023 pdf/denshukan.pdf. (accessed on 23
August 2022).

Itakura, H., Kitagawa, T., Miller, M. J., Kimura, S.
(2015). Declines in catches of Japanese eels in
rivers and lakes across Japan: Have river and
lake modifications reduced fishery
catches? Lands. Ecol. Engineer. 11: 147-160.

Itakura, H., Miyake, Y., Kitagawa, T., Kimura, S.
(2018). Site fidelity, diel and seasonal activities
of yellow-phase Japanese eels (Anguilla
Jjaponica) in a freshwater habitat as inferred
from acoustic telemetry. Ecol. Fresh. Fish 27:

737-751.

Jacoby, D., Gollock, M. (2014). Anguilla japonica.
The TUCN Red List of Threatened Species.
Version 2014.3.

MR = (2016). 9 72 & DR EAEREY:. JL3T
ik, AL

Kaifu, K., Tamura, M., Aoyama, J., Tsukamoto, K.
(2010). Dispersal of yellow phase Japanese eels
Anguilla japonica after recruitment in the
Kojima Bay-Asahi River system,
Japan. Environ. Biol. Fishes 88: 273-282.

Kaifu, K., Yokouchi, K., Higuchi, T., Itakura, H.,
Shirai, K. (2018). Depletion of naturally
recruited wild Japanese eels in Okayama, Japan,
revealed by otolith stable isotope ratios and
abundance indices. Fish. Sci. 84: 757-763.

BRELE (2013). BREEEH 4K L v U A R (R
K - WK FHE) . https://www.env.go.jp/
press/files/jp/21437.pdf. (accessed on 12 May
2022).

Kimura, S., Tsukamoto, K., Sugimoto, T. (1994). A
model for the larval migration of the Japanese
eel: roles of the trade winds and salinity
front. Mar. Biol. 119: 185-190.

Kimura, S., Inoue, T., Sugimoto, T. (2001).
Fluctuation in the distribution of low-salinity
water in the North Equatorial Current and its
effect on the larval transport of the Japanese
eel. Fish. Oceanograp. 10: 51-60.

Kotake, A., Arai, T., Okamura, A., Yamada, Y.,
Utoh, T., Oka, H. P., Miller, M. J., Tsukamoto,
K. (2007). Ecological aspects of the Japanese
eel, Anguilla japonica, collected from coastal
areas of Japan. Zool. Sci. 24: 1213-1221.

Kume, M., Terashima, Y., Wada, T., Yamashita, Y.
(2019).  Longitudinal  distribution  and
microhabitat use of young Japanese -eel
Anguilla japonica in a small river flowing
through paddy areas.J. Appl. Ichthyol. 35:
876-883.

Kume, M., Terashima, Y., Kawai, F., Kutzer, A.,
Wada, T., Yamashita, Y. (2020). Size-dependent
changes in habitat use of Japanese eel Anguilla

japonica during the river life stage. Environ.
Biol. Fishes 103: 269-281.

Kume, M., Yoshikawa, Y., Tanaka, T., Watanabe, S.,
Mitamura, H., Yamashita, Y. (2022). Water
temperature and precipitation stimulate small-
sized Japanese eels to climb a low-height
vertical weir. PloS ONE 17: €0279617.

Matsushige, K., Yasutake, Y., Mochioka, N. (2020).
Spatial distribution and habitat preferences of
the Japanese eel, Anguilla japonica, at the
reach and channel-unit scales in four rivers of
Kagoshima Prefecture, Japan. Ichthyol. Res.
67: 68-80.

Aquatic Animals 2023 | June 1 | Tajima et al. AA2023-11


http://www.japanriver.or.jp/taisyo/oubo_
http://www.japanriver.or.jp/
https://www.env.go.jp/

RREFE (2008). BREEPR4 & TR O HL BT
RFALE 49: 61-70.

Noda, T., Wada, T., Mitamura, H., Kume, M.,
Komaki, T., Fujita, T., Sato, T., Narita, K.,
Yamada, M., Matsumoto, A., Hori, T., Takagi,
J., Kutzer, A., Arai, N., Yamashita, Y. (2021).
Migration, residency and habitat utilisation by
wild and cultured Japanese eels (Anguilla
Japonica) in a shallow brackish lagoon and
inflowing rivers using acoustic telemetry. J.
Fish Biol. 98: 507-525.

Okamura, A., Yamada, Y., Yokouchi, K., Hirose, N.,
Mikawa, N., Utoh, T., Tanaka, S., Tsukamoto,
K. (2007). A silvering index for the Japanese
eel Anguilla japonica. Environ. Biol. Fishes 80:
77-89.

Shinoda, A., Aoyama, J., Miller, M. J., Otake, T.,
Mochioka, N., Watanabe, S., Minegishi, Y.,
Kuroki, M., Yoshinaga, T., Yokouchi, K.,
Fukuda, N., Sudo, R., Hagihara, S.,
Zenimoto,K., Suzuki,Y., Oya, M., Inagaki, T.,
Kimura, S., Fukui, A., Lee, T. W., Tsukamoto,
K. (2011). Evaluation of the larval distribution
and migration of the Japanese eel in the western
North Pacific. Rev. Fish Biol. Fish. 21: 591—
611.

EARHREL - AR 1L Al - RPFRE - I B HEET - 1
FRZESE « SORELAE - SEH—AT - WA
(2017). SR/ NN T D8I T F %
DIt OBha. A FIEE 49: 560-567.

HH 3 (2018). AR L =FEDKIANE.
HOD Y 231, http://97651455522a0409.
lolipop.jp/wp-content/uploads/pdf/umihirumo
231.pdf. (accessed on 01 May 2023).

Tsukamoto, K., Chow, S., Otake, T., Kurogi, H.,
Mochioka, N., Miller, M. J., Aoyama, J.,
Kimura, S., Watanabe, S., Yoshinaga, T.,
Shinoda, A., Kuroki, M., Oya, M., Watanabe,
T., Hata, K., Ljiri, S., Kazeto, Y., Nomura, K.,
Tanaka, H. (2011). Oceanic spawning ecology
of freshwater eels in the western North
Pacific. Nat. Comm. 2: 179.

Yokouchi, K., Itakura, H., Wakiya, R., Yoshinaga,
T., Mochioka, N., Kimura, S., Kaifu, K. (2022).
Cumulative effects of low-height barriers on
distributions of catadromous Japanese eels in
Japan. Anim. Cons. 25: 137-149.

Sudo, R., Okamura, A., Fukuda, N., Miller, M. J.,
Tsukamoto, K. (2017). Environmental factors
affecting the onset of spawning migrations of
Japanese eels (Anguilla japonica) in Mikawa
Bay Japan. Environ. Biol. Fishes 100: 237-249.

MXER

=R U F X Anguilla japonica 137> >THAEETEFICHMEI N, LoL, BRI
ARSI L T2, @ W) T o] & AR OB B LTe G o—>Th 5,
L, AKFOBIEIZEEN, T AT F XD DIEEINA~OR BRI L 7= 2 & A
KThHdEEXLNTWVWD, BIFE, HLOEKSS NPO EANIZ LV IREI~D=FR > 7 F XD
BRI AT OV TV D, Lo LA 6 B AR E 72 3R ER S EHINICES LTV D
DEBH S TR o TRV, & 2 CARMZETIX, BIE, BHESIHOREI =K 7 X
DEBLTWEINZH LT A7), XY a v I—2HWTABORELHAALT-, D
R, SEIOFEE 2021 F 10 H, 202242 H <3 H - 11 A, 202342 H) 2BV T, &%
47 RO =R 7 F XA Uiz, B85 U7 RR DN BOR (B 2 RARAEA D 1 e 5 = &
WTE RN T, FEESNT-HEDO2EIL 122-623 mm OFF TH > 7=, 47 liED 5 5 2 i
ROERT 78 2022 4 11 A OFFERFICERE S d, 720 O 45 AKITH T X TTXTOH
BRFCEBRE SN, BT 5IE 139 mm 75 558 mm F THEX 2 2R OEENRE S
Too e KEED HEEE ST EIRIC IR BEESOAHED DRE SN EERO 2RI K EVME
Mo T, HEHDENCYTXFOERICHEDY I AfEEAHETE LI LD, #BENIX
=R FERAER  RETDHOOREEZ VRN TIA TN D EHERIL 7=,

Received: 18 March 2023 | Accepted: 23 May 2023 | Published: 1 June 2023

Aquatic Animals 2023 | June 1 | Tajima et al. AA2023-11


http://9765145552aa0409/

