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PREFERABLE DIAMETER OF GRAVEL ON RIVER BED FOR EEL’S DIVING
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It is reported that eels (Anguilla japonica) dig holes in order to form their nests, which is crucial for
their survival. Some of their nests are in an area with vegetation or a deposited gravel space. However,
little is known about the ideal gravel diameter for eels to dive as well as the process of forming nests in
each eels’ grow stage. In this study, an investigation on behavioral characteristics of eels was conducted
according to change in the gravel diameter on a pool bed and the eels’ body length. The results showed
that eels have a tendency to swim near the sidewall of the pool. In addition, it was observed that eels
insert their heads into the gravel and shake their bodies while diving into the gravel. It was also found that
eels of 200mm in body length tend to avoid diving into any gravel in the range of 2-5mm diameter.
However, they preferably dive into the gravel at 20mm diameter. Lastly, it was found that eels of over

300mm in body length dive into the gravel regardless of the gravel diameter.

Key Words : Anguilla japonica, gravel diameter, body length, behavioral characteristics

1. [FCHIC

V& A A # 7 (Opsariichthys  platypus) <> 7~ =
(Plecoglossus altivelis altivelis) 72 & @ iz fk fa <0 7 F %
(Anguilla japonica)7e & DJEAESM, JEABMW) e ENAERL
TS, & ZTAR, RO TN TIZ L
Darr)—MNERPEHINIZZ LT, B, A
¥, T, AR EVERT S TRITI945FLAED60
FRICRI0% N Kb e EHEE STV, Zo k)
7RI IR O BRFE S O SRR CEARE 2 8 ST 5 fafil
DT, TETFERERZRTN LY. BARNTH
M &LZz60 MOy FXa41HEE LT DY, KEMHED
BWEERFETHD. TDD, UFFOARESLT X
VT3 L7 BREEIC BT D E D b CE 7z, i~ U 7
TS CIHE Lo =R v o, AbRENRRS &
OUSICE SAL, T AU LI A~ L2
L, 7 U7 REENRFEICEET 2. 2%, Wl
~NEAN L7232 T AT T30 A CIEAATE 215D,
Do <Y LR LR S Bt KOV R &2 ST Tk
AT 5. JEAEAEICBAT L= 7 E0R
RIITEFEMNLE L, HYTFEMFINDEEHIAD.
FREIINCAY , BN DEHERET 2 & D BHIG &
EDITHIEPIREN R E L 2V, (RIZERENINET %

SNEIZREICZA LT, $RY T3 L IREEI 2 AR B &
7223, WIS T U R ET 5 I2idEnGo
R RRIR ThHDH. 7 FIFIROL\ G Cldt
AUHITERAT L IIHRE IR Y, A LOVE DR DOHSE
DT D80T ClEEi b O Z B & 5259,
UL, a7 U— MEShzinEg T, v ok
NG & 2R B 28N Z LS, o1 I 48 A4 5 45
WEET LD, T ey 7 EE@ET o2&
TR EIRIET 2 Z ERARETH HY. L ZAD, Z
NODOFETIZY T OB LB A OB BREE
T 5 Z LIITER. FOD, IHAFELII
M, T EHENAER TE DR RIOHERE L 7 2=
Ve XOlENGE LTS A Z ENEE L.
FRECIRR= XS, vFRIIRENIG AT D B
D—oL LT, BT DRI IO T D 2 &2
LNTEY, BE, UFXORNROERIZEET HH5E0
HEDHILTVDD, Aoyama et al.'D It T 10 L2 B
L, {RMEDNEDBRPEKIEIZINT, RY =271
it 2 W TR ERI600mmD 7 X OB N E G -7, %
DFER, 7 FFORIROEGEHTIIARET, B R
U IR T 135 T30~ TS DFRRC ) e 77— 7 ZAfhiu
TWBZ L %f#A L7z, Schepper et al.’» & Smith™/%, »
F¥HDF > 7 ) =(Heteroconger hassi)ZMEV VEH A K

-283-



VAR [FR S CHPRBIZ A IR T 5 2 & i L
7. bH - FEIIERT0cm, & S S55em? I AKREIC
BEE T DWW ETTROR R AL SETUFFHO/ E
(Muraenesox cinereus) DI/ TR TEN A BIZL LTz, Ok
B, NEEFFT AL B VARE < QLR GIA
WEHNTERAZWS Z LA L. DLED X1,
7 FF HOWL D) OFFEOT U LT OM9EIE
REXNTNDD, U FFORIGIZET D En IR
ROONBIRTH D, UFXREETHICHY, EE
LR DBRIIGORMAHYET D 2 L IO RRICHIN
2.

ARFZETIE, =R 7 F X ORI L 7= Bk
EREAT 2728, FIE 7 — VORI T DR D
PIRIREB LN X OREEZZ (LS, U X078k
MEBER U=, 2B, AWETIE, T L Btz
FETCILL AT HETTFEMHIN A REEPSCER L
L7d.

2. EEEERSIURREN

H-1(a), ()T — a2 FERICHWZ, 7 —
NVNOYRE % AIREIZT B 72024 OMIBED 5 HO1HIE
T UNMKT, FNLSAO3MmE L OERIZ S L—ICE
AN CIERL LU 72, 72 U VYIRS L RSEMAIEEC
MR SN D —2ODMAEIZ A L L, 77 U VRMAREZ
R TR % x dil, 77—/ VIR D> S ERE._Em &
Zey i, 7o U VEUAEECEA T A z i & RROE LTz,
77 D NVEAEEDRE XX L=09m, 7 —/VEBEOE XX
H =0.5m, 77 U /VHMAEEZ SE 2 ARRMRIEED B X%
B =08mT, 7—/L ¥ COMREZ#I5001x TREE L7z
T NOERITES y=01mE T, 7L —l@Esn
ToARBUR SRR (& S AU7-Flat area(0< x /L <0.5) &, PRI
d ORF)Z K265 S y =0.1m E THE §5D 72 Gravel
area(0.5< x /L <D)D2>OFERIZ XAy S, FEERANZEER
FRICHENAS =T IRDREICRE STV 5.

R-UTFEEBRSAE:Z 77T, Gravel arealZ85 < WOFI DI
Wifkd 22, 5, 20mm?D3iE Y ICBfbsw 5 3T, =&
¥ RRDOFEAR B 2200, 300, 350mmd3iH
DIZE (b, A9l OFEREIT -T2, BFID&F/I
W% d =2mm& U7ZEEAIE, 2mmE D HRR/ S0
YA 3w SRR D BRI K DR D BIE N R AlREIC 72
HIeHTHY, HRRIREd=20mmé L7ZEHIT Y%
D h EFIC BT 57 A 2 M ORERRIZRQ0mmEL
EYOEAMEZN S TH D, B-2IZFEBRTHEH L7z=K
USRS AT, SRIERICER LTSRS ®RE
B, =200, 300, 350mm® 7} FxT A 7HA 7 LHT,
TSR 2 BT 2R A2 A L WD CH D, 72
B, KEBRTHW=R ¥, AFREAEC/KIE

y Wooden board
~ .
E|&
TIT
Flat area Gravel area =T
¢0.1m
© L2=045m : L/2=0.45m

(@ FREEOMHER

Flat area

initial position

Z

B=0.8m

L/2=0.45m @ L/2=0.45m

(b) SEBREEEOTEX
®-1 SEdE o

&1 TS
Gravel diameter | Averaged body length B_L (tmm)
3y 200 300 350
2 200d2 300d2 350d2
5 200d5 300d5 350d5
20 200d20 300d20 350d20

20°CHOH EFB» AT L2 b D ThHD. 7 —I/LND
KEEZh=03m& L, KiEAZ20°CIZHREF L7=. Flat area®
HUDEB( x =0.225m, 7 =0.4m)(ZE£20.20m D F fF 418
EREL, UFXESRIMALL. U R LM
(AL, 109082 T XSO L2z, £
BRBREZICHIEL U7= & A 72 L, Flat area & Gravel area & % [X.
BT HR=T R E MR E BHNCERY B, ERE
Bt L7, /KERB LT 7 U AEYAREEN S ZN 101, 7m
BEAL T A IE LSRR B S U7 1 3R 4501440%1080,  Hiie i
30fps?D EF A H A T % AT 7 F R 01Tl % 3HE iR
L7z, EROFEBREET— AT AT/, REE,

-284-



Gravel area

Flat area

20042

0 02 04 06 L 1
@ 200d2

Flat area Gravel area

—

| 3]

- @

0.2 350d2

0 02 04 06 L I
© 35042

Flat area Gravel area

0 02 04 06 L 1
(b) 200420

Flat area Gravel area

0 02 04 06 x/L 1

(d) 350d20

0 0.12 0.24

036 048  0.60
nl!! / j\l‘lﬂ

K3 UFXOFERI L Z—

IsT LIZF v 7T ¥ SNEigE S & T X OWEKAL
EZRE LTz

3. EERER

(1) DFFOLEKLE
T—NNEX/LBERz /B IOV TENEI0.05/H
T L, ARF20x20=400 2 v > 2 (Z3EILT-. 1sZ
LB A v aNEHRT D7 FXOREE IV L
7=. 72721, WRIOHICE > CH &R LRIy v
R LT, 2FEBRIFHOS A v v o OB, &

BA Y2 DFBIN,, TBRLZMEN, /N, ZFHH L7z

X-3(@)~(d)IZFIDOFIRIFR d F2iL T T XD
{k R B DN/ E T2 TR R D 47— A(200d2, 200420,
350d2, 350d20)\Z351F % 7 FDFEEEN, / N, DA
H—ZRm T WDWTRO—RAZBW T, Flat areads &
’Gravel area®[fifiEiE T FITMEEFTIZS < TEEL
TWa. F72, BBIORLEUANAD S —R 2B TH Y
T DMABERT 2k T D ABIEL ST

PLEX Y, WR|OVERAEZEd BLOT X0 FHK
EB IS, v RITMEE L AT 5 L,
T ARSI E N T E AV L7,

2 DFX¥ORTVTOFEE

-4(a)~(c)iZ ™ F ¥ 73Flat areaE 721 Gravel area™ U
TN LT3R 2, 0RO kit d B LW
FOPHAREB, ZElornt. H-4@)0 d =2mmlZiEH
ToHE, TFXOEREE B, #21L LT HGravel aread
TFERIZHAME AT 72 <, W o7 —R 280 T
FERITS0%LL L2 R LT A, B-4b)B L U)o
THIFAEEC, v FOFHEE B, &M < AFEEN
50%LA EAHERF LTS,

(B) WFXDEBATIHRF

TR O A LhE® B IERTD DRV OH T
125 £ OB O—1451(300d5) % B-5(a) ~ () |2~
T DRFIOFUIEA LA TH D ORGSR A t, &
L7, B-5@)i3 7 R0 A L4 5 ERTD
FRT-C, (RERBEOMIC b7 SHF| O %k L
TW5. XA (Head)id 7 7 U /VEMAIEE 2 [0y T
B, SFEHFIFREICERSE TN, B-50b)ITY T
XDWFNOFIIEANZ RO T-EHR O T-C, 7 FI138H
Hh(Head) Z OFNCIE AN S, BESS & B & OHFROEMT
ZEAE A E IR BP0, B-5E)IE T FE AN
DOHIZEEN LEED T D IsBORRT- T, U X OIEH

-285-



N
W
u 0
|

H |
v

—_——rr TP
i gk —

——!ﬂ'.-.!!dl Sty L

HeadITPPF|OHIEHEA T TEHY

iz < Ren RS =kt o2 AR R A T ACTE L

A

B 0 20 ol T

W EBSY L%, RS iR ST i
AUGRD THH10st DR 7T, 7 FF D5 (Head)l i)
FIOPTAREF R ZANNTND, T 3EEER & BED
HRLARE DEBAL % AT I L < HR D 72 s SRR DIz
ooz, WRIOHIZERE & o PRI £ Tk
DD &, BEHED B ZFEAITRERNITHR Y 7203 5
ELICHR|OFICE -T2, BI-5E)IE 7 Ao F T
15596 % BAE L 72 IE(, =60s) DER1-C, W FI3bF| o
THRZIZFAFEZ LTS,
ZOMDr—RZBNTH, TR B 35 L0
Bifgkd O LT, UvFFIEERD L oI
<Y LRI B LT=#1, BERD DRV OHIC I
ANERBD. 7T XTI 2RISR L=tk 0]
PWIZIEE - TR 2 SE I THE O &3, AKPICTEET 2 4iRee

BILORHZ O THEE ) 215 TV DRk FaBlE S,

(4) OFXOREKE

UL ERR O > TEH 2R & AR
RIS TR D SRR B35 2 L3l o
7o, DT, TFXPBFNE > TH AT Z L 25
fR(Burrowing) & 435, UHFORREN /N 2X(1)

DEITERL.

e PRIR U722 %N

%ﬁﬁ_%%ﬁﬁwt%ﬁN M
K-61Z 7 X DfRREFEN /N L ERER d & OBR %,
& FEOFELEE B IICRT. T, v EONY
(K5 B, 200mmD 4 —AICHEHT 5. TR OFEIRE
d =2, SmmTi{X Y FFORMREN/N 1304, 02%
ZIURLTEY, ¥ EDO T FENEUR L TUau,
D2 —AZBWTIE, SR AR OHITHRA L7 H

Lz Sl ﬁﬁ?%%?%%éigﬂﬂ@¥?%%”?l‘3()5

LD DR BB S, AT, REaEIcEn Y
FEXBWRIOFICES H LR DR Lz, v
VLB A Bl A ROV AT 7 DN B BE TR o E
AROEZTZENHDHDOD, BARERARITRL
TEWWDIT TR &V 9 Aoyama et al. DORFZERE 5L &
—HLTWAD. —F7, FHRE B =200mm C PR
d =20mm®D 5 —ATIE 7 FFORREN /N X127~ L
TBY, 2TOUFTIERERL TS, BRiRd =2,
SmmDYGE LK E < Bp DFEFIT e - 7o JFIRIXBFEAD
Thb.

o FROFAE B, =300, 350mmoD i — A H T
5. UFXOFEHEE B, B LOWFOFREd (2B

OoTTFEORREN/ N ITEr —ATlERLTERY,

ETOTFENRR LTS, ZiuL, FIEEB, 2
200mmOEA L D &, 300, 350mmOfERD T NERERD
RIDFEEE L TWA T8, BUMRIZEI LT b D EHEE S
no.

(B) VFFOIERRLEE

B-7(a)~(c)IZ ¥ FF DEIRALE & WOFI DR d
TEIRT. KOS IFlat area & Gravel areaDEi 5%
T WPROTRE d BLOYFROFIAE B,
IZBWT, Gravel areaDfBEHETE < O 70302
RUTWD Z LR SND. ZHUIFlat arear> HAHIEE
W - CillEpk L C& 727X )3Gravel arealZi#EA L, BE
T A O F FilFvkiz, AFRIOHIZRR L7 2 & 2R
KEBZEZBND.

PLEX Y, BRIOVEREd 35 XN X OVHK
FB ICEDT, v RIS ChAT 5 = LAV
BIL7z. ZAud, 3Q)OFEREFERET, 7RI EEfS

- 286 -



Borrowing picture

Borrowing picture
Just before burrowing
300d5

300d5

Borrowing picture
t,=10s

300d5

() BRIOHICEAZ M C 1057

t,=0s (Start time of burrowing)

Borrowing picture
t=1s
300d5

Head

© BRIOHICEAZ M T Isi

Borrowing picture
t,=60s (Start time of staying)

@) RO CIERA

B-5 U EARIOFIIE LR

FEEREM L TCNDZEERL TN,

4, BIE

AWFGECIIEEE 7 — /L D) 255 D AVF O SF-E5kr
BEBLOUFFOERELZELEE, T XOITEIRHEC
VAEER 7 2 A

7 FRNE T URBERT A SRR L, R %
2% L= SER O MBS BN T AR S 5. Ziud,
— RN AT MEESRE A AT D LV O B R & —
B 50, AR 23200mmo 752 B L CIIbF] o
SERPRIPEASSmmEA T DA, B L K9 EfAH D b D!,
HXER D AR RRIR L7IRIE T & B 722 DR &7k A
72 7%,

T ERFNCEMR L & 5 LA DS, SRR THE
Z ISR U CEAT NS BT 5. §8880 iRk
LD b EIET D LRSS AR B D720,
XD T E TAGET D AKIRE IR T D Z E N E L.

AWFFE TR Lz X3y 5 L ETh D iR B
PG, RS ERICE TR O LTV 5. Lo
T, NEREET P L O Rt D015
DOFRITKIARL20mmARE DR ZHEE L, VX OKE
IVRFELL EOKGRE TS D 2 E RS D . — i)
2, =AU FRIIBERRBREICHES L CAERTE HhE
NeH L TND, ZOKR, FRIASERE - Tz
LIESTHZ LIk, =Ry FEoREE LT
FIRATRERBRBE N HE S D Z E N EE L E ST
53, Dz, AERITELE LT oKD
D LVVAREE L OV COBESISIARTETH 5.
£, DI, ARSI R TRk R
% ECARAIR LR DR A AT 5 —Bh k720, XV

Burrowing rate

doom) [l 2 B 5 [ 20

200 300 B, (mm) 350

B6 oLk

%< D= T F RIS DR Z AT 5 Z &2
AfeL 22 s, Lo ¢, EREORBI TR S,
OREITEN D, L, S0 OEEIC
EREZYTbOITRET, =R v oRNng %
5 ETOSEEL TV R, =R T XD
AU L T2 KBRS A B Do BRBES Z DUV T 721
R L QNS 2 ENEROBEE 72 5.

MRASHIANTHEZ KT

SE 3

1)  Chen, JZ.,, Huang, S.L. and Han, Y.S.: Impact of long-term
habitat loss on the Japanese eel Anguilla japonica, Estuarine,
Coastal and Shelf Science, Vol.151, pp.361-369, 2014.

2) AftEmih— : BAROTFEOIUK &Sk, #IEREREE, Volll,
No.2, pp-235-244, 2006.

3)  BREEA =AU U ROA R EDE 2 T, 2017.

- 287 -



Gravel area 1 }B’—lﬁﬂ;-\wﬁw : Gravel area |
p N, —El d{ BRmawing position |
i i 3 e
06 P Flat area I 1 GGravel area P Flat area "' Gravel area P Flat area "1 Gravel area
ol Hilat area ii i Gfarechpeen '%é Hilat area :i i Grévetcirega .(Ta.é Hilat area :i i Gfarolchreen
a4 i 2 i ) ik
81410 20042 i 9 fi4+10 I E 0o fiijo 200d2 ¥ E P
0af |aSgli bl a8 oﬁ@& i ol [aQu 1 o
02 42 :::-.I o2 ::dll l:'I:I o 02 g :ii A
0k 35042 %ﬁ = ) N 350d2 P oA % o 35042 ﬁa _ QE
00 022 Qg4 % x/1 1100 022 0pl4 B /1 1100 022 ] 4
0 02  04/L 06  xL 10 02 04/L 06  x/L 10 0.2 0.4X/L 0.6  x/L
(@ d=2mm b =5mm (© =20mm
-7 VX ORMRARE

4)  HFHH X ONTREEAPEICBET D09, BAK Vol.67, pp.389-395, 2003.

FESFEE, Vol77,No.3, pp.345-351,2011. 11) Aoyama, J., Shinoda, A., Sasai, S., Miller, M.J. and Tsukamoto,

5)  CKHEWS, e, TRHBEE, W=, HkEEE, = K.: First observations of the burrows of Anguilla japonica,
Thi—, AIHERE, ARME - BaLERMAEL T Journal of Fish Biology, Vol.67, No.6, 2005.

&SRR IS BARIZBIT 2 =R X OEMRS 12)  Schepper, N.D., Kegel, B.D. and Adriaens, D.: Morphological
fritlh, BAUKPEFSRE Vol.85, No.2, pp.150-161,2019. specializations in Heterocongrinae (Anguilliformes: Congridag)

6) JKEET : UFXDEDIITESLZ L, 2018 related to burrowing and feeding, Journal of Morphology,

7)  Labar, GW. and Facey, D.E.: Local movements and inshore Vol.268, No.4, pp.343-356, 2007.
population sizes of American eels in Lake Champlain, Vermont, ~ 13)  Smith, D.G.: Family Moringuidae, Fish of the Western North
Transactions of the American Fisheries Society, Vol.112, pp.111- Atlantic, Sears Foundation for Marine Research, Vol.1, pp.460-
116, 1983. 567, 1989.

8) Rossi, RM., Bianchini, A, Camieri, A. and Franzoi, P.. 14) M=%, A  FE TSR 5T ORENIERAT
Observations on movements of yellow eels, Anguilla Anguilla L., &) & BRI DOBMR, HAKEFREE, Vol77, Nol,
after displacement from coastal waters to sea, Journal of Fish pp.61-67,2011.

Biology, Vol 31, pp.155-164, 1987. 15) SBACEM, BKILE ER, FAEE B, O, PR

9 L, A= EERAET v 7 OERBTIC o - AR 2 7 2 ORI AT T MBED R, T
DT, HAIKPEFEEE, Vol.28,No.1, 1991. ARFEFEEBICK TS, Vol.68,No4, 1 661-1 666,2012.

10) Dou, S.Z. and Tsukamoto, K.: Observations on the nocturnal

activity and feeding behavior of Anguilla japonica glass eels
under laboratory conditions, Environmental Biology of Fishes,

- 288-

(2020. 4. 2524%)





