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Occurrence patterns of Plecoglossus altivelis altivelis at an artificial sandy beach in
Furuhama Park facing a city canal, Ota City, Tokyo

Keita MARUYAMAY *

and Hiroshi Kouxo"

Abstract: To evaluate the habitat function for fish of an artificial sandy beach constructed in the

inner Tokyo Bay, occurrence patterns of Plecoglossus altivelis altivelis were examined based on
samples collected monthly at both low and high tide from March 2018 to February 2019, using a
small seine net in the sandy beach of Furuhama Park, Ota City, Tokyo. The number and mean

body length (+ SD) of specimens collected were 1,817 and 20.6 mm (5.4 mm)

at high tide and

218 and 174 (35 mm) at low tide, respectively. Because these sizes correspond to the phase of

growth where fish gain swimming ability, they are considered to migrate positively to and from

the sandy beach of Furuhama Park and the canal on the flow and ebb tides, respectively. The re-

sults suggest that the sandy beach of Furuhama Park has a habitat function as a nursery

ground for P. altivelis altivelis at least.
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Fig. 1 Map showing the sampling site (a solid circle) at Furuhama Park of Ota City in the in-
ner Tokyo Bay.
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Fig. 2 Monthly changes of water temperature (WT: circles) and salinity (S:
triangles) in the low tide (open symbols) and high tide (solid symbols) at
Furuhama Park of Ota City in the inner Tokyo Bay from March 2018 to Feb-
ruary 2019.
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Fig. 3 Body length distributions of Precoglossus altivelis altivelis collected at Furuhama
Park of Ota City in the inner Tokyo Bay from March and April 2018, shown by tides.
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Table 1. Occurrence patterns and size (body length, BL) distributions of Ayu, Plecoglossus altivelis altivelis,

collected at Furuhama Park of Ota City in the inner Tokyo Bay
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Mean BL*SD (mm) 17.4%3.519.0+3.6 30.6+2.9 43.0 15.2*1.5 19.3%+4.7 17.4%+35206+5.4
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Occurrence patterns of fishes collected by net cages placed at surface and
bottom layers along a seawall at the Furuhama Park in innermost Tokyo Bay

Akira ONopERAY, Keita MARUYAMAY ¥, Kana TakeyAMA? and Hiroshi Kouxo"

Abstract: Occurrence patterns of fishes were compared between net cages (0.5 % 0.4 X 0.4 m)
with three internal materials (nylon net, bamboo shoot and oyster shell) placed at surface and
bottom layers along a seawall at the Furuhama Park in innermost Tokyo Bay from April 2016 to
March 2019. A total of 1,574 individuals of 17 species representing 9 families were collected,
fishes collected at the surface numbering 1,189 individuals of 13 species (13.2 ind./cage) and
those at the bottom 385 individuals of 11 species (4.2 ind./cage).The dissolved oxygen was 6.2 £
226 (mean +SD) mg/L and 4.2 + 258 mg/L at the surface and bottom layers, respectively, and
the respective times when the hypoxic oxygen water of 3.0 mg/L and lower appeared were 4
out of 88 cages and 33 of 89 cages at the surface and bottom layers. Three gobiids, Tridentiger
obscurus, Chaenogobius gulosus and Tridentiger trigonocephalus, were dominant species occupy-
ing ca. 90% of the total individuals collected in this study; however, the first and third were col-
lected by both the surface and bottom cages, but the second species occurred at the surface lay-
er only. This study suggested a possibility that a certain structure created at the surface layer
of a seawall would become a habitat for some fishes during the time when hypoxic waters arises.

Keywords: ichthyofauna, Tokyo Bay, canal, hypoxic waters
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IRIE L7245, BALERORAESEM T b2
DI, FBEOKBICAERT ALK TETY
2\,
ZZTAIIZETIE, TEPLY A R 7 — VI

T 5 HBOMBRTT RO ON TS [
55 3 & OUEDRE | OB RN 2 RE L
T, AFEWNIZ BT 5050 MBI Z P S22 L,
S HICEMRFEAKITH T 2 HHOXIE &2 A L 720

2. FEHEOHE

FREIHTBENBE O )7, TR KHX O [K
HEDLSEOEMDAR] TALET B E A HERE
(Seawall, Fig. 1) TAT» 720 [ARIZIE, 1908 4
(AR S TS AR L3 D P B J L2
Mo OWRELN X B TFEIMFLEL Tz, L
L, Lot BRSO #RIEIZ Y,
fRih b, T8, BB 2 ATLIARELT
2000 4 6 H 12751, 2007 4R\ BAR L 7z (L RIZ 20,
2004) o NEIN O KX 1.2 ha © AT (San-
dy beach, TEEEAFE O d50 = 0.2 mm D L)
TH#i%) & 1.0 ha ® A TT# (Tidal flat, FE3kD
THEEZ 200 m (ZEMAEICBERL, LILEOBRE
ZEE) AdHY, E5IZFN5DOMICIE 46 ha D
®Y UK 15 m T, M & B9 2 W 1213w
FA 3¢ Submerged dike) A% E 7z (i,
2008 ; Ariliiz 2, 2013).

AIRAH R T H B AL RL, EALG O
IR S 2 BA T IS0 m IZEIBICRE L, #
DR B OBRMYE 2o TEB Y, KEITH
25m THbo Fiz, EVHEFOMIKIZIZIEAD
FERET &, fHE DR IT A 2 7= =T,
W X o T~ # ¥ Crassostrea gigas D34
T 5o JBBITHENH E SIS ENTE D, R
DFHEIIT LA LBV AEICIETTIITH %
PN2SBERE L, SEREERIC I PR O R K AU S h
1370, B 1,000 m 43512 5 [#R7 IEKT
H vy —] P OIERDSHE ShTwad (Fh
WITA, 2008),

JEA T TR & D Bk A AT b, B
bIEAEYRRE, KEIZOWTDEZY ) T
MWERE S TWD (H, 2008 ; HiliilZ 2, 2008) .
F72, B L T, TRELERBICBY ST
LNREEROFA (Frili3A, 2013), @i+
BICBU /N R A (R I3, 2016), T
MRS TBICHNS ¥ 4 B 77— VICBUT 5 THD
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Fig. 1 Map showing the sampling site (solid circle) at a seawall in Furuhama Park of Ota

City in the inner Tokyo Bay.

A s (I, 2018), EHR a2 B0 B8R
RO (RHIX, 2019) % EA%ERS T
BY, —EOHMAIELNT VS,

3. B&EHE

FREICH W #iMEE, nilnigs (2017) 25%
W2, W —3Y (05x04%x04m, HE40x40
mm) WIZ 3D ILE (572 A# Nylon net (H
£ 10% 10 mm), %% Bamboo shoot & Ziil L 72
< 7 % 7% Oyster shell) # AMER L 72,

B DML, FRLIEEE KT 572012

W EHEOZNZFNIZ 123D, 5651
O—7%HWTRE L7z, DT, #HFfSo#E

Wrzhzeh [77AMERE], [7 7 2Kk ],
[Praedg ), [assidl, [h kil [ i
KR LIS, b9 b, REOEERIZE
e L T B IR ICEE L, W J:%ﬂkﬁ
AL B % <, WICHRHEICHE S L9

i L7z BREEITHICT B, j(@ﬂﬁﬁ?"ﬁ@:l:(?ﬁﬂﬂ’ Iz
Torzo REDKRT L-HMIETER UALEZk
B, BHICHROREZIT - 720 FRERFICIZEEM
ZEULL, #OHIZA > TWAAHEZIREL 2.
Fl& EIFoB, M SHEPET RV X9 I,
H7# (B4 X 11m, HA&1x1mm) TH

MDD L ORI % H - 720 FREMMIZIEE O
FEICL->TRARD, 77 A#13 2016 42 4 A »
5201943 H (727201, 20194E 1 HoWlgidk
Fhti), Fragid 2016 4£ 7 AH 5 201943 A (7272
L, 2018410 H & 11 HoFKkE, 201948 1 H O
JEIE RGN E), & Rkl 2017 42 6 HAH 5 2019 4E 3
H (72721, 20194 1 HoWikgid &%) oW
AT o 720 72, REZRATH BATICKIR & 35

BEREF R (dissolved oxygen: DO) % Pro2030
(YSI/Nanotech) Tills€ L7z (72721, 2016 4 11
Rix7 7 2@ L prasomikg o DO, 2017 458 Hix
7 7 AMBFRG oK &5, DO KD, DO I
OWTIE, I - BFE (2006) 12HEVy, 3.0 mg/L
UTazamEe Lz, RELAFIIHMBTIO0
%iERF NI X o THE LR ICHD
Ja o 788, BT EREN L, MoRE, ik
BoO B EREDOWEZIT- 720 HOFEIEFY;
(2013) &bl (2014) I2HEv, FHREMAB IO
Bromcslixids (2013) hto7ze F/2, BELL
72 NERHEEIZ, INED (2000) 2B EI2L T

EBERE AT BERPIERIEL TV EVD
D), Ff (TE5ITERNTIE L 22D L C
w&w%®)kmﬁ(ﬁmumﬁbfmé%®>

WZX 53 L7z,
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4. R
41 KE

KiZEE, EEHHVIIEEIC L 52T e
AR TAR2 AR 2@ L TRV EE, 7
H2 8 HIZE W EZGLEk L7z (Fig. 2). KR
1 2018 4F 1 H oArawaig & itk TRlk L
7292C, #Eskiiid 2018 4E 7 A oréEgig i
FL72309CTH o720 EOREICBNTYH, &
A5 EITKIRA AT 2B IIEB IS RFEE O
KEDEEZ, B2 SR T3 BB
K IR ERE AR NEZ LT 5 2 L%
Motze LrL, TRUSORNCIZEEIZ L 5
BEWHSHETII W E %0572,

WoE, WEEIC X WAL N, K (P
+SD=172+531, n=90) TEE (263 +4.04,
n=91) £ lizRL7 (Fig 2). FEMD
Yoo - F39+SD &, 77 AMEE T 59-
273171549 (n=35), 77 AMWENE T 19.2-
336262 =381 (36), iz T61-288-174
+556(33), Prisic/d T 165-34.0-26.3 = 4.40 (33),
7 ¥R FRIE T 97276170 =459 (22), 7 FREEE
J& T 17.3-325- 265+ 381 (22) Tho7z. Tz,
KO /MIEREOME S % Lb 2 Lixnl, B
POHRKIZPITTE D BLATEWEE, FixZor
1A 7 il % Rk L 72

DO b BIC L VD ALN, F£F (FEH+SD
=62+226, n=88) T (42+258 n=289)
I bEWilizR LA (Fig 3). Mo DO 0
P -3+ SD 1, 77 A#g#E T 29-105 mg/L -
6.3+214 (n=34), KT 040-10.7 - 4.4 + 2.60
(35), Mr&Egif@c26-111-62+224 (32), s
JEJE T 055-105 - 4.3 +252 (32), # FEEET
26-109 59 + 243 (22), 7 ¥Rk T 0.39-104 -
39+262 (22) TH-o720 DO A 30mg/L % Tl
HEMFAROFERENE, £ (488 [l 4 [h])
X0 LK (489 33 ) T% < (Fig 3),
FRETIET 7 AMT20174E7 A & 20184E6 HO
Fr2m (&34 moHn), HET2017447HD1
b (£32E0) ), 7F#%T20174E7 Ao 1
(Z2HDHB) INLT, EETET 7 AT
2016 4£ 8 A & 10 A, 2017 4E 6-10 J, 2018 4E 6-9

Aot 11| (35109 b)), 8T 2016 4E 8
H& 10 H, 20174 5-10 H, 201846 & 7, 9, 11
HowM121 (£32R095 %), 7 FiT 2017 4
6-10 H, 2018 4£6-9 H & 11 H»#F 10 [l (4 22
HDAB) ThHhotlze TNHEREKDIEAR
X, 5511 ATHo72%% DO DEIFZT A=
8H, 9 A% O EF I ITAL W E (0.39-2.95
mg/L) %aidkL 7z,

4.2 AREOHEREE

PHAT IR c g T 13 A 1,189 MK, JERE T
11 i 385 Mk, &FFT 9 R 17 # 1,574 RARHER
£33N/ (Table 1) INHZILEMNICH D L,
T 7 ANgFNE T 5 FF 10 617 A1k (17.6 @Ak /
&), 77 AMER T 5 Bk 11 i 254 R4k (7.1 A
/§E), Praggeld < 5 % 10 ff 363 MEK (11.0 Ak /
#), rasckg ¢ 3 8 7 A 110 A4 (3.4 81K / §8),
7 ¥k T 6 FF 11 FE 209 fE4A (95 A / §),
71 IR C 2 B 6 fif 21 R (1.0 84K / $H) A%
FEINTz, LOEBIIBWTY, £ETCPUE
(A% / ) 3B o 720 I b KRB Z 2o
72DEF F 7 Tridentiger obscurus @ 1,092 &
GREREMAEE D 69.4%), KT, Fu R Chae-
nogobius gulosus (165 ik, 105%), 7H+ ¥
< NE¥ Tridentiger trigonocephalus (154 1K,
98%), ¥ B A N )V Sebastes cheni (46 1 1R,
29%), b ¥ Hh F ¥ KR Omobrauchus fasciolato-
ceps (26 MK, 17%) THhorzo TN HE LR L
L5 HET, WMEARED 943% % Hdiz. ek, &
J& - gD 3 M OIEE BT B WA
BOWTHFF70md L I L7z,

4.3 BREEFEBOBRAZE{LE DO EDBER
¥, 727 AMFEETIE5-9 HIZ, ELE
TIE5-8 HIZ, 77 ¥ EETIL6-10 HIT% L %o
72 (Fig. 3)o T b bEBIZBWVTIE, FHzH#
LCHRBENRBIL, & ICwmE~FKIIr Tid%
COMMBHMIL 720 —T, KEIIBWTE, 77
AT 7-10 A2, T 5-10 AL, A F&T
5-10 B2, EEN W ERLIELIED - 72
ThbbLIEBTIE, ARMIA~EFEFILRT, ¥
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Fig. 2 Monthly changes of water temperature and salinity at each net cage with
three internal materials (nylon net, bamboo shoot and oyster shell) in the sur-
face and bottom layers at the seawall in Furuhama Park in the inner Tokyo Bay
from April 2016 to March 2019.



64 La mer 58, 2020

Number of species DO (mg/L) Number of species DO (mg/L)
= =
o - N w » w o o N o o - N w S w o o N
N
s = T T | O T ] ‘é’
o = i
= ) 3
o
N eem—— 3 o
o
w
© =
N ——
S- =
~
s~ B
<= z
. 9
s B 3
= 3
e~ B o
o =
—
s B
3
=
~
w
o
N =
S~
o ://—o
S
=S - Y
o
N
i 5 s
o
=
~
SR .
<
=
N =
2 ~ %ﬁ: g
o
3 3
: s g
g 3 @
2 - = ®
o B 3
=
s B =3
E
~
S
S Y
2~
© 5_1—1
>
S
Sap—— ————— v ,
a [ L
~ [ L
= F L
o -
w F L
2+~ [ [
~ L -
s~ [ [
~NE — °
<
8 g
8 «
2+ >
- - m
» = -
~
w
15 \8
S
-
© E3
o w o
o o
CPUE (fish/cage) CPUE (fish/cage)

Fig. 3 Monthly changes of dissolved oxygen (Do: triangles) (Upper) and
numbers of species (open circles: left axis) and CPUE (open bars: right
axis) (Lower) at the seawall located in Furuhama Park in the inner To-
kyo Bay from April 2016 to March 2019, shown by the surface and bot-
tom layers. Solid triangles indicate the hypoxic water being 3 mg/L and
lower of DO. Crosses indicate no sampling.
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Table 1. Fishes collected by net cages with three internal materials (nylon net, bamboo shoot and oyster shell)

at surface and botom layers along a seawall at the Furuhama Park of Ota City in the innermost To-

kyo Bay from April 2016 to March 2019

Surface / Bottom layers

Individual No.
. . Nylon Bamboo Oyster Size range Total Occurring
Family and species net shoot shell Total (BL, mm) No. % months

Syngnathidae

Hippichthys penicillus 1/0 1/0 123.4 1 0.1 9
Sebastidae

Sebastes cheni 12/2 4/4 21/3 37/9 48.5-53.5/29.9-59.8 46 29 4-7
Lateolabracidae

Lateolabrax japonicus 0/2 3/0 3/2 98.0-144.7/89.3-112.9 5 0.3 4,7-10
Sparidae

Acanthopagrus latus 0/2 0/2 25.1-26.7 2 0.1 2
Teraponidae

Rhychopelates oxyrhynchus 0/1 0/2 0/3 26.9-40.9 3 0.2 11,12
Girellidae

Girella punctata 3/0 1/0 1/0 5/0 52.5-63.4 5 0.3 7
Blennidae

Omobrauchus fasciolatoceps 2/0 4/0 20/0 26/0 32.0-72.4 26 1.7 5-11

O. punctatus 2/0 2/0 61.9-75.6 2 0.1 6
Gobiidae

Acanthogobius flavimanus 0/15 0/6 0/21 47.12-118.2 21 1.3 1,6,7,11,12

Chaenogobius gulosus 114/0 44/0 7/0 165/0 22.8-107.1 165 10.5 5-9

Gymnogobius heptacanthus 0/2 0/2 0/4 26.2-37.9 4 0.3 6,7

Mugilogobius abei 14/4 1/1 15/5 14.5-27.7/17.9-32.7 20 1.3 257912

Redigobius bikolanus 1/11 1/0 1/1 3/12 16.3-21.5/20.6-26.0 15 1.0 2471112

Tridentiger bifasciatus 3/1 2/3 1/1 6/5 36.2-64.4/40.2-69.9 11 0.7 2380912

T. obsucurus 416/187 274/16 131/8 821/271 11.6-73.7/8.0-69.2 1092 69.4 1-12

T. trigonocepalus 51/27 28/17 24/7 103/51 18.3-63.0/11.5-69.9 154 9.8 1-12
Tetraodontidae

Takifugu paradalis 1/0 1/0 2/0 23.8-25.3 2 0.1 6
No. of species 10/11 10/7 11/6 13/11 17
No. of individuals 617/254  363/110 209/21 1189/385 1574

H~FKCEBRMIID L d o7z R, 77 R
MR TIE5-9 HiZ, MEEEciE7-8 g, #
FkFEETIE6 AR 8 HILZ L o7z (Fig. 3)o
FHEICBWTE, MfE kIS, RETIINE
~HIZEZ S HBIL7z, 22T, BBERICR-T
Wi 4L, RETII4ROEBERFTD, W
NYMBEAPRRESI Nz —H, BEEARDLE, T
JAHET 1L oW 6, FréE< 12 o) 11 b,
AFHRTIOMON M E, ThEEHE TR
FUIBRE S NG h o 72

BWFERICIB L2k, 77 AMER-ICE
Wiy a X GEE), 757 (25 k),
Fax (6M@), vhy 77 Takifugu paradalis
(LK) T, 77 AMEEICBWTEy I 2300
(1 1K), A X ¥ Lateolabrax japonicus (1 HAK),

~ ¥ Acanthogobius flavimanus (5 8IK), 775
Fe Iy (7THE), 777 (11 MKk <, &
HRBICBWTRT AT EYNE BHE), 7
F7 GAEfR) T, EEEICBNTIET A F Y
<NE (THR), FF7 Q1K) T, » Fiksk
BIZBWTIE M A F R GHEEK), Fax (4
i) <, B FRERIIBWTIET XY Mugi-
logobius abei (1 fi4K), 7hH+ =¥ (11
w), FF7 @), v F ¥ Redigobius bi-
kolanus (1 1K) THo7:o DLLEEEFT S L,
FF 755K, TAFE T E 18K, Ko
A 10 Ak, > a xoN0 6 ik, M FURES
NESHEK, BLXUIAZIFETINE, FNE,
A7 IR 1R THY, s 10 FE 98 Ik
DEMFARFEERICHB L 728 TH - 72
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Fig. 4 Body length distributions of dominant gobies (Chaenogobius gulosus, Tridentiger

obscurus and Tridentiger trigonocephalus) collected at the seawall located in Furuhama
Park in the inner Tokyo Bay from April 2016 to March 2019.

44 BENER 3 EOEREMERK

BEHD) B, FF 70EER 80-73.7 mm T
HY, FOE— KNIt 450-499 mm TH -7z (Fig.
4), ZEFiZEA LTI, 1-6 A 1% 40.0-49.9 mm 2%,
7-12 A1 30-39.9 mm 7% <, 14E %@ L CHEM
LD S A, I 79 A 6 k72
JAMB L7z (Fig. 5o Fu X DREF 22.8-
1071 mm T, €— N 35.0-39.9 mm T& - 7=
(Fig. 4)o 4-6 H 1% 30.0-39.9 mm 2%, 7-9 H &
40.0-49.9 mm 7% <, WHT 5 KEEIMATH -
7225, 7-9 HICHi M s 2 k220 mB L 7. (Fig
5o THFEIYNEDKREIX115-699 mm T,
E— M3 E 35.0-39.9 mm TH o 7z (Fig. 4)-
1-3 H 1% 50.0-59.9 mm, 4-6 H i 10.0-19.9 mm,
7-9 H 14 30.0-39.9 mm, 10-12 H & 50.0-59.9 mm
% B L7 (Fig. 5)o

5. E®

5.1 BEEFRKDELEEFNICHT HRBEDIG
5513 FOEV#EREOKMETIE, 5-11 HOHME
P OKEFICABEARDIEL, OB D%
%5, bLiRElAohil{ b/l
EDHERE NI, — T, FoMMtboERETIE

BT 2 M OFE R & ARAREATH N3 2 1817 A%
HaNn/z (Fig. 3)o L72h o THREOFHEMIE,
JBCEMEIELAENERTE R ol
(2, EEEEGITE L CHERE L O B T REMEATRIE S
N7z

DX HEEREIE, KRBGENO KRR I
BT ZREENCHERINTBY, LIT=
Ry FF, AT ITBIUONEREEHD X5 RIE
A OB R 5 2 EAVRBEIh TS (Ir
IE A, 2017) 0 ARUFFETIX, =Ry I FFRhH
TOWMBIIFERTE h o7z, EMEBELTH
VHERIZHBL W TFF 7R T Tyt
D & 9 RIEAENCEHUENE I EE T3l
T, FROARTHERIN, X512, YaiNL
BLO M A FUREH LHEERMMICHIL -
2 (ua XNz 4-7H, M AFURIES5-1
), EELDBEETE RESNT,

VL EoO#R2 S, EALERED D % 5RO K
T EMHEARICL - THEOA DA EEIC RS
ENEZ BN, UL, HREICHHEOMEEY
OB EIEL I LICE 5T, MEIERT S
LSRR R T A S LT EL I ENE R
LN7ze WEENEOREIILRX O HIFIZDK
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Fig. 5 Body length distributions by three months of dominant gobies (Chaenogobius gulosus, Tridentiger ob-

scurus and Tridentiger trigonocephalus) collected at the seawall located in Furuhama Park in the inner To-
kyo Bay from April 2016 to March 2019. Solid bars indicate the larva, open bars the juvenile and gray bars

the adult.

P S A 3T R0 I AL 8 RS AG A 3T 12 35\ T
MEA LSBT A EIIMAT, BH#EREE
MR 38 MO ANTTFBICT A EICL Y, A
BHEB DR R Lo N R E - 720, &
BRI X B E LY DOICE W - 720 LizZ &
HEPTR > TWDE (FAIZD, 2003). S HITK
B 75 OBRALEEEE 2 KB WT D, 173 AR
Rz D) TEE2ER L) T2 LI
Lo TAEWIAERBBRTEZIRITE 5 2 L5 H
Lo Twd (FOEd, 2016). X o T, 3EE

AR AR SRR S 5 AW AER
DRty 5 2 &2 HIIZ, 1B i 2
ML) SR 2 T & voo—T k%
Mg 2 LICHlifiiiEdH %o

52 BSLUEABEOHELRER
KFETIZFF 7, THAFTEIINEBLIUF
T X EONERPMES L THE L7z, NEEO
BEHIE, ERENEOTERERETIZ I TIX
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BIOZ FNETHL (M#aIZ2A, 2000; A8 1T
P, 2014) 0 & IS, AFEHOMES X UHRET
OB EIICY v TN ETH Y, BEEED
¥8Ex s (WHIE, 2016), ThbL, &
HNCR AT B EREOFIIC L > TR S &
WO ZEPHLNE RS, TN, FFT, T
HFEIINEBLIO N A BZBERSTEID
b, AR EOMEY DD 5 BT FIAE
B3 58 (i, 2006) THr7ebLEZ b5,
KFABIZBWTFF 7I3ERZE L THIRL,
REHPHIX 80-73.7 mm THho7zo FF TIIEKE
9.35 mm F THFM, F/z, RAT LEAOKRE
WEHET 27 mm, MET30mm & X NTwb (i,
1942) . AWFETIIETORBEEEITHRES N
P, AT %R L, SCIEMAERMATH - 72,
F7o, —BICFF 7L, R PRI O BER
fifi, NLINGBEEW R EDODHLGINIET ST
EDBHIBNTWS (5, 2001), EEUIILE L LT3,
ADT W TEDADTHTH-/2Y), T2
) — MEEZR EoEEE (P, 1942) R A FO
22 OWIH (A1 - i, 2018) 2FIHT 5. A
WrFE oWk b o 2017 45 5 B2, EBIZFF7
A S DICA 2= T F OREDOENZ B\ TR
JIL, RETo TWAEREMA L UNEFIRBE,
ME)e Yoz &hs, BHI#ERENSFF7TIH
B OAE TOELY, SoICI3EMoY%Hi
BTETVLIREMNED HDH 2 LATRIE S N7z,
T THFEUINELEMEELTHBL
ARIZ 11.5-69.9 mm DA IRE S LI TH
FEyen¥id, &F 15 mm COMHEAICRAT
L, K& 47 mm Y ECAREPIRETH S (EHE,
1958) 0 AWFZETIIETORBEERMIRE SN
B, ISR L, B ERATH > 72,
FEIMIFEATEA I 7 T H X Crassostrea ariakensis
DFEAT M5 DBEIL TV RN D NTENZ BE AL 5
NbEV)WENH L GEHFE, 1958), L7zh>T
ThHIEIINEDLFF T LRI, E#EREY
M oM ETOERSE L, T/ BHEAT
APELTHML TS uREE D % 2 Sz,
Fo i AR mm FTHFMA R,
2014), 79 mm TIIMAT 5 Z & (BAECK ef al.,

2011) SN Tw b, AFsE T, hE 22
8-107.1 mm DM 5 A AT5-9 IS L 72
B, ISR, MR TH -7 AEN
DIER T TIIAE 42-324 mm D0 SHE
23 2-5 BT 5 (F3F132, 2016), P X
&, NEOREBOMEMLY O, WANALND
WR/NEEEICEINT A X hTwd (ExK - IRk
i, 1969) . AFAM S OWEICIIEAP RS,
JPROER AR TN ERFERE o TS
WiHDZBMRTEDL, IRHDT ENG, HIT
R F o A B B IRES BRI LT
WOLURMED D Do BEFIS IS DWW TIEANZET
EH LD TERD 572708, FATH oIz
BIHOW L 2 VIRABEEDALNL DT, 5%D
AN SN S,

HiET
RFEEATI D72, REMEDT % P
LT 728 o 7 B e RN 17 R4 A o0 SRS IE.
FHAEARELHMAHOFAIIBILHL LIFEd, F
7z, WAOY VT I L Tw i n ik
R RICE 1T U o &3 2 Ui R AT 78
EOWIRICEH L F 7.

5| AR
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Comparison of fish assemblage structures between a small seagrass bed and
bare sandy area in the Hiraiso Harbor, Ibaraki Prefecture, eastern Japan

Ryousuke ONUMAY, Seiya Kaneko? ) * | Hiroaki Tovopa and Kouki Kaxou!

)

Abstract: In order to clarify fish assemblage structures in small fragmented seagrass beds in-

side harbors facing the open sea, daytime seine net sampling was conducted over a seagrass bed

and adjacent bare sandy area in Hiraiso Harbor, Ibaraki Prefecture, eastern Japan, from May to
August 2014. A total of 1126 fish individuals from 29 species and 562 individuals from 20 species
were collected in the seagrass bed and sandy area, respectively. Despite the lack of significant

differences in environmental properties (water temperature, salinity, turbidity and dissolved

oxygen), except for mud content, between the seagrass bed and sandy area, the mean numbers

of fish species and individuals per haul were significantly higher in the former throughout the

study period, with species composition also differing remarkably between the two habitats.

Larger-sized individuals also tended to be more abundant in the seagrass bed compared with

the sandy area. These results indicated that fragmentary and small seagrass bed may provide

an important habitat for some species.

Keywords: Fish assemblage, Habital structure, Sandy area, Seagrass bed
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Ibaraki Prefecture, eastern Japan. Broken lines

Map of the study area in Hiraiso Harbor,

indicate sampling areas in each habitat.
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Table 1. Mean water temperature, salinity, dissolved oxygen (DO), water turbidity, mud content and median

grain size (* standard deviation) in the seagrass bed (SB) and adjacent sandy area (SA) in each

sampling month

Water Sediment
Month ~ Habitat Temperature (°C) Salinity DO (mg/L)  Turbidity (NTU) ~ Mud content (%) Median grain size (x m)
May SB 22.2+0.2 31.4+0.1 6.8+0.1 8.5+0.3 2.5+0.2 193.9+£3.8
SA 19.8+0.1 31.7+0.1 8.0+0.5 8.4+0.4 0.1+0.0 189.4+4.5
June SB 21.9+0.1 30.4+0.0 8.6+0.4 3.540.6 — —
SA 22.4+0.2 29.3+0.1 9.1+£0.6 5.1+1.3 — —
July SB 21.4+0.1 28.3+0.4 8.3+0.4 0+0 — —
SA 21.440.1 28.2+0.1 8.9+0.6 0=+0 — —
August  SB 24.9+0.1 31.5+0.0 7.4+0.2 1.6£1.6 — —
SA 24.6+0.2 31.0+0.1 8.0+0.2 0+0 — —

A AT TR S 7z S OB AR L2
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Y b B2 [logio (x+ 1)1 L7zo Pl EOf##T
12, ARV 7 b PRIMER 7 # Flv: 72,
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um TH Y, 7~ EHE W TldEE oIk
WXFRREEZZDS, 7B O FROURA DT
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T R S, R R P
& L7523 Bl 37 A 1688 A TH - 72 (Ta-
ble 2). A BIGHIHOMEIE, 7~ EHTIX 29
B, WHITIZ20FET, 7TEBOHTPBHI Y B
ool TOHYL, TREN LB TMEL T
RIESNLDORF 12 THo 720 —FH, TYEY
DOARTHREEN DI 17 HE, DDA THRES

N7=DIZ8HTH o 720 A BIHHTH O # AR A %KL
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minckii (8.1%), K T Mugil cephalus cephalus
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9 ¥ A Acanthopagrus schlegelii (21%), I 7Y
v % Syngnathus schlegeli (1.8%) ToH -7 (Ta
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HoOBBEARED 39.3%), ~ /Y Acanthogobius
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gichthys ishikawae (11.6%), 31X A Sillago ja-
ponica (66%), AA¥x (44%), 7 INE (41%),
L5 7 Z@o—8 Takifugu sp. (41%), A F%)&
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TRERGEWHTES LMK, TINEEAX
FOLMLIEHEL TV o,
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Table 2. Number of individuals, size range (body length, BL) and developmental stages (DS) of fish species

collected by seine net from the seagrass bed (SB) and adjacent sandy area (SA) in Hiraiso Harbor

from May to August 2014

Family Species (code) May June July August Total BL (mm) DS
SB__SA SB SA SB_SA SB SA SB  SA Total
Clupeidae Sardinella zunasi 1 1 1 10.8 Po
Konosirus punctatus (Kp) 1 143 7 78 4 12221 233 7.6-24.1 Pr-l]
Engraulidae Engraulis japonica 1 1 1 252 Po
Osmeridae Hypomesus nipponensis (Hn) 1 9 1 9 10 13.7-25.8 F, Po
Salangidae Salangichthys ishikawae (Si) 39 26 65 65 19.3-30.3 Po
Fistulariidae Fistularia commersonii 1 1 1 238.0 J
Syngnathidae Syngnathus schlegeli (Ss) 3 7 10 20 20 97.8-232.0 J,A
Mugilidae Mugil cephalus cephalus (Mc) 29 1 3 1 34 34 19.3-55.1 J
Chelon sp. (Ch) 14 14 14 9.1-13.5 J
Hemiramphidae  Hyporhamphus sajori 1 1 1 92.6 J
Sebastidae Sebastes sp. (Se) 8 5 18 2 33 33 355-71.8 J
Lateolabracidae  Lateolabrax japonicus (Lj) 51 1 45 8 13 9 5 7 114 25 139 21.5-1199 ]
Sparidae Acanthopagrus schlegelii (As) 3 1 10 1 5 6 24 2 26 7.5-33.6 Po,J
Sciaenidae Nibea mitsukurii (Nm) 1 1 1 5.2 Po
Sillaginidae Sillago japonica (Sj) 1 1 36 1 37 38  7.1-152 Po,J
Embiotocidae Ditrema temminckii temminckii (Dt) 22 60 9 91 91 48.6-145.0 J, A
Girellidae Girella sp. (Gi) 6 27 135 168 168 15.1-474 ]
Cottidae Pseudoblennius cottoides (Pc) 12 5 1 18 18 20.0-563 J
Pseudoblennius percoides 1 1 2 2 83.1-975 A
Stichaeidae Zoarchias glaber 6 1 1 8 8 529908 J, A
Pholidae Pholis nebulosa 4 4 8 8 66.0-117.8 J
Pholis crassispina 1 1 1 95.7 J
Blenniidae Omobranchus elegans 1 1 2 2 14.0-16.0 J
Gobiidae Luciogobius guttatus 1 1 1 6.2 Po
Acanthogobius flavimanus (Af) 13 121 2 15 121 136  8.0-15.1 Po-J,
Rhinogobius sp. (Rh) 3 1 3 1 4 9.3-11.6 I
Favonigobius gymnauchen (Fg) 6 7 1 13 1 14 9.5-58.1 I3, A
Gymnogobius petschiliensis 1 1 1 21.5 Jy
Gymnogobius urotaenia (Gu) 1 7 1 7 8 10.4-23.6 Po-l,
Chaenogobius annularis (Ca) 235 23 279 13 527 23 550 3.6-21.1 Pr-l3
Sphyraenidae Sphyraena obtusata (So) 3 3 3 513695 ]
Sphyraene japonica (Sja) 3 1 2 3 2 7 9 39.7-665 ]
Pleuronectidae  Kareius bicoloratus 1 1 1 46.4 J
Pleuronectes yokohamae 1 1 1 70.8 J
Tetraodontidae  Takifugu sp. (Ta) 2 13 21 2 2 17 23 40 2.1-16.5 Y]
Takifugu pardalis 2 2 2 203-365 )
Takifugu poecilonotus 1 2 3 3 349-7148 ]
Total number of species 15 9 15 6 20 9 13 6 29 20 37
Total number of individuals 377 309 411 141 286 64 52 48 1126 562 1688

Codes shown in Fig. 4

*DS: A, adult; F, flexion larva; J, juvenile; J, 3, juvenile gobiids; Po, postflexion larva; Pr, preflexion larva; Y, yolksac larva.

3.3 TR ECABEAEE
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L7z FEER & SRS A B & A c R
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2% Mo 72 (Scheffé test, Fi%L, p < 0.001; #&
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Fig. 2 Mean numbers of fish species and individuals per seine net haul (80 m2, » =

5) in the seagrass bed and sandy area in Hiraiso Harbor from May to August

2014. Vertical bars indicate standard deviations.

Table 3. Results of a two-way ANOVA testing differences in mean numbers of fish species and

individuals per haul between the seagrass bed and adjacent sandy area from May to

August 2014

df MS F p Scheffé test
Number of species
Habitat 1 140.63  37.13 <0.001 SA <SB
Month 3 18.89 4.99 <0.05 Aug < May = July
Habitat x month 3 5.63 1.49 0.24
Error 32 3.79
Number of individuals
Habitat 1 0.68 7.54 <0.05 SA <SB
Month 3 1.05 11.69 <0.001 July < May, Aug < May = June
Habitat x month 3 0.13 1.43 0.25
Error 32 0.09

LEWHTRRE-TBY, 220, TIELOEN
i & T H B COMMK OB A/ S W]
LH LN,

T~ Yy & b o £ U4 B O AHE TR L
T, LOMNPEDREFS L TWE D9 % SIM-
PER f#HTIC & o TR E 25, HEMIZES L
TW B 158, 7anE, w3I8FT, A
FEo—k, a/ia, ANVEo—fl A4 THh

Yook, ray A, I, wNE, R
7, AX¥, YuXR, bI77EO—FE, TH
v 7 F ¥ Pseudoblennius cottoides, & X /N¥
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Fig. 3 Dendrogram obtained from cluster analysis based on the number of individuals of each fish species col-
lected from each habitat (SB, seagrass bed; SA, sandy area) in Hiraiso Harbor from May to August 2014,
and percentage abundance of dominant fish species in each habitat in each month. Assemblages divided in-

to four groups (I-IV) at 30% level of similarity. Fish species abbreviations given in Table 2; O indicates fish

species comprising less than 3% of total abundance in each habitat in each month.
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Table 4. Fish species most responsible for the assemblage structure difference between the seagrass

bed (SB) and adjacent sandy area (SA), listed in order of contribution to the average Bray-

Curtis dissimilarity

Rank Species Mean number of individuals Contribution Cumulating
SB SA (%) contribution (%)
1 Chaenogobius annularis 131.8 5.8 8.8 8.8
2 Ditrema temminckii temminckii 22.8 0.0 7.0 15.8
3 Girella sp. 42.0 0.0 6.8 22.6
4 Konosirus punctatus 3.0 553 6.7 29.3
5 Sebastes sp. 8.3 0.0 5.7 35.0
6 Salangichthys ishikawae 0.0 16.3 5.2 40.2
7 Acanthopagrus schlegelii 6.0 0.5 4.7 44.9
8  Syngnathus schlegeli 5.0 0.0 4.6 49.5
9 Acanthogobius flavimanus 3.8 30.3 4.5 54.1
10 Mugil cephalus cephalus 8.5 0.0 4.4 58.4
11  Lateolabrax japonicus 28.5 6.3 3.8 62.3
12 Sillago japonica 0.3 9.3 3.6 65.9
13 Takifugu sp. 4.3 5.8 3.6 69.4
14 Pseudoblennius cottoides 4.5 0.0 3.5 72.9
15 Favonigobius gymnauchen 33 0.3 33 76.1
16  Zoarchias glaber 2.0 0.0 2.4 78.6
17  Sphyraene japonica 0.5 1.8 2.3 80.9
18  Pholis nebulosa 2.0 0.0 2.1 83.0
19  Chelon sp. 0.0 3.5 2.0 85.0
20  Hypomesus nipponensis 0.3 2.3 1.7 86.7
21  Gymnogobius urotaenia 0.3 1.8 1.6 88.3
22 Sphyraena obtusata 0.8 0.0 1.3 89.7
23 Rhinogobius sp. 0.8 0.3 1.2 90.9
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Occurrence Patterns and Ontogenetic Intervals of
Eutaeniichthys gilli (Gobiidae) in Obitsu-gawa River Estuary,
Tokyo Bay, Central Japan

avid E. ANGMALISANG, Keita MARUYAMA ©, Ayumi HIHARA and Hiroshi KonN
David E. ANGMALISANG, Keita MARUYAMA ™, A HiarA and Hiroshi KoHNo

Abstract: Occurrence patterns and ontogenetic intervals based on the development of swim-
ming and feeding functions were investigated on the endangered goby, Eutaeniichthys gilli, col-
lected from Obitsu-gawa River estuary in the inner Tokyo Bay. A small seine net and two set
nets were used for the samplings at the main stream from May 2005 to April 2006 and at the
creek on the tideland from July 2009 to June 2010. Individual numbers of E. gilli collected were
94 ranging from 2.8 to 34.5 mm BL with the mean + SD =77 += 3.9 mm BL and 7 from 6.4 to
339 mm BL with 17.1 += 12.3 mm BL at the tidal flat in the lower and middle streams, respec-
tively, although no specimen was collected at the upper stream. On the other hand, 1,127 individ-
uals of 10.1-39.5 mm BL with 275 = 7.2 mm BL (z =464) were collected from the creek. Based
on the development of swimming- and feeding-related characters of 3.5-39.1 mm BL (z = 100)
cleared and stained specimens, the following three swimming and feeding phases were recog-
nized: caudal fin propulsion from 3.5 to 5.0 mm BL, whole body propulsion from 5.0 to 10-11 mm
BL, and functional, juvenile swimming over 10-11 mm BL; sucking and biting from 3.5 to 5-6
mm BL, improved sucking and biting abilities from 5-6 to 10-12 mm BL, and functional, juvenile
feeding over 10-12 mm BL. Based on the occurrence patterns and functional development, the
spawning ground is considered to be formed in the tideland including the creek of Obitsu-gawa
River estuary, and the hatched larvae are drifted and dispersed toward the sea. The forehead ti-
dal flat at the lower stream is one of nurseries for early stage larvae. No nursery and growing
habitats are formed in the main stream, but the juveniles of about 8 mm BL and larger migrate
shoreward to and grow in the tideland of the Obitsu-gawa River estuary. This study revealed
that Obitsu-gawa River estuary is almost the only major spawning ground and provides nursery
and growing habitats for £. gilli in the inner Tokyo Bay.

Keywords : goby, habitat shift, occurrence pattern, functional development

1. Introduction

Laboratory of Ichthyology, Tokyo University of Ma- The gobiid Eutaentichthys gilli is widely dis-

rine Science and Technology, 4-5-7 Konan, Minato- tributed in coastal areas from Aomori to
ku, Tokyo 108-8477, Japan Iriomote-jima in Japan, Korea and the Yellow
* Corresponding author: Sea, and inhabits in and around burrows of mud

E-mail: bokuwamoku@gmail.com shrimps (e. g., Upogebia spp.) on soft bottom ti-
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dal flats in estuaries (AKIHITO et al., 2000;
SUZUKI AND SHIBUKAWA, 2004; HENMI et al, 2014).
The species is one of the endangered species and
designated as NT, near threatened, by Ministry
of the Environment, Government of Japan,
because of a rapid decrease of estuarine tidal
flats by reclamation (JAPAN MINISTRY OF THE
ENVIRONMENT, 2019). Various studies have been
conducted regarding the life history of the spe-
cies such as maturation and spawning, morpho-
logical development, growth and feeding habits
(Dotsu, 1955; Zama, 1999; HENMI ef al., 2014).
However, the functional development of larvae
and juveniles of the species remains unclear.

As reported in many studies, the environment
of Tokyo Bay has been deteriorated since 1960’s,
by anthropogenic impacts during the period of
rapid economic growth. Summizu (1999) reported
that 20% of coastal areas in the inner Tokyo Bay
have been reclaimed and the shorelines have
been changed to concrete seawalls. Since 1980’s,
environmental restoration has been undergone
by constructing artificial tidal flats in the inner
Tokyo Bay (NAKASE et al., 2009). Many studies
have been conducted on fishes inhabiting artifi-
cial and/or natural tidal flats in the inner Tokyo
Bay for knowing whether or not the tidal flats
function as habitats for fishes (KaNou et al., 2000;
HERMOSILLA et al., 2012a). Under these circum-
stances, remained natural and constructed artifi-
cial tidal flats have been evaluated as a nursery
ground for many fish species (NASU et al., 1996;
KuwaBArA et al., 2003; KOHNO et al., 2008; MURASE
et al, 2014; MURAI et al., 2016). However, Eutae-
niichthys gilli has been reported occurring spor-
adically in the inner Tokyo Bay and abundant
only in Obitsu-gawa River estuary (KANOU et al,
2000; IwaTa and Hosorani, 2005; Kouno et al,
2014), where the tideland contributes a signifi-
cant portion of what is still considered as a natu-
ral system in the inner Tokyo Bay (HERMOSILLA

etal., 2012a, b).

This study is therefore conducted to establish
the ontogenetic intervals during the early life
history of Eutaeniichthys gilli based on the de-
velopment of swimming- and feeding-related
characters. The occurrence patterns are also in-
vestigated in Obistu-gawa River estuary. The re-
lationships between ontogenetic intervals and
occurrence patterns are examined to elucidate
how the species utilizes the estuary during its
life history, which would be useful information
for planning conservation of this species in the
inner Tokyo Bay.

2. Material and methods

Two types of sampling gear were used for fish
sampling in this study as follows. A 0.8 mm
mesh-size small seine net (cf., KaNou et al., 2002)
was monthly towed at three stations (upper,
middle and lower stations in Fig. 1) along the
main stream of Obitsu-gawa River from May to
December 2005 for all the stations and addition-
ally from March and April 2006 for the upper
and middle stations. The small seine net was
towed parallel to the river bank at day time over
a distance of 20 m and depths between 0.5 and 1
m. The opening of net was adjusted to be 4 m,
and thus the sampling area was 80 m? Two 0.33
mm mesh-size small set nets were set at three
stations (solid circles in Fig.1) along the small,
natural tidal creek situated on the tideland in the
north of Obitsu-gawa River estuary with its east
channel opening towards the river and the west
channel into the bay (Fig. 1) from July 2009 to
June 2010. The tidal creek has an average depth
of 20 cm and width of 4 m at low tide. The 0.33
mm mesh-size set net extends 2 m laterally with
50 cm in height, and at the center a mouth of 50
cm square on a side opens and tapers posteriorly
into a conical net of 1.2 m in length (see
HERMOSILLA et al., 2012b). The set net was instal-
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Fig. 1 Map showing the locations of sampling stations in Obitsu-gawa River in the inner

Tokyo Bay. Sampling gears are small seine net (Open circles) and small set net (Solid

circles).

led at two points along the tidal creek covering
an area of 10 m? for each station. One net
blocked the incoming water while the other was
fixed 2 m away to collect fish. Trapped fishes be-
tween the set nets were collected and caught by
carefully sweeping the water just above the sub-
strate towards one side of the net by two per-
sons using a polyethylene board. Water tempera-
ture and salinity were measured after the
samplings in the respective three main river and
tidal creek stations.

All the samples were fixed with 5-10% formal-
in in the field and later preserved in 70% ethanol

in the laboratory. Eutaeniichthys gilli specimens
were identified following NakaBo (2013) and
OxkivaMA (2014). In this study, all E. gilli collect-
ed from three stations in the creek were process-
ed together, and a total of 464 individuals were
extracted randomly for the measurement of
body length (BL: sense LEIS and TRNSKI, 1989),
being measured to the nearest 0.1 mm. The BL
measurement was, on the other hand, done for
all the specimens collected from the main river
stations.

Additionally, 100 specimens (3.5-39.1 mm BL)
selected from all the specimens were cleared and
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stained by following the method of POTTHOFF
(1984) for morphological studies to establish the
ontogenetic intervals. The histogram method of
developmental events by 1.0 mm BL fish-size in-
tervals employed by Sakar (1990) and the key
characters method (cf, KouNo AND SotTa, 1998)
were both applied to determine the ontogenetic
intervals.

3. Results
3.1 Physical conditions of water

Water temperatures showed the same tenden-
cy as increasing during the summer season and
decreasing during the winter season in all the
sampling stations, and no remarkable different
tendencies were found between the stations in

each of the main stream and tideland (Fig. 2).
The highest water temperature, 285 and 30.6 C,
was recorded at the lower station in August
2005 and at the creek in June 2010, respectively,
and the lowest, 5.4 and 10.8 C, at the upper sta-
tion in December 2005 and at the creek in De-
cember 2009, respectively.

The salinity varied from 14.0 to 30.5 with the
mean = SD = 24.1 + 6.2 at the lower station,
from 3.0 to 25.8 with 13.1 = 6.7 at the middle sta-
tion and from 0.2 to 10.5 with 3.1 = 3.1 at the up-
per station in the main stream (Fig. 2). In the
creek stations, the salinity varied from 11.5 to
27.7 with 21.8 = 46.
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3.2 Occurrence patterns

A total of 1,228 Eutaeniichthys gilli were col-
lected from the Obitsu-gawa River estuary (Fig.
3), 101 individuals (2.8-34.5 mm BL with the
mean = SD = 80 = 47 mm BL) being collected
from the main river stations and 1,127 (10.1-39.5
mm BL with 27.5 = 7.2 mm BL: # = 464) from
the creek.

The 101 specimens collected from the main
river stations consisted of 94 and 7 individuals
from the lower and middle stations, respectively,
and no specimens were collected from the upper
station. The size of specimens ranged from 2.8 to
345 mm BL (mean * SD =77 * 39 mm BL) in
the lower station and from 6.4 to 33.9 mm BL
(17.1 = 12.3 mm BL) in the middle station
(Fig. 3). In the lower station, almost all speci-
mens, 93 in number, occurred in August, and the
remained one in October, while in the middle sta-
tion seven specimens occurred sporadically in
March, May, July and October.

The size of specimens collected from the creek
stations ranged from 10.1 to 39.5 mm BL (mean
= SD =275 = 7.2 mm BL: # = 464) with the
mode being in the size of 30.0-31.9 mm BL

(Fig. 3). Eutaeniichthys gilli occurred through-
out the year during the sampling period in the
creek (Fig. 4). Specimens of about 15 mm BL
and smaller started appearing in July, increased
in number in October and November and were
continued to appear until February. The mode of
appearance shifted from February to April, and
specimens of about 27-30 mm BL appeared con-
tinuously until November.

3.3 Morphological development
3.3.1 Swimming-related characters

Flexion of the notochord end: The flexion of no-
tochord end was first evident at the smallest
specimen of 3.5 mm BL with the angle of 17°
(Fig. 5A). Notochord flexion was complete in the
specimens of 4.6 mm BL and larger with the sta-
ble angle of 35-45°.

Caudal fin supports and fin rays: Two cartilagi-
nous buds of hypurals 1 + 2 and 3 were detected
at the smallest specimen of 3.5 mm BL. The car-
tilaginous buds of epurals 1 and 2, hypural 4, par-
hypural as well as those of the hemal and neural
spines of the future pleural centra 2 and 3 were
evident at 4.9 mm BL. Additionally, the hemal-
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and neural- spine cartilages of the future pleural
centrum 3 as well as the cartilaginous bud of hy-
pural 5 were detected at 7 mm BL. The ossifica-
tion was first observed on hypural 1 + 2 at 8.4
mm BL then followed by hemal arches, hypurals
3 + 4 and parhypural at 8.8 mm BL, 9.0 mm BL
and 10.4 mm BL, respectively. At 10.6 mm BL,
hypural 5 and epurals 1 and 2 started ossifying
and thus all the cartilaginous elements started
ossifying. The bony urostyle was observed at the
smallest specimen of 3.5 mm BL.

The principal caudal fin rays were first dis-

cerned at 3.5 mm BL, when nine rays were ob-
served (Fig. 5B). The adult complement of 6 + 7
principal caudal fin rays was attained at 6.6 mm
BL.

Dorsal fin supports and fin rays: Two pterygio-
phores of the first dorsal fin were evident at 5.5
mm BL, and the adult complement of three carti-
laginous pterygiophores were observed at 7.0
mm BL. All pterygiophores were noted ossifying
at 10.5 mm BL.

Cartilaginous pterygiophores of the second
dorsal fin were first observed at 4.9 mm BL with
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17 in number. The adult complement of 19 ptery-
giophores was attained at 6.2 mm BL. Five carti-
laginous pterygiophores of second dorsal fin
started ossifying at 10.2 mm BL and all were not-
ed at 158 mm BL.

Three spines of the first dorsal fin were at-
tained at 7.0 mm BL (Fig. 5C). In the second
dorsal fin, nine soft rays were first observed at 4.
9 mm BL (Fig. 5D), and the adult complement of
19 fin rays was attained at 6.2 mm BL.

Amnal fin supports and fin rays. The cartilagi-
nous pterygiophores of anal fin were first dis-
cerned at 4.9 mm BL, when ten in number were
observed. The number reached the adult com-
plement of 13 at 7.0 mm BL. Five pterygiophores
started ossifying at 9.3 mm BL, and the ossifica-
tion was noted in all pterygiophores at 16 mm
BL.

Anal fin rays were first evident at 4.9 mm BL,
when eleven soft rays were observed (Fig. 5E).
The adult complement of 13 rays was attained at
7.0 mm BL.

Pectoral fin supports and fin rays: The pectoral
fin supports of coraco-scapular cartilage and a
rod-shaped bony cleithrum were observed at the
smallest specimen of 3.5 mm BL. The posttempo-
ral, supracleithrum and a bladelike cartilage,
which later grew into actinosts, were observed
at 4.9 mm BL, and thus all the pectoral fin sup-
ports were observed. The ossification was first
observed on the coracoid at 10.2 mm BL, then
followed by the actinosts and scapula at 10.6 and
13.3 mm BL, respectively.

Two rays of pectoral fin were first observed at
7.0 mm BL (Fig. 5F). The adult complement of
17 rays was attained at 84 mm BL.

Pelvic fin supports and fin rays: The pelvic fin
support, the basipterygium, was first discerned
at 49 mm BL, and the ossification started at 9.5
mm BL.

The pelvic fin rays were first discerned at 6.2

mm BL, when four rays were observed (Fig. 5G).
The adult complement of six rays was observed
at 7.0 mm BL.

Vertebra: The smallest specimen examined, 3.5
mm BL, possessed 38 centra and cartilaginous 35
neural- and 15 hemal-spines. The adult comple-
ment of 38 neural- and hemal-spines was at-
tained at 7.0 mm BL, as well as some of them
started ossifying. All of hemal- and neural-spines
were observed ossifying at 8.8 mm BL.

Maximum body depth and its position: The ra-
tio of the maximum body depth to BL was 19%
in the smallest specimen of 3.5 mm BL (Fig. 5H).
The ratios decreased gradually and became sta-
ble at 10-15% at about 10.0 mm BL.

The ratio of position of maximum body depth
was about 20 % in the specimens of 3.5-11.0 mm
BL (Fig. 5I). The ratio leaped up during the size
ranging from 8.4 to 11.4 mm BL, and then be-
came stable from 40% to 50%.

Length of pectoral fin-rays: The pectoral fin
length was 0.21 mm when the first pectoral fin
ray was observed at 7.0 mm BL (Fig. 5]). Two
flexion points were observed at about 10 and 20
mm BL, after which the increase rate becoming
slower.

3.3.2 Feeding-related characters

Mouth width: The mouth opened in all speci-
mens examined, and the mouth width was 0.4
mm in the smallest specimen of 3.5 mm BL (Fig.
6A). The mouth width increased rapidly up to
104 mm BL and more or less slowly thereafter.

Jaw structure: The smallest specimen of 3.5
mm BL possessed the upper jaw composed of
the maxilla and premaxilla. The lower jaw of the
same specimen was composed of the dentary, an-
gular and Meckel's cartilage, the retroarticular
being first observed at 40 mm BL.

Jaw teeth: The smallest specimen of 3.5 mm BL
possessed six upper jaw teeth (Fig. 6B). The
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Fig. 6 Changes in feeding-related characters with growth in Eutaeniichthys gilli.

number of upper jaw teeth then increased slow-
ly with a leap up flexion point at about 9.5 mm
BL up to about 16 mm BL, after which the num-
ber becoming more or less stable.

The smallest specimen of 3.5 mm BL pos-
sessed three lower jaw teeth (Fig. 6C). The
number of lower jaw teeth increased rapidly and
leaped up at about 10 mm BL. The number be-
came more or less stable between 40 and 55
thereafter.

Suspensorium: The hyomandibular-sympletic
and palatoquadrate cartilages were discerned at
the smallest specimen of 3.5 mm BL. The ossifi-
cation started on the sympletic and quadrate at

4.6 mm BL and 5.0 mm BL, respectively. The bo-
ny endopterygoid was first observed at 4.9 mm
BL. The cartilaginous metapterygoid was first
observed at 7.5 mm BL, and the hyomandibular,
palatine and metapterygoid started ossifying at
8.8 mm BL, 9.1 mm BL and 9.7 mm BL, respec-
tively.

Hvyoid and branchiostegal rays: The smallest
specimen of 3.5 mm BL possessed the hypohyal,
ceratohyal-epihyal and interhyal cartilages, and
the basihyal was discerned at 4.0 mm BL. The
ossification was first observed at the smallest
specimen of 3.5 mm BL on the ceratohyal and fol-
lowed by hypoyal and basihyal at 5.5 mm BL.
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The interhyal and epihyal started ossifying at 8.8
mm BL.

Four branchiostegal rays were first observed
at 3.5 mm BL, and the adult complement of five
rays was attained at 40 mm BL (Fig. 6D).

Pharyngeal teeth: The smallest specimen of 3.5
mm BL possessed 12 upper pharyngeal teeth
(Fig. 6E). The number increased until about 10
mm BL, when the number leaped up and be-
came more or less stable thereafter.

Three lower pharyngeal teeth were observed
at the smallest specimen of 3.5 mm BL (Fig. 6F).
The number increased more or less rapidly until
about 10 mm BL and became more or less stable
thereafter.

Opercular bones: The opercle, preopercle and
subopercle were observed at the smallest speci-
men of 3.5 mm BL. The interopercle appeared at
49 mm BL.

4. Discussion

4.1 Development phases

4.1.1 Developmental phases of swimming func-
tion

Based on the development of swimming-
related characters shown in Figure 7, the follow-
ing three phases were recognized in the speci-
mens of Eutaeniichthys gilli.

The phase of caudal fin propulsion (from 3.5 to
5.0 mm BL): The completion of notochord flex-
ion and appearances of caudal fin supports and
fin rays were observed in this phase, which indi-
cate that the beating of caudal fin produces pro-
pulsion (KomNo et al., 1983). The completion of
vertebral centra in number would reinforce the
power of beating. Dotsu (1955) suggested that
the newly hatched larvae of Eutaeniichthys gilli
(about 3.6 mm in total length) possessed a more
or less strong swimming ability when comparing
with other gobiids.

The phase of whole body propulsion (from 5.0

mm BL to 10.0-11.0 mm BL): This phase is div-
ided into two sub-phases, pre-whole and whole-
body propulsion sub-phases, at about 7.0 mm BL.
Dorsal and anal fin rays and fin supports started
appearing and became complete in number dur-
ing the former sub-phase; these characters are
considered to reinforce the body axis and thus
allow larvae to swim powerfully by propagating
the beat of the whole of the body posterior to
generate propulsion (OMORI et al., 1996). In lar-
vae of 7.0 mm BL and larger, the neural and he-
mal spines and the dorsal and anal fin supports
started ossifying; these characters prevent the
larvae from rolling caused by whole-body beat-
ing (GOSLINE, 1971). Morphologically, the small-
est juvenile having the adult fin-ray number was
8.4 mm BL at the whole-body propulsion sub-
phase.

The phase of functional, juvemile swimming
(over 10.0-11.0 mm BL): All characters con-
cerning the swimming function were completed
in number and started ossifying by this phase.
Moreover, the greatest body depth and its posi-
tion became stable, indicating the improvement
of swimming ability (ALEEV, 1963). Therefore,
juveniles larger than 10-11 mm BL were consid-
ered to have acquired the functional swimming
mode.

4.1.2 Developmental phases of feeding func-
tion

Based on the development of feeding-related
characters shown in Figure 8, the following
three phases were recognized in the specimens
of Eutaentichthys gilli.

The phase of sucking and biting (from 3.5 mm
BL to 5.0-6.0 mm BL): The gape elements of
maxilla, premaxilla, dentary and angular were
equipped in the smallest larva of 3.5 mm BL, in-
dicating that the larva had the gape opening and
closing ability (SHINAGAWA ef al., 2002). The
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branchiostegal rays, opercular bones and ele-
ments of suspensorium and hyoid arch appeared
and became complete in number during this
phase, indicating that the negative pressure for
sucking food organisms could be generated
(KOHNO et al., 1997). In addition, jaw and phar-
yngeal teeth, which function to bite/capture and
to pass the captured food to the digestive tract,
respectively (GOSLINE, 1971), appeared during
this phase. Therefore, the larvae in this phase
are considered to have both the sucking and bit-
ing abilities.

The phase of improved sucking and biting abili-
ty (from 5.0-6.0 mm BL to 10.0-12.0 mm BL):
All elements of suspensorium and hyoid arch ap-
peared in this phase, indicating the sucking abili-
ty of the larvae in this phase improved (TAMURA
et al., 2013). Furthermore, the number of jaw
teeth became stable in this phase, indicating the
biting ability also improved.

The phase of functional, juvenile feeding (over
10.0-12.0 mm BL): All the characters concern-
ing the feeding function became complete not
only in number but also ossification. The number
of pharyngeal teeth also became stable, and thus
the functional feeding mode was considered to
be attained in specimens over 10.0-12.0 mm BL.

4.2 Habitat shifts with development

This study revealed that nearly all the larvae
of Eutaeniichthys gilli smaller than 10 mm BL
were collected at the lower stream station of
Obitsu-gawa River (Figs. 1, 3), with a mode of
6.0-7.9 mm BL. The larvae smaller than 5 mm
BL would swim using caudal fin propulsion, and
those from 5 to 10 mm BL would swim more ac-
tively using whole the body (Fig. 7). These re-
sults suggest that the larvae of 5-10 mm BL
would actively migrate shoreward. Dotsu (1955)
reported that the newly hatched larva of 3.6 mm
in total length, TL, vigorously swam in the mid-

water of a glass-jar.

However, few specimens of Eutaeniichthys gil-
li were collected at the middle stream station
and no specimen at the upper stream (Fig. 3),
indicating that E. gilli does not utilize the main
stream of Obitsu-gawa River as a habitat. EGucHI
etal. (2008) indicated that the distribution of E.
gilli does not expand to tidal-reach upper stream
areas but is restricted to river mouths.

The shoreward migrating larvae occurred at
the tideland in the north of Obitsu-gawa main
river, and the smallest specimen collected at the
creek in the tideland was 10.1 mm BL (Fig. 3),
which being a juvenile morphologically by hav-
ing the complete number of fin rays, with the
first peak of 14.0-15.9 mm BL. These juveniles
occurring in the tideland were considered to at-
tain the functional swimming and feeding modes
(Figs. 7, 8), and thus they would swim actively
toward the tideland. HENMI ef al. (2014) report-
ed that the size of Futaeniichthys gilli collected
at a tidal flat in Kochi Prefecture ranged from
10.6 to 36.8 mm BL and that the smallest one was
judged as a juvenile by having pelvic fins. Dotsu
(1955) also suggested that the juvenile stage
would start at 11.2 mm TL, which is converted
to 10.2 mm BL by using the result of HENMI ef al.
(2014).

A second peak or a mode of size was observed
at 30.0-31.9 mm with the largest one being 39.5
mm BL in this study (Fig. 3). KaNoU et al. (2004)
examined feeding habits of Eutaeniichthys gilli
juveniles of 15-31 mm BL, which corresponding
to the size range between the two peaks in this
study, collected from the inner Tokyo Bay and
reported that the juveniles were grouped into a
small benthic and epiphytic crustacean feeder.
The maximum size of F. gilli was reported as 47
mm TL by Dotsu (1955: 40.7 mm BL judged
from the figure by HENMI et al., 2014), 43.9 mm
BL (ARrAO, 2005: collected at a tideland in Mie
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Prefecture) and 36.8 mm BL (HeNMI et al., 2014).
Although the mature size was reported as 35
mm TL (30.3 mm BL) by Dotsu (1955), speci-
mens of 27.0 mm BL and larger collected by
HENMI et al. (2014) had matured eggs. It is also
well known that E. gzlli utilizes burrows of mud
shrimps such as Upogebia yokoyai, U. major and

Nihonotrypaea japonica not only for spawning
but for inhabiting (Dorsu, 1955; SUZUKI AND
SHIBUKAWA, 2004; HENMI ef al., 2014), although the
degree of dependence on burrows would be low-
er in £. gilli than in other gobiids such as Gym-
nogobius macrognathos (EGUCHI et al., 2008). In
Obitsu-gawa River estuary including the tide-
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land, the mud shrimp Nihonotrypaea japonica
and Upogebia major, are known to be commonly
distributed (KOBAYASHI ef al., 2003; ITANI, 2004).
These results indicate that it is highly possible
that the specimens of about 27 mm BL and larg-
er collected in this study at the creek on the tide-
land of Obitsu-gawa River estuary would partici-
pate in the spawning.

The size of Dotsu’s (1955) newly hatched lar-

va, 3.6 mm TL, corresponding to 3.37 mm BL
measured from his figure, was measured under
the fresh condition. Applying the result of Fuku-
hara (1979), who pointed out that the shrinkage
rate from fresh condition to 3-5 % neutral for-
malin preserved for one month was 15 % in the
BL of newly hatched Japanese red sea bream
Pagrus major larvae, the size of newly hatched,
formalin preserved Eutaeniichthys gilli larva is
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considered to be 2.86 mm BL, corresponding to
the smallest larva collected at the tidal flat of
lower stream station in this study, 2.8 mm BL.
However, the larvae of 3.9 mm BL and smaller
numbered only 3 out of 94 larvae collected at the
station in this study (Fig. 3). Furthermore, no
larger specimen was collected in the lower
stream station. Therefore, it seems improbable
that the forehead tidal flat at the lower stream of
Obitsu-gawa River would be a spawning ground
of E. gilli. Rather, the spawning ground would
be formed at the tideland in Obitsu-gawa River
estuary, and the hatched larvae are considered
to be drifted toward the sea by tidal currents
and dispersed by coastal currents.

4.3 Importance of Obitsu-gawa River estuary

This study demonstrated that the Obitsu-
gawa River estuary including not only river tidal
flats but the tideland located in the north of the
river mouth provides the spawning ground and
nursery and growth habitats for Eutaeniichthys
gilli.

Nursery and/or growing habitats are ob-
served in such other areas of the inner Tokyo
Bay as an artificial tidal flat of Kasai Rinkai Park
and a natural tidal flat formed along the artificial
Keihin-jima Island. However, most of the speci-
mens collected from these areas are smaller than
about 15 mm BL, and individual numbers are
less than about 20 during sampling periods vary-
ing from 1 to 5 years (KUWABARA et al., 2003;
YAMANE et al., 2004; KouNO et al., 2014;
UMEDA AND Komno, 2017). Furthermore, no Eu-
taentichthys gilli specimen was collected at the
tidal flat of Keihin-jima Island by NASU et al.
(1996) and MOTEKI et al. (2009). Although Konno
etal. (2014) collected 29 individuals of E. gilli at
a forehead artificial sandy beach in Haneda dur-
ing the years of 2006-2013, the size varied from
4.4 to 10.9 mm BL, and 18.7 and 30.1 mm BL.

These results suggest that capacities as nurs-
ery/growing habitats in these areas would be
small for E. gilli when comparing with those in
Obitsu-gawa River estuary.

Individuals of 30 mm BL and larger as a ma-
ture size of Eutaeniichthys gilli were sporadical-
ly collected at an intertidal mudflat (33-43 mm
BL: KANOU et al., 2005) and tide pools (30-40 mm
BL: KANOU et al., 2018) in the Tama-gawa River
estuary, although the individual numbers collect-
ed are 4 and 9, respectively. SUGAWARA et al.
(2018) collected one specimen of 35.1 mm BL at
a Zostera zone of Futtsu in the inner Tokyo Bay.
These areas are considered not to be a major
spawning ground of £. gilli.

In conclusion, FEutaeniichthys gilli depends
whole the life history on the Obitsu-gawa River
estuary, which is almost the only major spawn-
ing ground for the species in the inner Tokyo
Bay. It is therefore important to protect and con-
serve the Obitsu-gawa River estuary.
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Seasonal changes in larval and juvenile fish assemblage in the limnetic zone of an
inland-sea lake, Kitaura, eastern Japan
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Kazunori ArAYAMA® and Kouki Kanou? *

Abstract: Seasonal patterns of larval and juvenile fish assemblage in a limnetic zone of Lake Ki-
taura, a shallow large inland-sea lake (7 m maximum depth, 36 km?) in Ibaraki Prefecture, east-
ern Japan, were examined by monthly larval net sampling at surface and middle layers from
April 2010 to March 2012. A total of 5,272 individuals representing 8 families and 11 species were
collected during the study period. Mean numbers of fish species and individuals were more
abundant from spring to summer, with non-occurrence in most months during late autumn and
winter. The most abundant species were Japanese icefish Salangichthys microdon, pond smelt
Hypomesus nipponensis and three gobiids Tridentiger brevispinis, Rhinogobius sp. and Acantho-
gobius lactipes. Of these, icefish and pond smelt occurred abundantly at both layers in early
spring (March and April), whereas three gobiids at middle layer in most months during late
spring and summer (May to September). Species composition also differed between early
spring and late spring to summer. Occurrence patterns and developmental stages of the five
abundant species suggested that they would disperse from spawning grounds in littoral habitats
and/or inflowing rivers and have more or less different pelagic larval duration and swimming
layer in the limnetic zone.

Keywords: Ichthyoplankton, Pelagic life, Seasonal occurrence, Vertical distribution
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Fig. 1 Map showing study area (broken line) in
the limnetic zone in Lake Kitaura, Ibaraki Prefec-
ture, eastern Japan. Open and solid triangles,
sampling stations by a larval net at the surface
and middle layers (1 and 4 m depths) from April
2010 to March 2012, respectively.
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Fig. 2 Monthly changes of mean water tempera-
ture and dissolved oxygen at each layer in the
limnetic zone in Lake Kitaura during the study
period. Vertical lines indicate standard errors.
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(2,018 fEfk, 38.3%), F =V +E (863 fELA,
16.4%) Td o7z, K THRE I NATHEMII 10
T 1,824 A4k, wlg CTHRAE S M7 AFfESMIL 9 Al
3448 MR TH D, g OREMAELIIEE DK
19fECTHh 72,

wDBEL LMY T % Saangichthys mi-
crodon THEREMEE D 383% % L, K\ T
X< FF 7 Tridentiger brevispinis (252%), 7 7
¥ Hypomesus nipponensis (164%), I J K
V)& DO —FE Rhinogobius sp. (114%), 7> an
¥ Acanthogobius lactipes (81%) T&H o7z (Ta-
ble 1) 25D 5 FITEREMAEED 99% LI I
ZHOTBY, /2, £-HEoOm S THIL .

THYX, Yook, GV IRVEO—FE, X
<RFF 7, vF T Gymnogobius urotaenia, T
unto 6T, JPEIETAE 3 e
56 PR A E MM EFco 320 Eo
FHEBRE SR IR L7 (Table 1)s — 4,
0 o 58 (72 Plecoglossus altivelis altivelis,
€Y I Pseudorasbora parva, 7 )V A 3 1) Hy-
porhamphus intermedius, XNV A4 Odonthestes
bonariensis, 7 ) — ¥\ Lepomis macrochirus)
T, 12F 723 2 00RFERMOANMILL 72,

WHMEICOWTAL L, Yot XvFF
TO2FEE5 AL, 7AYE, G KR
O—F, vFRITY, TIYunto 43 rH
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Table 1. Number of individuals, body length (BL) range and developmental stage (DS) of each fish species
collected using a larval net at the surface and middle layers in the limnetic zone in Lake Kitaura from

April 2010to March 2012

No.of individuals

Family Species - % Month ~ BL (mm) DS*
Surface Middle Total

Osmeridae Hypomesus nipponensis (Hn) 508 355 863 16.4 3-5 4.4-242 Yo-J

Plecoglossidae Plecoglossus altivelis altivelis 0 1 + 11 11.2 Pr

Salangidae Salangichthys microdon (Sm) 693 1325 2018 38.3 3-7,9  3.4-27.1 Yo-Po

Cyprinidae Pseudorasbora parva 3 4 0.1 5,6 4.3-5.5 Yo, Pr

Hemiramphidae  Hyporhamphus intermedius 1 0 1 + 7 4.7 Po

Atherinidae Odonthestes bonariensis 1 0 1 + 5 7.5 Pr

Centrarchidae Lepomis macrochirus (Lm) 7 2 9 0.2 6,7 4.3-6.8 Yo, Pr

Gobiidae Rhinogobius sp. (Rs) 217 386 603 11.4 5-8 2.5-17.8 Pr-J
Tridentiger brevispinis (Tb) 305 1024 1329 252 5-9 2.7-24.8 Pr-J
Gymnogobius urotaenia (Gu) 6 9 15 0.3 3-5 4.1-12.9 Pr-Po
Acanthogobius lactipes (Al) 83 345 428 8.1 6-9 3.2-12.5 Pr-J

Total 1824 3448 5272

*J, juvenile; Po, postflexion larva; Pr, preflexion larva; Yo, yolksac larva.

+,<0.1.

E‘ 6 A Surface layer T‘Ci 2010 ﬂi 4_7 H & 2011 ﬂi 3_8 H C:%n%ﬂ

5 Middle | 4

2 4 e over 27-47THEL 20-33FEL %, TOREBMEL D

g, W29 H () IZhFTA L, 10 H DR 0 il

: Thote WHIZ, WRETHEFDLEFICAY

AMJJASONDJUFMAMUJIJASONDUIFM
150

100

No. of individuals per 100 m3

AMJJASONDJFMAMUJIJASONDUTFM
2010 2011 2012

Month and year

Fig. 3 Monthly changes in mean numbers of fish
species per haul (7 = 3) and individuals per 100
m® (z = 3) at each layer in the limnetic zone in
Lake Kitaura during the study period. Vertical
lines indicate standard errors.

Mo ANPHERPo7ZOTHL, FRY D5 TIE
L2RBWL20ADATH -7 (Table 1)

3.3 TEHERERER

MmO OK - HEIZBT S 1 Rild
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TEBERBEEICZL, T2 DLV
Ho72h% 10 AU —EBOBIAL [2010 4E 11 A
OHMETOIH (720Ah)] ZBLE0HETH-
720 SEHBRMARIZOVWTIE, £-PlEE LIS
2010 4F & 2011 4E @ 4-7 A BN TH 20 E1E
DB B EWEE RSO S, K% 1E 2010
ETIZT HomEo 825 ik, 2011 4£Tik 4 H
OFRED 1083 IR TH - 720 FHEAD L D25 72
4 Br5 7 HIZBWTEE &g o TR E
B E LT % &, 2010 4F 4 HIZRBREEZDS, £
NPUANDOTRTOATEBLY PREOHH L
6-50 51T L% o7z Tabb, FHREMIZEL
EENPOEZE EBCEHIMKOIAFET) B
L, FEALOATHRMAEREIIER LY g T
2 WEM TR STz,

34 BEBEOUHREAEBRME
ARSI S O - g CIREE S B

i 5 fE OREMBE % Fig. 4 1SR L7z TAhHF

(Z A 5-13 mm DI F A A S LJE P
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Fig. 4 Size-frequency distribution with developmental stage composition of larvae and juveniles of the five

most abundant fish species collected at each layer in the limnetic zone in Lake Kitaura from April 2010 to

March 2012.
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J& & b IZHFET 9-10 mm, T 5-6 mm 12D -
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REOE-FEE -PHEEDHIC34mm IIHo
720 72, 7YY un¥idEE 4-7 mm O LR
Fah o PIRBITFRE {, REDE— FIdHEE
T5-6mm, HET45mm &DbTNREVDA
Tholo 5, XFF7I3EE 3-8 mm @
FIRFF RS PR A0S, REOE-F

33 - FEE BI25-6 mm IZH - 7205, FE 12
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B o725, 2011 4FICIEEE X D g T% W I
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Fig. 5 Monthly changes in mean number of individ-
uals per 100 m® (% = 3) for each of the five most
abundant fish species collected at each layer in
the limnetic zone in Lake Kitaura during the
study period. Vertical lines indicate standard er-
rors.

2010 4 IIEHE & D KBTS WNETIZ S > 7228,
2011 4R I3 % - g & B ICHB R FRMEE TH -
720 NER3HDI B, X<xFFTIEMAFEE IS
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12, 2011 4Tl 5-7 HICIBUE A s -,
72, FY 7 RVIBEBO—HIZMEL HITEFNSE
ZEITHBIL, 2010 4ETld 7 HIZ, 2011 4T
13 5-6 AWCHBUEII S ALz, E6I2, 7YY
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oo TNHO3FIFIFEALEDOHATEBLY L1
ETEZWENDPSRD SNz, 72720, —E#TED
i 2s¥ds L7 (201047 Aoa >y ) KVED
—f), HFTHWEEZEThRr-720T52 L8 (2010
ESHDXRFFT) bdH o7z

B LT O MR OZEE) & K IREEZE w OKI,
BATER R, KR & OB D W TR HE

% Table 212K L7ze THHFE T T 7Ok
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DD D > 7285, KIREOHFELMEITRD S
Nhholz, MiZ, AFFTLT7untld
il & OB, BAFERE R TROMMEDH
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B, IV R)EoO—HMIZonwTIid, Kk BF
BEE, KEOWTNE L HEELMHEN LB A
Nolz,

36 UTAR—DMICKDHEEDTE

A O % H o - gz B 7
BRI LTI IR =G eiio7z 25,
HAE 30% CHEAMICTELETL 32D V=T
(I-1I1) 1240 5tz (Fig 6)o ANOSIM O H
WZBWTYH, 7NV —TIIHEIER A K%
RLTWDZEDNHS DR -7z (Global R =
0852, P < 0.001)s LL'F, &7V —T7DUHICD
WTEET .
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- E TR SN (Fig 6a), 207 V— 70
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T, REFERE - PEICEDLT, FICHREH 6
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Table 2. Spearman’s rank correlation coefficients between densities (individual numbers / 100 m®) of the five

most abundant species and environmental variables (water temperature, dissolved oxygen and wa-

ter depth) at the sampling sites in the limnetic zone in Lake Kitaura from April to September 2010

and from May to September 2011

Species Water temperature Dissolved oxygen Water depth
Hypomesus nipponensis -0.630%** 0.581*** -0.015 NS
Salangichthys microdon -0.650%*** 0.522%** 0.070 NS
Tridentiger brevispinis 0.463*** -0.225% 0.236*
Rhinogobius sp. 0.158 NS -0.089 NS 0.051 NS
Acanthogobius lactipes 0.352%** -0.387%** 0.312%*
NS, not significant; *, P <0.05; **P <0.01; ***P <0.001.
Month
Layer year
: A Sept 2010 Tb 7
1 : A Aug 2010 Tb i I
: A Aug 2011 Tb [ A1 Rs T
! A Sept 2011 Tb | Al
: A Sept 2010 Tb A [om
] : A Aug 2010 [ Tb [Rs T Al
X A Aug 2011 Tb Al s
! A July 2011 Tb Al Rs >sm
: — A July 2011 Tb A
[ A July 2010 Tb | Al IRs I
1 Sm
. —IE A July 2010 Tb | Al Rs IV
: A June 2011 Tb Rs | Al
, A June 2011 Tb [ Rs 1]
| —_ A June 2010 [ Tb R 1T
: L A June 2010 | Tb Rs__ [ Lm |
! A May 2011 Sm | _TIb ] Rs
: —_ A May 2011 Sm | Tb T Rs I
| L[ 4 May 2010 Sm [To [Rs [y,
! A May 2010 Sm [ Tb [Rs[1 _|
i A Apr 2011 Sm Hn ] 7
: r[E A Apr 2010 Sm Hn
1 A Apr 2011 Sm | Gul
! I‘|_T: A Apr 2010 Sm [_Hn
1 A  Mar 2011 Sm Hn
: A Mar 2011 | Sm Hn ] |
L I - 1 1 1 L 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100

(a) Similarity (%)

Fig. 6

(b) Abundance (%)

(a) Dendrogram obtained from cluster analysis based on the number of individuals of each species

collected at each layer (2, surface; &, middle) in the limnetic zone in Lake Kitaura from April to Septem-
ber 2010 and from March to September 2011. The assemblage was divided into three groups (I, II and III)
at a similarity index level of 30%. (b) Percentage abundance of each fish species at each layer in each month.

Species abbreviations were given in Table 1.



HERIR O I DA HE SR 109

Table 3. Results of similarity percentage analysis showing key spe-

cies that contributed greatly to within group similarity in
each group (I, II and III, see Fig. 6)

Species . I.\/Iffan number of Contribution
individuals per 100 m? (%)

Group I

Salangichthys microdon 33.0 52.4

Hypomesus nipponensis 222 44.9
Group II

Tridentiger brevispinis 13.4 64.9

Acanthogobius lactipes 6.1 18.8

Rhinogobius sp. 4.0 11.8
Group III

Tridentiger brevispinis 0.5 100.0

TDRTH 72,

4. ER
411 BETHFHR

AR AL o M TIE N ERE (FITR
<FF7, AT RVEO—FE, Tank)
Ml b % <, EREMREED 451% 2 D TBD,
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Behavioral observation of a facultatively symbiotic goby at a

Introduction

shrimp burrow entrance

Sota KirmARA", Yumi Henmi® and Gyo Itant® *

Abstract: Ecological studies of the facultatively symbiotic goby Acentrogobius sp. 2 (sensu
AKIHITO et al., 2013) are important because there is limited knowledge on the facultative rela-
tionship in goby-shrimp symbiosis in the Pacific. The present study surveyed the surface activi-
ty of Acentrogobius sp. 2 around the burrows of snapping shrimp (Alpheus brevicristatus) by
quantitative observation on a tidal flat during high tides in southern Japan. Acentrogobius sp. 2
used the area in front of the burrow entrance for approximately 30% of the 10-min observation
period only. Acentrogobius sp. 2 sometimes went farther than 10 cm from the burrow entrance,
but most gobies returned to the burrow entrance. Surveys conducted at low tides confirmed
that the goby showed surface activity in tidepools, but with a reduced time than that at high
tides. The burrow-retreating bouts by the goby were triggered by approaching omnivorous and
carnivorous fish and crab species. Future studies on shrimp burrow use by closely related Acen-
trogobius species may elucidate the evolutionary process of the facultative relationship of this
genus.

Keywords : goby-shrimp symbiosis, facultative relationship, Alpheus brevicristatus, tidal flat

(mainly crustaceans) for the same reasons as

A wvariety of fish can construct a burrow in
sediment, which is used for predator avoidance,
survival, feeding, reproduction, and egg incuba-
tion (ATKINSON and TAYLOR, 1991; GONZALES et al.,
2008; DINH et al., 2014). Other fishes (mainly go-
bies) use the burrows created by invertebrates
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burrowing fishes (ATKINSON and TAYLOR, 1991;
KarpLus, 2014). The relationship between gobies
and crustacean burrows is diverse; several go-
bies are known as commensals (HENMI et al., 2018;
INUI et al., 2018; HENMI et al., 2020b) and the oth-
ers are mutualists (KARPLUS and THOMPSON, 2011;
Hou et al., 2013; THOMPSON et al., 2013; KOHDA et
al., 2017; CroppP and NORBURY, 2018).

The relationship between gobies and alpheid
shrimps is one of the best-studied cases of ma-
rine mutualism (KAarpLUs, 2014). Over 120 goby-
shrimp interactions are thought to be obligate,
where the goby and the shrimp are contingent
upon each other and are never found without
their partners (THOMPSON, 2004, 2005; KARPLUS
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and THomPsON, 2011; KarpLus, 2014). In goby-
shrimp mutualism, the alpheid shrimp of the ge-
nus Alpheus constructs and maintains the bur-
row that the goby also lives in. The goby
benefits from the use of the burrow as a shelter
from predators, and the shrimp benefits from
warning signals of approaching predators by the
goby through tactile communications (KARPLUS
and THOMPSON, 2011; KARrPLUS, 2014). Additional-
ly, the goby’s feces have been suggested as an
important food item for shrimp in certain cases
(KoHpA et al., 2017). It is also known that gobies
mate and incubate eggs in shrimp burrows
(YANAGISAWA, 1982; KARPLUS, 2014).

Facultative relationships between gobies and
alpheid shrimps are reported in five cases,
where they may gain advantages from their
partner, but they can survive without them
(KarpLus, 2014; Lyons, 2013). Facultative rela-
tionships have been studied in the Atlantic
where the A. floridanus burrow was used by the
obligate goby, Nes longus, and facultative gobies,
Ctenogobius saepepallence, and Bathygobius cura-
cao (KARPLUS, 1992; RANDALL et al., 2005; KRAMER
et al, 2009; Lyons, 2013, 2014a, b). However,
there is limited knowledge of the facultative rela-
tionship in goby-shrimp symbiosis in the Pacific.
The present study focused on the relationship
between the goby Acentrogobius sp. 2 (sensu
AKIHITO et al, 2013) and the snapping shrimp (A.
brevicristatus) living in a tidal flat in Japan. The
goby Acentrogobius sp. 2 was formerly recog-
nized as ‘A. pflaumi’ and as a facultative goby
by Yanacisawa (1978). SENOU et al. (2004) rec-
ognized three morphs for this species, namely
Acentrogobius sp. A, Acentrogobius sp. B, and
Acentrogobius sp. C, which were subsequently
named as Acentrogobius sp. 2, A. virgatulus, and
A. pflaumii, respectively, in the revision report-
ed by AKMHITO ef al. (2013). These species are
differentiated genetically (MATSUI et al., 2012b),

and their habitats are also different (SENOU et al.,
2004; Hormouchr, 2008; MATsul et al, 2012a).
Acentrogobius sp. 2 prefers a shallow muddy bot-
tom from the intertidal zone to a depth of ap-
proximately 2 m with a wide salinity range
(HormvoucH, 2008; MATSUI et al., 2012a; KOYAMA et
al, 2017). In contrast, A. pflaumii inhabits deep-
er areas (5-30m) with high salinity and A. vir-
gatulus inhabits intermediate areas between
Acentrogobius sp. 2 and A. pflaumii (HORINOUCHL,
2008; MATSUI et al., 2012a).

Acentrogobius sp. 2 and A. virgatulus are
known to use Alpheus shrimp burrows (SENOU et
al., 2004; Yosnicou, 2009), whereas no informa-
tion is available on the symbiotic relationship be-
tween A. pflaumir and alpheid shrimps. Behavio-
ral observations of these gobies around the
shrimp burrows are scarce. YANAGISAWA (1978)
reported that ‘A. pflaumi had a facultative rela-
tionship with alpheid shrimps; moreover, its as-
sociation with the shrimp burrow seems rather
weak and the goby often swim away from the
approaching diver without retreating into the
shrimp burrow. However, it is not known which
of the three species of ‘A. pflaumi’ Y ANAGISAWA
(1978) studied. In the case of A. virgatulus, the
results of field manipulative experiments in the
subtidal area suggest that the goby-shrimp rela-
tionship may be weak (HormoucH: 2007). To
date, two studies have quantitatively reported
Acentrogobius sp. 2 and A. brevicristatus rela-
tionships. KovaMa et al. (2017) have suggested
that Acentrogobius sp. 2 is facultatively associat-
ed with A. brevicristatus and A. dolichodactylus,
based on generalized linear models of distribu-
tional data in an estuary in southern Japan.
HeNMI et al. (2020a) have confirmed that the A.
brevicristatus burrow is used by Acentrogobius
sp. 2 in mesocosm experiments; however, they
have suggested that the goby may have a possi-
ble negative effect on the burrowing activity of
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the shrimp. In contrast to the obligate goby,
which spawn eggs in shrimp burrows, Acentro-
gobius sp. 2 and A. virgatulus spawn eggs under
shell fragments or stones (INUI et al., 2011).

The present study surveyed the surface activ-
ity of Acentrogobius sp. 2 around the burrows of
A. brevicristatus via quantitative observation on
a tidal flat during high tide and low tide in south-
ern Japan. In this paper, we describe and com-
pare the pattern of shrimp burrow use by Acen-
trogobius sp. 2 between high and low tides. The
aim was to bridge the information gap of faculta-
tively symbiotic goby between the Atlantic and
the Pacific. Another aim of this study was to wi-
den the knowledge on the behavior of goby liv-
ing in soft-substrate tidepools. Recent studies col-
lectively show the importance of tidal flats and
tidepools as nursery ground and/or permanent
habitat for gobies in Japan (OKAZAKI et al. 2012;
KaANOU et al, 2018: KuniSHIMA and TACHIHARA,
2020). However, to the best of our knowledge,
this is the first quantitative study of the surface
activity of goby-shrimp symbiosis in an intertidal
area. Analyses of behavioral patterns of the
shrimp are beyond the scope of this study and
will be published elsewhere.

2. Materials and Methods
Study site

This study was conducted on a tidal flat in the
Uranouchi Inlet (33°25' 37.4" N, 133°25 584" E),
Kochi Prefecture, southern Pacific side of Japan.
Behavioral observations of Acentrogobius sp. 2
around the shrimp burrow were analyzed at
high tides from September to October 2017 (4
cases), October to November 2018 (9 cases), and
September 2019 (4 cases). Behavioral observa-
tions at low tides were conducted in tidepools of
the same tidal flat from September to October
2016 (16 cases) and September 2017 (2 cases).
Although the study extended for as long as four

years, no evident environmental changes were
observed at the study site. This study was con-
ducted during non-reproductive periods of the
goby as reported by INUI ef al. (2011) and MATSUI
et al. (2014) because the goby may have differ-
ent behavioral tendencies in the reproductive
season, such as using shell fragments for spawn-
ing nests. The surface water temperature off the
fishery station of the Kochi Prefecture near the
observation site (at a distance of 1.5 km) in 2016
to 2019 was lowest in February (average 13.3 °C)
and highest in August (average 30.1 °C) with a
salinity usually of 28-34, except for several
months as low as 7 in salinity after a typhoon or
heavy rain (KocH! PREFECTURE, 2020). During the
observation periods, the surface water tempera-
ture ranged from 20-29 °C with a salinity of
20-33 (KocHr PREFECTURE, 2020).

The burrow of A. brevicristatus is long but
shallow, with several funnel-shaped openings
and short cul-de-sac branches (HENMI et al., 2017).
The burrow openings used by Acentrogobius sp.
2 were randomly selected to observe the goby
surface activity (Fig. 1a). Care was taken not to
observe the burrow more than once by mapping
the place of the observed burrow every year.
The observation area was 40 X 40 cm? with a
burrow opening at the center. The recording
was performed for 15 min using a video camera
(RICOH WG-M1 or GoPro Hero5 Black) set near
the observation area with a tripod (approxi-
mately 50 cm high; Fig. 1b) and the first 5 min
were excluded as domestication time. The water
depth was approximately 60-80 cm at high tides
and approximately 3-5 cm at low tides.

Surface activity of the goby

The observation area was separated into nine
positions similar to, but smaller than, that report-
ed by KarpLUs (1992) and Lyons (2014a; Fig. 1c).
The area on the inner ring (positions A to D)
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Fig. 1

(a) Acentrogobius sp. 2 in front of the burrow of Alpheus brevicristatus. The shrimp is throwing sedi-

ment from inside the burrow. (b) Observation of an A. brevicristatus burrow (circle) at high tide. The

vertices of the observation square are marked with ribbons. (c¢) Positions used to quantify goby location

and burrow use in goby-shrimp association. Position A represents the area into which shrimp emerge from

the burrow. The center (black) represents the burrow hole. The arrow indicates direction of the burrow

opening. The black fan-shape area represents the entrance to the burrow.

was within 10 cm of the burrow opening. Posi-
tion A is known as the main surface activity
zone for the obligate goby and shrimp (KARPLUS,
1992; Lyons, 2014a), and a trench of approxi-
mately 2 cm depth was observed owing to the
shrimps’ bulldozing behavior (YANAGISAWA, 1984;
KOHDA et al., 2017). Positions E to H indicated the
area between 10 and 20 cm from the burrow
opening. Position I comprised the area over 20
cm from the burrow entrance. The time spent
by the goby (seconds) was determined on a
monitor (Dell Inc. U2720QM) to which a clear
sheet drawing nine positions was attached. We
counted the number of retreats to the shrimp
burrows by the gobies and the intruding fishes
and invertebrates to the observation area. Ow-
ing to the limitation of video camera resolution, a
behavioral association between the goby and the
shrimp (such as shrimp antennal contact or go-
by tail flicks) was not observed. Time spent in-
side the burrow, on positions A (the activity
zone), B to D (within 10 cm of the burrow open-
ing, except for A), E to H (the area between 10
and 20 cm), and I (the area over 20 cm), and the
number of retreats were compared between
high and low tides (n = 17 at high tide, n = 18 at

low tide), using t-tests after log (x + 1) trans-
formation (JMP 14.3).

3. Results

At both tides, all the goby (n = 17 at high
tides, n = 18 at low tides) went out from the
shrimp burrow and showed surface activity. At
high tides, seven gobies stayed within 10 cm
from the burrow (positions A to D) during the
observation period. Among the ten gobies that
went farther than 10 cm (positions E to I), nine
returned to position A within the 10-min obser-
vation period. At low tides, eight gobies stayed
within 10 cm from the burrow (positions A to D)
during the observation period. Among ten go-
bies that went farther than 10 cm (positions E to
1), six gobies returned to position A within the
observation period.

The goby was outside the burrow for 86% and
57% of the 10-min observation period at high
tides (n = 17) and low tides (n = 18), respec-
tively. The mean time (= standard error) spent
by the goby at each position is presented in Fig.
2. At high tides, the goby stayed for a long time
at position A (31%) and positions B to D (38%),
followed by residence inside the burrow (14%),
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Fig. 2 Duration of goby remained in each position around the burrow (see Fig. 1c) and inside

burrow at high and low tides. Data are presented as mean *= SE. The asterisks * and ** indi-

cate significant differences between the tides at 0.05 and 0.01 significance levels, respectively.

and at position 1(10%), and positions E to H(7%).
At low tides, the goby stayed for a long time in-
side the burrow (43%) and at position A (27%),
followed by positions E to H (13%), position I
(11%), and positions B to D (6%). The time
spent by the goby inside the burrow was signifi-
cantly shorter (¢t = 2.16, p = 0.004) and signifi-
cantly longer at positions B to D (¢ =5.03, p < 0.
001) at high tides than that at low tides. Time
spent in the other areas was not significantly dif-
ferent between tides (position A, t = 1.40, p = 0.
174; positions E to H, ¢ = 0.39, p = 0.696; position
I t=001p=0993).

Seven and ten gobies retreated into the bur-
row at high tides and low tides, respectively,
with insignificant mean frequencies of 0.4 and 1.1
(t =178, p = 0.09). At high tides, seven gobies
retreated once; at low tides, five gobies retreated
thrice and five gobies retreated once. Four spe-
cies of fish, namely Gerres equulus, Acanthopag-
rus shlegelii, Terapon jarbua, and Takifugu ni-
phobles intruded the observation area at high
tides. In contrast, the mudskipper (Periophthal-

mus modestus) and four species of crabs, name-
ly Philyra pisum, Macrophthalmus banzai, Hemi-
grapsus takanoi, and Gaetice depressus, appeared
in the area at low tides. Three burrow-re-
treating bouts by the goby were triggered by G.
equulus and T. jarbua approaching the goby at
high tides, whereas three bouts were triggered
by P. modestus, M. banzai, and H. takanoi at low
tides.

4. Discussion

The benefit of the goby on the goby-shrimp
association is that the goby can use the burrow
of shrimps as a shelter to avoid predators
(KArPLUS and THOMPSON, 2011; KARPLUS, 2014). At
high tides, Acentrogobius sp. 2 used shrimp bur-
rows when approached by G. equulus and T.
jarbua, which are known omnivores or carni-
vores (HormoucHr and Sano, 2000; NANJO et al.,
2008; YOKNOI et al., 2019). YANAGISAWA (1984) al-
so described that T. jarbua triggered the re-
trieval of Amblyeleotris japonica, the obligate go-
by symbiotic with the A. bellulus burrow. Most
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Acentrogobius sp. 2 individuals returned to posi-
tion A, which was in front of the shrimp burrow
opening, after going farther than 10 cm, suggest-
ing that the goby frequently used the shrimp
burrow as a shelter. In the Atlantic, the faculta-
tively symbiotic gobies C. saepepallence and B.
curacao used the A. floridanus burrow, but C.
saepepallence also used empty burrows, shells,
and other structures for predator avoidance
(Karpus, 1992; RANDALL et al., 2005; KRAMER et al.,
2009; Lyons, 2013). The ability to use other struc-
tures for shelter by Acentrogobius sp. 2 is a pros-
pect for future research. The behavior of this go-
by using shells and other structures as a
reproduction site (INUI et al, 2011) may suggest
its ability to use a wide variety of shelters.

The activity area of Acentrogobius sp. 2 was
wider than the known range of the obligate goby
N. longus. Acentrogobius sp. 2 used position A
for approximately 30% of the observation period
and went farther than 10 cm from the burrow
entrance for approximately 20%, whereas N. lon-
gus stayed at position A for approximately 85%
of the observation period (Lyons, 2014a). The
facultative symbiotic goby C. saepepallens stayed
at position A for approximately 30%, similar to
the result of this study, but the goby switched
the shrimp partner often and used alternative
shelters (Lyons, 2014a). Frequent switching of
the partner by C. saepepallens was also descri-
bed by RANDALL ef al. (2005) and KRAMER et al.
(2009). In particular, KRAMER ef al. (2009) re-
vealed that the average distance of the goby to
the burrow entrance was 44 cm, whereas it was
only 8 cm in the case of N. longus. Although the
use of alternative shelters and partner fidelity of
Acentrogobius sp. 2 were not studied, Acentrogo-
bius sp. 2 stayed closer to the shrimp burrow
than C. saepepallens. The time budgets of the
surface activity in another facultative goby, B.
curacao, was similar to Acentrogobius sp. 2 at

high tides (KarpLUS, 1992).

The cost to the obligately symbiotic gobies has
been suggested to be a result of limited food
source and limited opportunities for reproduc-
tion (KARPLUS, 2014; Lyons, 2013; RANDALL ef al.,
2005). Conversely, the benefit of the facultative
goby is the availability of a wide range of food
items or ease of finding mates. It is known that
by ranging over a broader area for feeding, fac-
ultative symbiotic goby has greater selectivity of
prey than obligate symbiotic goby (RANDALL et
al, 2005). The main food items of Acentrogobius
sp. 2 were detritus, polychaetes, bivalves, and
harpacticoid copepods (HormoucHr, 2008). This
goby may gain nutritious food items (inverte-
brates) by using a wide feeding area.

Several studies have elucidated the fish fauna
in tidal flat tidepools (MEAGER et al, 2005;
OKAZAKI et al. 2012; KANOU et al., 2018: KUNISHIMA
and TAcHIARA, 2020); however, studies on the
differences in behavior of these fish between
high and low tides are scarce. In this study,
Acentrogobius sp. 2 showed surface activity in
tidepools at low tides, but the patterns were dif-
ferent from that at high tides. We observed a re-
duced time of surface activity (57% at low tides
compared with 86% at high tides) and a lower
frequency at positions B to D (6% at low tides
compared with 38% at high tides). At low tides,
many intertidal crabs showed continuous activi-
ty in and near the tidal flat, and P. modestus
triggered the retreating behavior of Acentrogo-
bius sp. 2. The mudskipper is known as a carni-
vore (L1AO et al, 2020) and several intertidal
crabs are omnivores (MORON et al., 2020). In low
tides, shorebirds also act as predators (CALLE et
al, 2016; CHAN et al., 2019). Further, tidepools are
known to be subject to extremes of high and low
water temperature and salinity (MEAGER et al,
2005). Such differences in predatory animals
and/or physical and chemical conditions may
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have affected goby surface activity between
tides. As the intertidal environment changes dra-
matically over the year, we cannot discuss be-
yond the autumn observation. Surveys, especial-
ly in winter, when P. modestus and intertidal
crabs are inactive, are required.

In conclusion, the present study confirmed
that Acentrogobius sp. 2 used shrimp burrows as
a refuge, and that the area of goby activity was
wider than the known range of obligate gobies.
This study also found that the goby performed
surface activity in tidepools at low tides but in a
reduced time period compared with that at high
tides. Owing to the limited observation area due
to the video camera, the fidelity of the goby to a
shrimp burrow was not elucidated. Observation
by divers and laboratory experiments may fur-
ther our knowledge on the facultative relation-
ship in goby-shrimp symbiosis in the Pacific. Fu-
ture studies should also confirm whether the
goby warns the shrimp of approaching preda-
tors. Several ecological comparisons have al-
ready been made among closely related Acentro-
gobius species (Hormouctr, 2008; INUI et al., 2011;
MATSUI et al., 2012a; 2014); thus, further studies
on shrimp burrow use by A. virgatulus and A.
pflaumii may elucidate the evolutionary process
of the symbiotic relationship in this genus. To
the best of our knowledge, ours is the first quan-
titative study of the surface activity of goby-
shrimp symbiosis in the intertidal area. Obligate
goby-shrimp symbioses are also known in tropi-
cal intertidal environment (YANAGISAWA, 1978;
KarpLUS, 2014), and so, behavioral comparison of
the present study with future surveys using obli-
gate gobies in low tides may be interesting.
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