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Growth characteristics and reproductive biology of three sympatric
Acentrogobius (Perciformes: Gobiidae) species
in Maizuru Bay, Kyoto Prefecture

Shoko Martsut' ', Masahiro Ueno? and Yoh YamasHiTa!
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Three gobiid fishes, Acentrogobius sp. (Japanese name: Tsumaguro-sujihaze), 4. virgatulus (Sujihaze), and A. pflau-
mii (Moyou-haze), are widely distributed around the Japanese archipelago, and are important food resources for many
coastal fishes, including several commercial species. Despite their importance, little information has been reported on
their life history traits, mainly because they were recognized as a single species “A. pflaumii” until recently. To eluci-
date and compare the growth characteristics and reproductive biology of the three species, we collected specimens of
the three species at the same site in Maizuru Bay (one of the sub-basins of Wakasa Bay, in the Sea of Japan) every
week (during the spawning season) or every month (during the non-spawning season) from 2009 to 2010. We esti-
mated the growth characteristics and reproductive biology including life span, spawning season, pelagic larval dura-
tion, at maturing size, and spawning times, based largely on seasonal changes in length composition, gonadosomatic
index (GSI), egg size, and numbers of eggs in the ovaries. The three species were found to have a similar life span
(1-2 years) and pelagic larval duration (about two months), but a different spawning season (earliest and longest in
A. pflaumii) and at maturing size (smallest in A. pflaumii) . By comparing their reproductive traits with their distribu-
tion characteristics, we discuss the adaptive significance of the three species. Several reproductive traits of 4. pflaumii
(such as longer breeding season and smaller size at maturity than the other two species) may be associated with its dis-
tribution being farther offshore; larvae hatching at sites farther offshore would likely disperse more widely and experi-
ence more varied environments, and their mortality rate would probably be higher during the pelagic larval stage and at
the settlement stage.
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Figure 1. Study area in Maizuru Bay in the Sea of Japan, show-
ing the collection site of the three Acentrogobius species and
physical environmental parameters.
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Figure 2. A scale under the pectoral fin of 1-year-old Acentro-
gobius virgatulus collected on November 2nd, 2010. Bar in-
dicates 0.5 mm. f: focus; b, n: broad and narrow circuli zone;
allow: spawning mark.
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Figure 3. Seasonal changes in water temperature (closed cir-
cles) and salinity (open circles) in the bottom layer at the
collection site.
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Figure 4. Seasonal changes in the standard length (SL) of Acentrogobius sp. (A), A. virgatulus (B), and A. pflaumii (C). Gray and
white areas: males and females; solid curves: normal distributions of each cohort detected.
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Figure 5. Size-frequency distributions of each age group of Acentrogobius species collected on May 28th, 2010 (A—C), and November
2nd, 2010 (D-E). The colors of columns indicate estimates of fish age based on scales; white, gray, black: 0-year-old, 1-year-old,
2-year-old fish, respectively. Solid curves indicate normal distributions of each cohort detected.
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Figure 6. Seasonal changes in the average gonadosomatic index (GSI) of Acentrogobius sp. (triangles), 4. virgatulus (diamonds), and
A. pflaumii (circles). a, b, ¢ on each sampling date indicate p<0.05 compared with non-breeding season (November 25th, 2009) in
Acentrogobius sp., A. virgatulus, and A. pflaumii, respectively (Tukey-Kramer test) .
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Figure 7. Variation in the GSI of the three Acentrogobius species over the breeding season (February—October, 2010) for both males
(A-C) and females (D-F). Open circles, plus symbols, and closed circles indicate small individuals [the bottom 25% of the group in
body size (wet weight minus gonad weight) ], medium-sized individuals (the middle range 25-75%) and large individuals (the top
25%), respectively.
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Figure 8. Relationships between body size [wet weight minus gonad weight (WW-GW) ] and GSI of the three species for both males
(A—C) and females (D-F). Closed circles indicate the largest five individuals in each size class grouped in 0.25 g intervals (howev-
er, classes composed of less than 10 individuals were excluded).
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Figure 11. Variation in average egg size in an ovary of each in-

dividual over the breeding season (February—October in
2010). (A) Acentrogobius sp., (B) A. virgatulus, (C) A.
pflaumii. Closed circles indicate the largest five data samples
or all samples on each sampling date.
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TEIFEE 2 5 5 WX RSB ORI b 725 T
R ATIFRIC BT D, EB2FENE A X BHEAD W
UKDV AEBRIETHET LI EHIRBINTEY) (K
EEA, 1980; £, 1995), ABIZEOHMEM & —F 3 5. 3
DMK ELBH LY LnwET 5% 51E, AIEICBW
T3P RIEEIN R o zDiF, %L DI I L 72
TERRLTWREEZLNS.
FIESFE—EOPER, EWRERY A X, ENEH—
GSUMitiB X OHIHEN DI 4 XDFHIZEALH 5, HEEIC
BBy~ ru 2 INEOERE, REMAEED 5L
BEAZRVWbOD, 6 H LS TARHETOMNL» A
HETHhDL I EDRIBENT. ATNEOREINNIIZeH FA
POSHTHETOH2,y HY:, EIoNEOEINHIT4
ATa2r58 A THETOM4r ARG 2 LAvREhr.
WENOM S KR VEIIH A AL, FICEIINET
o2 fE X Y B EIASIEE ) RIS R RS LA 5
P o7z 20104F12 BV 5 LEEO RN o JE g KR I
V70 AYNET2.5-24.1C, AV NET14.7-30.1°C,
EIINETI2.0-30.1°CTH 0, FRIHKEM T3-9CHE
BEOENREALN, fETOLRBRRALHIC, 3HEOFH
BOAKIRIEY R 7O A INETREDEL, EIINET
&bV (Matsui et al., 2012b). iR EAEWIT B W TR
EARELGICER L TW AT, ARKERAMEW D12
WK CREIIMREE 25 2 LML TV D (eg.
Orlova et al., 2005). 3FEICDOWTH, KFEOFIMH LB
HREOKIBIIE U7 ZhisE A A CBY, Y7o AY
NETIE KR TOAREISTETHLDIHL, €I
NE TR KIR T S I % BiG 3 5 W REMEA D 5.
AT o 72 & ) RFHETIE, ZLOICEIINVYDRE
PRBAKEICE Y, FEHOMETE L S ITKRDS EATEHE A
INE, IR TZBAINEDEINEKIRICES 2D, €3
INE, ZATUNY, Uwra R I NBONEC N E G
LEEZLND.

VT OAINEEZAINEORETI, FEIIHIRNICIZ
K- mREARD GSHEDS A9 5 2 &2 56 (Fig.7), KH



F 7 INYIE 3 MO RSB & OBk

B L O RVEARIE EEIRIOI A & BEIR & 43D B T & AR
Ehiz. Tho2Mo/NUERO GSTMEIE, I EZ & B
LTEALBZWZ L, EIHBINIIEIBIMARE L Ao
B EZ B TOMNMIOREERSIRES N R 25 2 L, HiH
TAREDIT L A & DERD A T 7 BAED I #4125
FTHEHLINI-Z e ENS, BN EITH S
TR D% ZPESN DOFGEBIE > TRE L T2 5SS
Myzbo0eEZoNE. —JF, EIINEOMIIKME
L O RUEAR 720 T <, /NER D BEIR IR A & BTN
BATH S EDURBENT:. L7z T, I INETII/A
RUER D BHEA~OBE DD 2FE D /NfEA L ) K& v
EZbN5.

AHFGE DG A 513D — [\ D PEINHINC BT B PR
Bixmnrbew, 272 LARMHRE LT, 20114EEZF
HFEMEHE 10Kk T OZFEHICHE LT/ A, EH
WEBLTY 70 AINEYTIEENI8E, A IYNETIE
200, EIINETIE2S IR SN (IRFET,
RIELT— %), 3ME D ITHKINHOINEIL, HHTHRE
ENT-MEDOIIHENIIE L A B 221 7% { (Tukey-Kramer,
p<0.05), JIBLO UL 10RO MED FEIR IR D A FHIH Y
THEEZOND., L7zdoT, il L LFFRETIC
BT, 3fL S ICHEENOERZITIRIE b > Tw
% I REVEDSH .

WD GSHEICIE 3T TR E L EITRBDO LN Lo 72
A, HETREITIANBICBO T2 L ) FHFICKE
Molz (Fig.6). TOZLIFYRITBAINEY - AUNE
L' INE L OB THEAERRA A% 2 W B 2 7R LT
Wh, Bz, EIoNYoORCidio il bR = —
F U TR EDRBRMENSFIEL COLRENEZ bR
5. NERRD & 7SI B TR 2 F oM, Rl
T H ARG 2 & I, BTS20 T
ERF YA X, BRI ZAHPKEL, FRITE 5 TGSI
EPRKEL DI LRABENTV S (eg Stockley et al.,
1997). RIZE I I NEIZBW TRBRIRIE o 2FE X )
BELTWDL LT L0, o 25 & kR 5525
LWHREMED B 5. 728 21F, TAYNEY] ok
BICFEAT SN2 %2 28 S bs % F TRET 578
(A, 1944), I v NEOFHW R ERBIZRETDH )
(B ARIZ 2D, 2004), Moo 2 FE o> I & e ~PEPRILE A3
vl i, HERBEFR SRS R Z 2 W REMEDS D
5. Gtk KHEPRBFEEEZFEOO), FOL354501F
HEF] L DB OBAEEDSEER L TV B D7 L2 DWW CHER
B LN OB % R L TR LN D 5.

A2 U R B9 2 I8 35 W T 3 o0 BRI % TN
5T, BREEOMB OENEHRIORT I LN TE
7. L2 L, BNTH/ANS RN A 7y — )V CEBRED
TENHSEIIIA 22 & OBRREIEE L 9 5 2 LIS
N Tw% (eg Kavanaghetal., 2010). ARUFZEDHE, i

EIAYNETIIKELR EOABBERBEOMENIL L, EERE
DFENIZIEL U TN T b BN R % 2 W2 5.
7ol ZAE, B CIREY & R CTEINH o KIRDME 720
2, YLD B EINBIRII R R AR EAE R S
N5, 5, KEhEOADBBEBEOR R 2 4 IS T4
N OBFHIE D 2 ATV, A HBRBE O3\ A3 R 0 25l
B D X ) B2 RITT O EW S 2ITT B LE)
H5.

R T AR

AWFFECHEM S N7 BEIRBHAGAI (ATIH) & 5 HEfR O Bl
BIGHl (Fig. 4) BXU, BMLICET 2 0% G HEE, W
M -, 1980) 206, 3MOFEMMIZY < 7ax I
TRy A, AVNE, EIaonET2s L HL
SN, FMTRELEVIEIZWI EAURE SN, B/MR
FIRAICH oK (1995) T, IHARHBRED [AY
NEJIZOWT, [AINE] OERMIZeHICHED,
IO T THH B VIE8 I E 5 2 & 2 s
LTWwa., ZOMEHD SHERN SN LFEFAIRIEH2 ~
HETHY, AROKREBB LTS, —F, fi
HEZICH EOCHNE - EE (1980) O T, R
BRER D [ AV NE ] 137 AP L L 727 olz k A
ERLr ABRICIZEAATTICA- 2 LTBY, 2O
Fr SHEW S I B R AW NI AW ZERE R LA (1995)
DOFED SN S N2 FHAFAWIE LD DB —#IS,
FEIIIIZSRINC B L S TIIKIRD FAICE b R EREk
EANS R ) FEMEIEL 22 2 Mo Tns
(e.g. Yamashita et al., 2001; Sponaugle et al., 2006). ARIF7ET
X PETN BRG] & A A AU BB AA T L 12 b & DT RIE
FNOMRIZOWCTIREWI M 2 32 L 7272012, 3HfF
BOFHH L ) S REAED SN zmiEkcd
BMEIRETHS. T, HEAPRRADNOIIEIKL
7ok, ARFELHTICRE) LT & MK RE SN2 72012
T AHSA RS AR S TiEEDH 5. Lo,
B EB - T[T AINE] O5HEE % A7 B1THF5E T,
AT X O IKHE A EEIR S L M BL S % & & 0350
HoTW5D (F 1995). ZOZEL3MICHHTIETT A
LT 5% 561F, HRMEAOBENC X > TREFAIIR R
CHABL ORI WEE 2 55,
RIERE E £ RIRE

3 OBHAY A AB LM ORE S D#EVIZONT,
A RBRBE OV L OBRP L EREITH. EIUNEIIM
D2 & TR & HIZGSIHED LR LG 24894 X
ANE S FEIIA RS EBHA SN E otz —fIC,
fadll & TR LRI S R WA TIE, R A58
BRI L TR ECEILT 2 &9 ZRBBICAER LT 5
DITHK L, Al & A THREANE < BEIR I O Bl 1,
THEZREMIHRE L RBEICER LTI DH 5 (Be-
gonetal,2003). HiFED &) RERET CIIRMICEMIZS
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S NEIIERE D S B F T O )L P 3L 1 5
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VT ORI NEE AT NE ORI IEBER O W o0 A L
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). L72dioT, I oNLREMEBERIChE-T
BRI OPEIN 2479 2 & T, H 5 O A 7 Behi 12 M
BT MR EZBHOBEICEL RS> TV RESH L. —
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FLBOM#E R BRI E K CTEA DMERPEIINELD L E
WEEZOLNL. LzAoT, Zhb2ffiigeEaynEe
HARTHEIMEL T, HODTHREBVIERETRE S
bOEZONDL. ZOXHIZ, 3HBOEHY A B LY
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RBREICHEB Y AMERN RS L LR L TV SR
V5.

FHAOHEHLARMARICLIHER
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LD L LN ERABEOIFHEADR L T ARAZF 2T
DE L7724 o EEAEONANO T E LG E 225
TWBIENRMOENT WS (eg B ITAH, 1995; FF,
1995; (NHIEA>, 1998). 72 & ZIXIIRIMBETA X FY)
FOARZBERILT [AINE] OREEIRD KE L
(F, 1995), fAHE/NMEETIIe I AAPBERLT
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% (E7K - HH, 2008). & T XM ORI HEM
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o sRzETmz, 2uEbe I x e XAXF oMM
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