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Abstract To clarify the early life history of Cottus kazika (Cottidae), we exam-
ined the distribution, migration, growth and food habit of larvae and juveniles col-
lected by various methods from the Yura estuary and neighboring waters in west-
ern Wakasa Bay from November 1993 to May 1994, and from January to June
1995. Collections using an aqualamp in the rocky shore yielded mostly yolk-sac
larvae, which tended to occur synchronously with the spring tide. This tendency
was supported also by the back calculation of the hatching date estimated from
otolith microstructural increments. Most of the larvae and juveniles were collected
in the 5 m depth areas (mean salinity about 34 ppt) with a beam trawl (from 3.5 to
30 m depth). We collected no C. kazika larvae and juveniles by oblique tows of a
larva net in coastal areas of 10 to 50 m depth. In wading areas of the surf zone,
many larvae and juveniles were collected, particularly at the lowest salinity (mean
about 26 ppt) station nearest to a river mouth. Mean size of larvae and juveniles
were greater in the surf zone than in the 5 m depth areas. Food habits changed with
growth, and differed between habitats. Pelagic larvae fed on copepods in 5 m depth
areas. Settled larvae and juveniles chiefly fed on mysids in 5m depth areas, and
gammarids in the wading areas of the surf zone. Thereafter, juveniles fed on
tanaidaceans and trichopteran larvae in the estuary.

*Corresponding author: Division of Applied Bioscience, Graduate School of Agri-
culture, Kyoto University, Kitashirakawaoiwake-cho, Sakyo-ku, Kyoto 606-8502,
Japan (e-mail: harada@kais.kais.kyoto-u.ac jp)
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VW, #xift, Kinoshita et al. (1999) (Z+1£&IZB VT
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ABLU1995E3 ATIRIOMEEH+5) %,
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LD 2kt T2 ORELITo 7.
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DIEFIRIZ L AREET 72,

1994 1-5 A B L 19954 1-4 B DRI,
AW 3ROEE T, HEBREOBREFICE
WT, /BB (1x4m, H A 1 mm; Kinoshita,
1986) VT, F7-19954E 1-5 AIZIE A ICTFY
F2EOEET, /NEIFRHE (0.3X1.5m, HA2mm:
Amarullah and Senta, 1989) b it H L TRE*1T-
7o, BBERWIS, 1ERIZOEH2SmBE LT

19954 1-4 B D B%#FZI2iE, HIZEEE 1 o
$HET, HEBRREROEGEST, KPLT (5~
TAT YT 27 0 250W) # HWTEF > -{FHEA
% 1B 4 £ (HA0.5mm) CTIRE L.

199545 H2.9H, 6 A1 HIZIE, B, @O
NOEN CHKBIEBL Y EMIC L 2RES
To7:. BBSAIBIIIAMIMEMN ER-MIZXD
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THWTIRE L7
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Fig. 1. Map showing stations where larvae and juve-
niles were collected in the Yura estuary and neighbor-
ing waters facing Wakasa Bay from November 1993 to
June 1995. Solid (Stns. P1-PS) and open (Stns. D1-
D17) circles represent sampling stations by a larva net
(1.3 m mouth diameter, 0.4 mm mesh) from November
1993 to March 1994 and a beam trawl net (Stn. D1:
0.3X1.2m mouth, 0.5mm mesh, Stns. D2-DI17:
0.3X1.8m mouth, 0.9mm mesh) from December
1993 to April 1995, respectively. Open squares (Stns.
S1-S8) represent collection sites in the wading depth
of the surf zone and the estuary sampled with a small
seine (1X4m, Imm mesh) and/or a push net
(0.3X 1.5 m mouth, 2 mm mesh) from January 1994 to
May 1995. Solid square (Stn. L1) shows night-time
collection site using a hand net and an aqualamp
(250 W) from January to April 1995. The solid trian-
gle (Stn. H1) indicates sampling site by diving from
May to June 1995.
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Fig. 2. Morphological staging for Cottus kazika lar-
vae and juveniles collected in the Yura estuary and
neighboring waters from February to May 1995. Stage
I-yolksac larva (4.8 mm NL); stage II-preflexion larva
(6.0mm NL); stage III-flexion larva without the pelvic
bud (8.1 mm NL); stage IV-flexion larva with the
pelvic bud (11.I mm NL); stage V-postflexion larva
(11.9 mm SL); stage VI-juvenile (23.0 mm SL).

BIZOWTIEEFERERENL) z, BHEFABLY
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47-28. 1 mm OHFHEAISRELORFEA ((FA) BL
OBER (M) 2 EAEMBET TR L, =&
FUWCEBLLHE, VU FR—S—THEL,
0.INZFLYIT7 I VM F M) 7 ACTEA
W L7, ZLT, $E382umIcBnTEES
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LigBEI A o Tl EFIE L., $£72, BA
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Fig. 3. Body length at each developmental stage
(see Fig. 2) of Cottus kazika larvae and juveniles col-
lected in the Yura estuary and neighboring waters from
January to May 1995. Vertical lines and thick bars in-
dicate ranges and means*SD of body lengths, respec-
tively.
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Fig. 4. Size distributions with developmental stage
compositions of Cottus kazika larvae and juveniles
collected in various habitats of the Yura estuary and
neighboring waters from January to April 1995. See
Figure 2 for developmental stages (I-VT).

FBEEEICRE R EBERERENZDOONS.
VEIIBREMBZFAT, BEEELITER SN
O, MEEFEIRD L TERERICEGAREIRO
b, EEHHEMOBREEREASEMT 5. EiE
TR, BEEE2E I Twiw, VIENE,
ETOIRENHEEL-HERAT, B L0 HE5EH
BRSO N, AIEREO K EEA IS
5.

RMRJIPIARAICE T 2 HhmE JUEEHRAL

SR 1995 1A21 B2 5424 HiZH T
T, WRESNAFTTT0ROMEMAEIZIZE A LR
3.8-5.6mmDIPDFET, FOHTHSmmUAT
DL DNT0% U E % 7z (Fig. 4A). HIBEHD
BHAIE2H14.25HB L U3A21HD3EAL R,
VIZREIBEE IS LT\ 7z (Fig. 5). KiBB L O
SIEENEFNFEE 11.2°CB L U283 ppt TH o 7-.
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| | | | ]
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Month

Fig. 5. Seasonal occurrence of Cottus kazika stage 1
larvae sampled with an aqualamp (250 W) at Stn. L1
from January to April 1995. Solid and open circles
represent new and full moons, respectively.
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Fig. 6. Size distribution with developmental stage
composition of Cottus kazika larvae and juveniles col-
lected at the 5m depth areas (Stns. D2-DS5) of the
Yura coast from December 1993 to April 1994. See
Figure 4 for patterns of developmental stage.

HIH 1994 (19934 12 A % &), 19954 % @
LTHF)HFHEAIE, 20mEFETETIIRESR
T, I0mEFERT X 1IERESINSLZTT, 3L
AEETSmKET THRESI N, 2B1995E3
A1THICOAER L3 5mEFEFORMET, 18
DFEDRESNIZD, SmIERTORLERIZED
TH/ko7:. sSmEFHTCIHI-VIHiF TEAT -
DHFHEBEIREINTVEY, WETEAT—Y
DOEIREE IZIEEMA S L7 (Figs. 4B, 6). 5-6
mm DFEA R DL CHB L 2DEWmETHE L
TW2hS, 19944128V TIE, 19954 X0 L EF
DEATZBUENE CHIR LA, Thbb, 19954
WIZ1I0mm O IVEI F TOFENITZLALETH -
7295, 1994 4E 121349 13 mm D VEl T TOFAH L
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Fig. 7. Comparison of total occurrence and develop-
mental stage composition of Cottus kazika larvae and
juveniles between the Sm depth areas (A) and the
wading areas of the surf zone (B) of the Yura coast
from January to April 1995. Horizontal short and ver-
tical thick bars indicate salinity means and standard
errors, respectively. See Figure 4 for patterns in the
figure.

BHE L. 72, SmEREOREES
(Stns. D2-D5) I CTiE, FREKB LR 7 — JVHEK
FIZEALEDLT, FHEMIIHIZLALEE
AL o 7z (Fig. 7A). TEHELE2 A5 &,
19944 (1993 2 A2 &) X R AFE» S 4
AR THIBLTEBY, FIC2A28A8L
U3R 11 HIZE {RE SN (Fig. 8). 19954 T
133, 4 B L REZITo TV RWAS, 3809, 17,23
HIZBWTEHRESNTEY, 4APHICRBE
HIE LR ko7 (Fig. 8). WEEL D, HEEBEHIC
BT FHHEIR, FHMIZIIEASHEMNLZ
o7z,

MEIY N X FHATRTHEEY, &
FEHIZBWTIEKDRESN o7,
NI S K OVNEUHREE 1995 SE DT IC B
WTIE, @A7T -V OfFHEISRES N, 12-13
mm (VE]) OFEICE— Fi#EL, WMEILELSS
SAEER L. BB 10-11mm (IVE]) OfF
A0S LIED, H13mm (V) iz % &R
A> L7 (Fig. 4B, C). F 7-#R&E%E M (Stns. S1-S3) &
EICRBE ) WOICEVStn. S3TEH LTEH
AN, ESE3I A E D SmIRIET L 0 DY
IR, EEDOKE D o7h%, ZOMEMIL St
S3ICBVTHRLIEZE TH o7 (Fig. 7A, B). FTHIZL
k% &5 & (Fig. 9), 19944F (1993 12 A% &)
13248, 1995FIZ1-4F120FTHHEL, 1995
ETIE3IA LEICHBEREIR S AL N,
INEWTIRE LU Y M 199545 A9 B I
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Fig. 8. Seasonal occurrence of Cottus kazika larvae
and juveniles collected with a beam trawl in the 5m
depth areas (Stns. D2-D5) along the Yura coast from
December 1993 to April 1994 and from March to
April 1995. Vertical lines and thick bars indicate body
lengths ranges and means* SE, respectively.
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Fig. 9. Seasonal occurrence of larvae and juveniles
collected with a small seine or a push net in the wad-
ing areas of the surf zone and the estuary. Otherwise,
the same as in Figure 8.
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y=2.98+0.264x
I (n =38,r=0.937)

Body length (mm)
©
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0 20 40 60 80
Otolith ring increments

Fig. 10. Relationship between increments of otolith
rings and body length in Cottus kazika larvae and ju-
veniles collected in the Yura estuary and neighboring
waters from January to May 1995. Open triangles,
squares, inverse triangles, diamonds and circles indi-
cate stages L, II, III, IV and V in the 5m depth areas,
respectively. Solid diamonds and circles indicate
stages IV and V in the surf zone, respectively. Circles
with dots indicate stage VI in the estuary.

M HER (Stn. D1) TIT o 7/ NETAEHAE Tl 7
IFRVHEEIRES N o7, BITICBITAE
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Lxhih o7,
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B R, A7V LEHEOME% Fig. 10
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HER T 5 10 mm A7 DK T 30-50 %, ATIHNE
BT CEREE S M7225-30 mm DA TT70-90 8 Th -
7-.

FRDOMHE HIEHD 199543 H3, 10H
T CRESNZ IV B L O VO[T o
{tHIZ1AISH2A8HTHY, 1A THOHA
PRI EDREMATEO SN, 3H9,23HIC5m
R THRESNMEEROMILH 1 A26H 2 A
19HTH Y, 2 AHREOHA LI & %> T
W7 (Fig. 11).

HILEREY)

HILENEW % Fig. 1212777, SmlEEH
ZBWT, F-INNARIEIERCAE®ERLTEY,
Pudh LETFEEE LT, ZHB%E, BREY
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o
T
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Fig. 11. Distribution of hatching date as estimated
from otolith ring counts of stages 1V and V specimens
of Cottus kazika collected in the 5 m depth areas (open
bars) and the wading areas of the surf zone (solid bars)
in March 1995. Open and solid circles represent full
and new moons, respectively.

1-5MD. 1997
n =62 FI=758

I 5MD. 1995
n =33, FI=84.4

I-5MD. 1995
n =38, FI=81.6

IV 5MD. 1995
n =32, FI=84 4

WV -§Z. 1995
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Fig. 12. Gut contents of Cottus kazika larvae and ju-
veniles in different developmental stages, sites and
years collected in the Yura estuary and neighboring
waters. SMD=5m depth areas; SZ=surf zones;
ES=estuary; FI=feeding incidence (number of fish
with foods/number of fish examined, %).
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Fig. 13. Size distribution with developmental stage
composition of Cottus kazika larvae collected in the
wading areas of the surf zone of the Obase coast on 26
March 1993. See Figure 4 for patterns of developmen-
tal stages.
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B EoRPELEETEE6ML, &%o
ZALA AN, F MK TR ICIEE 2E)
AN, SmERT CIEWwdH LE (72%) 2% <
BEET 575, BilFETlEh»0d LE 37%) 134 7%
<, BRHEH (63%) NERELE LT, VIIZE
WTh, KEBTEEDEVDTALN, 1994 -
19954 & b, SmIEFERH CTIE7 I, kFT
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BWTIE, BEFTIEIVIIERCESEZR LA,
WONTIZ Y 4 A8 39%) B L UEBREH®
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BRI S mIRIEW, B, WOEE IiE
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(Fig. 13).
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