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Transportation of pointhead flounder Cleisthenes pinetorum
larvae in Funka Bay and its vicinity

Akiko Kurirunt', Yuko Hiraoka', Tetsuya Takatsu'!, Kazuo Imura®®!,
Naoto KoBavasHI* and Yoshihiko KaMEP

To clarify the early life history of pointhead flounder Cleisthenes pinetorum, spatial distribution, diel vertical migration
and transportation of pelagic larvae were investigated in Funka Bay and its vicinity off Hokkaido Island in summer dur-
ing 2001-2003. Larvae were mainly collected by simultaneously horizontal hauls with MTD closing nets in the transi-
tion water mass (32.4-33.6 in salinity) between Summer Funka Bay Water (<32.4) originating from Oyashio Water and
Tsugaru Warm Water (>33.6 and>6°C). The younger stage larvae without yolk-sac (stage A and stage B) collected by
MTD hauls occurred in the layers of 7.4-18.2°C, but not in those of 18.3-20.7°C. In day and night, stages A and B lar-
vae were concentrated in the 20-40 m depth layers where copepod nauplii as the initial food item for them were less
abundant than 1-10m layers. A small scale of nocturnal ascent was observed in the advanced larvae inclusive of noto-
chord flexion stage (stages C-F grouped), and they were collected in the 30-40 m and 20-40 m layers in day and night,
respectively. Tidal vertical migration was not observed. Pelagic larvae would be transported from the offshore spawning
ground to the nursery area in the bay with the transition water mass.

Key words: Cleisthenes pinetorum, copepoda, diel vertical migration, flounder, horizontal distribution, larva, nauplius
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@S2 — 2132143 % (Kamba, 1977; Kendall ef al., 1987;
1994; Haldorson et al., 1993). & 7=, I A (2004) 3= H
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T 5728 EHEZ BN T3 (Haldorson et al., 1993; Champal-
bert and Koutsikopoulos, 1995).
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coloratus DETEWIFUE | WM IZ Abe CTHIE R &2 170,
WS & o T ERO B E B A~MA T 5 (HEED,

R, B, OV M, ARRELA, TRIFEE

1977; Tsuruta, 1978; Jy—, 1995; (L}, 1995, Yamashita
et al., 1996). Common sole Solea solea{TSILHIVY O 585512
ko THBEBEAThNS K28 B EEEARL S
M, T ARA VA LA E RV EIRT A S E RSB A
79 (Champalbert and Koutsikopoulos, 1995; Grioche et al.,
2000). LA L, Vo NFIFR0OEHRGHEFLE) 0wy iR
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Figure 1. Location of Funka Bay, contours of depth and locations of sampling stations. Open squares show the loca-
tions of CTD casts. Solid and double circles show the locations of pelagic larval samplings by oblique hauls with a
ring net, prey plankton samplings with a Van-Dorn bottle and CTD casts. At Stns. A—F shown by double circles,
additional samplings were carried out for larval vertical distribution by simultaneously horizontal hauls with MTD
closing nets. Sampling area was divided into following four regions, NFB: the northern part of Funka Bay, SFB:
the southern part of Funka Bay, MFB: the mouth of Funka Bay and OB: the out of Funka Bay.
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Table 1. Number of samples in this study.
Date Res§al;ch Gear Number
ship* of samples
Aug. 10-20, 2001 H Ring net oblique 40
Van-Dorn bottles 138
MTD nets horizontal 85
CTD 49
July 22-24,2002 U Ring net oblique 12
CTD 12
Aug. 27-30, 2002 U Ring net oblique 15
CTD 15
Aug. 28-30, 2003 U Ring net oblique 14
CTD 15
Sep. 26-27, 2003 U Ring net oblique 1
CTD 12
Oct. 15-16, 2003 8] Ring net oblique 10
CTD 10

= H: T/S Hokusei-maru, U: T/S Ushio-maru.
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Figure 2. Horizontal distributions of salinity (solid lines), temperature (°C, broken lines) and water masses at 30 m
depth in 2001 (A), 2002 (B-C), and 2003 (D-F).

— 149 —



SRR, PR,

Temperature (°C) Salinity

0 10 20 30 315 320 325 330 335 340
0 T T d

20 [

30

Depth (m)

40 r

50

60 -

Figure 3. Vertical profiles of water temperature and salinity at
Stn. F before (14:20 of 19 August 2001; solid lines) and
after (15: 10 of 20 August 2001; broken lines) the sampling
for diel vertical distribution of C. pinetorum larvae for 24
hours.
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Figure 4. Horizontal distribution of C. pinetorum larvae
(inds. m™?) collected by oblique hauls with a ring net from
60 m depth layer in 2001 (A), 2002 (B-C), and 2003 (D-F).
The area of each circle is proportional to the density.
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Figure 5. Relationship between densities of C. pinetorum lar-

vae (inds. m™?) collected by oblique hauls with a ring net and
salinities at 30 m depth in four regions in August 2001. Sam-
pling regions are shown in Fig. 1.
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Figure 6. Median densities of copepod nauplii, calanoid cope-

podites and appendicularians at 20m depth layer during

13-16 August 2001. Values are shown with 75 percentile

error bars. An asterisk indicates copepod nauplii exclusive of
Microsetellu sp.
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Figure 7. Diel vertical distributions of C. pinetorum larvae by developmental stage group during 19-20 August

2001. Upper, middle, and lower panels show the distributions of stages A, B, and C-F larvae, respectively. Median
sampling time of each haul is shown in the upper panel. Day and night shift and tidal shift are shown below the
panels. Development stages of larvae are followed; A: initial stage of larva without yolk-sac and the digestive tract
begins to coil but unlooped, B: the digestive tract loops and the notochord tip is straight, C: preflexion but the hy-
pural element begins to form, D: flexion and caudal fin ray appear, E: postflexion but left eye is not visible from
the right side, and F: postflexion and upper edge of left eye is visible from right side.

Table 2. Three-way ANOVA without replication model: mean
density of copepod nauplii as a function of day and night
shift, sampling depth, and tide (ebb and flood) at Stn. F in

Density (inds./")
20 40 60

I I T 1

August 2001.
Source of variation ;Sum .Of MeaT] F P /E\
quares square &=
<
Day and night shift (D&N) 1 0.00 0.00 027 0.63 "5_
Sampling depth 4 0.91 0.23 22.08 0.005 o
Tide 1 0.02 0.02 1.61 0.27 0
D&N shiftXdepth 4 0.04 0.01 089 054
D&N shiftXtide 1 0.01 0.01 064 047
DepthXtide 4 0.02 0.00 036 082 Figure 8. Mean density of copepod nauplii except for Mi-
D&N shiftXdepth X tide 4 0.04 0.01 crosetella sp. (*standard error) of 13 samples at 2 hours in-
Total 19 1.03 terval at Stn. F from 14:20 of 19 August to 14:30 of 20 Au-

tmb Q6. BRI TEAS -7, 20mEE (106 A .

gust 2001.

FHREUF RO R 54 &, KRils, 9 5 & U Microsetella

30mBE (142M617Y) , domfE (17.0M{kI"Y) TIR{E» - BEBRLS P OH LI, — 7 o EEOHIE m’ % Fig. 9
7= (Fig. 8). Peritz D LIz ckééi"'l‘ktitiif“zi, KFE20~30m IS, k., B Sm ETIT - 72 MTDIRE T2 % BT
FaiTHl & 30~40 m T3 TR o, M RURE S AL S 2O TRIRL AV, Y m\%mwﬁfz
DRG] TIE TN THEEM r&bfrlt. {3 Stns. A, B, D TI330m @2 Stn. C TIERE20m g2 % <
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Figure 9. Vertical distributions of C. pinetorum larvae (open bars), copepod nauplii (shaded bars), water temperature
(broken lines) and salinity (solid lines) at Stns. A-D during 10-17 August 2001. The results at Stn. E are not
shown in this figure, because no larva was collected. The density of nauplii at 20 m depth layer on Stn. C was no
data (ND) because of incomplete fixation. An asterisk indicates copepod nauplii exclusive of Microsetella sp.

°C, ¥t A Z Stn. BO mfE D 182°CT H 1,
18.3~20.7°C D KGRI B L & A - 72 (Fig. 10). % 7=,
BWAFEIIIE Y 32.51~34.01 O KFERIZHBE L,
32.01~32.50 DKGERIIZ ML A h » 72, D F DRI
g, KO R S AKE10~21m%E GO T
32.4 F i 0D E I KT 2R

D 9 30 m T4y 34.01 O A ERIE A T B U 7= & BR
W, FATH 32480 E33.6 IO (477K iz s
Lz, s L =70 o 23 Sic k- TEWEE 4%

REAKESEED  1~30mBOVTAL TR S &WEE
R, 40mIETIX EDHIE T {KH » 7= (Fig. 9).

% =

WK & 7 ORI 51 5 U 9 FORIITRIE,
& LTI R & RGO MO TRATA 12
AL, A-BUIFFRIZIN T IRIE S At FEFAUEA
72 C-F MIFF UGBTI B K OVINOA CRIES s, LT
2o CHIIFRIE, BITAIS &> TIKIBIAER E N5

— 153 —



SEPRAEA -, PR EF, T,

150
° A StnA
° s Stn.B
i « X Stn.C
100 e O Stn.D
o ° e StnF
[ 3
o~ 50T s
)
OE 8 2 A o
S °, e® 3
S X @ e ,
,.._. 0 9) = 1=, £a
3 0 5 10 15 20 25
c
< Temperature (°C)
= o150 | N
2 .
100 [ x °
a
° [
L]
(-]
50 | x
N o
AL S A
s 32 A i
g —————Hkaes ——e—fo! ‘o —e— d

315 32 325 33 335 34 345
Salinity

Figure 10. Relationship between densities of C. pinetorum
stages A-B larvae grouped (inds.- 1000m™) collected by
horizontal hauls with MTD nets and temperature (°C) or
salinity at MTD sampling depth in August 2001.
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