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Larval feeding intensity and year class strength of pointhead flounder
Cleisthenes pinetorum in Funka Bay

Yuko HIRAOKA', Tetsuya TaKATSU*', Yusuke OHNO', Hiroya OKUMURA®,
Hideaki TakanAsHI* and Toyomi TAKAHASHI?

To understand how strong year classes of pointhead flounder Cleisthenes pinetorum have occurred in Funka Bay, Japan,
larval density, initial feeding intensity, initial prey density, oceanic conditions, and the age distribution of mature and
immature flounders were investigated for several years. The proportions of collected numbers of mature and immature
flounders in the 2001 and 2005 year classes were higher than those in the 2002, 2003, 2004, and 2006 year classes. A
previous paper reported abundant densities and a wide variety of developmental stages (stages A—F) of pointhead floun-
der larvae collected with a plankton net in August 2001 compared to low and a narrow range of stages (stages A-B)
collected in 2002-2003. This paper reports a similar phenomenon: abundant and numerous stages in September and
October 2005 (stages A—G) but not in 2004 and in 2006 (stages A—D). Therefore, year class strength appears to relate
mainly to mortality during the early larval stages. Horizontal hauls collected with a ring net in Funka Bay showed that
pelagic larvae occurred within a water temperature range of 3.8-19.1°C at 30 m depth. First feeding larvae (stage A)
had a relatively low feeding intensity (<0.5 prey-larva™') under low water temperature (=12.0°C) conditions. The re-
sults of this study suggest that both relatively high mean water temperature between June and October and inflow of the
Tsugaru Warm Current, which transports larvae to the nursery area in the bay and contributes feeding success, are nec-
essary to produce a strong year class of pointhead flounder.
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Figure 1. Locations of Funka Bay and sampling stations. Solid
and open circles in the right panel show the locations of
pelagic larval samplings taken with a ring net, prey plankton
samplings taken with a van-Dorn bottle and CTD casts. In
addition, immature and mature pointhead flounder were col-
lected with an otter trawl net along the bottom at the solid
circle stations. Open triangles show the locations only for the
CTD casts. Double circle shows the location of the auto-ob-
serving water temperature buoy operated by the Hokkaido
Hakodate Fisheries Experimental Station, Toyoura Town
Government and Iburi Funkawan Fisheries Cooperative.
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Table 1. Number of ring net samples and CTD samples exam-
ined in the present study.

Number

Year Date Gear of
samples

2003 26-30 Aug. Ring net oblique 14

CTD 15

26-27 Sep. Ring net oblique 11

Ring net horizontal (30 m) 7

CTD 12

15-16 Oct. Ring net oblique 10

CTD 10

2004 23 June Ring net horizontal step (20, 30, 40 m) 8

CTD 8

28-29 July Ring net horizontal step (20, 30, 40 m) 9

CTD 16

21-22 Aug. Ring net horizontal step (20, 30, 40 m) 9

CTD 14

2005 23-24 June Ring net horizontal step (20, 30, 40 m) 4

CTD 7

28 July Ring net horizontal step (20, 30, 40 m) 3

CTD 5

18 Aug. Ring net horizontal step (20, 30, 40 m) 3

CTD 7

13-16 Sep. Ring net oblique 13

Ring net horizontal step (20, 30, 40 m) 7

CTD 14

30 Sep—  Ring net oblique 16

3 Oct. Ring net horizontal step (20, 30,40m) 16

CTD 17

2006 2—4 Aug. Ring net oblique 18

Ring net horizontal step (20, 30,40m) 11

CTD 19

28-30 Aug. Ring net oblique 10

Ring net horizontal step (20, 30, 40 m) 3

CTD 11

24-26 Sep. Ring net oblique 17

Ring net horizontal step (20, 30, 40m) 17

CTD 17

10-12 Oct. Ring net oblique 12

Ring net horizontal step (20, 30,40m) 12

CTD 12
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Figure 2. Age distributions of immature and mature pointhead

flounder collected with an otter trawl net in Funka Bay in
2003-2008. Black, shaded and white bars show year classes
of 2001, 2005 and other years, respectively. Hatch date was
hypothesized 1 June for each year class. N: sample size.
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Figure 3. Horizontal distribution of salinity (solid line) and temperature (°C, dotted lines) at 30 m depth in 2004
(A-C), 2005 (D-H), and 2006 (I-L). Minimum-mean-maximum temperatures are shown on the top right in each
panel. Water masses of Summer Funka Bay Water (SFBW) and Tsugaru Warm Water (TWW) were shaded.
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Figure 4. Seasonal change in mean density of copepod nauplii
exclusive of Microsetella sp. in Funka Bay at 30 m depth
from June to November in 2003-2006. Each vertical bar
shows the range of 10th-90th percentile values.

FTARMIAL 3046 L7z A DENO K, 200446 HIZR S
K< (6.5=2.23°C; “F-¥y = fHE(R=E) , 2005410 HIZi ®
o 72 (17.7+1.06°C).

BNO B SO KEIOmIEIZ BT 5 Microsetella )&
AR p0d L — 7)) 20BN T
BE KA 4 < BUHI & Iuzs > 5 72 2004 4F- 6 H 36 & 182005 4
6-8 HIZH W T 64 2R -1 ' DI E#/R L7220 LT,
o FEH Tid 7.1-25. 5tk - 17 7R L 7= (Fig. 4).
20042006 £ 75> 7 b2 v PAKFRZICLZFAR
EHJURBERREER
TV bV hy FAREREID K BIFREEOKFE S %
Fig. 512789, 200446 Hi2i%, LR M CEsgIC
AT A A S I, PEYE R 533K -1000m T &
R U7z (Fig. 5A). L2 L 2004 4-7-8 H O %5 13K A -
7z (R ZF R 59 -1000m3, 2.41# K - 1000m™3; Figs.
5B, 5C). 20054F-6-8 i, BIIBDADRETH - 7228,
Z DB KA 5 72 (12,01 - 1000m > BLF; Figs.
SD-F). LA L, 9H 13-16 H 21X 4% T -1 590 i
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Figure 5. Horizontal distribution of pointhead flounder larvae
(inds.- 1000 m~%) collected with a ring net using horizontal
step hauls at 20 m, 30 m, and 40 m depth in 2004, 2005 and
2006. The area of each circle is proportional to the density of
flounder larvae. Mean density is shown on the top right in
each panel.
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Figure 6. Horizontal distribution of pointhead flounder larvae
(inds.-m™2) collected with a ring net using oblique hauls
from 60 m depth to the sea surface in 2005 and 2006. The
area of each circle is proportional to the density of flounder
larvae. Mean density is shown on the top right in each panel.
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Figure 7. Notochord length distribution as fraction of develop-
mental stages of pointhead flounder larvae collected with a
ring net using oblique hauls in August 2001 and 2002 and
September 2003, 2005 and 2006. Data for 2001, 2002 and
2003 were quoted and modified from Kurifuji et al. (2005).
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Table 2.

BT BV o NTF A OB R

JE & AR TR

Feeding rate, mean number of prey, and numerical composition of food items in the digestive tracts of stage

A pointhead flounder larvae in Funka Bay in August 2001 (modified from Hiraoka ez al., 2005), September 2003,

June 2004, and September 2005 and 2006.

Aug. 2001 Sep. 2003 June 2004 13-16 Sep. 2005 Sep. 2006
Number of larvae examined 60 61 49 76 53
Number of larvae with food 55 33 11 52 40
Feeding rate (%) 92 54 22 68 75
Mean number of prey
in larval digestive-tract (=SD)* 4.2*3.52 1.2%1.62 0.27%0.53 1.8€1.92 2.6%£3.23
N%

Copepoda nauplii (Total) 80.2 29.7 30.8 39.0 329
Microsetella sp. 1.2 8.1 0 5.0 2.1
Other nauplii 79.0 21.6 30.8 34.0 30.7

BIVALVIA (larva) 2.4 25.7 0 19.1 293

Tintinnina 0 13.5 7.7 24.1 17.9

Trichocerca sp. 4.4 1.4 0 2.8 2.1

Oikopleura sp. 1.2 5.4 0 1.4 12.1

INVERTEBRATE (egg) 2.8 54 7.7 2.1 0.7

Others 32 8.1 7.7 5.0 2.9

Unidentified 6.0 10.8 46.2 6.4 2.1

*SD: standard deviation.

Table 3. Mean values (*standard deviation) of environmental factors at 30 m depth in Funka Bay in August 2001
(modified from Kurifuji ef al., 2005), September 2003, June 2004, and September 2005 and 2006.

Aug. 2001 Sep. 2003 June 2004 13-16 Sep. 2005 Sep. 2006
Water temperature (°C) 15.5%2.36 14.7+1.19 6.5+2.23 14.0*=1.49 17.2+1.81
Prey density (inds-/~")* 24.6£19.89%* 7.1+3.06 72.4+44.26 15.4+13.39 16.0+13.47

*: density of copepod nauplii exclusive of Microsetella sp., **:
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20032005 fFAZ DWW TH AR G HWEE E /R L2ZH
D, KE3IOMIZBITBBNOKIEE | Microsetella & % 4
KHhWH LI =T )Y 2D % Table 312/ L,
WD 72912200148 HD 20 m B O G H (EREIE H |
2005) b9, FHKIEIZ 2004 6 H 23 ik & 1K 5 72
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Figure 8. Mean number of prey in the digestive tracts (number
of prey-larva™!) of stage A larvae collected at each sampling
station in August 2001, September 2003, June 2004, Septem-
ber 2005 and August and September 2006 in relation to water
temperature (upper) and density of copepod nauplii exclusive
of Microsetella sp. (lower) at 30 m depth in 2003-2006 and
20 m depth in 2001. Data for 2001 were quoted and modified
from Hiraoka et al. (2005) and Kurifuji ez al. (2005).
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Figure 9. Time series of 5-day running mean water temperature
at 30 m depth collected by the auto-observing buoy off Toyo-
ura in Funka Bay from June to October in 2001-2006. Up-
ward and downward arrows show the steep increase and de-
crease (>+5°C and <—5°C within 7 days), respectively. The
horizontal line shows 12.0°C.
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