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Feeding habits of Japanese flounder Paralichthys olivaceus

larvae in Mutsu Bay, northern Japan
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Graduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

The feeding habits of Japanese flounder Paralichthys olivaceus larvae were investigated in Mutsu Bay, north-

ern Japan. Larvae were collected by horizontal hauls with a plankton net (80 cm diameter and 0.35 mm mesh
aperture) or MTD nets (56 cm diameter and 0.35 mm mesh aperture) at two stations in the bay from June 15 to
June 29, in 1999 and May 30 to June 28, in 2001. At the first feeding stage, larvae fed mainly on tintinids, Undella
sp., copepod nauplii, mainly Paracalanus sp., and Otkoplenra sp. Food items for larger larvae were Qikopleura sp.

and copepodites. The larvae with nauplii in the diet at the first feeding stage were more frequently found in 2001
(55%) than in 1999 (16%). In the environment, the abundance in the biovolume of Paracalanus nauplii in 2001
was about 1.2-2.0 times larger than that in 1999. Allometric growth curves between notochord length and body
weight show that larvae were plumper in 2001 than those in 1999. Therefore, the feeding intensity and the somat-

ic condition of larval Japanese flounder at the initial feeding stage would be vulnerable to change in naupliar abun-

dance in the environment.
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Pacific Ocean

Fig. 1 Location of sampling stations and bottom
topography in Mutsu Bay. Numbers show station num-
bers.
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Fig. 2 Vertical distribution of Paralichtys olivaceus larvae by developmental stage in Mutsu Bay during 1 June—29 June in 1999

(left), 26 May-22 June in 2000 (middle) and 30 May—28 June in 2001 (right).
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Table 1 Feeding rate and percentage of frequency occurrence (F%) of food items in guts of Paralichtys olivaceus larvae by develop-
mental stage in Mutsu Bay during 15 June-29 June in 1999 (upper) and 30 May—28 June in 2001 (lower)

In 1999/developmental stage Yolk-sac A B C D E F

Number of larvae examined 20 25 8 2 1 1 1
Range of NL* (mm) 1.3-2.7 1.5-3.5 2243 4.9-52 5.6 — 8.3
Mean NL* (mm) 1.9 2.6 34 5.0 5.6 — 8.3
Number of larvae with food 10 7 1 1 1 1
Feeding rate (%) 40 88 50 100 100 100
Mean number of prey individuals consumed — 1.1 3.8 4 5 13 13
F%

Undella sp. 12 0 0 0 0 0

Copepoda (nauplius) 16 50 0 0 0 0

Copepoda (copepodite) — 0 38 50 100 100 0

Oikopleura sp. ' — 28 88 50 100 100 100

In 2001/developmental stage Yolk-sac A B C D E F

Number of larvae examined ) 7 38 34 7 — 1 2
Range of NL* (mm) 1.8-2.9 2.1-4.0 2.3-5.3 4.3-5.4 — 7.3 7.8-7.9
Mean NL* (mm) 2.3 2.9 3.7 4.9 — 7.3 7.85
Number of larvae with food - 35 34 7 — 1 2
Feeding rate (%) — 92 100 100 — 100 100
Mean number of prey individuals consumed — 3.2 3.7 4.7 — 19 15.5
F%

Undella sp. 24 9 0 — 0 0

Copepoda (nauplius) — 55 85 71 — 0 0

Copepoda (copepodite) — 0 9 43 — 100 0

Oikoplenra sp. — 16 74 100 — 100 100

* : Notochord length of larvae
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Fig. 3 Numerical compositions of food items in guts of P.
olivaceus larvae by developmental stage in Mutsu Bay
in 1999 (upper) and in 2001 (lower). Numbers above
each bar show the number of larvae examined.
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Fig. 4 Numerical compositions (left) and biovolume
compositions (right) of copepod nauplii in guts of P.
olivaceus larvae in stage A and in environment through
10-30 m depth of Stns. 20 and 22 in Mutsu Bay in 1999
(upper) and 2001 (lower). The biovolume of a cop-
epod nauplius (V) hypothesized as an ellipsoid shape
estimated from prosome width (PW), and the follow-
ing function was applied: V=PW3er/3.

Table 2 Minimum, median, and maximum prey width (#m) in guts of P. olivaceus larvae in stage A-C in Mutsu Bay during 15 June-
29 June in 1999 and 30 May-28 June in 2001. Bowl width of Undella sp., prosome width of copepod nauplii and copepodites, and

trunk width of Oikopleura sp. were measured

In 1999 In 2001 U-test
N Min. Me. Max. N Min. Me. Max. P
Undella sp. 6 35 45 50 79 28 45 65 1.00
Copepoda (nauplius) 14 50 68 95 121 25 63 155 0.40
Copepoda (copepodite) 7 53 108 140 7 95 113 125 0.70
Oikopleura sp. 39 30 80 370 73 25 93 315 0.20
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Fig. 5 Relationship between notochord length (mm) and
body weight (dry weight, ug) of P. olivaceus larvae in
Mutsu Bay in 1999 (triangles and dashed line) and
2001 (circles and solid line). Two lines show the
regression lines, DW=0.40NL-0.21, »2=0.82, P<
0.001 in 1999 and DW=0.39NL +0.04, »2=0.81, P<
0.001 in 2001.
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Fig. 6 Vertical distribution of food organisms of P. olivaceus larvae collected with a Van-Dorn bottle in Mutsu Bay in 1999 (left)

and 2001 (right).
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Table 3 Minimum, median, and maximum body width (um) of zooplankton collected with a Van—-Dorn bottle through a 40 ym-
mesh sieve in 10-30 m layer in Mutsu Bay during 15 June-29 June in 1999 and 30 May-28 June in 2001

U-test

In 1999 In 2001
N Min. Me. N Min. Me. Max. P
Undella sp. 37 44 48 51 44 48 53 0.11
Copepoda (nauplius) 1043 42 75 1161 33 75 200 0.15
Oikopleura spp. 44 56 113 35 51 170 411 0.09
0.19),
% =

(1078-mm3/L)
N w - (4] (-] ~

Mean abundance

Late May and Mid-June Late June

early June

Fig. 7 Mean abundance (+tstandard error) of Para-
calanus nauplii in biovolume collected with a Van-Dorn
bottle through 10-30 m depth of Stns. 20 and 22 in
Mutsu Bay in 1999 (triangles and dashed line) and
2001 (circles and solid line).

P=0.023 P=0.99
25 38 8 34
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(Number of prey/larva)
N

071999 2001 1999 2001
Stage A Stage B

B Undella sp.

Copepoda (nauplius)
B Copepoda (copepodite)
Oikopleura sp.

Fig. 8 Feeding intensity of P. olivaceus larvae in stages A
and B in Mutsu Bay in 1999 and 2001. Numbers of lar-
vae examined are shown above each bar.
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BEBERBIGESEMELS, HibtIhLT T &h
B BB OBMENORWFRIC L » TEER
BEHLEZOND, L2 L AEBRERBEOHBEE
(F%) 3B~ 24% LT &K< (Table 1),
AP RD Undella |BiZxt 3 2 EMEEIZFEICLIDVEE
I oo (P=0.094), 2001 Fi24 <EH O
LR B A LN (Fig. 8), L7cd-> T DEAEYIT
200146 A TAID LD ICREFOESHESMIZE B L
TBERIKEBICEHINS, 40 (opportunistic) 7%
BEWOTHD, BICEEINLETE LV, —H,
F BHA Oikoplenra JB i3 O AW L~ TEY 4 A
BHIA < (Tables 2-3), EEHBABIAD O KBEFHICE
LHETEEINLIEERHEEY L E 2 6Nn 5 (Fig. 3),
L L, Otkopleura J&\L /) —7 1) 7 A HANTREHO
FHEMNMEL (Fig. 6), EBMENRCOHELEHT
BILRBRIA T ZEBELT S, SHICIOHEI
=TIV ZAE0 S KHTH A7 (Tables 2-3), O
BONPNSWEEBBREEDOFRIC L > TS FBTE
TWhOrEZOLNS, £, AIFREIEFE b0
NRRFA FPEEHL T oz, LIcH>TET AD
EHEBAIICIT, HEMWRESFCESERICELL, 8Y
AZXPOEZTHLEFLLTVOLVLWHALE/ —TU TR
DHIAERLE L TRLIEETHS L BN 5,

ERBETL T AMFEIPEMT HHEBERRIL Eutin-
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tinnus B3 LU Favella BO 1 ETH Y, kodtFicf
B9 AREEE CIIEHE T L HENS KIBICHE T 5
Undella |BY) % BEfH L T\ oy E7z, BHRETIETD
HEALZFRTEIDPVWHLE S/ —T U7 ADFTH Y
KRED Calanus & / — 7 U 7 APEHEI N T 7Bk
BETHEHEINYS, 2 0IC 2001 F£iC i AR
TH KD Pseudocalaus |B1® ) — 7 77 ZDO BB
HHNTze TO XD ICEBESEFHOBABICITE VB A
BNz DD, T &V EWSEECIIRERE & B8
TREBBLTED, 0L ZREICHED BRI
LS AFRIIHABELENCAONIEHEEZ LR
Do

1999 FICFRE I N/ 5 AFAICEH T 2001 £
BREIN/IFROFBHEMINIK > Tz (Fig. 5), A
PFROBEESLIPVWHLE/ — T U7 ADHELE,S
OISR T 1999 FIZHART 2001 EDH BB BICH
< (Table 1), 2\ L/ —7 V7 AITx$ 5 EHR
Ed 200l FOHBEFEILE» -7z (Fig. 8), ThbHo
BRI, 2VWBLE/ —7) 7 A5+ B0
BHFEZRKOYE, RREESCEBRRICLHE Y S 2 T
LAREMSAE 2 DN B, FR—HEE, CREE) Cih
i3, SEIORE & ARHCIT 72 - 2 KBS ER R, KE
20mIiCHBWVWT19944 6 A1 A5 29 B ORIMIL 12.7
-14.8°C, 20014E5AH30H » 56 A28 H O #AR 1E
12.5-13.9CTH v, ZLEBDOHGBHGHORER, HE
HICKAKEDOEIEETHD (P=0.004), KRBT
EHDPEL BB ONTERL T o8, BEOMIC
BEBENAONZ o7 (P=052), L7zHh-T,
KEFRBEOHEIC k- TEERSELL 2 LidE 2121
VW, EZAT, TELHETHY, BEPICERTS / —
T AOHTREIRW)CEEE SN % Paracalanus J& / —
7U v A (Fig. 4) OBREFOBEL, 1999 12~
T2001 i3 1.2-13fEE <L, RBICLAEETY
12-20f%» -7/ (Fig. 7)., —7F, BEH D Oiko-
Pleura BOBEIWETHREERZALNT, A4 X
HEFALNL A -7z (Table 3), k- T2001 4D k
D s L Paracalanus |& ) — 7 ) 7 A LR E OBEE
KrRED, BRELTHAOEME LAEOHENE &
7eHL7zbDEEZOND, 2720, KB|ETiT A-B
HIFRIC OV TOA TG LEARBP B LN TEY, CH
DDA B OGREHEMEBERICOWTIE, SHICRNEE
THLDEEZ BN,

LED & S ICBEEBHOY 5 AFaOEHORET
REFD ) —T VT AEBEOFEBIIHE L ZIF3 <
FROKBRBICLHEERRSZ EXHALL LT,
SHIEAHERZRE #HWEREREOHRTE R & 2R
A, HEESHOBOER Y REREOBFREH LI

THIEPBREEDNS,

ABEICHID, BAREORSEE 2 T3
HFREREARSISERTEKK, BREEHZY
K, kE/PBEYFER, BEANAERICH L TR
#HT 5. o, HFETOREIZISHNZE - /dtgEX
FKEFMUERALER GURER) 5 L BAOFMAD
Jix, BIRAPEARREREERE RICK L TR B 5,
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