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Monthly Occurrence of Planktonic Organisms and the
Feeding Habits of Inherent Herring
in Notoro Lake, Hokkaido

Yasuji Kanno* and Kenji Fukupa**

Abstract

Hydrological observations and samplings of planktonic organisms were carried out in
Notoro Lake in 1973 and 1974 to clarify the feeding habits of herring (Clupea pallasi).
There were no differences in the temterature, the dissolved oxygen content and the pH
between the two years, however, considerable differences in salinity and transparency were
registered, both showing higher values in 1974 than 1973.

The volume of the settled plankton showed seasonal fluctuations with three peaks in
May, August and November. Also, no significant correlation between the volume of settled
plankton and the total individual number of all zooplankton species, was observed, suggest-
ing that the volume of settled plankton may closely correlate with the phyto-plankton
amount. The zooplankton indentified was more than 30 species, being scarce in April and
abundant during July to September. The season of sampling was divided into the four short
periods besed on the similarity of the zooplankton which occurred.

A comparison of the species composition of the zooplankton sampled with that eaten by
herring showed that herring in Notore Lake feed positively on copepoda, decapoda, mysidacea
and amphipoda, but negatively on gastropoda, cladocera and urochorda. The small cope-
poda which herring larvae preferably eat appeared abundantly during May to August in the
lake. It might suggest that the herring in Notoro Lake are controlled by a moda of
population dynamics different from that of herring spawning in the coastal waters.
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Fig. 1. Location of the hydrological observations and the samplings of plankton.
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Table 1. Results of hydrological observations in 1973 and 1974 in Notoro Lake.
73 T4
Jun.5 Aug.31 Dec.20 Apr.20 May16 Jun.17 Jul.15 Aug 15 Sep.20 Oct.17 Nov.15 Dec. 17
Temperature (“C)
05m 14.2 21.7 0.0 4.6 10.3 16.3 185 22.0 18.1 13.9 5.3 —0.6
2.0 — — — 1.6 9.8 15.0 18.5 21.6 17.9 144 5.9 —0.2
5.0 12.0 21.6 0.3 0.9 8.5 12.8 17.5 21.2 179 14.2 6.0 -0.2
10.0 11.3 21.6 0.3 0.0 7.5 10.3 15.7 20.6 17.9 14.3 6.3 —-0.3
12.5 — — — 0.3 7.3 10.2 15.5 20.4 17.8 14.2 6.1 —0.2
Clorinity (%)
0.5m 14.87 14.20 13.50 9.62 16.33 17.71 18.28 18.32 18.15 18.08 18.55 17.26
2.0 — — — — — — — — — — — —
5.0 15.29 14.20 13.52 13.10 16.79 17.89 18.25 18.32 18.20 18.08 18.32 17.38
10.0 15.47 14.18 13.49 13.62 17.21 18.10 18.35 18.45 18.44 18.32 18.20 17.38
12.5 — — — 13.69 17.30 17.65 18.35 18.44 18.32 18.32 18.32 17.50
Dissolved oxygen (ml)
0.5m 9.7 7.4 13.4 14.0 9.8 94 8.0 7.2 8.0 8.2 10.4 12.8
2.0 — — — —_ — — — — — — — —
5.0 9.6 7.2 12.1 11.6 104 9.9 8.8 7.6 8.9 85 10.4 12.1
10.0 8.5 7.7 — 103 10.2 9.3 8.7 7.6 8.6 8.1 100 13.1
12.5 — — — 9.6 10.2 7.2 8.7 7.9 6.8 84 10.4 12.9
PH
surface 8.2 8.4 8.4 — — — — — 8.4 — — —
bottom 81 8.4 84 — — — e — 8.3 — — —
Transparency (m) 6.5 5.0 4.0 35 5.0 6.5 10.0 9.0 8.0 6.5 6.0 35

¥y
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Volume of settled plankton ( ml/m3 )
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Fig. 2. The volume of the settled planktonic organisms (solid line), and the total individual
number of zooplankton in the water mass of 1 m* (dotted line).

B bR L5 B (317ml), 8 B (102ml) X 11 A (156 ml) B AMER R LI (K 2), W&
BLEWMTF 7 b vORBEEEOMOMEBEIRARE Tl (r=0.213, p>0.05),

B0 b oORBRES JUHBRRBEEE 2RENHMLBL CHRALLBH S5 v 7 b v
DEHIT 30 Eurt'ﬁﬁoﬁ: (#2), HEERI4 Aicd i, T~98%E -, 4 ANDHI12 R %
T—E L THB LD Oithona nana LETH H, MoOBEIETC—KHREERTH >, 2HH
YBURD % HB L& Paracalanus parvus (KR 7 DO F#5hH 4,404 k) €, b A5 5 12
BECcHBELTA, 8 ARIHEENBIE o1 (£2),2 BB OHBIIER LA (Gastropoda)
THoteh, HEKHL~8 BRBREL T35, 3% H 0B Okopleura spp. T7~8 7, 10
~11 Bic%\~, 4 £ B X Podon leuckarti, Oithona nana THH, ¥i, BEIHLLTRLHM
Copepoda @ = =AE £ 1 MBIl -7 v 2o BR L FAFECE - TE Mo, ko
flic B EE o - L Aeartia clausi, Oithona similis, Fritillaria spp. 7’5 %, HEER —
EOBMEEICE LD THBEERYHE L Ta5 L, Copepoda H3E R L LBICHEL, KT
Qastropoda, Urochorda, Cladocera DI e - T\~ 5 (F 2),

FEHICAHB L, 4 ACBHBERL2 L4%<, ENCIAEMRFOREEL =T (K 2),
5 AnbHEEY, EAKE SAFcEmML 8 Btk KBEELRLI, 9~11 BrlHER, FEE
BEbeRW L, 12 ATHBEEHIABOD R k-1 87 5 v 7 + vOHABGEE,
HBBOEHEL L Z—FKET (K2), BEMNCIKBOARBRICEL, KE P& Kb 2oh
BEE T 52EAERLT5,

7520 b o HBEEERORBHESRS WERT577 v 7 P Y HEOEHHNEBRERA LT
THILERAMELT, REAOHARI LEHET? OBUERYK (C)) 2HBEEHER»HHE
L7 (53), SFERERED, Rb\mVCo OfHIX5 A/6 AKX 08 /9 AHD 088 it b,
BbIEER 4 A/10 ARD 0.05 in kb hie, FHEREY X - T, BUEOR A 2 HKERS
LIERRZPER L (K 3), Cy Of730.6 L7 AR S CEB X LD S L, HEBHEROREIL 4
DO AEIL TRT I ENTE S,

#1H (4 A): Acartia claust 35 X ¥ Osthona nana @ 2 %D Copepoda & 2D/ — 7V o 2 H
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Table 2. Monthly changes in the species composition of planktonic organisms sampled in
Notoro Lake in 1974. Numbers in table show the individual number of zooplankton

included in the 1 m*® water mass.

Species Apr. May Jun. Jul. Aug  Sep. Oct. Nov. Dec.
Coelenterata
Hydrozoa larvae 0 154 43 113 46 0 0 0 0
Annelida
Polychaeta larvae 0 616 213 283 556 83 0 446 39
Mollusca
Gastropoda 0 3775 4,305 7,976 5,604 83 0 191 0
Arthropoda
Cladocera
Podon leuckarts 0 0 384 1,188 4,585 1,735 2,325 1,083 0
Evadne nordmanni 0 0 512 453 417 372 169 191 0
Evadne terigestina 0 0 0 0 417 0 169 0 0
Copepoda
Acartia clauss 1,055 616 1,577 5,431 973 0 0 127 117
Calanus pacificus 0 0 0 0 0 0 0 64 39
Centropages abdominalts 0 0 0 113 0 0 0 64 0
Centropages yamadai 0 0 0 339 463 0 0 0 39
Corycaeus spp. 0 0 0 0 231 4 42 64 0
Cyclops spp. 0 0 0 0 46 0 42 0 0
Eurytemora herdmani 0 0 0 509 93 0 0 0 0
Harpacticus spp. 0 154 0 57 602 124 167 64 T8
Microsetella norvegica 0 0 128 339 46 165 211 0 39
Osthona nana 100 770 3,240 2,149 1,806 372 507 1,783 1,251
Oithona rigida 0o 1. 8 57 46 8 0 64 117
Oithona similis 0 616 1449 2,036 1,9457 207 169 700 548
Oncea spp. 0 77 0 0 46 0 0 0 0
Paracalanus parvus 0 710 980 17,355 21,396 3,653 2,960 14656 1,056
Pseudocalanus elongatus 0 0 0 0 0 0 0 1,656 1,447
Tortanus discaudatus 0 0 0 0 46 0 0 0 0
Copepoda (copepodite stage) 201 1,233 853 1,697 2,084 1,404 1,141 2,156 743
Copepoda (nauplius stage) 100 1,156 341 226 287 496 296 637 625
Decapoda
Brachyura larvae 1} 0 0 0 93 0 0 0 0
Macrura larvae 0 0 0 0 139 0 0 0 0
Chaetognatha
Sagitta spp. 0 0 0 0 0 41 0 0 0
Echinodermata
Echinopluteus 0 0 128 283 46 289 296 0 0
Ophipluteus 0 0 8 556 46 0 0 0 0
Prochordata
Fritillaria spp. 0 2234 5,030 0 46 0 42 0 430
Oskopleura spp. 0 231 0 4,696 3,658 1,157 3,635 3,057 0
Others 0 0 43 57 46 0 0 764 17
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Table 3. Similarity index calculated between all combinations of the months by the species
compositions of zooplankton.

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Apr. 1.000
May 0.169 1.000
Jun. 0.217 0.882 1.000
Jul. 0.347 0.680 0.588 1.000
Aug. 0.061 0.382 0.320 0.739 1.000
Sep. 0.063 0.275 0.218 0.627 0.881 1.000
Oct. 0.047 0.203 0.167 0.610 0.722 0.855 1.000
Nov. 0.110 0.321 0.298 0.550 0.456 0.658 0.759 1.000
Dec. 0.136 0.389 0.464 0.403 0.460 0.512 0.359 0.689 1.000
Apr.
0.88
May —_—
Jun.
0.66
Jul..
0.88 Fig. 3. Dendrogram based on the result of
Aug. - 0.79 the cluster analysis done among the ten
months. Values show a similarity index
Sep. PUCE—— for the months fused.
Oct.
0.69
Nov.
Dec.

SAENHBT 20LTEE BEERELBEDTALLV MBS 2% 2 SHBLETH - (K 2),
#2411 (5~6 F): Copepoda b3z 18 oo B A4 b i, Copepoda (35 Fic
18%, 6 A i< 26% % (5, Gastropoda (% B L) (25 Fic 30%, 6 Aic 22% &RL, &b
WHBERTh-T, HI3IMoHMBEEFOTER & /a5 Paracalanus parvus 1 X U A B © Podon
louckarts DHBH X BN 50, COMCEXELEVEIEGTH D, K 1m® & T h 3 BEESET
4 B 1,456 fE{EH S 5 A0 12,642 Bk, 6 7 19,365 B~ & SB/IEMERL T3,
#I3M (T~10 A): cOHR 4P cHRAR L R HBEEK BHKLIBEXOELRT,
Copepoda (3 Z DEIIC BT L HESEVEETHEL, 7T~9 A iBRBEER D 60% U LEx b
BB, ZOWORELEIIEME © Paracalanus parvus TH Y, K\ T Oithona nana, Oithona
similis 35 X 0% B @ Podon leuckarts 1\B 5T 2%, B 2 OB SETH - 1o Fritsllaria spp. 13.Z
DOEIIICRIENE L, RAUBRERMD Okopleura spp. 13 > THE L T\ %, Gastropoda D 44
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RT~-8ACBVELRERTLO0, 9~10 Rt LT3, B ins, - ofic
B3 25 RE97a% & L T2 Podon leuckarti, Evadone nordmanni, Microsetella norvegica, v =i
@ Echinopluteus 44 ¥5 X U° Oikopleura spp. 2% %, HBGBMEGEIL T i 35,913 B, 8 Biz
45,809 Btk L REMMPORA LR LIcows U, 9~10 A1 12,000 Bk & e <, MALRELL
LTwTdh, T~8 AL 9~10 A THHEECERR LT,

BAK (11~12 B): HBEEY, BEAROEECEIEE? LS, Copepoda 738 5 &
LTHE LBEARPISD 2241211 At 62%, 12 A2z 919%, iwEL T\ 5, Z OB
G & X Osthona nana, Paracalanus parvus Is X O Pseudocalanus elongatus CH %, KM 1 md iws
TR HEMEGEL 11 A5 15,403 @k, 12 Fici 6,724 Bk & AT 2R LT,

BTS00 b MR & =2 O BRRIMER & OB

BADT 57t vORB L= vORKEEOBEXE LT S0, BIEICEGTEEL
BT 57 b v DR, 1973~1976 FICHERMIN TRE L = > v 0 B I EWER & s
L7ze CORBICKE G TRAIHEICOR LRI, AEMEX 48 E1M: 48, 285
~68, BIM: T~10 A, H£4W: 11~12 A) cHFCEhFREE L2, BEAZIEO2WTDE
HAIEHY OREICL >0 (), HIERMCRE L= DE NEFOEEY >V TE
BB I CHBT 286 E, H2MUTCHETHBA2XKALTIEH LT3 DT, Thu
BEATHAD, ARRTRIECL]L, BECR 05 DETELYSILILIRED, = vic
BRSO LEENDO T hZhic oW CEEBSSYHELESRTEDb L,

EEYEY UWOBYRC ST CRELL (5,757 Vi P CREIWEEREY L5 &
Copepoda O HE ML %8 U TR b %< 59% i L, %\ T Urochorda 2% 159%,, Gastropoda
3 14%, Cladocera 2% 9% DIE L 72 > T\ B, EHMIZHD & Copepoda 124 b5 12 A & T4
HWRZEL, Yo bEAECHREL TV 3013 L, fioB¥EE i Urochorda 1355 2~4 #iic

Table 4. Composition of the food items eaten by herring during 1973 to 1976 in Notoro Lake, in
parenthesis are shown the number of cases which appeared as the most abundant food item
(cited from Kanno®).

Food items Mar. Apr. May  Jun. Jul. Aug. Sep. Oct. Nov. Total
Copepoda 25( 5) 37(29) 72(72) 45(39) 9(7)  8(6) 20(12) 4( 4) 220(174)
Mysidacea 2(2) 5(3) 1(1) 1 10 4) 26(24)  1(1) 15(10) 14(13)  76( 58)
Decapoda 2(2) 1 3 1 y 1 201 11( 4)
Cumacea 6 1( 1) 1 8( 1)
Isopoda 1 1 Yy 1 4§ 2
Amphipoda 42(39) 21 7 96 1 32) 197 6(1) 89( 56)
Other clustacea ¢ 3(1) 1) 3 1( 2)
Eggs 2 26(25) 1 25(5) 3 ‘ 57( 30)
Coenterata 1 1 2
Polychaeta 2(1) 1 3( 1)
Gastropoda larvae 1 1 2 1 5
Fish larvae (1) 2 WL 2 1 12( 3)
Plants segment 41 4 1)
Digested matter 46 84 60 61 22 16 32 19 340
Unidentified 41) 19 23( 1)
Number of fishes 4 48 89 76 81 41 21 48 19 427

with food
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Table 5. Comparison of percentage composition of planktonic organisms sampled by
net with that found in the stomach of herring.

Food item Apr. May to Jun. Jul. to Oct. Nov. to Dec.
Hydrozoa

Net 0.0 0.6 0.2 0.0

Stomach 0.0 0.0 0.3 0.0
Polychaeta

Net 0.0 2.6 0.9 2.2

Stomach 0.0 0.0 1.3 0.0
Gastropoda.

Net 0.0 25.3 13.0 0.9

Stomach 0.0 04 1.3 0.0
Cladocera

Net 0.0 2.8 11.3 5.8

Stomach 0.0 0.0 0.0 0.0
Copepoda

Net 100.0 44.3 60.2 71.2

Stomach 24.0 71.8 45.6 17.0
Decapoda

Net 0.0 0.0 0.2 0.0

Stomach 0.0 0.4 2.2 6.4
Mysidacea

Net 0.0 0.0 0.0 0.0

Stomach 6.4 11 28.8 574
Isopoda

Net 0.0 0.0 0.0 0.0

Stomach 0.8 0.7 0.6 2.1
Amphipoda

Net 0.0 0.0 0.0 0.0

Stomach 64.8 3.7 14.7 14.9
Cumacea

Net, 0.0 0.0 0.0 0.0

Stomach 0.0 2.2 0.9 0.0
Teleostei

Net 0.0 0.0 0.0 0.0

Stomach 0.0 3.3 1.6 2.1
Echinodermata

Net 0.0 0.7 14 0.0

Stomach 0.0 0.0 0.0 0.0
Urochorda

Net 0.0 23.5 12.6 159

Stomach 0.0 0.0 0.0 0.0
Other

Net 0.0 0.1 0.1 4.0

Stomach 0.0 104 4.5 0.0
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BHEECHBEA R LA, Gastropoda 1358 2~3 HIcHBEMA L BB Is & —BTH D, Cladocera
RE I EEREOHE R ALR S,

—%#, = vOBABK2WTH% &, Copepoda 5 529, Amphipoda 75 199, Mysidacea %%
17% T, “hbD 3EILMED 88% khd b, 2D 3BTHETHEcER S v Copepoda
352 # 3 it % <, Amphipoda (2% 1 iz, % L T Mysidacea (358 4 lic HE A%\, =D
i BB LA-EETSWE & LT BEDOFH, Decapoda, Cumacea, Isopoda 35 X U'Z h
LIEEENRTEVCERMAD 5,

BLrsBHOEBEEGY Xy bE=2v vOETHELTAS E (M), BEREVTRD
BERCTHEL DX Copepoda T, £HIMELBLICEEH X » + TIX59%, B TI52% ¥Rl
B> CTEEREESHE t> T\ b, TOMOBPRETIEFR » + LEROWMF TR THRETF
HETHRE LA DDV, TRERME, WTFhAr—HCEBLTWA8HBcowTh~NS
L, =vvDEAAET Iz Copepoda O 1 iz Mysidacea, Amphipoda ¥s L Of Decapoda 235 & h
5, Thbidxy PRRIEELRVS, S @ roBRRELESTVD, ZHhIERLTE »
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b e LR B SR E T HH BT % @ 1% Gastropoda, Cladocera 3s X O Urochorda -, = Rbiz=vv
DEHCIBERLEV, DEicabhbddy + L BPFOHBERDEY, HIHBCALLLRED
i, BROSHR (RE-ER, BE-HMELE) kN eBEFR D, FHLLT S 2
VEy PRI LOBYEHFCRET R ENTERLSIIDHTH B,

z -3

ALHOBOOREICI O WT KEZENALSSOBWNEEB O > bkiR, BHE®BEER L U pH
CHERFEZRIRD bR -7, ERE, BHE R\, 19734 & 1974 EORIKK E
REENAD LRI, 19T4ER, EXRELSICEHOBHENIINBEL VB VEY LTV
2, TREATHROBOKE »T, BIKEBEKEOTHERL, HATL b KE#EmLiZ &8
BFERTHA5, CORRBEELCEE X, Moot AEroomABmoBLy@|EL,
T - Hith REEHYHOB(L B I OKEOBRILYBREL TW5, AR KT Calanus
pacificus, Pseudocalanus elongatus OILTTH MBI 1L A, 12 Fo—RHiTRHFhEDS, #
WIHBBR LTS Z &, 1973 £LIETO 2 0RSHRB 0 BRI L v, SHELDRAT
BE&EMMN o B 50T, MOMDIIZHELEZ 2 ONRS,

IS5 b ARBOFRICOWT SV b vItBEES A, 8 BRI ArEAY
P OKENEHEE Y RLIc. chZEYT T v 7 b vORBBEGREMNICZETCHREE (K2),H
H2EL HELNCENHEERRD b, ZOILRRBRECESHAEH 7T 2 P VELD
b, WBRYFOBY T 77 b v E LV EERBEEY L > T ATedEELLRAS,

B#KBTR, B 75 v 7 + v ORBERE LK 2EOBRA L b oL vwhbh TV 59, B
WOLBREOEH L, COHARKHELTERL VW5, 7, 11 FORBEOB K SWT
HB&EHLOBEY RS L, 10 AnS 11 A TCAHNEREBRKALEBENSREOERBK &
BEE&TAHPABERESEZ Y, ChiBEOFBEOFHELXTD, M7 7 v 7 + vOREI
DNt bELLNE B AOEELBAS, s AOBABE#CAER L LBELbh2BEEOKE
hEBAROWBRC X AEHAERVBEELY S - TV5D0THH 5, AWERTIHEGL TS5 v 7+ v
DEWHEBCHY 75 v 2 r v LEY T I v 7 b vANOEROER, BB KouEoER
RERBPLNCTHZEBRTERb SN, FRCRAINIREEELFETH 5,

ZvOBIEEIRY EEBEREYREANS D, TER T 208 (Gastropoda, Cladocera,
Copepoda, Decapoda, Mysidacea, Amphipoda, Urochorda) # & » ki, 75 v 7 b v % » bPEE
FTOHBEERELE = VvOFRNTOHBERY B L (K4), Copepoda iz * v FEKBHTOHE
RB LU= vOFHRTOLBRES, £REMMELEL, Fic20% L LomReRL, #E%0
heRLEERBYETH 7, Gastropoda 1T % » b & ENAOHHICHENLLI B, Bk
OHBERIBEOHBERI W EILEV, Zhb &3 Decapoda, Mysidacea 35 X O° Amphipoda
DEYHETE, T3V bvEky PORBBBREAE, HHVELL VI HLTEFTOH
BRI DB, 20 L1 Mysidacea, Amphipoda 7c & ORI S OBMIL TSV 2 L v
Aoy bEEBELIZ EERRBET S, FEHCHTARESRYHECT HRDORETELRE
L, TOLTHETHZ LD ETHD, L, BREYRZFEI LD, EEBHOFERER &
EREELYRIBVvice X, B X < B3 % Decapoda, Mysidacea, Amphipoda O &L
Copepoda & L biZ=> VLI - TEHERLHEAY L LT, BERHCERIATVWHZLEHL,
THBH, —H, 777 bV Ey b TOREOHBRIIHLT, = voFholiBiAabhk
\» Gastropoda, Cradocera 35 J. U Urochorda i2 = > v DIEFEREEE X B2 ENTEBTH A5,

5.0 critical period IZDWT BEEE O =+ vIRBED LR HBHO—I, TEY M5B L
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TWA L5 CRBOXE INEADBEEH T EHNEHERICKEIEV-HL, WTFThi/ o
Copepoda # £k & LTEARL TV ETHD, ThIKRLT, AR CEHT =13, &
Dk & 7o (B2 & Mysidacea, Amphipoda ® & 5 s kKB 75 v 7 + v R EBATLEAN D
B0 Ll EDZ bk, BERM TR AMOBELERTIAEO S5 v 2 b viidisniod, &
AEBERETELCRACEPATV2 2 ERRET S, 2% 0, ERBOEEYRE R, RHAH
D= IZRBTLAHFBELEFETHB 2D, FRSIVHRALLEOERD = v IZ
CoTRRBIFREEMBRIEICAD L W25 LAl

fRiF2Y IERBCENTS = vERRT AT T, = v OERIIWERIUHOF A EELE
W EEBTHES, VW) B critical period L BECELAZ L BE L, HIERED =
ZoWT2H AESREVCENNc #LT, £R2AHIBEEO—REN I LI FRCR
FLTWB D Ewahx, JIERIREEIC I\ T dcartia spp., Oithona spp. 7 & O/ NUDEEY & D
EEY, = VOFArERILOOEELRERTH S LML TV 5, ¥/, Blaxter 3=
VHIBBHOERTH HEMAERYER L b CHEYOEE OV Tith, FRVERLTFHE
R L L CAE 1m® 249 20,000~22,000 E{ELL EOKETHAH L THRAEE 2HMLNMLT
WD, BEERIID = o v T, 4~6 HOEIH »bHERAIL T, SMUFRORERI~T b5
LAEEINDH, ZoORHOERMBIIL Acartia |8, Oithona J&, Paracalanus &% .08 & s
BN FS5 v 7 v vHRSBCEEL, FOBERKSE I XL TS A 12,000, 6 i
19,000, 7 Bz 36,000 % LT 8 i 46,000 BAEIZZE L T\ 5, 2D L, Z DMK KM =
sV OFBOEBREYRET HRENLERICE R - TV L2 TRBT5, ERBlo =
BE D AEROBEAILEER = v v ERRRIHEBRLRTOR, ZOWOY L KBFNSR
HESE 2 b EB DR EEEI BER LR T 5 2 L —RTH D LELOND,
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