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Studies on the vertical migration of zooplankton in relation
to the conditions of underwater illumination
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Z0Dth, %< expedition DZDMHOEEPS,
Z OBEHMHBENCAE L LR LA PEBCILAS AR
EHECERL, DSET 2205 HENBEBEOD
—RR I B OFEERH S M &N 7

—7, ¥k, FENRBORBICHOEEDNOR
WEBHENEEL (WDWARER), Z0ORH
EOEBREREATIED CEEEEshi. 20
%, Th@BYr7 v 7V vEFETIHYHOD
KRINIBDOT HEIEBHLPIC IR BT ED
7= (Hersey et al, 1952,4® Tucker 1951,%9) Johnson
et al, 1956,54 Boden 196210)),

OB 7Y 7t v OERBREBRTOREICD
Wiz Michael (1911)89 282 O EEIC DUV THD
TERLT, 20FR~EECEFO#HEERER L
FeEBIRTHBE L. TORRITHERL, D
{&%B{ﬂ@%[ﬂ (7}(E.,27- 42, 61, 78, 79)
%> Halocline3? 40-62)) Z.&n T2 { DIFENEFAIC
BT, FERARBOTERICGED N TE .59
ZLT, 877V 7 VBB —EORESKEE
3%, FEKCBHESNEBRH TS L5 Bo-
gorov (1946)'® DfgHIT BV 2REBH) LOCIcEd
ZEUPS, NCOBEOFUENTHS LRDL
NBITED.

BRSNS B0 2EAERE L, ROt EhNe LT
%A oo A i3 Michael o HiE%S RER 472
EBLOIBEZ G LTZORBARIL LS &
Liz. bbb Esterly (1911, °12, *19)30.31.33) 3
;2 —EOWEICEZ Y, Russell (1925, ’26, '27,
’28a+b, 31, *34)80® DA FERE L THR ST
BBME %R T Clarke (1933, ’84a-b.c)is~20 g
DOEMILHAERRICL ST, CONEBHOERLEL
TO Michael O ZICEBRIES IS X 5hBIKE
Dfc. ZDH, KPRELBY 7V 7t VOB XL
DERRIC DN TE  OBBIMIE &N T& 7z (Nicholls
1933,7® Welsh et al, 1937196 Kikuchi 1937,5®
Johnson 1938,52 Waterman et al, 1939,10% Cush-
ing 1951,29 Yamazi 1957 199) 23, 2@ FE&RE
DEAE IOCRBEIRE LI TEREMOR.

—F T, TOMBEBBOEREDENTIT deep scat-
tering layer (DSL) % 7-i% sonic scattering layer
(SSL) icBg 3 BHlZ b LI LT EDONT S,
9" Moore (1950, *52)¢7 68 |3 DSL o} EHRkE
D 12 EZ T3 Euphausia OFjxico0
T, ZhHVKEZDHOERICEZEINITORY, B
W77V 7t Y OBBR—ESREmMELES LI

Thermocline

LTBET 2L IFLER LD, Bid (Moore
1953, *55)8%: 71 ¢ (b DSL ORBERE KB L 2T
HEIN B LIRS, KB & ORBEOBEHICE
WC DSL o#h& AR L LS &L, ThbBER
i1y 5 DSL OHEBTHOHAICIT T2 Oicit
0B, FORD, B2 (Moore 1956, *57,
’58, 760)70-72 7374 HijEd 2 PR KEEFE L T DSL
ORHEBE T OERINEN %3R5, REBIORKN L
ZEENEB T, FETIKEEIOTHEDON
T EEIEH L. UL, £hREDTHHEIRT
DICIRERT) O BB I A5 X2 EMTE,
Dz,

JE, KEREOWEHBEOKNIELERC L b
W DSL 0#E)& & 2 DB ONSFIC OV T ORI X
SICEHIC T s bh 3 Lk dicisDoiz. 2L ¢, Clarke
(1956)2 % Boden & Kampa (1954, ’58)56- 11
Bk DSL 0B 20549 LS ERERICRES O T
375, HRICED NI ERETMDO LAEE LD bk
WVIHETBENT A C ERY, EiC, BB EbEh
BOENEETORED 100 501 & D2 S0P %
THRHTACEEBA LI EBELTO 3. 20D%,
Frassetto & Della Croce (1965)37 & #firhi#gcd DSL
WKOWCRBEHSZHD T 5. ik,
(1967)% |3 H Hi&FED SSL DSREBEHVKIIT DR
BRI OTZDERDFT N BDS, HITRITER
O EFROECHEDT EFAETES T & &, KT X
3BHOEET SSL oFMBE VB TEC L2/
BT3B, ZRICH L, 8K (1966, 767)01 92 (1L
TR B LU EY A ~ FED DSL OBE)n%EmR
EliAaizEBEBELTVAE. TDLDiC, DSL @
i & AKERE S OBBICOVT S K & B
PRE SN T B0 TH B8, Clarke (1962)2% (394
OEAlicES % DSL OfEBHOBEE LT, X%
FORFNC & $78 5 MEOER L KPREDZE
28 LT\ 3. 72, Boden $ Kampa ([JSAERT)
T8 5 Y HIEOROXZRARDERTIN R~ 7
b vk DSL MEEECE T 3/KPOBEASBKE &
D B —F AR 7T (Kampa 1955,5 Boden &
Kampa 196012) & thpb, HHBEBICBOTRRSE
BERL S OREXOREOE(E DSL OHERE &
ZEM LT, DSL BEAEBELZ S DKE ATimu)
DOIDOFRTERETA - EDOTHL T EEHE LT
% (Boden & Kampa 1964, ’67),13: 14

ZEWICBY BB T OEFICER T 2T HicE
Nebd 2R GREINMENOED LN TE .
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OMEOWIEIE . Loeb o tropism D&% HiIC
UCHE L. *% 2L¢, Esterly (1907)%” 3¢
D L A REBHORICBNRNDATHS. %
hllk, KRS ETHEBHOFTER L SN T
DTRBZINES, ZOBHEATLTE5DELT
filskics 3 2 EY EARD orientation ORIEICAE
D SNB LD, SREBEHOBMICH L T
phototropism J- geotropism & |CET < # X Ay
AN BICEDR* Tigh B, Fox (1925)% (% Par-
amecium * echinoderm larvae & ps8EARITH L
TH® phototropic [k % 7R3 C &% Bk, #
Dt Spooner (1933)°Y |3 SAERKE) D BiF & LT
phototaxis QIEEDE#IC L DT BB EREIC
PEDTH L EVHIBZABRNTC S, T, REDR
/LB geotaxis Aigd Euv5 Clarke (1930)18
DEZP, HHOBHRIG NKREMICE S
phototropism J geotropism KO iz @ HER
EZDOHEVELTHM INEDTIRVDRETS
Kikuchi (1938)%® @ & Z43h 5. ZODfic, Z®d
tropism o #H T FEABITT ER L LTEL
D B 2 E¥NT &7 (Johnson et al, 1939,5%
Foxon 1940, 3% Grosser et al. 1953 3®) 43, Moto-
da (1953)"™® WL ZEMAE EVTEAELRDEST
b7%. ¥4 phototropism DIE#ERIC DUV TIIK
i, LB B L URYNH D, RIC geotropism @
I, KEBIUEINHZ LS. LT
geotropism % phototropism |z & 23 EBEH DS
P TZ DIEA DI BERNW 5 71201 L 5D
TIEEWED, BEICLDZOERANBERLD, H28
BICRHE ETHB ED, MMTIIKETHZEMLLT
H—ABBICELS>T LY Z0D%, Hardy
& Paton (1947) 4V & Cushing (1955)2% D plastic
tube ZMED/ A TOERD S BOERRE IC B
1A O NERBICE MBI LU TTR T 3
WEO WEBENT ENHS P LD ZLT,

* Harris (1955)4%) s tropism ¥\~ 5 S KB
WX A ¥5%E4 5 % Tk tropism & taxis ® kinesis
LOFEEDOENFUNPEARICIATE D TEIREIC
b2t UdhL,BRETE tropism XX s L O
HEHYONRCH T I EHRISEREST 3 H A,
taxis % kinesis BEYOHEIKHEDLN B T & hi—
BICED BN TWS. L, Harris (1955)10 Pl
DREEB AT 2HBFCIEMREOHEOLEELX £
OFFEALTBLT &KL .

Hardy & Bainbridge (1954)® |z ) 2 plankton
wheel 1 L 3258 55 B OREHENT FICEAHD
phototropism [k 3D TRIEVHENS T &K
XhBICEDH. chicx L, Harris (1953, *55)44:
40 FEONIC T B Kb > Hardy Zo03iAO
D tropism &) FFEOREM S AIEM LT, TR
ST Daphnia magna DIROT) X - &KNLE L OHE
BT 2152 % 175\ D. magna 73 orthophoto-
kinesis [C X OB L —~EOHELEREICHE S € L& R
Wiz, LHL, BOEKXBYWRZEREETIH0DT
Y, BEIEOSDOENELVEFICET BT8P At
photokinesis ICHE XN TV B0 BEhid HEE LT
BIhTuni.

T/, KOME#BERBORBICHKET Ui
AH%. 9 Smith & Baylor (1953)8 ® Dingle
(1962)?® (FKIEOERELE SREX LI 3
B OB EIRIEORENS, T DiEF% red dance
(EEEXEHTCRY, FIGEHIBEHFITHD
RIEIT B/ < 2T PIERIGER 2R S450)
& blue dance UG ENLHT TRRY, FiIKKFH
HOEFHER L ZOEIRERTH2) L0224y
3T, hoOEHOMEOMAEERE L DEEE
RICE D THRERTITEHONED TR PELT
WA, zhics L, FREtEEAetEE CEHY OB
B OIRBICENIE PO CEDPRES N TV B
(Bjsrnberg et al, 1968).8

wic, EREET HHEE - WKEOPBEHEOE { H
YT UG L CEB 4 2 ¢ & 13 Waterman (1950)
U Limulus W 2ERICIEE D, 08,
DA DNTE  DREMTR DN T & f (Baylor
et al. 1953, Waterman 1954, ’61,102-100 Bain-
bridge et al. 1957, ’58+%), # |, T, Umminger
(1967, a-b)*% D 3 DTS L HREH Db DT,
DT, BREHT2PHEETS HoKFEtEozE
LIS L, REHEiCd 2 W oEhs Lt BEmL
Trhythmical [zt 422 & (DK & 12 1
g BRI EEICHK X 2 O dCiECR
ICHEFICH <) &, B naupliar eye (3fF%
Ffc & UCH BB RIEL IS T
ERDBBCEERY, ALK, ZOREZETHREN
ST LUDREBHETL D ERBLESINT & E RN
T3,

PEDESIT, ZhEHDI ART v R D X
SUERIREBRHOBEL L THREBEINTETV 3
2, Zho OBERFRERHICEENCET 2 »E
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PICONTR EEE L ORMIS AR ShTh 5.
VI ERFEDFREE DT B HE O O SREH
DoBichniz b DTS % 43, Schallek (1942,
T43)87 88 (35 AUKHICIEME U T BE OO HGELIRSRIT
EHLK. 2LTC BEERATICBOTEBYRE
SRUERE L, BIDEREDR SIFICOEREG BRI T2 L8
i3 ERART SV I BED S ORI OB E S i
CONEB T E OMITHIES BRI T 5 © &2l
L7z, Z#2, Conover (1956)20 |z J.->T Acartia ¥
PEEDERTIREEA LIt LT 1st antenna ZiiS 7
FEEHRLMRT 2L 0BRIN TS L, FEHED
KO RTUREA IR EIC KR &  LIORRET TOD
Temora turbinata > Corycaeus affinis O
HENEEXRFH T OEE & NERICRIE DTS
TEERDTD. CDEIIT, KEDHEFHD
EC LB OET & 2O HHREDBEDTL S
TEMBEENTETCNEN, COLSREREMHE
BE) & OBEIC DT E RO 3T bh
TWIEL,

EHEMCRAELBEENEOE IR ZTERELT
Esterly (1917)°® p3EH L 7cSREREE N Y X 4
OBEMEIC DN TOEZRWLIHLIZS S OMMZD
Hoighol. Lbl, BENISER TS D/
Schallek?? % Conover?® D Acartia ¥+ FD1-5E
Bhrd, COREMSPULTHEEIXNZXDICE D
7c. Z LT, Harris (1963)*% (328N T Calanus i
TSR T 24 1], WIgTdh T 28 KSRl DSREH B ) X
LERT CEEEDTANY XL OHRBEBEICIHT 3
ETWEBREL S, £hicidl, HARc DSL
PHPTOEEOHREBRT =L L > 5L (Backus
et al, 19690 S ENTHRELEZ 5 LILLOTHE
BICMERBHEIL ST ENTEZ LMD, W
VX LDOEAEGHRT 26005 5.

L. FLRERIEA

PDEDLS5i, BABMPEAREREELE LzEL
OMEPSBEBHEXLL T E500H L £THR
THBCERBHERINTS. LL, 20X0ho
ED &S RERISREBHOBEO TN 13DOT 3
WPTDNTIE, WELEHENSEREBAICEDTNI
. LpLishis, Harris (1953, °55, *56)¢s 46- 40
D—EDHEI S ARTDTIREDRN, —EYT
v 7} v photokinetic EBjic koT HREE %
7 EBEVSIEIN, COREBHOBRES L TR
51, CORBERRBE LD S ICEAbN T .

UL, Clarke?® @R OMRHY Y OREDZE(L
REMEBHOBBICHEC U LERD, %KL b
DSL EREEA T LSRN ENH S L ORI 37
L EMD, BE, DYhERERLLBEMETS
ZEIZRETHO, F7z, YD photokinetic JEF)
PEIREYCIIELET 205, BIREYICRELET 50
EIPERMETIERND D, HEBEBHOBEIC OV
TRHBBOOPIDCREIC B DT, fE2T, EHE
IFBURAE Y O3 2 EB RS EREY & RRgIC
photokinesis T & 2 i HFrs ) HELAEREH
2, RUTEREEICRD bDOTHEPEIDEVD
BB EE L, ZAER Z KL TThs ORED
N AR AT, DR, Acartia erythrea Gies-
brecht®®), Temora turbinata (Dana) 3 J ¢ Cory-
caeus affinis McMurrich [t DWW CETREDO®R X%
WAWCEZ BT EICEDT, B TIR2 BRRER
BB BHE ZEN THREIEELTLLENTESL
EERFF L. =L, #i, A erythrea (jTDW»
TZOMEARORIC T 2 EBIREE R LI L5,
A. erythrea DERLEENREDE & —EBRED
DTEILT B LD, Hih (194606 L Fraenkel
(1961)3® » kinesis B9 5 EEIC O THIBAY
ORIC I T B BEIR G kinesis THBZ E%DH
Eopic L.

wic, WEOMRERMEEZMRE L 2EL s
&, A. erythrea OHTHEHLOT) & 2B REREA—E
OB, BEMEMTZICONT, ZO0THNER
BEL230, ZOBORE CEMRE) $H5<%
5. F, WICERABESEILLUIOGE, THHREREK
MRELBIZEONTZOTHPLD B S CEALE
B) RELAR20TES20EMBERRELLS. §
sbb, OB O BANEE (Z) TOHZ& (D
BREME (o) SHEBERE (0 LOBEETHOT

log 1,=(0.467—0.0854)--0. 676 log I,

TS EDLEINBZEBBDONI. Zhif, ZOF
RIEE (Z2) 3B~ OXRERE SIHHRREBEET T

Z— 2/;—3(0. 324 log Io-+0.0854—0. 467)

KEDTkHOohBT&ICIEE. LALEMNS, 2O
BRI TRFIC B 2 REEOIRE & O Bk
W EINTHIEHDIDT, LOBREDEHERITLOD
BEDHR LB A SRS . i, TOFE
RFBEZ 2REOHATHD, BEBHOBRELR
HLTBEHDOTIRI.

P£o7T, €Tz Daphnia pulex (De Geer) %
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Table 1. The intensity of illumination (I,) at the depth of distribution-centre of
Daphnia pulex (Z) under the conditions of various surface light intensities
(Iy) and extinction coefficients (x).

Extinction coefficient (u)
Surface
. light 2.85 7.4 8.7
intensity
(tux) Z(em) I, z 1, z I, z I,
430 11 310 11 260 8.5 225 12 150
980 17 600 15 480 12 390 14 280
2800 27 1250 23 960 18.5 700 20 470
4400 40 1400 29 1150 21 920 22 650
6400 49 1550 35 1240 24 1040 23 800

FEOTHRICEY 3 LA UEREE I L>THY O
HHRLOENEE &2 DEXICHT 2FHERERD,
ZDROHFANDOHEADOTHEMAMIT L, chEHEIC
LT X5 IKFEMERHIORBORHER S,

Iv. Xk i

1. EBRBIUER

D EBRICHITEERARE

HRBY BN O AR, D BE S
Daphnia pulex (De Geer) 88 AREfEA (FKE=
14mm) Th5. *ik, FHERE REEBO D
pulex [COWTITIsbiiz. L, HWEL#K D.
pulex OREFIEFICELCEEICODIEZDTH 120
T, ThAREREE/NEFEEICHT 2. ZORGOHE
L U TRAAROERNMEEEEEL 5 LD
IMTHBEEZONIOTIHEHMB LK. 2O
T DTRD-EEARR 1.4mm THS. 0O
fE(3 Hutchinson (1967)% ¢ k3 D. pulex i/
BRAEARDEE (1.5 mm)IGEWMEA/RT .

EREE

SERRSEE IR SH U, X 100cm, E% S5cm
OBRS 7 AMBKETHS. KB AFRM 4@
LT 15°C BIRICHI L. LivL, EBRPREES
T L BREKED LR BENELETS (KEHTH
0.8°C) 2%, CTOKEBEDEFZEYDREI T
B3I ot FEHT OV CIKETE LIS
R (MAER0 7 v ) 2EOAMAY, TIREK
Db OHBOLL AL THHEHTH Sem KEX
2mm QEYH 7 AREEL &I L D THERESE
HafEof.

pa) *
KIEADBKIZ 90 em OFIEL, Z£DKICHK

O blue-black ink B+, Z DB HE L T (0.05~
0.25 ml/1) &SR 2.85, 4.6, 7.4 LI 8.7 D
WEAER L. 20 BRERRE ER Scm, £
20em D7 7 AR REKEE VKSR O (1~
JREK) BE—D RED BEEEZ56DL 413
L, WEZw =7 sKhREFHC & 5 /KE_ DR &
20cm FTTOZEBLOBEOREMEE S Lambert
DRI IREDTRDI b DTH .

KRBT D. pulex OREEAR 30~40 E{k%
WAL, FRERE L REBEEET ICBY % KEL
o, ZLT, ZERBE% 0, 430, 980, 2800, 4400
B & 6400 lux ()R 15 57 R CTEAL X W7D T
YIORETHDORELRE L. CORHDOMEILTE
BiEA 10 oL, FRMOEERBRARNRIC X DE
¥ B HHET LDk

& ES

D. pulex 3L O &ICEE S5 &, Tablel
RS & S A—HREE (v OBRECRE M
F3ICONT D. pulex OFAHRPLOEE* FEL L
DT, ZORESTOKPRERFRERE DM
Mot THEML T L. FAE, EEEREEK () 58
2.85 B4, EERBE () A 430 1lux OE:D 57T
DOEXIZH 1lem, ZOHZ X34 3101ux, 980
lux ciz#hFh 17cem, 6001ux, 2800lux %
27 cm, 1250 lux, 4400 lux i3 40 cm, 1400 lux,
6400 lux Tt 49 cm, 15501ux r755%. —F, RAUHE
ERE CHERRENRIE D186, 2HTOOEER
BB K& IRBICONT EBLLEN, Z0%
BEITOWZ I A WAERIC $5. FIAIKERE

*(HELEA /2=2 (FE»OERICHAT
ZEEE) BT B,
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E
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-
prey
'y
o {e)
I0:12000 lux 53000 lux 76000 lux
H:a 8.7 4.73
23 24 27 29
Water Temperature (°C)

Figure. 1. The vertical distribution of Daphnia pulex under various light intensities
at the surface (J/,) and extinction coefficients (x) in a small pond, in the

daytime,

4400 lux DR, HEHURE 2.8 DEHCIZ A PO
X 40cm, ZOEOW 3 14001ux, 4.6 DI 29
cm ¢ 1150 lux, 7.4 ORI 21 cm 7 920 lux, 8.7
OFITiE 22cm ¢ 6501lux TH 3. ZDL3iC D.
pulex QREEN CICHERBHOEICHT 5 2l
DOF) XL, Acartia erythrea THBNTEDSN7-T)
&30 L, FOEE LB T Ehbh5.

i EBaw(CHTHHmE
D BAXTTORE
Pl *

Bkt c H e sy 5 D. pulex O4As
WERIC DV T I E 71807z, ¢ O BERMIIERK
26 m O TKERK 1m ThH3. REIEE
HOMEZ T, 10cm FHRFT, FBIKDVTERR
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K (HAY F4—Rv Ficks 500ml $#2K) iT
Lo,

2EHI 7 2 v = ) Y EER T OhOSEEREE R
L, 20EEKEZOEONREMEE Uk, 15k, BK
IR 100 mi/sec TH 5. [ERHCKBL KGR
BEARIE L.

& 7

L TEIEBT 2 KEOESEERI/NSOEEITIE
EAEVDOS BEBICEHYOERENHBT S C &
#ABoha (Fig. 1-3,4,5) 25, L TEOKEDEN
AREVDIC EBE~ORED G Sz & Bb
h56bH5 (Fig. 1-1). CTHiCEBRTREC
ERAREMEK (RE=1.4mm, BEA) L/NEAE
(<t.4mm, FEI) +OMODHEDHEETHS.
Tibb, ABBHEECNIELYGERBICOHLE
HRERESGSY, 2hfhT—HEERLTWL 3

(Fig. 1-5,6). ZO@BERITOLCiE Worshington
(1981)10® jz 3. ->C Lake Lucern {13 3 D. longi-
spina % Bosmina 13 & O fEDIRE SIS
KRDONTHOBHFLFUL T B, UL g2
5, KEIEFHCEECE DTN ERbN 3 RET
THHTORBICHEERELES T, RT3~y
HERRTES D, B aEsE U BT 3005
KEBRicERT 254 (Fig. 1-2,7) BRZWSH
fo. TOAT DN TR THDICHRT & 120 2UKE R
PADERBEN T ESELLN S,

2) AIXTTOER

i) &

kg CRME, EPEITARE 20 cm jTKEC
B LYeERS 10, 20, 25, 30, 40 5L 60cm @
BT 10ml AR~y NC L DOTEERK (10ml)
T, 2OhOMBEEEEEE L. CORHE

100 4 To: 1950 fux 100 L
U 354 1 Dark
50 I 50 | ® : Adult
O :immature
4 L
0 o—$—=—o—0——0
L [ " 1 L 1 ) 1 L 1 1 L
(] 20 40 60 [+] 20 40 60
o
o
[o]
a 400 400 I
@
o L
L
B -
3 200
E
3
=
-— 1700 lux
o 2 3.28
S .
=4
2
= X
£ 0o
[
0
1 1 1

Distance from Light Source (cm.)

Figure 2. The horizontal distribution of Daphnia pulex under the
conditions of various intensities of artificial light source (7,)
and of various extinction coefficients () in a small pond, at

night,
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WBE Kl1E

TRE SN -BEEEN 20RO T EARET E 0
THRMENSD DD, 23T >ORKEROMICIZ
ZRIBJIFEAEBDONIBEPDOZDT, TOREMEI
L AEEREERBICBT AREBEE ALK
# £

FHEIEEE 1950 lux GRS 3.54 & 1700 lux ©
3.75 @ 2 HIOFEHT Ci/MEIROEEEIR RS
W (Fig. 2). 21T, 2& UTHREPSESHS
ICON T NEB O BRI AT 2 BRBEED
TR %5 TRELFAOHBOSRKREERE I 25
cm fERICEHDNS LD ENn 5. 30em DI
755 EREBOBBRI2HCHSLTLE S, &
7o, JEIIREE 2200 lux, JMkiREL 3. 74 ORI/ N
OEMNIEIDIL, BEALKBEOLTER L
T iohi, BROEE &R DARIREIHD & T
KB 20~30 cm (41T 25 e f15E) DL A
WCHEAT R EBEDONT. T LT, 40cm DIET
REILUHLBB U2k, coEhETIck 3 D.
pulex O/NEEE S KMBOAEIZBMOBRESLGT
THDOLNIDARE B L FOMMHERT S, T2
DB, NEEERSEREIERET CRATMEELD
ST B OE CREICGEL) &, BRESH,
TCRRBEEL D SO (BOME) ICEE TR
TBHLETHAB.

iii) EBRERHMSOERE I; (2OVWTORERRK

EHBLT (3 1968 Ei KHMEOECH T 5 ¥
FEEEMIE A. erythrea DAY itulOFBEN I HIC DU
TEHELT, 2HPLOESEZOEON S INRE
DOERKIGEHEETRELIC L OTREINS C E5E
ERIICiAS ic Lz, /62T, ¢ CTid, $FEAE
@ D. pulex {T-D TR ME S CWCE RIS E S
OB & & ORIICinfs 2 BEMELEL, ZDOBE%
MEATOBRRILEOEREDOEH X CHEALEARIT
DOTHET 3.

Table 2. Values of a and b in the medium
of various extinction coefficients
() for Daphnia pulex.
¥ a , b
2.85 8.512 I 0. 603
4.6 7.312 0.603
7.4 5. 888 0.603
8.7 3.963 0. 603

Harris (1955)4®) (% D. magna OY:icsdd 2 3EH)
REEIC DU TRIREATISY, HHCICER L - B
TR—EITEREICES CEERELT 3. L
L, KRBT 5 D. pulex ONERTOREES S
% & (Table 1), EHHFBOEE BHiIREDE/L
Wt LB DR BB I UiC & DB AT CO KPR EE 1
—ETCTREERETZCENEDONS.

Wi, D. pulex {CBBE 3K RIGKE - RS

DR fEOFREICHE D&, ENEETORE L RHRE L
r
10}
-~
x -
E
: L
N
2]
IOZ:-
-nvnl g " ""“J:l I 1 ..r‘..l‘
10 10 10
To (lux)
Figure 3. Relation between light intensities at the surface (/,) and

at the depth of distribution-centre of Daphnia pulex (I,) in the
medium of various extinction coefficients ().
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S OHERRRE OBFRERE T2 L, RERE
CERRE () LOBOBGRIE, EREGORIBRN
TiEE
I, =alf
(a,b 3TEH
Tkbihsd (Fig. 3). 2L T, &EEER (» T
DFEH aBLbid Table 2DEAED, ad vk
D]:ilie=e
log @ = —0.035,41.021
OHENHED NG, DT, TNEE TORER
log I, = (1.021—0.0354)+0.603log I, (1)
Eish. K (D KESE& D. pulex OHBEHHIT—
TIFEREICHES O TR ExRDOENSB. T
bbb, ~FEHRRYEESET cEIRENEMNT IEE
DAY OEMBEICE Y 3 RERRITREDEL
& —EBRE S DTET 5.
WE, EEICH L E A ¢ h b Lambertton
D
I, = Ie»2 2
CRESTHPRERELY B EFhER (D, (@) X
D SO EREEE (2) i,
:%‘93(0. 397 log 7,--0.035,.—1.021)

:%(Q%Sbgh—&%&+&%5 )

THRbETL5.

iv) ERAORKEE

1D EBSto D. pulex (2T

MRS IC T 3 D. pulex O biLO B
XARERORREE L HRERE PSR G KR
TiHEE LTk, 2L T, #hdDEEFEED
AN EEE & O k% 71507 (Table 3).
Table 3 iITRT T EL 3 & 4 LI3BRMEHElE
FENHTHNEEARTDTH B0, 50EE, AR

Table 3.

OFBIC IESFEEL Qe Eitk D, TEOEE
LSWEBEL D b ESTBRBCHHERMMBE LR T
LDEEZONG. BTEzDFELVAIL 6 OBETH
3. COBEZ T ENATICHANEAEICENELLIC
BBIHIC, AREZEBTNCRLPO>TLEDIE
BTHDHH. #EOTC, Mhic 1B & ABRNELT HE;
Aicid, COWBOBRREOREBRIOMC K S0
REBEREL D RN BT ENTFHEINE. L
b, TENBMICARLDGDRTE, ABOY
TR I BC L O ThIRDOEBAEZTELH>THB.
Z DTKEAEERE L D AR DFHRICHEL TS
Lbh a4z Table 3-1 KEHSNE. Thick
g, kg3 10cm T 29.7°C, 30cm ZET 25.6
°C LAMBETARL NS, 2L TH#HD 30~40
em FEPIEAO MBI DR g>T 5. T
F 3 ISR KBRS DT DT DA RS 1 AR
& LTHEBOSHERLOEENREbN & ThE, R
(3) 5 DO EAE (87.5cm) ICHIR LT, £hhe
WCHBLICELIBTHBETHAS.

Dk 5 I ATRHEREM TO BRELENT TO
R @ ICE T A POOEEOHRER 1, 2 OFK
LS Db shs, I ERERTIRL.

2) AINTOEEO Daphnia pulex (2
WT

[EE A TOMPEATIC & 2 WM O R AR T
& Table 4 @D TH5. COEEEBBICBNTH
DRI E OFHEE & SEHME & ORTITiTd 30 B
—EhEHOLNE. CDEIBFEERICTEE D
pulex @ adult A{ErROEE O REME & H k%
& i ES  EER () BN AMNEHEIT L %
iz iR, BAO 0Bl ORE 2 HEE
TE50ICL{BEHATES.

PR BEKRIC DT D E D TH Db, Kk

The comparison between the depths observed and calculated from the equation for

Daphnia pulex, under the conditions of various surface light intensities (/) and ex-

tinction coefficients (x).

# A and I indicate the depth of disrtibution-centre of adult and immature,

Observed Calculated Vertical distribu-
No. Date Iy (lux) “ depth (cm) | depth (cm) tion of W. T.

1 Jun, 18, ’68 6000 6.9; 50 37.5 thermocline

2 Jul. 18. 10000 3.4 —_ 46.5 uniform

3 Aug. 1. 8000 4.1 40 38.2 ”

4 Aug. 5. 7700 3.7 40 40.5 ”

5 Sep. 4. 12000 4.1 A*¥:30 I :67 41.6 ”

6 Sep. 5. 53000 3.8, A*:20 1 :65 59.0 ”

7 Sep. 6. 76000 4.73 45 52.8 ”
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Table 4. The comparison between the distances of distribution-centre observed horizontally
from light source and calculated ones from the equation, under the conditions of
various extinction coefficients () and artificial light intensities (/).
Observed Calculated
Date I, (lux) “ distance (cm) distance (cm)
Oct, 5, ’68 1950 3.54 25 26.6
Oct, 8. 2200 3.74 26 27.2
Oct, 15, 1700 3.28 20 26.3
2 (IR oafREBIc 2T Fig. 1 ©05& 61T D BEKPO Acartia erythrea (ZOVWT

HECEL THIFRIABOTHCHEL QNS0
KL, R T RO L 0 EVCIEOFTICE
RUTHEL, RELZEAZICONTEARIZARIKC
BOLTOL. ZOLDICHEAEET O I #HOBHR
BREICYONHEAEETEC L0805, FICKER
EHEE B L, immature {3 adult T L U THRA L
OEERAEOH % Fickt L taxis BEEH < R
TENHONT . DT, FRMICBT 2HA
HEHTEAINREMT & TO adult & immature
& DHIO B APREOR#R, BRLKGET Cldv 2%
adult 8 EEIICHIE 2 HH T B728, A pho-
totaxis [WHEOMLY immature (3 adult ¢ k>
T, TDLBHABHLT SRR TEkd
DEEZONESD. Fhil, immature O E A adult
ICHUTERCE LB L, TOMBEORNBEERELS
immature @ ERL LI ETE IR S KD,
adult BEEICIEB SN BEMMB LI EE LD
N5, £ LT EPELZKPIKEC D3 LAITL
folif, immature (3 taxis i kD ORBUTHIEL

It 3 A erythrea OHREEICDNTED
1BITH 2 HBBIAEFTIL 7. BPREIEE/ &
JEHDOKERmMm OLCATHS. HEIRREARC
%v } (BHE GG 54) jtkb 0~10, 10~20 BL S
20~30m DEBIFEER SITLOTITRbNI. EE
CkE & KPBEARIE L. 2RI Fig. 4 1
RY. BRI L UEKBORENRAZLIN D, —
JEERE T EHEEE R e T I L D EIC—ERD
KEBEBL TS DEART L, A erythrea 3%
HEL TR 20~30 m BICHRESEEE O HBAE
e, = DOEOIB/KEIIEET 26.1°C, 20m
T 22.5°C THY, 10m FF CICAMLKRDET
BEBDONT B, —JF, KepREZEE < 97000
lux, 2 myE<¢ 70000 lux, 6 mZET 3400 lux &> %
HAEIRL, HEERECERDbTE 017 THof, FHH
4550 |7 ) B IID A. erythrea DA DEEE D
#Hastic 1,=970001lux, £=0.17 ZRAT3Z &IC
EOTERE AR DS L 23 m PEEGE. BELELL
BT S ER L OTHET 2 &G Ih LD,
FEED T PODEEZEZRD S & 25 m EFIEEED

WHIC DI RO—BH B EFAS.
H HOETS o b rERICOW

T
Motoda (195379 (334 & Heilig-}-—

ebDTHAD.
o
-
£ o
£ Acartia erythrea
Q. [
o® e
a individu
als
30
1 ] 1 i . 1
0 o 20 30 40 50

Individual Numbers/i0m. verfical
Net Hauling

Figure 4.

at the north of Ainoshima off Tsuyazaki.
Extinction coefficient x=—0.17,

Surface light intensity 7,—97000 lux.

The vertical distribution of Acartia erythrea,

The theoretical depth of distribution-centre

calculated from equation : 23 meters,

WMcKBUYT 7Y 7+ ORESNDH
DN TREMS B AFT 8 D, &
C TR ZOBIEKRICE ST 2 BoBY
IS5V 7 ORTREDD, £O0TR
DD & FIMRE & OBFRIC DV THREE
ZfFIEofe. UL, B0 RHME &
THIRBRBIC DN TR B A £E D © & s
DB LVDT, KDL S RIREGEDT
TamatEdT.

FKHEME : TERC RIS & RKigE s »
HE EHh T2 DT, BREXSEE
1967 4 8 H Okigl: & B2XIEOER © K
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Ia-

Surface Light Intensity {({ux)

Heavy cloud

Fukuoka,

Bright sun

Aug. I196 7.

{ gcal/em®/ hr.= 1200 lux. hr.

1 ! ) ) | 1 I 1 1 ] I 1 { 1
3 § 10 N 3 a 3
A M, P M.
Figure 5. The change of the surface light intensity at Lake

Shikotsu or Tsugarujuni, calculated from sky light
intensity during the daytime under bright sun and
heavy cloud at Fukuoka, correcting the difference of

latitude,

BREOERZS LICBEC L 2BEEME L&

BANTORZERELREREICHREL (1g-cal/

m?/hr=1200 lux.hr),?® 2150 HERE X &

7= (Fig. 5).

THEGRE : o5 & B+ O B B A
ZheNn 19 m (BAFEWE 23.5m)MY L 4.3m &
LC%i  (1935)%" i coOBWE (T) & IEEE
() LoBFR 2=1.9T" L 0EERFRHERD
TEHGHT 0.1, BE+237T 0.44 & L.

VI EDRESEMET T D. longispina O. F. Miiller
& Acanthodiaptomus yamanaensis (Brehm) 53 D,
pulex > A. erythrea *EBRFEROBSERTE
ThEFRIOORE (2), FKEBE (L) BLUMH
RERE (1) Ofliciz

2.
=22 (& og Iomu—n)

(k,m,n 12K
DBFRMAFEEL, hd OERZERICHRERENMA
i —ElE L B EmMTE NS, WOk
*IRET B E D. longispina - A. yamanaensis O
SAETPLORE & RERE L ORI Fig. 6 0k

iz, kEERD B E D. longispine [T TiZE
% c 0.838, EiR--—iT 0.344, A. yamanaensis
DOHETIE 0.356 & 0.340, HETI 0.274 & 0.230 |
RO HICEVEZERT Z EDBRHOONEDTH B 05
A. yamanaensis () copepodite stage TiI4AIC
FEMEL L, Iz hd copepodite stage DFE 4
D stage DHDEBZATNBEEZZD LBEDT—H
WWIRE AW AS, adult [tz D stage O D
PERHEZABCLDIBOOTR Kb E X 5
na.

Pl ED & S ICSRERE AT S>WEICE L £ER «
OEAC L CHIGE MR L 2 &AL NE T
EmD, HIERO D. pulex o A. erythrea THS
W LT&Ldic D. longispina © A. yamanaensis
KB CHDTHPLDEEE ZDREITOR B 3kE
TRE & EBAMEDBERTHEEEIC BT
5.

5) DSL BT

AETREE L HRHERBEOHY S 7 7t

OREEMCHT EBHFIFICOWTER LT E 2
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il z =&2(klogle +mp~n)
Daphnia
20t
longispina
5}

Depth {(m.)
5

Lake Shikotsu (J=0.1) O
k=0.338

5t
Lake Tsugarujuni (JA=0.44) @
k=0.344

— PRI S A 1 1. PR ral
o 16 10 10
Surface Light intensity (lux)
Fig. 6 (A)
20 T Acanthodiaptomus o
yamanacensis o]

(43
T

Depth (m.)
lo)

o
T

10 . IS . BT
Surface Light intensity ( lux)
Fig, 6 (B)

B, T TIREPK (1966, *67)0 DILPIRATH:
EREA Y FEETO DSL o 7pikiE & REREICH
T 3EEHCE TS DSL OEMEE (Z2) KB 3%E
NREE (I2) & 2 ORORERE (1) & DBFICOW

THEMT 3. 7720, 20KBICBYT 2IEEKIcS
WTIREE LTI EBEOE DS, KED
EEBREERDZ N E RIS —FEEE 3 &
RE L Cinatidic.
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20
Acanthodiaptomus
5 yamanacensis
E 5 k=0.356
flo
Q.
]
[m]
5
k =0.340
0 L P | 1
10° 10 10
Surface Light Intensity (lux)
Fig. 6 (C)
20}
Acanthodiaptomus
yamanacensis
Ist
-~ Copepodite stage
E o8 8
10 o o
fn. ° o o 80
@ 1) [ ] ( ]
(=] O o (o] o
5h 3 o © o e o
e , o
o] (o]
o) o 4
T Io* ” i
Surface Light Intensity ( lux)
Fig. 6 (D)

Figure 6. Relation between the surface light intensity (/)
and the depth of distribution-centre of zooplankton (Z2)
in each of Lake Shikotsu and Tsugaru juni. (Calculated
from Motoda’s data in 1953).

Fig. TR & 5 I LlEPANEED DSL &4 BREEOEXD RS L, 20EMNRBER—EEE
v FE@ DSL &izdtic RERE () OBincstL, EREANEDONB L DB, TD XD ICHERD
ZOEMERE (Z2) FELRY, LIrbZOEMBE Daphnia % A. erythrea = DMiDEREWRT TV 7
U 3 EicHs. 2LT, £hdoo DSL 3db P VI DWTRED T 12-1, Bif &R DSL 0
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Figure 7, Relation between the intensity of illumination at.the depth of DSL (/;) and the
surface light intensity (/,). Each subscript indicates the depth of DSL. (Calculated

from Suzuki’s data in 1966, ’67).

I,=al;?

(a,b I3FH0
D%EEDEVBOBOLNEDTHE. CDLINE
R L DSL i d o I-1, BBEROHERBONX
FRBOBREBRNSE & KPRLEOESICE G IE
IS ZEIRREE DB TROTE TV B LT EN S
M, COFRIDNTE, ILKBECTRET S L
[Ta:

2. W# E 3
D FHARER, S OREBEREB(C OV TOER
1) Photokinesis & I, $&kUdI,/dZ & D
ABICOWT
i~ OIFEBARE () ERERE () DM TFic
BOTEHYOEMBE OFE (/1) &% DEMEE
BT BBNEIY Y OREDENE (Lt dl,/dZ
ERY) Eofficiz Fig. 8 ITRTBENELTS.
W, HEKOBEEFCOVCERYT S L Acartia
erythrea % Corycaeus affinis Ok 5 13EHEIC L A

Daphnia 3D & 5 S AEIC LA, L OMEkEH)Z
K zBBIC X >TRR D, TNTNKIELETES
DR LIC LD THBETEOTEY, £TOLHET
Feld kiR < O L & O & T & OMEHiC L oTER
BohdEELILNE. 0T, B OERIck
DUHIEHZRBICBEOEMESTI TN B LELD
N5. COTEMATHYDENMNBE & EALGE &
AT HEIC, HEFEOSECEERHs 2L T
5E5, BEWICMAT dlI;/dZ B3 OMEBEY
EHTIEELERNTH S LELZSZEFI.
W%, Daphnia pulex - A. erythrea |\ T,
T diz/dZ, Iz, Iy LU « &OHIDEHKIZ Fig
BICRTMY TH 5. WL &EMBEE TOMBEILHT
WL &L, # DB—EORHCII REMEDOEALE &
bREDLLCEEZFRLTCEEW, dl/dZ L 1, LD
BRE—E I, ORBTTR 2 BRI
TENBEE (Z) TO dl/dZ ZR& 1550 I, 17
W75, LirL, A.erythrea DIFE, n »34.2 £
IS B E o DEERE & BITHEDNIC Iz BRSO HICE
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w2HE BLE

5DThHAH, ZOHO dl/dZ IFCHLTB L
S5, TOBBICONTIIVEREHS Tl
, SBERHTIVNENS B LEZLNBD, W
FTHICULABATRED SN S ¢ ORI BN TIRE
DEIRBEFREDLNTCINNEELZS. —F, —F
# ORETTR dlz/dZ & T, &3 T, OB L
EQICHERBETID. 20X KEYDORMEETD
dlz/dZ & I &3—REFRFICEHNTNEEDICR
Z 30, BORMEE T dl/dZ & 1, OEEOD
HEhOEWS SV 7 | v OREBETOBEICE T
WBRBERELT I, & dI/dZ OBERFT 5 LK
DEICKEBZTHAD. WEHBERE (2) B—ED
84, Lambert 0RX 5 dI,/dZ & I, O 1/
I) EOBI—EE (WD 2E2CLRRALHTHS.
Tiabb, di/dZ & 1/1; L3RR OBRICS 5
z &EAthps (Fig. 8). » OfEMEICINS S /12 A8
REVES, BETHE, D3V L IGHERLTHS
BoESicl, ZoBo dl;/dZ 37n3E 0%
fb2REBO. bbb, BOEMAEOHERIRR
kI, TEHLNTH B EHICRZS. UL,
I, ORSVEFTRIIIC dl;/dZ 3% OFERALE OH
BicEETsclicins. LT, ZOWEELSO
B I & dl/dZ LB OB E A HIE

EOTNB LTSS, HiEOME LTIk DSL &
POBENET OIS, chicHLERBED S SV 2
Y REBENHZCBECEIEL T B30T, I;OE
PRBERKCK L dl/dZ 3REEENERT.
®DT, ThHDOTF IV 7 viKdDTd dl/dZ i
B O EAALE OHERFIC S 32 FRBENELE EE
Z5.

e, BEEYRE (DSL A¥) Ko CiRERE
M, REEBICOWTR dIL/AZ & I, EHBHEERE
HLALE OHER D1 D OB OEENCIER T2 48, #iC
dl;/dZ 7@Y® photokinetic FHZHE T 2% D
EEZohA.

2) K& #MBHI- DSL & Daphnia
pulex ZOHREME L ORERIIBRED
ER(COWT

SETEHY STV 7 } ¥ OSREB T OB NIRRT
4 BEE)KJ5HS photokinesis Tk Y, DSL Dif
BiCREBEYR, RBHT7v 71> (Daphnia

® Acartia i3X) TRFEIRC dl/dZ OKR&IDHEAL
VEOENALE OO I D OESEHET S &
KOWCHRETE . 7, KbRosEIdRNRcD
photokinetic JEBAHRTHAR L L COBHONITT
T3 EMICEH L TE D, DSL 4435 & O Daphnia
20O T T v o v v BRSPS L BIRST

(B O BB TTRES /5 E 2 H DY) K LT®
BEEATE D C LI DWTRRT & T2

&T, DSL ek 5 11 B3R I=al5®, Fic
D. pulex T3 In=alf DI TLARENS. Ll
MG, WAL E L DSL itk Tid 1o OIEH
BAELIED D. pulex TBWTRBIELIEBEWVH AT
MR TH 5. coc i DSL 4#s D.
pulex LB 52nZONZABOMEENTIH -
KA & OHIOBREOER N RO bR D
ILELTERLINTETBRLEELZSNE. £ T,
%9, D. pulex it o\ Ciddcic Fig. 3 iIKREL~
I-Io BT 00— MlA% & B &z, &5
eI ET 95 & D. pulex O3 1R DRALERE
(Z) LNRE U) tRXEREOHMNE &Ebick
ZICKRE LB HINCEAT B0, EAIREOE K
BREBEOCEMBICH L THRAK/NS IR &R
2% (Fig. 9-¢). #>5C, ERB+TAIER LT
TZOEMRELZFD TSI, FRRBEOEINC >
T b DIHIINSRZCELNETHS. 2D b D
EOEMT 2ERE LTIR 2 OOERBEZ SN 5.
Flicik, BpoREREDOORTREICHT 3K
BEESICE DS FBBHEEROE/E OBEBICRER
TAHE. H2id, KdLOAEIHROREICE S
O EACL B ONERROREE L OB#EIC L 2 B4
THB.

FIELIDOEBIDONT, In & Iz t5272hFh
BENOEERE (O OXORTRERE & EME
E () ToREELL, L & I; 3BBtekoRdT
FERE & EMRE, # & u BEBXAKICLBER
EOHRBRELEERE 1 OXORTBEOHEKEH T
5&,

Iz,=Iy,e 2%

I, =Ie 22
Ifzj — (%‘:—1)8‘”‘”1)2 @

W, /1) BRECEMCH L T—EORE (<
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X z >
e e
+~ — (c) Daphnia pulex
—~F / (a) pa>
x 3
2L
L
N |
=i
- (0}
- 1 1 1 PENSIT I S T 2 3 PRy
Io (lux)
Figure 9. Schematic representation of the relation between I, and

I,, estimated from u-p, relation in the equation (4). 4; and p
indicate the extinction coefficient of light energy of a certain
wavelength (2) and of total light energy,

D 2L, UL B3O 07T ¢ NELE
7, BANER 2 DXORTERER A EOTEY
ZfT18 D (Uzy=const) L9 3. ZOEE, BYORK
KBIERE DRI (2D OFBEFBLOMHK
BE () KO BREVES (. >n), I, OEN&E
I Z LD enhA8KEIN&L5. zDk
W, TOHFX D BRALTB-0iKid I 12 I, 03F
MEEBIREEDTYLRITELEN. T db
b, b DEEFAKELIEOTWLTETHS (Fig. 9-
a). LaL, hizEWR D D. pulex [T TD
I-1, BBIG L3RI D. pulex OFj&% L {BHIL
e, E iz, e<le OWEOKICEHEG L CBH
1185151, LyoBneKIcHEALEIRE {7
0T I; 13 L o¥n (Z o &&blahal
WAAETH. §bb, I-I, Bkt Fig. 9-b ©
BTET BT &I B. DLDIL, D. pulex T
B2 b0BMIIHE ] OBEEOERTIIHMCHERL
BIVDOTH 3.

wic, K OBEFFCBELT GB20HE) b
DOEACDNTHRET . DB DOHENFHE
(BB >N TH- A BT lRE{mohTH
v, Whitney (1964)1°" (32 DEEDHOEHEEL
FHEBBREMOBERTHA S LHEELTWL 5. W
%, D. pulex [T TZOWSFRSE FIiCSr) s Rl

LB DRSS TREIS A MR DR (EIEMICH)
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Figure 10. The distribution of spectrum energy in water.

a) The distribution of spectrum energy at the depths of distribution-centre
of Daphnia pulex in the medium of various extinction coefficients (u)
under the condition of a constant surface light intensity.

b) The distribution of spectrum energy assuming that of 540 my at every

depth to be unit in oceanic water,

in 1942),

(Calculated from Sverdrup’s data



FE: BNV 7 v ORBEBHEE L K REESR L OBEICEY 3 B3 89

FEDOEMBER—ETREWC EEHSNC L
Tisbhb, REMRES L DSL AYofEBRE)IK
HCEBRT 3 RDARETHRD L -SRERR AL
TEL BERB TR L, BPOZETERIEETL
PEHYOERMICEFRT S FARS (FICHBEHMD
ONDORTEREFICHES BIEBTH 2 L 54 5.

wic, SedkhicEiEd 3 & BEEMNORS 3k
B TRBIBEEhTLE S T & (Jerlov 1968)5D
BXlmohTndhs, HE, COLSERHEKEORE
ESHORENBYOREBHICE L, EEMEE-D
CEDEHEINT &I, FRRERE IORIOEEE
FEoBORBEEOHERHOBE THDLFETZD
AHOREICELZBD IR, VWE, KPRORE
R & SREB T & OB R M B 129, D. pulex ©
FERM DT 4« O RFRRAER >ZREOBZEN.OBE
WAkl (Fig, 10-a). %7, ki o Ak
TOWEAMBEDOEXICE & 155 BILREEA T ~ 7%
(Fig, 10-b), Zhic kg, HRBERORINc>hT
B OEMEEC B 2B BHEIRR 2 TEREMIC
By, 2EROBEMRIIFECEMLL TS, ot
AR R DIEEE O3EIN & FiCHE B B EMRR O bic
BT3B, 0T, BMNER - TR 3BIOSS
#RICET B EEHRII RO EMRAEL LS
CIROEYORERT &L EHICEIREL BT E
Icis b, #hig, D. pulex > A. erythrea ® Y. 513
REMWET TV 7} ViICDWTIE, BREBRTEOENE
EWKBRE EEBEREICE>TR R h ik C
&, BIUHYOEZRROZATREERIIENIC
RN BRI D12 LA ETRTOBREICH YR
WLI22EEZ N &0, FRLcn K@k
BICBWCRERMRI DS, BLAKPEDHES
HORE INZOMBERBHICEETZLE545%. £h
iextl, DSL A3 MWk EEREOL (GRS
BEREATINC L) ORTERERIKEDTE L
ZEMD, ZRAENEDAOEEMARIOPICEL
LT, ThRBYONRERHICRIEELRIT X
boLEZONS.

Z dffiic photokinesis | & 3 _EHBD THADE
#7)3 geotaxis L X B&DETEERDY, HMEED
_H43 photokinesis Tl1/5 { D geotaxis [Tk 3
ETBERMND .61 59 UL, EEOBHIMSE
BRI B SO EBFRT B T & EoflEks <
OB E, ~RICHREGEE VW SFELE LB EEE
ZBE, TS DEYDOBEBENT & DT geotaxis
DERINDIVEELONS.

B, REBBHICHTIREENNY X L0%E
oW TN 3. ERKADRERRPEVDOESETE
ATR2ERELAENTVS. FRIE LREIC
& AR RENER AT, BT 3805
ERBPREBIC OV THEERITIE DI, 208, 8
DRERE R SIS LR hor. £,
P ) 7 L DBFENC DU TIZ AT B CRR MY
EEAEEBCETCEOT, BNTHYORERT~
FHIXGDITENTEXRTLELOELZB L, CORW
YR A EBERBEOBERIZSZICLTS, Z0EL
MR ERICH LU TERIONRWEEZ SRS,

V.o# R

1) BRICEBWTHE 2 OFEmRE W I H IR D
4 FTD Daphnia pulex DI 3 3 BERKIED
WRBIZOWTEIT L, ChEA OB ICGHER L
BT EERFHL, chEELLTEY STV 7V
DREBE ORBOMRAE RS,

2) JikidiEE Sem, F¥ 100 cm DK%
Fiv>, blue-black ink DEAFHE LT 4 B DN
BEEF OBEAIERL, 210 DRIEHIRHEAET
THEREAEL S5 D Daphnia pulex D4y
AT DE & AE L7

3) ZOHE, ERCBOTHRERHLEE X E3
T EMTEI.

4) D. pulex OHTTRLOEEEZDIEOW B X
R—EHRREROAS T CRERRE ORI I T
ZORNEERELILDLN, ZOBDEMNBEEES
{155, Wic, BRBENEDT 2 & ERERIZEL
1BH, TOHBOWEE SEELE3.

5 AHHLOEMBE () REERE ) &
THEARE (w) OB#THY,

log I;=(1.021—0.0352)+0. 603 log I,
TILEDINE. Fi, ZOFEMEE (D43,

_ 273(0. 397 log I,4-0. 0354 —1.021)

TH5ZIbN5.

6) TMEERRRERO Bhic B 2 ERBE &5
BOWBIZEDEMNT T D. pulex DERTESH DIKEE
ZEE L 7.

D BWATOEhZhOXERE EEREREST
PLNVEEORHER L 5O Z DA HHRLOEEERD B
&, T o ODERFEREE &M RO—BxRT.

8) M KEEE L NEBHOWEBELL T BEE
Cid, RBIBHCH T 5 C O FARERSEEOEEICH,



9 ¥ ox o8 %

R )

A~ LT OBEOCHIIEET 3. COR—BUIMEAH
KA EBE LA EREBLDTHB.

9 RHicE 2EPEION ICKHT S D. pulex
ORTFRIBICET 5 BAIC BV TH RBRIC 2V
HEME L EAEE OB —EBED Lz, L
L, /NEBHDEEMATICRER SR L
10) D. pulex @ adult }» immature X {33yt
T3 RRICHENED S5 h, immature (3L
taxis [WHEERT.

11) Acanthodiaptomus yamanaensis % D. longi-
spina ICONCTh, ZH5OFHILDOEREE Z DR
ITOEZ X CEMRE) REERE & HRFRERED
BEsTH 5.

12) z oM BEDOHERIITERE B L CRKEDORE
& OEEHE BB ORB O M E B L CEMRED
HEICEATX 3.

18) DSL A:¥osEB T 5 BHIER ORk
o REBEOCHEINCK L Z DEAFEEEL 12D,
L b ZDEMBERROHCE M, &5EREORE
P RITIE 2 L2 OFERBE—ERE% & 5EAER
g Evbhol,

14) DSL AYomffBE () K2\ TOFER
BEBUHEBOEE LRIZY I;=al;” DETEDS
5.

15) Acartia ® Daphnia O X 5 75 FZBEROIEIC
xid%:E®)id photokinesis TH 3%, DSL A
DNV TH Z DR TEIC X DT ld photokinesis TH 3
EFZEZLNB.

18) kiwtoAES I AT B
B UM E 2 R T X s D BRI A L
7.

17) KD HEMHORE SBHYOEM B LT
Z DALE OPTE EMERHICEIRT 34, Zho A TR
EBRDOBBLHTTE L NTEIEL.

18) BHATEDOLNBEZOAEFHOSMET TIAE
Yiz—F A DS < B3Rk (WY ORIGETIREN 1]
HAEFEORED) K UG L, Zhic X oBE%fT
wHEEILNS.

19 BYokEkEENSRELBERT L, Sl
B2 705 L HRIEBRORE & 5 2 &S B0
EBE)c & > geotaxis (3 photokinesis jZ s
DOEHRIT/PHE.

20) Fx OREMBESHET COBYOERBE DY
¥ (/I & zDRMEETO dl;/dZ L OBFRHD
THEEROEMEIT AP b5 T, FEFRINIBEEIC

FHELTOREYICBOTREDT L, ZOBNAE
OHFFIMEOKR & XOEiCH R s h, KRR
RRECHEE LT 560 (REERE) Ko Tk
CREXORL LA AI/AZ DRE& SOETE DT
FHRINTNBEELS.

21) D. pulex & DSL HioTa#Eic s THEN
WORERET TR b 3—ElEE2EH1EL D 3
Ui D. pulex) HiEEfiCi b 3—ElEE 5T, &
HREOEINC >N ThSWMEER & 3 R &L 3
3.
22) WHED I-1, BRicET 3 b HOFEORE
BLOZOEOLOEN (Z OFEAL) 1K EHITHEF)
RAKPDEEBEDERICE S IRIEETHYDNZR
BOBELOEECLSZEEZS.

23) D. pulex TiZ b 37 DHZEBLICZT BH
B TNCIE XIT & IO TEILT 2T O RS AT RETS
T AR S OBt A 4 B EE DEL
EOMEIC L >THREDTL 3.

24) DSL A£#ycid b ZHPOZATRISEERELS
BRI 5 BRIEDW EIRDE/E OBFIC L DT
wEoTL 5.

25) ZEEHFEIZZ OBSHEEBE B O RIR T
BRIS 5 A DIy DR T AREICH LR L T
BEETE . 2hiesdl, EEYRE (DSL &%)
DOBAEIZ, ZOMBREEI BT 3 EXKEEE R
WY ONZREBOBARIEE BIBIGEN 2. 34b
B, B3 E ORETRE A HEEE DB L iR
DD DR REICKIET 5.

26) 0T, EBUELERERSICET B I-1,
KO bEBLTZDHFOE T V=Y LRERIT
LBREDORERE L THREL S 5.

27) SEBECHT AWt RN X a0RERIZ
EALEHRTES.

28) HERMIICE LT, ChdBEETEEONER
IR EFEICHFAEDH 2% T, BIEWORET
BREERD XORTERERE /% photoki-
netic BB TH 3. £ LT, BOELAE OHERFT
REUETRER dl/dZ OR& X, EBUETR
I; (BRIOKDRTRE) ZOEDDRTREID
it L >TRdENDE EEX 5.

Eil 23
FREOETICHID, #if, BELSHEE LR
BID¥ % & b hic MR TEMEBIRITIRH O
BERTD. ThEOFRBUROMWBN 2R/
SEERVAPKEFT LEE =R, RIGRYKE



FH:BH S5V 7 PV ORBBIBBEEATRERFEOMEMICET 2% 91

FERAR E R B S CIc EE Y DIREICE RO
WA E RN RERER AR KEFERFT & NEZ
EHICH LUES BHLHLET 2.

5l A ¥ &

1) Backus, R. H., R. C. Clarke, Jr. and A. S.
Wing (1965): Behaviour of certain marine
organisms during the solar eclipse of July
20, 1963, Nature, 4975, 989-991,

2) Bainbridge, R. (1952): Underwater obser-
vations on the swimming of marine zoo-
plankton, J. mar, biol, Ass, U. K., 31, 107-112,

3) Bainbridge, R. (1961): Migrations, pp.
431-463, In T. H. Waterman, (Editor), The
physiology of crustacea, II, Sense organs,
integration, and behaviour, Academic Press,
New York,

4) Bainbridge, R. and T.H. Waterman (1957) :
Polarized light and the orientation of two
marine crustacea. J. exp. Biol,, 34, 342-364,

5) Bainbridge, R. and T.H. Waterman (1958) :
turbidity and the polarized light orien-
tation of the crustacean, Mysidium. J. exp.
Biol,, 35, 487-493.

6) Banse, K. (1964): On the vertical distri-
bution of zooplankton in the sea. pp. 53-
125, In M. Sears, (Editor), Progress in
oceanography, II, Pergamon Press, London,

7) Baylor, E. R. and F. E. Smith (1953):
The orientation of Cladocera to polarized
light, Amer, Natural,, 87, 97-101,

8) Bjornberg, T. K. S. and K. M. Wilbur
(1968) : Copepod phototaxis and vertical
migration influenced by Xanthene Dyes.
Biol. Bull., 134 (8), 398-410.

9) Blaxter, J. H. S. and R. L. Currie (1967):
The effect of artificial light on acoustic
scattering layers in the ocean, Symp, zool.
Soc, London, (19), 15-26.

10) Boden, B. P. (1962): Plankton and sonic
scattering, Rapp. et Procé-Verb., 153, 171-
177.

11) Boden, B. P. and E. M. Kampa (1958):
Lumiére, bioluminescence et migrations de
la couche differente profonde en Mediter-
ranée occidentale, Vie et Milieu, 9, 1-10.

12) Boden, B. P.,, E. M. Kampa and J. M.
Snodgrass (1960) : Underwater daylight
measurements in the Bay of Biscay. J. mar.
biol, Ass, U. K., 39, 227-238.

13) Boden, B. P. and E. M. Kampa (1964): In
inshore sonic scattering layer. Prec, Symp.
DSL., 1-7.

14) Boden, B. P. and E. M. Kampa (1967):
The influence of natural light on the ver-

tical migrations of an animal community in
the sea, Symp. zool. Soc, London, (19), 15-
26.

15) Bogorov, B. G. (1946): Peculiarities of
diurnal vertical migration of zooplankton
in polar seas. J. mar. Res., 6 (1), 25-32,

16) Clarke, G. L. (1930): Changes of photo-
tropic and geotropic signs in Daphnia in-
duced by changes of light intensity. J. exp.
Biol,, 7, 109-131.

17) Clarke, G. L. (1932): Quantitative aspects
of the change of phototropic sign in Daph-
nia J. exp, Biol,, 9, 180-211,

18) Clarke, G. L. (1933): Diurnal migration
of plankton in the Gulf of Maine and its
correlation with changes in submarine irra-
diation. Biol, Bull., 65, 402-436.

19) Clarke, G. L. (1934a): Further observa-
tions on the diurnal migration of copepods
in the Gulf of Maine, Biol. Bull,, 67, 432-
455,

20) Clarke, G. L. (1934b): The diurnal mi-
gration of copepods in St, Georges Harbor,
Bermuda, Biol, Bull, 67, 456-460.

21) Clarke, G. L. (1934c): Factors affecting
“the vertical distribution of copepods, Ecol.
Monogr., 4, 530-540.

22) Clarke, G. L. and R. H. Backus (1956):
Measurements of light penetration in re-
lation to vertical migration and records of
luminescence of deep-sea animals, Deep-Sea
Res,, 4 (1), 1-14,

23) Clarke, G. L. and E. J. Denton (1962):
Light and animal life. pp. 456-468. In M. N.
Hill, (Editor), The sea. I. Wiley, New
York.

24) Conover, R. J. (1956): Oceanography of
Long Island Sound, 1952-1954, VI. Biology
of Acartia clausi and A. tonsa. Bull, Bingh,
oceanogr, Collec,, 15, 156-233.

25) Cushing, D. H. (1951): The vertical mi-
gration of planktonic crustacea, Biol. Rev,,
26 (2), 158-192.

26) Cushing, D. H. (1955): Some experiments
on the vertical migration of zooplankton, J,
anim, Ecol., 24, 137-166.

27) Digby, P. S. B. (1967) : Pressure sensitivity
and its mechanism in the shallow marine
environment. Symp. zool. Soc, London, (19),
159-188.

28) Dingle, H. (1962): The occurrence and
ecological significance of color responses in
some marine crustacea, Amer. Natural,, 96
(888), 151-159.

29) Esterly, C. O. (1907): The reactions of
Cyclops to light and to gravity., Amer, ],



W25 HLE

Physiol., 18, 47-57.

30) Esterly, C. O. (1911): The vertical distri-
bution of FEucalanus elongatus in the San
Diego region during 1309, Univ, Calif, Publ,
Zool,, 8, 1-7.

31) Esterly, C. O. (1912): The occurrence and
vertical distriubtion of the Copepoda of the
San Diego region with particular reference
to nineteen species. Univ. Calif, Publ, Zool,,
9, 253-340.

32) Esterly, C. O. (1917): The occurrence of
a rhythm in the geotropism of two species
of plankton copepods when certain recurring
external conditions are absent, Univ. Calif.
Publ. Zool., 16, 393-400,

33) Esterly, C. O. (1919): Reactions of various
plankton animals with reference to their
diurnal migrations, Univ, Calif, Publ. Zool,,
19, 1-83.

34) Fox, H. M. (1925): The effect of light on
the vertical movements of aquatic organ-
isms, Biol, Rev,, 1, 219-224,

35) Foxon, G. E. H. (1940): The reactions of
certain mysids to stimulation by light and
gravity. J. mar. biol. Ass. U.K., 24 (1), 89-
97.

36) Fraenkel, G. S. and D. L. Gunn (1961):
The orientation of animals, kinesis, taxis
and compass reactions, Dover Publ,, New
York,

.37) Frassetto, R. and N. Della Croce (1965):
Observations of DSL in the Mediterranean,
Bull. Inst. oceanogr. Monaco, 65 (1344),
1-16.

38) Grosser, B. I., E. R. Baylor and F. E. Smith
(1953): Analysis of geotactic response in
Daphnia magna. Ecology, 34, 804-805.

39) Hansen, K. V. (1951): On the diurnal mi-
gration of zooplankton in relation to the
discontinuity layer. J. du Conseil, 17 (3),
231-241,

40) Harder, W. (1968): Reactions of plankton
organisms to water stratification, Limnol.
Oceanogr., 13 (1), 156-168.

41) Hardy, A. C. and W. N. Paton (1947):
Experiments on the vertical migration of
plankton animals. J. mar. biol. Ass. U. K,
26, 467-526.

42) Hardy, A. C. and R. Bainbridge (1951):
Effect of pressure on the behaviour of deca-
pod larvae (crustacea), Nature, 167, 354,

43) Hardy, A. C. and R. Bainbridge (1954):
Experimantal observations on the vertical
migrations of plankton animals, J. mar.
biol. Ass. U. K., 33, 409-448.

44) Harris. J. E. (1953): Physical factor in-

volved in the vertical migration of plankton,
Quart, J. micr, Sci,, 94, 537-550,

45) Harris, J. E. (1963): The role of endoge-
neous rhythms in vertical migrations, J.
mar, biol, Ass. U. K., 43 (1), 153-166.

46) Harris, J. E. and U. K. Wolfe (1955): A
laboratory study of vertical migration, Proc,
roy. Soc., London (B), 144, 329-354.

47) Harris, J. E. and P. Mason (1956): Verti-
cal migration in eyeless Daphnia. Proc, roy,
Soc., London, (B), 145, 280-290.

48) Hersey, J. B.,, H. R. Johnson, and L. C.
Davis (1952): Recent findings about the
deep scattering layer, J. mar, Res., 11 (1),
1-9.

49) Hutchinson, G. E. (1967): The vertical
migration and horizontal distribution of the
zooplankton, pp., 725-809. A treatise on
limnology. II, Introduction to lake biology
and the limnoplankton. Wiley, New York,

50) PR - BRI (1968): By Iyt v
OREBE & BEE(ICET 2 RBEE. BA
HPERaEE, 24 (8), 87-93.

51) Jerlov, N. G. (1968) : Optical oceanography,
Elsevier Publ. Comp. Amsterdam.

52) Johnson, W. H. (1938): The effect of light
on the vertical movements of Acartia clausi
(Giesbrecht). Biol, Bull,, 75, 106-118.

53) Johnson, W.H. and J. E. Raymont (1939):
Reactions of Centropages typicus to light
and gravity, Biol, Bull., 77, 200-215.

54) Johnson, H. R., R. H. Backus, H. B. Her-
sey, and D. M. Owen (1956): Suspended
echo-sounder and camera studies of midwa-
ter sound scatterers, Deep-Sea Res., 3, 226-
272,

55) Kampa, E. M. (1955): Euphausiopsin, a
new photosensitive pigment from the eyes
of euphausiid crustaceans, Nature, 175
(4466), 996-998.

56) Kampa, E. M. and B. P. Boden (1954):
Submarine illumination and the twilight
movements of a sonic scattering layer, Na-
ture, 174, 869-871.

57) ZgMiE= (1935): M/KDIKPICEE &BAE &
DR, PEkFEMEE, 5, 121-124,

58) Kikuchi, K. (1937): Studies on the vertical
distribution of plankton crustacea, I A
comparison of the vertical distribution of
the plankton crustacea in six lakes of middle
Japan in relation to the underwater illu-
mination and the water temperature. Rec,
oceanogr, Wks, Jap., 9 (1), 61-85.

59) Kikuchi, K. (1938) : Studies on the vertical
distribution of the plankton crustacea. II.
The reversal of phototropic and geotropic



GrEE: Y770 L OMEB BB KD RIS L OMEICHET B 93

signs of the plankton crustacea with refer-
ence to the vertical movement. Rec, ocea-
nogr, Wks, Jap., 10, 17-42.

60) Zjuhgk= (1946): Yo fTH. WHEDR, X
At

61) Knight-Jones, E. W. (1955) : Responses of
some marine plankton animals to changes
in hydrostatic pressure, Nature, 175 (4465),
941-942,

62) Lance, J. (1962): Effect of water of reduc-
ed salinity on the wvertical migration of
zooplankton, J. mar, biol, Ass, U. K., 42,
131-154.

63) Loeb, J. (1918): Forced movements, tro-
pisms and animal conduct., pp. 47-49. In E.
J. Kormondy, (Editor), Reading in ecology,
(1965). Prentice-Hall, London.

64) Marshall, S, M. and A, P. Orr (1950): Ox
the biology of Calanus finmarchicus. XI.
Observations on vertical migration especial-
ly in female Calanus. J. mar biol, Ass, U.
K., 89, 185-147,

65) Michael, E. L. (1911): Classification and
vertical distribution of the Chaetognatha of
the San Diego region. Univ. Calf, Publ,
Zool,, 8, 1-21.

66) JKEHFE (1964): HARKT 7 v 7 } VK.
B HE

67) Moore, H. B. (1950): The relation between
the scattering layer and the Euphausiacea,
Biol. Bull,, 99, 181-212,

68) Moore, H. B. (1952): Physical factors
affecting the distribution of euphausiids in
the North Atlantic, Bull, mar. Sci, Gulf and
Caribbean, 1 (4), 287-305.

69) Moore, H. B. (1955): Variations in tem-~
perature and light response within a plank-
ton population, Biol. Bull,, 108 (2), 175-
181,

70) Moore, H. B. (1958): Marine ecology.
Wiley, New York,

71) Moore, H. B., H. Owre, E. C. Jones, and
T. Dow (1953): Plankton of the Florida
Current, III. The control of the vertical
distribution of zooplankton in the daytime
by light and temperature. Bull, mar, Sci,
Gulf and Caribbean, 3, 83-95,

72) Moore, H. B. and E. G, Gorwin (1956):
The effect of temperature, illumination,
and pressure on the vertical distribution of
zooplankton, Bull. mar. Sci, Gulf and Car-
ibbean, 6 (4), 273-287.

73) Moore, H. B. and D. L. O’berry (1957):
Plankton of the Florida Current. IV. Factors
influencing the vertical distribution of some

common copepods, Bull, mar, Sci, Gulf and
Caribbean, 7 (4), 297-315.

74) Moore, H. B. and J. C. Bauer (1960): An
analysis of the relation of the wvertical
distribution of three copepods to environ-
mental conditions, Bull, mar., Sci. Gulf
and Caribbean, 10 (4), 430-443,

75) Motoda, S. (1953): Observations on diur-
nal migration of plankfon crustaceans in
Lakes Shikotsu, Hokkaido, and Tsugarujuni,
Aomori, and some experiments. Mem. Fac,
Fish, Hokkaido. Univ,, 1 (1), 1-56.

76) Nicholls, A. G. (1933): On the biology of
Calanus finmarchicus. 11I. Vertical distribu-
tion and diurnal migration in the Clyde
Sea area, J. mar, biol, Ass, U. K., 19 (1),
139-164,

77) Raymont, J. E. G. (1963): Plankton and
productivity in the oceans. Pergamon Press,
London,

78) Rice, A. L. (1962): Responses of Calanus
finmarchicus (Gunnerus) to changes of hydro-
static pressure, Nature, 194 (4834), 1189-
1190.

79) Rice, A. L. (1964): Observations on the
effects of changes of hydrostatic pressure
on the behaviour of some marine animals,
J. mar. biol, Ass, U. K., 44, 163-175,

80) Russell, F. S. (1925): The vertical distri-
bution of marine macroplankton. An jobser-
vation in diurnal changes, J. mar, biol.
Ass, U. K, 13 (4), 769-809.

81) Russell, F. S. (1926): The vertical distri-
bution of marine macroplankton. IV. The
apparent importance of light intensity as a
controlling factor in the behaviour of cer-
tain species in the Plymouth area. J. mar,
biol. Ass, U. K., 14 (2), 415-440.

82) Russell, F. S. (1927): The vertical distri-
bution of plankton in the sea, Biol. Rev., 2
(8), 213-262.

83) Russell, F. S. (1928a): The vertical distri-
tion of marine macroplankton. VI, Further
observations on diurnal changes. J. mar,
biol. Ass, U. K., 15 (1), 81-103.

84) Russell, F. S. (1928b): The vertical dis-
tribution of marine macroplankton, VII,
Observations on the behaviour of Calanus
finmarchicus. J. mar, biol, Ass, U. K., 15,
429-454,

85) Russell, F. S. (1931): The vertical dis-
tribution of marine macroplankton, XI.
Further observations on diurnal changes, J.
mar, biol, Ass. U. K., 17 (8), 767-784.

86) Russell, F. S. (1934): The vertical dis-
tribution of marine macroplankton, XII,



94 ¥OE MW

w2k HFl1E

Some observations on the vertical distri-
bution of Calanus finmarchicus in relation
to light intensity. Biol. Bull,, 65, 402-436.

87) Schallek, W. (1942): The vertical mi-
gration of the copepod Acartia tonsa under
controlled illumination, Biol, Bull,, 82, 112-
126.

88) Schallek, W. (1943): The reaction of cer-
tain crustacea to direct and to diffuse light.
Biol. Bull., 84, 98-105.

89) Smith, F. E. and E. D. Baylor (1953):
Color responses in the Cladocera and their
ecological significance. Amer, Natural,, 87
(832), 49-55.

90) Spooner, G. M. (1933): Observations on
the reactions of marine plankton to light,
J. mar, biol, Ass. U. K., 19 (1), 385-438.

91) SAEH (1966): HEA v FiE (Vv TEA
IR 1B B DSL i DT, FEHEMBIC L
%<7 o BERE RS HE. p. 65-87, HAUK
FEB IR AR,

-92) SpKIER - BREE B (1967): JUPEEBAREAK
BWicBd 3 DSLjiconT. L mEBE, K
BERUGT 7V 7 P YEBIREICONT. BKHE
33 (4), 325-337.

93) Sverdrup, H. U., M. W. Johnson, and R.
H. Fleming (1942): The oceans, their phys-
ics, chemistry, and general biology. Pren-
tice-Hall, London,

94) Tanaka, O. (1965): The pelagic copepods
of the Izu region, middle Japan, Systematic
account XIII. Parapontellidae, Acartiidae
and Tortanidae, Publ, Seto mar, biol, Lab.,
12 (b), 379-408,

95) Tucker, G. H. (1951): Relation of fishes
and other organisms to the scattering of
underwater sound. J. mar. Res,, 10, 215-238,

96) Umminger, B. L. (1968a): Polarotaxis in
copepods, I. An endogeneous rhythm in
polarotaxis in Cyclops vernalis and its
relation to vertical migration, Biol, Bull,,
135 (1), 239-251.

97) Umminger, B. L. (1968b): Polarotaxis in
copepods, II. The ultrastructural basis and
ecological significance of polarized light

sensitivity in copepods, Biol. Bull,, 135 (1),
252-261.

98) EMEZ (1964): Witick ) 2B R
T2yt v, BINEEESE D57, 2 (D,
55-58,

99) Vinogradov, M. E. (1962): Feeding of the
deep-sea zooplankton, Rapp. Cons, Explor,
Mer, 153, 114-120,

100) ik, M (1960): MEiE@HEM, HEUEM
hi%, EEL

101) Waterman, T.H. (1950): A light polariza-
tion analysis in the compound eye of Limulus.
Science, 111, 252-254,

102) Waterman, T. H. (1954a): Polarized light
and angle of stimulus incidence in the
compound eye of Limulus. Proc. nat, Acad,
Sci, Wash,, 40, 258-262.

103) Waterman, T. H. (1954b): Polarization
patterns in submarine illumination, Science,
120, 927-932.

104) Waterman, T. H. (1961): Light sensitivity
and vision, pp. 1-64. In T. H. Waterman,
(Editor), The physiology of crustacea. II.
Sense organs, integration, and behaviour,
Academic Press, New York,

105) Waterman, T. H., R. F. Nunnemacher, F.
A. Chace, Jr. and G. L. Clarke (1939): Diur-
nal vertical migration of deep-water plank-
ton, Biol, Bull,, 76, 256-279,

106) Welsh, J. H., F. A. Chace, Jr. and R. F.
Nunnemacher (1937) : The diurnal migration
of deep water animals, Biol. Bull,, 73 (2),
185-196.

107) Whitney, L. V. (1946): The angular distri-
bution of characteristic diffuse light in
natural waters, J. mar, Res,, 4, 122-133,

108) Worshington, E. B. (1931): Vertical move-
ments of freshwater macroplankton, Int,
Rev, Hydrobiol,, 25, 394-436,

109) Yamazi, I. (1957): Plankton investigation
in inlet water along the coast of Japan.,
XX. Diurnal change of plankton animals at
an innermost station in Wakayama Harbor.
Publ, Seto mar, biol, Lab., 6 (2), 109-224,

110) FHRMEE 987 W%, LhE#, HRE.

Summary

Recently, the attention has been drawn to the vertical migration of planktonic crustaceans
in the fact that the phenomenon is an interesting subject not only as itself but also as a problem
concerned in the transport of living organic substances from surface to deep layers in the
ocean, In the present paper, the moving behaviour of planktonic crustaceans to light and the
mechanism of the vertical migration were analysed under the conditions of various surface light

intensities and extinction coefficients of water.

The media of various extinction coefficients were prepared by regulating the volume of
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blue-black ink to be dropped into seawater or freshwater filled in glass tube-tank (5cm diame-
ter X100 cm height). The intensity of underwater iHumination of the tube was measured by
photometer with Selenium photo-cell, It was observed that the planktonic crustaceans (some
species of copepods and daphnids) gave rise to the vertical migration in the tube when the
surface light intensity was changed gradually. In the case of adult, their moving behaviour
was recognized to be a photokinetic one showing that their swimming speed towards the light
source was regulated by the intensity of underwater illumination at the depth where the animals
were present, while in immature, it was likely to phototaxis, When the surface light intensity
of artificial light source was changed, the depth of distribution-centre (Z) of the species living
in surface layer or the intensity of illumination at the depth (I,) could be given by the
following equation with two parameters, surface light intensity (/,) and extinction coefficient of
water (p);

I;=al}, a=f(x)
where ‘@’ and ‘b’ are constants having each a different value by species, In the case of Daphnia
pulex, for example, the equation was given as follows;

log I,—(1.021—0,035 »)-0.603 log I,

Z:%(o.sm log 1,4-0.035 x—1,021)

and, for Acartia erythrea, ‘@’ in the equation is 0.467—0.085 », and ‘¥’ is 0.676. It was confirmed
that the depth of the distribution-centre of these species calculated from the above equation
corresponded with the actual one from the field observations. Thus, it was approved that the
general equation could be sufficiently applied to estimate the depth where these species distrib-
uted in the daytime in the sea or lake. In the species living in surface layer, it was recognized
that the value of ‘»’ in the above equation was positive, and under the condition of a constant
coefficient (x), the higher the surface light intensity (/,), the deeper the depth of the distribu-
tion-centre (Z). The intensity of illumination at the depth (/) does not show such a constant
value as had been described by many authors. According to the present reconsideration about
the data from the observations of DSL or SSL, it was revealed that the higher the surface light
intensity, the lower the intemsity of illumination at the depth, that is to say, the intensity of
illumination at the depth of DSL was given by the following equation;
I,=al;?

It was seen, in detail, that ‘0’ value in both I,-I, relationships changed gradually to a
smaller value as the surface light intensity became higher, In the species living in surface
layer, however, ‘b’ value was regarded to be constant within the limits of empirical condition,
Then, it is well known that, as the light is transmitted to the deeper layer, the degree of the
angular distribution becomes more uniform, It was observed in A. erythrea and other species
that when the angular distribution became extremely uniform (almost completly diffused light
condition), the planktonic organisms could not maintain their position and regardless of the
intensity of illumination they sank passively down as they were in the dark condition, There-
fore, it is apparent that these species are directly susceptible and react to a certain directional
component in the angular distribution of the transmitted light at the depth.

It is considered that the difference of the I,-I, relationships between the species living in
surface and deep layers and the change of ‘4’ value with surface light intensity are caused by
the difference of the functional character of their light receptor and the change of the light
spectra with depths, The wavelengths of the transmitted light in such a depth as DSL appears
are dominant at the range between 470-480mg, for which the photosensitive pigment in light
receptor of organisms in DSL has been reported to show the largest absorbance, Whereas,
the species living in surface layer are susceptible and react to the transmitted light of the wide
range of wavelengths, Therefore, the different signs of ‘4’ in the above mentioned equations
given for the species living in surface and deep layers can be understood as the results of
measuring the light intensity by the Selenium photometer which is susceptible to a certain range
of wavelength of light. Thus, it can be concluded that the animals migrate tracing photokine-
tically the depth of equal intensity of underwater illumination of vertically directional light
which is susceptible to the photo-receptor,

In addition, it is recognized that, according to the character of light in water, the product
of the rate of illumination change per unit of depth in meter (dI,/dZ) and the reciprocal of
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the intensity of illumination at certain depth (1/71,) indicates a constant value, When the species
living in surface layer undergo the vertical migrations, they show upward or downward migra-
tion with restless up-and-down small movements, On this basis, it can be said that the
maintenance of the positions of species living in surface layer (which adapt fo relatively high
light intensity) is determined by the change of the magnitude of dI;/dZ, while that of species
living in deep layer (which adapt to very weak light intensity) may be determined mainly by
that of the magnitude of 7, itself,



