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Response to light in first and second stage zoeae
of eight freshwater shrimps

Akira Araki'?, Keiko Ideguchi’* and Tatsuo Hamano™®

Abstract : The vertical migration of the first stage of five diadromous atyids (Caridina multidentata, C. typus, C.
leucosticta, C. serratirostris, Paratya compressa) and two diadromous palaemonids (Macrobrachium japonicum, M.
Jformosense) and a non-diadromous palaemonid shrimp (M. nipponense) and second zoeae of C. multidentata and M.
Jformosense were observed under different light and salinity conditions. The first and second zoeae spread over
the whole of the water column during darkness, and sank to the bottom under the light independent of the
various salinity and light conditions, though there were slight differences among species. The swimming ability
of the zoea is limited, thus this vertical migration is considered to be not useful for homing migration. This
vertical migration at night is considered to be useful in order to feed on organic material and avoiding

predators on the bottom.

Key words : zoea, atyid shrimp, palaemonid shrimp, vertical migration, light
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Mrroy I, BAXTIY, IVELXTIEDH
PRI, 1997 4E 8 A 5 HICRMFIEOF NI TEHE L2, ¥
X MXITE, XTI, 199748 H 17 HICHEBE D
FEEFIICERE L7z BRI LA Cid, HT L0 Tl
W 2 AT 7260 e KA THIB L, FIRIE o728 &
ik, 1y MVOTIAF v 7 E—F —~EBNZIRE L
BRPHITL—YaryEfiL TS5 EFCTHE LA,
TR E RO KL 22°C ~24°C & L, —HBEIZHKD
PV A HER (W) =0z, Fa—) stk 2~3%
52, WEKOFEELBEAK Lz, BMLLE 1My 7
1 24 BER DA ERRICHE L7z F72, YT P X< IVIZD
W, B2V TIZonTHEROWNEE L, VT
7 Ol )31, Hayashi & Hamano @753V ICH#E L 7=,
DF N 1 EEOMED S L7z 28 %, 50% ik (KR %)
iz L7300 1) Yy VA S A —H =20 CHE
L7zo SRR i o]k (LOVE LARVAE No. 6,
L) RTDORLZLDOEMFRICENL, EXy
FCE =D — DR~ Lo 820V 7~ iR I35
{b#% 3~5 HITiE & 7=
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Fig. 1. Experimental apparatus to observe the
reaction of zoeae of atyid and palaemonid
shrimps to light.

FACINEE )N TENENRE L 7ze TFH T (1]
FUSE) o Ju ik, 1998 45 8 A 30 HIC & I oo 75 B 1]
WEOOFEKET, FFFTE GRAMEE OFaikix

1998 455 H 15 HUCII R oo /B i CHR i L 7z $REEL 72
TR, MEBEE AT 72 60 cm F 7212 90 em A TR
BNCHEIE L, FIRINZ - 722 Z121E5 ) v v o/ ily
T ARREANENINAE L, B h BT L—2a Y&l
THALT % F T L7z MBIEIE RO KR 22°C ~24°C
T, #AMEE (/77 EP5, wntl) B1HESZIC2
~3 Rz 7o BT KIES HE SR PR ERAK L 2. 7
L7255 LW =713 24 IR DAIC BRI L 720 F 72,

IFITFAIEEDVTE, F2WVITIZOVTHE
Baiiolz, VI T OMBEHEEHBEHOLE P ICHEL,

LR OMED HRALL 229 %, 50% K (KFE%) %
Wi7zL7210 )y MVOREKEIZANR, TEPreLT
L—2arziil, TVTFITO/ =77 A%kl L CHhH
BHLZH 2V 7~ I3H L 3~5 H Tl 572,

KB E

FEERIZIE, ®E 1 m, P36 mm OMFERZ L&
BT 7 ) VIR E 7z FIERT 7 ) VKA A L7z
AR B & 512, KA 025 % B { B 5 72 (Fig. Do
5 AR D MR BUKAS % 64 L, 22 (PSU) 2800 (=
oK), 83, 165, 248, 330 (=4xiffK) DKE AN,
ARAE, HAIEAKGE K, HEAIERIRO RS AR % v, B
A & FIROHEREHNT, $£42T7L—a Y&l %0
5 12 IR DL R A &, K& g SO BT Lz,
HKIE, Bok&iikz, HEazilE LaroslosiaT
CHEHELTRAL, KME~ANTz, X~ ZEHOFEERIZIL,
ZNENOKMZ, 1RO M2 S RIRHISHAL L 722k %
100 K972 AdL, =500 fERZ MM L7z, SRRz &
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LW Dhhoiz0Tl1 AiEH2Y 50 kD, ¥Yv X<
IEDHE2HMY T TIZONTYH, KudfilERKHEETH -
7ot I S0 To% v, TH AT EHOME
X, AT EHOEN LD LR KM TIEIETH LH7-0,
AU PN CABAR Rl 23 el L CAT BN DS TR v & 9 (2,
% 50 RSO % W CHEEBZE 21T - 720

WA % AN AN S E I CE i L, 2R T 72 5 0Nk
W OMTE 2 5672 M TR2gAIc oV T, WAEOTER A~
DB BIG L 720 D&M, Jtilie LT 20W o,
i, fkfs, HFEo=FEHE7 7 (FL20S'W, P, G, B)
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FACTHBE L5 (6 umol/m’/s), #J6 ( 60
pmol/m?/s) D2EBEDIRERE L 7o HFHRITLIT4A
FTOOENET ¥ TR IR L PATICERT, KL H
KT TOEMEEZ AL o THREICET L REEZR
#HiL7= (Fig 1)o &7 ¥ 7ONRGEDOHITINF -4 (Fig.
2) &, R Er (MER-1010, Biospherical instruments #1)
THELR, $72, KB CEETHE, umol/m’/s) &, %
# F (Quantum Radiometer Photometer Model L1189,
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Fig. 2. Relative irradiance of the white, red, green,
and blue fluorescent lamps used in the
present study.

Table 1. Scores of Vertical Position Index (VP)

Score Position of larva®
10 0 - 10
9 10 - 20
8 20 - 30
7 30 - 40
6 40 - 50
5 50 - 60
4 60 - 70
3 70 - 80
2 80 - 90
1 90 - 100

Y 0cm at top and 100cm at bottom in a
cylindrical tank.

LiCor#t) #HWTHRE L7z, KRBT HELREOMKRIZ
FHEICE->TERD, 1 umol/m%/s BEBIETIZH 100 1x,
FREBTIIH 15 x, FRELETEIH 150 Ix, FEIETIEH 60
Ix Thotzo HEBITENEFN15C, 20°C, 25°CH3I DD
KB TIT o7z PEEZKEIZANR, BEREETVTE
FATL7z (6 umol/m’/s BLF) IREETH I FERIEL, K
BEEFDBIHEITo THOERERBLL, IIDICE
BTCTHRELLDD, ELEBTCHELL, 2B, X%
RETT BRI Z N TR 1IISE, BRREICBW,

KEL mOMEAEEZ 10 cm L1210 KECXE) D,
FXWICALE T B EOMAERE, EEBRMA LY 10, 20,
ORI ET ALV ECEERH 2 HE - i2&
L7z, EBGEHTToNEDHER DEOHHULEIZT
EBRTEBEEZVE) IS A M EEWCERE
TITo72

EERE R O FHE
WEOBEBBOREREL, UTO200EEHA VTR
L7z AAEFEIRETH 5 Morisita® @ Is THEDEH
EERL, Z2O5FTLHMEBIIOVWTE, I TRETS
VP (Vertical Position Index) X Y F L7z
LIZIOUTOEERY, L =10LE5 Y5 N5, Is
<1DOEE—#GAM, L5 > 1 TEFRKEVIEZL 1 NETER
DR ED Z L RRT
I =n (Zxi xi-1) /N (N-1))
n: XE#H (=10)
% i HHOXEIC W AR
N : #B5&E% (=100 F 724 50)
VPiE1~10 DEZEY, fEA 10138V EEERKIE
FOEBIMEL, 1ISEWEETRIMBT A L 2RT:
YP=% (%-S) /N
x; ¢ i FEHOXWIC VSRR
S iFHOREN R T, Fh b EOXENEIZ,
1,2.3,4,56,7,8 9 10. (Table 1)
N : #5458 (=100 F 721k 50)

B/ R

FHATE (WAKHERE) DS OLER, SERIBICIERIC
FARELTEERE L, EBRRH 10 5H&ICIT§TIZE
BRARADOHEDO DR IEEL TV, X DHEELE
2L D720 30 DHROT— 5 #REPEHERE LTHW
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WAEKAE Rk % it L, WIRICIZIEIE ISR A 72 (Figs.
46)e LPLZAHEAXTIEIE, 15°C Tidsgkantic
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Fig. 3. I and VP values describing responses of the first zoeae of Caridina multidentata to five light conditions under
three temperature and five salinity combinations.
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JeD I; = 12-34, VP = 24-57), F7225°C TI¥, #kfa7d
JTiAABRREICDH T DIREETITREL (4, R,
kst VP = 21-67), HHIGOHIIEE L TENLAL
(FEo VP =14-21).

AIVHEIMYITIE, CNFTOL4FEIRR ST
BB %R L7ze BERRCIZ A O Sk F 721330800 < & 17l
LCW7zns, #hT v 7oRITEBRICEDIRAETEH0
O, FTICHEREONBECAE LT, BEILE kot
(Fig. 1o TO L) ZUSIE, Mo 4TI BigEIN%
o7z
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FFAZEEOPTIE, I35 7 FHTED RS IITH
FTRHIBENVHEPETH Y, FRIWIRTIE, ZEERBG 10 70
BIZIEZ  DMEDRIKE~BE L Tz (Fig. 8). 15°C
DL XOBKETIE, 35 (PSU) 330 (= &iffk) O
FIBIER LT Wz (s =74, VP = 93), ZOMoR;
R, EoKiiEb Koz 3t L7z (s = 1.0-22,
VP = 41-76)0 MIIZIZEDKIERTHHVWEFETTRE
~NEATE (Is = 44-100, VP = 10-24), FELEH D&
W & B BURDBEINE 2 o 720

Kt 15°C DK, IFIFFATVEOLER, % IFHEH
AR ORERE 5 (PSU) 248, 330) 7, F7zidk
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Fig. 4. Is and VP values describing responses of the first zoeae of Caridina typus to five light conditions under
three temperature and five salinity combinations.
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WSk 23 L C\Wize 9 ¥ 72T Lz, %44
ikt A, L OMEMFEL-FETHY, WHrrE<l
B BHITE ZOMIIEHRA > 720 20°C, 25°C DL XIZiFL T
FTTFHIECL XLWAATHZ Lz, Thbb, BRI
FRESD T DR R RN AR EREL (= 11-31,
VP = 45-81), BIRFICIZ TR~ EHLAZ (1 = 31-100,
VP =10-29) (Fig.9).

FFHEE QIR &, RKOR~N AN,
15°C & 20°C DMELZIE 30 4 BAICHE T L 720 25°C DIELC
3T Lehorze —F, 200C & 25°C Tidkic L e
BL7ze WEREIIZ SR ETGISICTREL (I = 1152, VP =

Is

fh s HFFOET - BRI

44-90), BIKECIX FR~NILAZE (I = 1.6-92, VP = 1.0-4.6)
(Fig. 10)
FE2HR T 7
Y FXTIUEE2M Y T 7, KO KANANT I
¥, 30 LA A TABEL L7z, M5 83 (PSU) ok
TRECIR LA o72b 008 X 3G TR AP o7k &
DOABDIE 4 T TIEAAEIZTEIE T, Wb g 1V =
T OA EIZIZFAMOIREE Lo DF D, BRI IKAY
OFENSIEE R EFEL (I = 13-67, VP = 1.6-98),
W2 s R SRR ~NTE A 7S (s = 7.2-100) (Fig. 11),
IFIFFHIEE2M Y T TIE, POkBTIIL T304
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Fig. 5. I, and VP values describing responses of the first zoeae of Caridina leucosticta to five light conditions under
three temperature and five salinity combinations.
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DINIZEE LTz 2oiolfin CldmEREE % Lz, &0 z 0=

AKIREED, BRI O $ 72134k (1 = 1.1-88,

VP = 50-100) ZRi#EL, HKIZIE, @wo<K ) ETEANT REBEOPT, LAXTIVEDOAY, HEHOEL oF
ATE(Is = 10-53, VP = 19-70)0 1V 712N &, DHEIET ¥ T OEDENIZ & - OERIBICIEE L WiEE

SR DTG FBIH C, PR 10 5 %I EIE LT HdHo7: (Fig 6)o — IS, KEGoKB~DEBIE, W
WBDS, BEIEEAEVZ2DIC, 30 0B TR TREAFEL BT > TRARY, KB T, foth, fkf, &
TWRWEERD L 05 7z E RS DN & B BB BONNINEN Lo MEEMFHEBY CTH D 7 7Y RO
#E, SRR ENE LTI bk ro7: (Fig 12). J =7 AL, RGO RIS X EBT D
500 nm A (kkfa) OWEMOHBIC L S IET 5 2 & A
HHLTWEAY, v X X< ULED, KKT THED
RO ET 2R FH L TWE L) iion
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|
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Fig. 6. I, and VP values describing responses of the first zoeae of Caridina serratirostoris to five light conditions
under three temperature and five salinity combinations.
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HEhaHT, oY~ hxvl, NPy XTIy,
IVIUXRIY, LAXYIEDRT S Caridina & & 13%
AR R R B 720, EMOAEIIOVWTLERLE
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REBRTIE, FIWYZT7E2HFRELED, YR
IEEIFITHHFIER, B2V TITonTHER

dh s RO - SRR

fiole IFIFFAIEWE, E2MV T OREHE]L
W7 XY S ME BB OMEN D 57225, WL b,
EIMvZ7EeE 2y T7IE, BRI O RFE A S
R Ak i L, WG~ B S 2 L v ) Ak
MEBEZIT o7 COT LMD, 2 H~DEEIZL T
WAEDEREDIH LT A2 3%, RIBET 5%
RYGHEEIZAETHLEEZ BNz, SO ELND, il
Ll G o8 11, 2y rid, Micks24
DFHEIEH B H OO, —HFIIRG LD M h 2D ST,
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Fig. 7. I; and VP values describing responses of the first zoeae of Paratya compressa to five light conditions under
three temperature and five salinity combinations.
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Fig. 8. 15 and VP values describing responses of the first zoeae of Macrobrachium japonicum to five light conditions

under three temperature and five salinity combinations.
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Fig. 9. I; and VP values describing responses of the first zoeae of Macrobrachium formosense to five light
conditions under three temperature and five salinity combinations.
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Fig. 10. /5 and VP values describing responses of the first zoeae of Macrobrachium nipponense (the estuary group)

to four light conditions under three temperature and five salinity combinations. All zoeae in salinity 0 at

15°C and 20°C died in less than 30 minutes.
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under three temperature and five salinity combinations. All zoeae in salinity 0 died in less than 30

minutes.
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than 30 minutes.
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