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Occurrence of American Tadpole Shrimp, Triops longicaudatus (1.eConte), in Paddy Fields Cultivated under Conven-
tional and Organic Farming Methods. Kenji Hamasaki (College of Agriculture, Ehime University, Tarumi, Matsuyama
790-0905, Japan). Jpn. J. Appl. Entomol. Zool. 43: 35-40 (1999)

Abstract: The American Tadpole Shrimp, Triops longicaudatus, a possible biological weed control agent, was studied in
paddy fields using conventional farming (with pesticides and chemical fertilizer) and organic farming methods at three
localities in Hiroshima Prefecture. The results indicate that T. longicaudatus did not occur in six fields using organic
farming, but occurred in five of 8 fields using conventional farming. To understand this difference, the seasonal abundance
of T. longicaudatus and its predator aquatic insects was investigated. Preliminary results suggested no impact of predator
aquatic insects on the abundance of 7. longicaudatus in conventional and organic paddy fields. An experimental inocu-
lation of 50 metanauplii of 7. longicaudatus was conducted in artificial paddy containers using soil from conventional and
organic farming methods. In the organic containers, all metanauplii died within 6 days of inoculation, but about 50%
survived in the conventional containers. The water pH in the organic containers was approximately 4.9, much lower than
that in the conventional containers, which was more than 6.3. A similar difference in pH was observed between con-
ventional and organic paddy fields at HigashiHiroshima. These results suggest that the low pH of water in paddy fields

using organic farming affects the survival of 7. longicaudatus, especially young larvae.
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A 7 + =¥ Triops spp. (¥, #EHHEWR Branchiopoda,
¥ B Notostraca BT HWKEOHBRETHS. HA
Tk, 7 AV HH7 =¥ Triops longicaudatus, 7 7
A7 =¥ T. granarius, 2 —v o Ah 7 b= ¥ T. can-
criformis © 3 f&H, WThiKBrORERLTW5
i, 1973).

B 7 b= CERHERNT, BREVEDLHEEDOTF ALY
BRTHED, BRCENOBC HERE#E L CHE
DFEEZFWIEBET, LV HEREELER L CHE
KExBELE, HEDOFA 2 ONEGREIRET HER L -
T, KE#EEEXHRT L5 T2 (A, 1972,
1977). & i —FEABE T OWTUE, ZhE CBiky
BEER LIBmE» < 20B b (iU, 1974b; AL,
1977; kA&, 1979), » 7 + = CEOEYIHFB~DFIA
PR TER. LL, 27 b= BEORERIIFT
Lo TRELSEB L, REDREVPAREE L85 Icd—RIC
FER LTWis. b 7 b = EE R K AR O £ W RIBE
CFIAT B cdiciy, ME T HTRITCEE EEY
MR 5 EDEETHS.
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ChET, BREBEAZEHILLIERE LT, okt
BT BRI £ B Thbh T B2y (B, 1975; Taka-
hashi, 1977a, b; Fry and Mulla, 1992; 7&JIl, 1995, 1997),
LR O BEEKEE T 2Ry (b,
1974a; L B, 1985 =HE S, 1980) . 7K H Tk e
REIEHA LD TR A R BEEE MThbh Tk Y, Th
s 7+ = CROEGRBEBCEEY S 2D EELDR
Tw5 (&6 - 25, 1981). Lo L, KEHORSEEHEE
THURC BRI L - T4 ThH b, B8~ OFBEERM & RE
L OBIER BT 5 D EETHS. £ T, AR T,
B LFIRE A HE LW A KEYBTAREKE, —h
LaRERALTOWRVCKHYEBEEKHEERLT, 74
VAaB T P EOFREXHE L. XI5, FEEKED
DR U7c HEE% B CfEERL L e AT K e AR A & 8
BLC, £HERYHKRTIERYIT-. AFTE, €0
ERERET DL LR, AEORERRICHEY RET
BRI OWTEETS.

AR ABICHEIL D, BT IE W BB KSE BN
DREEXREIIC, T, FER LOCRRC ZH I
W BB BB B o B E—EBERE, b0

ARAGRER RS L BT 5.
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1. FAEHOBE LHEEE

IRERRNTHEBEEL X 5 KBEESThh OO 5 HIA
B )IET, ZFREMHAE 5 L OB HEZIRIT, Tht
WERESKEY 223, hiclEd 5 BTEEKHE
LERIIETOREBEME LCERELL (Fig. ). H
JEEMON-1 &£ N-21%, &I 1975 1, ZRHO Mn-
113 1978 48, Mn-2 I% 1989 4Eiz, ZEHET® Yn-1 & Yn-2
(% 1965 Fe zh T MBTTRED D EERECER LK
HTh5b.

HEMOREOMRE, FEREEKECIRECKAL
%, BESEFIERI—FER L TRLT, EEL LTE
IRETH, RBECIIHE, ZEH R #HE LT
oo Fio, BREER, FHLAELVIY VY vEERIOKE
Bofrbh T, —F, BIREKETIERE LT
BoZIERZ V-, BREFCREH, BERR 2 ER
LT\, BREFNY, HAECREELE 10 HBEIEK
RYALVTa S AFN, XR/FFHh—F, A7 2F €y b
BERHINO A £ 2 Y v, €ekA, MCPB E&H
Bl V5 1 EAE, ZR, TR ERpct 9o
TV, TEx7e—ABEARN T VFT 7 -, XV
V7 =y FRAKFF R EA L, HEZ 15 B B
ChS—FEXVAALTZIR VYV RAF N, XVUFFH—F, 27
2Tty MESEFINEA Av Y, RVALTBRY X FN
A7 =)y MEENAIZ BT 5 2 BILE M Thhlc.

Hiroshima Prefecture

HigashiHiroshima

i,ﬁﬁw

Yasuura

ey Mihara

 IREEC IR > T\ B E B s DR T o T

=

BEANL, » 7 = CoREHEFCEE, 199451
Mc-1, Mc-2 CHEz 2 BE#IC>Y 7 a2 7 e b Y VREID
B XAy, FREIR 5T

2. BEZOELZKAICKHTZTAVANT bIEE

KERRFEORLEHNE

1993 £ & 1994 E£. D 2], ZFKEEBTIHT AV A A
Tr=CDREBELTAE L. T, 19954 & 1996 4F
i, TAVIAI T r=ERIVEZDOEARELELDRSLK
ARREOREWERERIRET D N-I & C-1 BFCRE
LCHRELL. AERIEKRKEREALD 1~12 BB &
L, XD 2ERNIT AV I H 7 b= DL BIAERIN
7ol 7e% ¥ CRESE LTz, 1995 4F & 1996 4Ri%, KB 20 H
AR A AR & L.

W 20x20cm?, X 10cm DA F v v 2GRS
KEOEEAS 20~30cm OFFICE X, FAERADOT 2V
AHT =, BICChEHAETHEE2zDRDL Y v
v LR, e EGH, P VRBYR, I AA<FY
g4 a2y Fig L OKERREY, HIE 03mm O~ FXx
vy P TT WIS HECHE Lic. AL, KA 1E4
D 10~30 iR CfT - 7o, BELBEFERY =5 v Vil
DEBTAN, #T70% D7 V2 — L CHEHE L TRE L.
TAVHHAT P = ERDWTIER, TREY FAYHE
WT 0.05mm BEACHIEL, ERRHsmMmsERELT
RERE
I AERY D OFHEY m? Bl h BB LORL
7z

- Yoshikawa

‘\

} ‘ Takasaka

Fig. 1.

Maps showing surveyed paddy fields in Hiroshima Prefecture.

Dotted fields (C, Mc, Yc) indicate

conventional farming and shaded fields (N, Mn, Yn) indicate organic farming.
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1996 FE I X RIR B O S KHE B\ T, Bk 1
e ) 10~15 H A X EY, C-1 TIkEXKE2HE, 9
HH, 20 HHE®, N-1 CixiEk#%2HH, 58H, 8HH,
199 HB, pH # —% — (HORIBA, compact pH meter
B112) % F\CHEAERE D pH % #lE L7z,

3. BEEORLZKALTENRTAUVAAT bIESHE

DEFRICREFTHE

HEBHOBTEEKE (C-1) LHEEEEKRE (N-1)
D BEI L o8, FFK R N2 CoK H O #oKEHEREE
YHEBEL, FIRTAVIDTr=EDAR ) =TV TR
WA ERE LT, BRNCATEREY BT 2 ER YT o 7.
1997 5 4 B e B oMK HOFRHEE > LES £ 20
kg TOEMR LIz, HEEIEIREOREL C & 5T HER
T B, FECARRE, £)=F L vEoRTE, &
EELOD I BREPTCER Ui, FEEKEO 8T,
FEEBAAO 2 HENC IR Smm D55 Wehd T LR
ELIE, BES L 3EFOBE LE 436 mm x BT
630 mm X & X 230mm DAY Fe vy VBT Skg 3
DARTe. FIRFFKE 1SIFome L BRL, 24
B, S0 UDBMEIRTRWEET AV A I T b =E
DA X —F Yy RAGEY—FEYT D 50 @ TOERE
Lic. ERE, s lod o7, FEBIY, 199843
ReBB KRt RBEREO» 7 ARECIT>7%. B
BARESENDBENL S, KIFC0KELF » P&
ED, REIRESED 15°C LTk bih L 5EEL
7.

EEBEER, KEOKEE T LEAET ORI Lk
DHHEL, A, FAYHWTCEREY 0.05mm ¥
SLCHIE Lic. Fio, EIRREZ M5 A& L L CURgaIp
TR THBDE S HOHBIHIT -1z, oK FIOK
BB L, FHfs, HEOBERIE S X 5 rITDK
R L. 2FEFROFEEL, BEE6HE»DL 4 HE
RTCTw-7. ¥bik, KiEDKD pH %, pH £ — & —
(HORIBA D-24) % i\~ CEEEATN S 5 B H Tk 1~2
ARRTC, ZO®RIIAEFBEHEOTE DDA IR
F A ERCEE L.

i EN
1. BEFZORALZKELCKETBTAUNNT bIEL
KERBEORENR

SHUIRIC 13 % 2EROFEDHHEL Table 1 TR L
7o, BIEREKHTIWThOMBRTL T AV A H 7 b
= ENRFAETHREERE LWAKBELSD - . Mcl,
Mec-3, Ye-2, Ye-3 B TIZ 24 & R4 Ledd, FRAER
BIEL L > TREL Bl o T, C-1 BE T 1993
FRFREDTRD DT, 1994 S i Rt Lisds - 1z
%7z, C-2, Mc-2, Ye-1 [BE T3 2 FH & & I T FER

Shishote. FMOFERREY F L5 L, BITREK
HCR8ERSETEE LLOEH LT, FEEEKHA
TiL 6 TN T CREVER SN o,

wiz, WIKETH®O N-1 & C-1 HBIc kT 5 1993 £
51996 £ F TAEMOT AV A I 7T b= L FOBAE
EEZ b AKERREOEEL % Fig. 2R L. C-
1 BB Tk 1993 48, 1995 4E % X 00 1996 4R1e, YK D
K&, AT 5 ¥ COEKKE, 720070
Tt CORENHERI NI, BEREBY RS L, 1993
FIREK2 BECHENC— 7 ICEL, TOBITR 2
AUt K12 A Bid FHERES 9.02mm ZE L,
FONEGENHER S i, 1995 FIrRENEL, BELE
R L, BEEAREOC— 7 3BB L -7, 1996
FREHEKIFBR Y —2ZICEL, £OBIBACEI L
fo. chicst LT, N-1 @Sl REMREF—EL 7 £
VAHT P EDRENFER I NI 5T,

—F, WAELELZORDKEREEIL, 199440 C-
1 B cHARBEE ¥ v = v v EYBEIAEI IR0
FHR L, K10 BB F CHEBETHR L, T0OH,
traw ERT HERENED .

MESBOHEAKD pH OZt%d Table 2 L. B
TABKED C-1 BT, EK2 BEOFH pH 48 7.2
ThHH, ToOH, AKIHHE, 20 HB LEBTHHK-
T, FRhFENTT, 89 L EH L. zhicw L, BHEE
KHED N-1 BT, AK2HEOEILFEE ST EHH
i C-1 BB L ) HELS, RIE[IZS4THT. £0D

Table 1. Occurrence of Triops longicaudatus in paddy fields
of different farming methods during 19931994

Maximum density of
T. longicaudatus

l:nagﬂgldg Location  Field No. (number/m?=S.E.)
1993 1994
Higashi- N-1 0 0
Hiroshima N-2 0 0
. . Mn-1 0 0
Organic Mihara Mn-2 0 0
Yasuura Yn-1 0 0
uut Yn-2 0 0
Higashi- C-1 38 +16.5 0
Hiroshima C-2 0 0
Mc-1 10 = 7.6 98 =+37.3
Conventional Mihara Me-2 0 0

Mc-3 60 +23.7 25 +21.0

Yc-1 0 0
Yasuura Yc-2 5 =+ 4.61 73 344
Yc-3 2.5+ 0.35 2.5+ 3.46
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Conventional farming Organic farming
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Fig. 2. Changes in density of Triops longicaudatus (solid
circles) and predator aquatic insects (open circles) in
paddy fields cultivated under conventional (left) and
organic (right) farming methods at HigashiHiroshima
during 1993-1996. Vertical bars show standard errors.
Arrows indicate the appearance of ovipositing indi-
viduals.

Table 2. Changes in water pH in paddy fields using conven-
tional (C-1) and organic (N-1) farming methods at
HigashiHiroshima in 1996

. Days after pH
Field flooding .

Mean=+S.D. Max. Min.

2 7.2+0.05 7.3 7.2

C-1 9 7.7+0.21 8.0 7.1
20 8.9+0.27 9.2 8.2

2 5.7+0.31 6.5 5.4

N-1 5 5.7+0.07 5.9 5.6
8 5.6+0.13 5.8 5.4

19 6.4+0.17 6.8 6.2

#, 8HHIFTRELALBIBBD LI > TeD, 19
A B ¥E 641 E CLER L.

2. BEZORLZKALENRTAVHAT bIEHE

DEFRICRETHE

BT REKHEAED C-1 K8 & B BIKEE#ED N-1
KIECOT 2V B H 7 b= EDEFEROE{LS Fig. 3
R Lic. C-1 KiEToOPHERRY, BE6HA T T
60% < FTET Lichd, ThIUBEL 0% RiEEZED,

Survival rate (%)

0 : @@ L —@—
0 3 6 9 12 15 18 21

Days after start of experiment

Fig. 3. Changes in survival rate of Triops longicaudatus in
artificial paddy containers with soil from conventional
(C-1) (open circles) and organic (N-1) (solid circles)
farming. Fifty metanauplii of 7. longicaudatus were
placed in each of 6 containers at the start of the experi-
ment. Vertical bars show standard deviation (n=3
replicates). Arrow indicates the appearance of oviposit-
ing individuals.

pH

Days after start of experiment

Fig. 4. Changes in water pH in artificial paddy container
with soil from conventional (C-1) (open circles) and or-
ganic (N-1) (solid circles) farming. Vertical bars show
standard deviation (n=3 replicates).

2HAFTEBLL. 14 HBERIZFHERRES 7.37 mm
A L CRIVEG SRR S . —T, N-1 Kl
6 HE ¥ CIRPHERTRN 0K L b, EINFREBEED
HE T DRI ERE Lo am L.

RECIKEADKD pH OF{L% Fig. 4 R L. BE
BMHED C-1 KD pH 1263 ThH-7odd, FTOBRBKLIT
ERLC8HERIZ88 I ot. TDREENLIDD D
D, LW ERAHET, 2HBRIZIOCEL. Th
TR L, N-1 KiECcix#EE 1 B2 5 10H B ¥ Tk pH
49 FIECHB L, TtoEksc ERLC22 HEKIX pH
6.7 Lilnoic.
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A7 b=, O TULERCHAE L Thios - i
LA EEL bhTw5. BRRET 5 RTORREIT
1916 4 (B8, 1916) THAHM, TODMEILKA LicDik
w2 RERAREIB E SR T3S (I - &iE, 1980).
BACIIKHADOARCERIHER I N, BRI 3EISMHT
HEnmbhTws (B, 1973). zo5ba—=m,
<A77 = CRUBRCRNCOM LT BT THD
M, TOTHT b ET AV 2 H 7 = RN
SASMIEE 2200 T, WEARELHOE S LT
% (AU - &8, 1980). LavL, Zhb oo KET
HTH 7 b= CEORBRENRTRED BB Tidin\. FBE
FTHKEERE L WKEPBETAESLBEIh T
5 (FTHE, 1970). 77 v =CEIFEE L WEEB L L
TiE, ERHHSLOBANSGIR IR TV%2, dLITE
ALTLEBETCE D EELLRS.

1993 £ & 1994 SR 47 - Te AFRE O R, BT EEKH
TR OEIL LOEBTT AV D 7 b= UaiFE LD
ML, BEREBEKECTERESRELAD LRI, 0T
(Table 1). SEIOFHERFCITIROFELFTH TR,
HILE L ZROBEERKE L EBEY RIS 5 L »
FrE=EENRAE LTI EV S BROFEENSS.
Tz, BEETABTEEKBTCIT AV D H 7 b= E25E
LTWBE &b, BEEREKEHT L INCHESBAT S
WEEEIIE . Liehi-> €, FREBEKECIIIICHES
BALTHEE CERWALLDOERNFET S LELD
hs.

—e, BAENEE CERVWERD—> L LTKED
BENZETORS. # 7 b= CEIEEDORBUIRER X
RTOWRWA, BES (1978) 12, BELm4HE, &8,
BEVIKEERER P HAEEL L TELDRALELT
Wh. i, B@iE- BE (1981) 1 IABRFEIRETOKE
FEELTC, BREFSRBRA, REAOKHIL, 74V
BT = COREFECSESVOEEYE 2 BN, Thic X
STERT BT TRV ERRL, CHITEENBA
BOREFBELIHT LD THD EERZL TS, L
L, XFEEOHSE, BTEEKEH & FREEKETILT 2
YAah 7 b EDFERKEIIHDEVOED LIS ICHEH
57, HREDO—DLEZ LA KERREORAERIUC
BAXEERNRED LR o1, EbER, 72V AN T
b COREBENY — 7 Lie B OREKE 2~10 HE T
BHOER L, KERREOBE, EINLTL 5Dikrh
I b EhZEANRD bR (Fig. 2). ThitikER
WEDOE N, HEARENR»LKECRA L TCEET S
FohfEaFETH LBATHEELZ RS, F, K
EERORKE, FEETKEOLELYAV-TokE OUT,

BT EARE IR T, 729D 7t s
BLE LB ST, 886 BRI T T OEEINFET
L7 (Fig. 3). ZoZ &k, HREEKAO - Eh,
T AV A AT =G OEFICEE Y RIS TR b0
WATFFETHEHRLT WS, ZhbDZ &b, K4E
BHEN, BEBEEKETT AV AH 7 b= URRE L
WERTHS ETEL . T, KERREDAORE
BECOWTIE, A1, TAVIH 7 b= EDORERCRIT
TEELBRHTALERD LN, KEEROBRENIS, &
{EEEFRCHFET HEYOEEY R TOILE S D L
Eizbhb., KEHEECEKTLE, S5 7 v
W7o v oy vitERa R RETA. Thbod
i, WREUNCL T AV AT =D& TS
EHbEERTW5EEL DR, KETThh b BEKAA
Rl & OREEROREY T T T DRSS S .

ZDED, BEBEXKHTT AV AH T P = DRFHEN
B o BhHE LT, £RREL LTONKE
DEENEZ DR L. KERBROKR, WAEDOKD pH
VLB B0y R RS D, BfTESKEOLESY Fv
7okt (DAF, BT HEEKHE LegEl) TuEER O pH
6.3 BB A LR L T8 HERILS.SHIBIIR -7z
2, HEEEKE I EEK 10 HE ¥ C4.9 51 CHER
L7z (Fig. 4). DX 57 pH 7 bix, 1996 SFicHib
B8 CHE LR & AEOEmE R L (Table 2). 4+
BRI U B AR KE T, 12 B Lgostiekcit
JEE UTKME 80keg/10a, < & CBIER) 250keg/10a A3fE
JExh T, Zhiedtl, BTREKETE, 11 A4
o Tr 4 a4 ] 28 200kg/10a HIEXH, &
K bH2BREONR» TR ERE & LT FOX264
(N:P:K=12:16:14)7° 40kg/10a fiEI T\t [+
A AN, BEES VY AR ERS & B HENRBAT,
TAAVEAEEATED, KELE~OBHC X > Tt
B pH NEIHZ LML TWE (IEES, 1996). K
FBETHEE LEFTEEKBTE, 3MROV-Thics
WTh [ M h]| OBBANEHIR TSR, 3
IR OBEBETKEL, &< 2 BEOKRRE 15~284%
BBRL, oM, KECHIR E O ERIEO A& FER L
TR EDDL, BEHOSRC L b 5 BEMROER T
E X o, BHEEKHE CIBTBEKH R R
LTWwb EEZBRS. —fikiz, pH DETIE, %< DK
HEYOEFCESEYRITTZERALRTED, 20
BEL, A XD E, 5 VREOIABRC
HHEEKRELS DB EEbLR TS (Doyle and McMa-
hon, 1995). » 7 t = CEHDEE, LORBRED pH THE
BZFHMEELC IR T, Lnl, BT EK
g LckhAED, BEEEOIRPVEB T NTETL
Tz b wELZDHE, TOXKECHEIN: pH X, 72
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VAN T b2 CEOEFRYET I EERDO—D>TH
DEEEMENE . ZHIEDOWTE, &8, 7AUHIHT b
= DL FICE Lz pH OEBEYHALMT LT, &
T LNENRD .

i =

1. KECKETABEEEOBENNT AV A DT b=t
ORETE: BB LT A, REET 3 HR
OETEEKE - BERERKET, 72V 87 =D
REXHE L. BTEBEKHTISEHSETT AV Y
BT = ERRE Licorest U, BEERKE T 6%
NTCRE LR WEHSESBHE IR,

2. RIESWEHNETOWMBEEKET, 72V h7 b=
L ORRED—DLEZ LA KERREORAEYH
ELick A, WHEDORERRCIIBIEELS TS biiods
ot XoT, KEEBREIEREFKATT AV A AT
P EARE L WERTERWEEL bR,

3. HIREWHIET O EEKES b HEX R L TA
TAKEERERL, 72V 87 b=t v T 550
iTot. BT HEKE i, BEe BB, 4AFEN
S0% R THR Licorext L, AE-tEKE iz
B ¥ Tl X CO@EGEIFET Lic. AREEKE cllE X
hicAmAD pH ik, BT E8KECHTHL MK
<, BiKHECHEIhIHEREFAROEREY R LI &
220, HMEAD pH ik, FEBEEKHTT AV BT}
= EhENEFETERVERO—D L LTS T2 M
TR I .
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