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FlRbBEEA TN S,
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1972, Chapmann et al. 1972) L, %7, BEXOD
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DOy PTRALTE—LRT A Kick Y, ot
DRRGS B % FEARTEMBE T TH-<72. 20 2 W % K
LT, TOVEERS, BYhhOBE L & HE L
7-.
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Forskal T, 2l 24 fILINOSIh % Fv 7=, %5
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WIKBL T4 B G LBexk) oy,
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TEL UTFHFeVEET) 2HCE ChIEEK
DHHE AN TEEOMBIZE . SBIcET+ 550
BEE, B7EAAPL ERy b TERAK L TEARME
TiEBE, Zo¥EEz -,
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Fig. 1 Effect of water temperature on the
survivorship of infective stage
nematodes

bHEH &S LT-50 Dffiix, 10°C T9.02H, 15° 5.33
H, 20° 4.41H, 25° 1.79H, 30° 1.05H & 7 Y KR 2E
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IZ150PCD REHesht &, 2 #%hd 50 % 7213 1500C & ik B
LIcBEDFMEDETD, HFARL 1EXLEVES
L7z EOESSfE m 722 YI2 DWW T & L7z, Table. 1
X, ZORMET, BHETH S 2 ESHA 50T T $ 150PT
TH25°C KR ARDFERL, m OfERRHB S, &
KB TREERMET T 20N TDERIT, HEHMTICE
Y Fo=8.836 (f53 150 DHE), Fo=12.572 (50D
) &, 1% THETD O, (72 EHE L BB
F0=6.022, Fo=9.148L, FEARZEZ LD L. L L
LI EEORL, FERICIHICREREEBELET
Wiz,
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No.OF PARASITISED LARVAE & No,OF NEMAS RECOVERED
w1
=}

1025 5 75 100 150 250
MNo. OF LARVAE
Fig. 2 Effect of host densities on the infec-
tion rate of mosquito larvae(O) and
on the number of nematodes

established (@)

Table 1 Effect of water temperature on the rate of parasitism of Culex pipiens
molestus larvae exposed to 150 infective stage nematodes, and mean
number of nematodes recovered per host (m) with the standard
deviation (s.d.). All the values are the mean for five trials

No. mosquito larvae exposed

Water 150 50
temperature % parasitism m s.d. % parasitism m s.d.
15°C 21.6 0.24 0.502 74.4 0.93 0.715
20 26.4 0.42 0.555 84.8 1.08 0.667
25 47.2 0.52 0.590 99.2 1.68 0.778
30 44.8 0.45 0.515 96.0 1.52 0.857

(9)



10

Table 2

Effect of increasing numbers of host on the rate of parasitism and the
number of parasites recovered, exposed to 150 infective stage parasites.
All the values are the mean for five trials

No. of hosts exposed (N)

No. of hosts parasitised (H)

Rate of parasitism %

No. of parasites recovered (E)
Mean No. of nematodes (m=E/N)
standard deviation

variance
Mean No. of nemas/infected host (m’=E/H)

10 25 50 75 100 150 250

10.0 24.8 49.6 63.0 75.2 70.8 50.0
100 99.2 99.2 84.0 75.2 47.2 20.0
26.6 52.2 84.0 8l.6 99.9 78.0 50.0
2.660 2.088 1.680 1.088 1.000 0.520 0.200
1.242 0.967 0.778 0.707 0.762 0.590 0.401
1.542 0.935 0.605 0.499 0.580 0.348 0.160
2.660 2.104 1.693 1.295 1.328 1.101 1.000

Table 3 Effect of the host arrangement on the rate of parasitism and the number of nemtodes
in the parasitic stage per host. 60 larvae were restricted to specific locations in each of
flat-bottomed vessels 9 cm in diameter with 50 ml water, by placing them in various nu-
mber of cylindrical cages, made by 50-mesh plastic screen, 2.5cm in diameter, and expo-
sed with infective stage nematodes for 6 hours. The larvae were contained in a cage and
placed at a spot, or all the larvae divided equally into two cages, or three cages, four
cages and/or five cages. The cages were arranged along the inner wall of the vessel with

the same distance. All the values are the mean for three replications

No. infective stage nemas exposed 300 600
No. of host cages/vessel 1 2 3 4 5 1 2 3 4 5
No. of host parasitized(H) 19.2 20.4 40.8 39.6 40.9 43.8 48.0 57.6 55.8 53.4
% parasitism 32 34 68 66 68 73 80 96 93 89
No. of parasites

recovered (E) 22.8 26.4 52.8 61.2 66.0 82.2 95.4 117.6 100.2  99.0
Mean No. of nemas/host N

(m=E/60) 0.28 0.44 0.88 1.02 1.10 1.37 1.59 1.96 1.67 1.65
standard deviation 0.602 0.704 0.773 1.039 1.015 1.236 1.356 1.180 1.073 1.250
Mean No. nemas/infected

host (m’=E/H) 1.18 1.29 1.29 1.54 1.61 1.87 1.98 2.04 1.79 1.85

5. m=—1.806logio N + 4.555

BERIL, BEMMETT3CohTEWEEZLDL, OEFRBZ bz, £lom OEERFEMEE m LDk

100%IEWFAER 3 BB DD 1/3 DfEEE, id
ZFHUTORICZ bz,
TBEENITES LR EBE(E) X, EEHEEL0T
BRERY, ThIVEEETHRBEETLEST 5.
ERZDEEHEIOCENT, HFEINEZO R
(H) b&Kic# % (Fig. 2), Z® Table2 iZBIFBE &
HORE OFBEREE r=0.879 (p<0.05) LEHXh,
7z,

E=0.919H+ 22.632

DOEBRPRH & h iz,

FAEZELZ LIRED, BEYVOHEEm L, BE
DEERKLERDZBETLT, BEEBE(N) OXEEL
Dz,

(BB ¥, BEBESLKRE 2K, Ktk sk
O, BERDAZ VRN, REIXKRELBbDEER
bihvs.,

FEEE LIRBOEE Y, TEEZIBEY IO
£ m"=E/H THHT 2L, RROBEEFKE250 T m’
=1.0, UTFBEFDLRVE, BT, TARbLER
FENREL 3. ORI

m’=-—1.30log1eN+3.92 2z bhi-.

2-2. RYeHhiE50ml DK L 3£i2300F 72 iF6000L
ORBICL Y, 1FKHBELT, ZOHIZ60ILO 2 #hY)
BES5EYOMRBICRB L. 7711 212860
IEoEE AN 1 BETICBWHEE, 2 22302 A
, 2 HPFTICAER LTRSHA, Ffk3 =ic20m¥ o,
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Table 4 Densities of infective stage nemas per ml water. The samples were taken from
four cylindrical cages, made by 50-mesh plastic screen of 2.5cm in diameter,
located along the inner wall of a vessel, 9cm in diameter, with same distance

each other. All the test replicated 10 times

Vessels without larvae

Cage placed at A

Vessels with larve
C D A¥* B C* D

Density at 2 hrs after nemas introduction 2.70 2.90

0.737
3.10

standard deviation 1.337
Density at 6hrs after nemas introduction 3.40
standard deviation 1.576  1.449

2.70 3.10 5.30 2.00 4.10 2.60

1.159 1.595 2.406 1.333 1.663 2.366
2.50 2.30 3.80 2.80 2.10 1.70
2.173 1.337 1.549 1.316 1.370 1.567

* introduced 10 mosquioto larvae in the cage A and C respectively.

Table 5 Mean number of nematodes established in 2-nd instar larva exposed for various
periods. The 25 larvae were placed in a cylindrical cage 2.5cm in diameter, made
by 50-mesh plastic screen and located at a edge of the vessel, 9cm in diameter.

All the test replicated three times

No. parasite  Hours after No. host No. host No. parasite Mean No. d
introduced exposure examined parasitized recovered Eg;rtlas per s.d.
500 0.5 50 8 8 0.16 0.374
2 50 28 54 1.08 1.222
4 50 36 62 1.24 1.011
6 50 40 86 1.72 1.514
8 50 48 92 1.84 1.027
10 50 50 96 1.92 1.037
14 49 49 100 2.04 1.135
18 47 47 103 2.19 1.209
22 52 52 111 2.13 1.372
A 1000* 22 49 49 120 2.44 1.472
B 500* 18 49 49 99 2.02 1.181
* 22 49 49 107 2.18 1.409
C 250* 22 44 44 98 2.22 1.198

* 14 hours after the exposure to 500 infective stage nemas, the larvae together with cage
were transfered to the new vessel which contains A 1000, B 500 and C 250 fresh infec-
tive stage nematodes respectively. Thus the net exposure time to 1000 nematodes was

8 hours, to 500 nematodes 4 or 8 hours, and to 250 nematodes for 8 hours

4 22150C, 5 212CF -2, W bEREIMC, PR
iz, SEHIECE L7z, 6z o RRBIZLT, LiRSHH
X, BoRBEAKCBL, MEFL, JRLELLZS, 26
BREELTWSE—h7t1l, 2aiiLIdbh TN
BRBICHFERPET Lic (Table3). EHE LicBBiE
¥h, FRRCBY TS, L L, BELBREROFAE
ShizfEEY Y OBE m’ 13, HR%K2%300 2L EEMN
SEBLTWSE, KEREEZLHTOIL, HHE600TIE,
NIRRT X D EE— TRV, HHEEBEERKTY
BThok), BRADEEIRTHOLLMBINS.

3. RS HofTE)

3-1. ReghHh5000T, 7&50ml DAEBRNICH &L 4
a FERRICEER L., 2FE%, 6FEE%kIc, &4
A 1ml OKEE D, RESHO PERBLIZL
Z %, Table 4 ITLdT X 5T, FH7 DR
BEICER TP 2L, HEHICERRER 2P OH.

F7, 43D FEAP, BT B2 2IZI0ED
B K LIzL T 5, 2RKHEEBICE, BEOWEI S+
LT, BE2HEOBBBMELL O/, EOER to=
4.9803 (p<0.001) THEMHS. L2L6EHMEITIZ
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Fig. 3 Effect of different exposure period on

A- the ratio of density of infective
stage nematode in a cage with larvae/
without larvae, B- rate of parasitism
in 2nd instar larvae, and C- number of
parasitic stage nematodes recovered
from all the hosts expo sed. Two
cylindrical cages, 2.5cm in diameter,
made by plastic screen, locate on the
opposite edges in a vessel, 9cm in
diameter, with 500 infective stage
nematodes and 50ml of water. Then,
10(®), 25(0O)or 50(1) larvae were intr-
oduced in a cylindical cage. In each
observation period, a sample of two ml
of water was taken from the cage and
the number of infective stage nemtodes
were examined (A). The larvae were
separated from the parasites at the end
of each exposure time, and examined
for parasitism (B and C)

EDENDYRL Y, BERETR R 22k (o=
1.5598, 0.1< P <0.2).

3-2. FRRIZ22DB 7V EBEBL, —FDOh7+
MIZ, 2, 10, 25F72i1350PLm 2 s a2k L, fiis %
MBEE LT, ZREFRDOH 7 AN DORRBEEEE 2 10
I Phige e L7z,

ZON, BER2IEOH £ N Tid, BHIEHZ3I0HT
6.0/ml : 3fFR3.1/ml, 2 Wf16.2: 2.2, 4 B5fE7.0 : 3.5,
6 FF[#]3.0 : 3.2%F04k Li-. HmEE DI, 1.93, 2.81,
2.0, 0.93L L LizbiFTHS. 3EEEHR LA, 8
L7cGiho 5 TR R £ TAE Lz, 3050 8fo
6L 2 LI+ &ERpo%k. F LTI D2 L&, 12
OB ERE LTz, WFhOBEIEEROEHE RS
A, BEEHBEBEEOEMIZE Y RECH LV X % T
B, TO2DLDFPEE, 4ARERIEAL T Z O BiEIEE
Y, 6RETITEIEIRFEICR DT LE D,

Fig.3 AiZ, hH¥10, 25, 5004 % DEPESDOEEK
BRI ET, WTh OB T L BIEE304MTE,
B oEx VY 23R 6h, 2EMTe—s L3z
ERLTWS, Fiko 2 lCoE41%, 6FREIT, HofE
R1LFIZRE D725, 10 LT 8 EfE, 25PC 1085R,
S50ICCIII2~ 4B 2B LT, 1% LI, 1pi%e
5. B/ ROEER, WTIhoBFERTH, ARK
D2~ 3fET, KERW.

EPEBRGUE R ) FEROELEFR/ S 2diC, £
BROVHLSHEHZ I U (4 BREREREET S L,
ZORMICHREER N Z 200206 T H 5). FERII,
Fig. 3BRL®T X oiT, DARWEEEKTIE, 220 E
MIcEE5. 2 LTEELIBEKE (Fig. 3C, 17§
Eb )V FHEn X EREFHEN) b, FERO LR L
EERIC & 5 e 7 TN 5.

FZRERFZEOEDOIEL, HFAEEZIBIEKHE
DRZIX, 1EFEF10, 25, 50 D £ % T r=0.979, r=
0.987, r=0.980%, L BWHHBHRE X RHE L

3-3. LdBoFEBRT, BIEDEED A2k IS LN
3, SHICEOEERELT, HHRLOEMBHZIEE
LTH7z. ZOFREEIBER D BE TIE, FH4EFR100%,
FAEMMAR OB BBE m=2.047%, 22850 A TiX, m=
2.13 L iz L= (Table5).

ZZ TUREREROEESR, B 7vAT L, BlOHHE
RARBEI000IED W BRBAICB L THI L 25, 228
FERTIE, m=2.441ck o7, FRICABB Rk
Yeih 1500251 5), E212C ([F250) 2B L 41,
ZFhFh m=2.18, 2.22 Thoi-. 100% F4E % 2}

(12)



T, SORFMLBESE L EMLTZOoNE m OfE
13, 14REREIRERD2.04L ORElic, BERZZH N,
D7z, Table 5 2 HFET 5 &, 25LOBEHFAEERIC
MUT, Hiicic el U7z #R250P8i%, 8 IR oo Bz
iz #44.670C 73, 500C T iX1.0PC (Fig. 4 B), 1.000JC
ThH 10.22JC0 R HS, BEDOENICBATELiCTE
2,

3

o . ..o A
2 ° ST TN e
/ \ . o
i - “e

Ratio

Ne-Nemas RECOVERED
o
o
£

2 4 6 8 10 1 1y 16 18 2 z
TIME IN HOR

Fig. 4 Effect of exposure perid on A, the ra-
tio (as explained on Fig. 3) and B, the
number of parasitic stage nemas reco-
vered. 14 hours after the exposure to
500 infective stage nemas, the larvae
were transfered | to the new vessel
which contained 500 fresh infective sta-
ge nemas (@), and it compared with
the results of ‘“not transfered”” (O)

(see also Table 5).

Zhiz b b b7, Fig. 4 A i, 100%%F4 LT
BIEEDOE IR E A, Bk 3-2 THE Lo L£< ]
EHTEPELIZZLEEZLDLTWS, Thbb, FE
BB+ L, #7EAANIC, Fig.3A IZLHTD L[
C X oRERNIT 5.

I

—EDOEREEFE LT, FERE LEHRICERLT S
BROMBER, BIOREOBEEICEET 2B ERFL
7z

AR R R BAERICK LT, oS RicEFE S B
BELES LT 5ICE, 52 Uk ich i s
TGS B % BATRICEOEUR T 2 FER R L bh T
Wiz, HREROHFAER, BCREFHDIOILE, Zo0
Bz, fEERICHIEL S 2Tk Bt R a4 = &
2, BEL XhTW (Petersen & Willis, 1970). 4
EDOEE (2-1) TH, ZOEEMZEHLIS. I
2T, BEOWRVWKF TOREBDELD, »7gh BH
2, BERTED”. S22 TO Chapman & (1972)

13

i, WA O18RFHILAATIC YL S F b L T v B
2, THTE, BELEMT 5% TIRO%ITWFEEES
LB Sh, BE—FEBROHEOBEEL AL, PR
PETLLS.

EEOHHMEELTWS L, +oABENEE I
<. SHORER, FEE#OIEDICEE>TWS
HHMIZH LT, ROSEROMBEIER T 5ici, B
TEROBBERATRIERLFV. LEADT, B4
TZORBEEATSICIE, BEHHOBKITLHAA,
AFRBIZONWT LRI L, HAREEH 2L TRAD
NS

—EEOHBBEZHELTVWBDIZ2LbLT, BELE
BERL, FAERILL LY, FEXZIREEKL,
TBEEANICBAES LB EE THH T 5 (Fig2).
BENZBETLDALTETY, HBADEFRMETT
5biTT, Zhik, FAELHRETT 258 ICEE
RETLHTHS. BENETELLFEERIT 5HE
¥ oW B 35 13 Petersn & Willis(1970), Petersen
(1973¢) BB L, BEBEV BV LEXICEERZY
TEORBOEEILIEL, FEHEMETT 20Tk
W, LHERLTWS. L L, KREROKEERE» LI,
THERERS RGP BDPEEENICEAT 5 TOITH
CRRT2EEBE2BNS. Thabb, AL, BEENI
ABERZODBEERTWS, —oiF, HEFEDICHE
£5Z L, flud, BELEMUBNICALIERETH 5.

BEEDEDOMBFE X, 23FIC B0HLINIC) B
Dfc. ThA, B0, £PbThD. ZoEFL
B3,

1) FE’PID O 2B L TV A5, 20
1, 72l ARFEOEENNTLEMOETT 22 24
{, BEDWRWEFTD 2 —3BREEZEO>TVS,

2) OIHDOEIREED, BEEOZVIIECIKINE
L &Ry, Lal, FEFPEVE, EhfbLTv Bk
pS =S i Y -

3)  EHLITEKIFRIAkGE L TR L, ToRETOR
ARiE, 100%IZELTWZ., L LEDOHE, HLWE
B3 &, BERYSmiEE & 0 & CEPLY, BE
B5. LVwORBMERE L.

%< O BET, X ERET SEIEITIE SR,
L 21X Chernin (1970) 1%, fEMmKHE I 52T A
FEEXo R o SR LIFEI ShbZ L
ER LI, fhic, f8E0 3 CO:, REZER LTI
T ARFED FEB D F 53, Croll(1972) DfEIHIC FEL

(13)
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V. ABRBEOBE, BEOMEBMLTEEIPFRHAT
»5N, EdRo 1), 2) 5, BEXEHEHLTEELT
< 3BHL, ZOILFIHICNBLDIBLATWS
DTERANDLEEZD.

FEhfhid, BELOBMOBAZEMIEI00, &
Z0iER, BEEA~ORACIFHRELEALTHS.
L LEEREL RBDIE LTI Y SEROFEHNFE
Bl ENBWDRELrLEL DEENL VLK OFERIC
WEINEEE, BERENRWNMZE, BV, —F,
TBEEAD LR S h - RERkiE, FEshiEExD
BEE ORI, BWHEBEREZLD L, Sbic, H4A&H
RBBEEDOEHE m X, ZOHEOEL Y KTH o
7-. AEOBEBAER, 742 0BIRE, HAWR XS
1.

HOTHHBEEEEETTHIE, BENZEWITL,
FHEEET 2HMEREHINT 2. o sBA-mE
EDEETIE, RO BEPHEILLIVMLLL AVEE
DREAEELHRAMICE,I LI L, —FEFLEIVE
HIZHERE T B I OEMPRETLES DT, HE
LLT, EETIRIEDV DR RBLEXS.

2MEOEEITH LTI, 100%DHFENETLT b 72
B4 ~5EMIEREIEE, oWiiEEERLTL
oM. BT, ERICHFASH TERMEZBELEE
FCiX, SERMIbOERLE LD LAads, I O%L
PEEENICBARK 2200 BER, BB
L TiEe EHET, —BEREROBAZHT, ¥
B ERET 5 L, BERYIC R O BRI AT A%,
fExsELbhiLBEN 3. T OREEEOREITIL,
thofRE, fEEEDOLPD, 50, 25, 10, LEXEK
NRDTBIConNTREICKS7-#H, »5vE, Kb
EEERDICHES T 2 ERBELR & L itic, S%FLR
WZLIZWEETH 5.

FEH

BUSICFAET B g d Reesimermis nielseni @, F
A x=H Culex pipiens molestus \THETDERL,
FAEEF W HBEERRNM L.

FERZ, BEBEOBWLE, KEDENWEE, 18
FEOR/HMRELTNWD L EITITIERT L k. Rifeghh
D, BEDOWRWKP TOHEMIFKARIELEEGI V. &
YIREER L BT 5 & &3, EHFIC W 7 B EaEm
L, EFERFIEE D2, BEEIDRLTH, £TET
LRAT AEAEE LD Lk,

BRygesh i, EEHOENICERLT R, FOHED
R, BEESEMLTOLEMET 22 L A&
{, RER LTV BRERINEL 253, LiL, &
HICEE B EAZ Ly, Fiz, 100%FELTH
SEEICHLTD, HLOWREGHIZ, FL L5 icEF
b+ 5.

REDEEEN~OBAEEZ, PhVWEEEKTHE,
Eb TELEBZRDbIRS. BARZ, EH{boiks L
RO THETT 20, BEE» EVE, 100%FEEZIC
IVEVERZETS. LaL, BRicFELETLTK
FRERE LB 28 A1, EL{ V. BA
cBELFEREL, FEEZIREXROBICEE
WHBBIR RS b,

BEL7ZRBE, 7AV D EHEHE Dr.J. J. Petersen
rTVFEEIN., ¥k, KEERCHY, EXTHE
ERENEELBREEREOHBELHEE, HAEAE
ERM—BHERC, XIROFEE2 2. YHEZEOAE
HEMABRMBEE—FROERHALHET, SR
#HT 5.
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| Abstract

POPULATION BEHAVIOUR OF REESIMERMIS NIELSENI, A NEMATODE
PARASITE OF MOSQUITOES, WITH NOTES ON THE ATTRACTION
OF INFECTIVE STAGE NEMATODES BY MOSQUITO
LARVAE, CULEX PIPIENS MOLESTUS

TAkESHI KURIHARA
(Department of Parasitology, Teikyo University
School of Medicine, Kaga, Itabashi, Tokyo)

This paper describes the population behaviour of Reesimermis nielseni Tsai and Grund-
mann (Mermithidae: Nematoda), a promissing biological control agent, with respect to the
attraction of the infective stage nematodes to mosquito larvae, Culex pipiens molestus, under
the laboratory condition.

Each of 150 infective stage nematodes was separated and placed with 2 ml. of water under
constant temperature at 10, 15, 20, 25 and 30°C respectively. = The number of the active ne-
matodes was decreasing as time passed. The LT-50 values were calculated as 1.79 days at
25°C and 5.33 days at 15°C. However, the rate of parasitism was higher when the nematodes
exposed to mosquito larvae at the 25°C than when these placed under the lower temperatures.

Various numbers of the second instar larvae were exposed to 150 parasites. As a re-
sult, almost 100% parasitisms were obtained when the number of parasites in the infective
stage to the mosquito larvae exceeded a ratio of 3:1. As the number of larvae increased
the percentage of parasitism decreased.

Sixty larvae were arranged in each of glass vessels with various patterns of distribution
using screen containers and exposed to a constant number of infective stage nematodes. Rate
of parasitism was lower when the caged larvae were held at a edge or two spots than when
the caged larvae were dispersed for more than three spots in the vessels.

Marked aggregation of infective stage nematodes in the screen cages, which contain 2,
10, 25 or 50 mosquito larvae, were observed. However, the density of the nematodes in each
cage was not rised as exposure time elapsed. Though the number of larvae in the cage in-
creased yet the density of nematodes aggregated were not rised. The phenomena of aggrega-
tion prolonged for 6 hours when the nematodes were exposed to two mosquito larvae, 8 hours
to 10 larvae, 10 hours to 25 larvae and 12 hours to 50 larvae.

The incidence of parasitism and the number of parasites in parasitic stage increased with
the lapse of exposure time. All the larvae were parasitised when the aggregation ceased in
each cage except in case of the two larvae which were parasitzed within 30 minutes after
the initiation of exposure. ~When the nematodes freshly hutched were exposed to the 25 lar-
vae which had already been exposed for 14 hours to the namatodes and supposed to have been
thouroughly parasitised, the active aggregation of the parasites also took place. Neverthless,

incidences of subsequent penetration of nematodes were extremely low.
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