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B2 ET, 40 EFTHEERREORHEEEL LTH
RBPEDF A7 VHEDF v a9 7 F AV IR0T Ve F
A7V, BEADT 7Y HRA AR AIT <A <A
e b T s (Otsuru, 1977 ; 3k, 1980 ; BFH 5,
1982). ¥ 7ZHWOBARES 2 7 VH, BEERBIUHR
AREVERMICHEBEEICRY 25 Z LA SATY
% (Yanagisawa, 1967 ; 3 &, 1976 ; Otsuru, 1977 ; #H
5, 1980).

SR F Y ATTFRAIY, FFVIALA4 B IV
Biomphalaria glabrata @ 3 FEDHFREBEMARN 2B 1T
BZABBOBOREE T L OKEBFAEBTSRMGT TRIFL
7.

MHBLUHE

FERRICM L R E IHERELSITEF v 20 5
+ 22 Y Limax marginatus, [RETELX T <A <A
Bradybaena similaris, EBREN T HFEFEE D RAKR
Biomphalaria glabrata ® 3fETH -7z.

FxaUSFRAIVBIUOFFV L A OFEFIE
&26cm, 1El7cm, B &17cm DEMN 7T 2 F v 7 Risk
v, AROEINEERE, EORMBLIVERDE
WCBWWNE D RICR - IR A B E, ARNEIEEIC
Bh, IV 2252, BRBICEILIZEALE
H &0 h ozl B3 E12em, & 1lem OEFHY ¥ — L
ZHV, BORAB IVCFROEICRE - ZEREESA
BEEMECEDS, FravsiFrrsY ((FEMH3em)E
7234 V<A <4 (GRERI10mm) 20~ 25{@fk & A,
b Hh LOFBBRLET v MEFEEZEKICENL, BD

HEERKREFEDFHE

h#k U THRIE L7255 1 9% R TE (Imm3 HF800L &
) REEL LCTHxmv a2 2o Ric#iy, H & #Epp s
, fI24RfE, 25°C [HIRT CHEAES ¥, ERERZTF
X¥AVGTFRAICERFAFIA AL LD
BLi7 7257y 7fERIFITBLLX, 25°C, 15°C
BIU10°C 0KIREIRZEANTHE L.

WRKH B. glabrata DIRB REERFERHB EFLE
BrAV, FROBEIINAEEREAM L LTHW. ]
FvEREE 2. BRQIEERORETHWbD L
RILEDY +— L& AW, KHi220~25FD B. glab-
rata (K& &£#18 mm) # A, HEERBRETEIEL 5
A LR 1 High IR 3 ml 2 AHROEICH)
AL, 25°C fHIRT CR2AFMBR I, AR
BREZEEAMECE LY X, AR 2ECREEOLE
LRIEEIZ25°C, 20°C, 15°C 3 L U'10°C {BIRBAN THE
L7z

EREMRB SR OBRHITERICL-3@EE D, F
A% 1 @B EICHKEIONE X TREFFICITWVWE 3 #igH
PHOLICEER L. HIRRERVEBRE, ®ERE:, F+
avTFArVRERDEE, YL, 1 %IRRT
T X Bk T40~45°C DiRPRER N IC 305 KB L,
H— € TIEE, WH LR oFERR, Skt
Bl EfEEoRESE GE1H], F28, §3
gz &) 200L5E~ A 7 v A —F —T K& & 3l
L, $ihoREEBE L.

10°C {HE F CTHAFERAEBEL IFra2v 7527 V12
SDNTZDRETSHEEITIBEFAFER, 25°C HET
KBLEBEL, BoRFEEHE L. £7/220°C B X
V15°C HERTTHEESF ¥+ 2V I+ 27 VBIW B.
glabrata, 15°C [HE T THEDA TV ~A <A bk
HUL7E3HGHEDT v bA~DRYLERLITo72. 7
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KR (20°C, 15°C, 10°C) THE D 3 fREk A 0—
EIZONWTZ D BEEE 10% KL< Y kT EE,
BHIREERL, ~<bxv V24P Lefadlli
U, Ry BRIC R % 75 Rk o0 I & R R R
L7z.

DR

1. 25°C HIRTIZRBITBRE
FXAVIFRAIY, FFV <A <A B LV B. glab-
rata NTOFBBHRILIZ Table 1, Fig. 1IZ7T X5
23L& IHIShITIEAK, 235EHS1.5~96.0%,
4 H T2.6~99.7% 1zl S iz, & A TEEIEEY
TOSRDORELFEBICHRE Ll (52, &3
HiEE) OREEHETHRS L Fig. 2IRL 2 Xk
21272 %. FER% 4EA TREDE 3 HSEOKEEY
XF v 2v 5+ 227 PT0.47mm (0.46~0.48mm), +
FY<A4 <A T0.48mm (0.46~0.49mm), B. glab-
rata T0.49mm (0.46~0.53mm) Tb -7z.

2. 20°C HETIBITZRE

ST ONWTOGBERHIRILIE Table 2, Fig. 1255k
Lic. Fxav5+27 TRE3HshEas, 3
HEETRREER T, 438E T51.7%, 73EHETI7.9
R ENT, FFV =L ~A TEF Y2 IS5F 22
CERRIZEIHS R IEA T TR IhT, 438
HT2.0%, 6i1HT85.9%IckH &Nz B. glabrata
TRESHSRF LR 2L VEL 3BAIC18%, 5~
8IHH TI.6~99.3%IcRib &Nz, £z DEFEBIRE
TOXEREEY TOS RO EE Table 2 TR Lz
M BOERFEHETHS & Fig. 217/ L ko gk
5. A% 6EA TRIHOE 3 OEREESTF +
a2y 55 A7 PT0.47mm (0.45~0.49mm), +F =
A %A T0.47mm (0.44~0.49mm), B. glabrata T
0.44mm (0.41~0.46mm) Th - 7=.

3. 15°C {HETFIBII3%F

SHIZONWT DS MMHANRDLIZ Table 3, Fig. 11275
Liz. Fvav 5527 TiRE3SHHuiEas el
BEcikiiahy, 7HET3.0%, 93EHTSI.2%
KR &R, FF V<A <1 TIIE I HSHHITERE
4 BB ETERBRESAT, 58ET2.1%, 10EETY
Pie35. 7% il E iz, B. glabrata T3 3 #1%h
HERYE 6 BH ETIIRE SIS, 938H T49.5%ic
sz, 100EH Tk 1 EEORE TH -7 1364.3%
RS h e, £z OFFRET O ShoRES
Table 3 TR L 7#ish i DA EFEHE TH S & Fig. 2
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Table 1 Development of A. cantonesis larvae in mollusks at 25°C (2 or 4 weeks)

Average number of A. cantonensis larvae recovered

Number of
mollusks

Number of
mollusks
examined

Weeks after
exposure

Total

3rd-stage (%)

2nd-stage (%)

1st-stage (%)

infected (%)

to larvae

Species

16.4

15.4(93.1)

1.0( 6.1)

5( 50)

10

N

Limax marginatus

15.7

14.5(92.6)

1.2(7.3)

10( 77)

13

39.4

32.1(81.5)

7.3(18.5)

10(100)

10

Bradybaena similaris

101.1

99.8(99.7)

0.3(0.3)

6(100)

19.8

0 0.8( 4.0) 19.0(96.0)

5(100)

Biomphalaria glabrata

2.0

12

11.6(96.7)

0.4( 3.3)

0

5(100)
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Fig. 1 The development of A. cantonensis
larvae in various mollusks reared under
different temperatures.

WRLIcE 9275, BRH%IERE © H3Hhho
BEH I Frav 5+ 272 T0.44mm (0.41~0.48
mm), *FY<A <4 T0.46mm (0.41~0.49mm),
B. glabrata T 0.46mm (0.40~0.48mm) T »7-.
4. 10°C HETIZRBIT3%E

3FIZRIT 2HBOBRMRILIL Table 4w L. F
YIAYTFAIVTHERK8EE, £+ V<A< T
13 918H, B. glabrata Ti3 6 B X COBIETIFEL
LELIHORBHBENZE T Thol. -z 0FATFR
EToHH DR KE% Table 4R L RIESIHOKETF
WBETHB L Fig. 217/ L2k ek 3. & 1#ighdo
EEREHIFrav5F 227 Y 8EHE T0.26mm (0.25
~0.28mm), #F+¥ <A <4 93EHE TO0.26mm (0.24~
0.28mm), B. glabrata 63 H T0.27mm (0.26~0.29
mm) Tbholz.

5. ABREFRITPAEDOF v a U5+ 27 PHNT
DHBRDOFEE

FrayTFRrVERY, §1HHhHER%E, 10°
CHETTHEEIZIEREL, 25°C HETIBL,
ZOWETE 52 3EHEFAE®R, RATONROREE
#E L. No. 1»ZEEEE (10°C-51) B L No. 2
DFEERFE (10°C-93H) DML b 25°C FicHL T3
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Fig. 2 The growth of A. cantonensis larvae :
Ten larvae were taken at random in each
sample. With regard to the stage of larvae,
see Tables 2 to 4.

8 E OBIE T 3HIg T No. 1Bk T63.3%, No.
2 EEREET60% IR & iz (Table 5).

6. RHLZEIHGHDT v b ~DRYLFER

KIE T TG OFRE TF 1 HighhER%, KR
L7z 3z 5y Mok s ¥, B EEIRL .
ZOWRFIZ Table 6157 L. 20°C 1HIEF T 7 @AE
DF¥+aAYSFRArPBIVEHEEEF © B. glabrata
PHRHLE3IMHEE T v P IHIZEAZLARARE
®l s, RAKS0~60H ORI THMEL, kDR
H362.5%, BLUB7.5%ThHo7-. 15°C {HETFTTY
BFEEOF v+ U5+ 27 PBIV B. glabrata, 83
HEDEF V<A <A LRBULIZE 3#HHHE T v b
1HicZhZThRRESE L 25, KBDOEIRRKI37.5
%, 27.5%3% XUV50% T o7z, £7210°C HRTFT5
BELIIOBRAE LIcFrya2v 55227 V%25°C fHR
FizBL, CoORETE I 3ERFATER, B LS
SIS E T v MCRREEL LA, REDEIREKIT
50% L 40% T - 7z.

7. IRFAEMARSD RIS D BB o B
KR T TFE OB T DS DfFE~ DHREK
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ISR R CEE L. 20°C {HET THEOER
BEBEEDPF ¥V FF A7 T TIIEEDE 3 HS R
RSN 2R TH 52, RIS B A
%< o sWiE: (Photo. 1) T7iHHE THRIERONT
g ThH o7 ERESHEEOAFF V<A <A Tidlfk
JEI O eSO HERIT Die < FHVWBRM Lo A b
% Wit %4> o7 (Photo. 2). 15°C 1HIRF T #AE
OEAB2EB O Frav T2y ¥ T RERT X
amoebocyte 12 X VB BES iz fIBERIEY & bh
(Photo. 3), 4 ~ 63@BIC 1% RAEET I SR IC
s hic Wimgs £ < Abhiz. it BE>EHE
L, BERNICTA Y SAFGOBERIATER LT 2 Wik
Labhie (Photo. 4). 83EE TIXHfAEENOE:E
BICTHVBRHEILOA DN BGDEL HZbhiz. £FV<
A=A THF¥aTTF 27 P LREKOURGT, 8@
H TN O BRI AR MEZE R S B 3 5 BUGRA 2
i (Photo. 5), F 7BM L= BEOWMES D »bH
7z. B. glabrata THiho 25 L FEOWI T, 838
H T B BT 2 BB £< Abhiz
(Photo. 6). HIZIXfAIP T BEED OfF LRI TN
B B DN B H G, 250 Uiz ik ol b &
iz (Photo. 7). 10°C HIEFTOMABETEF vy
SHAIY, ¥F+YV~A~<A, B. glabrata 3FE L 2
HHE TRERZOBEEMIBERZIE L A EHRLRT,
BRB%SEBDF v a2V I F A VBIVFF V<A~
4, 6E® B. glabrata T WKJFTIX amoebo-
cyte, BHESFEMBHIAO VR VWITEER TH -7 (Photo.
8).

z =B

4 ENIEREBM N T OERELR B RORFEESL
Ex OABRETTHE LK. 25°C TOERERTOF
¥AYTFRAIY, FFV <A ~<A, B. glabrata WD
YR OREBEERITAF Y <A <A (Alicata and Jindrak,
1970), 24~26°C FTO A F V<A ~vALEFF, Fr 2
USFArY (B, 1976), T2 T IHA (HHHED,
1980), 21~25°C T ® Lymnaea palustris (Rachford,
1976 a), 25°C+1°C F® B. glabrata (FF& 5, 1981)
TORME L I RTHELOBRE TH o 7. 20°C FOARER
@ B. glabrata T OHHITEAK% 6B TKEFOL
WAEIHSGBETHEEL, ZDOEETD B. glabrata
(Yousif and Limmler, 1975 ; Ishii, 1984) THOREIH
BLELOSE TH o2, E-ZDBREDF Yy Y5
AVY, AT <A TOERERTHHROKEEF T B.

glabrata LRI TdH o7z. B. glabrata 122>V T Ishii
(1984) IZEAHRESMIC X 5 $hho BEZ BE L,

20~30°C TTHHIIEEL, 14°C+0.2°C FTTIIHE3
SR ERBAER T ORI EAT, FE3IHShoR
FRFUEEE % 15.8°C L HEEL TS, FERDISC
{HE T D B. glabrata T 3#ER% 9EE THRHEGED
HI50% B35 WM ETHEEL TV, Lal, BRtk
VA TF v 2y T+ 27 CTIIRIMH DL AL, *+
DA 24 TIIAIZA% DD 3R E TRHE L

Z DEFRFIREE THER L R EEBHE THEOREEFITEN
Hbhiz. 10°C fHE T OELE T B. glabrata iI25WT
Yousif and Lammler (1975) {Z10°C+1°C T THEAH%
3BT 3HWHRTO.0I%ICRE LB R T W 3
2, AERIZBWTIIZORKELERY, B. glabrata
TIREARK 6 EHOBETHE 1S hor RS
¥eFvav T F AV TREE, AV~ ~19H
HoBETY B. glabrata L[EETHE 1 5ighHll Fic
BELISBEAORR» o7, LIL, Fyavs+
A7 JIZHONTI0°C FTTHEHR, 25°C FIkBL T
BLEERBCTHEIHYBETREL TV 300 H LA
Te. ZDZ LiF10°C TOFE THHEROKESITE 1
PO EETEFEL, 25°C REDFABTIREERICL b
SN THhIREELRBLLbOLELZORE. B
RATLRBRZ LB ZLETRLTVS.

ERERETTCREOF vV 5200, £+
~A <A, B. glabrata 3 SR L7258 38D
Z v b~ DORYER THRBIZER S .

— 75 IR A MR s 5 s DR KB T DI MR I I
DWTHER (21~26°C) TTFxavs+2x2Y (B
5, 1973), 77V #H~<A~<4 (Brockelman et al.
1976 ; Sauerlander, 1976 ; 3 - [ H, 1982), Lymnaea
palustris (Rachford, 1976 b), £/ 7554 (FED,
1977), B. glabrata (Richards and Merritt, 1967 ;
Harris and Cheng, 1975) TO#IE ) H Y, BEEDD
TEEHRREIR ST amoebocyte F 72 I3 HESMIAIZ X B K
JEEDRTEY, FEBED20°C FTOMEDOF v+
TFAIY, FFP <A <4, B. glabrata TOEET
boh b LFLPOBEEEBRE TS - 7.

10°C T THE DRETAN T 3L HEE DI IL A
DR TR, ZDORED BKRENIZ amoebocyte, #
HMESFRIBHI B 72 & DI R RIS DIEE (R (Photo.
8). ELICMAEFIREL2°C ITBL THBETS LYED
FEEVELIH, BEARELER R >TWS.
E7215°C T CHABEOHELHHORESHDITHE - T
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BEABRISLERICR>TWS. ZhbDZ LIIfFE
BEICEEBSh, BEPEATIIE-THHROEEFD
W, FRHCREED OBEEBRGORE LERIC R
3L0LBEbNDY, BEETOBEREEEOHERKIC
DNTHEHE HICHMICBEE T NI LB LI,

t ¥ U

ARELBEOF v 2vIF 22T, BERALFY~
A4 <A BIORAR Biomphalaria glabrata 3 5% H
v, FEBRMICERE AR R 1 #i4hH1£25°C fEIET T
Bak, KETCBLREEL, AREGHOREFBE
FRHEBBEL, kKoBRIELN.

1. 20°C [HRTOMRETEAKROBEROF YU F
FRAIY, AF¥ <A <A, B. glabrata NTKEFLD
S ISR ETCRE L.

2. 15°C HETOFAECTERZIBEOF YV 7
FA IV TRAEHOGHR (89.2%) », A FV <A<
A TIZHI3DSHE (33.9%) »%, B. glabrata TiIKI50
BOSBYEIWMHGMETRE L. Eie, Frav7
FAIY, FFVALTABIW B. glabrata > HR
HUE3HSEE Ty Mickx, REPELNT.

3. 10°C [HETOMECTERESHEEDOF vV 7
FA7Y, 9BEBOAFTAABIO6HEED B.
glabrata T 135 1 #{shbhosH s k.

4. 10°C {EIR T THEA% 5@ E /213 9 HMEHK25°C
HERFICBLTREL, ZORETIEFABTHROBIET
P DKI60%1355 3 M E TRE L.
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cies of plumonate snails as the experimental

Photos. 1, 2 Sections of mollusks reared at 20°C, showing development of larvae and histological
change at 5th week after feeding.

Photo. 1 Section of Limax marginatus, showing nodules containing larvae. (X400)

Photo. 2 Section through the foot of Bradybaena similaris, showing fibration around the larva.
(X 400)

Photos. 3-7 Sections of mollusks reared at 15°C, showing development of larvae and histological
change in and around the larvae.

Photo. 3 Section through the foot of Limax marginatus at 2nd week after feeding, showing nod-
ules containing larvae. (X 200)

Photo. 4 Section through the foot of Limax marginatus at 6th week after feeding, showing de-
generation (A) in a part of larva. (X400)

Photo. 5 Section through the muscle of Bradybaena similaris at 8th week after feeding, showing
a nodule containing a larva. (X200)

Photo. 6 Section through the foot of Biomphalaria glabrata at 8th week after feeding, showing
nodules. (x400)

Photo. 7 Section through the muscle of Biomphalaria glablata at 8th week after feeding, showing
degeneration in larva and weak fibration around the larva. (Xx400)

Photo. 8 Section through the foot of Bradybaena similaris reared at 10°C, showing a 1st stage larva
at 4th week after fed. (x200)
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EXPERIMENTAL STUDIES ON THE DEVELOPMENT OF
ANGIOSTRONGYLUS CANTONENSIS LARVAE IN
MOLLUSKS——THE DEVELOPMENT
UNDER LOW TEMPERATURES

EiTArRO HORI, KATSUYUKI YAMAGUCHI, KazuyosHIl FUJIMOTO,
MAsaMI NISHINA AND MAsAKAzU TAKAHASHI
(Department of Parasitology, Saitama Medical School, 38 Morohongo,
Moroyama, Iruma-gun, Saitama 350-04, Japan)

The development of Angiostrongylus cantonensis larvae in three species of mollusks
reared at low temperatures (20°C, 15°C and 10°C) was investigated. The first stage larvae were
fed at 25°C to the slug, Limax marginatus, the land snail, Bradybaena similaris, and the fresh-
water snail, Biomphalaria glabrata and then these mollusks were reared at 20°C, 15°C and
10°C. The development of the larvae and the histological changes in host mollusks were studied
in respect to mollusk species and rearing temperatures.

1) At 20°C, most of the larvae developed into the 3rd stage larvae, irrespective of mollusk
species, by 6 weeks after feeding.

2) At 15°C, most of the larvae (89.2%) in Limax margiatus developed into the 3rd
stage larvae by 9 weeks, while in Bradybaena similaris, only about one third (33.9%) of the
larvae recovered were the 3rd stage larvae at 9th week. In Biomphalaria glabrata, 50% of
larvae recovered were the 3rd stage Iarvae at 9th week. The 3rd stage larvae recovered in these
experiments were capable of developing into adult worms when they were fed to white rats.

3) At 10°C, the larvae did not develop into further stages, and in all mollusks, they still
remained in the Ist stage at 6th week.

4) The majority of the Ist stage larvae observed at 5th or 9th week in Limax marginatus
kept at 10°C after exposure, reached the 3rd stage when slugs were further reared at 25°C for

3 weeks.
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