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In Korea, studies on a Nematode, Anguillicola crassa parasitic in the air bladder of
eel are not yet reported. This reason led the author to study the parasitic species, state
and life history of the A. crassa parasitized in the air bladder of eel in order to take effective
control measures against its damage.

The size of fully developed eggs was 80 to 92(86.7)X 62 to 71(67.4) um, larva was 210
to 240(225) %18 to 23(20.6) um.

The intermediate host of A. crassa was Thermocyclops hyalinus, it was capable for parasiti-
zing the eel after 4 days of invasion and then the size of larva was 360 to 420(390)X 28
to 35(31) pm.

Fifty days after eel had ingested the Thermocyclops hyalinus infected with larva of A.
crassa, the larvae matured into adult worms in the air bladder of eel

The size of detected adult worms was 7.3 to 31.0(16.5)X 0.5 to 2.2(1.2) mm, 4.9 to 13.3(8.3)
X0.3 to 0.9(0.4) mm. Investigating the morphology of the worms, they were identified as
A. crassa.

Monthly the parasitic rate of the worms in the eel was high in June, September and

December, but low in January to March.
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92 Studies on a Nematode, Anguillicola crassa

After the investigation on the significance between non-parasitic fish and parasitic fish,

it was not significant, therefore it can be considered that there is no effect of infection

in the growth of eel.

Any abnormality of eels air bladder tissue was not seen by the infection of A. crassa.

At 250 to 26.7 C of water temperature the death time of Thermocyclops hyalinus by

masoten treatment was 14 hours in 0.5 ppm, 20 hours in 0.4 ppm, 22 hours in 0.3 ppm,

30 hours in 0.2 ppm and 42 hours in 0.1 ppm.
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Fig. 1. Infection rate of A. crassa in the Thermocy-
clops hyalinus from the irrigation canal.
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Table 1. Development state of A. crassa in the intermediate host, Thermocyclops hyalinus

Size of A. crassa (pm)

Date
Total length Head part Tail part

1 230~ 250(240) - -

2 240~ 330(288) - -

3 310~ 380(350) - -

4 360~420(390)* - -

5 430~ 660(556) - -

6 690~ 760(715) - -

8 720~ 770(745) - -

9 750~ 780(766) 170~230(193) -
11 760~ 790(775) 210~240(227) 100~ 120(108)
12 780~ 810(795) 230~ 270(250) 110~ 130(120)
14 830~930(873) 240~ 290(265) 120~ 160(137)
16 880~940(912) 270~ 300(286) 150~ 170(165)
18 920~950(940) 280~ 310(290) 160~ 180(168)

5

* Infection size
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Table 2. Development state of A. crassa in the final host, Anguilla japonica

Passed Size of A. crassa{mm)
date Total length Body width

7 0.910~0.930(0.922) 0.030~0.045(0.042)

9 0.940~0.960(0.950) 0.030~0.050(0.043)

12 0.990~1.030(1.010) 0.035~0.050(0.045)

16 1.140~1.160(1.250) 0.080~0.120¢0.100)

24 30.520~1.480(1.240) 0.078~0.107(0.082)

21.050~ 2.600(2.556) 0.175~0.210(0.190)

38 d1.280~2.020(1.680) 0.250~ 0.330(0.264)

Q2.680~ 3.800(3.750) 0.520~0.640(0.625)

47 d1.870~2.730(2.410) 0.340~0.420(0.385)

Q3.850~5.340(5.125) 0.700~0.750(0.720)

50 d3.390~6.210(5.850) 0.370~0.580(0.450)
26.860~8.230(7.800) 0.820~1.200(0.900)*

55 33.650~6.420(6.124) 0.420~0.610(0.452)

Q7.600~ 8.560(8.200) 1.100~ 1.300(1.225)

60 3'4.010~6.800(6.256) 0.430~0.720(0.486)

©8.260~ 8.600(8.450) 1.120~ 1.390(1.250)

90 J4.920~7.230(6.570) 0.540~0.830(0.670)

28.300~9.100(8.700)

1.200~ 1.400(1.300)

* Adult worm with eggs
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Fig. 2. The life history of A. crassa.
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Fig. 3. Head and tail end of a adult worm.
1: head 2 tail end of female

3 :tail end of male
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Table 3. Morphological comparison of genus Anguillicola between the present results and the previous results

A. crassa A. globiceps

A. australiensis A. crassa

present date

Body Length(BL)

Body Breadth(BB)

Ratio of BLBB

Head End
Mouth Cavity

Oesophagus Length(OL)

Breadth

Bulb

Apendix Cell

(in length)
Ratio of BL/OL
Head-Nerve Ring Distance
Vesicula Seminalis Length

Breadth

Head-Vulva Distance(H-V)
Ratio of BL/H-V

Large Oval Caudal Cell

Anus

Male Caudal Papillae
Habitat

Locality and Date

320.5~55.9(32.6) 326.0
941.5~71.5(51.2) 260.0
¢ 09~ 28( 15 g 08
Q 3.0~ 5.6( 3.7) Q18
018.1~25.7(21.7) a32.5
211.9~15.4(13.8) 2333

rounded off
0.060~0.100

rounded off

30.040~0.053(0.047)

X 0.015~0.025(0.021)
20.045~0.060(0.052) -
x0.018~0.028(0.023)

J0.680~ 1.030(0.864)
20.860~1.100(0.986)
30.240~-0.410(0.328) -
20.300~0.490(0.379)

absent

1.130

c0.380**
20.700**

20.070~0.143(0.095) 0.200~0.300

20.085~0.180(0.110)

327.0~69.0(37.6) -
239.0~65.0(52.0)

30.190~0.27((0.235)
20.230~0.310(0.256)

0.73~7.20(3.32) 2.30
0.25~1.28(0.62) 0.50

33.10~59.25(42.38) -
1.12~1.29(1.21) 1.20

3 4

0.500~0.600

30.230~0.430(0.326)** 0.150**
©0.330~0.575(0.397y**
opening on absent
the caudal process
5 pairs 6 pairs
air bladder of air bladder of
Anguilla anguilla A. japonica

and A. japonica

Lake Hamana
Shizuoka
Jan. 24, 1927

near Hamamatsu
Shizuoka
1972~1974

d25.0~30.0 04.9~13.3(8.3)
Q 60.0~70.0 97.3~31.0(16.5)
g 05 d0.3~ 0.9(0.4)
Q 15 0.5~ 2.2(1.2)
- 38.7~26.3(20.8)
Q7.5~22.0(13.8)
enlargement rounded off
g - ¢0.017~0.028(0.025)
x0.013~0.017(0.014)
20.028 90.035~0.045(0.037)
X0.010* X0.015~0.020(0.017)
g - ¢0.350~0.750(0.560)
©0.820* 20.560~0.780(0.697)
- a0.150~0.190(0.164)
20.160~0.240(0.200)
absent absent
- d0.020~0.057(0.046)
20.060~0.140(0.086)
d - 36.9~20.2(14.8)
Q9 30* ©15.0~29.0(23.7)
g _
20.180*
- 0.27~0.42(0.33)
- 0.16~0.32(0.27)
- 5.25~24.70(12.05)
1.20 1.24~1.97(1.37)
4 3
- 70.120~0.310(0.228)
90.140~0.210(0.167)
slight opening on the
indentation caudal process
4 pairs 5 pairs
air bladder of air bladder of
A. reinhardtii A. japonica

near Tongjingang
Puan, Korea
1987~1988

near Sydney,
New South Wales

Measurement in mm

Figures in parentheses show mean values

* in female 25 mm long

** in diameter
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Fig. 4. Monthly infection rate of A. crassa in the
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eel from July, 1988 to March, 1989.

Table 4. Numbers of parasites in the fishes,

A. japonica

No. of No. of fish Infection

parasites infected rate (%)
1 141 69.1
2 40 19.6
3 15 74
4 6 2.9
5 1 0.5
6 1 0.5

Total 204 100

Table 5. Summarized data from the fish sampled
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ble 5), &S E IPHEE 0.81~1.279 #@HEA
e Y 1018 vERGaL gl ol FAH(1972)7F
5|’ Meske V. C.(1969)°] 6f A SREERS &R
Ao MR %, BE 10~19 cmoll A 1.22~1.83, 20~
29 cmoll 4 1.14~2.03 ‘18|31 #5 30~39 cmol A2l
181~2.190 H:3lW B¥ES 22 grol obd 4 fioh
oy ¥ HES K Kol Y EABVT FEMAT
A MEEL U BEAEVE obd S Mo Vet &
T dom EF Fhhol YKo 2MMOE 215
%ih B AR Hol BEEH o3 REEE
AR 2= BEE v A Eoeh e e fE
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Fmol A g EHAXY RidE FEAY
obo] Abolel G ERE Y £E7F BolX g BE
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Parasitic Non-parasitic Parasitic Total or Average
fish fish
contents | No. of  Condition}] No. of Condition No. of No. of  Condition No. of Ratio of
body length(Cm) fish factor(%) | fish factor(%) parasite | fish factor(%) parasite parasitic
month fish
10~19 54 111 - - - 54 111 - -
20~29 22 093 9 0.84 12 31 0.90 12 29.0
6 30~39 12 1.15 10 121 17 22 1.18 17 455
40~ 21 1.27 22 123 36 43 1.25 36 51.2
Total 109 112 4 109 65 150 112 65 237
(means)
10~19 9 1.02 2 1.20 6 11 1.05 6 182
20~29 143 0.99 26 1.03 H 169 1.00 34 15.4
7 30~39 22 1.03 2 0.90 3 24 1.02 3 8.3
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40~ - - - ~ - - - - -
Total 174 101 30 104 43 204 101 43 147
(means)
10~19 13 107 1 127 1 14 1.08 1 7.1
20~29 75 0.98 1 093 4 17 1.04 4 118
8 30~39 15 1.05 2 0.93 4 17 104 4 118
40~ - - - - - - ~ - -
Total 103 103 14 1.04 22 117 0.99 22 120
(means)
10~19 - - - - - - - - -
20~29 69 081 27 0.87 35 96 083 35 28.1
9 30~39 - - - - - - - - -
40~ -~ - - - - -~ - - -
Total 69 081 27 087 35 96 083 35 28.1
{means)
10~19 - - - - - - - - -
20~29 56 0.98 16 101 20 72 099 20 222
10 30~39 18 0.88 6 108 8 24 0.93 8 250
40~ - - - - - - - - -
Toual 74 0.96 22 1.03 28 96 098 28 229
(means)
10~19 4 105 1 110 2 5 1.06 2 20.0
20~29 67 097 21 0.94 31 88 0.96 31 239
1 30~39 3 0.84 1 0.88 1 4 0.85 1 25.0
40~ - - - - - - - ~ -
Total 74 095 23 097 3 97 0.96 34 23.7
(means)
10~19 25 121 7 119 9 32 121 9 219
20~29 50 114 20 113 38 70 114 38 286
12 30~39 - - 2 125 4 2 125 4 1000
40~ - - - - - - - - -
Total 75 118 29 119 51 140 116 51 279
(means)
10~19 105 1.09 11 119 18 116 113 18 95
20~29 482 097 130 097 187 612 097 187 212
Total 30~39 70 101 23 111 37 93 103 37 247
(means) | 40~ 21 127 22 123 36 43 125 36 51.2
Total 678 1.00 186 103 278 864 101 278 215
{(means)




Table 6. Summarized table of the condition factors
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Month 6 8 10 11 12 Total(mean)
Mean of
condition X Y X Y X Y X Y X Y X Y X Y X Y
factor
10~19 L1 - 1.02 120 1.07 1.27 - - 1.05 1.10 1.21 1.19 546 176
(1.09) (L19)
Body 20~29 093 084 099 103 098 093 081 0387 09% 101 097 034 114 113 6.8 6.75
097y (09N
length(cm) 30~39  Ll5 121 103 09 1.05 093 - - 0.88 108 084 088 1.25 495 625
(1.01) (111
40~ 127 123 - - - - - - - - - - - 127 123
(1.27) (1.23)
N 4 3 3 3 3 3 1 1 2 2 3 3 2 3 18 18
SX, SY 446 328 304 313 310 313 081 0.87 18 208 28 292 235 357 1848 1899
S 774 6.17 6.23 1.68 395 578 5.92 3747
X.Y 1.12 1.09 101 1.04 1.03 104 681 087 093 105 095 097 118 119 1.03 1 .06
SX*, SY? 5032 3683 3081 3311 3208 3343 0656 0757 1735 2187 2749 2868 2764 4.256 19.225 20405
X | non-parasitic fish, Y . parasitic fish
Table 7. Condition factors of parasitic fish and number of parasites
No. of
. 1 2 3 4 5 6 Total
parasite
094 121 064 099 098 | 123 093 | 161 | 092 | 0.81 | 1.00
0.88 1.07 1.59 0.87 1.22 1.18 1.09 1.26 1.06
084 097 061 117 092 { 112 086 | 132 | 069
0.66 0.98 0.85 0.76 0.82 1.07 1.10 1.22 0.97
0.64 0.80 0.87 0.79 1.05 1.29 1.20 1.09 1.08
083 08 081 080 077 | 124 103 : 094
109 089 098 080 088 | 147 119 E 0.92
079 090 121 089 098 | 117 096 : 0.81
118 072 117 072 126 | 118 127 : 1.06
1.16 1.16 0.82 0.94 1.31 1.14 1.31 ; 1.05
1.01 113 100 089 116 | 1.14 08! | 118
108 123 105 071 118 | 134 088 | 1.29
Condition 1.30 1.25 1.27 1.24 1.26 1.27 0.98 1.03
factors (X) 136 099 072 072 109 | 123 105 | 112
141 1.19 1.04 0.77 1.07 1.18 1.07 1.16
1.14 1.18 097 0.66 0.96 0.86
114 108 072 092 121 | 082
1.62 1.12 1.05 0.76 1.09 0.86
121 089 078 107 124 | 0.89
1.04 0.88 0.74 0.94 1.12 0.85
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149 101 104 069 110 | 0.80
117 081 084 131 111 | 1.00

114 133 105 099 090
082 113 106 096 101
097 094 126 108 107

139  0.92
SX 128.3 40.06 1706 | 472 | 081 | 1.00 | 191.95
N 127 37 15 5 1 1 186
X 1.01 1.08 1.14 094 { 081 | 1.00; 1.03
SX* 134.9 44.46 1993 { 455 | 066 | 1.00 | 2055

Pl IEMEE Table 8 991 #ol ARl BRERS
BRA AR SEe] Atolol Heto] T FEHS BT
o HSITh Table 8% o] JERPMBY T R MF
R 7, #8551 T BRREER ol = B ol ke i
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e FAHR REARES] EWERC s &4 s
HAE BBl o % @] AR 27t 8t Table 99

go] I HEMS HEstd B @R 9N BREFE
o] o RFEAME FEAT BiLEA FUL
5 F--soke A oA sk

2) Hol Al

o] FH R ¥ Wgo] FHAMMEPL I, Fig.
28y w4 ¥ F-ul o @RI H R(PL III, Fig29)& H 9,
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Table 8. Test of significance of the condition factors(table6) in

monthly body length between non-parasitic(X) and parsaitic fish(Y)

Factor of Degree of Sum of Mean

variation freedom(d.f) Square(S.S) Square(M.S) F
Total 35 0.63

Monthly mean of

condition factors 13 0.279 0.02146 1.35
Error within 22 0.351 0.01595

condition factors

Calulation : (1) Sum of monthly Condtion factor(S) : (SX)+ (SY)=37.47
(2) Correction factor(C.F) + (S)*/n=(37.47%/36=39.0

(3) Sum of Square in total ; (SX*)+(SY9)—C.F
=39.63—39.0=0.63

(4) Monthly mean of Condition factor ; (SX*/n+SY%'n---)—CF

=39.279-39.0=0.279

(5) Error within Condition factors ; (3)—(4)=0.63—0.279

=0.351

F=0.02146/0.01595=1.35 (not significant d=0.05)
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Table 9. Test of significance of condition factors according to the number of parasited(table 7)

Factor of Degree of Sum of Mean F
variation freedom(d.f) Square(S.S) Square(M.S)
Total 185 741
Mean, of 5 0.41 0.082 2.1
E gt o 180 7.00 0.039

Calculation © (1) Correction factor : (191.95)°, 186 = 198.09

(2) Sum of Square in total :

205.5- 198.09= 741

F=0.082/0.039=2.1 (not significant d=0.05)
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Fig. 1
Fig.

Fig.

Fig. 5.
Fig. 6.
Fig. 7.
Fig. 8.
Fig. 9.

Fig.10
Fig.11
Fig.12

Young-Gill KIM ¢t al. 15

Explanation of plates

. Eggs in the uterus.

Larva,
Larva,
Larva,
Larva,

Larva,

2. Spawning eggs from uterus.
Fig. 3. Eggs just short of hatching.
4

. Larva hatched.

10 hours after infection in the intermediate host.
24 hours after infection in the intermediate host.
2 days after infection in the intermediate host.
4 days after infection in the intermediate host.

5 days after infection in the mntermediate host.

. Inlarged larva, 5 days after infection in the intermediate host.

. Larva,

. Larva,

Plate II

Fig.13.
Fig.14.
Fig.15.
Fig.16.
Fig.17.
Fig.18.
Fig.19.
Fig.20.
Fig.21.
Fig.22.
Fig.23.
Fig.24.

Larva,
Larva,
Larva,
Larva,
Larva,
Larva,
Larva,

Larva,

Plate lII

6 days after infection in the intermediate host.

9 days after infection in the intermediate host.

11 days after infection in the intermediate host.

16 days after infection in the intermediate host.

18 days after infection in the intermediate host.

7 days after infection in the final host.

9 days after infection in the air bladder of final host.
12 days after infection in the fianl host.

24 days after infection in the fianl host.

38 days after infection in the fian]l host.

Head part of adult(¥), 50 days after infection in the fianl host.
Tail part of adult(¥), 50 days after infection in the fianl host.
Head part of adult(%), 50 days after infection in the fianl host.
Tail part of adult(%), 50 days after infection in the fianl host.

Fig.25. Head part of adult(%), 90 days after infection in the fianl host.
Fig.26. Tail part of adult(%), 90 days after infection in the fianl host.

Fig.27. Head and tail part of adult(8), 90 days after infection in the fianl host.

Fig.28. Normal air bladder tissue of the eel.

Fig.29. Infected air bladder tissue of the eel.
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