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Abbreviations used in figures

A - anchor
C  ©cirrus
CAP cirrus accessory piece
(G cement gland
‘CGC  cement gland cell
€0 copulatory organ
E eye spot o '
EB  ejaculatory buib
'ED’ ejaculato:y duct
ES esophagus =
'GA genital'atxidm _ ,
GIC genito—inteéfinal canal
GP genital pore
] intestine
M mouth
M0 mature ovum
OH bopisthohaptor

OT ootype
OV ovary
P pharynx

PG prostate gland
PH prohaptor_. '
PR prostatic reservoir
RS receptaculum seminis
S sphincter
T testis, testes
U |uterus S
V vesicle of unknown function
VA vaginal'acceséoryA ' ‘
VD vas deferens
VG. vagina
VS vesicula seminalis
VT vitellaria
VID vitelline duct
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Fig. 1. Terminology and measurements of chitinous structures
of lower Monogenea

A-D: terminology (A; anchor, B; bar, C; marginal hook, D;
‘copulatory organ) | |
Al—A4' anchors of Dactylogyrus, AS5; anchor. of Pseudodactylo—-
gyrus, A6; anchor of Tetraonchus, A7; anchors of Gyrodactylus,
A8; dorsal arichor of Lamellodiscus, A9; ventral anchor of
Lamellodiscus, Bl & B2; bars of DactyloQYrus,'BB; ventral

bar of Tetraonchus, B4; “fan—shaped“ bar of Tetraonchus,

’,BS ;dorsal bar 6f Gyrodactylus, B6; ventral bar of Gyrodactylus,
B7; lateral bar of Lamellodlscus, B8; central bar of Lamello-

dlscus, Cl; marglnal hook of larval type, C2; marginal hook
of Dactylogyrus, C3; marginal hook of Gyrodactylus, Dl; -

copulatory organ of Dactylogyrus, D2; copulatory organ of

Tetraonchus, D3; copulatory organ of Lamellodiscus

a-w: mea;urements (a~j; anchor, k-n; bar, o-t; marginal
" hook, u-w; copulatory organ) ' ' o
a; anchor length except the cases in Al, A3 A6 & A9, b; base
length, c¢; inner root length, d; outer root_length e; point
length; £; anchor length in Al, A3, A6 & A9 types, g; anchor
length exéept reflexed part of inner root in‘Pseudodactylo—

gyrus, h; length of reflexed part of inner root, i; length
of inner basal part in Tetraonchus, j; length of outer basal

part in Tetraonchus, 'k; bar length, 1, bar width,.m;vlateral

process - length n; membrane length, o; marginal hook length,

p; handle length, q; hook proper length, r, hook distalvwidth,
s; hook proximal width, t; domus length, u,'cirrué length, '
v; cirrus (maximﬁm) width, w; cirrus accessory piece length
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Fig. 2. Dactylogyrus minutus A; whole worm, dorsai view,

'B; terminal genitalia, dorsal view, C; opisthohaptor,
ventral view, D; diagram showing different types of relative

positions of ovary and testis, ventral view
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Fig. 3. Dactylogyrus extensus A; opisthohaptor, dorsal‘

view, B; male terminalia showiﬁg different states of the
vesicle attaching itself to the cirrus base (a; contracting,
dorsal view, b; a little expanding, ventral view, c; ex—

panding almost at its maximum, ventral view)



o soum, C
Fig. 4. Dactylogyrus anchoratus A, B; copulatory orgaps,

C; opisthohaptor, ventral view (A, C; specimens from carp,
B; specimens from goldfish)

Fig. 5. Dactylogyrus falciformis A; copulatory organ, Bj

vagina, C; opisthohaptor, dorsal view
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Fig. 6. Dactylogyrus sahuensis A; copulatory organ, B;

opisﬁhohaptor, dorsal view

30 um

Fig. 7. Dactylogyrus biwensis n.sp. A; copulatory organ,

B; vagina, C; opisthohaptof, dorsal view
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B

Fig. 8. Dactylogyrus takahashii h.sp. ' A;'copulatory organ,

B; opisthohaptor, ventral view °

Fig. 9. Dacéylogyrus hupeiensis n.sp. A; copulatory organ,

B; opisthohaptor, dorsal view
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30 um

Fig. 10. Chitinous structures of opisthohaptor

of Gyrodactylus sprostonae

1

S - o)
~-
-

50}.1m

fig.'ll. Chitinous structures of opisthohaptor

of Gyrodactylus kherulensis




ANCHOR L.

(um)
1001
90- S
80' .-, 2 :' 9 % * * *
70: P
s . *
x
6071  ®present SPECIMENS
{’ADULT v,
o FULLY-FORMED EMBRYO N UTERUS o
50;v % ERGENS' TYPE SPECIMENS

« . T |
12 1.4 16 1.8 20 22 24 26 238
Base L./RooT L.

Fig. 12. Relationship between anchor length (X) and ratio of its base

to root length (Y) in Gyrodactylus kherulensis




Fig. 13. Chitinous structures of opisthohaptor

of Gyrodactylus shulmani

ISO,um

Fig. 14. Chitinous structures of opisthohaptor

of Gyrodactylus longoacuminatus from Cyprinus carpio

30 um

‘Fig. 15. Chitinous structures of opisthohaptor

of Gyrodactylus sp. 1



Table 1. Measurements of eight species of Dactylogyrus from Cyprinus carpio

Species D. minutus D. extensus D. anchoratus D. falciformis D. sahuensis D. biwensis D. takahashii D. hupeiensis
, n. sp. . n. sp. n. sp.
No. of specimens 10 13 15 1 1 10 2 1
Body; length 282-550 951-2043 325-445 930 780 © 580-690 560-780 ~1500
width 83-125 237-405 65-125 R 148 103-118 93~103 228
Pharynx; diameter 15-21 50-92 16-26 43 40 25-33 20-24 76
Anchor; '
l.(a in Fig. 36-43(40) 68-78(72) 84-97(91) 54 43-44 41-48(44) 47-49 (48) 64
f in Figq. 71-84(77)* 59-60* 45-51(48)*
base 1. 30-36 58-70 48-54 51-53 36 38-45 40-43 55=-57
point 1. 12-15 16-19 . 25=30 33-34 17-18 3-4 16-17 33
internal process 1. 12~16 21-26 50~59 24-25 18-19 11-14 15-17 20-24
external process 1l. 4-6 8-13 1-2.5 6.5-7 4 4-6.5 6-7 10-14
Bar; 1. 23-~27 40-45 19-35 25 41 26-32 26-31 57
Marginal hook; 1. )
pair I 12-14 23-24 24-25 21-25 24-27 38
pair II 18-25 25-34 14-17 31 23-25 22-24 22-23 38-39
pair III-VI 13-26 28-32 23-29 22-27 25-28 41-47
‘ pair VII 17-20 34 14-17 22-26 25=-27 42-44
Cirrus; 1. 31-34 62-68 22-24 — 48 21-23 18-20 44

accessory piece 1. — 43-50 17-20 33 38 . 18-22 — 36

Measurements and means (in parentheses) are given in um.
* Anchor length is represented by f in Fig. 1.
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Table 2. Measurements of sSix species of Gyrodactylus from Cyprinus carpio and Carassius auratus

m—mﬁmmmm—mm_—-m%"'-'ﬁ—'—_'—

Host . Cyprinus carpio Carassius auratus
) R ARSI AT i
Species’ G. sprostonae G. kherulensis G. shulmani G. sp. 1 G. longoacuminatus G. kobazashll
P S, ST
No. of specimens 17 78 12 15 19 57 27
Body; 1. 296-543 380-780 484-664 770-1110 470-860 525-1000 410-820
Anchor; 1. 51-57(53) 54-95 33-37(35) 61-71(65) 48-63(57) 52-73(64) 54-63(60)
point 1. 21-24 ‘ 27-42 - l4-16 29-33 24-32 26-36 26-29
base 1. 37-41 41-62 25-28 46-53 36-46 38-57 41-48
root 1. 17-22 17-45 10-12 - 18-22 13-22 14-25 17-21
base 1.,/root 1. 1.68-2.35 1.27-2.,53 2.16-2.70 2,32-2,72 2.09-3.00 2,16-3.21 2,19-2.76
Ventral bar; 1. 17-20 17-32 13-15 25~30 17-24 - 19-27 21-24
w. ' 2.5-4 ‘ - 6=13 , 3-4.,5 5.5-9 4-7 - 4-8 4-6.5
membrane 1, 14-17 _ 14-33 ' 5,5-10 15-18 13-15 8-17 10-16
lateral process 1. 1-1.5 - 0-2 1-2 2.5-4 - 1.5-3.5 2-4 1-3
Dorsal bar; 1. | 18-21 18-31 16-18 - 24-33 . 18-28 21-30 22-26
W. 1-2 0.3-1 - 0,5-1.5 1.5-2 1-2 1-2 1-2
Marglnal hook; 1., - 23-26 26-32. 20-21 - 30-35 25-30 25-33 26-30
hook proper 1. 4,5-5 5-6.5 4-4,5 6-7 5-5.5 = 4.5-6 5-5.5
hook distal w. 3-4 4-6 3-4 5-6 4-4.,5 4-6 3-4,5
hook proximal w. 3-3.5 3.5-5 3-3.5 4-5 3-4 3-4 3-3.5
handle 1. ' 18-21 21-28 16-17 24-29 20-24 20-28 21-25

domus 1. . ' 9-12 -, 13-17 10-12 15-17 . 11-14 ! 12-15 10-13

Measurements and means (in parentheses) are given in jum.
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Fig. 16. _Dabtylogyrus dulkeiti . A; whole worm, ventral view,
B; copulatory organ, C; opisthohaptor, ventral view

2

Fig. 17. Dactylogyrus formosus A; whole worm, ventral view,

B; copulatory organ, C; opisthohaptor, ventral view
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Fig. 18. Dactylogyrus baueri

haptor, dorsal view

50um,

Fig. 19. Dactylogyrus intermedius A; copulatory organ, B;

opisthohaptor, dorsal view
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Fig. 20. Dactylogyrus vastator A; copulatory organ, B; opistho-

haptor, dorsal view
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Fig. 21. Chitinous structures of opisthohaptor

of Gyrodactylus kobayashii

30um,

22. Chitinous structures of opisthohaptoxr

Fig.
om Carassius auratus

of Gyrodactylus longoacuminatus fr
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Fig. 24. Chitinous structures of opisthohaptor
of Gyrodactylus barbatuli from Carassius auratus




Table 3. Measurements of six species of Dactylogyrus from Carassius auratus

e e e et et e R,
SRR e

———c

D. intermedius

D. vastator

Species D. dulkeiti D. formosus D. anchoratus D. baueri
No. of specimens ' 17 . 25 " 13 15 15 13
Body; length 225-440 240-495 345-465 305-445 375-1380 445-1155
width 55-100 75-115 95-105 65-100 90-185 155=-205
Pharynx; diameter 11-16 14-25 17-29 14-30 42-83 56-105
Anchor;
l.{a in Fig. 1 44-49 (46) 47-60(53) 88~103(95) 41-51(47) 23-30(27) 37-44(41)
f in Fig. 1 27-34(31)* 52-58(55)*
base 1. 24-30 31-39 49-59 23-29 22-28 40-45
point 1. 18-22 14-18 25-30 18-22 7-11 4-6.5
internal process 1. 20-25 24-31 50-66 18-25 12-17 17-21
external process 1. 1-2 - 1=2 1-2 1-2 4,5-6 10-12
Bar; 1. 27-32 16-23 16-22 24-34 23-29 . 31-39
Marginal hook; 1, , '
pair I 12-15 12-16 12-14 11-16 24-33 28-34
pair II 14-17 13-20 14-17 . 14-18 20-24 25~29
pair III-VI 14-21 15=-25 15-25 13-25 22-34 30-40
pair VII 14-16 10-13 16-21 15-20 21-30 27-32
Cirrus; 1. 22-30 21-27 22-27 - 32-40 35-43 30-40
accessory piece 1. 19-21 17-23 25-31 24-34 29-35

23-29

o o

* Anchor length is represented by f in Fig. 1.

Measurements and means (in parentheses) are given in um,
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Fig. 25. Pseudodactylogyrus bini A; whole worm, ventral
view, B; anchors and bar, C; anchor with its reflexed part

of inner root stretched, D; marginal hook, E; terminal.

genitalia, ventral view
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S

Fig. 26. Pseudodacﬁylogyrus anguillae A; whole worm, ventral
view, B; anchors and bar, C; anchor with its reflexed part of

inner root stretched, D; marginal hook, E; copulatory organ

Fig. 27. Pseudodactylogyrus microrchis A; whole woﬁm of holo-

type, ventral view, B; anchors .and bar.of paratype, C; anchor
with its reflexed part of inner root stretched, paratype, D;

marginal hook of paratype, E; copulatory organ of paratype



82
Testis (L x W)

(x 1072 )
4+
3_ - . .
2} .
P. ANGUILLAE
i x
o . ~
e P. MICRORCHIS
°8° 000
1 B ° °°°
. . ) O CHIBA PREF,
® AtcHI PREF.
oge® o ' - Ovary (L x W)
1 3 (x 1074 mul)

Fig. 28. Relationship between sizes (length X width) of

testis (Y) and ovary (X) in Pseudodactylogyrus anguillae

and P. microrchis
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Fig. 29. Chitinous structures of opisthohaptors of two species

of Gyrodactylus from Anguilla spp. A; G. anguillae from

A. anguilla in England, B; G. anguillae from A. anguilla
transported and cultured in Japan, C; G. nipponensis from

A. japonica (scale: 30 jm)




Table 4.

Measurements of three species of Pseudodactylogyrus

from Anguilla anguilla

P. anguillae P. microrchis

Species P. bini
No. of specimens 95 25 . 66
Body; length 539-1626 582-1168 374-~1259
width 120-311 150-241 138-282
Opisthohaptor; 1. 65-107 112-148 91-170
‘ W 85-172 132-174 94-190
Pharynx; 1. 41-90 41-70 35-717
We 34-80 32-55 34-67
Anchor; _ . '
l.(a in Fig. 1 63-76(69) 103-121(113) 100-125(108)
g in Fig. 1 53-63(58) 91-105(99) 86-102(93)
base 1. 38-43 67-84 - 60-80
point 1. 22-26 32-34 28-32
internal process 1. 33-44 54=-77 54-72
 (h in Fig. 1) 24-26 42-48 35-49
external prosess 1. 11-13 8-14 - 7-14
Bar; 1. ‘ - 35-46 48-64 40-59
Marginal hook; 1. ~15-18 14-16 14-17
Prostatic reservoir;
diameter 13-37 31-45 12-23
Cirrus accessory
piece; 1. 29=50(41) 32-42(37) 28-38(34)

Measurements and means (in parentheses) are given in pm,



Table 5. T-test of lengths of anchor, bar and cirrus accessory plece between
P. microrchis and P. angulllae

Anchor (g in Fig. 1) Bar Cirrus accessory piece
Group Group Group Group Group Group . Group Group Group
II I III II I IIXI IT I III
No. of specimens 48 10 17 43 12 24 200 12 25
Range (pm) 86-102 87-96 91-105 40-59 43-54 48-64 = 28-38 31-38 32-42
‘Mean (jm) 92.9 91.7 99.2 50,2 49,2 53.8 33.5 34.5 36.7
Probability Ps0.3 P<0.01 ~ P=0.4 P<CO.01 P=0.3 0.01<P<0.02

Group I: P, microrchis from Aichi Pref. ‘
Group II: P. microrchis from Chiba and - Shizuoka Prefs.

Group III: P. anquillae from Aichi Pref,

G8



Table 6. Measurements of six species of Gyrodactylus from Anquilla spp., salmonids and Plecoglossus altivelis

Host Angquilla A.anquilla Oncorynchus Q.rhodurus Salmo Plecoglossus altivelis
japonica masou gairdneri
Species G.nipponensis G.anguillae G.sp.l G.sp.l G.sp.1l G.japonicus g.tominagai g.plecoglossi
No. of specimens 42 31 20 6 15 18 - -5 24
Body; 1. 373=-704 205-504 760-1110 720-915 765-935 473-855 607-795 331~-544
Anchor; 1. 39-44(42) 30-37(33) 70-77(74) 74=77(75) 68-76(72) . 83-96(89) 94-103(100) 56-61(58)
point 1. 18-20 13-16 34-39 34-36 33-39 31-36 32-37 23-26
base 1. 30-36 26-32 51-56 54-~57 50-58 59-68 67-73 42-46
root 1. 12-16 - 7-11 21-26 21-27 20-26 32-39 "34-42 16=-22
pase l./root 1. 2,06-2.62 2.73-4.00 2.08-2.67 2,04-2.71 1.96-2.75 1.59-1.94 1.71-2.00 1,95-2.88
Ventral. bar; 1. 14-18 11-14 27-34 27-30 28-35 29-36 39-41 19-22
W 3-4 2-3.5 7-11 5-8 - 5.5=7 7-11 8-11 4-5
membrane 1. 7-13 5-8 13-21 14-20 13=-20 41-51 53-59 25-32
lateral process l. : 2-5 2=5 2.5-4.5 13-17 14-17 5-8
Dorsal bar; 1l. 18-21 12-14 27-39 30-33 29-35 19-25 - 21-27 l6-21
W 1-2 1-1.5 2-3.,5 2.5-3 2-4 1-1.5 1l 0.5
Marginal hook: 1. 21-27 22-25 38-43 38-42 38-44. » 55-63 33-36 22-25
hook proper 1. 4-4.,5 5-6 7.5-8.5 7-8 8-9 7-8 6-7 4,55
hook distal w. 3-4 5=-6 6-7.5 6-7 6-7 6-8 ' 5-6 4-4.,5
hook proximal w. 3-4 3-4 :4,5=-5,5 4,5-5 5 5-5.5 5-6 3.5-4
handle 1. 17-23 17-19 31-36 31-35 30-36 48-56 27-29 17-20
domus 1. " .6-9 '10-14 17-20 16-19 — 15-20 12-15 9-11

Measurements and means (in parentheses) are given in um.
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Fig. 30. Tetraonchus awakurai A; whole worm of holotype}

ventral view, B; terminal genitalia of paratype, ventral view,
C; anchor complex of paratype, D; ventral bars of paratypes,
E; copulatory organs of paratypes, F; ventral anchors of un-—
usual shape, paratypes, G; dorsal anchors of unusual shape,

paratypes
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Fig. 31. Chitinous structures of TetraonchUS'gVosdevi and T.

ergensi A; anchor complex of T.gvosdevi, B; copulatory
organ of T.gvosdevi, C;  anchor complex of T.ergensi, holo-
type, D; copulatory organ of T.ergensi, holotype
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Fig. 32. Tetraonchusvoncorhynchi A; whole worm of holotype,

ventral view, B; anchor complex and marginal hook of péra—
type, C; ventral bars of paratypes, D; copulatory oxrgans of
paratypes, E; ventral anchors of unusual shape, paratypes,

F; dorsal anchors of unusual shape, paratypes
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Fig. 33. Chitinous structures of Gyrodactylus sp. 2 from

salmonids A; specimen from Oncorhynchus masou, B; specimen

from Oncorhynchus rhodurus, C; specimen from Salmo gairdneri

(scale: 30 pm)
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Fig. 34. Gyrodactylus sp. 2 A; whole worm, dorsal view, B;

testis, ovary and ootype, dorsal view
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Fig. 35. Chitinous structures of opisthohaptors of three species

of Gyrodactylus from Plecoglossus altivelis A; G. japonicus,

B; G. tominagai, C; G. plecoglossi
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vagina, dorsal view, D; clamp
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Fig. 38. Lamellodiscus yamagutii n.sp. A; whole worm of

holotype, dorsal view, B; copulatory organs of paratypes,
C; opisthohaptor of paratype, ventral view (A, Bl, B2 & C;

specimens from Pagrus major, B3; specimen from Evinnis japonica)
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1 Fig. 39. Lamellodiscus pagrosomni A; copulatory organs, B;

~anchor complex and squamodisc, dorsal view

Fig. 40. Lamellodiscus sp. A; copulatory organs, B; anchor

complex and squamodisc, dorsal view (A3; specimen of YAMAGUTI

Collection)





