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B L  ICRBFHORE T OFRER X ORFIERRIC
BL T, MRS OWENRRENTER, EEDER
Hfze & LTix, Nez and Short (1957), Burton (1960,
1967, 1968, 1972), Gresson and Perry (1961), Hendel-
berg (1962, 1969), Gresson (1965), Sato et al.
(1967), Grant et al. (1976), RBit5 (1976) %02'H
FH B, BIE, Schistosoma mansoni D¥sF DT
BEAY Kitajima ez al. (1976) i X > TH LM CE -,
B ORI EFMEE B X OFRAE T HEMSIE H
WTiTebiy.

EHDIL, AE, EERETHEMSE (SEM) B XUEE
BEFHEMEE (TEM) 2HWT, KFMigkd Parago-
BIXOERE  Eurytrema
pancreaticum (Janson) ** Z#1kLL LT, FH b DL
B LU ORTRGEBEOBHEE & STAEMIc L &
AR R DY

nimus ohirai Miyazaki

HHRB L UHE
KL HRIZ, &2 8L AV TE2Fy b (SD) ICEH
BhEL, 3PABICHRIBLIZbOT, KRB, &
TRABEREFT THEOBRICHEL TW b 0 2R
Ik L7z, REBEE B I ik 2 SLABEMBE T oI L,
RS IUWREELIRY L7z, SEM ofEtE LTk
BERBIUIRHELEL, 1% 7 V% —AT7ATE R
(Millonig DEeiEEE, pH 7.4) THEEH, H7 X
* RBEGE D —¥ i B A504E B SUE A R R R AR S
7% (A), B8, BilcF AR HOERT THEMSE
HrgE (REHE AHE-BR) OoWMEMDEER
Jre.
**Furytrema coelomaticum (Giard et Billet) & o
SBEFELOZVORMERESD ®, T2 TE—, E

pancreaticum L L.

(32)

2 )

WY 2, 2081 %A Ay 78 (Millonig
OREFREENE, pH 7.4) THREE L. Tia—1L%k
Flic X VBiAKL, BEESUREIEEE SR L. BN
H—RrBLIOETa—F 1L, BEREF ISM-U3
RIERBFIC XV INEEELSKV THE L. TEM B
i, ME%E3% s v —A7AFe K (Millonig @
BEERIRETR, pH 7.4) £ 1%A 23 v 7% (Millonig
OWERIEEE, pH 7.4) OZEHBEE®R, 7& MRS
IZX WAL, Epon 812 icEHH L7z, Yetal3fiipy 5
=—)V EEERR OB e 2 1722y, B HS-9 AL
BEIC X VIDEBETSRYV CTBE L.

7B, BROSMMGI= R HETry 7% 1~1.5
mm BEEOHR L L, MA YT ARz X )
TEIE L.

BEER

1. BREFET O

SEM iz X 5#i%2

TR F O EBEEWVICEN L TR Y, EK2E
FHEARRWA ISHREVRREET 5. Mk h o)k
W% b el U T—J@MIE <, SEM iz 2METIX, M
T X #180pm, B HTL60pm TH 5B
FEFHRERIE, 2L ORI TFIcBTsX)
R, B, B, FHERTIELVWEETLA RN
(Text-fig. la-g) . EIBIMRVFHEERZ L TR Y, %
W IZ 2T BRIl 72 5. TEMSEMIIH 22
W+ 525, LEICZOEMITNERBEARHZLNRD L
Db 5. FEIER B TIETEEOKNY, Bk T
s b5, 2oL bRWEMIZM%EBE TR L Z 0.6
pm, FERHTH0.8pm T, FiRBOFIUTOED Lz
BREyB2E+5. EOMIEEI L — X T, MEEREICT



LR BIBRIER B TH S (Figs. 1, 2).
FETXTEIE S TUSEICH 220, il duC iR 4
EOREYso T, BhcirpRfboTd oL L
L, DWTAIKSEHL, —krKso®k, HUY5
RNCHIL 28D, ZOWMEIERLTARD L, Hbroy
A }&Lti 5 E L CnD 2 Eaiby 5 (Fig.
4,%H) . Z I HHIRERIC 2 ROENWER O I1FEH
DHET OEENCIR D T TICE S DA B, LR TS
ABHE IR LA TRINCE S (Fig. 5, &KH). Jeh
I TR 3w TS 2 0, il T 0. 3, 0 il
T30.5~0.6pm Oz b H, ~HRThH 5 (Fig. 5).

Text-fig. 1 Diagram of matured whole sperm
illustrating main
different

of Paragonimus ohirai

features of ultrastructure of its
Gl :

gen-granules; M : mitochondria ; N:

parts. F : axial filament complex ; glyco-
nucle-

1s; T : peripheral tubules.
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TEM = X % 81%

mﬁ%%@W%%m@ﬁmmﬁMLTwé

SEP G AR E O MR 72 o s B A2 D, Stk
(acrosome) & 7o7e, Vﬁwﬁf"limkﬁﬁ’ﬁélfﬂ? ¥%
DOW < ST X OIS B 2 4 < L AT
6.WHH&WL,WMﬁ§£L,ty%&_éfiﬁ
L TW5D, SRR TE, 2 5000 HiEE 25
wfanofwf—aﬁb#5 B AR I D B <
LTHY, BEoET Xolenzs
(Fig. 3).

FERIHERC 0% 7 (i, A B B T {4
L7z 2 KOMIT (flagella) OB A% (
complex) 254 HALSHDS, TS OMIT AN % T,
), BokAEMICAIE S % (Textfig. 1b-c; Fig.
3). OB TR, Wtiﬁ%%@thﬁm
PLES % 1d-f; Fig. . Wi tho %
O LET L REE9 + 1 il x 4. m%%ﬁm 1%
o7 ) a—47 VRO A B, FAUT 2 RO
EORERERICH > THAET 505, HEHREIT <
T DRER D lg; Fig. 5).

FEECIE, 1, 2R L7z S by KU 7 3o
ICIEEL, BolEilzEs. Aol b2 R 7
BHESRTHRARDE NN YV AT BB 2D, 7 ) AT
Wy b Mo L TR e 0 58 K K BEIEEL TS, KT
S ORI T, S 3y KU 7 E Mo E ke
fAE L, S 7 ) a— 2 RNz L ) PR E R TIEET
L. AbICBETTENEEERL, W2 ~4HL D
(Text-fig. le-f; Figs. 3, 4).

FEA ORI &t PR Kmu
AT HOOMUNE (microtubules) 73, F O Eiilc
DO TEfFIcdESTWS. 26 ORUNMFEMivE i T
ﬁ@,ﬁ%DWWMTmem7 S A HIREIZF D
BaL, LordE L TISRICAR LR, SR THKED
W31 oI gofm¢i>wﬁ~ #ﬁ@&&mﬁk
SbTHEHC D, BB TEAE L Z20KIZEED
WoNER BN, B TH—L, S0KNI#%E RS, Zh
5 O%h A Ao MU NE OBUEL T L L IHE TR T A v
Figs. 3-5).

Ay R TEIOSY a5

o THRO2TND

’V\bﬁ

filament

(Ide

(Text-fig.

(Text-fig.

e, MR AT S B

(Text-fig.
*HT |l|ST

le-g;

wbﬁwu,&mE<ﬁummﬂaaamgﬁ<,2$
OMIEGR O L 70 %, BTG T Z O E IS
ki 2+ % (Text-hg. 1g; Fig. 5).

2. TRk
R IR fs 0 T, Bl s X OV, d ki T
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P 275 2 DAV 0 KM (spermatogonia) (g
WA OO JE N A L, NSRS BERIE (spermatocyte)
FEF-Hl (spermatid) 235580 HAL 5 (Text-ﬁg 2). K
R ORI R E <, M O R & o 4. B
~T Ry a T RERLR O CS ﬁiQ.mwg
/N, Ernw s ) AT EL DI har Y
7 LN, VR Y — AR SV VR Y — A3 %
CHEHARY S —LOREL LS (Text-ig. 3a). =LV
BT DA, TR 2 20 K0 45
B (3 UHSIAINL) & 720 % AR LT Rz il
Lz, bW R 5.

‘g Z OHuN

(cytophore) (TIELFEEL F/MEABlEgi s s, T b
ay R)7RILA Ry, ZoRicA s L, MO
R hay R T7EEEEL, vty FOPLE D AR TH
Moo HfE AL E £ 5

SHICHHL,  8HMEO 1 UHEREMAL & 72 %5 (Text-

fig. 3b; Figs. 6, 7). ZOHH oty FOFEEETE X
Z10pm T, P60 THMIMEERA) 5 m (ZETH Y, KX
ORMVE I G DEIE DS, NI EAR O/ N OF;
SNSRI ZR 0 B AL, BOR O YLt AR (synaptonemal
complex) 3 XU VB NBLHAL S D) Z OREHO
FMTH D, EE—REERLIRICR Y, VRV —LABX

DN L CBIMLTL A, I hary PV 7420
EHL, AR, REOBETHEISS AT

Light micrograph of Paragoni-
mus ohirai testis, showing distribution of
cells in different stages of development.
Note darkly stained spermatogonia (1) at
periphery of testis, rosettes of spermatocyte
(2), spermatid (3) and fibrillar spermatozoa
X 800.

Text-fig. 2

(4). Toluidine blue.

OSSN S,. L b Ay B 7 PR kR
ST A AN, B BN X0 16HIE (2 SRS RERAD)

iche b, oML ICEAETH L DI D,
Fi -l (327m0R) i int/hmm%umme
T, A ERIR & A2 0 RS L 3 m ThH S (Figs.
8, 9). B omhiimr BT L. —F, B<
L7 VB SIIAICAIE L, i A EREL
THLND L9 bd (Fig. 10). T har P 7l
OIS L, BRI sA T 2 X H5icRn b
(Text-fig. 3c; Fig. 11), ZoOWo I b= U7X
HEPHFZ, F RIS S0 &D%fﬁ"ﬂdtw%{/%’ LTH
Ao 7 Y 2T b ay Y 7 oREENCEE AT
ﬁEZiIJ’J X BRIk 7 v~ F U RIRFIC %é} L,
/T\%ﬂfllltck/l\@*ftcff;hkf7 Xoichnl, B TEM
@ﬁWWé§5%LTWﬁ4Aﬁ%QéWﬁ% SN
S0, Z ofE e~ TiiE T % (Text-fig. 3d, e
Fig. 12). SEM {4 T, Z O AREICZE Gl
EROKK) ToonsbR5. I hary KT RE

L, Z208Wcp AL TL %, G VERE—HEET S
7, RN TR OMG ~BT 5. EERIRS 50T
RRICHESE LT < 5. B LI 08 U foor il

FroREE s sl L, %)fli)k 5 AT I IERIA (basal body)
L FOYICHIED I S s (Text-fig. 3f; Figs. 13
14), FRAILEBIC MR (rootlet) M Tn %
i o Zefd (cellular projection) (FIREFICHIEEL,
F OB Lo b B B BRI 5 > TAD TT
{ (Text-fig. 3g; Figs. 15, 16). WG Tix, MK

WL ONDEERIAEND ZENEWVN, Tk, 20
W OR% 2 ~ Y O X 9429 a-> THIlNICIFET 57

W, [T L TEEOZOMNE L LTHA LD B
% (Fig. 16). EoORMRHEHREEREL LTS, 20
D549 SEM MG TLHOMCHD ZENTED

[IIRFIZ e AT OMEE B AP L, ﬁ¢’@Am0@ktoo
bHI by R 7L TR~ LR AT
%. SEM % Tix, n¥v b Eﬁéb‘i?‘é’rﬁ?‘#ﬂiﬁ@%ﬁ) 5
2% L OMEVHIE SO TW s 0@ sS. 20
IR v A 00— 35 7 S A 22 S v BRI R Y,
INEE VT X 9S50, ZOMIETIC
BRAEEIL, FIRHC Ik ORA 01~ s (Fig. 16).
HNZEE O JEE I TS CC TIRICE AL TR
0, FONMNZEBUNE D 2z ORI
o L4 2SN bhvsd  (Text-fig. 3f, g; Figs.
16, 17, %HY). M ZEte o AR B EE O &

=L U
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Text-fig. 3 Diagram of main stages in spermatogenesis of Parago-
nimus ohirai and Eurytrema pancreaticum. a. spermatogonia, b.
spermatocyte, c. early spermatid, d-h. spermatid. B: basal body;
C: centriole-like body ; Er : endoplasmic reticulum ; Fl: flagellum ;
G: Golgi complex; M: mitochondria; N: nucleus; Nu: nucleole ;
R: rootlet; T: peripheral tubules.

WHBIZE > TEI BLERTWS, MEOER LELRD
WEISOIMRL, BEREROFERFICBET5Ic
Sh, BbRLIhbRENIVIRYETELIICRS.

ZORRICR B L, FLEOSETRIEEWICHEU-
TV BRI B DR DABEL T, KRB FIX
EHENECREE RS,

BoOBEIB L UHIIRER L EOWERXAHICES
2ARDWENDETBHEFTOMIBZEICIT, £AICHETF
B2 TES (ERABEREN, BX O EZTICH
ERAODTITL LIk 3. BliEEEAD L, Z0LE
Ao TEERSY ORI XU INE DI S bid e L, FOM
KERNRIETHEERE S 22TW5, SEM THET
% L TR, 2 R0HES BRI S ERICAL
TWL X DBRBEOETFRADNS. EA2EKDOHEED
WEIMLTLLREBCE 20 TiER L, ZoTFhTns
ONBEING. DAEBROMEIHEF MR ICE-
TEY, FhyrHL2rCRD BN B (Fig. 19). WE%L
DbIFPBETIREERICI & Bbi R AR

FLEEBRE h 5. REFETERE, POEE
g, R L DT TIRERLTWS. MIBEEREE
(residual body) Hiziz VR — LB IVBILL22H
3Ibar RUTARENTHS. EloM bk, 2,
Sz ) UREEHLLELER LN B,

E B

REEFICONT

W T O ER L O TGRSR 525, K
SRR ORI R Bz el L T—BRIE <, B
EDZY LT3, REFTIPRIVES T, BF
REIC 2ERDORECEATICE ENEE /2 L EHRRH
LRDA, SbIcEFTIR1A&LRS (Fig. 5 &),
Zh o, EADHE L POLOMKERE L ISETFE
RIBRTYA LR, ThEhoBEROSUhERT
LbOLEDLhS., ZoOZLRBEBREFHICX U GREK
BLTHBLEHET 5.

PRI EBHLTEY, TRk ) #BHIAL

(35)
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BT 5%0En LXK B & b 5. Burton (1960) i
Haematoloechus medioplexus O ¥&F % XHETF T L
L, Jbtk, BEES, REicKkESRERIL, BEE s b
H (middle piece) L K¥if (terminal piece) T4}
To. Bk, REH R THT L SR & 7K F 0 S iz
BAERT, DObIEN» KL 22T, TWOEHcHT
Pdpm FEDERBELTESZLEZREBMLTNS. b
hbho SEM Ic X B8 T, TOEIBIVTKSI
BrEThyoERTD LN, TDZ X, BEL

ERBRE DI, BFORBMEDOEZLLZLNLE
bhs, Lal, ZOREIHDOZEDOHKOHZE (1967,
1972) iz XY, EEREETIRARL, B sEREo%E
BTHBILBHEIPDONI. TDZ LT, THENIFL
BTOMRKOEEOERM, ARIZISTE S &)
Burton (1967) D#£iz L W EfTF bk,

SEM #iz XX, HEN®ALTH b AVWEREDR
DRETHIBTIE, WADOEFNERE» SBRSI B,
REEFTRAD LIRS, 2B, ZORBHOZD
HWHAOYRBTHLHEE # 15 3R ohT, #EoTHE
DAY, EFORBIco N, HMEHTSHELZD
D LRSI B,

SEM iz & 288 T, RBMETIRIBICR W T, Mgk
HIZY 200& L SRREE A 052, WL b
E&ETHD (Figs. 1, 2). BB FICRVTIE, 2
ROWESHIBEL L OAEEITH, bERcIth
TWw&T3X5icAhzx3 (Fig. 19, &H)). 78I
X, AR SIERICENTWDOREED? D & R iz
2% (Fig. 3), MBEZEOR LIIZZOEDR LA L LB
Bdb 50 b Lk, LiL, hLhofkT 3 EHE
IZOWTIERERHATH 3. BEL OSERETFERR
THdE, EAOHEBIRIVHMEICIIZELLLRL, @
B LKA T, KEH DR - EOMWEORBTED
bh5.

Hendelberg (1962) ¥, BFI RICKE2E 258
@iz oi%E ‘P’ L Lik) A Fasciola hepatica
& Dicrocoelium dendriticum 1ZBWTELHDOTWVWS
TLERRBLE. B oFEFc oW T, BTERER
THEEY M2 BATicH b, ARAITA-FANVTF VK
TR YS “dark structure’ & OERERIR L7-.
bhbhOBETIE, Z O EHRMINETLRED A,
SEM #4:Tixdbicd b ‘BA 2Lk aiEz LT
BT b0 (Fig. 4, K%M). LaL, ZOEAOY]
FBiEBEohThianizn, ELVNEBEERTHTH
%, KEMKHB T, ZOEBIIEFOHRRY ) OL%

FThHoH, BRBRTIE, BHRDRTHY, ENH
bIB. TOHEER, REFETFICHBEL TRERBETIC
BOWTXVHEECBEENS.

7Y a—F VBRI, SinEBRER» LRI £
THETHREOKES 2L TV 5 OBNgEEshZN
(Fig. 18), RMEL TRRERIV LS. BEXOBERKE
L7z bary R 7R Zhb0BERPicbE 5w
RENT L O RRETHET S (Figs. 4 HAM, 18).
7Y a—rr OFEPLIV DY 5 fRIF T, EERIF30~
35nm ThHs. EAPHELI M2V FITBIUER
EEBALS ) a = UERO 3EL, TAOOMES
TOEMTIZE Y, AWICERERcEERBREET5
NSRS, BROSY 3-SR, BFOES
BIXUHBOEFED DD IAXF—RL LTI
540D L #E %2 b 5. —7F, Bonsdorff and Telkka
(1965) 13D Diphyllobothrium latum D¥F T,
BROWEFR TS/ ) a—FUEREREL TV S,
OB a BiIFLBDbN, w¥y EERTIIAS
Tha, Z0Xd, HBBFEORTY /Y 23— 5 v
DOERICENHZBNS.

FRERE F ORI T OUNE (Figs. 3-5, 18 #EAR)
RRESHIC—RICAONE LD TH D, WINEITHETF
DEHYTEDOENENT 5. TTRBREESIZ, K
ERFETIE L2 L HE L THI0A, B HE TIX 504K
FEEiCh Y, BETELOERALNELS>THS.
Lumsden (1965) i34k B¥EF DMU/NEFIZ DWW TH -3,
BERERDIC IR T DB EIME R X UHIRIEE DRERE L v 5 8
EHIFTWB, X, 2 b ORM/ME IR 2%,
IRABH O FHEBYICE D ETHNWEEND L 2R
LT3,

TRz >\ T

FFHRGBRE T, 2 VR RN IC R I %
EL, BTMIRICAR 2 L IOEMONEE D, i
ZEEAEELTEEShS (Fig. 10). MRz
VHEOKR, NOERBBEEL ALRE. TAVEERR
WEICREL, FimEREEL Lo, MREES HIX
Lo E, A PEETMEZEERS OMIRETICEE)
L, REBILTHb0LEx2BNS (Fig. 16). —f%
2, WL S VEBREEREEETILEATVS
2B, REFHORA, INVEBIRBHRREEL, *
NITHEET HLEM, Mk RELELEASRBZITLH
b o, BEIFREHRNY. O TEOHIEIZOW
TR TH 525, Halton and Hardcastle (1976) %
BRTWS X Sz, REBEOETFHRFFCHIRTS TV

(36)



THEBIZ, R RO IR ZEE O MESE DR i< B -
LTWBDTiEAWhEtEZX b5,

Hendelberg (1962) X Dicrocoelium dendriticum 1
O Fasciola hepatica % i\ THFURBIBRE % -,
BOBBNE 5 2 L 28105 U Rt e AVCEBRL
Fo. KIZE D L, BOMBEBREANOBENIZHIZE Y,
REEBIV2EOHEL DDAV ELAFETHDZ &
#:E L TW3, Burton(1972) 1% & &2 Haematoloechus
medioplexus Tix, EOBEN b= LHEE LEREDOD
BEFETHOLITHSELT, iV OREMLE
WLl BOBEI, EELOMBRY TIX, REHH
ICRRT, Lo TREHALIARVERRTH 5.

HRZEE TR TR I B 2 3K 5 B B U INVE D3RR
Ehal, TRIZAD>TENHET S, Z0oxH=X
LIV 5 h DR, ZOBUNEDE S bikFT MO
v ¥y b OO U TOEM O MBI TER S 525,
OB LD L HIZLT2L B0, %Ol
BRIEV IR SN B.

—%, I bar P 7R, KRAEONH T, M
BHiz— T 505, 00 THRBEMRL < s
L, o, WFaRoP#ic, il TElE
L0ELk5ic b (Fig. 11). Gresson and Perry
(1961) 3B LU Grant et al. (1976) ¥ Fasciola hepatica
L Pharyngostomoides procyonis TFNEFNRHRARE
BEETND, ZORHOI a2y Y 7ikFEABEZL
=bong L, ¥BE oK@ 2ZoRLicEd TESIT
B, RNTIhG6DI bar FY TRE»SOEENT, 72
BVIZWELIED B, 0L, ZORMOEKE Ik
a2y RY 7OFE L ZEWVWEREH DL OICEZDND
2, {bLLARAHTH 3.

REMT R T, FEETOET O LTHEDODE
HFER LTV RWL OB b5, O LIFETF
PER P ARATIIREE2IIRALTE LT, ]
BENEBEIT5M, &0 IEEDTLETRAN
BT TR ERRLTWS, —F, BEBTIR, IHEE
NOEFIE, BERULERBRY TX, 3XTREL TN,

FRERETF BT Bk

R SO T AGERR B L TRpek < OB 2
T2, Z0OHTYH Burton (1960, 1972) X
Haematoloechus medioplexus % FHZHHE - EFEH
WTELLFE Lz, bhvbh D% Uiz Paragonimus
ohirai 3 X Eurytrema pancreaticum Tix, FEFIERK
ICBWTHEHEDEIXIZ LA ERONT, H. medioplexus
R BEFHEGRRIC, & bizidE A4 H (Monogenea)
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®D Diclidophora merlangi D¥5FIREFRRIC LEEIL
TW53 (Halton and* Hardcastle, 1976). Sato et al.
(1967) X Paragonimus miyazakii D¥EFHRIBES
TANTeh:, bhbh oML B —T 5. HFERE
BT2EOMERFRL, REHETTIE, MEERLD
WERIZE D 1RDAKRICA B ONRBETOERIZH S
hNa547Th 3.

Kitajima et al. (1976) 1B VT, Schistosoma mansoni
THRERETOWMELEBERE AV THZE L2, gk,
PR th 23 tofth o B L 13T 2E 0K, R LU

Fay R) 7 OFE BEOMRETELI R0
EELTRY, BERLBFETDH . #oT, BIURE
BIZBWThH, BZH o BEHL 3 VESTE
By T T e RSN B. 2D Z ik Lindner (1914)
DMFRIC X BRI—BD S. haematobium & S. bovis

BTOBBICLVENLTWAXS5IcBbh 5. —4H
(Digenea) DHTHLIDXHICR ol FE2boH
DIFTEIXHEEVAS, R U Schistosomatidae DHI T Y
Schistosomatium douthitti D¥EFITY R RT, B
2R Ys~1 13 ED2EKDHEE DL &5 (Nez

and Short, 1957). ZDED L9 IC, REEDEFIZE
WTHIERARL LTOELRWHEEL L& A A3k i
(Trematoda) TIXEHTH 54, B (Turbellaria)
TiEL b TV (Hendelberg, 1969, 1970).

Franzén (1970) 1%, TEHZAEW LESERLEEY
BB T OWEL ILBRAT L, RFEBEER L. &
I, BFERERT2EDOHEELERTE2 1S
DEFRIREEMFHFREDO LD TH S, Turbellaria #
A POETIX, FERIER IR SNV —7ThH D LR
HEhTERD, HOBRTIE, FEFICEL LR
RicEFE, FLIMELELDTHS ) LR TW
5. P, RBEETIX, HMHIEHD Hymenolepis nana
2 H. diminuta D L 5121 FZOHE LR LW
4> (Rosario, 1964) &, 2 & OHE#x {o#EH
O Diphyllobothrium latum O % 5 72 % A4 7" (Bonsdorff
and Telkksd, 1965) &23bMTW5. Hendelberg
(1969) 1%, RIEIBEEDO B KEXOTELKLLO
ThAHH EHAL TN,

fBEkBIcH), AFETHEA LM EHEST
EOLPHERAEREEFAZRBICEMTES R
BFOEAEFERICEHRELET. SORAFEICEK
DELEEFEELLR, BELABE R VLRV AMKER
FHMAABEZRICESHLBLEFET.

(37)
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ULTRASTRUCTURAL STUDIES ON THE SPERMATOZOA AND
SPERMATOGENESIS IN PARAGONIMUS AND EURYTREMA
(TREMATODA : DIGENEA)

TAKAHIRO FUJINO, YoicHI ISHII
(Department of Parasitology, Faculty of Medicine, Kyushu University,
Fukuoka, Japan)
AND
TAKAYUKI MORI
(Zoological Laboratory, Faculty of Agriculture, Kyushu University,
Fukuoka, Japan)

The present study was carried out to investigate the stereoscopic structures of the
spermatozoa and spermatogenesis in two trematodes, Paragonimus ohirai Miyazaki and Eurytrema
pancreaticum (Janson), by using scanning electron microscopy (SEM) and transmission electron
microscopy (TEM).

No distinct morphological differences were found between the spermatozoa of the two
species. The matured spermatozoa are very long, cylindrical and thread-shaped in general form
with a narrowed anterior tip, somewhat thick head including nucleus, thin middle region, and
slightly flattened tail. Acrosome is absent (Text-fig. 1). The nucleus appeared to wind in
spiral form, and there are also spiral ridges running over the surface of the plasma membrane.
The plasma membrane of the head looked loose and a space was occasionally found between
the nucleus and the plasma membrane (Figs. 1-3). The spermatozoa become narrowest at about
middle in P. ohirai, and at about one fourth in E. pancreaticum. Just posterior to this nar-
rowest point the spermatozoa suddenly change the thickness. This position at a higher magni-
fication with SEM appeared to be grafted (Fig. 4, arrow). No observation of this point was
made with TEM. There are two thin lines or furrows running longitudinally over the surface
of the spermatozoa in about posterior half of the body. These would represent the traces of
the borders among two flagella and the median cytoplasmic projection, which all fused together
in the course of spermatogenesis (Fig. 5). In developed spermatozoa, mitochondria and axial
filament complexes are packed in glycogen-granules which thickly distributed almost throughout
the length, except for the anterior and posterior ends (Fig. 18). The arrangement of these
organelles makes us suppose that it has close relation to the movement of spermatozoa.

Spermatogenesis in these two species is close to each other and typical of Digenea
(Text-figs. 2, 3). The secondary spermatocyte divides to give rise to a rosette of 32 sperma-
tids, each of which matures into spermatozoon (Figs. 8, 9). In this stage, the outgrowth of a
cytoplasm occurs from the apical portion of the spermatid. Nucleus becomes condensed and
moves towards the apical end of the plasma membrane where the characteristic structure of a

sheet of microtubules has already been formed (Fig. 12). It seems interesting to know how
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such a polarization is formed in the course of cellular differentiation. The extension and migra-
tion of the nucleus as well as of mitochondria which fuse into a few long rod-shaped bodies
in the cellular projection occur as in the other trematodes (Figs. 12-19). This process agrees
well with Burton’s (1972) detailed description on Haematoloechus medioplexus. Although a few
well-developed Golgi apparatus and many vesicles probably derived from it appeared in sperma-
tocyte and gradually degenerated later without forming acrosome, their role in the sperma-
togenesis is not well known. Before fusing together, mitochondria in early spermatid arrange
around and close to the nucleus (Fig. 11). Almost all of these mitochondria are elliptical in
shape and their cristae present parallel to the longer axis of the mitochondria. This may sug-

gest some close relation between the nucleus and mitochondrial movement.
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Explanation of Figures

SEM micrograph of head of spermatozoon (Eurytrema pancreaticum). Arrows indicate
spiral ridges over the surface of spermatozoon. X15,000.

SEM micrograph of head of spermatozoon (Paragonimus ohirai). Arrows indicate spiral
ridges over the surface of spermatozoon. x10,000.

Longitudinal section of head of spermatozoon (P. ohirai). Note loose plasma membrane
and the nucleus winding in spiral form. Line indicates the place where the micrograph
for inset was taken. x30,000. Inset represents cross section of head. X20,000.

SEM micrograph of middle region of spermatozoon (P. ohirai). Arrow indicates ‘ grafted’
portion of spermatozoon. Line shows where the micrograph for inset was taken. X 10,000.
Inset represents cross section of spermatozoon where a mitochondrion is situated between
paired axial filament complexes in a lot of glycogen-granules. X 30,000.

SEM micrograph of tail of spermatozoon (P. ohirai). Arrows indicate thin furrows
running over the surface of spermatozoon. Line shows where the micrograph for inset
was taken. X 10,000. Inset represents cross section of the tail. Note microtubules lining just
under the plasma membrane and two closely situated axial filament complexes. X 30,000.
SEM micrograph of lst spermatocyte (P. ohirai), showing a cluster of 8 cells. X5,000.
Section of lst spermatocyte (. ohirai). Note the nucleus with granular nucleoplasm, nuc-
leole, and synaptonemal complexes, developed ribosomes and endoplasmic reticulum. X5,000.
SEM micrograph of early spermatid (P. ohirai), showing a cluster of 32 cells. X 6,000.
Section of early spermatid (P. ohirai). Note cells connected by cytophore at the center
and the nucleus situated near the distal end of the cell. Note well-developed endoplasmic
reticulum and ribosomes. X6,000.

Section of early spermatid (. ohirai). Note well-developed Golgi complex located close to
the nucleus. X7,000.

Section of early spermatid ([. pancreaticum). Note mitochondria arranged around the
nucleus, with their cristae parallel to the longer axis. X 30,000.

Section of spermatid (P. ohirai). Note the elongated nucleus approaching close to the distal
end of the plasma membrane where a peculiar structure of microtubules are formed.
Mitochondria are elongated and fused together. x18,000. Inset shows the enlarged micro-
graph from square region. X 90,000.

SEM micrograph of spermatid (P. ohirai). Note two flagella projecting from a cellular
process. X 10,000.

Longitudinal section through differentiating end of spermatid (E. pancreaticum). Note two
flagella projecting in association with a centriole-like body. Rootlet is well developed.
% 20,000.

SEM micrograph of spermatid (. pancreaticum). Arrows show the nucleus whirled and
running into the cytoplasmic process. X 16,000.

Longitudinal section of spermatid (P. ohirai). Note the nucleus whirled and running into
the cytoplasmic process. Golgi complex is now situated in the side of cell. Arrows indicate
region of transition between zone of differentiation and spermatid proper. Mitochondria
are somewhat degenerated. X7,000.

Longitudinal section through apical differentiating zone of spermatid (P. ohirai). Note two
flagella and a median cytoplasmic process in which the dense nucleus is now moving
posteriorly. Dense material is inside the plasma membrane of differentiating zone. Arrows
indicate the region of transition between zone of differentiation and spermatid proper.
% 10,000.

Longitudinal section of spermatid (P. ohirai). Note an axial filament complex running in
glycogen-granules distributed throughout the length. x10,000. Line indicates where the
micrograph for inset was taken. Inset represents the cross section of the spermatozoon.
% 20,000.

SEM micrograph of early spermatozoon (P. ohirai). Arrows indicate the traces of the

flagella fused to a cytoplasmic process. Line indicates where the micrograph for inset was
taken, X16,000. Inset shows cross section of the flagella. x20,000.
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Abbreviations

: basal body

: centriole-like body

: cytophore

: endoplasmic reticulum
: axial filament complex
: Golgi complex

: glycogen-granules

: mitochondria

: nucleus

: plasma membrane

: rootlet

: peripheral tubules
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