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ABSTRACT

To investigate the morphological characteristics of spermatozoa of the grey red-blacked vole (Clethrionomys
rufocanus) belongings to the subfamily Cricetinae, subgenus Clethrionomys were examined by scanning and trans-
mission electron microscopes. The sperm head of C. rufocanus was an ax or hatchet in shape with a curved single dorsal
hook. The total length of C. regulus sperm was 95.8 um. The length of sperm head was 7.8 um, and the tail (88.0 um)
consisted of four major segments: the neck (1.0 wm), middle piece (22.0 um), and principa piece plus end piece (65.0 um),
respectively. The segmented columns were about 10~ 12 in number. The number of gyres of mitochondria ranged from
about 170 to 178. The post-nuclear cap occupied about a half of nucleus. The equatorial segment is located between the
post-nuclear cap segment and acrosomal cap on the nuclear surface. Nos. 1, 5 and 6 of the outer dense fibers were larger
than the others. A fibrous sheath and longitudinal column of the principal piece were in evidence, but the fibrous sheath was
not seen at the end piece. In conclusion, the morphological structures of sperm head and tail may be useful information to
patterning of sperm evolution and classifying of species.
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Holm, o]2]gt zfeli= Z7he] AE Fo| zh= A AT
ul-¢- WA #A 7} ek

g, AX] 72 A=} el I3k 7= Friend (1936)7}

B31sn]7d o2 mouses} rate] AA}- % Hgoz A
6] 718t o] & AAAN| AL o] 83 F 2 (Murineg) A7
(Rodents) A #}e] w|A|F-zell 3t Tl=0] A7} B arE o]
2 ¢Jo1} (Nicander, 1970; Yanagimachi & Noda, 1970;
Breed & Sardfis, 1979; Breed, 1980; Saréfis et al., 1981; Breed,
1983; Flaherty & Breed, 1983; Flaherty et al., 1983; Breed,
1984; Flaherty, 1987; Flaherty & Breed, 1987; Breed €t d.,
1988; Yang et al., 1991; Breed, 1995; Breed et al., 2000; Breed,
2004, 2005; Lee & Mori, 2006), =Wl AAlstx &= 5
wkz] <= (genus Clethrionomys) 2] =) 81+5 (Clethrionomys ru-
focanus) A x}e] m|AM|Fzol] #dF AFE= o}z W aE v}
gieh webd 2 AFelAE FAb P FapAdndos
o5 Az wAF2E F3le] vtk AXF Arkete] 3}
o] A& atolr A} B A2 S35t}

R

b $1H = =]k (EE 800~900m x]A)el| A Sherman
Egloz I (A%, 30~350)F ARsted ALgslgt. of
E AEs AR A AP st ethyl etherz wH)
A7 % ZF AL BAA 2AE AEsH. FARAE
u)7 HAE 93, HA HAL 22S HET o8 &
o|= FEpA flof| =abdte] 5~ 1087 Aol A ukA| gt
0.1M Millong's buffer (pH 7.4)2 &elo]|= 9]¢ Hgalg
ANA AZ o 3% glutaraldehyde (4°C, pH 7.4, M|Ilon|g'
buffer) 8ol 2A17t A= A3 st A o] Lt
& =3t ¢k= (4°C, pH 7.4, Millonig's buffer) .2 10%
Aoz 27k 33 A A F dme = AL
4= (60, 70, 80, 90, 95, 100%) o = &3 -2 hexamethyl-
dislazane (HMDS) o= x|3}slgict. X|gto] vt A &2
lon coaterol| A] Ptz 1% 30x B9t ZEE & FAE Axh
Hn) 7 (FESEM, S-4200, Hitachi)©. = #+asleich 34}
o) #EL flste], WA B 23S AET 9

3%-glutaraldehyde (4°C, pH 7.4, Millonig's buffer) -g-ollej] 2

[o -101'

Az A= A o e Al F
1~1.5mm® FA = AAsle] oA 3% glutaraldehyde (4°C,
pH 7.4, Millonig's buffer) &-olo] 2A17F A= wA3}tA
o] Byt 2AHELS T 4F5H (4°C, pH 7.4, Millo-
nig'sbuffer) o2 108 7t4 o= Ztzk 33] AlXstgdet A3
o] &yt %A E-2 1.33% 0s0O, (pH 7.4, Millonig's buffer)
o2 2717 314 3ok A o] it 24> T3 <
Zolowm oA 108 HFo= 717 33 AN ohe
S ¥% Ak 22 (60~ 100%) 0.2 kel T, gt &
Epon 812 &3}t o 2 xujslgict. zujr} By x%
ultramicrotomes- A}-8-3}ed 60~90nNme] x4 =
E-o] uranyl acetate?} lead citrate &} o= o]F Az}

A = =313 Axpgn) A (TEM, H-600, Hitachi).e 2 75
kVell A 23}l

[e)
AL 24E

of
i w
E

¢

B
X

il
N

i)

o2 o ¢
r&

flo rlo

o

d3AL i a gake] FuiH SASS oot Rk
(Tables 1, 2, Figs. 1~ 3, Text-fig. 1).

1. AXHHZ| (Sperm head)

AR el vk =7]5oke] e ‘% &3 (falci-
form shape)2] el F stz 9l9lch(Table 1, Fig. 1, Inset,
Text-fig. 1). HA 2] HRE= FA| HI?Jr Zro] WZE3H

oA qlele} (Fig. 1, Inset, Text-fig. 1, Fig. 3a). A=A} =]
o] 7ol o 78umelglord, 99| 2ol 74um F2 40

m, A2} A 3 F7ke] 2 04ume]iel (Table 1).
apical body®] *di& Ww gl HA B hew 2 o
G vk 3} 28 722 Ho)A 2set(Fig 28 b). 9
3+ A Apelel] Exfsta o1& apica body HA] &e] 7hear
7 Awrcfor MdRrt EEF14 vk (Fig. 1, Fig.
2c, Text-fig. 1). 8 Zckx o7} (post-nuclear cap, Pc):= &
o] 1/2& Af3stx gleler (Inset in Fig. 1, Fig. 2f (small
arrows), Text-fig. 1), A} =4 (equatoria segment, Es)> 31 2]
Zo}olel ¢)x)8b (Inset in Fig. 1, Fig. 2f, Text-fig. 1), &
AL7N (acrosomal cap, Ac)= A ] of V4E Ha 3l
oo} (Inset in Fig. 1, Text-figs. 1). 32] e Feiilol

Table 1. Sperm head size and shape, and the tail length of Clethrionomys rufocanus

Head (um Tail (um
Species (hm) (hm) Author
L w NI S Ncl Mp Pp+Ep NoMg
Clethrionomys N Present
rufocanus 7.8+0.12 4.0 74 Alor H 1.0 22.0+0.14 65 170~178 study

A, ax; H, hook; L, length; Mp, middle piece; Ncl, neck length; NI, nuclear length; NoMg, total number of mitochondrial gyre; Pp+Ep, principal piece plus end

piece; S, sperm head shape; Tl, tail length; W, width.
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ARy Zoz 4% e HT2E Hstm dglon
(Figs. 2f-i), @7Fg7 w2 32l dorsa hooks 714 & Hb
el ventral hook:= Z)3}1%] okske} (Fig. 1, Inset, Fig. 3a).

2. MXE 5 (Sperm neck)

A AR (B)e] Fo Aozt e okwst 45t
& 714 2 (basd plate)S Bl F3}e] (Fig. 1, Fig. 3b), 7] ##
olelm o] A% (capitulum)$} 232414 (proximal centriole)
s} 19154 (distal centriole), o5 FAAEe] )7l
97§ 2] segmented columns, Sc; B4 3 (£1)71 2A)38k3 9%l
on, o] 5 1/]9] B el 10~ 127 #=2] ult] (segment)
2 FAEAA U= 53] 7IARL AR =T 22 B
2 Ho] glow, Z7te] FAFE= Wl SAE A4
(outer densefiber) 9} 2+t ZAdt=] o] ¢lsio}(Fig. 1, Fig. 3b).

3. MAt1e| (Sperm tail)

RApe] mele] AA Qolt of 880um A=A, AV
(LOpm), F83 (22.0um), 727 FHg} w3 (65 um) =
FA = (Table 1), FHHF2] Z& annulusZ} 3 25 3§
Rk g)9iet (Fig. 39). FH¥-2] vl=eelole] St of
174 (170~ 178) o] g} v} (Table 1, Fig. 3a). £= X7 4= 9
M= FH= A 9low, Nos 1,5 62 447} ohe das
(2,3,4,7,8,9 Bryx =} (Fig. 3d). A-f= (fibrous sheath,
Fs)¢} =3 (longitudinal column, Lo): FH B Ex)5}
o (Fig. 3¢), 72 Betdelel e Mzt DA ol
Fom (Fig. 3) 3ol 9+2 29| w4t EA)s)a

Azt A e S st (Fig. 39).

o ’S

A7) Z4EE) glolA, WA e Hej Gy &
FA4% Qe k), AR Fol Sk ST Bol Wbz
Zme) wop & GE woke] YAl A, 9
v 23 AHAsE 49 A EAE zHed (Friend, 1936,
Fawcett, 1970; Lalli & Clermont, 1981; Breed, 1983; Flaherty
& Breed, 1983; Breed, 1984; Lee & Mori, 2006). ©j7] A4
AL e ZREEY ARAES o)F 24 (IF A
st o4 2 HAEA)ES FEHeE 2 e s
Zoll wet 2 ejel BA) 2ol ApelE vekith
e ot Pseudomys 40 AAl= I F 7HA]
@] FelH el F A7t ZaelE zbe 33 7}
A7 ke ez dEdEn (1) 2aEE e Yol Sk
22 Pseudomys australis®] A A}= nv]£3s}le] P. desertor, P.
fumeus, P. hermannsburgensis, P. higgins 28] 12 P. nanus%

(falciform type) 2. 24], Eo)3lA|= 3t 712 dorsal hook<}
+ 7N€] ventral hooke] 78S 7zt 539 &
o= 3t 7)) ventra spike (&2 ventral spur)g 71X ¢l
o} (Breed & Sarafis, 1979; Greed, 1980; Sarafis et al., 1981;
Breed, 1983; Flaherty, 1987; Flaherty & Breed, 1987; Breed
et al., 2000). P. apodemoidese} P. gracilicaudatus?® A==
olE FEFAU SAE o|folx= ventra spikes 7HA 3L Q)
A= ¢itc}. w3E P. novaehollandiae®] 7-$-+= ventral spike
E 7 A o> wbHe, gk 7)e] 7] dorsa hookiHE-
7111t (Breed, 1983). (2) Zaze]E 7HAa A ok FHoll
£3}= Z(P. pilligaensis, P. delicatulus, P. shortridgei) 3=l
A P. pilligaensisy al= AA| 7} A2 oF 3/4e Ha
U Aol EAA e, P. delicatulusi A= Aokl moF
(pear-shaped) ] = 2]& 7}A™, P. shortridgei A A= 73
(spatulate-shaped)®] ™2]& zH= Zlo] £ |t} (Breed,
1983). = F =9l o543 (Clethrionomys rufocanus)=
WA AT FolH melFi uhsh o] Emepe] 4
Avlelg Askn ol sht esle) AAMe me =
715 ke] e = A (Table 1, Fig. 1, Inset, Text-fig. 1, Fig.
34), dorsal hookE- 7}#]= ®bhHel| ventral hookE 7}x] 32 ¢)
= AellA Aol E Yl 9ldt (Fig. 1, Inset, Fig. 3a).
Ventral hooke] ®HAjoll 3t o373+ Pseudomys australis
o] AAe|A] A mALEe] gl (Flherty & Breed, 1987),
ventral hook AApHE A 2] 12~13 A AM Z¥ 3=
o), 12 DAl A AAFRE Ao AR, HA= ¢
S S5EA i, AAE Tzl ofzhe] Fr=ee
AL T3 s EA8H, 13 DA« = e
HEE H3E etk &, A3 HAALS s
555 3, dorsal hook:= goixA] A3t AAte] Heel] =
23lA Flt 271¢] ventral hook:s A A= 51 ofdf
dorsal hookel|= 6 nm A =9 filament7} velde}. o]t
filament®] &3 o= <ls| hook7} #3]AA o} &HH, A
Z}2] ventral hook®] 3Je]3]A]-2 NBD-phalacidinez xjg]
F ARG A3} 55 (A ehiA 9wl
(Flherty et &., 1983), wi = (=)ol 4] actin filament7} =24
e )3l (Flherty & Breed, 1987). 12} 2] =
freee] AAA=ES] HASE Tl A actin filament7} &
Ak ks Bart d7le sht dlREe] el glelA
FA 0] ARl M= FEEA > Adeje] Hdxle] Ex)s)
Aoz By ul ol AAHY F}l et EL] )%
| AAERAAY AAPE BA el =2slr] Aol F3 H
A ok&-& A|A}e] T} (Baccettti et ., 1980; Halenda et al.,
1984; Flaherty et al., 1986; Vogl et a., 1986). o] F+xE2
hooke] e gt ohel 44 F<lel ventral hooke]
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Table 2. Comparison of size and shape of the sperm head, and sperm tail length in Eurasian rodents 22 species, and laboratory 2 species, and

Korean rodents 3 species

Sperm head (um) Sperm tail (um)
Total I Principal Total
Species sperm Sperm head sh Ventral Tg?l M(')?thﬁce pieceand  length of Authors
head ape spur lenath lenath endpiece  thesperm
length 9 9 tail length
Pseudomys austrailis 9.0 F (three-hook type) + (one) 111.0 23.0 88~93 120~ 125 EB % %
Bandicota .
bengalensis 115 F (apica hook) - 138.0 43.0 95.0 149.5 (7)
B. indica 5.0 G (non-hook) - 58.0 15.0 43.0 63.0 (7)
B. savilei 5.0 G (non-hook) - 50.0 12.0 38.0 55.0 (7)
Leopoldamys . . _
sabanus 12.0 F (projecting apical hook) 170.0 65.0 105.0 182.0 @)
Maxomys bartelsii 120 F (apical hook) - 157.0 32.0 125.0 169.0 @)
M. whitebeadi 12.0 F (apical hook) - 119 22.0 97.0 131.0 2, @
M. surifer 105 F (apical hook) - 105.0 35.0 70.0 1155 (7)
Millardia meltada 2.0 F (short kook) - F F ¥ ¥ @)
Niviventer 9.0 . 110.0 35.0 75.0 119.0
cremoriventer 9.0 F(apical hook) - 1050 350 700 1140 @. (@)
N. culturatus 12.0 F (apica hook) - 157.0 62.0 95.0 169.0 (7)
Tokudaia osimensis 6.0 P (non-apical hook) - 72.0 15.0 57.0 78.0 @]
Bunomys ; _
chrysocomus 10.0 RH (apical hook) 145.0 45.0 100.0 155.0 @
B. fratrorum 75 F (apical hook) - 120.0 30.0 90.0 1275 @)
Paruromys . _
dominator 11.0 F (apica hook) 137.0 32.0 105.0 148.0 (7)
Micromys minutus 5.0 P (non-hook) - 59.0 12.0 47.0 64.0 @]
Vandeleuria
oleracea F F (rostral hook) + (one) ¥ F F i @)
Apodemus !
argenteus 7.0 F (apica hook) + (one) 115.0 25.0 90.0 122.0 (7)
A. agrarius 10.0 F (apical hook) + (one) 120.0 20.0 100.0 130.0 (7)
A. semotus 9.0 F (apical hook) + (one) 119.0 22.0 97.0 128.0 @)
A. speciosus 10.0 F (apical hook) + (one) 120.0 25.0 95.0 130.0 (7)
A. agrarius coreae 8.0 FH (apical hook) + (two) 1255 29.5 95.0 1335 8
A. spesiosus .
peninsulae 7.8 FH (apical hook) + (two) 116.3 225 93.0 124.1 8)
Mouse(ddY strain) 7.3 H (apical hook) + (two) 124.2 245 99.5 1315 8
Rat (Wistar strain) 120 F (apical hook) + (one) 180.0 64.0 116.2 192.0 8
Clethrionomys : _
rufocanus 7.8 A or H (apical hook) 88.0 23.0 65.0 95.8 9)

A, ax; F, falciform; FH, fish hook; G, globular; H, hatchet; P, paddle-shape; RH, rostral hook; +, existence; —, no existence; ¥, no data; (1), Breed & Sarafis(1979);
(2), Breed (1980); (3), Sarafis et d., (1981); (4), Flaherty (1987); (5), Flaherty & Breed (1987); (6), Breed et al. (2000); (7), Breed (2004); (8), Lee& Mari (2006); (9),

Present study.

(Flherty & Breed, 1987).

o] MxF AApe] me] ®ofel 9leir], Bandicota
indicas} B. savileix o7l 2+ I meoke] 739 HEHEZ,
Tokudaia osimensis?} Micromys minutusy 2= = -2
X %oFe] 3=, Bunomys chrysocomus, B. fratrorum 12]
32 Paruromys dominator®] AHxp= Z+7h RelE zh= 2y
2] 2 7= AL A 2)st3 (Breed, 2004)= d /4o A
AF FES Z2aE] 52 Eye] RS /A o

it} (Table 2).

3+, Pseudomys <4-2] Pseudomys australis, P. desertor, P.
fumeus, P. hermannsburgensis, P. higgins 22|32 P. nanus
(Sarafis et al., 1981; Breed, 1983; Flaherty, 1987; Flaherty &
Breed, 1987; Breed et a., 2000)¢} Vandeleuria 4-2] Vande-
leuria oleracea®} Apodemus 4-2] Apodemus argenteus, A.
agrarius, A. semotus, A. speciosus (Breed, 2004) 22|17 rat
(Lee & Mori, 2006)2] AA=-2 ventral spurE- 3+ 747t zt=
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A= 2] mouse(ddY strain), &3 9} AT B
HAe BT Fo| wWEdly F2 PAMPE 3 (curved fish
hook shape)e] Axl=z]e} F 7§2] ventra spurE 7}A| 1L
Utk AHellA 2ol & Yebl gl (Lee & Mori, 2006). o] 4
3 febrlotel MA)s= Apodemus %ol %31 HAbel &
Atz FRHoR Yi zelE Heled ol AA}e
Fejsel Wk A QA =Thye] el uhe dstet
3 AAAM, w3k AL} A7Ie] gloget A,
£3], ed=AF Millardia meltadae] 7-¢- apica hook3]e]7]
s AetRob w9 g wbHed, glo]skal Apodemus se-
motuse} A. argenteus (Breed, 2004)= Az} ]2 37}
Al =70 uHde] 25 (Lee & Mori, 2006)}
WS FAE T2 BT Q9 od How ulFel
Hol 2]H oz va Aeld eaed Yo} Apodemus <
o) Fahe el dFom JI} FEo| o fAWAN e
& oujgiet

fretAlopale} ohzelsbal A Rel ARl WA
¢ ARoz AYHH, ez AANE W A4Ye 7
apical hookZ 7}#1t} (Breed, 2005) 2 dAFoM = 7lz2=
A S o APhe) 9] apical hookE 7HA13L 91wt

2458 AR T o) Fo3 ¥y 5 v} me)
yyow A, mele o] A, FHY, FARY 6]
2o 4o)dow A EHeh exEddejobat Pseudomys
australise] AAARs} mele] AR} wEe AYg
mouse (Mus musculus; Fawcett, 1970, 1975)2] AHA}F=x2}
¢ f-A}sh (Sardfis et ., 1981), ¥ A Fol d 513
o] 7= o zbelE vEpSlH: =, Bandicota 4] Ban-
dicota indica, B. savilei £} Micromys <-2] Micromys minutus
2 Asjstas At Zolrt e AAF Fuds bs
Aol BHA 22eb7 AR (Table ).
AT, AAARE A 2aet AxREs}

242 9 71A%E vFshe] 10~127)¢) Wz 74
=l segmented columnse 1, 2 2|3 9Ho] ZA3gd =
2 vepd wie FHRA A7 EeEeA Qo
segmented columns®] ol Lol WAE 2 w3 e] e
= zZt= 979 9|=A4 {52 Bandicota 2] Bandicota
bengalensis¢} B. indica, Paruromys <:-2] Paruromys domina-
tor, Tokudaia 4-2] Tokudaia osimensis, Apodemus <-2] Apo-
demus agrarius (Breed, 2004), A. agrarius coreae, A. specio-
sus peninsulae, 2.2] 17 mouse (ddY strain) 52 (Lee & Mori,
2006) =5 FAHEE el 5 #3kaL ol7]E sk, 7)Ao
A Zpo]E HQITh =, Mouse?} rat (Lee & Mori, 2006) 1]
37 Rattus arbentiventer (Breed, 2004) ¢} v]wsl & o, rate}
Rattus arbentiventer = Z#1-0] n|EZcz|o}le] =7]7} o}
B AAFe &5 vl £ o ele Age A, SR

o) mepst =)ol glel, 1,5, 6499 A47F The Andk =

+ A 283 saelite fiberss 7 7Hxlve F%8A<l
EAS 71X 3 99t v Bandicota bengalensis, B. in-
dica, Tokudaia osimensis, Paruromys dominator, Apodemus
agrarius(Breed, 2004), A. agrarius coreae, A. Speciosus penin-
sulae (Lee & Mori, 2006), 18] 12 HS5U¢FHE= w)$& A8
TZ2E 72 Slsdek

s12459) 7)) leiAl, Bire) AAFE v}
Bandicota indica, Paruromys dominator, Tokudaia osimen-
sisn 22] 32 Apodemus agrarius(Breed, 2004), A. agrarius co-
reae, A. speciosus peninsulae, 72] 32 mouse (Lee & Mori,
2006)2] 7% 1,5, 6, 9] & ubHol| Bandicota bengalen-
sis, Rattus arbentiventer (Breed, 2004), Mouse$} rat (Lee &
Mori, 2006) 2] ¥ FellAE 1,5 6] SAHR7} o
£ AHe o Ive AE & 571 dsle

Satellite fiberse] 7)91 915442 2137} Fslz <3
A7), ol FRES FS o3 AEe AYEE
7WNZ17) $1gteltt. o] F2E2] FH< ZEE %
stel AAZE S AWt SledH, 5 saelite fiberse

oFd Fpolel A 2 uf, QrAl sied wHFe] ofo] A
A RuER 9] epuc) A7) Wz 2sieed W} o 2
3h9l A Eolelw A=stdct (Oh et a., 1985). 72} i}
A9 A% (Kimeta., 1999) o] FEEE 7AW
o, 2} ), A wAE ol FEEE A

g
=

v bl

I QA bk =& g=ak 2sieguts (Sonet dl.,
1995)s} wharlA 2 B35 HAIME o] FaEe =
W3] Wl FH Ao A5 4Hsh] ofHrin
Ardetodet (Son et al., 1997). TRl = B3k, A3 F

A5 Az A3t odeiA B 7EA e AR deE
u, % dle) Wshe 7 2Rl uhet dolHe vehyn,
Hre] vdis & 47 A=t olHd 7 7HAe] Ak
Nzz A ) QA GAbs el w930 &
el @ W2 7IA= 7oz RE (Roldan et a., 1991)
AAM oz 3 Ang FH THoaEe] Bk
Fe s (HA S 2A)E F3te] A3l gt i) A
257 Fell delA AAe e apica hookE 714w, neso-
myid, cricetid, gerbilline AXF52 B2 zt= 72183
o] AApme] et HAEAE fEE 7 sl v, =
2do) AAF FolMe AAEele) Y7t wee) ooy
< Wolid, dubH o7 apicd hook7} $l: 7oz %3}
ot 7} gleh (Breed, 2005). o] 4% AAke] e}
@3 o] SAel Apele] Ak ojube b A
Helxel gisk BARAe B F A Fag
Ql od3kel| 23 o]Fo]zlt} (Roldan et al., 1991). &
Foll A= Breed (2005)9] Zsfel Azte] HeH 5A&
7|22 dte] E u), o|u] sl skAF Apodemus 2% (A
agrarius coreae, A. spesiosus penisulae), Mouse (ddY strain),
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Rat (Wistar strain) 18] 32 & A%<l o535 Az <}
A% 9l me)e] e B4 Ea) AR A
23 B, ojn] B9 Apodemus 2% FARA7E 2
Z (249%) )™ (Lee & Mori, 2006), ventral spure] % A
=9} neZeg]ole] Z7)9} 2] zte] 1|3 AAlAE
9] »sﬂEHg} Z o) =5 Z313)e] B o), 324 ==
agrarius coreae) ¢} ¥ tie] H-23F (A. spesiosus penisu-
lag) — Mouse (ddY strain) — Rat (Wistar strain) — o533
(C. rufocanus) <=0 2 ©] %13}l ZFo|g} o AXIt}
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FIGURE LEGENDS

Fig. 1. Transmission and scanning electron micrographs showing the caudal epididymal spermatozoa of Clethrionomys rufocanus. The sperm
head of C. rufocanus has an ax or hatchet shape with a sharply curved single dorsal hook. The apical body (Ab) were covered by acrosomal cap
(Ac) (inset in Fig. 1). The basal plate (Bp) is adherent to the envelope, defining the implantation fossa and forming the site of attachment of the
flagellum to the sperm head. Small arrows indicates a boundary line between en equatorial segment (Es) and acrosomal cap. Arrowheads are
boundary line between the post-nuclear cap (Pc) and en equatorial segment (Inset in Fig. 1). Note the post-nuclear cap possess about a half of nu-
cleus. The equatorial segment is located between the post-nuclear cap segment and acrosomal cap (arrowheads) on the nuclear surface. M,
mitochondria; N, nucleus; Pr, posterior ring; Sc, segmented columns. All scale bars=2um.

Fig. 2. (ai). Sperm heads and midpiece from C. rufocanus. The curved dorsal hook roughly triangular in cross-section (2a, 2b), is invariably
composed of an acrosome. The parasagittal (2c, 2d, 2e and 2g), longitudinal (2f) and cross-sections (2h, 2i) of acrosome, anterior and posterior
region of the nucleus, and anterior region of the middle piece. A, acrosome; Ab, apical body; M, mitochondria; N, nucleus; «, acrosomal cap;
«—, post-nuclear cap. All scale bars=0.5pum.

Text-fig. 1. Diagrammatic representation, based on scanning and transmission electron microscopy of perpendicular (such as Fig. 1) section of
the epididymal spermatozoon in C. rufocanus. In Text-fig. 1 sections a-a, b-b, c-c, d-d, e-¢, f-f, g-g, h-h, and i-i areshown in Fig. 2a, b, ¢, d, e, f, g, h
and i, respectively. The equatorial segment (Es) is located between the post-nuclear cap (Pc) segment and acrosomal cap (Ac) on the nuclear sur-
face.

Fig. 3. (a-g). Longitudinal (3a and 3b) and cross(3c, 3d, 3e, 3f and 3g) sections of sperm head, neck, middle piece, principal piece and end piece
in C. rufocanus. The mitochondria are arranged at the sides of axoneme regularly, and mitochondrial gyres were 170~ 178 (3a). The annulus
(arrows) has appeared at the end of mitochondria in midpiece (3a). The basal plate (Bp) was adherent to the nuclear envelope, defining the
implantation fossa. The segmented columns (Sc) were surrounded by redundant membranous scroll (Ms), and adjacent outer membrane of the
first mitochondria of the middle piece (3b). Several segmented columns (Sc) were fused (Fig. 3c) in the neck region. Nos. 1, 5 and 6 of the outer
dense fibers (Of) were larger than the others in the middle piece (3d). The fibrous sheath (Fs), longitudinal column (Lc) and outer dense fibersin
the principal piece were seen (3e). The fibrous sheath are observed, but the outer dense fiber not observed in the end of principal piece (3f). The
fibrous sheath (Fs) was not seen at the end piece (3g). A, acrosome; Ax, axoneme; C, capitulum; H, sperm head; M, mitochondria; Mp, middle
piece; N, nucleus; Nc, neck; Ne, nuclear envelope; Pm, plasma membrane. Pr, posterior ring (Figs. 3a, 3b: Scale bars=5um; Figs. 3c-3g: All
scale bars=0.5um).
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