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ABSTRACT

Light microscope, and scanning and transmission electron microscopy were used to investigate the fine structure of
sperm of the Korea squirrel, Tamias sibiricus. The sperm head of T. sibiricus was paddle in shape. The total length of T.
sibiricus sperm was 67.8um. The length of sperm head was 7.8 um, and the tail (60.0um) was consisted of four major
segments: the neck (1.0 um), middle(8.0um), principal (48.5um) and end piece(2.5um), respectively. Especialy, the
length of the middle piece is short, and end piece was very shorter than those of other rodents. The post-nuclear cap was
occupied about afifth of nucleus. The equatorial segment is located between the post-nuclear cap segment and acrosomal
cap on the nuclear surface. Nine segmented columns were surrounded by the mitochondria, and numbers of gyres of
mitochondria were 26. One segmented column was consisted ten to twelve knobs, and each of segmented column in the
neck region connected with the nine outer dense fiber in the middle piece. Numerous satellite-like fibers were scattered
around the segmented columns. Nos. 1, 5 and 6 of the outer dense fibers in the middle piece were larger than the others.
A fibrous sheath and longitudinal column of the principal piece were in evidence, but the fibrous sheath and longitudinal
column was not seen at the end piece. In conclusion, the structural features of sperm head and tail may be useful informa-
tion to patterns of sperm evolution and classification of species.
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1. HXIHZ| (Sperm head)

AT vk Fmope] Helg sk Slgis (Table
1, Fig. laand inset, Fig. 3). A A (Acrosome, A)2] ZXREo
7hReal Aw, o] W FolA = (Fig. 1b). A=}
FH-e] Zeli= of 7.8ume|gl o, HA| (Acrosome, A)2]
< 24um, HA 3} F7H(Subacrosomal space, Sg)o] Z-&
0.4um, 2] Aol 50ume|giet(Table 1). 32 H A Aol
of Exstar ol AA okl ¥ JA] £eol ke 7
2rckoz MRyt &¥ oA ok (Fig. 1b). 3 %
2 7] (Post-nuclear cap, Pnc)= 39 <oF 1/5 A==
21l em (Fig. 1b), A =74 (Equatorial segment, ES)-2- 3 A}t
o] AALN et HA FA G Abelel] fF|3kaL ol (Fig.
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< 93 dd=(Fig. 1b).
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2. MXt B (Sperm neck)

A Ane 9o olwst Fsa gl 714w (Basd
plate, Bp)& w|=3}e (Fig. 2a b), 7143k ol e] 4] F
A1 A (Proximal centriole, Pc)e} 1¢] 3414 (Distal centriole,
Do) Z2)3 o5 FAAES] 9ol OHe] FHF(Seg-
mented columns, Sc)7} &x)s32 91l (Figs. 2a, b, 4(a-c)).
o] /o] ¥AF= 10~127) A =] nivz FA = A

Table 1. Sperm head size and shape, and the tail length of Tamias sibiricus

] Head (um) Tail (um)
Species Tls
Td Aw Saw NI Tl Ncl Mp Pp Ep NoMg
Tamias sibiricus 7.8 24 04 5.0 P 60.0 1.0 8.0 485 25 26 67.8

Aw, acrosomal width; Ep, end piece; Mp, middle piece; Ncl, neck length; NI, nuclear length; NoMg, total number of mitochondrial gyre; P, paddie; Pp, principal
piece; S, sperm head shape; Saw, subacrosomal width; Tls, total length of the sperm; Tdl, total sperm head length; Ttl, total sperm tail length.
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Table 2. Comparison of size and shape of the sperm head, and sperm tail length in 4 family 17 speciesin rodents

Sperm head (um) Sperm tail (um) Total
o idpiece Principal piece  eN0th
Family/Species Total sperm Sperm head Ventral ToF?l Ml?pl_elce Prn;apzl piece of the Authors
head length shape spur tal of tai and endpiece
(spike) length  length tail length Sperm
Capromyidae
Myocastor coypus 3.28 * f 26.9 4.46 * 34.64 Jones(1974)
Cricetidae
Microtus hirtus 7.6 T i 110.0 30.0 80.0 117.6  Friend (1936)
M. agrestis 6.9 i i 97.4 274 70.0 104.3  Austin(1957)
. AorH
Clethrionomys rufocanus 7.8 (apical hook) 88.0 23.0 65.0 95.8  Lee(2009)
Muridae
Aethomys chrysophiluss 7.0 ¥ i 50.0 150 35.0 57.0 Breed(1980)
Apodemus agrarius 10.0 F(apica hook) +(one) 120.0 20.0 100.0 130.0  Breed (2004, 2005)
A. agrarius coreae 8.0 FH (apical hook) + (two) 1255 29.5 95.0 1335 Lee& Mori (2006)
A. flavicollis 8.8 ¥ f 116.0 23.0 93.0 124.8  Friend (1936)
A. semotus 9.0 F(apica hook) +(one) 119.0 22.0 97.0 128.0  Breed (2004, 2005)
A. speciosus 10.0 F(apical hook) +(one) 120.0 25.0 95.0 130.0 Breed(2004)
A. spesiosus peninsulae 7.8 FH (apical hook) + (two)  116.3 225 93.0 124.1  Lee& Mori (2006)
A. sylvaticus 9.8 * i 124.0 24.0 100.0 133.8  Friend (1936)
Micromys minutus 5.0 P (non-hook) - 59.0 120 47.0 64.0 Breed(2004)
Sciuridae
ciurus carolinensis .
(arey squirrel) * * * * i i (*)27.47 Knepp (1936)
S niger .
(eastern fox squirrel) 12.1 f f i i i 1222 Hirth(1960)
Tamiasciurus hudsonicus ;4 o t t 117.0 t t 1310  Hirth(1960)
(red squirrel)
Tamias sibiricus 7.8 P - 60.0 8.0 51.0 67.8  Present study

A, ax; F, faciform; FH, fish hook; G, globular; H, hatchet; RH, rostral hook; P, paddle-shape; +, existence; —, no existence; t, no data. (*), Measurements marked
with an asterisk are of suspect accuracy, as they come from Knepp’ (1936) paper in which sperm measurement was made from testicular histology specimens.
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elt} (Breed & Sarafis, 1979; Breed, 1980, 1983, 1984, 2004,
2005; Sarafis et al., 1981; Flaherty & Breed, 1983, 1987; Fla-
herty, 1987; Breed et a., 1988; Breed & Leigh, 1991; Breed
et al., 2000).
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Sciurs niger £} Tamiasciurs hudsonicus (Hirth, 1960) =X o}
2 Aok ik AmeA Bkor] (Table2), F83e) Zolx
FAT, 53] vle] olsk vhe AAF Fucke v 7
e Ao BAM aiolnh & A7 thaAe) A
Micromys minutus (Breed, 2004)2] A} 7R wofo] 231,
wele] ZHelx 71¢] w|slnz A fARAR Bl
o] F Fo] o FERY AME FATAT} 22 Folet o

_.oﬁ m{

ﬁ

A=,
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mys chrysophilus(Breed et al., 1988; Breed et al., 2000), apical
hook ¢} ventral processZ 27 & 71A]& £ 2= Pseudomys
australis (Breed, 1983, 1984; Breed & Leigh, 1991; Breed et
al., 2000), apical hook ¢} ventral spur?t-& 7}x]+= 22 Thal-
lomys paedulcus (Breed et al., 2000), 12]37 37§2] ventra
hookZ zF= Pseudomys austrailis (Breed & Sardfis, 1979;
Breed, 1980; Saréfis et al., 1981; Flaherty, 1987; Flaherty &
Breed, 1987; Breed et al., 2000)2- A 2|3tz o FEo] 1))
9] ventral hookZ 7}=1t}. =, 1719] ventral hookE zt= =
2 Maxomys whitebeadi, Niviventer cremoriventer (Breed,
1980, 2004), Apodemus argenteus, A. agrarius, A. semotus, A.
speciosus Bunomys chrysocomus, B. fratrorum, Leopoldamys
sabanus, Maxomys bartelsii, M. surifer, Millardia meltada,
Niviventer culturatus, Paruromys dominator, Vandeleuria
oleracea (Breed, 2004), Bandicota bengalensis (Breed, 2004,
2005) 78]31 A. agrarius coreae, A. speciosus peninsulae,
Mouse (ddY strain)¢} Rat (Wistar strain) S-o] ¢lor] (Lee,
2006), ¥ ¢34 A= Bdicotaindica, B. savilei 18] 37 Micro-
mys minutuse} Takudaia osimensis(Breed, 2004) 22] 37 Cle-
thrionomys rufocanus (Lee, 2009)2] A =}x3 ventral hook S
AT YA ket
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P 2 BE 598 27 Jep o

satellite fiberse] YA} 452l - 5AF-2 299
geto)] o] A7) Hlow FEEH, olutx o3 T2E
2 Ao FE3Eel F2o3 9L fYsle 9= A
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fiberse] oFA<l e 589 A3te}l AAV} S Hoe=
Z23l3 9lor}(Ohetal., 1985), A= 213t EAA o4
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3la gheb= A ook (Roldan et a., 1991). WFH e, A2]57-2)
Fae Foll slolA AAFRS Hel= 1w S
Boln, duby o 2 apical hook7} gl Zo =z #3le gho
glghs Asl7E 71 skt (Breed, 2005), o]l =3t EAH
Zz0] AWE 2A} eRbEIT
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¥ A7olA segmented columnse] ofzf Feoll =atel w1t
Wude e ze Il 5AHFEL Bandicotasl
Bandicota bengalensis?} B. indica, Paruromys<:2] Paruro-
mys dominator, Tokudaia4-2] Tokudaia osimensis, Apodemus
<2] Apodemus agrarius (Breed, 2004), A. agrarius coreae,
A. speciosus peninsulae, Z22]32 mouse (ddY strain) (Lee &
Mori, 2006) 2] 51 Clethrionomys rufocanus (Lee, 2009) %
27k A e Asky UNw, 2 APl E 5
@ A58 ek,

9=A5 3eel =7]S Ay ¥ H, Rattus, Bandicota ben-
galensis, Niviventer, Micromysg‘r Millardia 22] 32 Leopol-
damy*/l 52 AR B AL A2 Hs B
]'sh_ ¢l (Breed, 2004), & A Fo| x| = o] &} mpzt
mli FU3 At ehioleh we) 95442 =]
o 9leirE thae] xpo]E He] F9lot. = Bandicota ben-
galensis, Rattus argenticenter, Paruromys dominator, Toku-
daia osimensisn (Breed, 2004), Apodemus agrarius coreae, A.
speciosus peninsulag, mouse, rat (Lee & Mori, 2006), Clethrio-
nomys rufocanus (Lee, 2009) 78] 2 AFo|AM = 2&4
71 1,5 6¥e] v& 7 AfHr & ¥bHe| Apodemus
agrarius®} Paruromys dominator (Breed, 2004) 7-$-ol| A=
1,56 999 SAHR7 & A Ho o FoE AHelA
Zpol s vehli et vl EZ =2 ole] 715 vlws) £ o, rat
(Lee & Mori, 2006)2} Rattus argentiventer (Breed, 2005)2]
L7t 1 Zo] 7}A ¢k ulHel|, Bandicota bengalenss,
Niviventer, Micromys2} Millardia, LeopoldamyZ, Paruromys
dominator, Tokudaia osimensisn, Apodemus agrarius (Breed,
2004)¢} A. agrarius coreae, A. speciosus peninsulae, mouse
(Lee & Moari, 2006), Clethrionomys rufocanus (Lee, 2009)
23 B dAFeMm rEZEeole] Fo] Fups el A
°o]5 yeisiet o] MH AAke] FHAEnt opet me]e] n
AgE el = F7ke] T3 Afels vEPSin o) el A
Ao ngkel, gake] el =7] Telm A o} e
EAES A A4 gelsh QA AR Fed F s A
Be) hgeo] Azkza Azt 23l Yol T Je vl
v (Rolden et al., 1991). & 72| AzlA= o]} 722
A}e] Pejel Az FaHel Wshe o] 413} paitern
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FIGURE LEGENDS

Fig. 1. Light, scanning and transmission electron micrographs showing the caudal epididymal spermatozoa of Tamias sibiricus. (1a) The shape of
sperm head was paddle form (Fig. 1a, Inset), and the subacrosomal space (Ss) were covered by acrosomal cap (Ac). The equatorial
segment (Es) is located between the post-nuclear cap (Pnc) and acrosomal cap on the nuclear surface. (1b) The post-nuclear cap was
occupied about a fifth of nucleus. Note the acrosome (A) in the acrosomal cap was curved. H, head; Mp, middle piece; Nc, neck; M,

mitochondria; N, nucleus; Pp, principal piece.

Fig. 2. Sagittal sections of sperm head, neck, middle piece and principa piecein T. sibiricus. (2a) The mitochondria are arranged at the sides of
axoneme regularly, and total number of the mitochondrial gyres were 26. (2b) Cross sections in 2b in approximate regions a-&, b-b’, c-¢’
and d-d’ shown in 43, 4b, 4c and 4d, respectively. The segmented columns(Sc) were surrounded by redundant membranous scroll (arrows).
The segmented columns was about 10~ 12 in number. Note the electron dense materials (asterisks) are observed in the neck region. An,
annulus; Cd, cytoplasmic droplet; Dc, distal centriole; H, head; Mp, middle piece; Nc, neck; M, mitochondria; N, nucleus; Odf, outer dense
fiber; Pc, proximal centriole; Pm, plasma membrane; Pp, principa piece; Sc, segmented columns.

Fig. 3. Scanning electron micrographs showing external features of the mature spermatozoa. The shape of sperm head was paddle form (Fig. 3,
inset ain Fig. 3). Cross sections in a-&, b-b’, c-¢’, d-d’, e-€, f-f" and g-g” are shown Fig. 4 (a-g). The end piece was very shorter than the
middle and principa pieces(Fig. 3, Inset b in Fig. 3). Ep, end piece; H, sperm head; Mp, middle piece; Pp, principa piece; *, neck.

Fig. 4. Cross sections of sperm neck (Fig. 4a-c), middle piece (Fig. 4d), principal piece(Fig. 4e-f) and end piece(Fig. 4g) in T. sibiricus. (4a) The
electron dense granules are seen around the nine segmented columns in the neck region. (4b) The electron dense granules in the central
neck region more than condensed adjacent the basal plate of the neck. (4c) Numerous electron granules are condensed in the beginning of
the middle piece. (4d) Nos. 1, 5 and 6 of the outer dense fibers(Odf) were larger than the others. (4e) The fibrous sheath (Fs), longitudinal
column (Lc) and outer dense fibers (Odf) in the principal piece were seen. (4f) The fibrous sheath are observed in the end of principal
piece. (4g) The fibrous sheath was not seen at the end piece. A, acrosome; Ax, axoneme; C, capitulum; H, sperm head; M, mitochondria;
Mp, middle piece; N, nucleus; Nc, neck; Ne, nuclear envelope; Pm, plasma membrane.
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