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Fertilization in the bat, Pipisirellus abramus abramus ( Temminck )2}

II. On the properties of semen stored in the uterus

Yoshi Kuni Hiraiwa and Teruaki Uchida
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BELZ. —FHOTEB/CONT, LOWNICEB ST HFMOMBN: « B odfft
O « T REvE bR L .
HBFoEERROTEIONESE: . TEAN -REHh LD, Chi T 7N cY)
FFHEHE L OB o 1 b B Do C8BR L. BTolR ) ROEI O £
TRO IPEPIC T, FOEEZTFTHTORLEMCOETL £z I BRTHE A RiiE §)
1530, 4 BRAHEEDY TS0, + SELNEHIL T Lo, uWhcsT
DEWMEN L 1 DOBECRL TEOREA L, BRT5RT00 L oBRy 120
777 (Fig. 1) &R Tionic Lol Sckoiisy &2 ddifsioriobis. i 100
# 75. 50, Hit, ZO¥MEYAESYTHETORICRE, ohbofy 100 iRl
fo b O &R L Uiz (BN, "S1%3%%).
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DHETH/mm® FHIEL o, FEAFROBRBRCEEL CERNTHEL TW 5 DTHR
DHEE B, 1) BrRERSCL CHEBRE B URIMIRE 2 7 & 22 ~ 440 TR
PELIb D (62x100~340X104/mm*). 2) FFFRE TSR L T ¥Hikd S LH
MERBA Y > 7o —mARTHELIcH D (41BX104~450x10' /mm*). 3) JEFBLis7
ELCHBEAYREL, BAEREAT 2L A3t nEkokdv0lced 2 218 <y
M T LEHILAT, RUEBPBRNO—EEEBRL St 4% £EDKCHRL, &
MIRB* 92 o ~ A TEUEXRH L3 0 (T00x104~1280 X 10¢/mm*).
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Table 1. Semen volume contained in the uterus of the female bats
collected in the antumn and spring,

Seasons No. of specimens containing semen _T_qlume“ c 9l A %)
collected Vi and 45 (A) |4 and + (B)| —(C) [AFBFC | A+B
Autumn 4 11 30 66.7 26.7
Spring 12 32 1 2.2 273

¥ Semen volume : Jff semen volume which distends the uterus to unusual
size. J semen volume which fill up the uterine cavity. - medium
valume between ¢ and 4. 4 a small semen volume. -- absence of
semen,
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Table 2. Properties of semen contained in the uterus of the female
bats collected in the autumn and spring.

Date collected | Jen | Fercentage ol bl sperm | Sperm no./mmi| SfSesly
Oct. 12, "32 1k — — — liguid

Oct. 22, °52(D) W 80jit104-104- 925 62X 10% liguid

Oct. 26, ’52 1l 80104104 92.5 277 10! liquid

Nov, 19, '52 Bl 805 104104 92.5 158 % 104 liquid

Apr. 3,53 B 40|} 204104 60.0 430 10! semi-lHquid
Apr, 6, '53(A) Sl 5 5.0 980X 10t viscous
Apr, 7,'93(B) HH 8014104104 92.5 &8 10! liquid

Apr. 7,'83(C) 804 104410+ 925 418 10} semi-liquid
Apr. 9, 's3(11) — — — liquid
Apr. 15,52 W St 50 1000 % 104 viscous
Apr. 17, *52 Tt 80 [t L0410 92,5 34010t |liquid
Apr, 18, 53 # 5 5.0 1000 10¢ viscous
Apr. 20, 's3(B)| 5 50 1280104 | viscous
Apr. 22, 53(B)| 51 50 10002101 viscous
Apr. 25, 's3(C)Y 1} 704 104104 825 4503 101 semi-liquid
Apr. 25, 3(E) it Sht 50 700X 1ot viscous

1) Sperm motility : 4} vigorus, progressive motility, 4} moderate motility.
+ slight motility.
100A4-75B-+50C
100
(A, B and C represent the percentage of matile sperm which show
motility {f, 4 and + respectively.)

23} Index of motile sperm=
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Table 3. Three Lypes of the semen coniained in the uterus.

P t . .
Toperties Perqfﬂiﬂg" of I'Iidex of | Sperm no./mm3 Viscosity of
Types motile sperm motile sperm | semen

The first type 80 i 104104 925 62X 104~3405 10!} liquid

The second type wﬁ;ch?ﬁ?a + 925~600 4185104 ~450X 104] semi-liguid
. 4 .

The third type 5it 50 T00X0! s iat] Viscous

2RO R LR EICERNT5 &, FHARBRICIE 3 3CRT X 5 A 3208
TEEET B C e hvbd s, Ch BN TS 3 B0 iR & A KB =R s,
e, BIRCIIRESOBTFEBENE LY BHlY 4 Re-F90mmie il hieinfi L
Tv 3% (Plate 4, Figs.2, 3). # I 81 Gl T O HL T IEPHIC RS i L Tes
FHERL, EFoths B TH 6N 58I Gtk (Plate 4, Fig. 4). FII
WO RN A e L T—RWIR ST 505 £ L oihurisro
B —o O UL L % Ty B (Plate 4, Figs. 5, 8). L L7chits, W-Fhowbicts
WTHFEARTF O~ FEMEF BRI 5 CED 9T . [ R A B e TR L
{ —#icitA w35 (Plate 4, Figs. 6, 7).
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Fig. 1. Correlation between the index of motile sperm and sperm conceniration of
semen contained in the uterus, showing inverse proportion between them,
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HMRIIC A & A BRIETS bRy, UL, RERSEMEoRicRESR: 12 itk
BT SMETE TN, SRELEINTY, 2o 06 MATEB IIIWARL, L O57ER
Fork 925~5.0, BT/ mm® 4 68x10t~1280x10* oEEEI A b, SREECE
WREEXTEFEL TS, X, RCREIR MR CITERRRL TS T —2nl
(FE 1) DEAMNBE2TVED, HFCEREINACLOTRLETL HE--TNDZ N GEED
EUEBR S, EREEMOELITC R D R L R OTESEE L 2 ORMEME ST
I DR S 3ot MBOHROFHAFRC BT DT O S TR L TR L AT
LR REMLCWS (Fig. 1). 20X 3 AFER0 FRiEko®EL - R LARST
OFRH o LRSI R NG A ER & OB L A5 o & RO AT &
FROTH 2 L CHsL oY, TROMCdzA 6o s Lb R 27,

uﬁ &

1. FEABRO IR LMToERN

WA bl o e ) OFFOLEEEC OV TRS ETE L RGN I Ty
7. Benecke (1879) i1 #k&PLm Pipistrellus pipisirellus (g —ay s3fxad=s
J ) ok Plecotus auritus (v 9 ¥Fowx1) #ACHEL TOFENEC Y 5
AL 2V — AR TR SO o o EERE LT 5. Fries (1879) X 12 8
D2 U VDN CFHEARE PO NN CEBLER LIS bREEL, ZREEO
WF DKM 2 0 ¥ ¥ WA M3 ERL <L ¥ 5 = L &~ Tv5. Eimer (1879)
it Nyclalus noctula (=v~a9x)) s\ OEw Gl STt iy
L ORI e EIINGOE L Tk A n k, Pipisirellus pipistrellus OFmiz 3
B NS D IFF M Sh TR O SR T2 - e X > CHEESFcE L >
V)Z;)*_L'j, hwah G H 2 LT B, Courrier ("24) of Pipisirellus pipistrellus
FIEATRC IR e T LT R T B 2 e, i (28) AR v T
LROT RV M AT e A o3 C 2 &l T 5. Redenz (29) 113, 4 Jlic
1B J Vespertilio murinus (= Ve ) %8 Plecotus auritus CF 5 N~
ORI T S X XAV CO: « AR ROV B ORI Lo CHI X
TCLDED &R, Vo 8 T 4 L T R TIRT A P L S 16~20
R SRR D o 2 BBL CwE. ULk, ko h oo siik
[#X :H Al B L Cid O Aoy, Evans (38) BB = v oo THOER
L DEFH SRR £ ORI E CREDEFMMCES L 2L T4, _HBL
2L 5D, % NEPEIRNLATLED 2 Ve ) T HARTF IR CECETERRL T

Rrav: e n v A RfE il 2T E T 5
—, FKMEFEACH 2T AT AEEC ST 5 2 £k Folk ('40), Wimsatt
(42, "44), T+ M (58) R EoT BT L, TORTAERETERARED
L3 fRE ez bt a0, BILEFoEERBOES  FEFERBEERL TR
PO A IS ERRT L R SR TR LAY S e\, BRI ST AT, SR AT RN
JFR BRI >FENIZ S 7 b AR EKRRORTO 5 hofl Mol ot €
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DR O AN Y EECBENRT S 2 ik LB L Bbhh, Wimsatt (42, 4) 13 BT
SHEOEENIIREZERLEFRLEAHCDVT0 L ORISR fbic, BEEKLSE
92~150 | il b3S uls Myotis BiR Eplesicus (k) »vav V@) © 23
WOFERBTZOVTEBL S, Thicls: 23 ik 55 17 R CERLRO
HEhEDETY, 2R CRPSEOBENL BT TRACEDBh, Lo 3 iFETCR
&b < B o aNEN I o S AR S ORT BB TR i 01 5 TR
MBREIGHEY T, BYO 1HAERCHRIFHRRLILVAENLIFFIED L
fo. Hity Mwyotis Byl Eptesicus TRIDIFEFHALRZ BTV DRESNFTL
Bl o TEIERELET TV A0 TH2T, Wimsatt OBIULE L OL
HEOWAT L L T 5.

Pipistrellus wy3 5T EHRBREOMRLERMCRIL LR sty Th 5.
AT RE S RO TENEREL TR LE I FUCB L ATASRIIH < T2 R
LTwa, BOSORINE [ 11, I Mo 345 REETRBECFTRIAICIVEL
WEARBEHLRAOTES. OFRLIEEEOMFY Wimsatt (42, "44) o @Rty
—F L, FERETFOTCALTL S EALHEELIT V5 LW, Hk
OYERICAL SIS EET L S LA T 5.

2. ATAYEIRERUEFLBUZRI P

v TR THA, BAEO = Ve ) CREARURRE S HURRATTHI
BEESRBEICLDTCEIHVIERETLD. 3R, ARCHFOITRIIFITHI RO,
Hahaor®, $EOHBARSIENOBVETC I >TRLRR, BRAEFBTIEE
ORBYTLCWBZ EhGERIR TGS, B EC1oOFMMIER L Rt h
\+#- {Courrier, 27 ; Miller, '38, etc). HatE 0% Wimsatt (44, "45) 1SR L%
UBEORRYERL, BEEH: Lo oM R Ry EEA S L Ol &
RBLROHOZREETEPAOATMIRNA = 721 Cho Myolis KOWVThX
hiztoths.

—7%, Pipistrellus CTIAARTFHOLRIBFTRU SN TWAILEF KW Kafks
i, Myotis O Y 5AAR = v=eY LB Y ABIXHEOELCENOTOL L hodlpih
CEBETAOT, FTOEMPBARTLC LR EDS T HELLDT RS, Courrier (27)
% Pipistrellus pipistrellus -CEAOMKIND L HHE B AHH 2 W C ORIEREET
b NBARBEEFRTC L OTHLERTWEC LD, HORRYFTN S 5T
Ay TELTH Wewvh, 28000 4ot ha ok w20 b L T3, &,
Caffier and Kolbow (*34) it Pipistrelius pipisirellus OFFHEL 11 QDAich
T3 A EsThL, 3 ACIET RO D HERIBA TS L5 Bo i
i LSRN TR L FOIFEThh 3 LTy 5,

bhbhitREI B\ - COREEOFES P { BRI R 5 & & Encdi~ o,
FEREEORCEET 5 BEREN LA RVROTR Y —EEMMC R Lo\, kic
it Wimsatt (42, '44) & Myolis Byr Eplesicus &2\ TOMEMN Pipistrellus
KT ES LT, FREIREMEROKBAOTEARBETI BT SR
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bich, AMRERCEL CEREAED BN, SRR BT L EFCRAML T3
(Fig. 1. LBl FHNERC SiT5002 %R, HHE20 3L ot
HA50T Chicif A NERO TR ThD e TH 20D ENELD. COXR
FEREMEEWERTT OFEG oW LIRS QU B4 5 MR X 2 NAEMIcEI< ¢ Long
and Evans ('22) #5145 1 = 7 3 X 3BT B0 BEMci s LFREL B
KARL %L JPEOETRN TR, OXKBImIEHHOFMCH R Tz L
HRTDH. Lo Liedit, FEOMIEERRIREY ARG £ o SERNciR~emR,
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ARER X0 TA LR L O Ty 2Er bhb, Lo, AEEREMCRD bR
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EPN LR REFL BICO TV HE VS AL LN, RSB ARUED
AT bR bine.

FozEREEC BT TFEARTOEREI B BEL BB LI I,
HHAL DT SN CAERRIR U B wm E 2 ERAFED SR 5. AnBRE M|
e 3RS HRS. B, MTOLERNE B OR®R (88 11 8) 3K
ORBUEFHEACHLOhIC D LELORD. KOLh i FREOE ALY H
THMETARE (EIH) RBFOTRAC I >THFENT b inid 0o rFdX 548
fev T, Fredsid s 20X 5 KRTFOFEL D BISSURAT DM ML
K aniweineths. X, B0 OB TFEFRREOHEIMEL Tk (1
W FMWMbIAA, ZIERD {ARPRCERLA2bOL Bbhb., = v BARE
RELUMLIERTS S 2 RRADRI VST, PECRLISNFERTAT L Lic
DTHED 5 5. R, HEESEWNHLC o> TRENE L BERROWESRELTWS
Dbk ofeht, IR ERL AAEAREBTERLLZ L ARTI 0L BLLNS.

BRO X5k RREOBE RS 5 SAHRTREEER L v IR0 e
b, WEATCEIACRELRARCHROZREED B LNTELY, TOREZDOERD
VR A R TR LR S H AT L R T OFENFENRL CE I My R
MESERF B2 EOARCIOTIRESRS LD THSL. Wimsatt C44) DiffoT
ATUOBEREL, f: VCARTTROLZRAThILA L L Ch, TRERKIZ 1 o8 H
SN E L EHEMEIRTV-52, Wimsatt C4) 3 Myeolis TRWTCARUHO
ZERIT B RAIR A Ut A h TV ARCE T2 1 S04LBURECHLOT, ©
EFH L { OMEFTESICIHRT 2 SEEBOETYEI AL I TARBHMEL L T
FobOThS LBNT B, Pipistrellus i\ T b BRI B0 H AR A F
LCREAEL, KOBRIITFCHIBIES X CRRIh B b0 2 EL LR S, —F, KO
BARMIIPS N Tl B L B0 ETEEE 100~30 /58T 2&AL, MEEM
B ST ShTvs. ¢ A LaRR Sl e — i fH S hic 1EO BB
Kt o THED penis A HBRL DTN L ER, oL 5 RRBEHAOKRREL T T
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IhREhmrEHLE V.
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(28) 4 AW, FUTHC R AMRA AR A L T R e LR ) =
— P BHIL, LS ASEAORT L0 7Y 2 Xy e 0H T 5 IR L
TR FWFRIMT CHRUEL <HEL TR ot b, ERTREES0 2 a2
YHEREA TR L 0D, UL S, B B0 AL A TR Y
Thebodev, LvdiY, ol REICETORFOLRAEML, FHBACAME L 17
FETHARAOE IR L Ty E0ChA 3N ZoORMSCE L Cit SEoiFkcTE
2FEisy. bhuixh oW MRS B L hoh BB o s s e
B EFTD L0V, FHEENLABMORTRETETACET STV B0 Tl
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WAL X 5 R 3 20BMNTEET 580 WIThomM L BHETiERDehH I N7
FHACEL LRI TFO AP IR TN TEEAN B EESRTL E 5 0C, &
RBRA L FEARROR & o R -~ o\ T R RIS A & Bl
CirTa L. bhbhd O ZRIEFEAR BF2 bR TR F B RICIBE L 5
L2t CEEE L0, b UKLSEDERAE TIT 453 b b 3 4Ensrsh s
febiE, 8 1+ 11 TR o, A4Sl 5.0 2R WE IS TIT 20U S EEw e
biFChH 5. 40 ATEEC SO GRRFTOEERROTE A 50+ DL elhtiud



‘-xm:ns MEHET: 4 =3y 2 1SR 3358 263

e S A MF e & ey (B, '52). HEC 3 5N FEARTE oW TTbh
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Résumé

In the previous paper (Hiraiwa and Uchida, '55) we experimentally studied
that the spermatozoa introduced into the uterus of the bat, Pipisérellus
abramus abramus (Temminck)* in the autumn are able to retain their fertiliz-
ing capacity for 118 days and fertilize the ova which have been discharged
from the ovary in the spring. In this case, how are the spermatozoa stored in
the uterus? Looking over the literatures one notes that most former workers
generally believed that the spermatozoa stored in the bat uterus in the winter
are in a very active state. We have some doubts, however, whether the semen
stored in the uterus during such a long period retain similar conditions in their
properties such as the viscosity of semen, percentage and index of motile sperm,
and sperm concentration. )

On the other hand, winter and spring copulations have been observed in
the cave-dwelling bat Myofis, though not noticed in Pipistrellus except the
ordinary autumnal copulations. If winter or spring copulations occur also in
some individuals of the bat, large difference may exist between the properties
of semen stored in the uterus since autumn and that introduced into the uterus
by the later supplementary copulations. Accordingly if there is a great
disparity in the properties of semen, we may be able to admit that copulations
occur again in the winter or spring.

In order to solve these two problems above mentioned, studies on the
properties of semen were made quantitatively. The results may be summarized
as follows:

1. The stored semen are classified into three types by their properties.
The semen contained in the uterus of bats captured in the autumn belong to
only the first type (Fig. 2), but the semen in the spring consist of the first,
second and third types (Figs. 3, 4 and 5), and large differences in properties
exist among three types (Tables 2 and 3). And the index of motile sperm is
shoewn in inverse proportion to the sperm concentration of semen (Fig. 1).
Although our resulis disagree with those of previous workers and Wimsatt's
cbservations(’42, '44,), it is obvious that the spermatozoa found in the uterus
in the spring are not always in a active state, because in about half individuals
the majority of spermatozoa lose their activity, very few being surviving,

2. Judging from the histological observations, the large difference in the
properties of stored semen has never been based on the endogenous factor, i, e.,
the influence of estrous or preovulatory conditions of female genital organs, It
is, accordingly, believed that the exogenous factor, i. e., the disparity in length
of passage of days after copulations gives rise to such a large difference in
the properties of semen. In the spring, on the other hand, the existence of
such abundant active spermatozoa as are found in the first type semen
introduced into the uterus is never found anywhere except the cauda epididymis
of male bat. In conclusion, then, it appears that the supplementary copulations

* In the former papers, this species has been described as Pipistrellus tralatitins abramus
{ Temminck}).
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take place at relatively high percentages in the winter or spring.

3. In the third type semen, thc spermatozoa shown histologically with
their heads towards the uterine epithelium (Fig. 7), corresponds to the maotile
sperm seen by direct observations.

4. The third type semen, together with the first and second type semen,
may be capable of fertilizing the ova, and even a small volume of semen (+)
is enough for fertilization (Table 1),

Zoological Laboratory, Faculty ol Agriculture,
Kyushu University,

Explanation of Plate 4

See the classification of semen types in table 3.

Figs. 2 and 3. The first type semen, showing the spermatozoa Scattering irregularly
and sparsely all over the uterine cavity (examined on October 12th and April
9th respectively). X900,

Fig. 4. The second type semen, showing dense sperm mass in whick slight regularity
is found in the arrangement of spermatozoa (April 25th). x900.

Fig. 5. The third type semen, showing more denser sperm mass in which many streams
give some regularity in the arrangement of spermatozoa than in the second
type (April 22nd), x 900,

Figs. 6 and 7. Arrangement of the spermatozoa with their heads towards the uterine
epithelium in the second and third type semen respectively. Only these
spermatozoa may be motile (April 25th and 22nd). %700,

Fig. 8, Cross section of the ulerus containing the third type semen. The uterine
cavity swell out by the enormaous velume of semen (ff}) (April 22nd). X18,
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