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B TEUSONY, HERO, ARZSICEELT,
H%OHE T THEASRWICBEL T 72,

HoOMEMRICBEL CITHERTY O HERE L, 3, 20,
25, 30, 35, 38, 40, 42, 44, 50, 60, 70, 80, 84,
90, 100, 110, 150, 197, 211, 250, 255, 433, 574,
750, RUB4SHEOEE0MEMKE EEFNT — T IVH
Bl CEHR L7 BEICEVWSEEONTIE © JlE
%, EHICHE, GHELFBE LKRRE 2 /MHL,
BEROBARERURKREEY / ¥ A (B/HE0.05
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FHHEIHAER (0 H#) Tidi4.310.5g (SD=
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ARERE I MEFLER IC K72 220 A BRI AR —IERIB I %
B, FORIZEFICISOHMETHMLA. HEE
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BREAH (M, 55768 ; B, 50.8H%) &322
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Fig. 1. Increase in the body weight of the
male (@) and the female (O) of
Rattus argentiventer. Vertical bars
represent SD.
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Fig. 2. Increase in the head and body
length of the male (@) and the fe-
male (O) of Rattus argentiventer.
Vertical bars represent SD.

BREEATEL B, 0%k EEIIR IS,
BREEA® (25008) 2BV THT257.4+52.3g
(SD=25.38, N=17), #T189.2+14.8g (SD=8.37,
N=12) THo7: (Table 1, Fig. 1).

b) BRELRE

GERRE A 150 B i £ TIIEMIICIIN L, bkis4
CERERERBOLSSI0HRETHML, Mgl
—# bt 2MEMER LY (Fig. 2). MEZSHELS
DIF60AEHS5THY (p<0.05), 150 H B LARE X%
1220mm FIEDEHNTD b, BB ICHE66t
3.6mm (SD=1.81, N=17), #44.3£3.3mm (SD=
2.03, N=12) Tho-HIREE, #1908, 9.6
AROBEREIRAL 252 ETIS0HE T T
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mU7:, BRAEH (250H%) (2517 2EI3#210.3
+7.3mm (SD=4.89, N=7), W184.3 £13.3mm
(SD=6.65, N=12) Td 7.

H&ER 0REIZH16.6+ 1.4mm (SD=0.66, N=
7), #16.6+1.7mm (SD=0.92, N=12) T& 9,
R#EGIEH (2508 #6) Tix#187.3£18.Tmm (SD=
11.12, N= 7), #181.6+10.4mm (SD=5.63, N=
7) Thol, MHEZIH#®,» RO 5N (p<
0.05). RRIEBRENRK L %% EIl (#, 16.6 H#;
M, 15.4H#) %#TC, H%0HEE Taduz, Dk
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Fig. 3. Increase in the tail length of the
male (@) and the female (O) of
Rattus argentiventer.Vertical bars
represent SD.

RN L 722, MOMERMICHRTEL F
THM LT 2B %R L7 (Table 1, Fig. 3).
c) BRE
BRERIIHERICHETI40.4mm (SD=0.25, N=
7), H8.0+0.8mm (SD=0.41, N=12) T, Ll#&id
EHREPIIEmML . ERISBEAKE %2 H (#, 658
B, S0RE), RU—wEkTaHEL, BEE
MO E IR BB IE L7, MEREZE IS0
HEGTHERR S 72" (p<0.05), SOHMLABEUR S
Nl zot, B¥AZHE (2500%) (2B 5%
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Fig. 4. Increase in the foot and ear
lengths of the male (@) and the fe-
male (O) of Rattus argentiuenter.
Vertical bars represent SD.

Table 1. Coefficients of the Gompertz equation fitted to the body
weight and four external characters in Rattus argentiuenter.

Items Sex k ti A

Body weight d 0.024 55.7 265
¥ 0.025 50.8 189

Head and body length d 0.028 11.9 206
¥ 0.034 9.6 182

Tail length d 0.040 16.6 178
% 0.047 154 170

Hind foot length d 0.050 6.5 39
2 0.067 59 35

Ear length d 0.082 75 21
% 0.088 8.7 20

The Gompertz equation, G=Ae™*

~k(t—t)

; K, growth rate constant; ti,

age at the inflection point (days); A, asymptotic value {g or mm).
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Fig. 5. Summary of developmental events
of captive-born Rattus argentiven-
ter.
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Fig. 6. Relationships between the testis
size and the presence or absence
of sperm in the caudal epi-
didymis and testis of Rattus
argentiventer reared in the labo-
ratory. @, sperm present in the
caudal epididymis; A, sperm pre-
sent in the testis but absent in the
caudal epididymis; 0, sperm ab-
sent in the testis.

RFIXH40.540.7mm (SD=0.57, N=17), #37.4
+1.4mm (SD=0.67, N=12) T&-7: (Table I,
Fig. 4).

d) HE

HAEH OB RMECES L TVa 70, HIT
Ehhol, FOREVPRAL A HIIHETT.SHE,

HCBTIHM TH o775, BERL D S HEICEH LK
maERL, HRIZ0ABOERE TRz Zh5TIEZ—E
b3 %150 HEeREfE (121.4+0.6mm, SD=0.46,
N=7; #20.3+1.1mm, SD=0.60, N=12) »82.7
%, RUBT2%IZEL Tz, BREBZEHE (250H
) 2B A2EEI3H21.840.2mm (SD=0.38, N=
7), H20.5+£1.3mm (SD=0.61, N=12) Th o7
(Fig. 4). BRIZBU A MEEZI0AHE,» SHA
(p<0.05), #DFEII00HLEIIZZ—EDME & -
72 (Table 1).

2. SEBHBEOEL

HAESH (0 HER) 2B A2 EKOE 5135 & BT
L, »oWfBEFELTw. EEMERIWHECRS
Sht. COHBONEIIEEWCREERY S 82
EONBO—ERIMEH BB SN, BiHiCihms -
FEMRERICEE L REIC D72, BEARTEY
4.0 (3-5) AMICI LAY, FEBRICLERIZEE LD
7o FRVTT4.2 (3-5) HEMIRIE, F34.7 (4-5)
HEZRUEOSEATD Sz F5.0 (4-6) HEs
B EAEHEH, F5.8 (4-9) HBETHOB
WO E L2 6 MOITEI DD Sk, TEUE
8.0 (7-10) HBT, EHEOZNIEFEHI0 (8-
12) HETHEL, ZO@EDSHBIIHBIT LB
HEi3¥411.8 (10-15) B THOL, BBIEEY
14.6 (12-16) HENZR SO, EILEBRO0H B
THEIIER L ZIZE UABE 2T LD 12k o7
MOBETRIZFH5.2 (21-27) A#, HoBEO
111926.8 (24-33) HESICER I o7, SRGICIZHE
HIZIZRE I RBROMBEABRA (Fig. 5).

3. HEOMRT

a) WHRABIER
ORI LTI, BEOKE SIEELESE
BAToRHR, BRORBFLEZFOHMIZEVHE
(r=0.981) %%, Y=0.5660X+0.08100) [E4% & &
X%/ (Fig. 6). BEBEICHBTF 208 2o 72
ARz BT RO RERKMIZ14.0mm (fBE No.
6, 35HE), EAKAMIIS.Imm (M1 No. 8, 38H
¥ :No.13, 60H#) Tho7: (Table 2). ¥, 1
MBI OETFATEE L T2, R Rz
HOENLo72b 0N 3 FED SN (EHE No. 8,
38H# ; No.10, 42H# ; No.13, 60H#). “hd 3
BED ) b RDDOEEREMEIZI2.0mm, HEEEE
136.5mm ({8 No.10, 42H#) Tho7. F77,
BEEERRBICHTIZOONTBREOI S, &b/
BVIHEEEIZ16.0mm (4 No.20, 100H%), &
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Table 2. The testicular size increase and the presence or absence of sperm in the caudal
epididymis of Rattus argentiventer according to age.
Individual Age Body Head and Testis Presence or
number (days) weight body length major axis minor axis absence of
(g) (mm) (mm) (mm) sperm
1 3 8 57 2.2 1.9 -
2 20 34 100 7.8 3.7 -
3 25 46 124 10.3 6.2 -
4 30 53 114 11.2 7.4 -
5 30 60 124 10.9 6.0 -
6 35 64 131 14.0 7.0 -
7 35 48 123 13.9 7.8 -
8 38 52 122 13.9 8.1 -
9 40 60 135 19.6 10.3 +
10 42 66 133 12.0 6.5 -
11 44 54 126 9.4 5.3 -
12 50 104 154 20.8 111 ++
13 60 74 129 138 8.1 -
14 60 152 165 22.4 11.3 +++
15 70 87 146 15.1 8.1 -
16 70 145 179 16.2 9.3 ++
17 80 196 180 22.4 13.7 +++
18 84 138 164 20.6 11.9 +++
19 90 110 172 20.8 12.0 +++
20 100 77 140 16.0 9.7 ++
21 110 245 182 21.8 12.3 +++
22 150 154 167 20.1 115 +++
23 197 230 215 25.3 14.2 +++
24 211 155 183 22.8 12.4 ++ +
25 250 294 209 22.4 13.6 +++
26 255 195 178 23.4 135 +++
27 433 140 199 233 135 +++
28 574 233 160 231 13.3 (+++)
29 750 192 211 22.9 133 (+++)
30 845 184 202 20.3 13.1 (+++)
The number of sperm in the caudal epididymis. —, none; +, a little; t+, less than

100; ++ +, a large number; (++4+), include deformed sperm.

L/ EWIEEEEIE9.3mm (B1F No.16, 70 H &)
Tholz. PoT, HHASERLRBIFELXFLE
LEREIIBEERL6.0mm, HE9.3mm ¢ EZ 5
7z, 7o, A0HMEOHME CEIAF TG E -
TWAERD AoN2%, 60HMUEL 2B AR S
TOREOFE LEEBIB T TFIHEINAZ
EHs, BEEEIERBUGET L0600 EE AR L
B5.

b) JGEARIEIE

HAE 30 H BSOS BRI EHIRL & SRR R OF

SR (tv b ) =) 2SR, T,
MBS S NG T 7z, RS & S o
CIEEY LB F 20 <, POBIEEL TV
(Fig. Ta). FBE LERESED LEITERMR & B8
DUF MRS THB Y, B E M RRE
THo7: (Fig. Tb).

[ U < 60 F B0 RESE b B2 CIaMsEMAS, S AHAIRa,
Wi, 7270V — A0RETE BRFEEHOR
TR SR BIE S h, FIiEL R AR
THHERINS. HEMIZEIEIL, BEIZL-T
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Fig. 7. Photomicrographs of the testis
and caudal epididymis of Rattus
argentiuenter at 30 days. a) Sev-
eral seminiferous tubules with
spermatogonia (Sg) and sperma-
tocytes (Sc). A few interstitial
cells (I) are also seen in the an-
gular interstices between the semi-
niferous tubules, and b) cauda-
epididymal tubules in cross sec-
tion. Bc, basal cell; Ct, connec-
tive tissue; Ec, epididymal epithe-
lial cell; L, lumen; S, Sertoli cell.

w7 (Fig. 8a). L2 L, WE LEREHEEAIZI
W24 < bRk s o7 (Fig. 8b).
150 H O BMEREAICIE, BEME, HEH
Ja, BT CEHFMRSS RO bR, BLEEIC
BUAERRERESIEDLN (Fig. 9a-c). Z
D HBOBE EREERIZIEBOBTIEZ LN T
vz (Fig. 9d). L2 L, T50HEOBME T, £
BACBI A HEHBORIIFAEEBLTBLT, »o
—EOERBFHIR S NA, HRROBIIEEL T
Wiz, F7z, MEMBEDEFIZRS L TWw (Fig.
10a, b). HELEEBEENORBFIRLL, 2D

Photomicrographs of the testis
and caudal epididymis of Rattus
argentiuenter at 60 days. a) The
seminiferous tubules with sper-
matogonia (Sg), spermatocytes
(Sc), spermatids (St) and a few
sperm (Sp), and b) the cauda-
epididymal tubules without sperm
in cross section. Ec, epididymal
cell; I, interstitial cell; L, lumen;
Lc, leucocyte.

ME R EEO NG FHHAL L Tz (Fig. 10c).

4. WEOHER

HAE% 3 HBOME (No. 1) OIEERII].Omg
T& -7z (Table 3). U< 10A®OEAE (No. 2)
EU12H#OMANE (No.3) OFEAORS L EKIE
iFZFhFNn8.9mm, 0.6mm K U16.9mm, 0.6mm,
BREEEIZ]1.6mg &£ 1.8mg TH-o72 (Table 3). =
noOEEOIIEIZIZZHOFEmITR L 1 B O
FaIZ & o TR ASE F /- —RIIREOS RO b/,
F7220080OEE (No.d) OFEAORILER
f21214.8mm, 0.8mm, SRR ERIZ25mg TH Y
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Fig. 9. Photomicrographs of the testis

and caudal epididymis of Rattus
argentiuenter at 150 days. a-c)
Various stages of spermatogene-
sis in seminiferous tubules, and
d) the cauda-epididymal tubules
with many sperm (Sp) in cross
section. Bc, Basal cell; Ec, epi-
didymal cell; 1, interstitial cell;
Sc, spermatocyte; S, Sertoli cell;
Sg, spermatogonium; St, sperma-
tid.

Fig. 10.

Photomicrographs of the testis
and caudal epididymis of Rattus
argentiventer at 750 days. a,b)
Several seminiferous tubules and
¢) the cauda-epididymal tubules
in cross section. Notice that a
few straggling interstitial cells
(I) in the angular interstices be-
tween the seminiferous tubules,
and that the sperm (sp) are not
so many as before in the cauda-
epididymal tubule. Ec, epididy-
mal cell; L, lumen; Sc, sper-
matocyte; S, Sertoli cell; Sg,
spermatogonium; St, spermatid.



Fig. 11. Photomicrographs of the ovary

of Rattus argentiventer at 20
days, showing numerous pri-
mordial follicles (P), primary
follicles (Pf) and secondary fol-
licles (Sf). E, egg; Gc, granu-
losa cell; N, nucleus.

Photomicrograph of the ovary of
Rattus argentiventer at 30 days,
showing several secondary folli-
cles (8f), and tertiary follicles
(Tf) with an antrum (An). E,
egg; Ge, germinal epithelium.

Fig. 13. Photomicrographs of the ovary

of Rattus argentiventer at 70
days. a) Three corpora lutea
(Cl) and two tertiary follicles
(Tf),b) a Graafian follicle (Gf)
with a well developed antrum
(An) under high magnification,
and c) an egg (E) in Graafian
follicle with a thick zona pellu-
cida (Zp) and surrounding gra-
nulosa cells (Ge). Co, cumulus
oophorus; N, nucleus.

(Table 3), SPMMFLOEBRE R ON 2 JBLL £ IR M
O RIENRS Hh7 (Fig. 1la, b). 4%
0HEOME (No.5) ICBUIAFEAOEI R U R
KIBIX20HRBROZ NS0 2 15, SIEERIE3.715
AL BT LT, HICIIELE, SRt A
0 HBRHOBI 72 ik ML & T8 20 & 7 2 PO & A 22 18
M S UIED 2B N, B EL b
72 FF 00 BN A5 B B O AL 4 | AR S B = AR b
Boohi: (Fig. 12). £#T0HEOEAE (No. 6)
DI, FIEEE A B L 7ok X 2 BIAIIR &
BROSHE SN (Fig. 13a-c). EROBKIE, B
KA R ~ZE W L 2SR E, SR RBICEET
BRUE, EVERS OBEE SN, ZREE (No.
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Table 3. Increase in the size of uterine horn and the weight of ovary, and developmental stages
of ovarian follicles in Rattus argentiuenter.

Body Head and Uterine horn Weight of Stages of
Individual Age weight  body length length width right ovary ovarian
number (days) (g) (mm) (mm) (mm) (mg) follicle
1 3 7 58 _ _ 1.0 -
2 10 12 72 a.9 0.6 1.6 P and Pf
3 12 18 76 16.9 0.6 1.8 P and Pf
4 20 60 88 14.8 0.8 25 P to Sf
5 30 51 125 30.0 15 9.2 P to Tf
6 70 72 142 33.0 2.4 17.0 P to Gf
7 112 52 133 39.5 31 14.0 P to Gf
8 150 113 162 45.0 45 35.0 P to Gf
9 522 108 195 42.0 4.1 28.0 Af only
10 883 146 183 48.5 3.9 25.0 Af only

P, primordial follicle; Pf, primary follicle; Sf, secondary follicle; Tf, tertiary follicle; Gf,

Graafian follicle; Af, atretic follicle;

. Photomicrographs of the ovary

of Rattus argentiventer at 883
days. a) The large atretic folli-
cle (Af), and b) degenerated egg
De) and dark cells (Dc) under
high magnification. An, antrum;
Cl, corpus luteum; Ct, connec-
tive tissue; Ge, germinal epithe-
lium.

—, not examined.

9, 522H# ; No.10, 883H#) Tik, BRI
PR EICEEERO O NYY, BICIBLRIEL, £
DR L TREONKIZEL L - BB (dark
cell), R USSRRANE 2T L 7= BT B B 43 40 |2 e 37 4R
gD rh, $NTHEMREHESRL,
HERLHVWO DO LR NT, BEERIZH LI
WEFIE L o7z, 70, SEMEOESHERICI
%< oMEsED 5 (Fig. 14a, b).

%z 2

1. KR EHBHEOEAL

FHEOFEXHE LB T 2L, HERRUHER
RIEMOBEIZHERL D B CRBREILET S Z 20
5. FHELUSNO Rattus BT HRBOMERMPE 51
Twab (Taylor, 1961 A=A TV 77 <H X3
R. fuscipes;Rudd, 1965 32— 55— %4 X3
R. muelleri, /4 X4 —%v + R. sabanus, A
V77 —%v b R. surifer; Wirtz, 1973 +=> 37
%X 3 R. exulans; Hirata and Nass, 1974 7 <
* X3 R. rattus, F7 X3 R. norvegicus;
Cowan, 1981 7 <v A A3 R. rattus). ZHTZE
HEEFL - B ARG RGO L L CEELBE BN
ERESHLZLEETERLTnD, F72, BARIEEEILMH
HOE->PTERLIETERELRRRTH L (HE,
1959 ; FI&ER, 1968). Z ORIHREF |2 RERIINIL —FEAR
RN A, THUIBRERIC & o TITEIEEAIL YD,
IANFEF-HEREI T L iHF - A4, 1978),
BARRATIZ BRI RERYISR, TERLIEEATE L T bi2d
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W63, ERER L ER - HTREIC R 5103 BR
A2ETH UMR, 1975) 20 eHHMshs. TRk
DOEEIIBIT A28, B oM L5
BBV TS RBELHIEPURDL L) kb0
LHEINSD.

A&t ¥ 3" Robinson and Kloss (1916) {2 & D
<A XIDHETE R. rattus argentiventer L &%
&, #D% Harrison (1961) (2 & h M R.
argentiventer & SN BENH B LI, 7R X
IO THZLETHL. T/, BEEIEEOHE
Ere@filkTRd LWiEEL S Tv5 (Layne,
1968). T, Zullinger et al. (1984) (24L& Y,
Gompertz .0 5 K& 5 M 7: Rattus BOMED
BEIIBIIERBEERE (F—APFYTI<EX
3,0.018; Fr39%X3, 0036; 32—5—7<
33, 0010; 7v2KX3, 0.021; /A R4 —F v
b, 0.017; AUTZ77—=Fv b, 0.080) 2 KEDEN
(K, 0.024, M, 0.028) L& L. 20#HE, &
HEOREREREE R Lidh i ) RE VDS, fufg
DEERERBE OB ICAFEZRIEDON o2
(p>0.05). 2% Y, KEOKERE IEWFHIIR
Hahndror,

2. MRFEEL

BIEHOBE TR FEHD.2HK TH 7225, TO
O #EEOERIIIBF I FEL o2, BT
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HE#EOH BEEICIIRAINRE UERE BRES L
Lotz BEBHAID VOISR RT3
BHIIOWTEHERTELWA, MHIRITFEICR DI
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RTREYEL ICHERAOEE L A T LIZITERM
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X I CHEHS6HE, Frav A X I THEH58HETH
% (Hirata and Nass, 1974) 2& 4 5, #d Rattus
BOFTIRARTHL AL LGS,

BERE, NP OERERE AR S HHE (433
HEGLAE) ORE» MEEN TR L-&R, SR
Bl T3 b0, FHEENICEFIROLON
7z, L L, 8FBECIE, Cho ok E
JEIZIEEES Led o/, ThiZT 82X 3 Ratius
norvegicus var. albinus (BJll, 1958) & M2,
Ty Ray s gweir) MEMRSELLEKD, 7
F a5y AR T AR, XKERKOREREHE
kL, BEMICEIXBRER) O LHEEINE, 1
THEOEIZ DV T, BRIEDE Z AHBFHIBES]
BHL RGO RETH D, 522HELLEDEED
PREAIIAEIE 97X T dark cells #F ¥ % BSHIIARIC
oTED, dIIRHIldfThbhinwEEZ SN,
REHEE b AGN 1 FREAT S LEBEPRONE o7
LWIHIEBESOHEETRERL &Y, REOEIMRE
GHEIIEBRN I EFTTLEZTEINLA.
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Summary

The postnatal growth and development of the rice-field rat, Rattus argentiventer,
reared under laboratory conditions (25+2 T, 12L :12D) were investigated from birth to
the age of 250 days. The fecundity of the rat was also examined histologically. The re-

sults obtained are summarized as follows:

1. Principal events during development were observed according to the age. The ear

pinnae began to erect at 4.0 days of age (range, 3-5).

Separation of the fore and hind

digits occurred completely at 4.2 days (3-5) and 4.7 days (4-5) respectively. The upper
and lower incisors erupted at days 8.0 (7-10) and days 9.0 (8-12). The auditory meatus
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opened at 11.8 days of age (10-15), and the eyes at 14.6 days (12-16).

2. The growth rate in the body weight of this species seemed larger than those of
other species in the genus Rattus, but none of these differences among the rates is statis-
tically significant. Both sexes almost completed their growths before the age of 150
days.

3. The male of this species seems to mature at about 60 days of age, whereas the fe-
male at 30-40 days. It was proved that both sexes attain the sexual maturity earlier
than other species belonging to the genus Rattus. The fecundity in the two sexes seems
to decline beyond a year after birth.



