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Breeding and Development of the Tscherskia triton in Jeju Island'

Jun-Ho Pari’, Hong-Shik Oh*"

0]

OF
=4

S J5e} gk, gAfot Aol AAlShe Wt F|(Tscherskia triton)®] F3E5 A|LJRt AZAL, 5, Ao} T
e E4ol daliA= ALY At HE glek ofo] & A= AFEoA 28 /HA(h=9)E W22 F &
A9 712o] He §A T AR 9 g tith AESHA] HEE We|7] fIste] 20159 39RE 20161 129744
ARSALO A XIS Qlet A AT, PAIES 31.7% AL 52 Alo|x|of|4] Kt Y2 Alo|R|of|A] B =4 Yehth(56.7
vs. 6.7%). UAI7|7HE 22+1.6 Q(HY 21-27Y), shajo] AbRp(litter size)= 4.26:1.37ul2)(H <] 2-7 vl ATt F4o]
FAIZIE 192514400891 18-21)0]%lch. 4 A5 Af719] A5} RS 27]= AEE Aozt glile, ol
AI715E o] wEle} -5 o|(HBL)L} 12 o|(TL)= ZFo)7} Sl A& UETHHBL-weaning, 106.50+6.02
vs. 113.3424.72mm, p<0.05; HBL-4 months, 163.93+5.42 vs. 182.83+4.32mn, p<0.05; TL-4 months, 107.23+3.25
vs. 93.95+2.15mm, p<0.05). Gompertz X &7} logistic ¥ 4835192 o], Hal-gEdo|oA= 7lo] dARTH
At A< Zol7b A9 a1(164.840+£7.453 vs. 182.830+4.319mm, p<0.0001; 163.936+5.415 vs. 182.840+4.333mm,
£<0.0001), AAEE W&FO1K1.351£0.065 vs. 1.435£0.085, p<0.05; 2.870£0.253 vs. 3.211+0.635, p<0.05), A4
Aol 71717} 7t Hle d8e ARt 27 =9UH5.121+0.318 vs. 5.52040.333, p<0.05; 6.884+0.336 vs.
7.503+0.453, p<0.05). skd #a]o] HhZ0](105.695+5.938 vs. 94.150+2.507mm, p<0.001; 111.609+14.881 vs.
93.960+2.150mm, p<0.05)e} HILHo|A ] Z0](60.306£1.992 vs. 67.859+1.330mm, p<0.0001; 55.714+7.458 vs.
46.975+1.074mn, p<0.05)= Ao SARTE 71 Aoz Yehylth F AR &9 AFH 5ol
3k AES Hlal A3 FARIATE ojgfel il vidE e 54 54 9|t e A2 o]8E Ho|tk

ABSTRACT

The greater long-tail hamster, Tscherskia triton, is widely distributed in Northern China, Korea and adjacent
areas of Russia. Except for its distribution, biological characteristics related to life history, behavior, and
ecological influences for this species are rarely studied in Korea. This study was conducted to obtain biological
information on breeding, growth and development that are basic to species-specific studies. The study adopted
laboratory management of a breeding programme for 7. frifon collected in Jeju Island from March, 2015 to
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December, 2016. According to the study results, the conception rate was 31.67 % and the mice in the large cages
had a higher rate of conception than those in the small cages (56.7 vs. 6.7 %). The gestation period was 22+1.6
days (ranges from 21 to27 days), and litter size ranged from 2 to 7, with a mean of 4.26+1.37 in the species. The
minimum age for weaning was between 19.2+1.4 days (range of 18-21 days). There were no significant
differences by sex between mean body weight and external body measurements at birth. However, a significant
sexual difference was found from the period of weaning (21 days old) in head and body length, as well as tail
length (HBL-weaning, 106.50+6.02 vs. 113.344+4.72 mm, p<0.05; HBL-4 months, 163.93+5.42 vs. 182.834+4.32
mm, p<0.05; TL-4 months, 107.2343.25 vs. 93.95+2.15 mm, p<0.05). Gompertz and Logistic growth curves were
fitted to data for body weight and lengths of head and body, tail, ear, and hind foot. In two types of growth curves,
males exhibited greater asymptotic values (164.840+7.453 vs. 182.830+4.319 mm, p<0.0001; 163.936+5.415
vs. 182.840+£4.333 mm, p<0.0001), faster maximum growth rates (1.351+£0.065 vs. 1.435+0.085, p<0.05;
2.870£0.253 vs. 3.211+0.635, p<0.05), and a later age of maximum growth than females in head and body
length (5.1214£0.318 vs. 5.520+0.333, p<0.05; 6.884+0.336 vs. 7.503+0.453, p<0.05). However, females
exhibited greater asymptotic values (105.695+£5.938 vs. 94.150+2.507 mm, p<0.001; 111.609+14.881 vs.
93.960£2.150 mm, p<0.05) and longer length of inflection (60.306+1.992 vs. 67.859+1.330 mm, p<0.0001;
55.714+7.458 vs. 46.975+1.074 mm, p<0.05) than males in tail length. These growth rate constants, viz. the
morphological characters and weights of the males and females, were similar to each other in two types of
growth curves. These results will be used as necessary data to study species specificity of 7. triton with
biological foundations.

KEY WORDS: MAMMAL, MURIDAE, GROWTH, SPECIES-SPECIFIC CHARACTERS

ME

HEHRl A HReH 02 AR\ (Rodentia) W] TFEA3}
(Cricetidae) W|SE F<E(Tscherskia)ol) &£3H= 48 X 5=
2 33 BEno) ok, 2% kol A olut LS &
oft}. HekEl Falol e 2|22 S (Lasiopodomys), T
&(Microtus), S==FE(Myodes), N&FF(Ondatra), Bt
H5ZF&(Cricetulus) R VS F<(Tscherskia)©] )Tt
(Won, 1967; Yoon et al., 2004; Han et al., 2011; Jo et
al, 2012; Lee et al., 2014). 27 HdEdFHES vdEdS=
g0z Fasigont Moo vgEason Baud
CHMusser and Carleton, 2005; Jo, 2015). H|HESEF<&
of Sot FES Ao W Bl o B
20-50g78 %=, M2 e} 1559 o] 70-135mm, A 2]= 7i A}
o} zfo|7} Qo] Z-& A= 15-30mm, 71 7JA|= 51-64mn=
AeA Qi A dole} S| ol 72t oF 13-20mmet
13-21mm A= o]tiMiljutin, 2011). B|HHE F<&o)= HHE
F(Tscherskia triton) §+ Z0] ¢l o, gt=to A= Greater
long-tail hamster £+ Korean hamster®, F=rofA]+=

Rat-like hamster2 2217 It Won, 1964; Won and Lee,
1969; Won and Lee, 1975; Xie and Zhang, 2005; Xie and
Zhang, 2006; Jo, 2015). o] ¥ H|GEF|7} o=
greater long-tail hamster, S<20]|A] rat-like hamsterg}al &
2oz A LRkl FAE o vlste] me] 7t vie- 2
i, Ao YAEO FIH PEHE Holr] wjFoltt
(Miljutin, 2011).

2T 5o] SHolA= BE ) Aol A
A7t lshA] o] ojR|aL Q) O L (Wang et al., 1996;
Zhang et al., 1999; Wang et al., 2002; Xie and Zhang,
2005; Xie and Zhang, 2006), &jA]otollA] EE A=
Uk = oll A= Won(1964)0] oJsf| A&-o= HetE 7}
SEuEte] 59 38° AS FHCR A7 A= A9
9 53F A oo FaIepsilal, T 5o EAAEH
¢154(Koh et al,, 2013)7} o] o) o1} AL} §A &S}
2 EAof HeliA= AtE v glis AAolt) vl E v
A7F ol A TN FF(LC) ol AR, v F o] A2
A7 A MAA o= F=at gk, Alof 5ol =gtk o] 9l
ol Bkl o] AAlshs HidEFo] AtEAl=
n) &gk Aot
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ofH Fo AEakA EAL Zlass o Rolurt F4lo]
P ait AT Aot o Ae f44 JuE
sha o} Sl OR B ARY BEOT gL
4o] w7] whizolch At wrer sEle] Waks ofw Al
2o WA §204 WskE otk oMY WA
A ) HRROEAlel) T AT ofH Bl AAlsks

At FA Aol 7HA] Sl =R de sl fo
B2 B Aole] ABLA A vielel] Sl BHe
20|31 QJtH(Creighton and Strauss, 1986; Lin ef al., 1993).
olo] 3 A7 AFwe] A4SHE ugkEAlel WAl @ 4
GaAol gk MAIESY 2R v AAE §4 2
AP HAS YT AR skt Ued 4RE

A3zl lste] o Fo Atk

oy
1. ZACHAX] R A2 ZHE

Aol o]8H HgE = AFEEAAE Seti=E
T QI TEAK33° 25' 30.28", 126° 33' 37"), dtstE| %
E(33° 26' 40", 126° 37' 44"), HE =2 F(33° 26' 39",
126° 33' 01"), 2422 2E(33° 24' 45", 126° 37' 05")
Ao A 2014WHE] 2016 A71A] 37 5YEE 1197HA]
oF 50-6072] Sherman live trap(Sherman trap, USA)Z} &
4] A =S ohal 28] ol AAslo] Ealslgih X3
A $olg Blo|z B, 4%, of% 5 olgalsith vgt
e T2 524, I5Y, 58 Ad 59 A9l 425t
= o= HIEOIUCN, 2016), & A4 b= o]} FA

g Aol 2 dAekink 28 F Axd Al it
Al&sHA AR SubE gl o)F 2= 25-27C, %

50-60%, 7] 16Light:8Dark& 94|51 Hoj A AR E)
¢ltiJackson and Van Aarde, 2003; Yoon and Han, 2004).

3

2. 1A

|

riok

2014 5E 2016\ @704] 39 Ft 2235 AH 6714,
AN 5, 5% FF717F FAEE SollA AbEet
=& Ag F3gote] ASskoith ajA ol 40x25x18cm
(Small size)®} 60x35x38cm(Large size)?] A|°|X|E AMg3}
ek Alo]A] Qtoll= shredded paper(AA] A FoNe} &
HRE Zobsoleh. ARl o] §5 AR ofglo] 4 £

3k MR 60, S 3G o5 MRS
=4 Ao FI AU 12714, 3 167A)2 choz
2o #ol7k 10-15 g WS 2TeA] Q= AAE Aes}
[e]

—

Solgich AF Hol7k ol A%, e S B4t

o

L 3ol ol AL Aol AFL S5l Holrh A
Ao T HE Aol WolFdrt WA F 17 A%
AneS o) $AE AN ol HIHEH Ao
by 32717} 3-4Y 0|2 Zhang et al., 1999), |4 F HO
TH7E AAA T F s RISk A=A
27 FREe mid HAYEHE WY Slstnh At
SAF ARk w A, S AFEES Hofd & 24417
Qroll RIS, Bofid A7e2 ok 2 ol E4& 3t
of AAAES shalem, 45 & oju|=2RE Zsiitt

(D'Andrea et al., 1996; Oh and Mori, 1998a).

u)
o
e
1o

2

W,
filo
=2
e
o=
l
g
E;
o
i
o
2
(U%]
S
e
N
N

tail length), FZoJ(EL, ear length), S92 o|(HFL, hind
foot length) & =43} t) AFS HARAZMWI11300,
Cas, Korea)o]-8-5to] 0.1 g G9|&E ZA51%aL, dol= A
A 2] 1 2~(500-181-20, Mitutoyo, Japan)S ©]-8&35}o] 0.01
mn I 2ReGA, o] 722 stol w4y 8714
ol Gompertz &1} Logistic 28-S Z-85}0] H|HEF
A QAT L ZA5H T Winsor, 1932; Nelder, 1961).
Ay $5E] o]f{(weaning) Al7]71A] S, oY7L L

A7l 25, aE, i, ohd, S SOl "ol o=
Al719F i skA gol U= A7), H Al A7, &fol=
del= A7, 710 Hyes A7), = B A7) 59 SolikRk
2 7)=3}9tH(Merani and Lizarralde, 1980; Hodara et al.,
1989; D'Andrea ef al., 1996).

_{

o[\

fa]

4. S7 BN wy
3t

[9)
]o

SPSS 21.0 version(SPSS, Chicago, IL, USA)& ©]-&
Aok AT A, F A 7] AlF 9 R
Hel-gsdol, mejdel, Ado], sddoe] 5o A
Gompertz 2% 47k X Logistic =23 F=74gke] it 3
o HuE $5te] Mann-Whitney U test®} One-way
ANOVAE A3t p-valueZt 0.05 1]k 739 F
Ao g folsltal HASIETE Gompertze} Logistic X8
of thgt A= E SRlsh] 93t A FAS ARl
Al ot oFo] Al wel-gadol, aejdol, #Zo]

(o

4

A

b
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9 54ko] Zlo] 9] @ A Al F3HMean square error)
F3to] TS tH(Strenio er al, 1983).

20159 445E] 2016 9A71A] ZIog%E A ¥4 (breeding)
A% Bl= 6032 o] F 193] AF3HtH31.7%). dAl
71742 21.740.92)(H 9] 21-242)) & Zhang ef al.(1999)0]
9J5] E==+9] Hebei Province, Raoyang County o] 4] 3£3]
H HHGE S oz ARSAES 3 A3el 21.57+0.69
A} YAl7IZbe] frAlsklH: ARbA o AAHE B¢
L vjerelHate) el o] 4ok F9l Cricemulus
barabensis®t SAFSFU AL, Mesocricetus%ol| &3h= M
auratus (Golden hamster)Z} Phodopus<:0] 43l+= P.

Table 1. Gestation periods and litter sizes

sungorus (Djungarian hamster) 2 Ch= &2 Ho| ¢l tH(Daly,
1976). ®3t v|ohe FHalo]| &3l Akodon molinae(22-25
Ql), Calomys laucha(21+1Q)et= GAFSE Ao &2 YeRydth
(Merani and Lizarralde, 1980; Hodara ef al., 1989). F 1}
S YRbH o R (rat)ol2t He|9= HFI&e Sk $4
Rattus norvegicus?} R. rattus®] JA17|7H 264 AS
HhE H ol 2}o]2 B aAtk(Jo, 2015)(Table 1).
WIEEIF2] % APl itien)is 1Ol A, g v A
(litter) )= 2-7vk2|(4.26+£1.37) %1 om, S48 Al APYEH
A= 8u}2)(0.4+0.61) I tHTable 2). o] 13]9] Az}
4851, B 6ulel ez 71 AT(Won, 1975)9F $A515)
oh RE WAEE Bol e v MaEsERs
of &3}= &9l C. barabensise} S-AVS} 11, Mesocricetus
&0 £&35H= M. auratus(Golden hamster)™} Phodopus<so]|
£35}= P. sungorus(Djungarian hamster)2}= & x}o]& HY
CHDaly, 1976). ®gE o] Hol= o2 F 4

Gestation period

Litter size

Species (Range, days) (Range) Reference
Tscherskia triton 21-24 | 2-7 Present study
Cricetulus barabensis 20.0-20.2 2-7 Daly, 1976
Mesocricetus auratus 15.6-16.8 4-12 Daly, 1976
Phodopus sungorus 17.5-18.5 1-5 Daly, 1976
Akodon molinae 22-25 4-5 Merani and Lizarralde, 1980
Calomys laucha 20-22 4-6 Hodara et al., 1989
Rattus norvegicus 26 7-9 Jo, 2015
Rattus rattus 26 5-7 Jo, 2015
Table 2. Changes in the consecutive litter sizes among 7 females of Tscherskia triton

Order of litter No. of litters Mean litter size+SD Range

1 28 4.00+1.29 2-6

2 11 5.50+0.71 5-6

3 13 6.50+0.71 6-7

4 7 7.00+0.71 3-4

5 4 4.00 4

6 5 5.00 5

7 4 4.00 4

8 4 4.00 4

9 3 3.00 3

10 2 2.00 2

Total 81 4.26+1.37 2-7




156 ukz

o5 s A sle| 7] 31(2) 2017

molinae, C. laucha, Nectomys squamipes = Ao} L
(Merani and Lizarralde, 1980; Hodara er al., 1989;
D'Andrea et al., 1996), H|HEF 1} Jof= EL5FTL H|H
QEEF%0] 252 BT A4S 5oviel2 vTERe
Bt At e e A4S neh Ee 43 44
2o]| £3)= 221 R norvegicus®}t R. rartusQF= 2F7He] x}b
o]& HHTtKYoon ef al., 2004; Jo, 2015)(Table 1).

2 o) BleE S Yol AolAel rle] w2 QA
AEEE 2olE HPEd), 40x25x18cm(Small size)2}
60x35x38cm(Large size) & 7[A| 2 3lo] YA FTES H
sl 5 Aol 271014 21 20314 A A
large size cage AR Al =& AFES HI, o=
D'Andrea et al.(1996)2] -4 119}t -rr/\POI-S’&E]—(Table 3).
opo A ERA o Al o= 0*5'41(10 2015) =
gk A5 Small size cageol] @S ), oF sHEH == Ao
S DA A Ho] AFHE QF= Hos) ulmEtdo
L} large size caget= Small size cageo] H|3] Atj& oz
Sk ZH7ke] ZRlHel F7 S} olRolA B QART
50| 9% & Aow ot Az 19519 A
T2 J3E2 o5 7Rl =an, g HlaoA= 74

7} §900] 714 4E B EUTHTable 4). 247} Qo

2 AFE vHIE HE 1870E 529H20159¢ 4945 H
20164 9971))] ATfolA|eh, FEH O AL ol &
Ve, gERE 793} 890 %8 AFER Ueht vgd
F9] HHA] A]7|(breeding season)= 6 QHE 1092 oAME
o W4 A7l olibg o 49E 10%00]5, E5) v)
SHEAs 395 82lojo, 91 70238] 24HS sl Ao
B 1|0 QILIUCN, 2016). o]t HAIE] Zol Al
of YRS Fi LI, HIE, Wolg 5| 2U50| A%A
oA LASHA FAIEol 7]Q1e A= ThekE o] AH,
Alof| JaFE = 80159 sl T HAlE Aol o
gF F7HAQl A7t B A ow AlrHch

A 14u2le} 44 80122 oz ol Al7IR|
4

2714748 WREHGOT, Y, oz Eoht A
% 5, mel, e, e, Y o) o] et Alst
s o £ A7), Sfolwst et

EL A7) Y SolAkge

Table 3. Differences in conception success rate according to cage types in the laboratory of Tscherskia triton

Species Large cage (%) Small cage (%) Reference
Tscherskia triton 56.7 6.7 Present Study
Nectomys squamipes 66.7 12.2 D'Andrea et al., 1996
Table 4. Seasonal variations in reproduction of Tscherskia triton
Month Number of Success Rate(%)
January 0 0.00
February 1 5.26
March 1 5.26
April 0 0.00
May 2 10.53
June 0 0.00
July 3 15.78
August 4 21.05
September 2 10.53
October 2 10.53
November 2 10.53
December 2 10.53
Total 19 100.00
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Figure 1. Stages of postnatal development of Tscherskia triton. Timing for the appearance of some external
morphological characters before weaning in 22 individuals(8 males and 14 females). The thinner part
of each shaded area represents the first appearance of that characteristic. When the shaded area in
complete, this shows that the character was present in all animals studied

Figure 10] A A3t vle} 2ek. vzl 24 4% &8
o glo] T, =3} A7l Tl AR 9ol w2

7HA AL "ot om, o= BlTtEFEF%59 C. dlricola, C.
barabensis, C. migratorius, +HRHE L9 Cricetus
cricetus & ARFAQl FAE O EYI FASHATHRoss
and Cameron, 1989). 1284} H|dE H}o|| &31= T2 £
ol N. squamipest} F 1ol &34= Apodemus speciosus 2]
A9, sotel Szt 24 F of 9-12 ol ot ATk
) zAel Ai}E EJtHD'Andrea et al., 1996; Oh and
Mori, 1998a). 0|9 A7 19.2+1.4 22, Fao] Lab
A. speciosus(20-254)9} H|TrE F}o| &354= A. molinae
(21-309), N. squamipes(20-25%) Hrl= wZ Ho|ch
(Merani and Lizarralde, 1980; D'Andrea et al., 1996; Oh
and Mori, 1998a). 53 g €o] Y& Al7|= Zbz¢
2.0+£0.329} 3.7+0.42 0]l 11, vjjof] Eo| W A|7]= 3.7+0.5
Qolgict. MR AT &ot ThE £ A% 57 ol
glo] 1ol7] Atk AEL 510928 viehazsL A
S =7 w2 Ho|¢tMerani and Lizarralde, 1980; D'Andrea
et al, 1996). FI7F A= A7) 4040722 H|TFE 2 o]
£3= 2591 4. molinae(6-104)2} N. squamip(7-11%)
= 2ol & HYGR|TL, Fafol| &£31= 4. speciosus(3.0+0.4
o} B A} THMerani and Lizarralde, 1980; D'Andrea
et al., 1996; Oh and Mori, 1998a). &S] €o] U A]7]

L BE 2750792 20|} YAARE o5 uvfto] ol
A= A7) 242 8.3+0.6 U1} 9.0£0.8U = SFd7teo] ¥
oA A7|7 Srlete] WollE A7|nrt B BE
Wi} o)% ulthelFae] ke the S5 AdHon
ule Sl glou), HBo) 4ok A speciosus®] 2%
or5 ul7feto] Mol A Al7|E 27t 45:058) 54405
02 v]ehElF7} 8 Holl, Qulete] stlete] vl
o A= #eE) Holx|= A2 FARHATH1998a). oA
A 55 FRlste] s AT 5 Sl Al7IE 5412
Aol Qltt. glojd TR EE 2.2+04U 0= 7]ojth 7] Al
25l aL, SPHEHA R dojtiy = Bg2 11.3+1.1Y
FE SIT 4= ik HeE A171eE ofm|ef g Ao o
oA AFRE H7] AZRE Al7|= 242 15.1£0.99 ¢}
17.3£1.79 7 e} vt F o] &oh= ofE F59 7
F A7IE 12-169 = dHA gloH, HdE s E3F HdE
3ol &3l T2 53 AV|Ho fAsits A
¢t 4~ ¢JIti(Merani and Lizarralde, 1980; D'Andrea et
al., 1996).

AR oA ol o] S48 A0 ), o2l
A=), 1L GA(1209 %), Al AldolAY A, #e-5
S4ol, mejdo], Aol 9 e Ho|& vt dut=
Table 5o AAIgH viel At} &4 A% or HA Y A,
He-gEdol, o], Aol 1ejar sidol= 27t
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Table 5. Differences in body weight, head and body length, tail length, ear length and hind foot length for 8 males
and 14 females Tscherskia triton at birth, weaning(21 days old) and 4 months old

Female Male Total Significance®

Body weight(g)

Birth 3.6+0.26 3.7£0.11 3.6+0.22 NS

Weaning 38.2+3.30 41.6+1.89 39.3+£3.28 *

4 months 123.3+£12.42 126.1+12.93 124.2+12.20 NS
Head and body length(mm)

Birth 42.48+2.40 43.604+2.69 42.8+2.34 NS

Weaning 106.50+6.02 113.3444.72 108.6+6.33 *

4 months 163.934+5.42 182.8344.32 169.8+10.13 *
Tail length(mm)

Birth 10.03+0.79 9.46+0.90 9.8+0.80 NS

Weaning 53.22+3.45 50.34+3.42 52.3+3.37 NS

4 months 107.2343.25 93.9542.15 102.8+6.18 *
Ear length(mm)

Birth 2.11+0.19 2.07+0.30 2.1£0.19 NS

Weaning 13.67+1.14 13.79+0.33 13.7+1.05 NS

4 months 19.1340.43 19.154+0.12 19.1+0.35 NS
Hind foot length(mm)

Birth 7.19+0.42 7.30+0.23 7.2+0.39 NS

Weaning 23.18+1.25 23.66+0.73 23.3+1.14 NS

4 months 28.36+0.62 28.91+0.19 28.5+0.59 NS

# NS: not significant; *: p<0.05

3.6+0.22¢g, 42.8+2.34mm, 9.84+0.80mm, 2.1+0.19mm, 7.2+0.39
mRT, 4 7ke] Aol olalA] AATHBW, p>0.05;
HBL, p>0.05; TL, p>0.05; EL, p>0.05; HFL, p>0.05). &
A Ao HEEHY AFT vTE el Soks b
%9l A. molinae(3-5g), N. squamipes(10.3+0.8¢), C. laucha
(1.7£0.3g), MHESEF<E9] C. alticola, C. barabensis,
C. migratorius(2-3g)2} ¥| WA W, L F e ke
Ao oh2 FEa= tha 2ols} lgithPorter and
Lacey, 1969; Hodara et al., 1989; D'Andrea ef al., 1996;
Jo, 2015). A FHE 4= Gl sAH e BRAY o3
e ZAEE U5 BTN G Aol gl HoR
UEFTHBW, 8.4+1.07g vs. 8.2+0.56g, p>0.05; HBL,
59.6443.04mn vs. 61.03+2.41mm, p>0.05; TL, 17.74+0.91mn

vs. 16.07+0.80mm, p>0.05; EL, 4.87+0.40mn vs. 5.13+0.14mn,

£>0.05; HFL, 10.9+0.58mn vs. 10.9+40.23mm, p>0.05). ¥t
H 2|53 400 A= ol AIFRE Aol wet 242 oA
106.5046.02mm, 2= 113.34+4.72mm0] Q1 1(p<0.05), 120
QEol A oA 163.93+5.42mm, 427 182.83+4.32m1.0.5
oIk Aol EtH(p<0.05). ¥hHo| mejdol= 4
Fo o] AFA Fogt ZpolE Ho|A] AQATHE,
10.03£0.79mm, M, 9.46:0.90mm, p>0.05; F, 53.2243.45mn,
M, 50.3443.42mm, p>0.05), 1202 o A= G253t Zjo|=
BYTHF, 107.23£3.25m1, M, 493.95+2.15mm, p<0.05). 7|
Zojet sl ol= S48 A%, oA Al EFoA
O3k ztoli= (ST AU o, vt F|e} A F<%, vidkE
TETAE g &Y F= 1Y As, ve-584
o], mejZo], #do| & FUZo|E v H, ¢4 Hd
= 7h7k 124.2412.20g, 169.8+10.13mm, 102.8+6.18m,
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19.1+0.35mm, 28.5+0.59mnHc}t. FF 49 R norvegicus+=
150g ©]A}, 300-355mm, 140-167mm, 18-20mm, 30-38mm, R.
rattus+= 100-200g, 289-340mm, 150-185mm, 14-18mm, 30-35
m$ithJo, 2015). HHETEFEY 52 HE 15-50g,
72-135mm, 15-64mm, 13-21mm, 13-21mm, -HH|HE F 9]
C. cricetus= 290-425g, 200-300mm, 28-60mm, 22-32mm,
28-36mme 2 H 1% o] QltiPorter and Lacey, 1969; TUCN,
2016). HIHE = LB Eel= HgdSE5]50] H
off v 23, fHHIEFEG Bt A2 272, 23]
Holgt Be= G AF @ 7P H 4 2777
Atk

AFRAE FAY = Y= 2P Richards 23,
Gompertz 2§, Logistic %24, van Bertalanffy =& & t}
oFst g o] QltiBegall and Burda, 1998; Scharff et al.,
1999; Lammers et al., 2001). Jackson and Van Aarde
(2003)0f| w=H, 2|79 JdAe 457 sl 7
g o]&5t= B2 Gompertz &I} Logistic 2&0]7]
of HietE ] A Ay} IEFHFAE Gompertz
233} Logistic LHOR 4YRAS el At =
%2 Wekeholrh. 414 B(Growth constant, K} A%,
W A% A5AF 0 BR ERU Hg T,
K4go] A0 24402, 4480 o BegoR B
o5al, WA (Infection age, 1) AJA2r49] 71&7|71 2
Y7} S olels ojujakh. Mol A o] AlZ(Weight at
inflection, Wei)& 47424 e] 718717k Hcj7h Hi A
9] A& 55k, AAE(Maximum growth rate, b)-2 AY
AAIE tEt AsAlS] vl logdhE Wittt F 4
Aol gt 242+e] QA mael A 54 el
it ot FFQAE 5H3ITE Gompertz S 48
ol o F4E vdEF Y il <A F(Asymptotic
weight, A)& ol 7}7F 120.31849.318g7} 129.094£12.679¢
o8 FAo] AR 7.3%7 e 2 AR UehdANE &
95t 2pol= ATHP>0.05). A<E(Growth constant, k)
9] AL o4 ZHzF 0.047+0.008 2} 0.045+0.0022 8-2]5tH
Aol GSALkp>0.05). Bl SJs) Y HHTH 0o
£ o|-g3}o] AAFst HI-F(Infection age, 1) 9F> 247+
27.463+4.3822 7} 28.320+1.44721 2 UpERF O} R 7F
e Qe Aol fofaka] lThp=0.05). HEHAA )
A|Z(Weight at inflection, Wti)-2 &b 212+ 44.26243.428
g M47.491+4.664 g © 2 A E| T, A AAEEE
Ell= AAE(Maximum growth rate, b)S 44 Z+zb
3.515+0.1199} 3.549+0.108 2 A&l o, oF4 7Ho] &
OJgt zpol= gl (p>0.05). = 5k AZolef S
Aolo] AZgkoll et Gompertz W% F=AgHE0lA E3H
A kel froldk Aol RIGTHEL, p>0.05: HFL,

p>0.05). Hho] vle)-2E7
gk Gompertz ®3 FHgES o4 vl

off

N
o,
1o
i
o
iy,
o,
1o
{127
AN
)
2
)

|
& Gompertz

0|2 Borh. WA vel-2Eolof A
5YE AEFES ), £AL AART ARG £

A =QFA(F, 1.351+0.065; M, 1.435+0.085, p<0.05), Z|
3 AL Zol(A) T3 Alo] 182.830+4.319mn=E A
(164.840+7.453mm) .t} -2J51A] 33LTH(p<0.0001). H3F
AMI H5 oA ] doj(Wi)= o 247} 5.121+0.318
o 9 60.306£1.992mm, 5.520+=0.333 9 67.859+1.330
m= Fo] LA R Mol Wel =dstal(p<0.05),
ol Ao dol(Wt)e 7o YAt A e
SFohp<0.0001). SHAT H&BK)E $olaA ekokeh
(F, 0.058+£0.007; M, 10.065£0.007, p>0.05). 2]z o]
85 AAEDb)= FTHA AUAAITHE, 2.374+0.080; M,
2.301+0.099, p>0.05), i1 A< doj(A)= 94 ZHz)
105.695+5.938mm3} 94.150+£2.507mn = 8-0]51A| z}o]& H
Ackp<0.001). ol o3 FHE ATHDLS % 242t
11.5501.12824 2} 10.794+£0473 U2 - 7 = g9
Apol= FOSHAl FUAINHP>0.05), Mo 2] o]
(Wti)= 5932 CHF, 38.883+2.185mm, M, 34.636£0.922
mm, p<0.001)(Table 6; Figure 2).

Logistic W& o|-§sto] 743 7IAE =34 24
oF 4 54X 4l HHAE vlagh 23, Gompertz
2R s A, A4l ddoloA s Als
= A0J(A), Z44E(b), A, HEFolA o s Als

= 4o|(Wh) 5 Hol tE FHUES BF 79514
oroteh. skA|NE W5 ol Mol o HE(D),
2|3l A dol(A), FMIADet Mzlol AL doj(Wh)=
HE G o5F9 31(p<0.0001, p<0.0001, p<0.05, p<0.05), 1L
gldolofl A a1 A Aol(A)et HpAlofA ] Aol(Wti)
= 795} tHp<0.05, p<0.05)(Table 7; Figure 2).

Table 82> o] wE Aol thet A AlF 4 7
BRAL F myo] 48T 2AUER 24 A7, olf ©
HANZNY BB BEOAS BABIE B AT AF
3} A AR A F w24 A vl 27
SSAR, ol g A MM AR AFo] #4 AFHC) tha
ok vlel-BEele ASght T nYS viwsty, &
A ok A A7)0l 72] Hol7h YA, ol % Al7]
o= Gompertz 233} GAISFE AL, Logistic 2 it= &2
Aol Heleh AdololA &4 A%, AAdol= AY &
o|7} UL, o] AlZ]ollA ASHT F By A oF
g 2tol= A9 UUA, o BF AA SRS
Gompertz =g 0] tha =Qka1, o]Rth= Logistic & 0]
o] =8kt Wil S dolo A o]fA17]9] Gompertz
3 FAke] AL, ASFHET= Logistic 23 o] =7
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Table 6. Estimates of growth curve parameters of body mass, head and body, tail, hind foot and ear(mean+SE) for
Tscherskia triton using Gompertz model

Gompertz model

Significance®
Female Male
Body Weight(g)
Weight at inflection(Wti; g) 44.262+3.428 47.491+4.664 NS
Asymptotic weight(A; g) 120.318+£9.318 129.094+12.679 NS
Infection age(l; days) 27.463+4.382 28.320+1.447 NS
Maximum growth rate(b) 3.5154+0.119 3.549+0.108 NS
Growth constant(K; days) 0.047+0.008 0.045+0.002 NS
Head and body length(imm)
Length at inflection(Wti; mm) 60.306+1.992 67.859+1.330 ok
Asymptotic length(A; mm) 164.840+7.453 182.830+4.319 ok
Infection age(I; days) 5.121+0.318 5.520+0.333 *
Maximum growth rate(b) 1.351+0.065 1.435+0.085 *
Growth constant(K; days) 0.058+0.007 0.065+0.007 NS
Tail length(mm)
Length at inflection(Wti; mm) 38.883+2.185 34.636+0.922 *K
Asymptotic length(A; mm) 105.695+5.938 94.150+2.507 *ox
Infection age(l; days) 11.550+1.128 10.794+0.473 NS
Maximum growth rate(b) 2.374+0.080 2.301+0.099 NS
Growth constant(K; days) 0.076=0.007 0.077+0.002 NS
Ear length(mm)
Length at inflection(Wti; mm) 7.049+0.165 7.046+0.044 NS
Asymptotic length(A; mm) 19.161+0.448 19.152+0.121 NS
Infection age(I; days) 7.420+0.927 6.867+0.208 NS
Maximum growth rate(b) 2.209+0.100 2.235+0.137 NS
Growth constant(K; days) 0.197+0.271 0.117+0.010 NS
Hind foot length(mm)
Length at inflection(Wti; mm) 10.460+0.203 10.637+0.068 NS
Asymptotic length(A; mm) 28.359+0.545 28.914+0.185 NS
Infection age(l; days) 4.838+0.161 4.862+0.121 NS
Maximum growth rate(b) 1.374+0.047 1.377+0.034 NS
Growth constant(K; days) 0.065+0.007 0.066+0.005 NS

* NS: not significant; *: p<0.05; **: p<0.001; ***: p<0.0001
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Table 7. Estimates of growth curve parameters of body mass, head and body, tail, hind foot and ear(mean+SE) for
Tscherskia triton using Logistic model

Logistic model

Significance®
Female Male
Body Weight(g)
Weight at inflection(Wti; g) 61.649+6.211 63.039+6.464 NS
Asymptotic weight(A; g) 123.310+12.436 126.080+12.927 NS
Infection age(l; days) 37.183+5.835 38.412+2.014 NS
Maximum growth rate(b) 33.624+4.407 33.509+4.106 NS
Growth constant(K; days) 0.096+0.013 0.091+0.003 NS
Head and body length(imm)
Length at inflection(Wti; mm) 81.965+2.708 91.415+2.159 *ox
Asymptotic length(A; mm) 163.936+5.415 182.840+4.333 *K
Infection age(I; days) 6.884+0.336 7.503+0.453 *
Maximum growth rate(b) 2.870+0.253 3.211+0.635 *
Growth constant(K; days) 0.152+0.009 0.155+0.006 NS
Tail length(mm)
Length at inflection(Wti; mm) 55.714+7.458 46.975+1.074 *
Asymptotic length(A; mm) 111.609+14.881 93.960+2.150 *
Infection age(I; days) 14.431+2.453 14.641+0.659 NS
Maximum growth rate(b) 9.150+2.184 8.917+1.132 NS
Growth constant(K; days) 0.151£0.006 0.150+0.003 NS
Ear length(mm)
Length at inflection(Wti; mm) 9.567+0.224 9.467+0.235 NS
Asymptotic length(A; mm) 19.155+0.439 19.140+0.134 NS
Infection age(I; days) 9.885+0.919 9.332+0.283 NS
Maximum growth rate(b) 8.139+0.887 8.416+1.286 NS
Growth constant(K; days) 0.213+0.017 0.227+0.019 NS
Hind food length(mm)
Length at inflection(Wti; mm) 14.180+0.273 14.457+0.093 NS
Asymptotic length(A; mm) 28.382+0.545 28.900+0.187 NS
Infection age(l; days) 6.468+0.166 6.608+0.164 NS
Maximum growth rate(b) 2.957+0.184 2.963+0.131 NS
Growth constant(K; days) 0.167+0.010 0.164+0.007 NS

? NS: not significant; *: p<0.05; **: p<0.0001
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Figure 2. Estimates of growth curves of Tscherskia triton using Gompertz and Logistic model: (A) body
weight(BW); (B) head and body length(HBL); (C) tail length(TL); (D) Ear length(EL) and (E) hind

foot length(HFL)
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Table 8. Observed and estimated five differences in body size for 8 males and 14 females Tscherskia triton at birth,
weaning (21days old), and 4 months of age

Estimated (mean+SE)

Sex Agea  Observed (mean+SE) —
Gompertz Logistic
Body mass (g) F Birth 3.6+0.26 3.620.1 3.6+0.08
21 38.2+3.30 32.1£1.9 23.0+1.8
120 123.3£12.42 118.2+2.7 123.2+£3.9
M Birth 3.7£0.11 3.7+0.1 3.7£0.05
21 41.6£1.89 39.9+0.9 21.3+0.60
120 126.1£12.93 126.1+£3.7 126.0+£5.77
Head and body length (mm) F Birth 42.48+2.40 42.48+0.72 42.48+0.72
21 106.50+6.02 110.26+2.23 146.81+1.77
120 163.934+5.42 163.67+1.66 163.93+1.63
M Birth 43.60+2.69 43.6+1.2 43.60+1.2
21 113.3444.72 126.7+3.0 162.60+1.86
120 182.8344.32 182.7+2.0 182.83+1.9
Tail length (mm) F Birth 10.03+0.79 10.03£0.25 10.03+0.79
21 53.22+3.45 66.69+1.39 75.77+1.10
120 107.2343.25 107.19+1.03 107.22+1.03
M Birth 9.46+0.90 9.46+0.40 9.46+0.40
21 50.34+3.42 59.66+0.85 67.76=1.17
120 93.9542.15 93.9340.96 93.95+0.96
Ear length (mm) F Birth 2.11+0.19 2.09+0.06 2.11£0.06
21 13.67+1.14 15.33+0.39 17.52+0.12
120 19.13+0.43 19.15+0.13 19.16+0.14
M Birth 2.07+0.30 2.07+0.13 2.07+0.13
21 13.79+0.33 15.7940.15 17.87+0.10
120 19.1540.12 19.1540.05 19.15+0.05
Hind foot length (mm) F Birth 7.19+£0.42 7.19+0.13 7.19+0.13
21 23.18+1.25 20.03+0.29 26.05+0.21
120 28.36+0.62 28.34+0.19 28.36+0.19
M Birth 7.30+0.23 7.30+0.10 7.30+0.10
21 23.66+0.73 20.44+0.28 26.424+0.13
120 28.91+0.19 28.90+0.09 28.9140.08

Table 9. Residual mean squares for growth models in body weight, head and body length, tail length, ear length and
hind foot length for 8 males and 14 females Tsecheskia triton

Sex Gompertz model Logistic model
BW HBL TL EL HFL BW HBL TL EL HFL?
Female  0.5336  0.4924  2.1064  0.0642  0.0811 1.9387  19.0640  5.0520  0.1727  0.1316
Male 1.3745 3.3670 1.2547  0.0699  0.0773 3.0117 28.7713  3.0509  0.1765  0.1324

* BW, body weight; HBL, head and body length; TL, tail length; EL, Ear length; HFL, hind foot length.
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