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Feasibility analysis of passive integrated transponders in population ecology

studies of Siberian chipmunk

YANG Hui, MA Jianzhang, RONG Ke "
College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China

Abstract: In wildlife studies, individual animals are usually uniquely marked to collect data related to population ecology
and behavior such as social structure, migration and dispersion, growth and age identification, seasonal fluctuation of
physical features, reproductive patterns, life-history strategy, nesting territory and home range. Wild animals are mainly
superficially marked with ear tags, ear-rings, neck collars, cut toes, foot bands, hair shearing, clipped ears, colored hair,
brands, and tattoos. Using cut toes, colored hair and ear tags to mark individuals are normal techniques in population
ecology studies on small rodents. However, all of these marking methods have various disadvantages. For example, clipped
ears and cut toes physically harm animals and may affect their normal behavior as well as physiological condition. Because
ear-rings are easily lost and colored hair lasts only a short time, these two methods are not suitable for long-term ecological
research. Furthermore, all regular marking methods are difficult to use for marking individuals in a large population. These
obvious disadvantages may potentially affect the reliability of results obtained.

A passive integrated transponder ( PIT) is part of an electronic marking system based on radio frequency identification
allowing each marked animal to bear a unique international code. The PIT tag remains dormant until activated at close-range
by a handheld reader, which generates an electromagnetic field. PIT tags are small and light, giving them an advantage over
traditional marking methods in that they can be implanted inside animal bodies and have a minimal affect the physiology and

behavior of marked animals. PIT tags were first used in measuring fish movement in 1983. Since then, PIT tags have been
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widely applied in animal research among invertebrates, amphibians, reptiles, birds and mammals and are popular worldwide
especially for use in zoos, aquiculture and animal trade. Nevertheless, the application of PIT tags is restricted to a few
aquatic animals in China.

We adopted PIT tags and mark-recapture techniques to investigate the population dynamics of Siberian chipmunks
( Eutamias sibiricus) during five time periods from October, 2011 to June, 2012 in Liangshui National Nature Reserve in
Heilongjiang Province, China. A total of one hundred and forty chipmunks were marked, of which eighty-six were
recaptured at least once. Seventy-two chipmunks were marked in autumn, 2011, thirty-eight of which were recaptured in
spring, 2012. The injection wounds of all recaptured chipmunks had healed well and they exhibited no significant decrease
in body weight. We estimated the dynamics of the chipmunk population based on mark-recapture data. The results showed
that the average population density of chipmunks in the Korean pine forests of the Reserve was 8.91+2.76 per hectare in
autumn, 2011 and 6.14+1.29 per hectare in spring, 2012. After the analysis of individual recapture records, we found that
the maximum movement distance of studied chipmunks was not significantly different in autumn ( (65+8) m) and in spring
((67£4) m). Chipmunks exhibited a clumped distribution pattern in autumn and uniform pattern in spring. These results
indicated that PIT tags provide an ideal internal safe and reliable electronic marking system because they allow rapid and
accurate identification of individuals when collecting data, last a long time when worn inside animal bodies, are less harmful
to marked animals than other marking techniques, are rarely lost and are reusable. In summary, PIT tags allow the
identification of individual small mammals, are mainly useful in wildlife ecology, and are especially suitable for population

ecology.

Key Words: electronic tag; Eutamias stbiricus; marking technology; PIT tag; small mammal
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B FARZE (PIT) BE AT DLHIEIRSMRIC , o mT DUHAE R P bRic, 7Esh Pl 325800 Fsh i 52 5 i gt
PRI, [ 1983 4 PIT ARZE B VR FH T 10 2555 S s 100 LISk, &2 i 0 FH S BB A B K 31 G 4k 5l
Yy PIREZE EAT2E 2R R FL i ERTE N PIT AR%E Ry N A BR T LIk 2E 3 A BRAY L
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SEIRAE AL SRR AR S A28 Hh B PIT BRZS AR SCHE UL FP AR ZE7E /NI L 5040 v 08 o5 FH s RN T A 7 1 4
mr,

1 HARAE
1.1 5T MESL

HY AMA A AE R e VLA K E R M H SRR DGHEAT o R4 DX, T IRE /N 2422 08 L kAR R Bk HLAH I 32
KB ZR B, O SHAR A K R 25 128°47'8"—128°57'19", db 4 47°6'49"— 47°16710", {5371 [X 45544 g Ll Ml f¢ 5 ¥
% 707.3 m, AL K 280.0 m,,

PRI IX AL 2 B R R 2R 7 T ity KRR PE SR 2 A, AR -0.3 C o AR HAEXHR B 78%
Lk AR K 676.0 mm , AEZE & 805.4 mm , VKRR GA 6 4~ H

PR D HI S PR A R AT o5 DA TR S AR, 7R 40 oy L il 0 2 b R 4 1 RIS, L A e oA o] 21
AR, B HIFE W ] 2 IR, Bk B2 FEMIAA o 20 20 Rif2Fe ik X 20 0 SR AR A T B o - 20 A ARl Ak T
AN TRIYERS B BE A R A R N TARORN 28 43 R IR — e BT AR TAEHB S FE PR X Y 19 AREE, HoA ok 2
PAETK A SRR X B A R A A

AEFRIEAA BBl ( Sciuridae ) 76 BUR ( Eutamias ) B9/NEFLEhY) KT 73—104 ¢, K4 115—150 mm, ] {25
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i FFE AL 5 Hb X, W /N 2% W B TR A AR T BB G sh ¥ Fh 28, = 5 218 ( Pinus koraiensis) | F-#&
( Corylus heterophylla) T ( Corylus mandshurica ) M52 i Bk ( Quercus mongolica ) %R - )43 BE 58 2 . 78 5
K ERORAFTIX 6 FURK ZE A B A ) 7 O A I R B 2T AR 2 o XA SRR RE Sh 28 A F 52 1T LA R AR BRI
PRI AR AR I
1.2 AFFEREHL R I

TELRAP DX 19 ARPERYLIAMAR N BCE 200 m x 400 m HIFA 8 hm® BRI R A R, TEREHD P ICE T 32
A~25 m x 25 m WY REERETT HES BRI AL ) 8 17 R VU ) 4 51 AHSRAE 7 rhuc A1 BE 50 m, R E EFE TR H Y
Sl T WA SR
1.3 fERAbRICTE
1.3.1  FEREOHHE

JAHARAL B, TEREA BE R DT R 4 A U U 0 0l CE AR S RS RE DT RGO AREE 10 m BYZR Y
AL 4 AR REEACE B ROERCETEREE AL E EAH RS TR AL RMARE S, RN
10 cm x 10 em x 25 cm , fifi FHAS HR 3 B9 ZLAAPASEAE J it BROFB1H

AE SRR AE 73501 £ 2011 AERK AN 2012 AR FafbAT  JLEAT T 5 U0, M A9 7 d ., BRI 22t A
Sr52 2011 4F 10 A 3 H—10 H .10 A 21 H—10 A 28 H, 32 I(439lick AL, A2) o B2 ] 53 51
20124 H15H—4H22H 5H4H—5H 11 HF5H31 H—6 A 6 H,it 3 W (/HlicH S1,92,83)

VAR, R 800 FTHF A RUESE T, ARHRAS AL B H I 3 A A 0L Ee ) FE AR 10:00 1 1400 43
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T4 ARAG BRA B AE 72 14 PIT AR, 8RR ) 2 mm x 8 Bl 1 PIT 7% (passive integrated transponder) Z5¥ 7R &
mm, AT 0.00 . 412 2 My 3 25 OB B M 5 14 Fig.1 Schematic illustration of a PIT ( passive integrated
WS HAR, BRI s T T
W — 2 RS ) A7 28 TR 326 S ) e 75 1) P LI, 2 3%
O3 R R B2 2% R R A5 5 I HL AT gt % [l e 132 28 1) R 2 B, 3 =3 o0 — A HR RIS I B 2 (' 1)

B PIT bREEERAEN AT [ Brnfe— 2ty , v AR AT MR . shWidbn ) Rgad it o) B Prah M 4t 25 5
25 (International Committee for Animal Recording, ICAR) HUiEKIE , #5745 ICAR 25709 /1 “ [ S5+ 5™ 2 1l
1 5 P A ME— AL SRS, Al FEX AN A5 5 F5 Ry B s 4 N7 ME— G B, DRAIE 1 B0 A 2 G B 11
—Pk,

Fric AL BT, MR BE 759 () B A 15 5 A6 BRI R PIT AR 28, i I i 88 09 & TS 4 PIT Fr2s-F
T TSRS BMER T . 28R, AL RS B RAS it , B T X PRZE A2 B8 PR A S 2 i, Fe At 5
7S G I TS VRS, FH R R TR X 5 1 ] PR R kA 7 B A 3L sk Gy Rk

TSR TR 105 PIT AR dahith , SEES AN i 46 B M) R ARt d] R B K R R K HRK AR5
o ARH IR HIRGRE 0.01 g ML FAE KB = HIRG B2 1 mm PSR, prid Fl & TAEZS s, H
T-H8 MR B b5 202 5 B AT, B e 8 T R B AR 28 ) )5 i b B A B

BCFRICE 1 HALRUS , A e 21 0 46 BRUER 5c H ) s 3 0 2 459 A PIT A% #54A PIT 45
SRR BRI, A O ERAE, FRE S Rk E A H I B R A B AR gt S BRI R
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1.4 {5 PIT BRZEXT A6 B A w8 340 W 5 12

SR FH PR ITUAG A5 A B PIT AR %2 5 X6 A6 BT g ), He— 2 A6 A v 5 1 i A8 b, 2 i i hn & ain fe
1R E AL,
1.4.1 S IRBUE A N2

A N 2SR WLEE B MR A TE ST D A A R 00 S PIT ARZSMHE 2R A 57 (A4 ) AR J2
AATIA T3 6 A BB 3 4
1.4.2 {REAL

SR A A L B S R, U PTT AR A0 4 56 %o AR B AT REA R i 20, I 2, WUEACK PIT A28 %F
16 R B s

J T EEST PIT FREEXHE A S IR M, 8 2011 ARRK A4 EL7E [RIAFE AR R 4 (R B E ) A9 46 RS
PR AR B A8 AL B B ¢ K SRR AT b, O T AT PIT ARZEXTAE FRUAYIE I M, 41 2011 4Rk F 400 4l
HAE 2012 5 ZR 4l (5 2B 148 BRI AR B 1 B A8 A0 T RO B « R 90 0EA T g, VRIS HR L JE 2011 4F
BB B AR RNSE 2 A Tl AR A IR A 8 H P 2 5 2231 ( One-way ANOVA) #EAT LA, LA 4246
Tl R A A 5 AR ) RS AR Ak
1.5 NAHSEH] . 3T PIT bRy 18 B 528 25080

PIT bR e A A 2A o i R T AE i AR 2, TR BRI A VE . A SCLARPRE S F 58 R sl R
BRI A, S B PIT ARZSTEAL BUE S A58 R B R

(1) Al — . 46 BRI RE S A5

W PIT AR AR AR L, SR AR B AR IR T A8 SRR Sh A IS SESCHE 1) ) e 4 A2 S Bt >R
Jolly 3 2 AN ARl 2 B | ARBOPP S S8 . B S YA 43 A E— AR BEAS B 2R 0T, 43 TS Rl R4
FERAME A TR AR R A H At a] B 268 1 KA L B 46 FROGIE 2 1547 A7 b 28 AR v IVE R . H T
It PIT FRZRERS IR AMANA, BT LASE 2 K LAG AT LAMR bR 2 2 A J4] T 2 75 76 (W] — 5o LBl a3y, AT /T DA 52
T H 046 BB R A8 UG AR A6 SR E ARG RUER PR IC I B, TR R A

(2) S — . A6 BRI R (0 25 18] 43 A

o7 P o TR (O AR B S P B A A 5 v B ST s R AT . SR 7 25/ 38MER Y 2 540 RAERE L g
M A TGO %I N AE Poisson 20 AR O TR 82 1o QIR Poisson 404 Y AR 7 22 V FIISE m AHAE,
RN V/m= 1, FPHERBEIL AR . A0SR V/ms1, WRRED T, Y V/m<l B RS540, VA m A
FEEWT .

N 1 N
V=2 (Xi-m)*/(N-1) m:NEXi
i=1 i=1

o N R B X R T EANMAER S A 1.5.1 BTSSR RIS SRR A S 4 2 TR
TELLV2/(N - 1) APREZEHT K5, ¢ (AR EIT .
t=(V/m-1)/v2/(N-1)

(3) T = . 46 B I B3

T EA S 00 AL AT LIRSS PIT A% g = 0K AR AE P2 48 By BB A2 & AR LT 5 27T LA
L0 AR BRI 2R ATt o A BT B Rl D TR]— 8 BRSSP A A i 7 1 B 2 T 18 B 25 4 A A Bl e
A B BE B A THE R R J5 22 00T LU EAE RAE AN IR 2215 16 s B B R R AAE 2 57

N T AL TR S, 2 BIHEE 2011 4ERKZE A 2012 E A0 7R JE b A A0 L), Dl B AR 9 AR
BRAE R S A

A A5 R ] meansSE 7R, eI 1Y .2 K-F50E S 0.05,

http ; //www.ecologica.cn



6638 2 R

2
He

Eild 33 %

2 #R
2.1 AR S ST PIT ARZEXTAE LA A 5

SEE I A i A6 BUZE BRUZE Th ot B AL 5 A T oy, 8 TR VR IS IR I A IS R W s & T, A
NAEE AR RS TE R ELE B S T Y B O € 5 1R LI B2 A

TESTARZE B B ARIEAL BRI A8 AR S el e BRIG Bl 1 30 28 28 388 B BRI ) oK WLAE BRU&: Hh 7
o AIE AL, T S AR A6 BROTC I S ] UL A 7 S I, 136 IR 7 558 PIT AR5 s B flAS K

5 RHAE SR R 140 H o it 59 HOMEME: 80 H BiE A4 1 H M 9:8) A 1.36:1, Hi A
59.29% (AP E A 20—k,

2011 AERKZERRICHY 72 HAER A 39 HAES 2 AE R ER , i KEHEMREC I 8 IR(£ 1), 2 FHFEFE
A A6 BURSRARIE BR , U6 T 3T PIT A28 A6 BRRB S IR F RIS K B A S RUES DA R
U, R LR | Ml kG 3] (bR 25 BT G20 21 S AR R0 HARZEATI A T 1 S5 46

x1 MERENMEEZEEFTWERNRE

Table 1 Recapture times of the autumn marked chipmunks in next spring

WA B Recapture times HEVE Number of males/ HfEPE Number of females/ 2
1 1 4
2 5 1
3 8 7
4 4 2
5 1 2
6 2 0
8 1 1
11 Total 22 17

FEST PIT A% 15 d J5 SRR E BTH OB « K050 ,0 = 4.62,df= 12,P = 0.0006) , 7EHf PIT
5 A HJE (3 B ERMARE B OB « K05 e = 2.52,df= 48,P = 0.0151), 5UL[RIESARXS
TR AR AL R MR E AR 2R 2 AF R A B E L (ANOVA F, ,=2.79,P=0.10( & 2) . ¥
IR DAIA A B PIT AR %4k BRI A 36 B b 1) 671 T 52 0
2.2 B IEIT A R
221 AERFIEESIES

DA [ 78 B 7 N RE RIS A6 UM IRE B, 245 SR W /R 2R AR N 2011 4Bk 2 - 35 FhE % 2 (8.91£2.76)
H/hm?® 2012 AFFEF VR %E (6.14= 1.29) H/hm®, 5 RIFAA S5 R BIE A 2% 2% 5% (ANOVA, F, , =
0.40,P = 0.80) , Bk 5EFMFHEEERA B E 25 (ANOVA,F, ,= 1.01,P = 0.34) (K 3),

222 {ERUFREY S [A] 3 AR
Gt a5 AR (3R 2) AL BRI E B AR TR S 50 o0 A R R A A

K2 AREFERMBENZESS

Table 2 The special pattern of chipmunk population in different seasons

Z=AT I J{H Mean V/m 8 R

Season Variance /m t Value Results

#Z Spring 1.64 2.81 0.58 -2.32* ¥15) 5347 Uniform

BZE Autumn 2.89 2.38 1.21 0.85* RE/ i Clumped
#* P<0.05

2.2.3 RIS G
R RIGEIEE B (6548) m (n = 31) HEFERKIENIEE (6724) m (n = 55) , KFEMHEFNRKTEZ
PERS A % 25 5+ (ANOVA,F, = 0.07,P = 0.80)
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o0 = - 12
g Ed = [ 4 =5
560 60 60 w5 10
o
Z g o8
R 40 40 40 E
20 20 20 =4l
2 1 1 1 1 1
0 0 Al A2 S1 S2 S3
ICA RA ICA RS CA CS 245 Seasons
ZxH5 Seasons "

B3 AMMAERTMEEE
Fig.3 Population density of chipmunks in Korean pine forest
A1 FKZEH5 1 YRIHA The 1st investigation in autumn; A2 FRZEH 2
P42 The 2nd investigation in autumn;S1 FZEH 1 WIHA The st
investigation in spring; S2 FZ=4 2 YKIJH4A The 2nd investigation in
spring; S3 25 3 KIAA The 3rd investigation in spring

2 EHPIT REREREENTN
Fig.2 The weight change of chipmunks after PIT tag injection
ICA BKZ=4) 4 Initial captures in autumn; RA ¥4 15 d J5 15 days
after initial captures; RS #J4ili 5 1~ J5 5 months after initial captures;
CA #kZE Captures in autumn;CS 7FZE Captures in spring

FE BRSO A 3R 61.29% , F 2= I F A U491 1 30.919% (& 4) , DL AL BBk = S0 M0t 1) T B 7 it
M, 175 2 DO A 1) ) DU SRR B, X — 4R AR BRI 2 18] o A AT FE 4 R — 2 (3R 2) .

3 e 80
3.1 XHEGESERIC T IERPES 70 F

PRC ST 7 2 REBOT AR R AMERRIC F KA
PEbRIC ARG IS PEAR I 3 RS AL DIRE B9 B RSN
SRR TR AR Tk . B (B3 B 3R 2

(o))
(=]

i
Il

W
(=]
T

A LA
Situ-recapture ratio/ %
&

P AR, 9T BRI R IR AT “ I
FEA MR 7 o, V)BT 5 26 206 1 N

YIRS R ARG, 1 2 S s R A ol

i AT Resg s iD AR AT A B A AE, IR HvT fig o

S5 A SZR0EMIRGES . KEN EE A K Auumn %7 Spring

TR BTG IR B4, T EL b TRk EAb 1B 5 4 BB

PN G X Fh 7 AN IE /NI 3L, S Fig.4 The percentage of situ-recapture

AR > BT ek 2 BT, 5 Ha
BB WnR A, ARER BRI bR L iR 2,

TEF K AR SIRICTT ik, DEEARE M RE N B R 2 B 1 o) Tl . S
SEAMIAE S SRR IARC , EE ST KA G35, KR RS, KN R S 3l 5 £51 Rel 1 20 € K ff
JE YT BEXT PR IC S B M (AN S & 2 ) o o SR ] AU AN AR R E AT am R R (HLIN Ry
PP AR R B S B A S RN AT Y MG AR A B OO Al A R T, PR
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