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Estimating rodent density using infrared-triggered camera technology

ZHANG Shusheng, BAO Yixin“, WANG Yanni, FANG Pingfu, YE Bin
Institute of Ecology, Zhejiang Normal University, Jinhua 321004, China

Abstract: Conventional methods for investigation on densities of small mammals unavoidably produce environmental
disturbance. By using infrared-triggered camera technology (ITCT), animal densities could be obtained with minimal
disturbance to animal’s habitat. For large mammals, individually unique natural markings, such as spotted and striped
fields can be used for recognition, but for small mammals, it is difficult to distinguish individuals, especially for nocturnal
species. In this study, we used cameras triggered by infrared sensors to obtain images of passing animals to estimate the
rodent density. Three biological indexes, that is, rodent’s day range (or called speed of day movement), distance and
angle with which the camera detects animals are required for the modeling. Camera detection distance (0.01 km) and angle
(50°) were provided by the infrared camera manufacturers in this study, whereas the rodent’s day range had to be
estimated in experimental sites. An experimental site of 600 mX400 m was selected at Gutianshan National Natural Reserve
in Kaihua county, Zhejiang province. The site was divided into 18 areas based on the principle of stratified random
sampling, and 20 infrared cameras were deployed in these areas. At the same time, the capture-mark-recapture method
(CMR) was used to survey speed of rodent movement. The experiment was conducted from May 2009 to July 2011. The
results derived from CMR, showed that the day range of rodent movement was approximately 100—300 m. By assuming the
speed of day movement as v, (0.1 km/day) ,v,(0.2 km/day),v,(0.3 km/day), corresponding densities obtained from
camera trapping were D, , D, and D, , respectively. When these three densities were compared with the density (D) derived
from CMR, the results showed that D, was highly significantly different ( P<0.01) from D. However, there were no
significant differences between D, and D (P = 0.090) or between D, and D (P = 0.679). The smallest difference was

found between D, and D. Therefore, D, may represent the closest estimate. Taken D, as the density estimate, rodent
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densities was calculated for the period from May 2009 to July 2011 by using monthly independent photographs of rodents.
Average density was (657 + 81) individuals/km’. The seasonal changes in the rodent density which obtained from camera
trapping with the high camera density of 83.3/km’, confirm that our results are reliable. In this study, uninterrupted
monitoring promoted efficiency of detection. Our results revealed that the density of rodent reached the peak from the
beginning of May to the late summer because of abundant food resources and low interspecies competition. While from
November to March, predation pressure and food shortage reduced rodent densities. As a consequence, intraspecific and
interspecies competition was reduced, leading to a relatively stable community structure. In conclusions, our results
demonstrate that ITCT with the aid of the capture-mark-recapture method can be used to reliably estimate rodent density with

high accuracy and low costs.

Key Words: molecular collision rate; capture-mark recapture method (CMR) ; Gutianshan National Natural Reserve
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Fig.1 The camera distribution map in the 24 hm? plot of Gutianshan National Natural Reserve ( black spols present camera sites)

F1 FHARREXLBPEIIAEE

Table 1 The distributed density of camera in this study and the literatures

; R RR R 2 . W00 AR AABLIT A1 4% L
e ASREPLAFIRRIE i) *
S . Home range or Monitoring area Camera density
Monitoring object . . Camera number N N
population density /km /(f/km?)
4R 21 Panthera tigris amoyensis 70 km? VI | 7 66.67 0.10
(VAR 70 km? P | 6 133 0.05
KAESGZRIB A1 12 Ailuropoda melanoleuca qinlingensis 3.9—6.4 km? 51 47.56 1.07
2.0—3.2 H/
511 Uncia uncia 100 kn? 36 250 0.14
JINEE G T WP L2 Muntiacus reevesi micrurus 3—8 H/km? 25 96 0.26
rrE K REL) Hydropotes inermis 4—50 H/km? 6 2.26 2.66
S ey e , 2.0x107—
FRJS (AU W) Rodents ( this study ) 3 20 0.24 83.33
7.2x107° km

1.2.2 fhE %

AU IR X G S W b S ik B 2h W (R3S TR SR T gk as ], AR LR R AR 4k
BF P23 (R RS By, 75— I 8] PN R 3 7 55 1) TR FRUIR: F 23140 B (BRIS RN 7 Ji 3 rb 9 200 ) A% sl iR B 4
B A , T A6 L s ) Y0 T P 43 =2 i) A 300 B R 5 3 430 40 A% 3 7 3 0 v AR B AR L i R
B A W2 M — A A R LR T (BRI 5 — AN B A DX 35 N (CREAIL A A A ) Rl 250y ( BR2EAS1Ah
SRR BB BT (B MRS S BEE o BB NI E] « CRHALIEIN H ) | o3 TR S i BE 2 r LA DU X I8 Y
1), o FRUEEE DR ) A, s =X (1),

y=2riwD (1)

SR, ARSI X IO A S B A, 2 DAEAR S r R B 0 2Ry B B AR, i 5 0 i 7 = B A0 1Y) 9
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y=¥rw0 (2)

Xt A 5 S (8] B A1 35 1) 0 b B SR PR R0 T 7 P BRE S MR B (0 SRR AR A X, SR )
W2 75 A T — R, 7 SR ST BROR B (1P, HEUR SR HURE I 8], Roweliffe 5517 WF5E v 1K S F b 25 2 ) 45
it e fERE LB 6 JAHPLE K (12h) TAEVE A X0, i SR s TR T sh i A AR AR SC LA
B HALTAEH . IS ARG

MCV = % (3)
X, MCV S H HHR(E, y 24 BRI A 7 BRS¢ AMLA IS A R
_ ™
D=MCV (240) (4)

FITFZLAMEPLEY WA BE 6 24 0. 872 rad (50°) , AHMLAGMEIIAEAE r 2 0.01 km (10 m) , BF5E AR HL A
FRZE— M H G BB 25 100—300 m (ARHEAE M N5 AEAR5 1158 ), A ZEF 0] R 24 h, B RS H B 8 B o,
(0.1 km/d) ,1,(0.2 km/d) ,v,(0.3 km/d)3 S5k,

1.3 PRk

2009—2011 4E4H4ERY 5 A M 10 H (H 2009 447 ) 20 BI7E Rl — B H P 5% FHAL 5 10 AR A 31
XA b DA ) BRZE A bR Al E AT, ELAAT S s A 1 S /NS A D 10 mx 10 m Jy A G, 2 A O A
160 >, TERAEEAUCE 1 AR, LD M IEH T ER, I, K H Erfd 5508, X5 i i
FKIHATHIFN Y E , B YA AR DL DT BRI 2 A7 AS R bR ie, IR e Sk B RS FI 85 46 Bk ek o
7d, 2R Jolly-sober ¥ Rl /N1 A ol Al B e b 1) SRS E L
2 #R
2.1 ZIAMEMLE ARG B R

M 3 SRS S (0.1.0.2.0.3 km/d) SEUF H R E 2518 D, ,D,, D, (K 2) M E Z ML
Wl 255 (F= 17.326,df = 2,P < 0.01) , /] LSD (A LLELE,D, 5 D, Z M ANFAER F 225 (P > 0.05) ,
D, 5D,.D, 5D, ZRHEFHEM BEESF (P <0.01),

R2 EROMENBEAREEREZE

Table 2 Rodent population density estimated by infrared triggered camera technique

EEO) Aty WA BRSO MPLTAER HHERE FH 1(H/hm?) HHE2( H/hm?) W3 (H/hm?)
Year Month Ip Camera days MCV D, D, D,
2009 5 93 31 3.00 32.80 16. 40 10.93
6 63 30 2.10 22.96 11.48 7.65
7 73 31 2.35 18.69 9.35 6.23
8 66 31 2.13 23.28 11.64 7.76
9 67 30 2.23 24.42 12.21 8.14
10 92 31 2.97 30.68 15.34 10.23
11 17 30 0.57 6.20 3.10 2.07
12 16 31 0.52 5.64 2.82 1.88
2010 1 12 31 0.39 4.23 2.12 1.41
2 16 28 0.57 6.25 3.12 2.08
3 16 31 0.52 5.64 2.82 1.88
4 21 30 0.70 7.65 3.83 2.55
5 131 31 4.23 46.20 23.10 15.40
6 117 30 3.90 42.64 21.32 14.21
7 103 31 3.32 36.33 18.16 12.11
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0y Aty MSTHEA MSLTAEH  JTHEE ®E1(H/he’) B 2( H/hm? ) HE3(H/hm?)
Year Month 1P Camera days MCV D, D, Dy

8 93 31 3.00 32.80 16.40 10.93

9 72 30 2.40 26.24 13.12 8.75

10 87 31 2.81 27.16 13.58 9.05

11 77 30 2.57 28.06 14.03 9.35

12 32 31 1.03 11.29 5.64 3.76
2011 1 19 31 0.61 6.70 3.35 2.23

2 13 29 0.45 4.90 2.45 1.63

3 19 31 0.61 6.70 3.35 2.23

4 18 30 0.60 6.56 3.28 2.19

5 80 31 2.58 21.16 10.58 7.05

6 73 30 2.43 26.60 13.30 8.87

7 58 31 1.87 20. 46 10.23 6.82

qzw%;&j;fﬁ‘{ﬁi% 19.71+2.44 9.86+1.22 6.57+0.81

2.2 ARAEEEA R

F 2009 4EF] 2011 4%, XF 24 hm? JFAEH P I AR ok F 4 12 47l B e 45 SR 3R T, FE b 9 A 4 B ( Viviventer
confucianus ) JNTBF(N. fulvescens) FANE F B ( Leopoldamys edwardsi) , Fo 4t 90% LA b, BT IREURZE
AIREA B D AR/ INT 50% A6 2 J-S BERLAY T B2 250, WIOR T e/ N TG it 1 (MO ik ) Ak SRR
W ERSBE 4 R L3R 3

K3 RANSEREHITHREZE

Table 3 Rodent population density estimated by capture mark-recapture method

Ay Ay LBV R/ (F/ hm?)
Year Month Capture amounts/inds D
2009 7 6 4.84
10 8 6.45
2010 5 19 15.32
10 11 8.87
2011 5 9 7.26
10 10 8.06

2.3 PRI

HZTAMBNLE R R BRI D, D, 5 D, FrE ke X A9 5 A~ A 43 (2011 4F 10 A&
AHBLAASEER AN ) Frfs R B D 47X, D 5 D, FAE R &2 5 (1 = 3.910,df=8,P <0.01),D 5 D,(t =
1.931,df= 8,P = 0.090) LA} 5 D,(1 = 0.430,df = 8,P = 0.679) Z A& L FER, Hh D 5 D, ZK
ZESe N AT RGF . MRIERE A Frn BRI (1P ) 3845 A HE (MCV) , LA D, ShifE, 45 Hi 2009 4F 5
HZ 2011 4E7 A& AR RS B (18 2) P38 (6. 57 + 0.81) H/hm?, RS RS IES 10

(P>0.05)
3 it

SR H G shiE s pE AP 2R PR AR RS XA S, 7S H O RVER R AT S At R A
BB BN ERCE G SIFEES S (111.47+6.80) m(22.35—275 m) , MM (84.82+4.69) m(14. 14—
290.49 m) P! MHEAS SCHFFTREHL AT B o A8 X U A O, FRATTIEE T RS B BB v, v, wy 3 DNBHL
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Fig.2 The seasonal changes in the rodent density (inds/ hm?) which obtained from infrared triggered cameras technology

HRSEH GRS 0.1 km (v, ) I A3 AR BE D, K, SRS EMESANBEEE D fFER B E2E R,
D, 5 Dy W5 DAEAFEE R 225 U ZLAMENLEOA R a] AL TR 9 SRS /Y, LIRS 28 H % 3)
FEESH 0.2—0. 3 km &P, B D 5 D, 25 (P=0.090) lb5 D,(P=0.679) f2= S H K, 368 D, 51&
e bR A A RS 0 B B SRR R, AT LITACH R N B H RS 3l P B B MERR (B 0. 3 km,

AR A1 A 235 FE AR AL 5 S A0 S Ul R R 43 B T B LU B O 2R (3R 1) IR BB sl Wy A i 1R L &5 5 8 88
AR Z3A 3] 100 km® AL A A EELIN 0.1 6/ k> %101 56k 52 5 i BUA X558 /1N /0N JBE 15 25 S0 Ao g AR AL
SIARER R 0.3 B/ k™ TIASA LR Py FURH sl 1 S S8 B S /N SORE AR BIL S BE RSN E 0. 83 £/
hm? , B SR N AT FE B 1,29 1/ hm?  (H SRS TEAE D N —J8& H 2935 S iR & A 300 m, 5P 1 5/
hm? € 288 T8 % B 1A, HAT B A v AR aff 2

AFTRIL AV D0 Fsf [t P 5 0 285 8 A S X RS R B8 7 P s R A vl S oy o A 5 ) 200 A B A/ A B
R S R R E |, TEAH P2 %5 ) DR B A S 1 B0 T B 07 T 42 o T 47l 0 SR S BOPORE ThT AR B ik /b, X RE A FT
B AR A Sl A A AN JE P TR A5 TP 0 o 0 I ] 0 AT 185 0 6 e 3 198 0 170 52 o s a2 1 T
KU LT AU B AR e PR A A I )y T EAT SR AR AR in A SRS 2009 4 S H & 2011 4E 7 A
BRI R (I 2) , BMER Z SR A G AR SET-SE 280 0 1 H N BRI RERR e — 4
PR A FRE . S8 I L P £ R, 2 31 2009 2010 A1 2011 4FE#B B 5 Ay B IR HR 2 3 2 K 8 T W
R ], BT 5 3 X RAL AR X AR 5 Bk i sh ) AR DL AT ST S5 A DL, E R R
W BE IR R 5 e 0N s T 11 ) B0 AR I 3 el T A ZE R IE IR ) (LD A [ i Rl
Mudiela kathiah Fl%E Melogale moschata S Prionailurus bengalensis ) MEYIEZ SER SR R BEPoR
RN B R S A IR ) AR S A DR AR RRE

R SR HELAMAPLE AR TC T AU BV AT Al 11t SRS RE X HAR 48 B 2 B A 12 IZ R A ]
RS TAE, 5580 T AR Te@ s RS TH0/NEEAL, TETT /ML SO Wi vh , 7l R HIZE AN BLE R
SRR R A S vk AR i A A 0 AT SR R R
BT WV LR TP B A SR M T 2D AMAPLE S SR Ji BEARR AL AL E 7 2% Rr St
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