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The validity of using a resource selection functions model to predict den
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Abstract: Resource selection functions (RSFs) are widely used approach of mathematical modelling for the
analysis of presence-absence data to deduce wildlife-habitat relationships. However, the generation of RSFs
may be hampered by a wild animal’s population size and density. Consequently, the prediction accuracy of
RSFs for low density species is disputed. We examined the validity of RSFs in a study of the Tibetan fox
(Vulpes ferrilata), a low density species, in Shiqu County, Western Sichuan Province, China. Our RSFs
model was constructed based on V. ferrilata habitat data collected from 2001 to 2003. Six environmental
variables were considered with reference to V. ferrilata den habitat: water distance, vegetation type, pika
(Ochotona sp.) den quantity, den location on slope, gradient, and aspect. In order to examine the validity of
our RSFs model, we used a principal components analysis (PCA) to re-analyze our data. The total accuracy
of our RSFs was determined to be 75.2%. The AIC value was 309.172. A ROC curve revealed, when the sen-
sitivity was 0.857, the specificity of our RSF model was 0.353. The Nagelkerke R* was 0.485. Only three
variables were judged as important by our RSFs: aspect, position on the slope and vegetation type, of which
aspect was the most informative variable of the three. However, partial correlation coefficients of the three
variables were very low. These results revealed that the RSFs model to predict den habitat for V. ferrilata did
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not fit well. Considering the result of PCA, the importance ranks were (in order of decreasing importance):
pika den quantity, water distance, gradient, position on the slope, vegetation type, and aspect. We offer ex-
planations as to why, for this species, a RSFs model may not be generated accurately and why the results of
the two analyses were so different. We suggest other analytic methods that may be combined to yield a more
comprehensive result for wild animal species with low population sizes and densities.

Key words: Tibetan fox (Vulpes ferrilata), resource selection functions (RSFs), principal components analy-

sis (PCA), den habitat

PRE D) ) LB PR AL S BEAT BE A BE L A
W2 FEPEOR AP I LAl 2 —, DRI A B U7 B A 5
YA 2P A AR Y M A (Boitani &
Fuller, 2000). H Ay, 7EABEHFF b, BB
S AR S EALK, B RENS T BTN 51 T IR 5
AL U A 2 ORF 45 i (Gu & Swihart, 2004).
LRGN TR N Z DR EANT, HESE
B R £R A s, RIMTE B A S G S 23 i
3] TR R K JEManly et al., 2002), Hr,
P YR B bR Bl (resource selection functions, RSFs)[Al
A BE NS LU 2R 8 b 20 BT BT 2 B0 4 0 G JEL % A 35
AR R B PR, [R] IR SRR S I IX 48 AR ) R 2K
N, 13272 N H (Boyce et al, 1994; Boyce &
McDonald, 1999; Boyce & Waller, 2000; 4=JikifF55%,
2001; Boyce et al., 2002).

TN (Vulpes ferrilata) & 75k = J5L S L 320 e it
PHLIX (R D (O AE 55, 1986), i (Mife
IR Bz A BUNBIE R ERS N 2%, 2004). HT
KLU IS AR B =, 385 WA R
R AT ] A 2% 10 OR 47 35 It (Sillero-Zubiri ez al.,
2004). T, FATA N IT R ST S sk 3 1)
BRSO RZ Y BI S A RO HE AT«

FEAIA S A5G LB, ARG T AT LA
A A ) A8 /b 1R AR B SR U 40 FR G R AIE (T IE AR
2003) o IR F- NI 7 A B8 () B8 5% b AU
RS AN, B D A 0 7T DA m R
HBIE(U.S. Fish and Wildlife Service, 1981). {HJ2,
TR AR 2 FE WA (AMER, 1989; Schaller, 1998;
EIEREAE, 2004), 10 B Y50E £ R BORB R0 IG 5 Al
TEAE SR FHRFAE 73 A 1) A7 R — HLAFAE 51 (Boyce
et al., 1999; Mysterud & Ims, 1999; Lennon, 1999;
Railsback et al., 2003). Kk, A SCR; I8 1 A /¢
A S5 ALE I UL T YR 4 B ORI R ) 1 A
R, HEPZ “ LR RS T

IS BE M RE IR AR SR FHARRAE RS 2 esh, T
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%, 2003; FIEE, 2005), ANSCIKAEH 32 50023 Hr
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R ) . AR RV R 2 A, IR,
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AN (AR B R EZ 5125, 2000). 13 B &
7E600 mm/eAy (f1 iR EEME L 1 2x, 2000). 1
H e v il (Chy — BT 18] P A 1 e vy UL 1)1 381D,
AHTAAITC, B2 HAH)A4C; PR H R
AR CR — B 1A P &f H AR AR 1~ 51E), 7H
H2.6°C, 1HH-24.7C(HARESS32001-2004
TR

I R A B — Ay vy L B R L
FE, AR A 2 RE (DY )N R R B E L, 1980).
Ly B4 DL YS BB 5 1L w8 55 (Kobresia pygmaea) Fl
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(Cricetulus longicaudatus)~ K& (Lepus oiostolus)
DL = Hy fr S (Marmota himalayan) 2 >3 0L
HImG A 838, MEAMR )5 (Procapra picticaudata)
TERFFUHL X A AT — € R EECR (B IR AR, 2005).
2 #E
2.1 BUEAEFEIEWE

DLAN S 55 #F 2 72 AT 2R 48 BUFE (Robinowitz,
1995; #x%: KANaK B, 1998). ARHE 243 K] 5L pr 4%
PECE SR TR R BERE), FATRAIE T X Al 73 1k
4/ PTG, EREAS B0 4L R O v B R 4R
HEEL I FlA, WA a4 PR 2 LR UE fg
BRZ IO AR LA . 7RI
WOERNL WA LAy, e LS o — A
I . Hd— 8 R T Iiamia s L, 5
— 2 ML FF UG A5 A Ll 2E J 1 ), — L AE A
B AL LR B A B 500 mAdk (BT,
BN A ZILBR ARG, B2 LA ke
FUPE I 7 8 A, BRIk, LR AL A9
A, PR BN T40 kme

2001 F120024F7-8 H [A] % B 50 b X BEAT 42 11
Ao MDA KRR 7 GPS AL bR o
2003478 H 1) F B Vg ) IX L8 1, S A E AT
Ao AN IEFE TR 7O TP E N5 m
X5 miP I 7R 7 (4R 2 R 5k B, 1998). [A]
I, LERTAMIREZ ARG 150 mib[AIFE¥E — 45 m
X5 m IR TT o sk T AT e A B AR E I

i 25 B FVL
Mountain ridge Country road
WA Valley or river

W45 FEEE Sampling lines

Bl #uiXEIUEREEFLh R E
Fig. 1 Tllustration of the design of transects for habitat sampling in
Shiqu County
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1,000-1,500 m#11,500 mLL_E25440N417)

BRI K RS R A 2 R T B A,
FET ST DR HEECR AR K (Schaller, 1998; A1 RELG
PR 5143, 2000).  H TR BRG] 7 B mT LA
()42 S e B e )RR 85 P2 (VR A%, 2004), BT LUCKE ik
IR 7R T3 A BR A 78 B A 2 m] e S T ek AT IR
TOERRMIR R Z —F 18 FAHEFE 7k B &
Gl 7SR “0-1070 “11-207, “21-307, “31
407 AR “40Lh b7 5ANEY.

Ity AR I A (R B T ), Bk it i
1999 IARAER 2 32 Bk BRI ]
W, FFRTORAEL, 2. 3, LMEEAL .

IR 7T b P 3 TR 5 7K T B P
Lo

S VR T o N N (VAN R VAN e € (VAN
WSk, WRRAE0. 1. 2. 3. 4.

FEHE AL 222 DU R P 4. (1980) [ 43 2K
PR, AR 9 R Bl 1 o B DA gy 2 G P (R K B
2001) 15 L, HEIEFTHb SR A 2RI 4y 42 (D)
ST, 50%LL R AU R EE VD 1 1A,
WRAE L, (2)F Mo MR A FEAKIY), H bR <
20 cm, TfE=60%, MRAH2; 3)FmHEMN . HhRAIH,
CLSCAAEY) N T, A5 70 5 4 BRARERE RN LA 5 v
ARG, e 5 A ) 3B DA bV 1 v ) 2R 28 e o
Ay <20 om, FE B DR T =60%, WUE3;
()HEN o RS 5 LM L5y 5 K130 em, SEA
NHBRFE G, BENZ T =40%, FOA
% =60%, It{E4.

22 HELIEFE

A7 FH % 532 8 bR SO 3 14 40 AT (PCA) P B 7
T AT 7 A BE R AE REAT 20 BT o Bl A BER:
SPSS11.58 A 5¢ 1

YR B pR B L T B R AR R T R
FIFE A (Manly et al., 2002). A4 #5488 2 [ ) H
FAORAE, FERUG @ 7 FR < Arx TG AR B AL &
HHATHIRAHT, A REAEFHE<0.50), n[3Lh
WA B KIS (Boyce & McDonald, 1999; 2%Jikiff
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4%, 2001). #RJE, i HROC HH 2k (receiver operating
characteristic curve) K fiffi 72 #& 74 ) B i¢ % i (Boyce
et al., 2002; Hastie et al., 2002). Z4F R HE 5 52 Fr A
P15 2 1 TH RIS 2 ok 1 % PR BIE I, AR
G BT LR, R, BALRAH AR
4518

FR AT R, R AR E A (1)
25 BT ) LA F o 1) B TR 22 1 Ol
1 60%, Wik ®, WAk 2R 3 sy
(Legendre & Legendre, 1998); (2)1xX %5 il 43 R IE
2 E KT AT 1.0(Liang & Thomson, 1994), {4
FFRFEARA N T 1L0R F sy . AT, AR &
TR ARAERA A R R . 2 3 s o i
G I % A AR R A AR ) ARG R I I, AEk
P8 b K 7 22 e (Varimax) A P ()5 806, 2002).
XF 2 BT B0 G A DAY A R AR I, A KAl
T AR 55 A8 B BB B AIR 3 AT, LARAR T i e gl
RS BT R 73 AL

W, e B AR BT — U E AN
(One-way ANOVA, 7815 54 1E 2570 41 i) 8 Mann
Whitney U 5 (2 A0 ds AF IE A i), LT fif
1K AR g A I 7R 7 H I IR 5 vh o AT
T DL ] o

3 #R

AL SRR I 71564, H A1 1334 Il 7R
T3 BUHE A G e 3t B U0k 6 R BORTBEAT 32 1 O3 43 A
PIEESK . 58 A AR EERE 72054, A HI SPSS#k AT
BEHLAE T 133> F T DUk B e s 2, F 5N
TR AT - DR
31 HWREZERH

T 6422 & vh A KR R 2 LA AT AR
A 4> 4 (Kilmogorov-Smirnov z=0.787, P=0.566,
n=266), XL SpearmanfkAH A 56 . £E 15441
KR, A B ) RS () Bk AH DG AE A —0.544,
LN IS SR 0.5, A ER A 5 R AL 3 0.5 80 K
I8 B 82 MK F(P<0.05), 7T LUE NG 48 1785 [m] )
BT TR ) RIS B2 — 5 A 254 L, (HUZ:
SR NS APS %) Sl LA VA e A (T R
J7 T, B AR IS AR AT A, i A2 AR AN 12
PRI [l R AR AR e AR B 2R 2 £ B ) R A
F MK IR IR I — 5 (R X o

(R ARS8 ot TS g v« 37 R R g 24 2R 3 T
(R EVEER-ersI AT ey G S E o) P R LTINS E VA DY
A 8 28 3740 g gt T ) R U A5 R SRR T Oy

P=¢”/(1+e)
H12=3.990-0.823 X I [1]—0.370 X B £7—0.775 X ##
WY, ey HAREL, PRORAESTIE B . HbAb, fhi
FHORHT BRI 3N U I Sk B4 R 2
B DG (R3), Ut BB 7 A 1) 43 A 75 3% 1 )
BH L 37 AR LA SRR I AR BT

RS [ R T 2 75.2%, R OR R AN
0.485(Nagelkerke R=0.235), [F]i3/4N4% & [ i AH 5%
AL HE Y R IE$0.4. % 2> HT (Akaike’s in-
formation criterion, AIC){ii 4309.172. ROC i %l 43
(1T BH P4 E 4 0.497, T bt IR ASE 784 000 AUk 49 0.857,
RAFIEF0.353(2).
32 HETEMHHLILE

¥ 64~ A B AR B AT I I 7 7 (n=133) RIAEXT
WA TT (n=133) P 18 20 A 47 L REAT LR 5 B0 i)
IR 7 RO RECRE T 1) B A ] 7 R A A 5 ) 2%
5+ (Mann Whitney U, Z=-3.437, P=0.001); 7KJFEE 25
I3 AT W %5 5 (One-way ANOVA, F5=0.131,
P=0.718); A7 A8 5 [¥) 73 AT 2% 57 4. %% (Mann Whitney
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Fig.2 ROC curve evaluation. The diagonal represents the model with
no diagnostic ability (50% of all the area). The curve above the diago-
nal represents the diagnostic ability of the model (more than 50% of all
the area).
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U, Z=2.531, P=0.011); 3 J5 A5 B4 Aii 25 B R b %
(Mann Whitney U, Z=—1.616, P=0.106); 3 [i] 73 A7
5t 13 (Mann Whitney U, Z=—5.033, P=0.001); %
R 3 A7 2 540 b 2% (Mann Whitney U, Z=4.976,
P=0.001).
33 EMHS O

A5 HI133 AN AN 7/ CRE 7 43 Bl 64 T iy, i3
AN E R FHIERR ) R TR D I 75%, Bk
T3 22 R T B J 3K 3AN 32 a3 BRVREAIE AR B K 1.0,
AP BRI o () o 5 AR AL r) AL
%5,

- T HR AU B R BRI R 1 2R

ff B IE0.7, WA — A o (0 B A i
& SCSF RO & PKIER 1. DLSSHE, 28 —F
BG40 AR B R I BERNIAT, % A € X
DR IR 75 2R = R R R S A AR AR
i, 8 SO BRI 1 o 7EPTA 6 10 Hh 3 ) 84
o HRAEIE0.7. F R HT A3 3 B R 7 A
B2 1 A B IR A b e BRI B SRR TER

F1 6 NEIBETEAYSpearmantl s B ESE

Table 1 Spearman correlations of 6 habit selection variables

I, KUEEEES . RE. BT AHRIRI .
O3 A PRI Y s A AR B B A AN R 4140 TR
TEAERR W2 25 5 (P < 0.01, £6). Hirp, fE R
et — IR, BT I R 7 38 R A
B, AH2 R AR 7CEER AE[0, 10758 FE P R 5B 7
FE 78R 2 1 22 (36), 1 AT e AEIR T4 £ R0 Bl S
A % . AEKIRBE B, 2R R (500,
1,000) my i g by A A5 45 22 B F8CII 7, Rl 1)
Moy zm . AT, BINERE 5
ATAE ST AN NI, i3 A R TR RE T A
B, [RINAE b BT AR IR 7o 3 B AR
T, BRI R I R Ty o3 A () E A A
i) 75 1, IR 7 S A AE B B 3, B3 ZH
W2, B At b o (EREPEZEA R
REZ S AAE R R RS h, E BRI
FEAI 7o

R g AR, SRR I 7 AR B R
A A A ) AT AKIREE B IE T g, PRk
PE 2 HIF I ) BB AR T R 1 A 55

K U5 R 2 B A /¢ Weim) g Heds ER et
Water distance Pika den number Aspect Gradient Position on the Vegetation type
slope

JKYEHE S Water distance -
FUARI 7B Pika den number 0.482%* -
Y Aspect 0.183%* -0.051 -
Y% Gradient —0.213** -0.151* —0.544%* -
{7 Position on the slope 0.042 -0.081 -0.126* 0.387%* -
it Vegetation type -0.013 —0.233%* 0.302%* -0.117 0.160%** -

* P<0.05; ** P<0.01

F2 BLEFEHFLEER

Table 2 Variables in the logistic regression equation

EVEES:«((:) iR Wald x? BFEMAK
Regression coefficient (B) SE Significance

KGR B Water distance 0.000 0.000 0.311 0.577
FAIM 7z Pika den number 0.023 0.012 3.598 0.058
JT) Aspect ~0.764 0.245 9.731 0.002
WP Gradient 0.015 0.013 1.344 0.246
YA Position on the slope —0.464 0.169 7.526 0.006
HIBERAL Vegetation type -0.696 0.223 9.769 0.002
WA Constant 3.047 0.822 13.747 0.000
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%3 e, WAMEHLERTETEHFELNASINER
Table 3 Logistic regression based on aspect, position on the slope, and vegetation type
EEESE) Bl Wald  WRIEAT TG REL
Regression coefficient (B) SE x? Significance Partial correlation coefficient ()
IR Aspect -0.823 0.214 14.804 0.001 —0.309"
WAl Position on the slope -0.370 0.147 6.330 0.012 -0.155"
TS Vegetation type -0.775 0.219 12.529 0.001 -0.306"
HHOI Constant 3.990 0.656 36.971 0.001 -
* p<0.05
x4 EIUEANEZER BEHERE RS DT
Table 4 The result of PCA in the analysis of the habitat utility characteristics of Tibetan fox
RS FRAER DR FHTTIRE
Factors Eigenvalues Component contribution (%) Cumulative contribution (%)
1 1.775 29.588 29.588
2 1.655 27.591 57.179
3 1.107 18.443 75.623
4 0.781 13.015 88.637
5 0.432 7.203 95.840
6 0.250 4.160 100.000
R5 EBFSABBNERDPEFERE. FFERRTIKE
Table 5 Eigenvectors, eigenvalues, and component contribution of the first 3 PCA factors
i Fisr2 T3
Factor 1 Factor 2 Factor 3
JKYEEE S Water distance 0.857 -0.289 -0.103
B 7R Pika den number 0.901 0.000 0.020
i m) Aspect 0.329 -0.368 0.454
Y Gradient -0.307 0.793 -0.249
{7 Position on the slope 0.004 0.899 0.078
I Vegetation type —0.160 0.018 0.907
HEAEAR Eigenvalues 1.775 1.655 1.107
29.588 27.591 18.443

TI#k* Component contribution(%)

PAKBT A A 6HE K T0. 71078 5 Bolded figures indicate absolute values above 0.7

4 g

PR Y5 B bR SO R B A R e ) DT AR A K
PEIAE s, P20 732 9% F (Manly et al.,
2002). HPfEAnG, 1R “ SURFAE” (site attribute
design) R T T (1) —Ffr, 08 Y5126 6 o AICRR R (1 Fi
A Ae o 3G AU EE —Fh 48 v % (95 21) 26 (James
& McCulloch, 1990). Kk, DAZ00N 5 Y5 ¢ R 2511
RN AT A AR 46, U 2 i 0 R e
BRI S Y T, T AX - A A T I AR
(Boyce et al., 2002; Gu & Swihart, 2004). }4k, %5
T B R BORE TR RN 3 53 0 BT #1022 B R A 4 A o

W FH 95 45 (Garshelis, 2000), {H 2 b 732 5 )
TSR 5 AN ], DR AR ) B0 AR 7T g 7 HEAS
I E R X R AT R AR o e e 4 R A
R VLA 3 22 e, B A AR A Bl g5k
(A B Ay, O 52 38 ML U 0 0 S 4l s R 1) A 95
FFAIE
4.1 HiRESE R EIER B RIS

IR B R BRI 1) 2 T 45 RS 3 oy o
(P45 R 2= AR K. BRIRIE B R UL o0 i 2o, R
AL AT R B 20 45 3N 1 1 ] ) R 0
BTGBk . AR RE(B)FIT, I R 2
PRIGIE P R BRIy B B 1) AR R (R 3) . BRI,
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Table 6 The distribution of samples in sub-groups of each variable from Tibetan fox den samples

A B a4l HIAK! oyt X? EE R
Variables Sub-groups Frequency in each variable' Percentage (%) x? fitness analysis
x?2 P
RNV s [0, 10] 55° 413 55.46 0.001
Pika den number [11,20] 33b 24.8
[21, 30] 27° 203
(31, 40] 11° 8.3
[41, +o0) 7 53
K VBB B [0, 500] 31 233 45.74 0.001
Water distance (m) (500, 1000] 61° 45.9
(1000, 1500] 35°¢ 26.3
[1500, +o0) 6 45
Wehr W IR Top 4 3 151.25 0.001
Position on slope 3 High 10° 45
s Middle 46° 34.6
N7 Low 73¢ 549
i Plain 0° 0
W 22 Gentle [0, 20] 93" 70 82.35 0.001
Gradient (%) i Middle(20, 40] 27" 20
BEdE Steep (40, 50] 13° 10
) FH3% Sunny 34° 25.6 63.71 0.001
Aspect LB Half sunny, half shady 86" 64.7
B14 Shady 13° 9.7
TR R ELE Disturbed 16° 12 227.93 0.001
Vegetation type ¥ifi] Grassland 108° 81.2
HAHEMN Grassland & shrubs 9° 6.8
#EM Shrubs 0¢ 0

SRR — BT AN R R R RS AN L [ R

Figures with different superscript alphabets indicate significant differences among them

F2 3 53 A ik s A AR ) B HE S e E
MU BRI R KRB . . Bfr .
RS BTN ) (25), e rhouf 3 1) A 2R RN LR A7
RCHIWT o KSR S B AR 7 CER R R A R R
ORI BT &5 SR B A R B 8 KO (R2), (HE
J 5 o3 My EEEE(ERS). EAR, RS bR AL
IR PR RS 56 S 7 S 28 (1 55 A % 2R 2 DA B Al A R 3R
AR, FH w22 53 B A 30 R AR 2R 1) g 22 A1
K(AIC=309.172), Tt HROCHT Zi2 Wi A I
R (A ) R A oy (P12) o IX ARG 36 48 TR 3 B 8 W50
PR M 4 I AR 22, DL T VR Tk

B 1 0 )4 T

e R b, FRATS B e T 0] R S BUNFE K
A ZE IR R 3 o WIFTUAR B, 4R R 35 0] e 3 iR 2k
ZARTNE, SR BT A% F R BOR R I 1 (1)F
B8 A B 6 AT Be R AR 2 AR 4 (Boyce & Waller,
2000); (2)%F 4= zh ) A 55 (1) 36 356 0] B A 4 [A) & A2 AR
1k(Schooley, 1994); (3)HF 4= 34 i) A= B4l FH R AEAR
A RE B A R M AR B W] 3R A5 1 AR 4K T AR AL
(Osborne & Suérez-Seoane, 2002); (4)HUFEAGE 4>
[l (Garshelis, 2000). AUt, EBAECREA, FAIfE
T RGEIRER T3, LA T 14 18] B0 2 AT 5T
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XBATHRE . [, O T RSB A R AR AN [ 2
TR, FRA K W ER SER 7 CRE g FIERBE
5 B R B T 1 [R]— AN B TA) B P (2003417 42
8H), FF HIX— N a] B A1 Zth X R 4 B e
o R (I A, AT KRR Ml AR AN R A P B iy
KT

PR PR BRI AR ST “ 7 B R 2
Wi 3R B 1R 22 Te e vt v, TR CRRR AR
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