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Effects of changing cost values on landscape connectivity simulation

CHEN Chundi" ", WU Shengjun', Meurk Colin Douglas®, LU Mingquan', WEN Zhaofei', JIANG Yi', CHEN Jilong'
1 Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 401122, China
2 Landcare Research, Chrisichurch 7608, New Zealand

Abstract; Landscape connectivity is a critical concern for the study of interactive relationships between landscape structure
and ecological processes. A combination of Least-cost Path (LcP) analysis and graph-theoretic techniques can provide a
more efficient approach to identifying and assessing potential links in heterogeneous landscapes. This method has been
increasingly used in landscape connectivity and ecological network simulation. In the modeling process, the evaluation of
cost surfaces ideally should be based on field survey and/or experimental data; however, it is time-consuming and costly to
collect these data. To simplify the process, many connectivity modeling studies rely entirely or in large part on collective
expert knowledge together with land suitability assessment. Different experts may assign different values, affecting the
reliability of network simulation. Therefore, this study was set up to examine how a range of cost values ( representing
variation in expert opinion ) influence landscape connectivity simulation and how this impact reacts to landscape spatial
configuration. We designed a factorial experiment with three factors: cost values, spatial grain size, and landscape
fragmentation. Firstly, artificial landscapes were generated in SIMMAP2.0. They comprised five land cover types with
controlled area coverage: 20% habitat sources (S), 40% unsuitable land (U), and 5%, 15%, and 20% moderately
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suitable land types (A, B, and C respectively). We then factorially set two levels of fragmentation, a clumped configuration
(P_simmap = 0.575) and fragmented landscape (P_simmap = 0.3), and four levels of spatial grain size (1 m, 5 m, 10
m, and 20 m) in the factorial experiment. A total of 8 combinations were replicated 5 times for the simulation analysis. We
generated 4 groups of cost value scenarios, I: equidistant; II; close to cost values of habitat sources (1 assigned as cost
value of habitat sources) ; III; close to cost values of the unsuitable landscape matrix; and IV ; close to middle values. Each
group scenario has 3 levels; for example, group IV has rankings of 1 to 10, 1 to 100, and 1 to 1000, respectively. Within
each group, the values were assigned to test whether and to what extent the absolute values would change the spatial location
of simulated LcPs. Between group scenarios, the cost values were set to investigate whether and to what extent the different
scenarios would change the spatial location of simulated LePs. Our study found that these three factors all have a significant
impact on the pathways simulation, and, indeed, there are some interactions between factors. The spatial location of LcPs
was insensitive to the absolute values or the range of cost values as long as the relative ranking scenarios remained constant.
However, they were significantly affected by the four different group scenarios of cost values assigned to land use/cover
types, and the degree of influence is highly dependent on the spatial grain size of the landscapes, but less so with landscape
fragmentation. To deal with the uncertainty and subjectivity brought by cost values and their interactions with landscape
structure factors, this study provided some suggestions for an appropriate selection of cost values in order to increase network

modeling rigorousness.
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Table 1 Parameters used to generate spatial patterns of simulated landscapes and their factorial combinations
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Fig. 1 Examples of the simulated landscapes used in this study
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Table 2 Sets of cost values used in the factorial experiment
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Fig. 2 Examples of the simulated LcPs under different cost values
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Table 3 ANOVA test of effects of cost values, grain size and landscape fragmentation on the spatial deviation of LcPs

111 B3 A Yo7

IR Source III Sum of Squares Degree of freedom Mean square K Sig.

BEL /3 8 /5 =X Scenarios of cost values 2004.360 3 668.120 119.221 0.000
HBLBE Grain size 35677.841 3 11892.614 2122.155 0.000
e Fragmentation 9526.740 1 9526.740 1699.981 0.000

RLEE BT 7 3K

. . . 240.974 9 26.775 4.778 0.000
Grain size * Scenarios of cost values
ﬁﬂj}mﬁtﬁﬁﬁ * R . 5.920 3 1.973 0.352 0.788
Scenarios of cost values * Fragmentation
Palics 2R A
HLHE « e 1290.459 3 430.153 76.758 0.000

Grain size * Fragmentation

AL BHOMRAE Ty = = Wlemie
Grain size * Scenarios of cost values 91.167 9 10.130 1.808 0.084

# Fragmentation
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Fig. 3 Spatial deviation of LcPschange with increasing spatial grain size in clumped configuration (P_smap=0.575)
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Fig. 4 Spatial deviation of LcPschange with increasing spatial grain size in fragmented configuration (P_smap=0.3)
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Fig. 6 The impact of different scenarios of costvalueson LcPs
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Fig. 7 The impact of different scenarios of costvalueson
LcPssimulation when landscape fragmentation is high (P_smap=0.3)

2R 1) A S S REL D R AL 11 4 201 288 0 A AN ) 5 UL B B E S T SR OB BE R 1 S 0V TR R e A T AT TR
(ER TR AR |7 A Rl 2 1A 2 T( AP A58 B REL ) IR 1) TSt ) o i/ N T v 25 Tt B T

http ; //www.ecologica.cn



8 S % 358

] TR R, 1 T8 — B 5590 5 TV (P25 B i BH 7 R (R ) B 2% i (B dae /M A~ 3548 =22 1) U 3 A
MRS IF ELBEE SOUURLEE RGN, I 45 e 25 10 3 26 D 2 8 B8 A28 25 B« 24 S5 WL R4, 20m 3 B, Fr g
R EEN 21.95% HHHZ T, 1m BHZAER 9.71% ; [FIAE, 2S5 SoULBERE, 20m 5 Tm 0 944 5 20 R BE 2 30l
20.39%#1 15.81% .,

3 g ENE

A RSN [R) B BE D A 0 35 T /Iy 23 BEL T AU R T8 2 ) o W e AL ) 5 i X 5
e W] e 5 S AR SRR A AE — B AHDCPE . DRI AR T — 4> = IR R BT IR 26, DA 30 37 42 A5 400 0T BHL
FIMRAE T 3K SO 3 A O A AR 2 A I I O 2R A5 K B ) A 5 R A48 7 A I 2 5 i), L i 7
JEE B T 45 [ B R UL e A

WE— 2L 58 BH WA 7 =X B 2 9 AL R) 22 57, AT LR BFE ) — 28 R A BEL ) A =X, BH D (B 46 % K
AN SR W 45 T AR, X —4538 5 Schadt 451V XA IR EF A= S (R B m L A4 A 25 4 458 58 AR TR
T 2L 0] 2 S5 DU XGPS0 7™ A i 255 i), D0 L AR A0 1) 475 5 b (40 T0) Bl i o] F e AN 3 B b (40 TID) R i 2%
(F2), X—4585 Gonzales 25 * Fl Rayfield 2 AFF 5% 2518 40— 20, B SR X SBAF 5% 1 S W45 F 5 i 5 jH
JIRAE T 58 A —FF . Rayfield ¢ FIBFFE 0T =R - M2 (1S e H GE B HD HM AN B M) |, 43 78 H
5 HM, LUK HM 5 IM Z [A14% BRAREOC R UEA T, 45 R & B, 15K H 5 HM Z [R] I 25 B (R AT
AL o] T AN B B A 5 2 AN 2 B 3 e AR i UL T AR [RIAS 250 B R HM 5 IV Z [l 22 30 (R BT A
T A0 1] 496 S5 MR 7 =), DO 2 el e/ N A BB A28 28 ) 2 J 4G

SR BE X B AR AU 0 35 R )« AR I BE G 25 (AR B AL, S TR] B A 5 6] Iz 1) e /N R AR [ 48 4
(i) i 22 184 K 5 L I8 Sl 0 3 K, 22 W T 88 AU X I 43 B 3 (A pEL RUBE BB . W] BB L PRI A TR B A 4, 50U
SREER LR S HBEEL(RD A, B, C MR HZEALD) VR AT AEA 8, AR 22 40/ NBEH A U5 I B B A3
ST (B U s A 2R ) v B E 7 =00 22 S e g 5 R B K s ) 42 5

AW FE R FH 00 1 2 S UL AR AR 5, I A A 43 MR = b 28 R A i R 32 . Rayfield 45 2% 3 IO 55 4100
AR 3 S ATG 5, 8 35 T MR A | LT 5 e BTG S b o 1 55 BHL ) R A 22 B, 4 B0 3 3 i 5 1]
i 22 5 T E MR e 8 ) 5 8L ) IR 8 A A8 AR, AN i A AL o i/ ] LA g B AR IF 5 v 4 Al
R B2 5 BH T AN i 5 28 BAE

S5 A EEEIE M i/ N BARBUIE T GIS V5 R AUE Tl 2 T R R 5 it A 2 PR B R ok, HL 8K
P R A /D AU TR 3R GR 740 Hr B0 34 4 0 T B A AR R 3 B35 3 7 7 BHL ) I
FAPEE R A AR, ARZHEETSCUE T HUBIFGE A0 SCHR R B, B A 2 3 S BH ) WA ] LAASE 4L 5 5 B i
I e BAE Ry — B SRS 24 IR, BE D IR, R A G B 5 AR 2 TR 2 ) A ) 3 R
WAL, S22 AR ADL 1) S S5 — B 70 RS0 S5 4008l 7 P, 7 B 9 Rk 2 P b P IR 0, BRAECIRAS T I B2
MR T 0 45 K 8 () F b, i B A O B b | BT B/ S I P T AR, R A RE AT SRR 5, A 20 1L
K Z BB R E 5 20 28 SR AR BH 7 s A A6 TR0 A S5 2 %, DA o A 245 P 4% ) 25 [ 4 Mt B A1
MR AT EYE AN AN 5Tt & BUAS [R] 9 55 00 AN [ (8 SR R A, o L 77 Tt A =X A o 7t A — e
PRt AN A AE S AR IR 7 =X, A X R 5o 5 R E T B AR BB IRAE )y 5K . AR SCEEUTE A T AH DG BF
FERT, X IFFE DX S5 AR 7 Wt {0 XT B AR AL ) S i 1 AT 5 45 S 0F 5 HL I, 0k 1 8 22 M Bk A 4 B
B b A3 B R R 1) A 2 5 R R DA A 3 T R+ S 8 R RS () 5 SRR i BHL D TRAEL,
TR BT MR A A N A S5

H A, {SCF b it 50U 3% 12 SR R G I 5% /DN AR A ASEADL X L 7 I (L P o 7 O 2R il SRt AR Ak,
FE L SIMMAP2.0 500 AR R = A 1) 8 ARSI R X 52 | =B [ WA T i B R AE 7 =X (F0 45 4 4 12
NI B RAE 7 20 FIAK SRR (4 AN 7K 5L BE /NI 2 AN 2K R B AR J3E ) X6 s /N A 86 AR AL 1)

http ; //www.ecologica.cn



224 Wrarlh 55 BEL 7 TR ARX S WL A ADL 1) 5 vl 9

Wi, P48 2R Gt At 1 BT R 7 30 S5 UL 3 S AU ) 52 W, L B A5 4 8 S5 UG SRy R TR 3R R 38 LG 3% 5 1R
P RS T AT REAEAE AR PR RRAE , 0 5 R IE 1 [ Sh— LB SRR ST A B, X T A58 B M A i B2 Y
AFE R ARG B SRR — 2k, A AN SO RE SCREWUAG Ry R AR i, (03 B T 5 WAL B2 =S
(]34 75 A PR A D A B RSk BTSSR LA 25 R R DI 4 28 HAt DN 3R A S 0 T, ik — AP 5 B
WAL 75 XN S5 WL R RABL R R

2% 3L HR ( References)

[ 1] Brose U. Improving nature conservancy strategies by ecological network theory. Basic and Applied Ecology, 2010, 11(1) . 1-5.

[ 2] Taylor P D, Fahrig L., Henein K, Merriam G. Connectivity is a vital element of landscape structure. Oikos, 1993, 68(3); 571-573.

[ 3] Uezu A, Metzger ] P, Vielliard ] M E. Effects of structural and functional connectivity and patch size on the abundance of seven Atlantic Forest bird
species. Biological Conservation, 2005, 123(4) . 507-519.

[ 4] Sork VL, Smouse P E. Genetic analysis of landscape connectivity in tree populations. Landscape Ecology, 2006, 21(6) ; 821-836.

[ 5] Neel M C. Patch connectivity and genetic diversity conservation in the federally endangered and narrowly endemic plant species Astragalusalbens
(Fabaceae) . Biological Conservation, 2008, 141(4) . 938-955.

[ 6] Koen E L, Bowman J, Garroway C J, Mills S C, Wilson P J. Landscape resistance and American marten gene flow. Landscape Ecology, 2012, 27
(1):29-43.

[7] Wang Y H, Yang K C, Bridgman C L, Lin L K. Habitat suitability modelling to correlate gene flow with landscape connectivity. Landscape
Ecology, 2008, 23(8) : 989-1000.

[ 8] Urban D, Keitt T. Landscape connectivity: a graph-theoretic perspective. Ecology, 2001, 82(5) . 1205-1218.

[ 9] Moilanen A, Hanski I. On the use of connectivity measures in spatial ecology.Oikos, 2001, 95(1); 147-151.

[10] Calabrese ] M, Fagan W F. A comparison-shopper’s guide to connectivity metrics. Frontiers in Ecology and the Environment, 2004, 2(10) .
529-536.

[11] Minor E S, Urban D L. Graph theory as a proxy for spatially explicit population models in conservation planning. Ecological Applications, 2007, 17
(6): 1771-1782.

[12] Wats K, Eycott A E, Handley P, Ray D, Humphrey ] W, Quine C P. Targeting and evaluating biodiversity conservation action within fragmented
landscapes: an approach based on generic focal species and least-cost networks. Landscape Ecology, 2010, 25(9) . 1305-1318.

[13] Verbeylen G, De Bruyn L, Adriaensen F, Matthysen E. Does matrix resistance influence red squirrel ( Sciurus vulgaris L. 1758) distribution in an
urban landscape? Landscape Ecology, 2003, 18(8) . 791-805.

[14] Michels E, Cottenie K, Neys L, De Gelas K, Coppin P, De Meester L. Geographical and genetic distances among zooplankton populations in a set
of interconnected ponds: a plea for using GIS modelling of the effective geographical distance. Molecular Ecology, 2001, 10(8) . 1929-1938.

[15] Knaapen J P, Scheffer M, Harms B. Estimating habitat isolation in landscape planning. Landscape and Urban Planning, 1992, 23(1); 1-16.

[16] Adriaensen F, Chardon J P, De Blust G, Swinnen E, Villalba S, Gulinck H, Matthysen E. The application of “least—cost” modelling as a
functional landscape model.Landscape and Urban Planning, 2003, 64(4) . 233-247.

(171 ZREJ, A&, EMERE, 30k, BUHE, 2. BT R AR SOUGE B EE P, BT AE 32741, 2009, 20(8) : 2042-2048.

[18] Baguette M, Blanchet S, Legrand D, Stevens V M, Turlure C. Individual dispersal, landscape connectivity and ecological networks. Biological
Reviews, 2013, 88(2): 310-326.

[19] Cushman S A, McKelvey K S, Hayden J, Schwartz M K. Gene flow in complex landscapes: testing multiple hypotheses with causal modeling. The
American Naturalist, 2006, 168(4) :486-499.

[20] Bunn A G, Urban D L, Keitt T H. Landscape connectivity: A conservation application of graph theory. Journal of Environmental Management,
2000, 59(4) : 265-278.

[21] Pullinger M G, Johnson C J. Maintaining or restoring connectivity of modified landscapes: evaluating the least-cost path model with multiple sources
of ecological information. Landscape Ecology, 2010, 25(10) ; 1547-1560.

[22] Etherington T R, Holland E P. Least-cost path length versus accumulated-cost as connectivity measures. Landscape Ecology, 2013, 28(7):
1223-1229.

[23] Belisle M. Measuring landscape connectivity: The challenge of behavioural landscape ecology. Ecology, 2005, 86. 1988-1995.

[24] Broquet T, Ray N, Petit E, Fryxell] M, Burel F. Genetic isolation by distance and landscape connectivity in the American marten
( Martesamericana ) . Landscape Ecology, 2006, 21(6) : 877-889.

http ; //www.ecologica.cn



S % 354

[33]

[34]

[43]

[44]

JEIIR, KT AR T B 6 2 X RN T RS S RULEE PR S RS2, 2014, 33(2) ; 440-446.

TR, BOSCHE, "HOiE, 2R, MR I A ST RE R A SR TE . BRI AEHR, 2010, 25(1) ¢ 71-79.

AL, TR, Rl R et AR AR e e R RO T R Bt ARAS AR, 2009, 29(3) : 1189-1204.

Kong F H, Yin H W, Nakagoshi N, Zong Y G. Urban green space network development for biodiversity conservation; Identification based on graph
theory and gravity modelling. Landscape and Urban Planning, 2010, 95(1-2) . 16-27.

Teng M J, Wu C G, Zhou Z X, Lord E, Zheng Z M. Multipurpose greenway planning for changing cities: A framework integrating priorities and a
least-cost path model. Landscape and Urban Planning, 2011, 103(1) . 1-14.

WRARUoh. ST (023 ) 255 AP 5 AR S RIS — LAAE RO ). dbat. i R4 B AR 28 SRS oy, 2008.

Pereira M, Segurado P, Neves N. Using spatial network structure in landscape management and planning: a case study with pond turtles. Landscape
and Urban Planning, 2011, 100(1) . 67-76.

Driezen K, Adriaensen F, Rondinini C, Doncaster P, Matthysen E. Evaluating least-cost model predictions with empirical dispersal data: a case-
study using radiotracking data of hedgehogs ( Erinaceuseuropaeus) . Ecological Modelling, 2007, 209(2-4) . 314-322.

Chardon J P, Adriaensen F, Matthysen E. Incorporating landscape elements into a connectivity measure: a case study for the speckled wood
butterfly ( Parargeaegeria L.). Landscape Ecology, 2003, 18(6) : 561-573.

Clevenger A P, Wierzchowski J, Chruszcz B, Gunson K. GIS-generated, expert-based models for identifying wildlife habitat linkages and planning
mitigation passages. Conservation Biology, 2002, 16(2) . 503-514.

Johnson C J, Gillingham M P. Mapping uncertainty: sensitivity of wildlife habitat ratings to expert opinion. Journal of Applied Ecology, 2004, 41
(6): 1032-1041.

SRR, SRS R G R RES SR (M) JUat: mSEE B, 2007.

Pascual-Hortal L, Saura S. Impact of spatial scale on the identification of critical habitat patches for the maintenance of landscape connectivity.
Landscape and Urban Planning, 2007, 83(2) . 176-186.

Rayfield B, Fortin M J, Fall A. The sensitivity of least-cost habitat graphs to relative cost surface values. Landscape Ecology, 2010, 25(4) .
519-532.

O’ Brien D, Manseau M, Fall A, Fortin M J. Testing the importance of spatial configuration of winter habitat for woodland caribou: an application
of graph theory. Biological Conservation, 2006, 130( 1) ;70-83.

Saura S, Martinez-Millan J. Landscape patterns simulation with a modified random clusters method. Landscape Ecology, 2000, 15(7) : 661-678.
LiXZ, He HS, Wang X G, BuR C, Hu Y M, Chang Y. Evaluating the effectiveness of neutral landscape models to represent a real landscape.
Landscape and Urban Planning, 2004, 69( 1) ; 137-148.

McRae B H, Kavanagh D M. Linkage Mapper Connectivity Analysis Software. The Nature Conservancy, Seattle WA, 2011. http://www.
circuitscape.org/ linkagemapper

Schadt S, Knauer F, Kaczensky P, Revilla E, Wiegand T, Trepl L. Rule-based assessment of suitable habitat and patch connectivity for the
Eurasian lynx. Ecological Applications, 2002, 12. 1469-1483.

Gonzales E K, Gergel S E. Testing assumptions of cost surface analysis-a tool for invasive species management. Landscape Ecology, 2007, 22(8) :

1155-1168.

http ; //www.ecologica.cn



