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An Analysis of Changes in Forest Fragmentation and Morphology in Surrounding Landscapes

of Maeulsoops and Jinan-gun'®
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ABSTRACT

The changes of forest habitats and maeulsoops(village forests) in Jinan-gun, Jeollabuk-do, South Korea are
examined using landscape indices and morphological pattern analysis, and their landscape-ecological
implications on conserving biological diversity are presented. We used FRAGSTATS and GUIDOS software,
as well as land cover maps(of 1989 and 2006) to analyze the spatial and temporal patterns of habitat composition
and configuration in surrounding landscapes of 34 representative maeulsoops and Jinan-gun. The results
showed decreases in the amount of core habitats and corridors and habitat connectivity at a regional scale since
1989. In addition, multi-scale habitat analysis at a focal scale revealed that the structural and functional
connectivity between forest habitats surrounding maculsoops of the year 2006 was lower than that of the year
1989. In order to reduce forest fragmentation and to enhance the connectivity among habitats, it is necessary
to provide the additional habitat corridors as well as preserving existing corridors and surrounding landscapes
of maeulsoops. We also suggest that a combination of landscape indices and morphological spatial pattern
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analysis can provide an effective tool to assess the habitat functions and configuration in a rapidly changing

landscape.

KEY WORDS: AGRICULTURAL AREA, BIODIVERSITY, SPATIAL SCALE, GUIDOS
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A THRodrigues et al., 2004).

= AALE I 3 AErdd e B
FToot Az FHE(field margins)9} HE
(scrubs), A-2-E}2](hedgerows), A - (sacred groves), 7+
Z % (remnant woodlands) 5o 2 o] 5ol % t}dt =21
& Al 2] %] (semi-natural habitats)”} Ho} L THDuelli and
Obrist, 2003; Millennium Ecosystem Assessment, 2003).
v AEuYdd B o] HaA o JFHE
S FEAGY A - FAA A A A Fo] WA EH O] AL

AAY AP A HJArk BAISe; o] s, ok
&% (intensive agriculture) 5-©] A2 AF F<E&38)aL, A4

Al 77 (composition)= IHHstsl= F8 97 82l
(Newton, 1988; Kwon et al., 2006). =3t A& 7127
2 B2 gy Fd A ik sE2A Y A
A A 9ok B stE B 7hs Al tH(Forman and
Alexander, 1998; Kwon et al., 2006; Turner et al., 2007).
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e BHS 9k A A A47F Sdeitheg
Tschamtke et al., 2005; Bianchi et al., 2006). 3 =]
ME FEAY AAAEY] T84S oldstr] A3
i1, 53] wE7 T FoldE A8 kS < (maeulsoop;
village forest)®] A =Tt 2 AEj A An]2 A7 &
¥ At (Lee er al., 2007; Koh, 2011). 7} &% 1<

At sl oal] A EAY IEHS BEsH] HEl 2
PEot AP Ho]e o7 HegFEAFAdA &3 2
A% 553 AeEsld do|th(Lee er al., 2007). vH
S AL FAAES FRASE B TE v EE
owA g 27} 2 EHFY A Tkl
Aol A A2 A 2F A= o] 53 T2 A Thseed
dispersal) & ¥ &3} 3= A EF = (corridor)9} A 7
T} 2] (stepping stones) 9 &S Hch(Park et al., 2006; Koh,

2011). webA] FEA A AEA 2 T3] SEef 4
7 A A A (connectivity)2] TS H3l vFEES H o]
TAA EHe AT Aol

AEtdd e Bds faids FAa4 02 EXol&
o] Wgle} A AEE FEEst 159 HHol
= A4 A9 & El(morphology)2t T4 (composition),
#-Q) (configuration)S T A7) A g x| ofof gt} A
A e] 3 st skE g@Ash] s muel e A
Aol 7]9kS ¥ FRAGSTATS(McGarigal et al., 2002a;
2002b) A 7]Mo] o] A&-5ATHON e al, 2007; Han
et al., 2011). FRAGSTATSS 4% s x| o} Sa)~, 77
= (patch, class and landscape level)oll A A4 %] 3} 3}
of AZAA #E v div= F&3tth 1 H A
W A2 A s Fds FA s v Fetal AT
E bl dE oEAo] /oM, FRAGSTATS A #AFE
I AEF A 57 dAdAE v AT = A
Ao 72 o] FoHTh(Lee, 2007).
BHAT AT dAS F&Hs7] A8 FH 2ol A4
o] T3t FeEjell 7]WHE F GUIDOS 4] 719 o] #|A]
AtH(Vogt et al., 2009). GUIDOS2] A2} #] &7 7|9
4~8+4 3 ] #(mathematical morphology)ell 7|4+
o = A (pixel) dHoNA HA A2 x| e} 7pAE] A2
A, 24 - 7154 AHE Z(functional corridor) & &%t
Fejol] W& A AR 75 EFE 7Hs Al gk (Vogt et
al., 2009). 712l B2 7]Eol ARMA AAAFEL T
AR T3 FE A 7IHS 4 S skE EA 6L,
A AT e S S48k glo] &3t
A Ae" F AL Aolth(Vogt et al., 2007a).
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20063 ¢ A W= LB
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o2 3l A9 f K (regional scale)®} v 19
A#AS Yoz s U gF E(focal scale)Z U0
A Hokth o] & F3lA FRAGSTATS®| 73449}
GUIDOS7} Al & ste M2 A Jef 77+ A3 1%
oA dojrb= A2 A WMt FFS DA "As=A
sRelstaL, 5 7S A&sto] maE AMAA W
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25 5ol oF 37%, AATH oF 36%, EaHS oF
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o]E] 3+ A}7]/dFH(spatial autocorrelation)S 0], PS5

FH Aol THH= S o] ddl e 7P HA
Ag)7F 1.5km o]do] 3= 34712 vFE%(0.01 ~ 1.23ha)<
2% &} t(Table 1; Figure 1; Holland et al., 2004). 71t
ol FololE nhEge] WA o, v‘o, uhske] A
5o AubAl B9 A, H, &f T AR AE A
ol A, A 2 A A% 5L Park and Lee(2007)°1

2 veht otk 54 42F) AAAE to a4 o
et 2 A0 AukdQl T2} 7)5] he

wg— shotet izt Q1 R glol A AEAE e
B3] u;}

= Maceulsoop
[ Forest habitat

Figure 1. Jinan-gun map showing forest habitats(2006
year), with the maeulsoop sites used in this
study(for abbreviations of maeulsoop, see
Table 1)

Table 1. The size and forest type of 34 maeulsoops chosen for habitat fragmentation and morphological spatial

pattern analyses

Maceulsoop Abbreviation Size(m') Forest type Maeulsoop Abbreviation Size (m') Forest type
Hansikgol HI 144 Deciduous Mugeo MG 1,440 Deciduous
Geumyji GJ 250 Deciduous Guam GA 1,456 Deciduous
Seongsansooppul SS 282 Deciduous Wondongcheon WD 1,537 Deciduous
Bermbau BB 300 Deciduous Jeongsong JS 1,550 Deciduous
Jongpyeong JP 320 Deciduous Saindong SD 1,760 Deciduous
Yanghwa YH 500 Deciduous Wonsan WS 2,800 Deciduous
Wonoigung WI 553 Deciduous Panchi PC 3,410 Deciduous
Seochon SH 572 Deciduous Geumpyeong GP 3,500 Deciduous
Sambong SB 660 Deciduous Junggi J 4,000 Deciduous
Yeri YR 720 Deciduous Tangok TG 4,510 Deciduous
Yungi YG 800 Deciduous Hasuhang HS 4,725 Deciduous
Wolun wuU 987 Deciduous Jidong JD 5,100 Mixed
Sangjorim SJ 1,000 Mixed Junggun JG 5,250 Deciduous
Hano HN 1,024 Deciduous Hoisa HA 6,200 Coniferous
Sangcho SC 1,040 Deciduous Wonbanwol WA 6,554 Deciduous
Geynam GN 1,120 Deciduous Wonyeonjang wY 8,000 Deciduous
Chudong CD 1,120 Deciduous Wonban WB 12,300 Deciduous
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&3F e 40 4= GUIDOS(Vogt et al., 2007a; 2007b)

2. A U 7} &85 %k GUIDOS®] FEjA ow] A T2 A &4
2

A 2] WskE vfetsr] flsf xgkre] 1989 64
343t 20069 10¥ 169 EA95E=E 2813tk 1989
d2 S7beAd dE] SRASH(WAMIS)O A Al g2
30m st dEe] BA v EES &8k 200612 1
A A ZA(USGS) ] Landsat TM $14 BAS o]-&-3}a,
ENVI 4.5 Z2I(ITT VIS)°lA & t)$-%= % (maximum
likelihood estimation)& %83} EX|3|EA|EE 214 s}
ATh EX I EEF S AT EXEEFAAE
v o 2 A]7FA](urban), YA|(barren), Z#(grass), 4]
(forest), +=(paddy field), W(dry field) & % 77}4] F-i2
2 ¥ Ministry of Environment, 2002). ArcGIS
9.1(ESRI, Inc.)olA EXIEAES AAE W3} FS
gotg 5 ZF A7 545 FEslh

WA, ARl tidatrRellA Z2F FRAGSTATS
(Version 3.3)(McGarigal et al., 2002a; 2002b)3} R X 21
= 917]1%] SDMTools(VanDerWal et al., 2012)E &3 571
o] BHATES AEsha Ak A -] AAE WskE
g1t} 571 ] BAA = A L E(PD; patch density),
Hyt 9 A A 7](MPS; mean patch size), o] %] %]
(LPI; largest patch index), ¥ A 7Z](MNN;
euclidean mean nearest-neighbor distance), ¥ = 53 #|
4*(COHESION; patch cohesion index)©] tH(McGarigal et
al., 2002a; 2002b). °1& AFE AH Q49 T4 A9
o whe shasel 924 RS AAsE o slol ¥
o]-8-¥H tiTable 2; Tischendorf, 2001; Zhang and Wang,
2006).

Rk AA| Abe MAA 6} nhew 3t T Ak A 2449

of dejalor = Tag FrHA Sa4e HaE A
% (pixel size)9} 7S A2 (edge) G S A4t 728
Zx(structuring element; see Vogt et al., 2007a)°]t}. o] o
ToA= 30me] 37t ANE EASEA LS AMSSkaL, d
o] Aol A 7HgAke] SN edge effect)’t =LA WERG
T B = ez, A v (matrix) o] A 25
B W5 A 99 30m 74 E Ak @Eke] w A=
H 2 A3 th(Murcia, 1995; Laurance, 1997). w2}
A TEees 12 AREY sAZ E7E 4 o
7t AZA AL 4-neighbor rulel] 9] 2]= At o5 vl
S =% GUIDOS®| HE|A o]u|#] 3Z 2 A|/d(morphological
image processing)°l 93l & (core), F =0l 3Tt
74 (bridge)¥}+ ] A (branch), (loop), 2+ 4 FE| =
Efrb= H(islet), A A A ES UL 9 ¥ (matrix),
A vk AAQ 7Hd A (edge), AHH W] Y
(gap)= 2 v &l % E(perforation) 5 21249 759 uwt
2 87119 AAA] FEE 73 th(Figure 2; Table 3).
e 5 B JEE 7)ol ok A Soille and
Vogt(2009)°] 2 veht o),

AEnitt & BolH o= AAR] A3 o] thE e
H.o]3(Vos et al., 2001; Lookingbill et al., 2010), &+t
o gt A3 4 2 (landscape composition)”} B2k
217] wiZoll eSS B3] e e e digh
a7} HFEA] 9 SF(Tscharntke et al., 2005). WeEkA]
e A7E 24 AT ey T ke
FRAGSTATS 7J¥A|s=k AA4#] el el o] s} 242
4SS 4102 50, 100, 200, 500, 1,000, 1,500m ¥+
= 7o ® BAYT o3 theqtie iAo oy

o

Table 2. Descriptions of landscape indices based on McGarigal et al.(2002a; 2002b)

Index(abbreviation)

Description

Patch density(PD)

PD(number of patches over total landscape area) is a simple measure of forest
fragmentation.

Mean patch size(MPS)

MPS is a simple measure of forest fragmentation. The area occupied by forest
patches divided by the number of forest patches.

LPI is a simple measure of dominance. It equals the area(m’) of the largest forest

Largest patch index(LPI)

patch divided by total area covered by forests(m’), multiplied by 100(to convert
to a percentage).

MNN is a simple measure of patch context to quantify patch isolation. It equals

Euclidean mean nearest-neighbor distance(MNN)

the distance(m) mean value over all forest patches to the nearest neighboring

patch, based on shortest edge-to-edge distance from cell center to cell center.

COHESION measures the physical connectedness of forest habitat. It equals 1
minus the sum of forest patch perimeter(in terms of number of cell surfaces)

Patch cohesion index(COHESION)

divided by the sum of forest patch perimeter times the square root of forest
patch area(in terms of number of cells), divided by 1 minus 1 over the square

root of the total number of cells in the landscape, multiplied by 100 to convert

to a percentage.
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Figure 2. Hypothetical forest map(left) and the eight
pattern classes classified by morphological
image processing for forested pixels using
the software package GUIDOS(right). For
clarifying the classification result, numeric
values assigned to each pattern class.
Complete descriptions of the pattern classes
are given in Soille and Vogt(2009)

2 2F7E X -4 o EEY] &5 W At
(dispersal), EAH(seed) M3t AT]E E3¢h(Sutherland et
al., 2000; Bowman et al., 2002). ArcGIS 9.13 R 2.12.0
£ZEY oS o] gato] mEpo Ry 7 vl 5olL
= MRS AT A 1 e HAS Al
Shat, Al7IERE 95% AlF 4ol BAH R fojuldk 2}
o|7} A=A EA 5T

TE B B4 R 2120 AZEYOIE o]g3lo] 423
H SATHR Development Core Team, 2010). AFA Z=A} A3}
t4=2] d]o]E 7} log H+= square root W&ol = E--5}3L
A7t/ (normality) ¥} 5%-4Hd (homoscedasticity) S T4
714 gko} H|E7FA 7" Q] Wilcoxon rank sum testE ©]
|33, 2108 WSSk HolHE t-tests AAIFTH

o=

Zlektol 2001 859 HAHE FARA AL :
Qb A WAl sk Abde] WA 1989
84.79%°1 4 20063 81.27%= Tha Zo]EQ]t) 24| A9
o] WA E Fhastal Ut BAA| 7P e (field margin)
oo ek A AAA s dete 2AA S Eg
o M2 9} A FEA Y] 25T R TES BT
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Aol 2ol ml-$- T3 cHKells ef al., 2001; Wuczynski
et al., 2011). webA] offl XJA1x] WA o] ZhA7t AEThY
doll ow gk FEFS W= Aol diste] W 4lo] I
st} A7EsE A9 126%0014 3.43%% F7FeFaL, 5
2 52 Mty AFA N T ERFS ddld 7|

Table 3. Descriptions of eight forest pattern classes
(Ostapowicz et al., 2008; Soille and Vogt, 2009)

Pattern class Description

Core is a forest interior region beyond a

Core S
certain distance to forest boundary.
. Bridge is without core forest and connects
Bridge .
at least two different core forests.
Branch is without core forest and connected
Branch
at one end only to a core forest.
Loop Loop connects to the same core forest.
Edge Edge is an outer boundary of core forest.
Islet Islet is too small to contain core forest.
Perforation Perforation is the inner boundary of core
habitat adjacent to holes in core habitat.
Matrix Matrix is a nonforest area.
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Table 4. Land-cover(1989 and 2006) types in Jinan
-gun

Land-cover types(%)

Year Water Urban Barren Grass Forest Paddy Dry

1989 040 126 074 1.61 8479 6.80 440
2006 3.02 343 092 087 81.27 6.86 3.63
Mean 1.71 235 083 124 83.03 6.83 4.01

Table 5+ ZIQk A A+ 74
BEE Anste s/ ABA T AAD @& .
2 S (PD)E= 2006 0] 1989 Bt} %9k1, Hyt I
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th w3 FHo A A SF(LPDHE 200611 0] 1989 o
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Figure 3. Representative examples of the changes of habitat pattern classes for Wolun(A and B) and Jongpyeong
(C and D) maeulsoops and surrounding forest habitats from 1987 to 2006. Each sector(around the
maeulsoops) shows nested circles ranging from 50 to 1,000m diameter

AE7F O WA AS & F Ak AAA A7 et
A& YEtd= 3t 32 AZ(MNN) 452 20061 ]
1989 B th o ottt wheba] A qf oAl AA] A
AHE B, 200613 0] 198910l H & AH A 2]

Table 5. Landscape indices chosen to compare the
spatial pattern of forest habitats(1989 and
2006) in Jinan-gun

Index 1989 2006 Mean

PD(patch density; number kn~) 344 386 3.65

MPS(mean patch size; ha) 24.63 21.06 22.84

LPI(largest patch index; %) 83.21 63.22 73.22

MNN.(euclldea.n mean nearest 5056 56.88 53.72
-neighbor distance; m)

COHESION(patch cohesion index) 99.97 99.92 99.94

GUIDOS®] ¢ 3] 575 A7]8 eoka Ahe A 2%
Hef o] WA= Table 63 7Tk 341 (Core) A4 4]
WAL 19899 73.7%01 41 20061 69.7%5 7HA ST
U (matrix) 3 7H A2 (edge) A A A= 19891 HHE
200691 7HA] F7FTE AlZFA] Ao o] gt B2 )
A 7R3 Fo.' Qlaf nhgre] M o] FojubiA S
AAA = Haste], Bax e Aok 2ol Aby v 3}
7b A dofuta doke AL 9% ok 22 ¥
A ARAE dAANA F

of 5 WA AA4A Ul
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Table 6. Morphological spatial patterns of forest habitats(1989 and 2006) in Jinan-gun

Forest pattern types(%)

Year Core Matrix Edge Loop Bridge Branch Perforation Islet
1989 73.69 15.21 4.46 1.39 1.40 1.49 1.67 0.69
2006 69.71 18.69 5.03 1.46 1.06 1.51 1.77 0.77
Mean 71.70 16.95 4.75 1.43 1.23 1.50 1.72 0.73
W2 o)} A3k b5 el Shs foop) BRE A FHOE som vl AAA @Al dle] s violirks
Wk gt Aom vehgth aeu A2 0E a4 A2 3ag 2 AW 1793 7h3% F4 50m ol
MAAEE AAAA T+ 1Hd(bridge) &= 743 22 Wl AAR] AR 1AM o] & wshr)
3 glE A0 ehdrh olE A A B2 el URE AL & S ek s FH 100m FH R A
s AF ] 5ol Aekd HE7] Wil Ao & = WA S A @] ol Wb AL, 20061 9
S th B2 (corridors) A2 A WA 7hAaE v]Ee] & A H1X] AS(LP) o] 19893 BT S 8HA skt
Ashe 27 gl A AL WAe] Aobd AF(habitat O 100m TFEAAE A4A9] T2 AR o}
generalists)?} 574 X 2AAE Q73F= A =5 (habitat A& Wk ol WA o] 4k A2 A7} 9k 8 E Q)
specialists)oll 7] 7}7] th& 4&& & 4 a1, ol 54l ot 2E 9m gttt 200 ~ 1,500m TFEANA & BE A
AgE Fol WE AT S mE £ AEE - A HA ol A fref g AFol 7k AT WA RE=(PD)9t B
&-CH(Gillies and Clair, 2008). ©] A-olA =€ AAL  +F ;X AZ(MNN) g2 200611 0] 198913 BT} -2 3}
A A S Fa A AHEEE A8 FAY A 231, Ft X Z7|(MPS)eF Hol X A4, 9] 4]
A4 7HA de2 EAsE A H(branch) TEE 33 S A5 200613 0] 1989 BT} foahA Wt Ao
Beae Nz e G4 AAAES AANA FE A 2 ek g2k 200m ol pheE F4 FRA
go] dasttt. EES ARAFES 5 aedle] 20061 0] 1989
A A2 Y59 <5 (perforation)> A2 W37 ¢l
o 28y £5S OVQEU A2 o] Wstek 9lF Table 7. Significance values for analyses of variance
(invasive species)?] HF, 12 <lak A 5o & t}ok when comparing the landscape indices
A g = JJ.E}(dmturbance)«] e = 2= 917 W50 between 1989 and 2006, which were

(Cadenasso and Pickett, 2001; Felton et al., 2003; Totland
et al., 2005), o]o thak W s AejxAle} Bej7t o
stk o= mgE A A4, H(islet) =3 {OEL At
Tl A= A2 Ma} Stk HoR wRE A E
o EEolA AT MAA R AAE 5 QA FA
o B2 Ho|& AT & 4 o] T8 th(Herrera and
Garcia, 2009). &= ©] xS A A3 (sacred groves)2]
PR A Falo] Ealow HAst Qe S0

AJA W37 gle Aoz FS5EUK(Park and Lee,
2010). 5 LHE AAA gAE Ao HE}
o WA 2 AAAES TR, oFERY o

5 A4 A NES BUEY she A7) Bas

2~ oly

3. S TR AR A A2 o] A iAot P E W)

Table 7 PSS TAORE Thg Tt R4 Al7]
W ARAFEY F3 2ol 7t A=A E YERATE vt
S48 FAOE 50m PR HEAE A & AF
(COHESION) kol A gk f-efgh zfo]7}h QIQlal, k&S

calculated in FRAGSTATS, in surrounding
landscapes of maeulsoops. Signs - and +
indicate that the first treatment has a bigger or
lower value of area size, respectively. ns:
non-significant at p = 0.05

Scale 1989 vs. |Scale 1989 vs.
(m) 2006 (m) 2006
n 68 n 68
df 1, 66 df 1, 66
PD ns PD <0.001(+)
MPS ns MPS <0.001(-)
50 LPI ns 500 LPI <0.001(-)
MNN ns MNN 0.002(+)
COHESION  0.029(-) COHESION  <0.002(-)
PD ns PD <0.001(+)
MPS ns MPS <0.001(-)
100 LPI 0.009(-) | 1,000 LPI 0.003(-)
MNN ns MNN <0.001(+)
COHESION 0.009(-) COHESION 0.002(-)
PD 0.047(+) PD <0.001(+)
MPS 0.002(-) MPS <0.001(-)
200 LPI <0.001(-) | 1,500 LPI <0.001(-)
MNN 0.004(+) MNN <0.001(+)
COHESION  <0.001(-) COHESION  0.002(-)
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Hjel Akl sbstel 1Y Aerb A5, A A28
okt o] ok AA A AHs ddow #43
& ok U AAE Y, 200m o] o] 4]

T2 Wl RIZISHA wh&sh= of s w A
2] 44 (persistence) ¥} I ol = F- A A9 A&S v A
Ao & ket mebA nhSedh FH A 2AA]) 1 qhe|
A M A ek ke ol EE Y BAS fa FS v
S ROA AEAQ AH RUHE S T3 AAA
AZA8 e Fola, HAsE HAastshe S48 &
T

Table 82 "lS5S TAHOE T FIf oA 72t
A A2 ol whet A7 WA Aol 7} gl

Wik, wpe olgk v EH F A7 I (abiotic seed
dispersal) A2 W9} ofAsE9] dd &5 v 1Y
o a1k 50 ~200m TEOl A & A (core) A2 A H A
& 1989 HT} 20061l frolakAl 2> AS = e
tH(Figure 3). o9} #& TR et #Hdle] nfS 4
Al T W‘Xle &5 0?_ 6}% o5A o] e
A2 ofAFTE] AEC] oY olF w9 v
3oL 012 o7 ]—i— E} 2HH dslet)=
100, 200, 1,000m®] TFE.o A 19891 H.t} 2006 o <]
Al S7hek Ao 2 YERSA N, 7Hg A (edge) A2 A
= 50~200m TFEAA G5 Fast Aoz e
ok mhee i FH A A A Fo] 22 HZ st
HHA A A A x)ef uree] AAZE H= Ak A
A& FolE Aoz yekdh

22 WA A AE AAA 7= SHloop) FEoF A
W 5-2] <5 (perforation)> & 7HF 2 A7) b f2lw
3k o] 7} §lATh A A (branch) 22 W& -2 200m T
Lo Ak ok Afo] & YERTE v AE TE
A AAAES AAA T E A (bridge) B 22 A2
50 ~ 1000m 7oA 19891 Bt} 200613 ol 2] 3HA] S
% TH(Figure 3). 5, 19891 d Bt} 200630 nfS< FH
AN AR 22d Ado] & dFH &S Tt
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Table 8. Significance values for analyses of variance
when comparing the areas of habitat
morphological patterns between 1989 and
2006, which were identified in GUIDOS, in
surrounding landscapes of maeulsoops.
Signs - and + indicate that the first treatment
has a bigger or lower value of area size,
respectively. na: not available; ns: non-
significant at p = 0.05

Scale 1989 vs. |Scale 1989 vs.
(m) 2006 (m) 2006
n 68 n 68
df 1, 66 df 1, 66
Core 0.028(-) Core ns
Islet ns Islet ns
Edge 0.006(-) Edge ns
Loop ns Loop ns
50 Bridge 0.014(-) 500 Bridge 0.001(-)
Branch ns Branch ns
Perforation na Perforation ns
Matrix 0.038(+) Matrix 0.006(+)
Core 0.018(-) Core ns
Islet 0.036(+) Islet 0.044(+)
Edge 0.003(-) Edge ns
Loop ns Loop ns
100 Bridge 0.001(-) 1,000 Bridge 0.019(-)
Branch ns Branch ns
Perforation na Perforation ns
Matrix 0.008(+) Matrix 0.024(+)
Core 0.009(-) Core ns
Islet 0.031(+) Islet ns
Edge 0.028(-) Edge ns
Loop ns Loop ns
200 Bridge 0.001(-) 1,500 Bridge ns
Branch 0.005(-) Branch ns
Perforation ns Perforation ns
Matrix 0.001(+) Matrix 0.019(+)
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