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Landscape pattern characteristics and ecological effects on five northern islands of

Miaodao Archipelago

CHI Yuan, SHI Honghua”, WANG Enkang, GUO Zhen, FENG Aiping, MA Deming
The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China

Abstract; Landscape pattern is the outcome of comprehensive effects of natural and human factors on geographical space,
and has a significant impact on the structure, function, and process of ecosystems. An archipelago is an aggregation of
multiple neighboring islands, and there are significant differences in the basic features such as areas, shapes, and terrain
conditions between and within the islands in an archipelago. Meanwhile, human activities, including urban and rural
construction, plantations, and transportation, as well as the vulnerability of island ecosystems, are spatially heterogeneous
on an archipelago, which make the landscape types more diversified, resulting in more differential landscape patterns and
complex ecological effects. In this study, five northern islands of the Miaodao Archipelago were used as study areas, which
are the typical islands in North China, located north of the Shandong Peninsula, at the juncture of the Yellow and Bohai
Seas. The driving factors of landscape pattern here are highly complicated. Based on field investigations, 3S technology
methods were adopted. Patch density (PD), edge density (ED) , mean shape index ( MSI) , and human interference index

(HIT) were used as the landscape pattern indices. The landscape patterns were analyzed in landscape, island, and grid
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scales, respectively. Then, the relationships between landscape pattern and ecological effect indicators, including net
primary productivity (NPP) , plant diversity, and soil properties, were examined. The results revealed that the landscape
patterns showed obvious spatial heterogeneity in different scales. In the landscape scale, coniferous forest, broad-leaf forest,
and grassland constituted vegetation landscape, which occupied the largest proportion of island landscape, and their PD,
ED, and MSI were generally higher. Construction land also had a larger area and its PD was higher but its MSI was
minimal ; the area of bare land was smaller than those of the above-mentioned types with median landscape indices; the
areas of the other landscape types were < 100 hm2. In the island scale, both PD and HII increased with increases in island
area, population, and GDP. In the grid scale, PD, ED, and MSI had significant positive relationships with altitude,
whereas HII had significant negative relationships with altitude and slope. Different landscape pattern indices were also
related to each other, and there were significant positive correlations among PD, ED, and MSI. HII had significant negative
correlations with PD and ED. Island area, terrain, and human activities were the fundamental, limiting, and direct driving
factors of the landscape patterns, respectively. The ecological effects of landscape pattern were closely related to the scale
selected. In the landscape scale, all the ecological effect indicators showed significant differences in different landscape
types. In the island scale, the responses of ecological effect indicators to landscape pattern were insensitive. In the grid
scale, ecological effect indicators and landscape pattern indices had significant simple and partial correlations, yet the
results of simple and partial correlations showed differences. NPP and soil moisture content were mainly influenced by
landscape types and vegetation status. Biodiversity and soil fertility were influenced by landscape types, and the
fragmentation and edge effect of landscape pattern. Increased intensity of human activity has led to a decrease in each
ecological effect indicator. Construction scale control, optimization of landscape allocation, and improvement of utilization

methods are important measures to maintain the stability of island ecosystems.

Key Words: Islands; Landscape pattern; Spatial characteristics; Scale; Ecological effects; Five northern islands of

Miaodao Archipelago0

SOULRS SR F AR FACSCIR T2 /R T B s ) 1 R RS SR | Bl ARG Sy H 45400 2, b 57 WiA%
SRy AR Z BN T HE A T S5O Jay R S 28 Al SR A 3 FR GE I 254 T R R o B 7 AR A Y
WO R A S TR I AT R R E A M BT, R AR AR T 1 A LR S
FIFHEPER SR T TR i B SRRV 2R A AT i R A S R BA W R A, B2 R
FEFCIHG THER SE 22 5 2 B, HXMELLE R [ BT RE I E ) JEARR W R R A I 3 BB
AR FL ARSI, N TSR 22, SO0UKS Jay R A S 3 AR SR R R 2 A T it B AR S R
GetT R T R RN LA TV it B A 3 R ST R 1 R I 3, £ 32 B SR WL K JRg
RPN Y S R DX B A AR TR K PR RS, B B b R IR B 1 TR IR SRR A S 1
AT REAFAEBERANIR] 200 T 5 AR AE M 265 Tt FLAT WY S 19 2 ) 22 55 001 A0 Sl AR B B e, 38 A
Vi 5 S A SR o S PR RN S, AR A AR GERON BN A 2% o RIS, AN [ Vi 5 R EL IR 2 SRR A S, S50 e ek A
ST Bl O R LS I 2 S L, (A5 B3 R SEUUS Jm B HAE A RO 7 1 R AR 3 2 SR, H i
SRR B TS SRR S S AR S R GUIR 55 T REAH EL S R TR A M ik 5 DL A

ARSC LS By A 8 AU LI R ST X, LT B SO SR A0 B T BES IR AR 3S HoR S LRUEE (IR IR
JE RN DX He IROBE XoF 5% WA JR) RF iE 3 AT 43 BT, A T 483 S5 LS JR) X VA K A B ¥ 40 9% A 77 T (Net: Primary
Productivity, NPP) AEH)Z BRI L eV BAGEE , LUYT RS B SR RN IR 752 0 96 5 A2 28 R e i 2 f e
i, A By S R SRR IS JF ML | = 50U R ik S AR 2SR AT o

1 HREXER
J S S 7 T LI AR S AU, B s il AL IR E AL T B i R A X, REBLE RS MRS

http ; //www.ecologica.cn



4 4 MU 25 e I I T 5 S5 AR JR R I B A 25 2000 3

B3 U BRI 5 4 5 AN T BV B 4 i &5 B U I 120°45'E 120°50'E 120°55'E
BRI AR, SR AC T JE TS AL T v i
R I 2 TR AR A, A R R REAR A0 (1)
X IUE T AR 2R M X, AR 12.0°C, 1 HF
HRR-1.6°C,7 AR 24.5°C ; R K & 537.
Imm, K ZEPTE 6—9 H; HBE L, FHHIE
% 2612h, b T B M 35k (R B I, e TR RO
202m, o TR . W8 JFAE MR R BB 2%, T iz FiE
TN AR LSRR TR Ry A 34 5 It A R AS R )

38°20'N

0 2km
MREL M E LTS LK R 2 —
W EEA, RS 2 M S s RIERA LR, & R
VR U 10 T 2 ROV P 9 9 T B2 S 5 A 5 i A 0 —_—
) 2 B M PEL T A R LR B T U 23 18 ) I .‘ —fep
SR, R B A S i GBS Sk A K IIOT ' i
B N TR S5 (5L T8 B TR e ok =| =i e
2 MREHE
21 KRk 5 b FE E1 ES#HSLEZSESNEBMEYETRETEL

Fig.1 Landscape types and plant community sampling plots on

2.1.1 BEIEGEG

K WorldView- 1 T 2013 4F 4 (8 i B i 5
&, 25 53 HER HR 0.45m,, it ArcGIS10.0 BV IO 5 50 55, 79 3100 5 AR RS S A B Em o e A
L1 = S 0w o NN L NN =2 R 7 5 R v B Nt aB A B L B W e TR e
A IR ] A0S0 2 LA SR RIS A A I B 18 N TR, b T RV ) IR D A R A AR H LA ol
PR AT K SEAAEY A 3, R 48V 5 R 5 5 P ) R RN b, S 50 FH b A 48 5 T A 2 A L IR 55
RS, 3 FH b 32 B A5V S A Sk RS P T B, LAt R T T i A S e A 5 3 b A A N T 2 ) % S
M, 32 F A WS A 355

K LANDSATS LA 201348 A 11 H 11 A 15 HFI2014 451 A 2 HA14 A 24 H(IREARRFFT )4
AN AR 30m AR TE =545 . R ENVIAT BAFEXHEAR ST 40 5 8 b 0% BLE A B[R] =715 19
NDVI{H (& 1) . KM 2011 42440 (4 Aster GDEM 25 it DEM #54f , 3t B 43 HE 20m , 7KV 73 HE 3 30m ;i o
ArcGIS10.0 Fi DEM %4 H S BURE R R B
2.1.2 B

2014 4F 7 A FF R L5 BUZ s , X b 5 3 7 56 28 R UEA T A B0 IE , AR 408 50 F 245 SR 6 B A Hdi U T
WIE T R A b S oM B iR (B 1)

2015 4F 9 A FFJRAL L B M YR EVR L7 A, 255 75 1R 5 T AR REVR AU RN IE S8 IR R, 24 % 60 4> 20
x20m WAFEHL(E 1), 32 GPS FHEHLAN L T2 5500 s BE b 9 22 26 B Wk B s [, S SRBE T N
BT AT 5 A DBH=3 em MAERRIOAE 5 eI 455 2, , 10 SR AR TG AR 10 SR 5 A 11 B Y
SERHEATN  EREFR 10 mx10 m (PGS /IR 7 R4 TR A 6 e iy S 30 i A o R H 45, I i 3648 |
1o B A B 1O SRR T Y B R R AR FE R RE LY 4 AT S A IxIm AR DT, 0
ST N A YRR 2 5 RS EE . AN, R Z SR A I A i T R 2 RO R A
T N TR 3 ANHURE AT, 2 51 R G T VE R ZRE LY 38 & 7E S2 00 3 N B e L B KA R AR 2% TR, 1
2 mm PFHIFEEA , 7E 105°C i T UL H 8 R IF A 0K i 2 AR MR MR ILIRE | MU R T ER

orthern slands of Miaodao Archipelago

http ; //www.ecologica.cn



4 A E = 37 &

PR - A BT, AR R R e B G , A AL BT R HH S R B A Ak A Rk
2.1.3  BoRhliE

LB A8 BRG0G0 W 22 4R850 45 5 B9 N B RA: 77 ek AR B gt it
JRFASEBERL,
2.2 FOUAK R A T AFAE S0 B

DAL L o2 A O it [ Ry Sk, 3 5 ArcGIS10.0 V) Patch Analyst B SR FH S50 004 J= 48 50, Mo 0L
RUBE U I RUBE N X RUEE X S5o0UA% SR R IEHEA T 43 B H1 T Patch Analyst B SO0 s Bl 8 2, B
AR 2Z [ HAT — 7 AR e | i BBk EL AT AR 1k ) S 0UAR JRy 46 45 BEHL %% FE (Patch Density, PD) KBRS0
*%%@@{%*%E,ﬂé%gg(Edge Density, ED) J2 WS WA R 31 2 RN, - 3T AR 48 %X ( Mean Shape Index,
MSI) RSO BEHI R 4t [FIRE, 8 T RGO HARAE S R G T B, A SCa s 7 A Tk

HII = (2 HCA, x IF,) /TLA (1)
i=1

K HCA, ZR AN T HOMAY I, HCA | —HCA 43 591 22 7% 3¢ 38 FH b | 2 50 FH by | JFC il R b e T e 1 SR A BACRN
FURRAR ; TF 7R 50 1 RN TR 5 RS RGE M2 R AL, AR TR T Se0x 1 5 28 285 2R 48 1% ) Jr =CRT R
JE BAT R 2], 75 e BN T ROUL A R e AT B SE PR 00 IF L 1.0, 1F, F1 TF, 0.6, 1F J 0.4, IF F1 IF X 0.
25 TLA KR 43 RUBE A ) S W0 A T R

K Patch Analyst #5351 (%) Spatial Statistics 1. EL, 715 55 W RUEE FAE B RO B9 55 WA Je) 48 250 F1) A
Fishnet T H¥4 4t F %1434 200%200m X HB55, % ] Analysis by Regions T H 23 H7 A 7] X B BT 4 5 WLAR
JRfeET
2.3 SRS SR A 2SN ST

BT BRI R A FcH FLE IR AR , 43 TSR0 &) NPP A 4 22 0 1 R b P o — 0y 1 A 2880

(LI
T BOAS R 215 AR IRFEAR AT CASA BRAL ) K HEIRE S NPP AL BRI .
NPP(x,t)=APAR(x,t)x&(x,t) (2)
APAR(x,t)= PAR(x,t) XFPAP (x,t) (3)
E(x,t)=fi(t) Xfw(w) X, (4)

K NPP(x, 1) x st HERIHRA T T1APAR (x, 1) 248 x A5 ¢ AWRIRAY A A UGS (M) m™ month™ ) 5
E(x,t) R v Bt A MSERRGEERI R (g € MIT) s PAR (x, t) h « St AOGE A RS (M) m™
month™ ) ;FPAR (x, t)°~ x 5 ¢ A A A BRG] (% ) 3/t (0) FN fio (¢) 53 BIRBEFE X« H B9 R M 38 FH
FHIKATIHANF (%) €, HRFICREFMHF (g C/M) ), BMAE B [18], 4 A8 A 11 A1 A
RS K A UZE AL TR AR T B NPP E A5 3] 424 NPP 23 (8] 70 A K (&1 2) o

oG 5 FE B TR AR B R ROAH YY) & B 583 HLAr A T izt X B DL ROA A A R AR R A T
Y Z R . B M A A O SR R Y 93 Fh, 43 28 Bl .68 JE o TR A RE M Py B AR AT W ) EE R
8, >,

Ab,,  Co,, He,
W =( Abs ¥ Co, ¥ He, )/3 (5)

K1V, HFEHE s T | N ESE  Ab, SHFEHE s NHIFD i 2 TE  Ab SHFEHL s MIFh Z 22, Co,  FEH s
WYIRD i B RERE, Co MY s MR a3 Z N He, AN s NHIFD i (915 BE , He JFEH s W) s BE 2 F

% FH B 87 FE N AME CTFFE H 388 b B Shannon-Wiener 3548 (H') fl Pielou 384 (E) 1T E L 7 B A
FIP) 2RV, i 0 S5 1 S R PR 1 2 AR B, I o U SR s R e P A i 80 50 B THSr i R

http ; //www.ecologica.cn



4 4 MU 25 e I I T 5 S5 AR JR R I B A 25 2000 5

H’x —_ g ]VQ,L‘LHIVS,L- ( 6) 120°|45'E 120"|50'E 120°|55'E
Es = Hs/Ln(Ns) (7) A &*""%5"
[ H  E 5 EEHL s B9 Shannon-Wiener 8 % F01 % —_——
Pielou 85, N WFEHL s (PR ECE: . 3ET 60 LAY }d@k%

LR RS il AreGIS10.0 %8 lajéﬁﬂ;%ﬁ%tlﬂﬂﬁ
PRI AT 2R 1 23 (AU (8, %o L AN 7] 4 [B) 47 (i 445
KB IE B AR (IDW) P 476 12 E’J/n%mﬁ?jﬂ‘ﬁﬁﬁd\,
A BRSO, PRI LR T IDW Y 37 75 B 40
T 55 R ) 22 R 2 ) o A RRAE

b K RV OO AL A L
AT, R A IDW Wfﬁ/ﬂ%iﬂ@ 5 4 e s 1) o A

38°20'N
T

38°15'N
1
S
8
o
3

NPP/(g C-m2a™)

HEE . HERE LI R I 0100
1 4 £ 100—200
SRS IR TN VO e
= Il 600—814.26
Px,i:Cx,i/Si (9) &
P SRR P, x T
FPARBL, €, 0 v AT i 9 BUIRME, S AR T i bt B2 ACHE NPP 2R HHHE

{E @,Tﬁ £ /f(‘ in@g J_)(i %EP %ﬂﬁm 4 Iﬁ % i }Té FH Fig.2 NPP distribution characteristics on orthern slands
(B 5= A BE T AR i) (NY/T391-2000) 1 +
R 1R 2 de b pg 521 T GAE bR, B & DL+ 585 7K & ( Moisture content, MC) #1143 JE J;
(Fertility, F)VE Ao RS Jmx) 5Pk i 1 A S 5N F8 4
I3 IR T 05 RUBE | X H RUBE 0 B 5 WA Ja % B NPP FE ) 22 FE VAT T S VE B R 52, S WL

R B CRAJFRIR J5 225391 (One—way ANOVA ) #RIAS [l SR 46 A 8RN T 03 10 22 5 FRRAIE 5 v 5 RUPE
b, SR A FNE S HT ( Regression analysis ) 73 AT 45 5 5 A JRy 36 805 A SOV FE bR 0 R R KBLRUE | iz H
Zonal Statistics T E. | $& USR] P DXCHE A 2% AR 28800 A8 AR 197 S84, SR FHAH DG /0 A s 2R 1 X RUBE | S5 A% )

S AR ROV AR AR Y a7 EARH SC M | 1 T IS W 5 1 AR B S A S A Jm 45 Hi S AR SRV AR AR T
[EEEITE S e

3 HBREHS

3.1 dbHR ELULR R As (Rl ERRAE
311 RMRE

ARl SO A bR R | AR TR R A R Sy SR R A ELAT — s RASE, Al 5 e i T
23 b AR AR/, AN R 100hm® (R 1) o FEHEFVER AR I0 500K R F8 AR 85 =, R bR 25 %% B
ST ARFE B i, (E B 1K 5 2 580 b AR s b 43 331 o 0 1S Y TR A B0 B A A AN e e (i, (2
I B A, S5 7 B8 AR 5 R b 45 TR B 447 4 T b Tl 457 5, A T R Al s Lt 1T 45 S50 R A 2 85
fR(¥%£2),
312 ifFERRE

AN )R 8 T FR 22 S W0 4% 8 P SOURZE AL SR SO AR DL H SO 25 57 TR RRURR R ) 5% S W2 380 T
ZRE AR TR A RS A b 1 A AR R LS RS R 3, A T F2 2253 A T REBILE | LA A Ak kb 1T 32 22 DL gl 0
T A P TR 5 ORI T A&k - r B 57, EV AT Foe A B 4 g 2 0 0 T AR /0, (H 52 3 F b

http ; //www.ecologica.cn



6 S % 378

T AR Y S50 5 /NER B TR AR B/, LA S S MU R A T e/ IMEL (36 1) o ISR SRR BT =7, 4% 1 BBk 2%
JE R R E/IMK I RERILE REK S /MR By BRI AL BRI 5 | B RAE B Z 58 i s B R/
I I g B3 A P S A v, At TR B P AR — B8, A T8 O B IR RIL S W iy, Ly g B
Il 5 ML BRI , VR By e/ N (3R 3)

R1 LRABSEASEER

Table 1 Results of landscape classification on orthern slands

i X FoAb R AL
H ST R g K me U e Ot it
Ttems forest et Grassland Farmland Bare land Jand Traffic land ~ hardened Total
ground
L 157.08 213.92 158.96 10.72 42.10 119.54 17.76 2.13 722.20
KEE 169.73 74.17 179.14 2.94 41.65 101.92 8.54 69.92 648.01
Ny 36.13 17.11 35.63 0 14.98 11.87 1.38 0 117.09
PRI 64.48 15.75 44.20 0 29.51 28.78 6.35 0 189.06
JURL 103.64 34.48 36.14 0 48.81 43.47 2.75 0 269.27
B3t Total 531.05 355.43 454.06 13.66 177.04 305.58 36.76 72.05 1945.64
F2 ENREENRBEHTELER
Table 2 Results of landscape pattern indices in landscape scale
S Landscape PD ED MSI SR Landscape PD ED MSI
EFIERK Coniferous forest 0.158 117.16 2.52 [ BT Broad—leaf forest 0.074 85.43 2.24
i Grassland 0.212 160.37 2.27 4¢H Farmland 0.019 5.55 1.48
i Bare land 0.112 74.40 2.06 AFHIHL Construction land 0.187 58.63 1.44
2238 FA M Traffic land 0.020 52.97 6.91 éfﬁfﬁﬁi ground 0.069 28.19 2.03
*3 BRERESVEREBHITEER
Table 3 Results of landscape pattern indices in island scale

5 Island PD ED  MSI  HI | #& Island PD ED  MSI HII
Jt 1 & Five North Islands 0.851 582.70 2.18  0.226 || fEHLE Tuoji Island 1.098 655.40 2.04  0.228
KAR & Dagin Island 0.832 569.96 2.12  0.248 || /MK Xiaogin Island 0.632 548.24 2.29 0.164
R Nanhuangcheng Island 0.603 586.75 2.63  0.210 || JLFEIRS Beihuangcheng Island 0.512 435.18 298  0.210
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Table 4 Results of ecological effect indicators in different landscape types

FZEAY Landscape NPP/(gCm™?a™") H' E MC/ % F
K Coniferous forest 408.11 1.710 0.873 21.66 1.83
[ AR Broad-leaf forest 584.00 1.563 0.864 21.79 1.76
i} Grassland 308.20 1.712 0.871 20.16 1.67
4 1l Farmland 390.72 1.489 0.871 19.41 1.38
4 Bare land 104.46 1.595 0.868 16.16 1.53
A FHh Construction land 161.51 1.588 0.864 15.632 1.48
A8 L Traffic land 265.18 1.643 0.869 16.32 1.39
HABAE L1 T Other hardened ground 200.80 1.639 0.863 16.464 1.44
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Fig.4 Relationship between landscape pattern indices and mean density of NPP in island scale
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Fig.5 Relationship between landscape pattern indices and biodiversity in island scale
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Table 5 Results of correlation analysis between landscape pattern indices and ecological effect indicators in grid scale
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Fig.6 Relationship between landscape pattern indices and soil property in island scale
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Fig.7 Relationship between landscape pattern indices and impact factors in different islands
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Table 6 Results of correlation analysis between landscape pattern indices and terrain factors in grid scale
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