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The spatial distribution and impact factors of net primary productivity in the

island ecosystem of five southern islands of Miaodao Archipelago
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Abstract ; Island ecosystems are characterized by self-containment and vulnerability due to their limited and isolated areas.
They are also important for biodiversity maintenance, freshwater conservation, and other basic ecological functions.
Moreover, island ecosystems play important roles in global carbon cycle, which makes the estimation of net primary
productivity ( NPP) more significant for ecological construction and the study of carbon source and sink on islands. The
rapid development of RS and GIS technologies provides a practical method for NPP estimation. In this study, five southern
islands of Miaodao Archipelago were examined and an NPP estimation model was established based on the Carnegie-Ames-
Stanford Approach (CASA) and regional characteristics. To characterize each season, 4 temporal remote sensing images
were utilized. The normalized difference vegetation index ( NDVI) and land cover types were exiracted, and these

constituted the data used for the NPP estimation model, along with meteorological and topographical data. The NPP values
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for different seasons, islands, and land cover types were calculated using GIS methods. The linear correlations between NPP
values and various parameters including NDVI, altitude, slope, aspect, and land cover types were obtained to determine
the importance of each parameter. Finally, the relationships between 10 soil environment-chemical properties and NPP at 36
sampling sites were analyzed. The total NPP for the five islands was 11043.52 t C/a. The mean density of NPP ( MDN) was
340.19 ¢ C m > a™', which was higher than that of western regions at a similar latitude (e.g., Gansu Province and Qinghai
Province) and lower than that of coastal zones in the eastern region (e.g., Guangdong Province, Jiangsu Province, and
Panjin City in Liaoning Province). NPP in the summer accounted for approximately 80% of the total yearly NPP, followed
by spring (11%) , autumn (7% ), and winter (1.3% ), indicating that NPP in the northern area differed greatly among
seasons. The total NPP was highest for Nanchangshan Island, followed by Beichangshan Island, Daheishan Island, Miao
Island, and Xiaoheishan Island, and the total NPP was positively correlated with island area. MDN was highest for
Daheishan Island, followed by Beichangshan Island, Miao Island, Nanchangshan Island, and Xiaoheishan Island, and was
negatively related to the proportion of construction land. The land cover types included broad-leaf forest, coniferous forest,
farmland, grassland, construction land, and bare land, in descending order based on MDN. The high NPP for forest land
indicated that the plantations on the five southern islands were of great ecological significance. NDVI and land cover types
were the most important parameters with respect to the spatial distribution of NPP | and topographical parameters indirectly
affected NPP via their effects on NDVI and land cover type. NPP had a significant negative relationship with soil pH (P <
0.01), available phosphorus (P < 0.01), total phosphorus (P < 0.01), and total potassium (P < 0.05), and a
significant positive relationship with total carbon (P < 0.01), total organic carhon (P < 0.01) and total nitrogen (P<

0.05). No significant relationships with water content, available potassium, or salinity were observed.

Key Words: island ecosystem; net primary productivity ( NPP); five southern islands of Miaodao Archipelago; spatial

distribution ; impact factors
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Table 1 Values of maximum light use efficiency (&max)
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Table 2 NPP estimation results of five southern islands in different seasons
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Table 4 Estimation results in different land cover type
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BH 4 S 114 25 55 DT 4 A 255 (B0 0 S e, T 26 B0 85/ INzs (B RUBE I v, ol 1 R PR S B e B — LB =
23 [A) 43S PAR 224 A B R T3, 330 70 U E P30 0 X AT AT A 17 (E0 T R T ) X b EL A B
PGERAR 1) IR 5 BARSEARRER . B, A SCE IR R X T PAR AYS2IR , 76 X 20 BH 8 S o 0 o S
RS I SRl b A5 B GIS T HAHELEMEE (Hillshade ) o %7 V6 AT AE A — & 1Y UL | (H HBi5 48 5 A
ELH R S EL A3 ARG B 1T 3 i YR IR T BN KR BT, LA B g i AR B
22 (A3 SRR PAR B8, BB A 2438, A5 5 R 10 5 I SEPR I O o G 1) 3103 SRR 4k B 1] 1) AN [ g LA
255 AR SURAEAS PRICTE K SCH MEE R H T K FH 3 B BERE A5 31 4 AN IR 8 BGE AR RIS H A RS 15 1E
AP K PH R BE A, 465 30 R [ 5l 3 TR0 H G e B Ve W S B L 2 I AR A A B, AR R e 4 AR T
AIREEAT — e iR 25, (H TR BH & B IR i T AR AS 1 A SO A st , 76 3 ok 19 A rp X I S itk — 25 1)
AR NPP R o 5 5 KOG RE A 2R (£max ) Fe VT Running FIA SCRMFSE , Hoxtmg 185 i 5 B4 Al 174k,
[ A A — o B P, AT RE S A A kiR 25 . 78 F — 00 TAE W 45 & B W I A g8 ik, % R
Sy AR RO GRER R R T 58 3
4.1.2 NPP {825 B4%0)

W5 SCHRE R B NPP 2558 55 VR R 7 £ TR NPP AR
Ii] Ij\]:/H‘: {ﬂjﬁﬂ: %é'jj:% ﬁﬁ?%‘f [:[f‘( %% 5 ) o 5% EH: H [:[ﬁ ’ r;éﬁ Table 5 NPP estimation results in different areas
N . A 8% B Iy [26] F 2 -
&y NPP V-HPE BB R 342 g Cm™ a7 HEA . I
gﬁ, H%%?ﬂii}ﬁ[ﬂ EI/‘J 324 g C Hl_2 a_] ,{E&ﬂ:ﬂi)ﬁ:ﬁﬁ[zﬂ Study areas (gCm?al) Data sources
Eg 393.75 ) C m‘2 a ’Ej%ﬂij‘lz*ﬁ tk"ﬂiﬂ:ﬁ;{r{% ‘?I?ﬁ: P4 H.5% Five southern islands 340.19 This paper
B BTSN D T HON T PR ke e 342 [26]
3, BT NPP PRI TR T HOKT i Tl Niomide = -
PO LR RS SR N oy i o
ARSI MR AR 275 15 NPP HARKR 569.28 [29]
RS HhE ZH) NPP BiEEAZH 60 5L I, A 553 (7]
WP AL T MBI 1 NPP (50, R 0128 AR OFGE e o
jtﬂ‘j;é%@o Tﬁﬂ'ﬂ?"%”{z [f) NPP ¥ﬁ%§ﬂﬁ~ﬁ§ T Ji Tibetan Plateau 120.8 [24]

5L A A DR RRDRE NPP PR E 5K 5
B L L] (POC ) 52 B 8 A 67 M G, e MR B 3
0.468 . YA A b7 F 1 b, (A5 MR A5 HAT =5 NPP (B A9 7 26 28 A0 T AR /D | SE I FAICHE S5 19 NPP SP3% 5
T AR 1 U S A R R W] sk G i S5 SRV NPP D

B L Y A A 5, DA Pl B oA S AR, A7 A K R R B = | 4 2 A5 ) L, A B R ) A K 2k
B2 20 40 50 AEAR IR VEAT T 72 B9 TARFIAR , LSRR FIRIME N T2 S0 3P | Rl R T 5 kot v ALy B
T FR A FL 3K 55.8% , AR SCAY 25 S 0 /R £ I MRN8 ARG NPP S35 B 43 315K 446.9 ¢ C m™ a™' i1 559.71 ¢
Cm?a ' WL T2 E I EE 469 g C m™2a ' 663 g Cm™2 a1 ZIERE R B SRS I AR5 5%
P, BB SRS R A R AP A 77, S i 5 A A i i BEAR Y
4.1.3 NPP XJ %5 [i] o SRR P E

NPP 575 [ 43 S SEH O AT 45 R IL3R 6., W1 SA OG0B 7R, NPP 5 NDVI =i f 3 B Fh 3R
TRAIAE 0.01 KV L B3 ARG, 5 3% A AT 38 B R G, AR DG R 880k ol R 20/ IR 4 Ul NDVI Hiy
T SR P Sem, AT BOR B S RSN S5 NPP £ 0.01 KV b B A5G T e
5 NPP ASEA 35 1A BRI 1A, 25 S50 i AH DG 28 85 ) 1 SR AH OC 2R B50MT H 357 AS TR R B ) T g,
LR R BRI B T R B ., LT Py 2 A A DG AR Ay B 3 6 R O [ st 39 1 (A DG S B ) T
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Table 6 Results of correlation analysis between NPP and model parameters
(L EES Pearson Correlation 0.913 ™ 0.527 0.334* 0.008 0.801 ™
Simple correlation Sig. (2-tailed) 0.000 0.000 0.000 0.406 0.000
(LUIBS Pearson Correlation 0.822* 0.016 -0.123** 0.207 ** 0.624 ™
Partial correlation Sig. (2-tailed) 0.000 0.075 0.000 0.000 0.000
w4 E 0.01 K OB b1 AEG; + 78 0.05 K (XU I b AH
NDVI FlHb 7 55 257 NPP fie R 2 A2 54K 500 -
B4 5 NPP B IEA S, MR W d e o
NDVI L3 3 0 M AR T NP, B s fn & T ee
IIERG 1T SREAL BRI I F B AR 22 0] \:\.
FARLHE 2, I A2 0 () NPP s {EL AR G AT 4 2R . 5 2
R TER RS ORI T 555 NP X R A 52 70f Y3309+ 41709
W1 TTOEHE 5 NPP SBLE SR SASE SR M 2 |
WO I TR RN P I T R B 2
K4E, S T IE f , e ERERS A B 210 K I o 2 m m 0
13 L e

SR TS B w9 NPP A (AN [ 3 1] 1) b 7 55

Proportion of construction land/%

RIUFEAE 2 3N B R AN EA AU, DRI A 42 1

HABZSHERIAEE T 3 5 NPP B 12 35 09 1E AR DG
{ELAE ] SR SC o AT A AT S B AR

E7 NPPEMZTESEGAMILGIXER
Fig. 7 Relationship between mean density of NPP and

proportion of construction land

4.1.4 NPP 5 3R fb i i i AR et
NPP 5 10 i+ 3K 72 [a] () faj B e ME L6 7, 453 B/ NPP 5 +3E pH A% 4w M B Eh
MR, Hf 517 =7 0.01 /KF F S EMK, 528076 0.05 K B EMKE;NPP 544 Bk, AL

B 5 S IE ARG R, 52 RAE 0.05 K BB FHMR, 55

BUAE 0.01 K F IR 25 MG NPP 5 5 K ik

RO AN Fh i Z A AE B A DG . 64,10 T+ 3R Z [MBAEAE B AN RIK T A DG OC 2R

®7 NPP EIZBEUMRMNEEEXSNER

Table 7 Results of simple correlation analysis between NPP and soil characters

TH ltems NPP I I | v \ Vi VI VIl KX X
NPP 1 -0.506™  -0.121 -0.443™  -0.315 -0.479" -0.415" -0.152 0.374" 0.461 ™ 0.507 ™
I -0.506 " 1 0.422"  0.467™ 0.207 0.691 ™ 0.771 ™ 0.207 -0.538™ -0.565"" -0.663
I -0.121  0.422° 1 0.222 0.125 0.143 0.482 ™ 0.317 -0.182 -0.215 -0.158
I -0.443" 0.467 ™ 0.222 1 0.538™ 0.497™ 0.536 ™ 0.299 -0.295 -0.313 -0.350"
v -0.315  0.207 0.125 0.538 ™ 1 0.286 0.425 ™ 0.023  -0.026 0.018 0.008
Vv -0.479™ 0.691 ™ 0.143 0.497 ™ 0.286 1 0.753 ™ 0.113  -0.115 -0.165 -0.321
Vi -0.415" 0.771™ 0.482™ 0.536™ 0.425™ 0.753™ 1 0.146  -0.293 -0.375" -0.415"
VI -0.152  0.207 0.317 0.299 0.023 0.113 0.146 1 -0.282 -0.350" -0.321
VIt 0.374* -0.538™  -0.182 -0.295 -0.026 -0.115 -0.293 -0.282 1 0.905 ** 0.848 ™
X 0.461*-0.565™  -0.215 -0.313 0.018 -0.165 -0.375" -0.350"  0.905™ 1 0.893 ™
X 0.507 *-0.663 "  -0.158 -0.350" 0.008 -0.321 -0.415* -0.321 0.848™  0.893 ™ 1

I . pH; ;. &K Moisture content; Il ; 45 %M Available phosphorus (AP) ; IV . #HA(4F Available potassium (AK) ; V. 48 Total phosphorus

(TP) ; VIZ# . Total potassium (TK) ; VII;
carbon (TOC)

Prihar Salinity; I 42 %0 Total nitrogen (TN) ;IX . ELBR Total carbon (TC) ; X : KA HLEK Total organic
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TIERAPE R S A S R G OIS AR AT I BRE RIS e s Y iR TE Y R
T AL R E LRI, AU T FE TR Mk AL AR, ER TR TR LS NPP 5 A A
fie A LR 2 B S P IE A DG OC R . L I LA B O PR W BRARE R T R D BRI A AT
TR TEVE BENS TN 70 43 Mo R - 38 v (98 3R 0 R I k> A REJR AN S NPP 54 3w | 4 2
BERMICHIRIN, KRRt R A RS2 3% pH B2 S A9 NPP 5 pH 2 B 4 £
A, VLAY pH (B 8 B LS A AR KR A K & B A K ) R 2R IR Had = i
FK 2 FEUE AR R B AR AR A K 2 20K A 1 5 38 S Eh B A e g 1 IF
e R AR I S TR T pE AR B AR
42 %5ig

AU CASA 5EAY 255 DXL BRAG A 2 5 5 B 108 NPP ARG DL RS F GIS b FHF-B,
PRI XA ) B AN 24T AN  7E 35250 NPP - A7 A 580 i i 4347 NPP S48 S 40/ - s #k
PR, AL RUT .

(1)FFFE NPP B M 11043.52 t C/a, P2 H 340.19 ¢ C m™> a™' | K E AN T2 ESEYKE & T
[Fi) 245 J32 1 PG S e IX. , {ELAPR T AR B e v A it X

(2) P FL55 5 2 NPP Si (i 22 4F 1Y) 80% 247, 2% FkZ= NPP it 433l 5 LE 119%H1 7% , 4240 i 1.3%,
ULEHBEGEIX NPP HA B 215 25 53

(3) P L& 45 5 NPP ~F-350%5 B i R BN /MR R BRI 8 b &) R 5 R L B AN R I & | 45 5
NPP - 359%% i 5 A 15 b B0 3] 52 B 38 F £ A O

(4) AR R w2 2R b NPP P34 BE i R B/ MR N R AR BT bR AR | S 15 P b AR A
A EAT A = 1Y NPP 6B R L8 PN TR R B A BB

(5)NDVI i 3R 55 05802 NPP fie E 252N 240, =i I )i ik 520 ND VI {RUF b 26 7 55 28 Al ] 422
YEFT NPP,

(6) 7 1.5 NPP 5 T3 pH A RUBE 20k 28 BE NG, 5aA Sk BAPUkSE B EHX, 5
TR HUSER NS R AR OCOC RN

FE T —25 BWFFE b, 7 B 5 56 T W 52 M R (9413 1 56 35 AR 805 KOG RE A SR I B3 B0 E , LAl
FE IR A G SR TN 74 AR SR
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