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INSEUERAN, HARRA T2 ArcGIS10.25E i ;
47 Z2 PR F B2 ) 1 R OGP 0 8T SR FH SPSS17.0 5%

Il A bR
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2.1 BB R

4 FhZFEPEFR R YESE T ULER 1, Shpiro-Wilk
IESKE LB, S, J M dJETImA&s40(P<0.05),
MRYEEEAF L, X S A d 17 BOX-COX #44k, X
J AT B, R R AT 1 Ab P, #
)5, BiEyiE st Shpiro-Wilk IE S (P>0.1), 4
BIERS . WA, HFFAIEERS 0 (P>0.05), A
et

23 ()4 {E AN 38 S5 IE R FH AreGIS10.2

£ 1 WS IR BUA TSN Shapiro-Wilk 38 8 P fa
Tab.1 Descriptive statistics of five species diversity indices and P-values of the Shapiro-Wilk test
U— ' ‘ " .
WH RO Rkt s b EEER gy g Shapiro-wilk MR
Items Min Max  Mean Middle oethicient o Skewness Kurtosis  test (P {H) a
variation transformation
S 5.00 44.00 23.00 22.00 0.41 0.33 -0.31 0.041 Jc
3.47 17.75 11.00 11.00 0.31 -0.02 -0.27 0.150 BOX-COX
H' 0.39 2.75 1.72 1.75 0.31 -0.41 -0.32 0.114 G
J 0.12 0.94 0.57 0.57 0.26 —-0.54 0.55 0.047 G
1.26 3.76 2.47 2.47 0.19 -0.20 0.28 0.431 2yl
d 0.44 4.55 2.33 2.20 0.37 0.46 0.02 0.034 Jc
0.40 2.47 1.52 1.49 0.28 0 0.04 0.324 BOX-COX

W SONFZEL; Hh Shannon-Weaver ZHEMEFSE; J 4 Pielou B EHEEL; d o0 Margalef F & 8%, T

Note: S denotes number of species; H' is Shannon-Weaver diversity index; J represents Pielou’s evenness index; d is

Margalef’s richness index. The same as below
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Tab.2 Correlations among the species diversity indices

S H' J
s

H' 0.54"

J 0.03 0.83"

d 0.98" 0.67" 021"

*P<0.05; **P<0.01
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ﬁﬁ$# S [H] A NE (Co/C=0.43), Hifth 3 DM 8% N

23 [ A M (Co/C<0.25), 4 23 A E AT . A
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Tab.3 Semivariance models and the corresponding parameters of species diversity indices

55 % e Yl c, MM C RBMAR R
Items Interpolation method Model Nugget Sill {i Cy/C  Range (km)
N 5 77 A% % Ordinary kriging T8 BRI Exponential 3.88 9.15 0.43 175
Ph] 78 B A% 3 Ordinary cokriging FRIE#7 Spherical — — — 142
H' 58 77 FLA% % Ordinary kriging A Gaussian 0.03 0.27 0.11 43
PhI] 78 FL A% 7 Ordinary cokriging FRIE#E7 Exponential — — — 76
J 5 77 A% % Ordinary kriging FRIGHEAY Spherical 0.01 0.21 0.05 52
PrI] 78 FL A% 3 Ordinary cokriging = H# A Exponential — — — 73
d 5 77 FLA% % Ordinary kriging BRI Spherical 0.01 0.16 0.09 139
Pr] 78 FLA% 3 Ordinary cokriging FEEU R Exponential — — — 82
TE: " FOR I GS+7.0 A S 4L
Note: “—” indicates parameters that cannot be calculated with GS+7.0 software

FK/NHEF R LPIKIDW<OK<RBF<COK; #% MAE #il
RMSE K/NHEJF 45 A0 F, & COK<RBF<OK<
IDW<LPI, %I H', 5 7 [l 5 vk 3 il -5 FE A
{H R* K/NHEF 5 IDW<RBF<OK<LPI<COK; #%
MAE K /NHEJ¥ & COK<RBF<OK<IDW<LPI; #%
RMSE K /INEF 5 COK<LPI<RBF<IDW<OK % T J,
5 s 2 A I E S REARME A RY K/NHERF M
RBF<IDW<OK<LPI<COK ; % MAE KX /NHEJF K
COK<RBF<OK<LPI<IDW ; # RMSE X/NEFEH
COK<OK<RBF<IDW<LPI, X}F d, 5 Ffi5s[al4fi{H %k
TN SFEAMER R* K/MHER A IDW<LPI<RBF<
OK<COK; MAE K/NEJF 1 RMSE #[F], & COK<
OK<RBF<IDW<LPI( 4), HILWLIEH, XFF 4 Fh
ZFEMEFREL, COK M2 ki, HAb 4 Fhor ok i
2233/ HARMIG

4 T ZREPEHS B REA AT 00 KNG A 5 T ) 25
() 53 A3 AR — B, AR RAE DX 1 e -1 BE AR AR T
AR IR(E 2). S 1 d RN ZS 8] 73 A& SR AR, &R
P I AR AR, AL, AR AR A R o
H'FN J B2 B A, (R B AL 3 2 S5 A
M. 4 FhZREPEFSBIE 320N LARG i3 s 1 X A9 3
Rl R A [H]

3 ik SaH

3.0 EENEEILISEEEASIMESESETES A
S HTCOKKY T A, 78 R RE I, 20174F K2

TN ZR AL BB vk 3h ) B9 SFNd R B2 PE I 8 A9 e 1

JUARAIRS Ry, TH AL E R AR, 5 &5k

ek sh W) 22 REE (R R4, 2012) L K2 AHAIR T duf 71 25

TEVE Z e (RR TR AR, 2000040, 5 T B AR IR ) 25

(4% J, Jo 2Fh 2 REPEFE Blas (] 0 A b Jey ¥ ok 25
M. FE/NREE [, 34°~35.5°N, 121°~124°ERff it i 55,
ORI R R e i (A9 S W2 9 b e [ R ]
B AOAIRAE IX . 7E30°~32°NTE Fl N By i b, 4%
FEMEFE RO A B X, i L P R v Sk M T A
B, FEXIH A QOITMBFEHT, 30°~32°NIFIUIK )2 i
WA SHatBAFE R E X, TH.S, H'Ald =& 2
PR AR R i SR R P AR R A )R, (H R JAE 1245~
126°E 22 [B) 3l A7 76 K TE Bl ORI X, S5 A58 45 4R
BREREMN.

WEVK 30 ) 22 FE M 48 02 () 40 A AR AL RRE P BB 5
B LA R R oA . R R . A
TG S A AT o 45 Z R 2 A X (Jin et al, 1996;
HWOTHESE, 2020, & WAL%F, 2009; FEFASE, 2004,
RFRE,1994), DOKSCABE A, Kb ZHHT
S IEE A TR R 0T Lk, 1 H B8R 25 5 3K
B, WZBIAAE. EBFMREY, £FEEHE
S 14 SN d 5 ¥ JES 7K L i 3 1E AH 2 (P<0.05), S5IREE
R R B O RN (P>0.05) (B 5 1B 4%,
2014), UL IR 22 REPE R 28 (8] 53 A5 1T BE 37 16 IS /K T
AR R K WH M SR | 8RR KR
FERFE R RAAEYIAF IR, 2014), ZIFRHIE |
IRAERREW, £ EMkZ, P IuiE
TEAE— A Fa e R A8 Kk B (2t %5, 2006;
FAEZE, 2006; EZHMHEEE, 2011). MiAE20174-F%,
35°N, 122°~124°BRff 3T s i i IS IR S fe | o 10°C
A T BRF 3T 3 4 UL E (FLFLIH 2, 2018), X AT g
AR Z AT B R R DA K 34°~35.5°N,
122°~124°E Jff 3T 165 358 52 B 45 119 40 A5 4 0, FN 22 52 10
JEPH o X F30°~3 20N Bl P 1 AR v AL R dsk , 2Rk
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Tab.4 Cross-validation diagnostic of different interpolation methods

W H T iy MAE IV IRIEE RMSE U R R
Items Interpolation method Mean absolute error Root mean Coefﬁglent. of
square error determination
S S B AL Inverse distance weighted 2.165 2.934 0.240
1% 1a] 3£ PR 0 Radial basis function 2.071 2.861 0.282
Jai#f £ Wi Local polynomial interpolation 2.211 2.964 0.219
5 75 A% 1 Ordinary kriging 2.104 2.881 0.266
7 LKL Ordinary cokriging 0.548 0.695 0.961
H' SIS AN Inverse distance weighted 0.427 0.532 0.008
1% 1a] 3£ PR 0 Radial basis function 0.425 0.529 0.012
Jai#f £ Wi Local polynomial interpolation 0.428 0.529 0.051
5 75 A% 1 Ordinary kriging 0.426 0.536 0.021
7 LKL Ordinary cokriging 0.128 0.177 0.889
J S B AN Inverse distance weighted 0.365 0.468 0.012
1% 1a] 3£ PR B0 Radial basis function 0.363 0.465 0.005
Jai#f £ Wi Local polynomial interpolation 0.365 0.470 0.035
5 75 L% 1 Ordinary kriging 0.365 0.464 0.014
7 BLAE YL Ordinary cokriging 0.105 0.149 0.894
d SIS AN Inverse distance weighted 0.276 0.375 0.205
1% 18] 3£ PR U Radial basis function 0.262 0.361 0.268
Jai#f £ Wi Local polynomial interpolation 0.277 0.380 0.232
W38 g FLA% 1 Ordinary kriging 0.257 0.356 0.289
7 LKL Ordinary cokriging 0.063 0.077 0.966

F& B R R AT BB SR KV 1 2R K i S 3L
BRI TR IR B S M AN, WKL e, AR TR
Py A= % (Whitfield, 1994; X8 4%, 2009, # 5 4,
2014), MWBEHFHE R A, HELMEUEIKNYE
AR 2T, R TR 2 T i 28] A 058 338 R A VA S B
W7 T-32°~34°N . 122.5°E L) PG ¥ 1 = DU e 37 2 40
i (Pampus argenteus) . /N8 fii(Larimichthys ployactis)
B l(Setipinna tenuifilis) & Fh2E 32 7= 51 37 (Wb 42,
2004; XIH 4, 2017), 7E30°~32.5°N, 123°~126°EZ
[B) (TR A e 2 B Yy, i, SRl Ak
iBESIPR LA B o A L i N 4 Ui Y Sl T B
(XU AE, 2007, 2014; e ILIAE, 2008), MK )
25 [A) 04 A L IR AR R 28 kTl /N RS | Y 2
PEFE B [MARHE I BRI, 3075 20— BT For T o
32 ZFEEEEST

T (L 205 SR 9 G 3 BB~ 2 (] A {04 78 %o A 28
Vi) 722 S M RTREL S AP P B B (R 43 LA, 2004) . AR BF
e, 4 PP REMEFEEEY COK jackknife #6345 4R
FLEhr, R e T HA O R, X SR as R —

OS5 HASE, 2017, 22IEMAKEE, 2013; A HEE, 2005,
B SCESE, 2005), {HZ, 76 H FE/K & RIS, 2008)
AT TN AR AE W) £ £ P (Hernandez-Stefanoni et al,
2006) 11975 A (A% H AP oe ., COK RG B 2K T
OK. 4L 46 (2014) XA [l 4H B A 5 19 COK #Hi{H
SEALE R, S R 2R RN B AR w2 AR OGP K
T 0.45 B, COK MEA ST OK, nlhl, #
B 7E e 2 COK AR S TR, G i % i
A nl L COK. HAT, e B i ik i
b5 AR A DG A e Y R T R A B AR L AR 32 A
HAZANBEMHLHET, TR ArcGIS #/F32
NAE PSS BT T e . (HE, M5 AR B
A B 4 ad 20, X R e e S BT AR
B, i HLER— il B AR T RE X B AL AR B PR
(FIEE, 2016), KL, T FEMS 2 HH COK 32|
Tz XA ER S, BEASE
A v i A O A P IR T AN R AR, FEA TSRS
FRARAE R AT B AR (5 H BHAE, 2017), ZEMZRBIRE
JEE T 4 R ZR [ 28 (8] 4 A A 95 A OSSR  R
WOy 2F#e%E, 2017; #3545, 2016),
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Fig.2 Spatial distribution of number of species (S). Shannon-Weaver diversity index (H').
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Study of the Distribution of Nekton Diversity Base on Spatial Interpolation

Methods in the Yellow Sea and North East China Sea

TANG Zheng'”, SHAN Xiujuanz’m, GUAN Lisha®, JIN Xianshi**, HU Zhijun'?, HAN Qingpeng™’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306; 2. Laboratory for Marine
Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao 266071; 3. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 4. College of Fisheries, Ocean University of China, Qingdao 266003)

Abstract The distribution of species diversity is one of the important issues in ecological research.
Although spatial interpolation has been widely used in this research. Taking the diversity of nekton in the
Yellow Sea and north East China Sea in May 2017 as an example, the species number (S),
Shannon-Weaver diversity index (H'), Pielou evenness index (J), and Margalef richness index (d) were
selected to evaluate the distribution of species diversity in the sea area. We applied inverse distance
weighted (IDW), radial basis function (RBF), local polynomial interpolation (LPI), ordinary kriging (OK),
and ordinary cokriging (COK) methods to the above four species diversity indices, and we selected the
spatial interpolation method suitable for each species diversity index by the jackknife method. The results
showed that COK had the best results for the four species diversity indices with the highest accuracy. The
accuracy of the other four methods had little difference and was low. The COK prediction results revealed
that both S and d showed an obviously high pattern in the southeast, followed by the north; the lowest
pattern was observed in the middle. H' and J were also lowest in the middle, but the difference between
the southern and northern sea was negligible in both these indices, and the reasons need to be further
explored. The four diversity indices were roughly the same in the high value area of the south of 32°N.
The results showed that COK can be used as a spatial interpolation method for nekton diversity in the
Yellow Sea and northern East China Sea.

Key words Nekton; Diversity; Spatial interpolation; Spatial distribution
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