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Tab.1 Regression model used to

evaluate scale effect of indicators

REERF it
scaling relation equation
M linear y=ax+b
4L logarithmic y=alnx+b
&40 exponential y="be"

T power y=bx"

Z Uiz polynomial y=a,x,+... Fax+ag, n=2
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Tab. 2 Fitting equation and fractal dimension on

total number of patches for E. superba distribution

TAERR AT HRRY SRR

decade fitting equation R d
1926—1935 y=2275.655x"* 0.935 1.426
1936—1945 y=674.289%x "% 0.752 1.233
1946—1955 y=64.676x""° 0.761 1.156
1976—1985 y=5710.753x"* 0.961 1.581
1986—1995 y=5552.064x"" 0.949 1.563
1996—2005 y=4419.475x"%"° 0.961 1.616
2006—2016 y=2404.616x "% 0.982 1.639
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Tab. 3 Fitting equation of relationship between spatial scale and statistical variable in hotspot analysis of E. superba density

Eiztan 4R WETTE LB S TEYUERL
index decade fitting equation R d
B AME  maximum 1926—1935 y=-2 684.057Inx+16 314.445 0.933 -
1936—1945 =0.005x"—7.348x-+1 876.449 0.947 -
1946—1955 y=—0.0003x>+0.060x+19.995 0.806 -
1976—1985 y=0.133x’-70.644x+11 673.746 0.941 -
1986—1995 y=4 113.844¢ ™ 0.882 R
1996—2005 y=42 776.929x "% 0.897 1.657
2006—2016 y=-161.144In(x)+1355.804 0.687 -
fif%  skewness 1926—1935 y=-0.000 2x*+0.027x+11.293 0.879 -
1936—1945 1=0.000 04x*+0.049x-+15.908 0.964 -
1946—1955 y=-0.00001x"-0.002x+4.484 0.978 -
1976—1985 =0.000 1x*-0.064x+13.232 0.894 R
1986—1995 ¥=0.000 06x’—0.053x+14.549 0.878 -
1996—2005 y=-5.015Inx+33.103 0.858 -
2006—2016 =8.303x "% 0.652 1.138
MR Kurtosis 1926—1935 y=-0.003x+0.379x+156.874 0.851 -
1936—1945 =0.002x"— 1.397x+274.420 0.956 -
1946—1955 y=—0.00006x"-0.029x+24.363 0.984 -
1976—1985 =0.003x"-1.368x+196.338 0.889 )
1986—1995 y=277.251¢ 0.846 R
1996—2005 =2 639.197x " 0.858 1.649
2006—2016 y=102.348x " 0.701 1312
BRAY CV 1926—1935 y==0.000 04x’—0.004x+7.489 0.921 -
1936—1945 y=-0.000006x"—0.013x+8.253 0.909 -
1946—1955 y=—0.000004x"—0.002x+3.280 0.966 -
1976—1985 ¥=0.00007x’-0.033x+7.179 0.932 -
1986—1995 =0.00002x’-0.019x+5.744 0.956 -
1996—2005 y==0.000003x"—0.012 9x+6.42 0.713 )
2006—2016 $=0.0004x"-0.0413x+3.651 (x<1°) 0.829 )
¥=0.000 004x*+0.000 1x+2.423 (x=1°) 0.771 -

W FFReoROREEIT A R4S, FE
Notes: the symbol “-”

signifies the fractional dimension d that cannot be estimated, the same below
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Tab. 4 Fitting equation and fractal dimension of relationship between spatial scale and number of
patches for E. superba density in hotspot analysis
b3 E i) EELAN R W& TR FHR R GapIZ s
type of patch index decade fitting equation R d
#5 hotspot PIHHE  number of patches 1926—1935 y=1693.524x " 0.969 1.652
1936—1945 y=14219x"" 0.908 1.135
1976—1985 ¥ =981.706x "** 0.898 1.565
1986—1995 »=328.011x"* 0.741 1.452
1996—2005 »=2296.941x"% 0.916 1.849
2006—2016 » =228.006x "*" 0.863 1.811
A coldspot KR number of patches 1986—1995 »=2805.163x"" 0.895 2311
5oxSOREARAmAL T 2 9°%3°,  H. & 25 Al N 1 I (B ROBE AR
BB K (& 1-a) 1936—1945 4, #4 X 1 5 o
3 Wik

DR F RS T 2 6°x1°, FE/NT 30719 R N fi
T 25 1°x0.4°, T BTAE R T 307 R - i (w5
90 LR /N T 307 RUBE (i B8 3 161 09 24 1% (&1 1-b).
1976—19854F , # A X OBk F IR T4
12°x4°, FE/NT 60" RUEE NS T 29 2°x1°, i
L TE KT 60" REE 9 I B 31 Bl & /N T 607 RUEE
TR R 35 B Y 21 1% (K 1-¢) 1986—1995 4F, 24
P XY O RAR E o HimES 1 24 9°x3°F1 3°x2°,
TE LG 307 HOAE 4 1 RUEE MR A X R W g, (HAE
KRE L shEz] (K 1-d, 1-e). 1996—2005 4F,
Hor — AP X O B R m A AN,
T2y 2ox1°(8 1-0); 5 — A I X B BT AR b
fW# 1 8°x2°, HFBT.OAERT 50'REE iR
BN SO REE B IR 79 £ (K] 1-g) 2006—
2016 4%, P IX A LR LIRS T 4°x2°, FE
2 ROBE N D B 241388 K (Bl 1-h), 1986—1995 4F
B R B B AR EmAS T 50x20, HOFE R
T 307 RUBE - Dm F% S LA /N T 307 RUBE i % 91 il
i) 26 15 (181 1-0),

Bl 25 ) ROBE RS I, BRI (%) A5 (R B
Hoy B B2 0k D, (H S HR () AR TR
BEZ 3 SRR, BRE, @) EXE
AR (BEHR R )t S I iy # . 1996—
2005 4%, TE/NT 1ox1omf, #m IXY TH AR B A R
JER I 2B BT AR, 7E 1ox1°HT 2888 T %,
PR ENER O DNTE: N S e SN
PRSI T AR s ) RUBE 22 8] 34 Sk i ) 2k o B
KF (3 6). 1986—1995 4, ¥ S X AR 523
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Tab. S Fitting equation on statistical variables for hotspot (coldspot) of E. superba density

By izt TAEpR WA LB Sy TEYUERL

type of patch index decade fitting equation R d
# A hotspot BAH  maximum 1926—1935 y=—2 684.057Inx+16 314.445 0.933 -
1936—1945 =0.005x"~7.347x+1 876.392 0.948 -
1976—1985 =0.133x>~70.644x+11 673.746 0.941 -
1986—1995 y=4 091.423¢ "™ 0.882 -

1996—2005 y=42 776.929x 7 0.897 1.657
2006—2016 - - -
W skewness 1926—1935 y=—0.000 001x*-0.019x+7.917 0.947 _
1936—1945 y=—0.000 01x*-0.002x+2.544 0.961 -
1976—1985 y=—1.599Inx+10.868 0.950 -
1986—1995 =0.000 04x*—0.032x+6.569 0.948 -
1996—2005 y=—3.517In(x)+20.530 0.916 -
2006—2016 y=—0.541Inx+2.998 0.755 -
W% kurtosis 1926—1935 y=76.745¢ "0 0.949 -
1936—1945 y=—0.000 02x’-0.016x+7.728 0.944 -
1976—1985 y=—14.811nx+86.898 0.958 -
1986—1995 y=54.697¢ *"* 0.913 -
1996—2005 y=277.530¢ " 0.936 -

2006—2016 y=13.765x "4 0.729 1.460
F=TA% Q3 1926—1935 y=—0.00007x*+0.472x—3.037 0.967 -
1936—1945 ¥=39.777¢""* 0.888 -
1976—1985 y=—0.014x*+6.669x—140.802 0.921 -
1986—1995 y=—0.0004x>+0.746x+41.433 0.912 -
1996—2005 =0.002x—0.439x-+67.661 0.856 -
2006—2016 y=105.736Inx—114.041 0.641 -
BREH CV 1926—1935 =0.000 01x*—0.017x+5.504 0.952 -
1936—1945 =0.00006x"-0.011x+2.964(x<2°) 0.927 -
=0.000 1x*~0.041x+6.139(x=>2°) 0.777 -
1976—1985 y=0.00007x*—0.033x+4.960 0.950 -
1986—1995 =0.00001x~0.013x+3.671 0.961 -
1996—2005 y=4.345¢ 0 0.839 -
2006—2016 y=—0.252In(x)+2.334 0.781 -
AR coldspot BOKME max 1986—1995 y=0.212x"-23.934x+683.240 0.840 -
F¥IME mean y=—0.001x—0.249x+18.077 0.717 -
FrifEZ  SD y=—0.002x’—1.189x+67.277 0.659 -
% skewness y=0.002x"—0.211x+8.292 0.895 -
WS kurtosis =0.035x-2.982x+75.653 0.977 -
F=Dahig Q3 y=—0.005x"+0.245x+3.501 0.897 -
BREH CV =0.000 1x*-0.054x+4.173 0.765 -

T TS5 2R 70 I ) BR Rk 28 DL RS R O ) TR AR

Notes: the symbol "-" signifies no explicit relationship between them and the coefficient R* and fractional dimension d derived from the relationship

https://www.china-fishery.cn R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

11 4] XOE, SR AR AR BT IR A B A3 BT B A 1] R N 1857

S S
54° 61°
560 62° \
58° 63°
600 64’O
36° 33° 30° 27°w 100° 102° 104° 106° 108°E
(a) (b)
S
63.0°

63.5°

64.0°

64.5°

300 33° 36° 39° 42°F 4 30 20 1o oW

(d) ®
S
580 S
64°
S
60° 59° 65°
61°
o o
62 60 66°
63°
640 6 1 ’ o o o o o T 670
58° 56° 54° 52° 50° 48°W 30 4% 5% 6° 70 8°E 64°  66° 68°E
(8 () ®
E1 ARZ=ERETHRRBIZEER () SXROTK
Fig. 1 Variation in centroid of hotspot (coldspot) areas of E. superba density at different spatial scales
x6 FERBITEEHR (D) AXERMNEHE
Tab. 6 Fitting equation on coverage of hotspot (coldspot) area of E. superba density
b2 it Eizg e [ WE TR )
. . . R
type of patch index decade fitting equation
# X hotspot area A coverage 1926—1935 y=—1281.604x™+1 472 601.372x —4 123 741.565 0.991
1936—1945 y=—518.574x"+281194.469x—6 705 324.262 0.895
1976—1985 y=—2317.754x’+1 485 565.906x—11 343 007.292 0.954
1986—1995 y=—2230.302x+1 026 056.534x—13 079 357.750 0.912
1996—2005 y=2199.455x’—325 135.448x+26 856 155.613 0.915
2006—2016 y=—208.170x+313 441.089x—7 608 806.520 0.980
A RilX coldspot area MF  coverage 1986—1995 =15 339.442x*~586 455.383x+6 858 067.165 0.983
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Effect of spatial scale on hotspot analysis of Antarctic krill
(Euphausia superba) distribution

LIU Hui "**,  ZHU Guoping "***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Center for Polar Research, Shanghai Ocean University, Shanghai 201306, China;
3. Polar Marine Ecosystem Laboratory, Ministry of Education Key Laboratory of Sustainable Exploitation of
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4. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: While the importance of spatial scale in ecology is well established, few studies have investigated the
impact of spatial scale on hotspot analysis of biological resources. In this study, in order to analyze the impact of
spatial scale on hotspot analysis of Antarctic krill (Fuphausia superba) density distribution around Antarctica,
the krill density data from 1926 to 2016 by 10-year period was interpolated into ten spatial scales, i.e.,
10'x10", 20"'x20', 30'x30', 40'x40", 50'x50', 1°x1°, 2°x2°, 3°x3°, 4°x4° and 5°x5°, respectively, and
linear, logarithmic, exponential, power-law, and polynomial functions were used to calculate the rela-
tionship between the global krill density, krill density in hotspot (coldspot) areas and the spatial scale,
and the variations in centroid and hotspot (coldspot) areas at different spatial scales were also analyzed.
The results showed that there was a significant scaling relationship between the maximum, skewness,
kurtosis, Coefficient of Variation (CV) of global krill density and the spatial scale. Significant scaling
relationship between the maximum, skewness, kurtosis, third quartile (Q3), and CV of the krill density
in hotspot area and the spatial scale was found. A significant scaling relationship was also found
between the maximum, mean, standard deviance (SD), skewness, kurtosis, Q3, CV and spatial scale for
the coldspot area. The size of the hotspot (coldspot) area increased with the increasing of the spatial
scale, and the offset of centroid indicated the locations of the hotspot (coldspot) areas were greatly
affected by the spatial scale. Significant shift of centroid for hotspot (coldspot) areas occurred when the
spatial scale was greater than 1°x1°. Therefore, it is not recommended to use spatial scale that is greater

than 1° x 1° to identify the local spatial pattern for hotspot analysis of krill density.
Key words: Euphausia superba; spatial scale; hotspot; Getis-Ord G;*
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