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Fig. 1 Study area with the distribution of
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Tab. 1 Statistical data at different spatial scales
25 M) R HEARH R Be/ME IEON: ¥l i AR P
spatial scale number of sampling min value max value mean value SD conversion coefficient
10'x10" 142 438 21.12 12.24 0.30 0.25 0.066
20'x20’ 77 497 12.18 8.90 0.21 0.15 0.180
30'x30’ 54 451 8.23 6.42 0.13 0.05 0.087
40'x40' 40 8.13 28.69 18.65 0.85 0.35 0.075
50'%50’ 29 6.44 12.04 8.99 0.29 0.15 0.255
60'x60’ 27 6.19 11.41 8.74 0.29 0.15 0.239
7070 16 722 11.31 9.04 0.32 0.15 0.343
2 FRAZTERETHHFERRPEREREREXSH
Tab.2 Semi-variance theory model and related parameters at different spatial scales

23 ) R LB AEA Y fE (Cp) WEEAE () A (CrCy) R (4) Bttt G A SR
spatial scale model nugget value partial value sill value range/m Co/(CytCy) distribution pattern

10'x10" S 4530 8.550 13.080 109 000 0.346 RN

E 2.760 10.570 13.330 118 800 0.207 REST

G 5.600 7.440 13.040 88 161 0.429 REST

20'x20’ S 0.200 3.261 3.461 130 400 0.058 AL

E 0.010 3.604 3.614 164 700 0.003 REST

G 0.843 2.631 3.474 115 528 0.243 REST

30'x30’ S 0.001 0.999 1.000 146 800 0.001 AL

E 0.001 1.099 1.100 226 500 0.001 REST

G 0.001 0.997 0.998 111717 0.001 REST

40'x40’ S 0.010 30.600 30.610 166 300 =0 REST

E 0.100 34.600 34.700 273 900 =0 REST

G 0.010 30.310 30.410 122 455 =0 REST

50'x50" S 0.001 2.249 2250 135 800 =0 REST

E 0.001 2416 2417 186 900 =0 REST

G 0.001 2.269 2270 112929 =0 REST

60'x60’ S 0.001 2.583 2.539 260 200 =0 REST

E 0.001 3.011 3.012 449 700 =0 REST

G 0.001 2.420 2421 173 551 =0 REST

T SCERIRKIEY, E. 4RHUY,

WA AL B, A BEH NE
TeEh, mTE A 4 BB S FER D

G. WA, Co/(Co+ Cy). Bedkth
Notes: S. spherical model, E. exponential model, G. Gaussian model, Cy/(Co + C,). the ratio of nugget value to sill value

P10 25 18] 28 S5 1) 52 i AN 1T 228 WS 1

OB PN
Hrp

BRRASTRY | 5 RO B A K e 5 e g A 43331
A 66 700~260 200, 5 100~449 700 Fil 88 161~173
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Fig. 2 Variation in value of residual term (a) and R’ (b) at different spatial scales
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TR B A ) B R E B ST, MR
5% 3% W P AR B8 OF 1 K T Ak 7K )2 TR B 2 150 m,
WM 22 4b T 3R 2 (50 m A2 47),

R AR e 5 TR 35 32 EA A r I SE U (Antarctic
circumpolar current, ACC) Fl Ja{ £ /K 3 i (Weddell
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T WG W E Z N . 4T WG P56 i g
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S0y (i L 2% T R, 3K L AR Y 1 JB 2 T 5 30 fil R
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Multi-scale analysis on spatial heterogeneity for abundance of Antarctica krill
(Euphausia superba) in the South Orkney Islands in summer 2018

WAN Shujie *,  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 Group, Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Antarctic krill (Euphausia superba) is a key species in the pelagic ecosystems of the Southern
Ocean, and is also an important fishing target in China’s distant-water fisheries. A full understanding of
its spatial distribution characteristics can provide theoretical support for the sustainable exploitation
and conservation of E. superba resources. Based on acoustic data collected by E. superba resource survey in the
South Orkney Islands in summer 2018, the survey area was divided into 7 different spatial scales and the geo-stat-
istical method was used to research the spatial heterogeneity of abundance of E. superba at different spatial scales.
The result showed that: (D as the spatial scale increased, the nugget and nugget-sill ration gradually
decreased, the partial sill and sill decreased first, then increased and went down again, and 40'x40" spa-
tial scale had the biggest values; @ at different spatial scales, the semi-variogram was fitted by differ-
ent models, spherical model had the best performance at 20'x20" and 50'x50" spatial scales, exponential
model had the best performance at 10’10’ spatial scale, Gaussian model had the best performance at
30'x30’, 40'x40" and 60'x60’ spatial scales. And the fitted models showed the spatial auto-correlation
was relatively strong; 3 the spatial structure of E. superba showed that, based on anisotropy, 50'x50" spa-
tial scale had the minimum difference of fractal dimension values, 60’60’ spatial scale had the biggest
difference of fractal dimension values. Based on isotropy, 60'x60’ spatial scale had the minimum fractal
dimension value, 50'x50" spatial scale had the biggest fractal dimension value. It is concluded that the
abundance of E. superba in the South Orkney Islands had distinct spatial heterogeneity, a number of factors con-
tributed to this phenomenon, including external factors such as ocean flow fields, the change of nutrient and ther-

mocline caused by the exchange of water masses and internal factors such as behavior character of E. superba.
Key words: Euphausia superba; acoustics; geostatistical analysis; spatial scale; South Orkney Islands
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