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The fractal character of lake shoreline and its ecological implica-
tion
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Abstract: Based on the two physical properties lake perimeter and area, Baoan Lake and 30 other lakes in
the Jianghan plain were studied, applying the shoreline development index (SDI), the box-dimension, the
equation for shoreline length-area and it’s transform. The shoreline box-dimension (SBD) was applied to
each lake, while equation for shoreline perimeter-area (SPAy) and its transform (SPA1) treated 31 lakes
altogether. We also used Korcak’s Law to all the lakes in Hubei Province. The results showed that the
average of SDI of the 31 selected lakes was 4. 50, with a standard deviation of 2. 088; the Shangjin Lake
had the highest SDI of 11. 33, and the Wangmu Lake had the smallest SDI of 1. 68. The average of SBD
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of the 31 lakes was 1. 219, with a standard deviation of 0. 078; the Shangjin Lake had the highest SBD of
1.419, and the Dachang Lake had the smallest SBD of 1. 096. By using the equation of perimeter-area (In
P=c+blnA.and SPAx=2b) and its transform (InA=c-+blnP.and SPAr=2/b) . the 31 lakes had a SPAy
of 1.3998 and a SPAy of 1.6956 with equations regression coefficients (R?) higher than 0.80. This
indicates that the shoreline of these lakes exhibited a self-similarity. The value of SPAx was close to the
mean of SBD of 31 lakes (1.219), and it can be used to forecast how the shoreline length varies according
to the changes of lake area. Based on Korcak’s Law and the area distribution of lakes in Hubei Province,
the integrated fractal dimension of area distribution for lakes was 1.52, which showed that the lakes in
Hubei Province had a higher self-similarity and more complex shorelines during the 1980s. By a stepwise
regression analysis between macrophyte biomass in some lakes of Hubei Province and four morphological
indexes (SDI., SBD, Area, Perimeter), we found that SDI and SBD are the influencing factors of the
biomass. The result showed that the higher the shoreline complexity of a lake is, the higher the SBD of a
lake gets. In order to protect the biodiversity of lake ecosystems, it is essential to keep the shoreline in a
natural status.

Key words :{ractal ; lake shoreline; macrophytes; biomass
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Table 1 Some morphological indexes and Box-dimensions of 31 lakes
(m) (km?) (km) . .
Name of lakes Location Water level Area Perimeter . (Jorre‘laAtlon
SDI SBD coefficient
® 18.5 3. 65 21. 37 3.16 1. 280 0. 9959 840. 68
® 20.0 46.91 85. 60 3.53 1.174 0.9967 1066. 49
30. 5 152. 23 244.59 5.59 1.269 0.9967 1050. 81
@ 30.1 1. 54 9.81 2.23 1. 096 0. 9964 967. 82
® 21.5 34. 22 121.05 5. 84 1.277 0. 9956 797.03
© 24.0 25.94 50.52 2. 80 1.129 0.9957 814. 87
@ 21.5 168. 30 204. 64 4. 45 1. 245 0.9972 1250. 94
® 15.5 8. 84 24.98 2. 37 1.118 0.9973 1272. 88
® 21.2 39. 89 153. 36 6. 85 1. 315 0. 9944 621.18
© 18.0 8. 50 33.91 3. 28 1.144 0.9963 941. 72
@ 20.5 7.47 22.78 2. 35 1.116 0.9957 807.55
® 30.5 15. 87 51.22 3.63 1. 201 0. 9946 642. 87
19.0 309. 02 361. 54 5. 80 1.292 0.9957 807.73
L) 24.5 15.24 25.16 1.82 1.248 0.9972 1240. 35
® 18.0 15.56 85. 44 6.11 1.292 0.9953 742. 45
® 33.0 22.79 127. 43 7.53 1. 256 0.9963 929. 55
19.0 64.29 148. 46 5.22 1.154 0.9949 681. 81
® 20.5 9.83 31.58 2. 84 1.113 0.9946 648. 39
® 28.0 12. 54 69. 49 5.54 1.287 0. 9959 853. 33
o 30.1 4. 84 22.44 2. 88 1. 150 0. 9969 1110. 70
@ 19.0 31.10 72.92 3. 69 1. 186 0.9971 1210. 30
28. 6 19.77 178.58 11.33 1.419 0.9967 1058. 36
® 30.1 3. 64 24. 65 3. 65 1. 241 0.9936 537. 88
20. 5 43.08 113. 32 4. 87 1. 244 0. 9944 622. 44
2 22.5 8. 89 17.76 1.68 1.121 0.9930 492. 25
@ 21.5 97.95 253.78 7.23 1.323 0.9967 1066. 97
20.0 8. 16 33.57 3.31 1. 180 0.9939 564. 40
@ 20. 4 6. 37 26.71 2.99 1.177 0.9957 815. 67
2 20. 4 15.90 69. 33 4.90 1.250 0.9957 814. 67
@ 32.0 19. 30 117.74 7.56 1.287 0.9978 1611.76
30.1 7.68 42.62 4. 34 1. 209 0. 9967 1066. 45
Mean 4. 50 1.219
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Table 2 Area distribution of lakes in Hubei Province: a test of Korcak’s Law

20 50 20 80
Time The fifties of the twentieth century The eighties of the twentieth century
0. 067 0. 067
3. 335km? 3. 335km?
3. 335km? 3. 335km?
Number of Lakes m Number of Lakes m
. . Number of Lakes Fractal . Number of Lakes Fractal
Region with the area K with the area K

with the area of Area with the area of Area

between 0. 067 and . ... between 0. 067 and . .

) 3. 335 km? above distribution . 3. 335 km? above distribution
3. 335 km? 3.335 km?

® 1010 322 0.99 719 125 1.52

2 116 35 1.04 126 30 1.25

® 36 38 —0.05 16 7 0.72

© 611 164 1. 14 269 46 1.53

2 8 8 0. 00 16 3 1. 45

© 115 20 1.52 108 11 1.98

@ 42 9 1.34 29 8 1.12

® 56 39 0. 31 141 16 1. 89

® 23 7 1.03 11 2 1.48

* 1 2 N 1 ; (DHubei Province ; @ Wuhan City; @)

Xiaogan City ;@) Jingzhou City ;3 Jingmen City ; ©Huanggang City ; MEzhou City ;@ Xianning City;(© YiChang City

3

Table 3 The morphological indexes and macrophyte biomass in some lakes
(g/m?) (km?) (km)
Name of lakes Biomass SBD SDI Area Perimeter
D 144. 800 1.277 5. 840 34.220 121. 050
@ 6522. 000 1. 154 5.220 64.290 148. 460
® 1702. 000 1. 116 2.350 7.470 22.780
@ 183. 000 1.113 2. 840 46.910 85. 600
© 2636. 000 1.174 3.530 46.910 85. 600
€ 797.000 1. 292 5.800 309. 020 361. 540
@ 6410. 000 1.323 7.230 97. 950 253.780
® 1359. 500 1. 287 5.540 12. 540 69. 490

(D Donghu Lake; @) Niushanhu Lake; @) Huangjiahu Lake; @ Qinglinghu Lake; G)Baoan Lake; ©) Liangzi Lake; (@)

Xilianghu Lake ;@ Sanhulianjiang Lake

4.2
. . . 31 1. 096
1. 419 , 1 . 31 1.68  11.33 .
(p<<0.001), 31 , 1
1.3998  1.695, . . 31
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