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The Composition and Structure of the Four Soil Macrofaunas in

Songshan Mountain in Beijing
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Abstract : Based upon the investigation of the four ecosystems of Songshan Mountain in Beijing, a compara-
tive study was conducted on the composition, vertical structure, and community diversity of the soil
macrofaunas. A new analytical method was proposed in comparing the community diversity of different soil
faunas.

The explored four ecosystems were the artificial Chinese pine (Pinus tabulaeformis) forest, the natu-
ral Chinese pine forest, the deciduous broad-leaved forest and the mountain-top meadow. Two sampling
sites of which each was with three soil layers ( I ; 0~5cm; I ; 5~10cm; I ;10~15cm) were established
in each ecosystem. Soil animals were collected from these sites, and the content of organic matter, total
nitrogen and pH values of the soil were also measured.

Abundant taxa of macro soil animals were found in these sites, which belong to 65 families, 23 or-
ders, 8 classes and 4 phyla. Among these, Formicidae, Staphylinidae, Geophilidae, Mecistocephalidae,
Lithobiidae and Lumbricidae were the dominant groups. They were not only abundant accounting for
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tively, but also were widespread existing in all the four ecosystems except the Lumbricidae, which was on-
ly found in three ecosystems.

Both group numbers and individual numbers in the four macrofaunas varied in the amount in the order
of mountain-top meadow fauna (D), deciduous forest fauna (C), artificial Chinese pine forest fauna (A)
and natural Chinese pine forest fauna (B). In every fauna. groups and individuals in layer I were much
richer than those in layer I and layer 1. However, the numbers of groups and individuals in different soil
layers and the tendency of declination with the soil depth were obviously different. Of the faunas, fauna D
was the richest of all three soil layers; while fauna B was the poorest in both layer I and layer I. And a
remarkable decrease from layer I to layer I for fauna B was noted. Apart from that, the numbers of
groups found only in one fauna were greatly different among the faunas. Two groups were found in fauna
B. which was much less than those in the other faunas.

The community diversity of the faunas was analyzed with Shannon-Weiner diversity index (/1'). As a
result, ' ; for fauna A, B, C, D was 0. 9282, 1.1335, 1.3139 and 1. 2193. H' . was 1.4472, 1. 3802,
1. 4914 and 1.5185. E; was 0. 6414, 0.8213, 0.8810 and 0. 8030 respectively. The significant correlation
was found between the values of H' and the evenness of groups (p<C0.05), but not between H' and the
richness of groups in each fauna.

The composition similarities of the four faunas were measured with Jaccard coefficient, Gower coeffi-
cient and Pianka’s @ index. It was shown that the four faunas were obviously heterogeneous in composition
and the values of their similarity coefficients were generally low. Furthermore, fauna A and fauna B were
the most similar of the four faunas by whichever the coefficient or index.

Furthermore, the community compositions of forest macrofaunas at eleven areas (including Songshan
Mountain) of different climatic zones in China were compared. All the five climatic zones in China were di-
vided into two parts. One includes the mid-tropics and southern subtropics, and another includes the wide
region from the mid-temperate zone to the mid-subtropics. In the former, Isoptera and Hymenoptera were
the dominant groups, while Myriapoda and Hymenoptera were often the dominant or subdominant groups
in the latter.

Apart from that. an analytical approach for comparing the diversity of different soil faunas was also
discussed in this paper. As is well known, one of the significant characteristics of soil faunas is that soil
faunas are usually composed of many different taxa, whose individual numbers are generally greatly differ-
ent either within a fauna or among faunas. It usually makes the diversity of soil faunas significantly corre-
lational to the evenness but not to the richness of groups. As a result, the I’ value for a soil fauna with a
simpler composition and lower individual numbers is often higher than that with a more complex composi-
tion and higher individual numbers. For these reasons, Liao and Chen (1997) proposed the DG index ( DG

s
= (g/G) 2 (D;C;/D;maxC) ) to compare the diversity of soil faunas. It was suggested in this paper that the

i=1

H' index might be improved in order to present the influence of the group number, the relative abundance
of groups within a fauna (intra-community relative abundance) and among faunas (inter-community rela-
tive abundance) upon the diversity of soil faunas.

The formulaC; = H'; X r; = H' ;... X E; X r;was proposed for the community j. where C; was defined
as the complexity index; I{'; was the value of the Shannon-Weiner diversity index, H'j...was the maxi-
mum of H';,E; was the value of the Pielou’s evenness coefficient, and r; was a correction coefficient. Fur-

s "
thermore,r;,=A,;/A ,with A; = (1/5])2 (N,;/N) and A = (1/71)214] , where N;; was the individual

i=1 j=1
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number of group i in the community j, N;was the total individual number of the group i in all communities

. . . 1 . L
investigated (i.e. N; = LN;J ); S; was the group number in community j, and S was the total group
=1

number in all communities. Thus A; was the mean value of the inter-community relative abundance of all
groups in community j, which could be called the individual abundance of community j; A was the mean in-
dividual abundance of all communities investigated. The correction coefficient r; was presented as a ratio of
the individual abundance of community j to the mean individual abundance of all communities (;=A4;/A).
It not only revealed the effect of inter-community relative abundance of groups on the complexity of com-
munity directly, but also made the value range of 7, close to those of H' jn.x and E;.

Based on the formula proposed above,r; for fauna A, B, C and D in Songshan Mountain was 1. 0364,
0.7231, 1.0624 and 1. 1780, correspondingly. C; was 0. 9620, 0. 8196, 1. 3959 and 1. 4363. We believe
that C; index might be more suitable than I{" index for comparing the complexity of community composi-
tion of soil faunas.

Key words: soil macrofauna; community structure; the complexity index of community (C,); Songshan

Mountain in Beijing
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Table 1 _Composition of soil macrofaunas in Songshan Mountain
A Fauna A B Fauna B C Fauna C D Fauna D Total
Taxa
Individual (%) Individual (%) Individual (%) Individual (%) Individual (%)
Dorylaimidae 6 3.39 6 1. 16
Ellobiidae 1 0. 81 1 1. 09 2 0. 39
Bradybaenidae 1 0.79 1 0.56 2 0. 39
Enchytraeidae 1 0. 81 1 0.19
Lumbricidae 7 7.61 10 7.94 10 5.65 27 5.20
Moniligastridae 10 7.94 10 1.93
Megascolecidae 3 3.26 1 0.79 4 0.77
Anystidae 2 1.59 2 0. 39
Trombidiidae 4 2.26 4 0.77
Tydeidae 2 1.13 2 0. 39
Cryptognathidae 1 1.09 1 0.56 2 0. 39
Clubionidae 1 0. 81 2 1.59 3 1.13 6 1. 16
Salticidae 3 2.42 4 4. 35 7 5.56 11 6. 21 25 4.82
Gnaphosidae 4 2.26 4 0.77
OO  Cienizidae 2 1.59 2 0. 39
Philodromidae 1 0. 1 0.19
Thomisidae 10 5.65 10 1.93
Theridiidae 1 0. 81 1 1.09 2 0.39
Agelenidae 4 3.23 4 0. 77
Julida 1 1.09 3 1. 69 4 0.77
2 2.17 1 0.56 3 0.58
Hirudisomatidae

Geophilidae 8 6. 45 19 20. 65 8 6. 35 2 1.13 37 7.13
4 3.23 7 7.61 12 9.52 12 6.78 35 6. 74

Mecistocephalidae
Lithobiidae 6 4. 84 7 7.61 7 5.56 15 8. 47 35 6. 74
Geophilellidae 3 2.42 2 2.17 5 0. 96
Tomoceridae 2 1.61 1 1. 09 7 5.56 10 1.93
Tettigidae 1 0.79 1 0.19
Labiduridae 1 0.79 1 0.19
Pentatomidae 1 1.09 1 0.19
Lygaeidae 1 0. 81 1 1. 09 1 0.56 3 0.58
Pyrrhocoridae 8 6.35 8 1.54
Tingidae 1 0. 56 1 0.19
Anthocoridae 1 0.79 1 0.19
Cicadidae 1 0. 81 1 0.19
Cicadellidae 1 0.79 1 0.56 2 0. 39
Aphididae 1 0. 81 1 0.56 2 0.39
Pemphigidae 2 1.13 2 0. 39
Margarodidae 1 1.09 1 0.19
Raphidiodea 1 0. 81 1 0.19
Hemerobiidae 1 0. 81 1 0.19
Pyralidae 1 0. 81 1 0.19
Lasiocampidae 1 0. 81 1 0.19
Arctiidae 1 0. 81 1 1.09 2 0. 39
Carabidae 4 3.17 6 3. 39 10 1.93
Cicindelidae 1 0.79 1 0.19
Staphylinidae 3 2.42 6 6.52 3 2.38 48 27.12 60 11.56
Elateridae 2 1. 61 1 0.79 3 0. 58
Scarabaeidae 2 1.59 2 0. 39
Rutelidae 1 0.56 1 0.19
Meloidae 3 3.26 1 0.79 4 0.77
Tenebrionidae 2 1. 61 2 1.59 4 0.77
Coccinellidae 4 3.23 1 1. 09 2 1.13 7 1.35
Alleculidae 1 0.79 1 0.19
Curculionidae 1 0. 81 1 0.79 5 2.82 7 1. 35
Tenthredinidae 1 0.79 1 0.19
Haliclidae 3 1. 69 3 0.58
Formicidae 5 52.42 18 19.57 12 9.52 12 6.78 107 20. 62
Tipulidae 3 2.42 1 1.09 2 1.59 6 1.16
Mycetophilidae 2 2.17 12 9.52 1 0.56 15 2.89
Tabanidae 1 0. 81 1 0.19
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1
A Fauna A B Fauna B C Fauna C D Fauna D Total
Taxa
Individual (%) Individual (%) Individual (%) Individual (%) Individual (%)
Coenonyidae 1 0.56 1 0.19
Therevidae 2 1.59 2 1.13 4 0.77
Syrphidae 1 0. 81 1 0.19
Anthomyiidae 1 1. 09 3 1. 69 4 0.77
Muscidae 1 0.56 1 0.19
Total individual 124 99 126 177 519
number
§ Total group num- 28 24 31 33 65
er
2 4
Table 2 Vertical distribution in different soil ., R
layers of four macrofaunas in Songshan Mountain ) ,
)
) Number of groups Number of individuals ) 1 3
Soil fauna
I I I I I I H s I pH
A 23 10 5 85 26 13 ,
B 23 7 6 67 13 12
C 25 11 7 90 23 13 : A
D 28 17 11 96 51 30 B ) .
A} b C
3 4
Table 3 Soil properties of four ecosystems in Songshan Mountain
%) %) pH
. Organic matter content (%) Total N concentration (%) pH value
Ecosystem
1 I I 1 I s 1 1 Ik
A 13.92 7.00 3.98 0. 46 0.21 0.12 7.10 6. 80 6. 90
B 7.73 6. 66 4.72 0. 25 0. 20 ORIE7 6. 80 5.85 5. 60
C 13. 20 10. 58 4. 44 0. 45 0. 36 0.14 6.72 6. 90 6.52
D 10.72 8. 02 8. 31 0. 44 0.33 0. 27 6.72 6. 60 6. 55
2.2.2 4 4 4
s s 12 ; Table 4 Diversity and similarity of four
, 7~10 X macrofaunas in Songshan Mountain
, B 2 , Fauna A B C D
[3.7.8] , o 0.9282 1.1335 1. 3139 1.2193
B H' ax 1. 4472 1. 3802 1.4914 1.5185
’ ° E 0.6414 0.8213 0. 8810 0. 8030
’ q A 0. 3684 0. 2553 0. 2200
B 0.2791 0. 3256
. , C 0. 2800
Sc A 0. 6281 0.4181 0. 3202
B 0.5061 0.4762
2.2.3 4 s
. C 0.4160
C ’ ’ a A 0.7110 0.4782 0.2935
C D, D B 0.6915  0.4888
, H' C. C 0. 4349
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Table 5 Composition of main groups of forest soil macrofaunas in different climatic zones in China”*

Area

Diptera Coleoptera Myriapoda Gastropoda Arachnida Oligochaeta Hymenoptera Isoptera

0.92 1. 83

Laoye mountain, Heilongjiang
2.79 0.52
Northern slope of Changbai Mountain

5 4
Xiaolongmen, Beijing

0. 31 0. 04
Baihua Mountain, Beijing

7 11
Songshan Mountain, Beijing

1. 85 2.76
Jiuvhua Mountain, Anhui

7 9
Tianmu Mountain, Zhejiang

22 7

Hengshan Mountain, Hunan

1 8
Yuelu Mountain,Hunan

0. 04 3.65
Dinghushan,Guangdong

1. 27 4.10

Jianfeng Mountain. Hainan

0.

17

3.

6.03 1.87 0.79
47 0.10 0.11
25 18
.16 0.03 0.22
1 8
.67 0. 85
10
8
17
.74 0.72
14 0. 004 1.01

3.58

0.01

5. 11

0.02
15

0.43
28
6.23
20
13
23
3.83
5.19

N N
3

°

Data from Laoye Mountain, Northern slope of Changbai Mountain, Baihua Mountain and Jiuhua Mountain were percent-
ages of total soil animals collected by hand, Tullgren and Baermann apparatus. Data from Dinghushan and Jianfeng
Mountain were percentages of that collected by hand and Tullgren apparatus. Data from the other areas were percentages

of that collected by hand only
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