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Community characteristics of degraded Chinese pine stands and

their biodiversity restoration

GAOQ Bao—Jia] W11 DOng—Yi: JCAI 1‘1“"1':“'[—P0Z YU FU*CaiE V1. Hebel Agriculiural Universily. Buodmng
071000, China 1 2. Nature Reserve of Wuling Mountatn in Heber . China)

Abstract: The community characteristics of degraded Chinese pine (Pinus tabulecformis Carr. ) stands
which were damaged for a long time {23 years) by mankind and the restoration of their biodiversity after
different years (2.5,11 and 19 years) of protection were studied. Investigations showed that the numbers
of species in the degraded stands were sbwviously reduced and their diversity indices were significantly lower
compared with that in the stands without damage. For the variation degrees of plant and mnsect groups .
shrub and natural enemny insect groups were mostly affected with decreases of 55. 56%and 60% 1n family
number, and 30.1% and 0. 72% in family-species diversity indices. With the prolonging of pratection,
plant commumty was found changed regularly. In the eatly pericd of protection (2~ 3 years), the numbers
of family and species showed no obvious changes . number of individuals significantly increased . and the di-
versity indices decreased slightly. In the middle peried of protection {11 years?, species pumbers increased
sharply, the number of individuals decreased, and the diversity indices raised. so this period was featured
mainly with species restoration. After this, the compositions of families changed a lot, the family numbers
and family-species diversity indices significantly increased. The features for the changes of the insect cam-
munity were that, in the early protection period. all the numbers af family. species and wdividuals in-
creased together with the obvicus increment of phytophagous insect groups, and that, the species diversity
indices of all the groups increased continuously with stand protection {eaturing in considerable increases of
the numbers of {amily and species and diversity mndex of the natural enemy insect group in the nuddle pro-

tection period.
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A large area of degraded Chinese pine stands has been formed in the northern mountainous areas of
Hebei Province due to the overpruning, overcutting and overgrazing in the past decades. These stands pos-
sess the characteristics of obovious changes in community composition. significant decline in biodiversity
and community unstability. And these stands are often found as the outbreak base of many pests like pine
caterpillar. However., some degraded stands have been restored in biccommunity through artificial protec-
tions. Therefore. to study the affected community of the degraded stands and the variation patterns in
community diversity restoration of the protected stands are rather important in studying the stable mecha- .
nism of community . in searching for the protection ways for biodiversity . in analyzing the community caus-
&s of pest outbreaks, and in perfecting the theories for integrated pest control.

1 Methods
1.1 Location of investigations and stand status

The investigations were carried out in Wulingshan State Nature Reserve in Xinglong county of Hebei
Province. Different stands of Chinese pine as the degraded stands, normal stands {no damaged) and the
degraded stands with various years of protection were selected in this research. These stands have similar
basic status such as stand age. site type and distance from the residential areas. The basic status of the dif-
ferent stands are listed in table 1.

Table 1 Basic statas of varlous Chinese pine stands

Ne. Elevation Dlstan.?e from the Age Protection status Protection

m) residential area(lkm) vear

1 1050 4.5 35  no protection, serious damege 0

2 1252 6.0 32  under protection, no damage 25

3 1140 6.5 33  short period of protection 2

4 280 4.0 35  short period of protection 3

5 1200 7.0 34  middle period of protection 11

8 1100 6.0 36 long period of protection 19

1.2 Sampling methods

Investigations were carried out in the above stands from 1990 to 1995. In each stand. 2 sample plots
of 30> 30m were established. In each sample plot, 5 sample points of 3% 3m were set up. During investi-
gation. the species. heights and number of plants together with species and numbers of insects in each
sample point were recorded. Meanwhile, 200 nets were taken randomly in a stand to catch insects. and
their species and numbers were recorded.

1.3 Statistics R

For the calculation of diversity index, the formula of Shannon-Weiner H' = EP.lnP.was used. In the

diversity index of family-species. P, indicates the ratic of the species pumber of family to the total species
number. In the diversity index of vertical structure, P, indicates the ratio of individual numbers at ¢ layer
height to the total individual numbers. B diversity index was calculated with Cody Index: 8. ={g(H)+{
(H1-/2. In the formula g (H'} indicates the number of increased species and {¢ H ) indicates the number of
decreased species along with the environmental gradient.

1 Resulis and analysis
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2.1 Community characteristics of degraded Chinese pine stands
Firstly, investigations were given to the degraded stands with many years of human damage (No. 1)
and to the normal stands with no damage (No. 2). Then, their community characteristics were compared.
It was found that the species, individual number and diversity of both plants and insects hetween the two
kinds of stands were obhviously different. Investigation results are shown in table 2 and table 3.
Table 2 Comparison of plant community characteristics beiween the degraded
and normal Chinese pine stands

Plamt Stand Farmly Species Indiwnidpal Species Family-species  Diversiy index

type t¥pe number number number diversity diversity of vertical

index index sTructure
Whole Degraded 18 38 2180 1.8347 2.9%30 0. 4218
Community Normal 34 57 20566 2. 3579 2. 5458 1. 3681
Bush Degraded 4 5 226 1- 3678 1. 2424 0. 8725
Plants MNormal 9 10 568 2.0720 2. 1539 1.9621
Grass Degraded 13 29 1385 1.4722 1. 7856 0. 5627
Plants Mormal 24 26 1217 2-3B631 2. 6033 1. B33s

Table 2 shows that the family and species numbers of plant in the degraded Chinese pine stands were
declined by 47- 06% and 46. 27 % respectively compared with the normal stands. All the diversity indices
were also reduced obviously. Howevet, their individual numbers had no significant difference. The results
show that many years of human damage to the stands resulted in environment deterioration, and that the
specles of adaprable plants decreased with domination by only a few plant families. The variation patterns
of bush and grass plants under che trees were that all the community indices in the degraded stands except
the individual number of grass plants were lower than thae in the normal stand. And the bush plants re-
duced the most, family number reduced by 55% . individual number by 60%. So that, long term damage
to the community mostly affected the bush plants.

Table 3 Comparcilson of insect community characteristics between the degraded

and normal Chinese pine stands

Insect Stand Family Speries Individual Species diversity Eamily-speries
group type number number number index diversity index
Community degraded 25 47 ™7 2. 0416 1. 5266
narmal 55 B4 782 3.2762 2. 3789
Leaf-eating degraded 10 16 3B3 1.8212 1-B973
normal 19 25 7 Z. 0378 . 3687
Sap-sucking degraded 4 10 216 1. 5579 1. 2566
normal 11 17 204 1. %346 2. 3645
Predacwous degraded 3 & 27 1. 2865 1. 8391
normal ] 14 51 2. 3687 2. BB75
Parasitic degraded 5 11 35 2.0122 1. 765
notmal 11 25 89 3.0638 2. 6970
Orthers degraded 3 4 25 — —

narmal 5 8 41 — —
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For the vanation ol insect community s all che indices 10 the degraded stands were lower than those of
the normal ones. Of which the family number and lamily-species diversity indices reduced the most. This
indicates that long term human damage to the stands significantly alfected the insect community. As to the
vanation of different insect group, the reduction ol family numbers was greater than species numbers and
individual numbers, in which the predacious insects. parasitic insects and sap-sucking insects were found
mostly reduced by §6. 7% ,54. 5% and 54. 5% . respectively. Moreover, in the various insect groups. the
diversity index of patural enemy msects was obviously reduced compared with those ol phytophagous in-
sects and others. This shows that the natural enemy insects are more easily affected by human damages to
the stands.

2.2 o diversity variation of Chinese pme stands .

In arder to learn the restaration status of biodversity of the stands under human protections. compar-
ative imvestigations were given to the Chinese pine stands with different years of closing and protection-
2. 2-1 Dnversiey variation of plant community

Along with the prolongation of protected pericds. plant community showed a regular pattern of varia-
tion. The results are shown in table 4. Results showed that, 1n the early period of protection, the num-
bers of family and species of plant had no obvious changes. individual numbers increased much, diversity
index ol plant species slightly reduced . diversity index of verrical structures slightly increased. These were
directly related 1o the status of incampletely restored growth of Chinese pine in the early protection and o
the unimproved environment of the whole stand. Of the increase of individual plant numbers. the plants in
grass family increased mostly with a figure of 101 %. These demonstrated that. in the early period ol pro-
tection, the restoration of plant community was dominated with the increase of individual plant number .
but not its composition.

Table 4 Variation of plant community of Chinese plne with varigus
periods of protection

Protected Family Species Individual Species Family-species Dhversity index
years nutber number aumber diversity diversity of vertical
index index . structure
2 13 33 3211 1. 1366 1- 9334 0. 5411
5 1B 42 3800 1.0478 1. 3475 0. 5899
11 23 54 2864 2. 0344 2. 1658 0. 6671
15 31 42 2447 2. 2617 24771 1. 2383

For the stands with middle and long periods (11~19 years) of protection. their composition and dev-
ersity ol plant community were found obviously changed. (1) The numbers ol lamily and speries signifi-
cantly increased by 27.8% and 50.0% in the middle protection period respectively, and 72. 7% for both -
numbers in the long protection period compared with those of degraded stands. Anelysis shows that
61-5% ol the increased lamily numbers occurred alter closing ol the middle protection period, and §9. 2 ¥4
of the increased species numhers was before this procecrion. This further indicates 10 vears ol protection
mainly accelerated the restoration ol plant species, while plant lamily was restored from longer protection.
(2Y The individual number ol plant in the long protection periad was decreased compared with that in early
pratection. This was resulted 1rom the restoration ol plant community and rhe mmproved environment in

the stands. Also. shade-living plants increased . and the individual numbers ol grass lamily which dominat-
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ed in the early protection period started to decrease. (3) All the diversity indices were {ound significantly
increased along with the prolonging of protection years. Of which, the diversity index of plant species in-
creased much in the middle protecuion period, family-species diversity index increased mosily siarted from
the period of middle protection. However, the diversity index of verrical structure showed a tendency of
SUCCESSIVE Increase.

2. 2.2 Diversity variation ol insect community

Investigations showed that insect commumnity in the stands was alsa changed along with the diversity
restoration of plant community. The results were given in table 5.

Table 5 shows that the variation tendency of insect community was similar to that of plant community
along with the prorected vears to the stands. In early protection period , individual insect numbers showed
slightly increase, but were down from middle protection pericd. However, the numbers of {amily and
species obviously increased in early protection by 12.0% and 19. 0% respectively, Diversity index also
showed some increase. These indicated that insects were sensitive to the environmental changes. The mn-
creases of famuly and species numbers mostly occurred in the period of 5~ 11 vears of protection ta the
stands, and family number changed significantly by 28. 26 4. This demonstrated that this period was most
of importance for the restoration of insect community. Further analysis was given to the changes of various
insect groups in the insect community, and the eifects of environment on insect community were made
clear. The variations are shown in tahle 6.

Table 6 shows that, in the early protection period. the increases of family. species and individual
numbers of phytophagous insects were more than those of patural epemy insects, but the diversity index
showed some decrease. In the middle period of protection. all the insect groups changed a lot. The family
number, species number and diversity index of patural enemy insect group greatly increased by 56. 25 %,
44. 8%and 38. 97 respectively compared with those of degraded stands. This indicates patural enemy insecr
group was mostly restored in this period. The effects of long time protection for the stands on the inpsect
community provided successive increase in {amily number, species number and diversity index far all the
insect groups . decrease in individual number of phytaphagous insect, 1n further inciease 1p individual num-
bers of patural enemy insects, turning to the high diversity of cammunity . more serious control inside the

community. and improvement in stability of the community.

Table § DMversity variatlons of insect commuonlty in Chioese pine stands
with different years of protection

Protected Family Species lndividual Bpecies Family-species
YEATS number number number diversity index diversity index

2 28 . 56 1030 1. 8388 1. 7463

5 33 62 1121 2. 0485 1- 9471

11 16 T8 &96 2. B8TS 2. 5773

19 51 89 923 3. 5346 2.7219

2.3 /A diversity variation of Chinese pme stands
For the sake of analyzing the waration status ol the community structure of Chinese pine stands in

their restoration, F diversity indices of plant and insect communities were calculated with Cody Index at
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the gradient of different protection years (table 7).
Table 6 Variations of various insect groups of insect community with
different years of stand protection

Protected Insect Family Species Individual Species Family-species
yedrs group rmurnber number number diversity index diversity index
5 Leaf-eating 14 20 5849 1.5674 2. 0931
Sap-sucking 8 12 453 1.4034 1. 6803
Predacious 5 8 26 1. 8841 2.0181
Parasitic & 13 37 2- 3769 1. 7731
11 Leaf-eating 17 23 447 1- 9936 2. 2094
Sap-sucking E] 14 336 1. 6192 2.1375
Predacious 12 4] 2.1371 2. 8011
Parasiue 17 50 2. 5455 2. 4936
149 Leaf-eating 19 24 425 2. 0228 2.3378
Sap-sucking 10 15 371 1.7933 2. 2982
Predacicus ] 13 42 2. 4012 2. 8329
Parasitic 10 21 53 2. 8910 2. 5037

Table 7 shows that the § diversity indices of plant and insect communmity in the stands which were pro-
tected for 11 vears is higher than that in other stands along with the gradient variation of protection years.
This indicates that the variation of composition structure of insect community is the most obvious and 2 di-
versity indices of plant community tend to increase in that stage of protection. Analyzing the variation sta-
tus of various type stands can find thet along with the prolongation of protection time, J diversity indices
of plant community don't increase obviously but these of insect comrmunity increase greatly in the stands of
shorter protection time, and that the 3 diversity indices increase in plant community but they tend to de-
crease year by vear in insect community in the middle and long protection stands. This can further indicare
that insect community had restored obviously in the early protection period and the most variation of it is in
10 vears of protection, the restoration of plant community need longer protection time.

Table 7 B diversity indlces of plant and Insect communities in
differemt protection years

Stand 1991 1992 1993 1994 1995 hetf::ﬁ:_n “
No. P I P I P 1 P I P 1 P I
1 — — — — — — — — — — — —
2 — — - - — — 0 25 Lo 4.0 1.0 8.5
3 o 3.0 0 L5 1.0 35 ¢ 40 L0 3.0 2.0 7.0 .
4 o 5 1.0 2.5 0 40 1.0 50 1.0 60 5.5 12.5
5 2.0 5.0 0 40 1.0 1o .5 2.0 2.5 5.0 B.5
6 1.0 2.5 0 1.5 2.0 25 .5 1.0 2.5 6.5 8.0
P——Plant cotnmunity: [——Insect community

3 Conclusions and discussion
3.1 The community characteristics of degraded Chinese pine stands by many years of human damage

were lack of plant species, simple community composition and vertical structure. low biodiversity index. Tt
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was found that bush plants were affected meostly. And the numbers of family and species of insect commu-
nity decreased. biodiversity reduced. The insect group of natural enemy decreased most significandy. The
dormant species of phytophagous insects turned to be obvicus. And the whole community was rather un-
stable.

3.2 The restoration patrern of comrmunity diversity which was under humean pretection was slow restora-
tion of plant community. In early restoration. individual number increase dominated the restoration. A-
long wich the prolonging of protecred vears. the composition of plant family and species changed a lor, and
their numbers continued to increase. Insect community was found sensitive to environment. In the early
protection period. insect species obvicusly increased. In the middle period, the whele community changed
significantly. especially the restoration of natural enemy insect group.

3.3 For the resteration of naturai Chinese pine stands in north China. [0th vear of protection was criti-
cal. After 20 years of protection, the stands were restored similar to the normal srands. In the forest man-
agement , atrentions should be given to the protection of the whole community, in order to accelerate the

restoration of biodiversity of the community end make it relatively srable,
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