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Ecological Changes of Insect - damaged Pinus densiflora Stands in
the Southern Temperate Forest Zone of Korea (I )*'

Kyong Bin Yim** - Kyong Jae Lee*** Yong Shik Kim*

Thecodiplosts Japonesis is sweeping the Pinus densiflora forests from south-west to north-east direction, destroying
almost all thé aged large trees as well as even the young ones. The front line of infestation is moving slowly but
ceaselessly norhwards as a long bottle front. Estimation is that more than 40 percent of the area of P. densiflora forest
has been damaged already, however some individuals could escapes from the damage and contribute to restore the site
to the previous vegetation composition.

When the stands were attacked by this insect, the drastic openings of the upper story of tree canopy formed by ex-
clusively P. densiflora are usually resulted and some environmental factors such as light, temperature, litter accumula-
tion, soil moisture and offers were naturally modified. With these changes after insect invasion, as the time passes,
phytosociologic changes of the vegetation are gradually proceeding.

If we select the forest according to four categories concerning the history of the insect outbreak, namely, non-
attacked (healthy forest), recently damaged (the outbreak occured about 1-2 years ago), severely damaged (occured 5-6
years ago), damage prolonged (occured 10 years ago) and restored (occured about 20 years ago), any directional changes
of vegetation composition could be traced these in line with four progressive stages.

To elucidate these changes, three survey districts; (1) “Gongju” where the damage was severe and it was outbroken in
1977, (2) “‘Buyeo’” where damage prolonged and (3) “Gochang” as restored, were set, (See Tab. 1). All these were
located in the south temperate forest zone which was delimitedmainly due to the temporature factor and generally ac-
cepted without any opposition at present.

In view of temperature, the amount and distribution of precipitation and various soil factor, the overall homogeneity
of environmental conditions between survey districts might be accepted. However this did not mean that small
changes of edaphic and topographic conditions and microclimates can induce any alteration of vegetation patterns.

Again four survey plots were set in each district and inter plot distance was 3 to 4 km. And again four subplots were
set within a survey plot. The size of a subplot was 10m x 10m for woody vegetation and 5m x 5m for ground cover
vegetation which was less than 2 m high. The nested quadrat method was adopted.

In sampling survey plots, the followings were taken into account:

(1) Natural growth having more than 80 percent of crown density of upper canopy and more than 5 hectares of area.

(2) Was not affected by both natural and artificial disturbances such as fire and thinning operation for the past three

decades.

(3) Lower than 500 m of altitude

(4) Less than 20 degrees of slope, and

(5) Northerly sited aspect.

An intensive vegetation survey was undertaken during the summer of 1980. The vegetation was devided into 3

* 1 Received for Publication on June 5, 198l.
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categories for sampling; the upper layer (dominated mainly by the pine trees) the middle layer composed by »ak species
and other broad-leaved trees as well as the pine, and the ground layer or the lower layer (shrubby form of woody
plants). In this study our survey was concentrated on woody species only.

For the vegetation analysis, calculated were values of intensity, frequency, covers, relative importance, species diver-
sity, dominance and similarity and dissimilasity index when importance values were calculated, different relative
weights as score were arbitrarily given to each layer, i.e., 3 points for the upper layer, 2 for the middle layer and 1 for
the ground layer. Then the formula becomes as follows;

3(IV upper L.)+2(IV. middle L.) + 1(IV. ground L. )
6

RIV.=

The values of Similarity Index were calculated on the basis of the Relative Importance Value of trees (sum of relative

density, frequency and cover). The formula used is;

LG C.

9
- = —x 100 = C (
81 =355 % 190 =155+ 100 C (%)
Where: C = The sum of the lower of the two quantitative values for species shared by the two communities.
8= The sum of all values for the first community.
S,= The sum of all values for the second community.

In Tab. 3, the species composition of each plot by layer and by district is presented. Without exception, the species form-
ed the upper layer of stands was Pinus densiflora. As seen from the table, the relative cover (%), density (number of
tree per 500 m?), the range of height and diameter at brest height and cone bearing tendency were given.

For the middle layer, Quercus spp. (Q. aliena, serrata, mongolica, accutissina and variabilis) and Pinus densiflora
were dominating ones.

Genus Rhodedendron and Lespedeza were abundant in ground vegetation, but some oaks were involved also.

(1) Gongju district

The total of woody species appeared in this district was 26 and relative importance value of Pinus donsiflora for
the upper layer was 79.1%, but in the middle layer, the R.I.V. for Quercus accutissim®. Pinus densiflora, and
Quercus aliena, were 22.8%, 18.7% and 10.0%, respectively, and in ground vegetation Q. maongolica 17.0%, Q.

serrata 16.8% Corylus heterophylla 11.8%, and Q. dentata 11.3% in order.
(2) Buyeo district.

The number of species enumerated in this district was 36 and the R.LV. of Pinus densiflora for the upper lzyer
was 100%. In the middle layer, the R.1.V. of Q. variabilis and Q. serrata were 8.6% and 8.56% respectively. In the
ground vegetative 24 species were counted which had no more than 5% of R.1.V. The mean R.I.V. of P. densifiora
( totaling three layers) and averaging four plots was 57.7% in contrast to 46.9% for Gongju district.

(3) Gochang-district

The total number of woody species was 23 and the mean R.1.V. of Pinus densiflora was 66.0% showing greater
vaiue than those for two former districts. The next high value was 6.5% for Q. serrata. As the time passes since
insect outbreak, the mean R.I.V. of P. densiflora increased as the following order, 46.9%, 57.7% and 66%.

This implies that P. densiflora was getting back to its original dominat state again. The pooled importance of Genus
Quercus was decreasing with the increase of that for Pinus densiflora. This trend was contradict to the facts which
were surveyed at Kyonggi-do area (the central temperate forest zone) reported previously (Yim et al, 1980). Among
Genus Quercus, Quercus acutissimn, warm-loving species. was more abundant in the southern temperature zone to
which the pre;ent‘research is concerned than the central temperate zone. But #ice-versa was true with Q. mongolica. a
cold-loving one. The species which are not common between the present survey and the previous report are Carpinus
cordata, Betala davurica, Wisturia flovibunda, Weigela subsessilis, Gleditsia japonica var. koraienstis. Acer

pseudosieboldianum, Euonymus japonica varmacrophylla, Ribes mandshuricum, Pyrus calleryana var. fauriel, Tilia
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amurensts and Pyrus pyrifolia.

In Figure 4 and Table 5, Maximum species diversity (maximum H’), Species diversity (H’) and Eveness (J’) were
presented. The Similarity indices between districts were shown in Tab. 5. Seeing Fig. 6, showing two-dimensional or-
dination of polts on the basis of X and Y coordinates, A1 plots aggregate at the left site, Bi plots at lower site, and Ci
plots at upper-right site. The increasing and decreasing patterns as to Relative Density and Relative Importance Value
by genus or species were given in Fig. 7. Some of the patterns presented here are not consistent with the previously
reported ones (Yim, et al, 1980).

The present authors would like to attribute this fact that two distinct types of the insect attack, one is the short war
type occuring in the south temperate forest zone, which means that insect attack went for a few years only, the other
one is a long-drawn was type observed at the temperate forest zone in which the insect damage went on continuously for
several years. These differentbehavioursofinfestation might have resulted the different ways of vegetational change.
Analysing the similarity indices between districts, the very convincing results come out that the value of dissimilarity
index between A and B was 30%, 27% between B and C and 35% between A and C (Table 6). The range of similarity in-
dex was obtained from the calculation of every possible combinations of plots between two districts. Longer time isola-
tion between communities has brought the higher value of dissimilarity index. The main components of ground vegeta-
tion, 10 to 20 years after insect outbreak, become to be consisted of 'main]y Genus Lespedeza and Rhododendron . Genus
Quercus which relate to the top dorminant state for a while after insect attack was giving its place to Pinus densiflora.
It was implied that, provided that the soil fertility, soil moisture and soil depth were good enough, Genus Quercus had
never been so easily taken ever by the resistant species like Pinus densiflora which forms the edaphic climax at vast
areas of forest land. Usually they refer Quercus to the representative component of the undisturbed natural forest in

the central part of this country.
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Fig. 1. Location map and climograph of

districts

Tab. 1. The location of Pinus densiflora stands studied and year of pine gall midge outbreak.

investigated

District Plot Location Year of outhreak
1 Danmiri, linmyeon. Gongjugun
2 Bongjeongri, linmyeon 1977
Gongju 3 Jubongri, linmyeon (severely damaged)
(A 4 Guamri, linmyeon
1 Joleongri, Eunsanmyeon, Buyveogun
- a73
2 Daeyangri, Eunsanmyeon 197
Buyeo 3 Hongsanri, Eunsanmyeon (damage prolonged)
(B) 4 Obunri, Eunsanmyeon
1 Nedongri, Gochangeub, Gochanggun
e - (oY
2 Japori, Sinrimmyeon 1960
Gochang 3 vy ulgokri, Gochangeub (restored)
© 4 Wolamri,Gochangeub
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Tab. 2. Environmental gradient of investigated plots by district.
Slope | Altitude Soil Soil Water | Organic | Depth of
District Plot Aspect content | compound litter
) (m) texture depth
(%) content(%) (cm)
1 NW 10 140 sandy loam | medium 18.8 7.1 3.9
2 NE 15 160 do. do. 17.7 5.5 2.8
Gongju 3 N 15 220 do. do. ‘ 17.9 6.6 2.1
4 NE 15 140 do. do. 18.5 6.4 2.2
Mean 14 165 182 6.4 2.8
1 NwW 15 200 sandy loam deep 22.2 8.1 3.6
2 NE 10 60 do. do. 22.3 10.8 3.9
Buyeo 3 NwW 10 80 do. medium 20.2 7.4 2.4
4 NwW 15 120 do. shallow ] 20.6 7.2 2.2
Mean 13 115 J 21.3 8.4 3.0
1 NwW 10 140 sandy leam | shallow { 18.2 4.7 1.9
2 NW 5 60 do. medium ‘ 18.6 5.5 2.1
Gochang 3 NwW 5 120 do. | 21.4 7.8 i 2.8
4 Nw 15 140 do. 19.8 5.2 | 2.7
I — S SE—
Mean 9 115 | 19.5 5.8 J 2.4
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Tab. 3. Species composition of surveyed plots by layver

[

District 2lot Uppler layer Middle Layver Ground layer

P. densiflore

H=81im, D = 20-24 em

Cover = 847 density = 154/

5300m- stem: mostly crooked
amount of cone bearing =

little

(mudn), Quercus acutissima,

Quercus serrata

variabilis, Pinus densiflora

(Sub-); Quercus aliena, Quercus

Quercus aliena. Corylus
heterophylla var. thunbergii
Quercus serrata, Smilax chinag,

Rhododendron schilippenbachii

P densiflora
H=45m D =6-10cm
cover = 94.5%
density = 125/500m?
stem: mostly crooked
amount of cone bearing =

little

P. densiflora
H=68m,D=610cm
cover = 95.8%
density = 125/500m?
stem: mostly crooked
amount of cone bering =

medium

(mainy); P. densiflora
(sub-); Quercus dentata,
Quercus serrata, Quercus

aliena

Quercus serrata, Quercus
aliena, Quercus dentatc.
Corylus heterophylla var.

thunbergii

(main); Quercus acutissima,
Quercus variabilis, Quercus

aliena, Pinus densiflora

Quercus aliena, Quercus
serrata, Corylus heterophylla
var. thunbergii, Pinus

densiflora

P densifiora
H=58m,D=6-8cm
cover = 92.7%
density = 127/500m-
stem: mostly crooked
amount of cone bearing =

little

(main); Quercus acutissima,
Quercus serrate, Pinus

densiflora

P. densifiora
H =810m,D = 16-20 cm
cover = 1007%¢
density = 87/-500m-
stem: mostly crooked
amount of cone bearing =

medium

Lespedeza bicolar, Quercus
serrata, Quercus dentata,

Quercus aliena

(main); Quercus mongolica,
Quercus variabilis, Styrax

obassta, Pinus densiflora

Quercus serrata, Rhodo-
dendron mucronulatum,

Viburnum wrightii

P. densiflora
H=2815m D = 20-30 em
cover = 100%
density = 34/500m:
stem: mostly crooked
amount of cone bearing =

medium

(main);, Pinus densiflora,
Quercus serrata

(sub-); Castanea crenata,
Quercus acutissima.

Quercus aliena

Quercus serrata, Lespedeza
bicolor, Rhododendron mucro-
nulatum, Corylus heterophylla

var. thunbergii




19814 eleabe] wN AR o) R R ANy 65
District Plot Upper layer Middle layer Ground layer
P. densiflora (main); Pinus densiflora, Quercus aliena. Rhododendron
H=68m,D = 86-10cm Quercus acutissima, Quercus mucronulatum, Pinus den-
cover = 100% serrata, Quercus aliena stflora, Lespedeza bicolar
3 density = 127/500m:
stem: mostly crooked
amount of cone bearing =
little ‘
P. densiflora (main); Quercus variabilis, Quercus aliena, Quercus ‘
H = 10-12m, D = 20-30 cm Quercus serrata, Pinus dentata, Quercus serrata, ;
cover = 100% densiflora Lespedeza bicolar ‘
4 density = 186/500m: |
stem: mostly straight 1
amount of cone bearing = :
little
P. densiflora (main); Quercus aliena, Pinus | Quercus aliena, Lespedeza
H=2810m,D = 14-18 ¢cm densiflora maximowiczit, Rhododendron
Cover = 91.7% (sub-); Stewartia koreana, mucronulatum
1 density = 92/500m? Quercus serrata
stem: mostly crooked .
amount of cone bearing = |
little
P. densiflora (main); Pinus densiflora Pinus densiflora, Quercus
§ H=68m,D = 16-18 cm (sub-); Quercus acutissima, serrata, Lespedeza bicolar
cover = 98.3% Quercus serrata
i 2 density = 105/500m:
stem: mostly crooked
amount of cone bearing =
Gochang little
P. densiflora (main); Pinus densiflora, Pinus densiflora, Lespedeza
H=68m, D =8-12cm Quercus serrata, Castanea bicolar, Quercus serrata
cover = 98.6% crenata, Alnus hirsuta
3 density = 88/500m:?
stem: mostly crooked
amount of cone bearing =
little
P. densiflora (main); Pinus densiflora Quercus serrata, Rhodo-
H=68m,D = 16-22 cm dendron mucronulatum,
cover = 100% ‘ Lespedeza biclor, Pinus
4 density = 58/500m? densiflora

stem: mostly crooked
amount of cone bearing =

moderate
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Tab. 4. Importance values of forest vegetation by species, layer, and district.

| Rt ~ Gonan Buyeo Gochang
Tree species UpperiMiddle Lower|Mean | Upper|Middle [Lower|Mean | Upper|Middle |Lower|Mean
Pinus densiflora 79.1 | 18.7 6.7 | 46.9 | 100.0 | 19.7 6.5 | 57.7| 96.4 | 40.7 | 25.2 | 66.0
' Quercus dentata 2.4 69 | 113 5.4 1.0 5.2 1.4 1.1 3.1 0.9
: Quercus serrata } 11.7 16.8 6.7 8.5 14.2 5.2 1.1 9.7 16.4 6.5
Quercus acutissima 16.1 22.8 7.5 16.9 4.7 6.9 2.7 0.5 3.5 1.5 1.7
Quercus aliena 10.0 17.0 6.3 7.1 9.1 3.9 1.5 9.6 5.9 4.9
Robinia pseudoacacia 1.3 1.0 0.6 0.5 0.1 1.5 2.0 0.8
Puerata thunbergiana 3.4 1.3 0.5 0.2 1.2 0.3 0.5
‘ jb;i)t:i?cflatyphylla var 14 28 0.9
S;’Jg;}‘;ﬁg’;f‘”"phy”“ var 24| 118 | 28 17 29| 11 L1 21| 07
Sorbus alnifolia 1.3 0.4
Lespedeza bicolar | 19 10.6 2.4 1.2 7.1 1.6 1.9 0.6
Juniperus rigida 3.0 2.9 1.5 2.2 14 1.0 2.0 1.8 1.0
“ Castanea crenata 2.1 0.4 0.8 6.8 2.8 2.6 0.5 7.5 0.6 2.6
Rhus verniciflua 0.8 0.3 3.4 0.3 1.2 1.7 0.6
Indigofera kirilowii 1.2 0.2 2.6 0.4 7.8 1.3
Stephanandra incisa 1.0 0.2 0.7 0.1
Rhododendron mucronulatum 0.5 1.7 0.5 20 13.2 2.9 1.6 - 107 2.3
Rhododendron schlippenbachii 4.6 0.8 0.9 3.0 0.8
Smirax china 2.3 2.2 1.1 2.7 3.5 1.5 8.3 7.3 4.1
Diospyros lotus 1.8 0.4 0.7
Rhus chinensts 0.3 0.1
Prunus sargentii 0.7 0.2 2.4 2.0 1.1
Quercus mongolica 0.8 0.3 7.4 2.5
Lespedeza cyrtobotrya 0.6 | 104 1.9
Fraxinus rhynchophylla 1.5 0.3
Styrax japonica 4.4 2.1 1.7
Lindera obtusiloba 1.0 0.8 0.5 1.1 1.6 0.6
Zanthoxylum piperitum 0.6 0.1 0.3 0.1
Symplocos chiminsis for pilosa 0.3 0.1
Quercus variabilis 6.2 2.1 3.5 1.1 1.3
Vaccinium oldhami 8.6 0.3 2.8 0.6 0.4 0.3
Lespedeza maximowiczit 0.6 0.2 0.3 0.1 1.7 3.8 1.2
Alnus hirsuta 1.2 0.6 2.0 0.7
Albizzia julibrissin 2.1 1.9 1.0 1.9 1.7 0.9 0.6 0.2
Ailanthus altissima 0.3 0.1 0.3 0.1
Viburnum wrightii 3.6 1.3
Ilex macropoda 2.1 1.4 1.3
Celastrus vrbiculatus 3.3 0.7 0.2
Stewartia koreana 03 0.1
Rousa multiflora 0.8 0.3
Total 100.0 | 100.0 | 100.0 |100.0 | 100.0 | 100.0 |100.0 }100.0 | 100.0 | 100.0 |100.0 |100.0
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Fig. 2. Changes of importance value in due course of plant succession.
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Fig. 3. Phviograph of Pinus densiflora and Genus Quercus at investigated districts.
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Tab. 5. Values of various diversity by district and plot
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Fig 5. Similarity and dissinilarity index between plots included
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species individuals | diversity (H ) H' (H" max) ) (1-J)

1 16 1.793 0.9381 1.2041 0.7791 0.2209

2 13 1,259 (.8868 1.1139 0.7961 0.2039

Gongju 3 14 1,867 0.8301 1.1461 0.7242 0.2758

4 20 1,825 0.8774 1.3010 0.6744 0.3256
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4 26 1,256 1.0316 1.4150 0.7291 0.2709
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2 14 1,646 0.7606 1.1461 0.6636 0.3364

Gochang 3 10 1,737 0.7449 1.0000 0.7449 0.2551

4 16 1,480 0.8558 1.2041 0.7107 0.2893

26 1,540 0.8184 1.1514 0.7115 0.2885
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Tab 6. Similarity index between districts
Dist rict Range of similarity index {7} Average similarity index (%)
- i

Gongju (A} --Buyeo (B) 58.3 ~ 79.4 69.5

Gongju (A —Gochang (C ) 54.2 —~ 72.1 65. 0

Buveo (B — Gochang ' C 67.2 -~ T78.6 72.9
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