BIEAIHEENTA| 3 (2): 205-216 (2005)

Changes of Biodiversity Due to Golf Course Operation

KWON, Young Han
Korea Environment Institute, 613-2 Bulgwang-Dong, Eunpyeong-Gu, Seoul, 122-706, Korea

ABSTRACT

Biodiversity, an indispensable item in an ecological impact assessment, has not yet been introduced
in the impact assessment in Korea. Studies on whether constructions of golf courses, which are
recently increased, have any effects on the local biodiversity have not rarely accomplished. In this
report patterns of vegetation and changes of insect species were investigated in three golf courses in
operation. In the vegetation corelation was shown in terms of geography and habitats rather than sizes
of reserved areas. Planting alien species and introduction of intruders in slopes likely‘caused 'cha{nges
in the distribution of plant species. Although limited results of insects, both number and density of
species of Coleoptera were appeared differently according to sizes of the reserved, degree of human
intervention and distances from interrupted regions. In the golf course operated within an year, species
diversity was decreased dramatically in various habitats of the golf course compared to nearby
farmland. Reduction of insect species in the golf course may lead to affect the distribution of groups
of higher classes, such as salamander and reptiles or birds. The results suggest that to maintain
biodiversity in the golf course it is necessary to use rough and slope for habitat areas as many as
possible and to keep preserved regions as an enough size of patches, allowing animals to move and
to be connected with surrounding ecosystems. Additional researches on biodiversity have been
remained to identify the role of the golf course as habitats of various biological organisms.
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Table 1. Investigation sites of golf courses

Golf course B Golf course A Golf course C

) . 1. a site within 500m from 1. a site within 100m from
Coritrol sites . .
the golf course the golf course

Conservation sites within

2. a slope within 50m from 2. a slope within 70m from 1. a slope within 50m from
a golf course near the

border the golf course the golf course the golf course (4,209 m’)

Isolated conservation sites 3. a slope within 70m from 23. a'slc.)pe and a valley

within a golf course i the golf course within 100m from thf
° golf course, (56,000 m’)

Border sites between 3.-border between rough 4. border between rough

rough and slope of and slope of conservation and slope of conserva-

conservation area area tion area

* Golf course B: operation of one year, vegetation of the control site: Pinus densiflora community.

* Golf course A: operation over 10 years, good ecosystem around the golf course, vegetation of the control site: Quercus
variables and Q. mongolica community.

* Golf course C: operation over 30 years, surrounded and interrupted by roads, main vegetation: Pinus rigidata community.

At dxTe 2L Aq3 24d 227 A4 Wel FEdA Asgn =23 C 99 B
Ade] e WAe 22 BX o8 AYES 7HAE AR &SIt Table 1).

7 ZAAHER 10m x 10m FF7E AGsta, 8, 3 728 A= 2% uE3d F1 4%,
T 74, A94 A AR 5L ARG B2 AAY PR 9T FES ) 9

dlo] Tkt WET(Ixim’, SxSm’ B)E AFESITE 2APPEE 7129 A AzAPPH (Braun-
Blanquet, 1964)-2 A3t 8E4 82| A1 indirect quadrat ordination ¥'H(Kent & Coker, 1992)
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Fig. 1. An indirect quadrat ordination diagram showing plots of vegetation of investigation sites in each golf
course(A, B, and C indicate golf courses. Arabic numbers denote investigation sites in Table 1).
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Table 2. Vegetation table of the plant communities in the investigation sites

a. Pinus densiflora, b. Pinus rigidata, c. Quercus variabilis, d. Quercus mongolica, e. Quercus acutissima

Community type : | a | b | C | d | e
Serial number i 2 3 4 5 6 7 8 9 10
Survey numbe 1 6 8 9 2 3 4 5 10 7
Golf course Ac Bl Cl C2 Ac Al A2 A3 3 B3
Quardrat size (m) 100 100 100 100 100 100 100 100 100 25
Direction SE30 SE80 E SW70 SE30 SW20 NW70 NE45 NW80 NE25
Slope degree (°) 25 20 18 25 19 45 30 30 12 50
Height of tree 1 layer (m) 10 12 13 11 13 15 12 15 15 -
Coverage of tree 1 layer (%) 90 90 85 85 90 90 85 85 85 20
Coverage of tree 2 layer (%) 10 50 50 40 40 50 60 30 40 -
Coverage of shrub layer (%) 70 70 60 60 60 70 60 70 60 50
Coverage of herb layer (%) 50 - 60 20 60 50 60 60 50 90 80
Number of species 34 31 25 19 28 22 32 23 24 36

* The number in the golf course indicates an investigate site as shown in Table 1.
* Ac denotes a comparative site of vegetation in golf course A.

Differential species of community:

Pinus densiflora 44 5.5 22 1.1 22 1.1 +
Quercus serrata 1.1 1.1 + 22 1.1 1.1 +
Carex humilis 1.1 22 + + 1.1 + 1.1 +
Pinus rigidata 3.3 33
Prunus sargentii + 2.2 2.1 + + + + 1.1
Quercus variabilis 2.1 .+ 33 33 1.1
Quercus mongolica , 22 2.1 1.1 22 1.1 22 44 44 2.1
Lindera obtusiloba + + + 33 2.2 1.1

- Styrax obassia 1.1 22 AT
Viburnum erosum 1.1 2.1
Symplocos chinensis for. pilosa + 1.1
Quercus acutissima 22 1.1 + 33
Companions:
Alnus hirsuta + + + + 1.1 +
Sorbus alnifolia + +
Quercus aliena + + + + 1.1

Quercus dentata + +
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Table 2. Continued

a. Pinus densiflora, b. Pinus rigidata, c. Quercus variabilis, d. Quercus mongolica, e. Quercus acutissima
Community type : [ a | b l C | d ’ e
Robina pseudo-acacia + , +

Fraxinus rhynchophylla + + 2.1 + +

Corylus heterophylla 1.1 : 1.1 +

Pueraria thunbergiana 1.1 + +
Rhododendron schlippenbachii 33 33 + +
Rhododendron mucronulatum + + ) + )
Rhus trichocarpa 1.1 + + 2.2 +
Clerodeudron trichotomum + + 33 3.3 1.1
Zanthoxylum schinifolium + 1.1 + + + + +
Stephanandra incisa + 33

Lespedeza maximowiczii + 33 +

Lespedeza bicola + +

Juniperus rigida + 21 .+

Callicarpa japonica + + 1.1

Artemisia keiskeana 22 + 2.1 1.1

Artemisia stolonifera -

Artemisia princeps var. orientalis 1.1~

_
+
+
+

+
+

Oplismenos undulatifolius ) +

Disporum smilacinum + + + 1.1

Polygoratum odoratum var. pluriflorum +

Athyrium yokoscense ' 1.1, +

Pyrola japonica + +

1.1

+ + + + +
+

Smilax china +
Smilax sieboldii + + + 1.1 + +
Parthenocis sus tricuspidata + 33
Cocculus trilobus + +

Rubus crataegifolius

Smilax riparia var. ussuriensis
Isodon japonicus

Spodiopogon sibiricus

Liriope platyphylla

+ o+ +
+
+
+

Carex ciliato-marginata . + +
Calamagrostis arundinacea + + + + + + 1.1

Aster scaber + 1.1
Hemerocallis fulva + + + T +

Other species which belong to each survey number:

Number 1: Viburnum dilatatum, Kalopanax pictus, Aster tataricus, Viola rossii; Number 2: Potentilla fragarioides; Number 3:
Petasites japonicus, Deutzia prunifolia(l.1), Smilax nipponica, Arundinella hirta, Acer palmatum; Number 4: Viola acuminata,
Syneilesis palmata; Number 5: Potentilla fragarioides; Number 6: Dioscorea quinqueloba, Peucedanum terabinthaceum,
Cerastrus  orbiculatus, Solidago virga-aurea var. asiatica; Number 7: Erigeron bonariensis, Commelina communis,
Chenopodium album var. centrorubrum, Melandryum firmum, Setaria viridis, Patrinia villosa, Youngia sonchifolia, Corpinus
coreana, Fraxinus sieboldiana, Chrysanthemum boreale, Convallaria keiskei, Davallia mariesii, Humulus japonicus(1.1), Rubus
oldhamii, Viola dissecta var. chaerophylloides, Echinochloa crus-galli, Digitaria sanguinalis(1.1), Cyperus amuricus,
Miscanthus sinensis; Number 8: Cornus controversa, Styrax japonica(2.2), Ginkgo biloba; Number 9: Clematis brachyura,
Rhus chinensis; Number 10: Lingustrum optusifolium(1.1), Impatiens textori(2.1), Osmunda japonica, Phryma leptostachya var.
asiatica, Betula schnidtii(2.1), Vitis amurensis(l.1) '

4
+
+
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Table 3. Plant species appearing at the border between a slope and rough as well as on the slope in the
golf course B

- Species on the slope Intruders at the border
Alnus hirsuta, Robinia pseudo-acacia, Clerodendron trichotomum,
Zanthoxylum schinifolium, Robus hongnoensis, Smilax sieboldii,

Smilax china, Humulus japonicus,
Echinochloa crus-galli,

Rhododendron mucronulatum,

Rhus trichocarpa, Quercus serrata, . , . .
P, O g Digitaria sanguinalis, Miscanthus sinensis,

Carpinus laxiflora, Erigeron bonariensis,

Rhododendron schlippenbachii, Commelina communis,
Fraxinus sieboldiana, Artemisia princeps var. orientalis,
Viola dissecta var. chaerophylloides, Chrysanthemum boreale,

Cyperus amuricus,
Chenopodium album var. centrorubrum,

Melandryum firmum, Setaria viridis,
Oplismenus undulatifolius, Stellaria media,

Spodiopogon sibiricus, Aster scaber,

Davallia mariesii,

Artemisia stolonifera, Convallaria keiskei, Carex quadriflora  Patrinia villosa, Youngia sonchifolia

Fig. 2 . A golf course with conserved areas
(Pinus densifiora, Phragmites communis community) in the golf course B.
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Table 4. Species richness of insects captured at various habitats in the golf course B’

3

Habitat 1 2 4 5
. a b c

Number of 116 7 6 10 21 55 87

o (100) © 5 ©) @) &) (73)

* 1. An abandoned paddy field in the similar condition as prior to golf course development near the golf course.
2. Conserved area within the golf course (Phragmites communis community).
3. Golf course [a: Green b: Rough, ¢: Pond].
4, Flowers planted on a slope in the golf course.
5. An abandoned field separated about 1 km to the north direction from the golf course.
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Table 5. Species composition of terrestrial insects captured by a cup-trap method in“conserved sites of golf

courses
Golf course A Golf course C
Texa Korean name
1® 2 3 1 2
Orthotera WE71H
‘Rhaphidophoridae HZEolf}
Diestrammena apicalis Brunner TZo] 2 2 - - 2
Hemiptera =HAH
Cydnidae w2 AR .
Macroscytus japonensis Scott -2 7] - - 3 3 25
Coleoptera w |
Carabidae A5
Carabus sterbbergi sternbergi Roeschke L-Fugd g 1 - - - -
Carabidae larva g 8= 1 - - - .
Harpalidae HA R R
Pterostichus sp.1 ZZAAEY sp.i 1 - - . .
Pterostichus sp.2 Z2Exd4 sp.2 3 - - - -
Synuchus (Synuchus) congruus (Morawitz) of 2329 x| H | 16 27 78 209 185
Synuchus (Synuchus) cycloderus (Bates) Faadzux g 78 43 13 58 53
Synuchus (Synuchus) melantho (Bates) AR ZAFEH X 16 15 40 57 28
Dolichus halensis (Schaller) SUTPHA H - - 1 - -
Pheropsophus jessoensis Morawitz ZerA g 4 - - - -
Harpalidae sp.1 : AA G 7 sp.] - - 1 - -
Harpalidae sp2 AR HY 7 sp.2 - - - . 1
Harpalidae sp.3 HA "7 sp.3 - - - - 1
Total species number(S) 9 4 6 4 7
Total individual number(ZN) . 138 87 136 327 295
Diversity index[-S(ni/N) - In(ni/N)] 118 109 106 094 110
Evenness index(H'/InS) 0.54 0.78 0.59 0.68 0.56

* a Refer to Table 1.

* This result was obtained by the investigation carried out at september 25~26. The size of the cup used in this study 8 cm
diameter and 11 cm height. The bait was decayed squid and pupa. Ten cups at each investigation site were buried parallel
to the surface of ground with 2~3m intervals. The duration of capture was 10 hrs for golf course A and 17hrs for golf course -
C including night. Unidentified species was denoted by sp.
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