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Relationship between Climatic Factors and Occurrence of
Ectomycorrhizal Fungi in Byeonsanbando National Park
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Department of Environmental Landscape Architecture, College of Life Science & Natural Resource, Wonkwang University, Iksan 54538,
Korea

ABSTRACT : A survey of ectomycorrhizal fungi was performed during 2009-2011 and 2015 in Byeonsanbando National Park. A
total of 3,624 individuals were collected, which belonged one division, 1 class, 5 orders, 13 families, 33 genera, 131 species. The
majority of the fruiting bodies belonged to orders Agaricales, Russulales, and Boletales, whereas a minority belonged to orders
Cantharellales and Thelephorale. In Agaricales, there were 6 families, 9 genera, 49 species, and 1,343 individuals; in Russulales, 1
family, 2 genera, 35 species, and 854 individuals; in Boletales, 4 families, 19 genera, 40 species, and 805 individuals; in
Cantharellales, 1 family, 2 genera, 5 species, and 609 individuals; and in Thelephorale, 1 family, 1 genus, 2 species, and 13
individuals. The most frequently observed families were Russulaceae (854 individuals representing 35 species), Boletaceae (652
individuals representing 34 species), and Amanitaceae (754 individuals representing 25 species). The greatest numbers of overall
and dominant species and individual fruiting bodies were observed in July. Most species and individuals were observed at
altitudes of 1~99 m, and population sizes dropped significantly at altitudes of 300 m and higher. Apparently, the highest diversity
of species and individuals occurred at climatic conditions with a mean temperature of 23.0~25.9°C, maximum temperature of
28.0~29.9°C, minimum temperature of 21.0~22.9°C, relative humidity of 77.0~79.9%, and rainfall of 300 mm or more.
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Fig. 1. Map of Byeonsanbando National Park showing sampling routes of ectomycorrhizal fungi.
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Table 1. The number of species and individuals of ectomycorrhizal fungi collected from 2009 to 2011 and 2015 in Byeonsan-

bando National Park

No. of species

No. of individuals

2009 2010 2011 2015 Total 2009 2010 2011 2015 Total
Fungi
Basidiomycota
Agaricomycetes
Agaricales
Amanitaceae 20 18 16 19 25 157 163 92 342 754
Cortinariaceae 2 1 2 2 6 2 3 2 6 13
Entolomataceae 3 1 2 1 5 7 6 6 1 20
Hydnagiaceae 3 2 3 3 3 117 124 136 134 511
Hygrophoraceae 1 2 2 2 4 6
Inocybaceae 6 2 1 2 8 14 4 4 17 39
Boletales
Boletaceae 24 22 17 18 34 112 158 97 285 652
Gyroporaceae 1 1 1 1 1 1 4 6
Sclerodermataceae 2 1 1 1 2 28 28 8 17 81
Suillaceae 3 1 1 2 3 22 3 4 37 66
Cantharellales
Cantharellaceae 5 3 3 4 5 93 168 122 226 609
Russulales
Russulaceae 23 24 24 27 35 149 313 148 244 854
Thelephorales
Thelephoraceae 1 2 2 3 10 13
Total 94 76 74 80 131 707 971 633 1313 3,624
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Supplementary Table 1. List of ectomycorrhizal fungi collected from 2009 to 2011 and 2015 in Byeonsanbando National Park

Species Year Total
2009 2010 2011 2015
Fungi
Basidiomycota
Agaricomycetes
Agaricales
Amanitaceae
Amanita castanopsidis 1 1
Amanita ceciliae 1 1
Amanita cheelii 1 1
Amanita citrina 11 1 6 54 72
Amanita farinosa 7 2 2 11
Amanita fulva 2 1 4 3 10
Amanita griseofarinosa 1 4 1 3 9
Amanita hemibapha 2 8 10
Amanita japonica 2 2
Amanita longistriata 4 2 2 8
Amanita neo-ovoidea 16 5 4 7 32
Amanita pantherina 2 7 7 58 74
Amanita porphyria 1 4 2 7
Amanita pseudoporphyria 22 40 6 81 149
Amanita rubescens 16 39 15 29 99
Amanita rubrovolvata 3 3
Amanita rufoferruginea 2 6 8
Amanita spissacea 4 5 4 28 41
Amanita spreta 2 2
Amanita subjunquillea 6 21 27
Amanita vaginata 20 20 15 9 64
Amanita verna 16 7 2 16 41
Amanita virgineoides 6 5 6 6 23
Amanita virosa 4 2 10 2 18
Amanita volvata 19 12 2 8 41
Cortinariaceae
Cortinarius cinnamomeus 1 1
Cortinarius elatior 1 1
Cortinarius purpurascens 1 1
Descolea flavoannulata 3 1 4
Hebeloma crustuliniforme 1 1
Hebeloma vinosophyllum 5 5
Entolomataceae
Entoloma anatinum 1 1
Entoloma japonicum 3 3

Entoloma quadratum 2 2
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Supplementary Table 1. List of ectomycorrhizal fungi collected from 2009 to 2011 and 2015 in Byeonsanbando National Park
(continued)

Year
Species Total
2009 2010 2011 2015
Entoloma rhodopolium 3 3
Inocephalus murrayi 4 6 1 11
Hydnagiaceae
Laccaria amethystina 52 74 62 30 218
Laccaria laccata 50 14 16 80
Laccaria vinaceoavellanea 15 50 60 88 213
Hygrophoraceae
Hygrophorus arbustivus 1 1
Hygrophorus russula 2 3 5
Inocybaceae
Inocybe asterospora 6 3 9
Inocybe cincinnata 1 1
Inocybe cookei 2 2
Inocybe niigatensis 15 15
Inocybe nodulosospora 2 2
Inocybe praetervisa 1 1
Inocybe rimosa 3 1 4 8
Inocybe umbratica 1 1
Boletales
Boletaceae
Aureoboletus thibetanus 3 5 1 9
Austroboletus gracilis 1 1 49 51
Boletellus chrysenteroides 1 1
Boletus auripes 2 1 7 10
Boletus edulis 1 1
Boletus erythropus 6 6
Boletus nigromaculatus 2 2
Boletus pseudocalopus 4 4
Boletus pulverulentus 3 3 3 9
Boletus reticulatus 4 6 4 31 45
Boletus subtomentosus 10 5 4 37 56
Boletus subvelutipes 1 4 3 8
Harrya chromapes 3 2 5
Hortiboletus rubellus 5 22 7 34
Leccinum aurantiacum 2 2
Leccinum extremiorientale 2 7 5 14
Leccinum scabrum 2 2
Phylloporus bellus 18 20 10 7 55
Porphyrellus nigropurpureus 1 1
Pulveroboletus ravenelii 7 8 2 6 23

Retiboletus griseus 2 2
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Supplementary Table 1. List of ectomycorrhizal fungi collected from 2009 to 2011 and 2015 in Byeonsanbando National Park
(continued)

Year
Species Total
2009 2010 2011 2015
Retiboletus nigerrimus 6 11 20 47 84
Retiboletus ornatipes 1 1 2
Strobilomyces confusus 11 15 4 4 34
Strobilomyces strobilaceus 2 2
Sutorius eximius 4 7 7 18
Tylopilus alboater 3 3 6
Tylopilus balloui 1 1
Tylopilus fumosipes 2 1 3
Tylopilus neofelleus 21 23 23 65 132
Tylopilus valens 2 2
Tylopilus virens 2 2
Xanthoconium affine 1 9 4 1 15
Xerocomellus chrysenteron 1 2 3 5 11
Gyroporaceae
Gyroporus castaneus 1 1 4 6
Sclerodermataceae
Scleroderma areolatum 6 6
Scleroderma citrinum 22 28 8 17 75
Suillaceae
Suillus bovinus 10 3 4 25 42
Suillus granulatus 11 12 23
Suillus luteus 1 1
Cantharellales
Cantharellaceae
Cantharellus cibarius 5 9 13 9 36
Cantharellus cinereus 1 1
Cantharellus cinnabarinus 62 29 45 7 143
Cantharellus minor 15 130 64 110 319
Craterellus lutescens 10 100 110
Russulales
Russulaceae
Lactarius camphoratus 11 11
Lactarius chrysorrheus 3 8 3 16 30
Lactarius circellatus 2 2
Lactarius gerardii 3 5 4 6 18
Lactarius hatsudake 1 1 3 5
Lactarius piperatus 2 6 7 15
Lactarius quietus 9 4 5 18
Lactarius subplinthogalus 3 2 5
Lactarius subzonarius 1 8 21 30

Lactarius uvidus 2 2
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Supplementary Table 1. List of ectomycorrhizal fungi collected from 2009 to 2011 and 2015 in Byeonsanbando National Park
(continued)

Year
Species Total
2009 2010 2011 2015
Lactarius volemus 3 15 5 2 25
Russula aeruginea 7 2 9
Russula alboareolata 37 90 25 4 156
Russula aurea 3 6 9
Russula bella 38 85 14 30 167
Russula compacta 10 3 32 45
Russula crustosa 1 1
Russula cyanoxantha 2 1 10 13
Russula delica 5 3 8
Russula densifolia 8 2 10
Russula emetica 1 12 4 3 20
Russula flavida 3 2 2 3 10
Russula foetens 7 7
Russula japonica 30 30
Russula laurocerasi 3 8 9 2 22
Russula omiensis 4 4
Russula rosea 3 6 2 25 36
Russula rubescens 1 2 2 1 6
Russula sanguinea 1 6 2 11 20
Russula senecis 3 2 10 3 18
Russula sororia 2 4 12 18
Russula subnigricans 13 18 6 18 55
Russula vesca 6 7 13
Russula violeipes 2 3 5
Russula virescens 1 1 6 3 11
Thelephorales
Thelephoraceae
Thelephora aurantiotincta 6 6
Thelephora palmata 3 4 7
Total number of fruiting bodies 707 971 633 1,313 3,624
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Fig. 2. The number of ectomycorrhizal fungi collected during Fig. 3. Total number of individuals of ectomycorrhizal fungi
the survey period. during the survey period.
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Table 2. Distribution of individuals and species of dominant ectomycorrhizal fungi by month in Byeonsanbando National Park in

2015
No. of species No. of individuals

Apr  May  Jun Jul Aug  Sep Oct Apr May Jun Jul Aug  Sep Oct
Amanitaceae 0 0 1 23 19 13 0 0 0 6 511 165 72 0
Boletaceae 0 0 1 33 19 10 0 0 0 445 165 38
Inocybaceae 0 0 1 5 2 2 0 0 0 2 30 5 2 0
Russulaceae 0 0 3 34 25 9 2 0 0 10 483 270 85 6
Others 0 1(1) 5(3) 17(7) 1909 13(6) 2(1) 0  3(1) 16(3) 819(7) 379 (9) 104 (6) 4 (1)

Numbers in parentheses are number of families.
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Table 3. Distribution of individuals and species of dominant ectomycorrhizal fungi according to altitude in Byeonsanbando

National Park in 2015

Altitude No. of species No. of individuals
Family 1~99 100~199 200~299 > 300 1~99 100~199 200~299 > 300
Amanitaceae 24 19 10 396 300 47 11
Boletaceae 27 28 10 286 290 54 22
Inocybaceae 5 5 1 0 15 22 2 0
Russulaceae 34 32 10 8 426 346 50 32
Others 22 (9) 19 (8) 7 (3) 2(2) 831 (9) 434 (8) 52 (3) 8(2)

Numbers in parentheses are number of families.
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Table 4. Relations between mean air temperature and total ectomycorrhizal fungi in Byeonsanbando National Park

Mean air temperature ("C) Family Genus Species No. of individuals
11.0~16.9 0.5° 0.5’ 0.5 14
17.0~19.9 LO° 10" 10" L8
20.0~22.9 40° 5.8 104’ 44.4"
23.0~25.9 8.5 16.7 44.2° 373.7*
26.0~27.9 7.0° 15.3° 40.0° 285.5%

““The mean difference is significant at the p < 0.05 by Duncan’s multiple range test.

Table 5. Relations between mean air temperature and the number of dominant ectomycorrhizal fungi and individuals in

Byeonsanbando National Park

No. of individuals

Mean air No. of species

temperature ("C) Amanitaceae  Boletaccae  Inocybaceae Russulaceae Amanitaceae  Boletaceae  Inocybaceae  Russulaceae
11.0~16.9 0.0° 0.0° 0.0° 0.3" 0.0° 0.0° 0.0° 0.8°
17.0~19.9 0.0° 0.0° 0.0° 0.3° 0.0° 0.0° 0.0° 0.8
20.0~22.9 3.0° 2.2° 0.6" 1.8° 13.0° 6.6 0.8 9.4°
23.0~25.9 10.2° 11.5' 1.5 12.8' 83.5° 70.2" 5.2 77.3"
26.0~27.9 10.5° 10.0° 0.3" 13.0° 47.0" 49.5" 1.0° 83.5'

““The mean difference is significant at the p < 0.05 by Duncan’s multiple range test.

Table 6. Relations between the highest air temperature and total ectomycorrhizal fungi in Byeonsanbando National Park

Highest air temperature ("C) Family Genus Species No. of individuals
16.0~21.9 0.4° 04" 0.4° 1.6°
22.0~24.9 0.7° 0.7 0.7° 0.8
25.0~27.9 3.3 4.2 5.8 15.8°
28.0~29.9 8.4° 17.4' 49.0° 4332
30.0~32.9 7.8' 16.0° 39.8° 270.0°

““The mean difference is significant at the p < 0.05 by Duncan’s multiple range test.

Table 7. Relations between maximum air temperature and the number of dominant ectomycorrhizal fungi and individuals in

Byeonsanbando National Park

Highest air No. of species No. of individuals
Temperature ("C) Amanitaceae  Boletaceae  Inocybaceae Russulaceae | Amanitaceae  Boletaceae  Inocybaceae Russulaceae
16.0~21.9 0.0° 0.0° 0.0° 0.2° 0.0° 0.0° 0.0° 1.0°
22.0~24.9 0.0° 0.0° 0.0° 0.2° 0.0° 0.0° 0.0° 0.2°
25.0~27.9 1.2 0.8° 0.2" 1.3° 2.5° 2.2° 0.3" 45
28.0~29.9 12.6' 13.0' 1.8 13.4' 104.6' 80.4' 5.6' 88.0"
30.0~32.9 9.6° 10.0° 0.6 12.8° 432" 47.4° 1.8 76.2°

**The mean difference is significant at the p < 0.05 by Duncan’s multiple range test.
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A= 21.0~22.9°CY W FJ40] e AS=E e}
Stk AAAGeME B, 25X 2 SXlge
21.0~22.9°CollA, T A TR= 21.0~24.9°CY ] F-2]4o]

U= AOZ UERSITE

olde] Az}, tiFE] AT A F 1 AT
24 WA T E NG WAL H2 ol e 23.0~
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Table 8. Relations between the lowest air temperature and total ectomycorrhizal fungi in Byeonsanbando National Park

Lowest air temperature ("C) Family Genus Species No. of individuals
6.0~11.9 0.4° 0.4° 0.4° 1.3
12.0~15.9 L.0¢ 1.0¢ 12 1.8°
16.0~20.9 4.8 6.8" 11.6° 47.8
21.0~22.9 8.3" 17.8° 48.3° 391.0°
23.0~24.9 8.0° 16.0° 2.3 339.7°

““The mean difference is significant at p < 0.05 by Duncan’s multiple range test.

Table 9. Relations between the lowest air temperature and the number of dominant ectomycorrhizal fungi and individuals in

Byeonsanbando National Park

Lowest air No. of species No. of individuals
temperature ("C) Amanitacecae  Boletaccae  Inocybaceae Russulaceae | Amanitaceae  Boletaceae  Inocybaceae Russulaceae
6.0~11.9 0.0° 0.0° 0.0° 0.3 0.0° 0.0° 0.0° 0.9"
12.0~15.9 0.0° 0.0° 0.0° 0.2" 0.0° 0.0° 0.0° 0.5
16.0~20.9 3.2° 2.2° 0.6" 2.4 13.4° 6.6 0.8 11.2°
21.0~22.9 11.5° 13.2' 1.5 14.5' 87.8° 76.0° 5.2° 85.7°
23.0~24.9 11.0° 10.0° 0.3" 13.0° 53.3° 54.3° 1.3 91.7*

**The mean difference is significant at p < 0.05 by Duncan’s multiple range test.

frej o) w3tk WAt Bar26)9) A
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Table 10. Relations between relative humidity and total ectomycorrhizal fungi in Byeonsanbando National Park

Relative humidity (%) Family Genus Species No. of individuals
58.0~70.9 0.3" 0.3° 0.5 0.5°
71.0~72.9 1.5 2.0° 2.8 7.0°
73.0~76.9 3.0° 5.8° 12.8° 57.4°
77.0~79.9 8.8° 17.2° 46.0° 436.8'
80.0~82.9 74 13.8° 342° 221.6°

**The mean difference is significant at p < 0.05 by Duncan’s multiple range test.

Table 11. Relations between relative humidity and the number of dominant ectomycorrhizal fungi and individuals in Byeonsan-

bando National Park

Relative No. of species No. of individuals

humidity (%) Amanitaceae  Boletaceae  Inocybaceae Russulaceae | Amanitaceae  Boletaceae  Inocybaceae  Russulaceae
58.0~70.9 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0.0° 0.0°
71.0~72.9 0.8° 0.7° 0.0° 0.5° 1.2° 1.5 0.0° 1.5
73.0~76.9 3.6 3.2 04" 4.0 16.0° 11.0° 04" 19.8"
77.0~79.9 10.2' 11.8' 1.4 14.6' 93.6' 87.0° 6.0° 93.4'
80.0~82.9 8.8" 8.2" 0.8" 9.0" 39.8" 30.6" 1.4° 55.8"

a~c)

The mean difference is significant at p < 0.05 by Duncan’s multiple range test.
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