Kor. Turfgrass Sci., 10(3), 231~246, 1996

elZhziiof| E MEY Hto| E8a B U
2271 AHUA| @ o] njx|= F&

o ¥ 2- 347
N s m Ay ) st A2 gt

Human Impact on the Occurrence and Distribution of
Cellular Slime Molds, and the Effect of Temperature
on Fructification

Lee, Jong-Eun and Nam-Kee Chang

Dept. of Biology Education, Seoul National University

ABSTRACT

In order to elucidate the human impact on the distribution of cellular slime molds, samples were
collected from 3 types of forest; natural forests(Mt. Deogyu and Mt. Tsukuba), semi-natural
forests(Seoul Great Zoo and Tama Zoo), artificial forests(Seoul National University and Tokyo
Gakugei University).

The distribution of cellular slime molds in mountains was different from that of zoo and
universities. In mountains, endemic species was occurred and species diversity was higher than in
zoo and universities, In zoo and universities disturbed by human, Dictyostelium sphaerocephalum was
occurred with higher importance value than in mountains.

6 species were selected to investigate the effect of temperature on fructification; Polys-
phondylium candidum, D. delicatum, D. firmibasis, D. sphaerocephalum, P. violacewm, D. purpureum. P.
violacewm and D. purpurewm had an optimum temperature for fructification around 25~30TC, but
the others around 22~23°C. The degree of sensitivity to temperature was as follows; P. candidum
> D. delicatum > D. firmibasis > D. sphaevocephalum > P. violacewm > D. purpureum.

Key words: Human impact, Cellular slime molds, Occurrence and distribution, Fructification,

Dictylostelium delicatum, Dictyostelium sphaerocephalum.
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Fig. 1. The map of studied sites.
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Table 1. Water content, pH and organic matter content in soil of Tsukuba Mountain

Site Altitude Forest type Water content oH Organic matter
(m) (minor species) (%) (%)

C1 840 Sasa borealis 29.4 5.05 39.3
Acer palmatum

C2 840~740 Chamaecy paris obtusa 41.7 4.40 26.9
Humulus lupulus

C3 600~740 Chamaecyparis obtusa 28.2 6.48 30.6

C4 400~500 thrtF 25.1 5.61 32.8

Table 2. Occurrence and distribution of cellular slime molds in soil of Tsukuba Mountain

Site 1 2 3 4 Avg. Rel.  Presence

Species F D F D F D F D freq(%) dens.(%) (%) LV
P. pallidum — 100 63 100 68 67 53 67 60 75 87
D. delicatum - 67 31 67 26 — - 34 20 50 41
D. purpureum - - - 67 4 - = 17 1 25 21
D. minutum - - - - = 33 47 8 13 25 20
D. capitatum - 33 6 - - - - 8 2 25 12 -
D. sphaerocephalum 3 4 - - - - - = 8 2 25 12
D. candidum 3 46 - - = - - - 8 1 25 12
P. violaceum - - - 33 2 - - 8 <1 25 12
Total clones( /g soil) 140 1,600 1,700 1,375 4,815

Number of species 2 3 4 2 Avg. 2.8
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Table 3. Water content, pH and organic matter content in soil of Deogyu Mountain

Site Altitude Forest type Water content pH Organic matter
(m) (minor species) (%) (%)

C1 1,620 Sasa borealis 7.65 4.87 37.8

C2 1,540~1,590  Quercus sp. 8.13 4.44 57.1

C3 1,270~1,520  Betula platyphyila 6.31 5.02 32.9

C4 1,100~1,180  Quercus sp. 6.14 4,46 37.8

880~1,040  Acer palmatum ’
C5 Evergreen broad 6.07 5.28 29.5

leaved forest

Table 4. Occurrence and distribution of cellular slime molds in soil of Deogyu Mountain

Site 1 2 3 4 5 Avg. Rel.  Pres- v

Species F D F D F D F D F D freq.(%) dens.(%) ence(%) !
D. brefeldianum 5 94 - - - - 8 31 - - 35 8 40 39
D. aureo-stipes

var. aureo-stipes — — — — 25 8 17 34 — — 23 11 40 32
D. mucoroides - - - - - = 17 34 33 3 22 7 40 30
D. minutum 7 2 17 9% - - = - - = 15 4 40 25
P. tenuissimum 7 2 17 5 3 4 - - — - 1 13 60 25
D. firmibasis - - - - - = 8 1 100 68 4 8 40 19
P. violaceum 3 2 - - - - - = = <1 4 20 8
Total clones( /g soil) 1,671 1,533 161 3,130 641 7,136
Number of species 4 2 2 4 2 Avg. 2.8

2} A2 ake] gt Ao o] Fo] BIE Ho] JUAT(F 5, 1994 &3, 1 o)L 9] T E A
Aol A= of2] Bumx 91X @)
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pes var, aureo-stipes7}t Wi-$ A &A= whal (Cavendere} Kawabe, 1989), +=<] Hajst
R BX sl HHENME £F D. aureo-stipes var. aureo-stipes”7t 28R S, 1994
ME3E). D. delicatum™} D. aureo-stipes var. aureo-stipes®] Fe)H o 2 vl & {FA3 FE]E 71 A
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3o, o]F g oA ulIHL w) EAo] Hi(pigment)E WA FerkE AR (Ca-
vender©} Kawabe, 1989; Raper, 1984). ©] ¥ £& E X gloiM = A Q) o] Bol
AE, D. delicatumS BZ2) 9 2] 4 (boreal forest), &3] TFH A PS5 &dstT,
aureo-stipes var. auwreo-stipes= WEF 2WI|E, 53 HUR o) ™ol 2 add
(Cavender e} Kawabe, 1989; Raper, 1984). &, 71%7} o] & £ Mehz<l Bx e EA S
A3le T8 8AE F9 shvirt ddoh
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Table 5. Water content, pH and organic matter content in soil of Tama Zoo

Site Altitude Forest type Water content oH Organic matter
(m) (minor species) (%) (%)
C1 Quercus sp., 25.5 5.80 26.8
C2 Quercus SP. 10.8 5.67 22.9
Sasa borealis
C3 Quercus Sp. 15.1 5.62 15.8

Sasa bovealis

sa% FFo| shEstAy wEEg 207158 7} LA D. aureo-stipes var, aureo-stipes7}
olF T EA vl 2835lR & AH nlFe ¢ 5to] 9 F(Cavendere} Hopka, 1986) 2} 8] XU
o} (Landolt ¢} Stephenson, 1990)dlA = %F $XETE o2 Hol D. delicatum™ D.
aureo-stipes var. aureo-stipes?] w-ENAME Xk oo, o AWt YA EAJo] 7atA 9
S X AY, 227t A Aol dhe gl otel 22 thE B acle] Bgdo g P o o
< v)3 rhsAgdol o ZA @57t AR H T

2) SEHofAMe MEM HF

Table 63 84| H.i= nteo} go] ol s 22 14'3}—4 gl Td FEHAAE
% 8%F0] ¥y Aad %@ﬂ By F4E 101Ut 58U AT sl s = P
pallidumo] 7} A A 8G90 1 a2 D. fmmbasw D. cajntammg] F=o 2 F A

9} 89%%F A S 3 D. sphaerocephalumo] LB Bt EolA vl @A 24| 51
LAHUT. o] T wdE EYAA o FHsirta HEE]"ioﬂi(Cavender 1983; Cavender
9} Lakhanpal, 1986), A4 EdR Y Sz ol ¢ st XA & 223l u (% =, 1994)
7].A4o] Al-a]- ;qoﬂo]q— J,} OJJ,], raX-
9} Kawabe, 1989: Raper, 1984).
T 9o 22 ol {2 AT,

12

oli

A MR F2 Byt Bas 3 gri(Cavender

WS e T2 T A o] Fo] AT A

(‘3(‘

3) YuAofMe] MEM HF
d2 o] s Alola) g egjvtate] Mgt ) A3 oM & 8Fo] e P o
T &3 HF T4 1010 H(Table 10, 12). D. minutumo] 7+% —?—
Z ol P. pallidum} D. sphaerocephalum©] o] EH3IAt. o

_Hox

Table 6. Occurrence and distribution of cellular slime molds in soil of Tama Zoo

Site 1 2 3. Avg. Rel. Presence
Species F D F D F D freq. (%) dens. (%) (%)
P. pallidum 33 75 - - 33 100 22 59 67 69
D. sphaevocephalum 67 22 33 40 — - 33 31 67 54
D. mucoroides - - 67 20 - - 22 7 33 23
P. violaceum 33 4 - - - - 11 3 33 17
Total clones( /g soil) 1,000 275 25 1,300

Number of species 3 2 1 Avg. 2.0
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Table 7. Water content, pH and organic matter content in soil of Seoul Great Zoo

Site Altitude Forest type Water content pH Organic matter
(m) (minor species) (%) (%)

C1 Quercus Sp. 28.4 4.67 24.3
Alnus japonica

C2 Salix koreensis 40.3 6.07 87.0
beside of lake,

C3 AR 2.91 5.59 9.92

C4 Pinus densiflora 5.33 5.34 6.19

Table 8. Occurrence and distribution of cellular slime molds in soil of Seoul Great Zoo

Site 1 2 3 4 Avg. Rel.  Presence v
Species F D F D F D F D freq(%) dens(%) (%)
P. pallidum 33 14 100 100 100 65 — — 58 72 75 92
D. firmibasis 00 8 - - - - - - 25 16 25 27
D. capitatum - - - - = — 33 100 8 6 25 15
D. purpureum - - - - 3 3 - - 8 5 25 14
D. brefeldianum - - - = 3 3 - - 8 <1 25 11
Total clones( /g soil) 1,925 6,000 1,540 600 21 10,065
Number of species 2 1 3 1 Avg. 1.8

Table 9. Water content, pH and organic matter content in soil of Tokyo Gakugei University

Site Altitude Forest type Water content pH Organic matter
(m) (minor species) (%) (%)
Cl Quercus sp. 33.3 6.52 39.5
C2 Pinus densiflora 16.9 4.59 36.0
Sasa borealis
C3 Quercus Sp. 30.2 6.11 374
C4 Grass and shrubs 25.6 6.77 26.5

MA G| <k 76%5 A AT} FEUANME 28R D. sphaerocephalumo] T A5 2= &

Foll A A At

4) e1ZizHdoll utE vl

Seutete) gfA A2 2usl, SEluEle] A2uid e EEYY QB tuiEE
TV AU gus d2o =R MEAe] adA] 283 4 Fo e A 7H1ﬂ—r ,
¥ 2R X (one-way ANOVA test) o2 243 A3 (Table 13), 23 ulatm 9§44 =5
7} A ]Eﬁﬂﬂr A& & mlo) = o] 8 Aol & ®elx] gt (P>.05), EleltsE U ’\1-%EH
Y TEANAAME BAFL=R “H—r 2§ Aol & JEATHP<.001). wahA, $2 v
o JdEo] BH 2 Aol MEA FFEFY EX Itx] & &S vA A £t Y= Ao
2 AtgHEog.

AR At FEQ, AR EoA 28 2 To A F NASFE ALHFEX (one-way
ANOVE test) 0.2 2243 23 33 584, 47 A9 271 593 2ol & Yehligen(P<,

32



240 a3 85 A) A0d AM23

Table 10. Occurrence and distribution of cellular slime molds in soil of Tokyo Gakugei University

Site 1 2 3 4 Avg. Rel.  Presence
Species F D F D F D F D freq(%) dens(%) (%)
D. minutum 67 100 — - 33 100 -— - 25 46 50 56
D. brefeldianum - - 33 6 - - 33 67 25 34 50 48
D. sphaerocephalum — — 67 38 — — 67 33 25 20 50 38
Total clones( /g soil) 1,110 1,215 320 445 3,090
Number of species 1 2 1 2 Avg. 1.5

Table 11. Water content, pH and organic matter content in soi} of Seoul National University

Site Altitude Forest type Water content pH Organic matter
(m) {minor species) (%) (%)

C1 Quercus Sp. 36.3 5.84 27.7

C2 Chamaecyparis obtusa 24.8 6.28 44.0

C3 Zoysia japenica 0.91 4.62 8.2

C4 Grass and shrubs 16.7 5.13 16.7

Table 12. Occurrence and distribution of cellular slime molds in soil of Seoul National University

Site 1 2 3 4 Avg. Rel. Presence
Species F D F D F D F D freq(%) dens.(%) (%)
P. pallidum 67 600 3 3% - — - - 25 32 50 46
D. minutum - - 3 60 - - - - 8 30 25 31
D. purpureum 33 1 67 4 - - 67 92 56 15 75 o4
D. sphaerocephatum — — — — 67 100 — — 17 14 25 23
P. violacenwm 33 31 - = - - - - 3 7 25 16
D. firmibasis 33 5§ - - - - - - 8 2 25 12
D. crassicaule - - - - - - 33 8 8 1 25 12
Total clones( /g soil) 750 1,780 500 500 3,530
Number of species 4 3 1 2 Avg. 2.5

7 AH e A3 2tol & YR A & UtH(P> 5, Table 14). &, A&

&, Aol B0] Fe AU B, Az BT 2VE LA
&

= }
thokAl ®X|47F 1 species /site Qldl] wWls] Ao M= Eolokd XF7F 1.4
species /site 2 Tk EUTh D. sphaerocephalum Z2H-E& B, o]
& A, ZoAE 2 u AP = 6, TELANA
[

A ] F ol wheh 21 gho]l Asdte A € + UM

o !

2 2xol o MEYH Heo XA ¥y
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Table 13. One-way ANOVA test of total clones for each slime mold between the Mt. Deogyu and Mt.
Tsukuba, Seoul Great Zoo and Tama Zoo, Seoul Natl. Univ. and Tokyo Gakugei Univ.

Variables df F P
Mt. Deogyu-Mt. Tsukuba 13 1.8367 .2061
Seoul Great Zoo-Tama Zoo 13 94.9051 .0000
Seoul Natl. Univ.-Gakugei Univ. 13 2.2170 .1490

Table 14. One-way ANOVA test of total clones for each slime mold among the sites

Variables df F P
Mountain-Zoo 13 36.8370 .0000
Zoo-University 13 1.6905 .2443
University-Mountain 13 10.2323 .0101

1) Zradx 6 = 29 25 2T

2= G dalM s ZAHOIR 6708 FF F P. candidum, D. delicatum, D. firmibasis, D.
sphaerocephalum® 455, YA 2 AT HAA& GE W /M A 22 HiE o
A& 22~23C ol A 7‘}’\]7_‘ FAol 71 Fet Aoz vergth Uz §F E2 D. purpureum,
P. violacewm-2 Tha 121 25~30TCoAlA A2 o] of go] HIUh = 7 257 FA4
H A A 958 ¥wste B, 2% 913 w8 Bl &A= P candidum > D.
delicatum > D. firmibasis > D. sphaerocephalum > P. violacewm > D. purpureum®] o] AT}
(Fig. 3).
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@o] MAFY, ofo His] AW F 7]&o] 13~22T < F2W AHd A= v A gHdc
3w o] th(Cavender, 1989). =, A 3] 2ALE HA 2xHT o @2 204 @
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€8 P, candidum y = - 4.6778+0.43896x-9.4342¢-3x2  R2 =0.979
f® D.firmibasis y = - 2.4341+0.23508x-5.1314e-3x2  R2 =0.885
d + D.delicatum y = - 2.7794+0.25775x-5.4473e-3x2  R? =0.702
P ° D.purpureum y = - 0.45517+4.7130e-2-9.3290e-4x2  R2 =0.709
S-*  D.sphaerocephalum 'y = - 2.1044+0.20283x-4.4228e-3x2 R2 =0.932
V& P.violaceum y = - 0.854+8.1437e-2x -1.5576e-3x2 R? =0.723

Fig. 3. The effect of temperature on fructification in cellular slime molds.

S HAnhal Rasdvh aeuv, @70 ARG Aeode edEtiE 9oy ofdu e x| el
A o EatA £dstA ®rhe 217t 9tk (Cavender 9 Kawabe, 1989). =, o] 22 254 9
sIM =A Thed EEXIATE FoAR A, 1 koA OB @A - 2 So] FEAE - o 9

37
3 HA] o] Fo Bx A o) MY E AL AFRHTE P violacewmo] e} Sijo] 24 A
XS 222 EYUF0l B 5 ANd 29 & o] 82 o|9} & Lx o} SR UiF Y A
SHo A Zol £ L Aot}

opA Rt B 22T AAAE 71 & F S D. sphacrocephalum 13C o] dho| A= B x5
A % Aoz BaE 1 Jri(Cavender 2} Kawabe, 1989). A 3o 2)3td 713 S & L5 9)
g 7H T2z 0cAME A4S 3K Rk o] L FME By ANY AYESR
U gzl o Eebgk 2A A & #3310, zHo] ek Ao} wda e A A2
Ao F2 XL BuHw Yok 71 FL 2% HYE ML g Fotst B0 A
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2) XtAFe] HM

220CANA & D. delicatume 30CNAH WRH D. delicatum™} B0 & o, %719 AHA
IX 2 Ao AR Xpm 2L A7) AMAE wEA FAgsAch 2, 30T =2t
= 22, B2 wgv)e 3R, 7HAS gol 7AP o] 23 cluster® AEAE FAJsk 7
ol&sl W W x 3 AAAZ AT D. delicatumT D. aqureo-stipes var. aureo-stipes
7} AR @A QoA Aolrt wm EF A H HAXE @HAed], olRLR Hop 2o 9
3 QUL WD Frb Jom I, o] F Fo] AR thE Fo] ofe} =0 M HE =
A B3 AP Y Aolghe AR FF A7 Bopok & Aotk
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o 2wy W e AUAE 4G 870 e AU PR AEH} A4
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4 Gaxoz YT + A oI A ASITT 2 5 Utk 2y, Lol e LA
o WYwgol AEH Wie] B¥XE APAoE st AL opiztn Aztdnt 4o o
o7 gpre 2EL HRA 2~23CAAH HF 2=F iR Y olo] 1 F) 2EY
43 % A HAE AT

wepA, MEA Qe BExE 250 oo 74 THUE HE 7HE @A ¥ FoAA,
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