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Effects of Artificial Acid Rain on the Abundance of
Macroinvertebrates in Soil with and without Litter
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1. 3 C & I

TEREHSY O P THRE 1~2 mm BED EOKRB LIRS, HMELIEEY O A<
ZDHTRE VIS E LD TV S (P, 1993), BORRRE, ARIFEOBEUL DD
R TIAEICHBIT 2120, N4 42 ZADOKREVWAEIHIEEYIL ) ¥ — OBFEE & L TWERER
DBRTEERRHERL L TWEEELOND, AW TEBHYNE THRRORGNAEEEE L
5T ERBTER,

1980 FERLIKE, BUNMSHHEEBRICEZ 2SI HS O, TEEYICBL T, BHEKE
BB ET 5 < & MBS I & T X /- (Bath et al., 1980; Hagver, 1984; Hartmann
etal,1988), Lo ULHFEZIIT E LNt ESYTHY, RETESYIc> LW TERO
B2 L pfTb T3 59 (Craft and Webb, 1984; Hagver, 1984), TE#MIc5 2 2 BN O
WERL S5 A TABTIEHYIC OV TOFERILRL TV S,

ETAT, RETESMOLREEAHTET 2101, BHERIFS - P ERELTYH Y IV E
T %5, L L, HRTEREGHIECHE, HIRERAR LIk > TREEMIEL, 0k
ETHONAERIDBOBKEL, FERHUESTEBVEENE WV, - T, BRUENGKRLIES)
M54 3 B>V TOPRSEREZ, BonEHEFNI0RI»TES LI, FHRLE
BEORGEEA RS 2 ERIHEL KT 2 L8H D %,

ARFE AR E U o BRI Bk 2 BRI RK L, B S AR LS5 2 5
BB IS 5L RANE L, ZOB BI) 5 —ORTREEB DI, AWS
ZVikENEE LTRIA SRS 7 X ¥ (Quercus acutissima) DELE, BLUTZhicmA TEED
Mg B HIERE I H B HE AR T EHYOMBEKCPEBRILOL I KED L, B
ROEBIRED L S5 1CELT B EFANT,

2. MM & HE

EER I A AT I & 5 BRI R s A BRI T T - 7oo ATRMERZHAh
LT BT RFEEEE LT, #H(1992) 37 « — v FOLEANOEERA EERENTO

* BRURFAEB A R EH R RN R E R

Department of Forest Science, Graduate School of Agricultural and Life Sciences, The University of Tokyo.
AT RYIHMRET  BRSR

Experiment Station at Tanashi, The University Forests, Faculty of Agriculture, The University of Tokyo.

AT EDH R BRI B B HEBIR ORI & SLERBEO MBI O 7 9 O EMIS] 0—WATH S,




10 HHAA - AREFE - 5 v 7 7 « HXRAIE

Xy PALEANOBRO 225 TVW5E, TOMEOR > BHHMEMEAADLE, TITR7 41—
W RICEREB Lo Ry AR T 2 HEERA L1,

®y PALTEE LT, ?%%@ﬁ*ﬁkﬁkl%rﬁﬂbtii(@Eﬁi)&AhtoL@
5 50 FELL FOAMEE LT BHENWFEHEINTELLE AT, RESTEL TTH
hTws, TERIRCETERIMCENOEES b >/, BEEANK 10825 v 5ol
BUFHBAICANAYFY=FA VIR E > THERILETA, TIVEHUAOAKBETZEHMIZD N
AR

850 FHOANEIZ 20cm, EMORRIZ 11 cm, FEE 17 cm, EEBhiic 3B 3.5 cm DI
B—EHHOTVE, ErL 13cm DEFSDEIAETHEEAN, kD LIS TR ESLLES
5T, ZIRMH» S 3-10 m B 2 EFHEHNT DAL K, Ao TIERAR T 260 cm? Th
%,

ARE+ZEEHWICE A 2BUENOEEN ) 4§ —DFEICK > TEATENE I DEELD BT
W, #5RENTAL N ABBERERE L. 8g kB 5g D7 XFORELALEH 1108k, F1-
IHIREDHIH 408kiIC13 30 g PEFE DA T %, FhFEFNTERRICOE 1, ko F@Eic 14
cmX0.9cm DEHOSWEED I, KEPLHMTHETRAL Y HEEYLIAN OB HbE SN
1T B3I EERH VI, T RETFEEEETIHDOTHD, 7o VEEOFVY ¥ —HERE
FEEL I,

PR K DB A TED D 5 123, 1 LXK 10 §k0 5 713 2 BRHKMER & KGEKLER HRX),
DIIBEARE L2 (-1, BM/KMBEXITIZ 0.015% 5 5\ i 0.03% OWREEA% 18kb7-0
400 ml, $HHLLEBEH /D 15 mm % 1 BRI 1 BEOBETHRKL 2, MBXicld pHK
6.5 DIKEKEFRBAKL 12,

F-1 EBROBEE (A: BMK, T: K@k, L: 7 x£EE, O: hhd)
Table 1. Design of the experiment (A: Acidic water; T: Tap water; L: Litter; O: Oil cake)

Plot Year H;SO, (%) Leaves (g) Oil-cake (g) Hand sorting (Month) Soil pH (s.d.)
T1 1994 0 0 0 Jul. —
LT1 1994 0 8 0 Jul. —
LOTL 1994 0 8 30 Jul. —

Al 1994 0.015 0 0 Jul. —

LAl 1994 0.015 8 0 Jul. —

LOA1l 1994 0.015 8 30 Jul. —

T2 1994 0 0 0 Sep. 5.24 (0.12)
LT2 1994 0 8 0 Sep. 5.58 (0.17)
LOT2 1994 0 8 30 Sep. 5.15 (0.10)
A2 1994 0.015 0 0 Sep. 5.10 (0.14)
LA2 1994 0.015 8 0 Sep. 4.57 (0.08)
LOA2 1994 0.015 8 30 Sep. 4.80 (0.08)
T3 1995 0 0 0 Sep. 5.83 (0.15)
LT3 1995 0 5 0 Sep. 5.69 (0.12)
A3 1995 0.015 0 0 Sep. 4.98 (0.05)
LA3 1995 0.015 5 0 Sep. 4.84 (0.08)
A3’ 1995 0.03 0 0 Sep. 4.66 (0.17)
LA’ 1995 0.03 5 0 Sep. 4.45 (0.22)
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FERTIEIZ 1994 4 H8 H & 199545 H 10 HICHREB L foo KRB TIEHWY) O RIS Bk
(1993) KW HW, NYFY—=FA v Tick-T199446 H 26~27H, 9 H 20~21 HB &
19954 9 H 26~27 HIcFEMi L e, HESNEYNIET 5 Y & v $H (Oniscidae), &5 %5 v T A
v ¥f (Armadillidiidae), I I X¥{ (Oligochaeta), 4 % 7% (Chilopoda), ¥ 2 ¥4 (Diplopoda),
2 & ¥H (Araneida), # % 4 ¥ ¥§ (Carabidae), = * v ¥+ 4 ¥ ¥f (Elateridae), 2 # % & v ¥
(Scarabaeidae), ¥ 7 & ¥ $H (Shilphidae), 7~ % 4 2 ¥ ¥§ (Staphylinidae), />~ % I & v ¥
(Dermaptera), v F # # & V¥ (Cynidae), 4 5% (Gryllotalpidae) ®DFH 14 S5EE &, FOfth
KT tee ZOMDEL B Y F A2 LVEHUADH X AV EHTH - 1285, ZQEPICFavHOD
PPy LV ERA SN, BB EOEFEREBERIIMBX &I, LKLY IVA
VH, /M, AV LV ZNASD I NTORBLESHYOBAK DA 1§57 &I tEE
L, X T tREEIT > 2o 1D pH (H:0) 13 1994 4 7 HFHEXRBRV T, RFAEAXLS S
VI LIRAESHITOVWTIORBDY —F4 v SRRICRIEL 2 (F-1,

HBER L 83O (ZoMh2kR<) KoL TAHRMTOBRUELHSMcT 5709, 58
PEA BAALIC Morisita (1959) DXERIEE (Cy) 2Kk 1z, Ci i3,

C= 2§x1ix2,~
Y M+ A)NIN,
1zl
_ ixu(xu—l) 2.
Ay 7N1(N1—1) N1=2%1
_ ixzi(xzi—l) 2.
Az Nz(Nz_l) ,N2 Zsz

G BE—D 7 V-7 DERD OREOIET, 22y 3ZNTH i DEHO 1 BLU 2 HADOHE
BHTH B, TOEPREVSOREMBXETERBONBREVILEEKRL TV 3,

EERBIR b o AmABRMTcoOBKEE 1 mm LI ER SN 15,1 mm P EDBAKBEIZ, 1994
Fa~9 R0 6 AMIRAEETENEFN 697 mm & 8.0 HA 58 1.7 H, 19954 5~9 A
D5 AMRAEETERAZEN 1685 mm & 110 HK S I 34 HTH » 2o MiZKL{ED pH
% 1994 FFEORK T L ICBEIEL 288, RIKIZ8ASHD 38, HEWII2A 12 HD 6.8 TH -7z,
6 A5 5 10 Bicid pH4 BOMA, 0D icid pHS ORMEE-> Tz, 1995 Fic>0T
bZHNREERELEVREVWEREDN S,

FTHEmIC 7 R X OEELE B VWL LTIX, LASXKBLU LA KICoWTIZEES 9 AicH
XL, BEBEZRIE L L A, PHHER (BERE) EThTh 349(0.11) g, 3.51(0.31) g, 3.37
(0.28) g DL TV, BERKEREAL K LASXBLU LAY X EKEKEKKL 72 LT3 X
DREICEDRDZEIRZ IV,

3. # S

3.1 BiEkNEGH ZER SEHESHRECEZ-EE

K & 7KEIK D ILERX 2> 5 75 5 10 $HOHR S 2 UEE ic > W TARBI L EEWI O 1 865721
SEEREERER-1 IR Lic, 1040 84T, BRE/KLEXAXIRT 2 KEKUEX XD & 10-
30% R, HRT60% Dl otc, Z2DHH 2HMIT>VWTIIEEZENH D (p<0.05), TRERERYE
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e
* p<0.05; ¥ p<0.01

Fig. 1. Mean number of soil macroinvertebrates per pot collected in the pairs of plots applied
acidic water (shade) and tap water (white).
* p<0.05; ¥ p<0.01

KGR EEK RO ELE L o s B, B U 10 M OMBEHIC > W AT L IEFHY DAL
XS0 REBEREZRAE L2E A (K-2), BEKABEXSNIGT 2 KEKLEX LD &7
MT/hE L, BRT80% b/hair i, BMU/KIREERRICOADEEEE L1,

FE 4SBT VT, SOHEX 0 HMBREERER-2 1R L, 205 5 HBIEERKLGZ <,
ORI X - THBREEBUCEAE CufEE0 b 27 5 VAV, A9 A VH, 7
D SHERIC O VWTUTIRABNS, 75 Y 4 vEIIBBEAEKK It L oS R LD b
Dot XGBRICH 3 1040 5 5 9T, MEU/KMEEXD 1§45 72 b SEXEARRIKEIKL
BEXDbD LD &Mt (R-3), £z, TD 5 AMMICEEENS - foo B¥KEZT 5V 4
VIKADOEEAB L TV,

A4 A VEOHBEMEDIZEAERIRETS - 7o, BH/KUERX D 18d 1 » @&
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X2 xHGEERRIC & 2 BRUKLER (B LKEKLERX (B) OARRMTESMOMER S viRER
DB

Fig. 2. Total fresh weight of soil macroinvertebrates per plot collected in the pairs of plots
applied acidic water (shade) and tap water (white).

10 41 5 Ml THIG S 2 7KEKMEX D b D LY D75 (KH-4), 2055 1Tk 18657 D
SEEEGEEBIEER DD - ko (9<0.05),

7 B OMBEEKE, W5 % 10 fd 8§ CRRH/KMIEX X b & KB AKMERX D J5 h37b 15
W, B - 7c (K-5)0 BRMIKMIIC & - TEUAASEEM L fo e BETE 2 0AS, 18K
b1 OEEBERICHERE RS - 1,

BB R L B, REER, HBER 2ot o 14 SEE ORI S U
WOBBEHEEIC PP E/N5 XA -5 2 FR-BI/R LTI, D55 Simpson (1949) DIEH () »»
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o )
* p<0.05; ** p<0.01

Fig. 3. Mean number of individuals of Oniscidae per pot collected in the pairs of plots applied

acidic water (shade) and tap water (white).
* p<0.05; ¥ p<0.01

S I FR MK ALK O SRS R S AKILEER & 0 S ARICEL & TEisw, Ll
10O BEBBEOZAENE]ET 3 &, KEKLEX & D &HRBKAEX ORI
15 <, e (1932) DL HEBAIC £SO ER OB X () BAT, BREKKRIDZL, HT
(1967) DEFEEHRL (N'B) b/NS WBADE VW, BlED kST, /¥5 2 — 5 0%  FRHUZKLE
X DSBS R A AGE KX & 0 IV T & %R L, BIKRESHRECBEL TROEEE
EztbolHMshs,
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X4 HIEBIERIC & 2 BRIKLEER (B) LKEKLEER (F) O+ 4 VA b oo RO
L33
* p<0.05; ¥ p<0.01

Fig. 4. Mean number of individuals of Carabidae (Coleoptera) per pot collected in the paris of
plots applied acidic water (shade) and tap water (white).
* p<0.05; ¥% p<0.01

32 US—DHR

BREOHBUNORMEGE L VLB 7THIZ> VT, 18kb 72 D O AR+ HEY 0 SEHEIES %
HBLI LT, THEDIREEDS ZNHEXDLBED -1 (Fd) CD5b 3 THEEEN
B2t (p<0.01) FATE MANKHOS b7 TFLAD 13 HFBICHOV TS, THIE bloEIE
D& 5 NHX DS ISR BEE AL > 1o $RBERS, KELD ZEADEMNAEL, 7 X
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-5 SHBBGRIC & 3B KMEX (B) L/kEKUEX (B) 07 ¥y bbb A D LR,
* p<0.05; ¥ p<0.01

Fig. 5. Mean number of individuals of Araneida per pot collected in the pairs of plots applied
acidic water (shade) and tap water (white).
* p<0.05; **: p<0.01

FOEED L H Y ¥ — IR TIESY 0L BREEEZm) RRBD 5,

TRk DR EE A EIEEDE I & > THIR U, 2 THRENBVEAEA 5 & (R-3), BRiMkE
@Bk L1 4 UK (AL, A2, A3, A3'X) ® 18k 7 0 OFHEEREUIILT 5 KEKLEX (T
1,T2, T3, T X) L0 &bk, 20550 1§ (A2K&E T2X) TRERICDEL 72 (<
0.05), LA L, LD B RMIKIC L > TEERSDE RS &0 S HEERD S50l
72 (LT1>LAL1, L T2<LA2 LT3<LA3,LT3>LA3"), LI LD T &id, BERICOVLTHHE
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K3 BUBEHXOE v b H 0 PEFEGH QXS DRIBE (W), SHEEHBE(NT), 14 54
BiCo0ToRy F &b BEKN), DEHREHEER @ 1 8 BXUNS
Table 3. Mean number of individuals per pot, total fresh weight per plot (W), number of the
taxa collected in the plot (NT), mean number of individuals belonging to the main 14
taxa per pot (N’), indices of the taxon diversity (a, 4, 8) and N'8 for each plot

Plot Mean (s) W (mg) NT N’ a A B N'B
T1 1.1( 1.1) 0.03 3 0.6 —0.239 0.267 3.745 2.247
LT1 23(0.8) 0.57 7 2.0 —0.140 0.168 5.952 11.905
LOT1 64 ( 24) 2.88 10 5.4 —0.153 0312 3.205 17.450
Al 1.0( 1.1) 0.02 3 0.8 —0.301 0.321 3.115 2.492
LAl 21( 23) 0.43 6 1.5 —0.171 0.210 4.762 7.143
LOAl 43 ( 2.7) 2.95 8 3.6 —0.176 0.211 4.739 17.060
T2 25( L1 0.40 7 2.5 —0.133 0.153 6.536 16.340
LT2 7.3 ( 3.4) 0.88 7 4.3 —0.147 0.159 6.289 27.044
LOT2 17.5 (11.0) 1.16 10 13.0 —0.152 0.388 2677 33.505
A2 1.0 ( 1.3) 0.16 4 1.0 —0.168 0.250 4.000 3.600
LA2 74 ( 4.0) 0.94 8 3.7 —0.171 0.173 5.780 21.392
LOA2 8.6 ( 5.2) 1.56 8 3.9 —0.187 0.209 4.785 19.139
T3 6.7 ( 5.4) 0.75 7 4.0 —0.213 0.227 4.405 17.621
LT3 7.2( 3.0) 0.86 8 3.8 —0.181 0.198 5.051 19.192
A3 56 ( 5.0 0.30 5 3.2 —0.331 0.347 2.882 9.222
LA3 8.0 ( 3.6) 0.69 7 5.0 —0.261 0.284 3.484 17.422
A%’ 52 ( 2.5) 0.17 5 3.7 —0.313 0.508 1.969 7.283
LA3’ 54 ( 29) 0.19 6 4.1 —0.272 0.320 3.125 12.813

#£-4 )y —OFREABTEBYEEESE L CEEROBK

Table 4. Comparison of macroinvertebrates between the pairs of plots with litter (L) and
without litter

Iten T1: LT1 T2:LT2 T3: LT3 Al: LA1 A2: LA2 A3: LA3 A3”: LAY’
Mean no. of individuals per plot < < ek kK < L ek < <
Mean no. of Oniscidae per plot < < < ko < < < =
Total freah weignt per plot < < < < < < <
Total individual no. of main 13 < < < < < < <

taxa per plot

* p<0.05; ¥ p<0.01

#H-5 HBUEXICHE L AT EB Y ER R OMEBIRK (Ol 0.05 IFoMaabY)

Table 5. Correlation coefficients between taxa collected in each plot (O; < 0.05)

Taxa Carabidae Staphylinidae Dermaptera Cynidae Armadillidiidae Oniscidae
Oligochaeta O O O O O 0.84
Oniscidae O O 0.58 0.64 O —
Armadillidiidae O 0.66 @) O - —
Cynidae O O 0.71 — — —
Dermaptera O O — — - -

Staphylinidae 0.50 — — — — _
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BTh ot (K3)o BEVLINITRHKOFEEBIBERTIEELONS,

WL TEBEBVAESIR, KEKERKLEZ LOTI RBEELIOLTIRED & 185kb0 K
LA ERICE L ©<0.01), ML LOT2RIBLT2X &0 Eh -7 p<0.05), L»L
BRI 2 HEIK L 723541, b d 2B U UK EAZEL I MBI ZBERE RSP - o K
EIKERIK LB 21T SV A VENEBEALERONLBELL B >TLE T EBEBATH
B M THHBEIECE->TY 7Y L VEHD LS B HEIY O RIIFE L AYIIRE DAl X
nah, BHKick->CEOEBRbNILEEZ SN S,

3.3 TESMBEORELIBEKORE

FE 14 HFEHO O BAGKKOZ W 11 SIS WVWT, SOBEX T O MBISHEE % BALIC 53
B OMBREE RO 12 (F-5), FHicknid, HERE DM@ 065 Y EosFR s k%
SEIcHTF ok, THbb, A: IIXFLUSVLVE B NI LAVEEYFAALVE,
C VI avEFENRANI VETH D, COBRIPONEHRIZ—IELTD: 2ofth (aFx sy
¥, AV LV, 7EE AHTH YR &13,

B L 85 8E (ZofhikBR<) ZHAIC Morisita (1959) OXME () %KD, fEH
0.80 X h KEFVWMHEKEAfESE (K-6), MEBRIEBBLZ AT ONE I EMBHLMIT
ot BIBIZ 08 LI ETHIEN S 9 KON, 0.9 LI EDETTHEAE X h 5 LOA2, A3, LA3/,
A3,LA3, T3 D 6 XTh b, T3 LA BRHKMEXTH 5, 1 Kbt b OFESEER (BHER
2%, DTFREIL) i3 5.5(0.7), FHMEAELIE 39.0 (2.83) Th 3, 6 X% T Aic LB HBARE
DEVSDIEIDED 7 T (45.2%) Th-to THICDEOAH A U (243%) & CEEDONX
h 7 v (121%) EERMA Tz BAL 3 D XEF CRABEAR @ 81.6% % i, B2 EIE L 9XD

____________ LAL  --eeesmemmeomnenmeemnees LT3
T1 ---e- LT3’ 1A3 LoA2” |
\ \\\\\ /
A3 oo A3 eeeemmee- T3
LOT2 LOT1  -----m-- LT1
Al A2 eeeee LA2 T2
LT2
LOA1
RI6 FHERE & L 7 EESEE O IBERSC >\ BRI Morisita OUEH C, ORIHH
.
Cy >0.90, - >0.80

Fig. 6. Quantitative similarity between plots based on Morisita’s index.
Cy >0.90, - >0.80
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SHH1BLAD T LALLT3D 3XTH B, D7 V—73F 1 BEBUENSVI EidV
SFETHIEV, 1 XbHih OFHNER 5.7 (2.5), FHMERKIE 19.7 (165) Th b, 3X%ET
AL LEBACHBEEEOSVWLOIRI DEDOZ 1 (322%), ABOT 5 U AV (27.1%) Th
D, ZHITDEOA Y & VHH (18.7%) 2MA 7= EAL 3 AR THRMBEEED 78.0% % L 12,

FEIFIE AL T2, A2, LA2 0 4 MR D 5780, ERMKEMEL, V& -0 ORMHLE
oTW3, 1 X1 OELSMEBEIE 5.3 (2.6), FHMEAEEIE 198 (139) Th b, 4 X%
AT LB ACHBEEEOFEVWLDR BHONY I 4 V1 (316%) E DB/ X (25.2%) T
by, BHOVYFAALVEEDHOA YL VHIRZTAETN 139% Thot, T b EA 345
MR CRERED 70.7% 251,

®%(3 LOT1, LOT2, LTl OF 4B TH 3, WIFNbIGEKEZME L IBE&T, WhT%2E
X FLE R - TWB, 1 Kb o h OFHESEEREIZ 9.0 (1.7), $ﬁ@%ﬁi&m66&f&
5, SRECAR LEBESCHEFEOSVWADIZABDOT S Vs vHH(569%) Th 1o TH
BEONY I AV (103%) & DEOZ 8 (6.9%) %A 7 EAI 3 4R ClafEEE D
T41% 2 501, TO7V—7EHEASERROZ W LBBEET, Lrdbthosrv—780%
75 VLVE, YVIXME YRFHE IAVIAVE, vFAUVEREONERICBLWT 1 U
X& o b TEHOBEHHBIL 72,

PED XS, SEREKEMOTE2E O OKEKEQRE L XBGLER > TVWEE4HOS
BREL, B1I~3HOMITIZERL VW, FHERBEKTIIRIKEZMEL, 7  EIEHELL
BI#LSVAVEBEIHBELLEARBKRE VL, BHY 3 3EIHBEBRICED 28|40
BROEVORBEKUBETRESIONIELIBHTH S, Tk, VI—2BLAEARTRIYS
VhAVENEBLEET, B2RTOLYIVAVEIEER T, LHL, VI—DHVWEIHLE
I#BTRY S YL VvRRDEM -k, BMLTEEL Y ¥ — LBHKEAR T IESY B EIcEER
BELRIE L EBbh 5B,

4. E =®

Rt S5 X B B3N B IC & » TR B (Hagvar, 1984), 3 3 XERBHETIECIEIAER
Lic K (&R, 1973), A5y Ty ey AFFirELETHI 3 EVEILBID b a0
RHEARINT 2 VWb TW3B &SI (Schaefer and Schauermann, 1990), 4EOERTS
IS O ERMAKBKR TOIWERBIN S - f, i, 7 ®FEA R A7 vEHIZE RIS
2BING 32 EMBHIS N TV B D (Schaefer and Schauermann, 1990), Z 5 i3EHk D7k
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Summary

Well-mixed fine black soil was put into unglazed pots and these were sunk into the
ground. The soil in the pots was perfused with either 15 mm 0.015% or 0.03% H,SO,



ATBERSAR LSS5 28 Y ¥ —DHE 23

solution or tap water once a week. After three or four months, macroinvertebrates in the
soil were collected by hand sorting. Samples were divided into 14 taxa and others. The 14
taxa were Oniscidae, Armadillidiidae, Oligochaeta, Chilopoda, Diplopoda, Araneida, Carab-
idae, Elateridae, Scarabaeidae, Shilphidae, Staphylinidae, Dermaptera, Cynidae and Gryllot-
alpidae.

Acidic water apparently had adverse effects on total individual numbers, total fresh
weight and taxon diversity of soil macroinvertebrates. There was no significant difference
in the total number of individuals found in the pots with two dosages (0.03% and 0.015%)
of acidic water. Acidic water significantly decreased the individual numbers of Oniscidae
(Isopoda) but increased those of Araneida. In soil covered with a litter of Quercus ac-
utissima, both the total number of individuals and fresh weight of soil macroinverte-
brates increased. The adverse effects of acidic water on macroinvertebrates were relieved
by the presence of litter. With dried oil cakes and litter, both macroinvertebrate numbers
and fresh weight increased further, but acidic water counteracted the effects.

Macroinvertebrates belonging to the taxa which have been known to select similar
environments or have similar life style selected similar environments even in this
experiment.

Key words: Litter, Oniscidae (Isopoda), Carabidae, Araneida, Oilcake



Abstract

Review of Techniques for Establishing Mixed Forests
of Planted Coniferous and Natural-regenerated
Broad-leaved Trees in the Forest Region of
Northeast China

Hailong SHEN and Yuji Ipe

Techniques for establishing mixed forests of planted coniferous trees and naturally
regenerated broad-leaved trees were reviewed. There are three methods for establishing
mixed forests: partly planting coniferous trees and partly reserving broad-leaved trees on
sites with naturally regenerated and/or ready-grown broad-leaved trees; partly planting
coniferous trees and introducing broad-leaved trees into the planted stand by natural
regeneration on sites without broad-leaved trees but with nearby seed sources; and thin-
ning coniferous plantations and introducing broad-leaved trees into the thinned stand by
natural regeneration.

Effects of Artificial Acid. Rain on the Abundance
of Macroinvertebrates in Soil with and
without Litter

Kimito FuruTta, Kéhei KuBoTa, Musyara and Norinaga IwamoTo

Well-mixed fine black soil in pots, sunk into the ground, was perfused with either H>SO,
(0.015% or 0.03%) or tap water. Acidic water had adverse effects on total individual
numbers, total fresh weight and diversity of soil macroinvertebrates. Remarkable adverse
effects of acidic water were found on Oniscidae. The presence of litter on the surface of soil
had the effect of increasing both the individual numbers and fresh weight of soil macro-
invertebrates, relieving acidic water effects.



