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Some problems in sampling stream fauna, with particular

reference to the variability of samples

Naoshi C. WATANABE and Saburo HARADA

Abstract

The results obtained by using a wire gauze shovel were analyzed statistically to determine the
reliability of the figures. The place selected for the test was a broad and apparently uniform riffle on
Hatsukagawa Creek near Sanda City, Hyogo prefecture.

Judging from the coefficient of variation among thirteen samples collected at random, the number
of taxa in each unit area has a relatively small variability; on the other hand, both the total individual
numbers and the total biomass have a great variability. Moreover, both of the two diversity indices—
Shannon’s and Simpson’s—have very stable values. The greater variability of figures is, the more
repeatly samples must be collected to obtained any specified level of precision. For example, in order
to estimate the total number of individuals within 10% of the true value at the 95% level of
significance, no less than 39 repetitive samples with a 50 cmXx50 cm quadrat are required in contrast
to only six samples for the mean number of taxa. Practically speaking, error of the order of 30%
must be permitted to estimate the number of individuals and biomass. ]

As to each single species, the variability of samples depends on the degree of aggregation of
individuals. For example, Eubrianax sp., Baetiella japonica, Dugesia gomocephala and Hydropsyche
ulmeri show a very contagious distribution, so the variability is great. In opposition, Mystrophola
inops, Antocha spp., Stenopsyche griseipennis and Ecdyonurus yoshidee show a nearly random distribu-
tion and consequently, the variability is relatively small.

As regards quadrat ‘size, sampling with a 25 cmx25 cm quadrat may be better than with a 50 cm
%50 cm quadrat, considering the balance of variability of samples and effort for sampling.

This paper deals chiefly with sampling error in the statistical sense. Another important point in
sampling procedure is selectivity of a sampling method. Further study on this point is needed.
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Table 1. Water depths and velocities in sampling area.
numerator : water depth, denominator: water
velocity (m/sec.) near the bottom.

5m
22 27 28 23 17 20
0.24 0.36 0.36 0.34 0.29 0.26
21 29 30 17 21 25
024 0.32 023 0.28 0.24 0.17
21 23 28 18 18 22
g 0.24 0.38 031 0.8 028 0.28 -
g =
o
: 24 2 27 18 19 25
& 0.22 0.37 0.30 0.18 0.34 0.29
! 23 24 27 18 16 | 25
0.25 0.35 0.34 0.11 0.27 023
22 28 % | 22 20 25

0.27 0.29 0.36 0.27 0.26 0.29
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D> b THRNR (ERLEN, UbBETNER
BefiTins s B b s ey, Suannon
BEULEER S LAV LNTVS B HEHEKTS
h*(PieLou 1966, WiLam & Dorris 196873 &), %

Fig. 2. Wire gauze shovel. 7- Spson DIEEE B 5 HKEEROEIEE LT
- BRHTHHL L 2HLDTNEEOTHS (BELIIL
3 & ® 1973, B - FA 1974). RTEYFHEEHB L, ©

50cm % 50cm DIFEHEWTE & DIHAD BEL TEEHCRERIEOEDSFHFICAR IV DRI,

* £ 2T SHANNON L U TaHW Rz, FKRIEEMSHEEL L OBAC HAT AL Lk > THEME
OBRLHEMYSEAL 2R THd 5 (PieLov 1966), S EOHE, BHEMR—EHERTR S 54 2HRETH
e, ERHMBOBEBRELERERHY S0 TE-T, AL LFGEORELAKM BEATHIEL LA
BELOTLOREEALI.
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Table 2. Number of taxa, number of -specimens, biomass and
values ‘of diversity indices in each thirteen sample
with mean, range and coefficient of variation,

I Number of Number of J
Ctaxa v T ‘specimeéris
1l 81 . 914
2 39 999
3 31 1287
4 31 1141
5 42 ’ 2037
6 39 1301
7 34 727
8 31 1289
9 36 2010

10 28 1088

11 29 1007

12 34 2290

13 33 2630

b4 "33.7 1440.0

R 14 1903
C.V. 12.1% 39.8%

: SHaNNON'S SimpsoN’s
Sy | ey | vy
0993 | 345 | o8
2801. 4 4.00 0.92
2188.4 3.59 0.88
2348, 7 3.42 0.85
5253, 4 4.09 0.92
42438 3.72 0.88
2237.7 4.00 0.92
3718.7 3.88 0.91
7142.0 3.70 0.89
2010, 3 3.17 0.82
2590, 5 3.64 0.88
63241 3.67 0.89
4656, 1 3.51 0.86
3739.6 3.68 0.88
5131, 7 0.92 0.10
43.1% 6.9% 3.4%

* D.VI.=—-,E(N1/N)logg(Nx/N)'
1

>k =1 ZNI (Nl"l)
D.IL=1 T(W
N : total number of individuals

(SHaNNON & Weaver 1963)

(SiMpsox 1949)

Ni: the number of individuals in the i-th species
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Table 3. - The number of replicates required to estimate the number of taxa’
per unit area within a defined range of the population mean.
Formulae (2) and (3) were used for calculation.

Number of Mean number

Unit area

Number of replicates required

quadrat of taxa s.d. permissible error
10% 20% 30% 40% 50%
50%50 cm 13 33.7 4.1 5.5 1.5 0.6
25X 25 em 13 25.0 3.9 9.5 2.4 1.1 0.6 0.4

EIUT 2T Table 3R L T2, F Tt 50cm % 50cm
OEBTEHELIZEE E 25cm X 25cm TEHEL 28
BOENZFNE2FTTHEDLUTH B, 25cmX25¢cm D
HEOEEIX, 2N FNO 50cmX50cm O KE%» 4
DIRBIIS b b BEBERICDEOREHHLT
SHIBEIDF~ 200 HELIZADTHS, £Lb,
95 HEDEFECRELLHBED 10 % LRRBIA L
5 &9 5E, 50cm X 50ecm O H R C6[H, 25cm X
25cm OEET 10H O FEEHEM B BEE NS L&
25, QXbobbrsLoR, FHHENHING
BILRBEOHRERA® 230 11T 3 L PEFEH
BudiniT 4 friciz 3,

@R, BEEES IUERERPHTE T
ARVDBESIFERHE P Z Fh Table 4, Table 5iT
AU, EL008E48, 95 % OEEETHEDY

BBRAZ2 10 BLUREND BN BETHEL LS & T
hid, RBEERTERIIED  ORBERSVETH
AL EMELLDIB, BARECLSOTR—RITH
BRIB2H/LNLANE LT HERE 230 %% T
EBh, SRR #EES 5 B8iTid 50cm X 50cm
Da—KI—rT7E, 25cmx25cm Tit 4@ & 72
b, F-REFRCBELTERZNFNSH, 136 ©
BEEMBEE NS L LTz 3™,

DEIL, 200HRBERROMPEMT 2 B&IX
(Table 6), 3tE {-, Suannon Index Ti% 25cm X
25cm OFEHT 3@, Simeson Index Tid 1 [EiRE7
LB X OREETREMHEL 0 DN RBIA
bNBT EIITA,

SRR ONWTIE, —~EOERTHRELIES
DEOEBOIPIL, 42T« ¥4 X2k > THEH

Table 4. The number of replicates required to estimate the total
number of animals per unit area within a defined range
of the population mean.
Mean number Number of replicates required
Unit area qN'uuargrbae,tr of of.animals per s.d. permissible error
unit area 10% 20% 30% 40% 50%
5050 cm 13 1440.0 572.8 38.8 13.7 6.6 4.0 2.5
25X 25 cm 13 ©385.2 211.6 92.7 28.1 . 13.4 7.5 4.8
Table 5. The number of replicates required to estimate the total
biomass within a defined range of the population mean,
Mean biomass Number of replicates required .
Unit area (I;‘uuarg?:tr of per unit area s.d. permissible error
- (mg) 10% 20% 30% 40% 509
5050 cm 13 3739.6 1613.4 42,7 15.7 7.6 4.7 3.0
25%25 cm ) 13 969. 2 520.4 89.5 26.9 12.8 7.2 4.6

* BEFBEH 50cm X50cm TRBBELKK L b L BFEROBADOHH S ¢, 25cmx25cm TIRAIZI -
T3 DI, 25cmX25cm DFFRADDOH L FAD bbb T FARDED B BAIZEWN S BRI E

250TH 3,
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Table 6. - The number of replicates required to estimate the values of diversity
indices within a defined range of the population mean."

Number of replicates required

Unit area ?u“argll,’:tr of b s.d. _ permissible error
10% 20%
Suannon Index 50350 cm 13 3.68 0.25 L9 0.5
4 € 25%25 cm 13 3.62 027 2.1 0.5
Stmpson Ind 5050 cm 13 0.88 0.03 0.4
IMPSOR tndex 2525 cm 13 0.88  0.03 0.5
BT 3EEMBH DD, TOEAPZEBL CHERRH, 100
BB 2 HRDSITNIEE 520 (WiLam & Dorris (')
1968, ®iJ 1973), Table 7ida—FS— %S5 & =P,
LML, 25cmx25cm (0. 0625m2) % 5 had T
FERHEZ U I2DITHINS R B O B siE 0Bk
50+
Table 7. Change in values of the two diversity
indices with increasing area.
Number of Area SHANNON Simpson
samples (m?) Index Index 0
1 2 3 4 5 6 7 8 9 10 11 12 13
1/4 0. 0625 3.73 0.90 Number of samples pooled (k)
2/4 0.1250 3.87 0.90 Fig. 3. Relation between number of replicates
3/4 0.1875 3.92 0.91 and cumulative Pk values.
1 0.25 3.72 0.88
2 0.50 3.86 0.90 _ N
3 0.75 3.95 0.91 BHE (it 22 3B OEEATCHBE LIn £EHE
. L 2 88 0.9 100 L UTHBA, & D OUOCEEER (k) TR
8 2 3.89 0. 90 A OEWFREIN B DB RUIZEDTH 5. e

ZRUTVS, 0.25m2 S TRV S -T2~ F5—
MEIA, ZNLLETREERICRAI I~ K5 — b
PMATEMZRUIL, ZHobhs ke, S4EE
H2BMIV TS 2o0BHHEMIHE L A 2B
389, 25cmx25cm O EFHTHKSITH B &
Z2RLUTWV3S,

3T, &3HBHDRERN T2 DFREXEIC
VARERDS L EOROREBREINTH I E
Wiz E%oD Q'PCEEEKLT:L\, Fig.3 iz Gavurin et
al. (1956) it & > TR SNz Pe ORI 2IREERH
LOBFETRUIZSDTHS. Puldd? Hdin ¥
FAD5 5Ok BE THEHDTHET 5 LM RS
RU, WATHEDLINE,

n_i'“ -k CixX (i) Si @
i=1 nCix(n—-k+1) S

CLTSindr b Tive At 3 ic B
TAHAEDOETHY, SREHEBEN TH2. PcOR

Py =

FliAiE, 50cm x 50cm 1B OFETHERD S Y
51 % EEEEI N, 2[ITH62%, -5EITH L0 % b3
REINTW B itz s, P DREHERAE 3
EXEICERT 2 RENS 100 & UTHELTHEDT
BHRE2HO2LDTHA 505, £20DIzDiciIHosasns
BITBITHIT /2 5 ¥ CHANN 2 O THREND 3,
SEOFEEBIL Pe 2 BHET 212Dz P T ¥
EVAS, FTCOC LA, BEBENZHE
3 HMOITDITIE 50cmX50cm O ERTHIL L & B
1BEALHE L DREET S B EHD 120 & BRL
TW3, ,
CCETIBEL U TOMYFO 2T 3B EION
THBNTRIH, 2ERBLAOBCLTRIBS>
W, Table 8 2 2B 2 s 58, 4
o o BB L2 OIS TEREAD S b5 @
FITHVIEI 5 OB, 215 HitonT Bk
B IUORERZEET 2 BAOMNEERETRUI
DTH%. T L Tik 50emx50cm DIFLEFERE LT
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Table 8. The number of replicates required to estimate the density and

‘ biomass(mg/0. 25m?) of each species within a defined range of

the population mean. The mean and standard deviation was

calculated with thirteen 50cmx50cm quadrat samples.

Required replicates

Species X s.d. permissible error
10% 20%  30%  40%  50%
. Lo : 9.5 ) : .
Stenopsyche griseipennis W ousts eins  1me b Lo &o 33
' : N 198 152 2337 584 2.0 146 9.3
Hydropsyche gifuana W 1089 8.2 2449 6.2 272 153 9.8
' - . . 92, . 2, . ;
Hydropsychodes brevilineata | & 32 H6  2%3 L s25 183 L7
: N 1052  39.3 5.9 14.0 6.2 35 2.2
Mystrophora inops W 366.4 138.1 56.8 142 6.3 36 23
S N 208 189 3295 824 366 2.6 132
Goera japonica W 1439 1200 278.0  69.5  30.9 17.4 111
- - N 2820 1777  158.8  39.7  17.6 9.9 6.4
Baetis thermicus W 1387 1187 2929 732 325 183 1.7
: 48.7 9.4 145, 36.4 16 9.1 5.8
Choroterpes trifurcata N SO 5 eyt S 153 7.8 5.0
- N 1210 1112  337.8 . 844 375 2.1 13.5
Epeorus latifolium W 816 625 2351 588 261 147 94
N 9.2 704 2185 546 243 137 87
Ephemerella rufa W 478 369 2384 596 265 149 95
’ N 1256 73.5  136.8 342  15.2 86 55
Ephemerella sp. EB W 1294 552 728 182 81 45 29
N 2448 971 63.0 157 7.0 39 2.5
Antocha spp. W 2836 1226 748 187 83 47 3.0
. . N 379 186 %.6 241 107 - 6.0 3.9
Chironomidae W 96 38 621 155 69 39 25
. N 1.8 267 20514 5128 227.9 128.2 82.1
Eubrianax sp. EC W 11 2.0 12919 3230 143.6 80.8 517
e : g 5. 180.6 . . . 7.2
_ Atherix ibis japonica Y B e ol s 53 IZ
. N 3.3 4.7  83.2 2059 9.5 515 32.9
Dugesia gonocephala W 3.5 55 9700 242.6 107.8  60.6. 38.8

HELTHS., L% 33D Table 4, Table 5 &

HETsLbba Lo, BRBECEBRERID S,

% OBEOBEERCRER 2 HET 2 BE0T K
I3E  OFBLEH e B BEETE. AINELTE,
Mystrophora inops HEEE, DR OVWThico
WTHBMHEDEE L b L BEEEY Dz, iz
Antocha spp. i3 MBS, BFERE L DEERDSHK
TOZNITIIRTELLWL. X 5REBER T Evbrianax
sp. EC & Chironomidae MW MEZTREL T 5,
-7, BEFEEERETCEL LA LR (T

ZOLBREFEEY) B2RTHIROVTROBINK
WO ZEIXTERVY, FersBRBREROHIA
SEBRRIEEAIA NS, ETHENE LT
A TIRAEFERIEN 100 ELEE 015 & 5 nEEET
T3, THREFREANCBERAKD 5 Y
FhAREAL, %@ip&ﬁﬁ%*bactm%ﬂfé
BT EBRLTNA,

D XiC Table 8 D15 2%, 50cmx50cm O
a—F7—MBEIDS 5 7ELE HBRT2 31 EHiko
WT, STROHRAE & BEIRSEEIN & DBE{%% Fig.4
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e  Eubrianax sp. EC
Baetiella japonica
Dugesia gonocephala
Hydropsyche ulmeri
Psephenoides japonicus
Mataeopsephenus japonicus
Caroperla pacifica
Elmis sp.

Caenis sp.
Epeorus latifolium |
Goera japonica

hd Hydropsychodes brevilineata

Potamanthus - kamonis
Isonychia japonica
Hydropsyche gifuana
Ephemeretla rufa
Atherix ibis Japononica
Rhyacophila yamanakensis
Baetis thermicus
Parastenopsyche sauteri
Choroterpes f{rifurcata
Ephemerella sp. EB
Baetis sp.

Ephemerella sp. ED
Rhyacophila nigrocephala
Ephemerella sp. nG
Ecdyonurus yoshidae
Chironomidae
Stenopsyche griseipennis
Antocha spp.
Mysrophora inops

— e

Is

Y

Fig. 4. Relation between I;-index and number of replicates required to estimate
the number of individuals within 30% of the population mean with a
confidence of 95%. Open circles represent the species having a low
density (%<C3.0). Species are arranged according to the order of
increasing the replicates required on the right side of the figure.

WWRL ., HEEBIT 95 % OREE CRERMA P
BEO0% EUTHALTH S, Hithid Morsita
(1959) @ L #ETH B, T OEH1 L HARIVE
BRIBFREORHERL, 1OEBIS v Falsl

M, 11X DhINBRARR—BERTEEROL TV,

L Dia~FI— b« 94 XRE>TEALT 21
Befon, SEOEE, Bemx2Bem hd, 202
f, 3SBLT4{E D 50cmX50cm FTa~ KI5~
b ey AXRHMIVTH, COMBETROTROHE
DL bbEbELL g -Tcicd, TTTX50cmX
50cm & UTHEUEEHE-THE, HboHLH
72& 512, Parastenopsyche sauteri 331 & bR/
IVEERTIENE, oM L1 ERRLT
Bh, ZLOBPERRODER2 L TVA L b
5, HAPMELE {2 513 8 0 B EEHSZ DR
WRD T LETHb, Morisita (1964) 5 & X /NEF
(1967) & 1s 5 5 BESREEB 2 RD 2 HELZEAT
W5, 1212, BT Psephenoides japonicus, Mataeo-

psephenus japonicus, Elmis sp., Caroperla pacifica,
Parastenopsyche sauteri 1z EBEBOESEI/DI

WE (HOBR) TR L5 BB Ihab FRBE

BEEFHEZ N, 2hiz LIZEHE @) RIZEALY
BEshzuoory, (1), QR EEIhITE
k250THA> (BAiZ, Poisson 37 OHE
=R pQRCRAT B E n = tY/&2 L0 %. Fiz
HEHMAHORS B LAISN IR TH 3AOFEIH
OHEIFE S =2+3%/k, ThPQRNIKRATEE
n > (t/e?) (1/2+1/k) tizh, ELLOBAEE M5
NP AIE n N 5). KO FEICGHERSE
EHDOZB b SEICTE 2T 305, Eubrianax
sp. b5, L SIERIC KRR K, DEEHD ETRUTS
W, COED13EOV Y TAD D b BEEO RRE
1 (F#HiE11.8) THs0IHL, WEH102T
BRENIEREEFHICIZIDTHSS. 20
{3d> Baetiella japonica, Dugesia gonocephala,
Hydropsyche ulmeri 2~ 1:Rid & {icsadikdss
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$ LIt T—EOHEE 2185 Died { OILEESK

PRETH B, BT Mystrophora inops, Antocha
spp., Stemopsyche griseipennis, Ecdyomurus yo-
shidae, Chironomidae &~ j-H iR <,
FREBEIER S Dis STHRW, RSN 20 — FOMEE
By~ (BH 1962) itk 3 —ED B E Lic
Abhug,

4. & 5

HMESHHOBAICEADKS 3 AT »
BRD BIHOHEIR T T THN RO b, XL
Do HIHEEEEL TOR% 6 5 5k (Southwood
1966 /) B LCHEMEEN L »5 H 8 T3 H%
(Morisita 1964, /NEF 1967, zh :ABERNCEL
DT Iwao & Kuno 1968 iT k 2 SEEBEF N 3
BT 5B VEMOERBIKD 5 HET 5 Hikbis 3)
VD5, ERELEETRSBEEONMOBETIZED
HEeE - THEL T I EA SR, (2338
HIH D EABY BE KBV THNSA TS0
(Ranprorp & HaRrRTLAND-RowE 1971, CHuTTER
1972), COBHEOBEI: BREBEME A2 T3
ICOFMHBAID Y 2 F 2 REE Uigty, THIQELES)
Ve EREHET 258, M5 OHETT~NTOHMH
BNODY R b7 v Pefrebisu &M OEEtic
FMBES &5 i@bh 3,
=T, BETABOBAZELEZEALNBLETHS
P, ZHULDOVWTH Neepmam & Usivcer (1956)
DTS, #5 DBEAIE Surser sampler ic X
BRERTHEY, 5ADRBEDS b4 AOBTIRE
BBNRA SN T oo L ARPEIRMBL Y § 5
{EEBLTWL BRI 1 ADBHBOND S 5%
EoTHWIIIDTHBELTED, LOTEHOHES
BRAUABPTRTOV Y P v & 2 BB 7200,
BIRE DT 2 WEHES EBRNT B, SEHOES,
3 ADIRHEE DI THEAC A B s EEFEDE b2k
D2UILSAT, EROBERBNTEF v 721
BBLED T SO THEAEIR & ITEBL 2D -
7z,

. 2T, BUDIKEAT: Surser sampler TORSE

(Neepuam & Usinger 1956, CruTTER 1972) ¢ @&
X, BhehBSRBREABE LT TRATIE
S IAGRCRER & 2 ET 2 BABCHELS
&5 EBAITEE ERARE LI &% { DIEEEMDN
RTHB2I0B0. COL5 s, RBicagks
BEODLOCERTRIBET 5 C 21038, COEE

THRONIEOEELZH-> TR LVEETS 3,
ZDFESD» 5, Table 4, 5, 8 Liddfic, HEoOkps
R TEREL BB OEERCRER OHTEORE
ZRTE% Appendix T, BECBNTIIE
BieEE2b0EE 2, 3EORETTIVTS
TEEVBD, 0L RBEOF—2DBBLED
HEDRYEE,GSDIT B ENTELS,

SE BRI 21T - 1208, Bk Th
6 - e RBEEBTRWEE R HIT 2 EHT
35, LrLEITIRERE 28 EiE &M
S TTBEU B bl 1o BIMEE % { OBA R
Ths, —K, BERCHEREEOBE LR ST
EAEBYIED & KB 2 T2 5 BED L >
CERERBH e BECHEL THET 3 e Ta B
i, DO DRVERTERNTHES NS &
EALbN 5B, :

RONLEOEBHOASIKELT, bhE his
MTOSE ORER & DR RI X BI6E & % Holl
THZLit, FEBFOEMCHREETHORNCL b
RETH2. »ATHHET 27251, Cuurrer (1972)
%3 Neepaam & Usiner (1956) O 7 — & HEE
UT 1 ft*(=929cm?) ¢ Surser sampler GREGR
PHEET 558, 5 BOBTETCHEME 2 10%ic
THIDITZ 112/, 20% Ti3 28 EEEET BT &4
WETHBELTVEY, Th%i Table 3 & Hihd
BEDIE b RENBIBNENSI L EHTELS.

TREBMTOR X IO TWAE, BHYERE R
PlgsE U127 5iL, Table 3, 4, 5 IKRLITL S
B, B4 BEROWThREET28ATE
50cmx50cm X b i 25cm X 25cm O ERATIREL I-
TIWEIUBE 2185 1o DT 5 b Ir R BT &
s, 1212, BABREERICHSIT 2 & kiU
BLALVELDBZNYD, COERERL, o, H
BERDIAZANBODESZEVEZASDRETHED 5~
TH55, SHOREREIX, FEOAXVLOTIRE
£ 20cm 1 A & 57z e M EHCERDEFTH 3
12%, 25cm X 25cm H35 IHT /PO £R 48 B ENTE,
b LEEOHM»OETITCIRE it/ nERS A
UTERLI B HERORNE VI L EBEALLN
3.

FRTBIFERE, B CBT R BB
DEEETZINDOTRAEL LTHzbhiz b D
Thb, BECEIRRIBE, SBRasilicsiys—
Blicg ¥, UbL, D e Lt 3 nikeo
SEEOBFC B 2HPT 254124 0TidH 55,
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X, KRG THER L HEROBSERIL, EL 3
Smx5m OFPAERBRICT L LEEBYBETIE s <,
Z D5 5 TEEOREHE CHRIENICIRET R 5
THBHENITEREY, TRETHANTEIIC LI
BERHTET2DRODRTNENENS L ETH 2,
U2 - TRIE 2B U o B8, BEMETE
D5 5O E DML T 2D, FTnkihig, 2
HRBR - HEOBREY—F THER 3hz L TR
55, E LMD relative abundance % size
distribution %% 2 2 BEIX ¢ DBREHEELE
W2 ->TL B, BENDS 2B ADER 2R
THARKT £ 12 h BEBRIC S AR ST DB
AO» ST 32 &, MEURGLEBE KT 2 &
3 ERREOHERA Y St 5 BIRIREOEREIC
25, RzABRPRACTIREL 28RS HigL 1235
BIIBET Y > TRBETOREMLRIERL B L1 5
FERE Macan (1958), Hynes (1961), ALBRECHT
(1961) #5X2* Krocer (1972) 2k T RINTEHE
b, B2 BRZN2EWOUOKE 0B L 05
KEENOBNMNC L > THEL T 5, AUBATS %
2 DAY o - B4 KR S TIERIED S T
LREOPWMEINTID (Macan 1958, Hynes
1960, HHT 1967), —fHITiZ A » 2 2N EE %
I BNBRESZ 2D, 29 L BSOS
B4 v PRI BAIMBO B L2512 h, AL TR
F B ERIDBEXEENDD B ABYEGEIEIT TS
BBEVRLS.

5 h & DBSHECONTOAE, HEIIH (1967)
X ZOBR% Surser sampler & H#EL, METR
KINIBEROHBHE D2 T H~TRER T2
(ERTEZNEVI BRSBTS, 20BHELT
Surser sampler iZ A TOUHIC T AREEHD o
2WDHY, bhEHBSEIIBEYD 2 3 1z
DEZEATVE, BHOBRELZ v FDAy L 4
P4 XRBREATULVILN,

Surser sampler DFATH % » b DR ikbikdiz
B3 L5 2L LB TIREMDSEITPTOENS
RPBIINTV A (Crurrer 1972), L hE b
SHOBARH IV 15cm BEZ TTH ST
DEEMKPICEYT BT F o F O LHID S D
Kiz—BRINCEMEZ LN S,

5 & D BSRTHRET 5 BB OME 0 2 OTIRE:
REBHLTVDRD 5 ERDNTORBEIZE I 2 b
DTRESZTHY, SBEEIBEINTNS,

5. 00 0=

5b & bBSEE ACTHOEEE Y2 HEST 2
PR, —EOHE T — & %183 1o DICHE L IR E S
ZENI. BESFRERSEHTELC S 3 51
DOHBIOR AR E— % THETH 5, 13E O®kb
BUH> 7VEOEE %A 5 &, BROEISESD
724, UTods - CTHEI D e D RERS CROEEE %
B ELHTE20INL, BEEKCEEEZRIZA
3 EE R R UREREEE § B M & IR
DOBRD 5 & TREHCEER »HET 2 BRIk F
BEDI L ML TOBREIEB AR 2% 571
W DEEDbNA, BADECLIRAIIEAIIEY
TN OBEDEEN 2 OEOEEOE DM 3 1z
BEfRL 72 & DT, Eubrianax sp., Baeticlla japonica,
Dugesia gonocephala, Hydropsyche ulmeri 72 i3
AL, —EORE B2 DIRE { DIREES
VRBETHB, a3~ K7 — FERZOWTIE, BEE
e OBBEEL B L, 50cmx50cm k b § 25cm
X25cm OHPHETHB L3 EDbNE, Bhebh
HEMTHRET 2 BEOME » 2 PREDOBREICS
WTRSHBICESEIN TS,
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Appendix

Relation between the number of replicates and confidence range of means.

FREERE HEL DBIR
2 s ‘Number of replicates
1 3 5 10
" Total number of individuals 1440.0 572.8 799% 45,0'0’ 35% 2494
" Total biomass (mg/0. 25 m?) 3739.6 1613._4 86% 499% 38% 269 .
Hydropsyche gifuana ¥oms 83 B2 % &s iz
Hydropsychodes brevilineata ‘I;IV ﬂ? igg gg;? 18% | ’713% gig?
Mastoptora inos Nz o@ms mr sy @ o
Gosra aponice Nomy oy mr owmy ny o u
st i OB OW OB OB oW
Choroterpes trifurcata ‘I;IV g?; %,?% ﬁ(l);g ggg‘g iggg: gggz:
B e | %BS W WY W B W
Ecdyonurus yoshidae vl\\lr %g; %;(1) %(3)(1);2 %:ZZ g%;g: ig;g
P—— NoB:ops o Wm wr our
ke . YoM OB OB 2 B w
YR oM oW % o% n






