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An Application of the New Strategy to Faunal Data of
One-dimensional Structure
— Analysis on Published Faunal Data of Macrobenthos having
Zonation across the Continental Shelf of North Carolina —

Sekio Shinagawa

Abstract

Shinagawa has proposed a new stralegy using both the new ordination method and [uzzy
cluster analysis, and shown that the new ordination is less affceled by noises and gives suit-
able results for the subsequent cluster analysis. Though theoretical advantages of the new
method have been clarified, some disadvantages such as large "arch cffect’ caused by one-
dimensional structure of the faunal data have also been indicated. In the present paper, pub-
lished faunal data of macrobenthos having one-dimensional structure across the continental
shell of North Carolina is subjected to numerical analyses using the new strategy. correspond-
cnce analysis,  and the other cluster methods. Though the configuration yielded by the new
ordination method is not always suitable for the presentation of one-dimensional structure of
the fauna. the groups of sites and species displayed in the ordination space have less error
classilicalions than those yielded by correspondence analysis. As a result, the new ordination
method gives more precise information about the fauna than correspondence analysis. [t is also
shown that the fuzzy cluster analysis based on the new ordination is capable of representing

continuous changes of the fauna more precisely and very effectively.
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Fig. 1. CA ordination of 10 stations (left) and 167 species (right) onto the axis T X II and I X [l
planes, based on the dala published in Day ef ai. *' .

The labeled numbers in Lhe lelt graphs denote the station numbers, Symbols represent the sta-
tion (left) and the species (right) with high membership function more than 0.5 of the group
derived (rom fuzzy k-mecans method, as follows,

Leftt Q. A&, B A C @ D,

Right: &, SP-B: A&, SP-C. @, SP-D.

Star marks represent the species with low membership functions below 0.5.

Abbreviations in the right graphs arc as lollows,

Do, Dorvillea rudelphi; Nc,  Nephlys picla
Pa, Paraphoxus sp. 2. Pr.  Prolodorvillea biarticulale.
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Fig. 2. Rsnordination (new method) of 10 stations (left) and 167 species (right) onto the axis
TXI. [ X, and T XV planes, based on the data published in Day ef aof,
Numbers. symbols, and abbrevialions are the same as shown in Fig, ].
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Table 1. The matrix of correlation index Ks between stations

1 2 3 4 5 6 7 8 9 10
1.000
-0.989  1.000
-0.764 0127 1.000
-0.965 0206 0.117 1.000 SYM

-0.998 -0.340 0054 0265 1.000

-0.998 -0709 -0811 -0355 -0.201 1.000

-0997 -0621 -0738 -0838 -0745 0367 1.000

-0999 -0796 -0983 -0956 -0956 -0828 0643 1.000

-0996 -0742 -0986 -0941 -0963 -0841 -0539 0448 1.000

-0.998 -0.745 -0992 -0928 -0.985 -0.866 -0725 0436 0741 1.000
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Table 2. Fuzzy clustering of stations

Bascd on CA ordination

“Station Membership  Station Membership “Station Membership Station Membership

no. of A function no. of B function no. of C__ function no. of D function
1 1.000 4 0.999 7 0.859 9 0.999
2 0.991 6 0.832 10 0985
3 0.979 8 0.965
5 0.883

Based on Rsn ordination (new method)

Station Membership Station Membership Station Membership Station  Membership

no. of A function no. of B function no. of C function no. of D function
1 1.000 4 0.980 6 0.963 9 0.986
3 0.957 7 0.918 10 0.966
2 0917 8 0.851
5 0.914

Stations having the large membership function of cach atation group,A.BCD arc listed.

FETH, FRER0.249£0.307, WHEHESHEOSN, NV, VST THAZRZR0.315
0.290. 0.359& %7 £IT, CA TP NEKS T T, PMESIHHECIENEET 2 ©
EAEGESE LTUTFORIIN VA, ST BEOBEEEH % Table 3 125, 25

Table 3. The overlap matrices between station groups
Based on CA ordination

A _B c D
A 0.100 0.001 0.000 0.000
B 0.001 0372 0.011 0.004
C 0.000 0.011 0.178 0.013
D 0.000 0.004 0.013 0.291

Based on Rsn ordination (new method)

A B C D
A 0.101 0.009 0.009 0.006
B 0.009 0.356 0.017 0.009
C 0.009 0.017 0.144 0018
D 0.006 0.009 0.018 _0.264

AN 2 T DFRIE CA EFEBETIHETIREED VDT, HbAlE C TR CA WL, B
ﬁ%&ﬁdnﬁm%ﬁcwdfﬁ<.7727—@$tib#%w.L#L,iﬁ&ﬁﬂfu
WIZCADFH Y T A5 — OIS, FEUEBE 58U 12, CA T120.940% 0. 920
T, BEEOTED0.861£0 819N TREWITH /. Shid, SOBA CA DEHZE
MORTED L, WA —RTCMRRIN A2 TVB I LI LB b DEELONS. 752
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W DO & MRS R A BB LT, MR SP-B. C. DOIHLTWTST 7
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TSR (Averaged membership) ' b IF TR L. Table 6 \CHERFMOBEHIEL
FlhRT. CA & AW HD. PRSI THM OB NS L, IR
ORG LR THD. L0 L A OFHNRRE SN DSV EVET % Table 7
R, SR, CA, FEESWIEE BT, SP-B, ¢, DEEFAFRMAFB C D
CEELEIL, MSEEA TREDHIFLABTHE I ENTHD.

AEEBEOMRIE. CA LHEEIETIZE—HL, & CICSP-BTH, fihoRbiiagE
RTWAVHIE CA L HEES T EEbE TS M T, 206 b TR TSP-BNDHTEED
0.6 FTHors. SP-DIDVTH X —HLTWA, FHMEDIFITIE SP-DIZXSF &
N7 Paraphosus sp. 24, CA T SP-CIZXFENTVWAHI L, BLUCA TR SP-D RS
K4LT: Portunus spinicarpus H°, PHEHES 3 3ETid SP-C & D O rhiB O HE (I8 30.413£0.443)
Il o TWA I ENRE o1 P spinicarpus V. W7 £ 8 CFNRFRS L 12IAEMET 5
OHRTH Y. PESFEO AR EE L BNA. Paraphosus sp. 2 2V TIRERET 5.
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AHEOWBRMAEE FRFR Figs. 3, 1ORLA. TAMAO 4OV TR, BESHT
Wi FOREH Figs. 1. 2 OALKNIRLA, CA LHEESTLoMEEZ R LTERESA
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iﬁ&Wﬁwﬁ%uﬁﬁtﬁwﬁmﬁAu¢é<&H‘Lt#ofwfnbmﬁﬁwuﬁﬁé
h%.~ﬁ.%@%GH&TQ,ﬂﬁ&%%ulhmﬁ@umm?éﬁdﬁﬁ#%mﬂtﬁﬁ
AR R AL BRI A GBS D, ZOMR, WESESTEO N pick i,
B A DM AR A RE LTREN, D, dolphi WIHMZEN 2, SP-C & D OO
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Table 4. Fuzzy clustering of species hased on CA ordination

: e — g = = ——
Species name of SP-GC mirggj:fhlp Axeraged meénbershlp oé staion groDups
Nephtys picta 0993 0.007 0.341 0.254 0.398
Ervilia concentrica 0.988 0.003 0.320 0.339 0.339
Aspidosiphon spinalis 0.988 0.001 0.304 0317 0.378
Pomatoceros n.sp. 0.988 0.001 0.040 0.935 0.024
Venericardia tridentata 0.987 0.001 0.309 0.307 0.383
Photis cf. longicaudata 0987 0.001 0.020 0954 0.024
Aspidosiphon misakiensis 0.987 0.002 0.116 0.797 0.084
Encope emarginata 0.986 0.001 0011 0.963 0.024
Elasmopus sp. 1 0.986 0.001 0011 0963 0.024
Goniada maculata 0.986 0.001 0.011 0.963 0.024
Mysidopsis furca 0.986 0.001 0.011 0.963 0.024
Astropecten cf. articulatus 0983 0.001 0.011 0.961 0.026
Phyllodoce longipes 0.976 0.003 027 0.508 0218
Prionospio pinnata 0.967 0.001 0.106 0.736 0.156
Glottidia pyramidalis 0.959 0.001 0.043 0.823 0.133
Synchelidium sp. 0.954 0.001 0.307 0.380 031
Cadulus carolinensis 0.950 0.001 0.011 0877 0.112
Abra aequalis 0.949 0.003 0.364 0.068 0.566
Leuconaria incerta 0.941 0.002 0.196 0774 0.029
Pagurus brevidactylus 0.927 0.002 0.118 0.562 0.318
Corbula sp. A 0918 0.003 0.301 0615 0.081
Gastrosuccus mexicanus o9n 0.001 0.010 0.806 0.184
Ampelisca sp. 0.899 0.002 0.249 0.719 0.030
Paraphoxus sp. 2 0.886 0.001 0.305 0.089 0.606
Spio filicomis var. nov 0.862 0.002 0.228 0.742 0.028
Pecten gibbosa 0.859 0.003 0.263 0.709 0.025
Glycera americana 0834 0.003 0412 0410 0175
Nassarina glypta 0.806 0.001 0010 0.882 0.107
Dorviflea rudolphi 0.776 0.002 0274 0.047 0677
Chone n.sp. 0.697 0.002 0.093 0.637 0.268
Crassinella lunulana 0.686 0.003 0520 0.337 0.140
Siphonoecetes cf. maculicornis 0677 0.001 0.008 0.661 0.330
Protodorvillea biarticulata 0673 0.002 0.581 0.106 0.311
Promysis atlantica 0.665 0.001 0.009 0.795 0.195
Ampharete acutifrons 0.658 0.001 0032 0.691 0.275
Onuphis nebulosa 0.656 0.002 0.093 0.599 0.307
Nucula proxima 0.647 0002  0.151 0.309 0.538

Species having the large membership function of species group SPC are listed with averaged membership
function™ of each atation group. A B.C.D.

sp. 2 MMl 9 . M0 HBIBBLIL Tw B 20w, HiEEES T SP-D ISRV R (914840, 777)
L%, P biartienlate iZHT 4, 5 THEIEBL TV 50T SP-B I W (70.643) & % »
2. CADSP-COHFE (Table 4) 12BWTH, THHTHIIERLRL S, N picta td B ~
DL M L, Paraphosus sp. 2 & D. vudolphi {3 HLETRE D F0.6LL L, P. biarticulata (20
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Table 5. Fuzzy clustering of species based on Rsn ordination (new method)

. _ Membership| Averaged membership of staion groups
Species name of SP-C function A B c D
Pagurus brevidactylus 0.993 0.050 0.163 0.497 0.291
Gastrosuccus mexicanus 0.968 0.052 0.061 0.700 0.187
Siphonoecetes cf. maculicornis 0.960 0.043 0.050 0573 0.334
Glottidia pyramidalis 0.951 0.052 0.093 0.718 0.137
Cadulus carolinensis 0.939 0.055 0.063 0.766 0.115
Phyllodoce longipes 0934 0.045 0.311 0.445 0.199
Aspidosiphon misakiensis 0927 0.053 0.167 0.691 0.089
Astropecten cf. articulatus 0.908 0.057 0.068 0.833 0.042
Mysidopsis furca 0.901 0.058 0.069 0.832 0.041
Photis cf. longicaudata 0.899 0.057 0.078 0.824 0.041
Encope emarginata 0.899 0.058 0.069 0832 0.041
Efasmopus sp. | 0.899 0.058 0.069 0.832 0.041
Goniada maculata 0.899 0.058 0.069 0.832 0.041
Pomatoceros n.sp. 0.899 0.057 0.097 0.806 0.040
Prionospio pinnata 0.896 0.048 0.148 0.655 0.150
Leuconaria incerta 0.884 0.050 0.243 0.669 0.038
Spio filicornis var. nov 0.869 0.049 021 0.639 0.040
Corbula sp. A 0.868 0.044 0.341 0.537 0.078
Promysis atlantica 0.867 0.041 0.042 0722 0.195
Ampelisca sp. 0.865 0.049 0.296 0617 0.037
Nassarina glypta 0.859 0.046 0.047 0.803 0.104
Paraphoxus sp. 3 0.848 0.038 0.032 0.754 0.176
Pecten gibbosa 0844 0.050 0.313 0.603 0.034
Chone n.sp. 0.842 0.039 0.119 0.602 0.240
Ampharete acutifrons 0816 0.044 0.066 0.637 0.253
Onuphis nebulosa 0814 0038 0.119 0.564 0.279
Ervilia concentrica 0.808 0.038 0.350 0.305 0.307
Glycera americana 0.798 0.042 0.450 0.351 0.157
Dentalium eboreum 0.788 0.045 0.042 0.591 0.321
Notomastus n.sp. 0678 0.037 0.030 0.547 0.386
Amphicteis gunneri 0.677 0.045 0041 0422 0492
Venericardia tridentata 0677 0.033 0.326 0.300 0.341
Eulalia sanguinea 0.664 0.036 0462 0.475 0028
Synchelidium sp. 0.654 0.040 0.316 0.346 0.297
Crassinella lunulana 0.621 0030 0537 0.309 0.124
Lumbrinerfs sp. 0619 0.037 0.037 0.436 0.490
Onuphis eremita 0614 0.038 0.466 0.403 0.093
Diopatra cuprea spitribranchis 0613 0.041 0.040 0.365 0.554
Terebellides stroemi 0.607 0.033 0.036 0.435 0.495
Species having the large membership function of species group SPC are listed with averaged membership

function” of ¢ach atation group A B.C.D.
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Table 6. Overiap malrices between species groups

Based on Rsn ordination (new method)

Based on CA ordination

SP-B SP-C SP-D SeP-8 SP-C SP-D
SP-B 0314 0.031 0011 SP-B 0.289 0051 0.030
SP-C 0.031 0193 0033 SP-C 0.051 0.182 0.038
SP-D 0011 0.033 0.344 SP-D 0.030 0.038 0291

Table 7. Rclationship belween groups of specics and groups of slations with fuzziness of the distribution
of each species group based on CA and Rsn ordinations {ncw method)
Based on CA ordination
A B C D Fz
SP-B 0.013 0.866 0.094 0.026 0.199
SP-C 0.021 0.180 0.605 0.194 0407
SP-D 0.009 0011 0.104 0877 0.150
Based on Rsn ordination  {new method)
A B C D Fz
SP-B 0.037 0.853 0073 0.037 0.208
SP-C 0.065 0173 0.580 0.182 0.461
SP-D 0028 0032 0068 0872 _ 0.162
A B.C.D, siation groups : SP-A, SP-C, species groups ; Fz, fuzziness ol distribution™,

(SP-C) D#LI (HH40.619~0.788) I AEENTVEI L L —TH. &2 h%
eboreum (3 SP-C & D O] (FE40.498&£0.461) 12 S 4L, it SP-D O
IhbnZ Eid, CATI, HAHCH Y

CA T D
Bl (IrEER0.699~0.740) A STV 5.
FAI—ELTELFLEF TV LW I EREKHTEEELZ LN,
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Fig. 3. The numerical distribution of individuals of the species having the large membership function of
SP-C in case of CA ordinalion bul not so in case of Rsn ordination (new method}.
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Fig. 4. The numcrical distribution of individuals of the species having the large membership [unction of
SP-C in case of Rsn ordination {new method) bul not so in case of CA ordination.
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Fig. 5. The number of individuals (left) and the number of species (right) in each species group al cach
station,
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Fig. 7. Dendrograms by group averaging method with three similarity and one distance indices.
Abbreviations are as [ollows.
PS,. Czekanowski's similarity; C,, Kimoto's similarity: K, Horn's similarity:
£D. Williams and Stephenson’s squared distance,
In case of PS,, stations or groups ol stalions joined by broken lines differ significantly and
those by solid lines do not differ at the 1 % level . tested by Day et al. *' using the information
statistic 2A 1,
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Fig. 8. Dendrograms by group averaging method with Euclidean distance in the space of the CA ordina-
tion (left) and the Rsn ordination (new method, right},
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Fig. 9. Dendrograms by Kobayashi's method with Kobayashi's heterogencily ratio HR ' and Morisita's
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Bl L&, M1 HIREMS M~ R OB GERE SR MG LTEBY, /2. Miie k7
N—DOHE LTREN VI LI, Fig. TOF - FussaLiilThsb. HRIZZFOMD
TRELODERUTORSMRMURELE AR ED 00, HRICLAT Y FO YT LATH,
Hri2 &3, W4 b5, Hm7L8, i LIoFFAFABUMEEALES. C. |2
L6757 PO I LICBTAHNEOHMITFIL C.OFRERUNSE VN, Mt L6ico
WTHEDG AR LS,

4. % =

4-1 Dayetal.? LEXUEDHE (CA) BLUVHLOVEE FFEBEDTER) OBIFBENHE
BICOWT

PSCE BT VAT T 0L CABLUTHEED I L BB RONE &L, Bl
6. TOWRDFMTHS. Dayetal. ¥ (&, T FRY T L EKEHREDE LA S, b
TL8DMEEALLTWD, ZO—fT, bEDEF— ¥ 2RI+ L1280
s 6 Bl & LIKEEMMBEOMEOTA 2 A Lo, W7 L 8 A THAMNL LT,
Shig L R OTEHEAZEDb o TV B I L BTV D, CA B L OPHEE ST L 2 MATE
RBWTH, W7 L8NV EDL I RIEBTOMSE (ecolone) TH 2 L Fig. 5 % &I
PIRESN DA, W7 L8V HHTHLLEHEV 2 L. T2 ROV S A LRI
DOLRIEN o TR LW AR LS LW B, 7 — 5 ooV TYROBES 2



& x

% Day et al.© OFFUL, T LA CABLUTEES T BEOMARERE LKL, CALH
ST DO F L F Iy T A%, HEHIREORR LR L. 28 13HORK - I
EIRSCEFRTH Y, MEHOBBREEIA TV AEVDY S, ZOEHIIREREFSZ LW
25, F7. Fig. SIERT LI CHEDESENIIELLTwESS, 77 A —NPHHAT
HHILEEHE LAY T AY —OHEITREIEARE L Tk,

$7:. Dayetal® OfToMETIENE 2 & 3 DHHE LIS, ROKELCBVWTHH
B2 AR RETH S LHMITEAOEFHESFELTTHS. Fig. SHRT LI,
H2 A LIZ oW THEEA Y A . BICARIRRKRTH S, BTV 167 THEE
L7: Margalef OZAEIE D Ofld, M1 & 2571.30L1.84, Hiri3£52.18, 3£ T 3L
EThot. T EE, WHE2H 1DV THRLUCVEN GRS X 2EEOREZEY) 11H
D, KEMANORETERRLRETHAL I LERBRLTVD.

X512, Dayetal. ¥ IZKBEMNMOBES RO FHEEL TV ADIEHMI4 L5 LBNTVS
75, Fig. 5 Tit, A SR T TINBOREOXBYIALNLD L, RLEELTVDEO
SHE 4 THBLHMTE S,

42 3ESHE (CA) EFLWAZ (HEBEDSWXR) ORFKBROEER

Fo A ATET A, CA EPBESIHEC L 2FHREHEUL TV 77047
528 AL BHEBOMEROSH LHERMTH o7 L L, i EHMOBED TR,
W OHDHD Y 5 AS Y v FTIIHENRA LR, FEEST KOs 525 v
TOHHRELEERTH .

CA Til, Hl 2 ~ 102 MEIKICAHBIN, F— Iy OHEI—RTWTHL L 2 L (KRR
LTwa, JHICHLT, HEESTETRINRRONELE %5, Jhid, —RIEHR#ED
FEBUHIE L vy, BARERY 0BV TR LI, 77 AY -z T) LT
AL, BEEO RO E LT, aefofriitic sz el 7725 -
iRt LAHEL TS,

CA Tk, BIMMATARELRT —FEREE LD, HELRSE (EESTZEOX
iﬁ)%zktt%%k3tLt%%ﬁu.7?17—Wﬁ®ﬁ%ﬁﬁ&ok.:ﬂmﬁLf
WSS TlE, HERRSOBE 3L LT 4L LT T AY B OFHRISKE LA
B Ao

TS A CA E R4 2 b ) —on i, JERSIRENEZETHE. HEaDOHE
AR LT, SRR RS TH A, IRRINIC I AL AR I HEER
B4 2 HEENTH2HEL L, 2OREIZDWTIE. T T Noy-Meir™ LT 5.
BN A —5E L WEET b, L B L s I B O R RN 2 BRI R 2 5 EH A BN



— KT 7 Ry b AT O IR

52ERL, ThOUEBRNINLERETHBY. CATIREHNENT, ZoLk)hdbuninsi
fids 525 —OBREAMWITT B720, CA THBTHOBINE 4 5.

RALAC iR~ CA LS EORIRE, 3T CIBMERY Lo TS h 2L Th
Y, HINEBRERFEROT— ¥ TR S E VR B,

43 TOMOBTME, HAE, HATHEEZAVETFOTSA

F DM ORBE, HLEEE MO8 PEFECL LT Va7 T4 (Fig. 7) %, Day etal. ™
DRE L ICFFHMERETRMIT % &, Kimoto' @ C. & Horn @ R 12X BEFITIE, k2 &
4RI ND L L, S OMREE CESASND. ko X i, Hli2 L 4 3EHRE
HRESELDN. C. & RICLBEERIEI I OHGEDS LI N TR,

Williams and Stephenson'” @ EDZ & AR T, Wl 1 SR LTREhTWER
WZEMPME dRE S, 2—2 )y FEEETE. HERLEROMES M Shhwink
EioNB,

Morisita'™ @ €, #HWIEER Fig. 94) &, C. MV Fig 7) & & {HEBL,
AR L Twa.

Kobayashi ** @ HR & V72858 (Fig. 977) 5143, 2 ~5 & 6 ~ 0T~ Mk
BOBEYHET B L E2HANB EHFTERY, TR IO F LB L THELLY
IR L,

BT, CA LFEEOEUNOT Y FO s AL A58, s 1 ofldiie LT,
BEAE KRNI & SHIC ST 5 TREPLTH Y, DHOSMEOREERIITE 2o
EHRETH 5.

44 TFIATIXR) L TDFIR

T7IA2 TR 2 rOEREROLAROMER L HEER BLUELS O LENRD
SrAi R, HETREE DFIHERERTIRY, TAOd T OESORYEY 11, SdBELH
HOB#E L CERL, SHULHBWORE (ccotone) DL L, BEROMEMNELEET
LETORRMTHL I EAREn/., FHEL BESHENORTHE ThbbaEELERS M
DEDSAIEE LB, EOFYHAHNBE" 2MWTEHELLREDI SRS ) 0 T
DHNENET R BELTII ORI T LI LHTE .

5 % B

FAFFERCOMER IS L T, RO TR TREL ZHELIBY . e iRE V27w,
BEHRFSE Z28IBHEL, 8L UHEEOZWBERESEE gt s



%k

EANEN- L MR B L WIBhEIE EEMEEEL FBEdE LN, EBE
LAEROEERT D, Tl KERFEAEEIE MR, ABRoRE &
FHZTWRE LB BELLOHBELR 7=y 20 L LT L Thi v 2
SHBRWEHOTERT A, S61F . MXoOMESIBELTELOIUE LIV
KEREREIE M AE—W-L, UROBRESOMH L 2w BEdE Rk
W UTHECHILB L T3,

X ®

1) shjldde D RAEARIC X A HEIREE T O— Tk, BERNY F AMRSEE 260 49~65 (1984).

2) Piclou, E.C. . The Inlerpretation of Ecological Dala, lst ed.. John Wiley & Sons, New York,
1984, pp. 133~201.

3) S, SEHME | BHFBROENC £ 5 Ren (O, [TREE 64, 56—~64 (1998).

4) SNHIE B O — EAESER ORI b Lo SREMIT L TO@ENE, FTHLTasE

B2, No.10/11, 1 ~18 (1992).

MINd. SN v~y | 2OWEF— 5 1L AL Ren EOEL HKTE 64,

418~126 (1998).

6) R SHHME TIURTE BT 2 REMDTEROBALIIIOV-TO Ren 2L 24T, H
JKEE, 64, T96~806 (1998).

7) SIHEER 77475 AY — R NG EWRRBITE OV T O UM EE, TR T-EK
LB, No.17. 1 ~18 (1998).

8) Day, J.H.. J.G. Field, and M.P. Monigomery : The use of numerical methods to determine the

a
~—

distribution of the benthic fauna across the continental shelfl of North Carolina, J.  Awim. Ecol., 40,
93~126 (1971).

9) Kobayashi, S.: Heterogeneity ratio: a measure of beta-diversity and its use in communily classifica-
tion, Ecol. Res.. 2, 101—~111 (1987).

10) AAKPES - AR RoSERBN. 8 1M, BHEFE, HWE 1995, pp. 71~ 147

11) Kimoto, S. ! Some quanlitalive analvsis on Chrysomelid launa of the Ryukyu Archipelago,  Esakia.
5. 1~20 (1967).

12) Williams. W.T. and W. Stephenson | The analysis of three-dimensional data (Sites X Species X
Times) in marine ecology, J Exp. Mar. Biol. Ecol.. 11, 207~227 (1973).

13) Morisita, M. ! Measuring of interspecific association and similarity belween communities, Mem. Fae.
Sci.  Kvushu Univ. Ser. E. (Biol.) . 3. 65~80 (1959).

14) WEIRIE, FMET | XX HEORET— 4 2 X 5 HEHINET 2 -8 Ml 7oy >
wipN AR A e A, 5. 33~38 (1987).

15} Morisita. M. . Composition of the | ;-index. Hes. Popul. Ecol.. 13, 1~27, (1971).

16) Field. J.G. ! The use of the information slatistic in the numerical classilication of heterogeneous sys-
tems, J. Ecol., 57, 565~569 (1969).

17) ARTCEHME - S EEGgREE [ B, JUInRAR. WHL 1976, pp. 54-91. pp. 131~166.

18) Noy-Meir, 1. © Data transformations in ccological ordination 1. Some advanlages of non-centering,
J. Eecol.. 61, 329~342 (1973).



