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Diversity indices in marine invertebrates:
Comparison of two types of sampling efforts

Shinya HOSOKAWA*, Kyosuke MOMOTA**

Synopsis

The indices that are used to assess species diversity are sensitive to sampling effort, meaning that
engineers have to standardize the variability of diversity indices by determining their response to
sampling effort. However, it is often difficult for engineers to decide whether individual-based or
sample-based sampling effort is most suitable for their tasks. In addition, the sample size needed for
reliably calculating the diversity indices based on individuals in a community of marine invertebrates
remains unclear because we do not understand the extent to which sampling effort contributes to the
accuracy of diversity indices.

In this study, we first showed that the meaning of the two types of sampling effort differs when the
temporal and spatial distributions of species in a community are heterogencous. We compared the
diversity indices defined by using the two types of sampling effort by analyzing model communities,
and our analysis indicates that there are both merits and demerits in the definitions and analytical
techniques of each sampling effort. However, using indices defined by both types of sampling effort
is effective for clarifying the spatial heterogeneity of species diversity, which is an important concept
when attempting to identify communities that require conservation management. Second, our analysis
of model communities reveals the importance of sampling dominant species completely; by analyzing
the data of a real community, we determined a rule-of-thumb for setting sample size for the reliable
assessment of marine invertebrate populations. Our findings should help engineers assessing species
diversity in port and coastal areas to choose the most suitable sampling effort, thus increasing the
reliability of observations of marine invertebrate populations.

Key words: Diversity index, Sampling effort, Spatial heterogeneity, Dominant species, Rare
species
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BN 6,144 (HIE LD IO ELTWD. 72771, EORHEIT 1,024 1, F1T 747 FRIC L > TR S LS.
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B—2.3 2-ODAEREEN LDV TV ZIC L ATREARS A, BEE A (1,024 fl) CHEE B (747 F) Off% R T4, BRBYIIFHRME (k<
M#EIE 100 [BlDIaL—2 a0 OFEE (k>20) Z7RLTW5.

20),



F=—21 BE A L BICBITALHEMEIE.

FEEE A B

IRARBEEE DR E

FlAK 1,024 747

& SO 0 108
ZARMERR SR BEER E

) 1,024.0 747.0

1p 987.8 2532

2p 957.5 169.2

SHE AR D FTOZDFAEEEGELTEETED. ZOHHA,
BRSO T B8 D 72T E, 2 0DOREEOFE(E
AR 222132, UL, BilziE, BHEBICER
W, TR E LT LEE SO LR, S5
WZEDIUBEMA~BE TS (B—23). ZOIEnb, %<
DOE A Z U7 T VR E A A D RO+ 0125 BT
EIRNWZENRGIND. Teds, BEEOHMHEREE 6,144 E{K
ELTE X CEE T U, R ARy A & B O FEAE
BESAAT T 20, EooHizksnwax, SFEOHEL
eI B HUARS T —ETHD. ZOHERIZEY, 6,144
MO T eEnLIT—H Ly (B—2.2 LR—2.3).

(2) SRR RSO P

AWFFETIE, SREMEEEICBLC, O ZMERGICR
WCORISHEN T HEER (S), vy /o (H), v
TR (D) IKEBL, IhbERAELEZD (X Q3) &
MW CGEmzritEd 5.

2O DARFBRERRNT & FIDFE O H BURE =R DS R oHE (A % D
FCOFEREIZE TR EDETIE, FNENORED
9D OEFHEITR—2.1 DBV LAY, BEER CEmICKE
RENRRONS, $2bb, 1D L2D OMHREE, BE
A TIHFEEITE VMBI D78, BEEBICB O Tld g B RE
BB TREED SN SOV MEE B> T
WA,

i j OB D HBAEENOEEE m O F TOLEEMEE
AD(m) IZ OV ThRERRIC A SV Hinz BT 280
TE, FOMHIUILELIC Chao et al. (2014)17) |2k TRS
NTW5D (RIS TE Harris (1959)20) (2L -> TREN
TV3%). Chao et al. (2014)!) pZRFICLDE, BHEA D
OD(m), 'D(m), 2D(m) L#£4 B ® OD(m) 1%, {lE{K%k 6,144
FCORCHERMEICHHIL > >bHEERME OB, # 5
NIFIETDEHE B ICBWTIE, 1Dm) BX W 2D(m) 1%, H
SRR O AL CIRITER RIS L S Frk B ICHhE L
W5 (B—24a, b). T7ebb, HEBOBEITIE, 0
BEOY TV T EAT2IE, A OW T E#EMED
WIS AIBRIZ 220 D LSS,

Q) P 7R

W7V (Sample coverage) 1%, m HOHIZEEN
HFEDE EEAR—ADE|E TS, Good (1953)%) (XdbD 1
TN AZXDOBIR D T TREBFEDFEET DR OHIF
EaERbL, Z20%, mEOTICE FNROEOMREELL
T TNV (Cina(m)) (THERBRSIUTUND 20)

s
Cina(m)=1- 3 pj(1 —pp"
J=1

ZOFBE2HIE, mEAOHRICEENLVEOMRETH
v, EEBICKHT 2RO AELTHHD. Chao & Jost
(201229 1%, 2> DOBEDFEEE A VAT iR 35720 OFE
WLFRIELL T, T 7VRNFHTHHELERLT
W5,

W T NEE, BEEE A T 6,144 Bk 7Y
74— O TRELCOITH ML THDDIZRL, B4 B T
W E RO TV 7 OFIFA TR EE 0.8 IZBEL /1%
WRRSCITHEINL QD (R—2.5a) . ZOREE B Ot
TIVROMENE, BEEEOY LTI T s TREE R D
BLE8EHIZ HDHE B HB LI RE KL TS,
ZOZEE, 1,001 fEARE U FER A AR 2BV T
RO LR DD LD SEELLHEL T D i Bb i
WRIDHZENTED (K—2.3b).

ZARPEFR R D T N RITKE T DA T2 D DR AR HE
B> TRESEARD (B—25b). BEE A Y7L
R T DLRMEFEE IDA(Cing) IZEFRATIGINL TODD
(ZXFL, BEEE B Ci 1DR(Cing) 3K T8 2DB(Cing) & °DB(Cina)
LOMTRZAMHEEEZRL TS, BEE BB OD(Cing)
W, YTV 0.8 FRE TR e BN B T
b0, THLL LY TV ETIIH IO ARSI
2o TWD. ZOZEE, BEERTEDLHER Vb D
OFEF LTI WA FED, SRR TV TSR
UYL TV 7 CRIAIISI TO AR T2 KL TD.

P Eokisy, W7 VEBO1>OR L, BHEEFER
T HE HFEOEEEOFESCEEA R EAICHE T 2L
WA[REZR RIS H D, BT 5L8Y, B 5OV TV,
BHEMEOHL LR OB B LI OHEEICEE 2R TH
D, # TV RIIZOMBIISHTESLDEE I BNS.

®)

2.3 SRRV OB EHEE

(1) AR OB, R

WEOMRTITHEROY TV IEBBREITY, £
DBMNFE RO F R EE R ML, LB THEE
T5. ZZC, nfEROY TV X B SRR RS OB
li& 4D(n) LU, HRZE RIS REEE MG O 451 AN sE 2T E
BRHDD, FEEOBBENELN OGS, [EE—2
DEFEMEFERIT T 7 AR CUL FORRE S
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(b) Community B
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B—25 HEHEE A LEEE B IZH1TD () EEEIC T2 7V ROZEA L () B  7SRISK T RO SRR 21

4D(n) = 9D(n) = 9D' . (6)

DX, TRTCOBMREREEREG L CHEHEINDE
FRMEFRE CTHD. 72770, BEEMIEORZEM MmN ALY
TN VT TGS, DL ORI AZEN T
b

)—)—L
——

-
=

4D(n) < 4D' o)

B, ZOHE, BEMEDTZ IMEOIERFHIN TS
ZEDD, BHEND ID T RTOV T DO SRR
OB LT 5720 0, K (7) ORI, F4EITBNT,
W T VRITO SRRSO BB OFHI I B W TR HE
nb.

(2) A b (W) IR aHEE

L, SRR OFAGIZ IS T 5 b SR 2R Lt
FTH1IOOMRTFETHY (1.3), BENCEDHLOLHEN
YTV T 2T p— MBI HFED SRR T D B A i<
HOTHD.

Chao et al. 201417 1%, BEEDDS nAKOY TV 7%
1To725A, 060 mEE (n<n) TkBEIGFETHHE
DOEDORARHEEE R film) LU, Zhnb LAkt (L (3)
OHEEME 4D(m) ZLL F D L0

p 1(1-q)
kY .
() < itm

m

m

)

k=1

Qb(m) = (8)

Chao et al. (2014) 1%, ZHUZE SN TENE DO LRI



REIREDH

x AHEOBONSOREIESE B (BARROBEIL)

BUSER (f, &) DD fo BHE #E (SHF)
€ R SL— 44— - - — = = -
~ Y -—
E }' — Sobs| — - \/ |
2 : BAER |
am o~ il
X ;-E- WA i
o ELYINVA i | |
s \ [ |
=t
~ | i 1 1
012 =+« Kk n
EAEE (k) & 2k
B—2.6 RHBFEOEOHEE FINEOBERE .
(a) Community A (b) Community B
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B—2.7 BUFEHGS IO TV EBOHERR. (a) FEE A & (b) BHE B IZB IO RERL TS, BIINZX LY TV R n i W0
T100 [ D2 —arZ LR, IS 2l —a l LA REZRLTERY, WIEOHO 7 — /1A RLTWA. R,
B—2.3 loxfisL- m=101, 1,001, 3,072 (23317 G 5.



R—22 FEOT— )LOHEREE (1,000 @D I2lL— a0l k5/K

FHED) . BEAE A, BELE B, BELE A ICHELE B O AN A RELE

(Community A + dominant species) EHEEE B 23O HFEA RSN 7284 (Community B — dominant species) (2 DWW TRLTVVA.

Observed

Predicted number of

sample coverage

number of species species pool

Mean = S.D. Mean = S.D. Mean + S.D. Median
Community A
Species pool: 1,024  Relative abundance: 6,144
n= 101 0.100 £ 0.041 959+ 21 1,234.8 + 869.1 924
n= 1,001 0.638 + 0.015 6259 £ 10.0 998.4 £ 445 998
n= 3,072 0.946 + 0.003 9547 + 74 1,0187 £ 99 1,018
n= 6,144 0.995 + 0.001 1,015.7 £+ 29 1,023.2 + 2.8 1,023
Community B
Species pool: 747 Relative abundance: 6,144
n= 101 0.427 £ 0.060 77.0 £ 3.6 2033 = 508 190
n= 1,001 0.860 £ 0.010 2789 £ 10.2 642.8 + 909 631
n= 3,072 0.932 = 0.004 483.1 £ 11.5 6959 £ 348 693
n= 6,144 0.972 £ 0.002 618.8 £ 9.2 727.0 £+ 19.0 726
Community A + dominant species
Species pool: 1,132 Relative abundance: 11,017
n= 101 0.180 + 0.051 915+ 28 632.7 + 359.2 543
n= 1,001 0.679 £ 0.014 5303 £ 11.7 1,036.1 + 72.6 1,031
n= 3,072 0.898 + 0.005 920.6 + 11.3 1,116.9 £ 24.6 1,116
n= 6,144 0.978 £ 0.002 1,078.8 £ 6.9 1,1274 + 83 1,126
Community B — dominant species
Species pool: 639 Relative abundance: 1,271
n= 101 0.179 £ 0.051 91.7 + 2.8 5943 £ 275.1 543
n= 1,001 0.808 £ 0.011 4678 £ 83 609.2 £ 22.6 608
n= 3,072 0.980 = 0.002 6147 £+ 45 6379 + 6.2 637
n= 6,144 0.998 = 0.000 637.0+ 14 6392+ 1.5 639

BORMACICEIDHE FEEZIRRL TN, 22U, Ak
IC L BRI DHETE FIEE film) DHEE DERICHOWTIE R
A TiiBH9%. Chao et al. (2014) 1%, RIEEIC, #Ebiost
IELTEE o VR OREEFIED RL TS,

(3) RHBIFEEOHEE

RHBEMOHAERE T, HOSHMEEHROY TV T
74— DJEEENETEDLIDITR L, HBEED
RWFEIZX L CEL DY TV 27— NeERDE 1%
BLTENTFTREL 2D, BLMOIERINLFEIND.
RINBFEOEL, SO LIRS 0L, K@)
DEZFITNS Efy] ELTRDDZENTES. Chao?)28).29)
%, ZOZEIHE B U TSR fi »ORBBR OO HAHE
ETHFEEAERUZ, ZOHEE TR, 1 EEKE 2 @48
WEnsfEEk (ZhEh, A L) DORHBMEEEHEES
HHOTHY (B—26), LLFOLBIY I citidansg:

focnaot = 2/ 21) . ©)

B, W E s UXEMMEE T - R REEEMEEL TRl
WL TWDLOLHDA, B IR KT 7V n BRE e
5728, ZOXTREIZRAZ LT,
ZOHEFIEEAFE A LHEB AT L, BAICK
LYV RS n BRETF UL, TRENOREDT —
NERHEETETS (B—2.7). ¥z, BEEAIZBWTUL,
SEHENTED  — L D% 1,024 [IZEVWMEZRLTERY (K
—27a BELUER—22), ZOHEFIEOHE A ~OFHD
FEENEETED. UL, BEEBIZBWTEI T
TREEA DT T, O — Lo EHITEMEEDE
B (B—2.7b BXU'ER—22), TOZYMENEDND.
ZORRELT, RHBFEOHEOHEEFIE (KX (©9) Xy,
BEEE B OV TV T ERE DN DI WG E D fi & SR
BURE DB O HEE W L BIE Clde 2 e HEIE NS,
AR L7230, BEE B OV 7V T BEER DG S,
&SGR EECET (2.2 (1)), AR, KRB
DOHEBIZEEBURWME RN £ & A ELTHRBISTWDD



£—23 BHE A OSBRSS OFGE (Theoretical)
VDI alb—ar A 100 B FEMEL, 2n, 3n, 4n ITOWTHMBELRE RARLTWS (72771, n=3,072 z_ob\f % 2n £7T).
FEIRE DO E 5% (= 100x FEHER 2 / EX)E)

TN DOFUEI

CHOMEIZLAHEEE (Simulated) .

AR TN,

e

CFEIE + FEAE 2

1, n BT
7

n, observed

2n

3n

4n

No. of species

No. of species

No. of species

No. of species

n=101

0D (Theoretical) 95.9 181.5 258.6 328.2

0P (Simulated) 963+ 2.0 (2.1) 1833+ 87 (4.7 262.1 £ 20.1 (7.7) 334.0 £ 33.5(10.0)

ID (Theoretical) 94.1 175.0 245.6 307.6

1D (Simulated) 946+ 2.6 (2.7) 3493 £ 120.3 (34.4) 551.0 £ 259.4 (47.1) 694.9 £ 373.8 (53.8)

2D (Theoretical) 914 166.3 229.2 282.8

2P (Simulated) 923+ 3.6 (3.9 1702 £ 12.1 (7.1) 2372+ 23.6 (9.9) 2957 + 36.9 (12.5)
n=1,001

0D (Theoretical) 625.9 858.6 950.7 989.4

0P (Simulated) 6257+ 8.7 (1.4) 857.1 £ 22.6 (2.6) 9445 £ 34.6 (3.7) 9778 + 41.8 (4.3)

1D (Theoretical) 555.2 738.7 818.8 861.2

1D (Simulated) 5550+ 89 (1.6) 7379 £ 179 (2.4) 811.4 + 224 (2.8) 8509 £+ 249 (2.9)

2D (Theoretical) 489.6 647.8 726.1 772.8

2p) (Simulated) 489.7 =+ 9.7 (2.0) 648.1 £ 17.0 (2.6) 7265+ 21.3 (2.9) 7732 £ 242 (3.1)
n=3,072

0D (Theoretical) 954.6 1,015.6

0P (Simulated) 9549+ 6.9 (0.7) 1,013.6 £ 11.7 (1.2)

1D (Theoretical) 822.7 905.7

1) (Simulated) 8227+ 7.6 (0.9) 901.1 + 8.6 (1.0)

2D (Theoretical) 730.2 828.5

2D (Simulated) 7298 £+ 9.1 (1.2) 828.1 + 11.7 (1.4)

EMNHER IR AL ML COATTRE DR E 2 5N5.
DR T DT, FEE A ITRESE B OF HfE4 N
zf:ﬁi% (B OB SRR T, BmOT—Lo
B MHE L, o, 1,132 £11,017) CREEB
DO EFEE R LBEE (RO 7 — L OB EFE B AR5
X, ENEN, 639 L 1271) EHICHEEL, ZOHET
EEMEALEZ (R—22). ZOE, #Hi-ichE /:Eutck%%
OFHEIZBWTH T TV RSN S AU HEE
EISESVTWD. UL, #EE B DO SFEA BRI HE
ETIE, FrTVTEEEN DR THEO T — L OHEE
EITEEIGEVVEZ R ST-b 00, BEE A B SFEZ N
FEHMEIZ R W, YU REERN DT IE (n=
101), O — VO EMITR/NEEE -T2, Zhbo
MatEELbbHE, Chao (ZXDAR HEFEOHEE Tk 27)-28).29)
1, FOREEEE YA TETONIE, BEOEW
REeG25600, B SENRETIHEL DRV T L
TEAE TR IS EEEMESARDEE XD, ZOZEE
BUAITE 5MEA2 010 FV 7 TEEMWEIDD, R

B OB OHEE OFHEMEE MR T 272D O EERHEL/e DT
LERL TN,

@) ST L DHEE

AR SR O SME IS, RBBUFE O OHEEIIINZ T,
REHEMO M BMEREHE T HIETAREL D 1) (HEE
FEOE TSV TIE Chao & Jost (2012)29), Appendix E
L) . UL, AROEBYRHBFEOHOHEE DIEE
DHEESNDIRIUTITIRE N HDH T, SHITRHIEEDOH
BUe R A E T HIEDD, IMFOHEEREEIIZRA DR H5.
IMEIC L DHEETFIEORBEIL, 9, BUIREEICHEUKTTF
T5. BEEALBIGHEHALZES, SRR OBMR R
THOBEDIIS>E (BEMRE) 2HL, £, TOVY
EFERMENLTD (R—23 BLOK—24). F7=, =
OBPFEROTNEIES ST, o7V T RS n ~D
IBRAEMEATRLTWA, BEE A L B OG5 OH Y7313
n=101 TS (R—225M8), ZOEBIZIVLEM S
BOBUHEENESSWVTWDIEDEEZEND. ZOELH
FEROTHEELOEE, MEOH TR RICHEEL, 5



=—2.4 FHE B OZAEMAEHOPGRIE (Theoretical) LAMEIZLOHETENE (Simulated) . KOFFZ OV TIEFR—23 5.

n, observed

2n

3n 4n

No. of species

No. of species

No. of species No. of species

n=101

0D (Theoretical) 77.2 123.4

0P (Simulated) 775+ 39 (5.0 1241+ 112

1D (Theoretical) 70.7 107.1

1P (Simulated) 712 £ 4.6 (6.5 117.7 £ 159

2D (Theoretical) 63.5 92.1

2D (Simulated) 643+ 53 (82 944 £ 115
n=1,001

0D (Theoretical) 278.8 395.7

0D (Simulated) 2775+ 9.6 (3.5) 393.1 + 187

1D (Theoretical) 184.6 209.6

1) (Simulated) 1838+ 62 (34) 2137+ 87

2D (Theoretical) 144.9 156.1

2D (Simulated) 1445+ 44 (3.0) 1557+ 5.1
n=13,072

0D (Theoretical) 483.0 619.0

0) (Simulated) 4831+ 99 (2.0) 616.5 + 183

1D (Theoretical) 222.1 236.7

1P (Simulated) 2217+ 49 (2.2) 2362+ 54

2D (Theoretical) 160.4 164.7

2D (Simulated) 160.1 £ 2.7 (1.7) 1644+ 29

154.9 179.0

(9.0) 153.1 £ 192 (12.5) 171.6 £ 266 (15.5)
129.0 143.8

(13.5) 1394 + 22.6(16.2) 151.7 = 26.7 (17.6)
108.6 119.2

(12.2) 1121+ 16.1(14.4) 123.7 £ 19.6 (15.8)
478.1 537.7

(4.8) 4713+ 300 (6.4) 5247+ 419 (8.0)
2214 228.5

@4.1) 2247+ 98 (4.4) 2304+ 105 (4.6)
160.2 162.4

(3.3) 159.8 = 5.4 (3.4) 1620 £ 55 (3.4)

(3.0)

2.3)

(1.8)

FOFRPANILL2BIHE- THIEL TS (F—23 BIW
r—24).

SRR OB WC I DAMFOHEEREE I B 728, FF
W2, BEADOn=101 B1FD D OHEEREEOEI)DNH L
D (F—23). 'DOHERETIE, fthoZikMER D
E2D) OHEETITHAWRWATA—FERNDLZEITRDN
(Chao et al. (2014)1D &), #H o T IVEBMEVEHE,
ZDORT A= OWEEREFE DN EL R0 1D OHEEFEE L HL Ao
TebDEZZBND.

ZRRMEFERDIENZLDHI12DEH RELT, HEBIT
BIFDn=101 Tix D kvt 2D OAMFIC I AHEERE R0 Ty
BELONTWD (EIMREBIKEN) OO, 2D OHEE
FEROTNELEDXE, n BDRERDIIHESTISL R o
TWAZENEITBND (R—24). ZRMFEROHEER (X
(8)) 7D, 2D O NG VB SR B B o HE E il
Film) \THEAKAF T BB TE D, FRHEAR DB L Z
8 % 5 DM SIS L > TSN DEEEE B TlE, #0
TIVEROYIFHENL, n=101 TIX 0.427 £ 0.060 THHHLDD,

n=1,001 Ti%0.860 £ 0.010 NELILLHILEMNE (R—2.2),
BEEREZ Y PV T ENTOBAREME A .
FED AP TV 7SN TOIUE, ZO HESEEOHEE
KL SR, ZTOMPELLT, SMEOHFHEEILRL TH
2D DHMBICLAHEEREIIREE FLARNEDEE 2 B
5. ZHICHL, D oHEEE, EEREEFES A OREOH
BUHE OHEEREE O BRIz T HIEND, IMFICLD
HEEREE ORI T e,

TR OSMTIC LA HEE RS IZBIL T, Chao & Jost (2012)20)
1, O BAESEHER CONER A ThIUE, SMEOH
FEIXBLIN N T T TV 27— MR L TSRS &
TR TESN, HEMTOREEDOZEE ERMICIEMmLZ
WEE, BN PV T T — D 2 % (2n)
BENRATHEELTND., LELSNAREOREITZ
NENDOFHIR R B IZE > TRRDLDOLE X HNDD3,
ZORMPHIIIMFICIDHEEDBED 1 >O B RIRHbLDES
ZHib.



2.4 F£L®H
AR, ERELHOTEES =2V TV 7T

TA—MIBETAER AR, ST, SAEMER OB

LHEE DR MARE L. ZORR, MKEaOHEE (£

MR OBUHIEHEE T, BEREOY 7 U7 nkE

TR DZEMHLN o7, FOHESIILITOLEEY T

H5D.

SN TS URERE, AR (R
RICHEB LTI ZEREER) OV TV 7274 —MZ
KRBT BFLREE IS (2.2). Z0ZEND, A
ShFE S D BN LA EEMEOFEIRIC IV TIE, BUCE
HfEE TV T ATENEEERD  (2.3).

- IR B ORI LD E OB MO RO OIZE
i L727% Chao? 28290 2 X AR BB OB OHEEIZHB W T
b, BUTEE®EEZ 450V 7V LRLTELIE
NEETHDS (2.3).

cBEEEOV TV ORWOHR I N TS, T
NENGHTHD (B—2.8).

ZIT, BTHESEREE YT TEIZELTH
RO OHETKEE IIXRANHD. ZOZLnb, F
BEARICL0ERNICHEE LW RS, BURELT, B
WCHELe TV 7 =7 4 — hOEFEE DEFAE TIZHE O T
BLIENH LD 20,

AFECRUAER—ADP 7V 727 5 — M5

FOEOEY =
]
B SEOER

HER O & SRR S OB I JUHEE (2B 9" D D
BT, FAEH I 0D R F OB O FE i &2 D RO
MOBEDBE LD, REOELDIT, SARMEREEE VW
I AR D BN B I Lo TRBZRIFEICZ T2 L TIEHS
NHZEBIFFESND.

3. YUTNUR—ZRDY TS T IA— DEBHE
BEERR—RED LEER

3.1 LIz
HEOHLOLEE O T VERIT 556, 7L
NR—=2DY TV T 2T —NIFE SN SRR R &
I DIENTED. oL, RCY T A%l TREES—
ADY TV T 2T 3 —bD B Z F TS SRR
EHEMHL, ZEEEEMTIILL AR THD. AETIT,
YL TPN_R—=ADY TV T 2T 3 — O GHE KL, {#
RR—=REDE 2 FFOE LT 5.

3.2 YU TP NR=ADY TV T 2T 5 — OB

(1) FimEHEE

P TNAR—ZOBEE, RS — A CERA UM
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100 1 Breakwater wall
80 |
60 Subtidal zone
Jr"ﬁo
ar Intertidal flat
20 f
Eelgrass bed (leaf)
0 Tl 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Sample coverage

FRIZONW TR —4.4 25 R,
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Subtidal zone Intertidal flat Eelgrass bed Eelgrass bed Breakwater
(sediment) (sediment) (sediment) (leaf) (wall)

Summer

OD(n) — 1D(n) 45+ 27 135+ 39 17.8 £ 2.7 129+ 0.9 26.0 £ 10.8

0D 1pr 15.3 36.3 51.6 29.4 68.9

Ryare 3.4 2.7 2.9 2.3 2.6
Winter

0D(n) — 'D(n) 7.0+ 4.1 234+ 7.1 168 £ 4.9 26+ 13 256 £ 13.6

0D 1D 25.5 53.1 46.0 12.2 76.2

Ryare 3.6 2.3 2.7 4.6 3.0

F—4.2 (EEN—2DAHNREE AT STEO BEYEO . Rdominan 75 2.0 Z 2 7260 (FEMEREWEHWTIEN LB D) 1FRFTRL

Tn5.
Subtidal zone Intertidal flat Eelgrass bed Eelgrass bed Breakwater
(sediment) (sediment) (sediment) (leaf) (wall)

Summer

2D(n) 72+ 27 64+ 3.9 30+ 27 35+ 09 46+ 1.1

2p 16.2 9.8 2.4 4.0 11.8

Riominant 2.3 1.5 0.8 1.2 2.5
Winter

2D(n) 49+ 22 48+ 23 84+ 23 32+ 1.9 6.7+ 2.4

2py 5.6 5.3 11.9 2.8 13.5

Riominant 1.1 1.1 1.4 0.9 2.0

R—43 FOMIEMEDLE:. fi L O (2L, k=1,2) BEUCLLITFEZETHIUL, TOREDTRITZEMANTHE /M UARLBREOR (f
L Qo) BRFICHEESNDD, O fi (k=1,2) TR LTI REW G S, TORE TIIRORIAEESBOLHISND. i, K

HIBIRE Db KRE 0D,

Subtidal zone Intertidal flat Eelgrass bed Eelgrass bed Breakwater
(sediment) (sediment) (sediment) (leaf) (wall)
k=1 k=2 k=0 k=1 k=2 k=0 k=1 k=2 k=0 k=1 k=2 k=0 k=1 k=2 k=0

Summer

Individual-based, fj 11 7 9 21 45 17 13 12 3 4 2 22 5 49

Sample-based, Oy 16 17 7 28 53 21 21 9 10 11 4 38 25 24
Winter

Individual-based, f; 17 8 19 18 24 23 10 27 10 1 50 18 8 21

Sample-based, Oy 19 8 19 23 15 15 29 12 29 10 1 40 44 35 23




(R—4.2). TNHOFEEN 1.0 Lo REREEZBOLE, &
DZEM DA VB ALE ThiHLHErEh, BEEEmIZRE
TiE, AP REE 5RO 5NV 7V TREIZARL
TWBAREMENR DS, H o TN LT FEE D1
m (M—4.4 BLORE—45) 1%, ZOZLEXBRLTNDEES
Zbib.

B T RICHTDEBUE, A= 2 TIEREM O
BEWRFELTIWE DD (B—4.4b 35 L O —4.5b),
P TN AR = TITHER OBV BHAMEICE AL TWDS (F
—44d BLOE—45d). OIS, EEEEYORE
OFEEIE, BEZLAFOELLOEHICB O THIMOBEEIC
RLTEL, W, 7= LOBREOTERIT2V. 2k,
HEOWMTHO 1 DBV T NOWY 7NV HROBESIL ¢
=1 IZBI2BAROEmIE KL TEBY (k—42), 2N
I3 SOV TN O RE ML AL DO TH .

Bt PRI T DD, HEOMMEELATFOT
~EHE FIZBWC, @OV L SR GBS RIS HE N
LCWAZENGRAENS (B—44d). 2, RHBFED
HEEEN SN ZEITHRLTRY, fHdHEOZSICEDLDOT
HD (F—43). 7=72L, ENLOM/PTEOBUIME MR —A
DFDFEEREREIRNZEDND, ZEHERRMRIEICE DD
TIIRWE DL H I TES.

—J7, BEBHEEHICONTE, RS —RAO R RITH
LTCH U T NR—ADOFDFEN 2 ERELL, BRI
WRIEL TS (R—4.3). HBREEY OIS BmEMAEY
T, —RENRAT S LTRSS 2T R L, RIENE
DOFERLZOFRIEE ITERL b O TH 5.

4.4 F&b

ARETIE, WEBICBT A/ N EFHEEN Y OB T — 2%
RBRELT, £, EES—RADOLERMER L 22.5 cm %
22.5 cm OART—MILS 3 BIORETHLNZF 7L
LUIFR%EDEERB OV 7T D (7Y 488 &
EIBRTELZ LR, RIZ, Y7o RE M
DRI TE, RS —RC DWW - Ttz
NEREITHIZLIINEECTHLIDOICH LT, BT _"—2A
RV R TR E M OMBESRINICA S ThD
ZEERL. F, RS —RICE W SRR E T
KT HZET, VT NVHORBEMEAHIRE TEL TREMEL R
L.

5. BEQ/INRBEHEY O ZHRMEFTMICRDIEE
5.1 o7V T =7 4 —hDiEIR

ABFGETIE, 2200V TV T T2T 53— v DB 2 I7OHEND
WX THEE. (FEELANOZEEMRE) OB R RA

HZEEIRLTE (8.3). ZoZiiE, FHEioBMIIR Y
TV 2T = NG OBEEMEZERL TS, AW
ZREMEIZZ OEIR A AR SETHHZENS 3D, FMAE R
EHOPUHIAREIZL TR RITIIE, Vo7V T =74 —
hOE 2 B LOGHE T 2188 OBIREFRD AR B 5.
PUFTIE, WEOEBOFCHEET 2N EEIND M
RGE ML, R TELNREEEELC, 7Y
I 74— NOBRIROFE S AT 5,

BETHHOBFNTRWTIE, FOZEEOZEMRYE
PEAGEL 722 DN B0 7 R —2DE 2 FFITHESITIT,
TN OFER O BB AR TEAIEND,
ZOBERTI T NAR—=ADE 2 T O I DN DD, T2
2L, AT, EES—ATOREEEFMcEsIs
ERLTEY (B4E), 2200F2F& AT THED
ZARNED ZE T Y FVB M OIS A S CRRG T & 2w BRI DY
o, B, BEEOEENRHEEIL, HOERLAFET
DREEIZEWELL D, ZoZenh, FHlE M3, FEEOIE
NATHT 22 DD E BB 2R O IARE I E D, IMFICLDHEE
FIEOBNHPHAER L L CHAEZ L COLENRD
5.

FHEDOEICLDEDO SO LL0BIE S ORI E
ORI RO LD A, IV LEFEORRER Al T
LEEZONDE SFOME N EE LS 33, s (B
SR CE A O SARMERRE) 1, BSOS
T&%. ZOBE, EEBEORICE SO SR A
LW DO THIUL R R —RADE 2 71 FE DW= 2
FHURETOMERDD.

PP NR—=2ADEZ FIZHESFIE AR TE 55
FEOFMLATIREL /2D, IFEE B SV TV D EREE DNA [ZX
AT BT A OB IZB VT, E00HE
BEOGEEOIEENEETHY 39, ST _—2DOH %
L, FOSIOEBEMEOFTMELELL TR TESH
REMER® .

WEOT —Fey i anElsabhicdsa, 7 —
A O E ISR E->TNDIEND, ThENDEZ
O EOHING, BEISGERIRTEA )T
TA—IPRELGELHD. BIRTEEY TV T T —
~DE 2 J5 LR BILERE T DD, BEOT —FtEy
RT3 D8 A%, EOFHlixI G OBIUH HIFI A AEFi
5.

5.2 FHAFHEDSLTH

SR B2 AR E D HIENTENE, RIS Y
VIV T T F—NDBZFERINT DD, Thh
WELENT G, SERELEINCNRL (4R B),
A F B LT TV S T e — M E RN E LT b



THREFBEZLEZTHIET, BEOEWERMEREROH
ENATREL /2D, FEE OBV OHEE DD DT
BEREFITRT.

RN —2D SRR E WMl Z 1 TO85 6, 08l
MEHEEDREEZZEBLT, VTN ARERETDHLE
NdDb. KAFZETIE, 22.5cm x 22.5 cm DIRT—hILD 3
EORIUZLY, o TV AsOMiE (2D) %k X<H8
HCEXOIHENELDHHILE R (F4E). fEE—2X
DA NEENCEEL TR REE T 522 S
THUTNAARERET DG, ZOMREBELTLHIL
WTED.

YU TN AR—ADE 2 TSR DT DT A
WA L CHYE, FIREZRIRY, Hent 7 A XN RTE
LW OB R 5. HEICL> IR FETY
TV T TEIRNZELHDN, TOHAICBWTH, Mk
ROHEEITEENH N EEZONDLY TV T FiEE
i RN = AN B P AN B AN YA A

YU TNA_R—=ADHDE Z FIZISGE, FAEREOaA
MEIE OB B O T CEER T — 22 BELRns e
LEEE L TEZOND. L, HEEOERA NS
727 — A IERANR—REH TN _R— 2Dl DB % 5 This
HATHRECTHYEHENEWIENS (3.4 (2), FAREZRPLH
BRWVERY, BHEO®EIEZBELTEERT —2 138G
DTEMEFEL.

6. HEME

6.1 AWFEDOELD

AWETIE, AES—REY TN R—2D 20D T
Vo773 —MIBT DR Z IR LRGSR, ZhEho
BRI ENEINL ARSI, BedMEERFL WD
ZEBRBLNEIR ST, Fe, ENENDEBZFIX, BExFE
FEMTHA ORI REREEHL, V7V T T4 —hDiEk
WOVGENELTGE, £, HiF LoXRAIZH KT 5HH]
FIMBIREIL, EboOBEx FHRIATEERY G, T A 1)
EH T AMOREMDO R HEBELT, P s=
T A= EEDDLENGD.

Fio, AT, AERX—RADE X FIZESWTZFR
FRBAEE LHEE 570120, # 5fEa 501285
ZEMEETHHIE, WEO/NUERHEEMREDOYL T
VSO (2D) 1%, 22.5 cm x 22.5 cm DART—RT
5% 3 [FIOWRECAREE ISBRICELZLam LT,

6.2 S&OME
BB EEIIBTIEMSHEEOFNIE, EAEOEY
% Rk PEE F I 2D Rt o BE 72 B %6 H £ (Sutainable

Development Goals : SDGs) 3% ~D 4207 B k% H AL
LB EBEA~OBLETZT T, AL RGEMET L
EE BT AN IR B R G ) 30 O RAERE S
5 EThH, A%OBEELRGREERD. NV HEBIY 0O
EOTFT —ZOIRWTCH 1272 =2V 7 OFHEINLEE, HLL
1%, BREE DNA O X572 87 7afiifiz - AW fR g oz
DOPRETFIEOHFIZBNT, AR TRULIZY 7Y
T4 —RDB Z JFOFEBIENSHL, BHFRIZ A AL
BERON TV EREISNS.
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BEEVEA TRV, F, AT EEICHT- -
T, EEAERHO=ZFREERICZSR W W, K
AT L W W s BRI R 800
WA ANV, BRI, RBFEE, 4 —ANTUT
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