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A Sorting Method for Small Plastic Debris Floating
on the Sea Surface and Stranded on Sandy Beaches

Haruo Oc1? and Yuri Fukumoro?

Abstract

A sorting method for plastic marine debris is proposed based on past experiences sorting
plastic marine debris taken by a neuston net (50 X 50 cm net mouth), a quadrate method (40 X
40Xx5 cm in the volume) on beaches and stomach-content analysis of seabirds. The sorting
method can be used and modified for the plastic debris samples collected in various kinds of
sampling, such as volunteer coastal cleanups and scientific studies.

The sorting process for plastic particles taken at a sampling station consists of seven
main steps : washing, categorizing, selecting, drying,counting, weighing, and entering data on
a personal computer.

Plastic-particle densities (n/km?) in the world’s oceans have increased drastically from
several thousand in the 1970s, to 10,000~70,000 in the 1980s, and ca. 490,000 in the early
1990s. During the 1970s to 1980s, marine plastic-particle densities increased ten fold every
ten years. However, in the 1990s, densities appear to have increased ten fold every 2-3 years.

A worldwide monitoring system for plastic marine debris in the ocean is needed to
prevent a further increase in marine plastic-particle density.

Key words : Sorting method, Plastic debris, Resin pellets, Fragments of plastic products,
Marine pollution
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Fig. 1. Disinfecting a plastic debris sample with ethyl alcohol.
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Fig. 2. Transferring a plastic debris sample to & filter paper set in a Buchner type funnel.
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Fig. 3. Measuring the wet weight of a sample on wrapping paper commonly used for powdered
medicine.

Fig. 4. Washing a plastic debris sample with fresh water from the wrapping paper to a large
dish.
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Table 1. Items identified in plastic marine debris.

Plastic Item (P-item) Sub-item Type of Debris
1 Resin pellets 1 Resin pellets
2 Plastic products 2 Flower-shaped plastic (yellow)
3 Hard packing tape
4 Twisted rope
5 Caps
6 Pull tabs, Inner caps, Packing
7 Spherical pellets
8 Containers
9 Fishing gear (float)
3 Fragments of plastic 10 Fragments of plastic products
products 11 Straws
12 Scraped refuse (pale blue color)
13 Tube
14 Cord
15 Hard tape
16 Spherical pellets
17 Bubble-type pellets
18 Fragments of sieve
4 Synthetic rubber 19 Synthetic rubber
20 Elastic bands
5 Synthetic fiber 21 Mono-filament
22 String, Soft tape
23 Fiber
6 Styrofoam 24 Styrofoam
25 Styrofoam coated with other materials
7 Sponge 26 Soft sponge
27 Hard sponge
8 Plastic sheet 28 Plastic sheet
(thickness : <2 mm) 29 Tape
30 Bags
9 0il ball 31 0Oil ball
10 Paint 32 Paint
11 Cigaret filter 33 Cigaret butts
34 Fragment of cigaret butts
12 Others 35 Chewing gum
(non-plastics) 36 Pieces of paper
37 Aluminum foil
38 Rubberized cloth with metal eyelet
39 Pieces of wood
40 Wax
41 Pieces of cloth
42 Pieces of glass
43 Thread
44 Aluminum caps
45 Cork
46 Waste thread
47 Glue
13 Unidentified matters 48 Unidentified matters
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Fig. 5. Large plastic debris should first be picked up from the large dish and placed on filter
papers placed in the small dishes.
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Fig. 6. Size classification of plastic pieces using water-repellent graph paper. Sorting of
plastic pieces according to their P items, sub-items, and sizes.
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Fig.7. When a sample contains many plastic pieces, it is convenient to set four blocks of
plastic pieces each arranged in 5 lines x5 rows on a filter paper.
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R e M E3, FRICTRAAZAR, TXFREIRZLICOEFERZELAAR, EETS, Ch
PR E T B, FIAY y—VIRBEFETKE SBMHCEL S, HECHAVEY v—V
BEELTBERYL, £, HRTRZEZELADRY v —VOMNELHIEMITTBL LBY,

V—F 4 PR LTR, ET v+ —VIREAR 7SI AF v 7RFEEBELBEREAT 3,
ROT, FI7RABTHRZE IO CERE T LA%2ES, BETLI 77 AF v 7R TFHREICH
—RZRoloBEFLTORILED, LIESSHMEL, Y+ —VHOKPHIET 20%2F0, v v—
VHOEEBEIELT 5, HE»oHZ2MF Wz L 22, EECATRE Y »—VvHICHT
5, -7 1/4 DEF %, A7 —YRARA b2, FlOove—VviZBLT, MDY —
FAYIEITI, ZOBEWEEIRZY A X5 UTORFRZIBRBEICAMY v —vOREZFEEL
TWBBH AN TH 5, BRYPLELL CHOKNFHREEL TV ABERE, Tho 2B
WThLJETRETH 5,

BB, VT4 7RCHEED B (Counter) DFERALENTIAH 54, EBIFEHALTaSL
PR DHRNPEL, FHORRIZCHRIOT, LERZIGUTHEET S LB,

10. Ezi%

KFEEATRREED T T AF v 7R FRERIEIFERIE, 5L yvy—VHNTEZY
HEZLTUTI OBRETH LD, BEESZOHSRIIEYEEEH/2FATLIERY,
AF VY OBUNRETIL, RO B TCHLERFERATLE I DTCERBRET L. MINE T 7RAFy
IR ORI, ERE—BEREThIE+STH S, ZOERPE, 77 AF v 7R TOA
R EBOFER L AT, Bz, BROANETY —F 4 V7 2T BE5 3B/ ADENH S
Jo®, BNV A XL BOERIEBREBALZENTI LR,

11. EREONE

Vr—VIANZER LTSI XF v IRNTFREEBRE, EERCANLY /- E2REOR
NoRHAEE L (Fig 8A), ZOK, B ED TS AF vy 7R TFicry /—V2EES Y HITE
WED T B ERE ST RAF v ZRFREHFKICIHED DT TS LIE WS, @ikicey / —
NELAZETEHRIZBBINE LI TR, £, BBSREOHILE RS,
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Fig. 8. The final steps of plastic sorting from drying to putting into a sample bottle. A:
Wetting the filter paper with ethyl alcohol, B : Removing filter paper with plastic pieces,
C: Folding filter paper in half, D: Placing filter paper on a paper towel, E: Pressing
softly by hand to absorb alcohol, F : Transferring plastic particles into a sample bottle
along the fold of the filter paper.
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Biicr sy ) —VERBAZES, Yr— L o@KERY B, ZoHbl, 20X E
RN —F AN REARS LY /) — V2 RVES (Fig. 8B~D), Z QEfR—X—F 4 V% £
SELAHEZ, =¥/ —NVEROED HL T3 (Fig. 8E),

2. FEMDZEH

BIZYA X 10BN AFy ZJRFIRBHCTERT, 100 x->TH00001gic#EL%R
WS H L, FORDIZ, EEIHHLTCHWEFSAFy JRNTFREIIN-—THBIZELDE L
BHERDH B, V4 X2UEDTFRAF v 7R FHBEETIZ00001 g icELRWIBEEbH D
HELdd,

R = T FNWVTERRLY /=N RROERB L, 27/ —VERRCERLTLES DT, =
S LEEEYHE, WhECED R 79X F vy 7RTFREECESAOELRRIC RS
(Fig. 8F), I AN BB, 75 R F vy ZHTRREPTLOTRIEEET 5, COBEICEY
vy bEERTZLY, HAKAOS v 7ROGKRE=ZAB Y 57z b DEER L THEER
BEV, i, EEAOEAERLTARERY v —VOHRIZBOWTEBRLI: 7S X F v 7T
REINT % 24&TITS (Fig 8F),

SWMOBUNEFOIHERLZEER, ZOEELTCEE»o—HbORBHzET LI L
BH 5,

IITCEBROEREE L0k, BFRECEKINCRET 21:008LR L BRILY A XD
EAETHZY, KBILTWSEZL2BKT 5, #->T, £EEHOERRIESIAFy 7RTFOD
BIZISUH V4 X 2EEBRER VL, FEHOERRIC S AF vy 7HFEe AhKboT25, %
DEIBELTHWELY ) — LS5 REIEL D, Pl b—BEULEOEELH
TeE EBET 5.

e DESHOBESEI ANTOBEEAR T, BRICA->TWE IR v 7RFONR
DR BRI L THEL Z EVBFPLTH 5,

13. AERIEANDEA

EEAOY Y IVBRR TERE IS —REE O 7T AF v 7R TR, RHIE U TERC, Y
4 XEE, 77 RFy 7 OREHE, BisE, PEE% Table2 iR THIESE (Plastic data sheet)
WEAT 2, TO30, BOFMREETREVEL T4, ARCEEALLBECESREZESIL T
BLEALPHERAETERWT I RAF v ZRTIZDOWTIR, FEiEEMic v R D OFHE
ERALTELERW, ¥/, HIEGRICEATZIEFIZ PEER, @HER, 1 X3cBEEL
T, BEBOFIRAFy 7 OERMAAEBETE3 X3 LTBLILBFLTH S, BESIT R
Fo ko0 AISFORRCHAINTVED, b REORBREHEEI RV ENETER N,
Z D7 DI EETEEMIC A HEEN S TR DI L R EBALTBLESD S,

COMATHEEREIFPHEL TOERY,

HEBECIE, BIER L HEERETATHENY TRL, V—T 4 B L SFHREL,
B PHESIBCTEAT 2BORERHAREELHRL T <. SROFRELEL TIT{ AR, &
BLETIRAFy 2T RIPT TREOMNBEBRBSH 2 & > i) AREHERILTEO0S
k3, F-EHORERCBBEEMROBFRBERERELL T T, Ron MR
RIRE R AR DOHESTE D XSk b,

14. FE
RIETRE L 52, —SEHRO ST A F vy 7 WF2ERRICAL, PHEER, B&5, L
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Table 2. Example of plastic data sheet listing plastic pellets by collected at station A by items,
sub-items, and sizes.

Plastic Data Sheet
Sample No.:

Sampling Position: ST. 4

Plastic item (P-item)
g s [~}
3 ERERE AN _ g
leght n EEEQE 2|3 %EEE Rematks | 2
(8) 118|832 |Ela|F (8|4 =
IR
> .
NO. P1|P2|P3|P4|P5|P6|P7|P8| P9 |P10
1 | 11307 1|11 O 22
2 | 0.0040 1|11 O 14
3 | 0.0015 1 3 O 16
4 | 0.4899 1|11 O 3
5 | 0.1195 1|1 O 3
6 | 0.2438 6 | 10 O 3
7 | 0.3686 13 8 O 3
8 | 04714 21 6 O 3
9 | 0.7431 71 5 O 3
10 | 07050 | 125 | 4 O 3
11 | 06880 | 282 3 O 3
12 | 02754 | 3711 2 O 3
13 | 00073 80 1 O 3
14 | 04734 22 510 1
15 | 0.1681 10 rafe 1
16 | 0.0212 3 310 1
17 | 0.029 20 210 1
18 | 0.0043 1 3 O 16
19 | 0.0031 2 2 O 16
20 | 0.0006 2 2 O 17
Soating date : year month day
Total sorting hour : minutes
Sorter’s name :
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TH A XBN, BRCEALLECES, —BRERELEREIEE, OS> SBR LK
3,

EEEBOBABEFAUCARZ EOFLOEEAOEAR2HEHCRAK L LT bicdbt
3, ZTOFLWEXREZREH I VRY, AICLTESAOERROOR Y 7D L&b¥<T
250 VR, FHOEEROELREID S RS vy 7R Fu THORGEREREANLET
BTIRTEBT, 20753 RAF v 7RFBF R A->HEEAOELA R BERES CER, 7
SRSy INTOERFREL, ER2HESIRICERT 5, Table2izid, #l& LT, ROFEH
HAARST. A) poBLIEFSIAF Yy 7RFOREERER LT,

BT 7 ATy 7RFREET AERRCE, iR HELThhBREIA TS
FAFy 7T OREMERZOMOBHREAMRELROEA LTV 2L THEL LR,

HERBERERMEHERAT 2 &, MIRBDRR 7S RAF v 7 DBRENE S 720, BH, B,
ThaA—N, E£72RB7 & THEEERIETBL I ENBETH 2, HEAOERER, 5
Lwub Dy, ER38ENRERZEhLEbDEFERT 2 LB,

15. /XA ~DANFE

BEHEHMEDO TSI AF vy IRFOT—F 2HlBIT/ Y a2 Vi AT 512 Y > Tz TEERR D %
REILTRIDBERD S, BB TRAVa Yy ECoHEY 7V 2fHATE 20T, £HTE
THIEY -7 4 VI HBREERERET 2 LSRR 7 — % DMEMSTRET H 2, Table 3 I HIE S ED
LML TRV AV RRANLETF—Y Y — s 2RT,

F=8 v —rOBRETZIX, BDY—T 4V TOEFEE2EITIOOBE 2 —EREPRE
T3 LRV, M Table 3 B WTIMERE EST. A, ST B, ST. C & L7,

BEST. ADFIAF v 7T i3 Table 2 R LI DR AN LIz DTHY, SVarlke
BEREMGSRLZ > T TERLTANTESRZ L BRI,

% OB EEFEORGIC G U CHERREL, BRES, ADER, BEEEZOXI,
E, g, #iE, 477 -FloBEZROWTOFIER »EHEEMTHITR YV, SERTCOH
EHMAOBREICE, B, REMLEPRTRERE, REREOEE, MY, SRSy
HATBI LIRS,

BB, BETEIIRMLCERBESNLBEAFECRR LY, $-BITRTI2EDTRE
KELTRPUID LB 8123, —~BRETHU L ODOERIIIREY T, —F3mid T
Wieh, MIBIGEWREBL > T IXF v 7RTFBLTHTL 3, ZOEIBRTFIRAF 7
NFERAT 2 IEREETH D/, HER (v—MR) 075 2F v 7 2HEHETRD LT
BEWE, BTRI7: L LTHKBTRUED Bh TS THUNRIBRED IR & o TR
5, CDESIREEVROTS S RF v 7 OMUNETFH, S XFEFFPVEOER L Y SHHEST 2
ZERHB (ME, 1995),

] =

WEO TSI XF v 7L BT 558, 1970 F£R%70 X 0 1980 £ FE E THESE OB
REWZ I VERTbNZ b b ST, BRIETL, BARBREE Y D05 2BAEDH
ERCETEbh TR, 2019, BEERO S A F v 7 EROBENTEZWL Z & i
FRERBTH S, LorLass, NI A Fy ZRFiI DL TIRERNC, BIMERSRT
B2 DT Table4 iR LTz, &8, 1970 ERDIERFHEOHERIZB T 2T/WES—FIL 2w
DT, IEREFOHBHNRE TIT bW RAEER 25U, 77 AF v Z7RFOERTO
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Table 3. Example of plastic pellet data format for entry on a personal computer.

NO. Station Weight(g) n Size P-item Sub-item Type of debris (Size: mm)
1 A 1.1307 1 11 2 22 Cap 21 x21x10
2 A 0.0040 1 11 2 14 Hard tape 0.3 x1.7x20
3 A 0.0015 1 3 2 16 Rope 1.7%x1.3x3
4 A 0.4899 1 11 3 3 Fragment of plastic products
5 A 0.1195 1 11 3 3 Fragment of plastic products
6 A 0.2438 6 10 3 3 Fragment of plastic products
7 A 0.3686 13 8 3 3 Fragment of plastic products
8 A 0.4714 21 6 3 3 Fragment of plastic products
9 A 0.7431 71 5 3 3 Fragment of plastic products
10 A 0.7050 125 4 3 3 Fragment of plastic products
11 A 0.6880 282 3 3 3 Fragment of plastic products
12 A 0.2754 371 2 3 3 Fragment of plastic products
13 A 0.0073 80 1 3 3 Fragment of plastic products
14 A 0.4734 22 5 1 1 Resin pellet
15 A 0.1681 10 4 1 1 Resin pellet
16 A 0.0212 3 3 1 1 Resin pellet
17 A 0.0296 20 2 1 1 Resin pellet
18 A 0.0043 1 3 3 16 Spherical pellet
19 A 0.0031 2 2 3 16 Spherical pellet
20 A 0.0006 2 2 3 17 Bubble-type pellet
21 B 0.0297 1 11 3 11 Straw 2x2x 14
22 B 0.0281 1 1 3 10 Plastic sheet
23 B 0.0131 1 11 5 22 String 0.26 % 1.64 x 39
24 B 0.0036 1 11 5 22 String 0.22%0.74 x 22
25 B 0.0091 1 11 6 24 Styrofoam
26 B 0.0293 10 9 6 24 Styrofoam
27 B 0.0060 5 8 6 24 Styrofoam
28 B 0.0511 70 6 6 24 Styrofoam
29 B 0.3390 411 5 6 24 Styrofoam
30 B 0.9954 3,412 3 6 24 Styrofoam
31 B 0.2807 5,767 2 6 24 Styrofoam
32 B 0.0168 1,020 1 6 24 Styrofoam
33 B 0.0020 1 8 8 28 Plastic sheet
34 B 0.0035 2 5 3 15 Hard tape
35 B 0.0156 2 4 4 19 Synthetic rubber
36 B 0.0019 2 4 5 21 Mono-filament
37 B 0.0018 2 3 5 21 Mono-filament
39 B 0.0039 1 3 9 31 Oil ball
40 B 0.0000 1 2 4 19 Synthetic rubber
41 B 0.0016 15 1 3 17 Bubble-type pellet
42 C 0.0844 1 9 11 33 Cigaret butt 6x6x10
43 C 0.0042 1 8 10 32 Paint
44 C 0.0124 1 6 12 47 Glue
45 c 0.0325 1 5 12 40 Wax
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Table 4. Annual changes in the density distribution of plastic pellets recorded in the literature.

Average Density

Year Research Area (No. of net towing) Plastic Item (Range) Literature

Number of *

plastic pellets/km?

Sargasso Sea
1971 in the North Atlantic Ocean (11) all 3,500 (50~12,000) 1
1972 Caribbean Sea oiz the east coast of North resin pellets 61 9
merica
Sea area off Florida, USA resin pellets 148 2
Sea area off New York, USA resin pellets 1,996 2
1972 North Pacific along 35°N (33) all maximum number 3
34,000

1985~-88 Bering Sea (66) all 100 4
Subarctic Domain in the North Pacific (64) all 12,800+ 22,300 4
Transition Domain in the North Pacific (60) all 57,900+ 72,800 4
Subtropical Area in the North Pacific (2) all 61,000+ 74,000 4
Japan Sea and coastal areas in Japan (11) all 74,700+ 73,800 4

. 493,974 +1,664,582
1994~95  Southeast coastal area of Hokkaido (87) all (0~9.894,044) 5

% : 1, Carpenter and Smith (1972), 2, Colton et. al (1974), 3, Wong et al. (1974), 4, Day et. al.
(1990), 5, Ogi unpubl. data.

SAEERPRS L, 1970 ERIBTEOKECH 5, EAEHEORKREIZ, Wong et al. (1974) 28
BEDFTHRABOAR UHERL TR O TEIRFHIZE S 2w 0D, 33 TS
FD AN METTSAF v ZRFREH IR Z L5, FHT AT 1,000~2,000 B F/km? OFE
EHNEH 21225, Bakdo ZOMEDOTIZE VY Uy MBI L TOTHKITM -, 1980 4F
REBD L, ERFEODEIRTFRIIBERF L 2> T ABTFIEZ 3, 190 FROF—2 1%, ¥
EHER/NNES (1999) BEERLIz=2—R Ay P EFERAL, §ohiBRKOY—F4 7
BARER TR TR 5 7o, HERSLBEREETOBARCRES NS b DD, 87 FEH
BRI RAFy IRTHRES NS r o0 ED» 2HSTH Y, FIIRFHIZ 49 51, @EI
0~98 FETH -7z TRbE, LKFEED ST RF v 7 RFOVIEIZ, 10 FET 2 LE
KT LH U Twiz3, 1990 R & % % & 2~3 £ CEHAMBIT—HT LA+ 2 TEESE 2 77,
ZDESi, KHTHRRNLTIAF v 7RTFOY —T 4 V7 HEC L 2RI, BRERELHE
TBETIAFy INFORERIEBHT L ZE2AREICLTWEEEZONS,
RLDHERE TCIT R b EEYHERRS U7+ 7EABK L3 E—F 2 ) — > 7 v FiES)
DEREHDE, FEAFLVCOWRABFELIBMLT0s, flziE, ARBCHEL:-BE, ®
BBl vo v 7 OMEBESO 155 B THERE (MNR, 1995) X hED 85 EL %,
FESOBETHRBR TER TRV —F 4 YT HETEN L, 852592 OS5 2 Fv 7
BTERHLEZH, TOROD 19201 E, +hbb 14.0% BFEARF L > ORTFTEDOR TV
(ROFERER L5 —, 1998), &/, WRFREBCHE LZLEBD 3y FTOE—F7 ) —>
Ty 7EHTRREEBAF VOB BMERTE—ME2LED L (2 V-7 y 7HEBESER,
1999), ZDOFEEA F Vv VT EMANEOER, EXEHPZ0MoBBEOEEFRL 7 v 3
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S, A VAY Y PAREOER, A—1—<—7y N TORREO M —ZFERAIA TV S,
WHITRA DEBEEBTRPOVIHECEMEINTWVS, COZLRYRBERTILLTR
H4 22 iz, BEAF LV dEEO 95% L EIZERTH 3120, BiciiLHiz/hsi
BEELIES CRBHEPERLTWE OO, RN TRERBIRMAATHEPINLEERT 2, 2
DD AR TORBERIIBY T 2, BEBETOT IR Fv 7 ERYER TR, ZORETA
FUYOBERESEMESE LTHET ATV, &8, KBEROERICBI S, REAFL Y
OWF ORERDO—D L LTHFBEMEABEDO 70—+ TH LI EMBNHBHL TV 2D, BERE
BZO70—FOHERREAFV VEL OB DR L WEERIERA LR 5 Z L 2
TEOWEBEEGTRD TS (LR, FME) M ED XD, R TRLY —7 1 V7 HERH
BIEOEEEE ST AFy JEROER RS ETEHTH 51300 TH L, P HERHEKL
T2 —REROBMO T TN 2 BEFREEICOICATE L EFILbR S,

TISRAF Y 7L DBHBRTE, 7IXF v 78RBOFEHETHZ VY Uy  OWRE
EVWHERBSENIEREEINS, FIT, ZRTRNIY —T 4 Y7 HETHLI2ER» &8
FEDL YUy OSBRI RERL T 5. BB~ L EEFE RN AR TO 8T R T
Fleotrma—A b2y b CBONERBEBEFNULER, vYorvy VE2RET I X
F v 7 BONDED 02% 2 EO T BT Th o7 (NR, REERT—75 ). DREBENOEE
FIAF Y VRABEENEFEEEDORETIINRERZTR-IEZS, LY IRUY MRS
3.5% ThH ot (N, 1995), %7z, BROSEOHAEEICET % 10 BOAFH 16 ¥ T 1996 F£if7
bW EESSRAFy 7 TIH/ETE, VY rry b OLBEHICED 2EHR19% T
Hotz (L TBHERE, 1997), FEOTE S 1997 32K L, BEB L oy 7 OF
BETEDTITRoBrIrry b DEDBEEIX23% ThHo (REREBREH L
¥ —,1998), Th o DEBRS, BEORBHIFEET VY VL y FOEIEN, O 75 XF v
23 ORI LY RO T ERILTws EHEzo05, LELERNS, KRB, T
HEOMEERECHBREIZ I VN B0 E TS AF v ZNTFOMMERELLEZ S, BD
JLERER I R E OV Y v vy FEREE DKL, BRIOERZIZVY Yy MR
PREE Doz (MR, KEXRT—5). EHEOILHFEVIZEER7 Y7 CEEEZE TS
BHIOARELIRNA T2, LYy FORESECOERCLVES, PE, KE7
V7EEI VBTN TEbDTHA), RET7 V7T OHBETLEETCIRENREEET5dE
D, BEESSEICIATHE Y, LY YRLy FRRUDTIAF v 7 BIEOEE~D
RHESS L EREIATVS (B, ME), MAAREPRINIT 3, 77X F v 7EESMECRE
BEETH-TH, EBCEET 2 BRSELET BEICE, 779X F v 7NTFUIREBCEET
2, AEOBESKE, EATEOEELEbhD, 74—V DI ETHEBETHEEIL TV
(Gregory, 1990),

EB TR LY —F 4 YT HETHEBEEN A BBRRELIIVMVRAAR ST AFy 7R FEH
HELIFARUTEET, 1970 F L b 1992 £ TOMIZITEERE L A EEEEEHON1 A O
S XFFPRY (Puffinus griseus) £ RY T XFEFY (P tenudrostris) ODEH L D HBH L7
75 AF v 7T OEEHR c ERNEBRE TRz, DAL I RF v 7 TFROEES
BTasE, ARABOHBONLI AT IXFER VRIS RAFy 7EBGBOWH 1 62%, LY
Ly b338Y% Tholz, ELTT I 7 P yBRENSEOANAYRY IXFFRVIETIRFy 78
OG5 33%, VYRV y R R6TY% ThHotz, I OMERIX 1970~TI EDBE I T
(Ogi, 1990), Z M & > WY AL 7T AF v 7N FOBECERZENH 503, RENREsh
TwBEEZ N, 2558, 1989~1992 Fiz/ 3 &, MY AAZERFZ L Y HERKIC S Z X
Fu 7 BT A 69~T9%, ZLTLYr_ULy h5321~29% L2 DEBIL Tl (MK,
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1999), TDZ ki, WHEEBIZL YRV y NCHLTF IR F vy 7BIGOREBZEL {8l
Tz, SAFFPIVE_ER7/IRAF vy 7RTFOBECEL CRRESRETCE &1
BOTREREEZOND, S 1910 ERICHEB RV LD ST AF vy 7 BRI, Zh
FCOMMEREETEES RV Y U vy FOBEERAOEELBU COMX BRI BT 2
HPSMhE-7DTHLS5, 208, RETTIAF vy 7 TENEIINZIZON, FF7RAF Y
ZEIRBHLOLNFICHEHRL, SSEHEVERTOTSIAF vy 7 8IS IR, HERE
BYyYrRuy bED B FTIRFy 7RGOBHBEBRT 2L ko eEr 6N 5,

BEE BT 2RENRRESEETH B Y 2 23 (Larus crassirostris) D7 AF v 7 RF
D As %, 1998 EFRE THRER S N7 22 T DWW TREL - & 2 % 697 (29.7%) DFH
ST AFy JEBHEL, IhHIZDWT, BFTRRIY —F 4 VIR THREL, V
PrRUy bRFIAFy 7 BGEOBA IME» STOBEHH o RSN T TH o208, 69
P2 TOFPR LIV 4%, B, v —7EBE0HLULHEAPSERAB s (N, RERT —
F)o VIR IRBEBOCEERBEEROBEEN L LTEHTHL LEZ SNz,

BEEOBBRNL 77 X5 v 7 TP ALRHE 2 RGEICHE L RS, BRECBT S
TIAFy 7EFROBNS X URNERA 2 EERCAIZ DRILD I Eh s, K TR Y —
FAVITREBY ASERERZLUEOI L bDLEZ SN,

FIAFy 7 DEERBISHOLMENT I LBBETH L, FREFBEVHNGE TSI AF vy 27D
T3 HIERFECE RN R EESERECERET AL LS THA S5, 2D LOERIIE, 7
FRF v 7 EEROHRE, WBOWTA, T U THEEINLEOLEOBRSHET 2 2 L 8HE
ThHd,

FTMHHRDO TSI RF v 7 EERBOEHRE 2R 2 &, 1960 £ 627 77 b >, 1970 ££i% 3,000 /5
by, 1980 4Ei3 6,000 5 b, F LT 1990 4EIX 18 N VW LTz, B A 1998 EDREER
X143 N> ThD (HESZXF v 7 TEEY, 1999), 77 AF v 7 B8 TR, FHT
b5, BEPLAEBES Y, HEERDZ, MITLRLTWEOHLL»S, F420HRSIEKE
h, HEEMEZ, 20D CEERBEALTV 2, bBEOEN TS5 AF v 7 EERS, 1950
FEHRLTH b, 1960 EH356.4 5 b >, 1970 F£23B12.7 5 » >, 1980 3 751.8 77 b >, 1990 £
H12648 F b, FLTI998EN LT H IV EES I3 ELIMMLTER: (HESF R
F v 7 TEHEB, 1999), bBEOFED I AF v 7 £ER, FREICTAHOEEIH DO,
HISFLE TEE 3~8% OHETHML Tw 3. 5% b 77 AF v 7 OEERIIMINO—F 25
L, BROEERESBEITWEIRBCHETE S,

TIARFy 7 3O TENFIEESD S KE, —EREYL L THEARAREhARE s L
DA EK LT, FIZEEL TN > CHREMBENCBE T Ltk s, 77
AFy 70T FEERETCREYTHY, CECERIET I ETCRBSEARETSL, 7
SAFYIREENZ{EMEOBKP~OBIHLICX 2 BEEY~DOEELELONS,
WoT, 7IRAF v 7 BEREERPIZ, o TRRSRVIEMBEDCERYE, L L THNED
Jehs (Clark, 1997),

LOBEOEFD TSI AFy 7 EERCNT IHEEM L L TCOPHERE 2R 5 &£, 1970 ERZ
33.6~50.6%, 1980 fEfRiX 42.5~49.6%, TH -7z (7T A F v 7 UB{EHEHE, 1992), LrLKk
M5, ZIRAFy 7RI NIETTTSTICEZ 005, INI0EORFERASh Trs TS
RBDbDETHB, INEDTIFRAFy Z7DITIRMET, BEOTSAF v 7 EERORM
Mo D, 190 FRick 2 L 7T AF v 7EEBINT 5 T3 OEIEI13 50~T0%, &, EhItER
BUTWw3 (F7RF vy 7 0BG ERE, 1999a),

bYBEHIZBI 2 1988 ED ST RAF v 7 FEREYIZ, £KRTT6 L Thsa, Thk 1009 &

— 90 —
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T2E, T U TN YA 7 h 9%, BN 1%, 2 L THEHDLTH40% Thotz (FFAF v
7 MBRER S, 1997), L L 1997 FEOHFEHE MO K > TR, =57 V7Y 54 758129,
BERDS 53%, £ L THODIITA MY, Thol (FFAF v 7 E{EERS, 1999b), DT TS
NEEORIL, 1993 F53209 5 + > THEDITR LT 1997 Fi1X 325 5 + > LML T, 7
FAFy 7 EEROFEZ Oy, BEYOFZELEIEICELEVWERCDH 3,

FIAF v 7L, TTRF v 7 TERPITBIFSPER L., £ED S FEE COFLE ETR,
TIELLTBREPFARELTUEVZI EZE>TWAHOD, G Er— N CEESNIE
ROV Ry y bOBRE, SIAFyIBIRERDZTNONEEINDI T TORRM, ZLT
BEEML R ERBOZERET T L UTREPFALRBE T 3, 77 XF v 7 LHEEERS
(1999b) Tit, THHZERERUTO LI CEEL THELTWS : O HiEREs - MEmIT -
B AR, © HRHEME, O NIEBWMDERRE, Table 4 [ZIIR & e o7z b DD, 1970 R YgEE
RBCEHEL TV D, BRICESLLE I AFy 7RTOMGICET2HE2R2 L, Tho
DEFEE A EPHBEE - MR - TBRABRRECHEALRBELZLVY Ry PRDVLTO
b D%y (Morris and Hamilton, 1974 ; Carpenter et al.; 1972, Gregory, 1997; Hays and
Cormons, 1974),

LY YRV y MZDOWTRE, 1986 ELIRKE 7T X F v 7 THFTRINPIENSE (Anon, 1991)
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