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Synopsis

Exponential decay of the amount of new marine litter on Wadahama Beach, Nii-jima Island, Japan
revealed from 20-month mark-recapture experiments demonstrates a linear response of the beach to target
item inputs. Here we show the amplitude and phase characteristics of the beach as a time-invariant linear
input/output system. The system characteristics are fully determined by the residence time of the items (z;
= 209 day), and the amplitude and phase lag of the response of the beach to litter inputs are larger (smaller)
on the beach with longer (shorter) residence time. Understanding the system characteristics enables us to
evaluate the response of the beach to various marine debris inputs.
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TIAF v 7 BT, WEPLTE A AFHOATEICHEAR
TR DTHD. ZO—F5T, @UNIAE I N>
T IAFy BT L2, R OWE -
FZER L (Barnes et al,, 2009) , #&FE 0 0rEfkEIC &
DUBFEE ~DIEENRE STV D (Derraik, 2002) .
F7o, RETIHEPEOMESZ L O THR S TH
LEFEDIER 7 A12, EU ORHIEEZBZ 281G £
NTnsZ e b#is ST 5 (Nakashimaetal., 2012) .
¥ 72, Nakashima et al.(2012)(%, fE7e BN 21T\,
EHT HEMMBBEROERIC L o TR T 2 ATRENE
Wb LEEML.

—J7, MRS LI 13X OM R Lkt 5
DI Tl 72V, Garrity and Levings (1993)<°> Bowman et al.
(1998) D B FARAE R B oD X 5 ICHRFICERS Lz
I IIWTIEER T D, Garrity and Levings(1993)i%,
NP INEO ATEETIET I NERICES L THh L HE
T 2 ETORRM (T72bh, WM 2 1 FLL
WTHDEERLTND. HEREMITNE RO HIZOm -
BRICE-THRARAEEZ LN, TINPE VTV OF
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) MRENTEET D, Lo T, HEE TOMR R
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HE) 2T SBROBEEREIREII D EEILND.

INETITLNTELETOIIDE=FY
T7D%LNE, HORROIIFHEEZHHTLIHLOTH
% (1 21%, Ryan et al., 2005 ; Kataoka et al., 2012) 723,
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G E AN
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= I OBIRILEOREE O TR H B RE b % <17 T
W2 (ffl 21X, Yoon et al., 2010 ; Kako et al., 2011 ;
Maximenko et al., 2012) . Z#UHDOFHEIC LV, WEET
ADIIDEREEZMD Z EINTE D, MR ZER
LTS A IRELEDOIEMIT L - TREEICH S BT S

b7, WEHE TOEREIIEZICHERICEET D
I8 (FHESERE) CHERBLEEZLND. O
TENDLLE, AR IIOEREEMMENLD
FREERE AT LICTS.

LZAT, BETE=XIV VT EINTZIIOFEREL
WEEEAE T 7 LTl - BE SN H A BT &0
XORBEMRICH DD TH A H D> RO L 5 ITHEREICE
FELEIITHLMERFRZ D > TOIFNHERT 5.
T, i EO 2 OFEREEFEEREET VEIC
L 0T FHRTL-D120%, AN OFRESRE L
i EToO I I DEFEEBRDISEBEBREMOVLENRD 5.
£, ZOBEBREMSZ N TENS, WHETE=FY
VI ENE I OFERE RICHEOEREEZHET S
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2.1 ERERAE

BAHIFHAS 1%,  BRUERE B AT o0 P B ISR & 3 2 Fn iR
FTITo7 (B-1) . FiHEEEIFIEEN 1km, & 30
~50m OWEHERETH 5. 201149 A SE 2 BA L,
TD%1~3 » AFBTITW, BE LG L THREL TV
%, BARMYRBIN A 2 R-1I1ORT. AT 1EE &
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(a) Typel: Blue buoy

(b) Type2: Blue buoy
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2013
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2011
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~4 NCTRHEEGFESER & /&IK 3 18 L C,
DIAINWLRDETT A ZRRARIHBRLE.

INERYIETZ LT, FilEESEIOFHEDMIZH-
RIS Lo 7 A 0% (WIEEED , AR
FEME~TFER L7 A o (FER) , 8Lk
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ALT, W t IR L CAREN T2 LT, 714 DF
VIR . 233K £ 2 (Takeoka, 1984) .
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DFABRER T IV, 1 EE E 2 BB O
IR REO—E (B-1(d) TH 223, 2 FEOHRE
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FEEEEEAZMHBELTEELTWS, =L, 2 BEOH
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ORETRRLINITZT A BED RO =M EREENE, e
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Wiz, ZOZ lnb, 1EE LD 2 Bl H O AL
FHERRICB T 2HHEEZROEFK THD L ERXD
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FEfZ K L CWD EEZLND.

MENLDIIEEE

2.2 RGBT

BB T« 07 A OfrEOZE(L (&) 23
LTCWBR, ZITRIMTOFE 1 AT v 7L LT, fx
ORTEITEGE L, fHEEE2EE 1 SORET 7 v 7
Ry JREBBZL, FOVATLEEEZHSLNITE 2
CEEELLTWD. AP OIEEICHICEST DH
PrRERIYS 720 Flux & (Teb b, HillEgm) 2HE s
AT HIKTHA Ty b x(E L, WREECBTLE
SOFERERES AT LADEDT T Ty b )T
5. ZoHE, MEHEBIRAESRDIZES I OER
BEEL h(Dy, BT AT DOHNLA 7V A REITH Y
+5 (KB-3) .

WIE Y AT AEEEMICRBT 120, B8 &My
WD = SDORRITERD D, BiE (AR RY) 1,
—DD VAT A~D AT EH I OBMRE S EAE T
DDITEHAENERL, VAT LNEHEEICSIDAD Z &7
LIS, YATLEBMAHEML Y 5. —F, BERPER
F D & 512 man-made system TiX, —D2— DDV AT A
WRBEZORKME L ZN L OMBEDENT N> TVD D
b, IhbOKFNERZED TS TR TAH O
a3k c& 5. o, AiE e BEEMESTL &
I ThH D (HE, 1977) .
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Y(w)= H(w)X (). 3)
Z T, H(w)E
H(w)= J.: h(e)e ™ dt = a(w)+iflw). 4

THY, FRBUSE LIRS, JAREEE He)lx, #
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a

i, AR A SRR E LT, £
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a,
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Z(s)=a,s" +a,s"" +--+a, s+a (N

n-1 no
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EREE VD . HOIEA V7V ARISED TS 75 AT
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HkpDThH 5.
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EWOTRIRBINEG I SIT HND Z ENyn5.
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® Wadahama beach (This study) © Caribbean coast (Garrity and Levings, 1993)
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