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Abstract The habitat and foraging behavior of medium and
large waterfowls were investigated to evaluate the functional
success of the riparian restoration sites in the lower
Maruyama River Basin. Forty-six line transects were assessed
over a one-year period, from April 2019 to March 2020,
at eight restoration sites (encompassing four types) and
eight control sites. Foraging behavior occurred only at the
restoration sites. The number of birds and ducks, including
the Oriental White Stork (OWS) | Grey Heron (GH) , and
Great Egret (GE) were significantly higher at the restoration
sites than at the control sites. These results did not differ
between the wand-pool and gentle slopes. Investigating
species, OWS had positive and significant preferences
with continuous riparian distance and high diversity of fish
species. GH and GE preferred riparian distance and high
fish species diversity. The results suggest that restoration
sites should be linked to form a continuous riparian zone for
effective OWS conservation,
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B RE R BRI HIY & L AR AT AR E &
HEEB L OHBIX EANIC B 2 BAREAFEI A
ENTE7 (HE Y 2014, #BEE 2016). FILJIIZKRIZ
B2 HARBFAFEORME LT, WEANYHMIAIH L
7otk A Rl A KRDO A v b T — 7 THFESE LT LN
HEZeoTBY (N 2012), ToOFHE, a3/ MY
Ciconia boyciana® B HAGIHFHAT LI T %% O HIiGEK
RSN T (E ERIH). ARBFETliftis e g
THhEA FEfE ST S 7BREEEEA (B4 b — 7, a7
J NV EBEGRED, SHGAEETLOEN, WENOKLT
) @95, WHEANOKA GTENE) %HET 51
FEIEH L7z, N6 IIN§ 5 AR IZ B S 4 5t
ELClE, A TEREOT ¥ FERABEEOFAEES
MEFBOEEY e L CTRIET 2 2 e S Cns 2
ITTHh 5 (HBEE 2010). SR OIMEES T HRFA
FHEICET L7200, £ OEYFEREICNT 2R
HFHE ORI L ET N TN S

R HIFUE T 2> 5 20km BT F TIRAKIEADSL A > T
BY, 20024F AT DA NIKD O E AT,
Bx &0 TI63EO BEISHRIN TV D (E3#E
2002). ToHhH, WMIEFETZREEBHLE LT
av ) N, ¥ A Y FArdea alba, B LT F Y FArdea
cinereaD’ZE T H I, TIH OBREFHIZET AWZETIX
KHETOEBEDSINOIEIZEL, BN THo TD
WIANOKEREE S VW P MESNTWDS (T
132 2006). L2 L, ARFFAIL20014F 5 5 20024 O [,
bbb, HRBEREESTONLHICERSINIZH D
Thh, ARBEFEIEALZBEIC B CIFRE
WERLSTETWALIREELH S,

Z ZCARRgE T, EE LIRS G5 o
PREEL2-15km) (2EH SN D48 A T ONRDTFEER % FHA
e LT, W KREDKSEHOHEIT D72 FIHIRE L 2
BIHEGTLHEREMYIL, 4EOBRBAEREIIET
A lrHMELT.
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Table 1. The eight restoration and eight control site data assumptions.

FEH R} HE Hi

Rel Re2 Re3 Re4 Re5 Reb Re7 Re8 C1l Cc2 C3 Cc4 CH ce C7 C8
Ty 4 7Y SWB GS GS LWB GS SWB SC SWB -
YHETHA 20153 20176 20173 20143 20173 20173 20183 20185 2006.3~2009.3
25 (m) 12 16 15 13 17 15 21 27 17 21 14 15 24 19 24 16
TR IIHGE T I BE (m) 67 205 215 191 190 95 180 210 0 0 0 0 0 0 0 0
KT A B B (m) ¥ 67 205 215 476 476 476 180 210 0 0 0 0 0 0 0 0
KT (m) ¥ 160 153 152 145 161 132 115 110 144 147 140 142 135 103 124 115
ARG T R (m) 67 205 215 191 190 95 180 210 191 176 128 153 138 115 123 215

H #fif (m?) TR 1390 1810 2220 6810 8630 4400 5450 4050 4780 4060 3300 3960 3310 3560 2710 5510
2539 1010 110 0 260 8 750 2800 2100 0 0 0 0 0
IKGEGA (%) " <0Ocm 84 0 20 4 0 12 52 40 0 0 0 0 0

0 0
0 0
~50cm 6 40 20 8 80 68 20 20 40 0 0 40 20 100 0 0
~150cm 0 20 12 16 20 20 28 40 60 60 68 60 80 0 9 8
~250cm 0 36 16 0 0 0 0 0 0 0 20 0 0 0 4 72
~350cm 0 4 32 0 0 0 0 0 0 40 12 0 0 0 0 20
i TR A o o o o o O O O o o o o o o o O
VR 7S X O X X X X X X X X X X X X X X
gk B %L 15 1 11 15 13 13 11 13 - - - - 7 - - -
M2 774 612 232 935 704 343 167 783 - - - - 117 - -

1) LWB: Large types of water bodies (77 > FBALI#EAEL), SWB: Small types of water bodies (77 > FBAILI#/NEL) | GS: Gentle slope (#%
#5747, SFRAAKBEE B OB © 1/10-1/13), SC: Secondary channel (B4 1 7).
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IR 1300km®) T IO HUAR A $RERS (kp. 11.8km)
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$ 2 8T DKL A L SFEFT O M TH D (K1),
ko2 - Z O CAGIFE AR E E, Rk (I EDRI) BB
SN RITEAREMNZHRE] LT & 5 2 28 & B Al H
(20144F 7 & THFEM) L 72f&PT & &5 L7z, ki
vl =Tl HAERM O AR, AR S £ OO Al
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W5 (ED). KBEFEHIE, 72 FBEOEARE (Large
types of water bodies: LWB), 7 >~ FEI#/N (Small
types of water bodies: SWB), #E{H#FE! (Gentle slope: GS)
B L ORI EEE! (Secondary channel: SC) D44 1 F)Hf
Y2720 (K2), ZhENEICL, 3, 3B X0 LA
0 _500m A M ®E L (M1, K1), 25 oKD
[1. 1663 O P A, AKDFE oM (Re : Restoration) X i3 X HRHL & D) b 50emBPN T o @k B L, TS
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Fig. 1. Diagram of the 16 brackish water survey sites. Riparian A EFPIZH 720, kB L OVUKED A LI

restoration (Re) and control (C) sites with the kilometer post bV EALTWDS
(distance from the mouth of the river) (k.p.) .
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Fig. 2. Four Riparian restoration site types at the edge of the river channel. The light shading and m highlight the water area and rubble,
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Fig. 3. Relationship between temporal changes in the water level with the survey dates (24 days, 46 times in total). The arrows

indicate the survey dates. The data was obtained from the Tachino Bridge water level observation station (Ministry of Land,

Infrastructure, Transport and Tourism, 2021).
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Table 2. The medium and large waterfowl species observed at each survey site. Foraging behavior is indicated by *.

' o A R HE
H A% i Rel ReZ Re3 Re4 Reb Re6 Re7 Re§ Cl C2 C3 C4 C5 C6 C7 C8
71E 1 I HE  Anasfalcata [ J
2 & N HE Anas penelope o
3 THE Anas platyrhynchos [ ) [ ) [ ] [ )
4 HIVIE  Anas zonorhyncha e O 6 ¢ ¢ o o o o o
5 444 E Anas acuta [ ]
7 E)E Anas sp. e 6 6 6 6 ¢ o { ] ([ o O
aw/ N) 6 2w/ ') Ciconia boyciana ® © o o o
7 7 HhI Phalacrocorax carbo @ @ o O o o ® 0 °o
¥ 8 TAYF  Ardea cinerea e 6 6 6 6 0 0 ©o (]
9 ¥A4H%F  Ardeaalba o & 0 0 o o o o
JA4F 10 ** /3  Fulica atra [ X [ K &
e 5 7 6 7 5 6 5 7 5 0 0 4 1 - 6 0 1 2

Tl OIS H A B3 H $EGET BT (AR R4 2012) 12X o7

PREFFERE 2019

3. Y UARA v P ZOURE & 7oA & iR o B
TEREIRDL (BB« gefill, TR M-kl ok
Table 3. Comparison of waterfowl observations between the
restoration and control sites using Mann-Whitney's U test. The top
row provides the median value and the bottom row is the minimum-
maximum value,

FRAEH G

=8 (n=8) UfE Pl
Tl SRAE R 6 1 60
; 5-7 0-6
TRzl £ a: 1~5ffk 155 05 64
9-24 0-2
b: 6~10 1 0 53 *
0-3 0-1
¢: 11~50 2 0 525 *
05 0-3
d: 51~100 0 0 37  ns
0-5 0-1
e: 100~ 0 0 28 ns
00 0-3
HAEOMERM S 7 T3 75 05 565 *
210 09
=2 AN 1 0 52 ¢
0-6 00
B 2 0 435 ns
0-4 0-4
T A E 5 0 64
2:9 0-1
¥AHE 15 0 64
219 00

VORI R S 72 ) ICHER S Nz ok R BRI
(a-e) OFEREIAIEL

= P < 0001 " P <001, * P < 005, ns: not significant (F &7
%)

4. 7 — 5 FEAT

AT O BHAD B AT-HRBEZ G35 72012, B
HOMRMEL, 577 T — K45 (a 1~5fEfk, b 6~10
Ak, c 11~50f8Mk, d: 51~100f8Mk, e 100ffk~) @
MRl %, &M (5 €8dnas sp, I MY, HT Y
TAYF, FAHF) OEERK
IZoWTC, FAEME B E O/, BXOTEEFD (Re
2,35 £7YF (Rel, 46,8 LT rHAy
N OUMREZR AT > 72, AHEAKMEIIENE L7z, BITIZIE
I 7 B )VHEERY 7 b Statcel 4 (Wi 2015) & H 7z

Phalacrocorax carbo,

16 A RS AL TR S n/za v/ by,
T, TAYEFB LY A FoMERRRE Y B AT,
Lo ABHEWTEERE, 2. A EB R A, 3. RAOKTINE, 4. 7K
MR, 5 KEZHME, 6. fllifs X 07 MEEEE S
WIS L U CHASE —ALRIEE 7OV GLM (K7
v Uh AR, log) v B8 RFEMBLA. A7k v MNE
TEHBIREIRE & L7z, T1 ARUHERTEEAE | 1&, K H4dHhz
PR A 72BE O L3 & Tl B & SISO 5ok
&, T2 KERRRERE | X, AP A2 L CRLE S
TV BEOKIHERT A O AR & e L 72, &84
BOERIZOWVTITRNIRE L 2. BITICIE 7)) —#
7 F Rver362 (R Core Team 2019) %7 L 7-.

S

L KB AR E RS 5 - KEDKEE

A DGR, RFTT095M KD - KL EH DB <
I (FAEHE: 1360, xRHL: 735), ZKOMERRFE LI 107
Thorz (R2). #EHIIMATY / D) RFFE (7
THFBLOYASF), BTy, & A\ Fulica atrai)’
MEFR X 7z, I H EAnas falcata, 277 ) V) | F A4 HF,
FANVNTHERD AT, & N #Ednas penelope, 7
F= 7 I Anas acutal 33T IR O A THERE S L7z,

PRAGTEFRIL T AEH O AT % S, RedlIVF CHAT A
RS MBS R (7TH) X0 PR (1)
DL (R2), MEtFEMICObHEETH o7z (FK3).

AT & & A — BE IR S AL B R B X 1~ B R S
L, FRAEHASH R X ) S0 RGO A 7 T) —T
WEHEBEICS o7 (R3). Lo LoUMEMRLL oy 7 3)
—CRAREETROLNT, MEMTH->THCIIE
WCTIR100fEALL Lo BN AS3AIERR S s (4).
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Fig. 4. Number of waterfowls observed in each of the six categories at all 16 survey sites.
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Fig. 5. Number of observations of each waterfowl species at each of the 16 survey sites.
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FRERHL E 7 > FIZBWCHIR L 72 BER % i L 724
R, MR, WREAH SEOMREIKNTIICE
WTHHEEIIER SN L0572 (F4, P> 005). — T,
R AR BV T, MBI ERE

RO NG Do 72 b DOFEMFIINE L (v KA
v b ZOUKE, BiE: 008, #%H: 016), HHRICAmEEIC
BT, 7Y FPREFD X ) Z @A S .

2. KBEDEHZIZHG S HHEK

GLMfEHT D55 % FEIZR L7z, &FEIZD W TAICH
INEWVLD2DIZERTHE, a8 TidkalERE
PEEE (ko2) B X UMAERL (Kob), 77w TldfUEE A
¥ (Kawa7) 3 & OKBHERTHEE (kawal), 744 FT
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Table 4. Comparison of the waterfowl observations between the
gentle-slopes and wando-pools using Mann-Whitney's U test. The
top row provides the median value and the bottom row is the
minimum-maximum value,

R T2 F

=3 (n=4) UfE PfE
TR R 6 5 25  ns
6-7 57
TR a I~5fifk 13 155 85 ns
9-17 10-24
b: 6~10 1 05 45 ns
1-1 0-3
c: 11~50 3 1 3 ns
15 0-4
d: 51~100 1 0 3 ns
05 0-1
BHOMERRIEL 7 T8 7 7 5 ns
5-10 2-10
av ./ k1) 1 15 5 ns
06 0-5
AV 2 15 6 ns
0-3 0-4
7 E 5 4 7 ns
25 36
A 14 11 65 ns
5-16 2-17

VKA CLE AR & 72 1) LSRR ER X A7 v AR R R
(a-d) OREFRIAIEL

** P <0001, ™ P <001, * P < 005, ns: not significant (&7
L)

EAKILHEWTEEEE (a0l) B X UL (acb), & 1 4 F
TIEAGHAEWT B EE (dail) 3B & OV (dai6) 293%4
T2 (£5). IRTCOETFVORBOHEFIET T A%RD
T, INSOERFKELC (L) iU, EHEOMEE
B8 2 2 RSN D, FEicay ) b Lokl
Bl e OE TN (ko2) DAHHHE L A
INEWVET IV ER5TEY, Crawley (2015) 12L& 5 &
ETNE L TOBEENL)ENET IV E A IR,

TR

1. AKBFEAEROF - KTSEI 0 5 HERE

A D REF105E2095 M8 th oo - KAUK BFEDFERR S 1
B & OMEEE, SEOMREHNTIIBNTH,
BA M55l & 0 b SRR S 7z Dk
L0, KAFAEMEH - REURKBEHOAESETE LTR
IFICHRE L T B Z EATRIBE NG, F72, FREGREREDS
FAEMOATHRE SN, AEKLL NI s, FAH
FREOARSFTE LTHRIFICERELTBY, Zhx

F5. FTE ORERRIRIEL (IX7) % HWER, 7% (1) 2BEHERIC L—RAUBIEE 7V (GR7 v 25046, LogY » 7 BA%L,
7ty NH: BHRIAR) OFER. BT, 16GRA PSR TR SN a2 M) Ty TASFBLOS A XL Lz
Table 5. Results of GLMs; generalized linear model (Poisson distribution, Log link function, offset; visual area) of the number of observations
of each waterfowl (Fig. 7) with the seven site characteristics (Table 1). The species analyzed includes storks, cormorants, great blue herons,
and great egrets, which were confirmed at a minimum of five survey sites (of the total 16 survey sites).

(L2 £ 7 VNo. FINZH Pk FRE BAERBE  HEHEE  AIC AAIC
av /by kol FRIDHGEWTERRE (m) 96 ™ 0.0087 * 2511 14 432 193
ko2 KB (m) -11.3 ™ 0.0083 ** 5.75 14 239 0.0
ko3 IAIKTHE (m) -12.8 = 0.0276 30.83 14 490 25.1
ko4 JKiE (m) 137 0.0379 * 26.71 14 44.8 209
ko5 TRERL T 92 0.2744 32.10 14 50.2 26.3
ko6 A -12.8 ™ 0.3638 ** 1871 14 36.8 129
ko7 SR RS 9.3 ™ 0.0018 * 27.38 14 455 21.6
VA kawal FRIDHEWTEREE (m) 83 0.0025 2864 14 576 04
kawa2 AL (m) 81 0.0002 29.84 14 588 16
kawa3 IRAIKTHE (m) 7.5 -0.0034 29.81 14 58.8 16
kawad JKTEME (m) 9.8 = 0.0126 2872 14 57.7 0.5
kawab KIRE R 8.7 0.2581 2890 14 579 0.7
kawa6 fE R -86 ™ 0.0488 29.35 14 58.3 11
kawa? FOE R A5 -84 ™ 0.0008 2821 14 57.2 0.0
T A aol AGOHERTEERE (m) 91 0.0112 = 18.80 14 51.6 0.0
ao2 AL EE (m) 81 0.0022 ** 37.57 14 70.3 187
ao3 HRAIKIHNE (m) -13.8 ™ 0.0397 * 36.75 14 69.5 179
aod JKTEME (m) -85 ™ 0.0073 45.13 14 779 26.3
aob RS RN 9.3 ™ 0.6362 = 3398 14 66.7 151
a06 AR -104 = 0.2496 = 26.37 14 59.1 75
ao7 SRR E -8.3 ™ 0.0016 ™ 34.97 14 67.7 16.1
ZFAYF dail AIHERTEERE (m) 81 0.0102 = 98.54 14 1355 0.0
dai2 AL EGLREE (m) 707 0.0014 * 149.21 14 186.2 50.7
dai3 R AIKHNE (m) -15.6 ™ 0.0563 ™ 119.21 14 156.2 20.7
dai4 JKTEME  (m) -84 ™ 0.0125 * 152.37 14 189.3 538
daib KRS RN 80 ™ 0.5029 = 140.19 14 1771 41.6
dai6 FE R 9.7 0.2638 *** 105.27 14 142.2 6.7
dai7 SR 5 757 0.0017 ™ 126.26 14 163.2 217

P <0001, "™ P <00L"P <005
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DOF D, FHAMOEICE DY) TS IUKLOHE
EINEAIRL ool L2 h ) - REIBFH ORI
AERASHML, KHEZFRESE L CHHET 208%0 8
2L o TG 2 MG & L CRREL 72 ORKHIE A
2015) Z X2k, FHAEMmTIEANRE LY S oM
WD RSN EEZOND.

—JC, BREOHEN L RO IL, Re2D 7
VITEDRTHERINTEY, HAEMIIY EROFER
BEGAT & 3o T RnwEEZ NS LOALEHD
71 BT AE L C ORERR I AT L 72, AR ARk
W EEFHICD B2 TOFORMITH THEET S (E
Al 2022). LA L, FAMIEEIRM L D b R
YD AALTIRCTH D720, ik (FFICiiE) Z8o
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HOERIZHG L TR REEA S % 0%, KRR ED
FEM R L L OB S LA bR & 0 KB % A
TILRETHA ).

2. KIDFAMZ EIFT 5 L) ko727 AT F

ARWFZETIE S A T F ORI A FA H TR 5
WA BNz mEIE2 (2006) T, WINZBWTIE
RBOFAETTHTH A FZMIN L SKHOFEL S
<, AN DRIEE DA > 72 2 EDHE SN TV D,
HE & SR & FEHE L 7220014F ~20024E 12 BV T, 7Kl
DHARFAEFFE (20144 ~) TN TBHT, 0k
g & 7 ZHKERO R (20064E ~20094F) & 2 bAThHIL
TWwe\w (RD. 3%4bb, LI L& KR TE
LTWhnrofzlbile b, LoT, SHOFETAHD
N7 F A FOFAEMICBI 2 5 0E, KAFAEOR) R
WCEDALZHREZZONS.

Tz, FATEFVIwRL L RSN T AHF L) R
BNV 2, (ERIED 2013) RIS A%
L. BREOLOMETIEIZV A FTORMHTIE, Kbz
LD SRS HET, THFFL, FHRETR
B %9 5 72 ORI A X L) D7 D0 S
TLEWENL MAMIZH DL I EPMESN TS, DL
XY, FAYFTREADPS (R TE DX, WD
FEEHEOENIL VAL EREZLNS.

3. KBE A TN & B EREAERED 2R

A E T Y FIZB W T BHEO HBUIRE iR
B, BAREBE L R, MR AEREMR SN
S 72—FT, ARMEEICBVTIE, 7Y FaEREF

LY ZwEmAsAsNI DXy, BETIEIKLY A
T ORPOMEIL A LN R o728, BEIZE 5 TS
ALV ERRRPRE SRR DWRMEDH L. il
DWFUZ D W TIIARGH TIRFEROSRILE Lo,
T B 125 OB ORI HILREIZ O W THEA %
74 TR TOREZIT, SHROBRIEIZES S 0%
N5,

4. KEBDAFIZEE R BB

GLMFRAT O 5, FEMOKDOEEIEWVIT &%
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