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In streams and rivers, periphyton productivity often increases downstream with the catchment area with decreasing canopy shading. We
examined the longitudinal variance in periphyton productivity along a subtropical insular stream, the Yakugachigawa stream in Amami
Oshima Island, Japan. Growth rates of periphyton assemblages were measured using the half-scrape technique at an upper and a lower site,
13.5 and 5.8 km from the mouth of the stream, respectively. As a result, the growth rates were greater at the upper site than the lower site
although the upper site was heavily shaded by the riparian canopy. Periphyton masses were collected from both sites and then cultivated in
the laboratory using stream water collected from both sites. After 5 days the cultivated periphyton of both sites were more abundant in the
water of the upper site. The concentrations of nitrate-nitrogen and dissolved reactive phosphate were higher at the upper site than the lower
site, and the concentrations of total nitrogen and phosphorus decreased downstream with the increasing catchment area. The results show
that periphyton productivity is restricted significantly by nutrients, and thus decreases downstream with the nutrient concentration in the

Yakugachigawa stream.

Key Index Words: Amami Oshima Island, longitudinal variance, nutrient concentration, periphyton productivity, riparian shading,

subtropical insular stream, Yakugachigawa stream

'College of Education, Ibaraki University, 2-1-1 Bunkyo, Mito, Ibaraki 310-8512, Japan
*Graduate School of Fisheries and Environmental Sciences, Nagasaki University, 1-14 Bunkyomachi, Nagasaki, Nagasaki 852-8521, Japan

*Department of Economics, Faculty of Economics, Sophia University, 7-1 Kioicho, Chiyoda, Tokyo 102-8554, Japan.

*Author for correspondence: shin-ichiro.abe howling@vc.ibaraki.ac.jp

wE

PN SO —RAEFENL, LA HREDNA CIJIE
EEl B fEmAH H (Lamberti & Steinman 1997), 15
DAKFZNTIE, EFBIZH 25 1~ 2K (stream order) D i
JINZ R, FREBEIN L 72 h TR H % 3 ~ 4 Xl
TLIFLIZE W EZ 77T (Naiman et al. 1987), FRICiR-
T AP SRR A E OB AIE, TREMK I X B # k& (Mosisch
et al. 2001, Abe et al. 2007, Elasholi et al. 2011), 7Kk
(Bothwell 1988) ¥ & U4 £ i IR £ (Stockner & Shortered
1978, Pringle er al. 1986) 7z £ D 5 BB DO IEIHIC 2 %
KT TEBREERHEICIA > TEBLT27-0EEZ6NTE
» (Lamberti & Steinman 1997), WJI[Z B T 2 Eat:E)
VoS s L CEEGFHNHZ R 2 BELERIC K -
T\ 3% (Vannote et al. 1980, Abe et al. 2003), & EHEHD
AFEN B X OTNIBBEEIZ, W TEILT 37T
Tk, AfEeHIEa £ ogEr 217 T£{LT % (Minshall
1978), L» L, fHEEEEENORELMICET 2 InE
TOWER, T X ) A KREDRIRZ i 2 /)1 <7
bbb DTHh (Lamberti & Steinman 1997), #vir - i
AW E X OVNBEZ RN M TOREEIR s TWH» 2

(Greathouse & Pringle 2006),
AR SR IO T 2 EERERE X, HAENDOEYZ I
xRy ARy D 1-5THDH (Natori et al. 2012), #E
R D fth o B & RS % 676 2017 43 AICEN 34 74
FrH OENIARICHRE I N, SRz RN 2Tk, %
VRN B & CKEMYI RO —~RAEEYPKEICHG SN
TWLRICHEDL LT, MEEHO -XAERICH KEL %
BYHEBEDTEK S 11T % (Douglas et al. 2005, Lewis et
al. 2001), #WEKEFTICIA D 5 HEET R EERIM ) & 5§
BT, HOGA R DIPGHE 2 T [] 5 flife s ey
DEBRDIBRINLTE D, WJIEERITEEED S OEK
MOMFITRAEL T 5 (FIE S 2008), LaL, 20—
T, B ANE (Sicyopterus japonicus (Tanaka)) ¥ X ¥
v 3Ry ANE (Stiphodon percnopterygionus Watson &
Chen) % EOFEAEENCEHDIZIZ, fEIEEINZHA
EHHEOBEEMY 27 % 27 7 2 (Plecoglossus altivelis
ryukyuensis Nishida) 234 89 % 7% & (PUE - it 1992, V¥
H S 1992), NEBIHILRZTINEYRE L2 5 EE %
BYREL > TWS, Yay¥ay 720 dREERE, &
FEREICOAERL, BEKREICE T 2 KM 5310 1% 5w



106 BrEs &

IR % HEVH IR ZERI 2 R 2 BO) IR s T 5 (P
M5 1992), AEDFf, FFICHE» W EL, BHHL T
—AE T A B E TIIRICEX T 2 EEEE AL <&
E9 %, LoLl, YVavuXxav 720893 5MIITIE, Z
NET1OOMINTHEREAEISED LI ICEL T
WBDOPHSRIZINT VR, 22T, AWETIE, Va
X a7 2OEEEAERNIITH ARBIICE T, E
HHAE N OWEEL & 2 02 IBIE T 2 BUR IR D W
THRET L 72,

Rl & AE
TR & AT S

BN, BEERE ORI LD % R R IEBI A S %
L, BB OEMAEICEC, Wik 45 km’, FREELERER
15 km O Z#m)ITHh %, FiE, W26 3.0~ 13.5 km
LR XBIAICERE L 7z 6 fltith 5 ¢f7 - 7z (Fig. 1), #%d
THUS DR L 5 90 1 HIERD & KD 75 D
FHEE (0.1 km £ CHISE ) B & LA (0.1 km® £ THI
&) % Table 1127 L 72, SAKEIAE X, RBEZFEA T
REKBEONEEZE L L —2KET Yk E, ZoEEH
o2 L TRk 7,
EREEEOEBINEEDEIE

201449 H 14 H~ 17 HiZ, ME2 5 13.5 km B4 7-
bR & 5 M 2(1st stream order) & X A2 5 5.8
km #ftaL 7o T RIS & B Hisd 4(3rd stream order) T (Fig.
1, Table 1), half-scrape i (Stevenson 1990, Pt - %5
1991) % TS BEREE OB I 2 JIE L 7o, &
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Fig. 1. Map showing the study sites in the Yakugachigawa stream flowing
through Amami Oshima Island. Open and closed circles indicate the six
study sites from S1 to S6. Closed circles are upper (S2) and lower (S4)
sites where the measurements of periphyton growth rates and periphyton
sampling for laboratory culture were conducted.

Table 1. Locations and environmental factors of the study sites in the

Yakugachigawa stream.

Study . . Distance from the Catchment area

. Latitude Longitude ik N

site river mouth (km) (km°)

S1 N 28.221 E 129.318 135 23

S2 N 28.225 E 129.332 11.7 79

S3 N 28.228 E 129.357 8.1 212

S4 N 28.239 E 129.372 58 315

S5 N 28.251 E 129.381 3.6 353

S6 N 28.254 E 129.386 3.0 412

WIZ 5 T OMMELGFT 2 FE L, SHEGIAHE DMK
Horh (20 cm BE)HI0 DRI S x 5 cm N2 5
FARY 77y iR O CREREZREL -, BAf
DREEZTEIWHHN O, MEEEEZ BRI 724 10 14
&, HIEBRTEICKIEDERWIIFE DT (/KE 8 ~ 12 cm,
Wik 183 ~294 cms!) IcHE L 72, 2 HBICHY, RAUHA
Do, RUNSEEZRINL rol & 2ADHEMR S x 5 cm
Ve & A5 EEZ ORI 72, B, AETiRkAERE
7 EO/NGEREIOREEH I EIFTER Y, L2L,

2 HEORERICHREICKERRIIBEI N2 o7,
UL 7= ML, 7 AfHE A #X (Whatman GF/C, GE
Healthcare UK Ltd) FIcHfigE L 721%, sk L THEBEEF T
Fiblgy, HET 2 £ ChHEERGEL 72,
NEEBEDOENEERER

20154E 8 H 10 Hiz, Huri2 8 X OHbsi 4 T (Fig. 1), ¥
WOF 3 »oF 40y 75 L Pifiz v O EEEZ F
U7z, 7, FHISTHIIKEZHRAK QL) L, EbICh 7
ZAHE A #E (Whatman GF/C) 2 VT 2@ L =%, &5
B & ST L TEBREICR bR 2, SRR o
—#% 10% Fw <V v ClEEL, EHRENET 5720
DFBLE LT,

Hopi 2 B8 L OHLS 4 TERIL 721K %E 12 7 = V=2 L+
TL—hIRICZENZENSE (KT 2 VH7-D 3mL) L7
%, S HICEHIATERK L 22K 5 ARERIEM & LT 8
AOHEL (% 100 mL) % 2 ZHSIRL 72, Hist 2 3 X OF
Husi 4 IR ZESELZ 127 2=V F 7L — R, &
IS CEREE L ORI 02 mL 2 2N 6 7 =
VEOBER L 72, i 2 B &k OVHbS 4 TEREE L 22 fih s
DOEMEIE, ZNZFN196+077 ngchl.afx k8223 +
0.56 1 gchl.a (CPHE+EEERE, n=3) TH-o7%,
EICHSMOZ RO s T (tHE, t=0487, df=5, p
=0.652), EfER O VIl (HFHERZ, n=6) 13 2.09 + 0.62
tgchl.aThor, EEEEREL ZBoMIEEICE
b¥ D70, 24°CIHRE L LERBHNICe LT 7L — %
ERE L, WA 14 BER BN 10 BRI oS T oRiE L .
CNFTL— M, A—ONRE L %2 X9, [HiR&GNIC
HIE L7z 2 R0 15W EEBELESGET (FL1ISEX-N, )
DET 10cm ICRE L7, ¥ES5S HE, &7 b o
BRI, 79 AMHES B (Whatman GF/C) L-icfif L 7
%, WET 2 THHEREL .,
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Fig. 2. Relationship between initial biomass and growth rates of the
periphyton assemblages collected from the upper (S2, closed circles) and
lower (S4, open circles) sites in the Yakugachigawa stream. Solid and dotted
line are the regression lines for S2 and S4, respectively. The experiment was
conducted from September 14 to 17, 2014.

NEREOEEERE K RFEDRE

NEEHEOREMKIZ, Power et al. (1988) D% v
TR, b—<IIIREGIEHOFREEICEE L 223k 25T
L, JYE2RBAMSEE ( x 400) % H T HBERR 0 22 51 100 A At
Llch o EEOMEZ R L o, SHEEOE S, FHl
L 72 228 R (100 28550 ) 120 2 HREP B S 8
BoEGEE LT,

NEEHEOBEGEX, 7un 74l aB2iEEe LCllE
L7z, AL 72 APEEERRZ 90% 7 & b v 24 W2
EL, aNFNAEEZHWT o7 4 vamzEH L
(Steinman & Lamberti 1996), 1 1 DRI S 4172
M EREREORMEE X T ioX 2 HWTHEHEB L 7,

G = Ln(B,/B,)/2
%8, GIIEINEE, B, BXUB, ZEMBAE X2 H
BOMNEEENHAREZRT,
BRRBRERORIE

A SR OB 2 JE L 7B, HIESEEoREELE L
THIESG T O Z2R 2 WE L7z, F2eRIE, fliL v X%
NI 7=FLy A X7 (C-990 Zoom, AV ¥ 3R TRE
L 2 2REEZ KRG EMRNT 7' 75 2 CanopOn 2(URL:
http://takenaka-akio.org/etc/canopon2/) % f\v > THEH L
7oo FEEFEBUICA O IIDK OISR (NO;-N) IR X
W AKE 3 HrEl (DR890, HACH £k ) #HwT, Y gk
) ¥ (PO,-P) Iz Y 77 v &FEZ AW THlEL 72 (IR
1966),

2016 48 H 22 Hic, Himi 1 ~His 6 1cB VT, [ZEE,
MEB L OaEFR - &Y VIREZHE L 2, WIS
HRICPFEREZ U CRB L 2, &k, msE7ax7X
FHE (CR-T B, a ZEHWF) ZHWTHIEL 72, £ERR
JEIX, BOKBEIED 12 A 7 A At (Whatman GF/C) T4
WL ZBAKIZ T VA ) SOV E XY TRRIBA Y T A ERIFINL,
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Fig. 3. Mean sky openness at the upper (S2) and lower (S4) sites in the
Yakugachigawa stream. Error bars represent standard deviations. Sky
openness was measured from September 14 to 17,2014.

F =1t 7L —=7%RoTEREYE MEGE (120°C, 1

R, 30 43 U 7tk MGG 2 Rl CllE L 7 (F8
5. NP 1966), &Y ViBEIR, A#LEKICVEFY
TR ARIML, B ALeEmE A -t oL —7
TIEVR (120°C, 15E, 3000 ) L, €Y 757y
FHikzHGCTHIE L 72 (1 - A28 1966),

BETERAT

MEEHEREOHGFREOTIEIL, WMALZORAPAKE L
DAL EICIE R P AT 4 v 7 BT L > TERIT
=, BN BRI RV T 5 (BT S 2002),
Z 2T, Mt 2 B XU 4 O EEEREOBGE LN
HEOMRE, WERGHOBRERZ FHELRE X OCRIE
JEx HINZAR E U2 AN (n = 50) I X DT L 7z, &
5T, HBIHTIC X ) HIS 2 8 & OHb A 4 OB E %
PR U7z, B5E 5 HBEOMERE, A28 LR 4 T
BRECL 72 s L Ok %2 KT & L 72 ookl iE 53 iy
Brick gL 72, HiS2 8 X OHiS 4 DBIZE% (n = 5),
NO;-N#2FE (n = 8) 8 X U PO,-PIE (n = 8) DIl t
MBI & DR L 7o, SRAKIRIAIR & iR, BERE LR
%2V VREOBRIE, ZRZNHBEIFSHIC X D ETL
7oo 7B, BRI, THOFEMEENLTO, WIEKE
ol 7% AT ICH W, 2 ToOFEEiTZ7 Y —Y 7 R
version 3.3.1 Z H\Tfro 7,

R

(RS O RIGEFELS, M 2(F, 4 = 13.403, p=
0.0006, R* =0.202) ¥ & UMb 4(F, 4 = 21.581, p < 0.0001,
R*=0.296) #tic, BIFEORN &I L 7 (Fig. 2). 3t
I HTORER, BEINEE N 2 AR RRAOMHE X &
i 2 EHbE 4 ORI CTHERZIIEO o ie o722 (Fo
=0.083, p=0.7735), HFXDYIRICHERLREIRD o
7= (Fygy = 32.855, p<0.0001), Hiri 2 OFIZER LML 4 X
DH/NIL (t=-5437, df =8, p=0.0006, Fig.3), M
2 X IMEAR DR R HNIC X > THE S N BREICH - 712
b 6T, EEEEOMIEEL, i 412k,
2 TOHFRICO > THED > 72 (Fig. 2), 201449 H 15
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H? 10:00 ~ 12:00 Ok 2z ME U 72 f538, s 4 oK
mQR4°C)lE, 22L& Lificd 241 223°C) Itk T 1
°C LR LT,

BRI LS EEIL, RIRS v #: (Homoeothrix
Jjanthina (Bornet & Flahault) Starmach) 2353 2(84%) & &
U'Hb R 4(82%) DFAEFCHENL LTz, M 2 B X O 4
DORBIOHRBEIE ZN TN 139 BX O 17%, Zofio 7 v
HHIZZNETN3% BLXU 1% ThHh-o7-, 158 S5 HBE OB
®Hi, 2 TOEMFT CEREL 2 E8HEDTFE 2.09 1 g chl.
a kv LT (Fig. 4), ZInhliE DT OfESE,
i85 Hip ORI U Tl L 7= g skl o E o
12K BT S gD o7 (Fip = 1.575, p=0.2239),
—JF, ¥ 5 HEOBEERZ, &S E LRV EMIIKD
BOITKDRLD (F iy =4473, p=0.0473), M2 T
KUK THE L 2581 KED» o 72 (Fig. 4), &8,

2 ODORTFDORICHEREZAHEMIZRD S e d > 7 (Fiy
=0.152, p=0.7006), %7, E#EE L L THWZM)IKD
NO;-N(t=4.649, df =15, p=0.0003) & Xk O PO,-P IRk
(t=3417, df =15, p=0.0038) i%, Hixi4icH~, HiFH2
TE» - % (Fig. 5).

2016 4 8 A 22 Hic KA CHIE L 720k, BHZEsR,
BER Y VIRE & K OBIRZ BRI L 755 E,
ik (F,s = 89.363, p=0.0007, R*=0.946) & & OBAZHK
(Fi5 = 32.657, p =0.0046, R*=0.864) I3 /KD HifEAs
KEL R BIEEWIML Tz (Fig. 6). —J, 2%% (F5=
12.124, p =0.0253, R*=0.690) & X &V v (F, 5 =
21.340, p=0.0099, R*=0.803) 1%, Lifid> 5 Fiicifad-
THEARIFOHBEIHEMT 212 £ L T (Fig. 6).
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Fig. 4. Mean abundance of periphyton mass collected from the upper (S2)
and lower (S4) sites in the Yakugachigawa stream. The periphyton masses
were cultivated for 5 days in the stream water of S2 and S4. Error bars
represent standard deviations. Periphyton and stream water were sampled on
August 10, 2015.
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Fig. 5. Mean NO;-N and PO,-P concentrations of the stream water
collected from the upper (S2) and lower (S4) sites in the Yakugachigawa
stream. Error bars represent standard deviations. Stream water samples were
taken on August 10, 2015.
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HAH DAL KKE EORELB OGS, (15 EEE
DHRAFRDOHEIZIOIS AT 4 v 7 ETNVIC K> TERITE,
B I3 B R ORI IR T 2 (R 5 2002), 7
O, SB)I EREE X O TS O 5 EEEE o8
MMEE X, HEEPRECEDZIFERTLAL, o, &
I ik o f A b s, H R RIS O S A s He, I
PR DI NABIEICH D, KR ETEL-7IC
bob 69, EREEOMINEE I ToRERICH
7o TRE o7, RWFZETIE, half-scrape 7 (Stevenson
1990, Wk - 2238 1991) Z F\WC, 1 oA DOREITEK X
NI AHEEITE O B R OB D & %) o—REHEH
ZEHI L 72, AT, fagEekAERRE /N O EAENY)
KL 2REDHELZBRIIRET 22 LIETE TR, 5
%, HEHAMICEEE ANOLGBIGEZIE T 242 L, il
DJi % G TRIBINC BT 2 (5 A ) O 1 %
BEEL T 2 EBRETH S,

TS EO—RAEEZ, UL ISR IS & 58
Bz X R E 11T\ % (Mosisch et al. 2001, Abe et al.
2007, Elasholi et al.2011), L2>L, &P _ Lo s
Mg, RTTRIRO FE A R, XD R S BB
HoIHBD ST, MEEHO—-RKEFEN XG>, B
HTlE, KBGO ABANRKE VO, FAERINS T
b TREAR DR S B PG 5 S BV T\ B I5FT TS S O
BETEDSEBRBEIC & o THIR S e WA DS % (Davis et al.
2008), HEENVEFISIC & 2 BB o BFig Tk, MNP 5
B Do TRAILTV 3 (Fig. 1), 2070, GBI LT
TlE, WIERRIC X 2 BBEOBEI R RN ol L EZ S
ns,

BN BRI OFER, B 5 N oML, FERPInhE
DOFHR LD HIWD LTy, BiftRom)IIKTREEL
LEICKRE o7, THUd, R OW)IK TR L 727505,
R RESE L 2R DD e, H B VIR L2 b Db
XOWIE L7270 EFE 2 oD, FEEERIEI—EDOKEE X



BRI 3 1 2 (A HEUERE ) DR ZEAL 109

UREAE T Tiro, Lo, BEERE LR MIIIKRD
NO;-N 8 & O PO,-P L, spTIHSICER, ERTE
Dot BBNITIE, MEEEOEEREEEIC X D IR
SNTWB I ERTHING, 58, KEEHZENT 2H
% (Pringle ef al. 1986) 7 £ %479 I k> TEIENINCEIT S

AR ORBERRIC O WIS 2 2 LN ETH
5,

—fiz, WA EEEO XA EFiA S THicr
B> TEE S 7 ) (Naiman ef al. 1987), = OZEL I ek
DRI B % BT TR ER RIS > T T 5729
E#Z 5T\ % (Lamberti & Steinman 1997), %#)IT
1, BPAMRAEORE, (S EEE O BRI TR
FEH ISR, ERBoOFEM S cREL o, T, B
BERD O NMEREOEEPREREEIC I DHIBEI TV 2
EEZoNK, Ioic, £FFE -2 VIEER B> S TH
NS THED LT, TNsDfED» S, BIEIIOME
RN EFD S THRICA2 > TR T LTW2S 2 LT
MEn sz, 5%, WRICH-> TS SICHEMAREZTV, £
EEEERET) L RERIREOMRZMELET 2 2 LB TH
%,

BENNIHIED BRI N D) a2 F a7 720 FELER
miichd by, RINOMNBREORESHHALE L->TS (7
S 1992), BEFINCIZREREE XS ARREI N T
R0, RO LiEERA A (MR 2) FTY 2 v ¥ a
V7 IDEEDBHERIN TS, AFEOKR, BEFE0OLH
NMoREEEEEDE, PTIREICHS, R TEvw 2L
DRI Ntz BIBEIITIE, VarFar72iit>TRY
DAEEMINEGWAESEINE ERBICH 2 LHEMII N %, 514,
AR 5 1§ 2 B S BT 2 Mk T o~
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Fig 6. Relationship between catchment area and the discharge, sky
openness and concentration of total nitrogen (TN) and total phosphorus (TP)
in the Yakugachigawa stream. Data (open circles) and solid regression lines
are indicated. Environmental factors were measured on August 22, 2016.
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