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13.96 + 5.65 0.40 16.56 + 7.01 0.42 14.99); Group D (15.00-19.99); Group E (20.00-24.99);
Group F (25.00-29.99); and Group G (30.00-34.99).
Stn.L1 13.17+3.67 Stn.L16
Group Stn Date Surface salinity  Bottom salinity
31.20+£2.49  Fig.2(b) A L 21Apr 381 1070
L5 21-Apr 393 9.10
cv Stn.L1 0.28 Stn.L16 0.00 8 U 16un 710 12,00
L2 21-Apr 6.06 1228
Stn.L1 Stn.L16 7 21Apr 553 1047
L8 21-Apr 813 1217
14.92-21.50 Stn.L5 Stn.L7 Stn.L8 c 1 sAw 1138 11.35
20-Oct 10.13 18.62
CVv 15.67+5.29 0.34 15.62+3.65 0.23 L2 16Jdun 14.40 17.86
20-Oct 1373 2063
1903 + 538 028 L5 16-Jun 1354 1394
20-Oct 11.69 1853
387 i 274 286 L14 21-Apr 13.03 2228
D L7 16-Jun 16.00 1793
+3.60 8 10 9.Aug 17.12 17.14
20-Oct 17.20 17.22
Stn.Y3 3.70 8 6.70 10 18 16dun 16.24 1950
20-Oct 16.58 19.15
<1.00 E L2 9-Aug 20.01 1983
L5 9-Aug 21.14 2111
L14 20-Oct 2291 26.24
Fig.2 Stnll  Stn.L16 ‘ s i e
) L16 21-Apr 2621 3034
<5.0°C Fig. 2(3.) 7 16-Jun 28.06 2808
8 62+06°C ° 6 e dw  us
L16 20-Oct 3365 3354
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4 16.9+2.0°C 6 19.3+15°C 8 11.8+0.7°C 10
6.0+ 1.0°C 4 166 +1.9°C 6 192 +1.7°C 8 12.0+0.6°C 10
Fig. 2(b) <1.0°C
Stn.L1 Stn.L2 Stn.L5 Stn.L7 Stn.L8 Group A
Group E Stn.L14 Stn.L16 GroupF Group G Table 1
Group B Group D Fig.3 7
1.0-2.0x 108 cellsL? Fig. 3(a) GroupC
Group D 25 x 10%cells LY 9.3 x 108 cells L™!
Fig. 3(b) Group B 4.0
x 108 cells L' Group D
10 x 108 (a) Surface water (b) Bottom water
cells Lt - =20 .
< 101 . .
3 .
o 8.0 E :
=
X 6.0 — .
8
& 4.0 — D .
2 § -
=1 H -
2 20+ 1 . ° -
6 1 @ - i
0.12:+0.11 x 10 cells L - Eg = O BN =t=m=

<1.00 0.78+0.73x10°

cells L >1.00
SMPB Group A

Group G

Group B
Group D
Fig. 4

SMPB Group
A 0.26
x108cellsL!  Group G

0.032 x 108 cells L*  Fig.
4(a)

SMPB Group
A 0.24 x
10%cellsL* Group G
0.060 x10° cells L*  Fig.

T T T T T T T T T T T T T T

A B C D E F G A B C D E F G

Surface salinity

Fig. 3. Spatial distribution of total cell abundance for (a) surface and (b) bottom
water. X-axis means that data were classified into seven groups along surface salinity:
Group A (0.004.99); Group B (5.00-9.99); Group C (10.00-14.99); Group D
(15.00-19.99); Group E (20.00-24.99); Group F (25.00-29.99); and Group G (30.00—
34.99). Box plot bold line: median; whisker: maximal and minimum; circle: outlier.

(a) Surface water (b) Bottom water

2 060 - ] -

g | | :

& o T

% 0.40 , ‘

§ 0.20 - - -El _

% 0 ngmﬁ = QE
o T T

D E F G A B C D E F G
Surface salinity
Fig. 4. Spatial distribution of suspended microphytobenthos cell abundance in (a) surface
and (b) bottom water. X-axis means that data were classified into seven groups along
surface salinity: Group A (0.00-4.99); Group B (5.00-9.99); Group C (10.00-14.99);
Group D (15.00-19.99); Group E (20.00-24.99); Group F (25.00-29.99); and Group G
(30.00-34.99). Box plot bold line: median; whisker: maximal and minimum; circle: outlier.
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4(b) SMPB  GroupB GroupD
0.59x10%cellsL* GroupB 0.45x10%cellsL' GroupC 0.48x10°cellsL? GroupD
SMPB Wilcoxon signed-rank test p = 0.02
Fig. 5 SMPB 10% 20%
» 0.60 0
©
(&) -
<) 1
¥ 0.40 - .
~ []
Py ]
2
Fig. 5. Suspended microphytobenthos & (.20 -
cell abundance in surface and bottom  § 1
water. Box plot bold line: median; & |
whisker: maximal and minimum; E 0 - —T —
ircle: outlier. ‘ ‘
crreie: outtier Surface Bottom
water water
PPL SMPB Table 2 12 SMPB
20
PPL SMPB PPL 0.0037-11 x 10* pm?® cell’* 0.10-4.4 x 10*
pm?3 cell?
SMPB PPL SMPB 1 Cocconeisspp.  PPL
3 Skeletonema spp. Heterocapsa triquetra (Ehrenb.) Stein  Prorocentrum sp.  Fig. 6
SMPB 3.8 x 10* pm® cell*  Table 2 4
1-2 Table 2.

Melosira varians C.Agardh

M. varians

Fig. 6

M. varians
0.7%
0.8%
Cocconeis spp. M. varians
Skeletonema spp.
H. triquetra  Prorocentrum sp.
Fig.6 7

Cocconeis spp.

Suspended microphytobenthos and phytoplankton and their cell volumes

in the water column.

Suspended Cell volume Phytoplankton Cell volume
microphytobenthos (% 10* pm° cell'") P (% 10* pm® cell")
Bacillariophyceae Melosira sp. 1 1" Rhizosolenia setigera 44
Melosira varians 38 Ditylum brightwellii 36
Nitzschia rectilonga 29 Thalassiosira sp. 16
Melosira sp. 2 1.0 Podosira stelliger 1.1
Cocconeis spp. 0.69 Odontella aurita 0.78
Gyrosigma sp. 0.36 Chaetoceros sp. 2 0.70
Licmophora sp. 1 0.27 Aulacoseira ambigua 0.38
Aulacoseira sp. 0.21 Leptocylindrus sp. 0.18
Licmophora sp. 2 0.082 Skeletonema spp. 0.024
Meridion sp. 0.082 Nitzschia pungens 0.021
Cylindrotheca closterium 0.021 Chaetoceros sp. 1 0.010
Nitzschia sp. 0.0037
Centrales (Unidentified) 0.26
Pennales (Unidentified) 0.036
Dictyochophyceae Dictyocha sp. 0.52
Dinophyceae Gonyaulax sp. 1.8
Prorocentrum micans 1.5
Peridinium sp. 0.87
Heterocapsa triquetra 0.17
Prorocentrum minimum 0.14
Heterocapsa sp. 0.019
Prorocentrum sp. 0.015
Euglenophyceae Eutreptiella sp. 0.10
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M. varians 0.1-0.2 x 108 cells L™t 0.01-0.05 x 106 cells L* Skeletonema spp.

H. triquetra  Prorocentrum sp. 0.1-1.0x108cells L 0.1-4.0x 108cellsL? 0.1-1.0 x
109 cells Lt
PPL SMPB oligohaline mesohaline Fig.
6  Cocconeisspp. oligohaline mesohaline GroupC GroupD
1.1x10%cellsLt 0.31x10%cellsL* M. varians oligohaline mesohaline
GroupC Group D 0.24x 108 cellsL? 0.072 x 10°
cellsL' PPL Skeletonemaspp. GroupC GroupD H. triquetra
mesohaline 25x108cellsL? 8.7x10%cellsL* Prorocentrumsp.  Group
B Group G mesohaline  polyhaline PPL

(a) Cocconeis spp.

1.2 4
0.80
2040 1 -
(‘EE 0_EE$£|= nd _:%:D:__
x o : | —
] (b) Melosira varians
g —
Fig. 2 Stn.L1 2 020
Stn.L16 8.11+3.38 3010 © ] ]
+3.53 >20 0.10 - 1 D
0___——nd. nd  nd N _E— nd. nd
387 + 2.74 2.86 + 3.60 A B C D E F G A B C D E F G

Surface salinity

Fig. 6. Dominant species cell abundance in surface (left line) and

bottom water (right line). X-axis means that data were classified

<5_ into seven groups along surface salinity: Group A (0.00-4.99);

Group B (5.00-9.99); Group C (10.00-14.99); Group D (15.00-

>30 2011 19.99); Group E (20.00-24.99); Group F (25.00-29.99); and Group
G (30.00-34.99). Box plot bold line: median; whisker: maximal

and minimum; circle: outlier.
Boynton & Kemp 2008

GroupB Group D

e.g., Chesapeake Bay 1.0-10 x 10° cells L' Marshall & Nesius 1996  Narragansett Bay 1.0—
6.0 x 10° cells L* Nixonetal. 2009  San Francisco Bay 2-50 x 10® cells L* Cloern 1991  Akkeshi-ko
Estuary 0.29-2.0 x10%cells L't  Kasim & Mukai 2006
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GroupB GroupD

Fig. 3

PPL

POC

Chl.a
Watanabe &
< 83%

New River Estuary NC USA

GroupB Group

B

-

n.d
T

=
EF =

nd. — =

=

A B C DE F G

Surface salinity

Fig. 6 (2011) Group C Group D
PPL DIN POsP > 50%
Kuwae (2015) PPL  Group B Group E
PPL
Hall et al. 2013
4 3-18 PPL
PPL
2011
DIN PO4sP PPL
D Group A PPL
SMPB (c) Skeletonema spp.
3.0 -
Fig. 4 2l0 .
SMPB | |
1.0 - j
<1.00 Q0 - nd nd nd =—__
1
S (d) Heterocapsa triguetra
SMPB Cocconeis spp. T 9
e 80 T
X
. 3
Fig. 6 3 % 4.0 -
Cocconeis 2 1
river-derived Cocconeis § o0l——/—— '~ nns
(e) Prorocentrum sp.
Cocconeis seagrass-derived 01 _
Cocconeis |
2.0 -
Cocconeis 4 6 Stn.Y3 ]
Cocconeis 4.0x%103 1.0 QH
-1 1 A T
cellsL 3 o] e ] =
2.0x10%cellsL?  river- ABCDETFSG
derived Cocconeis 3
Fig. 6. (continued)

river-derived Cocconeis

2.2 x 101 cells d?
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20 km? 14 km? Cocconeis 1m?

3.0 x 106 cells m2 Tsujietal. inprep.  4.2x10Bcells  Cocconeis
Cocconeis 10%
4.2x10%cells  seagrass-derived Cocconeis river-
derived Cocconeis  seagrass-derived Cocconeis 1 5.2% Cocconeis spp.
seagrass-derived Cocconeis SMPB
Cocconeis spp. SMPB
Stn.L14 Stn.L16
2
2011
SMPB
SMPB GroupB Group D SMPB
SMPB
Fig.5
Nixon (1988) De
Jonge & Van Beusekom (1992) Lucas et al. (2000)
Fig.2
SMPB

SMPB
10% 20%
e.g., Westershelde Estuary 15-42% Lucas et al. 2001  Akkeshi-ko Estuary <

50% Kasim & Mukai 2006 PPL PPL
Passy 2007
PPL SMPB GroupB Group D
Fig.3 Fig.6 Cocconeis spp.  Melosira varians  oligohaline mesohaline
Fig. 6
Cocconeisspp.  oligohaline mesohaline
Fig.6 Cocconeis
Jakobs & Noten 1980 Potapova 2011 Tiffany 2011 8.8-21.4 Jakobs
& Noten 1980  Faccaetal. (2002)  SMPB
Watanabe & Kuwae 2015
Tsuji et al. in prep. Cocconeis spp. oligohaline mesohaline

polyhaline  euhaline
Licmophora Tiffany 2011
6 polyhaline  euhaline
SMPB
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Melosira varians
Marshall & Alden 1990 Mallin 1994

Fig.6  Melosira

Muylaertetal. 2009 Potapova 2011

6 Stn.P1 4.0x10%cellsL? M. varians
Fischer 1986
oligohaline mesohaline Fig. 6
PPL
Fig.6  Carstensen etal. (2015)
30° 8 PPL
3 PPL 5 Skeletonema costatum (Grev.) Cleve
Heterocapsa triquetra Prorocentrum cordatum (Ostenf.) J.D.Dodge 3 14-28
6-15 6-15 Skeletonema Heterocapsa triquetra
Prorocentrum 15—>30 10-30 6—>30 Brand 1984 Rijstenbil 1988

Marshall & Alden 1990 Mallin1994 Litaker etal. 2002 Shikata et al. 2008

spp. H.triquetra Prorocentrum sp.

Kirst 1989 PPL

SMPB  PPL

PPL mesohaline

SMPB

PPL

SMPB
& Van Beusekom 1992 Komorita et al. 2014

Skeletonema

Deegan & Garritt 1997 Kanaya et al. 2007

PPL SMPB
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Mann 2000
Hemminga & Duarte 2000
30-50% Kennedy et al. 2010
Frankignoulle & Bouquegneau 1987 Kennedy et al. 2010
Gambietal. 1990 Fonseca & Cahalan 1992 Ward et al.
1984 Peterson etal. 1984 Valentine & Heck
1999 Orth et al. 2006
Moncreiff & Sullivan 2001 e.g.,
Bologna & Heck 1999
6-78% 1-68% Moncreiff et al.
1992 Kitting
etal. 1984 Klumppetal. 1992 Moncreiff & Sullivan 2001
20-62% Klumpp et al. 1992

Kitting etal. 1984 Borum 1987

Dahlgrenetal. 2010 Bostrém
et al. 2014 Vinagre & Costa 2014 Deegan & Garritt (1997)  Plum Island Sound Estuary MA
USA

Deegan & Garritt 1997 Kanaya et al. 2007 Richoux &
Froneman 2007
Dahlgrenetal. 2010

Penhale 1977 Jakobsetal. 1983 Heijs 1985b Heijs 1987a Heijs1987b Thom 1990
Moncreiff et al. 1992 Nelson & Waaland 1997 Hasegawa et al. 2007
Kentula & Dewitt
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2003 Hasegawa et al. 2007
etal. 1984 Klumppetal. 1992 Uku & Bjork 2001

Heijs 1984 Heijs1985a Kitting

1.0m
70% 16-318 g dry weight DW
m-2 Tokoro etal. 2014
2.8-325
2011
46° —_— —
43°19” 46. 5" N, 145°15 27.845.,
Fig. 1 58 km? 20
42° :
2 N
40° — R .
0.20-0.35m 140° 144° 148°
1980 3 —
A
Yaushu- Nemuro Bay
betsu Rive
10m
11m
12 3 Fure
2015 4 6 8
10 1
Fig. 1. Location and sampling stations in Lake Furen.
4 Water channels in the lake are depicted as deeper.
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Stn.L1 Stn.l2 Stn.Z8 Stn.Z2  Fig. 1 ca.1.0m

Stn.L1 Zostera japonica Aschers. & Graebn. Stn.L.2
Stn.Z8 Ztn.Z2 Zosteramarina L. Stn.L1  Stn.L2 CTD
YSI6600 YSIIncorporated OH USA  Stn.Z8  Stn.Z2
2 Stn.L14  Stn.L16
2006 2015 4 12
11.2+7.1 Stn.L1 144+71 Stnl2 242451 Stn.L14 29.0+£3.0 Stn.L16  Tsuji
et al. in prep. 3
30 cm x 30 cm 1 3
8 1
5
4
60
6 100cm 50cm Ocm 1-
3 8 50cm 1 10 Stn.L1 50cm O
cm 1
60
1N
NA-
1500 Fisons Instruments Incorporated MA USA
“TAZ-B”
AZ-B EMA-B “TBZ-B”
1m? g DW m2 surface sediment
100cm 50cm 0Ocm
E/Z E/lZ
4 10 Stn.L1 E/Z
TAZ-B E/Z EMA-B TAZ-B EMA-B
AZ-B AZ-B EMA-B TBZ-B
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R3.2.2 Rcoreteam 2015 0.05
Principal Component Analyses PCA PCA AZ-B EMA-
B TBZ-B AZ-B EMA-B TBZ-B
+S.D.
8.11+3.38 Stn.L1 13.55+5.73 StnL2 22.99+7.24 Stn.Z8 30.10+3.53 Stn.Z2
Stn.L1 Stn.Z2 >20.00
4 12.28 £ 10.08 4 18.89£9.90 6 2346 £9.69 8
21.17+9.31 10 4 Stn.L1 Stn.L2 Stn.Z8
381 6.06 13.03
<5.0°C
8 6.1+0.7°C 4 158+2.1°C 6 18.7£1.9°C 8 12.0
+0.9°C 10
(@)
1,200 i
Stn.L1 ’5‘ 000
3 Stn.L2 Stn.Z8 Stn.z2 : 800
Kruskal-wallistest p=0.03 Stn.L2 % _ '
Stn.z2 156 shoots m2 411 shoots m2 g 300 . . —1 |
Fig. 2(a) o L :
89-267 shoots m? Stn.L2) B N “ “
111-394 shoots m? Stn.Z8  267—744 shoots m?  Stn.Z2 o0 v
Kruskal-wallis test p=0.28 0.11 0.18 P
Stn.L1 4 6 § 400
111 shootsm? 4 233 shoots m? 6 ?
8§ 10 g
1,400 shoots m?2 8 822 shoots m? 10
TAZ-B  TBZ-B ° LT1 L2 z8 z2

7-380gDWm? 5-75gDW m?

2(b) 4

TAZ-B TBZ-B

Fig. 2. (a) Number of scagrass shoots and (b)
TAZ-B and TBZ-B throughout study periods.
Plot and bar: median; whisker: maximum and

minimum.

Fig.

Kruskal-wallis
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test p=0.08x10* 0.03x10"* TAZ-B

3.0-29gDWmr

2 StnL1 29-281gDWm? StnlL2 45-318gDWm? Stn.Z8 279-488gDW m? Stn.Z2
TAZ-B Kruskal-wallis test p = 0.07 0.14 0.17 0.11)
TBZ-B 2.0-17gDWm? Stn.L1
7.2-19gDWm? Stnl2 2344gDWm? Stn.Z8 38-118gDWm? Stn.Z2 TBZ-B
Kruskal-wallistest p=0.07 0.11 0.38 0.35
TAZ-B TBZ-B TAZ-B TBzZ-B Stn.z2
6 8
(a)
100 @ m . o
N / =2
| / +-Z8
E/Z ' / .22
|
100 cm  E/Z £
Stn.Z8 0.019 %
0.12 Stn.L2 -0.28 Stn.z2 Fig. 3(a) 50 %
cm  E/Z Stn.L1 0.027 Stn.Z2 0.19
Ocm E/Z Stn.L1 Stn.Z2
<0.010 Stn.L1 -0.10 Stn.z2 0 0.2 0.4
O cm 100 cm E/Z ratio
E/Z E/Z ©
06
EMA-B Table 1
E/Z o]
04
o e
0.021-32 g DW m? leaf surface 8 e L
. o o]
Fig. 3(b) 02
E/Z ng OJune
O @ August
r=0.93 p<0.05 o)  October
° 0 10 20 30
Epiphyte biomass (g DW m2 leaf surface)
EMA-B TAZ-B Fig. 3. (a) Vejrtical patterns of E/Z ratihos and
(b) correlations between epiphyte biomass
EMA-B per leaf surface area and E/Z ratio
EMA-B 4 Kruskal-wallis test thr(.)ughout st.udy per10d§. .Plot: median;
whisker: maximum and minimum.
p=0.09x10° Fig.4(a) EMA-B Stn.L1
0.088gDWm?  Stn.Z2 3 _ , ,
Table 1. Median E/Z ratios at each station.
90gDWm? EMA-B  Stn.Ll TAZ- Italics: estimated value.
B 1% StnL.2 10% Stn.Z8 1% Stn April June August October
Stn.Z2 24% EMA-B L1 001 0.01 0.03 0.01
L2 010 012 003 0.11
0.03-0.97g DW m2 Stn.L1 78 0.10 0.04 0.05 0.09
27-28gDWm?2 Stnl2 4-17gDWm? Stnz8 43— __ ° o - o o

33



145gDWm? Stn.Z2 Fig.5 EMA-B Kruskal-wallis test

p=006 0.4 026 0.09) EMAB 6 8

AZ-B AZ-B 4

Kruskal-wallistest p=0.04 Fig. 4(a) AZ-B
3.0-28gDWm? StnlLl 26-253gDWm? StnlL2 41-302gDW
m? Stn.Z8 210-343gDWm? Stnl2 Fig.5 AZ-B
Kruskal-wallistest p=0.07 0.09 0.17 0.28 Stn.Z2 AZ-B

6 8

1 1 1m

3

1 0.024 g DW shoot*  Stn.L1 11g
DW shoot?  Stn.Z2 1 0.013
g DW shoot? Stn.L1 -0.18 g DW shoot® Stn.Z2 Fig. 4(b) 0.30m

Stn.L1 1.0m Stn.L2 Stn.Z8) 1.5m Stn.Z2 1 Im

Stn.L1 0.081 g DW shoot™ m? leaf length ~ Stn.L2 Stn.Z8 Stn.Z2 3
0.51-0.71 g DW shoot* m* leaf length

600

O EMA-B ¥
O AZ-B
W 1828
T 400
2
[m]
2
1]
8
E 200
g
0 L=t
L1 L2 z8 22
(b)
1.5
5
S 10
w
3
Fig. 4. (a) EMA-B, AZ-B, and TBZ- 5
B and (b) seagrass above- and & 05
belowground biomass per shoot 5§
. m
throughout study periods. Bar:
median; whisker: maximum and
Lo 0.0
minimum. P Lo 78 7
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(a) (b)

e O EMA-B l .
0 Az-B
& N TBZ-B &
; 400 g 400 l
(e} (d)
é 400 — | £ w00
Fig.5. EMA-B, AZ-B, and TBZ-Bin = E
(a) April, (b) June, (c) August, and fom :
(d)October. Bar: median; whisker: ] :
maximum and minimum. 0 | - — - i — i [—— -
PCA
PCA PC1 66% PC2 25%
91% Fig.6 PCL .
” Stn.Z2 PCA
Stn.L1 PCA PC2
“ " 6 8
Stn.Z2 PCA

< ] Ap-22 oo
Ap-L1
,a\pzs”‘P"-E | o
S EMA-B
TBZ-B o4 -
o Jo22 0028 L
§ o
AZ-B Ju-L1 -
Fig. 6. Principal Component Analysis g - Salinity W2 aul
showing the relationship among surface Au-Z2 L e
salinity, surface temperature, AZ-B, - = Aul2
EMA-B, and TBZ-B. Data were plotted S ] . -
based on sampling month and station. Temperature .
Ap: April; Ju: June; Au: August; Oc: T | 7 T —
Qctober. 04 02 0.0 0.2 04
PC1
29-155mg Cg'DW 4.5-22mgNg'DW Fig. 7(a) C/N
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79 4 289 Stn.L1 -306 Stn.Z2

mg C g DW Stn.L1 33 mg g DW
4
CIN 11-15 20 C/IN Stn.L1
Stn.Z2
AZ-B EMA-B TBZ-B EMA-B TAZ-B
Stn.Z2 AZ-B
45-101gCm? Fig.7 TBZ-B
Stn.L1 Stn.Z2 15 StnLl -22 Stn.Z2 gCm? EMA-
B Stn.L1 <0.010gCm? Stn.Z2
0.36 Stn.L2 -11 Stn.Z2 gCm? AZ-B EMA-B TBZB 4

Kruskal-wallis test p =0.01 0.04x10? 0.05x10! TAZ-B

EMA-B 0.11% Stn.L1 1.5% Stn.L2
4.4% Stn.Z8 9.8% Stn.Z2

400
O L1
S O L2
aboveground/ ~ 3 zs
= £ N Z2
300 ——— LAt
% belowground O
—-m X p
3] e -
2 200 P
- e , ,r’
§ iy " e
'g' P e
o - -~
g 100 v /71{%
2 ! e
o et B
&] /,,,4@:, epiphytes
0
0 10 20 30 40
Nitrogen content (mg N g’ DW)
(b)
150

Fig. 7. (a) Carbon and nitrogen contents of
seagrasses and epiphytes and (b) EMA-B, 120 E'E;ngs :
AZ-B, and TBZ-B as carbon throughout study W TBZB

periods. Plot with whisker: mean with = S.D;

bar with whisker: median with maximum and
minimum. In (a), dashed line: C/N = 6.6 (as

90

Carbon biomass (g C m2)

phytoplankton, Redfield et al. 1963); solid °0

line: C/N = 8-11 (as epiphytes, Hasegawa et 2

al. 2007); light line: C/N = 20-30 (as \
seagrasses, Fourqurean et al. 1997, Hasegawa —F—

etal. 2007). °

L1 L2 Z8 Z2
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AZ-B EMA-B TBZ-Z

8.11+3.38 Stn.L1 30.10+
3.53 Stn.z2
TAZ-B TBZ-B Fig.2(b) TAZ-B  E/Zratio
EMA-B 0.088-90 g DW m2
Fig 4(a) E/Z
E/z
E/z 0.17-0.52 Penhale 1977 Uku
& Bjork 2001 0.021-32 g DW m2 leaf surface
0.1-21.4 g DW m? leaf surface Heijs 1984 Heijs1987 E/Z
Fig. 3(b) E/Z Stn.L1 Stn.Z2
0.12 0.28 Fig. 3(a)
E/Z Jakobs
et al. 1983 Heijs 1984 Heijs 1985a 1
Stn.L1 Stn.z2 0.024 g DW shoot? 1.1 g DW shoot? Fig. 4(b)
1 Im 3 0.51-
0.71 g DW shoot* m? leaf length 1
Miller et al. 2005
1.5-0.6 m*

45mt StnlLl 1.2m?' StnL16 2011 2014 4 12
Tsuji etal. in prep.
Stn.Z2 4
E/Z
E/Z E/lZ
<0.010-0.027 Stn.L1 0.031-0.13 Stn.L2 0.034-
0.16 Stn.Z8 0.096-0.28 Stn.Z2 Fig.3(a) E/Z
Jakobs et al. 1983 Heijs 1985a  Jakobs et al. (1983)
100%

Jakobs etal. 1983
E/Z Fig.3(b) Jakobset
al. (1993) E/Z Stn.Z8
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100 cm  E/Z ratio Fig. 3(a) Fig.
3(b) Jakobs et al. 1983

TAZ-B E/Z ratio EMA-B
EMA-B 3 0.088-90 g DW m2  Fig. 4(a)
EMA-B  0.1-57gDWm? Papua New Guinea Heijs 1987b  2.1-202 g DW m? San
Juanlislands WA USA  Nelson & Waaland 1997  5-234gDWm? YaquinaBay OR USA  Kentula

& Dewitt 2003 Kentula & Dewitt (2003) ca. 25—
35
< 10— 30 EMA-B
AZ-B
AZ-B 6.9—
326 g DWm? Fig. 4(a) AZ-B  ca.<100—>500g DWm? Duarte

& Chiscano 1999 Clausen et al. 2014  ca. 40-170 g DW m? Harrison 1982 Kaldy 2006

1.0m AZ-B Kentula
& Dewitt 2003 Barko et al. 1986, Duarte 1991
Nejrup & Pedersen 2008 Saloetal. 2014  Nejrup & Pedersen (2008) <10-15
6 40-60%
Saloetal. (2014) 6 20
AZ-B
Fig. 4
<5.0°C AZ-B
Stn.Z2 AZ-B AZ-B
6 8 Fig.5 Nelson

& Waaland 1997 Hasegawa et al. 2003 Kentula & Dewitt 2003

PCA AZ-B EMA-B TBZ-B “
" Fig. 6 PCA
AZ-B Nelson & Waaland 1997
Hasegawa etal. 2003 Kentula & Dewitt 2003 EMA-B
Jakobs et al. 1983
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AZ-B EMA-B TBZ-B

EMA-B Stn.L1
Fig. 7(b) TAZ-B

1-68% Moncreiff et al. 1992 4

Stn.Z2 3 <00lto11gCm?
EMA-B
0.11-9.8%
Fig.7(a) TAZ-B EMA-B
10%
CIN 8-11 Hasegawa

6.6 Redfieldetal. 1963

ca. 0.37x108-1.3x108 cells g DW*  Tsujietal. in
20-30 Fourqureanetal. 1997 Hasegawaetal.
C/N

Fourqurean et al. 1997

CIN 8
etal. 2007 CIN
Stn.L1 Stn.zZ2 1
prep. CIN
2007
2001

Moncreiff & Sullivan
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“PPL” Mann 2000
“ B MA
Maclntyre et al. 1996 “ EMA
Potapova 2011 BMA EMA “ MPB”
PPL BMA EMA PPL
Cloern et al. 2014 Cloern & Dufford 2005 BMA
PPL Cahoon & Cooke 1992 Gillespie et al. 2000 BMA
De Jonge & Van Beusekom 1992 EMA 50%
Moncreiff et al. 1992
Klumpp et al. 1992
“ SMPB ”
Kasim & Mukai 2009 Komoritaetal. 2014 SMPB a Chla <60% De
Jonge & Van Beusekom 1992 POC 48% Suga et al. 2011
PPL BMA EMA SMPB

Moncreiffetal. 1992 Condeetal. 1999 Borum & Sand-Jensen 1996 Havens et al.
2001 SMPB PPL SMPB

Cloern1996 Boynton & Kemp 2008 Deegan & Garritt 1997 Kanayaetal.
2007

2.8-32.5 2011
(2011) DIN
6.2-121 umol L
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0.61—4.7 umol L*

0.50-2.0 ~ 0.33-0.56 pmol L*  ~100-600 ~ 10-20 pumol L* PPL
PPL 10-20 2011
10m Tsuji etal. in prep.
BMA 2-3
Tsuji & Montani 2016 EMA
PPL SMPB
BMA EMA
PPL BMA EMA
BMA EMA SMPB
PPL 10-20 BMA EMA
SMPB

43°19 4164.55"1IN" 27 . 8" E

44°
Fig. 1 58 km? ST
42° | 5 .G
2 400 1 N .
0.20-0.35m 1980 3 1400 144° 148°

Nemuro Bay

1.0m Yaushu-
betsu River
11
m 12 3
2015 4 6 8 10 1 Furen River
7 Stn.L1 Stn.L2 Stn.L5 Stn.L7 5 km

Stn.L8 Stn.L14 Stn.L16

Fi Fig. 1. Location and sampling stations in Lake Furen. Water
9.1 . ;
channels in the lake are depicted as deeper.
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Stn.L1 Stn.L2 Stn.L5 Stn.L7 Stn.L8 Stn.Z2 Stn.Z8 4
Stn.Z8 Stn.Z2
1L
10 cm
5141-BW RIGO Co.Ltd Tokyo Japan

Stn.L1 Stn.L2

YSI 6600 YSI Incorporated OH USA

3cm
0-0.5cm 10 1 1
Stn.Z8  Stn.Z2 8
5
12
100—200 mL 0.1-0.6 gwet weight WW 200
mL 0.1-0.5 g WW 50 mL
Edler & Elbréachter 2010 48
10 mL 3,000xg 15
1-7mL
TATAI FUJIRIKA Incorporated Osaka Japan 2.5mm?
3 2
(1990) (1997) (1999) (2006)
sp. sp.lor2
spp.
PPL BMA EMA
PPL tychoplankton ~ PPL Vos & De Wolf 1993  Prorocentrum
PPL Tsuji et al. in prep.
BMA EMA
BMA EMA
Tsuji et al. in prep.
1
1988 Montagnes 1994 Hillebrand et al. 1999  Menden-

Deuer & Lessard (2000)
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1.0m cellsL?

cells m2 cellsg* DW
2.5gcm®  Montani et al. 2003 cells m?
5 mm cells m2
cells g DW EMA gDW m?2 Tsuji et al. in prep.
3 mg C m2

Group A Group G
Group A: 0.004.99 Group B:5.00-9.99 Group C: 10.00-14.99 Group
D:15.00-19.99 Group E: 20.00—24.99 Group F: 25.00-29.99 Group G: 30.00-34.99 Venice system (1958)
Group A 0.004.99 oligohaline Groups B-D 5.00-19.99 mesohaline Groups E-F 20.00—
29.99 polyhaline Group G 30.00-34.99 euhaline PPL SMPB
>2.0% 3
GroupA Group G

4 +S.D. 8.11
+3.38 Stn.Ll 13.55%573 StnlL2 2299+7.24 Stn.L14 30.10+3.53 Stn.L16
Stn.L1-Stn.L16 > 20.00 3
1258+ 7.07 StnL5 13.96+5.65 StnL7 16.56+7.01 Stn.L8 Stn.L1
13.17+£3.67 Stn.L16 31.20+2.49 2
14.92-21.50 3 15.67+£5.29 Stn.L5 15.62+3.65 Stn.L7
19.03+5.38 Stn.L8 3.87+2.74 2.86+3.60

Stn.L1-Stn.L16

<5.0°C 4 8 6.2+0.6°C 4 16.9
+20°C 6 19.3+15°C 8 11.8+0.7°C 10 6.0
+1.0°C 4 16.6+19°C 6 19.2+1.7°C 8 12.0+0.6°C 10
<1.0°C
7

4.3 x 108-5.2 x 10° cells m2
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_
o

8.2 x 1084.9 x 10° cells m? 0
Water column
5 10 o
6.6 x 10°-2.2 x 10'° cells § < 75 Sediment surface
) ; (S
m Fig. 2 g ° Seagrass meadows
PPL ® 8 50
>75% BMA EMA 82
® X 25
L
> 70% 0 :
3 B c D E F G
Kruskal Surface salinity

wallistest p=0.04x 10
Group A Group C

Fig. 2. Depth-integrated total cell abundance in water column, sediment surface,
and seagrass meadows throughout study periods. X-axis means that data were
classified into seven groups along surface salinity: Group A (0.00-4.99);
Group B (5.00-9.99); Group C (10.00-14.99); Group D (15.00-19.99); Group

3 E (20.00-24.99); Group F (25.00-29.99); and Group G (30.00-34.99). Bar:
median; whisker: maximum and minimum.
1.3x10%cellsm? GroupA 2.9x10%cellsm? GroupB 1.2x10°
cellsm? GroupC GroupA Group G
25x10%cellsm? GroupD -3.7x10%cellsm? GroupE
Group B Group G Group B
2.5 x 106 cells m2 Group G 5.8 x 10° cells m2
35 (a) Skeletonema spp. (b) Heterocapsa (c) Prorocentrum sp.
PPL BMA EMA 40 x 109 triquetra
PPL 3.0 x 10° -
& 2.0 x10° -
£
L 1.0 x 10° I -
@ -
BMA  EMA S o NoND_— o= T, .._ND ND um BB | == i um
@
2 _ _ _ ABCDETFG
8 (d) Cocconeis spp. (e) Melosira varians
_§ 10 x 10°
©
PPL T 7.5x%10° I : I
SMPB © o 10
X
5. . I
2.5 x 107 I
- —-— [
Skeletonema spp. Heterokapsa o = =E_gN°*wo

triquetra Prorocentrumsp. 3
PPL 7

5.0 x 105-2.0 x 109 cells

m?2 Skeletonema spp. 1.0 x

ABCDEFG ABCDETFG
Surface salinity

Fig. 3. Depth-integrated cell abundance of dominant species in water column.
X-axis means that data were classified into seven groups along surface
salinity: Group A (0.00-4.99); Group B (5.00-9.99); Group C (10.00-14.99);
Group D (15.00-19.99); Group E (20.00-24.99); Group F (25.00-29.99); and
Group G (30.00-34.99). Bar: median; whisker: maximum and minimum.
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10°-1.4 x 10 cells m? H. triquetra 2.0 x 10°-2.2 x 10° cells m? Prorocentrumsp. Fig.3 SMPB
Cocconeisspp.  Melosira varians 2 7
1.0 x 105-2.1 x 108 cells m? Cocconeis spp. 1.0 x 108-4.0 x 107 cells m? M. varians
Fig. 3
SMPB PPL PPL
Fig.3  Skeletonema spp. Group C
1.3x108cellsm?  Group G 3.2x108cellsm? H.triquetra  Prorocentrum
sp. Group C 25x10°cellsm?  Group D 6.1 x 108 cells mr
2 SMPB 7 Fig. 3
Cocconeisspp.  Group A 7
Group A Group G 1.5 x 108—7.3 x 107 cells m™ M. varians  Group A Group E
Group A Group E 2.0 x 105
1.2 x 107 cells m™2
Cocconeis spp. M. varians
7
Cocconeisspp. M. varians 4.7x105-2.0x10%cellsm? 1.2 x10%-3.0
x 10° cells m™2 Fig. 4
Cocconeis spp.
Group B Group F 1.9 x 10° cells m™
M. varians Group A Group G GroupD 1.7 x10%cells
m- Fig. 4
— (a) Cocconeis spp. (b) Melosira varians
E 4.0 x 10°
Fig. 4. Depth-integrated cell abundance of § 3.0 x 10°
(ot s of 0o misdows . 8 20 1 1. . &
were classified into seven groups along S 1.0 x 10° . b -
]sgurface jalinit?f: Group A (0.0(14.99)3 Group ‘_-Gu ho . BN o - NONDND
(5.00-9.99); Group C (10.00-14.99); Group 3 0 o
D (15.00-19.99); Group E (20.00-24.99); O ABCDEFG ABCDEFG
Group F (25.00-29.99); and Group G (30.00—
34.99). Bar: median; whisker: maximum and Surface salinity
minimum.
BMA EMA PPL
3 Kraskal-wallistest p=0.66 BMA EMA
1.1x 10%-1.1 x 107 um?3 cell? 2.5 x 10* um?® cell?
Melosira varians BMA EMA Fig. 5
PPL BMA EMA
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PPL
20%
Fig.5
BMA
EMA
SMPB
PPL
7
PPL
0.12-49
mg C m? Skeletonema spp.

Cell volume (x 104 pm?® cell"")

Relative cell abundance (%)

(2)
1.1x107

.
10 a0

i
7.5

5.0

2.5

O Phytoplankton
0 Benthic microalgae
o Epiphytic microalgae

80

60

40

20

Arachnoidiscus sp.
Melosira sp. 1
Rhabdonema sp.
Rhizosolenia sefigera
Melosira varians
Ditylum brightwellii
Nitzschia rectilonga
Gonyaulax sp.
Thalassiosira sp.
Prorocentrum micans

BN g EN g rp—— 5o
PR LR R M Y S DT
S OER P S BSERPYRIEREE
] o g2 Ee3ERrE g
RS ES SRR SRS RS R R LN
£E85E25 3 gE8&n =855 8
ZSEESEEELessT ittt
E2C 8BRS " 9BQEISKEZE B
g 26 "§%g<8Esf9s ¢
= S g = 538 =2 &
3 o 8
a

B Water column
o Sediment surface
m Seagrass meadows

sp1h

Nitzschia sp

Heterocapsa sp.
Prorocentrum sp.

Nitzschia pungens
a

Cylindrotheca ciosterium

Fig. 5. (a) cell volume and (b) relative cell abundance in total cell abundance of

each species. In (b), bar: median; whisker: maximum and minimum.

(c) Prorocentrum sp.

60

40

20

B ]
ND =E=

ABCDEF®G

24x10232x10°mgCm? H.
triquetra 4.9 x102>-52mg C m? Prorocentrumsp. Fig.6 SMPB
0.38-79mgCm? Cocconeisspp. 1.5-60mgC m? Melosiravarians
(a) Skeletonema spp. (b) Heterocapsa
triquetra
60 1,200
Fig. 3
- 40 800
£
O 20 | I 400
g’ ;
“g,: o NDND— - =_ 0 ND
1]
E (d) Cocconeis spp. (e) Melosira varians
Cocconeis spp. g 60 60
- Ke}
0.17-7.5 x 102mg C m*? 5 40 | 40
Group A Group G B
20 T g II 20 I
| -l
=
Group F 7.2 x10°mg C 0 0 HDRRD
ABCDEFG ABCDETFG®G
m- Fig. .
Surface salinity
7 M. Fig. 6. Depth-integrated carbon biomass of dominant species in water
varians Group A Group column. X-axis means that data were classified into seven groups along
D surface salinity: Group A (0.00-4.99); Group B (5.00-9.99); Group C

0.18-4.5

(10.00-14.99); Group D (15.00-19.99); Group E (20.00-24.99); Group F
(25.00-29.99); and Group G (30.00-34.99). Bar: median; whisker:
maximum and minimum,.
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x 10°mg C m? M. varians Group D 2.5 x 10°mg

Ccm?

6‘; (a) Cocconeis spp. (b) Melosira varians
Fig. 7. Depth-integrated carbon biomass of % 4,000 4,000
dominant species of (a) seagrass meadowsand ~ E 3 0p 3000 ﬁ
(b) sediment surface. X-axis means that data @
were classified into seven groups along E 2,000 2,000 o F
surface salinity: Group A (0.00-4.99); Group kel i |
B (5.00-9.99); Group C (10.00-14.99); Group = 1,000 ) 1,000 !
D (15.00-19.99); Group E (20.00-24.99): 8 ND o wmND o W l NDNDND
Group F (25.00-29.99); and Group G (30.00- & 0 0
34.99), Bar: median; whisker: maximum and ABCDEFG ABCDEFG
fnmum. Surface salinity
24-8.1 x 10 mg C m™2 2.1x10%-
1.2 x 10*mg C m™? 2.3x102-1.1x103mg C m? Fig. 8
3 Kruskal-wallis test p =0.22 x 10°
6,000 0
Water column
»
n
g Sediment surface
(@)
o) Seagrass meadows
c
o
0
—
®
o
o
©

Surface salinity

Fig. 8. Depth-integrated total carbon biomass in water column, sediment surface, and seagrass meadows
throughout study periods. X-axis means that data were classified in