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Abstract

Silicon (Si) and carbon (C) play key roles in the river and marine biogeochemistry."
The Si and C budgets for the Bohai Sea were established on the basis of
measurements at a range of stations and additional data from the literature. The results

show that piogenic silica (BSi) and total OC in sediments are mainly from marine /

Bohai Sea, and gmaller amounts come from groundwater, (26%), riverine mput )

30

35

(35%). The net burial of BSi and OC represent 3.3% and 1.0% of total primary

production, respectively. Primary production has increased by 10% since 2002 as a ﬂ

result of increased river loads of DSi and BSi. Our findings underline the critical role

i

of riverine Si supply in primary production in coastal marine ecosystems.
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/ distributions of reactive Si and
/| organic C (OC) in the water

/// column are largely affected by

! the riverine input, primary

: production and export to the

Yellow Sea. B
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1. Introduction /[E}H]%E}@V\Jﬁ: with

Diatoms control a large part of primary production in marine ecosystems, up to 50% - [ TR B PI 25 more than

— - 7T

. 1995 (RN

*************************************** T EAE: R

Rousseaux and Gregg, 2014). The consumption of dissolved silicate (DSi) and {)ﬂ]ﬂl‘%ﬁ‘]l’iﬁ:primarily

production of biogenic silicon (BSi) is jnainly controlled by primary production by . ‘[ﬂ}ﬂﬁgﬁ{”ﬁqﬁ; Conley, 1997;

diatoms (Ragueneau et al., 2000; Tréguer and De La Rocha, 2013). [ BRI N2 1997

(R

[%%ﬁm
Although ocean margins cover only 8% of the global ocean area (Berner, 1982), the ”[ s U

"’ HHE I
production and accumulation rates of BSi and organic carbon (OC) in these areas are %M%B‘Jlfiﬁ
significantly higher than in the open ocean (Hedges and Kiel, 1995; Tréguer and De ‘:";’1// 'Jﬂ[ MR R
La Rocha, 2013). Rivers are the dominant Si and OC source in coastal marine el‘;”:’ 'j(% it

’u il MR PI A emptying

ecosystems, accounting for up to 80% of total exogenous input (Bauer et al., 2013; ‘jw," ];U( e

I

\

Regnier et al., 2013; Tréguer and De La Rocha, 2013). However, large parts of the o/"’ «‘,’;’ﬂ',[ A

. . . . . Iy
world’s coastal marine ecosystems have been changing due to decreasing riverine Si ,5 i

‘ ‘J,U

U BER IR with huge

freshwater and sediment

discharge as a result of Si trapping in reservoirs (Humborg et al., 2000; Bernard, et al., '» J, i [ 40P 2 important

| /A NS\ ) NS\ N W, W) S W\ N N ) W L ) S N S NS NS —

diatoms to one dominated by non-siliceous phytoplankton (Humborg et al., 1997, [ wlﬁ’ i “{ﬂ’}ﬂl%ﬁﬂmﬁ and g7
O s (———q
2000; Treéguer and De La Rocha, 2013; Rousseaux and Gregg, 2015), which may Hr, i %%%ﬁm [7]]
influence the functioning of coastal marine ecosystems_as a biological pump, ,’ M Iy [?ﬂ%iﬁﬂﬁ )
Ity with t to the carbon (C) cyel ”“iﬁ%ﬁm )
especially with respect to the carbon (C) cycle :; ‘J{uf”(%*gﬁm )
MQM%%ﬁm )
wwﬂ%ﬁﬁm )
The Bohai Sea is a semi-enclosed, shallow shelf water body of the North-western /: »»,,’ [ IR 1% For ins -
Pacific Ocean, with a surface area of 77,300 km” and an average depth of 18 m. A f};’ "x,j'«'/, ’[ R
M[%%ﬁm 9]
large number of rivers drain into the Bohai Sea, typically with densely populated and | ‘(’J‘Iu y,l[ e —
industrialized coastal areas, The Yellow River is the largest river draining into the | ; " [%%ﬁm [11]
””””””””””””””””” ww[wﬁﬁm [17]

Bohai Sea, Ongoing human activities (dam construction, agriculture and industry) &% ”/{?ﬁ*ﬁiﬁﬂﬁ

[13]

Q” [Mﬂ%ﬁ‘]l"]ﬁ also

[14]

have induced significant, changes in the river discharge, sediment load and rﬁlgtﬁrlppj[)‘
%W{%ﬁﬁm
concentrations (Gong et al., 2015; Liu, 2015), ) '/
ffffffffffffffff Vo (st
G
b s Rim

A substantial decrease of Si/N ratio in the Bohai Sea js attributed to the reduction of f// {ﬂfgatgiggg
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et al., 2015). The water residence time in the Bohai Sea is about 3 vears (Liu et al.,

2012). Changes of nutrient inputs from rivers in the semi-enclosed Bohai Sea

therefore have larger and more long-lasting influence on the ecosystem than in open
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seas, These processes have changed primary production and phytoplankton

composition in the Bohai Sea (Tang et al., 2003; Lin et al., 2005; Ning et al., 2010; Fu
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Thus, the magnitude of nutrient input under a dam-orientated artificial regulation //”,f/i/:/: /%Ezz:@the... s
“mmﬂaﬂwﬂDHMd“MMd@wg&@mqmﬂwm@&amqgmaﬂﬂxﬁmkhﬁ@&W/{w@mmﬁnmm }
important difference with other coastal systems with non-regulated rivers, , é{/{ﬁr’%%iﬁﬁﬁ [W
\\\ {’M%E{W‘]ﬁ: affeqt> 01
(R
Our understanding of the regional coupled Si-C cycle and ecological effects of \‘\\\ { I 1P %8 However, Our o
changing river loadings in the continental shelves of eastern China is pooy, In this \\:{ HE AR
paper we establish a reactive Si and prganic C budget for the Bohai Sea to analyze the . %EZ;:@ e " %
coupled Si-C biogeochemistry; the aim is to quantify the influence of changing H R )
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A
‘ terrestrial loadings on the Siand C cycles and primary production in the Bohai Sea,, % MR R
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2. Materials and methods

EQ;}QQ

[33]

100 | 2.1 Sampling and analytical methods

R =Y
T (mAm
R
T [ e
(e

Two campaigns were carried out in spring (May 3 to 24) and autumn (November 2 to E;Eiz
105  20) of 2012 at several sampling stations in the Bohai Sea and the adjacent area of the }/, {ﬂ%tgiﬁﬁﬁ

{W%ﬁm

********************************** 4/[w@mmﬁmg
cruise contained 24 stations, Water samples in surface (0.5 m) and bottom water (< ~ {?ﬂ%iﬁﬂﬁ

2.2.1 Sample collection and pretreatment

| 2m from the sea floor) were collected using an oceanography water sampler (Seabird [iﬂlﬂl‘%&@l’ﬂﬁ at
| 911 CTD Plus, Sea-Bird Electronics, Bellevue, WA, USA). Ancillary parameters such [’WJ%E{JW@ Fig.
o (R
110  as temperature and salinity were recorded on board simultaneously. Also, surface (0-1 v @mn@mg ™
. c W
cm) sediment and core sediment samples (between 20 and 50 cm long) were collected (EmRm
QmQMLlbamiw)numﬂofmeﬁMwnsSwﬂmmzenmmmxw“@mabocw“““mt'/%%ﬁﬁm
THIER BRI P92 (
at the Lijin Station (Shandong Province) jin the Yellow River (Figure 1a) during a fglﬁl; {Mﬂl‘%ﬁ‘]l’ﬂﬁ
f
hydrological year in 2013-2014. Water samples were collected once per month at 20 f,'
,,[%mﬁm
115 | cm below the surface with at least 3 sampling points across the river main channel, 7’ u //[ BRI AL, which
{%mﬁm
o )
%@@L&@Q@Sﬂ@@lﬂ@@@ﬂ@hEQLM@JWEHﬁﬁﬂﬁiglngQEEM¥$@&J/ {w@mmﬁz)

subsequently filtered with 0.45 um polyethersulfone filters, Filters were p_treated

{M%mmﬁ3)
according to the following four steps: cleaned with 1:1000 HCI for 24 h; rinsed with | 2 {ﬂ}ﬂ%ﬁ?l’iﬁ 4)

120 | Milli-Q water to achieve a neutral pH; oven-dried at 45°C for 72h; weighed after / H}ﬂ@ﬁmg )

g G i . A Il

cooling in a dryer with desiccant, Thep filters with particulate matter, were stored at - - e

T S { ke

-20°C for determination of suspended particulate matter (SPM) and BSi, and filtrates \\ {?ﬂagicﬁg
were stored at 4°C after adding drops of chloroform for determination of DSi.Jn { MR HIAE: s

(wBRn

| NS NS N A NS A NS A NS A\ S ) S S S\ N S A\ S ) S\ N S A N N UL N S ) U\, W ) WL\ N ) — —/

addition, the pre-weighed water samples were filtered with 0.70 um GF/F glass-ﬁber {**ﬁiﬁﬂﬁ

125  filters (Whatman, Maidstone, UK), which were also pre-cleaned according to the {M%E@Wﬁ: [ﬁ

5



following four steps: 1) cleaned with 1:1000 HCI for 24 h; 2) rinsed with Milli-Q
water to achieve a neutral pH; 3) burned at 450°C for 4h; 4) weighed after cooling in a
| dryer with desiccant. The filters were stored at -20°C for determination of suspended

particulate organic carbon (POC), and filtrates were stored at -20°C for determination

‘M%%Wﬁ:

’{%%ﬁm
[w@mmﬁFg
ETET

,{M@WWﬁ;

130 ' of dissolved organic carbon (DOC) in a later stage, Surface sediment samples (0-1 cm)/’
were collected with a box sediment sampler after removing the overlying water, and
then packed into sealed bags and frozen at -20 °C for determination of BSi and total

organic carbon (TOC). At the same time, sediment core samples were collected using |

f{%ﬁﬁm

=
| #t¥E [BL1]: Chosen? Only
/| replicates in 20% of the

o

"'| stations, or do all stations have
replicates, but only 20% were

chosen, but chosen for what

135 were divided into 1 cm intervals after overlying water was collected using syringes | purpose?
(13 mm 0.45 um, PTFE) with needle tubing. The pore water of each subsample was ;’}«:j'/‘“ [?ﬂgﬁﬁg EFR R ]
separated by centrifugation and preserved as above for DSi analyses; finally, | ,‘Ir”f {%%ﬁm R )

;;u[w%mmﬁeme ]
subsamples were stored at -20°C before BSi and TOC analysis in a later stage, ' j i {%%ﬁm 5l
Replicants (n=2) of water samples and sediment samples were chosen from 20% of %iiiz %
140 | stations in this study; and the results showed no significant difference between these / 7
*************** W [w&mwg — =]
replicants (p<0.01), ¥ // /{ #Hig )
Jk{%%ﬁm )
: [M%%Wﬁ1 ]
2.2.2 Laboratory analyses, (R )
{%%ﬁm )
e | (R &)
145  DSi was analyzed with a QuAAtro Autoanalyzer, using the silicomolybdic blue / ﬂ’{?ﬁ*ﬁiﬁﬂﬁ FER R )
“W RN
method, with a detection limit of 0.030 pmol L' and a relative standard deviation <, / W %ﬂ’}ﬂl@ﬁﬁmﬁ'l ﬂ
0.3%,_(z1=5). BSi in SPM was extracted by NaOH solution (0.2 mol L', 100°C, 40 " [ECETT )
min ) and corrected for mineral interferences using the Si:Al ratios (Ragueneau et al., %:Eiz e %
%
2005), while the BSi content in sediment was measured using the alkaline extraction /// {’%%iﬁﬁﬁ )
) (R
150  method (1% Na,COs, 85 °C, extraction during 8 hours, during which the extract is ,,; ) %E}H%Bﬁl’iﬁ ﬁ
/// a
sampled and analyzed every hour ) (DeMaster, 1981), with a measurement uncertainty ///// / ;
g e
of 0.25% and relative standard deviation < 0.3%, (#=5). Reactive silicon, (RSi) is the }' {?ﬁ*ﬁiﬁﬂﬁ )
HE
sum of DSi and BSi, DOC was determined using a_high-temperature_catalytic /' %%ﬁm %
oxidation technique (Zhang et al., 2013) with a TOC analyzer (TOC-Ccp, Shimadzu, // {%ﬁ‘ﬁﬁg [39]
”z{”%ﬁ%:%%ﬁﬁ% )
155 | Japan); the relative standard deviation is < 2% (z=5). For POC determination, 3-5 »* {#rAm )

6
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*************************************************** TR
fumes for 24 h to remove inorganic carbon, and then dried at 45°C (Zhang et al.,
2013). Subsequently, POC was determined with an elemental analyzer (Euro Vector
‘ EA3000, Via Tortona, Milan, Italy) with standard deviation < 10%, (z=5). ,TOC in //W MBHINE:
LN
sediments was analyzed with the same elemental analyzer. Before measurement, \\\\\\\5\\{%%?&&9
‘ freeze-dried sediment samples were decalcified using 4 mol I, HCI and subsequently \\\\\\\{ kst
****************** \ \{ﬁ%§@:?%:%ﬂ,¢
rinsed with de-ionized water (6-8 times) to achieve a neutral pH, and then pretreated " '\ B —
Vo (R bR
sediments were dried overnight at 60 °C (Hu et al., 2009) for TOC determination. \\{ﬁ%#&iﬁ)ﬁﬁ
NGET

ffffffffffffffffffffffffff | mmr

was calibrated against nutrient standard sample (Second institute of Oceanography, \\\j{%%ﬁﬁg: EY

,,,,,,,,,,,,,,,,,,,, Y

State Ogeanic Administration, China), while TOC was calibrated against Reference }iiiz
Standard Materials (EuroVector, Code E11001). \\\{ HHE W
NG e

T

The software of Surfer 11.0 (Golden Software, inc. USA) and Origin 8.5 (OriginLab" - \\{%*&ﬁm: Pisiit e, A
(eI Wit 5

NS N4 N/ N ) W ) N /) W) W ) W ) N ) U— ) W ) ) N

Corporation, USA) were used for mapping the concentration patterns in the Bohai

Sea.
o[ R PR, K
o BB PR
2.2 Water budget
A mRm

MR T

the Si and C budgets. The hydrography of the Bohai Sea is largely determined by the
Bohai Sea Coastal Current (BSCC) and exchange with the Yellow Sea. River

discharge, precipitation, submarine groundwater discharge, surface runoff and

A NS A —

evaporation are taken into account in the water budget calculation for the shelf in (BREBEEX

(ke
steady state as follows: (s PR
A,QB,J’: Qf :":Q,XT,B:":Q,G,\V, :"-7Q7$B 727 7Q}3IY7 fﬁQfEﬁVi’-\ 7777777777777777777 N (717)7 J/// ! ' ?ttE [BLZ] In the remainder

s /| this term is also used; have to

Where Q are water fluxes (km3 yr'l), subscripts R, A, YTB, GW, SR, BTY and EVA" be consistent

MEREIAN 2 precipitation

MBI A 2 - atmospheric

groundwater, surface runoff , Bohai Sea outflow and evaporation, respectively (Table {
{Wl‘%ﬁ‘]l’\]ﬁ: deposition




O JC o G O M o 0

185 | 1, Figure 2). The estimated river input is about 34 km® yr' for the 6 major rivers {M%WW§ Fie
N | BRI 34
discharging into the Bohai Sea (Table 1), and precipitation and evaporation amount to . [
3 3.1 . ) ) \ {ﬂﬂﬂl‘%&‘]l’ﬂﬁ 2
44 km” yr and 85, km” yr~, respectively, based on Martin et al. (1993) and Lin et al. \{% e
| (2001). The water flux from the Bohai to Yellow Sea (BTY) is 470 km® yr”', and with [ﬁ}u%mmﬁ 3
| a reverse flux (YTB) of 442 km® yr' there is a net export 28 km® yr”' from the Bohai \\ 2\ {W%B@Vﬂ@ 3.9
190 | Sea to the Yellow Sea (Liu et al., 2003a). The submarine groundwater input is about IMI&E{JW@ 4
44 km’ yr' based on estimates of submarine groundwater discharge in the Yellow \IM%WW?SS
i1 {M%%Wﬁ47
River delta (Peterson et al., 2008). The budget yields an estimate for surface runoff | [%ﬁ%iﬁ]ﬁﬁ
(Qsw) of 1,1 km® yr”!, which includes the discharge by small streams not included in " (ks
the above river discharge, Therefore, the water residence time in the Bohai Sea js \\ \\ IM%B@W@M
A
195 | about 2.5 years, which is close to the 3 years estimated by, Liu et al. (2012). \“\ ' H}HI%EFJI*]? .
\N\fwﬁﬁm
;u RECEY
L . {W%ﬁm
2.3 Budget of reactive silica and organic carbon \t \\\:\ {%1@3&‘.&9
A ‘ \ \ \\H}H%E}Wﬂﬁ exchange
The Si and C budgets of the Bohai Sea are estimated using a steady-state box model, \ " \{ i A
\ \‘\\\\ BRI ZE: can be estimated
200 | focusing on the reactive Si (RSi, the sum of DSi and BSi) and OC in the water column \\ ‘,‘}‘\ W o be
and accounting for the major hydrological, chemical and biological processes. In this \:p\ \[ e
calculation, we use estimates for the fluxes of RSi and OC into and out of the Bohai ' 1| MFRHIPA: water residence
11| time of
Sea, i.e. exchange through the Bohai Strait (Fg; Fr = Input to the Bohai Sea (Fytg) - \‘ [?ﬂ%iﬁﬂﬁ
| Output to the Yellow Sea (Fgry)), riverine input (Fr), surface runoff (Fsg) from ”[iﬂ]ﬂl‘%&@?ﬂﬁ from
205  surficial runoff and small rivers not included in Fr, submarine groundwater discharge %gziz

A

(Fow), atmospheric input (F,), flux from porewaters (Fp) and sedimentation (FY)

(Tablel).

Internal processes such as primary production (Fp), regeneration (Fgrc), respiration
210 and degradation are also taken into account. Fg, Fg, and Fs are based on
measurements described in this paper, as well as the major contributions of Yellow
River to Fr, while the other fluxes are based on literature values. The various budget

terms are discussed in more detail below.

AR PR




(BHRw
{M%%Wﬁﬂg
{M@WWﬁmg

(R
215 | 2.3.1 Riverine input ¥ ‘J‘,'/{ R

;! f‘/’//ij[ﬂ’m%ﬁ@lﬁlgi s..n
A i BRI 2 overl

i

/
I
Iy
!
1
s

... [40]

iy

... [41]

(=
the Bohai Sea (Table 1 and Figurel). Fluxes are calculated with long-time monitoring | M%%Wﬁmmmﬁ—Tﬁﬁ
data. On the basis of monthly data for BSi, POC and SPM, we found that the fraction Eiiiz %
220  of BSi and POC in the suspended solids increases exponentially and linearly with ‘ / [a“ﬂ:E [BL3]: Not relevant J
Iy

SPM concentration, (Figure, S1), respectively. The Yellow River is the largest river in |/

... [43]

MBI A Agai

... [44]

225 | and POC concentrations, for the Yellow River fo develop regression equations_that can

L] EH

... [45]
be used to calculate BSi and POC concentrations for rivers with missing data:

Cys =% Cres” (r=0.823, p <0.001)

A A

. 2)

R
A
A
“‘ W\

Croc =cxCros+d  (r=0.984,p <0.001)

A A

) 3)

230

H
%
2
=

respectively; Crss represents the sediment content in the river (mgL."); a, b, ¢ and d ‘, (R
tant Img™") = 0.22435; b (unitless) = 0.69235; Lmg) = 013287 [ | 80 . (161
are constants, a (umol mg™ ) =0. ; b (unitless) = 0. ;¢ (umolmg ™) = ,\:L ‘ u““““ T )
d (umol ;") =243.11. Th tio DOC: POC in the Yellow Ri 024, so ({11 | #t (BL4Y: Diat
(umol L) =2 e average ratio in the Yellow River was 0,24, so | [BLA4]: Dia o%
DOC in other rivers without available data can be estimated from the POC | i [B'-5]:Raﬁ°=fﬁ‘%“[l2§ﬂ
concentration. MBREIAZ: in rive 77
W (ke ke )
235 i
| By s ]
2.3.2 Atmospheric deposition B N o] ]
Wf:M%WW$nmm.“ [51)
. . . il e — T52]
Atmospheric input to the Bohai Sea was calculated from the DSi concentration in !

1

precipitation (Martin et al., 1993; Zhang et al., 2004), dry deposition (Zhang et al., |

1

1

|

240 | 2004), combined with the area of the Bohai Sea, The POC in the air mainly occurs in “‘ :“« | HHER I P2 in the

... (53]

A

the particulate matter with grain size < 2.5um (Chen et al., 1997) and the deposition ‘}‘: “:““‘*‘

: -1 . : : ‘»““: ‘\“‘“
| rate of aerosol is about 0.001 m s~ (Duce et al., 1991); the POC concentration in U i g There

aerosol in the Bohai Sea was from the base station of Chang island in the Bohai Sea i “‘\t‘ e 53]

e .. [56]
MBI AR .

il E kel

o R ... [58]
) mim

GRS
] 1(‘3\[ WA B
iGN

(e R

o

]

... [59]
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260

265

270

- A n
~ \ ) { BRI 2 coastal rainwater

N

(R . e7]
Chang island) connected to the southern Bohai Sea (Xu et al., 2016), Rainfall and %\;\ [ k% [BL6]: Is Yantai a sca?
Q\\ \ N

- __J __J

average vearly value based on monthly data from 2014 from h{antail (a city near the

|

***********

\

- J

A
aerosols have low BSi concentrations and can be neglected as sources (Tréguer and | “\\‘\ \ [ﬂ’}ﬂ%ﬁﬁl’iﬁz(
IR

De La Rocha, 2013). T BIERBIAZ:)..in snow and

rainfalls

\\\\\
\\\\\
LIRS

\N{%%ﬁm
2.3.3 Exchange, between the Bohai and Yellow Seas \‘\\‘\[ MBRHIRZ: of

... [63]

R ET=Y
e

\Q[W%mwgﬁm‘ﬂ.mﬂ

;JPJ\—JK_JL

Water exchange between the Bohai and Yellow Sea is driven by the BSCC in the

southwest of Bohai Sea and Yellow Sea Warm Current (YSWC) in the Northern \\ { TR B P 25 s

Yellow Sea (Figure 1, Table 1). The RSi and OC fluxes through the Bohai Strait were [ ###5
| mir Fe

Hr A .. [65]

calculated using the water flux together with the measured RSi and OC concentration

J 1K

data from the Southern Bohai Sea and the Northern Yellow Sea (Table 1), DSi -~

L7 {Wl‘%ﬁ‘]?\]ﬁ: collected
. . . HIBREIAZE: (...)..
for June and July 2013: BSi concentration data are from this study for May and
(A
November 2012; DOC are from this study for May and November 2012, and Zhao et . { WK 8 2 collected

-

concentrations are from this study for May and November 2012 and Yang et al. (2014) /-

Z

|
[«2)
(o2}

|

-

\

al. (2015) for September 2010; and POC are from this study for May and November \ | BRI )

]

... [67]
2012 and Shang et al. (20L1) for September 201Q, { BB ZE: collected J
| BIBREINE: () [ﬁ
KA (. ﬂ
2.3.4 Benthic flux at the sediment-water interface . e L0
L —
L N

- J

| MR collcted

M%%Wﬁwm)(fTﬁH
. 1)

Fick’s first law (Berner, 1980) according to: !

' \\\:“\\ b 2 1 72
Je=-pxDxClony @ s
n- R =
Dy =D x¢p 5) \{ BB MR
Where Jg represents the diffusion rate (mmol m™>d™); ¢ is the porosity of the sediment \% AR
LR

(dimensionless, 0.72—0.85, based on Liu et al. (2003b)); D;is the diffusion coefficient ERE T

(W pisdsr
777777777777777777777 R

concentration gradient of DSi at the sediment-water interface; Dy is the molecular ﬂiﬂiﬂl‘ﬁ%&ﬁ?\]ﬁ:l

| A NS N A N A N\ — ) W) W—
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280

285

290

295

300

diffusion coefficient of solute in infinitely diluted solutions (m?d™”, Li and Gregory

(1974)); m is an empirical coefficient (dimensionless, for ¢ < 0.7, m = 2; for ¢ > 0.7,

Hig .. [73]
WK 9 2 those %

~"| #¥E [BLT]: I cannot find
where you do this. If you do

m = 2.5-3.0) (Ullman and Aller 1982), In addition, the diffusive flux of DSi in the -/

-

Bohai Sea is also coupled with our study (n=4) and results (#=23) from Liu et al.

(2011) for jmproving our \estimatiorﬂ of benthic process (Table 1).

not show this, please delete
this sentence.

L) . [75]

benthic flux of DSi to the water column based on the molar ratio of BSi : TOC in \{ﬂ;ﬁgiﬁm; P ) 5 )

As no direct measurement data are available, we estimated the DOC flux from the

surface sediments of 0.56.

(#rRm )
2.3.5 Sedimentation LN .. [76]

[w@mmﬁsmm

fiigieaNis] .. [17]

, /{W%B@V\]ﬁi the Bohai Sea
///’/ ,{Wl‘%ﬁ‘]l’\]ﬁ: thus theuse J

(i . [
i/ /w MIBREI A 2 of seafloor can

most of the Bohai Sea is not large and we assume that the surface area (77300 km?) is /

rate and the surface area of the sea floor in the Bohai Sea (Ingall and Jahnke, 1994;

Liu et al., 2005). Although the sea floor of js not flat, the variation of water depth in

be estimated as

equations:
Ry = Co, x MAR /28 N 6)
Ry = Croe XMAR /12 @)

is the mass accumulation rate of the sediment (g m™ yr'); 28 and 12 are the molar |

weight of Si and C, respectively. \j\\\ \\ TR & P based on the

\
" ! | surface water area and average

\\\‘
. j\ depth
I

2.3.6 Submarine groundwater discharge and surface runoff n“‘\\ [ Frergre
““1\\[ I 14 25: of the Bohai Sea
' i flux | i (R
The submarine groundwater DSi flux into the Bohai Sea was calculated from the ‘y‘[ o
M=
(e

water flux obtained from ***Ra and **°Ra mass balance models (Peterson et al., 2008)

A AN/
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and the DSi concentration in groundwater (Lin et al., 2011). As there are no data on %

DOC input to the Bohai Sea via submarine groundwater, we assumed that the DOC

| concentration in submarine groundwater equals to that in rivers based on Barrén et al. f AN J
| BBBNE: o ]

305 | (2015).
| BB HPI%: using ]
R )
| Similar to the water budget, DSi and OC input from surface runoff and rivers not IR HIAZ: also }
included in the large river inputs (Table 1) were obtained as a result of the budget f«"“];“ B A [ 837

calculation.

310
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Z

2.3.7 Primary production ! .. [84]

I |
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]

| #L¥E [BLS]: It is not really

/1| shorter than it was

il

315  for the total area of the Bohai Sea by satellite remote sensing technology calibrated |/

=

»

=

=

: w e
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320 | Si=106; 15, atom basis, Brzezinski, 1985), which is also closg to the molar ratio of J}/ -

BSi: POC (0.12) in the suspended particulate matter. in the Bohai Sea from our

demonstrated that respiration accounted for 78% of primary production in the Bohai

Sea.

325

3. Results

330 | The average DSi concentration jn fall exceeds that in spring (Table 2). In spring, DSi
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Bohai Strait and Yellow River estuary, In autumn, DSi concentration in coastal areas w/[%%:—&ﬁg
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of the Bohai Sea, especially for the Laizhou Bay_and northern, part of Bohai Sea, \%giiz
ho < [93]
{W%WW?lmm@xmm
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H O (R
h\{M%WW§nn

“: [ BRI 2 central

335

—y Y e Ty e

[107]

‘\\{\“\ i Y [94]
Relatively high BSi concentrations occur, in the central area of the Bohai Sea, _in the M ‘ (e )
T
340 | bottom water. In autumn, the BSj concentrations jn the Yellow River estuary and other ‘s“ \ ! %
! BRI E:
nearshore areas exceed those in the central zonel (Figure S2). :" |
) [ botigmseize
Lm$“ H#% R )
ﬂwg@ﬂ&@Q@qm@mQMnmﬁM§ﬁgMWL?QJMQm@E@mmgG®k21fﬁ MEREI A2 J
The spatial distributions of DOC are fairly high concentrations in the nearshore and {l‘ [%%ﬁm (- To6])
i AR A 2 with[LL&m‘A%
i [97]
345 | low ones in the offshore areas, (Figure S2), The POC concentrations, in spring are ?//EM d e T
close to thosg, in fall (Table 2), with fairly high concentration in the western part of the WW{W%WWﬁls }
j‘ '»;“‘:“y:‘ﬂ“(
Bohai Sea and the Yellow River estuary (Figure S2) | Z',‘ ‘w\w[ﬂﬂl&&ﬁwg in the ]
I e
R
e g %\43:\,‘,&[}3}“%&9%? Laizhp="Brg5
M ”»"
The average BSi content in, surface sediments is 0.4% and the TOC content js 0.3%, “ gﬁtJ\ \Emzmm centrelpor %
i w“}“\w‘\ﬁ\ HikE R
350 | (Table 3). The spatial patterns of BSi and TOC are high jn the mud area of the Bohai ‘:{F ‘?“CM‘\“‘T‘[ BIRHIPIE {thap imcopisd
Sea and the area adjacent to the Yellow River estuary (Figure S3). j'v:v: 5}““““ V\[ U )
¥ e )
ﬁﬁm{w&mwg |
3.2 Budget of RSi and OC in the BohaiSea 1;'..:‘ faw“{ IR P26 Fig. J
o JﬁﬂWw@mmﬁs ]
i \/\:\“l, —
355 | The estimated riverine RSi and OC fluxes are, respectively, 5.0 Gmol yr' and 39.6 ' i "N‘ (R )
Gmol yr', and DSi and DOC account for 54% and ,19% of total RSi and OC fluxes, “1 : “\[ MERHNE: }
*‘m" TR B 3 25 Thef&%
respectively. The estimated deposition flux of RSi in the Bohai Sea is 0.2 Gmol yr', Wil E v Lo )
i ,ﬂ\“‘\“ i
prlmarlly (90%) from wet deposition. OC from atmospheric deposition is 10.7 7@;117071;'“ i U[ WA ZE: in ]
yr’', with an important contribution (84%) from wet deposition. g | \‘:ﬂ‘\[ MBI % The J
360 [ BRI distrt‘:mﬂﬁﬁ
The inputs of RSi and OC from the Yellow Sea into the Bohai Sea are 2.8 Gmol yﬁri | “}}\[ﬂﬂﬁﬁ%&ﬁl’iﬁz r J
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IEGETENE] )
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and OC from Bohai Sea are 0.3 Gmol yr' and 32 Gmol yr', respectively, q.\\\ ! . Im%mmg: 5
ﬁyw{%%ﬁm
1 (st

| Internal cycling of Si and OC are important terms in the budget. Based on primary |

production in the euphotic zone of the Bohai Sea, C sequestration is 3280 Gmol yr™,

| which means that 460 Gmol yr' of BSi is ingested according to the Redfield ratio, °‘,‘ W {iﬂﬂl‘%&wﬂﬁ fluxes

\
«‘

and 2560 Gmol of OC (78%, see 2.3.7) is consumed by respiration. The estimated “ b

A‘ \\

Wﬁmmﬁam?fmmeJ
\
order of magnitud 110]

sedimentation fluxes of BSi and OC are 30 and 60 Gmol yr’', respectively. Recycling ‘\“t\\\‘t“\\\[ Heph 2o py
of BSi in the water column amounts to 430 Gmol yr™' of DSi released. Biodegradation ‘}:\\% :iiz
| and photo oxidation of OC in the water column is about 3220 Gmol yr™". y\\« [ﬂ;}m@mm % resulting in n
| [W%%Wﬁof
The benthic fluxes of DSi and DOC at the sediment-water interface are further ,\[%%ﬁm
, , 1 1 | B 20
important sources of respectively 15 Gmol yr~ and 27 Gmol yr~. The calculated ‘[ g
submarine groundwater discharge into the Bohai Sea (Table 1) amounts to 8.0 Gmol [’% izeaNi)
(HHesRE: PSR
yr ﬁrDSHmdifﬁmmLﬂmﬁzDQC;HEﬁﬂmyE@ﬁ@ﬂ@gﬂm@iﬂ@@gggzl, [M%mmﬁ44
Gmol yr™' for RSi and 4.9 Gmol yr™' for OC,according to Equation, (1). {%1@5{‘,3@
x\{w@mmﬁs4
_ _ {%mﬁm
4. Discussion {%%ﬁm
| mmsn.
4.1 Factors controlling RSi and OC in the water column \{ A AU

ffffffffffffffffffffffffffffffffffffffffffffff o [meRe: pisixE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N { MR B A 25 Distribution

The DSi distribution is largely affected by the circulation system jn the area adlacent Iﬂﬂﬂl%&@l*]ﬁ. of

to the Bohai Strait. The high DSi concentration in the southeastern part of the Bohai B {%%‘:&‘E{J

o O 0 JC 0 0

IM@WWﬁonh

Sea is due to high DSi in the water mass coming in from the Northern Yellow Sea

through the Bohai Strait. The DSi distribution is also influenced by the terrestrial {ﬂﬂﬂl%&%]ﬁ Fig.

{M%WW§3

7777777777

o #mRRm

{w@mmﬁlmn

The BSi concentration in the Bohai Sea is similar to that in the other parts of the /(R

Eastern China Sea (Liu et al., 2005). BSi contributes to 30%,of RSi in the Bohai Sea, /-~ {ﬂﬂﬂ%&ﬁl’iﬁ )

NN,
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which is lower than in the Yellow River water (52%, Ran et al., 2015) but higher than R =T
' #tiE [BL10]: What do you

/| mean? Settling is deposition; is
Bohai Sea carry abundant BSi and have a large influence on the composition of RSi. | it bloom or growth?

395 | [The main reason why BSi in the bottom water exceeds that in the surface water in ' - - | BB #A%: In addition, the

distribution and transportation

of BSi
*ﬂw%WW§mm
\ [ mssrs 2 wou

parts of the Bohai Sea_is largely due to sediment resuspension (Liu et al., 2005) and

diatom growth after deposition (Wei et al., 2008).

... [113]

... [114]
R ... [115]

|

. , o). - .
400 | that in the world’s oceans (>95%; Reeburgh et al., 1997). The similar spatial BRI (957 tna]]
distributions of DOC and POC jn the Bohai Sea indicates that both are affected by the HH (. [u7)

: \{M%B@V‘Jﬁi are similar
(mERm
w0 MIBRIFIAZ: .. bei
correlation between POC concentrations and salinity (» = —0.430, p < 0.05, in spring; \\\\\\ \{ e
\\iﬂ}“%ﬁgl’iﬁi Our elte shons
R . [120]
MR MR R: ,.. indicass

N, —

777777777777 \

... [118]

405 | r = —0.348, p < 0.01, in autumn) jndicates that POC js largely determined by the

i

terrestrial input_in the coastal areas. |

121]

I

| HERBTAE: concpmeeasipps s
(R Wi
———————————————————— N 20
|

ranges from I to 10, with an average value of 5, indicating that OC also originates & "\ (#t Ky
W | BRI PI A This

:

410 | mainly from marine primary production by diatoms, ,The C : N atomic ratio in SPM

- A

i

from marine phytoplankton production._This is consistent with the results from ‘\\\\\\{ prpr [123]]
Jiaozhou Bay (Liu et al., 2008a) and East China Sea (Liu et al., 2005). \{w%mmﬁgmmh ]
=T )

. ] ] ) MBI 2 is cop=s [12'4]
415 | 4.2 Factors controlling RSi and OC in sediments

I
******************************************** T ‘[ﬂ)}ﬂl}%ﬁ{lp@ﬁ: Distribution of

{

{
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-
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s

—
;}QQQQQ}

N
\
W
\

420  shelves in Eastern China (Liu et al., 2009), but lower than in the northwestern Indian \\g%%iﬁﬂﬁ

| Ocean (Koning et al., 1997), Southern Ocean (Van Cappellen and Qiu, 1997) and the
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equatorial Pacific Ocean (Piela et al., 2012).
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High concentrations of both BSi and TOC concentrations in the mud area of the Bohai // AR
Sea (Figure,S3) suggest that the sediment grain size and hydrodynamic setting have ./ /{ PRI ol RE i)

3| =
F| ®
K
2| =
x

an important influence on the preservation of BSi. BSi content in the sediment is I

fi

much lower than that in SPM (0.1%-3.0%, average 0.8%), which indicates that BSi in MGHAE: from

... [127]

I
b
I
1

I

|

H
%
2
=

particles has been degraded during sedimentation and burial. Meanwhile, the average

| MR AR e

Si : C ratio in sediments of 0.56 is much higher than that in suspended particulate ‘
BRI 2 : by the

matter. This confirms that degradation rate of OC in the ocean is faster than that of

== = == = = = —

BSi (Ragueneau et al., 2000) due to the lower preservation efficiency of autogenetic

OC than that of autogenic BSi (Muller-Karger et al., 2005; Tréguer and De La Rocha,

=
%
B
=

| WIBRBIAZ: in the budget
MERHKIAZ: and ...,

contributing .. [128]

2013).

4.3 Budget of RSi and OC in the Bohai Sea

I BRI 28 99% and ... to Si

[ .
iy /| removal in the bud

IR .. [129]
The RSi budget shows that the benthic flux across the sediment-water interface is the ||/ (g
ff
major source of reactive Si in the Bohai Sea water mass, contributing 49% of the total ‘f'« W /‘[ WS S 47
W
.. . . . :‘1“",’/ // E{J
RSi input (Table 1, Figure, 3). The next largest source is, submarine groundwater, /':L‘f I/ Js/,[ g
i ;"“[WF‘%B‘JW@ 34
comprising 26% of total inputs. The river input accounts for 17%, and all other inputs Il ;//f‘[%%it‘.ﬁﬁ
e ‘/“‘/

! i
are minor (surface runoff, 7%; atmospheric deposition, < 1%). The dominant output )| '

S A V) oY MAMIAAAAASY MMM |
) o

f
W [

fluxes, of RSi in the water column is sedimentation, contributing 99% of total RSi

removal, while export to the Yellow Seg only accounts for only,1%,

The BSi share in river export in total RSi of 46% is much higher than the average
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riverine OC, which also exceeds the average for world rivers of 40% (Hedges et al.,

| g s
A R
‘ RSi and 73% for OC. L0 [ R P

S| .. [136]

| MBI 25 is originated
g e . [137]
i [BL11]: I believe this is
the first time this i

1997). The Yellow River export to the Bohai Sea is 68% of total exogenous input for

- J ) L

'k

aki e

’ The water exchange between the Bohai and Yellow Seas has only a minor influence”

on the budget of RSi and OC; however, it has an important effect on the distribution,

. [138]

transport, transformation and retention time of RSi and OC.
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The benthic recycling of Si in the sediment is a particularly important flux into the

i

DSi pool in the water column, which confirms earlier studies (Van Cappellen et al., s U .. [142]

1997; Tréguer and De La Rocha, 2013). The diffusive DSi flux from sediment stems |}/, MERHINAE: andteempsiny
A .. [144]
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{
D e —
{
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mainly from the BSi dissolutior], DSi concentration gradients in the pore water at all .~ - BRI 2. . roppce .
studied stations show a diffusion flux from sediment to water column. The diffusion e (. 1467 )

JECEY
/ { WIE ¥ A 28 In addition, the

rates vary from 0.38 to 0.62 mmol m™ d™', similar to previously reported data (Liu et

al., 2011). The high benthic flux plays an important role in maintaining the level of

- J
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primary production in the water column and also results in a concentration gradient,

Vi

with higher DSi concentration in bottom than in surface waters, The primary /

/) -
-

nutrients in the water column, which cause seasonal variation ,of primary production

=

N
N
\\

and RSi and OC in the Bohai Sea. b

g AE
THEREI 2 y

| BRI fes
N R R
W\ {ﬂ’}ﬂl‘%ﬁ‘]l’\]ﬁ: . These bring

- A o

W U ) ... [148]
MBREIRZ: , an

j

... [149]

ik £ .. [150]
many coastal areas (Barron and Duarte, 2015). Another way to estimate the benthic \ \{ TR 1 P 2 }
DOC flux is by assuming DOC diffusion rates to be similar to those in bare sediments \\(%%iﬁ‘.ﬁ‘] )

R (. (151
(0.9 mmol m? d) (Burdige et al., 1999). This yields a DOC flux of 26 Gmol yr™, _ - L1
_ _ 0 //{M%mmg'ms”.Uw]
which confirms our estimate (27 Gmol yr ), Co BN
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’/{M%Eﬂjﬁ]ﬁ higher than J
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2005) and gxceeds the average of 17-20 % in the world’s oceans (Bernard et al., 2010;," (B = )

1.0% of the /// /| IR P 2 worl%

primary production, which is also much higher than the 0.3% estimated for the world [ BRI P2 P }

ocean, (Muller-Karger et al., 2005). This jndicates that the Bohai Sea is a potential f Ezz:gﬁlﬁﬁ% %
““/ / T

sink for both Si and C. ! (R )

U i s ]

. . . .. . . ¢/‘g“ 1,/
QOur estimates for submarine groundwater and river Si inputs agree with previous | i
1y /

those associated with river discharge into the Bohai Sea (Liu et al., 2011). This agrees

riverine RS1 inputs, are respectively 4-24 Gmol Vr'lA and ~23 Gmol Vr'1 (Kim et al..,

2005) and with data for the Mediterranean Sea where estimated submarine

\

(Rodellas et al., 2015) Jhe DOC input from submarine groundwater is also \

comparable to riverine input, indicating that submarine groundwateﬂ is also an

important source of DOC in the Bohai Sea,

4.4 The uncertainty of pbudget

FrtFsptFat+ FetFpt+Fgw_Since the relative uncertainties of all flux estimates are |\

comparable, the absolute uncertainty is largest for the largest flux. The results of the ‘y

model simulation show that the diffusive flux is the most important flux in the Si
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budget of the Bohai Sea. This flux is calculated on the basis of pore water DSi {
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concentration in the upper layver sediment and overlying water. The large spatial /{
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uncertainty of total Si input
estimation (the relative

deviation (SD) of Fy divided

by total Si input [178]
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be pointed out that the measurement of RSi alone may underestimate or overestimate

the flux of silica from rivers because it does not include amorphous silica debris (such

as_aluminosilicate). Dissolution and reverse weathering processes in the estuaries

impact the Si budget particularly in the long term (Tréguer and De LLa Rocha 2013).
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The uncertainty of submarine groundwater input is less than 10% (1.8/30.3) even if
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the groundwater discharge varies from 40 to 47 km® yr'. There are also uncertainties
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in the atmospheric deposition and surface runoff. However, the contributions of these
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two_ processes to the Si budget are small. For example, doubling the assumed ‘\
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input by only < 1%, (0.2/30.3).
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For uncertainties of OC fluxes we use the same approach, with total inputs amounting \
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estimated uncertainty caused by the spatial and temporal variability of OC in rivers / /

draining into the Bohai Sea s < 10% (9.1/92), The uncertainties, associated with,

N

atmospheric deposition and submarine groundwater discharge are both less than 10% \«

\

(6.1/92, 2.0/92). while the spatial variation of TOC content and mass accumulation

rate cause an uncertainty of 14% (13/92),

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Vo

The DSi concentration in the Bohai Sea had decreased in the period 1980-1990, and \\\\\\

has been stabl tly. Th DSi tration in the Bohai Sea in the '
as been stavle more recen y (§] average 1 concentration 1in € bonail >c¢a i (] \\\\‘\[M%E{]Viﬁi 4

early 2000s was only 1/3 of that in 1980s (Tang et al., 2003; Ning et al., 2010; Liuet

al., 2011; Liu, 2015). Meanwhile, the DIN concentration increased from 1.7 pmol LLL\

~
~

in the 1980s (Tang et al., 2003) to 5.1 umol L' in 2000 (Li et al., 2003) and 10.6 umol \\\\{’Fﬁ"%iﬂﬁg

N

L' in 2012. Nutrient stoichiometry has changed significantly with molar Si : N ratios

varying from 14 in 1980s to 1.5 in 2000 and 0.6 in 2012, respectively, The Bohai Sea \\\\

,,,,,,,,,,, W
Voo

has therefore changed from an N limited ecosystem in the 1980s to a Si limited \\‘\,\\\
system in recent years, and the BSi production by diatoms now largely depends on

available Si (Tang et al., 2003; Ning et al., 2010; Liu et al, 2011). ,

The Yellow River discharge represents more than 70% of the total freshwater
discharge into the Bohai Sea (33 km® yr', Table 1). Since the water residence time in
the Bohai Sea is about 3 years (Liu et al., 2012), changes of riverine Si input in the
Bohai Sea would have long-lasting influence on the ecosystem’s functioning.

Statistical analysis suggests that there is a significant relationship between DSi and

RSi flux of the Yellow River in year n-1 and primary production in the Bohai Sea in /[%*%iﬁﬂﬁ

year n (DSi: p,<0.005; RSi: p,.=0.02) (Figures 4 and 5) reflecting the long residence ‘

time of Si. This also suggests that changing terrestrial Si loadings have a direct and .

long-time influence on primary production in the Bohai Sea.
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Since 2002, the water discharge and sediment load of the Yellow River have increased
significantly compared with the late 1990s due to the water and sediment regulation

(Figure 4). The monthly DSi flux of Yellow River in July increased 5-10 fold and RSi

regulation in spring has led to peak events (Figure 4) (Gong et al., 2015; Liu, 201 _5)._
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Using a factor of 3 increase of RSi river export (from 0.9 prior to 2002 to 4.3 G mol \‘ {%1@5{‘,3@
yr'! at present, see Figure 4) with the regression equation in Figure 5 results in an \\\\\\ % ii:;g i
increase of primary production by 10% since 2002 in comparison with the levels in ?e\ \ {iﬂﬂﬁ%&ﬁl’iﬁ: Fig.
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after the Yellow River water-sediment regulation in spring, the TOC 709171(7:671’17121:21:[170711737117171 % £
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| the Bohai Sea have been increasing in the same period, which indicates that ’“ {M%B‘JW@ ;
‘I‘ ‘ R :
increasing Si loadings may enhance both TOC and DOC levels in the Bohai Sea, “ \\\ [’%%iﬁ)ﬁﬁ
particularly in the part close to the river mouth. " \“ { THIBRIfI P9 25 Fig.
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5. Conclusions

The distributions of RSi and OC in the Bohai Sea show seasonal and regional

variation, and are mainly affected by the riverine input, primary production and water

exchange between the Bohai Sea and Yellow Sea. BSi and TOC are mainly from

marine primary production, and areas with high BSi and TOC contents in the

sediments are mainly in the estuarine and mud areas.

The benthic diffusion in the Bohai Sea is the major source of external Si to the water

column, accounting for 49% of the exogenous Si inputs, followed by the submarine

groundwater discharge (26%), riverine input (17%), surface runoff (7%), and

Yellow Sea accounts for 1%,
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28%. The dominant outputs, of OC in the Bohai Sea js sedimentation (65% of total

both Si and C, net burial of BSi and OC in sediments amounting to 3.3% and 1.0% of

primary production, respectively.

DSi in the Bohai Sea had decreased and then maintained stable in the last three
decades. Earth surface process modified by human activities and riverine load

variations change the exogenous Si input and thus primary production. Based on the

oo L Y

in the Bohai Sea has increased by 10% since 2002, as a result of the increasing

riverine RSi input from the Yellow River due to water-sediment regulation.

A quantitative mechanistic understanding of the key processes controlling Si flow and |

preservation of C in the land—ocean continuum is needed. The mechanistic -
understanding is necessary to parameterize the various processes involving C and Si
and their sensitivity to external perturbations at the larger scales of earth system
models. At present, this lack of understanding limits our ability to predict the present

and future contribution of the aquatic continuum fluxes to the global C and Si budget,
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water for spring and fall in 2012. Figure S3_ Distributions of total OC (a—b) and BSi

(c—d) in the surface sediment of the Bohai Sea.
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Table 3. Biogenic silica and total organic carbon contents of the surface sediment and core

sediment in the Bohai Sea.
Sample and station * BSi (%), TOC (%),” “.- {’r’ﬁ’%ﬁﬁ‘]
‘ Range Average Range Average . ‘{[iziz e

Surface sedimenty ~ Spring  0.29-0.61  0.41£0.12  0.10-0.66  0.31+0.20 * { B P
Fall 0.20-0.69 0. 32391§77”9719707@77””07375;97179”\ N {’r’ﬁ%iﬁﬁﬁ

Core sediment’ | B45 034059  045:007  0.13-084  0.36x0. 1,4,,; (R P
B49 0.20-0.46 0.28+0.05 0.10-0.62 0.23£0.13 “\ {?ﬁ*ﬁiﬁﬂﬁ
B61 0.42-0.93 0.59+0.11 0.10-0.75 0.45+0.15 *\\\ {ﬂ]ﬂl‘%ﬁ‘]l’ﬂﬁ g

* See Figure 1 for the location of the stations; ° percentage of sediment by weight (%), © The *

number of surface sediment samples (;1): spring, s=7; fall, #=18. % The slices number of core

4* \ (HRm: m

\

]

sediment samples: B45, 5=35: B49, n=34: B61, p=41.
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Figure 1. Rivers, mud area, circulation system and sampling stations in the Bohai Sea (I =

redrawn according to studies of Hu et al. (2012) and Siindermann and Feng (2004).
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Figure 2. Water budget in the Bohai Sea. Fluxes in km’® yr'l. Subscripts R, A, YTB, GW, SR,+

BTY and EVA denote the river discharge, atmospheric deposition, Yellow Sea inflow, submarine

groundwater, surface runoff , Bohai Sea outflow and evaporation, respectively.
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Sea. Fa: Atmospheric deposition; Fg = Benthic diffusion flux; Fk: River input; Fg = Water

exchange from Yellow Sea to Bohai Sea (Fr = Fyrg - Fpry, negative fluxes denote outflow from

Bohai Sea to Yellow Sea); Fgw = Submarine groundwater discharge; Fnp

Primary production; Frc = Internal recycle; Fs = Sedimentation; Fsg = Surface runoff (small rivers

not included in FRr); n.d.: No data available.

35

net burial; Fp =

39 ) Bt
9

7
i

a

: 38 | B3

‘;\ 1

' 37"

:\ (e) Surface in Spri
I BSi

x: 40 p:ol/L

‘) 15

] 13

| 39 11 >
| 9

| 7

I o

‘ 385 | B

V‘) 3

| 1

| ol

i 37

(i) Surface in Spri1
i DOC
! o
! 407|206

kS

I 600)
1 °| M 500
! 39 <

400
| . 300
| |
! 387 |1 200
I 100
|
i T
[} (m) Surface in Spr
:‘\ POC
i 407 |umelt
! 70
| 60
| °. [
397 ’
i 50
| a0 F
ﬂ\ 30|
! 387 |20
| -
|
Lo 37*
L B A P 2 ... [233]
\ )
(R R )
\
(e )

Fluxes in Gmol y

Fsr.oc(6-4)
Fsppsi(2-1)

Substra

MR P2 5 ]

A

... [234]




10 -

Si Flux (G mol yr')
i

0

Q- 1000
g —.;
S o4l 500 E
> Q
= 2
5 &
=
@]

0 0

. | mmmnEs ]
Figure 4. Data for Lijin station in the lower Yellow River for the period 2000-2015 representing . >< _ {% RHIAR
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(a) DSi and BSi fluxes; (b) data for chlorophyll;a and primary production in the Bohai Sea with_ . ?gﬁ% EE 0 FfF, ATHE:

standard deviation. DSi in the Yellow River is from Gong (2015), Ran et al. (2015) and this study. \\{%%ﬁm
(R 7k AEbR

the Bohai Sea are from Tan et al. (2011), data for 2010 are from Chen et al. (2013) and Zhao et al.
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PP = 88F _+2967 (R=0.748, p=0.020)
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: e
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the Bohai Sea obtained by linear regression (black markers represent PP and silica loading in the

same year, red markers represent PP in year n and RSi loading for year n-1. PP data correspond to

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PP is the primary production (Gmol C yr’l) and PP, is the intercept, representing the background
primary production from all RSi sources except the Yellow river; Fgs; is the RSi flux of the Yellow

‘ River (G mol yr™); a is a constant (Gmol Gmol™).
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The silica-carbon biogeochemical cycle in the Bohai Sea and its responses to the

changing terrestrial loadings

Jun Liu'”?, Lex Bouwman™*, Jiaye Zangi, Chenying Zhao', Xiaochen Liu’, Xiangbin - {%’%:‘&B‘J

o

Ran'’ S (Rt
W (e
1. Research Center for Marine Ecology, First Institute of Oceanography, State \\\% :iiz
Oceanic Administration, Qingdao 266061, China \{ R
2. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of
Education, College of Chemistry and Chemical Engineering, Ocean University of
China, Qingdao 266100, China
3. Department of Earth Sciences—Geochemistry, Faculty of Geosciences, Utrecht
University, Utrecht, 3508 TA, The Netherlands
4. PBL Netherlands Environmental Assessment Agency, Bilthoven, 3720 AH, The
Netherlands
R

L mmRAn: 2 %

38



| MBI A2 SUPPLEMENT
ARY TABLE
Table S1. Biogenic silica and

total organic carbon contents
(%) of the surface sediment in

the Bohai Sea.

Spring .. [235]

i .. [236]
AL .. [237]

(HHRm: 2 4 )
{m&mmﬁz }
)

W\

(R

39



o

SUPPLEMENTARYFIGURE, )
[BRBEEX
150 [EEN
(a) 3;11
~ 100
IA kKl
IS . :
£ |
=1 p
= 50
7] |
as |
y=0.22345x"%" ;=0.823
0 T T T T T T T T T i
0 2000 4000 6000 8000 10000 ,

TSS (mg L) A :
””””””””””””””””””””””””””””””””””””” [BRBEEK
1500 [EENT

(b)

9 W

~1000+

»J |

° _

= |

2 '

v 5004 !

2 y=0.13287x +243.11 r=0.984

0 T T T T T T T T T i

0 2000 4000 6000 8000 10000 i

A TSS (mg L") A !
Figure S1. Relationship between BSi and TSS in the Yellow River, (a). Relationship _-- { titey
between POC and TSS in the Yellow River, (b) (The blue cycle represents data not _-- | ##=
used for the regression equationy, ) {%’F&ﬁm
S R
RE =N

40



N (a) Surface in Spring (b) Bottom in Spring (c) Surface in Fall (d) Bottom in Fall
DSi

40 [wmort

15

13
39" 11 1%

9

o 5
38 I3

37"

(e) Surface in Spring
BSi
40 |nmolL

15
13
390 4 faat
9
38" Ig A

(f) Bottom in Spring (h) Bottom in Fall

(j) Bottom in Spring (1) Bottom in Fall

(0) Surface in Fall (p) Bottom in Fall

1200 1217 122°118 119" 1200 1210 122°118°  119° 1200 121" 122°118° 119" 120 121" E

R v

N

Figure S2, Spatial distributions of DSi (a-d), BSi (e-h), DOC (i-1) and POC (m-p) in the Bohai" -~

N
AN
NN

1%ﬁ£%:ﬁﬁ:
JEK, R e

e
4.2 F

Sea in surface and bottom water for spring and fall in 2012. (R Tk A

(R 7k

AN

41



N 1T ) Bsi() AT o) Bsica) (¢) TOC(%)) (d) TOC(%)
©02-03 d ©02-03 © 0.1~03 © 0.1-03 /f/
J|e 03~04 * 03-04 * 03-04 * 0304
4071 e 04-05 ® 0.4-0.5 1| ® 0405 1| ® 04~05 -
® 0.5-0.6 ® 0.5-0.6 ® 0.5-0.6 ® 0506
® 0.6~07 [ ) - ® 0.6-07 ® 0607 [ ] >
39" N [ ] @x;g\:r - Va s o s e o. ips
.0
. e R N e
" ) ; )Kb\é‘,, 7 : | \V,\t; j;\k,\w
> . o@e _—
. - j »
Spring z\_‘/, Fall Spring Fall
37" T T T T T

118" 119" 120" 121" 122°118 119" 120" 121° 122°118° 119" 120" 121" 122°118 1197 1200 121° E

. o , , , R vk A
Figure S3. Distributions of total OC (a—b) and BSi (c—d) in the surface sediment of _-~_ (R 7 A )

42



w 2: [1] MBRKAR Bouwman, Lex 2016/4/28 9:12:00

The major supply of dissolved silicate (DSi) comes from b
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alone accounts for
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of reactive Si inputs to the Bohai Sea
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and composition
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The Yellow River is the largest river emptying into the Bohai Sea with freshwater and
sediment. More recently, enhanced human activities have greatly changed nutrient

concentration and composition in the Yellow River (Ning et al., 2010; Gong, 2012; Liu, 2015).
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For instance, dDam construction has caused temporal variations decreased of Si transport by
the Yellow River (Liu, 2015; Ran et al., 2015), and distorted nutrient stoichiometry (Tang et al.,

2003; Ning et al., 2010; Liu et al., 2011), ).
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FARK: (BRIN) Times New Roman

| 4: [16] HHEAK RT 2016/4/29 11:27:00
G Saui]

| 4: [16] M RT 2016/4/29 11:27:00
G S|

| 4: [16] HHEAK RT 2016/4/29 11:27:00

FAR: (BRIN) Times New Roman



W 4: [16] KA RT 2016/4/29 11:27:00
G S|

| 4: [16] HHEAK RT 2016/4/29 11:27:00
G Sawil]
W 4: [17] HMBEAZE ranxiangbin 2016/4/25 11:06:00

; the dominant species changed from small cell diatoms (Chaetoceros) in 1960s to
dinoflagellates (Noctiluca miliaris) and then large cell diatoms (Navicula) (Tang et al., 2003;

Wei et al., 2008), recently;

W 4: [18] HHRAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
G Sani]

W 4: [18] KA RT 2016/4/29 11:27:00
G S|

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
G Saui]

W 4: [18] KA RT 2016/4/29 11:27:00
Gitg s}

W 4: [18] HHEAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
A% =

W 4: [18] HHRAK RT 2016/4/29 11:27:00
G S|

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
G Saui]

W 4: [18] KA RT 2016/4/29 11:27:00



i % 2

W 4: [18] KA RT 2016/4/29 11:27:00
G S|

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [18] #HHEAK RT 2016/4/29 11:27:00
A% =

W 4: [18] HHEAK RT 2016/4/29 11:27:00
G Sawil]

W 4: [19] HBEAZR ranxiangbin 2016/4/25 11:05:00

a substantial decrease of Si/N ratio in the Bohai Sea is aloso attributed to the reduction of the

Yellow river discharge (Ning et al., 2010).

| 4: [20] #H#ERM RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

| 4: [20] M RT 2016/4/29 11:27:00
FAK: (BRIN) Times New Roman

| 4: [20] #H#ERM RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

| 4: [20] #HEAH RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

B 4: [20] #agaA RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

| 4: [20] #HEAH RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

W 4: [20] KA RT 2016/4/29 11:27:00
G S|
| 4: [20] KK RT 2016/4/29 11:27:00

FAR: (BRIN) Times New Roman



| 4: [20] M RT 2016/4/29 11:27:00
FARK: (BRIN) Times New Roman

| 4: [20] #H#ERM RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

| 4: [20] #HEAK RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman

W 4: [21] BIRKAE ranxiangbin 2016/4/25 11:07:00

Furthermore, The water and sediment regulation of the Yellow River since 2002 may enhance
primary production by increasing export of water and sediment to the Bohai Sea. cChanges of
nutrient inputs from rivers in the semi-enclosed Bohai Sea have larger and more long-lasting
influence on the ecosystem than in other open seas because the water residence time in the

Bohai Sea is about 3 years (Liu et al., 2012).

| 4: [22] #HHEAK RT 2016/4/29 11:27:00
G Saui]

W 4: [22] HWHAR RT 2016/4/29 11:27:00
G S|

| 4: [22] #HEAK RT 2016/4/29 11:27:00
G Saui]

| 4: [23] MBEEIAZE Bouwman, Lex 2016/4/28 9:22:00
arcas

W 4: [23] MBHAE Bouwman, Lex 2016/4/28 9:23:00

Recent studies also pointed out the sensitivity of s

W 4: [23] WMBRBIAE Bouwman, Lex 2016/4/28 9:25:00

cover

W 4: [23] MIRKAE Bouwman, Lex 2016/4/28 9:26:00



input to coastal marine ecosystems and

| 4: [23] MBEEIAZE Bouwman, Lex 2016/4/28 9:26:00
consequences

W 4: [23] MEBRBAE Bouwman, Lex 2016/4/28 9:26:00
for

| o4 [23] HBRHAE Bouwman, Lex 2016/4/28 9:24:00
(Li et al., 2014; Woodland et al., 2015)

W 4: [24] HHEAH RT 2016/4/29 11:27:00
G Sawil]

| 4: [24] #HRAW RT 2016/4/29 11:27:00
G Saui]

W 4: [25] KA RT 2016/4/29 11:27:00
G S|

| 4: [25] #HEAK RT 2016/4/29 11:27:00
G Saui]

W 4: [26] KA RT 2016/4/29 11:27:00
FERHER

W 4: [26] HHERAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [26] #HEAK RT 2016/4/29 11:27:00
Gitg s}

W 4: [26] HHERAK RT 2016/4/29 11:27:00
Gz S|

| 4: [27] #HHEAK RT 2016/4/29 11:27:00

AR R



W 4: [27] WHAR RT 2016/4/29 11:27:00
G S|

| 4: [27] #HHEAK RT 2016/4/29 11:27:00
Gz Sawil]

| 4: [27] #HEAK RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman, /MY

W 4: [27] #WHERAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [27] #HEAH RT 2016/4/29 11:27:00
FAR: (BRIN) Times New Roman, /MY

W 4: [27] WHAR RT 2016/4/29 11:27:00
G S|

W 4: [28] MKBRBIAE Bouwman, Lex 2016/4/28 10:05:00
the

W 4: [28] MEBHEIAZE Bouwman, Lex 2016/4/28 9:30:00
dominant

W 4: [29] #WHERAK RT 2016/4/29 11:27:00
G Sawil]

| 4: [29] #HHEAK RT 2016/4/29 11:27:00
A% =

W 4: [30] MBRHARE Bouwman, Lex 2016/4/28 9:31:00
affected by rivers

W 4: [31] HBRKAZE Liu009Liu 2016/4/25 9:33:00
(Ragueneau et al., 2010)

W 4: [32] KA RT 2016/4/29 11:27:00

7 12U



W 4: [32] KA RT 2016/4/29 11:27:00
G S|

W 5: [33] WEBERAZRE Bouwman, Lex 2016/4/28 9:33:00

which would provide a new insight on the land-sea interaction

| 5: [34] MIBRKAZRE Liu009Liu 2016/4/1 10:49:00

W 6: [35] AR RT 2016/4/29 11:27:00
TR R, JEREER

| 6: [36] MIBRKAZRE Liu009Liu 2016/4/1 10:58:00

Sampling expeditions were also carried out at the Lijin Station (Shandong Province) at the
Yellow River (Fig. 1a) during a full hydrological year in 2013-2014. Water samples were
collected for DSi, BSi, DOC and POC measurements once per month at 20 cm below the
surface with at least 3 sampling points across the river main channel. Water samples were

pretreated as described above.

W 6: [37] KA RT 2016/4/29 11:27:00
AR R, JERE RN

W 6: [38] MRKAZR Liu009Liu 2016/4/1 11:09:00

W 6: [39] KA RT 2016/4/29 11:27:00
FAR: R, dERE EoR

W 9: [40] WIFREFAE Bouwman, Lex 2016/4/28 9:38:00

W 9: [40] MBRKIAE Bouwman, Lex 2016/4/28 9:38:00



W 9: [41] BIFREFIAE RT 2016/4/29 9:43:00

overlap areas with other river basins

W 9: [42] HBRKAZE RT 2016/4/29 9:45:00
S

| 9: [42] BIBRKAZRE RT 2016/4/29 9:43:00
large

W 9: [43] MBRHASE Bouwman, Lex 2016/4/28 10:11:00

and has large overlap areas with other river basins

| 9: [44] BBRKAZRE RT 2016/4/29 9:42:00

Again, the Yellow River has played a controlling role in the formation of North China Plain,

where many studied rivers flow.

W 9: [45] WEBEHIAZE Bouwman, Lex 2016/4/28 9:39:00

Again, the Yellow River had played a controlling role in the formation of North China Plain,

where many studied rivers flow.

| 9: [46] AW RT 2016/4/29 11:27:00
G Saui]

W 9: [46] KA RT 2016/4/29 11:27:00
A% =

W 9: [46] HHEAK RT 2016/4/29 11:27:00
G|

| 9: [46] #HHEAK RT 2016/4/29 11:27:00
Gitg s}

W 9: [47] #WHERAK RT 2016/4/29 11:27:00



i % 2

W 9: [47] HHAH RT 2016/4/29 11:27:00
G S|
T 9: [48] #iyE [BL4] Bouwman, Lex 2016/4/28 11:52:00

Diatom growth? Or soils?

W 9: [49] #tyE [BLS] Bouwman, Lex 2016/4/28 11:52:00

Ratio, or is SPM concentration in yellow River used for the other rivers?

W 9: [50] MIEHKIAZRE Liu009Liu 2016/4/28 21:59:00

in rivers generally stems from[BL1]

W 9: [51] MBHEAZE Bouwman, Lex 2016/4/28 9:42:00
thusassume

| 9: [51] MERHEIANE Bouwman, Lex 2016/4/28 10:39:00
BSi/POC and SPM[BL2]

| 9: [52] HHEAK RT 2016/4/29 11:27:00
FAR: /NI

| 9: [52] #H#EM RT 2016/4/29 11:27:00
Gitg s}

" 9: [53] MBRKASE Bouwman, Lex 2016/4/28 10:13:00

in the other rivers are similar as that in

W 9: [54] MBRKIAE Bouwman, Lex 2016/4/28 10:38:00

Therefore, The BSi and POC concentrations for rivers with missing or scant data were could

be estimated with the following

| 9: [55] #HHEAK RT 2016/4/29 11:27:00
G Saui]

W 9: [55] KA RT 2016/4/29 11:27:00



i % 2

W 9: [56] KA RT 2016/4/29 11:27:00
G S|

W 9: [56] HHEAK RT 2016/4/29 11:27:00
G Sawil]

| 9: [56] HHEAK RT 2016/4/29 11:27:00
A% =

W 9: [56] HHEAM RT 2016/4/29 11:27:00
G Sawil]

| 9: [57] MIBRKAZE Liu009Liu 2016/4/24 22:52:00
|/ 9: [57] HMBRHAR Liu009Liu 2016/4/24 22:52:00
| 9: [58] HHEAK RT 2016/4/29 11:27:00
G Saui]

W 9: [58] KA RT 2016/4/29 11:27:00
A% =

W 9: [58] HHEAM RT 2016/4/29 11:27:00
G Saeil]

| 9: [58] #HHEAK RT 2016/4/29 11:27:00
Gitg s}

W 9: [59] MIBEKAZRE Liu009Liu 2016/4/3 15:37:00
1

| 9: [59] MBRMAZE Liu009Liu 2016/4/3 17:06:00

0016



W 9: [60] KA RT 2016/4/29 11:27:00
G S|

| 9: [60] A RT 2016/4/29 11:27:00
Gz Sawil]

| 9: [61] MIBRKAZRE Liu009Liu 2016/4/3 15:37:00
1

W 9: [61] WIRKAE Liu009Liu 2016/4/3 17:06:00
29173

W 10: [62] ##Rs RT 2016/4/29 11:27:00
G Saui]

| 10: [62] H#HHEAK RT 2016/4/29 11:27:00
G S|

W 10: [63] MERMAE Bouwman, Lex 2016/4/28 10:41:00
)

| 10: [63] MERHFIAE Bouwman, Lex 2016/4/28 10:41:00
in snow and rainfalls

| 10: [64] MIRHINE Liu009Liu 2016/4/24 16:32:00
from Willey et al. (2000)

W 10: [65] ##ERs RT 2016/4/29 11:27:00
A% =

W 10: [65] R RT 2016/4/29 11:27:00
G S|

| O10: [66] WEBRKAZE ranxiangbin 2016/4/25 11:29:00



W 10: [66] MIBRKIAZR ranxiangbin 2016/4/25 11:29:00
)

| 10: [66] MIEKIAZE ranxiangbin 2016/4/25 11:29:00
(

| 10: [66] MBRKIARE ranxiangbin 2016/4/25 11:29:00
)

W 10: [67] MERKIAE ranxiangbin 2016/4/25 11:29:00
(

| 10: [67] MBRKARE ranxiangbin 2016/4/25 11:29:00
)

W 10: [68] MIBRKIAZR ranxiangbin 2016/4/25 11:29:00
(

| 10: [68] MIBKIAZ ranxiangbin 2016/4/25 11:29:00
)

| 10: [69] A RT 2016/4/29 11:27:00
A% =

W 10:  [69] itk RT 2016/4/29 11:27:00
G|

W 10: [69] ##Ris RT 2016/4/29 11:27:00
A% =

W 10: [70] MERKIAE ranxiangbin 2016/4/25 11:29:00
(

| 10:  [70] HBKAZE ranxiangbin 2016/4/25 11:30:00



| 10: [71] BBREIAE ranxiangbin 2016/4/25 11:30:00
(

| O10: [71] WEKAZE ranxiangbin 2016/4/25 11:30:00
)

| 10: [72] ##R RT 2016/4/29 11:27:00
Gitg s}

W 10:  [72] #HrREK RT 2016/4/29 11:27:00
G Sawil]

| 11: [73] ##R RT 2016/4/29 11:27:00
G Sani]

| 11: [73] #H#EAK RT 2016/4/29 11:27:00
G S|

| 11: [73] kR RT 2016/4/29 11:27:00
FAR: R}

| 11: [73] #H#EAK RT 2016/4/29 11:27:00
Gitg s}

W 11:  [74] BHIERKIAE RT 2016/4/29 9:59:00
those

| 11:  [74] BBRKARE RT 2016/4/29 9:53:00
a better

| 11: [75] KR RT 2016/4/29 11:27:00
G S|

| 11: [75] kR RT 2016/4/29 11:27:00

i % 2



| 11: [75] #H#EAK RT 2016/4/29 11:27:00
G S|
| 11: [76] R RT 2016/4/29 11:27:00
Gz Sawil]
W 11: [76] ##Rh RT 2016/4/29 11:27:00
Gitg s}
| 11: [76] R RT 2016/4/29 11:27:00
G Sawil]
| 11: [77] ##R RT 2016/4/29 11:27:00
FAR: /NI
| 11 [77] #HEAK RT 2016/4/29 11:27:00
G S|
| 11: [77] #kRM RT 2016/4/29 11:27:00
FAR: /NI
| 11 [77] #HEAK RT 2016/4/29 11:27:00
A% =
| 11: [77] BN RT 2016/4/29 11:27:00
G Sawil]
W 11: [78] ##Rh RT 2016/4/29 11:27:00
A% =
| 11: [78] ##RA RT 2016/4/29 11:27:00
FAR: /NI
| 11: [78] R RT 2016/4/29 11:27:00
G Saui]
| 11: [78] #H#EAM RT 2016/4/29 11:27:00
FAR: /NI
| 11: [79] kR RT 2016/4/29 11:27:00

7 % 2



| 11: [79] #H#EAK RT 2016/4/29 11:27:00
G S|
| 11: [80] #¢#&Rfd RT 2016/4/29 11:27:00
Gz Sawil]
W 11: [80] ##Rih RT 2016/4/29 11:27:00
FAR: /NI
W 11:  [81] #HkgRi RT 2016/4/29 11:27:00
G Sawil]
W 11: [81] ##Rih RT 2016/4/29 11:27:00
G Saui]
| 12: [82] A RT 2016/4/29 11:27:00
G S|
W 12: [82] #Rfh RT 2016/4/29 11:27:00
G Saui]
| 12: [82] A RT 2016/4/29 11:27:00
A% =
| 12: [83] R RT 2016/4/29 11:27:00
G Sawil]
W 12: [83] #imy RT 2016/4/29 11:27:00
A% =
W 12: [84] #HikgRK RT 2016/4/29 11:27:00
G S|
| 12: [84] ##kRh RT 2016/4/29 11:27:00
G Saui]
| 12: [84] HHEAM RT 2016/4/29 11:27:00
G S|
W 12: [84] kR RT 2016/4/29 11:27:00

7 % 2



| 12: [84] HHEAM RT 2016/4/29 11:27:00
G S|

| 12: [85] MIBRKAZE ranxiangbin 2016/4/27 14:57:00

the distribution of DSi in surface water is differentsimilar to from that in bottom water, and

W 12: [86] iR RT 2016/4/29 11:27:00
A% =

W 12: [86] ##RAY RT 2016/4/29 11:27:00
G Sawil]

| 12: [87] MBRHKIARE RT 2016/4/29 10:44:00

in the surface water

W 12: [88] MEREIAZE Liu009Liu 2016/4/12 22:05:00

n

| 12: [88] MIBHKIAZ Liu009Liu 2016/4/12 22:25:00

the southeastern part, particularly in

W 13:  [89] MIERHIAZA RT 2016/4/29 10:44:00

; the distribution of bottom water DSi is relatively homogeneous except for

W 13: [90] MIEBRKIAZ RT 2016/4/29 10:44:00

with the exception of particularly

| 13: [91] MBRKARE RT 2016/4/29 10:44:00

high values in the Bohai Strait

W 13: [92] #ENA RT 2016/4/29 11:27:00
G S|
| 13: [92] R RT 2016/4/29 11:27:00

i % 2



| 13: [92] A RT 2016/4/29 11:27:00
G S|

| O13: [93] &R RT 2016/4/29 11:27:00
Gz Sawil]

| 13: [93] #HgRM RT 2016/4/29 11:27:00
Gitg s}

W 13: [93] &R RT 2016/4/29 11:27:00
G Sawil]

| 13:  [94] &R0 RT 2016/4/29 11:27:00
G Saui]

| 13: [94] #H#EAK RT 2016/4/29 11:27:00
G S|

| 13: [95] MIBRKAZ RT 2016/4/29 10:46:00
; bottom water DSi concentration in coastal areas of the Bohai Sea exceeds that

| 13: [96] A RT 2016/4/29 11:27:00
A% =

W 13: [96] &R RT 2016/4/29 11:27:00
G|

| 13: [96] #HkgRAG RT 2016/4/29 11:27:00
Gitg s}

W 13:  [97] MIBRKIAZ RT 2016/4/29 10:46:00
with is fairly highlower leve

| O13: [98] #&RM RT 2016/4/29 11:27:00
G Saui]

| 13: [98] H#EAK RT 2016/4/29 11:27:00
G S|

| O13: [98] #&RM RT 2016/4/29 11:27:00



i % 2

| 13: [99] MIBREINZ RT 2016/4/29 10:46:00
Laizhou Bay and Bohai Strait

| 13: [100] MHBRKIAZE RT 2016/4/29 10:46:00
t than in coastal areas

W 13: [101] MEREAE Bouwman, Lex 2016/4/28 10:57:00
The BSi concentrations are similar to those of DSi; in fall t

| 13: [102] MEREIAE ranxiangbin 2016/4/27 15:02:00
distribution of BSi in the bottom water differs from that in the surface water, with

| 13: [103] WIREKIAE ranxiangbin 2016/4/27 15:03:00
distribution of

W 13: [103] MBRKIAR ranxiangbin 2016/4/27 15:03:00

in surface water is  similar also different fromto that in bottom water, with fairly high

W O13: [104] #HIEARM RT 2016/4/29 11:27:00
G Saui]

T 13: [104] ##R RT 2016/4/29 11:27:00
G S|

W 13: [105] MBRKIAZR Bouwman, Lex 2016/4/28 10:53:00
are reasonable higher

| 13: [106] #WHERH RT 2016/4/29 11:27:00
g S|

| 13: [106] A RT 2016/4/29 11:27:00
G S|

| 13: [106] #HEHRM RT 2016/4/29 11:27:00



i % 2

| 13: [107] #kyE [BLI] Bouwman, Lex 2016/4/28 11:52:00
BSi or DSi? If DSi, move to first paragraph

R 13: [108] MERKIAZE RT 2016/4/29 10:48:00

; bottom water BSi[BL3] concentration is fairly lower with the exception of particularly high

value in the Yellow River estuary

W 13: [109] #HxA A RT 2016/4/29 11:27:00
G|

W 13: [109] ##ERW RT 2016/4/29 11:27:00
Gitg s}

W 13: [109] #HxAH RT 2016/4/29 11:27:00
G S|

| 14: [110] MRHAE Bouwman, Lex 2016/4/28 11:02:00

are of the same order of magnitude as inputs.similar

W 14: [111] MIBREIAZE RT 2016/4/29 11:03:00

of the Bohai Sea, particularly

R’ o14: [112] BERKIAE RT 2016/4/29 11:06:00

is an important component (

| 15: [113] MERKIAZE RT 2016/4/29 11:08:00

would be affected by sediment resuspension (Liu et al., 2005) and diatom bloom after

settling[BL4] (Wei et al., 2008), which may be t

W 15: [114] #H#ERW RT 2016/4/29 11:27:00
A% =
W 15: [114] #HHEAK RT 2016/4/29 11:27:00

7 1% 201



| 15: [114] R RT 2016/4/29 11:27:00
G S|

| 15: [115] ##RH RT 2016/4/29 11:27:00
Gz Sawil]

W 15: [115] ##ERW RT 2016/4/29 11:27:00
Gitg s}

W 15: [115] ##&RAY RT 2016/4/29 11:27:00
G Sawil]

W 15: [115] ##ERW RT 2016/4/29 11:27:00
G Saui]

W 15: [116] MIBREIAZE RT 2016/4/29 11:11:00
(>95%)

R 15: [116] MERKIAZE RT 2016/4/29 11:12:00
in the world’s oceans (Reeburgh et al., 1997), and a little less so (89%)

| 15: [117] #H#ERK RT 2016/4/29 11:27:00
A% =

W 15: [117] ##&RA0 RT 2016/4/29 11:27:00
G Sawil]

| 15: [117] ##ERW RT 2016/4/29 11:27:00
A% =

W 15: [117] ##&RA0 RT 2016/4/29 11:27:00
G S|

R 15: [118] MERKIAZE RT 2016/4/29 11:14:00
W 15: [118] MIBREIAZE RT 2016/4/29 11:14:00

being



W 15: [119] MIBREIAZE RT 2016/4/29 11:15:00

Our results show a

W 15: [120] #s#=Rm RT 2016/4/29 11:27:00
G Sawil]

W 15: [120] ##ERW RT 2016/4/29 11:27:00
A% =

W 15: [120] ##&RAY RT 2016/4/29 11:27:00
G Sawil]

| 15: [121] MBRKAZE RT 2016/4/29 11:15:00

W 15: [121] MIBREIAZE RT 2016/4/29 11:15:00
indicating

R 15: [122] MERKIAZE RT 2016/4/29 11:19:00

concentrations in the coastal areas exceed those in the high salinity waters and that the

distribution of POC

R’ 15: [122] MERKIAZE RT 2016/4/29 11:21:00

The POC distribution is also affected by sediment resuspension in ocean margins (Zhu et al.,

2006), which may explain why POC in bottom water is generally higher than in surface water.

W 15: [123] MERAIAZE RT 2016/4/29 11:23:00
This

| 15: [123] MBRKIAZE RT 2016/4/29 11:23:00
S

| 15: [124] MEREFIARE RT 2016/4/29 11:23:00

is consistent with the results from Jiaozhou Bay (Liu et al., 2008a) and East China Sea (Liu et



al., 2005).

W 15: [125] MBRKIAR Bouwman, Lex 2016/4/28 11:04:00
There are no differences of both

W 16: [126] MRMAE Bouwman, Lex 2016/4/28 11:08:00
of RSi

W 16: [126] MBRKIAZE Bouwman, Lex 2016/4/28 11:06:00
| 16: [127] Hi#EARD RT 2016/4/29 11:27:00
G Sawil]

W 16: [127] ##ERW RT 2016/4/29 11:27:00
G Saui]

| 16: [128] MBRHIAR Liu009Liu 2016/4/13 16:54:00
and

® 16: [128] MIRKIAZE Liu009Liu 2016/4/13 16:55:00
, contributing

| 16: [129] MBRHIAR Liu009Liu 2016/4/13 16:57:00
99% and

W 16: [129] MEREIAZE Liu009Liu 2016/4/13 16:57:00
to Si removal in the budget, respectively

W 16: [130] ##ERW RT 2016/4/29 11:27:00
A% =

W 16: [130] #HHEAK RT 2016/4/29 11:27:00

7 1% 201



W 16: [131] WIBREHIAE Liu009Liu 2016/4/24 17:08:00
surface runoft (8%)

®’ 16: [131] MERKIAZE Liu009Liu 2016/4/24 17:08:00
6

W 16: [132] ##ERW RT 2016/4/29 11:27:00
A% =

| 16: [132] Hr#eAHAD RT 2016/4/29 11:27:00
Gig S|

W 16: [132] ##ERW RT 2016/4/29 11:27:00
G Saui]

W 16: [133] WIBREHIAE Liu009Liu 2016/4/24 17:07:00
atmospheric deposition (5%)

®’ 16: [133] MRKIAZE Liu009Liu 2016/4/13 16:52:00
arc

| 16: [134] #HHERM RT 2016/4/29 11:27:00
A% =

W 16: [134] Hr#EAR RT 2016/4/29 11:27:00
Gig S|

| 16: [135] MIRKIAZE Bouwman, Lex 2016/4/28 11:10:00
contributes the remaining

W 17: [136] #HHEAK RT 2016/4/29 11:27:00
G S|

| 17: [136] ##RM RT 2016/4/29 11:27:00
G Saui]

W 17: [136] #H#AH RT 2016/4/29 11:27:00



i % 2

| 17: [137] #HERK RT 2016/4/29 11:27:00
G S|

| 17: [137] M RT 2016/4/29 11:27:00
G Sawil]

| 17: [137] #ERW RT 2016/4/29 11:27:00
A% =

T 17: [138] #ityE [BL11] Bouwman, Lex 2016/4/28 11:52:00

I believe this is the first time this is stated; how important s this

| 17: [139] #tyE [BL12] Bouwman, Lex 2016/4/28 11:52:00

I believe this is the first time this is stated; how important s this

W 17: [140] #kyE [BL13] Bouwman, Lex 2016/4/28 11:52:00
What is additional?

| O17: [141] MEREIAZE Bouwman, Lex 2016/4/28 11:13:00

diagenetic alteration[BL5] of aluminosilicate minerals and

| 17: [142] H#ERK RT 2016/4/29 11:27:00
Gitg s}

W 17: [142] #HHEAK RT 2016/4/29 11:27:00
G Sawil]

| 17: [143] HERKIAZE RT 2016/4/29 11:40:00

and diagenetic alteration[BL6] of aluminosilicate minerals (Loucaides et al., 2008; Krom et

al., 2014)

W 17: [144] #H#ERW RT 2016/4/29 11:27:00
G Saui]

| 17: [144] HHERK RT 2016/4/29 11:27:00
G S|

| 17: [144] R0 RT 2016/4/29 11:27:00



i % 2

| 17: [144] #H#RIW RT 2016/4/29 11:27:00
G S|

W 17: [145] BMERKIAR Bouwman, Lex 2016/4/28 11:15:00
, representing an additional external source[BL7]

| 17: [146] ##ERD RT 2016/4/29 11:27:00
g S|

W 17: [146] #HiEAH RT 2016/4/29 11:27:00
Gig -SR]

| 17: [147] #FHRD RT 2016/4/29 11:27:00
G Saui]

| 17: [147] #H#REW RT 2016/4/29 11:27:00
G S|

| 17: [148] X1 RT 2016/4/29 11:27:00
G Saui]

| 17: [148] #HERK RT 2016/4/29 11:27:00
G S|

W 17: [148] #HiEAH RT 2016/4/29 11:27:00
Gig S|

| 17:  [149] WREIAE Bouwman, Lex 2016/4/28 11:15:00
, and lead to seasonal variations of RSi and OC in the water column, conversely

W 17: [150] #HEAK RT 2016/4/29 11:27:00
G S|

| 17: [150] #s#=Rm RT 2016/4/29 11:27:00
G Saui]

| 17: [151] #H#ERK RT 2016/4/29 11:27:00

7 12U



W 17: [151] ##A RT 2016/4/29 11:27:00
G S|

| 17: [151] R0 RT 2016/4/29 11:27:00
G Sawil]

| 17: [151] ##ERW RT 2016/4/29 11:27:00
A% =

W 17: [151] Hr#EAAD RT 2016/4/29 11:27:00
G Sawil]

W 17: [152] MBRKIAZE Liu009Liu 2016/4/13 19:50:00
based on the assumed BSi : TOC ratio of 0.56.

W 18: [153] MBRHKIAR Bouwman, Lex 2016/4/28 11:17:00
of

T 18: [153] MIBRHKIAE Bouwman, Lex 2016/4/28 11:17:00
on

W 18: [153] MBRHKIAR Bouwman, Lex 2016/4/28 11:17:00
BSi

| 18: [154] MBRHIAE Bouwman, Lex 2016/4/28 11:18:00
. This ratio of large BSi sedimentation flux to BSi production (3.3%)

W 18: [155] ##ERW RT 2016/4/29 11:27:00
Gitg s}

W 18: [155] #HHEAK RT 2016/4/29 11:27:00
Gz S|

| 18: [155] =R M RT 2016/4/29 11:27:00

i % 2



| 18: [156] MREIAE Liu009Liu 2016/4/13 20:04:00
of

W 18: [156] MHBRKIAZE Liu009Liu 2016/4/13 20:04:00
36-97%

| 18: [157] MIRKIAE Liu009Liu 2016/4/13 18:35:00
W 18: [158] MEREKIAE Bouwman, Lex 2016/4/28 11:19:00
world ocean (

W 18: [158] WMBRKIAE Bouwman, Lex 2016/4/28 11:20:00
b

| 18: [158] MEREKIHAE Bouwman, Lex 2016/4/28 11:20:00
shows

W 18: [159] MERKIAR Bouwman, Lex 2016/4/28 11:28:00
ed

| 18: [159] MREIAE Bouwman, Lex 2016/4/28 11:24:00
nutrient

W 18: [159] MIEREIAE Bouwman, Lex 2016/4/28 11:24:00
the

W 18: [159] WMBRKIAE Bouwman, Lex 2016/4/28 11:24:00
we

W 18: [159] MIEREIAE Bouwman, Lex 2016/4/28 11:22:00



Series of study have showed that Relative contributions from submarine groundwater and is
comparable to riverine Si input are similar to those in the Yellow Sea (Kim et al., 2005) and

Mediterranean Sea (Rodellas et al., 2015), a semi-closed sea like the Bohai Seain some coastal

regions.
W 18: [160] k=M RT 2016/4/29 11:27:00
G Sani]
| 18: [160] &R RT 2016/4/29 11:27:00
Gitg s}
W 18: [160] ##KM RT 2016/4/29 11:27:00
Gz Sawil]
W 18: [161] ##ERW RT 2016/4/29 11:27:00
A% =
W 18: [161] ##ERH RT 2016/4/29 11:27:00
G S|
W 18: [162] #s#=RM RT 2016/4/29 11:27:00
G Saui]
| 18: [162] #HHERM RT 2016/4/29 11:27:00
Gz S|
| 18: [163] =R M RT 2016/4/29 11:27:00
G Saeil]
W 18: [163] ##ERM RT 2016/4/29 11:27:00
Gitg s}
W 18: [163] ##AM RT 2016/4/29 11:27:00
G Sawil]
W 18: [163] ##ERM RT 2016/4/29 11:27:00
G Saui]
| 18: [163] R RT 2016/4/29 11:27:00

7 12U



W 18: [164] MBRHKIAR Bouwman, Lex 2016/4/28 11:24:00
in the Yellow Sea reported by

| 18: [165] k=R M RT 2016/4/29 11:27:00
G Sawil]

W 18: [165] #H#ERM RT 2016/4/29 11:27:00
A% =

W 18: [165] HHEAK RT 2016/4/29 11:27:00
G Sawil]

| 18: [166] MERKIAZE Bouwman, Lex 2016/4/28 11:24:00
(

W 18: [166] MBRHKIAR Bouwman, Lex 2016/4/28 11:25:00
; also, Si input from

W 18: [167] =R M RT 2016/4/29 11:27:00
G Saui]

| 18: [167] R RT 2016/4/29 11:27:00
A% =

W 18: [168] HHRAK RT 2016/4/29 11:27:00
G Saeil]

W 18: [168] #H#eRM RT 2016/4/29 11:27:00
Gitg s}

W 18: [168] HHEAK RT 2016/4/29 11:27:00
G S|

W 18: [169] MRMAE Bouwman, Lex 2016/4/28 11:25:00
, in the Mediterranean Sea

W 18: [169] MBRHKIAR Bouwman, Lex 2016/4/28 11:26:00



a semi-closed sea like the Bohai Sea

T 18: [170] #tvE [BL15] Bouwman, Lex 2016/4/28 11:52:00
I think the Mediterranean is totally different from Bohai so I deleted this

| 18: [171] MEREFIAZE Bouwman, Lex 2016/4/28 11:27:00

Our estimate for submarine groundwater DSi input exceeds riverine input, and this agrees

with the above studies (Liu et al., 2011; Rodellas et al.,

| 18: [172] kA KD RT 2016/4/29 11:27:00
G|

W 18: [172] ##ERW RT 2016/4/29 11:27:00
A% =

T 18: [173] #itvE [BL16] Bouwman, Lex 2016/4/28 11:52:00
Sediment? Why sedi

| 18: [174] ##=RM RT 2016/4/29 11:27:00
G Saui]

| 18: [174] HERM RT 2016/4/29 11:27:00
G S|

| 18: [175] =R M RT 2016/4/29 11:27:00
EAAR R

W 18: [175] ##ERW RT 2016/4/29 11:27:00
FAR: IR

| 18: [176] MBRHIAE Bouwman, Lex 2016/4/28 11:29:00

process impacting on

W 19: [177] WREAE Bouwman, Lex 2016/4/28 11:30:00
on
| 19: [177] MBRKAR Bouwman, Lex 2016/4/28 11:44:00

may arouse



| 19: [178] MEREFIAZE Bouwman, Lex 2016/4/28 11:45:00

28% uncertainty of total Si input estimation (the relative deviation (SD) of Fp divided by
total Si input SD/ (F R+F SR+F At F et F B+F GwFA),

| 19: [179] ##RH RT 2016/4/29 11:27:00
G Sawil]

W 19: [179] ##ERD RT 2016/4/29 11:27:00
A% =

W 19: [179] #HeAH RT 2016/4/29 11:27:00

T R

W 19: [179] ##ERD RT 2016/4/29 11:27:00
TR

| 19: [179] R RT 2016/4/29 11:27:00
G S|

| 19: [179] XM RT 2016/4/29 11:27:00
G Saui]

| 19: [179] R RT 2016/4/29 11:27:00
A% =

W 19: [179] KKK RT 2016/4/29 11:27:00

T R

W 19: [179] ##ERD RT 2016/4/29 11:27:00
TR

W 19: [179] #HxAH RT 2016/4/29 11:27:00
G S|

7 19: [180] MIRKIAZE ranxiangbin 2016/4/27 15:28:00

similar for following calculation

W 19: [180] MBRKIAR ranxiangbin 2016/4/27 15:24:00



Further, biologic and hydrologic conditions are the most important factors influencing the
diffusive flux (Berner, 1980). Thus, sediment as a source of DSi needs to be tested by massive

field measurements.

W 19: [181] MBRKIAR Bouwman, Lex 2016/4/28 11:36:00
introduced by

W 19: [181] MERKIAR Bouwman, Lex 2016/4/28 11:36:00
ly

W 19: [181]1 MERKAE Bouwman, Lex 2016/4/28 11:38:00

. These spatial and temporal variations will introduce

W 19: [182] WIEREKIAE Liu009Liu 2016/4/26 15:49:00
SD

| 19: [182] MIRKIAZE Liu009Liu 2016/4/26 15:49:00
flux

W 19: [183] MBRHKIAR Bouwman, Lex 2016/4/28 11:38:00

uncertainty in the calculation of the RSi output from the Bohai Sea

W 19: [184] R M RT 2016/4/29 11:27:00
G Saui]
| 19: [184] R RT 2016/4/29 11:27:00
A% =
| 19: [184] ##AH RT 2016/4/29 11:27:00
G|
W 19: [185] #H#ERM RT 2016/4/29 11:27:00
Gitg s}

W 19: [185] #HigA K RT 2016/4/29 11:27:00



i % 2

W 19: [186] A RT 2016/4/29 11:27:00
G S|

W 19: [186] R M RT 2016/4/29 11:27:00
G Sawil]

W 19: [187] MBRKIAZE Bouwman, Lex 2016/4/28 11:39:00
of total input

| 19: [187] MBRHIAE Bouwman, Lex 2016/4/28 11:39:00
might

W 19: [187] MBRKIAZE Bouwman, Lex 2016/4/28 11:39:00
be

W 19: [187] MBRHKIAR Bouwman, Lex 2016/4/28 11:39:00
were rather

| 19: [188] kR M RT 2016/4/29 11:27:00
G Saui]

W 19: [188] A RT 2016/4/29 11:27:00
A% =

W 19: [189] HHEAK RT 2016/4/29 11:27:00
AR

W 19: [189] ##ERW RT 2016/4/29 11:27:00
Gitg s}

| 20: [190] MRHKIAE Bouwman, Lex 2016/4/28 11:47:00
sediment

T 20: [190] MIRMAE Bouwman, Lex 2016/4/28 11:47:00

arouses



T 20: [190] MIERKIAZE Bouwman, Lex 2016/4/28 11:48:00
of uncertainty of total OC input estimation

W 20: [190] MBRKIAR Bouwman, Lex 2016/4/28 11:49:00
Another

T 20: [190] MERRIAZE Bouwman, Lex 2016/4/28 11:49:00
of the OC budget is introduced by

W 20: [190] MREKIAE Bouwman, Lex 2016/4/28 11:49:00
flowing

| 20: [191] MIBRKIAZE Bouwman, Lex 2016/4/28 11:49:00
, which would introduce

T 20: [191] MERKAE Bouwman, Lex 2016/4/28 11:48:00
uncertainty of total OC input

| 20: [191] MBRKIAR Bouwman, Lex 2016/4/28 11:50:00
y

T 20: [191] MIERKAZE Bouwman, Lex 2016/4/28 11:51:00
of

W 20: [191] WBREAE Bouwman, Lex 2016/4/28 11:50:00

of total OC input.

| 20: [191] MIBRKIAZE Bouwman, Lex 2016/4/28 11:50:00
T

W 20: [192] WBREKAE Bouwman, Lex 2016/4/28 11:51:00



may arouse

| 20: [192] MBRKIAR Bouwman, Lex 2016/4/28 11:50:00
uncertainty of total OC output estimation

7 20: [193] MERKIAZE Liu009Liu 2016/4/14 9:38:00
| 20: [193] MERKIAZE Liu009Liu 2016/4/14 9:48:00
silica

W 20: [194] AR RT 2016/4/29 11:27:00
G|

W 20: [194] ##ERW RT 2016/4/29 11:27:00
G Saui]

| 20: [195] #H#&ERH RT 2016/4/29 11:27:00
G S|

| 20: [195] #s#=Rm RT 2016/4/29 11:27:00
G Saui]

| 20: [195] &R RT 2016/4/29 11:27:00
A% =

W 20: [195] #HHEAK RT 2016/4/29 11:27:00
G|

W 29: [196] ##ERM RT 2016/4/29 11:27:00
A% =

W 29: [196] HHEAK RT 2016/4/29 11:27:00
G S|

®’ 29: [197] MERKIAZE Liu009Liu 2016/4/23 23:46:00



W 29: [197] WIREIAE Liu009Liu 2016/4/23 23:46:00
| 29: [198] #s#RM RT 2016/4/29 11:27:00
Gz Sawil]
W 29: [198] ##ERM RT 2016/4/29 11:27:00
Gitg s}
W 29: [199] #HxA [ RT 2016/4/29 11:27:00
G Sawil]
W 29: [199] ##ERW RT 2016/4/29 11:27:00
G Saui]
W 29: [200] ##AH RT 2016/4/29 11:27:00
G S|
W 29: [200] #sksRM RT 2016/4/29 11:27:00
G Saui]
| 29: [201] #HHERK RT 2016/4/29 11:27:00
A% =
| 29: [201] iR KD RT 2016/4/29 11:27:00
G Sawil]
W 29: [202] ##ERD RT 2016/4/29 11:27:00
A% =
| 29: [202] Hi#EAHKD RT 2016/4/29 11:27:00
G S|
W 29: [203] #sksRM RT 2016/4/29 11:27:00
G Saui]
W 29: [203] ##AH RT 2016/4/29 11:27:00
G S|
W 29: [203] #sksRM RT 2016/4/29 11:27:00

7 % 2



| 29: [203] #HHEARK RT 2016/4/29 11:27:00
G S|

®’ 29: [204] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
Si concentration
in the rainfall

| 29: [205] MIERKIAZE Liu009Liu 2016/4/14 16:17:00
DOC concentration
in the rainfall

W 29: [206] MIBREIAZE Liu009Liu 2016/4/14 16:17:00
Dry deposition
rate of Si

| 29: [207] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
Dry deposition
rate of POC

W 29: [208] MIBREIAZE Liu009Liu 2016/4/14 16:17:00
pmol L™

W 29: [208] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
pmol m? yr!

W 29: [208] MIBREIAZE Liu009Liu 2016/4/14 16:17:00
pmol L™!

W 29: [208] MIBREIAZE Liu009Liu 2016/4/14 16:17:00
mol m? yr’!

| 29: [208] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
Gmol yr'!

W 29: [208] MIBREIAZE Liu009Liu 2016/4/14 16:17:00
Gmol yr™!

W’ 29: [209] MIERKIAZE Liu009Liu 2016/4/14 16:17:00
4.1+0.9 1

W 29: [209] MIBREIAZE Liu009Liu 2016/4/14 16:17:00

72310



| 29: [209] MBRHIAZE Liu009Liu 2016/4/14 16:17:00
75434 "

W 29: [210] #s#s=Rm RT 2016/4/29 11:27:00
G Sawil]

W 29: [210] ##ERW RT 2016/4/29 11:27:00
A% =

W 29: [211] WEREIAE Liu009Liu 2016/4/14 16:17:00
0.02+0.01"

| 29: [211] MIBRKIAZE Liu009Liu 2016/4/14 16:17:00
0.2+0.1

| 29: [211] MBRHAZE Liu009Liu 2016/4/14 16:17:00
42422

| 29: [212] ##RM RT 2016/4/29 11:27:00
G Saui]

| 29: [212] #H#RM RT 2016/4/29 11:27:00
A% =

W 29: [213] MERAIAE Liu009Liu 2016/4/14 16:17:00
Primary productivity
of carbon

| 29: [213] MBRKIAZE Liu009Liu 2016/4/14 16:17:00
Primary productivity
of BSi

W 29: [213] MEREIAZE Liu009Liu 2016/4/14 16:17:00
Si fixed by
primary production

® 29: [213] MRKIAZE Liu009Liu 2016/4/14 16:17:00
C fixed by
primary production

| 29: [214] MBRHIAZE Liu009Liu 2016/4/14 16:17:00



gm?yr!

| 29: [214] MBRHIAZE Liu009Liu 2016/4/14 16:17:00
mol m™ yr’

®’ 29: [214] MRKIAE Liu009Liu 2016/4/14 16:17:00
Gmol yr’!

| 29: [214] BBRKIAZE Liu009Liu 2016/4/14 16:17:00
Gmol yr'

W 29: [215] MERAIAE Liu009Liu 2016/4/14 16:17:00
509+38 13

| 29: [215] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
6.0£4.5

| 29: [215] MBRHIAZE Liu009Liu 2016/4/14 16:17:00
460435

R’ 29: [215] MIRKIAZE Liu009Liu 2016/4/14 16:17:00
32804250

| 29: [216] MBRHIAZR Liu009Liu 2016/4/14 16:17:00
DSi concentration

W 29: [217] MEREIAE Liu009Liu 2016/4/14 16:17:00
BSi concentration

| 29: [217] MBRKIAZE Liu009Liu 2016/4/14 16:17:00
DOC concentration

W 29: [217] MEREIAE Liu009Liu 2016/4/14 16:17:00
POC concentration

®’ 29: [217] BMRKIAZE Liu009Liu 2016/4/14 16:17:00
RSi flux

| 29: [218] MBRHIAZE Liu009Liu 2016/4/14 16:17:00
pmol L™

®’ 29: [218] MRKIAZE Liu009Liu 2016/4/14 16:17:00



pmol L™!

W 29: [218] MIREIAZE Liu009Liu 2016/4/14 16:17:00
pmol L™

®’ 29: [218] MRKIAZE Liu009Liu 2016/4/14 16:17:00
pmol L™!

| 29: [218] MBRKIAZE Liu009Liu 2016/4/14 16:17:00
Gmol yr'

W 29: [218] MERAIAZE Liu009Liu 2016/4/14 16:17:00
Gmol yr’'

W 29: [219] ##ERD RT 2016/4/29 11:27:00
G Saui]

W 29: [219] #H#AH RT 2016/4/29 11:27:00
G S|

W 29: [220] #sksRM RT 2016/4/29 11:27:00
G Sani]

W 29: [220] ##AH RT 2016/4/29 11:27:00
A% =

| 29: [220] iR KD RT 2016/4/29 11:27:00
G Sawil]

W 29: [221] ##ERW RT 2016/4/29 11:27:00
A% =

| 29: [221] HikEAHKD RT 2016/4/29 11:27:00
G S|

| 29: [221] ##RM RT 2016/4/29 11:27:00
G Saui]

| 29: [222] #HERK RT 2016/4/29 11:27:00
G S|

| 29: [222] ##RM RT 2016/4/29 11:27:00



i % 2

| 29: [222] #HERK RT 2016/4/29 11:27:00
G S|
| 29: [223] ##RM RT 2016/4/29 11:27:00
G Sawil]
W 29: [223] #ERD RT 2016/4/29 11:27:00
A% =
W 30: [224] HHEAK RT 2016/4/29 11:27:00
G Sawil]
W 30: [224] #ERW RT 2016/4/29 11:27:00
FAR: R}
| 30: [224] HHERK RT 2016/4/29 11:27:00
G S|
W 30: [224] R M RT 2016/4/29 11:27:00
G Sani]
| 30: [224] HHERK RT 2016/4/29 11:27:00
A% =
W 30: [224] #HHEAK RT 2016/4/29 11:27:00
AR R
W 30: [224] #ERD RT 2016/4/29 11:27:00
A% =
W 30: [225] ##&RAY RT 2016/4/29 11:27:00
G S|
| 30: [225] #sksR M RT 2016/4/29 11:27:00
FAR: R}
| 30: [225] &AM RT 2016/4/29 11:27:00
G S|
| 30: [225] #sksR M RT 2016/4/29 11:27:00



PEHE A 1R (P YEST)

| 30: [225] &AM RT 2016/4/29 11:27:00
G S|

| 30: [225] #skERM RT 2016/4/29 11:27:00
AR R

W 30: [225] ##ERM RT 2016/4/29 11:27:00
A% =

W 30: [225] #H#&RAY RT 2016/4/29 11:27:00
PO B (T PR )

W 30: [226] #HHERM RT 2016/4/29 11:27:00
PO B (PR )

| 30: [226] HHEAM RT 2016/4/29 11:27:00
PO B (T PR )

| 30: [227] R M RT 2016/4/29 11:27:00
PO B (PR )

| 30: [227] HHERK RT 2016/4/29 11:27:00
PUIEA B (UL

W 30: [227] ##RAY RT 2016/4/29 11:27:00
G Sawil]

W 30: [227] ##ERW RT 2016/4/29 11:27:00
TR g

W 30: [227] ##RAY RT 2016/4/29 11:27:00
G S|

| 30: [227] R M RT 2016/4/29 11:27:00
PO B (PR )

| 30: [227] HHERK RT 2016/4/29 11:27:00
G S|

| 30: [227] R M RT 2016/4/29 11:27:00



TR R}

| 30: [227] HHERK RT 2016/4/29 11:27:00
G S|
| 30: [227] R M RT 2016/4/29 11:27:00
G Sawil]
W 30: [227] ##ERD RT 2016/4/29 11:27:00
AR R}
W 30: [227] ##RAY RT 2016/4/29 11:27:00
G Sawil]
W 30: [227] ##ERD RT 2016/4/29 11:27:00
G Saui]
| 30: [227] HHERK RT 2016/4/29 11:27:00
G S|
| 30: [227] R M RT 2016/4/29 11:27:00
FAR: iR}
| 30: [227] HHERK RT 2016/4/29 11:27:00
A% =
W 30: [227] ##RAY RT 2016/4/29 11:27:00
G Sawil]
W 30: [227] ##ERW RT 2016/4/29 11:27:00
A% =
W 30: [227] ##RAY RT 2016/4/29 11:27:00
FAR: R
| 30: [227] R M RT 2016/4/29 11:27:00
G Saui]
| 30: [227] HHERK RT 2016/4/29 11:27:00
G S|
| 30: [227] R M RT 2016/4/29 11:27:00



i % 2
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Figure 3. Spatial distributions of DSi (a-d), BSi (e-h), DOC (i-1) and POC (m-p) in the Bohai Sea in surface

and bottom water for spring and fall in 2012.
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Figure 4. Distributions of total OC (a—b) and BSi (¢c—d) in the surface sediment of the Bohai Sea.
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SUPPLEMENTARY TABLE

Table S1. Biogenic silica and total organic carbon contents (%) of the surface sediment in the
Bohai Sea.

Spring Fall

Station BSi TOC Station BSi TOC

B36 0.31 0.20 B39 0.20 0.10

B45 0.53 0.31 B41 0.46 0.50

B49 0.41 0.10 B42 0.40 0.17

B50 0.61 0.48 B43 0.53 0.45

B61 0.41 0.66 B45 0.54 0.53

B65 0.37 0.26 B47 0.56 0.37

B71 0.29 0.19 B49 0.29 0.10

B50 0.60 0.67

B53 0.42 0.50

B54 0.27 0.19

B63 0.69 0.60

B64 0.35 0.55

B65 0.41 0.44

B66 0.28 0.21

B68 0.21 0.10

B69 0.41 0.44

B70 0.21 0.17

YDO1 0.27 0.24
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