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Aim of presentation

¢ To propose simple biogeochemical
Indicators for the assessment of the
Size characteristics of coastal areas
which depend on the matter fluxes
from the land




Outline

¢

¢

Introduction — the significance of spatial aspects at
the land-sea interaction.

TThe spatial aspect at the assessment of the relative
contribution of river runoeff and atmospheric
deposition as Inputs te the coastal areas.

IThe evaluation off the coastall areas size Where
observed phyteplankten production could bhe
provided by the KFVer runofi.

The evaluation of the coastal area size where

observed river runoff could led to the
eutreophication.

The assessment of some features of Fe behavior in
the Amur River estuany: (CAmurskyiltiman) and

SakhaaliprBays (InrcollaneranenwithNPATZaanins o]
EEBRAS)



Introduction

¢ The proper determination of spatial scales of land-
sea Interaction Is crucial for the understanding of
the links between watersheds, rivers, estuaries and
coastal ecosystems.

¢ Ihe criteria are needed for the selection of coastal
waters with varying degrees of land-sea interaction,
and for the evaluation of the spatial extent: (Size) of
these areas.

& [he spatial ieatures are Very: site specific, and It
Festricts the use off existing advanced moedels
elaperated o SemeE coastallareas as universais

¢ [here Is poessioility, ter use seme siimple: algerithms
as alternabve Indicators, evaluating the: size and
ChialrdCterStiCs) Bl coastalfareas URder the
demiRatigRilence el nattialranc  anthrepegenic
PHOCESSES ali e cCatchmenits andl estliares.



The assessment of the contribution of river and
atmoespheric inputs ofi nutrients and trace metals
to the coastal areas of different size.

F_atmo/F_river
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s Point (1) correspends te) a situation WhEre: FVer Funoiii1s eqgual
O the atmesSpRERE INPULE the permit(2) Whenrair supply 1s-10%
el thertetal ITer rverinputIs deominated; anditherpeint (3)
WHER thie stpply el antisr 90 el the tetal ppuit:



Accordingly, we can calculate the area of coastal waters,
where such a relationship should be observed by the
simple formulas

S 59 = Frillais

S 0= Fri/9f,;

9 Comparsen off calculation with ther actual sizer e Water
PEJIES can help 16 SUggest more: relialnle Rypotheses akeuit
the seureces off differenit: ststances, Ineluding pelititanis, te
ZORINGI G cOASTAINVELERS, and terevaltate the effieCVeness
Ot MEASUKES) 1O IIMPreVer ECOSY/Sten aualrty:



Such calculation was performed for parts of Peter the Great Bay —
Amurskyi Bay (area 997 km2), the Ussuriskyi Bay (area 1889 km2) of
bays, the Gulf of Nakhodka (921 km2) and Peter the Great Bay as a
whole (area 9088 km2), as well as for the Toyama Bay (area 3460 km?)
on the west coast o.Honsyu (Japan).

Ratio of area with strong dominance (>90%) of river input to the whole sea area, %

—<o—— Amur Bay <10%

—3—— Ussur Bay <10%

—A—— Nakhodka Bay <10%
—>¢— All Peter The Great Bay <10%
— ¥ -Toyama Bay <10%

RIVER runoiifiremiNOWRPARPONRACHIEchnical REPOILS 4, 2006), 7 7., 2008 Shulkin

et all 20075
Atmesphernc depesitienintensity irem Mishukev: et al:;, 20045 Yeshioka et al., 2009,

Sakata & Asakde, 2009



Thus, Iin all coastal areas the deminance of river input Is most
pronounced for Fe, Mn, P, followed by dissolved forms of Cu and N,
and minimum river input is in the land based supply of Zn, Pb, Cd.

Ratio of area with equal river and atmospheric inputs to the whole sea area, %

1000

—<o——Amur Bay 50%

—{—— Ussur Bay 50%
—2n——Nakhodka Bay 50%
—>¢— All Peter The Great Bay 50%
— ¥ =Toyama Bay 50%

9 e EStimater thersizer ol the sea, areaspwithregual rver and
almMESPhRErC INPULS 1S alseruseliul. it ISt REecessary, terconsider
PO SEUIRCES: HVErne and atmesphERE N theserareas



Conclusions on riverine/atmospheric inputs

¢ For all studied coastal areas contribution of river runoff Is
maximum for dissolved Fe, Mn, and P, followed by
disselved forms of Cu and N, and minimum river Input Is In
palance of the Zn, Pb, Cd supply from the land-based
sources.

¢ The ratio ofi river Input and! atmoespheric deposition varies
greatly between different parts of the coastal Waters as a
function| of rIVer runeii;, precipitation Intensity, and size o
therarea considered that allows teruse ndex S=E/f: and
(LS} dervatives: as; classification| Indicators.

¢ AS an indicater o the: size off the' area Wil streng
deminancer ol AveERnpU thendexs S= 79§, NS PIeposed



The evaluation of the coastal areas size (S) where
observed phytoplankton production (PP) could be

provided by the river runoff (Ci*Q) as indicator of provision
of coastal ecosystem by riverine nutrients.

¢ S = C*Q/PP*KR

s Prllg/mz.day] = BP = KRI'—the rate off uptake: off nuitrents: (IN;
25 SI) at the plankien PIemass productien (PRP) N accoraing
WithrREaiieldrration (KR5S

Si— sea area [im?];
€ [g/m] — concentraton el the nutHeni
N the rAver discharge @ [Im=/day]

* 6 O



Plankton production (gC/m?.day)
of the coastal areas within NW' Pacific

Area Plankton production Reference
Jiaozhou Bay 0.44=40.04 Liu et al., 2007
Yellow Sea 0.8-1.5-2.8 UNDPR/GEE, 2007,

Hama et al., 1997

SO El 2
UIN JH/Q

IRUSSIE), SEA 01T JaPan;
; ~+1 nct ~Aact
NOKLAWESE COAST




The size of coastal areas where phytoplankton
production could be provided by “riverine” nitrogen




The evaluation of the coastal area size where
observed river runoff could led to the eutrophic
level (> 3.6 gC/m2.day or > 8 mg Chl ”a”/ms).




The evaluation of the size of the coastal sea areas where
existing level of plankton production or eutrophication could be
provided by riverine flux of nitregen Is rather rough estimation

of the river runoff influence on the adjacent coastal waters.

TThe main reason IS Ignenng off oceanographic and/or
pielogicalifeatures of speciiied localities.

o BUt we assume thisimeasure (Indicatoer) allews
I6eKING Aty and ter compare the situaben; at the
regionalland sulrregicnaltlievel:



The assessment of some spatial features of Fe
behavior In the Amur River estuary (Amurskyi
Liman) and Sakhalin Bay (1).

¢ The elevated level of Fe concentration in the Amur
River comparing with other big rivers (3-5 uM vs 1

M)
¢ The significant annuall runeii (=300 kims3)

¢ The evidences of Amur runoff influence on the
coastal waters of eastern side of Sakhalin Is.



The assessment of some spatial features of Fe
behavior in the Amur River estuary (Amurskyi
Liman) and Sakhalin Bay (2).

These circumstances have led to the hypothesis of
the main contribution of Amur river to the Fe
supply within seuth part ofi Okhotsk Sea and

Oyashioe region (e.g. Nishioka et al, 2007)

¢ During the “Amur-Okhoetsk™ Project the unigue
data on| the bBiegeechemistry off Eerinl the seuth
part el Okhpitsk sea was, elhsertved and puklished
(Nakatsuka et al., 2010, Nishioka, et al., 2041

etc.)

¢ e contrhhution Gl the Precesses! In Amur Liman
(Amur River Estuary) wasHess; sttdied thoeugh
VER/AImpPereRi:



The assessment of some spatial features ... (3).

¢ The covariation of properties Is
a main indicator of the
Interdependence of the
biogeochemical processes in
such related systems as Amur
RIVer, estuary Amur Liman and
adjacent coastal area Sakhalin
Say/

¢ [he salinity distrbubien and
temporal Vamrauens are the
convenient Indicators oiff the
Spabl scalel el the Fver FUR oK
IRUERCE Gnl the coastal area



The assessment of some spatial features ... (4)

9 4 sunrveys withrthe 2.5 times diffierenit aver dischiarge
9 Stalsle stratiicationiin the nertharpalt: el estiuary



The assessment of some spatial features ... (5)

& [he lens of coastal waters
freshened by the Amur
RIVer runeff, Is located Iin
the eastern part of
Sakhalin Bay and has a
salinity, off 10-25, Y%0. IS
noerth beundary: dees not
goerveyoend SakhalinrBay,
despite the signiificant: (Up
e 2.5 tIMES) Varlaticn o
FIVEr dischiarge



The assessment of some spatial features ... (6)

¢ Dissolved Fe distribution
High Water (June) In the Amur river
estuary— accelerated
decrease at the any initial
concentration during the
first stage of mixing
(<5%0) due to
coagulation of colleids

¢ 2 times increase of initial
concentration of
“dissolved” Fe at low
water leads to small
Increase (60 nviivs 80nvl)
INn the water of
Intermediate salinrty

Low Water (July)

s The rapid remoeval ol Ee
firom the selution at the
Ialti2alf stages @il mixing
reduces the effect of
Variapiiity m FIver
discharge




The assessment of some spatial features ... (8)

¢ Phytoplankton production (PP) is most obvious key factor

¢ PP is 0.41-0.82 gC/mz?.day off bloom period (Serokin & Sorokin,
1999) and 0.8-2.0 gC/m¢?.day during bleom (Sorokin & Sorokin,
240]0)2)

June 2005 July 2005 June 2007
River Discharge, m3/s 26500 10130 15000
Initial Flux of dissolved Fe, g/day H.O. 262,6%10° 194,4*10°
Flux of dissolved Fe to Sakhalin Bay, g/day H.O. 3,5*106 2,6*106
Initial Flux of suspended Fe, g/day 1832*10°  1400*106 1037*10°
Flux of suspended Fe to Sakhalin Bay, g/day 550*10° 306*10° 73*106
Fe uptake by phytoplankton (g/day) in the east 0,6*106 0,6*106 0,6*106
part of Sakhalin Bay at PP=0.41 gC/m2.day*
Fe uptake at PP= 0,82 gC/m2.day* 1,1*10° 1,1*10° 1,1*10°

Fe biosorption by total plankton (g/day) in the east 21,7%10  21,7*10° 21.7%106
part of Sakhalin Bay at PP=0.41 gC/m2.day**

Fe biosorption at PP= 0,82 gC/m2.day** 43,6*10°  43,6*106 43,6*10°



Amur’s Conclusions

¢ Analysis of the distribution of salinity, dissolved and
suspended forms ofi Fe in the Amur estuary and Sakhalin
Bay, In combination with an evaluation of Fe uptake by
phytoplankton, suggests that the key factors controlling the
variability ofi dissolved Fe in the Sakhalin Bay Is a
phytoeplankton uptake, including serption te particulate
matter, and meteorological conditions;

» Physical processes of precipitation / resuspension of
particulate: matter and physice-chemical coagulation: o FVer
collerds; are deminated within Amuie Ciman itself: Amul;
FURGIE IS a nEcessany Inital pulse; Whichr stpplies; Eetin
Sakhalin: Bay/ ecosy/Stems;

9 Seasenalivarauens el hnver discharge areregualized withanm
the vast bay area due: e phyieplankien: actinviy/:



Concluding Remarks:

The size of the marine waters, which Is influenced by
processes at the land, I1s one of the key factors in the
Investigation of “land-sea interaction™.

To estimate the size of such) water boedies the simple
Indicators are propesed. These indicators are based on the
characteristics of river runofif, atmoespheric precipitation
Intensity, plankton production off coastal waters, and the
colncidence of the variations of the runeff firem the land
WiIth the varations o parameters In coastal Waters.

SUCHI IndIcaters: are: particularly, sultakle fer regicnal and
Subregional assessmenitsiin addition: e sephisticated
mathematcal medels that descrbe the BalANCE Ol MEtLEr
and PIGEEGCHEMICEINPIOCESSES IR SPECIIC SES) AEaS:
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