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Abstract. Nutrient supply for tIe Lelp ┗┥┧┧┬┥┶┭┲┥ ┮┥┴┳┲┭┧┥ War� ┶┩┰┭┫┭┳┷┥ anE ┗⓲ⓤ ┮┥┴┳┲┭┧┥ War� ┳┧┬┳┸┩┲┷┭┷ 

Xas inWestiHateE on tIe nortIern anE soutIXestern Doasts of )oLLaiEo
 +apan� 'or tIe inWestiHation on tIe 

nortIern Doasts
 Eata froN HoWernNent o⒏Dial reports for four saNplinH points in 3isIiri *slanE Xere useE� 

TIe reports inEiDateE tIat suCNarine EisDIarHeE HrounEXater a⒎eDts N0��N DonDentrations in anE DonDen�

trations at SIinNinato Xere siNilar XitIin EistanDes of � to ��� N froN tIe Doast
 anE froN � to �� N in 

EeptI� "naly[inH HoWernNent reports for ToNari in soutIXestern )oLLaiEo
 N0��N DonDentrations inDrease 

froN 0DtoCer to neYt .arDI in riWer Xater� N0��N DonDentrations on tIe Doast of nortIern )oLLaiEo are 

IiHIer tIan Walues of soutIXestern )oLLaiEo� -eWels of Ў��N support Walues tIe saDDIarinian Lelp assiNi�

late terrestrial N0��N in 0sIoro
 soutIXestern )oLLaiEo� 

Keywords: fresIXater sprinH
 N0��N
 10��1
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Introduction
TIe Lelp ┗┥┧┧┬┥┶┭┲┥ⓤ┮┥┴┳┲┭┧┥ War� ┳┧┬┳┸┩┲┷┭┷ 

is EistriCuteE in nortIern )oLLaiEo
 Sea of +apan 
anE tIe LnoXn ranHe of ┗�ⓤ ┮� War� ┶┩┰┭┫┭┳┷┥ is 
alonH tIe soutIXestern Doast of )oLLaiEo
 Sea of 
+apan 	:otsuLura ┩┸ⓤ┥┰�
 ����
� TIese tXo speDies 
forN one of tIe Nost iNportant Lelp resourDes 
in nortIern +apan anE are useE for IuNan 
DonsuNption as Xell as fooE for sea urDIins 
	KaXasIiNa
 ����
� SinDe tXo EeDaEes aHo
 Lelp 
resourDes IaWe Ceen EeDreasinH sIarply anE 
sustainaCle utili[ation is urHently neeEeE 	KaXai 
┩┸ⓤ┥┰�
 ����
� )oXeWer
 tIe reasons for EeDreases 
in Lelp IaWe not yet Ceen DlaripeE� 

Nutrient DonEitions in Doastal Xaters Dertainly 
a⒎eDt tIe struDture of Narine forests 	"HatsuNa 
┩┸ⓤ ┥┰�
 ����� TaEa ┩┸ⓤ ┥┰�
 ����� ;iNNerNan � 

3oCertson
 ����
� &speDially N0��N aDDounteE 
for Nore tIan ��� of %*N in soutIXestern 
)oLLaiEo
 +apan anE Ias Ceen founE to inquenDe 
tIe HroXtI of tIe Lelp ┗� ┮� War� ┶┩┰┭┫┭┳┷┥ tIere 
	KuriCayasIi
 ����� KuriCayasIi ┩┸ⓤ ┥┰�
 ����
� 
%ynaNiDs of N0��N in 0sIoro #ay Xas reporteE 
	NaLata ┩┸ⓤ ┥┰�
 ����
 anE eYperiNental stuEies 
IaWe DonprNeE tIe e⒎eDt of N0��N unEer 
laCoratory DonEitions 	KaXai ┩┸ⓤ┥┰�
 ����� .i[uta 
┩┸ⓤ┥┰�
 ����
 ����
� 

TIis paper sIoXeE tIe possiCility tIat terrestrial 
nutrient supply� fresIXater sprinHs 	or suCNarine 
EisDIarHeE HrounE Xater

 riWers
 anE EireDt inqoX 
froN lanE areas 	antIropoHeniD Xaste Xater
 
DontriCutes to tIe NaintenanDe of a riDI Lelp 
DoNNunity in tIe Sea of +apan o⒎ )oLLaiEo
 +apan
 
usinH preWious Eata in HoWernNent o⒏Dial reports
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anE inWestiHateE in soutIXestern )oLLaiEo
 +apan� 
.oreoWer
 alHal speDies syntIesi[e DoNponents 
in tIe tissue Cy assiNilatinH nutrients froN tIe 
surrounEinH Xater� TIis property inEiDates tIat 
tIe Ў��N in alHal tissue is eYpeDteE to proWiEe 
inteHrateE inforNation on CioloHiDal uptaLe of %*N 
	$ostan[o ┩┸ⓤ ┥┰�
 ����
� Ў��N in sea alHae IaWe 
Ceen often useE as an inEiDator of %*N sourDe 
	.D$lellanE ┩┸ⓤ┥┰�
 ����
� "utIors IaWe EeWelopeE 
a teDIniRue inWolWinH analysis of tIe staCle nitroHen 
isotope ratios siHnature 	Ў��N
 in alHal tissue of ┗�ⓤ┮� 
War� ┶┩┰┭┫┭┳┷┥�

TIese DontriCute to enaCle NanaHeNent 
proposals for sustainaCle DonserWation of tIe 
Lelp forest on tIe soutI�Xestern anE nortIern 
Doasts of )oLLaiEo
 Sea of +apan� 

Materials and Methods
3eports froN HoWernNent anE puCliD researDI 

institutions 	KaXai � (oEa
 
����r����
 Xere analy[eE 
to unEerstanE tIe nutrient 
EynaNiDs on tIe nortIern anE 
soutIXestern Doasts of )oLLaiEo
 
+apan� SurfaDe seaXater froN 
�N in EeptI froN SIinNinato
 
TanetoNi
 SenIousIi
 anE 
0niXaLi
 on tIe Doast of 3isIiri 
*slanE
 nortIern )oLLaiEo 	'iH� 
�
 Xas saNpleE NontIly froN 
0DtoCer ���� to .arDI ���� 
usinH a 7an %orn Xater saNpler 
	3iHo $o -tE
 �����"
 to Dlarify 
tIe inquenDe of suCNarine 
EisDIarHeE HrounEXater on 
tIe CeaDI sIore enWironNent� 
SeaXater froN eaDI EeptI Xas 
saNpleE at Stn� � 	�
 �
 ��
 ��
 
anE �� N in EeptI
 anE Stn� � 
	� N in EeptI
 in SIinNinato 

	'iH� �
 usinH tIe saNpler� TIese tXo stations 
are of approYiNately ��r�� N EeptI anE IaWe 
an approYiNate ��� N interWal EistanDe� TIis 
saNplinH researDI Xas arranHeE to eYaNine 
Ei⒎erenDes in tIe nutrient DonDentrations of 
Warious EeptI ranHes anE Ei⒎erenDes XitI 
EistanDes froN tIe CeaDI sIore� 

(oWernNent reports 	)oLLaiEo
 ����r����
 
Xere useE to analy[e anE Dlarify tIe inquenDe of 
nutrients on seaXater DonDentrations froN inqoXinH 
riWer Xater� SurfaDe seaXater anE riWer�Xater Xas 
saNpleE froN � N in EeptI� SeaXater Xas also 
saNpleE at ToNari
 soutIXestern )oLLaiEo
 Sea of 
+apan� TIe saNplinH points Xere a riWer 	)oriLappu 
3iWer

 Stn� � loDateE near tIe estuary of tIe riWer
 
anE at Stn� � anE � loDateE in Doastal Xaters� TIere 
are no larHe out�qoX riWer in tIis area
 only tIe 
)oriLappu 3iWer XitI a total lenHtI of ���� LN anE 
an outqoX WoluNe ���� ὗ�seD
 area of riWer ����� 

'iH� �� .ap sIoXinH tIe saNplinH stations in 3isIiri *slanE
 nortIXestern Doast 
of )oLLaiEo
 +apan� "erial pIotoHrapIy froN *nforNation "utIority of +apan 
	Ittps���Napps�Hsi�Ho�Kp�NapliCSearDI�Eo��
 �
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L  ʊ	8iLipeEia
 unLnoXn
 	'iH� �#
� SeaXater anE 
riWer�Xater Xas saNpleE eWery tIree NontIs froN 
���� to ����� TIe saNplinH protoDol Xas tIe saNe 
as useE for nortIern )oLLaiEo� 

SeaXater saNples froN tIe nortIern anE 
soutIXestern Doasts of )oLLaiEo
 +apan Xere 
pltereE anE tIe N0��N anE 10��1 DonDentrations 
Xere EeterNineE usinH an autoanaly[er 
	2u""tro��)3
 T3"$$S ���� #-�T&$
� Salinity in 
suCsaNples Xere EeterNineE usinH a salinoNeter 
	T�S�%*(*�"6T0 .0%&-��(
 T�S�%*(*�"6T0 
.0%&-��� TsuruNi�SeiLi
�

SaNplinH stations Xere arranHeE in 0sIoro 
#ay
 0taru
 SIiriCesIi
 soutIXestern )oLLaiEo
 
Sea of +apan 	'iH� � " anE $

 saNplinH points 
Xere DonEuDteE in tIe NoutI of tIe Cay 	Stn� 
�

 NiEEle�Cay 	Stn� �

 anE inner part of tIe 
Cay 	Stn� �
 to Dlarify tIe inquenDe for aCsorCeE 
nutrients froN terrestrial sourDes of EireDt inqoXs 

on tIe Lelp� SporopIytes of SaDDIarina KaponiDa 
War� reliHiosa Xere DolleDteE ranEoNly Cy S$6#" 
EiWinH froN "pril to +une ���� XIen tIe ClaEe 
lenHtI of ┗�ⓤ ┮� War� ┶┩┰┭┫┭┳┷┥ Xas at a NaYiNuN 
in si[e 	"Ce ┩┸ⓤ ┥┰�
 ����
 ����
 anE tIree 
inEiWiEuals Xere oCtaineE froN eaDI saNplinH 
site� -eWels of Ў��N in tIe alHal tissue of tIe 
┗�ⓤ ┮� War� ┶┩┰┭┫┭┳┷┥ Xere analy[eE folloXinH tIe 
NetIoEs in KuriCayasIi ┩┸ⓤ┥┰� 	����
� SaNples of 
alHal tissues XitI feX DraDLs
 tears
 anE attaDIeE 
orHanisNs on tIe surfaDe Xere seleDteE� "ny 
Eirt attaDIeE to tIe saNple surfaDe Xas Darefully 
reNoWeE
 anE rinseE XitI pltereE sea Xater
 
folloXeE Cy XasIinH XitI EistilleE Xater� TIe 
saNples Xere ErieE in an oWen at ���$ anE 
IoNoHeni[eE� -eWels of Ў��N Xere EeterNineE 

'iH� �� Seasonal DIanHes of nutrient DonDentrations at tIe 
four saNplinH stations on 3isIiri *slanE
 Doast of Sea of 
+apan
 )oLLaiEo
 +apan CaseE on reports froN )oLLaiEo 
(oWernNent anE )oLLaiEo 3esearDI 0rHani[ation 	KaXai 
anE (oEa
 ����r����
� SurfaDe seaXater 	in �N EeptI
 
Xas saNpleE froN ���� to ����� -oDation of tIe four 
saNplinH stations are sIoXn in 'iH� �� 

'iH� �� Seasonal DIanHes of nutrient DonDentrations at 
eaDI EeptI of Stn� � anE Stn� � in SIinNinato CaseE 
on reports froN )oLLaiEo (oWernNent anE )oLLaiEo 
3esearDI 0rHani[ation 	KaXai anE (oEa
 ���������
� *n 
SIinNinato
 seaXater Xas saNpleE at �N
 �N
 ��N
 ��N 
anE �� N in EeptI at Stn� �
 anE at only �N in EeptI at 
Stn� � froN ���� to ����� -oDation of tIe tXo saNplinH 
stations are sIoXn in 'iH� �� 
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usinH an eleNental analy[er eRuippeE XitI an 
isotope ratio Nass speDtroNeter 	'isons N" 
�����'inniHan ."T ���
� Ў��N Xas eYpresseE 
as per Nille 	̄
 EeWiation froN tIe stanEarE 
	atNospIeriD N�
 as EepneE Cy tIe folloXinH 
eRuation� Ў��N � <	��N � ��N
saNple � 	��N � ��N
stanEarE 
r �> º ���� 	̄
� TIe analytiDal error Xas XitIin 
� ���̄�

Results
Seasonal DIanHes of nutrient DonDentrations 

at tIe four saNplinH stations on 3isIiri *slanE are 
sIoXn in 'iH� �� N0��N anE 10��1 DonDentrations 
IaWe a siNilar tenEenDy� inDreasinH in Xinter 
froN %eDeNCer to 'eCruary
 anE EeDreasinH froN 
.arDI to 0DtoCer� TIey Xere relatiWely IiHI only 
at SIinNinato Stn� � DoNpareE to Walues at tIe 
otIer saNplinH stations� TIe N0��N DonDentration 
eYDept SIinNinato Stn� � reaDIeE �Ж. in Xinter 
anE EiE not eYDeeE ��� Ж. in suNNer of all 
years� SiNilarly
 10��1 DonDentration reaDIeE 
���Ж. in Xinter anE EiE not eYDeeE ��� Ж. in 
suNNer for all years� 0n tIe otIer IanE
 tIe 
N0��N anE 10��1 DonDentrations at SIinNinato 
Stn� � Xere IiHIer tIrouHIout tIe surWey perioE�

Seasonal DIanHes of nutrient DonDentrations 
at eaDI EeptI of Stn� � anE Stn� � in SIinNinato 
	'iH� �
 are sIoXn in 'iH� �� N0��N anE 10��1 
DonDentrations aNonH eaDI EeptI of Stn� � anE 
Stn� � are siNilar XitIout any eYDeptions� 

Seasonal DIanHe of N0��N DonDentration at tIe 
four saNplinH stations in ToNari 	'iH� �" anE �#
 
are EetaileE in TaCle �� .aYiNuN anE NiniNuN 
DonDentrations Xere oCserWeE froN +anuary to 
.arDI anE froN +uly to SepteNCer respeDtiWely� 
7alues froN "pril to +une Xere loXer tIan tIose 
of 0DtoCer to %eDeNCer� TIe Walues aNonH tIe 
four stations sIoX spatial Wariations
 Walues in 
tIe riWer 	Stn� �
 are ten tiNes IiHIer tIan tIose 
of Stn� � anE Stn� �
 anE Nean Walues of Stn� � 
are IiHIer tIan tIose of Stn� � anE Stn� �� 

TIe relationsIip CetXeen N0��N anE salinity 
near tIe estuary
 Stn� �
 is sIoXn in 'iH� �� "utuNn 
season 	froN 0DtoCer to %eDeNCer
 anE Xinter 
season 	froN +anuary to .arDI
 IaWe neHatiWe 
Dorrelations XIereas sprinH season 	froN "pril to 
+une
 anE suNNer season 	froN +uly to SepteNCer
 
Eo not IaWe any Dorrelations� &speDially
 tIe autuNn 
season eYIiCits tIe Dlearest neHatiWe Dorrelation
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'iH� �� .ap sIoXinH saNplinH stations in ToNari 	#
 anE 
0sIoro
 0taru 	$

 o⒎ tIe Doast of )oLLaiEo
 +apan� "erial 
pIotoHrapIy froN *nforNation "utIority of +apan 	Ittps���
Napps�Hsi�Ho�Kp�NapliCSearDI�Eo��
� 
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TaCle �� $oNparison of N0��N DonDentration 	Nean Walue XitI stanEarE 
EeWiation
 in eaDI saNplinH station in ToNari
 soutIXestern Doast of 
)oLLaiEo anE )oriLappu riWer
 +apan
 CaseE on )oLLaiEo (oWernNent 
3eports 	)oLLaiEo
 ����r����
� -oDation of eaDI saNplinH station is 
sIoXn in 'iH� �#� 

)oriLappu 
3iWer Stn� � Stn� � Stn� �

"pr�r +une ���� � ���� ��� � ��� ��� � ��� ��� � ���
+ulyrSep� ���� � ��� ��� � ��� ��� � ��� ��� � ���
0Dt�r%eD� ���� � ���� ��� � ��� ��� � ��� ��� � ���
+an�r.ar� ���� � ���� ��� � ��� ��� � ��� ��� � ���

TaCle �� $oNparison of salinity 	Nean Walue XitI stanEarE EeWiation
 in 
eaDI saNplinH station in ToNari
 soutIXestern Doast of )oLLaiEo anE 
)oriLappu riWer
 +apan
 CaseE on usinH )oLLaiEo (oWernNent 3eports 
	)oLLaiEo
 ����r����
� -oDation of eaDI saNplinH station is sIoXn in 
'iH� �$�

)oriLappu 
3iWer Stn� � Stn� � Stn� �

"pr�r +une ���� � ���� ����� � ���� ����� � ���� ����� � ����
+ulyrSep� ���� � ���� ����� � ���� ����� � ���� ����� � ����
0Dt�r%eD� ���� � ���� ����� � ���� ����� � ���� ����� � ����
+an�r.ar� ���� � ���� ����� � ���� ����� � ���� ����� � ����

:��������9�������
 Dorrelation is ���������    
*n 0sIoro 	'iH� �" anE �$

 tIe Ў��N Walue in 

tIe tissues of tIe Lelp ┗�ⓤ┮� War� ┶┩┰┭┫┭┳┷┥ at Stn� � 
	inner part of Cay
 is near � ̄
 XIiDI is IiHIer 
tIan tIat of �r� ̄  at Stn� � 	NiEEle�Cay
 anE Stn� 
� 	NoutI of tIe Cay
 	'iH� �
�

Discussion
TIere are no larHe riWers on 3isIiri *slanE 

in nortIern )oLLaiEo +apan 	'iH� �

 espeDially 
tIere is no riWer or CrooL qoXinH alonH tIe Doast 
of SIinNinato 	'iH� �
� )oXeWer
 SIinNinato 
Stn� � 	3isIiri *slanE in 'iH� �
 sIoXeE IiHIer 
DonDentration of N0��N anE 10��1 tIrouHIout 
tIe years of tIe researDI 	'iH� �
� "CunEant 
suCNarine HrounEXater EisDIarHes qoX out 
alonH tIe Doast near SIinNinato 	)ayasIi 
┩┸ⓤ ┥┰�
 ����� .arui ┩┸ⓤ ┥┰�
 ����� :aNaHuDIi � 
0Iara ����� ����
� Nutrient DonDentrations at 
SIinNinato Stn� � Xere Dertainly inquenDeE Cy 
terrestrial sourDes
 fresIXater sprinHs 	suCNarine 
HrounEXater EisDIarHe
� Nutrient DonDentrations 

in TanetoNi
 SenIousIi
 anE 0niXaLi 
DoulE represent Walues in tIe Doastal 
Xaters of nortIern )oLLaiEo
 tIe 
NaYiNuN Walue of N0��N ranHeE 
froN � to �� Ж. in tIe Xinter season 
	froN %eDeNCer to 'eCruary
 ����r
����
 	'iH� �
� N0��N DonDentration 
in 0sIoro
 0taru
 soutIXestern 
)oLLaiEo +apan
 Sea of +apan sIoXeE 
Henerally �r� Ж. in tIe Xinter season� 
TIe N0��N DonDentration in Doastal 
Xaters of nortIern )oLLaiEo DoulE 
Ce IiHIer tIan tIat in 0sIoro #ay 
in soutIXestern )oLLaiEo� Seasonal 
DIanHes of nutrient DonDentrations at 
eaDI EeptI 	�r�� N EeptI
 of saNplinH 
station in SIinNinato
 3isIiri
 Xere 
siNilar 	'iH� �
� 

" larHe aNount of N0��N is inDluEeE in riWer 
Xater� TIerefore
 it is possiCle tIat riWer inqoXinH 
inquY Dause IiHI N0��N DonDentrations near 
estuarine anE Doastal areas in ToNari
 )oLLaiEo
 
anE is espeDially IiHIer EurinH tIe autuNn 
season anE loXer EurinH tIe Xinter season 
	'iH� �" anE �#
 TaCles � anE �
� TIe )oLLaiEo 
3eHional %eWelopNent #ureau
 .inistry of 
-anE
 *nfrastruDture
 Transport anE TourisN
 is 
NonitorinH WoluNetriD qoX rate of )oriLappu 
3iWer in ToNari 	'iH� �#

 tIis Dan Ce EoXnloaEeE 
froN XeCsite 	Ittp���XXX�pref�IoLLaiEo�lH�Kp�
Ln�Lss�Lsn�)��'����pEf EoXnloaEeE on �st 
"pril ����
� TIe Eata inEiDate seasonal DIanHe 
XitI NuDI Xater qoX EurinH "pril to "uHust� TIe 
IiHIer DonDentration of N0��N Dan DontriCute to 
EeWelopNent of riDI Lelp forest near estuarine 
areas
 anE CroaE saDDIarinian Lelp forest are 
sustainaCly NaintaineE near tIe estuary of tIe 
larHer SIiriCetsu 3iWer in soutIXestern )oLLaiEo 
+apan
 XIile otIer Doastal areas IaWe Ceen 
a⒎eDteE Cy tIe l*soyaLez pIenoNena 	KaXai
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����
� 8e sIoulE foDus on tIis funDtion to supply 
nutrients in orEer to Naintain Lelp forests in 
*soyaLe areas� 

NaLata ┩┸ⓤ ┥┰� 	����
 reporteE tIat N0��N 

DonDentration in 0sIoro #ay is IiHIest in tIe 
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北海道日本海利尻島におけるコンブへの
陸からの栄養塩供給の寄与
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