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Export of stream dissolved organic carbon and inorganic nitrogen at two
headwater catchments with different forest types in central Hokkaido, Japan
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Fig. 1 Location of study catchments at the Sorachi National Forest.

Hatched area indicates Todo fir (Abies sachalinensis) planted in 1941 and 1958,

whose catchment area is 7.05 ha. The area of natural deciduous forest is 8.25 ha.
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Hydrographs during snow melt (2011/3/25-5/8).

Upper panel: average daily temperature at the nearest

Fig. 2

metrological station (AMeDAS Iwamizawa), middle:
hydrograph of deciduous forest, lower: Todo fir plantation.
Arrows indicate snow melt event with discharge increase.
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Fig.3 Hydrographs during summer storm event (2011/8/14-17).
Upper panel: hourly precipitation at the nearest
metrological station (AMeDAS Iwamizawa), middle:
hydrograph of deciduous forest, lower: Todo fir plantation.
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Table 1 L-Q equation of each stream water quality at deciduous and Todo fir plantation stream during
snow melt (2011/3/25-5/8) and summer storm event (2011/8/14-17).

BRI BRI R AR L-Q= R?
observation period stream water quality forest type L-Q equation R?
[RERM _ 1.15
o deciduous y =2.67x 0.92
BTN DOC
snow melt b RV AT _ 1.20
38250 ~588H Todo fir plantation y =6.17x 0.98
(4488 ) BRI 1,00
3/25-5/8 deciduous y =0.27x 0.77
44 days DIN P
— 1.13
Todo fir plantation y=1.11x 0.96
[RERM _ 0.79
deciduous y =2.11x 089
Bk DOC
summer storm-event N RYY AT _ 0.91
8H14R ~17H Todo fir plantation y =6.57x 095
(388) LA 0.65
8/14-8/17 deciduous y =0.08x 0.61
8 days DIN ~RIYY AT
y =0.28x%78 0.79

Todo fir plantation
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fir plantation stream (—).
Study period: 2010/10/1- 2013/9/25. Sampling was
conducted every two weeks in normal stage of water.
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Fig.5 Relationships between DOC (upper panel) / DIN (lower)
concentration and stream discharge in natural deciduous
forested stream () and Todo-fir plantation stream (4p)
during snow melt (2011/3/25-5/8).
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Table 2 Exports of DOC and DIN from deciduous and Todo fir plantation stream during snow melt and summer storm-event.

RE DOCHRHE DINSRHE
discharge DOC export DIN export
BRI g BEREM) RHEmm)  wHR)  BEEHEEKy) KBHEKgha) WEEFEEKg) HLAFE(Kgha)
observation period forest type cumulative runoff runoff rate” cumulative specific cumulative specific
discharge (mm) DOC load DOC load DIN load DIN load
(m°) (kg) (kg/ha) (kg) (kg/ha)
BEH i 56547 684 1.24 86 10.4 105 13
snow melt deciduous
3A25R ~5A8H KTV ATH
(44EM) Todo fir plantation 30785 437 0.79 80 11.3 194 2.8
EHiA i 7023 85 0.62 30 36 18 0.2
summer storm-event deciduous
8H14R ~17H e
GEM) h IS AT 4467 63 0.46 41 58 29 0.4

Todo fir plantation

1) W= k. RS R & o 2120150 ~ B H o 5 H 8 H £ TOMMEI/KES155mm, B KK
8 H14H ~17H O#EFEKE137Tm % v 72,

1) runoff rate expressed as the ratio of runoff to precipitation. Precipitation during snow melt was 515.5mm, and those of summer storm-
event was 137mm, respectively.
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Wizo AUIEEALEE O SRR T I O R 5H & fA L
7B, EE60emFE TOLERICE F DM NA < A
DFJT0%A T Tdh B 2 &35 S (Fukuzawa et al. 2007),
51T, FMERRIC L o TR RGIIMEIEL T, #F
RAZH B DFRAE L Tz, 180 O I~ @ RIEHD
B END 2 ED i E N Tw b (Fukuzawa et al. 2006), =
D& ITEFAERIZ BT, WHB L OHRRE OE 2
LAWY OEFEFH 7Ot ADEND, LHBETICBWT
NO, DR L LCili CHNIWFEMEAVRIE S D H L
g OwhHE (B51322004, #2014, SEHIEA2010) R ME
WHEANOEE L LICOVWTORF R H 5, THhbEAR
FAEH DTS T EE IS L ANO BREDA T 5% DD, T
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Table 3 Description of the annual riverine DOC export by Biome.

HeErE REER i
g REB - BE (kg/ha*£F) (ha)
specific catchment
Biome/forest type Watershed Country DOC load area Data Source
(kg hatyr?) (ha)

BB EELERM TR B IZ ZE K Tonebetsu deciduous Central Hokkaido, Japan 50.3 8.25 B3R This study

Cool Deciduous B2 )| Gokibiru stream Central Hokkaido, Japan 24.8 2.06 x10° RIRIF 52006 Nagasaka et al. 2006
Bear Brook New Hampshire, USA 17.8 100 Fisher and Likens 1973
Bear Brook New Hampshire, USA 20.8 100 Mcdowell and Likens 1988
Augusta Creek Michigan, USA 45.3 Webster and Meyer 1997
Augusta Creek Michigan, USA 27.7 3.64 x10° Moeller et al. 1979
Augusta Creek Michigan, USA 18.7 6.27 x10° Moeller et al. 1979
Smith Creek Michigan, USA 22.1 78 Moeller et al. 1979
Hubbard Brook (W6) New Hampshire, USA 8.5 13 Hobbie and Likens 1973

BT LR M Storgama Norway 38.0 60 Lydersen and Henriksen 1994

Mixed Northern Forest CN1 Crosson Dorset LTR Ontario, Canada 43.6 456 Dillon and Molot 1997
DE10 Dickie Dorset LTR Ontario, Canada 65.7 79 Dillon and Molot 1997
Hubbard Brook (W7) New Hampshire, USA 24.9 76 Aitkenhead and Mcdowell 2000
Hubbard Brook (W8) New Hampshire, USA 44.7 59 Aitkenhead and Mcdowell 2000
Hubbard Brook (W9) New Hampshire, USA 101.7 68 Aitkenhead and Mcdowell 2000
Lye Brook (W8) Vermont, USA 65.4 130 Aitkenhead and Mcdowell 2000

RBRT R R EEM FIARBI N RV Tonebetsu Todo-fir Central Hokkaido, Japan 67.5 7.05 ZRFF 38 This study

Cool Conifer Kelly River Nova Scotia, Canada 35.9 6.3 x10° Clair and Ehrman 1994
Birkness Norway 58.8 41 Lydersen and Henriksen 1994
Tollinja SouthWest Finland 43.0 340 Kortelainen et al. 1997
Heinajoki South Finland 58.0 950 Kortelainen et al. 1997
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Table 4 Description of the annual riverine DIN export by Biome.

5 4=FCiE

REER

i e - B (keg/ha ) (ha) R
specific catchment
Biome/forest type Watershed Country DIN load area Data Source
(kg ha™yr?) (ha)
BETERLERM  FIRBILZERM Tonebetsu deciduous Central Hokkaido, Japan 2.7 8.25 ZHF 3R This study
Cool Deciduous Baldwin Creek SouthWest Pennsylvania, USA 3.6 535 Dewalle et al. 2005
Linn Run SouthWest Pennsylvania, USA 2.13 1.1x10% Dewalle et al. 2005
Benner Run Northcentral Pennsylvania, USA 1.7 1.1x10° Dewalle et al. 2005
Stone Run Northcentral Pennsylvania, USA 1.0¥ 1.1x10% Dewalle et al. 2005
Roberts Run Northcentral Pennsylvania, USA 0.1 1.1x10% Dewalle et al. 2005
RT SRR M Caribou Poker Creeks (High permafrost®) Alaska, USA 0.4 570 Petrone, et al. 2006
Mixed Northern Forest Caribou Poker Creeks (Medium permafrost) Alaska, USA 1.4 1.00 x10° Petrone, et al. 2006
Caribou Poker Creeks (Low permafrost) Alaska, USA 0.9 520 Petrone, et al. 2006
BETEREERM  FIBBI N KT Tonebetsu Todo-fir Central Hokkaido, Japan 8.3 7.05 ZHF3E This study
Cool Conifer H.J. Andrews Experimental Forest W10 Oregon, USA 4.3 10 Triska et al. 1984
Tollinja SouthWest Finland 0.5 340 Kortelainen et al. 1997
Heinajoki South Finland 0.5 950 Kortelainen et al. 1997
BT RS R FURMRMEERME  Tsukuba Ibaragi, Japan 21.1% 67.5 E I IRIEMFFAT 2014
Boreal Conifer PR  Tsukuba Ibaragi, Japan 10.0 3.8 FHMFEHIIERT 2012
HRBH  Katsura Ibaragi, Japan 2.0 2.7 FRMAWIEERT 2012
BERNBREEBRE  Kaizawa W1 Kanagawa, Japan 6.3 6.70 tiEA 2013
BRI BHREARM  Kaizawa W2 Kanagawa, Japan 7.6 9.20 EiE A 2013
BREBREERM  Kaizawa W3 Kanagawa, Japan 8.8 15.20 EiE A 2013
MEERILERER IR Takatoriyama catchment?  Kochi, Japan 3.8-5.3% 18.7 BEFAH2014

1) permafrost : 7k A+ &

2) VI E I FERORIRASTEBII
3) 19974F~20014F D ¥4 18

4) NOsNOD A DE

5 7T FEOBMMOL Y

) R CE S ISR U5, B 2 IR IESR
B 59 5 I T B9 1IZDOCR T &= A% WA S 1) (K
-3), AKWFFED L FERBFR IS Z A0 S O FEds L2 S0 W E] T & 7R
LTwb, HLWFIZLTS, DOCIZBIL T, dufzko
Mot ds CHUN S 7z K& AT, BB OFEPHN A&
fFFohs 2 Edbhols
—JDINIZDW T A D &, JEBEBARGTISIE 1) 7 i ©
o725, b Ry NTHGIEOMEL, EPRCaEEff (i
132011) e, BG e L CEEICBI ST 2 s
< A ENEREERFIEI2014  FRAMRAR S IFZERT2012, HhEs)I
13722013) L RBEEDMHETH 72 HL, LEHRMAORE
LT, BREEOFHERNN L 5 (FEMIZA2011) 2
EDTERSNTHEY, AREMITTZENEETTES R
o AR O E L ﬁi%?%kﬁ@ﬁ?vﬁ filiE (&
CIZHHodifim) OBzl BR/OFE % EF L, DIN
THNZBED L X 2 XL EEREH S NS LB D 5,

FEHESHDER
PDLEX Y, RFEHO b B~ bk & IR TR O Y S
EROEVWE T LD L L, WIRNESY £ TO@EWIZ L 55

T E DFE AR ERBREOER -6 1L, &
SRS BB 2\ 12 K AR B L ONERT S S & O A,
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bo L2 LEESAICHAUE, JLHEEN TR IC L 21
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Summary

We conducted three years’ observation of stream DOC and DIN
concentration in two forested headwater catchments with different
forest types (mature Todo-fir plantation forest and old-growth
deciduous forest). Water samples were corrected in normal water
stage (two weeks interval) and during storm events (snow-melt and
summer rainfall).

Seasonal variations of DOC concentration were similar in
two catchments, however, those of NO;-N in Todo-fir plantation
forest were increased particularly during winter and the value
indicated higher level (0.6mgN/L) within Japanese archipelago.
Characteristics of material transport during storm events were
different between snow-melt and summer rainfall. In spring, DOC
and DIN concentration were increasing with increasing stream
discharge, while in summer, both concentration were decreasing
with increasing stream discharge, indicating the difference in
storage capacities of dissolved material in riparian zones among
season.

Our observation data suggested that difference in material
transport between Todo-fir plantation forest and deciduous forest
resulted from (1) difference in amount of nitrate leaching caused
by difference in amount of nitrate uptake by vegetation due to

presence or absence of Sasa bamboo, (2) difference in stream

22

discharge caused by difference in interception evaporation between
deciduous and evergreen forest canopy; in deciduous forest stream,
although higher runoff rate (ratio of runoff height to precipitation)
drains larger stream water than those of Todo-fir plantation stream,
nitrate loss is regulated because nitrogen is strongly retentive due to

internal nutrient cycling within the catchment.

Key words
headwaters, runoff characteristics, dissolved inorganic nitrogen,
dissolved organic carbon, Todo-fir plantation forest, deciduous

forest



