Bt (T % w742 A 250

2R X E S
+ THE CONSERVATION OF SAROBETSU MIRE:
Restoration of Water Chemistry Regime and
Its Relevance to Vegetation Succession

(XY EROTRRE - KEER L HEBR )

FmXABEDER

Land reclamation such as deforestation, agriculture, drainage, urbanization and residential
development has large impacts on the ecology of the surrounding ecosystems. These include the changes
of animal and plant communities, as well as the changes in hydrology and hydrochemical regimes.
Sarobetsu Mire, a raised bog in northern Hokkaido, is a case in point. Its ecosystem is gradually losing
its natural state because of human perturbations at the surrounding area, causing the water level to
decrease and threatening a change in the entire mire ecosystem. Some early signs for the change were a
reduction of water levels and an invasion of an exotic plant, Sasa spp., at the western part of the mire.

A study in this area was carried out to investigate the changes in water chemistry regimes and the
composition of the vegetation along east-west direction which corresponds to the degradation gradient.
Surface and subsurface (0.5, 1.0, 1.5, and 2 m depths) water chemistry was sampled 36 times during
1993-2003 at 5 representative points: point E (natural area with Sphagnum as the main vegetal cover),
point W (boundary between the natural and degraded area), point W’ (area installed with vinyl sheet),
point WW (area where Sasa thrives (Leaf Area Index (LAI) = 1.8)), and point NC (area with naturally
formed ditches where the LAI is 1.3 and no Sphagnum is present). The composition of the vegetations
was studied using Braun-Blanquet coverage method.

Using Analysis of Variance (ANOVA) to calculate the variation of all water samples, it was revealed that
“sampling point” (i.e., locations along the degradation gradient) accounted for most of the variation in
water chemistry. It accounted for 30-80% of the total variation in pH, electrical conductivity, ammonia,
dissolved nitrogen, sodium, potassium, calcium, magnesium, alkalinity, silicate, and dissolved organic
carbon concentration. “Year” accounted for more variation in nitrate, nitrite, chloride, and sulfate than
points did, while the variation in DRP and DP concentrations were not based on any of the caleulated
variables. The errors for these two parameters were 56% and 68% respectively, perhaps due to their low
concentrations, thus would be easily affected by any changes on the mire surface. For the surface water
chemistry, however, the degradation status did not account for the variations, except for pH, where
“sampling point” accounted for 26% of the total variation. For other parameters (EC, NHy, NOz, DN, DRP,
all base cations (Na*, K*, Ca2*, and Mg2*), alkalinity, SiOz, and DOC), the “sampling point” accounted for
the variations only when associated with the yearly differences. The composition of the plants
- community also revealed the differences along the degradation gradient, which only point E to be found
ombrotrophic. Even at the boundary between the Sphagnum area and Sasainvaded area where the
water chemistry is relatively unchanged, we already can find Moliniopsis japonica and Trientalis
eurgpaea var. arctica, which are considered as minerotrophic plants. Point W is found to be the richest
area and host both ombrotrophic and minerotrophic plants, such as Rubus chamaemorus-Sphagnum
papillosum communities. ‘

These results indicate that the low and unstable water levels at the degraded part of the mire affect the
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water chemistry regimes by the possibility of inflows from the surrounding areas, accumulation of
mineral and nutrients in the smaller amount of water, evaporative effect and also the leaching of
decomposed peat soils. The latest also caused the formation of gully systems due to the fundamental
change in the hydrology of the peat mass. The decline of water levels also closely related to the overall
hydrological function which governs the nutrient cycle in the mire. The availability of nutrient for plants

communities — which should be remain low in bog ecosystem — was greatly disturbed due to
enhancement of mineralization process such as microbial activities to convert organic compounds into
inorganic nutrient.

The above deductions enlighten the importance of the restoration of water chemistry and the
hydrological regime to its natural condition to maintain the original vegetation of the mire community:
This restoration is approached by installation of dams along the gully systems. It is found that the water
chemistry restoration at near surface could be achieved, since the rainwater itself has the properties
desirable for raised bog, i.e. low pH and EC values, and low mineral and nutrient contents. Further
effect of the dams is the increment of water level which also desirable to restore the water chemistry,
since the increased water level led to the reduction of dissolved oxygen in water hence hindering
mineralization by microbial activities. However, the restoration of ground water chemistry seemed to
need longer period. Prolonged inundation and/or soil saturation is further proved important to allow
deeper penetration — thus restoring water chemistry of the ground waters —, since there is obvious
difference between newly installed dam with the longer one on the extent of water chemistry restoration
toward depth. Considering the possibilities of the influence of mineral-rich groundwater from
surrounding areas, the inundation is also important to hinder the upward flow that can happen during
dry periods. The balance between prolonged inundation and upward movement of ground water, or the
capability of the inundated water to hinder the groundwater to reach the surface, might also be affected
by the presence of low-permeability layer which acts as a ‘boundary layer’ as a result of compaction of the
soil by continuous alteration between wet and dry conditions at the channel bed.

While the water levels and the water chemistry were reinstated, the complete re-establishment of the
hydrological regime similar to natural bog ecosystem is yet to be achieved. The fluctuation of water
levels is still high, which seemed affecting the biogeochemical cycle and determining the plants
communities conserved therein. The differences in DOC concentrations between those at the natural and
the restoration site for example, might be owing to the difference in the fluctuations of water level as
well as the different species of Sphagnum. The high DOC concentration at the preserved area is caused
by the ability of Sphagnum species that living at stagnant waters, such as Sphagnum papillosum, to
elude organic contents from the soil. This Sphagnum species is not found at the restoration site.

Considering the succession of plants species, canonical correspondence analysis revealed that even
though the dams succeeded to restore the surface water chemistry, they did not exactly revert back
toward the natural bog communities as comprised at the preserved area. At the restoration site, the
water availability showed stronger effect in the vegetation succession, and the fluctuation of water levels
seemed to determine the vascular plant species. The microtopography of the soil surface, i.e. hollow -
hummock gradient, is considered to be the main reason for this difference, which further hinder the
restoration of the whole hydrological regimes. Therefore, the use of water level and the variation of
water levels as co-variables of pore water chemistry allowed the distinction of specific response of plant
communities to the environment variables.

Nevertheless, the restoration of water chemistry regimes maintains a well deserved place of importance
for the conservation of raised mire ecosystems. The poor-nutrient status will enhance the growth of
blanket bog bryophytes, which will further develop this peat-forming habitat. The stable and high water
level is the condition that will support this development. The conservation of Sarobetsu Mire in the
future needs to consider not only the restoration of water chemistry but also other environmental

aspects, such as topographical and morphological data, and the status of hydrological regime. A
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e, BBBEELSOMEBBAITLAS LI, LhL, F0OE T ARE
BOBEER L -BEOEACHEENFRRA L 2o BREFDHORBIIBRON., BREROD
EEPEDOA D =X LDOEH, SLLIZEOETFEZOVWTORER L, SHOERDN
B THWaRHIZH D,

KBIE, 20X RBRCHIBRELOMEICOVT, HFMRBEMAESCHMER
PEBIC. EROEELLENT L TAKBENRARPLOHEL. BROEAXILOER
ZFLTHETFEORAEZBHOMCTEI LN TEL, ThHEISHOBRIFADOERNE
BELT, ELIBRBAEEO—FHELLTHEASNWI I LBHFEND,

W ELEBEERIT. SoRHAKRKBEORMBEZORER, MANKESELEIL
WEHOLBEEMIMNET I u XY BRREAKIREX THS, BELHLL Lz
KIZHE TR Z KIBIZ T, BRI —KEEIZBT-oL8, —FTRBRICIIENEBALBR
BAENPBBINBZERE 2oz, THIX. HTAMAOET L HEADOBEKEL T KRKERS D
RN LE FOEENOBT L, EOICHEOCHEBENLBENOWH T2 BHBICS
AOET I LIZKERDRODZ OO LHE L, BKOEKIZE DZHEEDELERA
72

B -ECIRIFREELHRERY B ETHBEMRCOVWTOREHNELZ L O,
ThHOLLEBEICBIT > THABFOELOBRRECRKIITREL., KB, KEFEHEL
THABBORANDLE LD, BHEF AOHABTHREZENEDOREEHEL L LICE
LI B3ETE. . BEORETF— 74280199 3FELUROFEMET—F 2 b LIT,
Fu_VBEMBROKMET EAKEEILOEBERAONII L, ¥7-Piper Diagram®
ESEBRBEF (ERDOHT. ANOVA) X > T, T AEIIBROERPOEH~ L HER
ML LEMEREBHICELL, TEELOKERATBVWTREBIDZEH ~OFEN
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BO—60%ICETHILEALMICL, XBENREEBHOBEBICL > CHBREND
BREBROMAIZELLTWAZ LE2HBLE, B4ETIE, E3EOFT—F 5 LI,
BHES ML IBEINZRBEOREOEROBRELH LML, FLABBICL IR
EHTARKLNNL, KE, MEOCRBBRBICL - THRBLE, TEIROVT. CCARITIZ
IoT, ThOoBMEKEBLTVWAZ LEZHALMNILE, B5ETIIBHES AL 3
A AKDBEBHER YT, BIIHBEOFX LB KOERZ B L, EENICERLG
KOFFKEADEED L L, BHOTHEENIBHEL LOEDHEOEKTHE, 56
ETREAFETHEOLNEZF LVAREZEL D, AAEBICLZ2BERECELILORRES
LD, AROREHN KL BHHEY LOBFHEE P LT LHTNS,
INZETIHICEERIL, BRAREREEROEZEL VY oY BRICE UM #Frk
H2OoWICHAET — 7 DIEEITV., TOESEERMIT - CCARBTERD, RBEOEES
FAESOIIBRMELHERTIL LI, BHEBFAMCI2BEBEETHELZIDT
BRRERLEOBEHELZHELMNILE., ThLORBEIBETY, BEERXTHICETD LS
HERKRTHY, tERFEL (T%8) ORMNEREENIBERHILOLBAD S,
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