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Abs廿act
Fluxes of radiatively active gases such as mcthane and nitrous oxidc at d占erclltvcgctations (low 

moor， alder forest and high moor) ill Kushiro wetland， Hokkaido ]apall， were measured by the cham 

ber method in Sllmmer seasons from 1993101997. Hydrogen gas 11山 田 werealso measu陀 dsimulta 

neously with melhane 11山田bySCD (Scmi-conductor detector) GC in order 10 understand microbial 

metabolism in thc wet1and. Distribution of sevcral microbial grollps conccming with nitrogen cycling 

were also studied for ullderstanding nitrous oxide日出es.Followillg results were obtained 

(1) Methane f1uxes at low moor sites were 2-3 times higher than those in another vegetation sites， and 

correlated loosely明 thaverage air temperature during observation period 

(2) ln contrast to methane fluxes， dissolved methane concent問 tionsin surface water at low moor site 

were the lowest， and those in high moor site were the highesl 

(3) Ab田叩tionand emission fluxes of hydrogen were ob担円edat high and low moor， rcspectively 

These results sllggest diffcrenl mcch甜 ismof mcthanc production between high and low moor sitcs 

(4) Free living nitrogen fixer was dominant th叩 theother groups of nitrogen cycling bactetia in high 

moor and il was not detected in low moor where aerobic heterotrophs， denitrifiers and NH，-oxidizers 
were most abundant 

(5) Surface waler both in low and high moor was under-saluratcd with dissolved nitrous oxide 

Influxes of nitrous oxide into low and high moor were sometImes ob配刊ed.Abso叩tionmechanisms 

of nilrous oxide in low and high moor were discussed 

Key words: methane日出， nitrous oxide fl山。 hydrogenflux， nitrogen cycling bactetia， Kushiro 

Wで泊and

lntroduction 

Wet1ands a町 recognizedas one of thc largest 

natural sourcc for mcthanc， which is radiativcly 

21 times (in mole base) active compared with 

carbon dioxidc. According to a report of IPCC 

(1995)， 115 TgCH4/yr is emitted from natural 

wetlands among tol'al emission of 160 TgCH.，/yr 

from natural sourcc and 375 TgCH~/yr from 

anlhropogenic source incJuding 60 TgCH.，/yr 
from art而cialwetlands of paddy field、νhereasit 
is yel unccrtain whether natural wetlands are 

sources or sinks for nitrous oxide， which is also 

radiativc1y 206 limes (in 1110le 加盟)active th叩

carbol1 dioxide. 1I is important for wisc use of 
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wetland to know or estimate the role and wo同h

of wetland. It is uncertain but祖 interestingsub-

ject to be claruied whether natural wetlands con 

tribute to recent increase in atmospheric 

methane and nitrous oxide concentrations or 

nol η1e pu叩 0田 sof this study are to measure 

fluxes of methane胡 dIlitrous oxide at different 

vegetations (high moor， low moor and alder for. 

est moor) in Kushiro wetlalld by the chamber 

method， to discuss possible mechanisms of 

emission and/or absorption of these gases ill a 

natural weuand with additional data of hydrogen 

gas値目 四 dmicrobial population 

Study field and皿e曲ods

The Kushiro wetland (43009'N， 144026'E) in 

eastem Hokkaido is the largest wetland in Japan 

with an area of 180 km2， 77km2 of which are reg-

istered ill Ramsar Convelltion. About 70% of the 

area is low moor dominatcd by reed (Phragmite) 

and sedge (Carex). Some 10% is high皿【 Jrdom 

inated by sphagnum (Sphagnos). and 20% is low 

moor forested with )apanese alder (Alnus) 

Thesc three different vegetations mingle with 

each other in Southwest part of Kushiro wetland 

in the Onnenai area. where thcre is a log path 

trail extending for 2 km. In ordcr to measure the 

E山田 ofmethane聞 dIlitrous oxide in this wet 

land， we used cylindrical il山 chan1bers，made of 

aC1)'1 resin measuring 50 cm in diameter alld 1 m 

in height， equipped wi1h a ba1tery driving fan to 

m以 thechamber air before sampling. The chamト

bcr air samples we町 takeninto evacuated glass 

vials through rubber septum by a gas-tight 

syringe with a fi.nal pressure of 1.5 a1m or more 

Methane f1uxes were ca1culated from the 

increasing rate of methalle concentration in the 

chamber air during 2-3 hours except for night 

timc， when they were calculated from an accu 

mulation rate during overnight. Al出oughit may 

be possible 1hat night time日出 ofmethane凶

underestimated， it was not always lower (Fig.l) 

Methane and hydrogen were measured by SCD 

(Semiconductor detector)-GC with a charcoal 

column (Ohta et al. 1999) and ni1rous oxidc by 

ECD (Electron capture detector)-GC with a GS 

Molesicvc plot column. Atmospheric concentra-

tions of methane and hydrogen we陀 alsomoni-

tored cOlltinuously with an automatic open-close 

chamber and回 mpling-injectiondevice at low 

moor site dominated by sedge and trefoil vegeta-

tions 

Water quality and concentrations of con 

slituents in surface and interstitial water (sam 

pled with ceramic pore water samplers)， inc1ud 

ing dissolved gases， were also monitored as 

background infonnation 

Bacterial populations were measured by the 

viable count method with agar plate for aerobic 

hcterotrophs and free-living nitrogen fixer， and 

MPN method with liquid media for dcni甘ifiers

and ni甘ifiers.Surface 15cm soils were sampled 

by a steel soil corer with 33mm diameter at 4 

sites in high moor. 3 sites in alder moor and a 

single site in low moor. Each sampled soil was 

suspendcd al1d diluted il1 sterilized disti!led 

water at Onnenai visitor centcr immediately after 

sampling. Diluted油田pleswere inoculated into 

1he following media al1d il1cuhated at 20 "C 

1/100 of l1utrient brolh agar for aerobic het-

erOl'rophs， 1/100 nutrient broth with addi1iOI1 of 

0.3% KNO;l for dellitrifying bacteria， inorganic 

nutricnt media with additiol1 of (NH4)2S04 or 

KN02 for NH4寸oxidizingor N02-oxidizing bacte-

ria. respectively， and 11市 ogen仕eepuri.ficd agar 

media for仕ee-Iivingnitrogen fixing bacteria 

Metcorological dala were supp¥ied from solar 

battel)'-driven meteorological obse円atol)'in 1hε 

high moor by courtesy of Prof. F. Nishio al 

Hokkaido University of Education. Kushiro 

Campus 

Results and Discussions 

First， we compared thc background environ 

ment bet'ween由estudied sites. Table 1 shows 

surface water qualitics at different vegetation 

sitcs in three t'ypcs of moor. The high moor 

showed 1 to 1.3 unit lower pH and 4-5 times 

higher DOC concentrations than low moor. lt 

may be due to humic subs1ance rich in high 
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Table 1 Compari回 nof Ihc surfacc waler qu.uilY bclwccn diffe陀 ntvcgctation siles in Kushiro wctland 
inAugust 1994. 

Tcmp pH Eh DOC 
CC) (m円 (mgC/l) 

Low moor 20.1 6.4 287 11.5 
(n-lO) (0.8) (0.3) (140) (1.3 ) 

Aldcrmoor 19.9 5.8 178 23.1 
(n・4) (0.2) (0.1) (76) (7.3) 

Highm的『 19.9 5.1 281 49.4 
(n-5) (1.5) (0.4) (205) (10.3) 

sog eye 11.8 7.6 276 1.8 

moor. The alder-forcsted moor showed 100m V 

lower Eh value and a higher concentration of 

NH4+ th叩 theother two moors. This nitrogen 

supply might be associated with co-cxistent Nz-

fixing legminous bacteria (Frankia sp) in aldcr 

root nodule. In the studied area， there is a smal1 

pond callct! "bog eye" which receive sprung up 

water from underground water system. IIs sur-

face water is completcly different from the other 

sites: i.e. lower temperature， higher pH， lower 

DOC and higher CI"， NOf and S04~ト conccntra

lions. This water is an important l1utrient source 

for the low moor 

Secondly， we compared carbon and nitrogen 

content of pcat soils between three moors 

Although carhon contents were nol so much dif. 

ferent between three sites， nitrogen contents and 

C/N ratio showed c1ear difference between 

three moors (fable司 Highmoor showed nitro-

gcn limitcd cnvIronment charactcrizcd by the 

lowest nitrogen conlcnt and the highcst C/N 

ratio. 00 the other hand， alder forest moor 

showcd nitrogen rich environments indicated by 

Table 2 Carbon and NIlrogcn contcnl and C/N 

ralio of scdimcnt al thrce vcgctation silcs 
1n Kushiro wctland in Augusl 1995 

Hi.Q'h moor Aldcr moor Low moor 
(4臼ilcs) (3 sit同 (lsitc) 

N-contα1t 12.3 (5.0) 24.8 (9.1) 18.1 

C吋conlenl 358 (08) 338 (120) 376 

C/N ratio 33.2 (19.2) 13.7 (0.23) 20.8 

unil : mg/g dry soil 日gm山 in( ) indicatc s.d 

Anion (" M) CatIon 

Cl NOf S042
・

同F NH4+ 

22.7 0.81 1.1 0.3 0.9 
(10.3) (0.3) (6.2) (0.3) (0.3) 

10.4 1.1 2.3 2.1 19.6 
(12.4) (0.5) (1.3) (1.3) (14.1) 

16.5 2.0 3.1 0.4 8.1 
(15.0) (1.4) (1.4) (0.2) (7.3) 

90.9 30.9 22.2 1.0 2.4 

Figurcs in ( ) indicatc s.d 

the highest nitrogen content and the lowesl C/N 

ratio. Tbis nitrogen rich environmenl is due 10 

CかexistentN2トfixingbactcria with aldcr tree 

τbe result of methane Jlux 111白山町I11cntsin 

1993 summer is shown in日g.l.Me出祖efluxes 

at two sItes of low moor are higher than two sites 

of high moor and one aldcr forcsl site. Averaged 

dai1y fluxcs (calculated from day and nighl Jl山

cs) wcre 377， 103 and 72 mg CH.I/m~/day in low 

moor， high moor and alder forcst. respectively 

Fig. 2 shows atmospheric mcthanc concen 

tration and methane f1uxes monitored by an 

aulomatic open-c1ose chamber at a low moor 

stalion during summer observation in 1996 

Atmospheric mcthanc cOl1cenlralIons were 
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Fig.1 Mcthanc sUXCS al diffcrcnt vcgcWtion sitcs 
in Kushiro wctland measured by thc chamber 
mcthod in di何ercnttimcs in a day on 24-27 
AuguSI， 1993 
Two sitcs口Ilow moor (dominaled by recd 
and sedge. and by sedge and trcfoiJ) and in 
high 11叩 or(suclte alld Schlcllke) and onc sitc 
In aldcr for回 wcrechoscn for f1ux mca 
surcmenl slation. Challlbcr air samp1es 
wcrc takcn 4 10 5 times durillg I 10 3 hours 
for daytimc fluxcs and 1 time flωoverl1ight 
fl，~ 



Miyata ct al. (J 997) measured mclhane日UXL11 

the low moor near 10 our sampling sile by an 

another mclhod， Ihe conccnlration gradient 
method. They calculated mcthane nuxes by 

using the diffl凶 onconstant estimated from wind 

speed and monilored methanc concenlraliOIl 

from two laycrs of ambicnt air by NDIR ab回 η〉

tion spcctra. 'llley reported melhane f1uxes wcre 

almost Ihe same in 19倒 and1995 summer (189 

mgCH'l/m1/d) and lower one with shrub 

(Chamadaphne calyculata: 0.32 ::tO.05 mgCH4/g 

1>lant/d) by enc¥osure method in southern 

Michigan bogs 

Methane f1uxes in low moor during 1993 

1997 summer were avcraged to 17.8:t.4.8 mg 

CH4/nNh (or 427土115mg CH~/m'/d) 百'"

was rather higher compared 

methane nuxes旧日berianLowland (2ト234

mgCH4/m'/d， Tohjima el al. 1995) or in 

Canadian 1ρwland (8-126 mgCHoI/m'/d， Roulct 

et al. 1994). And al50 in thcse report， methane 

fluxes estimaled by large scalc air samplings 

wilh ai叩lancshowed rather lower melhane 日出

es than thc chamber method 

mgCH4/g plant/d or ils contribution for 

methane flux was calculated 3S 250土35

with 

Fig，3 Compilcd mcthanc f1uxes at Ihree moors in 
Kushiro wetland mcasurcd by thc chamber 
mcthod during summcr 1993-1997 
Mcthanc f1uxcs In cvcry summer wcrc aver 
agcd [or cach moor and comparcd with cach 
olhcr. Avcragcd air tcmpcrature during expcr 
imelll'al pcriod 1Il0niton:d at high moor station 
was alsοshoWll 
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moors (highest f1ux at low moor followcd by 

high moor and alder forest) wcre confinned in 

eve円 year'sob田刊ations円1ι明 rcsultsarc con 

sistcnl with those of Shannon ct al. (l996).lney 

reported higher methane cmission with vascular 

plant (Scheuchzcria palustris 士 0.2

Methanc日uxcsmca5urcd by manual han 

dling wcre comparcd between three moor包 dur

ing 1993-1997 summer observations (Fig.3) 

Differenccs of methane f1uxcs bctwcen thrcc 

significantly higher betwccn nighl 10 early 

moming (3.25土0.47ppm) comparcd thosc in 

daytime (2.30 ::tO.61 ppm). On the other hand 

methanc f1uxes werc not significantly differ-

cnt bctween day (n・11，20.5::t: 1.9 mg CH4/m2/h) 
nighl (n・12，average: 21.4土

CH4/m"/h). At the same time， methane日山田

were measured by manual handling of cham 

bcr and sampling of chambcr air at a neighbor 

site of low mOQr. Thc result of manua1 measur令

ment showed similar methane f1ux (n・5，18.3010 
5.5 mg CH，I/m2/h) compared with that of aut。

deviation. Automatic methalle monitoring 

showed very higher prccision comparcd with 

2.2mg 

matic monitoring， cxcepl for higher standard 

Fig.2 Atmosl>hcric mcthanc conccntration and 
methanc f1uxcs rnonitorcd by an aulomatic 
opcn-close chambcr at a low moor stalion 24 
25ju1y，1模漏
For onc cycle of flux mcasuremCllt， aftcr a 
chambcr closcd， chambcr air was samp1cd 
and injcctcd into SCD.GC cvc町 10minutes 
intcrval for 1 hour， and the chambcr was 0酔n
for 30min. in ordcr 10 rcsct chambcr air 10 
ambicnt atmosphcre alld ncxl S3mpling cycJc 
was start吋

3・.•• 

4・
• 

2.1 

，、.. 

thrt'n"，~ 

manual measurement 

• 

and 
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and 181 mg CH~/m1/d、 reSI>ective ly) ， whcreas 

our chambcr method showed vcry diffcrenl 

f1uxes belween two ycars (587 and 274 mg 

CH，I/m:/d， respectively). 111is discrcpancy o( 

methane fluxes betwecn two mcthods may bc 

due 10 reflection of sile specific fluxcs in Ihc 

d四 nbcrmethod. 50山alwe cOlllpa.red me由ane

fluxcs bclwccn onc sIlc dominaled mainly by 

rced and anolhcr silc wilhout any vcgclation 

(open watcr site) at the samc low moor in 1997 

summer. Methanc f1山wasmore than two times 

higher (27.8 mg CH4/mz/h) in rccd vegetated 

SiLc than open waLer site (10.6 mg CH4/ml/h) 

But we used the samc vcgclatioll sItes for 

methanc flux measuremcnt cvcry ycar. 50 lhat 

difference of methanc flux from ycar to ycar is 

nol due 10 such sitc spccificity. And we moni 

lored methane flux with an automatic openぐlosc

chamher in 1996 summcr al the samc vcgetation 

sitc as thal used by Ihc gradicnl method. As 

melluoned abovc， mcthane fluxes measured by 

automatic chambcr (averaged day and nighl fl山

was 506土48mg CH.，/mz/d， n-23) were 2.7 
tImes higher than the gradienl melhod. Thesc 

resull's suggest thal therc may be some reason 

for lower mcthane flux cstimation in thc gradicnl 

IlIcthod 

Tcmpcrature mighl a百ecton the melhane 

flux directly or indirectly through the primary 

production四 ddcgradation pr此 csseso( organic 

mattcr as shown by Whiting & Challlon (992) 

、rVchad unu写uallycold summcr in 1993 in con 

trast to normal summer in 1995. Although air 

tcmperature during obscrvcd period was lowcr 

in 1995 than in 1993， active primary production 

mighl be expect:吋 in1995 and il could ref1ect to 

mclhane production. In addition， methane pr。
duction and flux in low moor mighl directly 

renecl thc tempcraturc during obse四edperi吋

Di.fferent resp叩配 ofmcthanc日uxon pcat tcm 

peraturc between differenl bog sites was report 

cd by Shannon &、円itc(1994)， who suggested 

this difference due to vegetation明 thor withoul 

trans凹同syslem

ln Kushiro wetland， methane fl山田weredif 

ferenl not only between differenl vegetations bul 

also belween ObSCTVCd yel.lrs. Mcthane fluxes 

sccm 10 depend on temperature， especially al 

low moor sile. Avcrage air Icmperalures moni 

torcd at the metcorological statIon in high moor 

during the ob田刊ationperiod were al回 shown

in Fig. 3. Methanc flux in low llloor sitc at the 

highesl Icmpc四 ture(l四4)was more由antW1ce 

1.18 thal of the lowesl one (995). From a linear 

rcgrcssioll， mcthanc flux in low l1loor correlatcd 

10 air tempcrature with thc coc田cicnlof 1.54 mg 

CH./m'/h/"C (r・0.85).On the other hand， in 
Ihe case of high moor and alder forest， methane 

fluxcs did not direct1y depend on observed air 

tCIl1I>eralure. It may hc duc to anolher rcgulating 

factor(吋 formelhanc productioll and nux 

bcsidcs tcmpcrature. In thc casc of high moor， 

whcre is ombrotrophic and nutrient deficienl， 

precipilation which supply nitrogen and othcr 

nulrient Illight affcct primary production and 

mclhane flux 

Hydrogen gas concentrations in the flux 

chamber werc measured at thc samc time as 

methane analysis by SCD-GC， and ca1culatcd 

hydrogcn f1山田in1993 summcr were shown in 

Fig.4. Emission nuxes of hydrogen were 

observed at low moor and alder forcst siles 

whilc influxes of hydrogcn inlo high moor were 

observcd. This Icndcncy o( hydrogen fluxes 

were observed in the following years. Parallel 

0.3 
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Flg.4 1.lydrogcn fluxcs mcasurcd by thc chambcr 
IlIclhod al diffcrCUI ycgclation sitcs in 
Kushiro wClland OJl 24-27 August. 1993 
Expcrimcnta1 proccdurc was Ihe samc as in 
日..1
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Table 3 CH， concentration in the sutface waler al differcnt vegetation sites in Kushiro wClland 
in August 1994 
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High moor 19.9 329 5.62 9.59 0.60 
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sogeye 11.8 310 21.1 11.6 1.82 
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emission duxes of hydrogen閉山 methaneat low 

moor sitc were also confirmed by continuous 

monItoring with aulomatic chamber system 

Although several measurements of dissolved 

hydrogen gas in U"esh or salinc watcr and somc 

estimation o( hydrogen emission nuxes were 

re凹 rted(Schutz et al. 19田 Butleret al. 1987 

Conrad 1988)， studies on dircct f1ux mcasurc 

ment or influx o( hydrogen into ecosystem arc 

very limited. Difference o( hydrogen flux 

bclwccn high and low moor may be due 10 diller 

cncc o( linkagc betwecn hydrogen and 

metanogenic metabolisms. Tablc 3 shows that 

dissolved methane conccntrations in the surfacc 

water were highcr at high moor (41.3:t:31.2/1 

mo1/1) than low moor (6.61土8.44μ mo1/l).in 

conlrast 10 higher methane f1ux al low moor Ihan 

high moor. At low moor. especially in reed sile， 

mcthanogenic metabolism might proceed pre-

dominantly in rhyzo叩hercwhere sufficient su!>-

ply o( org四 icmattcr時 expcctcdand produccd 

mcthane would be transported dircctly to the 

atmosphere via reed slem (aerenchyma) system 

lf hydrogen is Ilot utilized for methanogcnesis at 

rhyzosphere， it is highly probable that methane 

H山 mightaccompany c閉山ofcxcess hydrogcn 

On the othcr hand. methane dux目 前 highmoor 

were mainly through ebblutinalion or d血lslon

川cchan凶mbetween sediment-water and water 

air intcrfaccs. 50 that hydrogcn migh! bc oxi 

di山 Jbcfore cmission if any. Inf1四ofhydrogen

at high moor sitc suggest hydrogell uptake by 

methanogenesis. Lower level of labilc organic 

matter supply at high moor site would facilitate 

hydrogen as a methanogenic substrate 

From N20 f1ux mca柏町men給 bythe cham 

bcr method. we had obtained small but domi 

nant influxes of N20 inlo low (-4.1土3.8/1

1/1111/h， n・6)3nd high moor (-3.6:t: 4.8fl 
l/m2/h. 0"，9) against針nallefflux from alder for-

CSI (1.5土1.9JI 1/川2/h.n・3)in August 1993 
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Some inOuxes into high and low moors along 

with small effluxes from low moor were also 

measured in 1995 summer. As shown in Table 4， 

all of surface watcr at cvc円 sitcsin the moor 

(except for “bog eye") were under-saturated to 

the atmospheric equilibrium concentration of 

N20. 'Thls means the role of moor as a sink for 

atmospheric N2U. as IPCC (1995) suggested 1he 

possibility of soil for NzO sink. Reports on 

nitrous ox.idc f)山atwetJand as a田 urceare ve叩

limited and reported nitrous oxide fluxes were 

ve町 small(Matson and日tousek.，1990. Paludan 

and Blicher.Math眼目 n1996). 50 that more 

in岡山vestudies should be need吋

N20 production and consumption are c10sely 

Iinked to microbial nitrogen 1ransformation 

such as nitrification，【lenitriuca1ionand nitrogen 

fixation. ln ni汀ification.N20 is produced as a by 

product of NOf production合omNH4+ (Bremner 

& Blackmer 1981). In denitrific叫on，N20 is pro-

duccd and consumed as an intermediate from 

NO to N2 (PaYlle 1981). In nilrogeo fi医al.lOo

N20 is incorporated皿dredu回dto N2 or NH，，' 

(Yamazaki et al. 1987). So that we estimated 

population of several kind of nitrogen cycling 

bacteria in high moor (4 sites)， alder forest (3 

sitcs) and low moor (1 sitc) in summer 1995 

1998. Fig.5 shows averaged densily of each kind 

of bacteria during ob世rvationof 4 summe目

fhis result shows a c1ear diffcrence of micr，か

bial凹pulationbetween three dillercnt types of 

moor. Low moor showed nutrient rich environ 

ment characterized by higher population of acro-

bic heterotroph and 00 de1ection of free-living 

nilrogen fixing bactcria. On the other hand， high 

moor showed nitrogen limitcd cnvironment 

characterized by higher population of frce-living 

nitrogen fixing bacteria. These results are very 

consistent明白 thewater quality and C/N 四 tios

of peat soil as mentioned above (Table 1 and 

Table 2). ln ad【litionto abundance of f同舟livillg

nitrogen fudng bactcria， higher nitrogell flxing 

activities at high moor (3.7 . 54.1 JI mole 

C2Hum1/h) than low Illoor incJuding alder for-

est (0 -2.3 p mole C2H2/m~/h) were measured 

. "町一 日，，，IIi.. . _ i'i，. ・m叩 i4i•. 0< . f，網lI1'f，耐
，，' 
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Fig.5 Ave同gednitrogcn cycling baClerial凹 pulation
at three m回目inKushiro wc由ndin summcr 
l関与1四7
Bacterial samples were taken from 4sites in 
high moor， 3sitcs in alder forcst and 1 sitc ill 
low moor. Each bactcrial population was avcr. 
噌edin each moor. Enumcration of each bac. 
teria is describcd川 thcIcxt. N.D. illdicalc 
frce nitrogen fixcr was nol dctccted ill low 
moor throughout thc cxpcriment period 

by a chamber incubation me由吋m出 acetylene

(Yoh ct al. personal communication). These 

rcsults suggest functioning of a凹ssiblemecha 

nism of N20 uptake by 【litrogcnfixing activity 

(Yamazaki et al. 1987) for obse円edinf1uxes of 

N20 especially into high Illoor 

lf it is the case. N20 uptake f)山田 wetland

would decrea盟 bylimitation of N2-fixing activity 

and N2U em隠sionwould increase with incrcas.. 

ing nutriellt supply. Changes of CH~ and N20 

f1uxcs in natural wetland with r開閉1田 toellvi 

ronmental changes such as global warming or 

acid rain should be elucidated by further studies 
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