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til'i~k. ~-~Wl~l0J=l~4~c:!ltAA~tik7.>0) 
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Fig. 1. The life courses of every leaves on six shoots of Peracarpa carnosa var. circaeoides on Mt. Takago in Boso Peninsula. Observation dates are 
presented by open circles on the horizontal axis. The vertical array of symbols represents a series of developmental stages of leaves arranged from 
the proximal (lower in the array) to the distal (upper) nodes on the shoot observed at the date. The horizontal lines penetrating the symbols show the 
life courses for each leaf. Dotted line represents an uncertain period. 
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Fig. 2. New spro ut s of Peracarpa carnosa va r. circaeoides at Ya mada in lnba-mura, north ern Chiba. 
(a), co llec ted on Nov. 10; (b), co llec ted on Dec. 14. Th e sca le is commo n to (a) and (b). 
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Fig . 3. The growth state of Peracarpa carnosa var. circaeoides in late autumn and ear ly w int er in 
southern Kanagawa. (a), a lon g Morita River in Miura Peninsula on Nov. 22; (b), at lryuda on the foot 
of Mts. Hakone on Jan. 3. 
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Fig. 4. The presence and absence of Peracarpa carnosa var. circaeoides in the seasonally repeated 
records on floristic composition in six stands dominated by Fraxinus spaethiana on Mt. Takanosu in 
western Tokyo. Unpublished data obtained in 1980-1985 by the author. 
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Fig. 6. Comparison of the shoot phenology of Peracarpa carnosa var. circaeoides among the different 
localities. No data on reproduct ive phenology were obtained for Mt. Takanosu and Mts. Tanzawa. 
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Fig. 7. The presumed range of air temperature experienced by Peracarpa carnosa var. circaeoides. 
The solid line represents the range of daily mean temperature for the growth period, and the dotted 
line for the dormant period. The daily mean temperature at each locality was estimated with lapse 
rate based on the normals (Japan Meteorological Agency, 2001) at the nearest meteorological station, 
i.e. Sakahata for Mt. Takago, Ogouchi for Mt. Takanosu, Sukayu for Mt. Hakkoda and Takano for Mt. 
Hiba. 

-21-



0)1=.it~'§uc. c:1:--::itJ:tJL.,--n,7.,_ 
-1i, 1t~mz,: ,i~iffil.tJ{cn l'.J, *•tt~••ttO)ffi 

!Jo/10)~~. 10~20°c c.l:t.tlB':Jfttiffil.--e'cn 7., ca n7.>. 
/91J~!;f, tt:~B':JfJ:9• tt0)~2ji:"'"(:';n 7., 7J 7 IJ ') --e'ti, 
5~20°C O)iffi\./.Jt~#--e'~l ,:)\:;~6ximfit~5FT cl' -5 
(Kawano et al., 1978). Larcher (1995) ti, *~ 1 ff=: 
~cW*ti:tmcpffi!Jo/jO)J\::~/vZO)i@iffi\.li, 10~20°C --e' 
cn7.>c:L"'"n,7.,_ i:.tl,GO)fiti, J:J21-=--¥4'-3r'JO) 
1=.wwm,,O)~iffi\.c~fk.lL--n,7.,_ -ttJ:n-s, *•t1:~ 
W• titi, 1t~mz1:~~tJ::i:J!JlO)~iffi\. (20°C <) ~@li!lt 
T 7., cl' -5 im--e'~IiB':J--e' en 7.,. ff,IjzjSO) ~ -5 1:, 7 -=--¥ 
4'-3 r'_JO)*• ttti, •• tM,:~7.,~~~@li!lti"'"7.>t.:36 
c ti~~I: < l'. l...,7'J, 1...,, 11£iffi\.m:O)•O)~jg~@li!lti"'" 
7->J:.--e'ti~stl.J--e'cn 7., c~~ Gn7.>. 

c. nt--e'r:, a21s:OOP-J--e'~~*':~ "'.) --r1=.wwir .. ,~ 
•*~$ia -tt7.> c. ctJ{!m Gn --cl, 7.,if-0):flt!ib. 5-tt 
4'-fl 7 r{ ~ Oxalis corymbosa L. (fl 7 r{ ~ M) --e'en 
7.,. 1.,,. '7 -tt 4'-fl 7 ,-1 Ui, ~IH~~ ~ :tmtJ: c· r:U1=.i"'" 7., 

~:;,j(:)J¥-:i!g0),Jffi,{[://;ft~--e' in I'.), {E~(;:~'[g;7'J{fJ: l' t.: 36~ 
~-ttf (ili:83, 2003), 00P-JO) t,O)!ilcl-1 • - 1/7'J{ 
§l\fcl--e'~~t.: t,O)t.:: c~~ Gn7.>. J.if:li!/fs--e'!i 3~12 
'A ,:1=.w-t 7->•• tt--e'cn 7., tJ{ cJ:;--11uH1tJ,, 1963), ilP 
~2's:!ll';--e'ti 10~5 'A i:1=.Wi"'"7->*• tt--e'cn7.> C::kllilt • 
~llilt. 1984). i"'"tJ:b-S, U£iffil.m:--e'•• tt, !11!~*--e'* 
$>'M1:~5Fi"'". c. O)JJ¥-:lzslc L--r, 1.,,. 5-tt4=-t.J 7 ,-1 ~ 1:ti 
lfflffil:~ L t.:~iffi\.~lifWcn l'.J, -'ttl-7'J{2ji:1H--e'liW~t.k 
~. ilP~--e'~~~~•~w~-t7.>ft36~cm~an--r 
l' 7., (cj:JJI[, 1990). i:. 0)$/91Hi, i:Afi;B':)tJ:tt'ittJ{lcJ­
"'"(:' t,iffi\.l.Jt• ~~-U 7., c, • • ttc* • ttc:O)M--e' 
7 ::r. J • ::J-~7'J{~$z;l...,-j 7., i:. c~jf-1..., ""Cl'7->. 

1.,,. 5-tt4=-t.J 7,-1 ~ 0)$/9~7'J, Gm~-t 7., c, 7 -=--¥ 
4'-3 r'_J ,::s1:t 7., 7 ::r. 1 • ::J-0)~,im~ ti, 1=.w,:~ 
L t.:BJ.Jt~#c tJ 7->*ii'itJ{:lm.B':Jl:fttJ: 7., t.:36--e'titJ 
l ,tJ,c~~ Gtl-7.>. -ttJ:b-S, ~Bm:--e'ti~T ~-7.,* 

M1:f*IIR-t 7., t.:36r:• • tt~5F L, U£iffil.m:--e'ti~i"'" ~--
7.,.1:f*HRi"'" 7., t.:361:*•·ti~jf-j-O)"'"(:'!if.i:l'h' cm 
~~j-7.,_ 

7 -=--¥ 4=-3 r'J Ii, 11£iffil.m:~!ll!~m:1: i --e'IL. < Jtf!i"T 
7->tJ\ :±lmJJ;JiJ.JttJ{~l,O)ti~iffil*--e'cn7.>. tf2's:Wc::flt 
0)7/<3JZ5tf!i"~~ 7-> c, l'mB!<~W1'Ht!ll'; • ,J,~JJ¥-:H;t-< 
:ltifi:®:~:tUH 1:1L. < 5t$ L, :ltti a G 1:~-=f !ll'; • ¥-1! 
~ • -JJ b. f- -I'·:; fl(;: i--e'lSzA.,--e'l' 7., Cf~it. 1981). 
?j((:~jg[Jtf!i"--e'ti, ~J:l:!:lm1J c cj:J$:i.1l!1Jl::l3 l ,--rftt:lm 
tJ, G 2,000 m 0J:.O)!ll!~wm:1: i--e'Jtf!i"T 7->. -ttJb 
!>, tm2's:1:~7.>!2~,:~ti!i, W*!/fs--e'li 86~2,250 
m CW*!lfsEJ?'!.{• ~w.lliltliJf9'i'.4i:llli"!fm$4i:, 2003), ~!f 
!/fs--e'li 500~2,380 m Crnl/< • ~!f!!fsffifm~*·iU!l~~ 
4i:, 1997), ~w!/fs--e'li 30~2,400 m C~wrnW¥=3t 
1t-lz 1/ 1-, 2003), ffi~!/fs--e'ti 10~1,980 m (ill! 

J:.·ErR, 1984) 0)~~•1:1=.w1...,n,7.,_ aG,:ffi 

1=.$8':Jl:ti, -'Jv.:=. 1,,- ::,,,;d-::J;d--7'-0)~~--e', ~ 

oo~:tmO) 7'-tjq-;t: ti:±lm-t 7., c. ctJ{5Fa tit.: l'.l cm~, 
titJ,, 1995), -tt '7 1f )v ~ U5fl~~~-:5·1:t 7->fffic L --r 
t&bti--Cl'7-> (Sasaki, 1979). iR,$0)::,,,;d-::J~-tt?IJ" 
Jv ~ O)jq-;, i)m_tl,0)7'-tjif:1:~rf--::>l't.:ft--e'cn7., cl'~ 
7->. mtgO) 7 -=--¥ 4=-3 r'J tiftt:lmi:Aff 7'-tm:~~--e'in 7., 

c 0) Jl!.1i ti en 7., C-=fffi!!fs• ~$EJ?'!.{f¥~~. 1999). 
c. 0) ~ -j ,:, ~-~~ 400 m 0 "'"f 0) m~~!l\'; t: 5t 

f!i"T7->1-=--¥4'-3r'J~, -'E:-O)Jtffj".O)cj:J--e'.t>Bll£U 
:1m•,:1=.w 1..., --cl, 7.,~5!'10)---::i"'"(:'cn 7->. m~~!ll';--e'5F 
T 7 -=--¥4=-3 r'_J O)*• titi, t, Ct, c~i)li:tJ:• ~Hr 
t;2ji::flt7'J{iffi\.1!£tJ:~~"'"f"'"(:'jf-l...,t.:7 ::r. / • ::J-B':)tJ~J.t 
--e'tifJ:l'7'J'c~~ Gtl-7.>. 

~~J:l:!0:Yi-1: :S l '--Ct, D£iffi\.m:O) 7 .:=.-¥ 4'-3 r'J ti Ii t.: 
L--r*• tt~jf-j-0)7'J>, it.:, • • ttc* • tt0)7.:=. 
-¥ 4=-3 r'J O)r,.,--e'fiiI GtJ,O)i:Afi:B':1tJ:5t1ttJ{cn 7., O)tJ,, a 
G 1:, 7 .:=.-¥ 4=-3 r'J --e' Ii tJ -tf~ /91] 0) y tJ l' 7 ::r. J • 
:)-0)~$i7'J{1=_tf.:0)7'J,, fJ:c'1:--::>l'""Cti~{&a GI: 
~[t I..., --Cl' ( J:'.,~7'J{;n 7., t.::-:, -j. 

~ ~ 

2's:liJf 9'i'. ~ i! 39 7., ,: en t.: l'.J, -=f ffi!!fs*~rn 0) 1 -=--¥ 
4'-3 r'J 0)1=.Wt-tlli:--::i l ,--r1i11Jtt5Fl ,t.:t:·l ,t.:*ttliJf-a 
A.,, EIJ/ill!ttt.lJB30)1=.Wt-tll~1illltt5Fl' t.:t:· ~ tm2's:~M b 
1i11Jm~l,t.:t:·l,t.:jif;Fs-=faA.,, g111*-=faA.,, a83t!F 
r a A.,, ,j,B3)J¥-:rrf A.1=.83 0)1=_1J':l.1l!H'llltt5Fl' t.: t.:: l' t.: 
t$~Jll!!f_Ji:1=_~0)~ • t-tllfJJ<f:w!Jo/j~O))jft.lJ~~ a A.,, -'t 
I..., --Cjg-=frfj~pJI [0)1=_1j':i.1l!~1i!IJ~p;Jl' t.:t.::l' t.:rit\Hi-:i! 
*ft±, 11'}1[~,S,~f:w±l:i~ ( ~~$ l...,J:.lf 7.,. 

51 .Ill 3ti!D! 
-=f'!ftJ!UJ±.lliflll El ?tf¥:tU!!. 1999. -=f--'!l!J¥-: 0) il?:~J:m~ tJ: 

!Jlf~~~--f-'!f!J¥-: v •y I' 7'- 7 7 •y 7-fli'[~~- 435 
pp. 

!I!. ii1[4 • LIJ2's:g;j<r • a/ll~'!l • Jlltt~dfk: • ~ffi$~ • 
i:fLIJ-=.fti~. 1997. R-iRLIJJ.W.O) EJ?'!.{f;f.:. In R-iR.::kLIJ El 
?I.\Ii'i!±.lli~-@i-M!Jili:%Hs\r:fi, pp. 175-257 + ftl>'{. 1$~J I l!J¥!_ 
Ii'i!±.lliflll. m~. •• ~-•~m~•~nn•-~••~-•~a 
:!! • 'iir~ :!!. 1995. B,$:0)'1"-tf;f.:fH&O)fil'i~Hft'it 
i't-Jffif;1;:lf-. B ,$:~~$~~ 45: 79-98. 

/!!iJ::~{§ • :fiiR. jffi (~). 1984. ffiiij!J¥-:lit(~$j-:-ffi~~­
;jH ~- 514 pp. J!ti~li'iJ!ff ttlA, t ,d,, ffii~. 

tlitM-!lf. 2002. ll!ii!i:0)1(h~ ~'-tli:m)-!lf~~~ II-. 63 
pp. 1imtFfft1.1/t&. :&'llf. 

J,llt.J.im1 • mJILiEm • l.ji[JJ¥-:il!!W. 1963. 'kffi{'F-~$~~t!j/i 
J.. 7 -if'4'--JJ 7 ,< ~ O)~~c ~Jil!Ril:lffl-t 7., liJf~. ~~liJf 
~ 2: 55-59. 

Kawano, S., J. Masuda and H. Takasu. 1982. The pro­
ductive and reproductive biology of flowering 
plants. IX. Further studies on the assimilation be­
havior of temperate woodland herbs. J. Coll. Lib. 
Arts. Toyama Univ. (Nat. Sci.) 15: 101-160. 

Kawano, S., J. Masuda, H. Takasu and F. Yoshie. 1983. 
The productive and reproductive biology of flow-

-22-



ering plants. XI. Assimilation behavior of several 
evergreen temperate woodland plants and its evolu­
tionary-ecological implications. J. Coll. Lib. Arts. 
Toyama Univ. (Nat. Sci.) 16: 31-55. 

Kawano, S. and Y. Nagai. 1975. The productive and 
reproductive biology of flowering plants. I. Life his­
tory strategy of three Allium species in Japan. Bot. 
Mag. Tokyo 88: 281-318. 

Kawano, S., H. Takasu and Y. Nagai.1978. The produc­
tive and reproductive biology of flowering plants. 
IV. Assimilation behavior of some temperate wood­
land herbs. J. Coll. Lib. Arts. Toyama Univ. (Nat. 
Sci.) 11: 33-57. 

Kikuchi, T. 1976. A phenological record for the wild 
plants in the botanical garden of the Mt. Hakkoda 
Botanical Laboratory of the Tohoku University, 
1962- 1965. Ecologial Review 18: 225-232. 

~~fr(~). 2001. 7;. 7·7.. Ot!!~~~ill.iJliD 'l':$/il'L In 
'l'-$1iIT (~iltWJr .. , 1971 ~2000 $) CD-ROM. ~~~m 
:Stff-e:, $7 -, *~-

i/rEH)t5l. 2003. '/J 7 ,{ ~ N. In ml)<@:/;i C*~D. R,$:OJ 
1iiHtlr11~. PP- 124-126. ,fJU±. ~n;:c 

Larcher, W. 1995. Physiological Plant Ecology, 3rd. ed. 
506 pp. Springer, Berlin. 

tt.l:u.l~ • i:j:ltf$.A. 1997. RiRw!i!n:::lolH:illi/JB'-J • ± 
:lt!la'-1nft1'.1;::-::i~,-c. In RiR:kwEl?KEJil!llil\'t0W,1J1H!l~ 
lt, pp.122-167. t1\l~Jllil¥.:lJ/lJ:lli$, tl'/ii~. 

i:p JI I ~-=-t!B. 1990. .L. 5 -tt 4- '/J 7 , q . In inJlllrBH-• EH 
i:p if (~), Field Watching 2. tk0Jlllf11J~W <, pp. 
30-33. :lt~IM\', *~-

$iMli.f •. 1980. lt~w 1;:: :lo l:t 7., ~:tif:n1'(!/7J.IO)fl[!~*Wi"t 
B''JliJf'7i:.. I:: ::1 l::"7 8: 399-415. 

:kl!lrl;'ll:-• ~rMJt!Jse.. 1997. RiRL.l!:lt!lOJnrl'£ C*1;:: 7'-t-1 
5 7..~0Jn1'i1'.1;::-::i~,-c). In RiR:ktl1El~lJ/lJ:lli~i'i-W,1J1i: 
ffl~ll. pp.103-121+f-t]i{. M!~JIIIJ¥.:fJ/lJ:lli$, l'illi~. 

:k:!JilG$M'J • .:rr.:!JilG:l\::-. 1984 . .L. 5 -tt-+ '/J 7 , { ~ OJ'£~ c I~ 
M<. i'P~il¥.:ll!!~~~~liJf1f.ffl~ 9: 67-72. 

:t:EH;Ji•~- 1996. Jryif/Rff4llii:tif:OJffil!'£. In ffiB!Hfi5i!;-T 
§ ~ilHt!!~n1i1'.W,ll1i:~f*ffl~:tf-trJlifiRf4llii:tif:OJ El~-. 
PP- 91-124. ffi~rfiffllrfi~-Olli$0fil~:lt!lilll!, ffi~ • MEI:! 
1:ti.AR:;fs:E1~1¥ilithh~. *M-

Sasaki, Y. 1979. Der Verband Pterocaryion rhoifoliae 
in Japan. In Miyawaki, A. and S. Okuda (eds.). 
Vegetation und Landschaft Japans, pp. 213-226. 
The Yokohama Phytosociological Society, Yoko­
hama. 

16:tt!Nfrti. 1981. -+ 4- :1 r; N. In 16:tt~frti • :k:tl'&.=. 
f!B • :ltHP'Llf!B • ][I.!IH~& • ~nx.IB~ C$l~). R,$:OJlllr'i. 
ffili~. ~,$:i"ii III, pp. 149-155. -'V-JU±, *M-

16:tt!Nfrti • /)l'( 11[ • ][fll!f~& • ~fixf.P,~ (t;l,,D, 1989. 
8,$:0Jl!lr'i.M~. **~- I. 321 pp., IL 305 pp. Sf.FL 
1±, *~-

16:iii:f1J$ • lffi:ti: BK 1980. ;Jt~i!i:OJ:,, J'fii!~OJ~OJnl'i 
~~% 8,$:'i.~~~ltt 30: 369-375. 

'£~"f:j;!flliJf1f.Plr Ci,D. 1972. llB~lOJM~ltt. 395 pp. f* 
wa. *~li. 

/j!j-7)<~~ • &!ril¥.:ffili~ltt~~~~~ (i';W), 1997. :&lllril¥.: 
M~ltt. 1,735 pp. liiJJmBffilfflt±, :Klllr. 

Sparling, J. H. 1967. Assimilation retes of some wood­
land herbs in Ontario. Bot. Gaz. 128: 160-168. 

t1E*il¥.: El ?tlJ/lJ:lliW,IJ:iltliJf1f.i';n1'\~$~. 2003. t1E*il¥.: El~ 
fJ/lJ:lli!li~W,ll1i:. ct, ~-OJ lift~ II-t!E*il¥.:El?.--!-.fJ/lJ:lli¥~ 

W,ll1i:~~~,ts:§~-- 534 pp. t1E*il¥.::tif:mmiEl~lJ/lJ:lli 
ill!!, '.cf'.ffil'§'. 

~wrnN7-xft-e:, 7 -. 2003. §wrnwr:xft-e:, 
f7 -~irnii 16. 373 pp. 

Uemura, S. 1994a. Pattern of leaf phenology in forest 
understory. Can. J. Bot. 72: 409-414. 

Uemura, S. 1994b. Climatic preference and frequent 
co-occurrence of boreal and temperate plants in 
Hokkaido Island, northern Japan. Vegetatio 112: 
113-126. 

Watanabe, R. 1978. Seasonal division based on the 
phenological records in two different climatical re­
gions of Japan. Bull. Inst. of Nature Educ., Shiga 
Heights, Shinshu Univ. 17: 19-32. 

(2004 $ 2 R I 7 B §tfll!) 

Regional Difference between 
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Shoot phenology of Peracarpa camosa (Wall.) 
Hook. fil. et Thompson var. circaeoides (Fr. Schm.) 
Makino, a perennial forest herb of Campanulaceae, 
was studied and compared between the warm­
temperate and the cool-temperate zone in southern 
Kanto, central Japan. In the warm-temperate zone, 
the growth process of shoots was monitored peri­
odically on Mt. Takago in Boso Peninsula, and the 
state of shoot growth in late autumn and early 
winter was observed at four local populations in 
northern Chiba and southern Kanagawa. In the 
cool-temperate zone, the growth periods were es­
timated by published and unpublished vegeta­
tional records collected on Mt. Takanosu in west­
ern Tokyo and on Mts. Tanzawa in Kanagawa. 
On Mt. Takago, this species showed winter-green 
phenology in which the new shoots sprouted in 
October and died in next June with no above­
ground part alive between July and September. 
The sprouting of new shoots in autumn was ob­
served also in northern Chiba and southern Kana­
gawa. Contrastingly, the occurrence of this species 
was confined to the period between mid-May and 
early October on Mt. Takanosu, and from late May 
to mid-November on Mts. Tanzawa. The litera­
tures on phenology of plants on Mt. Hakkoda in 
northern Honshu, and on Mt. Hiba in western 
Honshu, both located in the cool-temperate zone, 
also present summer-green habit of this species. 
Therefore, this species exhibits contrasting pheno-
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logical habits depending on climate zone, i.e. 
winter-green in the warm-temperate zone and sum­
mer-green in the cool-temperate zone. The range 
of mean air temperature during the growth period 
was similar among the areas, 3-19°C on Mt. 
Takago and 5-20°C on Mt. Hakkoda and Mt. Hiba. 

Thus, the winter-green habit in the warm­
temperate zone may be significant for avoiding 
unfavorable higher temperature in summer. Such 
a phenological reversal might have occurred as an 
adaptive shift to grow within a certain optimum 
range of temperature in different climate zone. 
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