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MATSUMOTO, Sadamu* and Yoshiharu YANo*: The Invasion of the Sexual
and Apogamous Types of Phegopteris connectilis in an
Avalanched Region on Mt. Fuji

$v=v5¢ Phegopteris connectilis (Michaux) Watt oERAFERL 3 ke L T, db¥
R s D HEE LT T RORT 5 L Hbh, BATS AETHHZ LobhoTEL
(BAZ 1982a), ¥ o5 MR AT AR H A D ASEEEM o 1L OB A I T (v 7 €V ) I©
ST HC ENHBL (B 1982a), FO—T2 kL LTHE SR T\ 5 (Hirabayashi 1969,
Stk 1975), X e HHATER 0% i 5 ILE T ERATE R 2 B I A R L B (FR
FRIRFRBE) &L B (7 8) AT L, FREEEZIIEATTRAbIAHT 2 1%
W (fA% 1982a),

AR NS ONFERYES 1D, HLEEELTHERBRO v~y 7R LDOIETY
WRARHCHS - LICERL, BEEROS b, Bl EREORTES LOBERZRDH L
FAME L, Ok EHEERNOPLSET S B LIUOHESLH THOKI T X » TR
Xhidh b TR LAREREYEY, HERENAREEF IR TWS AUOKKE O LT~ T
LDTH 5,

MH& U HE

BAREE lm® 0= K5 —  2RERNCHHRSE, »OF0EIERbiL TRENLED
NAEFICER L7, BE ORI Braun-Blanquet 5 (48 EEBHE 1974) 0 X -7 +EE
BEEIAFER CRENEELh Y 2~3 » FFToY, HENEOBREICX »7,

A= v S CO EREEO HELED REED BRARDZLDERDI ST HF VTV VI LI,
19854E8 A5 H, b % { @ sorus OOV L IREN SHEL 12, & OFEIEEOLIHHTIIC O\
Tty BERE TS 7d, +v 7V v 7% Lom BERERS X 5L, AEBEOIIERIRTHT
7o o tc, HREETIE sorus OFWTWARLKREZ 2D Tar = —0EFH 20cm L Eod oriE
Utee ATEROHE TS THhE LD, BBV ) v 5%EH: 7V +y v=1:1) T
=YL, A= ARMFTEIMLOSLTI VAT — FeMED, LRTFERORTORK
PAE D b DR EHAERR, S2MEMHRO S OR WEAEAI L Lic, ChOORIMLERREL,
SD7w— v O—IR sorus DI WHRITHREE L, REE, ROEESEREYHELL. Th
5O AL TNS 1fiin o, Yz 0.002 €10 8-hydroxyquinoline < 20°C, 4
BERARALIE L, 7 o — < — @ CEE EERA L v CHROMEEE fiarTay, BEOMLD
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SLERCL > TF VRS — P RIER LT, HROBEDCERIEED 5 b JaFIEDZH Y4 ) o sorus
DT TrALZHZHDOHNS O 5 bigs sorus DI A FEA TS,

RE IR OBE

FAEHNIIE LU R O L O $HEEBERAFRIC L > CHEI N T TERER & Z IOk
WThsr Fig. 1; X =—2), FBEITII6E2 ArcieE, AFRHEIZFOIEBILCTH-TH DT
HbH, —J7 Fig. 1 o7 7 -, b (a~f) 0K HS OFAEITITTECT e - TG (a4 1982a)

Fig. 1. Research area (X), in where frequencies of apogamous tested. a-f show areas
studied by Matsumoto (1982a). a (2400 m alt.): 100%, b (2300 m alt.) : 92%, ¢ (2200
m alt.): 50%, d (2100 m alt.): 26%, e (2000m alt.): 25%, f (1900 m alt.): 68%.
(Photo by the Geographical Survey Institute in Sept., 1976)
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BRI EREBCE LIcb D TH D, EEAEEEOEA IS ERMKTOe b d, ¢, b, a ~&
EERELEEE by, BRBRAT 1002 &7coTw5b, KA X) 12 c(50%) & d(26%)
OFEIEER (2150 m §itg) wHH, Lo THADEEABEROE &K 38% TIN5,
FEHITE S TO X 512 5 Kichidt: (Figs. 2 & 3, A RKidkigs 5 20m Bk A - 72k,
BRixzh X vz cotk, CK, DR, ERIXEBHRIC X - TR IhcEihT, #%o ExF
i, C, DIIUBLAIT TS S, ALBROKIIYFEVYREHILH T =Y, 22YH, X
VA, FFEAREREREL D, AR DEWHETH BH, FixCBIANREONR, Xrh v esr
FH= FOTFEnR DL, BREIKBGCH > TOEWEMTLE->THD, FHAMKCELZ
ir, Fig. 4 BB L ~C o BELAE (CK) LitoRERL S E (EX) DRE
TH b,

1. AR ,

Bl X 5 7e BE AR A SR U T & 1L RO fRMaE A i S h 2 & Wi B
DIEAENBbR D Z LRMBR, X o> TZoEELF EROEERBEOBRPHEMRIDZ L
nhBH (KRB 1971),

Table 1 AR EXICHITHEEBR EHELRLICLDOTH S, WIKD S BN (AK) Tix
Homave), =4YAV Y, KBGEWHK BK) T, FYrA4rvr X 34 4 2MEEL,
2 rBORENE LV, B0 5, WHELAE (C, DX) Ty ~Xe 5125, Hi#g (EX)
TR A2 HV Y ALY~ A e x4 RMBEREL TS, $SERTROA 7 <152, #4=2=%
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Fig. 2
Fig. 2. An enlarged photo of the research area.

Fig. 3. Five research sites in the research area. A : Inner Forest. B: Forest near Open Land.
C & D: Cutting Slope (edge of avalanche). E: Grass-covered land formed by the avalanche.
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Table 1. Species composition and coverage on Forest Floor and Open Land

— research site

taxa

Cacalia adenostylodes
(Franch. et Sav.)
Matsum. #»==v =)

Bryophyta*!

Maianthemum dilatatum
(Wood) Nels. et Macbr.
=AYy

Phegopteris connectilis
(Michaux) Watt
IvY=v oY

Abies veitchii Lindl.
vIEY

Sorbus commixta Headl.
FF A=K

Pyrola alpina H. Andr.
a X)) fFY VY

Patrinia triloba (Miq.)
Miq. =%vv4»

Saussurea triptera Maxim.
YoARXe x4

Calamagrostis hakonensis

Franch. et Sav.
v A HY YA

Solidago virga-aurea L.
var. leiocarpa (Benth.)
Migq.
IY=THFRIOFD VY

Lichenophyta*?

Vaccinium smallii A. Gray
var. glabrum Koidz.
A F

Betura ermanii Cham.
3l I

et Sav.) Kitag.
I ==V

Rubus crataegifolius Bunge
7= F=

Lilium medeoloides A.
Gray 271 —==1

Artemisia montana (Nakai)
Pamp. FH4 =¥

Anaphalis margaritacea
(L.) Benth. et Hook. f.
var. angustior (Miq.)
Nakai ¥ ==z

Ostericum florentii (Franch.

Forest Floor Open land
B C D E -
1 3 4 56 7 8 10 11 12|13 |14 15 16 17
4 2 —| — — — — _ = === = = —
4 5 3 4 3 4 — 2 1 2 4|— — 2 1
2 3 2 12— 2 —_ — 1| 2|— — 1 2
2 2 2| — 21— —_ 1 - 2|— — — 3
1 11 22— 2 2 2 1(—|2 2 2 —
1 1—] —— 11 1 - 1|—] 2 — 2 —
1 — — 1— 11 I - —]1]— — — 1
— — — 32 21 — 3 -] 1|3 — 3 —
— —_ — 3 2— 2 3 3 3,213 3 3 2
— — ] — 3— 3 3 — —| 3| 4 3 3 4
- o 1 1 2 — 1 1| 1}~ 1 2 1
1 - — _— — 1 2 1|—|— — — 1
— — — - — 11 — = — == — 1 1
_ — | il L AR R SNSRI, AT
_ | 1 e g e D
_ — e A e S g oy o
_ _ | — == = 1 =
- et e —— _ — = 2| - — 2
— S (P — e == = = 2

*1: Pleurojium schreberi (Brid.) Mitt. % 5 -~4 =4, Scapania ampliata Steph. F 4 & v 4 7 =4,
Polytrichium formosum Hedw. 4 AF =4, Dicranum japonicum Mitt. < , £ =4, D.

polysetum Sw. + 3 v, B4,

*2: Cladonia gracilis (L.) Willd. var. dilatata (Hoffm.) Vain v 74 A = /.
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Fig. 4. A photo of two research sites in Open Land (Aug. 1985). Cutting Slope (C) and Grass-

covered land (E) formed by the avalanche nine years ago.

FROY = N2 FAAF =THEYT, WEIWESINARRERRBCSDZ L E2RL, Fryv
N, AZF, FFARERVIEVIREOHEBNE - TE T, MAEDEERLEHEA TS, ¥
NAeTRARE 2 HY Y AFHEBIUT B TELTAEETh L E I (8BK - Fig 1971),
Loy v AR vy~ y, s~ ) OFERE BEUE EROME LELT 5L 5
&L Rbh, -

2. tERE

BT O LERERCHERE L T 2% ER S OHAERY, HEoO—ELTHRD fbh, +
BRBOBRRYEAT ABEEARBERO—DTH D, HBOEERWBE LEERL - HENEE SR,
HOHEITIEA TR L, 2MIhUElEe LR ER IS h s,

FHEBMKT O BRME T, AWRHAIITHERD BRies=B RO TEs, Thbb BREEHER
L, BEDOFEWZ L LD BEMY » 2 — (Litter), H@rMERMEORHY & LOTMBLTLS
AERYTHR I TV 5N 7 (Duff), SUEREL, H@NRELR, B RRERENREL T
WhHEMNe o =A (Humus) ThH 5,

SR O BEI T & LR OB A Fig, 5 wid, WHEAEELL, 20 LIicEkmp s
IR BEED 2 — 7 ARDEFFLIOR 2 ) 7B LTV 5, EXEEHEROHFL VW
Bec, HEAEAOMMAECD CRIL b EE TEERTH D, TEEx A 7 IRIEEREER Y O k
Wt RFSE I EI R S,

AR D A, B X oftki©d HEMERC X 5 LBoMuz R s hd, &Rk E L A/CHo
RALECH D, FRYBSRBLEOEICENRONBZDRTHS, A, BRIIE RKICHE~XT
RREKWNIEL, 40~50cm TH otz FTRMETEL T 7 ARDOEHIL, BAWIELHEEL T
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Fig. 5. Gully formed in lava bedrock by avalanche (above) and difference of soil horizon (below).
Ay, A/C, Cy, Cq: Soil horizon.

W, WBLAMO C, DFEFEENENLTED, FEAWOHINZEALRbRE, 7Y —
K30 E RIAKOWwE &> TkY, FEMoOT AT 10cm WIbCh D, F ol
thic, FHEEMETHE D S LEOESH L, FAPIPREECI ) TSI hictBbh b,

LaL, BRI THLORAY, HEMOHERENDART, @BLAER,rbDEE
zZbhb,

ARDOEEWEIL 3~5cm THH, FELCETHHICHKRELrRS5h, L-D-Ho=FKX
SVBETH -1, BRIEKBGGISFEYES 2~3cm TARIH#EIe-Tw2, HF%/K
%, FEOKSEEICPEBRITHL, ERTET ZARTEHCLELY I~2cm HERTT 5 DA
Thb, L BISEMOEELERD FETH S, C, DRIFEEOE N & LAHL Sk & H
BrEEYBLIELALRbRRV, (Y77 CRRELLEETOA, BRTILEHYED D
RrHBEXE R o, ar=— XK E PRS0 ED w1z, E R TILFEKD OHER
+rxVECLBosksbhsh, BAECEAROT EMcAEERL, CLDRTIEDIENAH -
THREXMIL, 2r=—PIVb0onLw, WTFhdHKORWIERETH 2,

3. “HBEE ORI KT HHE

Table 2 14K\ TR L e @303 % EE A BT O MBUFE A2 7R Uie,  MELA 7 2
DESIE A KT 37.5%, BRT 48.3% L 10% oxnkbh, CX<T 85.4%, DR T 76.9%,
ER< 8.7% T, CLERTIHZLALRAUEZRLIND R TEPLCECETH -7, 20D
RIXEREIVINE L, o v P ARSI Ted FEENME, A, CRTIETFESIR) s
BAEFER DB TE I - T b O % HEYE TREE LIckEE, ARDOTHO 5 b4k 2n=90 o 3
feth R AERERY, 720 3HkiX 20=60 o 2 fEEAEMAMEE, B Xo 1kt 3 A EmRRAHEI TS 5
CEMHB LI, LhoT, ZofREETINZ 5 & ERofEik A Ko 43.5%, BXA 50% &7x
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Table 2. Frequency (%) of apogamous type to all individuals in each studied area

Forest Floor Open Land
A B C D E
37.5% (16) 48.3% (29) 85.47% (48) 76.99% (13) 85.7% (35)
43.5% (23) 50.02 (30)
6; 5)* 6; 2)* (4; 3)* (3; 3)* (2; D*
47.2%; (53) 84.29; (96)
(1z; 7)* 9; N*

The number of samples is shown in parenthesis. In the case of Forest Floor (A & B),
the frequency including results of culture study is shown below an arrow. The asterisk
(%) indicates the number of samples that is decided chromosome number (left side: triploid
apogamous types with 2n=90, right side: diploid sexual types with 2n=60).

D, FTOENEED, FULLEEL-T, &R, BRCX > TRl (C, D, EX)
ik 84.2% LRIUEZOMK (A, BR) © 47.2% X b EEAREHOE&2R L1,

4. TUEFERI O YR

Table 2 R & 5 e et BZ T35k L 7o h, 205 bUITERERE T 20=60 D
256, B0 2IRRIRERAETERI T 20=90 O 3fEFHETH -, REFABFIERCHBELTED,
BERMOEMAEERIL2 54, ERAEBEIMI3EELEbLhS, Kkt =Y7V 7 T2HEEEE
HER & 3 S AP TR R DR AR T R0 B AN 1 fa TR o fa T 6418 & 32(H %3 E
BFOWHT 5 4GB THRMEE L (]A% 1982b) 23, AREAETIZOX 5 iz Ro0bh
ey -7,

5. %K (A, BR) 811 (C, D, ER) ki3 ZAJEI OO RAE

EREEED : v=v 7 CIfi BV REDN S BUOBMIIBRCER 2 HMELHL, BRibE
5T, sorus % < O HATEY L, 2 OBRIIREREICET % 2%, i sorus O I WBT
HLRbh5, ZOHRORBED AT 2 —2 - L L THECEORSE, i cEOoHF LD O
sorus Fx L b, MEKLEMIC KT AR - oBEREYR LI (Fig. 6), MK TIIHRIEDOL
ar=—2 DL, V7Y v LRBTFELRICRT I SIS D o sorus ot 1~ 5{EDF
5% DOMNKET, EOEED 20em FIBL/NE L BRER»E») BITENKESZ DT,
XL AREBREENS L, ZIFYH 0 sorus FRSEUEDLDIXTART3I v 7 (18.8
2%), BRTI3*v7r (44.8%) »v, BRIZAR X W#ko RESXED X 5 ThD, FhTEHE
FELRAT X5 RERAERTY, AUHAMRINIERARE L DT O 4 mTHo N EA TV
ERbhic, 1) HRETREAL Y o sorus & 4 B EST S v FrnieesLl (10>7), 6
FEU T EEEEROR L), 2) 244D o sorus HOFHESHTHICE L (2.8>2.2),
3) 3HETHNICX 5 @ MK ORI ERAEBMOFH S\, 4) AT ZAEEN S BT
BHOEVEORBEN X S HEALTHT, BHEEIIZZOHED 58 &M 15.8% L{E23, HKER
Bk o E ERAER X 0 EV X 5 ERLT, DLATOTPHETIRERL D KEL T
(6.6>5.1),
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Fig. 6. Scatter diagrams showing relation between number of sori on segment and length of
frond. In the case of Forest Floor, the underlined signs (O, ®, X, ®) show the samlpes

LA )

from the site A. (O: Sexual types with 64-spored sporangia (® : Sexual diploid with 2n=
60), x: Apogamous type with 32-spored sporangia (@ : Apogamous triploid with 2n=90).
The mean of the number of sorus per segment as follows; Forest Floor: Sexual type, 2.8,
Apogamous type, 2.2, Open Land: Sexual type, 6.6, Apogamous type, 5.1.

% =

FRECE LD EHLETH (v7 v H) OfME BELLEHO 9 £ 8§ LM
W, FEST, A, W, LEEER CREERORND KBS 9FEME WV S RO T 3 v
=V FEDEFEMOBARELRHNIDOT, FHRESHERTRKERENRLOR, £ORKICD
WTHTO L5 2l 2 OFEEOREENLEEL T2,

OAFFEM O S RMIRITI69E 0 2hERE (EHERER) ¥ R5E, ToORIOFHEKEIZE
AETEBIR, 1976 IR E B THRERIIT T L bh, FABDCEEAEERL, #bklic
Xs5thsr (Figs. 1, 2),

@ DEFMIR L FUOKIK E OMOBTH2&D A, B, C, D, E 0 5RicHitic, A 1311976
FEPRI» OIS FERTH Y, ERSHEER, B, C, DuiBFH T, B2IA LEBEOLEREE LiHL
wFOMBMOMEK, C & DIXE & RAERCHEERE D o\ HEEREE & btk oA 2R T U LA
HTHD (Figs. 2, 3, 4, 5, Table 1), FEkiuo BESMH O HAES HEERE (KRS 1971)
LOXWBETSE ARBERE LY 5 €V HEONKR, ERIXHERILH B3O FRMRIM T O
YT B EEbRS,

@ARD: ¥v=v 3T vDMRAEHIOMEE L 37.5% T, FHEMIRO WE TR L 5 CEES
MAE (M4 1982a) 26 FHEh2 38% OfEZE—H LD TY v 7 AHH 16 L7\ 2k
HitELEEBbh 5,
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@F R oL aR 02413 85.7% s avir e —n 0 A RCHENR2 HHU EOET, AR
DFNEECBRALIZEEZRLT,

®C R0 EREREMOE &1L 85.4% TLRERDELZERAETH S, CRIZERIHL, &
FRAEFER D 5\ [0 B30 S i TERELS BN EE LI VWHTHL0T, CRIERK
I DRI QL ANEL BT TH S, BERUTHHOTERAORECLZRADEK
By EEbhl, XoT, 7VFLARRTFORARCE » CERAEHEEZ Z OBFMCAFICES
LiceEzbhs, ERAEIGRAEOIEET 5 FEABIICHES, EENEIRAML, 7 v
v VINEARELE S IR ERER AR L, 1EO BTF» 53 BE _BTEr BT 5
(Whittier 1970, Kanamori 1972) O THMHZET 5D BRI EZE L bh, TofBRmbRTH5
(Tryon & Britton 1958, Tryon 1968, Gastony & Haufler 1976, A7 1982a), LasL, fE\F
Rl CEADE & BT FIL Y FEDTERS T2 b gy,

®B Ko ERAEER O &1 48.3% L AR®D 37.5% CH~NPLE WA, BFEDOKRVaRm=
—OHERIREL, RELCEREYNL 5L, BRI 50%, AR 43% L HEHHIWET, 09
FEEAPRL, HEANZA»LOBRTRIZBADEENT LA LR > T ER LI, FRONH
Lo BRITARI DEEORBN#ELC & bR,

DEBEER D bECHEEAEE OB 20=60 © 2 &, EREREE O 20=90 © 3
BTHoTze EleohboW v 7 LE%K (Table 2) RHRORBMENER (Fig. 6) Oy v 7
CIEL LTk b, REMOEREA b ThLhCHELTI0LEbh%,

®% = = = —ORORBMEY TAEBIECHTT KT 5 L, K (A, BR) i (C, D, E
RN THEEN RS VEcy v I afnidicl, oR#Licvar=-250, RAMLTIL
PEREREL, BAERL Fig. 6), Fic2 kRSB EEEEIINRK TR TL3ME
fh L MR S NI ERAETER X D RO REDEDER SRS hc, ThieBEL T, - S=2/lofF
Wc, FEERET2HEEI YV REERD REGCERD Z EAMbh T3 (Al 1965), Lk
@DETHA L 5 CHETIBHEIRTFC XL 5 BHIH I L oh EL 20, R X DKL H
5D LEEORBDESR, RFEMAI TR0 LHEIRD, v 5 EVHROKRKTIZLD
EEOBWHEHEROEEBKT X v BEHHSAECC LA Mbh (KRS 1971), o X5k
BTl L0 X 52 BEFEAERIIY D #ko REGEDERND 50T, RUHEZEMRSS
5z OWETRERLLDBDTHA S,

@R, TEORRER BB TRHAETFEE BN EREEENVERRCAKBECERL, REKL
WETREWEERYE, ¥RELEVCABTHMOLSBTEREI VD LARZLCLIZP DL
BIACHE IR, BROBBO S TEREBRESEN L L BER, TABIOT b ITREBIEK S
oL orEEIR, ChEEESHCRT S BEUFERHELOTHOTABLIT S REKZL T
HREhibotBbhb, *EREFRHNNIERCESHTIERAO—2d DD EDL
BEbhhd,

E:l 22

Er Rt Ey e o FEE L I BEEEOREY L TW ek, ¥ omAENKEERE
o B)EEE b REO BER O HLHLHEM oY ke b ol TZREHOR
2R ET, B AT IS R E59482003 D —IFic X » TiTsbhuic,
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Summary

Phegopteris connectilis (Michaux) Watt has two reproduction types, which show
habitat segregation from the upper subalpine zone (the apogamous type) to the lower
subalpine zone (the sexual type) in several mountains of the central Japan (Matsumoto
1982a). 'The relative frequencies of the two reproduction types were investigated at five
sites (A, B, C, D & E) in the lower subalpine zone of Mt. Fuji; two sites at the forest
floor (A & B) and the other at the open land (C, D & E) which were formed by an
avalanche nine years ago. The relative frequencies varied in accordance with vegeta-
tions as well as edaphic factors in respective site.

I. The apogamous type showed higher frequencies at the open land than at the
forest floor.

II. The relative frequencies of the apogamous type were quite similar at the inner
forest (site A) and at the forest near the open land (site B).

III. Edaphic condition at the forest floor seems to be stable with uniform distribution
of the thick layer of organic matter, but at the open land it is unstable by constant
soil erosion after the avalanche nine years ago.

IV. Saussurea triptera and Calamaglostis hakonensis, both are dominant species in
the upper subalpine zone, are also dominant at the open land.

Phegopteris connectilis seems to have a disadvantage in propagation by spores at the
forest floor, where humus have been accumulated and the edaphic condition is rather
stable. In contrast, the apogamous type of this fern has been able to rapidly invade

by spores into the open land, where the edaphic condition have been unstable since the
last avalanche nine years ago.
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