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In beecb (Fagus crenata  Blumc) ferests on  the Pacific Ocean side  in Central Japan, snowpack  depth is little and  xeric  conditions

may  prevail in winter,  in contrast  to heavy snow  in beech forests on  the Japan Sea side,  The effects  of  such  conditions  during win-
ter on  the viubility  of  bcech seeds  were  studied  at a beech forest on  the Pacific Ocean side.  Thickness and  weight  ratio  of  pcricarp
of  beech seeds  were  significantly  greuter in populations on  the Pacific Ocean side  cempared  to the Japan Sca side,  this apparenlly

being reiated  to snowpack  depth in winter,  During the initial stage  of  seed  drying, the drying rate  of  secds  from the FLlji poplilation
(the Pacific Ocaan sidc)  was  less than that from the Sumon  population (the Japan Sea sidc),  possibly due to the thicker pericarp, Ger-
mination  percentage of  seeds  which  dried to a  water  content  as low as 7%  d.w, did net  decrease for either  papu]ation, indicuting des-
iccation tolerttnce of  bcech secds,  In the beech forest (University Forest ut Yarnanaku) on  the Pacific Ocean side,  water  content  of

seeds  sown  bc[ow ]itter from both populations remained  suraeient  foT viabi[ity  during winter.  Germinating seeds  from  the  populations
on  the  Japan Sea side  were  more  desiecation-sensitive in early  spring,  compared  to those from the  Fuji poputation, partial]y due pos-
sibly  to differences in periearp thiekness.

Key  words:  desiccation-tejerance, ecotypic  variation,  Fagus crenata  B]ume, overwintering  of  seeds,seedcharacter

  Regeneration mechanism  of  climax  Japanese beech (Fagus
crenata  Blume) fbrests, particularly on  the Japan Sea side, has

been studied  based on  their structure,  tree age  structure  and  the

growth of  seedlings  and  juveniles (Hara, 1983, 1985;
Nakashizuka, 1983, 1987; Maruyama  et at., 1989; Yamamo-

to, 1989). Such studies  have indicated that constant  seedling

recruitment  at a mast  year once  in several  years is necessary
for successful  regeneration,  and  that rapid  growth of  seedlings

andjuveniles  should  fo11ow after gap formation due to death

or fa11ing of  one  or several  canopy  trees, This gap formation
and  fbllowing partial regeneration  are considered  essential for
maintaining  dynamic equilibrium  in a climax  beech forest on

the Japan Sea side, Structure and  species  composition  of

beech fOrests en  the Pacific Ocean side  differ from those on
the Japan Sea side (Fujita, 1986; Fukushima et at,, 1995), The

mode  of regeneration pattern also differs for the two  forest

types (Shimano and  Okitsu, 1993, 1994), Shimano and  Oki-

tsu (1994) notes  that beech possesses only  a fewjuveniles  in

beech forests on  the Pacific Ocean side, whereas  other  decid-
ueus  broad-leaved tree species  regenerate  constantly  with

many  juveniles, They  suggest  that beech is incapable of

regenerating  under  the climate  avai}able  and  that other  tree

species  may  replace  beech in the future.

  One  cause  for differeces in the abundance  of  beech

seedlings  of  the two  forest types may  be that the amount  of

snowfall  in these forests is not the same,  Snowpack  depth is

much  more  (lm<) and  snow  covergare  continues  during

longer winters  (December to May)  in beech forests on  the

Japan Sea side  than the Pacific Ocean side, suggesting  that

snow  coverage  may  possibly protect beech seeds  frem winter

stress. About 70-80%  of seeds  overwinter  and  remain  at the

time of  germination in a beech forest on  the Japan Sea side,

whereas  few seeds  remain  on  the Pacific side, indicating a less
amount  of  snow  cover  to result in greater seed  consumption  by

rodents  (Shimano and  Masuzawa, 1995). A  lesser amount  of

snow  cover  may  lead to inadequate protections of  Fagus
seeds, owing  to desiccation during a winter  dry season  on  the

Pacific Ocean side (Kaji et aL,  1992; Shimano and  Masuzawa,

1995). The effects of winter  dry conditions  on  beech seed  sur-

vival  have yet to be experimentally  confirmed.

  Nearly all seeds  of  euercus serrata  Murray, predominant
tree species  in warm  temperate forests in Japan, germinate
hycopotyl immediately after seed  fall and  seedljngs  easily

incur desiccation and  physical stress by soil freezing on  the

Pacific Ocean areas (Hiroki and Matsubara, 1982), E  crena-

ta dees not germinate until winter  on  either  sides, Thus on  the

Pacific Ocean side, seeds  are exposed  to severe  xeric  condi-

tions during the dry period from Late autumn  te early  winter.

Germinating seeds  of  beech may  be exposed  to such  condi-

tions in early  spring.  That the times of  germination for e, ser-
rata  and  E  crenata  are  not  the same  may  lead to differences in

stress-sensitivity  during winten

  The purposes of this study  were  (1) to determine the extent
of  desiccation of  beech seeds  and  germinating seeds  in a
beech forest on  the Pacific Ocean side, and  (2) to compare

seeds  from both sides for capacity  to adapt  to xeric  conditions.

iCorresponding
 author,

Materials and  Methods

  Seeds ofE  crenata  from six  wild  populations at different

sites with  different winter  snew  depth in Central Japan were
used  (Fig, 1), Measured averages  of  maximum  snow  depth
are  350 cm  (Iicle), 233 cm  (Sumon, 1990-94), 200-300  cm

([[lanbara), 20m30  cm  (Chichibu) and  57 cm  (Fuji, 1988-

92), Based on  the maximum  snow  depth, beech forests in Iide,
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Fig. 1 Locations frem which  Fagus crenata  seeds  were  co]]ected,

Lines, isogram of  50, 150, and  300 cm  mean  annual  maximurn  snow

depth fTom Fercst environnient  map  of  Japan (Society of  Forest Envi-
ronment,  1972),

Sumon  and  Tbnbara may  be classed  as the Japan Sea type, and
those in Chichibu, IIbnzawa and  Feji as the PacMc Ocean type,
Seeds were  collected  form a natural  beech forest at each  site

in late October 1993, Immatured and  insect-damaged seeds
were  excluded,  The seeds  were  soaked  in water  and  those thttt
remained  at  the  bottom of the water  were  selected, After these
seeds  were  confirmed  to be full matured,  they were  used  in
subsequent  experiments,  These seeds  were  stored  in plastic
bags at 3-50C  until  use.

1 Morphoiogical characteristics  of  seeds  from  six popu-
  lations

  Fresh weight  of  selected  full matured  seeds  exceeded  150
mg  for each  population, Fresh weight  was  determined and  the

pericarp was  then removed  and  weighcd,  Pericarp thickness
was  measured  with  a micrometer  (Mitutoyo Co. Ltd,, Tokyo,
Japan).2
 Desiccation experiment

  On  January 2-- 3, 1994, a desiccation experiment  was  car-

ried out  for beech seeds  from the Faji and  Sumon  populations,
The seeds  were  left for different periods of  time in a room  at

12  ± 2eC  and  40-50%  relative  humidity, in order  to be dried
to six levels of  water  content  within  the range  of 7.1 -56.3%

d.w. At the end  of  each  period, ten seeds  from each  popula-
tion were  examined  for water  content,  and  twenty  seeds  for

germination test. Water content  per dry weight  (LVC, %  d.w.)
of the seeds  was  determined based on  fresh weight  (FLV)
and  dry weight  (DPV oven  drying for 48 h at 800C) as foIIows,

    WC  
==

 (FW-DWI)1DW× 100 (1)
Sample seeds  were  sown  in planters fi11ed with  a mixture  of

leaf mold  and  clods  of  red  clay  (1 :1 of  volume),  which  was

J, For. Res. 2 (1) 1997:

then allowed  to stand  in a room  at 150C, On March 16,
1994, the germination rate was  assessed  visually, Seeds were
considered  to have germinated if radicles  could  be seen,

3 Seed water  content  en  the beech forest floor during
  the winter

  Water content  of  seeds  from Fuji and  Sumon  populations
was  monitored  during the winter  of  1993-1994  on  the beech
forest floor in Universty Forest at Yamanaka  of  Universit) of

[Ibkyo (996 m  a,s,1,, 35e24'N, 138e52'E), located at thc north-
western  fool of  Mt, Fuji, The  area  of  the beech forest is
O,08 ha, Thc  bcech saplings  were  planted in 1959 and  tree

density was  2,138/ha in 1993, Microclimate of  forest fioor
during the winter  was  observed  to be equal  to that of  sur-

rounding  natural  beech forests. The climate  is typical of  the

Pacific Ocean side, with  74%  annuai  precipitation from Apri1
to Octobcr (University Forest at Yamanaka; 1985m1994) and
1ight snow  covering  in winter.

  Twenty seeds  were  numbered  with  a felt pen, weighed
and  p]aced in a 15 cm  × 15 cm  of  plastic net bag (mesh size,
1 mm),  TTiree bags for each  population were  placed below lit-
ter in the beech forest on  November 24, 1993, The seeds  were

reweighed  on  December 2, 1993 and  then returned  to the

bags, On  March 18, 1994, the seeds  were  taken out  of  the

bags, and  fresh and  dry weights  were  measured  to determine
water  content aceording  te Eq, (1), Water content  on  Novem-
ber 24  and  December  2, 1993 was  also  calculated  in ihe
same  way,  It was  assumed  that respiratory  loss ofDIVduring
the 4 months  of  winter  was  negligible.  Surface soil temper-
aturc  below the lilter was  measured  with  thermister probe
(Kadec-U, Kona  System Co, Ltd,, [Ibkyo, Japall),
4 Seed and  seedling  conditions  follewing snowmelt

  In the beech forest of University Forest at Yamanaka  on

November  18, 1993, 50 seeds  from each  of  the population of

Faji, [Ibnbara and  Sumon  were  sown  in a  50 cm  ×  50 cm

quadrat and  covered  with  litter. Five sets were  made  for
each  population. The quadrats were  protected from rodents  by
being enclosed  in wooden  frame structures  covered  with  wire

net  (rnesh size,  1 cm),

  On April 8, 1994, litter in the quadrats was  removed  and  the

seeds  and  germinated seedlings  weTe  visually  checked  and

classed  as fOllows: stage  2, gcrrninated and  radicles  developed
to the soil  surface;  stage  1, germinated and  undeveloped

radicles  still in the litter layer; stage  O, ungerminated  but
appearing  in good condition;  fungi-damaged, ungerminated
and  infected with  fungi; desiccated, desiccated radicles  in
stage  1.

  Data  from  all experiments  were  analyzed  with  the aid of

SPSS (Base Syslern and  Exact TIlests, 1993) computer  program
packagcs.

Results1
 Morphological characteristics  of  seeds  from  six  popu･

  ]ations

  Average percentage ef  pericarp weight  to total seed  weight

ranged  from 35%  for the Sumon  seeds  to 46%  for the "Iltn-

zawa  and  Fuji seeds  (Fig. 2A). The  percentage of  periaLrp
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Fig, 2 Variation of peiicarp characteristics among  ]oca]ities, (A) The
average  pcrcentage of pericarp weight  to total seed weight:  (B) lhc
average  thickness of  the pericarp for seeds  from six  populations along a

winter  snow  depth. Vcrtical bars reprcscnt  1 SD, Va]ues with  common

superscripts  are  not  statistically  differe]t (p > O,05), Sample sizcs  arc

shown  below the names  of  localitics.
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Fig. 3 Water centent  and  germination ability  of  Fagus crenata  seeds

aftcr drying pT[>cedure. (A) Drying curves  for sceds  from  two populat{ons
dried at 12 ± 20C air temperature and  40-50%  retative  humidity. Ver-

tical bars rcpresent  1 SE, (B) gerrninatien (%, cTiterion  Tadicle  emer-

gence) ot' seeds  ai'ter drying proccdure. e, Fuji; O, Sumon.

weight  was  significantly  (Scheffe test 1-way ANOVLbL,p<

O.05) greater for seeds  from populations of the Pacific Ocean

side (Fig, 2A), It was  basically the same  (p >  O.05) among  the

populations frorn each  side  (Fig. 2A).

  Pericarp thickness ranged  frern O.27 mm  for the Iide seeds

to O,44 mm  for the Fuji seeds  (Fig. 2B). Pericarp thickness

differed significant]y  (Kruskal-Wallis 1-way ANOVA,  p <
O,05) among  the populations. It was  significantly (Schefte test

1-way ANOVdL,  p < O.05) greater for seeds  from popu]a-
tions of  the Pacific Ocean side  (Fig. 2B).
2 Desiccation experiment

  At the start of this experiment,  average  water  content  (WT)
was  56,3% d,w. and  53.2% d,w, for the Fuji and  Sumon

seeds,  respectively.  At the initial stagc  of seed  drying, }VC

declined more  rapidiy for the Sumon  than  Fuji seeds  (Fig, 3A),

Initial drying rates was  O.72% d.w,/h (O to 9.8 h) and  3.3%
d.w,fh (O to 5,8 h) for the Foji and  Sumon  seeds, respectively,

corresponding  to thickness of the pericarp (Fig. 2B), Then,

VVC of seeds  from the Sumon  declined more  slosN'ly, whereas

it declined almost  constantly  fbr the Faji seeds,  At 79 h, it was

7%  d.w, for either  populatien,

  The germination of  dried seeds  was  nearly  the same  or

somewhat  more  than that of fresh seeds  fbr both pepulations
(Fig. 3B). Seeds dricd fbr 79 h had high germination ability for

both populations. Namely, seeds  dried to 7,1% d,w, showed

55%  germination for the FLiji population, while  those  dried to

7.3% d.w. gave 80%  germination for the Sumon  population

(Fig, 3A, B). The germinations were  not significantly  (p >
O.05) corre;ated  to IVC  for the Sumon  secds  (r 2 =  

-
 O,0603)

and  the Fuji seeds  (r 2=-O.1310).  Kendall correlation

coefficient  was  
-

 O.0667 and  O,1380 for the Sumon and  Fuji

seeds,  respectively,

3 Seed water  eontent  on  the beech forest floor during

  the }vinter  at the beech forest fioor

  Seil temperaturc under  the litter Layer ranged  from e to

1OOC until Iate December 1993 (Fig, 4), From  lute December

to early  April, the forest tloor was  covcrcd  with  snow  at a

dcpth of  10-20 crn, During this period, soil temperature

remained  near  OOC (Fig. 4). After snowmelt  in early  April, it
increased rapidly  and  thc range  of  daily change  was  as much

as near  20 K,

  Water content  (WC) was  averaged  for each  set of  bags. At

the start (November 24, 1993), averagc  PVC (70.5u72,9%
d,w,) of the Fuji seeds  was  greater (P <  O.e5) than that (55,4-
60,5% d.w.) of  thc Sumon seeds  (Fig, 5), Diffk}rence in thc ini-

tiall-T may  have been due to greater water  loss from the

Sumen  seeds  during the treatment, as would  be expected

from the faster drying rate  (Fig, 3A). By  December 2, 1993,

average  PVC declined to 60,1 -61.9%  d,w, for the Fuji seeds,

For the Sumon  seeds,  it decrcased to 36.9% d.w. and  47,1%
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forcst floo; of  University Forest at Yamanaka, Seeds frem Faji, Tanbara
and  Sumon  populations were  sown  in latc autumn  1993, Deve]opm:n-
tal stages  of  Stage O, 1 and  2 and  samp]e  sizes  arc cxplained  in the tcxt.

d,w, for twe  bags, whereas  slight increase was  noted  for one

bag,

  There was  no  precipitation from November 22 to Decem-
ber 2, 1993, this bcing the longest non-precipitation  period in
the winter  of 1993-1994 at University Forest at  Yamanaka.
Frem late Decembcr, seeds  were  protected from desiccation
with  snow  cover,  Water content  (WC) of36.9%  d.w. for the
Sumon  seeds  may  thus have been a minimum  value  for that
winter.  By March 18, 1994, VVC of  seeds  increased to 82.5-
85.49L d,w, fbr the Fuji seeds  and  76,O-80,4% d.w, for the
Sumon  seeds (Fig. 5). Seeds may  have absorbed  water  under

snow  cover  at  a  temperature  near  OeC,
4 Seed and  seedling  conditions  fo11owing snowmelt

  Soil temperature indicates that snowpack  may  have melted
cempletely  by April 4, 1994, since  temperature fluctuation
increased after April 4 (Fig, 4),

  On  April 8, l994, total number  of  remaining  seeds  jn the
five qlladrats was  109, 79 and  113 for the Fuji, Tanbara and
Sumon  populatiens, respectively.  Despie  protection, 55-
69%  of sown  seeds  may  have been carried  away.  The mesh
size  of  wjre  net  was  1 cm  and  small  eneugh  for pretectien

from consumers  such  as birds and  hares. Thus, the>J were

thought to be consurned  by small  mammals  such  as rodents

during the winter.  Ninety-four percent, 72%  and  93%  of

seeds  from  Fuji, Tlanbara and  Surnon, respectively,  remaining

on  April 8 has germinated by June 5, indicating also  that

seed  viability was  maintained  during the winter.  By  April 8,
1994, seeds  developed more  for the Sumon  and  Tlanbara pop-
ulations than the FLlji population, nearly  40%  of  seeds  from the
Sumon  and  

rllanbara

 populations reaching  to stage  2, whereas
43%  from the Fuji population remaining  in stage  0 (Fig. 6),

  Seedling death occurred  in stage  1 due to radicle-desicca-
tion in the litter layer. Thus, germinating seeds  were  suscep-

tible to dreught, preventing short  radicles  frem extending  to

the soil  surface  to absorb  soil water.  Nearly 2e%  of  the

Sumon and  
rlhnbara

 seeds  died due to radicle-desiccation  in
stage  1, whereas  only  2%  of  the Fuji seeds  (Fig. 6). Radicle-
desiccation accounted  for 65%  and  56%  of germinating seeds
mortality  in stage  1 for the Sumon  and  Tanbara populations,
respectively,  and 6.5% for the Fuji population.
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Discussion

  European beech (Fagus sylvaticca L,) shows  geographical
variatien  in its genetic, morphological  and  phenological char-

acteristics (Borghetti et  al., 1993). In the xeric  population
from Sicily, there is delayed seediing  water  stress response  of

physiological characteristics  such  as predawn leaf water

potential, net  photosynthesis and  leaf eonductance,  in contrast
to Abetone where  the climate  is more  mesic  ([fognetti et al,,

1995), thus indicating physiological adaptation  or acciimation

to climate,  Japanese beech apparently  not  exposed  to extreme-

ly xeric  conditions  during the growing season  anywhere  in
Japan, However, moisture  conditions  during winter  on  the

Pacific Ocean side  and  the Japan Sea side  differ considerably,

there being much  heavier snowfall  on  the latter. Geographi-

cal variation  in leaf size  (Hagiwara, 1977) and  phenology

(Hashizume et al., 1996; Kaji and  Nishitani, 1996) were  also

noted  in Japanese beech, apparently  corresponding  to the

rnaximum  snow  depth in winter, This suggests  genetic vari-

ation  and  potential for physiological adaptation in Japanese

beech populations along  the moisture  gradient during winter,

Allocation of resource  material  to the pericarp was  signifi-

cantly  greater (46%) for the seeds  from populations on  Pacif-

ic Ocean side than that C35%) on  the Japan Sea side, This may

be adaptation  or acclimation  of  seeds  to winter  xerie  condi-

tions on  the PacMc  Ocean side. Beech seeds  are  covered  with

snow  throughout the winter  on  the Japan Sea side  and  may

thus not  require  thick pericarp for avoiding  desiccation,

Resource alLocation  may  thus be less to pericarp (Fig, 2A).

  Alternatively, greater amount  of Tesource  material  are allo-

cated  to seed  embryos  on  the Japan Sea side, This may  be
adaptation  to the shorter  grewing season  due to late thawing

of  snowpack  until April or May. Large-seeded species  are

more  capable  of seedling  growth and  survival  particu]arly
under  stressfu1 conditions  (Salisbury, 1942; Grime and  Jeffrey,

1965; Harper  et  al.,  1970), Current-year seedlings  of  large-

seeded  deciduous tree species  complete  height growth and  leaf

expansion  earlier  than small-seeded  species  (Seiwa and

Kikuzawa, 1989), indicating that large-seeded character  may

be adequate  fbr shorter  grewing season,  This also may  be the

case  since  the gTeater amount  of  allocation  to embryos  in

beech seeds  may  correspond  to large-seeded character,

  Further studies (e,g, reciprocal  transplanting) must  be done

to determinc whether  geographical differences noted  in peri-
carp  characteristics  of  Fagus crenata  may  have a genetic
basis.

  Geographical variation  in pericarp thickness was  the cause

in this study  for difference in the drying rate of seeds  (Fig,
3A). During the initial stage,  the drying rate of the Fuji

seeds  with  thicker pericarp was  less than that of  the Sumon

seeds,  suggesting  potential for adaptation  or acclimatien  to

more  xeric  cenditions  in winter,  If seeds  died due to desic-

cation  belew relatively  high moisture  content  as is common-

ly the case  for desiccation-sensitive species  (Robert and  Ellis,
1989), pericarp thickness and  consequent  drying rate may

be major  factors for geogTaphic distribution. However, the

germination of  beech seeds  dried at TVC as low as 7%  d.w,
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remained  sucaciently  high in both populations (Fig. 3A, B).

  Species differ considerably  in ability of  their seeds  to sur-

vive  desiccation (Robert and  Ellis, 1989). Even within  the

same  genus, critical water  content  for survival  differs greatly
according  to species,  For example,  mature  seeds  ofAcer

ptatanoides L, tolerate dcsiccation up  to 109Z f,w., whercas

those ofAcer  pseudoplatanus L. cannot  survive  at less than

409Z f,w, (Hong and  Ellis, 1990). The major  types of  species

with  desiccation-sensitive seeds  appear  to be those from
aquatic  habitats and  some  large-seeded trees (Hong und  Ellis,

1990). The viability  of  euercus robur  L., large-seeded
species,  starts to decrease at 45%  f.w., decreasing as little as

and  1-30%  viability  at 25%  f.w., demonstrating desicca-

tion-sensitivity of  this species  (Hong and  Ellis, 1990),

Although F  crenata  is a large-seeded species,  its seeds  were

observed  to be desiccation-tolerant (Fig. 3A, B),

  From  the time of  their shedding  to their germination, beech

seeds  may  possibly be exposed  to conditions  of  desiccation,

particularly so  on  two  occasions  in the montane  zone  on  the

Pacifie Ocean side. One occasion  would  be from late autumn

to early  winter,  when  the forest floor is not  covered  with

snow  and  there is little precipitation, The other  occasion

would  be early  spring  after the snowmclt,  Despite greater pre-
cipitation  at  that time, the forest floor rnay  be dry since  it

exposed  to sun  before fiush of  canopy  leaves and  solar  radi-

ation  becomes higher. Even during the dry season  from late

autumn  to early  winter  in 1993, minimal  IVC of  seeds  below

litter layer at University Forest at Yamanaka  appeared  to be
about  60%  d.w. for the Fuji population and  37-47%  d,w,
for the Sumon  popu]ation (Fig, 5), These values  are sucacient

formaintaining geTmination ability (Fig. 3A, B). Since beech

seeds  had shed  before leaf-fall, native  seeds  were  also present
under  the litter layer in the winter.  Thus, desiccation of

beech seeds  would  not  likely occur  during the dry season

before mid  winter  in the montane  zone  on  the Pacific Ocean

side,  Seeds of e, serrata  are desiccation-sensitive immedi-

ately  after germination during late autumn  (Hiroki and  Ma-

tsubara, 1982), In this study, beech seeds  from the Sumon  and

Tanbara populations were  quite susceptible  to desiccation at

initial emergence  in early  April. Sixty-five percent and  56%

of  newly  emerged  seedLings  (stage 1) from Sumon  and  Tan-

bara populations, respectively,  died due to radicle-desiccation

in the litter layer (Fig. 6). Thus, early  spring  may  be the crit-

ical time for beech seed  gerrnination and  survival  in the mon-

tane zone  on  the Pacific Ocean side,

  The mortality  of  seedlings  in stage  1 was  much  lower

(6,5%) for Fuji population, Thus, germinating seeds  of  beech

from the Pacific Ocean side  appear  well  adapted  to xeric

conditions  in early  spring  at their native  habitat, compared  to

 those  from the Japan Sea side, The thicker pericarp of  the fbr-

 mer  and  consequent  slower  drying rate would  not  appear

 advantageous  in the winter,  since  seeds  yet germinated werc

 noted  to be considerably  desiccation-tolerant. Fully-imbibed

 bcech seeds  prior to germination may  be desiccation-sensitive.

 This being case,  a thicker pericarp would  enhance  chance  of

 survival  and  ge[mination successfulty  on  the Pacific Ocean
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side.  In addition,  thickerpericarp may  protect embryos  from
desiccation immediately after radicle  emergence  and  have
resulted  in much  ]ower rnortality of  germinating seeds  (stage
1) from FLlji population.
  In conclusion,  beech seeds  from populations on  both sides

possessed sufficient  dcsiccation-tolerance forward xeric  con-

ditions during winter  in beech  forests on  the Pacific Ocean
side. Germinating seeds  in early  spring  were  desiccation-sen-
sitive and  those  from the Pacific 0cean side  appeared  more

eapable  of  adapting  to xeric  conditions,

  Wc  are grateful to Mr, S, Chishima, Mr, N. Nishiyama (University
Forest at Yamanaka, Univ, of Tokyo), and  Dr. A. Kume  (Hiroshima Uni-
versity)  for their valuablc  cornments  and  assistances  during the fieid
study;  Prof, M. Kaji (Univ. of Tokyo) for his kindness in collecting  sam-
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