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Abstract Based on  demographic  genetic differentiations, six isolated small  lowland populations and  one  continuous

large montane  population of  the  Siebold's beech forests (Fbgus crenata)  in Toyama  Prefecture.  Honshu. Japan, were

examined  using  isozymes as  genetic  markers.  The results  of  within-  and  among-population  genetic variabilities  reveal-

ed  that  all six lowland populations. which  are  fragmented and  isolated from each  other  at  present, showed  significant-

ly lower percentages of  polymorphic loci (P) and  lower meen  numbers  of alleles per locus ua} than the mentane  popu-
lation. Fluctuations  in allele trequencies  were  observed  in lewland populations. ASIeles that were  rare  in the  montane

population showed  unexpectedly  higher frequencies in some  lowland populations. The mean  Fbrvalue of the Iowland

populations (O.116) was  significantly  higher than  that of  the montane  population  in Tateyama  (O.O05) and  several

other  populations  analyzed.  All these  facts suggest  that small  isolated Siebold's beech populations remaining  on  the

foothills in the lowiands of  Toyama  Pretecture have  been exposed  to climate  shifts  and  strong  human  disturbances.
which  result  in fragmentation and  isolation of  local populatlons.  On  the other  hand.  the large continuous  montane

population on  Tateyama  maintains  a higher genetic variability,  with  genetic reshuffling  within  and  among  subpopula-

tions.  Spatial genetic localizations and  the resulting  changes  in the size-class  structure  in lowland populations  were

atso  discussed in relation  to the demographic changes.

-(ey words:  demographic  genetics. fagus crenata.

population biology. population fragmentation, random

genetic drift,

Local populations of long-lived woody  species  have
been expoged  to severe  environmental  constraints  and

have also  experienced  occasionaL  fluctuations in popula-
tion  size  due to competitive  interactions among  the

woodland  elements  which  have adapted  to warmer  or

colder  climatic  conditions  during past  climatic shifts.

Particularly in small  populations at the margins  of  the

large geographical range  of  a $pecies,  the  effects  of  en-

vironmental  changes  have operated  more  intensively,

Such changes  in environmental  and  ecological  condi-

tions might  have alse  influenced the genetic variability
of the population (Soule, 1973;  Barrett and  Kohn,

1991  ; Ellstrand and  Elam,  1993;  Hoffmann  and  Blows,
1994}, One  of  the major  consequences  of  environmen-

tal change  is reduction  in population  size, Small popuia-
tions have a stochastic  risk  of  loss of  allelic diversity, in-
duced or  even  accelerated  high genetic differentiation
among  populations, reduced  gene flow  among

neighboring  local populations {Hamrick and  Nason,
1 995), and  also  in some  instances  elevated  inbreeding.
Under such  circumstances  genetic bottlenecks and/or
random  genetic drift would  have an  effect  on  genetic

structures  (Wright, 1922; Lande, 1988; Young  et al.,

1996),

 lt has been well  documented  that, during Pleistocene

geological history in the northern  hemisphere, con-

siderable  geographical shifts  in their range  distributions
have occurred  repeatedly  for major  woody  species

such  as  beeches, oaks,  maples,  and  birches {Tsukada,
1982a, b; Delcourt and  DeLcourt, 1987). On  the other

hand, more  recent  habitat fragmentations and  isola-

tions in many  natural  populations,  in both  animaL  and

plants, due to extensive  human  disturbance and  ex-

ploitation of  their habitats have caused  mueh  more

drastic changes  in their demographic  genetic structures

(Soule et al,, 1988; Young  et  al,, 1 993), Therefore, criti-
cal research  on  genetic variation  in fragmented popula-
tions, investigating how  and  to what  extent  it reflects
environmental  changes  in past geologicai periods as
well  as  recent  human  exploitation,  is important for un-
derstanding the ecological  and  genetic consequences

of  habitat and  forest fragmentations, and  also  the
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effects  on  Iocal substructurings  of  populations at  vari-

ous  levels (Templeton et  at,, 1990},

  The  results  of previous  genetic analyses  based upon

allozyme  variability  of  the Siebold's beech, fegus
crenata  (Tomaru et al,, 1996), showed  considerabiy

high level$ of genetic diversity within  Iocal populations,
but the extent  of genetic differentiation among  overall

populations  was  relatively  low (GsT=O.O05 to O.061).
On  the other  hand, unique  localized genetic variabilties
and  substructurings  were  recently  discovered in sever-
al studies (Kitamura et al., 1997a, b; Kawano  and

Kitamura, 1 997) of  locai populations in Ogawa  located
on  the border of  lbaraki and  Fukushima  on  the  Pacific

coast,  ln this series  of  studies,  they  have adopted  a sys-

tematic  sampling  strategy,  mapping  all individuals and

recording  the size  distributions (DBH or  DGH)  of  all in-
dMduals  within  sampling  plots, This critical  pepuiation
analysis  revealed  exceedingly  unique  demographic ge-
netic  substructurings,  and  indicated quite small  effec-

tive population  size  and  the  presence of  remarkably

small-scale  genetic  substructurings  among  neighboring

patch populations (Kawano and  Kitamura, 1997},
Somewhat  similar  situations  were  also shown  by
Young  et  al. (1993) from fragmented sugar  maple  popu-
lations (also cf, Young  and  Merriam, 1994). These
results  show  that the  sampling  strategy  is very  criticaL

to demonstrate within-  or among-population  genetic
structures  (Epperson, 1989} for sedentary  organisms,

such  a$  woody  plants which  have life spans  often  ex-

ceeding  severai  hundred years. Traditional random  sam-

pling disregarding either  spatial  positions and/or

growth  stages  of  individuals within  a patch or  a local
population is not  sufficient to reveal  local population
structures  from the demographic  genetic point of view.

  It is important to understand  whether  or  not  spatio-

temporal  genetic structures  of  local or patch popula-
tions of  the study  area  are  reflecting  past  regional  geo-
historical events  or  are  reflecting  recent  consequences

of  forest fragmentation due  to intensive human  distur-
bances (Boyle et al,, 1990; Knowles  et al,, 1992;
Young  and  Merriam, 1994; Young  et  al., 1993;

Templeton et  al., 1990; Kawano  and  Kitamura, 1997).
Therefore, in sampling  the populations  we  have paid
special attention not  only  to spatial  but also  to size-  (or
age-)  distributions of individuals within  each  selected

population.
  In the present  study,  we  have first examined  demo-
graphic structures  of  severaHowland  populations and
then  analyzed  genetic  structures  using  isozymes as  ge-
netic  markers,  Based upon  all the evidence  obtained,

we  attempted  to examine  the effects  of population frag-
mentation  and  isolation on  genetic variabilities  and

differentiations among  local beech populatiens  isolated
in the lowlands of  Toyama  Prefecture on  the Japan Sea
sjde of Honshu. Second, we  have selected  a  montane

popuiation on  Tateyama, which  still maintains  a more

or less large continuous  breeding population, and  ana-

lyzed its demographic  genetic  structures.

  The results  obtained  from lowland and  montane  popu-
lations were  then  compared,  and  the consequences  of
forest fragmentation and  isolation on  genetic variab"ity
and  $ubstructurings  of  beech populations in Toyema
were  critically analyzed  in comparison  with  those  of  the

Tohoku  and  Kanto districts as  wel[  (Ohkawa  et al., un-

publ, data and  in preparation),

Materials and  Methods

1, Study Species
The  Siebold's beech  (fegus crenata  Blume} is one  of

the climax  canopy  species  in cooi-temperate  deciduous
forests in Japan, lts geographical  range  extends  widely

in the lowlands to the montane  zone  from Kuromat-
sunai  Cthe northernmost  limit} in Oshima  Penin$ula, Hok-
kaido (420 lat.}, to Honshu, Shikoku, and  Kyushu,
covering  broad low montane  zones,  although  popula-
tions in Shikoku and  Kyushu are  somewhat  sporadically

isolated on  the mountains.  The southernmost  limit of
its range  is Mt, Takakuma  (31,5e lat.) in Kyushu
{Horikawa, 1972), However,  several  extremely  isolat-
ed  small  beech populations are  also  found  on  the
foothills at  Iow elevations  {1O-300 m  above  sea  level}

in several  scattered  foothills along  the lshikawa-
Toyama  border in the  Hokuriku district. These small  pat-
ches  or locai populations were  once  much  larger contin-
uous  populations, and  have  been fragmented due to re-

cent  human  activities  and  disturbances  (Tsukada,
1982a, b).

2. StudyilopulationsandF7bldSampXihgs
Six lewland  populations on  the foothills in Toyama

Prefecture, Japan, were  selected  in order  to investigate
demographic genetic structures  {Table 1; Fig. 1), ln
the lowland populations, field surveys  and  samplings

were  conducted  during May  and  June 1996, which

was  the year just after  the mass  flowering  and  fruiting
of the Siebold's beech on  the Japan Sea side,  Masting

with  several  years' interval is weli  known  in the

Siebold's beech (Kikuchi, 1 968), The exact  locations of
all individual trees, including seedLings,  juveniles. and

mature  trees within  the plot, and  diameters at breast
height {DBH} or at the ground level (DGL, but both
denoted as  DBH  here for convenience}  were  recerded,

and  then  several  fresh leaves were  collected  from every

tree for isozyme analyses.  Genotypes were  determined
for all sampled  individuals, so  that parametric  values

rather  than sample  estimates  for measures  of genetic
variability  were  obtained  in these  lowland populations,
  All lowland populations were  smaller  than  1,Oha,
with  a  small  number  of mature  indMdual$ (Table 1 ); as-
sociated  with  the Siebold's beech were  evergreen  oaks

such  as  Quercus  acuta  or O. safibina as  co-dominant
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species  in the canopy  layer. These stands  have remain-

ed  by chance  at the ridges  of  foothills in urban  areas  or

have been preserved as sacred  forests of  shrines  or

temples,  These populations are,  as  a matter  of  course,

isolated at  great distances from each  other;  hence gene
flow among  these  populations can  hardly  be expected,

  On  Mt. Tateyama, field surveys  and  samplings  were

conducted  in five subpopulations  in 1992  (plot Tl),
1 997  {plot T2), and  1998 (plots T3-T5). In these sub-

populations, trees with  DBH  > 30  cm  in each  study  plot
were  investigated, A  gap Iarger than  800  m2,  which  is
regarded  as  the largest size  category  found in the

beech forests (Yamamoto, 1989), was  found within

plot T3. A study  plot of  20  m  × 35  m  was  established  in
the center  of  this gap  (plot GAP}; all seedlings  and

juveniles (at most  23,5 cm)  in the GAP  plot were  also in-
vestigated  and  leaves were  sampled.

  All sampled  leaves were  placed immediately in an

icebox in the field, taken  to the  laboratory, and  then

stored  at 
-800C

 until enzyme  extraction.

g

Masuda,  K,

f

  ofFig.

 1. Locations of  six  lowland populations tfilled circles}

 and  five montane  subpopulations  (included ina large open

 circles) of Ilagus crenata  in Toyama  Prefecture, Honshu,

 Japan.

Kitamura and  S. Kawano

3, A"ozymeAnalysis
About  1 OO mg  of fresh leaf tissue was  frozen in liquid
nitrogen  and  crushed  with  mortar  and  pestle, lmmedi-
ately  after  crushing,  1 ml  of  extraction  buffer (93 mM
TrisHCI (pH 7,5), 23.4%  glycerol, O,6% Tween  80,
12.0 mM  DTT, O.5%  2-mercaptoethanole} and  75 mg
of  polyvynilpolypyroridon  were  added.  After centrifuga-
tion of  homogenates  at 15,OOO  rpm  at OOC  for 10
minute,  12 "I of  supernatant  per enzyme  was  used  for
electrophoresis,

  Vertical discontinuous polyacryiamide  slab  geL elec-
trophoresis  (Shiraishi, 1988} was  conducted  for

genotyping of  all samples,  The  following 1 1 enzyme

systems  and  13  allozyme  loci were  analyzed  in this
study:  alanine  aminopeptidase  (Aap), asparate  amino-

transferase  (Aat-1 and  Aat-2), amylase  (Arny-1},
diaphorase (Dia), glutamate dehydrogenase (Gcih},
fumarase (FZim}, isocitrate dehydrogenase  {Idii), malate

dehydrogenase (nif(th), phosphoglucoisomerase (Fk;i),
phosphoglucomutase  (figm-1 and  iigm-2), and  6-phos-

phogluconate dehydrogenase  {6P9dh).
  Staining procedures followed or  were  minor  modifica-

tions of Shiraishi (1988) and  Richardson et  al. (1986}.
  Alleles were  assigned  alphabetically  by electrode

speed  and  were  also  denoted so  as  to maintain  con-

sistency  with  my  genetic  studies  of  otheT  Siebold's
beech populations.

4, DataAnel}tsis

{1) Genetic variabiVty  vvi'thin  populations
Before conducting  genetic anaLyses  on  the lowland

populations,  we  distinguished two  main  growth stages:

seedlings  and  established trees, Established trees in-
clude  all individuals except  first-year seedlings.  and

most  of  them  were  theught  to be older  than  several

years {period since  the  last masting).  The  reason  we

have distinguished different growth stages  is that

changes  in genetic variability  might  take  pLace accom-

panied by drastic thinning of  individuals, especially  be-
tween  the seedling  and  succeeding  juvenile stages,  lf
any  significant  genetic changes  occur  during growth
processes, we  will  be able to detect the changes  in ge-
netic  diversitie$ of overall  growth stages  even  in small

populations; notably, it is important to analyze  the oc-

currence  of  rare  aSleles  in the juvenile stages.  AEso, in

order  to solve  the statistical  problems due  to small  sam-

ple size  in fragmented and  isolated populations,  it is
useful  to discriminate growth  stages,  especially  be-
tween  the seedlings  and  subsequent  juvenile stages.

Genetic variabilities  for this established  stage  in each

lowland population  were  regarded  as  population mean
values  and  used  for analyses  at the  pQpulation level.

  The following measures  of  genetic variability  were

calculated  for each  population: percentages  of  poly-
morphic  loci (P, 1 OO%  and  95%  criteria), mean  number

of alleles per locus (A), effective  number  of alleles per
Iocus (Ae=11(1 

-He}),
 observed  (Ho} and  expected  {He)
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heterozygosity (unbiased; Nei, 1978}, and  Wright's in-
breeding coefficient  (Es}{Wright, 1922). All statistics,
except  for'Es, were  calculated  for the  established  tree

stage  in lowland populations. Average  values  of  A, Ae.

Ho.  and  He  were  calculated  for all loci and  for poly-
morphic  Ioci (100% criterion)  separately.  Differences
of means  of  these  statistics  at  all loci between  lowland

and  montane  populations were  tested  using  the  Mann-
Whitney  U-test, lnbreeding coefficients  were  tested  for
significance  with  chi-square  geodness-of-fit, z2=IV  F2

(a-1), with  df=a{a-1)12, where  At is the total sample  s-

ize and  a  is the number  of  alleles  at a locus (Li and  Hor-
vitz, 1 953}.

  Since all lowland  populations are  composed  of  smatl

numbers  of  individuals, the low levels of genetic diversi-
ty found in each  population  might  be explained  only  by

the present  small  popuLation  size,  not  by genetic drift or

$everer  bottleneck effect  which  once  may  have oc-

curred.  Therefore we  conducted  simple  simulations  to

examine  the reiationships  between  sample  size  and  ge-
netic  diversity, Simulations were  conducted  based on

the study  site on  Mt, Tanzawa  in Kanagawa  Prefecture,

where  we  have aiready  surveyed  spatio-temporal  genet-
ic structures  of the Siebold's beech  population in a

large (2.25 hectare) plot based on  the  same  allozyme

Ioci used  in this study  {Ohkawa et aL., unpublished

data). Simulation procedures are  as  follows: Five ar-
bitrary populations of  randomly  sampled  5, 1O, 20, 40,
and  80 trees with  DBH>10cm  were  produced,  and

then  genetic diversity measures  such  as  ll. A, and  He
were  calculated  in each  simulated  population, This  pro-
cedure  was  repeated  1000times;  then  grand mean,

minimum,  and  maximum  vaiues  of  each  statistic  were

calcuLated.  The  correlations  between  grand  means  of

these  simulated  diversity measures  and  logarithm trans-
formed population sizes  were  significantly  positive (P==
O.379+O,152  ln(AtL r=O.968,  p<O.Ol;  A=1.022+
O,412 ln{AIL r=O,995,  p<O.OOI;  He=O,169+O.O08
In(N), r=O.935,  p<O,05;}, and  these  were  then  com-

pared  to the actual  values  obtained  frem the lowland

populations.  Comparing  the  results  of  these  simple

simulations,  we  are  able  to e$timate  the relative  impor-
tance  of  genetic drift in the present genetic diversity of
lowland populations,

unpublished  data among  natural  large beech popula-

tions.

  Gene  flow among  populations was  estimated  using

Wright's indirect method  (1951): the number  of

migrants  per generation  was  caLculated  as  IVm 
==

 (1 -GsT)

/4 GsT-

(3) opatiaJautocorrelation analysis

Spatial genetic  structures  within  populations were  ana-

lyzgd by Moran's 1 (Sokal and  Oden, 1978a, b) using
the Visual Basic program  developed by T, Ohkawa, ln
the lowland population$,  this analysis  was  applied  for

seedlings  and  for both juveniles and  mature  trees with

DBH>  1O cm,  separately,  ln the  study  plot GAP  in the

montane  zone,  Moran's  I were  calculated  for four size
classes,  seedlings  (SD} and  juveniles (JV) with

DBH  <5  cm,  5 cm  <DBH  <  1O cm,  and  1O cm  <  DBH  <
25 cm,  respectively,  in order to estimate  the  changes

of  genetic structures  in different growth stages,  ln
other  montane  populations, Moran's l were  calculated

for mature  trees with  DBH>30cm.  We  used  the

distance class  with  regular  intervals of 5 m  for seed-
Iings and  juveniles, and  1O m  for mature  trees,

(4) Genetic heterogeneity among  size  classes

Observed and  expected  heterozygosities and  in-

breeding coefficients  in each  lowland population were
compared  between  seedling  and  established  tree

stages  and  tested  by Wilcoxon rank  correlation  over  all

polymorphic loci, Allele frequency  heterogeneities

were  tested  among  three size  classes  in the  lowland

populations, The three  size  classes  were  as  follows: 1 ,
lst yr, seedling;  2, juveniles {or mature  trees) with

DBH<30  cm;  3, mature  trees with  DBH>30  cm.  In

FUT  populations, DBH>20  cm  was  adopted  to size

class  3 instead, because almost  all individuals had cop-

pice sprouted  trunks  in their stamps.

  In GAP  plot, genetic heterogeneity was  aiso  tested
among  the four size  classes  which  were  used  in spatial

autocorrelation  analysis.

Results

(2) Genetic differentiation among  populations
Genetic differentiation among  populations  was  ana-

lyzed using  Fstatistics {Wright, 1965), fotlowing the
methods  of  Weir and  Cockerham  (1984}, using  the

computer  software  FSTAT  {Goudet, 1995}, The  GsT
was  also  calculated  as  the ratio of  among-population  ge-
netic  diversity {DsT) to total genetic diversity (HT) {Nei,
1973), Confidence intervals at  the  95%  level of F-sta-

tistics and  GsT values  were  obtained  by  boetstrapping

over  loci for the  multilocus  estimates,  Mean  GsT and
95%  confidence  interval over  loci were  also  calculated

forthe previous report  {Tomaru et al,, 1 996) and  for my

1. Genetic VlariabiZitiesofLowlandandMontanePOpu-
   lations
A  total of  1156  indMduals, 739  coltected  from the

lowland, and  41 7 from the  montane  populations,  were

investigated, The histograms of  size-class  distribution
for lowland populations are  shown  in Fig. 2. As  was  ex-

pected for the succeeding  year of  mast-fruiting,  num-

bers  of  seedlings  were  extremely  high in FUT, KUR,
ICH, and  OJI. In general, typical L-shaped distribution
was  observed;  however.  it is notable  that the numbers

of  seedlings  in UNA  and  SOY  were  small,  lt is also

notable  that small  peaks in numbers  of intermediate s-
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ize-classe$ were  observed  in five lowland populations:
20-30  cm  in FUT, under  1O cm  in UNA, 30-40 cm  in
KUR,  30-40  cm  in ICH, and  20-30  cm  in SOY.
  Alleie frequencies at 13 polymorphic loci are  listed in
Appendices 2, 3, and  4. 0f these  thirteen  allozyme

loci, Aat- 1 and  ligm-2 loci were  fixed in all the lowland

populations, and  Gch locus showed  polymorphisms
only  in the Soyama (SOY) population. Specific alleles

showed  extremely  high frequencies in particuliar
lowland populations (Especially, less frequent alleles  at

several  loci in montane  populations represented  unex-

pected  higher frequencies in some  lowland  popula-
tions}, For example,  frequencies of allele b at ,4at-2.  b
and  e  at Dia, and  b at lpi were  considerably  high only  in
FUT, FUT, UNA,  and  tCH populations,  respectively

(Fig, 3a, b, e}, For Fbm.  Ich, and  Fk;m-1, allele frequen-
cies  fluctuated among  lowland populations while  mon-

tane  subpopulations  showed  consistent  variation  {Fig,
3Cr d, f)-
 Genetic diversity measures  for the lowland and  the

montane  popuiations are listed in Table 5 and  $umma-

rized  for population  groups in Table 6. The  proportion
of  polymorphic loci at  100%  criterion  {P,oo} ranged

from 38,5 to 76,9 fof the lowland populations  and  from
76.9 to 92,3 for the montane  populations, with  mean

values  of  59.0 and  83.1, respectivety.  Total numbers
of  alleles per population and  mean  numbers  of  alleles

per locus (A) ranged  from 18 to 27, 1.38 to 2.08, for

Kitamura and  S, Kawano

the lowland populations,  and  from 28  to 32, 2,15 to

2,46, for the montane  populations,  respectiveiy.

Means of  these  values  were  $ignificantly  different be-
tween lowland and  montane  populations {p<O,05 in
Mann-Whitney  U-test}, The effective  number  of  alleles

per locus 04e) and  expected  {He) and  observed  hetero-
zygosities  (Ho) over  all loci showed  the same  leveis of
diversity in both population groups CTable 2).

  Average  inbreeding coefficients  (Es) for each  popula-
tion did not  differ among  populations wjthin  a popula-
tion group {Tables 2, 4 and  5). Average F}s for both
lowland and  montane  populations showed  no  deviation
from O (Table 3), However,  significant  deviations of

Fls weFe  found in specific  loci and/or  size-classe$.  For
established  trees in }owland populations.  excesses

{SOY} or deficits (ICH} of  homozygotes  were  found at

tdh loci (Table 5),

  For established  trees, the  excesses  {fcll) in SOY.  Flgm-
2 in Tl , Aat-2 in T4, and  Aap  in GAP)  and  deficits {lcth
in ICH and  in Tl) of  homozygotes  were  also  found in
lowland and  montane  populations  (Table 5}, For seed-
lings, three cases  in towland populations (Fum in FUT
and  ICH, and  Fkli in FUT) and  two  cases  in montane

populations  {Dia and  tcth in GAP)  showed  excess

homozygotes compared  to the Hardy-Weinberg equilib-

rium  {Table 6),

 Based on  the sjmulation,  relationships  between  ge-
netic  diversity measures  and  population sizes  revealed
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Fig. 2. Size-class distributions of theJapanese  beech in six  lowland populations in Toyama Prefecture. Hon-
 shu,  Japan,
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significant  deficits of  genetic diversity in the lowland

populations  (Fig, 4}. In genetic diversity measures  of  P
and  A CFigs. 4a, b}, lowland populations obviously

showed  lower diversities than  those  simulated  for a

large population with  the same  sample  size  levels, Five

populations with  the  notable  exception  of  FUT  showed

much  lower values  than  the  minimum  estimation  in
1 OOO times  replicates  in the simulations,  ln the diversi-
ty measures  (He), Iess genetic  variability  was  also

found in the lowland populations {Fig, 4c), Only the
FUT  population had  the  same  level of  diversity as  that

simulated  for a large population in the  same  sample  size

Fig. 3a-d
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range,

2. Genetic Dit7erentiations among  Louvland and  Mon-

   tane  Populations
The  mean  fixation index {FkT} value  over  all loci was

O.116  with  95%  Cl ranging  from O,060  to O.179
among  the lowland population$,  and  O.O05  with  95%
Cl from O,OOI to  O.O14  among  the montane  popula-
tions. Significant FbT were  found at  alHoci  except  6
P!7dh in lowland populations, However, significant  FbT
was  observed  only  in Pk7m-2  for montane  populations.
Non-overlapping of  95%  Cl of  mean  FSTand GsTvalues
was  found between  the lowland population groups and

the montane  population  groups.

3. SPatiat Genetic Structures within  Ropulations
The  results  of spatial  autocorrelation  analyses  using

Moran'l statistics  from first to  fifth distance  classes  are

summarized  in Table 1O  for different size  classes.  Cor-
relograms  of  Moran'I values  for 5 shorter  distance
classes  of two  representative  alleles in some  popula-
tions are  aLso  shown  in Fig. 6.

 In montane  populations  Tl to T5, positive autocorre-
lations for mature  trees with  DBH>30  cm  were  ob-

served  in less than  6%  of  alleles analyzed  for first
distance class, ln GAP, seedling  size  class  showed  no

spatial  genetic structure  in the first distance class,  For
the juvenile size  class  of  DBH<5  cm,  17,4%  of ana-

lyzed alleles  showed  a pesitive autocerrelatien  in the

first distance class  of  5 m.  However,  this spatial  struc-

ture completely  disappeared in subsequent  size  class,

5cm<DBH<10cm  (Table7; Fig,6), On the  other

hand, in all the  lowland populations except  OJI, posi-
tive  autocorrelations,  which  were  found  also  in the
seedling  stage,  were  maintained  in the juvenile stage

with  DBH>1O  cm,  ln the ICH population, which  had a

very  low leveL of genetic diversity, 4 of  5 alleLes in seed-
lings {80%) and  2 of  5 alleles in mature  trees (40%}
showed  significant  positive autocorrelations  in the first
distance  class  of  5 and  1O  m,  respectively  (Table 7), ln
other  lowland  populations, more  than  10%  of  alleles

showed  significant  positive autocorrelations  at the first
distance class  in the mature  stage  (UNA, 10%;  FUT,
20,O%; KUR, 14.3%;  SOY, 36.4%},
 No  significant  autocorrelation  was  obtained  in the
mature  stage  of  the OJI population, but spatial  genetic
structures  were  observed  within  this study  plot, The
OJI plot was  divided in half into two  sub-plots,  and

allele frequencies were  compared  between  the two,

Heterogeneities in allele frequencies were  found for
Aat-2 and  fum  {Fig, 7), This simple  genetic structure
with  no  positive autocorrelation  in the spatial  analysis

may  represent  the restricted  mother  trees with  uncom-

mon  alleles.

4, femporatGeneticHeterogeneity
Between  the first-year seedling  and  mature  stages  in
the lowland populations,  we  found no  differences in

OJI

Lowland populat
 FUT

Fig. 3a-f, AIIele frequencies at  highly variabie  six  loci, (a) Aat-2, {b) Dia, lc} fum,  (d) lcth, (e) Rgi, and  (f)
 llgm- 1. Shaded  areas  on  the  map  show  the  current  distribution of  the  montane  beech forests in Toyama

 Prefecture, Honshu,  Japan,
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Ho. He, or  Es values  for all loci (Wiicoxon rank  correla-  Among  size  classes  in lowland populations,
tion tests, p>O,05).  cant  heterogeneities of  allele frequencies were

                  Table 2, Genetic variability for fegus  crenata  based on  13  loci in six  lowland

                          and  five montane  populations.

  101

signifi-found

Population Proo A Ae Ho He Es

Lowland

  UNA

  FUT

  OJI

  KUR

  ICH

  soy

Montane

  Tl

  T2

  T3

  T4

  T5

53,8

76.9

61,5

53.8

38,5

69.2

76,9

84.6

92,3

84.6

76,9

1.69(O.75)2.08(1.04)1.85(O,90)1,62(O.65}1,38CO.51)1,92(1.04}

2.31(O,95}2,15(O.69i2,46(O.88)2,31(1.03}2.15(O.90}

1.24(O,35)1.37iO,42)1,33iO.44)1,33{O.46)1.23{O.31)1,33{O,45)

1,32{O.40)1,28(O,37)1.31(O.34)1,29(O,40)1.24{O.34)

O.154(O,204)O,f75{O,172)O,196{O.260)O.182(O,210}O,160(O.217)O.184tO,202}

O,194{O.213}O,173(O,178}O.208(O.200}O,159tO,174)O,152tO.177)

O.146{O.184)O,209{O.197)O,182{O.212)O.176(O.230}O.141(O,184)O,191(O.200}

O,190{O.190)O,174(O.178)O,197(O,169}O,171{O,192}O,149(e,181}

-o,e4s

 O.049

-O,080

-O,025

-O.128

 O.367

 O,025

-O.029

-O,O12

 O.061

 O,OOI

'Stendard
 deviations are  in parentheses

    Table 3. Genetic variabi[ity insixlowland  and  five montane  beechpopulations.

Genetic diversity statistics
Lowland  populationMontane  population

Mean SD Mean SD
U-test

Mean  number  of  alleles  per population

Percentage of  polymorphic loci. P

Number of alleles per locus, A

Effective number  of  alleles per locus, Ae

Observed  heterozygosity, Ho

Expected  heterozygosity, He

lnbreeding coefficient,  Es

    100%

    95%

   All loci

Polymorphic loci

   All loci

Polymorphic loci

   AIHoci
Polymorphic loci

   All loci

Polymorphic loci

Polymorphic loci

1.742.261.301.52O.174O.309O.174O.302O.023

22,7

59,O46,2(O.24)(O.16){O.06){O.07){O.021)(O,068}(O.021}(O,044}(O.178}

2,282,541,281,33O,177O,209O,181O.212O.O09

29,6

83,152,3{O.13}{O.12}{O,03}{O.04}{O.024)(O.026)(O.O19)(O.021)(O.035)

p<O,Ol

p<O.Ol

p<O,05

  ns

  ns

  ns

ns: not  significant  at p<O,05,
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Table 6,Fixation  indices {F}s) at  polymorphic loci for seedlings,

Locus
Lowland population Montane population

UNA FUT OJI KUR ICH soy GAP

AapAat-1Aat-2Amy-1DiaFZImGdhtcthnachI]YiFigm-1Fk;m-26P!ldh............. -O,056
  -t-O.089

 O.061

 O,079

 O,282*

-O,218-O.078

 O,263*

-O.048

-O.027

-O.096

 O.043

-O.185

-O,139-O.133-O.O12

 O.105

O.222

-O.137-O,O14

 O.183

 O,085

O.110

-O.039

 O,O19

 O.157*

 O.067
 O.079

-O.111

-O.099-O.053-O.254-O,081-O.O04

 O.286

-O,143

-O,032-O.057

 O.103

 O.030

 O,196*

 O,029

 O.178*

 O.020-O.052

 O,060-O,O09-O,O14

.'t*not
 ca]culated  because  of  small  seeding  number,

monomorphic  locus

p<O.05  indicate significant  deviation from the  expected  heterozygosity under  Hardy-Weinberg  equilibrium.

for PS;m-1 locus in the OJI and  Amy-1  locus in the ICH

population {G-test, p<O.05,  Table 8), in a total of  78
heterogeneity tests  {monomorphic locus is automatical-
ly recognized  as  homogeneous  in allele frequency), ln
GAP  of the montane  population,  three of  the 13 loci
showed  significant  heterogeneities in allele frequencie$
among  size  classes  (Table 8).

Discussion

1 . Low  Levets of  Genetic Divetsities within  Lowland

   Populations
Population  genetic theory  predicts that  small,  isolated

populations will experience  higher levels of genetic drift
and  lower levels of  gene flow than  large, continuous

populations  (Barrett and  Kohn, 1991; EIIstrand and

Elam, 1993), As  a consequence  of such  effects,  smalL

populations inevitably show  Iess genetic diversity, Us-
ing allozyme  data, it has  been  demonstrated that small

'g-ezgeooE=->s.M.g'g6

 geg8E:[o9dia

100se807060504030201

 1.5 2 2,5 3 3.5 4 4.5

         ln(M

 3.5g8

 3.o=oraen

 2.5!gE

 2.oets21.s:fi

 1.0{

 O,51
 1.5 22,5  3 3.5 4 4.5

ln(M

O.30

->･di

 O.25ogeN9

¢

UO,20[v98RO,lsw

o,le1
 1.5 22.5  3 3,5 4 4.5

 ln(M

/

:

                       eUNA  AFUT  1OJI  O  KUR  AICI DSOY

Fig, 4. Relat]onships between  genetic diversities in lowland populations against  population  size (log

 transformed). a} P, b) A, c) He. The Xs represent  the grand mean  of 1 OOO times replicates  in the simulations

 ba$ed on  Tanzawa  population.  Solid lines represent  the  regression  lines for thelr grand means.  Broken lines

 connect  minimum  or maximurn  values  in 1OOO times  replicates  in the simulation  in each  arbitrary popula-
 tion,
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Demographic  genetic differentiations of  Flagus crenata  in Toyama

                          2)                                  3)                                       4)                   1)            1)
              Tateyama  Tohoku                           Tanzavva-lzu        Lewland                                    Japan

                   Populationgroup

Fig. 5. GsT values  and  95%  C for different population

 groups  of Fbgus  crenata,  1} present study,  2) among  five

 local pepulations in Yamagata  Pref. (Ohkawa et al,, un-

 published data), 3} among  four local populations in

 Kanagawa  and  Shizuoka Pref. {Ohkawa et al., unpublished

 data), and  4) among  23  populations widely  collected  in

 Japan  (Tomaru et  al,, 19961. The  same  isozyme  loci were

 analyzed  in 2) and  3) population groups, Different letters on

 the  column  represent  non  overlapping  of 95%  Cl,

105

and  Brown, 1994). Lowland  beech populations in
Toyama  are  already  considerably  small in size, and  thus

the Iow genetic diversities may  possibly be due to the

small  numbers  of  sampled  trees, However,  simulations

conducted  to reveal  the relationship  between  the sam-

ple size  and  genetic diversity in beech populations have
indicated that genetic diversities of lowland popula-
tions were  lower than  expected  values  of  simulated

elternatives.  Proportions of polymorphic  loci and  mean

numbers  of alleles  per locus in lowland populations
other  than FUT were  considerably  low,
  The  current  states  of  considerably  localized genetic
diversity maintained  in the$e  $ix  lowland population$
are well  exhibited  in Figs, 3a-f, The  results  obtained

here in small  isolated lowiand populations  suggest  that

random  genetic drift (Wright, 1 948; Crow  and  Kimura,
1972; Kimura and  Crow, 1964i or severer  bottleneck
effects  (Nei et  al., 1975) may  have operated  on  reduc-

ing the genetic diversities and  fluctuating allele frequen-
cies, as  is clearly  shown  in the values  of P  and  A
{Table 2),

populations exhibit  less genetic variation,  both within
and  among  populations, than  large populations (Moran
and  Hopper, 1983; McClenagham  and  Beauchamp,
1986; Sampson  et al,, 1988; Bilington, 1991), Low
levels of genetic  diversity can  also  be expected  in
marginal  populations of species  with  a wide  geographic
range  (Soule, 1973; Hoffman  and  Blows, 1994;
Rossum  et al., 1997). Lowland beech populations ex-
amined  in this study  are  scattered  and  isolated on  the

foothills, centain  small  numbers  of  mature  tfees,  and

are located altitudinally  at the marginal  zone.  These

populations are  obviously  remnant  populations  that

were  much  Iarger at least 2000  years ago,  and  were

fragmented due to strong  human  disturbances, and

have been isolated for a  long period of  time  {Tsukada,
1982a, b), Therefore, extremely  Iow but localized ge-
netic  diversities are  to be expected  to occur  in these
lowland beech populations, lndeed, the  genetic diversi-
ty measures  P and  A over  all loci averaged  for Iowland

populations  were  considerably  lower than  those  of the

montane  populations  (Table 3}, The result  of  simula-

tions also  suggests  that severe  genetic  erosion  has  oc-

curred  in these  lowland populations (Fig, 4}, The  popu-
lation genetic parameters  He  and  Ae, were  however,
not  much  different between  lowland  and  montane  popu-
Lation groups. The most  significant  evidence  of  genetic
reductions  observed  in the  lewland populations  was

the lack of less frequent aileles. The ioss of rare  alleles,
however,  wiil not  greatiy influence the  changes  in ge-
netic  diversity measures  such  as  He  and  Ae  {Young et

aL,  1996).

  The relationships  between  population size  and  genet-
ic diversity have been reported  for Salvia pratensis {van
Treuren et al,, 1991}, Scahiosa columbaria  (van
Treuren et  al,, 1991}, and  Eucatxptus athens  (Prober

2. 7he Effects of  Population ftagmentation to Fds
The  Siebold's beech is assumed  to be  an  obligate  out-

breeder. Rossi et al. {1996} and  Kitamura et al, {1999}
reported  high  outcrossing  rates  in the European and

American  beeches, respectively,  But, the exact

outcrossing  rates  for Siebold's beech populations have
not  yet been  precisely estimated.

  A  study  on  the reproductive  biology  of fagus

sytva  tica, the European beech, reported  that isolated in-
dividuals produced  a high proportion  of empty  seeds,

and  a negative  correlation  was  found between the pro-
portion of empty  seed  production and  forest stand

areas  {Nilsson and  Wastljunk,  1987}. A  similar  phenom-
enon  is also  known  in the Siebold's beech  {Kamata,
1 996). Thus, in light of all this evidence,  the  levels of
self-pollination  even  in the mast  flowering year would
be very  limited in smatl  isolated local populations,  Al-
though  selfing  is not  likely to occur,  mating  among

restricted  numbers  of  mother  trees and  the effect  of

everlapping  generation may  distort Es to positive

ITable 6}.

3, High LeveLs of Genetic Differentiation among

   LovvlandPopulations
A  number  of  earlier  studies  on  aHozyme  variability  for
outcrossing  wind-pollinated  tree species  have demon-
strated  that most  of  the genetic variabilities  existed

within populations (Hamrick and  Godt, 1 989; Hamrick
et  al., 1 992}, Average  values  of  GsTfor  the  above-men-

tioned  species  is very  low {O,084; Hamrick et al.,

1992). For the genus fagus, the same  patterns  of  ge-
netic  variation  have also  been recognized  (Comps et

al., 1991; Leonardi and  MenozzL  1995; Tomaru  et  aL,,

1996  L
  ln the montane  populations  on  Tateyama,  more  than

NII-Electronic  
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98%  of  the allozyme  variation  was  restored  within

populations. The  GsT values  of  this population group
{O.O16} were  very  small,  since  sampled  populations
were  distributed in adjacent  sites, forming a more  or

less continuous  large population. The  GsT value

reported  previously for populations in the whole  range

of  the Siebold's beech is O,038  (Tomaru et al., 1996),
and  for other  local population groups examined  in the

present  series  of  studies  the values  are  O,023  in the

K, Kitamura end  S, Kawano

Tohoku  district {Ohkawa et al.,  unpubl.  data), and

O.047  in Kanegawa  and  Shizuoka Prefectures tOhkawa
et ai,, unpubl.  data). These vaiues  are  slightiy  lower
than average  values  for forest tree species  (Hamrick et

al., 1992).

  Several alleles showed  extremely  high frequencies in
some  lowiand populations. This type  of  fluctuation of
allele frequency was  found at four loci, llat-2. Dia. FlgL
and  Rgm-1 in the present study.  Alleie frequencies of

O.3O.2O,1

 o.O,1-O.2-O,3

 KURAmy-c

5to152025

O.2O.1

 oto.1to.2

 GAPDia-d

510152025

Nco-=cu6E

O,402

 o-O.2-O,4

O.2O.1

 o-O.1-O.2

10

      KUR

2030

 ICH

4050

510152025

O,3O,2O,1

 o-O.1To.2to.3

O,2O,1

 o-o.t-O.2

5

   GAP

101520

     GAP

25

510152025

O.4O.2

 o-O,2-O.4

      ICH
Maturetree{DBH)1O}

  10  20  30 40  50

O.2O.l

 o-O.1-O,2

      GAP

510152025

                                  Distance (m)
Fig, 6, Correlograms for representative  aileies; Aniy-c in the  lowland populations (four correlograms  on  the

 left) and  Dia-d in GAP  plot in montane  region  (four correlograms  on  the  right}.  A  pair of  correlograms  for

 seedlings  and  mature  tree are  presented for the  lowland populations, and  change  of  genetic structure  along

 four size  classes  are  shown  for GAP  population, Dashed lines represent  95%  CI of  Moran's / values;

 Asterisks represent  significant  positive or  negative  Moran's  1 values  in each  distance class.
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Fig. 7. Spatial distributions of  genotypes  at  Aat-2  and  Fbm  in OJI population. These maps  also  show  the

 simple  genetic structures  in small  populations, Allele frequencies at  these  loci are  sigtnificantly  differed bet-

 ween  two  subplots,

Table 8.Results of  G-test for allele  frequency heterogeneity among  size

classes  within  populations,

Locus
Lowland  population Montane  population

UNAFUTOJIKURICHsoy GAP

AapAat-

 1Aet-2Amy-1DiafumGdhtdhMdhP!;iFicm-1Pigm-26P9dh

-t

nsnsnsns

nsnsns

ns

nsnsnsns

nsnsnsns

ns

nsnsnsns

nsnsns

ns

nsnsnsns

n$

p<O,05  ns

p<O,05nsns

nsns

ns

nsnsnsnsnsns

ns

ns

p<O,05

 ns

 nsp<O,Ol

 nsp<O.05

 ns

 ps
 ns

 ns

 nsnsns

-t
 Locus is monomorphic;  ns:  not  significantly  different among  size  classes  {p>O.05).
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other  allozyme  loci also  highly fluctuated, which  ob-

viously  reflects  the effect  of  genetic drift on  the loss of

allele$ or changes  of their frequencies in Lowland popu-
lations, ln contrast,  the GsTvalue for the lowland popu-
lations was  evidently  much  higher {O.107) (Table 4}.
Non-overlapping of the 95%  confidence  interval of

mean  GsT values  obtained  bootstrapping over  loci be-
tween  the  lowland populations in Toyama  and  the

other  population  groups,  e,g,,  the montane  populations
in Tateyama  as  we"  as  those  in the Tohoku  and  Kanto
districts (Ohkawa et al,, unpubl,  data, and  see also

Tomaru  et al., 1 996), indicate significant  genetic differ-
entiations  among  Iowland populations (Fig, 5; Tabte
4), Estimates of  gene flow among  the  lowland popula-
tions ranged  from O.8 to 5.6 (oniy 6PVcth locus showed
extremely  high values,  1 6.2}, with  a mean  value  of 3,8,
These  values  were  also  much  lower  than  those  estimat-

ed  for the populations collected  over  a  wide  geograph-
ical range  {Nm=6,3; Tomaru  et al., 1996).

4. Extreme  Cases  of  lsolated Populations
Extreme cases  of isolation were  well  demonstrated in

lowland populations, The  size-class  distribution of  UNA
and  SOY  popuLations(Flg. 2) suggested  a specific  size-

class  structure  mostly  consisting  of  individuals of  inter-
mediate  size-classes.  Other lowland populations, with

a good  number  of seedlings,  aLso  showed  evidence  of

pooling in intermediate size-classes.  These  results  of

skewness  in size-class  structure  were  characteristic  of

small  isolated populations,
  The  numbers  of multilocus  genotypes  are  fewer in
UNA  and  SOY  populations  than  in the  other  lowland

populations {Table 9). The  main  reason  for reduction  in
multilocus  genotype  is the small  number  of seediings,

which  have the potential to introduce new  genetic

f09

diversity into the local population.
  The FUT  population, however, maintains  high genet-
ic diversity relative  to other  lowland populations,

despite the fact that small  samples  were  examined

(Fig. 3; Table 2}. Almost  atl mature  beech trees in this

population were  multi-stemmed,  but they  were  scat-

tered sparsely  here and  there, which  suggests  rather  re-

cent  human  disturbances of this mixed  fore$t stand

{Kamitani, 1986; Koop, 1987}. A  somewhat  sim"ar

situation  was  observed  in the  SOY  population, but this

population maintains  the natural  conditions  (Fig. 1;
Table 2},

  The spatial distributions of  trees in UNA  and  FUT
show  characteristic  patchiness {Fig, 8), The  develop-
ment  of  patchiness within  a  small  isolated population
would  give rise to limited gene  dispersal and  high de-

grees of  genetic substructurings,  lf genetic variation
within  population is highly structured,  more  genetic
diversity couLd  be lost during the  habitat fragmentation

(Hamrick and  Nason, 1995). The genetic structures

found even  in mature  stages  in the lowland popula-
tions,  therefore,  would  have directLy reduced  genetic
diversity when  fluctuation occurs  in population size.

5. Changes in 5ipatiai Genetic Structures vvithin

   Lowtand  Populations
With respect  to the  spatial  genetic  structures  in natural

populations  of the genus fegus, weakly  po$itive
autocorrelation  at  informative shorter  distance ctasses
has been reported  (Merzeau et al., 1994; Leonardi and
Menozzi, 1 996}, Similar patterns were  also  reported  for
other  long-lived tree species  (Epperson and  Allard,

1 989; Knowles, 1991  ; Perry and  KowLes, 1 991 ; Young

and  Merriam, 1994;  Bacilieri et  al., 1994}, The  results

of spatial  autocorrelation  analyses  on  the montane

Table 9, Numbers of  trees  for each

        parentheses}.

multilocus  genotype(Percentages  of  trees for each  category  are  in

Population
Numbers  of  trees  for each  multilocu$  genotype

N1 2 3 4 5 6 7 8 9 1011121824

FUT

UNA

ICH

OJI

KUR

soy

GAP+T3

 97  70  3

   (72,2} (6,2}
 33  19 7

   (57,6} {42,4)
294 32 15

   (10,9) tlO,2)
139  80  12

   {57,6) (17,3)
107  66  11

   (61,7} C20.6)
 69  49  7

   (71,O) (20.3)
289  148  20

   {51,2} (13.8)

3C9.3}

 9

 t9,2)
 4

 {8.6)
  5{14,O)

  2

 (8.7}
  8

 (8.3)

 1C5,2)

 8 3

tlO.9) C5,1}
  3 1

{8.6) (3.6}
  1C3,7}

 3{6,1}

 1{4,3}

 4 2 1

C5,5) <3,5> (2,1)

1(7,2)

  5(11.9) 3(8,2} 1 2

(3,1) {6.8)

 1(3,5)

 2 1 1

(7.5} (4,1) (6,1)

 1{3.8]  1(8.3}
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8, Spatial distributions of individuals for two  Iowland populations.  a)  UNA  and  b) FUT.

beech populations in this study  were  alse  in agreement
with  the  results  of previous  studies,  less than  6%  of

alleles showing  positive autocorrelations  at the

shorte$t  distance class  (Table 7}. This result  suggests

virtually  random  distributions of  alle[es  in the meture

stages  in large continuous  populations, indicating that
the effect  of  isolation by distance {Wright, 1 943) is not
significant  on  a  large spatial  scale  in terms  of  mature

tree distributions,

  Additional evidence  indicates that the temporal

changes  in genetic components  of populations are  relat-

ed  spatial  elements.  Understanding the mutual  effect  of

spatial  and  temporal  scales  would  be very  instructive,
especially  in long-lived perennial plants {Young and  Mer-
riam,  1994}, The  changes  in spatial  genetic structures
within  a  gap population {GAP} might  depict the develop-
ment  of  genetic  substructures  in the early  growth stage

and  their disappearance in later growth stages, Genetic
substructures  developed in the  juvenile stage  with

DBH<5  cm  completely  disappear in the next  growth
stage,  probably reflecting  stochastic  survivorships  of

genotypes during the 
'gap'

 regeneration  processes (cf,
Kitamura et al,, 1 997a), However, a few alleles that rep-

resent  positive autocorrelation  in mature  stages  in the
montane  population may  exhibit  the possibility of  main-

tenance  of genetic substructures  through  the regenera-

tion processes or  local adaptation,

  More  notable  spatial  genetic substructures  were

found in both seedling  and  mature  stages  in the

lowland populations, ln the seedling  stage,  most  of  the

populations had a  high proportion  of positive autocorre-

lated alleles  at  the  shortest  distance class.  If within-

population  seed  dispersal is quite limited and  density of
mother  trees is Iow, it should  lead to clumping  of relat-

ed  individuals {Young and  Merriam, 1994}, The  clump-

ing of  related  genotypes  found in the  seedling  stage  in

lowland populations would  have been forecast by  the

limited seed  dispersal range  CMaeda, 1988),
  The genetic  localization patterns  found in lowland
populations were  maintained  in the mature  stages

(Tabte 7), One  possible reason  for the  differences in
maintenance  of  genetic structure  between  the lowland
and  montane  populations is that the size  class

discriminations were  different in the montane  and

iowland populations,  ln the lowland populations,  due to
the small  numbers  of individuals within  plots, trees
with  DBH>  1O cm  were  simultaneously  analyzed,  This
category,  therefore. may  include pairs of half-sib pro-
genies and  their mother  trees, and  these  will  produce
clearer  spatial  genetic structures.  The  proportions of

the pesitive autocorrelated  alleles in mature  stages

were  found to be higher in the lowland populations than
in montane  populations. This may  be due to the limited
number  of reproductive  individuals, which  are  genetical-
ly related  to each  other,  This extreme  case  is the genet-
ic structure  in OJI popuiation. Although no  significent

results  were  obtained  in spatial  autocorrelation  analy-

sis. more  simpte  genetic structure  was  found develop-

ing in this population (Fig, 7),

6. femporatGeneticHeterogeneity
Overlapping generations of  Long-lived tree species  are

predicted to show  genetic heterogeneity among

growth  stages,  and  will slow  down  the rates  of loss of

genetic variation  in fragmented populations by genetic
drift (Hamrick and  Nason, 1995). In FL crenata,  signifi-

cant  differences of allele frequencies among  size

classes  are reported  (Kitamura et al., 1997bi, Kitamura
et al, (1 997b) also  indicated that heterogeneity of  allele

frequencies  in the Ogawa  population of  this species

was  primarily owing  to the  role  of  juvenile stages  as  a

genetic sink  popuiation. In the present $tudy,  hetero-

NII-Electronic  
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geneity in allele frequencies was  also  found in a  regener-

ated  gap population in the montane  zone  {Table 8).
Therefore, genetic variabilities  are maintained  among

growth stages,  as  indicated by  a previous study

(Kitamura et al,, 1 997b). In the lowland populations,  on

the  other  hand, genetic  heterogeneity among  growth
stages  was  somewhat  weak,  Only two  G-tests on  78
cases,  including monomorphic  loci, showed  hetero-

geneity of allele frequencies among  size  classes.  These

allele frequency differences are  mainly  observed  in the
seedling  stage;  thus  it is not  the  same  situation  as  the

juvenile sink  populations  found in the montane  popula-

tlons.

7, Geo-histon'catBackgroundofPopulationDiffbrenti-

   ations  of  Fagus crenata  Populations
Be$ed on  the analyses  of  radiocarbon-dated  fossil

pollens collected  from Miike at sea  level in lshikawa
Prefecture, Tsukada  (1982a, b) presumed  that the last

glacial refugia  for fagus  crenata  forests in the  lowlands
of this region  disappeared until about  4000 yr, ago  and

that subsequently,  evergreen  broad-leaved tree species

have gradually increased and  taken  the  place of  beech
forests, Beech  populations analyzed  in the present
study  in Toyama  Prefecture  are  all distributed on  the

foothills at low elevations,  about  100-200  m  (-500
m)  above  sea  level, and  include some  evergreen  oaks,

such  as  Quercus acuta  or  Q. safiOina,  as  co-dominant

canopy  tree species.  The  current  beech forests in thiq
region  are  higher than  about  600  m  above  sea  level;

therefore, it is certain that  these  towland  populations
were  fregmented  into small  populations and  have been
isolated from large and  continuous  mainland  popula-

tions, although  present  small population sizes  may  be

mostly  due to recent  large-scale human  exploitations.

In these  populations, significant  genetic  erosion  was

found because of severe  bottleneck effeets  and/or  ge-
netic  drift, Genetic analysis  of  these  long-term isolated

populations shouSd  be valuable  and  may  be a  first report

on  long lived-tree species.

Acknowledgments  ln the  field survey  and  samp)ings  we

were  assisted  by Haruka Akiyama.  Masato  Nakagawa  and

Tomohiko  Kamitani. for which  we  extend  our  gratitude. Part
of the present research  project was  financially supported  by a

grant-in-aid from the  Environmental Corporation of Japan to
Shoichi Kawano  (corre$ponding author}.

References

Bacilieri, R., Labbe, T. and  Kremer, A. 1994. Intraspecific ge-

 netic  structure  in a  mixed  population of  Quercus  petraea
 (Matt,} Leibl and  Q. robur  L  Heredity 73: 130-141.

BaFrett, S.C.H. and  Kohn, J,R, 1991. Genetic and  evolu-

 tionary  consequenee$  of  small  population  size  in plants:  lm-

11f

 plications for conservation.  /n: Falk, D,A, and  Holsinger,
 K.E. Ceds,), Genetics and  Conservation of  Rare Plants, 3-

 30. 0xford  University Press, Oxford.

Billington, H,L, 1991, Effect ef population size  on  genetic
 variation  in a dioecious conifer.  Conserv, Biol. 5: 1 15-1 19.
Beyle, T,, Liengrsiri, C, and  Piewluang, C, 1990, Genetic

 structure  of  black spruce  on  two  contrasting  sites. Heredity
 117: 777-782.

Comps, B., Thiebaut, B,, Paule, L., Merzeau, D. and  Letouzey,

 J, 1991, AIIozymic variability  

'in
 beechwoods  {fegus

 syfvatica  L.} over  central  Europe: spatial  differentiation

 among  and  within  populations,  Heredity 65: 407-417,
Crow,  J.F, and  Kimura, M,1972,  The  effective  number  ofa

 population with  overlapping  generations: A correction  and

 further discussion, Am,  J. Hum.  Genet  24: 1-10,

Delcourt, P.A. and  Delcourt, H.R, 1987, Dynamics of  the

 Temperate  Zone. 439  pp, Springer-Verlag, New  York.

EIIstrand, N,C, and  Elam, D.R. 1993, Population genetic con-

 sequences  of small  populatien size in plants: lmplication for

 plant conservation,  Annu.  Rev, Ecol. Syst. 24: 217-242,
Epperson, B.K. 1989, Spatial patterns of  genetic variation

 within  populations. in: Brown  A,H,D., Clegg, M,T., Kahler,

 A.L. and  Weir, B.S. (eds,), Plant Population Genetics,

 Breeding, and  Genetic Resouces, 229-253. Sinauer

 Associates lnc., Sunderland.
      and  Allard, R.W.  1989. Spatialautocorrelation anal-

 ysis of the  distribution ef genotypes  within  populations  of

 lodge pole pine. Genetics 121: 369-378.

Goudet,J,  1995. FSTAT  (version1.2): a computer  program
 to  calculate  F-statistics. J. He{ed, 86: 485-486.
Hamrick, J.L, and  Godt, M.J. 1989, Allozyme  diversity in

 plant species,  in: Brown  A.H.D., Clegg, M,T,, Kahler, A,L
 and  Weir. B,S. (eds,), Ptant Population Genetics, Breeding,

 and  Genetic Resouces, 43-63,  Sinauer Associates lnc,,
  Sunderland.
      , Godt, M.J.W,  and  Sherman-Broyles, S,L, 1992.

  Factors influencing levels af genetic diversity in woody

  plant species,  New  For, 6: 95-124.

       and  Nason,  J,D. 1995, Consequences of  dispersal

  in plants. In: Rhodes, O,E,, Chesser, R.K. and  Michael, H.S,

  teds,), Population Dynamics in Ecological Space  and  Time,

  203-236,  Univ, Chicago Press, Chicage.

Hoffmann,  A,A, and  Blows, M.W,  1994, Species border:

  ecological  and  evolutionary  perspectives, TREE  9: 223-
  227.Horikawa,

 Y. 1972.  Atlas of  theJapanese  Flora, an  lntroduc-

  tion to Plant Sociology of East Asia, Gakken. Tokyo,
Kamata, N, 1996. Interaction between  beech trees and  popu-

  lation dynamics  of its herbivorous insects. Induced re-

  sponse  against  defo[iator and  predator satiation  hypothesis.

  Jpn. J. Ecol. 46: 191-198  (in Japanese),
Kamitani, T. 1986, Studie$ on  the  process of  formation of

  secondary  beech forest in a heavy snowfall  region.  {11] The

  relationshipbetweenstumpageandthereproductivecapaci-

  ty for coppice  sprouts  of  main  woody  species,  J, Jpn, For,
  Soc, 68: 127-134.

Kawano,  S, and  Kitamura, K, 1997. Demographic  genetics

  of  the  Japanese  beech, fagus  creneta,  at  Ogewa  Forest

  Preserve. ibaraki, Central Honshu,  Japan, 111. Population dy-

  namics  and  genetic substructuring  within  a  metapopulation,

  Plant Species Biol. 12:  157-177,

Kikuchi, S, 1968. A  research  on  the fruit-bearing of beech

NII-Electronic  



The Society for the Study of Species Biology

NII-Electronic Library Service

TheSociety  for  the  Study  of  Species  Biology

112 T, Ohkawa,  Y, Nagai, J,Masuda,  K,Kitamura  and  S. Kawano

 forests for the natural regeneration.  Bull. Yamagata  Univ,,

 Agr, Soc, 5: 451-536  {in Japanese with  English summary}.
Kimura, M.  and  Crow,  J,F. 1964, The  number  of  alleles  that

 can  be maintained  in a finite population. Genetics 49: 725-
  738.Kitamura,

 K,, Shimada, K., Nakashima, K. and  Kawano,  S,

  1997a,  Demographic  genetics of  the  Japanese  beeeh,

 fegus  crenata,  at Ogawa  Forest Preserve, lbaraki. Central

  Honshu,  Japan, 1, Spatiel genetic substructuring  in local
 populations. PIant Species Biol. 12: 107-136,
       F

 
,
 and  

,1997b,
 Demo-

 graphic genetics of the Japanese  beech, fagus  crenata,  at

 Ogawa  Forest Preserve, lbaraki, Centraj Honshu, Japan. 11.
 Genetic substructuring  among  size classes  in local popula-
 tions. Plant Species Biol, 12: 137-1  56.
      , O'NeilL J,, Whigham,  D.F. and  Kawano,  S. 1999,

 Demographic genetic analyses  of  the American beech

  IFbgus grandifofib Ehrh,), Genetic variations  ef  seed  popula-
 tions  in Maryland, Plant Species Biol. 13: 147-1  54,
Knowles , P, 1991. Spatial genetic structure  within  two

 natural  stands  of  black spruce  [IVcea mariena  (Mill,) B.S,P.],
 Silvae Genet, 40: 13-19,
      .Perry,D.J.andForster,H,A,1992,  Spatialgenetic
  structure  in two  tamarack  [Larix laricina (Du Rei) K. Koch]
  populationswithdifferingestablishmenthistories.Evolution
  46: 572-576,
Keop, H. 1987. The vegetative  reproduction  of trees in some
  European  natural  forests, Vegetatio 72: 103-1  1O,
Lande, R. 1988. Genetics and  demography in biological con-

  servation,  Science 241:  1455-1460.
Leonardi, S, and  Menozzi, P. 1995, Genetic variability  of

  fagus  sylvatica  L. in ltaly: the role  of  postglaciai recoloniza-

  tion, Heredity 75: 35-44.

       and  .1996.  Spatial structure  of  genetic
  variability  in natural  stands  of fagus sytvatica  L. Cbeech) in

  Italy, Heredity 77: 359-368,
Li, C,C, and  Holvitz, D.G, 1953. Some  method  of estimating

  inbreeding coefficient. Am.  J. Hum.  Genet. 5: 107-1  17.
Maeda,  T. 1988. Studies on  natural  regeneration  of beech

  {fagus crenata  Blume). Spec. Bull. Coll, Agric. Utsunomiya

  Univ, 46: 1-79  "n Japanese  with  English summary).
McClenaghan, L,R, Jr, and  Beauchamp, A.C, 1986. Low  ge-
  netic  differentiation among  isolated populations  of  the

  California fan palm  tVLlashingtonia ti7ifera), Evolution 40:
  315-322.

Merzeau, D,. Comps, B,. Thiebaut, B,, Cuguen,, J, and

  Letouzey, J, 1994, Genetic structure  of  natural  stands  of

 fagus  sylvatica  L. (beech), Heredity 72: 269-277.
Moran.  G.F. and  Hopper, S,D, 1983. Genetic diversity and
 the insular population structure  of  the  rare  granite rock  spe-

 cies,  fucaryTitus caesia  Benth. Aust, J, Bot, 31: 161-172,
Nei, M. 1973, Analysis of  gene  diversity in subdivided  popu-
 lations. Proc. Natl, Acad, Sci. USA  70: 3321-3323.

       . 1978. Estimation of  average  heterozygosity and

 genetic distanee from a small  number  of  individuals, Genet-
 ics 89: 583-590.

      ,Maruyama,  T, and  Chakraborty, R, 1975, The  bet-

 tleneck  effect  and  genetic variability  in populations. Evelu-
 tion  29: 1-1O.

Nilsson, S.G. and  Westljung, U, 1987. Seed predation and
 cross-pollination  in mast  seeding  beech (fagus sylvatica)

 patches. Ecology 68: 260-265.

Perry, D,J. and  Knowles, P. 1991. Spatial genetic structure

  within  three  sugar  maple  (Acer saccharum  Marsh,) stands,
  Heredity 66: 137-142.
Prober, S,M. and  Brown, A.H,D, 1994, Conservation of the

  grassy white  bex woodlands:  Population genetics and  frag-
  mentation  of  EucaJy)otus athens.  Conserv. Biol. 8: 1003-
  1013,
Richerdson, B,J,, Baverstock, P.R, and  Adams,  M.  1986.

  AHozyme Electrophoresis. 410  pp, Academic  Press, San
  Diego.

Rossi, P,, Vendramin, G,G, and  Giannini, R, 1996, Estimation

  of  mating  system  parameters in two  ltalian natural  popula-
  tions  of Ebgus  sytvetica.  Can, J, For. Res, 26: 1187-1192.
Rossum,  F,V., Vekemans,  X,, Meerts, P,, Gratia, E. and  Lefeb-

  vre.  C. 1997, Allozyme  variation  in relation  te ecotypic

  differentiation and  population  size  in marginal  populations of

  Silene nutans,  Heredjty 78: 552-560.

Sampson, J.F,, Hopper, S.D, andJames,  S.H. 1988, Genetic

  diversity and  the  conservation  ef  Eticafyptus crucis  Maiden.

  Aust, J, Bot. 36: 447-460,
Shiraishi, S, 1988, lnheritance of  isozyme  variatjons  in

  Japanese black pine, Pinus thunbergii  Parl. Si)vae Genet,
  37: 93-1  OO,
Sokal, R.R. 1978, Estimation ef  average  heterozygosity and

  genetic distance from a  small  number  of individuals. Genet-
  ics 89: 583-590.
       and  Oden, N.L. 1978a,  Spatial autocorrelation  in bi-

  ology.  1. Methodology, Biol, J, Linn, Soc. 10: 199-22B,
       and  ,1978b. Spatialautocorrelationinbiol-

  ogy,  2, Some  biological implications and  four applications  of

  evoiutionary  and  ecological  interest. Biol, J, Linn. Soc. 10;
  229--249,

Soule, M.E, 1973. The  epistasis cycle: a theory of marginal

  populations. Annu. Rev, Ecol. Syst. 4: 165-187.

       , Bolger, D,T,, Alberts, A.G., Wright, J., Sorice, M,

  and  Hill, S. 1988, Reconstructed dynamics  of  rapid  extinc-

  tions  of  chaparral-requiring  birds in urban  habitat islands.
  Conserv, Biol, 2: 75-92,
Templeton,  A.R.. Shaw,  K., Routman,  E, and  Davis, S,K,

  1990  The  genetic consequences  of  habitat fragmentation.

  Ann.  Mo.  Bot, Gard, 77: 13-27,
Tomaru,  N., Mitsutsuji, T,, Takahashi, M., Tsumura,  Y.,

  Uchida, K. and  Ohba, K, 1996. Genetic diversity in fagus

  crenata  (Japanese beech}: influence ef  the distributional

  shift  during the late-quaternary. Heredity 77: 241-251.
Tsukada, M. 1982a.  Late-Quaternary development  of  the

  Flagus forest in the  Japanese  archipelago.  Jpn, J, Ecol, 32:
  113-118.

       . 1982b,  Late-Quaternary shift of  fagus  distribu-

  tion, Bot, Mag,  Tokyo  95: 203-217,
van  Treuren, R.. Bijlsma, R., Ouborg, N,J, and  Delden, W.V,

  1991  . The  significance  of genetic erosion  in the process of

  extinction.  I. Genetic differentiation in Satvia pratensis and

  Scabiosa co/umbaria  in relation  to population size, Heredity
  66: 181-189,
Weir, B.S. and  Cockerham,  C.C, 1984, Estimating F-statis-

 tics for the  analysis  of  populatien  structure,  Evolution 38:
  1358-1370.

Wright, S. 1922, Coefficients of  inbreeding and  relatienship,

 Am.  Nat. 56: 330-338,

      .1943, lsolation by distance, Genetics 28: 114-
  138.

NII-Electronic  



The Society for the Study of Species Biology

NII-Electronic Library Service

TheSocietyfor  the  Studyof  Species  Biology

Demographic genetic differentiations of fagus crenata  in Toyame

      . 1948, On the  roles  of directed and  random

 changes  in gene  frequency in the  genetics of  populations.
 Evolution 2: 279-294,

      . 1951. The genetical structure  of populations, Ann,
 Eugen. 15: 323-354.

      . 1965. The interpretation of population $tructure

 by F-stati$tic$ with  special  regard  to systems  of mating,

 Evotutien 19: 395-420.
Yamamoto,  S, 1989, Gap  dynamics  in climax  Fbgus  crenata

 forests. Bot. Mag,  Tokyo  102: 93-114,

113

Young, A.G., Merriam. H,G, and  Warwick,  S,1, 1993, The

 effect  of forest fragmentation on  genetic variation  in Acer

 saccherum  Marsh, isugar maple}  populations. Heredity 71:

 277-289.
       and  .1994, Effect of forest fragmentation
 on  the  spatial  genetic structure  of  Acer  saccherum  Marsh,

  Csugar mapte)  populations. Heredity 72: 201-208,

      ,Boyle,  T, and  Brown,  T.1996,  The  population  ge-

 netic  consequences  of habitat fragmentation for plants,
 TREE  11: 413-418,

Received  Decemher  20.1998.  AcceptedFbhruary  19. 1999,

NII-Electronic  



The Society for the Study of Species Biology

NII-Electronic Library Service

The  Society  for  the  Studyof  SpeciesBiology

f14 T. Ohkawa,  Y.

Appendix  1.

Nagai, J,Masuda, K, Kitamura andS,  Kawano

Allele frequencies for estabiished  trees at 13
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Allele frequencies for $eedling  at  1 3 loci in sixlowland

andS,  Kawano

and  one  montane  beech pepuiations,
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