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Genetic Studies in Natural Populations of Forest Trees 

III. Genet i c  Di f ferent iat ion  w i t h i n  a Forest  o f  Cryptomeria japonica 1 

KAN-ICHI SAKAI and YOUNG-GOO PARK 2 

N a t i o n a l  I n s t i t u t e  of Genet ics ,  Mis ima (Japan)  

Summary. The present s tudy deals with the genetic differentiation within a natural  forest of Cryplo~neria japonica. 
Needle leaves were collected from approximate ly  50 trees in each of three sites, called subpopulations I, 1I and I I I ,  lo- 
cated at  the apices of a triangle. The distances from each other among these three subpopulations were 760 m or t, 300 m. 
I t  was found, by  an electrophoretic s tudy of peroxidase, tha t  the mean number of isozyme bands exhibited per indi- 
vidual  tree was t t .68 in I, t3.73 in I I  and 12.53 in I I I .  The t - tes t  revealed tha t  the differences between I and I I  and 
between I I  and I I I  were s tat is t ical ly significant. The frequency of occurrence of each band was compared among the 
subpopulations. I t  was found tha t  the variat ion among the three subpopulations was s tat is t ical ly significant. Not a 
few papers dealing with the s tudy of pollen dispersal in coniferous trees have been published so far. Scme of the au- 
thors consider tha t  the distance of pollen dispersal is short and gene flow among subpopulations within a forest seldom 
occurs, while others are of the opinion tha t  pollen travels  long distances and no effective isolation is possible within a 
forest. Findings from the present s tudy support  the ~ormer view. They show tha t  subpopulations within a forest of 
Cryptomeriajaponica are genetically differentiated from each other, i. e. Sewall V~:right's neighbourhood size is small in 
Cryptomeria japonica. 

Introduction 

There  are  two oppos ing  views on m i g r a t i o n  and  
i so la t ion  in forests .  W r i g h t  (1962) rev iewed  seve ra l  
pape r s  dea l ing  wi th  pol len  d ispers ion  ( including one 
b y  himself  and  those  b y  S t rand ,  Silen, L a ngne r  and  
others)  and  conc luded  t h a t  t rees  p r o b a b l y  exchange  
pol len  on ly  wi th in  the  close ne ighbourhood .  Ande r s -  
son (1963), L a n n e r  (1966) and  Sa rvas  (1967), on the  
con t r a ry ,  bel ieve  t h a t  t rees  receive pol len  no t  only  
f rom the i r  ne ighbours  b u t  also f rom t rees  growing 
far  away .  Accord ing  to the  first  view, a n a t u r a l  fo- 
res t  should  consist  of n u m e r o u s  s u b p o p u l a t i o n s  no t  
i so la ted  geograph ica l ly  bu t  more  or less d i f f e r en t i a t ed  
gene t ica l ly .  The  l a t t e r  au tho r s  t ake  the  view t h a t  
there  are  m a n y  poss ibi l i t ies  for effect ive mig ra t ion ,  
and  rac ia l  d i f fe ren t ia t ion ,  if present ,  m igh t  have  been 
caused  b y  reg iona l  or local  e n v i r o n m e n t a l  se lect ion 
pressure .  Al l  these  a r g u m e n t s  have  been  p u t  for- 
w a r d  on the  sole bas is  of pol len  d ispersa l  w i thou t  
cons ider ing  a d i rec t  ana lys i s  of t i le  genet ic  s i t ua t ion  in 
a forest .  

Cons ide rab ly  less is k n o w n  a b o u t  genet ic  differen-  
ces be tween  a d j a c e n t  popu la t i ons  t h a n  a b o u t  differ-  
ences be tween  d i s t a n t  popu la t i ons  of forest  t rees ,  
as Ca l l aham (1967) has  po in t ed  out.  

Sakai ,  Miyazak i  and  M a t s u u r a  (1971) have  r e c e n t l y  
r e p o r t e d  t h a t  two n a t u r a l  forests  of Thuiopsis dola- 
brata, which h a d  long been  i so l a t ed  b y  t 0  k i l ome te r  
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wide s t ra i t s ,  were gene t ica l ly  d i f ferent  from each 
other .  This  conclus ion was d r a w n  from a c o m p a r a t i v e  
s t u d y  of pe rox idase ,  and  from the  m e a s u r e m e n t  of 
leaf t ra i t s .  The  two forests  were cons idered  to be 
s imi lar  ecological ly ,  and  i t  is ve ry  l ike ly  t h a t  the  ge- 
ne t ic  d i f f e ren t i a t ion  had  been  induced  no t  b y  n a t u -  
ra l  select ion,  bu t  b y  r a n d o m  genet ic  dr i f t  fol lowed 
by  geograph ic  i so la t ion .  

We have  in J a p a n  a n u m b e r  of n a t u r a l  fores ts  of 
Cryptomeria iaponica, spon taneous ly  growing in the  
m o u n t a i n o u s  regions.  This  is one of t i le  mos t  impor -  
t a n t  t ree  species in J a p a n ,  and  n a t u r a l  forests  of th is  
species  have  long been  va luab le  sources of p ropaga -  
t ion  m a t e r i a l  for people  who make  a l iv ing  f rom 
forests .  

The  p resen t  p a p e r  descr ibes  the  resul t s  of a s t u d y  
on the  genet ic  d i f fe ren t i a t ion  among  th ree  sub-  
popu la t ions  s ampled  in a n a t u r a l  forest  of Crypto- 
meria iaponica l oca ted  in t he  Koch i  p re fec tu re  of 
Sh ikoku  is land.  

Materials and Methods 

Needle-leaves for the electrophoretic s tudy were col- 
lected on an individual  tree basis from approximate ly  
50 trees growing in each of three sites located at  the api- 
ces of an isosceles triangle. A contour map of these sites 
is shown in Figure 1. The three subpopulations are at  
approximate ly  the same elevation of 500 to 600 metres 
above sea-level, and are surrounded by  dense forests of 
Cryptomeria japonica mixed with trees of broad-leaved 
species. 

As seen in Figure 1, ravines, each with  a stream, form 
the boundaries of the three sites, though they can hard ly  
be considered to serve as barriers against gene flow. The 
straight  line distances among the three subpopulations 
were 760 m between I and II ,  and 1,300 m between I and 
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Fig. 1. Countour map of Yanase natural forest of Crypto- 
meria japonica, where three subpopulations were sampled 

I I I  and b e t w e e n  II and III .  The  n u m b e r  of trees  sam- 
pled was  41, 49 and 62 in subpopula t ions  I, I [  and I I I ,  
respect ive ly .  A long branch,  about  30 cm long w i t h  needle  
leaves ,  was  taken  from each tree. The  co l l ec t ed  l eaves  
were s tored in a deep-freezer  unt i l  needed  for e lectro-  
phoret ic  s tudy .  

The  t echn ique  adopted  for the  b iochemica l  s t u d y  w a s  
a lmos t  the  same as t h a t  g iven  in the  prev ious  paper  
(Miyazaki and Sakai, 1969), e x c e p t  for a s l ight  modif ica-  
t ion  in H202 concentra t ion  of the  s ta in ing  reagent ,  i.e. 
0 .5% ins tead  of t he  1% used previous ly .  Me a su r e me n t  of 
z y m o g r a m s  was  performed after d i scarding  erroneous 
bands  b y  a s ta t i s t i ca l  e x a m i n a t i o n  (Sakai, Miyazaki  and 
Matsuura,  1971). 

Results  of  Study 

The maximum number of peroxidase bands estab- 
blished in needle-leaves of Cryptomeria ~aponica was 
36, though the number actually counted for each 
tree was far less than that. Table 1 and Fig. 2 show 
tile frequency distribution of the number of peroxi- 
dase bands exhibited per tree in tile three subpopu- 
lations. 

Table 1 and Figure 2 show that subpopulation II in- 
cluded trees with an extraordinarily high number of 
i sozyme bands. Subpopulation I was least variable, 
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Fig. 2. Frequency distribution of the'number of isoperoxidase 
bands per individual in three subpopulations of Cryptomeria 
japonica. Arrows indicate mean number of bands per indivi- 

dual 

while in subpopulation III trees with as few as 7 or 8 
bands were found. The mean number of i sozyme 
bands shown by individual trees in subpopulations I, 
II and III was 11.68, 13.73 and t2.53, respectively. 
The t-test  revealed that the differences between I 
and II and between II and III were significant sta- 
tistically, whereas the difference between I and I lI  
was not. 

Frequency of occurrence of i sozyme bands in the 
three subpopulations was compared. Figure 3 is its 
graphical representation, with figures above the bars 
standing for an average value of the respective fre- 
quencies in the three subpopulations.  

It was found (Fig. 3) that several bands appeared 
with higher frequencies. For example,  band No. 9 
appeared with the highest frequency of 87%; three 
bands, Nos. 3, t 2 and 3 t, had incidences higher than 
750/0 . Bands observed with low frequencies, were 
Nos. 5, 6, 25 and 26. Occurrence of some bands, how- 
ever, was highly variable among the subpopula- 
tions: band No. 2 occurred as frequently as 69% in 
subpopulation III but only at 27% in II. 

The differences in incidence of i sozyme bands be- 
tween I and II, II and III  and I and III were tested 
statistically by measuring z value. This is (x~/N, -- 

Table  1. Variation in number of isoperoxidase bands per tree in three subpopulations of Cryptomeria japonica 

Subpopu- Number Number of isozyme bands per tree Average 

lation of trees 7 8 9 10 t l  t2 13 14 15 t6 t7 lS 19 20 21 22 (m + o'm) 

I 4I 7 3 10 6 8 5 2 t l , 6 8  ~ 0.28 
II  49 1 o 5 t l  I t  5 8 3 I 1 1 t 0 I 13.73 -k 0.35 

I I I  62 1 2 1 5 t3 t2  7 9 7 t 2 2 12,53 ~ 0.29 
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F i g .  3. F r e q u e n c y  i n  p e r c e n t  o f  36 i s o z y l u e  b a n d s  o I i p e r o x i d a s e  in  t h r e e  s u b p o p u l a t i o n s  o f  Cryplomeria fapo~ica in  Y a n a s e  
n a t u r a l  f o r e s t .  O p e n  b a r  s t a n d s  f o r  s u b p o p u l a t i o n  I ,  h a t c h e d  b a r ,  s u b p o p u l a t i o n  I I  a n d  m o t t l e d  b a r ,  s u b p o p u l a t i o n  I I I .  F i g u r e s  

a b o v e  b a r s  s t a n d  f o r  a v e r a g e  i n c i d e n c e s  in  p e r  c e n t  o f  t h e  n u m b e r e d  i s o z y m e s  

xti/_]Vt)/ry, w h e r e  x~, is t h e  n u m b e r  of t r e e s  w i t h  i-th 
b a n d  in  s-th p o p u l a t i o n ,  w h i l e  N~ t h e  t o t a l  n u m b e r  of 
t r e e s  i n v e s t i g a t e d  in  t h e  s a m e  s u b p o p u l a t i o n .  T h e  

is ~ C ( i - - C )  ( l / N s  + i /Nt )  w h e r e  C =  ( x ~ + & i )  
( N , + N t ) .  W h e n x ,  is less  t h a n  5, t h e  Z ~ t e s t  b y  
t h e  u se  of 2 • 2 c o n t i n g e n c y  t a b l e  w a s  a d o p t e d  
w i t h  a c o r r e c t i o n  b y  Y a t e s .  I t  w a s  f o u n d  f r o m  t h e s e  
c o m p a r i s o n s  t h a t  c e r t a i n  b a n d s  s h o w e d  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  s u b p o p u l a t i o n s .  T h e  n u m b e r  of 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  I a n d  I I  
w a s  10 o u t  of 36, w h i c h  w a s  t h e  t o t a l  n u m b e r  of i so-  
z y m e  b a n d s ,  12 b e t w e e n  I I  a n d  I I I ,  a n d  15 b e t w e e n  
I a n d  I I I .  T h e  b a n d s  d e t e c t e d  to  b e  s i g n i f i c a n t l y  
d i f f e r e n t  a r e  s h o w n  i n  T a b l e  2. 

I f  t h e s e  s u b p o p u l a t i o n s  w e r e  s a m p l e s  f r o m  a h o -  
m o g e n e o u s  p o p u l a t i o n ,  t h e n  t h e  n u m b e r  of p a i r s  of 
i s o z y m e  b a n d s  w h i c h  could ,  s h o w  s i g n i f i c a n t s  
e n c e  b y  c h a n c e  w o u l d  b e  less  t h a n  5 %  or  36 X 0.05 
= 2. T h e  a c t u a l  n u m b e r  of s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  w a s  10 to  15, as  s h o w n  a b o v e ,  t h u s  i t  m a y  
b e  c o n c l u d e d  t h a t  t h e  t h r e e  s u b p o p u l a t i o n s  w e r e  
d i f f e r e n t  f r o m  o n e  a n o t h e r .  

T h e  m a g n i t u d e  of t i l e  d i f f e r e n c e s  a m o n g  t i l e  t h r e e  
s u b p o p u l a t i o n s  w a s  e s t i m a t e d  b y  t h e  m e a s u r e  of d i -  
v e r g e n c e  or  D 2 a c c o r d i n g  t o  B e r r y  (1963),  w h i c h  is 
c a l c u l a t e d  b y  D2, , t  = . ~  { (O,  i - -  Ot~) 2 - -  (l/N8 + 

i 
1/Nt)}, w h e r e  O,.~ = s in  -1 (1 - - 2  P , i )  i n  w h i c h  p is 

t h e  f r e q u e n c y  of o c c u r -  
T a b l e  2.  Statistically significant differences 

three subpopulations. Asterisk 

B a n d  I - -  I I  I I - - I I I  I - - I I I  
n u m b e r  

in the frequency of 36 peroxidase bands among r e n c e  of i-th b a n d  in  s-th 
stands for a significant difference s u b p o p u l a t i o n .  T h e  D 2 

Band - -  - c a l c u l a t e d  w a s  5.770 
I - I I  I I  - I I I  I - I I I  b e t w e e n  I a n d  i i  sub- n u m b e r  

p o p u l a t i o n s  a n d  5 .434 
Nos. 2o, 21 - - - b e t w e e n  I I  a n d  III ,  
No. 22 -- * --  w h i l e  i t  was  8 .850  b e -  
N o .  2 3  - -  * * , t w e e n  I a n d  I I I .  I t  is 
N o .  2 4  - -  - -  

t h u s  c o n c l u d e d  t h a t  t h e  NO.  2 5  - -  - -  - -  

No. 26 * --  -- I a n d  I I I  s u b p o p u l a -  
N o .  2 7  - -  - * t i o n s  we re  v e r y  d i f f e r e n t  
N o .  2 8  * * * 
No. 29 . _ . i n  v i e w  of t h e  d i s t r i b u -  
No. 30 , _ , t i o n  of i s o z y m e  b a n d s  
No. 31 --  --  --  of p e r o x i d a s e .  
N o .  3 2  - -  * * 
No. 33 -- * * , D i s c u s s i o n  
No. 34 - -  - -  

No. 35 * --  * W e  h a v e  a t  p r e s e n t  in -  
No. 36 --  --  --  s u f f i c i e n t  k n o w l e d g e  of 

N o .  I * - -  * 
N o .  2 - -  * * 
No. 3 --  -- --  
No. 4 --  * * 
No. 5 --  --  --  
No. 6 * --  -- 
Nos. 7 - - 1 0  -- -- --  
No. I I  * * -- 
No. 12 --  - -  * 
N o .  13  * - -  - -  
N o .  1 4  - -  - -  - -  

N o .  15  - -  - -  * 
N o ,  1 6  - -  - -  * 
N o .  t 7  - -  * - -  

N o .  1 8  - -  * - -  

N o .  1 9  * * - -  
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the genetic basis for isozyme differentiation of peroxi- 
dase in Cryptomeria japonica. The comparative study 
among subpopulations within a natural  stand of the 
species described in this paper is accordingly based on 
isozyme bands, tentat ively marked with numbers 
(1 --36). 

The mountainous region of the Yanase district in 
Shikoku island, where the materials for this study 
were collected, is covered with continuous natural 
stands of Cryptomeria japonica often mixed with 
some broad-leaved species. The whole area spreads 
over 20,000 hectares. The forest is nearly continuous 
except for valleys, roads and open spaces where living 
quarters for forestrymen are located. 

We do not know to what extent a natural forest of 
Cryptomeria japonica is genetically homogeneous. As 
described in the introduction to this paper, there are 
two opposing views of migration and isolation in a 
natural  forest. J. W. Wright (1962) reviewed papers 
dealing with pollen migration and isolation of forest 
trees; among the authors cited were J. W. Wright, 
L. Strand, R. Silen, and W. Langner, who reported 
their investigations during the decade before t962. 
The general view obtained by Wright from these 
authors was that  the pollen of forest trees, mostly 
conifers, travels in quanti ty for relatively short dis- 
tances. Ehrlich and Raven (1969) have recently 
reviewed a number of reports dealing with pollen 
dispersal. They consider that  a plant will normally 
be pollinated with pollen from nearby sources; this 
would form the basis for nearly complete genetic 
discontinuity even in a wind-pollinated plant. All 
the authors mentioned above appear to consider that  
a subpopulation within a population is likely to be 
effectively isolated from others. 

On the other hand, there are some botanists who 
insist that  pollen can travel a long distance. For 
example, Andersson (1963) described the results of a 
few experiments which showed that  pollen of Nor- 
way spruce and Pinus silveslris can, under certain 
circumstances, move over considerable distances. 
Sarvas (1967) believes that,  in Pinus silvestris, polli- 
nation by trees growing in a neighbourhood within a 
radius of about 22 metres may attain 50%, while the 
remaining 50% would come from sources outside this 
area. I t  would be expected that  this fairly high rate 
of gene flow in or between forests might prohibit ra- 
cial differentiation, unless some other regional or lo- 
cal environmental selection pressure is operating. 

Lanner (1966) emphasized the long distance disper- 
sal of pollen in forest trees. He suggested, from a 
combination of fragments of evidence, tha t  the mass 
movement of pollen is probably caused by a thermal 
or a vortex shell which traps masses of pollen. The 
shell is carried by winds for at least 24 to 32 kilo- 
metres. Such masses of pollen can be deposited on the 
earth by raindrops. 

To summarize, as Libby, Stettler and Seitz (1969) 
have stated, two conflicting pictures of pollen migra- 
tion exist: one considers that  the distances of pollen 
dispersal are small, while the other insists that  some 
long-distance migration is possible. 

In the second report of this series, Sakai and Miya- 
zaki (197t) described that ,  in Thujopsis dolabrata, ge- 
netically related trees were found growing in an area 
with a radius of 20 or 25 metres. This finding was 
based on a comparative study of the isozyme varia- 
tion of peroxidase among individual trees. At any 
rate, the conclusion that  trees in close proximity are 
likely to resemble each other may indicate that  the 
distance of pollen dispersal is very small in a natural 
forest of Thujopsis dolabrata. 

In our present work, it has been found that  three 
subpopulations sampled within a natural forest of 
Cmptomeria japonica were genetically different from 
one another. The distances between these subpopu- 
lations ranged from 700 to 1,300 metres. Although 
ravines formed boundaries between these three sub- 
populations, and broad-leaved trees were admixed, 
they may not have been effective barriers against 
pollen dispersal. We may conclude that  pollen mi- 
gration in Cryptomeria japonica takes place only 
within short distances, resulting in the fairly effective 
isolation of subpopulation from subpopulation in a 
forest. Thus, one natural  forest of Cryptomeria japo- 
nica could not be genetically uniform. In these cir- 
cumstances, we may consider the practical aspect of 
forest reserves. I t  is the practice of foresters to ap- 
point one single area within a stretch of natural forest 
to be the reserve for its genetic variability. It  should 
be recommended, from the results of the present 
study, that  several relatively small spaces should be 
designated as reserves instead of only one large area 
of the forest. 

So far, a large number of investigations have been 
conducted on the geographic variability of forest 
trees. Evidence for local genetic differentiation with- 
in a forest, however, is quite scanty so far as the 
present writers are aware. Recently, Sakai, Miya- 
zaki and Matsuura (197t) reported that  two natural  
forests of Thujopsis dolabrata, which are separated 
by l0 kilometre wide straits, are different in the iso- 
zyme patterns of peroxidase and also in a few mea- 
surable leaf traits. 

They suggested that  the differentiation observed 
between the two populations of Thujopsis dolabrata 
might have been brought about by random genetic 
drift rather  than by natural  selection due to edaphic, 
climatic or geographic conditions. 

The case reported in the present paper again may 
indicate the effect of random genetic drift and iso- 
lation by distance in a natural forest. 

Conclusion 
I t  is concluded from tile present study that  anatur-  

al forest of Cryptomeria japonica is not genetically 
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homogeneous  b u t  m a y  i n v o l v e  numerous  s u b p o p u -  
l a t ions  which are  more  or less gene t i ca l ly  d i f fe ren t  
f rom one ano ther .  A c o m p a r a t i v e  s t u d y  was m a d e  of 
th ree  s u b p o p u l a t i o n s  wi th  r ega rd  to  the  n u m b e r  of 
i sozyme b a n d s  of pe rox idase  per  t ree,  and  the  fre- 
quency  of occur rence  of 36 i sozyme bands .  The  dis- 
t ances  be tween  these  subpopu la t i ons  were 700 or 
1,300 met res .  There  have  been two conf l ic t ing views 
on pol len  m i g r a t i o n  and  i so la t ion  in forests .  F r o m  
one po in t  of view, the  d i s t ance  of pol len  t r a n s p o r t a -  
t ion is gene ra l ly  so smal l  t h a t  there  would  be l i t t le  
gene flow wi th in  a forest ,  while from the  other ,  the re  
is no i so la t ion  among  s u b p o p u l a t i o n s  due to the  long 
d i s tances  over  which pol len is d ispersed .  I t  should  be 
no t iced  t h a t  all  these  opin ions  are  based  on the  resul t s  
of pol len d ispers ion  s tudies ,  no t  on a genet ic  ana-  
lysis  of forest  t rees .  

The  resul t s  of our  c o m p a r a t i v e  s t u d y  of e lect ro-  
phore t i c  v a r i a b i l i t y  among  subpopu la t i ons  suppo r t  
t he  fo rmer  view, since t h e y  show t h a t  t he  subpopu-  
l a t ions  s amp led  in a forest  are a p p a r e n t l y  d i f fe ren t ia -  
ted.  I t  is sugges ted  t h a t  r a n d o m  genet ic  dr i f t  follow- 
ed b y  effective! i so la t ion  m a y  have  t a k e n  place  in a 
n a t u r a l  forest  of Cryptomeria iaponica. 

One a rea  is of ten a l loca ted  in a n a t u r a l  forest  to  
be left  free of a n y  a r t i f ic ia l  t r e a t m e n t  in o rder  to re- 
serve i ts  genet ic  va r i ab i l i t y .  The  p resen t  s t u d y  indi-  
cates ,  however ,  t h a t  not  one b u t  severa l  a reas  d i s t r ib -  
u t e d  wide ly  should  be a l loca ted  for th is  purpose ,  
because  one forest  is as a whole no t  un i fo rm genet i -  
cal ly.  
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Zusammenfassung 

Die vor l iegende  Arbe i t  befal3t sich m i t  der  gene-  
t i schen Dif ferenz ierung inne rha lb  eines na t t i r l i chen  
W a l d b e s t a n d e s  von Cryptomeria iaponica. Von drei  
als S u b p o p u l a t i o n  beze ichneten ,  in Dre iecks form an-  
geo rdne ten  S t a n d o r t e n  wurden  Nade ln  von jeweils  
e twa  50 ]3fiumen geern te t .  Der  A b s t a n d  der  Sub-  

popu l a t i one n  vone inande r  b e t r u g  760 bzw. 1300 m. 
Mit  Hi l fe  e l ek t rophore t i s che r  U n t e r s u c h u n g  der  Per -  
o x y d a s e n  wurde  gefunden,  dal3 die durchschn i t t l i che  
Zahl  der  I s o z y m b a n d e n  je I n d i v i d u u m  t l . 6 8  in I, 
13.73 in I I  und  12.53 in I I I  be t rug .  Der  t -Tes t  er- 
gab  eine s ign i f ikante  Differenz zwischen I u n d  I I  
und  zwischen I I  und  I I I .  

Die H~iufigkeit des Auf t r e t ens  jedes  Bandes  wurde  
zwischen den S u b p o p u l a t i o n e n  vergl ichen.  Es  wurde  
beobach t e t ,  dab  die Var i a t i on  zwischen diesen drei  
S u b p o p u l a t i o n e n  s ta t i s t i sch  s ign i f ikant  war.  

Es g ib t  n ich t  wenige Arbe i t en ,  in denen fiber Un te r -  
suchungen  zur  Po l l e nve rb re i t ung  bei  Koni fe ren  be- 
r i ch te t  wird .  Ein ige  der  Au to ren  nehmen  an, dab  die 
E n t f e r n u n g  der  Po l l e nve rb re i t ung  ger ing is t  und  dab  
der  Genflul3 zwischen S u b p o p u l a t i o n e n  inne rha lb  
eines W a l d b e s t a n d e s  sel ten au f t r i t t ,  w~thrend andere  
der  Ans ich t  sind, dab  Pol len  t iber  grol3e E n t f e r n u n -  
gen ve rb r e i t e t  wird  und  eine wi rksame  I so la t ion  in- 
ne rha lb  eines F o r s t s  n ich t  m6gl ich ist.  

Die B e o b a c h t u n g e n  der  vor l iegenden  U n t e r s u c h u n -  
gen un te r s t t i t z en  die erste Ansicht .  Sie zeigen, dab  
S u b p o p u l a t i o n e n  innerha lb  eines W a l d b e s t a n d e s  von 
Cryptomeria iaponica genet isch  vone inande r  ver-  
schieden sind, d. h., dab  Sewall  W r i g h t ' s  , ,Nachbar -  
schaf tsgr6Be" bei  Cryptomeria japonica klein ist.  
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