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Variation and Selection in Western Montane 
II. Variation within and between Populations 
of White Firon an Elevational Transect 

Species 

J.L. Ham rick 

Department of Botany, University of Kansas, Lawrence, Kansas (USA) 

Summary. Four populations of Abies coneo lor, white fir, were sampled along an elevationaltransect in the central 
Sierra Nevada mountains of California. This paper is based on data taken during the first two years' growth in a 
nearby nursery at Placerville, California. Ten of the thirteen growth, size, and needle morphological character- 
istics had significant differences between population samples, while eleven characteristics had significant differ- 
ences between open-pollinated families within the population samples. High-elevation population samples were 
smaller in size and needle measurements, had fewer adaxial stomatal rows, blunter needle tips, and a shorter 
growing season. Most characteristic values were distributed ecotypically between the two lower- and the two 
higher-elevation population samples. Analyses of the patterns of variation demonstrated that characteristics of 
size and growth showed greater differentiation between population samples than did characteristics of needle mor- 
phology. It was concluded that the differences between characteristic patterns were caused by the more intense se- 
lection pressures acting upon the characteristics of size and growth. No consistent differences were discovered 
between these population samples in terms of total amounts of within-population genetic variation. The failure to 
find differences in intra-population variation may be due to the high rates of migration that probably exist within 
such a transect, and the fact that none of the populations included in this study are truly margil)al. There were 
large differences between characteristics for total within-population variation; a positive but non-significant cor- 
relation was found between high coefficients of variation and those characteristics with much differentiation be- 
tween populations. It is postulated that the maintenance of this intra-population variation was caused by microha- 
bitat adaptations and gene flow. Evidence for increased genetic variation within open-pollinated families due to pol- 
len immigration is presented, and its implications discussed. 

Introduction 

White fir (Abies concolorGordon and Glend. Lindl.) is 

one of the most common and geographically widespread 

montane tree species in the western United States. Its 

range extends from central Oregon and northern Cali- 

fornia south along the Sierra Nevada mountains into 

southern California and northern Mexico, east into the 

mountains of Arizona and New Mexico and north through- 

out the Rocky Mountains into southern Idaho (Fowells 

1965, Griffin and Critchfield 1972). It is also a common 

element of the floras of many of the mountain ranges of 

the Great Basin region of Nevada and Utah (Critchfield 

and Allenbaugh 1969). Throughout its geographic range, 

A. conco lor has a wide elevational range, with the great- 

est range occurring in the mountains of central and 

southern California, e.g. its range in the Sierra Neva- 

da is between 3000 and 8000 feet. 

In a recent paper, Hamrick and Libby (1972) demons- 

trated that white fir is a highly variable species whose 

patterns of genetic variation in a common garden are 

often correlated with the latitude and elevation of the 

collection site. In this earlier paper we divided the 

western part of the range of white fir into four morpho- 

logically distinguishable geographic regions: central 

Oregon and northwestern California; south-central Ore- 

gon, northeastern California and the Sierra Nevada of Ca- 

lifornia; southern California and Arizona; eastern 

Nevada and western Utah. We also demonstrated that 

within each of these four regions there were smaller, 

but important differences between populations for most 

of the characteristics measured. Some of this within- 

region variation was correlated with the latitude of ori- 

gin. However, differences in elevation between popula- 

tions within a region seemed to account for most of the 

intra-regional variation. Furthermore, characteristics 

concerned with growth were influenced to a greater de- 

gree by changes in the elevation of the populations than 

were characteristics of needle morphology. A similar 

pattern of variation has been described by Conkle et al. 

(1966) for the response of these seedlings to winter in- 

jury. 

The present paper reports the results of a common- 

garden nursery study which measured the distribution of 

genetic variation for 13 quantitative characteristics with- 

in and between four populations of white fir from an ele- 

vational transect of the central Sierra Nevada of Cali- 

fornia (Region II, Hamrick and Libby 1972). Data from 

the first two years of growth in the nursery indicate 

that, although the populations are significantly different 

for most characteristics, characteristics of growth and 

size have much greater differentiation along this trans- 

ect than do characteristics of needle morphology. The 
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conclusion reached is that those characteristics with 

greater variation between populations have more in- 

tense selection pressures acting upon them. 

Materials and Methods 

During the fall of 1962, four stands of white fir located 
along an elevational transect of the Sierra Nevada of 
California (Eldorado Co.) were selected for study. 
(See Table I for the geographic location and elevation 
of these stands.) Cones were collected from I0 trees 
in each stand by the staff of the Institute of Forest Ge- 
netics (IFG), Placerville, California. The trees were 
no closer to each other than 100 meters, and no attempt 
was made to select for any particular characteristics. 
It was an excellent seed year and thus the ideal of a 
scattered random sample was obtained. Sub-samples 
of the open-pollinated families were bulked for each pop- 
ulation sample to provide collections (AK, AL, AM, 
AN) which were included in the geographic variation 
study (Hamrick and Libby 1972). The remainder of the 
seed were kept separate by seed parent, were assigned 
an IFG lot number, and were stratified for 90 days in 
moist sand for use in the present study. 

In the spring of 1963, the seeds were sown into the 
IFG nursery. In this experiment, each open-pollinated 
family occurred in two broadcast-sown rows located 
randomly within a single nursery bed. Five spots were 
systematically located within each row. Seedlings which 
germinated nearest those spots were designated the ex- 
perimental seedlings. Thus, with this design each open- 
pollinated family was represented by 10 randomly-cho- 
sen seedlings on which all nursery measurements were 
made. Additional seeds of each family were sown into 
other nursery beds to provide seedlings for planting in- 
to experimental plantations. 

Thirteen characteristics were measured during the 
first two years of nursery growth (Table 1). These in- 
cluded characteristics of needle morphology, and size 
and growth characteristics measured at various devel- 
opmental stages. (See Hamrick 1966 for methods of 
measurement. ) 

The analyses of variance used to analyse the varia- 
tion of all nursery measurements containedfour sources 
of variation: (I) between populations, (2) between 
open-pollinated families within a population, (3) be- 
tween nursery rows of an open-pollinated family, (4) 
within nursery rows. This was a nested design in which 
source of variation (4) tested source of variation (3), 
source of variation (3) tested (2), and (2) tested (1). 

At the end of the second season of growth ( 1964), 
all available seddlings from each family were lifted 
from the nursery beds and were either placed into 
transplant beds at IFG or were planted directly into ex- 
perimental plantations. These plantations were estab- 
lished in  f i v e  l o c a t i o n s  in  C a l i f o r n i a  d u r i n g  t h e  two s u c -  
c e e d i n g  y e a r s  (1965 and  1966) and  wi l l  b e  t he  s u b j e c t  
of subsequent papers. 

Results 

Population means and standard deviations are given in 

Table 1 for each of the 13 nursery characteristics meas- 

ured. The analyses of variance demonstrated that the 

between wind-pollinated families component of varia- 

tion was significant at the 14, level for II of the 13 

characteristics (only characteristics (5) resin duct 

diameter and (6) hypoderm thickness were nonsignifi- 

cant) whereas I0 of the 13 characteristics were sight- 

ficant at the I~ level for the between-population com- 

ponent (characteristics (5) resin duct diameter, (7) 

cotyledon number and (10) days until germination were 

nonsignificant). An examination of Table i indicates that 

the two collections from the lower elevations (AK and 

AL) were similar to each other for all 13 character- 

istics. Collections AM and AN from the higher eleva- 

tions also had similar means. However, AK and AL 

had quite different means from AM and AN for a number 

of characteristics. Generally the results indicate the 

plants with low-elevation origins have longer, wider 

and more pointed needles which have somewhat greater 

numbers of stomatal rows on their adaxial surface. 

Furthermore, during the first year of growth the low- 

elevation seedlings had a growing period which aver- 

aged approximately 30 days longer than that of the high- 

elevation seedlings. The longer growth period coupled 

with a more rapid growth rate produced an epicotyl 

elongation in the low-elevation plants approximately 

three times (25ram vs 8ram) that of the high-elevation 

plants. The differences in growth rate carried over in- 

to the second growing season, for at the end of the se- 

cond year the low-elevation populations averaged about 

60 mm (2 I/3 inches) taller than the high-elevation po- 

pulations. In fact, although there was a significant 

amount of variation between families within a popula- 

tion, there was virtually no overlap of the family means 

between seedlings from the high- and the low-elevation 

sites for second-year height (AK, I07 to 164 mm; AL, 

100 to 205ram; AN, 61 to 95ram; AM, 52 to 101ram). 

From the analyses of variance, estimates of the va- 

riance due to the within-family, the between-families- 

within-populations, andbetween-population sources of 

variation have been obtained (Table 2, note that the var- 

iancebetween rows of the same family [source 3 above] is 

not included). Ratios were calculated which demonstrate 

the relative amounts of variation contributed by each source 

to the total variation. On the average, 80% of the total 

variation for the transect is found within the populations 

c~ / V  G + c r f / V G , T a b l e  2 ) .  F u r t h e r m o r e ,  i t  c a n  b e  s e e n  

t h a t  at  l e a s t  4 0 r  a n d  u s u a l l y  m o r e  ( a v e r a g e  6 9 r  of 

t h e  t o t a l  v a r i a t i o n  and  7 0 r  o r  m o r e  ( a v e r a g e  8 6 r  of 

t he  w i t h i n - p o p u l a t i o n  v a r i a t i o n  i s  due  to t h e  w i t h i n - f a -  

m i l y  variance. The within-family variance estimate is, 

however, confounded by the local micro-environmental 

differences found within a row. The environment of the 

nursery beds was generally uniform with common soil 

properties, watering regimen, and sunlight throughout. 

However, one must always expect some microsite va- 
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Table i. Population locations, means and standard deviations for 13 characteristics measured during 
nursery growth. Population means include data from 100 individuals. Standard deviations were calculated 
from the sum of the within-family plus the between-family estimates of genetic variance for each 
population. All characteristics are actual counts or are measured in mm except for characteristics (4) 
and (5) which were measured in units where 55 units = 1 mm 

Population 

AKI A~ AN 1 AM 2 

Latitude 38~ ' 38054 ' 38048 ' 38051 ' 
Longitude 120~ ' 120014 ' 120~ r 120000 ' 
Elevation 4200'(1280 M) 5500'(1676 M) 6900'(2103 M) 6800'(2073 M) 
Nearest Town Omo Ranch, Ca. Kyburz, Ca. Kyburz, Ca. Meyers, Ca. 

Characteristics mean sd mean sd mean sd mean sd 

I. Needle Length 34.05 5.92 32.72 5.46 24.85 4.44 26.57 3.81 
2. # Rows of Stomata on Upper 7.19 1.84 7.26 2.76 6.26 2.05 6.95 1.44 

(adaxial) Surface of Needle 
3. Needle-Tip Shape 3 1.25 0.47 1.49 0.77 2.14 1.28 2.20 1.07 
4. Needle Width 89.26 10.14 91.49 11.60 80.53 7.98 82.81 8.39 
5. Diameter of Largest Resin Duct 5.10 1.05 4.92 1.29 4.75 i. I0 4.81 0.93 
6. Maximum Hypoderm Layer 2.14 0.36 2.09 0.32 2.01 0.I0 2.01 0.i0 
7. Cotyledon # 7.43 0.75 7.24 0.76 6.97 0.77 7.36 0.83 
8. Lateral Bud # (end of Ist year) 5.78 3.55 6.30 3.53 2.24 1.81 2.21 1.46 
9. Hypocotyl Length 20.06 4.09 18.96 4.85 15.22 2.47 16.93 4.50 

i0. Days Until Germination 19.30 3.66 18.38 4.46 21.24 7.98 21.51 4.80 
ii. Growth of Epicotyl in First Year 27.34 12.78 24.12 13.75 8.10 5.24 8.35 5.04 
12. Days Until Growth Termination 101.44 29.94 96.79 24.79 70.49 31.15 66.32 29.60 
13. Second Year Height 129.89 52.96 136.36 59.65 75.92 30.90 76.56 26.68 

1 west side of Sierra crest 

2 east side of Sierra crest 

i pointed 

3 blunt 

5 deeply notched 

r i a t i o n  in t h e s e  e n v i r o n m e n t a l  f a c t o r s .  W h a t  m i c r o s i t e  

v a r i a t i o n  t ha t  d id  e x i s t  wou ld  b e  e x p e c t e d  to  b e  g r e a t e s t  

b e t w e e n  n u r s e r y  r o w s  b e c a u s e  of  t h e  p a t t e r n  of  w a t e r -  

i n g .  S o m e  w i t h i n - r o w  m i c r o s i t e  v a r i a t i o n  d id  e x i s t  a t  

t h e  m a r g i n s  of  t h e  b e d s  w h e r e  w o o d e n  r a i l s  w e r e  e m -  

b e d d e d  in to  t h e  s o i l .  H o w e v e r ,  s i n c e  t h e  p h e n o m e n a  h a d  

b e e n  p r e v i o u s l y  o b s e r v e d ,  t h e  s a m p l i n g  s p o t s  w e r e  e s -  

t a b l i s h e d  i n t e r n a l l y  a w a y  f r o m  t h e  r a i l s .  T h u s ,  t h e  s e c -  

t i o n  of  t h e  r o w s  f r o m  w h i c h  d a t a  w e r e  c o l l e c t e d  s h o u l d  

h a v e  b e e n  q u i t e  u n i f o r m .  The  u s u a l  p r o c e d u r e  u s e d  to 

o b t a i n  a n  e s t i m a t e  of  t h e  w i t h i n - f a m i l y  g e n e t i c  v a r i a -  

t i o n  in  s u c h  a s i t u a t i o n  i s  to  a s s u m e  an  a d d i t i v e  m o d e l  

of  i n h e r i t a n c e  a n d  to e s t i m a t e  t he  w i t h i n - f a m i l y  g e n e t i c  

v a r i a n c e  f r o m  t h e  b e t w e e n - f a m i l y  v a r i a n c e  on  t h e  b a s i s  

of  g e n e t i c  r e l a t i o n s h i p s .  In t h e  c a s e  of  o p e n - p o l l i n a t e d  

f a m i l i e s  t h e  d e g r e e  of r e l a t i o n s h i p  b e t w e e n  p r o g e n y  i s  

] ( h a l f - s i b s )  a n d  t a k e n  a s  b e i n g  s o m e w h e r e  b e t w e e n  T 

_1 ( f u l I - s i b s )  b e c a u s e  of  t h e  p o s s i b i l i t y  of s e l f i n g  and  
2 
k in  m a t i n g .  A g e n e t i c  r e l a t i o n s h i p  of 1 / 3  i s  t h e  d e g r e e  

of r e l a t i o n s h i p  u s u a l l y  u s e d  in  s u c h  s i t u a t i o n s ,  a n d  t h u s  

t h e  e x p e c t e d  w i t h i n - f a m i l y  g e n e t i c  v a r i a n c e  would  e q u a l  

2 times the between-family variance estimate. However, 

this calculation assumes that the variance of the pollen 

gene pool is equal to that estimated from the seed trees, 

i.e. that there is no gene flow between populations. 

Such an assumption is questionable in a wind-pollinated 

t r e e  s u c h  a s  w h i t e  f i r .  A l t h o u g h  t h e  c o n t r i b u t i o n  of p o l -  

l e n  f low i s  u n k n o w n ,  i t s  e f f e c t  wou ld  b e  to r a i s e t h e  w i t h -  

i n - f a m i l y  g e n e t i c  v a r i a t i o n .  S i n c e  t h e  a v a i l a b l e  e v i d e n c e  

s u g g e s t s  t h a t  t h e  e n v i r o n m e n t a l  e f f e c t  m a y  b e  r e l a t i v e l y  

s m a l l  ( t h e  b e t w e e n - r o w  s o u r c e  of  e n v i r o n m e n t a l  v a r i a -  

t i o n ,  m e a s u r i n g  m u c h  l a r g e r  m i c r o s i t e  e n v i r o n m e n t a l  

d i f f e r e n c e s ,  w a s  s i g n i f i c a n t  at  t h e  5% l e v e l  f o r  o n l y f o u r  

of  t h e  13 c h a r a c t e r i s t i c s )  - -  i t  i s  r e a s o n a b l e  to  a s s u m e  

t h a t  m u c h  o r  e v e n  m o s t  of t h e  w i t h i n - f a m i l y  v a r i a t i o n  i s  

due  to g e n e t i c  d i f f e r e n c e s  b e w e e n  t h e  p r o g e n y .  The  r a t i o  
2 2 aw/Vf  i s  t h e r e f o r e  of  i n t e r e s t ,  w i th  r a t i o s  m u c h  o v e r  

2 . 0  e i t h e r  i n d i c a t i n g  a l a r g e  m i c r o e n v i r o n m e n t a l  c o n -  

t r i b u t i o n  to t h e  v a r i a t i o n  o r  a d d i t i o n a l  g e n e t i c  v a r i a t i o n  

b e i n g  p r o d u c e d  v i a  p o l l e n  i m m i g r a t i o n  ( T a b l e  2 ) .  No te  

t h a t  o n l y  t he  r a t i o  f o r  c h a r a c t e r i s t i c  10,  g e r m i n a t i o n  

t i m e ,  i s  l e s s  t h a n  3 . 0 ,  a n d  t h a t  e l e v e n  of t h e  r a t i o s  a r e  
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Table 2. Variance estimates and ratios of selected variances to the between-family variance, the within- 
2 

population variance and the total variance. Where: ~w = an estimate of the variation between wind-polllnated 

seedlings of a single tree (this consists of genetic differences between such seedlings, at least half-slbs, 
2 

plus variation due to the local nursery microenvlronment); o f = an estimate of the genetic variation between 
2 

wind-polllnated families of the same population; G = an estimate of the genetic variation between the four 
P 2 2 2 

populations along the Eldorado transect; V G = total variance = g +a +~ ' V S = total within-populatlon 

variance ~2 + 2 w f p' w a f. See Table I for a description of the characteristics indicated by number below 

Characteristic 

Variance estimates Ratios 
2 2 2 2 2 2 2 2 2 2 
w p w w f w p p p 

2 2 
V G V 8 V G ~ f ~ f V G V S 

i 

2 

3 

4 

5 

6 

7 

S 

9 

i0 

ii 

12 

13 

21.89 4.63 19.63 .475 .825 .I00 4.73 4.24 .425 .739 

3.70 0.69 0.36 .779 .843 .145 5.36 0.52 .076 .082 

0.81 0.13 0.20 .711 .862 .i14 6.23 1.54 .175 .212 

72.71 13.46 24.36 .658 .844 .121 5.40 1.82 .220 .282 

1.28 0.02 0.00 .985 .985 .015 > I0.0 0.00 .000 .000 

0.150 0.000 0.003 .980 1.000 .000 > I0.0 .... .020 .020 

0.500 0.084 0.002 .853 .856 .143 5.95 0.02 .003 .003 

5.29 1.63 4.30 .471 .764 .145 3.25 2.64 .383 .621 

17.31 1.87 4.21 .740 .903 .080 9.26 2.25 .180 .220 

22.81 9.55 1.05 .683 .705 .286 2.39 0.ii .031 .032 

79.46 17.37 95.67 .413 .821 .090 4.57 5.51 .498 .992 

666.43 96.84 302.73 .625 .873 .091 6.88 3.13 .284 .397 

1663.76 329.73 1030.49 .550 .835 .109 5.05 3.12 .341 .517 

l a r g e r  than 4 .5 .  Germina t ion  t ime  probably  has a la rge  

ma te rna l  effect and thus would be l e s s  inf luenced by the 

pa te rna l  con t r ibu t ion .  

Ratios of the between-popula t ion va r i ance  to be tween-  

fami ly  va r i ance  (~2/af2) ,  the between-population vari- 

ance to the within-populationvariance ( ~2o/V S ) , andthe 

between-population variance to total variance ( ~2/V G ) 

were calculated (Table 2 ) for each characteristic. These 

ratios are of interest for they indicate those characteris- 

tics whose patterns of genetic variation are most highly in- 

fluenced by changes in environmental components that are 

in elevation. These three ratios provide roughly equiv- 

alent results and demonstrate that the characteristics 

can be grouped into four rather distinct ratio classes. 

correlated with changes in elevation. These three ratios 

provide roughly equivalent results and demonstrate that 

the characterstics can be grouped into four rather disctinct 

ratio classes. Those characteristics with the largest be- 

tween-population/between-family ratios ( > 4.0 ) include 

( II ) growth of the epicotyl during the first growing season 

and ( I ) needle length. Those characteristics with higher 

intermediate ratios (2.2-3.2) include (12) days to growth 

with l o w e r - i n t e r m e d i a t e  ra t ios  ( 1 . 0 - 2 . 0 )  include (3) 

needle  tip shape and (4) needle  width. Cha rac t e r i s t i c s  

with the lowest ra t ios  (< 1.0) include (2) n u m b e r  of 

adaxial s tomatal  rows,  (10) days unti l  ge rmina t ion ,  

(7) cotyledon n u m b e r ,  (5) r e s i n  duct d i a me te r ,  and 

(6) max imum hypoderm width. When cons ide red  as a 

whole, there  is  a s t r ik ing  dichotomy between these  four 

groups of characteristics in regards to the type of 

characteristic in each. Growth and size characteristics 

predominate in the high or higher-intermediate ratio 

classes while needle morphological characteristics are 

genera l ly  in the lowest rat io c l a s s e s .  

Discussion 

The patterns of variation described above are consistent 

with those of our earlier work (Hararick and Libby 1972 ). 

The high evaluation population samples (AM and AN) are 

quite different from the lower elevation population sam- 

ples in a number of their characteristics. It is somewhat 

surprising to find populations AK and AL so similar in their 

characteristic s, since there is more than a 1,000' differen- 

ce between their elevations of origin. This suggests that the 
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p a t t e r n  of v a r i a t i o n  on the  E l d o r a d o  t r a n s e c t  i s  eco typ ic  

and i s  r e m i n i s c e n t  of the  r e s u l t s  of C l a u s e n ,  Keck and 

H i e s e y  ( 1 9 4 8 ) .  This  p a t t e r n  is  even  t r u e  of t h o s e  c h a -  

r a c t e r i s t i c s  which v a r i e d  c l i na l l y  th roughou t  the  geo-  

g r a p h i c  r a n g e  of the  s p e c i e s .  An e x a m i n a t i o n  of c l i m a t i c  

da ta  fo r  the  r e g i o n  i n d i c a t e s  tha t  al l  t he  c l i m a t i c  f ac -  

t o r s  one would th ink  might  be  i m p o r t a n t  a r e  d i s t r i b u t e d  

c l i n a l l y .  H o w e v e r ,  w e a t h e r  da ta  in such  a mou n ta in o u s  

a r e a  is  at  b e s t  ske t chy  in n a t u r e  and s o m e  i m p o r t a n t  

c l i m a t i c  f a c t o r s  m a y  in t r u t h  be  d i s t r i b u t e d  in a d i s -  

con t inuous  f a s h i o n .  T h e r e f o r e ,  b e f o r e  c o n c l u s i o n s  can  

be  m a d e ,  m o r e  popu la t ions  would need  to be  s a m p l e d  at 

i n t e r m e d i a t e  e l e v a t i o n s  and b e t t e r  c l i m a t i c  i n f o r m a -  

t ion  shou ld  be  o b t a i n e d .  N e v e r t h e l e s s ,  t he  t r e n d s  de -  

m o n s t r a t e d  in t h i s  s tudy  c o r r e l a t e  qu i te  well  with t h o s e  

t r e n d s  d e s c r i b e d  fo r  popu la t ions  d i s t r i b u t e d  o v e r  a l a -  

t i t ud ina l  g r a d i e n t .  In o t h e r  w o r d s ,  the  h i g h e r  e l eva t i on  

popu la t ions  (AM and AN) on the  " E l d o r a d o  t r a n s e c t "  

have  c h a r a c t e r i s t i c s  which a r e  m o r e  s i m i l a r  to popu-  

l a t i ons  found at the  l o w e r  e l e v a t i o n s  of h i g h e r  l a t i t udes  

t han  they  a r e  to the  low e l eva t i on  popu la t ions  (AK and 

AL) loca t ed  at  a p p r o x i m a t e l y  the  s a m e  l a t i t ude .  This  

p a t t e r n  i s  not  unexpec ted  and h a s  been  noted  fo r  m a n y  

o t h e r  p lant  s p e c i e s .  

The p r e s e n t  r e s u l t s  v a r y  f r o m  t h o s e  r e p o r t e d  e a r l i e r  

fo r  l a t i tude  in the  r e l a t i v e  a m o u n t s  of change  found b e -  

tween  popu la t i ons  fo r  the  d i f f e r en t  c h a r a c t e r i s t i c s .  On 

t he  l a t i t ud ina l  g r a d i e n t s  a l l  c h a r a c t e r i s t i c s  showed  con -  

s i d e r a b l e  d i f f e r e n t i a t i o n  be tween  g e o g r a p h i c a l  l o c a t i o n s .  

H o w e v e r ,  on the  E l d o r a d o  t r a n s e c t  the  r e l a t i v e  p r o p o r -  

t ion  of the  to ta l  v a r i a t i o n  c o n t r i b u t e d  by the  b e t w e e n -  

popu la t ion  componen t  v a r i e s  s i gn i f i c an t l y  be tween  c h a r -  

a c t e r i s t i c s .  M e c h a n i s m s  which could in f luence  p a t t e r n s  

of v a r i a t i o n  be t ween  popu la t ions  such  as  t h o s e  d e s c r i b e d ,  

a r e  gene  f low, s e l e c t i o n ,  and gene t i c  d r i f t .  H o w e v e r ,  

gene  flow should  have  an equal  ef fec t  on a l l  c h a r a c t e r -  

i s t i c s  and gene t i c  d r i f t  should  be  u n i m p o r t a n t  in n a t u r a l  

popu la t ions  a s  l a r g e  a s  t h e s e .  F u r t h e r m o r e ,  if  d r i f t  

w e r e  an i m p o r t a n t  f o r c e ,  we would not expec t  to f ind the  

c o n s i s t e n t  eco typic  p a t t e r n s  i l l u s t r a t e d  by  Table  1. 

T h e r e f o r e  the  p r e s e n c e  of such  d i f f e ren t  r e s p o n s e s  b e -  

tween  c h a r a c t e r i s t i c s  i s  undoubtedly  p r o d u c e d  by di f -  

f e r e n t  i n t e n s i t i e s  of n a t u r a l  s e l e c t i o n  ac t ing  upon the  

t r a i t s .  This c o n c l u s i o n  f inds  add i t iona l  suppo r t  when one 

e x a m i n e s  t h o s e  c h a r a c t e r i s t i c s  invo lved .  The c h a r a c -  

t e r i s t i c s  with high b e t w e e n - p o p u l a t i o n  to b e t w e e n - f a m i l y  

v a r i a n c e  r a t i o s  a r e  c h a r a c t e r i s t i c s  which  a r e  c o m p o -  

n e n t s  of s i z e  and g rowth ,  w h e r e a s  t h o s e  with low r a t i o s  

a r e  p r e d o m i n a n t l y  t h o s e  c o n c e r n e d  with need le  m o r -  

phology .  The e n v i r o n m e n t a l  f a c t o r  m o s t  l ike ly  to be  i m -  

pos ing  such  s e l e c t i o n  p r e s s u r e s  i s  the  g rowing  p e r i o d ,  

which  v a r i e s  f r o m  a p p r o x i m a t e l y  150 days  at  4 ,000  feet  

to a p p r o x i m a t e l y  70 days  at  7 ,000  fee t  (note  the  c o r r e s -  

pondence  of c h a r a c t e r i s t i c  12 [Table  l ] ,  g rowing  p e r i o d ,  

with  t h i s  e n v i r o n m e n t a l  p a r a m e t e r ) .  This  is  the  s a m e  

r e l a t i o n s h i p  we r e p o r t e d  e a r l i e r  b a s e d  on 43 popu la t ions  

s a m p l e d  at v a r i o u s  g e o g r a p h i c  l o c a t i o n s  and e l e v a t i o n s  

and a n a l y s e d  by r e g r e s s i o n  and c o r r e l a t i o n  ( H a m r i c k  

and Libby 1972) ,  i . e .  tha t  g rowth  and s i z e  c h a r a c t e r -  

i s t i c s  v a r i e d  with both  e l eva t i on  and la t i tude  w h e r e a s  

the  c h a r a c t e r i s t i c s  of n e e d l e  m o r p h o l o g y  v a r i e d  m o s t l y  

with l a t i t ude .  E v i d e n t l y  the  s h o r t - t e r m  adap t ive  i m -  

p o r t a n c e  of need le  m o r p h o l o g y  i s  low,  and the  r e s u l t -  

ing s e l e c t i o n  p r e s s u r e s  which act  on need le  morpho logy  

to p ro d u ce  the  o b s e r v e d  v a r i a t i o n  with l a t i t ude  a r e  not 

g r e a t  enough to o v e r c o m e  the  e f fec t s  of the  h i g h e r  l e v e l s  

of gene  flow tha t  o c c u r  a long the  E l d o r a d o  t r a n s e c t .  

That t h e r e  a r e  h igh l e v e l s  of gene  exchange  be tween  

co l l ec t i on  a r e a s  i s  d e m o n s t r a t e d  i n d i r e c t l y  by the  l a r g e  

amount  of v a r i a t i o n  wi th in  an o p e n - p o l l i n a t e d  f a m i l y  r e -  

l a t i ve  to tha t  be tween  o p e n - p o l l i n a t e d  f a m i l i e s  wi th in  a 

popula t ion  (Table  2 ) .  If the  a s s u m p t i o n  r e  the  r e l a t i v e  

u n i m p o r t a n c e  ( b a s e d  on the  m e a s u r e d  b e t w e e n - r o w  en -  

v i r o n m e n t a l  e f f ec t s )  of loca l  n u r s e r y  m i c r o e n v i r o n m e n t -  

al  e f fec t s  i s  va l id  then  much  of the  w i th in -popu la t i on  

v a r i a t i o n  that  ex ceed s  2 • the  b e t w e e n - f a m i l y  v a r i a n c e  

is  due to gene  flow be tween  p o p u l a t i o n s .  Al though it is  

i m p o s s i b l e  to m e a s u r e  the  l eve l  of gene  flow f r o m  the  

p r e s e n t  da ta ,  the  e x i s t e n c e  of h igh r a t e s  of gene  flow 

be tween  popu la t ions  should  not be  s u r p r i s i n g  in the  c e n -  

t r a l  S i e r r a  N ev ad a .  A.cvneo  l o r  is  a c o m m o n  componen t  

of the  C a l i f o r n i a  m i x e d  c o n i f e r  f o r e s t  and o c c u r s  con -  

t i nuous ly  th roughou t  the  4 ,000  to 7 ,000  fee t  s ec t i on  of 

i t s  e l ev a t i o n a l  r a n g e .  F u r t h e r m o r e ,  one can  f ind qui te  

d i f f e ren t  e l e v a t i o n s  wi th in  qui te  s m a l l  h o r i z o n t a l  d i s -  

t a n c e s  and ,  a l though the  p r e v a i l i n g  winds  a r e  ups lope  

(wes t  to e a s t ) ,  downs lope  ( e a s t  to wes t )  winds  a r e  

c o m m o n  in the  e v e n i n g s .  Thus ,  t h e r e  should  be  con -  

s i d e r a b l e  po l len  mix ing  b e tw een  s t a n d s .  B a r b e r  and 

J a c k s o n  (1957)  have  shown s i m i l a r  high r a t e s  of m i -  

g r a t i o n  be tween  popu la t ions  of a n i m a l - p o l l i n a t e d  Euca- 

l y p t u s  s p e c i e s  o c c u r r i n g  on a s i m i l a r  e l ev a t i ona l  t r a n s -  

e c t ,  as  have  T i g e r s t e d t  ( 1 9 7 3 ) ,  Koski (1970)  and Si len  

(1962)  in  the  w i n d - p o l l i n a t e d  c o n i f e r s ,  P i e e a  a b i e s ,  

Pinus silvestris, and Pseudotsuga menziesii. With 

the  p o s s i b i l i t y  of such  h igh  m i g r a t i o n  r a t e s ,  it shou ld  not 

be  s u r p r i s i n g  to f ind c h a r a c t e r i s t i c s  with  lower  a d a p -  

t ive  s i g n i f i c a n c e  with l e s s  d i f f e r e n t i a t i o n  be tween  popu-  
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Table 3. Coefficients of variation (%) for all characteristics. Each coefficient of variation is the 

ratio of /V~ /mean. See Table I for a description of the characteristics indicated by number belowa 

Population Characteristic 

i 2 3 4 5 6 7 8 9 I0 ii 12 13 mean 

AK 17.4 25.6 37.6 II.4 20.6 16.8 I0.I 61.4 20.4 19.0 46.7 29.5 40.8 27.5 

AL 16.7 38.0 51.7 12.7 26.2 15.3 10.5 56.0 24.3 25.6 57.0 25.6 43.5 31.0 

AN 17.9 32.7 59.8 9.9 23.2 5.0 ii.0 80.8 16.2 37.6 64.7 44.2 40.7 34.1 

AM 14.3 20.7 48.6 I0.i 19.3 5.0 11.3 66.1 26.6 22.3 60.4 44.6 34.8 29.5 

l a t i o n s .  H o w e v e r ,  i t  s h o u l d  b e  s t r e s s e d ,  a s  E h r l i c h  

and  R a v e n  ( 1 9 6 9 )  p o i n t e d  ou t ,  t h a t  e v e n  w i th  a s i t u a -  

t i o n  w h e r e  g e n e  f low m a y  b e  a s  h i g h  a s  it e v e r  o c c u r s  

in  n a t u r e ,  t h a t  c h a r a c t e r i s t i c s  w i th  h i g h  s e l e c t i o n  i n -  

t e n s i t i e s  a c t i n g  upon  t h e m  c a n  d i f f e r e n t i a t e  to  s u c h  an  

e x t e n t  t h a t  t h e r e  i s  v i r t u a l l y  no o v e r l a p  b e t w e e n  t he  f a m -  

i ly  m e a n s  of t h e  p o p u l a t i o n  s a m p l e s .  

A q u e s t i o n  w h i c h  i s  o f t e n  n e g l e c t e d  in  s t u d i e s  of  g e o -  

g r a p h i c  v a r i a t i o n ,  i s  w h e t h e r  t h e r e  a r e  d i f f e r e n c e s  b e -  

t w e e n  t h e  p o p u l a t i o n s  in  t e r m s  of  t o t a l  a m o u n t s  of g e -  

n e t i c  v a r i a t i o n .  F a c t o r s  w h i c h  a r e  m o s t  l i k e l y  to e f f ec t  

l e v e l s  of g e n e t i c  v a r i a t i o n  in  l a r g e  p o p u l a t i o n s  a r e  s e -  

l e c t i o n  i n t e n s i t i e s ,  g e n e  f low and  e n v i r o n m e n t a l  h e t e r o -  

g e n e i t y  w i t h i n  t he  a r e a  s a m p l e d .  I n c r e a s e d  s e l e c t i o n  

i n t e n s i t i e s ,  r e d u c e d  g e n e  f low,  and  e n v i r o n m e n t a l  u n i -  

f o r m i t y  wou ld  p r o d u c e  r e d u c e d  l e v e l s  of g e n e t i c  v a r i a -  

t i o n .  T h u s ,  m a r g i n a l  a n d  i s o l a t e d  p o p u l a t i o n s  a r e  e x -  

p e c t e d  to h a v e  l e s s  v a r i a t i o n  t h a n  would  c e n t r a l l y - l o -  

c a t e d  p o p u l a t i o n s  ( C a r s o n  1955 a n d  1959,  Soul~  1 9 7 3 ) .  

S i n c e  t h e  p r e s e n t  s t u d y  d o e s  not  i n c l u d e  any  t r u l y  m a r -  

g i n a l  o r  i s o l a t e d  p o p u l a t i o n s  ( w h i t e  f i r  on  t h i s  t r a n s e c t  

r a n g e s  f r o m  3000 f ee t  to  at  l e a s t  7 , 7 0 0  f e e t ) ,  one  would  

ne t  e x p e c t  to  f ind  s t r i k i n g  d i f f e r e n c e s  b e t w e e n  t h e  p o -  

p u l a t i o n s  in  r e g a r d s  to  t h e  l e v e l s  of g e n e t i c  v a r i a t i o n  

m a i n t a i n e d .  T h i s  e x p e c t a t i o n  i s  b o r n e  out  b y  t h e  d a t a  

( T a b l e  3) w h i c h  f a i l s  to show a n y  l a r g e  d i f f e r e n c e s  b e -  

t w e e n  t he  a v e r a g e  c o e f f i c i e n t s  of v a r i a t i o n .  The  l o w - e l e -  

v a t i o n  p o p u l a t i o n ,  A K ,  and  t he  h i g h - e l e v a t i o n  e a s t - s i d e  

p o p u l a t i o n ,  A M ,  de  h a v e  s l i g h t l y  l e s s  v a r i a t i o n  bu t  t h e  

d i f f e r e n c e s  c e r t a i n l y  a r e  not  s i g n i f i c a n t .  T h u s ,  i t  a p -  

p e a r s  t h a t  a l l  of t h e  p o p u l a t i o n s  h a v e  s i m i l a r  l e v e l s  of 

g e n e t i c  v a r i a t i o n .  E v i d e n t l y  t h e  c o m b i n e d  e f f e c t s  of  s e -  

l e c t i o n ,  g e n e  f low,  a n d  e n v i r o n m e n t a l  h e t e r o g e n e i t y  a r e  

r o u g h l y  e q u i v a l e n t  f o r  a l l  t h e  p o p u l a t i o n s  s t u d i e d .  

A f a c t o r  w h i c h  a p p e a r s  w h e n  o n e  e x a m i n e s  t h e  c o -  

e f f i c i e n t s  of v a r i a t i o n  ( T a b l e  3) i s  t h a t  s o m e  c h a r a c -  

t e r i s t i c s  a r e  h i g h l y  v a r i a b l e  w h e r e a s  o t h e r s  a r e  l e s s  

s o .  One  wou ld  e x p e c t  t h o s e  c h a r a c t e r i s t i c s  wi th  t he  

h i g h e s t  s e l e c t i o n  p r e s s u r e s  to  h a v e  t h e  l e a s t  w i t h i n -  

p o p u l a t i o n  v a r i a t i o n  due  to d i r e c t i o n a l  s e l e c t i o n .  T h i s  

t r e n d  i s  o b s e r v e d  if  o n e  c o m p a r e s  t h e  w i t h i n - p o p u l a -  

t i o n  v a r i a t i o n  to t h e  t o t a l  v a r i a t i o n  ( c / V  G + o f / V  G ,  

in  T a b l e  2 ) .  But  s i n c e  t h i s  i s  t h e  m e t h o d  b y  w h i c h  we 

o r i g i n a l l y  d e f i n e d  t h o s e  c h a r a c t e r i s t i c s  of  h i g h  s e l e c -  

t i v e  i m p o r t  a n c e ,  we h a v e  a c i r c u l a r  a r g u m e n t .  T h u s ,  

a c o m p a r i s o n  b e t w e e n  t h e  c o e f f i c i e n t s  of v a r i a t i o n  w i t h -  

in  p o p u l a t i o n s  and  t h e  r a t i o  of b e t w e e n - p o p u l a t i o n  v a -  
/ 2 2 \ 

r i a n c e  to b e t w e e n - f a m i l y  v a r i a n c e  . ~ap/Vf  . i s  v a l u a b l e .  

H o w e v e r ,  t h e  c o m p a r i s o n  d o e s  not  r e v e a l  t h e  e x p e c t e d  

n e g a t i v e  r e l a t i o n s h i p  b e t w e e n  t h e  r a t i o  of v a r i a n c e s  and  

t h e  c o e f f i c i e n t  Of v a r i a t i o n  ( S p e a r m a n ' s  c o e f f i c i e n t  of 

r a n k  c o r r e l a t i o n s  = + . 4 1  w i th  a p r o b a b i l i t y  of . 1 0 ) .  

T h i s  i s  s u r p r i s i n g  i f  r e l a t i v e l y  l e s s  w i t h i n - p o p u l a t i o n  

v a r i a t i o n  i s  e x p e c t e d  in  t h o s e  c h a r a c t e r i s t i c s  w h i c h  a r e  

u n d e r g o i n g  i n t e n s e  d i r e c t i o n a l  s e l e c t i o n .  In f ac t  t h e  

t r e n d ,  t h o u g h  n o n s i g n i f i c a n t ,  i s  in  t h e  o p p o s i t e  d i r e c -  

t i o n ;  t h o s e  c h a r a c t e r i s t i c s  w i th  h i g h  v a r i a n c e  r a t i o s  

t e n d  to h a v e  h i g h e r  c o e f f i c i e n t s  of v a r i a t i o n .  A n u m b e r  

of s i t u a t i o n s  c a n  b e  t h o u g h t  of w h i c h  c o u l d  p r o d u c e  s u c h  

a r e s u l t .  F i r s t ,  t h e  r e s u l t  m a y  m e a n  t h a t  t h e  r e s p o n s e  

of  s o m e  c h a r a c t e r i s t i c s  to t h e  w i t h i n - r o w  e n v i r o n m e n t a l  

v a r i a t i o n  m a y  b e  g r e a t e r  t h a n  t h e  r e s p o n s e  of o t h e r  

t r a i t s .  H o w e v e r ,  a s i m i l a r  r e s u l t  i s  found  if  t h e  u n -  

c o n f o u n d e d  b e t w e e n - f a m i l y  s t a n d a r d  d e v i a t i o n  i s  u s e d  

to  c a l c u l a t e  t h e  c o e f f i c i e n t s  of v a r i a t i o n .  T h u s ,  i t  d o e s  

n o t  a p p e a r  t h a t  t h e  w i t h i n - r o w  e n v i r o n m e n t a l  e f f e c t  i s  

an  i m p o r t a n t  c o n s i d e r a t i o n  in t h i s  r e g a r d ,  A s e c o n d ,  

and  p r o b a b l y  m o r e  i m p o r t a n t ,  c o n s i d e r a t i o n  in  e x p l a i n -  

ing  t h e  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  s e l e c t i o n  i n t e n s i t y  

and  v a r i a t i o n  i s  t h e  p o s s i b l e  a d a p t a t i o n  of w h i t e  f i r  to  

m i c r o h a b i t a t s .  The  e x i s t e n c e  of m i c r o h a b i t a t  d i f f e r -  

e n c e s  o v e r  s h o r t  d i s t a n c e s  in  t h e  S i e r r a n  c o n i f e r  f o r e s t  
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would  f a v o r  t he  m a i n t e n a n c e  of a v a r i e t y  of  g e n o t y p e s  

wi th in  a p o p u l a t i o n .  A l s o  we  would  e x p e c t  t h o s e  c h a r a c -  

t e r i s t i c s  wi th  m o r e  i n t e n s e  s e l e c t i o n  ac t ing  upon t h e m  

to be  m o r e  s e n s i t i v e  to l oca l  e n v i r o n m e n t a l  v a r i a t i o n  

a s  w e l l .  The p r e s e n t  da ta  would  s e e m  to suppo r t  th i s  

c o n c l u s i o n .  Thus ,  the  e f f e c t s  of t he  d i r e c t i o n a l  s e l e c -  

t ion  which  would  ac t  to r e d u c e  w i t h i n - p o p u l a t i o n  v a r i a -  

b i l i t y  on the  e l e v a t i o n a l  t r a n s e c t  m a y  be  c o u n t e r a c t e d  

by the  e f f e c t s  of l o c a l  m i c r o h a b i t a t  s e l e c t i o n  which  would  

m a i n t a i n  g e n e t i c  v a r i a b i l i t y  wi th in  p o p u l a t i o n s .  Such a 

s i t u a t i o n  h a s  b e e n  r e p o r t e d  fo r  a l l o z y m e  v a r i a t i o n  p a t -  

t e r n s  in Arena b a r b a t a .  In t h e A v e n a c a s e ,  H a m r i c k  and 

A l l a r d  (1972)  and A l l a r d  et a l .  (1972) h a v e  d e m o n -  

s t r a t e d  t h e  m a i n t e n a n c e  of  g e n e t i c  p o l y m o r p h i s m  by 

m i c r o h a b i t a t  d i f f e r e n c e s  in popu la t i ons  d i s t r i b u t e d  a long  

a m o i s t u r e  g r a d i e n t .  

A f ina l  top ic  that  n e e d s  c o n s i d e r a t i o n  i s  the  i m p l i -  

c a t i o n s  that  a r i s e  f r o m  the  e s t i m a t e s  of t he  w i t h i n - f a -  

m i l y  v a r i a n c e .  It i s  p o s s i b l e  that  a s u b s t a n t i a l  p r o p o r -  

t ion  of the  w i t h i n - f a m i l y  v a r i a n c e  was  due to gene  f low 

f r o m  o u t s i d e  t he  c o l l e c t i o n  a r e a .  With t he  d e s i g n  of  the  

p r e s e n t  s tudy  it is  i m p o s s i b l e  to quan t i fy  t he  m a g n i t u d e  

of  t h i s  c o n t r i b u t i o n .  H o w e v e r ,  wi th  a p r o p e r l y  d e s i g n e d  

e x p e r i m e n t ,  u s ing  c l o n e d  s e e d l i n g s ,  i t  would  be  p o s -  

s i b l e  to p a r t i t i o n  the  g e n e t i c  and e n v i r o n m e n t a l  c o n t r i -  

bu t ions  to the  w i t h i n - f a m i l y  v a r i a n c e .  If the  w i t h i n - f a -  

m i l y  g e n e t i c  v a r i a n c e  r e m a i n s  above  a p p r o x i m a t e l y  2 

t i m e s  the  b e t w e e n - f a m i l y  g e n e t i c  v a r i a n c e ,  a n u m b e r  

of i n t e r e s t i n g  and v a l u a b l e  i n t e r p r e t a t i o n s  can  be  m a d e .  

F i r s t ,  the  d i f f e r e n c e s  b e t w e e n  the  e x p e c t e d  ( 2 x ~  2 )  

and ac tua l  g e n e t i c  v a r i a n c e s  p r o v i d e s  an e x c e l l e n t  m e -  

thod  to e s t i m a t e  l e v e l s  of p o l l e n  i m m i g r a t i o n .  S e c o n d ,  

a s s u m i n g  that  the  popu la t i ons  u n d e r  s tudy  a r e  at an 

e q u i l i b r i u m  ( i .  e .  r e a s o n a b l y  w e l l  adap ted  to t he  l oca l  

e n v i r o n m e n t ) ,  t he  d i f f e r e n c e s  b e t w e e n  the  e x p e c t e d  and 

the  o b s e r v e d  v a r i a n c e  can  be  u s e d  to e s t i m a t e  t he  s e -  

l e c t i o n  i n t e n s i t i e s  ac t ing  upon the  popu la t i on .  Thus the  

u s e  of  o p e n - p o l l i n a t e d  f a m i l i e s  p r o v i d e s  a p o w e r f u l  tool  

in s t u d i e s  of  gene  f low and s e l e c t i o n ,  and a s  such  m a y  

g i v e  v a l u a b l e  i n s i g h t s  into e v o l u t i o n a r y  s t r a t e g i e s  and 

popu la t ion  s t r u c t u r e .  

In c o n c l u s i o n ,  it a p p e a r s  that  wh i t e  f i r  i s  a h igh ly  

v a r i a b l e  s p e c i e s  on the  E l d o r a d o  t r a n s e c t  a s  w e l l  a s  on 

the  l a t i t ud ina l  t r a n s e c t s  s t u d i e d  e a r l i e r  by H a m r i c k  and 

Libby ( 1972) .  Not only  was  the  s p e c i e s  found to be  qu i t e  

v a r i a b l e  b e t w e e n  popu la t i ons  f r o m  d i f f e r e n t  e l e v a t i o n s ,  

but  t h e r e  i s  a r e l a t i v e l y  l a r g e  amoun t  of  v a r i a t i o n  w i th -  

in e a c h  popu la t ion  s a m p l e .  The m a j o r i t y  of  t h i s  v a r i a -  

t ion  i s  found wi th in  o p e n - p o l l i n a t e d  f a m i l i e s .  The m e -  

c h a n i s m  f o r  the  m a i n t e n a n c e  of t h i s  v a r i a t i o n  in the  f a c e  

of na tu r a l  s e l e c t i o n  i s  not  o b v i o u s ,  but m a y  be  r e l a t e d  

to the  high l e v e l s  of  m i g r a t i o n  and g e n e  e x c h a n g e  found 

wi th in  t he  s p e c i e s ,  coup led  wi th  m i c r o h a b i t a t  s e l e c t i o n .  

When the  c h a r a c t e r i s t i c s  w e r e  e x a m i n e d ,  c e r t a i n  o n e s  

had r e l a t i v e l y  m o r e  b e t w e e n - p o p u l a t i o n  v a r i a t i o n  than  

did o t h e r s .  Those  c h a r a c t e r i s t i c s  which  w e r e  d e m o n -  

s t r a t e d  to h a v e  g r e a t e r  a m o u n t s  of b e t w e e n - p o p u l a t i o n  

v a r i a t i o n  a r e  the  s a m e  c h a r a c t e r i s t i c s  which  w e r e  p r e -  

v i o u s l y  p o s t u l a t e d  by H a m r i c k  and Libby (1972) to h a v e  

h igh  s e l e c t i o n  p r e s s u r e s  ac t ing  upon t h e m .  T o g e t h e r  

t h e s e  two s t u d i e s  show that  s e l e c t i o n  i n t e n s i t i e s  v a r y  

b e t w e e n  c h a r a c t e r i s t i c s  wi th in  the  s a m e  popu la t i on ,  and 

that  s t u d i e s  which  c o m p a r e  p a t t e r n s  of  v a r i a t i o n  p r o -  

v i d e  a m e t h o d  by which  d i f f e r e n c e s  in s e l e c t i o n  i n t e n -  

s i t i e s  can  be  i l l u s t r a t e d .  
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