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o (. - . ‘. T
Since Pinuys contorta occurs under a great wvariety of

environmental conditions withln its wide natural range, it

\ ., . -~ -

. .
, is not surprlszng that the llterature provxdes niny examples
é of The existence of geographlc variation w11b1n the species.
i
! .
?- However, the most thorough previovs investigation of this .
% )

variation was basically qualitative and univariate. Thus,

, oo

the geﬁeral objectives of the present s{udy were to provide

[IU——

a multivariate analysis of the pattern of geographic
] . N ) 2
variatitn,'and to relate this pattern

-

to envirsnmental

r

factors. Particular objectives were to compare the

uaqiation between four prefiouslp defined subspecies to the

va%iation within these subspecieﬁ Qpé relate this to -
" variatien in deographic region, latitude, elevation

topographic situation, climate and soil.
L ’4*‘ R . -

—t
’ - .

In order to optinize the allocation of measurement

-

. ’ i ‘C‘,’/
] effort, preliminary studies were undertaken to objectively
o

-~

g |

select a set of characters for study, and to determine the

-

number of cones to measure to represent each site. T
’ A}

Collection sitas weré%carefully selected to meet the eﬁ

s
4

obJect1ues of the studv w;tk f/gpect to. eleuatlon, la11tude»
. and the ava:lab1lity of climatic é%qa, at a 1at1tude where

all four of the previously defined subspecies pccor.

|
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‘region was clearly -the

¢ »

After:.choosing a resemblance- fppct}on ‘with desirable
. - L
“was investigated wusing

. . .

with

- | ; ' . . v
represented the resemplances Namong sites with almost no

distortion. The [sterecgrams reveiled a discontinvous data

structure |(with noups corrésponding tq__the subspecies

2

i
l
|
preuiously{recoqnlzed with an extension’ of the range of the

populatlonf pneu100519 described as restricted to - the
i - L
ne1ghbourﬂood of Mendoc1no, California. The Rocky ﬁountazn

group app?ared d101szble into two subgroups ui?h more and

e »

less serotinous cones. The application of a wide range of

- . . ‘ 'ﬁ i .
clustering algorithms, confirmed the robustness of this group

' K
structyre. . '
-
L

[ a-uq

The ranking algorlthn used)for character selection was

.

app11ed to 1dentlf9 those. characters’ ha01ng the greatesx
ability to d1st1ngu:sh between 1hg\1dent1f1ed groups. Then,
the oan1atzon betyeen the gro}bs was related to varioys

extr1n51c Factors, MWith ' the principal technique ewnpl ed

/

bezng the plott7ﬁg of ranks for the extrinsic facters on

stereograms of the printipal components for\?ﬁe sites. The
T Sl : « :

conclusions from this pan't of the stuvdy were that geographic
//nost ‘imprtant of the extrinsic
variables considered in terms of its.obvious relationship to

%‘, -
group structire, but ﬂh?s uériabie was . uvnnable. to account

N ,1 .
for the divisiop of the populatlons of the d@asfal region -

into two groups o For the subd1u1510n of the Rocky Mounta:n

\ i
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group inte two subgrdups. . The variable which showed. the
' . \ \ .

divisions within
AN

LY

greatest potential for explaining) these

un
. =L . \ -
nphosphorvus. : \

geogréphic 'reqﬁons was the amo of available soil-

.
] N

X

: \
3
. Y ’
R Y . . N
The variation of cone characters among the sites within
* . - \ .

the groups was exasined and related td extrinsic factors.

M . - \‘ M ) lc .
The main techniques vused were principal cowponents analysis

within the groups, plotting of environ&ental ranks on

stereograms, and application of the chahgctér ranking

algorithm to cComparethe ability of cone characteristics to

¥ ) v, ‘ * - ) [
discriminate between certain_pairs of sites of particvlar

interest. The

- . v 2 N .
groups - were shown to be essentially

1

honoéené&us except for the subdivision of the Rocky Mountain

group, and the divergence\of séyeral sites which could be

explained on the basis~pf extreme conditions associated with

those sites. Trends were found within the gro7ﬁ§rassociatéd

3 N Y o ". .
with_variation *in soil phosphorus and elevation.

4
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CHAPTER 1

,K\INfRODUCTION

_ /
[N ) ! %

The research described in éhis thesis consists Tof a

st%dy .0f geographic uériafion in the seed cones oFJEinus

contorta, using methods of muitiéariate data analysis such

as ordinatioh and clustering. This chapter indicates the

v motivation feor this research, reviews the relevant

literature, and briefly des;ribes the objectives of the.

2 - b4

study.

-~

i. Motivation

\

~

~

Einus.céntorta is one of the most widely-distributed
trees ip North. America, occupying fhg thdrd,gﬁeatest acreage
of any North Ame;ican tree (Roche,19262). ;t ié?nayive _ouer'
a range from Baja Qpli?orhia in the south to the Yukon in

the north, and from the Black Hills of South Dakota on the.

ud T~

east .to the Pacific Ocean on the west (Critchfield and

Little, f?bb; see figure £.1). The range of elevations at

which it is found, from sea level to 3650 meters, is greater

than‘ihat o% any other pine (Griffin and Critchfield,i972).

+

Wi thin this~ wide range - of latitude, longitude, and

elevation, Pipusg coptorta is found . growing under a wide

variety of climatic and edaphic conditions, for example, it

i

14

te ’ Qj 1
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-

occurs in subalpine . forests (Despain, 1973;

'Alexander, 1974; Chabot and Bi}lihgs, 19723, 6n coastal

fe

sand dunes (Kumler, 1969; Wiedemann, 1966)3 and in sphagnum

bogs (Illingwoarth and Arlidge, 1960). Fowells(i96%),
Edwards(41954,49%5), and Rall(i979) provide additional

details " of the great variation in environmental conditions

within the natural range of Pipus contorta. Such a

-

widely~distributed ~ species couvld be expecthd tb show

geographic variation whose nature would be of practical’

interest to foresters as well as taxonhomists and ecologists.

Munger(1914) referred to Pinvs cgontorta as a3

"practically woqthles weed . This attitude towards the
species persistéas?:‘;j:th America until about 1950, after

which the valves of Pinus contorta for watershed protéction-

5

and cover.for wildlife, and its potential use for lumber and

f

pulpwood began to receive increasing recognition (Trappe and

v

Harris, 19%8; Ythgberg and Dyrnesé, 195?2. Ey the 1970’s,

Pinuvs contorta was rated "very high in all the multiple vuse

valves of forests over millions of acres of the West" by a

N

United States forester (Nellner,i?éS),'and was also regarded

as a..ﬁﬁghly-valuable tree in Canada (McDougSl,i??S).

Wellper found that its' wide ‘ecological amplitude, great.
& - : .

~

reproductive ability, and rdpid juvenile growth rate made

the specfes particvlarly vseful in,ﬁdiest"ménagenent, while
. - N : \

McDougal emphasized the special values of Pinus contorta for

watershed protection, and for.scenic and recreational areas.

P
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Pinus contorta received early recognition in Europe,

A

where Tigerstedt(1922) reported that young trees grown from

seed in Finland were growing at twice the rate of a nearby

Y L]

plantation of the' common native pine, Pinus sylvestris.
Since then, Pinus contorta has been widely-planted in Sweden
(Aldhous, 197;; Hagner and. Fahlroth, ié?é),d Norway
(Diefrichs;n, 19763, the Netherlands (yriek, 1928;; Ireland.
(O’Drlscoll, 1956; Savill, 1?73),. and Ne; Zealand
(Critchfield, 1955)1 In BRritain Eiggg‘conxgcta was found to
be particularly useful bn sites which were subjectlto severe

i

exposure or which had soils which "were too infertile for

éther tree species (Lines, }976a,i976b). . o

J

T~

) . !
" The most thorough stuvdy of ébographic variation in
Pinus contorta was wmade by Critchfield "(1957), but his

ébproach, which will be discussed in wmore. detail in a-

-

~ subsequent section, was basically descriptive and

» 3 - : ' - »
vnivariate. "In fact, there have been very few applications
of multivariate wmethods of _data analysis to,the study of
geographic vaniation within a species, despite the success .

of these methods in the reléted areas of taxonomy and

"ecology- (Or18Ei,1978; Sneath 'and Sokal,1973). One of the

best examples is a study of geographic variation in the

closely-related species-Pinus banksiana by Beshir (1975) .

e
’
*
'

<" X
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2. Pr'évious Studies of Geographic Vapdation in Pinus

contorta . . ‘ !

—

Critchﬁield(i?S?) has produced the most comprehensive

9tud§ of - geographic wariation in  Pihus contorta. His

publication incorporates a thorough review of previovs

studies relating to geographic variation in Pinus coptoerta,

4 o

so this présent review will contentrate on ' the su?sequent

period. Based on his review of the literature, examination

-~ N

of leaves and cones collected frém natural populations

throughovt the range of the species, and experiments with

seedling growth, he recognized kour geographic subspécieé~

/
4

Pinus contorta Douglas ex Loudon ssp. contorta,

occurring along . the Pacific coast from Mendocipo,
N ‘ o g ‘ J
California to Alaska. ) .

+

Pinus contorta ssp. bolanderi occurring only on very

acid so0il near Mendocino, California. 2 )
@ ’ /[

3. .Pinus contorta ssp. lgtifolia?Engéln. ex Wats.) stat.

nov.., occurring in the Rocky Mountains; as well as

inland ﬁ?ﬁtish Columbia, Washington and the Yukon.
’ [ - .

4. Eini€5 anlgtia ssp . ﬁurrgggna(Balf.). stat. ‘nov.,

occurring in the Sierra Nevada Mouwntains of California

P -~

and the Cascade Mountains in Oreqon.

.
/ N ' -

3

(Fig.: 4.4):. ' ) .
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Aithdugh Critchfield(1957) described his study’ as "an

/

~

applftation'qf the biométrical approach® which he considered

necessary since Mconspecific populations differ prinérily in

‘quantitative characteristics®; ”naverthelessi guantitative
. » - . 4

-

- data were recopded for oqu a few vof the characters he

-

discussed. Also, for those few gquanrtitative characters; his

P

method of analysis was rather crude, consisting of a wvisval

%

*
comparison of bar, graphs of character values medsured for

°

“

the different localities.

{

Critchfield examined only two chanacteristics of the
- <& e “5-. .

female cone in detail, namely, cone orientation, as measured
v . N a . .

by the angle formed by the axi%ébf the cone and the 'branch,

and specific gravi;?ﬁ . He concluded fhat;reflexed cones,

o

attached to the branch at agbIEs,ok 120 to 140 degrees were

° -

characteristic of the entire coastal region and mych of the
inland region. Pronounced departures from thisy.orienfati%n
were found in.. the central and socuthern Sierra Nevada

mountains where~—ctones were"' almost perpendicular to the

‘branch, and in th® Rocky Mountaiﬁs where cone angle varied

3

widely w1tm%& local pOpU}Qﬁ}QDbZ . é

oo
» N .

Critchfield stated without any quantitative evidence
that the specific gravity of cones exhibitg a cldsg
association with a group of cone characteristics, including
hardness, _seretiny and apophysis shape. He claimed that
specific gravity ei%ibited the greatest regularity in, its
variation pattern and the clearest geographical distinction

i -

S




of all the characters considened in his study. Based on

inspection™of --his bar graphs, hg concluded that cones from

«

the Sierra Nevada Mountains had the lowest specific gravity,

whi}e those _fro the Rocky Mountains hWad the highest

specific graviity. Copes from the highly acid soeils near

>

Mendocino, California ".were nearly as dense as those of the

J . .
Rocky Mountains, while the other coastal populations, as

well as the populations of the Cascades and Blve Mountains,
. - - - M '.r .
had cones of intermediate specific gravity. He also

suggested that specific gr30119 decreases with elevatlon,

howeuer, his sampling locatlons were not selecfed in such a

way as to provide clear indication of variation of.

x

characters with elevation. .

- -
-

Keng/hnd L1ttle(i961) exan1ned needles of- trees growlng

‘s

in the Eddy Arboretum of the’ Inst1tute o? Foreszt Genetlcs at

- Placerville, California. Iheir study included-'a- comparison

s

- . ) ‘ [

of needles of Pipus conterta wvar.  copntorta with Pinus
contorta wvar. pmurravana, -and. with hybrids of ‘these

. R Lyt .-
varieties with Pinud banksiana. The exact location which

T

was the, source of seed for the varieties of Einﬁs contorta

\stuvdied was not given. Also, general observations were
ely recorded in a comparative descﬁiptive'table, so that

valve of this study in.forming conclusions concerning

P

ic vardation in Pipnus contorta is minimal. o

[ N4 : i

-

Roche(1962) described,gquraphic variation in growth

in its native habitat

Ll

habit and

[}




o
ne P

.
1y RS R ST AR et

L T

1

e e e,

in coastal and inland British Columbia, and later compared
these observations wifh trees g;own -on plantations in
?ritain (Roche,1966). He suggested that the wvariation in
growth gabit between inland and coastal provenances was more

evident in the plantations than in the native habitat since,

—

on the coast, commercial seed has been more often follected

from scrub trees because of accessibility and abundance, and
f -

i

J 4 ,
thus this seéd was not representative of the native

i

populatien. He presented the opinion that bark thickness is
‘ o

#

not a reliable diagnostic feature for delineating
intraspecific pariation, while bark texture and colour are.
| . .. )

His work #ncluded a quantitatiué study of 'only one
! .

-

=

character: tﬁe ratio of needlé width to needle length, for
trees grown ok a elantation in Placérgﬁllé, California, from
seed from eagh of the Pgur ge%E}apHic regions defined by
Critch#ield. ,ﬁésed on an anflysis ;F variance, he concluded

that this ch?ractef differs significantly ahong all of the

groups exceL} for the Mendocino acid-soil population, which

e

he %uggested is merely the sovthern extremity of the coastal
population. In _summarizing. characteristics which

distinguish” the inland form dJf Pjinus gontorta FQPM the
|
coastal Foqn, he stated that seeds of the inland treeg have

a pointed pjotuberance at the funicular end, and a ridge on

the sur?acé; whereas, coastal seeds lagck these characters.

- R LY -
He also stated that inland seedspare usually nore thap three
. .
M. long,('while coastal seeds are usually less than three

1

mm. - long, but no evidence is given of the data vsed to
{ , »
"l
&

¢

a
. .
’ . >
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arrive at this generalization. -

4

Black(1963) studied variation in the number, 1length,

-

and position of resin canals in needles from 9 proevenances

growing in Scotland and representing seed from coastal,

Sierra . Nébgda, and Rocky Mountain populations.

Unfortunately, the locations of the seed sources were not
specifigd very precisely; for example, ‘one source was

referred to only as "coastal Canadiﬁ. Black conciuded that

-

coastal populations were distinguishable from the two inland

populations which were both similar in terms of resin canal

characteristics.
A
&7

Jeffers and Black(i963) measured 19 characteristics of

needles, cones and wood for the same 9 provenances as Black.
Becavse of disparities in the manner of collecting data,

only the character means for each provenance were available

for analysis. Six{ of the s variables they measured were

charactéers. of seeds an cones; namely, cone length and

breadth, seed length and br
¢
breadth. Three methods of multivariate analysis were

&

dth, ‘and seed wing length Y and

applied to \the data.

The fihst method, | which  thty referred to as

"GQ-technique”, is a. clustering method which involves the

Teplacement of continvous measures of variables' by ranks,

calcvlation ,of correlation between pairs of provenances
based on these ranks, and visval inspection of the

correlation matrix to form clusters. No reference is given

!

g o




|

‘division, they «claimed that a classification could be

for the source or other applications of this technique and o

¢

it appears to have little to recommend its use. ‘

-~

Their second method -was a form of _ discriminant .
. . L >,
analysig, in which coefficients were calculated fog a
B! ' . e
discriminant functiof based on the difference between the

@
~

neans of the nineteen variables for the coastal group of
R ! L

four provenances and the inland group of five provenances,

vsing the pooled covariance matrix. No mention wa® made.of

N . ‘e

the multivariate = normal assuéptiong vnderlying the

application of this technique. Also the apglicatioﬁ of this

method when there are only four or five replica1e53gin ~each

’
1

group is questionable. The third method “used Was pr}hcipal
% k . -
components analysis. ’ ‘
Their conclusions based on the first two methods

. k
supported the accepted division of the 9 provenances into

.

two broad groups-—- coastal and inland. However, since ‘the !

first principai component did not correspond with this =

-

produced which would account for a greater degree ‘of ~

-

botanical variat¥on, based on those variables haviﬁé a 'ﬁigh
weighting on the first principal axis. Thede variables:

include cone breadth, seed size and seed-wing size. .

-
[

d

g

/f;qsumnary, although Jeffers and Black(i963) recognize

the npeed for multivariate methods of data analysis for’ the

study’ of geographic. variation in Pinus contorta, the

- T . . : »
deficiencies in their data and in their choice of particular

.
N )




° - ‘. ‘ . ’ » . :l ’ “‘ * s . ¢
nE?hods is such that their study nerely —suggests‘-the neeﬂ A

T - for, ?ﬁrther uork rather than produc1ng any- flrn concluszone o
’ . N . L ) R , .\ - .i

- Lines(1966) surveyed the performance of 22 ,prbvenaqus::

I3

e

' of Pinys cogxgrta' in Britain in Jterms of sifuiculturai

¢ characteristics, sdeh as mean annval- height and girth T e

. ) . ' ‘ N A . 3 - ¢
increments,’ and stem form- _AS with“thé’prevzous provenance - . -

LS L S,

studles, the seed sources were ‘not known very preczsely, but

. .
b . . ’ "( R

.

" Lo fhey are all from Brltlsh Columbia, and the northwesxern U S' ce A .
i X He concluded  that tgere :ie probably' _;}eater natunal ::. .
E - : uariafioe duve .to prodeﬁance yiﬁh;n E;ggiegghfe;;g than in h E
l . A_any other common Forest tree j : ‘ '..:' : - . L
/A ) - o L .
' \\ nlmguonh(i%*? 1971 1973, £975a; i??Sb ,1976,1977) has

[N
.

X pro ded 1nteran reports gh ~ an extrenely ambitious

- A /

provenance studv of geograph1c var1ation in “Pin nys gggxgg&g .

‘ ~¢// whzch is currently be1ng undertaken 1h Br1t1sh Colunbaa
b ~ - ) ‘ ; s
R Seed Proﬁ 144 1ocations *hroughout. the ‘ﬂ%nge of PIQUS ~
- contorta was sown in 1969, im'research nurseries at Leke ‘ R

Cowichan (Uéncoﬁuer Island) and Red - ﬁdck 'Ccentralz Br:tlsh ) -

‘e
2 > .~

] Colﬁnbia) Measurements such as: seed gérnznatzon, seedllng

Sy "y

¢
S survlval, and stohatal dens1ty of seedllﬁq needles have been

) )

' made; however, pssentially no daﬁa uere récor@ed,pgncernlng. T,

z - .

. " the nawive pbﬁdlations Pron:which‘the seed® was' collecteéf. P
) Un1var1ate dnalyses of uariance have.been perForned for some ';.7. E
S :
3 “i.seed11ng characfers, and the use of nult1uariate-ne1hods ;¥‘ N ) [~
data 'anal9sis is planned Illlnguorrbtnas cnncl%ded E/J e
early reéb}fs Frdn his - research support :the pr1ncipa1 ," _,qs:

.
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taxonomic  subdivisions ér;posed for Pins contorta by
Critchfield(1957). ST : .

Several avthors have Menriohed-geographic 9a%iation in
terpenes  ih - Pinus -centorta  as part of ~studies of
ﬁybr;dization Berween\gingg contorta an; Pinus Egﬁgsiané
(Miroo?i956; Zavaﬁin, Critch?ééld, ahd Snajberk;196?;

!

\ .
Lotan agg'Joye,i970). .These.two species are quite similar

R~ -

in their morphology. gnd,'their ranges oGerlap in Alberta

where they form a natural  hybrid swarm. The main
morphological differences betugen the two specﬁés noted by

’

©

these althors are lin cone orientation,. and spresence or

- o

absence of spines.
’

the Sierra Nevada contained a considerable percentage of

They noted that the terpenes in trees of

i
EY

sesquiterpenes while trees of the coast and RockyjyMountains
eomtained almost none of these compounds. They.. also noted
the presence of terpenes characteristic of Pinus banksians

in Pinys contorta trees as far. away from the region -of

Roerlap. as é:lorado, suggesting widespreéd introgression of

Pinus barksiana genes inte Pipus .contorta in the Rocky
Mountains'.

Forrest(i977) wag able to subdivide the natural

range . of Pinus contorta into fifteen major geographic

“ay

regions based, on the relative proportions of different

monoterpenes in the resin. He stated tHPt these propaertions

L : A ' o . X N
are vunder direct genetic controly—and that environmental

factors have little or no effect Jon the proporfions. ., He
e | - . . R .
several of the regions could be further

noted that

subdivided using the mongterpene .dagtd, .adthough in the

L] -
®

-

>
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‘central parts of the nrange it was 1mposs:ble to allocate

Y
-

w

-,
Ve
i

e

chem1cal boundarles with any degree of precision.

.

Lamb(49270) g%ﬁdied variation in needle characteristics

within provenances of Pinus contorta in Scotland. Based on e

13
©

univariate analyses of variance, he toncluded that variation

between 1trees was of much greater magnitude than variation
- A v

<
.

within trees.

-

‘ N @

Lopushinsky(1275) reported that differences in rate of"

-

_photosynthesis have been observed for coastal and inland

|

provenances of Pinus contorta. Cannell(1976a) also reported

différences in photosynthetic rate between provenances, but

found that the effect of these differences 1n preducing the

<

differing growth rates of the provenances was much less fhan

cas & -
the effect , of differences. between. provenances in = the

production Cof Qgédles and. internodes. Cannell{1974) had -

AN
previously anvestlgated dzfﬂerences in the amount of needle-
s

tissve: and sten wood produced by dlfferlng Pinus conteor

» »

prooenances planted 1n Scotland. The seed sourcés of ‘“hese
o5

proven‘ces were inland " and coastal Br:.ush Columbla and

S P
\ﬁ_"///
Y

coastal Alaska, washlngton and Oregon. He found differenceaes

not only' between coastal and inland prooenancgs, bur*also
*

between norvhern and southern provenances along the coast.

= kﬁ\ i

f e

In subsequent papers &(Caqgeil and ' Willett,197S; :

Cannell, £976b) he provided evidence that the growth
diffdfences between provenancgz ware largely° due to tge

nunbé?“of=needlé primordia ﬁredeternined in the winter buds

°

/ .
! )
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survival of the same. five strains of _Pinus coptorta

—— . e e e wen IR - Yews 4 PP Gk Sl o v

14

the vyear before the shoots extended,. and noted variation
between provenances in apical dome size, apical donme
. ¢

relative growth rate, and time of activity. Roberts and

Wareing(i97%) supported the conclusions of Cannell based on

]
. Y Iy

observation of two coastal and two inland provenances
N

planted in Wales, and Thompson(1976) also supported these

conclusions based on his study of two provenances planted at

¢

Teindland Forest, Morayshire, Scotland.

PO
°

McMillan(1956) invéstigated the bossible existence of

edaphic’ rdces in Pinus contorta byléonparing the growth of

seedlings from five different -native populations on “four

different soils: a ‘"control" 501l whose base status was

~

gaiq to resemble many agricultufe'soilé, a sergentine soil,
q,sdil oF'pH 4.5 Pr;m the area where seeds of Pinus gontorta .
ssp. cbolanderi hadcbéen collected in the Mendocino ‘“pygmy
forest", and an even more acid soil (pH3.89 _from another
nedrby "pygmy Porés;“ location. Growth of all seedlings was
unifofnly .ﬁoof except Fo% two combinations; namely, the
"p&gmy“ race’ of Pipus cgontorta dgrew .very well on its

"mative™ so0il (but not on the more acid soil from the other

©
- ~ \

 pygnmy ?orest‘site), and seéﬁlings from the Oregon coast -

showed good growth on - the contrdl soid. McMillan

s
-

followed—~uyp this study with a long—-term investigation of

& =

L] -

transplanted to a locatiofi in the Mendocino, pygmy “forest

¥

and, after thirteen _years, reéported much higher survival

rates for the seedlings whose seed originated at that

[




location, thus indicating an' inherited adaptation to the

’

. vnusval soil conditions (McMillan,i1964).

-~
[+]

Several auth@rs have comménted on geographic wvariation,

in cone seroting. Crossley({956) studied natural

[N

% populations of three different ages in a-subalpine forest in

-

Alberta\ and observed that in the stand of 17 year old trees

¥

most of the cones were open; whereas, most cones were

—yr—

closed in the stands of 55 year old and older trees. He

i

also reported that he found _no difference in the cone

serotiny of trees on north~ and south-facing aspects. Perry

- s el
- ES

and Lotan(4i977), in a study of ~the temperatures at which

' i

serotinovs cdnes opened, came to the similar conclusion that

N .

there was no apparent correlation between the various

v

opening temMperatures and the aspect of the trees frdi%uhich
the cones were collected. Mowat(i960) foynd. noe serotinous

cones in trees of any age in natural'populations of central

¢ a

Oregon. Jenny, Arkley, and Schultz(i969) noted that the
herf%abili;y q} the "serotinous cones of gingi con;gqia-ssp.
. . bolanderi had been confirmed by plantinas at Placerville,
California. . Wirsing ang Alexander(i975) observed that in
sobtheasfern w;oning serotinous cones were more prevalent in
sites below 2774 meters in; éieuationﬂ and discussed the

2

“ . inplica#ions of serotinous cones for timber management. *
Lotan(1975) studied natural populations in the northern
Rocky Mountains of the United States. He supported

Crogssley’s observarion that young ' treeé have open™cones;

. whereas, older trees have cones whifh are wusually closed,
e




‘among populations in this stress resistance. jh‘ oo

n e e SNl S SN e S BT L Ty A aad Eal s el

T 16
-~ a——— . . ’
~é ‘ \.
that .he obserued the’ closed—cone hab11 beg1nq1ng

and noted

at about 20 to 30 9ears of age, in Egnus n;gnz in Monfana

He found s1gn1f1cant variation 1h the.percent

.,

i L e I3

serotinovs cones between 10C8T1‘0'n5‘-'1ﬂ/

’

-northern Rocky

’

of whether cone serotiny varled:u;th.el

b N
T
(5.4 \ ’

Perry, Lotan, Hinz, and 'Haniiton(i?78); conp@req the

-

variation in resistance. to osMotic stress (induced by -

polyethylene glycol 6000) anon@‘fahilies to {ne vériation.in

between populatzons Fron six dlfPerent

varled

this characteristic

)

locations. They concluded that families

significantly, althovugh %there was no 51gn1F1can¢ variation :

ta -

ia 14
& - « R F

-

Birot(i1978) studied variation ;ﬁ the -weight& of seéds

]

collected from 140 locations thro&ghout°tha range .of P;nbs
contorta. -He found fha@ seeds from fhe~ SiePfra #Nevada and

.
S - - -

the Oregon Cascades were significantly heavier than gpose 8

b D

from elsewhere in the species range, and nofed the ex15tence

of clines of decreasing seed weight with increasind latitude

L

and with increasing diﬁtance from the Pacific Ocean, ‘and a -

seed weight with increasing altitude.

~

with latitude

clipe of increasing

An exception to the decrease in seed

.

the Mendocino population, whose' seeds were

- L]

much lighter ‘than those from other populations at the
- .

.

weight
was noted for
same

latitvude.

-

-

4
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populations at ften 1locations:

.

‘ . _. « » . - . -
'Rall(1979) colTected cone-bearing b5aﬂches:From'natUnal

- 'y
v

disjunct mountain areas east iof the \Roc&y ‘Mountains in

»

: eight sites were in small

Alberta, Saskatchewan, Montana and Wyoming; one site was~

¥

T . . . . ” ‘s,;) R o
near Lake Tahoe, California, and one site was on the hxghlu

acid, s0il¥ near Mendocine, California. She also collec?ed
samples df.pollen, resin and"male cones from. some of the

A

sites. After studying various characters associated wizth

pollen, re§in, male and female hpﬁes,‘seeds and~needleg, sﬁe
decided to confine her analysis to chéractéé% of the female
cones and seeds. Her deqisioﬁ waé, baséd on measunement
S
effort, comparative var1at1on among and betueen locatzons,

preliminary ordination and clusterlng analyses, and the

assumption that reproductive sfru;tures would be. less

subJect to phenvtyplc plast;c1ty ‘than vegetaiive structures,

~

angd thus more representatlue oF the underly1ng genwfype

IS Y /

Shé determined that the assumptions necessary to apply .

<

o~

QLS

Y] %

rlgbrous statistical svltivariate techniques‘invoﬁ{iﬁg tests
% sao her

of 51gn1f1cance were not satisfied by the data

: ?
13 Y bt e
. .

.Mmultivariate analysis made vse of the deterministic
application of principal components analysis and
agglomerative clustering. She concluvded that the stands

could be divided into two groups: one group consisting of
trees from Mendoc1no, Lake Tahoe, and the Big Horn Mountains
of Uyom1ng, Jhe‘other group cons1st1ng of the remaining
stgnds from Montana , Alberta‘and Sas}atchewan. She was

unable to explain the{;rouping of the Big Horn trees with

w -

.
.8
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those ¥from California, put quculated that it might be due
e
to the high elevation of thelfigsHorn'stand; however, her

\

choice of sampling 1locations did not allow any firm “

'conclusipns regarding the variation of Pinys contorta with.

-

elevation. She also speculated on a latitudinal gradient

for several characters, but again her choice of sampling

locations was not adequate to support definite conclusions.
She further noted the need for More environMental
information for the sampled localities to provide a-basis

for interpretation of her results. : -

~

*3. Review of Stu&ieg of Geographic Variation in Cones

¥

. T . .
" of other Species

Schoenike(i962,1976) studied geographic variation in

4 .
silvical, needle, and cone characifrs in natural population
of Pinus banksiana. His first study was strictly .

univgriate, relying on univariate analysis of variance. 1In
his later study,~ he ;eanaiyged the same data 'ugThg a
multivariate approach: 6enera1ized distances were comnputed
between all pairs of stands and vsed for plotting contour
maps of sinilarity,»anﬂ in cluster analysis. Each character

measyred was also correlated- with four environmental

variables: latitude, elevation, mean annval temperature,

and mean -annval ﬁprecipitation. The 1largest correlations

‘ o
- -
,
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computed for ccone characters were of magnitude of about .4,
/ N .
and showed negative correlation with temperatyre and
o
positive correlation with latitude for cone serotiny, weight

and volume, and apophysis length and widtﬁ.

Beshir(41975) also studied geographic wvariation among

natural poBulations of Pinvs banksiana. He applied a sum of
squares ranking technique developed by Orloci(i973) ~to the
da%a published by Schoenike(1962) ;nd concloded that
silvical characters were least vuseful ?br distinguishing
among staﬁds; so his measurements and analysis were
confined to characters ‘;P ‘c;nes a&d needles. quthough
Beshir used one univariate Téchnique,rnanely, trend surface
analysig, he also employed ; wider variey éf nultipériate
%echniques than any other study o? geographi&\oariation
encountered in- the literature. Techniques employed
incluyded: a4 Monte Carlo teS: Fo} homogeneity (prloci and
ﬁeshir,i??bi, principal components analysis, @agglonerative
sum~of-squares "clustering (0r1621,i967), discontinuity -
analysié (Jancey,i9745, non—-metric nu;tidinensional scaling
(Kruskal,i964), non-hierarchical clvstering (Carlson,i1972),

and two addif%inal methods of hierarchical clostering,

namely, complete linkage and single linkage clustering

N

{(Johnson,1967). . : -

. g Pinus sylvestris in ' Eurasia ' is considered the
. -
geographic and ecological equivalent of the pair of §pecies,

e

Pinus cohtorta and Pinus banksiana in.® North  America
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(Dansereav, 1957). wrighr (1976) reviewed ' the extensive

3

literature on geographic variation in Pjipus sylyestrdis

"beginning with +thHe oldest well-documented study by De

Vilmorin in France, in 182i; however, the only characters"’

of cones or seeds mentioned were early cone abundance, and
L]

seed size.- The 1latter was found to increase ainost

threefold from northern to southern Europe.

'

S8quillace(i962} included several cone  and _ seed
characters in his study of geographic variation in Pinus
elliotti; namely, cone weight and length, seed weight, and

the number of seeds pegﬁcone. His method of analysis was

the same as Schoenike: vnivariate analysis of variance,

7 I ‘
plus con%utation of genéralized distances between stands for

-
<

vse in contour mapping and cluster analysis. “ -
. ’ o

Barnes(1967) studied variation of Pinyg menticola with

3

elevation in a single streéam drainagefﬁﬁbasuring several
. p l

cone and seed characters as well as silvical characters.
His analysis. was completely vnivariate. None of the cone

and seed characters were “considered to show a-istrong
. @
predictable change with elevation. .

|
i

éteinhoff and Andresen(i974) compared the geograpHic

variation within each of two closely related species, Pinys

flexilis and Pinus strohiformis, to variation between these
species. Eight of the eleven characters they“mqasured for
parental trees were characters of seeds and cones. Their

method of analysis consisted only of unioariate.analysis-ofo

»
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variance. v N

Al

" Myers and Bormann(i963) studied variation in the ratio,

.

of the 1lengths of cone scales to bracts in respense to
. ) .
elevational and geographic gradients in Abies balsamea using

univariate analysis of wvariance and concluded that an
-~

’

elevational cline existed.

LR

Davbenmnire(1968) concluded that a nortﬁ;south gradient

of decreasing cone size, narrower gcales, and more irregular

phyllotaxy occurred- in 'EicegAegixghggsigfl He used a

—

graphical vuvnivariate method, similar_to the method used by
. z J

»

© Critchfield(41957), to analyze his data, He continved his

work with this genus wusing similar methods to compare
geograph?é variation within Pigea - glavga and Pi%?g

com

engelmanii - to variation,/ between these two " species
(Davbenmire,1974). In this latter study, he'concluded, that

. + -
there were no. recognizable north-south trends in cone

-
.

characters. . -
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4. Obﬁectives

~

- : : .
As the review of the literature has demonstrated, an

adequate Multivariate analysig of geographic variation in

A

Bi contorta has not vyet been performed, although
Rall(i979) has made a beginning. Such a multivariate

- -

analysis covld reveal patterns which are not evident "from
Lunivariate” analysis. Thus, a general objective of this
research is to apply mvltivariate methods of data analysis

-

to seek clines, clusters or other patterns of variation

which would be of predictive value for taxonomy, ecology .and
forestry, and 10‘ relate these patterns to geographic

location and the environment. In particular,' the sample

locations hguef been _chosen so that variation between the

~

subspecies recognized by Critchfield(i957) may be compared
B ¥

to variation within these subspecies, and so that evidence

_May be obtained concerning variation with elevation. ands

latituvde.




CHAPTER 2

N

ALLOCATION OF MEASGREMﬁNT EFFORT
1. Introduction

In a project of this scoﬁe, the allocatioq of
measurement effort is critical. The total e?fort required
‘is roughly pronrtional 10 ;he effort required +to measufe
the characters of one cone, fines the number of cones
studied per location, ?ine;!L?he number of locations Tor

| A

which cones are studied. Thus, an increase in the numsber of

i

cones exa@ined at each @ocalion, or an increase in the
number  of characters neasqrgd for each cone, must result in
a decrease in the number of lpcations which can be included
in the study for a. given amount of available time. The
‘following-secTions describe tto pilot studies ghich address

this problem. The first tudy was vsed to determine the

. ]
number of cones which should -be measured for each location,

and the second study was qseé to decide which characters Xo

-

measure.
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2. Choice of Sample Size - [ o : }

4

Examination of the literaturg_reuealed that .the sample '

sizes which had been vused in studies of geographic variation
were usvally arbitrary or basedes en assumptions and/or

objectives which were not consistent with the Procedures and
. -y

objectives of this research; for example, methods have bggn -

vsed for selecting sample sizes for the fpu}pose of
estimating valves of single characters to a specified degree
of accuracy, assuming random sampling from a univariate

normal distribution (Berglund, Leaf, and Leonard, i976). 1In

this study of geographic variatien of pine conés, the main

‘objective is not a wunivariate determination of precise

estimates of each of the characters of a pine cone, but

rather the computation and analysis of relative similarity ,

between cones from different geographic locations; _hence,
= . - |
the procedure for choosing a sample size for each location

is based on this objective.

“

/ - :
Rall(i979) recerded data on 75 cones for each 1location

(5 cones .for each of 15 trees); this nugbe% was chosen
arbitraﬁily. HeQ;dgta for four widely-separated 1locations
(n?nely: Méhdocino and Lake Tahoe, California, Cypress
Hills, Alberta, and the Big Horn Mountains, Wyoming) were
vsed in the present study for a pilot study to provide an

“’as“ . -
objectJoe basis for a decision on the number of cones needed

t0 represent a location. This study involved making random

.- i L
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selections of cones from each of the locations and

correlating resemblance matrices for the locations using a
. ~ :

reduced number of cones with a,resemblance matrix based on

75 <cones per location. The resemblance function used was

the same one used by Rall; namely, standardized Euclidean
. < .

distance. ' ' -

As a first step, one cone was randomnly selected. froom

on.

each of the S conds measured  for each trnee, the resemblance

matrix between stands was computed and correlated with the

on 75 EonesvIRel .

-

matrix based cation. This procedure was

repeated 410 times with independent .random selections -each

time, The resuvlting correlations averaged .96, and ranged

from .86 to .99. Then, the nugbgﬁh of trees sampled per

location was- reduced from i15°to 10, and the same procedure

LN

was carried out of random selection of cones,” computation of
/ -

a resemblance matrix, and correlation with the'resémblance
based case the’

-

matrix on 75 cones. In this average

correlation based on 40 repetitions was .95, with a range

from .88 to .99. The procedure was repeated for samples of
? cones per location, CFsulting in an ;uerfge correlation of
.93, With a range from .72 to .99. +On the basis of this
stu?y it was

sample for each location.

concluded that 10 cones would be an adequate




geographic variation in a spacies, thdre are two constraints

that is, ten ‘cones randomly selected fwom each of. four

- o .

‘ qui?ornia, and the Cypress Hills, Alberta); the . fourth

" which evaluates characters based an the ratio of thein

3. Selection of Characters S . ) -

-

gt

a. The Ch%racteTﬂRanking Procedure and its Philosophy
. ¢ ¢ . ‘E‘
In selecting characters for a multivariate analysis of | g

which must be considered. The first constraint has already

4

peen referred kB to; that is, an increase in the number of

s

eharacters measured myst result in a decrease in the‘~nunber
of individuals ghich can be ‘included in the study_for a
given anougt of time available. Also, nany characters may
attvally -scontribute so much "n01se to fﬁe data as to
obscure the underlying patterns. Theréfo;e, a studp wés
carried out o0 objectively deternlne tfiose character:stlcs
of the cones of Pinus contorta wh1ch would be most uvseful in
a study of geographic variation. Tﬁi material used for.this

pilot study consisted of forty' cones of . Pinus ;contorta;

i

locations, with each’ location chosen from a different one of

Q .

b &
the four geographic regions for which Critchfield defined
subspecies. Three of theée locatiéns were s%lected«f;OM the

stands studied by Rall (i.e. Mendociho and;Lake Tahoe,

“

location - was represented by a collection.of cones provided
¢ 5, RO : -

by Illingworth (from Hauser Dunes on the d;égon coast).

» . -

The prdicedure vsed .was one developed by Janfey(i979)

a
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. . L . . . . . :
variance among:locations to their variance within locations.

" One advantage of this ranking procedure as compared to other
s_ ce ©

ranking procedured~ is —that this procedurel vtilizes the

+~ information obtained by the'replication of sampling within
:; | .

each lecation. The philosophy behind the use of the

procedure is that the criterion “Ffor selecting a vseful

. :

WP
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character for studying variation among locations is not ~ the
. . s

variation of that character in a pooled data set which

‘ignores the source of the variation, - but rather a

’

SRy Rt g i

consideration of whether the wvariation of 'the character

o P B

énoﬁg locations is large compared to its wvariation within

locations. . . °

- i ©

The details of the basic method are as follows:

. ¥ -
where‘xQJ ~is the valve of character j for cone i,

- © -

;._é«andardize the data by computing X i(*?j**E)/SQ

iy is the mean valve of character j ageraged over all’
o

N ' . .
. cones, . Y

3

8; is the standard devigtion of character j.

L3

2. Cohputé the total sum'of squéres for:character j, "

where N is the total number of cones.~ \
. - . ! ]
3. Compute the pooled within group sum of squares,

2

E*.Nk

'
. N2
W= Z Z (x:; - x,u-)
. o . E
. #

-

= Lek

R o
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where E is the number of groups (in this case, groups

-

correspond to locations), and N, is the number of cones in
grdup k. -
4. Obtain the between groups sum of squapes by

subtraction,

o Bi =IJ —NJ : N
\
S. Calcvlate the between grovps variance,

ng = 8%5-') :

P

and the within groups variance,
Uy, = \;/J-/m-e) ‘
&. Use the ratio,
B Ve
as & measure %@T ranking character j relative to the other

characters.

-

o

Jancey (1979) suggests that as a variation on this basic

method, all pairwise comparisons between groups covld bew

1 T
considered. This latter procedure.was used for this study,

since it was reasoned that a character which had a high

4

ability to distinguish between some particular pair of
&

~

locations should be included in the study regardless of its

ability at distinguishing among the remaining locations.

-Thus, charactéers were ranked on the basis of their highest

"F-valve" for all pairwise comparisons between groups.
o . -
G
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3. Cone length: the greatest linear dimnensidn- of the cone;
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b. Description of Characters

-
R

o -

The characters being considered are given in the

following list. For some characters, an abbreviation -is

provided which will be uvsed to idenfffy that character in

the tabular summary of resuvlts,

) t,
2 °
1 4

i. Cone ,weight: measured after the Ccones had been

oven—driéd at 63° C for 24 hours.

E

2. Cone wvolume: measured wusing the volume-equivalent

method: a beaker containing watén'was.wéighed first;

-

then the cone, placed on the end of a needle, was just

immersed - in the water, and the\ibcrgase in weight was
. L - N , -n‘
recorded. This increase is the . weight of the - water

-

displaced, and is equal to the volume of thg cone. This
. ; 1 B
is the méthod which was judged most accurate by

kS

Critcﬁfield(i?S?), after his éxperinental evaluétioq of

™\,
various nethoﬁs of .determining the-volume of pine cones:

. N .
- -~ ~ .\ [y
-

Y ¢
- & . -~

. Al

see figure 2.14’f\v a comparisofi”of this to t#e next-

s~

character.

4, Cone lengtﬁ from tip .to point o¢f 4ttachment of the

- . <

peduncle., B o o

S. Cone width: cones were soaked -in. warm water before

. ~.

. \\ -
measurement, so that they. were closed.-

- .




~t

=

‘Apophygis length’

— A v —————
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Cone serotiny: measured on’'a scale of { to 3, using the

4

method of Rall in which i represents fully open cones, 3

represents fully closed cones, and 2 represents cones

which were partially dpen.

¢

Cone scale length: This character and. the following

°

three  characters were measyred for a cone scale

-

., . .
approximately one~-quarter of the distance from the tip, .

on ;the abaxial side of the cone, as was done by Rall.
Y \ .

Figure 2.1 illustrates  the  measuvrement of these

' . N ‘.
characters, as well as the other apophysis measvrements. ..’ ’

-~ ~

Apophysis width ‘ ' -

Apophys&s height

e ‘

Apophysis tip angle . A . iy

‘Apophysis width: This and all of the following

apophysis measurements were made on & .cone_ scale

PN
-

appfbximately‘6ne~quarter of the distance from the base,

on the abaxial side of the cone. The reason for
) . . - . -~
choosing this , location was "that, based on visval

examinationy it appeared that the differences in

épophgses'ﬁetween cones from difﬁgrent;'lbcations was

&

more ‘pronounced in this région/€¥ the cone than closer

to the .tip. - S
. _ o/

- ¢
.
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13- Apophysis height

Iy
e
i4. Apophysis longesy lateral sf?pe:: referred to by the

abbreviation "slopei®. - .

i5. Apophysis shortest lateral slope: referred uto by the

abbreviation “slope2". R

In addition to these basic variables, various
combinations of them wereialso evaluvated. The reasogtfor
s . evalvating these combinations is that while the wvariation
within a location for ‘"size™" characters, ’such as, cone
length or cone qidtgg'hay bé too ' great compared to their
variation between locations for them to, gﬁ of much
diagnog}ic Qalug; neverthelesé;qsone conbination of thése
characters such as cone qidth diyideq by cone length, Wwhich

-

is a "shape" character, may be relatively gonstant for any

s

particvlar location while varying between locations.

LY

There_hqg been considerable conxrovérsy concerning fhé

use of ratio chardcters (Atchiesy, Gaskins, and

= Anderson,1976; Corruccini,1977; Hills,1978; Dodson,1978;
Albrecht,1978; Atchley and Anderson,}??B; Atchley,1978) .

The main argument against the use of this tybé of character

is that if the .original characters are linearly related,

then nén-linearity is introduced into the data by the vse of

. ‘ .ra;ios of - these characters. However, this problem is

easily' avoided if logarithms are vsed, since

- T
b

o

G o e e v
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log(%/y)=log(x)~log(y), which is a wiinear) relationship.
Furtherm?re, it may be argued‘thgt the wuse of 1logarithms
pr&uides a more reésonable expression gf the resemblances
among the copes than do the untransformed measurements. For
example,’if cone.B is twice as long as cone- A, ard cone C is™
t@iEé as long as cone B, it is reasonasle 1o consider that,

- in terms of the character "cone length", cone B resembles

cone A to thé same extent as cone C resembles cone B; this

T

is the resemblance implied in ?hg use of the logarithm of
cone length; ‘wheteas, the untransformed length implies that
: cone C differs form cone B by twice the amount by which cone
B differs f%omwcone A. There{ore, in this study, pratio

char§cters were allowed -and the ldogarithmic transformation
{ - . .-

~ was vused. N

Examples of combined characters are:
~ 4. 4
i. Specific gravity
-.4*‘

2. Ezne width/cone length .

3. Cone length from the tip to the point of attachment of

- the peduncle, divided by the maximum length of the cone.

°

a measure of cone

This character may be regarded as .

- " symmet?ty, since it has a maximum valuve of & fFfor
. . ,
symmetric cones, and lesser values for cohes. that are

asynnetricallyvturved to one side. Thus, it is referred

to'By the abbreviation: ‘“symmetry".
i -
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4. Cone length multiplied by the sguane of coneé width

#multiplied by - pi/4. This is the volume of a cyfindér
with length equal 1o the 1length o% the cone, and

diameter equal to the width of the cone. This character o
is referred to by the abbreviation: "cyfindrical

volume" or "cylyel™.
. ., =

Cone volume divided by the preceding character: This is

Y
v

a measure of cone shape which is larger for cones with

¢ 1it1ie taper, which approximate the shape of a ¢¥linder,

and sMaller for cones which taper more. It is referred

A}

2 . "to by the abbreviation: “vgé./cylvo{".

6. Apophysis length divided by épophvs;s width
7. épophysfs height divided by apophysigAwidth
8. Apophysis height ditidEd by apophysis length

9. ﬂSun of apophysié lateral slopes; that is, slopei plus

T

slope?d.
-
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. Figure 2.4 Illustration of some cone characters.

(a) Two measures of .cone length: greatest linear
dimehAsion (A); length (B) from tip to point of attachment
of the peduncle (C). ' ‘

(b) Abaxial view of cone scale i1105tra1§ng= cone
scale length (D); apophysis width (E); apophysis length

. (F); apophysis 1longest 1lateral slope H (G); apophysis
/ -shortest lateral slope (H). , ’ )

(c) Longitudinai section . through apophysis of cone
scale 1illustrating: apophysis height (I); apophysis tip
angle (J), .
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c. Choosing from the Ranked Characters

- N

Table 2.4 summarizes the results of the ﬁwnking

procedure by 1listing the characters described in the

previous section in .order of their highest ratio of

variances based on ‘comparisons between all pairs of

locations, and aIso names the corresponding pair ‘of
locations. In addition te _the characters.listed in the

table, the ranking procedure was also applied to  various
\~

g monoctonic functions ‘of these characters; for exampl

* L

Lo logarithms, the cube rpots of ‘voluMe and weight,,
~ inverses o¢f the ratio characters. The wvariance ratios
QQ corresponding to these monotonic trafsformations

‘approximately equal to se corresponding to the original

characters, suggesting 1t
ratios are not very

statistical distrib

regsonable . method/ for determining a “cut-gff" point for

SN " selecting chara 4érs, could be based on a comparison of the
g . v L e ¢ ‘e

~ a4
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between °'a pair of locations, a “cut—off" of F=8.29,

~a

corresponding to a significance level jof i%, could be vsed.
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Table 2.4 Highesf ranking for each character,

with the correspdnding pair of locations.

CHARACTER

cone width - 54.9
cone serotiny 52.4
.cone volume _ 4c.7
cong‘weigﬁf © AL.9
cyliﬁdrical volume » 36.6
cone width/Zlength 29.7
apoplysis height 24.9
apoph. ht./length i6.9
cone length 16.3
apoph. ht./width is.0
symmetry , ‘ i4.3

length to ﬁ@duncle i2.9

B |
apoph. leng%h

. i0.6

vol./cylvol 9.1
specific gravity ,910
apoph. width/len. 6.8
apoph. width(Rall) 6.2
scale length 5.5
* apoph. slopei '_\\ a0
apoph. width : 4.4
apoph. sum slopes 3.6
apoph. tip aﬁgié 2.9
apoph. slope2 2.5
4apoth‘Beight(Rall) 2.5

F VALUE . .

Tahoe,Cypress Hills i

-

‘LOCATIONS

Tahoe,Cypress Hills

Tahoe,Cypress Hills
Tahoe,c;pﬁ%ss Hills
Tahoe,Cypress Hills
Méndocino,Cypress Hillsg

Tahoe,Cypress Hills

Cypress Hills,Hauser -

- Tahoe,Havser

Mendocino,Tahoe
Mendocino, Tahoe
Tahoe,Havser
Tahoe,Havser
Mendocino,Tahoe
Mendocino,Havser
Mendocino,Tahoe
Tahoe,Cypress Hills
Tahoe,Cypress Hills

Tahoe,Cypress Hills

.Tahoe,Hauser

Tahoe,Cypress Hills °
Tahoe,Cypress Hills
Téhoe,Hauser

Mendocino,Tahoe -

b

B RPN
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Four of the top five ranked characters -{namely, ‘cone
- width, Lcone volume, cone weight, and cone cylindrical
volume), arg all bagically eﬁpressing information about cane
sizé. _Of these four-characters, cone volume was selected as
providing the best single néasure of overall cone size; the
other’ size measurements were then coﬂsidéred as ratios to
exbress various aspects of cone~"shape". In particulaf, the
Follow;;g three characters were selected to représeﬁt cone
fshape": cone width-&ivided by coné length, cone weight
divided by cpﬁe uo}une‘(specific gravity), and cone volume
divided by fhe volume of a cylfnder of equal length arnd
diameter . It is of interest to note that ?hése three
"shape"/éhéracters along wi:@ the character cone volume,
each /have their greatest diagnoestic ability for 'a different
-~ location_ pair (i.e., cone volume receives its highest .
ranking based on the comparison b;%ﬁeen Téhoe and Qypresé'.
Hills, specific gravity receives its highest ranking bésed
o the conpanisoﬁ between Mend;cino and (Hauser, etc.);
whergas, the Foug}originai size v;riables all had their

-
greatest diagnostic ability for the same location pair.

o g R Sn PRI F R WA SN e e

sy,

Cone serotiny was selected as a character, bvt it was
decided that an improved method of measurement would be;
vsed. Recall, that serotiny had been measured on a scale of
i to 3, where i indicated a "fully—open® qope,‘z indicated a

fully-closed cone, and 2 indicated an intermediate cone. .

»




Folly~closed cones are. quite ' obvious; " however, the .

distinction bétween a ;iully;open“ cone and an intermediate
cene is rather vague, since some of the scales next -to the
peduncle are closed .even in the most open cones.. The new

N . |

method of - measuring cone serotiny is based on the

. - L . :
observation that the cones open from the tip, and that a

varying proportion of the length of the cone remains closed

~

at the end adjacent to the peduncle. Thus, the proportion
3 S of the total length of the cone which is closed is ysed as a
i measure of cone serotiny; this measurement is made on the

abaxial side of the coné. The ngw method of measuring cone
i . L .

serotiny not only converts the measure to a continvous scale

. ( .
rather than an interval scale, so that it is more compatible
B . M Ve L
with. the mweasurements of the other characters, but also is
A .
more informative of the degree.of serotiny expressed by a

cone. ~ This new idea for measuring cone serotiny did not

P T

sccur until after the cones in the piloet study had been

treated in ways which made this measurement impossible fér

. -
A W e T

those cones; however, the high "rank “for the serotiny .

[ PRI

character® based on the earlier Method of measurement

, .
3 s . 0 ! > . » * »
indicates the diagnostic ability of the characteristic. <9

-




The, highest-ranked character, based gn measuréments of

T e . a

apophyses, was ™~ apophysis height. . Thus,. this charagte5 was.®

selected to describe -the apophysés along with the _ “shape"

chari%teﬁs apobhysis height divided by zﬁgphysis length, and
apophysis height divided by apophysis width. Notice, - tha{

like, the four characters already selected’to describe cone

size and shape, these apophysis characters each have their

greéatest dTagnostic  ability for a different pair of
locations. ‘ ' ) .

| ¢ :
Finally, the ratio of the 1length from the point of

-

attachment of_ the peduncle to the tip-of the cone, compared-

to the total 1length of the cone was included ‘in the
. oA _
character~set as a measure of cone symmetry.

N

>

In summary, the characters selected to des&rng the

£
.

cones are:

.. cone volume : 2

.4

- . -

" 2. cone width divided by cone langth’ :
. ﬁ) ‘ b
3. cone specific gravity .o

/ -

4. cone taper as measured by the volume of the cone divided

by the volume of a cylinder of equal length and diameter -
- .

¢

-
b

5. cone serotiny, .using the new method of mMeasurement

. / ' ‘F
. described in this section C .

L >

3
‘,’“‘, *n ;
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\b. cone symmetry, measured as described in the - prévious

’
.

paragraph -

.o

o ~
-

7. 'épophysis height; meésureq on an apophysis one—quarter

"of the distqnce-f}on the base on the ébaxia1 side of the

cone.

8. abophysis height divided by.bpgphvéis width

.
o

- '-\

9. apophysis height divided by apophysis length.

- -
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COLLECTION DF CONES AND SITE DATA

. ©
-
. 3
-
.
’ - ®
.

s \

. i. Sampling of‘Cones at a Site-

As Beshir(1975) and Rall(i979) ,poinf out, completely

a site is not.possible;

3

randon; selection of - cones at
B hobeuer, it is possiblé and desirable to sample " using’ a -

éonsistent set of rules'in which cones are selected vsing a

similar proceduré® at each Qite so that the sites may )

- geasqgably be»'cohpareq. -qui(i???ﬁ also mentions ¥ the
-] s t . -
practical considerafion that shdded, crowded +trees in the
) s
.inter;or' of a stand do noet produce accessible cope-bearing
. ' A N

“

“

e »
.
N ¢
o

v

‘4. For each site consider only trees‘*qithin“ a wvisvally

Ay ~

@ombgeneous'area of the same elevation-and topography.

.

- 2. Seiect i0 Qpparentlv healthy, mature trees (at least 20

‘years old) which have accessible cones.

o
)

.. 3. For eath tneei collect'S mature cone-bearing branches
: ‘ co o - r |
" from as close'as possible to niddle-height on the tree.

3

.
» 4 " :
. 5 !
N s - , . B
< np
“ ‘ ’ - .
. . A

41 ‘ - " o ‘
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4. Later, randomly select one cone for ea&h‘tree, rejecting

1 . -
any coneﬁ which are found to be damaged.

r .
-

o

2. Other Data Collected for Each Site

In addition to the collecting of cones and branches,
other_dinformation was also collected for possible use in’ the

intenﬁ?etation of results. The 1latitude,. longitude and
N - ' )

elevation of each site wére recorded, and the exact location® ‘>

N

,0f epach site was indicated on a topographic map "or other °

>
A “

detailed map of the area. Also, photographs were taken-of

each tree from which cones were "collected. These exact ':

locations . and photographs - may be usefulc to Futuré ¢

<

investigators who wish to study other characteristics of the ©

P o, Vo
Sa9é/}rees. . , ey

- . - d

For each trée from which cones were collected, the ag%,

5

diameter and proportion of serotinous cones on the tree were “!

s .
B o N

"recorded. The determination of the ages of the trees ugg“ N

particularly important to assure that the trees were mature ...

- -

§ince, especially with the “pygmy" trees _of the Menﬁociﬁb"

",

~

populationé% the size of a tree is not .a reliable indication

' -
) . ' 4 e

of its maturity. . o e
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.- N extracted thhff\ neutrél normal - annonxun acetate . T

-~ » “ i b

SOll sanpleg wera collected fron ¥1ve locat1ons at each

[ s

s;te (correspondlng to euerv 5econd tree wh1ch was sanpled),

by 1nsert1nd‘w tube.to a depth uf iS G These sze sanples

. -'rA N . Al A

.were Mlxed ?or each 51te, and then Senf 1o the Un;vers1ty of

* N \

RS . ~

éuelph Fopﬂthe \deternlnaflon oF pH and the- amounts oF

IS
.

exchangeahle phosphorus, Magne51um,. ahd . pota5551um. e

LS
. o . -

Phosphorus w‘% deternaned as the~port10n that‘was extracted .

through the‘_usé ‘of 0 S nolar sgplun blcarbonate solution . -

N . .

(0lsen:. and Dean-i?bS) ) 'Magneénun 'anq ﬁotass1um were

. .-
- S

T O N (Gagnon 1979) e e ‘P T ,
.‘ - v, . . . t Y S .: kY N : . . hAS 3 . N - - " ~ )
.J" " N 4 : \,--f\ ot - : \‘“;. N * A a3 . " o
- T ~.The fopography of gach site was categorized as either a° . .
o N valley bottdn; é ‘ridge " top; or a slope. < For slppes, the,
- <aspec1 andxpercenr of 515pe ware ired%rded.'g The :generai o
N <y L . o . ‘. » ‘., .-
T R :‘habltat—type Cof “the 51te nas noted "for exanpie, whether 11 .k
o - was. a bog,. neadow, svbalplne ?ores%, sand’ duﬁ@, e?c, Dther . b
+ . ’.‘ . .. . ; » .. " .‘h- R
; ©os .
. - tree spec1es whrch were prasent on the 51te ware IISTEd In,
Tk i, R -~ i L I
W ?..'_‘:; . E .. :
§ e - ﬁany céses, E;ng contoczg grows “ine pbre stands w1thour BN
s [ ) %
B o%her tree speq;esd in -those cases,'other tree species . ;
[N 5 . »q - . - . - .:‘ . . .
: . g present on. nearby s1tes :} similar elevaf1on, habitat-type ;
' DL and Topography were noted where p0551b1e.':
" i . - .'e e o s ’ % . N N , ‘: 3 b ”
* .. 3 ~ :' . ': .,wf - I A . » e K \‘S ' '. ' ’ > : “' k
AT PR FH.~;Singe‘EBcw?site*was onJy .visited/ once,. it. was .not . |
I S ""pqssimle,, 0. cnllect cl;nat1c dita ".in ,fhe field. : To .
4 < - - i Il v ¢ b .
PR A N o . <. L- \ a:
.. T . conpense&e i 3 thas,,an at%empt was‘nade to choose sanplgng'f %
A \ . oo . Nty 3 o
- . o locaxlons* w@eﬁe' cllndtic data were ayailable_?rom weather - .
i \';,<~'. . ': VN - .. -. ) " . . .. ~ . ;’
N stat;ops or %rom preuzdus .studies.e The ?resplti of this - -
we . . ) K . P ,‘, I A .o L . ' . :£.
: R, SR o PRI N ; , T . s .
ool L £ ) 4 * - g < . ' ’ s X
'.f" Y Yo~ . > ) . . . ~ )y | :
4 . T . 2. . - ¢ s I
N w ‘ - o : . ; . e




- : : - » ‘ . {j‘:‘
» - : & ) i
T ' : ) , 44
\\' . - ' RS : . ’ e ’1
. - attempt u&g'to raeveal -that there was an almo8t complete lack
- - . ; -
. . of climatic data for mountairous areas of the western United
P B -~ ) T N ——— e,
. States; .nevertheless, 1two useful studies were identified,
. -« .- (Marp,i961; Chabot and Billings,1972), and these influenced

~ ©ose A . .
7. - . “the choice of sampling locations .as explained in the
. .- - . . > -7 -, .

= . subsequent sectien. Even in the rare cases ‘' where good
R . * Ed

:‘ N s 4 =
vstandard meterological data is available for a location, the /

¢

' h : . . o - N -
; : ~ vusefulness of such data for depicting the climate whith
‘e .0 rd N
i . ~affects the wegetation is duesrionggle, particvlarly in a
; g - ' ) o ‘ X ; -
Py . mountainous  ~<region (Satterlund,1975; Geiger ,1965;
9 " ‘ , ,Bates;i924{*? « Baker,,1744) . For - example, the amount of
: - moisture actually received by a plant in a mountainous area °
b “. s may ibe greatly affected by the patterns of blowing and
°9 - R '_‘. ‘w' . ‘v:' . ‘.‘ . . )
; ‘ % - "melting snow. {Geiger,i965). .
‘Ja.f ;‘;._ v ‘. - 0 . ) . -
g : ‘ : N : <, ' -, i 4
: ; ‘ ! . . ,
hd L T " » N oy .
. . vl W . . %
1 & a-‘ “ H S - .
B I . 3, Locations Sampled- )
! K > . ‘ " : :
: . R ' . ‘ -'. 3 LR
I . . A R s - I 3
“ l ' toa, : B R o . . .é N -
LT T -, This section provides ™ information concerning the
. [ /',2" ;,'. "‘; . . ) . . ”
L. =y © . locationg frow which samples were collected,® including the .~
it T <, i - -
' A . -‘motivation for the choice of these particuldr sites, as well
.\‘ ' 1“- L‘.“ 3 ~ * " ’ - n ,‘ .
vy < . f%s comments on meteorological and other environméntal Tata.
ot “ . 4 ‘: AR i : i
’ .Tabled 3.4 to 3.6 summarize the data tollected. for each
i s Cn o ! : - * \ : .
s - locgtion, and also provide site numbers and, code nbnesvgpiqh
e f R _will-be used to identify the sites in later résult%.
" - . : f N r )




PR

L

-~

. » 45

’ -

an east—wist transect agross the range of Pipus conterta at

‘ /

a latitude of about 39 degrees North, with an in{ggsecting
. ;

north-south transect in the Sierra Nevada. The locations of

the sampled sites are shown' on figure 3.4, where the sites

are identified by the numbers which will be given laTer.in
' k3

—

this section.

o

The approximate latitude of 39 degrees N. was chosén
for ﬁmg*;east-West transect so that all “four of “the
subspecies recognized by Critchfiéld(i?S?) would' ybe
intluded; the north-south transect was ch&sen in the Sierra
Nevada, rgther.than in the Rocky Mountains or along the
coast, since the Sierra Neéaﬁa provide a single co;tinuous
north-south ﬁounyain range; whéreas, the Rocky Mountains

are much more discontinuous, and the distributioen of Pinus

contorta along.the coast is noet continuous at this latitvde.
a. Sierra ‘Nevada Locations _

. .
These sites were chesen to provide information on
variation din. the cones of Pipus gontorta with elevation and
¢ o L . .
latitude, and to compare the populations ¢n the eastern . and

weé?grn sides of the mountain ".range. Three different.

- 2

" glevations approximately 1750 meters, 2400 Mefers, and 3050

meters) were sampled at four different latitudes, spanning
. v g . ’ .

The major geographic pattern for sampling consisted of. -
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the range‘o{ BPinus conterta in the Sierra Nevada from

approximately BQﬁ degrees 30 minutes North latitude to 39

degrees 20 minutes North latitqdé.' All of TQ@ sites chosen

= in 1hé Sierra Nevada h;awessen¥fally zero -slope, so that the

\\ effects of aspect and ‘slope would not complicate the
t:) comparison 5} different elevations and i:titbdes. (The

effect of varying aspect and slope was included”in. the Rocky
Mountain sampling and will be discussed later.) A transget

of five sites was sampled at 37 degrees 15 minutes N.

: . latitude to compare the populations on the eastern and

3

western sides of the Sierra Nevada; all other sites were

>

o chosen on the eastern side of the-mountain range since the

-

. - T .
more rapid change in elevation on that side of the mountain

[T

* ) range. enabletl™ a comparison of the effect of changes in
. ‘elevation between populations which were relatively nearby
é geagraphicaily: One additional collection, which while not

strictly in the Sierra Nevada was closer to that region than

AR

to the other regions, was made at Hig Bear Lake in the

isolated'San Bernardino "Mountains about two; degree§ of

®

n ok e A RRCLRE R

latitude south of the Sierra Nevada. This latter site is of8
particvlar interest, noté;only becavse it represents an

<

isolated occurrence _of Pinus contorta near the extreme

v

N -
southern 'pontion of its geographic range,.but alsoe becavse

- the largest Pinus contorta

igvthe world grows there.
- e

Pinus gontorta was not present at all.three elevations

at all four latitudes; for example, it was present at only

+ the highest elevation in the southern part of the Sierra
- \. .

-~
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Nevada, and present only at the low and intermediate’

elevations in the northern Sierra Nevada. This variation in

. , . .t : . = - \ .
elevational distribution of Pipus contorta with latitude

-

appears to be cqréelated with a stg%%ing variation in

climate on \ the eastern side of the Siepra Nevada over a

relatively small difference of 3 degrees of 1latitude.  For’

example, the elevation of the lower limit of timberline with
the desert in the southern Sierra Nevada is approximately

the same elevation as the upper, alpine limit of timberline

in the northern Sierra Nevada. - g

:

The lati%ude of 37 degrees iS5 minutes uas ;e1ected for
the transect from east to west across the Sierrd Nevada, not
only because Pipnus coptorta was known to oﬁcurﬂthroOghdﬁx a
wide range of elevations at this inter&édiate latituvde in
the mountain range (Critchfield,i9577, but also because of

the availability of neteofoloéical data, recorded for two

summer months in 1967 and 1968 by Chabgt and Billings(1972)°

for a transect from the dedert to alpine tundra on the east

. . >
side of the mountain range. Also, there is a U.8. . Weather

Bureav “station at -this latitude on the west side of the

;

mountain range at Huntingdon Lake (elevation 200 meters).

-

Table 3.4 provides approximate values for the averdqe
aﬁnual tenperatﬁre and precipitation for the locations from
whicﬁ cones were collected in.the S%erra Nevada (sites 6 1o
16). The gglges of these climatic vérii?les for the.sierba

~

Nevada sites were compiled from a variety of sources

4
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(Dale,1944; SchaFFer,i?ZB; Chabot and BRillings,i972;
Baker,1944) covering various perisds of time and, in some
éases, rough estimates have béen employed for the effect of
elevation on climate; therefore, this déta should be vused
with cautiop. In general, proceeding from west to east,
precipitétion in the Sierra Nevada ;ncnéases witﬁ edevation.
up to about 16001. and then decreases slowiy to the crest

and ‘more rapidly on the eastern side. There 1is also =a

pronsunced north-south decrease in precipitation with
?

maximum valuves for aég;age annval precipitation of about 170

cM. in the- northern Sierra Nevada compared with maximum
values of - about 1S cm. in"the southern part of the region.
Thrdughout the mountain range the summer season is very dry,
with only apoyt 2Z2 of the yearly preci%kgation occurringl in
the three' months from June through August; thus, nost_of
tﬂe nqist;re available at the elevations where Pinus
contorta \grows in *Be Sierra Nevada is derived from melting
snow. Although the temperature at the foot of the mountains

does not wvary much from south to north, the rate of

temperature decrease with elevation is more rapid in the
noerth than in the south so that, &€ higher elevations, the
northern part of the'rangg is cooler than the.southern par't.

~

Yo

et
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The purposes for sgmpling these‘ locations were: to

‘pake possible a comparigson of the Rocky Mountain populations

- 14

with~ those from the

ther .geographic regions, to study

variation with elevation and “topography within the Rocky

-

nd to compare the populations on the

Mquntaip populations,
- 2astern ;Q& western slopes of thg Front Range in the Rocky -
Mountaings All of the sites studied were at a latitude of
about 40 degrees north, and alf excep% one site were located

in the‘Froar'Range of the Rocky Mountains in Colorado; the

- - -

o

other site was locate on the west slope of the Uintah

'

Mountains in Utah ,” . \
‘ -~
.. \\\ .

The Front Range\?s\é belt of mountains about 65km.
wide extending from the Collorado-Wyoming border in theé north

to the Arkansas River- drainagqe in the soauth. This range

fors the eastern edge of <the Rocky Mountains at these
latitudes, rising rather abrypglylfron the Great Plains to <
elevations of up to 4620m. The reason for ¢hoosing fthe

Front Range of the Rocky Mountains as a location ?or, the

o

study of the variation -of the cones of Pinus contorta with
Topography?ahd elevation was that the east side of this -

range had been the location of ‘a thorough study by

-

Marr (196%) of the effect of topog%aphy and™ elevation on
~ i -

mountain climates, and also, there is a_weather station on

the west side of - the range at about.' the =same Ilatitude at

-




N

Fraser (elevation 2635m.). The sites sampled on the east
slope were the same as ‘those for which Marr collected
meteorological data where .possible, and otherwise were of
the saﬁg.eleua?ion, slope and aspect. These Colorade sites
were all "within a pélétively small area near the eastern
limit of the range of Pinys contorts ‘at this latitude in the
Rocky Mountains; the Utah site was chosen near the western
limit of the range of Pinus contfoprta at this latitude in the
Rocky Mountains. The distance of this site from the
C&lo;ado sites ~is, approximately 500 km., while it is
aéproxinately Z%O: km. .from the Utah site tl-i.e sites at

the same latitude in the Sierra Neévada. Thus, the Utah site

is of interest in providing an indication of -the range of
variation «#ithin the Rocky Mountain populations at this
\ r L N

latitvde, and as a possible intermediate between the Sierra

vada populations an& the Coloradoe populations. Table 3.4

a
{
1
;
e

N
'gﬂves the slope, aspect, and elevation of the five sites on
- .

thie east side of the Front Range. The orﬁer three sites 1in

@t

this region, along with all of the sites from the other
L4
- reqions, were located in areas with essentially zero slope,
1 .

so that aspect was not a meaningful- variable.
Ve

-~

\
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Table 3.4 Slope, aspect, and elevation for the sites’

on the east side of the Front Range.

Site Elevation Slope Aspect . ‘\L
Number (meters) (%) 1
17 3050 0 ridge
18 3400 5 SSE )
19" 3400 0 valley
) 20 2540 0 valley - -
21 3050 45 NNE

Table 3.4 provides meteorological data for these Rocky

Mountain locations ‘(sites 47 +to 24) based on data from
£ 3

Marr(i9641), Baker(i944), Browne(i960), and . Berry(i9&8).

Average anrival air temperatures on the east side of the

Front Range ‘are about equal to those for the Sierra Nevada

at the same latitude and elevation, while the average
tenpenaturés on fﬁe west side of the Front Range are cooler.
Baker (£944) spgculates that the cooler tenperéfures on the
west side are the resvit of greater stores of snow and the.
absence of chinook winds. Valley locafions are cooler than

other locations at the same elevationy probably due to' poor

L

air dnaidﬁaf resulting in temperature inversions. There is

little difference in average air temperature between north

and south-facing slopes <(at an eleoation of 3050m.), and

ﬁ-ﬁ- ¢ . 3
-
‘e

/

-
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there is also little difference between these slopes in the

pattern qf variation of/gir temperature throughout {he\ééy
or the year; rather, thé significant diffgrence petwéen the
noerth and sovth-facing slopes .is in so0il temperature.
(neashrea at a depth of 2 to 3.cn.> whicg has an ‘average
annval < value of 5.5 degrees C. on south—-facing™slopes, as

conp;red to afi average annual value of 3.3 degrees C. on

N .
north—facing slopes  at an elevation of~,3050n. This

difference in soil témperature is most pronounced in spring

and  fall. ‘Average s0il temperatures for the valley sites
'//’}

are about eqbal to the soil temperatures of the north-facing
slopes at the same elevation; while the ridge sites have an

average soil temperature which is internediategbetween that
¥

~

of the north and south—-facing slopes (Marr,1961).

‘ -~ 'Q
Unlike -the” Sierra Nevadas, the precipitation in the

-

Front Range of the Rocky Mouptains does not follow a paftern

of increasing t9 a maximum at an intermediate elevation and

then decreasing; instead, there is a geheral increase in
precipita¥tion with increasing°elevatfﬁh on both sides of the
Front Range, with wide variation in ~the amount of
precipitation at .the sanerglevation.<Bakér,i944)f Also, the

proportion of the. yeafiy precipitation which falls ‘in the

.

three summer Monfhé_ of Juhe, July, and Aﬁgust' is much

. . _
greater in.the Front Range. than in the Sierra Nevada: being
abou;“BOZ in-the«ﬁront.Range' and” only 2% in the Sierra
Nevada (ﬁarr,i?bf)..
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o a/l Pacific Ocean (sitecnumber 3); one location sampled an

-

I
. ,,.r«.\'ﬂ"x"'ﬂ"v})g
\
-
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. ":"-,,,' } “ . - .
e, c. Pacific Coast Locations-

o ﬂ‘ 4 : (e S

As mentionned previgusly, Critchfield(1957) recogniied

—-—
e

X . two coastal subspecies of .Pinus conterta: csubs‘pe?:ies
& . . ‘ . N — * A
contorta, an ‘open~coned subspecies occurring along the
. ——

. Pacific Coast froM Mendocino, California, to Alaska; .an

”

. . - Y- ' ] P I .
subspecies golggdggi,~ a closedvconeg subspecies :occuring

N . -

only on very acid soil near Mendocino, California~ The

8 growtﬁ\of this latter subspeéies is so stuntgd'fhat the area
%Sn which " it . accurs héé’been presérﬁed ui;hin’é 6alifornia

_51;1e park as 3 ”pygny ?orest“;¢;ontaininq mature spécinens )

of Pinus ggn:gnlé?only a few feet tall. ‘One of the pufposes-

* Cie L . 3 - « . ° - »
s of the coastal sampling locatians was to quantitatively

i : compate the differences between, popUlations representing

; . these two coastal subspecies.with the differences among’ all.
of the subspecies AYecognized by Critchfield, _ For ‘this

. °

= purpose, thfeg locations were sampled at a latitude of about

PRy

‘3§ degrees _north near Mendocifio, California: one location .

!

provided a sagple of a norna;~sizedlpopulation, with all of -
‘its cones open, growing on & low bluff adjacent-te the
N . -

3 \ ' . . N ‘
ﬂf/ extreme "pygmy" population with almost ~all of its cones

. n

ot s K} ® .

. " R population of intermediate si?éd trees f&r»whichﬁgany of'the’

cones were open (site number 2J3.- This lattéﬁ populatioil was

I -~ '.t.-...

o

« hot
(33 B
- kiod

-\ coastal sybspecies. ' - A

i
. N 4 « .

o : N L > 2

& . . 34 .

. . B o . R . . » . o . oot
A . ; . o .. N ) . o : o
Lo - T - . . R . . s I
LR O ot n e s & W g
’ v

. o closed (site number 1Y . the -third location sampled @& . _

Lo of ‘interest as, a, possible ingermediate. butuéeen the twy
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. ' ﬁlthdugh the distribution of Pinus contorta along the

Pacific Coast is essentiélly continuous fron northern

- s

-

- Ca11€ornia to&Alaska, there is a gap o£~about Two and a half
RS

. |
degrees of atitude between the Mendocino populations and
- . s - "

. - ‘
_ the more northern popvlations. Critchfield concluded, that

-

: N . . . .
e the open-coned -<coastal population near Mendocino was much

’ .

~ »

- o - * .o '.
.more similar to the open-coned coastal populations furtheq

¢ ~

. ,- ‘ north. than. it\ was to the adjacent closed-cone population.

~ » .
? ’ . * I N - g

l . : \'To investigate this conclusion, sénples were collected from
., b P . ”» '

ﬂ / T ., ang open—cohed \coastal .population near Crescent "City,

!

- - > F-) <

. California, at a ﬂat1tude of about 42 degrees north. The,_
o | Crescent City sampllng locatzon is ;Lso of interest For
L cpnparisqn with a closed—cona populafidﬁ iﬁ the lowk
A : 'nounyéiné about 20km. inland fr;n Crescent Clty Althougg

[ 2N

Critchfield did not collect ‘material fron this inland w

- . ' . |

, ~ locality, he reportedﬁ that he had exan1nediﬁyo henbarlun

©

specinens wzth & total of three cones from this locatzon and

- ' -~ e

that %hese cones were serotinous. My 01511 to this .latter
v L 4

< site revealed that «he Pinus centorta trees growlng t#bqé

closely resenbled the extreme pygmy trées near Mendocino

\ R ’ »
although’ both the. asspciated tree species° and the soil

- >

g:ré;;: material wené’ conpletely differenz For eacp of the .

-~ o . i
. tWo ;pcatlons. The "pygny forests” near Mendoczno confained

.
V

K . B Q.umigasyg_ pvgmaea and Em_u__ mniss.s_«aand were qrowlng on
.. ‘xr so0il. derived ?rOn sandstonai gwhereas, the ‘pygmy Fforest"

b "_;»near Cregcent City contained Pinus - Qllgngglg and Pipnus

] - *

. ngnligglg ‘and ~was growzng on soil derzved‘ “trom serpentine.
) . v ° ’ . o

. - ‘ . °

\



into the relation between var1atzon@1n E;g s contoPta and

A

enw1ronnen1a1 ‘variables.

T - " : R s -
The striking contrast between the Mendocino pygmy

4

forests and the- surroundlng forests of giant redwoods has

E . : 1nsp1red a number of stud1es ,of the vegetation of this

A N R negion, with. special attention being given tb the ynusyal
.. soil (McMillam, 1956, 1964; Gardner and Bradshau, 1654;'
Jenny, Arkley. and Sehultzx $19269; Westman, 1925)? ATable‘%.a
conb1nes infarnatlon fron Westman(1975) with the results of

~

501l 195152 for saMpling locatidsns {4 and 2 to provide a

v
. 4 -~
* .

-

1

.
2o e T PR

: ~ for the~pvgn9~fores{s and the nedrby redwood forestas. Thig
e tablé 1nd1cates that the soil test results for locations &

.
. o

1

¢

for pygnMy forest soils. In comparison with ~go0ils - of the

e

forests are seen to contain . particularly low amounts of

exchangeable caléiun, nagnesﬂun,, potag;&un,' and certain’
N . - . //

micronutrients (zinc, copper, manganese), and to have a much

°

Higheé %Pncentratmon of aluminum ions.. Although levels of

C . both calcium and nagnes1$n are low for pygny forest so&ls,

-

westnan(1975) notes that 1he\ﬂht10 of ca}c1un to nagnesium

' o

\
i .  is much lower in the pPygMy forésté than #An the redwood

oy - . "

redwood f&rests, the A‘hOfizons of. the soils of "the pygmy -

A

i . . . . .
comparison of these soil test results with average values~.

BN and 2 are s1n113r 13 the average values for the Al hu’jrlzon~

£

% | - 55
. %f It was 'gpped' thg:ﬂg gollection of qogés and environmental
- da;a fgon-this.;orthern Ypygmy " popblation would not onl}_
T clarify the . relation of" this p?éulzfioh to;;hefsubspecies
- .D defined by Critchfield, but woula also provide song\ yhsight

;
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forests and he remarks that this . low ratio suggests- a

‘. similarity to- serpentine s0ils. McMillan(i9%6) ‘had

-

previously commented on the 3low calcium saturation as a

& possible common dendminator of serpentine and highly-acid
. N . . ‘ .
3 seils. R4 - -
A - L ! PR e 22

Table 3.2 Conparlson of some soils near Mendocino, Cal
(Exchangeable -ions in parts per million. | ’
, cof sgil air dry weight)

-~ - N ) /
Ion Redwood forest . Pygmy forest Site Number
. 3 A horizon A y Al i 2
- ~ ‘ a ) o ! 6 N
Al ~ . “A - N . ~
* Calcium 3740 18.4 2.7
. Magnesitm 796 47.3 . 66.6 . 42 52
_ Sodium .. 34 © 45.% 265.5 - « .
Potassium . 225 20.6 42.0 _~ 44 52 o
Y\
o - Aluminum 3.7 75.8 49 .4 o
. " Phosphate - 0.816 S p.37e 2830 ¢ 2 2.
% L Zzine N 0.494 - T 0.035  0.049 © - . -
“Copper ., ‘0.432 0038 0.024 Z
Iron 6:47 9 - 0.53 .22 . -
Manganese a2.0 0.078  0.068 '
pH 5.5 4.1 3.8 4.5
@ . - - ° 8

, ' Whittaker(1960) compared the vegetafi&ﬁ;in the Siskiyou
1 2 . . . M i *
Mouptains of southwestern Oregon and northwestern California

. growing on soils derived frof serpentine parent material

|

~

L+

A
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with ' the “uegewétidﬁ growlng qn 50115 der1ved from quartz

_— A dioﬁ&fé} and 50115 derlved Ffon ollulne qabbro paren?

.ot J M

matgpﬁg&q.:'ﬂlsg sePpeotlne stud9~511es were at an eleuatlon

v o

u-

“of 6i0n téu9ién;aﬂd at’a dlstance of ,about“ BOkm' Fnon"thé

-

Y
-
P J

.. . Pac1£1C‘0cean, fhat 15, they NEPQ at'a 51M11ar eleuat1on to.

Yo samp11ng locatlon S but approx1metely iOkm Further 1ndand:

‘Although ’he nent1oned rhe Frequent oecurrence of congenerlc

a1rs of ‘tre and shrubs 1n Ser entlne hnd non-serpenrlne-
P 95 .

P

[

1“ Flora” with the’ serpentine spec:es belng of- smaller stature

in all .cases, he d1d not mentlon any occurrences of a pygmy

Fa

?%§= ‘ ' - race of Eiggg ggntocz “with serotinous cones. However, his
S : species list for the gerpentlne sites did show the presence
§>~ . of a few individualﬁ - idehtified asﬁfﬁingg,conzgéka';;p.
urravana; their assignment without any §B€ciél comment to

, ‘that subspecies would suggest tﬁat - they _ probably had;

non-serotinous-~cones and_ were “Hormal-~sized" ‘rather than,

! . . r

being pygmy trees with. serotinous cones. Unfortunately,

this reference was not seen before the field work for ‘this’

" ~ —

.
.

project had been ‘qompléfed, since it would have been very,

< @

' Y interesting to locate Whittaker’s sites and compare -the . - -

' " Pinus contorta growing. there to the stunted. trees with

+

‘serotinous cones growing on serpentipe soil near CGasquet, as

— . i .
- well as cowmparing them to the "normal-sized" coastal trees .
with Aon—serotinous cones ~and the trees of the Sierra
. = . L . . . .,
o Nevada. ! re

¢ 4 -

. , . y) -

-

, . One Featurg of the pygﬁ? forest 5011 which presents a
~ . . I

N ) , ‘challenge to the vegetation is a concrete-llke hardpan at a

,/ . ‘. ‘ . ' ) . . |




o

Il . -
3
-

with

depth of about 4Scé.' Thi; hardpan not oply'interferes'

root develophént, but also interacts with the wide seasonal <’

P e

variation in precipitation’ to create a perched water-table
which floods the soil surface in winter and early spring and

then evaporates later in the vyear resulting in extremely

3

xeric conditions above the hardpan. The high water-table

for part of the year couvld be a cavse of the stunted growth

in the Mendocino pygmy forests. Illingworth(1976)

¥

specviated that the high water—-table cut back the roots of
- .

3;ng§= contorta growing at .Tofino on the wWwest coast of

s <
Vancouver Island to “produce a ‘"Japanese Bonsai effect”.

Aldhous (1976} noted that when so0il was ‘disturbed (for

example,. by road or airfield construction) adjacent +to

-

muskegs near the coasts of Alaska or British Columbia where

stunted Pinus.contorta was growing, then the disturbed soil

‘was invaded by vigorous well-formed trees which he presumed

L4 Faatbrt

were the progeny of the stunted trees. In both cases, the

trees had the non-serotinous cones which are normal for

¢ -

cbas?ai\popula?ions. In the same report,  Illingworth(1976) '

specifically noted the existence.of unusval coastal stands

. * - N R , .‘ _,
in which ag:ut' i0% of the <trees had serotinous. cones;

"
i

however thesg sites were op dry rocky bluffs rather than in

areas with a high water~table and the trees were quite large'

rather than stunted. : e

-

Climatie data for the coastal sites weng.obgained from

‘whittaker(1960), Gardrer and Bradshaw(i9§4);‘and béﬁe(l?ébf}

o~ T ' < _
and is summarized in table 3.4, As expected these lbw
i - ) ]

’
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elevation sites have an average annual air teﬁperatdre which
- '3 .
is significantly warmer than the mountain-sites; ~—_alse the

inflUence of the Pacific Ocean moderates the variation in
Tenpergruré throeuvghout the yeEr’so- that, for example, at
Fort Bragg (near Mendocino) léss than 6% of the days of the

-

year on the a%erage_have/naximun temperatures of 21 degrees
C. or higher, and less than 3% have minimum temperatures of
0 degrees C. or lower. The average annval precipitation

differs greatly between the three more southerly coastal

!

sites and the twe northern sites: The three more southerly
sites have an average énnual precipitaiion only slightly
grea}er.tﬁan that of some _ of fhe inkand wmountain sites;
whé?eas, _the 2two northern sites haué aboyt twice as much
;;ecipitét}on. The distribution of precipitation. throughout

the year on the coast is similar to that@ﬁ% the Sierra

Nevada in that only about 24 of the yearly precipitation

occurs in the three summer months of June, July and August.

-~

' = . ? i ~ s . - Y
In the Sierra Nevadas this summer moisture deficit is

-

ameliorated by melting snow; whereas, on the coast there is

frequent summer fog\

y
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d. Summary of Data for Locations

This® section contains tables summarizing the data

collected for each of the sites. Taé%e 3.3 identifies ‘the
sites by number, code-name, latitude, longitude and

elevation; table 3.4 provides climatic data; table 3.5

-~

presents the results of the so0il tests; and, fagéﬁt 3.6

identifies the other tree species which were present on each
» 5 /

site or on nearby sites of approxfﬁateiy the same elevation

and topographic situvation. Some of the information in these

N

tables has been referred to in the previous sections), and
. . e

%

these tables (Zill also be vused 1later in discussing the

' results of the analysis of the data. - .
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Tab?™® 3.3 Latitude, Longitude, Elevation, ,
» Identification Codes and Numbers for the Sites

Location Code -  Latitude - Longitude . Elevation-
Number (" N « W} (meters) .
- g
gt _ MENDOX 39 167 123 45 180
o2 MENDO2 - 39 177 4123 46’ 450
3 MENDSHOR 39 14 123 47° 50
4 CRESCENT 41 47’ 124 13" 20
5 GASQUET 44 S0’ 123 54/ 790
6 BP2400 37 15’ 118 35/ 2400
7 BP30S0 37 14’ 148 39/ 3050
8 _COTNWOOD 36 27/ 118 {00 . 3050
9 MT.ROSE 39 20’ 149 s2¢ 2880
10 ~  TRUCKEE 39 214, 120 10 1780
i1 oSADDLBAG 37 S8/ 149 16’ 3050
12 \UP.HORSE 37 56’ 119 08% - 2380
13 KAISER 37 477 119 05’ 3020
14 DINKEY 37 03 149 107 1740
15 HUNTING. = 37 167 119 08 2430 _
(6 PIG.BEAR . 34 13/ 147 127 2320
17 RIDG30S0 40 02 £05 33/ . “3050
18 80U3100 40 02/ . 105 33’ 3100
19 ' VALL3400 a0 05’ 405 334 3150
20 VALL2540. 39 59/ 105 347 . 2540
21 . NOR3050 40 027 105 33 #3050
22 - FRASER 39 57 105 50° ° 2635 !
a3 ﬁEAD.CR.' 40 037 105 447 3050
24 UTAH |40 197 114 167 - 2390

[N

s

X
Y
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Table 3.4

Location
Number ™

-~
i

ul B o

~003\10“

i0
11 -
i2
13

i4

£7
18

i9

21
22

24

s s byt ————— 4 1 A (=2

o

Mean Annval Tem eratu?é
=an, A p

Code Mean Annval
. Temperature
)

MENDOL 12
MENDO2 12 ”
MENDSHOR 12
CRESCENT 11
GASQUET. 11
BP2400 8
BP3050 P
COTNWOOD 6
MT .ROSE .3
TRUCKEE b
SADDLBAG .2
UP.HORSE 6
KATSER - .
DINKEY . 10
HUNTING. 5
BIG.KEAR 5
RIDG3050 .
SOU3100 2
VALL3400 0
VALL2540 3
NORZ0S0 2

, PRAéER i
MEAD.CR. -2
UTAH ‘ 3

and Precipitation

Mean Annuval
Precipitation.’

{cm.) ™
95
95
25

193
190

~26 -

v (52
79 -
79
76
62
<83
81
83
9p

o
L

b6
A4

76

A4

© 44

Y
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Table 3.9
LdzationAm
i MENDO41

MENDO2

o

MENDSHOR
CRESCENT
GASQUET
BP2400

EP3050 -

COTNWOOD

¢ I+« B B « (RN ) B S Y |

MT .ROSE
10 TRUCKEE
14 SADDLBAG
12 UP.HORSE
13 KAISER |

14 DINKEY

.15 HUNTING.

16 BIG-BEAR

17 RIDG30S0
i8 sguU34i00
19 VALL3400

20 vaLL2%40

21 NOR30S0

r -

22 FRASER

23 MEAD.CR.
24 UTAH

-

~——y

Results of Soil Tes¥s.

(Exchangeable ions in parts per million

of soil air dry weight)
Ja, -3

Phoéphé%e
2

2

]

Potassium

44
52
212

?6

40

304
136
iia
ii4
192
i48

220

56 .

120
120
84
168
164
112

268

T 120

256
168
300

42

Se
5200

»200-

et

Magnesium

~

»200

2200
85
55

i19

2200

44
87
17

22

91
150
200
105
200
144

»200
115

2200

pH.

3.8

4.5

5.8

5.2

6.5

6.2

5.7

[+0 B 1

O 1 - 2 N V2 SN T4 NN V2 SRS 2 SN ¥ ¢ I 7 S -3
«® o
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‘Table 3.8

<

e
l.ocation

i MENDO{4
2 MENDO2

3 MENDOSHOR

CRESCENT
CASQUET

BP2400

SN v b

BP3050

w

9 MT.ROSE

10 TRUCKE%
;f‘SADDLB&G
12 UP..HORSE
13 KAISER é
© 44 DINKEY .
15 ﬂUNTiNGi
16 BIC.BEAR

‘Einus jgffnggi, Poepulus itremyloides .
‘:Einus balfouriana, Pinus alpicédl%s,

COTNWOOD

65

Other tree species present on sites
(or on nearby sites af approximately
the same elevation and topography).

—

Tree species

Cupressys pvamaega, Pinus muricata
Cupressus pygmaea, Pinus muricata—"

Pinus muricata

(at slightly higher elevations,

Fu%ther Fro% shore)

Picea sitchensis:

Pinus attenvata, Pipus monticola

Populus tremuloides °
inus balfouriana
inus monticolay Pinus jeffrevi,

"o

5
:
3
Cood
3
S
2
%
%
3
p
%
3

concolor

jeffrevi (neé??y)

inus albicaulis _ . o A )
ys jeffrevi, Eggg}ds tremvloides
inus monticola, Abies Magngfigg“ﬁ
us i eyi, agiég concolopr |
maanifica, Populus tremuloides -~

jeffrevi, Abies concolor
&

-\
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Table 3.6 (_con,tinueg!\) A —
o -7 : ®
47 RIDGI0SO Picg_,gngglnangii, Populus Ing39101d e
“ . h .
- .18 50U3100 Picea- gngelgannn, Pipus flexilis
- 19 VALL3400 _ Picea engelmannii, Pinus flexilis, . «
Abies lasiocarpa 2
20 VALL2540 , Populus tremuloides
| ) ’ (along the lake shore with.P. ~c~ontorfa); Y
Pinus : 0S4, Einus'flexilis,
i . ( at‘slighxly higher drier elevations)o
. 1 .
21 NOR30S Pinus flexilis, Picea enge
- . 33 .o
N E. _—_— . Sy )
Abies lgsigcarga,oﬂggulo;’1ngnu;oidgs
) - 22 FRASER none . ' L . ¢
' 23 MEAD.CR. . Picea engelmanii (nearby) -
" 24 UTAH ables lggggcarga, Eggulus zggnulold__s_
}: ov . N
3*. ) ) t . M
Ca »
, i
; & e @
:T p R N '
;:'
5 —
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) > A AT, T e R ; / - e CaraaliatiaRody . 0 i\ s ) _ir " :':, . L B ..
, < o : . . . . » , B T _: _» ; ‘:. . \.._ .
' ’ = / :- "‘ Iu' - T', * * “. -“:‘- “: ~ H b
. N ’ - : l“ i .‘.:; - : o ;' - “6‘" ‘;: =" , '4.“
N . o~ -\.“__ .:"_ .- .-"_\ ’ . :, : :-.:- ,-'_’ ‘,.:‘ Al .-: 3 . ~:“.
- t : e CHﬁPTER~4 R LRSS I
: - I AT s
. * » PRELIMINARY'DATA QNALYSIS“'*‘ :wfﬁ”’ LA T
& - oo e " NN
» . i &-': [ ;;’
) i. Introduction ) o
4 N . s 4 "A‘.::;’
- ) AN el S
. The general plan #or da?a analyszsq for :tbxs study, f.‘ %
>, ;7 fatl /» P <o - s,
.cons1s¢ed of  an 1teratzve sequential apprdééh, wﬁeré the
“ results of one nethd suggest appl;cation qf aqptﬁir nethﬁd. ;::'?ﬁu
\ - or suggest a plzcé?zon of a Methw¢ to & subsef o# thé:data . L
. % c‘lf . Ty U
As a Flrst stgp in thas prodadure foradafa analysis, 11 yég\ e 6
X necessarvr to Qeternine the‘ baszc type oghdata sfrucfbre e
a. ~ * .. ‘,
o ’ wh1ch was to be anal?zed, uhere the ferﬂt.“daia~ s?nucturéﬁﬁ R
refers. to the uay fﬁe sanple points (correspnnd1nq 10 cones lr‘
or locatzons) are arranged’in a sanple spa;e defzned *1n
» \ L - ’ ; .
terms of ‘cone charactérgg The baszc types mf data 5@ru¢ture~, e
L 4 (I n,‘:’.‘ « ‘E.
, may be 'oétegorized as continuous. or dzsconﬁ1huousng§nd “, s
. . . - . S 3, < R :‘, ,
Tiinear or non-linear, 0r10ci(1978) prooldes ufullgpa EPSER
discussion of these: concepts. . ;\“‘ . . : gt Ty
N - ‘ . . - . N . Js I =y ;T
. : . i
. \ . M
<, The raw data is g:ven in Appendlwdé for\ the neésured RN
& o ~ ;K‘ Wl v .\ o N "- e \'-_‘ ° .
. ‘cone characters, and also for the der1veqrcohe ;haracters. R
N - . i T e
. Each row in the data table glues the_ val&es Pﬁn* the ten“,h s
. cones usqd to .represent Sa part1cular loca7$on, w:th thgv- et
' names of the characters and the locatlons 1dent1€1&d by 1he~ L
—abbreyiatiens given in prevzous sectlons HoweVeroithe data . o
: % Bt
. structure cannot be deternlned dlrectly from thzs mau data, hee -
} , SRR ‘5:- e R
N v, . . sy s ) . .5.\\ ' ! »
. ) ’\ * \‘- .
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B i e R . e i e o e e .- A:jw-‘ - —-:n-;»«-o, woﬁ-u ~\4>A-. e awe vme e o s Premeyn — R ,-;‘:«.—-«'.»ﬁ.,-«-m—':
B g o - v e e oA 4 °:'m - o A T “ ™ " o i
\%‘ ° g -~ . A , ‘ L.A‘/‘
r % . ~ , ' d ’0 - . ‘ . . » 6 8’
£ A i - o - o -
SN . o \ :
15 ! ’ , ,: ‘ ‘~ . . ‘; - B \ . . ., N -
. . since~.the structure ‘of the sample spacevis deternined not
‘fg e K only by the rau data, but alsoz:cby the . resenblance +‘unc11on ]
.ot ©
' uh.ic!_a . ,1s : app11ed to - this data. g Thus, the selecuon of 'a. '
'“ * . . ‘ . :.-.- ‘l v “ }
) - . resemblance Funczuon is. of, critical ‘importance to any &
A - h Y < T . .
’ investigation ga“\data sstructure. '
} . . . - )l‘ ¥ ‘4 L2 Y . - d!
. N <] [ . - i . ¢_§ . s
. 9 . ‘ 3 . . o 2 .
I T For ease of J.ntémon ¢f thé- data structure in-
th v M Y . ? ¢
e+ °. o
T terns of o spa#:.al analogy, a Euchdean resenblance f‘unct:l.on
£ . L .
k J’ . * s deszrable. Houever_', the standard:.-zat:.on or, Me:tghta.ﬂg 6f
? ® ° ' ’ ' ) . - ! . . - -
: M variables = must ' be  carefully cogdered to  avoid
3 . . . o ] . LN . s . -
[: o . misrepresentation or. distortion of -+ the resemblance
“ 5 - . . e " - v <
G, strycture. - . ° ) ,
2 ' o . L - - LN o ) . . ; - ' " - y% . .
v_f L, F .. ;t)\ its sinples"‘f formy the Euglidean distance,{ between a -
:Yp‘t -,//' ; g '\ ) S » e’ ‘ - 'a .
WL pair of’ ladzviduals, j and k, each described b9 the 5& p
U g i " . N/
o, ST ariables, 15’ defined by ) e . ) ) .
| . Ty N / ; ' ) .
TR “:. e ; ‘[ ((X X \-J 0 . T % :
- Lo = hy = Rhx s et '
T T, E(J’k) L ' T . TN
- T :’ EE e ' / . ¢ - ° -’ - 0 ¥ é < 5 * 0
o : ) ..'~ s \ Toee T
N . * N 3 P ° h } . ,Qs‘ "‘“’“ ° : - \ ‘ i " : *
. .. .
. - ahere X,‘, vand Xk - are the. \ralues o+‘ ;he hth variable. for s
<3 - " a *
" ‘“ . 7 -5 R { R . 1 - .
i . 1ndav;duals J .and k, respectzve‘ly o’ Houeoer, this, smple _ '
i . - ) ‘~~‘~"\ :.‘ N ° v . r- T ¢ »
; . R form has serious problens §n -vhat it requires co% nsurable
I e vﬁ«;:bles, and evén ' then, is dominated by those ria‘bleQ
. ' ! . LY T av SR L . ' -
e b q N . & . .
cler © ,/ wlth the largest .varian.on.‘ Hence,_ standarédizatmn is- L
LA 3 TS UL BRI " - . - o . . -
. N . * » " » N .' 4
;\ ) Yo usua.119 carried out tw dzviding the variabl.es by f'heir,-
v -~ :‘o‘l' e ~"| % u .. . . 1
e ;fandard deviation,{ so that a, difference between “a pa:l.m o-F‘*”'i .
e o te s . S
I ind;y;dual‘“““ u,irtﬁ respact to any vaniab'le is expres‘(ged in .
~ - 2’/ o I . S
Vs ‘. uni;ts of, sfandard d&via}ti"ons of that var:.able The probldm , - ¢
SR bf‘ith succh standardizafion is xhat it can have the e-ﬁ‘f‘ect of
"«':‘.‘v—‘- . “6 . ;‘ . . ' Aﬂ; "\_ . . 7_‘ . v o . - 1'. ' - e . o D ) .;‘\\PV'@’:{"'
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obscuring trends, by foprcing a spherical shape-on she_ data , C

. . ~- / P!

strucure. v ‘ ) ot i ﬁJ "

} + .a' ‘ - ‘ , \ . ; . .§

14 -~ . . . i .o . I{ »
R In the ! presenf study, advantage was taker of the fact
i 4 L. '

that  thene was' repllcated sanpllng of cones at éach )
- - Qs\ . . . . f{ ‘ L ., +
location, and thus for each variable’ 3 standard deviation ‘

o —*e

- -

could be tomputed based on the portion of variation which is

®

=% ] - - . . . . 2‘; -
- within. locatlon Uhen this'set of standard deviations " is, .
vsed to, standardle\\ Evclidean distance, a sdﬁericgl
éhape,is not {orced on the data, but‘rather there is greater. .

" o«-dispersian in the dlstrlbuflon of sanple poznts in sanple ° .
space in the direction of ‘those variahles, for whzch the .
'~ . <~ ‘\— :‘ . . “;/: - ,
variation between locations is largest &n relatien<to their 1 .

! [ . N o . : “ R
vardiation within locations. ) .
s . ' > ’ ~~ : ' -t T—“w\ " *r ’a
) ,.the regemblance function used for ‘investigatibn-
L - AN . R . ; *
. of the data structure is gi en by o o ’ S
. Q g@} f/ “ Lt Lo < . A [
] R . T L . i .
i o~ ac ' -
e(J,k)z, [2: (XF'; "Xhib /C? R . ¢ "," L - -
. . : N
’ ' .- - . = e AT 3 -4
. -;’s . e @ ° (°. ¢ - - -
where {lasn . .
¢ o~ ® 'Y"'t ‘. Ry a.h‘ . Lot » X .’w ‘.‘ ‘;\L\;* T ' q‘

1s‘the ‘standard deviafion of va 1ab{§,ﬁh 'fhin locétimns# oy

a is the nonger of iocatrons, : ~’“‘fw .fw“ o
e LT R e -
- TR e Lk e et # “ Ty,
. n is Jhe*nynggr of replicates per iotataon, ,,‘*wﬂf _ .7
. e ~ o G Cen ) A ‘/ﬁ.x . Lo
# N W o e
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, . © A computer progran was wrltten to «per¢orn.'this data .
\ ' N
s%andard;zatxen and at the same.rime compute and prznt the
- U
Means, standard dev1at1ons, M1n1na, and maxima Por_weach

>

var:able at each®location prior to standardization, as well"

’

T .as ‘ ordered list.of the standardlzed valnes of the stand

< means; these results are presented in Appendix B.

- b B 3

7 a

3

. . 2. Three-Dimensional Views of .the Data Structure

i ! kS : ?
@ e s

%

——r

. . A bery wuseful tool for theﬂ investigation of data

4 &

structure has been provzded by Fewster and 0r10c1(1978), who -

. ) have developed a prpgran which plots data points. in the form

of a sfereoéran 10 entble a three~dlmens1ona1 view of the

‘Y, - - -~
s [ . .

- data structure. Sznce the data for this studyluere deflned ’

e in terms . 9of nine dimensions (correspondxng to the nine :
N - . P . T . ‘ . - - ; R
o . ‘selected cone characters), a procedure, was required to

*
-

redvce’ the data to.three dimensions in order to allow such a

- L .o

three-dimé@nsional view.. The- mast efficient method for

A e eunnebiiingu'_lineaﬁ'~ variation in . fewer dimensions is.
; ' - i . ML . i

principal. ciMponent analysis (Or16ci,1978)>,  Although the

- -a-‘-*«: . . R . . . ‘. . T T

- > presence of non-linear  variation, and

- disensionality  may ° botﬁ"‘*qéuée dis ortlon in the .
KU . P4 o

L]

Aaf o h
-

oo

ry 3 .
the  redyction of-

.

AT T T
iy v
. .

“ .
-
\
5 -

répresenta«ion of .the data struc ure; nevertheless,

§

e ;‘ uzdespread appllcaflons of thxs fechnigpe haoe Bhown that it |
%é* -y %f' i'f;_ qu1te robust 'and use#ul in, providing 1nsight into data ,' b
é “: 3 gtﬁuékéﬁ;. ) (Several\ dozen .reﬁerenées ato successful N~

.?m . s - L ‘ \- ,A'f . ‘. a'.‘, o
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R A e A £¢W*ws~p~ma&ww~wmwp,§z. o , T AR TSR SR EET PR A 5] o ”: -
2 . - ‘ ' : "
% : — . 4 .
- - | ©o1
[ ) ) M ’ . - ‘ ) . :
. ‘ RN I o . .
S P applications) of grincipal component analysis are givén on
. o * >~ . , .

L “page $£47 of Orloci(4978).) Thus, it was decided to .apply

this lingar technique, in order to obtain. whatever insights ..
. 4 . S . - . "
- : it could provide, and then follow—up with .an investigation

of the extent of distortiqﬁ of the data structure.’ .
-

° Principal component analysis produces an ordered sets of

- o . - . . -~ N - ‘ L .
¥ orthogonal axes (réferred tp as componénts), which have the -

. o \
. property that the first axis is _chosen in the direction of

o L4
~ ° , * ’

\ ; maximum variance of the sample points in sample space, and i
‘s K N

. ) .
. i, successive axes are chosen ;Ey that each maximizes. along

| »

o ”

\ . . . | & . .
* itself " the variance remaining Pre&é$he preceding axes, in a
‘ . e . ! -
direction perpendicvlar to those axes. The score of.
’ S " individval j on component i (réferred to as a component
’ o - R
score) is computed by the linear transformation  °
i , . .
) . - .
‘Y"J = AJ b; ’

s » : ’

AR AP R By ¢ o
.

where b, is the Ith eigenvector of the cross-product matrix

e

? .S=AA/, normalized so that bybf=i, ¢ )
. ‘ \ ‘ .
' . ! . ’ ( .
o A; is the vector repregsenfing individval j in tenms of the

. mr;qina& data set, after céntpring the data with respect to -

L] . 3 N

. . each character; that is, ] . ) .

L A =G -RN A, - -

+ . ) - 4
A .
'




\. . ~
where Qk in this case waé chosen 1o be the standard
. N ‘

. . - . i _a-

deviation- within locations for character "h; so that the
representation of distances between sample pbint9~ 3%u1q be-
consistent with | the standardized Euclidean distaﬁcg

1

'\ discussed previously.

v .. ﬁ?‘
The elements G&F“rthe eigenvectors (referred to as

4 .
’

component coefficients) are directioDl cosines expressing the

direction of component i in terMs of  the  original
. N g -

d ° . . ~ - .

' chardcters, ‘"  Associated with .- each eigenvector is -an

v «

eigenvalve or . characteristic root, .y , whose relative.

I £l

magnitude gives the proportion of| the varignce in the
direction of component i The algorithm Osed for principal

component analysis was the- R-algorithm® desciibed in
Orloci(1978),° with- ‘minor "modifitations to ‘the- computer

“ a

prdgran which is . given in that book)| These modifications
"included . thg\ explicit computatﬁoh hd " printing of " the
- , & ' ! RN . .

\

percent .of variance associated with each compénent, and the

. linear correlation of the components; with the original

. . ot - b ’.'i:\" , , o »

of thé ith_ gomponent
2

variables. Théd correlation coefficient
- - :

“with the hth chapécter is defined byf(0P10c£,1978)l

’ ) AN ' 5
f‘i; = by (n /553/1

\}
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- As a"First step, prlnezpal ;components analysis was

' \. s

applied fo the set of gAO cones (24 locatlons with 40 cones

3 ‘ -

per locataﬁn), and a stereogqam of. the Flrst three principal

1. i B

~

_;conponent was plo%ted (Fig 4 ). The computer prlnt ouJ;

’

of the reaults 15 presented in Appendég CQ qnd/ the na;g
* .
sc

ﬂH

“features “|of - these results are dis 5 ed below, In this

. >

'case, the first three principal components Taccount for' a

toxai_of 82% of the variance. Except for cone volume, which

has a correlatican of only -.05, all of fﬁe coneu.cbaracfers

v

have correlations with the first .piincipél component of
: . ! .. i

magnitvdes gréater than..6; these large correlations are

not vunexpected §s‘ince this:first component accounts for S9%

-
-

of the variance. The general conclision that can: be drawn

¥

is. that the mdin variation among-the cones (relative to

variation within locations) is a uar%@tion in the serotiny’

and éhape_of the c%nes,rather than their size. The largest

- —
e

magnitudes , of correlations with - the first  principal

- . ¢

:conponen# rare  for the following characters: apophysis

ot - N . ‘A

height/width . (.89), serotiny (.88), and  4pophysis

heigh%/&enéfh (.84), ., ,Thus, the main trend in the data

expressed in the dfrec&ion—bf'the*?irSf principal component

N o, _,f_ . . - L * .
is an increase inm, cone serotiny and "knobbiness" af the
’ o

Bl

apophyses. Associated. with 1h15 trend is an increase in

spegi?ib qravzty, an increase 1h fhe ratia of cone widthlﬁo
«* a .
cone 1ength, a decrease 1n the-synmetry of the cones, and a.

decrease ., in the .ratio ofm‘cone'yo;gig to the volume of a

&ylznden of the same 1eﬁg?h.and°hidfh~( an increase in.

. oo .
. ' N -
\ ! . v * . 3 . ‘ N - 7 3
» : . . . .
3 .

S
T

s *
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"

the extent to which the cones depart from a cylindrical .§
e x —r

. shape). The second principal component ”h§s a ‘nodg?atély
large negative correlation with spétéfic gravity (-.57), and Y-
a moderately large positive correLq;Lbn with cone uolune'
(.54), and so appears to correspond to a trend along’which _
cones become‘Larger in‘uolume although thé%% wéight remains

v

- approximately constant so .that their specific gravity

decreases. The, third principal component has a moderately

o

large negétiue corralation with volume (-.64), airhough the
correlation with specific gravity is relatively small

{(—.44); hencé% this component appears to correspond 1o a
- i

- trend along which cone volupe decreases while specific

gravity remains approximately cogstant.

=
- ¢

Examination of the gtereogram of the 240 cones plotted

A

¢

on their first three principal conponents“.(Fié. 4.4y,
reveals éhat is abparentlyza sipglé &loud of points with no”
i evide;f\ gr&bp "structure. Howéve?, when this same data is
replotted with each ' cope represented \Qy a synbolc

corresponding to its qepﬁ?aphic region (with, separate

S§nbois being vsed for the populations with and without

P

C oy i \
serotinovs cones in the coas?af“ﬁbgion); this single cloud 2

is seen to consist of four overlapping groups (Figure 4.2).
o ‘ 24

»
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Fiqure 4.2 Stereogram of the 240 cones plogted on their
first fhree princip%l conponents. ) Co
\ - - L. -
Circles 1den11€y the populatyons w1th ser tlnous cones

of. the coastal reglon

Triangles idedpify the popuvlations with non-serotinous

cones of the goastal regioﬁ: , < .
Plus signs 1dent1f¢r the populations of the Sierra
Nevada region. , ' ’
X’s identify the populations , of the  Rocky Mountain
region-
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Ihe'geographic regions identified by these symbols are as
follows: L. . - : .

-
N o . e

. ‘ F]

.

-

circles identify the“populations with serotinous conés .

of the coastal region; o

> .
.
‘ N ’.

* triangles identify the populations with non-serotinous

cones of th{Zjcoastal region;

a plus sign identiff@s the Sierra Nevada region;

.

i

can X identifies the Rocky Mountain region.

-

R U

A much clearer picture of group structure "is obtained

when advantage is again, taken of the replicaiion:of cones at

1 - -

each location. Recall that the number of replicates was

‘chosen.so_as to most efficiently represent a location, since
CE

the #ain objective of this research'is the investigation of

< o ° -

the ~ variation among locations rather than among individual

:

cones. Figure 4.3 showus ghq} when “the ‘"noise™ Aassociated

* »

with Variation within locations is reduced by averaging the

- o

charatter values for each location, then a very clear group

structure is revealed. Figure 4.3, is a stereogram of the’

. ~
G

first three. principal cdnponénts resuvlting from the
. i o 4

. e
application’ of principal components analysis to the mean

,

values of the cone characters for each location .

! \

(standardized as” previously described). The same notation

ishuséd in Figure 4.3 as -Wwas used in Figure 4.2 to represent
N b4 » -

geographic regions. - . ' y
. we

~

v
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Figure 4.3 Stereogram of the 24 locations plotted on- their
first thrée principal. conponents _ b

Czrcles 1den11?9 the populations with serot1nous cones
of the -coastal region.

Triangles identify the populat1ons with’ non-serotinous

cones of the coastal region. ) - -
' ‘Plus signs | identify - the popuiations of the Sierra __
Nevada region. Yoo §

’ v

X's identify the populations _of the “Rocky Mountain
region. . '
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The betailed results “of the principal components

j :
analysis of the 24, locations are presented in Appendix D.

4% of‘theithtal variance is accounted for by the Ffirst

» -

The first principal component,

three principal components.

i

which dccoupts for 75% of the wvariance, has essentially the.

same interbretation as for the first principal component in

>

the analysis-of the individual cones, but with even higher
i . far} .

correlafion’ with those characters expressing cone shape and
L. L
serotiny’; or correlations

I
. —
i

example, the largest are a’
correlation of .96 with apophysis height/width, .and a

1
I

. correlisiongbf .94 with~cone gserotiny. _  The second principal
comp&nenf has a moderately large negative correlation with
specific quviTy (-.Sg{, and a -moderately large positive
corrélatiom -with cone wvelume (.S54), a resvlt which’is -

. , -

the

.

similac to!that«?or the second principal component for

cone data; however, there is &, differgnce

“individual
. between thd two cases in that the second principal component

. o - 4
“ for thg lqcation‘ﬁeans alse has a moderately large positive

correlation with the ratio of ‘'cone ‘width to)

cone length

(.S1). This suggests that this character is of wmore

importance For'distinguishing variation among locations than

it was for distinguishing variation among individuval cones.

%

‘In terms of éeogréphig regions, "this second component
» N

.

sepafatgs . the Rocky Mountain locations from the cloesed-cone

céastal populatigns, The third principal component for the ..

~

location data has a nodefately large positive correlation

with cone volume (.64) and relatively small corrélation'wirﬁ

-

>

S
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. representation of the'resenblanees among locations.

LR
LEN
&

-

specific gravity, (;33); thvus, it hag essentially the same

interpretation as for the principél components ‘aﬁalysis L of

«
2

the individual cones, only the s1gn "of_  the axis 19 reversed

v N -
- _-‘

wzth respect to cone volume. . . v ) . '
. , . &
. ) > .- )
The fact that the first three. principal components
! .

4

account for 24X of the: va;iance sugggsts that there is.

t

probably neot nuch dlstortlon in represenfat:on of the data,

<ﬁP
-

structure for the loca11ons by a three dimensioenal

stereoqgram; however, it pas considered :fdgsirable Toto,

investigate the extent of distortion dve to reduction of

dimensionality and peszible non-linearity by an independent

«

,*”*"approach. The technique vsed, and the motivation for that

technique, were the san§ as for “the pileot-study -used to
determine the number >o€ ‘replicateé fog, ea;h locatgon; A
;anéiy, a coﬂrelétion.of_natriceé of .résénblances,Obetween.
locations. . Appendix E pbesen?é the results of the .

conputatzon oF Euc11dean dzstances befbeen fhe locatlons

.

(sﬁén@ardi;e{ as nrévwonsly descvzged), based on the ?ull
set ‘of 509e_‘\charaa¢ers, ‘ Appendix F ppesepts_ ~the
'correspongfng matrix of ‘géclideaa diétanCQS‘Baéed gnly on
the {hrée first, PﬁégfipalA c{nponéqtgl' The correlation
be¢ueen the two‘ sets of dia}anﬁe;' éivén' by’ these t&ét

natr1ces was conputéd to be .993, xndzcatlng that the three

d1Men910na1 stereogran provifes a_ very accurate overall

. s

.o . . , . e

. .
~ “ Fal * 3
J ~ AP
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' | The conclusion at ' this stage of the investigation was, o

. \ . ‘ e ] ’ . - 7 . ’ ' . - N
L . » . . ¢

. - that thene— appeared to be a strong ghoup strycture in the \

?‘ . . \: ' ." » ) & -

data, conforming to the geographic regions recognized by -

-

¢ £

Crit hfleId(i9S7> ?31h the addrwxon that the cIosed-cone

- popu;a;1on ?ron ‘the coastal, nountalns mf 'norQhuestern-

N ’ b

California  was grouped uzth the closed—cone population Fron

t a

i - %3 L, Mendocino. The next steps of(;&e daxa ‘analysxg, fnot;vated
. L0 \ ! '

.
’ - . . -

{. by this three d1nens1ona1‘1noestigat1on of datafgﬁructbre,

. ) P o
\ uere the appllcataon o€ cIus*erzng Jechn;quesoas additional .
!

5

checks pn the group structure, followed by an, 1huestzgatxon
_ .« -of the d:?ferences anpﬁb groups, and then the app11catzon of

. ordination. techniques - to study varxat1on uith1n the

1
’ N . . . N

o v identified groups. (hese an#iyses ' are discussed in the

. - 7
H ‘ .. w . -

sections which follow' S L *&».

s

.
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4. Clustering o e ™~

~

o .
- - . ~
- N~ .
- . ~ A -

- This section describes the application of various
' s .

R . . . " . ’
clystering algorithms in an attempt to identify natural

groups in the data, where the term "natéral groups" is wused

o

to indicate that the distribution of sample points in sample

13

space is discontinuvous, consisting of high density clusters,

" separated from each other by ieg;ons of low density. Since ._

& division of the stands into four ‘natural groups has

already been sqgéested by the three-dimensional stereogranm
of the first three principal components, %h%///fépsf

clustering method applied’consisfé@ of an algorithmdesigned

. -

. N ) ’ p
to provide a deterministic test of the hypothesis ‘that a

‘ sbecifiqd number of natural groups exist in the data. This

~

method,. which is . “referred to. as clustering by
Tﬂ&ighboulhoods7“ was developed by Or16citi978) ‘through

modifications of a methéd oﬁﬁginaily described by
| &1\\\. N B} ‘
Jancey(1974). ° The method is based on a definitivn of

~
~

discontinuity according to whith one group of data points is
RN .« ~ [4
TN ‘ \\ ) -\ < o
discontinuous with_ another group if nbne  of 1;§\p01n¢

~

; - T
neighbourhoods, 'with gi@én\radf?é\g,,overlap with any of the

nEingourhoods with the sang‘?adigj:if the other group. The
aléoritﬁh was inplemented using ~pf gram TRGRPS .which is
given {n’Orlnci(i978); Details of the BEthod}ang presented

in tﬁg following paragraph. *

.-
. 5 ) : . xS
: 82 : - .' y
. . ' . R
v . "
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diven radivs r, is de?lned as the\s t of data po;n%% which

are within d1stance r-of that i dzvlduéi\»ggta ~po:.nt. In

-\ - T . - - - - \_4._._ ...... —

this partzcular Aap 11c on, the dlstances 5§ed\3?re the
‘Evclidean dlstance standardized as described in a prevzous

section.’ ighbourhoods are said to be overlapping if {hey

-have one or more data points in- common. ~Input to the
algerithm consists of a hypothesis speci?yind the number of

groups, G, an initial value of neighbourhood radivs, r=c,

., and. an increment D for this radius. ‘Neighbourhoods of -

-radius r are formed around fhé‘data pointg ,and “the point;
are assigned to the séne group if‘théir ﬁeighbnurﬁoods
overlap with those of any other point in <that group If the
'result1ng number of groups, g, equals G, then ?he hypothes:s
regarding the number of groups is accepted. If g is grgater
thaﬂl-G, the;\Jhé neighbo;rhood radius is increnen%ed by b;
andf?ﬁe c{ustering and counting of groups is repeated. fIf g
is leségthan G, then the original hypothesis is rejected zin

terngipf radii greater than or equal to r), and. the program

'prdceeds to test the hypdthesié of G-1 groups.

Clustering by neighbourhoods was performed for the Fata

-

representing 24  locations, each described by 9 cone

characters, specify;ﬁg as a hypothesis that there eiié?ed,

four groups. The result was that <the \hypothesiéu was

accepted, and the members of fhe,fpbr géoups.were ddentical

‘to those . of the four groups previously ‘fecthized by

inspection of thé stereogram of the first three principal

- I -
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sample space. ., - s \\\\\\\\\\ .

components.: This result proyides further evidence of lack

of gignificant distortion in the three-dinengidnal view -of

~—

T

- e, - - - ] - T

To investigate the possible existence and éonposition
of othen hunbers ﬁf groups, clustering by neighbourhoods
ctould have Been appiied with otbec\ numbers of groups
speciiied as hypotheéeg; however, an equiyalent procedu;e
was used instead. Clustering by neighéburhopds is  a-

L

particular form of a more general clusteﬁing ne?hod %nown as
Vel S .

- single—linkaéﬁ\g?usterinq. .Llustering by me1ghbourhoods is

an efficient -procedure if one part:cular hypothesis

~.

concerning the number of groups is”of 1n;erest; otherwise,
a nore general single-linkage algorithm may be mnmore

efficiently vsed to generétE"all possible groups consistent

s <

with the definition of discontinuity used in clustering by

rmeighbourhoods . . -

/

Single-linkage clustering is a sequential agglomerative

nethod; that is, starting with the individval data points,
groups are formed by a sequential fusion of data points with
other points or with existing'gboups At each step, fusion

occurs be?ween the pair of data\foints (which aren’t yet in

- |

the same group) whlch are most 51n11ar, or equ1valently,
\

4 4

which are separated by' the smallesr d1stance in sanple
spéce.~ If one. or thh of the points which are fused have

prevzously*been fused/with other points to Forﬁ a group,

then “the groups of which they are members are fused. Thug,

, N « "\

P
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this technique implies that,the distance between “any 1two

N

L s it 2 0
\
\

4
\

grodps is equal to the minimum distance between any pair of

data points such that one member of the pair is a Menbe# of .

§
5 | each group. Additional ﬁetails of the méthod are given in %
; " Sneath anﬂl§ok%1(i973), and in Jardine and Sibson(i971). g
é Thé computer program used/to inplenen{ the method is part of
g the CLUSTAN package developed by Wishart(i978). _
% Figure 5.4 provides a dendrogram of the resvlts 2?

;
{
.
!
;
<
i

-

single-linkgge clustering = of the 24 lodations. The

lochtiqns are identified- by  their / code~names, and “the

vertical scale- of the dendrogram gives the square of the

. distance between data points, or groups, at yhich fusions
fake place. " The - foqr groups préviously defined by
clustering by neiéhbourhoods are clearlf evident. It is'
also,.evident that there is a significant range of values of
dissimilarity (or Prqn the point of view of clustering by
neighbourhoods; neighbpurhood'radius) corresponding gto whicg

the data divides into those four groups. Thus, this_

. . . /
grouping may be regarded as stable in the senge thazt

R AN A I A A e A ARy (B e L Y RN S A LN AN S

perturbations in valuves of cone characters resuvlting in

rei;tiuely snall'pertgrbatioﬂs in the dissimilarity between w
pairs‘ofhlocaxions will pe unlikely to modify the éontent of
these  four groups.  In  contrast, relatively small
perturbations in dissinflarity tould significéntly alter‘the
pattern ‘of fusions at lower levels in the dendrogram,

. indicating that these groupings are more arbitpary. o ' i

.
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The dendrogram shows that the. four groups are oombined

by singf&—linkage clustering to form two larger groups, one

~of which consists of the combination of .the closed-cone -

e
- -

coastal populations with the ﬁocky Mountain populatiens, atid

the other consists of the combination of the aopen-cone
) - / .

coastal populations with the Sierra Nevada populations. .The

Rocky Mountain group could be fur?Qer subdivided into two

B

groups: a group of three sites which have mMainly. serotinous
cones and ; group of five sites for which the cones are
#mainly non-serotinous. The dendrogram shows that’ these two
Rocky Mountain groups were more similar to eaﬁh other than
either. was to the closed-cone coastal group. It is also of
interest to note that although both the overall divisign of

the locations into two groups, as well as the interpretation

of the first principal component, emphasized cone serotiny

-
-

as one of  the most inportan; diagngétic characters;
nevertheless, the open-cone and c;osea-coné populations” ?FKV”w
the Rocky Mountains fused to, form a single group} that is,
differénces in cone serotiny did not over-ride similarity
?ased on other characteristics of these coneé from the*'Rocky

P _ v

Mountain region.

.

Within the Sierra Nevada group, two of the‘leleven
. . . .
locations . display a noticeablé' difference Fron)tﬁg;vther~
nine; namely, Big Bear Lake and the lower elebation site
near Bishop Creek, Qoweuer, this difference between 1hg§e

two sites and the other Sierya Nevada sites is not large

~when compared to the difference between Sierra Nevada sites
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. .Mwmwm’*f‘“\‘#"‘{’wﬁ!’};

and locations from other . geographic n_eqiqns‘.M - An

b S . e

winvestigation - of /¥hese'ﬂfﬁ¥erences among the Sierra Nevada

‘ S sites will be discussed in a subsequent section. :

-y - - .- - ..?-'"

‘ Single 1lihkage clustering is oftén called nearest
‘ -‘meighbour clustering, because .%hg distance betwaen two

. groups (where a group #may consist of a single point) -is.

.-

»
.

defined to be the distance between ,Z the two nearest

neighbours in each of the groubsf The direct opposite of

AN Al SNm e

‘ i* this . technique is conﬁlefé linkage' clustering
é (Sorensen,1948), which is. alse called farthest neighbour
t

‘ ) clustering, because the distance between two groups is

)

7 defined to be the distance between the twe point% which are

‘ farthest neighbours in each ,of the groups. Both single
‘ . ) ~ linkage clustering and complete linkége ‘clustering are
‘ { ' described by Lance and Williams(i947) as "space distof?ingﬁ;

7 N .
\ in the sense that theﬁépace in the vicinity of a cluster

‘appears to become distorted as.a clqstér grows through the

H

‘ addition of new “points. Singlea 1link3ge clustering and
: complete linkage clustering each distort space ip an
| ] : S
‘ opposite manrer: ,single 1linkage clusterin§ is “space ‘

4
'

, contracting®, which means that as a group grows larqger its

-
R SN I VT Ao etemtnsn 1, -

‘ 1 computed distance from other groups decreases as thdbgh the s
| ' ‘ :

. .“/ I Q =
‘ : , space gpound the group were contracting; complete linkage & §
. ) ; .

clustering -is "space dilating", which means that as a group

grows larger - its -computed distance from other groups

increases as though it were receeding ﬁron then_'in space.

3 »

‘A3 a result of these opp&site types, of space distertion,
. . . Pt .
N\,
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single liqyage,ciusterjﬁg.usually qpoddces 1ong'*chains as
clusters; whereas, rr:;onplete_ linkage clustering tends td
produce compact, hyperspherical groups. :

3

To avoid the gpXxtremes of . §pa

ce distortion resQltfﬁg

" from either single 1

Il

inkage éiustering or copplete_liﬁkage
~,: clustering, Sokal and Michener (1958Y developed a family of

]

techniques known as average linkage clustering, which are

* space conserving in. the sense that group size dees not

distance
0

affect the Eongﬁféd between

grouvps. These

) té&ﬁniques all involve the .computation of an average

distance beéugénftuo groups, but differ. in the way that they

R A}
define_ this average distance. The particular -

)

averdge
~ . .
~linkage clustering technique used for this study is the one

rq€e5red to as vunweighted centroid K sorting. In this-

L ’ :

technique, the distance between a pair of groups is defined

. ]

= to be the distance between }he'éentnoids of the two groups.

]

. This technique s describéqk in Orloeci(i978) in terms of
. » , - -

A}

similarity; however, for ease ©f comparison’ with the
results of single 1linkage clustering and complete iinkage
clustering, implementation of the technique was carried out

in  terms- .of distances vusing a computer prdgram from the

CLUSTAN package (Uishar?,i??B). (This package was also,uéed

. B
.

for complete linkage clustering; as ‘well as for single
linkage tlustering.) ; '

e

results  of

-~

- Dendrograms

bf"thé complete linkage
clustering and average lihkége. clustering aré‘wgiOEn in

.

a4
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Figures 5.2 and 5.3, respgctiuélg., The notation used for

these dendrograws— cerresponds to that vsed for Figure 5.1,

with the vertical scale providing the square of the distance

between  groups at which fusion takes place. As expected

-
from the definitions of distances between groups for each

7 ‘ M 8 9
)
. >
. . -
‘.

Z . A .
algarithm, these fusion distances are generally greater for

average 1linkage clustering than for single linkgge

',clustering, ' and, are greatest for complete linkage

- ls
clustering; howjber, it is a comparison of the pattern of

fusion which is of interest, rather than the numerital values

at which fusion gakes’@lacé. . ~ .
| B

For all three clustering technigues, the same sites are

'cdnbinediyp form the same four groups, thus providing strong

confirmation of the existence of these four natural dgroups

~ .

which 'cbrrespond to the four sﬁbspecies recognized by

Criich?iFld(i?S?) (with the extension of ,hisgﬁﬁendocino

subsggcdes to"| include the closed cone population from

Gasquet, 1S miles from the northern California coast). This

strong | discontlinuity in the data covld be the result of.

discontinuous %amplinq, but this , is " the only possible
' - . -~ "

sampling at this + latitude since (except for(ipe coastal

groups)' the groups are geographically sepqrated: It would

be  interesting to perform this same analysis for samples-
. . o N

from sites further north, where the geographic separation

b ) : -
between the subspécies defined by Critchfield is less. (See

-

Figuﬁe\ifil) .

"

P
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The three clustering resuvlts have other similarities

<

which ‘are worth' hoting. The four groups fuse to form the
R s~ L i
same two groups for all methods;— .namely,.a combination .of

—~the closed-cone coastal populations with the Rocky Mountain

populations, and a combination of thE»'“éierr; Nevada
populations with ?pe cpen-coned coastal populations.’ For
all three methods, {Be Rocky Mountain group is subdivided
inte two ‘groups corresponding to open-coné and closed-cone
populatisns. "Within the Sierra Nevada group, the same 1two
sites fuse last with the rest of The group according to all

three Me{hOQS; namely, Big Bear Lake and the site at an

elevatiog of 2400 meters near Bishop Creek.

'
,

The only difference in the pattern of fusion for the

With all three techniques it is evident, from the dendrograms
that the pattern of fusion within the Sierra Nevada group

-

would be sensitive to small perturbations 'in sinilari%y
betgsen sites. Thus, comparison of the three déndroqrans
implies the existence of an essentially continous data
. structure within the Sierra\Neoada‘group. Notice that the
dendrogram for average linkage clustering displays
"reuersals". within the~ fusion ~ pattern; fof example, the

Kaiser and Huntingdon Lake populations fuse , at én average

distance which is greater than the average.distance at which

‘ »e
their centroid sybsequently fuses with the popt¢lation from
oy, . <.

3050 meters elevation ‘neaf Bishop Cfeek. Jardine and
8ibson(1971) reject average linkage c%ustering on
-~ - ) . }‘ -
x »

different methods occurs within the Sierra Nevada group;‘

90

»
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% . theoretical grounds because of this lack of mondtonicity in
! the fusion patterﬂ; however, in the present application it

_

cdn be seen that the reversals iq the fuysion pattern do not
.4* B -

e . .
seriously affect the’ interpretation ‘of the clustering

results.
The acceptance of the existence of the four natural .
) [ groups suggests ‘gahe need. for investigation of the !
: g .
" . - differences between the groups in ‘terms of their cone

\gparacteristics, and also their environments, as well as

, " “hore detailed study of the variatign within esach group. For
example, in what ways are . the closed—-cone coastal

populatfbns more sinilgr to the geogréphicaily distant Rocky

\ /

\ Mountain populations than they are to the geographically

adjacgnt open-cone coastal podulations? (There is obviouvsly
more involved than cone serotiny, sincé the. Rocky Mountain
group ié composed of both serotinous and non-serotinous
populations, and the Rocky Mountain and clésed-cone ceastal
populations comMbine not oniy for -single linkage clustering
but also for compl&te 1linkage®™clustering.) & parallél
i questiaﬁ could be asked coﬁcerning similarities in the

- AL ‘ !
envirgnments of the closed-cone coastal sites and the Rocky g

PO,

- Hountéin siWes,‘ as 'compared to differences between the’
‘ad jacent open—-cone and ‘closed-cone coastal sites. Also,
although the clustering results inpiy that wvariation agong
the four groups is much greater than variation within any

group; nevertheless, a search for secondary patterns of
. J .

variation within the groups with respect to variables such

e 2 .
,1 ¢

B
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as elevation and latitude ~ is still of interest.

Investigations of topics sfch as these are discussed in

subsequent sections.
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character for each of tﬁe four identified groups.

/ : | L

-

2. Differences among the Groups with respect to

‘Cone Characteristics . ) h

The previous section .provided strong evidence - for the
existefce of four natural groups based on characteristics of

the cones of Pinus contorta. - The goals of this gection are

to. provide a summary of the characteristics of the cones for

. -

_ , . -,
each of the ddentified groups, and to determine which cone

i

characteristi®s ~ best distinguish between éach pair of

3 -

P

groups. ) .

;
7

T.ablgs.i provides a -Summary -off the mean ‘- valves,

standard deviations, minima and maxima for each cone

’

In this

' <

table, the notation “ﬁ%ndocino“ is " used to refer to the
group containing not only the .populations with serotinous

cones from near Mendocino, but alse the population from near

< R

Gasquet; the notdtion “coastal" is vsed to refer to the

-

“

_coastal populations with non-serotinous cones.

&

“ - 3
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;: Table 9.4 Sumnar‘y of‘ Cone Character:.sucs f‘or < 3
;: . the 1dent1-Pzed Groups.
: - :
; . WABLE : serotiny ,_’
g 77 77 LocatioN | MEAN  sT.DEV.  MIN. - Mex.
g | WENDOCINO - 0.89 0.24 /4; 0.3t i -
E .
; COASTAL 028 0.047 - 0.24 0.37
g, SIERRAS 0.17 0.046 0.4 ‘ 5i29\\
: % ROCKIES 0.58 0.32 . 0.13 £
»% VARIABLE: volume N ' : T
ié LOCATION MEAN ST.DEV. T OMIN. | Hax.
;> MENDOCINO 6.09 1.66 4.1 . 4.2
L ﬁ. COASTAL = 5.93 '. 1.85 7., 3.9 9.3
L. 'f81ERRA92 8.35 . 2.82, 3.7 - 49
P ROCKIES  ~ 8.08 2.28 3.8 14.7
) «
VARIABLE: _apoph:ht. S
LOCATIGN " MEAN - ST.DEV. -  MIN. MAX.
™~ MENDOCIND 2.92 - 0.56 . 4.9 4
' COASTAL 2.58 0.s4 . 2 3.7 d
SIERRAS 2.45 © 0.50 1.5 T 4
ROCKIES ~ 3.88 0.87 ' 1.7 6.2
b o . o
. e . T , l
N .
¢ 3
. .
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H Table S.1i (continuved)
] © o~ VARIABLE: sp.gr. -
°  LOCATION . MEAN ST.DEV. MIN. MAX .
o : N .
. MENDOCINO 0.78 0.048 6.7 0.92
COASTAL  0.65 - 0,076 0.53 ~ 0.80
1 STERRAS 0.53 0,049 0.44 0.67
. - 0 .-
: ROCKIES 0.64 0.0724 0.45 0.890
oy - ~ ' : '
R | '
bl ' VARIABLE: cone.wid/1:
? LOCATION HEAN © sTiDEV. MIN. MAX . .
'+ MENDOCINO © - 0.52 - 0.048 0.43 0.62
P " COASTAL 0.48 0.042 Y . 9.s57
. & < . .
SIERRAS . D.47 0,058 0.35 ~ 0.66
ROCKIES S DL b4 6.064 . . 0.49 " 0.80
VARIABLE: vol/cylvol 5
LOCATION MEAN ST.DEV. '~ MIN. . MAX.
MENDOCING 0.37 o 0.039 0.27 .- 0.46
TCDASTAL 0.34 0.027 0.320 , 0.39
SIERRAS 0.38 . 0.035 0.34 0.46
ROCKIES 0.32 0.034 0.24 0.42 .
L ]
¢ “ /
/ J\ , -
23] ~
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Table S.i (continued)-
_ VARIABLE: symmetry
LOCATION MEAN
MENDOCING 0.85
COASTAL 0.88
SIERRAS. 0.95
ROCKIES ¢.85
VARIABLE: apogh.h/lu
LOCATION MEAN
MENDOCIND  ° 0.45
COASTAL 0.36
SIERRAS L 0.34,
RockiEs %52
| VARIABLE! . apoph.h/w.
- 4L ocaTION MEAN
MENDOCING 0,44
COASTAL., ~  0.36
 SIERRAS  0.30
ROCKIES,  0.48
& .
=

ST.DEV.
0.042

ST.DEV.
0.074
0.064
0.9@5

0.110

ST.DEV.
0.078
. 0.0%3
0.0%3

0.094

MIN.
0.79

0.79
"0.87

0.76

MIN.

0.31

0.28
" 0.22

0.32

MIN .

0.30
0.34
0.47

0.28

. i1

:

MAaX. %
g

0,560 §
0.52 ~ %

’ X
0.43 _g
0.8 5

MAX .
0.94
0.95
£.04

0.97

MAX
0.64

0.%54

0.85
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%gaorder to determine which cone characteristics ' best

1

distinguish between each pair of groups, the same algordithm

IR PROP WP T poey

was employed as had been used earlier for ranking characters

~

in brdér__to ‘thoose the set of characters for study -
'(Jancey,i979;. Althngh the lack/of random sampling - githin
éach group preuenté a st#ict statistical interpretation of
the resulting “nyafueé"; nevertheless, these’ valves are
vseful in a deterninisfi; sense in emphasizing those
chéradteég whose' variation between a pair of groups is
greatest relative to their variation ;;thin the groups. The
, _ following discugééon presents tables comparing each pair of
groups, where }ﬁe groups are idgptified by numbers: . f
"4 ‘refers to the coastal group with serotinous éQnes,
2 refers to the coastal group with non-serotipouﬁ-cones,

1 3 refers to the Sierra Nevada group, .

-4 refers to the Rocky Mountain dgroup. .

-

. The ranking ~of the characters based on their

. B N . .
discrimination between the serotinous and non-serotinous
. t

coastal grovups shows a rather clear distinction” between a

set of four characters which hdve quite large differences

L wwly W IR N Y I e gy

DA betweern these groups compared to their variation within fthe

e Mkt Lot e et e o Lecte »

groups, and the remaining five characters which have much

smaller differences between the groups compared to their L

variation within the groups. The four characters with the
“greatest diagnostic ability" for distinguighing 'between

’

this pair'of groups are measures of cone serotiny, specific.

‘gravity and apophysis shapefc whereas, four of the 6ther§i

<
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. . five characters are measures of cone size and cone shape.
. : ‘

Srmira:

In other words, the two coastal groups have cones which are

not distinguishable based'on their size and shape,’but which

can be distingpished not only on the basis of cone serotiny,

but also on the Sagis of coné specific gravity and apophysis 3

R gL

shape. From table 5.i, it can be’ seen that the/ coastal

o

group with serotinous coneés has cones which have higher
specific gravity than the coastal grobp with non-serotinous

" cones, as well qs_ﬁavipg épophyses whose height‘is greater

’

compared to their length and width.

€

—— e e

-

f . oo - =
1 ) ) Table‘S:Z CAARACTER RANKING BASED ON THEIB ABILITY

‘ TO DISCRIMINATE BETWEEN GRQUPS 4 AND 2
. .

TR RANK * CHARACTER . NUMBER F VALUE -

‘; i apoph.h/1. ) 8 ’ 26.7038 "
A 2 sehotiny ) It 87.5106
s 3 sp.gr. 4 ¥ 59.14173

/; -~ " s, N ) B
1 ' 4 apoph.h/w. e 9 i8.58

I N 5 cone.wid/1.  ° § « ° -  3.86948,
g ' / . - ] LA
¥ 6 apoph.ht. 3 - 3.4759
' 7 symmetr ) 7 i.4%2802

& 'y y\ . (‘-‘:?' \6\ N
B val/cylvol : 6 £ 19356
9 volume : - 2 0.10325
. SUM= 272.i82
3 “t, . ~
Ve t ‘
vy g Lo e useannes o W BRGNS
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At this point, it might be interegting to gé?°k at a

N {1
e e i o, i A /j
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comparison of <the two subgroups uixh?n the Rocky Mountain

group, since that division was also related to cbne_sergtiny

and yet -the clustering techniques did not make as sharp a

distinction between <the Rocky Mountain poguiations with

H

coastal populations with serotinous and

cones.

Table 5.3

RANK

L7 2 SRS - /U S | ¢

¥

o © N oy
¥
i

. apoph.h/1. . S

2

serotinous and non-serotinous cones as was made between the

non-serotinous

CHARACTER RANKING. BASED ON THEIR ABILITY

TO DISCRIMINATE BETWEEN THE TWO
ROCKY MOUNTAIN SUBGROUPS
CHARACTER NUMBER
seretiny = - T _i
apoph.ht. / oo
sp.gr.
apoph.h/u.

o -0 g ol

vol/cylvol

symmetry - o

volume

i N
p

cone.wid/1.

SUM=

F VALUE
115.57
i
2.1457

© 6.60649

1.72544 -
1.56601"
i.0829
0.33942
0.20450
0.04728
£§;.2§7

»e A

At e N WGl Bt i Y i | ¢ F D
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From table 5.3 it is evident that cone serotiny is much

e,
PP s LA

more dimportant than any other character at distinguishing

s g B

between the -two "Rocky Mountain subgroups and that, by

comparison, other characters such as specific gravity and

apophysis shape show relatively }ittie differentiation

-

between the populations with serotinous cones and the

pepulations with non—-serotinous cones. Thus, although the

A
coastal subdivision supports a generalization by

Ve e B SRR Pr IS N

Critchfield(1957) that variation in cone serotiny is

accompanied by variation in a group of cone characteristics,

-

iﬁEluding. specific gravity and apophysis shape;

nevertheless, the cvhbarison of the twotQRocky Mountain

subgroups demonstrates that this generalization is limited

in its applicability. Furthermore, the similarity of the

-

O e F S PN URRE L ey )

two Rocky Mountain subgroups in all other cone
‘characteristics except cone serotiny suppoerts the conclusion
that the Rocky Mountain populations .represent a- single

natural group with  similar cones except that some of them

D ENERARL CDIIR LAY 81 e RelEhd

Y
are open while others remain closed . (possibly for purely

environmental reasons, without any inherited difference).
7 .

Recall that the serotinous~c6hdition'of the coastal cones

has been. shgwn to be inherited (Jenny, Arkley, and

N

Schultz,1969). . .
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cylindrical shape than the Rocky Mountgipfgroﬁp. ,Also?

~

Consider next the comparison of the coéastal group with
serotinous cones and the Rocky Mountain group. From table

5.4 it can be seen. that the most important distinction

betueen. these groups is in the ratio of cone width to cone
_— /

length, and that there is also a definite difference’ in the

- -

ratioc of cone %glune to the volume of a cylinder of eqqg}

- \

length and diameter; that 1is, there are -“distinctive

differences in shape between the

coastal group with

There are

. s AN ;- * . ® .
also significant differences in cone volume aqﬁ in apophysis

sergtinous cones and the Rocky Mountain group.

height and a lesser difference in. specific  gravity}

howeogr; the cones of theé two groups are not distinguished

on the basis of cone serotiny, apophysis shape, or cone

- . b e
symmetry., From table 5.1, it is seen that the coastal group,

with serotineus cones /has cones of a narrower, More
- 4 Pl

although the Rocky Mountain group has apbpﬁysés'uitﬁ greater
height (which accounts for soﬁe'of_the diFFgrenée;;ntcéne
shapé);' nevertheless, the apophyses of the two groups are )

. :
essentially the same shape. ’ - ’ ”

™ \ . = \
- . .
.




- Table 5.4 CHARACTER RANKING BASED ON THEIR ABILITY

TO DISCRIMINATE BETWEEN GROUPS 1§ AND 4

RANK CHARACTER NUMBER : F VALUE ~
i cone.wid/1, S 41 .7309
2 “apoph.ht. | 3 26.3844
3 volume / : 2 15.1092 .
4 vol/cylvol ' b 14,3656
5 sp.;r. 4 | 12.8166
6 apoph.h/1. 8 5.69391
7 serotiny ‘ i 4.14847
/8 . apoph.h/w. 9 2.76009
9‘ synmetry ) /7 0.é33432

SUM= 423.143 -

The final comparison for the coastal group with
/
serotinous cones is Gith the Sierra Nevada group, as shown

in table S.S. Coﬁ% serotiny is, by far, the most important

character distinguishing between these two groups and, as

for the comparison of the two coastal groups, there are also
\ . -

important. differences in specific gravity and apophysis
shape. .Notice that the ratiec of épophysis height to
apophysis width shows much greater difference between the
coastal group with serotinous cones and the Sierra Nevada
group than the ratio of apbphysis height to apophysis

length; whereas, for the comparison- of the two coastal
. ; ’ , *
! groups the reverse was true. Another difference between

-

. t
these two comparisons is that cone symmetry differs greatly

P

between the coastal group with serotinous cones and the .

P

-
Py

)l

-

»

M..—i N
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Sierra Nevada group; whereas, cone symmetry for the two

<

ceastal groeups was gimidar. . A. similarity in both
comparigons, is that cone size and cone shape do not show
significant differences. From table 5.1, it can be seen

that, compared to the coastal group with serotinous cones,

the cones frqp the Sierra Nevada group have(lower specific

gravity, greater symmetry, and less "knobby" apdphyses, as

well as being non-sérotinous.

Table 5.5 CHARACTER RANKING BASED ON THEIR ABILITY

I *  T0 DISCRIMINATE BETWEEN GROUPS 4 AND 3

PR
K}
-

RANK CHARACTER NUMBER' F VALUE

serotiny ! 308.368;
sp.gr. : 134.547
symmetry {067.794
apoph.h/w. ' 56.6592

apoph.h/1. ' 21 .4067

St Y Sz SR O N

- volume - - 5.81334

apoph.ht. S 4 5¢60784

IR

cone.wid/1., 4.94893
volskylvol - ' D.46769
SUMz 647.582

T

)

-
[

- Now consider the comparison <of ' the remaining two

"California® groupé, that is, the coastal group with
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non-sergtinous canes and the Sierra Nevada group, which, is

/ -~

shown in table S.4. The nosf‘significant difference between
thﬁse two groups is in cone symmetry (with the Sierra Nevada

group pauing more éynnetrf@é cones). The second most

B

significant differepce between the two groups is in cone

serotin§. This may be a surprise, since both gfoups are

. x, . .
described as having non-serotinous cones; however, this

difference has been detected as a result of using the more

N

precise continuous measure of cone serotiny. This measure

. <
reveals that Sierra Nevada gopes are consistently open “more

completely® than the non-serotinous cones of the coastal

-

species. There. is alse an important diﬁferente'between
these. two groups in specific gravity; thus, the three most
important differences between the cones of the Siqrﬁa Nevada
group and the cones of the coastal grbup with non-serotinous
cones occur in the same characters as were most important in

distinguishing the coastal group with seroetinous cones from

N

the Sierra Nevada group, thus demonstrating the affinity

between the two coastal groups. As was the Ease for the

other comparisons among the "California" groups, differences
- b

in cone size and cone shape are relatively less important,

s

although +the Sierra Nevada coneé do have a Mdre cylindrical

shape. Differences between the coastal g;oup with

[}

non-sergﬁfgous cones and tpe'Sierra Nevada group are also

relatively snali\in apophysis height and. shape except 'that

H]

the Sierra Nevada cones tend to have rélatiOely wider

.

apophyses. -

-
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. Table S.6 . CHARACTER RANKING BASED *ON THEIR ABILITY
B TO DISCRIMINATE BETWEEN GROUPS 2 ~AND 3
RANK CHARACTER ’ NUMBER . F VALUE -
_ . "4 symmetry X .7 T 3%.0S75
2 serotiny ey 27.6107
3 Sp.gr. 4 _22.3056 K
4‘; M E -
’ 4 vol/cylvol. ) &6 i1 .8829 .
: g apoph.h/w. ® 9.38737 - .
! b volyme 2 4.38132
. ¢ " R
; { 7 apoph.ht. 3 .44674
P " . 8 apoph.h/1. 8 0.38147 -
9 cone.wid/1. - 5 .+ 0.2795% L
| \ ° ‘i'

2 SUM= 115683

Table §.7 conparés the coastal ' grouvp. - “with .,
non—serotin;Lé cones to TH@:Rocky Mountain gr%up. The two f\j
most significant differences are in -the ratio of cone width ;
to cone length, and in apophysis_ height,‘ recall that,theéeA |
e ‘wepre also/the most significant differences between thé Rocky |

Mountain group and the coastal group with serotinous cones.,

There are also important differences in apophysis ‘shape, but

e T S T R e R A Tasr e s

. notice that these shape differences are less important than

“
o

the difference in apophysis size, Except\ that thg Rocky

} Mountain cones are  somewhat larger, there are no other, e
A b :

distinctive differences in the conés of the two groups. /4% \

particular, there is ngf a significant difference in cone |

E—
PO S B
’ . & { - ! .
. e . “aat
K R -
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} serouny between these twor groups since not /only is the're“
. > > ¥
§ .wlde var:.at:.on in thls?character wlthln the .Rocky Mountas.n 2
i . 4
- . /populat10n§ but al_so thHe cones of the coastal group. with . - Sl
- nen-=serotinovs cones show some tendency toWward serotiny when !
neasured on a continuous scale. E
3 .‘g
; Table ‘.-7.7'g>~ CHARACTER ‘RANK&.ING BASED ON THEIR ABILITY ;
; TO DISCRIMINATE BETWEEN GROUPS 2 -AND 4
A .. ' 'RANK. CHARACTER " NUMBER F VALUE
i cone.wid/l, = . ° s - 58.7062
M—_—c ~ ‘
2 .apoph.ht. oo 3 45,2298 :
. < ° * mw* )
. 3 apoph.h/1. 8 24.6878 ’%
feo . > a4 apoeph.h/w. - ‘22,1052 - |
; - ~ v - : ; . ¥
5 volume 2 8.314267 %
, 6" -vol/cylvol - 6 - 4.97938 v
'..2‘ ! gl ¢ - - §
7 . serotiny L i 3.44545 j
8 SyMnetiy s 7 0.98608 |
. DL .- !
9 ., sp.gr. 4q 6.04714 i
) \ ° o ‘ SUM=  168.463 ?
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The final conpariéon; which is between cones of the
Sierra Nevada droup Qnd: the Rocky Mountain group, is
provided by table S5.8. This table reveals that there are
inﬁortéﬁt differences between these two groups in all of the

measured cone characters except for cone volume. Notice

°

that although there is 4 significant difference between

these two groups in specific gravity (the cone character

%

that Critchfield regarded as ' most vseful for diagnostic
purpeses); neverthéeless, speciFic'graqity is rénked eighth
of the weight characters which show significant differences

between the twoe groups. The 'Most  important difference

- between the two gr%ups is in the ratib: of apophysis height

to apophysis width, with the Siérra' Nevada grﬁup havlng

felative;y wider apophyses conpared to their height, The

next m@s} important ‘characteristic for distinguishind‘

between the-, cones of these two gnoupé is the ratig of cone

. width to cone length, with the .Sierra Nevdda cones beind

14

narrower relative to thelr*\length. Recall that this
’ . £
character was the _most important one for distinguishing,

between sthe Rocky Mountain populations"and -the other

P

“Callfornzi} populatlons OF “almost equal 1nportance as

°

thls character in distinguishing between the Slerra Nevada

. \ ./
group and the Rocky Mountain group is cone symmetry , w}%h

P
¢

N ? . . ’ 0
the Sierra Nevada cones being more symmetric. \\

.

e
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Table 5.8 CHARACTER RANKING BASED ON THEIR ABILITY

T0 DISCRIMINATE BE?wEEN GROUPS 3 AND 4

RANK CHARACTER | : -NUMBER F VALUE

i ‘apoph.h/u: . .9, 153.67"

2 cone.wid/1. s 111,138 -

3 symmetry ) © 140,497

4 apoph:ht. ° "3 86.1132

5 apoph.h/1. 8 . B1.9959
- vol/cylvol | 6 81.8493
“7 ierotinQ : N y 64.1009 -

8  .sp.gr. - Y ‘ 26.7879
o volume | SR S 0. 06492

SUM= 746.214

n

L

The nain'conclusfoqs based on the preceeding analysis
are listed in the following paragraphs:
. y - -

[3 . —

Thd differente between the two Rocky Mountain subgroups

with ' respect to cone serotiny is much greater than their

°

differences with respect to any other cone character;

whereas, for the two coastal groups, the difference between
them in cone serotiny is atcompanied by differences of

comparable magritude in specific. grayity 1agd apophysis
. ,-»»" . . o T

ishape, with the more serotinous cones haviﬁg higher spécifié o

- .

gravity and "knobbier" apophyses. ' » e -

-
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The cones of +the twe coastal®™ groups do not-. show

significant differences in their .size, overall -shape,

v

«

symmetry, or the height of their apophyses.

The mdst useful of the characters for distinguishing
between coanes from the California gnodﬁs and cones from the

Rocky Mountain group is the ratioc of cone width to cone

¢ -

length, with the Galifoernia cones being narrower relative to

\. .
their length than the Rocky Mountain cones. All of thé

California groups also have significantly shortér apophyses
-than the Rocky Mountain group. The shape of the apophysés

. . . “
of the coeastal group with non-serotinous cones and of the

. " 9

. - . s .
__Bierra Nevad{ group differs significantly from the.sﬁape_,gf

the apophyses of the Rocky Mountain group; whereas, fhe

-

shape of the apophyses of the coastal group uith serptinbué

—

—_— N .

cones does not differ significgnrly from those of the RQEky

~
N

Mountain ‘group. . . :‘

&

3
a

A uniqbe distinction between the cones of the Sierra-

Y ST QN Sy e

Nevada .group and %he_cqnes of any other grbup'is tbat\ihe

Sierra Nevada cones are much more symmetric.

<

The use of a continuous neasure of -cone serotiny

-

reveals significant differences bgibe%n the degree of

serotiny of the Sierra Nevada conés and the "non-serotinovs"

cones of gthe coast, with the Sierra Nevada cones being more

L .
» - '

open .

o~
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being the most vseful character for distinguishing~be1yeen-

the cones of the four groups. The results of the present

study show that although there are significant differenceé-

-

in specific gravity between some of the groups;,

L) »

navertheless, other characters are generally more
highly—ranked based on their ability to distinguish between

the groups.

- N -

3. Relationship of Group Structure to Extrinsic Variables
.

b —

Al

The goals of this section are to summarize the values

of variovus extrinsic variables for each of the four groups

—

identified in the previogi/sectiong, as well as for the two

Rocky Mountain subgroups, and ta look particularly for those
extrinsic variabdes which might expain €he grouping: The

_term "extrinsic variable"™ is. used to refer to variables

. ) P - -~

other than the _cone characteristics which ~were wvsed’  to

o

cluster the pogulations from the different sites.

>

.

the extrinsic variables; then additional methdds were used

_Two main techniques were generally applied for all of

‘to look more closely at certain variables, as suggested by

the results of the first two techniqtes. The first

¢
-~

technique consisted” of a simple summarization of mean

oot S iy 84 AT NG N LR S T E SEA U R B
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serotinous cones, while the label "non-serot.Rocle ™ refers

. B b R o

- re
valvues, ;tandard deviations, maxima ‘and minima for~goil and

Ve ~ . A

climatic variables for éach of the groups. However, this
, i

sumMary was cqmplicated by. the fact that}'Fon/some sites,
the environmental values are known only in ‘terms of
inequalities; for these cases the valueés vused in the

summary tables were computed based on the 1limiting valves,

and the: effect of vusing these values on the comparisons

[4

. ‘o
between groups is discussed below whenever it is considered
important. As before, the label “"coastal" as used in these
summary‘tables refers only to those coastal populations with

non-serotinocus cones while the  label "Mendocino" refers to

-

-

the coastal populations with serotinous cones. In addition,

these tables display separate statistics for each of the twao

Rocky: Mountain subgroups, with the 1label "sérof.Rock."

referring to the ahocky, Mountain- subgroup - with’the more

to the Rocky Mountain subgroup with less serotinous cones. -

Y

The second technique consisted of plotting ranks of B

environmental wvariables on stereograms of the first three *

principal 6onponents ofj}he ordination of sgites based on . 3

their cone characters.’ Ranks from . i to 9 were used so that
14

eachA;ite could be déepicted on the-plot by a §ingle digit,

and also Thg vse of ranks'rather than continuous valuves

-

e

allowed for a more flexible procedyre for the handling of
ineﬁuaiities; for example, sgites with greater than 200
parts per million of exchangeable nagnesiuﬁ.were all given a

rank of 9 and, in other cases, reasonable judgment could be

-

&
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] ] .
vsed to assign a rank to a\ varigble represented by an

inequality where a continvous estimate would not have been

meaningful. Tables 5.9 and 5.10 give the ranges of each.

variable corresponding to their ranks. The ranks for the

-
@

H
exchangeable/;oil ions are based on equal divisions of a
logarithmic scale in order to be consistent with the

logarithmic nature of the expression of pH.

° < :§ : e
"
Table 5.9 Ranks for Elevation, Tgnperature and
T APrécipitation . : ] R e
e T ' / ./
- Rank . Corresponding Range of Values for each Variable

pres

~=. Elevation Mean Annual Mean Annual .

oy

(meters) Temperature Precipitation
(degrees C.) - (cn{?\
. & )
{ 20 to 180 -2 < 26
2 790 0 44 to S0
3 1740 to 1780 i to 2 S54.to 60
4 2320 to 2635 .3 to 4 61 to 70
- 5 ) 3020 to 3100 " to 6 71 to 80
) ,.' " , %
6 7 to & ‘81 to 20 ‘
7. 9 to 10 91 to 100
8 ii to 42 ™ - 4190 to 193
\..
o
% :
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; Table 5.40 Ranks for Soil Variables -
’ Rank Correspondlnq Range of Values for each Variable
- (Exchangeable ions in parts per n1r11on
- of s0il air dry welght) ] —
Phosphate Potassium - _ .Haqﬁesiun~ : pH .
£ 2 40 to 44 -oi7 3.8
2 52 to 56 22 '
; 3 '.. 4105 29 4.5 to 4.7
§ 4 6 84 to 96 42 to 44 4.8 10 5.0
g S, 9 to 12 112 to 120 ééaygjgs 5.1 t0 5.3
| 6 14 to 19 136 to 148 s to 94 '/ 5.4 t0 5.6
& 7 27 to 29 164 to 192 105 to0 449 §.7 t0 5.9
" 8 34 212 to 256 144 to 150 .0 to 6.2,
*9__  Si to 56 268 to 304 200 6.3 t0 6.5
g | U}tS‘EEE;nd fechniqbe appearedfparticularly useful for
§ this study sinéé not only .do‘ the first rhree«prinaipal
? conpohenfé accoun: for 94% of the variance, but also it 'has
g/ been shown, in a previous section, that there is very little
‘g digtortion 9? the resemblance relationships between the
§ sites when they ame plotted im;terhs of the first three
o principal’ components, anS;Jalso the group‘ strucxurei is
E . clearly digplayed on these stereograms Thus’, ;xaniﬁa;ionﬁ

of the stereograms should reueal net only the -extent to

which extrinsic variables have different valves in different

. ) e ‘

: groups, but shouldralse portray “trends in these variables,
1}& v .

-antd prov1da additional insight by depicting whether those
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gites in two different grdéups which are most similar in

terms of cone charactéristics are also most similar in terms

of particular extrinsic variables,

&

The extrinsic variable which is most obviously ‘related
to qr;up; structure is not included in the ;bove tables of
ranks. This variable is “geographic region®, and the effect
of piorring ranks corresponding to rhi; ,uariable‘ on a
s5tereogram can be observed gy re-examination of figure 4.3,
where the symbols “circle” and "}rianglg; can both be taken

as referring to the coastal region, while "plus” refers to

b 3

\%he_ Sierra Nevada region, and "X" refers {;p the Rocky

‘Mountain region. This stereocgram demonstrates that

geographic location id sufficient to account for_ the correct
' v M ~ i

allocation of every site to one of three groups: a coastal

<

.group, & Sierra Nevada group, dand a Rocky Mountain group.-

The only deﬁiciency in this variable is that_it is/not able

to account for . the |division of the qpo@ulétions of the

| P

coastal region inte twh grtoups nor does it account Ffor the

subdivision of the Roéky Mountain group into two subgroups.
Consequently, emphasis wiﬁl be placed in the subsequent

i
discusgion on the role ' of other extrinsic variables in

providing possible explanations for these. latter divisions.

L

Since both average annval <temperature and aﬂfrage
IS

annuval precipitation are essentiallyv/)ﬁ; same in both

coastal groups, it is obvious that these climatic wvariables

can not account for the separation of - the coastal

’
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~-populations into two groups. From tables 5.4f and 5.42- it_

”

»

appears that both of these variables decrease as, one, moves

\inland from the coast to the Sierra Nevadas, and from there:

to the Rocgy Mountains; however, considering the inequality.
signs in the data for the mountain locations, the average

annual precipitatisn for the Rocky Mountain sites is

prehably closer to that of the Sierra Nevada sites than the

A

computed wmean valves would indicate, and thus there is no

basis for asserting that the Roecky Mountain sites have less

P

precipitation than the Sierra Nevada sites. Neoeétheless,

>

as was mentienned earlier, the distribution of precipitation
throughout the‘yeajﬁ;; much different for the Sierra Nevada
sites than for the Rocky Mountain sites. Hence, as might be

expected, each of @ the: three geographic " ,regions has a
- ',’ N

. YL
different climate, but the existence of this difference does

net contribute any new insight inte the factors underlying

the group étructure, except to allow 4orh the 'possibility
1hat-eoneéf within a region may differ from th9se of otﬁet
regions due to some possible adaptétion to the climate of
the region. However, the great variation in precipitation

between the northegp and sauthern coastal sites accompanied

s

by relatively 1little variation in cone characters makes it

. /
unlikely that precipitatioh bears much reladtienship to the

)

cone characters; similarly, the wide  wvariation in

.temperature within the single'Sierra Nevada group makes it

~

vnlikely that temperature is an important factoer undérlying\

group strucpece. Tables 5.i4 and 5.12 also summarize the

P it e e et by
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climatic variables for the two Rocky Mountain subgroups,

+with no significant difference evident in the climate of

these two subgroups.

!

Figure 5.4 reveals no clear trends for the\uar{axion of

precipitation, :put figure 5.5 reveals a tendency for the

mountain sites with cooler temperatures to be further away

.

from the coastal sites (on the stereogram), and this trend
correspo@ds.f;va decreasé in tenperatu}e a;;ﬁg the direction
of the second prindipal compnent. It was pfeviously shown
that this second ﬁrincipal component had a mederately large
pesitive coerrelation (+.54) with cone volume, and a

moderately largé/ negative correlation (-.52) with cone

specific gravity. This suggests that as temperature

' decreases copes become larger in volume while retaining the

.

same weight. The effect of climatic uariébles on the

variation of cone characters will be discussed further in a

subsequent section dealing.with the variation within groups.
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TaBle 5.41 Summary Statistics-for Tenpeﬁéture

P s riid
T SRR

- s
. .. Within Groups (degrees C.) .,
‘,0§ . : w v - A ) , .“f;é‘
s : N ) te N Tt Riaart
g':; . eampiaden = ’ - -
5

A
H

LOCATION IN. . . . HAX.

MENDOCING 11.6667 0.57735 s 12 7

UMEAN ST.DEV. a
. . (

CoRD ALY
!
<&

o
b}

coasTAL - . 4{.5 .. 0.70710 i1 BRI -3

SRt ErRs

SIERRQS 5.0909 2.58668 - i - i0

ROCKIES - 1.25 - 1.86905S . -2 - 3

4

. SEROT . ROCK . 1.0 YL Y3 -
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NON-SER.ROCK. _ 0.8 . 1.92354 -2 3
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" Table 5.42 Sﬁhnary Statistics for Precipitation

o within Groups (cm.)
v ‘ '

G | ST
LOCATION MEAN ST.DEY,  * MIN. CoHex.
MENDOCIND - 126,667 S4.8483 . 95 - ° 190

. COASTAL 144,  69.2965 195 93

" 'SIERRAS .65“363 '19.2368 26 90
ROCKIES | §7.375 « © .45.8499 a1 79
SEROT.ROCK® .~ 61.666 - 16.2583 .44 76 |

.  NON-SER.ROCK. - 54.8 16.6434 41 79 |
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No tabwular "Ebnnary is provided of the elevations

sampled within ?ach group, since the sampling within the

e * S

mountain regions was obviously nen-random with respect to

“ian

this variip{g and the toastal sites were clearly at lower

wd

elevations than the mountain ﬁisites. » _However, from
examination of figure 5.6, it is interesting to note that
the 1wé lowest elevation Sierra Nevada sites are located on
the s;erquram among’ those. Sierrg-Neuada sites which are
Host similar to the coastal sites. TQis suggests thé

possibility that increases in elevation are related to the

2

divergence of the Sierra  Nevada cones from the coastal

cones. A° more detailed eXxamination of the rebatiphshipi

between cone characteristics and elevation will be discussed
. e - -

in .a subsequent section, as part of the study of variation

within¢the mountain groups. ) e ] ) o

o

The unusval soil near Mendocine, California, on which,

‘the pygmy Pinus copntorta trees with sq;otindus coenes are

A

growing has led to the conclUsion that these trees represent

an edaphic race‘(Cri%chPiefﬂ,i957): Also, the extremely low
pH of these unusual sogaé has led to‘thé implicat{oﬁ gpgt pH ’
is ’ihe npsi_ iﬁportaﬁt\ factor related T& the forﬁatioB of
thig edaphic race, as well"as to the\”other striking
differencéQJ in vegetation between th;se highlv-aéid gsoils
and the /étherl s0ils o#“JThe same region (Ué;tnan,i??S}r

McMillan, 1956, = Jennﬁ, Arkle;, and Schulfz,i?b?). However,
. s : v A . »

_the close similarity of the cones of the population growing

A

- an serpentine soil of pH 6.5 to the cones of the 'populations

Ko L .
L . - ’




PN

% LN

o AL A A S S e
4 .

e

TR S LAY  wonm cessen T
5

- "V- it ) - 3:25

0 M L e
o

gioq}ng'on the highly-acid s0ils (with‘pH as low as 3.8),

makes this implication vunlikely.

doubt on

‘serotiny

- differ in

pH. In

o

trends in

.Table 5.1i3 also casts
-

"any direct relationship between pH and- cone”

since:, both of the Rocky Mountain subgroups, which

cone serotiny, have essentially the same average

additien, figure 5.7 does not detect any definite

pH related to cone characteristics.

H

%

Jable .13 Sunnéry Statistics for pH within Groups

s

[

MEAN ST.DEV. MIN. ) MAX.

LOCATION
ﬁsnﬁocxno 4.93333 1.40449 3.8 6.5
COASTAL "5.5 0.424263 5.2 5.8
sxgnnaé 5.46364 0.445584 4.7 6.2
ROCKIES | 5.3625 0.509728 4.8 5.2
SEROT.ROCK.  5.33333 0.550757 . 4.8 5.9
NON-SER .ROCK. 5738 549545 4.8 6.2

~—y -
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Fiqdre 5.7 Stereo

gram showing ranks for soil pH.
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that phosphorus levels are highest in the Sierra Nevadas.
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Examination of table 5.1i4 and fiqure 5.8 reveals that. -
: 7

levels of exchangeable phosbhofus'in the so0il are nuch lower
in both coastal groups than in either mountain droup, and

o

Also, the level of exchangeable seil phosphovus is
significantly 1less in the soils of the Rocky Mountain sites

with serotinous cones than in the soils of the Rocky

g - » 4
Mountain sites with non—-serotinovus cones. Except for fﬁe E:
anomaly of low phosphorus levels  in the ‘"nermal® ceastal :
sites, there thus appears to be a definite trend of E
~ ' (~
increasing cone-serotiny associated with decreasing soil ﬁ
phosphOﬁ}sf. %
. . . 3
Table 5.14 Summary Statistics for Soil Phosphorus
(parts per million:of soil air dry weight)

. LOCATION - HEAN ST.DEV. MIN. - - MAX. .k
_MENDQCINO 2 0 2 - 2 :
9 s g ! 3
COASTAL . 3 : 1.41424 2 4 ?
SIERRAS 25.1818 16.4184 5 S6 &
ROCKIES 8.5 3.42264 5 15 '

SEROT.ROCK . S.6667 0.§7735 ) 6
NON-SER.ROCK. 10-.2 3.27409 6 o 15 :
{ ‘3
i :F"! o é
b * e ’ 5
& 4 é'
P
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Hestman(4975%) noted that althougﬁ levels of

exchangeable phosphoerus in the pygnmy forest soils are low;é

nevertheless, the surface

soil

values

are

those

of

the

soils

.surrsunding forest

.of

comparable

the

1o

region.

.pygnmny

. {Clarkson, 196%;

-
s0ils;

However, he pointed out that exchangeable phﬁsphorus is not

&

always ;. good indicator of aua;lable phosphorus, and that

foliar analysis has revealed occasional deficient levels in

forest species. He specvlated that a combination of
low pH and high lewels qf aluminum in the pygmy forest soils

might inhibit the uptake of phosphorus and cited a number of

studies which investigated this relationship ¢39}ween pH,
aluminum and. phosphorus,. and which offer possible
éxplanafions for the mechanism of -~ their interaction

Russell, 41964i; MWright and Donahue, 1953).

Mcﬁillan(i956) found that add1t1ons of pyosphorus alone did

not stlmulate growth of E1nus contorta of Cipressus pyagmaea

on pygmy forest sails, but that a conbination of . nitrogen
. v N -

and ’phbéphorus did.inprove growth. Westman(i97%) suggested

that the addition of nitiogen might have improved phosphorus

uvptake by stimvlating protein synthesis and rapid root

growth, or by an effesf on mycorrhizae. ~This suggests an :>

v

additional possible cause for greatér phosphorus up take from
/- *» -
the “nornal” coastal 50115 as compared to the pygmy fFforest

the gxistence of *greater root

[

-nanely, probable

"development on the more eas11y penetrated sandy coastal soil

-

as compared to the necessarily limited root development

associated with the pygmy forest "hardpéﬁ" and seasoﬁal hidh'
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Both McMillan(i956) and "Westman(i975) noted that a

feature which both serpentine soils “and the highly-acid

pygmy forest soils have in common is a low level of calcium:

-

Buckman and Brady(i969) state that inorganic phosbhorus

Il

compounds in the soi; fall into one of two groups: ’(i>
those containing calcium, and (2) those containing iron éﬁd
aluminum.- The iron and ‘aluminum compounds are extrémely
insoluble and.hence unavailable for'plant g;owth; whereag,
the calcium compounds which are préient at moderate pH are
ﬁEadil§ available Fo; plant growth. Thus, even though. the.

pH is almost neuvtral in the serpentine soils near Gasquet;

nevertheless, the . 1low legéls of chlcium and the relétively

-

impenetrable soil coyld result in low levels of available

Qhosphorﬁs. In summary, Lalthough 1levels of exchangeable

phosphervs are very.  low -in all thfée' of the —coastal

soiﬂ—fypés included in this study, the availability of
phosphorvs to the vegetation is almost certainly wmore

réstricted on the highly-acid/soils and the serpentine soils

than on the "normal” sandy coastal soils.
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Table 5.45 Summary statistics for Soil Potassium

‘ (parts per million of soil air dry weight)
- ' LOCATION MEAN ST.DEV. _". MIN- . MAX .
- MENDOCING 45.333 . 6.4100 - - 40 ’ 52
COASTAL ., 454 82.0244 96. 212
SIERRAS 146 .182 | 69.2904 56 . 304
ROCKIES i94.5 7617;97 112 2 300
. SEROT.ROCK . 185,333 7s.sq§g“_ 120 268
NON-SER.ROCK. 200 ‘ 76 .4577 112 300

Table .45 and #igufé $.9 reveal that levels of

potassium in theé soils of the coastal group with serotinous .

~

cones are much lower thaq in the other groups, but that

= .
31Qgruise there are no significant differences between the

groups or between the two Rocky Mountain subgroups compared
‘ el

to. the 1large variation.within the groups. Also, there are

no detectable trends related to cone characteristics. This,
the main relationship between this variable. and the grolps

“based on cone characteristics is that low levels of soil ‘

- i
potassium in the soil provide another similarity between the
. . N
serpentine soils and the highly-acid Mendocine sgils. Thds

~ .

.
T T R TM ism an s, o

common low level of potassium couvld also contrfibute to the

R

reduced availability of phosphorus frodM the soils of the
N ~ ceastal group ui*hl serotinous cones ‘as compared to the

coastal group with non-serotinous cones since potassium is

§ . known to encourage strong root growth which could increase

~ ! ' nutrient uptake (Buckman and'Brad9,1969L¥:

£ <
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Table™5.46 Summary Statistics for Soil Magnesium
(parts per million of soil air dry weight)

LOCATION HEAN ' ST.DEV. MIN. MAX.
MENDOCINO - 98 88.476 4§ ﬁZoo
COASTAL 200 , 0.0 _ 200 200
SIERRAS . 86.2727 64.7597 17. 200
ROCKIES  164.25 . 40.8158 105 ' 200
SEROT.ROCK. 164,667, 30.7463 144 200
NON-SER .ROCK. 164 49.4247 105 200
. c
Tablé S.i6 and figure S. fhow that ~faagneéium 190715

are high at both of the ceastal sites with non-serotinovus

cones, and also high at some sites within each of the other
regions. Average levels of Magnesium appear«to be higher

for the Rocky Mountain sites than for the Sierra Mevada
sites, but the many Qafaﬁpoints‘fcr which magnesium _levels

/ v

are known only as having a- value 4exceeding a very high-

level, as well as the great variability within the groups,
. * K " . ‘ ~

preclude any implication that magnesium is related to group

structure. Also, no trends are evident from figure 5.40

A

which would relate the variation in- levels of soil magnesium

to cone characters. In general,'conparéd to the low values

for phosphorus, potassium, and pH which eccur iﬁ the . soils

0

of some of Tﬁe sites; magnesium levels would appear to be

more than adequate for all sites.

vl
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Although some interactions.between sojl variables have

been discussed in the preceeding baragraphs,”tbe technique

of examination of sterebdgrams which has been used has been

N v I3 M Y » » ’ 3 !
essentiallys ‘wnivariate in +terms of soil variables even

-

though it has been multivariate in terms of the

consideration of principal compenents based on cone

S

characteristics. To examipne interactions among, the four

.

soil variables which .were measured, another mnethod was
employed. Each of the sites uaéldescribed in terms of pH
Pnd the logarithms of the levels of exthanggable so0il ‘ions;
logarithms were used so that all of the soil variables were
described in scale free units -consistent with  the
description of pH;: Then a principal componeﬁ?s analysis was
-
performed for the sites in terms of their soil variables,
and the sitésA&sre plotted on a- stereogram based on the
first three pr&ncipal_axes. The sites were labelled on the
;}ereognam vsing the same nunbers'which were used previocusly
to‘identi?y‘the groups, exce}t thét the hugber 4 wé& vused to
refer only., to the Ro&ky MouUntain subgroup with more
serotinovus cones, and thé number S5 was used to identify the
Rocky Méuntaip subgroup with less serotinous cones. This
tgchnique was employegdfbecause of its potential for
révealing grobpé or trends based oﬁ a combination of the

s0il variables which could be related to the groups based on

cone characteristics.

Thé results of the princiﬁal components analysis, which

are given in appendix G, show that the first three principal

-

.
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components account for 6% of the variance. The first

component has a very large positive correlation (.95) with.

s0il phosphorushand a large negative correlation (-.67) with

-«

magnesium, The second component has large positive

correlations (ranging from .69 to .86) with all of the soil

variables except phosphorus. The third component has a

noderately large positive correlation (.52) with pH.

Examination of the ;tereogran of fhe_sites plotted - in
terms " of the first threé soil principal components (figure
5.41) reveals that although therg d4is not a shafﬁ group
structure based on soil variables _correspondiﬁé to the
groups based_on cone characterisfiés; nevertheless, there
exists a definite ordering of the previously identified
groups along a trend line which is roug@ly bafallel to the
first principal axis but aléo inclined;@pwards the second’
principal ;xis. This trend line goés Fr;h the coastal érﬁup,
with  serotinous cones through the. coastal group with
non~§erotinqus cones, the Rocky. Mountain group with more
serotinoﬁs cones, the Rocky Mountainw=group with less
serotinous cones to the Sierra Nevada groupl . The extremely
high positive correlation of the firsf principal axis with
soi} phosphorvs, which also-hqs a positive correlation (.29)
wité the second principal axis, confirms the important
relationship of so{i/ phosphorus levels to {ﬁe groupings
based on cone characters. The importance o% fhé correlation
of the first principal axis with magnesium is negated by the

inclination of the trend towards the second principal axis: =
N w A -

A
°




4

AN PRI ey TR v

0

ap B d

i e
X VY,

T

) ) N - ) No- <
since the level of magnesium is negatively correlated with-

&

the +first principal axis Bwt has a positive correlation of
about the same nagnitbde with' the secend principal axis,

therefore the direction of a "trend which lies between the

directions of

correlation with magnesium levels. T

{
o

-

- -~

Based on this conclusion théy the +trend corresponding

to group membership 1is essentially perpendicular to the:

these axes will have approxin5t91§ ’Jy{\\7
. . ¥

direction corresponding to the variation  in - magnesium, -it—

was decided to plot -« stereogram of a direct ordination of
. .
X .

the sites in ter of th other three so0il variables:

phosphorus, potassium, pnd  pH (figure 5.12). r@ was felt

that this direct approach” might be vseful 'nLt only in

< ,:_‘
providing easy interpretation of the axes, ‘but also in
removing "noise® cavsed by wide variations in magnesium
. " ~

which apparently bear 1little relationship to the group

A ]

structure. Examination of this stereogram confirsds - the

preceeding conclusions ‘concerning a well-dé’ined trend in

)

group membership associated- with soil phosphorué, and

emphasizes the absence of-anv neticeable relationship of the

averall group structure to the other measured so0il
. .

variables.

In conclusion, geographic location is clearly,the most

& . . . .
important ~ of the extrinsic variables discussed in terms of

i

its obvious refationship to the group structure, but this

< ‘. -~

variable is wunable tofuéccount' for the division of the
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populations &% the coastal region into two gravps nor ~does . :
it account for the subdivision of the Rocky Mountain .group 9
into two subgroups. Based on the preceeding resvlts and i -

F " . . ~ < :‘

. . . . . . s . i
discussion, the most 1likely underlying factor considered o8
which could account for these divisiops is available soil. ?
phosphorvus. However, as Jenny, Arkley, and Schultz(1969) g'

- _ o ¥ -
point out in discusssing possible "edaphic® cauvses for the 4
pygqyl vegetation near Mendocino, "There is an enofmous 3
multiplicity of ’éauses’, for thodsgnds of ,seil properties . ]
- - l -

-~ (% 4
are interrelated among each other, and with countless :
properties of the root system, and with enzymatic reactions . 4
and metabolic pathways inside the plant." All that this ]
investigation has done is focus on a likely candiBate for 3
inclusion in further investigations., - » ' 3
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Figure S.114 Sterevgram relat1nq qroup structire o pr1nc1pa1
components based on soil variables,.

.

" The nUMéLFS identify: the groups whlch were formed " on
the basis of cone characfers .

ce

o 4 refers to fhe coastal group with, serotinous cones,
2 refers to the coastal , group, with non-gerotinous
cones, )

-

3 refersto the Sierra Nevada group,

4 .refers to the Rocky Mountain group with more
serctinous cones, .

I3

*

S refers to the Rocky Mountain group with - less
serotinous cones.

. ds

-
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Figure 5.i2 Direct ordination of sites based on
s0il variables. ’

three of the

The horizontal and vertical axes in the plane of the
page represent the = 1levels of phosphorus and pH,
respectively;

while the axis~= perpendicular to the page

represents potassium. The numbers identify the groups as in
figure 5.411%. °
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CHAPTER 6 ‘
E3 "~
~ ™ [} ’ \;d
- « VARIATION WITHIN GROUPS , )
“;, - . L e
i. The Sierra Nevada Group . . ,
B} . - - * ~ - “t

’ . e A )

: In this section, the variation of the cone characters
. . - 7 ‘
[ among the sites of the Sierra Nevada.group is examined, and
- an attempt is made to relate this vari®tion to extrinsic
P | &

factors. Although _figure 4.3 provided an excellent
‘three-dinensional representatidn of the ooérgll resemblance
3 \ - . .
J . relationships. among the sites, it would be expected that an

improved three-ﬁinepsional'display of the resemblances among
“the sites within . a particular group could.be obtained by

examination of the sterpogram based on a principal

components analysié/within that group by itself. The dggree

//' of improvement would depend on the extent tg which the main’
. trends of variatioﬁxwithin the particular group correspond

to the main trends .of variation in the total .collection of

o=

sites. Although 1he‘30era11 éorrelatibn of the,resemblan?és
among sites depic'ted by figure 4.3 with the resemblances

. based on the total dimensions of the data was .993;
- v /

. , 2 '
5 nevertheless, when the comparison was reéstricted t% thHe -

matrices: of resemblances agong the Sierra Nevada sitg;) the

corraelation was found to.be only .762. This svuggests 1h%%

‘ there are significant differences between the ovénal; trends

r
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in the cone characters and- the trends within the Sierra

"Nevada group. Therefore, a principal components analysis of
the” Sierra Nevada sites was performed, and “the resemblance

matrix among wthe ‘sites baskd on the first three components

e

was compared to the resemblan®® matrix based on the total
: R :
dimensions to reveal a much improved correlatibin of .989.

5
S Y
v - B k)

Figure 6.4 provides the thrée—dg%ens;%pal%stereogran of

g R .

the Sierra Nevada sites based on the‘}ﬁg@t tﬁfee principal .

PO N RN ST T LR PO R I T8 )

2

axes obtained from the principal conpo&gg}\‘analysis within

SAATAY AL T SNt T L

the Sierrg Nevada group. The sites ggﬁqh have bmgviously .

been referred 4o (table 3.3) as sites & to izilare labelled
on theé  stereogram with the Le%ters A to K, .cinsecutively.

It should be ﬂ;tgd that the two axes displgyegm& the plane
of the paper are not the ?irst:tgo priﬁk;pal axes, but
rather Thg Firsi'agy third printipa}/axes, with the second

principal ~axis being portrayed in. the direction

o~

P P B 5 A 0 S S B T o a3 S 5 3 D

perpendicvlar to the page. The reason for this is that the

computer program vsed to produce. the Stereograms plots the

axes in the order of their greatest difference *between the

naxi&um and minimum valves of. the points plotted aleng the

- \ -

axes rather than in terms of the grgéfest variante along the

-~ s

axes, which is the criterion vsed to order the axes in a
- . % '
principal components analysis. ,
Ny .
< Jf
' The detailed results of this pringcipal components

analysis are presented in Appendix H. Exaninétion of these

. resylts, and of figure 6.4 reveals that, as for the " .

¥
o
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principal components analysis of all of *the sites, almost

-

all of tHe variance.is accounted; for by the first three

principal " components (87%Z); howaver, the results differ in

¢

that the shape of  the Sierra Nevada ‘cluster is . more

spherical, with the first princibal component accounting for
' .
* only 38% %of the wvariance, while -the second principal
. L
component accounts for 28%, and the third componens, accounts

for 24%Z. Thus, there is not a strong directional trend in

” -
—

cone characteristics evident within the Sierra Nevada group

\

sych as was evident based on the principal components
{ b d

analysis which included all of the sites, in which case the

*irst principal component accounted for 75Z of the variance.

-3

The  first  principal axis has large positive,

1.

. ‘correlations 784 to .84) with three cone characters: - cone

volume, apophysis height, and the ratioc of ‘apophysis height

AT VL oy iam s -

e .

to apophysis> length; ‘fhus, this direction correspﬁhds to

¢

. increasing cone size accompanied by increasing prominence of é?
the apophyses. The secend principal .axis has a large_

) h .
positive €orrelation (.88) with the ratio of cohe width ,to

<.
cone length; while the third principal axis has a large

£
ey
& 5w

positive corrnelation with cone' specific gravity and large

negative correlations (~.70 to ~.74) with cone symmetry and

-~

the ratio of -apophysis height to ab@pﬁysis width. The ‘only

twe cone characteristics =gnot noted as having high

o

- " corpelations with the first three principal axes are cone ’

serotiny and the ratio of the volume of a cone 1tp the volume

-

gf a cylinder of equivalent length and~™ width. These two -
- ’ 'y o - .,

"
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_are the most dissimilar pair of a11 pazrs of S;erra Nevada

Thus, site A has vunusually small values for those cone

Nevada sites is that. each of these sites occupies an

— - - - . - SR . on e s e en st o ok v s v e T ham am —ww

- ' o R P

characters have their H?ghest correlations (.70 and'.77,™
respectiqeiy? pithgthg fourth and fifth- principal axes;
which each.acéﬁunt for only about 5X of the total Variance.
Thus, it is evident that these two é§%§acters :are\ of  \
relatively less inpof?ancé in describing the variation

within the Sierra Nevada group, - -

It is ifiteresting to note the relative positions-on the

steFeogram of the two sites which showed the most divergence
- & .

from the main Sierra Nevada group: according to the previous

cluster analyses. These sites are the site at 2400 meters. -

R

elevation near Bishop, Cali?ornia, (represented on the

.

stereogran by the" 1etter A)d grd the extreme southern site

near Big Bear Lake (represented on the ‘stereogram by the
- -
letter KY. These two sites not only show a separation from =~

<

the naln spherical cluster of Sierra Nevada 51fes, but also

-

-

51tes, and are at opposzte ‘ends of the first pr1nc1pa1 axis.

.~ . - ’ “ . .
characteristics which have a high'positive correlation with’
s ~ - - N
volume, apophysis

Py

the firgt principal axis (i.e. cdne

height, and the ratio of  apophysis height 1o K apdphysis
length), ’ uheréas, site K has  unusually large values of
fhese conaﬂ,characters A possibléﬂ explanafion for the
divergence .of these two sites from the main grouvp of Sierra
"outlying" position relative to the geographiqwrange‘of-the

. .- 1
R ~ . & .
Sierra Nevada group; whereas, the other Sierra Nevada sites , 3*
’ e o ’ .

-
A3
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are, . by comparison, more "interior" to;the geographic rénge
‘of the group. That ié, site K represents an isolg?ga
sevthern occbr#ence{ while site A is oﬁNfﬁe extreme eas}e;;

- . . . .
edge of the range adjacent to the desert. (Although other -

-

Sierra Nevada sites have more easterly longitudes than site‘i

A; nevertheless, because the boundary between ‘the. desert
.. : . A .

and the mountains foellows a northeasterly jrend, these other

sites are further from\the desert.) The divergence‘of these

two sites-?f&n Xhe nai@fgroyp.would thus seem -to bg a result
A

comparable to that scribed by. Beshir(i97S5) for Pinus

-banksiana, for. which he found a- single essentially

homogeneous group except for the divergence of these sites

at the periphe#y of the geographic range.

To provide a visval ‘assessment of the degree of overlap

b .

in cone characteristics among the Sierra Nevada sites, a
"4\'0‘ 'y > -

principal components analysis was per#orned’hased on the 140

individval cones of tﬁe Sierra Nevada group, and the first:

\

three principal components for each cone "were plotted in

_figure 6.2 using the previously defined site labels, A" to K.

Recéll that the comparable procedure ppplied te the total

set of 240 cones labelled by'geographiﬁﬁnegion displayed a
"y ) . ,":_3. '
clear separation into four groups with almost no overlap

(figure 4.2). In contrast,. figure 6.2 shows a great deal of

everlap J§Ong the sites with no evidence of any separation

N -~

+ of subgroups of sites.
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The locations at which.cones were collected within the’

)

Sierra Nevadq region were particularly chosen to provide
insight into the variation of the cone characteristics with

respect to elevation and latitude. Figure.6.3 displays the

elevations of sthe Sierra Nevada sites on the stereogram of

.

their “first three principal components, . using the same

numerical ranks to repreésent elBvation as Wwére used in a
previous section. Examination of this stereogram does net

provide clear evidence of a trend in cone characters

correspondiffg to changes in elevation except that the two

lowest elevation sites have the largest values on the second

principal axis.. To investigate a possible relationship
@
between the second principal component and elevation, some

advantage may' be gained from the particular pattern of
sanpling within the Sierra Nevada; that is, two or three
sites at different elevations were sampled -at each of four
general lecations, wiﬁﬁ(yery little geographic sepanation

between ‘the sites of different élevation at each general
Ll .

~ location. Table 6.1 gives the values of the second

principal component for each of the sites of these four
geogréphic locations with the rows of the  table

" corresponding to the four general locations presented in the

order of decreasing latitude from the top to the bottom of
the table, and the columns ‘corresponding, to increasing

eleua{ioﬁ from the left gidé to the';ight side of the table.

\ o,
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Figure 6.1 Stereogram of Sierra Nevada sites.
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Figure 6.2 Stereogram of Sierra Nevada cones.

-

‘.--
.
."'n b Y
ﬂ,ﬂ
e
oy
R g
T
n-"‘." \..
S
Y-
LY
.?‘ﬁ;m
o
- n

[ ™
)

%

s R I § N RS Ay Sy AW s e

N

148

[SY




i
]
i
;
£
;
£

-

e

..

Fiqure 6.3 Stereogran relatlng variation' within the

Nevada to elevation.
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L Table 6.1 Second principal Zomponent of Sigrra—ﬂeuada sites:

0,

‘%elated to e;evat;on(dnd latitude.

. ~— —

‘@

. » elevation 3~ elevation 4 elevation S

- s

‘north 39 47

—

central : .09

+

south (east)

south (west) .37

©

The interesting resvlt which_can+be observed in table

6.4 is that for all four groups of gites the higher

. A

= . . L} , i . . B , . .
elevation si;esiﬁaqe a smaller valve on the second principal
El ! il

axis This' suggests ' that there is a consfstent decrease

»
.m

wz?h elevation in those cone characters with hlgh p05111ue
Q\ - - - PN

correlations with the secbhnd prznc1pal GXIS} 'and Ta

- o
kS

consistent ingrease with increasing élevation “in_ those cone

-
!

&

characters with high negaiiQe cgrrelations with the second

o ot N
el SR AR ANy, e o, o

£

- principal axis.'iRecall'that the cone character having the
. , o i | . : . -
. greatest magnitude of correlation with the second principal

Lo,

N
by

axis was the ratlo oF cone wldth to. cone length, ~with a

\

-

correlatloﬁ\of .88. % , . -

.y s .
o R
A ! . A ‘4 B

To further examine the pofsible relatiohéhip-qu cane
1 « \e

characters to élebation, the renk;ng progran deoelopéd by

-

Jancey(i???) was applied to the S1enra Nevada cone data in

.

BLISES ST, PP T
.

6rder to conpute "F~values“ for each %haracter Far The pé;rs

“ A\
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T ey e 1L S e i B
g KR C P ' e . o \ B , oL
%" . T ; ..’:“ “"ﬂ-‘:‘ o toe ‘ . . . T . .
‘:‘f‘;'f . de ] e v .. » ' . » o o . i . 1 5 1
: K : T*d',-.ﬁ " th;: . : o
S T orof. nearby .sites at differing elevatzons . The- relévant,
L : i - . . (‘ -
it o results of,thzs progrﬁm are presented in table 6 2, and w111
o _2 be 1nterprefed wi th referente to the preceed:ng pr1nc1pa1
conponehts'iaﬁalysis, and  the 50nméry of cene characters for
. ‘each site which is contained in ‘Appéndix B.
<« 4 - . 3 -
"1‘ . "s . vy " ' »’
: . > .. A ¢ . - ’ v
S p ’ * -
oF e . .
% - . N -~ [
} ‘ Table §:2 'CHARACTER RANKING "BASED ON THEIR ABILITY'
% - N ] > . R . .
§ TO DISCRIMINATE BETWEEN CONES FROM NEARBY'
< . . - o P . -
-?5' T A : SITES OF DIFFERING ELEVATIONS i .
2. © * 5 L . . -
g ‘ "IN THE SIERRA NEVADA. Sy -
,E‘ P /-; ‘ - © )
W s B i (g).e BP2400 versus BP30S0 . C
s’-\ . ) - , R @ l '

. _ RANK°  CHARACTER NUMBER F 'VALUE

i} ° .1 apoph.ht. . SRR e 16,4997
, - , .
. 2. symnetqy . - 7 ) - 7.09576°
. 3 evel/dyloel N . 6 _ 6.82656
. 4 apoph h/w. . o "9 ';* “4,42309 . \
Sa N - volume Al : 2 . 2.22213
"6 © . apoph.h/1.  * : 8  °  1.68439°
.t » “ I 2 >
"7 - sp gr. . . Y- £ - Q\§34312
' - ' 0 //, ¥ ~.-'.-. L . .
. -8 0 serot1ny'< - 4 - 0.766774
. * “w’ ,‘,fw - , .- . 5' ‘ L . ) .
S W9 eopd. uid/l.. .5 . 0.08i981 '
. . N N ., " * /q " - *\? L » 'n * Vheiwe . ‘1;-.
' L3 ‘, . »® N
b ‘ 'Xkc ' .
.s L%‘ T ‘ t ’ o . .
GOSN ‘ ‘ ' e
’ ,' N 7 Ca e "’?né: v ,
’ - : » - /" > ° '.’.
,‘ z . :,4."' ‘ 1) - " /( | N, e ) R
i SR R -
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Table 6.2 (contanued)

(h)

R BRI Y

1

TRUCKEE<VEPSUS MT .ROSE

*_CHARACTER

‘sérotiqg

“apoph.h/1.«
cone.Qid/l.
symhetry -
\yolune‘ )
apoph.h/uw.

vol/cyiﬁbl

. apoph.ht. . e

sp.gr. L
vop T e

UP .HORSE versus SADDLEBAG

3

o

GHARACTER

sp.gr

apoph At

apoph.h/w :
serotiny
vol/éylvoal
volume
appph.h/1
cone.wid/1 -

symmetry

NUMBER .’

4
]

N n

I

-~
¢

NUMBER
4 ‘

&
e 9 w
3,

7Y

Nule N e

1.67145

F VALUE

SﬂQg?Sé

4.90881 - -

2.5664
‘alygsy

o

1.2658%"

0.080198.
. 0.057834 -
0.004820°

©

S

F VALUE

4.83129 |
5.48605
2. 46475
1.45956
{37032
0.646241
0.591416
0.22051

0..040879

o

v

B
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: Table 6.2 (continued? ]
: N N . - i
i (d) DINKEY versus HUNTING. ]
= - - S - ” L £l . g
o i

" - RANK CHARACTER NUMBER "~ F VALUE

. % - spar. . 10.9592

cone.wid/1, S B 10.7344 o

ol (3%
[} Ul ‘b-ﬁ

%
.
!
§
i
i
{
3
i
:

’ apoph.ht, - o ' 9. 01255,
: I \ ~. ’ o-
f 4 velume - 2 Cob7972 .
4 - ) - y " ¢ '
: s serotiny . i 1.99578
3 4
by o ) “apoph.h/1. 8 0.47582%,
7 ,syh&gt%y - 7. 0.12605
‘ ‘ “8 - voel/cylvol 6. 0.00518
. 9 apoph.h/w. . 5 0.001108
- ' e . < e s,
¥ : . . ’
- i
’ " i
o o . - o ol
(ey HUNTING. versys KAIBER o c U L g
D T A %
had — P . \ . . ) - > ' %‘ V. .
RANK - CHARACTER e T NUMBER F VALUE % :
* . % g - . ! . R
CF- sereting, @ o™ 17.3812
’ 2 sp.gr. . . IR S 2.14108 .
v . N . .‘ N . ‘ﬁg I3 , ’ . N
- 3 apoph.h/1. 8 1.23867
¢ 4 Cgymmetry 7 , o 1.2%305
5 . apoph.ht. " 3 4,179
. ;#:’" “e ] . L .
- volume. h ' 2 1.10049
o . M h B e
. 7 apoph.h/w. . 9 o 0.469809 ’
- 8. cone.widsn. s ' . 0.188114,
LY 7 9 - yol/cylvol . Y8, . p.bezpE3 ¢
. X, a’ “:;‘- ‘ ) ‘ ‘ N ey N ) N ) ': ‘(-
n. . - h
] ’ .
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i Table 6.2 (continved) .
: : - ‘ ; ‘ : . }
j . (Y DINKEY versus KAISER o .
A , X R . o ’
" p—— o ' &
N RANK - CHARACTER o ° NUM?ER - F VALUE . - |
§ cone.wid/1. ) 5. ‘ ‘41,4682 |
- 2 serotiny i ©7.84958 ‘;
3  sp.gr. 4 6162903 |
.. . |
i 4 voluyme - i 2 5.38894 . |
i . o
5 apoph.ht " 3 5.26493 :
i . : .
| P b -apoph.h/1. 8, .- 1.258014
b e .
P 7 symmetry ‘ Zs 0.96695
v 8 apoph.h/uw. _ 9 0.343424
; . -~ R -
: 9 voel/cylval . 6 - 0.170621
} . o
v - ‘
- e / ~—y
1 : . Since the ratio of géne width to cone length had. the
. M . v °® w ' .ot . .’M :
¥ Y greatest magnitude of cerrelation of any character with the

Second principal axis, this ‘character will be /examined

first: .From table 6.2, it can be seen that the F-values for -
. ~ i . » .

- -

. this character K are comparitively large only for Jthose
cpnparisonsﬁ involving the "DINKEY" site; this implies the -

lack of any cbnsigign} general ‘relationship  between
elevation and the ratio of cone uidfh"%o cone length. T

R N N -
. .

A prg;edure_‘ﬁon ,possibly identifying “those cohe

‘ ’ . ~ * ". L4
characters  which havé a consistent -relationshipy with

’

L)

elevation is to-look for thospg <characters which §‘have the .
, . . ’- . R .l . * . ’, . » N we ' L 1
9“4:" } ’ . . . AR ‘ s
. - ‘ : .
’ A
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highest rankings for discrimindtion between each of the-

“elevation:péirs" of sites, and observe.whether any of ?Ee‘
éharacxergﬂware consistently highly~-ranked.” For example,

’ although apophysis he;gﬁt is {he‘ highest ranked <haractepr
. for “discrimination  betwéen the pair of sites "BP2400" -and
“BP30§0", neue;theless, this character is.not highly-raﬁied

- for discrimination between any of the other pairs of sites.
"DOnly two characters show any Endicatién éf conéisrently high

' ' ranking for discrimination berweeﬁ the elevational pairs;
| ) namely, coné‘sero}ihy énﬁ cone spe;ific gravity, _and even
i | ' 2or these characters, the high ranking occurs only for-3 out
of the 6-pairs}of sites. - Thus,’ any relationship betw;gn

- : " cone characters 'aha> elevation within the Sierra Nevada is

not particularly strong. °
é N 1 ) e

For cone serotiny, in one of the cases. where it is

‘: . highly—ranked\’ﬁrhef results in Appendix B show that the

"k higher elevation site has greater cene serotiny than the

lower elevation site; whereas, in the other two cases the
- 2 *

1 ower elevation site has greater cone serotiny than the

v -~

' higher elevqtion'sitea; This contradiction implies that$th§

)

c L. relatively high ,rgﬁﬁing for coﬁe serotiny © does not

Y ‘

-y
LN

correspond to a consistent trend related to elevation.
' ~ . 1 ¥

-~ : > k4
s

For corie specific gravity, for those three cases for

.

. . .

s . = .
. <swhich this character is highly-ranked for its ability to

2
&

, discrimifate hetween the ‘“elevation-pairs", %the  .higher

'Pglevatfon sites allkﬁgge cones with lower specific gravity .

3%
' -
. . \ “
1 . . - . .
- AY *
. :
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— . than the lower elevation sites with which they are pairéﬁ.

Thus, the :Bnly. relationship between” eleyation and cone
) . - . I - ey - ——
characters which couvld be supported based on the results

’

discussed ~ above is a tendency for cones from higher

v

eldvations to have lower specific gravity. This decrease in

specific gravity with elevation was also noted by

2

Critchfield(i957) for cones from sités in the Sierra Nevada, "

Cascade Mountains of Washington and Oregeon, and Blué

‘4

Mountains of Oﬁegon, although the pairs of sites on which he

" - ‘
- based his inference were not as close. geographically as the

_pairs are in the present study. This relationship between

€«

elevation and specific gravity will be examined further in

the subsequent discussion of variation within the Rocky

Mouptain groun.

&

‘ / Tébf;'éhi does not sugdgst any clear trend of variation

in the secondfprincipalfconponent with latitude; to search

a <

for other possible trends withf.latitude, figure 6.4 was

- . created by plotting the préviovsly defined ranks for

- et

- . g, - - . L
i latitvde on the stereogram of - the first three principal

; : as Lo -
\X .components - Por Sierra -Ngvada sites, but no trends are
Ve 4 ' N . !

_evident. o ‘ ‘ .

.

- Another comparison of interest far the Sierra Nevada

group .« is the compa;ison' of the three sites from the west

L%

side of theé Siewra°Nguaq§;uith.fhe gsites from the edst s@déﬁ

¥

Figure 6.5, which was created by plotting on the stereogrém

of Sierra Nevada sites the letter W to represent . the sites

[

% .

°
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- .'( -
. . t .-
{ .

% . oy . ‘
from the west sidé of the Sierra Nevada and the letter E to-

represent the sites from® the east siée of 363 éierra'Neuada,
does not Qenons?rafe any segregation of the ﬁéstépn»sites )
from the eastern sites, but rather the western sites® occupy
an "intefior" poéition on the stereogranm.

. ) R
Ranks for the climatic and edaphic variables_considéred

in the brevious section were aléo plotted oﬁ theAstereogram
of the first ;hree’ principal conpoﬁ@nts for the _ Sierra N
Neuada sites. Examination of these stereog;ané, which are
included ié Appendix J, did not reveal any t}ends for any of

"these variables in relation to the cone.characters for the

Sierra Nevada sites.

4

~
. o

L - '

In conclusion, the Sierra Nevada sites appear to

- l’ * . L

represent ah esgentially homogeneous group with some
-~ ~

divergence from the group occurring only for 1two sites. on

- [

the periphery of the'geographic range; also, there are no

. , e
evident trends in- cone characters related to any

e

extrinsic factors considered except for a tendency
1]

oy

‘,specific"ﬁgfuity to decrease with elevation.

hw .

t3
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.Figure 6.5 Comparison of sites on the _eastern

sides of the Sierra Nevadas.

and

»

-western.
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- In this section, the variation of the cone characters ;

. o /
among. the sites of the Rocky Mountain ‘group is examined, and

2 an attempt is made to relate this wvariation +to extrinsic

factors. The analysis parallels that done for the Sierra

-

e Nevada group, and comparisons will be made where appropriate

\\ between the results for the two groups. -

s

-

- For the Sierra Nevada group; it was# shown <that a

-

- . .
VY considerable improvement 1ih portraying the resemblances

>

S —— . .
among the sites within that group could be obtained if the
AN + ‘

sites were plotted on the first three axes derived from a

principal components énalysis within that group,, rather than ]

: - N - ..
vsing the first three principal axes derived by a principal m
- ’ '
components apalysis of the +total set of sites. The

cbrresponding comparison for the Rocky Mountain group showed

P »

E

:

3

3

6n1§ a slight improvement in the pertrayal of the . %
, . ) %
3

N
3

by vsing <the First‘three principal axes derived by principal

-

i
%

¢

¥ . . .. (e

g - resemblances among the sites within the Rocky Mountain group

components dnalysig uithin fhe group. The corresponaing -
éorrelationg of  the " resemblance matrices witﬁ the

- .
resenﬁxgnce matrix based on ali.coqe characre;gfwgre . 958
3 . . for the tase where 1hé three principal axes were obtained by
priﬁciﬁal components an;lysis of the total set of si{és,zgﬁd

992 for the case where, the three principal axes were

. ,obtained by p;incipallcomponents‘analysis within }hnggcky

g
9 i
5 N ,
. - Y -

AN

e




%

s Hop s s v oS

TR A B SRR

*

- R T . s LI IR COR S ho

: o | 161

~

“»
~

Mountain group. Thus, the trends within the +total set of

sites show a closer reldtionship td. the trends within the

Rocky M§3nfaintgr0up fhgn they d%id to the trends wifhinw the

Sierra Nevada group.

-

14

Figure 6.6 provides the three-dimensional stereogram of
the Rocky Mountain sites based on the Firét xhéee principal
axes obtained ?fon the principal component ;pglgsis within
‘the Rocky Mountain group. The sites which havehbreJiously
been referred to (table 3.3) as. sites 17 to 24 are labelldd

on the stereogram with the letters A to H, consecvutively.

The detailed results of the principal components anpalysis

are presented in Appendix I. The first thrée principaly

cemponents account for 924 of tﬁe total variance, wi b2%
accounted Ffor b§ the first principal céZponent which thus
represents a -‘major trend within the group. %The Eo&e
chaféctérS»‘with the largest magnitude of correlation uirq
the first principsal aXis are: cone serufin§ (.94), cone
specific gravity (.92), and apophysis height (.86). Thus,
. * M ¢

the major trend within the Rocky Mountain grolp consists of

- o~

increases in cone serotiny, specific gravity, and apophysis

_height aleng the direction of the first principai axis. For

: A N
the ~other , principal axes, the largest magnitudes of

correlation with cone characters are -.86 between the second

principal axis and the ratio of cone width to cone length,
. % - )

~ +.74 between the third principal axis and cone symmetry, and

)

-.74 btheeﬂ the third principal axis and the ratio of

apophysis sheight to apophysis iength.
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4

Since a difference in cone serotiny, which. is  highly "

correlated with the fivst ﬂ#incipai axis, uaS‘breuiougly

- —

foynd to be the . major’ difference bedween the
. . o »

o - N .

twoe Rocky
. 3 . .
Mountain subgroups, it dis net surprising that these

subgroups are squ, upen inspection of figure '6.6, to be

cleariy éeparafed‘along the Hirection of the first principal d

axis. The stereogram reveals not only a close grouping of
three sites with ﬁore serotinous cones and aéothér closé
grouping of three sites with less serotinous cones, but also
a divergence of two of the sites with less serbtihous.cones

2 \ N
from the other sites. These two divergent sites are site H,

and site G, the h}gh elevation site on®the

»

]

the Utah site,

‘west side of the Front Range in Eﬂlorado.k,fhe divergeﬁce of

i o .
the Utah si is not unexpected, since it has a
e

4

conpératively large geographic sepa%ation'-?non the other

v v 4

Rocky Mountaip sites. The Sguergence of the high elevation -

-

site on the west side of tﬁé Front Range couvld be relatéd to

d > -

- ’ ¢ . - »
the extremely low average annual temperatures at that site,

which is th% coldest of‘allBtheigitgs°sanpled. Thus, as for

, ¥

the Sierra Nevada grdup, divefgence of ~cone characters

\ 4

- . s ’ i s
occurs at those. sites whose location  or enuironngptal

conditions are "extreme" relative to the main /group.
. '/“
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\ ‘ . Te provxﬁe a oisual assessment of g%e degree of ovérlap\

% AR Ar ~cone characte;lst cs . é o?bg‘ the Rockv Mounta(:m s:ne«.;.,° a
%};' - "4.:« . :hpr:r.r:chi.pal conponents analys1s was per«f‘orned based an the 80
g, .; ; ‘1nd101dual‘ cones of the Rock;.MounT§1n groUp, and the First -
%» . three prmnczpal qonpodents fo;\each cone uere‘ plotfed in
% ~ ‘ ‘ . f‘1gure 6 7 usm;; thwprenously deﬁmed s:ne labels; A to H. o
;} ' °‘ - :Th1s stereogran reveamm subgr\oups o+‘ conee’}, éw;,t'h (
"ﬁ E ~ very little roverlap, corresponding to the two subgroups of “
' f L. *“éite; P‘reuiouslv Vide‘nxif‘{ec; . ‘I; .also. ihew_-w a Tiefinite B
"’ T separ\anon .bé'tween fhe cones {»‘ron the- Utah si’re and thev‘ )
: { "\ ‘f_ ' E \ other smtes in thé direcuon perpendicular t@the page. ’
1 L
j A " S Fro;fffigbre 6:6g ’gt can be seen. that the nainﬁb
“),‘,'- ~' B ; ) ‘separauon . between " thaz U:ah site and the® other. Rockv
R ‘."‘,.\: - ,Moun}aN}n si/?es qlioi:ctms {n xhe diwé/tion of fhe‘ *second  ~°
‘ p’rmcipal axis. i ﬂ:\e large nagnnude of correlanon of‘ 1h3£

* 0
rauo o+‘ cona width ‘tg cone length wi th tlus axis’ suggests
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T thgt va closer« examnation bemade of‘fthe variation 53*‘ this \’
oy - - - S ‘o

character dbeween 'che Utph si‘tes and * the . otherdkocléy'
R A
Moon‘ta:m «.-'rues Appendix K? presents the uesults o+‘ applyingo

J’A

- .

e the Ja—nceyﬂ.???) rankmg algorithm t& the -conpar;son of the .

»
]
" - 4 .

«one chargpters m+‘ the Utaa\ site uith each oé‘ t.h other‘
v’__,#"‘“

. o '
,/R‘pcky Moun'tain \§1.tei§< Thaﬁ only character ‘ whlcs/l ig

rj-', coﬁsu:isfently h’ighly-nan‘ked For its ab:.l:.ty to,dzscrimnate -

PR

Ye ween “"che Ufah s:.te a ?i the. ‘§thér Rocky muntain sités ié‘
P

,y

» thqi,}'atio 04‘ éone width rb cone len/th Recall, that\ n was. m

L/
- v
"l .:;1 ’ 1T e .

pr‘eviovs Sec‘txbn *that 'this characfe‘r was dne ﬂ‘f
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: w1dth to cone length *or,coneé Fron the Utah ‘gite is much

. places The Utah site’ uithlﬁ “the Rockywﬂountaln group,

. =l S

TN b o oy ¢ ——— o~ oro—————————

t e

between the cones of the California groups ~and™ the Rocky
_ 9 ! 5 . _

Mountain group. Appendix B shdae that the<;afio of cone

. o \ g I

- < P o

‘less’ Thaﬁ«‘lt 15 n£or cones. from fhe other Rocky Mountaln

» ¥
v R o

.éites"and,,in fag;, is abpuf half—way betweeq ‘the vaIues “For
A . + rL Yo .

the ‘California _sites. and - the Rocky Mountain s%tes in
-Colorade. Thus, with respect to this particbler characfeng

the Utah Sltﬁ is 1nternediate between the Cal1€ornla sites

>
- *

"~ and 1he Colorado szﬁ&s, however, as shown by the cluSteang .

—

l'résults and -the . stereogran of all oF the sites, the nqch,:Y<

o

+

greater sznllarity of the cones fron 1he/UTah slte to those

Fronv Colorado u1th respect to oth r.‘characters clearly

fup

. T Teo- o . . & - T_ X
»

2

Figure\b.a diggfhys the 5enks for el@vétidﬁ 6€ the

N ‘e

Rocky Mounta;n sifes on the*ssereognan of these” s1tes _élﬂ:

° N e

' exceptvfuo of thg 51tes were\ at’ hzqh ]eleoat1ons, anﬂ- no
. R S e T
4505%1005 pafternQ relatihg ”copefﬁcharacters 10 elevaflon ‘ig. -
If.’ ."" P i s e -
’ apparent £ron th? stereogran ,FBur of thez‘nocky Mdﬁhta;n
- . L Y

-t
Falt

N - ~~‘ =

Tocat ong, were chosen t0 proolde xnfornatxon on va' i* N of

Ry '
et 5’ o .

the cohes wzth elevatxon betueen’fearby pa1rs oF si:es of -

- o
. N

equivalen? topographic Esituatigns; ' these fwo* pazrs are'gg

e o R BEDES N ;
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depictea an figure 6 &% “as slres D and C é% imﬁ‘ and h;d%
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.,-s= . i ‘“’“

.elevations,, respect:vely, on f}ﬁéx‘eg_ P ide7§? 1he=Front
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L o valve aleng the fifrst - principal axis; this suggests . a

’ ’ ." - L, R ! it
o decrdase- u11ﬁéfe evation 4in those Eparacters with{ high
: positive correlations with the first principal axis . (i-e.
. PR .- - o, )
. - - ——
cone serotiny, cone specific gravity, dnd apophysis height).
e’ N > - . ‘ .
’ e - RS o, : s, . . - . ~. .
‘.. The application of the Jancey(i979) ranking algorithm to the
. . L . R AL .

. : < cone characters’ for "the +two - pairs of sites produced the
i ’ - F
H ‘" . . . *

i - ) . N
-y & , . resuylts shown in—~table 6.3. T .
Iy ' . R N .. A - .
® ’ . < . ) ¥
1 o Examining table 4.3, it is ‘obvious that the only cone
[ i : o . i . 7 : ‘ :
,§ % character which is highly-ranked < based on its ability to
A
- "@ o dié%:ihinate between the Kigh and low elevation sites for
H | . ' )
o, . comparisons on both the past and west sides of the Front -

Range is coné‘specific gravity; .this %s true even for sites

F and G, “for which thepre is  little difference in°cone

serotiny, which éritchfieidéi?S?) héd' ssumed to be “highly

. -

- ¢ . . - / s ‘
w correlated with cone specific gravifty. Froﬁ"%ppepdix Rk, it
.- e i .

- >

is seen that cone- specific gravity is lower at the high
- . ? R ; M , v . . A . ~ s o N
elevation .gites. Thus » 'thé-fgawa Ffor -the Rocky Mountain
) EO 8 .o .o co L : yom
sites confirmn the trend suggested by the Sierra Nevada sites
e = we R - $ ok ' ;
of a decrease in specific gravity with higher elevation.
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- CHARACTER RANKING BASED ON THEIR ABIiITY
.TO DISCRIMINATE BETMEEN CONES FROH NCéRBYﬂ'
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The Rocky Mountain sites -"were chosen not .only to
previde insight into lvé?iaiioh Tdine g cone’ wcharacters with

respect to elevation, but als&hwn provlde 1nfornat10n on the
-

variation in cone characters among. nearby 51tes of dar91ng

- be

l’ \

topographic sityations at the ,same elevatzon < The four

- . , - / ’

. sites. chosen for. this purpose ‘are dep:c%ed3§g Plgure 6.6 by

. e ‘
the letters A, B, C-and E, whene: : . . ‘H R

5 . » ~ N » N
: ‘ . . . < : i
A is a ridge top site

'is a vdlley bottom 'site, , o . Y -

v

i

E
x . : 5 i N . ]
L C is on a south=facing slope, ) - -
. N ! . -
E is on a north-=facing slope.. Wt b

N ‘ - ., 14
~ - From figure 6.&, it can, be seen What there are

. relatively large dlfferences between thése nearb9 51tes

.~

-

compared . to the amount of wvariation. within the Rocky
. Mountain group. In particular, tuwo of the four sites are
.. - . . . ‘0 ’ @”;‘* P ~
part of the subgroup with more sero?inbbs cones, while —the
Y S g
other two %re part of the subgroup with less serotlnous
s coneé\ Referr1ng back to table 3 4 uhzch sunﬁar1zed the
. o \ -
l1na1e for the s1tes, and recalllng also the dlscus51on of e

& the var1af10n of 5011 Témberature with topodraphy, there is

né evident pattern relating the ‘variation .in climafie

‘factirs which accoﬁbany the 'vafiétion in --~tgpograp 1c'

i

sitUstions ‘%o the subd10151on of the sites from dif?e eqx

o b

s
.topographic s1tuafions betueen ghe subgroups wlth nore | and

R v less serotinous cones /// oo - :
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The extrinsic variahle which

previous analysis "of variation

most closely related to the divisions, K into more and less

-

s

serotinous groups . was

-

. e .
available soil phospherus. Figure

e

has been shown, in the

. between the groups, to be

’

B TS st

6.9, which displays the ranks ~ for exchangeable soil

on. -the stereogram of the Rocky Mountain sites,
v V% *

shows a decréase of soil phosphorus in the direction of the

phoesphorus

firgst principgl axis, which has been shown to ‘be highly

o

correlated with cone serttiny, and thus this figure provides

L] -

additional evidence  of a relationship between these

—
-

variables.
t

v

P “

~ Vd ~ »
The stereograms relating the other soil variables and

the climatic variables {o~the %éngﬁcharacteristics,pf the
Rocky Mountain sites are given in Appendix L, and do not-

reveal any evident trends, except that the stergogram which

displayﬁxthe ranks for average annual temperature suggests a
-~ ”~ N -

trend oF #fincrdasing temperature in the direction d¢f the

first principal axis. .However, this apparent_ trend covld be

'largeAy attributed to the extremely lowuaemperatﬁﬁe at the
sité at 3050 meters elevation on the west side of the Front

Range @hicﬁ occupies an outlying pos;ﬁﬂgn_Sh the stereogram.

. .
) B . . . -

In conclusion, there exists a major trend within the
A e \ , e T A .
group, which is  expressed by

principél‘axis3 of an increase in cone* serotiny, specific

‘Rocky Mountain the first

~

closely related. to ‘thi

N ‘gravity, and apophysjj

-

~

height.

The extrinsic factor most

trend in cone characters is soil

N

[y

[
'
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% o .?hosphorus. Along the dinectiéﬁ of fbi§~tnend, the Réckyi ’
i - Mnmnﬁéin‘g}oud—éplits into *wo ﬁmbgr&bps'wirﬁ=noéé’and less ’
. _ qsrotin;ys 'cgaesf There.‘apé.also'?do's{fgé which tend to.
I ﬁivergé from the other sites of the .Rocky' Moun*ain ‘group; . ;‘
:m Bs was thé case’bifm the tuo divepgent Sierra Néuad§i5i§eé,
these two Roecky Mountain sites occupy ,extreﬁe. posi%ions Lol
. ‘relafive’ to the envi;onmental and geographic rgngé'of the.
. . group. The cones from the Utah si;e shob] a consistepf .
: siqnifiéant differente from the cones of ;hé leorado sites
‘i ! . . only in the ratio of cone widt? to,céne' %edgth; _ for khis ‘
i ‘ ) : ) i . ’
7 character, the cones of the Utah sité have values about .
‘;C;/ s halfvwéy between the ;élues for tﬁE_ cones from Céli?drnia

"and the cones from Colorado. " In agreement with the results

-

for the Sierra Nevada group, there id a consistent décrease
] < " " 4 .

— ~
d ?

/

( | of cone specific,gravity with elevation.
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Figure 6.9 Stereogram-relating variation
Mountains t6 soil phosphorus. -
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) CHAPTER 7-- . -
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SUMMARY

7 -
.

’ . ‘
\

- -
Two prelin%efry studies were undertaken to optimize the
3

0y

allocation of the effort required <fo measuvre the cone
. \ v ) -~
N \ L3 -J » * 3
characters, so that a ‘maximum possible number of sites could -

be included in ‘the study. These preliminary studies were
carried out prior 'to the field work, usirig cones provided by

Rall and 1Illingworth. The first study demonstrated that a

: sample of one cone from each of ten trees at each 1location "
"y 1 : - -

~

pQXvided an adequate basis for the computation of a Matrix,

g

resemblances among locafioﬁs. The second étudy sg;gg;gd

of

.

a.set of cone characters for measurement . through _the

application of an algorithm which ranked chérégter9~ on the

- basis of a .comparison of their variation between locations -

H " .

K , s . ‘
' to their variation within. locations (Jancey,i979). The

i

characters selected were cone u&luﬁe, the ratio of cone o
- width to cone length, cone specific gravity, cone taper as
measured by fné ratio of _the .volume of the cone to the

volume of a cylinder of equal 1length and dianeter, cone

sérotiny, cone symmetry as ’néas@red by the‘catio of the = N

length, from the point of attachment of the .peduncle to the

) tip Qf“‘fhe cone to the total length of fhe cone, apophysis

height, the ratio of apophyﬁgg height to .apophysis length,

‘-aﬁd the rdtdo of apophysis height to:‘apophysis width .|
: s ¢ el ;‘ . ) -. T
S LAy - e ‘
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I Several of these characters have definitions which are
original to this study, and_-might be of vuse in other studies
of geographic wvariatien in cones. In particwlar, cone

§ ~

serotiny is defined as ‘a continvous uariable‘neasuﬁind the

e
LY

LT TR

e s e . Sky ARG S
RIS, e B I SN

bropontion of the toetal length of the cone for which the

-
3
4
&
%

scales are closed. This definition for cone serstiny not

WEaY

B
- )

only expresses this wvariable on a  scale "which is more

-

ST AR S

compatible than the previously wvused .bipary .or interval

»

— scales with the scale used for the measurements of the other
' ) .
> cone ‘characters, ‘Put ‘also* this new definition -is more

N N 3 R 0

i . informative concerning the degreeof serqtiny éxpréssed by a
- k-2
§ - ‘ . ‘ ’ - . ’ - e
cone’ ' = :

. —

1

Cones and data were ~collected from 24 locations in ‘

S iy A

. -

~ California, - Utah, and Colorado. = These locations were

selected to provide infermation on "the wvariation of the

».

cones of Pinus ggntoé;a among the four geocgraphic subspecies
- R R . ’ \

recognized by Critchfield(41957), and tg compare the

.

nagn%tude*gf the variation between geographic'regions to the

! +

FUVERY _’3\"53'; TR RN i e, ry e -

“
A
v

’ variation with respect. to changes in Elevatioq, latituvde,

5 M0 A
R

tupographi¢ situvatien, climate and soil.
B . , * . . R .
- ' N 1

Preliminary analyses of the data L«Structure were

@

£ .

performed by:usin@'principél component aﬁalyses followed by

* the plotting of stereograms of the 'first threg principal
. o

L4 N

L e . . .
5::> . components. By correlating .resemblance matrices, it was

rRTERTIR Ean i s e g

shown that %bere _was wvery little distortion in these

L : PR . vt B
three-~dimengional displays, The stereograms revealed a°

¢ : & :
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clear group structure correspondirg te the four subspecies

o

‘dePined by Cridchfieldki?S?), with the addition tﬁay/:;e.

2
populatlon with serotincus cones from the serpentine soil of

northwest California was grouped with the populatlons w1th

< . .

serotinous cones from the highly=acid soil near Mendocino. ———

N

.

- ' A 'wide range of clustering algorithms ,(clusteriég by

neighbourhoods, single linkage~clustering, complete linkage

-

clustering, and average linkage clusiéking) were applied +to

’

the data -and- conflrned the bas1c structure of four groups.

They also revealed twa subgroups within the Rocky Mountalnl

o

group separa&ed on the basis of the deqree of cone serotiny,

v

and a tendency for two sites within the Sierra Nevada gfoup

.
~

. to diverge from the nain group; however, these differences

-

. within the:groups were not large enough to influence the
clustering into four main fJroups. o
e - , N /

3

" . The Jancey(197%9) character ranking algerithm was vused
1% identify those cone characters which showed the most
- 3 -

' » ‘ ) * v
¥  significant differences between the four groups and between
-~ ' ) A

the two Rocky Mountain subgroups: Théufollowinj paragraphs

’ summarize the. main tonclusions based on this procedure.

The difference between the f@o Rocky'Mountain subgroups

< with respect' to cone semq\iny was ?oqu to be nuch greater

S ae P ¥ b B P
g %ﬁ, 2 \,W %’»«:ls\,&-, Y:'.:,:.\‘ et A b N A 4 {t“-t—’?‘»fﬂ“’gfﬁ«t&;’e P
v
'

. N than their “differences wlth respect /to any 'other cone N

22

character; whereas’, for the two /coastal groups, the

\

. diF?erence in cone serotlny is acconpanled by differences of

LIRS

”

) \
conparable' and ppophysia

hagnltude in SpQC1P1c gravity




Ty

7( - —A\ ‘) ‘ )‘ -
. \ . . N p v ivd

* . . ¢
»:, ‘ ) 5 ‘ . ) - N C.ﬁ
E : - . IR .

_» shape, wlxh the more serotinous cones having higher specific
- .gravity and "knobbier" apophyses. . '
. : . The cones of the <two coastal® groups do not show

K

significant differences _in" their size, . overa}l shape, -

-

symmetry, or the height of their apophyses.

The mMost useful of the, chéracters for distinguishinq

s
P . s —_— )

- betueen canes fron tbe Califerpia groups and cones from the

Rocky Hountaln group is the ratlo of -cone wldxh to cone

' . * length, with the Cilifornia cones being narrower relative to (.
i their length than the Rocky Mountain cones. All, of the-
. ' t * - ! - N E
California groups also have significantly shorter apophyses

¢ . >

than the Rocky MSﬁntain group. The shape of the apophyses

of the coastal group wzth non—serotznous cones and of the

Sierra Nevada group dlffers 51gnrf1cant1y fron the shape of

-g B the ’apophysgs _of the Rocky Mountain grOUps wpereas, t@e‘ )

}g ‘shapebo% the apophjseﬁ of the coastal gr&b; w;th‘ éerotinoué i
g conés does not dif?er significantly. from those o; the Rgﬁky :
g - . Mountain group. Co . .- o ’ > o

,% A unique Qistinctionfﬁétween'the cones -oF' the Sier%au' .

. o LR

§ | Nevada group and the copes of any other. group 15 that the

AL
wE

C Eﬁerra Nevada cones are Magb more synnetrlc e

N : A . . : g . » .
,  The use .of a scontinvous measure: of cone serotiny

reveals significant diffébeHCES between the degree of
oo

. éerot:ny o# the Szerra Nevada cones and the "non~serotinous"

”‘{.J e . N

| cones oP the coast, wrth Jhe S1erra Nevagda cones be1ng more. a

% ! . "
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Crltcn€1e1d(1957) rbgarded gone specific gravxty as
being the nost vseful character for dzstinguzshznq between

the cohes of the ?our ,grovps. The resulrs of . the present

X - study 5how that al1hough there are szgnzf:cant d1¢ferendes

P T em o = "
-— & . -

in spegi?ic .gravity between A some of. the ,gnoups;’

' v z . g . V . -

nevertheless, other charagg§rs c are general}y . nore s

R A A )

\ . . ‘hxghly-ranked based on thei ability to dzst1n901sh between
! . .
' the groups.‘ . LT e e % :

s : ‘. - 3

+ Aine uariation in cgpe charagters -between the groups was

-

v related . to éarious extrinsic factors, with the main?

. * = - -

. . . techniqug"eﬁployed‘beigg the' ?lotwinq‘ of ranks for- the

[\

e . o - o
C \ extrimsic: factors. on stereograns of the ?irst jxree '
princiﬁal-gqnponenws of the 51165(. The ‘main conc1051ons

r . “ (-3

°fron this part of the study were tQﬁt geographzc locat10n .

v
. <

was - cléarly the nost 1npqrtant of the extrznsxc uaraables

L. "cons1deped in terms of 1fs obv1ods relat#onsth to the group
: ! -, . o
/ - structure, . but mhzs‘bar;ablé was unable 10 account for the

s,

B TR NI AL e g5308 . 1,
- ?
o
']

e
¥
N

»
%

%; ‘diu1sionﬂho¥ the populations of the coastal ré;ion into two
% * e grogps nor dzd ‘it accoynt for the subd1vtsion of - the Rocky
% '~‘ Nountaih grhup into two subgroups The ex}r1n51c v@rzable
% A\a whzch showed theugreatz;t poten11al‘ for exblain1ng 1hesg

dzozslans within The geographic regions was. the amoun% of A
\ B \ , s
auailabl% s0il- phosphorus R coon o

LI J . I

oo -

- . The var:ation OF the cone characters among .the sites

' ~ *w1vhin the Sierra NeJQBQ group, d within ‘the ,&6cky,,,
o CL e ; L, C ..
\/’& R : - * ' .o ) . ‘ -~ .
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var1at10n wzrhln groups, to extrinsic factors

‘““r-‘-_ — - h - . N R . A
' ~ ~ ~ - - N Y, ° — T ¢ #<

- %w@%mm'-— 5 ; .
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% A ST - PR ‘\ - PN . . "

i Mountaln g;\ﬁsi\wa 'exanined and an attempt was made 1o

1

relate rhls

The _main technlques used were pr1nc1pa1 cgnppnent

analyses

w11h1n gfvups, the plo?tlng of env1roﬁnenfai ranks oh;
stereograns based on these prlnczpal component analyses, and
the appllcat1on of the Jancey(i???) ranklng algorxthn to
conpére }he 'ability of cone characters 'to d:g;r;n;nafe’

between certain pairs of sites of particular interest.

3

The Sierra Nevada group did not show any strong téends

in Eone characters, but appeared to be a relatively

~

honogeneoué spherical group except for the divergence of twe B

of the sites from the main group These two divergent sites

~z

were the s11e at 2400'§?eters elevation near Bishop,
) P , _

Califqrnxa uhlch was on the extreme eastern edge of thHe~- |

~

‘mountain range adjacent to the desert,.and the site from the

Y . O . - M . '
~~_gxtreme sovthern location near Big Bear Lake. *
T . P T
l, T~ ) S . , \ . .
N - ‘ 'Y
Th;\Rocgv Mountain group showed a, strong trend in cone

~. ] ' _

characters donSEStigg of an increasé in cone serotiny, cone
' ~. - . " J :

spEﬁffi;,gravity, and apﬁphysis height "in the direction  of

the first pr1nc1pal ax1s The extrinsic factor most closely

related to this Trend in\ cone characfers was soil T

~
~.

pﬁogphorus ' Along the. dlrectloh\of this~trend, the Rocky
" N
.Mounraln roup split into two subgrou;\\blth more and less

serot:no S cones. There were also two s1te\\\h1ch tended to

diuerge ?ron the other sites of the Rocky Hounﬁe1n Qroup;

as was the case y11h the two ﬁluergent Sierra Nevada sites,

v
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these two Rocky Meuntaln sites occupi\a‘ e\jre&e pos1t10ns

felati%e to -?he' environmental and geographlc\Fénge of the

A
~.
~—

group. The gones from the Utah site showed a. con51§tent
significant d ?Ferenc@\?ron the cones of the Colorade sites

only in the ratio of cpne wldth t9 cone 1length; for this

e

.

character,‘ the cones of the Utah site had valves about

~

) half-way between the values for the cones from California

~ .

and the cones from Colorado.

For both the Sierra Nevada sites and the Rocky Mountain

sites the only character phlch showed ‘a ‘consistent variatlon

u1th elevation was cone &speczflc gra01ty whlch decreased

with elevation.

-

This summary of the research has shown that  the

o

N

objectives presented in‘ an earlier section have  been

e N s . :
satisfied. The patterns of variation in the sovthern part

3

of the range of Pinus ;gﬁ:or;g have been identified in terms

-3F clusters related primarily to geographic location ‘and
- » .

available soil phosphérus, with a trend within the mountain

2

" regions related to elevation. The clusters identified
correspond to the four subspecies defined by

Cr11ch€1e1d(i957), with the addition that the population

[y ‘ .

with serotinoue cones from the serpentine soil of northuwest
California was grouped with the populatiphs with serotinous

cones from the highly-acid soil near Mendecine. In spite of

s

the great variation in environment within' the geographic

regions, the strong group structure related to these regions

&

S

~
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demonstrates that the variation in cones within . the redions

W

&
oA
.

e

is of much 1less mdgnitude than .the wvariatio

£ ' . T e o ST S
. between-the regions. It is recommended that this study be-

O

extended to cover the entire geographic range of Pinys
i centorta, with special attention given to the sampling of <« -,

areas of possible transition between the groups identified

a2 o u‘:r‘_.ﬂ“.\,,’.m@?;‘j'?t%.!“," Qe ki

o in this study; for example, the &iskiyov Mountains of
Qﬁiifornia "and Oregon, theé Blue Mountaids of Oregon, and N
- some river valleys in British Columbia which may provide a
R & v . e '\
transition between coastal .and inland groups.- . . v
- N /
J o
/// 3 w - -
-
. e U7
¢ ?
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- APPENDIX A: Data Before

The first number in each

£

»

£
4
2

~*

VOB NINVNOCOCUNULD D KGN

Cone'Length (Mm.)

43.000
34.000
38.000
39.000
42.000
47.000
54.000
36.000
42.000
34.000
45.000
48.000

42.000°

42.000
42.000
. 37.000
- 42.000
52.000
"44.000
44.000
40.000
51.000

44.000 -

42.000
54.000
45.000
34.-000
42.000
48.000
53.000
58.000
62.000
34.000
34.000
39.400
39.000
40.000
44 .000
41.000
33.000
50.000
39.000
34.000
41.000
32.000
30.000
36.000
41.000

42,000

35
36,
63
39
43,
37
6.
34,
32,
38.

39.

s2,
0.
49,
39.
g4,
37.
. 45,

33,

45,

58

53,

51,

42,

57.
38,
37.
46,
52,
54,
61,
43,
46
39.
39,
39,
50,
40,
36,
39,
36,
35.
39.
a0
33
54
39,

.000

600

.qoo
.000

000

.000

coo
000
Goo
000
000
000

000

000

000
000

000

000

600
000

.000

000

000
000
000
000
6060
000
goo
000
000

.000

000
000
600
000
600
000
000
000
boo
0600

.000
000
.000

000

39.
43,
38,

A4
43,
42.
35,
39,
36,
as.
40,
44
38,
41 ;
60,
47.

490

40
40

54
56
44
54

58
61

48

000 44.000 42
000 44.000 4%
000 37.000 4%,
40,
000, §2.

.000 45,000 -49
.000 52.000 S0
000 S4.000 S5
42.
38.
34.
39.
40.
46.
38.

Transformation

row identifies the 1

000 39.000 -39.
000 43.000 37
900 - 35.000 - 48
000- 46.000 42
000 54.000 43
000 44.000 48.
000 36.000 35
000 44.000 39,
000- 38.000 39,
000 37.000 43
000 45.000 48.
000 47.000 3&
000 47.000 3&
000 37.000 S5,
000 54.000 44
000 35.000 48,

.000 -44.000 41,
39.
46.
41

000 38.000 50.
000 49.000 44

000 41.000 46,
000 47.000 42

000 40.000 45,

.000° 49.000 42,
53,

000 43.000 45

000 37.000 33
000 34.000 39
000 44i.000 44
000 37.000 44
000 34.000 34
000 43,000 47.
000 47.000 40.

.000 35.000- 40.
37.
41 .
36.
- 29.
38.
34.
50.
40.

000 36.000 37
000 35.000 42,
000 38.000 35,
000 37.000 37
000 36.000 - 22
000 44.000 39
000 46.000 48.
000 44.000 44,

/

’

000

.600
.800
.000
000

000

.000

600
600
QoG
600

.000
.000

000

.000 -

000
600)
000

.000"
.000
.000

000
000

.0-00
.000 S4.000 . 50000
L0000 S4.000 44.
43.

L4

000
000
000

.000
000" |
000
.000
.000
000
.00¢0
000
.000

000
000
000 =,

000~

000
000

000
.000
000

000
000

ocation.
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| ‘Cone we..u\;ht (g.) PN . oy .
> -1 : 6,400 5,600 3.800; -4.300° 4,500 7 - .
T4 3,400 3.200 :6.200-c-6:000 .4.500.N\_<2 7.t 9
) 2 4,600 3.700 3.680 | 3.400. S5.700°° - - - B
2 4.500 8.000 s.zda 5:408. . 5.800 ~__ --° e
"3 6.0000 3.400 . 3.20 7.400  3.400 - - T
3 5.200 3.600 -4)200. - 4.700 .5-300 5o : L
A 4 5.800 2.800 *2.400 2.800 2.400 o A
' : 4 2:900, - 2.300 2.800 4.500 - 3.100 < : ‘
S 5.900 3.800 3.700 3.500 4400 LW
i S 4.000 3.600 4.000 °4.800 7.700 "
g ; 6 2.80Q 2.800 3.400 3.i00 4.800 L g
: 6 4.200° 2.4p0° 3.700 3.600 2.100 :
g 7 2.700 6£.200 3.300.. 4.000 4.400 -
: 7 3.200 4.800 2.4000 2.800 E.i0 . R
8 14.000 4.600  8.400 7.000. 4.100 \ - ’
8 3.600° 3.500 5.800 3.200 4.500 *
9 3.500 - 6.200 3/300 .5.400 3.900 . -
6,200 2.300 -3'200 3.000 -6.300 -
O°% 500 5.200 " 5.900  .6:000 3.500
0 4.900 4.600 .4.600 " 4.400 3.500 '
14 2.700 " 3.900 3.400. 3.200 4.400 ; g
14, 4.900 7.000 °3.300 4.700 -3.100 :
- A2  4.300 7.200 3.800 3.800 3.500 :
j T 12 3.300 ' 4.900 3.400 S.400 3.800 :
: i3 5.900, 3.100 - 3,500 4.100 3.000° :
; 13 ©3.500° 5.700 .. 4.500 7.i00 3.400. ;
r i4 2.600 3.200 3.4oqe‘;; .300 4.200 >
& 14  4.300 3,700 3.400 .000  3.704. :
15 4.200 4 700 3.500 4.100°
i oz i5  5.000 4m700' 4.300 3.300 ; ' ]
; 16 10.300 :6.700 S900 6.200 8.000 ;
* 16 5.600 8.600 9.508 7.600 &.300 =
17 5.400 7.200 6.500 5.000, 5.900 ‘ ;
A7 4,400 7-.700 S.5600C. 4.200 - S.500 ;
18  4.800 S5.600 3.700 5.200° 6,200
18  4.400 | S5.600 3. 400, 4.100.. 4.900
19 5,200 S.000 S.200 4.500 3,600
¢ . 49  5.400 B.400 5.700 5.400 . 7.i00 : '
20 8.i00 &6.000 56.800 &.400 &.300 ;
200 2.700 3.700 . 4.900 4.900 -6.400. ;
84" 8.700 -4.900 _4.200 4.400 5.500 N
. 24 5.300 3.500 5.500 4.600 8.500
: 22  3.500 45.2000° 3.900 -3.800 3.400
] 22 ."S5.200 - 4.700 2,500 3.300 4.200 f
: 283 3.400 S.000 3.600 3.500 2.700
“ 23 2.500 -2.800 2.400 S.600 5.300 ’
24 4400 7.300, 8.900 6.300 6.900
24  4.800 /100 S5.400 5.100 5.700
. . .
-
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! Cone weight (g.) ) ~ ,
! N N . P Lo -
: -4l 6,400 S5.600  3.800; -4.300° 4,500 7 -
’ T4 34000 32.200 :6.200-c-.6:000 .4.500.N\_<2 7L .
o 2 7 4,600 3.700 3.600 | 3.400. S5.200° - - ¢ o
2 4.500 8.000 s.zﬁg 5.400. . 5.800 - PP
T3 6.0000 3.400 _ 3.28 7.400  3.400 - j
. 3 5.200 3.600 4200, - 4.700 .5 300 P : e
i 4 5.800 2.800 * 2,400 2.800 2.400 R
' : 4 2:900 - 2.300 2600 4.500 - 3.100 < ‘
S 5.900 3.800 3.700 3.500 41400 o
f S 4.000 3.600 4.000 -4.800 7.700 g
g ; & 2.800, 2.800 3.400 3.100 4.800 - g
. & 4.200° 2.400 3.700 3.606 2.i00 !
; 7 2.700 6.200 3.300. 4.000 4.i00 - , -
: 7 3.200 4.800 2.400- 2.800 H.i0 ) :
8 14.000 4.600  8.400 7.000. 4.1i00
B 3.600° 3.500 5.800 3.200 4.500 %
9 3.500 - 6£.200 3/300 .5.400 3.900 . -
6200 2.300 -3/200 3.000 -5.300 -
05,500 5.200 " 5.900 .6:000 3.500
8- 4.900 4.600 .4.600 " 4.400 3.500
14 2.700 * 3.900 3.400. 3.200 4.400 .
14 4.900 7.000 '3.300 4.760 -3.400 :
CL A2 4.3006 7.200 3.800 3.800 3.500 g
g - 12  3.300 ' 4.900 3.400 S5.100 3.800 3
: i3 5.900, 3.100 - 3.500 4.100 3.000 3
; i3 " 3.5000 5.700 .. 4.500 7.i00 3.600. :
14 2.600 3.200 3.40 3.300 4.200
& 14  4.300 3.700 3.400 .000  3.704.
15 4.200 4 700 3.500 4.i00°
= i5  S5.000 4ﬁ§ﬁr_'§}yoo‘ 4.300 3.300 : ,
16 10.300 :6.700 S900 6.200 8.000
16 5.600 8.500 9.500 7.600 &.300
17 S5.400 7.200 6.500 S.000, 5.900 ‘ :
A7 4,400 7700 5.56C. - 4.200 - S.5600 ;
’ 18  4.800 5.500 3.700 6.200 ° 6,200
18  4.400 ,S5.5600 %.400 4.i00.. 4.900
19 '5.200 5.000 5.200 4.500 3,600
¢ 49 5.400 B.4100 56.700 S.408 . 7.1i00 - ;
© 720 8.100 6.000 5.800, 6.100 &.300 ;
207 2.700 3.700°. 6.900 4.900 -6.400.
21° 8.700 -4.900 _4.200 4.400 5.500 N
. 24 5.300 3.500 5.500 4.600 8.500
: 22 3.400 45,200 " 3.900 .3.800 3.600
] 22 .°5.200 - 4.700 2,500 3.300 4.200 f
: 83 3.100 S5.000 3.600 3.500 2.700
23 2.600 -2.800 2.400 S5.500 5.300 :
¥ 24 4400 7.300. 8.900 56.300 6.900
. 24 4.800 6/1007 5.400 5.400 5.700
§ . . . )
. “~
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£
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k3
7
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A a .
' ny Lone volume (cc.)

i -8
RS SR
AT
-2 -5
+ 3 8

3 . 8

4 8

4 4

S 7

S )

6 6

6 7

7 )

7 6

B 7

8 6

9 7

9 13

10 9
ip *®
i4 5
11 40
42 8
12 &
13 14
T 7
14 4
i4 8
is 8
15’/ 9
6 47
16 42
i7. 7
i7 6
is 7
i8 8
i9 7
i9 7
20 12
20 4
21 43
21 7
22, §
22 8
23 S
23 4

9

7

’

200 6.900
400 4.200
700 4.700
200 41.200
000 - 4.100
800 5.400
900  4.000
000  4.000
000 -4.900
600 4.500
.800  4.800
400  4.200.
200 £4.400
400 9.200
200 9.100
000 6.000
400 10.400
P00 4.600
800  9.300-
.300 7.800
700  7.000
800 12.700
.300. 45.000
.900  8.800
.800  6.800
.200 .42.200
500 5.500
.200  5.900
000  8.000
.400  8.900
700 £4.200
300 £4.200
100 41.800
.S00 ~40.200
400  8.800
.000 £0.000
900  8.800
400 14.700
400 9,000
200 5,500
300 6.900
400 S.5600
6007 7.800
500 7.900
900 £4.000
900 5.300
.800 *{2.300
200 9.500

5.000
8.4100
4.500
©.800
5.400
6.700

4.400 .

3.900
5.000
5.200
.6.400
6.600
5.700
5.500
15.800
10.400
6.000
5.700
9.900
8.200
6.600
&.800
6.900
6.800
7.200
9.800
6.300
&.800
9.000
8.100
11.800
19:000

9.200

g.000
6.500
"6.200
7.800
~11.500
i0.000
i06.4100
5.800

8.400.

8300
3.800
. 6.500
4.900
14.000
7.400

W

.300
.300
400
000
-300
400
.400
400
.000
.500
.80
.400
.800
.200
.500
.800
.000
5.700
10.900
8.200.
6.900
4.100
6.800
.000
.200°
.900
.300
.400
.800

- . ,
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[ws
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WO~ o0 0 O

kﬁ
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400
.200°
.000
.400.
.900
.800
.800
.000
.400,
.000
400
.400
.300
.600
L300,
.000

.200
.800

[¥S

OO UVI NN ON VIO MO

fus

.000 -

{
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-

9

M’ * . ’
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\
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[

.700
.300
.200
900
100
600
.500
000
900
.600
.300
.700
.000
.300
.000
.300
. 000
.000
.900
. 400
.500
.400
200
‘600
.600
000
.800
.200
.400
700
. 800+
.000 -
2200
.800
.200
100
. 000
700
.0ba/
.500-
.700
.900
.000
.400
L300
.900
000

-~
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; Cone width (mm.).

'21.500 20.500 20.500 49.500 20000 . :
19.000 417.500 23.500,.23.000 23.000
20.000 i8.500 48.000 49.000. .20.500. . -
19.500 24.500 21.000 21.000 23.000
24.000 48.000 48.S00 22.000 419.000
24.000 20.500 21.000 20.500# 23.000
23.500 47.500 48.500 49.000 419.500
18.500 47.500 446.000 22.500° 49.000
20.000 }iB.SOQ 19.000 20.0800 °"20.000 '
19.000/ 48.500 19.000 21.500 23.500
20.000 418.500 20.500 47.00080 20.S00
20.500 17.500 24.000 48.500 47.000
17.508 24.000 48.000 19.000 2i.000
20.500 20.500 4B.000 48.500 20.500
21.000 23.000 28.500 28.000 24.000
- 20.500 21,500 24.500 20.500 20.500
24.000 22.000 419.500 21.000 23.500 -
24.500 48.500 49.500 i9.500 23.500
24.500 23.000 21.500 24.000 4%.000
-24.000 25.000 22.500 22.500 24.000
20.000 24.000 21.000 24.000 -23.S500
24.500 22.000 23.000 17.008 £9.000
23.000 28.000 21.000 2:i.000 20.500
19.000 22.000 49.000 22.500 2i.500
23.000 21.000 48.000 24.000 48.000.
20.500 24.500 20.000, 25.500 24.000
£8.500 19.500 19.000/ 21.500 49. 000
22.500 49.500 20.000 23,500 21i.000
24.500 23.000 20.500 49.500 20.500
21.500 21.000 20.000 21.500 18,500
28.000° 23.500 24.000 24.500 27.500
24.000 26.500 29.000 25.000 24.500.
22.500 28.500 24.000 27.000 26.500
- 22.500 26.500 24.500 22.500 24.000
24.000 26.500 24.000 27.S00 28.S00
26.500 27.500 23.000 23.000 25.500
25.500 25.000 23.500 26.500 =21i.000
24.500 30.000 R27.500 25.500 28.000
26.500 27.500 30.000 29.000 26.500 ‘
19.000 21.500 27.500 23.500 _26.500 ° - .
31.000 24.500 23.500 23.600 25.000
24,000 22.000 25.500 23.000 ' 28.500
22.000 24.500 26.000 22.000 24.500 ,
27.000 28.000 20.000 21.500 23.000 _
22.500 27.500 22.000 24.000 22.000 .
22.500 20.500 23.000 27.000. 29.S00 :
22.500 27.000 30.500 26.000° 256.000 © -
24.000 26.500 24.500 24.5000 25.700 \
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Length to peduncle (mm)

40
32
3%
35
39
39

40

.000
.000
.500
.500
.500
.000
48.
3i.
34.
3i.
45.
43.
40 .
40.
42.
36.
.000
50.

000
000
0040
000
0oo
000
000
0go
000
000

000

42 560

42.
37.
.000
000
.500
82.
44,
31.
38.

47
39
40

45
S0
5S4
59

30
31

29
41
32

500
000

000
500
000
500

.500
.500
.500
.000
34,
.500
29.

000

500

.500
34,
- 36.
37.

000
000
600

000
500
.000
29.
35.
29,
27.
27.
34.

0G0
500
500
0o
500
000

35.000
30.000

31.500.

48.000
36.000
36.500
32.500
28.500
29.000
27.000
24.500
35.500

"49.000

47.000

47.000

35.500

54.500 -

33.500
44.500

.35.500

42 500
57,000
517000
45.5090
39.500
S6.500
36.600
36.000
43 .500
48.500
54.500
55.000
39.000
36.500
30.500
32,000

32.000
35.000
34.000
39.500°

34,
47 .

32
34

32
30

34

000

000,
.500
29.

500

500
35

500

.500
500
39.

000

.000
45,
32.

000
000

28
40

29

34

28
31
36
42
37
38
56
46
38
38
46
40
39
36
37
40
49
s2
41

.500
.000
500
500
500
000
500
.500
000
000
.500
000
000
500
000
.500
500
.000
.000

.000
.000
.060
500

41500

50
49
S4
59
36
33
27
33

35

40
35
40
34
38
34

A

34
28
41
34

.000
.000
.000
.000
.500
.000
.500
.00%
.000
.500
.000
.500
000
.000
.000
000
.500
.000
.500
.000

+48.50

34.000
34.500
31.000
39.000
48.500
41,000
32.000
37.500
34.000
29.500
43.000
43.500
47.500
36.000
52.500
33.500
42.500
37.000
47.500

42 090"

42.000
36,000
39.500
45.000

1000

48.000
38500
47.500
454,000
42.000
47.000

30,500
30.500
36.000
306.000
27.000
36.500
40.000
33.000
34.500

. 34.000

34.500
32.000
33.000
38.000
40.000
39.000

43.
490 .
A2.
<45,
" 48B.

0. <48,

27.
33.
24,
34,
33.
a1,
3s.
36.
4.
35.
29 .
29

25,

5.
)
3?.

.000
.000
000
.500
.500
.500
.000
.000
.000
.600
. 000
.000
.500
S4.900
42.500
600
000

N

N

N
(~

e B i At o S
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Apophysis

1)
7
6
3
7
8
8
7
6
5
7
)
b6
&
7
7
6
8
7
5
6.
6
8
8
8
S
6
7
7
7
7
8
7
9
8
b
6
5
6
8
8

.00
.700

7

6

§.000
5.
7
6
7

200
.708
.800
.800,
.800
.300
.500
.600
.000
.i00
£109
.700
.600

.700

.800
.10
.500
.000
.700
000
.600
100
400
.300
400
.600
.700
.700
000
.800
000
.100
. 000
.300
.100
.4100
.000
000
.00
.50
.500
.300
.400
. 000
000

7
5.
6
6

i

i

6
8
6.
6
7.
6
S
5
i

6.700

6
6
8
8
7.
6
5
8
7
7.
6
8
7
S
S
7
8
8

8
7
8
7
7
7
7
8.
7.
7
8
6
8
0
6
8
9

length (mm. )

100 5.800
600 7.600
100 5.700
800  4.300
.500 7. 400
090 6.900
300 5.400
200 6.400
000 ~ S.900
400  &.200
400 7.800
400 5.300
L000  6.000
300 8.100
.800  8.400
300 7.800
300 7.700
700 7.400
400 &.700
500 6.500
800 6.400,
200 7.900
400 6.100
4.800
000 7.200
.800  9.600
400 7.400
800  5.600
200 8.200
.500  8.300
000 8.200
000 9.300
000 8.300
.000-  7.200
200 6.200
.B00  6.300
900  8.500
.500  8.000
9.400
7.400

. 000 6.200
. 900 6.000
. 400 8.100
800 7.600
500 ?.100-

0600 ¢.100

CNNNOCOCNCONOD o o0

.400
.100
.100
.209
.00
.800
.800
.700
.100
.000
.600 -
.700
.900
.200
.300
.800

6.200

\IO*\I\I\I\ICDII)\IU‘COU!‘0\1\1\1\)(9'&\10\\1\10‘\]\1\1 N o

.900
.500
.000
.S00
.800
.300
.100
.600
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/ A . N . A ’ * - /" ™
pophysis width (mm.) . v < .
600 7.400 5.900 7.900 _ 8.300 e

900 5.500 7.400 6.300 " 7.300

o 200 5.700 6.600 6.200 6.300
200 67BO0  6.400 6.200 7.500 S
goo 7.400 7.s00 6.200 7.1i00 .-

L4090 7.600 6.900 6.500 8.500

.400 6.50 5.600 8.300 8.400 :
.900 6.500 5.900 6.760 '5.700 -

Y \j

.300 7.400° 6.400 6.000 5.700
.200 &.200 8.200 7.700 7.600

7

&

6

6

8

7 :

7.900 6.3 g) 6.600 6.800 7.700 .
5 :
6

6

7 .

7.700 5.400 7.000 -~ 7.800 ?.000 <, .o
9 v hd ’

6

-

1

aﬁ

2

3

3

4

4

5

5

6

6

7 200 9.400 7.0006 8.900 8.600, .

7 500 B8.500 B.700 7.400 .. 6.800
g @§.s00__7.800 9.200 9.500 8.100

8 7.500 9.300 9.400 4i4i.000 8.800 - .

¢ 8.500 8.700 8.000 9.000 7.500 .

9 8.700 8.900 7.400 7.600 10.800 :
£0  8.000 8.200 7.708 7.400 8.200 :
ig 7.600 b&.900 8.200 7.300 8.200 -
i4 6.800 40.500 &.100 6.900 7.200
14 7.600 7.500 9.4000 6.400 7.808
{2 8.000 B8.600 S.700 6.000 7.800
i2 &6.700 9.300 7.i00 7.200 7.900
{3 8.000 8.500 7.500 ¢.800 7.200 -
41z 8.400 9.S60 410.000 8.960 7.000 - )
14 5.800 5.000 &.400 - 6.%00  7.1i00 .
14 - 7.200 7.000 6.600 7.4 7.
1S 8.400- 7.400 8.500 8.000 \7.
is g.700 8.500. B8.200 g8.200 B .
i6 10.500 40.100 9.608 13.600 410.900 .
i B.b00 B8.600 11.700 8.400 8.
i7 7.900 7.000 8.300 8.900 8.

17  7.000 9.100 7.200 7.700 7. )
. 18 6.900 7.200 9.200 9.400 7.80C0
ig 8.208 7.800 7.500 8.400 B.100
i9 7.800 6.300 8.500 8.300 6.100
9 8.000.- 8.500 7.700 °8.200 9.800
20 8.000 8.800 40.300 9.600 7.900
. 20 7.000 9.0 9.800 7.i00 8.000 -
N 24 40.400 7.200 8.00 7.800 8.800
. \3\21 g8 400 8.500 7.600 N\8.200 9.400
pp  7.900 8.000 7.500 6.300 8.100
23  8-000 9.500 6.000 7.808 2 8.100
53 §.400 °8.800 8.800 6.900 8.200 y
2%  6.400 7.200 410.000 . 2.000 8.200
24 8.500 B8.%00 9.200 9.000 7.200
8.200 6.100 7.500

24 8.600 - 7.400
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Apophysis height (mm.) -

c' $
£ 3.900
i 2.700
. €2 2.5600
- 2 2.300
° 3  2.800
3 3.700
4 3.300
4  2.5600
S  3.600 .
S 2.500
& 2.000
6 1.700
7  2.000
7 2.400
8 2.300
8 2.400
- 9 2.200
. 9 3.400
10 2.800
° ip  2.400
A1 2,100 .
- i1 3.200
12 1.700
i2 1.900.
i3 2.600
13 2.200
; 14 2.300
: 14« 2.500
! is  2.800
; is 2.800
5 i6  3.000
¥ 16 ~2.300
i i7" 3.300
¥ 17  5.100
£y i8 - 3.300
8 i8 4.000
19  4.400
19 4.300
; 20 4.100
20 .2.900
24 5.800
24  4.100
22 4.400.
— 22 3.500
9 23 3.500
23 3.200
24  3.700
24 3.500

2.800 2.900
2.300 2.800 .
2.500  2.400
3.400 . 2.800
2.200 2.500
2.600 2.700
2.0060 2:500.
2.080 2.400
2.2%0 3.200
2.400 3.200
1,600 1.900
1.700 2.300
3,000 2.300
2.600  2.500
2.000 4.000
3.200 3.200.
2.900 2.400
2.600 - 1.700
2.300 2<500
2.500. 2.700
2.900 2.500
2.900 3.8080
3.200 2.500
2.600 4.800
2.800 2.300
2.500 3.300°
2.300 1.700
2.400 £.600
2.400  2.500
2.500 2.200
3.100- 2.700
2.600 3.500
5.600 4.700
S.000 4.400
3.900 . 3.700
3400 2.800
3.600 3.500
4.300 3.600
4,000 5.100
4,600 .500
4.000 T;.zoo
3.700 . 200
3.300 2.800
5.800  4.300
3.500  3.800
2.300 3.900,
3.700 4.400
. 3.400 3.700

7]

.200°

.700
.308
.800
.400
.400
.400
.600

.000

600 900
S08~_ 2.700
306/\\3.300
806  2.300
100 2.200
408 2.500

] 2.400
700 2.500
500 1.800
100 F200
806G 2.700
400 °2.300
200 2.400
900 3.200
900 . 5.200
BOO © 4.400
060 2.800
900  4.300
100  4.700
600 ﬁ.eoo
600 [3.70p
500 .300
200 3.200
200, 5.300
500 4:800
200 4.500
706 3.500

3900 @900

4,500 3.000

3.200 3.100

3
3
3
2
2
3
2
2
2.800
4
{
{
a
2
2
$
2
3
£

-
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i
e
5
&
2
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ﬂz{
o8
b x
&
1
%
%
P &
£

T
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COBBNNCCAUTDLD WG NN -
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" Spetific gravity

0.744
0.773
80.807 °
0.865
g.750
0.594%
0.652 ~
8.72%
0.843
“0.74i4
0.442
0.568
0.549
0.525%"
0.55%
0.600
0.473
0.521
0.564
0.527
D.474
0.454
0.548
0.478
0.500
0.486
0.578
0.524
0.52%
0.5%532
0.582
0.537
0.764
0.677
0.622
0.550
0.658
0.689
0.669
. 0.643
0.654
0.7216
- 0.643
0.642
0.52%
-0.%554

T0.707
0.667

+

Y

o

- A - T b N - L - N - - - T - - - - o - -

.842
762 -
787 7
744

.756

.563
.700

.S75
776

.800
. 583=%
.574
.544
.522
.505
.583
644
.500
.559
.590
.557
.551
. 480
.557
. 456
.545

OO QOO OO0 OO0 o000 0DOOOoODOLDOODO OO
. . . T T . P . . . . - . . . . « . .
Ul

o9
vyl
o220
f o B e ]

0.707
0.688°
0.569.
0 548

0.667,.

© 0.583
0.680 -

0.683
0.724
0.802
0.470
0.658
0.569 -
0.449
0.8636
0.748

oo

\

. .
OO LCOOOOOOUOoODLOoodooc

- R N - N R — YW - RN N N - - - -]

.814
.822
.8a9
.774
.796
.734
.63
. 634
700
.738
.534.
.563
.513
.538
.519
.552
.638
.S26
.550
.500
.464
. 445
.559
.5467
500
.59

.673
.545
.538
.559
. 623
.62%
. 689
.626
L7207
.877
600
. 649
.700
L7214
719
.603

.574
.580

. 685
. 750

24

589
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. e . e e & e e+ ef o e e e . P e T T O T T L

TRARURE R




R e

i

At
AT
a0 YRR

S i .0.500
: i 0.559
i , 2 0.526
% 2 0.500
# 3 0.574
¥ 3 0.5i4
H 4 0.43%
7 4 0.514
K S 0. 476
i S  0.559
¥ 6 0.444
¢ 6  0.427
= 7 0.417
¥ 7 0,488
%f 8 ™.s00

f; 8 §.554 -
o 9 0.500
L 9  0.47%
L3 ~ 10 0.557
e 19 0.545
, 14 0.500
i i1 0.480
‘ 12 0.564
; 12 0.452
. 13 0.426
; 13 0.456
5 14 0.544
: 14 ;. 0.53s
~ 45 0.448
] 15 0.406
i6 0.483
46  0.387
e 4 17 70.642
T 17 7 0.662
5 i8  0.645
i 18  0.679

A i9  0.638 _.
S s 19 0.557
¢ 20  0.648
% 20 0.576
S 24 - 0620
i 24. 0.645
i 22 §.8647
£ 22  0.659
; 23 0.703
.23 0.750
) 24  0.625

24 0.585

NN N - L L L - e - L - - - L - - -

S e W ey W g

x

. 488
.500
.544
. 462
.462
.477
.A73
. 486
.544
.578
. 487
. 449
462
.410
. 4469
.551
.407
.500
L5414
. 658
. 467
.379
.528
L4324

. 430
.513
.527
.500
404
. 435
.434
.594
.576
. 679
A0S
684
.600
. 688
.597
.554
.64
.700
.748
. 688
621

A

S 0LS00

.500 -

/

Cone width/length

0.679 .

OOQOOOOOOOOOOOOOQQOO-QOOOQOQOOOQQQOQOQOOOOOOOOOOO

500
.535
.543
.457
434
L4866
.528
544
.526
.584
.378
.394
.404
.500
.549

.477
813
L4920
.5414
.477

.542
.479

.389

.538
.480
.453
.478
L4714
.463
.730
.662
L6714
.622
779

.593
(647

.639
.657

.581
.667
.614
.565

.586

. 459"

472

674

579

. 489"

K
ul
[ws
(7

622
. 437 -
.548
.442
479
.542
.487
.543
547
.427
472
.583
.373
.477
.427
.973
.470
463
.500
.480
.463
. 446
.542
.360
.477
. 422
.S00
.456
.378
.55%0
. 445
.803
L6485
.69S
622
.618
596
. 663
L6863
676
679
L6814
.622
.688
.7%6
.542°
.568

M.
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Cone volume divided by volume of cyllnder of

the same length and width

. .
OO‘OOOOCOQOOOOOOQOQOOQ‘OOOOOOOOOOOOOOOOOOQOOOOOOO

394
392
.381
.352
.324
.354
.353
.363
J424
414
369
.352 -
.381
438
351
.333
386
.363
L3914
.328
353
452
364
357
.367
.359
.384
L4149
.329
.388°
.376
L334
.303
.316
324
.339
.343
.327
.298
L334
.383
324
L3714
. 258
364
.382
312
347

. 305
.344
. 365
.350
. 367
. 362
. 342
L3914
. 385
.379
. 384
.340
. 463
.444
. 324
. 369
.394
. 384
. 466
.395
. 374
.324
L3914
. 448
.436
. 438
.406
.386
.404
.397
. 353

. 370
.380
L3514
. 332
304
. 353
L334
.292
278
.284 .
304
L3414
. 328
. 353
.272

.30
.29

0.357

0.321.

0.324
0.345

0.377

0.346
0.339
0.319
0.329
0.380
0.446

10.398
.0.460

0.444
0.3i9
0.394
0.412
0.3%94
0.386

- 0.368

0.356
0.383
0.376
0.378

0.344-

0.339
0.344
0.384
0.416
0.385
0.356

0.364

0.297
0.354
0,319
0.296

N

0.327 .

0.322
0.238
b.362
0.320
0.346
0.343
0.327
0.304
0.312
0.296

.0.334

R
=

B

.
CO0OO0OO0OTOOLOOT OO0 OO0

~

I

[ B e IR ~= B~ B o b~ B — Y o B - B o B ]

. 365
271
.307.
.356
. 393
.299
329
. 355
.378
.404
414
356 -
;844
. 446
361
444
309
.398
466
346
. 351
.432
.372
L3914
.407
442
L4449
.389
.391
.400
.365
.333
. 354
.347
.306
.304
.400 -
342
L340
. 320
.368
.343
273
.307
329
.303
.305

.291\\\\‘

e
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Cone symmetry

0.930 0.833 o
0.944 0.857 0
0.829, 0.875 0
0.940 0.906 O
0.940 0.923 0
0.830 0.849 0
0.889 0:878 o0
0.861 4.792 0
0.840 0.853 0
0.942 0.844 o0
£.000 0.908 0
0.896 0.9i0 O
07952 0.942 0
0.952 0.940 0
1,000  0.959 0
0.973 °0.940 - 0
~04952  0.954 0
0.962 0.905 O
0.966 0.989 4
"0.955 0,934, 0
0.925 0.944 O
0.922 0.983 " 0
0.954 0.962 0
0.964 0.892 -0
0963 0.940 0
0.989 0.994 0
0.942 0.947 0
0.947 0.973 0
0:948 0.946 O
0.953  0.93F 0
0.888 . 0.954 0
'0.952  0.902 0
0.942 0.843 0
.0.897 0.793 0
0.756 0.782 ¢
0.808 0.82% 0
6.850 0.895 0
0.8i8-_.0.940 0
0.902 0.8i3 .0
0.879 0.819 0
0.830 0,808 0
0.821 .8 0
0.853 0.929 0
0.866 0.782 ¢
0.922 0.975 0
0.900 0.939 . 0
0.764 0.833 0
0 0

.829 0.821

824
844
.86
.898
.89S
.952
.843,
.885
792
846
943
966
974
927
942
979
950
.987
000
.988
.988’
900
.925
952
964
.929
945
943
.943
964
934
967
869
868
.809
.B46
875
.8890
924
.B44
.838
.927
.B64
.B62
.829
.B24
B30
.850

e e R L

O DO OO DO TS O o O

WA e e s e gk 3 e SO

.3

- - N e

.872
.802
.886
.848
.954
.932
.88¢%
.852
.816
797
.956
.926
04t
.973
.972
.957
.966
.974
.969
.955
.955

.973

963
I9S/73‘

. 944
.889

2

.963
.969

953

.933
904

.898
.B24

.897
.878

.B14

794

.849
.B54
.943
.875
.886

<908
.86%
.917
.B64

.B70

.886

OOQOOOOOOO0.00000QOOOOOOQOOOObOOOOOOOQOOOOOOgg’OOOO

821

.B6S

.854

845 .

..826 c
.865

864

.821

846

791

947

889

986

.982

966

938

954

.880

954

952

.949

.988

978

952

.960 .
.989

956

964

933 )
1929
960
.873
848 *
.B46
844
768
974
.883,
.888
900
932,
.833
806
.797
797
910
.B8S
852 /
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S x s cth s ook Whsmnn et Ae

g i .0 . 0.394 0.500 0.500 0.340
: 4 0.403° 0.44f 0.368 0.533 _ 0.607
:, - 2 0.433  0.440 0.424  0.339  0.465
- 2 0.442 0.456 0.444 0.422 0.452
i 3 0.364 0.338 0.338 0.284 0.29%
, 3 0.544 0.325 0.39% 0.333 0.386
4 0.423 0.347 0.446 0.294 0.308
4 0.382 0.323 0.344 0.405 - 0.299
S 0.493 0.344 0.S42  0.500 0.459
: . S 0.385 0.328 0.5i6 0.449 0.574
: & 08.303 0.296 0.244 0.300 0.273
. & 0.243 0.345  0.365 -0.286 0.224
- 7 0.247 0.273 0.383 0.354 0.29{ .

7 0.25% ©0.443  0.309 0.309 0.292
8 0.299 0.294 0.465 0.3i16  0.3%s
8 0.364 0.386 0.4i0 0.324 0.250
. 9 0.386 0.349 0.273 0.323  0.452
: 9 0.397 0,338 0.239 0.349 0.382
- i0 0.459 0,359 0.373 ,0.540 0.345
£10- 0.323  0.45%% 0.445  0.403 0. 450
i4  0.350 0.330. 0.440 0.560 0.307
i4  0.416. 0.403 0.484 0.269 0.295
12  0.243 0.432 0.4i0. 0.350 0.30¢
12 '0.28§§s=6?3%§ 0.375 0.384 0.352
: i3 0.32f7 0.350 0.319 0.304 0.348
: 13 0.297 0.324 0.344 0.402 0.32¢
: ) i4 0.434  0.426 0.230 - 0.347 0.257
. 14 6.394/ 0.362 . 0.286 0.356 0.36i
: 1S 0.424- 0.333 0.305 0.240 0.354
: . 1S  0.322 0.294 0.268 0.293 0.288
5 i6 0.345 0.388 '0.329 0.308 - 0.279
& 46  0.288 0.325 0.376 0.444 0. 457
@ {7 0.569 0.800 0.S66. _0.500 0.722
£ / £17 0.850 0.625 0.611 0.400 0.586
£ 18 0.465° 0.542 0.597 0.758 0.394
£ 18 0.574 0.4356 0.444 0.557 0.478
% 19  0.562 0.456 0.412 0.494  0.327
3 19 0.606 0.573 0.450 0.462 0.697
. 20 0.506 0.449 0.543 0.575  0:5éi
3 20 0.414 0.657 0.743  0.347 0.448
; ‘24 0.644 _0.S33 0.573 D.424 0.344
p 24 0.543 0.457 0.424  0.451  0.663
; @22 0.631  0.550 '0.452  0.472 0.623
3 ¥ 22 0.538  0.652 0.747 0.500 0.608
£ 2 0.660 0.337 0.469 .D.529 0.493
'% 23 0.500 0.33B 0.543 0.398 0.527
& T 24 0.463 0.435 0.484 0.489  0.449
& 24 0.438 0.378 0.407 0.478  0.43%
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< 13
1,13
L 14
" 14

18>

e A&
Ve
1 7 -~

48"

A8
i9
i9
20

. -2t
s 21

T 21

///22
33

.2’

24
24

15"

Apophysis hgight/width

¥

0.543 0.378
0.394 0.448B
0.4419  0.439
0.374 0.456
0.350 %.314
0.521 . 342
0.448  0.347
0.406 0.308
0.522 "0.338
0.397 0.296
0.278 0.258
0.225  0.345
0.206- 0.330
0.323 0.306
0.274 0.256
0.320 0.344
0.259 . 0.333
0.3%% 0,292
.0..350.. 0.280
0.276° 0.362
B.30%  0.276

.0.424 .J0.387

'o 343 0.372

2 - 0.280
o 325 90.329
0.262 0.pe&3
0.397  0.383
0.347 . 0:300

“0.333 | -0.324.
6.322  'p.294°
8 286  0.307

2677 0.
0.418 onggg
0,729 . 0.849
1 0.478 . 0.54P
70.488 - 0.436
0.526 0.5717
T.538 . 0.506
0.543  0.45%5
0.414 " 0.50S

0.574 0.556
0488 0.
0.549 . 0.
0.438 9.
0.648 0
0.500, 0.
0.435  0.446
0. %07 0.47%

. ook . -
ﬁ:::;:ﬁ;@ib@j::@%:::@n:c:c:c»o::c:o¢=cac>o<=c>o1:::0

492
.378
.364
.438
.333
L3941
.379
375
542

.213
. 329
. 329
.287
. 435
. 340
.263
. 239
. 325
.329
L4140
.448
. 439

.307
.330
. 266
242

.268
0.281

" 0.299
"0.566
B Y- £
0.402-
- 0.373

0.442
0.468
0.49%
0.564%
7538
424
.373

.5060,

254 .

>

Y294

&

07443
0.508
< 0.306
0.435
0.339
0.323
°0.338
0.410
0.597
0.433
0.273
0.256
0.315
0.295
-0.316
0.227
0.233
D.289
0.354
0.342
_0.406
0.284
g.350
0.333

L, 0.255

~0.445
0.373°"
03296“'
0.22%

. 0.293 .-

‘:0.235
. 345
0.55%
0. 364"
0532

T 0,464

= 0.494
. 439
0.479"

- &;352

0,717

0} 432"

. 390

0.478.
0.454

0.440 -
~ 0.390
Lg.z??

0.440"

0:.394

0.433

0.500.

0:525°

0.386

0.507
0.524
0.373
0'.338
g.400

0.342

0.310
0.491
0.597
0.237
0.167
0.267
0.309
0.324

.0.243

0.373
0.345
0.232
0.329
0.319
0.295
0.282
0.316
0.292
0:357

0.254:
n.282 .

" 0.354

0.288 ...

0. ‘238
0. 368
0., 687

0,586’
0.359

0.531
L0.279
0.633
0,468

0.443

. 0.364
. 0.554

0,593 -

0:, 556
0" 427
0.476

0. 447
0.443
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APPENDIX B-: Data-éummarizatiqn and Standardizatioen
. - . A
‘ . !
1. Data Summary Prior to Transformation and Standardization -
. i
'? ~¥,‘
CHARACTER : serotiny .
/ £ \’_
STAND NAME MEAN STD. DEV. MIN. -, MAX.
- . /
HMENDO4 0.87 0.274712 0.34 i
MENDO2 . 0.84 0.306014 . 0.35. i - .
MENDOSHOR 0.284 4.45224E-2 0.24 0.36
CRESCENT 0.294 5.18973E-2  0.22 0.37 4
. GASQUET - i 0 - i 1 ‘
BISHOP2400 0.166 3.56526E-2  0.14 0.22
BISHOP3050 0.186 S.084i56E-2 0.4 0.28
_ COTTONWOOD 0.19 S.01i110E-2 0.1 0.25
",MT.ROSE 0.4i59 . 3.95674E-2 0.4 0.24
TRUCKEE . 0.2 3.85864E-2 “D.46 0.27
ADDLEBAG 0.19 4. 46333E-2 0.43 ~0.24
- UPPER .HORSE 0.467 4,37290E-2 0.4 0.22 -
. KAISER 0.19S S.40062E-2 6.44 0.29 .
DINKEY 0.463 4.59589E~2 0.414 6.27 3
~ HUNTINGDON 0.124 2.46982E-2 0.4 0.18
BTG .BEAR 0.474 4.77444E-2 0.4 0.25 .
RIDGE3DS0 0.882 0.251608 0.33 \ 1
SOUTH3400 0.33% 7 .54665E-2 0.26 0.5
VALLEY3100 6.383 - 0.230268 0.13 i
VALLEY2540 0.93 0.224359 0.3 - i
NORTH3050 0.8145 0.298189 0.35 i
FRASER 0.;@4 0.203044 . 0.3 !
MEADOUW.CR. 0.386..- . 0.217879 0.28 i
" UTAH B.499 . 0.348535 0.23 i )
AL.L STANDS 0.41 T 0.166438 : :;
- 4 - «
<
/ - - _» )
% ‘ Y |
K .




v Ay
o Q-tqi .
.

Ry - . » A .
L L el o e A P R w: dahey &
.

5 a P

T

RS
,

I

CHARACTER :
STAND NAME

MENDO{
MENDO2Z2

.MENDOSHOR

CRESCENT
CASQUET
RISHOPZ400

- BISHOP3 059

COTTONWOOD .
T RDSE
TRUCKEE
SADDLEBAG
UPPER . HORSE
KAISER
DINKEY

BIG.BEAR
RIDGE3050
SOUTH3100" |
VALLEY3100
VALLEY254(
NORTH3050
FRASER
MEADOW.TR..
UTAH

ALL STANDS

’

//

. HUNTINGDON' .

-

volume

MEAN

NN ND Q0O 000 mN 0 NDNOUD O O

.04
.33
.88
.99
.92

- 04
.34
.94
.74
.67
.65
.33 -
.98.
.79

03

3.43
a9 -
09
.24

.-

.98
.87°
.02
.98
.78083

%*
STD. DEV.”

147588
2.09552
1.57537
1.67495
1.50514
§.4362
2.25596
340505
2.48202,
1.41582
2.57391
2. 48866
2.27293
1.64138
.898208
82333

“4.72044

1.62306

'2.58423

2.33 .

2.59007
1.50558
2.43027
2.58048

243734 ,
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- CHARACTER :

STAND NAME

. MENDO{L

MENDO2 -
MENDOSHOR
CRESCENT
GASQUET
RISHOP2400
BISHOP 3050
COTTONWOOD
MT.ROSE
TRUCKEE -
SADDLEBAG
UPPER . HORSE
KAISER -
DINKEY
HUNTINGDON
BIGC. BEAR
RIDGE3050
SOufH3100
VALLEY3400
VAKLEY2540
NORTHZ050
FRASER"
MEADOW . CR .
UTAH

ALL STANDS

-apoph.ht.

MEAN -

© 3.4

.64

. 6%

.52

.02

.86

.38 .
.69 /7
.54

. 46

. &é&

.29

.65

.14

.44

.89

.51 .
.74

.9

.03

N

i

GNP DEHGIDRNNROIONNRONNF NN

.42
362
'ﬁ2.9975

LIS v‘:%. o

STD. DEV.

0.494413
0.400555~ —

0
0

.0

Ry

.535934
.494709
.694102
. 245854

T~~~ o= I B — R o= R o = ]

.88 -

0.33599  °
. 672392
.53427

. 283627
.583476

. 44833

. 499444
.347805
302582
07384274
0.882484
0.674042
', 10353 ..
0., 955743
0.92376 ° .
1.00863 -
0.545283
0.505085

0.62335

A A R L T T T A R R R

u@m%ummumo»umﬂﬂu ul e

MIN-. |

P N0 O

MAX.
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CHARACTER :
STAND -NAME

MENDO4
MENDO2
MENDOSHOR
CRESCENT
GASQUET

. BTSHOP2400

BISHOP3050
corTonwgop®
MT.ROSE
TRUCKEE
SADDLEBAG
UPPER . HORSE
KAISER
DINKEY
HUNTINGDON
BIC.BEAR

- RIDGE30%50

SOUTH34 00.

VALLEY3100

VALLEY2540
NORTHZ0S0
FRASER
MEADOW . CR .
UTAH

ALL STANDS

B s S

-

~

sp.gr.

MEAN

.788733
. 799286
. 666379
. 632222
762849
.546882
.525687
.55439
.554293"
551413
481664
.549548
493319
567924
.54653%
56563
694757
. 603455
Néeti024
679903
.704572
614663
.533927
. 680744
.61 029

R o - e - - - - )

(=)

OO OO M

SHLSOCUVINNHDSDDBNVUTHIWHSEUDIGDDVIENDO W

OO OO0 OO OO COOOO0OOO0 OO0 ONOO

STD. DEV. /D MIN.

. 35457E~2
.08514E-2
.98907E-2
.79402E-2
. 37655E-2
.04005E~2
.22544E-2
.00247E~2
.97243E~2
.16591iE-2
.30692E-2
.53976E-2
. b49SSE~2
.72479E-2
.6930SE-Z
.24240E-2
.90465E-2
.B9937E-2
.60964E-2
.58482E-2
J0B876E-2
.24882E-2
. 042944

.65603E~2
.B304SE-2-

.74
.74
.55
.53
.7
.44
.44
.54
.47
.5
.44
.48
.45
.S
.46
.5
.64
.55
.55
.64
.62
.47
.45
.59

i3

-

MaX.

.85
92"

.72
.84

.59
64

.56
57

.68
.55
.62
.76
.74
.69
.72

.80

.58
.75
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CHARACTER: cone.wid/1. 2

STAND NAME MEAN STD. DEV. MIN.
. 7
MENDO4 0.52884 3.98340E~2 " 0.48
MENDO2 . 0.492754 3.98670E-2  0.42
MENDOSHOR 0.47688% 4.27498E-2 0.43
CRESCENT 0.491497 4.25425E~2 0.44
GASQUET 0.535£77 . 3.3448S5E-2 - 0.47
BISHOP2400 0.446756 4, 49971E=-2 0.37 ’
BISHOP3050 0.454932 6.06248E-2 0.37 -
COTTONWOOD 0.507959 4.767S3E-2 :  0.42
MT.ROSE™ 0.489966- -  4.14979E-2 0.40
TRUCKEE 0.525203 5. 67760E-2 0.46  °
SADDLEBAG 0.48061% 4.99635E-2 . 0.37
UPPER . HORSE 0.489889  4.35422E-2 0.43
KAISER 0.424978 ° 5.45486E-2 0.35
DINKEY 0.495574 4,37774E-2 . 0.42
HUNTINGDON ' 0.430075 . - 4522096E-2 0.37
BIG.BEAR 0.455824 4,44041E-2 0.38
RIDGE30S0 0.651944 7.46310E-2 .57 \
SOUTH3400 0.658454 4.22594E~2 0.58,
VALLEY3400 0.624968 6.39931E~-2 | 0.55
VALLEY2540 0.648266 . &.40669E-2 ©  0.57
NORTH30S0 °0.630514 3.68434E-2  00.55
FRASER 0.659763 5.22508E-2 0.57
MEADOW.CR. 0.674447 5.706256-2  0.57
UTAH 0.577606 S.81429E-2  -0.48 »
ALL STANDS 0.535399 4.97767E-2
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CHARACTER: wvol/cylvol

STAND . NAME MEAN STD. DEV. MIN. MA;.
MENDO4 0.351443 4.33341iE-2 - 0.27 ©0.44
- MENDO2 -, G.350759 2.20566E-2 0.30 0.38
MENDOSHOR 0.347819 ~ R2.82&04E-2 0.29 0.39
- CRESCENT- 0.341299 2.58490E-2 0.29 0.39
GASQUET 0.396015% 3.40873E-2 0.32 8 .45
BISHOP2400 0.37974i% 3.15287E-2 0.34 0.44
BISHOP30S50 0.420224 3.69571E]§ 0.34 0.46
COTTONWOOD 0.363674 3.47143E 0.314 0.44
MT.ROSE 0.38236 2.88400E~ 0.30 0.44
TRUCKEE -_ 0.38838 4 .S5454E-2 0.32 0.46
SADDLEBAG 0.373249 4.01302E~2 - 0.32 0.4S
UPPER.HORSE 0.3924346 3.38294E-2 0.35 0.45%
KAISER 0.389459 3.638B42E-2 0.33 0.43
DINKEY 0.389694 2.24145E-2 0.34 0.44
HUNTINGDON 0.38%53%3 2.46855E-2 6.32 0.44
BIG.BEAR 0.357956 1.83480E~2 0.33 0.38
RIDGE3050" 0.3491614 3.6343%9E-2 0.29 0.44
SOUTH3400 0.344003 i.63440E-~2 0.29 8.33 3
MALLEY3100 0.329765 3.49624E-2 0.28 0.40
VALLEY2540 0.320456 S.04094iE-2 0.23 0.42
NORTH3 050 0.327453 3.39244E-2 8.27 0.38 -
FRASER 0.317252 3-.57494E-2 6.25% 0.37
MEADOW.CR . 0.330683 3.44094E~2 0.27 0.38
UTAH 0.3540535% 1.80203E-2 0.29 0.34
ALL STANDS 0.358662 3.28365E-2
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' CHARACTER: symmetry
STAND NAME  MEAN STD". DEV. MIN. MAX .
MENDO4 0.855585 4.80447E-2 0.80 0.94
MENDO2 0.B66632 3,29968E-2 §.8% 0.91
MENDOSHOR 0.896287 S 02766E-2 0.82 0.95
CRESCENT 0.85703 3.18445E-2 . (.79 9.88
GASQUET 0.827537 - 3.72795E-2 = (.79 0.94 ‘
BISHOP2408  A\0.927904~w.  3.5024{SE-p 0,88 4
BISHOP3050 0.963913 2.55044E-2 0.92 1.04
. COTTONWOOD 0.959558 2.50043E-2 | 0.9% 1 -
M1 .ROSE 0.948402 3.19773E-2 0.88 0.98
TRUCKEE 0.965889 2.06654E-2 0.93 1
SADDLEBAG 0.952558 . 3.04716E-2 6.9 0.98
UPPER.HORSE  0.949881 2.44344E-2 6.89 0.97
KAISER _0.955488 3.18044E-2 0.28 ‘0.99
DINKEY 0.93p88 2.14532E-2 wf. 94 0.97
HUNTINGDON 0.9432 1.08282E-2 D.92 0.96
RIC.BEAR 0.922786 3.39074E-2 0.87 0.96
RIDGE3050 0.853799 4.09460E-2 8.79 0.94
SOUTH3100 0.842026 3.71442E-2 0.75 0.87 '
VALLEYZ$00 0.875488 'S.26224E-2 0.79 8.97
VALLEY2540 0.87594 4.32443E-2 0.84 0.94
NORTH30S0 . 0.862435 -~ 4.36683E-2 0.80 0.93
FRASER 0.852821 “4.66255E~2  0.78 0.92
MEADOW . CR . 0.887648 S.74445E~3 0.79 8.97
. UTAH 0.842042 3.50968E-2  0.76 0.88
ALL STANDS 0.90022¢ 3.70430E-2
\ .
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\ | CHARACTER:  apoph /1. - )
STAND NAME MEAN ‘\\_ﬂl\STD. DEV. //“ﬂIN. MAX. .
MENDO4 0.46064 B.B63L0E-2 ' 0.34 0.60
MENDO2 0.428442 - $.57085E-2 | 0.33 0 .46
MENDOSHER . 0.3606014 7.32923E-2 .- p.28 . 0.54 -
.CRESCENT 0.3538464 'S.60255E~2 ‘' 0.29 70.44 -
GASQUET 0.452848  8.85056E-2 0.3 Q.57
| BISHOP2400 0.284799 \\%§.13069E-2 0.22 6.36 )
BISHOR30S0 0.312963 L42442E-2 0.24 ‘0.44
COTTONWOGD 0-.345984 6.3247BE-2 /)L25 0.46
MT.ROSE 0.348854 6.142355-2{ “0.23 .45
TRUCKEE 0.409302 S.93424E-23.% 0.32 0.5¢0
\ 2 SADDLEBAG 0.384895 9.04989E-2 ¥ 0.26 0.56
E UPPER .HORSE 0.35205 5.87584E-2 0.24 0.43
K KAISER 0.329407 3.04949E-2. . 0.29 . g.40
' DINKEY 0.344898 6.80902E-2 D.22 - 0.43 -
HUNT INGDON 0.344754 S.06420E-2 0.24 0.42 .
BIG.BEAR - 0.350863 S.72654E-Z"  0.27 - 0. 45 : .
: RIDGE30S0 0.622928 0.4135497 0.4 0.85 —~—
. SOUTH3400 0.5244186 0.105437 0.39 0.75 -
r VALLEY34100 0.5037414 0.106764 .32 0.69 . s
VALLEY2540 0.521339 0.120402 ©0.34 0.74 .
NORTH3056 0.503935 9.95088E~-2 - .34 0.66 ‘
FRASER 0.574238 8.56165E-2  0.45 0.74
MEADOUW.CR.. 0.47448 9.79004E-2 0.33 0.66
UTAH . =~ 0.445923 3.60259E-2 0.37 -0.48
ALL STANDS 0.446762 7 .85096E-2 .
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CHARACTER :
N .
" STAND NAME

MENDO1
MENDO2
MENDOSHOR
. CRESCENT
BASQUET
BISHOP2400
BISHOP3050
_ COQTTONWOOD
e MTROSE
" . TRUBKEE
SADDLEBAG

+ - KALSER
~  DINKEY
HUNT INGDON: ==
“BIG.BEAR
=+ RIDGE30S0
SOUTH3100
. . . VALLEY34i00
. % .. VALLEY2540,
© T L NORTH30S0
" FRASER"
MEADOW.CR -
© o -UTAH, .
. o ALL STeNgs

.
<N

'apoph.h/u.

Bet

UPPER .HORSE. -

--MEAN

A12502
365197
. 3572 -

471377
254614 .

.304284
.295354
.317786
. 352152
.34247

.299186
. 292052
: 879954
. 460548
.486409.
. 4465533

.502474
444421

.0, 452095
0. 385915‘

caotsocnoc:oc:ac&bc:oc:ec:cczcaocooJ

\J

441429 -

.296739 ¢

313578
v343964

. 473972

B o
- <7 208
A RN
STD “PEV. MIN. ~..  MAX. .

- 5 82022E -2 - 0737 Sk 9 -+ A "
36, 05952E-2 0.30  , 0.52"'" ™
“&ER7S6E=2  0.31 - “0.52 g
4.51367E-2°  0.30 04t
. 0.403208 - -0.29°, 0.59- -
3.B1440E-2 . .0.16 - 0.32 -
3.72494E-2.  '0.29- 0.32 :
6 .52867E-2° " 6.24 043

. 4.83632E-2 0.23: - 0.37 - K

"ow4.16477E-2 | 0.23 7. [ 0:3s T
6.09648E~2 6.27 - .0.32 R
6. 46638E-2 0.24 | 0.43- L

| . A4.96024E~2 . 0.25 .. 0.41 -
"S.66S94E-2 T - 9.24 4, 0.39 L
3.59748E-2 - 0.22 B D - T
4. 04262E~ -2 023, 0.35 ~

« . 0.428%87" %0.36 - . -0.80
. " 6.83555E~ ~2° 5 0.3 S 058, .
?.69093E~2 B 27 V.63 "
6.00499E-2"  0.35 - 0.56 .- .
7.92768E-2 - 0,36 .. 0.57. -
0.%14225 " -» 0.37 . 0.74 " .
. 8.79742E-2 0.31 . 0.64 v
24, 42995E~2 - .0.49 g2
6:94456E-2 - .. . -, .*
. <
s )
o ]
. 3 e,

PPV 3 W
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¢_ 2. Ordered Lists of Stand Means, Following Logarnhmc ©
p b Transformation and Standardization
'?g R s ! - . ) y
g STANDS ORDERED* BY: serotiny
5 i
.
&, STAND . STANDARDIZED MEAN
s . "HUNTINGDON ~2.83691 X
TR MT.ROSE ~2.06403 . : .
& DINKEY -1.99481 '
X UPPER .HORSE  ~1.92638
% BISHOP 2400 ~1.9066
i BIG.BEAR . ~1.86324 .
17 BISHOP3050 -1.6085
S COTTONWOOD ~1.5453
i SADDLEBAG -1.50925
v KAISER -1.47452 ' .
P TRUCKEE -1.33518 -
; .. MENDOSHOR -0.272439 °
i _ CRESCENT -0.178897 ,
¢ SOUTH3100 0.191846, '
: - VALLEY3400,  0.29602% ‘
MEADOW.CR. 0.426978 = - -
UTAH ©'0.858992 .
FRASER 0.907603 : ’ * \
MENDO2 2.62144 ' -
, NORTH30S0 2.65974 , o
MENDO4 °  2.8896 : . ,//_\\\
RIDGE30S0, 2.97645 - L e .
VALLEY2540 3.16404 .
GASQUET . 3.52062_ N an S
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" STANDS ORDERED BY: volume -

STAND

LCRESCENT
CASQUET
BISHOP2400
MENDO{
MENDO2
FRASER '
DINKEY
MEADOW. CR.
MENDOSHOR
BISHOP30S0
SADDLEBAG
MT.ROSE
NORTH3050
SOUTH3IL 00
HUNT INGDON
UPPER . HORSE
RIDGE30S0
VALLEY2540
COT TONWOOD
TRUCKEE
UTAH

- KAISER

-

VALLEY3100
BIG.BEAR

-STANDARDIZED MEAN
-1 65352 -
~0.940802
~0.877332
-0:872304 .
~0.755987
~0.548506
~0.413434
-0.384168
~0.36989
~0.477738
-5 ,32942E-2
4, 36572E-3
. f.436445
0.274289
0..295458
. 0.344568
0.36892
0.3784679
0.49245
0.562532
0.440727 -
0.638332 .
0.73020¢
2.24333

oy
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STANDS ORDERED BY:." apoph.ht.

° L AN

sTaND

BISHOP2400

DINKEY :
UPPER .HORSE
BRIGHOP3050
HUNTINGDON
TRUCKEE
MT.ROSE
CRESCENT
SADDLEBAG
MENDOSHOR
KAISER
MENDO2
COTTONWOOD
BIG.BEAR
GASQUET
MENDO1

MEADOW.CR.

UTAH

- S0UTH34100

VALLEY3400
FRASER
NORTH3Z050
VALLEY2540
RIDGE3050

o T e =

STANDARDIZED MEAN

25047
. 62298
. 23668
998538
. 865892
. 818999
. 788823
. 745424
. 497105
494272
. 481549
. 481401
473602
. 04212E~3
. 13597
.333063
.8257514
.439
.23134
. 34766
.38427
.57847
.59053
20006

i

t 1Y

‘. DRSS 5 v ety
: .
Sy )
" IOCRP I S
. "
. ’ o
A

\
.
o
.
o
s
P
T
¥
r'd
-]
&




" » ']
N PR
AVIR]

. 2 ’, o .l:' R 'i':: Pt “:"i - “‘ w,—!*';“: -\m’,.-o—,.om‘ Towg ".r::‘:':o:’.‘&-f 4 1.:‘;::"' ¥ X ,: IA:—... witmw
. oy "_ ) ~ - ,“\' v ,’: - ., '.;_ . Y B
- . g - o - T N Ay 5 .
LS : a0 g Sie L C . tE
e v . - A N L] .. o i
. o o .Y ofz' B R ». - A .3 - z 1"‘0 .3 .;
V¥ .o ! “ememmwSe. ’ o K
- oo & 0 a0 Lo , : . : :
gTANDS'";OR DERED ;pY 3 sp,';_ gr.’ 2 - e S e
. } .._ ‘-_. ‘ . ¥ ,':. f ) . :-.' & o |
”, STAND : STANDARDIZED MEAN y > - -
‘?' SADDLEBAG Lzogissl G - N =
> KALBER ,-2.821%8a, .- v 2y
HUNTINGDON ‘w'—i 9192 ", _ TR ' :
_UPPER .HORSE -’ % -1 /8570 i Be .
. . BISHOPZ0S0 :;  -1.72277 - . D, SR
;;* MEADOW.CR. * -4.53024 o A 5
‘. BISHOP2400:  -4.24909 - ‘ - 3 -
MT.ROSE T=4.43964 0 ¢ . : o
TRUCKEE . ¥, 11638-; : :
COTTONWOOD  .-1.04129 .7 , N )
B1G .BEAR O 807°7§ - N Y W
DINKEY: “ ~01780649 S i ‘ i
SOUTH3400 ~4{.32345-2 . ° . e . g "
VALLEY3400 - 0.152287 ‘ N .. . “L
FRASER 0.49492 . : . "
CRESCENT 0.569619 > P S
MENDOSHOR 1.45879 . . . - >
UTAH ; £.49945. ‘ © T '
VALLEY2540 1.50253, - . [ - .
RIDGE3050 1.75051 ) : #,
NURTH3050 1.9242 Y )
GASQUET .2.92189 2 N
MENDO{ 3.34544- o - \
MENDO2 3.48854 ’ - ’
ey ) fo_
f
/
. } /
} \’ .




. -
n e Iy i ks 2 e

S A Y P

.. STANDS ORDERED BY :

STAND *

"} KATSER
“HUNTINGDON .

BISHOP2400

. BIBHOP30S0
" : BIG.BEAR.

MENDG R

’ ‘SADDLEBA
“{IPPER-. HORSE
-MT .ROSE
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CRESCENT
MENDO2,
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STANDS -ORDERED BY: voI/cyluol
STAND STANDARDIZED MEAN
UTAH ~1.4939

- SOUTH3400 -  -1.37109

\//n\\\ifgSER -1.3405
LLEY2540 -1.26765
NORTH3050 -0.957085
VALLEY3100 -0.872629
MEADOW.CR . -0.851844
CRESCENT - =0-. 484588
MENDOSHOR -0.284746
RIDGE3050 -0.263672
MENDO1 . =0.247894
MENDO2 ~0.484032
BIG.BEAR 4.55234E~
» COTTONWOOD 0.192326 - =~ %
SADDLEBAG 0.456435
BISHOP2400 -  0.663992
£  MT.ROSE 0.740924
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= STANDS ORDERED BY: symmetry
2 STAND ° STANDARDIZED MEAN
% ' SOUTH3L00 —2.42218
7 GASQUET ~1.97071
% UTaH -1.5557
g FRASER ~1.26559 ,
Z ‘RIDGE3050 ~1.23085 . .
5 MENDO4 ~1.18941
¢ CRESCENT ~1.13137
3 NORTH3050 ~0.99382 :
B MENDO2 " -0.866739
v VALLEY3100  -0.6476514 : é?‘ .
K VALLEY2540 -0.623165 < '
be MEADOW.CR.  —0.326703
. ‘MENDOSHOR ~8. 46305E-2
- - RIG.BEAR 0.628344 = .
: BISHOP2400 0.759463 Do
: HUNT INGDON 1.16206 |
1 MT . ROSE 1.27434
UPPER.HORSE  1.3241% - , .
DINKEY 1.35093
\ SADDLEBAG 1.38736 - :
¥ o KAISER 1.45943 . : o<
§ COTTONWOOD 1.5653 ° . a
§ BISHOP3050 1.672%1 . : .
s TRUCKEE . 1.72424 ,
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STAND °

_ BISHOP2400
HUNTINGDON
BISHOP3050
KAISER
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COTTONWOOD
MT.ROSE
BIG.BEAR
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CRESCENT
MENDOSHOR
SADDLEBAG
TRUCKEE
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GASQUET
UTAH
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MEADOW .CR .
VALLEY3£00
NORTH3050
VALLEY2540
SOUTH3400
FRASER
RIDGE3050

STANDS ORDERED BY: apoph.h/1.

-

STANDARDIZED MEAN

—-1.97611

~-1.48066
-1.4468%6
-1.42998 °
-0.960526
-0.949062
~0.872953
-0.8228686 -
-0.815442 R
-0.774378
-0.703386
-0.419534
.0089YE~2
.339355
.564323
577679
66976
.842358
.14749
.16864
32164
.39433
.938714 -
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STANDS ORDERED BY :

STAND

BISHOP2400
RIG. BEAR -
MT.ROSE
EISHOP3050
HUNTINGDON
OTTONWOOD
PPER.HORSE
NKEY
KAISER
TRUCKEE
SADDLEBAG
CRESCENT
MENDOSHOR
MENDO2
MEADCW.CR.
MENDO1
UTAH
SOUTH3400
GASQUET ~
VALLEYZ2540
NORTH3050

3

VALLEY3400 /-

FRASER
RIDGE3050

apoph.h/w. *

STANDARDIZED MEAN

~-2.28562
-4.44274
~1.39695
~-1.3482%5
~-1.29349
~1.27466

-4.447 ;‘
-4 .05482
-1.,0438

~0.953343
-0 .389645
~0.268967
=0.462257
0.547982
"B 903393
07952555
1.11456
1.48637
i.23924
i.2598 /
1.33537
1.43794
. 1.61754
. 2.44068
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APPENDIX C: Results af Pr1nc1pal Component Analysis
for 240 Cones

COVARIANEE MATRIX USED

ROOT 4 = 14, 7937 .-PERCENT OF VARIANCE =

VECTOR . \té
0.491637 -4 .S54513E-2 0.30643 0.388325 0.349271 -0.207164
-0.324799 0.328371 0.36761i4

ROCT 2 = 3.97959 PERCENT OF VARIANCE = 16

VECTOR 2 i

~0.390927 0.313669 0.35486 -0.583642 0.32819 -0.259499
3.43780E-2 0.2%58864 0.19753 a

ROQT 3 = 1.88297 PERCENT OF VARIANCE = 7

VECTOR 3

-5.20446E-2 ~-0.567522 -0. 30866° -0.16894 0.654109 ~0.472543
-0.442843 -0. i7?§§§ -0.208532

L+ 3

ROOT 4 = 4 .55606 PERCENT OF VARIANCE = 6
VECTOR 4 '

-0.45867 —~0.400627 2.79852E-2 0. 204504 -0.350835 -0.484817
-0.606476 -9.14566E-2 ~2.52420E~2

ROOT S = 1.47765 PERCENT OF VARIANCE = S5
VECTOR S

-0.254315 0.426392 -4.764836E-2 0.568947 I0.35‘?97‘? ~0.28459
0.365416 -0.458704 -0.244134 ’

ROOT & = 0.850239 PERCENT OF VARIANCE = 3

VECTOR &

-0.407733 -0.505998 -2.798i4E-2 0.262019 -8.49B874E- 2
2.68056E-2 0.428344 0.428962 o 364019

ROOT 7 = 0.602658 PERCENT OF VARIANCE =
VECTOR 7

~0.396139 0.145984 5.72624E-3 0.199879 0.280517
- -0.413072 _6.31922E-2 4.0968BE-2
»
ROOT 8 = 0.224784
VECTOR 8 h e
~6.26355E~2 -0.404559 0.374449 2.4701
4.94625E-2 0.404064 -0.79%342 0.56648

ROOT ? = 0.495788
VECTOR 9 )

<=2 .47354E-2 -0.344782 0.778389 7.29S00E-2 ~1.81396E-
0.109808 B8.415409E-2 ~4.09522E-2 ~0.518051 .

’
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CORRELATION OF EIGENVECTORS WITH VARIABLES

VECTOR 4

0.860466 ~-4.78434E-2 0.792864 0.731423 0.724544 -0.60334
~-0.7753468 0.842271{ 0.886431
VECTOR 2 - ’
=0.354866 0.513745 0.476247 —0.570i35 0.353108 —-0.39i987
4.25654E-2 0.344381 0.247039

VECTOR 3

~3.24973E~2 -0.639346 -0.284927 -0.113524 0.484099 -0.17%30"
-0.421631 -0.1584841- -0.179394 : : )

VECTOR 4

—0.260354 -0.403053 2.34839E-2 0.124925 -0.236036 -0.45983
=0.469549 -7.60B09E-2 -1 .97402E-2

VECTOR S
-0.425583 0.379883 -3.48102E-2 0.302353 0.210693 -0.23386
0.246422 -0,.114854 -0.464492

VECTOR &6 -~
-0.474079 -0.383047 -1 .73569E-2 0.148314 -4.32602E-2
1.87460E-2 0.245143 0.263777 0.21043 - i -

VECTOR 7 |
~0.439937 9.30410E-2 2.99043E-3 7.59866E=2 0.11745%
0.426649 -0.199028 3.274S0E-2 {i.99390E-2

VECTOR 8 \ : " .
-1.35130E-2 -4.06984iE-2 8.74274E-2 $.73498E-3 1.44333E-2
1.76494E-2 3.06211E-2 -0.239136 0.168377

-

VECTOR 9 :
-4.98037E~-3 —-0.44435 0.231696 {.SB071iE-2 -4 .32897E-3
3.67941E-2 2.23935E-2 ~1.20842E-2 -0.443707 °

(At this point, the computer program printed component
sfores for each of the 240 cones for each of the 9
components; to save space, these have been omittdd From
this appendix.) \

(
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APPENDIX D: Results of Principal Component Analysis
for 24 locations

»
s

COVARIANCE MATRIX USED

ROOT 4 = 43.3467 . PERCENT ,OF VARIANCE = 75
VECTOR 1 . - .

0.522523 -3.70577E-2 0.270497 0.417455 0.364093 -0.18728
-0.325494 0.295997 0.341994 ‘

V.
ROOT 2 = 2.61854r/ \\~\\PERCENT OF VARIANCE = iS5 !
VECTOR 2

. . °
=0.301705 0.243334 0.312726 ~0.596541 0,.543674 ~0.213564
6.03593E-2 0.247349 0.14772% '

S .
ROOT 3 = 0.650339 PERCENT OF VARIANGE = 4 Y
VECTOR 3 -
0.327514  0.620286 0.288894 4.27035E-2 -0.203411 0.31504
0.512705 0.42765 2.83424E-2 S r
ROOT 4 = 0.568756 PERCENT OF VARIANCE = & v

VECTOR 4 , -

. 0.365781 -0.524702 -0.20512¢ =0.319476 0.282452 0.47303¢
0.339966 0.424392 0.414052 T

ROOT S = 0.289556 PERCENT OF VARIANCE = 2
VECTOR S aadl

~0.152743 6.58109E-2 ~0.270343 0.463531 0.547674 —0.19393
0.46%9205 {.97442E-3 -0 .355932

ROOT &6 = 0.169896 PERCENT OF VARIANCE = {
VECTOR 6

-0.458663 (0.17i842 -0 . 136424 0.261785 . 0.45957° 0.66667S
-0.298894+-0.295174 0 .163015 .

ROOT 7 = 0.413944 PERCENT OF VARIANCE = 1§
VECTOR 7

—-0.358605 -0.322779 0.105603 0.218828 -0.31148% -0.221548 ’
0.439544 0.31%?5 0.524532 o

ROOT 8 = 4.77004E-2 RERCENT OF VARIANCE = 0
VECTOR B /

168305 0.201748 -0.594866 -0.4173593 -0.208768 -0.240732
B8.6508BE~2 0.552632 —~0.109652

\

4 R ot
? = 2.40243E-2 PERCENT OF VARIANCE = ¢

~6.93409E-2 ~0.347473 0.494776 4.95990E-2 ~0.128735
B.49024E-2 -4 .23{35E-2 0.457729 ~0.640939

: , _ o

5 ey i e U Vol ¥k S ) ’
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CORRELATION OF EIGENVECTORS WITH VARIABLES : PR
P VECTOR 1 : .
: '0.944158 -0.4742 0.847348 0.826908 0.818794 —0.731359
) ~0.895737 0.943748 0.955824 .

— .

T VECTOR 2 ‘ - :
-0.24174 0.507227 0.43440% -0.523981  0.512246 -0.3698:2 >
7 ‘36562E-2 0.33854{ 0.1i83083 : :

-

VECTOR 3 . .

: : 0.43078 - 0.644368 0.419999 - 2.744B80E~2 ~0.10409 0.271868
- 0.3418 8.70800E-2 ¢{.75053E-2

' VECTOR 4 = '

v 0.136592 ~0.509739 -0.132793 -0.130783 0.431i33 0.38475%
) . 0. 193347 7.93564E-2 6.41435E-2 . :

VECTOR S ‘ S,
-4 06896E-2 ‘4.56479E-2 —0.424877 0.135392 0.181615
-0.41467 0.4904 8.97234E-4 -0.146688

) VECTOR & .
-9.36108E~-2 °9.12449E-2 —4 82694E-2 5. 85714E 2 4. 053285-
0. 294058 -9.2906BE-2 .0.102919 S.14614E-2

VECTOR 7

~5.99293E-2 -0.440333 3.05955E-2 4.008988-2.-6.47863E-2 S
-8.00460E~2 0.111873 B8.8B8424E-2 0.i34841( -

-

)

VECTOR 8
1.82012E-2 5:67600E-2 -0. 111527 ~-2. 057985-2 -2. 80‘5’895“'D
~5.62629E~2 -1,42482E-2 0.120574 -1. 8344 7E-2 -

[, S .
3 A

, VECTOR 9 Coe )
~5.04246E~3 -6.33275E-2 6.H50976E-2° 4.17298E-3 -1.22966E-2
§.40822E-2 -4.94587E~3 %.004S0E-2 -7.60860E-2
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¢ v. N : : R 2%5}523
- P s , " , o
N COMPONENT 1’C5§PONENT SCORES = . o .
T 0,830219 .0-.636061 ~7.67689E-2 -3.05728E-2"0.87674 —0.937455
o .. —D 875548~=0.584779 -0. 70017 -0.516262 ~0.682525 -0.76%537"
. , -0.879342 -0. 690912 ~0.99494i8 -0.614024 1.47777 0.6%54509
0. 501822 0.989614 0.9614 0.749885 0.331774 0.4632857

COMPONENT 2 COMPONENT SCORES

—0 S64£547 —0.718573 ~0.327312. -0. 317928 ~0. 616259 -+0.3035514
~0.444507 9.75086E-2 2.70076E-2 0.442619 0.2640418 9.62186E-2
2.84857E~2 -8.80iSiE~2 -2.2625SE-3 7.64346E-2" 0. 186084
0.475245 0.441364 0.124724 3.77854E-2 0.42684i1 0.580943
e . 7.4839%90E-2 : d :

o,
-

SRS COMPONENT 3 COMPONENT SCORES
£

d ! Bl 3.01976E-2 3.78404E-2 -8.114182E-2 ~0.404742 4. 44620E-2

/ -0.25954 0.40243 B8.29298E-2  ~0.014397 0.159479 3.26638E-2"

) . 2.74548BE-2 0.2p6061.,, —9.1B046E-2 -6.03268E-3 0.256027

7 s, 0.239902 -0.282406 3.51444E-2 0.484174.0.108914 -0.483887
~-0.154042 ~5.58341E-2 - :

L
v 2 « -

" COMPONENT 4 COMPONENT SCORES )
1. 25090E-2 <3.17638E-2 ~0,4158174 ~-3.977S7E-2 | 0.192547
3.79462E~2 0.478272 -3.48040E-2 §.46354E-2 0.127699 0.161i94
- "8.76905E-2 2.97899E-3 D.444i94 —0.418894 -0.430576 0409985
. ~0.47484 -B.97S544iE-2 5'.32443E-2  2.44030E-4_ &.52805E~2
' 0.229545 -0.342329 . o &

COMBONENT 5 COMPONENT SCORES

-

L 0.022857 6.SS5394E-2  3.08724E-2 —8.20994E-2 —0.164219

" 6.28704iE-2 -5.96(079E-2 0.170633 0.4103909 0. 181884 —0.470677
o 3.37490E-2 =0 .26134 0.164538 -0.4122074 - -~5.34362E~-3

) -8.14043E-2 ~7 . 27619E~2 7 .40937E-3 0.104778 7.36077E-2
. -4 .50584E-2 1 .888S0E-2 ~6.97653E~3 :

7

. : COMPONENT &6 COMPONENT SCORES }
! > - [ .
A . ' ~1.69682E-2 -3.06407E-2 ~3.04667E-2 ~—6.97485E-2 0.144284
. . . —6.82688E-2 2.949%6E-2 -6.3498%E-2 S.26947E-2 9.22738E-2 -
=9 A44343E-2 6.93079E-2 -0.408925 0.410990%5 2.59468BE~-2
2.7584QE~2 0. 101615 0.4205412 6.53604E-2 -0.493423 -
-8. 00411E“ i 47054E 2 -9. 075645-2 =3 . 73464E-2

/

X COMPONENT 7 COMPONENT SCDRES % ’
- S.08631E-2  6.34434E-2 © 0.40i916  2.S2274E-R_  -0.433201
. ~0.424392 -2.96486E~2 —1i.02303E-2 1. °2623;?§) 1.68020E-2

- 8.47489E-2. -3 .S7424E-2 5.86906E-3 S.33482E-27 6.19431E-2
-9.69364E-2 5.291i25E-2 -9.87952E-2 6. 2q334E*2_*7hﬁZEO3E—2
—3.4475%?—2 0.100803 —&.39793E-2 1.32276E-2"

.
hd -
. +
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v ¢
o . COMPONENT 8 COMPONENT SCORES .
3.96897E-3 8. 51323E -2 ‘—§,33170% -~z -3, 34980E 2 -i 6SiS2E—°
3.62497E-2 - 22896E~2 ~5.14623E~2 ~4.42705E-2 7.6400iE-2
5.79583E-2 4.46993E-2 3. OBiBSE -2 =6.03243E-3 ~4.77965E-2
3.52492E-2 ~1.62426E-2 3 ;84000E-2 -2 .99S48E-2 6. B2964E~3
-5.4424BE~-2 4.27439E~2 -1 BS768E-2 -2 3773°E-°

- “

" COMPONENT 9 COMPONENT SCORES o )

aend

U

-

. 3.06262E-2 -1.54557E<-2 -3.07964E-2 2.55222E-2 -1 .9745iE-2

" B.B0465E-3 1.34599E~2 1 .285%89E-2 6.17234E-2 1.97842E-2
-2.04650E-2 -4.39963E-2 3.54695E-3 -4.79174E-2 §5.54449E-3
2.26465E-2 2.38B456E-2' 1.46967E-2 ~5.41122E-2 ~5.10442E-3
1.24423E-2 6.22595E-2 -3.29096E~2 -4.99597E-2 ~ ~
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éppéndix E: Euclldean dissimilarity between locatlons
based on 9 cone characters,. . .

an ordered series of ‘standardized Euclidean distances from
that stand)\to subsequent stands.

- - o

a B
Stands arg:iifntifiéd by their code names, and followed by

2

MENDO4
, 1.34565 4.6176 4.8Bi365 1.76529 8.7284i3 8.5383 7..540914
- : 7.89007 7.40264 B8.35772 8.31553 8.83614 7.74158 9. 198514
7.96269 4.17708 5.44536 4.98365 3.63835 3.03425  4.88937
6.18209 3.60935

MENDO2 B °

4.03647 4.39318 2.40334 -7.99794 7.97047 7.10607 7.39826
: « 7.04874 8.01988 7.82989 8.34i24 7.47067 8.62007 7.47827
e S 5.30535 6.40231 5.52095 4.59298 4.05902 5.67698 6.65124

311999
. HENDOSHOR
§.82274 5.37366 '4.47768 4.46252 ' 344795~ 3.64097 3.75559
4.5029° 4.18343 4.76074 3.55543 4.7506iq\%.97739 6. 86334
. T 46897 4 57568 5.91363 5.46283 5.53315 5.21085 4. 00139
C %
CRESCENT i

5.35633 4.54216 4.98224 4.24568 4.21885 4.55077 4.82527

4. 69931 5.36818 4.04144 S.26268 5.06477 7.08468 S 2237
4, 90818 6.16459 5. 6847 5.35449 5.04106 4.30499

°
A)
E

GASQUET » |
9.10644 B.80441 © 12459 B8.36917 7.86423 8.72599 8.67767.

9.47182 B8.17557 9.64738 8.53953 4.35533 5.86265 5.57491
4.26363 3.69295 5.41805 6. 5559 4.48669

& -, \ N
BISHOP2400
’2 35582 3.48028 2.49489 3.78447 3.66287 2.64673 3.23693
2.24884 2.4894 4.155%4 40.7801 B8.63258 7.95214 9.72543
“9.4417 8.91249 7.50657 B.03454

e

BISHOP3050 )
, ¢ - 2.33187 1.6952 2.59331 2.37323 1.52795 4.77878..1.86452

£.7935 3.46954 ,9.99854 8 28707 7222408 9.45639 8.92042
8.39767 6.8B49b2 7.74976 ) &G
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4.11461 3.72894 2.06294 1.94376 3.48779 5.05955 3.72045

" SOUTHZ400
2.0305 3.81447 3. 5327 1.755%6 2! 83782 2. 51834

L

1.07819 1.35263 2.2239 1.54263 2.64274 1.77794 2.59477
2.37147 B.45284 6.68075 5.54747 7.62123 7.4393° 6.84079
5.32506 6710447 -
MT.ROSE , /
1.6255 2.13745 0.996114 2.39491 1.09307 4.94872 2.67642

-  9.48361  7.44422 6.12316 B8.27884 B8.02432 7.31i284 5.84393

‘ 6.6384 S
TRUCKEE « 7 .
2.27024 1.61659, 3.04044 1.92042 3. 24238 2.98831 8.24786
6.54738 5.29937 7.394124 7.2328 6.5415 5.04065 6.11849
SADDLERAG : '
1.67816 1.93843 2.62349 2.52494 3.44443 9.05694 7.005ié
5.97936 8.25293°8.12622 7.07944 5.33544 5.85298
UPPER.HORSE :
2.03315 1.38687 1.86193 2.86447 9.42242 7.34296 6.34887
8.5576 8.35676 7.56403 5.92454 7.04354 :

e KAISER :

: 2.9785% 4.68317 2.8769 40.0032 8.49593 7.12033  9.16699

. 8.99759 8.38547 6.86254 7.63708 :

: DINKEY

i 2.40748 3.44496 9.27834 7.32203 4.35703 .8.39129 8.40658

. 7.44498 6.04263 6.79866

= HUNT INGDON -

y 2.89015 10.5761 8.39032 7.46989 9.74978 9.47779 -B.723%

; 7.26175 789184 . .0

4 BIG . BEAR -

Z 9.02449 7.00088 §.97521 8.12035 7.89654 7.54499 6.39397

% 6.24869 _ .-

% RIDGE30S0 ! -
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s VALLEY3400 _ >

3.25387 3.04734 1.8972 2.35004 2.13242

N VALLEY2540 : -
0.907537 2.94204 4.31762 2.93145

L2

NORTH3050 ,
2.76804 4.35813 2,40583 : : .

FRASER - - -
2.52948 2.72286 :

[

MEADOW.CR. . :
3.90919 . :

-

UTAH




Appendix F: Euclidean dzssin11ar119 between locatlons -
based on first three pr1nc1pa1 copponents.

Stands are 1dent1fled by their code names, and followed by
an ordered series of standardized Evclidean distances+from

that stand to gubsequent stands.
- ¢

MENDO4
0.249826° 0.943337. 0.994729 7.31425E-2  4.80975  1.76557
1.564B4 1.64027 1.52498 4.72492 4.72585 41.8i744 1i.5978--

1.90638 1.59244 0.850747 4.09703 41.02685 0.720533 0.61855
1.04446 1 26453 0.671849

MENDO2 o
0.821805 0.894872 0.261572 1.65428 {63049 1.46917 1.53406
1.44374 1.64265 1.62114 1.69798 4.47488 1.77944 4.49478

1.07363 £.23643 1.13789 0.925578 0.826423 4.47219 4.34984
0.798929 : .

MENDOSHOR ~ . S

0.327039 4.00445 0.879306 0.847438  0.682245 0.720i55
0.686933 0.852067 0.8i5643 . 0.923759 0.659203 0.97406
0.749575 1.39302 1.40423 0.945477 4.48756 1.14678 1.12366
0.999353 0.816048 v :

CRESCENT ) ‘

1.05534 0.9418545 1.00671 0.847087 0. 848357 0. 87541 0.975474
0947618 1.10465 0.766053 i.08757 0.963754 1.45934 1.055417
1.00439 1.25%6%99 1n?7234 1.1044S 0.998607 0.846252 -

S 3 " .
GASQUET : \2 '
1.8658 ° 1.8244 1.62693 1.70405 1.59046 1.78942 1.79007
1.87773- 1.65981 1.96756 1.65458 0.879037 .1.46075 1.09391
D.761955 0.662676 §.07524 1.33476 0.739649

BISHOP 24040 ‘

0.414452 0.63444, 0.475046 0.742999 _ 0.684946 0.521175S
0.574928 0.367933 0.397501 0.718697 2.22786 4.77239 1.63385
2.02268 1.96416 1.84048 1,54997 1.62805

BISHOP3050 . _

'0.358588 0.2%2045 0.443772 0.425264 0.246787 - ' 0.474557
C 0268778 0.192828 0.358956 2.07934 1.68348 {.47477 1.88469
1.84299 1.73595 4.41699 1.52803
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o 0.166607 0.442202 0.497018 0.189042 _0.326596 0.276074 o
0.428522 0.176376 1.77474. 1.34609 4.43203 1.57769 1.54755 -
'1.40034 1.06525 4.22573 ~ ' : .
Ve o \\ ’ - X ' ;1
MT . ROSE . y B
- 0.278246 0.239347 0.403768  0.28409 0.138953 0.293332 g
. 0.288945 1.90474 1.45i85 1.26292 1.70387 1.66617 1.54348 3
1.18074 4.33453 - = ;
TRUCKEE : , Tl 3
0.240299 0.285863 0.383377 0.383195 0.524055 0150738 {6965 £
1..29483 1.06027 4.50644 §.48224 {.34234 1.00794 4.47408 ° §
SADDLEBAG - g
0.484533 0.350402 0.370657 0.408094 0.298641 1.8733 1.39026 ]
1.19385 1.68424 £.66076 1.45814 1.08159 1.33144 !
) , %
UPPER . HORSE. : ;
0.222616 0.231597 0.249247 0.276783 1.95682 1.50184 1.30S82 T
1.76496 1.72969 1.56519 1.21459 <1.4008S . ;
' - KAISER o . ;
4 “ 0.37428 0.242105 0.277024 2.0634 - 1.67054 . 1:44335 1.87459 ;
’ 1.84333 4.7249 1.38457 1.5354 e : -
. . - o — - " ot
. SR T
DINKEY ' ‘ : o AN 9
~.324523 0392827 191758 1.47096 1.29927 4.71579 . 4. 66921] = .
153278 1.22418 1.33423 S T ﬁ;_ .
E . - ! : i '
HUNT INGDON L e v
) 0.468936 2.19469 1.7364 1.5505 4.9944. 4. 95744: 1:9026%
‘4 .45508 1.62737 R ' 2o - L
.BIG. BEAR : o o : R
. 4779224 1.43204 4,18305 1.60342 1®SY976 1.47264 1.14897 .
T 1.28238" - ‘ A A
. : -3 { S~ : - . . - l :_ . H
3 RIDGE3050 N S
g 0.793854 0.74i339 0.206438 0.293204 ~ 0.648562° 4.04724
& 0.629893 - ‘ ER VA
b - SO - _ o H - \
% \ ' oY B
) - SOUTH3400 ST PRV
¢ 0.358087 0.670854 "0%662314 (0.145415 0.359657 0.460548" Ty
a . ' % ) i o -




e e F TR ,“’%‘--

ot . -

i |
227
¢ . . .

4 VALLEY3100. : / \

£ 0.584319 0.596837 0.331281 0.311986, 0.372449

4 .
1S VALLEY2540

1 0.416547 0.534033 0.871804 0.431204 )

g -

i NORTH3050

; 0.530858 0.875178 0.369397

% . -

£ FRASER _ , o ‘
& | 0.445605% 0.3924 ‘ :

¥ MEADOW.CR. )

i 0.598744 .
% UTAH
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APPENDIX G; Resuvlts ofsPrincipal Component Analys:,.s N
of Sites based on 8011 Variables

COVARIANCE MATRIX USED

ROOT 1 =-1. 19168 P PERCENT OF VARIANCE = 51
VECTOR ¥ ) :
0.8774 §.27243E-2 -0.475179 -4.60499E-2 :
ROOT 2 = 0.867359 PERCENT OF VARIANCE = 37
VECTOR 2 _ \ .
0.30783 0.53691 0.576026 0.534006 '
ROOT 3 = 0.177684 o, PERCENT OF VARIANCE = 8 ¢ )
VECTOR 3 -
~8.360S7E~2 ~0.470441 -0.286%966 0.830439
ROOT 4 = 9.05884iE-2 ‘PERCENT OF VARIANCE = 4

VECTOR 4 :
~0.359091 .0.698509 -0.600042 0.151949

@

CORRELATION OF EIGENVECTORS WITH VARIABLES

VECTOR 1§ '
i 0.951842 9 .91725E- 2 -0.667385 -8,21461E~2 ,
|- VECTOR 2 _ ' .
0:285 0.86i591 0.690208 0.812688 o
VECTOR 3 ' _
~3.50344E-2 -0.341469 -0.15563 0.572048
VECTOR. 4D o € —

~=0.407442 0.362249 —0 232357 7.47327E-2

COMPONENT 4
.COMPONENT SCORES )
-0.497025 -0..223074 -0.226807 -0.3%56523 -0. 37863 0.13561i8
3.90656E~2 0.253888 4.80843E-2 S.89RISE-2 -3.70430E-2
D.444044 0.49602 0.455027 0.3525%39 .b7644E-2 -0.155248
~0.450672 5.28465E~-3 -0.451034 -0.1167S 1.89243E-2.
T 2.00802E-2 -0.0785214 -

COMPONENT 2 U . . .
COMPONENT SCORES | ' | '
~0.497178 -0.3748 0.133493 —6.6500SE-2 ~1.97604E-2

0.34554 :

3 /48456E-2 -9.29182E-2 7.29009E-2 0 200443 -0.107683.
0.137672 —0.264747 ~7.64840E~-2 -5, BL936E-2 -4, 98886E-2,
3.4i5495E-2 7.54043E-2 -4.546044E-2 0.41968%96 -5.49990E~-2
0.247477 -S.43394E-3 0.268953... " :

! e

5
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~ “COMPONENT 3 ' : .
, - COMPONENT SCORES ;
, ~8.73446E~2 4.74097E-3 —6.09247E-4 i . 47566E-2 0.296473 A
-4 .24544E-3 §.94598BE-2 ~8.45747E~2 §.044i53E-2 -5.26%02E-2 3
6.93838E-2 0.048405 4.0P463E-2 7.36165E-2 B.44704E-2 ﬁ
" 3.45324E-2 -5.10599E-2 -6.90905E-2. ~5.40009E-2 -1 . 334045 2 E 3
-0.40539 -7.67708E-2 ~0.435485 2.04848E-2 2
COMPONENT 4 ( 7
COMPONENT SCORES : N 7%

4.487S0E-2 ° 3.46628E-2 4.00969E-2 ~2.24029E-2 ~0.108726 R
-2.30642E~2 2.35834E-2 -4.94455E-2 -5.97389E~2 -7.7339SE~2 A
D.470984 . 5.29734E-2 -5.78249E-2 5.040S0E-2 4.90682E-2 3

R -71431745-2 2.96580E-2 —2.34?S7E‘2 -4 . 617S0E~2 6.704%46E~-2
~4,37330E-2 -4.77393E-2 ~4.19754E-2 6.26194572'
gb 13 ’ L\Jf
AN / B -
3 v
'
( \Q
. o .
o f
I ' -
‘ -
= N — ; — -
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APPENDIX H: Results oF'Prin;ipal Components Analysis
of sites within the Sierra Nevada

COVARIANCE MATRIX USED -~ . . ¢
‘ROOT 1 = 1.14132 PERCENT OF VARIANCE = 38
VECTOR 1 : ’

0.446642 0.599457 0.484905 7.88759E-2 0.313286 ~0.2i834 -
4.87%29E-2 0.416365 0.237457

"

ROOT 2 = 0.840596 PERCENT OF VARIANCE = 28
VECTOR 2 F ' ~ .
0.116944 -0.3800692 —0.29294 0.386002 0.732427 4.48364E-2
0.443409 0.249394 4.84554E-2 .
4 v
ROOT 3= 0.649418 PERCENT OF VARIANCE = 2%
VECTOR

~0.189667 (-.323288 -9.36352E-2 0.689191 -5.02558E-2
-0.233268 -0.29876 ~-0.230436 -0.420073"

ROOT 4 = 0.4165976 PERCENT OF 'VARIANCE = 5
VECTOR 4 :

0.2249 0.230688 0.40154 0.313105 -0.439903 0.780347!
0.383766 -7.20740E-2 ~-8.29327E-2 '

ROOT S = 0.125853 PERCENT OF VARIANCE = 4
VECTOR § '

0.902235 -1 .61507E-2 -6. 294655*2 -8.45805E-2 -7.244685k2
-0. 24%074 4.89874E-2 -9.40747E~-2 -0.313886

ROOT 6 = 6.54338E-2 PERCENT OF VARIANCE = 2°
VECTOR & :

~5 . 42624E~2 ~0.37367S - 0.668957 0.146954 7.87925E-2
-0.234102 0.367038 ,-0. 432521 ~7 42987E 2

—

ROOT 7 = 2.69014E-2 PERCENT OF VARIANCE ﬂ i -

VECTOR 7. “ .
0./188729 ~0.272522 -1 .07465E-3 0.494717 -0.480403 —0.13673

-7 .96375E-2 0.493739 0.595794 ;

ROOT 8 = 1.41451E-2  PERCENT OF VARIANCE = 0§

VECTOR 8 : , -
6.83775E-2 0.34Z4%7 -0.360905 -2.83547E~2 0.16955 ~0.1647
D.25949 -0.617485 0.492334- :

00T 9 = 1.17367E-2 PERCENT OF VARIANCE = 0//

-0 .144944 8.10004E~2 -0.279754 2.05777E-2 -0.269728
-0. 356028 0 727825 0.325322 -0.242225 :
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-CORRELATION OF EIGENVECTORS WITH VARIABLES

-

VECTOR {1

0.378 0.842559 0.839877 0.123451 0.44099 -0. 913978 0.454067
0.849438 0. ss73§' N :

VECTOR 2~ - - :
0.258757 -0.442429 -0.43544 0.518477 0.884433 9.05789E-2
0.381i362 D.370558 3.78R24i8E-2

\

VECTOR 3

-0.36887 0.330557 -0.122337 0.813669 -5.33622E-2 -0.414209
‘0.698317 -0.342099 ~-0.74469

VECTOR 4
0.221422 0.119245 6. 70486E 2 0.186879 ~-7.S0994E-2 0.700509
0.453479 -5.40929E~ ~F~<7 .43254E-2

VECTOR S
0.772449 ~7.26974E-3 -3.62042E-2 -4, 39590E~2 ,~3.384638E-2
-0.19079 -5.04062E-2 -6. 14813E 2 -0, 244958

VECTOR &

-0.033498 ~0.42428 0.277432 S .S074BE-2 2.45%565E~-2 -0.43195
0.27232 -0.20382 -4.18B091E-2

VECTOR 7 . A

7.47042E-2 -~5.67429E-2 . —2 85767E-4 0.148454 -0.4038179
~4.94165E-2 -3.78855E-2 5.85387E-2 0.214966

VECTOR 8 : ‘
§.96261E-2 5.17804E-2 =6.95909E~Zur ~4.94000E~3 2.65697E~2
-4.31668E-2 B.9513BE-2 —0.435225 .12884 :

VECTOR 9

+=3.78954E-2 {.14340E-2 -4.91366E-2 3.26600E-3 -3 .85024E-2
-8.49883E-2 0.2287 6.49270E-2 -5.77272E-2

- ' : { @
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B8.31731E-3 r8.&1679E—gﬁ—0.17045 -0.3}@158 0.532509
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COMPONENT ‘4 COMPONENT SCORES . . : \ - 4

5 4
~0.687363 ~-0.269295 0.263088 1.2738&E-2 0.372846 .0.164787

‘\

/
COMPONENT 2 COMPONENT SCORES o ¢

6.16852E-2  -5.1i5793E-2  0.199036 0.165094 0.388534

~S5.27303E-2  9.38703E-2  -0.472589  0.368905  ~0.357944,
-0.342279 ) L

-

COMPONENT 3 COMPONENT SCORES ° . ! . Y

0.270202 -0.447037 0.406701 8.17398E-2 -8.78654E-2 -0.484226
—9.9217QE—2 -0.232893 7.373S0E-2 4.68277E-2 0.472032

~0.119695 0.282266 ~4,65768E-2 -1.99533E-2 " 0.097669
~-0.224526 ~-1.25847E-2 8.08392E-2 1.47640E-2 -5.04196E-2

-4 .78504E-3
COMPONENT S COMPONENT-SCORES * (://;;>
0.164096 2.34456E-2 7.98409E-2 =7.54524F-2 2.42145E-2 i
3.4334GE-2 -5 .8S938E-2 0.414169 ~-9.72467E-2 -0.240204 3
3. 10956E-2 : o . . : ;
COMPONENT & COMPONENT SCORES L A
~4°06982E-2 S.22i35E-2 0.47i204 7.92737E-2 -8.05686E-2 . 4
3.29236E-3  -0.418043 -4.19662E-2 -3 27S24E-2 3.122B3E-2 - 3
-5 3483862 - . ‘ . . -
COMPONENT 7 COMPONENT SCORES '
~1.30608E-2 -1.56644E-2 ~3.16693E-2 -1 #B8242E~2 -2 34383E-3
2.38268E-2  -0.402i43 3.944576-2 0 W10706 -1i.24307E-2
1 .80948E~2 e ' .
COMPONENT 8 COMPONENT SCORES
-1 60232E-2 1.48152E-3 §.43753E-2 ~7.67428E-2 -3.94753E-2
~8.92130E~-3 4.35430E-2 4. 43990E-3 4 D4947E-2 -9.387146E-4
~-6.33635E~4 ’ -
COMPONENT 9 COMPONENT SCORES o
8.57571E-3 ~4.61893E~-2 '2.37035E~2 -2.00909E~2 5.09724E-2
~3.69701E-2 -i40856E-2 4.08901E-2 -1.00631E-2 3.78380E-2
~3.45808E-2 ,
- \ o . 3

. e e e : F . . et et . o —————————— A
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Results of Prlnc1pal .Components Aﬁalysis of
sites within the Rocky Mountains. . B
- |
fe ’ ) o ‘_ v Ke
" COVARTIANCE ?ATRIX usep - o C T e
*ROCOT 4 =2 %5336 . . PERGEN@ OF VARIANCE = 62 —
VECTOR i . )
0.69677S 8 89468E 2 0:202036 0.63987 —Q 53BE-2 7.45625E-2
1.65743E-2 0.1{40554 0 132849 : . L :
-ROOT 2 0 886061 ? PERCENT OF UARIANCE = 18
WECTOR: 2
~0.359149 0.292304 -8.67833E-2 0.472628 -0 475681. -0.251953.
-0.389162 -0 303977 -0.44%2 .. ) L
_ROOT 3 = 0.564916 " PERCENT OF VARIANCE = 42
VECTOR 3~ , . - : ] .
0.251954  5.74238E-2 -0.208027 -3.42529E-2 - -0.192496
-4.61696E-2 0. 6509086 ~0. 539898 ~-0. 3636i° . :
ROOT 4 = 0. 25267 PERCENT OoF VARIANCE =5 ‘ .
VECTOR 4 | ’ 2 e
~0.324587 .0.441292 0. 1949 S 6. 31059E 3 -0.295753 0.490617055,

!

APPENDIX I:

0.415948 9. 76389E-° 0.4034%4

- ROOT S5 = 9.28406E-2 PERCENT OF VARIANCE =

VECTOR S : )
0.248248 0.69654i2 6.07977E-2. -0.265%65 '0.3364i87 0.228%2 -,
«~0.340048 -0.2344671 -0.207632 ¥ '
ROOT 6 = 4.07827E~ 2 PERCENT VARIANCE = i
VECTOR. & . .
~7.70762E-2 0.43715%4 0. 11494 3. 069145/3 0.477%77 -0.699371
0.3146058 0. 407451 -S.63204E~-2 :
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APPENDIX T:

variables to the Sietsa Nevada sites
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Figgf‘g J.3 Stereogram relating variatidn within the Sierra
Nevada to pH. ‘ hat ' '
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APPENDIX K: Characters ranked'on the basis of their abilizty

~ °

to discriminate the Utah site from the other

_Rocky Mountain éi?es’ B
(a) RIDG3050 | s ] i
RANK CHARACTER ; NUMBER . F VALUE
1 " apoph.h/1. | g 17.5304
2 vol/cylvoel 6 . 7 9. 13698
3 serotiny 1 9.00655
4 apoph.h/w. ///9 ' ' 8738983
S cone.wid/1. - 5 6.?3356
6 " apoph.ht. ~ 3 _ 6.§a719‘
7 symmetry , 7 | 0.44297 .
"8 sp.gr. . .4 0.40894S
9 volume \, 2 0.346456
R
(b) SOU3100 ) ‘
RANK CHARACTER - NUMBER " F VALUE §§§
2 1 sp.gr. ’ 4 13.277
. . N
7 2 cone.wid/1. 5 12.3143 <
£ '3 apoph.h/1. : 8 4.90801
4 symmetry S ) 7 - 3.32601% . 7 T
i e '
T 5 seratiny i 1.41676
§ 6 volume | 2 1 0.657243
%*‘ 7 " elseylvol & | 0.218974
% 8j apoph.ht. 3 0.063552 _
jx -9 apoph.h/w. 9 0.054038 ~
: A
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% ‘ (c) VALL3£00-

RANK

-"\‘;‘1’ <y A

otk £\
o~

B P > 3
LR R X DN

s

Iy

RANK
‘ i

S N

TR S ey A L T N
e!

e S+ B S« A ¥ ¢ |

-

CHARACTER

sp.gr.

cone.wid/1.

vol/cylvol
symmetry
apoph . h/1.
seratiny
apoph.h/w.
apoph.ht.

-volume

(d) VALL25490

CHARACTER

seroatiny

cone.wid/1.

symmetry
apoph.H/lJ
apoph.htf
“apoph.h/w.
valume
vol/cylvol

sﬁvQ¢“

f
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N
NUMBER F~VALUE
4 £4.3134
5 3.20493
6 2.716
7 2.65802
8 1.93479
£ . 0.547328
9 0.528476
3 0.13624
2 0.067290°
NUMBER F VALUE &
§ . 10.8666
,////’Q\\\‘_‘\$K\~ 6.88082
' ) 3.526814

. 94353

.968%944

244224
209405 -~
187748
000192

~‘ -
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(e) NOR30S0
- -
.. RAMK- CHARACTER C "+ NUMBER " F VALUE
p i cone.wid/1. i ’ 5 | 5.92814
- 2 serotiny ‘ - i 5.8774¢
3 apoph.h/T1. 8 . . 2.47048
s " vol/cylvol 6 1.75373
! ) symmetry. 7 ‘1.26107
X b sSp.gr. 4 1.46324
7 apoph.ht, 3 1.13576
8 volume 2 ' 0.956587
9 apoph.h/w. 9 0.39695
. j . .
(£), FRASER™ - o L N N
\ RANK  CHARACTER NUMBER F VALUE
; £ apoph.h/1.- 8 20.0457
o 2 . cone.wid/1" 5 10.7822
5 3 volume 2 T 6.72224
; ( 4 sSp.gr. i 4 ‘ 6.65924
§ 5 apoph.h/w. 9 1.32359
3;: b symmetry . ] 7 ©0.302902
} 7 apoph.ht. . 3 0.26321 ’
fw 8 vol/cylvol | 6 0.4174006
% . ? serotiny . i ‘ 0.005444
?
; ~
\ .
. ~ .
=
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(g) MEAD.CR.

RANK
§

2

CHARACTER
sp.gr.
cone.wid/1.
symmetry
volume
vol/cylvol
apoph.ht.
apeph.h/1.
sarotiny

apoph.h/w.‘

11}

NUMBER

-y

5

. O s N ~

F VALUE

50.058

3.7703%5
2.47107
0.762168
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- APPENDIX L: ngreograns relating edaphic and climatic

variables to the Rocky Mountain sites

. .
Figure L.i1 Stereogram relating variation within the. Rocky
Mountains to temperature. .
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