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C H A P T E R  I 

INTRODUCTION

T h e  w e s te rn  l a r c h  L a r ix  o c c id e n ta l is  N u tt, type  o c c u p ie s  a  s ig n if ic a n t 

p a r t  of In land  E m p ire  f o r e s t s ,  bo th  in  a r e a  and  c o m m e rc ia l  im p o r ta n c e .

B e c a u se  o f th e  e x te n s iv e  n a tu re  o f  th e s e  f o r e s t s ,  coup led  w ith  l im ite d  funds 

fo r  p e rs o n n e l and  m a n a g e m e n t, co n tin u ed  d ep en d en ce  o n  n a tu ra l  r e g e n e ra t io n  

i s  a n tic ip a te d . In fo rm a tio n  on  s e e d  d is s e m in a tio n  in  c u ttin g s  in  th e  w e s te rn  

la r c h  ty p e  i s  need ed  fo r  p lan n in g  r e g e n e ra t io n  p r o g r a m s .  T h is  in fo rm a tio n  

i s  n eed ed  fo r  th e  fo llo w in g  r e a s o n s :

1. E x tre m e  v a r ia b i l i ty  o f  s to c k in g  r a t e s  on  c le a r c u ts  due 

to  u n ev en  s e e d  d is tr ib u t io n , s i te  p r e p a ra t io n ,  and o th e r  

f a c to r s .

2, D e s ira b i l i ty  o f b e in g  a b le  to  p re d ic t  se e d  d is tr ib u tio n  

th ro u g h o u t a  c le a r c u t  u n it in  o r d e r  to  im p ro v e  n a tu ra l  

r e g e n e ra t io n  p r a c t ic e s .

T h e  n a tu ra l  r e g e n e ra t io n  tr ia n g le  c o n s is ts  o f (1) ad eq u a te  se e d  s o u rc e ,

(2) re c e p tiv e  se e d b e d , and  (3) su ita b le  c lim a te  fo r  g e rm in a tio n  and se e d lin g  

e s ta b lis h m e n t. A tm o sp h e r ic  c o n d itio n s  a r e  an  in te g r a l  p a r t  o f th is  t r ia n g le .  

A tten d an t w ith  n a tu ra l  r e g e n e ra t io n  i s  th e  p ro b le m  o f v a r ia b le  s to c k in g , m uch  

o f w hich  i s  a tt r ib u ta b le  to  u n ev en  s e e d  d i s p e r s a l .  W ind i s  th e  m ed iu m  p r im a r i ly  

re s p o n s ib le  fo r  p o llin a tio n  and  th e  su b se q u e n t d i s p e r s a l  of s e e d , c o n seq u e n tly  

i t  p la y s  a  s ig n if ic a n t, t h o u ^  so m ew h a t o b s c u r e ,  r o le  in  th e  p e rp e tu a tio n  o f
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f o r e s t s .  L ik e w ise , t e m p e r a tu re  and  r e la t iv e  h u m id ity  in te r a c t  to  s t im u la te  

o r  p re v e n t cone  o p en ing  and  s e e d  r e l e a s e .  Y e t, to  d a te ,  th e r e  i s  l i t t le  in fo rm a 

tio n  on  th e s e  p a r a m e te r s  in  th e  f o r e s ts  o f  th e  N o r th e rn  R o c k ie s . F o r  th is  

r e a s o n ,  in fo rm a tio n  o n  a tm o s p h e r ic  c o n d itio n s  d u r in g  a  s e e d fa ll  p e r io d  w ould 

be  he lp fu l in  e lu c id a tin g  th a t  p o r t io n  o f th e  s to c k in g  p ro b le m  r e la te d  to  se e d  

d is p e r s a l .

A stu d y  o f w e s te rn  la r c h  and  D o u g la s - f ir  P s e u d o tsu g a  m e n z ie s i i  v a r ,  

g la u c a  (B e is s n .)  F ra n c o , se e d  d i s p e r s a l  in to  c le a rc u tt in g s  on  th e  C o ram  

E x p e r im e n ta l  F o r e s t  in  M on tana  in d ic a te d  th a t  m o s t s e e d  w a s  d is p e r s e d  u p h ill 

(B o e , 1953). Boe r e p o r te d  th a t th e  com bined  ac tio n  o f p re v a i lin g  w inds and  

u p slo p e  th e rm a l  w inds w a s  p ro b a b ly  re s p o n s ib le  fo r  th is  u n ex p ec ted  p a t te rn .  

Study of la r c h  se e d  d i s p e r s a l  on  th is  a r e a  w a s  co n tin u ed  b y  S h e a re r  (1959) 

th ro u g h  1957. R e s u lts  o v e r  the  s ix - y e a r  p e r io d  su g g e s te d  th a t th e rm a l  w inds 

c a u s in g  u p slo p e  m o tion  d u rin g  h o t, d ry  d a y s , and no t p re v a i l in g  w in d s , w e re  

th e  p r im a r y  se e d  d is p e r s in g  ag en t in  th e  a r e a .  F u r th e r  e x am in a tio n  i s  needed  

to  d e te rm in e  w h e th e r  th e s e  c o n d itio n s  a r e  p re v a le n t  in  th e  la r c h  ty p e . I f  th e s e  

w inds a r e  im p o r ta n t  in  d is p e r s in g  s e e d s  in  th e  N o r th e rn  R o c k ie s , i t  i s  n e c e s s a ry  

to find  w h e re  and u n d e r  w hat c u ttin g  m e th o d s  th ey  c a n  b e s t  be  u se d  a s  a  d i s 

p e r s in g  a g en t.

B e c a u se  of th e  s iz e  o f c le a r c u t  b lo c k s  and a v a ila b ili ty  o f s e e d  s o u rc e , 

th e  N ew m an R idge a r e a  on  th e  L o lo  N a tio n a l F o r e s t  o ffe re d  a n  e x c e lle n t 

o p p o rtu n ity  to  stu d y  s e e d  d is s e m in a t io n  o f  s e v e r a l  n a tiv e  c o n if e r s .  T h e  

o r ig in a l  in te n t o f th e  s tu d y  w a s  to  in v e s tig a te  th e  s e e d  d is s e m in a tio n  p a t te r n
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o f w e s te rn  la r c h  and  m a jo r  a s s o c ia te d  s p e c ie s  on  N ew m an R id g e . S pec ific  

o b je c tiv e s  w e re  to  s tu d y  (1) cone and s e e d  p ro d u c tio n  o f  m a jo r  s p e c ie s ,  (2) 

tim in g  o f  s e e d fa ll ,  and (3) th e  r e la t io n  o f s e e d  d is s e m in a tio n  to m a jo r  topo 

g ra p h ic  an d  e n v iro n m e n ta l f a c to r s .  D ue to  th e  u n tim e ly  o c c u r re n c e  o f a  p o o r  

se e d  c ro p , so m e  m o d if ic a tio n  o f th e  o r ig in a l  o b je c tiv e s  w as n e c e s s a ry .

O b je c tiv e s

1. T o  r e c o rd  cone  and se e d  p ro d u c tio n  of m a jo r  s p e c ie s .

2. T o  r e la te  s e e d  d is s e m in a t io n  on  two N ew m an R idge c le a rc u ts  

to  m a jo r  e n v iro n m e n ta l f a c to r s ,

3 . T o  study  th e  type  and  e x te n t o f r e la t io n s h ip s  b e tw een  m e a s u re d  

e n v iro n m e n ta l p a r a m e te r s .

In  ad d itio n  to  th e  s ta te d  o b je c tiv e s , th is  s tu d y  s e rv e d  a  se c o n d a ry  

p u rp o s e , A n u m b e r o f m o d e ls  o f w ind m o v em en t in  th e  f o r e s t  have  b e en  

p ro p o se d  (D efan t, 1951; B e u ttn e r  and  T h y e r ,  1966; and  M acH a ttie , 1968) f ro m  

a  v a r ie ty  o f  a r e a s .  H o w ev e r, su b s ta n tia t io n , r e je c t io n ,  o r  m o d ifica tio n  o f 

e x is tin g  m o d e ls  r e q u i r e s  a  c o n s id e ra b le  d a ta  b a s e  f ro m  a  w ide  ra n g e  o f s i t e s .  

T h is  s tu d y  b ro a d e n s  th a t  b a s e  by  p ro v id in g  in fo rm a tio n  f ro m  o p en in g s  o f 

o p p o sin g  a s p e c ts  in  m o u n ta in o u s  t e r r a in .
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C H A PT E R  n  

STUDY AREA D ESCR IPTIO N

P h y s io g ra p h y

T he  stu d y  w a s  co n d u c ted  a t  N ew m an R id g e , on th e  S u p e r io r  R a n g e r  

D is t r ic t ,  L olo  N a tio n a l F o r e s t .  S teep  t e r r a i n  ty p if ie s  th e  a r e a ,  w hich  i s  

lo ca te d  a p p ro x im a te ly  e ig h t m ile s  w e s t of S t. R e g is , M on tana , n e a r  th e  

M on tana-Idaho  b o rd e r  (F ig u re  1). N ew m an R idge  l ie s  b e tw een  Tw o M ile  C re e k  

to  the  so u th  and  W ard  C re e k  to th e  n o r th , and  h a s  an  e a s t - n o r th e a s t  o r ie n ta t io n . 

T h e  r id g e  lin e  i s  w e ll d e fin ed  and  q u ite  s h a rp  th ro u g h o u t, w ith  a  h igh po in t a t 

N ew m an P e a k  (e le v . 5 6 0 1 ') .

T h e  N ew m an R id g e  a r e a  w as s e le c te d  a s  th e  s i te  fo r  a  m u lt id is c ip lin a ry  

p r e s c r ib e d  f i r e  s tu d y . U n its  in  s e c tio n s  25 , 26 , 34, and  35 , T 46N , R29W , 

M ontana PM , M in e ra l C ounty , M on tana, w e re  c le a r c u t  in  1968 and 1969 to  be  

u se d  in  a  v a r ie ty  o f r e la te d  r e s e a r c h  e f fo r ts .  F o r  th is  p a r t i c u la r  in v e s tig a tio n , 

c o n c e n tra tio n  w as fo cu sed  on  two c le a r c u ts ,  one  so u th  fac in g  (S -3 ), and  th e  

o th e r  fa c in g  n o r th  (N -3 ). B e c a u se  o f th e i r  o p p o sin g  a s p e c t ,  p ro x im ity  to  each  

o th e r ,  and r a th e r  u n ifo rm  b o u n d a r ie s , th e s e  u n its  w e re  th e  m o s t  lo g ic a l ch o ice  

fo r  in s tru m e n ta t io n . U nit S -3  i s  40 a c r e s  in  s iz e ,  w ith  a  r a th e r  u n ifo rm  s lo p e  

o f abou t 50 to  60 p e r  c e n t . T h e  n o r th  fa c in g  u n it ,  N -3 , h a s  an  a r e a  o f 23 a c r e s ,  

and i s  so m ew h a t s te e p e r  and m o re  v a r ia b le  in  s lo p e  (55 to 75 p e r  c e n t) .
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F ig u re  1. L ocation  of Newm an R idge 
study  a re a

KALISPELL

N E W M A N  RIDGE

ST REGIS

MISSOULA

MONT.
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s ta n d  D e s c r ip tio n

T h e  N ew m an R id g e  s ta n d  v a r ie d  in  ag e  f ro m  110 to  145 y e a r s ,  w ith an  

a v e ra g e  age  of about 125 y e a r s .  A v e ra g e  canopy  h e ig h t w as abou t 100 fe e t, 

w ith  d o m in a n ts  ra n g in g  in  h e ig h t f ro m  100-120  fe e t ,  and  c o d o m in an ts  f ro m  

85—100 fe e t.

T h e  se e d  s o u rc e  su r ro u n d in g  u n it S -3  w as c o m p r is e d  of 196 t r e e s / a c r e  

(> 6"D B H ), w ith  a  b a s a l  a r e a  of 184 f t ^ / a c r e .  C o rre sp o n d in g  v a lu e s  fo r  th e  

n o rth  s lo p e  w e re  161 t r e e s / a c r e  and 176 f t ^ / a c r e  b a s a l  a r e a .  T h e s e  v a lu e s  

w e re  b a se d  on  a  100 p e r  c en t sa m p le  o f fo u r  o n e -f if th  a c r e  p lo ts  s i tu a te d  in  

th e  t im b e re d  m a rg in  o f e a c h  u n it.

S p e c ie s  co m p o s itio n  of th e  S -3  se e d w a ll w as  35 p e r  cen t lodgepo le  

p ine  P in u s  c o n to r ta  D ougl. , 30 p e r  cen t D o u g la s - f ir ,  and  25 p e r  c en t w e s te rn  

la r c h ,  w ith  the  r e m a in in g  10 p e r  c e n t g ra n d  f i r  A b ies  g ra n d is  (D ougl.) L in d l . , 

p o n d e ro sa  p in e  P in u s  p o n d e ro s a  L a w s . , and  w e s te rn  w h ite  p ine  P in u s  

m o n tic o la  D ougl. T h e  t im b e re d  m a rg in  su r ro u n d in g  N-3 w as c o m p r is e d  o f 

45 p e r  cen t la r c h ,  35 p e r  c e n t D o u g la s - f ir ,  and  10 p e r  c en t w e s te rn  r e d  

c e d a r  T h u ja  p l ic a ta  D onn, w ith  w h ite  p in e , g ra n d  f i r ,  E n g e lm an n  s p ru c e  

P ic e a  e n g e lm a n n ii P a r r y ,  and  su b a lp in e  f i r  A b ie s  la s io c a rp a  (Hook. ) N utt, 

m ak in g  u p  th e  r e s id u a l  10 p e r  c e n t.
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H ab ita t T y p es

On u n it S -3 , P s e u d o tsu g a  m e n z ie s i i /X e ro p h y llu m  ten ax  (X erophy llum  

phase) i s  th e  d o m in an t h a b ita t  type  ( P f i s t e r  e t  a l . , 1972) w ith  l e s s e r  a m o u n ts  

o f A b ie s  g r a n d i s /C lin to n ia  u n if lo ra  (X ero p h y llu m  p h ase) a lo n g  th e  lo w e r  p a r t  

o f th e  u n it (F ig u re  2). T h u ja  p l ic a ta /C l in to n ia  u n if lo ra  (M e n z ie s ia  phase) i s  

th e  m a jo r  type  on  u n it N -3 , w ith  a  m in o r  p r e s e n c e  o f A b ie s  la s io c a rp a /  

C lin to n ia  u n if lo ra  (M e n z ie s ia  p h ase) on  th e  u p p e r  th ird  o f the  u n it. T h e  eco to n e  

b e tw een  th e  r a th e r  d ry  P s e u d o tsu g a  m e n z ie s i i /X e ro p h y llu m  ten a x  (X erophy llum  

p h a s e ) , w hich  c o v e rs  th e  u p p e r  h a lf  o f S -3 , and  th e  m o d e ra te ly  m e s ic  A b ie s  

la s io c a rp a /C lin to n ia  u n if lo ra  (M e n z ie s ia  p h ase ) o n  th e  u p p e r  th ird  o f N -3 , i s  

a b ru p t, and  fo llow s th e  r id g e  lin e  a lm o s t  p e r fe c t ly .

C lim a te

T y p ic a l s u m m e r  te m p e r a tu re s  ra n g e  f ro m  a  low o f 40® F . to  a  h igh  of 

80® F . E x tre m e  low  te m p e r a tu re s  o f 30® F . and  e x tre m e  h ig h s  o f 95® F . a r e  

re a c h e d , bu t on ly  r a r e ly .  No te m p e r a tu re  d a ta  i s  a v a ila b le  f o r  N ew m an R idge 

d u r in g  th e  w in te r  m o n th s .

A v e ra g e  an n u a l p re c ip ita t io n  o n  N ew m an R idge  v a r ie s  f ro m  25-35  

in c h e s  (USDA F o r .  S e rv . in  B e a u fa it  and H a rd y , 1972). R a in fa ll  i s  n o tab ly  

s c a r c e  f ro m  e a r ly  J u ly  th ro u g h  A ugust. O nly 4 .7 5  in c h e s  of p re c ip ita t io n  w e re  

r e c o r d e d  fo r  the  p e r io d  Ju n e  1-O c to b e r  17, 1969. Snow c o v e r s  th e  R idge  f ro m  

m id -O c to b e r  o r  e a r ly  N o v e m b er in to  M ay , w ith  a v e ra g e  la te  w in te r  d e p th s  o f 

f iv e  fe e t  not uncom m on .
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C H A PTER m  

PROCEDURES

P a r a m e te r s  M e a su re d

S eed  p ro d u c tio n , s e e d  s o u rc e ,  and  th e  q u an tity  o f se e d  d is p e r s e d  w e re  

s ta n d - re la te d  p a r a m e te r s  s a m p le d , e s t im a te d , o r  m e a s u re d .

E n v iro n m e n ta l p a r a m e te r s  m o n ito re d  w e re  te m p e ra tu re ,  r e la t iv e  

h u m id ity , w ind v e lo c ity , and  w ind d ire c tio n .

Seed P ro d u c tio n

Seed  p ro d u c tio n  o f m a jo r  s p e c ie s  w as e s t im a te d  u s in g  a  se q u en tia l 

s a m p lin g  tech n iq u e  d ev e lo p ed  by R oe  (1966) fo r  w e s te rn  la rc h . By th is  

m eth o d , s t ro b i l i  w e re  coun ted  on a  m in im u m  o f  fo u r  m a jo r  b ra n c h e s  p e r  sa m p le  

t r e e .  U s in g  b in o c u la rs , s e le c te d  lim b s  w e re  scan n ed  and  the  s tro b i l i  counted . 

T o ta ls  w e re  re d u c e d  by 50 p e r  c e n t to  a d ju s t fo r  a n tic ip a te d  lo s s e s .  F in a lly , 

a d ju s te d  co u n ts  w e re  c o m p a re d  to  the  c r i t ic a l  v a lu e s  d e riv e d  by R oe to d e te r 

m in e  w h e th e r  th e  c ro p  w ould be  c la s s if ie d  good, m ed iu m , o r  p o o r.

B a se d  on th e  sa m p lin g  p la n  o u tlin ed  above , th e  p ro b a b ility  o f m ak in g  a  

w ro n g  d e c is io n  w as s e t  a t  10 p e r  c en t.

S eed  S o u rc e

T h e  se e d  s o u rc e  su rro u n d in g  each  un it w as d e te rm in e d  by m ean s o f 

s a m p le  p lo ts  lo c a te d  w ith in  th e  t im b e r .  F o u r  o n e -f if th  a c r e  p lo ts  w e re
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e s ta b l is h e d  a ro u n d  e ac h  s tu d y  u n it. P lo ts  w e re  r e c ta n g u la r  (1 ch X 2 ch) in  

sh a p e , s i tu a te d  w ith  th e  long  d im e n sio n  b o rd e r in g  th e  c le a rc u t  a t a p p ro x im ate ly  

th e  c e n te r  o f e ac h  t im b e re d  s id e  (A ppendix A). A ll t r e e s  6" DBH and l a r g e r  

w e re  m e a s u re d  on e a c h  p lo t. T r e e s  w e re  re c o rd e d  by s p e c ie s ,  d ia m e te r ,  

b a s a l  a r e a ,  h e ig h t, a g e , c ro w n  c la s s ,  c ro w n  leng th , and  v ig o r  (A ppendix B ).

Seed D is p e r s a l

E s t im a tio n  o f th e  q u a n tity  and p a t te r n  o f se e d  d is p e r s a l  w as acco m p lish ed  

by  u s e  o f  0 .1  m il a c r e  re c ta n g u la r  (1 .5 2 ’ X 2 ,8 7 ')  se e d  t r a p s .  T h is  s iz e  and 

sh ap e  w as c h o se n  fo r  tw o r e a s o n s :  (1) e a sy  to  t r a n s p o r t  in  th e  f ie ld , and (2) 

a llow ed  fo r  e a s y  c o n v e rs io n  o f d a ta  to  s e e d s  p e r  a c r e  b a s e s  a f te r  se e d  c o lle c 

tio n . S eeds d is p e r s e d  in  c le a r c u ts  w e re  g a th e re d  by m ea n s  o f t r a p s  p lac ed  in  

g r id  fa sh io n  a t  th re e  c h a in  in te r v a ls ,  beg inn ing  one c h a in  f ro m  the t im b e re d  

e d g e . A to ta l  of 246 se e d  t r a p s  w as p la c e d  on e ig h t d if fe re n t c le a rc u ts .  W ith 

an y th in g  b e t t e r  th an  a  p o o r  se e d  c ro p , su c h  a  layou t w ould allow  developm en t 

o f  s e e d  d is p e r s a l  p a t te rn s .

Seed d i s p e r s a l  w ith in  the  t im b e r  w as sa m p le d  by two seed  t r a p s  p e r  

o n e -f if th  a c r e  sa m p le  p lo t.  T h e  t r a p s  w e re  p lac ed  one ch a in  a p a r t  and o n e -  

h a lf  c h a in  f ro m  the  t im b e r - c le a r c u t  in te r fa c e  w ith in  e a c h  sa m p le  p lo t. An 

a d d itio n a l 46 t r a p s  w e re  p lac ed  in  th is  w ay in  23 t im b e re d  p lo ts .

L a rg e  re c ta n g u la r  (4 ' X S') se e d  c o lle c to rs  w e re  u se d  in  an  e ffo r t  to 

d e te rm in e  tim in g  o f s e e d fa ll .  F o u r  su ch  c o l le c to r s  w e re  p laced  w ith in  the  

t im b e r  in  a r e a s  o f h igh d is p e r s a l  p o te n tia l . T h r e e  o f th e  c o lle c to r s  w e re
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p la c e d  in  th e  t im b e r  su rro u n d in g  S -3 , and one  in  th e  t im b e r  ad jacen t to N -3 . 

T h e s e  c o l le c to r s  w e re  ch eck ed  fo r  se e d  a t  te n  to  f if te en  m inu te  in te rv a ls  d u rin g  

p r im e  se e d fa ll  p e r io d s  (9:00 A .M . to 6:00 P .M .) .  W ith freq u e n t c h e c k s , t im e  

o f  d i s p e r s a l  o f s e e d s  caugh t in  the  c o lle c to r s  could  b e  d e te rm in e d  w ith in  about 

fiv e  m in u te s . L a te r ,  t e m p e r a tu re ,  r e la t iv e  h u m id ity , w ind v e lo c ity , and w ind 

d ir e c t io n  v a lu e s  w e re  tak en  fro m  th e  w e a th e r  c h a r t  o f the  n e a r e s t  s ta tio n  a t 

th e  t im e  e a c h  se e d  w as d is p e r s e d .  T h is  p ro c e d u re  a llow ed  ind iv idua l se e d s  

cau g h t in  th e  c o l le c to r s  to  be c lo se ly  r e la te d  to  th e  w e a th e r  re g im e  p re v a ilin g  

a t th e  t im e  o f th e i r  d i s p e r s a l .

T he  a v a ila b ili ty  o f a  10 f t .  X  10 ft. w ind tunnel a t the N o rth e rn  F o re s t  

F i r e  L a b o ra to ry  n e a r  M isso u la  p ro v id ed  an  id e a l o p p o rtu n ity  to  m odel seed  

d i s p e r s a l .  T h e  w ind tu n n e l p ro v id ed  a  m e a n s  o f m e a su r in g  d is ta n c e  o f d is 

p e r s a l  a t  v a r io u s  w ind  v e lo c it ie s  in  a  c o n tro lle d  e n v iro n m en t. Seeds w e re  

d ro p p ed  in  s e t s  o f te n , w ith  te n  s e t s  b e in g  d ro p p ed  a t each  v e lo c ity  se ttin g .

D ro p s  w e re  m ad e  a t w ind v e lo c it ie s  o f 2 m ph , 5 m ph, 8 m ph , and a t s l i ^ t l y  

le s s  th a n  10 m ph , th e  m ax im u m  se ttin g . A f te r  e ach  se e d  s e t  w as re le a s e d , 

th e  d i s p e r s a l  d is ta n c e  o f e a c h  o f  the  te n  s e e d s  w as re c o rd e d . T h u s , a  to ta l 

o f 100 s e e d s  w as d ro p p ed  a t  e ac h  v e lo c ity  s e ttin g .

In s tru m e n ta tio n

H y g ro th e rm o g ra p h s  w e re  lo ca ted  a t  e ac h  o f th e  th re e  s ta tio n s  to  p r o 

v id e  r e la t iv e  hum id ity  and  te m p e ra tu re  m e a s u re m e n ts .  H y g ro th e rm o g rap h s  w e re
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p la c e d  4 - 1 /2  fe e t above th e  g ro u n d  in  s ta n d a rd  U. S. W e a th e r  B u reau  in s t r u 

m en t e n c lo s u re s .

B a tte ry -p o w e re d  m e c h a n ic a l w e a th e r  s ta tio n s  w e re  u se d  fo r  m e a s u re 

m e n t o f w ind  sp eed  and d ire c tio n , and  fo r  su p p le m e n ta l te m p e ra tu re  m e a s u re 

m e n ts .  O ne w e a th e r  s ta tio n  w as in s ta l le d  n e a r  th e  c e n te r  o f un it S -3 , one n e a r  

th e  c e n te r  o f  N -3 , and  th e  th ird  o n  th e  r id g e  lin e  s e p a ra tin g  th e  two u n its  (F ig u re  

3 ). T h e  two s ta tio n s  in  th e  c le a r c u ts  w e re  s itu a te d  n e a r  th e  c e n te r  so  a s  to be 

above th e  canopy le v e l of the  lo w e r  s tan d  ed g e . T h is  lo ca tio n  a lso  s e rv e d  to 

m in im iz e  tu rb u le n c e  e ffe c ts  f ro m  the  s id e s  and  r id g e  to p . A ll th re e  w e a th e r  

s ta t io n s  w e re  m oun ted  e ig h t fe e t above th e  g round . T o m ount th em  h ig h e r 

w ould  have  c a u se d  undue a n c h o rin g  p ro b le m s  and m ade  re g u la r  ch eck s  d iffic u lt.

A ll p a r a m e te r s  w e re  re c o rd e d  fo r  the  p e r io d  S e p tem b er 11 th rough  

O c to b e r 17, 1969. T h e  o n se t  o f w in te r  w e a th e r  fo rc e d  th e  d ism a n tlin g  and 

re m o v a l  o f th e  th r e e  w e a th e r  s ta tio n s  a t th is  t im e . T h e  37 -d ay  study  p e rio d  

v i r tu a l ly  e n c o m p a sse d  th e  1969 se e d fa ll  p e rio d .

T ec h n iq u e s  fo r  O b se rv in g  A ir  M ovem ent

T im e  la p se  pho to g rap h y  w as u se d  a long  w ith  P ib a l w e a th e r  b a llo o n s to 

o b ta in  su p p le m e n ta ry  in fo rm a tio n  on  a i r  m o v em en t a long  th e  s ta n d  e d g e s . P ib a l 

b a llo o n s  (30’* d ia m e te r)  in f la te d  w ith  h e liu m  w e re  tie d  on 100-foo t l in e s  and 

a n c h o re d  a t  g round  le v e l a lo n g  th e  c le a rc u t  ed g e . F lu o re s c e n t  o ran g e  s t r e a m e r s  

18 in c h e s  long w e re  a tta c h e d  a t 20 -foo t in te rv a ls  a lo n g  the  lin e . T he  s t r e a m e r s  

a llo w ed  o b se rv a tio n  o f w inds a t in te rm e d ia te  le v e ls  to  100 fe e t .  T h re e  ba lloons
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w e re  se n t up a t  a  g iven  tim e  a long  a  s ta n d  ed g e , one a tta c h e d  at the  low er s lo p e , 

one  a t  m id s lo p e , and  a  th ird  on  th e  u p p e r s lo p e . T h is  sch em e  a llow ed  s im u l

ta n e o u s  o b se rv a tio n  o f a i r  m o tio n  to  100 fee t a t  e ac h  s lo p e  lo ca tio n .

T h e  c a m e ra  w as p o s itio n e d  so  th a t bo th  th e  w e a th e r  s ta tio n  a n e m o m e te r  

in  th e  c e n te r  o f  the  c le a rc u t  and th e  th r e e  ba lloon  lin e s  w e re  in  the  fie ld  of 

v iew . L a te r ,  in  re v ie w in g  th e  f ilm  in  slow  m o tio n , w ind d ire c tio n  a t the 10 - 

foo t le v e l in  th e  c e n te r  o f th e  c le a rc u t  cou ld  b e  s im u lta n e o u s ly  c o m p a red  to 

w ind  m o tio n  to  100 fe e t  a long  th e  c le a rc u t  edge . An a la rm  c lock  w as a ttach ed  

to  th e  w e a th e r  s ta tio n  to  allow  the  w ind o b se rv a tio n s  to  be  re la te d  to tim e .

Y ellow  p h o sp h o ru s  sm o k e  b om bs w e re  a c tiv a te d  w ith in  the  canopy of 

th e  a d ja c e n t t im b e r  in  a n  e ffo r t  to  fo llow  th e  m o tion  of the  wind a s  i t  p a s se d  

o v e r  th e  t im b e re d  m a rg in  in to  th e  c le a rc u t .  T he  re s u l t in g  d is p e r s a l  p a tte rn  

w as o b se rv e d  v isu a lly  and re c o rd e d  on f i lm . Sm oke b om bs w e re  a lso  ac tiv a ted  

a t  g ro u n d  le v e l  a lo n g  th e  r id g e  lin e  and th e  d is p e r s a l  p a t te rn  s im ila r ly  o b se rv e d .
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C H A PT ER  IV 

R ESU LTS AND DISCUSSION

S eedfa ll

T h e  1969 se e d  c ro p  p ro v e d  to b e  a  p o o r  o n e , a s  th e  la te  s p r in g  fo re c a s t  

h ad  p re d ic te d .  A s a  r e s u l t ,  a  n e g lig ib le  am ount o f se e d  w as c o lle c te d  in  th e  

t r a p s .  T h is  sa m e  la c k  o f s e e d  p ro h ib ite d  dev e lo p m en t of se ed  d is p e r s a l  

p a t t e r n s .  H o w ev er, a  n u m b e r o f se e d s  w e re  re c o v e re d  in  th e  se e d  c o lle c to r s ,  

and  th e s e  w e re  c lo s e ly  r e la te d  to  th e  w e a th e r  co n d itio n s p re v a ilin g  a t the  tim e  

o f  d i s p e r s a l .  M ore  th a n  83 p e r  c en t of the  s e e d s  g a th e re d  in  the  c o lle c to rs  

w e re  d is p e r s e d  in to  an  a tm o sp h e re  o f l e s s  th an  50 p e r  c e n t re la t iv e  hum id ity . 

S lig h tly  m o re  th an  80 p e r  c e n t w e re  d is p e r s e d  in  a tm o sp h e r ic  cond itions 

w a r m e r  th a n  70® F . Low r e la t iv e  h u m id ity  (< 50 p e r  cent) and  w a rm  te m p e ra 

tu r e  (>70® F .)  a p p e a re d  to  be  com m on  d e n o m in a to rs  accom pany ing  se e d  d is 

p e r s a l .  N o rm a lly , th e  w inds acco m p an y in g  su ch  a  te m p e ra tu re -h u m id ity  

r e g im e  w e re  s lo p e , r a th e r  th an  g e n e ra l  in  n a tu re . H ow ever, th e re  w as not 

su ff ic ie n t d a ta  to  ju s t ify  m ak in g  any c o n c lu s io n s .

H indsigh t su g g e s ts  i t  w ould be w ise  to c h ec k  co n es  fo r  se e d  so m e tim e  

in  A u g u s t, even  if  a  la te  s p r in g  ch eck  fo r e c a s ts  a  good c ro p . By so doing, 

h a rm fu l e ffe c ts  on  th e  s e e d  c ro p  due to  an  u n se a so n a b le  f ro s t  o r  o th e r  n a tu ra l  

c a u s e s  cou ld  be no ted , and  th e  p la c e m e n t o f  s e e d  t r a p s  postponed  u n til a  b e t te r  

c ro p  i s  p ro d u c e d , M s ta lla tio n  o f se e d  t r a p s  a t  m e a su re d  in te rv a ls  th roughou t

15
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a  c u ttin g  u n it i s  a  m a jo r  ta s k , and shou ld  not be  u n d e rta k e n  u n le s s  an a v e rag e  

o r  b e t te r  s e e d  c ro p  i s  im m in e n t. F u r th e rm o re ,  fe w e r t r a p s  a r e  re q u ire d  to  

o b ta in  a d eq u a te  d is p e r s a l  d a ta  in  y e a r s  o f a v e ra g e - to -h e a v y  se e d fa ll.

B e c a u se  o f the  la c k  o f  se e d  on  the  study  a r e a ,  w ind tunnel m odeling  o f 

s e e d  d i s p e r s a l  w as u se d  a s  an  a l te rn a te  m ea n s  o f s tudy ing  d is se m in a tio n .

R e s u lts  o f th e  w ind tu n n e l t e s t s  show ed d is ta n c e  o f d i s p e r s a l  ap p ro ach in g  a  

p la te a u  a t  v e lo c it ie s  g r e a te r  th an  8 m ph. No d a ta  w e re  c o lle c te d  fo r  v e lo c itie s  

g r e a te r  th an  8 m ph, a s  se e d  r e le a s e d  a t g r e a te r  v e lo c it ie s  w e re  d is p e rs e d  out 

th e  e x h a u s t end  of th e  tu n n e l b e fo re  co m in g  to r e s t  on th e  tunnel f lo o r . D ire c t  

e x p a n s io n  o f r e s u l t s  f ro m  th e  w ind tu n n e l d ro p s  w ould in d ic a te  a  m ax im um  d is 

p e r s a l  o f abou t 4  c h a in s  fo r  a  100-foo t t r e e .  In  n a tu re , i t  i s  not uncom m on fo r  

s e e d s  to  be  d is p e r s e d  8 -10  c h a in s  (S q u illace , 1954; R oe, 1967), and o c c a s io n 

a lly  m uch  fu r th e r .  H ow ever, I s a a c  (1930) found th a t doub ling  the he igh t o f 

r e l e a s e  m o re  th an  doub led  th e  d is ta n c e  o f d is se m in a tio n . He a ttr ib u te d  th is  

r e la t iv e  in c r e a s e  to  g r e a te r  w ind v e lo c ity  a t  g r e a te r  h e ig h ts . Two o th e r  f a c to r s ,  

tu rb u le n c e  and  co n v ec tio n , m ay  a lso  c o n tr ib u te  to  th is  d isp ro p o r tio n a te  change 

in  d i s p e r s a l  d is ta n c e  w ith  h e ig h t. S ince  the  tu n n e l c o u rs e  w as w ithout o b s tru c 

tio n , m o d e led  w ind flow  w as e s s e n t ia l ly  la m in a r . H ow ever, in  fo re s t  open ings 

d u r in g  d ay lig h t h o u rs ,  tu rb u le n c e , co n v ec tio n , o r  bo th  m ay be o p e ra tio n a l.

S eed s r e le a s e d  in to  s tro n g  c o n v ec tiv e  u p d ra f ts  m ay  be lif ted  to g re a t h e igh ts 

and  co n seq u e n tly  be  c a r r i e d  long  d is ta n c e s  b e fo re  b e in g  d ro p p ed . T h is  w ould 

a cc o u n t fo r  th e  o c c u r re n c e  o f se e d lin g s  on p lo ts  and s e e d s  in  t r a p s  s e v e ra l  

m ile s  f ro m  a  se e d  s o u rc e ,  a s  no ted  by  I s a a c  (1943).
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T e m p e ra tu re

A v erag e  h o u rly  te m p e ra tu re  v a lu e s  w e re  c a lc u la te d  fo r  the  p e rio d  

S e p te m b e r  11-O c to b e r  17. On the  so u th  a s p e c t ,  m in im um  te m p e ra tu re  w as 

re a c h e d  a t  6:00 A .M . M ST, and th e  m ax im um  a t 2:00 P .M . MST (F ig u re  4). 

M axim um  and  m in im u m  te m p e ra tu re s  w e re  re a c h e d  a t th e  sa m e  t im e s , 

re s p e c t iv e ly ,  on  th e  n o rth  s lo p e  a s  on th e  so u th . M ean h o u rly  te m p e ra tu re s  

v a r ie d  13.1*^ F .  (40.2® F .  to  53.3® F .)  on  the  sou th  a s p e c t , and 9.9® F .

(39 . 9® F . to  49 . 8® F .)  on  th e  n o rth . T h e  bu lk  of th e  3. 2® F . d iffe ren c e  

b e tw ee n  th e  te m p e r a tu re  s p re a d  o f the  two s lo p e s  o c c u r re d  a t  the  u p p e r end 

o f th e  r a n g e . At n i ^ t ,  e x ce p t fo r  s lig h t d if fe re n c e s  in  ra d ia tio n a l coo ling , 

th e  te m p e ra tu re  r e g im e s  on  th e  two s lo p e s  w e re  e s s e n t ia l ly  eq u a l. T h is  w as 

r e f le c te d  in  th e  n e g lig ib le  d if fe re n c e  (0.3® F .)  be tw een  te m p e ra tu re  m in im a  

on  th e  two s lo p e s . In  an  in v e s tig a tio n  o f te m p e ra tu re  c h a r a c te r i s t i c s  of a  

m o u n ta in o u s  a r e a  o f  G e rm a n y , G e ig e r  (1965) p ro v id ed  d a ta  on m axim um  and 

m in im u m  te m p e r a tu re s  fo r  a l l  a s p e c ts .  He m a in ta in e d  th a t te m p e ra tu re  

m a x im a  have  e s s e n t ia l ly  th e  sa m e  d is tr ib u tio n  a s  g lo b a l ra d ia tio n  v a lu e s , 

w h ich  w ould  acco u n t fo r  th e  r a th e r  la rg e  d iffe re n c e  in  te m p e ra tu re  m ax im a  

b e tw ee n  th e  so u th  and n o rth  s lo p e s  a t  N ew m an R id g e . T e m p e ra tu re  m in im a , 

o n  th e  o th e r  hand , w e re  v iew ed  a s  b e in g  re g u la te d  by th e  dow ns lope flow of 

co o led  a i r .

D u rin g  th e  h o u rs  o f  su n lig h t a t N ew m an R id g e , the  sou th  a sp e c t re c e iv e d  

c o n s id e ra b le  d i r e c t  ra d ia tio n  a t  a  s h a rp  an g le  ^ v e r a g e  of 626 C a l/c m ^ /d a y  fo r
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th e  s tu d y  p e r io d  (B uffo, e t  a l . , 1 9 7 2 ^ , w h e re a s  the  s te e p e r  n o rth  slope  

r e c e iv e d  i t  fo r  a  s h o r te r  t im e  and a t a  m uch  f la t te r  ang le  (av e rag e  o f 124 C a l/  

c m ^ /d a y ) . T h e  e ffe c t of th is  s ig n if ic a n t d iffe re n c e  in  ra d ia tio n a l inpu t re a c h e d  

a  p e a k  a t  2:00 P . M . , w hen  m ax im u m  te m p e ra tu re s  on the  two s lo p e s  d iffe red  

by  3 .5 °  F . (F ig u re  5). T h u s , o v e r  90 p e r  cen t of the  d iffe re n c e  in  m ean  te m 

p e r a tu r e  ra n g e s  b e tw een  th e  o p p o sin g  s lo p e s  cou ld  be  a ttr ib u te d  to  d ay tim e  

m a x im a .

R e la tiv e  H um id ity

R e la tiv e  h u m id ity  v a lu e s  w e re  a ls o  a v e ra g e d  by h o u r fo r  th e  3 7 -d ay  

s tu d y  p e r io d . T h e  m ax im u m  re la t iv e  h u m id ity  o c c u r re d  a t 7:00 A. M. MST on 

th e  so u th  s lo p e  and a t  8:00 A .M . MST o n  th e  n o rth  (F ig u re  6). H ow ever, the  

m in im u m  a v e ra g e  r e la t iv e  h u m id ity  o c c u r r e d  a t 2:00 P .  M . on  the  sou th  a sp e c t, 

b u t n o t u n til  4 :00 P .  M , on  th e  n o rth .

D iffe re n c e s  in  r e la t iv e  h u m id ity  on the  two s lo p e s  w e re  s tr ik in g . T he 

s m a l le s t  d if fe re n c e  (1 0 .4  p e r  cen t) o c c u r re d  a t  6 :00 A .M . and the  g re a te s t  

d if fe re n c e  (2 1 .8  p e r  cent) a t 11:00 A .M . and 12:00 noon (F ig u re  7). A d if fe r 

en ce  in  r e la t iv e  h u m id ity  b e tw een  the  two s lo p e s  w ould be ex p ec ted , bu t the 

m ag n itu d e  of th e  d if fe re n c e  w a s  no t. A p a r t  of th e  m ax im u m  d iffe ren c e  (21. 8 

p e r  cen t) th a t o c c u r re d  a t 11:00 A . M. and 12:00 noon c a n  be a ttr ib u te d  to  th e

2. 7 °  F . and  3 .1 °  F .  a v e ra g e  te m p e ra tu re  d if fe re n c e s  th a t e x is te d  at the sa m e  

t im e s ,  r e s p e c t iv e ly , b e tw een  the  two s lo p e s . H ow ever, th is  fa c to r  cannot 

a cc o u n t fo r  th e  1 0 ,4  p e r  c e n t d if fe re n c e  in  r e la t iv e  h u m id ity  th a t e x is te d
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Figure 5. Average hourly temperature differences between 
aspects, south minus north (Sept. 11-Oct. 17)
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Figure 7. Average hourly relative humidity differences between 
aspects, north minus south (Sept. 11-Oct. 17)
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b e tw een  th e  tw o s lo p e s  a t  6:00 A .M . w ith  a  m e re  0 .3 °  F . te m p e ra tu re  d if fe r

e n c e . T h e re fo re ,  o th e r  f a c to r s  m u st be  looked fo r  to  h e lp  exp la in  th is  d is 

c re p a n c y , It is  su g g e s te d  th a t th e  bulk o f th is  d iffe re n c e  w as a  r e s u l t  of two 

f a c to r s  a c tin g  in  co m b in a tio n . Soil m o is tu re  to  fo u r in ch e s  is  su b s ta n tia lly  

h ig h e r  on  th e  n o rth  a s p e c t  th an  the  sou th  (S h e a re r , 1969). A ccom panying  th is  

h ig h e r  s o i l  m o is tu re  on th e  n o rth  s lo p e  i s  a  lo w er w ind v e lo c ity . At n igh t, 

w ith  ra d ia t io n a l  co o lin g , low v e lo c ity  dow ns lope w inds develop . T h e  h e a v ie r , 

c o o le r  a i r  flow s dow ns lope a s  a  sh e e t ( la m in a r  flow ). H ow ever, th is  i s  a  low 

v e lo c ity  m o v em en t, w ith  re la t iv e ly  l i t t le  m ix ing . In  c o n tr a s t ,  the  sou th  slope  

h a s  lo w e r s o i l  m o is tu re  and  h ig h e r  w ind v e lo c ity . T h is  r e s u l ts  in  a  l e s s e r  

am o u n t o f e v a p o ra te d  m o is tu re  b e in g  m ix ed  o r  d iffu sed  in  a  la r g e r  volum e of 

a i r ,  i . e . ,  lo w e r h u m id ity . T h e  co m b in a tio n  o f  th e s e  two fa c to rs  p ro b ab ly  

a c c o u n ts  fo r  m o s t o f  th e  d if fe re n c e  in  hum id ity  b e tw een  th e  two s lo p e s .

In te re s t in g ly , te m p e ra tu re  m in im a  and  m ax im a  w e re  re a c h e d  a t the  

s a m e  t im e  on  th e  tw o s lo p e s . H o w ev er, r e la t iv e  h u m id ity  m in im a  and m ax im a  

w e re  re a c h e d  one  an d  two h o u rs  l a t e r ,  re s p e c t iv e ly , on th e  n o rth  s lo p e  than  

th e  so u th . S e v e ra l r e a s o n s  can  be o ffe re d  fo r  th is  lag . F i r s t ,  th e  am ount o f 

m o is tu re  in  th e  a tm o sp h e re  a t a  g iven  tim e  c o m e s  fro m  one o f  two s o u rc e s ,  

p re c ip i ta t io n  o r  é v a p o tra n s p ira tio n . D isco u n tin g  p re c ip ita tio n  in  th is  d i s 

c u s s io n , é v a p o tra n s p ira tio n  b e c o m e s  th e  so le  s o u rc e  o f m o is tu re .  R e la tiv e  

h u m id ity  i s  a  function  o f bo th  m o is tu re  and te m p e r a tu re .  In  th is  s itu a tio n , 

te m p e ra tu re  h a s  bo th  a  d i r e c t  and  in d ire c t  e ffe c t on hum id ity  co n d itio n s . T he 

d i r e c t  e ffe c t i s  th a t w ith  a  g iven  am ount of m o is tu re  In  th e  a tm o sp h e re , the
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h ig h e r  th e  te m p e ra tu re ,  the  lo w er th e  re la t iv e  h u m id ity , and v ice  v e r s a .  T he 

in d ir e c t  e ffe c t is  th ro u g h  é v a p o tra n s p ira tio n , fo r  w ith  in c re a s in g  te m p e ra tu re , 

t r a n s p i r a t io n  in c r e a s e s .  T h is  h as som ew hat o f  a  b a la n c in g  e ffe c t, how ever, a s  

a  h ig h e r  t r a n s p ir a t io n  r a te  in c r e a s e s  m o is tu re  in  the  a i r ,  bu t the  in c re a s in g  

t e m p e r a tu r e  th a t c a u s e s  i t  re d u c e s  r e la t iv e  h u m id ity . T h e  lag  could  re s u l t  

f ro m  th e  re s p o n s e  tim e  r e q u ire d  to  in c re a s e  r e s p i ra t io n  and , h en ce , the  

t r a n s p i r a t io n  r a te  o f  th e  v e g e ta tio n . T h a t th e  h e a tin g  w as le s s  d ir e c t  and 

s lo w e r  on th e  n o r th  a s p e c t  m ay  accoun t fo r  th e  ev en  g r e a te r  hum id ity  lag  h e re  

th a n  on  th e  sou th  s lo p e .

P a r t  o f  th is  la g  could  a ls o  be due to  th e  re c o rd in g  in s tru m e n t. R e la 

tiv e  h u m id ity  s e n s o r s  a r e  one of th e  le a s t  s e n s it iv e  and w eak est o f a ll  w e a th e r  

m e a s u r in g  in s tru m e n ts  (S te e le , 1973). F o r  ex am p le , h y g ro m e te r  h a i r s  can  be 

b ru s h e d  w ith  w a te r  u n til  s a tu ra te d ,  y e t not re f le c t  a  100 p e r  cen t hum id ity  

re a d in g  fo r  10 m in u te s  o r  m o re .  In th e  l e s s  e x tre m e  co n d itio n s th a t o c c u r  

n a tu ra lly ,  th is  d e lay ed  re s p o n s e  m ay  b e  even  lo n g e r . M acH attie  (1966) s ta te d  

th a t h a i r  h y g ro g ra p h s  a r e  r e la t iv e ly  in a c c u ra te  n e a r  s a tu ra tio n , so  th a t d if fe r 

e n c e s  in  re a d in g s  b e tw een  th e  95 p e r  c e n t and 100 p e r  c e n t c la s s e s  a r e  of 

q u e s tio n a b le  s ig n if ic a n c e .

W ind

D iu rn a l w ind v e lo c ity  t r e n d s  w e re  s im i la r  in  deve lopm en t a t  the  two 

s lo p e  s ta t io n s .  W ind v e lo c ity  w as a t  a  m in im um  a t 8:00 A . M. a t  bo th  s ta tio n s  

(F ig u re  8), in c re a s e d  th roughou t the  m o rn in g  and e a r ly  a fte rn o o n  h o u rs ,  and
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re a c h e d  a  m ax im u m  a t  2:00 P . M . on bo th  s lo p e s . H ow ever, v e lo c ity  w as 

so m e w h a t g r e a te r  on th e  sou th  s lo p e  th an  th e  n o r th  a t  a ll  h o u rs , day and n igh t.

W h e re a s  th e  sa m e  type  o f w ind a p p e a re d  to  be  a c tin g  on the  sou th  and 

n o r th  a s p e c ts ,  q u ite  a  d if fe re n t  fo rc e  se e m e d  to  be  a t w o rk  on the  r id g e . T he 

r id g e  s ta tio n  show s l i t t le  r e la tio n s h ip  to the  two s lo p e s , a s  the  m in im um  wind 

o c c u r re d  a t  1:00 P . M . , and  the  m ax im u m  a t 10:00 P .M . F u r th e rm o re , the  

m in im u m  w ind v e lo c ity  on  th e  r id g e  w as g r e a te r  th an  the  m ax im um  on e ith e r  

th e  so u th  o r  n o rth  s lo p e s .  S e v e ra l e x p lan a tio n s  c an  be o ffe re d  fo r  th e se  

n o tab le  d if fe re n c e s . T h e  p o r tio n  o f th e  r id g e  in  q u e s tio n  i s  a  shallow  sad d le  

b e tw een  N ew m an P e a k  to  th e  w e s t and an  unnam ed  high po in t to th e  e a s t .  T he 

r id g e  s ta tio n  a p p e a re d  to  b e  d o m in a ted  by synop tic  s c a le  g e n e ra l w inds, r a th e r  

th an  lo w e r v e lo c ity  lo c a l w in d s. T h is  w ould re c o n c ile  both  th e  e ffec t of 

to p o g rap h y  and  g e n e ra l  w in d s on  m e a s u re m e n ts  a t  th e  r id g e  s ta tio n .

South w as th e  d o m inan t w ind d ire c tio n  on the  r id g e  e v e ry  h o u r  of the  

day  an d  n ig h t (F ig u re  9). A f te r  c o n s id e r in g  w inds a lo ft, a s  w e ll a s  the  topog

ra p h y , th is  r a th e r  s u r p r i s in g  fa c t b e c o m e s  e a s i e r  to u n d e rs ta n d . T h e  r a th e r  

low  v e lo c ity  on  th e  r id g e  f ro m  m id -m o rn in g  to  m id -a f te rn o o n , w ith  a  m in im um  

v e lo c ity  o c c u r r in g  a t 1:00 P . M . , m ay  be  the  r e s u l t  of s lo p e  w inds a m e lio ra tin g  

th e  e ffe c t o f th e  g e n e ra l  w ind . D u rin g  m id -d a y  h o u rs  o f p eak  in so la tio n , s lo p e  

w in d s  d ev e lo p ed  su ff ic ie n t v e lo c ity  to  fo rm  a  convec tion  ch im n ey  a t  the  r id g e . 

S lope w ind d ev e lo p m en t w ith  co n v ec tiv e  u p d ra f ts  m ay  be  su ffic ie n tly  s tro n g  

a t  th is  t im e  to  p re v e n t th e  g e n e ra l  w ind f ro m  lo w e rin g  onto  th e  r id g e . D u rin g  

th is  p e r io d , w ind v e lo c ity  and  d ire c tio n  on the  r id g e  shou ld  re f le c t  th e  lo ca l
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w ind  s i tu a tio n  on th e  d o m inan t s lo p e . S ince s t r o n g e r  s lo p e  w ind developm en t 

o c c u r r e d  on  th e  so u th  a sp e c t  th a n  the  n o r th , w ind d ire c tio n  should  b e , and w a s , 

s im i l a r  fo r  th e  so u th  and r id g e  s ta t io n s . T h e  h ig h e r  v e lo c it ie s  re c o rd e d  a t  th e  

r id g e  s ta tio n , a s  c o m p a re d  to  the  S-3 s ta tio n , w e re  p ro b ab ly  due to a  s lig h t 

to p o g ra p h ic  e ffe c t o f th e  sa d d le  r e - e n fo rc in g  th e  s lo p e  w ind.

D u rin g  th e  e v en in g  and e a r ly  m o rn in g  h o u rs ,  dow ns lope w inds w e re  

low  v e lo c ity  and of l i t t le  c o n se q u e n c e . T h u s , so m e  o th e r  so u rc e  m u s t be 

so u g h t to  e x p la in  th e  co n tin u ed  so u th e r ly  flow o f a i r  on th e  r id g e , and a t h ig h e r  

v e lo c it ie s  th a n  o c c u r r e d  d u r in g  th e  la te  m o rn in g  and a fte rn o o n  h o u rs . T he 

g e n e ra l  w ind h a s  c h a r a c te r i s t i c s  th a t cou ld  s u s ta in  th e  d ire c tio n  and m odify  

th e  v e lo c ity . A c h e c k  o f 700 m il l ib a r  sy n o p tic  c h a r t s  fo r  the  p e r io d  S e p tem b er 

1 1 -O c to b e r  17, 1969, show ed g ra d ie n t w inds a t th e  700 m b lev e l to  be  p r e 

d o m in a n tly  so u th w e s te r ly . H ow ever, g ra d ie n t w ind m om en tum  th a t d e sc e n d s  

to  th e  s u r f a c e  e n c o u n te rs  to p o g rap h ic  f r ic t io n . M cIn tosh  and  T hom  (1969) 

e s t im a te  th a t s u r fa c e  w inds a r e ,  on  th e  a v e ra g e , backed  about 30° c o u n te r 

c lo c k w ise  f ro m  th e  i s o b a r s  in  th e  N o r th e rn  H e m is p h e re . S c h ro e d e r  and Buck 

(1970) r e p o r te d  th a t d i re c tio n a l  d e v ia tio n  due to  f r ic t io n  v a r ie s  f ro m  25° to  4 5 ° , 

d ep en d in g  on  the  ro u g h n e s s  o f  th e  t e r r a in .  C o n s id e r in g  th e  ro u g h n e ss  o f the  

N ew m an R idge  t e r r a in ,  a  d ire c tio n a l  d isp la c e m e n t of n e a r ly  45° w ould be 

e x p e c te d . F r ic t io n a l  f o r c e s  ten d  to  d isp la c e  th e  g e n e ra l  w ind in  a  c o u n te r 

c lo c k w ise  d ire c tio n , so  th a t w ith  th e  45° d isp la c e m e n t, th e  r e s u l ta n t  d i r e c 

t io n a l  flow  w a s  g e n e ra lly  f ro m  th e  so u th . G e n e ra l w in d s  a r e  of h ig h e r  v e lo c ity  

th a n  lo c a l s u r f a c e  w in d s , a cc o u n tin g  fo r  th e  in c re a s e d  v e lo c ity  r e c o rd e d  on  the
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r id g e  d u r in g  n ig h ttim e  h o u rs .

In h is  s tu d y  o f w inds in  A lb e r ta , M acH attie  (1968) p o s tu la te d  th a t lo ca l 

w ind  p a t te r n s  m ay  be  l e s s  e v id e n t on  c le a r  d a y s  th a n  on  d ay s  w hen s o la r  

r a d ia t io n  i s  so m ew h at le s s  in te n s e . He re a s o n s  th a t co n v ec tiv e  a c tiv ity  on 

d a y s  o f h igh  ra d ia tio n  a llo w s co u p lin g  o f th e  s u r fa c e  w ind w ith  th e  g ra d ie n t 

w in d . T h is  co u p lin g  a c tio n  b r in g s  g ra d ie n t w ind  m om en tum  to  th e  s u r fa c e , 

o b s c u r in g  th e  s u r fa c e  w inds. He f u r th e r  su g g e s te d  th a t th e  m o re  in te n se  

th e  in co m in g  ra d ia t io n , th e  s t r o n g e r  the  co u p lin g . H ow ever, M a c H a ttie 's  

p ro p o s a l  d o e s  not a p p e a r  to  r e f le c t  m e a s u re d  and  o b se rv e d  co n d itio n s  a t  th e  

r id g e  s ta tio n .

In s te a d , th e  w ind  p a t te r n  on  th e  r id g e  a p p e a rs  to  follow  q u ite  c lo s e ly  

th e  c y c le  su g g e s te d  by  S h c ro e d e r  and  B uck  (1970). T hey  m a in ta in  th a t m id 

day  s lo p e  w in d s  in  m o u n ta in o u s  t e r r a in  te n d  to p u sh  g e n e ra l  w inds a lo ft above 

r id g e  to p s . T h e  g e n e ra l  w ind flow s o v e r  th e  c o n v ec tiv e  c u r r e n ts  r i s in g  f ro m  

r id g e to p s . F re q u e n tly , th e  d a y tim e  u p p e r  w inds a r e  f e l t  on ly  on  th e  h ig h e s t 

p e a k s . W hen th is  c o n d itio n  e x is ts ,  w ith  th e  ex ce p tio n  o f  th e  h ig h e s t p e a k s , a l l  

s u r f a c e  w in d s  a r e  a lm o s t p u re ly  c o n v e c tiv e . U ps lope w in d s co m bine  w ith  u p -  

v a lle y  w in d s  to  d e te rm in e  w ind sp e e d s  and  d ir e c t io n s  a t  th e  lo w e r e le v a tio n s . 

W ith  th e  w eak en in g  o f u p s  lope  w inds in  th e  la te  a f te rn o o n  and e a r ly  even ing  

h o u r s ,  dow nslope  flow  b e g in s , and  g e n e ra l  w inds a r e  a g a in  ab le  to  lo w e r onto 

e x p o sed  r id g e s .

D iu rn a l  w ind p a t te r n s  o n  th e  so u th  and n o rth  a s p e c ts  w e re  m o re  r e p r e 

s e n ta t iv e  o f  c la s s ic a l  v a lle y -m o u n ta in  w ind th e o ry . C o n s id e r in g  a  2 4 -h o u r
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c y c le  on th e  so u th  s lo p e , and  beg in n in g  a t m id n ig h t, dow nslope w inds w e re  

p re v a le n t  (F ig u re  10), T h e s e  w inds w e re , in  e ffe c t , a  sha llow  la y e r  o f a i r  

’’s l id in g  dow n th e  m o u n ta in . ” T h is  w as  a  lo w -v e lo c ity , la m in a r  m ovem en t 

w h ich  w eak en ed  v e ry  g ra d u a lly  u n til  s u n r i s e .  W ith in  a  tw o -h o u r p e r io d  a f te r  

s u n r i s e ,  w ind d ir e c t io n  had  sh ifted  f ro m  n o r th e r ly  (dow nslope) th ro u g h  w e s te r ly  

and  s o u th w e s te r ly , to  s o u th e r ly  (u p s lo p e ). W ind v e lo c ity  fo r  th is  f i r s t  h o u r of 

u p 8lope  m o tio n  w as th e  lo w est v e lo c ity  o f  any h o u r  o f  th e  day  o r  n ig h t. A s in 

co m in g  ra d ia t io n  in c r e a s e d  th ro u g h  th e  r e m a in d e r  o f th e  m o rn in g  and  in to  the  

a f te rn o o n , w ind  v e lo c ity  a ls o  in c re a s e d ,  re a c h in g  a  m ax im u m  a t 2:00 P .M .

In  th e  nex t h o u r , th e  t r a n s i t io n  f ro m  u p slo p e  to  dow nslope  w inds had  begun , 

b u t in  r e v e r s e  o r d e r  to  w hat o c c u r re d  in  th e  m o rn in g . W ind d ire c tio n  sh if ted  

f ro m  s o u th e r ly , th ro u g h  s o u th w e s te r ly  and  w e s te r ly ,  to n o r th e r ly  (dow nslope). 

T h is  ev en in g  t r a n s i t io n  in  d ir e c t io n  took  p la c e  o v e r  a  s ix -h o u r  p e r io d , w h e re a s  

th e  m o rn in g  sh if t  r e q u ir e d  on ly  two h o u r s .  At 9 :00 P .  M . , th e  dow nslope w inds 

w e re  a g a in  in  e ffe c t, and  co n tin u ed  u n til  m id n ig h t, c o m p le tin g  th e  d iu rn a l  c y c le .

In  d e r iv in g  s lo p e  w ind co m p o n en ts  fo r  a  fue l m o is tu re  p re d ic tio n  m o d e l 

in  C a lifo rn ia , M cC utchan , e t  a l .  (1973) m ad e  th e  a s su m p tio n  th a t d a y tim e  

u p s lo p e  w in d s w e re  a  fu n c tio n  o f  s o la r  in so la tio n  and  s lo p e , w ith a  m ax im u m  

w ind  co m p o n en t p o s s ib le  a t  20 fe e t o f abou t 10 m ph . Spot c h ec k s  o f w ind 

v e lo c ity  a t  th e  S-3 s ta tio n  on w a rm , sunny  a fte rn o o n s  su g g e s te d  a  m ax im u m  

s lo p e  w ind  v e lo c ity  o f  abou t 8 m ph a t  10 fe e t .  D ow nslope w inds, on  th e  o th e r  

h an d , w e re  v iew ed  b y  M cC utchan , e t a l .  a s  b e in g  a  fu n c tio n  of s lo p e  o n ly .
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\  so m ew h at s im i la r  r ’' * wn-- ra tio n a l on th e  n o rth  only

h e re  th e  c h an g e s  w e re  m o re  a b ru p t. At i n id n l ^ t ,  dow nslope  (so u th e rly ) w inds 

w e re  in  e f fe c t .  T h is  w as a  g ra v ity -p o w e re d  m o v em en t, w ith  th e  sh e e t  o f 

h e a v ie r  a i r  s lo w ly  flow ing  dow nh ill. T h is  dow nslope  m o tio n  d e c re a s e d  in  

v e lo c ity  bu t co n tin u ed  u n ab a ted  u n til  10:00 A , M . , fo u r  h o u rs  lo n g e r th an  on  the  

so u th  a s p e c t .  A t 10:00 A . M. , th e r e  w as an  a b ru p t change  to  u p slo p e  w inds, 

a s  a  r e s u l t  o f  d i r e c t  su n lig h t f i r s t  b e co m in g  in c id en t on  a  p o r tio n  o f th e  s lo p e . 

V e lo c ity  o f  th e  u p slo p e  w ind in c r e a s e d  re a c h in g  a  m ax im u m  a t  2:00 P .  M. , the  

s a m e  t im e  th e  m ax im u m  w as re a c h e d  on  th e  so u th  s lo p e . A w eaken ing , u p w ard  

flow  o f  a i r  co n tin u ed  u n ti l  5 :00 P . M . , a t  w h ich  t im e  th e r e  w as a  su d d en  change 

to  do w n slo p e  w in d s . T h e  t r a n s i t io n  in  d ire c tio n  o c c u r r e d  fo u r  h o u rs  e a r l i e r  

h e r e  th a n  o n  th e  so u th  s lo p e . D ow nslope m o tio n  h e ld  u n til  m id n ig h t, w ith  l i t t le  

h o u r ly  ch an g e  in  v e lo c ity , c o m p le tin g  th e  d iu rn a l  c y c le .

T h e  u se  of P ib a l  w e a th e r  b a llo o n s  in  co n ju n c tio n  w ith  tim e  la p se  

p h o to g rap h y  a p p e a re d  to  h av e  m e r i t  a s  a  m e a n s  o f v is u a liz in g  w ind b e h a v io r  a t 

th e  t im b e r - c le a r c u t  in te r f a c e .  H o w ev e r, w ind sp e e d s  in  e x c e s s  o f 8 -1 0  m ph 

l im ite d  the  u s e fu ln e s s  o f th is  m eth o d , a s  th e  b a llo o n s  w e re  e i th e r  blow n to  th e  

g ro u n d  o r  in to  th e  se e d w a ll and  d e s tro y e d .

Sm oke b o m b s a c tiv a te d  in  th e  canopy  w e re  e ffe c tiv e  in  show ing  th e  

w ind  re g im e  in to  w hich  a  s e e d  i s  r e le a s e d .  At m o d e ra te  w ind v e lo c it ie s ,  the  

sm o k e  c lo u d  w as o b s e rv e d  ta k in g  on  a  d e fin ite  r o l l ,  o r  eddy  m o tio n . T h e  

lik e lih o o d  of su c h  tu rb u le n t  m o tio n  i s  ev en  g r e a te r  a t h ig h e r  v e lo c i t ie s .  B ut 

a g a in , a s  w ith  th e  b a llo o n s , h igh  w ind  v e lo c i t ie s  m ad e  th is  m ethod  in e ffe c tiv e .
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a s  th e  sm o k e  w a s  d is s ip a te d  so  ra p id ly  a s  to  a ffo rd  l i t t le  t im e  fo r  o b se rv a tio n ,

W in d -T e m p e ra tu re  R e la tio n sh ip s

D u rin g  th e  S e p te m b e r-O c to b e r  s e e d fa ll  p e r io d , th e  ten d en cy  fo r  w ind 

v e lo c ity  to  d e c r e a s e  a t  n i ^ t  and in c r e a s e  d u rin g  d ay lig h t h o u rs  w as  no ted . 

S ince  m ax im u m  and m in im u m  a v e ra g e  w ind v e lo c it ie s  co in c id ed  q u ite  c lo se ly  

w ith  m ax im u m  and m in im u m  a v e ra g e  te m p e r a tu re s ,  r e s p e c t iv e ly , i t  se e m e d  

p ro b a b le  th e  tw o p a r a m e te r s  w e re  in  so m e  w ay r e la te d .  In  o r d e r  to  d e te rm in e  

w ha t r e la t io n s h ip , i f  any , e x is te d  b e tw een  te m p e ra tu re  and w ind v e lo c ity , 

l in e a r  r e g r e s s io n  m e th o d s  w e re  em p lo y ed . R e c o rd e d  v a lu e s  o f te m p e ra tu re  

and  w ind v e lo c ity  f o r  e ac h  h o u r  o f th e  3 7 -d ay  s tu d y  p e r io d  w e re  u s e d  in  the  

r e g r e s s io n .  T h e  te m p e ra tu re  e le m e n t o f  e ac h  p a i r  b e c a m e  th e  independen t 

v a r ia b le  and  th e  v e lo c ity  e le m e n t the  dep en d en t v a r ia b le .

R e g re s s io n s  o f w ind on  te m p e r a tu re  w e re  ru n  fo r  a l l  h o u rs , fo r  d ay 

lig h t h o u rs  o n ly , and  fo r  th e  h o u rs  12:00 noon to  6:00 P . M. In e a c h  c a s e ,  th e  

c o e ff ic ie n t o f c o r r e la t io n  w as v e ry  low . I t  w ould a p p e a r  th a t i f  w in d - te m p e ra -  

tu r e  r e la t io n s h ip s  do e x is t ,  c a re fu l ly  p lan n ed  sa m p lin g  tec h n iq u e s  w ould be  

n eed ed  to  is o la te  th e m . R e g u la r  c h ec k s  o f b a ro m e tr ic  p r e s s u r e  w ould be  

r e q u ir e d  to  id en tify  h igh  and  low p r e s s u r e  s y s te m s  and m ovem en t o f  f ro n ts .  

S im ila r ly ,  m e a s u re m e n ts  o f s o la r  ra d ia tio n  w ould  be  n e c e s s a ry  to  c la s s ify  

d a y lig h t h o u rs  a s  b e in g  c lo u d y , p a r t ly  c loudy , o r  c l e a r .  T h e s e  m e a s u re m e n ts ,  

and  p e rh a p s  o th e r s ,  w ould b e  needed  to  d e te rm in e  w h e th e r  g e n e ra l  o r  s lo p e  

w in d s w e re  th e  d o m in an t fo rc e  a t a  g iv en  t im e . O nly w hen  s lo p e  w inds w e re
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d e te rm in e d  to  be  o p e ra tio n a l  w ould a  r e g r e s s io n  o f w ind  and te m p e ra tu re  be 

c o m p u ted . Q u ite  p ro b a b ly , h o w e v er, a  l in e a r  r e g r e s s io n  o f wind on  te m p e ra 

tu r e  i s  too s im p lis t ic  an  a p p ro a c h  to  d e s c r ib e  ch an g es  in  w ind v e lo c ity . In s te a d , 

m u ltip le  r e g r e s s io n  w ould p ro b a b ly  b e  a  b e t t e r  m eth o d  o f d e te rm in in g  r e l a 

t io n s h ip s  b e tw een  w ind  and o th e r  e n v iro n m e n ta l p a r a m e te r s .  W ind v e lo c ity  

w ou ld  a g a in  be th e  dep en d en t v a r ia b le ,  w ith  te m p e r a tu re ,  s o la r  ra d ia tio n , 

b a ro m e tr ic  p r e s s u r e ,  and  r e la t iv e  h u m id ity  a s  th e  in d ep en d en t v a r ia b le s .
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PO SSIBLE MANAGEMENT IM PLICA TIO N S

A fte r  a n a ly z in g  th e  d a ta , one  m u s t a s k  w hat p r a c t ic a l  in fo rm a tio n  th e  

r e s u l t s  m a y  p ro v id e  fo r  m a n a g e m e n t. C o n c lu s io n s  th a t c an  be  d raw n  f ro m  th e  

d a ta  m u s t be  q u a lif ie d , in  th a t th e  d a ta  a r e  r e p r e s e n ta t iv e  on ly  o f a  g iven  a r e a  

and  s lo p e  p o s it io n . H ow ever, f u r th e r  s tu d ie s  cou ld  p ro v id e  s im i la r  in fo rm a 

tio n  fo r  o th e r  lo c a tio n s , a s  w e ll a s  fo r  lo w e r and  m id s lo p e  p o s it io n s .

K eep in g  th e s e  l im ita t io n s  in  m in d , a  new  te r m  i s  o f fe re d  h e r e  th a t 

w ould  a llow  a t  le a s t  a  d e g re e  o f  o b je c tiv ity  to  s e e d fa ll  c o n s id e ra tio n s . T h e  

t e r m  i s  " s e e d  d is se m in a tio n  p o te n tia l , " and  w ould b e  o b ta in ed  in d ire c t ly  f ro m  

m e a s u re m e n ts  o f e n v iro n m e n ta l p a r a m e te r s .  Seed d is s e m in a tio n  p o te n tia l  

(S D P ), a s  d is tin g u ish e d  f ro m  re g e n e ra t io n  p o te n tia l , i s  c o n c e rn e d  on ly  w ith  

th e  m e c h a n ic a l m e a n s  o f d i s p e r s a l ,  and  no t th e  p h y s io lo g ic a l p r o c e s s e s  of 

g e rm in a tio n  and g ro w th . T h u s , d is s e m in a tio n  c o n s id e ra tio n s  end  w hen th e  

s e e d  h i ts  th e  g round ; w h e th e r  th e  s e e d  e v e r  g e rm in a te s  i s  o f no c o n c e rn  h e re .

In it ia l ly , e s t im a te s  o f SDP w ould b e  ro u g h  a t b e s t ,  b u t cou ld  b e  im p ro v e d  

e m p ir ic a l ly  w ith  a  l a r g e r  d a ta  b a s e .  T hough  b a se d  on  o b je c tiv e  m e a s u re m e n ts ,  

p re d ic tio n  o f  SDP w ould  b e  in  su b je c tiv e  t e r m s ,  su c h  a s  "p o o r , " " f a i r ,  "  o r  

" g o o d ."

In  s p i te  o f a  f a i lu re  s e e d  c ro p  in  1969, a  s m a ll  n u m b e r  o f s e e d s  w e re  

c o lle c te d  in  t r a p s .  C o lle c te d  s e e d s  w e re  c lo s e ly  r e la te d  to  a tm o sp h e r ic
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c o n d itio n s  p re v a i lin g  a t  th e  t im e  o f  r e l e a s e .  O f th e s e ,  83 p e r  cen t w e re  

r e l e a s e d  and  d is p e r s e d  in  a tm o s p h e r ic  co n d itio n s  w ith  a  r e la t iv e  hu m id ity  o f 

l e s s  th an  50 p e r  c e n t. F o r  th is  r e a s o n ,  a tte n tio n  i s  fo cu sed  on  th e  p e r io d  f ro m  

12:00 noon to  6:00 P .  M . , th a t  t im e  o f day  w hen r e la t iv e  h u m id itie s  a r e  lo w est 

and  w ind v e lo c it ie s  h ig h e s t.  T h is  co m b in a tio n  o f fa c to r  le v e ls  o p tim iz e s  

c h a n c e s  o f s e e d  r e l e a s e  and  su b se q u e n t d i s p e r s a l .  M e a su re m e n ts  o f th e s e  

f a c to r s  w ould  be  u se d  a s  th e  b a s is  fo r  p re d ic tin g  SD P, and w ould b e  tak en  

d u r in g  th e  au tu m n  se e d fa l l  p e r io d .

F o r  e x a m p le , a  lo c a tio n  th a t com m only  r e g i s t e r s  a  r e la t iv e  hum id ity  

l e s s  th an  50 p e r  c e n t d u r in g  th e  p r im e  s e e d fa ll  p e r io d  f ro m  12:00 noon to  6:00 

P .M . w ould re c e iv e  one p o in t. If m ax im u m  w ind v e lo c ity  c o n s is te n tly  o c c u r r e d  

b e tw een  12:00 noon and  6:00 P .  M. , a n o th e r  po in t w ould b e  s c o re d . T h u s , a  

s c o r e  o f " z e r o "  w ould  in d ic a te  a  "p o o r"  SD P, a  s c o re  o f "o n e"  a  " f a i r "  SD P, 

and a  s c o r e  o f "tw o" a  "good" SD P.

T a k in g  d a ta  f ro m  th e  two a s p e c ts  u n d e r  c o n s id e ra tio n , th e  SDP c an  be 

p re d ic te d  fo r  e ac h  s lo p e . U s in g  th e  c r i t e r i a  o u tlin e d  ab o v e , th e  n o r th  s lo p e  

w ould  s c o r e  a  "o n e"  fo r  a  " f a i r "  SDP ra t in g ,  and  th e  sou th  s lo p e  a  "tw o" fo r  a  

"good" r a t in g .  T he h ig h e r  r a t in g  g iven  th e  so u th  s lo p e  i s  due both  to  th e  low 

r e la t iv e  h u m id it ie s  (< 50 p e r  cent) and m ax im u m  w ind v e lo c it ie s  th a t o c c u r  a t  

th is  lo c a tio n  d u r in g  th e  p r im e  se e d  d is p e r s a l  p e r io d .

T h e  v a lu e  su ch  a  r a t in g  s y s te m  m ay  have  fo r  m an ag em en t p u rp o se s  

c an  o n ly  be  c o n je c tu re d  a t  th is  t im e . One p o s s ib i l i ty  i s  in c o rp o ra tin g  SD P 

e s t im a te s  w ith  o th e r  c o n s id e ra tio n s  in  p lan n in g  th e  s iz e  and sh a p e  of c le a r  c u ts .
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O ne m ay , fo r  e x a m p le , be  a b le  to  c le a r  c u t an  a r e a  tw ic e  a s  la rg e  on one a sp e c t 

a s  on  a n o th e r .  O r ,  a  g e n e ra l ly  sq u a re  o r  c i r c u la r  sh a p e  m ay  be  the  b e s t  

d e s ig n  fo r  a d eq u a te  d i s p e r s a l  on  one  s lo p e , w h e re a s  a  long , n a rro w  shape  m ay  

b e  b e t t e r  on  a n o th e r . A ga in , look ing  o n ly  f ro m  th e  s tan d p o in t o f g e ttin g  s u i t 

a b le  c o v e ra g e  by d i s p e r s a l ,  a  sh e lte rw o o d  o r  g ro u p  s e le c tio n  m ay  be  ad v isab le  

on  a  n o r th  a s p e c t ,  w h ile  c le a rc u tt in g  m ay  be  a c c e p ta b le  on th e  sou th .

O ne ad v an tag e  o f  su c h  a  m eth o d  i s  th a t once  an  SDP i s  e s ta b lis h e d  fo r  

a n  a r e a ,  p a r a m e te r s  u s e d  in  m ak in g  th e  e s t im a te  w ould no t have to  be  r e 

m e a s u re d .  M e a s u re m e n ts  u s e d  fo r  p re d ic tin g  SDP cou ld  a ls o  be  u se d  in  h e a t 

and  w a te r  budget c o n s id e ra tio n s .
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C H A PT E R  VI 

SUMMARY

Seed  d i s p e r s a l  a s  r e la te d  to  a tm o s p h e r ic  c o n d itio n s  and topog raphy  

w a s  s tu d ie d  on  two N ew m an R idge c le a r c u ts .  U n its  S -3  and  N -3  w e re  ch o sen  

b e c a u se  o f  th e i r  o p p o sin g  a s p e c t  and p ro x im ity  to  e a c h  o th e r .

A s u rv e y  o f  th e  1969 s e e d  c ro p  tak e n  in  la te  sp r in g , 1969, fo re c a s t  a  

p o o r  se e d  c ro p . T h is  fo r e c a s t  w as b o rn e  ou t by th e  v a s t  m a jo r ity  o f em p ty  

s e e d  t r a p s  fo llow ing  th e  p r im e  se e d fa ll  s e a s o n . Due to  th e  la c k  of se e d , i t  w as 

no t p o s s ib le  to  id en tify  se e d  d i s p e r s a l  p a t te r n s .  T h e  m is d ire c te d  e f fo r t  in  

p la c e m e n t o f  se e d  t r a p s  p re c e d in g  th e  1969 se e d fa ll  p r e s e n ts  a  good ex am p le  

f o r  m a n a g e m e n t. T h is  e x p e r ie n c e  p o in ts  to  th e  im p o r ta n c e  o f sy n c h ro n iz in g  

s i te  p r e p a ra t io n  w ith  a n  a v e ra g e  o r  b e t te r  s e e d  y e a r .  W hen depend ing  on  

n a tu ra l  s e e d fa l l  fo r  r e g e n e ra t io n , th e  im p o rta n c e  o f good se e d  p ro d u c tio n  

w h ile  th e  s i te  i s  s t i l l  r e c e p t iv e  canno t be  o v e re m p h a s iz e d .

In  s p i te  of th e  la c k  o f s e e d , te m p e ra tu re ,  r e la t iv e  h u m id ity , and w ind 

sp e e d  and d ire c tio n  w e re  r e c o rd e d  c o n tin u o u sly  f o r  th e  p e r io d  S e p tem b er 1 1 - 

O c to b e r  17. T h e s e  a tm o s p h e r ic  co n d itio n s  w e re  r e c o rd e d  on an  u p p e r  s lo p e , 

so u th - fa c in g  c le a r  cu t (S -3 ), an  u p p e r  s lo p e , n o r th - fa c in g  c le a rc u t  (N -3 ), and  

th e  r id g e  b e tw een . T h e  p u rp o se  of c o lle c tin g  d e ta ile d  in fo rm a tio n  on th e se  

p a r a m e te r s  w as to  r e l a te  s e e d fa ll  to  the  w e a th e r  co n d itio n s  p re v a ilin g  a t  th e  

t im e  of d i s p e r s a l .
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A v e ra g e  h o u r ly  te m p e r a tu re s  and w ind v e lo c it ie s  w e re  h ig h e r , and 

r e la t iv e  h u m id itie s  lo w e r on  th e  so u th  a s p e c t  th an  th e  n o rth  fo r  a ll  h o u rs . 

S lope w in d s  a p p e a r  to  d o m in a te  c o n d itio n s  a t  th e  S -^  and  N -3  s ta tio n s  bo th  day  

and  n ig h t.

A t th e  r id g e  s ta tio n , th e  d o m in an t w ind d ire c tio n  w a s  sou th  fo r  a l l  

h o u r s ,  day  and  n ig h t. T h is  su g g e s te d  th a t s lo p e  w inds w e re  p re v a le n t d u rin g  

d a y lig h t h o u rs  o f p e a k  in so la t io n , but th a t  g e n e ra l  w inds w e re  dom inan t d u rin g  

th e  e a r ly  m o rn in g  and  la te  a fte rn o o n  h o u rs ,  and a t  n ig h t.

E n v iro n m e n ta l r e la t io n s h ip s  on  bo th  a s p e c ts  in d ic a te  th a t s lo p e  w inds 

w e re  p re v a le n t  d u r in g  th e  p r im e  s e e d fa ll  h o u rs  (12:00 noon to  6:00 P .M .)  o f 

low r e la t iv e  h u m id ity  and w a rm  te m p e ra tu re .  T h e re fo re ,  w ith  an  a v e ra g e  o r  

b e t t e r  s e e d c ro p , i t  i s  lik e ly  m o s t se e d  d is se m in a te d  on  th e  N ew m an R idge 

c le a r c u ts  w ould be  d is p e r s e d  by  s lo p e  w in d s.

T h e  te r m  " s e e d  d is s e m in a tio n  p o te n tia l"  o r  "S D P " w as in tro d u c e d .

SD P w ould  b e  d e r iv e d  in d ir e c t ly  f ro m  m e a s u re m e n ts  of r e la t iv e  h u m id ity  and 

w ind v e lo c ity , and w ould be  a  m ethod  o f r a t in g  th e  m e c h a n ic a l m e a n s  o f d i s 

p e r s a l  f o r  an  a r e a .  T hough  b a se d  on  o b je c tiv e  m e a s u re m e n ts ,  e s t im a te s  of 

SD P w ould b e  in  su b je c tiv e  t e r m s ,  su c h  a s  " p o o r , "  " f a i r ,  "  o r  "good . "  Of the  

tw o s lo p e s  s tu d ie d  o n  N ew m an R id g e , S -3  h a s  a  h ig h e r  se e d  d is s e m in a tio n  

p o te n tia l  th a n  N -3 . T h e  r e a s o n s  fo r  th is  ra t in g  w e re  th a t S-3 h a s  a  w e a th e r  

r e g im e  o f low re la t iv e  h u m id ity  (< 50 p e r  c e n t) , and  m ax im u m  a v e ra g e  w ind 

v e lo c ity  d u r in g  th e  p r im e  se e d  d i s p e r s a l  p e r io d  (12:00 noon to 6:00  P .M . ) .
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T h is  a p p ro a c h  m ay  have  m an a g em en t v a lu e  w hen u se d  w ith  o th e r  con 

s id e r a t io n s  in  p lan n in g  th e  s iz e ,  sh a p e , an d  lo ca tio n  of c le a r c u ts .  F o r  ex am p le , 

s o le ly  f ro m  th e  s ta n d p o in t o f s e e d  d i s p e r s a l ,  c le a rc u tt in g  m ay  be fe a s ib le  on  

one  a s p e c t  b u t not on  a n o th e r , o r  a t one  s lo p e  p o s itio n  bu t not a n o th e r .

D e ta ile d  in fo rm a tio n  on  e n v iro n m e n ta l p a r a m e te r s  in  re la t io n  to  topog

ra p h y  h a s  m any  p o te n tia l  a p p lic a tio n s  b e s id e s  se e d  d is p e r s a l .  A m ong th e se  

a r e  u s e s  in  th e  s tu d y  o f w in d th ro w , se e d lin g  s u rv iv a l ,  th e  s p re a d  o f c e r ta in  

in s e c ts  and  d i s e a s e s ,  and  é v a p o tra n s p ira tio n  and  e n e rg y  budget c o n s id e ra tio n s .

If th e  e x te n s iv e  f o r e s t s  o f th e  N o r th e rn  R o c k ie s  a r e  to r e c e iv e  in te n 

s iv e  m an ag em en t in  th e  fo re s e e a b le  fu tu re , m o re  th an  b io lo g ic a l in fo rm a tio n  

i s  n e c e s s a r y .  A d d itio n a lly , e s ta b lis h m e n t o f a  b ro a d  b a s e  o f to p o g rap h ic  and 

e n v iro n m e n ta l d a ta  i s  n eed ed  a s  w e ll. W ith  co n tinued  s tu d y , i t  is  hoped th a t 

b e fo re  a  t r e a tm e n t  i s  a p p lied  to  a  f o r e s t  s y s te m , i t  w ill  b e  b a se d  no t on ly  on  a  

know ledge of the  s y s te m  i t s e l f ,  bu t a ls o  on  a  know ledge of th e  m ed iu m s bo th  

s u p p o r tin g  and  s u r ro u n d in g  th a t  s y s te m .
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APPENDIX A

Sample plot locations within tim ber surrounding a c learcu t.
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