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ABSTRACT 

Cross s e c t i o n  and increment c o r e  samples  of coas t  redwood, Sequoia 

sempervirens (D. Don) End.,  from P r a i r i e  Creek and Jedediah Smith S t a t e  

Parks,  C a l i f o r n i a  were dendrochronological ly  analyzed. Crossda t ing  was 

o b s e r v e d  i n  f i v e  o u t  of  1 5  c r o s s  s e c t i o n  s a m p l e s ,  w h i l e  none  of  3 6  

increment  co re  samples could be c o n f i d e n t l y  crossdated.  Discontinuous 

( p a r t i a l )  r i n g s  w e r e  t h e  p r i m a r y  r e a s o n  t h a t  s p e c i m e n s  w e r e  n o t  

c rossda tab le .  Samples from p o s i t i o n s  h igh  on redwood s tems (above 6 m) 

a p p e a r e d  t o  have  f e w e r  r i n g  d i s t o r t i o n s  and  p a r t i a l  r i n g s .  C r o s s  

s e c t i o n s  pe rmi t t ed  t h e  r e sea rche r  t o  l o c a t e  p a r t i a l  r i n g  anomalies  and 

t h i s  f a c i l i t a t e d  t h e  d a t i n g  process.  

E v i d e n c e  o f  a  s e v e r e  f i r e  i n  l a t e  1715 o r  e a r l y  1716 a t  P r a i r i e  

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

many of t h e  sampled redwood t r e e s ,  and germina t ion  and e s t ab l i shmen t  of 

a n  u n d e r s t o r y  o f  Douglas-f  i r  ( P s e u d o t s u g a  - m e n z i e s i i  [Mirb .  ] Franco) .  ---- 
R i n g s  w i t h  t r a u m a t i c  r e s i n  d u c t s  w e r e  a l s o  found  t o  b e  a  u s e f u l  

i n d i c a t o r  o f  p a s t  f i r e  e v e n t s .  F u t u r e  f i r e  s c a r  s t u d i e s  u s i n g  

c ros sda t ing  techniques a r e  f e a s i b l e ,  bu t  w i l l  r e q u i r e  improvement and 

ex tens ion  of a c c u r a t e l y  da ted  redwood chronologies  f o r  d a t i n g  cont ro l .  

A 235-year  r i n g - w i d t h  i n d e x  ch rono logy ,  1750-1984, was developed 

from da ted  redwood specimens. This  chronology crossda ted  w i t h  two o t h e r  

c h r o n o l o g i e s  d e v e l o p e d  by Edmund Schulman (1940).  C l i m a t i c  r e s p o n s e  

. f u n c t i o n  s t u d i e s ,  u s i n g  Eureka ,  C a l i f o r n i a  c l i m a t e  d a t a ,  showed t h a t  

d 
redwood growth i s  in f luence  by tempera ture  and p r e c i p i t a t i o n  du r ing  most 

A 

of t h e  growing season (Apr i l  t o  August), bu t  e s p e c i a l l y  du r ing  t h e  month 

of Ju ly .  The observed growth synchrony of t h e  redwood chronologies ,  and 
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r e s u l t s  of t h e  response f u n c t i o n  study, suggest t h a t  coas t  redwood has 

good p o t e n t i a l  f o r  f u r t h e r  dendrocl imat ic  inves t iga t ions .  This  spec ies  

may provide an unusual ly long record of c l i m a t i c  change (exceeding 1,000 

years)  i n  the  c o a s t a l  a r e a  of nor thern  Cal i forn ia .  



INTRODUCTION 

C o a s t  redwoods a r e  among t h e  w o r l d s  l a r g e s t  and o l d e s t  l i v i n g  

t r e e s .  The g r e a t  l o n g e v i t y  o f  redwood,  e x c e e d i n g  2,000 y e a r s  i n  some 

t r e e s ,  has s t imu la t ed  a  number o f  d e n d r o c h r o n o l o g i c a l  i n v e s t i g a t i o n s  

i n t o  t h e  p o t e n t i a l  f o r  d e r i v i n g  e n v i r o n m e n t a l  i n f o r m a t i o n  f rom 

measurements of t h e  annual growth r i n g s  (Douglass 1928, MacDougal 1936, 

Schulman 1940). Useful informat ion  has been provided through t h e  s tudy 

f i r e  s c a r s  ( S t u a r t  1987),  a g e  and  s i z e  r e l a t i o n s h i p s  ( e r s  1980) ,  and  

s t u d i e s  of r i n g  growth f l u c t u a t i o n s  i n  r e l a t i o n  t o  geomorphic processes 

(LaMarche 1966,  LaMarche and W a l l a c e  1972) ,  however,  t h e r e  h a s  been 

l i m i t e d  success i n  developing a c c u r a t e l y  da ted  ring-width chronologies  

w h i c h  a r e  e s s e n t i a l  f o r  c e r t a i n  d e n d r o c l i m a t i c  and d e n d r o e c o l o g i c  

i n v e s t i g a t i o n s .  

T h i s  s t u d y  was u n d e r t a k e n  w i t h  t h e  o b j e c t i v e  of  d e t e r m i n i n g  i f  

c ros sda t ing  of ring-width s e r i e s  could be achieved w i t h i n  and between 

i n d i v i d u a l  redwood t r e e s  using increment  co re  and c r o s s  s e c t i o n  samples. 

Add i t iona l  work has concentrated on development of a n  a c c u r a t e l y  da ted  

r i n g - w i d t h  i n d e x  ch rono logy  of  c o a s t  redwood, d a t i n g  of  f i r e  s c a r s  on 

c r o s s d a t e d  s a m p l e s ,  a n d  a n a l y s i s  o f  c o r r e l a t i o n  b e t w e e n  i n d e x  

chronologies  and instrumented c l i m a t i c  records. 

Recommendations f o r  f u t u r e  f i r e  h i s t o r y  and  d e n d r o c l i m a t i c  

i n v e s t i g a t i o n s  i n  t h i s  f o r e s t  t ype  a r e  a l s o  presented. An oppor tuni ty  

e x i s t s  f o r  obta in ing  a d d i t i o n a l  t ree- r ing  samples from stumps remaining 

f r o m  o l d  g r o w t h  redwood s t a n d s  t h a t  w e r e  h a r v e s t e d  o v e r  t h e  p a s t  100 

y e a r s  w i t h i n  and a r o u n d  t h e  p r e s e n t  b o u n d a r i e s  of  N a t i o n a l  and S t a t e  

Parks. These stumps a r e  g e n e r a l l y  w e l l  preserved because t h e  heartwood 

of redwood i s  usua l ly  r e s i s t a n t  t o  decay fungi.  I n  some a r e a s  t h e r e  i s  



a n  u r g e n t  need  t o  s e c u r e  s a m p l e s  f r o m  remnan t  s t u m p s  b e f o r e  t h e y  a r e  

removed,  a s  i n  t h e  c a s e  o f  t h e  c u r r e n t  r o a d  c o n s t r u c t i o n  o f  t h e  

C a l i f o r n i a  S t a t e  Highway 101 bypass around P r a i r i e  Creek S t a t e  Park. 

P a s t  t r e e - r i n g  s t u d i e s  b f  c o a s t  redwood have  been  f r u s t r a t e d  by 

anomalous  g r o w t h  c h a r a c t e r i s t i c s .  D i s c o n t i n u o u s  r i n g s ,  s o m e t i m e s  

a s s o c i a t e d  w i t h  compression wood, a r e  recognized a s  a  major sou rce  of 

e r r o r  i n  r i n g  c o u n t s  on i n c r e m e n t  c o r e s .  Fo r  example ,  F r i t z  (1940) 

found d i f f e r e n c e s  i n  r i n g  counts  exceeding 100 r i n g s  from one r a d i u s  t o  

a n o t h e r  o n  t h e  same t r e e .  F r i t z  a n d  A v e r i l l  (1924) d e s c r i b e d  a n d  

i l l u s t r a t e d  t h e  phenomenon of d i s c o n t i n u o u s  r i n g s  ( o r  r i n g  "wedging") ,  

whe re  one ,  and  s o m e t i m e s  g r o u p s  o f  r i n g s ,  p i n c h  down t o  s m a l l e r  a n d  

s m a l l e r  w id ths  u n t i l  they a r e  completely absent  a long p o r t i o n s  of t h e  

stem. 

Because  o f  t h e  r i n g  d a t i n g  p r o b l e m s  i n  redwood,  f i r e  h i s t o r y  

s t u d i e s  b a s e d  o n l y  on r i n g  c o u n t i n g  o f  f i r e  s c a r r e d  t r e e s  mus t  be  

considered l e s s  than  r e l i a b l e .  Researchers  have der ived  more complete  

i n fo rma t ion  on pas t  f i r e  regimes i n  t h i s  type  by ob ta in ing  evidence from 

a  v a r i e t y  of '  sources ,  i nc lud ing  da ted  f i r e  s c a r s ,  ages of basa l  s p r o u t s  

wh ich  a r e  known t o  be  s t i m u l a t e d  by p a s t  f i r e s ,  a n d  p o s t - f i r e  

e s t a b l i s h m e n t  o f  u n d e r s t o r y  c o h o r t s  of  D o u g l a s - f i r  ( P s e u d o t s u g a  ---- 
menz ie s i i  [ Mirb. 1 F r a n c ~ )  and wes tern  hemlock (Tsuga he t e rophy l l a  [Raf. 1 

Sarg.) (Viers  1980, Abbott 1987, S t u a r t  1987). 

D e s p i t e  t h e  p rob lem of  d i s c o n t i n u o u s  r i n g s ,  Schulman ( 1  940,  n.d.) 

. w a s  a b l e  t o  s u c c e s s f u l l y  c r o s s d a t e  a b o u t  h a l f  o f  more t h a n  100  c r o s s  

s e c t i o n  and increment  co re  samples t h a t  A. E. Douglass c o l l e c t e d  i n  t h e  

1920s  f r o m  t h r o u g h o u t  t h e  redwood r e g i o n  o f  n o r t h e r n  C a l i f o r n i a .  

Schulman a l s o  s t u d i e d  the  v e r t i c a l  u n i f o r m i t y  of r i n g s  i n  redwood s t ems  







road ( w i t h i n  100 m) passing through t h e  William W. Eastman and J. Harold 

Pe terson  Memorial Groves, west of t h e  101 bypass road right-of-way. Two 

c o r e s  w e r e  t a k e n  f rom e a c h  t r e e  on  o p p o s i t e  s i d e s  o f  t h e  l o w e r  s tem.  

These t r e e s  ranged from approximately 1.5 t o  5.0 m i n  d i ame te r  a t  b r e a s t  

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

r i n g  growth .  F i v e  t r e e s  w e r e  c o r e d  i n  t h e  J e d e d i a h  S m i t h  g r o v e  i n  a 

similar manner. These co res  were taken  from t r e e s  a long and up s lope  of 

t h e  L i t t l e  Bald H i l l s  road. 

Laboratory Analyses 

The c r o s s  s e c t i o n  samples were reduced t o  s m a l l e r  more manageable 

p i eces  w i t h  a bandsaw. A b e l t s a n d e r  w a s  used t o  smooth t h e  t r ansve r se  

s u r f a c e s  f o r  viewing t h e  annual  r i n g s  and f i r e  scars .  Increment cores  

were mounted i n  wooden ho lde r s  and ' su r faced  w i t h  sandpaper. 

The a n n u a l  r i n g s  w e r e  c o u n t e d  on  t h e  c r o s s  s e c t i o n s  by c a r e f u l l y  

f o l l o w i n g  the  r i n g  sequence along r a d i i  t h a t  appeared t o  have t h e  l e a s t  

d i s t o r t i o n  due  t o  s c a r s  o r  o t h e r  g r o w t h  s u p p r e s s i o n s  and r e l e a s e s .  

Discontinuous r i n g s  ( ca l l ed  " p a r t i a l  r ings"  here)  were very  common - a s  

many a s  t e n  o r  more r i n g s  i n  a  g roup  were  o b s e r v e d  t o  wedge down t o  

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

boundary  ( s e e  F r i t z  and A v e r i l l  1924).  I n  o r d e r  t o  l o c a t e  a s  many o f  

t h e  p a r t i a l  r i n g s  as poss ib le ,  t h e  t r ansve r se  s u r f a c e  extending around 

t h e  c i r c u m f e r e n c e  of  t h e  s e c t i o n  was s e a r c h e d .  Wedging o f  r i n g s  was 

noted, and t h e  a d d i t i o n a l  r i n g s  counted. For many of t h e  s lower  growing 

. o l d e r  specimens t h e  r i n g  counts  probably do not  i nc lude  many r i n g s  t h a t  

w e r e  n o t  v i s i b l e  i n  t h e  s e a r c h e d  a r e a  b u t  may have  been  p r e s e n t  

e l s e w h e r e  on  t h e  spec imen.  Most o f  t h e  younger  s p e c i m e n s  ( l e s s  t h a n  

about  300 r i n g s )  had l a r g e r  r i n g s  and i t  was g e n e r a l l y  e a s i e r  t o  l o c a t e  



p a r t i a l  r i n g s ,  s o  t h e s e  c o u n t s  were  l i k e l y  t o  have  i n c l u d e d  a l l  o r  

nea r ly  a l l  r i n g s  present  on t h e  specimen. A l l  f i r e  s c a r s  observable on 

t h e  c r o s s  s e c t i o n s  were  n o t e d  and t h e  number o f  r i n g s  t o  ba rk  a n d / o r  

p i t h  were recorded. 

Skeleton p l o t s  (Stokes and Smiley 1968, Swetnam -- e t  a l .  1985) were 

produced f r o m  c o u n t e d  r a d i i  on  t h e  p a r t i a l  c r o s s  s e c t i o n s  and f r o m  a  

s e l e c t e d  s e t  of t h e  increment cores.  Cores t h a t  appeared t o  have more 

"open" s e r i e s  ( l a r g e r  r ings )  and some " s e n s i t i v i t y "  ( v a r i a b i l i t y  i n  r i n g  

w i d t h s )  w e r e  c h o s e n  f o r  p l o t t i n g .  The s k e l e t o n  p l o t s  w e r e  used  t o  

a t t empt  t o  observe c rossda t ing  of ring-width p a t t e r n s  w i t h i n  and between 

t r e e s .  

The r i n g  widths  of a l l  of t h e  p l o t t e d  (but  undated) increment c o r e s  

were measured on a  Bannis te r  incrementa l  measuring bench i n t e r f a c e d  w i t h  

a  micro-computer (Robinson and Evans 1980). A s e l e c t e d  s e t  of r a d i i  on 

t h e  c r o s s  s e c t i o n s  were a l s o  measured. These specimens were t h e  most 

l i k e l y  t o  have complete r i n g  sequences because few p a r t i a l  r i n g s  (i.e., 

wedging)  w e r e  n o t e d ,  o r  t h e  r i n g s  w e r e  g e n e r a l l y  l a r g e  t h r o u g h o u t  t h e  

measured s e r i e s  s o  t h a t  p a r t i a l  r i n g s  were r e l a t i v e l y  easy t o  l o c a t e  and 

i n c l u d e  i n  t h e  c o u n t e d  s e r i e s .  I n  t h e  l a t t e r  c a s e ,  t h e  p a r t i a l  r i n g s  

found  a l o n g  a n o t h e r  r a d i u s  w e r e  i n c l u d e d  a s  z e r o  v a l u e s  i n  t h e  

measurement f i l e  f o r  t h e  measured radius.  S ince  none of t h e  specimens 

(cores  o r  s e c t i o n s )  were c rossdated  p r i o r  t o  measurement, a n  a r b i t r a r y  

d a t e  o f  3000 was  a s s i g n e d  t o  t h e  o u t e r m o s t  r i n g  and  p r i o r  r i n g s  were  

dated success ive ly  2999, 2998, 2997, e t c .  

R ing-wid th  p l o t s  produced f r o m  t h e  measurements .  w e r e  used  f o r  

v i s u a l  c o m p a r i s o n s  o f  w i t h i n  and be tween  t r e e  g r o w t h  p a t t e r n s  and  

t r e n d s .  P l o t s  w e r e  o v e r l a i d  on a  l i g h t  t a b l e  f o r  t h e s e  compar i sons .  

Low p a s s  f i l t e r s  w e r e  a l s o  a p p l i e d  t o  t h e  s e r i e s  and  p l o t s  of  t h e  



smoothed va lues  were compared t o  observe s i m i l a r i t i e s  o r  d i s s i m i l a r i t i e s  

i n  t h e  l o n g  t e r m  t r e n d s  among t h e  s e r i e s  (Swetnam -- e t  a l .  1985).  A f t e r  

specimens were s u c c e s s f u l l y  crossdated us ing  t h e s e  g raph ica l  techniques 

t h e  a r b i t r a r y  r i n g  d a t e s  were changed t o  t h e  appropr i a t e  ca lendar  year  

da t e s .  

C r o s s d a t e d  s e r i e s  w e r e  p r o c e s s e d  t h r o u g h  t h e  program COFECHA 

(Holmes 1983) t o  s t a t i s t i c a l l y  a n a l y z e  t h e  c o r r e l a t i o n  among t h e  . 
samples .  The c r o s s d a t e d  s e r i e s  were  s t a n d a r d i z e d ,  i.e., r i n g  i n d i c e s  

were  produced f r o m  t h e  r i n g - w i d t h  s e r i e s ,  and  a v e r a g e d  i n t o  a n  i n d e x  

chronology f o r  t h e  s i t e  ( F r i t t s  1976, Grayb i l l  1979). Cubic s p l i n e s  of 

50% frequency response and 100 year  l e n g t h  were used f o r  s t anda rd iza t ion  

(Cook and P e t e r s  1981) and a n  a u t o r e g r e s s i v e  model  was f i t  t o  t h e  

ch rono logy  t o  p roduce  a  s e t  of "p rewhi t ened"  i n d i c e s  f o r  u s e  i n  l a t e r  

analyses.  The program ARSTAN (Cook and Holmes 1984) was used t o  perform 

t h e  au to reg res s ive  modeling. The s tandard  chronology ( a r i t h m e t i c  mean) 

and prewhitened chronology were both used i n  subsequent ana lys is .  

C l ima t i c  Analysis  

An i n v e s t i g a t i o n  of t h e  e f f e c t  of c l i m a t e  on v a r i a t i o n  of redwood 

r i n g - w i d t h  g r o w t h  w a s  conducted .  Monthly p r e c i p i t a t i o n  ( t o t a l s )  and  

t e m p e r a t u r e  (means)  w e r e  o b t a i n e d  f o r  C r e s c e n t  C i t y  and Eureka ,  

Ca l i fo rn ia .  The Crescent  C i ty  d a t a  was l a t e r  excluded from t h e  a n a l y s i s  

f o l l o w i n g  e x a m i n a t i o n  o f  d o u b l e  mass and cumula t ive  d i f f e rence  p l o t s  

( p a i r e d  c o m p a r i s o n s  w i t h  o t h e r  C a l i f o r n i a  s t a t i o n s ) ,  wh ich  i n d i c a t e d  

inhomogeneity i n  t h i s  t i m e  s e r i e s  due t o  a move of t h e  recording  loca-  

t i o n  i n  1945. C l ima t i c  d a t a  from Eureka f o r  t h e  1912 t o  1980 per iod  was 

u s e d  i n  s u b s e q u e n t  a n a l y s i s .  P r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t s  

w e r e  computed f o r  c o m b i n a t i o n s  o f  t h e  s t a n d a r d  and  p r e w h i t e n e d  



c h r o n o l o g i e s  w i t h  28 c l i m a t i c  v a r i a b l e s .  The v a r i a b l e s  i n c l u d e d  14  

months each of mean temperatures and t o t a l  p r e c i p i t a t i o n  from October of 

t h e  cu r ren t  year back t o  September of t h e  previous year. These months 

were  chosen based on MacDougal's (1936) o b s e r v a t i o n s  t h a t  t h e  months 

A p r i l  t o  October  u s u a l l y  i n c l u d e d  t h e  e n t i r e  p e r i o d  of  a c t i v e  c a m b i a l  

g rowth  i n  redwood, as w e l i  a s  knowledge t h a t  c l i m a t i c  c o n d i t i o n s  i n  

months p r i o r  t o  the  growing season can a f f e c t  subsequent growth ( F r i t t s  

1976). 

A r e s p o n s e  f u n c t i o n  was a l s o  computed f rom s t e p w i s e  m u l t i p l e  

r e g r e s s i o n  u s i n g  p r i n c i p a l  components e x t r a c t e d  from t h e  o r i g i n a l  28  

c l i m a t i c  v a r i a b l e s  ( F r i t t s  1976). Only t h e  p r i n c i p a l  components f o r  

which the  mul t ip le  of  t h e  eigenvalues exceeded 1.0 were entered i n  t h e  

regress ion  (Guiot e t  a l .  1982). -- 

RESULTS 

Crossdating 

The s k e l e t o n  p l o t s  of t h e  i n c r e m e n t  c o r e  r i n g  s e r i e s  f a i l e d  t o  

r evea l  cons i s t en t  c rossda t ing  wi th in  o r  between t r ees .  Skeleton p l o t s  

from r a d i i  of some of t h e  cross  sec t ions  showed matching of ring-width 

p a t t e r n s  w i t h i n  t r e e s ,  but the re  was no conclusive crossdat ing  v i s i b l e  

be tween t r e e s .  A f t e r  c o u n t i n g  r i n g s  a l o n g  v a r i o u s  r a d i i  o f  t h e  c r o s s  

s e c t i o n s  a n d  n o t i n g  t h e  h i g h  f r e q u e n c y  o f  w e d g i n g ,  i . e . ,  t h e  

disappearance of r i n g s  a t  unpredic table  l o c a t i o n s ,  i t  became c l e a r  t h a t  

. t h e  primary reason f o r  a  f a i l u r e  t o  observe crossdat ing  i n  t h e  increment 

c o r e s  was due t o  u n d e t e c t e d  r i n g  a b s e n c e  caused  by t h e  wedging 

phenomenon. Some of t h e  redwood r i n g  s e r i e s  were  a l s o  f a i r l y  

complacent, i.e., t h e r e  was r e l a t i v e l y  l i t . t l e  ring-width v a r i a t i o n  from 



one yea r  t o  t h e  next.  Thus, r i n g  complacency i n  redwood decreased t h e  

o v e r a l l  e f f e c t i v e n e s s  of s k e l e t o n  p l o t s  f o r  observing c rossda t ing .  

Ring-width p l o t s  from t h e  measured, undated s e r i e s ,  however, were 

much more u s e f u l  i n  i d e n t i f y i n g  c r o s s d a t i n g  between s e r i e s .  When t h e s e  

p l o t s  were o v e r l a i d  on a  l i g h t  t a b l e  i t  was p o s s i b l e  t o  observe matching 

o f  obvious ly  s m a l l  r i n g s  between series, a s  w e l l  a s  similarities i n  t h e  

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

p l o t s .  Ma tch ing  o f  l o n g  term g r o w t h  f l u c t u a t i o n s  w e r e  a l s o  v i s i b l e  

b e t w e e n  some o f  t h e  s e r i e s .  I n  c o m p a r i s o n  o f  a l l  o f  t h e  measu red  

increment  c o r e  and c r o s s  s e c t i o n  r ing-width s e r i e s  i t  was p o s s i b l e  t o  

c o n f i d e n t l y  c r o s s d a t e  p o r t i o n s  of seven  r a d i i  of f i v e  d i f f e r e n t  redwood 

t r e e s  from t h e  P r a i r i e  Creek c o r n e r  area.  A l l  o f  t h e s e  measured r a d i i  

were f r o m  c r o s s  s e c t i o n  s a m p l e s .  T a b l e  1 i s  a summary o f  r i n g  c o u n t  

d a t a  and obse rva t ions  on a l l  of t h e  analyzed specimens. 

Examples of  c r o s s d a t i n g  w i t h i n  and between redwood t r e e s  a r e  shown 

i n  F igu re  1. Based on t h e  v i s u a l  comparison o f  t h e  r ing-width p l o t s  o f  

t h e s e  series and t h e  o t h e r  c r o s s d a t a b l e  s e r i e s ,  t h e  probable  l o c a t i o n  of 

s e v e r a l  l o c a l l y  absen t  r i n g s  were i d e n t i f i e d .  Subsequent s e a r c h  along 

t h e  r i n g  boundary where t h e  suspec ted  miss ing  r i n g s  should be l o c a t e d  

r e s u l t e d  i n  d i scovery  of  t h e  p a r t i a l  r ings.  

S p i r a l  Compression Wood 

One u n u s u a l  redwood c r o s s  s e c t i o n  i s  w o r t h y  o f  s p e c i a l  n o t e .  

Specimen RCXlOl d i sp layed  a  ve ry  s t r i k i n g  p a t t e r n  of  s p i r a l  compression 

.wood. According t o  Time11 (1986) t h i s  phenomenon h a s  been desc r ibed  i n  

o n l y  t e n  t r e e s ,  n i n e  o f  w h i c h  w e r e  s p r u c e s  ( P i c e a  sp.) ,  and  o n l y  one  -- 
o t h e r  redwood ( F r i t z  1940) .  R C X l O l  h a s  248 r i n g s ,  and  i s  a n  o b l o n g  

shaped c r o s s  s e c t i o n  - about  70 cm wide a t  t h e  na r rowes t  d i a m e t e r  and 
















































