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This General Technical Report describes a method for 
investigating the history and ecological influences of wild- 
f i re  in the inland coniferous forests  of western North 
America. 

The method re l ies  on the collection and analysis of 
cross  sections of f ire-scarred t rees  and the identification, 
from increment cores,  of age classes of postfire t ree  
species. In logged areas ,  fire-scar and age-class data can 
be gathered from stumps. 

The Report covers selection and layout of study areas ,  
and the collection and analysis of samples. The authors 
tell how to interpret f i r e  frequency, intensity, and size; 
the influence of f i re  on stand composition and structure; 
and the effects of modern f i re  suppression. 



T h r n ~ i g h o ~ i t  n~uch o f  western h o r t h  America, Forest  msnagers a r c  rnaLiiig a t : ransi t  ion  
from a narrow po l i cy  of f i r e  con t ro l  t o  a broader approach c a l l c d  f i r e  maria,.;emenr 
(Moo~e 1974) .  T h i s  cllange r e f l e c t s  t h e i r  increas ing  i n t e r e s t  i n  us ing  f i r e  i n  fuel 
management, w i l d l i f e  h a b i t a t  managehent , s i l v i c u l  t u r a l  improvement , and m t a r a l  area 
gunaeellient. 'Ihbts, manaTers want t o  evaluate t h e  influence of  Fire on f n r e s r  e c D y s L e m s .  
But, t o  f t ~ l f y  umlcrstand t h e  r o l e  t h a t  f i r e  has played,  one --ltould ic:trr abutit t h e  Eire 
fiil;tory. The fo l lowing  qtlestions shorilcl h e  1,nvest igatrd:  \,hat werc tlic (11 average ,  
n i i m u m ,  and maxitnum ir l tervals betuecn f i r e s  i n  various f v r e s t  h a b i t a t s ?  (23  size: 
and i n r e m i t i c s  of  f i r e s ' ?  (5) e f f e c t s  o f  y s ~  f i r e  ur; forcsr vegetation, pa r t i cu1s r l . y  
stand conymsiticn :{lid agc-cltlqs s t r u c t u r e ?  (4) effeczr of  modern Eire s~q)prerssionli 

T h i s  paper ou t l i r ies  a method t h a t  ii f i r e  managc?nicnt s p e c i a l i s t ,  larld ilse pl annc.r, 
!M research Eorcster can use t o  address  t h e s e  ques t ions .  Xost of t h e  : i n d i - i i d ~ a l  
'ps"ocedures viere dc.velopud and uscd i n  var ious  ways Py oTher f i r e  history investigatorr;. 
k ta i l ed  j u s t i f i c a t i o n  ot' t h i s  method and cumparison t i i t h  v a r i a ~ s  alrexnatives a r e  no1 

,WeScnt;ed he re ;  holicvcr, they a r e  discussed by Arvo  (mct:mscr.jl.", i n  pr 'el?ar;~tion) arid car1 
evaluated by r e a d i n s  sollle o f  t h e  most p c r t i n c n t  s t u d y  reporzs, such a;;: 



blanpower and e q u i p l e n t f o r  ob t a i n i n g  f i r e  h i s t o r y  in format ion  alee n o t  ex t ens ive  ~ 

Once t h e  s t udy  s i t e  has  been s e l ecced  and i n i t i a l  p r e p a r a t i o n  made, e s t ima ted  manpoiver 
a l l o c a t i o n s  a r e  a s  iCollo1~s: 

1 .  Small (100 t o  300 a c r e s ,  40 t o  P r i n c i p a l  i n v e s t i g a t o r :  1  t o  2 weeks 
120  h e c t a r e s ) ,  having one o r  a few ( f i e l d  i n v e s t i g a t i o n s  and sampling, final 
c l o s e l y  -related h a b i t a t  t ypes  a n a l y s i s  and wri teup)  

Technic ian :  2  t o  3 weeks (he lp  w i t l k  
f i e ldwork ,  p r epa ra t i on  and b a s i c  analysl, 
o f  f i e l d  c o l l e c t i o n s )  

2 ,  Large (5 ,000  t o  10,000 a c r e s ,  P r i n c i p a l  i n v e s t i g a t o r :  6 t o  8 w e c ~ s  
2,000 t o  4,000 h e c t a r e s ) ,  having 
d i v e r s e  f o r e s t  h a b i t a t  t ypes  and Technician : 10 heeks 
physiography 

About 70 pe rcen t  o f  t h e  t ime  i s  spent  i n  t h e  o f f i c e  (planning,  a n a l y s i s ,  and 
wri teup)  and can be  done du r ing  any season.  

. . 
Topography and f o r e s t  types  should be r e p r e s e n t a t i v e  of a  l a r g e r  v i c i n i t l -  to n i .  

f o r  reasonable  e x t r a p o l a t i o n  of  t h e  s t udy  r e s u l t s .  I f  r e s u l t s  iiill, be appi ied  to 
s i z a b l e  r eg ion - - fo r  example, 1,000,000 a c r e s  (400,000 h a ) - - i t  i s  adv i sab l e  t o  se t  
t h r e e  o r  more Large s tudy  a r e a s  i n  d i f f e r e n t  p a r t s  of .the r eg ion ,  ), i\ratersizecl o:' "',. 
l o g i c a l  geographical  u n i t  should be s e l e c t e d  a s  a  s t udy  a r e a  and o u t l i n e d  011 a la:$:- 
s c a l e  topographic map (7 - l / 2  minute s e r i e s  o r ,  b e t t e r ,  4 inches  pe r  mi l e ] .  Areas ''>:', 

s u b s t a n t i a l  remnants of  unlogged o r  l i g h t l y  s e l e c " c ~ n - c u e  f o r e s t  a r e  mas-t f3voI-ahic ' 
s tudy ,  a l though it i s  o f t e n  h e l p f u l ,  e s p e c i a l l y  i n  moist  f o r e s t  t ypes ,  to incltlde G c c: '- :, . 
heav i ly  logged a r e a s  where stumps can be analyzed f o r  bur ied  (healed over> fire - 
This  method can a l s o  be used i n  logged a r e a s  where swumps a r e  s"ci l1  re ia . iLvel>-  '";:'': 
(stumps 30 o r  40 yea r s  o l d  a r e  o-fterr s a t i s f a c t o r y ) .  



Laying Out Transects 



Gathering Data 

Xi th in  ::,lch h;lbi:at-type sc-gmerit of 'the t r a n s e c t ,  clic i r i ve s t i ga ro r  should subjec- 
t i ~ j c l y  s e l e c t  a s i t e  fo r  3 l / l O - a c x  (0.04-ha)  plot: havm;r r ~ p r e s c n t a t i v e  timber typei 
mci  starlu c o x i i t ~ o n s .  lie shou ld  then  recvl-d sll t r e e  spec i e s  by 2-inch (5-CI~I)  ~ i z e  
c lasses  i n  t h c  p l o t .  The habrtat- tyl3e f ie ld-for l i i  ( f i g .  21 should be f i l l e d  nut here 
31 S O  

X e x t ,  inc~e1ne:lt co re s  s t o u l d  be taken  a t  1 f u o t  ( 0 . 3  m) above ground Icbt.1 t o  dl?fe$ 
milie t h e  age c l a s s e s  of sera1 t r e e  q w c i c s  i n  t h e  s t a n d .  S igr i i f icanr  qu : in t i t i es  of 
>c!'a? species [lor example, poridcrosa [line i n  3 p o t e n t i a l  P c v g l a s - f i r  cljrnas stand 01'. 
lodgepole p i x  i n  a p o t e n t i a l  subrilpiric ?ir climax) commonly regcnera te  a f t e r  a fireell 
Thus age c l a s s  da ta  wi1l 3e es se l l t i a l  f o r  i n t e r p r e t i n g  t h e  h i ~ t o ~ i c s l  e f fec t s  of fir+!; 
on strrnc ~ o q w s i t i o l ~  and s t r l i c  ture .  IVhel'c sera1 t rees  are unnva i l ab l c ,  t h e  climax 
spccics can be used w. th  t h e  ~ ~ n d e r s t n n d l n , n  t h a t  they  a r e  l ess  l i k e l y  t o  h;tve m i g i n a t  
a f t e r  a f l r a .  





dotm, a top  the  f i r s t :  board. Thc tc;o boards aye then he ld  togthther ~ ~ i t h  a p a i r  0 2  h c ~ q  
~ ~ u b b c r  ~ a n d s .  Also,  cores  can be  c a r r i e d  J n  Inbeled p l a s t i c  d r i n k i n g  s t r a w s  while in'.> 
tilt f i e l d .  then  transferred t o  core boards. 

Stand-composition and age -c l a s s  in format ion  can be c o l l e c t e d  i n  s t a ~ l d s  .thar. have: 
been c l e a r c u t  o r  h e a v i l y  logged i f  strtrqts are not  t oo  r o t t e n  or t o o  burnt  t o  age and 
t h e  year o f  lclggirig Can be detcsmined. Slwcies can be i d c n t i f i e l :  from t h e  bark. To 
:i&e :an be g a t h e r e d  by cross  s e c t i o n i n g  sound stumps w i t h  a ~ l l t l i 1 1  saw; r i n g  counts 
should be cunfinnecl i n  t h e  l a b .  

The i :wes t i ga to r  and t e c h n i c i a n  should  l o c a t e  and record a l l  f i r e - s c a r ~ e d  t r  
a. sLvatlli df f o r e s t  along t h e  t fansecf  r o u t e .  By walk i~ lg  p r a l l e l  at,oul 50 yards ( 
a p a r t ,  t hey  can cover swath ahoat  1017 yards  (91 ti,) lzicle in r e l a t i v c l ? r  open fore  
Thcy sho,lld kcq)  c o n s t a s  watch fn-I. ?he o l d e s t  "catfaced" t r e e s  s-Lrai lnble .  ( ~ a t f  
R t e rm I'or an open sear fesulL'i11g from o m  o r  more f i r e s  . ]  On each c n ~ f n c c ,  t 
o f  rxteri1;ll fire ScX';  ~ h o u l d  LC counted.  Eacl, ~ n d i j - i d u a l  f i r e  scar has a sey"f3 
Or band uf i l ~ a l i n ~  t i s s u e :  o f t e n  appear ing  on both s i d e s  of [-he cat,yac.e. ~ornetim 
thcsc:  f?l.)lds 3rh. p a l ' t i a l l y  o r  k ~ h d l l y  bur;)& o f f  s ~ t b s ~ q u e n t  f i r e s ,  but t i ~ u a l l y  a 
por r ion  of c a c h  f o l d  remains a t  l e a s t  un nIle s i d e  of The c ~ t f ~ ~ ~ c  a xpct <D.3 m) ** 
3301 c r:le ground. ?iigul '~.  4 s h o : , ~  c ~ t i l ~  e , ~ a m ~ l p c  of cnt fnccs arid cor rps l>~~l i i ing  C r 0  
?'ectio:ls of t : l@ f i r e  s t h r s .  c ? t f a c e s  laoit F;re-bralcrlr on tbt Llp510pd side,  
on o ld  gr'ov-th t r e e s  ;]-.at: lea11 ~ i p s l o ~ c .  



4-A. Lodgepole pine with three f ~ r e  scars 

olan no. 



4-C. Old ponderosa pine stump with 13 externally visible scars 

4-0. Ponderosa pine cross section with 21 fire scars 

8 



This informarion I tub1 e I, par t  $11 w l l l  provide t h e  b a ~ i s  for. s z l e c t l n g  s:~rnple tree... 
Each of the trces in t h e  log should be 3lottcd hy ~ i m c n i l  on t h e  t rcr isect  t ~ : ~ g r 3 p ; ' i l c  
map. 

Pirc-scarred t re(>s  can alsc bc ide i l t i f i ed  I n  :stands t h a t  have bee? c:odrcut o r  
heavily logged d u r i r ~ g  t5c  past few decades bkr systematically examininy stumps. R r c a ~ ~ s r  
Eire scars on l o b  sfllrnps are no t  reaclS1y apparent- g t  :L distance, ca.reful i n spec t i on  i.; 
necessary. Fire scars m:iy ha\e healed 07;er ti11ll t h ~ x  n o t  be v i s i b l e  xi the  o u t e r  edge 
of stump, b u t  t h e y  can Lw s a w  i n  the  ri12gs f c n  t o p ) .  Fire-scgrred sturny: a r c  r ~ ~ o t ' d e d  
similau.1 y to fire-scarrcd t r c e z .  



T a b l e  ! . - -A  "Lea o f  F i r e  s c a r r e d  Trees"  examined i n  t h e  f i e l d  reconna issance ( p a r t  A ) ,  and t h e  1oa o f  t r e e s  a c t u a l l v  sampled ( p p h  
i n  s t u d y  a* - 

PAR; A .  LOG OF FIRE-SCARRED TREES 

h.:. segment : : (Apparen t )  : 
l e t t e r .  and : : Xaximum : number o f  : 
s c a r r e d - t r e e  : : h e i g h t  o f  : e x t e r n a l  : 

nunera l  : Species : d.b.h.  : ca t - face  : scars  : E l e v a t i o n  : Aspect : Remarks 

Inches  Feet  - Feet  Degree 

> ?, i n - I  PP 24 6 7 4,650 110 Across b r i d g e ,  200 f t b e l d i  r o c k  o u t c r o p s ,  
good c r o s s  s e c t i o n  

! A - I 1  PP 29 7 13 5,050 90 Below l a r g e  D o u g l a s - f i r  snag, good c .s .  

1A-111 PP 32 1 11 4,750 100 100 yds  below r i d g e t o p ,  good c . 8 .  

i A - I V  LPP 20 6 4 4,800 120 Flagged c l o s e  t o  1A-111, s l i g h t l y  r o t t e n  

15-1  PP 4 9 20 4 5,800 190 P o s s i b l y  l i g h t n i n g  s t r u c k ,  good c .8 .  

15-11 PP 3 1 16 2 5,500 170 I n  dense s t a n d  o f  young ?P, good c . s  

15-111 PP 22 1 C 4 5,600 200 Double t r u n k ,  50 yds  e a s t  o f  t r a i l  

1B-IV PP 20 8 1 5,500 150 I n  dense s t a n d  o f  young PP, n o t  a good sample 

1C-I  DF 24 10  2 5,400 8 0  B e l o w r i d g e , f l a g g e d  

1C- I1  DF I 6  3 4 5,400 65 Below r i d g e  

IC-311 PP 23 15  6 5,650 7 0  On r i d g e  s p u r ,  good c . 8 .  

PART 5 .  LOG OF SAMPLED TREES 

: (Apparen t )  : ( A c t u a l )  : 
Sampie : : Maximum : number o f  : number o f  : : Habi:at : 

t r e e  : Reconnaissance : : h e i g h t  o f  : e x t e r n a i  : i n t e r n a l  : : t y p e  and : Photo : 
number : code : Species : d.b.h.  : c a t - f a c e  : scars  : scars  : E l e v a t i o n  : Aspect : phase : number : Renarks 

Inches Feet - - - Feet Oegree 

1 1A-I  PP 23 6 7 9 4,650 110 DF/AGSP 1 335" f rom br idge ,  200 f t  
below rock outcrops 

2 1A- I1  PP 29 7 13 14 5,050 90 DF/CARU 2 315' from br idge, belax 
PIP0 l a r g e  CF snag 

3 ~ o n d '  P P 23 5 12 13 5,050 8 0  DF/AGSP 3 120 y d  S o f  t r e e  no. 2 

4 1A-I11 PP 32 7 11 13 4,750 100 DFIAGSP 4,5 100 yd below ridgetop 

10-i PP 49 20 4 4 5,800 190 PPIFEIO 13,14 L i g h t n i n g  s t ruck  

6 ~ o n d '  P P 19  3 4 4-5 5,200 200 PPIFEID 15 100 y d  N of road above 
pu l lo l4 t  

7 "londl PP 24 3 6 7 5,650 200 ?P/FEID 16 Dead snag (d led  ca. % 
FESC y r  ago) 

8 1B-111 P P 22 10  4 5 5,600 200 PP/FEID FESC 17 Double t r a i l  t runk ,  50 yd O' 

9 1C-11 OF 16  3 4 5 5,400 65 DFiPHMA PHMA 18 Below r i d g e  150 feet 

10 1C- I11  PP 23 15 6 6 5,650 70 DFIPHMA 19 On r 3 d g e  spur 
/ 

11 Yot p r e v i w s l y  discovered 



SeJccting Sample Trees 

Collecting Sam 



Co~par'e the numb2r u 1  f i r e  scsrs an t h e  cross sec t ion  w i t h  scar's on t h e  catface, 
Small 5:ar:; t h a t  may r ep re sen t  scrapes or r o d m r  diimape when the trce wss a sapl.ing 
snould be dcnotcd .  Scrape ,cars res i i l t ing  f w m  T a l l i n &  t r e e s  an3 scars  from ~:iountaill 
p ine  b e c t l c  a t t a c k s  qhou1.d be xnxlyxed and discuunted t n  t h c  f i c l d  a l s o .  Scrape scars 
a r e  g e ~ l e r a l  l y  longer  t l u n  t'lrc. S L  i n s ,  and t h e  ramai r~s  of  rile f a l l en  t ~ e c  czusing t h e  
scrape c : m  us i ld l ly  be fot7nd. Scars  fwm b e c t l e  a t t acks  of  ter: result from d iehach  of 
t h e  cmbium at mole  t h n n  one place a long  a givcn arlnual r i r lg ;  these scars  have an 
i r r c ~ g u l a r  s h a p  and miy  bc corrvle ted  t o  a k n o w  epidemic );car. 

I3a;sl sc3l-s ma;. be cmsed by root rot i/irvi L7,diMj:r iSC! k , ~ ) ,  but  t h r s e  usua l ly  ex+ 
tcnd up ba sa l  roo t  btlttresscs ra t l ie r  6 k m  ?unni~ig  i n  the h o l l o k s  Iret\i,-een bu t t r e s se s  . 
l i k e  f i r e  scars. Also v n l j k e  f i r e  sc:lrs, rut <cars a r e  n o t  c o ~ ~ c l a t c d  t i l t h  t h e  uPdUPb 
s i d e  of  trees. L',irious cankers o-r animals  also C I I L I ~ C  ScaTs; these  a re  no t  usua l ly  
b a s a l ,  bear l i r t l c  msemblnncc t o  f i r e  s c a r s ,  kind do no t  char  wood. 

Ik'he11 sampling logged areas,  photograph t h e  t op  o f  each stlimp [ v e ~ ~ t i c a l l y ) ,  
nJnskers  to pinpoin t  each, fire sca r  and t h e  p i t h  Fre l in i rmr j .  ~ i : i g  c o u n t s  can be 
3n the f ic lc l ,  usi.cg a IOX hand lens  i f  neces sa ry .  Crocs s.,ections o f  sound s t u W  12 

4' 
b:. C L ~  2nd taken  to t h e  l a b  finr docuventat iun and for r i n d  coimtirig w r t ! ~  ~i microsC 
I f  t hy  srurnp i s  n o T  sourld enuug;? t o  s e c t i o n .  o b t a i n  t h e  hcs t  cstirn~xte of f l l ' p  sC 

B 
pith d a t e s ,  couli:ing t.he r i l tgs  s e v e r a l  times if necessary. 



Figure 5. --CoZZecting a p a r t i n t  cross seeti02 from a Large tree. 





rcpari11g Cross Sections 

A f t e r  tach day of  sampling, cross s e c t i o n s  shov id  b~ l a i d  L):I~ for d r y i ~ i g  i n  a 
heated b i i i ld iny .  K i r h l n  8 week or two, surfaces i h ~ i d  be d r y  enough t o  s x d ,  SO ;113t 

pings can Sc lliore a c c u r a t e l y  co~ in t ed  8113 exarnlned. .A d i s k  s:m,izr. a t t a c l ~ e d  to a l i g h t -  
weight e l e c t r i c  d r i l l ,  : , i l l  su f i i ce .  

Begin s m d i n g  w i t h  coarse d i s k  :JO t o  50 grit] ha:'iny 'the heav i e s t  P ~ ~ P ' I '  b : ~ c L ~ l l ~  

avai la3lc .  Tb.en use f i n e  and f i n e  ( l"25 grit) smdyayer  a s  necessliry t o  b r i ~ b g  o a t  
the r i n g s .  I t  i s  n o t  necessary t o  sand tkr en t i r e  s u r f a c e ;  bu t  o n l j  a moderately  id:: 
bmd along :ind imrcdiatelk- hzili11c.i t h e  s c a r s  t o  allow f o r  a cornplcte r i : ig c o u n t .  O i h x  
sending t e c l u ~ i q u e s ,  inc luding  hand s a r d i n g ,  a t e  pref  "red 2)- conle i r lves t iga t  o r s .  

A vay;:lbj e-pok;cy binocular '  m i  ~ r o s c o y e  ( 5 S  co 25x1 is x u a l  t y  e s s e n t i a l  f o r  LCcW3re 
' ~ ~ t i n g .  (Sometimes t h i ~  can tle bor;owed o r  r en ted , )  S e l e c t  t h e  c l e a r e s t  side of t:lt. 

s e c t i o n  and courtt jr;ward from t1:a ~8mbiu:n. C o m t  1 ycar  t o  the ou to r  edge  u i  t h c  
: . a t @ r t ~ ~ ~ s t  h:md of  ((iarkar) sununerwood, and contitrue t o  c w n t  from onr! ba ld  of sLinlmera- 

t o  t h c  n e x t .  W c t t i l ~ g  tllr coun t i r~p  area with m t e r  and o c c 3 ' . i m a l l ~  ~lici~:&! 01~52.1re 

Tings with a r a z o r  b lade  faci l i ' i : i tes  c o u n t i l ~ g .  Kith ;r 1 et'y s h a r ~  2-fd g ) ~ n ~ l l ,  11ial.k a 
dash ( - 2  a l n r ~ ~  every l O t r l  r lrig arlil a p l u s  ( + )  nil each f ~ ,  u-scar r i n g  3 s  illustrated i l l  

' f 4 g ~ ~ e  6 .  431. n l t c r n a t i v e  f o r  wood wi th  extremely 5 i r l i h  r l n g s  1 5  to puncture the‘ r i n g  
!:%th a f ine  d i s scc t i l i g  ~ i e r d l e .  A f i n e  r ed  d ~ ~ t  5110uld 2 1 5 0  bc p i i l ~ ~ d  IICU S1i i2  pLlr~CtilTCI 
libmure t h e y  may d i s n p p c a r  if the i ~ ~ d  1s u a t t c d .  

& 
Record til.. number of ;rears t>nck t o  tile most rLecent fire and bet\w?tl t'ach :1rt;.7. ~ ~ L J S  

'@~e ? ' ;ieS shuiin 11. t o i l r  2 .  Rings should be count& c;lrefurl:br b)- onc pr iN 81iri ~ I ~ P E  l i<r -  
~ ' f P 1 e d  by ano the r ,  On semliles s i ierc  iarne of  rhc r i q  srqilmcr LS mf:iciir ,  ihc q ) [ 3 ~ ~ ! t c  
'!ride of t he  c ros s  sectlo!, (01 rile oppor i t e  f ace t  o f  t:ir ca t f ace ,  i t i  thr. c a c  f L. f c l ; J  

Y L L  

":P"' section: should a,so be coimt-(1. 



3%gure 6. --How rings are counted on a fire-scur cross section. (Every 20th year in 
from the cambim is marked scar rings are marked "i". i 

Table 2.--9exainple .of rino-count tabulations from seven trees sarn91ed in one s t a ~ d .  1 = f-i1pPP= ~ i t h  

-84 rings 1891F -86 rings 1889F -86 rings 1889F -86 rings 1889F -86 r i n g s  1889F -99 rings 1876~ -108 rings 

-30 rings 1861F -20 rings 1869F -38 rings 1851F -30 rings 1859F -87 rings 1802F -29 rings 1847F - 23 rings 

-15 rings 1846F -16 rings 1853F -49 rings 1802F -40 rings 1819F -38 r ings  1764p -44 rings ;~03F -103 rings 

-25 rings 1821F -24 rings l829F -35 rings 1767F -17 rings 160iF 

-34 rings 1787: -18 rings l8liF -11 rings 1756F -17 rings 1765F 

-46 rings i741F - 9 rings 1802F -29 rings 1756F 

-36 rings 1766F -17 rings 1739F 

-16 rings 1750F 

-55 rings 1?46F 



To c o n c l a t e  records  'rim ~ n d i i i d u n l  t igees,  ;::'I A Q ; ~  th;ll:i 011 a large sheer v f  p L e r  
(sti:li a s  10 l i n e j ~ v c h  graph pnper l .  The c h r c n o l o ~ b  Frum c.icli Tree i s  s!mm i n  a vcr- 
t i c a l  cslurnn, aad t h e  t rees  shouiil bc arrallgcd 1.1'1 n l o g i c a l  ::eupxpl:ic o ~ t i c r l n p  5 0  that  
l l ~ i g h b o r l ~ ~ g  trcas appe:lr in ndjacenr col~ulln.;' (fi::. . The top  lmt. oi: cnch :u l i~mn 
reyscsE"t5 t h e  d a t e  c ~ f  t h e  cumbzal r i n g ,  usually t h e  ?car Lht. samples  ticre cut. 6 x h  
inch  (10 s([lial-tbs) do.inGdrct rep:'csc.nt? 10 C U T S .  

Ses t ,  t o t a l  t h c  numbrr o f  t r c t c  s c a r r e d  e ~ c h  ~ L \ L . Y  011 tire r i g h t ,  3~ shn::n i n  f i d u ~ e  
7 ,  [ 'Totalirig i s  done f o r  t h e  e n t i r e  stucly :Ire2 i f  i t  i s  sma l l ,  or for each yeo:1':iv)hic 
subdivision o f  ti laz.ger strrcly a r ea .  ) The p r u b r b l c  fire years  isi! no:: b e  deccrmirled 1,) 

inspecting t he  y l o t t e d  c h r o n o l o g j  c s ,  gi.;-lng more w ~ i  ;kt to trt-?? r c c o r ~ s  shov.-n with P I I  

"3," arid u s ing  t h e  I a r g e ~ t  t o r a l s  or' i n d i v i d u a l  sca r s  a s  '-11 i n d i c a t i ~ u i  of t h e  p r o b n l ~ l ~  
'fire ).car. Flrc  rwor(!s l i n c l u d i r ~ f i  ~ : i a i ~ c  o f  Surr,cJ arcas1 r.nd ; l i r t o r i c a l  ~ C C L ~ W P I ;  :110uld 
.be examined: o f t e n  t i 1 t . r ; ~  ,an t ~ u  i l s t d  t o  .?ieyifrr t h e  ?car  o f  f i r e s  o c c u r r i n g  ~ l r l i i n  tile 
past ccn tury .  

In other  :a:;cs, i r  may l?c ; ~ o s c i b l c  t o  syr~chroni :e  21, i n d j  iidu'11 :see's fire c!lrm- 
Y with those oi' j t ~ ;  11cigPb~rr: by rriol,-ing i',s <car  .23tt'5 Il'i)l'ti8fil .I i p h t l , -  { : i l b C ~ : i ~ ~ -  

t a  few years ' ) .  'i!ii s nl:iy be an inc l i - ca t i sn  of f a l c c  rj.ni;r. Theye are r a t h e r  f : l i ~ ~ t  
lnftcn d i  s ~ o n t i n t l o u ~ .  t i ,  t h e  case of C T C ) ~ ' ;  qecti~ns that C U . ~ I O ~  e a ~ i ? '  h e  C O T I C ' ~  - 
with t h e  m~rt<111z I:I~ISZ;CT t i r e  chror:olog)-, i r  i s  iinyrt:mt :o rcexa.~ilnc the 1.iTlg 

ts and t1;e prr?l?abl e o r i g i n  of  any quesr i ,)l i :~l\;  z  as.;. 





approximate f i r e  yea r s  can be determined by c o r r e l a t i n g  f i r e  r eco rds  extending back 
300 y e a r s  o r  more on a  few t r e e s .  

When t h e  p r e l im ina ry  master  chronology i s  completed, i nd iv idua l  t r e e  chronologies  
ould be ad ju s t ed  t o  d e f i n i t e  f i r e  y e a r s  and recorded i n  a  r ev i s ed  master  f i r e  chron- 
ogy f o r  use  i n  f u r t h e r  a n a l y s i s .  The r ev i s ed  chronology ( t a b l e  3) l i s t s  f i r e  y e a r s  

s t and ;  it i s  expla ined  more f u l l y  i n  t h e  nex t  s e c t i o n .  A t  t h i s  po in t  i t  may be 
s i b l e  t o  i n t e g r a t e  f i r e - s c a r  sequences ob ta ined  from stumps and dead snags whose 
b i a l - r i n g  year  i s  unknown. The i n t e r v a l s  between f i r e  s c a r s  on t h e  dead samples 

be compared wi th  t h e  i n t e r v a l s  found on nearby l i v i n g  t r e e s .  (The year  of  h i s t o r i c  
ging ope ra t i ons  o r  s e t t l emen t  can be determined by c o r r e l a t i n g  f i r e  s c a r s  found on 
a i n i n g  stumps, o r  a t  t h e  b u t t  o f  l ogs  i n  cab in s ,  wi th  t h e  f i r e  chronology.)  

Table 3.--The master  f i r e  cnronolouy f o r  a l a r a e  study* showinq tJe nilinher of sample t r e e s  s c a r r e j  
dur&e;ich f i r e  year i n  each s t and  and ind ica t ing  f i r e s  t h a t  caused con i f e r  r eqene ra t ion  - 
(modified a s  an example from Arno 1976) 

- .- 

Fire 
YE 

1935 
1908 
1898 

1892 
1889 
1886 

1881 
1871 
1863 

1855 
1847 
1842 

1838 
1828 
1821 

1817 
1811 
1803 

1794 
1785 
1779 

1769 
1766 
1757 

1752 
1750 
1747 

1743 
1734 
1730 

1720 
1710 
1698 

1686 
1677 
1670 

1664 
1658 
1636 

1632 
1611 
1595 

1587 
1574 

Total scars  50 

- 
Total  
nuinber 

o f  s c a r s  
( 4 5 )  

1 
4 
1 



Designating Stands 

,?f rcr  s o l i ~  of  these  h a b i t a t - t ) p e  g roq r s  t ~ i v e  ken t c t l t a t iw iy  eswbl l . shed ,  plot 
sample t l e c s  on a t o p g r a p h i c  map c ) f  t h e  s t ~ t d y  area arid m i t e  i n  t h ~ .  h?bicat-tYP" @ 
found a t  erlclr o f  these  po in r s .  i n s p c t  t h e  map t o  see if it shows severa l  ( 4  to lo) 
sample rl 'efs cn t l ~ e  same hab i t a t - type  group v i i t h i n  areas o f  a few liundrrd acres. If 
snriiplc t r e e s  i n  a gzveir h a b i t a t - - t } ~ r p e  pro:ir, ;rye more d ispersed  than  t h i s ,  enlarge Or 

r e J ~ f i ~ t t -  the: k a b i l s t - t y : ~ e  groups so That several s a m ~ l c  t r e e s  f ~ n n  c ~ c h  hnb l t a t - t f lB  
grouv o c c u r  k i t h i l l  a rcas  o i  a E m  hultdi-rj. ac res .  





Calculating Fire 

The s tands  a!~d h a b j  t a t  - t ) .ye  groups can rlov be ~ i s e d  for  c n  2 c u l : t r i ~ p  f i r e  frequencies 
( f i r e - f r ee  in*-,c.rvals) on an area b a s l s .  First, howevcr, h g i c a l  time pe r iods  must a lso  
be e s t ab l i shed  f u r  c a l c d l a t i n g  f i r e  f requencies .  For i n s t a n c e ,  t h e  most r ecen t  period 
(of  pe rh : i~ s  40 t o  60 yea r s ,  d y ~ e n d i n g  upon the area: can be nssj.gncd as tile " f i r e  
s u ~ ~ r e s f i o : ~ "  pe r iod ,  rt>j:'lect.iilg t h e  time pe r iod  when organ; zed suppression was well 
es t ah l i ched  dnd  e f f e c t i v e .  

~y colltras?, s u p p r e s s i o r  , i :~ is . i t i es  were qe~ier ' a l ly  rii i inial i n  fores ted  a r w s  o f  t he  
?lountaln Feqt p r i o r  to 190~1; t hus  t h ~ t  year  might ?\e cl-toscn r ; ~  t h e  cr!d o f  t h e  "ni:;torjc 
f i r e v  pc r i cd ,  r e f l e c t i n g  the  t i n ~ e  when forest  Fircs :+ere c a w e d  p r i m a r i l y  by i i g h t l t j n g  
ctr\c. n a t i v e  1 8 1 d ~ a n s .  I n  some arcus  miners or s e t t l e r s  may have s c t  many forest: f i r e s  
i n  t ] l r  1 ; ~ s  18@Ofs, n c c ~ s s i t a t ;  ng ;kt* d e l  inent ior .  of 5 ; i l l  m o t h e r  f i r e  per iod  i f o r  
example, "sett1eme:it-cra f i r e  per ioJ"  1660-1910). 

Before d e c i d l n g  upon f i r c  frequency p c r i o d s ,  graph t h e  r~umber o f  sample t r e e s  
scarred dur ing  each f i r e  ycdr  and The t o t a l  nranlzrr of " f i r e - s u s c e p t i b l e  t r e e s "  [ t rees  
a l r ~ n d y  ilavinp been scarred a t  J.east oncc) i n  t h e  sample, as ~ ~ l u s t r a t e c l  i n  f i g u r e  9 .  
Nsre t h a t  sample s lzc  dimirlishes rnarkcdly toward e a r l y  p a r s  o f  t h e  r eco rd ,  and take 
t f i i s  I n t o  account  when eva lua t i ng  f i r e  f requencies  t h r o u g h t  t h e  r eco rd .  j c l en t i fy  and 
~ o n s i d e r  any ubTVious changes  XI h i s t o r i c  f i r e  Eri;quencSer; J u r l n g  t h e  pe r iod  of record 
;rJ~en e s t a b l i  s'ni1;g freciucncy p e r i o d s .  

STUDY AREA 

YEAR OF F I R E  



T a b l e  5. - - ~ ~ n ~ x ~ r n p l e o f  f i r e  f r e q u e n c ~ ~ c a  l cu l a t i ons  For d i f fe ren t  5"Lands v;i thi n a 
s ingle  st-1 drei: ( A r p  1976) .  S t a n d  loc.at>or?s are sbg,wn l'n ficiure c?B21 
Onehorse S tud.y Area 
-m .-- 

- *- 

T i  mc p e - r m x -  : I .  0 - :  
: sample : No, years T o t a l  Fire : Minimum a r ~ d  ~ a x i m u r i  

S t a n d  _..- : t rees  : i n  period + n o .  , ,f ires = rr-equency : f i r e - f r ee  interv;ll 
Years 
-"- 

Years - 
A . l  11 165 t 29 - 5 . 7  2 G 2C - 
B.1 10 165 :. 24 6.9 3 h 71 
B .  2 9 165 s 18 = 9 . 2  2 8 2C 
0 . 3  1 0 165 -1 15 11.0 2 2, 3 'I 
6.4 9 165 t 2; = 6 . S  3 A 15 
8.5 8 165 t 1 2  = 23.6 3 4 31 
C.1 9 165 + 10 = 1 6 . 5  3 32  
D. 1 9 165 t 10 = 1 6 . 5  3 33 

- -- -- - 7- "--- 

After t h e  " h i s t c ~ r i c  f h-e Frequency1' perLod has  been e s t a b l i s h e d ,  sce ho:, f a r  back 
in the co~npirat l le  f r equenc i e s  hcl'e recorded, For example, In  f igu lc  S t k e  ma ly - s j s  
period was 1735 t o  3990, bu t  it was reasonccl t h a t  comparsblc irequenci-cs ex tcn ikd  back 
to about 1630 ( s ee  a l s o  t d b l e  3 ) .  Thus, r a t e s  e s t a l t l i shed  or1 t h e  bas i s  @f a 16~- ) -ca r  
interval  were apparently r e p r e s e n t a t i v e  f o ~  a per iod  of  about 2 7 0  years (1030 t o  :DOO) 

I t  may he des i rab le  a l s o  t o  c a l c u l a t e  f i r e  frequencies f o r  r h e  t r a n s i t i o n  pe r iod  
( fu r  example, 19W t o  l 9 2 5 j  bettiecn t h e  "hi .c tor ic"  and " s u p p r e s ~ i o n "  pe r iods .  

An ex:in~plc of f i r e  frequency c n l c u l a t i o t ~ s  f o r  such peri-ods i s  shov.m i n  t a b l e  5 .  
The mean, a in i sun ,  and maximum f i re-frer :  i n t e r v a l s  dre shown foxs cach s tand .  :&an 
intervals call be averaged f o r  a l i  s ta~lcis  i n  3 habitat-type g ~ o u p .  Fr:r ~ x a m p i e ,  the  
five starids i n  hab i t a t  t y p e  group 13, t a b l e  5 ,  have a mean f i r e - f r e c  inter.,-a: o f  
10 years . - t h i s  mean j s  s l w m  i r ?  column 7 o f  t a b l e  3 .  T h i s  f a c i l i t a t e s  comparisori o f  
fire frequencies  from o w  srucly a r e a  to ancther i n  simi i:w habxtat  t y p e ,  : I S  shorn j 7~ 

table 4 .  Also,  ccmparing va lues  from t h c  ' ' h i s t o r i c "  zr:d ' ' suppression" pe r iods  w i l l  
indicate t h e  effect  of  suppression oc f i r e  Zrequency. 

,% 
A >  The first  major s t ep  i n  agc-class analys is  i s  3 count annu;.l r i n g s  on the  irlcre- 
t'mt cores ga thered  i n  f i e i d  Lransec ts .  Counts should bc made using a variable-puver 

cular n ic roscope ,  w i t h  the  co re s  wet ted ,  .;haved, and szrldecl as Ileccssary. C o m t  s 
n at  the cnmbium 3:ld progess tc ,  t h e  p i t h  as nas done i n  c r o s s - s e c t i o n  ar :alysis .  

1 0 t h  r i n g  (outer  edge of surmncrwod bandl s!~ould 3c marked with :i 'inc red  l i n e  
dissecting-needlt .  puncture> 2nd every f i f t h  ri1;g w i t h  a d o t .  Counrs a r e  ~i!ade t o  

"nerrnosr r i n g  o r  r11r p i t h  and vr i t ts r .  on t h e  core  board n e x t  t o  t i l e  f i e 1 6  d a t a  f o r  
tree, as shown i n  f i g u r e  3 ,  

mere an it~crerncnt core lrlissril t he  p i t h ,  tP.e ~ i u m b e ~  o f  acldir ional  r i n g s  t c  t h ?  p i t ) \  
esthIatcd by ~ o ~ ~ ~ i d e ~ i r ; g  the cufi.ature arid t h i i k n e t ; ~  o f  t h e  jnnrr.ilo5t T-ings. 15 

'hat~ated i n  f i g u r e  5, i t  i s  helpfir1 r o  d n s  c i r c l e s  kegresented b v  t h e  uf 
inner rings, ~ i ~ i , r i g  a C C ) ! ~ I ) ~ S ~ ,  and tllen c s . t r a ~ o l a t r  n simii:tr r i n e  w i d t h  t o  t h e  p i t h .  
estjmated number of a d d i t i o n a l  years  t o  the pit11 i s  . t h m  r~ri.t:en 3 e X T  t o  ti-.e r i n g  

bt wi th  a pi,,, sig11 ( f o r  e r ~ i i q l o ,  ' $ 8 6  i ~ 1 ' ~ )  . 

t h c  co:lnrs ;tr~j ci)nip7rt:d and verified, the>- si~ortlcl b r  tabulL4tcd by p l o t .  
o f  t reel  f i -~:?  r n ~ : l  p io r  l i s t e d  i n  ~ h r o q o l o g i c a l  order ns shim . f j  aurt. 

Qbrain t he  r n r l i  age, ;:dd an estim;lte of tile nunbcr V E  y c a r s  Tor csraiilis1~:nell: 

2 5 



STAND D. 3 
I P. 

[-PLOT PLOT P iojl 
N3. 1 NO. 2 NO. 3 

TRE; AGES 60 - APPAKENI' 
I N  1475 F I RE AND YFAR 

CAUS ING REGENERATION 

--- - YEAR OF F IRE  

. . 
i15 '1 0. --A.gi-cLc~~ ~ : c & " u  lG;&d ;3, ~ ' 1 :  i,;i.'i"c.')rd~~t b~l$ l lg$  o,? ~ d j y { 7  5 y : ' ~ ~  ~ a k  

1 a SL;EY.:I il. 3 S ~ U L X  it'  all?^: ,?. LLJ;+/: .:lot . p t ~ ~ ~ i .  : : p y ~ t s  +L C i r L  / ,pc'c? 3; , , I ; < ~ ~ ; C $ L / I  2- 2 r .  t :  ~ M C  
COZ'P :I l;:$ 5 ,,~:p;~ t~ ye .:ciL , 5 1 L 1 1 ~ I : 7 :  1 j - ! ~ { ~ j & t  (1 ; s ~ , ~ i )  . 

ancl grell'th to b o r i n g  hc ig l l t  (1 f o o t ,  3C m) . S m h  fac to rs  call be iiorhrd out  by cutt 

coi l s idcr ing  a l l  t h e  va - r . i ab ie s ,  i t  mn)- be necessary to use 3 ge j~cra l  factor--for e 
5 ycarc  for trces bored a t  I f oo t  on rile B i t t e r roo t  ':ntional 1-;urest (,ir.no l9 ;b ) .  
i n ~ ~ ~ i i l e ~ ~ t  -$91'i~11: data  cilr: be  a ~ , g r ~ c n t  ed by i l l c l t td  i l ~ p  t h e  t o t a l  age of cross-~eetion 
fire-scarred Trczs \ i i t h  t h e  salnple f r o s  tilt. rlenrest appropriate p l o t ;  o n l y  sera1 @ 
sl~o~ild 'GC L I S L J ~ ,  . I O ~ ~ V C T .  

L i t  the  tot: 1 s:es of i n d i v i d u a l  t r c e c  by p l o t ,  inspect, them, crld designate 
h l r  a p  c lasses  a s  i n  f . ~ g ; ~ r c  LC. .lit ;eLlst tho similar ages a r e  rii;lCe:;.;ar!. f o r  hsi 
in;! aI: a g e  c l a s s .  Bccauce v f  L'ic1.d Sa,j,Flj,nc proct.+d~yres, riost age   class?^ w i l l  be 
i d e r i ~ i f  i ed by thl'co 3r mc3re Tree? .  



@rice t l l ?  ~ rcn tk i t ive  ell-sses have been a s s i g n e d ,  b:iscd on rtie i ? l i i ~ $ t  true i n  
c l a s s ,  t h e  next st;';) i s  t o  t e s r  for correlations b e t w r , ? ~ ~  agt. cI;.?seq ar.d t,le fire- 

scar chrorioI(ivy. dor:sult t h e  s tud)  a rea  map n r ~ d  f i n d  ,tke s t ; .~ .d  nurnht.r. i f i g .  81 il.at 
app l i e s  t o  t a c h  d._!c-cl:lr:s p l o t .  P10:$ i s o l a t e d  ~ Z U I I  'I';\::~giatcd c t ~ 1 1 d s  S , ~ O L I ~ I ~  be 
ona1)"eJ e e p a r a t e l ? - ,  a f r  crwasds, 

I f  thcre  i s  110 fix'<'-sc:~r e\rider\.ce du r ing  'the p r e c e d i ~ l z  yo:l-i2 arlcl tile age c l a s s  
eliis r a x h e r  J c f i n ~ t e ,  inspec t  f i r e .  ?CHI. :-ecotucls fmrn n e j  ::hF~o~.i;~g stands. if the! 5liow 
efinite f i r e ,  uric ;nn assume t h a t  it ac tu , t I ly  spread i11tc rhi.5 i.t:i:ld altnough it 

n o t  :car th:: sample ;rt?c;, Another pocsibil~ty is th:rt ver!- f*tw tYees j1l the 
i r e  asca surv ived  th; t f i r e .  If this is tlic csss., a g e - c l a s s  c a t s  from o ' C ~ I I ~ L '  ~ 3 l i ) t ~  

t r a n s e s t  no t e s  \<ill confirm it. .\pe c l a s s e s  riot ascrih~xble tc any of t l e  akove 
tlons a p p a r e n t l y  :Ire not ~ e l ~ ~ c 3  t (i fir9.  
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Figure 2 1 .  --Maps showing the apparent exken* o$ f<ms &y year on a study area. 
= sample t rees ,  s = scar on that  t ree  that  year, r = regeneratiolz ;from that fire 

detected i n  that  s t a ~ d .  



i'his in format ion  on f i r e  h i s t o r y  a i d  vzdc-tatior;  c7n I>C C O ~ T ' F . L L L L ~ ~  \kith f re l  il!?m- 

tor ies ,  insect  arid d i sease  ir:formarlori, wS1J l i f e -n t ib i td t  t yends ,  ~ t c .  , to e ~ ~ i ~ i l a f  r--\ 

the e f fec t s  of va r ious  f )yes  of f i r e  ai:~nagcment p rac t i ces .  Tlius, thest.  f i r idings s l l o ~ t l d  
also he lp  In 5clecLio11 o f  rerzso:~ablc goals ilntl nerlictds f o r  f l r e  and fur-.i man;igcnc~lt .  
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