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ABSTRACT. W e  d e t e r m i n e d  s n a g  d e n s i t y  w i t h  9 t y p e s  of p l o t s  a n d  

c o m p a r e d  i t  w i t h  t h e  a c t u a l  knoun d e n s i t y  i n  5 s t u d y  a r e a s .  I n  

areas w i t h  s n a g  d e n s i t i e s  > 0.7 snags l ac re ,  t h e  1 - a c r e  p l o t  or 

t h e  f a c t o r  5 p r i s m  g a v e  a n  a c c u r a t e  e s t i m a t e  o f  a c t u a l  s n a g  
! 

. d e n s i t y  w i t h  a r e a s o n a b l e  amount  of e f f o r t .  I n  a reas  w i t h  ': 0.'2 

s n a g s  p e r  a c r e ,  c o n d u c t i n g  100% c o m p l e t e  c o u n t s  t oo l :  l e s s  t i m e  

t h a n  t h e  number of p l o t s  t h a t  w e r e  r e q u i r e d  t o  a c h i e v e  t h e  

d e s i r e d  a c c u r a c y .  M e t h o d s  of q u a n t i f y i n g  s n a g  n u m b e r s  over 

l a r g e  a r e a s  a r e  e s s e , n t i , a l  t o  t h e  management  of t h i s  r e s o u r c e .  

... . 
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Management o f  dead  trees i s  an  i n t e g r a l  p a r t  of l a n d  

manaqement  p r a c t i c e s ,  p a r t i c u l a r l y  o n  p u b l i c  l a n d s  i n  t h e  w e s t e r n  

U n i t e d  S t a t e s .  T h e s e  d e a d  trees or s n a g s  a r e  c r i t i c a l  h a b i t a t  

f o r  t h o s e  s p e c i e s  of b i r d s  and  mammals t h a t  n e s t  i n  c a v i t i e s .  

T h e r e  are numerous  q u i  d e l  i n e s  a v a i l a b l e  t h a t  p r e s c r i b e  t h e  number 

and  k i n d  of s n a g s  r e q u i r e d  t o  p r o v i d e  h a b i t a t  f o r  a d e s i r e d  

d e n s i t y  of c a v i t y  n e s t e r s  ( T h o m a s  e t  a l .  1979, Brown 1985). I n  

a d d i t i o n  there  are s o p h i s t i c a t e d  m o d e l s  a v a i l a b l e  t o  d e t e r m i n e  

how t o , m a i n t a i n  a d e s i r e d  d e n s i t y  of s n a g s  o v e r  t i m e  ( B u l l  et  a l .  

1980, Cimon 198;). 

, 

U n f o r t u n a t e l y ,  t h e r e  i s  l i t t l e  i n f o r m a t i o n  on a c c u r a t e  a n d  

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

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

of t h i s  r e s o u r c e .  P r e s u m a b l y ,  s e a r c h i n g  100% of t h e  area a n d  
., - 

c o u n t i n g  a l l  t h e  s n a g s  (referred to as c o m p l e t e  c o u n t  s u r v e y )  is 

t h e  most  a c c u r a t e  method;  h o w e v e r ,  w e  know o f  an  a r e a  t h a t '  w a s  

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

t h r o u g h  ' t h a n  t h e  f i r s t .  

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

o b j e c t i v e  of o u r  s t u d y  w a s  t o  d e t e r m i n e  a n  a c c u r a t e  and  e f + i C i e n t  

I t  c a n  b e  e x t r e m e l y  d i f f i c u l t  and  c o s t l y  

! 
: m e t h o d  of  q u a n t i f y i n g  t h e  d e n s i t y  o f  snags ' .  

STUDY AREA AND METHODS 

W e  s e l e c t e d  5 s t u d y  a r e a s  i n  mixed c o n i f e r o u s  f o r e s t s  o n  t h e  

1- . Wal Iowa-Whitman N a t i o n a l  Forest  i n '  n o r t h e a s t e r n  Oregon. E a c h  

s t u d y  a r e a  was 3.000-4,ObO acres  i n  , s i z e  and  uas c o m p r i s e d  of 



We searched each s t u d y  a r e a  and counted a l l  snags g r e a t e r  

t h a n  20 i n c h e s  dbh and 20 f t  t a l l .  For each t r e e  we r e c o r d e d  

t r e e  species,  dbh, and h e i g h t ;  each t r e e  was p a i n t e d  t o  s i g n i f y  

t h a t  i t  had been counted, and i t s  . l o c a t i o n  was p l o t t e d  on an 

a e r i a l  photograph. We c a l c u l a t e d  an a c t u a l  d e n s i t y  by  d i v i d i n g  

t h e  t o t a l  number o f  snags i n  each area by  t h e  number of f o r e s t e d  

acres.  Openings l a r g e r  t h a n  2 a c r e s  were excJuded because t h e y  

d i d  n o t  s e r v e  as c a v i t y - n e s t e r  h a b i t a t  and r a r e l y  c o n t a i n e d  

snags. 

A f t e r  c a l c u l a t i n g  the a c t u a l  d e n s i t y  i n  each s t u d y  a r e a  we 

t e s t e d  5' t y p e s  of p l o t s  t o  d e t e r m i n e  t h e  accuracy of each i n  

p r e d i c t i n g  a c t u a l  density. We s e l e c t e d  6 s i z e s  o f  f i x e d  r a d i u s  

p l o t s  (0.05, 0. I, 0.2, 1, 2.5, and 5 ac re )  and Z t ypes  of 0 e 
v a r i a b l e  r a d i u s  p l o t s  u s i n g  p r i s m  f a c t o r s  of 5 ,  10 ,  and 20 ( u s i n g  

a r e l a s k o p ) .  

T o  s e l e c t  l o c a t i o n s  f o r  t h e  p l o t s  we p u t  a 0.25-mile g r i d  

over  a map of each s t u d y  a r e a  and d i d  p l o t s  a t  every o t h e r  p o i n t .  

UP. t o  a t o t a l  of 4 0  p o i n t s  i n  each s tudy  area. A t  t hese  p o i n t s  

w e  d i d  each o f  7 t y p e s  o f  p l o t s ;  t h e  2.5- and %acre p l o t s  were 

i 
' done from a e r i a l  pho tog raphs  t h a t  c o n t a i n e d  . t h e  l o c a t i o n  of a l l  . 

snags found d u r i n g  our c o m p l e t e  coun t  surveys. P o i n t s  f a l l i n g  i n  

openings l a r g e r  t h a n  2 a c r e s  were.esc luded.  For t r e e s  f a l l i n g  i n  

each p l o t  we r e c o r d e d  s p e c i e s ,  dbh, h e i g h t ,  and t h e  p resence  07 

absence of p a i n t .  
." 

For each of t h e  9 p l o t  t y p e s  i; each s t u d y  area we 

calculated a mean d e n s i t y  and v a r i a n c e  u s i n g  t h e  40 samp..les. 0 
Trees p e r  a c r e  (TPA) w e r e  c a l c u l a t e d  f o r  t h e  p r i s m  p l o t s  u s i n g  t h e  

V I O \ * ,  033- - -) 3 3  
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f o r m u l a :  

b a s a l  a r ea  f a c t o r  
____________________--------_----- 

. .  2 
( t ree  d i  a m e t e r )  ( 0 .005454  1 5 4 )  

TPA = 

For t h e  f i x e d  r a d i u s  p 1 , o t s  mean d e n s i t y  w a s  s i m p l y  t h e  a v e r a g e  

number o f  trees p e r  s i z e  .of  p l o t .  Then w e  c a l c u l a t e d  t h e  number  

of p l o t s  n e e d e d  t o  o b t a i n  a s n a g  d e n s i t y . w i t h i n  75% of t h e  a c t u a l  

d e n s i t y .  

s i z e  (Steel and  T o r r i e  1960): 

W e  u s e d  t h e  f o l l o u i n g  f o r m u l a  t o  c a l c u l a t e  t h i s  s a m p l ~  

2 2  
n = t  s 

----- 
2 - 

d 

w h e r e  t i 5  t h e  t a b u l a t e d  t v a l u e  f o r  t h e  95% c o n f i d e n c e  l e v e l  a n d  

f o r  Z 9  d e g r e e s  o f  f r e e d o m  because t h e  i n i t i a l  s a m p l e  s i z e  w a s  40 

plots; s is t h e  v a r i a n c e  of t h e  i n i t i a l  sample s i z e ;  a n d  d 1s  

t h e  h a l f - w i d t h  o f  t h e  d e s i r e d  c o n f i d e n c e  i n t e r v a l  (25% of  t h e  

a c t u a l  d e n s i t y ) .  W e  a l s o  c a l c u l a t e d  t h e  number of 1-acre p l o t s  

n e c e s s a r y  t o  come w i t h i n  80, 90, and  95% of t h e  a c t u a l  d e n s i t y  

u s i n g  a 80, 90, and  95% c o n f i d e n c e  l e v e l .  

2 

- 
W e  a l s o  c a l c u l a t e d  t h e  p e r c e n t  of trees t h a t  w e r e  n o t  

. p a i n t e d  t h a t  w e  h a d  m i s s e d  d u r i n g  t h e  c o m p l e t e  c o u n t  s u r v e y  to 

d e t e r m i n e  h o w  a c c u r a t e l y  w e  c o n d u c t e d  t h a t  s e a r c h .  

W e  c a l c u l a t e d  t h e  number o f  man /days  i t  took  t o  c o n d u c t  t h e  

--. . c o m p l e t e  c o u n t  s u r v e y  i n  e a c h  a r e a ,  and  t h e  n u m b e r ' o f  m a n / d a y s  i t  

would  t a k e  t o  d o  a l l  t h e ' . p l o t s .  r e q u i r e d  t o  d e t e r m i n e  s n a g  d e n s i t y  

by  e a c h  method of p l o t .  W e  assumed Z 5-acre plots, b 2.5-acre 

.A p l o t s ,  o r  10 of  t h e  o t h e r  s i z e d  p l o t s  c o u l d  b e  d o n e  i n  ~ ' 1 0 - h o u r  
0 



d a y  w i t h  2 h o u r s  r e q u i r e d  f o r  t r a v e l  t o  a n d  f rom t h e  area. 

RESULTS AND DISCUSSION 

From t h e  number o f  p a i n t e d  trees w e  f o u n d  i n  t h e  p l o t s ,  w e  

c a l c u l a t e d  t h a t  w e  l o c a t e d  96% of  t h e  s n a g s  i n  a l l  s t u d y  areas  

d u r i n g  our  c o m p l e t e  c o u n t  s u r v e y s .  However ,  i t  c a n  b e  e x t r e m e l y  

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

l a r g e  a r eas .  

I n  a r e a s  w i t h  a s n a g  d e n s i t y  o f  > 0.7 s n a g s l a c r e  ( s t u d y  

a r e a s  0 a n d  B) t h e  d a t a  f r o m  t h e  p l o t s  t h a t  w e r e  1 - a c r e  o r  l a r g e r  

a n d  t h e  f a c t o r  5 . p l o t s  p r o v i d e d  t h e  m o s t  a c c u r a t e  es t imate  o f  t h e  

a c t u a l  d e n s i t y  and  r e q u i r e d  t h e  f e u e s t  number of plots (Table 1.). 

T h e  2.5- a n d  ;-acre p l o t s  r e q u i r e d  m o r e  t i m e  t o  c o m p l e t e ,  t h u s  i t  

w a s  more e f f i c i e n t  t o  u s e  1-acre or f a c t o r  5 p l o t s .  More p l o t s  

were r e q u i r e d  w i t h  t h e  0.2-acre a n d  f a c t o r s  10 and  20 p l o t s : ,  0 -1‘ 

however, t h e s e  w e r e  s t i l l  c h e a p e r  i n  t e r m s  of m a n l d a y s  t h a n  

c o m p l e t e  c o u n t  s u r v e y s  ( T a b l e  2). T a b l e  3 is a m a t r i x  s h o w i n g  

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

a f f e c t s  t h e  number of p l o t s  r e q u i r e d  t o  e s t i m a t e  s n a g  d e n s i t y .  . 
I n  a r e a s  w i t h  a s n a g  d e n s i t y  < 0.2 s n a g s / a c r e  ( s t u d y  breas  

. C .  D ,  a n d  F), f e w e r  m a n / d a y s  w e r e  r e q u i r e d .  i t o  c o n d u c t  c o m p l e t e  

s u r v e y s  t h a n  t o  c o n d u c t  t h e  r e q u i r e d  number o f  p l o t s  ( T a b l e s  1 

and  Z ) .  I n  t h e s e  a r e a s  w i t h  f e w  s n a g s  n o  s a m p l i n g  method w o r k e d  

w e l l ,  and  c o m p l e t e  c o u n t  s u r v e y s  w e r e  d o n e  f a i r l y  q u i c k l y  b e c a u s e  

-1 . of t h e  lack  of s n a g s .  H o w e v e r ,  i f  a c o m p l e t e  c o u n t  s u r v e y  i s  

c o n d u c t e d  i t  is a b s o l u t e p y  e s s e n t i a l .  t o  h a v e  q u a l i t y  c o n t r o l  

c h e c k s  as i t  is p o s s i b l e  t o  b e  g r o s s l y  o f f  i n  snag d e n s i t y .  I f  

t h e r e  i s  some q u e s t i o n  a s  t o  r e l i a b i l i t y  of t h e  creh, i t  i s  s a f e r  
-.. 0 - 



t o  d o  1 - a c r e  p l o t s  ( a l t h o u g h  more e x p e n s i v e )  a s  t h e r e  i s  less 

o p p o r t u n i t y  f o r  error.  

The b a s i c  p r i n c i p l e  i s  t o  select  a p l o t  s i z e  or p r i s m  f a c t o r  

t h a t  d e t e c t s  a f a i r l y  l a r g e  number of s n a g s .  L a r g e r  p 1 o . t ~  

d e t e c t e d  more s n a g s ;  t h e r e f o r e ,  t h e  v a r i a n c e  w a s  l o w e r  a n d  fewer 

p l o t s  were n e e d e d  t o  g e t  c loser  t o  t h e  a c t u a l  d e n s i t y .  T h e  

s m a l l e r  p l o t s  a n d  h i g h e r  p r i s m  f a c t o r s  d e t e c t e d  v e r y  f e w  snags? 

p a r t i c u l a r l y  i n  s t u d y  a reas  w i t h  l o w  s n a g  d e n s i t i e s ,  a n d  

c o n s e q u e n t l y  r e q u i r e d  many m o r e  p l o t s  t o  a c h i e v e  t h e  d e s i r e d  

a c c u r a c y  i n  s n a g  d e n s i t y .  

C o n d u c t i n g  v a r i b l e  r a d i u s  p l o t s  w i t h  a r e l a s k o p  was f a s t e r  

t h a n  m e a s u r i n g  o u t  t h e  f i x e d  r a d i u s  p l o t s .  .However, v i s i b i l i t . /  

o f  s n a g s  w a s  a p r o b l e m  w i t h  t h e  r e l a s k o p  because some l a r g e  trees 

s h o u l d  h a v e  b e e n  d e t e c t e d  up  t o  150 f t  away w i t h  a f a c t o r  5 

p r i s m ,  y e t  o f t e n  t h e y  could not b e  s e e n .  I n  t h i s  caser t h e  

d i s t a n c e  f r o m  t h e  p l o t  c e n t e r  t o  t h e  t ree  w a s  measu red  a s  w e l l  a5 

t h e  dbh ,  a n d  w e  checked t ab le s  t o  see i f  t h e  t r ee  s h o u l d  be 

c o u n t e d .  I f  an  a r e a  h a s  a h i g h  d e n s i . t y  of l i v e  trees l i m i t i n g  

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

i RECOMMENDATIONS 

. W e  recommend u s i n g  1-acre or f a c t o r  5 p l o t s  t o  d e t e r m i n e  

s n a g  d e n s i t y  i n  a l a r g e  area ( s e v e r a l  t h o u s a n d  ac re s )  w h e r e  i t  1s 

known t h a t  t h e  s n a g  d e n s i t y  is :. 0.7 s n a g s / a c r e .  T h e  l o g i s t i c s  

of c o n d u c t i n g  2.5-acre a n d  5-acre p l o t s  a r e  somewhat d i f f i c u l t  

b e c a u s e  Of t h e i r  l a r g e  si.=e a n d  t h e  . m o r e  t i m e  r equ i r ed  t o  d o  

t h e m ;  t h u s  w e  d o  n o t  ' recornmend t h e m .  

r e q u i r e d  d e p e n d s  on how e v e n  t h e  d i s t r i b u t i o n  of s n a g s  is: f e w e r  

T h e  number of p l o t s  
u: 

v \o \ * ,  D3-t ', PQ 
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. .  

r p l o t s  a re  r e q u i r e d  i f  s n a g s  are d i s t r i b u t e d  f a i r l y  e v e n l y .  W e  

f o u n d  o n e  p l o t  f o r  e v e r y  15-23 ac res  w a s  a d e q u a t e  w i t h  a 95% 

c o n f i d e n c e  1.evel a n d  a 25% c o n f i d e n c e  i n t e r v a l  f o r  s n a g  d e n s i t y  

when areas s u r v e y e d  w e r e  3,208-3,411 a c r e s  i n  s i r e .  D i f f e r e n t  

c o n f i d e n c e  i n t e r v a l s  a n d  levels c a n  b e  s e l e c t e d  a n d  a number of 

p l o t s  d e t e r m i n e d  4rom t h e  f o r m u l a  u s i n g  a p r e l i m i n a r y  s a m p l e  of 

s n a g  p l o t s .  I n  areas w h e r e  s n a g s  a r e  scarce (*: 0 . 2 / a c r e ) ?  w e  

recommend c o m p l e t e  c o u n t  s u r v e y s .  However ,  i't i s  a b s o l u t e l y  

e s s e n t i a l  t o  h a v e  q u a l i t y  control c h e c k s  a s  i t  i s  p o s s i b l e  t o  b e  

g r o s s l y  o f f  i n  s n a g  d e n s i t y .  
\ 

W e  t h a n k  R.  D i x o n ,  H. D. C o o p e r ,  C. C h o c o l a k ,  and  A.  L. 
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T a b l e  1. Number of p l o t s  r c q u i r c d  t o  estimate s n a g  d e n s i t y  t o  

u i t h i n  75% of t h e  a c t u a l  d e n s i t y  i n  5 s t u d y  areas w i t h  d i f f e r e n t  

d e n s i t i e s  of  s n a g s .  T h i s  number i n c l u d e s  t h e  40 p l o t s  i n  each 

i n i t i a l  s a m p l e .  

S t u d y  A r e a  

Snag  d e n s i t y  
.,.. ,& ( N o . / 1 0 0  a c r e s )  109 70 1 0  15 7 
. .  . 

. .  ,. .. . /,; No. forested acres 3,411 3 , 2 0 8  5,325 - 3,305 - 3,280 

r a d i u s  ' p l o t s  , ._ -9 - 

5 - a c r e  p l o t  i;' 65 193 190 332 60 1 

2 . 5 - a c r e  p l o t  71 1 7 2  257 296 9 1 7  

1-acre p l o t  151 1 4 3  646 622 1 ~ 242 

0 . 2 - a c r e  p l o t  710 573 3,577 -- 0,592 

-- Q. 1 - a c r e  p l o t  1,108 1,240 5 ,092  -- -*a, 440 
a 

0 . 0 5 - a c r e  p l o t  2, a03 3 , 7 7 4  -- -- 

V a r i a b l e  r a d i u s  p l o t s  

5-f a c t o r  p r  i s m  225 164 069 506 7,900 

10-f a c t o r  p r  i i m  407 256 1,293 4 7 7  7, :90 _. 
20-f a c t o r  p r i s m  512, 620 . 3,051 -- 25,564 

............................................................... . a 
No s n a g s  o c c u r r e d  i n  t h e  40  p l o t s .  



T a b l e  2. Number of m m / d a y s  r e q u , i r e d  t o  d e t e r m i n e  s n a g  d e n s i t y  

by c o m p l e t e  coun t  s u r v e y  and  7 d i f f e r e n t  p l o t  methods.  

Snag d e n s i t y  . 
(No. 1100 acres) 109 7 0 10 15 7 

No. forested a c r e s  3,411 5.208 3,325 3;305 3,280 

C o m p l e t e  c o u n t  78 59 z7 24 10 

F i x e d  r a d i u s  p l o t s  

5-acre p l o t  22 64 66 111 227 

23-acre  p l o t  12 29 4 3  49 155 

' 1 - a c r e  p l o t  15 14 65 62 174 
a 

0.2-acre p l o t  71 57 358 -- 859 

0.1-acre p l o t  119 124 509 -- 3. 345 - 
0.05-acre p l o t  288 377 -- -- J5.56; 

' V a r i a b l e  r a d i u s  p l o t s  

5-f actor pr i sm 23 16 07 51 298 

10-f actor  pr i sin 4 1  24 129 48 7:9 

_. 20-factor p r i s m  . 51 . 62 305 -- 2 .556  _ .  

-_ No s n a g s  o c c u r r e d  i n  t h e  40 p l o t s .  



T a b l e  3. Number o f  1-acre p l o t s  requ i red  i n  s t u d y  area A t o  

es t imate  s n a g  d e n s i t y  w i t h i n  80-95% o f  t h e  a c t u a l  d e n s i t y  u s i n g  

80-95X c o n f i d e n c e  l e v e l s .  These numbers  i n c l u d e  t h e  40 p l o t s  in 

t h e  i n i t i a l  s a m p l e .  

of Snag  D e n s i t y  

95% 90% 80% 

0 '  5% 
;i 

1 0% 

2,989 

747 

2,086 

5 4  1 

1,265 

346 

20i 224 168 117 

. 


