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ABSTRACT 

The response of breeding b i r d s  t o  d iameter  l i m i t  and s e l e c t i o n  c u t t i n g  of 

d r y  i n t e r i o r  D o u g l a s - f i r  (Pseudo t suga  m e n z i e s i i )  a n d  Ponderosa  P i n e  ( P i n u s  

Ponderosa) f o r e s t s  was s tud ied  between 1983 and 1986. M u l t i v a r i a t e  ana lyses  

showed t h a t  t h e  av i fauna  and t h e  vege ta t ion  of t h e  s tudy areas n e a r  Princeton. 

B.C. w e r e  d i s t i n c t  from t h e  b i r d s  and f o r e s t s  s tud ied  nea r  Merritt. B.C. The 

responses  of n e s t i n g  and foraging  g u i l d s  t o  h a b i t a t  a l t e r a t i o n s  predominantly 

fol lowed expected t rends.  Ne i the r  logging method appeared t o  d r a s t i c a l l y  harm 

t h e  b i r d  community. Opening up of t h e  f o r e s t  canopy r e s u l t e d  i n  a d e c l i n e  i n  

several mature f o r e s t  spec ies ,  bu t  o v e r a l l  tended t o  promote a more d ive r se  

a v i f a u n a .  

y e a r  t o '  y e a r .  

I n  g e n e r a l ,  t h e  d e n s i t i e s  of b i r d s  showed l i t t l e  v a r i a t i o n  f r o m  

C o r r e l a t i o n s  b e t w e e n  w e a t h e r  v a r i a b l e s  and  g r o u p s  of b i r d s  

suggested t h a t  some of t h i s  y e a r l y  v a r i a t i o n  may have been due t o  tempera ture  

and p r e c i p i t a t i o n  pa t t e rns .  



i i  

RtSUMt 

La reaction d'oiseaux nicheurs h des coupes au diametre limite et 

d'Qcr&nage pratiqubes dans des peuplements secs de douqlas taxifolies bleus 

(Pseudotsuqa menzies_u) et de pins ponderosas (Pinus p-onderos-a.) a et6 

Btudibs de 1983 h 1986. Des analyses multivariables ont montre que 

l'avifaune et la vegetation des regions h 1'Btude situbes pres de Princeton 

en Colombie-Britannique btaient diffbrentes des oiseaux et des for@ts 

btudikes pres de Merritt, egalement en Colombie-Britannique. Les reactions 

des guildes, sur le plan de la nidification et de la recherche de 

nourriture, aux modifications de l'habitat ktaient en grande partio 

conformes aux tendances prbvues. Aucune des deux mbthodes d'exploitati.on 

n'a semble avoir d'influence nbfaste sur les oiseaux. L'ouvarture du 

couvert forestier a entra ne de d k l i n  de plusieurs essences arrivees a 

maturitb, mais avait genbralement tendance B favoriser la diversification 

de l'avifaune. En rkgle genbrale, les densites des diffkrentes especes 

d'oiseaux variaient trhs peu d'une annee d. l'autre. Des corrblations 

btablies entre des variables mbtkorologiques et des groupes d'oiseaux 

permettent de supposer qu'une partie de cette variabilitk annuelle pourrait 

etre attribuable aux regimes de l a  temperature et des prbcipitations. 



INTRODUCTION 

I n  t h e  d r y  i n t e r i o r  D o u g l a s - f i r  and Ponderosa  P i n e  f o r e s t s  of B r i t i s h  

Columbia. 2 methods of logging are  f r equen t ly  used: c u t t i n g  on t h e  b a s i s  of a 

minimum d i a m e t e r .  o r  as a p e r c e n t a g e  of v a r i o u s  d i a m e t e r  c l a s s e s .  These  

methods  a r e  known a s  d i a m e t e r  l i m i t  l o g g i n g  a n d  s e l e c t i o n  c u t t i n g .  

r e spec t ive ly .  

(1 

The s t r u c t u r e  and s p e c i e s  composi t ion of con i f e rous  and deciduous f o r e s t s  

of North America have been and are being a l t e r e d  by logging and s i l v i c u l t u r a l  

p r a c t i c e s .  The a l t e r a t i o n s  t o  t h e  f o r e s t  i n f l u e n c e  t h e  d i s t r i b u t i o n  and 

abundance  of b i r d s  by c h a n g i n g  t h e  s t r u c t u r e  of t h e  v e g e t a t i o n  and  t h e  

a v a i l a b i l i t y  of n e s t - s i t e s .  s h e l t e r  and food.  A l t e r a t i o n s  t o  t h e  f o r e s t  

s t r u c t u r e  and t h e  subsequent e f f e c t s  on t h e  avifauna. may be severe fo l lowing  

commerc ia l  c l e a r c u t  t i n g  o r  more s u b t l e  when s e l e c t i v e l y  logged o r  d iameter  

l i m i t  c u t  (Freedman e t  a l .  1981. Maurer  e t  a l .  1981. Mannan 1982. and  M a r t i n  

1988). 

Accord ing  t o  t h e  model of b i r d  community s t r u c t u r e  i n  n o r t h  tempera te  

f o r e s t s .  developed by Holmes -- e t  al. (1986). each b i r d  s p e c i e s  seems t o  respond 

t o  i t s  environment i n  a unique way. as determined by i t s  evolu t ionary  h i s t o r y  

and  by a c o m b i n a t i o n  of d i f f e r e n t  p r o c e s s e s  a n d  f a c t o r s  t h a t  a c t  on  i t s  

p o p u l a t i o n s .  Some of t h e s e  f a c t o r s  o c c u r  on a l o c a l  scale  (e.g. v e g e t a t i o n  

s t r u c t u r e .  food  abundance) ,  w h i l e  o t h e r s  o p e r a t e  o v e r  l a r g e  a r eas  (e.g. 

weather cond i t ions  i n  areas where spec ie s  over-winter).  

PURPOSE OF THE STUDY 

While  t h e r e  have  been  many s t u d i e s  i n  t h e  U n i t e d  S t a t e s  e x a m i n i n g  t h e  

e f f e c t s  of f o r e s t r y  p r a c t i c e s  on b i r d  communities, w e  are aware of only a few 

s t u d i e s  of t h i s  n a t u r e  undertaken i n  Canada (Freeman e t  al. 1981. Welsh 1981. 

Wetmore -- e t  a l .  1985. Morgan and  Freedman 1986).  I n  r e s p o n s e  t o  t h e  n e e d  f o r  
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i n fo rma t ion  on t h e  e f f e c t s  of logging i n  t h e  dry i n t e r i o r  of B r i t i s h  Columbia, 

i n  1983 t h e  Canadian  W i l d l i f e  S e r v i c e  i n i t i a t e d  a s t u d y  w i t h  t h e  f o l l o w i n g  

objec t ives :  i) t o  determine t h e  d e n s i t i e s  of breeding b i r d  s p e c i e s  i n  logged 

and unlogged con i f e rous  f o r e s t s ;  i i )  t o  ana lyze  a t  t h e  b i r d  community, g u i l d  

and  s p e c i e s  l e v e l s  t h e  r e s p o n s e  t o  d i f f e r e n c e s  and  changes  i n  v e g e t a t i o n ;  

i i i )  t o  i d e n t i f y  t h e  h a b i t a t  components  t h a t  t h e  a v i f a u n a  was a p p a r e n t l y  

responding t o .  

STUDY AREA 

The s t u d y  w a s  c o n d u c t e d  i n  2 areas of s o u t h w e s t e r n  B r i t i s h  Columbia.  

Figure 1 provides  a quick  r e fe rence  of t h e  h i s t o r y  of logging  and b i r d  surveys  

i n  e a c h  area. The P r i n c e t o n  s t u d y  area w a s  composed of 3 t i m b e r  p l o t s  

a p p r o x i m a t e l y  20 k m  s o u t h  of  P r i n c e t o n .  E l e v a t i o n s ,  s l o p e s ,  a s p e c t s  a n d  

b i o g e o c l i m a t i c  z o n e s  and s u b z o n e s  of t h e  s t u d y  p l o t s  a r e  l i s t e d  i n  T a b l e  1. 

Area 1 w a s  logged dur ing  t h e  w i n t e r  of 1979-80 w i t h  a minimum s i z e  l i m i t  of 

40 c m  d i ame te r  a t  stump he igh t  (DSH) f o r  Douglas-f i r  (Pseudotsuga menzies i i )  

a n d  Ponderosa  P i n e  ( P i n u s  Ponderosa )  and  15 c m  DSH on a l l  o t h e r  s p e c i e s .  

Area 2 w a s  a l s o  l o g g e d  d u r i n g  t h e  w i n t e r  of 1979-80. A l l  D o u g l a s - f i r  were 

l e f t  s t a n d i n g ,  w h i l e  o t h e r  s p e c i e s  w e r e  c u t  t o  15 c m  DSH. A t  t h e  o n s e t  of 

t h i s  s t u d y ,  area 3 w a s  d e s i g n a t e d  as t h e  u n c u t  c o n t r o l  f o r e s t .  However, 

du r ing  t h e  summer of 1985, area 3 w a s  logged, prec luding  any b i r d  surveys t h a t  

year. Timber w a s  removed w i t h  a d i ame te r  l i m i t  of 35 cm DSH on Douglas-f i r  

and Ponderosa Pine, and 15 c m  DSH on all o t h e r  spec ies .  This  s i t e  w a s  renamed 

area 4 and surveyed i n  1986. A l l  l i v i n g  and dead trees (above t h e  a p p r o p r i a t e  

DSH) are removed dur ing  a d iameter  l i m i t  cut .  Consequently, most l a r g e  snags 

and  l i v e  t r ees  w i t h  dead t o p s  a re  removed, w h i l e  d e c i d u o u s  s p e c i e s  s u c h  as 

Trembling Aspen (Populus t remulo ides)  are l e f t  s tanding.  
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PRINCETON 

Lop9lnp Bird Survry History Study 
History 1983 1s I99 Dosignation 

AREA 
No. - 
(1) Cut in wintor 79/80 YES-mYES aYES+YES -m DIAMETER 

min. 0% 40cm 0.F. LIMIT 

othrr m i r s  
and P P I  l5cm a l l  (I** cut) 

(2) Cut in winter 79/80 YES-mYES +YES +YES +DIAMETER 
no D.F. cut, a l l  LIMIT 

DSH 
othrrs cut to l5cm (h.avily cut) 

UNCUT 
CONTROL 
(1983/84 
only 1 

Y E S  +DIAMETER 
LIMIT 
(lightly cut) 

1 
(3) Uncut at O n u t  of YES-mYES +NO 

study 

(4) Cut wmmrr 1985 - - 
min. DSH 35cm 
for D.F. and P. P. , 
l5cm al l  othrr 
sp0ci.s 

MERRITT 

Lw9ln9 Bird Survry History Study 
History 1984 1985 1986 Oesqnotion - 

~ 

M E A  
No. - 
(5 )  Cut in wintrr 83/84 Y E S - Y E S - m Y E S  -VOLUME BY 

timbrr volumo cut 
by d iomrhr  classrr CLASS 
15 2-20.3cm (2Oo/o) (lightly cut) 
20 3-30 5cm (25%) 
30 5 -61 Ocm (45%) 

DIAMETER 

a61 OCm (75%) 

(6) Uncut a t  o n u t  of YES, 
study 

UNCUT 
CONTROL 
(1984only) 

f 
( 7 )  Cut in wintrr 84/85 - YES-YES +VOLUME B Y  

Arra 5 CLASS 
DIAMETER 

(heavily cut) 

ta samr standards as 

(8 )  Uncut 

D F = Douglas-fir , P P  : Pondrroso Pino , DSH : diamrter at stump hright 

Y E S - b Y E S  +YES +UNCUT 
CONTROL 

Figure  1. Flow c h a r t  s u m m a r i z i n g  t h e  l o g g i n g  and  b i r d  s u r v e y  h i s t o r i e s  o f  

each  s tudy  area. 
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Table 1. Descr ip t ion  of t h e  study area i n  Pr ince ton  (#1-4) and i n  Merritt (85-8). 

Area Size  Eleva t ion  
# Location (ha) (m) 

1 120 34'W. 49 17" 97 900-1100 

2 120 34'W. 49 16" 50 1000-1250 

3 120 34'W. 49 18" 104 1100-1300 

f- 4 120 34'W. 49 18" 104 1100-1300 

5 120 55'W. 50 01" 88 850-1050 

6 120 56'W. 50 O O ' N  89 1000-1150 

7 120 56'W. 50 O O ' N  89 1000-1150 

8 121 02'W. 50 05" 83 800-900 

Slope Biogeocl imat ic  Zone Biogeocl imat ic  Subzone 
( 0 )  (Mitchel l  & Green 1981) (Mi tche l l  & Green 1981) 

2-35 I n t e r i o r  Douglas-fir  Dry Western Montane 

0-11 I n t e r i o r  Douglas-fir  Dry Western Montane 
I n t e r i o r  Douglas-fir 

Montane Spruce Dry Montane Spruce 

4-19 I n t e r i o r  Douglas-fir Dry Western Montane 
I n t e r i o r  Douglas-fir 

Montane Spruce Dry Montane Spruce 

4-19 I n t e r i o r  Douglas-fir  Dry Western Montane 
I n t e r i o r  Douglas-fir 

Montane Spruce Dry Montane Spruce 

4-22 I n t e r i o r  Douglas-fir Dry Submontane I n t e r i o r  
Douglas-fir  and Very Dry 
Submontane Douglas-fir  

4-22 I n t e r i o r  Douglas-fir  Dry Submontane I n t e r i o r  
Douglas-fir  and Very Dry 
Submontane Douglas-fir  

4-22 I n t e r i o r  Douglas-fir  Dry Submontane I n t e r i o r  
Douglas-fir  and Very Dry 
Submontane Douglas-fir  

7-24 I n t e r i o r  Douglas-fir  Dry Submontane I n t e r i o r  

Ponderosa Pine- Very Dry Northern 
Bunchgrass Ponderosa Pine- 

Douglas-f i r  

Bunchgrass, Forested 



The Merr i t t  s t u d y  a rea  w a s  a l s o  composed of 3 t i m b e r  p l o t s .  Areas 5 

and 6 were approximately 16 km southwest  of Merritt and area 8 was 17 km t o  

t h e  w e s t .  Elevat ions,  slopes.  a s p e c t s  and b iogeocl imat ic  zones and subzones 

f o r  t h e  Merrit t  s t u d y  p l o t s  a r e  a l s o  p r e s e n t e d  i n  T a b l e  1. Area 5 w a s  

s e l e c t i o n  logged during t h e  w i n t e r  of 1983-84. The fo l lowing  percentages of 

t h e  t o t a l  volume. by d iameter  class, were removed: 15.2 - 20.3 cm (diameter  a t  

b r e a s t  h e i g h t ,  DBH) 20%. 20.3 - 30.5 25%. 30.5 - 61.0 45% and >61.0 75%. 

Area 6 w a s  i n t a c t  f o r  t h e  1984 b i r d  survey. bu t  was then  c u t  i n  t h e  w i n t e r  of 

1985-86 t o  t h e  same s t a n d a r d s  as  area 5. F o l l o w i n g  l o g g i n g .  t h i s  s i t e  w a s  

renamed area 7 and w a s  surveyed i n  1985 and 1986. A s  w i t h  t h e  Pr ince ton  s tudy  

areas,  mos t  s n a g s  were c u t .  However, t h e  s e l e c t i o n  p r o c e s s  l e f t  some c u l l s  

and  t r ee s  w i t h  dead  t o p s  s t a n d i n g .  I n  a d d i t i o n .  s p e c i e s  s u c h  a s  Trembl ing  

Aspen and w i l l o w  ( S a l i x  spp.) were l e f t  uncu t .  Area 8. wh ich  i s  a B r i t i s h  

Columbia E c o l o g i c a l  Reserve. s e r v e d  a s  t h e  u n c u t  c o n t r o l  p l o t  and  r e m a i n e d  

i n t a c t  f o r  t h e  d u r a t i o n  of t h e  study. 

METHODS 

Measurement of b i r d  communities 

The sampling u n i t  w a s  a series of 4 l i s t e n i n g  p o i n t s  100 m a p a r t  a long a 

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

least 150 m apar t .  Bird censuses  were conducted between 0530 and 1130 from 

t h e  l a s t  week of May t h r o u g h  t h e  f i r s t  week of  J u l y .  Sampl ing  was n o t  

conduc ted  i n  r a i n  n o r  when t h e  wind exceeded  10 kph. S i n g i n g  males were 

counted a t  each  l i s t e n i n g  po in t  f o r  5 minutes fo l lowing  a 1 minute w a i t .  I n  

a d d i t i o n .  o b v i o u s  t e r r i t o r i a l  b e h a v i o u r s  such  as d i s p l a y  f l i g h t s  by 

hummingbi rds  ( T r o c h i l i d a e )  , and  d e f e n c e  of  n e s t  c a v i t i e s  by s w a l l o w s  

( H i r u n d i n i d a e )  were counted .  The d i s t a n c e  t o  e a c h  t e r r i t o r i a l  male was 

measured w i t h  a h i p  cha in  o r  a range f inde r ,  o r  e s t ima ted  t o  t h e  n e a r e s t  5 m. 
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Each s a m p l i n g  u n i t  w a s  c o n s i d e r e d  t o  b e  i n d e p e n d e n t  of t h e  o t h e r  u n i t s ,  as 

very  few observa t ions  exceeded 75 m. We f e l t  t h a t  t h i s  g r e a t l y  l i m i t e d  t h e  

p o s s i b i l i t y  of c o u n t i n g  t h e  same b i r d  tw ice  on a d j o i n i n g  u n i t s .  As w e  

a v e r a g e d  t h e  d a t a  f r o m  t h e  4 l i s t e n i n g  p o i n t s .  t h e r e  w a s  no p rob lem w i t h  

dependence w i t h i n  a sampling uni t .  Populat ion d e n s i t i e s  w e r e  e s t i m a t e d  us ing  

t h e  modif ied point-count. q u a d r a t i c  model method (Wetmore e t  a l .  1985). 

Bird dens i ty  w a s  expressed as t h e  number of males/100 ha. Bi rd  s p e c i e s  

d i v e r s i t y  w a s  c a l c u l a t e d  as HI=- r p i  ( lnp i )  (Shannon and Weaver 1949). where 

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

s p e c i e s  i. D e n s i t y  and  d i v e r s i t y  were c a l c u l a t e d  u s i n g  o n l y  t h o s e  s p e c i e s  

w i t h  - >0.1 m a l e s / 1 0 0  ha. However. r i c h n e s s  ( t h e  number of s p e c i e s )  a l s o  

i n c l u d e d  t h o s e  t h a t  were  p r e s e n t  b u t  w i t h  d e n s i t i e s  l e s s  t h a n  0.1 

males/100 ha. 

Bird communities were d iv ided  i n t o  n e s t i n g  and fo rag ing  gu i lds ,  modif ied 

from Franzreb and Ohmart (1978). Beedy (1981). Morrison (1981). Gruel1 -- e t  al. 

(1982) . Mannan (19821, A i ro l a  and Barrett (1985) . Repenning and Labisky (1985) 

a n d  Holmes e t  al .  (1986). The g u i l d  c a t e g o r i e s  were i) f o r a g i n g  - ground 

searcher ,  f o l i a g e  searcher .  bark s e a r c h e r  and d r i l l e r .  f l y c a t c h e r  (and aer ia l  

p u r s u e r ) ,  n e c t a r  f e e d e r ,  a n d  r a p t o r ;  and  i i )  n e s t i n g  - ground,  canopy,  a n d  

cavi ty .  Two of t h e  n e s t i n g  g u i l d s  were f u r t h e r  sub-divided in to :  low and high 

canopy n e s t e r s  and pr imary (1') and secondary (2') c a v i t y  nes t e r s .  We def ined  

low canopy n e s t e r s  as t h o s e  s p e c i e s  t h a t  c o n s t r u c t  t h e i r  n e s t s  above  t h e  

ground, bu t  normally below 3 m, whereas h igh  canopy n e s t e r s  seldom p lace  t h e i r  

n e s t s  l e s s  t h a n  3 m from t h e  ground. P l a c e m e n t  i n t o  t h e  low o r  h i g h  canopy 

sub-guilds w a s  based on Mart in  (1988) and on d a t a  i n  t h e  B r i t i s h  Columiba Nest 

Records Scheme, Royal B r i t i s h  Columbia Museum. Placement of b i r d  s p e c i e s  i n t o  

1' o r  2' c a v i t y  n e s t e r  s u b - g u i l d s  w a s  based  on  Raphael  and  Whi te  (1984) and  
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Cannings  et a. (1987). The b i r d  c o m m u n i t i e s  were  s u b d i v i d e d  a l s o  i n t o  

permanent r e s i d e n t s  and summer r e s i d e n t s .  according t o  Cannings e t  a l .  (1987). 

Two spec ie s  of f l y c a t c h e r s  (Hammond's and Dusky) could no t  be accu ra t e ly  

i d e n t i f i e d  throughout t h e  s tudy,  Others  have experienced t h e  same d i f f i c u l t y  

(Beedy 1981 and Mannan 1982). A l l  records of t h e s e  spec ie s  have been lumped 

as Empidonax sp.  

Measurement of s tudy area vege ta t ion  

Twenty s a m p l i n g  p o i n t s  were e s t a b l i s h e d  i n  e a c h  a rea  ( i n  t h e  c e n t r e  of 

Vegetat ion sampling was conducted i n  a manner similar each l i s t e n i n g  point) .  

t o  t h a t  f o l l o w e d  by Mannan (1982). A l l  t rees  o v e r  2.5 c m  (DBH) were t a l l i e d  

i n  0.07 ha c i r c u l a r  p l o t s  (r=15 m). Trees were placed i n  d iameter  c l a s s e s  of:  

c10.0 c m ,  10.0-20.0 c m ,  20.1-40.0 c m .  and  >40.0 c m .  T r e e  h e i g h t s  w e r e  

e s t i m a t e d  u s i n g  a c l i n o m e t e r  and  p l a c e d  i n  h e i g h t  classes:  C10.0 m ,  10.1- 

20.0 m, and  >20.0 m. Canopy volume of a l l  t rees  w a s  e s t i m a t e d  u s i n g  t h e  

method d e s c r i b e d  by  Sturnam (1968).  A l l  s t a n d i n g  dead t r ees  ( s n a g s )  o v e r  

10 cm DBH and over  3 m t a l l  were included i n  t h e  sampling. 

Cover w a s  e s t i m a t e d  us ing  t h e  method descr ibed  i n  Mannan (1982) us ing  t h e  

f o l l o w i n g  c lasses  of v e g e t a t i o n :  h i g h  c o n i f e r o u s  and  h i g h  d e c i d u o u s  t r e e s  

( > l o  m t a l l ) ,  mid c o n i f e r o u s  and  mid d e c i d u o u s  v e g e t a t i o n  (1.3-10 m ) ,  low 

c o n i f e r o u s  and  low d e c i d u o u s  v e g e t a t i o n  (0.2-1.29 m ) ,  h e r b  and  ground c o v e r  

(C0.2 m). a n d  logs (>0.1 m d i a m e t e r ) .  T o t a l  t r e e  c o v e r  w a s  t h e  sum of h i g h  

and mid cover (coni fe rous  and deciduous). Total. deciduous cover  w a s  t h e  sum 

of high. mid and low deciduous cover. T o t a l  coni fe rous  cover w a s  t h e  sum of 

high. mid and l o w  coni ferous  cover.  

Fol iage he ight  d i v e r s i t y  w a s  ca l cu la t ed  us ing  t h e  Shannon-Weaver Index , 

where pi = % high  canopy cover (coniferous + deciduous), % mid canopy cover, % 

low canopy c o v e r  and % h e r b  cove r .  Tree s p e c i e s  d i v e r s i t y  w a s  c a l c u l a t e d  
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u s i n g  t h e  Shannon-Weaver I n d e x  w h e r e  pi = t h e  stem dens i ty  (living) of 

Douglas-f ir,  Pine s p e c i e s  (Ponderosa and Lodgepole Pinus con to r t a )  1 , Trembling 

Aspen, wil low spec ie s  and o thers .  The r a t i o s  of deciduous t o  con i f e rous  cover 

and t h e  s t e m  d e n s i t y  of Trembling Aspen t o  Douglas-fir  were a l s o  c a l c u l a t e d .  

Data analysis 

Yearly variation in bird species densities 

Y e a r l y  v a r i a t i o n  i n  s p e c i e s  d e n s i t i e s  i n  e a c h  s t u d y  area w a s  examined  

u s i n g  t h e  method of S z a r o  and  B a l d a  (1986). I n  b r i e f .  t h e  d e n s i t y  of e a c h  

s p e c i e s  w a s  c l a s s i f i e d  i n t o  1 of  4 c a t e g o r i e s :  l o w e s t  d e n s i t y  d u r i n g  t h e  

study, i n t e r m e d i a t e  dens i ty  dur ing  t h e  study, h ighes t  dens i ty  dur ing  t h e  s tudy 

and  t i e d  w i t h  a n o t h e r  y e a r .  Areas w i t h  l e s s  t h a n  3 y e a r s  o f  d a t a  (3,4,6,7) 

were excluded from t h i s  ana lys i s .  I f  a spec ie s  occurred only once dur ing  t h e  

s t u d y  i t  w a s  s c o r e d  as h a v i n g  i t s  h i g h e s t  d e n s i t y  i n  t h a t  y e a r  a n d  t i e d  f o r  

lowes t  i n  each of t h e  o t h e r  y e a r s  (Szaro and Balda 1986). S i g n i f i c a n t  y e a r  t o  

y e a r  v a r i a t i o n  w a s  t e s t e d  w i t h  t h e  G-statistic (Zar 1974). 

E f f e c t s  of logging  on g u i l d  p ropor t ions  and species d e n s i t i e s  

As previous ly  s t a t e d ,  areas 3 and 6 were c u t  p a r t  way through t h e  study. 

T h i s  p r o v i d e d  a n  o p p o r t u n i t y  t o  examine  t h e  e f f e c t s  of l o g g i n g  on  b i r d  

communities. To t es t  f o r  s i g n i f i c a n t  d i f f e rences ,  w e  r a n  a pa rame t r i c  two-way 

a n a l y s i s  of v a r i a n c e  (ANOVA) on e a c h  of 9 g u i l d  p r o p o r t i o n s ,  i m m e d i a t e l y  

b e f o r e  a n d  a f t e r  l o g g i n g .  The g u i l d s  t e s t e d  were: ground f o r a g e r s ,  f o l i a g e  

f o r a g e r s ,  b a r k  f o r a g e r s ,  f l y c a t c h e r s ,  g round n e s t e r s ,  low and  h i g h  canopy 

n e s t e r s  and 1' and 2' c a v i t y  nes t e r s .  We a l s o  r a n  ANOVA'S on t h e  d e n s i t i e s  of 

5 s p e c i e s  of b i r d s  e x p e c t e d  t o  i n c r e a s e  and  4 s p e c i e s  of b i r d s  e x p e c t e d  t o  

decrease  as a r e s u l t  of logging (from Peterson and Peterson 1983). 
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Bird - h a b i t a t  r e l a t i o n s h i p s  

The n e x t  s t e p  i n  t h e  d a t a  a n a l y s i s  i n v o l v e d  t e s t i n g  f o r  r e l a t i o n s h i p s  

us ing  Pearson product-moment c o r r e l a t i o n  . c o e f f i c i e n t s .  Averaged v e g e t a t i o n  

v a r i a b l e s  and av ian  community d a t a  ( taken from t h e  same y e a r  as t h e  v e g e t a t i o n  

s u r v e y  w a s  done)  were t e s t e d  f o r  c o r r e l a t i o n s .  We u s e d  b i r d  d a t a  f rom t h e  

a p p r o p r i a t e  y e a r s  i n  t h i s  a n a l y s i s  due t o  t h e  p o s s i b i l i t y  of s i g n i f i c a n t  

annual s p e c i e s  d e n s i t y  v a r i a t i o n &  Also, w e  had only  sampled t h e  v e g e t a t i o n  

once  p e r  s i t e ,  and  t h a t  t h e  v e g e t a t i o n  w a s  c o n s t a n t l y  chang ing  ( a l b e i t  

s l o w l y ) ,  w e  f e l t  t h a t  t h i s  w a s  t h e  b e s t  way of  e x a m i n i n g  b i r d - h a b i t a t  

r e l a t i o n s h i p s .  

The s i m i l a r i t y  b e t w e e n  a l l  s t u d y  areas, f o r  e a c h  y e a r  (by s p e c i e s  

dens i ty)  , w a s  c a l c u l a t e d  us ing  t h e  c o e f f i c i e n t  of p ropor t iona l  s i m i l a r i t y  (PSI 

where: 
S 

u=l  z z 

S 

Xiu denotes  t h e  amount of spec ie s  u i n  t h e  e n t i t y  i. and s i s  t h e  t o t a l  number 

of s p e c i e s  i n  t h e  2 e n t i t i e s  combined (P ie lou  1977). 

The r e s u l t a n t  matrix of c o e f f i c i e n t s  w a s  used t o  run a c l u s t e r  a n a l y s i s  

9 

u s i n g  t h e  u n w e i g h t e d  p a i r  g roup  method on  t h e  a r i t h m e t i c  a v e r a g e s  (UPGMA, 

Sneath and Sokal 1973). S i m i l a r i t i e s  between 20 spec ie s  of b i r d s  ( a l l  si tes 

and  y e a r s )  were a n a l y z e d  by r u n n i n g  a c l u s t e r  a n a l y s i s  (UPGMA) on  t h e  

s tandard ized  dens i t i e s .  The s t anda rd iza t ion  method used i n  t h i s  a n a l y s i s  w a s  

a s p e c i e s  d e n s i t y  i n  a p a r t i c u l a r  area d u r i n g  a g i v e n  y e a r  d i v i d e d  by t h e  

t o t a l  dens i ty  of t h a t  spec ie s  during a l l  years ,  on a l l  sites. A t h i r d  c l u s t e r  



a n a l y s i s  (UPGMA) w a s  performed on t h e  s tandard ized  d e n s i t i e s  (z-score) of 22  

s p e c i e s  of b i r d s ,  a v e r a g e d  f o r  e a c h  s t u d y  a rea  by t h e  number o f  y e a r s  and  a 

f o u r t h  c l u s t e r  a n a l y s e s  (UPGMA) w a s  r u n  on 23 s t a n d a r d i z e d  ( z - s c o r e )  

vege ta t ion  v a r i a b l e s  from each area. 

A s  a f i n a l  examinat ion of b i rd -hab i t a t  r e l a t i o n s h i p s .  w e  ran  a p r i n c i p a l  

components  a n a l y s i s  (PCA) on  9 v e g e t a t i o n  v a r i a b l e s  f rom e a c h  a rea  t o  

de te rmine  t h e  r e l a t i o n s h i p s  of b i r d  community i n d i c e s  and s p e c i e s  d e n s i t i e s  i n  

t h e  ? 'habi ta t  space" (MacKenzie e t  al. 1982). We used t h e  averaged v e g e t a t i o n  

va lues  of each area i n  t h i s  a n a l y s i s  because PCA i s  i n a p p r o p r i a t e  when t h e r e  

a r e  many z e r o  v a l u e s  a n d  c o n s e q u e n t l y  l i t t l e  o r  no v a r i a t i o n  a l o n g  a l a r g e  

p a r t  of t h e  cont inuum ( P i m e n t e l  1979). The PCA produced  m u l t i v a r i a t e  

p r i n c i p a l  components  t h a t  were exact  mathematical  t r a n s f o r m a t i o n s  of t h e  

o r i g i n a l  d a t a ,  w i t h  t h e  new m u l t i v a r i a t e  v a r i a b l e s  b e i n g  o r t h o g o n a l  

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

p r i n c i p a l  a x i s )  maximized  (Morgan and  Freedman 1986) .  The components  were 

r o t a t e d  us ing  t h e  varimax c r i t e r i o n  of Kaiser (1958) i n  a n  a t t e m p t  t o  improve 

t h e  i n t e r p r e t a t i o n  of t h e  axes. We then  c o r r e l a t e d  t h e  averaged d e n s i t i e s  of 

t h e  most common b i r d  s p e c i e s  a g a i n s t  t h e  p r i n c i p a l  components axes. We used 

the averaged s p e c i e s  d e n s i t i e s  from each area i n  t h i s  a n a l y s i s  as w e  were o n l y  

a t t e m p t i n g  t o  p roduce  a n  a p p r o x i m a t e  d e s c r i p t i o n  of t h e  a v e r a g e  a v i f a u n a ' s  

response t o  t h e  average v e g e t a t i o n  of t h e  e n t i r e  area. Most l i k e l y  t h e  b i r d s  

w e r e  responding t o  h a b i t a t  f e a t u r e s  from an  area much l a r g e r  t han  t h a t  of t h e  

15 m circular v e g e t a t i o n  p l o t s .  

Bird d e n s i t y  and climatic v a r i a b i l i t y  

Average monthly tempera ture  and t o t a l  p r e c i p i t a t i o n  from Pr ince ton  and 

Merritt (Month ly  Record,  Env i ronmen t  Canada. v o l s .  67-7 1) were t e s t e d  w i t h  

av ian  v a r i a b l e s  f o r  c o r r e l a t i o n s .  For each year ,  w e  used t h e  average of a l l  
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b i r d  d a t a  from t h e  4 Pr ince ton  s tudy areas, and t h e  average of t h e  4 Merritt 

sites. i n  t h e  ana lyses  w i t h  t h e  climate va r i ab le s .  

S t a t i s t i c a l  ana lyses  were performed a t  t h e  Universit 'y of V i c t o r i a  using 

t h e  SPSS s t a t i s t i c a l  package. 

RESULTS AND DISCUSSION 

T o t a l  b r e e d i n g  b i r d  d e n s i t i e s  r anged  f rom 177 t o  3 1 1  m a l e s / 1 0 0  ha 

(Tables 2 and 3). These va lues  are low compared w i t h  d e n s i t i e s  occur r ing  i n  

s imi l a r  f o r e s t s  e l s e w h e r e .  I n  Douglas-f i r / P o n d e r o s a  P i n e  f o r e s t s  i n  

n o r t h e a s t e r n  Oregon, Mannan (1982) e s t i m a t e d  d e n s i t i e s  be tween  509 and  705 

males/100 ha. Szaro and Balda (1986) observed as many as 405 males/100 ha i n  

n o r t h e r n  A r i z o n a  Ponderosa  P i n e  f o r e s t s ,  w h i l e  F r a n z r e b  (1975) r e p o r t e d  

between 1360 and 2161 indiv idua ls /100  ha in Ponderosa Pine/Douglas-fir  s t ands  

i n  e a s t - c e n t r a l  Arizona. 

Fifty-one spec ie s  of breeding b i r d s  were observed i n  t h e  Pr ince ton  areas, 

compared w i t h  39 from Merritt. Eighteen spec ie s  found i n  t h e  Pr ince ton  s tudy  

areas, were n o t  e n c o u n t e r e d  i n  Merr i t t ,  w h e r e a s  6 s p e c i e s  w e r e  u n i q u e  t o  

Mer r i t t .  T a b l e  4 s u m m a r i z e s  s o m e  o f  t h e  p h y s i c a l  a n d  b i o l o g i c a l  

c h a r a c t e r i s t i c s  of t h e  s tudy p lo ts .  

Yearly v a r i a t i o n  i n  b i r d  species d e n s i t i e s  

I n  genera l ,  t h e  b i r d  d e n s i t i e s  and spec ie s  composition i n  each s tudy area 

v a r i e d  r e l a t i v e l y  l i t t l e  from yea r  t o  year. Much h ighe r  annual  v a r i a t i o n  has  

been noted by numerous au tho r s  (Wiens 1975, Franzreb and Ohmart 1978, Holmes 

- -  e t  a l .  1986. S z a r o  and  B a l d a  1986).  The r e s u l t s  of  many s t u d i e s  have  

suggested t h a t  t h e  r e l a t i v e l y  d ive r se  av i faunas  of coni fe rous  f o r e s t s  are no 

more s t a b l e  o n  a n  a n n u a l  b a s i s  t h a n  t h e  low d i v e r s i t y  a s s e m b l a g e s  of open  

r a n g e l a n d s  (James and  Boeck len  1984, Wiens 1984, Noon et a. 1985).  I n  
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Table 2. Densities (rales/100 ha) by year in the Princeton study plots. Density estimates were derived 
using the rodified point count - quadratic equation node1 method. See below for explanation of 
codes. Sclentific naaes of bird species are listed in Appendix 1. 

- ---- --____ 
Area 1 Area 2 Area 3 Area 1 

Species 

'Red-tailed Hawk 5/3 
'Lerican Kestrel 5/5 
'Blue Grouse 2/1 
'Ruffed Grouse 211 
'Sora 1/1 
'Killdeer 1/1 
'Calliope Huaringbird 6 / 3  
Red -na ped Sapsucker 3/ I 

'Hairy Uoodpecker 3/4 
'Three-toed Uoodpecker 3/4 
'Northern Flicker 1/4 
'Pileated Uoodpecker 3/4 
'Olive-sided Plycatcher 4/3 
'Uestern Yood-Pewee 4/3 
'Uillow Flycatcher 4 / 2  
'Bnpidonax sp. 4 / 2  
'Uestern Plycatcher 4/1 
'Tree Swallow 4/5 
'Gray Jay 2 / 3  
'Aaerican Crow 5/3 
'Conron Raven 5/1 
'Hountain Chickadee 2/5 
'Red-breasted Nuthatch 3/4 
tBrovn Creeper 3/5 
'Yinter Uren 3/5 
'Golden-crowned Kinglet 2 / 3  
'Ruby-crovned Kinglet 2 / 3  
'Hountain Bluebird 4/5 
'Townsend's Solitaire 1/1 
'Swainson's Thrush 1/2 
'Anerican Robin 1/2 
*Buropean Starling 1/5 
'Solitary Vireo 2/3 
'Uarbling Vireo 2/2 
'Orange-crovned Uarbler 2/1 
'Nashville Uarbler 2/1 
'Yellow-runped Uarbler 2/3 
'Townsend's Uarbler 2/2 
'HacGillivray's Uarbler 2 / 2  
' Vi 1 son s Ua r b 1 e r 2 / 1 
'Uestern Tanager 2 / 3  
'Chipping Sparrov 1/2 
'Vesper Sparrow 
'Song Spartov 1/2 
'Uhite-crowned Sparrov 1/2 
'Dark-eyed Junco 1/1 
'Brown-headed Cowbird 1/6 
'Cassin's Finch 1/3 

t 

2.8 

2 . 3  

3.4 
t 

1.4 
+ 
t 

18.2 
1.5 

33.6 
1.5 

8.8 
1.2 
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18.8 
11.7 

6.8 

33.1 
17.8 
t 

38.0 
13.9 

11.1 
5.6 

0.3 

1.7 
7.4 

t 
1.3 

1.3 

8 . 2  
14.6 

15.0 
7.k 
2 . 6  
4 . 6  

4 . 5  

21.4 
9.1 
3.1 

29.3 
33.8 
t 

21.6 
12.6 

18.1 
9.1 
8 . 8  

t + 
t 

10.3 3 . 2  5.1 
1.9 
3.5 4 . 2  6.1 5 . 5  

4.0 2.5 1.9 

2.9 1.5 5.8 1.3 4.6 1.5 
+ 
t t 

5.0 8.8 3.0 2 . 5  

8 .6 10.4 13.3 13.9 11.1 1 2 . 6  
t 

t 
1.3 

1.4 
t 
t 

20.5 10.2 9.8 16.5 
1.3 2 4 . 2  1.8 2.9 1.8 

12.0 4.0 12.8 
4 . 4  5.5 8.9 5.5 
4.1 2.6 2.0 

3.7 8.2 0.7 
1.5 3 , 2  0.1 0 . 5  0.9 
1.1 1.1 20.5 7.8 10.7 14.5 

3.1 3.9 3.1 3.9  
3 4 . 2  12.8 3 . 4  1.1 1.1 2.1 
14.6 18.3 2 4 . 8  2 7 . 4  26 .3  30.1 
3.1 7.9 2 . 4  1.2 3.9 0.6 

28.8 3 2 . 8  8 , 4  15.1 12.6 2 6 . 7  
30.1 30.4 2 . 6  2.1 6.1 
t t t t t 

t t 

38.2 33.9 3.5 2 . 2  
20.5 2 8 . 1  15.0 23.1 21.5 2 8 . 4  

t 

2 ,7  3 . 4  0 .9  
t 

18.1 31.2 21.3 1 . 5  21.1 34.1 
5.6 1.4 11.6 13.9 1 .8  11.1 
8 . 8  7 . 5  4.0 1.8 

0.1 
3.9 

0.6 
t 
t 

t 

2.9 
t 

2 1 . 0  
5.8 

t 

38.1 
10.3 

4 . 4  
3.1 

1.1 

1.5 

49.9 
15.9 

t 

5.2 
3 .8  

3 8 . 2  

t 

0 . 9  

t 

0 6 'I 

t 

3.6 

t 
6.1 1.1 
9.1 25.6 
1.7 

1 4 . 0  8.0 
3.1 

3.1 
1 . 5  2 . 9  
1.1 11.5 

6 . 4  6.1 
1.8 
1-3 

40.9 3 9 . 6  
31.1 16.1 

3.5 

2 . 2  21.6 
2 5 . 3  

21.1 19,3 
4 . 2  
1.1 
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Table 2. continued 
---I_---___- 

Area 1 Area 2 Area 3 Area 4 
- I __- 

Species 83 84 85 86 83 84 85 86 83 84 86 

'Red Crossbill 1/3 
'Pine Siskin 1/3 
'Kveninq Grosbeak 1/3 

Total Density 

Bird Species Diversity 

Richness (including t1 

Guild Densities 
Ground Foragers 
Foliage Gleaners 
Bark Probers 
Flycatchers 

Ground Westers 
Low Canopy Nesters 
High Canopy Nesters 
Pr iuary Cavity 
Secondary Cavity 

t t t 

4.6 4.6 7.0 9.2 14.4 3.7 
t 

271.1 244.0 214.6 265.9 200.6 177.6 200.0 189.6 2 4 4 , O  195.7 253.5 

2.58 2.81 2.71 2.49 2.83 2.78 2.86 2.31 2.23 2.16 2.24 

26 25 20 1 0  32 24 29 18 25 22 14 

88.5 62.9 66.8 81.0 104.1 18.2 94.3 98.8 53.8 35.9 95.7 
180.9 149.2 181.5 150.3 70.9 54.5 72,O 73.9 179.8 148.1 132.2 

4.3 23.1 10.8 24.2 8.2 10.4 16.3 1.8 10.4 11.7 25.6 
3.1 8.2 13.6 10.4 17.4 25.3 17.4 15.1 0.0 0.0 0.0 

56.7 26.1 24.9 53.3 40.7 11.9 30.1 35.3 44.1 30.6 57.3 
63.6 64.3 16.4  91.8 76.4 78.8 73.1 93.2 52.8 40.3 90.9 40.3 

126.4 109.4 133.5 83.5 40.9 48.8 44.6 42.8 112.1 102.1 75.6 
6.6 23.1 13.7 25.7 11.0 17.7 2 0 . 9  3.3 11.0 10.7 25.6 

18.2 10.8 20.5 10.2 17.0 6.5 22.9 3.9 24.0 7.8 4.1 

t = (0.1 nales/100 ha. 

After each species is a 2 digit code. The first number is its foraging guild, and the second is its 
nesting guild. I = permanent resident, I = s u m e r  resident. 

Foraging guilds: 1) ground forager, 2 )  foliage gleaner, 31 bark prober and driller, 
4 )  flycatcher and aerial pursuit, 51 raptor, 61 nectar feeder. 

Nesting guilds: 1) ground, rock, buildings, 2 )  canopy-lov, 3) canopy-high, 41 cavity-primary, 
5 cavity-secondary, 6 )  nest parasite. 

13 



Table 3. Densities (males/100 ha) by year in the Merritt study plots. Density estimates were 
derived using the modified point count - quadratic equation model method. 
See below for explanation of codes. 

Species 

'Red-tailed Hawk 5/3 
*Ruffed Grouse 2/1 
'Common Nighthawk 4/1 
'Calliope Hummingbird 6/3 
'Red-naped Sapsucker 3/4 
' Wi llaimson' s Sapsucker 3/4 
*Ha i r y Woodpec ke r 3/ 4 
*Northern Flicker 1/4 
'Olive-sided Flycatcher 4/3 
'Western Wood-Pewee 4/3 
'Empidonax sp. 4/2 
*Clark's Nutcracker 2/3 
*Mountain Chickadee 2/5 
*Red-breasted Nuthatch 3/4 
*White-breasted Nuthatch 3/4 
*Golden-crowned Kinglet 2/3 
* Ruby-cr owned K i ng le t 2/ 3 
'Townsend's Solitaire 1/1 
'Swainson's Thrush 1/2 
'American Robin 1/2 
'Solitary Vireo 2/3 
'Warbling Vireo 2/2 
'Orange-crowned Warbler 2/1 
'Nashville Warbler 2/1 
'Yellow Warbler 2/2 
'Yellow-rumped Warbler 2/3 
'Townsend's Warbler 2/2 
'MacCillivray's Warbler 2/2 
'Western Tanager 2/3 
'Rufous-sided Towhee 1/1 
'Chipping Sparrow 1/2 
*Song Sparrow 1/2 
'White-crowned Sparrow 1/2 
*Dark-eyed Junco 1/1 
'Brown-headed Cowbird 1/6 
'Cassin's Finch 1/3 
*Red Crossbill 1/3 
'Pine Siskin 1/3 
*Evening Grosbeak 1/3 

Area 5 Area 6 

84 85 86 84 

Area 7 Area 8 

t 

5.7 3.8 1.9 
0.9 

+ 
2.5 2.5 2.5 

0.7 
t 
5.0 3.8 
20.3 13.4 16.7 10.2 

10.2 31.8 11.5 4.1 
3 . 7  1.8 19.4 12.8 
4.5 1.5 7.4 

t 

3.7 
8.2 9.1 6.6 
1.4 0.9 1.4 0.5 
13.4 12.3 13.4 5.6 
12.8 6.4 17.1 23.5 

5.5 7.3 6.4 
2.4 1.2 1.8 
1.7 8.7 1.4 

33.7 36.7 36.9 36.4 
1.3 1.3 

10.8 19.4 38.7 13.0 

33.2 39.2 26.3 17.4 
t 

1.1 

18.6 14.6 32.5 32.7 
23.6 9.7 8.9 1.4 
22.5 20.0 15.0 15.0 

13.4 27.2 7.4 18.4 
t 

t 

t 
t 

3.8 5.7 
0.9 

3.6 2.2 0.7 0.7 0.7 

1.3 
28.8 20.0 27.8 25.6 23.3 

31.1 14.3 2.0 
9.1 20.1 7.3 
1.5 7.4 

8.2 7.3 3.1 
1.0 3.4 0.7 
10.0 13.4 10.0 
22.8 14.9 15.6 
11.0 9.1 1.8 
4.3 0.6 
8.7 24.9 
t 
31.7 37.2 40.1 

2.6 3.9 

17.3 29.6 8.1 
t 

47.4 40.8 45.8 

44.3 14.3 
5.5 33.3 
1.s 

16.0 
3.7 

10.1 10.1 
1.4 2 . 2  

32.0 21.4 
11.0 1.8 

7.8 2.2 

9.0 7.0 

41.6 41.4 

t 

39.7 33.3 

38.4 44.0 
t 

t 
46.4 45.7 2 5 . 6  16.6 18.1 
16.7 11.1 2.8 
17.5 10.0 10.0 10.0 22.5 

9.2 9.2 3.8 9.2 
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Table 3. continued 

Area 5 Area 6 Area 7 Area 8 

Species 

Total Density 

Bird Species Diversity 

Richness (including t l  

Guild Densities 
Ground Foragers 
Foliage Gleaners 
Bark Probers 
P1 yca tc hers 

Ground Nesters 
Lou Canopy Nesters 
Biqh Canopy Mesters 
Primary Cavity 
Secondary Cavity 

248.9 267.7 260.5 220.5 331.3 282.3 245.9 311.2 300.8 

2.50 2.64 2.52 2.63 2.68 2.50 2.47 2.56 2.51 

134.3 134.1 111.5 91.7 160.0 133.9 105.7 91.6 109.0 
72.9 '109.7 112.9 90.2 126.9 108.3 96.4 181.3 135.2 
10.7 6.7 19.4 22.7 11.5 20.1 14.1 ?.O 33.3 
25.3 13.4 16.7 14.0 28.8 20.0 29.1 25.6 23,3 

30.9 33.6 40.5 34.5 67.6 53.6 54.2 35.7 17,5 
69.6 71.4 65.1 41.4 98.2 89.3 90.0 84.2 73.5 

103.9 113.5 115.1 115.7 102.3 91.7 84.3 136.5 143.8 
10.7 6.7 19.4 23.4 15.1 22.3 15.4 7.7 3 1 . 0  
10.1 31.8 11.5 4.1 31.1 14.3 2.0 44.3 14.3 

t = (0.1 nales/100 ha. 

After each species is a 2 digit code. The first number is its foraging guild, and the second 
is its nesting guild. * = perianent residence, I = suimer residence. 

Foraging guilds: 1 )  ground forager, 2) foliage gleaner, 3) bark prober and driller, 
4 )  flycatcher and aerial pursuit, 5) raptor, 6) nectar feeder. 

Mesting guilds: 1) ground, rock, buildings, 2) canopy-low, 3) canopy-high, 4 )  cavity- 
primary, 5) cavity-secondary, 6 )  nest parasite. 
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Table 4. Summary of habitat analysis .  

Area 1 2 3 4 5 6 7 8 

Basal Area (m2/h 

Tree Cover (X) 
Ground Cover (XI 
Log Cover (XI 
Deciduous Cover (X) 
Coniferous Cover ( X I  

Canopy Volume (m 4 /ha) 

# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
#I 
# 

I-- 
m 

l i v e  stems/ha <loan diam. 
l i v e  stems/ha 10.1-20cm 
l i v e  stems/ha 20.1-40cm 
l i v e  stems/ha >40cm 
Douglas-fir/ha <1Om t a l l  
Douglas-fir/ha 10.1-20m 
Douglas-fir/ha >20.lm 
Pine sp./ha <10m 
Pine sp./ha 10.1-20m 
Pine sp./ha >20.1 m 
Trembling Aspen/ha <10m 
Trembling Aspen/ha 10.1-20m 
Trembling Aspen/ha >20.lm 
Stems/ha other tree species  
Snags/ha 

Foliage height diversity 
Tree species diversity 

13.9 
15899.3 

49.8 
45.7 
4.1 
13.5 
50.3 
544.0 
182.4 
105.3 
5.7 

505.2 
216.5 
45.3 
5.6 
13.4 
1.4 
18.4 
7.1 
2.1 
22.6 
19.7 

1.29 
0.39 

3.1 
2095.5 

5.7 
56.9 
3.2 
2.5 
6.1 

157.8 
33.9 
11.9 
7.1 
10.6 
10.6 
7.1 

136.6 
11.3 
2.1 
23.3 
2.1 
2.1 
4.6 
5.7 

0.52 
0.88 

38.6 
26515.8 

69.3 
56.6 
6.0 
4.4 
76.3 

1013.8 
310.7 
209.9 
49.5 
737.2 
203.7 
74.9 
121.7 
162.7 
19.8 
0.7 
1.4 
0.7 
10.6 
39.5 

1.26 
0.99 

9.4 
10470.3 

27.1 
22.8 
6.2 
1.1 
28.3 

374.0 
147.1 
58.6 
9.1 

339.6 
109.0 
26.2 
52.3 
42.5 
10.6 
0.0 
0.0 
0.0 

261.1 
8.5 

1.18 
0.64 

12.8 
13306.0 

42.0 
30.9 
2.8 
14.0 
42.8 
311.2 
182.5 
66.5 
18.3 
242.0 
121.0 
5.0 

155.7 
27.6 
9.9 
6.3 
2.1 
0.0 
9.2 
2.8 

1.32 
0.78 

18.5 
14222.7 

47.7 
38.7 
2.3 
12.2 
52 .O 
269.4 
163.4 
65.7 
35.2 
194.5 
52.4 
2.8 

148.6 
79.9 
10.6 
27.6 
10.6 
0.0 
4.9 
9.2 

1.27 
0.95 

10.0 
9059.2 
27.8 
25.4 
5.9 
9.8 
31.5 
255.7 
142.2 
58.7 
14.1 
181.1 
33.3 
2.8 

120.3 
63.0 
7.0 
26.1 
4.2 
0.0 
4.2 
5.7 

1.26 
0.93 

18.5 
11144.2 

42.3 
27.7 
4.8 
20.6 
47.4 
218.4 
99.0 
64.2 
49.4 
141.5 
60.1 
5.7 

122.4 
66.5 
23.3 
7.8 
0.0 
0.0 
3.5 
9.9 

1.37 
0.82 

Pine sp .  - Lodgepole Pine i n  areas 1-4, Ponderosa Pine in  areas 5-8. 



con t ra s t .  B r e w e r  (1963) concluded t h a t  tempera te  f o r e s t  b i r d  popula t ions  were 

r e l a t i v e l y  s t a b l e .  T a b l e  5 i l l u s t r a t e s  t h a t  i n  o u r  s t u d y ,  o n l y  area 2 had 

s i g n i f i c a n t l y  d i f f e r e n t  annual d e n s i t i e s .  I f  w e  cons ider  t h e  o v e r a l l  annual 

v a r i a t i o n  of t h e  4 areas .  t h e  changes  i n  d e n s i t y  were n o t  s i g n i f i c a n t .  

s u g g e s t i n g  t h a t  t h e  a v i f a u n a  of t h e  f o r e s t s  w e  s t u d i e d .  were r e l a t i v e l y  

s t a b l e .  

E f f e c t s  of logging  on g u i l d  propor t ions  and spec ie s  d e n s i t i e s  

Areas 3(4)  and  6(7) were n o t  examined  f o r  a n n u a l  v a r i a t i o n  due  t o  t h e  

f a c t  t h a t  t h e y  were l o g g e d  p a r t  way t h r o u g h  t h e  s t u d y .  T a b l e  6 g i v e s  t h e  

propor t ions  of t o t a l  b i r d  d e n s i t y  f o r  t h e  fo rag ing  and n e s t i n g  g u i l d s  i n  each 

area. The r e s u l t s  of t h e  a n a l y s i s  of v a r i a n c e  of t h e  p r e -  and p o s t - l o g g i n g  

g u i l d  p r o p o r t i o n s  and  t h e  d e n s i t i e s  of  9 s p e c i e s  of b i r d s  a r e  p r e s e n t e d  i n  

Table 7. I n  mos t  cases, t h e  changes  a g r e e d  w i t h  t r e n d s  o b s e r v e d  by o t h e r s .  

The propor t ion  of ground f o r a g e r s  s i g n i f i c a n t l y  increased  fo l lowing  logging  i n  

both areas. This  has  been r epor t ed  e l sewhere  (Flack 1976, Franzreb and Ohmart 

1978, Maurer  et a. 1981).  T h i s  i n c r e a s e  i s  a r e s u l t  o f  more  f o r a g i n g  

s u r f a c e s .  more o b s e r v a t i o n  p o s t s  and  g r e a t e r  p r o t e c t i o n  of n e s t  s i t e s  

(Franzreb and O h m a r t  1978). 

There w a s  only a s l i g h t  d e c l i n e  i n  f o l i a g e  sea rche r s  fo l lowing  logging  of 

both areas. This  d i f f e r s  from t h e  pronounced post-logging changes o t h e r s  have 

noted. It is  be l ieved  t h a t  f o l i a g e  sea rche r s  dec l ine  fo l lowing  logging due t o  

e i t h e r  t h e  r e d u c t i o n  i n  t h e  t o t a l  b i o m a s s  of f o l i a g e  ( r a t h e r  t h a n  a l o s s  of  

t r e e  volume o r  d e c r e a s e d  f o l i a g e  h e i g h t  d i v e r s i t y ) .  o r  a d e c l i n e  i n  i n s e c t  

prey (Franzreb 1977. Franzreb and O h m a r t  1978, Des Granges 1980). 

Morrison (1981) found t h a t  w i t h  t h e  removal of t h e  deciduous p o r t i o n  of 

t h e  canopy, some species (e.g. Orange-crowned and Wilson's warb lers )  s h i f t e d  

t h e i r  f o r a g i n g  l o c a t i o n s  down f rom t h e i r  "preferred" pos i t ions .  r a t h e r  than  

1 7  



Table 5. Patterns of b i r d  d e n s i t i e s  on those  s tudy areas w i t h  a t  least t h r e e  
y e a r s  of data (modified from Szaro and Balda 1986). 

Number of Species  
Area I! 

Year L o w e s t  Lowest  Highest Highest T i e  Gs t a t i s  t i c  
2nd 2nd 

1983 
19 84 
1985 
19 86 

1983 
1984 
1985 
19 86 

3 4 6 10 15 
6 4 5 6 17 6.294 (ns)  
2 3 4 10 19 (12 df )  
4 3 4 6 21 (P=0.90) 

8 
3 
3 
9 

3 
3 
9 
4 

8 
6 
5 
2 

14 
7 
9 
6 

7 
21 26.633* 
14 (12 d f )  
19 ( B O  .009> 

Lowest In  t e m e d i a  t e Highest T i e  G s t a t i s t i c  

1984 4 7 
19 85 6 8 
1986 10 2 

7 
c 

1984 6 1 
19 85 5 5 
1986 4 6 

10 7 8.248 (ns)  
8 6 (6 df )  
7 9 (e0.22) 

10 11 9.765 (ns)  
10 
4 14 (P=0.13) 

8 (6 d f )  

T o t a l  50.940 (ns)  
(36 d f )  
(P=O .051) 

* = s i g n i f i c a n t  (P<0.05), ns = n o t  s i g n i f i c a n t ,  df = degrees  of freedom 
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Table 6 .  Proportions of major n e s t i n g  and foraging g u i l d s ,  expressed a s  a 
percentage of the to ta l  b i r d  density i n  each area. 

Area 1 2 3 4  5 6 7  8 
-- 

Guild Year 83 8 4  85 86 83 8 4  85 86 f i  86 8 4  85 86 8 4  85 86 84  85 86 

a) Foraging 

Ground foragers 3 2  24  23 3 1  48 4 4  40 5 2  21  18  38  49 40 40 33 46 47 39 28 33 
Foliage gleaners 65 63 68  56 39 3 6  43 39 75 7 6  5 2  35 5 1  46 5 0  41 38 43 60  48  
Bark probers/dril lers 2 10  4 9 4 6 8 1 4 6 10 4 3 8 10 4 7 6 2 11 
Fly catchers/ 

aer ia l  pursuit 1 3  5 4 9 1 4  9 8 0 0 0 1 0  5 6 6 9 7 1 2  8 8 

b) Nesting 

Ground 20 11 9 20 20 7 15 19  18  16  22 1 2  13  16  16 20 19 23 1 2  1 2  
Low canopy 23 26 28 3 4  38  44 37 49 22  2 1  3 6  28 27 25 19  30  3 2  3 4  27 2 4  
High canopy 46 45 49 31 20 27 22 23 46 5 2  30  4 2  42  4 4  52  31 3 2  36  44 48 
Primary cavity 2 1 0  5 1 0  7 1 0 1 1  2 4 5 1 0  4 2 8 1 1  5 8 6 2 1 1  
Secondary cavity 7 4 7 4 9 4 1 1  2 1 0  4 2 4 1 2  4 2 9 5 1 1 4  5 

Some minor guilds are not reported here, consequently the sum of the proportions 
does not always equal 100. 
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Table 7. R e s u l t s  of t h e  a n a l y s i s  of va r i ance  tests on t h e  g u i l d  p ropor t ions  
and  s p e c i e s  d e n s i t i e s  o b s e r v e d  i n  areas 3 and  5. b e f o r e  and  a f t e r  
logging. Following cu t t i ng .  t h e  areas were renamed areas 4 and 7, 
r e s p e c t i v e l y .  

Area 3 /4  Area 6/7 

ForaRing Guild Trend P Trend P 
( X  of t o t a l  b i r d  d e n s i t y )  

Ground Increased  
Fol iage  Decreased 
Bark Increased  
F1 y ca t c h - 

Nest ing 
( X  of t o t a l  b i r d  dens i ty )  

Ground Increased  
Low Canopy Increased  
High Canopy Decreased 
1 ' c a v i t y  Increased  
2' c a v i t y  Decreased 

# Expected t o  i n c r e a s e  due t o  logg ing  
( dens i ty  
Dark-ey ed Junco Increased 
Chipping Sparrow Increased  
American Robin Increased  
Swainson's Thrush Increased.  
Western Tanager Increased  

# Expected t o  decrease  due t o  logging  
(dens i ty  1 
Red-breasted Nuthatch Increased  
S o l i t a r y  Vireo No change 
Townsend's Warbler Increased  
Golden-crowned Kingle t  Decreased 

.001* Increased  .006* 

.382 Decreased ,991 

.128 Decreased .804 
Increased  .237 

.004* 

.001* 

.144 

. l o4  

.428 

Increased  . l o 2  
Increased  .O 19* 
Decreased .094 
Increased  .853 
Decreased .975 

.004* Increased .258 

.001* Increased  .03 6* 

.009* Increased  .008* 

.367 Increased  .008* 
,027 * Increased  .lo0 

.055 Decreased .333 
1 .ooo Decreased .466 

.365 Decreased .667 

.005* - 

Note: w e  compared t h e  d e n s i t i e s  of area 3 (1984) w i t h  area 4 (1986).  a n d  
area 6 (1984) wi th  area 7 (1985). 

* = s i g n i f i c a n t  a t  p<O.O5. 
- = no t  p re sen t  on s i te .  
# = spec ie s  s e n s i t i v e  t o  logging i d e n t i f i e d  i n  Pe terson  and Pe terson  (1983).  
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abandon ing  t h e  s i t e .  A s i m i l a r  r e s p o n s e  on o u r  p o s t - l o g g i n g  s i t e s .  c o u l d  

o f f s e t  t h e  e f f e c t s  of t h e  h a b i t a t  changes ,  p r o d u c i n g  t h e  minor  changes  w e  

noted i n  t h e  propor t ion  of f o l i a g e  foragers .  

Bark d r i l l e r s  and probers  e i t h e r  dec l ine  fo l lowing  logging due t o  a l a c k  

of forag ing  s u b s t r a t e s  (Franzreb and Ohmart 1978) o r  became more abundant, due 

t o  increased  fo rag ing  s u b s t r a t e  on t h e  ground. increased  ease of access  t o  t h e  

logs  and increased  i n s e c t  prey (Conner and Crawford 1974, Anderson 1979). Our 

r e s u l t s  were incons i s t en t ;  t h e  propor t ions  of t h i s  gu i ld  increased  s l i g h t l y  on 

t h e  Pr ince ton  s i t e  and showed a small d e c l i n e  i n  Merritt. 

F lyca tchers  were absent  from area 3(4). Although t h e  propor t ions  of t h i s  

g roup  of b i r d s  i n c r e a s e d  f o l l o w i n g  l o g g i n g  i n  Merr i t t ,  t h e  change  w a s  n o t  

s i g n i f i c a n t .  Noon e t  a l .  (1979).  and  Maurer  e t  a l .  (1981) o b s e r v e d  t h a t  

f l y c a t c h e r s  disappeared completely fo l lowing  t o t a l  c l e a r c u t t i n g ,  e i t h e r  due t o  

a lack  o f  p e r c h  s i tes ,  o r  b e c a u s e  of a s h i f t  i n  i n s e c t  s p e c i e s  o r  d e n s i t y .  

However, many a u t h o r s  h a v e  r e p o r t e d  t h a t  f l y c a t c h e r s  were more abundan t  i n  

f o r e s t s  w i t h  o p e n i n g s  ( n a t u r a l  o r  man-made) t h a n  i n  f o r e s t s  w i t h o u t  s u c h  

openings .  T h i s  h a s  b e e n  a t t r i b u t e d  t o  a g r e a t e r  abundance  of i n s e c t s .  

a v a i l a b i l i t y  of open  p e r c h e s ,  and  room f o r  a e r i a l  p u r s u i t  (Haapanen 1965. 

K i lgo re  1971, Franzreb and Ohmart 1978, Beedy 1981 and Mannan 1982). 

Var i a t ion  i n  n e s t i n g  g u i l d  propor t ions  may more c l o s e l y  r e f l e c t  h a b i t a t  

changes than  fo rag ing  g u i l d s  do. Mart in  (1988) f e l t  t h a t  spec ie s  r i c h n e s s  and 

dens i ty  may be less  c o r r e l a t e d  w i t h  f o l i a g e  f o r  forag ing  because f o l i a g e  i s  

only an index of food a v a i l a b i l i t y  and a c t u a l  d i s t r i b u t i o n  of food may be only 

loose ly  c o r r e l a t e d  w i t h  fo l i age .  Mart in  continued by s t a t i n g  t h a t  f o l i a g e  i s  

a much more d i r e c t  assay of n e s t  s i tes because i t  provides  t h e  s u b s t r a t e  f o r  

t h e  n e s t  and t h e  cover t o  p r o t e c t  t h e  n e s t  from p reda to r s  and weather.  
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Ground n e s t e r s  tend  t o  b e n e f i t  from logging, due t o  a r educ t ion  i n  canopy 

c o v e r ,  g r e a t e r  s h r u b  c o v e r  and  i n c r e a s e d  l o g  cove r  ( F l a c k  1976 a n d  Morgan 

1984). Table 7 shows t h a t  w h i l e  ground n e s t e r s  increased  s i g n i f i c a n t l y  i n  t h e  

P r i n c e t o n  area, t h e r e  w a s  o n l y  a s l i g h t  change  i n  Merr i t t .  T h i s  v a r i a b l e  

r e s p o n s e  may have  b e e n  due t o  t h e  d i f f e r e n c e s  i n  l o g g i n g  t r e a t m e n t s .  The 

l i m i t e d  amount of t i m b e r  removed f r o m  t h e  Merritt area may h a v e  been  

i n s u f f i c i e n t  t o  b e n e f i t  ground nes t e r s .  

Low canopy n e s t e r s  i nc reased  s i g n i f i c a n t l y  i n  both  areas. A r educ t ion  i n  

t h e  tree canopy would l i k e l y  a t t r a c t . h i g h e r  d e n s i t i e s  of s p e c i e s  t h a t  p r e f e r  

t o  n e s t  i n  low s h r u b s ,  b e n e a t h  a p a r t i a l  canopy,  s u c h  as  Dusky F l y c a t c h e r ,  

Amer ican  Robin  a n d  Ch ipp ing  Spar row (Johnson 1963, Mannan 1982,  S z a r o  a n d  

Balda 1986 and Cannings e t  al. 1987). 

Due t o  t h e  removal of the canopy n e s t i n g  s u b s t r a t e ,  w e  expected t o  see a 

sharp  d e c l i n e  i n  t h e  p ropor t ion  of h igh  canopy nes t e r s .  I f  c e r t a i n  b i r d s  were 

capable  of modifying their  concept of t h e  n e s t i n g  he igh t ,  as Morrison 

(1981) noted  w i t h  t h e  s h i f t i n g  of fo rag ing  he igh t s ,  they  could e x p l o i t  a l t e r e d  

hab i t a t s .  F l e x i b i l i t y  such as t h i s ,  by h igh  canopy n e s t e r s  could produce t h e  

less-than-expected responses  of t h i s  g u i l d  t o  logging. 

The abundance  of c a v i t y  n e s t e r s  u s u a l l y  d e c l i n e s  f o l l o w i n g  l o g g i n g ,  

p r i m a r i l y  due  t o  t h e  l o s s  of s u i t a b l e  n e s t  s i t es  ( F l a c k  1976, Webb 1977, 

Mannan 1982, P e t e r s o n  and  P e t e r s o n  1983, and  Raphael  and  W h i t e  1984) .  Our 

r e s u l t s  d id  n o t  fo l low observed t rends.  Following logging, t h e  propor t ion  of 

1' c a v i t y  n e s t e r s  i n c r e a s e d  v e r y  s l i g h t l y ,  w h i l e  2' c a v i t y  n e s t e r s  showed a 

s l i g h t  decl ine.  We can o f f e r  no exp lana t ion  f o r  these r e s u l t s .  

Bird s p e c i e s  expected t o  i n c r e a s e  due t o  logging  a l l  showed s i g n i f i c a n t  

i nc reases  (Table 7). However, of t h e  4 s p e c i e s  t h a t  were expected t o  d e c l i n e  

p o s t - c u t t i n g ,  o n l y  Golden-crowned K i n g l e t s  r e sponded  as p r e d i c t e d .  The 

changes  i n  t h e  d e n s i t i e s  of t h e  o t h e r  3 s p e c i e s  were i n c o n s i s t e n t ;  showing  
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i nc reases  on t h e  s i t e  t h a t  w a s  most i n t e n s e l y  logged. w h i l e  dec l in ing  s l i g h t l y  

on t h e  s e l e c t i o n  c u t  area. Conceivably. annual  v a r i a t i o n s  masked t h e  expected 

post-cut t i n g  dec l ines .  

According t o  Webb et a. (1977) t h e  av i fauna  i n  unlogged f o r e s t s  are  n o t  

s u p p l a n t e d  by a t o t a l l y  d i f f e r e n t  f a u n a  a f t e r  l ogg ing .  O t h e r s  h a v e  found 

similar results, concluding t h a t  t h e  e f f e c t s  of f o r e s t  p r a c t i c e s  vary  w i t h  t h e  

t y p e  and  a g e  of t h e  s t a n d s .  t h e  s i l v i c u l t u r a l  method employed a n d  t h e  

i n t e n s i t y  of a p p l i c a t i o n  of t h e  t r e a t m e n t s  and t h a t  no i n t e n s i t y  o r  method can 

be s e l e c t e d  as being b e t t e r  o r  worse (Webb 1977. Freedman et &. 1981. Maurer 

-- e t  a l .  1981. S z a r o  and B a l d a  1986). Our r e s u l t s  s u p p o r t  t h e s e  c o n c l u s i o n s .  

While some s p e c i e s  w e r e  absent  fo l lowing  logging, r e s u l t i n g  i n  a d e c l i n e  i n  

s p e c i e s  r i c h n e s s .  o t h e r  s p e c i e s  w e r e  found o n l y  on  t h e  a l t e r e d  s i t e s .  

Overal l ,  t o t a l  b i r d  dens i ty  and b i r d  s p e c i e s  d i v e r s i t y  increased  on both  sites 

fol lowing logging. 

,. 

The p o s i t i v e  r e l a t i o n s h i p s  between t h e  e x t e n t  of f o r e s t  f ragmenta t ion  and 

t h e  d e g r e e  of n e s t  p a r a s i t i s m  a n d  n e s t  p r e d a t i o n  a re  areas of c o n c e r n  t o  

Bri t t ingham and Temple (1983). Wilcover (1985) and Mart in  (1988). A s  f o r e s t s  

become more fragmented due t o  logging, a l a r g e r  p o r t i o n  of f o r e s t  i n t e r i o r s  

become a v a i l a b l e  t o  n e s t  p a r a s i t e s  (e.g. Brown-headed Cowbird) and predators .  

T h i s  may r e s u l t  i n  l o w e r  r e p r o d u c t i v e  s u c c e s s  a n d / o r  t h e  l o s s  of c e r t a i n  

s e n s i t i v e  species .  I n  our  study. Cowbirds were more numerous on t h e  more open 

si tes and increased  i n  dens i ty  a f t e r  logging of area 6 (Tables 2 and 3). 

The l o g g i n g  methods  (and i n t e n s i t i e s )  s t u d i e d  h e r e ,  a p p e a r  n o t  t o  have  

d rama t i ca l ly  harmed t h e  av ian  community. However, i f  t h e  c u r r e n t  p r a c t i c e  of 

f o r e s t  f ragmenta t ion  results i n  increased  n e s t  p a r a s i t i s m  and/or predat ion.  w e  

suggest  t h a t  t h e r e  w i l l  be dramat ic  changes i n  t h e  b i r d  s p e c i e s  composition of 

North American f o r e s t s .  
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Bird-habi ta t  r e l a t i o n s  h i p s  

Table 8 shows t h e  results of t h e  c o r r e l a t i o n s  between av ian  and h a b i t a t  

va r i ab le s .  Bi rd  s p e c i e s  d i v e r s i t y  w a s  s i g n i f i c a n t l y  (p<0.02) c o r r e l a t e d  w i t h  

t h e  number of T r e m b l i n g  Aspen p r e s e n t .  A s  t h e  r a t i o  of D o u g l a s - f i r  t o  

T r e m b l i n g  Aspen i n c r e a s e d  t h e r e  w a s  a s i g n i f i c a n t  ( p < . O l ) .  n e g a t i v e  

r e l a t i o n s h i p  w i t h  t h e  d i v e r s i t y  of b i rds .  Many au thors  (Odum 1950. Wintern i tz  

1976. Winkler and Dana'1977. and Beedy 1981) have noted  t h a t  s t a n d s  dominated 

by c o n i f e r o u s  t rees  u s u a l l y  s u p p o r t e d  a l e s s  d i v e r s e  b i r d  p o p u l a t i o n .  t h a n  

e i t h e r  mixed or deciduous dominated f o r e s t s .  

Ground f o r a g e r s  were n e g a t i v e l y  a s s o c i a t e d  w i t h  developed s t a n d s  (i.e. 

d e n s e  canopy cover .  h i g h  stem d e n s i t y  a n d  h i g h  b a s a l  area).  w h e r e a s  f o l i a g e  

s e a r c h e r s  a p p e a r e d  t o  p r e f e r  s u c h  f o r e s t s .  T h i s  s u p p o r t s  t h e  f i n d i n g  of 

o t h e r s  (Franzreb and Ohmart 1978. Maurer -- e t  al. 1981. and Morgan and Freedman 

1986). 

F l y c a t c h e r s  a p p e a r e d  t o  be  l e s s  numerous  i n  s t a n d s  w h e r e  D o u g l a s - f i r  

dominated .  a n d  on  s i tes  w h e r e  t h e r e  w a s  a h i g h  d e n s i t y  of stems l e s s  t h a n  

10 c m  i n  diameter.  Such s t a n d s  as these .  may have been less s u i t a b l e  because 

of i n s u f f i c i e n t  perches. r e s t r i c t e d  mobi l i ty .  o r  i n a p p r o p r i a t e  i n s e c t  prey. 

Low canopy n e s t e r s  were n e g a t i v e l y  a s s o c i a t e d  w i t h  s t a n d  development. 

w h e r e a s  i n c r e a s i n g  t r e e  c o v e r  a p p e a r e d  t o  p romote  h i g h e r  numbers  of h i g h  

canopy nes t e r s .  Franzreb and Ohmart (1978) s i m i l a r l y  found t h a t  low canopy 

n e s t e r s  were more abundant on d i s tu rbed  sites. w h i l e  h igh  canopy n e s t e r s  were 

more common on uncut s tands.  

Although w e  t e s t e d  b i r d  dens i ty .  s p e c i e s  r i c h n e s s  and t h e  p ropor t ion  of 

bark  foragers .  ground nes t e r s .  and pr imary and secondary c a v i t y  n e s t e r s  w i t h  

t h e  h a b i t a t  v a r i a b l e s  l i s t e d  i n  T a b l e  8. w e  f o u n d  n o  s i g n i f i c a n t  

r e l a t i o n s h i p s .  
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Table 8. Summary o f  r e s u l t s  of c o r r e l a t i o n  a n a l y s i s  b e t w e e n  a v e r a g e  a v i a n  
community and h a b i t a t  v a r i a b l e s .  Only s i g n i f i c a n t  c o r r e l a t i o n  
r e s u l t s  are l i s t e d .  See below f o r  acronym d e f i n i t i o n s .  

Foraging g u i l d s  Nesting g u i l d s  
(W of t o t a l )  ( X  of t o t a l )  

Low High 
Habi ta t  v a r i a b l e  BSD Ground Fol iage  Flycatch canopy canopy 

F H D I  
TSDI 
BAAR 
CAVO 
TRCO 
DECO 
coco 
COCO/DECO 
GRCO 
LOCO 
ST. <lo cm dbh 
ST. 10-20 c m  dbh 
ST. 20-40 cm dbh 
ST. >40 c m  dbh 
ST. <10 m t a l l  
ST. 10-20 m t a l l  -.711* 
ST. >20 m t a l l  -.732* 
# snags 
T o t a l  stems 
# Tr. Aspen .802** 
1) Pine 
# Douglas-f i r  
# D.-f i r /  

# Tr .  Aspen -953. *** 

-. 849*** -. 865*** -. 810** 
-. 819** 

-. 85 2*** 
-.779* 
-.870*** 

-. 845*** -. 88 l*** 
-.862*** 

-. 862*** 

-.825** 

.727* 

.811** 

.704* 
-.766* .728* 
-.801** .834*** 

-.787* .805** 
-.761* 

.904*** -.730* 

.770* -.740* 

.867*** 

.870*** 

.885*** 

.902*** 

.932*** 

.882*** 

.909*** -. 792** 

p , . o l  ***, pc.02 * * s  P<*05 * 

F H D I  = Foliage Height Divers i ty ,  TSDI = Tree Species  Divers i ty ,  BAAR = Basal 
Area, CAVO = Canopy Volume, TRCO = T o t a l  Tree Cover, DECO = Deciduous Cover, 
COCO = Coniferous Cover, COCO/DECO = Rat io  of Coniferous Cover t o  Deciduous 
Cover, LOCO = Log Cover, ST. = Number of Stems/ha t D.- 
f i r / #  Tr. Aspen = Rat io  of t h e  Number of Stems/ha of Douglas-fir  t o  Trembling 
Aspen. 

GRCO = Ground Cover, 

BSD = Bird Species  D i v e r s i t y  
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Table 9 shows t h e  r e s u l t s  of t h e  c o r r e l a t i o n  a n a l y s e s  b e t w e e n  b i r d  

s p e c i e s  and t h e  same h a b i t a t  va r i ab le s .  I n  summary. Northern F l icker .  Red- 

naped Sapsucker, Hairy Woodpecker. American Robin, S o l i t a r y  Vireo, Warbling 

Vireo, Orange-crowned Warbler. Chipping Sparrow and Cassin's  Finch appeared t o  

be  a s s o c i a t e d  w i t h  more  open  areas. w i t h  a b u n d a n t  low s h r u b s  a n d / o r  a h i g h  

number of d e c i d u o u s  trees. I n  c o n t r a s t ,  Red-b reas t ed  Nutha tch .  Swa inson ' s  

Thrush. Yellow-rumped Warbler. Townsend's Warpler and Pine S i s k i n  appeared t o  

be a s s o c i a t e d  w i t h  a wide range of h a b i t a t s ,  from s t a n d s  of mixed deciduous 

and con i f e rous  trees t o  those  f o r e s t s  dominated by con i f e r s .  General ly ,  t h e s e  

r e s u l t s  suppor t  t h e  observa t ions  of o t h e r s  (e.g. Franzreb 1978. Kroodsma 1982. 

P e t e r s o n  and  P e t e r s o n  1983. S z a r o  and  B a l d a  1986. and  Cannings  -- e t  a l .  1987) .  

Other b i r d  s p e c i e s  were t e s t e d  f o r  h a b i t a t  a s soc ia t ions .  bu t  w e  d id  n o t  f i n d  

s i g n i f i c a n t  co r re l a t ions .  This  may suggest  t h a t  many s p e c i e s  of b i r d s  have 

broad h a b i t a t  requirements.  

F igu re  2 d i s p l a y s  t h e  r e s u l t s  of t h e  c l u s t e r  a n a l y s i s  by area by y e a r ,  

based on p ropor t iona l  s i m i l a r i t y  c o e f f i c i e n t s .  I f  v e g e t a t i o n  c h a r a c t e r i s t i c s  

a re  more i m p o r t a n t  t h a n  y e a r  t o  y e a r  v a r i a b i l i t y  of e x t r i n s i c  f a c t o r s  (e.g. 

w e a t h e r ) .  i n  d e t e r m i n i n g  t h e  s i z e  a n d  c o m p o s i t i o n  of  t h e  a v i f a u n a ,  t h e n  t h e  

s tudy areas should c l u s t e r  by v e g e t a t i o n  s i m i l a r i t y .  With t h e  except ion  of 

t h o s e  s i t e s  m o d i f i e d  by l o g g i n g ,  a n  area s h o u l d  b e  mos t  s i m i l a r  t o  i t s e l f .  

from y e a r  t o  year. However, i f  e x t r i n s i c  f a c t o r s  are more impor tan t  than  t h e  

v e g e t a t i o n ,  t h e n  t h e  s t u d y  s i t e s  s h o u l d  c l u s t e r  by  y e a r s  ( S z a r o  a n d  Ba lda  

1986).  Our r e s u l t s  (Fig.  2) i n i t i a l l y  s u g g e s t e d  a compromise  b e t w e e n  t h e  2 

hypotheses; some p a i r i n g  occurred  between t h e  same years .  and o t h e r s  between 

t h e  same area. However. by e x a m i n i n g  e a c h  of t h e  f i r s t  o r d e r  l i n k a g e s  (i.e. 

when only  2 l i n e s  are l inked) .  6 out of 8 involved t h e  same areas (e.g. area 8 

1985 and a rea  8 1986).  T h i s  s t r o n g l y  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  
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Table 9 .  Summary of results of correlation analyses between average bird density and habitat variables. 
Only significant correlations results are listed. See below for acronym definitions. 

Bird species NOPL RNSA HAWO RBNU SWTH AMRO SOVI WAVI OCWA YRWA TOWA CHSP CAFI eIsI 
___________I_ __ ~ _. .. . .. -. 

Habitat variable 

FHDI 
TSDI 
BAAR 
CAVO 
TRCO 
DECO 
coco 
COCO/DECO 
GRCO 
LOCO 
ST. (10cm dbh 

10 ST. 10-20cm 
ST. 20-40cm 
ST. >40cm 
ST. (10m tall 
ST. 10-20m 
ST. 20m 
# Snags 
Total stems 
Y Tr. Aspen 
# Pine 
Douqlas-f ir 
D. -f ir/Tr .Asp. 

d 

-.83** .85*** 
- * 77* -. 87"* .73* 

-,82** .73* 
-.85*** .76* 

-. 87*** -.71* .78* 
.83*** 

.76* .88*** 

.92*** 
.86*** -.79** .76* 

- .11* .73* -.75* 

-.81** 
-.76* -.74* 
-.72* -.72* 
-.78* 
-.72* .75* -.71* 
-.83** 

-.71* 

-. 86*** 
.78* 

.76* -.74' .11* .76* 

.74* 

-. 86"' 

p(.Ol = ***, pc.02 = **, p(.05 = * 
FHDI=Foliaqe Height Diversity, TSDI=Tree Species Diversity, klAAR=Hasal Area, CAVO=Canopy Volume, 
TRCO=Total Tree Cover, DECO=Deciduous Cover, COCO=Coniferous Cover, COCO/DECO=Rat io of Coniferous 
Cover to Dedicuous Cover, GRCO=Ground Cover, LOCO=Log Cover, ST.=Number of Stems/ha. 

NOFL=Northern Flicker, RNSA=Red-naped Sapsucker, HAWO=Hairy Woodpecker, RBNU=Red-breasted Nuthatch, 
SWI"=Swdinson's Thrush, AMHO=American Hobin, SOVI=Solitary Vireo, WAVl=Wiirblinq Vireo, OCWA=Oranqe- 
crowned Warbler, YRWA=Yellow-rumped Warbler, TOWA=Townsend's Warbler, CHSP=Chipping Sparrow, 
CAFI =Cas5 i n I s Fi nc h, PI SI =Pi ne Si s k in . 
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Figure 2. C l u s t e r  a n a l y s i s  dendrogam of c o e f f i c i e n t s  of p r o p o r t i o n a l  s i m i l a r i t i e s  based  o n  t h e  
d e n s i t i e s  of a l l  s p e c i e s  of b i r d s  observed on a l l  sites from 1983 t o  1986. 



composi t ion of t h e  b i r d  community was l a r g e l y  c o n t r o l l e d  by t h e  vegetat ion.  

Szaro and Balda (1986) came t o  t h e  same conclusion. 

D e t e r m i n i n g  w h e r e  a n  a r ea  e n t e r s  t h e  c l u s t e r  ( g r e a t e r  o r  l e s s  t h a n  t h e  

mean l inkage  d i s t ance  between a l l  p a i r  combinations) i s  a way t o  d i s t i n g u i s h  

d i s t i n c t  g r o u p i n g s  (Holmes e t  a l .  1979).  F i g u r e  2 i n d i c a t e s  t h a t  areas  2 

and 3 were q u i t e  d i s t i n c t  f r o m  t h e  o t h e r s  i n  terms of  a v i a n  communi t i e s .  

Area 2, t h e  most heav i ly  c u t  s tand,  w i t h  numerous Trembling Aspen, and pockets  

of shrubby mixed deciduous and i s o l a t e d  l a r g e  Douglas-fir, supported t h e  most 

d i v e r s e  b i r d  community.  Area 3 on t h e  o t h e r  hand,  w a s  u n c u t  and t h e  most  

t tconiferoustt  of all t h e  s tands ,  having t h e  h i g h e s t  c o n i f e r  cover, t h e  denses t  

canopy volume, and t h e  g r e a t e s t  number of coni fe rous  stems. This  s i t e  had t h e  

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

av i fauna  of c o n i f e r  f o r e s t s  are f r equen t ly  less d i v e r s e  than  t h a t  occur r ing  i n  

mixed o r  pure  deciduous f o r e s t s .  

The f i r s t  l i n k a g e  t o  t h e  l e f t  of t h e  mean l i n k a g e  l i n e ,  i s  w h e r e  t h e  

P r i n c e t o n  areas j o i n  t h o s e  f r o m  Merritt.  T h i s  s u g g e s t s  t h a t  i n  t e rms  of 

s p e c i e s  c o m p o s i t i o n  and  d e n s i t i e s ,  t h e  P r i n c e t o n  and  M e r r i t t  a reas  had 

d i s  similar av ian  com muni t i e  s. 

Figure  3 shows t h e  r e s u l t s  of t h e  c l u s t e r  a n a l y s i s  of t h e  s t a n d a r d i z e d  

d e n s i t i e s  of t h e  20 mos t  common s p e c i e s  of b i r d s .  T h i s  f i g u r e  shows 3 

groupings of b i rds .  From t o p  t o  bottom, group 1 rep resen t s  a spectrum of b i r d  

s p e c i e s  from those  a s s o c i a t e d  w i t h  open, mixed deciduous/coniferous h a b i t a t s  

( t h e  f i r s t  5 s p e c i e s ) ,  t h r o u g h  t h o s e  s p e c i e s  found i n  a b r o a d  r a n g e  of 

h a b i t a t s  ( t h e  n e x t  4 s p e c i e s ) ,  t o  t h o s e  s p e c i e s  more f r e q u e n t l y  a s s o c i a t e d  

w i t h  coni fe rous  f o r e s t s  ( t he  next  4 spec ies )  (Johnson 1963, Meslow and White 

1975, Mannan 1977, Manuwal and Munger 1978, Beedy 1981, Holmes and Robinson 

1981, Mannan 1982, Franzreb 1983, Pe terson  and Pe terson  1983, Szaro and Balda 

1986, and  Cannings  e t  a l .  1987). Group 2 i s  made up  of spec ie s  s t r o n g l y  
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a s s o c i a t e d  w i t h  deciduous vege ta t ion .  e s p e c i a l l y  Trembling Aspen. i n  e i t h e r  

e d g e  s i t u a t i o n s .  o r  i n  open  h a b i t a t s  ( James  1971. Kilham 1971. Conner -- e t  al .  

1975. C r o c k e t t  and  Hadow 1975. G a l l i  e t  al. 1976. F r a n z r e b  1978. and  K e i s k e r  

1987).  The 3 s p e c i e s  making  up  group 3 a r e  c o n s i d e r e d  by many a u t h o r s  t o  

r e p r e s e n t  s p e c i e s  of m a t u r e  f o r e s t s  ( K e s s l e r  1980. V e r m e e r  1980. Kroodsma 

1982. and Pe terson  and Peterson 1983). 

F u r t h e r  evidence suppor t ing  t h e  hypothes is  t h a t  h a b i t a t  c h a r a c t e r i s t i c s .  

t o  a l a r g e  e x t e n t .  c o n t r o l  t h e  s p e c i e s  c o m p o s i t i o n  a n d  d e n s i t y  of b i r d s .  i s  

i l l u s t r a t e d  i n  F i g u r e s  4 a  and  4b. F i g u r e  4 a  r e p r e s e n t s  t h e  c l u s t e r i n g  of 

areas b a s e d u p o n  standardizedvegetationvariables. a n d  F i g u r e  4b i s  b a s e d  

upon s tandard ized  average d e n s i t i e s  of t h e  19 most common s p e c i e s  of b i rds .  

The l i nkage  p a t t e r n s  are ext remely  similar.  Again. areas 2 and 3 appear  t o  be 

most d i s s i m i l a r .  i n  terms of v e g e t a t i o n  and b i rds .  I n  addi t ion .  F igures  4a 

and 4b show t h a t  t h e  Pr ince ton  s tudy  areas were more-or-less d i s t i n c t  from t h e  

Merritt sites. 

I n  a f i n a l  a t t empt  t o  examine t h e  r e l a t i o n s h i p s  between h a b i t a t  s t r u c t u r e  

and  t h e  a v i a n  community,  w e  a n a l y z e d  a p o r t i o n  of t h e  v e g e t a t i o n  d a t a  u s i n g  

p r i n c i p a l  componen t s  a n a l y s i s  (PCA). W e  r e d u c e d  t h e  number of v a r i a b l e s  

c o n s i d e r a b l y  due  t o  r edundancy  c a u s e d  by  v a r i a b l e  i n t e r - c o r r e l a t i o n s .  

However. t h e  results of t h i s  a n a l y s i s  should be considered d e s c r i p t i v e .  r a t h e r  

t h a n  mathemat ica l ly  r igorous.  due t o  t h e  s m a l l  sample s ize .  Table 10 shows 

t h a t  t h e  f i r s t  component  a c c o u n t e d  f o r  38.4% of t h e  h a b i t a t  v a r i a t i o n .  a n d  

l o a d e d  h e a v i l y  o n  t o t a l  c o n i f e r  cover .  t h e  d e n s i t y  of D o u g l a s - f i r  s tems and  

the dens i ty  of snags. The second component represented  a g rad ien t  from open 

s t a n d s  w i t h  abundan t  h e r b  and  ground cover .  t o  d e n s e  mixed s t a n d s  w i t h  a n  

e v e n l y  d e v e l o p e d  f o l i a g e  p r o f i l e  (i.e. h i g h  f o l i a g e  h e i g h t  d i v e r s i t y ) .  The 

s e c o n d  component  a c c o u n t e d  f o r  a n  a d d i t i o n a l  24.2% of t h e  v a r i a t i o n .  PCA 

3 0  
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F i g u r e  3 .  C l u s t e r  a n a l y s i s  of dendrogram of b i r d  s p e c i e s  d e n s i t i e s  i n  P r i n c e t o n  and Merritt from 1983 t o  
1986. 
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Figures  4a and 4b. C lus t e r  a n a l y s i s  dendrograms based upon average vege ta t ion  v a r i a b l e s  (4a) and average 
b i r d  spec ie s  d e n s i t i e s  (4b). 



Table 10. Results of principal components analysis  of vegetation variables .  

I I1 i11 

Eigenvalue 

% of t o t a l  variance explained 

Cumulative % 

3.457 

38.4 

38.4 

2.177 1.617 

24.2 18 .O 

62.6 80.6 

Components loading on variables 

Number of Douglas-fir stems/ha .8 995 -. 1985 -.0113 

Number of Trembling Aspen stems/ha -.5291 -.0553 ,5976 

Number of pine stems/ha .3839 .0328 .2963 

Number of snags/ha 

% Ground cover 

% Log cover 

% Total coniferous cover 

% Total deciduous cover 

Foliage height d ivers i ty  

.8887 -.3915 .1622 

.1943 -.8028 .5257 

.5096 -. 0647 -.7377 

.8945 .2388 .3 648 

.0057 .807 1 .4380 

.5769 .7890 .023 1 
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axis 3 l o a d e d  o n l y  p e r c e n t  l o g  cove r .  and  a c c o u n t e d  f o r  a n o t h e r  18.0% of t h e  

v a r i a t i o n .  f o r  a cumulative t o t a l  of 80.6%. 

The f a c t o r  s c o r e s  of each component upon each area were used t o  q u a n t i f y  

a p a r t i c u l a r  site's p o s i t i o n  on each axis. These s c o r e s  were then  c o r r e l a t e d  

w i t h  a v i a n  v a r i a b l e s  ( T a b l e  11 and F i g u r e s  5 and  6). The p o s i t i o n s  of h i g h  

canopy n e s t e r s  and f o l i a g e  searches  i n  F igure  5 sugges t s  t h a t  b i r d s  i n  t h e s e  

g u i l d s  were a s s o c i a t e d .  p r i m a r i l y  w i t h  con i f e rous  f o r e s t s .  I n  con t r a s t .  ground 

fo rage r s ,  and low canopy n e s t e r s  appeared t o  be a s s o c i a t e d  w i t h  open s t a n d s  

and dense growths of low vegetat ion.  wh i l e  ground n e s t e r s  appeared t o  s e l e c t  

r e l a t i v e l y  undis turbed  sites. ( i . e .  low l o g  cover) .  

F igure  6 shows the apparent  h a b i t a t  a s s o c i a t i o n s  of 10 spec ie s  of b i rds .  

This  f i g u r e  shows a g r a d i e n t  from dense. undis turbed  con i f e rous  s t a n d  s p e c i e s  

(Golden-crowned K i n g l e t  and  Townsend's W a r b l e r )  t o  t h o s e  s p e c i e s  more  

f r e q u e n t l y  occur r ing  i n  open t o  shrubby h a b i t a t s  (American Robin and Chipping 

Sparrow). The 10 remaining s p e c i e s  l i s t e d  i n  Table 11 were n o t  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  any of t h e  PCA axes. This  sugges t s  t h a t :  w e  d i d  n o t  i nc lude  

t h e  a p p r o p r i a t e  v a r i a b l e s  i n  t h e  ana lys i s .  w e  d id  n o t  measure t h e  h a b i t a t  on a 

f i n e  enough scale.  o r  t h a t  t h e s e  s p e c i e s  have  b r o a d  h a b i t a t  t o l e r a n c e s .  

a l lowing  them t o  e x p l o i t  a wide range of environment. 

Bird d e n s i t y  and climatic v a r i a b i l i t y  

The average tempera tures  and p r e c i p i t a t i o n  t o t a l s  by season  t h a t  occurred 

dur ing  t h e  s tudy  per iod  are presented  i n  Table 12. These d a t a  were reg res sed  

a g a i n s t  9 a v i a n  v a r i a b l e s  (Table 13). Raphael and White (1984) and Szaro and 

Balda (1986) observed s i g n i f i c a n t  nega t ive  c o r r e l a t i o n s  between p r e c i p i t a t i o n  

and  c a v i t y  n e s t e r s .  summer r e s i d e n t s  and  pe rmanen t  r e s i d e n t s .  Permanent  

r e s i d e n t s .  a d a p t e d  t o  w i n t e r  c o n d i t i o n s .  may b e  less  a f f e c t e d  by summer 

weather  t han  t h e  t r o p i c a l l y  der ived  and perhaps more phys io log ica l ly  s e n s i t i v e  

3 4  
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Figure 5 .  Correlations between guild proportions (nesting and foraging) and s i t e  factor scores of the 
habitat principal components. Only those g u i l d s  t h a t  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  1 
principal component ax i s  have been included here. Each axis has been scaled according t o  the 
percentage of the habitat var iat ion i t  explains. 



Table 11. C o r r e l a t i o n s  between g u i l d  p ropor t ions  and s p e c i e s  d e n s i t i e s  w i t h  
p r i n c i p a l  component axes. 

PC I PC I1 PC I11 

Foraging g u i l d s  ( X  of t o t a l  dens i ty )  

Ground f o r a g e r s  
Fol iage  s e a r c h e r s  
Bark probers  and d r i l l e r s  
F lyca tche r s  

Nest ing g u i l d s  (Z of t o t a l  d e n s i t y )  

Ground n e s t e r s  
Low canopy n e s t e r s  
High canopy n e s t e r s  
10 c a v i t y  n e s t e r s  
20 c a v i t y  n e s t e r s  

Average species d e n s i t i e s  

Red-naped Sapsucker 
Hairy Woodpecker 
Northern F l i c k e r  
Empidonax sp.  
Mountain Chickadee 
Red-breasted Nuthatch 
Golden-crowned King le t  
Townsend's S o l i t a i r e  
Swainson's Thrush 
American Robin 
Sol it a ry  Vireo 
Warbling Vireo 
Orange -crowned Wa r b  1 e r 
Y e 1  low-rumped Warbler 
Townsend's Warbler 
Western Tanager 
Chipping Sparrow 
Dark- eye d Junco 
Cas s i n  s Finch 
Pine S i s k i n  

-.889** -. 069 -.193 
.874** -.058 .3 60 

-.158 .195 .099 
-.486 .148 -.667 

-.309 
-.746* 
.776* 

-.349 
.202 

-.252 
.279 

-.310 
-.430 
.129 

-.316 
.845** -. 204 
.075 -. 922** 

-.018 
-.401 
-.247 
.493 
.379 -. 264 

-.722* -. 197 
-.218 
-.073 

-. 143 
-.513 
.512 

-.061 -. 062 

-.742* 
- .618 -. 649 - .5 07 
.512 
.447 -. 298 
.688 
,099 -. 147 
.779* 

-.608 
-.232 
.606 

-.315 
.725* 
.540 

-.070 
.724* 
.346 

.742* 

.112 
-.260 
-.083 
- .067 

-.411 
-.675 
-.386 
-.352 
.128 
.625 
.419 
.287 
.956*** 
.112 

-.386 
- .543 
.216 
.542 
.745* 
,177 
,014 
.589 

-.509 
-.763* 

p<.oo1 ***, pC.01 **. pC.05 * 
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Figure 6 .  Cor re l a t ions  between b i r d  s p e c i e s  d e n s i t i e s  and s i t e  f a c t o r  s co res  of t h e  h a b i t a t  p r i n c i p a l  
components. Only those  s p e c i e s  t h a t  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  1 p r i n c i p a l  component 
a x i s  have  been  i n c l u d e d  he re .  Each a x i s  h a s  b e e n  s c a l e d  a c c o r d i n g  t o  t h e  p e r c e n t a g e  of t h e  
h a b i t a t  v a r i a t i o n  i t  expla ins .  



Table 12. Average  t e m p e r a t u r e s  and  t o t a l  p r e c i p i t a t i o n  by s e a s o n  t h a t  
occur red  du r ing  t h e  study. A or tt-It a f t e r  each  va lue  i n d i c a t e s  
whether above o r  below t h e  10 y e a r  average. 

Temperature (OC) P r e c i p i t a t i o n  (cm) 

Breeding Breeding 
Winter Spring season Winter Spring season 

Pr ince ton  

1982/1983 -2.9+ 9.4+ 14.9+ 151.7- 33.4- 7a.2+ 

19 83 / 1984 -3.2+ 7.0- 15. a+ 117.6- 34.0- 50.0+ 

1984/ 19 85 -5.9- 9.1+ 17.3+ 115.4- 35.2- 15.0- 

1985/1986 -6.8- 8.6+ 15.6+ 167.0- 39.6+ 77.4+ 

Merritt 

19 83 / 19 84 -1.4+ 8.2- 16.9+ 83. o- 33.a+ 36.8- 

198 4/ 19 85 -4.7- 10.2+ 18.1+ 125.1- 37. o+ 34. a- 

19 85 / 19 86 -5.6- 9.5+ 16.6+ 109.5- 60. a+ 149.3+ 

Winter = November through February 
Spring (migratory per iod)  = A p r i l  and May (most migrants  arrive dur ing  t h i s  

Breeding Season - June and J u l y  
pe r iod  (Canning6 e t  a l .  1987)) 
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Table 13. R e s u l t s  of c o r r e l a t i o n  a n a l y s e s  b e t w e e n  a v i a n  v a r i a b l e s  and 
c l i m a t i c  d a t a .  Only s i g n i f i c a n t  c o r r e l a t i o n s  a r e  l i s t e d .  See 
Tables  2 and 3 f o r  des igna t ion  of cav i ty  and non-cavity n e s t e r s  and 
permanent and s u m m e r  r e s i d e n t s .  

Average temperature  Tot a1 p r e c i p i t a t i o n  

Spring + 
Breeding Breeding Breeding 

Winter Spring Season Winter Spring Season Season 

Bird dens i ty  .869** 

Bird spec ie s  d i v e r s i t y  -.782* 

Species  r i chness  

Density of 
c a v i t y  n e s t e r s  

Density of 
non-cavity n e s t e r s  

Densi ty  of 
permanent r e s i d e n t s  

Density of 
summer r e s i d e n t s  

Permanent res iden ts / 
t o t a l  d e n s i t y  

Summer r e s i d e n t s /  
t o t a l  d e n s i t y  

.755* 

.8 14* 

.870** 

-.785* 

.785* 

~~ ~ 

-.855** -.879*** 

Note: The b i r d  v a r i a b l e s  used i n  t h e s e  ana lyses  were t h e  average va lues  f o r  
t h a t  y e a r  f o r  a l l  of t h e  P r i n c e t o n  s t u d y  areas  and  a l l  of t h e  Merritt 
areas. 

p< .01*** 
p< .02** 
p< .05* 
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summer r e s i d e n t s  (Holmes e t  al. 1986) .  I n  o u r  s t u d y .  w e  d i d  n o t  f i n d  any 

s i g n i f i c a n t  r e l a t i o n s h i p s  between groups of b i r d s  (e.g. summer r e s i d e n t s )  and 

t o t a l  p r e c i p i t a t i o n .  However, w e  d id  observe a s t rong  nega t ive  a s s o c i a t i o n  

(p<O.Ol) between t h e  d i v e r s i t y  of b i r d s  and t h e  t o t a l  p r e c i p i t a t i o n  dur ing  t h e  

mig ra t ion  per iod  and t h e  breeding season. Average s p r i n g  tempera ture  appeared 

t o  b e  more c l o s e l y  a s s o c i a t e d  w i t h  t h e  d e n s i t y  of b i r d s .  The d e n s i t i e s  of 

c a v i t y  and non-cavity n e s t e r s  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  (p<0.05) w i t h  t h e  

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

a p p e a r e d  t o  s i g n i f i c a n t l y  (p<0.05) p r o m o t e  h i g h e r  d e n s i t i e s  of summer 

r e s i d e n t s .  The n e g a t i v e  a s s o c i a t i o n  b e t w e e n  t h e  p r o p o r t i o n  of pe rmanen t  

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

summer r e s i d e n t s ,  r a t h e r  t han  an  a c t u a l  drop i n  permanent r e s i d e n t  numbers. 

Whi l e  t h e s e  r e s u l t s  do s u g g e s t  a l i n k  b e t w e e n  c l i m a t e  v a r i a b i l i t y  and  

p o p u l a t i o n  l eve l s ,  w e  mus t  c a u t i o n  t h e  r e a d e r  t h a t  w e  d i d  n o t  h a v e  s i t e  

s p e c i f i c  weather  data, thereby  prevent ing  more r igo rous  analyses .  

CONCLUSIONS 

The results of t h i s  s tudy  showed t h a t  t h e  f o r e s t s  and a s s o c i a t e d  av i fauna  

of Pr ince ton  and Merritt were similar,  and y e t  d i s t i n c t  enough t o  be sepa ra t ed  

by v a r i o u s  s t a t i s t i c a l  methods.  Over t h e  d u r a t i o n  of t h e  s t u d y ,  t o t a l  b i r d  

d e n s i t i e s  remained r e l a t i v e l y  s t a b l e .  bu t  t h e r e  w a s  cons iderable  y e a r  t o  yea r  

v a r i a t i o n  a t  t h e  s p e c i e s  level.  

Changes b r o u g h t  a b o u t  by l o g g i n g  w e r e  o n l y  i n  p a r t  p r e d i c t a b l e .  T h i s  

s u g g e s t e d  t h a t  many of  t h e  s p e c i e s  were more a d a p t a b l e  t o  t h e  a l t e r e d  

vegeta t ion ,  than  w e  expected. Ne i the r  logging method s t u d i e d  h e r e  appeared t o  

be over ly  harmful ,  i n  comparison t o  what might have occurred  t o  t h e  av i fauna  

i f  t h e  s t a n d s  had b e e n  c l e a r c u t .  By c u t t i n g  o n l y  a p o r t i o n  of t h e  c o n i f e r s ,  
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and by l eav ing  most deciduous trees s tanding.  t h e  f o r e s t s  took on a park- l ike 

a p p e a r e a n c e  t h a t  a t t r a c t e d  a w i d e  r a n g e  of b i r d s .  Open-hab i t a t  s p e c i e s .  

spec ie s  a s soc ia t ed  w i t h  vary ing  degrees  of canopy c losures .  edge spec ia l i s t s  

and many c a v i t y  n e s t e r s  exp lo i t ed  t h e s e  modif ied h a b i t a t s .  

We o b s e r v e d  t h a t  s e a s o n a l  w e a t h e r  p a t t e r n s  a p p e a r e d  t o  a f f e c t  t h e  

d e n s i t i e s  of c e r t a i n  groupings of birds .  These a s s o c i a t i o n s  might e i t h e r  mask 

o r  exaggerate  t h e  b i r d  communities'  responses  t o  h a b i t a t  modif icat ions.  For 

example. t h e  i n c o n s i s t e n t  response by c a v i t y  n e s t e r s  t o  logging. may have been 

as much a r e s p o n s e  t o  w e a t h e r  v a r i a b i l i t y  as t o  h a b i t a t  a l t e r a t i o n .  W e  

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

i n v e s t i g a t i o n s  e x a m i n i n g  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  a v i f a u n a  and t h e i r  

hab i t a t .  We a l s o  recommend t h a t  s t u d i e s  such as t h i s .  should be of a longe r  

durat ion.  so t h a t  seasonal  av ian  and c l i m a t i c  v a r i a b i l i t y  can be adequately 

assessed .  

The results of many of t h e  ana lyses  s t rong ly  suggested t h a t  t h e  d i v e r s i t y  

and dens i ty  of t h e  b i r d  community were l a r g e l y  con t ro l l ed  by t h e  s t r u c t u r e  and 

composi t ion of t h e  fo re s t .  On a r eg iona l  level. it would appear  t h a t  a mosaic 

of f o r e s t  types  and ages. w i t h  an  abundant deciduous component would support  

t h e  r i c h e s t  avifauna. However. t h i s  w i l l  open up a g r e a t e r  propor t ion  of t h e  

i n t e r i o r  of f o r e s t s .  a l l owing  h ighe r  n e s t  p a r a s i t i s m  and preda t ion  (as  w e l l  as 

a d v e r s e l y  a f f e c t i n g  t h o s e  s p e c i e s  r e q u i r i n g  l a r g e  t r a c t s  of u n c u t  f o r e s t ) .  

The long- t e rm e f f e c t s  of  f o r e s t  f r a g m e n t a t i o n  a r e  unknown. b u t  most  l i k e l y  

. w i l l  result i n  a very d i f f e r e n t  reg iona l  avifauna.  
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Appendix 1. S c i e n t i f i c  names and acronyms of a l l  b i r d  s p e c i e s  mentioned i n  
t h e  t e x t .  

. 

Red-tailed Hawk 
American Kestrel 
Blue Grouse 
Ruffed Grouse 
Sora 
K i l l d e e r  
Common Nighthawk 
Cal l iope  Hummingbird 
Red-naped Sapsucker 
Williamson's Sapsucker 
Hairy Woodpecker 
Three-toed Woodpecker 
Northern F l i c k e r  
P i 1  e a t  ed Woodpecker 
Olive-sided Flyca tcher  
Western Wood-Pewee 
Willow Flyca tcher  
Hammond's F lyca tcher  
Dusky Flyca tcher  
Western F lyca tcher  
T r e e  Swallow 
Gray Jay 
C la rk ' s  Nutcracker 
American Crow 
Common Raven 
Mountain Chickadee 
Red-breasted Nuthatch 
White-breasted Nuthatch 
Brown Creeper 
Winter Wren 
Go1 den-crowned Kingle t  
Ruby-crowned Kingle t  
Mountain Bluebird 
Townsend's S o l i t a i r e  
Swainson's Thrush 
American Robin 
European S t a r l i n g  
Sol it a r y  Vireo 
Warbling Vireo 
Orange-cr ow ned Warble r 
Nashville Warbler 
Y e l l o w  Warbler 
Yellow-rumped Warbler 
Townsend ' s Warbler 
MacGill ivray ' s Warbler 
Wilson's Warbler 
Western Tanager 
Rufous-sided Towhee 
Chipping Sparrow 
Vesper Sparrow 
Song Sparrow 

Buteo jamaicens is  
Falco spa rve r ius  
Dendragapus obscurus 
Bonasa umbellus 
Porzana Caro l ina  
Characr ius  v o c i f e r u s  
Chrodei les  minor- 
S t e l l u l a  c a l l i o p e  
Sphyrapicus nucha l i s  
Sphyrapicus thyro ideus  
P ico ides  v i l l o s u s  
P ico ides  t r i d a c t y l u s  
Colaptes  a u r a t u s  
Dryocopus p i l e a t u s  
Contopus bo rea l  is  
Contopus sord idulus  
Empidonax t r a i l l i i  
Empidonax hammondii 
Empidonax o b e r h o l s e r i  
Empidonax d i f f i c i l i s  
Tachycineta b i c o l o r  
Pe r i so reus  canadensis  
Nucifraga columbiana 
Corvus brachyrhynchos 
Corvus corax 
Parus aambeli  
S i t t a  canadensis  
S i t t a  c a r o l i n e n s i s  
Ce r th i a  americana 
Troglodytes  t rog lody tes  
Regulus sat rapa 
Regulus ca lendula  
S i a l i a  cur rucoides  
Myadestes townsendi 
Catharus u s t u l a t u s  
Turdus mig ra to r ius  
Sturnus v u l g a r i s  
Vireo s o l i t a r i u s  
Vireo p i l v u s  
Vermivora celata 
Vermivora r u f i c a p i l l a  
Dendroica pe t ech ia  
Dendroica coronata  
Dendroica townsendi 
Oporonis t o l m i e i  
Wilsonia p u s i l l a  
Piranga ludovic iana  
P i p i l o  erythrophthalmus 
S p i z e l l a  pas se r ina  
Poocetes gramineus 
Melospiza melodia 

RTHA 
AMKE 
BLGR 
RUGR 
SORA 
KILL 
CONI 
CAHU 
RNSA 
WISA 
HAW0 
TTWO 
NOEL 
PIWO 
OSFL 
WWPE 
W I F L  
HAFL 
DUFL 
WEFL 
TE SW 
GRJA 
CLNU 
AMCR 
CORA 
MOCH 
RBNU 
WBNU 
BRCR 
WIWR 
GCKI 
RCKI 
MOBL 
TO SO 
SWTH 
AMRO 
EUST 
sov I 
WAVI 
OCWA 
NAWA 
YEWA 
YRWA 
TOWA 
MAWA 
WIWA 
WETA 
RSTO 
(31 SP 
VESP 
SOSP 
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Appendix 1. continued 

White-crowned Sparrow 
Dark-eyed Junco 
Brown-headed Cowbird 
Cas s i n  ' s Finch 
Red Crossbill  
Pine Siskin 
Evening Grosbeak 

Zonotrichia leucophrys 
Junco hyemalis 
Molothrus ater  
Carpodacus c a s s i n i i  
Loxia curvirostra 
Carduelis pinus 
Coccothraustes vespertinus 

WCSP 
DEJU 
BHCO 
CAFI 
RECR 

EVGR 
PIS1 
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