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A b s t r a c t 

I s t u d i e d the e f f e c t s of the Thompson/Nicola Mule Deer 

Forage and S l a s h i n g P r o j e c t on v e g e t a t i o n s t r u c t u r e and b i r d 

s p e c i e s abundance i n the summers of 1990 and 1991. I 

sampled stand s t r u c t u r e and b i r d abundance on t h r e e thinned 

and t h r e e unthinned study s i t e s , each 2 5 ha i n s i z e . 

T h i n n i n g was t a r g e t e d at s m a l l e r s i z e c l a s s e s , and as a 

r e s u l t , there were s i g n i f i c a n t l y fewer sma l l D o u g l a s - f i r 

t r e e s (<10 cm dbh) i n treatment p l o t s . I n d i v i d u a l t r e e 

canopy volumes were not s i g n i f i c a n t l y d i f f e r e n t between 

treatment and c o n t r o l s i t e s . Canopy volumes per hectare 

(m3/ha) of D o u g l a s - f i r t r e e s <10 cm dbh were s i g n i f i c a n t l y 

lower (60% lower) i n t r e a t e d s i t e s . There was no 

s i g n i f i c a n t i n c r e a s e i n herb and shrub cover i n treatment 

s i t e s . Percent cover of down and dead woody d e b r i s was 

s i g n i f i c a n t l y higher i n t r e a t e d s i t e s . 

T h i s t h i n n i n g t r i a l had l i t t l e e f f e c t on the f o r e s t 

b i r d community. Poor understory response, e i t h e r because of 

the e f f e c t s of c a t t l e g r a z i n g , i n s u f f i c i e n t t h i n n i n g , 

l e a v i n g s l a s h on s i t e , or an i n s u f f i c i e n t amount of time 

s i n c e treatment, or a l l f o u r , may e x p l a i n the f a i l u r e of 

ground-and shrub-feeding b i r d s p e c i e s t o i n c r e a s e as 

p r e d i c t e d . Elevated l e v e l s of spruce budworm and Douglas-

f i r tussock moth, and p o t e n t i a l f o r a g i n g h a b i t a t i n other 

f o r e s t s t r a t a may have prevented the p r e d i c t e d r e d u c t i o n i n 

abundance of f o l i a g e - f e e d i n g s p e c i e s . The i n c r e a s e d amount 



of down and dead wood l i k e l y accounted f o r the modest 

i n c r e a s e i n woodpecker use of t h i n n e d s i t e s . 

Chi-square and d i s c r i m i n a n t f u n c t i o n a n a l y s i s suggested 

t h a t s e v e r a l w i t h i n - s i t e b i r d / h a b i t a t a s s o c i a t i o n s e x i s t . 

Northern f l i c k e r s , Vesper sparrows and Chipping sparrows 

were a s s o c i a t e d with open f o r e s t h a b i t a t s i n c o n t r o l s i t e s . 

Yellow-rumped warblers, and Dusky f l y c a t c h e r s were 

a s s o c i a t e d with dense, unthinned h a b i t a t i n treatment s i t e s . 

Ruby-crowned k i n g l e t s , Orange-crowned warblers and Dusky 

f l y c a t c h e r s were a s s o c i a t e d with r i p a r i a n h a b i t a t s i n 

c o n t r o l s i t e s . 

I recommend that g r a z i n g regimes be m o d i f i e d to assess 

the e f f e c t of grazing on v e g e t a t i o n response. S l a s h c o u l d 

be p i l e d t o b e n e f i t ground f o r a g i n g / n e s t i n g s p e c i e s i n s t e a d 

of a l l o w i n g i t to l i e where i t was f e l l e d . Even i f not 

r e q u i r e d f o r snag management, unthinned patches should 

continue to be l e f t as p a r t of the treatment to maintain 

s p a t i a l h a b i t a t heterogeneity. Long-term monitoring of 

both v e g e t a t i o n and b i r d communities i s recommended 

p a r t i c u l a r l y i f the Thompson/Nicola Mule Deer Forage and 

S l a s h i n g P r o j e c t becomes a model f o r t h i n n i n g p r o j e c t s i n 

these f o r e s t types. 
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1. I n t r o d u c t i o n 

T h i nning of overstocked stands i s common i n many areas 

of B r i t i s h Columbia. The primary s i l v i c u l t u r a l o b j e c t i v e 

of t h i n n i n g i s t o i n c r e a s e y i e l d of merchantable timber 

volume (Smith 1986). T h i n n i n g reduces competition from 

neighbouring t r e e s and allows g r e a t e r uptake of water and 

n u t r i e n t s from the r o o t s . The subsequent i n c r e a s e i n the 

f o l i a g e volume, and carbohydrate p r o d u c t i o n allows f o r 

crown and r o o t extension which u l t i m a t e l y l e a d t o i n c r e a s e s 

i n diameter growth (Mann and Lohrey 1972, Smith 1986). The 

temporary r e d u c t i o n of gross t o t a l p r o d u c t i v i t y due t o the 

i n i t i a l r e d u c t i o n of stand d e n s i t y i s then o f f s e t by 

in c r e a s e s i n diameter growth. 

Thinning has p o t e n t i a l l y important consequences f o r 

w i l d l i f e because of the changes i n h a b i t a t s t r u c t u r e t h a t 

i t can induce. I t i s widely acknowledged t h a t h a b i t a t 

s t r u c t u r e can a f f e c t the composition of b i r d communities 

(MacArthur and MacArthur 1961, Anderson and Shugart 1974, 

Balda 1975, Maurer et a l . 1981, Morgan e t a l . 1989). 

A l t e r a t i o n s i n h a b i t a t s t r u c t u r e t h a t leads t o i n c r e a s e s i n 

h a b i t a t complexity u s u a l l y r e s u l t i n i n c r e a s e s i n b i r d 

s p e c i e s d i v e r s i t y (MacArthur and MacArthur 1961, Karr 1961, 

Meslow 1978, Morrison and Meslow 1983). Conversely, 

changes t h a t lead to the e l i m i n a t i o n or r e d u c t i o n of 

s p e c i f i c h a b i t a t components, such as shrubs or standing 

dead t r e e s , can lead t o the r e d u c t i o n i n abundance and 

p o t e n t i a l e x t i r p a t i o n of some s p e c i e s ( K i l g o r e 1971, Pryah 
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and Jorgensen 1974," Bunnell and Alleye-Chan 1984, Raphael 

and White 1984, P e t i t e t a l . 1985). The response of any 

b i r d community to h a b i t a t a l t e r a t i o n w i l l vary among 

s p e c i e s i n accordance with the magnitude of the s t r u c t u r a l 

a l t e r a t i o n (Szaro and Balda 1979, Freedman e t a l . 1981, 

Medin 1985). 

The s t r u c t u r a l changes t h a t t h i n n i n g can produce have 

been used as t o o l s to both enhance and discourage w i l d l i f e . 

I n i t i a l l y , t h i n n i n g was used as a means t o produce browse 

f o r ungulates (Bunnell and Eastman 1976, R o c h e l l e and 

Bunnell 1978, Whitmer et al. 1985; Severson and Uresk 1988) 

and as a t o o l to reduce damage to crop t r e e s by f o r e s t 

p e s t s ( S u l l i v a n and Moser 1986; S u l l i v a n and S u l l i v a n 1988; 

George and Young 1989; Murua and Rodriguez 1989). 

Recently, the changes i n v e g e t a t i o n s t r u c t u r e t h a t t h i n n i n g 

can produce, e s p e c i a l l y those r e g a r d i n g the enhancement of 

a suppressed understory, have been seen as a means to 

manipulate, or a f f e c t b i o l o g i c a l d i v e r s i t y (Hunter 1990). 

The e f f e c t s of t h i n n i n g on f o r e s t b i r d communities are 

l a r g e l y dependent on the s p e c i f i c s i l v i c u l t u r a l 

p r e s c r i p t i o n . Increased l i g h t r e a c h i n g the f o r e s t f l o o r 

and decreased competition f o r water from heavy t h i n n i n g can 

lea d to an increase i n understory growth (McDonnell and 

Smith 1965, 1970, Agee and B i s w e l l 1970, H a l l s 1973, Dien 

and Z e v e l o f f 1980, Doerr and Sandburg 1986, Severson and 

Uresk 1988, H i l t et a l . , 1989), i n c r e a s e d f r u i t y i e l d s from 

understory shrubs (Zeedyk and Evans 1975), and increased 
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seed production from grasses and legumes (Mann and Lohrey 

1972) . 

Increases i n understory v e g e t a t i o n t h a t occur as a 

r e s u l t of t h i n n i n g have been a s s o c i a t e d with increases i n 

the numbers of ground and shrub n e s t i n g / f o r a g i n g b i r d s 

(Hagar 1990, S t r i b l i n g e t a l . 1990, DeGraff et a l . 1992). 

Heavy t h i n n i n g a l s o can a l t e r the d i s t r i b u t i o n p a t t e r n s and 

behaviour of some sp e c i e s because of inc r e a s e d understory 

v e g e t a t i o n (Zwank et a l . 1988) or decreased canopy cover 

(Rolstad and Wegge 1989). More moderate t h i n n i n g on the 

other hand, creates s m a l l e r canopy gaps t h a t can c l o s e 

before having any s i g n i f i c a n t a f f e c t on understory growth, 

b i r d species abundance and d i v e r s i t y (Welsh et a l . 1992), 

or b i r d behaviour (Rolstad 1989). 

Thinning can a l s o p o t e n t i a l l y l i m i t both n e s t i n g and 

f o r a g i n g o p p o r t u n i t i e s f o r some f o r e s t b i r d s p e c i e s . Any 

p r e s c r i p t i o n t hat removes dead s t a n d i n g t r e e s (snags) or 

dying t r e e s , may l i m i t the a b i l i t y of t h a t stand to support 

c a v i t y - n e s t i n g b i r d s (Welsh et a l . 1992). I n i t i a l 

decreases i n stand d e n s i t y and hence canopy volume, can 

a l s o a f f e c t the d e n s i t y of some b i r d s p e c i e s (Morse 1967, 

Balda 1969, Franzreb and Ohmart 1978). The eventual 

i n c r e a s e d growth i n the width and l e n g t h of t r e e crowns, 

however, can create a g r e a t e r f e e d i n g area f o r crown-

f o r a g i n g , i n s e c t i v o r o u s b i r d s (Dien and Z e v e l o f f 1980) . 

In t h i s study, I examined the e f f e c t s of the 

Thompson/Nicola Mule Deer Forage and S l a s h i n g P r o j e c t on 
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the f o r e s t b i r d community i n dry i n t e r i o r D o u g l a s - f i r 

( s c i e n t i f i c names f o r a l l p l a n t s p e c i e s appear i n Appendix 

I) f o r e s t s . 

T h i s t h i n n i n g p r o j e c t had t h r e e main o b j e c t i v e s (Kurta 

1991) : 

1) to provide h a b i t a t d i v e r s i t y f o r w i l d l i f e , 

2) t o improve the snow i n t e r c e p t i o n a b i l i t y of 

ov e r s t o r y t r e e s as l a r g e r crowns develop, and 

3) to improve understory growth. 

To meet these o b j e c t i v e s , the M i n i s t r y of Environment Lands 

and Parks (Kamloops) sponsored a l a r g e - s c a l e t h i n n i n g 

p r o j e c t . The p r o j e c t e d s t o c k i n g d e n s i t i e s f o r these 

t h i n n i n g t r i a l s were 200-600 stems/ha lower than B r i t i s h 

Columbia M i n i s t r y of F o r e s t s standards ( L l o y d et a l . 1990). 

Given t h a t these s i t e s were i n the hot, dry i n t e r i o r 

D o u g l a s - f i r b i o g e o c l i m a t i c sub-zones (IDF x h l and IDF xh2; 

L l o y d e t a l . 1990), and t h a t a l a r g e p o r t i o n of the 

D o u g l a s - f i r s i n the lower f o r e s t s t r a t a was removed, i t was 

p r e d i c t e d t h a t the s t r u c t u r e of these stands would change 

i n at l e a s t four ways. F i r s t , herb and shrub cover would 

i n c r e a s e . Second, i n d i v i d u a l t r e e canopy volume would 

i n c r e a s e . T h i r d , canopy volume on a per hectare b a s i s 

would decrease. Fourth, down and dead woody m a t e r i a l would 

i n c r e a s e . 
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In l i g h t of the p o t e n t i a l consequences of t h i n n i n g on 

the p l a n t community, t h r e e p r e d i c t i o n s were made rega r d i n g 

the impact of t h i s treatment on the f o r e s t b i r d community. 

1) An increase i n the per c e n t cover of shrubs and 

herbs, would lead t o an i n c r e a s e i n the abundance of 

ground/shrub-foraging b i r d s . 

2) Removal of a p o r t i o n of the o v e r s t o r y would l i m i t 

p o t e n t i a l f o r a g i n g h a b i t a t and produce a decrease i n 

abundance of f o l i a g e - f o r a g i n g b i r d s . 

3) Because thinned m a t e r i a l was l e f t on s i t e , 

woodpecker use of t h i n n e d areas f o r f o r a g i n g would 

in c r e a s e . 

My approach to e v a l u a t i n g how the p r e d i c t e d changes i n 

f o r e s t s t r u c t u r e a f f e c t e d t h e f o r e s t b i r d community had 

three steps. F i r s t , I examined community s t r u c t u r e i n 

thinned and unthinned areas. Second, I examined how the 

r e l a t i v e abundance of i n d i v i d u a l s p e c i e s and three s p e c i e s 

groups (ground/shrub-feeding s p e c i e s , f o l i a g e - f e e d i n g 

s p e c i e s , and woodpeckers) were a f f e c t e d by t h i n n i n g . 

T h i r d , because the treatment a l t e r e d the q u a n t i t y and 

s p a t i a l d i s t r i b u t i o n of some h a b i t a t types, I examined the 

w i t h i n - s i t e a s s o c i a t i o n s of i n d i v i d u a l b i r d s p e c i e s with 

d i f f e r e n t s p a t i a l d i s t r i b u t i o n s of h a b i t a t types. 
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2. Study s i t e s 

The Thompson/Nicola Mule Deer Forage and S l a s h i n g 

p r o j e c t was conducted i n IDF x h l and IDF xh2. These two 

f o r e s t types e x i s t as a band along a e l e v a t i o n a l g r a d i e n t , 

from 400-1200 m, i n the Thompson, and Coldwater R i v e r 

v a l l e y s and i n the Okanagan v a l l e y i n the Kamloops F o r e s t 

Region. Together they encompass 604,741 ha or 7.5% of the 

Kamloops Fore s t Region of B.C. (Lloyd e t a l . 1990). 

I chose s i x study s i t e s t h a t were south and east of 

Cherry Creek, B. C. (Figure 1). There were three study 

s i t e s i n thinned areas and three study s i t e s i n unthinned, 

c o n t r o l areas. Each study s i t e was 25 ha i n s i z e . Each of 

my s i x s i t e s was c l a s s i f i e d as being of poor to low f o r e s t 

p r o d u c t i v i t y . Thinning o c c u r r e d t h r e e years p r i o r t o 1990. 

A l l stands had been harvested over the past s e v e r a l decades 

u s i n g a v a r i e t y of methods ( t i e , cordwood, p o r t a b l e m i l l , 

and/or h i g h diameter l i m i t ) . The most r e c e n t h a r v e s t i n g 

a c t i v i t y took place p r i o r t o the 1970's (Kurta 1991). 

Firewood c u t t i n g i s permitted as long as stems are l e s s 

than 30 cm dbh. F l a g r a n t c o n t r a v e n t i o n s of these 

g u i d e l i n e s occurred d u r i n g both of my f i e l d seasons. 

D o u g l a s - f i r , and Ponderosa pine were the most abundant 

t r e e s p e c i e s i n the o v e r s t o r y i n these stands. Both 

sp e c i e s a l s o e x i s t i n the understory. D o u g l a s - f i r was more 

common (stems/ha) than Ponderosa pine i n each stratum. 

There were a v a r i e t y of both c o n i f e r o u s and deciduous 

shrubs i n c l u d i n g Saskatoon berry, s p i r e a , common j u n i p e r , 
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Figure 1. L o c a t i o n of study s i t e s 
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rocky mountain j u n i p e r , rose, k i n n i k i n i k , sheperdia, and 

snowberry. The forb l a y e r was made up of both grasses and 

herbs. Grasses included: p i n e g r a s s , bluebunch wheatgrass, 

rough fescue, and Kentucky b l u e g r a s s . Common herbs were: 

lemonweed, pussy toes, yarrow, fireweed, balsamroot, h e a r t -

l e a f e d a r n i c a , and strawberry. In r i p a r i a n areas, 

t r e m b l i n g aspen, red a l d e r , and paper b i r c h were the most 

common t r e e s . Red-oiser dogwood, Douglas maple, willow, 

and were common understory shrubs. Common herbs were 

twinflower, s t a r Solomon's s e a l , n o r t hern bedstraw, and 

h o r s e t a i l . 

Continuous f i r e s u p p r e s s i o n had d r a m a t i c a l l y a l t e r e d 

the f o r e s t s t r u c t u r e i n these stands. A n a t u r a l f i r e 

r e t u r n i n t e r v a l of approximately seven years (Dave Low, 

s e n i o r b i o l o g i s t , B.C. M i n i s t r y of Environment, Lands and 

Parks, Kamloops Region, p e r s . com.) once formerly 

maintained these stands i n an open p a r k l a n d s t r u c t u r e . 

Without frequent ground f i r e s t o m a i n t a i n t h i s open 

parkland s t r u c t u r e , D o u g l a s - f i r had re-seeded i n the 

understory and now occurs i n very dense patches of t r e e s 2-

5 m t a l l and 2.5-15 cm diameter of o u t s i d e bark measured a t 

1.3 m above ground (dbh). These patches are juxtaposed 

with openings from past l o g g i n g o p e r a t i o n s (e.g., o l d 

roads, s k i d t r a i l s and l a n d i n g s ) , s m a l l meadows, and open 

f o r e s t s t h a t d i d not re-seed t o dense D o u g l a s - f i r . 
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The goal of the Thompson/Nicola Mule Deer Forage and 

S l a s h i n g P r o j e c t was to achieve an average s t o c k i n g d e n s i t y 

of 450 l i v e stems/ha. T h i s p r e s c r i p t i o n r e q u i r e d the 

t h i n n i n g c o n t r a c t o r to save D o u g l a s - f i r t r e e s with f u l l , 

h e a l t h y canopies and remove competing stems w i t h i n 1 to 4 

m. Ponderosa pines of a l l s i z e s were r e t a i n e d wherever 

p o s s i b l e (Kurta 1991). The degree of t h i n n i n g on each s i t e 

v a r i e d from 172 to 1100 t r e e s per ha. V a r i a b i l i t y i n 

s t o c k i n g d e n s i t y was r e l a t e d t o topographic p o s i t i o n . 

N o r t h - f a c i n g or wetter s l o p e s , r e p r e s e n t i n g b e t t e r 

p o t e n t i a l growing s i t e s , were t h i n n e d t o between 400-600 

stems/ha. Ridge tops and s o u t h - f a c i n g or h o t t e r , dryer 

s l o p e s were thinned to between 250-300 stems/ha. Any stems 

> 15 cm dbh were not f e l l e d u n l e s s they were very poor 

q u a l i t y . Snags greater than 50 cm dbh were r e t a i n e d , 

p r o v i d e d t h a t workers d i d not f a l l t r e e s w i t h i n one t r e e 

h e i g h t of the overstory t r e e s p l u s the h e i g h t of the 

m a t e r i a l t h a t was being t h i n n e d . Snags, t h e r e f o r e , occur 

i n pockets of unthinned areas. 
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3. E f f e c t s of t h i n n i n g on the p l a n t community 

The Thompson/Nicola Mule Deer Forage and Thinning 

P r o j e c t was designed t o i n c r e a s e h a b i t a t d i v e r s i t y by 

promoting understory growth and t o improve the snow 

i n t e r c e p t i o n a b i l i t y of o v e r s t o r y t r e e s . T h i s study 

assessed the e f f i c a c y of t h i s t h i n n i n g t r i a l t o produce 

d e s i r e d changes. I t was p r e d i c t e d t h a t herb and shrub 

production would in c r e a s e , i n d i v i d u a l t r e e canopy volume 

would increase, canopy volume on a per hec t a r e b a s i s would 

decrease, and down and dead woody m a t e r i a l would i n c r e a s e . 

Methods 

Vegetation p l o t s 

Vegetation s t r u c t u r e was sampled at 20 s y s t e m a t i c a l l y 

l o c a t e d p l o t s i n each of the s i x study s i t e s i n J u l y and 

August of 1991. Despite the t h i n n i n g treatment v a r y i n g 

according t o slope p o s i t i o n , v e g e t a t i o n sampling was not 

s t r a t i f i e d by slope p o s i t i o n f o r t h r e e reasons. F i r s t , 

r i d g e tops were of t e n very s m a l l i n s i z e making i t 

d i f f i c u l t to sample them e f f e c t i v e l y . Second, i t was o f t e n 

d i f f i c u l t to determine where r i d g e tops began and where 

north or south slopes ended. T h i r d , r i d g e tops, north 

slopes and south slopes were not present i n a l l study 

s i t e s . 

V a r i a b l e - r a d i u s p l o t s were used t o sample t r e e s and 

snags g r e a t e r than 10 cm dbh. I used a w i d e - f i e l d 
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relaskope with a b a s a l - a r e a f a c t o r of 1. V a r i a b l e r a d i u s 

p l o t s were chosen because they are o f t e n more time 

e f f i c i e n t than f i x e d area p l o t s , and are e f f e c t i v e i n the 

sampling of l a r g e t r e e s , e s p e c i a l l y when these occur at low 

d e n s i t i e s . Species, dbh, and h e i g h t were recorded f o r each 

t r e e t h a t was deemed " i n " the p l o t . A l l t r e e s g r e a t e r than 

2.5 cm dbh and l e s s than 10 cm dbh were t a l l i e d a c c o rding 

t o s p e c i e s and stat u s ( l i v e or dead) w i t h i n a 10-m (0.03 

ha), f i x e d r a d i u s p l o t . 

Percent cover of t r e e , shrub, herb, grass, down and 

dead woody m a t e r i a l , bare ground, l i t t e r ( p r i m a r i l y pine 

n e e d l e s ) , and moss plus l i c h e n were estimated i n the same 

10-m r a d i u s (0.03 ha) f i x e d area p l o t as i n Walmsley et a l . 

(1980). Canopy cover above 4 m from the ground was 

estimated using a 'moose horn' (Bunnell and Vales 1989). 

In each ve g e t a t i o n p l o t , canopy cover was measured 17 times 

at 2.5-m i n t e r v a l s along two 20-m long, p e r p e n d i c u l a r 

t r a n s e c t s t h a t i n t e r s e c t e d a t the c e n t r e of the p l o t . The 

17 canopy cover measurements were then averaged to 

determine an o v e r a l l estimate of canopy cover. The i n i t i a l 

t r a n s e c t d i r e c t i o n was a compass b e a r i n g generated from a 

random number t a b l e . 

Canopy volume 

Canopy volume measurements were taken a f t e r v e g e t a t i o n 

sampling was completed and were recorded as i n Sturnam 

(1968). A l l volume measurements were recorded on t r e e s 
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encountered i n e a r l i e r v e g e t a t i o n surveys. The numbers of 

t r e e s f o r each species and i n each diameter c l a s s were 

sampled p r o p o r t i o n a l to occurrence. Canopy volume of t r e e s 

< 10 cm dbh were recorded on t r e e s t a l l i e d i n f i x e d area 

p l o t s . I sampled up to 60 t r e e s both g r e a t e r than and l e s s 

than 10 cm dbh at each study s i t e (Table 1) . Of the t r e e s 

> 10 cm dbh that I p r e v i o u s l y sampled, I randomly s e l e c t e d 

t r e e s from each diameter c l a s s . Two D o u g l a s - f i r t r e e s of 

diameter c l a s s 1 (10-20 cm dbh) and one from diameter c l a s s 

2 (21-30 cm dbh) were sampled a t each v e g e t a t i o n p l o t u n t i l 

quotas were f i l l e d . Trees i n the l a r g e r diameter c l a s s e s 

were sampled o p p o r t u n i s t i c a l l y as they o c c u r r e d i n each 

v e g e t a t i o n p l o t u n t i l quotas were f i l l e d . 

For D o u g l a s - f i r t r e e s l e s s than 10 cm i n diameter, 

t h r e e t r e e s were s e l e c t e d w i t h i n a 10-m r a d i u s from each 

p l o t center. I sampled the c l o s e s t t r e e t o a p o i n t i n the 

p l o t determined by a randomly chosen compass bearing and 

d i s t a n c e from the p l o t c e n t e r . In p l o t s where l e s s than 3 

t r e e s were encountered, I sampled more than 3 t r e e s on 

denser p l o t s to f i l l quotas. Small Ponderosa pine t r e e s 

were sampled o p p o r t u n i s t i c a l l y as they o c c u r r e d i n each 

v e g e t a t i o n p l o t u n t i l quotas were f i l l e d . 

Canopy volumes, expressed as c u b i c meters of f o l i a g e , 

were c a l c u l a t e d f o r each t r e e s p e c i e s and diameter c l a s s . 

These volumes were then m u l t i p l i e d by the a p p r o p r i a t e 

s t o c k i n g d e n s i t y to y i e l d canopy volume on a per hectare 

b a s i s . 
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Table 1. Number of t r e e s sampled f o r canopy volume 
measurements i n each c o n t r o l and treatment p l o t by s p e c i e s 
and diameter c l a s s . 

Diameter Number 
Tree s p e c i e s c l a s s sampled 

D o u g l a s - f i r 0 (2.5-9.9 cm) 60 
1 (10-20 cm) 35 
2 (21-30 cm) 10 
3 (31-40 cm) 3 
4 (41-50 cm) 3 
5 (>50 cm) 3 

Ponderosa pine 0 (2.5-9.9 cm) 3 
1 (10-20 cm) 3 
2 (21-30 cm) 3 
3 (31-40 cm) 3 
4 (41-50 cm) 3 
5 (>50 cm) 3 
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Data a n a l y s i s 

To examine the d i f f e r e n c e s i n s t o c k i n g d e n s i t i e s 

between treatments and c o n t r o l s of l a r g e (>10 cm) l i v e 

t r e e s and snags f o r each dbh c l a s s and t r e e s p e c i e s 

( D o u g l a s - f i r and Ponderosa p i n e ) , I used a one-way a n a l y s i s 

of v a r i a n c e i n which v e g e t a t i o n p l o t s were nested i n 

c o n d i t i o n (treatment and c o n t r o l ; ANOVA t a b l e f o r 

v e g e t a t i o n a n a l y s i s i s presented i n Appendix I I ) . The same 

nested one-way a n a l y s i s of v a r i a n c e was used t o t e s t f o r 

d i f f e r e n c e s between treatments and c o n t r o l s on the s t o c k i n g 

d e n s i t y of small (<10 cm dbh) l i v e and dead D o u g l a s - f i r and 

Ponderosa pine, the t o t a l s t o c k i n g d e n s i t i e s f o r a l l small 

t r e e s and s m a l l c o n i f e r s , and the a r c s i n e transformed cover 

data. F o l l o w i n g Sokal and R o l f (1981), main e f f e c t s were 

i n t e r p r e t e d d e s p i t e occasions where s i g n i f i c a n t nested 

e f f e c t s were detected. A one-way a n a l y s i s o f v a r i a n c e was 

used t o t e s t f o r d i f f e r e n c e s between treatments and 

c o n t r o l s on the canopy volume of i n d i v i d u a l t r e e s and the 

t o t a l canopy volume/ha f o r each dbh c l a s s and t r e e s p e c i e s 

( D o u g l a s - f i r and Ponderosa p i n e ) . 

R e s u l t s 

S t o c k i n g d e n s i t y : Large t r e e s 

D e n s i t i e s of l i v e t r e e s (stems/ha) by s p e c i e s and 

diameter c l a s s e s >10 cm dbh are summarized i n Table 2. The 

d e n s i t i e s of each s p e c i e s and i n each diameter c l a s s d i d 

not d i f f e r s i g n i f i c a n t l y between treatment and c o n t r o l s 
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T able 2. Mean d e n s i t i e s of l i v e t r e e s (stems/ha) > 10 cm 
dbh i n treatment and c o n t r o l s i t e s by t r e e s p e c ies and 
diameter c l a s s . 

DBH 
Species c l a s s C o n t r o l Treatment p-value 

Douglas 1 (10- 20 cm) 198 . 1 171. 8 >0 .25 
- f i r 2 (21- 30 cm) 51. 6 64 . 2 >0 . 25 

3 (31- 40 cm) 17. 4 16. 6 >0 .25 
4 (41- 50 cm) 5 2 4 . 9 >0 .25 
5 (>50 cm) 2 8 2 8 >0 .25 

Ponderosa 1 (10- 20 cm) 13 7 6 6 >0. 25 
p i n e 2 (21- 30 cm) 5 9 5 3 >0 .25 

3 (31- 40 cm) 3 5 3 7 >o .25 
4 (41- 50 cm) 1 8 0 .7 0 . 25<p<0 
5 (>50 cm) 0 . 6 1 . 0 >0 .25 
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(a=0.05). The h i s t o r y of s e l e c t i v e l o g g i n g has r e s u l t e d 

i n a diameter d i s t r i b u t i o n t h a t favours younger/smaller 

t r e e s . For both D o u g l a s - f i r and Ponderosa pine, 

younger/smaller t r e e s were the most common ag e / s i z e c l a s s . 

Stocking d e n s i t y decreased with i n c r e a s i n g diameter c l a s s 

i n both treatments and c o n t r o l s . D o u g l a s - f i r was the most 

common ov e r s t o r y t r e e s p e c i e s i n treatment and c o n t r o l 

s i t e s , and comprised 93% and 83% of o v e r s t o r y stem d e n s i t y 

i n treatment and c o n t r o l s i t e s , r e s p e c t i v e l y . 

D e n s i t i e s of snags by s p e c i e s and diameter c l a s s e s are 

summarized i n Table 3. D e n s i t i e s of each s p e c i e s and i n 

each diameter c l a s s d i d not d i f f e r s i g n i f i c a n t l y between 

treatments and c o n t r o l s . Smaller D o u g l a s - f i r snags were 

the most common s i z e c l a s s . Stocking d e n s i t y of snags 

decreased with i n c r e a s i n g diameter c l a s s i n both treatments 

and c o n t r o l s . Ponderosa pi n e snags i n the s m a l l e s t s i z e 

c l a s s e s were absent i n both treatments and c o n t r o l s . The 

extremely low d e n s i t i e s of l a r g e r diameter c l a s s e s of snags 

r e f l e c t s the logging h i s t o r y of these stands. The removal 

of l a r g e r l i v e t r e e s reduced r e c r u i t m e n t of l a r g e l i v e 

t r e e s i n t o the snag p o p u l a t i o n . In a d d i t i o n , firewood 

c u t t i n g g e n e r a l l y t a r g e t s l a r g e r diameter snags, f u r t h e r 

skewing the diameter d i s t r i b u t i o n i n favour of s m a l l e r 

snags. D o u g l a s - f i r was the most common snag s p e c i e s i n 

treatment and c o n t r o l s i t e s , and comprised 95% of snags i n 

both treatment and c o n t r o l s i t e s . 
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Tab l e 3. Mean d e n s i t i e s of snags (stems/ha) > 10 cm dbh i n 
treatment and c o n t r o l s i t e s by t r e e s p e c i e s and diameter 
c l a s s . 

DBH 
Species c l a s s C o n t r o l Treatment p-value 

Douglas 1 (10-20 cm) 22 . 4 23 . 3 >0. 25 
- f i r 2 (21-3 0 cm) 4 . 1 3 .1 >0 . 25 

3 (31-40 cm) 1.5 1.2 >0. 25 
4 (41-50 cm) 0.7 1.2 >0. 25 
5 (>50 cm) 1.0 1.2 >0 .25 

Ponderosa 1 (10-20 cm) 0.0 0 . 0 n/a 
pin e 2 (21-30 cm) 0.3 0.8 >0. 25 

3 (31-40 cm) 0. 1 0.1 >0 .25 
4 (41-50 cm) 0.7 0 . 3 0.25<p<0 
5 (>50 cm) 0.5 0.4 >0. 25 
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Stocking d e n s i t y : Small t r e e s 

In both treatments and c o n t r o l s D o u g l a s - f i r was the 

common small t r e e (<10 cm dbh) i n the understory (Table 4). 

D o u g l a s - f i r represented 98% and 99% of the understory stems 

i n treatments and c o n t r o l s , r e s p e c t i v e l y . In both 

treatment and c o n t r o l s i t e s a s u b s t a n t i a l p o r t i o n of the 

D o u g l a s - f i r were dead (21% and 30%, r e s p e c t i v e l y ) . The 

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

c o n t r o l s than i n treatments (0.025 < p < 0.01), while the 

d e n s i t y of dead D o u g l a s - f i r d i d not d i f f e r s i g n i f i c a n t l y 

between treatments and c o n t r o l s . Together, there were 

s i g n i f i c a n t l y more D o u g l a s - f i r (both l i v e and dead) i n 

c o n t r o l p l o t s than i n treatments (0.025 < p < 0.01). The 

d e n s i t i e s of l i v e and dead Ponderosa p i n e s and 'other' 

(rocky mountain j u n i p e r , b i r c h , t r e m b l i n g aspen) s p e c i e s 

d i d not d i f f e r s i g n i f i c a n t l y between c o n t r o l s and 

treatments. There were s i g n i f i c a n t l y more c o n i f e r s (0.025 

< p < 0.01), and small t r e e s of a l l s p e c i e s i n c o n t r o l 

s i t e s than i n treatment s i t e s (0.025 < p < 0.01). The 

l a r g e standard e r r o r s a s s o c i a t e d with estimates of the 

d e n s i t i e s of D o u g l a s - f i r i n both c o n t r o l and treatment 

s i t e s were due to the extreme p a t c h i n e s s ( v a r i a b i l i t y ) of 

i n d i v i d u a l , 0.03-ha v e g e t a t i o n p l o t s . Estimates of d e n s i t y 

of D o u g l a s - f i r based on i n d i v i d u a l 0.03-ha v e g e t a t i o n p l o t s 

ranged from 0 to 6000 t r e e s / h a . 
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Canopy volume: Large t r e e s 

There was no s i g n i f i c a n t d i f f e r e n c e of i n d i v i d u a l t r e e 

canopy volumes f o r e i t h e r D o u g l a s - f i r or Ponderosa pine 

between c o n t r o l s and treatments f o r each diameter c l a s s 

(Table 5). On a per h e c t a r e b a s i s , canopy volumes were 

s i g n i f i c a n t l y higher i n c o n t r o l s than treatments f o r 

Ponderosa p i n e s 31-40 cm dbh (0.025 < p < 0.01). 

Conversely, canopy volumes/ha were s i g n i f i c a n t l y h i g h e r i n 

treatments than i n c o n t r o l s f o r Ponderosa pines >50 cm dbh 

(0.05 < p < 0.025; Table 6). 

Canopy volume: Small t r e e s 

I n d i v i d u a l t r e e canopy volumes f o r both D o u g l a s - f i r 

and Ponderosa pine were not s i g n i f i c a n t l y h i g h e r i n 

treatment s i t e s than i n c o n t r o l s as was p r e d i c t e d (Table 

7) . Because of the s i g n i f i c a n t l y higher d e n s i t y of l i v e 

D o u g l a s - f i r i n c o n t r o l p l o t s (Table 4), the t o t a l canopy 

volumes on a per hectare b a s i s were s i g n i f i c a n t l y higher 

f o r D o u g l a s - f i r i n c o n t r o l p l o t s (0.01 < p < 0.005; Table 

8) . The t o t a l canopy volume of Ponderosa pine d i d not 

d i f f e r s i g n i f i c a n t l y d i f f e r e n t between treatment and 

c o n t r o l p l o t s . 

Cover measurements 

The percent cover of g r a s s was not s i g n i f i c a n t l y 

g r e a t e r i n treatment s i t e s than i n c o n t r o l s i t e s (Table 9). 

Herb and low shrubs (< 1 m) cover a l s o showed no response 
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Table 5. Mean canopy volume (m3) of i n d i v i d u a l D o u g l a s - f i r 
and Ponderosa pine t r e e s > 10 cm dbh by diameter c l a s s i n 
c o n t r o l and treatment s i t e s . 

dbh 
Species c l a s s C o n t r o l Treatment p-value 

Douglas 
- f i r . 

Ponderosa 
pine 

1 (10-20 cm) 8.1 5.7 
2 (21-30 cm) 26.9 15.1 
.3 (31-40 cm) 61.5 43.1 
4 (41-50 cm) 95.5 80.3 
5 (>50 cm) 120.6 108.1 

1 (10-20 cm) 9.6 7.8 
2 (21-30 cm) 30.6 18.2 
3 (31-40 cm) 50.4 37.5 
4 (41-50 cm) 61.5 100.1 
5 (>50 cm) 144.6 184.5 

0 . 25<p<0.1 
0.25<p<0.1 

>0.25 
>0. 25 
>0. 25 

>0.25 
>0.25 

0. Kp< .0.05 
>0.25 

0.25<p<0.1 
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Table 6. T o t a l mean canopy volume (m3/ha) f o r D o u g l a s - f i r 
and Ponderosa pine t r e e s > 10 cm dbh i n c o n t r o l and 
treatment s i t e s . 

dbh 
Species c l a s s C o n t r o l Treatment p-value 

Douglas- 1 (10-20 cm) 1623 . 5 940. 2 0.25<p<0.1 
f i r 2 (21-30 cm) 1398 . 6 976. 5 0.25<p<0.1 

3 (31-40 cm) 1079 . 4 749 . 2 0.25<p<0.1 
4 (41-50 cm) 493 . 5 420. 5 >0.25 
5 (>50 cm) 389. 0 399 . 8 >0.25 

Ponderosa 1 (10-20 cm) 171. 3 54 . 1 0.25<p<0.1 
pine 2 (21-30 cm) 190. 6 101. 3 >0. 25 

3 (31-40 cm) 175. 5 146 . 4 0.025<p<0.01 
4 (41-50 cm) 116. 7 58 . 1 >0. 25 
5 (>50 cm) 93 . 1 259 . 1 0 . 05<p<0.025 
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Table 7. Mean i n d i v i d u a l t r e e canopy volume (m3) of t r e e s 
<10 cm dbh i n c o n t r o l and treatment s i t e s . 

Species C o n t r o l Treatment p-value 

D o u g l a s - f i r 1.6 2 . 2 0.25<p<0.1 
Ponderosa pine 2.3 3 . 3 >0.25 

Table 8. T o t a l mean canopy volumes of t r e e s <10 cm dbh 
(m3/ha) i n c o n t r o l and treatment s i t e s . 

Species C o n t r o l Treatment p-value 

D o u g l a s - f i r 1332 .4 227.4 0.01<p<0.005 
Ponderosa pine 66. 2 11.3 >0.25 
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Table 9. Percent cover estimates on treatment and c o n t r o l 
s i t e s . 

Cover v a r i a b l e C o n t r o l Treatment p-value 

Down and dead 12.6 23 . 0 0.01<p<0.005 
L i t t e r 11. 3 9 . 4 >0. 25 
Grass 12 . 5 14 . 8 >0.25 
Bare ground 12 .9 10. 5 0.25<p<0.1 
Tree 5.5 3 . 4 0.01<p<0.005 
Shrub <1 m 9.8 5. 3 0.25<p<0.1 
Shrub 1-4 m 2 . 7 0. 10 0.05<p<0.025 
Herbs 12 . 0 10. 7 >0.25 
Moss & l i c h e n 22.8 22 . 7 >0.25 
Canopy cover 38 . 3 25. 9 >0.25 



25 

to the treatment. Percent cover t a l l shrubs (1-4 m), 

however, was s i g n i f i c a n t l y g r e a t e r i n c o n t r o l s i t e s (0.05 < 

p < 0.025) . 

Because thinned m a t e r i a l was l e f t on s i t e , the percent 

cover of down and dead was s i g n i f i c a n t l y higher i n 

treatment s i t e s than i n c o n t r o l s i t e s ( 0 . 0 K p < 0.005). 

Due to the higher s t o c k i n g d e n s i t y of t r e e s i n c o n t r o l 

s i t e s , the p h y s i c a l space t h a t t r e e t r u n k s occupied was 

s i g n i f i c a n t l y higher (0.01 < p < 0.005) i n c o n t r o l s than i n 

treatment s i t e s . The comparatively low estimates of canopy 

c l o s u r e recorded i l l u s t r a t e s the p a t c h i n e s s of the 

o v e r s t o r y i n both treatments and c o n t r o l s . In a d d i t i o n , 

where s t o c k i n g d e n s i t y was high, a l a r g e p r o p o r t i o n of the 

canopy was dead (Table 4), f u r t h e r c o n t r i b u t i n g to low 

canopy cover estimates. 

D i s c u s s i o n 

The main goal of t h i s t h i n n i n g p r o j e c t was to a l t e r 

f o r e s t s t r u c t u r e f o r the b e n e f i t of w i l d l i f e . Thinning was 

designed s p e c i f i c a l l y t o promote the growth of what was 

b e l i e v e d t o be a p r e v i o u s l y suppressed understory p l a n t 

community and to improve the snow i n t e r c e p t i o n a b i l i t y of 

the o v e r s t o r y t r e e s (Kurta 1991). R e s u l t s from v e g e t a t i o n 

sampling i n d i c a t e d t h a t two of the f o u r i n i t i a l p r e d i c t i o n s 

r e g a r d i n g the e f f e c t s of t h i n n i n g o c c u r r e d as expected. As 
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was i n i t i a l l y p r e d i c t e d , t h i n n i n g r e s u l t e d i n a s i g n i f i c a n t 

i n c r e a s e i n the amount of down and dead woody m a t e r i a l and 

a s i g n i f i c a n t decrease i n the canopy volume per h e c t a r e of 

D o u g l a s - f i r t r e e s . In c o n t r a s t , c o n t r a r y t o p r e d i c t i o n s , 

ground and shrub cover d i d not i n c r e a s e s i g n i f i c a n t l y , nor 

d i d the canopy volume of i n d i v i d u a l t r e e s i n t r e a t e d 

stands. S e v e r a l f a c t o r s c o u l d have c o n t r i b u t e d to the 

n e g l i g i b l e response of these two h a b i t a t v a r i a b l e s a f t e r 

t h i n n i n g . 

Ground cover 

C a t t l e g r a z i n g may have a f f e c t e d ground cover. C a t t l e 

g r a z i n g can change the s t r u c t u r e of g r a s s l a n d v e g e t a t i o n by 

n e g a t i v e l y a f f e c t i n g p l a n t v i g o u r , growth, and p r o d u c t i v i t y 

(Stoddart et a l . 1975) or by r e d u c i n g v e g e t a t i o n d e n s i t y 

(Kosco and Bartolome 1983) thereby a l t e r i n g s p e c i e s 

composition of p l a n t communities (Ryder 1980). C a t t l e 

t r a m p l i n g can a l s o d i s t u r b the cryptogamic l a y e r of 

g r a s s l a n d communities. T h i s l a y e r of l i c h e n s , bryophytes, 

and cyanophytes s t a b i l i z e s the s o i l (Anderson and Rushforth 

1982), enhances s o i l water r e t e n t i o n (Brotherson and 

Rushworth 1983), and i n c r e a s e s s o i l n i t r o g e n content v i a 

f i x a t i o n by cyanobacteria (Cameron and F u l l e r 1960). 

Trampling can reduce the extent of t h i s l a y e r which can 

l e a d t o f u r t h e r a l t e r a t i o n of the p l a n t community. 
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C a t t l e have been grazed i n the IDF x h l and xh2 stands 

i n the Kamloops area s i n c e the l a t e 1800's (Dave Low, pers 

com.). During my two f i e l d seasons c a t t l e were brought on 

to my study s i t e s e a r l y i n May. In 1990, they remained 

u n t i l l a t e June, a f t e r which they were moved to higher 

e l e v a t i o n s . They were then r e t u r n e d t o my study s i t e s i n 

l a t e August. In 1991, c a t t l e remained on two s i t e s (1 

treatment and 1 c o n t r o l ) throughout May t o September. 

Having c a t t l e remain i n these lower e l e v a t i o n stands from 

May to September i s unusual. On the treatment s i t e t h a t 

was s u b j e c t t o c a t t l e g r a z i n g from May t o September, t h e r e 

have been ongoing problems with p o o r l y maintained fences 

which allowed c a t t l e t o r e t u r n a f t e r they had been moved 

out (Mike Deedle, range t e c h n i c i a n , Kamloops F o r e s t 

S e r v i c e ) . On my four other s i t e s c a t t l e were r o t a t e d i n a 

s i m i l a r f a s h i o n t o t h a t i n 1990. C a t t l e have been grazed 

on these s i t e s i n a s i m i l a r manner f o r the l a s t s e v e r a l 

decades. T h e i r i n f l u e n c e i n these stands p r i o r t o, and 

s i n c e the time of t h i n n i n g may have prevented the 

understory from responding as p r e d i c t e d . 

Although c a t t l e g r a z i n g may have been a f a c t o r other 

e x p l a n a t i o n s could account f o r the l a c k of understory 

response. Leaving s l a s h on s i t e may have represented a 

p h y s i c a l b a r r i e r t h a t prevented ground cover from 

responding as i t might have i f s l a s h had been removed. 
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I n s u f f i c i e n t time may have passed f o r the e f f e c t s of 

t h i n n i n g on understory t o manifest themselves i n an 

a p p r e c i a b l e way. Most s t u d i e s examining the e f f e c t of 

t h i n n i n g on understory development were performed anywhere 

from 7 t o 22 years a f t e r t h i n n i n g (Agee and B i s w e l l 1970, 

McDonnel and Smith 1970, Greleh e t a l . 1972, Sassaman et 

a l . 1972, Doerr and Sandburg 1986, Alaback and Herman 1988, 

H i l t and Sonderman 1989, Hagar 1990). In each of these 

other s t u d i e s , s i g n i f i c a n t i n c r e a s e s i n the amount of 

understory v e g e t a t i o n were recorded a t the time of 

examination. Studies t h a t measured v e g e t a t i o n response 

s h o r t l y a f t e r t h i n n i n g , recorded s i g n i f i c a n t i n c r e a s e s i n 

understory v e g e t a t i o n a f t e r 1-2 years (Zwank et a l . 1988, 

S t r i b l i n g e t a l . 1990), 3 years (McDonnell and Smith 

1965), 4 years ( B a r r e t t 1970, A u s t i n and Urness 1982) and 5 

years (Crouch 1986). Crouch (1986) a l s o noted annual gains 

of t o t a l p l a n t p r o d u c t i o n on h e a v i l y t h i n n e d p l o t s i n the 

years immediately a f t e r t h i n n i n g . 

Research elsewhere has shown t h a t t h r e e years was 

p o t e n t i a l l y long enough t o expect a s i g n i f i c a n t response i n 

the p r o d u c t i o n of the u n d e r s t o r y p l a n t community. Most of 

the r e s u l t s reported above, however, were from moister 

f o r e s t types (e.g., A u s t i n and Urness 1982, Crouch 1986, 

Zwank e t a l . 1988, S t r i b l i n g et a l . 1990) . Increased herb 

and shrub cover a f t e r t h i n n i n g i n s i m i l a r f o r e s t types 
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oc c u r r e d i n the absence of g r a z i n g (McDonnell and Smith 

1965, B a r r e t t 1970). The g r a z i n g r e c e i v e d by these stands 

over the l a s t 50+ years may have prevented the understory 

v e g e t a t i o n from responding as p r e d i c t e d even i f c a t t l e had 

been excluded from these s i t e s a f t e r t h i n n i n g . S i g n i f i c a n t 

i n c r e a s e s i n understory v e g e t a t i o n may not occur with the 

continued presence of c a t t l e . Previous r e s e a r c h has shown 

t h a t i n s i m i l a r l y dry areas a p p r e c i a b l e changes i n 

understory v e g e t a t i o n may take a long time t o occur even 

when c a t t l e have been excluded (McLean and T i s d a l e 1972). 

F i n a l l y , the extent of the t h i n n i n g may not have been 

severe enough to generate a s i g n i f i c a n t change i n the 

percent cover of ground cover. However, t h i s t h i n n i n g 

t r i a l d i d s i g n i f i c a n t l y reduce s t o c k i n g d e n s i t y of s m a l l e r 

diameter c l a s s e s of D o u g l a s - f i r s , and d i d r e s u l t i n up t o a 

60% r e d u c t i o n of canopy volume/ha (Figure 2). Given the 

extent of the r e d u c t i o n of canopy volume/ha on these x e r i c 

s i t e s , i t i s not unreasonable to expect an i n c r e a s e i n the 

percent cover of ground v e g e t a t i o n . 

Tree canopy volumes 

There are two p o t e n t i a l reasons why canopy volumes of 

i n d i v i d u a l t r e e s d i d not respond as expected. F i r s t , 

r e l e a s e of t r e e s a f t e r t h i n n i n g i s p r i m a r i l y governed by 

t r e e v i g o u r ( B a r r e t t 1969, Helms and S t a n d i f o r d 1985). Any 
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1 0 0 0 -, 

2 0 0 0 -i 

F i g u r e 2. Comparison of s t o c k i n g d e n s i t y and canopy 
volume / ha of D o u g l a s - f i r s i n c o n t r o l and treatment s i t e s 
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f a c t o r s t h a t n e g a t i v e l y a f f e c t t r e e v i g o u r can delay 

p o t e n t i a l b e n e f i t s of t h i n n i n g . At the time of study, 

D o u g l a s - f i r tussock moth (Orgyia pseudotsugata) and Western 

Spruce budworm (Choristoneura fumiferana) were at near 

epidemic l e v e l s i n these s t a n d s ( L o r r a i n e Maclauchlan, 

F o r e s t Entomologist, Kamloops F o r e s t S e r v i c e , pers. comm.). 

Given t h a t these two f o r e s t i n s e c t p e s t s can have negative 

a f f e c t s on D o u g l a s - f i r v i g o u r ( C a r l s o n e t a l . 1982, Schmidt 

et a l . 1983), i t i s p o s s i b l e t h a t t h e i r i n f l u e n c e prevented 

the expected i n c r e a s e i n canopy volume of i n d i v i d u a l t r e e s . 

Second as with ground cover, i n s u f f i c i e n t time may 

have passed f o r these stands t o respond i n the p r e d i c t e d 

d i r e c t i o n . Previous s t u d i e s have shown t h a t i t can take 

anywhere from 2-5 years t o d e t e c t a marked i n c r e a s e of 

diameter growth and hence t r e e canopy growth a f t e r t h i n n i n g 

(Herring and Ethridge 1976, H e r r i n g 1977, Gordon 1973, 

Helms and S t a n d i f o r d 1985). I examined my stands only 

three years a f t e r t h i n n i n g . T h i s amount of time may be 

i n s u f f i c i e n t i n such dry f o r e s t types t o produce a 

s i g n i f i c a n t i n c r e a s e i n canopy volume. A s h o r t post-

treatment p e r i o d , coupled w i t h the n e g a t i v e e f f e c t s of 

spruce budworm and D o u g l a s - f i r tussock moth on D o u g l a s - f i r 

vigour, l i k e l y l e d to the l a c k of i n c r e a s e i n D o u g l a s - f i r 

canopy volume. 
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Concl u s i o n s 

The v e g e t a t i o n on the t h r e e treatment s i t e s d i d not 

respond as p r e d i c t e d . I t i s l i k e l y t h a t the e f f e c t s of 

t h i s t h i n n i n g have been confounded by a number of d i f f e r e n t 

f a c t o r s . F i r s t , the e f f e c t of c a t t l e g r a z i n g , both past 

and present, may have prevented the understory v e g e t a t i o n 

of these stands from i n c r e a s i n g as expected. Second, 

l e a v i n g s l a s h on s i t e where i t was f e l l e d may have 

i n h i b i t e d the growth of understory v e g e t a t i o n . T h i r d , the 

t h i n n i n g t r i a l i t s e l f may have not been severe enough t o 

produce a s i g n i f i c a n t change i n u n d e r s t o r y v e g e t a t i o n . 

Fourth, spruce budworm and D o u g l a s - f i r tussock moth may 

have hindered the response of canopy volume t o t h i n n i n g . 

F i n a l l y , time s i n c e treatment may have been i n s u f f i c i e n t t o 

permit response of e i t h e r u nderstory v e g e t a t i o n and canopy 

volume. R e s u l t s of my study i n d i c a t e t h a t t h i n n i n g was 

unable to generate the d e s i r e d and p r e d i c t e d outcomes 

q u i c k l y . C l e a r l y , these stands need t o be re-surveyed t o 

a s s e s s the a b i l i t y of t h i n n i n g t o generate d e s i r e d 

i n c r e a s e s i n understory and canopy volume. I t would a l s o 

be a d v i s a b l e to r e s t r i c t c a t t l e g r a z i n g i n some areas t o 

assess i t s p o t e n t i a l impact. Continued g r a z i n g of these 

t h i n n e d stands without r e s t i n g them may not b e n e f i t the 

w i l d l i f e f o r which the treatment was intended. 

The absence of f i r e i n these stands i s a l s o of 

concern. Without f i r e t o prevent D o u g l a s - f i r from 

r e g e n e r a t i n g , the t r e a t e d stands w i l l soon r e v e r t t o t h e i r 
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p r e v i o u s s t r u c t u r e . T h i s w i l l l e a d t o a r e p e t i t i o n of the 

c y c l e of st a g n a t i o n , i n s e c t i n f e s t a t i o n , and the u l t i m a t e 

need f o r a d d i t i o n a l expensive treatments. However, s o c i a l , 

environmental and p o l i t i c a l concerns r e g a r d i n g the use of 

f i r e as a management t o o l may make i n t e r v e n t i o n of t h i s 

k i n d d i f f i c u l t i f not im p o s s i b l e (Bunnell 1991). I t i s 

important, however, t h a t the use of f i r e as a management 

t o o l be explored. 
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4. E f f e c t s of thinning on the f o r e s t b i r d community 

Habit a t s t r u c t u r e i s widely acknowledged t o e f f e c t 

f o r e s t b i r d communities. I t was p r e d i c t e d t h a t the 

Thompson/Nicola Mule Deer Forage and S l a s h i n g P r o j e c t would 

a l t e r four aspects of h a b i t a t s t r u c t u r e i n these f o r e s t 

stands: 1) herb and shrub cover would i n c r e a s e , 2) 

i n d i v i d u a l t r e e canopy volume would i n c r e a s e , 3) canopy 

volume on a per hectare b a s i s would decrease, and 4) down 

and dead woody m a t e r i a l would i n c r e a s e . 

I examined p o t e n t i a l changes i n the f o r e s t b i r d 

community due to t h i s t h i n n i n g p r o j e c t i n three ways. 

F i r s t , I examined b i r d community s t r u c t u r e i n thinned and 

unthinned s i t e s . Second, I examined how the r e l a t i v e 

abundance of i n d i v i d u a l s p e c i e s and t h r e e species groups 

(ground- plus shrub-feeding s p e c i e s , f o l i a g e - f e e d i n g 

s p e c i e s , and woodpeckers) were a f f e c t e d by t h i n n i n g . 

T h i r d , because the treatment a l t e r e d the q u a n t i t y and 

s p a t i a l d i s t r i b u t i o n of some h a b i t a t types w i t h i n - s i t e s , I 

examined the a s s o c i a t i o n s of i n d i v i d u a l s p e c i e s with the 

s p a t i a l d i s t r i b u t i o n s of f o u r h a b i t a t t y p e s . 

Methods 

Censusing 

F o r e s t b i r d s were sampled i n 3 th i n n e d and 3 unthinned 

s i t e s . Because of time c o n s t r a i n t s , o n l y 4 s i t e s (2 i n 

treatments and 2 i n c o n t r o l s ) were sampled i n 1990. An 
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a d d i t i o n a l treatment and c o n t r o l s i t e were added f o r the 

1991 season. A l l 6 s i t e s were 25 ha i n s i z e . Within each 

study s i t e , a g r i d was surveyed with s t a t i o n markers p l a c e d 

at 50-m i n t e r v a l s . B i r d s were surveyed u s i n g the spot-

mapping technique as o u t l i n e d by Verner (1985). Ei g h t 

v i s i t s were made to each s i t e i n both 1990 and 1991. In 

1990, censusing began on June 1 and ended on J u l y 1. In 

1991, censusing began on May 12 and ended on June 26. In 

each year 2 people performed b i r d censusing. One observer 

p a r t i c i p a t e d during both y e a r s . Censusing began one-half 

hour a f t e r s u n r i s e and d i d not extend p a s t 11:00 a.m. No 

censuses were conducted i n r a i n , nor when wind exceeded 20 

kph. On each day, 1 treatment and 1 c o n t r o l were surveyed. 

Censusing began at a d i f f e r e n t l o c a t i o n i n each g r i d f o r 

each census period. Observers walked along g r i d l i n e s 

d u r i n g censusing and marked the l o c a t i o n of s i n g i n g , 

c a l l i n g , and v i s u a l l y - d e t e c t e d b i r d s on maps of each study 

s i t e . When p o s s i b l e , l o c a t i o n s of simultaneous s i n g i n g 

males and movements of s i n g i n g males were recorded. A f t e r 

each census, raw data were transposed on t o summary sheets 

f o r each s p e c i e s . C l u s t e r s of d e t e c t i o n s were then used t o 

determine the number of t e r r i t o r i e s f o r each species at the 

end of each season. At l e a s t 3 d e t e c t i o n s on 3 d i f f e r e n t 

censusing periods were r e q u i r e d f o r a c l u s t e r of p o i n t s t o 

be considered a t e r r i t o r y . T e r r i t o r i e s were summed to the 

nearest 0.5 t e r r i t o r y w i t h i n each study s i t e . For a 

t e r r i t o r y t o be considered a f u l l t e r r i t o r y , a l l of the 
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d e t e c t i o n s that i d e n t i f i e d the t e r r i t o r y had to f a l l w i t h i n 

the bounds of the study s i t e . For a t e r r i t o r y to be 

considered 0.5 t e r r i t o r y , a minimum of 2 out of 3 

d e t e c t i o n s , or at l e a s t one-half of the d e t e c t i o n s had to 

be l o c a t e d w i t h i n borders of the study s i t e . 

Two estimates of the number of t e r r i t o r i e s f o r each 

s p e c i e s were derived. The minimum number of t e r r i t o r i e s 

was a conservative estimate t h a t d i d not i n c l u d e d e t e c t i o n 

c l u s t e r s of questionable s t a t u s (e.g., c l u s t e r s of 

d e t e c t i o n s where no simultaneous s i n g i n g d e t e c t i o n s were 

recorded ) . The maximum number of t e r r i t o r i e s i n c l u d e d the 

c l u s t e r s of detections which were excluded i n the estimate 

of minimum number of t e r r i t o r i e s . 

Composite vegetation maps 

In each study s i t e , f o r e s t b i r d g r i d s were used to map 

coarse h a b i t a t a t t r i b u t e s . I walked through each g r i d and 

mapped areas of dense-unthinned c o n i f e r o u s f o r e s t , open 

c o n i f e r o u s f o r e s t (those areas t h a t would not r e q u i r e 

thinning) open meadows (openings >25 m2) and areas with 

deciduous t r e e s and shrubs >2-m t a l l such as willow, 

Douglas maple, and r e d - o i s e r dogwood (henceforth these 

h a b i t a t types w i l l be r e f e r r e d t o as dense f o r e s t , open 

f o r e s t , open and r i p a r i a n , r e s p e c t i v e l y ) . Percent cover of 

each h a b i t a t type was then estimated f o r each 50x50-m c e l l . 

Because of the way h a b i t a t s t r u c t u r e changed as a 

r e s u l t of t h i n n i n g , the r e s o l u t i o n of the h a b i t a t maps 
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d i f f e r e d between treatment and c o n t r o l s . In untreated 

s i t e s , open h a b i t a t was c l e a r l y e v i d e n t as i t represented 

an obvious j u x t a p o s i t i o n of h a b i t a t types. T h i s 

j u x t a p o s i t i o n of open h a b i t a t with dense f o r e s t , and open 

f o r e s t h a b i t a t s was not a s . c l e a r i n treatment s i t e s ; t h a t 

i s , the s i m p l i f i c a t i o n of the h a b i t a t i n treatment s i t e s 

made the d e t e c t i o n of sm a l l open meadows l e s s obvious. As 

a r e s u l t , composite v e g e t a t i o n maps f o r treatment s i t e s 

were dominated by open f o r e s t , whereas c o n t r o l p l o t s were 

dominated by dense f o r e s t h a b i t a t . In a d d i t i o n , open 

h a b i t a t was e a s i e r to d e t e c t i n c o n t r o l s and t h e r e f o r e 

comprised a l a r g e r p r o p o r t i o n of the area than i n 

treatments. 

Data a n a l y s i s : Community s t r u c t u r e 

To i d e n t i f y p o t e n t i a l d i f f e r e n c e s i n o v e r a l l community 

s t r u c t u r e , I p l o t t e d d o m i n a n c e - d i v e r s i t y curves and 

examined the d i s t r i b u t i o n s of b i r d s p e c i e s d e t e c t i o n s i n 

treatments and c o n t r o l s . I a l s o c a l c u l a t e d two s i m i l a r i t y 

i n d i c e s to examine the s i m i l a r i t y of b i r d communities i n 

treatment and c o n t r o l p l o t s . I used Jaccard's s i m i l a r i t y 

c o e f f i c i e n t to t e s t the degree of s i m i l a r i t y between 

treatments and c o n t r o l s u s i n g simple presence-absence data 

from species l i s t s , and I used M o r i s i t a ' s index of 

s i m i l a r i t y to compare the degree of s i m i l a r i t y based on 

log-transformed species d e t e c t i o n data (Kr.ebs 1989) . 
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Data a n a l y s i s : R e l a t i v e abundance 

I used two-way a n a l y s i s of v a r i a n c e using c o n d i t i o n 

(treatment vs. c o n t r o l ) and year (1990, 1991) as 

'treatment' v a r i a b l e s , t o examine the number of b i r d 

t e r r i t o r i e s . Only 11 s p e c i e s o c c u r r e d i n s u f f i c i e n t 

d e n s i t y (number of t e r r i t o r i e s ) t o warrant s t a t i s t i c a l 

a n a l y s i s . I placed s e v e r a l s p e c i e s i n t o groups of s i m i l a r 

f o r a g i n g s t r a t e g i e s (ground- p l u s shrub-feeders and 

f o l i a g e - f e e d e r s ) to t e s t f o r g e n e r a l e f f e c t s on species 

groupings p r e d i c t e d to change as a r e s u l t of t h i n n i n g . The 

ground- plus shrub-feeding group was comprised of Vesper 

sparrows, Dark-eyed juncos, American r o b i n s , Chipping-

sparrows, and Townsend's s o l i t a r e s ( a l l s c i e n t i f i c names 

f o r b i r d species are presented i n Appendix II) . Ground-

p l u s shrub-feeding s p e c i e s were p r e d i c t e d to increase as a 

r e s u l t of t h i n n i n g because of the a n t i c i p a t e d increase i n 

herb and shrub cover. The f o l i a g e - f e e d i n g group was 

comprised of Mountain chickadees, Western tanagers, Red-

breasted nuthatches, and Yellow-rumped warblers. F o l i a g e -

f e e d i n g species were expected t o decrease i n abundance 

because of the decrease i n canopy volume and thus, 

abundance of foraging h a b i t a t . 

I summed the number of d e t e c t i o n s from the 1991 data 

f o r each of 22 species over each study s i t e as another 

means to assess r e l a t i v e abundance. I used a l l types of 

d e t e c t i o n s (songs, c a l l s and v i s u a l ) t o avoid b i a s i n g 

r e s u l t s towards those d e t e c t i o n s where b i r d s were most 
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conspicuous ( i . e . , males s i n g i n g from e l e v a t e d posts i n 

open a r e a s ) . I excluded from t h i s a n a l y s i s those species 

t h a t were t r a n s i e n t i n t h e i r behaviour (e.g., Pine s i s k i n s , 

Red c r o s s b i l l s , Evening grosbeaks), or occurred 

i n f r e q u e n t l y (e.g., R e d - t a i l e d hawk, Cooper's hawk, Sharp-

shinned hawk). 

One reason f o r t h i s l a t e r a n a l y s i s was to examine the 

frequency of occurrence of s p e c i e s t h a t eluded a n a l y s i s 

based on t e r r i t o r i e s because of l a r g e t e r r i t o r y s i z e , or 

low numbers of d e t e c t i o n s . I used one-way a n a l y s i s of 

v a r i a n c e t o examine the number d e t e c t i o n s of each species 

between treatment and c o n t r o l s i t e s . 

I a l s o used the two s p e c i e s groups noted above plus, 

two a d d i t i o n a l groups (woodpeckers and woodpeckers without 

Red-naped sapsuckers) to analyze d e t e c t i o n data. The 

woodpecker group i n c l u d e d Black-backed woodpeckers, Three-

toed woodpeckers, Hairy woodpeckers, Northern f l i c k e r s , 

P i l e a t e d woodpeckers, and Red-naped sapsuckers. I removed 

Red-naped sapsuckers from the woodpecker group to r e s t r i c t 

my a n a l y s i s to only those woodpecker s p e c i e s t h a t feed on 

dead and down m a t e r i a l . I a l s o used a one-way a n a l y s i s of 

v a r i a n c e as that used f o r d e t e c t i o n s of i n d i v i d u a l s p e c i e s . 

Data a n a l y s i s : B i r d / h a b i t a t r e l a t i o n s h i p s 

I sub-sampled the 50x50-m c e l l s of the composite 

h a b i t a t maps i n treatments and c o n t r o l s to examine the 

d i s t r i b u t i o n of d e t e c t i o n s i n the extremes of each h a b i t a t 
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type (e.g. those c e l l s with a hig h percentage of dense 

f o r e s t , open f o r e s t , open, or r i p a r i a n h a b i t a t ) . I assumed 

t h a t examining c e l l s with h i g h l e v e l s of each r e s p e c t i v e 

h a b i t a t type best addressed the p o t e n t i a l e f f e c t s of that 

h a b i t a t type on b i r d s p e c i e s d i s t r i b u t i o n . I chose c e l l s 

t h a t had >59% coverage f o r dense f o r e s t , open f o r e s t and 

open and c e l l s >9% f o r r i p a r i a n . T h i s c h o i c e generated the 

g r e a t e s t extremes of each h a b i t a t type w h i l e r e t a i n i n g 

enough c e l l s f o r a n a l y s i s . The numbers of c e l l s i n each 

h a b i t a t are summarized i n Tab l e 10. Once c u t - o f f c r i t e r i a 

were e s t a b l i s h e d , I summed the number of d e t e c t i o n s by 

sp e c i e s f o r each h a b i t a t type and rank ordered the number 

of d e t e c t i o n s . The r e s u l t s were p l o t t e d as dominance-

d i v e r s i t y curves to examine community s t r u c t u r e i n each 

h a b i t a t type. The shapes o f these curves were examined t o 

determine i f d i s t i n c t communities occur i n any of the four 

h a b i t a t types. I used presence-absence data from species 

l i s t s to c a l c u l a t e Jaccard's s i m i l a r i t y c o e f f i c i e n t i n 

order to t e s t the degree of s i m i l a r i t y between communities 

t h a t were present i n d i f f e r e n t h a b i t a t types wi t h i n 

treatments and c o n t r o l s (Krebs 1989) . 

I used a u n i - v a r i a t e and a m u l t i - v a r i a t e a n a l y s i s to 

examine the e f f e c t s of w i t h i n - s i t e v e g e t a t i o n v a r i a b i l i t y 

on b i r d d i s t r i b u t i o n s . In t h i s a n a l y s i s , I summed the 

number of detections i n each 50x50-m c e l l a t each study 

s i t e . I then used the composite v e g e t a t i o n maps to 
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Tabl e 10. Number of c e l l s i n each h a b i t a t type 

H a b i t a t % coverage i n # of % of 
type Co n d i t i o n each c e l l c e l l s c e l l s 

R i p a r i a n C o n t r o l 
Treatment 

Open C o n t r o l 
Treatment 

Open f o r e s t C o n t r o l 
Treatment 

Dense f o r e s t C o n t r o l 
Treatment 

>9 15 5 
>9 7 2 

>59 18 6 
>59 6 2 

>59 50 16 
>59 271 90 

>59 126 41 
>59 14 5 
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determine r e l a t i o n s h i p s of b i r d d e t e c t i o n s to c e l l 

composition. I used a Chi-square a n a l y s i s to t e s t i f b i r d 

s p e c i e s were a s s o c i a t e d with any h a b i t a t type (dense 

f o r e s t , open f o r e s t , open, r i p a r i a n ) more than would be 

expected by chance. For t h i s a n a l y s i s , each c e l l was 

assigned one of f i v e cover c l a s s e s f o r each h a b i t a t type 

such t h a t the sum of a l l h a b i t a t c l a s s e s t o t a l e d 100% f o r 

each c e l l . Cover c l a s s e s were: 0 = 0 % , 1 = 1-25%, 2 = 

26-50%, 3 = 51-75%, 4 = >75%. Because the number of c e l l s 

i n each h a b i t a t category was d i f f e r e n t ( s p a t i a l 

heterogeneity) , I weighted expected number of d e t e c t i o n s 

according to the p r o p o r t i o n i n which t h a t h a b i t a t type 

occurred i n each study s i t e (e.g., i f c e l l s c o n t a i n i n g 1-

25% dense cover made up 50% of the l a n d base, then 50% of 

the d e t e c t i o n s should occur i n t h a t category c l a s s ) . . I f 

there was no d i s p r o p o r t i o n a t e use of any h a b i t a t type, the 

number of d e t e c t i o n s i n each h a b i t a t type would be s i m i l a r 

to the p r o p o r t i o n of the l a n d base t h a t each h a b i t a t type 

represented. I performed a Chi-square goodness of f i t t e s t 

f o r each species, i n each of the 4 h a b i t a t types (dense 

f o r e s t , open f o r e s t , open, r i p a r i a n ) . T h i s a n a l y s i s was 

done f o r treatments and c o n t r o l s s e p a r a t e l y . 

The Chi-square a n a l y s i s y i e l d e d s e v e r a l s i g n i f i c a n t 

r e s u l t s . Most of these, however, were d e r i v e d from 

intermediate percent cover c l a s s e s ( i . e . , c l a s s e s 1 and 2). 

T h i s f i n d i n g suggests t h a t s p e c i e s may have been a s s o c i a t e d 

with c e l l s which had a p a r t i c u l a r combination of h a b i t a t 
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a t t r i b u t e s . Therefore, I used a one-group d i r e c t 

d i s c r i m i n a n t f u n c t i o n a n a l y s i s u s i n g SPSSx (Nie 1983) i n an 

attempt to c l a s s i f y c e l l s i n which b i r d s p e c i e s were 

det e c t e d (presence) compared to those where no d e t e c t i o n s 

were recorded (absence) based on the h a b i t a t types of each 

c e l l . The s i n g l e d i s c r i m i n a n t f u n c t i o n d e r i v e d was 

evaluated by the s i g n i f i c a n c e of the Chi-square s t a t i s t i c 

based on W i l k s 1 lambda. I used c l a s s i f i c a t i o n techniques 

t o assess the a b i l i t y of the f u n c t i o n t o separate groups 

e f f e c t i v e l y . The p r o p o r t i o n of cases c o r r e c t l y c l a s s i f i e d 

a c c o r d i n g to a c t u a l group membership i n d i c a t e d the success 

of the between-group c l a s s i f i c a t i o n . A n a l y s i s was 

conducted on treatments and c o n t r o l s s e p a r a t e l y . Box M 

scores were c a l c u l a t e d to t e s t f o r the homogeneity of the 

v a r i a n c e / c o v a r i a n c e matrix. 

R e s u l t s 

Community s t r u c t u r e 

Dominance-diversity curves f o r c o n t r o l s and treatments 

were very s i m i l a r (Figure 3). Both communities were 

dominated by Chipping sparrows, the most abundant s p e c i e s . 

There was a p r e c i p i t o u s drop i n abundance from the most 

abundant to the next most abundant s p e c i e s . A f t e r t h i s 

steep drop both curves d e c l i n e d l e s s s t e e p l y and plateaued 

a f t e r the n i n t h most abundant s p e c i e s . The composition of 

t h i s group of eight s p e c i e s i s the same i n c o n t r o l and 

treatment s i t e s , although the rank order i n abundance.,of 
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these species i s somewhat d i f f e r e n t (Table 11). A f t e r the 

n i n t h most abundant spe c i e s , both communities are comprised 

of many r a r e species. 

The two measurements of community s i m i l a r i t y a l s o 

i n d i c a t e t h a t the communities p r e s e n t i n treatment and 

c o n t r o l p l o t s were very s i m i l a r . Using presence/absence 

data, Jaccard's index of s i m i l a r i t y was 0.92. Using l o g -

transformed d e t e c t i o n data, M o r i s i t a ' s index of s i m i l a r i t y 

was 0.96. These s i m i l a r i t y i n d i c e s can range from 0 (no 

s i m i l a r i t y ) to 1 (complete s i m i l a r i t y ) . 

B i r d abundance: Number of t e r r i t o r i e s 

Of the more than 50 s p e c i e s recorded (Appendix III) 

o n l y 11 species occurred i n h i g h enough d e n s i t i e s ( i . e . , 

had small enough t e r r i t o r i e s ) and o c c u r r e d f r e q u e n t l y 

enough to t e s t f o r d i f f e r e n c e s between treatment and 

c o n t r o l p l o t s . There were no s i g n i f i c a n t d i f f e r e n c e s i n 

the number of t e r r i t o r i e s between the two years with the 

f o l l o w i n g exceptions. In 1991 t h e r e were s i g n i f i c a n t l y 

more Mountain chickadees (maximum d e n s i t y e s t i m a t e ) , 

Chipping sparrows (minimum and maximum d e n s i t y estimate) 

and Vesper sparrows (minimum d e n s i t y estimate) than i n 1990 

(Table 12). The d i f f e r e n c e s i n abundance between 

years f o r these species was l i k e l y because of the e a r l y 

s t a r t of censusing i n 1991. 

There were no s i g n i f i c a n t d i f f e r e n c e s i n the number of 

t e r r i t o r i e s f o r e i t h e r maximum or minimum d e n s i t y estimates 
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between thinned and unthinned s i t e s f o r any of the 11 

sp e c i e s examined (Table 13). Furthermore, there was l i t t l e 

d i f f e r e n c e i n the number of t e r r i t o r i e s i n treatment or 

c o n t r o l s i t e s of the s p e c i e s t h a t were expected t o be most 

a f f e c t e d by t h i s treatment. D e n s i t i e s f o r the ground-

fe e d i n g - s p e c i e s , and f o r the e n t i r e ground-feeding group, 

were almost i d e n t i c a l i n treatment and c o n t r o l s i t e s (Table 

14). S i m i l a r l y , there was no s i g n i f i c a n t d i f f e r e n c e i n the 

number of t e r r i t o r i e s of the f o l i a g e - f e e d i n g group between 

c o n t r o l and treatment s i t e s (Table 15). 

When a l l species were c o n s i d e r e d together there no 

s i g n i f i c a n t d i f f e r e n c e between the number of t e r r i t o r i e s i n 

c o n t r o l s i t e s than i n t r e a t e d s i t e s f o r e i t h e r d e n s i t y 

estimate (-^minimum number of t e r r i t o r i e s c o n t r o l = 58.5, 

•"-minimum number of t e r r i t o r i e s treatment = 52.3, p >0.2 5; 

^maximum number of t e r r i t o r i e s c o n t r o l = 70.5, ^maximum 

number of t e r r i t o r i e s treatment ~ 68.4, p >0.25). There 

was a l s o no s i g n i f i c a n t d i f f e r e n c e s i n the t o t a l number of 

t e r r i t o r i e s of the 11 most abundant s p e c i e s between c o n t r o l 

and treatment s i t e s f o r e i t h e r d e n s i t y estimate (^minimum 

number of t e r r i t o r i e s c o n t r o l = 51.8, ^minimum number of 

t e r r i t o r i e s treatment = 4 7 - 2 , 0.25 < p <0.1; ^maximum 

number of t e r r i t o r i e s c o n t r o l = 63.1, xmaximum number of 

t e r r i t o r i e s treatment = 57.6, 0.25 < p < 0.1). 
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B i r d abundance: Number of d e t e c t i o n s 

A s i g n i f i c a n t d i f f e r e n c e i n the number of d e t e c t i o n s 

was found f o r only one s p e c i e s (Table 16). Mountain 

chickadees were detected more o f t e n i n treatment s i t e s than 

i n c o n t r o l s (0.05 < p < 0.025). Mountain chickadees were 

the only species of the f o l i a g e - f e e d i n g group to be 

detec t e d more of t e n i n t r e a t e d s i t e s . The other s p e c i e s of 

t h i s group, and the group as a whole were not detected 

s i g n i f i c a n t l y more o f t e n i n c o n t r o l s i t e s than i n treatment 

s i t e s (Table 16 and 17). 

I n d i v i d u a l ground-feeding s p e c i e s were detected 

e q u a l l y i n treatment and c o n t r o l s i t e s (Table 16). 

Furthermore, the ground-feeding s p e c i e s were detected 

e q u a l l y i n treatment and c o n t r o l s i t e s (Table 17). 

F i n a l l y , each of the s p e c i e s of woodpeckers was detected 

e q u a l l y i n treatments and c o n t r o l s . When taken together as 

a group these s i x s p e c i e s were a l s o d e t e c t e d e q u a l l y i n 

treatments and c o n t r o l s (Table 17). However, 

when Red-naped sapsuckers were removed from t h i s group and 

the a n a l y s i s was redone, the woodpecker group was detected 

s i g n i f i c a n t l y more o f t e n (but only m a r g i n a l l y so) i n 

treatment s i t e s (0.1 < p < 0.05; Table 17). 

B i r d / h a b i t a t r e l a t i o n s h i p s : Composite maps 

In c o n t r o l s , the most common h a b i t a t was dense f o r e s t 

followed by open f o r e s t , open and r i p a r i a n . In treatments, 

open f o r e s t was the most common h a b i t a t type, followed by 



53 

Table 16. Mean number of d e t e c t i o n s f o r 22 species i n 
c o n t r o l and treatment s i t e s . 

Species C o n t r o l Treatment p-value 

Black-backed woodpecker 7. 3 13 . 3 p >0.25 
Three-toed woodpecker 2. 7 7 . 7 p >0.25 
Hai r y woodpecker 10. 7 15. 3 p >0.25 
Northern f l i c k e r 10. 3 14 . 0 p >0.25 
P i l e a t e d woodpecker 3 . 3 10. 0 0.25<p<0. 
Red-naped sapsucker 16. 0 22 . 3 p >0.25 

Mountain chickadee 59. 3 84 . 0 0.05<p<0.0 
Red-breasted nuthatch 109 . 7 64 . 7 0. 25<p<0. 
Yellow-rumped warbler 75 . 7 75. 3 p >0.25 
Western tanager 11. 3 3 . 3 0. 25<p<0. 

Chipping sparrow 225. 0 217 . 7 p >0.25 
Dark-eyed junco 80. 7 74 . 7 p >0.25 
Vesper sparrow 22 . 3 27 . 3 p >0.25 
American robin 50. 0 49. 3 p >0.25 
Townsend's s o l i t a r e 35. 3 42 . 7 p >0.25 

Dusky f l y c a t c h e r 35. 7 21. 3 0. 25<p<0. 
Swainson's thrush 3 . 3 0. 0 p >0.25 
Ruby-crowned k i n g l e t 4 . 7 1. 0 p >0.25 
Warbling v i r e o 1. 0 1. 7 p >0.25 
S o l i t a r y v i r e o 9 . 0 12 . 0 p >0.25 
Orange-crowned warbler 7 . 7 1. 3 p >0.25 
Wilson's warbler 5 . 7 0. 0 0.25<p<0. 
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Table 17. Number of d e t e c t i o n s of fou r s p e c i e s groups i n 
c o n t r o l and treatment s i t e s . 

Species C o n t r o l Treatment p-value 

F o l i a g e - f e e d e r s 64.0 56.8 p >0.25 
Ground-feeders 82.7 82.3 p >0.25 
Woodpeckers 8.4 13.8 0.25<p<0.1 
Woodpeckers minus 6.9 12.1 0.1<p<.0.05 
sapsuckers 
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dense f o r e s t , open, and r i p a r i a n (Table 18). Dense f o r e s t 

h a b i t a t was patchy i n both treatment and c o n t r o l s i t e s , but 

more so i n c o n t r o l s . Open h a b i t a t was l e s s common i n 

treatment s i t e s than expected because of my i n a b i l i t y t o 

d e t e c t d i s c r e t e openings i n treatment s i t e s . R i p a r i a n 

h a b i t a t was extremely r a r e i n both treatments and c o n t r o l s . 

The main p o r t i o n of r i p a r i a n h a b i t a t o c c u r r e d i n one 

c o n t r o l p l o t . Smaller, i s o l a t e d areas were found i n one 

other c o n t r o l p l o t and one treatment p l o t . The l a r g e 

standard d e v i a t i o n of a l l estimates i l l u s t r a t e s the 

heterogeneity of these s i t e s , e s p e c i a l l y when combined with 

one another. 

B i r d / h a b i t a t r e l a t i o n s h i p s : B i r d communities 

The dominance-diversity curves f o r each h a b i t a t type 

i n c o n t r o l s i t e s are presented i n F i g u r e 4. Communities i n 

dense f o r e s t , open f o r e s t and open h a b i t a t s show a s i m i l a r 

p a t t e r n to o v e r a l l d o m i n a n c e - d i v e r s i t y curves (Figure 3). 

Each community i s dominated by one s p e c i e s (Chipping 

sparrow) . There a l s o i s a sharp drop from the most 

abundant to the next most abundant s p e c i e s . T h i s drop i s 

followed by a more g e n t l e d e c l i n e from the second to the 

n i n t h most abundant s p e c i e s . A f t e r the n i n t h most abundant 

species the curves f o r a l l t h r e e communities l e v e l o f f and 

are comprised of many r a r e s p e c i e s (Tables 19-21) . Open 

h a b i t a t deviates somewhat from t h i s p a t t e r n . The i n i t i a l 

d e c l i n e from the most abundant s p e c i e s i s steeper, and the 
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Tabl e 18. Average percent coverage of each h a b i t a t type i n 
each 0.25 ha c e l l f o r c o n t r o l s and treatments. 

C o n t r o l Treatment 

H a b i t a t Mean (SE) Mean (SE) 

Dense f o r e s t 
Open f o r e s t 
Open 
R i p a r i a n 

49.9 (14.5) 
27.5 (14.5) 
21.3 (10.7) 
1.3 (3.1) 

9.3 (11-4) 
86.9 (13.5) 
3.5 (7.1) 
0.3 (1-4) 
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p l a t e a u i n abundance occurs e a r l i e r . F urther, open h a b i t a t 

supports fewer species than the other t h r e e h a b i t a t s . 

R i p a r i a n h a b i t a t i n c o n t r o l s d i f f e r s markedly from the 

other h a b i t a t s . F i r s t , t h i s h a b i t a t i s not dominated by 

one s p e c i e s to the same extent as the other three h a b i t a t s . 

Second, the rank order of abundance i s d i f f e r e n t ; Dusky 

f l y c a t c h e r s , not Chipping sparrows are the most abundant 

s p e c i e s . Species such as Orange-crowned warbler, Ruby-

crowned k i n g l e t , Wilson's warbler are more abundant i n t h i s 

h a b i t a t (Table 22). F i n a l l y , t h e r e i s a more gradual 

d e c l i n e i n species abundance i n r i p a r i a n h a b i t a t . 

In treatments, the community i n the open f o r e s t 

h a b i t a t c l o s e l y mimics t h a t f o r the over a l l treatment 

dominance-diversity curve ( F i g u r e 5). T h i s i s not 

s u r p r i s i n g given that those c e l l s with >59 % open f o r e s t 

coverage make up 90% of the t o t a l number of c e l l s (Table 

10). As i n c o n t r o l s , there i s a sharp drop from the most 

abundant to the next most abundant s p e c i e s . T h i s i s 

f o l l o w e d by a more ge n t l e d e c l i n e from the second to the 

n i n t h most abundant s p e c i e s . A f t e r the n i n t h most abundant 

s p e c i e s the curve f o r open f o r e s t h a b i t a t l e v e l s o f f and 

are i s made up of many r a r e s p e c i e s (Table 20) . 

Communities i n both dense f o r e s t and open h a b i t a t were not 

dominated by one species to the same ex t e n t that open 

f o r e s t communities were (Tables 19 and 21) . The d e c l i n e i n 

s p e c i e s abundance was l e s s pronounced i n dense f o r e s t 

h a b i t a t than any of the other t h r e e h a b i t a t types. 
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R i p a r i a n h a b i t a t and open h a b i t a t supported the l e a s t 

s p e c i e s (Table 22). There i s l e s s evidence of a r i p a r i a n 

s p e c i f i c community i n treatments than i n c o n t r o l s , l i k e l y 

due t o the s c a r c i t y of t h i s h a b i t a t i n treatments (Table 

18) . 

B i r d / h a b i t a t r e l a t i o n s h i p s : W i t h i n p l o t s i m i l a r i t y 
a n a l y s i s 

In c o n t r o l s , communities i n dense f o r e s t and r i p a r i a n 

h a b i t a t were the most s i m i l a r of a l l p a i r w i s e comparisons 

(Table 23). These two communities were the most s i m i l a r 

because c e l l s with r i p a r i a n h a b i t a t u s u a l l y c o n t a i n a l a r g e 

amount of dense f o r e s t h a b i t a t . As a r e s u l t , communities 

i n dense f o r e s t h a b i t a t c o n t a i n many of the sp e c i e s 

a s s o c i a t e d with r i p a r i a n h a b i t a t . Communities i n open 

f o r e s t and dense f o r e s t h a b i t a t were a l s o q u i t e s i m i l a r 

because of the shared presence of some of the sp e c i e s 

a s s o c i a t e d with more open h a b i t a t (e.g. Northern f l i c k e r , 

and Vesper sparrow) and the shared absence of some of the 

r i p a r i a n species (e.g. Ruby-crowned k i n g l e t ) . The two most 

d i s s i m i l a r p a i r i n g s of communities were those between dense 

f o r e s t and open h a b i t a t , and open and r i p a r i a n h a b i t a t . 

Dense f o r e s t and open h a b i t a t were d i s s i m i l a r p r i m a r i l y 

because many of the sp e c i e s noted as o c c u r r i n g i n r i p a r i a n 

h a b i t a t s were detected i n dense f o r e s t h a b i t a t , but not i n 

open h a b i t a t s (e.g., Orange-crowned warbler, Wilson's 

warbler, Swainson's thrush, and Warbling v i r e o ) . Open and 

r i p a r i a n h a b i t a t s were the l e a s t s i m i l a r communities 
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Table 23. S i m i l a r i t y i n d i c e s f o r communities i n each 
h a b i t a t type based on presence/absence data using Jaccard's 
s i m i l a r i t y index. 

C o n t r o l s 

Dense 
f o r e s t 

Open 
f o r e s t Open R i p a r i a n 

Dense f o r e s t 1.00 
Open f o r e s t 0.80 
Open 0.65 
R i p a r i a n 0.81 

1. 00 
0.71 
0.70 

1. 00 
0.48 1. 00 

Treatments 

Dense 
f o r e s t 

Open 
f o r e s t Open R i p a r i a n 

Dense f o r e s t 1.00 
Open f o r e s t 0.8 3 
Open 0.7 5 
R i p a r i a n 0.69 

1. 00 
0.71 
0.71 

1.00 
0.72 1.00 
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because a l l of the species p r i m a r i l y a s s o c i a t e d with 

r i p a r i a n h a b i t a t were absent i n open h a b i t a t , and those 

s p e c i e s a s s o c i a t e d with open h a b i t a t were absent i n 

r i p a r i a n h a b i t a t . Open f o r e s t and r i p a r i a n h a b i t a t were 

r e l a t i v e l y s i m i l a r due to the s p i l l i n g over of r i p a r i a n 

s p e c i e s such as Wilson's and Orange-crowned warblers i n t o 

c e l l s with high amounts of open f o r e s t h a b i t a t . Open 

f o r e s t and open communities were not as s i m i l a r as might 

have been expected f o r s i m i l a r reasons. Open f o r e s t 

communities contained s p e c i e s t h a t would u s u a l l y be found 

i n r i p a r i a n h a b i t a t . 

In treatment s i t e s t h e r e was much l e s s v a r i a b i l i t y i n 

s i m i l a r i t y measures. Dense f o r e s t and open f o r e s t 

communities were the most s i m i l a r (Table 23). Those 

communities i n dense f o r e s t and open, dense f o r e s t and 

r i p a r i a n , open f o r e s t and open, open f o r e s t and r i p a r i a n , 

and open and r i p a r i a n were e q u a l l y s i m i l a r t o one another. 

T h i s l a c k of v a r i a b i l i t y was l i k e l y due t o the la c k of 

dense f o r e s t , open and r i p a r i a n h a b i t a t i n treatment s i t e s 

(Table 10) . The lack of r i p a r i a n h a b i t a t l e d to the 

absence of three species a s s o c i a t e d with r i p a r i a n h a b i t a t : 

Swainson's thrush, Wilson's warbler and Warbling v i r e o ) . 

T h i s r e s u l t e d i n a much l e s s d i v e r s e community i n r i p a r i a n 

h a b i t a t s of treatment s i t e s . 
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B i r d / h a b i t a t r e l a t i o n s h i p s : Chi-square a n a l y s i s 

Of the 22 species and four s p e c i e s groups examined, 12 

s p e c i e s and two species groups were found to have 

s i g n i f i c a n t a s s o c i a t i o n s with one, or a combination of, 

h a b i t a t types. Those s i g n i f i c a n t r e s u l t s are presented i n 

Table 24. From t h i s a n a l y s i s two main p o i n t s emerge. 

F i r s t , only f i v e s i g n i f i c a n t Chi-square v a l u e s represented 

c e l l s with extreme h a b i t a t c l a s s e s ( i . e . , >50% coverage of 

t h a t h a b i t a t ) . The remaining s i g n i f i c a n t Chi-square values 

were d e r i v e d from low and i n t e r m e d i a t e cover c l a s s e s . 

Second, many of the s i g n i f i c a n t Chi-square values were 

d e r i v e d from a low percentage of the t o t a l number of 

d e t e c t i o n s . 

These s i g n i f i c a n t Chi-square v a l u e s are d i f f i c u l t to 

i n t e r p r e t because i t i s hard to determine i f a species was 

a s s o c i a t e d with that p a r t i c u l a r h a b i t a t type, a v o i d i n g 

another h a b i t a t type, or o c c u r r i n g i n a c e l l with a 

combination of h a b i t a t types. F u r t h e r problems i n 

i n t e r p r e t a t i o n a r i s e when a s p e c i e s i s found to have a 

s i g n i f i c a n t a s s o c i a t i o n f o r a p a r t i c u l a r extreme h a b i t a t 

while >50% of the t o t a l number of d e t e c t i o n s occur i n other 

h a b i t a t types, or other c l a s s e s of the same h a b i t a t type. 

Two s p e c i e s , Northern f l i c k e r and Vesper sparrow were 

dete c t e d c e l l s with >75% coverage of open f o r e s t h a b i t a t i n 

c o n t r o l s i t e s . Dusky f l y c a t c h e r s were det e c t e d i n s i t e s 

with between 51% and 75% coverage of dense f o r e s t . Red-

naped sapsuckers and woodpeckers were d e t e c t e d i n s i t e s 
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with between 51% and 75% coverage of open h a b i t a t . In each 

case, however, these s p e c i e s and s p e c i e s groups were only 

d e t e c t e d i n each of these h a b i t a t types l e s s than 25% of 

the time. In a d d i t i o n , except f o r Orange-crowned warbler, 

and Ruby-crowned k i n g l e t i n c o n t r o l s i t e s , the number of 

d e t e c t i o n s that l e d to s i g n i f i c a n t Chi-square values d i d 

not exceed 50% of the t o t a l number of d e t e c t i o n s . 

Those species t h a t had both s i g n i f i c a n t Chi-square 

valu e s and had >50% of t h e i r d e t e c t i o n s i n t h a t h a b i t a t 

c l a s s appeared to be c l o s e l y a s s o c i a t e d with r i p a r i a n 

h a b i t a t . In c o n t r o l s i t e s , Ruby-crowned k i n g l e t s avoided 

s i t e s without r i p a r i a n h a b i t a t more than expected, and were 

dete c t e d i n c e l l s with both low and h i g h amounts of 

r i p a r i a n more than expected. A l s o i n c o n t r o l s , Orange-

crowned warblers were de t e c t e d i n s i t e s with low amounts of 

r i p a r i a n h a b i t a t more than expected. 

B i r d / h a b i t a t r e l a t i o n s h i p s : D i s c r i m i n a n t f u n c t i o n 
a n a l y s i s 

D i s c r i m i n a n t f u n c t i o n a n a l y s i s was conducted with 22 

b i r d s p e c i e s using four h a b i t a t types (open f o r e s t , dense 

f o r e s t , open, and r i p a r i a n h a b i t a t ) as p r e d i c t o r s of 

presence or absence of b i r d d e t e c t i o n s i n 50x50-m c e l l s . 

These analyses y i e l d e d f i v e s i g n i f i c a n t d i s c r i m i n a n t 

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

Box's M t e s t f o r homogeneity of the v a r i a n c e / c o v a r i a n c e 

matrices, suggesting c a u t i o n i n i n t e r p r e t i n g the f u n c t i o n s . 

However, d i s c r i m i n a n t f u n c t i o n a n a l y s i s i s robust to 
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v i o l a t i o n s of the homogeneity of the v a r i a n c e / c o v a r i a n c e 

matrix with e q u a l l y s i z e d or l a r g e samples (greater than 30 

o b s e r v a t i o n s i n each group; Freese 1964). T h i s c r i t e r i o n 

was met by a l l 5 s i g n i f i c a n t d i s c r i m i n a n t f u n c t i o n s . C h i -

square values, p-values, number of cases i n each group, and 

% c o r r e c t c l a s s i f i c a t i o n of each f u n c t i o n are presented i n 

Table 25. The standardized c a n o n i c a l d i s c r i m i n a n t f u n c t i o n 

c o e f f i c i e n t s and l o a d i n g matrices of the pooled w i t h i n 

group c o r r e l a t i o n s between p r e d i c t o r v a r i a b l e s and each 

d i s c r i m i n a n t f u n c t i o n are presented i n Table 26. F o l l o w i n g 

Comrey (1973), loadings of l e s s than 0.45 were not 

i n t e r p r e t e d . Group means f o r each d i s c r i m i n a n t f u n c t i o n 

are presented i n Table 27. 

In c o n t r o l s i t e s , t hree v a r i a b l e s c o n t r i b u t e d t o the 

d i s c r i m i n a t i o n of c e l l s with and without Vesper sparrow 

d e t e c t i o n s . The l o a d i n g matrix of c o r r e l a t i o n s between 

p r e d i c t o r v a r i a b l e s (Table 26) suggest t h a t percent 

coverage of dense f o r e s t was the primary v a r i a b l e 

d i s t i n g u i s h i n g occupied and unoccupied c e l l s . Vesper 

sparrows occurred i n c e l l s with lower amounts of dense 

f o r e s t (*=presence = 3 9• 8%) than those c e l l s where Vesper 

sparrows were absent (*absence = 51.7%). A l s o c o n t r i b u t i n g 

t o the s e p a r a t i o n of these two groups was percent cover of 

open f o r e s t h a b i t a t . Vesper sparrows were found i n c e l l s 

with a higher amount of open f o r e s t cover 

( x p r e s e n c e = 3 5 . 1 % ) than i n c e l l s were b i r d s were not 

detected ( ^ a b s e n c e " 2 6 • • F i n a l l y , Vesper sparrows were 
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Table 26. D i s c r i m i n a n t f u n c t i o n c o e f f i c i e n t s and pooled 
w i t h i n group c o r r e l a t i o n s f o r d i r e c t d i s c r i m i n a n t f u n c t i o n 
a n a l y s i s f o r treatments and c o n t r o l s . 

Standardized 
D i s c r i m i n a n t 
C o e f f i c i e n t s 

C a n o n i c a l 
F u n c t i o n 

Pooled Within 
Group C o r r e l a t i o n s 

Treatments 

Dusky Open f o r e s t 4 . 52 Open f o r e s t 0. 90 
f l y c a t c h e r Dense f o r e s t 2 . 97 Dense f o r e s t - 0 . 83 

Open 2 .20 R i p a r i a n - 0 . 42 
Open - 0 . 27 

Yellow-rumped Open f o r e s t 1. 09 Dense f o r e s t 0. 76 
warbler Dense f o r e s t 1. 68 Open - 0 . 61 

Open - 0 . 06 Open f o r e s t - 0 . 29 
R i p a r i a n - 0 . 24 

C o n t r o l s 

Chipping Open f o r e s t 4 . 35 R i p a r i a n - 0 . 87 
sparrow Dense f o r e s t 4 . 01 Open f o r e s t 0. 50 

Open 2 .71 Open - 0 . 34 
Dense f o r e s t - 0 . 06 

Dusky Open f o r e s t 4 . 75 R i p a r i a n - 0 . 97 
f l y c a t c h e r Dense f o r e s t 4 . 52 Open f o r e s t o. 28 

Open 3 .48 Dense f o r e s t - b . 14 Open 
Open 0. 08 

Vesper Open f o r e s t 2.42 Dense f o r e s t - 0 . 85 
sparrow Dense f o r e s t 1.54 Open f o r e s t 0 . 63 

Open 1. 88 R i p a r i a n -0 . 45 
Open 0. 41 
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found i n c e l l s with lower amounts of r i p a r i a n h a b i t a t 

( x p r e s e n c e = °.1%) than i n c e l l s without Vesper sparrow 

d e t e c t i o n s (* absence = 1.5%). 

One s i g n i f i c a n t d i s c r i m i n a n t f u n c t i o n was generated f o r 

Yellow-rumped warblers i n treatment s i t e s . The l o a d i n g 

matrix i n Table 26 i n d i c a t e s t h a t two v a r i a b l e s , dense 

f o r e s t and open h a b i t a t , d i s t i n g u i s h c e l l s with and without 

Yellow-rumped warbler d e t e c t i o n s . These b i r d s were found i n 

c e l l s with a higher percent coverage of dense f o r e s t 

( x p r e s e n c e = 13.5%) compared with c e l l s where Yellow-rumped 

warblers were not detected (*absence = 5.3%). In a d d i t i o n , 

c e l l s with Yellow-rumped warblers d e t e c t i o n s tended t o have 

a lower amount of open h a b i t a t ( X p r e s e n c e = 1 • ' c e l l s 

without Yellow-rumped warbler d e t e c t i o n s had a higher amount 

of open h a b i t a t (*absence = 5.3%). 

One s i g n i f i c a n t d i s c r i m i n a n t f u n c t i o n was generated f o r 

Chipping sparrows i n c o n t r o l s i t e s . The primary v a r i a b l e 

r e s p o n s i b l e f o r sep a r a t i n g these groups was the amount of 

r i p a r i a n h a b i t a t (Table 26). C h i p p i n g sparrows were found 

i n c e l l s with low percent coverage of r i p a r i a n h a b i t a t 

( * p r e s e n c e = 0 - 8 % . v s - xabsence= 3.4%). In a d d i t i o n , the 

percent cover of open f o r e s t h a b i t a t a l s o c o n t r i b u t e d to the 

s e p a r a t i o n of c e l l s with and without d e t e c t i o n s . Chipping 

sparrows were detected i n c e l l s w i t h a h i g h e r percent cover 

of open f o r e s t h a b i t a t (^presence" 28.8%) than i n c e l l s 

where they were not detected (*absence = 21.7%). 
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Dusky f l y c a t c h e r s were the only s p e c i e s to have 

s i g n i f i c a n t d i s c r i m i n a n t f u n c t i o n s i n both treatments and 

c o n t r o l s . In c o n t r o l s the l o a d i n g matrix (Table 26) 

suggests t h a t r i p a r i a n h a b i t a t was the on l y v a r i a b l e t h a t 

c o n t r i b u t e d t o the s e p a r a t i o n of c e l l s with and without 

Dusky f l y c a t c h e r d e t e c t i o n s . T h i s s p e c i e s was found i n 

c e l l s with a higher amount of r i p a r i a n h a b i t a t 

( x p r e s e n c e = 3 • t h a n i n c e l l s where they were absent 

( x a b s e n c e = 0 • 6 % ) • I n treatments, t h r e e v a r i a b l e s played a 

r o l e i n p r e d i c t i n g Dusky f l y c a t c h e r presence (Table 26). 

Open f o r e s t was the v a r i a b l e p r i m a r i l y r e s p o n s i b l e f o r the 

s e p a r a t i o n . Dusky f l y c a t c h e r s were d e t e c t e d i n c e l l s with 

lower amounts of open f o r e s t h a b i t a t ( X p r e s e n c e = 7 3 % , 
x a b s e n c e = 8 9 % ) • T n e amount of dense f o r e s t was the next 

most i n f l u e n t i a l v a r i a b l e . Dusky f l y c a t c h e r s were found i n 

c e l l s with higher amounts of dense h a b i t a t than i n c e l l s 

where they were absent ( X p r e s e n c e = 2 0 . 2 % , ^ a b s e n c e = 7 - 3 ^ ) • 

F i n a l l y , t h i s species was found i n c e l l s with more r i p a r i a n 

h a b i t a t than i n c e l l s where they were absent 

( xpresence = 1•°%/ x a b s e n c e = 0 • 2 % ) • 

D i s c u s s i o n 

Community s t r u c t u r e 

T h i s t h i n n i n g p r o j e c t appeared t o have l i t t l e a f f e c t on 

the s t r u c t u r e of the f o r e s t b i r d community. Dominance 

d i v e r s i t y curves of communities i n t h i n n e d and unthinned 

s i t e s were very s i m i l a r ( Figure 3). Each community 
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c o n s i s t e d of one very common s p e c i e s (Chipping sparrows), 7-

8 r e l a t i v e l y abundant s p e c i e s , and 14-15 r e l a t i v e l y uncommon 

s p e c i e s . In both treatment and c o n t r o l s the 9 most abundant 

s p e c i e s were the same although t h e i r rank orders were 

somewhat d i f f e r e n t (Table 11). The high values of Jaccard's 

and M o r i s i t a ' s i n d i c e s of s i m i l a r i t y (0.92 and 0.96, 

r e s p e c t i v e l y ) f u r t h e r i l l u s t r a t e the minimal impact t h a t 

t h i n n i n g had on o v e r a l l community s t r u c t u r e . 

R e l a t i v e abundance 

Thinning a l s o seems to have had l i t t l e a f f e c t on the 

r e l a t i v e abundance ( e i t h e r i n terms of the number of 

t e r r i t o r i e s or number of d e t e c t i o n s ) of any of the s p e c i e s 

examined. Ground and shrub f o r a g e r s such as Dark-eyed 

junco, Vesper sparrow, Chipping sparrow, Townsend 1s 

s o l i t a r e , and American r o b i n were expected t o increase i n 

abundance because of an a n t i c i p a t e d i n c r e a s e i n understory 

v e g e t a t i o n but d i d not. There i s a g e n e r a l trend f o r the 

r e l a t i v e abundance of ground and shrub f e e d i n g / n e s t i n g 

s p e c i e s to increase a f t e r l o g g i n g (Hagar 1960, Flack 1976, 

Franzreb and Omhart 1978), f i r e (Bock and Lynch 1970, 

Raphael et a l . 1987) and t h i n n i n g (Hagar 1990, S t r i b l i n g e t 

a l . 1990, DeGraff et a l . 1991) due t o i n c r e a s e s i n ground 

and shrub cover. In my study the l a c k of response of the 

ground-feeding species of t h i s b i r d community i s c o n s i s t e n t 

with the n e g l i g i b l e response of the v e g e t a t i o n community. 

The only h a b i t a t v a r i a b l e t h a t i n c r e a s e d s i g n i f i c a n t l y due 
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t o t h i n n i n g was down and dead woody m a t e r i a l . There was no 

s i g n i f i c a n t increase i n the p e r c e n t cover of herbs, grass 

and shrubs (Table 9). In s t u d i e s where the increase of 

ground-feeding species was a t t r i b u t e d t o i n c r e a s e s i n the 

amount of logging s l a s h , the s l a s h was arranged i n d i s c r e t e 

p i l e s (Franzreb and Omhart 1978). These s l a s h p i l e s 

a f f o r d e d ground-feeding s p e c i e s , p a r t i c u l a r l y Dark-eyed 

junco, increased f o r a g i n g o p p o r t u n i t i e s , escape cover and 

o b s e r v a t i o n posts. S l a s h i n t h i s study was l e f t where i t 

was f e l l e d . T h i s approach r e s u l t e d i n a more uniform 

d i s t r i b u t i o n of s l a s h (at l e a s t i n the h o r i z o n t a l plane) 

than i n other s t u d i e s . 

The t h i n n i n g treatment d i d not have any a f f e c t on 

f o l i a g e - f e e d i n g s p e c i e s . F o l i a g e - f e e d i n g s p e c i e s such as 

Yellow-rumped warbler, Mountain chickadee, Red-breasted 

nuthatch, and Western tanagers were expected to decrease i n 

abundance because of a r e d u c t i o n i n canopy volume on a per 

hectare b a s i s . The amount of canopy volume has been r e l a t e d 

t o the a v a i l a b i l i t y of food f o r f o l i a g e - f e e d i n g species 

(Sturnam 1968, Szaro and Balda 1979). In a d d i t i o n , canopy 

volume has a l s o been a s s o c i a t e d w i t h the r e l a t i v e abundance 

of s e v e r a l f o l i a g e - f e e d i n g s p e c i e s . Increases i n the 

abundance of f o l i a g e - f e e d i n g s p e c i e s have been noted i n 

instances where f o r e s t canopies develop and c l o s e a f t e r 

h a r v e s t i n g or f i r e (Flack 1976, Raphael et a l . 1987, Szaro 

and Balda 1986). Conversely, decreases i n the abundance of 

f o l i a g e - f e e d i n g species have been c o r r e l a t e d with decreases 
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i n canopy volume a f t e r h a r v e s t i n g (Franzreb and Omhart 1978, 

Morgan et a l . 1989). In my study there was s i g n i f i c a n t l y 

l e s s canopy volume per hectare of D o u g l a s - f i r t r e e s <10 cm 

dbh i n treatment s i t e s than i n c o n t r o l s i t e s (Table 7); 

however, there was no s i g n i f i c a n t decrease i n the r e l a t i v e 

abundance of any i n d i v i d u a l s p e c i e s f o r each d e n s i t y 

estimate. In f a c t , Mountain chickadees were detected 

s i g n i f i c a n t l y more i n treatment s i t e s (Tables 15). T h i s was 

unexpected as i t was b e l i e v e d t h a t chickadees would be more 

abundant where fo r a g i n g o p p o r t u n i t i e s were g r e a t e s t . 

However, the d i f f e r e n c e i n the number of Mountain 

chickadees i n treatment s i t e s was l a r g e l y due t o the 

i n f l u e n c e of one p l o t . Mountain chickadees were very 

abundant i n the Dam Lake study s i t e . I l o c a t e d 7 nests 

w i t h i n t h i s p l o t . 

The l a c k of response of the b i r d community may be 

a t t r i b u t a b l e t o the f o l l o w i n g f a c t o r s . F i r s t , the treatment 

and hence r e d u c t i o n of the canopy volume, may not have been 

severe enough to make food l i m i t i n g . Second, an abundance 

of food (spruce budworm and D o u g l a s - f i r tussock moth) 

negated the l o s s of a v a i l a b l e f o r a g i n g h a b i t a t . 

The p r e d i c t e d d e c l i n e i n f o l i a g e - f e e d i n g s p e c i e s i n 

t r e a t e d s i t e s was based on the assumption t h a t food was 

l i m i t i n g f o r t h i s group of s p e c i e s because of reduced canopy 

volume. Thinning i n t h i s p r o j e c t was d i r e c t e d at a s p e c i f i c 

component of the f o r e s t stratum ( t r e e s <15 cm dbh). A 

s i g n i f i c a n t p r o p o r t i o n of t h i s stratum was dead or dying, i n 
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both c o n t r o l and treatment s i t e s a t the time of study (3 0% 

and 21% r e s p e c t i v e l y ; Table 4) thereby r e p r e s e n t i n g h a b i t a t 

t h a t was already u n a v a i l a b l e t o f o l i a g e - f e e d i n g s p e c i e s . 

Had t h i n n i n g occurred p r i o r t o the e x t e n s i v e d e f o l i a t i o n of 

these stands by spruce budworm and D o u g l a s - f i r tussock moth, 

the e f f e c t that t h i s t h i n n i n g t r i a l had on l i m i t i n g f o r a g i n g 

h a b i t a t could have been g r e a t e r . In a d d i t i o n , these stands 

are managed on an un-even aged b a s i s . Because t h i n n i n g was 

d i r e c t e d at the younger t r e e s w i t h i n t h i s f o r e s t , a 

s i g n i f i c a n t amount of f o r a g i n g h a b i t a t s t i l l remained i n the 

form of overstory D o u g l a s - f i r and Ponderosa pine f o l i a g e 

(Table 6) . Therefore, the assumption t h a t food was made 

l i m i t i n g as a r e s u l t of t h i s treatment may have been 

erroneous. To make food l i m i t i n g , and t h e r e f o r e to see the 

decrease i n the number of f o l i a g e - f e e d i n g s p e c i e s , t h i n n i n g 

would have had to have been d i r e c t e d a t removing a greater 

number of h e a l t h i e r t r e e s , and/or t r e e s i n l a r g e r s i z e 

c l a s s e s . 

The preceding argument assumes t h a t a r e d u c t i o n i n 

canopy volume would have l e d t o a corre s p o n d i n g r e d u c t i o n i n 

the a v a i l a b i l i t y of food. However, spruce budworm and 

D o u g l a s - f i r tussock moth were both s u f f i c i e n t l y abundant i n 

these stands that the B r i t i s h Columbia F o r e s t S e r v i c e f e l t 

i t necessary to spray some of my study s i t e s with BTK 

( B a c i l l u s t h u r i g e n s i s ) . I n s e c t outbreaks, e s p e c i a l l y those 

a s s o c i a t e d with f o r e s t p e s t s , and s p e c i f i c a l l y spruce 

budworm, have been c o r r e l a t e d w i t h numerical responses of 
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some s p e c i e s of b i r d s (MacArthur 1958, B l a i s and Banks 1964, 

M o r r i s et a l . 1958, Mattson e t a l . 1968, Crawford and 

Jennings 1989). Therefore, e l e v a t e d l e v e l s of spruce 

budworm may have l e d to inc r e a s e d p o p u l a t i o n l e v e l s of some 

s p e c i e s i n both c o n t r o l s and treatments thereby damping the 

p o t e n t i a l negative e f f e c t s of the h a b i t a t manipulation. 

Whether spruce budworm and D o u g l a s - f i r tussock moth 

po p u l a t i o n s l e d to a numerical response i n any s p e c i e s or 

not, the presence of t h i s abundant food source l i k e l y had a 

confounding a f f e c t i n t h i s m a n i p u l a t i o n . The presence of 

t h i s superabundant food source c o u l d e a s i l y have made up f o r 

the reduced a v a i l a b i l i t y of f o r a g i n g h a b i t a t t h a t r e s u l t e d 

from t h i n n i n g . When budworm p o p u l a t i o n s crash, d i f f e r e n c e s 

i n the abundance of f o l i a g e - f e e d i n g s p e c i e s may become 

apparent. 

The modest s i g n i f i c a n t d i f f e r e n c e i n woodpecker 

d e t e c t i o n s f a v o r i n g treatments over c o n t r o l s may have been a 

r e s u l t of b i a s i n d e t e c t a b i l i t y (Table 16). Woodpeckers may 

have been more e a s i l y detected i n treatments than i n 

c o n t r o l s . The openness of treatments d i d make i t e a s i e r t o 

d e t e c t b i r d s v i s u a l l y . However, i f v i s i b i l i t y was the 

reason f o r d i f f e r e n c e s i n the number of d e t e c t i o n s , the b i a s 

should have been more systematic. In oth e r words, more 

sp e c i e s , or groups of s p e c i e s , should have been detected 

more o f t e n i n t r e a t e d s i t e s . T h i s was not the case. Only 

Mountain chickadees were de t e c t e d more o f t e n i n t r e a t e d 

s i t e s . A more l i k e l y e x p l a n a t i o n f o r t h e d i f f e r e n c e i n the 



82 

number of detections i s t h a t woodpeckers were using 

treatment s i t e s p r e f e r e n t i a l l y because of increased f o r a g i n g 

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

m a t e r i a l on s i t e can c o n t r i b u t e t o i n c r e a s e s i n bark b e e t l e 

(Dendroctonus f r o n t a l i s ) p o p u l a t i o n s (Moser et a l . 1987, 

Nebecker and Hodges 1985, Conner e t a l . 1991). Woodpeckers 

are major predators of bark b e e t l e s (Moeck and Safranyik 

1984) , and l i k e p a s s e r i n e s , have been known to show both 

numerical and f u n c t i o n a l responses to i n c r e a s e d food 

abundance (Conner and Crawford 1974, Knight 1958, K o p l i n 

1969, Otvos 1970). The abundant down and dead m a t e r i a l i n 

treatment s i t e s and probable e l e v a t e d b e e t l e populations, 

l i k e l y represented a food source t h a t drew woodpeckers i n t o 

treatment s i t e s . Observations of f o r a g i n g woodpeckers 

supports t h i s idea. During t h i s study, a l l 5 species of 

woodpeckers encountered were seen f o r a g i n g on the m a t e r i a l 

f e l l e d during the t h i n n i n g treatment. 

B i r d / h a b i t a t r e l a t i o n s h i p s 

Dominance-diversity a n a l y s i s f o r c o n t r o l s i t e s 

i l l u s t r a t e s two main p o i n t s . F i r s t , r i p a r i a n h a b i t a t 

appears to support the most d i s t i n c t community of any of the 

four h a b i t a t types. T h i s community was the only community 

not dominated by Chipping sparrows. In a d d i t i o n , many 

species such as Orange-crowned warblers, Ruby-crowned 

k i n g l e t s , Wilson's warblers, and Swainson's thrushes were 

more prominent i n t h i s community (Table 22) Second, open 
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h a b i t a t supported the fewest s p e c i e s of a l l h a b i t a t types. 

T h i s i s not s u r p r i s i n g given the l i m i t e d extent of these 

areas ( i . e . , they do not c o n s t i t u t e a t r u e g r a s s l a n d h a b i t a t 

and as such, do not support a very d i v e r s e community). 

S i m i l a r i t y i n d i c e s (Table 23) a l s o support the 

d i s t i n c t n e s s of the r i p a r i a n and open communities. The 

r i p a r i a n community i s s u b s t a n t i a l l y d i f f e r e n t from the 

community found i n open h a b i t a t s . The reduced s p e c i e s 

r i c h n e s s of the open h a b i t a t community was p r i m a r i l y 

r e s p o n s i b l e f o r the low s i m i l a r i t y between i t and dense 

f o r e s t communities. No communities appeared to be d i s t i n c t 

from the o v e r a l l community s t r u c t u r e i n treatment s i t e s . 

T h i s l a c k of d i s t i n c t n e s s was l i k e l y due t o the extreme 

s c a r c i t y of r i p a r i a n , dense f o r e s t and open h a b i t a t types. 

Thinning a l t e r e d the f o r e s t landscape by changing the 

d i s t r i b u t i o n of two of the f o u r h a b i t a t types. In c o n t r o l 

s i t e s , dense f o r e s t was the most abundant h a b i t a t type, 

whereas i n treatment s i t e s , open f o r e s t was the most 

abundant (Table 18). T h inning e f f e c t i v e l y c r e a t e d i s o l a t e d 

i s l a n d s of dense-unthinned f o r e s t surrounded by expansive 

areas of open canopy f o r e s t . I t i s then p o s s i b l e t h a t 

b i r d / h a b i t a t a s s o c i a t i o n s may have changed i n the f o l l o w i n g 

ways. I f a species uses open canopy f o r e s t , t h i s 

a s s o c i a t i o n should be e v i d e n t i n c o n t r o l s i t e s because of 

the r e l a t i v e r a r i t y of these areas i n c o n t r o l s . T h i s 

a s s o c i a t i o n should disappear, or become l e s s apparent, i n 

treatment s i t e s as the a v a i l a b i l i t y of t h i s h a b i t a t 
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i n c r e a s e s . Any species t h a t uses dense-unthinned h a b i t a t 

may undergo s i m i l a r changes. Because dense-unthinned i s the 

most abundant h a b i t a t type i n c o n t r o l s i t e s , any strong 

a s s o c i a t i o n with t h i s h a b i t a t type may not be apparent 

( i . e . , species d i s t r i b u t i o n would be more uniform). 

However, i n treatment s i t e s dense-unthinned h a b i t a t was l e s s 

abundant. As a r e s u l t , p r e f e r e n c e f o r t h i s h a b i t a t type 

should become apparent t h e r e . 

Chi-square and d i s c r i m i n a n t a n a l y s i s were performed t o 

determine whether t h i s k i n d of a s s o c i a t i o n e x i s t e d . The 

u n i - v a r i a t e Chi-square a n a l y s i s of b i r d / h a b i t a t 

r e l a t i o n s h i p s y i e l d e d mostly ambiguous r e s u l t s . However, 

thr e e species, Vesper sparrows, Northern f l i c k e r s and Dusky 

f l y c a t c h e r s appeared t o f o l l o w the expected p a t t e r n . Both 

Vesper sparrows and Northern f l i c k e r s were detected i n areas 

with high amounts of open f o r e s t i n c o n t r o l s i t e s more than 

was expected. These a s s o c i a t i o n s were not apparent i n 

treatment s i t e s where open f o r e s t was very abundant (Table 

24). Dusky f l y c a t c h e r s , on the other hand, were detected i n 

areas with high amounts of dense f o r e s t i n treatment s i t e s 

(Table 24). This a s s o c i a t i o n was not present i n c o n t r o l 

s i t e s where dense f o r e s t i s f a r more abundant. 

Results from d i s c r i m i n a n t a n a l y s i s suggest t h a t the 

changes i n the d i s t r i b u t i o n of h a b i t a t s may have l e d to the 

changes i n the s p a t i a l d i s t r i b u t i o n of three s p e c i e s . In 

c o n t r o l s i t e s , Chipping sparrows and Vesper sparrows 

appeared to be most s t r o n g l y a s s o c i a t e d with areas that had 
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more open f o r e s t c h a r a c t e r i s t i c s ( i . e . , areas with l i t t l e 

dense f o r e s t , and more abundant open f o r e s t h a b i t a t ; Table 

26). In treatment s i t e s , however, t h i s a s s o c i a t i o n was not 

noted. Conversely, Yellow-rumped warblers and Dusky 

f l y c a t c h e r s were found most o f t e n i n areas with high amounts 

of dense f o r e s t h a b i t a t i n treatments. T h i s a s s o c i a t i o n was 

not noted i n c o n t r o l s i t e s where dense f o r e s t h a b i t a t was 

more abundant. 

R e s u l t s the Chi-square a n a l y s i s f u r t h e r suggest t h a t 

r i p a r i a n h a b i t a t supported a somewhat d i s t i n c t community and 

played a major r o l e i n the d i s t r i b u t i o n of some s p e c i e s . 

F i v e s p e c i e s (Orange-crowned warbler, Ruby-crowned k i n g l e t , 

Wilson's warbler, Red-naped sapsuckers and Dusky 

f l y c a t c h e r s ) and one s p e c i e s group (woodpeckers) were 

dete c t e d i n r i p a r i a n h a b i t a t more than expected by chance 

(Table 24). Orange-crowned warblers, Wilson's warblers, and 

Ruby-crowned k i n g l e t s and to a l e s s e r extent Dusky 

f l y c a t c h e r s are long d i s t a n c e migrant s p e c i e s t h a t are known 

t o be a s s o c i a t e d with r i p a r i a n h a b i t a t (Brown 1985). 

Red-naped sapsuckers and the woodpecker group were a l s o 

d e t e c t e d more often than expected i n r i p a r i a n h a b i t a t (Table 

24). Red-naped sapsuckers were o f t e n observed feeding on 

water b i r c h t r e e s that are found o n l y i n wetter areas. Red-

naped sapsuckers, and the group of woodpeckers, p a r t i c u l a r l y 

H a i r y woodpeckers, and P i l e a t e d woodpeckers o f t e n nested i n 

Trembling aspen trees (Black-backed and Three-toed 

woodpeckers were exceptions i n t h i s group) r e s u l t i n g i n 
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numerous de t e c t i o n s i n c e l l s with r i p a r i a n h a b i t a t . Despite 

r i p a r i a n h a b i t a t being extremely r a r e i n both treatments and 

c o n t r o l s , i t appears t h a t even a smal l amount of r i p a r i a n 

h a b i t a t can have a p o s i t i v e a f f e c t on s p e c i e s d i v e r s i t y . 

T h i s phenomenon has a l s o been noted by Morrison and Meslow 

(1983), and Hagar (1990). 

I t i s unclear why Red-naped sapsuckers and woodpeckers 

were detected i n openings more than was expected by chance. 

Openings u s u a l l y do not c o n t a i n very much down and dead 

m a t e r i a l t h a t may have drawn some of the woodpecker s p e c i e s 

i n t o open areas. What i s m o r e ' l i k e l y i s t h a t these s p e c i e s 

were detected i n openings when en route t o or from t h e i r 

nest s i t e s . 

One of the problems a s s o c i a t e d with the b i r d / h a b i t a t 

a s s o c i a t i o n s involved u s i n g 50x50-m c e l l s as the u n i t of 

a n a l y s i s . The use of 50x50-m c e l l s as the u n i t of a n a l y s i s 

c o n t r i b u t e d to both the low number of c e l l s with a high 

percentage coverage of any h a b i t a t type, and the 

preponderance of s i g n i f i c a n t Chi-square values i n 

intermediate cover c l a s s e s . The reason t h a t using a 50x50-m 

c e l l as the u n i t of a n a l y s i s was pr o b l e m a t i c i s i l l u s t r a t e d 

i n Figure 6. In t h i s i n s t a n c e h a b i t a t B would cover an 

e n t i r e 50x50-m c e l l , but because of i t ' s p o s i t i o n , i s s p l i t 

between four c e l l s each c o n s i s t i n g of 25% h a b i t a t B and 75% 

h a b i t a t A. Any d e t e c t i o n s t h a t might be r e s t r i c t e d 



F i g u r e 6. The p o t e n t i a l problem w i t h u s i n g 
a 50x50 m c e l l as the u n i t of a n a l y s i s i n 
b i r d / h a b i t a t r e l a t i o n s . H a b i t a t B would cover 
an e n t i r e 50x50 m c e l l . However, because of 
the placement of the g r i d c e l l , each c e l l 
c o n tains 75% of H a b i t a t A and 25% of h a b i t a t 
B. 
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t o h a b i t a t B would then be grouped with c e l l s t h a t are made 

up of low amounts of h a b i t a t B and h i g h amounts of h a b i t a t 

A. 

Conclusions 

Many authors b e l i e v e t h a t t h i n n i n g c o u l d prove to be a 

u s e f u l t o o l to manipulate b i r d s p e c i e s d i v e r s i t y (Dien and 

Z e v e l o f f 1980, DeGraff e t a l . 1992, Hunter 1990). This 

b e l i e f i s based mainly on the a b i l i t y t o i n c r e a s e 

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

d i v e r s i t y . Those goals are achieved by enhancing understory 

v e g e t a t i o n and developing a shade t o l e r a n t , mid-story. 

Thinning has been an e f f e c t i v e t o o l t o i n c r e a s e w i l d l i f e 

d i v e r s i t y when opening the f o r e s t canopy has r e s u l t e d i n the 

development of an understory community t h a t d i d not a l r e a d y 

e x i s t (Hagar 1990). Increases i n d i v e r s i t y have a l s o been 

a s s o c i a t e d with the occurrence of one or more sp e c i e s t h a t 

are detected i n f r e q u e n t l y (DeGraff e t a l . 1992). At present 

the stands i n the IDF x h l and xh2 are managed on an uneven-

aged b a s i s and, as a r e s u l t , a l r e a d y have a shade t o l e r a n t 

understory. Increased herb and shrub production w i l l l i k e l y 

b e n e f i t those species t h a t p r e s e n t l y use t h i s resource. 

Thinning as conducted i n my study s i t e s , u n l i k e some 

other t h i n n i n g t r i a l s , (e.g. DeGraff e t a l . 1992) w i l l not 

l i k e l y r e s u l t i n the r e c r u i t m e n t of new species i n t o these 

f o r e s t s . L o n g - b i l l e d curlews and Mountain b l u e b i r d s are two 

s p e c i e s t h a t could be r e c r u i t e d i n t o these stands. Both 
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were seen on occasion i n these stands over the two years of 

the study. However, both s p e c i e s would r e q u i r e the c r e a t i o n 

of very l a r g e openings. From a s i l v i c u l t u r a l p e r s p e c t i v e 

openings of the s i z e needed f o r these s p e c i e s would be 

i n a p p r o p r i a t e i n t h i s f o r e s t type. From a w i l d l i f e 

p e r s p e c t i v e c r e a t i n g l a r g e openings f o r the b e n e f i t of these 

s p e c i e s i s a l s o i n a p p r o p r i a t e as these s p e c i e s are best 

managed i n more open stands a t lower e l e v a t i o n s . 

The main r o l e t h a t t h i n n i n g w i l l p l a y i n these stands 

w i l l be to a l t e r the r e l a t i v e abundance of s p e c i e s r a t h e r 

t h a t a f f e c t i n g b i r d s p e c i e s d i v e r s i t y . For t h i s t o happen, 

t h i n n i n g w i l l l i k e l y have to be accompanied by some form of 

c o n t r o l l e d burning and some r e s t r i c t i o n s or a l t e r a t i o n s of 

present g r a z i n g p a t t e r n s . In a d d i t i o n , snag management as 

i t i s p r e s e n t l y p r a c t i c e d should be continued, but should be 

accompanied by an e f f e c t i v e extension program regarding the 

r o l e of snags i n f o r e s t s and enforcement of firewood c u t t i n g 

r e s t r i c t i o n s . D o u g l a s - f i r and Ponderosa pine snags i n 

l a r g e r diameter c l a s s e s (those s i z e s g e n e r a l l y used by 

woodpeckers f o r n e s t i n g and foraging) were r a r e i n both 

treatments and c o n t r o l s (Table 3). E f f e c t i v e snag 

management i s imperative i f these stands are going to be 

a b l e t o support c a v i t y - n e s t i n g s p e c i e s i n the f u t u r e . 

R e s u l t s from t h i s study suggest t h a t Vesper sparrows 

and Chipping sparrows are two s p e c i e s t h a t w i l l p o t e n t i a l l y 

b e n e f i t from the form of t h i n n i n g a p p l i e d . Both s p e c i e s 
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appear to be a s s o c i a t e d with open canopy f o r e s t s t h a t are 

made more abundant as a r e s u l t of t h i s treatment. 

Patches of unthinned f o r e s t should continue to be l e f t 

i n thinned s i t e s even i f snag management does not 

n e c e s s i t a t e i t . Patches of dense-unthinned D o u g l a s - f i r were 

l i k e l y always an i n t r i c a t e p a r t of t h i s f o r e s t system. 

Frequent w i l d f i r e s would have maintained an open parkland 

f o r e s t , but would not completely e r a d i c a t e a l l dense patches 

of D o u g l a s - f i r . In a d d i t i o n , r e s u l t s from t h i s study 

suggest that at l e a s t Dusky f l y c a t c h e r s and Yellow-rumped 

warblers are a s s o c i a t e d with dense patches of D o u g l a s - f i r . 

In a d d i t i o n to p r o v i d i n g an obvious s t r u c t u r a l d i v e r s i t y , 

they provide valuable s e c u r i t y cover. On one occasion, I 

witnessed a P i l e a t e d woodpecker esca p i n g from the p u r s u i t of 

a Cooper's hawk by seeking cover i n an unthinned patch t h a t 

was l e f t around a snag. 

Slash could be p i l e d , r a t h e r than l e f t where i t was 

f e l l e d . P i l i n g of s l a s h c o u l d b e n e f i t some of the ground 

n e s t i n g and feeding s p e c i e s , p a r t i c u l a r l y Dark-eyed juncos. 

Results from t h i s study suggest t h a t t h i n n i n g d i d not 

have a s i g n i f i c a n t a f f e c t on the f o r e s t b i r d community. 

Poor understory response to t h i s t h i n n i n g t r i a l , e i t h e r 

because of the a f f e c t s of c a t t l e g r a z i n g , l e a v i n g s l a s h on 

s i t e , i n e f f e c t i v e t h i n n i n g , or the p a s s i n g of an 

i n s u f f i c i e n t period of time, or a l l f o u r , may e x p l a i n the 

n e g l i g i b l e response of ground-plus shrub-feeding b i r d 

s p e c i e s . In a d d i t i o n , e l e v a t e d l e v e l s of spruce budworm and 
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D o u g l a s - f i r tussock moth may have masked any s i g n i f i c a n t 

d i f f e r e n c e s i n the abundance of f o l i a g e - f e e d i n g s p e c i e s . 

These r e s u l t s , however, should be c o n s i d e r e d as p r e l i m i n a r y 

data and i l l u s t r a t e the need the f o r long-term monitoring of 

both v e g e t a t i o n and b i r d s p e c i e s . Long-term monitoring i s 

necessary p a r t i c u l a r l y i f the Thompson/Nicola Mule Deer 

Foraging and S l a s h i n g P r o j e c t becomes a model f o r t h i n n i n g 

p r o j e c t s i n the IDF xhl and xh2 f o r e s t types. 
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Appendix I. L i s t of common and s c i e n t i f i c names of p l a n t s 
used i n t e x t . 

Trees 

D o u g l a s - f i r 
Ponderosa pine 
Trembling aspen 
Red a l d e r 
Paper b i r c h 

Shrubs 

r e d - o i s e r dogwood 
common j u n i p e r 
rocky mountain juniper 
r o s e 
k i n n i k i n i k 
Saskatoon berry 
sheperdia 
snowberry 
Douglas maple 
s p i r e a 
w i l l o w 

Herbs 

p i n e grass 
rough fescue 
Kentucky bluegrass 
bluebunch wheatgrass 

lemonweed 
pussy toes 
yarrow 
fireweed 
balsam r o o t 
h e a r t - l e a f e d a r n i c a 
strawberry 
s t a r Solomon's s e a l 
twinflower 
northern bedstraw 
h o r s e t a i l 

Pseudotsuga m e n z i e s i i 
Pinus ponderosa 
Populus t r e m u l o i d e s 
Alnus r u b r a 
B e t u l a p a p y r i f e r a 

Cornus s t o l o n i f e r a 
J u n i p e r u s communis 
J u n i p e r u s scopulorum 
Rosa s p p . 
A r c t o s t a p h y l o s u v a - u r s i 
A m e l a n c h i e r a l n i f o l i a 
Sheperdia canadensis 
Symphoricarpos a l b u s 
Acer glabrum 
S p i r a e a b e t u l i f o l i a 
S a l i x s p p . 

C a l a m a g r o s t i s rubescens 
F e s t u c a s c a b r e l l a 
Poa p r a t e n s i s 
Agropyron s p i c a t u m 

Lithospermum r u d e r a l e 
A n t e n n a r i a s p p . 
A c h i l l e a m i l l e f o l i u m 
E p i l o b i u m a n g u s t i f o l i u m 
B a l s a m o r h i z a s a g i t t a t a 
A r n i c a c o r d i f o l i a 
F r a g a r i a v i r g i n i a n a 
S m i l a c i n a s t e l l a t a 
L i n n a e a b o r e a l i s 
Galium b o r e a l i s 
Equisetum s p p . 
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Source 
of v a r i a t i o n 

DF F - t e s t 

Cond 

Plot(Cond) 

E r r o r 

2-1=1 

2* (3-1)=4 

2*3(20-1)=114 

o 2
e + n k a 2

r + rikfyc 

a 2
e + n k a 2

r 

T o t a l 120-1=119 
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Appendix I I I . L i s t of common and s c i e n t i f i c names of b i r d s 
observed i n c o n t r o l and treatment s i t e s . 

R e d - t a i l e d hawk a 

Cooper 1 s hawk a 

Sharpshinned hawk a 

American k e s t r e l a 

Ruffed grouse* 3 

Northern pygmy-owl*3 

Great-horned o w l c 

Common nighthawk a 

Vaux's s w i f t a 

P i l e a t e d woodpecker 3 

Black-backed woodpecker 3 

H a i r y woodpecker 3 

Northern f l i c k e r 3 

Red-naped sapsucker 3 

Three-toed woodpecker 3 

Dusky f l y c a t c h e r 3 

Western woodpeeweec 

Tree swallow 3 

Gray j a y 3 

Common r a v e n 3 

American crow 3 

Black-capped c h i c k a d e e 3 

Mountain chickadee 3 

Red-breasted n u t h a t c h 3 

White-breasted n u t h a t c h 3 

Winter wren b 

Ruby-crowned k i n g l e t 3 

American r o b i n 3 

Swainson's t h r u s h 3 

Buteo j a m a i c e n s i s 

A c c i p t e r c o o p e r i i 

A c c i p t e r s t r i a t u s 

F a l c o s p a r v e r i u s 

Bonasa u m b e l l u s 

G l a u c i d i u m gnoma 

Bubo v i r g i n i a n u s 

C h o t d e i l e s minor 

Chaetura v a u x i 

Dryocopus p i l e a t u s 

P i c o i d e s a r c t i c u s 

P i c o i d e s v i l l o s u s 

C o l a p t e s a u r a t u s 

Sphyrapicus n u c h a l i s 

P i c o i d e s t r i d a c t y l u s 

Epidonax o b e r h o l s e r i 

Contopus s o r d i d u l u s 

T a c h y c i n e t a b i c o l o r 

P e r i s o r e u s canadensis 

Coruvs c o r a x 

Coruvs brachyrhynchos 

Parus a t r i c a p i l l u s 

Parus gambeli 

S i t t a c a n a d e n s i s 

S i t t a c a r o l i n e n s i s 

T r o g l o d y t e s t r o g l o d y t e s 

Regulus c a l e n d u l a 

Turdus m i g r a t o r i u s 

Catharus u s t u l a t u s 

3= found i n both c o n t r o l s and treatments 
k= found only i n c o n t r o l s 
c= found only i n treatments 
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Appendix I I I continued. L i s t of common and s c i e n t i f i c names 
of b i r d s observed i n c o n t r o l and treatment s i t e s . 

Mountain b l u e b i r d 9 

Townsend 1s s o l i t a r e a 

Cedar waxwing a 

S o l i t a r y v i r e o a 

Warbling v i r e o a 

Orange-crowned w a r b l e r 3 

Wilson's w a r b l e r 9 

Tennessee w a r b l e r 3 

Yellow-rumped w a r b l e r 3 

C h i p p i n g sparrow 3 

Dark-eyed j u n c o 3 

Vesper sparrow 3 

Brown-headed cowbird 3 

Western t a n a g e r 3 

Red c r o s s b i l l 3 

Pine s i s k i n 3 

C a s s i n ' s f i n c h 3 

Evening Grosbeak 3 

a= found i n both c o n t r o l s and 
k= found only i n c o n t r o l s 
c= found only i n treatments 

S i a l i a c u r r o c d i d e s 

Myadestes townsendi 

B o m b y c i l i a cedroum 

V i r e o s o l i t a r i u s 

V i r e o g i l v u s 

Vermivora c e l a t a 

W i l s o n i a p u s i l l a 

Vermivora p e r e g r i n a 

Dendroica c o r o n a t a 

S p i z e l l a p a s s e r i n a 

Junco h y e m a l i s 

Pooecetes gramineus , 

M o l o t h r u s a t e r 

P i r a n g a l u d o v i c i a n a 

L o x i a c u r v i r o s t r a 

C a r d u e l i s p i n u s 

Carpodacus c a s s i n i i 

C o c c o t h t a u s t e s V e s p e r t i n u s 

treatments 


