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L e s te r , 'Amy N . , M.S., Spring 1980 W i ld l i f e  B io logy

Numerical Response o f  Woodpeckers and T h e ir  E f fe c t  on M o r ta l i t y  
o f  Mountain Pine Beetles in  Lodgepole Pine in  Northwestern Montana

D ire c to r :  B. R i le y  McClelland # 5 * ^

R e la tionsh ips  between 5 woodpecker species and an epidemic 
popu la tion  o f  mountain pine beetles  ( Dendroctonus ponderosae) 
were s tud ied in  lodgepole pine (Pinus con to rta  v. l a t i f o l i a )  
fo re s ts  o f  northwestern Montana from March 1973 through September 
1979. Downy ( P ico ides pubescens) , H a iry  (£ . v i 1lo sus ) , Northern 
Three-toed (^ . t r id a c t y l  us) .  Black-backed Three-toed {£. a rc t ic u s ) , 
and P ilea te d  (Dryocopus p i le a tu s )  Woodpeckers were observed 
nesting  in  the study area and feeding on the b e e tle s . Maximum 
d e n s i t ie s  o f  feeding woodpeckers were 57.3 woodpeckers per 100 
acres (40 ha) in  the 1977-78 w in te r  and 34.4 woodpeckers per 100 
acres (40 ha) in  the 1978 breeding season. The h ighes t nesting 
de n s ity  was 14.3 p a irs  per 100 acres (40 ha) in  the 1979 breeding 
season. Northern Three-toed and H a iry  Woodpeckers were the most 
abundant species in  the study area, comprising 51-100% o f  the 
feeding woodpeckers censused per season and 76% o f  the nesting 
p a irs  loca ted . Nine o f  11 Northern Three-toed nests were in  
lodgepole pine snags. A l l  had apparent heartwood decay a t  the 
nest ho les. One o f  8 H a iry  nests was in  a lodgepole snag; the 
remaining 7 nests were in  quaking aspen ( Populus trem u lo ides ) or 
paper b irc h  ( Betula p a p y r i fe ra ) .  Evidence o f  heartwood decay 
was detected in  a l l  H a iry  nest t re e s .  The r e la t iv e  s c a rc i ty  o f  
nest s i te s  fo r  H a iry  Woodpeckers probably prevented a la rge 
increase in  t h e i r  numbers in  response to  the bee tle  epidemic. 
Because o f  t h e i r  a b i l i t y  to  nest in  lodgepole p ine , the most 
common t re e  species in  the study area. Northern Three-toed 
Woodpeckers responded num erica lly  to  the bee tle  epidemic. 
T e r r i t o r i a l  behavior and a v a i l a b i l i t y  o f  s u i ta b le  nest s i te s  
probably determined the maximum d e n s ity  o f  Northern Three-toed 
Woodpeckers in  lo c a l areas. The bee tle  epidemic appeared to  
account f o r  the high d e n s it ie s  o f  woodpeckers in  the in fe s te d  
area, but the epidemic was d e c l in in g  by the 1978-79 season.
Feeding woodpeckers d is tu rbed  about 10% o f  the bark on lodgepole 
a ttacked in  1978 by b e e tle s . Th is  c o n tr ib u te d  to  o ve ra l l  bee tle  
m o r ta l i t y  o f  96-97%, but woodpecker feeding d id  not appear to  
e x e r t  a c o n t ro l l in g  e f fe c t  on the epidemic bee tle  popu la tion .
Severe w in te r  and summer weather co n d it io n s  probably were the 
most im portan t fa c to rs  in  causing high be e tle  m o r ta l i t y .
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CHAPTER I 

INTRODUCTION

Since World War I I ,  managers o f  fo re s t  lands have been 

under inc reas ing  pressure to  produce commerical t im ber f o r  the 

wood products in d u s try .  Forest ha rves ting  o f te n  has re su lte d  in  

loss o r  degradation o f  h a b i ta t  f o r  many animal species. L i t t l e  

a t te n t io n  has been given to  the value o f  some o f  these species, 

p a r t i c u la r ly  in sec t ivo rou s  b i rd s ,  in  the maintenance o f  a d iverse  

ecosystem.

This re p o r t  focuses on woodpeckers and t h e i r  impact on a 

popu la tion  o f  mountain pine beetles ( Dendroctonus ponderosae) ,  

a major cause o f  t re e  m o r ta l i t y  in  the northern  Rocky Mountains. 

The o b je c t ive s  o f  t h is  research were to :

1. Determine d e n s i t ie s  o f  feeding woodpeckers in  areas 

o f  epidemic and endemic popu la tions o f  mountain 

pine b e e t le s ;

2. Determine d e n s i t ie s  o f  nes ting  p a irs  o f  woodpeckers 

in  areas o f  epidemic and endemic mountain pine 

beetle  po pu la tion s ;

3. Assess the impact o f  woodpeckers on the m o r ta l i t y  

o f  mountain pine bee tles  on the study s i t e s ;  and

4. Characte rize  a c t iv e  woodpecker nest trees  w i th in  

the study area and make recommendations f o r  fo re s t  

management based on a l l  re le v a n t f in d in g s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Mountain Pine Beetles

The mountain pine bee tle  is  a n a t ive  in s e c t  o f  the 

lodgepole pine ( Pinus con to rta  v. l a t i f o l i a ) fo re s ts  o f  the 

northe rn  Rockies. The a d u l t  is  dark brown to  b la ck , s to u t ,  

c y l i n d r i c a l ,  and approx im ate ly  0 .3  inches (8 mm) long (Amman 1977). 

I t  belongs to  the group commonly known as bark beetles (Co leoptera ; 

S c o ly t id a e ) ,  and i t s  prim ary hosts are lodgepole , ponderosa ( Pinus 

ponderosa) , and western w h ite  ( Pinus montocola) p ine .

In northwestern Montana, the be e tle  g e n e ra l ly  has a 1-year 

l i f e  cyc le  (Amman e t  a l .  1977). A du lts  emerge from brood trees in  

mid- to  la te  summer. Females f l y  to  l i v e  trees  and bore through the 

ou te r  bark. A vigorous t r e e 's  response to  t h i s ,  o r  any, wound, is  

to  produce a copious f low  o f  p i tc h .  This f lo w  may prevent the 

fem ale 's  e n try  in to  the t re e .  However, a less vigorous t r e e ,  o r  a 

t re e  su s ta in in g  an a tta ck  by many b e e t le s ,  u s u a l ly  cannot prevent 

successful e n t r ie s  by some be e t le s . The p i tc h  tubes th a t  form 

around the b e e t le s ' entrance holes are a combination o f  p i tc h  and 

bo ring  f ra s s ,  and are the f i r s t  in d ic a t io n s  th a t  a t re e  has been 

a ttacked .

As the female bores through the  ba rk , she emits a sex 

a t t r a c ta n t  known as an aggregating pheromone (Pitman e t  a l .  1968).

In combination w ith  terpenes o f  the t re e ,  t h is  pheromone a t t r a c ts  

o th e r  bee tles  to  the s i t e  (V i te  and Pitman 1968). Mountain pine 

bee tles  are monogamous; each male loca tes  a fem ale 's  e n try  hole and 

fo l lo w s  her in to  the phloem t is s u e .  The male emits an a n t i -  

aggregating pheromone th a t  may s igna l to  o th e r males th a t  a
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p a r t ic u la r  female has a mate. When the amount o f  a n t i-a g g re g a tin g  

pheromone overcomes the aggregating pheromone, the a ttack  on the 

tre e  stops (Rudinsky e t  a l .  1974).

Copulation occurs, and the female be e tle  cons truc ts  a 

v e r t ic a l  egg g a l le r y  in  the phloem. Eggs are la id  in  groups on 

a l te rn a te  sides o f  each g a l le r y .  Eggs hatch in  approxim ate ly 2 

weeks, and the w h ite ,  le g less  la rvae  feed h o r iz o n ta l ly  on the 

cambium (Amman 1977). A t the onset o f  co ld  weather, the la rvae 

h ibe rna te , although feeding may resume when the bark surface is  

s u f f i c i e n t l y  warmed by the sun. Normal feed ing resumes in  the 

s p r in g ,  and the tre e  is  u s u a l ly  g i rd le d  by the la rv e l  g a l le r ie s .

The fo u r th  in s ta r  la rvae  co n s tru c t chambers in  which they 

pass the pupal stage. During la te  spring  and e a r ly  summer, the 

pupae metamorphose to  a d u l ts .  Callow a d u lts  appear ye l lo w  o r red, 

and t h e i r  exoskeletons are too s o f t  f o r  emergence and f l i g h t .

These ad u lts  continue to  feed on the phloem t is s u e  u n t i l  t h e i r  

exoskeletons harden and tu rn  b lack . Then, the ad u lts  bore out 

through the bark and f l y  to l i v e  t re e s  to  i n i t i a t e  new a ttacks .

Timing o f  the stages o f  development may vary w i th in  a popu la tion  

because ad u lts  may emerge and a tta ck  new trees  from June through 

October i f  weather co n d it io n s  are s u i ta b le .

The mountain pine bee tle  has a sym bio tic  re la t io n s h ip  w ith  

two b lu e -s ta in  fu n g i ,  Ceratostomella montia and Europhium c lav ige rum , 

th a t  are c a r r ie d  in  the b e e t le s ’ in te s t in a l  t r a c ts  (Whitney 1971). 

Spores are in troduced in to  the host t re e  by the feeding a d u l t  

b e e t le s . The fungi p r o l i f e r a te  in  the vascu la r system o f  the t re e
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and impede water conduction (Nelson 1934). The re g u la t io n  o f  

m oisture co n d it io n s  in  trees  du ring  the la rv a l  stages appears to  

be the prim ary b e n e f i t  to  the beetles  (Whitney 1971). In a d d it io n

to  the g i r d l in g  a c t io n  o f  the la rv a e ,  some in v e s t ig a to rs

(S a frany ik  e t  a l .  1974) consider the  b lu e -s ta in  fung i a primary 

cause o f  t re e  m o r ta l i t y .

The fo l ia g e  o f  an in fe s te d  t re e  g e n e ra l ly  fades to  ye llo w  

in  the sp r ing  fo l lo w in g  the bee tle  a t ta c k .  By summer, the needles

are a b r ig h t  red-orange. In subsequent yea rs , the needles fade to

gray o r  brown and f a l l  from the lim bs. Color and c o n d it io n  o f  

fo l ia g e  on standing dead tre e s  may be used to  estim ate  the year 

o f  bee tle  a ttack  on those tre e s .

Lodgepole Pine

Lodgepole pine is  one o f  the most w ide ly  d is t r ib u te d  

c o n ife rs  in  western North America, extending from the Yukon T e r r i t o r y  

to  Baja C a l i fo rn ia ,  and the P a c i f ic  coast to  the Black H i l l s  o f  

South Dakota (F ig .  1, L i t t l e  1971). Lodgepole has low shade 

to le ra n c e , but i t  possesses the a b i l i t y  to  grow on almost any 

fo re s t  s i t e .  I t  grows best on moderately a c id ,  sandy, o r g ra v e l ly  

loams th a t  are l i g h t ,  m o is t,  and w e l l-d ra in e d .  I t  occurs from sea 

le v e l to  11,500 fe e t  (3450 m) and grows on a l l  te r ra in s  and aspects 

(Kotok 1971). Lodgepole is  found in  66% o f  the 70 recognized 

fo re s t  h a b i ta t  types o f  northwest Washington, northern  Idaho,

Montana, and the Boise and Payette National Forests o f  southern 

Idaho. Lodgepole pine ranks t h i r d ,  a f t e r  ponderosa pine and
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Figure 1. D is tr ib u t io n  o f  lodgepole pine ( L i t t l e  1971)
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D o u g la s - f i r ,  in  abundance o f  commercial fo re s t  types in  the Rocky 

Mountain s ta tes  (W ellner 1975).

Four major successional stages f o r  lodgepole pine are 

recognized by P f is te r  and Daubenmire (1975):

1. Minor s e ra i .  Lodgepole pine is  a minor component 

o f  young, even-aged mixed species stands. I t  is  

replaced by sh a de -to le ran t associa tes in  50-200 

yea rs ; the more mesic the s i t e ,  the sooner lodge

pole is  rep laced ;

2. Dominant s e ra i.  Lodgepole pine is  the dominant 

cover type o f  even-aged stands w ith  a vigorous 

understory o f  sha de -to le ran t species th a t  

rep lace lodgepole in  100-200 yea rs ;

3. P e rs is te n t .  Lodgepole pine forms the dominant 

cover type o f  even-aged stands w ith  l i t t l e  

replacement by sha de -to le ran t spec ies, and

4. Climax. Lodgepole pine is  the o n ly  species 

capable o f  growing on p a r t ic u la r  s i te s  and is  

s e l f - perpétuât i ng.

Beetles and Pine

W ith in  a s tand, a d u l t  bee tles  g e n e ra l ly  a ttack  o ld  (ove r 

80 y e a rs ) ,  la rge  diameter (over 10 inches {25 cm} dbh) lodgepole 

p ines. Phloem th ickness is  p o s i t iv e ly  c o r re la te d  w ith  d iam eter, 

and the phloem provides food f o r  the developing la rva e . The r a t io
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o f  emerging ad u lts  to  brood a d u lts  ( th a t  a ttacked and k i l l e d  the 

t re e )  increases as phloem th ickness increases. There fo re , w i th in  

a t r e e ,  food is  a major l im i t i n g  fa c to r  and in t r a s p e c i f ic  com petit ion  

is  the most s ig n i f i c a n t  m o r ta l i t y  fa c to r  f o r  many mountain pine 

bee tle  popu la tions (Amman 1977). However, a t  high e le va tio n s  (over 

8000 fe e t ,  2400 m) o r  extreme northern  la t i t u d e s ,  c lim a te  is  the 

major l im i t in g  f a c to r ,  and low temperature is  the most s ig n i f i c a n t  

m o r ta l i t y  fa c to r .  The sho rt growing season re ta rd s  la rv a l  development 

and re s u l ts  in  a 2-year l i f e  c y c le .  Brood m o r ta l i t y  during 2 

successive w in te rs  is  h igh , and bee tle  popu la tions ra re ly  reach high 

d e n s it ie s  (Amman 1973, Sa frany ik  e t  a l .  1974).

Vast, even-aged stands o f  lodgepole pine o fte n  re s u l t  from 

la rge  fo re s t  f i r e s .  In  young t re e s ,  res is ta nce  to  bee tle  a ttack  

may be low because o f  stand d e n s ity  and com petit ion  f o r  l im i te d  

n u t r ie n ts  and water (S a frany ik  e t  a l .  1973). These trees are 

su sce p tib le  to  mountain pine bee tle  a t ta c k .  However, beetle  

rep roduction  is  low in  young trees w ith  th in  phloem; few, i f  any, 

la rvae  emerge as a d u l ts ;  and the bee tle  popu la tion  remains low.

As trees  mature, lodgepole stands undergo na tu ra l th in n in g ,  and 

v ig o r  o f  the s u rv iv in g  trees increases and peaks a t about 60 years. 

Vigorous trees  can u s u a l ly  r e s is t  a t tacks  by small numbers o f  

b e e tle s . As trees grow o ld e r ,  re s is ta nce  d e c lin e s , and trees again 

become susce p tib le  to  a be e tle  a t ta c k .  In o ld e r  pines w ith  th ic k  

phloem, brood s u rv iv a l i s  h ig h ,  and the to ta l  be e tle  popu la tion  

increases ra p id ly .  Beetles continue to  a t ta ck  the la rg e r  t re e s ,  and
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fo r  several years the popu la tion  continues to  increase u n t i l  epidemic 

le v e ls  are reached. When fewer la rge  trees  remain, the beetles are 

forced to  a tta ck  sm a lle r ,  younger pines in  which rep roduc tive  

success d e c line s . E ve n tu a lly ,  the epidemic popu la tion  decreases to  

a normal, o r  endemic, le v e l .

Woodpeckers

Woodpeckers (P ic ifo rm e s : P ic idae) are a unique group o f

b ird s  c la s s i f ie d  as prim ary c a v i ty -n e s te rs .  They re q u ire  c a v i t ie s  

f o r  nest s i te s  and u s u a l ly  excavate a new hole each sp r in g . Most 

woodpeckers roo s t in  c a v i t ie s  a t  n ig h t  du ring  a l l  seasons. Many 

species are non-migrat o r y , remaining in  areas w ith  adequate food 

sources year-round. Most woodpeckers feed p r im a r i ly  on in s e c ts ,  

but t re e  sap and cambium t is s u e ,  f r u i t s ,  b e r r ie s ,  seeds, nu ts , and 

gra ins  are a lso  eaten (Bent 1939, Lawrence 1966).

Woodpeckers have evolved several adapta tions f o r  t h e i r

sp e c ia l ize d  nesting and feeding h a b i ts .  The muscles o f  the th ic k

s k u l l  ac t as a shock-absorbing mechanism, and sharp, c h is e l - l i k e  

b i l l s  enable them to  excavate nest and ro o s t  holes and d r i l l  f o r  

insec ts  in  l i v e  and dead wood. T h e ir  long , barbed o r  b rush-t ipped  

tongues a s s is t  in  lo c a t in g  and w ithdraw ing in s e c ts .  Some 

woodpeckers have h ig h ly  s p e c ia l ize d  fe e t  th a t  increase the e f f ic ie n c y  

o f  blow d e l iv e ry  w h ile  the b ird s  c l in g  v e r t i c a l l y  to  the ho le o f  a 

t re e  (Spring  1965), and t h e i r  s t i f f ,  tapered t a i l  fea the rs  ac t as

a prop in  th is  p o s it io n  (B u r t  1930).

In most woodpecker spec ies, the sexes share parenta l du t ie s
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(Kilham 1962, Lawrence 1966, Kilham 1968). Both males and females 

excavate nest holes and incubate the eggs. No nest is  b u i l t  w i th in  

the c a v i ty .  Both sexes brood and feed the n e s t l in g s ,  although the 

male u su a lly  remains on the nest through the n ig h t  w h ile  the female 

roosts  in  another hole (Lawrence 1966, Kilham 1968). Both parents 

feed the f le d g l in g s  f o r  a period o f  2 to  4 weeks a f t e r  they leave 

the nest. Juven iles  may disperse to  unoccupied areas throughout 

the w in te r  months, and d ispe rsa l probably is  complete by the 

beginning o f  the breeding season. There is  some evidence to  

in d ic a te  th a t  woodpeckers form permanent p a ir  bonds and remain 

f a i t h f u l  to  the same nesting  t e r r i t o r y  f o r  several seasons (Lawrence 

1966).

Woodpeckers and Beetles 

An epidemic o f  Engelmann spruce beetles (D̂ . obesus) In 

Colorado from 1939 to  the 1950s t r ig g e re d  the f i r s t  in te n s ive  

research on bark b e e t le /b i rd  re la t io n s h ip s .  Researchers observed 

th a t  woodpeckers responded num erica lly  and fu n c t io n a l ly  to  an 

increase in  prey d e n s ity .  The numerical response cons is ted  o f  an 

increase in  numbers o f  b ird s  in h a b i t in g  an area through im m igration 

and/or increased nes ting  and rep roduc tive  success (Yeager 1955,

Amman and Baldwin 1960, Baldwin 1968). Woodpecker d e n s it ie s  in  

endemic bee tle  areas va r ied  from 1 to  4 woodpeckers per 100 acres 

(40 ha) (Baldwin 1968, Koplin  and Baldwin 1970). In  epidemic 

be e t le  areas, 14 woodpeckers per 100 acres (40 ha) was t y p ic a l ,  

but d e n s it ie s  as high as 30-45 woodpeckers per acre (0 .4  ha) were
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found (Baldwin 1968). Kop lin  (1968) reported  70 b ird s  per 100 

acres (40 ha) in  a b e e t le - in fe s te d  burn in  c o n tra s t  to  3 woodpeckers 

per 100 acres (40 ha) in  the ad jacent fo re s t .

In a fo re s t  w ith  low spruce be e tle  po pu la tion s , Baldwin 

(1968) reported  0.1 p a irs  o f  breeding woodpeckers per 100 acres 

(40 ha). In  an epidemic be e tle  area, the breeding woodpecker 

d e n s ity  rose to  1.0 p a ir  per 100 acres (40 ha).

The fu n c t io n a l response cons is ted  o f  an increase in  the 

p ro po rt ion  o f  insec ts  in  the d ie ts  o f  in d iv id u a l b ird s  in  response 

to  increased prey d e n s ity .  A t endemic le v e ls ,  the d ie ts  o f  Northern- 

Three-toed ( P icoides t r i  dac ty l us) and H a iry  (P̂ . v i l  lo su s )

Woodpeckers contained 1% and 2% spruce beetles re s p e c t iv e ly ;  in  

a low epidemic area, these f ig u re s  rose to  28% and 14% (Baldwin 

1968). In  the w in te r ,  the lack o f  a l te rn a t iv e  prey increased the 

p ro p o rt io n  o f  beetles in  the d ie t .  Spruce beetles  represented 99% 

o f  the w in te r  d ie ts  o f  Northern Three-toed. H a iry ,  and Downy 

(2- pubescens) Woodpeckers (Baldwin 1968).

Beetle m o r ta l i t y  was caused d i r e c t l y  by woodpecker feeding 

and in d i r e c t l y  by exposing the la rvae  to  low temperatures, 

d e s s ic a t io n ,  and in s e c t  p reda tion  and p a ra s it ism . Knight (1958) 

estimated th a t  woodpeckers caused up to  98% m o r ta l i t y  o f  spruce 

beetles when they d is tu rbe d  more than 75% o f  the bark on an in fe s te d  

t re e .  By d is tu rb in g  26-74% o f  the bark , woodpeckers caused a 64% 

brood re d u c t io n . A l i g h t l y  worked t re e ,  w ith  less than 26% o f  the 

bark d is tu rb e d ,  showed up to  45% brood m o r ta l i t y .  Tunnock (1960)
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n
estim ated th a t  d is tu rbance o f  5% o f  the bark surface could cause 

up to  a 50% reduc tion  o f  mountain pine be e tle  broods. Total 

reduc t ion  o f  beetles va r ied  w ith  the d e n s it ie s  o f  beetles  and 

woodpeckers. Baldwin (1968) estimated th a t  woodpeckers caused a 

28% reduction  o f  spruce beetles  a t  d e n s it ie s  o f  400-1000 la rvae per 

acre (endemic). At 160,000 la rvae  per acre (ep idem ic), woodpeckers 

caused 84% bee tle  m o r ta l i t y ,  and a t  1,600,000 la rvae per acre (pan

ep idem ic), woodpecker a c t i v i t y  accounted f o r  53% bee tle  m o r ta l i t y .  

Hutchinson (1951) reported  a 55% reduc tion  o f  an epidemic spruce 

bee tle  popu la tion  w ith  91-127 woodpeckers per 100 acres (40 ha). 

Kop lin  and Baldwin (1970) found th a t  1-4 woodpeckers per 100 acres 

(40 ha) caused a 20-29% reduc tion  on an endemic bee tle  popu la tion .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I I  

STUDY AREA

The major study area was loca ted in  the northwest corner 

o f  G lac ie r National Park (GNP), Montana, between 48° and 49° north  

la t i tu d e  (F ig .  2 ) .  The area is  bounded on the west by the North 

Fork o f  the Flathead R ive r ;  the G lac ie r  View Ranger D i s t r i c t  o f  

the Flathead National Forest (FNF), Montana s ta te  fo re s t  lands, 

and p r iv a te  ho ld ings l i e  west o f  the R iver. Average annual 

p r e c ip i ta t io n  a t  the Polebridge Ranger S ta t io n  (RS) is  22 inches 

(55 cm). The average temperature in  January is  21° F ( -6 .2 °  C) 

and 63° F (16 .5° C) in  J u ly  (Habeck 1970a).

The 1978-79 w in te r  was unusually  severe in  the North Fork 

study area. A comparison o f  mean monthly high and low temperatures 

f o r  November through March o f  1976 through 1980 i l l u s t r a t e s  the 

abnormally low mean temperatures in  Decen ter 1978 and January 1979 

(F ig .  3 ) .  For 3 consecutive n ig h ts ,  temperatures dropped below 

-40° F (-40°C ). The 1979 summer was h o t te r  and received less 

p r e c ip i ta t io n  than the summers o f  1976-1978 (F ig .  4 ) .

Lodgepole pine is  the most common tre e  species in  the 

v a l le y .  Other major species inc lude  ponderosa p ine , D o u g la s - f ir  

( Pseudotsuqa m e n z ie s i i ) , western la rch  ( L a r ix  occ iden ta l i s ) ,

Engelmann spruce ( Picea engelm annii) ,  w h ite  spruce (P̂ . g lauca) , 

spruce hyb r id  (iP. engelmanni i  X P̂. g lauca) , grand f i r  (Abies g ra n d is ) ,  

subalp ine f i r  (A. la s io c a rp a ) , quaking aspen (Populus t re m u lo id e s ).
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Figure 2. Map o f  the study area. Inse ts show lo c a t io n  o f  G la c ie r  
National Park in  Montana ( l a ) ,  lo c a t io n  o f  study area 
in  G lac ie r National Park ( l b ) ,  and lo c a t io n  o f  study s ite s  
in the study area.
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Figure 3. Mean high and low temperatures, November through March, 
1976 through 1980.
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Figure 4. Mean high and low temperature ( ° F ) ,  June through August, 
1976-1979, and monthly p re c ip i ta t io n ,  June through 
August, 1976-1979,
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and black cottonwood (^ ,  t r ic h o c a rp a ) (Habeck 1970a). Evidence 

in d ic a te s  widespread w i ld f i r e s  were common from 1880 to  1910 

(Ayres 1900, Habeck 1970b). Major f i r e s  occurred in  the v a l le y  in  

1920, 1929, and 1967 (GNP reco rds ).

Researchers have recorded in c ip ie n t  lo c a l mountain pine 

bee tle  in fe s ta t io n s  in  sca tte red  lo ca t io n s  w i th in  the Park s ince 

the 1950s (Tunnock 1960). The cu rre n t widespread epidemic began 

in  the e a r ly  1970s, and the number o f  trees  k i l l e d  and acres 

in fe s te d  have increased annua lly  (Table 1, McGregor e t  a l .  1978).

Epicenters o f  in fe s ta t io n  were no ticed  on S ta rva t io n  and 

Quartz Ridges in  the Park in  1970. By 1977, the in fe s ta t io n  had 

developed east to  t r e e l in e  on the L iv in g s to n  Range, north  to  the 

Canadian border, south to  Park Headquarters in  West G la c ie r ,  and 

west across the North Fork in  several major drainages o f  the 

G lac ie r  View Ranger D i s t r i c t  (McGregor e t  a l .  1978). By the end 

o f  1978, approximately 215,882 acres in  the Park and 84,256 acres 

in  the G lac ie r View Ranger D i s t r i c t  (FNF) were in fe s te d  (10-20 dying 

trees per acre , 0.4 ha) by the bee tles  (McGregor, pers. comm.).

Salvage c u t t in g  o f  b e e t le - k i l l e d  lodgepole is  c u r re n t ly  

a widespread ha rves t ing  p ra c t ic e  on the G lac ie r  View Ranger D i s t r i c t  

(FNF) and Montana s ta te  fo re s t  lands. The National Park Service 

views the bee tle  epidemic as a na tu ra l occurrence and has taken no 

a c t io n  to  in te r fe r e  w ith  the normal course o f  in fe s ta t io n .

Vegeta tive and topograph ica l c h a ra c te r is t ic s  o f  the study 

s i t e  are summarized in  Appendix A.
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Table 1. Acres in fested and number o f  infested trees per acre, GNP and Glacier View Ranger 
D is t r i c t ,  FNF. McGregor e t a l .  1978.

Year

Glacier National Park Glacier View Ranger D is t r ic t

Acres (ha) in fested Trees/acre (ha) Acres (ha) in fested Trees/acre (ha)

1972 1,189 ( 475.6) 4.9 ( 12.2)

1973 3,600 ( 1,440.0) 10.8 ( 27.0)

1974 4,630 ( 1,852.0) 32.9 ( 82.2)

1975 13,354 ( 5,341.6) 19.3 ( 48.2) 80 ( 32.0) 6.1 ( 15.2)

1976 103,887 (41,554.8) 46.6 (116.5) 1 ,213 ( 485.2) 10.3 ( 25.2)

1977 142,871 (57,148.4) 76.7 (191.8) 27,610 (11,044.0) 55.7 (139.2)
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CHAPTER I I I  

METHODS

Several sampling schemes used in  th is  study were developed 

in  o th e r s tud ies  and are based on English u n its  o f  measurement.

To avoid a loss o f  meaningfulness and to  be c o n s is te n t ,  a l l  data in  

th is  re p o r t  are presented in  English u n i ts .  The m e tr ic  equ iva len ts  

p a re n th e t ic a l ly  fo l lo w  the English u n i ts .

For the purposes o f  t h is  th e s is ,  the  fo l lo w in g  terms and 

phrases need to  be c le a r ly  de f ine d .

Transect -  a permanently marked l i n e  about 0.5 m ile  

(800 m) long located in  the study area.

Study s i t e  -  a v a r ia b le  w id th  s t r i p  w ith  the long ax is  

determined by a marked t ra n s e c t .

Stems (per acre) -  a l l  s tanding t re e s ,  l i v e  and dead.

Snag -  a dead standing tre e  c la s s i f ie d  as e i th e r  in ta c t  

o r  broken.

Large snag -  a snag g re a te r  than 9 inches (23 cm) diameter 

a t  b reast h e ig h t (dbh).

Old snag -  a snag not k i l l e d  by the c u rre n t  mountain pine 

b e e t le  epidemic.

Woodpeckered t re e  - a t re e  showing evidence o f  bark 

d is tu rbance  by woodpeckers.

Woodpecker-related bee tle  m o r ta l i t y  -  m o r ta l i t y  o f  mountain 

p ine beetles  caused d i r e c t l y  by feeding woodpeckers (removal and/or
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in g e s t io n  o f  the b e e t le )  and m o r ta l i t y  o f  bee tles  in  bark ad jacent 

to  areas th a t  were a f fe c te d  by the woodpecker feed ing .

F ie ld  research extended from mid-March 1978 through September 

1979. Seven study s i te s  were located in  b e e t le - in fe s te d  lodgepole 

pine stands in  the Park. S ite s  were as s im i la r  as poss ib le  in  stand 

age and d e n s i ty ,  and diameter and phloem th ickness o f  in d iv id u a l 

t re e s .  E leva tion  o f  s i te s  ranged from 3600 fe e t  (1080 m) to  5200 

fe e t  (1560 m). A 0 .5 -m i le  (800 m) t ra n se c t was marked on each s i t e  

f o r  censusing woodpeckers and b e e t le s ,  and sampling vege ta tion .

A c o n tro l s tudy s i t e  in  an area o f  endemic be e tle  popu la tion  was 

loca ted  south o f  the  Spotted Bear Ranger S ta t io n  (RS) near the South 

Fork o f  the Flathead R iver on the Flathead National Forest. This 

s i t e  was a t  approx im ate ly  47°51' north  la t i t u d e  and 3950 fe e t  (1185 m) 

above sea le v e l .

Woodpecker Censusing

Feeding Woodpeckers

A m odified ve rs ion  o f  a v a r ia b le - w id th - s t r ip  method (Amman 

and Baldwin 1960) was used to  census feed ing woodpeckers. I walked 

each tra n s e c t  a t  approx im ate ly  2-week in te r v a ls .  B irds  were loca ted 

by l i s te n in g  f o r  t h e i r  feed ing  sounds. Species, sex, perpend icu la r 

d is tance  from and p o s it io n  along the tra n se c t were recorded f o r  each 

b i r d .  The aud ib le  range o f  feeding sounds va r ied  f o r  each woodpecker 

species. D ens it ies  were ca lcu la te d  sep a ra te ly  f o r  each species a t  

the end o f  the f i e l d  season. The area censused f o r  each species 

was determined by the length  o f  the t ra n s e c t and tw ice  the g rea tes t
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d is tance  o f  th a t  species from the t ra n s e c t .  In  some cases, 

p a r t i c u la r l y  w ith  the less common woodpeckers, the g re a te s t 

d is tance  from the t ra n se c t  th a t  I ever observed a b i rd  was 40 fe e t  

(12 m), a lthough I could have heard th a t  same b i rd  i f  i t  had been 

f a r t h e r  from the  t ra n s e c t .  In  o rde r to  avoid overes tim ations  o f  

these species ' d e n s i t ie s ,  the minimum s t r i p  w id th  used fo r  

c a lc u la t in g  a spec ies ' d e n s ity  was 400 fe e t  (120 m). Censuses were 

c la s s i f ie d  as w in te r  (September through A p r i l )  o r  breeding season 

(May through August) based on the behavior o f  the feeding b ird s  

( f lo c k in g  vs. t e r r i t o r i a l ) .

Nesting Woodpeckers

A c tive  woodpecker nest s i te s  were loca ted  by fo l lo w in g  

sounds o f  excavating b ird s  o r  v o c a l iz a t io n s  o f  n e s t l in g s ,  o r  by 

v isu a l obse rva t ion . Each nest t re e  was mapped r e la t i v e  to  the 

t ra n s e c t  and cha rac te r ized  by the fo l lo w in g  v a r ia b le s :  spec ies,

d iam eter a t  breast he ig h t (dbh ), t re e  h e ig h t ,  o r ie n ta t io n  and 

h e ig h t o f  the c a v i ty ,  and basal area (square fe e t  o f  trees per 

acre) o f  the surrounding fo r e s t .  An increment borer was used to 

sample nest t re e  heartwood f o r  the  presence o f  decay. Cores were 

taken a t  b reast he ig h t and immediately above and below the nest 

ho les. Nest t re e  data were c o l le c te d  f o r  a l l  nests loca ted  in  the 

study area, both on and o f f  the study s i t e s .

Vegeta tive  Sampling 

F ive 0 .1 -a c re  (0.04 ha) c i r c u la r  p lo ts  were loca ted  on
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each tra n s e c t  a t  in te r v a ls  o f  approx im ate ly  500 fe e t  (150 m). James 

and Shugart (1970) recommended th is  method o f  q u a n t i ta t iv e  h a b i ta t  

d e s c r ip t io n  as a s tandard ized technique to  perm it comparisons o f  

estim ates o f  b i r d  popu la tions  from d i f f e r in g  h a b i ta ts .  In each 

p lo t ,  species, dbh, and c o n d it io n  ( l i v e ,  in ta c t  snag, o r broken 

snag) o f  every tre e  3 inches (7 .6  cm) dbh o r  g re a te r  were recorded. 

Every lodgepole pine was designated as not a ttacked , a ttacked in  

1978, a ttacked in  1977, o r  a ttacked in  1976 o r e a r l i e r .  Shrub stems 

( le ss  than 3 inches, 7.6 cm, dbh) per acre , percent ground cover, 

and percent and he ig h t o f  canopy cover were estim ated on each p lo t .

Beetle  Sampling 

Techniques f o r  sampling the 1978 mountain pine beetle  

popu la tion  were derived from a review o f  the bee tle  l i t e r a t u r e  and 

presampling o f  the 1977 bee tle  brood in  the study area. In A p r i l  

and May 1978, I removed a 12- by 12-inch (30.5 by 30.5 cm) square 

o f  bark a t  breast h e ig h t in  36 2- by 2 - inch (5 by 5 cm) samples 

from 35 trees  to  determine an adequate sample s ize  f o r  e s t im a t ing  

the 1978-79 bee tle  p o p u la tion . Numbers o f  la rva e , pupae, and 

a d u l ts ,  and numbers and t o ta l  leng th  o f  egg g a l le r ie s  were recorded 

f o r  each sample. A na lys is  o f  variance in d ic a te d  th a t  a s in g le  

2- by 2 - inch  (5 by 5 cm) square was as accurate an es t im a to r o f  

b e e t le  numbers as was a 12- by 12-inch (30.5 by 30,5 cm) square.

Cole (1970) reported  a 6- by 6 - inch  (15 .3  by 15.3 cm) bark sample 

a t  b reas t he igh t produced s t a t i s t i c a l l y  r e l ia b le  data on bee tle  

d e n s i t ie s  and s u rv iv a l .
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Some researchers have reported  d i f f e r e n t i a l  a tta ck  and 

emergence d e n s i t ie s  between north  and south aspects o f  t re e s ,  but 

d i f fe re n c e s  are not c o n s is te n t  (Reid 1963, Shepherd 1965, Rasmussen 

1974). S ig n i f ic a n t  and c o n s is te n t  d i f fe re n c e s  in  a tta ck  and 

emergence d e n s i t ie s  over the he ig h t o f  the t re e  have been w id e ly  

reported  (Rasmussen 1974, Berryman 1976). In t h is  study, 3 trees  

were f e l l e d  and 2 4- by 4 - inch bark samples were c o l le c te d  from 

the no rth  and south faces in  each 5 - fo o t  (1 .5  m) leng th  to  estim ate 

the h e ig h t d i s t r i b u t io n  o f  the be e tle s . Approximately 85-90% o f  

the bee tles  occurred in  the lower 15 fe e t  (4 .6  m) o f  the bo le . 

Rasmussen (1974) reported  93% o f  a t tacks  between 4 fe e t  (1 .2  m) and 

7.9 fe e t  (2 .4  m).

Sampling o f  the 1978 bee tle  brood began in  August 1978, 

immediate ly fo l lo w in g  the f l i g h t  o f  newly emerged a d u lts ,  and 

continued f o r  1 year. A ttacked tre e s  were loca ted randomly along 

each t ra n s e c t .  Approximately every 2-4 weeks, 4- by 4-inch  (10 by 

10 cm) squares o f  bark were removed in  4 2- by 2 - inch (5 by 5 cm) 

s e c t io n s .  Two samples were taken a t  b reast he ig h t from each t re e ,  

one each from the no rth  and south faces. Numbers o f  eggs, la rv a e , 

pupae, and a d u l ts ,  and numbers and to ta l  leng th  o f  egg g a l le r ie s  

were recorded f o r  each sample. Entrance and e x i t  holes were 

counted in  12- by 12-inch (30.5 by 30.5 cm) sec tions  o f  bark a t  

b reas t he ig h t on the north  and south faces o f  a l l  sampled t re e s .
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Bark Disturbance by Woodpeckers 

In  September 1979, I sampled amount o f  bark d is tu rbance 

on 11 woodpeckered trees  on S ites  1, 2, and 3. Entrance and 

e x i t  ho le s , and square inches o f  bark d is tu rbe d  were counted in  

a 6- by 12-inch (15 .3  by 30.5 cm) g r id  a t  4 he ig h t in te rv a ls  from 

2 fe e t  (0 .6  m) to  15 fe e t  (4 .6  m) on the north  and south faces o f  

each t re e .  Diameters were taken a t  2 fe e t  (0 .6  m), breast h e ig h t ,  

and 15 fe e t  (4 .6  m) to  c a lc u la te  bark surface area.

C a lcu la t io n s

The number o f  bee tles  were to ta le d  in  each 4- by 4 - inch

(10 by 10 cm) sample and m u l t ip l ie d  by a fa c to r  o f  9 to  estim ate
2

d e n s i t ie s  per square fo o t  (9 .3  dm ) a t  b reast h e ig h t .  Over the 

he ig h t o f  a t r e e ,  be e t le  d e n s it ie s  (expressed as a % o f  the d e n s ity  

a t  b reast he ig h t)  were estimated per square fo o t  (9 .3  dm ) in  each 

1 - fo o t  (30.5 cm) he ig h t in te rv a l  from 2 fe e t  (0 .6  m) to  15 fe e t  

(4 .6  m) on both north  and south aspects. On the  north  face , the 

mean b e e t le  d e n s ity  per square fo o t  (9 .3  dm ) was estimated to  be 

64.5% o f  the d e n s ity  c a lc u la te d  a t  b reas t h e ig h t ;  the same fa c to r  

f o r  the south face was estim ated to  be 77.3% o f  the bee tle  d e n s ity  

c a lc u la te d  a t  b reast h e ig h t .  Square fe e t  o f  bark surface area 

between 2 fe e t  (0 .6  m) and 15 fe e t  (4 .6  m) were ca lcu la te d  fo r  

each diameter s ize  c lass  o f  t re e .  Beetle d e n s i t ie s  per t re e  were 

estim ated by the fo l lo w in g  fo rm ula :
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0.5 ( f t ^  t o ta l  bark surface) (.645) ( b e e t le s / f t ^  
a t  b reast h e ig h t on north  face)

0.5 ( f t ^  t o t a l  bark surface) (.773) ( b e e t le s / f t ^
a t  b reast he igh t on south face)

D e ns it ies  per tre e  were m u l t ip l ie d  by the number o f  successful 

brood t re e s ,  trees  th a t  produced 1979 a d u l ts ,  in  each s ize  c lass 

per acre and to ta le d  to  estim ate be e t le  d e n s i t ie s  per acre on each 

s i t e  (Appendix C ).

S t a t i s t i c a l  Analyses 

S t a t i s t i c a l  d i f fe re n c e s  in  mean dbhs o f  trees  on the s i t e s ,  

be e tle  d e n s i t ie s  on the north  and south faces o f  t re e s ,  and mean 

dbhs o f  woodpeckered trees versus a l l  1978-attacked lodgepole were 

estim ated by t - t e s t s  (O t t  1977). I ca lcu la te d  Pearson's c o r re la t io n s  

and performed s tep-w ise  m u l t ip le  regressions f o r  a l l  woodpecker 

d e n s i t ie s  and the fo l lo w in g  v a r ia b le s :  stems and basal area per

acre ; percent lodgepole p ine ; la rg e ,  o ld  snags per ac re ; la rge

snags per acre ; and numbers o f  trees  a ttacked by bee tles  per acre

per yea r. Ca lcu la ted bee tle  d e n s i t ie s  were not used because they 

were estim ated on o n ly  3 s i te s .
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CHAPTER IV 

RESULTS 

Vegetation

Lodgepole pine was the most common t re e  species on every 

s i t e .  Other species inc luded D o u g la s - f i r ,  spruce, la rc h ,  subalp ine 

f i r ,  ponderosa p ine , aspen, and s i tk a  a ld e r  (Alnus s in u a ta ) 

(Appendix A ). There were many vege ta tive  d if fe re n c e s  between the 

s i te s  (Table 2 ) .  S ite  1 was the most d ive rse  w ith  7 tre e  species 

and o n ly  51.7% lodgepole p ine. S ite  4 had on ly  4 species and 

85.4% lodgepole p ine . S ite s  2, 3, 5, and 8 had 5 t re e  species each 

and between 64.6 and 72.1% lodgepole p ine. Stems and basal area 

per acre toge the r in d ic a te  numbers and s izes o f  trees  on each s i t e .  

S ite  4 had the few est, but on the average, the la rg e s t  t re e s .  S ite

8, the c o n tro l s i t e ,  had the most and sm a lle s t t re e s .  Mean dbh

va r ie d  from 6.1 inches (15 .5  cm) on S ite  8 to  12.0 inches (30 .5  cm)

on S i te  4. From 47 to  84% o f  a l l  s tanding trees were dead on the

epidemic s i t e s .  S ite  4 had more la rg e ,  o ld  snags per acre than any 

o th e r  s i t e ;  S ite  2 had no la rg e ,  o ld  snags.

Woodpecker D ens it ies  

I observed 5 species o f  woodpeckers nes ting  in  the study 

area and feed ing on mountain pine b e e t le s :  Downy, H a iry ,  Northern

Three-toed , Black-backed Three-toed (P̂ . a r c t i c u s ) , and P ilea ted  

( Dryocopus p i le a tu s ) Woodpeckers. Woodpecker d e n s it ie s  were
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Table 2. Vegetative ch a rac te ris tics  o f the study s ite s .

S ite  1 Site 2 S ite  3 S ite  4 S ite  5 S ite  6 S ite  7 S ite 8

No. o f tree species 7 5 5 4 5 4 4 5

Percent LPP̂ 51.7 72.1 70.3 85.4 71.1 42.9 57 9 64.6
2

Basal area 183.4 ( 42.0) 187.4 ( 43. 0) 182.6 ( 41.9) 125.6 { 28.9) 208.0 ( 47.7) 246.6 { 56.5) 231 6 ( 53.1) 215.2 ( 49.3)

Stems/acre (ha) 294 (735 } 480 (1200 ) 354 (910 ) 136 (340 ) 388 (970 ) 350 (875 ) 642 (1605 ) 786 (1965 )

Live stems 138 (345 ) 174 ( 435 ) 122 (305 ) 22 ( 55 ) 128 (320 ) 184 (460 ) 252 ( 630 ) 670 (1675 )

In ta c t snags (o ld) 36 ( 90 ) 54 ( 135 ) 44 (110 ) 34 ( 85 ) 42 (105 ) 30 ( 75 ) 156 ( 390 ) 102 ( 225 )

Broken snags (o ld) 2 ( 5 ) 12 ( 30 ) 10 { 25 ) 14 ( 35 ) 4 ( 10 ) 36 ( 90 ) 46 ( 115 ) 14 { 35 )

MPB snags^ . 118 (295 ) 240 ( 600 ) 188 (470 ) . 66 (165 ) 214 (535 ) 100 (250 ) 188 ( 470 ) 0 ( 0 )
(LPP & PP)*

Mean dbh inches (cm) 9.3 ( 23.6) 7.5 ( 19 0) 8.4 ( 21.3) 12.0 ( 30.5) 8.8 ( 22.4) 9.6 ( 24.4) 7 1 ( 18.0) 6.1 ( 15.5)

Large old snags/acre 
(ha)

16 ( 40 ) 0 { 0 ) 10 ( 25 ) 28 ( 70 ) 10 ( 25 ) 8 ( 20 ) 8 ( 20 ) 2 ( 5 )

Large, MPB snags/ 78 (195 ) 114 { 285 ) 70 (175 ) 66 (165 ) 164 (410 ) 75 (188 ) 99 { 248 ) 0 ( 0 )
acre (ha)

Total large snags/ 94 (235 ) 114 ( 285 ) 80 (200 ) 94 (235 ) 174 (435 ) 83 (208 ) 107 ( 258 2 ( 5 )
acre (ha)

1. LPP= lodgepole Dine «
2. Basal area in  f tv a c r e  (m /ha)
3. MPB = b e e tle -k ille d  snags
4. PP = ponderosa pine
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c o n s is te n t ly  h igher on S ite  1 than on any o th e r  s i t e  (Table 3 ) .

No woodpeckers o r  woodpecker nests were found on S ite  8. S ites  

6 and 7 were no t censused in  w in te r  because o f  d i f f i c u l t y  o f  access. 

S ite s  1 and 4 were the on ly  s i te s  th a t  had a c t iv e  woodpecker nests 

in  both 1978 and 1979.

Northern Three-toed and H a iry  Woodpeckers were the most 

common species (Table 4 ) .  Together they represented 51-100% o f  

the woodpeckers observed per season on a l l  epidemic s i te s .  They 

were the on ly  species observed on S ites  6 and 7. G enera lly ,

Northern Three-toeds were more abundant and seen more f re q u e n t ly  

than Ha irys  on a l l  epidemic s i t e s .

Woodpecker Nests 

I found 25 a c t iv e  woodpecker nests in  1978 and 1979 (Table 5) 

F if te e n  nests were loca ted  on the study s i t e s ,  and 10 a d d it io n a l 

nests were found near the s i te s .  Seven o f  the 8 H a iry  Woodpecker

nests were loca ted  in  l i v e  aspen and paper b irc h  ( Betu la p a p y r i fe ra ) ;

o n ly  1 H a iry  nest was found in  b e e t le - k i l l e d  lodgepole p ine. In 

c o n t ra s t ,  9 o f  11 Northern Three-toed nests and both Black-backed 

Three-toed nests were in  dead lodgepole p ine . The remaining 2

th re e -to e d  nests were in  aspen and cottonwood.

One lodgepole and a l l  aspen, b i r c h ,  and cottonwood nest 

tre e s  had conks. Core samples were taken from 10 lodgepole nest 

tre e s  (8 b e e t le - k i l le d  and 2 o ld  snags). A l l  ten had advanced decay 

a t  the  nest ho les.
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T<iblt; 3. Total woodpecker densities per 100 acres (40 ha).

Site I Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Winter 7977-78

H iqh
Low
Mean

Breeding season 1978

High
Low
Mean *
Nesting pairs

Winter 1978-79

21.0 
8.8  

15.1 
10.7

17.4
4.3

11.8
0

57.3
35.8
47.2

24.5 
3.0 

21.8 
7,6

47.0
6.2

28.7

34.4
0

11 . 2
4.8

17.5
0
8.7
0

13.3
4.4 

I I  I
4.5

High
Low
M e a n

22.3
15.5
18.1

4.3
0
2 .2

30.7
0

12.1

26.4
0

13.9

12.5
0
4.4

Breeding season 1979

High 18.9 13.1 30,7 20.0 10.9
Low 6.7 0 0 4.0 0
Mean .  14.0 7 4 11.0 10.2 3.3
Nesting pairs 14.3 0 0 3.8 0

8.8
0
3.1
0

4.4
0
2.5 
0

Nesting pairs calculated from actual numbers of pairs nesting on the s ite , rather than from feeding birds.

Table 4. Hairy and Northern Three-toed Woodpecker densities and frequencies per 100 acres (40 ha).

S ite 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7

Freq. Freq. Freq.

Winter 1977-78 

Hairy
Northern Three-

toeds

Breeding season 1978 

Hairy
Northern Three- 

toeds

6.6
1.1

1.00 
.33

1.1
7.6

.25 
1.00

20.8
15.2

5.3  
13 5

Freq.

1.00 
1.00

.55 
1.00

Freq.

1.6
14.6

2.8
5.6

.33 
1.00

.40

.90

Freq.

1.1
6.9

.25

.75

F re q .

3.9
7.3

.75

.75

Winter 1978-79

Hairy 7.3 .67
Northern Three- 7.9 1.00

toeds

Breeding season 1979

Hairy 3.9 .55
Northern Three- 8.6 1.00

toeds

2 .2

1.6
5.4

1.00

.38

.75

5.5
6.6

1-8
8.8

.50

.50

.30

.90

6 . 8
5.2

4.9
5.4

.71

.71

.88

.88

1.9 
2.5

0.7
2.7

.20

.60

.19

.57
0
4.9 .43

1.1
4.4

.14

.43
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T â b le  S. W oodpecker n e s ts .

Three-toed

Woodpecker Tree OBH Cwndif Tree ht. Nest ht. Nest Basal tvidei
species Site Year spp. inches (cm) tion ft  (m) ft (in) orient. area' of dec

Downy 1 78 Asp̂ 10.1 (25.7) live 86 (26.2) 44 13.4) 5 63“w 230 (52.8) conk

Downy 1 79 Asp̂ 10. 1 (25.7) live 86 (26.2) 44 13.4) 5 6 f  W 230 (52.8) conk

Black-backfd
Three-toed

4 78 LPP 10.3 (26.2) in t . 
snag

72 (23.5) 22 6.7) H 2CPE 135 (31.0) +

Black-backed 
Three-toed

5 78 LPP 13.3 (33.8) int.
MPB

89 (27.1) 53 16.2) N 70°r 225 (51.8) -

Pileated 1 78 Ctwd 19.1 (48.5) int.
snag

103 (31.4) 32 9 6) N 46°M 120 (27.6) conk

Pileated - .78 Lrch 35.2 (09.4) live 115 (35 .1) 37 11.3) N 28° W 165 (37.6) -

Hairy 1 78 Asp 12.5 (31.8) live 84 (25.6) 60 18.3) N 34° E 180 (41.3) conk

Hairy - 78 Brch* 10.4 (26.4) live 30 ( 9.1) 15 4 .6) S 34° W 140 (32.1) conk

Hairy - 78 Asp̂ 16.5 (41.9) 1 i ve 74 (22.6) 32 9.8) 5 I t f  E 105 (24.1) conk

Hairy - 78 Asp 12.2 (31.0) live 73 (22,3) 16 4.9) 5 4̂ “ e 20 ( 4.6) conk

Hairy - 79 Asp̂ 16.5 (41.9) 1 i ve 74 (22.6) 22 6.7) S 20° £ 105 (24.1) conk

Hairy - 79 Brch^ 10.4 (26 4) live 30 ( 9.1) 13 4.0) S 50° E 140 (32.1) conk

Ha iry 1 79 Asp 12.4 (31.5) 1 ive 93 (28.3) 57 17.4) S f t 105 (24.1) conk

Hairy 4 79 LPP 14.3 (36.3) in t . 
MPB

64 (19.5) 25 7.6) S 50° W 95 (21.8) *

Northern 
Th ree-toed

4 78 LPP 17.2 (43.7) int.
snag

60 (18.3) 16 4.9) N 5 f  W 170 (39.0) *

Northern 
Three-toed

7 78 LPP 9.9 (25.1) bkn.
snag

17 ( 5.2) 13 4.0) M ICPE 40 ( 9.2) *

Northern 
Three-toed

4 78 LPP 12.8 (32.5) int.
MPB

82 (25.0) 7 2.1) s s f  w 145 (33.3) *

Northern 
Three-toed

4 78 LPP 16.6 (42.1) int.
MPB

87 (26.5) 21 6.4) N 7(fw 105 (42.1)

Northern 
Three-toed

- 78 LPP 11.1 (28.2) i n t, 
MPB

92 (28.0) 15 4.6) N 8f#*E 105 (24.1) +

Northern 
Three-toed

4 79 LPP 13.9 (35.3) in t.
MPB

104 (31.7) 27 8.2) S W 185 (42.4) +

Northern 
Three-toed

Î 79 LPP 9.8 (24.9) int.
MPB

75 (22.9) 23 7.0) S 3 f  W 180 (41.3) conk

Northern 
Three-toed

1 79 LPP 14.0 (35.6) int.
MPB

92 (28.0) 32 9.8) 5 7 f  W 220 (50.4) +

Northern 
Three-toed

- 79 LPP 11.1 (28.2) int.
MPB

77 (23.5) 13 4.0) S 5 f  W 170 (39,0) +

Northern 
Three-toed

- 79 Ctwd 11.9 (30.2) int.
snag

48 (14.6) 16 4.9) N 3^E 115 (26.4) conk

Northern _ 79 Asp 8.6 (21.8) 1 ive 60 (18.3) 9 2.7) N 5^E 150 (34.4) conk

int. snag =- intact snag; MPB = beetle-kUled snag; bkn. snag = broken snag 
Î .  Basal area measured in ft'^/acre (m^/ha)
2. "+'‘ = core sample showing heartwood decay
3, 4, 5. Same nest trees
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In  1978, on S ite s  1, 4, and 5, I found nests o f  Yellow- 

b e l l ie d  Sapsuckers ( Sphyrapicus v a r iu s ) and Common F l ic k e rs  

( Coleaptes a u ra tu s ) . These species were not observed feeding on 

mountain pine b e e t le s ,  but t h e i r  presence may have a ffe c te d  o th e r 

woodpecker spec ies ; they may have occupied the on ly  s u i ta b le  nest 

tree s  in  the area. The p a irs  o f  sapsuckers nested in  l i v e  aspen 

on S ite s  1 and 5. A p a ir  o f  f l i c k e r s  nested in  a broken lodgepole 

snag on S ite  4.

Beetle  D ens it ies  and M o r ta l i t y

I  sampled be e tle  d e n s i t ie s  and bark d is tu rbance by woodpeckers 

on S ite s  1, 2, and 3. On S ite s  4-8 the re  were too few trees 

a ttacked by mountain pine beetles  in  1978 to  a l lo w  sampling o f  the 

bee tle  brood throughout the year.

Beetles had been present on most epidemic s i te s  since 1976, 

bu t the  numbers and s izes o f  trees  k i l l e d  each year va r ied  from 

s i t e  to  s i t e  (Table 6 ) .  There were no s ig n i f i c a n t  d i f fe re n c e s  in  

brood d e n s i t ie s  between the north  and south aspects o f  attacked 

t re e s .  Beetle  d e n s i t ie s  a t  b reast h e ig h t on the north  face 

exceeded d e n s it ie s  on the south face in  60% o f  the samples. But, 

d e n s i t ie s  on south faces were h igher ju s t  above and below breast 

h e ig h t than a t b reast h e ig h t .  Brood d e n s it ie s  on the north  face 

r a r e ly  exceeded the d e n s ity  a t  b reast he ig h t (Appendix C ).

Approxim ately 85% o f  the b e e t le  popu la tion  occurred from 

2 fe e t  (0 .6  m) to  15 fe e t  (4 .6  m) above the ground. G enera lly , 

the la rg e r  diameter trees  had more b e e t le s . Numbers o f  beetles
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Table 6. Numbers o f lodgepole pine attacked by mountain pine beetles per acre (ha ), and sizes o f lodgepole pine attacked by mountain pine beetles in  
inches (cm) dbh.

3
CD
8

S ite  1 S ite  2 S ite  3 S ite  4 S ite  5 S ite  6 S ite  7 S ite  8

■D

CQ LPP attacked by MPB in :

i 1976 or e a r lie r 12 (3 0  ) 36 ( 9 0  ) 0 { 0 ) 32 ( 80 ) 42 (105 ) 10 ( 25 ) 10 ( 25 ) 0 ( 0 )
3
CD 1977 58 (145 ) 76 (192 ) 4 ( 10 ) 24 ( 60 ) 156 (390 ) 87 (218 } 138 (345 ) 0 ( 0 )

"nc
3.

1978 42 (105 ) 116 (290 ) 100 (250 ) 10 ( 25 ) 8 ( 20 ) 3 ( 8 ) 28 ( 70 ) 2 ( 5 )
3"
CD 1979 (as o f 9/30) 4 ( 1 0  ) 12 ( 3 0  ) 80 (200 ) 0 ( 0 ) 6 ( 15 ) 0 ( 0 ) 10 ( 25 ) 0 ( 0 )
CD
■D
O

LPP not attacked by MPB 4 ( 1 0  ) 46 (115 ) 38 ( 95 ) 6 ( 15 ) 22 ( 55 ) 17 ( 42 ) 20 ( 50 ) 402 (1005 )
Q.C
ao

Old LPP snags/acre (ha) 32 { 80 ) 6 (15 ) 34 ( 85 ) 44 (110 ) 42 (105 ) 34 ( 85 ) 164 (410 ) 104 ( 260 )

■D
O3"CT
1—H

Mean dbh o f LPP 
attacked by MPB in :

Q .

g 1976 or e a r lie r 13.3 ( 33.8) 12.3 ( 31.2) - - 15.3 ( 38.9) 12.2 ( 31.0) 10.6 ( 26.9) 10.2 ( 25.9) -

5
O 1977 10.5 ( 26.7) 9.9 (  25.1) 12.9 (  32.8) 13.6 { 34.5) 10.2 { 25.9) 9.8 ( 24.9) 9.9 ( 25.1) -

T 3
CD 1978 9.6 (  24.4) 8.2 (  20.8) 9.7 (  24.6) 10.7 ( 27.2) 8.1 ( 20.6) 6.5 ( 16.5) 7.3 ( 18.5) 10.3 ( 26.2)
3
(/)(/)o'

1979 (as o f 9/30) 8.8  ( 22.4) 9.6 ( 24.4) 8.9 ( 22.6) - - 7.6 ( 19.3) - - 6.6 ( 16.8) -

Mean dbh o f LPP not 
attacked

5.8 ( 14.7) 5.4 ( 13.7) 6.4 ( 16.3) 8.9 ( 22.6) 7.4 ( 18.8) 6.6 { 16.8) 6.5 ( 16.5) 7.1 ( 18.0)
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per t re e  in  December 1978 ranged from 3055 i f f  6-7 inch (15.2 - 17.8 

cm) d iameter tree s  to  20,128 in  14-15 inch (35.6 - 38.1 cm) diameter 

t re e s .  By J u ly  1979, numbers o f  bee tles  per tre e  in  these s ize  

c lasses had dec lined  to  80 and 756, re s p e c t iv e ly .  Beetle s u rv iv a l 

was g re a te s t in  tree s  in  the 10-11 inch (25.5 - 27.9 cm) diameter 

s ize  c la s s ,  which had 6318 bee tles  per t re e  in  December 1978 and 

557 bee tles  per t re e  in  Ju ly  1980 (8.8% s u rv iv a l r a te ) .

Actual i n i t i a l  be e tle  d e n s i t ie s  were g re a te r  than the 

h ighes t estim ates in d ic a te d .  H ighest be e tle  counts occurred in  

e a r ly  to  mid-December, a f t e r  most eggs had hatched and la rvae had 

grown to  a s ize  e a s i ly  v i s i b le .  Cole (1975) estimated th a t  

m o r ta l i t y  o f  about 7% o f  the brood occurred p r io r  to  th is  stage. 

Percent m o r ta l i t y  f ig u re s  in  Table 7 are de rived  from an adjusted 

i n i t i a l  be e t le  d e n s ity  based on a f a l l  m o r ta l i t y  f ig u re  o f  7%. 

Adjusted i n i t i a l  d e n s it ie s  are minimum estim ates because on ly  

successfu l brood tree s  were used to  c a lc u la te  bee tle  d e n s i t ie s .

There were many trees  th a t  a t  some time in  the 1978-79 season 

conta ined immature stages o f  b e e t le s ,  but d id  not produce 1979 

a d u l t s .

I n i t i a l  bee tle  d e n s i t ie s  were g re a te s t on S ite  3. The 

average d iam eter o f  1978-attacked trees  on S ite  3 was la rg e r  than 

on S ite s  1 and 2, and S ite  3 had a g re a te r  number o f  successful 

brood tre e s  than e i th e r  S i te  1 o r  2 (Table 8 ) .  Percent m o r ta l i t y  

through March ranged from 78 to  83% on the 3 s i t e s .  Only 3-4% 

o f  the  1978 brood surv ived to  adulthood.
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Table 7. Mountain pine beetle densities and m ortality.

Site 1 S ite  2 Site 3

Probabili ty Probability Probabi1ity
Beetles per 

acre (ha) L ife Death
Beetles per 

acre (ha) L ife Death
Beetles per 

acre (ha) Life Death

Adjusted * 
in i t ia l  density

216,000 (540,000) 241,000 (602,500) 484,000 (1,210,000)

December 1978 201,000 (502,000) .93 .07 224,000 (560,000) .93 .07 450,000 (1,125,000) .93 .07

March 1979 48,000 (120,000) .22 .78 40,500 (101,250) .17 .83 104,000 ( 260,000) .21 .79

May 1979 23,500 ( 58,750) .11 .89 26,000 ( 65,000) .11 .89 46,500 ( 116,000) .10 .90

June 1979 17,500 ( 43,750) .08 .92 16,000 ( 40,000) .07 .93 36.000 ( 90,000) .07 .93

July 1979 8,900 ( 22,250) .04 .96 7,200 ( 18,000) .03 .97 19,500 ( 48,750) .04 .96

Based on I t  f a l l  m ortality.

Table 8. Numbers of 1978-attacked lodgepole pine, mean dbh of 1978 attacked lodgepole pine, and numbers 
of successful 1978 brood trees.

No. LPP attacked/ 
acre (ha)

Mean dbh inches (cm)

Ho. successful 1978 
brood trees/acre (ha)

Site I

42 (105 )

9.6 ( 24.4) 

32 ( 80 )

S ite  2

116 (290 )

8 .2  ( 2 0 .8 ) 

44 (110 )

Site 3

100 (250 )

9.7 ( 24.6) 

62 (155 )
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S t a t is t i c a l  Analyses 

The re s u l ts  o f  the reg ress ion  and c o r re la t io n  analyses 

were in c o n c lu s iv e .  V a r ia b le s , such as basal area, th a t  d id  not 

change from year to  ye a r ,  had a s trong p o s i t iv e  c o r re la t io n  w ith  

woodpecker d e n s i t ie s  in  one season and a negative c o r re la t io n  w ith  

woodpecker d e n s i t ie s  in  the next season. The amount o f  woodpecker 

food, represented by numbers o f  tree s  a ttacked by b e e t le s , never 

had a s ig n i f i c a n t  c o r re la t io n  w ith  woodpecker d e n s i t ie s .  In most 

cases, the  number o f  la rge  snags per acre was s t ro n g ly  ne g a t ive ly  

c o r re la te d  w ith  woodpecker d e n s i t ie s ,  o r  had no s ig n i f i c a n t  

c o r re la t io n  a t  a l l .  I  b e l ie ve  the lack  o f  co n s is te n t  c o r re la t io n s  

and p re d ic to rs  o f  woodpecker d e n s it ie s  r e f le c t s  the sho rt time 

period represented by the data and the small sample s ize . Data 

were not a v a i la b le  f o r  several study s i te s  du ring  several seasons; 

thus , some analyses were based on as few as 4 samples. Regression 

analyses may be h e lp fu l in  measuring and p re d ic t in g  trends in  

woodpecker d e n s it ie s  in  r e la t io n  to  vege ta tion  and food abundance. 

However, in  o rder to  p re d ic t  a t re n d ,  data must be c o l le c te d  before 

the phenomenon begins and throughout i t s  d u ra t io n .  My 1 .5 -year 

f i e l d  season was not in tended to  f u l f i l l  t h is  requirement.

Impact o f  Woodpeckers on Beetle M o r ta l i t y  

The re s u l ts  o f  sampling woodpeckered trees  were pooled 

f o r  S ite s  1, 2, and 3. The mean dbh o f  woodpeckered trees was

9 .8  inches (24.9 cm) and the re  was no s ig n i f i c a n t  d i f fe re n c e  in  

bark d is tu rbance  between the north  and south faces o f  the trees
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(Appendix E). Approxim ately 10% o f  the bark on a l l  1978-attacked 

lodgepole th a t  showed evidence o f  woodpecker feeding was d is tu rbed  

(Appendix D ). Kn ight (1958) and Tunnock (1960) estimated percent 

reduc tions  in  bark be e tle  broods re s u l t in g  from bark d is turbance 

by woodpeckers. Based on t h e i r  es tim a tes , woodpecker d is tu rbance 

o f  10% o f  the bark surface could cause a 17-100% reduc tion  in  the 

b e e t le  brood. In o rde r to  make a more s p e c i f ic  estim ate o f  

woodpecker-re lated be e t le  m o r ta l i t y ,  a d d i t io n a l observations must 

be made.

Most o f  the bark removal I observed occurred in  patches o f  

about 1 square inch (6 .5  cm*") o r  le s s ,  sca tte re d  over the bo le . 

Because o f  exposure o f  the phloem, beetles  under bark immediately 

ad jacent to  d is tu rb e d  areas were more l i k e l y  to  be exposed to  

d e ss ica t io n  and le th a l  temperatures than beetles in  undisturbed 

areas. I b e lie ve  a conserva tive  estim ate o f  t h is  zone o f  in f lue nce  

was 0.5  inches (1.27 cm). Bark in  th is  zone u s u a l ly  had separated 

from the wood o f  the t re e  because o f  d ry ing  and sh r in k in g  o f  the 

phloem. Thus, the t o ta l  bark area a f fe c te d  by woodpecker a c t i v i t y  

exceeded the 10% o f  the bark surface th a t  was a c tu a l ly  d is tu rb e d . 

And, the to ta l  area a f fe c te d  on a given tre e  was g re a te r  i f  the 

d is tu rbe d  areas were small and sca tte red  than i f  they represented 

a few la rge  patches (F ig .  5 ).

Thus, an estim ate o f  woodpecker-re lated m o r ta l i t y  could 

range from a minimum o f  10% to  39% o r  even h ig h e r ,  since small 

sca tte re d  areas o f  d is tu rbance  have a g re a te r  a f f e c t  than fewer.
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Figure 5. Pattern o f  bark d is turbance and a f f e c t  on bee tle  
m o rta l i ty .
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(5a) 10% o f  bark surface d is tu rbed  in  10 approx im ate ly  c i r c u la r
patches 1.0 inches (2.54 cm) in  diameter

-  Each patch = 0.79 square inches (5.1 cm)
-  Tota l area d is tu rbed  = 7 . 9  square inches 

(51.0 cm r).
- Tota l bark surface area = 79 square 

inches (510 cm^).
-  Area d is tu rbed  = 10% o f  to ta l  surface 

a re a .

l iL

- Zone o f  in f lu e n ce  = 0.5 inches (1.27 cm)
- Area a f fe c te d  per patch = 3.1 square 

inches (20.3 cm?),
-  Total area a f fe c te d  = 31.0 square inches 

(203 cmr)
-  Area a f fe c te d  = 39% o f  to ta l  surface 

area.

(5b) 10% o f  bark surface d is tu rbe d  in  3 approx im ate ly  c i r c u la r
patches 1.8 inches (4 .6  cm) in  d iameter.

Each patch = 2.6 square inches 
(16.7 cm2)^
Tota l area d is tu rbed  = 7.9 square 
inches (51.0 cm^).
Tota l bark surface area = 79 square 
inches (510 cm r).
Area d is tu rbe d  = 10% o f  to ta l  surface 
area.

Zone o f  in f lu e n ce  = 0 . 5  inches 
(1.27 cm).
Area a f fe c te d  per patch = 6 . 2  square 
inches (40.0 cm^).
Tota l area a f fe c te d  = 18.5 square 
inches (120 cm r).
Area a f fe c te d  = 23.5% o f  to ta l  surface 
a re a .
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la rg e  d is tu rb e d  patches. P o ss ib ly , some o f  the sm alles t d is tu rbe d  

areas d id  not cause any b e e t le  m o r ta l i t y ,  d i r e c t l y  o r  in d i r e c t l y ;  

the woodpeckers may have done some unsuccessful b a rk - f la k in g  in  an 

area w ith o u t  b e e t le s .  Even i f  t h is  occurred in  50% o f  the fo rag ing  

a ttem p ts , woodpecker-re lated bee tle  m o r ta l i t y  would probably be much 

g re a te r  than the f ig u re  based on ac tua l bark d is tu rbance .

Woodpeckers may have fed more h e a v i ly  in  areas w ith  

g re a te r  be e tle  d e n s i t ie s ,  and ignored areas w ith  low d e n s i t ie s .

About 50% o f  the bark samples on woodpeckered trees showed no 

bark d is tu rbance . In these undisturbed areas, there  were averages
p

o f  about 5 entrance holes and 5 e x i t  holes per square fo o t  (9 .3  dm ) 

o f  bark , in d ic a t in g  th a t  f o r  every o a ir  o f  a t ta c k in g  a d u l ts ,  on ly  1 

o f fs p r in g  emerged. However, Reid (1963) and Amman (1969) reported 

th a t  when pupal c e l ls  coalesce during feeding o f  ca l low  a d u lts ,  

a l l  new ad u lts  may leave through a common e x i t  ho le . In my samples, 

most pupal c e l ls  appeared to  be separate. And, o f  the 5 e x i t  holes 

per square fo o t  (9 .3  dm ) an average o f  2 were made from pupal 

c e l l s ;  the  remaining 3 e x i t  holes were made from egg g a l le r ie s .

Amman (1975) reported  a 33% ra te  o f  abandonment o f  g a l le r ie s  by 

u n f e r t i l i z e d  females. He c la s s i f ie d  an a d d it io n a l 10% o f  g a l le r ie s  

as p o te n t ia l  cases f o r  abandonment. Very few, i f  any, bee tle  

o f fs p r in g  were associa ted w ith  these g a l le r ie s .  I t  is  poss ib le  th a t  

the undis turbed bark areas o f  a woodpeckered tre e  represented areas 

o f  r e l a t i v e l y  low be e tle  d e n s i t ie s  w i th in  th a t  t re e .  I f  t h is  is  

t r u e ,  the 10% o f  the bark th a t  was d is tu rbe d  represents a much 

la rg e r  percentage o f  the bee tle  brood w i th in  th a t  t re e .
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W ith in  a s tand, woodpeckered tree s  may have had g re a te r  

b e e t le  d e n s i t ie s  than b e e t le -a tta cke d  trees  w ith o u t evidence o f  

woodpecker feed ing . B eetle  d e n s i t ie s  are u su a l ly  g rea te r in  la rg e r  

tree s  (Amman 1969), and the mean dbh o f  woodpeckered trees was

9 .8  inches (24.9 cm) in  c o n tra s t  to  a mean dbh o f  9.1 inches 

(22.9 cm) o f  1978-attacked t re e s .  This d i f fe re n c e  was s ig n i f i c a n t  

a t  the 0.5  le ve l (Appendix E ) . There was a mean o f  9 entrance holes 

per square fo o t  (9 .3  cm ) o f  bark a t  b reast he ig h t on trees th a t  

had no evidence o f  woodpecker feeding a t  the time they were sampled 

( t re e s  sampled to  estim ate bee tle  d e n s i t ie s ) .  On woodpeckered 

t re e s ,  the  mean number o f  entrance holes per square fo o t  (9 .3  cm ) 

o f  bark a t  breast he ig h t was s ix .  However, some o f  the breast 

he ig h t samples on woodpeckered trees had to  be moved h o r iz o n ta l ly  

o r  v e r t i c a l l y  to  exclude d is tu rbe d  areas where entrance and e x i t  

holes cou ld  not be counted. This may have re s u lte d  in  sampling an 

area o f  low be e tle  d e n s i ty ,  and the f ig u re s  may not be comparable 

to  the f ig u re s  obta ined from trees  w ith o u t bark d is tu rbance .

Based on m o r ta l i t y  r e s u l t in g  from the zone o f  in f lue nce  

surrounding bark d is tu rbe d  o r  removed by woodpeckers, and the 

p o s s ib i l i t y  th a t  woodpeckers do not feed randomly on b e e t le - in fe s te d  

t re e s ,  I be le ive  about 30% m o r ta l i t y  o f  the bee tle  brood may be 

re la te d  to  woodpecker a c t i v i t y .
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CHAPTER V 

DISCUSSION

Results o f  my woodpecker censuses i l l u s t r a t e  v a r i a b i l i t y  

in  woodpecker d e n s i t ie s ,  but I obta ined much h igher d e n s it ie s  in  

the  epidemic be e tle  study area than in  the endemic bee tle  study 

area. High and mean woodpecker d e n s i t ie s  on several epidemic s i te s  

were equal to  o r  g re a te r  than f ig u re s  reported  by o th e r researchers 

in  bark bee tle  in fe s ta t io n s  (Yeager 1955, Otvos 1965, Baldwin 1968, 

Koplin  1969). Although I found no c o n s is te n t p re d ic to rs  o f  wood

pecker d e n s i t ie s ,  I do not be lieve  th is  in d ica te s  a lack o f  rea l 

c o r re la t io n s  between woodpecker d e n s it ie s  and the independent 

v a r ia b le s .  More research f o r  a longer du ra t io n  may produce 

s t a t i s t i c a l l y  r e l ia b le  p re d ic to rs  o f  woodpecker d e n s it ie s  in  areas 

o f  in s e c t  epidemics. However, based on my data and re s u l ts  o f  

o th e r  researchers , I be lieve  several v a l id  observa tions may be made,

Mountain Pine Beetle  D ens ities

Woodpecker Food

Although many lodgepole were attacked by mountain pine 

bee tles  in  1978, and almost a l l  a ttacked trees  were k i l l e d ,  my 

estim ates o f  the 1978 bee tle  popu la tion  were not p a r t i c u la r ly  high 

f o r  an epidemic in fe s ta t io n .  I b e lieve  the in fe s ta t io n  in  the 

study area was in  a d e c lin e  by the 1978-79 season. The beetles 

had in fe s te d  the area f o r  a t  le a s t  2 years p r io r  to  1978. They
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had a lready  e l im in a te d  most o f  the la rg e  lodgepole in  which 

rep roduc tion  was most succe ss fu l.  The weather was r e la t i v e ly  m ild  

in  1975, 1976, and 1977, which co n tr ib u te d  to  the success o f  the 

bee tles  in  those years. An average o f  60% o f  a l l  the lodgepole 

on a l l  the epidemic s i te s  were attacked and k i l l e d  before 1978.

The fewer remaining l i v e  lodgepole, and the sm a lle r diameters 

o f  those t re e s ,  8.6 inches (21 .8  cm) in  1978 vs. 11.0 inches 

(27 .9  cm) in  1977, re su lte d  in  a reduc tion  in  the 1978 bee tle  brood 

over those o f  previous years.

Stages o f  the in fe s ta t io n  va r ied  from s i t e  to  s i t e .  In 

some cases, co n d it io n s  on the s i t e ,  estimated from beetle  and 

veg e ta tion  samples, accu ra te ly  represented the surrounding fo re s t .  

For example, on S ite s  6 and 7 on ly  8-11% o f  a l l  lodgepole were 

a l iv e  by m id -1979, and the average s ize  o f  those tree s  was 

6 .5 -6 .6  inches (16 .5 -16 .8  cm) dbh. S im i la r  c o n d it io n s  p re va iled  

In  the surrounding lodgepole fo r e s t ;  I found no ad jacent areas 

w ith  s ig n i f i c a n t l y  more 1978-attacked o r  unattacked lodgepole.

There were a lso few unattacked and 1978-attacked lodgepole in  

areas ad jacen t to  S i te  5. S ite  3 was loca ted  in  an area h e a v i ly  

a ttacked by beetles  in  1978, but there  were many lodgepole attacked 

in  1979, as w e ll as unattacked lodgepole , on the s i t e  i t s e l f  as 

w e ll as in  the surrounding fo r e s t .  However, o th e r  s i te s  were 

ad jacen t to  areas w ith  very  d i f f e r e n t  c h a ra c te r is t ic s .  There were 

stands o f  unattacked, small (6 inches, 15.2 cm) dbh lodgepole next 

to  S ite s  1 and 4 , a lthough veg e ta tive  sampling showed those
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co n d it io n s  d id  not occur on the  s i te s  themselves. S ite  2 was more 

is o la te d  from the ad jacen t fo re s t  than any o th e r s i t e .  I t  was 

bounded on 2 sides by the North Fork and on the o th e r  2 s ides by 

a steep b l u f f .  There were fewer l i v e  lodgepole above the b l u f f  

than on S ite  2 i t s e l f ,  and although lodgepole stands west o f  the 

North Fork (on the Flathead National Forest) were s im i la r  to  those 

on the s i t e ,  they were logged h e a v i ly  in  1978 and 1979. Areas 

ad jacen t to  study s i te s  o fte n  provided fo rag ing  s i te s  f o r  

woodpeckers seen on the s i t e s .

W ith in  s i t e s ,  be e tle  d e n s i t ie s  va r ied  seasonally . Although 

very high d e n s it ie s  may have occurred in  the f a l l ,  la rvae  were 

probably q u ite  small and may not have been as a t t r a c t iv e  to  

woodpeckers as were the la rg e r  la r v a l  in s ta rs  th a t  occurred a t  

lower d e n s i t ie s  la t e r  in  the w in te r .  As a woodpecker food source, 

bee tles  were g e n e ra l ly  a t  t h e i r  lowest numbers from e a r ly  summer, 

a f t e r  heavy na tu ra l m o r ta l i t y  reduced the p o p u la t io n , through e a r ly  

f a l l ,  when ad u lts  and eggs represented most o f  the popu la tion .

Vegeta tion

Woodpecker Nest S ite s

Numbers o f  snags per acre could in d ic a te  the a v a i l a b i l i t y  

o f  s u i ta b le  nest t re e s .  C h a ra c te r is t ic s  o f  snags used by c a v i ty -  

nes t ing  b ird s  have been described in  western la rch  and D o u g la s - f ir  

fo re s ts  in  northwestern Montana (McClelland and F r is s e l l  1975), and 

in  ponderosa pine in  Arizona (S co tt  1978). Lodgepole snags were 

not a s ig n i f i c a n t  component o f  the fo re s t  in  e i th e r  s tudy, and
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very  l i t t l e  use o f  lodgepole was repo rted . S co tt e t  a l .  (1978) 

s tud ied  use o f  snags by c a v i ty -n e s t in g  b ird s  in  a subalpine zone 

in  Colorado. Although spruce snags showed the g re a te s t use,

20 nest holes were found in  lodgepole snags. Nine o f  the 20 holes 

were in  broken-top snags over 11 inches (27.9 cm) dbh.

The sm a lles t t re e  I found w ith  a woodpecker nest was 

8.6 inches (21.8 cm) dbh; the o th e r  24 nests were in  trees  over

9.8  inches (24.9 cm) dbh. There fo re , I f e l t  th a t  most trees less 

than 9 inches (22.9 cm) dbh could not be considered as s u i ta b le  

p o te n t ia l  nest s i t e s .  Broken-top snags 9 inches (22.9 cm) dbh 

o r  la rg e r  were ra re  on a l l  s i t e s .  None o f  the b e e t le - k i l le d  

lodgepole sampled appeared to  have broken tops . P o te n t ia l nest 

tree s  ( t o t a l  la rge  snags per acre) increased every year as the 

bee tles  k i l l e d  more and more p ines.

The importance o f  aspen to  nes ting  woodpeckers in  the 

northe rn  Rockies was reported  by McClelland (1977) and became 

apparent in  my study. Vegeta tive  sampling on the transec ts  o f te n  

missed aspen groves th a t  were, in  f a c t ,  present on the study s i t e s .  

S ite  1 had a la rge  aspen grove, and there  were sm a lle r,  younger 

groves loca ted on S ite s  2, 3, and 5. There were very few aspen 

on o r  in  areas ad jacen t to  S ite s  4 , 6, 7, and 8.

The ro le  o f  s i t e  co n d it io n s  in  in f lu e n c in g  woodpecker 

d e n s i t ie s  was not c le a r .  A wet s i t e ,  such as S ite  4, may have 

created co n d it io n s  more favo rab le  to  the development o f  ro o t  and/or 

he a rt r o t  decay in  l i v e  and dead trees  (Lawrence 1966). McClelland
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(1977) discussed the importance o f  heartwood decay to  woodpeckers 

in  s e le c t io n  o f  a nest s i t e .  Rotten wood is  e a s ie r  to  excavate 

than sound wood. Some spec ies, such as aspen, b i r c h ,  and western 

la r c h ,  are very su sce p t ib le  to  heart r o t  fung i and o ften  develop 

decay as l i v e  t re e s .  Conks th a t  grow on the boles o f  these species 

in d ic a te  the presence o f  hea rt r o t .  Lodgepole pine less than 

100 years o ld  is  not h ig h ly  susce p tib le  to  heart r o t  decay, and 

conks r a r e ly  are found on lodgepole , even when the t re e  has advanced 

heartwood decay (Loman and Paul 1963).

Woodpecker D ens it ies  

V a r i a b i l i t y  in  Censusing

W ith in  s i t e s ,  woodpecker d e n s it ie s  va r ied  g re a t ly  w ith  

season, weather c o n d i t io n s ,  and time o f  day. In  the w in te r ,  o r  

non-breeding season, woodpeckers u s u a l ly  fed in  mixed-species 

f lo c k s  o f  up to  10 b i rd s .  P e r io d ic a l ly ,  I encountered 2 o r  more 

f lo c k s  on a census and a high c a lc u la te d  d e n s ity  o f  woodpeckers 

re s u lte d .  I was ju s t  as l i k e l y  to  miss the f lo c k s  a l to g e th e r  and 

ob ta in  a very low woodpecker d e n s ity .  Because o f  t h e i r  f lo c k in g  

behav io r, the b ird s  were never evenly  d is t r ib u te d  throughout 

the in fe s te d  area, and I d id  not a ttem pt to  determine the s ize  o f  

a f lo c k 's  fo ra g in g  area. Mean d e ns ity  f ig u re s  probably d id  not 

a c c u ra te ly  represent w in te r  woodpecker popu la tions  on any p a r t ic u la r  

s i te s  o r  throughout the in fe s te d  area as a whole.

During the breeding season, the advent o f  nest s i te  

s e le c t io n  and t e r r i t o r i a l  behavior caused lower d e n s i t ie s  than
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w in te r  d e n s i t ie s .  A du lts  tended to  forage r e la t i v e l y  c lose to 

t h e i r  nest t r e e ,  and the  general d is t r i b u t io n  o f  feeding b ird s  

on a g iven s i t e  was probably determined by the lo c a t io n  o f  a c t iv e  

nest trees  on th a t  s i t e .  This caused less v a r ia t io n  among censuses 

on a given s i t e ,  and a mean breeding season d e n s ity  probably 

more a ccu ra te ly  represented the woodpecker popu la tion  on th a t  s i t e  

than d id  the mean w in te r  d e n s ity .

Time o f  day and weather con d it io n s  combined to  a f fe c t  my 

behavior as w e ll as the woodpeckers'. Any con d it io n s  th a t  created 

no ise , such as w ind, r a in ,  o r  s le e t ,  impaired my a b i l i t y  to  hear 

woodpeckers, and I t r i e d  to  avoid censusing under those c o n d it io n s .  

On a w in te r  day w i th  l i t t l e  o r  no p r e c ip i t a t io n ,  woodpecker feed ing 

g e n e ra l ly  s ta r te d  between 0900 and 0930. Feeding s ta r te d  e a r l i e r  

in  the morning in  the summer, but ra re ly  before 0730. Morning 

feed ing u s u a l ly  p e rs is te d  f o r  several hours, and I found t h is  was 

the best time fo r  censusing. During the w in te r  there  d id  not appear 

to  be a s t r i c t  d a i l y  feed ing p a t te rn ;  I o f te n  heard woodpeckers 

feed ing throughout the day. During the sunmer, there  was g e n e ra l ly  

a mid-day break in  fe e d in g , e s p e c ia l ly  i f  i t  were a h o t ,  sunny day. 

A fternoon feed ing bouts were less in tense than morning feeding 

du ring  a l l  seasons. When a d u lts  were feeding n e s t l in g s ,  there  were 

few prolonged breaks in  fo ra g in g  and feed ing  a c t i v i t y .

A l l  these fa c to rs  in troduced cons iderab le  v a r ia t io n  in to  my 

estim ates o f  d e n s i t ie s  o f  feeding woodpeckers. The f ig u re s  I 

ob ta ined may be used to  make general comparisons between s i te s  on
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the study area. They a lso  in d ic a te  the r e la t i v e l y  high d e n s it ie s  o f  

woodpeckers th a t  occurred in  the epidemic be e tle  study area compared 

to  the endemic bee tle  area. However, I be lieve  cau tion  should be 

used in  comparing my f ig u re s ,  on an absolute b a s is ,  w ith  woodpecker 

d e n s i t ie s  reported  by o th e r researchers in  d i f f e r e n t  geographical 

areas and h a b i ta t  types.

Woodpecker D ens it ies  on the Study S ites  

Woodpecker d e n s it ie s  throughout the study area were probably 

in f lue nce d  by the same va r ia b le s  a f fe c t in g  d e n s i t ie s  on in d iv id u a l 

study s i t e s .  Assessing the most im portan t fa c to rs  on each s i t e  helps 

to  determine the r e la t i v e  importance o f  the in d iv id u a l v a r ia b le s .  

S ite s  are discussed in  o rder o f  inc reas ing  woodpecker d e n s i t ie s .

S ite  8 (Endemic bee tle  p o p u la t io n )

S ite  8 had almost no mountain pine b e e t le s , o n ly  2 la rge  

snags per acre , and no woodpeckers were feeding the re  during any 

o f  my censuses. I o c ca s io n a lly  heard b ird s  drumming near the study 

s i t e ,  and I be lieve  woodpeckers d id  use the area fo r  fee d in g , but 

a t  such low d e n s i t ie s  th a t  almost continuous observa tion  would be 

requ ired  to  a ccu ra te ly  e s ta b l is h  woodpecker d e n s i t ie s  in  the area.

The fo r e s t  on S i te  8 was very  s im i la r  to  much o f  the North Fork 

study area except in  age, as in d ica te d  by the high numbers o f  

r e l a t i v e l y  small trees  and the low de n s ity  o f  la rge  snags. The 

bee tles  e x is te d  on S ite  8 a t  an endemic popu la tion  le v e l .  The 

lodgepole fo re s t  was too young to  provide optimal co n d it ion s  f o r  a
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mountain p ine be e tle  epidemic, but th a t  remains a p o s s ib i l i t y  fo r  

the  fu tu re .

S ite s  6 and 7 (High e le v a t io n  
mountai ns ides)

S ite s  6 and 7 were not censused in  the w in te r ;  data fo r  

on ly  2 breeding seasons were c o l le c te d .  Although bee tle  d e n s i t ie s  

were r e la t i v e l y  low in  1978 and 1979 breeding seasons, beetle  

d e n s i t ie s  du ring  the 1977-78 w in te r  were probably q u ite  h igh.

This w in te r  food source a t t ra c te d  woodpeckers to  the s i te s .  Both 

S ite s  6 and 7 had o n ly  8 la rg e ,  o ld  snage per acre . The r e la t i v e l y  

low 1978 breeding season woodpecker d e n s it ie s  may r e f le c t  a 

s c a rc i ty  o f  s u i ta b le  nest s i t e s .  By the 1979 breeding season, 

be e t le  d e n s i t ie s  in  areas ad jacent to  and on both s i te s  had been 

q u ite  low f o r  a t  le a s t  1 year. The 1979 breeding season woodpecker 

d e n s i t ie s  were very low, and I found no nests on e i th e r  s i t e .  

A p pa re n tly , there  were not many s u i ta b le  nest tree s  on e i th e r  s i t e ,  

and the woodpeckers moved on to  o th e r areas as the lo ca l food source 

dw indled.

S ite s  2 and 5 (Mature lodgepole 
fo r e s ts )

S ite s  2 and 5 had s im i la r i t i e s  and d i f fe re n c e s .  One 

d i f fe re n c e  between the s i te s  was the t im ing  o f  the bee tle  in fe s ta t io n  

On S ite  2, the bee tles  a ttacked the most lodgepole in  1978; the 

heav ies t a t ta ck  on S i te  5 occurred in  1977. Another d i f fe re n c e  was 

the number o f  la rg e ,  o ld  snags per acre . S ite  2 had none, and S ite  5 

had ten . I d id  not f in d  o ld  woodpecker nest holes on e i th e r  s i t e .
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Woodpecker d e n s i t ie s  in  the 1977-78 w in te r  were very high 

on S ite  5, r e f le c t in g  the high lo ca l bee t le  popu la tion . Breeding 

season woodpecker d e n s i t ie s  in  1978 were very s im i la r  on both S ite s  

2 and 5. On S ite  2, I observed a p a ir  o f  Northern Three-toed 

Woodpeckers excavating a nest in  an aspen snag in  la te  May 1978, 

but the b ird s  abandoned the t re e  a f t e r  about 1 week o f  work. 

A ppa ren tly , i t  was not acceptable as a nest t re e .  On S ite  5, 

Y e l lo w -b e l l ie d  Sapsuckers nested in  the la rg e s t  aspen grove in  1978 

and were observed feeding there  in  1978 and 1979. The p a ir  o f  

sapsuckers may have occupied the on ly  s u i ta b le  nest tree  in  the 

grove.

I t  was d i f f i c u l t  to  reach S ite  2 in  the w in te r ,  and I 

conducted on ly  5 1978-79 w in te r  censuses. Because o f  the inhe ren t 

v a r i a b i l i t y  in  w in te r  censuses, I do not b e lieve  the 1978-79 mean 

w in te r  d e n s ity  o f  2.2 woodpeckers per 100 acres (40 ha) was accura te .

Woodpecker d e n s i t ie s  were low through the 1978-79 w in te r  

and the 1979 breeding season on both s i t e s .  There were no 1979 

woodpecker nests on e i th e r  s i t e .  On S ite  2, be e tle  d e n s it ie s  were 

s u f f i c ie n t  to  support feed ing  woodpeckers in  the 1979 breeding 

season, but a lack o f  s u i ta b le  nest s i te s  may have excluded nesting  

woodpeckers from the area. Beetle d e n s i t ie s  on S ite  5 were too 

low to  a t t r a c t  feed ing woodpeckers, and the s c a rc i ty  o f  s u i ta b le  

unoccupied nest tre e s  excluded nesting  p a irs  from the s i t e .  

A ppa ren tly , S ite s  2 and 5 provided feed ing s i te s  f o r  woodpeckers 

year-round but lacked s u i ta b le  nest trees f o r  breeding woodpeckers.
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S ite  3 (Recently  in fe s te d  by b e e t le s )

Data f o r  on ly  2 seasons were c o l le c te d  on S ite  3. I t  was 

the o n ly  s i t e  th a t  was not h e a v i ly  in fe s te d  by beetles  before

1978. High be e tle  d e n s i t ie s  through the 1978-79 w in te r  a t t ra c te d  

f lo c k s  o f  feeding woodpeckers to  the area. Although bee tle  

m o r ta l i t y  was h igh , enough beetles  surv ived  to  support a r e la t i v e ly  

h igh 1979 breeding season woodpecker popu la tion . There were no 

1979 woodpecker nests on the s i t e ,  and I found no o ld  woodpecker 

nest ho les , in d ic a t in g  th a t  woodpeckers have not o f te n  nested on 

the s i t e  in  the past. A p a ir  o f  Northern Three-toed Woodpeckers 

nested in  a l i v e  aspen ju s t  beyond one end o f  the t ra n s e c t.

S ite  3 had more aspen than a l l  o the r s i te s  except S ite  1, and I 

b e lie ve  the aspen w i l l  provide nest trees  in  the fu tu re .

Beetles probably a ttacked as many trees in  1979 as in  1978 

on S i te  3, and t h is  food source would help m ain ta in  high w in te r  

woodpecker d e n s i t ie s .  I b e lieve  th a t  1980 breeding season and 

ne s t in g  woodpecker d e n s i t ie s  on S ite  3 probably w i l l  exceed the 

1979 d e n s i t ie s .

S i te  1 (Most d iverse  ve g e ta tion ) and S ite  4 
(O ld-qrow th lodgepole f o r e s t )

S ite s  1 and 4 c o n s is te n t ly  had the h ighest d e n s it ie s  o f  

feed ing  and nesting  woodpeckers. Beetle  d e n s it ie s  were very high 

on S i te  4 in  the 1976-77 and 1977-78 seasons; on S ite  1, be e tle  

d e n s i t ie s  peaked in  the 1977-78 w in te r .  I found o ld  woodpecker 

nest holes on both s i t e s ,  in d ic a t in g  use o f  the areas by nesting
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woodpeckers in  e a r l i e r  years.

Woodpeckers responded to  the lo c a l food abundance on S ite  4 

in  1976 and 1977. Woodpecker d e n s it ie s  were very high in  the 1977-78 

w in te r .  In  the fo l lo w in g  seasons on S ite  4, woodpecker d e n s it ie s  

dec lined  as the food source dwindled. Woodpeckers a lso  responded to  

high b e e t le  d e n s i t ie s  on S ite  1, but the response occurred a t  le a s t  

1 year l a t e r  on S ite  1 than on S ite  4. Beetle d e n s it ie s  through the 

1978-79 w in te r  remained high enough on S ite  1 to  continue to  support 

h igh d e n s i t ie s  o f  feed ing and breeding woodpeckers.

Both S ite s  1 and 4 showed evidence o f  past woodpecker 

n e s t ing  and maintained p a irs  o f  nes ting  woodpeckers in  1978 and 1979. 

A ppa ren tly , both s i te s  had a r e la t iv e  abundance o f  s u i ta b le  nest 

t re e s .  There were d if fe re n c e s  between the a c t iv e  nest trees  on the 

two s i t e s .  On S ite  1, 6 nests ( in c lu d in g  the 1978 sapsuckers) 

were in  aspen, and o n ly  two were in  lodgepole p ine . On S ite  4, 

a l l  7 nests ( in c lu d in g  the 1978 f l i c k e r s )  were in  lodgepole p ine . 

There were corresponding d i f fe re n c e s  in  the woodpecker species 

ne s t in g  on each s i t e .  On S ite  1, there were 2 p a irs  each o f  

Northern Three-toed. H a iry ,  and Downy Woodpeckers; and 1 p a ir  each 

o f  P ilea te ds  and sapsuckers. On S ite  4 , there  were 5 pa irs  o f  th re e 

toed woodpeckers, 1 p a i r  o f  H a irys , and 1 p a ir  o f  f l i c k e r s .  The 

d i f f e r e n t  species o f  woodpeckers se lec ted  d i f f e r e n t  species o f  nest 

t re e s .

I t  appears th a t  the epidemic o f  mountain pine beetles  was 

the major reason f o r  the high woodpecker d e n s i t ie s  in  the North
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Fork study area. The e f fe c ts  o f  t h is  superabundance o f  woodpecker 

food cannot be com ple te ly  separated from the e f fe c ts  o f  vege ta tion  

( a v a i l a b i l i t y  o f  s u i ta b le  nest s i t e s ,  la rge  snags) because bee tle  

epidemics do not occur in  young fo re s ts  th a t  are composed p r im a r i ly  

o f  small t re e s .  Woodpecker d e n s it ie s  were not estimated before the 

be e tle  epidemic in  the North Fork study area. But, there  were many 

rep o rts  o f  d ra m a t ic a l ly  increased woodpecker numbers from amateur 

b irdw atchers  and outdoor workers in  the North Fork area in  the e a r ly  

and mid-1970s. I b e lie ve  the mountain pine bee tle  epidemic a t t ra c te d  

the la rge  numbers o f  woodpeckers to  the area.

A p pa re n tly , in  the w in te r ,  the lo ca l bee tle  d e ns ity  was the 

most im portan t v a r ia b le  in f lu e n c in g  woodpecker d e n s i t ie s  in  the 

in fe s te d  area. High bee tle  d e n s it ie s  a t t ra c te d  f lo c k s  o f  feeding 

woodpeckers to  s p e c i f ic  s i t e s ,  but as lo ca l bee tle  popu la tions 

dec lined  over several seasons, most woodpeckers stopped feeding 

in  those areas. In the breeding season, the a v a i l a b i l i t y  o f  

s u i ta b le  nest trees  in  the in fe s te d  area appeared to  have more e f f e c t  

on woodpecker d e n s i t ie s  than d id  b e e t le  d e n s i t ie s .  High bee tle  

d e n s i t ie s  may have a t t ra c te d  woodpeckers to  a lo ca l area a t  some 

time du ring  the y e a r ,  but i f  the re  were no s u i ta b le  unoccupied nest 

s i te s  in  th a t  area, p a irs  o f  woodpeckers d id  not breed the re .

Nest S ite  S e lec t ion

The 5 woodpecker species I s tud ied  r a re ly  have been inves

t ig a te d  in  lodgepole pine fo re s ts ,  but general c h a ra c te r is t ic s  o f  

t h e i r  nest s i te s  in  o th e r areas may be summarized. P ilea ted
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Woodpeckers have the le a s t  f l e x i b i l i t y  in  s e le c t io n  o f  nest s i te s  

o f  the 5 species. In  northwestern Montana, P ilea teds g e ne ra lly  

se lec ted  broken-top la rch  snags over 20 inches (51 cm) dbh in  areas 

o f  o ld  growth. Large, o ld  ponderosa pine o r black cottonwood 

provided a l te r n a t iv e  nest s i te s  (McClelland 1979). Downy Woodpecker 

nests have been reported  in  dead trees  o r stubs w ith  ro t te n  cores, 

u s u a l ly  hardwoods (Bent 1939, Lawrence, Conner and Adkisson 1976). 

Black-backed Three-toed Woodpeckers have been reported  nesting  in  

l i v e  and dead t re e s ,  and most trees  have decayed heartwood (Bent 

1939).

In t h is  s tudy , 2 nests o f  each o f  these 3 species were 

lo ca ted . Although th is  was a very small sample, the nest trees  

d id  not appear to  very  d i f f e r e n t  from the trees se lected  by these 

species in  o th e r areas.

Northern Three-toed Compared w ith  Ha iry  
Woodpeckers

Northern Three-toed and H a iry  Woodpeckers were the most 

abundant and f re q u e n t ly  seen woodpecker species in  the study area, 

and 76% o f  the nests I located belonged to  these 2 species. Other 

researchers have observed th a t  H a iry  Woodpeckers nested in  l i v e  o r 

dead tree s  th a t  had he a rt r o t .  They g e n e ra l ly  se lected nest trees  

in  o r  near r e la t i v e l y  wet s i te s  (Bent 1939, Lawrence 1966, Conner 

and Adkisson 1976). In d r ie r  fo re s t  types , aspen was used most 

commonly f o r  nes t ing  (Tatsch l 1967). Northern Three-toed Woodpecker 

nests have been reported  in  dead t re e s ,  dead limbs o f  l i v e  t re e s ,  

and in  l i v e  trees  w ith  heartwood decay. Most nests were found in
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spruce (Bent 1939).

Nest s i t e  s e le c t io n  and d e n s i ty . In  the study area, there 

was a marked d i f fe re n c e  in  the type o f  trees  Hairys and Northern 

Three-toeds se lec ted  as nest s i te s .  Only 1 o f  8 H a iry  nests was 

in  lodgepo le , and o n ly  2 o f  11 Northern Three-toed nests were not 

in  lodgepole . There were a lso  d if fe re n ce s  in  the seasonal d e n s it ie s  

o f  H a iry  and Northern Three-toed Woodpeckers and d if fe re n ce s  in  

the way each spec ies ' d e n s it ie s  changed over t im e . Through 4 

seasons on the 7 epidemic s i t e s ,  I c o l le c te d  data to  estimate 20 

t o ta l  woodpecker d e n s i t ie s  (Table 3). In on ly  3 o f  the 20 estim ates 

d id  the mean d e n s ity  o f  H a iry  Woodpeckers exceed the mean de n s ity  o f  

Northern Three-toed Woodpeckers, Two o f  those instances were the 

w in te r  estim ates on S i te  4. The o th e r estim ate was the 1978 breeding 

season estim ate on S ite  1, The o n ly  season in  which Hairys occurred 

more f re q u e n t ly  than Northern Three-toeds was the 1978 breeding 

season on S ite  1.

Northern Three-toed Woodpeckers were g e n e ra l ly  more common 

in  the study area than H a irys . B u t, i f  Hairys outnumbered Northern 

Three-toeds in  both w in te rs  on S i te  4 , why d id  they never outnumber 

them in  the fo l lo w in g  breeding seasons? I be lieve  th a t  S ite  4 was 

not a " t r a d i t i o n a l "  nes ting  area fo r  H a iry  Woodpeckers, e i th e r  

because i t  lacked s u i ta b le  nest s i te s  f o r  H a irys , o r there were more 

s u i ta b le  nest s i te s  in  o th e r nearby areas. In  a fo re s t  so s t ro n g ly  

dominated by lodgepole p ine , s u i ta b le  nest trees f o r  Ha iry Woodpeckers 

were g e n e ra l ly  l im i te d  to  sca tte re d  aspen groves, which d id  not
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occur on S i te  4. In  c o n t ra s t ,  Northern Three-toed Woodpeckers 

loca ted  nests in  the la rg e  numbers o f  dead lodgepole p ine.

In the w in te rs ,  high d e n s it ie s  o f  H a iry  and Northern Three

toed Woodpeckers represented the a d d i t io n  o f  ju v e n i le s  to  wandering, 

feed ing  f lo c k s  o f  woodpeckers. The ju v e n i le s  o f  a l l  species 

probably d ispersed to  s u i ta b le  unoccupied areas o r  died before the 

next breeding season. Ha irys th a t  were breeding f o r  the f i r s t  time 

were fo rced to  t ra v e l g re a te r  d is tances than Northern Three-toeds, 

perhaps to  the f r in g e  o f  the be e tle  in fe s ta t io n ,  to  loca te  unoccupied 

aspen, cottonwood, o r  b i rc h .  Northern Three-toed Woodpeckers were 

ab le to  loca te  nest s i te s  throughout the in fe s te d  area, and f i r s t -  

year breeders may have been re c ru i te d  in to  the lo ca l popu la tions 

and increased lo c a l d e n s it ie s  o f  t h is  species.

I b e lieve  S i te  1 had c o n s is te n t ly  h igh d e n s i t ie s  o f  Ha iry  

Woodpeckers because i t  had more s u i ta b le  nest trees  f o r  Hairys 

than any o th e r s i t e .  A p a ir  o f  H a iry  Woodpeckers probably has 

nested in  the aspen on S ite  1 f o r  many seasons, and w i l l  continue 

to  occupy the grove as long as there  are s u i ta b le  nest t re e s .  They 

probably defend the grove aga ins t o th e r members o f  t h e i r  own species 

which prevents an increase in  the breeding season and nesting 

d e n s i t ie s  o f  H a iry  Woodpeckers on the s i t e .  The y e a r- to -y e a r  

d e n s i t ie s  o f  H a iry  Woodpeckers d id  not f lu c tu a te  g re a t ly  w ith  

changing bee tle  d e n s i t ie s .  Changes in  y e a r - to -y e a r  d e n s it ie s  o f  

Northern Three-toed Woodpeckers o f te n  corresponded w ith  changes in  

lo ca l be e tle  d e n s i t ie s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54

F ir s t - y e a r  breeders and immigrant a d u lts  o f  a l l  woodpecker 

species had to  compete w ith  lo ca l breeding p a irs  o f  woodpeckers 

f o r  nest s i te s .  Sapsuckers and f l i c k e r s  were not observed feeding 

on mountain p ine b e e t le s ,  and t h e i r  d e n s i t ie s  probably d id  not 

respond to  the in fe s ta t io n .  However, lo c a l l y  breeding pa irs  

o f  these m igrants may have a com pe tit ive  advantage in  nest s i t e  

s e le c t io n  over Hairys and Northern Three-toeds breeding f o r  the 

f i r s t  t im e . Lawrence (1966) reported th a t  m igrants were more l i k e l y  

to  re tu rn  to  the same nesting  t e r r i t o r y  than were H a iry  o r  Downy 

Woodpeckers. This may have reduced numbers o f  a v a i la b le  nest s i te s  

f o r  Ha irys because they appeared to  s e le c t  the same type o f  nest 

t re e  as the sapsuckers. Since the th ree-toeds  were able to  use 

lodgepo le , the presence o f  the sapsuckers probably had l i t t l e  e f fe c t  

on t h e i r  nes ting  and breeding season d e n s i t ie s .

The presence o f  conks on a l l  a c t iv e  aspen, b i r c h ,  and 

cottonwood nest trees  in d ica te d  th a t  decay was present before 

woodpeckers se lec ted  these trees  f o r  nest excavation. Heartwood 

r o t  e x is te d  immediately above and below the nest holes in  a l l  

lodgepole snags sampled. This decay was q u ite  advanced, thus i t  

is  more l i k e l y  th a t  the decay e x is te d  before  the woodpeckers 

se lected  the tre e s  than th a t  the woodpecker excavations served as 

the rou tes o f  in fe c t io n  f o r  the fu n g i .  Since advanced heartwood 

decay is  r e la t i v e l y  uncommon in  lodgepole stands less than 100 

years o ld  (Loman and Paul 1963), Northern Three-toed Woodpeckers 

appeared to  be showing a pre ference f o r  lodgepole snags w ith  pre

e x is t in g  decay.
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Response to  the be e tle  ep idem ic. Northern Three-toed 

Woodpeckers were p a r t i c u la r ly  w e ll-adapted to  e x p lo i t  the abundant 

food source. They responded to  the mountain pine bee tle  epidemic 

by inc reas ing  t h e i r  d e n s i t ie s  in  the in fe s te d  area. They reduced 

com pe tit ion  w ith  lo ca l woodpecker p a irs  f o r  nest s i te s  by u t i l i z i n g  

lodgepole p ine , a species g e n e ra l ly  not se lected by o ther woodpecker 

spec ies, f o r  nest t re e s .  Because o f  th is  a d a p ta b i l i t y ,  as bee tle  

d e n s i t ie s  decrease to  endemic le v e ls  in  some areas. Northern Three- 

toeds probably w i l l  fo l lo w  the in fe s ta t io n  as i t  develops in  o the r 

areas.

H a iry  Woodpeckers, because o f  t h e i r  dependence on more 

s p e c i f ic  types o f  nest t re e s ,  d id  not show as g reat a response to  

the mountain pine b e e t le  epidemic as d id  the Northern Three-toed 

Woodpeckers. In p a r t ic u la r ,  I b e lieve  the lo ca l breeding popu la tions 

o f  H a iry  Woodpeckers d id  not change s ig n i f i c a n t l y  w i th  the increase 

in  be e tle  d e n s i t ie s .  Reproductive success may have increased, and 

undoubtedly Hairys responded fu n c t io n a l ly  to  the abundance o f  

mountain pine b e e t le s ,  but s c a rc i ty  o f  s u i ta b le  nest s i te s  appeared 

to  prevent an increase in  d e n s ity  o f  breeding Ha iry  Woodpeckers.

L im it in g  f a c to r s . Food d id  not appear to  be a l im i t in g  

fa c to r  f o r  e i th e r  H a iry  o r  Northern Three-toed Woodpeckers in  the 

North Fork study area, a lthough lo ca l bee tle  d e n s i t ie s  a f fe c te d  

woodpecker numbers, e s p e c ia l ly  in  the w in te r ,  in  lo c a l areas. The 

s c a rc i t y  o f  s u i ta b le  nest s i te s  appeared to  l i m i t  the Ha iry  

Woodpecker popu la tion . A v a i l a b i l i t y  o f  s u i ta b le  nest s i te s  had a
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s trong  e f f e c t  on Northern Three-toed Woodpeckers, but soc ia l and 

t e r r i t o r i a l  behavior probably was e q u a lly  im portan t in  re g u la t in g  

Northern Three-toed d e n s i t ie s .  Socia l in te ra c t io n s  were not stud ied 

in  t h is  p ro je c t ,  but defense o f  the nesting  t e r r i t o r y  aga inst 

co n sp e c if ic s  has been discussed by o th e r researchers (Kilham 1962, 

Lawrence 1966, Kilham 1968). The maximum d e n s ity  o f  breeding 

Northern Three-toeds probably was determined by the a v a i l a b i l i t y  o f  

s u i ta b le  nest tree s  and the s ize  o f  the t e r r i t o r y  defended aga inst 

co n sp e c if ic s .

Beetle  M o r ta l i t y  

M o r ta l i t y  o f  mountain pine beetles  may be caused by many 

in te ra c t in g  fa c to rs .  G enera lly , in t r a s p e c i f ic  com petit ion  f o r  food 

is  c i te d  as the major m o r ta l i t y  fa c to r  (Amman 1977); however, low 

temperatures a lso  may cause s ig n i f i c a n t  m o r ta l i t y  (Amman 1973,

Cole 1973). I be lieve  severe w in te r  weather g re a t ly  a f fe c te d  the 

1978 be e t le  brood in  the study area. The exact temperature requ ired  

to  cause s ig n i f i c a n t  m o r ta l i t y  o f  mountain pine bee tle  broods in  a 

na tu ra l s e t t in g  is  not known. Co ld -hard iness o f  la rvae is  g rea tes t 

from December through February, but w in te r  su rv iva l o f  larvae 

depends on the l i f e  stage a t  the onset o f  w in te r  temperatures. 

Epidemic bee tle  popu la tions are more l i k e l y  to  be a ffe c te d  by co ld  

weather than are endemic popu la tions  (Cole 1973). Crowding o f  

bee tles  in  the phloem is  much g re a te r  in  an epidemic than an endemic 

po p u la t io n . Increased crowding shortens the developmental stages 

w i th in  a s in g le  gene ra tion . Many la rvae  en te r the w in te r  w ith o u t
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ach iev ing  the le ve l o f  co ld -h a rd i ness necessary to  surv ive normal 

w in te r  temperatures.

In la te  December 1978 and e a r ly  January 1979, temperatures 

in  the study area reached -40p F (-40^ C) f o r  3 consecutive n ig h ts .  

Laboratory  estim ates in d ic a te  the le th a l low temperature fo r  la rvae 

is  between -29° F ( -3 3 .9 °  C) and -36° F ( -3 7 .7 °  C) (Somme 1940, 

S a frany ik  1978). In the  study area, high temperatures o f  the days 

fo l lo w in g  the 3 co ld  n igh ts  va r ied  from -18° F (-28° C) to  21° F 

( -6 °  C), and the sk ies were c le a r .  The south faces o f  the trees  

probably were several degrees warmer than the ambient temperature. 

Beetle  samples from December through February d id  not show any 

major brood m o r ta l i t y .  However, by the end o f  March, the 3 s i te s  

sampled showed 78-83% reduc tions  in  bee tle  d e n s i t ie s .  A pparently , 

the severe temperatures d id  not k i l l  the la rvae  o u t r ig h t ,  but the 

p h ys io lo g ica l s tre ss  caused by low temperatures may have increased 

the s u s c e p t ib i l i t y  o f  the la rvae  to  m o r ta l i t y  by s ta rv a t io n ,  

d e s s ic a t io n ,  d isease, and pa ra s it ism .

Cole (1975) reported  th a t  co ld  w in te r  weather fo llow ed by 

severe d ry ing  o f  the phloem d r a s t i c a l l y  reduced a bee tle  popu la tion  

and accounted f o r  about 75% m o r ta l i t y  in  trees 9 inches (22.9 cm) 

dbh. Temperature and p r e c ip i t a t io n  f ig u re s  in d ic a te  th a t co n d it ion s  

to  cause severe d ry ing  p re va i le d  in  the study area through the 1979 

sp r ing  and summer (F ig .  4 ) .  About 64% o f  the bee tles  a l iv e  in  May 

d id  not su rv ive  to  adulthood. For t h is  same p e r io d . Cole (1970, 

1975) reported 22-42% m o r ta l i t y .  The s e v e r i ty  o f  both w in te r  and
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summer weather in  the study area probably combined to  cause 

unusua lly  high be e tle  m o r ta l i t y .

Impact o f  Woodpeckers on M o r ta l i t y  o f  
Mountain Pine Beetles

Is o la t in g  the impact o f  woodpeckers on bee tle  m o r ta l i t y  

from o th e r e f fe c ts  is  v i r t u a l l y  im poss ib le . However, no m o r ta l i t y  

fa c to rs  operate t o t a l l y  independently o f  o th e r fa c to rs .  In the 

1978-79 season, I observed the most in te n s iv e  woodpecker feeding 

du ring  the w in te r  (December through February). The bark d isturbance 

caused by th is  feeding c o n tr ib u te d  to  exposure o f  the  la rvae  to 

le th a l  low temperatures and d ry ing  o f  the phloem. Beetles k i l l e d  

d i r e c t l y  by woodpeckers may have d ied la te r  in  the season from o ther 

causes i f  the woodpeckers had not eaten them; the re  is  no way to  

determine th is  p r o b a b i l i t y .  However, regard less o f  the severe weather 

c o n d it io n s  du ring  the 1978-79 season, I be le ive  o ve ra l l  beetle  

m o r ta l i t y  would have been somewhat less  than the 96-97% estimate i f  

the woodpeckers had not been present in  the study area. I do not 

b e lieve  the woodpeckers alone regu la ted  o r  s ig n i f i c a n t l y  reduced 

the mountain pine be e tle  popu la tion  in  the study area, although 

t h e i r  c o n t r ib u t io n  to  be e tle  m o r ta l i t y  probably va r ied  from year to  

year.

Management Im p lic a t io n s  and Recommendations 

In G la c ie r  National Park

In G lac ie r  National Park, USFS entom olog is ts  recommended 

spray ing a l l  green lodgepole 7 inches (17 .8  cm) o r  la rg e r  in  high
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use re c re a t io n a l and a d m in is t ra t iv e  s i te s  w ith  an in s e c t ic id e  to  

prevent bee tle  a t ta c k .  They a lso  s ta ted  th a t  dead and in fe s te d  

tre e s  should be cu t and removed o r used fo r  firewood (McGregor 

e t  a l .  1978). I b e lieve  the expense o f  t h is  type o f  opera tion  

would be extrem ely p r o h ib i t i v e .  The cost to  spray one tre e  is  

about $2, and each tre e  must be sprayed a t  le a s t  every o th e r year 

throughout the d u ra t io n  o f  the epidemic. The manpower and time 

requ ired  to  cu t and remove a l l  the dead trees  in  the Park campgrounds 

and along the Park roads would be more than the budget o f  the Park 

could a f fo rd .

An extens ive  management e f f o r t  w i th in  the Park would 

c o n t ra d ic t  the nature o f  the Park as a preserve f o r  a l l  forms o f  

w i l d l i f e .  The mountain pine bee tle  is  a na t ive  species, and the 

epidemic is  a na tu ra l occurrence. The dead trees are an in te g ra l 

p a r t  o f  the ecosystem. I observed them being used as fo rag ing  

and nes ting  s i te s  by s q u ir re ls  and o th e r in s e c t iv o ro u s ,  c a v i ty -  

nes t ing  b ird s  as w e ll as woodpeckers. Standing and fa l le n  trees 

prov ide cover f o r  many la rge  and small w i l d l i f e  species. E ven tua lly ,  

the n u t r ie n ts  conta ined in  the dead wood w i l l  be recycled through 

the ecosystem. Runoff from chemical sprays would a f fe c t  areas 

around each tre e  as w e ll as the t re e  i t s e l f .  I t  w i l l  be necessary 

to  remove f a l le n  tree s  when they o b s tru c t  t r a f f i c  in  campground and 

on roads, but I do not b e lieve  i t  is  necessary o r  p ra c t ic a l  to  cu t 

and remove a l l  standing dead t re e s .  However, i f  snags in  high use 

areas appear to  be hazardous, i t  would be poss ib le  to  reduce the
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hazard by removing the upper h a l f  to  tw o - th ird s  o f  the trees and 

a l lo w in g  stubs to  remain. These would provide p o te n t ia l nest s i te s  

f o r  woodpeckers and o th e r c a v i ty -n e s t in g  b ird s  and fo rag ing  s i te s  

f o r  many animal species.

In Commercial Lodgepole Forests

This f i e l d  work was not conducted in  a commeriçal fo re s t .  

General s i l v a c u l tu r a l  recommendations f o r  managing lodgepole pine 

to  prevent bee tle  epidemics are to  use short (60 year) ro ta t io n s  

and encourage a mosaic o f  even-aged stands w i th in  the fo re s t .  

Management f o r  lodgepole pine snags has been nonex is ten t because 

i t  is  d i f f i c u l t  ( lodgepole snags blow down e a s i l y ) ,  and l i t t l e  

research has been done regard ing t h e i r  use by c a v ity -n e s t in g  b ird s .  

My data in d ica te d  th a t  th ree -toed  woodpeckers were very capable o f  

nes t ing  in  lodgepole p ine .

The re te n t io n  o f  lodgepole snags may m ain ta in  res id e n t 

p a irs  o f  th re e -toe d  woodpeckers. The presence o f  o th e r species 

o f  snags and aspen groves may enhance an area f o r  a l l  woodpeckers. 

The presence o f  abandoned and o ld  woodpecker c a v i t ie s  is  im portant 

to  o th e r  in se c t ivo ro u s  h o le -n e s t in g  b ird s  th a t  cannot excavate 

t h e i r  own nests. An e f f o r t  to  manage a l l  k inds o f  snags may re s u l t  

in  enhanced popu la tions  o f  in se c t ivo ro u s  c a v i ty -n e s t in g  b ird s .

This not o n ly  helps to  m ain ta in  some na tu ra l d iv e r s i t y  in  a managed 

ecosystem, but the combined impacts o f  several popu la tions o f  

in se c t ivo ro u s  b ird s  on the m o r ta l i t y  o f  endemic popula tions o f
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harmful fo re s t  in sec ts  may be s ig n i f i c a n t .  Beebe (1974) summarized 

the conclus ions o f  many researchers:

. . .  in  many ins tances , b ird s  ac t as im portant 
components o f  na tu ra l b io lo g ic a l  re g u la t io n  o f  in sec t 
popu la tion  dynamics a t  endemic, o r "normal" popu la tion 
le v e ls .  In some ra th e r  unusual circumstances b irds  
may ac t to g e th e r ,  each species and sometimes each sex 
in  I t s  own sp e c ia lize d  way, to  be a major cause o f  the 
suppression o f  an in s e c t  outbreak. Most authors agree, 
however, th a t  the most im portan t ro le  o f  b irds  is  in  
the p reven tion  o f  in s e c t  epidemics, ra th e r  than t h e i r  
suppression. This im portan t ro le  is  probably s t i l l  
underestimated because the vast m a jo r i ty  o f  research 
has been conducted du ring  in se c t epidemics in  which 
sheer numbers o f  insec ts  s im p ly overwhelm the b i r d 's  
a b i l i t y  to  e x e r t  a re g u la t in g  in f lu e n ce .

I b e lie ve  th a t  before i n i t i a t i o n  o f  a c t iv e  tim ber management 

in  a commerical lodgepole fo r e s t ,  there  should be a s i t e  by s i t e  

e va lu a t io n  o f  the value o f  each area to  woodpeckers. C erta in  areas 

become t r a d i t io n a l  nes t ing  areas because o f  the presence o f  su ita b le  

nest s i t e s .  Areas th a t  show evidence o f  past use by nesting 

woodpeckers re q u ire  ca re fu l exam ination. Any trees  w ith  o ld  nest 

holes should not be c u t .  Aspen groves should not be d is tu rb e d . 

Whenever p o ss ib le ,  patches o f  snags should be l e f t  in ta c t  in  these 

breeding areas. Snags over 9 inches ( 23 cm) dbh are most s u ita b le  

f o r  nes ting  woodpeckers. However, b u f fe r  zones in c lu d in g  l i v e  and 

dead trees  should be l e f t  to  he lp  p ro te c t  nest trees from windthrow. 

Since there w i l l  be a t t r i t i o n  o f  snage, l i v e  trees  w ith  the p o te n t ia l 

o f  becoming s u i ta b le  nest trees  should be l e f t  s tanding. These 

tre e s  inc lude  those w ith  ex te rna l evidence o f  decay (conks) and 

those w ith  broken tops and f i r e  scars th a t  can serve as routes o f
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in fe c t io n  f o r  heartwood decay. I f  c le a rc u t t in g  is  the on ly  fe a s ib le  

ha rves t method, c le a rc u ts  should be small and a l te rn a te d  w ith  uncut 

b locks o f  t im be r. Trees in  uncut areas may prov ide a l te rn a t iv e  

fo ra g in g  and nesting  s i te s  when o th e r areas are d is tu rbe d . Most 

im p o r ta n t ly ,  c e r ta in  s izes and/or species o f  snags, such as lodgepole 

p in e , should not be e l im in a te d  c a te g o r ic a l ly  from management plans 

s im ply  because o f  a s c a rc i ty  o f  evidence o f  t h e i r  importance to 

c a v i ty -n e s te rs .  Under some c ircumstances, these species may be 

h e a v i ly  u t i l i z e d  and t h e i r  presence may be e sse n tia l to  the 

maintenance o f  some woodpecker popu la tions . The fo re s t  manager should 

determine the r e la t i v e  importance o f  areas w i th in  the fo re s t  to  

woodpeckers, and place r e s t r i c t io n s  on tim ber ha rvesting  p rac t ices  

in  those areas th a t  appear to  have high value f o r  woodpeckers and 

o th e r  c a v i ty -n e s t in g  b i rd s .
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CHAPTER VI 

SUMMARY

High d e n s i t ie s  o f  woodpeckers were a t t ra c te d  to  the North 

Fork study area because o f  the epidemic o f  mountain pine beetles 

th a t  began in  the e a r ly  1970s. Northern Three-toed Woodpeckers 

were the most abundant woodpecker species in  the in fe s te d  area.

T h e ir  w in te r  d e n s i t ie s  in  lo ca l areas appeared to  correspond to  

lo c a l be e tle  d e n s i t ie s .  Most Northern Three-toed Woodpeckers nested 

in  lodgepole pine snags th a t  had heartwood decay a t  the nest ho les.

As a r e s u l t  o f  the be e tle  in fe s ta t io n ,  lodgepole pine snags were 

common, and there probably were many th a t  had decay. Because o f  

th is  r e la t iv e  abundance o f  p o te n t ia l  nest t re e s .  Northern Three-toeds 

were able to  increase t h e i r  breeding popu la tion  in  the in fe s te d  

area g re a t ly .  T e r r i t o r i a l  behavior and a v a i l a b i l i t y  o f  s u i ta b le  

nest s i te s  probably determined the maximum d e ns ity  o f  nesting 

Northern Three-toed Woodpeckers in  lo ca l areas. Because o f  t h e i r  

year-round abundance. Northern Three-toed Woodpeckers probably 

had more impact on the b e e t le  popu la tion  than any o th e r woodpecker 

species.

H a iry  Woodpeckers were the second most abundant woodpecker 

species in  the in fe s te d  area. T h e ir  w in te r  d e n s it ie s  appeared to  

be re la te d  to  lo ca l bee tle  d e n s i t ie s ,  but breeding season d e n s it ie s  

probably were determined by the a v a i l a b i l i t y  o f  s u i ta b le  nest s i te s .  

Almost a l l  H a iry  Woodpecker nests were loca ted  in  aspen o r b irch
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th a t  had evidence o f  heartwood decay. The r e la t iv e  s c a rc i ty  o f  

these types o f  trees  in  the study area l im i te d  the popu la tion o f  

re s id e n t ,  breeding H a iry  Woodpeckers, and the mountain pine bee tle  

epidemic probably d id  not cause a major increase in  t h e i r  numbers.

The mountain pine bee tle  epidemic was in  a dec line  by the 

1978-79 season. Estimates o f  i n i t i a l  1978 bee tle  d e n s it ie s  ranged 

from 216,000 to  484,000 la rvae per acre (540,000 -  1,210,000 larvae 

per ha). By the summer o f  1979 be e tle  d e n s it ie s  ranged from 7200 

to  19,500 beetles  per acre (18,000 - 48,750 bee tles  per ha). Total 

bee t le  m o r ta l i t y  was 96-97%. Extremely co ld  w in te r  temperatures 

fo llow ed  by dry  sp r ing  and summer weather probably accounted f o r  the 

high m o r ta l i t y  o f  the 1978 bee tle  brood.

About 10% o f  the bark on 1978-attacked lodgepole pine 

th a t  showed evidence o f  woodpecker feeding was d is tu rbe d . Woodpecker- 

re la te d  m o r ta l i t y  o f  beetles  was about 30%, but because o f  the 

severe weather c o n d it io n s ,  many o f  these bee tles  would have died 

before adulthood regard less o f  the woodpeckers' a c t i v i t y .

Woodpeckers co n tr ib u te d  to  o v e ra l l  be e tle  m o r ta l i t y ,  but d id  not 

appear to  reg u la te  o r  c o n tro l the epidemic bee tle  popu la tion .
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S ite  1

Date es tab lished :

Location :

E le va t io n :

Slope:

Aspect:

June 1978

3.5 m iles (5 .6  km) southeast o f  Polebridge RS 

3690 fe e t  (1125 m)

5-10%

SE

Tree
species

Stems
acre

per
(ha)

R e la tive
d e n s ity

pBasal 
f t  /ac re

area R e la tive  
(m2/ha) dominance

Lodgepole
pine

152 380) .517 96.8 (22.2) .528

Douglas-
f i r

86 215) .292 39.0 ( 8.9) .213

Spruce 22 55) .075 9.2 ( 2.1) .050

Subalpine
f i r

16 40) -055 5.6 ( 1.3) .030

Larch 8 20) .027 14.6 ( 3.3) .080

Ponderosa
pine

2 5) .007 14.2 ( 3.3) .077

Aspen 8 20) .027 4.0 { 0 .9) .022

A lder 0 0) 0 0 ( 0 ) 0

Tota l 294 735) 1.000 183.4 (42.0) 1.000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



72

S ite  2

Date e s ta b lish e d :

Location :

E le va t io n :

Slope:

Aspect:

May 1978

15 m iles  (24.1 km) northwest o f  the Polebridge RS

3740 fe e t  (1140 m)

le ve l

le ve l

Tree
species

Stems per 
acre (ha)

R e la tive
de n s ity

PBasal 
f t  /ac re

area
(m2/ha)

R e la tive
dominance

Lodgepole
pine

346 865) .721 149.6 (34.3) .798

Douglas-
f i r

36 90) .075 10.4 ( 2.4) .056

Spruce 86 215) .179 25.8 ( 5.9) .138

Subalpine
f i r

0 0) 0 0 ( 0 ) 0

Larch 4 10) .008 0.8 ( 0.2) .004

Ponderosa
pine

0 0) 0 0 { 0 ) 0

Aspen 8 20) .017 0.8 ( 0 .2) .004

A1 der 0 0) 0 0 ( 0 ) 0

Tota l 480 1200) 1 .000 187.4 (43.0) 1.000
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S ite  3

Date e s ta b lish e d :

Location :

E le va t io n :

Slope:

Aspect:

November 1978

12 m iles  (19.3 km) southeast o f  the Polebridge RS

3550 fe e t  (1080 m)

le ve l

le ve l

Tree
species

Stems per 
acre (ha)

R e la tive  
densi ty

-Basal 
f t  /ac re

area
(mZ/ha)

R e la tive
dominance

Lodgepole
pine

256 640) .703 125.0 (28.7) .684

Douglas- 
f  i r

0 0) 0 0 ( 0 ) 0

Spruce 16 40) .044 8.8 ( 2.0) .048

Subalpine
f i r

0 0) 0 0 ( 0 ) 0

Larch 44 110) .121 16.0 ( 3.7) .088

Ponderosa
pine

36 90) .099 27.2 ( 6.2) .149

Aspen 12 30) .033 5.6 ( 1.3) .031

A lder 0 0) 0 0 ( 0 ) 0

Tota l 364 910) 1.000 182.6 (41.9) 1 .000
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S ite  4

Data e s ta b lish e d :

Loca tion :

E le va t io n :

Slope:

Aspect:

A p r i l  1978

1.5 m iles  (2 .4  km) northwest o f  the Polebridge RS

3550 fe e t  (1080 m)

le ve l

le ve l

Tree
species

Stems
acre

per
(ha)

R e la tive
d e ns ity

«Basal 
f t  /ac re

area
(m^/ha)

R e la tive
dominance

Lodgepole
pine

116 290) .853 109.8 (25.2) .874

Douglas- 
f i r

2 5) .015 1.6 ( 0.4) .013

Spruce 14 35) .103 13.8 ( 3.2) .110

Subalpine
f i r

0 0) 0 0 ( 0 ) 0

Larch 0 0) 0 0 ( 0 ) 0

Ponderosa
pine

0 0) 0 0 ( 0 ) 0

Aspen 0 0) 0 0 ( 0 ) 0

A lder 4 10) .029 0.4 ( 0.1) .003

Tota l 136 340) 1.000 125.6 (28.9) 1.000
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S ite  5

Date e s ta b lish e d :

Loca tion :

E le va t io n :

Slope;

Aspect:

March 1978

2 m iles (3 .2  km) north  o f  the Polebridge RS

3640 fe e t  (1110 m)

le ve l

le ve l

Tree
species

Stems per 
acre (ha)

R e la tive
d e ns ity

pBasal 
f t  /ac re

area
(m2/ha)

R e la tive
dominance

Lodgepole
pine

276 690) .711 174.0 (39.9) .837

Douglas- 
f i r

4 10) .010 0.4 { 0.1) .002

Spruce 100 250) .258 28.6 ( 6.6) .137

Subalpine
f i r

0 0) 0 0 ( 0 ) 0

Larch 0 0) 0 0 ( 0 ) 0

Ponderosa
pine

2 5) .005 3.6 ( 0.8) .017

Aspen 6 15) .016 1 .4 ( 0 .3) .007

A1 der 0 0) 0 0 ( 0 ) 0

Tota l 388 970) 1.000 208.0 (47.7) 1 .000
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S ite  6

Date e s ta b lish e d :

Location :

E leva tion  :

Slope:

Aspect:

May 1978

1 m ile  (1 .6  km) north o f  the fo o t  o f  Bowman Lake 

5120 fe e t  (1560 m)

15-45%

SE

Tree
species

Stems per 
acre (ha)

R e la tive  
densi t y

pBasal 
f t  /ac re

area
(mf/ha)

Re la tive  
domi nance

Lodgepole
pine

150 375) .429 78.2 (17.9) .317

Douglas- 
f  i r

86 215) .246 91.2 (20.9) .370

Spruce 2 5) .006 0.2 ( 0 ) .001

Subalpine 
f i r

8 20) .022 0.8 ( 0.2) .003

Larch 104 260) .297 76.2 (17.5) .309

Ponderosa
pine

0 0) 0 0 ( 0 ) 0

Aspen 0 0) 0 0 ( 0 ) 0

A1 der 0 0) 0 0 ( 0 ) 0

Tota l 350 875) 1.000 246.6 (56.5) 1.000
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S ite  7

Date e s ta b lish e d : 

Location :

E le va t io n :

Slope:

Aspect:

May 1978

1 m ile  (1 .6  km) south o f  the fo o t  o f  Bowman Lake 

4900 fe e t  (1500 m)

20-45%

NW

Tree
species

Stems per 
acre (ha)

R e la tive
d e ns ity

pBasal 
f t  /acre

area
(mz/ha)

Re la tive  
domi nance

Lodgepole
pine

372 ( 930) .579 134.8 (30.9) .582

Douglas- 
f i  r

158 ( 395) .247 37.6 { 8.6) .162

Spruce 40 ( 100) .062 23.8 ( 5.5) .103

Subalpine
f i r

0 ( 0) 0 0 ( 0 ) 0

Larch 72 ( 180) .112 35.4 ( 8.1) .153

Ponderosa
pine

0 ( 0) 0 0 ( 0 ) 0

Aspen 0 ( 0) 0 0 ( 0 ) 0

A1 der 0 ( 0) 0 0 ( 0 ) 0

Tota l 642 (1605) 1.000 231.6 (53.1) 1 .000
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S ite  8

Date es tab lished : 

Loca tion :

E le va t io n :

Slope:

Aspect:

J u ly  1978

11 m iles (17.7 km) southwest o f  the Spotted Bear 
RS (FNF) on the South Fork o f  the Flathead River

3890 fe e t  (1185 m)

le ve l

le ve l

Tree
species

Stems
acre

per
(ha)

R e la tive  
densi ty

pBasal 
f t  /ac re

area
(m2/ha)

R e la tive
dominance

Lodgepole
pine

508 1270) .646 148.6 (34.1) .690

Douqlas-
f i r

138 345) .176 37.6 ( 8.6) .175

Spruce 88 220) .112 14.4 ( 3.3) .067

Subalpine 
f i r

36 90) .046 3.6 ( 0 .8) .017

Larch 16 40) .020 11.0 ( 2.5) .051

Ponderosa
pine

0 0) 0 0 ( 0 ) 0

Aspen 0 0) 0 0 ( 0 ) 0

A1 der 0 0) 0 0 ( 0 ) 0

Tota l 786 1965) 1.000 215.2 (49.3) 1.000
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WOODPECKER DENSITIES ON THE STUDY SITES
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S ite  1

Transect le n g th : 2485 fe e t  (756.7 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker
species

S t r ip  w idth 
f t .  (m)

Area censused 
acres (ha)

Downy 400 (122.0) 28.5 (11.4)

Hai ry 400 (122.0) 28.5 (11.4)

Northern
Three-toed

520 (158.5) 29.7 (11.9)

Black-backed 
Three-toed

400 (122.0) 28.5 (11.4)

P ilea ted 400 (122.0) 28.5 (11.4)

Nesting woodpeckers:

1978: 1 p r. Downy 
1 p r. H a iry  
1 p r. P ile a te d

1979: 1 p r .
1 p r .
2 p r.

Downy
Hairy
Northern Three-toed

S t r ip  w id th :  490 fe e t  (149.2 m)

Area censused: 28.0 acres (11.2 ha)

(continued)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

Mean d e n s it ie s  per 100 acres (40 ha)
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Downy - 7.3 3.6 0 2.0 3.6

H a iry - 6.6 3.6 7.3 3.9 3.6

Northern — 1 .1 0 7.9 8.6 7.1
Three-toed

Black-backed _ 0 0 2.9 0.5 0
Three-toed

P ilea te d - 0 3.6 0 0 0
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S ite  2

Transect le n g th : 2500 fe e t  (761.2 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker
species

S t r ip  w id th  
f t .  (m)

Area censused 
acres (ha)

Downy 400 (122.0) 22.8 (9 .1 )

H a iry 400 (122.0) 22.8 (9 .1 )

Northern
Three-toed

400 (122.0) 22.8 (9 .1 )

Black-backed 
Three-toed

400 (122.0) 22.8 (9 .1 )

P ilea te d 400 (122.0) 22.8 (9 .1 )

Nesting woodpeckers:

1978: none 1979; none

(continued)
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Mean d e n s it ie s  per 100 acres (40 ha)

S-O)
O in Qj a>0-‘n-■X3 U 
O  CU

â  %

S  i-t cur-̂  4->
cCT> •<— 

r—  3

CDc
■acu
CO c  o
CO CO ro
CD a>I— CO

CDC•r-
+ -)CO
(Uz: COCO s- 

•!— 
CD no 1— Q.

CDr» s- 1 o>
CO 4-) 

c
CD *t—

CD
C

~a<u
-CO co
CD CO 

fo
CD CUr~~ CO

cnc
4->
CO0)z

lAcn s- 
cn fo
f—  O -

Downy - 0 0 0 0 0

Ha i ry - 1.1 0 0 1.6 0

Northern 7.6 0 2.2 5.4 0
Three-toed

Black-backed 0 0 0 0 0
Three-toed

P ilea te d - 3.2 0 0 0 0
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S ite  3

Transect le n g th : 2490 fe e t  (758.2 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker
species

S t r ip  w idth 
f t .  (m)

Area censused 
acres (ha)

Downy 400 (122.0) 23.0 (9 .2 )

H a iry 400 (122.0) 23.0 (9 .2 )

Northern 
Three-toed

400 (122.0) 23.0 (9 .2 )

B1ack-backed 
Three-toed

400 (122.0) 23.0 (9 .2 )

P ilea ted 400 (122.0) 23.0 (9 .2 )

Nesting woodpeckers:

1978: none 1979: none

(continued)
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Mean d e n s it ie s per 100 acres (40 ha)
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Downy - - - 0 0.5 0

H a iry - - - 5.5 1 .8 0

Northern _ _ _ 6 .6 8.8 0
Three-toed

Black-backed _ _ — 0 0 0
Three-toed

P ilea ted - - - 0 0 0
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S ite  4

Transect le n g th : 2400 fe e t  (730.8 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker
species

S t r ip  w idth 
f t .  (m)

Areas censused 
acres (ha)

Downy 400 (122.0) 22.0 ( 8.8)

Hai ry 460 (140.1) 24.3 ( 9.7)

Northern 
Three-toed

600 (182.7) 33.0 (13.2)

Black-backed 
Three-toed

400 (122.0) 22.0 ( 8 .8)

Pi lea ted 400 (122.0) 22.0 ( 8 .8)

Nesting woodpeckers:

1978: 3 prs. Northern 1979: 1 
Three-toeds 

1 p r .  Black-backed 1 
Three-toeds

pr. Northern 
Three-toeds 
p r. Hairys

S t r ip  w id th : 950 fe e t (289.3 m)

Area censused: 52.3 acres (20.9 ha)

(continued)
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Downy 11.3 1.5 0 1.3 0 0

H a iry 20.8 5.3 0 6 .8 4.9 1.9

Northern 15.2 13.5 5.1 5.2 5.4 1 .9
Three-toed

Black-backed 0 1.5 2.5 0 0 0
Three-toed

Pi lea ted 0 0 0 0 0 0
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S ite  5

Transect le ng th ; 2325 fe e t  (708.0 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker
species

S t r ip  w idth 
f t .  (m)

Area censused 
acres (ha)

Downy 400 (122.0) 21.3 ( 8 .5)

H a iry 400 (122.0) 21.3 ( 8.5)

Northern 
Three-toed

600 (182.7) 32.0 (12.8)

Black-backed 
Three-toed

400 (122.0) 21.3 ( 8.5)

Pi lea ted 400 (122.0) 21.3 ( 8.5)

Nesting woodpeckers:

1978: 1 p r .  Black-backed 1979: none 
Three-toeds

S t r ip  w id th :  400 fe e t (122.0 m)

Area censused: 21.3 acres (8 .5  ha)

(continued)
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Downy 6.3 1.4 0 0 0 0

Ha i  ry 1 .6 2.8 0 1 .9 0.7 0

Northern 14.6 5.6 0 2.5 2.7 0
Three-toed

B1ack-backed 4.7 1 .4 4.8 0 0 0
Three-toed

P ile a te d 3.1 0 0 0 0 0
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S ite  6

Transect le n g th :  2450 fe e t  (746.0 m)

Areas censused fo r  
feeding woodpeckers

Woodpecker 
speci es

S t r ip  w idth 
f t .  (m)

Area censused 
acres (ha)

Downy - -

H airy 400 (122.0) 22.5 (9 .0 )

Northern 400 (122.0) 22.5 (9 .0 )
Three-toed

Black-backed - -

Three-toed

Pi lea ted — -

Nesting woodpeckers:

1978: none 1979: none

(continued)
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Downy - 0 0 - 0 0

H a iry - 1.1 0 - 0 0

Northern 6.9 0 - 4.9 0
Three-toed

Black-backed 0 0 0 0
Three-toed

P ilea ted - 0 0 - 0 0
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S ite  7

Transect le n g th :  2400 fe e t  (730.8 m)

Woodpecker
species

Areas censused fo r  
feeding woodpeckers

S t r ip  w idth 
f t .  (m)

Area censused 
acres (ha)

Downy

H a iry

Northern 
Three-toed

Black-backed
Three-toed

P ilea ted

Nesting woodpeckers:

1978: 1 p r. Northern
Three-toeds

400 (122.0) 

400 (122.0)

1979: none

S t r ip  w id th :  400 fe e t  (122.0 m)

Area censused: 22.0 acres (8 .8  ha)

22.0 ( 8 . 8) 

22.0 (8 . 8 )

(continued)
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Downy - 0 0 — 0 0

H a iry - 3.9 0 » 1.1 0

Northern — 7.3 4 . 5 - 4.4 0
Three-toed

Black-backed — 0 0 - 0 0
Three-toed

P ilea te d - 0 0 - 0 0
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To ta l surface area o f  bark and numbers o f  successful 1978 brood 
trees  by diameter s ize  c lass

Diameter 
s ize  c lass 

inches (cm)

Surface area 
o f  bark, 
2-15 fe e t  
f t ^  (m2)

Successful 1978 brood 
tre e s /a c re  (ha)

S ite  1 S ite  2 S ite  3

6-7 (15 .2 -17 .8 ) 21.1 (1.96) 2 ( 5) 8 (20) 4 (10)
7-8 (17 .9 -20 .3 ) 24.4 (2.27) 4 (10) 8 (20) 6 (15)
8-9 (20 .4 -22 .8 ) 28.5 (2.65) 10 (25) 12 (30) 8 (20)
9-10 (22 .9 -25 .4 ) 34.1 (3.17) 2 ( 5) 10 (25) 12 (30)
10-11 (25 .5 -27 .9 ) 36.3 (3.37) 4 (10) 2 ( 5) 12 (30)
11-12 (28 .0 -30 .4 ) 39.6 (3.68) 4 (10) 2 ( 5) 10 (25)
12-13 (30 .5 -33 .0 ) 42.9 (3.99) 4 (10) 0 ( 0) 6 (15)
13-14 (33 .1 -35 .5 ) 45.4 (4.22) 2 ( 5) 0 { 0) 2 ( 5)
14-15 (35 .6 -38 .1 ) 47.9 (4.45) 0 ( 0) 0 ( 0) 2 ( 5)

Mean d e n s it ie s  o f beetles  per square fo o t  (9 .3 cm^ ) a t  breast he ight

December March May June Ju ly
1978 1979 1979 1979 1979Di ameter

s ize  c lass
inches (cm) N S N S N S N S N S

6-7 (15 .2 -17 .8 ) 129 267 63 52 30 27 2 9 6 5
7-8 (17 .9 -20 .3 ) 270 216 23 4 18 21 8 12 11 2
8-9 (20 .4 -22 .8 ) 230 234 56 73 43 38 27 27 7 13
9-10 (22 .9 -25 .4 ) 324 324 89 5 40 15 31 7 / 4
10-11 (25 .5 -27 .9 ) 270 225 72 37 53 27 40 11 26 18
11-12 (28 .0 -30 .4 ) 372 311 108 13 23 36 34 23 18 12
12-13 (30 .5 -33 .0 ) 258 303 95 99 22 22 24 19 10 13
13-14 (33 .1 -35 .5 ) 298 260 173 42 18 36 17 21 12 12
14-15 (35 .6 -28 .1 ) 651 544 306 278 51 24 22 35 19 25
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Beetles per t r e e ,  2-15 fe e t  (0 .6 -4 .6  m), by diameter s ize class

Diameter 
s ize  c lass 

inches (cm)
December

1978
March
1979

May
1979

June
1979

Ju ly
1979

6-7 (15 .2 -17 .8 ) 3,055 853 424 87 80
7-8 (17 .9 -20 .3 ) 4,162 219 340 176 105
8-9 (20 .4 -22 .8 ) 4,692 1,319 814 546 208
9-10 (22 .9 -25 .4 ) 7,833 1,045 640 433 130
10-11 (25 .5 -27 .9 ) 6,318 1 ,362 999 847 557
11-12 (28 .0 -30 .4 ) 9,495 1 ,578 845 786 414
12-13 (30 .5 -33 .0 ) 8,593 2,956 669 647 354
13-14 (33 .1 -35 .5 ) 8,925 3,270 895 617 386
14-15 (35 .6 -38 .1 ) 20,128 9,874 1,232 988 756
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S t a t i s t i c a l  Analyses

D iffe rences  in  mean t re e  dbh on the study s i te s  ( t - t e s t * )

102

S ite  8 
6 . 1 "

S ite  5
S ite  1 S ite  6

S i t e  3 8 .8 "  q c"
S ite  7 S ite  2 9 .3 "

7.1" 7 .5 "

S ite  4 
1 2 . 0 "

10" ^ rr -Y
1 2 "

No s ig n i f i c a n t  d i f fe re n c e s  (0.05 le v e l )  between:
S ite s  7 and 8 
S ite s  2 and 7 
S ite s  1, 3, 5, and 6

Mean dbh o f  S ite  4 was s ig n i f i c a n t l y  d i f f e r e n t  from a l l  o ther s i te s

D iffe rences  in  b e e t le .d e n s it ie s  between north and south aspects 
( t - t e s t * )  (B e e t le s / f t  a t  breast he igh t)

August-December 1978

N orth : J  = 237.4

s = 112.7 
South: X = 247.5

s = 113.3 
d f  = 24 t  = 0.316 
No s ig n i f i c a n t  d i f fe re n c e

January 1980-Ju ly  1980

North: X = 77.9
s = 92.3

South: X = 64.1
s = 107.2 

d f  = 35 t  = 0.577 
No s ig n i f i c a n t  d if fe ren ce

pp. 116-117. An In tro d u c t io n  to S ta t is t ic a l  Methods and Data 
A na lys is  by Lyman O tt .
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D iffe rences  in  mean dbhs o f  woodpeckered and a l l  1978-attacked 
lodgepole pine ( t - t e s t  )

A l l  1978-attacked lodgepole p ine : Woodpeckered lodgepole p ine:

Mean dbh = 9.1 inches (23.1 cm) Mean dbh = 9.8 inches (24.9 cm)
s = 1.8 inches (4 .6  cm) s = 2.0 inches (5.1 cm)
n = 116 n = 33

t  = 1.812

The d i f fe re n c e  in  mean diameters o f  a l l  attacked lodgepole pines and 
those fed on by woodpeckers is  s ig n i f i c a n t  a t  the 0.5 le v e l .

D iffe re nce s  in  bark d is tu rbance between north  and south faces o f  
trees  ( t - t e s t * )

North : Y  = 11.4% South: Y = 10.1%
s = 19.6 s = 13.8
n = 33 n = 33

t  = 0.3115

There is  no s ig n i f i c a n t  d if fe re n c e  in  bark d isturbance between the 
north  and south aspects o f  t re e s .

pp. 116-117. An In t ro d u c t io n  to S ta t is t ic a l  Methods and Data 
A na lys is  by Lyman O tt .
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