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I I exainined use. and- selection of nest trees by 6 .sp&ies of primary cavity-nesting birds 

-? 
-L.* - .  

--L 

In the interior Douglas-fir Biogeaclirnatic  on; (IDF) near Karnlopps, British Colum5Z. 
c. > ,  

Adalyses were based on '243 active nests located durittg 1984 and 1985. e. . . 

Presence of heanwkd dedy was the most important tree Characteristic influencing \ ' *  i 
a 

selection of nest, trees; alf bird species strongly preferred trees bearing fruiting bodies of * .  I 
2 

hearuot. fungi. Most nests occurred .in trembling aspen (Populus tremuloides) and paper birch 
I 

(Betuln papyriferi). Douglas-fir (Pseudotsugn rnenziesir var. glauca) and hybrid ,spruce (Picen 
e 

engelmannii x glauco) pikere not used* for nesting,' probably because their pattern of decay was 
h ,  

unfavourable fbr cavity-nesting. However, dead conifers appeared to be i m p o w t  foraging 
I 

a .substrates. In trembling aspen, infection withpheartwood decay qcurred in live trees, leaving a - 
sound sapwood shell protecting nest holes excavated in the softened hcanimd.  Such trees . 

, - b-5 

i I*. 
were peferrt!d by the ~konger excavators. Yellow-bellied Sapsucker (Sphympicus varius). 

% 
#h 

Pileated Wpdpecker (Dryocopus pileatus), and Hairy Woodpecker (Pibides villqus$$s'~hich 
I '  ... 

. r  * - 1  , 
were able to penetrate the hard sapwood. Weaker excavators, Red-breasted Nuthatch (Sitta 

1 

canademu). Northern Flicker (Cdaptes auratus), and Downy Woodpecker (Picoides pubescens), 
L .  

preferred dead uees or dead tops of live trees for nesting. Yellow-bellied Sapsucker preferred - 

to nest in uees larger than 30 crn dbh. and Pileated woodpecker preferred trees larger than 

-10 ern- dbh. No significant preference fdi nest tree' diameter was detecied for- the other 

spegies. Resulrs were very similar when analyses were based on old, unoccupied cavities >.- 
~nstcad of active nests. 

Stands* containing deciduous trees weie strongly preferred to coniferous forest for nesting. 

Structural variation of Qe vegetation within--the deciduous or inixed stands had very little 
r +* 

' 5 

influence on nest tree selection. , 
I 

Trees with attfibutes preferred for nesting m r  as part of the deciduous, maturing and & 
- -- - 

overmature sera1 vegetation, which is replaced by coniferous climax fdrest as succession . + m  

iii 



I proceeds. Uneven-aged forest management and fire suppression create adverke conditions for 
- - - .-- -- 

establishment of deciduous sends. To ensure continuous availability of nesting habitat lor 

-- p r i m a ~  cavity-nesters over time. a mosaic of successional \rapes should be mainlained b! 
'h* 

- 
0 - 

periodically creating openings 'in sites suitable for regeneration of deciduous uees. , 

% 

Tree species differ in their decay characteristics. their ecology. and in h e  role the! 
? - , % 

- 3 

pray in forest management Nest tree preferences and, managemenr guidelines outlined In m! 

s&dy ma? therefore not be relevant .to areas, where ~pecies other than trembljqi' aspen and 

pager birci are imp~rtant for 
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$ 6 .  

Cavity-nesting birds wquire tree daVities in w M  to raise 'their young. Mrnary 
* 6 

., , 
cavity-nesting. birds usually excavate the& nest holes them&lveq whereas secolidary 

cavity-nesters generally nest in existing tree cavi TP build their ,nest and roost caviucs, 
T I 

c primary cavity-nesting bi d s  require trees with de$y. This group of birdsu%> therefore 
J -- P adversely affected ,by habitat alterations that reduce lthe availability of dead or decaylng trees, 

A. *' ' "" 
such as intensive forest management-"or fuelwood '&tung. Awareness of the i m ~ r l a n c r  of' 
i. * f' . 

d: - 7 

' However, efforb to,*prevent further depletion b f  these "wildlife trees" are impeded by a - 
i % ' %  b 

n--~Lobstacles, related mainly to timber production goals. safety consideratidpa. and 
- -  - 11 I ? 

k&wledge gaps. These problems were investigated in. detail by Mil@ (1985) in rehtionGm 
A i 

wildlife tree management >British Columbia. - k - 
\r 

7 - % i 
L 

Specific knowledge of the nesrng habitat needs of primary cavity-nesting birds is an 
I 

i 
important .prerequisite to maihtaining these species in ntanaged forests. The purpose of' r~ . . 

, , Y t .  

Y 

study was to collect this information for' a part of the lnteri Douglas-fir Biogeoslimatlc ' 

B ?. k , kd 
Zone. IDF (Krajina 1965). in ~ r i t i s h  Columbia. Much is known about the biology and habitat 

* # 

requirements of primary bvity-nesting birds ,(see Thomas 1979. Fischer and McClelland 1983 

for bibliogaphies) and effects of Forest management on primary ,cavity-nesters, have been 
s +- 

examined in a number of &dies (Shugan and James 1973, Conner and crawford 1974. 
- - 

Conner et al. 1975. ~ o ~ e r  and Adkisson 1975, 1976. 1977. Franzreb 1977. tvans 1978. . 
I 

Franzreb and Ohmart 1978. Conner et al. 1979. Scott 1979. ~zar;  and hlda',1974. ~ c k ; o n  
9 

et al. 1983,- Dingledine and Haufler 1983, Marcot 1983. Scott and Gottfri.ed 1983, fbphael 
I 

and White d984, Madsen 1985. Wood et al. 1985, Zarnowitz and Manu-wal ,1985). Howe 1 er. 
1 

almost all this information is based on studies corlduhed in variqus regions of €he united A- 

1 

States and results and management suggestions may not be appliqble to the IDF. 



- The objectives of ,my study were: .L 5 
I 

+- r 
- 

. 
- - -- -- 

* ., I .  10 examine nest tree use and identify amibutes that characrerire trees prefened for 
- 

2. to compare results with published findings of similar studies conducted in other 

- vegetation types * and geographical, areas, . - 
. to evaluate effects of forestry practikes w d  develop rrpnagement guidelines aimed at 

1 
megrating foresrr? and nesting habita needs of primary cavity-~~esting birds. r 



< -, STUDY AREA -- 

2 - 
-- - - 

\ - 
Most fieldwork was conducted within and jusr south of three adjacent C U E U I I ~ '  P~ I - I I~ IL \  

. I 
1 (#526, 516, and 'H', held by Balco hdustries Ltd.), which are located in Timber Salit 

Licences A18686 and A07212 in the Kamloops Forest Region. This arm. known locall! a\  rhl> 

\ > 
Orchard Lake Area, extends along a portion of the Sullivan Range which runs along [lit c , ~  

side of' the North Thompson River (Fig. !). 'The Orchard Lake Area i; apprcni 
J -~-H----- 

38.5 krn north ,and 9.0 kni east 'of Kamloops. British Columb~a, and cinteis ar .il"01120" N 

and 120~11'15" W. It comprises approx~matelg 2041 ha and lies' between elevauon\ 610 rii 

(crest of the North ThompsqVal ley)  and 910 ',m (transition to a differenr forcsr typ;). 

f 
+ 

The Orchard Lake Area lies withm the IDFa '~iogeoclimatic Subronc'(~er! I)r> 
6 

/ 
Subrnontane Interior Dooglas-fir). Its overali topography . 's formed b! a scrled of north-mu~h 
i k 

i ridges. Many of the draws contain small ponds- and lake?. Most of- the area IS covercd h i  - 

conffe* ys forest, which consists almost entirely of Douglas-fir. Birch-leaved spirea (Sp~reu v - 
betulifdia) and waxbeny (Symphorlcarpos dbus) are the main species forming the gcncrall! 

il r. sparse understory vegetation. Patches of natural grassland with scattered Douglas-fir e x m d  
.u 

along the ridgetops. Stands of deciduous trees, mainly trembli~g aspen a n d 9 a p c r  b~rch. w~th 

varying proportions of Douglas-fir and hybrid spruce, grow in mpister or disturbed sites. 

Black cottonwood (Populus trichocarpa) ,and thin-lea~ed mountain -alder ( A l n u ~  ~ncana) occur . 

* 

Fn sites subject to flooding. Dominant shrub and herb specles in these deciduous or rncxed .# 
f P  
4" 

stands var) among sites. Common species are Douglas maple (Acer glabrum var. dougla~lr). 

saskaroon (Amelanchier dnifolia), heart-leaved arnica (Arnica cordifdia), northern rw~nllowc~ 

& (Linnea boredis), prickly rose (RosB acicularis). and waxbe&. Roads. landings, and i h c ~  

- disturbed sites are usually seeded for cattle grazing and are dominated b! culuvared 'grasses 

and associated weed species. For a detailed description of ecosystem associations with~n the 

- IDFa, including pformation o n  climate. geolqgy, and soils. see Mitchell and Green (1981). 
0 '  

.* ' L  

3 



Fig. 1. Location of study area and its t<vo parts, the Orchard Lake and Skull Mountain 

Areas 

C 



 he area was selectiyely logged during the 1930's when the largest conifen were - 
- - - 

B 
harvested. Since 1975, parts, of the area have be& logged each year. For the pas1 I C M  ic,ln " 

J- 

.I 

a%& f 8 the cutting prescriptions for the area have been modified with the aim G f r h a ~ n l a i n l n ~  all 

age classes of trees within the forest Previously. selective logging usuall! conslsml of c-!r::hr 

i all trees that exceeded diameter limits specified in logging plans. ~ ; d e r  curre,?! prescrlptmns. 
4 

snags are usually left standing, to serve as "wildlife trees" unless they post a tsalct~ har.srd. 

Additional fieldwork was conducted in and near &e Skull Mounraiq. Area. n parccl of 

X - - - 
lznd acquired by the Ministry of Egvironrnent, mainly to preserve tts value as crit~cal wtnrer 

0 

range fdr Mule Deer (Odocoileus hemronus). This pait of the stud!. area lies on the 

* 
south-eastern slope of a t runs along the "west side of the North Thoqlpson River, 

. * 

and is also part of the Subzone (Fig. 1). .Fieldwork in thc Skull 
'1 

d Mountain Area wgs confined to the v i q i t y  of Corral Lake, and an area around a scrles #of 
1 

b 

ponds appzoximately 4 km north-east from the lake along the access road. Thls poruon of' * 

p e  study area comprised about 28 ha, with elevations ranging from 660 LC 790 m. Corral 
b . * 

Lake is located at 51•‹07'25"' N and 120~10'25" W. 3 0  km north and 10 k& casl of 
9 

. I  
k 1 

~ a r n h o  s. Vegetation around the lake consists of open srands of paper birch and trembling 
+ P 

aspen with some scattered Douglas-fir and ponderosa pine (Prnus ponderosa). Therc has bccn 
- 1 - - 

extensiy$,clearing' for cattle pasture, and &azinp has since had an influence on t h o  

jE. 
c - k4 - 

vegeMuon., The senes of ponds are surrounded @, open to dense stands of mixcd 
\ 

deciduous/coniferous forest, similar tB those in the Orchard Lake Area. t ,  



I ,  
-i m METHODS 

/ 

/ 
. b 

YI) 

Nest Search 

\a 
I searched the study area for active nests of primary 'cavity-nesting bird$ during the 

,, 
breed~ng seasons of 1984 and 1985. In both years, most nests were found between mid-May 

and the end of June. During the initial phase of the nest search, between* 18 and 31 May 
"d% 

1984. 1 searched about 250 ha of coniferous and 14 ha of deciduous or mixed forest. 
h 

During this period and earlier reconnaissance walks throughout the study area (2-16 May), I 

observed that nesting .activities of all species were restricted to stands containing deciduous .- I 

+- --A __-. trees. 1 therefore concentrated most of my nest search on stands of deciduous or mixed 
I 

forest, yhich comprised a total of 104 ha, approximately 5% of the whole study area. The 
e - 

locauons *of these stands were mapped from'aerial photographs with ground verification. Dead 

conifers. which were found. to be important nest sites in .many other studies, occurred 
fl 

scattered throughour my study area. The areal restriction of the nest search may thus have 
i' a 1 led to an underrep;esentauon of dead conifers amo g the trees examined for nesting use. To 

a 

3 
in~ensify the nest %arch with respect to snags, 1 examined a random sample of 105 dead 

.a b 

conifers for evidence ,of nesting .use. Random'k$ le s  were chosen by laying out a uniform . 

grid on a large scale map of the study area, and selecting coordinates using a table of 

random numbers. 

Primary cavity-nesting birds usually excavate fresh nest cavities every spring. Nests were 
b 

therefore located mainly by inspecting the ground around every tree for the presence of fresh 

woodchips and by' examining the tree trunks for cavities. When woodchi were discovered 4 
and a fresh cavit) entrance was located, the tree was struck with a baseball bat to flush 

B 
-birds rn inside the cavity. This allowed identification of the bird species during the P a 
mcubaqon period. The presence of a bird in the cavity was assumed to indicate an active 

L. d t 
I 



- 

d I 1  

nest In cases where n6 flushing occurred ileated Woodpeiker could nc be flushed and -/ -- 
Red-brea~ted Nuthatch were often reluctant 'to leave the cavi ty  - the nest was coafirm&l b! 

4 

observing the cavity u ~ t i l  a bird approached it and either mered or offerert%cf ro ~ h c '  -- 

A 
bird inside. Later in 'the breeding seas+ when young bu ld  br heard calling from with~n ihc 

i cavities. their vocalizations confirmed the presence- active nest and the bird specie\ was 
7 L 

. identified by waiting for an adult to return to feed or brmd the nestlings. 
- - 

~ b r  practidlly all cases in which fresh woodchips were found anti thc cav~t! appoarcd 

to have been completed. I was able to confirm it as an active nest Aborted csv~tl attempts 
: 

could usually be identified by the scarcity a f  woodchips and the furinel shaped .narrowing ol' . 

k' the cavity entrance. The woodchips also revealed, by their position in relation to lasl "car's 
P 

leaf litter, whether- the y t y  had been excavated during the current or/ the previous season. 

The method of nest search described above was less reliable when few woodchips were ., 
produced, which occurred when old cauities'bere used for nesting as was someumes observed 

9 
.#. * 

for Red-breasted Nuthatch and Northern Flicker. Red-b~easted Nuthatch added to the 

problem by sometimes carrying off the woodchips during nest excavation. ~ c t i v c  hests with 
- '+A - 

few woodchips were detected mainly by striking all trees in which cavities could be seen. i r -  

\'% 
Since q d t i e s  were rfiore dificult to detect in dense stands and tall trees and birds wcrc 

b m ~ r e ~ e a s i l y  flushed from short, decayed trees than from tall, so nd ones, this method ma) 
P 

have introduced a sampling bias. However, this problem may have' been alleviated fo r  A ,, 
I 

Northern Flicker. because they always flu& veri readill. often leaving thc wvlr! before thc t 

i 

nest tree was even struck. Identification of active nests of Red-breasted Nuthatch was 
\ 

facilitated by their habit of smearing the cavity entrance with resin and by heir  often nois! 

behaviour around their n e s t ,  
, - ~  i ..-- /' 



,M * 

" -- Nest Tree De%ri~tion 
- 

6 
-vr 

& 

, EacH ne5t tree was numbered and marked with flagging tape. The folldwing inbrmXtion_ .. 
j k  . 
r -  

was recorded for each tree: 

location (determined by taking compass bearings and by pacing distances in t  relation to . 
landmarks identifiable on map). # .  

tree 3pecies 
tree diameter (dbh, at 1.3 m above the 
tree height (uslng . a clinometer, measure of crown or top of broken trunk). 

-* 

tree condition: 
a. live with live top, 1lve 'with dead top, or dead 
b. for dead trees or dead tops: condition of sapwood, condition' of heartwood (if 

accessible), perce t of bark remaining and its appearance. presence of dead foliage, Ra twigs. and branc . 
presence of heartwdod decay indicators: fungal fTt ing bodies (mnks). &rs with 
exposed wood, broken tops . 8 

information pertaining to the active nest cavity . 
a. occupying bird species 
b. cavity type freshly excavated, old, or natural 
c. for old cavities: suspected original excavatoi- species 
d. heig t of cavity uance above the ground (using a clinometer) 

!a 4 e. cond 'on of wood containing neit cavity: live or dead lb 
f'. compass orientation of cavity entrance 

- 
g. orientation of cavity entrance in relation to nearest tree 

r4 
presence of feeding signs: 
a. , sap drilling, small, medium, large holes, bark scaling, feeding observations 
b. bird species (if obvious) 
presence of old, unoccupied cavities: \ 

a. $umber 
b. suspected excavator species 
presence of unfinished cavities: 
a. number 
b. suspected excavator species 

t 

The locauon of each nes~,' tree was plotted on a large scale map (1:10,000) of the t  

are\ 
Mo!@ of the nests found were located in live trees so that decay classifications 

k designed for snap,  such as those of Thomas (1979) and Cline et al. (1980) were of ,limited 
.I 

-use. Trees were examined for presence of the. decay indicators shown in the above list, to ,  

obrain some mdicauon of the condiuon of w e a r t w o o d  without having to cut them down. 

' 4 4 ' k u k ~ ~ e n t  of decay was not assessed. An original plan to age every nest tree was abandoned 

" , because the prevalence of decay made it impossible to obtain a usable core. I 



DescriDtion of Available Trees 

.'i 

D To obtain a measure of the species. s*a. and condition bi. trees a~aildbk a ihc hirci5 

for nest tree selection, 181 circular random sample plots of 8 m radius (0.02 ha) were laid- 
L 

out in the deciduous or mixed stands. All trees' within these plots that exceeded 15 cm 111 

/ 
U S  

diameter and 1' m in height iibed according to the same parameters listed, ;tb"vi 
/ 

\ 
for nest trees. A total of 933 sa trees were assessed. None of the conilcrs thar occurred 

. . / 
interspersed with the deciduous trees contained nests. Only deciduous uees were therel'orc 

. included in the sample representing available trees to avoid biasing the sample with 

characteristics of tree species that were not used ior nesting. 
P 

7, 

Vegetation Description ' 

- 
In addition to examining tree characteristics. I described the immediate vicinitc (8 m 

radius) of each nest tree and of the centre tree in each of the random plots. Vegetnuon 

characteristics noted were: 

pee cover (%) 
shrub co+er (%) 
herb cover (%) 7 
distance to nearest trep 
species of nearest tree 
total basal area of all trees 
total basal area of all trees 2 1 0  m In height d 
average canopy height of trees 2 1 0  m in height 
maximum canopy height 
number of live uees by height class (m) (1=1-4.9, 2=5-9.9, 3 =  10-14.4, 4 =  15-1 .9, 
5 = 20-24.9. 6 2 2 5 )  " p 
total number of live trees . . 
number of dead trees b) height class 
total number of dead trees - 

total number of trees *% 

live trees in height classes 4-6 / live trees in height classes 1-3 
all trees in height classes 4-6 / all trees in height classes 1- 
dead trees / live dees 
trembling aspen / paper birch 
deciduous / coniferous trees ,', 

Douglas-fir / spruce t 

other deciduous trees / trembling aspen and paper birch 



Statistical Analyses s i 

Characteristics of' trees used for nesting were coinpared with a random 
L 7  - - , 

LO determine whether particular types of trees were preferred for nesting. Differences between 

use and Bvailability were testeB for significance with ~ h i k p u r e  tests, to which Yates' 
/- 

coitinuirj correction was applied in the case of 2x2 contingency tables. Calculations of 
-- 
sele%on indices and simultaneous confidence intervals, followed statistical techniques outlined 

--5 

by Suauss (1974). Marcum and Loftsgaarden (1980), and Byers and Steinhorst (1984). The . 
- 

levet&& significance accepted throughout this study is 956 (Ps0.05). The sample representing 
% , . / 

able trees was weighted, to equa11& proportions of sample trees d e k b e d  in the Orchard 

Lake Area and Skull Mountain Area and nests found in the two areas. 
* - 

A pripfcipal components analysis was conducted,\on the set of interconelated variables 
\ 

describing. each nest tree, to summarize most information in the data within a small number 

of linear combinations of the orieinal variables. Principal components scores obtained for each 
L .I 

bird species were examined to reveal interspecific similarities and differences in nest Gee - 
characteristics. The ,relative value of the various tree va ' bles as indicators of a tree's ( 

l-% 

d~ihbility as a nest site was assessed by means of a stepwise logistica regressio~. 

Data were analysed usi& the SPSSx (SPSS 'Inc. 1983) and the BMDP statistical 
P 

computer packages (BMDP Statistical Software 1981). Further :explanation of smtistical 
t 

~echniques is provided in conjunction with the results. 



CHAPTER IF' 
-- 

RESULTS 

Nest Sample - 
x 

-, 

I found 233 active nests occupied by 6 species of' primar! ca~ir!~-nesting buds 
1 

,{ (Table I). The nest sample was dominated by 159 nests of Yellow-bellied Sapsucker. 01' thc 
*' ? 

20 Pileated Woodpecker cavities, only 8 were confirmed actlve nests. Thc resr were 

unconfirmed nests or roost Except forZ.'one confirmed roost, all of the Pileaicd . - A 
/, . . ,-/ 

Woodpecker cavities had be& recently excavajed, as indiqated by fresh woodchlps on Ihc. 
, 

ground, and appeared to>c completed. Although the occupymg birds were not observed for 
/ 

' h  
dl of " n p y l h e y  were uesed  as confirmed Pileated Woodpecker cavities, sincc nil 

other species in the area excavates holes of this Size .and shape. Seven Red-breasted 

Nuthatch nests and 3 Northern Flicker nests were in old cavities apparently excavated by 
-C 

other species. The suspected original excavator species were Yellow-bellied Sapsucker in thc 

'case of Red-breasted Nuthatch, and Pileated Woodpecker *in the case of Northern Flicker. 

Red-breasted Nuthatch and Northern Flicker were classified as primary cavity-nesting birds 

since they had exkivated most of their nest holes themselves. Five trees were used for 

nesting b j  2 species of primary cavity-neshg birds during the same season (Kcd-breas~ed 

Nuthatch with Yellow-bellied Sapsucker or Hairy Woodpecker. Northern Flicker with 

Yellow-bellied Sapsucker, Pileated Woodpecker, or Hairy Woodpecker). Each of thew trees 

were counted twice, once for each occupying s cies, since the tree had been sclected b) p t  ' 

both. None of the Red-breasted 'Nuthatch and Northern Flicker nests In these 5 trees had 

been freshly excavated. 

Toward the end of the breedmg season. when young of some spccies had left the 

nest, a number of cavities .of  species other &an Pileated Woodpecker bere fdund tha~ had 

,, , been excavated earlier in the year and may have served as nests but were now abandoned. 

Although the bird species could not be confirmed. 10 of these cavities were included in ~ h c  



Table. 1.  Numbers of active nests found Lorspciesnfprimarq- 
cavity-nestirig birds in the study area and tree species 
used for hesting. 

t -  

Number of- nests found 
* f 

Trembling Paper Thin-leaved ' 

Bird species Total aspen birch mountain alder 

Yellow-beZlied Sapsucker 

Pi leated Woodpecker . 

Ha i ry Woodpec ker 
- - -  

Red-breasted Nuthatch- _ 

Northern Flicker 

Downy Woodpecker 

-A+- ---~$~cies unchf irmeb _-- I 

,-- 
Total 

'includes 8 confirmed active nests and 12 roosts or unconfirmed 
nests 



nest sample, because they showed strong evidence of use as nesl cavities b\ primary 

c8vity-nesting birds, such as pieces of white eggshell on ihe ground. The size and shape ol 
rr' 

- &se unconfirmed nests suggested that most of them were,Hairy Woodpecker caviues, hl 
- -- 

both years, young of this species were the first primary cavity-nesting birds LO flcdpc. - 

Unco@med cavities were included only in anal& for which all, bird species were pb lcd .  
t 

I found the following species of secondary cilvjty-nesters breeding in thc study arca: 
< '  

American Kestrel (Fdco sparverius). Tree Swallow (Tachycrneta bicdor). Black-capped , 

Chickadee ( P m  atricapillus). ~ o u n t a i n  Chickadee ( P a m  gambeli). White-breasted Nulhalch ; L-." 4 ,. 
(Sitta,'cqrdinehsis), Red Squirrel' (Tamiasciurus hudsonicus), and Northern Flying Squirrel 

- ,  
I 

( Glaucomys sabrinus). 

-% 

4 Nest Tree Characteristics -- 

None of the conifers in the study area (mainly Douglas-fir and hybrid spruce) 

contained nests of primary cavity-nesting birds. Analyses of nest tree selection in this siudy 
- - .  

are therefore based only on deciduous trees. 

-__ 
-\ 

Tree species - --\ -\ - 
Only 3 pee species were used, for nesting by primary cavity-nesting blrds (Tablc lJ. 

- - - 
-- - --_ sir - 

Most nests occurred in tre~flbiin~ aspen Paper birch was used much less frequently, and on11 

2 nests were found in thin-leaved mountain alder. The greater use of trembling aspen was 

evident for each bird 

iw trembling aspen. 

This pattern of 
/'+' 9 

species. pileared Woodpecker and Hairy Woodpecker nested cxclusivcl\i 

\ - 
- - 

-- - 

- -- 
- - - 

0 

use, however, may simply be .reflection of thc differential availabil~t) 

of these tree species in the forest. I therefore took a random sample of 933 deciduous Lrces .. . 
-A .'p - 

to obtain a measure of av~lability. T4e'mbling aspen was used much more often than in 

proportion to its availability, whereas the proportion of paper birch was lower 
, - 

, 
, , 

trees than within the random sample (Fig. 2). To further amjyst-i differences between use and 



EZl used, n=2#- 

( TREMBLING PAPER OTHER \ ASPEN BIRCH 

- - / Fig. 2. trees (uscd) and of uccs in the random sample (available). Dala lor 
birds were pooled. "bthcrn uec species are black 

cotronu.md. Lhin-lcavcd mounrain alder and willow (Salix sp.). 



availability, I calculated a 'linear index of selection developed bfltlauss 1979). ich %is C-F 
defined-as: (B use -- % avaiIabiTiii7AOU. VakeT for rIKiiibex range from--1 to 2. ' An. 

- 
- .  i n d e  of 0 indicates that a habitat component is used in p r ~ p a r t i m  LQ its w ~ m c c  Othtrr - - - 

more complex selection indices exkt (see Lechowicz 1982 for a review) but, this one sadslieci 

the requirements of my study. I calculated 95% simultaneous confidence intervals for each 

index value. Trembling aspen was used more than in proportion to its availabilit) by 

9, Yello -bellied Sapsucker, Pileated Woodpecker, and Hain Woodpecker, resulting in positive 

\ selection indices (Fig. 3). The positive indices mean that these birds prefer trembllnp aspen . 
to paper birch and other tree species for nesting. paper birch ar;e 'negative, 

indipting avoidance. Red-breasted Nuthatch, Wogdpecker also 

have poytive indices for trembling aspen birch. but the . 
confidence intervals include 0, so no 

+. 

- 33% 
tests conducted 

between dse and availability of tree 

Downy Woodpecker. 

W i d s  confidence intervals such 

Ir, significant preference or avoidance patteqs q n  be 

for each bird species show&no significant difference 
r.:. - d* -7. 

species for Red-breasted Numatch? Northern Flicker. and 

I' 

as those o p ~ g w n ~  \hloodpecker are due to small 
4 

sample size. However, in cases where no nests were found, confidence intervals arc narrow - 

for each bird species, and do not refiect differences in sample size. Suauss' selection index 

must be viewed 'as a relative rather than -absolute measure, i.e. the magnitude of the index . 
I 

is influenced by addition or removal of (categories of the variable considered., Classi!icauon of' " 

a btegory .as "preferred" or "avoided" may thereby change. The 
* 

category's index, however, remains unaffected (Johnson 1980). 

Mean diameter (at breast height, dbh) of nest trees ranged 

4 
rank order of each 

from 26 cm for 

Red-breasted Nuthatch and Downy Woodpecker to 40.9,bn' f o ~  Pileated Woodpecker (Table 

/' 
2). The mean value. for ~il;ated Woodpecker was sigkicantly larger -than those pf the other 

5 species. Pileated Woodpecker did not nest in trees smaller 'than 25.8 cm dbh. The smallest 
, /  



TREMBLING PAPER OTHER 
ASPEN BIRCH 

%, 

%. < 

F I ~ .  ). h e c i i o n  of uce spccies by primmi cavity-nesting birds. Vertical lines represent 95% 

sirnul:ar~eous cnnfidcjncc intervals. Complete bird names are listed in Table 1. "Other" tree 

' S C C S  arc  black couonwood. thin-leaved mountain alder. and willow. A superscript "1"- 

LchhJw-hri dilf~rcncc betiLen use ah araiinbilty was not ~ ign i f iwn l  (chi-square-&).  

Cays where no ncsls were found are marked with supcrscripl "2". 



k-.: -. * a 
- A 

c .  
'.i 

\ l 

Table 2. Di,ame ter and height of Lr-s 
primary cavity-nesting birds, and 
values-with the same letter are not signpicantly differeht' 
(Duncan's ~ultiple Range Test). 

Nest tree diameter (cm dbh) 
d 

SE k i n .  Bird species n Mean Max.  
d 

- 
bellow-bellied a -  

Sapsucker- 1 5 9  32.8A ' 0.6:-  2 0 . 1  60.8 
Pi leated Woodpecker 20  40.5B 1.6 2 5 . 8  k 7 . 3  
Hairy Woodpecker 8  27.6AC 3*:0. 44 .5  
Red-breasted 

4 
I 

Nuthatch 24  26.4C 
- + 

Northern Flicker 17 , 31.9AC 2.4 19.8 48.7) 
Downy Woodpecker - 5 26.3AC 2.4 19.1 31.4 . 

Z 

, all species1 2 4 3  32.3 0.5 17.3  60 .8  

Nest tree height ( m )  
b - 

n Mean SE Min. Max, 4 d 
A 

Yellow-bellied 
T. 

Sagsuc ker 1 5 9  18.4A 0.4 - 5 . 2  31 .2  
Pileated Woodpecker 2 0  19.2A 1.4 7.7 , ,  2 5 . 9  
Hairy Woodpecker b 18.3A 2.3 6: 1 27 .7  
Red-breasted 

h- -- Nuthatch 24 12.1E 1 . 1 ~ '  4 .5  25 .1  
Northern Flicker 1 7. 14.7BC 1.9 2.1 26 .8  
Downy Woodpecker 5  15.7AC 3.2 9 . 5  2 4 . 9  

lis-,,, 

all species1 2 4 3  17 .4  0.4 . ? . I  31.2 

~ e s t  entrance height ( m )  
PC 

. n Mean- SE Min. Max. 

' Yellow-bellied 
Sapsucker 1 5 9  8.0A '0 .3  1.3 - 19 .6  

Pileated Woodpecker 20 9.2A 0.4 6.8 12.6  
Ha i ry Woodpecker 8  8.OAB 1.8 2 .8  16:4 
Red-breasted 

Nuthatch 24 8.7A 0.7 3.Fi--Q.6 
Northern Flicker , 17 5 .7B 0 .9  - A'. 6  1 2';\2 * - 
D w n y  WocZpecker ' 5 8 . 9 A Z  1.0  5 .8  1.1 . 2  

all species1 ( ' 2 4 3  , 7  .'9 0.3 1 .3  19.6  
- - 

'includes nests of unconfirmed species 
I 1  



3 
nest uee; -17 cm in diameter, weFe occupied by Red-breasted NulIiZdT GiHi i i ry  - 

Woodpecker. 

~ o r n ~ a r / s o n  of use and availability. with all bird species popled, showed that trees d 

- -- 
below the 25-29 cm dbh class were used less 'than in pfoportion to their avdilability, i.e. 

they were avoided {Fig. 4). Larger diameter classes were preferred. The same general pattern 
,' 

uas observed for  ello ow-bellied Sapsucker alone, because the nebt sampli was dominated by 

131s species (Fig. 5). Pileated Woodpecker avoided trees below the diameter class 30-34 cm, 
^L 

and showed~ a strong preference f& pees 'greater than 4C) cm dbh. No consistent pattern was 
- 5 

i 

evident for Northern Flicker, which significantly avoided trees in the 15-19 cm and in the 

75-29/cm diameter classes. The relatively strong, but not significant, preference of Northern 
I 

Flicker for trees above 40 cm dbh is probably due to its use of old Pileafed Woodpecker 

caviti&. Use and availability did not differ significantly for Hairy Woodpecker. ~ed-breasted 

Nuthatch. and' Downy Woodpecker. Reduction in the number of size classes considered would * 

have accentuated preference 'and avoidance patterns where selection indices of joined size 
I 

classes had the same sign. The diminished resolution, however, would have resulted in some 
L 

loss of\ information. 

Mean height of nest trees ranged from 12 m for Red-breasted Nuthatch to 19 m for 

Pileated Woodpecker (Table 2). Nest trees of Red-breasted ,Nuthatch had significantly lower 
a Yc i 

mean heights than those, of all other species except Northern Flicker. Mean values for a' 

l'ellow-bellied Sapsucker. Pileated' Woodpecker, and Hairy Woodpecker did not differ 

significantly and were greater than those of Red-breasted Nuthatch, Northern Flicker, and 

Down! Woodpecker. although this differen* not significant in the case of Downy 
L 

Woodpecker which had a ver!. small sample size. The shortest nest tree, 2 m in height, was 

occupied by Northern Flicker. 
. . / '  - 

Kesull~ of selection analyses involving t are not shown because height was 
. . 

-i t 
cogelated with tree diameter and tree condition. These cdrrelations dominated. 

selection patterns, masking any possible selection for tree height itself. Tall trees were 

-- 
\ 3 3 



F i g  4. Diameter 

" TREE DIAMETER (cm dbh) 

classes of ncsr uccs '(uscd) and of uccs in thc random &mple (available). 

Data for all spccics of primary cavity-nesting birds were pooled. e5 

. - 

- n 



TREE DIAMETER (cm .dbh) 

Fig. 5. Sclectior~ of uec diameter dlasses by primary cavityyncsting birds. Verrical lines 

rcprescnr 9% simulmcous confidcncc intervals. Complete bird nsmes are listed in Table 1. 

A superscripr "1" indicates that diflcrcnce bctween use and availability was not significant 

(Chi-squarc tcst). Cases wherc no nests were found are marked with superscript "2". . 



preferred b&use they tended to be in the larger diameter classes and short trees were 
- - 

- 

pieferred by some bird * species because they tended to be dead or have .dead tops Thc * 

- - 

selection -pattern for tree height therefore displayed 'a misleahng double peak in prefcrencc 
2 

with an apparent avoi ce of intermediate height classes. 

Mean heights of nest cavity entrances ranged from 5.7 m tbr Northern Flicker to 
0 

9.2 m for Pileated Woodpecker. Except for Northern Flicker all species -had ver) slmilar 

mean nest hole heights. The lowest nest found was located 1.3 m above the ground and w 

occupies by Y ellow-bellied ~ a ~ s u c k e r :  

Tree condition - 

Yellow-bellied Sapsucker, Pileated Woodpecker, and Hairy Woodpecker used live trees 

with live tops-more often than dead trees or trees 

< 
found for Red-breasted Nuthatch, Northern Flicker. 

Selection for tree condition differed markedly 

I hence the 2 '  tree species were examined separately. 
h. 

with "dead tops,. whereas the .opposite was 

and Downy Weodpecker (Table 3).  

between trembling aspen and paper birch, 

Dead uees and live uees with dead tops 

were treated as one category. Use and availability within each of the 2 tree condition 
- .h,3 0 

categories were zlmost equal in trembling aspen, when bird species were pooled (Fig. 6). 

When species were considered-separately. no significant difference between use and availability 
I 

was found for Yellow-bellied Sapsucker. Pileated Woodpecker, and Hairy Wooapecker (Fig. 7)., 

*'Y 

Red-breasted Nuthatch, Northern Flicker, and Downy Woodpecker, however, showed a 
' 

$. 

J significant a e f e r e n c e  for dead or partly dead trembling aspen. L~ve trees with llve t o p  wcro 
Y J .  avoided with the same magnitude, since for dichotomous variables, selecuon patterns In rhc 2 

categories are mirror images of one another. . , 

For paper birch, no nests were excavated in full) live trees (Fig  8 , which 1s rcllcc~ed P - 
in the strong avoidance of this category by all bird species (Fig 9). Sampk sizes of nests 

c5 in paper birch were only large enough to calculate selecuon in'dices for Yellow-bellicd 

Sapsucker and Red-breasted ~ u d a t c h .  



. %% 

Table 3. .Condition of trees used for nesting by -pr-&may 
" cavity~nesting birds. 

C - 
I - Number of nests found 

x 

Live with Live with I 

- Bird species Total ' Dead dead top 
..P live top 1 

Yellow-b ied Sapsucker 159 

7 
18 1 4  l, 1 2 7  i . \ 

' Pileateb oodpecker 20 6 2 I 2 -1- 
4'- 

Hairy Goo pecker 8 . t  2 5 
A 

Red-breasted ~ u t h a t c h > .  24 - 10 9 5 
C 

Northern Flicker 17 8 4 5 - -- 
* ~ Y 

5' - Downy Woodpecker 4 %  1 

all species1 

'includes nests of unconfi~med species 



TREMBLING ASPEN 
ZB used, n=213 
7 '& n=500 

' deabor t i veh th  
live wWh live top 
dead top 

TREE CONDITION 

Fig. 6. Condition of nest uces (used) and of trees in the random sarnplc (available), for - 
trembling aspen. Data for all species of primary cavity-nesGng birds were pooled. 



dead or 
live with 
dead top 

live with 
live top 

TREE CONDITION 
TREMBLING ASPEN 

Fig. 7. Seleciion of tree conditions in trembling' aspen by primary cavity-nesting birds. 

Vertical lines represen1 95% simultaneous confidence intervals. Complete bird names are listed 

in Table 1. A "1" indicates that difference between use and availability was not 

significant (Chi Cases where no nestr were found are rpa3;ked with 

superscript "2". 



0 available, n-390 ....................................................... 

........................... 

........................... ................ 

live with 'live top 
dead top 

TREE CONDITION 

Fig. 8. Condition of nest uees (used) and of uees in the random s a m p l ~  (availablc). for 

paper birch. Dara fo: all species of primary cavity-nesting birds were pooied. 



Fig  9. Sclcction 

dead or 
live with 
dead top 

live with 
live top 

TREE CONDITION 
PAPER BIRCH 

of ucc conditions in papcr birch by primary cavity-nesting birds. ~ e G c a l  
v 

lines' reprcscnl 95% siniulhneous confidcncc intervals. Complete bird names are listed in -  

Table 1. A superscript "1' indicates that difference between use and availability w a r n  

significant (Chi-square ~cst) .  Cases where no nests were found are marked with 

supcrscripr " 2". 



Hear t w d  deca y + 
, .' 

/. , , - -- 

All trees wers examined for presence of the following indicators of heartwood docs!: 

fungal fruiting bodies (corks), scars sGwing exposed woad and broken Fungal conks -- 

are a definite sign of decay, whereas scarsyr  broken tops merely decay TS - - 
- 

'b( .likely to be present since they represent possi e entrance points for heartwood decal 

organisms. All species except Pileated Woodpecke and Northern Flicker us& trees with 3 
fungal conks more frequently than uees without !conks (Table 4). Two species 01 fungus were 

identified. The most common one was Fomes lgnlanus, which occurred mainly on uembling 

aspen. The other species. Fomes fomentarius, was mostly associated with paper birch. Only 
I 

\ s 

10% of available-trees had fungal conks, whereas they were present on 709" of the nest 
I a * 

trees (Fig. 10). A s ign i fmt  preference for nesting in trees bearing fungal conks was 

observed for all. bird speCies (Fig.' 11). 

Use of trees with and without scars was quite similar, although the latter were used 

. slightly more often by all bird species (Table 4). ~ o m ~ a h s o n  with availability showed .thal 

nesting use of trees with scars exceeded the proportion of scarred trees in the random 
a 

sample (Fig. 12). When selection wgs examined for each bird species separarelq. however. 
* 

only Yellow-bellied* Sapsucker showed a significant preference for trees with evidence of pasr 

injury (Fig. 13). For ali other species, Chi-square tests' indicated no significant difference 

between use and availability. 
d 

In the analyses examining selection for top condition, I only considered dead trues or 

live uees with dead tops, because live trees with live tops, by definition, have inma tops. 

All species except Hairy Woodpecker, which was represented by onl? 3 nests, used trees with 

broken tops more often than those with intact tops (Table 4). Consideration of' availability . 

showed that trees with broken tops were used morp 'than in proportion to their availability 
- -  

(Fig. 14). Excluding fully live Fees. greatly reduced samplesizes. so thar differencus 
5 ,  % 

e 

between use a d  availability were not significant (Fig. 15). Although all 

included 0, a tendenky was apparent for all bird species to prefer uees 

L 

confidence interval\ i 

, 

with brokcn tops to 
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present absent 

FUNGAL CONKS 

- - -- 

' Fig. 10. Presence of fungal conks on nest" trees (used) and of trees in the random sample 
\ 

(available). Dala for all species of primary cavity-nesting birds were pooled. 



present absent 
* 5.. -. 

FUNGAL CONKS 

11. Sekc 'on or uccS Gith and without fungal conks by primary cavity-nesting birds. .J* 
V c r h !  lines rcprcscnt 95% simultaneous confidence intcnrals. Complete bird names arc listed 

in Tablc 1. 
! 



used, n=243 
0 available, n=933 

? - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

present absent 

SCARS 

rh Fig. 12. P esen c of xarr, on nest uees (used) and o i  trees in the random sample 

1. 

(available) Data all species o f  primary cavity-nesting birds were pooled. 

* 
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fl - \ 

EZZl used, n=82 
i 

0 ovai(able, tk214 

intact broken 
TOP CONDITION 

1 

Fig. 14. Top condition of nest uees (used) and of uees in the random sample (availablc). 

' Only dead uees and live uces with dead tops are considered. Data for ,all species or 

primary cavity-nesting birds wcrc pooled. 



PR
EF

ER
EN

C
E 

13
 

Y
.4

. 
S

A
P

S
 

. ,
 

PI
LE

AT
ED

 
- 

- 
W

. 

R.
-B

. 
N

U
TH

. 

N.
 F

U
C

K
ER

 

D
O

W
N

Y 
W

. 

Y.
-0

. 
SA

PS
. 

FI
E

A
TE

0 
W

. 

R.
-B

. 
N

U
TH

. 

N.
 F

U
C

K
ER

 

D
O

W
N

Y 
W

. 



% I 

1 
/ 

e 

intact trees. This tendency was strongest in the cases of Red-breasted Nutharch a n d h w n v  
4 

P, e 

Woodpecker. 
> - 

. / .  - 

3 %  
I *  

Nest Entrance Orientation 
t' 

A 

Observed nest entrance orientatioik were grouped into 8 compass direcugni (Rp. 16). 1 

conducted a onesample chi-square tea with equal expected treqiencies for each o l  thc H 

directions (Batschelet 1965). to test for preferences in entrance orientation. Although ir 
* 

appeared t h p n e s t  entrances raved most often west and least ollen north, no 

, pieference was detected, i.e. nest hole orientations did not significantly diner from unilbrrn. 

?;he same result was obtained whether bird species were pooled or each species considered 
t 

i 

separately. 
1 

, . .,, 

Com~arison of Cavities Active Nests . 
I 

Active nests are often scarce and nest searches are time consuming. 1 repeated thc 

selection analyses, bqsdd on the presence of old, unoccupied nest cavities, to determine ' 

whether old cavities could be used in studies of nest site selection to increase samplc sizes 
s 

- ,  of nests and efficiency of sampling.. Of the nest arld sample trees, 228 had onc Br more old 

cavities, that had been excavated by primart; cavity-nesting birds. Old caviues were nor 

subdivided by bird species because the excavator species could not be confirmed. Selecuon 

was. calculated with the 228 uees containing old cavities representing nesung use. The samplc 

6f available uees was the same' as in the selection analyses' involving active nests. Thc 

pattern of selection based on old, unoccupied cavities was found to be verg similar to Lhal 
- 

a \ 

based on active nests with all bird species pooled (Table 5). The only exception to t h ~ s  

similarity was the viriable top condition. Active nests indiciated a preferencc for broken tops, 

whereas- selection indices based on old cavities showed a preference for intact tops. Howevcr, 
1 

none of the se ction indices for top condition were significant J .  



t i p .  16. Oricnhiion of ncsi entrances, groupcd inlo 8 compass directions. Lengths of arrows 
v ,  

arc proportional ro numbers of ne& represented. Numbers are percentages. Data for ail 

species of primary-cavity-ncsting birds were pooled. 



Table 5,  Comparison of nest t r ee  selection iRdiee m n -  
active nests and on 012, unoccupied cavities of primary 
cavity-nesting birds. 

Selection indices 
595% simultaneous confidence intervals 

Active nests Old, unoccupied 
Variable (n=243) cavities (n=228) 

Tree species 
Trembling aspen 
Paper birch 
Other1 

Tree diametFr (cm dbh) 
'15-19 
20-24 
25-29 
30-34 
35-39 
240 

Tree condition I 

Trembling aspen 
dead or dead top 0.04+0;08 0.05+0.082 
live with live top. -0.04+0. 08 -0.0520.082 

L 
Paper birch Y* , 

dead or dead top . 0.7620.06 0.73f0.09 
live with live top 0.76k0.06 -0.7320.09 

Fungal conks 
present 
absent 

- 
Scars 

present 0.2120.08 0.2220.08 
absent -0.21f0.08 -0.2220.08 

Top condition3 
intact -0.09+0.14~ 0.14+0.152 

+ broken 0.09+0.142 -0.1420.152 
- 

ack cottonwood, thin-leaved mountain alder, and 

between'use and availability not significant 

3includes only dead trees or live trees with dead tops 



Nest Tree Variation among S~ecies o_f Primary Cavitv-Nesting Birds -- 

/ 
Most of the variables describing nest tree characteristics showed _some degree o y  

1 

intercorrelation. I conducted a principal components analysis to obtain independeii(linear 

combinations of the original variables that summarize most of the variation in the data on 
3 

nest tree use. The analysis was based on 7 tree<variables (Table 6). Only trembling aspen 

and paper birch, which contained all but 2 of the nests found, were considered, so tree 

species could be treated as a dichotomous variable. Nests of Red-breasted Nuthatch and 

Northern Flicker 2 'n old cavities excavated by other species were excluded to obtain a more 

accurate characterization of trees used by each species for building their own nest cavities. 

Four of the components extracted each explained more than 10% of the total variance 

(Table 6). Together they accounted for 81.9% of. the variation in the data set. The direction 

and relative strengths of correlations between principal component axes and origihl variables 

were used for a biological interpretation of each component The first principal component 

mainly summarized a correlated plex of variables represented by tree height and condition 
4 

of trp and top. High scores on thk first axis indicate shon dead nest trees with broken 

ops. .whereas low values characterize nest trees that are tall, live and have intact tops. The 

/ second component is less interpretable. Although presence of fungal conks, tree diameter, and 
e 

nee species are most highly correlated with this component, the correlations coefficients of all 

other variables, except tree height ,are also strong. The third axiS shows a clear correlation 
A 

with presence of scars. and presence of fungal conks characterizes the fourth principal 
4' 

- 

componenL The second. third, and fourth components may not be particularly meaningful 

combinations of variables, because biologically interpretable combinations are not necessarily 

orthogonal (mutually perpendicular), as are the axes constructed &-the principal components 

analysis (Neff and Marcus 1980). 
* 

' 

Mean scores of each bird species along the first and second principal component axes 

were plotted for visual examination of nest tree similarities and differences. The 2-dimensional 

space formed, conriiined 56.6% _of the total variation (Fig. 17), Yellow-bellied Sapsucker. 



- f Table 6. Results of principal components anaL~sis- of Z7n-tLc- 
\variable* for 6 species' of primary cavity-nesbing birds. Only 
c,omponents explaining more than t 0 %  of the variance are shown. 

1 

\ v Principal component 
\ B 

, 

i. Variance explained ( % )  

Cumulative variance explained ( % I  

\'d,~orrela t-ions between components 
and original variables 

C 

+. 
Tree species ' - 
Tree diameter (cm dbh) 
Tree height (m) e 
Tree condition 
Presence of fungal conks1 
Presence of scars1 
~ o p c o n d i  t ion 

'~ichotomous variables are coded as 0 and 1 ,  where O a n o t e s  
trembling aspen, live with live top, absence of fungal conks, 
absence'of scars, and intact tbp. 

39 . 



I I I I 
-1.0 - 0.0 1.0 2.0 3.0 

PRINCIPAL COMPONENT I 

Fig 17. Mcan scores + 2 standard crrors-faLnest uees of 6 species' of primary cavity-nesting ' 

birds along thc first and sccond prindPal component axes. Letter codes are centred o 2 
spccies' mcan scores. See Table 6 for contributions of original nest tree variables to each 

principal component Nests of Red-breasted Nuthatch and Northern Flicker in old cavities 

built by other species were excluded. S = Yellow-bellied Sapsucker (n = 159). P =  Pileated 

Woodpcckcr (n = 20). H =Hair): woodpecker (6 = 8). N = Red-breasted Nuthatch (n= 17). 

F=Nonhern Flicker (n=14). D=Downy Woodpecker (n=4). 



L 

Pileated Woodpecker, and Hain Woodpecker had ver! similar scores along the firs1 axis and 
--- - 

were well sepaia d from Red-breasted Nuthatch. Northern Flicker. and Downy Wwdpeckcr. F 4 

$ecies in the latter group assumed higher values because they nested mar? frequenll) in 

dead or broken trees which were on average shorter than nest uees of Yellow-bcllied 
t 

Sapsucker, Pileated Woodpecker. or Hairy Woodpecker. Red-,breasted Nuthatch had the highesl 

mean score. Although small sample sizes of some species, especially Down! Woodpecker. 
P -e 

resulted in wide conffdence intervals. the 2 groups formed along the firs1 axis remained 

distinct There was much less separation of species along the second pnncipal componenr axls. 
s 

The highest mean score on this axis was for Pileated Woodpecker. which ondverage used 
h 

larger nest trees than any other species and nested exclusively in trembling aspen. The mean - 
score of Pileated Woodpecker was significantly different frbm the means , of Northern Flicker 

d 
., 

and Red-beasred Nuthatch. yellow-beiked Sapsucker also had a signifignlly higher mean 
/ 

score than Northern Flicker and ~ed-breasted Nuthat because nesr uees of Yellow-bellied . "t ' 
Sapsucker were generally larger, had a high incidence of fungal conks. and nesL! were ma~nl) 

in uembling aspen. - ? 

Relative value o_l Tree Characteristics ~ndicaton oT Nesl 1-ree Suipbililv ,a- 
A ste ise lo istic 'regression was conducted for trembling aspen, in which ihe 7 . g  

m .  
characteristics of nest uees and of non-npt trees were analysed to dctcrm~ne which variables 

most accurately predicted the probability of an active nest being prhent or absent in a given 

tree. The best predictors were considered to be the most reliable indicators of  a tree's 

quality as nest site for primary cavity-nesting birds. Of the 6 uee variables tesrod. ucc 
\ I 

condition and height did not achieve the F-value required to enter the model. All olhcr 

variables significantly improved the model upon their addition and can thus be considered 

\ good. predictors of nest $presence or absence- (Table 7). However, presence of fungal conks 

/ 
* ,  

was eniered first and its improvement Chi-square value far exceeded those of all other 

variables. Presence of conks is thus the best indmtor of a tree's quality as nest site for 
? 



Table 7, Summafy of stepwise logistic r e g r e s s i w - f a  a-~teWhg-- 
aspen, analyzing characteristics of nest trees and trees without 
nests. Species of primary cavity-nesting birds were combined in 
the analysis. 

P Improvement b 

~ar'iable Step entered Chi-square value 

Presence of fungal conks 1 279.7 0.00. ' 

Presence of scars 

Top condition 3 15.7 0.00 
\ 

? Tree diameter1 4 1 6 ' . ~  0.00 

Tree condition 
+ * - '  not entered ', 

5 

Tree height not entered 
\ 

1 
1 

loge transformed 



primary cavity-nesting birds. The next best variables to be used in conjunction with presence 
--- -- 

- 
- - 

of c o n k  for '.further improving the predictive power of the model. wefe dresencr of scan 
I 

species ,were pooled for this analysis to obtain a suficientl) large 

was dominated b! Yellow-bellied Sapsucker. results were 

to this,. ecies. Patterns for other bird species.. which were not w d r  
b4 . ~-. P 

: ', -n 

- 2  r e e d  in the pool of 'a. c o u l & ~ o r e  be different. Analyses based onl) on paper 

/' ,/6rch are not presented because the number of nests was too small to produce reliable 
-- - 

results. However, it appeared that presence 6f fungal conks was also thc best indicator of- : ,.. 
, /' 

_, 

/' nest tree quality in paper birch. 
7' 

Influence of Surrounding Vegetation Nest Tree Selection 

All nests were found in stands containing deciduous trees. These patches of deciduous 

or mixed forest comprised only 5% of the whole study area and thus appeared to Bhiphlp - ---- =" 
* ,- 

preferred for nesting compared to q e  surrounding coniferous forest, which consisted mainly of 

I analysed a large number of parameters deseribirg the vege$hon ~ ~ p o u n d i n g  each nesf 
-/-- '-1 

tree, within an 8 m radius (page 9), to determine whether charaheristics of the vegetation in d _- - - 
/--- - 

/..- 
the .immediate vicinity of a tree influenced whether the tree was chosen - for-.mstQ--by 

_ _.- --- + ~- ~ 

primary cavity-nesting birds. The same variables were assessed for, the immediate vicinity of 
. .  

randomly sampled beer- td'. .d&mine availability, To detect differences between the 

surroundings of used and available uees. 1 conducted Chi-square tests fbr each variable. 

considering each bird species separately. I then calculated Suauss' (1979) index of selecuon to 

examine patterns of- preference and avoidance. Only 7 of the variables showed a significan~ 
/ 

difference between use and availability for some of the bird species. Almost ill of the 

indices- included 0, indicating that "selection" was not significantly different fiom random. The 

only significant selection patterns were avoidance by Pileated Woodpecker of nest uees 

surrounded by. vegetation devoid of tali live uees. and avoidance by Yellow-bellied Sapsucker 
2 



.+ 

. b  ' 
of nesr trees in deciduous .stands lacking trembling aspen. I 

-- 
A -  \elect,~$ is guided by characteristics of t6$ pees thems2;s 

therefore conclude that nest tree 

and not by characteristics of the ' 

- uqctation in, h @ndiate vicinity, with -the few excerxroffs outlined above. 



, . 
CHAPTER \: 

Y -- - - 

Nest Tree Selection 
% 

Tree condition a d  decay - 
- All species of primary cavity-nesting birds strongly preferred to nest in uecs bcjr1ng 

fruiting bodies (conks) of heartwoo rot fungi. Presence of Fungal conks was the best P indicator of a tree's quality as n t site, followed, at least in the case of' trembling aspen. 
/ 

by 2 other indicators of heartwood decay (presence of scars and top condition). Hcarrwood 
4 / 

decay thus appears to be the most important tree characteristic influencing selection of' IWI 

uees. 

fungi* 

+ - Shigo 

while 

The species of decay agents involved in my study were in almost all cases the heartrot ' 

b 

Fornes igniarius in trembling aspen and F. fdmentarius in paper birch (Riley 1953,' 

1965, Foster q d  wall& 1974). F. igniarius invades live trees, softening the hearthood. 

Such trees may be &peciallv suilable as nest i&es 1 
, -- 

the sapwpod remains unaffected. 

because the decayed heartwood is soft 
0 

sound sapwood surrounds and protects 

Comer et al. 1976, ~ i l l ' e r  and Miller 

enough for easy excavation, and the hard shell of 

the nest cavity (Shigo and Kilham i968. kilharn 1971, 

1980). Most species of primary cavity-nester$ are ablc 

to excavate the cavity entrance through sound wood. .However, further inside thc cavlt),. 
6 

pecking movements are restricted and their blows have less force. Decayed 

required in the interior of the tree to construct the. nest chamber (Miller and 

'Primary cavity-nesting birds can apparentiy locaie. bk sounding, poruons along 

3 have decayed heartwood, even if it is surrounded bl health). sapwood (canner cl al. 
* 

1976. Miller and Miller 1980), 

Trees with fungal conks were also preferred in paper birch. However, the type of 
-- .'. 

decay found in trembling aspen infected with F. igniarius does not usually occur, because the 

heamot fungus associated with paper birch. F. fomentarius. appears to .attack only dead trees 



or dead portions of liie trees (Foster and Wallis 1 9 l ~ ' p e ~ n a l  

paper birch therefore tend to have sounfi heartwood, which may 

cavities from live tree portions, which 
F 

After tree death, the sppwood usually 
t 

its value as a protecuve shell. 

Species of primary cavity-nesters 

explain the absence of nest 

was also observed by McClelland a n d  Frissell (1975). 

decays relatively fast in paper birch, so it soon loses 

have different capabilities with respect to the hardness 6 
\ 

of'wood they can penetrate (Spring " 1965). Yellow-bellied Sapsucker, Pileated Woodpecker and 

Hairy Woodpecker preferred to nest in trembling aspen with* decayed heartwood surrounded 
. - 

by sound sapwood. They used dead and live trees without significant preference for either 
j 

condition, probably because in trembling aspen the sapwood remains firm for some ye& after 
.-, 

> 

tree death, providing protection to the nest cavity (Reynolds et al. 1985, personal otprvation). 
I 

~ed-brkasted Nuthatch and Downy Woodpecker, on the other hand, appeared unable to 

excavate through a hard sapwood shell. All self-excavated nests of these species were in ,dead 

trees or dead portions of live trees, which are likely to have barh sapwood and heartwood 

softened by decay. Northern Flicker also preferred dead or partly dead trees for nesting. Five 
/ .J 

of' the ,44 apparently self-excavated nests of Northern Flicker were in live parts of trees. 
i 

Howevfr: there were some indications that they may have been enlarged cavity .attempts 
/ 

abar$oned by pilealed Woodpecker.  hip affinity of Red-breasted Nuthatch. Northern Flicker 

, a n i  Downy Woodpecker for dead 
/ .  4 

,19617, Conner et al. 1975, .Comer 
\ 4 

1985). Lacking a firm shell. these 
-. 

predation. 

The division of the species 

. - 

wood has also been observed in other studies (LaWence 
1 

and Adkisson 1976, Raphael and White 1984, Madsen 

nest sites offer less protection, but I noticed no signs of I 

of primary cavity-nesting birds into 2 groups w$ clearly 

shown in the principal components analysis, where Yellow-bellied Sapsucker, Pileated 

P ~ o o d ~ e ' c k e r .  and Hairy Woodpecker were separated from Red-breasted Nuthatch, Northern 

Flisker, and Downy Woodpecker along the first principal component axis. This axis was 

mainly characterized by nee condition and correlated variables 
- 

.--- 
r -  

(top condition .and tree height), 



' 

and may be interpreted as expressing the condition of the sapwood (live or dead). ' 
r d- - 

Yellow-bellied  sucker, Pileated Woodpecker, and Hair?, Woodpecker were ablc 10 usr I W  n 
uees with heartwood decay, surrounded by sound sapwood. This pmup of species ma! br\  L- 
called "strong excavators", 'in contrast to the "weak excavators" Red-breasted Nuthatch. 1 

,' 

Northern Flicker, and Downy Woodpecker, which generally did not excavate through sound 

wood but appeared to require trees where deca! had softened both sapwood and heartwood. 
* .  

Presence of fungal conks is a -  definite sign of Heartwood deca!. An absence of fungal 
- 

conks, however, does not necessarily mean -that decay is not present, because deca! 
A 

often do not produce fruiting bodies until years after initial infection. Two indire& ciecat 

indicators were included in the analyses: presence of scars with exposed wood.3nd top 

condition. Except for Yellow-bellied Sapsucker, primary cavity-nesting birds did not 

significantly prefer trees with s m s  for nesting. Scars were often basal, caused by logging 

machinery, and decay organisms may have have entered through the wound. but deca) had 
n 

not extended to a height acceptable for nesting. - 
Many investigators noted a preference' for uees with broken tops (Conner and Adkisson 

1976, Bull and Meslow 1977, McClelland 1977, McClelland 1979. ~ a n f i a n -  e; al. 1980, Scou et 

al. 1980, Harris 1983, Madsen 1985). A broken top probably accelerates invasion by hearuol 

'fungi and the reslilting de,cay occurs within a height range suitable for nesting. However, In 

rn! stud), no s~gnificant (;election for top condition was observed. although there appdaretl to 

be a tendency to prefer trees with broken tops. T h i ~ & ~ n c e  or s~gmficanr selecuon ma) 
/' 

'. 
have been partly due to the small sample sire caused b) exhuslon of live uees from 

/' 
\ 0 

analysis. Another possible reason why broken tops were not s i p n j q n t l y  p r w v e r  mwct < -- 
b tops and why m o s ~  species did not select for scafred trees. is &at, in the  case of trembling 

aspen, decay organisms probably enter through dead branches and minor wounds (Conner cl 

al. 1976, Anderson et al. 1977, Perala 1977, Etheridpe and Hunt 1978, Scott et al. 1980). so 

that infection with heartrot fungi is common without top breakage or major injuries. Death 

of branches below the tree crown seemed to be pan -of the normal growth pattern for 

- 



trembling aspen. providing-an abundarke of possible entrance points for decay organisms. 
4 -- - -- -- - - 

rrernbling asien thus appears ve dne to infection with' hearnot fungi (Basham 1958). In 

@per birch, top breakage was &ually subsequent te top death and softening oP the wood 6. 
decay. In many 'cases. top death and decay B a y  have been caused by sip-feeding - %  

, 
Yellow-bellied Sapsucker, whbe drill holes girdled the bole and facilitated entrance of fungal 

spores. . t 
r - 

Importance of heartwood decay to primary cavity-nesters has been noted in many 

studies, involving- varlous tree species. Preference of Yellow-bellied Sapsucker for trembling 
I 

aspen infected with F. igniarius was reported by Lawrence (1967), Shigo and Kilham (1968), 
s 

Kilham (1971). Erskine and McLaren (1972), Wiaernitz (1980). 'Scptt et al. (1980). and 
, 

Winternit7 and G h n  (1483). In their study of Williamson's Sapsucker (Sphyrapicus thhoideus) 

and Red-naped Sapsucker (Sphyrapicus [varius] nuchalis). Crockett and Hadow (1975) ,found 

that both species preferred trembling aspen infected with F. igniarius. McClelland (1977) 

found that primary cavity-nesters preferred to nest in live or dead western larch (Larix I 

occidentalis) with broken tops, infected with the heartrot fungi. F. 1 acis or F. pini; and 
L 

4 / 
also nested in broken top p er @ch infected with F. igruarius or F. fomentanus. Nesting "\- 
use of, ve western larc conks of F. laracls was also obseryed by Madsen (1985). \ 

\ 
Ligon (1970) \poted a d of the Red-cockaded Woodpecker (Picoides borealis) on 

\ 
living pines affeckd wi heamot and Kilham (1971) observed that Hairy & \  

\ -- 
@':'a W oodpeckers usually nest es infected with F. rgniarius. Miller and Miller (1980) 

. sectioned a large number of nest trees and f o ~ d  that almost ail nests had been excavated 

in decaTed w&d. Conner et al. (1976). working in oak-hickory forests in southwestern 
t 

5 
Virginia. cultured wood' samples from the heartwood of nest trees of Northern Flicker, Hairy, 

Down),. and Pileated Woodpeckers. They determined that all had been infected with heartrots 

prior to excavatidn. Several studies reported that Pileated Woodpecker can nest in sound 
* 

wood (McClelland 1979, Miller and Miller 1980, Harris 1983). Harris (1983) ranked tree 
P * .  

species airording to wood hardness (based on specific gravity? and observed that in the 



species with the softest wood, decay may not be necessary to allow nest excavation. For 
- . i 

weaker ejtcavators than Pileated Woodpecker. however. all tree species may be too hard to 

excavate without the aid of decay. 

My results and other studies indicate that presence of decayed heartwood is required h) 
r 

. ~ 

virtually all species of primary cavity-nesting birds for nest hole excavation, and is imporlant a 

/@ in almost all tree species studied., Selection for tree condition and top condition, an the other 

L 
hand, appears to vary among .Bee s~ecies,  and seems to depend mainly on characteristics of - 
the decay fungi associated with each tree species. Preferegce for ,tree condition also varies 

among bird species, according to 

Tree size -- 
d. * 

A nest tree rn* have a large enough diameter to accommodate a cavity with room 

for an adult bird and nestlings. Species with larger body size obiiously require ;st uees 

with greater diameter than smaller species. Mean and minimum diameter of trees actually 
V 

.- / used for nesting usually exceed dimensions dictated by minimum space requirements. Possible / 
P 

advantages of nesting in lager kees are that cavities can have thicker walls Whig$ provide 
! 

insulation, protection from predator& and lessen the danger of the nest Trees break% at 
/- 

cavity height (O'Connor 1978, Miller and Miller 1980. Raphael a White 1984). Stud~es 01' i" 
hole-nesting passerines in nest boxes have shown that clutch size increased' with nest box I 

/ 

area (LBhrl 1973, Karlsson and Nilsson 1977, Lihrl 1980, ~rillrnjch and Hudde 1984). I t  is 
/ 

possible that there is a similar relationship for primarj cavity-nestigg birds. Use of' larger 

nest trees, which can .hold more spaceous cavities, may thus result in increased clutch size 

-4 
and nesting success, Hinds and Wengert (1977) noted a strong relationship between tree age 

and incidence of decay in trembling aspen in Colorado. This finding suggest5 that, in 

trembling aspen and other species where nest, occur in live uees, larger uees, which arc 

usually older, may be used because they are more likely LO contain the decayed heartwood 

required for nest epva t ion .  However, I found only a weak correlation between tree diameter - 
and presence of fungal conks. The same observation was made by Winternitz and Cahn 



/1983j, for trembling aspen infected with F. igniarius. The reason may be t h t i f f t r e - m b h ~ ~  
- . -  

aspen, older trees. which are often decayed, can vary greatly in diameter among sites and 

/ In my study. Yellow-bellied sapsucker avoided trees below the 25-29 m diameter class 
/ 

and significantly preferred trees in class 30-34 cm dbh. Preference did not rise with 

furth r increase in diameter, suggesting that there were no added advantages conferred by A -\ 

- - nesting * k, In larger than 30-34 ah dbh. Selection indices for Red-breasted Nuthatch and 

Downy Woodpeckar actually tended to decline in the larger diameter classes. This decline 

/' 
implies some disadvantage of larger trees, which may, be explained by my observation that 

only a small proportion of trees in the large diameter classes were dead with the softened 

sapwood that these species need for cavity conhc t ion .  
L 

. Mean and rnipimum diameters of nest trees in my .study were much' smaller than many 

of those reported in the literature (Kelleher 1963, Conner et al. 1975, McClelland and 

Frissell 1975, Bull and Meslow 1977, McClelland 1977, Scott 1978. McClelland 1979. Thkpas 
v 

'I 

1979. Mannan et al: 1980, Scott et al. 1980, Raphael and White 1984. Bunnell and -:, 
d .  

AllaveChan 1984. hiadsen 1985. Zarnowin and Manuwal 1985). The main reasons &e 

probabi) that trembling aspen a*d paper birch never grow as large as some of '  the nest tree 

'\, species in other areas, and that especially uembling aspen are favourable, safe nest sites' 
-' 

t 
\ because of the pattern of decay (softened heartw surrounded by hard sapwood), in spite 

,a \ 
\ of their relatively small diameter compared to nest' trees in 

trembling aspen (Kilham 1971, Erskine and McLaren 1972, - et al. 1980. Winternitl and Cahn 1983) showed nest 

Ibi trembling aspen in my study. Mean tree diameters used by primary cavityf!nesting birds 

.for nesting and preferred tree sizes thus appear to vary with' tree species, pa y because of 4 
I* 

differences in decay characteristics. It should not be assumed that the small 

I uembling aspen and paper birch used for nesting would also be adequate in the case of 

other tree species. 
.3 

i 
- 



Taller nest trees offer greater protection from predators. because nesB can bc placed 
- --- - -- 

higher above the" ground (Kilharn 1971. Dunn 1977. Nilsson 1984). NeSt uees of 

- 

 ellow ow-bellied Sapsucker. Pileated Woodpecker. a n d Y ~ a ,  W0odpefke-r h& gmm mmn 

heights than those of Red-breasted Nuthatch. Northern Flicker, and Downy Woodpecker. This 

height difference is due to the preference of the latter group of species for dead trees, 

which tend to be shorter because of broken tops or reduced crown height I did not assess 

preference for tree ,height because of the suong correlation of this variable with top and ~ r &  

' 
condition. It appeared to be the least reliable indicator of nest tree quality (Tablc 7). 111 , 

other studies, tree height seemed to be more important in nest tree selection (Raphail and 

White 1984, hfadsen 1985). 

'Tree - species 

In my study area, primary cavity-nesting birds nested only in trembling aspen. paper birch. 

and thin-leaved mountain alder. Yellow-bellied Sapsucker, Pileated Woodpecker, and Hairy 

Woodpecker, capable of penetrating a sound sapwood shell. prefened ro nest in rremblinp 

aspen, which p r o v i u  safe nest sites bechse of its decay characteristics. Red-breasted 

Nuthatch, Northern Flicker, aruiQowny W.oodpecker used tree species in proportion to ~ h c i r  ' \ 
occurrence. They appear to be weake; excavators and tree species does not seem 10 bc 

important in their nest tree  selection, as long as sapwood and heartwood are decaved enough 
- I  

for easy excavation. 

Preference for nesting in uemb1in.g aspen has been reported in a '  number of' other ," 
studies. Williarhson's Sapsucker, yellow-bellied' Sapsucker, and Hairy Woodpecker preferred 

trembling aspen in ponderosa pine dominated and in trembling aspen dominated forest ryes I 

in Arizona (Scott et al. 1980). Williamson's and Red-naped Sapsuckers, Hairy Woodpccker, 

Northern Flicker, and Downy Woodpecker preferred tiembling aspen over a variety of' 
- 

coniferoud species including ponde;osa pine, Douglas-fir. white fir ( A b i a  concdw), subalpinc 

fir (Abies lasiocarpa), and Engelmann spruce (Picea engelmannii) in Colorado (Crockctt and 

Hadow 1974). Madsen (1985) noted trembling aspen, which was uncommon on her study sites, 



. to bc impdrtant for nesting' primary cavity-nesting birds. High use of trembling - aspen by 

primary cavity-nesting birds was also observed by Bent (1939). Kilharn (1971), and Erskine 

and McLaren (1972), Winternin (1976, 1980). and Peterson and Gauthier (1985). British 

Columbia nest record cards at the B.C. Provincial Museum, for Yellow-bellied Sapsucker, 

Heated Woodpecker, Hairy Woodpecker, Northern Flicker, % .  and Downy Woodpecker indicated 

tha~  deciduous' trees, especially trembling aspen were used more frequently for nesting than 

conifers. Elsewhere, Pileated Woodpeckers were never reported to prefer trembling aspen. as in 

-my study, but McClelland (1979) fourid them using black cottonwood and trembling aspen 

where these trees were large enough, and British Columbia nest records showed 15 of 41 

Pileated Woodpecker nests to be in trembling aspen. 

A number of other tree species were often preferred for nesting in different 

geographical areas. Bunnell and Allaye-Chan (1984) found that in forests dominated by 

western hemlock (Tmga heteroph$Ia)). Douglas-fir. and western red cedar (Thujz plieata). 

western hemlock was preferred in a riparian area. In other sites, uee species were used in 

proportion to their availability. Their analyses were based on presence ,of old nest and roost 

cavities in dead trees. In forests consistigg .mainly of Douglas-fir, western larch, and 

ponderoq pine in north-central Washington, the latter 2 tree species were preferred for 

nesting (Madsen 1985). Preference for western larch over Douglas-fir was also observed in 

western Montana (McClelland 1977). Raphael and White (1984) found that most species , 

white fir over ~ e f f r &  pine (Pmus pfieeyi). lodgepole pine (Pinus contwta), and red 

fir (Abies magnifica) in the Sierra Nevada of northern California. In central Missouri, 

J primar) cavity-nesting birds preferred American sycamore (Piatanus occidentalis) over a variety 
i 

of tree specles. mainl! hardwoods, in an oak-hickory forest type (Brawn et al. 1984). 

I n  my study area, Douglas-fir and other conifers were not used for nesting by primary 

cavity-nesting birds, although the density of dead conifers was comparabie to those found in 

other studies. Avoidance of Douglas-fir 'for nesting has been noted by several other 

invdsbgators (Crockett and Hadow 1975, McClelland and Frissell 1975, $M1 a n d h e s l o w  1977, 



McClelland 1977, 1979, Madsen 1985). A list of tree species- use& b ~ w & p k ~ - t ~ + t h -  

Pacific Northwest (Thomas 1979:381), partly based on oripmal research and pad! on I~reraturc 
4' 

survey, also showed little nesting use of Douglas-fir. Avoidance of Douglas-fir ma! br 

< explained by its pattern of decay. Dead Douglas-fir deteriorate "from the outside in", i.c. 

decay softens the sapwood before it affects the heartwood (Wright and Harvey 1907. 
u 

' McClelland 1977, Cline et al. 1980). By the time the heartwood is sufficientl! dccavctl Ibr 
* * 

nest hole excavation, outer lavers of wood are sloughing. In a western Oregon loresr 

dominated by Douglas-fir with few dead trees of other species, Yellow-bellied Sapsucker. 

Pileated Woodpecker. Hairy Woodpecker, Red-breasted Nuthatch. and Northern Flicker nested 

mainly in Douglas-fir, using it in proportion to its availabili$ (Mannan et al. 1980). 

Differences in nest tree use ,among regions- and forest types show that most primary 

cavity-nesting ,birds are flexible in their nesting use of tiee species, and can adjusl lo l&al 

availability. It is evident, however, that some tree species tend to be preferred whenever they 

are available, whereas others are consistently avoided unless alternative species are scarce. 

although some site specific variation mav occur. Desirability of a uee species for nesting 

seems to be determined mainly' b y .  $, '$cay characteristics. as well as adequate sizc. Treu 
3 .  

species preferences differ among species" of primary cavity-nesters, probably because somc arc 
s t 

stronger excavators than others and because of differences in body size. 

Surrounding vegetation 
I 

All nests of primary cavity-nesting birds in my studj area were located in stands containing 

deciduous trees, which comprise only a small proportion of the whole s t u d  @a. Th~s  strong 

selection may be explained by the preference for deciduous trees, which appear to bc more 

suitable for nesting thaa  the conifers in the study area. This explanation is supported by the 

fact that none of the conifers that occurred interspersed with the deciduous trees, contained 

nests. An additional reason for the preference for deciduous or mixed stands, which often 
. . 

I 

grow . i n  moister sites, may 'be  characteristics of the stands themselves. such as high insect 

density and perhaps a more favourable microclimate. especially during the hot summers in the 



Kamloops region. 
- 

Winternitz (1980) investigated possible causes for the strikingly high bird density, 

including cavity-nesters, in montane trembling aspen stands compared to surrouniiing 

Douglas-fir and ponderosa pine forest. She concluded that breeding bird density and species 

richness were related to surface water and ground moisture levels, presence of large and 

numerous insects in the understory, nest hole availability, Fomes infection, and edge effect. 

These findings supporl my hypothesis that trembling aspen stands are preferred over- _- 
surroundmg coniferous forest because of favourable stand characteristics as well as availability 

f m  

of uees pieferred for nesting. 

The influence' of the vegetation. in the immi&ate vijnit j  of trees. on selection of nest 4 

trees has been demonstrated in a number of studies (Comer et al. 1975, Comer and 
P 

Adkisson 1976. Raphael and White 1984, Hovis -and Labisky 1985, Madsen 1985). I found . B 

this factor to have veiy little importance in nest tree selection. The reason is probabl'y that. 

my analyses were restricted to s u d s  containing deciduous trees, because no nests were found 

in surrounding coniferous forests. Selection according to vegetation characteristics had therefore 

already aken place and vegetation differences within the deciduous stands 'map not have beea ' 
\ 

Imporrant enough to further affect nest site selection or 'to outweigh the iafiuence of tree 
* - 

charac~eristic3 on selection. Most of the characteristics describing the vegeGtion 'in the 
B / .  

immediate vicinity dr. trees assessed structural features. My results thus suggest that trek 

/' s p c c ~ c o m p o s i u o n  is a much better' indicator of nesting habitat quality than structural 

features of the vegetation. The imporhnce of tree species composition over vegetation structure 

in habira~ selection by birds has also been stressed by Winternitz (1976) and Rice et al. 



Breeding Densities 
! 

Breeding densiues of primary cavity2nesting birds, d c u l a ~ e d  for the cnur m d ?  i d  

% ,  ' 
(Table 8). were ,low, compared to densities reported in other studies (Franzreb and Ohmsrt 

I 

, 1978, Mannan et al. 1980, RaphaelAand ~ h ; t e  19b4. ~arnow;tz and Manuwal 1985). Howcvcr. 

nesting was restricted to deciduous and mixed stands which represented only a small porunl " ., 

of the study area. Breeding densities within these Stands were much higher, but could no1 br 

calculated because of the patch? distribution of, deciduous and mixed stands. 
'1,. * 

Nest Entrance Orientation 

Primary cavity-nesting birds often appeared to prefer certain compass directions for 

placement of their nest ennances (Dennis 1971,. Reller 1972, Conner 1975, hove 1976, Korol 
1 .  

md Hutto L984). Frefencd directions varied among studies. These preferences have generally 

been' attributed to climatic or thermal factors, i.e. primary cavity-nesung birds position their - 
i . nest entrances in relation - t o  directions a "  revailing winds, or to optimize amount of incidcnr 

solar radiation. 

In my Study, no compass direchn was significantly preferred. This unilorrn orientwon 

7of entrance holes does not imply, that nest hole enuances were oriented randomly, or that 

0 
entrance orientation is unimportant Iqtead, the direction of the cavity entrances appcared lo 

be chosen with respect combination of local factors.' rather than in relation LO overall 
3 

climatic aspects. Civities e observed to usually face away from obstructions, and downhill 
3 

in nest trees on sloped ground. This placemeni ~rovides easy access (Crockett and Hadow 

3 1975) and perhaps facilitates early 
3 P 

orientation appeared to have been 

detection of approaching predators. In some .cases, enuancc 

chosen uiith respect to features of the nest uec. I 

observed that enmnce holes -were sometimes situated beneath branch stubs or fungal conks. 
M' 

perha& because decay was ,most advanced in those places (Conner et al. 1$76j. or because 
3 

the projections procvided shelter for the enuance hole. The frequent placement of nest holes . 
3 



Table 8. Breeding densities1 of primary cavity-nesting birds in+ 
5 .' the Orchard Lake and Skull Mountain Areas (2069 ha). 

$ 

~urnber~ - Breeding density 
Bird species of pairs . (pairs/tOO ha) 

Yellow-bellied Sapsucker 94 4.5 
I 

Pileated Woodpecker 6 0.3 

Hairy Woodpecker * 5 '  0.2 

Red-breasted Nuthatch 12 

~orther$ Flicker , 

.4 Downy Woodpecker 

Total 129 6.2 

'conservative estimate, some nests may have been missed, 
especially of Red-breasted Nuthatch - 
'largest number of nests found during one breeding season 



below branches has alsp been interptered as a means of disgouraplng nest hole m p e t i t o n  
--- - - 

" 
(Short 1979), and may provide some protection from predators. 

influence of structural features of the nesting substrate was- also noted by );or01 and 

Hutto (1984). Conner (1975) argued that the slope of tree trunks was the most impownr 
b 

factor in determining entrance orientation. Nest holes were most often placed on ~ h c  

underside of leaning trees, probably for .protection from rain as well as from predators or 

, competitors. There were too few leaning trees in my study to tesr this hypothes~s. A variety 

a 
of other local factors may influence orientation of nest entrances, &' impormce of each 

t varying with tree location. I agree with Conner (1975) thatfapparent preferences for certain 

compass directions may often result from correlations withb local factors, although i n  sonic 
e 

cases compass direction itself .may be important (Dennis 1971). 

Com~arison of Cavities Active Nests 
\ 

Active nests are, 
/-- 

-.. 

generally ( considered to be a more qpcumte fbr analysing nest 
C I 

\ 

tree preferences than old. unoecupied cavities. Sohrces of error associate with using old 
1 k'- 

cavities are thati tree characreristiq may have changed since an old cavity was d u i ~ ~ ,  and 
I 

because old cavities cannot usually be located by the presence of w~odch~ps, differences 
- ,  

between dense and open stands in ease of 'detection may introduce a sampling bias. ' 

Furthermore, when old cavities are, used. it is often d i f h k t  to' cietermlne w h ~ h  b~rd spccles - 

excavated the cavity, or whether it was actuallj used as a ,nest, becausk old nest cavities 
I S _ I  " 

may be confused with feeding holes or old, unfinished cavities. ~ n a l ~ s e s '  of' nesl trec. 

selection in my study, h~wever, were wery similar, 'whether old, unoccupied cavities or awvu 
L 

nests were used as a measure of nesting use. This sirnilafiry. was mainly due to the I'act 

that most of the 228 trees with old cavities also had active nesb. Only '65 (28%) of. thc 

nest trees did not shdw any signs of pievious nesting use (Table 9). 
fi 

This high incidence of old cavities in active nest trees suggested that once 4 favourable 
I 

nest, tree had been found, it tended to be reused  in subseguent years. .~his?lZ&viour of 



- /? 
i 

Table 9.  Number an3 percent of active nest trees with and ' + 

without old cavities, and of nest trees found in 1984 that were 
re-use& in ~ ~ 8 5 , p p a r e n i y ~ b y  the SF species. Nests of , 
unconfirmed species are excluded. 

", 

/ - ? 
- - - - - - 

7 

Old cavities Nest trees 1984 nest t r e e g y  
f m n d  in .re-6sed 'in 

Bird species present absent 1984 1985 
I 

t - 
Yellow-bellied . .A .. 

. Sapsucker 1 2 4  ( 7 8 )  3 5 ( 2 2 )  2 7 ( 4 2 ) '  - ' 
4 

Pileated Woodpecker ! 3  !65 )  7 ( 3 5 )  10 l ( l O T j  +- 

~a i ry. ~oodpec ker 2  ( 2 5 )  6 ( 7 5 )  3 2 ( 6 7 )  + 

- Nuthatch 
+- 

Northern ~licker ; 1 1  ( 6 5 )  6 ( 3 5 )  

' Downy Woodpecker 5 ( 1 0 0 )  - 
"Y' P / 

/ all species 168 ( 7 2 )  6 5 ( 2 8 )  



using the same nest tree fa several seasons, excavating a fresh nest cavity each spring. 
- - - - -- - -- - 

seemed to be especially common for Yellow-bellied Sapsucker. 01' the 65 Yellow-bellied 

Sapsucker nest trees found in 1984. 27 (42%) were reused the following year. ~ ~ e q i e n ~  nest " 

b 

tree re-use by Yellow-bellied sapsucker was also observed by Kilham (1971) and Exsk~nc and 

McLaren (1972). Hairy Woodpecker showed an even higher percent of nest tree re-use, but 
& .  . \ 

this 'result is unreliable because of- the small number 'of nesu found foi this speciea. -. 
The similarity of results of nest tree selection analyses based on old and on act~vc 

4 , \ 

nests suggests, at least with respect to the-free and ,bird species in my, study. :ha1 old 

cavities may be used in s t g d i e d n e s t  tree selection to incrzase the sample size of nests. 

a 

Survey of old cavities would be particularly useful when time constraints or scarcit!. of P 

9 
breeding birds make it difficult to find a sufficient number of active nests. ~ L e r e  nesl uec 

re-use is uncommon, however, it may be better to rely only on active nests. , 

The one exception , t o -  the similarity between selection patterns based on old. and on 

active cavities. was that active nests indicated a tendency to prefer tries with broken tops. 1 

whereas selection indib- based an old cavities were negative for trees with broken tops. This 

discrepancy may be explained by the observation that dead nest trees tend to break a1 cavity 

height, a weak point along the trunk. Old cavities may therefore not be pfesen~ on thc ,- 

4 
I 

rernaiqing stump. 

4 Primary cavity-nesting birds are- generally thought to build new nest caviues each 
1 

spring. I observed, however, that Yellow-bellied ~ a ~ s u d k e r  sometimes restricted ~ l s  excavailon 

efforts to building a new entrance into a previously used cavit). A possible a d v a n ~ g c  of th15 
* 

behaviour is reduced energy expenditure while still maintaining excavation activiuer wh~ch 8ma\ - 

v 

be an impSrtant part of c~urtship rituals. Multiple entrances to cavil) h a !  also providc ' 
A a - 

escape routes and favourable nest trees can be f i u s e d  more ohen i f  the birds do, not build 

a complete- 
-- 
new cavity each year. 



-. 
- CHAPTER VI 
t - - -  - 

1 > MANAGEMENT IMPLICATIONS 
/-- - 

A' 

. 
4 

Effects of Forest Management Nesting Habitat of' Priman Cavity-Nesting Birds 

In the Orchard l a k e  and Skull Mountain Areas, which are dominated by Douglas-fir 

lbrest under uneveh-aged managemen; primary cavity-nesting birds breed only inr  patches of 
B 

deciduous or mixed forest The tree species used for nesting are trembling aspen, paper . 
d *_ 

birch. and thin-leaved mountain alder. Deciduous trees are &ar, not commercially harvested - J-- ,. 
and, most logging &tiviry takes place outside m e  prefeAed nesting habitat. Some disturbance 

occurs when conifers are harvested from mixed stands, and because logging- roads provide ' 

access LO fuelwood cutters, who take mainly paper birch. However, a more important problem 
r 

than direct removal of potential nest bees, are longterp ef%cts o f u  forest, management. 

Trembling aspen and paper birch are shade-intolerant sera1 species. Uneven-aged management 
f 

U 

and fire suppression tend ' to perpetuate coniferous climax vegetation, thereby creating adverse 

conditions for the regeneration of trembling aspen and paper birch, and thus impede 
< 

conunuous development of trees suitable for nesting. 
f 

b i 

Sug~esred Management Guidelines 

ldenrification trees preferred for nesting 

N e s ~  tree preferences of primary cavity-nesting birds in the Orchard Lake and Skull 

Mountain Areas are listed in Table 10. In ling aspen and probably also in paper birch* . - 

presence of fungal conks is the best a tree's likelihood to be used for nesting. 

For a more accurate assessmenc,of nest tree quality in trembling aspen, presence of scars, '. 
top condition, and tree dameter should be examined in conjunkion with presencg of conks. 

- i Tree condition and height did not appear 50 be reliable indicators of nest tree quality in 

trembling aspen, at least for. Yellow-bellied Sapsucker, whose large nest sample dominated 



Table 
ckv it 
Areas 
detec 
diame 

10,'~ttribut~s of trees preferred for nesting by primary 
-nesting b-j;rds -in th-e Orchard Lake andskull Mountain 
An asterisk indicates that no significant preference was / 

ed. Mean values (Table 2 )  should be used for nest treeL 
er where no significant preference was observed. 

P 

Variable Stronger excavators1 Weaker excavatorsL 

Tree species ' Tremblihg .aspen 
.,3 . Trembling aspen 

J- 
or paper birch 

9 

Tree diameter (cm dbh) S: 230 N: ' *  
P: 240 F: * .-. 
H :'- * D: * 

c) 

Tree condition * dead or dead.top 

Fungal conks ' present present 

~ c a i s  

Top condition 

S: present 
P: * 
H: * 

N: * 
F: * 
D: * 

broken 

'Ye1low;bellied Sapsucker(S), Pileated Woodpecker (P), and Hairy 
Woodpecker (H i 'Red-breasted Nuthatch (N) , Northern Flicker (F) , and Downy 
~oodpec ke.r - (D) 
3inlcudes all tree conditions 



analyses. Primary cavity-nesting birds did not nest in live parts of paper birch. Tree 
- - - - - -- 

condition therefore is a valuable indicator of nest tree quality in this tree species. Old 

cavities. especially if numerous, also identify preferred' nest trees. 

It is often difficult to assess differences in habitat quality, in terms of their influence 

on an agmal's fitness, because decline in survival and reproductive success due to suboptimal 

habitat conditions, may be a gradual, longterm process, differences in habitat 

.- - 
quality may only become apparent during low frequency, stochastic events such as weather 
i 

extremes. . I t  is much easier and more effective to evaluate habitat quality by observing how - 
J 

the animal responds to its habitat, and to manage for its preferences, becquse these 
r 

' (  
preferences are the result of evolutionary processes and are thus likely to represent adaptive 

bchaviour that maximizes the animal's fitness within the framework of l m l  availability of 

r habitat cbmponents. 'similar reasoning was employed by Comer (1979). when he suggested 
'1 

B that management guidelines should be based on mean rather than minimum nest tree 

dimensions. However, mean tree size used is affected by availability of tree sizes in the 
a 

forest and m a y  not rrecessarily represent a preference. Preferred nest tree dimensions, if such 
+ - .- 

preferences are detected. -should thus be used in managing for cavity-nesters. Knowing. nest 
i , 
'-, , 

tree preferences allows enhancement of nest habitat quality, i.e. increasing the availability of 

prefirred trees in the forest may result in higher' population densities of primary 

cavil!-nesters than can be achieved by providing equal numbers of treesr that may be usable+ 

but arc of lower quality. Some problems associated with evaluating preference have been 

pointed our. especially regarding realistic ap.essmen1 of availability (Neu et al. 1974, Cock 

1978. Johnson 1980. kchowicz 1982). 

Ever! effort should be made to retain uees with characteristics preferred for nesting. 
- 

,b 

Trees of lower guality should also be retained, where nor enough trees with preferfed 

characteristics are available to obtain the number OF trees required to support a particular 

population density of primary cavity-nesters. The number of trees required has often been 

calculated using the formula: 



where (A) = I-fiIuim~m pofiulation density. (B) = number of trees used annually for nesting 

and roosting by each pair, (C) = buffer of trees, because not all apparently suitable trees '-- - 
d 7. 

will be used (Thomas et ,al. 1976, Thomas 1979:68-69, Raphael and White 1984). Potential 
A i 

nest trees must be adequately spaced to account for re birds' territorial r&uirements. 
I 

Only primary cavity-nesting birds were examined in this study. It is assumed that . , 
0 

managing for primary cavity-nesting, birds will ensure a continuous supply of nest holes for 
C 

secondary cavity-nesters (Bull 1978, Mannan et al. 1980). 
I 14 

S 
Depending on their availability, different tree species are used for nesting by primary 

cavity-nesting birds in different- areas. Characteristics of preferred nest trees (size. tree 
.. 

' 7  * 

condition, pattern of decay) can vary among tree species, and tree species diffel;. in their 

ecology and in the role the) play in forest management. Nest tree preferences and 
1 - 

management guidelines can therefore not be generalized among studies involving different tree 

ee species tend to be preferred whenever,,they arc$'available and other6 cm. - 

although some sitespecific variation may occur. This ranking of tree 
\ 

species can be used to predict which of the available' tree species is most important lor 

nesting in areas that have not 'been studied, as long as the species cornbosjtion o f  trees and 

primary cavity-nesting birds is known. Nest tree preferences and management implicaticks 

specific to the preferred tree species can then be extracted from. the literature. More studies 

are needed to-- identify patterns, of nest tree selecuon for every tree species. and to test t ips 
consistency of tree sp-ecies-specific preferences among different sites and regions. 

2 

Ensurinp continuous development OJ trees ureferred for nesting - 

Presently, the nee species' used for nestin- ea - (Trembling aspen, paper 
\ ? 

," 

birch) occur mainly as maturing or overmatde defined b$ Walmsley et al. 
1 \ 
1 1I \ 

19$0:64). These seral stages are most valfiable as n y n g  habitat for primary cavity-nestcrs. n 
b k u s e  trees are large is far enough advanced. providing an abundance o l  

1 

trees ~roceedr. these sera1 stage3 are 

I 



C e 
replaced by a climax vegetation of hybrid spruce, and in sbrnesites,_~lauglas-fir, whichbre 

i hot used for nesting. 
- 

The goal in managing for cavity-nesters is. therefore, to ensure the continuous 

availability of maturing and overmature seral stages. This can be achieved by creating a 

mosaic of successional stages, by periodically creating openings in $tes suirable for the 
w 

2 A": 
regeneration of trembling aspen and papM birch, so that at any point in time, some stands 

i, - 
are at the stages most valuable as nesung habitat. 

y L 
1 

C 

Factors that may influence successful regeneration of deciduous trees in these openings 

(e.g. size of clearing. site treatkqent., grazing pressure) need to be examined and managed . , 

accordingly. Not all trembling aspen and paper birch will develop into nest trees of high 
A 

quality. Especially the large trees preferred by Pileated woodpecker do not develop on .every 
- 

site. I t  would therefore be useful to examine how site conditions influence the development 

of trees preferred for nesting. Timing of this patchy stand rejuvenation is imporihnt to ensure 

continuous availability of maturing and overmature seral stages. At what intervals openings 

should be created, depends on the rate of forest succession, timing of incidence /' 
of decay (when do trees become usable for nesting?, how long are tHey 

features of each tree species' reproductive biology. The number of old 
I - 

to estimate how many years trees remain usable for nesting. However, difficulty of 

.distinguishing unfinished old cavities from old nests, and loss of conspicuousness 'of cavity 

entrances in live trees due to healing, reduce the reliability of such estimates. 

Recommendations outlined so far pertain only to situations where trembling aspen and 
- 

.I : ,  

paper birch are not commercially cut In areas where these tree species are harvested, or 
1 

eliminated to reduce coFpetition with conifep, integration of forestry and habitat for 
% \ *  

? cavity-nesters is much more difficult, because trembling aspen and paper birch are cut before 

they a& large and decayed enough .to serve as nest tryr- To maintain habitat for 
- 

cavity-nesters. development of maturing and overmature deciduous seral stages shodgi be 
. , ? 

allowed in some stands. 



My study examined onlj. p related to nesting. A positive relationsh' 7 between 
4 + %, 

i 
density of suitable nest trees and density of ca~ir!~-nesters is well documented (Haap, '----- 

-\ 1965, Comer et al. 1975, McClelland and Frissell 1975, Bul! and Meslow , 3 7 7 3 m 4 9 7 9 .  . * P L 
Dicksonf al. 1983, Scott and Oldemeyer 1983. Raphael and, W h m  I 4. Madsen 1985. 

- \  

Z.arn?wia and Manuwal 1985). and s&gests that availabilq of Cuua61e nesl trees of'ten llrn~ls 
- 

s- /---- .. u- 
- populatioir -sizes of cavity-nesters. However, i t  is also important to redognix habjhr ueeds 

- 

related tQ foraging, and to consider them in foresr management plans. w Primar, ~ty-ncsung 
I 

/ 
s birds forage on a variety of wchdy substrates, such as standiiig live or dead trees, stumps. 

t down logs, and woody debris. Some especially ~ o r t h e h ,  Flicker. a h  forapt. on thr 
i 

\ 
ground, and I obseved yellow-bellied Sapsucker and Red-%reasl+ Nuthatch w s h ~ n g  lww 

- 
-' \ 

in flight. Standing dead or decaying trees may be @e most -!portant feedmg subslratc lor 

reg& primary cavity-nesters after snowfall. '--. - 
AJt.h@gh conifers were not used for nesting in mq53udy area, signs of wood 

excavation or bark scaling by foraging primary cavity-nesters were very prevalenr on deacl 

conifers, ,in mixed deciduous stands as well as in coniferous forest 01' the dead conifers, 73% 

showed feeding signs, whereas only 38% of dead deciduous trees had been used for f'ecdlng. 
.. 

d Almost none of the live conifers showed evidence of foraging. The great variability in density 

of dead conifers, mainly due to changing wildlife tree management policies, and the patchy 
+ 

distribution of deciduous uees, prevented meaningful cmparisons of thc relative availabilil) ol' 

dead deciduous and coniferous uees, so that preferences could r,gt be evaluated. Thc 
'3 

B prevalence of feeding signs on dead conifers, however, strongly suggested their impormcc as 
1 -. 

- -- foraging subsrrates* for primary cavity-nesting birds. Raphael and White (1984) and Madsen 

(1985) found that foraging primary cavity-nesting birds preferred large trees. A conunuous 

supply of large dead conifers should be ensured by retaining $elected trees of different ages 

and managing some stands on a n  extended rotation basis. which would also benefit other . 
wildlife spet3es that require an old growth componenL 
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