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. | examined use: and selecnon of nest’ trees bv 6 specres of pnrnary cavity—nesting brrdsx

~in the Interior- Douglas—ﬁr Blogeochmauc Zone (IDF‘) near Kamloops BrmSh CqumB;:\‘ '
Analyses were based on 243 active nests located dun‘ng 1984 and 1985 -
Presence of heartwood decay _was ‘the most important tree charactenstic influencing | Y
iseleg’tion of nest: trees; al’l bird species st:‘rongly preferred- trees bearing fruiting bodies of T !
heartrot. fungi. Most nests 'occurred ~in trembling aspen (};opulus tremuloides) and paper b.ircn
(Betula papyriferﬁ) Douglas-fir (;’séudotsuga menziesii var. glauca) and hybrid Spruce (Picea
engelmarmu X glauca) Were not used~ for nestrng probably because their pattern of decay was
unfavourable for cavrty—nestlng However dead comfers appeared to be 1mp0rtant foraglng

"

D\substrates In trembllng aspen, infection with” heartwood decay occurred in live trees, leavrng a
sound sapwood shell protectmg nest holes excavated in the softened hcartwood Such trees -
were preferré‘d by the SLronger gxcavators, Yellow—belhed Sapsucker (Sphyrapzcus varzus)

£
Pileated Woodpécker (Dryocopus  pileatus), and Hairy Woodpecker (chotdes vzllosus)% wmch

¥
o‘vla

‘were” able to penetrate the hard sapwood. Weaker excavators, Redfbreasted Nuthatch (Sitta
canadersis), - Northern Flicker (Colaptes auratus), and 'Downy Woodpecker (Picotjdesr qubescens),
preferred ;quead ees or dead tops of live "trees for nesting. Yellow-bellied Sapsucker preferred
o nest‘ in trees larger than 30 cm dbh;, and Pileated Woodpeck_er preferred treeslarger than
40 cm_dbh. No significant preference for_neSt tree diameter was detected for-the other |
spegies. Results were very similar when analyses were based on old; unoccupied cavities
instead - of active nests. '
Stands. containing deciduous trees were strongly preferred 1o coniferous forest for nesting.
Structural varlauon of -the vegetauon within_the decrduous or mixed stands had very. llttle
influence on nest tree selectmn. | : o b - .
Trees with atuioutes 'preferred for nesting"occur as part of the deciduous, maturing and

overmature seral vegetation, which is replaced by coniferous climax forest as succession

oo L ‘ . 2
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: paper birch are 1mportant for nesting. : ‘

proceeds. Uneven-aged forest managemem and ﬁre suppressron create adverse wndruons for

©

establrshment of deciduous: stands. To ensure commuous avarlabrht\ of nesung habual l'or

a

primary cavrty—nesters over_tlme, a mosarc of successronal stages should” be marmamed by

.*‘?

¢

periodically creatmg opemngs il srtes suitable for regene\rauon of decrduous trees.

s

Tree specres drfTer in Lherr decay charactensms Lherr ecology and in. Lhe role” thev
t

-

pla\ in forest " managemenL Nest tree preferences and, manggemem gurdelmes oulJmed in my

, k]
s;udv may Lherefore not be relevant 10 areas, where species other Lhan tremblmg aspen and
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o 7.~ INTRODUCTION

- & ’ " . S - T
R S OO S A

I’ C . % [ ' :
Cavity-nesting birds require tree c’a\'ities in whigh: ‘to raise 'itheir young. Primary

..«

cavity-nesting, brrds usually excavate their nest hoies themselves,‘ whereas secondar\ :
cavrty—nesters generall) nest in exrsung tree cavru&s Tp build their nest and roost cavities,
primary cavrtv-nesuno brqrdds requrre trees with deqd\ This group of brrds e therelore

adverselv affected by habrtat alterations that reduce the avarlabrlrty. of dead or decavmg 'trcgs>‘

A.,

such as intensive forest management 0L fuelwood ‘@tring, Awareness of thc 1m,gprtance ol
4 B t\’ N

so—called decadent trees to cavrtv—nesters and other “specres has mcreased in recem vears

h +

" However, efforts t0_ prevent further depleuon of these wrldhfe trees are 1mpeded b\ a ‘, o

a’l

s .
j,h,number* of_obstacles related mamly 0 tlmber producuon goals safety consrderaubns and -

t

\:"‘knowledge gaps. These problems were investigated in- detail bY Miller (1985) in relauon 10\/

wildlife tree management - 1{1" Bntrsh Columbra w

V‘Q“

G- Specrfrc knowledge of the nestmg habrtat need’s of pnmary cavrty-nesung brrds is an

important prereqursrte to mamtarmng these specres in managed forests The pUrpose- ol my -

study was to collect this mformauon for a part of - the lnterrog\liouglas—f‘ r Biogeoclimatic -
* i‘"
Zone, IDF (Krajina 1965) in Brmsh Columbra Much is known about the - brology and habnat

requirements of pnman cavrty—nesung brrds ,(sEe Thomas 1979 Frscher and McClclland 1983 S

for brblrographres) and effects of forest managemem on prrmar\, cavrtv—nesters havc been

1Y

‘examrned in a number of studles (Shugart and James 1973 Conner and (,rawford 1974,

Conner et al 1975 Conner and Adkrsson 1975, 1976 1977 Franzreb 1977, Evans 1978

Franzreb. and Ohmart 1978, Conner et al. 1979, Scott 1979, Szaro and Balda 1979 l)rckson .

et al. 1983,- Dingledine and Hauﬂer 1983, Marcot 1983, Scott and Gottfrrled 1983, Raphae]

and White s1984, Madsen 1985, Wood et al 1985, Zarnowrtz and Manuwal 1985) Howeller

\ almost all this mformatron is based on studres conducted in varigus regrons of the Umted

. Al
States and results and management suggestions may not be applicable to the IDF.
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()

" nestmg by primary cawty-nestmg birds in ‘part Qf “the - IDF,

The objecu'ves of )niy'"study wéie: A

-

e

-

Lo examine - nest tree use and 1denufy atmbutes that - charactenze IIeec preferred for o

h 4\"_«

o \compare results with published ﬁndlngs of “similar studies'cond,ucted in other
vegctadon; types and geographical, aréas,
10 evaluate effects of forestry practxees and develop management guldelmes aimed at -

integrating - forestry and nestmg hablta{ needs of prlmar\ cavity-nesting birds.

g . L &
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CHAPTER IT

S e - - - - —

’ ' . A S
Most fieldwork v}vaslconducted wirhin and jusr south of three ad_{acem ér‘r&u‘ng"pcnniw
(#3526, 516, .and”H’ held by Balco I‘ndustri;c Lid.), which are located in Timber Sale

chences A18686 and AO7212 in the I\amloopc Forest Reglon This "area, known locall\ as the
Orchard Lake Area extends along a portion of Lhe Sulhvan Range Whl(h run\ along the cast

snde of the North Thompsorr River (Fig. 1). ‘The Orchard Lake Area is approxi%[cl)‘
oo . R\fﬁ‘

385 km north and 90 km east '0f Kamloops, Brish Columbia, and cénters ai 51°0120" N

7

and l_20°11’15" W. It comprises approximately 2041 ha and lies’ between élévau’ons 6]() m
(crest ‘-of the' North Thompsoja\Valléy) and 910‘m (Lransirion 10 a differém I‘orc’s( l)’pr').
The\ Orchard Lake/Area lies within Lhe IDFa ongeoclnmaua Subzonc (Vcr\ I)r\

Submontane Interror Douglas—ﬁr) Its overal] topograph) is formed b\' a scneq ol north—soum
ndges Many of the draws contain small ponds and lakes Most of- the area 1s LOVCI‘Cd by
conj’fertaus forest, which consists almost enurely of Douglas—ﬁr Berh lcavcd spirca (Sprea
betulifolia) gnd waxberry (Symphoricarpos albus) are the main species forming the generally
sparse undérstory vegetation. Patches of natural ‘grgissland with scattered Douglas-fir extend
. along the ridgerops. Stands vof deciduous} trees, mainly wembling aspen and.‘ paper birch, with
varying proportions of Douglas-fir and hyb.rid spruce, grow in moister r)r disturbed si'[es.
Black cortonwoocl (Populur trichocarpa) .and ‘Lhin—leayed mountain -alder ( A/nus mcanra) occur
Tﬁlsites subject to flooding. Dominant shrub and' herb .species in thesc deciduous or mixed
stands vary among‘ sites. Common species are Douglas maple (Acer glabrum. var. dou;glasii)_
-saskatoon (Amelanchier alnk'folia), heart-leaved arnica (Arnica cordifolia), northern iwinflower
(L'inn'ea bbre;zlis), i)rickly rose (’kos& acicula‘ris),“ and waxbefry. Roads, landings, and other -
disturbed sites are‘u\sually seeded for cattle grazing and are dcrnrjnated by culuvated '4grassés

and associated weed species. For a detailed description of ecosystem associations within the

IDFa, including ‘information on climate, geolggy, and soils, see Miichell and Green (1981).
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Fig. 1. Location of study area and its two parts, the Oschard Lake and Skull Mountain

Areas.




“The area ‘was selecuvely logged durmg Lhe 1930’s when the largest conifers were

harvested Smce 1975, part.s, of the area have beén logged each vear. For the past few vears
-

. the cuttng prescriptions for the area have been modiﬁed WiLh the aim o‘r{ fnainlain.ing all
-age classes of trees within the forest. Previously, selective logging usuall\ consisted of cutting

/"all trees that exceeded diameter limits specified i'n\logging plans. Under curreat prescriptions,

snags are usually left standing' to serve as "wildlife trees” unless they pose a .safety hazard.

Additional- fieldwork was conducted in and near the Skull Mountair, Arca, a parcel of
land acquired "by the Ministry of Environment, mainly to presérve its value as critical winter

- ) - -

" range fr Mule Deer (Oa'p-coileus hemionus). Tnis pait of the swdy area lics on .the

souEh—eastem slope of a ridge‘ that runs along the “west side oi“ the North Thompson River,
and is also part of the IDF4 Biogeoclimatic Subzone (Fig. 1). ‘Fieldwork in the Skull -

Mountain Area was conﬁned to the v1c,}ﬂrwnty of Corral Lake, and an area around a scﬁes of
ponds appfoxiinately 4 km norm—eést from the lnke along the"access road. This !;oru'on of

the study area comprised about 28 ha, with elevations ranging from 660 @ 700 m. Corra]

Lake is located at-51°07'25" N and 120°10°25" W, .50 km north and 10 km cast of

e -

' Kaml‘oo})s. Vegetation around the' lake consists of open stands of paper birch and trembling

aspen with some scattered Douglas~-fir and ponderosa pine (Pinus ponderosa). There has been

extensi);e%elearing‘ for catle pasture, and grazing has since had an influence on the
oy . ) L ot o
vegetduon., The series of ponds are surrounded by open to dense siands of mixed

. { . .
deciduous/coniferous forest, similar 8 those in the Orchard Lake Area. ' (
- ,
Y
“*\ )
4
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. Nest Search

-
*

I searched the study a}ea fbr active .neslé of primary‘cavity’—nes'tipg birds duﬁng‘ the
breeding - seasons of 1§84 and 1985..In both '_\;éars, most nests were found berween mid-May
and the¢ ena of June. During the initial phase of the nest search, between;i‘lg and 31 May ‘
1984, 1 scarched about 250 ha of coniferous and 14 ha of deciduous or nﬁld“‘l‘foresf

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

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

5 A ‘

trees. 1 ktherefore concentrated most of my nési search on stands of deciduous or mixed
forest, which comprised a total of 1%4_ha, approximately 5% of the whole study 'are;. Th; ‘
locations of these stands were mapped from ‘aerial photographs with ground verification. Dead
conil'eré, which were found” to be important nest sites irul',‘many other studies, occurred
- scattered Lhrogghout my ;tudy area. The areal restricu'on. of the nest search may thus have
led 10 an uﬁdeﬁepr‘eseﬁtgtion_ of dead conifers among the trees examined for hesﬁng “use. To
intensily the ‘nest .sggrc{i with Tespect to snags, I examined a random sample of 105 dead
- conifers  for evidence ,of nesting .use. Randqmw“‘éémﬁles were chosen iay laying out a unifé)rm
grid on a large scale map of the study area, and selecting coordinates using a table of
random numbers. |
Primar& éavit_v—nesu'ng ljrds usually excavate fre_sh nest cavities every spring. Nests were‘
therefore located mainly by inspecting the ground around every tree for the presence of fresh
woodchips and by examining the tree trunks for cavites. When woodchip$\ were discoveréd
and a fresh cavity entrance was located, \t:le tree was struck with a baseball bat to flush

,#" “birdsgfom inside the cavity. This allowed identification of the bird species during the

mcubal.\on period. The presence of a bird in the cavity was assumed to indicate an active
L e }
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nest. In caSes 'where né ﬂushing occurred - /Zileated Woodpeéker could nemg;//be fushed and

Red- breasted Nuthatch were often reluctam o leave the cavity - the nest was confirmed by

4

observmg ‘the cavity untl a blI‘d approached it and either entered or of’fereﬁ “food 10 Lht

brrd msrde Later in 'the breedlng seasem when young (%)uld be heard callmg from within the o

cavmes their vocallzauons conﬁrmed the presence{"Q{,an active nesl and Lhe brrd species wasr
- identified by wamng f‘or an\adult o return to feed or brood the nesllmgs

For practicall‘y all cases in’ which »\fresh— woodchips were found and the cavity appcurcd
“Lc‘) have been completed, 1 was able to confirm it as an active nes.. Aborted C.’]\‘l‘il}' bauc’mpts
could usually be identified by the scarcity of woodchips and the funnel shaped ‘narrowing of
theicavity' entrance. The woodchips also revealed, by their positdon in relaLion 1o last vear’s
leaf litter, wheLheréf the ca&riy had .‘been excavated during the currem or the previou; season.
The method of nest search described above was less reliable when few woodchips were
produced, which occurred when old cagtres were used for nesung as was someumes (observcd
for Red—breasted Nuthatch and Ndrtherg Flicker. Red-breasied Nuthaich added to the
problem by someumes carrying off the woodchips during nest excavation. AcLivc Jﬁcsts wilh
few woodchips were detected mainly by striking all~ trees in which cavities could he seen.
Since qﬁges ‘were more difficult to detect in dense stands and’lall trees and birds u/erc
morekeasily flushed frorn short, decayed trees than from tall, so/(d ones, this method may

have introduced a sampling bias. However, this problem may have been alleviated for

Northern Flicker; because they always ﬂuw very readily, often leaving the cavity before the
. Y

nest tree was even struck. Identification of active nests of Red-breasted- Nuthatch was
. i . ) \
facilitated by their habit of smearing the cavity entrance with tesin and by their often noisy

behaviour around their nest_ . B o

v

¥

—
[

By A
ot



-~

Nest Tree VD”scrlguo . : o o _
. ‘ ) \

Eacti S’eg trec was nu‘mbered and marked with '{ﬂagging tape. The following informédtion .

was recorded -for each tree:

.

1. location (determined by taking compass bearings‘ and bv pacing distances in' relation to -

landmarks identifiable on The\map) . . .-
2 tree species :
3. tree diameter (dbh, at 1.5 m above the round)
4, tree height “(using -a clinometer, measure{ to top of crown or top of broken trunk)-
5. tree condition: : o

a. live with live top, live ‘with dead top, or dead
b. = -for- dead trees or dead tops: condition of sapwood, condmon of heartwood (if
accessible), perceitg,of bark remaining and its appearance, presence of dead foliage,
. . twigs, and branci€® ‘
6. - . presence of heartwdod decay mdlcators fungal fnqimg bodies (eonks), scars with
exposed wood, broken tops .
7. 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 excava[of\species
d height of cavity eptrance above the ground (using a clinometer) _
e condiion of wood Jcontaining nest cavity: live or dead TP
. L compass orientation of cavity entrance : ;
g ‘orientation of cavity entrance in relauon 10 nearest tree ‘ P
8. presence of feeding signs: S
‘ a sap drilling, small, medium, large holes, bark scaling, feeding observations
_ b bird species (if obvious) . ' : - ~
-9 presence of old, unoccupied cavities: '
a. Jumber .
b. suspected excavator species
10.  presence of unfinished cavities:
a. number ‘
b. suspecied excavalor species

A\l

The location of each nesu“ ree was plotted ‘(')\n a large scale map (1:10,000) of the*
study are 'Moﬁ of the nests found were located in live trees so that decay classifications
designed for “snags, such as those of Thomas (1979) and Ciine et al (1980) were of iimited
- use. Trees were examined for presence of the decay indicators shown in the above lisc, E;)

oblain some indication of the COIIdlLlOI’l of the “heartwood without havmg to cut them down.

‘*.\,k\lem of decay was not assessed An original plan to age every nest tee was abandoned

-

, because the prevalence of decay made it impossible to obtain a wusable core.

¥
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Description of Available Trees - o e

é«u

To obtain a measure of the species, sxzes and condition of trees avaxlabre o the birds
for nest tree selection, 181 cu‘cular random sample plots of & m radius (UO’ ha) were -laid ”
out in the demduousF'or mixed stands. All treess within these plots. that exceeded l\ cm in
diameter and I m in height were d cribed according’ to the same parameters listed | }a:béve’
for nest trees;- A tol of 933 sam ’trees were assessed. None of }he conilers that occurred
interspersed with the”deciduous trees ‘comained nests. Only deciduous trees were therefore
- included in the sample representing available trees to avoid biasing the sample with
characteristics of tree species that were not used ‘for nesting.

- o | ,
/{

Vegetation Description*

In addition to examining tree characteristics, I described the immediate vicinity (8 m

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

charactensucs noted were: e

‘ *
1. tree cover (%)
2. shrub cover (%) ' ‘
3. herb cover (%) N
g, distance to nearest tree-

species of nearest tree

total basal area of all trees

total basal area of all trees =10 m 'in height 4

average canopy height of trees 210 m in height

maximum canopy height

0. number of live trees by height class (m) (1=1-49, 2=5-99, 3
5=20-24.9, 6225) _ - ;

11.  total number of live trees ‘ N : .. -

12, number of dead trees by height class ’

13, total number of dead trees — :

14. total number of trees ' N ' ‘ !

15.  live wees in height classes 4-6 / live trees in height classes 1-3 -

16. all wees in height classes 4-6 / all trees in height classes 1“3""\\

17.  dead wees / live trees ‘

18. wtembling aspen / paper birch

19.  deciduous / coniferous trees - '

20.  Douglas-fir /. spruce ‘ . : -

21.  othér deciduous trees / trembling aspen and paper birch :

=0 00 =1 Oy it




’ 'mgelegljon indices and simultaneous confidence intervals, followed statistical techniques outlined

Statistical Analyses 4,'-»,: ‘ \ ’\

' ) i I A S , !
Characteristics of trees used for nesting were co'mpared with a ‘random ple of trees "

¥

Lo deterrnme whether parucular types of trees were preferred for nesting. Drfferences between

use and nvarlabrlrtv were tested for significance ‘with Chr—square tests, 10 whrch Yates’

: conu'nuita‘? correction was applied in the case of 2x2 contingency tables. Calculations of

by Strarlss (1979), Marcum and Lofisgaarden (1980), and Byers and Steinhorst (1984). The -

leveﬁ ’gpir srgnrﬁcance accepted throughout this study is 95% (P£0.05). The sample- representmg
%ﬁable trees was welghted to equahze proporuons of sample trees desoribed in Lhe Orchard

Lake Area and Skull Mountain Area and proporuons(of nests found in the two areas.
A prixcipal components analysis was conducted,\on the set of intercorrelated variables

describing. each nest tree, 1o summarize most information in the data within a small number

‘of linear combinations of the oriéihal variables. Principal components scores obtained for each

. h
7

bird species were examined to reveal interspecific similarities and. differences in nest tree

characteristics. The relative value of the various tree vari%)les as indicators of a tree’s {
suitability as a nest site was assessed by means of a stepwise logistic_ regressioq.

Data -were analysed usin.g the SPSSx (SPSS fInc. 1983) and the BMDP statistical
-~

computer packerges (BMDP Suatistical Software 1981). Further .explanation of statistical

-
L3

techniques is provided in conjunction with the results.

10
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~ CHAPTER IV ”?

. RESULTS | :

Nest Sample e

I found 243 af:ﬁve ‘nests occupied by 6 species - of primary' cavity-nesting birds |
(Table 1). The nest- sample was dominated by 159 nesis of Yellow-bellied Sapsucker. Of the
20 Pileated Woodpecker cavities, or}ly 8 were confirmed active nests. The rest were

unconfirmed nests or roost caviye€ Except for“ore confirmed roost, all of the Pileated -
' . oL . T

Woodpecker cavities had been recently excavated, as indigated by fresh woodchips onr the

ground, and appeared }/be’ 'c/:/o/r;lpletgd. Although the "occupying birds were not observed for
-all of Wime__\' were trg:ated as confirmed Pileated Woodpecker caviués. since no
oLhe; species in the area excavates' holes of this s‘iv‘ze‘and shape. Seven Red-breasted
Nuthatch nests and 3 Nor_them Flickér nests werc; in old cavities apparently ‘excavaled by
other species. The suspected original ‘exCa‘vator species ifrere YelloW—b;Hi-ed Sapsucker in the
‘case of Red-breasted Nuthatch, and Pileated Woodpecker »n the case of Northern Flicker..
Red-breasted Nuthatch and Northern Flicker. were classified as primary cavity-nesting birds
since they had exicavated rl:IOSlV‘Of‘ their nest holes themselves., Five trees wé're used for
ﬁesu‘ng by 2 speciés of primary cavity-neSﬁ‘ng birds during the same season (Rcd—b:eastcd
Nuthatch with Yellow-bellied Sapsucqu or Hairy Woodpecker, Northern Flicker with
Yellow-bellied Sapsucker, Pileated Woodpecker, or Hairy Woodpecker). Each of these trecs
were counted twice, ence for each v.occ‘up-ying 'spgcieé, since the tree hva‘drbcen scvlccled by
both. None c;f the Red-breasted ‘Nuthaich and Northemn Fl«igksr nesis in/the,scv S trees had

Sy
S £
<

been freshly excavated.
Toward the end of the breeding season, when young of some "}spccics had lcﬁ‘thc
nest, a number of cavities of species other than Pileated Woodpecker were found that had

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

Although Lhé bird species could not be c-onﬁrmed, 10 of these cavities were included in the

11
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‘Table. 1. Numbgrs of active nests,iound,fotAspec1esgo£4prlmaryggggggggf
cavity- nestlﬁg blrds breeding in the study area and tree spec1es

used for nesting. . v .
. . - : ) Number of- nests found.
e T ’ - Trembling Paper Thin-leaved
Bird species , Total aspen birch mountain alder .
Yellow-bellied Sapsucker 159 146 13 -
Pileated Woodpecker - - 201 20 - - P =
Hairy Woodpecker 8 8 - -
. e e R /// ) )
3ed—breasted Nuthatch _ ) 247//// —~T14 9 1
" Northern Flicker 17 14 , 3 -
Downy Woodpecker . 5 3 1 1
‘»fwngye/’spec1es unconfirmed 10 8 2 -
] Total 243 213 28 20
'includes 8 confirmed active nests and 12 roosts or unconfirmed
nests
/ ’ I
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nest’ sample, because they showed. strong evidence of use as nest cavities by primary

cavity-nesting birds, such as pieces of white éggshEH on  the ground. The size and snape of

. U.r‘\ ' -
th€se unconfirmed nests sugges[ed ‘that most of them were_ Hairy Woodpecker cavities. In .

‘both years, young of this spec1es were the first pnmar\ cavm'—nesung blrds 10 ﬂedge
Unconﬁrmed _cavities were included only in analvses for which all bird specms were pooled
I found the followmg species of secondar\ cavity— nesters breedmg in the study area:
American Kestrel (Falco sparverzus) Tree Swallow (Tachyczneta bzcolor) Black- capped R
Chickadee (Parus atrzcapzllus) Mountaln Chlckadee (Parus gambelz) White-breasted Nuthau_h
(Stttqj_ cgrolznenszs), Red Squirrel (Tamiasciurus hudsonicus), and Northern Flying Squ1rrcl

'

(Glaucomys sabrinus).

Nest Tre Charactensncs

- 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 study

are therefore based only on deciduous trees.

Tree species AN

Only 3 tree spec1es were used for nesting by prlmarv cavity-nesting blrds (Table 1).

e

Most nests occurred in Lrexﬁbhng aspen., Paper blI‘Ch was used much less frequemly and only
2 nests were found in thin-leaved mountain alder. The greater use of trembling aspen was

evident for each bird species. Pileated Woodpecker and Hairy Woodpecker\ nested cxcl’dsivcly

- . N

in trembling aspen. - I

This pattern of use, however, may -simply be a reflection of the differential availa«b’i'lit)--
/ 2
of these tree species in the forest. 1 therefore took a tandom sample of 933 deciduous trees
ik - - '

to obtain a measure of avallablhty T«re‘mblmg aspen was used much more often than in - -

proportion to its avallablhty, whereas the proporuon of paper birch was loweL :

trees than within the random sample (Fig. 2). To further ana/lysé/‘rdfffefgnces between use and

A
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- used, h_:243~ o

R e |
I 80 / | . |

;’.ér 60 % ........... R ............... i
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r. 0 % ///A _‘"]a . N

- TREMBLING PAPER  OTHER
ASPEN  BIRCH

\ -

i Fig. .2 Species of/nest trees (used) and of trees in the random _sample (avaiiable). Data for

all specics of primary cavity-nesting birds were pooled. "Other” trec species are black

cottonwood, thin-lcaved. mountin alder and willow (Salix sp.)..
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availability, I calculated a linear index of selection developedwbv Strauss

e

defined_ as: (% use - % avaHabrT ty)/100. Values for [hrs 1nde\ range trom—fl () .1 An

indéT" of 0 indicates that a habrtal component is used in proportion to r[s occurrence. OJ.heL }

more complex selecuon- indices exist (see Lechowicz 1982 for a revrew) bulr[his one saLisﬁed
the requiremments of my studv. I calculated 95% srmultaneous conﬁdence intervals ‘for cach
index value. Tremblrng aspen was used more than in proportion to its availability by

Ye]?)\v—bellied‘ Sapsucker, Pileated Woodpecker, and Hair\' Woodpecker resulting in poqiu’ve '

selection indices (Fig. 3) The posmve indices mean that these. birds prefer tremblmg aspen N

o paper birch and other tree specres for nesung

)

| indicating avoidance. Red—breasted Nuthatch, No{hern Flicker, and Downy Woodpeckcr also

have po;mve indices for Lremblmg aspen and negative indices for paper brrch but the .

. LN
conﬁdence intervals include 0, so no srgmﬁcant preference .or avordance patterns can- be

»

: L)
concluded Céérsquare tests cor:ilducted for each b1rd specres showed-.no srgmﬁcanl difference

».‘. ¥ o

o

between use and avmlabrlrty of tree specreq for Red breasted Nufh“atch“” Nothem chker and

}

Downy Woodpecker.

Wide- confi dence intervals such as those of Downy Woodpecker are due 10 small

sample size. However, in cases where no- nests were found, confidence mtervals are narrow o

for each bird species, and do not refiect differences in sample size. Strauss’ selecuon mdex

must be viewed“as a relative rather than .absolute measure, Le. the magnitude of the index -

is influenced by addition or removal of  categories of _the variable considered. ClaSsiflcaLion- of

. ‘ : N
a Category .as "preferred" or "avoided” may thereby change. The rank order of each

s °

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

FFee s_ié_e ‘ : "

©

Mean diameter (al breast height, dbh) of nest trees rang_ed from 26 cm for

Red-breasted Nuthatch and Downy Woodpecker to 40.5icm’ for Pileated 'Woadpecker (Table

/

~ 2). The mean valuen for Prleated Woodpecker was s1gmﬁcantly larger “than those pf Lhe other

5 specres Pileated Woodpecker did not nest in trees smaller than 25.8 cm dbh. The smallesf

15

indices for paper birch are ‘negative,
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Fig.

PREFERENCE
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Y.—B. SAPS.
PILEATED W,
HAIRY W,

HAIRY W.
R.—B. NUTH.

N. FLICKER
DOWNY W.
Y.—B. SAPS.
| PILEATED W.
R.—B. NUTH.
N. FLICKER
DOWNY W.

Y.—B. SAPS.
PILEATED W.

HAIRY W.
R.—B. NUTH.

N. FLICKER
DOWNY W,

(

0.8.

0.6

3

0.0
0.2

~0.4
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~0.6 -

-0.8

g P

PAPER
BIRCH

a.

TREMBLING
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OTHER

Lz

[ ' .

TN . \ i P
3. Selection, of wree species by primary cavity-nesting birds. Vertical lincs represent 95%

simultancous confidence intervals. Completc bird names are listed in Table 1. "Other" trec

I

\s:ccics arc black cottonwood, thin-lcaved mountain alder, and willow. A superscript "1"-

" ‘ v

' dicag&v’ihat'dirrcrcncc between usc and availability was not significant (Chi—square"tést). T

Cases where no nests were found arc marked with superscript "2".

»
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Table 2. Diameter and height of trees used for nesting by —
primary cavity-nesting birds, and height of nest entrances. Mean
values with the same letter are not sianficantly different"
(Duncan's Multiple Range Test).. . : L

o

Nest tree diameter (cm dbh)

A
Bird species n Mean  SE  “Min. Max.
- Yellow-bellied - —~ ‘ .

- Sapsucker- _ 159 32.8A" 0.6/- 20.1 60.8
Pileated Woodpecker 20 40.5B 1.6 25.8 %57.3 \
Hairy Woodpecker 8 27.6AC 3.0 17.4 44.5 = ;"’
Red-breasted ; , LT

Nuthatch - 24 26.4C 1.0 / 17.3 » .
‘Northern Flicker - ~ 17 , 31.9AC 2.4 19,8 48.7) T
Downy Woodpecker - 5 = 26.3AC 2.4 19.1 31.4 -

all species' . 243  32.3 0.5 17.3  60.8

Nest tree height (m)

n Mean '  SE Min. Max. e

Yellow-bellied : -
Sapsucker. - - ° 159 18.4A 0.4 5.4 31.2
Pileated Woodpecker 20 19.2A 1.4 7.7 . 25.9
Hairy Woodpecker b 18.3A 2.3 61 27.7

Red-breasted . : : )
- Nuthatch . _ 24 12.1B 1,177 4.5 25,1
Northern Flicker 17. 14,7BC 1.9 2.1 26.8
- Downy Woodpecker ’ 5 15,.7AC 3.2 9.5 24.9
all species' 243 17.4 0.4 CL2.1 31.2

Nest entrance height (m)

n Mean. - SE Min. Max. -

Yellow-bellied e : ) _

Sapsucker 159 8.0A 0.3 - 1.3 .-19.6
Pileated Woodpecker 20 9.2A 0.4 6.8 12.6
"Hairy Woodpecker 8 8.0AB 1.8 2.8 16.4
Red-breasted ’ ) -

Nuthatch - 24 8.7A 0.7 3. —15:6
Northern Flicker . 17 ~ 5.7B 0.9 . +.6 1272 B
Downy Wocdpecker "5 8.5AB 1.0 5.8 11.2 :
all species' « 1243 7.9 0.3 1.3 19.6

"includes nests of unconfirmed species
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nest rréés“n cm “in diameter, ‘Wére‘oc’:cupied 'lbjy"Réd;breasiéd Nuthatch and‘Halry B

, Woodpecker - o . '7 - _c‘

| Compar[son of use and avarlabrlrty wrth all brrd specres\pooled showed that trees
below the 25-29 cm dbh class were used less Lhan in- pi‘oporuon o r.herr avirlabrlrty ie -
Lhey were avorded {Fig. 4) Larger diameter classes were preferred The same general pattern
was observed lor Yellow-bellied Sapsucker alone because the nest sample was domlnated b\'

Lllrs species (Frg 5) Prleated Woodpecker avoided trees below Lhe drameter class 30~34 cm,

and showed-a strong preference for -ITees * greater Lhan 40 cm dbh. No consrstem pattern was

1

evident lor Northern Flrcker, which srgmf‘rcantly avorded trees in the 15-19 cm and in the.
. 2529 cm diameter classes. The relatively strong, but not signfﬁcanr, preference of fNorthern
Flicker for trees above 40 cm dbh is probably due 1o its use of old P'ileated’Woodpecker
cavitids. Use and availability did not differ sigm’l‘rcantly for Hairy Woodpecker, Red-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
" classes had the same sign. The diminished resolution, however, would have resulted in some -
loss of\ information. . v | y

" Mean height: o'f‘nesl trees ranged from 12 m for Red-breasted Nuthatch to 19 m for
Prleated Woodpecker (Table 7) Nest tr’&es of Red- breasted »Nuthatch had srgmﬁcamlv lower -
mean hergth than those- of all or.her specres except Norr.herniFlrcker Mean values for -
Yellow-bellied Sapsucker, Prleated‘ Woodpecker, and Hairy Woodpecker did not differ ’
" significantly and were greater than those of Red-breasted Nuthatch, "Northern Flicker, and
Downy Woodpecker, although this differencf\;vas not significant in the case of \Down_v
. Woodpecker which had a very small sample size. The shorrest nest ree, 2 m in height, ‘was

occupied by Northern Flicker.

Results of selection analyses involving u t ate not shown because height was

correlated with tree diameter and top And tree condition. These correfations dominated.
selection patterns, masking any possible selection for tree height iwself. Tall trees were
’ N\

R - ' . v
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Fig. 4. Diamecter classes of nest trees (used) and of trees in the random sémple (avai]ablc).

Data for all spccics of primary cavitv-nesting birds were pooled.
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Fig. 5. Sclection of tree diameter classes by primary cavity-nesting birds. Vertical lines

L]
represent 95% simultancous confidence intervals. Complete bird names are listed in Table 1.
A superscript "1" indicates that differcnce between use and availability was not significant

(Chi-square test). Cases wherc no nests were found are marked with -superscript "2".
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“mean nest hole heights. The lowest nest found was located 1.3 m above the ground and wis.

@* -

) - .
»

preferred because the\ tended to be in the larger drameter classec and short trees were

‘preferred by some bll‘d species because they tended. to be dead or have dead 1ops. Thc .

'selecuon pattern for tree height therefore displayed a_misleadihg double peak in preference

o ® .
with an apparent avoidance of intermediate height classes.
Mean helghrs of nest cavity entrances ranged from 5.7 m Lor Northern Pllcker 1o

92 m for Plleated Woodpecker Except for Nonhern Flicker all' species had VETY slmllar

occupied by Yellow-bellied Sapsucker.

ILe_g‘v condition
Yellow-bellied Sapsucker, Pileated Woodpecker, and Hairy Woodpecker used live rreCs
with live tops more often than dead trees or trees with ‘dead l‘ops,‘: whereas the bpposile was
found for Red—breasted Nuthatch, Northern Flicker, and Doyvny Weodpecker ’(Table 3).
| Selection for tree conditon differed markedly berween trembling asp'eh and pap_erubirch,

hence the 2 tree species were examined se arately. Dead trees and live. trees with dead tops
P P P

were treated as one category Use and availability within each of the 2 Lrec condition

s

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

When species were considered separately no significant dlfference between use and avallabllm

was found for Yellow-bellied Sapsucker, Plleated Woodpecker and Hairy Woodpecker (hg 7).r
Red-breasted Nuthatch Northern Flicker, and Downy Woodpecker, however showed a
significant _preference for dead or partly dead wembling aspen. Live trees with live tops vs;erc
avoided wirh the same magnitude, since for dichotomous variables, séecu’on pauerns i the 2
categories are mirror images of one another.

For paper birch, no nests were excavated in fully live trees (Fig 8$, which is/'rcﬂc'clcd

in the strong avoidance of this category by all bird species (Fig. 9). Samplc sizes of nests
in paper birch were only larg%e enough 1o calculate selection indices for Yellow-bellied

Sapsucker and Red-breasted Nutﬂatch. . ’ -

2]



Table 3.‘Cond1t1on of trees used fer nestlng'by pffmary

: cav1ty/nest1ng birds. - .
', ’ _ Number of ﬁests found
S ‘ - » Live with Livelwith’ /
- Bird species -~ +  Total ‘Dead dead top l%ve~top f
‘Yell’b:w-b ied sapsuckéf} i59 18 14 \,‘\71727 ‘ \
Pileate@g obdpecker‘;f ‘" 20 '- 6 - 2 | v ‘Ei\\"‘“’)
Hairy Wooflpecker ‘? 18 e 2 5
Red-breasted NuthatEhy; - 24 “ 10 g |  5
Northern Flicker . ,»;17 IR 4 | 5
Downy Woodpecker K 5 . 4. . -
all species' : 243 49 33 . 161 

'includes nests of unconfifmed species
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Fig. 6. Condition of nest trees (used) and of trees. iﬁ the random sample (available), for.

trembling aspen. Data for all species of primary cavity-nesting birds were pooled.
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in Table 1. Az?crip! "1" indicates that difference between use and availability was not

significant (Chi are test). Cases where no nests were found are matked with
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Heartwood decay ‘ A Lo | K

»

; . _ ,
[‘J o T .' ¢ -VW-
All trees were examined for presence of the following indicators of heartwood decay:

fungal fruiting bodies (conks), scarc showing exposed wood, and broken . Fungal conks
are a definite ’si}gn of decay, Whereas scafs T broken iops merel}'iﬁdicgthatdéca)‘ T\*
likely '{o' be present since they represent possidje entrance points for heartwood‘ decay .
organisms. All species except Pileated Woodpeckeh, and Northern Flicker used trees with
rfungal conks more freéuénﬂy “than trees without { conks (Table 4). Two ‘s'pcciés of fungusu werg
identified. The most 'comm‘on one was Fomes igniarius, whiéh occurred mainly on trembling
aspen. The -other species, Fomes jfomentarius, wés mostly associgned with paper birch. Oniy
;10%. of" available "trees had fungal coru;s,’ whereas thf;y werev pfesent on 70% of t{hc nest
" trees (Fig. 10). A significant preférence for nesting in trees -bearing  fungal conks was
/vobserved for’all' bird species (Fig. 11). T

Use of treeé with and.w"lthout‘ scars was quite sifnilaﬂr, although the latter were used
slightly more often by all bird species (Tal;le 4). Compafison with availability showed that
nesting uée of trees with scars- exceeded the proportion of scarred trees in the ' random
Samble (Fig. 12). When selection wa; éxarm’ned for each bird species separately, howevcr‘
only Yéllow—bellieci‘ Sapsucker shdwed a significant prefergnce for trees with eviaence ‘o[' past
'injury (Fig. 13). For ali other species, ‘Chi—square tests “indicated no signiﬁcamt difference |
between_use and availability. . (

" In the analyses examining‘ selecuon for top condition, | 'only’considcred Qead trees or
live trees with dead tops, because live trees with live tops, by definition, havé intact (ops.
bAll species.except Hairy Woodpecker, which was represented by only 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 morg ‘than in proportion to their availability

(Fig. 14). Excluding fully live trees, however, greatly reduced sample sizes, so that differerices
TR - . - ( » .
between use and availability were not significant (Fig. 15). Although all confidence inmtervals

included 0, a tendency was apparent for. all bird -specie's to prefer trees with broken tops to

i f 7‘ . - T <
- : | 27 : ’



mmﬁﬂmum umEL.mcoucsuOmuwmcmmUJ_uc..
sdoy’ ummu cu_z mmvﬂu m>_.L0mmmLuummu >_co mwu:_uc_.

{ > L LW
, “ ? :
, os zE 8Z1) Sl vL L - 8 144 eve | S@j2ads (e
v 3 .mh 4 3 - I € S Jaxnoadpoom Aumog
J -
L S 6 8 #/ (] - € v VA 481D, | 4 UJBYIJON
/.,, \, Y £
14 S Et 4 I (o]} } v 6 v yoleyinN paiseauq-pay
. , ! 14 i - “ .
- M\ S . (34 € - - S 8 J2no08dpoom AdjeH
; ‘ .
S 24 b 6 - (]} } } 8 (o] 4 JanDadpoOM PB3IEI| I d
. | .
. "t
8l vi 8 8L =1 S L “Th) 6514 J8nonsdes pay||9Q-mo B4
uaxouan 3joeju} juasqe 3juasaud S®UOD pdI JLiuap! SN} Je JUdWo 4 m:_gmacub u $a)o5@ds puirg
ou jou Sowo 4 mwsmuk B
1UOL )} tpUoD doj sJeos S®HUOoD _mmCLm 30 s8)o3ds .

‘spatq Bulisau-A3AeD Auew)ad Aq U@m: S994} 1S8U U0 Su03eID|PUl AeD3pP O IOUIS3ud

N

_
v a1qey

28



S ol ] L
i B
ol % ...... = %

present. absent L
FUNGAL CONKS : . T

~

- v
B P . . —

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

(available), Data for all\ spccies of primary cavity-nesting birds were pooled.
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Vertical lines represent 95% simultancous confidence intervals. Complete bird names are listed

in Table 1.
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(available). Data -all species of primary cavity—nesting birds were pooled.
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lines represent 95% simuliancous confidence intervals. Complete bird names are listed in Table
1. A -superscript "1" indicates that difference between use and availability  was not significant
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Fig. 14. Top cond'itjorr of nest trees (used) and of trees in the random samplc (available).
" Only dead trees and live trces with dead tops are considered. Dawa for all species of

primary cavity-nesting birds were pooled.
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P
= .

intact trees. This tendency was strongést in the cases of Red-breasted Nuthaich and Downy

A -
&~ v

o

Woodpecker, - e ' - v \ .
" B . . - V I'A PR X ) /

Nest Entrance Orientation

Is

2

. Observed nest ént;'a‘nce oﬁentatjoné Vwerei ‘grci)up’ed into 8 compass directgns” (Fig. 16).- 1
conducted a one-sample ‘Chi-square test with equal- expected L‘recju‘enc_:ies‘ for each of the § -
directions (Batschelet 1965), to teét for- preferences in entrance orien[auén. ‘Although it
appeareid [h/é\ nést entrances fagéd’ most of_;en west and south—w'est.\and least often nerh, no -

preference - was detected, i.e. nest hole orientatons did not significandy differ from uniform.

‘The: same result was obtained whether bird species were pooled or each species considered
. B!

separately.

Comparison of Old Cavities and Active Nests - ‘ - o

Active nests are often scarce and nest searches are“ time consuming. I repeated the
selection anélyses, ba\séd on the presence ‘of old, unoccupied nest cavities, to detgrmine'
whether old cavities could be .l.lséd in studiesv of nest site selection to increase sample sizes‘
of nests aend’efﬁcienéy of sampling..Of the nest and ‘sample trees, 228 had onc 6r morc old
cavities, that had been ‘ex'ca\\/ated by primary cavity-nesting birds. Old ‘cavities were not
- subdivided by bird spe)cies because 'the excavator species could not be confirmed. Selection
was' calculated with the 228 trees containing old ‘cavities Tepresenting nesting usc. The samplc‘
6T available trees was the same' as in the selection analyses involving -active nests. The

¢ patitern of selection tgaséd on old,‘unoccupied cavities was found 16 be very similar to that
based on a_ctjve, nests with alI bird species pooled (Table 5). The only excepu'oh 10 this

similarity was the variable top condition. Active nests. indicated a preference for broken tops,

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

+

-

none of the selection indices for top condition were significant. ) : .
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Fig. 16. Oricntation of nest cntrances, grouped into 8 compass directions. Lengths of arrows

are proporQoxxdl o numbers of nesls rcprescnted. Numbers are percentages. Data for all

specics of primary-cavity-nesting birds were pooled.
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Table 5. Comparison of nest tree selection indices ba
active nests and on 0]J3, unoccupied cav1t1és ot prlma
cav1ty nest1ng birds.

sed-on
T

Y

. SR Selection indices
+95% simultaneous confidence intervals

o ~Active nests . 01d, unoccupied
Variable (n=243) cavities (n=228)
Tree species .
Trembling aspen ‘ 0.32+0,07 - 0.2920.07 _
Paper birch ‘ -0.29+0.06 . =0.27%0.07 -
Other' -0.03+0.02 ~0.02+0.03
Tree diametér (cm dbh) -
15-19 -0.19+0.05 -0\ 18%0.05"
20-24 ‘ -0.13+0.07 -0.72+0.07
25-29 0.06+0.09 0.02+0.08
30-34 ) 0.10+0.08 0.13+0.08
35-39 - 0.05+0.07 0. 06+0.07
240 ‘ 0.09+0.07 o 0.09+0.06
Tree condition N
Trembling aspen : '
dead or dead top 0.04+0.08 0.05+0.08?
live with live top. ~0.04+0.08 -0.05+0.08?
' .
Paper birch . ‘ g
dead or dead top . 0.76x0.06 0.73+0.09
live with live top 0.76x0.06 -0.73+0.09
Fungal conks .
present ' 0.60+0.07 ‘ 0.52+0.08
absent -0.60+0.07 -0.52+0.08
“Scars . .
present 0.21+0.08 0.22+0.,08
absent -0.21+£0.08 -0.22+0.08
Top condition? : ~
intact . -0.09+0, 142 0.14+0.15?2
broken - 0.09+0.14%2 -0.14£0.15?2

"includes black cottonwood, thin-leaved mountain ‘alder, and
willow

differenge between use and availability not significant
(Chl—square test) -
*includes only dead trees or live trees with dead tops
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Nest Tree Variation among Species of Primary Cavity-Nesting Birds s

.

Most of the wvariables describing nest tree characteristivcs\sh’owed some degréé oﬂi}jf»

o - . . . ‘ e
imercorrefation. I conducted a principal components analysis to obtain ‘independe‘m/linear
‘combinations “of the original variables that summarize mogt of the variation in the data on

- 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 f;)und, were considered, so tree
species could be treated as a dichotomous variable. Nests of Red—brgasted Nuthatch and
Northern Flickér}n old cavitiés excavated by other species were excluded to obtain a. more
accurate characterizati'on of trees used by each species for building their own nest cévities.
'FourA 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 relalive strengths of correlations betwe'en'principal' component a%es and original variables
were used for a biological interpretation of each component. The first principal component
mainly summarized ;1 correlated c};n:plex_of variables représen_ted by tree height and condition

-

of treé and top. High scores on thi¢ first axis indicate short dead nest trees with broken

ops. “whereas low values characterize nest trees that are 1all, live and have intact tops. The

second .component is less interpretablé. Althougﬁ presence of fungal coﬁks.‘pree diameter, and.
. lree species are most high]y conelated with this component, the correlations coefficients of all -
other variables, eixcepl Lreeﬂh‘eighl are also strong. The third axi$ shows a clear correlat.iGn | |
with presence of scars, and presence of fungal conks characterizes the fourth principal

component. The smgnd, third, and fourth components m;y not be particularly meaningful

combinations of variables, because biologically interpretable combinations are not necessarily

orthogonal .(mutually perpendicular), as are the axes constructed in 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, contdined 56.6% of the total variation (Fig. 17 Yellow-bellied Sapsucker,
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#“V>¥Tab1e 6. Results of pr1nc1pa1 components anal¥SLsfo£ lknestltneegfgggg,—f
wvariablesf for 6 species of primary cavity- nestlng birds. Only
components explaining more than 10% of the variance are shown.

o - o . Principal component N
N\ Y . | V}/ g P : ; ‘ ’ 7
S _ . 1 11 111 IV :
\ s i . 3 . L /—\\\
H T
' Variance explained (%) - 35.1 21.5 13.9, 1t.4
~ Cumulative variance explained (%) 35.1 ;%.6 70.5 81.9
. . N A '
~——"-Correlations between components
. and original va:iables
Tree species' = _ . 0.47 -0.50  0.30 0.34
Tree diameter (cm dbh) -0.54 0.60 0.01 -0.22
Tree height (m) s —0.87 0.09 -0.03 -0.02
Tree condition' " 0.76 0.41 -0.12 -0.22
Presence of fungal conks' - 0.02 - 0.65 -0.17 0.74
Presence of scars' ‘ -0.02 0.36 0.9t - -0.02
Top~condition! S 0.78 0.40 -0.05 -0.18

'Dichotomous vériables,are coded as 0 and !, where 0 notes
trembling aspen, live with live top, absence of fungal conks,
absence of scars, and intact toép.

A
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Fig. 17. Mecan scores * 2 standard errors—for_ nest rees of 6 spe'cies'of primary cavity-nesting
birds along the first and sccond principal component axes. Letter codes aré cenEed/oy
spccies’ mean scores.. See Table 6 for contributions of original nest tree variables to cach
principal 'componan 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
Woodpecker (n=20). H=Hairy Woodpecker (i=8). N=Red-breasted ‘Nuthatch (n=17),

. F=Northern Flicker (n=14), D=Downy Woodpecker (n=4). o '



Pileated Wooduecker, and Hairv Woodpeeker had very Similar scores along the first axis and

A

~were well separaFd from Red—breasted Nuthatch Northern Flicker. and Downy Woodptcke
Specres in the latter group assumed hrgher values because the\ nested more frequentl\ in
dead or broken trees which were on ayerage shorter than nest trees 2[ Ycllo.w—belllcd
Sapsucker, Pileated Woodpecker, or Hairy Woodpecker. }Red—,br‘eas[ed Nuthaich had the highest

mean Score. Although small sample "sizes of some speeies, especially' :Dow'n_\' Woodpecker,

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

distinct. There was much less separation of species along the 'second principal component axis.

The highest mean score on this axis was for Pileated Woodpecker, which o average used

STz, ’ : .
larger nest trees than any other species and nested exclusively in trembling aspen. The mean -

score of Pileated. Woodpecker was significantly different from the means of Northern Flicker

-

‘ ‘ _ A B
and Red-breasted Nuthatch. Yellow-bellied Sapsucker also had a signil‘rcantlv higher -mean

&

score than Northern Flicker and Red breasted Nutha[di because nest trees ol \cllow bellred

®

Sapsucker were generally larger, had a high mcrdencc of fungal conks, and nests were maml)

"

in tembling aspen ; -

{

Relative Value of Tree Characteristics as lndrcators of Nest Tree SuiLabiliu'

—_— e e L, 2

A stgp,wiselogiSLic ‘regression was conducted for uembllng-‘ aspen, in which the

) clraracterisu'cs of nest trees and o.f nonfnest trees were analysed to dctermine which variables
most accurately predicted the ‘probability. of an active nest being present or absent in a given
tree. The best predictors were considered 1o be the most reliable indicators of a 'trec'sf
quality asnest site fer primary cavity-nesting birds. Of the 6 tree variables tested, ee '
'condition and height did.not achieve the F-value required to enter the model. All other
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 comks is thus the best indicator of a tree’s quality as nest site for

il
5
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Table 7. Summary of stepulse lOngth regress¢onf£or4tnembllpn

aspen, analyzing character1st1cs of nest trees and trees w1thout
nests. Species of primary cavity-nesting birds were comblned in
the analysis. : A

-

i

»-

o : Improvement P
. Variable Step entered Chi-square value
Presence of fungal conks (. - 279.7 0.00-"
Presence of scars | 2 ~...29.8 0.00
Top condition - 3 ~15.7 0.00
~ Tree diameter' N o 4 ‘ 16¥@ - 0.00
Tfee_conditfbn‘, - " not entered : \
Tree heigﬁt‘ not entered a
. : E 4
'loge transformed - ;
|
\,
N
\
Al \‘\
\\
L, \'\ %
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primary cavity-nesting birds. The next best variables to be used in conjunction with presence

—— - N . N N . . e > P
of conks for further improving the predictive power of the model, wer’e~presence ol scars

and top condition. Bll‘d 'species ,were pooled for this analvsv\ o obtain a sufficiently larh.t

sample size. SiCe the nest"sample was domindted b\ Yellow—bellled Sapsucker results were

irch are not presented because the number of nests was too small to produce reliable

results. However, it appeared that presence of fungal conks was also the best indicator of— -

nest tree quality in paper birch.

Influence of Surrouﬁding Vegeuation on Nest Tree Selection

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

or mlxed forest comprised only 5% of the whole study area and thus appeared o be hrghh e

preferred for nesting compared to Lhe surroundmg comferous forest, which consmcd mainly ol
- . _ / \\ ) \ -
Douglas-fir. . . . —

\

I analysed a large number of parame[‘ers,,desc'riﬁi‘iﬁé the vegel}iﬁqn surrounding cach nest
- ~

- "
—

tree, within an 8 m radius (page 9), to determine whether characteristics of the vegetation in

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

- : I

-primary cavity—nesting birds. The same variables were assessed for. the immediate vicinity of
randomly sampled I'IéeS"\to'"“déterinine‘ ;vajlab'ility, To detect differences between the
surroundings of used and available trees, I conducted Chi-square tests for cach variable,
considering each bird species separately. I then calculated Strauss’ ( 1979) index of sélccubn o
examine patterns of_ preference and avbidance. Only 7 of the variables showed a significant
difference:between usé and availability for some of the bird species. Almost all of the
indices,!iﬁéluded 0, indicatjijg that "selection” was not sigrﬁﬁca;lﬂy different from random. The
only significant selection patterns were avoidance by Pilea-ted Woodpecker of nest trees

surrounded by vegetatiog dévoid of tall live trees, and avoidance by Yellow-bellied Sapsucker

o
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selectioni is guided by characteristics of the trees

- & . N .
.

AN . e
of nest trees in deciduous stands lacking trembling aspen. 1 therefore conclude that nest tree

themselves and not by characteristics of the

vegelation in. the immediate vicinity, with”the few exceptions outlined above.
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- CHAPTER V

DISCUSSION

» (3

Nest Tree Selection

T;ee condlition and decc;y'

All species of primary éavity'—nesﬁng mbirds strongly_ preferred to nést in trees bc.ziring
fruiting bodies (cpnké) of heartwood. rot fungi. Presence of fungal conks was the best ;
indicator of a tree’s quality as rgg\s;te, followed, at least in the case ol qcmbling aspen,
t;y 2 other indicators ;of heartwood decay  (presence ‘of scars and top condition). Heartwood
decay thus appears to be the most impbrtant tree characteristic inﬁu'encing selection of nest
trees. . _ ' .

The species of decay ’agents involved - in my study were in almost all ‘cases Ihe heartrot

. . - L]
fun'gi" Fomes igniarius in tembling aspen and F. fomentarius in paper birch (Rile)," 1952 -
e “Shigo 1965, Foster and Wallis 1974). F. igniarius ‘invades live trees, softening Lhe hcarl‘iavozd;

while the sapwood Temains unaffected. Such .trees may be especially suitable as nest tfées

because the decayed heartwood is soft enough for easy excavation, and the hard shell of

A

sound sapwood " surrounds and protects the nest cavity (Shigo and Kilham 1968, iKilh‘am 1971,

Conner et al. 1976, Miller and Miller 1980). Most species of primary cavity-nesicry are ablc -

-

to excavate the cavity entrance through sound wood. However, further inside the cavity, '

pecking movements are restricted and their blows have less force. Decayed woog¢ is therefore

required in the interior of the tree 0 construct the. nest chamber (Millcr and MiNgr 1980).,

'Primary cavity-nesting birds can apparently locate, by sounding, portions along the trec trumk
. . ot '

=

' \gl/ﬁ have decayed heartwood,.even if it is surrounded by healthy _ sapwood (Q'onncr‘ et _“al..

K

1976, Miller and Miller 1980), e

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

-,

decay found in trembling aspen infected with F. -igm'arius does not usually occur, becausc the

heartrot fungus associated with paper birch, F. fomentarius, appe-ars to .attack only dead trees

-
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or dead poruons of live trees (Foster and Wallls 1974, personal QbservauQn)JJnve_parts of

paper birch therefore tend to have sound heartwood, which may explain Lhe absence of nest
cavities from live tree portmns which was also observed by McClelland vand Prissell (1975).
After tree death, the -sapwood usually decays relatively fast in paper birch, 'so it soon loses
its value as a protecti\;e shell.
Speues of pnman cavrty—nesters have different capabilmes with respect 0 the hardness
| of/wood they can penetrate . (Spring = 1965). Yellow—bellied Sapsucker, Pileated Woodpeeker and
Hairy Woodpecker preferred to nest in'lIembling aspen with- decayed heartwood }surroundegl_

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

condition, probably because in trembling aspen the sapwood remains firm for some yea‘rs after

tree death, providinlg protection to the nest cavity (Reynolds et al. 1985, personal onSErvarion).
Red-breasted Nuthatch and Downy Woodpecker, on the other hand, appeared unable to
excavate through a hard saowood shell. All self—excavated nests of these species were in "dead
trees or dead portions of live trees, which .are likely to have boih sapwood and heartwood
softencd b/y' decay. Northern Flicker also preferred dead or panly dead trees for nestiné. Five
of the ’l?l apparentlv sell“—excavated nésts of Northern Flicker were in live parts of trees.
Howev;rw there were some mdicauons thar they ma\ have been enlarged cavity .attempts
aban?(loned by Pileated Woodpecker. This affinity of Red—breasted Nuthatch, Northern Flicker

and Downy Woodpecke; for dead wood has also been observed in other studies (LaWrence
lg67 Conner et al 1975 Conner and Adkisson 1976, Raphael and White 1984 Madsen
1985). L.acl:ing a firm shell, tliese nest sites' offer less protection, but I noticed no signs of
predation. ) ‘

The division of the soecies of primary cavity-nesting birds into 2 groups wags clearly
shown in the princioal componenrs analysis, where Yellow-bellied Saqsucker, Pileated
Woodpeeker. and Hairy Woodpecker were separated from ,Red—breasted Nuthatch, Northermn -

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

mainly characterized by tree condition and correlated variables (top condition -and tree height),

¢
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and may- be interpreted as expressing the condition of the sapwood (live orw.dead)‘

Yellow-bellied Sapsucker, Pileated Woodpecker, and Hairy Woodpecker were able to use liv

_Lrees'with heartwood decay. sunouﬁded :b_v sLound sapwood. This‘ ‘grbup of species: mayv be ™\
called "stIong- excavators”, in contrast t.o the "weak excavators” Red—i)reasted Nuthatch, B
Northern %licker, and Downy Woodpecker, which generally- did vnot cx‘cavale through so'uri'd

wood blit appeared 10 ‘require trees where decay had softened both ‘sapwooéi and heartwood.

*

Presence of fuhgal conks is a“ definite sign of Heartwood decay. An absencé of fungal:

conks, however, does not necessarily mean -that decay is noi present, 'because decéy tu;{g/l
often do not produce fruiting bodies until years after inidal infection. T'wo indirect decay
ir}dicators were cinclu_ded in the analyses: pfcsence of scars with exposed wood,—’and top
éondition.' Except for Yellow-bellied Sapsucker, primary cavity-nesting birds dbid;_n‘ot
sigmﬁcanﬂy prefer trees with scars for nesting. Scars were often basal, cauéed b\ logging
, ma’chinery, and deca_lly organisms may have have entered through Ihe wound, but Adecay had
not extended to a hei;ght‘ acceptable for nesu‘ng. i R

| Many investigators noted a preference for trees with broken tops (Conner and Agkisson
1976, Bull and Meslow 1977, McClelland 1977, McClelland 1979, Manfian’ et al, 1980, Scott et
al. 1980, Harris 1983, Madsen 1985). A broken top probabl} accelerates invasion b» heartrot
‘fungi and the resulting decay occurs within a height rahge suitable for nesting. However, in

my study, no significant selection for top . condition was observed, although there appeared to -

be a tendency to prefer trees with broken tops. This -absence of significant selection may -

have been partly due to the small sample size. caused by exa\usion of live tree$ f'rom/ ¢

‘ . - A 7
analysis. Another possible reason why broken tops were not sign}f@nly prw over intact
tops ahd why most species did not select for scar’ré'd trees, I Lﬁal, in the case of chmbljng
aspen, decay organisms probably enter through dead branches and minor wounds (Conner ct
al. 1976, Anderson et al. 1977, Perala 1977, Etheridge and Hunt 1978, Scott et al. 1980), so

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

of branches below the tree crown seemed to be part -of the normal growth pattern for
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trembling aspen, provxdlng -an abundance of p0351b1e entIance pomts for decay organisms.

‘Trembling aspen thus appears very ﬁrone 1o mfecnon thh heartrot fungl (Basham 1958) In

pdper birch, top breakage was usually  subsequent Q top death and softemng of the wood bv

-

decay. In many cases top’ death and decay Mmay have been caused by sap—feedmg -

-

Yellow-bellied Sapsucker, whbse‘dnll.holes\glrdled the bole and facilitated entrance of _ fungal

2

spores. - s -

Importance of heartwood decay to primary cavitv—nesters has been noted in many

studies, involving® various tree  species. Preference of Yellow-bellied Sapsucker for trembling

L

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

* Kilham (1971), Erskme and McLaren (1972), Winkernitz (1980) Scptt et al (1980), and

¢

Winternitz and Cahn (1983). In their study of Williamson’s Sapsucker (Sphyrapicus'thjzroideus)
and Red-naped -Sapsucker (Sphyrapicus [varius] nuchalis), Crockett and Hadow (1975) ffound
that both species preferred trémbling aspen Ajnfecfted with F. igniarius. McCl‘ellan»d.'(119-77)
found that primary cavity-nesters preferred to nest in ljve' of dead western larch (Larix
occidentalis) with proken tops, infected with thewheartrot fungi, F. ldfacis or F. pini; and

also nested in broken top paper birch infected with F. igniarius or F Jomentarius. Nesting

use of _live western larch bearing\ conks of F. laracis was also observed by Madsen™ (1985).

AY . .
Ligon (1970) ‘poted a depgndente of the Red-cockaded Woodpecker (Picoides borealis) on

N, , .
living pines affecied with F. /hini heartrot and Kilham (1971) observed that Hairy

ey

Woodpeckers usually nest i ees infected with F. igniarius. Miller and Miller (1980) "
sec_Li_oned a- large numbér of nest trees and found JLhat almest "all nests had bcen excavatedvs |
in decaVed wood Conner et al. (1976), working in oak-nickory forests 1n southwestern
Virginia, cultured wood” samples from the heartwood of nest trees of Nortnern Flinker, Hairy, )
Downy, and Pileated Woodpeckers. They determined that all had been infected with heartrots
prior to excavaton. Several studies rteported that Pileated Woodpecker can nest in sound
wood (McClelland »1979, Miller and Miller 1980, Harris 1983). Harris (1983) ranked tree

5

species a(;cording to wood hardness (based on specific gravi‘ty? and observed that in the

%
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species with the softest wood, decay may not ‘be necessary o allow nest excavation. For

-~ . £

weaker e'xcavatg;rs than Pileéled Woodpecker, however, all e species may be too hard to
. excavate without the aid of decay. | 4 |
. My results and other studies indicate that presence Bf (deca:ved -heartwbod 18 required by
virtua"llyrall species of prlmary cavityﬁesu’né birds for nest hole exca\}alion‘ and s important
in almost ;all‘ wee Species studied. , Selection for Lrec‘condit“jon‘and top conditiop, on the other
hand, 'appeérs 0 vary among -tree sgégiés, and seems o depend mainly on charac‘tcrisu‘cg of

the. decay fungi associated with each tree species. Preferegce for tree - condition also varies

among bird species, according to their strengfi as excavators.

-

A ner:strtiee m* have a large énough diameter to accommodate. a cavity with room
.‘ for an adult bird and nestlings. Species wigh larger body - size ob_\'riously require nest trees
'with greater diameter fhan smaller species. Mean and fninimum diameter ol 'ques actuglly
used for nesting usually exceed dimensions. dictated by mipimun} space requiremen-l's.//l’ossiblc
advantages of nesting in larger ‘\Lrees aré that cavites can have i’hicker walls whi;:h/ pm\v/i‘de
insulatiofl,- protection from predators, arnd lessen the dgnger'of the nes! ‘trees brsab\g at
cavity height (O’Connor 1978, ivﬁller and Miller 1980, Raphael and White 1984). Studies .of
hole-nesting 'passerines in nest boxes have shbwn that clutch size/ increased” wuh nest  box
area (Lohrl 1973, Karlsson and Nilsson 1977, Lohrl 1980, Trill‘m‘x/ch and Hudde 19%4). Ii. is

, A :

possible that there ‘is a similar relationship for primary c;.avilyf;nestipg birds. Use of larger
nest wees, which can hold more spéceous cavities, may thus ‘result in increased clutch size
and nesting success, Hinds and Wengeri (1977) noted a strong relationship between ch‘c: age
and incidence of decay in'trembling aspen in Colorado. This' ﬁndihg suggests that, in
trerrtbling” aspen and othAer species \»;.'here nestsv occﬁr in live trees, larger trees, which are
usually older, may be-used because they are fnore likely to contain the drecayed heartwood
required for nest excavation. However, I found only a weak correlation between tree diameter

and presence of fungal conks. The same observation was made by Winternitz and Cahn

i
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© (1983), for trembling aspen infected with F. igniarius. The reason may- -be that -in—trembling

——

- . “

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

clones.

In my study, Yellow-bellied Sapsuclger avoided trees below”fire 25-29 cm diameter class

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

urtl;g\mcrease in diameter, suggesting that there were no added advantages conferred -by -

nesung M larger than 30-34 cri dbh. Selection indices for Red-breasted Nuthatch and
Downy WQodpecker actually tended to decline in the larger diameter classes... This decline
impiies sorrle disadvantage of larger trees, which may, be erfplained by my ‘observation that
only a srrrall propordon of trees in the large diameter classes were dead with the softened
sapwood that these species need for cavity con/s:!uction.

= ‘ ' »

-Mean and mipimum 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 19'{2, Th‘gmas
1979, Mannan et al. 1980, Scott et al. i980, Raphael and White 1984, Bunnéll and 1
Allay&Chdn 1984, ‘M-adserr'1985, Zammowitz and Manuwal 1985). Th;: rrlain/redsons,lﬁr;:
probabiy that trembling aspen and paperv birch never grow as large as some ﬁof’;;the nest rree

—

species in other areas, and that especially trembling aspen' are favourable, safe nest sites :

because of the pattern of decay (softened heartw d surrounded by _hard sapwood), in spite

pf nests in

of [helr relauvel\ small dlameter compared to nest trees in other -areas. Stugd

4

trembling aspen (Kilham 1971 Erskine and McLaren 1972, Crockett and Hado 1975, Scott

et al 1980. Wmtgrnnz and Cahn 1983) showed nest tree #Biameters similar to those . observed
for -rembling aspen in my study‘. Mean (ree diameters used by primary cavity/nesting birds
Jor nesung and preferred tree sizes thus appear to vary with' tree species, parntly becaus;: of
diﬁgrences in decay charaéteristjcs. It should not be assumed that th¢ small ran'leters of

trembling aspen and paper birch used for nesting would also be adequate in’ the case of

other tree species.
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Taller nest trees offer greater protection from predators, because nests can be placed

higher above the ground (Kilham 1971, Dunn 1977, Nilsson 1984). Nest trecs of
"Yellow-bellied Sapsucker, Pileated Woodpecker, and. Hﬁy Woodpe‘ckef had greater mean
,‘heiéhts than those of’ Red—breabsted Nuthatch, Northemn Flricker; 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. 1 did not assess

preference for tree height because of the strong correlation of this variable with top and trie

condition, It appeared to be the least reliable indicator of nest tree quality (Table 7). In
other studies, tree height seemed 10 be more important in nest tree selection (Raphael and

White 1984, Madsen 1985).

In my study area, primary cavity-nesting birds nested only in trembling aspen, paper birc‘h;
and thin-leaved mountain aldér. Yellow-bellied Sal\)sucke‘r, Pileated Woodﬁecker, and Hairy
Woodpecker, capable of penetrating a sound sapwood shell. preferred 10 nest in ﬁembling
aspen, which providedg safe nest sites because of its decay charactefisLics. Red-breasted
Nuthatch, Northern Flicker, and Do\wny Woodpecker used tree species in proportion to their
occurrence. They appear to be weake} excavators and trec species does not seem 1o be
importag} in their nest tree selection, as long as sapwood and heartwood are decaved cnough
for easy excavation.

Preferenée for nesting in trembling aspen has been reported in a' number of other /
studies. Williamson's Sapsucker, Yellow-bellied Sapsucker, and Hairy Woodpecker pre.i’errcd
trembling aspen ip ponderosa pine dominated and in trembling .aspen dominated forest types
in Arizona (Scott et al. 1980). Williamson’s aﬁd Red-naped Sapsuckers, Hairy Woodpecker,
Northern Flicker, and Downy Woodpecker preferred tfembling aspen over a variety of
coniferous species including ponde,rbsa pine, Douglas-fir, white fir (Abies concolor), s-ubalpinc

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

Hadow 1974). Madsen (1985) noted trembling .aspen, which was uncommon on her study sites,
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o be impdrtanl for nesting’ primary cavity-nesting birds. High use of ] qgmb}ing aspen by

primary cavity-nesting birds was also observed by Bent (1939), Kilham (1971), and Erskine
and Mclaren (1972), Winternitz (1976, 1980), and Peterson and Gauthier (1985). British
Columbia nest record cards at the B.C. Provincial Museum, for Yellow-bellied Sapsucker,
Pileated Woodpecker, Hairy 7Woo‘dpecker‘ Northem- Flicker, and Downy Woodpecker indicated
that decidﬁous' trees, especially trembling aspen were used more frequently for nesting than
conifers. Elsewhege,_Pi‘leated Wobdpeckers WEre knever reported 1o prefer Uemblirig aspen, as in
-my study, but McClelland (1979) found them using black cottonwood and trembling aspen

where these trees were large enough, an‘d‘ British Columbia nest records sho‘we}d 15 of 41
Pilcaled WoodpeckerJ nests 0 be in trembling aspen.

A number of other tree species were often preferred for nesting in differentv
geographical areas. Bunnell and Allaye-Chan (1984) found that in forests dominated by
western hemlock (Tsuga heterophyila), Douglas-fir, and western red cedar (Thuj piicata),
western hemlock was preferred in a riparian area. In other sites, tree species were used in
proportion to their availability. Their analyses were based on presence of old nest and roost
caviLies‘in dead trees. In forests COhsiSting'mainl}' of Douglas—fir, western larch, and
ponderosa pine in north-central Washing;on, the latter 2 tree species were preferred for
_nesting (Médsen 1985). Preference for western larchﬂ over Douglas—fir was also observed in—
western Mon_tana (McCiélland 1977). Raphael and White (1984) found that most species ‘
preferred' white fir over Jeffre:&r pine (Pinus jeffreyi), lodgepole pine (Pinus contorta), and red
fir ( Abiesymagniﬁca) in the Sierra Nevada of northern California. In central Missouﬁ,
primary cavity-nesting birds preferred Américan sycamore (Platanus occidentalis) over a Variety
- ol uee species, mainlv hardwoods, in an oak-hickory forest type (Brav;n et al. 1984).

“ ‘lIn my study area, Douglas-fir and other conifers were not used for nesﬁng by primary
cavity-nesting birds, although the density of dead conifers was compa.rabie to those found in

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

investigators (Crockett and Hadow 1975, McClelland and Frissell 1975, Bull and “Meslow 1977,
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McClelland 1977, 1979, Madsen 1985). A list- Of tree species used bvweodpeekeﬁfﬁkmex
Pacific Northwest (Thomas 1979:381), partly based on o‘riginalx reséarch and partly on literature |
survey, also showed little nesting v_usék/ Qf Douglas-fir. Avoidance of Douglas-fir may be-
explained b;' its pattern of /c}eéa_v. Dead Douglas—ﬁr@eteriorate "fronﬁ1 the 6utside m", ie.
decay softens the sapwood"’before it affects the heartwood (Wright and\ Harvev 1967,
' McClelland 1977, Clihé et al. 1980). By the u'me'Lheoheartwood is sufficiently decaved for
nest' hole excavaﬁon, outer lavers of wood are sloughimg. In a western Ore‘gion forest
dominated"’;'i;y Douglas-fir with few dead trees of other ;pecies, Yellow-bellied Sapsucker,
Pileaté;i Woodpecker, Hairy Woodpecker, Red-breastcd Nuthatch, and Northern Flicker ncsted
mainly in Douglas-fir, using it in proportion to its av_gilabiliﬁ' (Mannan et al. 1980). |
Differences in nest Lreé use ,émong regions- and forest types show that most primaf_v
cavity-nesting .birds are flexible in their nesting use of tree species, and can adjust 1o local
availability. It s evident, _however, that some tree species tend to be preferred whenever they
are a'\‘/ailablé, whereas others are consistently avoided unless alternative species are scarce,
although some site specific variatiqflb;_r;x;}g\)ﬁ/ occur. De'sirability of a tree species‘for nestng
seems to be determineq mainl_v’;biv 1}5 @3@\ charaéteristics, as well as adequ.ate size. Trec

species prefetences differ among species” of primary cavitv—-nesters, probably becausc somc are

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

Surrounding vegeta.tion

All nests of primary cavity-nesting birds in my study area were located in stands cohlaining
deciduous trees, which comprise only a sméll proportion of the w.hole study af&a. This strong
selection may be explained by~the preference for deciduous trees, which appéar 10 be more
suitable for nesting than. 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 addiﬁonal reason for the preference for deciduous' or mixed stands, which often

© grow "in moister sites, may be characteristics of the  stands themselves, such as high insect

density and perhaps a more favourable microclimate, especialiy during the hot summers in the

. v 33



Kamioops region.

Winternitz (1980) investigated possible causes for the strikingly hiéh birci“density,
including cavity-nesters, in mmténe trembling aspen stands compared to‘ surrounding
‘Do'uglas—ﬁ'r and 'ponde-roca pine forest. She concluded that breeding' bird density and species
richness were related, to surface water andv ground moisture levels, presence of large and
numerous insects in the understory, 'nest hole availability, Fomes infection, and edge effecL ‘

These findings support my hypoLhesis'Lhat trembling aspen stands are preferred over:

—

surrounding coniferous’ forest because of favourable stand characteristics as well as availability
, .

of trees preferred for “nesting.

v

The influence” of the vegetation, in the immediate viginity of trees, on selection of nest

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

Adkisson ‘1976. Raphael and White 1984, HovrS»dnd Labisky 1985, Madsen 1985). 1 found

this factor to have very little importance in nest tree selection. The reason is probably that

v

my analyses were restricted to stands contaim'ng deciduous trees, because no nests were found

-

in surrounding coniferous forests Selection accordmg 10 ‘vegetation charactenstms had therefore

already {aken place and vegetation differences within the deciduous stands ma) not have beean

imporant enough to further affect nest site selection or 1o outwergh the mﬂuence of tree
characteristics® on selection. Most of the characteristics describing the vegetation in' the

_ A} ‘ B
immediate vicinity of trees assessed structural features. My results thus suggest that tree
species~composition is a much better” indicator of nesting habitat quality than structural
features of the vegetation. The imporiance of tree species composition over vegetation structure
in habitat selection by birds has also been stressed by Winternitz (1976) and Rice et al

(1984).

>
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Breeding Densities

) Breeding deqsiﬁes of primary caviq’fnesﬁng birds, calculated for the enure study arca
(Table 8), were Jlaw; ‘compared fo densdities reporied in other studies (Franzreb and ‘Ohmart

1978, Mannan et al. 1980, Raphael*apd\':"Wﬁ‘i[e 1984, Zamo;v;u and Manuwal 1§85). However,
nésting was Testricted o dcciduoué/and riﬂ}xed staﬁd’s, which représemed only a smail portion
of the study area. Breeding dénsities within these “stands were much higher',. buht could not ‘bc

calculated because of the patchy distribution of. deciduous and mixed stands.

' . Nest Entrance Orientation

Primary cavivty—\nesting birds often appeared to prefer certain compass directions for

TS
-

‘placement of their nest enwances (Dennis 1971, Reller 1972, Conner 1975, Inoye 1976, Korol
and Hutto 1984). Preferrcd directions varied among studies. These preferences have generally
been " attributed to climatic or thermal factors, i.e. primary cavity-nesting birds position their

.

nest entrances in relation to directions revailing winds, or 1o .opumize amount of incident

'solar radiation. .

'In my ‘study, no compass directon was significantly preferred. This unilorm orientation

_of entrance holes does not imply, that nest hole entrances were oriented randomly, or that

entrance oriemation is: unil‘nportani_ Instead, ?.he direction of the cayitﬁ' entrances appcared' 10

be chosen with respect @ combiglan'on‘ of local factors, rather than in relation 10 overall

, ( climatic aspects. Cévities ere observed to usually face away from obstructions, and downhill
in nest wees on sloped ground. This placemenl vrovides casy access (Crockett and Hadow

[

2 1975) and perhaps facilitates early detecuon of approaching predators. In some .cases, entrance
orientation appeared to have been chosen with respect 1o features of thce nest trec. |
observed that entrance holes.were sometimes situated beneath branch stubs or fungal conks,

p‘erhaﬁs because decay was most advanced in those places (Conner et al. 1976), or becausc

the projections proyided shelter for the entrance hole. The frequent placement of nest holes

L)
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Téble 8. Breeding densities' of prlmary cavity-nesting birds ing
the Orchard Lake and Skull Mountain Areas (2069 ha).

: | Number? - Breeding density
Bird species ~of pairs - (pairS/100 ha)

Yellow-bellied Sapsucker 94 | 4.5

. . B N ‘ .
- Pileated Woodpecker \ 6 0.3

Hairy Woodpecker ) : 5 - 0.2
Red-breasted Nuthatch ‘ 12 0.6
: Northeqé Flicker 9 ' 0.4

Downy Woodpecker 3 ' 0.1

Total ' 129 6.2

conservétive estimate, some nests may have been missed,
espec1ally of Red- breasted Nuthatch

2largest number of_nests found during one breeding season

»
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(Shert 1979), and may provide some protection from predators.

~
1}

below branches has alsp been interpteted as a means of discohraging nest _hole competitors

»

Influericev"' of structural features of the: nesting substrate was- also noted by Kofc;l axrxdr
Hutto (1984). -Conner (1975) arguea that the slope of tree trunks was the most. important
factor . in determining entrance orientauén. Nest holes were most often placed on the
underside of Ieaﬁiqg Lree‘s, probably for :protection‘ from rain as well as from predators or

competitors. There were too few leaning trees in my study to test this hypothesis. A variely . A

< . —

~of other local factors may influence -orientation of nest entrances, 173 importance of each

varving with tree location. I agree with &onner (1975) that? apparent preferences for certain

compass directions may often result from correlations with local factors, although in some
. L o .

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

S
. .

Comparison of Old Cavities and Active Nests e

LS e SRy e

Active nests are, generally/considered to be a more accurale basis
' . co i

for “analysing nest
e

with using “old

v
A\

tree preferences than old, unoccupied cavities. Solirces of error- associate
~ . o 1

cavities are that' tree characteristics may ;ha\%e changed ‘since an old cavity was buill, and

because old cavities cannot usually be located by the. presence of woodchips, differences

between dense and open stands in eaé‘eﬁ _of lgetéctjon may inffoduce a sampling bias. S
Furthermore, when old ca‘viu'es are, used it s 'o'ften‘difﬁgcuu to\"_determine which bird spicics.
excavated the ;cavity, or wﬁ.emer it was actually used as ésnést,‘ bééause!' old nest cavities
may- be cdnfused withL feéding holes o‘r‘i dlc;,' ﬁr;ﬁn;shed cavitiés. Analyses& 6f' nest Vtrecf'
seiection in my §iudy, th‘ev.er, WETE *Very similar, ‘whether old, unOCcupiéd.éavities ork active -
nests were used%as a measureiof nesting use, This simila{i.t;y. was mainly diié to the fact

that most of the 228 trees with old cavities also had active nests. Only 65 (28%) of the
nest trees did not show any sighs of p}évious nesting use '7(T§b_le 9. - ya ‘ —
This high incidence of old cavities in active nest trees suggested that once :j favourable

nest tree had been found, it tengied' to be re-used in subseéquent years. ‘This BeRaviour of

— R
- %.

. R

% - . '
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- unconfirmed species are excluded. e

,%» B e 3
Tabie 9. Number ana percent of active nest trees with and SR

_without old.cavities, and of nest trees found in 1984 that were ‘
re-used in 1985, apparently by the same spec1es Nests of -~ = .

- — . . : ——— e .
.o R ) - S

01d cavities Nest trees 1984 nest treeg/‘{“

- , - found in re-used in

~Bird species . present absent - 1984 1985
Yellow-bellied | = , - SRR

Sapsucker . 124 (78) 35(22) 65 f ©o27(42)
Pileated Woodpecker y3\$65) 7(35)“ 10 L 1(10) .
Hairy Woodpecker 2 (25) 6(75) % 3 C o 2(67) R
Red-breasted ; . :

Nuthatch " 13 (54) 11(46) 12 2(17)
: L , . A~ ' - S ,
Northern Flicker 11 (65) 6(35) 9 C2(22) ;
Downy wOodpecket 5(100) - ‘ 2 | -
all species 168 (72) 65(28) 101 34(34)

\" &
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usmg the same nest tIee for several seasons excavatmg a fresh nest cavity. each spring,

‘seemed 10 be espec1all\ common for Yellow-bellied Sapsucker OI the 65 \ellow—bclhed . S .

Sapsucker nest trees found in 1984 27. (42%) weTe re—used the followmg vear. I*{equem nestr

tree re-use by Yellow—belhed Sapsucker was also observed by Kilham (1971) and Erskinc and

McLaren (1972) Haur) Woodpecker showed . an even hlgher percenl of nest Lrec re—-use, bu1
. o ~
thts ‘result is unrellable because of the smal] number ‘of nests found for ths species.

“~

The similarity of results of, nest twee selecu’on analyses based on old and on ac:Li\’C»
nests suggests, at geast with 'respectuv to the'jree ahd ‘bird -species in 'my. study, thai old
cavities may be used in studies~ef nest tree selection 1w incréase the sample size of nests.
Survey of old cavities would be particularly useful when tme constraints or sceircil_\'. or .
breedi;lg birds make it difficult to ﬁnd a sufficient pumber of aclive nests. Where nest tree
Te-use is unco.rhmon, however, it may be better to rely ohl_v on active nesls,

The one epg,ception}toflv:he similarity between selection ‘patterns buSed on old and on
_active cavities, was that active nests indicated a tendency 1o preferrtrees with broken tops, '
whereas selection indi¢e~ based .on old cavitjes_were_.negatj've forl trees -wir.h broken Iops.-' This

discrepancy may be explained by the observation ‘that'c.l'e\ad nest trees tend 10 break at cavity

height, a weak point along the trunk. ol cavities may therefore not be pfesent on. the -

¢

remaining stump.
Pﬁmary“cavity—nestjng birds are',,f"g‘eueraily thought to build hew*hésl cavities cach

spring. 1 observed, however thajt Yellow—belhed Sapsucker someumes resmctcd its . cxcavauon

efforts to building a new enLrance 1mo a prev1ously used cavm ‘A pOSSlblC advamagc ol ths

behav1our is reduced energy expendlture whlle still mamtammo excavauon acuvmes Wthh Jmay - -

be an important part of cqurtship rituals. Multiple emrances 1o .a caviLy-'fnay ‘;also providc.

escape routes anfl favourable nest trees can be ré-used more often i the birds do not build

a complete new cavity each year. _ ) s
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-Effects of Forest Management on Nesting Habitat of Primary Cavitv—Nesting Birds

CHAPTER VI

[ MANAGEMENT IMPLICATIONS

/,

\/

-

In the Orchard Lake and Skull Mountain Areas, which are dominated by Douglas-fir

A

- forest under uneveh-aged managemerrt, primary cavity-nesting birds breed only'; in patches of
. . .4 )

deciduous or mixed forest. The tree species used for nesting are trembling aspen, paper
birch, and thin-leaved mountain alder. Deciduous trees are, so--far, not commercially harvested

T

and, most logging activity ‘takes place outside Lhe preferred nestino habitat. Some .disturbance

~occurs when conifers are harvested from rmxed stands, and because ~logging. roads provrde

access lo fuelwood cutters, who take mamly paper birch. However, a ‘more important problem
than ‘(e direct removal of potental nest I:rees are longterrn effccts of forest management_
Trembling aspen and paper birch are shade—mtoleram seral species. Uneven-aged management
and fire suppression tend to perpetuate comferous clrmax vegetauon thereby creating adverse
condluons for Lhe regeneramn of trembling aspen and paper brrch and thus rmpede -

Fl

continuous development of trees suitable for nesting.
. - ,

Suggested Managemem Guidelrnes

Identification of trees preferred for nesting . -

!

Nest Lree‘ preferences of primary cavity—nesting birds in the Orchard Lake and :Skull ]
Mountain Areas are listed irr Table 10. I_Ir, : ‘lving-aspen and’probably also in paper birch,g
presence of fungal‘conks is the . best indica/tcj\’j a tree’s likelihood to b,ev used for nesting.”
For a rriore accurate assessment_of nest tree quality in trembling aspen,_pAresence of scars,

top condition, and tree diameter should be examined in conjunELion with presence of conks,

- Tree condition and height did not appeart'o be reliable indicators of nest tree"rquality m

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

e



Table 10, "Attributes of trees preferred for nesting by primary

cavity-nesting birds 'in the Orchard Lake and Skull Mountain
Areas. An asterisk indicates that no significant-preference was
detected. Mean values (Table 2) should be used for nest tree
diameter where no significant preference was observed

Variable Stronger .excavators' ~Weaker excavators?

Tree species : ' Tremblinhg .aspen ~ Trembling aspen
- ' = or paper birch

Tree diameter (cm dbh) S: 230 : © N:'x
: : ' P: 240 F: * .
H:' % D: *
Tree condition - * ' - dead or dead.top
Fungal conks = ‘present . " present
Scars - S: present N: *
‘ - P: ¥ F: *
H: * : - D: *
- N
“Top condition3 * | broken

'Yellow-bellied Sapsucker(S), Pileated Woodpecker (P), and Hairy
WOodpecker (H: - o

2Red-breasted 'Nuthatch (N), Northern Flicker (F), and Downy
Woodpecker (D) : \

3inlcudes all tree conditions -
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analvses anary cavnty—nesung blrds dld not nest m 11ve parts. of paper birch. Tree

condition therefore is a 'valuable indicator of nest tree quality in this tree speeies. Old
caviﬁes. especiaily if numerous, also identify preferred' nest trees.-

It is often difficult to assess differences in habitat quality, in terms of their influence
on an afimal’s ﬁmess because declme in survival and reproductive success due to subopumal

- habitat conditions, may be a gradual longterm process,@a—use differences in habital

qualily - may only become apparent during low frequency, stochastic events such as weather
) ' . ) -
extremes. It is much easier and more effective to evaluate habitat quality by observing how

the animal reéponds to its habitat, and to manage for its preferences, because these

-

preferences are the result of evolutionary processes and are thus likely to represent .adaptive
behaviour that maximizes the animal’s fitness within the framework of local availability of

habitat cbmponents ‘Similar reasoning was employed by Conner (1979) when he suggested

>

Lhal ‘management guidelines should be based on mean rather than mlmmum nest tree
dlmensmns. However, mean tree -size used is affected by availability of tree sizes in the ‘

forest and: may nol frecessarily represent a preference. Preferred nest ree dimensions, 1f such

preferences are delecled.'"should thus be used in managing for cavi\ty—nesters. Knowing - nest
: . - .

: ~. - N
tree preferences allows enhancement of nest habitat quality, i.e. increasing the availability of

preferred ees in the forest may result in higher' population densities of primary -

cavity-nesters than can be achieved by providing equal numbers of trees: that may be usable%

but arc of lower quality. Some problems associated with evaluating preferehce have been

poinied out, especially rega'fding realistic assessment of availability (Neu et al '19.74, Cock

1978, Johnson 1980, Lechowicz 1982). |

| Every eﬁbr_l should be: made 10 retain trees with charaeteristics preferred for ne'sﬁné.
Trees of lower quality should also be retained, where not enough trees with prefeﬁ*ed

" characteristics are available to obtain the number of trees required tov support a particular
population density of primary c‘avity—ne.sters. The numberr of trees required has often been

calculated using the formula:
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{Y) = (A) x (B) x (

where (A) = rn"ax1mum populauon density, (B) = number of trees used annually for nesting
and roosting by each pair, (C) = buffer of trees, because not all apparently suitable trees , o

will be used (Thomas et al. 1976, Thomas 1979‘68—69 Raphael and - White 1984) Potential

”

nest trees must - be adequately spaced o accoum for }he birds’ territorial réqulremenls

[

On]y pnmary cavity-nesting birds were exammed in this slud\ It is assumed that

managing for primary cavity-nesting, birds will ensure a continuous supply of nest holes for
b .

b

Fa

secondary cavity-nesters (Bull 1978, Mannan et al. 1980).
. 4 "
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

-~ Y.

condition, pattern of decay) can vary among tree species, and tree species differs in their
ecology and in the role they play in forest management. Nest tree preferences and

X . .
management guidelines can therefore not be generalized among studies involving different trec

-

species. Some _Atee species tend to be preferred wheneverlitheyl are;gf’?avai]able and other§ are.
consistently ‘avbided, although some site~specific ‘variau'on may occur. This ranking of tree
.species can be ‘used to bredict whick of the available tree species is most important for
nesting in arr/eas that have not been studied, as long as the species composition of trees and
primary cavity-nesting birds is known. Nest tree preferences and management imp]'icaljo'ns‘
specific to the preferred tree species can then be extracted from. the literature. Morc studies
are needed to- identifv patterns, of nest tree selection for every tree species, .and i)_lest/;he

consistency of tree species-specific preferences among different sites ang regions.

Ensuring continuous development of trees preferred for nesting

Presently, the tree species used for nesdnm (Trembling aspen, paper

) -
birch) occur mainly as maturing O overmature serals:a(as defined by\ Walmsley et al.
19§0 64). ‘These seral stages are most _valQable as n&sung habitat for pﬁmary cavity-nesters,

because trees are large enough nd decay\ is far enoug% advanced, provxdmg an abundancc of
f

rees Cletistics-pfeferred for ne@ng As succession- -proceeds, these seral stages are
I~ \‘/f }\ .

!
\.
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replaced by a climax vegetation of hybnd spruce and in someJLtes J)ouglmwmcue—

not used for nesung

The goal in managingr for cavi;y—flesters is. therefore, to ensure the cohtjnuoﬁs‘
- availability of maturing and overmature seral stages. This can be; achieved by creating a
mosaic of successiOnalv stages, by periodically\ creating openings in sites suitable for the

A‘a,;«

regeneration of trembling aspen and papet birch, so that at” any point in time, some stands
are at the slages ‘most valuable as ;esnng habitat. ‘ : - s

Factors that»may influence successfﬁl regeneration of deciduous trees in these openings
(e.g. size of .clearing, site Ueat&nem, grazing pressure) .need o be exa;mined and managed
accordingly. Not all ‘trembling aspen and paper birch willadevelop into r;est trees of high
quality. Especially;Lhe large trees preferred by Pileated WoodpecEér do not develop on-every
site, Jt would therefore be useful to examine how site conditions influence the zieveiopment
of trees. preferred for nesping. Timing of this patchy stand rejuvenation is importint to ensure

o

continuous availability of maturing and overmature seral stages. At what intervals openings

should be created, depends on the rate of forest successidn, timing of incidénce
of decay (when do trees become usable for nesting?, how long are they usable?
features of each tree species’ reprpdﬁctjve biology. The number of old cavities mav b
to esimate how many years trees remain usable for nesting. ‘HoweVer, ‘difﬁculry of .
-distinguishing unfinished old cavities from old nests, and loss of co_nspicuousness"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 -
paper birch are not commerciall_v cut. In areas whére these tree ‘gp‘l‘e"cies -are harvested, or
eliminated 1o. reduce cotnpeuuon with conifers, integration of forestry and habitat for
cavity-nesters is much more difficult, because tremblmg aspen and paper bll‘Ch are cut before
the_\{ are large and decayed enough to serve as nestgggesr ‘To maintain habitat for
cavity-nesters, development of maturing and overmature decid\ilous seral stages shoq;g‘{ be

: ' ) o

o

allowed in some stands.

=y



Foraging habitat - -, e ——
’ / : , :
My study examined only pl{fm related to nesting. A positive relauonsmk\ between

densm of ‘suitable nest trees and density of cavnv—nesters is well documented (Haap’!t%_,__ﬁ
\ . 1965, Conner et al. 1975 McClelland and Fnssell 1975, Bull and Meslow 8¢ 979.
\ " Dickson )(/ al. 1983, Scott and Oldemever 1983, Raphael and White 9( Madsen 1985,
- - LSRN

5 Zarnowinz and Manuwal 1985) and suggests that avallabll\?‘ &ulmﬁk nest trees often limits.

T T ~.

o populauorr -sizes of cavitv—nesters. However, it is also 1mporr%nl 1o reéog}m'z.e hab al needs
- rg':lated’ to, -foraging, apd to consider Lﬁem in forest ‘managei;;menl plansWily—nesdng
‘ birds forage on a variety of woody substrates such as SméldMg/ live or dead trees, \Qlumpx'
down logs, and woody debns Some $pgcies, especially Northe\m Flicker, also forage on the

\

_ground, and 1 observed Yellow-bellied/ Sapsucker and Red—‘breastad Nuthatch  calching insects

_'7/ ’ ~

: /.-,‘*\l\ri flight. Standing dead or decaying trees may be the most ignportant feedmg‘s;ubs.lratc for
/ ' resi\plm {imar_v'cavity—ne_sters after snowfall.
a»AlEh;oriugh conifers were nof used for nesting in my~$tudy ar‘e;a’,i‘s"igns of wood _

excajvation or bark scaling by foraging primary cavity-nesters were very prevalent on dead
conifers, in mixed deciduous stands.as well as_in coniferous forest. Of the dead conifers, 72%
showed feeding signs, whereas only 38% of dead deciduous trees had been used for feeding.

) | Almost none of the live comfers showed evidence of foragmg The greal variability in dcnsm
of dead comfers mainly due to changmg wildlife tree management pohc1es and the palch\
distribution of deciduous trees, prevented meaningful cemparisons of the rclauvc availability of

\

5 prevalence of feeding signs on dead conifers, however, strongly suggested their imporlance as

dead deciduous and coniferous trees, so that preferences could rgt be evaluated. The

foraging substrates for primary cavity-nesting birds. Raphael and White (1984) and Madsen
(1985) found that foraging primary cavity-nesting birds preferred large trees. A conunuqus
supply of large dead conifers should be ensured b.y retaining delected trees of 'difi‘crcnl' ages.
and managing some stands on an extended rotation basis, which would also benefit other

wildlife species that require an old growth component
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