
Note

The following article, "Breeding Bird Abundance and Habitat Relationships on a Pri-
vate Industrial Forest in the Western Washington Cascades," by Thomas Bosakowski
(pp. 244-253) is a corrected reprint of the same article printed in the May 1997 issue of
Northwest Science (Vol. 71, No. 2, pp. 87-96) . The article, as it appeared inVol. 71,
No. 2, had an incorrect graphic inserted for Figure l. The article is reprinted in this
issue with the proper figure.
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Thomas Bosakowski, Beak Consultants nc 12931 NE. l26thpace Kirkand. Washington 98034

Breeding Bird Abundance and Habitat Relationships on a private
Industrial Forest in the Western Washington Cascades

Abstract
SuNeys wcrc conducted to dclcrmiDe the pfesencc. rel:rtive abundancc. and h.rbitat relationships of rhe brcedins bifd corimuDirv
on a pr ivalc industr ia l  fofest  (21.600ha) in \ \ 'estern \ \ ' rshington.  Alota lof  28.1 and 299 puint . "unr '  1x n, in, tur . r 'ont  * . t .
est.rblished i n I 995 .rnd I 996, re\pcctively .rlong unpaved logging roads \epuated bv a minimurrt d istan ca r:1 2.10 n. The cou1rs
wefe pertormcd l$ ice. at leart I 0 drys aprn. A lotal oI 9.49 I detectjons of 78 species of breedirg birds $ ere derecied at point
counl stations du ring the survc,"- period r\ iih ,10 lpccies bavin g >30 dcrecrions. A G 1S antd] sis of forest habitat typer was ru n lbr
a 100 m rrdius circle cenlcrcd on erch \uner point. Of 6l spccies tested b), multiple regfession anailsis. significal1t positive
regrcsslons were re\ealcd ior the following habir.rr type\: maturc coniler habirat (>,15 yr) fbr 32 specics, pole-sized coniler h:rbitat
(27 'l'l yr) fbr27 specjcs. sapling-,iized coniierhabitat (6 26 yr) lor 38 species. rcccntclearcut habitar 10-5 yr) for 32 species non
iorcslcd habitat (including open $,aier) for l0 species, and aldcr h.trd\Lood habirat (all aget for t9 species. Overatl. rhe GIS
habitat/muiiple regression nodels demonstralcd that all succcrsional stages on an indusrrial tbrest $ere inporrant to dilferent
groups ol species trithin lhc brceding bird communitv. Species richncss $as equal or grcurer than observed in srudies conducted
on lederal lands ln the Pacific Northuest and suggcsred that industrial lbrests can be manaled to make an inpofiant confibution
to resional  b id ivefs i tv  ofbrcedirc b i rds.

Introduction

During the past 40 years, Iogging in Washington
and Oregon has converted 80 to 90 percent ofthe
original mature and rtd-growth forest into a com-
plex mosaic of early and late-successional forest
(Har r is  198,1 ,  Mes low er  a l .  1981.  Sp ies  and
Franklin 1988. Bolsinger and Waddell 1993).
Previous breeding bird surveys in the southern
Washington Cascades (Manuwal and Huff 1987.
Manuwrl 1991) and the central Oregon Coast
Range (McGarigal and McComb 1992) were con-
ducted on National Forest lands \\ 'hich generally
receive different and Iess intensive silvicultural
treatments, but yel have a propensity for higher
Ievels offorest liagmentation (Franklin and Fore-
man 1987. Li et al. t993). Forest t iagmenration
is less of a concern for industrial forcsts because
high haNest rates have lesultcd in nearly com-
plete conversion of old fbrests into plantations
(Spies and Franklin 1988) and the practice of
clearcutting large blocks leaves fcw fragments
(Lehnkuhl et al. 1991). Because ofrhcse tunda
mental differences in forest managemenl, the
characterization of breeding bifd populations on
private industrial fbrest land should be investi-
gated to examine the potentjal of thesc lands to
contribute to regional consen ation and biodiversity
effofts. Vifiually all of the previous studies on
breeding bird communities in the Pacific North-
u'est have bcen conducted on f'ederal lands.
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In this study. surveys were conducted to de
termine the presence, relative abundance, and
habitat relationships ol the breeding bird com
munity on a pdvate industrial forest in the wcst-
ern Washington Cascade range. The surveys were
paflofa modtoring plan which was required under
a nulti-species Habitat Conservation Plan (HCP)
implemented by the landowner. Howcver. the
results of the study have valuable implications
tbr monitoring populations and predicting habi-
tat suitability on other northwestern industrial
iorests.

Study Area

The study area was the Mineml Tree Farm in Lewis
County Washington, an industrial tree tarm of about
21,600 ha in total area which is owned and opel
ated by the Munay Pacific Corporation (Tacoma,
WA). The tree tarm is located along the western
edge ofthe Southem Cascade Physiographic Pror -
ince and ranges in elevation from about 300 to
1640 m. Approximately 19,600 ha of the tree tarm
are capable of supponing fbrest growth, with the
remarning area containing rocky ridgetops, alpine
neadows, cliff/talus slopes, roads. brush, standing
watet and gravel pits. The timberlands fall within
theTsugq heteft)phl'1la Forest Zone (Franklin and
Dyrness 198,1), which is dorninated by Douglas-
fir (Pseudotsuga mer?;ierii) and westem hemlock
(T s u g a he t e rop h1 [ la). Western redcedar (T h uj d



plltarri) is 1ocally abundant, and Pacific silver t ir
(Abies amebilis) and noble fr (A. proceru) are
presenl at higher elevations. Conlmcrcial t imber
production is the dominant land use on the Min-
eral Tree Fann. which is characterized by stands
of various age classes including recent cJearcuts
(0-5 yr; l2%). saplings (6-26 yr; ,13%). pole tbr-
est (27 ,+5 yr',28cL). and con.rmercially mature
tbrest (>45 yr-: 15%). Isdated stands ofold-growth
forest (>250 yr) occurs on less than 2% of the
tree farm. The area is characterized by a mild.
\\"et maritime climate. Precipitation occurs mainly
in $ inter and averages 180 to 360 cm annually.

Methods

We used the "extensive point count'' technique
to quantitatively sample thc brccding bird com-
munity (Ralph et al. 1993). A rotal of 284 and
299 point counts were surveyed in 1995 and 1996.
respectively, with 2,18 locations repeated in both
years and a total of 330 diffcrent locations. Spe-
cif-rcally, a tixed-distance point count was used,
whereby all birds seen or heard during an 8-minute
pcriod wcrc rccordcd (Manuwal and HufT 19tt7),
if within 100 m ol each observation point. Un-
limited distance point counts are not recommended
for most survey needs. especially where loud
streams can reduce detection lcvels of birds
(McGarigal and McConb 1992). All sun'eys were
conducted by the author and two other qualified
field biologists. During surveys, we also recorded
aerial f irragers that f lew within 100 m above the
ground (su,if is, swallows. hawks, etc.) since they
were probably using the point count habitat for
foraging. Ralph et al. (1993) reconmended that
stations should only be sampled once a season
for most breeding bird surveys, unless the goal is
to get good cstimatcs of snrall or rare habitats.
We conducted t$,e separate visits at each sur-vey
station to improve the probability ofdetection due
to vadables such as $'eather. nesting phenology,
and time of migration. In 1995, the first visit
nas conducted tiom l5 May to I June. The sec-
ond visit was conducted from 6 June to 29 June.
In 1996, thc first visit was conductcd fiom 21
May to 31 May. The second visit rvas conducted
fiom 3 June to 27 June. At least l0 days elapsed
bet\\"een visits during each year

Survcys wcrc usually conducted during fair
weather, but occasionally were done during in
lermittent drizzle, misting. and lighL fog which
did not decrease normal levels of bird activity

trnd singing. Surveys were cancelled during sig
nificant rain, fog. or if winds excccded 20 km-
ph.  {11  'u r re ls  \  e re  \ 'unduc led  l rom .unr i .e  lo
mid-morning houls, but did not go beyond 10:00
as recommended (Ralph et al. 1993). Al) f ield
identiflcations. nomenclaturc, and taxonomy are
consistent with Peterson (1990). A fbur-letter code
(acronlm) for each species was used in the tield
to record birds on original data forms as rccom-
mended by Ralph et aJ. ( 1993).

Point counls were established along driving
routes to improve suney efficiency and were sepa
rated by a minimun distance of 2'10 m (0.15 mile)
as recommended by Ralph et al. (1993) to avoid
duplication of couoting effbrt. The points were
all located on unpaved logging roads (secondary
and terti.uJ) as recommended by Ralph et al. ( 1993)
and were marked with grccn vinyl streamers $hich
indicated the site number fbr replicate visits to
the site. The routes werc systematically estab-
lished throughout the tree farm in nearly all drain-
ages and elevations containing driveable dirt roads.

A vector-based (ARC/INFO) Geographic In-
fi)nnation System (CIS) $ as used to delineate six
hab i t l t s  a .  fo l lou : :  eomrncre i r l l l  rn r tu re . , . rn i -
1er (.15+ years), pole conifer (27-.1,1 years). sap-
ling conifer (6-26 yers), alder-hardwood (all ages.1,
recent clearcut (0-5 years), and non-forested land
k 'pen r ra te r .  rocL .  b rushr .  Sun<1 po in t .  were
selected to provide an equivalent sample size from
each tbrcsthabitat type as we)l as along u'etlands,
. t leams.  l r )d  up lands .  E lch  po in t  u rs  g i ren  a
unique identilication number and was plotted on
1:24,000 scale CIS color habitat maps of the
Mineral Tree Farm.

Afier the surveys were completed, the data for
each point count stalion wcre cntered into a cotn-
putcr database spreadsheet (Lotus l-2-3. Cam
bridgc. Massrchusetts). The data sets trom the
two years were conbined and the totrl number
of sites occupicd b1, each species was calculated
(7c of 330 total stations occupied).

Due to previous timber harvesting patterns,
rclatively few points \e,ere placed in single forest
hab i t . - r t  t1pe. .  :o  s i le .  r re re  usuu l ly  r  compos i te
of several diff'erent habitats. All polnt count
locations from field maps were digitized into the
GIS and habitat areas within a 100 m mdlus were
calculated. A multiple regrcssion analysis using
nrdinar) least \quares was u.ed Io Jelcrmine re-
lationships between brccding birds (dependent
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variable) and coresponding habitat measures as
independent variables. Thcrc are no underlying
assumptions on the distribution of the indepen-
dent variables in multiple regression analysis
(Kerlinger andPedhazur 1973). and theretbrc. data
transfonnations were notapplied to the GIS habitat
data. ln order to avoid problens with normality
among the indeperdent variables (bird counts).
abundance values were converted to a non para
metric scale (plesence =1, absence = 0) as used
in logistic regression analysis (Robbins et al. 1989).
This also eliminated common biases in abundance
counts due to differcnces in species specific breed-
ing densities and tenitory sizes. A separate full-
model (all variables included) nrultiplc rcgres-
sion analysis was run for each species so that they
would be directly comparable to each other and
because stepvise proccdures have recently been
cr i t rc izcd  fo r  u .e  in  eco logy  b1  rn . . rn1  in res t igu-
tors (see review by James and McCulloch 1990).
A11 statistical analyses were run on a personal
computer using version 5.03 of NCSS (Number
Cruncher Statistical Systcnr. Kaysvil le, Utah).
Rcsults are presented only for breeding birds with
at least one significiurt habitat regression (p <0.05),
but species habitatmodels with small sample sizes
should be regardcd with caution. One limitation
of this model is that it may not completely com-
pensate 1br species which nest and forage in dif-
t'erent habitats (scc Brown 1985 for examples),
and therefore. the results rcported herein should
also be considered in l ight of the current knowl
edge o f  the  nc . l ing  b io log)  o l  the . fec ie : .

Results

A total of 9.491 detections of breeding birds oc-
cuned during the two-year survey (Table l). A
total of78 species ofbreeding birds were detected
at point count stations over the two years. There
*erc a total of 70 species obsened in each yeal
although 16 species were only rccorded in one of
the two survcy years. Duing the survey period.
at least 40 species had >30 detections.

Survey Repl icat ion

Point counts \a,ere highly consislent between the
two visits and between years fi)r cenain species
(e.g.. Hanmond's {lycatcher, Pacific slope fly-
catcher. winter wren. golden-crowned kinglet.
varied thrush, song sparro\\"). For some pemra-
nent residents and carly migrants, abundance was

246 Bosakowski

notrceably greater oD the filst visit. suggesting
an earlier nesti i lg phenology (e.g.. bJue grouse.
northem flicker, black throated gray warbler).
Abundance was noticeably greater on thc second
visit for some species of late migrants (e.g., wil-
lou, llycatcher, Swainson's thrush. warbling vireo.
black-headed grosbeak). In both 1995 and 1996,
14 species were detected on only one of the t\\,o
visits. thereby showing the value of replicating
counts at least twice dudng the breeding season
(at least l0 days apart).

Re la t i ve  Abundance

Of 713 species detectcd on the sun'ey. 10 were de-
tccted at more than 50 percent of the surr'ey sites.
including: Pacilic slope flycatcher, winter wren, dark-
eyed junco, American robin. Swainson's thrush,
chestnut-backed chickadee, golden-crowned ki ng-
let. Stellar's jay, varied thrush. and hermit war-
bler Another 13 species were detected at between
20 and 50 percent of survey sites and six species
u  ere  de lee ted  a l  l0  lo  20  percent  o f  sur r  e )  s i tes .
Three candidates tbr state-l istjng in Washington
*ere also found during the survey, including:
Vaux's swilt (,10 detections), pileated woodpecker
(34). and westem bluebird (3).

Habitat Re ationships

A full-model multiple regression analysis was
conducted with all six independent viriables (CIS
forest habitat types) for each breeding bird spe-
cies. A total of 6l species had at least one I to 6
significant regressions with the six habitats used
in the analysis (Table 2). For mature coniferhabitat
t>15 1r t .  . ign i f i c rn l  p r , \ i l i \e  regre \ . ion \  u ( re
revealed among 32 bird species. For pole sized
con i fe r  h rb i ta t  t21-44  5r t .  r ign i t i c rn t  po . i t i re
regressions were revealed among 27 bird specics.
For sapling sized conifer habitat (6-26 yr), sig-
niticant positive regrcssions were revealed among
38 species. For recent clearcut habitat (0-5 yr).
significant positive regressions wcrc revcalcd
among 32 species. For non-forested habitat (in-
c lud ing  open \ \  a te r ) .  . ign i l i can t  por i t i ve  re i re r -
sjons u,ere revealed among 20 spccics. For al-
der-hardwood habitat (all ages), significant positive
regressions were revcalcd among 19 species.

Discussion

This survey documented a diverse breeding bird
community of78 speciesoccuring on the Mineral



TABLE L Breeding bird \uney re\ult\ fioln an induslrirl tree larm in lhe western \\rashirglon Cascades. Le\ris County (2il'+

Doi  counrs in 1995 and 299 Doi i t  counls in 1996).

Species

1995
Toul Total

Species Numbef Number

Code Vis i t  # l  Vi \ i r  # l

1996
Tolal Tolal Tonl Percenl

Number Numbef Number of ofStations
Visn #l  Vis l t  #2 Detect ions Occut ied

m lla Ardr f/d^r.lri)r.lor
comnon nerganser Mirl,qu s tn e rgd n sc r
shrrp shinncd lalvl i.( iptcr \tridu\

Coopeis hax'k A., i/r?f .dryeitl
fed-tailed ha$k Brlriro 1.//,1d1../,rir
American kcstrcl /'.r/.r) ?.r1r'f;&!
blue grou\e /)t,nlra.q.,1rJ ,, v?ftj

ruifcd grouse Bonavr amlelliri
band lailed pigeon C,l.,nbu Iu\tiant
co'nmon snipe Gdllrzgr.qal1rra.qo
gfeat horned o\\'l Brbo lrr.f;nldrrir
norrhem p)gmy o$1 6/.ru(idtLnn ponkt
cornmon nightha\\ k (.r,ftl?il?s t)tinor
Vaux's s\\ift C71a€llrd r dr-fi
rufiNs humInirgbird S.ldst)lnrus lus
red'breasted sapsucker Sph )"rapi | | s rube I
red'mped supsucker Sp,)"ropiuts n chulis
do!\nv lvoodpcckcr Pii i)id(\ p b(\tt 't\
hairy roodpecker /'n ,ii1"s rilr)nr.!
northern flicker Uol.4r.r drrdrrr
pileared woodpeckcr l)n o&pus pilunt\

oli\e sided flycatcher (-',nbtu\ hot?ulis
\\estern wood-tewee Cdtlt.t s sntdidulus
willolv ll) crtcheI fmlldrrd-r lrdilli
Hi .  m, 'nJ .  l - ' ,  " l (her r t \ t ' l^ '  haNn, '1d, '

Pacific slope flycatcher rnpidonax dLfti(ilis
tree s\rrllow TULb(in(ta bitolt,
\  l " l r r  o - r r l  . $ : r l  o u  |  , , l t ' ,  i a ,  t n  t l t . t 1 . . ' \ n J
no. rcu8h-\iinged sllallo\\

S Ie I gidptc t\x \? rrip(nni\

bam swallo!r' Hirutitl) n\lit u
grat- jay P(riJ,re&\ .d,d1?,'ir
Sreller's Ja! a\d,o.nrlr r1.l1.,ri
,\merican cror\ Corru\ htuthvh\ ntho\

Conu: cofttt
black capped chickadcc Pdrus at rteillu\
chcstnul backed chickadee I'utus n{e!c?n\
red-bre.Lsted nuthrtch Sintl &ndtunsis
brorrD creeper C?rthia anericanlt
Be$ ick's wren Tl Drotndn. s b(r i L ki i
house wren ?,?g/.)drt..r .r?l),
$irrer wrcn L"o8/o./-r'i., \ trcflod\1c\
American dipper (-i,./'r\ nr.\itlout\
golde!r-cfowned kinglet Regulus sdI dpd
rub) cro$nedkinglct  R4ulus td l (  dul tL
fresiern bluebird Sidliu tne\iunu
Townsend's solitaife l\,lr(destes to$ sdltli
S$ainson's thru\h Cdthdnts utnld ts
hefmit firush Cathants , atus

NlALL
CONIE
SSHA
COHA
RTHA
AN4KE
BLGR
RLTGR
BTPI
COS\
CHOW
NPOW
CONI
VASW
RUHU
RBSA
RNSA
DOWO
HAWO
NOIL
PlWO
OSFL

WWPE
WIFL
HAIL
PSFL
TRSW
VGSW
NRSW

BASW
GRJA
STJA

,{]VICR
CORA
BCCII
CBCH
RBNU
BRCR
BEWR
HOWR

AN,IDI
GCKI
RCKI
WEBL
TOSO
SWTH
HETH

I
o

l
I

29
0

1
2
I

2.
I

21
1

1
23
L 1
E

1 6
)

'79

)1
211

t)

0
3 l
93
2

l l
0

1 3 3
3:1
9
t-)
I

)nt

82
0
0

1 6
112
12

l 3
I
2
I

l 8
l

t21
1',7
)6

3

5

26
2
6

l,t5
10,1
3,1
13
.l

I l I
85

971
l 1
1 5
I

5
109
361
1 0
l0
6

157
3 l

I
I

9 1 0
8

.101
2
3

579
1 1 9

0.1

0.3
:1.5
0.9

2.1.9
4 .8
5 . 1
0.6
0.3
t . 2
1 . 5
3 .6

15 .0
5 . /
0.6
t . 8

29.6
22.5
7 .8

I4.,1
1 . 2

23.,1
13 .8
83 .8
-r.6
2 . 1
0.3

1 . 2
20.'1
51.5
0.9
5 .7

6 1 . : l

3 1 . I
u.4
0 .3
1 . 2

E0.8
1 . 8

59.6

0.3
9 .9

69.5
20..1

I

0
3
2

36
l 3

;
0

1 1
t 3
l 0
0
3

36
3 1

l 5
I

1 3
23

211
5
1
l

I
t)
I

0

1 8
3

u
U
I

3

I
5
)
0

35
l 8
t 3
22

5 1
22

219
l l

I
2

l l
11
2

0
61
33

0
l

1,10
0

1 1 0
0
l
6

191
1 1

t)
0
o
j

.11

t { J
3
I
0
0

t5
l l

0
I

5 l
l 8
l

20
l

28

2 t 2
l t

I

3
l 8

I

19

6
I
7

2,1I
0

1 1 5
)
2

T 1
92
1 5

0
29

109
2

1 t
5

l.16
12
5
0
0

111
,l

(l
0

123
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Trble I ,  cnndnued

Species

1995
Total Torul

Sp.cies Numbef Nunrbcr
Codc Visit #1 Visit #2

t996
Total Total Totr Percent

Number Number Nu berof  ofStat ions
Visi! #l Visir #2 Detections Occupied

Amcricin rcbir Tun!us nigntoriL^
varicd rhrush Lot.u\ nde\,iu\
ccdar !vaa*ing Botnbyc i I I u te lro runt
solitarv virco llr.o rrlildrirlr
Hutron's vireo Vifto l ttoni
$ arblirs \ ireo Yir..d.qi/r,!J
orange cro\ncd warbler \b Lhrn t:elukt
yello$ $arbler Derultoita petechia
yellow-rumped $'arblcr Dcnllnicd cnrandlo
bl ck-ihroated gra) warblcr

Denrlroiu nigrex ent
To\ nsend s w.rfblef D.ndtrit Q tt].|,.nsendi
herinit warblcr Dcndrc ir d a( i l. nt u Li \
Maccillilfa,v s \larblcr Oporcntis tolni.i
common telb$Ihfoar Geathl,.4iis tti(hds
Wilson s \irrbler Vilsonin prsiIlo
\r'e!Iern tanangcr Pirdnga ludnricitun
black hcadcd grosbeak

I'heu(tt| us ueLn?L Cphal s
f r l , ' u -  ' d i d  l ^ { L ( c  P r l ,  , , \ t l t , . r l u l t n t ' . a .
lor spuno\r P.rrrer.,11.i iler(
$ng sparios Melospi.d rclodia
Lircoln's sparrow M(lo\pi..u !incobtii
\Lhite'crowned sprffow

Zonot ti c hia le rc oph t\. s
darl cycdjunco .lkn.o hftDuli\
rcd $ingcd blackbi fd Ar. lum\ thooi&'rs
brown headcd cowbird Mololhtu\ ulel
red crossbill L.rrt .&n.rr,tr.J
purplc iinch Cxrpodat us turyut!us
pine slskin C.u.rr.,/t' pn?,rr
AJner ic. rn goldf inch Catdu(Lis t r is t is
elenrng grosbeak Co(othruustes t espenina

AN{RO
VATH
CE\\A
SOVI
H I ]V I
\\AVI
OC\I,I{

BGWA

TO\\A
HE\A
[,1G\\A
COYE

WETA
BHCR

RS]0
FOSP
SOSP
L ISP

WCSP

DEJU
RWBL
BHCO
ITECR
PLTFI
PtSI

A\4GO
EVGR

r00
171

4
2
i

IJ]
l 0
I
1

39

I
9.1
13
0

12
29

)1
0

57
U

36

I
0

1 d
l

l 8
I
1

55.7
7 1 . 0
2 . 1
0.3

t0.2
,10..1
1 : . 3

1.2
2 / . 2

t . 3

0.3
17.O
39.5
l l l .9

t1 .1
0.1

3 1 . 4
t . 5

r 8 . 9

78.,1
1 . 5
0.6
2 .1
I . I J

6 .3
2.1
,+.5

89
r50

o
0

55
23
U
lJ

61

6
8.1
16
{ )

87
53
1.1

2 I
0

5 l
6

l 3

l:19
-l
I

3
1

66
150

6

l 3

l 5
l
,t

33

I
100
82

I
73
12
2E

10

52
I

33

11
170

3

l l
,18
t'l
0
n

8
121
l1
0

'7)

57
22

)6
l

59
3

37

186
.l
I

l 6
0

l0
0
I

329
611
l3
2

38
281
65

l6
I8'1

1 6
199
308

298
))1
93

9 l
I

2 t 9
l 0

129

169
t6
2

3.1
1

32
t 2
2l

206
E

0
2
I

1 2

Totals 2l2E 2-19 | 9+912358 2111

Tree FaIm. with:10 species having >30 detections.
Previous surveys in the southern Washington
Cascades (Manuwal and Huff 1987) rvere on
National Forest lands and dctected only ,16 spe
cies of breeding birds, even though young (42-
75 vr). mature (105-165). and old growth stands
(250+ yr) wcre surveyed. That study uscd t'ewer
point counts (;12). but more replicates which may
partially explain their lou'er total number of spe-
cies. We also included wetlands and clearcuts in
our sampling which undoubtedly helped to in-
crease species richness for the tree tatm. Sur
veys in Oregon (McGuigal and McComb 1992)
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tbund 55 breeding bird species at 96 point counts
(only l0 species having >30 detections), but these
surveys were linited to mature coniferous and
hardwood forests. Surveys in Northern Calitbr-
nia./Southcrn Oregon (Ralph et al. I 991 ) lbund a
similar number of specics (71) in Douglas-fir/
hardwood stands. Overall. the Mineral Trce Farm
had a high species richness compared to previ
ous Noflhwest investigations and contained vir'
tually all ol the breeding bird species expected
fbr its geographic location.

The GIS-habitaVmutiple rcgression models
demonstrated that all successional stages on an



TABI-1--  2.  Rcsul lsofmul t ip lefegfesr ionanaly\ isolbrcedingbirdoccupancvlersu\ClShrbi tatc l . rssesinal00 radius c i rc le
around poirl counts. Data li\ied under habilals are standafclized beta coefiicicnls (+ indicrtes a Drobabiljtl < 0 05
that  lhc s lope of the regression i \  Tero).  Rr is  thc o\e l ' . l l l . rd justed f -squared\al !c  L, , r  rhehr l l -nrd; l  nrul r ip lcr f ! re\
sioo equation (P is lhc prob.rbility ofthe slope of lhe cquadon equalling zero).

Species
Code >15 yf

pole

21 -11 \1

saplrng

6 2 6 ) r G5 !r
forested .lder/
habltats hrrdwoods

MALL
RTHA
AN,{KE
BLGR
RUCR
BTPI

NPOW
RLTHLT
RBSA
D0w0
HAWO
NOFL
Plwo
OSFL
WIF I .
HAFL
PSFL
TRSW
VCSW
BASW
GRJA
STJA
ANIC]R
CORA
tsCCH
CBCH
RBNU
BITCR
HOWR
WI\\ R
ANlDI
CCKI
TOSO
SWTH
HETH
AMRO
VAIH
ChwA
H U V l

OC\IA
YR\\A
BC\\A
TO\\A
HE\IA
\,IG\\A

-0.031
a.222'.
0.0,11
0 .276*
0.021
0.093
0 . 1 1 l +
0.05E
0 . l : l l  r

-0.030
0.0.18
0 .  t 88 *
0.076
0 .18 .1 *
0.13.1*
0.056
0.152*
0.365"

-0.010
0 .017
0 .012
0.16,1+
0 .117+

-0.0.11
0 .110 , ,
0.035
0.31t*
0 . . 1 r8 *
0.31.1*
0.02,1
0.356i
0.07s
0..+:18:
0.212*
0.) '76*
0.200*
0.2'10*
0.3,17"
0.087
0.066
0.039
0.001
0 .106
0 .150 ' ,
0. | ] ,1+
0 . . 1 r6 *
0 . 1 1 2 +
0.l . t6*

0 .016
0 .018

,0 .018
u. t  5.{+
0.216*
0 .100
0.02.1
0.055
0.098
0.096
0.003
0.096'!
0.059
0. [0+
0.001
0.0,18

-0.01-l
0. '112*
0 .019
0.021
0.095
0.211+
0 .116+
0.01.{
0 .  r 36 *
0.018
0 .337+
0 . l 2E+
0.098

,0.022
0.,135*
0 . 1 2 1 ;
0.,118;
0.051
0.101*
0 .136*
o.22)+
0.3E9*

-0.026
0.232*
0 .1 ,1 I  *

0.07,1
0.002
0..105*
0.229',
0 .378+
0.03,1
0.t68*

0 .129 ' ,
0.00.1
0.06.1
0 .137 . !
u. l6. l+
0 l ' l ' l +
0.09E

-0.016
0 .197 "
0.2.16*
0.066
{). l2: l ' ! '
0.21.t*
0.022
0.2,t9*
0.267+
0 .0 t1
0.312, '
0.19'1,.
0 .101

-0.0.12
0.100+
0..100',

,0.005
0.098
0.02.1
0 .1 l : l +
0 .107 ' :
0 .0  L3

-0.026
0 .351 :

-0.01.1
0.291*
0.032
0..111+
o.)91+
0.162,,
0..101+
0 .116+
0.1:15+
0.197+
0.370*
0 .176 . !
0. l , l . l+
0.031
0 .196*
0 . , 117*
0.,t31*

,0 .0r0
0.076
0 .167+
0.236,!,
0.020
0.086
0.098
0.038
0.166i
0. r00
0.005
0.11,t*
0.380*
0.1.16*
0.265*
0.t '17*
0.166',
0.29,1i'
0.0.15
0.003
0 .111+
0 .13 ,1 *
0.152,1

-0.011
0.053
0.0,17
0.190*
0.25,1i'
0.071
0.081
0.25:*
0.032
0 .102+
0.25-t*
0.151+
0.098
0.t77*
0.18:l+
0 .017
0.099
0.261*
0 . l 0 l i
0.055
0 065
0.030
0 . l 8 t i '
0.-r98*
0 .186*

0.102
0.031
-0.001
0.027
0.009

-0.050
0.007

-0.021
0.059
0.009
0.LJt 9
0.019
0.085
0.0.10
0.028
0.078
0 .0 r7
0.088*
0 .115*
0.l9, l l
0 . 129*
,0 .016
0.068
0.188*
0 .011
0 .  r 86 *
0.l0, l*
0 .018
0 .06 r
0.0'15
0 .071*
0.00.1
0.005
0.022
0 .  I  l 6+
0.081
0 .167*
0.018*
0.029
0.039
0.1,16' '
0.061
0.032
0.028

-0.028
0.076'.
0 .100 ' ,
0.0911+

-0.022
0.08.1
o.027
0.0:13
0.009
0.010
0.018
0 .152*
0.020

-0.051
0 .163*
0.l , l7;
0.028

-0 .017
-0.086
0.073
0.005
0. i79+

-0.026
-0.020
0.r-)ll
0.070
0.091
0.05E
0.039
0.097
0 .  I  I u+
0.063
0.007
0 . l 78 i
0.111"
0.087
0 .102 , '

-0.035
0 .125*
0.080
0 . r32+
0 . 1 0 1 i
0.039
0.061
0 .221 ' .
0.0.13
0.0,11
0.257*
0.021
0.057
0.091' '
0.099*

0.01iJ
0.066
0 .015
0.25.1
0.012
0.0.16
0.031
0.011
0.1.12
0.075
0.026
0.359
0.269
0.083
0 . r85
0.211
0.231
0.8,1.1
0.059
0.0.18
0.021
0.104
0 .571
0.1.11
0.0,18
0.015
0.616
0.376
0 .115
0.031
0 . 8 1 8
0 .019
0.657
0.l , l  l
0.695
0.220
0.577
0 .718
0 .018
0 .108
0.:165
0 .175
o.01'7
0.35E
0.060
0.561
0.50.1
0.,187

0.092
0.001
0 . l 2 t )
0.00r
0.001
0.002
0 .018
0.062
0.001
0.001
0 .031
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.002
0.0.19
0.00r
0 .001
0.001
0.002
0 .010
0.001
0.001
0.001
0 .015
0.001
0.076
0.i lol
0.001
0.001
0.001
0.00r
0.001
0.0it8
0 .001
0.001
0.001
0.002
0.001
0.001
0.001
0.001
0.001

cont inued. ner l  pagc
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TABI-Fl2.  conhn ed

Specics
Codc :7-.1.1 !r

sapl ing

6 2 6 ! r 0 5 ) r
tbr€srcd aldcr/
habilais hafdwoods

\\'ETA
BI  ICR
RS1o
sosP
LISP
WC]SP
I)EJI
R\VBL
RECR
PL]FI
PISI
AMCO
EVC] R

0 .16 r , ,
0 .019
0 .061
0.0'12
0.0t0
0.089
0.231*
0.0.1.1
0 .  t 32 *
0.o.fti
0 22-l*
0.000
0.15,11'

0.1.15',
0 .139 i
0.016
0 .011
0.001
0.0:l
0.328r
0.0,11
0.021
0.0r6
0.0.19
0.085
0.1]i1' ,

0.19-r+
0 .166+
0.20-r*
0.-r-19*
0 .0 r6
0.13,1i '
0.t itit*
0 .115*
0.063
0.088
0 .105

-0.02.1
0.006

0.19,1''
0.:98: '
0 .3  r8 :
0.389:
0.039
0..125+
0.,12.{+
0.008
0.065
0.022
0.098
0.056
0.073

0.011
0.08,1
0.065
0 .181*
0.-176*
ti.079
0 .120*
0 . 1 1 5 +
0.020
0.2.1.1+
0.u55
0.05 r
0.011

0 .171 '
0.127*
0.092
0.059
0.0.18
0.025
0 . r02 , ,
0.032
0.03,1
0.080
0.0:15
0.27,1*

-0.0.11

0..1.18 0.001
0.111 0.001
0.209 0.001
0.,110 0.001
0.11t 0.0ri l
0 .261  0 .001
0.795 0.001
0.010 0.019
0.011 0.052
0.077 0.00t
0.080 0.00r
0.085 0.001
0.051 0.001

industdal forcst were impofiant to difterent groups
of species \\"ithin the brccding bird community.
Among the specics that tended to be specialists
(xly I to 3 significant regressions), there were
lbur distinct patterns that scparated them from
gcneralist species. Late successional species had
their greatest affinity r,vith mature conifer habitat
(Fig. la). This group included two sna-q-dcpen-
dent species: Vrux's swift and brown creeper.
rvhich requirc snags for nesting, roosting. or fbr-
aging (Brown 1985), as uell as coniler seed-eat-
ers that need to fi)rage among mature n-rast pro
ducing conifers (pine siskin, evening grosbeak.
and red crossbill). and a large mptor which re
quiles tall canopy trees tbr nest placenrent (rcd-
tailed hawk).

Mature tbrest/edge spccics (Fig. lb) differed
from late-succcssional species by virtue of the
inclusion of clearcut habitat with mature coniler
habitat. This group includcd two snag dependert
species rvhich typically inhabit late-successional
tbrest: pilerted woodpecker and red breasted
nuthatch (Browr 1985; Bull et al. 1986). Thc
association of pileated woodpcckcr and red
breasted nuthatch with mature conifer folest and
clearcuts was Dot due to a comelation bet$'een
the le  two hab i ta ts  ( r  =  -0 .12) .  lns tead. i t i spos
sible thal they were attracted to clearcut edges
because ofthc higherlevels of blowdowns, dam-
agedfees, and mortality that can occurhcrc (NoNe
1990), as well as by snags. rcsidual trees. log
ging slash. and sLunps which wele lefi behind in
recent clearcuts. Bull et al. (19E6) ti)und that
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pileated woodpeckers foraged 367r of the time
on downed logs and 29clc in snags. Bull and
Meslow ( 1977) also determined that 1 .17r of teed-
ing sites on dead wood were on stunps. In addi
tion, Smith (1986) noted that drmaged trees cil l l
produce large "distress crops" ofseeds. and there-
fore. red breasted nuthatches may also be attracted
by local cone crop aburdance along recentclearcut
edges. Also in this group were three perch-hunt-
ing insectivores: olive-sided flycatcher,
Hammond's fl ycatcher, and Townsend's solitairc.
which are known to pret'er forestedge habitat
(Brown 1985; Shary 1992).

Early succcssional species (Fig. lc) showed
a decreasing trend of association with the suc-
cessiolal stages, with the greatest affinity tbr
clearcut and sapling habitats. This group included
several ground loragers (white-crowned sparrow.
soIrg sparow. and rufous sided towhee), four
shrub/saplin-q ibragcrs (willow fl ycatcher. black-
headed grosbeak, orange-cro\\'ncd warblcr. ycl-
low-nrmpcd r r r rh le r t .  r rn t l  lnq  lpqn- te r r in  r rp -
tor (Amedcan kestrel).

As would be expected. the CIS-habitat mod-
cls for aldcr/hardwood species (Fig. ld) showed
litde association with conit 'er habitats, regaldless
of successional stage. This group included tbur
cavity nesters (downy woodpecker. house wren,
nonhern pygny owl. and black capped chicka
dcc) with well-known affinities for deciduous or
rnixed conifer-hardwood stands (Brown 1985:
Sharp 1992). American goldfinch is a seed eater
known to inhabit alder or other harduood types
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(Brown 1985). None ofthese species were abun-
dant because ofthe dominance ofconif 'ers on the
Mineral Tree Famr.

Most ofthe 32 species that were signil icantly
co.related \\"ith maturc conifer in the GIS-habitat
models *ere also observed to attain high abun-
dance levels in mature and old-growth stands in
other Nofthwest studics (Manuwal and Huff 1987.
Manuwal 1991. Ralph et al. l99l). These strong
similarit ies validate the uti l i ty ol the GIS-habi-
tat/multiple legression model which u'as devel-
oped for this study, as wellas emphasize the value
o i  ma in ta in ing  n l r tu r (  lo r ( .1  hab i tu t  on  pr i r r te
industrial tbrests tbr breeding birds. On the Mineral
Tree Falm, maturs conifer stands (>45 yrs) usu
ally had higher densities of snags and remnant
old-grouth trees ("old-growth legacies"). than polc
stands because of''sloppy clearcutting" and "high-

grading ' prtctices which were the norm before
1930 (McKelvey and Johnston l992). Since that
time, a chronic shortage of snags and large re-
sidual trees has occurrcd in clearcut units with
the advent of "modern" intensive silviculture
'Ne i t ro  e t  a l .  l9E5r .  In ten . i re . i te  p repr r . , t ion .
concerns tbr workel safety. and salvage tbr u'ood
chips and fireu,rxrd have all contributcd to a shorl-
age of cull t lees, snags. and residual trees in the
Pacific North$est (Neitro et al. 1985).

To mitigate tbr this predicted loss to wildlife
diversity, special forcstmanagementprescriptions
for the Mineral Tree Farm were developed in their
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