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

Abstract
SuI!e!s $crc conducred io derermiDe the prcscncc. reladve abundance. and h|bilat rcllrdol1ships oftle breeding bifd comnNnity
on t r  pr i \ar  indusr ia l  lbfest  (21.600ha) i r  $cncrn Washington.  A tota l  of :8,1 and 299 poi . !  counls (8 min durxt lon) \ \ 'e .e
est.rblished in 1995 and I996. respectirel). ulong unpared logging ro.rd\ separated by a ninimum distance of2,l0 rn. The counts
$efe pef i r lned l$ icc.  at  least  l0da)\ . rprn.  Aloralof  9. ,191 derect ions of78 species ofbreeding bi rds $ere delected at  point

count st r r idrs dur i rg thc \ur \ 'c ]  per iod r \  i ih , l0 \pecies ha\ ing >30 dcrect ions.  AGISanal is isof ibresthabi la l l lpc\wasrunior
a 100-m radiu\ cifcle cerlcrcd on each survev poiDt. Of 6l sp.cics icsted b,v multiple regfessron nallsis. signilicanl positi\c

rcgressions q'efe fe!erled tor lhc ibllo\\'ing habit.rt t!pes: Duture conilcr habitat (>.15 yr) for 32 species. pole-sied coniicr habiul
(21 , l .1I r ) fof l7\pecies.srplmg\ iTedconi fefh.rb i t r t (626rf) lbr38species,recentc lerrcuthabi tat( ( |5yr) lor l2spccics.non
iore\ied habitrr (including opcn \\'ater) for l0 species. |nd aldcr+ad$,ood habitat (rl1 ages) fbr 19 species. Ovcnll. lhc CIS
habii.rt/rrutiple regrc\sion rodels denurstraied thar trll succcssional \iages on an industrial lbresl lvcrc inporlan! !o difiirenl
grous of species within thc breeding bifd colnmunil). Spccics richness \r'as equ.Llof greater thrn obscr\cdin studics conducted
on tderal lands rn the Pacilic Norrh$est nnd suggested that indLrstial ibrens can be manrged to make .rn impoflant conlribuljon
lo rcs ional  b iodi \ef \ i t !  ofbrecding bid\ .

lntroduction

During the past,10 years. logging in \Vashington
and Oregon hrs convcrted 80 to 90 petcent ofthe
oliginal mature and old-growth tirrest into a com-
plex mosaic of early and late successional tbrest
(Har r is  198;1 ,  Mes low e t  a l .  1981.  Sp ics  and
Franklin 1988, Bolsinger and Waddcll 1993).
Previous breeding bird surveys in the southern
Ir\rashing()n Cascades (Manurval and Huff 1987,
Manurval l99l) and thc cenlral Oregon Coast
Range (l\,tcGarigal and McComb 1992) were con
ducted on National Forest lands which gelerally
receir,e difl'erent and less intensive silvicultulal
treatments. bul )et ha\,e a propensity for higher
levels oftbrest ftagmentation (Franklin and Fore-
man 1987. Li et al. 1993). Forest t i-agmentation
is less of a concern fbr industrial forests because
high harvest ratcs ha\e resulted in nearly com-
pletc conversion of old tbrests inLo plantations
(Spies and Franklin 1988) and the practice ol
clearcutting )argc blocks leaves terv f 'ragmcnts
(Lehmkuhl et al. l99l). Because ofthcse funda
mental dif lerences in forest management. the
characterization of bleeding bird populations on
private industrial l irrcst land should be investi-
gated to examine the potential of these lands to
contribute to regioral conscn'ation and biodiversity
efforts. Vitually all of the previous studies on
breeding bird conmunities in thc Pacific North
west have been conductcd on federal lands.

In this study. survevs \\"ere conducted to de-
tennine the presence. relative abundance. and
habitat relationships of the breeding bird com-
munity on a private industial forest in the west-
ern Washington Cascade range. The surveys wcrc
part ofa monitodrg plan which was required under
a multi-species Habitat ConseNation Plan (HCP)
inrplemented by the landowner. However, the
results of the study have valuablc implications
lbr monitoring populations and predicting habi-
tat suitability on other northwestern industrial
iorests-

Study Area

The study area was the MineralTree Farm in Lewis
County Washirgto n, an ind u stdal tree l'atm of about
2l .6(X) ha in total area which is owned and oper-
ated by the Murray Pacific Corporation (Tacoma,
WA). The tree farm is located along the $'estern
edge of the Southern Cascade Physiographic Prov
ince and ranges in elevation from about 300 to
16.10 m. Approximately 19.600 ha ofthe tree larm
are capable of supporting tincst growth. with the
remaining arca containing rockv ridgetops. alpine
neadows, clill/talus slopes, roads. brush, standing
water. and gravel pits. The timberlands fall within
rheTsuga hetercph)l/a Forest Zone (Franklin and
Dyrness 198.1), which is dominated by Douglas-
fir (.Pseudotsugtt ntea:lesli) and western hemlock
lTsuga lrterophrlla). Western rcdcedar (Ihulzr

Northwest Science. Vol. 71. No. 2. 1997
a  L t L l - 1 h )  L h r \ r n t i \ r n S . t r a r 1 r i i ] \ i o . r a l o n  A l L n l l r r r e \ c n e d

87



pllcata) is 1ocal1y abundant, and Pacific silver fir
(Abies amabiLis) and noble t1t lA. prc.eru) ive
present at highcr eievations. Contmercial t inber
production is the doninant land use on the Min-
eral Tree Farm. u,hich is characterized by stands
of various age classes including recent clcarcuts
(0 5 yr; 12%), saplings (6-26 yr; ,137c). pole tirr-
est (27 4-5 yr; 287r), and commerciallv marure
iurcst r>-15 )r: l5' ; i . l !,1. rred .t lnd. oi,, i. l-E r, ,rr 'th
tbrest (>250 yr) occurs or'l less than 27c of the
trec farm. The area is characte zed by a mild.
wet naritine climate. Precipitation occurs rnainlv
r n  u  i n r e r  u n d  a \ e f i l p c .  l E U t o . l 0 0 c m r n n u i r l l ) .

Methods

We used the "extensive point count' technique
to quantitatively sample the breeding bird com-
munitv (Ralph er al. 1993). A total of 28:l and
299 point counts wcre surveyed in 1995 and 1996.
respectively. \\'ith 248 locations repeated in both
years and a total of 330 diff 'erent locaLions. Spe-
cil ically. a fixed-distance point count tvas used.
whereby allbirds seen orheard during an 8-minute
period $ erc recorded (Manuwal and HufT 1987).
if withil 100 r'n of each observation point. Un
limited distancc point counts arc not reconunended
for nost survey needs. especially where loucl
streans can reduce detection lelcls of bilds
(McGarigal and McComb 1992). All sun'eys were
conducted by the author and two other qualit ied
lielcl biologists. During survevs. wc also rccorded
reriai foragers that t lew *ithin 1(X) rn above the
ground (s\\ ' i ls. swll l lows, ha\\ 'ks. etc.) since thcy
*ere probably using thc point count habitat tbr
foraging. Ralph ct aJ. (1993) r'ecommended that
stations should only be sampled once a scason
lbr most breeding bird surveys. unless the goal is
to get good estimrtes of small or rare habitats.
We conductcd t$o separate ! isits at each survey
station to improve the probability of detection due
to variables such as wcather. nesting phenology.
and tjme of nigration. In 1995. the tirst visit
u,as conducted liom I 5 May to I June. The sec-
ond visit was conducted ti-on 6 June to 29 June.
In 1996. the l ' irst visit $as conducted from 2l
May to 3 i May. The second I' isit \\,as conducted
from 3 June to 27 June. At least l0 days elapsed
betuccn visits during cach year.

Sun'evs rvere usuallv conducted during tnir
weather. but occasionall) were done during in-
termittent drizzle, rnisting. and light lbg which
did not decrease nomal levels of bird activity

and singing. Surveys were cancelled during sig-
nil lcant rain. fog, or if winds exceeded 20 kn-
ph .  A l l  .u r te ) .  uere  condueteJ  l rom .Un l i \e  I , '
lnid-morning houls. but did not go beyond l0:00
as recommended (Ralph et al. 1993). A11 tield
identifications. nomenolature. and taxonomy arc
consistent with Peterson (1990). A fourletter code
(acronym) for each species was used in the field
to recold bilds on original data forrns as recom-
mended by Ralph et al. (1993.).

Point counts were established along driving
Ioutes to improve surley eiliciency and were sepa-
rated by a minimum distance of2,10 m (0.15 mile)
as recommendcd by Ralph et al. ( 1993) ro avoid
dup l i . r t iun  o lcount rng  e f lbn .  Th . .  pu in t .  u r lc
all locaLed on unpaved log-eing roads (secondary
and terliary) as rccommendedby Ralph et al. ( 1993)
and $'ere mluted with green vinyl streamers u'hich
indicrted the site number tbr replicrte vistts to
the sitc. The routes wsre systematically estab
lished throughout the tree farm in neiLrly all drrin-
ages and elevations containing driveable dirt roads.

A vector-based (ARC,{NFO) Geographic In-
lbnnation Svstem (GIS) was used to delineate six
habitats as fbllows: commercially mature coni
f'er (.15+ years.1, pole conittr (27-,1,1 years), sap
ling conifer (6-26 ye;us), aldcr-hardrvood (all ages),
recent clearcut (0-5 years), and non forested land
lupen uu lc r .  r r rc l .  hnrsh \  Sur reS po;n1r  *a r .
selected to provide xn equivalcnt sarnple sizc fiom
cach lbrest habitar t)'pe as well as along rvetlands,
. l I cJ rn \ . . rnd  upJant l , .  Euch porn t  qJ \  ! j \en  r
unique identilication nunber and was plotted on
l:2,1,000 scale GIS color habirat maps of the
Mineral Trce Farm.

After the surveys were complelcd. the data for
ca(h  p  in l  c ,  run l  . l  io  $  e re  en tc rcL l  in r ,  '  a  ss l l t -
puter database spreadshcet (Lotus l-2-3. Cam
bridge. Massachusetts). The data sets fron the
two years u'ere combined and the total Dlrmber
of sitcs occupied bv cach species was calculi ltcd
(% of 330 total stations occupied).

Due to prcvious timber harvesting patterns.
rcJatively few points were placcd in single lbrest
habitat tvpes. so sitcs *eLe usually a conposite
of several ditlerent habitats. All point count
locations tiom field maps wcre digitized inb the
GIS and habitat areas within a 100 n radius were
calculated. A multiple regression analysis using
ordinary least squares was used to determinc re-
lationships betwcen breeding birds (dependent
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variable) and con-esponding habitat measures as
indcpendelt variables. There are no underlying
assumptions on the distribution of the indepen-
dent variables in multiple regression analysis
(Kerlinger and Pedhazur 1973), and therefbre, data
transfomlarions were not applied to the GIS habitat
data. In order to avoid problems with normalitv
among the independent variables (bird counts),
abundancc valucs wcrc convcrted to a non-para-
metric scale (presence =1. absence = 0) as used
in logistic rcgression analysis (Robbins et al. 19891.
This also eliminated comnon biases il abundance
counts due to diff'erences in specics-specific brccd-
ing dcnsitics and terriLory sizes. A separate iull-
nodel (ali variables included) multiple regres-
sion anall sis was run fbr each species so that they
would be directl"v comparable to each other and
because stepwise procedures have recently been
criticized for use in ecology by many investiga-
tors (see review b)' James and l\,tcCuJloch | 990).
All statistical analyscs were run on a personal
computer using version 5.03 of NCSS (Number
Cruncher Statistical System. Kalsvil le, Utah).
Results arc prcscntcd only lor breeding birds with
at leastone significant habitat regression (p < 0.05),
but spccics habitat models rvith small sample sizes
should be regarded rvith caution. One limitation
of this nrodel is that it ma) not completely com-
pensate for spccics which ncst and lbrage in dif-
ferent habitats (see Brown l985 for examples),
and theretbre. the results reporled herein should
also be considered in light of the cunent knowl
eJ !e , ' l  l he  ne . t ing  hr r ' l , rg r  , ' l ' thc  'p r :c ic . .

Results

A total of 9,491 detections of breeding birds oc-
currecl cluring thc two-ycar survcy (Table l). A
total of78 species ofbreeding birds were detected
at point count stations ovcr thc t\\ro years. There
were a total of 70 species observed in each year,
although 16 specics wcrc only rccordcd in one of
thc 1$o surve! years. During the surve"v period.
at least,+0 species had >30 detectioDs.

Survey  Rep ica t  on

Poinl counls were highly consistent bet\\"een the
lu  r  '  \  i . i l .  . rnJ  he lu  een r  e r rs  I ' ,  ' r  t  e r t r in  . f cc ic .
(e.g.. Hanmond's flvcatcher. Pacific slope fly
catcher. u'irter rvren, golder-crowned kinglet.
variecl thrush. song sparrow). For sonre perma-
nent residelts and early migrants. abundance was

noticeably greater on the tlrst visit, suggesting
an earlier nesting phenology (e.g.. blue grouse.
northern tl icker, black-throated gray warbler).
Abundance was noticeably greater on the second
visit tbr some species of late migrants (e.g., wil
low flycatcher. Swainson's thrush, warbling vireo.
black headed grosbeak). Inboth 1995 and 1996.
14 species were detected on only one of the two
visits, thereby showing the value of replicating
counts at least twice during the breeding season
(at least l0 days apafi).

Re la t i ve  Abundance

Of 78 spccics dctected on the survey. l0 u,ere de-
tec ted  a t  more  thm 50 percent  o f the .ur re )  . i te r .
includi ng: Pacific slope tlycatcher, u inter wren, dark
eyed junco. American robin, Swainson's thrush,
chestnut-baqked chickadee. golden-crounedking
let, Stellar's jay, varied thrush, and hernil rvar-
bler Another 13 species were detected at between
20 and 50 percent of survey sites and six species
were detected at l0 to 20 percent of survev sites.
Three candidates 1br state listing in Washington
wcrc also found during the survey. including:
Vaux s switt (40 detections), pileated woodpecker
(3,1). and western bluebird (3).

Hab i ta t  Re la t ionsh ips

A full-rnodel multiple regression analysis was
conducted with all six independent variables (GIS
fbrest habitat types) tbr each breeding bird spe
cies. A total of 6l species had at least one I to 6
significrnt regressions with the six habitats used
in the analysis (Table 2). Formature conit'er htrbitat
l> -15  ) r ' ) .  s ign i l i can t  pos i l i re  regre . . ion .  ue le
revealed among 32 bird species. For pole-sized
e o n i i c I  h a b i t r r  1 ) 7 -  I  I  1 r r .  . r e n i l ' i c a n l  n , , . i l i \ e
regressions \vere revealed among 27 bild species.
For sapling-sized conil'er habitat (6-26 yr), sig-
nificant positive regressions rvere revealed among
38 species. For recent clearcut habitat (0-5 )'r).
significant positive regressions were revealed
among 32 species. For non-forested habitat (in
cluding opcn watcr). significant positive regres-
sions were revealed among 20 species. For al-
der-hffdwood habitat (al1 a-qes). signifi cant positive
regressions u'ere revealed among l9 species.

Discussion

This survcy documented a diverse breeding bird
communit.v of 78 species occuring on the Mincral
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TABLE L Brceding bi sur\,er fesults from an indunrial tree farn in the western Washinglon Cascades, Lewis Counl] (:8,1
point  counts in 1995 and 299 poin l  counts in 1996).

Spe( ie\

_  l o o s  0 0 b

Toul Total Toial Toral Total Percent
Species Numbcr Number Number Number \umbef of ofSradons
Code Vls j r# l  Vis i t#2 Vis i t# l  Vis i r#2 DeGct ions Occupied

mallrrd Ardr /)/d/-l-'r.lr r.l,or
co rmon mcryrnser 11Lr.8us mrguntet
shrrp-shinned hawk,1.. ipttcr stri us
Cooper ' \  h. r$k A. . i /n?r. ,?! / ; i
rcd tarlcd ha!!k Brlldoldr,.r..,r.!ii
Amerlcan kenrel f(l..r rpdrrdrirrr
blue grouse /)r,l/.rg.rprr obr.rrrr
rutled g.ouse Bor.Ad rmb.llrr
band-tailed pigeon Crllmbd lasc i atd
comnlon \nif e (;dIItL?s.) sdllrr.rs,
grerl hofned oul Brl)d rniqtrid,,J
.orlhern plgmy o\l GIdu.idiLnt gnonu
conn )n nighthawk ( r.) rllAL: s tninol
VrLLrx's s\| ift aiddr,rd (r&ri

ru ibus hunmingbird,5sla spho rus rufu s
red breasled s.rpsuckef .t/ hr ft4ii(us rub?r
rcd naped sapsuckef sit?rrapr:ur nuthulis
dosn! $ oftLpecker Plcokle: pubetens
hrrr! qoodpeckcr Pr.oi.l.,r ri//ojlrr
nonhern flicker C,laflr ! .rx'.r.ur
pilcarcd \ioodpecker,/ \.cotu \ t i ledtut
ol r \c  s idcd l l lcr tcher Co tupus bof tu l is
xesrern r\.ood pc$ce Crrttop s sndidLlu!
willo\\ fllcatch.r lt ?iddrdr tlrillr
H r l l l  r , , r d . l l \ , J . n ( 1  t n p ' J . ' . , ,  t , o , " -  - r ,

Prcific slope t]!catchcr t' pklotl r difticiIis
rrce si!allow litch\.int1u hi.llor
llolet grccn s$allo\L Tach\cinetu tlulu\sitkt
no.  rough-wlnged swal los

St? l. idptt tt t \e t i p(nni I
brm swall0\\ Hnundt) turtitrl
grat jay P.flror.,!r .r,,zr./e,rri!
Slc l ler 's ia)  Crdnr.nr ,  \ r "1Isr i
Anrcrican cro$ Cor|Lts btuch\rh\t ho\
common ra\cl Cotl s cofttr
blrck-capped chickadee P(rus dtrt(dt)illLts
chc\hur b.rcked chick.rdee Patu\ nli\t(n\
red brea\lcd nulharch Sittd catl(rlensi\
bro\rn crcepcr C(rthid a teritund
Be$, ick s wren Th^nna es bet \ ick i i
house \rren n"t/o.A.rcr rl.ri'o,
$ rnter \ifen 7;r)6'lr)r^/(t ttollod\tes
Ancricttr dippef Ct?.1/! rr"f(.rlr.t
golde.  cro$nedkiD! let  Regulus :arrapa
rub)'cro\i ned kinglcl R/3 I s cdlndrid
rcsr.n bluebird Siallu n1!\iunkL
Townserd s solilaife Mvd(\t(s 16rnsa di
Srlxln\|)n S thrush Cath0^ u\tulatu!
her ir thrush Ctlrhdt s quttult\

MALL
COME
SSHA
COHA
RTHA
A\,I KF]
BLCR
R UGR
BTPI
COSN
GHOW
NPOW
CONI

RUHU
RBSA
RNSA
DOWO
HAWO
NOFL
Ptwo
OSFI,
WWPE
wlFl_
HAFL
PSFL
TRSW
VCSW
\RSW

BASW
GRJA
STJA

A}lCR
COR,{
BCCH
CBCH
RBNU
BRCR
I]EWR
HOWR
wlwlt
AMDI
CCKI
RCKI

WEBL
TOSO
SWTH
HETH

.l
t)
I

3
2

l6
1-l
E

0
2
0

l l
l : l
l 0
0
3

36
3 l
l l
1 5
I

1 3
23

211
5

L

9 l
.l
.l
I

19
.15
6
1
2

211
0

1 i 5
2
2

0
9l
1.-S

l
( l

0
l l

0
t
3
1

0

3

I
5
2
0

35
1 8
l 3
22
0

5 l
22

219

0

2
3 i
l1
2
I

33
l l
0
I

2,10
t)

1 1 0
0
I
6

t92
t l

0
l-)

0

I

1 r

1 0
3

0
0

1 3
,l
0
I

5 l
38
2

20
I

28

) 1 2
1 1
I
0

u
)9

109
2

5
l.l6
12
5
0
0

222

0
0
I

123
,15

l 3
I

2
I

l 8
3

t21
1 1
26
1
3
.l
5

:lL)

26
2
6

1:15
10.1
l.l
13
I

111
85

g',t3

l 1
l 5

5
109
367

t 0
t0
6

4t5
r57
3 l

I

9 1 0
E

.+u I
)
3

:18
519
t 1 9

u.6
0 .3

0 3
+.5

l:1.9

5 . r
0.6
0.3
t . 2
1 . 5
3 .6

15 .0
5 .1
0.6
1 . 8

29.6
22.5
7 .8

1,t.,1
1 .2

l l . 8
E3 .8
3 .6
2 .1
0.3

1 . 2
20.1
57 .5

5 .7
0.9

6l.,1
3 1 . I

0 .3
1 .2

E0.8

59.6

0.1
9 .9

69.5
20..1

IJ
I
l-)

l
3
I

29
l-)

I
2
I
2

7',7
1

0
2

23
l 7
8

t6
2

l,l
2 1 1

.1
I
f)

3;
93
2

t 1
l)

1 3 3
3.1

u

207
I

82
l)
0

n2
12

con!)nuco, nexr pxge
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Table 1. contmued

Spe( ie\

1 9 9 5
Toral Total

Spccie! Numbcr Numbcr
Code Vsrt  # l  Vir i t  #2

1 9 9 6
Total Total Toral Percen!

Number Number Number of ofstations
Visi! #l Visit #2 Dclections Occupied

Amedcan robin n t6 nigratori s
varicd thrush Inre|s na(tius
ccdar \,'airing Bambvill a rcdrorunl
solitar! \,ireo Vifta soliturius
Hufton's lireo Ureo h xoni
$,arbling !irco Yir.ro 8i/r,llr'
orange-crowned $,arbler Vnniwkt crlata
yel1or \!arbler Dendnr:u p.t..hia

,vel1o\\'-rumped warbler Dendtrt(:u I oronate
black-throated gra)- waf blel

De droicd niercscens
Townsend's warbler Dendrcica turrnse di
hermit warbler Dendrcx a o(identalis
Maccil]n fa)'s warbier Oponmis klni.i
common yellowthroat GeothlYis ttichas
Wilson's warbler \yi Lsonid pusiLLd

wcsicm ianangcr Pircngd ludo|icidna
black hcadcd grosbcak

P he Lut i t: us n e Ia noc e p hu I us
f . l f , 'u  -  ideJ l , 'u  hee l " t  i l .  ,  ' , !ht ,  t  h!h"1n, , ,  .

lbx spuno\i Pdrse,..1ld iitd.d
song sparrow Meb\pi.a n?bdie
Lincoln's sparrcw ll4eloVi.a liitcolnii
$ hile-cro\\ ned sprnow

Zonor'ichid le cophr\s
dark 'e lediunco Junco h|e . i , I is

red $inged blackbid Agelaius phoet)iceus

brown headed cowbird ll,lolothrus ater
fed crossbill rr.r;d .,rrt,'rrrm
purple finch Carpodacus purpureus
pine s isk in Car&e/ i . r  paurr
American goldfi nch Cu t dueli \ tri \ti \
evening grosbeak Co(l1thruutk,\ r(\peftirut

AMRO
VATH
CEWA
SOVI
HUVI

ocwA
YE\\A

BG\\A

TO\\A
HE\\A
N,lGWA
COYE

WETA
BHGR

RSTO
FOSP
SOSP
LISP

WCSP

DEJU
RWBL
BHCO
RECR
PUFI
PISI

AMGO
I]VCR

150
()

l 3
91
1 5
3
1

33

100
82

I
'73
'72

28

20
0

52
I

33

206
6

0
2
I
4

I2

100
t11

,l
2
I

8l
I u
1
1

39

I

7l

12
29

21

51
0

36

228
I

0
tiJ

I

1 8
I
1

89
150

t)
0

l l
55
23

8
61

6
8,1
16
0

It7
53
14

2 l
0

5 1
6

)3

149
3
l
l)
1
l
1
9

11
l l 0

3
t)

l 3
.18
I 1
0

t 1

8
121
11

l l
'7)

5',7
22

26
I

59
3

3l

186
.1
I

10

I

329 55.7
611 7 r.0

1 3  l . l
2 0.3

18 10.2
282 .10.4
65  l 2 .3
,l 0.9

36 :1.2
18,1 21 .2

1 6  1 . 3
399 52..1
308 ,12.5

r 0.3
lg8 1l.0
1)1 39.5
93  rE .g

91 1',7.1
l 0.3

219  11  . , 1
t 0  1 . 5

t29 18.9

169 78.,{
1 6  1 . 5
2 0.6

34 2.',7
7  t . 8

32 6.3
12 2. ' ,7
23 ,t.5

2158 2.1l. l 2,191 9191

Tree Fann, with,10 species having >30 detections.
Previous surveys in the southern Washington
Cascades (Manuwal and Huff 1987) were on
National Forest lands and detected only :16 spe-
cies of breeding birds, even though young (42-
75 )'r). mature (105-165). and old-growth stands
(250+ yr) were sun'eyed. That study used fewer
point counts (42), but more replicates which may
partially explain their lower total number of spe
cies. We also included wetlands and clearcuts in
our sampling which undoubtedly helped to in-
crease species richness fbr the tree farm. Sur-
veys in Oregon (McGarigal and McComb 1992)

found 55 breeding bird species at 96 polnt counts
(only l0 species having >30 detections). but these
surveys were limited to mature conilerous and
hardwood forests. Surveys in Northern Califbr-
nia./Southem Oregon (Ralph et al. 1991) found a
similar number of species (71) in Douglas-fir/
hardwood stands. Overall, the Mineral Tree Farm
had a high species richness compared to previ-
ous Northwest investigations and contained vir-
tually all of the breeding bird species expected
for its geographic location.

The GIS-habitat/mutiple regression models
demonstrated that all successional stages on an

Breeding Birds in Washington Cascades 9l



TABLE 2. Resu hs of muliiple regression analysis of breeding bifd occupancy versus Gls-habitat classes i n a I 00 m radius circlc
around point counts. Dala listed under habitats are standddized beta coefficients (* indicates a probability < 0.05
that the slope ol the regression is zerc). Rr is lhe overall adjusted r-squared lalue fbr the full-model muhiple regres-
sion equation (P is the probabili!y ofthe slope ofthe equation equalling zero).

Species
Code >'+5 yr

pole

21-14 yl

saprng
conifer
6-26 yr 0-5 yr

forested alder/
habitats hardwoods

MALL
RTHA
AMKE
BLGR
RUGR
BTPI

NPOW
RUHU
RBSA
DOWO
HAWO
NOFL
PIWO
OSFL

HAFL
PSFL
TRSW
VGSW
BASW
GRJA
STJA
AMCR
CORA
BCCH
CBCH
RBNU
BRCR
HOWR

A\,IDI
GCKI
TOSO
SWTH
HETH
AMRO
VATH
CE\IA
HUVI

OC\\A
YRWA
BC\A
TOWA
HEWA
MG\IA

92

0 .016
0 .018
0 .018
0 . l 5 :1 *
0.226*
0 .100
o.024
0.055
0.098
0.096
0.003
0.096*
0.059
0 .120*
0.00r
0.048

-0 .013
0.112+
0.019
0.024
0.095
0.211*
0 .316*
0.01,1
0.136*
0.028
0.337*
0 .128*
0.098

,0.022

0.435*
0 . 1 2 1 *
0 .418+
0.053
0.304*
0 .136*
0.222+
0.389+
0.026
0.232*
0 .1 ,1 I  *

0.07,1
-0.002
0.:105*
0.229+
0.378+
0.034
0.268+

0 .  r 29 *
-0.004
0.06,1
0 .137*
0.16.1*
0.14.1+
0.098

-0.026
0 .197*
0.216+
0.066
0.12'1+
0.21,1+
0.022
0.249*
0.267*
0 .012
0.312*
0.194+
0 . 1 0 1

-0.0,12
0.200*
0.400*

,0.005
0.098
0.024
0.31.1+
0.107+
0 .013

-0.026

0.35r*
-0.034
0.29.1*
0.032
0 .43 t *
0.291*
0.262+
0.,102+
0 .116*
0. t,{5 *

0.397*
0.370*
0.176',
0.14:1+
0.032
0 .196+
0..117*
0..131+

0.0r0
0.076
0.167+
0.236*
0.020
0.086
0.098
0.038
0.166+
0.100
0.005
0..11:1+
0.380+
0.1,16*
0.265*
0.3,{7*
0.266*
0.29.1+
0.0:15
0.003
0 . 1 l 3 +
0.13'1i
0.252+
-o.022
0.053
o.04/
0 .190*
0.254*
0.071
0.08r
0.252*
0.012
0 .102*
0.253*
0.253*
0.098
0.377*
0.18,1*
0.017
0.099
0.264'
0 .10?*
0.055
0.065
0.030
0 .182*
0.398*
0 .186*

0 .102
0.032
0.001
0.02'7

-0.009
-0.050

0.007
-0.021
0.059
0.009
0 .0 r9
0.039
0.085
0.0,10
0.028
0.078
0 .017
0.088*
0 .135+
0.l9, l*
0 .129*

-0 .016
0.068
0.388+
0 .011
0 .186*
0.I0.1*
0 .018
0.06i
0.045
0 .07 r *
0.00.1
0.005
-o.022
0 .116*
0.082
0.167i.
0.07i1+
0.029
0.039
0.I46*
0.067
0.032
0.028
0.028
0.076+
0.r00*
0.098*

0.022
0.084
-0.o21
0.0,13

-0.009
-0.030
-0.038

0 .152*
0.020
0.052
0 . t63 *
0.1.17+
0.028
0.017
0.086
0.073
0.005
0.119+

-0.026
0.020

-0.013
0.070
0.091
0.058
0.039
o.09'7
0 . I  l 0 *
0.063
0.007
0 . t78 *
0 . t ] 1 *
0.08?
0 .102 "
-0.035
0.125+
-0.080
0 .132 "
0 . l 0 l  *

0.039
0.061
0.22t+
0.043

-0.043
0.251*
0.021
0.05?
0.09r*
0.099*

0.092
0.001
0 .120
0.001
0.001
0.002
0 .018
0.062
0.001
0.001
0 .031
0.00r
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.002
0.049
0.00t
0.00r
0.00r
0.002
0 .010
0.001
0.00r
0.001
0 .015
0.001
0.076
0.001
0.001
0.001
0.001
0.001
0.001
0.08E
0.001
0.001
0.001
0.002
0.001
0.001
0.001
0.001
0.001

0 .01 I
o.222*
0.043
0.276*

-0.021
0.093
0 . 1 1  I  *

0.058
0.1'11*
0.010
0.048
0 .188*
0.076
0.l8, l*
0 .134*
0.056
0.352*
0.365*
0.030
0 .017

-0.012
0.l6. l+
0 .2 t1+

-0.0,12
0 .1 t0+
0.035
0 .373+
0.:118+
0.31:l*
0.02,1
0.356*
0.075
0.44i1+
0.232+
0.276*
0.200*
0.240+
0.3,17+
0.087
0.066
0.039

-0.001
0 .106
0 .150 !
0.l . l : l*
0. '116*
0 . 1 l 2 *
0.1,16+

Bosakowski

0 .018
0.066
0 .015
0.25:1
0.072
0.046
0 .031
0.021
o.142
0.075
0.026
0.159
0.269
0.083
0 .185
0.2'72
0.237
0.8.11
0.059
0.048
0.023
0.20:l
0 .571
o.142
0.&8
0.035
0.626
0.316
0.125
0.032
0 .818
0 .019
0.657
0.14,1
0.695
0.220
0.51',7
0 . 7 1 8
0 .018
0 .108
0.,165
0 .175
0.041
0.358
0.060
0 .561
0.50,1
0.4E7
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TABLE 2. condnued

habitats

Species
Code >.+5 vr 21 -41 yr

sapling

6-26 y l 0-5 yr
alder/

h:rdwoods

WETA
BHGR
RSTO
sosP
LISP
WCSP
DEJU
RWBL
RECR
PLTFI
PISI
AMGO
EVGR

0.361+
0 .019
0.061
0.0,r2
-0.020
0.089
0.23',7*

-0.044

0 .132*
-0.04E
0.22t*
0.000
0 .154*

0.1,15*
0 .139 ! ,
0.026
0 .012
0.00,1
0 .021
0.328+
0.0.12
0.022
0.026
0.049
0.085
0 . i 48+

0.193*
0 . r66*
0.203*
0.339i
0 .016
0 .134*
0.388i
0.1.15*
0.063
0.088
0 .105
0.024
0.006

0.29,{*
0.298*
0 . 3 r 8 *
0.389*
0.039
0.,125+
0..124*
0.008
0.065
0.o22
0.098
0.056
0.073

0.0,11
0.084
0.065
0 . r87 r ,
0.316*
0.079
0 .120*
0 . r  15 *
0.020
0.211+

-0.055
0.051
0.041

0.t7'7+
0 . t 21+
0.092
0.059

-0.0,18
0.025
0.102+
0.032

-0.03.1

0.080
-0.0,15
0.27,1+
0.0.12

0..14E 0.001
0 .113  0 .00 t
0.209 0.001
0..110 0.00r
0.112 0.001
0.261 0.001
0.795 0.00r
0.030 0.019
o.02) 0.052
o.[1'7 0.00]
0.080 0.001
0.085 0.001
0.051 0.001

industrial forest were important to different grcups
of species within the breeding bird community.
Among the species that tended to be specialists
(only I to 3 significant regressions), there were
four distinct pattems that separated them fiom
genemlist species. Late succassional species had
their greatest affinity with mature conifer habitat
(Fig. 1a). This group included two snag-depen-
dent species: Vaux's swift and brown creeper,
which require snags for nesting, roosting, or for-
aging (Brown 1985), as well as conifer seed-eat
grs that need to forage among mature mast-pro-
ducing conif'ers (pine siskin, evening grosbeak,
and red crossbill), and a large ruptor which re-
quires tall canopy trees for nest placement (red-
tailed hawk).

Mature forest/edge species (Fig. I b) dift'ered
liom late-successional species by vinue of the
inclusion of clearcut habitat with mature conifer
habitat. This group included two snag-dependent
species which typically inhabit late-successional
forest: pileated woodpecker and red-breasted
nuthatch (Brown 1985; Bull et al. 1986). The
association of pileated woodpecker and red-
breasted nuthatch with mature conifer forest and
clearcuts was not due to a corelation between
these two habitats (r = -0. 12). Instead. it is pos-
sible that they were attracted to clearcut edges
because ofthe higher levels of blowdowns, dam-
aged trees, and mortality that can occur here (Norse
1990), as well as by snags, residual trees, log-
ging slash, and stumps which were left behind in
recent clearcuts. Bull et al. (1986) found that

pileated wurdpeckers lbraged 366/c of the timr:
on downed logs and 29% in snags. Bull and
Meslow ( 1977) also determined that l4clo of feed-
ing sites on dead wood were on stumps. lnaddi-
tion, Smith (1986) noted thai damaged trees can
produce large "distress crops" ofseeds, and there-
fore, red-breasted nuthatches may also be attracted
by local cone crop abundance along recent clearcut
edges. Also in this group were three perch-hunt-
ing insectivores: olive-sided llycatcher,
Hammond's tlycatcher, and Townsend's solitaire.
which are known to prefer forest-edge habitat
(Brown 1985; Sharp 1992).

Early successional species (Fig. lc) showed
a decreasing trend of association with the suc-
cessional stages, with the greatest allinity for
clearcut and sapling habitats. This group included
several ground foragers (white-crowned sparrow,
song sparrow. and rutbus-sided towhee), four
shrub/sapling tbragers (willow fl ycatcher, black-
headed grosbeak, orange crowned warbler, yel-
low-rumped warbler), and one open-terrain rap-
tor (American kestrel).

As would be expected, the GIS-habitat mod-
els for alder/hardwood species (Fig. 1d) showed
little association with conifer habitats, regardless
of successional stage. This group included four
cavity-nestels (downy woodpecker, house wren,
nofthem pygmy-owl, and black-capped chicka-
dee) with well-known affinities for deciduous or
mixed conifer-hardwood stands (Brown 1985;
Sharp 1992). American goldfinch is a seed-eater
known to inhabit alder or other hardwood types

Breeding Birds in Washington Cascades 93



F

!
E

a :

t\t -

n \ {

! / !

ii, =

t t :

| ,

L .-,
a
=
E

!.

s

:

5 g

= a

5 a

I

J
0
0
I
'1

0

o
0
c
0
N
0)

0)
a
0
lf

0
7t

;

a
0

.0
n
0
U)
0

0

t-'|...]
l r ' l
l r l
l r l

L----!

> ; . .

*  ! 6
c . 9 N

I . )

r -  i ; \

tHi

E
6
E
b

tt)
0

0
N
0)

0)
a
0
I

E
.l
n
!)

0
-9
-0

0

t1
0
f,

a
n
0
O

al
, l

.

r , l

L-
l l
l i
r l I
. t l
l ' l
l t ,
l i
l i

9 i
t :
l ;  ,
l t l
t ;
l : , ,
l r i
f,i. ,

I
I

Bosakowski94



(Brown 1985). None ofthese species were abun-
dant because ofthe dominance ofconifers on the
Mineral Tree Farm.

Most ofthe 32 species that were signitlcantly
conelated with mature conifer in the GIS-habitat
models were also observed to attain high abun-
dance levels in mature and old-growth stands in
otherNofihwest studies (Manuwal and Huff 1987.
Manuwal 1991, Ralph et al. 1991). These strong
similarities validate the utility of the GIS-habi-
tat/multiple regression model which was devel-
opedforthis study, as well as emphasize the value
of  ma in tu in ing  mature  fo res t  hab i t r t  on  pr i ra te
industrial forcsts forbreeding birds. On the Mineral
Tree Farm, mature conit'er stands (>45 yrs) usu-
ally had higher densities of snags and remnant
old-growth trees ("old-growth legacies"), than pole
stands because of"sloppy clearcutting" and "high-

grading" practices which were the norm before
1930 (McKelvey and Johnston 1992). Since that
time, a chronic shortage of snags and large re-
sidual trees has occurred in clearcut units with
the advent of "modern" intensive silviculture
r l re i t ro  e t  r l .  la85) .  In tens i re  s i le  p repar r l ion .
concerns lbr worker safety, and salvage for wood
chips and firewoodhave all contributed to a short-
age of cull trees, snags, and residual trees in the
Pacific Nofhwest (Neitro et al. 1985).

To mitigate for this predicted loss to wildlife
diversity, special forest management prescriptions
for the Mineral Tree Farm were developed in their
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