
S t d i e s  in Avian EioIosy NO. 1683-87, 1994. 

TERRITORY OCCUPANCY AND HABITAT PATCH SIZE OF 
NORTHERN GOSHAWKS IN THE SOUTHERN 
CASCADES OF CALIFORNIA 

BRIAN WOODBRIDCiE A N D  PHILLlP f .  DETRICH 
Absimucr. We monitored annual w p s n c y  of rowst patches by nestiq Northern Goshawks (Am-Nfcr 
genrilis) in the southern Cascades Mountsins in northm- California. Gmhawks ty&lIy used 3-9 
alternate nests distributed among 1-5 diftnnt torest stand$ ranging r m  4.1 to I15 k c t a m  in 
and showed low hdeiity lo individual nul trees or stand% Mean distance between ahemale ncsla W a S  
273 -I- 68.6 m. Alternate nests and nest stands were groupad into wt sPnd cimt~f~, which Tar 
monitoring purposes were the equivakmt 01 Itrritorits. Nest stand dusten n& from IO lo I 1 4  
htaans in size. and were occupied 74% (k5.5) of years monimred. Occupancy of nest stand ctustcra 
by nesting goshawks was pwitively c0mla;led with duslts arw, with'occupmcy of clustera <20 ha 
typically <SOW. Reproductive success was not correlated with habitat area. T m  Dotterns o l t d t o r y  
occupancy wm distinguishable; tradilional rem'toncs {23) where nesting by goshawks was predictable 
within finite nest clusters and ephemeral lerritories (5) where alternate nests were widely scattered 
and sporadicalty used. Despite extensive timber harvesting and hrest fhgmcntation within our study 
a m ,  goshawks occumd at wlatively high densities(0.57-1.07 territories per 1oM) ha). However. most 
goshawk remlories were associated with the Iarger remaining patches of mature. forest, and occupancy 
or these patches was positively associated with patch area. 

Key W u d :  Accipirer genti/iq Forest fragmmentarion; nesting habilat; Notihem Gosha* territory 
nccupancy. 

Habitat suitability for an animal is  a runmion 
of the structural characteristics and spatial ar- 
rangement of habitat patches. as well as  the pres- 
ence of predators. competitors and adequate food 
resources (Cody 198 1). Fragmentation orhabitat 
can influence habitat suitabilitytven ifthe SIIUUD 
ture of the remaining habitat patches remains 
unchanged (Temple and Wilcox 1986). Assessing 
the effects ofhabitat rragrnentation on large, mo- 
bile species such as birds or prey is further com- 
plicated by these species' use of multiple patches 
in a landscape, onen using ditlerent types of 
patches to ruU1611 different life requisiies (e.%, 
nesting versus foraging or cover) (Ham's and 
Kangas 1988). 

The structural attributes of forest stands used 
for nesting by Northern Goshawks (Accipiter 
genrilis) have been described in a variety of foresi 
ecosystems in North America. inciuding eastern 
deciduous (Speiser and Bosakowski 1987) and 
western coniferous (Reynolds et al. 1982, Hall 
1984, Crocker-Bedford and Chaney 1988, Hay- 
ward and Escano 1989) forests, and Great Basin 
shrubsteppe communities {White and Lloyd 
1965. Younk and Bechard, this volume). Al- 
thourn conducted in different communities, these 
studies and others (summarized in Reynolds 
1989, Reynolds et al. 1992) found tba ta  number 
of structural features were common to goshawk 
nest stands in most areas. Nest stands are typi- 
cally compased of l aw,  densely spaced trees, 
with higher canopy closure and more open un- 
derstories than the surrounding laddscapc. The 

majority of these studies, however, did not con- 
sider spatial relationships such as sire and dis- 
tribution of habitat patches, and none used long- 
term patterns o f m u p a n c y  of habitat patches by 
nesting goshawks to assess habitat quality. 

Estimates of stand size given by Reynolds 
(1983) were based on measurement of areas of 
intensified activity adjacent to nests (nest areas) 
and did not necessarily reAcct the actual s i z e  of 
the forest stands used for nesting. Crocker-Bed- 
ford (I 990) described the spacing and occupancy 
of alternate nests within goshawk territories(nest 
clusters) and reported a relationship between the 
sireofunharvested buffen surrounding nest sites 
and subsequent occupancy by nesting goshawks. 
Kennedy (I99 I) used the movements of radio- 
marked goshawk Family groups to define the post- 
fledging famity area (PFA), an area of concen- 
trated use by the family group after the young 
tell the nest. It is not clear, howver ,  how PFAs 
were diKerentiated from nest stands or clusters 
of nest stands. Estimating the relationship be- 
tween patch size of nesting habitat and overall 
tenitory quality is further complicated when the 
effects of foraging habitat quality are considered 
(Crocker-bed ford 1990. Reynolds et al. 1992). 

In this study we dexribe spatiat patterns of 
habitat use by nesting Northern Goshawks a i  
four levels of resolution: nest trees, nest stands, 
temrories {clusters of nest stands), and spacing 
between territories. At each level we compare 
spatial attributes to rat- of occupancy by nesting 
goshawk. 
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)Y AREA AND METHODS 
s srudy took ptacc in thc sourhem'Cascades 
atains of  nonhcrn California, on the Goosentst 
:r Dislrict oflhc Klamath National Forest. The 
vas composed of thm major fares1 lyws. Sierran 
anc Fans1 and Umr Montane Forest (Kiichler 
9 occurrod at higher elevations and  were domi- 
by red fir (Abies mognt&a), while hr (Abies con- 

I, ponderosa pine (Pinus pondcmu). lodgepole 
{pinus contorto). Douglas-fir (Predmsrrga men- 
& and hems? ccdar (CaloeEdruJ k u r r m r ) .  LQW- 
vation forests were comprised primarily oOkarth- 
eltow Pine Forest (Kuchlcr 1977). dominated by 
tma pine and whitc fir. Most of the sludy area 
r t w n  1400 m and 2330 m elevation and was 
vtly dry, with mosl precipimtion falling as snow 
iwr. Thearca had a long hisroryoflimber harvest. 
intensive harvesting occurring as early 8s 1900 
lenslayer and Dam 1990). The resulting r0ref.t 
cape ~ccrirrcd as wattcrcd palches orunmanaged 
re rorcst dispersed in a malrir or thinned or re- 
aged stands.Supprcssion ornaruml hrewilhin this 
'stern rcsuttcd in increased densily of firc-susczp- 
conifer species such as white fir in areas formerly 
nated by fire nsisrant species (ponderosa pine, 
,x adar; B i w l l  1989, Laudenslayer el al. 1989). 
: surveyed for nesting northern goshawks each 
g and summcr r i m  19114 10 1992. Our initial 
.le o f  tenitorits was derived from Forest Service 
ds and survey transects conducted in areas o f  po- 
11 goshawk habitat. In I988 we bcgan using broad- 
3rtapd conspecific alarm cAls along established 
ccis(Fu1lcrand M a s u  1981. Rosenkldel SI. 1985, 
icdy and Stahlcckcr 1993) within two 1 2.000 hect- 
urvey btocks. Wt returned annually to all known 
ones to determine occupancy and rcpr~4uctive 
ad. We intensively surveyed an area of 1.6 km 
IS surrounding each previouslyaaive nest to locale 
iate ncsl sites. Terminology propoped by Postu- 
.y (1974) and Stccnhof and Kochcn (1982) was 
to dehnc occupancy and nesting success of gos- 
: tcrrilorita. W e  defined nest productivity as the 
ber ollarge (minimum 5 week old) nestlings. Each 
thst a given tcnitory was monitored w a s  termed 
citory-year. Alternate nests wilhin itrritorics were 
allydumpcd snd could be distinguished from ad- 
II territories. However. in cases whm alternate 
I w r e  widely spacad we used simultaneous oc- 
ncy of both adjacent tdtor ies  io diainguish be- 
n them. We measured distances bctwcm the geo- 
ic m i e n  ofncsi dusters ai adjaceni tcnitorics to 
late nearest-neighbor distances. h t i o n s  or oc- 
ed nests, allmate netls, and babimi boundaries 
: mapped en& year on aerial photognphs (scale 
.ooo)- 
'e defined nest Mandr as patchesof romt that wm 
~ogeneour in cornpusition. age. and structure nl- 
c IO  he sumnding rorest (Spurr and Barnes 1980) 
were used fbr nestin& Boundaries or m a i  stands 
: the result of forest management aciivitier and 
ml rcpium such as meadows and lava Rows. and 
c dearly dishguishable on aerial photographa. Ar- 
or nest slands were measured directly from aerial 
,(oPJtDhs with a Numonics digiwl planimetir. we 

or reused a n  exisling nest within it. We calculated oC- 
cupancy rates for individual rlsnds by dividing the 
number of years ihc stand was occupied by the 
number of years the stand was monitored. 
Nest stand clusters wre  defined as the aggregate area 

orall shnds within a lcmtory ihat were used for nest- 
ing, and for rnoniloring purposes w m  Ihe equivalent 
or ttrrirorier. Ne61 slsnd duiicra wm considered oc- 
cupied irpshawks attempted to neal erhibitcd d c h -  
rive behavior, or WCTC righted repeatedly within them. 
The occupancy rate orach cluslcr was cplculatd by 
dividing  he number of years the cluster was man itorad 
by the total number ofyears the duster was monitored. 

Comparisons of sund and nest cluster size with a e  
cupancy ram were made using the Spearman Rank 
Correlalion(Zar 1984).Onlyslands(N = 7l)orclwters 
(N = 23) with > S  ycaa or moniroring wen used in 
statistical comparisons. We found !hat five p a r s  of  
monitoring was sufficient to delineate the area of mosl 
nesl stand cluslus. Mean values in the text arc pre- 
serikd wi th  sl.ndi,id CITGJS ~XSE) .  

RESULTS 
MOMrnRINCI 

We monitored 14 1 iemtory-years at 28 gos- 
hawk lemiories wiihin the study area. Ooeupan- 
cy by at leas! one adult goshawk was confirmed 
in 100 (71%) of monilorcd temtory-years, and 
breeding attempts were observed in 89 (63%). 
Rates of occupancy and breeding were likely un- 
derestimated due to the secretive behavior(Ken- 
nedy and Stshlecker 1993) and annual move- 
ments of riesling goshawks observed in this study. 
The sample of monitored territories increased 
each year orthe study, from 18 in 1984 to 28 in 
1992. Six territories were monitored for over 10 
years, I7 were monitored 5-9. and five were 
monitored 5 4  years. 

Pmductivity for 84 nestingaltempts averaged 
1.93 yQung per attempt (range = 0 4 ) .  Eighty- 
seven percent of observed nesting attempts were 
sumessful. Primary causes ofnest failure includ- 
ed failed incubation (cause unknown = 7), severe 
spring +oms (2), and predation by Great Homed 
owls (2; Bubo virginiunrrs). 3rd size was re- 
duced in nine successful nest attempts when nest- 
lings fell from rhe nest or were killed by siblings. 
Nest succtss and productivity wtre prohbly 
overestimated because nesting attempts failing 
prior to rhe nestling stage and mortalities occur- 
nng e R a  fledging were kss likely to be detected. 

OCCUPAW O F N ~  T m  
Tenitorits typically'contained more than one 

nest, most having fmm 3 to 9. Many or these 
inactive alternate nests were not observed to be 
used by goshawks-during the study. The mean 
number o f  nests aciually used during the study 
&as 2.6 (f0.42, range = 1-5) per territory- The 
reoccuMncv rate of individual nest Irces was low. 
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&eda stand os occupied irgoshawks built a nest Only j 7  of's5 (44%) nest atlernpls were in nests 
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FIGURE I. Correlation of percent occupancy or- 
hawk nest rland clusitn versus cluster sizc Tor 26 LW- 
rilories in !he soulhem Cascades oFCalifwnia, 1984- 
1992. 

used the previous year. The average reoccupancy 
rate of individual nests ai  26 territories over at 
least 5 years was 49% (& 11%). Reoccupancy of 
alternate nests was highly variable; at some tcr- 
dories  goshawks did not re-use the same nest 
twice in 4-7 years, whereas others used a single 
nest For 2 4  years a n d  then moved to or built 
another. 

DISTRJUIJTIOM OF ALTERMATE N m  
Spacing and distribution oralternate nests var- 

ied widely among territories. Nests in most ter- 
ritories were clumped in two or three adjacent 
stands, whereas others contained nests scattered 
in stands up 10 2.1 km apart. The mean disunce 
between alternate nests in 65 nest attempts in 
this study was 273 (f6B.6) m, (range = 30-2065 
m). T h i s  estimate of' nest spacing was conser- 
vative in that it included only movements ac- 
tually observed between years. Longer move- 
ments were more d i f h l t  to detect and wem. likely 
underrepresented. 

USE OF Nesr S r m  
Goshawk territories typically contained 1-5 

d i h t  forest stands usad fm nesting (2 = 2.4 
f 0.7). Stands used for nesting ranged from 4.1 
~ o ~ I S ~ ~ a ~ ~ n s i ~ ~ ~ 2 7 . 8 *  5 . 3 h a . N ~  
71  stands). 

At territories with at least five sucqessive years 
of monitoring, individual nest stands were o e  
cupid by nesting goshawks an average of 46% 

maximum distance recorded between nest stands 
was 1.8 km. However. o m  8546ofaltemate nesl 

(f646) or the yeam monitored (N = 71). TIX 

individual nest stands were positively conelaled 
with stand size I ~ s  = 0.85. P = 0.001). Srnallcr 
stands (<I0 ha) typically containmi 1-2 nests 
and were only occasionally occupied by gos- 
hawks, whereas larger stands (> 20 Ita) ofien con- 
tained several nests 8nd were occupied in a high 
proponion of territory-yean. 

NEsT STAND CLIJSTERS 

Nest stan! clusters ranged fmm 10.5 to I 1 4  
ha in size (X = 41.7 * 5.89, N = 26 territories). 
The mean occupmcy rate of nest stand clusters 
was 0.74 (k0.055, N = 26). Oocupancy rates or 
23 nest stand clusters with at least five year$ of 
monitoring was positively correlated with clustcr 
size (rs = 0.88, P = 0.008). Occupancy ratcs of 
clusters or <20 hectares were typically <5W. 
At approximaiely 40  ha occupancy rose i o  75- 
80%, and was nearly 100% for stand clusicrs >6 1 
ha (Fig. I). We found no signilcanl relationship 
betwaen stand cluster size and productivity (rs 
= 0.052. P = 0.819). The mean number oryoung 
produced per occupied icrritory (minimum five 
year average) was relatively uniform among ler- 
ritories. 

TERRITORY SPACING AND DENSITY 

Nearest-neighbor distances for 2 I goshawk 
territories within intensive survey blocks rangod 
from 1.3 to 6. I km. averaging 3.25 rt 0.34 km. 
Spacing appeared to be reduced around land- 
scape features such as meadows and riparian sys- 
tems, where goshawk territories were clumped. 
Eleven iemtones were located within a 10,230 
ha block of Sierran Montane Forest yielding a 
dmsityor 1.07 territories per 1000 ha, compared 
with 0.575 territories per io00 ha in a 10.440 
ha block of Ulrpcr Montane Forest. 

DISCUSSION 
Territory use by goshawks in this study was 

characterized by alternate use of ecst sites up to 
2.1 krn aparl, and low fidelity to any par~icuiar 
neSt site. Over time the number of neSt siies 
recorded in most territories incressed, as did the 
area of habimt containing !hem. From 4 to 6 
years of monitoring were raquircd to dcfine the 
actual area used for nesting wiihin most terri- 
tories. The resulting area or nesting habitat (nest 
stand cluster) was considerably larger than a m  
estimates derived from 8 single year (Crocker- 
Btdfwd 1990), or  measurement of activiiy cen- 
ters surrounding individual nests (Reynolds 
1983). 

Comparison of nest habitat area in this study 
with results of other studies i s  comdicaied bv 

stands were less than 0.7 km apan (z = 0.52 k 
0.11 km, N = 71 stands). Occupancy rates or 

differences in terminology and basic study de- 
sign. Measurcmenls of nest stands and stand 
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clustcrs in this study were made using physical 
boundaries of nest stands. It is likely that only a 
small portion or each stand i s  actually used for 
nesting in a given year. Reynolds et al. (1992) 
proposed a hierarchy of  spatial components 
comprising goshawk home ranges: nest area, post 
fledging family area. and foraging area. Each of 
these components was based on measurement of 
goshawk activity and cannot be estimated with- 
out radio-telemetry. Estimates ofnest habitat area 
based on observations or nest-tending activities 
(Rcynolds 1983) overlook the possibitity that se- 
lection o f  nest sites by goshawks is based at least 
mrtialtv On mtch  size. Our ohemations of' re- 

to  nest in arens where little maturi: forest habitat 
was available. 

Although occupancy ofnest stand clusters was 
clearly cornlatad with duster size, other factors 
may have aRectad occupancy ofspacihc dusten 
by nesting goshawks. Reduction and fragmen- 
tation of mature forest habitat may favor early 
successional competitors snd predators such 8 5  
Rad-tailed Hawks (Buteo jnmaicemsig) and Great. 
Homed owls (MOOR and Henny 1983, John- 
son 1993) end reduce occupancy by pshnwlrs 
(Cracker-Bodford 1990). Occupancy of tradi- 
tional goshawk nests or nest stands by Great 
Homed Owls, Long-eared Owls (&io ofus), r-----J -~~ r duced occupancy in smaller stands suggest that Northern Swtted Owls ( S h x  midentalis cuur- 

patch sine may be an imporrant factor deterrnin- ha), Red-tailed HawksandCmper's Hawks(Ac- 
ing quality of nesting habitat. cipiter cooperi) was recorded in this study, but 

Thc post fledging family areas(PFA)described was not associated with territory abandonment 
by Kennedy ( I  991) may be somewhat analegous by goshawks. In three instances, however. go* 
10 nest stand clusten in  that the PFA is a larger hawks moved outside of their traditional nest 

efiammssing at leust one nest site. It is not ctuster after i t  was occupied by Northem Spotted 
clear whether the PFAs studied by Kennedy OWIS. 
(199 I) contained all known nest siteswithin each Despite intensive l imber harvest and rrag- 
tenitow, or if goshawk pairs moved outside of mentation of  mature foresl our study area sup- 
pFA boundarics in subsequent years. This re- porled high densil ia o f  nesting goshawks. Gos- 
lationship could be assessed by comparison or hawk territories, however, were associated with 
pFA boundaries with the distribution O r  alter- the larger remaining patches of mature forest, 
nate nest sites and the boundaries o f  nest stands, and temtory oocupancy .was positively comlat- 
particularly over a number of years. ad with the size of nesting habitat patches. 

Alternate nest sites within most ten-iloriesap- Several factors may act to mitigate the eAects 
peared as clusters, spatially distinct fr&n nest of timber harvest and forest fragmentation on 
clusters at  neighboring territories. At five tem- goshawk habitat quality in our study am,  Tim- 
lories (18%). however, alternate nests were very ber harvests occumng after the early 1960s typ- 
widely spaccd and territory boundaries were less . ically consisted of commercial thinning, shelter- 
distinct. Maximum distances between alternate wood, and sanitation prescriptions. resuldng in 
nests at !hew. territories were similar to mini-  less distinction between harvested areas and re- 
mum distances 1,cIwccn simullanmus~y occu- rnaiiiing mature forest than in large ckarcut re- 
pied neighboring territories. gimes. Golden-mantled Ground Squirrels (Sper- 

Mean occupancy rates orhabitat components mophilus laterulis), a primary p n y  species for 
increased as spalid side inc;c.wtl h u  WAI 'T: goshu.;ks in the southern Cascades (Woud- 
lo nest stands and nest stand clusters. Annual bridge, unpubl. data), arr  abundant in  open h a b  
movements of nesting goshawks may have re- itats (Inglts l965)and were lrequently observed 
duced our ability IO detect some nest attempts in prcviously harvested areas, This  prey resoume 
in remote nest sites, resulting in underestimation could act to orset losses of pny spdcies a m i -  
ofoccupancy at larger x a l m  (nest stand clusters). ated with mature forest. Finally, erects of forest 
Patterns of occupancy at goshawk territories fell fragmentation on goshawk populations may be 
into two categories: Iradiiiona! tenitones (23), less important in forest ecosptems such as the 
where nesting by goshawks was predictable and southern Cascades that art natumlly fragmented 
typkally occurred w h h h  finite nest chsttn; and by topography, rrenc conditions, and wildfire. 
ephemeral territories(5), where nesting was spo- Comparison of our results with data colIectcd in 
radic and nest sites were widely distributed. diffwent forest ecosystems may provide insights 
Ephemeral territories were occupied in less than into the relative importance of nesting habitat 
three o f  Rve yean and appeared to be associated area. 
with highly kaegmenad areas of lodgepole pine . 
and mimd pine siands where extensive tree mor- A C K N O W L E D G M E ~  
t W  due to bark beetles (findrmfonm WP.) had We thank 8. AI!-, Seapr, F i n h ,  A. Stms- 
occurrid Changes in stand Sh-~CtUre in these ar- ler, and the numerous student interns who performed 

may have resulted in increased density Or the majority orfieldwork overthe ps t  sin -.Corn- 
vulnerability ofprey and attracted goshawk pairs meni  by S. DtStefano, L RissItr, 7. Rlliater. and 

three anonymous rrvicwen &ally irnprnvd mdier. 
dmRs ofthis manuscript. The Gomenut R a n w  Dis- 
trict ofthe Klamath National Forcat provided financial 
and logistical support for w r  studies, 
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