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Status and Nesting Requirements
of the Northern Goshawk in the
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The ecosystem management component of the Morice & Lakes IFPA has em barked on sev er al 
projects that assess biodiversity, ecological attibutes, and fi sh and wildlife habitat.  These projects 
will provide important ecological data that will be used in learning scenario de vel op ment for the 

IFPA’s Sus tain a ble Forest Man age ment Plan. 

Fraser Lake Sawmills

Introduction 

The northern goshawk (Accipiter gentilis; hereafter gos-
hawk) is a raven-sized forest raptor with a circumpolar 
distribution inhabiting coniferous and mixed forest 
dominated landscapes (Brown and Amadon 1989).  The 
adult (>2 years) has a bluish-slate gray back, a light gray 
breast, a light gray eye stripe above the eye, a barred 

tail, and conspicuous large white under tail coverts.  
In North America there are several morphologically 
different sub-species.  Within BC the larger Accip-
iter gentilis atricapillus is found on the mainland and 
the smaller red-listed Accipiter gentilis laingi is found 
on Vancouver Island and Queen Charlotte Islands 
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(Campbell et al. 1990), and also possibly on the coast of the adjoin-
ing mainland (Cooper and Stevens 2000).  DNA analysis indicates 
that birds in the Morice and Lakes Forest Districts (MLFD) are 
part of the A. g. atricapillus subspecies.

The goshawk is primarily adapted to forest habitats where its 
short, rounded wings, long tail, and powerful flying action make it 
an effective direct pursuit hunter, capable of quick acceleration and 
excellent maneuverability through the forest.  Across their broad 
range goshawks take a variety of mid-sized forest prey ranging 
from small mammals and passerines to hares (Squires and Rey-
nolds 1997).  In the MLFD its main prey are red squirrels, grouse, 
snowshoe hares and forest passerines (typically thrushes, wood-
peckers and jays).  

Goshawks typically nest in mature/old growth coniferous stands 
that are even-aged and have a closed canopy and open understory 
(Squires and Reynolds 1997, Cooper and Stevens 2000).  Within 
forest dominated landscapes goshawk territories are relatively 
evenly distributed (Reynolds and Joy 1998) with the distance 
between territories being primarily driven by prey availability 
(Doyle and Smith 1994, Doyle 2001).  The northern goshawk is 
probably a year-round resident in most years throughout most of 
its range (Squires and Reynolds 1997).  This is an important factor 
because breeding success is strongly linked to the over-winter 
body condition of the female, which is dependent on the foraging 
quality of the territory surrounding the nest area.  

Objectives
The northern goshawk is widely recognized as a species sensitive 
to forest development (Reynolds et al. 1992) and is classified as 
an ‘Identified Wildlife Species’ under the Forest Practices Code 
Act of British Columbia (FPC) (BC Ministry of Environment and 
BC Ministry of Forests 1999).  At the time this study was initiated 
information about the population status and habitat requirements 
of goshawks in the Sub-Boreal Spruce (SBS) biogeoclimatic zone in 
the Morice and Lakes Forest Districts was inadequate to incorpo-
rate effective management guidelines for the species into strategic 
and operational forest development planning. 

To address specific knowledge gaps we identified the following 
specific objectives:

1.  Locate a minimum sample of 25 goshawk nest areas to support 
assessment of other components of the project.

2.  Determine territory spacing of adjacent goshawk territories in 
core study areas to facilitate estimates of population densities.

3.  Determine the size and habitat characteristics of goshawk nest 
area habitat and use that information to develop a nest area 
habitat suitability model.

4.  Assess the size of area used and habitat selection of juvenile 
goshawks during the post-fledging period.

5.  Document breeding chronology and reproductive success at 
active nests.

6.  Assess food habits of goshawks during the breeding season by 
collecting and analyzing pellets and prey remains from active 
nests. 

7.  Directly assess impacts of forest development near/within 
active goshawk nest areas by comparing management trials to 
control nest areas within an adaptive management framework.  

8.  Develop effective goshawk management guidelines that address 
the nest area and post-fledging area (PFA) habitat requirements 
of goshawks in the Morice and Lakes Forest Districts while 
minimizing constraint to timber development.  

Population Status and Trend
A total of 37 goshawk nest areas have been documented within 
the MLFD as part of this study, plus three additional nest areas in 
the SBS zone in the Bulkley Forest District.  Within suitable habitat 
in the MLFD goshawk territories are regularly spaced, with 4-6km 
between territories.  This corresponds to densities of approxi-
mately 4 pairs/100km2, which is comparable to other populations 
of goshawks considered to be at healthy densities (2.4-10.7/
100km2 range in Squires and Reynolds 1997).  Within core study 
areas, all areas appear to be occupied by goshawk territories.  This 
suggests that goshawks are currently at or near carrying capacity 
in areas still dominated by mature forest and that timber harvest-
ing to date has not alienated breeding birds from these areas.  In 
addition, breeding success (both the number of pairs breeding 
and the number of young fledged per breeding pair) is within the 
normal range for this species (Squires and Reynolds 1997).

The present seral stage distribution of approximately two-thirds 
of the forested landscape in mature forest condition and approxi-
mately one-third in early seral herb/shrub (plus some pole sapling), 
may represent an optimal distribution for goshawk foraging suit-
ability (Mahon and Doyle 2003).  As the proportion of mature 
forest decreases (especially below 25% of the landscape (Iverson 
et al. 1996)) and the proportion of mid seral pole-sapling and 
young forest stages increase, it is likely that goshawk densities will 
decrease. The threshold at which this will occur, and the relation-
ship between the amount and distribution of suitable habitat and 
population density, is not known although population declines 
of 60% have been linked to timber development in Scandinavia 
(Widen 1997).  Intensive surveys failed to locate any goshawk nest 
areas within remnant mature forest patches within the Swiss Fire1, 
suggesting that goshawks may not establish breeding territories in 
early seral dominated landscapes in the SBS.

1 The Swiss Fire area encompasses approximately 12,000ha and is dominated by shrub stage regeneration with approximately 5% of the 
area consisting of mature forest remnant patches.
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Nest Area Habitat Requirements
Within the MLFD goshawk nest areas consist of multiple nest sites 
within a relatively uniform forest stand.  The number of nest sites 
per nest area ranges from 1–6, with an average of 2.6 nests (SD 
= +1.34, mode=3, n=36).  The average distance among nest sites 
within a nest area is 188m.  Based on these factors we estimated 
nest area size to be 24 ha.  

The majority of nest areas (86%) are located in pine leading 
stands, with varying minor components of spruce, subalpine fir, and 
trembling aspen.  Most nest areas (87%) are on zonal sites (01 site 
series), in age classes 7 and 8 (>120 years), with crown closure 
greater than 50% and sparse herb and shrub development in the 
understory.  Goshawks appeared to avoid edges of road right-of-
ways and clearcuts, with 83% of nest sites greater than 100m from 
forest edges.  

Nest Area Suitability Model
We developed and refined a habitat suitability index (HSI) model 
for goshawk nest area habitat following procedures outlined in 
Standards for the Development of Habitat Suitability Index Models (US 
Fish and Wildlife Service 1981), using the observed habitat charac-
teristics from our sample of nest areas.  

This nest area model follows a limiting factor, non-compensatory 
approach.  From an ecological perspective this means that when 
the suitability rating of one variable decreases below its optimal 
range it decreases the overall suitability by that amount.  Further, 
suboptimal ratings in two or more variables are combined, through 
a multiplicative function, to decrease the overall value.  The func-
tion is non-compensatory in that the value of one variable cannot 
compensate for a deficiency in another.  The equation used to 
calculate the suitability ratings is:

Nest Area Suitability = Tree Spp Rating x Canopy Closure 
Rating x (Age Class Rating + Stand Ht. Rating / 2) x Edge 
Rating

The ratings that result from the model range from 0-1 and are 
broken down into four equal classes (nil, low, moderate, high).  
Ninety-two percent of all known nests occur in the high (0.75-1) 
class, and under current landscape conditions only high rated areas 
should be considered as candidate goshawk nest area habitat.

Suitability mapping has not been completed using this final model 
due to other budget priorities this past year.  An example of map-
ping derived from a previous version of the model (that excludes 
the edge variable) is provided in Figure 1.  Currently nest area 
habitat is not limited within most portions of the MLFD.  Due to 
over-riding demographic factors (population density and terri-
tory spacing) these ratings cannot be used to predict numbers of 
goshawks across the landscape.  However, when incorporated with 
the 4-6 km territory spacing distances nest area habitat suitability 
mapping can be a very effective inventory and management tool 
for locating new goshawk nest areas.  

Post-fledging Area Size and 
Habitat Use
Few previous studies have examined goshawk post-fledging areas 
(PFA).  The Identified Wildlife Management Strategy (IWMS) 
indicated that the size of PFAs were 240 ha; however, the most 
detailed PFA research indicated the areas used were much smaller 
– approximately 30 ha (Kenward et al. 1993).  This discrepancy, 
the lack of detailed studies in North America, and the significant 
forest management implications associated with the differing sizes 
resulted in the prioritization of this aspect of the study.

We assessed the size of areas used and habitat selection by 
fledgling goshawks by mapping daily locations of the juveniles from 
fledging to dispersal (approximately 6 weeks).  To maximize the 
statistical power of our analysis we combined PFA data from a 
concurrent goshawk project in the Kispiox Forest District.  A total 
of 37 PFAs were assessed between the two projects from 1998-
2001.  We estimated PFA size using home range estimators (Kie et 
al. 1994) and used compositional analysis (Aebischer et al. 1993) to 
test for habitat selection.  

The average PFA size using the 95% adaptive kernel method was 
19.3 ha (SE=2.4, min.=3.6, max.= 36.9).  Overall, juvenile goshawks 
showed strong selection for interior forest and avoided open 
habitats such as clearcuts.  This pattern was strongest during the 
first three weeks after fledging.  During the last three weeks the 
juveniles still used interior forest most, but showed an increased 
use of forest edges and open habitats.  A map showing an example 
of typical PFA locations is provided in Figure 2.  

Other recent, though less comprehensive, studies are consistent 
with our observation of PFA size.  In aspen forests in northeast 
Nevada, Shipman (1998) observed mean PFA sizes of 12ha (n=7).  
In southeast Alaska seven PFAs averaged 26 ha (Iverson et al. 
1996).  Studies on Vancouver Island (McClaren and Pendergast 
2002) recorded a mean PFA of 57 ha (n = 12 nests), which is 
nearly triple the sizes we observed, but still much smaller than the 
240ha used in the IWMS.  Based on our detailed PFA work there 
is no basis in the SBS for the 240ha PFA management area speci-
fied in the Identified Wildlife Management Strategy.  Requirements 
of juvenile goshawks should be met by the nest area management 
guidelines presented later in this document.
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Figure 1.  Example of goshawk nest area suitability mapping and territory spacing in the MLFD.  The red shading corresponds to a four class rating scheme (nil, 
low, moderate, high [darkest]).  Green dots are known goshawk nest sites.  Using territory spacing and suitability can be highly effective in predicting the location 
of new nest areas.
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Figure 2.  Juvenile goshawk locations and 95% adaptive kernel home range boundary during the post-fledging period in 1999.  Locations within the first three weeks 
are generally closer to the nest and within interior mature forest.  Locations after three weeks are farther ranging and often along edges.
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Breeding Chronology and 
Reproductive Success
Once established, goshawks have very strong fidelity to nest areas, 
using them repeatedly for years and even decades (Squires and 
Reynolds 1997).  Ninety-five percent of all nest areas in the MLFD 
that were monitored for at least two years had multi-year use.  
Goshawks initially reoccupy nest areas in mid-February.  Eggs are 
laid at the end of April and chicks hatch at the end of May.  Juve-
niles fledge from the nests in early July and disperse from the areas 
by mid-August.  The average annual occupation rates of nest areas 
into the incubation period were 62%.  Average annual fledging 
rates were 1.8 chicks per nest.  All demographic parameters are in 
the mid to upper ranges of values report in other studies suggest-
ing goshawk populations are healthy within the MLFD (Cooper 
and Stevens 2000).  

Breeding Season Prey
We assessed breeding season prey by analyzing goshawk pellets 
and prey remains collected at active nest areas.  Results indicated 
that goshawks feed on a variety of prey in the MLFD; however, in 
terms of actual biomass contribution, red squirrels, grouse and 
snowshoe hares comprised the bulk of the diet.  Although we did 
not monitor prey abundance as part of this study, the relative con-
sistency of nest area occupation and fledging rates suggests that 
overall prey availability met the foraging requirement of goshawks 
over the term of our study.  

Nest Area Adaptive Management 
Trials
Despite a fairly large body of literature providing forest manage-
ment recommendations for goshawks, few studies have actually 
directly monitored the response of goshawks to forest harvest-
ing operations near active nest areas.  Management guidelines for 
the species have been developed based primarily on observed 
nest area sizes and nest area selection relative to existing forest 
development (e.g. Reynolds et al. 1992).  Ultimately, the only way 
to determine how different forest development operations affect 
goshawk nest area use is to proceed with a range of harvest 
prescriptions adjacent to goshawk nest areas and monitor how the 
goshawks respond.  This study is in a unique position to conduct 
these trials because of the large number of nest areas that have 
been located and the willingness of forest licensees and provincial 
government agencies (Ministry of Forests and Ministry of Environ-
ment [now Sustainable Resource Management and Water, Land and 
Air Protection]) to conduct these trials.  

We designed the nest area harvesting trials following an adaptive 
management framework (see Mahon and Doyle 2000 and Taylor 
1996 for details).  Adaptive management designs usually have 
several iterative phases where results from a sample of trials are 
used to refine the treatment levels for another set of trials.  Due 
to the long post-treatment monitoring period required in this 
study, multiple iterations of trials are not possible.  Trials within 
this study consisted of two phases or iterations.  In the first phase 
we assessed the appropriateness of trials overall and the range of 
treatments being conducted for a subset of initial trials.  On the 
basis that reoccupation rates by goshawks did not differ between 
treatments and controls for the initial trials, a larger suite of trials 
was implemented with a broad range of treatment (harvest) levels.  

Similar to the PFA assessments, we have incorporated data from 
similar trials in the Kispiox Forest District to maximize our sample 
size and statistical power.  To date, harvesting trials have been 
implemented at 27 of the total 79 nest areas known within the 
two study areas.  Harvesting trials range from limited harvesting 
along one edge of a nest area to clearcutting of an entire nest area 
(Figure 3).  To date there is no difference in nest area reoccupation 
rates or fledging rates of goshawks between treatment areas and 
controls (p values<0.0001).  Since 1997, when the first treatments 
were conducted, the total reoccupation rates have been 58% for 
treatment areas (n=73 potential breeding occasions) and 57% for 
control areas (n=138).  These results indicate that goshawks can be 
more tolerant of habitat disturbance within the nest area than is 
suggested in some previous literature (Crocker-Bedfor 1990, Patla 
1997).  However, due to high annual variation and a potential lag 
effect exhibited by the goshawks, these preliminary results must be 
interpreted with caution.  A minimum of three and preferably five 
years post-treatment monitoring is required to confidently deter-
mine the ultimate response of these trials.  This multiyear moni-
toring period will be especially important to be able to quantify 
potential thresholds in timber development that impact reproduc-
tive success.  As of 2002, most of the treatment nest areas have 
been monitored for two breeding seasons post-treatment.  
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Figure 3.  An example of a goshawk nest area adaptive management trial.  The three red dots are goshawk nest site locations.
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Management Guidelines
Conservation measures recommended here are limited to the 
nest area (which includes the PFA in the SBS zone) because 
that is the territory component this study examined.  We 
define recommended management area around nest areas as 
“Goshawk Habitat Areas” (GHA) in this document.  These 
guidelines are consistent with our recommended revisions for 
goshawk Wildlife Habitat Areas under the IWMS submitted to 
the Ministry of Water, Land and Air Protection. Foraging areas, or 
concentrated use areas within foraging areas, may be of equal or 
greater importance to maintaining individual goshawks or local 
populations, but our current level of knowledge is inadequate to 
accurately define the minimum/optimal habitat requirements at 
the foraging area scale.  This is the focus of the next phase of the 
project.

Objective: Maintain nesting and post-fledging habitat at known goshawk nest areas to support continued use and 
reproduction at those areas.  

Feature: Establish GHAs for at least 75% of known goshawk nest areas.  Although it is important to protect as 
many nest areas as possible, flexibility can be afforded in some nest areas where other resource values or 
operational constraints supersede goshawk values.  There are known cases where goshawks have estab-
lished new nest areas and successfully bred after an original nest area was harvested.  If the impacted birds 
are unsuccessful in relocating, then the impact to the overall population will be small, so long as few nest 
areas are impacted.

Over a period of several years it may be necessary to de-list or modify GHAs as stand characteristics 
change and goshawks abandon or relocate nests.  If a nest area is not occupied for five consecutive years, it 
is probably safe to say the area has been abandoned or relocated and the GHA could be de-listed.  

Size: The GHA should be approximately 24 ha.  This area is large enough to include, and buffer, the distribution 
of alternative nests, roosts, plucking perches and juvenile PFA movements typically observed at nest areas in 
the MLFD.

Design: The shape and boundaries of the GHA should be ecologically based to maximize the value of the area in 
maintaining nest area occupancy and breeding success.  The primary basis for that determination should 
be the location of multiple nests, other types of goshawk sign, and habitat suitability, as assessed by a 
qualified biologist.  Where multiple nests occur the GHA should be located to provide at least a 100m 
forested buffer around each nest.  The GHA should maximize the amount of high quality nest area 
habitat included within it (Pl leading, age class ≥ 7, canopy closure class ≥ 5, open understory).  In addition, 
the GHA should maintain connectivity to adjacent mature forest habitat (at least 30% of edge).  

Generally there should be no timber development within the GHA.  However, if the suitability of the nest 
area stand is threatened by forest pests or disease, the benefit of control measures, such as bark beetle 
brood removal, may outweigh the potential negative impacts of timber harvesting.  Opening sizes should be 
< 0.5 ha and the total area harvested should be < 20% of the GHA.

Mechanized 
Activity

No activity within 500m of active nest area February 15 – August 15

Human 
Activity

No activity within 200m of active nests February 15 – August 15

Goshawk Habitat Area Guidelines
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Future Research Requirements
Work in this study has focused on breeding habitat requirements 
of goshawks.  Results from some aspects of this work indicate that 
goshawks may be able to tolerate significant forest alteration at 
the nest area scale without impacting reproductive success.  This 
emphasizes the importance of understanding larger scale territory 
requirements to effectively incorporate goshawk requirements 
into integrated forest management planning.  As the amount of 
remaining mature forest continues to decrease across the land-
scape, especially in response to accelerated harvesting to control 
the mountain pine beetle epidemic, the literature suggests multiple 
territories will become alienated and lead to population impacts.  
Quantification of foraging habitat requirements of goshawks and 
the identification of potential habitat thresholds at foraging area 
scales are necessary to maintain viable goshawk populations within 
local landscapes.  This is the focus of the next phase of goshawk 
research in the area.  

Future work will consider goshawks as an indicator species with 
respect to landscape condition.  An indicator species is one that is 
closely associated with particular ecological conditions and proc-
esses, and whose requirements, or responses to change, may be 
representative of a number of other species with similar require-
ments.  Goshawks may be a particularly effective indicator species 
in the context of forest management because: 1) they strongly 
select mature forest habitat for nesting and foraging, 2) they have 
meso-scale territory requirements that are influenced by land-
scape seral distribution, habitat pattern and fragmentation, and 3) 
they respond strongly to the abundance and availability of prey 
species found in both forested and edge habitat types.  Following 
the principles of indicator species management, development of 
guidelines that maintain goshawk habitat requirements and food 
webs across a landscape should also address the requirements 
of several other species, including goshawk prey species (e.g. red 
squirrels, snowshoe hares), interspecific competitors (e.g. lynx, 
marten), and mature forest dependent species (e.g. cavity nesting 
birds, flying squirrels).  Results from the study will provide local 
empirical data to parameterize ongoing landscape pattern analysis 
and modeling within the Morice & Lakes IFPA and Morice Land 
and Resource Management Plan.  This will allow an evaluation of 
landscape pattern relative to habitat value for a wide range of 
wildlife species.
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