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ABSTRACT 

The purpose of this project was to review, verify and validate the Northern Goshawk (Accipiter 
gentilis) wildlife habitat suitability mapping associated with the Merritt IFPA Predictive Ecosystem 
Mapping project within the Pike Mountain chart area.   

This evaluation found major problems with the suitability mapping that preclude its use in any type 
of operational or strategic planning exercises.  The primary problem is that the suitability map 
ratings do no correspond with the written goshawk species account and the habitat ratings 
justification document (overall accuracy = 10%).  For the IDFdk2, the map ratings do correspond 
to most of the base site series ratings, however, there is no evidence that any of the adjustment 
factors outlined in the habitat ratings justification document have been incorporated.  These 
adjustment factors would substantially change the distribution and pattern of habitat ratings 
currently expressed on the maps.  For the MSdm2, the map ratings do not correspond to the base 
site series ratings or adjustment factors in the habitat justification document and grossly 
underestimate the amount of high, moderate and low habitat, both relative to the written documents 
and the actual amount of suitable habitat observed in the field.  In addition to the mapping problem, 
there are inappropriate interpretations made in the goshawk ratings documents, both in terms of 
base site series ratings and the ratings adjustments.  Revised site series ratings and adjustment 
factors are provided.  As well, we provide an alternate nesting habitat suitability model, using a 
Habitat Suitability Index approach, that overcomes fundamental weaknesses associated with 
suitability ratings based on PEM.  One new goshawk nest area was also located during this project. 

 
 
 
 
 
 
 
 
 

The statements made in this report regarding the Northern Goshawk species account (Cascadia 
2002a), ratings justification (Cascadia 2002b) and the Merritt TSA PEM mapping (Keystone 
2003), are specific to the versions of the documents and data provided by Tolko Industries Ltd. 
in July 2003.  These documents and data are believed to be current, however if they are not, 
that may account for some of the problems and inconsistencies we identify in this report.  
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1.0 INTRODUCTION 

The Northern Goshawk (Accipiter gentilis) is widely recognized as a species sensitive to forest 
development (Reynolds et al. 1992).  In British Columbia, the species is designated an Identified 
Wildlife Species under the Forest Practices Code Act of British Columbia (FPC) (BC Ministry of 
Environment and BC Ministry of Forests 1999).  This status indicates that the coarse filter 
management recommendations of the FPC Biodiversity Guidebook (BC Ministry of Environment 
and BC Ministry of Forests 1995) are unlikely to maintain the habitat requirements of the species 
and that special management guidelines are required.  The status of the Northern Goshawk in BC is 
currently under review, and it will probably be de-listed in the next release of the Identified Wildlife 
Management Strategy (IWMS) (Stewart Guy, pers. comm.).  Protection of goshawk nesting areas 
will be maintained, however, through a new companion document to the IWMS that provides 
management guidelines for critical wildlife habitat features (Stewart Guy, pers. comm.).   

There are several good species accounts for Northern Goshawks that discuss ecology, habitat 
requirements, population status, and management recommendations for the species and we will not 
repeat that information in this report.  Key references are:   

1) Northern Goshawk, The Birds of North America (Squires and Reynolds 1997),  
2) A review of the ecology, management and conservation of the Northern Goshawk in 

British Columbia (Coopers and Stevens 2000), and 
3) Management recommendations for the Northern Goshawk in the southwestern United 

States (Reynolds et al. 1992). 

With the designation of goshawks as an Identified Wildlife Species, there have been several 
inventory, habitat mapping, and research projects examining the species in BC since 1996.  The 
two most comprehensive long-term studies have been conducted by Mahon and Doyle (2003) and 
McClaren (2003), in interior and coastal settings, respectively.  Both of these studies provide 
detailed information on nesting habitat requirements (including post-fledging areas) and 
management recommendations based on observations at more than 70 nest areas in each study. 

In the Merritt TSA, there have been two projects that relate to goshawks.  One was an intensive 
inventory project in 2001 that located and described 11 goshawk nest areas within the Merritt TSA 
(Gyug 2001).  The second project was the Northern Goshawk wildlife habitat suitability mapping 
for the Merritt IFPA, Predictive Ecosystem Mapping (PEM) (Cascadia 2003a) that we reviewed in 
this project.   

The purpose of this project was to review, verify and validate the Northern Goshawk wildlife 
habitat suitability mapping within the Pike Mountain chart area.   
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1.2 Objectives 

To meet the overall goal of this project we addressed 4 specific objectives: 

1) Review the goshawk species account and ratings justification document for accuracy and 
appropriateness of interpretations, and to review the output suitability maps to ensure the 
ratings correspond to the rating documents. 

2) Assess known goshawk nest areas within, and adjacent to the Pike Mountain study area to 
provide a description of the types of habitats goshawks are selecting to nest in. 

3) Verify the goshawk suitability ratings by conducting independent field surveys that rate the 
value of areas as goshawk nesting habitat and compare the field results to the suitability 
maps (and ratings justification documents). 

4) Validate the model by locating a sample of goshawk nest areas and testing the performance 
of the model with respect to how it rates actual used habitats. 

 

1.3 Study Area 

This project could not review the goshawk habitat suitability mapping across the entire District due 
to budget limitations.  The Pike Mountain chart area was selected as the primary study area because 
it contains a range of habitats representative of Tolko’s operating areas, it has a well developed 
road network that facilitates effective sampling, and because there have been multiple goshawk 
sightings in the area within the last 3 years.   

The study area consists of the eastern portion of the Otter Creek watershed.  It is bounded by 
Lodwick Lake on the north, Otter Creek on the west, Otter Lake on the south, and the height of 
land between the Otter Creek watershed and the Allison Creek watershed on the east.  The 
biogeoclimatic variants in the area are primarily the IDFdk2 and the MSdm2, with some IDFdk1 
occurring in the northern portion of the study area and limited IDFxh1 at the lowest elevations.  
The size of the area is 25,000 ha and our work was concentrated in approximately 10,000 ha of the 
central portion. 

2.0 METHODS 

2.1 Review of Ratings Documents and Maps 

We examined 3 products that are associated with the goshawk suitability mapping: 

1) Northern Goshawk Species Account (Cascadia 2002a1) 
2) Northern Goshawk Ratings Justification (Cascadia 2002b) 
3) Merritt TSA PEM mapping (digital coverage) (Keystone 2003) 

All products were provided by Keystone Wildlife Research in July and August 2003.  Our review 
consisted of 3 primary activities: 

                                                 
1 The year 2002 publication date is assumed based on information provided by Keystone Wildlife Research. 
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1) A review of the accuracy and completeness of information provided in the species account 
relative to information available in the primary literature and relevant studies in BC. 

2) An assessment of the appropriateness of the interpretations made in the ratings justification 
document, again, relative to information available in the primary literature and relevant 
studies in BC. 

3) A review of the goshawk suitability ratings in the PEM coverage, relative to the habitat 
rating suitability criteria outlined in the ratings justification document and the underlying 
map data (e.g. PEM ecosystem unit, structural stage, adjustment factors).  Our assessment 
of the correlation between the ratings document and the suitability mapping was conducted 
for the 30 polygons that were verified in the field (see below). 

All review activities were conducted by Todd Mahon, RPBio, who has worked extensively with 
goshawks and other goshawk biologists since 1996. 

2.2 Assessment of Known Goshawk Nest Areas  

Across their circumpolar range, goshawks utilize a wide variety of forest types to nest in.  
However, within a given forest biome, such as a Biogeoclimatic variant, goshawk tend to exhibit 
relatively consistent selection for nesting habitat at the stand scale (Squires and Reynolds 1997).  In 
order for us to most effectively assess goshawk habitat in the study area, we needed to observe a 
reference sample of goshawk nest areas.  For a reference sample, we visited 4 known and 2 
suspected goshawk nest areas within and adjacent to the study area.  At each nest area, we 
quantified nest stand characteristics using relevant fields on the Ground Inspection Form and 
Wildlife Habitat Assessment Forms (Ministry of Environment, Lands and Parks and Ministry of 
Forests 1998).  In addition to habitat characteristics, we recorded information on the breeding 
status of each area for 2003. 

2.3 Verification of Goshawk Habitat Ratings Criteria and Maps  

Habitat model verification involves independent field surveys that rate the value of sites and 
compare the field results to the original ratings criteria and map output (Brooks 1997).  In this 
project, we selected field sites using a combination of stratified random sampling and opportunistic 
bias site selection to ensure representative sampling across the study area.  We stratified sample 
sites by BEC variant, ecosystem unit (site series), and structural stage.  We did not sample areas 
younger than structural stage 4 or non-forested sites because those habitats do not offer the 
minimum requirements for goshawk nesting.  For polygons greater than 500m from a road, we 
reselected an equivalent polygon less than 500m for purposes of sampling efficiency.  Bias sites 
were selected opportunistically near random sites to evaluate the suitability associated with specific 
structural attributes that are typically related to goshawk nesting habitat selection (stand height, 
canopy closure, etc).   

At each site, we walked through 200-500m of habitat to get a sense of the variation in habitat 
composition within each polygon.  At a representative site within the polygon, we recorded 
relevant habitat data using Ground Inspection Forms and habitat suitability rating using Wildlife 
Habitat Assessment Forms (Ministry of Environment, Lands and Parks and Ministry of Forests 
1998; Resource Inventory Committee 1999).  For each polygon we also noted how specific 
structural attributes affected suitability and how accurate the forest cover maps were with respect to 
observed field conditions.  All fieldwork was conducted between August 6 and August 12, 2003 by 
Todd Mahon, RPBio and Dave Young. 
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2.4 Validation of Goshawk Habitat Ratings Criteria and Maps  

Validation of habitat suitability models involves testing the performance of the model with respect 
to how it rates habitats actually used by the species of interest (Brooks 1997).  In this case 
validation requires locating an independent sample of goshawk nest areas and evaluating the rating 
of the suitability mapping for those areas.  Locating even a small number of goshawk nest areas, 
however, requires extensive systematic call playback surveys, which are very labour intensive.  
The budget for this project in 2003 was insufficient to conduct systematic call playback surveys, 
however, we did conduct call playback stations at each field verification plot, and timed that 
fieldwork to coincide with the breeding stage when goshawks were most detectable, in hopes of 
opportunistically locating new nest areas.    

Call playback surveys involve broadcasting a recorded call of a goshawk.  If a goshawk is in the 
vicinity, it will frequently respond to the call.  Standardized inventory methods, adapted from 
Kennedy and Stahlecker (1993) have been developed by the Resource Inventory Committee (RIC 
2001) for standardized goshawk surveys in BC.  Our use of this technique varied from the standard 
in that we did not conduct surveys along systematic transects.  Our playback surveys were limited 
to single stations associated with each mapping verification plot; however, the playback 
methodology used at each station was the same.  RIC standard call playback forms were not filled 
in because they are based on systematic transects.   

3.0 RESULTS AND DISCUSSION 

3.1 Review of Ratings Documents and Maps 

3.1.1 Species Account 

Generally, the species account (Cascadia 2002a) does an acceptable job of reviewing the primary 
literature on goshawks and providing a relevant summary of the ecology and habitat requirement of 
the species.  The report format is consistent with the Wildlife Habitat Suitability and Capability 
Standards (RIC 1999).  The point format used throughout the report makes it easy to pick up main 
points in each section, although some key elements are not developed as well as they could be.  
There are several omissions, inconsistencies, and questionable interpretations of the literature with 
respect to ratings development, including:. 

1) A significant omission is lack of reference to BC goshawk studies.  At the time the species 
account was produced, there was data available describing 11 goshawk nest areas in the 
Merritt TSA (Gyug 2001) as well as other studies in relevant BEC variants from other 
Forest Districts in Southern BC (Tembec study, Pandion study).  Gyug’s study was 
referenced in the Ratings Justification document but not in the Species Account.  In 
addition, detailed information on goshawk habitat use was available from two large 
goshawk studies in other areas of the province (Vancouver Island and 
Kispiox/Morice/Lakes).   

2) The Ratings Justification document is missing key information regarding the type of rating 
scheme that was used.  It appears a 4-class system was used, and my evaluation is based on 
that assumption.  In the PEM GIS coverage, standard habitat rating codes were not used.  It 
appears that percentage values were used corresponding to Table 4 in the BC Wildlife 
Habitat Rating Standards (RIC 1999).  Percentage values appear to correspond to the mid 
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values for the relevant classes (88=High, 50=Moderate, 13=Low, 0=Nil).  For composite 
polygons, the ratings correspond to an average rating. 

3) There is poor linkage of the ratings assumptions and adjustments between the species 
account and the Ratings Justification document.  In the Species Account, ratings are 
discussed for Reproduction and Security in the growing season, and Living in winter, 
however, in the ratings justification document (and the PEM coverage) rating information 
is only provided for Reproduction.  There is no rationale provided for why only 
Reproduction ratings were used in the end. 

3.1.2 Ratings Justification Document 

It is unclear why this separate document exists.  Normally, the detailed ratings justification is part 
of the species account.  This short 1 page document is missing key information required to interpret 
and review the suitability mapping.  

1) In the Ratings Justification document, only High and Moderate rated site series are listed.  
It is unclear whether the remaining site series are supposed to receive an initial rating of 
Low or Nil.  Ratings for these site series vary in the PEM GIS coverage.   

2) Several of the High and Moderate ratings presented in the Ratings Justification, appear to 
be erroneous based on our experience, understanding of the literature, and data from the 
modest number of goshawk nest areas in the Merritt TSA.  (we provide recommended 
changes to base site series ratings, and initial ratings for site series not listed in the 
justification document in the Verification section, below). 

3) There is a deficiency in providing supporting evidence (i.e. references, local data) as to 
how specific ratings values were derived, both for the base ecosystem ratings and the 
adjustments.  Several of the adjustment factors are not discussed in the species account and 
it is unclear how they were derived by the authors.  The landscape connectivity and 
surrounding habitat adjustments are, in particular, highly questionable.  The concepts they 
are based on are largely theoretical, and the specific recommendations provided are 
speculative and are not supported by any goshawk or landscape ecology literature that we 
are aware of (we provide recommended changes to ratings adjustments in the Verification 
section, below). 

3.1.3 Goshawk Suitability Ratings in the PEM GIS Coverage 

There are several major problems with the PEM rating coverage, relative to the predicted model 
output ratings from the Ratings Justification (Cascadia 2002b) document.  The overall accuracy or 
correlation of the suitability map ratings with the habitat ratings justification document, for the 28 
points we examined, was only 10%.  Problems include: 

1) In both the IDF and MS, there are discrepancies in the base site series ratings between the 
Species Account and Ratings Justification documents and the map coverage.  This problem 
is most pronounced in the MS.  For the MSdm2, site series 01 (SF), 05 (SG), and 06 (SD) 
are all rated as High in the Ratings Justification document, however on the map they are 
rated as Nil + Low, Moderate, and Moderate, respectively.  For the IDFdk2 site series 05 
(SD) and 06 (SH) are rated as High in the model document, however, on the map most 
polygons of these types are rated lower.  There is no consistent pattern of possible ratings 
adjustments that accounts for these ratings differences.   
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2) In the Ratings Justification document, only High and Moderate rated site series are listed.  
It is unclear whether the remaining site series are supposed to receive an initial rating of 
Low or Nil.  Ratings for these site series vary in the PEM GIS coverage.   

3) There is no evidence that any of the rating adjustments in the Ratings Justification 
document have been incorporated.  The two primary examples of this are with respect to 
roads and canopy closure in the IDF (although there was no evidence that any ratings 
adjustments were applied).  Most surveyed polygons were within 150m of active roads and 
therefore should have been rated Nil according to the ratings justification document.  This 
was not the case.  None of the relevant polygons examined had been downgraded. 
A similar problem occurs for canopy closure adjustments.  The model document indicates 
that ratings should be downgraded for polygons with canopy closure classes ≤4.  Again, the 
proper downgrades were not observed. 
A handful of polygons were also checked for Elevation, Slope, Landscape Connectivity, 
and Surrounding Habitat adjustments, where those adjustments should have been applied, 
no evidence of downgrades was observed. 

4) In the Ratings Justification document, it states that all sites in the IDFxh are rated Nil, 
however, on the maps, many polygons are rated as Low. 

The extent and severity of the problems with the goshawk suitability mapping preclude its use in 
any type of operational or strategic planning exercises. 

In addition to the major mapping problems outlined above, the general approach of using the PEM 
as the base map for deriving goshawk suitability ratings has some fundamental limitations: 

1) Map polygons in this project are defined based on bioterrain units rather than consistent 
stand types.  As a result, multiple forest stands and stands of substantially different ages 
may be included in the same polygon.  The resulting goshawk habitat rating is a blended 
rating of the multiple ecosystem components within a polygon.  That average rating does 
not accurately represent the fact that part of the polygon has high suitability and part has 
low suitability.  Forest cover polygons would be a better map unit to base goshawk habitat 
ratings on because they represent consistent stand types. 

2) The second fundamental limitation of using PEM is that goshawk select nesting habitat 
primarily based on structure, rather than ecosystem type.  Within PEM, structure is limited 
primarily to structural stage, which is primarily derived from forest age.  Because of the 
different polygon boundaries in PEM and Forest Cover, it is difficult to simply incorporate 
relevant structural elements from Forest Cover into the PEM. 

As an alternative to rating goshawk habitat suitability in PEM, we recommend using a Habitat 
Suitability Index approach (HSI) (US Fish and Wildlife Service 1981) based directly on Forest 
Cover maps.  A preliminary HSI model is provided below. 
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3.2 Description of Known Goshawk Nest Areas 

We surveyed 4 known and 2 potential goshawk nest areas within, or adjacent to, the Pike Mountain 
study area.  The 4 known nest areas were from Gyug’s (2001) inventory project and include the 
Batstone Lk., Asp-Creek-Burn Rd., Hardwicke Cr-Hoover Rd, and Coalmont-Fitzgerald Rd. areas 
Gyug describes.  Timber harvesting has occurred at all of these areas within the last 3 years.  We 
conducted call playback surveys and nest searching within 1km of these nest areas (excluding 
Batstone) and failed to detect goshawks at any of the areas.  At Coalmont-Fitzgerald, 1-year-old 
pellets at one of the existing nests indicated it was used in 2002.  An additional nest was also 
located at that area.   

The 2 potential nest areas were within proposed cutting permits where goshawks or potential 
goshawk nests were observed.  The first area we visited was at CP 112-5 where, in 2002, layout 
personnel were dive-bombed by raptors, suspected of being goshawks.  Based on the description of 
the birds and the behaviour they exhibited, it is highly likely that they were indeed goshawks and 
that they were nesting in the vicinity.  Call playbacks and nest searching failed to detect any 
goshawk sign during our assessment, however, several witches brooms in Sx trees in the northern 
portion of the block (where the crews were attacked) could have concealed a nest.  The second 
potential nest area was located in CP 121-5 above Manning Creek.  At that area, layout crews 
located 2 potential raptor nests.  Both of these nests were much smaller than typical goshawk nests 
and one of them was located above the canopy, overlooking the Manning Creek valley, which is 
atypical of goshawk nests.  Based on these 2 factors, it is much more likely that the nests were built 
by Cooper’s Hawks or Sharp-shinned Hawks.   

In addition to the known and potential goshawk nest areas, we located 1 new goshawk nest area 
(Pike 4km) in conjunction with field verification activities and include that nest area for habitat 
description purposes here. 

Goshawk nest stands in the study area had the same fundamental characteristics of nest areas 
elsewhere – mature forests with closed canopies and open subcanopy flyways (goshawks generally 
build their nests below the main canopy and access them by flying in below the canopy).  
Environmental and structural characteristics of the known and likely goshawk nest areas are 
provided in Tables 1 and 2, respectively (excluding Asp/Burn which was entirely logged).  Key 
characteristics of goshawk nest areas in the study area, and from the larger sample described by 
Gyug (2001) are: 

1) mature stand structure (>20m stand height, generally past self-thinning stage) 
2) canopy closure ≥50% (and corresponding open subcanopy flyways) 
3) mesic-subhygric site series  
4) cool aspects (310-115o) 

Forest composition in nest stands varies, with Fd leading stands being used predominantly.  
Selection is based primarily on stand structure (closed canopy and open subcanopy flyways) rather 
than actual tree species.  Most nest areas are on good growing sites with Site Indexes from 14-21 
(Gyug 2001).  Slope position and gradient are variable with steep slopes (>40%) generally avoided. 
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Table 1.  Environmental characteristics of 5 known or suspected goshawk nest areas in the vicinity 
of the Pike Mtn. study area. 

Nest Area No. Nest 
Sites 

Status 
2003 

BEC 
Variant 

Site 
Series 

Structural 
Stage 

Slope 
(%) 

Aspect 
(degrees) 

Batstone Lk 1 Vacant IDFdk2 01 5/6 - - 
Hardwicke Cr/ 
Hoover Rd 

1 Vacant IDFdk2 01/05 6 8 130 

Coalmont/ 
Fitzgerald Rd 

4 Vacant IDFdk2/ 
MSdm2 

04/01 6 31 340 

CP 112-5 - Vacant IDFdk2 05 6 5-35 358 
Pike FSR 4km 1 Active IDFdk2 01 6 5-20 103 

 
Table 2.  Structural characteristics of 5 known or suspected goshawk nest areas in the vicinity of 

the Pike Mtn. study area. 

Nest Area Age 
(years) 

Height 
(m) 

Canopy 
Closure 

Stocking 
Class 

Forest Composition 

Batstone Lk 112 24 45 0 At patch surrounded by Pl 
Hardwicke Cr/ 
Hoover Rd 

115 34 50 0 FdSx 

Coalmont/ 
Fitzgerald Rd 

180 33 60 1 Fd(SxPl) 

CP 112-5 120 28 55 0 SxAt(FdBl) 
Pike FSR 4km 118 34 60 1 FdPlSx(At) 

 

3.3 Verification of Goshawk Habitat Ratings Criteria and Maps  

Given the major technical problems identified with the suitability mapping, a comparison of the 
field ratings to the map output would not be meaningful.  Rather, we have used the field 
assessments, our understanding of the goshawk literature, and our experience with goshawk habitat 
selection in other areas, to recommend changes to the base site series ratings and ratings 
adjustments. This addresses the problems and omissions outlined in the Review section, above.  
Recommended changes to the base site series ratings for the IDFdk2 and MSdm2 are provided in 
Tables 3 and 4, respectively.  Recommended changes to the ratings adjustments are provided in 
Table 5.  Our rationale for revisions to the original rating criteria are also provided in the tables.  
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Table 3.  Recommended changes to goshawk habitat suitability ratings for site series within the 
IDFdk2 BEC variant of the Pike Mountain study area.  

Site 
Series 

Ecosystem 
Code 

Cascadia 
Rating 

Recommended 
Rating 

Comment / Rationale for rating revision 

00 DJ  Low  
01 LP Moderate High Mesic stands of Fd and Pl often have moderate -

high canopy closure and open subcanopy 
flyways; most known goshawk nest areas in TSA 
are in 01 and 04 sites 

02 DW  Low Very open stands 
03 DP  Moderate Open stands, poor growth 
04 DF Moderate High Similar stand structure to 01 
05 SD High High Sx form results in less open flyways but still 

rated as High 
06 SH High High Sx form results in less open flyways but still 

rated as High 
07 RT High Moderate Heterogeneous structure and tree forms result in 

poor flyways; maybe Low; not field checked  
08 WS  Nil Non-forested ecosystem 

 
Table 4. Recommended changes to goshawk habitat suitability ratings for site series within the 

MSdm2 BEC variant of the Pike Mountain study area.  

Site 
Series 

Ecosystem 
Code 

Cascadia 
Rating 

Recommended 
Rating 

Comment / Rationale for rating revision 

00 DJ    
00 WH  Nil Non-forested ecosystem 
00 WS  Nil Non-forested ecosystem 
01 SF High High Mesic stands of Pl an Fd often have mod-high 

canopy closure and open subcanopy flyways; 
02 JW  Low Very open stands 
03 LJ  Moderate Open stands 
04 LG  High Similar stand structure to 01 
05 SG High Moderate More open canopies and structural heterogeneity 

associated with Bl and wetter ecosystems 
06 SD High Moderate More open canopies and structural heterogeneity 

associated with Bl and wetter ecosystems 
07 SH Moderate Moderate More open canopies and structural heterogeneity 

associated with Bl and wetter ecosystems 
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Table 5. Recommended changes to goshawk habitat suitability rating adjustments applied within 
the Merritt IFPA PEM.  

Cascadia Adjustment Recommended Change Comment / Rational for change 

Elevation >1600 downgraded 
to LOW. 

Elevation >1600 downgraded 
by one class 

There is little empirical data on goshawks 
breeding in high elevation forests in BC.  
What evidence there is does suggest that 
higher elevation forests are used less than 
lower elevation forests.  My change to the 
adjustment weakens the effect to reflect the 
lack of empirical data.  

Units with crown closure 
class 3-4 (26%-45%) will be 
downgraded to LOW and 
crown closures 0-2 (0%-25%) 
will be rated NIL. 

Units with CC4 should be 
downgraded by one class; 
Units with CC3 should be 
downgraded to LOW; where 
CC is 0-2 rate as NIL 

This change reflects the significant 
difference in suitability between CC 3 and 4 
stands and creates unique adjustments for 
each 

Slope Class 5 (>71%) will be 
rated NIL.  Slope Class 4 
(51%-70%) will be 
downgraded by one 

Slopes >71% should be 
downgraded by two; Slopes 
50-70% should be 
downgraded by one. 

Similar to the elevation issue, there is poor 
empirical data to show avoidance of steep 
slope areas, however it is generally accepted 
among researchers.  My minor change 
slightly weakens the effect of the 
adjustment. 

Avalanche tracks (A, Af, Am, 
Aw) will be rated NIL 

No change  

Age class 1-3 (1-60 years) are 
rated NIL 

No change  

Polygons that are 150m or 
less to active roads or urban 
settlements will be rated NIL 

Adjustment should not affect 
the entire polygon; 
Within 0-50m of any edge (i.e 
where ht=0) downgrade by 
two classes; within 50-100m 
of an edge downgrade by one 
class. 

There is strong evidence quantifying 
avoidance of edges by nesting goshawks 
(Mahon and Doyle 2003). 

Landscape connectivity; if 
there are no other forest 
polygons of structural stages 
5-7 within 250m of the rated 
polygon, then downgrade unit 
by one rating. 

Drop adjustment. Although some type of effect like this may 
occur there is absolutely no data or 
information from the literature to support 
the arbitrary thresholds chosen here. 

Suitability of surrounding 
habitat; if less than 50% of the 
forest polygons within a 1 km 
radius are structural stages 5-7 
then downgrade by one. 

Drop adjustment. Although some type of effect like this may 
occur there is absolutely no data or 
information from the literature to support 
the arbitrary thresholds chosen here. 
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3.4 Validation of Goshawk Habitat Ratings Criteria and Maps  

Call playback stations at field verification plots resulted in the detection of one brood of goshawk 
fledglings and, through subsequent nest searching, the location of a new nest area.  That nest area is 
located at approximately 4km on the Pike FSR.   

Although there are substantial limitations to the inferences that can be drawn from one additional 
sample, the habitat characteristics of this nest area are similar to most of the nest areas described by 
Gyug (2001) and provides additional information to support some of the ratings revisions we 
recommend.  The nest area is on a 01 site in the IDFdk2, which supports our recommended change 
in base ratings for 01 sites from Moderate to High).  Also, the nest site is 125m from a primary 
haul road, and within the PEM polygon intersected by the road.  Under the original rating 
adjustment, the presence of the road would result in the entire polygon being rated Nil.  With our 
recommended revisions, only the 100m adjacent to the road would be downgraded.   

3.5 Alternative Habitat Mapping Approach – Habitat Suitability Index Using Forest 
Cover and TRIM 

As mentioned above, we recommend an alternative habitat suitability mapping approach based 
Habitat Suitability Index (HSI) methodology (US Fish and Wildlife Service 1981).  The primary 
strengths of this approach over a PEM based habitat rating approach, is that the HSI can utilize 
structural attributes known to directly correspond to goshawk nesting suitability.  The HSI 
approach would also use Forest Cover data as the primary base map, which provides more 
appropriate habitat unit polygons (based on consistent stand characteristic) than the PEM map 
(which has polygons based on bioterrain units that can include multiple stand types).  The HSI 
approach for goshawk habitat mapping has been used in several large projects in other parts of BC 
including the Morice LRMP (Mahon and Doyle 2003) and the North Coast LRMP (Mahon et al. 
2003). 

3.5.1 HSI Model Variables 

3.5.1.1 Stand Height and Age 

The structural maturity of a stand and trees within a stand, form the fundamental basis for nesting 
suitability for goshawks.  Individual trees must have large enough branches to support the nest 
structure.  Suitable stands will have progressed through the self-thinning stage and be tall enough 
to provide open subcanopy flyways into the nest.  “Structural Stage” (as classified in Ministry of 
Environment, Lands and Parks and BC Ministry of Forests 1998) would probably provide the best 
scheme for categorizing this habitat variable, however, it is not directly available in the existing 
inventory information (Structural stage data in the PEM is based directly on age from Forest 
Cover).   As a surrogate to structural stage, we use stand height and age, or more specifically, 
projected stand height class and projected age class from the Forest Cover database.  Nesting 
suitability ratings for height classes and age classes are provided below. 

Height Class Height (m) Rating 

1 0-10.4 0.1 
2 10.5-19.4 0.4 

=>3 19.5-28.4 1 
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Age Class Age (yrs) Rating 

0 to 3 0-60 0.0 
4 61-80 0.10 
5 81-100 0.40 
6 101-120 0.85 
7 121-140 1.00 
8 141-250 1.00 
9 >250 0.90 

 
Height and age are generally closely correlated.  Normally, we try to avoid the use of correlated 
variables in habitat models because they can create a biased weighting in the model.  However, 
field verification work indicated that, near the threshold levels at which these variables became 
suitable for nesting (age class 6, height class 3 (20m)), the correlation was inconsistent and neither 
variable was better at predicting suitable habitat than the other.  To address this problem, and avoid 
biasing the model by using both variables, we recommend using the average of the 2 ratings.  

3.5.1.2 Canopy Closure 

After the fundamental requirement of a ‘mature’ forest stage, canopy closure is probably the single 
most important structural variable relating to nest area suitability.  Virtually every study examining 
goshawk nest areas, identifies canopy closure as a key attribute (Cooper and Stevens 2000).  Stands 
<30% canopy closure are generally too open for nesting.  Optimal values, as represented from our 
observed sample of nest areas, are between 46% and 75%.  Corresponding suitability ratings for the 
canopy closure classes available in the forest cover database are provided below.   

Canopy Closure Class Canopy Closure % Rating 

0-2 0-25 0 
3 26-35 0.30 
4 36-45 0.60 

5-7 46-75 1.00 
8-9 >75 0.85 

 
3.5.1.3 Forest Composition 

The form and structure of trees, and the stands they make up, affects the suitability of goshawk 
nesting habitat.  Most known nest areas in the Merritt TSA are in Fd leading stands.  Based on the 
modest sample of 12 known nest areas, it is unclear whether this represents actual selection for 
those stands or whether they are simply being used in proportion to their dominance across the 
landscape.  At any rate, Fd stands frequently exhibit favourable stand structure, being relatively 
even-aged with closed canopies and having open subcanopy flyways.  In the MS, stands dominated 
by Pl have similar stand structure and are very similar to stands in the SBS where goshawk habitat 
selection has been studied in detail (Mahon and Doyle 2003).  Hybrid white spruce, tends to have 
lower suitability because the stands generally do not optimum canopy structure. As well, they have 
poor branch structures for nests (although the numerous witch’s brooms associated with spruce can 
be used as nest platforms and likely offsets the poor branching).  Sub-alpine Fir and cedar tend to 
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have much more broken canopies, greater vertical stand structure (with less open subcanopy 
flyways) and poorer branch structures for nests.   

Tree Species Condition Rating 

Douglas Fir  1.0 
Lodgepole Pine  1.0 
Hybrid Spruce  0.9 
Ponderosa Pine  0.8 
Cedar  0.6 
Sub-alpine Fir  0.6 
Cottonwood  0.5 
Aspen >20% of stand 0.7 
Aspen <20% of stand 1.0 
Birch  0.5 

 
Overall stand forest type suitability ratings are calculated by multiplying the species rating by its 
percentage composition (0-1) and summing the individual species ratings for all types in the stand. 

E.g.:    P70S20AT10=0.7(1.0)+0.2(0.8)+0.1(1.0)=0.96 

3.5.1.3 Stocking Class Code 

Many stands in the study area are in the range of 80-120 years, which appears to be the threshold 
range over which they become suitable nesting habitat.  As mentioned previously, a key structural 
attribute of suitable stands is that they have advanced through, or at least well into, the self-
thinning stage.  One Forest Cover variable that we can use to assess this is the stocking class code.  
Stands with a stocking class code of 3 have high stem densities and are generally unsuitable for 
nesting habitat.  Stands with a stocking class code of 4 may have a similar limitation, but it is 
difficult to confirm from the Forest Cover database description and no relevant stands were 
evaluated in the field. 

Stocking Class Code Rating 

3 (and 4?) 0.4 
all others 1 
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3.5.1.4 Edge 

Goshawk nest site locations show a strong avoidance of hard edges (Mahon and Doyle 2003; Gyug 
2001).  Hard edges occur where mature forest meets non-forested or early seral habitats.  Hard 
edges occur around regenerating cutblocks (<10m in height), roads, and all non-forested and non-
productive types in the Forest Cover database (e.g. swamps, meadows, lakes).  Nesting habitat 
suitability ratings with respect to edge are provided below: 

Edge Distance (m) Rating 

0-50 0.4 
50-100 0.8 
>100 1 

 
Incorporating the edge variable into the HSI model can be a tricky and time consuming GIS 
exercise.  It requires buffering of regenerating cutblocks, roads2, non-forested types, etc, and 
intersecting the buffers with the original Forest Cover polygons.  This can be a highly 
computational exercise within a GIS.  If the sole purpose of the suitability map is for operational 
use, such as to evaluate cutblock locations, or as a tool to help locate new goshawk nest areas, then 
the edge variable does not need to be included in the model.  The user should be aware of the edge 
effect when using the maps and compensate accordingly.  If, however, the mapping will be used in 
strategic planning exercises, that compare the absolute amounts of habitats of different suitability, 
then the edge variable should be incorporated. 

3.5.1.5 Aspect 

Nest areas in the Merritt TSA show a strong selection for cool aspects (315-135o).  This is 
supported by our limited field verification plots as well.  Stands on cool aspect more consistently 
had suitable stand structure (even aged, high canopy closure, open subcanopy flyways).   

Aspect Bearing (degrees) Rating 

Cool 315-135 1 
Warm 135-315 0.8 

 
Similar to the Edge variable, incorporation of aspect into the model has some GIS complexities 
associated with it.  We recommend that a simple warm-cool aspect coverage be developed (i.e. 
50m pixels), then overlay this with Forest Cover, and use the predominant aspect type within the 
Forest Cover polygons for classification (as opposed to intersecting the aspect and Forest Cover 
coverages to create new, subdivided polygons). 

3.5.1.5 Slope 

There is poor quantification of goshawk habitat selection with respect to slope.  No study has 
clearly identified a maximum threshold beyond which goshawks will not use an area.  The 
prevailing opinion is that the steepest slopes in a given geographic region are generally avoided.  
All known nest areas in the Merritt TSA are on <40% slope.  Given the uncertainty around this 

                                                 
2 Road polygons must first be created (use 40m width) and cut into the Forest Cover coverage. 
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habitat variable, we recommend modest rating downgrades for fairly steep slopes, following a 
precautionary approach. 

Slope Class (%) Rating 

0-50 1 
50-100 0.7 
>100 0.4 

 
Incorporating slope into the model, has the same GIS complexities as aspect, and we recommend it 
be dealt with using the same approach. 

3.5.2 Nest Area HSI Model Equation 

HSI model use a mathematical equation to combine the ratings of individual habitat attributes into 
an overall rating for a given habitat unit.  The type of mathematical equation that is used, depends 
on the ecological effect being modelled.  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, sub-optimal ratings in two or more variables are combined, through a 
multiplicative function, to decrease the overall value.  The function 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 =  (Age Cl. Rating + Stand Ht. Rating / 2) x Canopy Cl. Rating x Tree 
Spp Rating x Stocking Rating x Edge Rating x Aspect Rating x 
Slope Rating 

 

A simpler version of the model, that does not include the last 3 variables, due to their GIS 
complexity, will still be useful as an operational tool, but will over represent the actual amount of 
suitable habitat that exists. 

Ratings can be categorized within a 4-class system for map themeing and interpretation: 

Ratings Class 
0 - 0.250 Nil 

0.251 - 0.500 Low 
0.501 - 0.750 Moderate 
0.751 - 1.000 High 

 
Ratings resulting from this model are relative in nature and limited to predicting habitat selection.  
Due to over-riding demographic factors (population density and territory spacing), these ratings 
cannot be used to predict numbers of goshawks across the landscape. It is also important to 
emphasize that the model predicts current suitability based on current landscape conditions.  This 
suitability does not necessarily correspond to minimum requirements for nesting habitat.   
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4.0 GOSHAWK NEST AREA MANAGEMENT 

Until the revised status of goshawks is confirmed in the 2004 version of the Identified Wildlife 
Management Strategy and management guidelines are released in the planned Wildlife Habitat 
Features document, there are no current habitat protection requirements at goshawk nest areas. As 
interim guidelines, we offer recommendations that were developed by Todd Mahon and Frank 
Doyle based on long-term goshawk studies in the SBS and ICH in central BC (Mahon and Doyle 
2003).  In the Merritt TSA, it appears that key nest area habitat requirements are similar to the ICH 
and SBS and these guidelines are likely appropriate for the Merritt TSA (at least as interim best 
management practices).   

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

Feature: Establish Goshawk Habitat Areas (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 at some nest areas where other resource values or operational constraints 
supersede goshawk values.  There are known cases where goshawks have established 
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 24ha.  This area is large enough to include, and 
buffer, the distribution of alternative nests, roosts, plucking perches and juvenile post-
fledging movements. 

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 (150m preferred).  The GHA should maximize the amount of 
high quality nest area habitat included within it (mature forest structure, 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 such habitat alteration.  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 
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5.0 RECOMMENDATIONS FOR FUTURE WORK 

1) Implementation, verification, and validation of HSI mapping.  The budget of this year’s 
project was insufficient to conduct the HSI mapping outlined in this report.  The priority 
for future work should be to a) implement the HSI model via GIS to produce new goshawk 
nesting habitat maps, b) conduct additional field verification to ensure the ratings of the 
components of the HSI model are appropriate, c) locate a sample of new goshawk nest 
areas to validate the HSI model, and d) revise the HSI model based on b and c. 

2) Review ratings documents and habitat suitability maps for other wildlife species rated in 
the Merritt TSA PEM.  The major problem with the goshawk habitat mapping appears to 
be incorrect translation of the ratings criteria in the written documents into the GIS 
mapping.  A similar map review should be conducted for at least a subsample of other 
species to determine if this problem is specific to goshawks or if it is a more general 
mapping implementation problem.  
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