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Appendix 13-1: Washington State and County Noxious Weed Control Board Noxious Weed Lists and other invasive plant species on Lewis River Wildlife Habitat Management 
Plan lands. 

Scientific Name Common Name Washington Noxious Weed Board Classification Clark County 
Classification

Cowlitz County 
Classification Skamania County 

Artemisia absinthium Absinth wormwood Class C Class C
Anchusa arvensis Annual bugloss Class B Designate Region 8 Class B Class B Class B designated to control
Rorippa austriaca Austrian fieldcress Class B Designate Region 8 Class B Class B Class B designated to control
Gypsophila paniculata Babysbreath Class C Class C
Centaurea macrocephala Bighead knapweed Class A Class A Class A Class B designated to control
Hyocyamus niger Black henbane Class C Class C
Centaurea nigra Black knapweed Class B Designate Region 8 except Clark County Class B Class B Class B designated to control
Alopecurus myosuroides Blackgrass Class B Designate Region 8 Class B Class B Class B designated to control
Echium vulgare Blueweed Class B Designate Region 8 Class B Class B Class B designated to control
Polygonum bohemicum Bohemian knotweed Class B Class B
Pteridium aquilinum Bracken
Egeria densa Brazilian elodea Class B Designate Region 8 Lewis County Only Class B
Centaurea jacea Brown knapweed Class B Designate Region 8 except Clark County Class B Class B Class B designated to control
Solanum rostratum Buffalobur Class A Class A Class A
Cirsium vulgare Bull thistle Class C Class B Class C
Buddleia davidii Butterfly bush Class B Class B
Alhagi maurorum Camelthorn Class B Designate Region 8 Class B Class B Class B designated to control
Cirsium arvense Canada thistle Class C Class B Class C Class C
Secale cereale Cereal rye Class C Class C
Salvia sclarea Clary sage Class A Class A Class A
Anchusa officinalis Common bugloss Class B Designate Region 8 Class B Class B designated to control
Arctium minus Common burdock
Hypochaeris radicata Common catsear Class B Class B Class B
Spartina anglica Common cordgrass Class A Class A Class A
Crupina vulgaris Common crupina Class A Class A Class A
Foeniculum vulgare Common fennel Class B Class B Class B Class B designated to control
Senecio vulgaris Common groundsel Class C Class C
Hieracium lachenalli Common hawkweed Class C Class C Class B designated to control
Brassica rapa Common mustard

Phragmites australis
Common reed (non-natives) Class B Class B

Tanacetum vulgare Common tansy Class C Class C Class C
Potamogeton crispus Curly-leaf pondweed Class C Class C Class C
Linaria dalmatica ssp. dalmatica Dalmation toadflax Class B Designate Region 8 Class B Class B Class B designated to control
Taraxacum officinale Dandelion
Spartina densiflora Denseflower cordgrass Class A Class A Class A
Centaurea diffusa Diffuse knapweed Class B Designate Region 8 Class B Class B Class B designated to control
Isatis tinctoria Dyers woad Class A Class A Class A
Euphorbia oblongata Eggleaf spurge Class A Class A Class A
Hedera hibernica and Hedera helix 
spp.

English ivy Class C Class C Class C

Myriophyllum spicatum Eurasion watermilfoil Class B Designate Region 8 except within 200 feet of the 
Columbia River

Class B Class B Class B designated to control

Hieracium sabaudum European hawkweed Class A Class A Class A Class B designated to control
Rubus laciniatus* Evergreen blackberry
Cabomba caroliniana Fanwort Class B Designate Region 8 except T8N, R3W of Cowlitz County Class B Class B Class B designated to control

Convolvulus arvensis Field bindweed Class C Class C
Ludwigia peploides Floating primrose-willow Class A Class A Class A
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Appendix 13-1: Washington State and County Noxious Weed Control Board Noxious Weed Lists and other invasive plant species on Lewis River Wildlife Habitat Management 
Plan lands. 

Scientific Name Common Name Washington Noxious Weed Board Classification Clark County 
Classification

Cowlitz County 
Classification Skamania County 

Nymphaea odorata Fragrant water lily Class C Class C Class C
Lysimachia vulgaris Garden loosestrife Class B Designate Region 8 Class B Class B Class B designated to control
Alliaria petiolata Garlic mustard Class A Class A Class A Class A
Hereacleum mantegazzianum Giant hawkweed Class A Class A Class A Class B designated to control
Polygonum sachalinense Giant knotweed Class B Class B
Galega officinalis Goatsrue Class A Class A Class A
Ulex europaeus Gorse Class B Designate Region 8, except Pacific County Class B Class B Class B designated to control
Sagittaria graminea Grass-leaved arrowhead Class B Designate Region 8 Class B Class B Class B designated to control
Cardaria pubescens Hairy whitetop Class C Class C
Epilobium hirsutum Hairy willow-herb Class C Class C
Picris hieracioides Hawkweed oxtongue Class B Designate Region 8 Except Skamania County Class B Class B
Torilis arvensis Hedgeparsley Class B Designate Region 8 Class B
Rubus armeniacus Himalayan blackberry
Polygonum polystachyum Himalayan knotweed Class B Designate Region 8 Lewis County Only Class B
Berteroa incana Hoary alyssum Class B Designate Region 8 Class B Class B Class B designated to control
Cardaria draba Hoary cress Class C Class C
Cynoglossum officinale Houndstongue Class B Class B Class B
Hydrilla verticillata Hydrilla Class A Class A Class A
Amorpha fruticosa Indigobush Class B Designate Region 8 except within 200 feet of the 

Columbia River
Class B Class B Class B designated to control

Carduus pycnocephalus Italian thistle Class A Class A Class A Class B designated to control
Polygonum cuspidatum Japanese knotweed Class B Class B Class B
Sorghum halepense Johnsongrass Class A Class A Class A
Aegilops cylindrica Jointed goatgrass Class C Class C
Kochia scoparia Kochia Class B Designate Region 8 Class B Class B Class B designated to control
Pueraria montana var. lobata Kudzu Class A Class A Class A
Soliva sessilis Lawnweed Class B Class B Class B Class B designated to control
Euphorbia esula Leafy spurge Class B Designate Region 8 Class B Class B Class B designated to control
Lepyrodiclis holosteoides Lepyrodiclis Class B Designate Region 8 Class B Class B Class B designated to control
Cenchrus longispinus Longspine sandbur Class B Designate Region 8 Class B Class B Class B designated to control
Marah oreganus Manroot
Salvia pratensis Meadow clary Class A Class A Class A
Centaurea jacea x nigra Meadow knapweed Class B Designate Region 8 except Clark County Class B Class B Class B designated to control
Salvia aethiopis Mediterranean sage Class A Class A Class A
Silybum marianum Milk thistle Class A Class A Class A Class B designated to control
Hieracium pilosella Mouseear hawkweed Class B Designate Region 8 Class B Class B Class B designated to control
Carduus nutans Musk thistle Class B Designate Region 8 Class B Class B Class B designated to control
Euphorbia myrsinites Myrtle spurge Class B Class B
Clematis vitalba Old man's beard Class C Class C
Hieracium aurantiacum Orange hawkweed Class B Designate Region 8 Lewis County Only Class B Class B designated to control
Leucanthemum vulgare Oxeye daisy Class B Class B Class B
Myriophyllum aquaticum Parrotfeather Class B Designate Region 8 Pacific, Lewis, and Skamania 

counties only
Class B Class B designated to control

Lepidium latifolium Perennial pepperweed Class B Designate Region 8 Class B Class B Class B designated to control
Sonchus arvensis ssp. arvensis Perennial sowthistle Class B Designate Region 8 Class B Class B Class B designated to control
Carduus acanthoides Plumeless thistle Class B Designate Region 8 Class B Class B Class B designated to control
Conium maculatum Poison-hemlock Class B Class B Class C Class B
Hieracium atratum Polar hawkweed Class B Designate Region 8 Class B Class B Class B designated to control
Impatiens gladulifera Policeman’s helmet Class B Designate Region 8 Class B Class B Class B designated to control
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Appendix 13-1: Washington State and County Noxious Weed Control Board Noxious Weed Lists and other invasive plant species on Lewis River Wildlife Habitat Management 
Plan lands. 

Scientific Name Common Name Washington Noxious Weed Board Classification Clark County 
Classification

Cowlitz County 
Classification Skamania County 

Tribulus terrestris Puncturevine Class B Class B Class B designated to control
Lythrum salicaria Purple loosestrife Class B Designate Region 8 Class B Class B Class B designated to control
Centaurea calcitrapa Purple starthistle Class A Class A Class A Class B designated to control
Hieracium glomeratum Queen-devil hawkweed Class B Designate Region 8 Class B Class B Class B designated to control
Phalaris arundinacea Reed canarygrass Class C Class C Class C
Glyceria maxima Reed sweetgrass Class A Class A Class A
Schoenoplectus mucronatus Ricefield bulrush Class A Class A Class A
Geranium robertianum Robert-herb Class B Class B Class B
Chondrilla juncea Rush skeletonweed Class B Designate Region 8 Class B Class B Class B designated to control
Acroptilon repens Russian knapweed Class B Designate Region 8 Class B Class B Class B designated to control
Spartina patens Salt meadow cordgrass Class A Class A Class A
Tamarix ramosissima Saltcedar Class B Designate Region 8 in all of Region 8, unless 

intentionally established prior to 2004
Class B Class B Class B designated to control

Matricaria perforata Scentless mayweed Class C Class C
Cytisus scoparius Scotch broom Class B Class B Class B
Onopordum acanthium Scotch thistle Class B Designate Region 8 Class B Class B designated to control
Solanum elaeagnifolium Silverleaf nightshade Class A Class A Class A
Carduus tenuiflorus Slenderflower thistle Class A Class A Class A Class B designated to control
Spartina alterniflora Smooth cordgrass Class B Designate except bays and estuaries of Pacific County Class B Class B Class B designated to control

Hieracium laevigatum Smooth hawkweed Class B Designate Region 8 Class B Class B Class B designated to control

Cuscuta approximata
Smoothseed alfalfa dodder Class C Class C

Spartium junceum Spanish broom Class A Class A Class A
Hemizonia pungens Spikeweed Class C Class C
Xanthanium spinosum Spiny cocklebur Class C Class C
Centaurea streobe 1  (Centaurea 
biebersteinii) 

Spotted knapweed Class B Designate Region 8 except that portion of Lewis County 
below the ordinary high water mark of the Tilton River from 

Hwy. 508 to Lake Mayfield

Class B Class B Class B designated to control

Thymelaea passerina Spurge flax Class A Class A Class A
Daphne laureola Spurge laurel Class B Class B Class B Class B designated to control
Hypericum perforatum St. Johnswort Class C Class C Class C
Potentilla recta Sulfur cinquefoil Class B Designate Region 8 Lewis County Only Class B Class B Class B designated to control
Sphaerophysa salsula Swainsonpea Class B Designate Region 8 Class B Class B Class B designated to control
Zygophyllum fabago Syrian bean-caper Class A Class A Class A
Senecio jacobaea Tansy ragwort Class B Class B Class B Class B
Helianthus cliaris Texas blueweed Class A Class A Class A
Myriophyllum herophyllum Variable leaf milfoil Class A Class A Class A
Abutilon theophrasti Velvetleaf Class A Class A Class A
Centaurea nigrescens Vochin knapweed Class A Class A Class A Class B designated to control
Lythrum virgatum Wand loosestrife Class B Designate Region 8 Class B Class B Class B designated to control
Ludwigia hexapetala Water primrose Class B Designate Region 8 except portions of Cowlitz County Class B Class B

Bryonia alba White bryony Class B Designate Region 8 Class B Class B
Silene latifolia ssp. alba White cockle Class C Class C
Daucus carota Wild carrot Class B Class B Class B
Anthriscus sylvestris Wild chervil Class B Designate Region 8 except Clark County Class B Class B Class B designated to control
Mirabilis nyctaginea Wild four o' clock Class A Class A Class A
Lamiastrum galeobolon Yellow archangel Class C Class C Class C
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Appendix 13-1: Washington State and County Noxious Weed Control Board Noxious Weed Lists and other invasive plant species on Lewis River Wildlife Habitat Management 
Plan lands. 

Scientific Name Common Name Washington Noxious Weed Board Classification Clark County 
Classification

Cowlitz County 
Classification Skamania County 

Iris pseudocorus Yellow flag iris Class C Class C Class C
Nymphoides peltata Yellow floating heart Class B Designate Region 8 Class B Class B designated to control
Hieracium caespitosum Yellow hawkweed Class B Designate Region 8 Class B Class B Class B designated to control
Hieracium floribundum Yellow-devil hawkweed Class A Class A Class A Class B designated to control
Cyperus esculentus Yellow nutsedge Class B Designate Region 8 Class B Class B Class B designated to control
Centaurea solstitialis Yellow starthistle Class B Designate Region 8 Class B Class B Class B designated to control
Linaria vulgaris Yellow toadflax Class C Class C Class C

1Centaurea streobe is recognized as Centaurea biebersteinii in Washington and Cowlitz County weed lists 

Clark County Noxious Weed List Classifications
Class A weeds: non-native species whose distribution in Washington is still limited. Preventing new infest stations and eradicating existing infestations are the highest priority. Eradication of all Class A 
plants is required by law.
Class B weeds: Non-native species presently limited to portions of the State. Species are designated for control in regions where they are not yet widespread. Preventing new infestations in these areas is a 
high priority. In regions where a Class B species is already abundant, control is decided at the local level, with containment as the primary goal. 

Class C weeds: are non-native weed found in Washington. Many of these species are widespread in the state. Long-term programs of suppression and control are a local option, depending upon local threats 
and the feasibility of control in local areas. 

Class C: Non-native plants that are already widespread in Washington State. Counties can choose to enforce control, or they can educate residents about controlling these noxious weeds.

Highlighted species are invasive plant species that are known to exist on Lewis River Wildlife Habitat Management Plan lands. 

Class B: Non-native species that are either absent from or limited in distribution in some portions of the state but very abundant in other areas. The goals are to contain the plants where they are already 
widespread and prevent their spread into new areas.            

Class A: Non-native species that are limited in distribution in Washington. State law requires that these weeds be eradicated.
Washington Noxious Weed Board Classification:

Class C weeds: Noxious weed which are already widespread in WA are of special interest to the state's agricultural industry.  The Class C status allows counties to enforce control if locally desires. Other may 
chose to provide education or technical consultation

Cowlitz County Noxious Weed List Classifications
Class A weeds: are non-native species with a limited distribution in Cowlitz County. Preventing new infestations and eradicating existing infestations is the highest priority. Eradication of all Class A plants 
is required by law. 
Class B weeds: are non-native species presently limited to portion of the state. Class B species are designated for control in regions where they are not yet widespread. Preventing investigating in these area is 
a high priority. In regions where a Class B species is already abundant, control is decided at the county level, with containment as the primary goal. 
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Appendix 13-2: 
Ground Disturbance Form 



Ground Disturbance Form  1 of 3 
Version 7.28.08 

GROUND DISTURBANCE FORM 
 

Pre-Ground Disturbance Inspection 
 

Date: ___________  Observer: ____________________________________________ 
 
Project Area (project area includes all soil disturbance areas, staging areas, and access roads. Attach map and photos):_________ 
______________________________________________________________________________ 
______________________________________________________________________________ 
 
Project Action: ________________________________________________________________ 
_____________________________________________________________________________ 
_____________________________________________________________________________ 
 
Project schedule: ______________________________________________________________ 
 
Describe vegetation (height, density, and dominant cover): _______________________________________ 
______________________________________________________________________________
______________________________________________________________________________ 
 
 

 Percent Cover Invasive Plant Species 
Species Code Percent Cover Distribution Species Code Percent Cover Distribution 

      
      
      
      
Distribution (D) CL=Clumpy SP=Scattered Patchy SE=Scattered Even LI=Linear 
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) H=High (76-100%) 
 
Risk of invasive plant species establishing or spreading following the project: ___________ 
______________________________________________________________________________
______________________________________________________________________________ 
______________________________________________________________________________ 
 
Best Management Practices: _____________________________________________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
______________________________________________________________________________
______________________________________________________________________________ 
 
Comments:____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
 
 
 
 



Ground Disturbance Form  2 of 3 
Version 7.28.08 

Year 1 Post-Ground Disturbance Inspection 
 
Date: ___________  Observer: ____________________________________________ 
 
Describe invasive plant species prevention and treatments (date and method):_________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 

 
 Percent Cover Invasive Plant Species 

Species Code Percent Cover Distribution Species Code Percent Cover Distribution 
      
      
      
      
Distribution (D) CL=Clumpy SP=Scattered Patchy SE=Scattered Even LI=Linear 
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) H=High (76-100%) 
 
Management Recommendations or Comments: _____________________________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Year 2 Post-Ground Disturbance Inspection 
 
Date: ___________  Observer: ____________________________________________ 
 
Describe invasive plant species prevention and treatments (date and method):_________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 

 
 Percent Cover Invasive Plant Species 

Species Code Percent Cover Distribution Species Code Percent Cover Distribution 
      
      
      
      
Distribution (D) CL=Clumpy SP=Scattered Patchy SE=Scattered Even LI=Linear 
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) H=High (76-100%) 
 
Management Recommendations or Comments: _____________________________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
 
 
 



Ground Disturbance Form  3 of 3 
Version 7.28.08 

 
 
Year 3 Post-Ground Disturbance Inspection 
 
Date: ___________  Observer: ____________________________________________ 
 
Describe invasive plant species prevention and treatments (date and method):_________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 

 
 Percent Cover Invasive Plant Species 

Species Code Percent Cover Distribution Species Code Percent Cover Distribution 
      
      
      
      
Distribution (D) CL=Clumpy SP=Scattered Patchy SE=Scattered Even LI=Linear 
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) H=High (76-100%) 
 
Management Recommendations or Comments: _____________________________________ 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 13-3: 
Invasive Plant Species Monitoring Form 



 

Invasive Plant Species Monitoring Form   1 of 3 
Version 8.1.08 

INVASIVE PLANT SPECIES MONITORING 
 

Date: ___________  Observer: ____________________________________________ 
 
Invasive plant species population(s) location: (Attach map): ___________________________________________ 
_____________________________________________________________________________________________ 
 
Priority (see below for definition): __________   
 
Estimated Size of invasive plant species population: _________ 
 
Describe vegetation in the vicinity (height, density, and dominant cover): _________________________________ 
_____________________________________________________________________________________________ 
 
 

Percent Cover Native Plant Species 
Species Code Percent Cover Species Code Percent Cover Species Code Percent Cover 
      
      
      
      
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) 
H=High (76-100%) 
 
Percent of Bare Ground or Rock Cover : __________ 

 
 Percent Cover Invasive Plant Species 

Species Code Percent Cover Distribution Species Code Percent Cover Distribution 
      
      
      
      
Distribution (D) CL=Clumpy SP=Scattered Patchy SE=Scattered Even LI=Linear 
Percent Cover (%)  T=Trace (0-5%), L=Low (6-25%), M=Moderate (26-50%), MH=Moderate to High (51-75%) 
H=High (76-100%) 
 
Sensitive areas (wetlands, creeks, unique area):______________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Invasive plant species control treatment (includes method, chemical, date): _____________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Best management practices: ____________________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Comments: ___________________________________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
 
 



 

Invasive Plant Species Monitoring Form   2 of 3 
Version 8.1.08 

 
Year 1 Post Control Treatment Monitoring   
 
Date: ___________  Observer: ____________________________________________ 
 

Effects of Treatments on Vegetation  
Cover Type 
of invasive 

plant species 

Uncertain No Effect  
(1-20%) 

Slight 
Reduction 
(21-40%) 

Moderate 
Reduction 
(41-60%) 

Significant 
Reduction 
61-80 % 

Eradication 
81-100% 

Grasses       
Forbs       
Shrubs       
Trees        
Moss/Lichens       
       
       
       
       
       
                         
 
Future invasive plant species treatment and best management practices (includes method, chemical, 
date):________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Comments: __________________________________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Year 2 Post Control Treatment Monitoring 
 
Date: ___________  Observer: ____________________________________________ 
 

Effects of Treatments on Vegetation  
Cover Type 
or invasive 

plant species 

Uncertain No Effect  
(1-20%) 

Slight 
Reduction 
(21-40%) 

Moderate 
Reduction 
(41-60%) 

Significant 
Reduction 
61-80 % 

Eradication 
81-100% 

Grasses       
Forbs       
Shrubs       
Trees        
Moss/Lichens       
       
       
       
       
       
                         
 
Future invasive plant species treatment and best management practices (includes method, chemical, 
date):________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Best management practices or comments: ________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 



 

Invasive Plant Species Monitoring Form   3 of 3 
Version 8.1.08 

Year 3 Post Control Treatment Monitoring 
 
Date: ___________  Observer: ____________________________________________ 
 

Effects of Treatments on Vegetation  
Cover Type 
or invasive 

plant species 

Uncertain No Effect  
(1-20%) 

Slight 
Reduction 
(21-40%) 

Moderate 
Reduction 
(41-60%) 

Significant 
Reduction 
61-80 % 

Eradication 
81-100% 

Grasses       
Forbs       
Shrubs       
Trees        
Moss/Lichens       
       
       
       
       
       
                         
 
Future invasive plant species treatment and best management practices (includes method, chemical, 
date):________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Best management practices or comments: ________________________________________________________ 
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Priority Definition 
Priority 1 – All Class A, Class B designated, and aggressive new species with the potential to cause significant 
ecological impact and invasive plant species in areas  scheduled for a ground disturbance activity within the year.  
 
Priority 2 – Class B, C, or non-listed invasive plant species with high potential to spread (e.g. open roads, parking 
lots, trailheads, campgrounds, borrow areas) or will negatively impact an area of special concern (e.g. fish bearing 
streams, unique areas, or designated big game forage areas).  
 
Priority 3 - Control of existing large infestations (greater than 0.25 acres [0.10 hectares) of Class A and Class B 
designated noxious weeds. 
 
Priority 4 - Containment of existing large infestations (greater than 0.25 acres [0.10 hectares]) of Class B, C, or other 
unlisted invasive plant species.  
 
Priority 5 - Suppression of existing large infestations – when eradication/control or containment is very difficult and 
the invasive plant species population is relatively contained.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14-1: 
Limiting Operating Periods and Habitat and Disturbance Thresholds for Potentially 

Breeding Raptors on Wildlife Habitat Management Plan Lands 



Limiting Operating Periods, and Habitat and Disturbance Thresholds 
for Potentially Breeding Raptors on WHMP Lands

American kestrel       
(Falco sparveius)

Open to semi-open habitats 2. Nest in cavities in large trees, as 
well as cut banks and cliffs 3

660 ft  (201 m) April 15 to August 14 660 ft (201 m)

Bald eagle             
(Haliaeetus 

leucocephalus)

Associated with large bodies of water that support ample prey2 

Nest is large prominent trees average between 42 to 67 in  
(107 to 170 cm) dbh3

Primary zone within 400 
ft (120 m) of nest tree 

Secondary  zone 400 to 
800 ft (12 to 240m) of 

nest tree5

Nesting Jan 1 to Aug 
31 Key Winter 

Period  Nov 15 to 
Mar 316

1320 ft (400 m) or 2640 ft 
(800 m) line-of-sight

Barn owl              
(Tyto alba )

Open to semi-open habitats: grasslands, meadows, clear-cuts, 
marshes, agricultural fields, and urban areas2 Breeds in open 
buildings, nest boxes, and cut banks near open lands 

660 ft  (201 m)
April 1 to September 

157 660 ft  (201 m)

Barred owl            
(Strix varia )

Conifer to mixed-conifer deciduous forests3. Nest in cavities, 
tops of snags, and abandon raptor or corvid stick nests.2 660 ft  (201 m) March 1 to August 

30 660 ft  (201 m)

Cooper's hawk         
(Accipiter cooperii )

Coniferous, mixed-coniferous, and deciduous  forests.  Mature 
forests with widely spaced trees3 660 ft  (201 m)

April 1 to  August 
157 660 ft  (201 m)

Golden Eagle          
(Aquila chrysaetos)

Associated with open areas. Nests generally  on cliffs and 
occasionally in trees. More common east of the Cascades, but 
golden eagles have been found  in mature and old-growth 
forests near the edges of clearcuts and other open areas in 
western Washington.12

980 ft   (300 m)12 February 15 to July 12 980 ft  (300 m)12

Habitat Threshold Limited Operating 
Periods 

Disturbance Distance 
Threshold1Species Habitat
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Limiting Operating Periods, and Habitat and Disturbance Thresholds 
for Potentially Breeding Raptors on WHMP Lands

Habitat Threshold Limited Operating 
Periods 

Disturbance Distance 
Threshold1Species Habitat

Great-horned owl      
(Bubo virginianus )

All forest types, agricultural areas, and urban areas. Nest in 
platforms or tree cavities, or cliff ledges. May use stick nests 
built by hawks, eagles, and ravens 3

660 ft  (201 m)
February 1 to July 

317 660 ft  (201 m)

Merlin                
(Falco columbarius)

Prefer open to semi-open habitats. In western Washington 
often found near estuaries, lakes, reservoirs because the areas 
provide breaks in the forest. Nest in old raven, hawk nest, or 
tree cavities, or cliff ledges. 3

660 ft  (201 m) April 15 to August 1 660 ft  (201 m)

Northern goshawk      
(Accipiter gentilis )

Home range consists of varied amount of forest age classes 
and conditions. Nest in coniferous trees in mature or old-
growth stands that are greater than 20 acres in size Stands 
include large trees,> 50% canopy closure, multi-layered 
canopy, gaps in the canopy, abundance of large diameter 
crowns, and the presence of shade tolerant trees.8

Post-fledgling Area 
(PFA) equal to 420 ac 

(170 ha) centered around 
a nest or a 2415 ft (736 
m) radius around a nest 

tree8

March 1 to 
September 308

 2640 ft (800 m) from nest 
tree8

Northern harrier       
(Cicus cyaneus )

Open to semi-open habitats grasslands, meadows, marshes, 
and agricultural fields. Nest on the ground in patches of tall 
dense vegetation.3

660 ft  (201 m)
March 21 to 

September 152 660 ft  (201 m)

Northern pygmy-owl 
(Glaucidium gnoma )

Coniferous and mixed coniferous forests.2 Secondary cavity 
nester using woodpecker and flicker holes or natural cavities.3

660 ft (201 m) April 1 to July 153 660 ft  (201 m)

Northern Saw-whet owl  
(Aegolius acadicus)

Coniferous and riparian forests. Secondary cavity nester using 
woodpecker and flicker holes or natural cavities.3

660 ft  (201 m) April 1 to July 153 660 ft (201 m)
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Limiting Operating Periods, and Habitat and Disturbance Thresholds 
for Potentially Breeding Raptors on WHMP Lands

Habitat Threshold Limited Operating 
Periods 

Disturbance Distance 
Threshold1Species Habitat

Northern spotted owl   
(Strix occidentalis )

Stands at least 16 in. (41 cm) average dbh with at least 4 tress 
per acre (10 trees per ha) that are > 30 in. (76 cm) dbh or 
larger, Numerous large snags (typically > 2/ ac [5/ha]), 
numerous down logs (typically >15 tons/ac [33.6 metric 
tons/ha]), multi-layered canopy, greater that 40% canopy 
(typically >60%)6

500 acres (202 ha) and 
2,663 acres (1,078 ha) 

within 0.7-mile (1.1-km) 
and 1.82-mile radius (2.9 
km), respectively, of an 
active northern spotted 

owl home range6

March 1 to August 
31. Critical nesting 
period March 1 to 

June 309

360 ft (110 m)6

Osprey               
(Pandion haliaetus )

Associated with bodies of water that support ample fish. Nest 
in large trees with broken tops or snags.3 660 ft (201 m)11 April 1 to September 

3011 660 ft  (201 m)11

Peregrine falcon        
(Falco peregrinus )

Nest on cliff ledges ranging from 75 to 2000 feet (23 to 610 
m) in height and within ¼ to ½ mile (0.40 to 0.80 km) of 
riparian or lacustrine habitat10

0.5 mi. (0.80 km) 
between March 1 and 
July 31 and 0.25 mi.  

(0.40 km) August 1 to 
February 2810

March 1 to July 3110

0.5 mi. (0.80 km) between 
March 1 and July 31 and 

0.25 mi. (0.40 km) August 
1 to February 2810

Red-tailed hawk        
(Buteo jamaicensis )

Open to semi-open habitats, but will use woodlands. 
Constructs stick nests in tall trees and utility poles3 660 ft  (201 m)

March 1 to 
September 152 660 ft  (201 m)

Sharp-shinned hawk    
(Accipiter striatus )

Associated with coniferous forests, mixed coniferous 
deciduous forests, and riparian woodlands. Nest are built on a 
limb or in the fork of a limb2

660 ft (201 m)
April 15 to August 

313 660 ft (201 m)

Turkey vulture        
(Cathartes aura)

Open country with adequate roosts that include large and tall 
snags, rocks, or structures. Nests are highly inacessible, such 
as cliff faces or hidden in or under large structutres in wooded 
environments.3

660 ft  (201 m)
April 15 to August 

313 660 ft  (201 m)
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Limiting Operating Periods, and Habitat and Disturbance Thresholds 
for Potentially Breeding Raptors on WHMP Lands

Habitat Threshold Limited Operating 
Periods 

Disturbance Distance 
Threshold1Species Habitat

Western screech-owl    
(Otus kennicotti )

Forest edges and riparian woodlands, especially those with 
older deciduous trees, adjacent to open pastures or fields.3 

Secondary cavity nester using woodpecker and flicker holes or 
natural cavities. Requires trees that > to 12 inches (30 
centimeters) in dbh2

660 ft (201 m)
April 15 to August 

313,7 660 ft (201 m)

2Csuti, B., A.J. Kimerling, T.A O’Neil, M.M. Shaughnessy, E.P. Gaines, and M.M.P Huso. 1997. Atlas of Oregon Wildlife. Oregon State University Press, Corvallis, 
3 Marshall, D.B, M.G. Hunter, and A.L. Conteras, Eds. 2003. Birds of Oregon: A General Reference. Oregon State University Press, Corvallis, OR. 769 Pp
4 PacifiCorp. 1998. Merwin Wildlife Habitat Management Program Standard Operating Procedures. Portland, Oregon. July 1998. 

1 For blasting with  >2 lbs pound charge the disturbance distance threshold will be 1 mile.

5 Watson, James. W. and E.A. Rodrick. 2001. Bald Eagle Haliaeetus leucocephalus. Pages 9-1 – 9-15 in Larsen, E. M., J. M. Azerrad, and N. Nordstrom, eds. 2004.  
6 PacifiCorp and Cowlitz PUD.  2006.  Lewis River Wildlife Habitat Management Plan Standards & Guidelines Document. Hydroelectric Projects Technical Reports.  
7 Adamus P.R, K. K.Larsen, G.Gillson, and C.R. Miller. 2001. Oregon Breeding Bird Atlas. Oregon Field Ornithologists, P.O. Box 10373, Eugene, OR  97440.  CD- R

14 E. Larsen, J. M. Azerrad, N. Nordstrom, editors. 2004. Management recommendations for Washington’s priority species, Volume IV: Birds. Washington 

8 Desimone, S. and D. Hays. 2004. Northern Goshawk. Pages 6-1 to 6-17 in. E.M Larsen, J.M. Azerrad, and N. Nordstrom, editors. Management  Recommendations 
9 U.S Department of Interior, U.S Fish and Wildlife Service. 2006. Biological Opinion for the Federal Energy Regulatory Commission Relicensing of the Lewis River 
10 Hays, D.W. and R.L. Milner. 1999. Peregrine Falcon. Pages 11-1 to 11-4 in. E.M Larsen, J.M. Azerrad, and N. Nordstrom, editors. Management  
11 Roderick, E. and R. Milner, editors. 1991. Management Recommendations for Washington’s Priority Habitats and Species. May 1991. Washington Department of 
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Appendix 14-2: 
Northern Goshawk Survey Protocol 









































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14-3: 
Northern Spotted Owl Survey Protocol 





































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14-4: 
Peregrine Falcon Survey Protocol 































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14-5: 
Osprey and Bald Eagle Nest Occupancy and 

Bald Eagle Nest Productivity Aerial Survey Form 
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Appendix 14-6: 
Bald Eagle Communal Roost Locations 
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Appendix 14-7: 
Guidelines for Hazard and Danger Trees 



































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 14-8: 
Northern Spotted Owl Management Areas on  

Wildlife Habitat Management Plan Lands 
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Appendix 14-9: 
Washington Administrative Code Sections Related to Bald Eagles, Spotted Owl, 

and Washington Department of Fish and Wildlife Spotted Owl Status Definitions 



 

WDFW SPOTTED OWL SITE STATUS DEFINITION  
 
Status 1: Pair or reproductive - a male and female heard and/or observed in close proximity  
     to each other on the same visit, a female detected on a nest, or one or both adults    
    observed with young. 
Status 2: Two birds, pair status unknown - the presence or response of two birds of opposite sex       
      where pair status cannot be determined and where at least one member meets the  
      resident territorial single requirements. 
Status 3: Resident territorial single - the presence or response of a single owl within the same  
     general area on three or more occasions within a breeding season with no response by                         
     an owl of the opposite sex after a complete survey; or three or more responses over    
     several years (i.e., two responses in year one and one response in year two, for the   
     same general area). 
Status 4: Single spotted owl detected, but site status unknown. 
Status 5: Historic site deemed no longer suitable for owl use.  
 
Source: Washington Department of Fish and Wildlife. 2006. Fish and Wildlife Geographic 
Information Systems Digital Date Documentation. Olympia, WA. August 2006. 115 pp. 



 
 

WASHINGTON ADMINISTRATION CODES RELATED TO SPOTTED OWLS  
 
WAC 222-10-041 Northern spotted owls. [Effective 9/21/06] 
 
The following policies shall apply to forest practices subject to SEPA if the forest practices may 
cause adverse impacts to northern spotted owls. 
 
(1) In SOSEAs or areas of SOSEAs where the goal is demographic support, suitable spotted 
owl habitat should be maintained either to protect the viability of the owl(s) associated with 
each northern spotted owl site center or to provide demographic support for that particular 
SOSEA as described in the SOSEA goals. 
 
(2) In SOSEAs or areas of SOSEAs where the goal is dispersal support, either suitable 
spotted owl habitat should be maintained to protect the viability of the owl(s) associated with 
each northern spotted owl site center or dispersal habitat should be managed, over time, to 
provide the dispersal support for that particular SOSEA as described in the SOSEA goals. 
Dispersal support is provided by a landscape which includes dispersal habitat at the stand 
level interspersed with areas of higher quality habitat. Stands of dispersal habitat should be 
managed to reduce gaps between stands and to maintain a sufficient level of dispersal habitat 
to meet the SOSEA goals over time. 
 
(3) In SOSEAs or areas of SOSEAs where the goal is a combination of dispersal support 
and demographic support, either suitable spotted owl habitat should be maintained to protect 
the viability of the owl(s) associated with each northern spotted owl site center or a variety of 
habitat conditions should be provided which in total are more than dispersal support and less 
than demographic support. This can be accomplished by providing: 
  
 (a) Dispersal support as described in subsection (2) of this section; 
 
 (b) Areas of suitable spotted owl habitat that contain some opportunities for nesting as 
       well as roosting and foraging habitat; and 
 
 (c) Connectivity between areas of SOSEAs designated for demographic support or 
        adjacent federal lands which are designated as late successional reserves,       
        congressionally reserved areas, or administratively withdrawn areas. Chapter 222-10    
       State Environmental Policy Act Guidelines 10-4 
 
(4) Within SOSEAs, the following amounts of suitable habitat are generally assumed to be 
necessary to maintain the viability of the owl(s) associated with each northern spotted owl site 
center, in the absence of more specific data or a mitigation plan, as provided for in subsections 
(6) and (7) of this section respectively: 
 
 (a) All suitable spotted owl habitat within 0.7 mile of each northern spotted owl site   
       center; 
  
 (b) Including the suitable spotted owl habitat identified in (a) of this subsection: 
 



  (i) For the Hoh-Clearwater/Coastal Link SOSEA - A total of 5,863 acres of  
       suitable spotted owl habitat within the median home range circle (2.7 mile 
       radius). 
 
  (ii) For all other SOSEAs - A total of 2,605 acres of suitable spotted owl habitat  
        within the median home range circle (1.8 mile radius). The department shall  
       first identify the highest quality suitable spotted owl habitat for this purpose.  
       Consideration shall be given to habitat quality, proximity to the activity center  
       and contiguity in selecting the most suitable habitat. Suitable spotted owl  
       habitat identified outside 0.7 mile of a northern spotted owl site center may  
       support more than one median home range circle. 
 
(5) Outside SOSEAs, during the nesting season (between March 1 and August 31), seventy 
acres of the highest quality suitable spotted owl habitat surrounding a northern spotted owl site 
center should be maintained. The seventy acres for one site center shall not be utilized for 
meeting suitable habitat needs of any other site center. 
 
(6) The assumptions set forth in subsection (4) of this section are based on regional data. 
Applicants or others may submit information that is more current, accurate, or specific to a 
northern spotted owl site center, proposal, or SOSEA circumstances or goals. The department 
shall use such information in making its determinations under this section where the department 
finds, in consultation with the department of fish and wildlife, that the information is more likely 
to be valid for the particular circumstances than the assumptions established under subsection (4) 
of this section. If the department does not use the information, it shall explain its reasons in 
writing to the applicant. 
 
(7) The department shall consider measures to mitigate identified adverse impacts of an 
applicant’s proposal. Mitigation measures must contribute to the achievement of SOSEA goals 
or to supporting the viability of impacted northern spotted owl site centers. 
 
 
WAC 222-16-080 Critical Habitats (State) of Threatened and Endangered species. [Effective 
7/1/05] 
 
(1) Critical habitats (state) of threatened or endangered species and specific forest practices 
designated as Class IV-Special are as follows: 
 
 (h) Northern spotted owl (Strix occidentalis caurina) 
 

(i) Within a SOSEA boundary (see maps in WAC 222-16-086), except as 
indicated in (h) (ii) of this subsection, harvesting, road construction, or 
aerial application of pesticides on suitable spotted owl habitat within a 
median home range circle that is centered within the SOSEA or on 
adjacent federal lands. 

 
(ii) Within the Entiat SOSEA, harvesting, road construction, or aerial 

application of pesticides within the areas indicated for demographic 
support (see WAC 222-16-086(2)) on suitable spotted owl habitat located 
within a median home range circle that is centered within the demographic 
support area. 



 
(iii) Outside of a SOSEA, harvesting, road construction, or aerial application 

of pesticides, between March 1 and August 31 on the seventy acres of 
highest quality suitable spotted owl habitat surrounding a northern spotted 
owl site center located outside a SOSEA. The highest quality suitable 
habitat shall be determined by the department in cooperation with the 
department of fish and wildlife. Consideration shall be given to habitat 
quality, proximity to the activity center, and contiguity. 

 
(iv) Small parcel northern spotted owl exemption. Forest practices proposed 

on the lands owned or controlled by a landowner whose forest land 
ownership within the SOSEA is less than or equal to 500 acres and where 
the forest practice is not within 0.7 mile of a northern spotted owl site 
center shall not be considered to be on lands  designated as critical habitat 
(state) for spotted owls. 

 
WAC 222-16-085 Northern spotted owl habitats. [Effective 6/18/05] 
 
(1) Suitable spotted owl habitat means forest stands which meet the description of old forest 
habitat, sub-mature habitat or young forest marginal habitat found in (a) and (b) of this 
subsection. Old forest habitat is the highest quality, followed in descending order by submature 
habitat and young forest marginal habitat. 
 
 (a) Old forest habitat means habitat that provides for all the characteristics needed by  
       northern spotted owls for nesting, roosting, foraging, and dispersal, described as                                 
      stands with:  
 
  (i) A canopy closure of 60% or more and a layered, multispecies canopy where  
      50% or more of the canopy closure is provided by large overstory trees   
      (typically, there should be at least 75 trees greater than 20 inches dbh per acre,  
      or at least 35 trees 30 inches dbh or larger per acre)  
  (ii)Three or more snags or trees 20 inches dbh or larger and 16 feet or more in  
       height per acre with various deformities such as large cavities, broken tops,    
       dwarf  mistletoe infections, and other indications of decadence 
  (iii)More than two fallen trees 20 inches dbh or greater per acre and other woody  
        debris on the ground. 
 
 
 (b) Sub-mature habitat and young forest marginal habitat. Sub-mature habitat  
       provides all of the characteristics needed by Northern spotted owls for roosting,       
      foraging, and dispersal. Young forest marginal habitat provides some of the              
      characteristics needed by northern spotted owls for roosting, foraging, and dispersal.         
      Sub-mature habitat and young forest marginal habitat stands can be characterized  
      based on the forest community, canopy closure, tree density and height, vertical     
      diversity, snags and cavity trees, dead and down wood, and shrubs or mistletoe    
      infection. They are described in the following table: 
 
 
 
 



(i) Western Washington Spotted Owl Sub-Mature and Young Forest Marginal Habitat 
Characteristics 

Habitat Type Characteristics 
Sub-Mature Young Forest Marginal 

Forest 
Community 

Conifer-dominated or conifer-
hardwood (> 30% conifer) 

Conifer-dominated or conifer-hardwood 
 (> 30% conifer) 

Canopy Closure  > 70%   > 70%  
Tree Density and 

Height 
Vertical Density 

115-280 trees/acre (> 4 in dbh) with 
dominants/codominants > to 85 ft 
high or dominants/codominants > 85 
ft high with 2 or more layers and 25-
50% intermediate trees 

115-280 trees/acre (> 4 in dbh) with 
dominants/codominants > to 85 ft high OR 
dominants/codominants > 85 ft high with 2 
or more layers and 25-50% intermediate 
trees 

Snags/Cavity 
Trees 

≥ 3/acre (≥ 20 in. dbh and 16 ft in 
height) 

Dead, Down 
Wood 

N/A 

Shrubs N/A 

≥ 2/acre (≥ 20 in. dbh and 16 ft in height) 
or ≥ 10% of the ground covered with 4 in. 
diameter or larger wood, with 25-60% 
shrub cover.  

 The values indicated for canopy closure and tree density may be replaced with a quadratic mean diameter 
 of greater than 13 inches and a basal area of greater than 100.  

 

(2) Spotted owl dispersal habitat means habitat stands that provide the characteristics needed 
by northern spotted owls for dispersal. Such habitat provides protection from the weather and 
predation, roosting opportunities, and clear space below the forest canopy for flying. Timber 
stands that provide for spotted owl dispersal have the following characteristics: 
 

(a) For western Washington, timber stands 5 acres in size or larger with:  
 

(i) 70% or more canopy cover; and 
(ii) 70% or more of the stand in conifer species greater than 6 inches dbh; and 
(iii) A minimum of 130 trees per acre with a dbh of at least 10 inches or a 

basal area of 100 square feet of 10 inch dbh or larger trees ; and 
 
(iv) A total tree density of 300 trees per acre or less; and 
(v) A minimum of 20 feet between the top of the understory vegetation and 

the bottom of the live canopy, with the lower boles relatively clear of dead 
limbs. 

 
(b) For eastern Washington, timber stands 5 acres in size or larger with: 
 

(i) 50% or more canopy closure; and 
(ii)  A minimum of 50 conifer trees per acre, with a dbh of 6 inches or 
       more in even-aged stands or 4 inches or more in uneven-aged stands, and 
       an average tree height of 65 feet or more; and 
(ii) Total tree density of 200 trees per acre or less; and 
(iv)  A minimum of 20 feet between the top of the understory vegetation and 
 the bottom of the live canopy, with the lower boles relatively clear of dead 
 limbs; or 
(v)  Conifer stands with a quadratic mean diameter of 9 inches or more and a 
 relative density of 33 or more or a canopy closure of 55% or more 
 

(c) Suitable spotted owl habitat provides all of the required characteristics needed by 
spotted owls for dispersal. 



 (d) Landowners may submit information to support an alternate definition of dispersal 
 habitat for review and approval by the department in consultation with the department of 
 fish and wildlife 
 
WASHINGTON ADMINISTRATION CODES RELATED TO BALD EAGLES  
 
WAC 232-12-292 Bald eagle protection rules [Effective 2002] 
 
Purpose 
 
1.1 The purpose of these rules is to protect the habitat and thereby maintain the population of 

the bald eagle so that the species is not classified as threatened, endangered or sensitive in 
Washington state. This can best be accomplished by promoting cooperative efforts to 
manage for eagle habitat needs through a process which is sensitive to the landowner goals 
as well. The following rules are designed to promote such cooperative management. 

 
Authority 
 
2.1     These rules are promulgated pursuant to RCW 77.12.655. 
 
Definitions 
 
3.1 "Communal roost site" means all of the physical features surrounding trees used for night 

 roosting that are important to the suitability of the roost for eagle use. These features 
 include flight corridors, sources of disturbance, trees in which eagles spend the night, 
 trees used for perching during arrival or departure and other trees or physical features, 
 such as hills, ridges, or cliffs that provide wind protection. 

 
3.2 "Cultural activities" means activities conducted to foster the growth of agricultural plants 

and animals. 
 
3.3 "Department" means department of fish and wildlife. 
 
3.4  "Endangered" means a species which is seriously threatened with extirpation throughout 

all or a significant portion of its range within Washington. 
 
3.5 "Government entities" means all agencies of federal, state and local governments. 
 
3.6 "Landowner" means any individual, private, partnership, nonprofit, municipal, corporate, 

city, county, or state agency or entity which exercises control over a bald eagle habitat 
whether such control is based on legal or equitable title, or which manages or holds in trust 
land in Washington state. 

 
3.7 "Nest tree" means any tree that contains a bald eagle nest or has contained a nest. 
 
3.8  "Nest site" means all of the physical features surrounding bald eagle nests that are 

important to normal breeding behavior. These features include alternate and potential nest 
trees, perch trees, vegetative screening, foraging area, frequently used flight paths, and 
sources of disturbance. This site is also referred to as the territory defended by a breeding 
pair of eagles. 



 
3.9 "Perch tree" means a tree that is consistently used by eagles. It is often close to a nest or 

feeding site and is used for resting, hunting, consumption of prey, mating display and as a 
sentry post to defend the nest. 

 
3.10 "Predacides" means chemicals used to kill or control problem wildlife. 
 
3.11 "Region" means an ecological/geographic area that forms a unit with respect to eagles, 

e.g., Hood Canal, lower Columbia River, outer coast and south Puget Sound. 
 
3.12 "Sensitive" means any wildlife species native to the state of Washington that is vulnerable 

or declining and is likely to become endangered or threatened in a significant portion of its 
range within the state without cooperative management or removal of threats. 

 
3.13 "Site management plan" means a legal agreement between the department and the 

landowner for management of a bald eagle nest or roost site. This plan may be a list of 
conditions on a permit or a more detailed, site-specific plan. 

 
3.14 "Threatened" means a species that could become endangered within Washington without 

active management or removal of threats. 
 
Applicability and operation 
 
4.1     The department shall make available to other governmental entities, interest groups, 
 landowners and individuals information regarding the location and use pattern of eagle 
 nests and communal roosts. 
 
4.2     The department shall itself and through cooperative efforts (such as memoranda of 
 understandings pursuant to chapter 39.34 RCW) work with other government agencies 
 and organizations to improve the data base for nest and communal roost site activity and 
 productivity and to protect eagle habitats through site management plans.  
 
4.3     The department's goal shall be to identify, catalog and prioritize eagle nest or communal 
 roost sites. The department shall notify permitting agencies of nesting or roost site 
 locations. 
 
4.4      When a landowner applies for a permit for a land-use activity that involves land 
 containing or adjacent to an eagle nest or communal roost site, the permitting agency 
 shall notify the department. 
 
        If the department determines that the proposed activity would adversely impact eagle    
 habitat, a site management plan shall be required. The department, a permitting agency, 
 or wildlife biologist may work with the landowner to develop a plan. The department has 
 final approval authority on all plans. 
 
4.5     It is recognized that normal on-going agricultural activities of land preparation, 
 cultivating, planting, harvesting, other cultural activities, grazing and animal-rearing 
 activities in existing facilities do not have significant adverse consequences for eagles 
 and therefore  do not require a site management plan. New building construction, 
 conversion of lands from agriculture to other uses, application of predacides and aerial 



 pesticide spraying, may, following a conference with the department, be subject to the 
 site management planning process described in these rules. 
 
4.6      Emergency situations, such as insect infestation of crops, requires immediate action on 
 the site management plan or special permission to address the impending crisis by the 
 department. 
 
Site management plan for bald eagle habitat protection 
 
5.1  The purpose of the site management plan is to provide for the protection of specific bald 
 eagle habitat in such a way as to recognize the special characteristics of the site and the 
 landowner's property rights, goals and pertinent options. To this end, every land owner 
 shall have fair access to the process including available incentives and benefits. Any 
 relevant factor may be considered, including, but not limited to, the following: 
 
 5.1.1    The status of the eagle population in the region. 
 
 5.1.2   The useful life of the nest or communal roost trees and condition of the   
  surrounding forest; the topography; accessibility and visibility; and existing and  
  alternative flight paths, perch trees, snags and potential alternative nest and  
  communal roost trees. 
 
 5.1.3    Eagle behavior and historical use patterns, available food sources, and   
  vulnerability to disturbance. 
 
      5.1.4   The surrounding land-use conditions, including degree of development and  
  human use. 
  
 5.1.5   Land ownership, landowner ability to manage, and flexibility of available   
  landowner options. 
 
      5.1.6    Appropriate and acceptable incentive mechanisms such as conservation   
  easements, transfer or purchase of development rights, leases, mutual covenants,  
  or land trade or purchase. 
 
 5.1.7    Published recommendations for eagle habitat protection of other government  
  entities such as the U.S. Fish and Wildlife Service. 
 
5.2     The site management plan may provide for 
 
 5.2.1    Tailoring the timing, duration or physical extent of activities to minimize   
  disturbance to the existing eagle habitat and, where appropriate, identifying and  
  taking steps to encourage and create alternative eagle habitat; and 
 
 5.2.2    Establishing a periodic review of the plan to monitor whether: 
 
  a)   The plan requires amendment in response to changing eagle and landowner  
         circumstances 
  b)   The terms of the plan comply with applicable laws and regulations, 
  c)   The parties to the plan are complying with its terms. 



5.3     The site management plan may also provide for implementing landowner incentive and 
 compensation mechanisms through which the existing eagle habitat can be maintained or 
 enhanced. 
 
Guidelines for acquisition of bald eagle habitat 
 
6.1      Real property interests may be acquired and agreements entered into which could 
 enhance protection of bald eagle habitat. These include fee simple acquisition, land 
 trades,  conservation easements, transfer or purchase of development rights, leases, and  
 mutual covenants. Acquisition shall be dependent upon having a willing seller and a 
 willing buyer. Whatever interest or method of protection is preferable will depend on the 
 particular use and ownership characteristics of a site. In discussing conservation 
 objectives with private or public landowners, the department shall explore with the 
 landowner the variety of protection methods which may be appropriate and available. 
 
6.2      The following criteria and priorities shall be considered by the department when it is 
 contemplating acquiring an interest in a bald eagle habitat.   
 
 6.2.1    Site considerations: 
 
  a) Relative ecological quality, as compared to similar habitats 
  b)     Ecological viability -- the ability of the habitat and eagle use to persist over  
           time 
  c)     Defensibility -- the existence of site conditions adequate to protect the eagle  
           habitat from unnatural encroachments 
  d)     Manageability -- the ability to manage the site to maintain suitable eagle  
           habitat 
    e)    Proximity to food source 
       f)     Proximity to other protected eagle habitat 
  g)     Proximity to department land or other public land 
  h)     Eagle population density and history of eagle use in the area 
  i)     The natural diversity of native species, plant communities, aquatic types, and  
         geologic features on the site. 
 
     6.2.2     Other considerations 
 
  a) Ownership 
  b) Degree of threat 
  c) Availability of funding 
  d) Existence of willing donor or seller and prior agency interest 
     e) Cost 
 
In general, priority shall be given to the most threatened high quality eagle habitats with 
associated natural values which require the least management. 
 
 
Resolution of site management plan disputes 
 
30 days of the original notice to the department. 
 
7.1      The department and the landowner shall attempt to develop a mutually agreeable site 



 management plan within Penalties 
 
7.2  Should agreement not be reached, the landowner may request an informal settlement 
 conference with the department. 
 
7.3      If the landowner chooses not to use the informal settlement conference process or if 
 resolution is not reached, the department shall within 15 days provide a site management 
 plan to the landowner. 
 
7.4      Upon issuance of a final site management plan, the landowner may initiate a formal 
 appeal of the department's decision. The appeal shall be conducted according to the 
 Administrative Procedure Act, chapter 34.05 RCW and the model rules of procedure, 
 chapter 10-08 WAC. 
 
    A request for an appeal shall be in writing and shall be received by the department during 
 office hours within thirty days of the issuance of the final site management plan. 
 Requests for appeal shall be mailed to Department of Fish and Wildlife, 600 Capitol Way 
 N., Olympia, Washington 98501-1091, or hand delivered to 1111 Washington Street S.E., 
 Wildlife Program, Fifth floor. If there is no timely request for an appeal, the site 
 management plan shall be unappealable.  

    The written request for an appeal shall be plainly labeled as "request for formal appeal" 
 and shall contain the following: 

 (a) The name, address, and phone number of the person requesting the appeal; 

 (b) The specific site management plan that the person contests; 

 (c) The date of the issuance of the site management plan; 

 (d) Specific relief requested; and 

 (e) The attorney's name, address, and phone number, if the person is represented by legal  
       counsel. 

 The appeal may be conducted by the director, the director's designee, or by an 
 administrative law judge (ALJ) appointed by the office of administrative hearings. If 
 conducted by an ALJ, the ALJ shall issue an initial order pursuant to RCW 34.05.461. 
 The director or the director's designee shall review the initial order and enter a final order 
 as provided by RCW 34.05.464. 

Penalties 
 
8.1 Failure of a landowner to comply with the processes set forth in these rules or with the 

provisions of a site management plan approved by the department constitutes a 
misdemeanor as set forth in RCW 77.15.130. 
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INTRODUCTION 
 
The bald eagle (Haliaeetus leucocephalus) is protected by the Bald and Golden Eagle 
Protection Act (Eagle Act) and the Migratory Bird Treaty Act (MBTA).  The MBTA and the 
Eagle Act protect bald eagles from a variety of harmful actions and impacts.  The U.S. 
Fish and Wildlife Service (Service) developed these National Bald Eagle Management 
Guidelines to advise landowners, land managers, and others who share public and private 
lands with bald eagles when and under what circumstances the protective provisions of 
the Eagle Act may apply to their activities.  A variety of human activities can potentially 
interfere with bald eagles, affecting their ability to forage, nest, roost, breed, or raise 
young.  The Guidelines are intended to help people minimize such impacts to bald eagles, 
particularly where they may constitute “disturbance,” which is prohibited by the Eagle Act. 
 
The Guidelines are intended to: 
 

(1) Publicize the provisions of the Eagle Act that continue to protect bald eagles, in 
order to reduce the possibility that people will violate the law, 
 

(2) Advise landowners, land managers and the general public of the potential for 
various human activities to disturb bald eagles, and 
 

(3) Encourage additional nonbinding land management practices that benefit bald 
eagles (see Additional Recommendations section). 

 
While the Guidelines include general recommendations for land management practices 
that will benefit bald eagles, the document is intended primarily as a tool for landowners 
and planners who seek information and recommendations regarding how to avoid 
disturbing bald eagles.  Many States and some tribal entities have developed state-
specific management plans, regulations, and/or guidance for landowners and land 
managers to protect and enhance bald eagle habitat, and we encourage the continued 
development and use of these planning tools to benefit bald eagles.    
 
Adherence to the Guidelines herein will benefit individuals, agencies, organizations, and 
companies by helping them avoid violations of the law.  However, the Guidelines 
themselves are not law.  Rather, they are recommendations based on several decades of 
behavioral observations, science, and conservation measures to avoid or minimize 
adverse impacts to bald eagles.   
 
The U.S. Fish and Wildlife Service strongly encourages adherence to these guidelines to 
ensure that bald and golden eagle populations will continue to be sustained.  The Service 
realizes there may be impacts to some birds even if all reasonable measures are taken to 
avoid such impacts.  Although it is not possible to absolve individuals and entities from 
liability under the Eagle Act or the MBTA, the Service exercises enforcement discretion to 
focus on those individuals, companies, or agencies that take migratory birds without 
regard for the consequences of their actions and the law, especially when conservation 
measures, such as these Guidelines, are available, but have not been implemented.  The 
Service will prioritize its enforcement efforts to focus on those individuals or entities who 
take bald eagles or their parts, eggs, or nests without implementing appropriate measures 
recommended by the Guidelines.   
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The Service intends to pursue the development of regulations that would authorize, under 
limited circumstances, the use of permits if “take” of an eagle is anticipated but 
unavoidable.  Additionally, if the bald eagle is delisted, the Service intends to provide a 
regulatory mechanism to honor existing (take) authorizations under the Endangered 
Species Act (ESA).   
 
During the interim period until the Service completes a rulemaking for permits under the 
Eagle Act, the Service does not intend to refer for prosecution the incidental “take” of any 
bald eagle under the MBTA or Eagle Act, if such take is in full compliance with the terms 
and conditions of an incidental take statement issued to the action agency or applicant 
under the authority of section 7(b)(4) of the ESA or a permit issued under the authority of 
section 10(a)(1)(B) of the ESA.   
 
The Guidelines are applicable throughout the United States, including Alaska.  The 
primary purpose of these Guidelines is to provide information that will minimize or prevent 
violations only of Federal laws governing bald eagles.  In addition to Federal laws, many 
states and some smaller jurisdictions and tribes have additional laws and regulations 
protecting bald eagles.  In some cases those laws and regulations may be more protective 
(restrictive) than these Federal guidelines.  If you are planning activities that may affect 
bald eagles, we therefore recommend that you contact both your nearest U.S. Fish and 
Wildlife Service Field Office (see the contact information on p.16) and your state wildlife 
agency for assistance.   
 
 
 LEGAL PROTECTIONS FOR THE BALD EAGLE 
 
The Bald and Golden Eagle Protection Act 
The Eagle Act (16 U.S.C. 668-668c), enacted in 1940, and amended several times since 
then, prohibits anyone, without a permit issued by the Secretary of the Interior, from 
“taking” bald eagles, including their parts, nests, or eggs.  The Act provides criminal and 
civil penalties for persons who “take, possess, sell, purchase, barter, offer to sell, 
purchase or barter, transport, export or import, at any time or any manner, any bald eagle 
... [or any golden eagle], alive or dead, or any part, nest, or egg thereof.”  The Act defines 
“take” as “pursue, shoot, shoot at, poison, wound, kill, capture, trap, collect, molest or 
disturb.”  “Disturb’’ means:  
 

"Disturb means to agitate or bother a bald or golden eagle to a degree that 
causes, or is likely to cause, based on the best scientific information available,  
1) injury to an eagle, 2) a decrease in its productivity, by substantially interfering 
with normal breeding, feeding, or sheltering behavior, or 3) nest abandonment, 
by substantially interfering with normal breeding, feeding, or sheltering behavior." 

 
In addition to immediate impacts, this definition also covers impacts that result from 
human-induced alterations initiated around a previously used nest site during a time when 
eagles are not present, if, upon the eagle=s return, such alterations agitate or bother an 
eagle to a degree that injures an eagle or substantially interferes with normal breeding, 
feeding, or sheltering habits and causes, or is likely to cause, a loss of productivity or nest 
abandonment. 
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A violation of the Act can result in a criminal fine of $100,000 ($200,000 for organizations), 
imprisonment for one year, or both, for a first offense.  Penalties increase substantially for 
additional offenses, and a second violation of this Act is a felony. 
 
The Migratory Bird Treaty Act 
The MBTA (16 U.S.C. 703-712), prohibits the taking of any migratory bird or any part, 
nest, or egg, except as permitted by regulation.  The MBTA was enacted in 1918; a 1972 
agreement supplementing one of the bilateral treaties underlying the MBTA had the effect 
of expanding the scope of the Act to cover bald eagles and other raptors.  Implementing 
regulations define “take” under the MBTA as “pursue, hunt, shoot, wound, kill, trap, 
capture, possess, or collect.”   
 
Copies of the Eagle Act and the MBTA are available at: http://permits.fws.gov/ltr/ltr.shtml. 
 
State laws and regulations 
Most states have their own regulations and/or guidelines for bald eagle management.  
Some states may continue to list the bald eagle as endangered, threatened, or of special 
concern.  If you plan activities that may affect bald eagles, we urge you to familiarize 
yourself with the regulations and/or guidelines that apply to bald eagles in your state.  
Your adherence to the Guidelines herein does not ensure that you are in compliance with 
state laws and regulations because state regulations can be more specific and/or 
restrictive than these Guidelines.   
 
 

NATURAL HISTORY OF THE BALD EAGLE 
 
Bald eagles are a North American species that historically occurred throughout the 
contiguous United States and Alaska.  After severely declining in the lower 48 States 
between the 1870s and the 1970s, bald eagles have rebounded and re-established 
breeding territories in each of the lower 48 states.  The largest North American breeding 
populations are in Alaska and Canada, but there are also significant bald eagle 
populations in Florida, the Pacific Northwest, the Greater Yellowstone area, the Great 
Lakes states, and the Chesapeake Bay region.  Bald eagle distribution varies seasonally.  
Bald eagles that nest in southern latitudes frequently move northward in late spring and 
early summer, often summering as far north as Canada.  Most eagles that breed at 
northern latitudes migrate southward during winter, or to coastal areas where waters 
remain unfrozen.  Migrants frequently concentrate in large numbers at sites where food is 
abundant and they often roost together communally.  In some cases, concentration areas 
are used year-round: in summer by southern eagles and in winter by northern eagles.   
 
Juvenile bald eagles have mottled brown and white plumage, gradually acquiring their 
dark brown body and distinctive white head and tail as they mature.  Bald eagles generally 
attain adult plumage by 5 years of age.  Most are capable of breeding at 4 or 5 years of 
age, but in healthy populations they may not start breeding until much older.  Bald eagles 
may live 15 to 25 years in the wild.  Adults weigh 8 to 14 pounds (occasionally reaching 
16 pounds in Alaska) and have wingspans of 5 to 8 feet.  Those in the northern range are 
larger than those in the south, and females are larger than males. 
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Where do bald eagles nest? 
Breeding bald eagles occupy “territories,” areas they will typically defend against intrusion 
by other eagles.   In addition to the active nest, a territory may include one or more 
alternate nests (nests built or maintained by the eagles but not used for nesting in a given 
year).  The Eagle Act prohibits removal or destruction of both active and alternate bald 
eagle nests.  Bald eagles exhibit high nest site fidelity and nesting territories are often 
used year after year. Some territories are known to have been used continually for over 
half a century.   
 
Bald eagles generally nest near coastlines, rivers, large lakes or streams that support an 
adequate food supply.  They often nest in mature or old-growth trees; snags (dead trees); 
cliffs; rock promontories; rarely on the ground; and with increasing frequency on human-
made structures such as power poles and communication towers.  In forested areas, bald 
eagles often select the tallest trees with limbs strong enough to support a nest that can 
weigh more than 1,000 pounds.  Nest sites typically include at least one perch with a clear 
view of the water where the eagles usually forage.  Shoreline trees or snags located in 
reservoirs provide the visibility and accessibility needed to locate aquatic prey.  Eagle 
nests are constructed with large sticks, and may be lined with moss, grass, plant stalks, 
lichens, seaweed, or sod.  Nests are usually about 4-6 feet in diameter and 3 feet deep, 
although larger nests exist.   
 

 
         Copyright Birds of North America, 2000 
 
The range of breeding bald eagles in 2000 (shaded areas).  This map shows only the larger 
concentrations of nests; eagles have continued to expand into additional nesting territories in many 
states.  The dotted line represents the bald eagle’s wintering range.   
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When do bald eagles nest? 
Nesting activity begins several months before egg-laying.  Egg-laying dates vary 
throughout the U.S., ranging from October in Florida, to late April or even early May in the 
northern United States.  Incubation typically lasts 33-35 days, but can be as long as 40 
days.  Eaglets make their first unsteady flights about 10 to 12 weeks after hatching, and 
fledge (leave their nests) within a few days after that first flight.  However, young birds 
usually remain in the vicinity of the nest for several weeks after fledging because they are 
almost completely dependent on their parents for food until they disperse from the nesting 
territory approximately 6 weeks later.   
 
The bald eagle breeding season tends to be longer in the southern U.S., and re-nesting 
following an unsuccessful first nesting attempt is more common there as well.  The 
following table shows the timing of bald eagle breeding seasons in different regions of the 
country.  The table represents the range of time within which the majority of nesting 
activities occur in each region and does not apply to any specific nesting pair.  Because 
the timing of nesting activities may vary within a given region, you should contact the 
nearest U.S. Fish and Wildlife Service Field Office (see page 16) and/or your state wildlife 
conservation agency for more specific information on nesting chronology in your area.   
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Chronology of typical reproductive activities of bald eagles in the United States. 
  

 
Sept. 

 
Oct. 

 
Nov. 

 
Dec. 

 
Jan. Feb. March April May June 

 
July Aug. 

 
SOUTHEASTERN U.S. (FL, GA, SC, NC, AL, MS, LA, TN, KY, AR, eastern 2 of TX) 
 
Nest Building  ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
 

 
Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  

 
 

 
Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  

 
 Fledging Young ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
CHESAPEAKE BAY REGION (NC, VA, MD, DE, southern 2 of NJ, eastern 2 of PA, panhandle of WV) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟ ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟ ⎟ 

 
 

 
 Fledging Young  
 
NORTHERN U.S. (ME, NH, MA, RI, CT, NY, northern 2 of NJ, western  2 of PA, OH, WV exc. panhandle, IN, IL, 
MI, WI, MN, IA, MO, ND, SD, NB, KS, CO, UT) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟ 

 
 

 
 Fledging Young ⎟ ⎟ ⎟ ⎟ 
 
PACIFIC REGION (WA, OR, CA, ID, MT, WY, NV) 
 
 

 
Nest Building ⎟ ⎟  

 
 Egg Laying/Incubation ⎟ ⎟  
 
 Hatching/Rearing Young ⎟ ⎟  
 
 Fledging Young ⎟ ⎟ ⎟ ⎟ 
 
SOUTHWESTERN U.S. (AZ, NM, OK panhandle, western 2 of TX) 
 
 

 
Nest Building ⎟ ⎟⎟ ⎟⎟ ⎟  

 
 

 
Egg Laying/Incubation ⎟ ⎟ ⎟ ⎟⎟ 
⎟⎟

 
 
 Hatching/Rearing Young ⎟ ⎟ ⎟ 

⎟⎟ ⎟⎟ ⎟ ⎟
 

 
 Fledging Young ⎟  
 
ALASKA 
 
 Nest Building ⎟ ⎟⎟ ⎟⎟ ⎟ ⎟  
 
 Egg Laying/Incubation 

 
 

 
 ⎟ 

 
 Hatching/Rearing Young ⎟ ⎟ ⎟ ⎟⎟ 

 
Ing Young 

 
 Fledg-    

 
Sept. 

 
Oct. 

 
Nov. 

 
Dec. 

 
Jan. Feb. March April May June 

 
July Aug. 
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How many chicks do bald eagles raise? 
The number of eagle eggs laid will vary from 1-3, with 1-2 eggs being the most common. 
Only one eagle egg is laid per day, although not always on successive days. Hatching of 
young occurs on different days with the result that chicks in the same nest are sometimes 
of unequal size.  The overall national fledging rate is approximately one chick per nest, 
annually, which results in a healthy expanding population. 
 
What do bald eagles eat? 
Bald eagles are opportunistic feeders.  Fish comprise much of their diet, but they also eat 
waterfowl, shorebirds/colonial waterbirds, small mammals, turtles, and carrion.  Because 
they are visual hunters, eagles typically locate their prey from a conspicuous perch, or 
soaring flight, then swoop down and strike.  Wintering bald eagles often congregate in 
large numbers along streams to feed on spawning salmon or other fish species,  and often 
gather in large numbers in areas below reservoirs, especially hydropower dams, where 
fish are abundant.  Wintering eagles also take birds from rafts of ducks at reservoirs and 
rivers, and congregate on melting ice shelves to scavenge dead fish from the current or 
the soft melting ice.  Bald eagles will also feed on carcasses along roads, in landfills, and 
at feedlots. 
 
During the breeding season, adults carry prey to the nest to feed the young.  Adults feed 
their chicks by tearing off pieces of food and holding them to the beaks of the eaglets.  
After fledging, immature eagles are slow to develop hunting skills, and must learn to 
locate reliable food sources and master feeding techniques.  Young eagles will 
congregate together, often feeding upon easily acquired food such as carrion and fish 
found in abundance at the mouths of streams and shallow bays and at landfills.    
 
The impact of human activity on nesting bald eagles 
During the breeding season, bald eagles are sensitive to a variety of human activities.  
However, not all bald eagle pairs react to human activities in the same way.  Some pairs 
nest successfully just dozens of yards from human activity, while others abandon nest 
sites in response to activities much farther away.  This variability may be related to a 
number of factors, including visibility, duration, noise levels, extent of the area affected by 
the activity, prior experiences with humans, and tolerance of the individual nesting pair.  
The relative sensitivity of bald eagles during various stages of the breeding season is 
outlined in the following table. 
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Nesting Bald Eagle Sensitivity to Human Activities  

 
Phase 

 
Activity 

 
Sensitivity to 
Human Activity 

 
Comments 

 
I 

 
Courtship and 
Nest Building 

 
Most sensitive 
period; likely to 
respond negatively  

 
Most critical time period.  Disturbance is manifested in nest 
abandonment.  Bald eagles in newly established territories are 
more prone to abandon nest sites. 

 
II 

 
Egg laying 

 
Very sensitive 
period  

 
Human activity of even limited duration may cause nest 
desertion and abandonment of territory for the breeding 
season. 

 
III 

 
Incubation and 
early nestling 
period (up to 4 
weeks) 

 
Very sensitive 
period 

 
Adults are less likely to abandon the nest near and after 
hatching.  However, flushed adults leave eggs and young 
unattended; eggs are susceptible to cooling, loss of moisture, 
overheating, and predation; young are vulnerable to elements. 

IV 

 
Nestling 
period, 4 to 8 
weeks 

 
Moderately 
sensitive period 

 
Likelihood of nest abandonment and vulnerability of the 
nestlings to elements somewhat decreases.  However, 
nestlings may miss feedings, affecting their survival. 

V 
Nestlings 8 
weeks through 
fledging 

Very sensitive 
period 

Gaining flight capability, nestlings 8 weeks and older may flush 
from the nest prematurely due to disruption and die. 

 
 
If agitated by human activities, eagles may inadequately construct or repair their nest, 
may expend energy defending the nest rather than tending to their young, or may 
abandon the nest altogether.  Activities that cause prolonged absences of adults from 
their nests can jeopardize eggs or young.  Depending on weather conditions, eggs may 
overheat or cool too much and fail to hatch.  Unattended eggs and nestlings are subject to 
predation.  Young nestlings are particularly vulnerable because they rely on their parents 
to provide warmth or shade, without which they may die as a result of hypothermia or heat 
stress.  If food delivery schedules are interrupted, the young may not develop healthy 
plumage, which can affect their survival.  In addition, adults startled while incubating or 
brooding young may damage eggs or injure their young as they abruptly leave the nest.  
Older nestlings no longer require constant attention from the adults, but they may be 
startled by loud or intrusive human activities and prematurely jump from the nest before 
they are able to fly or care for themselves.  Once fledged, juveniles range up to ¼ mile 
from the nest site, often to a site with minimal human activity.  During this period, until 
about six weeks after departure from the nest, the juveniles still depend on the adults to 
feed them. 
 
The impact of human activity on foraging and roosting bald eagles 
Disruption, destruction, or obstruction of roosting and foraging areas can also negatively 
affect bald eagles.  Disruptive activities in or near eagle foraging areas can interfere with 
feeding, reducing chances of survival.  Interference with feeding can also result in reduced 
productivity (number of young successfully fledged).  Migrating and wintering bald eagles 
often congregate at specific sites for purposes of feeding and sheltering.  Bald eagles rely 
on established roost sites because of their proximity to sufficient food sources.  Roost 
sites are usually in mature trees where the eagles are somewhat sheltered from the wind 
and weather.  Human activities near or within communal roost sites may prevent eagles 
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from feeding or taking shelter, especially if there are not other undisturbed and productive 
feeding and roosting sites available.  Activities that permanently alter communal roost 
sites and important foraging areas can altogether eliminate the elements that are essential 
for feeding and sheltering eagles.   
 
Where a human activity agitates or bothers roosting or foraging bald eagles to the degree 
that causes injury or substantially interferes with breeding, feeding, or sheltering behavior 
and causes, or is likely to cause, a loss of productivity or nest abandonment, the conduct 
of the activity constitutes a violation of the Eagle Act’s prohibition against disturbing 
eagles.  The circumstances that might result in such an outcome are difficult to predict 
without detailed site-specific information.  If your activities may disturb roosting or foraging 
bald eagles, you should contact your local Fish and Wildlife Service Field Office (see page 
16) for advice and recommendations for how to avoid such disturbance.   
 
 

RECOMMENDATIONS FOR AVOIDING DISTURBANCE AT NEST SITES 
 
In developing these Guidelines, we relied on existing state and regional bald eagle 
guidelines, scientific literature on bald eagle disturbance, and recommendations of state 
and Federal biologists who monitor the impacts of human activity on eagles.  Despite 
these resources, uncertainties remain regarding the effects of many activities on eagles 
and how eagles in different situations may or may not respond to certain human activities.  
The Service recognizes this uncertainty and views the collection of better biological data 
on the response of eagles to disturbance as a high priority.  To the extent that resources 
allow, the Service will continue to collect data on responses of bald eagles to human 
activities conducted according to the recommendations within these Guidelines to ensure 
that adequate protection from disturbance is being afforded, and to identify circumstances 
where the Guidelines might be modified.  These data will be used to make future 
adjustments to the Guidelines. 
 
To avoid disturbing nesting bald eagles, we recommend (1) keeping a distance between 
the activity and the nest (distance buffers), (2) maintaining preferably forested (or natural) 
areas between the activity and around nest trees (landscape buffers), and (3) avoiding 
certain activities during the breeding season.  The buffer areas serve to minimize visual 
and auditory impacts associated with human activities near nest sites.  Ideally, buffers 
would be large enough to protect existing nest trees and provide for alternative or 
replacement nest trees.   
 
The size and shape of effective buffers vary depending on the topography and other 
ecological characteristics surrounding the nest site.  In open areas where there are little or 
no forested or topographical buffers, such as in many western states, distance alone must 
serve as the buffer.  Consequently, in open areas, the distance between the activity and 
the nest may need to be larger than the distances recommended under Categories A and 
B of these guidelines (pg. 12) if no landscape buffers are present.  The height of the nest 
above the ground may also ameliorate effects of human activities; eagles at higher nests 
may be less prone to disturbance. 
 
In addition to the physical features of the landscape and nest site, the appropriate size for 
the distance buffer may vary according to the historical tolerances of eagles to human 
activities in particular localities, and may also depend on the location of the nest in relation 
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to feeding and roosting areas used by the eagles.  Increased competition for nest sites 
may lead bald eagles to nest closer to human activity (and other eagles).   
 
Seasonal restrictions can prevent the potential impacts of many shorter-term, obtrusive 
activities that do not entail landscape alterations (e.g. fireworks, outdoor concerts).  In 
proximity to the nest, these kinds of activities should be conducted only outside the 
breeding season.  For activities that entail both short-term, obtrusive characteristics and 
more permanent impacts (e.g., building construction), we recommend a combination of 
both approaches: retaining a landscape buffer and observing seasonal restrictions.  
  
For assistance in determining the appropriate size and configuration of buffers or the 
timing of activities in the vicinity of a bald eagle nest, we encourage you to contact the 
nearest U.S. Fish and Wildlife Service Field Office (see page 16). 
 
Existing Uses 
Eagles are unlikely to be disturbed by routine use of roads, homes, and other facilities 
where such use pre-dates the eagles’ successful nesting activity in a given area.  
Therefore, in most cases ongoing existing uses may proceed with the same intensity with 
little risk of disturbing bald eagles.  However, some intermittent, occasional, or irregular 
uses that pre-date eagle nesting in an area may disturb bald eagles.  For example: a pair 
of eagles may begin nesting in an area and subsequently be disturbed by activities 
associated with an annual outdoor flea market, even though the flea market has been held 
annually at the same location.  In such situations, human activity should be adjusted or 
relocated to minimize potential impacts on the nesting pair.   
 
 

ACTIVITY-SPECIFIC GUIDELINES 
 

The following section provides the Service=s management recommendations for avoiding 
bald eagle disturbance as a result of new or intermittent activities proposed in the vicinity 
of bald eagle nests.  Activities are separated into 8 categories (A – H) based on the nature 
and magnitude of impacts to bald eagles that usually result from the type of activity.  
Activities with similar or comparable impacts are grouped together.   
 
In most cases, impacts will vary based on the visibility of the activity from the eagle nest 
and the degree to which similar activities are already occurring in proximity to the nest 
site.  Visibility is a factor because, in general, eagles are more prone to disturbance when 
an activity occurs in full view.  For this reason, we recommend that people locate activities 
farther from the nest structure in areas with open vistas, in contrast to areas where the 
view is shielded by rolling topography, trees, or other screening factors.  The 
recommendations also take into account the existence of similar activities in the area 
because the continued presence of nesting bald eagles in the vicinity of the existing 
activities indicates that the eagles in that area can tolerate a greater degree of human 
activity than we can generally expect from eagles in areas that experience fewer human 
impacts.  To illustrate how these factors affect the likelihood of disturbing eagles, we have 
incorporated the recommendations for some activities into a table (categories A and B).   
 
First, determine which category your activity falls into (between categories A – H).  If the 
activity you plan to undertake is not specifically addressed in these guidelines, follow the 
recommendations for the most similar activity represented.   
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If your activity is under A or B, our recommendations are in table form.  The vertical axis 
shows the degree of visibility of the activity from the nest.  The horizontal axis (header 
row) represents the degree to which similar activities are ongoing in the vicinity of the 
nest.  Locate the row that best describes how visible your activity will be from the eagle 
nest.  Then, choose the column that best describes the degree to which similar activities 
are ongoing in the vicinity of the eagle nest.  The box where the column and row come 
together contains our management recommendations for how far you should locate your 
activity from the nest to avoid disturbing the eagles.  The numerical distances shown in 
the tables are the closest the activity should be conducted relative to the nest.  In some 
cases we have included additional recommendations (other than recommended distance 
from the nest) you should follow to help ensure that your activity will not disturb the 
eagles.   
 
Alternate nests 
For activities that entail permanent landscape alterations that may result in bald eagle 
disturbance, these recommendations apply to both active and alternate bald eagle nests.  
Disturbance becomes an issue with regard to alternate nests if eagles return for breeding 
purposes and react to land use changes that occurred while the nest was inactive.  The 
likelihood that an alternate nest will again become active decreases the longer it goes 
unused.  If you plan activities in the vicinity of an alternate bald eagle nest and have 
information to show that the nest has not been active during the preceding 5 breeding 
seasons, the recommendations provided in these guidelines for avoiding disturbance 
around the nest site may no longer be warranted.  The nest itself remains protected by 
other provisions of the Eagle Act, however, and may not be destroyed.   
 
If special circumstances exist that make it unlikely an inactive nest will be reused before 5 
years of disuse have passed, and you believe that the probability of reuse is low enough 
to warrant disregarding the recommendations for avoiding disturbance, you should be 
prepared to provide all the reasons for your conclusion, including information regarding 
past use of the nest site.  Without sufficient documentation, you should continue to follow 
these guidelines when conducting activities around the nest site.  If we are able to 
determine that it is unlikely the nest will be reused, we may advise you that the 
recommendations provided in these guidelines for avoiding disturbance are no longer 
necessary around that nest site.   
 
This guidance is intended to minimize disturbance, as defined by Federal regulation.  In 
addition to Federal laws, most states and some tribes and smaller jurisdictions have 
additional laws and regulations protecting bald eagles.  In some cases those laws and 
regulations may be more protective (restrictive) than these Federal guidelines.   
 
Temporary Impacts 
For activities that have temporary impacts, such as the use of loud machinery, fireworks 
displays, or summer boating activities, we recommend seasonal restrictions.  These types 
of activities can generally be carried out outside of the breeding season without causing 
disturbance.  The recommended restrictions for these types of activities can be lifted for 
alternate nests within a particular territory, including nests that were attended during the 
current breeding season but not used to raise young, after eggs laid in another nest within 
the territory have hatched (depending on the distance between the alternate nest and the 
active nest).   
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In general, activities should be kept as far away from nest trees as possible; loud and 
disruptive activities should be conducted when eagles are not nesting; and activity 
between the nest and the nearest foraging area should be minimized.  If the activity you 
plan to undertake is not specifically addressed in these guidelines, follow the 
recommendations for the most similar activity addressed, or contact your local U.S. Fish 
and Wildlife Service Field Office for additional guidance.   
 
If you believe that special circumstances apply to your situation that increase or diminish 
the likelihood of bald eagle disturbance, or if it is not possible to adhere to the guidelines, 
you should contact your local Service Field Office for further guidance.   
 
 
Category A:   
Building construction, 1 or 2 story, with project footprint of ½ acre or less.   
Construction of roads, trails, canals, power lines, and other linear utilities. 
Agriculture and aquaculture – new or expanded operations. 
Alteration of shorelines or wetlands. 
Installation of docks or moorings. 
Water impoundment.      
 
Category B:  
Building construction, 3 or more stories.  
Building construction, 1 or 2 story, with project footprint of more than ½ acre.   
Installation or expansion of marinas with a capacity of 6 or more boats. 
Mining and associated activities. 
Oil and natural gas drilling and refining and associated activities. 
 

 
 
If there is no similar activity 
within 1 mile of the nest 

 
If there is similar activity closer 
than 1 mile from the nest 

If the activity 
will be visible 
from the nest 

 
660 feet.  Landscape buffers are 
recommended. 
 

 
660 feet, or as close as existing 
tolerated activity of similar scope.      
Landscape buffers are 
recommended. 

 
If the activity 
will not be 
visible from the 
nest 

Category A: 
330 feet.  Clearing, external 
construction, and landscaping 
between 330 feet and 660 feet 
should be done outside breeding 
season. 
 
Category B: 
660 feet.   

 
330 feet, or as close as existing 
tolerated activity of similar scope.  
Clearing, external construction and 
landscaping within 660 feet should 
be done outside breeding season. 

 
The numerical distances shown in the table are the closest the activity should be conducted relative to  
the nest.   
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 Category C.  Timber Operations and Forestry Practices 
 
• Avoid clear cutting or removal of overstory trees within 330 feet of the nest at any 

time.   
 
• Avoid timber harvesting operations, including road construction and chain saw and 

yarding operations, during the breeding season within 660 feet of the nest.  The 
distance may be decreased to 330 feet around alternate nests within a particular 
territory, including nests that were attended during the current breeding season but 
not used to raise young, after eggs laid in another nest within the territory have 
hatched. 

 
• Selective thinning and other silviculture management practices designed to 

conserve or enhance habitat, including prescribed burning close to the nest tree, 
should be undertaken outside the breeding season.  Precautions such as raking 
leaves and woody debris from around the nest tree should be taken to prevent 
crown fire or fire climbing the nest tree.  If it is determined that a burn during the 
breeding season would be beneficial, then, to ensure that no take or disturbance 
will occur, these activities should be conducted only when neither adult eagles nor 
young are present at the nest tree (i.e., at the beginning of, or end of, the breeding 
season, either before the particular nest is active or after the young have fledged 
from that nest).  Appropriate Federal and state biologists should be consulted 
before any prescribed burning is conducted during the breeding season. 

 
• Avoid construction of log transfer facilities and in-water log storage areas within 

330 feet of the nest. 
 
 

Category D.  Off-road vehicle use (including snowmobiles).  No buffer is necessary 
around nest sites outside the breeding season.  During the breeding season, do not 
operate off-road vehicles within 330 feet of the nest.  In open areas, where there is 
increased visibility and exposure to noise, this distance should be extended to 660 feet.   
 
 
Category E.  Motorized Watercraft use (including jet skis/personal watercraft).  No 
buffer is necessary around nest sites outside the breeding season.  During the breeding 
season, within 330 feet of the nest, (1) do not operate jet skis (personal watercraft), and 
(2) avoid concentrations of noisy vessels (e.g., commercial fishing boats and tour boats), 
except where eagles have demonstrated tolerance for such activity.  Other motorized boat 
traffic passing within 330 feet of the nest should attempt to minimize trips and avoid 
stopping in the area where feasible, particularly where eagles are unaccustomed to boat 
traffic.   Buffers for airboats should be larger than 330 feet due to the increased noise they 
generate, combined with their speed, maneuverability, and visibility.   
 
  
Category F.  Non-motorized recreation and human entry (e.g., hiking, camping, 
fishing, hunting, birdwatching, kayaking, canoeing).  No buffer is necessary around nest 
sites outside the breeding season.  If the activity will be visible or highly audible from the 
nest, maintain a 330-foot buffer during the breeding season, particularly where eagles are 
unaccustomed to such activity.    
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Category G.  Helicopters and fixed-wing aircraft.   
Except for authorized biologists trained in survey techniques, avoid operating aircraft 
within 1,000 feet of the nest during the breeding season, except where eagles have 
demonstrated tolerance for such activity. 
 
 
Category H.   Blasting and other loud, intermittent noises.   
Avoid blasting and other activities that produce extremely loud noises within 1/2 mile of 
active nests, unless greater tolerance to the activity (or similar activity) has been 
demonstrated by the eagles in the nesting area.  This recommendation applies to the use 
of fireworks classified by the Federal Department of Transportation as Class B explosives, 
which includes the larger fireworks that are intended for licensed public display.   
 
 
 
RECOMMENDATIONS FOR AVOIDING DISTURBANCE AT FORAGING AREAS AND 

COMMUNAL ROOST SITES 
 

1. Minimize potentially disruptive activities and development in the eagles’ direct 
flight path between their nest and roost sites and important foraging areas.   

 
2. Locate long-term and permanent water-dependent facilities, such as boat 

ramps and marinas, away from important eagle foraging areas. 
 
3. Avoid recreational and commercial boating and fishing near critical eagle 

foraging areas during peak feeding times (usually early to mid-morning and 
late afternoon), except where eagles have demonstrated tolerance to such 
activity.   

 
4. Do not use explosives within ½ mile (or within 1 mile in open areas) of 

communal roosts when eagles are congregating, without prior coordination 
with the U.S. Fish and Wildlife Service and your state wildlife agency. 

 
5. Locate aircraft corridors no closer than 1,000 feet vertical or horizontal distance 

from communal roost sites. 
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ADDITIONAL RECOMMENDATIONS TO BENEFIT BALD EAGLES 
 

The following are additional management practices that landowners and planners can 
exercise for added benefit to bald eagles.   
 
 
1. Protect and preserve potential roost and nest sites by retaining mature trees and old 

growth stands, particularly within ½ mile from water.   
 

2. Where nests are blown from trees during storms or are otherwise destroyed by the 
elements, continue to protect the site in the absence of the nest for up to three (3) 
complete breeding seasons.  Many eagles will rebuild the nest and reoccupy the site. 

 
3. To avoid collisions, site wind turbines, communication towers, and high voltage 

transmission power lines away from nests, foraging areas, and communal roost sites.   
 
4. Employ industry-accepted best management practices to prevent birds from colliding 

with or being electrocuted by utility lines, towers, and poles.  If possible, bury utility 
lines in important eagle areas.  

 
5. Where bald eagles are likely to nest in human-made structures (e.g., cell phone 

towers) and such use could impede operation or maintenance of the structures or 
jeopardize the safety of the eagles, equip the structures with either (1) devices 
engineered to discourage bald eagles from building nests, or (2) nesting platforms that 
will safely accommodate bald eagle nests without interfering with structure 
performance.    

 
6. Immediately cover carcasses of euthanized animals at landfills to protect eagles from 

being poisoned. 
 
7. Do not intentionally feed bald eagles.  Artificially feeding bald eagles can disrupt their 

essential behavioral patterns and put them at increased risk from power lines, collision 
with windows and cars, and other mortality factors. 

 
8. Use pesticides, herbicides, fertilizers, and other chemicals only in accordance with 

Federal and state laws. 
 
9. Monitor and minimize dispersal of contaminants associated with hazardous waste 

sites (legal or illegal), permitted releases, and runoff from agricultural areas, especially 
within watersheds where eagles have shown poor reproduction or where 
bioaccumulating contaminants have been documented.  These factors present a risk 
of contamination to eagles and their food sources. 
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 CONTACTS 
 
The following U.S. Fish and Wildlife Service Field Offices provide technical assistance on bald 
eagle management: 
 

Alabama    Daphne   (251) 441-5181 
Alaska  Anchorage (907) 271-2888 
   Fairbanks (907) 456-0203 
   Juneau  (907) 780-1160 
Arizona  Phoenix (602) 242-0210 
Arkansas   Conway  (501) 513-4470 
California  Arcata  (707) 822-7201 

  Barstow (760) 255-8852 
  Carlsbad (760) 431-9440 
  Red Bluff (530) 527-3043 
  Sacramento (916) 414-6000 
  Stockton (209) 946-6400 
  Ventura  (805) 644-1766 
  Yreka  (530) 842-5763 

Colorado  Lakewood (303) 275-2370 
   Grand Junction (970) 243-2778 
Connecticut (See New Hampshire) 
Delaware  (See Maryland) 
Florida    Panama City  (850) 769-0552 

Vero Beach (772) 562-3909   
Jacksonville (904) 232-2580 

Georgia  Athens  (706) 613-9493 
   Brunswick (912) 265-9336 
   Columbus (706) 544-6428 
Idaho  Boise  (208) 378-5243 
   Chubbuck (208) 237-6975 
Illinois/Iowa Rock Island (309) 757-5800 
Indiana  Bloomington (812) 334-4261 
Kansas  Manhattan (785) 539-3474 
Kentucky  Frankfort (502) 695-0468 
Louisiana  Lafayette (337) 291-3100 
Maine  Old Town (207) 827-5938 
Maryland  Annapolis (410) 573-4573 
Massachusetts (See New Hampshire) 
Michigan  East Lansing (517) 351-2555 
Minnesota Bloomington (612) 725-3548 
Mississippi  Jackson (601) 965-4900 
Missouri  Columbia (573) 234-2132 
Montana  Helena  (405) 449-5225 
Nebraska  Grand Island (308) 382-6468 
Nevada  Las Vegas (702) 515-5230 

  Reno  (775) 861-6300 
 
 

New Hampshire Concord (603) 223-2541 
New Jersey Pleasantville (609) 646-9310 
New Mexico Albuquerque (505) 346-2525 
New York  Cortland (607) 753-9334 

  Long Island (631) 776-1401 
North Carolina Raleigh  (919) 856-4520 

Asheville (828) 258-3939 
North Dakota Bismarck (701) 250-4481 
Ohio  Reynoldsburg (614) 469-6923 
Oklahoma Tulsa  (918) 581-7458 
Oregon  Bend  (541) 383-7146 
   Klamath Falls (541) 885-8481 
   La Grande (541) 962-8584 
   Newport (541) 867-4558 
   Portland (503) 231-6179 
   Roseburg (541) 957-3474 
Pennsylvania State College (814) 234-4090 
Rhode Island (See New Hampshire) 
South Carolina Charleston (843) 727-4707 
South Dakota Pierre  (605) 224-8693 
Tennessee  Cookeville (931) 528-6481 
Texas  Clear Lake (281) 286-8282 
Utah  West Valley City  (801) 975-3330 
Vermont  (See New Hampshire) 
Virginia  Gloucester (804) 693-6694 
Washington Lacey  (306) 753-9440 
   Spokane (509) 891-6839 
   Wenatchee (509) 665-3508 
West Virginia Elkins   (304) 636-6586 
Wisconsin New Franken  (920) 866-1725 
Wyoming  Cheyenne (307) 772-2374 
    Cody  (307) 578-5939 

 

State Agencies 
 
To contact a state wildlife agency, visit the Association of Fish & Wildlife Agencies’ website at 
http://www.fishwildlife.org/where_us.html 

National Office 
U.S. Fish and Wildlife Service 
Division of Migratory Bird Management 
4401 North Fairfax Drive, MBSP-4107 
Arlington, VA 22203-1610 
(703) 358-1714 
http://www.fws.gov/migratorybirds 
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GLOSSARY 
 

The definitions below apply to these National Bald Eagle Management Guidelines: 
 
Communal roost sites –  Areas where bald eagles gather and perch overnight – and 
sometimes during the day in the event of inclement weather.  Communal roost sites are 
usually in large trees (live or dead) that are relatively sheltered from wind and are generally 
in close proximity to foraging areas.  These roosts may also serve a social purpose for pair 
bond formation and communication among eagles.  Many roost sites are used year after 
year.   

 
Disturb – To agitate or bother a bald or golden eagle to a degree that causes, or is likely to 
cause, based on the best scientific information available, 1) injury to an eagle, 2) a decrease 
in its productivity, by substantially interfering with normal breeding, feeding, or sheltering 
behavior, or 3) nest abandonment, by substantially interfering with normal breeding, feeding, 
or sheltering behavior. 

 
In addition to immediate impacts, this definition also covers impacts that result from human-
caused alterations initiated around a previously used nest site during a time when eagles are 
not present, if, upon the eagle=s return, such alterations  agitate or bother an eagle to a 
degree that injures an eagle or substantially interferes with normal breeding, feeding, or 
sheltering habits and causes, or is likely to cause, a loss of productivity or nest 
abandonment. 

Fledge – To leave the nest and begin flying.  For bald eagles, this normally occurs at 10-12 
weeks of age. 

Fledgling – A juvenile bald eagle that has taken the first flight from the nest but is not yet 
independent.    
 
Foraging area – An area where eagles feed, typically near open water such as rivers, lakes, 
reservoirs, and bays where fish and waterfowl are abundant, or in areas with little or no water 
(i.e., rangelands, barren land, tundra, suburban areas, etc.) where other prey species (e.g., 
rabbit, rodents) or carrion (such as at landfills) are abundant. 
 
Landscape buffer – A natural or human-made landscape feature that screens eagles from 
human activity (e.g., strip of trees, hill, cliff, berm, sound wall).   
 
Nest – A structure built, maintained, or used by bald eagles for the purpose of reproduction.  
An active nest is a nest that is attended (built, maintained or used) by a pair of bald eagles 
during a given breeding season, whether or not eggs are laid.  An alternate nest is a nest 
that is not used for breeding by eagles during a given breeding season.   
 
Nest abandonment – Nest abandonment occurs when adult eagles desert or stop attending 
a nest and do not subsequently return and successfully raise young in that nest for the 
duration of a breeding season.  Nest abandonment can be caused by altering habitat near a 
nest, even if the alteration occurs prior to the breeding season.  Whether the eagles migrate 
during the non-breeding season, or remain in the area throughout the non-breeding season, 
nest abandonment can occur at any point between the time the eagles return to the nesting 
site for the breeding season and the time when all progeny from the breeding season have 
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dispersed. 
 
Project footprint – The area of land (and water) that will be permanently altered for a 
development project, including access roads.   
 
Similar scope – In the vicinity of a bald eagle nest, an existing activity is of similar scope to 
a new activity where the types of impacts to bald eagles are similar in nature, and the 
impacts of the existing activity are of the same or greater magnitude than the impacts of the 
potential new activity.  Examples:  (1) An existing single-story home 200 feet from a nest is 
similar in scope to an additional single-story home 200 feet from the nest; (2) An existing 
multi-story, multi-family dwelling 150 feet from a nest has impacts of a greater magnitude 
than a potential new single-family home 200 feet from the nest; (3)  One existing single-
family home 200 feet from the nest has impacts of a lesser magnitude than three single-
family homes 200 feet from the nest; (4) an existing single-family home 200 feet from a 
communal roost has impacts of a lesser magnitude than a single-family home 300 feet from 
the roost but 40 feet from the eagles’ foraging area.  The existing activities in examples (1) 
and (2) are of similar scope, while the existing activities in example (3) and (4) are not.   
 
Vegetative buffer – An area surrounding a bald eagle nest that is wholly or largely covered 
by forest, vegetation, or other natural ecological characteristics, and separates the nest from 
human activities. 
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Appendix 15-1: 
Road Initial Evaluation Form 



WHMP Utility Recreation

3 = OHV trespass noted as many (> 3) trails. Trails have a moderate frequency of use as evidenced by OHV tracks being void of vegetation. 

2 = OHV trespass noted as one to a few tracks. Tracks have a moderate to heavy frequency of use as evidenced by OHV tracks being void of 
vegetation.

1 = OHV trespass noted as one to a few tracks. Tracks have a low frequency of use as evidenced by  in tack vegetation in the OHV trail 
OHV Trespass: 0 = No OHV vehicle trespass noted

Visual 
Screen 
Needed 

Comments  or Proposed Management 
Strategy

Road Barrier Type: B= Boulder and/or blocks, G= Gate, N= not applicable, O= Other (e.g slides, washouts), T = Trench and/or Berm,   W =  Wood (e.g down trees, root 
wads, or logs). 

OS= Open Seasonallly, OY= Open Year Round, CL= ClosedAccess:

4 = OHV trespass noted as many (>3) tracks. Tracks have a heavy frequency of use as evidenced by OHV tracks being void of vegetation and are rutted 
in many areas. 

Initial Road Evaluation Form 

Road 
Number 

Date 
Inspected 

Access 
Type

Barrier 
Type

 Barrier 
Effective   

Road Use Abandon  or 
Orphaned 

Road       
(Yes or No)

OHV 
Trespass



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 15-2: 
Road Closure Inspection Form 



OHV Trespass: 

B= Boulder and/or blocks, G= Gate, O= Other (e.g slides, washouts), T = Trench and/or Berm,                                                                                   
W =  Wood (e.g down trees, root wads, or logs). 

Date 
Inspected 

0 = No OHV vehicle trespass noted

Road Closure Inspection Form 

Raod Barrier Type: 

Road 
Number 

Road 
Barrier 

Type

OHV 
Trespass

Road Barrier Effective              
(Yes or No, if no describe) Comments  or Proposed Management Strategy

2 = OHV trespass noted as one to a few tracks. Tracks have a moderate to heavy frequency of use as evidenced by OHV tracks being void of 
vegetation.

1 = OHV trespass noted as one to a few tracks. Tracks have a low frequency of use as evidenced by  in tack vegetation in the OHV trail 

3 = OHV trespass noted as many (> 3) trails. Trails have a moderate frequency of use as evidenced by OHV tracks being void of vegetation. 
4 = OHV trespass noted as many (>3) tracks. Tracks have a heavy frequency of use as evidenced by OHV tracks being void of vegetation and are 
rutted in many areas. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 15-3: 
Trail Inspection Form 



OHV Trespass: 

Date 
Inspected Public Access Controls

Appropriate Signs 
in place          

(Yes or No)

0 = No OHV vehicle trespass noted

Trail Inspection Form 

Trail  Trail Location OHV 
TrespassAccess Points Comments  or Proposed Management Strategy

4 = OHV trespass noted as many (>3) tracks. Tracks have a heavy frequency of use as evidenced by OHV tracks being void of vegetation and are rutted in many areas. 
3 = OHV trespass noted as many (> 3) trails. Trails have a moderate frequency of use as evidenced by OHV tracks being void of vegetation. 
2 = OHV trespass noted as one to a few tracks. Tracks have a moderate to heavy frequency of use as evidenced by OHV tracks being void of vegetation.
1 = OHV trespass noted as one to a few tracks. Tracks have a low frequency of use as evidenced by  in tack vegetation in the OHV trail 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 16-1: 
Lewis River Habitat Evaluation Procedure Study Memo 
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Memorandum 
   
 
Date: November 3, 2006 

To: The Lewis River TCC 

From: Colleen McShane 

Subject:  Lewis River HEP Study 

  
 
At the TCC meeting in October PacifiCorp introduced the idea of having EDAW rerun the 
Habitat Evaluation Procedure (HEP) to show what might be expected in terms of habitat 
quality and quantity for the evaluation species under the Wildlife Habitat Management Plan 
(WHMP).  There were a number of questions at the meeting related to the timing and intent 
of rerunning the HEP, and TCC requested that I prepare a memo providing the rational for 
conducting a new HEP analysis. 
 
Over the past few weeks I have had several conversations with both the WDFW (Curt Leigh) 
and PacifiCorp (Kirk Naylor) regarding how the results of a new HEP would be used and the 
intent of the Settlement Agreement discussions related to this topic.  The general conclusion 
is that it is premature to conduct the HEP at this time.  So, the purpose of this memo is to 
explain why this is the case and to provide some documentation and background information 
that might be useful when the HEP is rerun in the future. 
 
Background 
 
When the HEP was conducted in 2001, it was based on cover type mapping completed in 1995 for the 
Yale Project and 2000 for the rest of the developments.  The study area for the HEP included utility 
property and other lands within 0.5-mile of the reservoirs (including private and USFS lands).  The 
habitat quality values (HSIs) were based on field data collected in 2000 and 2001.  The HEP was run 
for a “base case”, and 2 alternatives.   
 

 Base Case - assumed that Merwin lands would continue to be managed under the Merwin 
Wildlife Habitat Management Plan; other utility-owned lands would not be managed in any way. 

 
 With Harvest Management Alternative – assumed that some level of harvest (thinning and 

clearcutting) would be used as a management tool;  
 

 Without Harvest Management Alternative – assumed that harvest would not be used as a 
habitat management tool, but that there would be other management activities (i.e. shrub 
planting, snag creation, etc.) 
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The HEP analysis included a set of rules to move acres between cover types based on succession and 
expected harvest rates for utility, private, and USFS lands.  The results of the HEP showed what could 
be expected for the base case and each alternative in terms of Average Annual Habitat Units (AAHUs) 
over the license period.  The assumptions and the HEP results were described in a technical report 
which was an appendix to the Preliminary Draft License Application (2004). 
 
PacifiCorp was considering redoing the HEP at this point in time for 4 reasons: 
 

 The cover type mapping for the Project has been recently revised and updated; 
 

 There was a desire to run the analysis on utility-owned lands only (as opposed to the larger 
study area used for the original HEP); 

 
 Revised assumptions affecting the Base Case, including new stream/riparian buffers under the 

Forest Practice Regulations, as well as restrictions related to bald eagle (roosts and nests) and 
spotted owl considerations (circles and the SOSEA); 

 
 Revised assumptions affecting the management alternatives, including larger wetland and 

stream buffers (compared to Forest Practices), the potential for harvest in mid-successional 
stands, limitations on harvest within 2-miles of the SOSEA. 

 
PacifiCorp’s overall intent was to try to get a more accurate picture of the anticipated gains in Habitat 
Units (HUs) with management, given the updated mapping and WHMP goals and objectives, compared 
to the base case. 
 
The purpose of the 2001 HEP was to determine habitat quantity and quality and identify some 
management actions that could result in improvements; it provided the essential guidance for 
developing the WHMP goals and objectives.  However, it is now recognized that the 2001 HEP results 
are moot as a predictive tool for the WHMP.  There is no base case nor are there management 
alternatives.   
 
Rational for Not Rerunning the HEP at this Time 
 
In our conversation, Curt Leigh pointed out that, although a comparison between base case and 
alternative scenarios is traditionally how HEP results are used to evaluate a project or management 
plan, this is not how it is to be applied to the Lewis River projects.  For the Lewis River, it was decided 
during the Settlement Agreement process that the HEP would not be used to quantify project impacts 
and mitigation benefits which would normally provide for a comparison between wildlife habitat losses 
and mitigation replacements.  Instead the HEP would be used simply to monitor the success of the 
WHMP as applied to all utility-owned lands, including those that would be acquired.  The HEP would be 
rerun when the WHMPs were complete and all the lands were acquired, resulting in predicted HUs for 
each species in TY17.  These HUs would be the benchmark or target against which the success of 
WHMP will be evaluated.  Seventeen years later (in TY17) the HEP would be run again using new field 
data and cover type mapping to compare with the predicted TY17 HUs.  If the actual TY17 HUs are 
lower than the predicted HUs, it may be necessary to revise the WHMP goals, objectives, and/or 
management actions. 
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Section 10.8.4.1 of the Settlement Agreement, Updating Existing Information, states:   

 
“As PacifiCorp expends Fund assets to acquire lands that will be managed under its 
WHMP, PacifiCorp shall update the existing HEP data.  This will require mapping and 
cover-typing the newly acquired lands, but assumes that Habitat Suitability Index 
(“HSI”) values from the current HEP are applicable.  If new or different habitat types 
are encountered, new HSI values will be determined.” 
 

This assumes that “current” means the HSI values from 2001 for the cover types included in 
the 2001 HEP. 
 
In summary, it is premature rerun the HEP at this time because it is stipulated in the Settlement 
Agreement and: 
 

 The land acquisition is not complete; 
 

 The evaluation process that will occur on WHMP lands over the next few years will most likely 
result in additional changes to the cover type acreages; 

 
 The various harvest plans that are part of the WHMP have not yet been developed; 

 
 It is not necessary to use the HEP to show how the WHMPs will or will not benefit certain 

species on current utility-owned lands and use this information to tweak the goals and 
objectives to produce results that match a 2001 or 2006 HEP. 

 
 There is no need to worry about determining if there is a change in HUs over the next 17 yrs 

with the WHMP compared what was expected under the 2001 HEP or even a 2006 HEP.  The 
HEP that is conducted when the land acquisition process complete and the WHNP is begin 
implemented will set the management targets. 

 
An Example 
 
For me, an example is always useful.  Assume that the land acquisition process is complete in 2011.  
Then, the HEP would be run in 2011 using the following: 
 

TY0=2006 → HSI values from 2001; cover type acreages from 2006 (current ≈10,000 acres of 
utility land).  TY0 is typically set as the year prior to implementing any management action.  For 
hydroelectric projects it is often the year prior to the license, which would be 2006 for the Lewis 
River projects. 
 
TY1=2007 → HSI values from 2001; cover type acreages from 2006 (current ≈10,000 acres of 
utility land).  TY1 is usually the first year of management; for the Lewis River projects it would be 
the year that the WHMPs are implemented. 
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TY5=2011 → HSI values from 2001; cover type acreages from 2011 (current ≈10,000 acres of 
utility land, revised to reflect 2011 conditions based on management actions implemented over 
the past 5 years + cover type acreages of newly acquired lands).  This target year would 
change depending on exactly when the land acquisition is complete and the HEP is rerun.  If all 
the lands are acquired by 2009, then instead of a TY5, there would be a TY3.  

 
TY17=2023 → HSIs from 2001, revised, where needed to reflect effects of WHMP management 
actions affecting habitat quality (snag creation, shrub planting); acreages from 2011 
redistributed to reflect a new set of assumptions based for succession and WHMP management 
actions (thinning, clearcuts).  It may be necessary to develop a different set of assumptions for 
lands that are under a Conservation Easement and not owned outright by the utilities. 

 
In TY17 (2023), all WHMP lands would be re-cover typed and field sampled, thus creating a new set of 
HSI values, acreages, and HUs.  The results (HUs) of this new 2023 HEP would then be compared to 
the TY17 HUs from the HEP run in 2011 to see if there needs to be a change in management direction 
or objectives under the WHMPs for the remainder of the license period.  The 2023 HEP would be run 
out through the end of the license period (TY50), with 1 or 2 target years between 2023 and 2057. 
 
I hope that this memo provides some clarity to the HEP as it was and will be applied to the 
Lewis River projects.  Please let me know if you have any questions. 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

PFO N 1   3   6   2   2   
  B.C. CHICKADEE HSI 0.87 -- 0.87 0.82--0.92 0.91 0.86--0.96 0.91 -- 0.90 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) 1.00 -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 -- 1.00 -- 
  B.C. CHICKADEE TREE COVER (v1) 0.75 -- 0.85 0.67--1.00 0.84 0.75--0.93 0.82 -- 0.81 -- 
  B.C. CHICKADEE TREE HEIGHT (v2) 1.00 -- 0.92 0.77--1.00 1.00 1.00--1.00 1.00 -- 1.00 -- 
  P. WOODPECKER HSI 0.00 -- 0.18 0.00---0.46 0.08 0.00--0.20 0.25 -- 0.22 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) 0.00 -- 0.00 0.00--0.01 0.00 0.00--0.00 0.26 -- 0.39 -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) 0.00 -- 0.33 0.00--0.96 0.17 0.00--0.41 0.00 -- 0.00 -- 
  P. WOODPECKER TREE COVER (v1) 1.00 -- 0.66 0.20--1.00 0.75 0.56--0.95 0.60 -- 0.78 -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) 0.00 -- 0.33 0.00--0.96 0.17 0.00--0.41 0.00 -- 0.00 -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) 1.00 -- 1.00 1.0--1.0 1.00 1.00--1.00 1.00 -- 0.93 -- 
  P. WOODPECKER SNAGS >10 IN. (v8) 0.90 -- 0.97 -- 0.93 -- 0.95 -- 0.90 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) 0.90 -- 0.90 -- 0.92 -- 0.90 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) 0.90 -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  Y. WARBLER HSI 0.55 -- 0.67 0.52--0.82 0.57 0.51--0.62 0.54 -- 0.39 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) 0.92 -- 0.90 0.78--1.00 0.89 0.82--0.97 0.94 -- 0.96 -- 
  Y. WARBLER DECID. SHRUB COVER (v2) 0.18 -- 0.40 0.20--0.60 0.30 0.23--0.38 0.35 -- 0.23 -- 
  Y. WARBLER SHRUB HT. (v3) 1.00 -- 0.91 0.73--1.00 0.76 0.68--0.85 0.50 -- 0.35 -- 
  AMPHIBIAN HSI 0.54 -- 0.51 0.49--0.52 0.28 0.18--0.38 0.52 -- 0.42 -- 
  AMPHIBIAN COVER SI 1.00 -- 1.00 1.00--1.00 0.88 0.76--0.99 1.00 -- 0.98 -- 
  AMPHIBIAN REPROD. SI 0.54 -- 0.51 0.49--0.52 0.28 0.18--0.38 0.52 -- 0.42 -- 
  MINK HSI 0.95 -- 0.90 -- 0.90 -- 0.94 -- 0.81 -- 
  MINK SHRUB COVER  (v3) 0.23 -- 0.38 0.24-0.53 0.32 0.26-0.37 0.35 -- 0.27 -- 
  MINK TREE COVER (v2) 1.00 -- 0.80 0.52-1.00 0.85 0.73-0.97 0.76 -- 0.87 -- 
  MINK TREE/SHRUB COVER <100M (v5) 0.91 -- 0.80 -- 0.80 -- 0.90 -- 0.63 -- 
 MINK EMERGENT VEGETATION (v4) 0.80 -- 0.68 0.35-1.00 0.76 0.54-0.97 0.60 -- 0.58 -- 
PSS N 1   2   2   1   2   
  Y. WARBLER HSI 0.75 -- 0.87 -- 0.63 -- 0.95 -- 0.87 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) 0.99 -- 1.00 -- 0.55 -- 0.99 -- 1.00 -- 
  Y. WARBLER DECID. SHRUB COVER (v2) 0.42 -- 0.65 -- 0.60 -- 1.00 -- 0.74 -- 



 

 2 of 12 

 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  Y. WARBLER SHRUB HT. (v3) 1.00 -- 1.00 -- 0.98 -- 0.85 -- 0.88 -- 
  AMPHIBIAN HSI 0.56 -- 0.52 -- 0.54 -- 0.00 -- 0.29 -- 
  AMPHIBIAN COVER SI 1.00 -- 0.93 -- 0.83 -- 0.80 -- 0.89 -- 
  AMPHIBIAN REPROD. SI 0.56 -- 0.52 -- 0.54 -- 0.00 -- 0.29 -- 
  MINK HSI 0.95 -- 0.90 -- 0.90 -- 0.95 -- 0.81 -- 
  MINK SHRUB COVER  (v3) 0.40 -- 0.76 -- 0.53 -- 0.91 -- 0.63 -- 
  MINK TREE COVER (v2) 0.10 -- 0.10 -- 0.10 -- 0.10 -- 0.10 -- 
  MINK TREE/SHRUB COVER <100M (v5) 0.91 -- 0.80 -- 0.80 -- 0.90 -- 0.63 -- 
 MINK EMERGENT VEGETATION 1.0 -- 1.0 -- 0.97 -- 1.0 -- 0.51 -- 
RD N 3   2   1   4   5   
  B.C. CHICKADEE HSI 0.98 0.94--1.00 0.90 -- 0.77 -- 0.19 0.00--0.51 0.68 0.41--0.95 
  B.C. CHICKADEE SNAG DENSITY (v4) 1.00 1.0--1.0 1.00 -- 1.00 -- 0.25 0.00--0.66 0.80 0.49--1.00 
  B.C. CHICKADEE TREE COVER (v1) 0.96 0.88--1.00 0.81 -- 0.60 -- 0.66 0.56--0.76 0.78 0.69--0.86 
  B.C. CHICKADEE TREE HEIGHT (v2) 1.00 1.00--1.00 1.00 -- 1.00 -- 1.00 1.00--1.00 0.94 0.84--1.00 
  P. WOODPECKER HSI 0.77 0.64--0.90 0.26 -- 0.37 -- 0.32 0.14--0.50 0.29 0.16--0.41 
  P. WOODPECKER TREES > 51 CM DBH (v2) 0.56 0.11--1.00 0.19 -- 0.00 -- 0.49 0.14--0.84 0.34 0.08--0.61 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) 1.00 1.00--1.00 0.00 -- 1.00 -- 0.00 0.00--0.00 0.00 0.00--0.00 
  P. WOODPECKER TREE COVER (v1) 0.80 0.59--1.00 1.00 -- 1.00 -- 1.00 1.00--1.00 1.00 1.00--1.00 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) 0.43 0.28--0.58 0.00 -- 0.31 -- 0.00 0.00--0.00 0.00 0.00--0.00 
  P. WOODPECKER NO. LOGS/STUMPS (v3) 1.00 1.0--1.0 1.00 -- 1.00 -- 1.00 -- 1.00 1.00--1.00 
  P. WOODPECKER SNAGS >10 IN. (v8) 1.00 -- 0.90 -- 0.90 -- 0.93 -- 0.92 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) 0.90 -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) 0.90 -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  Y. WARBLER HSI 0.57 0.43--0.71 0.58 -- 0.81 -- 0.65 0.45--0.84 0.38 0.32--0.43 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) 0.25 0.09--0.42 0.29 -- 0.81 -- 0.65 0.30--1.00 0.16 0.10--0.22 
  Y. WARBLER DECID. SHRUB COVER (v2) 0.95 0.85--1.00 0.71 -- 0.78 -- 0.63 0.37--0.88 0.49 0.31--0.66 
  Y. WARBLER SHRUB HT. (v3) 0.86 0.72--1.00 1.00 -- 0.85 -- 0.86 0.81--0.91 0.82 0.68--0.97 
RM N 1   3   2   3   1   
  B.C. CHICKADEE HSI 1.00 -- 0.87 0.75--1.00 0.90 -- 0.58 0.03--1.00 0.96 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) 1.00 -- 1.00 1.00--1.00 1.00 -- 0.67 0.04--1.00 1.00 -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  B.C. CHICKADEE TREE COVER (v1) 1.00 -- 0.78 0.55--1.00 0.81 -- 0.70 0.61--0.79 0.93 -- 
  B.C. CHICKADEE TREE HEIGHT (v2) 1.00 -- 1.00 1.00--1.00 1.00 -- 1.00 1.00--1.00 1.00 -- 
  P. WOODPECKER HSI 0.34 -- 0.57 0.15--0.99 0.74 -- 0.46 0.26--0.66 0.94 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) 0.33 -- 0.29 0.00--0.75 0.91 -- 0.29 0.00--0.62 1.00 -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) 0.00 -- 0.33 0.00--0.96 0.50 -- 0.33 0.00--0.96 1.00 -- 
  P. WOODPECKER TREE COVER (v1) 0.89 -- 0.92 0.78--1.00 1.00 -- 1.00 1.00--1.00 1.00 -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) 0.00 -- 0.61 0.03--1.00 0.50 -- 0.33 0.00--0.96 0.66 -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) 1.00 -- 1.00 1.00--1.00 1.00 -- 1.00 -- 1.00 -- 
  P. WOODPECKER SNAGS >10 IN. (v8) 0.90 -- 0.90 -- 0.95 -- 0.93 -- 1.00 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) 0.90 -- 0.90 -- 0.90 -- 0.93 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) 0.90 -- 0.93 -- 0.95 -- 0.90 -- 1.00 -- 
  Y. WARBLER HSI 0.69 -- 0.69 0.51--0.87 0.50 -- 0.45 0.43--0.48 0.56 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) 0.33 -- 0.58 0.25--0.90 0.26 -- 0.40 0.00--0.97 0.22 -- 
  Y. WARBLER DECID. SHRUB COVER (v2) 1.00 -- 0.71 0.45--0.96 0.56 -- 0.69 0.11--1.00 0.92 -- 
  Y. WARBLER SHRUB HT. (v3) 1.00 -- 0.89 0.77--1.00 0.92 -- 1.00 1.00--1.00 0.88 -- 
RS N 1   2   1   1   2   
  Y. WARBLER HSI 0.88 -- 0.96 -- 0.63 -- 0.92 -- 0.97 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) 0.83 -- 0.88 -- 0.90 -- 0.97 -- 0.96 -- 
  Y. WARBLER DECID. SHRUB COVER (v2) 0.83 -- 1.00 -- 0.31 -- 0.81 -- 0.94 -- 
  Y. WARBLER SHRUB HT. (v3) 1.00 -- 1.00 -- 0.92 -- 1.00 -- 1.00 -- 
SH N 1   3   2   1   1   
  Y. WARBLER HSI 0.46 -- 0.31 0.10--0.51 0.68 -- 0.42 -- 0.07 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER 0.10 -- 0.10 0.10--0.10 0.50 -- 0.30 -- 0.10 -- 
  Y. WARBLER DECID. SHRUB COVER 1.00 -- 0.48 0.01--0.94 0.79 -- 0.48 -- 0.01 -- 
  Y. WARBLER SHRUB HT. 1.00 -- 0.92 0.76--1.00 1.00 -- 0.53 -- 0.61 -- 
UD N 1   6   7   4   3   
  B.C. CHICKADEE HSI 0.79 -- 0.59 0.31--0.86 0.60 0.38--0.83 0.80 0.77--0.83 0.27 0.00--0.77 
  B.C. CHICKADEE SNAG DENSITY (v4) 1.00 -- 0.67 0.36--0.98 0.71 0.45--0.98 1.00 1.00--1.00 0.33 0.00--0.96 
  B.C. CHICKADEE TREE COVER (v1) 0.62 -- 0.73 0.64--0.83 0.79 0.71--0.87 0.65 0.60--0.70 0.61 0.59--0.64 
  B.C. CHICKADEE TREE HEIGHT (v2) 1.00 -- 1.00 0.99--1.00 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  P. WOODPECKER HSI 0.14 -- 0.13 0.04--0.21 0.55 0.41--0.69 0.28 0.00--0.58 0.27 0.08--0.45 
  P. WOODPECKER TREES > 51 CM DBH (v2) 0.04 -- 0.07 0.01--0.13 0.24 0.08--0.40 0.13 0.01--0.26 0.29 0.00--0.75 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) 0.00 -- 0.00 0.00--0.00 0.71 0.45--0.98 0.25 0.00--0.66 0.00 0.00--0.00 
  P. WOODPECKER TREE COVER (v1) 1.00 -- 0.98 0.94--1.00 0.95 0.88--1.00 1.00 1.00--1.00 1.00 1.00--1.00 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) 0.00 -- 0.00 0.00--0.00 0.67 0.41--0.92 0.25 0.00--0.66 0.00 0.00--0.00 
  P. WOODPECKER NO. LOGS/STUMPS (v3) 0.58 -- 1.00 1.00--1.00 0.98 -- 0.97 -- 1.00 -- 
  P. WOODPECKER SNAGS >10 IN. (v8) 0.90 -- 0.92 -- 0.91 -- 0.93 -- 0.93 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) 0.90 -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) 0.90 -- 0.92 -- 0.90 -- 0.90 -- 0.90 -- 
YRM N 1                   
  B.C. CHICKADEE HSI 1.00 -- -- -- -- -- 1.003 -- -- -- 
  B.C. CHICKADEE SNAG DENSITY (v4) 1.00 -- -- -- -- -- -- -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) 1.00 -- -- -- -- -- -- -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) 1.00 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER HSI 0.27 -- -- -- -- -- 0.273 -- 0.273 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) 0.19 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) 0.00 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER TREE COVER (v1) 0.81 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER DBH SNAGS >51CM (v7) 0.00 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER LOGS AND STUMPS (v3) 1.00 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) 0.90 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) 0.90 -- -- -- -- -- -- -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) 0.90 -- -- -- -- -- -- -- -- -- 
  Y. WARBLER HSI 0.46 -- -- -- -- -- 0.463 -- 0.463 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER 0.10 -- -- -- -- -- -- -- -- -- 
  Y. WARBLER DECID. SHRUB COVER 1.00 -- -- -- -- -- -- -- -- -- 
  Y. WARBLER SHRUB HT. 0.97 -- -- -- -- -- -- -- -- -- 
AG N     2   2           
  S. SPARROW HSI -- -- 0.35 -- 0.52 -- -- -- -- -- 
  S. SPARROW FORB COVER (v4) -- -- 0.58 -- 0.97 -- -- -- -- -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  S. SPARROW FORB HT. (v3) -- -- 0.50 -- 0.50 -- -- -- -- -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.42 -- 0.21 -- -- -- -- -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.98 -- 1.00 -- -- -- -- -- 
  S. SPARROW LITTER COVER (v2) -- -- 1.00 -- 0.98 -- -- -- -- -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 -- 1.00 -- -- -- -- -- 
M N     4   4   5       
  B.C. CHICKADEE HSI -- -- 0.83 0.78--0.89 0.91 0.82--1.00 0.70 0.43--0.98 0.703 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 0.80 0.49--1.00 -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.71 0.61--0.80 0.84 0.68--1.00 0.74 0.65--0.84 -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 -- -- 
  P. WOODPECKER HSI -- -- 0.91 0.87--0.96 0.72 0.48--0.97 0.78 0.59--0.96 0.783 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.87 0.66--1.00 1.00 1.00--1.00 0.80 0.49--1.00 -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 1.00 1.00--1.00 0.50 0.03--0.97 0.80 0.49--1.00 -- -- 
  P. WOODPECKER TREE COVER (v1) -- -- 1.00 1.00--1.00 0.91 0.76--1.00 1.00 1.00--1.00 -- -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.77 0.49--1.00 0.50 0.03--0.97 0.75 0.45--1.00 -- -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 1.0--1.0 1.00 -- 1.00 1.00--1.00 -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.93 -- 0.93 -- 0.96 -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.93 -- 0.90 -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.90 -- 0.90 -- 0.90 -- -- -- 
MD N     4       1   1   
  S. SPARROW HSI -- -- 0.37 0.29--0.45 -- -- 0.44 -- 0.38 -- 
  S. SPARROW FORB COVER (v4) -- -- 0.43 0.22--0.65 -- -- 1.00 -- 0.94 -- 
  S. SPARROW FORB HT. (v3) -- -- 0.50 0.50--0.50 -- -- 0.50 -- 0.50 -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.15 0.06--0.24 -- -- 1.00 -- 0.10 -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.74 0.33--1.00 -- -- 0.67 -- 0.82 -- 
  S. SPARROW LITTER COVER (v2) -- -- 0.94 0.85--1.00 -- -- 1.00 -- 1.00 -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 1.00--1.00 -- -- 1.00 -- 1.00 -- 
MS N     11   9   5   3   
  B.C. CHICKADEE HSI 0.863 -- 0.86 0.83--0.89 0.82 0.68--0.97 0.85 0.77--0.93 0.60 0.02--1.00 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 1.00 1.00--1.00 0.89 0.73--1.00 1.00 1.00--1.00 0.67 0.04--1.00 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  B.C. CHICKADEE TREE COVER (v1) -- -- 0.75 0.69--0.81 0.83 0.78--0.89 0.74 0.61--0.88 0.75 0.51--0.99 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 
 P. WOODPECKER HSI 0.693 -- 0.69 0.57--0.81 0.59 0.49--0.68 0.47 0.21--0.73 0.62 0.28--0.96 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.84 0.72--0.97 0.91 0.84--0.99 0.43 0.17-0.69 0.83 0.50--1.00 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.64 0.43--0.85 0.22 0.02--0.43 0.40 0.02--0.78 0.33 0.00--0.96 
  P. WOODPECKER TREE COVER (v1) -- -- 0.83 0.70--0.95 0.99 0.97--1.00 0.94 0.84--1.00 0.99 0.97--0.99 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.74 0.58--0.91 0.22 0.02--0.43 0.22 0.00--0.46 0.33 0.00--0.96 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 0.99 0.97--1.00 1.00 -- 1.00 -- 1.00 1.00--1.00 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.96 -- 0.93 -- 0.92 -- 0.93 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.91 -- 0.90 -- 0.90 -- 0.90 -- 
MS-T N     8               
  B.C. CHICKADEE HSI -- -- 0.72 0.49--0.94 0.723 -- 0.723 -- 0.723 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.75 0.52--0.98 -- -- -- -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.94 0.88--1.00 -- -- -- -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 -- -- -- -- -- -- 
  P. WOODPECKER HSI -- -- 0.47 0.37--0.56 0.473 -- 0.473 -- 0.473 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.76 0.60--0.92 -- -- -- -- -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.13 0.00--0.30 -- -- -- -- -- -- 
  P. WOODPECKER TREE COVER (v1) -- -- 0.77 0.64--0.90 -- -- -- -- -- -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.12 0.00--0.30 -- -- -- -- -- -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.93 -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- -- -- -- -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.91 -- -- -- -- -- -- -- 
OG N     3   3   6       
  B.C. CHICKADEE HSI -- -- 0.94 0.90--0.99 0.92 0.85--1.00 0.85 0.80--0.90 0.853 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.89 0.81--0.97 0.86 0.72--1.00 0.73 0.64--0.81 -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 -- -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  P. WOODPECKER HSI -- -- 0.65 0.35--0.95 0.97 0.94--0.99 0.89 0.77--1.00 0.893 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.98 0.93--1.00 1.00 1.00--1.00 0.99 0.97--1.00 -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.33 0.00--0.96 1.00 1.00--1.00 0.83 0.59--1.00 -- -- 
  P. WOODPECKER TREE COVER (v1) -- -- 1.00 1.00--1.00 0.96 0.88--1.00 0.99 0.96--1.00 -- -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.33 0.00--0.96 0.93 0.86--1.00 0.81 0.57--1.00 -- -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 -- -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.90 -- 0.97 -- 0.97 -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.93 -- 0.92 -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.90 -- 0.90 -- 0.92 -- -- -- 
OR N     3   2           
  S. SPARROW HSI -- -- 0.40 0.28--0.52 0.44 -- -- -- -- -- 
  S. SPARROW FORB COVER (v4) -- -- 0.62 0.14--1.00 1.00 -- -- -- -- -- 
  S. SPARROW FORB HT. (v3) -- -- 0.50 0.50--0.50 0.50 -- -- -- -- -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.28 0.19--0.37 0.40 -- -- -- -- -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.96 0.87--1.00 1.00 -- -- -- -- -- 
  S. SPARROW LITTER COVER (v2) -- -- 1.00 1.00--1.00 1.00 -- -- -- -- -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 1.00--1.00 1.00 -- -- -- -- -- 
OW N     3               
  S. SPARROW HSI -- -- 0.34 0.13--0.55 -- -- -- -- -- -- 
  S. SPARROW FORB COVER (v4) -- -- 0.82 0.49--1.00 -- -- -- -- -- -- 
  S. SPARROW FORB HT. (v3) -- -- 0.80 0.51--1.00 -- -- -- -- -- -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.74 0.26--1.00 -- -- -- -- -- -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.32 0.01--0.63 -- -- -- -- -- -- 
  S. SPARROW LITTER COVER (v2) -- -- 0.40 0.33--0.46 -- -- -- -- -- -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 1.00--1.00 -- -- -- -- -- -- 
P N     8   5   6   2   
  B.C. CHICKADEE HSI 0.403 -- 0.40 0.19--0.62 0.50 0.18--0.82 0.43 0.14--0.71 1.00 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.50 0.23--0.77 0.80 0.49--1.00 0.50 0.17--0.83 1.00 -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.66 0.63--0.70 0.68 0.59--0.77 0.70 0.64--0.75 1.00 -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 0.99--1.00 1.00 -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  P. WOODPECKER HSI 0.163 -- 0.16 0.05--0.28 0.26 0.00--0.55 0.18 0.00--0.36 0.31 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.14 0.01--0.27 0.27 0.00--0.56 0.06 0.00--0.12 0.02 -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.13 0.00--0.30 0.20 0.00--0.51 0.17 0.00--0.42 0.50 -- 
  P. WOODPECKER TREE COVER (v1) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 0.83 -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.13 0.00--0.30 0.00 0.00--0.51 0.17 0.00--0.41 0.41 -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 0.89 0.77--1.00 1.00 -- 1.00 -- 1.00 -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.91 -- 0.90 -- 0.90 -- 0.95 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.90 -- 0.90 -- 0.90 -- 0.90 -- 
P-T N     4   1           
  B.C. CHICKADEE HSI -- -- 0.25 0.00--0.66 0.00 -- -- -- -- -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.25 0.00--0.66 0.00 -- -- -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.99 0.97--1.00 1.00 -- -- -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 0.73 -- -- -- -- -- 
  P. WOODPECKER HSI -- -- 0.25 0.08--0.43 0.00 -- -- -- -- -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.36 0.01--0.72 0.00 -- -- -- -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.00 0.00--0.00 0.00 -- -- -- -- -- 
  P. WOODPECKER TREE COVER (v1) -- -- 0.91 0.83--1.00 0.66 -- -- -- -- -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.00 0.00--0.00 0.00 -- -- -- -- -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 1.0--1.0 0.58 -- -- -- -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.93 -- 0.90 -- -- -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.90 -- -- -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.90 -- 0.90 -- -- -- -- -- 
PEM N    2   3   1   2   
  Y. WARBLER HSI -- -- 0.00 -- 0.26 0.00--0.53 0.54 -- 0.20 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) -- -- 0.00 -- 0.37 0.00--0.97 0.97 -- 0.93 -- 
  Y. WARBLER DECID. SHRUB COVER (v2) -- -- 0.00 -- 0.21 0.00--0.49 0.19 -- 0.02 -- 
  Y. WARBLER SHRUB HT. (v3) -- -- 0.53 -- 0.63 0.29--0.98 0.83 -- 0.53 -- 
  AMPHIBIAN HSI -- -- 0.27 -- 0.46 0.27--0.65 0.55 -- 0.26 -- 
  AMPHIBIAN COVER SI -- -- 0.93 -- 0.75 0.29--1.00 1.00 -- 0.69 -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  AMPHIBIAN REPROD. SI -- -- 0.27 -- 0.57 0.54--0.59 0.55 -- 0.26 -- 
  MINK HSI -- -- 0.96 -- 0.96 0.95-0.97 0.98 -- 0.69 -- 
  MINK SHRUB COVER (v3) -- -- 0.10 -- 0.25 0.05-0.46 0.24 -- 0.11 -- 
  MINKEMERGENT (v4) -- -- 1.00 -- 1.00 -- 1.00 -- 0.71 -- 
  MINK TREE COVER (v2) -- -- 0.14 -- 0.40 0.00-0.97 0.27 -- 0.10 -- 
  MINK TREE/SHRUB COVER <100M (v5) -- -- 0.80 -- 0.80 -- 0.90 -- 0.63 -- 
PUB N     4   6   2   4   
  AMPHIBIAN HSI -- -- 0.47 0.43--0.51 0.51 0.49--0.53 0.54 -- 0.53 0.52--0.53 
  AMPHIBIAN COVER -- -- 0.90 0.74--1.00 0.87 0.79--0.96 0.90 -- 0.85 0.75--0.96 
  AMPHIBIAN REPROD. -- -- 0.47 0.43--0.51 0.51 0.49--0.53 0.54 -- 0.53 0.52--0.53 
ROW N     6   2       2   
  S. SPARROW HSI -- -- 0.47 0.41--0.52 0.46 -- -- -- 0.51 -- 
  S. SPARROW FORB COVER (v4) -- -- 0.80 0.65--0.95 0.60 -- -- -- 0.93 -- 
  S. SPARROW FORB HT. (v3) -- -- 0.59 0.50--0.69 0.50 -- -- -- 0.50 -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.29 0.18--0.39 0.32 -- -- -- 0.28 -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.69 0.54--0.84 0.82 -- -- -- 0.91 -- 
  S. SPARROW LITTER COVER (v2) -- -- 0.90 0.83--0.97 1.00 -- -- -- 1.00 -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 1.00-1.00 1.00 -- -- -- 1.00 -- 
SS1 N     6       2       
  S. SPARROW HSI -- -- 0.42 0.39--0.46 0.423 -- 0.33 -- 0.333 -- 
  S. SPARROW FORB COVER (v4) -- -- 0.76 0.60--0.93 -- -- 0.78 -- -- -- 
  S. SPARROW FORB HT. (v3) -- -- 0.58 0.46--0.71 -- -- 0.71 -- -- -- 
  S. SPARROW GRASS HT. (v7) -- -- 0.50 0.31--0.68 -- -- 1.00 -- -- -- 
  S. SPARROW GRASS COVER (v5) -- -- 0.59 0.40--0.78 -- -- 0.07 -- -- -- 
  S. SPARROW LITTER COVER (v2) -- -- 0.83 0.66--1.00 -- -- 0.57 -- -- -- 
  S. SPARROW LITTER HT. (v1) -- -- 1.00 1.00-1.00 -- -- 1.00 -- -- -- 
UM N     10   5   6   2   
  B.C. CHICKADEE HSI 0.603 -- 0.60 0.42--0.78 0.68 0.42--0.95 0.71 0.50--0.93 0.89 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.70 0.49--0.91 0.80 0.49--1.00 0.83 0.59--1.00 1.00 -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.71 0.68--0.75 0.76 0.66--0.85 0.73 0.65--0.82 0.81 -- 



 

 10 of 12 

 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 1.00 1.00--1.00 1.00 -- 
  P. WOODPECKER HSI 0.633 -- 0.63 0.51--0.76 0.60 0.28--0.93 0.19 0.06--0.33 0.71 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.79 0.66--0.93 0.53 0.20--0.87 0.27 0.04--0.49 0.81 -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.40 0.17--0.63 0.60 0.22--0.98 0.00 0.00--0.00 0.50 -- 
  P. WOODPECKER TREE COVER (v1) -- -- 1.00 1.00--1.00 1.00 1.00--1.00 0.99 0.96--1.00 1.00 -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.36 0.16--0.57 0.60 0.22--0.98 0.00 0.00--0.00 0.50 -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 1.00--1.00 0.86 0.65--1.00 1.00 -- 1.00 -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.94 -- 0.90 -- 0.92 -- 0.95 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- 0.90 -- 0.90 -- 0.95 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.91 -- 0.90 -- 0.92 -- 0.90 -- 
UM-T N     1               
  B.C. CHICKADEE HSI -- -- 0.00 -- 0.003 -- 0.003 -- 0.003 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.00 -- -- -- -- -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.88 -- -- -- -- -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 -- -- -- -- -- -- -- 
  P. WOODPECKER HSI -- -- 0.35 -- 0.353 -- 0.353 -- 0.353 -- 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- 0.33 -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- 0.00 -- -- -- -- -- -- -- 
  P. WOODPECKER TREE COVER (v1) -- -- 1.00 -- -- -- -- -- -- -- 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- 0.00 -- -- -- -- -- -- -- 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- 1.00 -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- 0.90 -- -- -- -- -- -- -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- 0.90 -- -- -- -- -- -- -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- 0.90 -- -- -- -- -- -- -- 
YUD N     2   1   2       
  B.C. CHICKADEE HSI -- -- 0.80 -- 0.00 -- 0.39 -- 0.393 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 1.00 -- 0.00 -- 0.50 -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.64 -- 0.60 -- 0.60 -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 -- 0.77 -- 0.71 -- -- -- 
  Y. WARBLER HSI -- -- 0.18 -- 0.00 -- 0.35 -- 0.353 -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) -- -- 0.10 -- 0.00 -- 0.10 -- -- -- 
  Y. WARBLER DECID. SHRUB COVER (v2) -- -- 0.07 -- 0.00 -- 0.58 -- -- -- 
  Y. WARBLER SHRUB HT. (v3) -- -- 0.87 -- 0.16 -- 0.83 -- -- -- 
YUM N     3               
  B.C. CHICKADEE HSI -- -- 0.65 0.04--1.00 0.653 -- 0.653 -- 0.653 -- 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- 0.67 0.04--1.00 -- -- -- -- -- -- 
  B.C. CHICKADEE TREE COVER (v1) -- -- 0.94 0.88--0.99 -- -- -- -- -- -- 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- 1.00 1.00--1.00 -- -- -- -- -- -- 
  Y. WARBLER HSI -- -- 0.34 0.22--0.47 0.343 -- 0.343 -- 0.343 -- 
  Y. WARBLER HYDROPHYTIC SHRUB COVER (v1) -- -- 0.10 0.10--0.10 -- -- -- -- -- -- 
  Y. WARBLER DECID. SHRUB COVER (v2) -- -- 0.50 0.14--0.85 -- -- -- -- -- -- 
  Y. WARBLER SHRUB HT. (v3) -- -- 0.92 0.76--1.00 -- -- -- -- -- -- 
LP N         3       3   
  B.C. CHICKADEE HSI -- -- -- -- 0.85 0.73--0.96 0.853 -- 0.92 0.87--0.97 
  B.C. CHICKADEE SNAG DENSITY (v4) -- -- -- -- 1.00 1.00--1.00 -- -- 1.00 1.00--1.00 
  B.C. CHICKADEE TREE COVER (v1) -- -- -- -- 0.79 0.53--1.00 -- -- 0.91 0.77--1.00 
  B.C. CHICKADEE TREE HEIGHT (v2) -- -- -- -- 0.93 0.81--1.00 -- -- 0.93 0.86--1.00 
  P. WOODPECKER HSI -- -- -- -- 0.21 0.00--0.52 0.213 -- 0.00 0.00-0.00 
  P. WOODPECKER TREES > 51 CM DBH (v2) -- -- -- -- 0.08 0.00--0.19 -- -- 0.00 0.00--0.00 
  P. WOODPECKER SNAGS > 51 CM DBH (v6) -- -- -- -- 0.33 0.00--0.96 -- -- 0.00 0.00--0.00 
  P. WOODPECKER TREE COVER (v1) -- -- -- -- 0.31 0.02--0.60 -- -- 0.59 0.18--1.00 
  P. WOODPECKER DBH OF SNAGS >51CM (v7) -- -- -- -- 0.17 0.00--0.50 -- -- 0.00 0.00--0.00 
  P. WOODPECKER NO. LOGS/STUMPS (v3) -- -- -- -- 1.00 -- -- -- 1.00 1.00--1.00 
  P. WOODPECKER SNAGS >10 IN. (v8) -- -- -- -- 0.90 -- -- -- 0.93 -- 
  P. WOODPECKER SNAGS >30 IN. (v9) -- -- -- -- 0.90 -- -- -- 0.90 -- 
  P. WOODPECKER PRESENCE OF REDCEDAR (v10) -- -- -- -- 0.90 -- -- -- 0.90 -- 
LUB N   5  2  1    
 MINK HSI -- -- 0.45 -- 0.46 -- 0.47 -- -- -- 
 MINK TREE/SHRUB COVER <100 M (v5) -- -- 1.0 -- 1.0 -- 1.0 -- -- -- 
 MINK SHORELINE (v6) -- -- 0.20 -- 0.21 -- 0.22 -- -- -- 
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 Summary of Habitat Suitability Index and Suitability Index values in the Lewis River Habitat Evaluation Procedure study area (Revised September 25, 2007). 
Eagle Island Merwin Yale Swift Swift Canal 

HSI/SI 
  Mean 

80 percent
C.I.2 Mean 

80 percent 
C.I.2 Mean 

80 percent 
C.I.2  Mean

80 percent 
C.I.2 Mean 

80 percent 
C.I.2 

RUB N 2  1      3  
 MINK HSI 0.69 -- 0.47 -- -- -- -- -- 0.65 -- 
 MINK TREE/SHRUB COVER <100 M (v5) 0.81 -- 0.58 -- -- -- -- -- 0.58 -- 
 MINK SHORELINE (v6) 0.59 -- 0.38 -- -- -- -- -- 0.75 -- 

1 Original Table 5.2-6 may be found in PacifiCorp and Cowlitz PUD. 2004. Lewis River Hydroelectric Projects Technical Report 5.2 TER 2 Habitat Evaluation 
Procedures (HEP) Study. FERC Project Nos. 935, 2071, 2011, and 2213. 
2 C.I = Confidence Interval. Confidence intervals cannot be calculated if n < 3 or if the standard of deviation is = 0.  
3 These values are small amounts of the vegetation cover type that existed in other project segments that could not be sampled. The values were determined using 
relative data. (Lewis River HEP Team Meeting Notes November 16, 2001 and personal communication via email from Jim Keaney of EDAW on September 11, 
2007).  
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
(FWS/OBS-82/10),  which provides habitat information useful for impact assess-
ment and habitat management. Several types of habitat information are
provided. The Habitat Use Information Section is largely constrained to those
data that can be used to derive quantitative relationships between key environ-
mental variables and habitat suitability. The habitat use information provides
the foundation for HSI models that follow. In addition, this same information
may be useful in the development of other models more appropriate to specific
assessment or evaluation needs.

The HSI Model Section documents a habitat model and information pertinent
to its application. The model synthesizes the habitat use information into a
framework appropriate for field application and is scaled to produce an index
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica-
tion information includes descriptions of the geographic ranges and seasonal
application of the model, its current verification status, and a listing of
model variables with recommended measurement techniques for each variable.

In essence, the model presented herein is a hypothesis of species-habitat
relationships and not a statement of proven cause and effect relationships.
Results of model performance tests, when available, are referenced. However,
models that have demonstrated reliability in specific situations may prove
unreliable in others. For this reason, feedback is encouraged from users of
this model concerning improvements and other suggestions that may increase the
utility and effectiveness of this habitat-based approach to fish and wildlife
planning. Please send suggestions to:

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service
2627 Redwing Road
Ft. Collins, CO 80526
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BLACK-CAPPED CHICKADEE (Parus  atricapillus)_-

HABITAT USE INFORMATION

General

The black-capped chickadee (Parus  atricapillus) inhabits wooded areas in
the northern United States, Canada, and the higher elevations of mountains in
southern Appalachia (Tanner 1952; Brewer 1963; Merritt 1981). The black-capped
chickadee nests in cavities in dead or hollow trees (Nickel1 1956), in a
variety of forest types (Dixon 1961).

Food

Black-capped chickadees are insectivorous gleaners (Brewer 1963; Sturman
1968b) that select prey in proportion to its availability (Brewer 1963).
Insect food is mostly gleaned from tree bark on twigs, branches, and boles; or
from the foliage, fruits, and flowers of trees (Brewer 1963). Caterpillars
are an important food for nestling chickadees (Odum 1942; Kluyver 1961; Sturman
1968a). Insect and spider eggs make up a large portion of the winter diet, _
and, although the use of plant material for food is low during much of the
year, seeds of trees and shrubs may account for about half of the winter diet
(Martin et al. 1961). Seeds of weedy plants, such as giant ragweed (Ambrosia
spp.), are favorite winter foods (Fitch 1958).

Black-capped chickadees are versatile in their foraging habits and forage
from the ground to the tree tops in a variety of habitats, although they
prefer to forage at low or intermediate heights in trees and shrubs (Odum
1942). Chickadees in British Columbia showed a preference for foraging within
1.5 m (5.0 ft) of the ground (Smith 1967).

Black-capped chickadees in western Washington selected their territories
before the amount of insect food (especially caterpillars) was apparent, and
it appeared that canopy volume of trees was the proximate cue used by the
chickadees to determine potential food supply, since chickadee abundance
showed a strong positive correlation with canopy volume (Sturman 1968a). Cat-
erpillars eat foliage and their abundance should vary directly with total
foliage weight. There was a strong positive correlation between total foliage
weight and canopy volume, and, hence, canopy volume provided a good estimate
of potential insect abundance. The highest chickadee densities occurred at
canopy volumes of about 10.2 m3 of foliage/l m' of ground surface
(33.5 ftVft2).

1



Water J
L Drinking water requirements are met with surface water and snow (Odum

1942).

Cover

The black-capped chickadee occurs in both deciduous and evergreen forests
in the eastern United States, although it is restricted to deciduous forests
along streams in the Northern Great Plains, northern Rocky Mountains, and
Great Basin areas (Dixon 1961). In some areas where the ranges of the black-
capped chickadee and Carolina chickadee (P. carolinensis) come together,
apparently suitable habitat exists where neither chickadee occurs (Tanner
1952; Brewer 1963; Merritt 1981). Deciduous forest types are preferred in
western Washington (Sturman 1968a) and commonly used in Oregon (Gabrielson and
Jewett 1940). Fall and winter roosts in New York were mostly on dense conifer
branches, with some use of cavities (Odum 1942). Black-capped chickadees in
Oregon and Washington excavated winter roost cavities in snags (Thomas et al.
1979). Winter roosts in deciduous forests of Minnesota were on the branches
of trees and bushes that had retained their foliage (Van Gorp and Langager
1974).

Black-capped chickadee populations in Kansas tended to concentrate along
edges between forest and early successional areas (Fitch 1958). The availabil-
ity of suitable tree cavities for roosting may have been a limiting factor in
this study area.

Reproduction
\

The black-capped chickadee nests in a cavity, usually in a dead or hollow
tree (Nickel1 1956). The presence of available nest sites, or trees that
could be excavated,
habitat.

appeared to determine the chickadee's choice of nesting
Two important factors affecting the use of stub trees in Michigan

were height and the suitability of the tree for excavation (Brewer 1963).
Willows (Salix spp.), pines (Pinus spp.),
SPP.),

cottonwoods and poplars (Populus
and fruit trees of the genera Pyrus and Prunus are frequently chosen

for nest sites (Brewer 1961).

Black-capped chickadees are only able to excavate a cavity in soft or
rotten wood (Odum 1941a,  b). Trees with decayed heartwood, but firm sapwood,
are usually chosen (Brewer 1961). Black-capped chickadees almost always do
some excavation at the nest site (Tyler 1946),  although they will use existing
woodpecker holes, natural cavities, man-made nest boxes, and open topped fence
posts (Nickel1 1956).
(4.5 inches),

The average tree diameter at nest sites was 11.4 cm
and preferred tree stubs apparently ranged from 10 to 15 cm (3.9

to 5.9 inches) in diameter (Brewer 1963).
used by black-capped chickadees is

The minimum dbh of cavity trees
10.2 cm (4 inches) (Thomas et al. 1979).

Heights of 18 nests in New York ranged from 0.3 to 12.2 m (1 to 40 ft),
although only three nests were higher than 4.6 m (15 ft) and 11 nests were
under 3.0 m (10 ft) (Odum 1941b).
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Nests in New York were usually located in open areas, commonly in young
forests, hedgerows, or field borders (Odum 1941a). Willow, alder (Alnus spp.)
and cottonwood trees were common nest trees in Washington (Jewett et al.
1953). Black-capped chickadees used second growth alder for nesting sites in
British Columbia (Smith 1967).

Interspersion

Black-capped chickadees maintain a territory during the breeding season
and flock in the winter months (Odum 1941b; Stefanski 1967). Territory size
during nest building in Utah averaged 2.3 ha (5.8 acres) (Stefanski 1967).

Territory size in New York varied from 3.4 ha to 6.9 ha (8.4 to
17.1 acres), with an average size of 5.3 ha (13.2 acres) (Odum 1941a). The
larger terri-tories were in open or sparsely wooded country; the size of the
territory decreased as the nesting period progressed. The mean home range
size of winter flocks was 9.9 ha (24.4 acres) in Kansas (Fitch 1958), 15.0 ha
(37 acres) in Michigan (Brewer 1978),  and 14.6 ha (36 acres) in New York (Odum
1942) and in Minnesota (Ritchison 1979).

Black-capped chickadees nesting on forest islands in central New Jersey
did not nest in forests less than 2 ha (4.8 acres) in size (Galli  et al.
1976). However, this apparent dependency on a minimum size forest may have
been due to a lack of nesting cavities.

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographica r e a . This model was developed for the entire breeding range
of the-black-capped chickadee.

S e a s o n . This model was developed to evaluate the breeding season habitat
needs of the black-capped chickadee.

Cover types. This model was developed to evaluate habitat in Deciduous
Forest (DF), Evergreen Forest (EF), Deciduous Forested Wetland (DFW), and
Evergreen Forested Wetland (EFW) areas (terminology follows that of U.S. Fish
and Wildlife Service 1981). It should be noted that, although the chickadee
occurs in both deciduous and evergreen forests over much of its range, appar-
ently there are geographic differences in use of cover types that limit the
use of evergreen forests in parts of its range. Users should be familiar with
the chickadee's major cover type preferences in their particular area before
applying this model.

Minimum habitat area. Minimum habitat area is defined as the minimum
amount of contiguous habitat that is required before an area will be occupied
by a species. Although Galli et al. (1976) report that black-capped chickadees
may be dependent on certain forest sizes, other studies state that these
chickadees will nest in hedgerows and field borders. This model assumes that
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forest size is not an important factor in assessing habitat suitability for
the black-capped chickadees.

Verification level. Previous drafts of this model were reviewed by Peter
Merritt, and his specific comments have been incorporated into the current
draft (Merritt, pers. comm.).

Model Description

Overview. This model considers the ability of the habitat to meet the
food and reproductive needs of the black-capped chickadee as an indication of
overall habitat suitability. Cover needs are assumed to be met by food and
reproductive requirements and water is assumed not to be limiting. The food
component of this model assesses vegetation conditions, and the reproduction
component assesses the abundance of suitable snags. The relationship between
habitat variables, life requisites, cover types, and the HSI for the black-
capped chickadee is illustrated in Figure 1.

Habitat variable

Note: Use either the
first two variables in
combination, or the
third alone, to deter-
mine food values.

Life
requisite Cover types

Percent tree canopy
closure

Average height of
overstory trees

Tree canopy volume/'j Foodil':;:'.'  i'i'ii::)
area of ground surface

wetland
Number of snags

10 to 25 cm dbh/

/

Reproduction
0.4 ha (4 to 10
inches dbh/l.O acre)

HSI

Figure 1. Relationship of habitat variables, life requisites,
and cover types in the black-capped chickadee model.
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The following sections provide a written documentation of the logic and
assumptions used to interpret the habitat information for the black-capped
chickadee in order to explain the variables and equations that are used in the
HSI model. Specifically, these sections cover the following: (1) identifica-
tion of variables that will be used in the model; (2) definition and justifica-
tion of the suitability levels of each variable; and (3) description of the
assumed relationship between variables.

Food component. The majority of the year-round food supply of the black-
capped chickadee is associated with trees. It is assumed that an accurate
assessment of food suitability for the chickadee can be provided by a measure
of either: (1) t ree canopy closure and the average height of overstory trees;
or (2) canopy volume of trees per area of ground surface. It is assumed that
optimum canopy closures occur betwen 50 and 75%. A completely closed canopy
will have less than optimum value due to an assumed lack of foliage in the
middle and lower canopy layers. It is assumed that optimum habitats contain
overstory trees 15 m (49.2 ft) or more in height. Habitats with a low canopy
closure can provide moderate suitability for black-capped chickadees if tree
heights are optimum. Likewise, habitats with short trees may have moderate
suitability if canopy closures are optimum.

The canopy volume of an individual tree is equal to the area occupied by
the living foliage of that tree, as shown in Figure 2 for deciduous and conif-
erous trees. Optimum canopy volume per area of ground surface exceeds 10.2 m'
of foliage/m2 of ground surface (33.5 ft' of foliage/ft2  of ground surface).
Suitability will decrease to zero as canopy volume approaches zero.

The field user should measure either: (1) tree canopy closure and tree
height; or (2) tree canopy volume per area of ground surface. Tree canopy
closure and tree height measurements are probably the most rapid method to
assess food suitability. However, the suitability levels of these variables
were not based on strong data sources. The suitability levels of tree canopy
volume were based on data from Sturman (1968a).

Reproduction component. Black-capped chickadees nest primarily in small
dead or hollow trees and can only excavate a cavity in soft or rotten wood.
Therefore, reproduction suitability is assumed to be related to the abundance
of small snags. It is assumed that snags between 10 and 25 cm (4 and
10 inches) dbh are required. Thomas et al. (1979) and Evans and Conner (1979)
provide methods to estimate the number of snags required for cavity nesting
birds. Assuming a territory size of 2.4 ha (6.0 acres) and a need for one
cavity per year per chickadee pair, the method of Thomas et al. (1979) es-
timates that optimum habitats provide 5.9 snags/ha (2.4/acre),  and the method
of Evans and Conner (1979) estimates that 4.1 snags are needed per ha
(1.67/acre)  to provide optimum conditions. This model assumes that optimum
suitability exists when there are five or more snags of the proper size per ha
(2/acre), and that suitability will decrease to zero as the number of snags
approaches zero.



CONIFEROUS

canopy
(living foilage)

DECIDUOUS

CV = m/a(horo2 - hiri2) CV = 2 77/3(h,r,2  - hiri2)

where: hi = inner height

ho = outer height

ri = inner radius

r0 = outer radius

Figure 2. Tree shapes assumed and formulae used to calculate canopy
volume (CV). (From Sturman 1968a).
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: r Model Relationships

Suitability Index (SI) graphs for habitat variables. This section con- -
tains SI graphs that illustrate the habitat relationships described in the
previous section.

Cover
* t y p e Variable

DF,EF, V, Percent tree 1.0
l DFW,EFW canopy closure.

5 0.8
sH

3 0.6
*r?
'Z 0.4
::*r
Lz 0.2

) r
DF,EF,
DFW,EFW

V2 Average height of
overstory trees.

0 25 50 75 100

%

Suitability graph

3 0 . 6

0 5 10 15+

0 16.4 32.8 49.2+

m

ft



DF,EF,

L DFW,EFW

DF,EF,
D F W , E F W

V,

Vb

Tree canopy volume/
area of ground
surface.

Number of snags
10 to 25 cm dbh/
0.4 ha (4 to 10
inches dbh/l.O
acre).

$ 0.8
u

0 3 6 9 12+

Equations. In order to determine life requisite values for the black-
capped chickadee, the SI values for appropriate variables must be combined
through the use of equations. A discussion and explanation of the assumed
relationships between variables was included under Model Description, and the
specific equations in this model were chosen to mimic these perceived biolog-
ical relationships as closely as possible. The suggested equations for obtain-
ing food and reproduction values are presented below.



c

Life requisite Cover type

Food DF,EF,DFW,EFW

Reproduction DF,EF,DFW,EFW

Equation

(V, x V,)
l/2

or V, (See page

5 for discussion on which
to use)

V,

HSI determination. The HSI for the black-capped chickadee is equal to
the lowest life requisite value.

Application of the Model

Definitions of variables and suggested field measurement techniques (from
Hays et al. 1981, unless otherwise noted) are provided in Figure 3.

Variable (definition) Cover types Suggested technique

VI Percent tree canopy DF,EF,DFW,EFW Line intercept
closure [the percent
of the ground surface
that is shaded by a
vertical projection of
the canopies of all
woody vegetation taller
than 5.0 m (16.5 ft)].

VZ Average height of over- DF,EF,DFW,EFW Graduated rod,
story trees (the average trigonometric
height from the ground hypsometry
surface to the top of
those trees which are
2 80 percent of the
height of the tallest
tree in the stand).

V3 Tree canopy volume/
area of ground surface
(the sum of the volume
of the canopies of each
tree sampled divided
by the total area sampled).

DF,EF,DFW,EFW Quadrat  and refer to
Figure 2 on page 6

Figure 3. Definitions of variables and suggested measurement
techniques.
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Variable (definition)

V, Number of snags 10 to
25 cm dbh/0.4 ha (4 to
10 inches dbh/l.O acre)
[the number of standing
dead trees or partly dead
trees in the size class
indicated that are at least
1.8 m (6 ft) tall. Trees
in which at least 50% of
the branches have fallen,
or are present but no long-
er bear foliage, are to be
considered snags].

Cover types

DF,EF,DFW,EFW

Figure 3. (concluded).

SOURCES OF OTHER MODELS

Suggested technique a

Quadrat

Sturman (1968a) developed a multiple regression model for the black-capped
chickadee in western Washington in which the canopy volume of trees accounted
for 79.6% of the variation in chickadee abundance. Canopy volume of bushes
and canopy volume of midstory trees were the next two most important variables,
and their addition into the regression accounted for over half of the residual
variation remaining after the canopy volume of trees was entered.
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MEMORANDUM 
 
 
DATE: October 10, 2007 

TO: Terrestrial Coordination Committee 

FROM: Kendel Emmerson 

SUBJECT: Corrected Mink Habitat Suitability Index and Suitability Index Data and Mink 

 Riparian Habitat Evaluation Procedures    

 
The purpose of this memo is to provide corrections to the mink habitat suitability index (HSI) 
and suitability index (SI) values reported in the Habitat Evaluation Procedure (HEP) Study Table 
5.2-6 (PacifiCorp and Cowlitz PUD 2004) and is to provide methods for assessing the mink HSI 
values for riparian vegetation cover types on Lewis River Wildlife Habitat Management Plan 
lands (WHMP lands).  

Habitat Evaluation Procedures (HEP) is the standardized and collaborative process that was used 
to assess baseline wildlife habitat conditions on WHMP lands and to provide a framework for 
habitat management planning, implementation, and effectiveness monitoring. The Settlement 
Agreement (SA) Section 10.8.4.2 directs PacifiCorp and Cowlitz PUD to repeat the HEP for all 
WHMP lands in year 17 of the license using the same sampling density and methods as the 
original HEP to measure any changes in habitat (PacifiCorp et al. 2004). If the original HEP 
predictions are not met, the Lewis River Wildlife Habitat Management Plan (WHMP) will be 
modified to meet the habitat goals and objectives (PacifiCorp and Cowlitz PUD 2006).   

To complete the HEP process, habitat suitability index (HSI) models developed by the United 
States Fish and Wildlife and Washington Department of Fish and Wildlife were used to estimate 
habitat quality for selected species. These models determine the HSI for each species by 
mathematically combining the quality of each habitat variable (suitability index [SI]) measured 
in the field.  
 
Minks are associated with aquatic habitats; therefore the HSI model was applied to the Palustrine 
Forested (PFO), Palustrine Scrub-Shrub (PSS), Palustrine Emergent (PEM), Lacustrine 
Unconsolidated Bottom (LUB), and Riverine Unconsolidated Bottom (RUB) vegetation cover 
types. The palustrine wetland vegetation cover types (PEM, PFO, and PSS) are somewhat 
common on WHMP lands and were evaluated in each of the HEP analysis areas, except for PEM 
vegetation cover type which isn’t on Eagle Island (PacifiCorp and Cowlitz PUD 2004 Table 5.2-
3). The LUB cover type was evaluated at all three reservoirs, but only the shoreline surrounding 
Merwin Reservoir is considered to be LUB mink habitat. This is because Yale and Swift 
reservoirs water levels fluctuate too much to be suitable mink habitat (PacifiCorp and Cowlitz 
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County 2004 Table 5.2-2).  The RUB habitat is limited on WHMP lands and was only evaluated 
in a few HEP Analysis Areas: Eagle Island, Merwin, and Swift Canal. The Swift Canal is not 
considered suitable mink habitat, therefore the only RUB habitat on WHMP lands is the area 
below Merwin Dam (PacifiCorp and Cowlitz County 2004 Appendix 1-3 November 22, 1999 
Lewis River HEP Team Meeting Notes). 

 

Habitat Suitability Index and Suitability Index Values  
In PacifiCorp’s development of the WHMP, it was discovered that Table 5.2-6 in the Lewis 
River Hydroelectric Projects Technical Report 5.2 TER 2 HEP Study (Report 5.2) incorrectly 
reported tree cover and tree/shrub cover <100m SI values, and omitted the emergent vegetation 
cover SI values (PacifiCorp and Cowlitz PUD 2004).  This resulted in significant changes in the 
overall HSI values for PFO, PSS, and PEM vegetation cover types. In addition, the SI values for 
LUB and RUB vegetation cover types were not reported. Table 1 below compares the reported 
values in Report 5.2 Table 5.2-6 to the corrected values. Because the HSI values reported in 
Report 5.2 will be used to determine the changes in habitat in year l7 of the license, the corrected 
values reported in the Table 1 below should be used as the mink HSI and SI values.    
 
 

Mink Riparian Habitat Evaluation Procedures  
The Lewis River Wildlife Habitat Management Plan Standards and Guidelines designate the 
mink as a HEP evaluation species for Riparian Habitat (PacifiCorp and Cowlitz PUD 2006).  The 
mink HSI values were not assessed at streams during the original HEP study, so there is no 
baseline mink HSI data for the riparian vegetation cover types: (riparian deciduous [RD], 
riparian mixed [RM], riparian deciduous shrubland [RS], riparian grassland [RG], and young 
riparian mixed [YRM]). 

To determine baseline information for riparian vegetation cover types, the mink HSI model will 
be applied to perennial fish bearing streams on WHMP lands (Allen 1986). The HSI values will 
only be assessed at perennial fish bearing streams that extend greater than 100 m (328 ft) onto 
WHMP lands. This is to avoid assessing streams that are only fish bearing at the mouth of the 
stream or that have such a small portion on WHMP lands that mink habitat management would 
have little benefit to the species habitat. Table 2 identifies all of the perennial fish bearing 
streams on WHMP lands that the HSI model would apply too. Only five streams are less than 
100 m (328 ft) onto WHMP lands, which would remove a total of 301 m (988 ft) from the HEP 
study.  

The streams will be assessed using the assumptions, equations, and SI values that apply to 
riverine cover type (i.e. percent of year with surface water present, percent shoreline cover 
within 1 m [3 ft] of water’s edge, and percent canopy cover of trees and shrubs within 100 m 
[328 ft] of the stream’s edge) in the mink HSI model (Allen 1986 [Figure 6]). The Settlement 
Agreement Section 10.8.4.1 directs PacifiCorp to determine HSI values for newly acquired lands 
whose habitats are new or different from other WHMP lands (PacifiCorp et al. 2004). The mink 
HSI model will be applied to existing WHMP lands at the same time the HEP study is conducted 
on newly acquired lands.    
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Table 1. Mink HSI and SI Values Reported Versus Corrected 

Eagle Island Merwin Yale Swift Swift Canal 

Cover 
Type 

Values 
Mean C. I Mean C. I Mean C. I Mean C. I Mean C. I 

Reported Value -- -- 0.66 -- 0.69 0.65-
0.70 

0.63 -- 0.45 -- 

Mink HSI 
Correct Value -- -- 0.96 -- 0.96 0.95-

0.97 
0.98 -- 0.69 -- 

Reported Value -- -- 0.10 -- 0.25 0.05-
0.45 

0.24 -- 0.11 -- 

Mink Shrub Cover (v3) 
Correct Value -- -- 0.10 -- 0.25 0.05-

0.46 
0.24 -- 0.11  

Reported Value -- -- 1.00 -- 1.00 1.00-
1.00 

1.00 -- 0.71 -- 
Mink Emergent Vegetation (v4) 

Correct Value -- -- 1.00 -- 1.00 -- 1.00 -- 0.71 -- 

Reported Value -- -- 0.13 -- 0.42 0.00-
0.97 

0.30 -- 0.12 -- 

Mink Tree Cover (v2) 
Correct Value -- -- 0.14 -- 0.40 0.00-

0.97 
0.27 -- 0.10 -- 

Reported Value -- -- 0.63 -- 0.63 -- 0.70 -- 0.50 -- 

Pa
lu

st
ri

ne
 E

m
er

ge
nt

 (P
E

M
) 

Mink Tree/Shrub Cover < 100m 
(v5) Correct Value -- -- 0.80 -- 0.80 -- 0.90 -- 0.63 -- 

Reported Value 0.47 -- 0.51 0.43-
0.58 

0.46 0.43-
0.49 

0.52 -- 0.38 -- 
Mink HSI 

Correct Value 0.95 -- 0.90 -- 0.90 -- 0.94 -- 0.81 -- 

Reported Value 0.23 -- 0.38 0.24-
0.53 

0.32 0.26-
0.37 

0.36 -- 0.27 -- 

Pa
lu

st
ri

ne
 F

or
es

te
d 

(P
FO

) 

Mink Shrub Cover (v3) 
Correct Value 0.23 -- 0.38 0.24-

0.53 
0.35 0.26-

0.37 
0.35 -- 0.27 -- 
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Table 1. Mink HSI and SI Values Reported Versus Corrected (Continued) 

Eagle Island Merwin Yale Swift Swift Canal 

Cover 
Type 

Values 
Mean C. I Mean C. I Mean C. I Mean C. I Mean C. I 

Reported Value 1.00 -- 0.75 0.49-
1.00 

0.78 0.62-
0.93 

0.81 -- 0.84 -- 

Mink Tree Cover (v2) 
Correct Value 1.00 -- 0.80 0.52-

1.00 
0.85 0.73-

0.97 
0.76 -- 0.87 -- 

Reported Value 0.70 -- 0.63 0.63-
0.63 

0.63 -- 0.70 -- 0.50 -- 
Mink Tree/Shrub Cover < 100m 

(v5) 
Correct Value 0.91 -- 0.80 -- 0.80 -- 0.90 -- 0.63  

Reported Value None None None None None None None None None None 

Pa
lu

st
ri

ne
 F

or
es

te
d 

(P
FO

) 
(c

on
tin

ue
d)

 

Mink Emergent Vegetation (v4) Correct Value 0.80 -- 0.68 0.35-
1.00 

0.76 0.57-
0.94 

0.60 -- 0.58 -- 

Reported Value 0.40 -- 0.36 -- 0.36 -- 0.40 -- 0.30 -- 
Mink HSI 

Correct Value 0.95 -- 0.90 -- 0.90 -- 0.95 -- 0.81 -- 

Reported Value 0.40 -- 0.76 -- 0.53 -- 0.91 -- 0.63 -- 
Mink Shrub Cover (v3) 

Correct Value 0.40 -- 0.76 -- 0.53 -- 0.91 -- 0.63 -- 

Reported Value 0.50 -- 0.71 -- 0.32 -- 0.71 -- 0.50 -- 
Mink Tree Cover (v2) 

Correct Value 0.10 -- 0.10 -- 0.10 -- 0.10 -- 0.10 -- 

Reported Value 0.70 -- 0.63 -- 0.63 -- 0.70 -- 0.50 -- Mink Tree/Shrub Cover < 100m 
(v5) Correct Value 0.91 -- 0.80 -- 0.80 -- 0.90 -- 0.63 -- 

Reported Value None None None None None None None None None None Pa
lu

st
ri

ne
 S

cr
ub

 S
hr

ub
 (P

SS
) 

Mink Emergent Vegetation (v4) 
Correct Value 1.00 -- 1.00 -- 0.97 -- 1.00 -- 0.51 -- 
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Table 1. Mink HSI and SI Values Reported Versus Corrected (Continued) 

Eagle Island Merwin Yale Swift Swift Canal 

Cover 
Type 

Values 
Mean C. I Mean C. I Mean C. I Mean C. I Mean C. I 

Reported Value -- -- 0.36 -- -- -- -- -- -- -- 
Mink HSI 

Correct Value -- -- 0.45 -- 0.46 -- 0.47 -- -- -- 

Reported Value None None None None None None None None None None Mink Tree/Shrub Cover < 100m 
(v5) Correct Value -- -- 1.0 -- 1.0 -- 1.0 -- -- -- 

Reported Value None None None None None None None None None None L
ac

us
tr

in
e 

U
nc

on
so

lid
at

ed
 B

ot
to

m
  

(L
U

B
) 

Mink Shoreline (v6) 
Correct Value -- -- 0.20 -- 0.21 -- 0.22 -- -- -- 

Reported Value -- -- 0.63 -- -- -- -- -- -- -- 
Mink HSI 

Correct Value 0.69 -- 0.47 -- -- -- -- -- 0.65 -- 

Reported Value None None None None None None None None None None Mink Tree/Shrub Cover < 100m 
(v5) Correct Value 0.81 -- 0.58 -- -- -- -- -- 0.58 -- 

Reported Value None None None None None None None None None None 

R
iv

er
in

e 
U

nc
on

so
lid

at
ed

 B
ot

to
m

 
(R

U
B

) 

Mink Shoreline (v6) 
Correct Value 0.59 -- 0.38 -- -- -- -- -- 0.75 -- 
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Table 2. Perennial Fish Bearing Streams on WHMP Lands 
Stream Identification  WHMP Land 

Management Unit(s) 
Total Length (meters 

[feet]) on WHMP lands 
Apply HSI model 

Marble Creek 1 and 2 124 (406) Yes 

Cape Horn Creek 2 208 (684) Yes 

Unnamed Stream  2  405 (1329) Yes 

Unnamed Stream  2 303 (993) Yes 

Day Creek 3 625 (2050) Yes 

Indian George Creek 3 655 (2149) Yes 

Jim Creek 3 556 (1823) Yes 

Unnamed Stream 3  186 (610) Yes 

Unnamed Stream 4 76 (249) No 

Rock Creek 6 362 (1188) Yes 

Brooks Creek 7 75 (246) No 

Speelyai Creek 7 443 (1452) Yes 

Unnamed Stream 7 396 (1300) Yes 

Cresap Creek 8 509 (1671) Yes 

Unnamed Stream 8 140 (460) Yes  

Frasier Creek 9 and 10 1819 (5967) Yes 

Unnamed Stream 12 541 (1776) Yes 

Unnamed Stream 13 61 (201) No 

Buncombe Hollow Creek 15 503 (1650) Yes 

Speelyai Canal 17 1097 (3598) Yes 

Speelyai Creek 17 188 (618) Yes 

Speelyai Creek 17 1070 (3511) Yes 

Unnamed Stream 18 504 (1652) Yes 

Dog Creek 18  and 19 226 (740) Yes 

Cougar Creek 20 2355 (7726) Yes 

Panamaker Creek 20 4365 (14323) Yes 

Lost Creek 21 220 (723) Yes 

Unnamed Stream 22 499 (1636) Yes 

Unnamed Stream 22 265 (869) Yes 

Unnamed Stream 22 280 (920) Yes 

Unnamed Stream 22 62 (204) No 

Unnamed Stream 23 173 (569) Yes 

Unnamed Stream 25 377 (1238) Yes 
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Table 2. Perennial Fish Bearing Streams on WHMP Lands (continued) 

Stream Identification  WHMP Land 
Management Unit(s) 

Total Length (meters 
[feet]) on WHMP lands 

Apply HSI model 

Unnamed Stream 25 300 (984) Yes 

Unnamed Stream 29 431 (1414) Yes 

Unnamed Stream 31 27 (90) No 

Unnamed Stream 31 36 (118) Yes 

Total  20, 462 (67, 136)  
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PREFACE 

This document is part of the Habitat Suitability Index (HSI) Model Series 
(FWS/OBS-82/10), which provides habitat information useful for impact assess- 
ment and habitat management. Several types of habitat information are 
provided. The Habitat Use Information Section is largely constrained to those 
data that can be used to derive quantitative relationships between key environ- 
mental variables and habitat suitability. The habitat use information provides 
the foundation for HSI models that follow. In addition, this same information 
may be useful in the development of other models more appropriate to specific 
assessment or evaluation needs. 

The HSI Model Section documents a habitat model and information pertinent 
to its application. The model synthesizes the habitat use information into a 
framework appropriate for field application and is scaled to produce an index 
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica- 
tion information includes descriptions of the geographic ranges and seasonal 
application of the model, its current verification status, and a listing of 
model variables with recommended measurement techniques for each variable. 

In essence, the model presented herein is a hypothesis of species-habitat 
reiationships and not a statement of proven cause and effect relationships. 
Results of model performance tests, when available, are referenced. However, 
models that have demonstrated reliability in specific situations may prove 
unreliable in others. For this reason, feedback is encouraged from users of 
this model concerning improvements and other suggestions that may increase the 
utility and effectiveness of this habitat-based approach to fish and wildlife 
planning. Please send suggestions to: 

Habitat Evaluation Procedures Group 
National Ecology Center 
U.S. Fish and Wildlife Service 
2627 Redwing Road 
Fort Collins, CO 80526-2899 
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MINK (Mustela vison) 

. 

HABITAT USE INFORMATION 

Genera? 

The mink (Mustela vison) is a predatory, semiaquatic mammal that is 
generally associated with stream and river banks, lake shores, freshwater and 
saltwater marshes, and marine shore habitats (Gerell 1970). Mink are chiefly 
nocturnal and remain active throughout the year (Marshall 1936; Gerell 1969; 
Burgess 1978). The species is adaptable in its use of habitat, modifying 
daily habits according to environmental conditions, particularly prey avail- 
ability (Linn and Birks 1981; Wise et al. 1981; Birks and Linn 1982). The 
species is tolerant of human activity and will inhabit suboptimum habitats as 
long as an adequate food source is available; however, mink will be more 
mobile and change home ranges more frequently under such conditions (Linn, 
pers. comm.). 

Food 

The mink's foraging niche is typically associated with aquatic habitats 
(Gerell 1969; Eberhardt and Sargeant 1977; Chanin and Linn 1980; Wise et al. 
1981). The species exhibits considerable variation in its diet, according to 
season, prey availability, and habitat type (Burgess 1978; Chanin and Linn 
1980; Melquist et al. 1981; Wise et al. 1981; Linscombe et al. 1982; Smith and 
McDaniel 1982). Habitat quality influences the distribution, density, and 
reliability of prey, which, in turn, directly affect mink population density 
and distribution (King i983j. Management practices intended to enhance mink 
populations should address the maintenance or improvement of habitat diversity 
to sustain or increase the abundance and diversity of prey, rather than 
attempting to manage prey species themselves (Casson and Klimstra 1983). 
Predation by mink in North Dakota appeared to be directed toward the most 
vulnerable individuals among available prey species (Sargeant et al. 1973). 
Preferred mink prey can be broadly categorized into three groups: (1) aquatic 

[e.g., fish and crayfish (Cambarus spp.)]; (2) semiaquatic [e.g., waterfowl 
and water associated mammals, such as the muskrat (Ondatra zibethicus)]; and 
(3) terrestrial [e.g., rabbits (Lagomorpha) and rodents (Rodentia)] (Chanin, 
pers. comm.). If prey in any of these categories is available throughout the 
year, the habitat may be suitable for mink. 



. Fish occurred more frequently (59%) in the mink's diet in Idaho than did 
any other prey category (Melquist et al. 1981). Unidentified cyprinids 

A 

(Cyprinidae), ranging in length from 7 to 12 cm were the major group of prey 
fish. Larger fish, represented by salmonids (Salmonidae), accounted for 9% of 
the diet. These larger fish were believed too large for mink to prey on and 
were probably scavenged. Fish, shellfish, and crustaceans were the major food 
items of mink inhabiting coastal habitats of Alaska and British Columbia 
(Harbo 1958, cited by Pendleton 1982; Hatler 1976). 

Eberhardt and Sargeant (1977) reported that birds, mammals, amphibians, 
and reptiles accounted for 78%, 19%, 2%, and l%, respectively, of the ver- 
tebrate prey consumed by mink in North Dakota prairie marshes. Waterfowl 
accounted for 86% of the avian prey, with coots (Fulica americana), ducks 
/Anatidao\ 2nd \#,‘Euv1uuL,, Ull.. grebes fPnfiirinof-lida62\ ccmprising 70X, II%, 2nd 5% gf the \‘“..‘~‘yL”‘“..~, 

total. The relative amount of each prey species eaten closely paralleled the 
relative abundance of the species. The high use of avian prey in North Dakota 
prairie marshes was believed to be a result of high waterfowl densities and 
the scarcity of other prey species, particularly fish and crayfish. Talent 
et al. (1983) concluded that predation by mink was the principle cause of 
duckling mortality in their North Dakota study. Waterfowl were also an 
important component of the diet of mink in Idaho during spring and early 
summer when young ducks were abundant (Melquist et al. 1981). Fish! crayfish, 
rodents, and birds are the principal prey of mink in Sweden (Gerell 1969). 
Fish are preferentially consumed in winter and spring due to their increased 
vulnerability, resulting from low water levels and low temperatures. Crayfish 
occurred most frequently in the mink's diet during the summer months in Sweden 
(Gerell 1967). Crayfish were also the most important component of the mink's 
summer diet in Quebec (Burgess 1978). Crayfish are a prominent component of 
the mink's diet in Louisiana and, when abundant, support high mink populations 
(Lowery 1974; Linscombe and Kinler, pers. comm.). Mink populations in 
Louisiana are believed to cycle with, or slightly behind peaks in crayfish 
populations (Linscombe and Kinler, pers. comm.). 

With the approach of fall, small terrestrial mammals play an increasingly 
important role in the mink's diet (Gerell 1967, 1969; Burgess 1978; Casson and 
Klimstra 1983). Small mammals associated with riparian habitats accounted for 
- -0’ 
45h of the mink's diet in Idaho (Melquist et ai. i98ij. Smaii mammais account- 
ed for more than 20% of the fall/winter diet in North Carolina (Wilson 1954). 
Terrestrial prey species in Great Britain may be of equal importance in the 
mink's diet as are aquatic prey species (Birks, pers. comm.). Rabbits are of 
major importance in the mink's diet even in areas where aquatic prey is 
abundant (Birks and Dunstone 1984). Muskrats have been reported to be a 
notable part of the mink's diet throughout its range (Hamilton 1940). However, 
Errington (1943) believed that muskrats became a significant food source for 
mink only during periods of muskrat overpopulation, epidemic diseases of 
muskrats, or drought. Sealander (1943) reported that muskrats were a major 
component of the winter diet of mink in southern Michigan. Muskrats were the 
most important component of the mink's diet in Ontario (McDonnell and Gilbert 

fall‘months as marsh water 
that only adult male mink 

1981). Predation on muskrats increased during the 
level decreased. Melquist et al. (1981) believed 
warp JargP eflQQgh tg rnnci<tontlv prey IJpgE mlrrkratc .T_. - WV,,& I I “..11., ‘J IIIUdI., S”d 
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Female mink in Illinois consumed greater numbers of small mammals [e.g., 
mice and voles (Cricetidae)] than did males, which tended to prey on larger 
mammals, such as muskrats and rabbits (Casson and Klimstra 1983). Birks and 
Dunstone (1985) concluded that female mink, because of their relatively small 
size, predominantly prey on items that are small and of aquatic origin, whereas 
males are apparently large enough to specialze on larger prey, such as rabbits. 
Predation by female mink on rabbits did increase during summer when juveniles 
were available. 

Water 

The majority of mink activity in Quebec was within 3 m of the edges of 
streams (Burgess 1978). All of the mink observations in a Michigan study were 
within 30.4 m of the water's edge (Marshall 1936). The majority of mink den 
sites recorded in a British study were within 10 m of the water's edge (Birks 
and Linn 1982). Mink den sites in Minnesota were within 69.9 m of open water 
(Schladweiler and Storm 1969). Den sites in Idaho were 5 to 100 m from water, 
and mink were never observed further than 200 m from water (Melquist et al. 
1981). Mink activity in Quebec dropped sharply as stream flow increased 
(Burgess i978 j. ,_^_^\ 

Korschgen (IYW) reported that the use of aquatic foods by 
mink in Missouri increased as water levels decreased. 

Cover 

Mink in Michigan (Marshall 1936) and Sweden (Gerell 1970) are most common- 
ly associated with brushy or wooded cover adjacent to aquatic habitats. Mink 
in a Quebec study were normally most active in wooded areas immediately adja- 
cent to a stream channel (Burgess 1978). During the latter part of the summer, 
when terrestrial foods became a more significant component of the mink's diet, 
this relationship became less well defined. In England, mink movements of up 
to approximately 200 m from water are not uncommon, particularly when aquatic 
prey is scarce (Linn and Birks 1981). When upland habitats are used by mink, 
ecotones receive most use due to increased cover and small mammal availabil- 
ity. Mink generally avoid exposed or open areas (Gerell 1970; Burgess 1978). 
Shrubby vegetation furnishing a dense tangle provides suitable cover for mink 
/I<"" nfiu.c cnmm \ \L""', pci 3. L”llllll . / . fT&..?C.-,-..- eL’eii ,.,,,,ll.. A, n-4. ,....-...;A, UI a,>c>, if very tiil1 
adequate year-round cover for the species. However,'h~r>~~~~Yda~~ ~~LLo~~~~a~~ 
suggest that marshes containing dense stands of sawgrass (Cladium jamaicense) 
support high densities of mink (Linscombe and Kinler, pers. comm.). Thick 
stands of sawgrass are believed to provide excellent cover, elevation above 
the water level, and prey for mink. However, significantly more mink are 
captured in cnllthnrn Inllici2na cwamnc than marshes fNirhn1 c and f-hahrnrb a"""IIL8 II L"" I2 IL41111 J,runl4y_r \I. I Cl,” I > UIIcA”I CLlb 

1981). The greater abundance of mink in cypress-tupelo (Taxodium distichum - 
Nyssa aquatica) swamps is partially attributed to a greater abundance of food 
resources and potential den sites than are present in marsh habitats. These 
findings are consistent with the belief that cypress-tupelo swamps are 
Louisiana's best mink producing areas (St. Amant 1959, cited by Nichols and 
Chabreck 1981). 

Gerell (1970) characterized mink habitat in Sweden as small, oligotrophic 
lakes with stony shores, and streams surrounded by marsh vegetation. The 
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shores of wetland habitats with dense vegetation are the most suitable mink 
habitat in Michigan (Marshall 1936) and England (Linn and Stevenson 1980; 
Mason and MacDonald 1983). Virtually all mink locations recorded in a North 
Dakota study were within 20 m of emergent vegetation (Eagle, pers. comm.). 
Evaluating duckling mortality in North Dakota, Talent et al. (1983) found that 
predation by mink typically occurred in semipermanent wetlands. Based on a 
lower rate of predation and less mink sign associated with seasonal wetlands, 
they believed that semipermanent wetlands provided more suitable mink habitat 
than did less permanent wetland types. 

Wetlands with irregular and diverse shorelines provide more suitable mink 
habitat than do wetlands with straight, open, exposed shorelines (Croxton 
1960; Waller 1962; Gray and Arner 1977). Rapid declines in mink activity 
_,__- n-L-.-l_ ,_I._ _L_.___ ..^._^ .~~~~.^-l~A . .L--- ,‘r-u*mrrrr - 
dlUrlLJ UllLdr‘lU Idtce brlur‘tlb wer‘e r.eLurueu w~~er.t: iiC?IZiSVeIj; SiiiZII I llLr easch ii-i 

human development had taken place (Racey and Euler 1983). The construction of 
cottages adjacent to lake shorelines typically resulted in reduced vegetative 
cover and diminished shoreline complexity due to the removal of snags, large 
rocks, aquatic vegetation, and the development of sand beaches. The decreased 
complexity of shoreline habitats was believed to reduce the amount of shelter 
available to crayfish resulting in decreased availability of mink prey. 

norrP2cPrl Aivnrcit\/ in chnrnlinn rnnfinllratinn oliminatinn VLX.ICUJLU ",.CI -"CJ ~,,",L,,,,~ b”III ‘.j”‘.A”,““, _I ,1111IIu”IvI* (-jf aquatic 

vegetation, and decreased abundance and diversity of riparian vegetation 
caused by channelization reduced habitat quality, prey availability, and mink 
use of riverine habitats in Mississippi and Alabama (Gray and Arner 1977). 
Casson and Klimstra (1983) concluded that the abundance of suitable mink prey 
is reduced when shallow, detritus-rich, sloughs associated with meandering & 
streams are replaced with an abrupt, monotypic, interface between aquatic and 
terrestrial cover types as a result of channelization. Habitats associated 
with small streams are preferred to those associated with large, broad rivers 
(Davis 1960). Mink are most common along streams where there is an abundance 
of downfall or debris for cover and pools for foraging. Log jams provide 
excellent foraging cover for mink because they provide shelter for aquatic 
organisms and security for mink (Melquist et al. 1981). Burgess (1978) 
recorded a 52.5% increase in mink activity along a stream reach in Quebec that 
had undergone habitat improvement. Stream alterations consisted of the crea- 
tion of pools up to 1 m deep in 50% of the stream channel and the placement of 
logs and other cover within the channel. Dunstone and O'Connor (1979) attri- 
buted the mink's use of stream and lake edges to the inability of mink to 
efficiently forage in open water. Cover associated with aquatic ecotones 
allowed a stealthier approach and development of specific search strategies by 
mink (Dunstone 1978). Open water was believed to provide potentially suitable 
foraging areas only during periods of reduced water volume or high fish 
density. Shallow water depth and low flow rates contribute to effective 
aquatic foraging by mink (Dunstone 1983). Smith and McDaniel (1982) recorded 
greater use of fish by mink in Arkansas during drought, which tended to 
concentrate prey as a result of decreasing water levels. 

The availability of suitable dens may limit the ability of a habitat to 
support mink (Errington 1961; Gerell 1970; Northcott et al. 1974; Birks and 
I .‘-.” 1no3\ 1310L,. The abseiice of -I..... A,... _Z&^_ . .._.. 1:“.,‘c Lt.- L I IIll ur.y U~II > I L~S iiidy I I Ill I L Lilt: iiIi fi’k’ s tise of SOix 

wetlands (Linn, pers. comm.). Mink typically select den sites that are close 
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of prsj; i+nmc /I<nn I cc1113 [L I 'I" and Birks 
1981; Melquist et al. 1981; Birks and Linn 1982). Mink use several dens 
within their home range for concealment, shelter, and litter rearing (Marshall 
1936; Schladweiler and Storm 1969; Gerell 1970; Eberhardt 1973; Eberhardt and 
Sargeant 1977; Linn and Birks 1981; Melquist et al. 1981; Birks and Linn 
1982). Maximum consecutive days of occupation of single dens in North Dakota 
was approximately 40 days (Eberhardt and Sargeant 1977). After kits became 
more mature, individual dens were used briefly and irregularly. The majority 
of den stays in England were less than 1 day in duration (Birks and Linn 
1982). The mean distance covered for 12 den moves in North Dakota was 234 m 
(Eberhardt and Sargeant 1977). The mean distance between dens used for two or 
more consecutive days in Sweden was 544 m (Gerell 1970). The mean interden 
distance recorded in England was 492 m (Birks and Linn 1982). Movements of 
male mink to new den sites tended to be greater than those recorded for 
females. New mink dens in Wisconsin were usually within 90 m of the previous 
den site (Schladweiler and Storm 1969). 

The majority of interden movements are made at night and typically occur 
in, or along, linear habitat features, such as lake shores, river banks, 
stream courses, or hedge-rows (Birks and Linn 1982). Gerell (1970) reported 
that the most "commonly" used dens were located in cavities beneath tree roots 
at the water's edge. However, "more preferred," but less common, den sites 
were within cavities or piles of rocks well above the water line. Birks and 
Linn (1982) also identified cavities within, or beneath, waterside trees as 
being an important source of den sites for mink. More than 50% of den sites 
of mink inhabiting coastal habitats in Scotland were situated in rock scree 
and outcrops (Dunstone and Birks 1983). Slightly more than 87% of all dens 
located were ~50 m from the high water mark of normal spring tides. 

Mink dens adjacent to lake shorelines in Ontario were located in sites 
with higher than average numbers of deadfalls and stumps and greater shrub and 
tree stem densities (Racey and Euler 1983). Log jams accounted for 53% of the 
mink dens located in Idaho (Melquist et al. 1981). Fallen branches, brush, 
and other debris provided additional den sites. The use of log jams increased 
during December, probably as a result of decreased accessibility to other den 
sites due to increasing snow depth. All mink dens located in North Dakota 
were situated on marsh shorelines and appeared to be in abandoned or seldom 
used muskrat burrows (Eberhardt 1973; Sargeant et al. 1973; Eberhardt and 
Sargeant 1977). The availability of dens for mink use was believed to be 
related to the suitability of the wetland for muskrats and the amount of 
shoreline grazing by livestock. Active mink dens were not located on heavily 
grazed shorelines. Errington (1954) characterized prime mink habitat in the 
north-central region of the United States as being choice muskrat habitat. 
Extremely high mink harvests have occurred in association with high muskrat 
populations in Louisiana (Linscombe and Kinler, pers. comm.). The highest 
densities of muskrats in Louisiana occur in association with buirush (Scirpus 
olneyi). 

Reproduction 

No information relating specifically to habitat needs for reproduction 
I_.._> Z- IL- _.._Z,_L,- -':1_.._1 

was rouna in tne aval'au'e literature. 
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Interspersion 

The home ranges of mink tend to approximate the shape of the water body 
along which they live (Gerell 1970; Linn and Birks 1981). A mink's use of its 
home range varies in intensity due to varying prey availability. During daily 
activity periods, mink move back and forth in a restricted "core area," which 
typically does not exceed 300 m in shoreline length (Gerell 1970). Eventually, 
the mink will use another den within the home range as a base and will 
intensively forage within an associated core area. Linn and Birks (1981) 
found that the mink's home range in England typically contained one or two 
core areas that were associated with prey concentrations. Although core areas 
generally occupied a small proportion (mean = 9.3%) of the home range area, 
mink spent approximately 50% of their time within these areas (Birks and Linn 
1982). When prey was abundant throughout the home range, the core areas were 
not as well defined. When the aquatic aspect of the habitat was nonlinear 

(e.g., marshes), the home range was smaller and iess i inear in shape. 

The mink's use of its home range also shows variation in response to 
seasonal differences in prey availability (Birks and Linn 1982). Movements 
recorded in England indicated a general reduction in activity in winter rel- 
ative to summer. Fewer den sites were used, occupancy at individual dens was 
of longer duration, and daily travel distances were shorter. Mink home range 
size in British Columbia was believed to be inversely related to the quality 
of forage areas (Hatler 1976). The overall mink population was believed to be 
limited by the number of high quality, year-long foraging areas. Harbo (1958, 
cited by Pendleton 1982) attributed higher mink populations and smaller 
activity areas along coastal Alaska to a relatively consistent year-round food 
supply in the intertidal zone. The smaller home range size of mink inhabiting 
coastal areas, in comparison to mink associated with inland freshwater 
L.-l-.'&..&- . .._*. k,r. IldU ILdLS, lllay "C a consqtience of prey CVIILFIILI abI"IIa rnnran+v-~+innc :'n c,uu, tirlal nnnlc fJU"l-1 and the 

regular replenishment of prey as a result of the tidal cycle (Dunstone and 
Birks 1983). Over 68% of the observations of active mink were recorded in and 
within a 100 m band shoreward of the littoral zone. 

Vegetative cover had a significant impact on mink home range size in 
Montana (Mitchell 1961). The home range size for female mink within a heavily 
vegetated area was estimated to be 7.7 ha, while the home range of a female 
within a sparsely vegetated, heavily grazed area was 20.1 ha. Female mink home 
ranges in Michigan did not exceed 8 ha (Marshall 1936). Mink in Idaho were 
believed to be able to sustain themselves in a 1 to 2 km section of stream 
length (Melquist et al. 1981). Mink population densities along the coast of 
Vancouver Island, British Columbia, ranged from 1.5 to more than 3 animals/km 
of shoreline (Hatler 1976). Mink home range size in the prairie pothole 
region of North Dakota ranged from 2.59 km2 to 3.8 km2 and typically included 
numerous wetlands (Eagle, pers. comm.). 

Female mink have the smallest and most well defined home ranges, while 
those of males tend to be more extensive and less well defined (Marshall 
1936). The home range size for female mink in England was, on an average, 
85.4% of a male's home range size (Birks and Linn 1982). Intrasexual and 
intersexual home range overlap was rare in a North Dakota study except during 
the 2- to 3-week breeding season in April (Eagle, pers. comm.). Female mink 
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in Sweden were found to be more restricted to riparian habitats, while males 
transiently exploited upland areas (Gerell 1970). Male mink in England tended 
to forage away from aquatic habitats, 
water (Birks and Linn 1982). 

while females typically remained near 
Mink concentrating on aquatic prey tended to 

utilize larger core areas than individuals exnloitino terrestrial prey cneriec -.-I-. - -‘.‘a 
Solely terrestrial foraging was exclusively a male activity and tyir;aiiy 
occurred where aquatic prey and prey associated with riparian habitats were 
scarce. 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicability 

Geographic area. This HSI model has been developed for application 
within inland wetland habitats throughout the range of the species. Figure 1 
displays the approximate geographic distribution of mink in North America. 

Season. This HSI model was developed to evaluate the potential quality 
of year-round habitat for the mink. 

Cover types. This model was developed to evaluate the quality of mink 
habitat in the following wetland cover types (terminology follows that of 
Cowardin et al. 1979): Riverine (R), Lacustrine (L), and Palustrine Forested 
(PFO), Palustrine Scrub/Shrub (PSS), and Palustrine Emergent (PEM) wetlands. 

Figure 1. Approximate distribution of the mink in North America 
(adapted from Linscombe et al. 1982). 
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Minimum habitat area. Minimum habitat area is defined as the minimum 
.amount of contiguous habitat that is required before an area will be occupied 
by a species. Information on the minimum habitat area for the mink was not 
found in the literature. The size and shape of mink home ranges vary in 
response to topography, food availability, and sex. Although home ranges of 
female mink are smaller than those of males, home ranges of both sexes tend to 
parallel the configuration of a body of water or wetland basin. Based on this 
information, it is assumed that any wetland, or wetland associated habitat, 
large enough to be identified and evaluated as such, has the potential to 
support mink. 

Verification level. This HSI model provides habitat information useful 
for impact assessment and habitat management. The model is a hypothesis of 
species-habitat relationships and does not reflect proven cause and effect 
relationships. Earlier drafts of this model were reviewed by the following 
individuals: 

Dr. Johnny Birks, University of Durham, Durham, Great Britain. 
Dr. Paul Chanin, University of Exeter, Devon, Great Britain. 
Dr. Thomas Eagle, University of Minnesota, Minneapolis. 
Mr. John Hunt, Maine Department of Inland Fisheries and Wildlife, Augusta. 
Mr. Noel Kinler, Louisiana Department of Wildlife and Fisheries, New Iberia. 
Mr. Ian Linn, University of Exeter, Hatherly Laboratories, Exeter, Great 

Britain. 
Mr. Greg Linscombe, Louisiana Department of Wildlife and Fisheries, New Iberia. 
Mr. John Major, Maine Cooperative Wildlife Research Unit, University of Maine, 

Orono. 
Mr. Barry Saunders, Ministry of Environment, British Columbia, Canada. 

Improvements and modifications suggested by these individuals have been 
incorporated into this model. 

Model Description 

Overview. The year-round habitat requirements of mink can be satisfied 
within wetland cover types if sufficient vegetation or cover is present to 
support an adequate prey base. Although not totally restricted to wetland or 
wetland-associated cover types, the mink usually is dependent on aquatic 
organisms as a food source for a large portion of the year. Transient use of 
upland cover types may occur, particularly during the fall and winter months, 
when terrestrial prey plays an increasingly important role in the mink's diet. 
The majority of mink activity (foraging, establishment of dens, and litter 
rearing) occurs in close proximity to open water. This model assumes that 
sufficient cover must be interspersed with, or adjacent to, relatively 
permanent surface water in order to provide the maximum number and diversity 
of prey species. It is assumed in this model that potential food availability 
and cover for the mink can be described by the same set of habitat character- 
istics. The reproductive habitat requirements of the mink are assumed to be 
identical to its cover requirements. 



The following sections provide documentation of the logic and assumptions 
used to translate habitat information for the mink to the variables and equa- 
tions used in the HSI model. Specifically, these sections identify important 
habitat variables, define and justify the suitability levels of each variable, 
and describe assumed relationships between variables. 

Water component. Mink are not totally dependent on aquatic or wetland- 
associated prey species. However, these species typically form the largest 
portion of the annual diet. It is assumed that surface water must be present 
for a minimum of 9 months of the year to provide optimum foraging habitat and 
prey availability for mink (Figure 2). Cover types with less permanent surface 
water are assumed to be indicative of less suitable mink habitat as a result 
of lower prey diversity and availability when considered on an annual basis. 
Wetland cover types consisting only of saturated soils, or lacking surface 
water, are assumed to be of no value as year-round mink habitat, due to the 
assumed absence of an adequate aquatic prey base. 

The value calculated using Figure 2 is used in equation 1 to represent 
the water suitability index (SIW) for mink. 

SIW = SIVl (I) 

Equation 1 and the relationships between the permanence of surface water 
(SIVl) and habitat quality for mink are based on the following assumptions. 
Cover types that have surface water present ~25% of the year are assumed to be 
unsuitable year-round mink habitat due to the absence of aquatic prey species. 
Abundance and availability of aquatic prey are assumed to increase as the 
permanence of surface water increases. Cover types that maintain surface 
water for >75% of the year are assumed to provide conditions conducive to 
maximum availability of aquatic prey. 

Several reviewers of this model have commented that eutrophic lakes have 
greater potential productivity than do oligotrophic lakes. Eutrophic lakes 
may be capable of supporting larger populations of mink due to a more diverse 
and abundant aquatic prey base. The primary productivity of a lake depends in 
part upon the nutrients received from the surrounding drainage, geological 

age, and water depth. Oligotrophic lakes are typically deep, with the hypo- 
limnion larger than the epilimnion, littoral zone vegetation is scarce and 
organic content and plankton density are low. In contrast, eutrophic lakes 
are typically shallow and have high concentrations of plant nutrients (e.g., 
nitrogen, phosphorus), high organic content, and abundant littoral zone vegeta- 
tion. Although this model does not take into account a specific evaluation of 
a lake's potential ability to produce food organisms, it should be realized 
that a lake's ability to provide abundant aquatic prey for mink may vary based 
on its' physical and chemical characteristics. 
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Percent of year with 
surface water present 

Figure 2. The relationship between percent of the year with surface 
water present and a suitability index of mink habitat quality. 

Cover component. Although mink will use upland cover types, they are 
most often found in close association with wetlands and the vegetative communi- 
ties immediately adjacent to streams, rivers, and lakes. Small terrestrial 
mammals become an important component of the mink's diet during the fall and 
winter months. Terrestrial mammals may be an important component in the diet 
of male mink throughout the year. Sufficient vegetative cover interspersed 
with, or immediately adjacent to, water is assumed to provide an adequate 
source of prey species to supplement the aquatic portion of the mink's diet. 
Dense woody cover of trees and shrubs provides the mink with potential den 
sites, escape cover, and foraging cover. Persistent herbaceous vegetation 
also may provide mink with sufficient cover for foraging and shelter. It is 
assumed that nonpersistent herbaceous vegetation, by itself, will not provide 
sufficient cover for mink during winter. 

a. Palustrine forested and scrub/shrub wetlands. Suitable cover condi- 
tions for mink within forested and scrub/shrub wetlands are assumed to be a 
function of the total canopy closure of trees (Figure 3a), shrubs (Figure 3b), 
and emergent herbaceous vegetation (Figure 3~). Optimum conditions for cover, 
denning, and foraging are assumed to occur when the combined canopy cover of 
woody or persistent herbaceous vegetation is ~75%. Forested or scrub/shrub 
wetlands with lower vegetative canopy closures are assumed to be less suitable 
mink habitat as a result of lower cover availability for both mink and their 

prey. Woody vegetation 5100 m from a wetland's edge also is assumed to 
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Figure 3. The relationships between tree, shrub, and emergent herbaceous 
vegetation canopy closure and suitability indices of mink habitat quality. 
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influence mink habitat quality. However, the degree to which vegetative cover & 
in a 100 m band surrounding forested or scrub/shrub wetlands influences habitat 
quality for mink depends on the size of the wetland basin. In small forested 
or scrub/shrub wetlands the adjacent upland cover is assumed to play a 
relatively important role in defining overall habitat quality for the species. 
In contrast, the majority of mink inhabiting large, expansive forested or 
shrub wetlands probably are not influenced to a great degree by the quality of 
adjacent upland cover types. 

In large forested or scrub/shrub wetlands cover quality for mink is 
assumed to be a function only of the amount of woody and emergent herbaceous 
vegetation present within the wetland basin. In small, or linear, forested 
and scrub/shrub wetlands cover quality is assumed to be a function of the 
canopy cover of woody and emergent herbaceous vegetation in the wetland basin 
and the canopy cover of woody vegetation in a 100 m band adjacent to the 
wetland (Figure 3d). Trees and shrubs adjacent to a wetland are believed to 
enhance the value of the wetland basin by providing cover for prey species and 
foraging cover for mink. Downfall and debris provided by woody vegetation 
also provides den sites in close association with the wetland cover type. 
Ideal conditions are assumed to occur when the canopy cover of trees or shrubs 
is 275%. Lower density of trees and shrubs is assumed to be indicative of 
less suitable cover conditions. However, the complete absence of woody cover 
adjacent to forested and scrub/shrub wetlands will not indicate totally unsuit- 
able conditions since herbaceous vegetation, rocks, and other nonvegetative 
features may provide for mink and their prey. 

For the purposes of this model large wetland basins are assumed to be & 

2405 ha (1,000 acres). However, this is an arbitrary figure used to separate 
small and large wetlands for application of the model. Users may wish to 
redefine this value based on experience with regional cover type classifica- 
tions. 

The suitability index values from Figure 3 are used in equation 2 to 
determine a cover index (SIFSl) for mink in palustrine forested and scrub/shrub 
wetlands 2405 ha. Equation 3 is intended for determination of a cover index 
for forested and scrub/shrub wetlands <405 ha. 

SIFSl = MIN(l.O; SIV2 + SIV3 + SIV4) 

SIFS2 = 
MIN(l.O; SIV2 + SV13 + SIV4) + SIV5 

2 

(2) 

(3) 

Equations 2 and 3 are based on the following assumptions. The suitability of 
canopy cover of trees (SIV2), shrubs (SIV3), and emergent vegetation (SIV4) 
are assumed to have equal weight in defining cover quality within forested and 
scrub/shrub wetlands. Ideal cover conditions may be provided by 175% canopy 
cover of trees, 275% canopy cover of shrubs, or 50% to 75% canopy cover of 
herbaceous vegetation. A combined canopy cover of trees shrubs, and emergent 
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herbaceous vegetation also is assumed to be indicative of ideal cover condi- 
tions when total density is 275%. In situations where the sum of index values 
for SIVZ, SIV3, and SIV4 is >l.O the value used in the equation is 1.0. 

Within forested and scrub/shrub wetlands ~405 ha., the density of trees 
and shrubs ~100 m from the wetland's edge (SIV5) is assumed to have equal 
influence in defining cover quality as does the density of vegetation within 
the wetland basin. Forested and scrub/shrub wetlands lacking woody cover 
adjacent to the basin reflect lower cover quality for mink, regardless of 
vegetative cover within the basin, than do wetlands surrounded by dense woody 
vegetation. 

b. Palustrine emergent wetlands. Suitable cover for mink in palustrine 
emergent wetlands is assumed to be a function of the amount of the wetland 
basin supporting emergent herbaceous vegetation (Figure 3c) and, to a lesser 
extent, the amount of woody cover immediately adjacent to the wetland basin 
(Figure 3d). Ideal cover conditions are assumed to occur when the wetland 
basin supports 50% to 75% canopy cover of emergent herbaceous vegetation. 
Emergent wetlands with ~50% canopy cover of emergent vegetation are assumed to 
be indicative of less suitable habitat as a result of lower cover availability 
for mink and prey species. Wetlands totally devoid of vegetation are assumed 
to have minimum value as year-round mink habitat due to the absence of suitable 
cover in the wetland basin. The cover value for mink in palustrine emergent 
wetlands may be enhanced if woody vegetation (trees and shrubs) is present 
within 100 m of the wetland's edge. Tree and shrub cover adjacent to the 
wetland basin is assumed to enhance prey diversity and increase cover and den 
sites for mink. 

The suitability index value from Figures 3c and 3d are used in equation 4 
to determine a cover index (SIPE) for palustrine emergent wetlands. 

SIPE = 
4SIV4 + SIV5 

5 (4) 

Equation 4 is based on the following assumptions. The abundance of emergent 
herbaceous vegetation (SIV4) is assumed to be the major characteristic defining 
the quality of cover for mink in palustrine emergent wetlands, and has been 
weighted in the equation to reflect this assumption. Wetlands surrounded, or 
bordered, by trees and shrubs will reflect higher cover quality than will 
wetlands with equivalent amounts of emergent vegetation but lacking adjacent 
woody cover. Conversely, palustrine emergent wetlands with little to no 
emergent vegetation are assumed to be indicative of cover conditions of low 
quality regardless of the amount of woody cover adjacent to the wetland basin. 

C. Riverine and lacustrine wetlands. Within riverine and lacustrine 
cover types, suitable cover for mink is assumed to be related to the density 
of woody vegetation within 100 m of the water's edge and the availability of 
foraging and security cover at the land/water interface. Ideal cover 
conditions are assumed to exist when tree canopy cover and shrub canopy cover 

13 



either singly or in combination account for 275% canopy cover (Figure 3d). & 
Less dense vegetative cover adjacent to lakes and river or stream channels 
characterize less suitable cover conditions for mink as a result of decreased 
foraging cover, den sites, and cover for prey species. Riverine and 
lacustrine wetlands lacking adjacent woody vegetation are assumed to have low 
value as mink habitat due to the absence of cover for both mink and their 
terrestrial prey. 

Mink foraging activity in riverine and lacustrine cover types is concen- 
trated along the shoreline or land/water interface as compared to palustrine 
forested or emergent wetlands, where foraging activity may occur throughout 
the wetland basin. Therefore, the amount of cover or vegetative and 
structural diversity along shorelines has a major influence on the definition 
of habitat quality for mink inhabiting these cover types. Shorelines with a 
high degree of cover, which may be provided by overhanging or emergent 
vegetation, exposed roots, debris, log jams, undercut banks, boulders, or rock 
crevices, provide cover for prey species as well as secure foraging cover for 
mink. Conversely, shorelines that are straight, open, exposed, have little 
structural cover, and have an abrupt, monotypic edge between water and land 
provide virtually no cover for mink or their prey. It is assumed that ideal 
cover for mink is present where 100% of the shoreline provides dense foraging 
and security cover (Figure 4). As the amount of shoreline cover decreases 
cover quality for mink in riverine and lacustrine cover types is assumed to 
diminish. Shorelines devoid of vegetative or structural cover are assumed to 
have extremely low value as mink habitat, as a result of decreased prey avail- 
ability and less than ideal foraging conditions. 

The suitability index values from Figure 3d and Figure 4 are used in 
equation 5 to determine a cover index (SIRL) for riverine and lacustrine cover 
types. 

SIRL = (SIVS x SIV6+'* 

Equation 5 is based on the following assumptions. The suitability of 
abundance of woody vegetation within 100 m of the water's edge (SIV5) and 
suitability of the percentage of the shoreline with suitable cover (SIVG) 
assumed to have equal value in defining cover quality for mink in riverine 

(5) 

the 
the 
are 
and 

lacustrine cover types. These variables are assumed to be compensatory in 
that a low value for one variable may be offset by a higher value for the 
remaining variable. Optimum conditions in terms of cover for prey species and 
mink foraging will be obtained only when the tree and shrub canopy cover 
within 100 m of the water's edge is ?75%, and 100% of the shoreline provides 
cover within 1 m of the water's edge. Lower values for either variable will 
result in a SIRL of ~1.0. 

HSI determination. The calculation of an HSI for the mink considers life 
requisite values for water and cover. The HSI is equal to the lowest value 
calculated for either life requisite. 
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Figure 4. The relationship between shoreline cover and the suitability 
index for mink cover quality in riverine and lacustrine cover types. 

Application of the Model 

Delineation of cover types. Potential mink habitat must contain a rela- 
tively permanent source of surface water. Because of the mink's use of upland 
cover types for denning and foraging, optimum habitat must also support 
suitable cover adjacent to the water body or wetland. Therefore, application 
of this model and determination of Habitat Units (U.S. Fish and Wildlife 
Service 1980) is based on an evaluation of the quality of the wetland cover 
type and a 100 m band surrounding the wetland. Figure 5 illustrates the 
relationship of wetland cover types and suggested evaluation area. 

Summary of model variables. Six habitat variables are used in this model 
to evaluate water and cover conditions for mink. Not all variables are used 
to evaluate each cover type. The relationships between habitat variables, 
cover types, life requisite values, and HSI are summarized in Figure 6. 
Definitions and suggested measurement techniques (Hays et al. 1981) for the 
variables used in the mink HSI model are provided in Figure 7. 
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Cover type Area for evaluation 

Lacustrine 

HSI determined only for area 
contained within 100 m 
(328 ft) band around lake. 

Riverine 

HSI determined for area 
within 100 m band on both 
sides of river plus area 
of river. 

Palustrine [emergent wetlands 
forested wetlands, or scrub/ 
shrub wetlands less than 
405 ha (1,000 acres) in size]. 

HSI determined for area 
contained within cover 
type plus area within 
100 m band around 
wetland cover type. 

Palustrine [forested wetlands 
or shrub wetlands 2405 ha 
(1,000 acres) in size] 

HSI determined for area 
contained only within 
cover type. 

Figure 5. Guidelines for determining the area to be evaluated 
for mink habitat suitability in various wetland cover types. 
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5 
Variable 

Percent of year with 
surface water present 

Percent canopy cover 
of trees 

Percent canopy cover 
of shrubs 

Cover types Life requisite 

R, L, PFO, 
PSS, PEM 

PFO, PSS 

Water ~ 

PFO, PSS Cover 

1 
Percent canopy cover of PFO, PSS, 
trees and shrubs within PEM I I 
100 m of wetland's edge 

Percent canopy cover of 
emergent herbaceous 
vegetation 

PEM 

Percent shoreline cover 
within 1 m of water's edge 

R, L 

Percent canopy cover of 
trees and shrubs within 
100 m of the wetland's 
edge 

R, L 

HSI=lowest 
value for 
water or 

Cover cover in 
each cover 

type 

l- Cover 

Figure 6. Relationships of habitat variables, cover types, life requisite 
values, and HSI in the mink HSI model. 
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Variables (definition) Cover types 

Percent of year with surface R, L, PFO 
water present (the percent of PSS, PEM 
the year in which wetland cover 
types have surface water present). 

Percent canopy cover of trees 
[the percent of the ground 
surface that is shaded by a 
vertical projection of the 
canopies of all woody vegetation 
26 m (20 ft) tall]. 

PFO, PSS 

Percent canopy cover of 
shrubs [the percent of the 
ground surface that is shaded 
by a vertical projection of the 
canopies of woody vegetation 
~6 m (20 ft) tall]. 

PFO, PSS 

Percent canopy cover of emergent PFO, PSS 
herbaceous vegetation (the percent PEM 
of the water surface shaded by a 
vertical projection of the canopies 
of emergent herbaceous vegetation, 
both persistent and nonpersistent). 

Percent canopy cover of trees PFO ~405 ha 
and shrubs within 100 m PSS ~405 ha 
(328 ft) of the wetlands edge PEM, R,L 
[the percent of the terrestrial 
ground surface within 100 m 
(328 ft) of a wetland's edge that 
is shaded by a vertical projection 
of the canopies of all woody 
vegetation]. 

Percent shoreline cover within 
1 m (3.3 ft) of water's edge 
[An estimate of the vegetative 
and structural complexity at 
the land/water interface (11 m 
from water's edge). Cover may be 
provided by overhanging or emergent 
vegetation, undercut banks, logjams, 
debris, exposed roots, boulders or 
rock crevices]. 

R, L 

Suggested technique 

On site inspection, 
historical records 

Line intercept, 
quadrat, remote 
sensing 

Line intercept, 
quadrat, remote 
sensing 

Line intercept, 
quadrat, remote 
sensing 

Line intercept, 
quadrat, remote 
sensing 

On-site inspection, 
line intercept, 
quadrat 

Figure 7. Definitions of variables and suggested measurement techniques. 

18 



Model assumptions. The mink HSI model is based on the following key 
assumptions. 

1. Mink habitat use is centered around wetland cover types. Surface 
water must be present for a minimum of 9 months per year to provide 
optimum habitat conditions. 

2. Cover furnished by vegetation and structural diversity provides 
shelter and habitat for prey species as well as foraging and security 
cover for mink. Relatively dense vegetative cover must be present 
within wetlands and adjacent upland cover types in order to provide 
maximum prey diversity, foraging opportunities, and cover for mink. 
The density of woody vegetation in upland cover types is assumed to 
have no influence on mink habitat quality in extensive (1405 ha) 
forested and scrub/shrub wetlands. 

3. The availability of surface water and cover are assumed to indirectly 
address the availability of suitable mink prey and to directly 
address cover quality for mink. 
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MEMORANDUM 
 
 
DATE: October 10, 2007 

TO: Terrestrial Coordination Committee 

FROM: Kendel Emmerson 

SUBJECT: Classification of Vegetation Cover Types as Suitable Northern Spotted 

Owl Habitat - Lewis River Wildlife Habitat Management Area    

 
Suitable habitat for northern spotted owls is described as an “area of forest vegetation 
with the age-class, species of trees, structure, sufficient area, and adequate food source to 
meet some or all of the life needs [i.e., nesting, roosting, and foraging] of the spotted 
owl” (U.S. Fish and Wildlife Service 2007). In general, mature forests provide the 
structure and characteristics required for suitable northern spotted owl (NSO) habitat. 
Because the specific age-class, species of trees, structure, area, and food sources vary 
throughout the range of the species, suitable habitat specifications are generally 
developed by the local agencies and landowners and in the State of Washington in 
consideration of the Forest Practices Act.   
 
Lewis River Wildlife Habitat Management Plan (WHMP) vegetation cover types were 
not developed in recognition of existing agencies definitions for suitable NSO habitat. 
Specifically, the cover type definitions did not specify the number of trees per acre, tree 
height, and understory layers that make definitions directly convertible. This has lead to 
confusion as to what vegetation cover types meet suitable NSO habitat. The Terrestrial 
Coordinating Committee (TCC) seeks to clarify and document which of the vegetation 
cover types meet suitable NSO habitat based on existing agency definitions.      
 
This memo identifies the vegetation cover types that are considered to be suitable NSO 
habitat and further classifies cover types into nesting, roosting, foraging, and dispersal 
habitat.  Both the Washington Department of Natural Resources (DNR) Forest Practice 
Act and the U.S.F.S. Gifford Pinchot National Forest suitable NSO habitat definitions 
have been used in determining which vegetation cover types meet suitable NSO habitat 
specifications. The goal of this classification is to provide a broad scale perspective and 
overall quantification of NSO habitat on WHMP lands. However prior to conducting 
habitat modifying activities, the proposed project areas will be field verified to confirm 
whether or not it is NSO habitat and to determine the overall habitat condition.  
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Vegetation Cover Type 
In 2000 and 2001 all WHMP lands and adjacent areas had existing vegetation mapped as 
cover types using a classification system that was based upon the Integrated Landscape 
Management plan (WDFW 1998) and National Wetlands Inventory wetland/deepwater 
classification (Cowardin et al. 1979). The classification system was modified to meet the 
vegetation cover type needs for Habitat Evaluation Procedure target species and 
developed as a decision-making key to classify the vegetation cover types (Table 1.1).  

 
Table 1.1 Cover Type Mapping Decision-making Key for the Lewis River Study Area1 

Classification Description Cover Type or Group Cover Type Code 
1a.  Site characterized by upland vegetation types. Upland go to 2 
     2a.  Greater than 10% forested (20 ft) canopy coverage. Forested go to 3 
          3a.  Greater than 70% of canopy coverage is composed of conifer. Conifer Forest go to 4 
               4a.  Site composed of Lodgepole Pine. Lodgepole Pine LP 
               4b.  Site is not on lava flow; canopy composed of conifer species. Mixed Species Conifer Forest go to 5 
                    5a.  Avg. stand diameter > 26" dbh.  Stands forming a multi-

layered canopy with occasional small openings.  Greater 
than 4 snags/acre > 20" dbh.  Greater horizontal and 
vertical canopy structure than is generally found in mature 
conifer stands. 

Old-Growth Conifer Forest go to 6 

                       6a  Stand has not been thinned2. Old-Growth Conifer OG 
                       6b.  Stand has been thinned since late 1980s. Old-Growth Conifer--thinned OG-T 
                    5b.  Avg. stand diameter 21"-26" dbh.  Canopy structure has a 

relatively uniform vertical and horizontal texture. 
Mature Conifer Forest go to 7 

                       7a  Stand has not been thinned2. Mature Conifer M 
                       7b  Stand has been thinned since late 1980s Mature Conifer-thinned M-t 
                    5c.  Avg. stand diameter 16"-20" dbh.  Even-aged stands with 

relatively uniform structure. 
Mid-Successional Conifer Forest go to 8 

                       8a.  Stand has not been thinned2. Mid-Successional Conifer MS 
                       8b.  Stand has been thinned since late 1980s. Mid-Successional Conifer-thinned MS-t 
                    5d.  Avg. stand diameter 8"-15" dbh.  Even-aged stands with 

relatively uniform structure. 
Pole Conifer Forest go to 9 

                        9a.  Stand has not been thinned2. Pole Conifer P 
                        9b.  Stand has been thinned since late 1980s. Pole Conifer--thinned P-t 
                    5e.  Avg. stand diameter < 8" dbh. Seedling/Sapling Conifer Forest  SS 
                    5f.  Very recent clearcut with no more than seedlings.  New Clearcut SS1 
         3b.  Greater than 30% and less than 70% conifer or deciduous forest. Mixed Conifer/Deciduous Forest go to 10 
               10a.  Mixed forest with trees > 10” dbh located outside of riparian 

zone3. 
Upland Mixed Conifer/Deciduous 
Forest  

go to 11 

                        11a.  Stand has not been thinned2. Upland Mixed UM 
                        11b.  Stand has been thinned since late 1980s. Upland Mixed--thinned UM-t 
               10b.  Mixed forest with trees < 10” dbh located outside of 

riparian zone3. 
Young Upland Mixed 
Conifer/Deciduous Forest 

YUM 

               10c.  Mixed forest with trees > 10” located within riparian zone3. Riparian Mixed Conifer/Deciduous 
Forest 

go to 12 

                        12a.  Stand has not been thinned2. Riparian Mixed RM 
                        12b.  Stand has been thinned since late 1980s. Riparian Mixed--thinned RM-t 
               10d.  Mixed forest with trees < 10” dbh located within riparian 

zone3. 
Young Riparian Mixed 
Conifer/Deciduous Forest 

YRM 

          3c.  Greater than 70% deciduous canopy coverage. Deciduous Forest go to 13 
               13a.  Deciduous forest with trees > 10” dbh located outside of 

riparian zone3.  Not oak dominated. 
Upland Deciduous Forest go to 14 

                       14a.  Stand has not been thinned2. Upland Deciduous UD 
                       14b.  Stand has been thinned since late 1980s. Upland Deciduous--thinned UD-T 
               13b.  Deciduous forest with trees < 10” dbh located outside of 

riparian zone3.  Not oak dominated. 
Young Upland Deciduous Forest YUD 

               13c.  Deciduous forest located within riparian zone3. Riparian Deciduous Forest go to 15 
                      15a.  Stand has not been thinned2. Riparian Deciduous RD 
                      15b.  Stand has been thinned since late 1980s. Riparian Deciduous --thinned RD-T 
               13d.  Deciduous shrubs located within riparian zone3. Riparian Deciduous Shrubland RS 
               13e.  Upland site dominated by oak. Oak Woodland OW 
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Table 1.1 Cover Type Mapping Decision-making Key for the Lewis River Study Area (cont.) 1. 
Classification Description Cover Type or Group Cover Type Code 

     2b.  Less than 10% forested canopy coverage.  Non-Forested go to 16 
          16a.  Comprised of >30% vegetation cover. Vegetated go to 17 
               17a.  Ground cover consists of greater than 50% shrub species. Shrubland SH 
               17b.  Ground cover consists of greater than 50% grass species. Dry Meadow/Grassland MD 
               17c.  Riparian area dominated by forbs and grasses. Riparian Grassland RG 
          16b.  Ground area is comprised of >70% exposed rock. Non-Vegetated go to 18 
               18a.  Ground area consists of rock rubble. Rock Talus RT 
               18b.  Ground area consists of solid rock cliffs and slopes Rock Outcropping RO 
               18c.  Area is exposed bare ground due to natural disturbance           

events. 
Unvegetated UV 

1b.  Site characterized by open water or wetland vegetation, soils, and 
hydrology. 

Wetland/Deepwater go to 19 

     19a. Channel that contains moving water. Riverine go to 20 
          20a.  Riverine habitat with unconsolidated substrate and < 30% 

vegetative cover. 
         20b.  Riverine habitat intermittently flooded or exposed with 

unconsolidated substrate and < 30% vegetative cover, except 
pioneering plants  

Unconsolidated Bottom (open water) 
 
Unconsolidated Shore (gravel bars) 

RUB 
 
RUS 

     19b. Topographic depression exceeding 20 acres is size with less than 
30% areal cover of trees, shrubs, and emergent vegetation. 

Lacustrine Go to 21 

          21a.  Lacustrine habitat with unconsolidated substrate and < 30% 
vegetative cover. 

Unconsolidated Bottom (lake-limnetic 
zone) 

LUB 

          21b.  Lacustrine habitat intermittently flooded or exposed with 
unconsolidated substrate and < 30% vegetative cover, except 
pioneering plants. 

Unconsolidated Shore (lake-littoral 
zone) 

LUS 

          21c.  Wetlands dominated by submerged, trees, shrubs, and emergent 
vegetation or less than 20 acres in size. 

Palustrine go to 22 

          22a.  Palustrine habitat with unconsolidated substrate and < 30% 
vegetative cover. 

Unconsolidated Bottom (pond-open 
water) 

PUB 

          22b.  Palustrine habitat with > 30% submerged or floating-leaf 
hydrophyte cover. 

Aquatic Bed PAB 

          22c.  Palustrine habitat with emergent herbaceous hydrophytes 
present throughout most of the growing season. 

Emergent Wetland PEM 

          22d.  Palustrine habitat dominated by woody shrubs and stunted 
trees, less than 20 ft tall. 

Scrub-Shrub Wetland PSS 

          22e.  Palustrine habitat dominated by woody vegetation greater than 
20 ft tall. 

Forested Wetland PFO 

1c.  Site characterized by human disturbance, development, or 
modification. 

Disturbed/Modified  go to 23 

     23a.  Area is within the cleared transmission line right-of-way corridor.  
Type code is used as a modifier to other cover type categories. 

Transmission Line ROW ROW 

     23b.  Within the boundary of recreation facility. Recreational REC 
     23c.  Area is annually seeded or planted with row crops and harvested 

for commercial agricultural use. 
Agriculture AG 

     23d.  Area is dominated by grasses and forbs and is managed as a 
pasture . 

Pasture PA 

     23e.  Agricultural land composed of cultivated fruit trees. Orchard OR 
     23f.  Developed with commercial buildings and/or facilities that are not 

PacifiCorp owned. 
Developed DV 

     23g.  Developed with buildings and/or facilities that are part of project. Project Facility PF 
     23i.  Exposed bare ground due to human caused activities or contains 

non-native invasive shrub species. 
Disturbed DI 

1   PacifiCorp and Cowlitz PUD 2004 (Figure 5.1-1)  
2  Thinned stands are those that have undergone a selected harvest of codominant or subdominant trees, resulting in a reduction in total tree 

canopy coverage. 
3  Riparian zone has variable width and contains elements of aquatic and terrestrial ecosystems which mutually influence each other (Knutson   
and Naef 1997).  

 
The decision-making key grouped all areas that were greater than 10 percent forested 
based on canopy coverage and greater than 20 feet in height into forested habitat. The 
forested habitats were further grouped by the following criteria: 
 



 

October 10, 2007                                                                                                                            Page 4 of 8 

• Conifer Forest = greater than 70 percent of canopy coverage and is composed 
of conifer  

• Mixed Conifer/Deciduous Forest = greater than 30 percent and less than 70 
percent conifer or deciduous forest 

• Deciduous Forests = greater than 70 percent deciduous canopy  
 
Because northern spotted owls are strongly associated with coniferous forest, only the 
vegetation cover types that are within the Conifer Forest and Mixed Conifer/Deciduous 
Forest groups are considered potential suitable NSO habitat. The vegetation cover types 
and their associated spotted owl habitat are listed in Table 1.2.  
 

Washington Department of Natural Resources Forest Practices Act 
The DNR Forest Practices Act (FPA) regulates timber harvest activities on private lands 
throughout the state of Washington. The Washington Forest Practices Board is 
responsible for creating rules (Washington Administrative Codes [WAC]) to protect the 
state's public resources while maintaining a viable timber industry. WAC 222-16-085 
Northern Spotted Owl Habitats describes the stand characteristics that provide nesting, 
roosting, foraging (i.e., suitable NSO habitat), and dispersal habitat for northern spotted 
owls. This description is in Table 1.2.   
 
Gifford Pinchot National Forest  
 
The Gifford Pinchot National Forest uses a nesting, roosting, and foraging habitat 
definition from the Judge Dwyer decision of March 29, 1993. This defines suitable NSO 
habitat as stands with a multi-layered canopy, numerous large snags and down wood, and 
a canopy closure that is greater than 40 percent (PacifiCorp and Cowlitz PUD 2006). 
Table 1.2 provides the specifications.  
 
United States Fish and Wildlife Service 
 
As part of relicensing, PacifiCorp consulted with the United States Fish and Wildlife 
Service (USFWS) under the Section 7 of the Endangered Species Act of 1973 on the 
actions required for relicensing of the Lewis River Hydroelectric Projects and the actions 
contained in the Settlement Agreement (PacifiCorp et al. 2004). This included consulting 
on the WHMP Standards and Guidelines Document (PacifiCorp and Cowlitz PUD 2006). 
Consultation on the WHMP’s Forestlands Chapter required the utilities to identify the 
Conifer Forests and Mixed Conifer/Deciduous Forest cover types that meet suitable NSO 
habitat and dispersal habitat. These vegetation cover types are identified in Table 1.2. 
 
Management of Suitable NSO Habitat per the Biological Opinion 
 
As a result of the Section 7 consultation, the USFWS issued a Biological Opinion that 
determined that the level of incidental take is not likely to jeopardize the continued 
existence of the spotted owl (USFWS 2006). In complying with the Biological Opinion 
and implementing WHMP standards and guidelines, the utilities agree to comply with the 
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Washington’s FPA and to protect identified NSO sites and suitable NSO habitat through 
the following conservation measures (USFWS 2006):   
 
NSO Nesting Habitat (Old-growth Conifer [OG and OG- t] and Mature Conifer [M and  
M-t] Stands) 
 
• The only forest management activity that would occur in NSO nesting habitat would 

be snag creation 
• Snags would be created outside of the critical nesting period (March 1 to July 15) to 

prevent disturbance to nesting spotted owls. 
 
NSO Roosting and Foraging Habitat (Old-growth Conifer [OG and OG- t], Mature 
Conifer [M and M-t], Mid-successional [MS and MS- t], Riparian Mixed [RM and RM-t], 
and Upland Mix [UM and UM- t] stands) 
 
• To achieve the goals of promoting late-successional stand structure, snag creation 

may occur in all nesting, roosting and foraging cover types.  
•  Commercial thinning may occur in mid-successional, riparian mixed, and upland 

mixed cover types without degrading the habitat.    
• To provide a mosaic of big game hiding cover and forage clearcut harvesting (10 to 

30 ac in size) may be conducted in NSO roosting and foraging habitat, excluding old 
growth and mature conifer cover types. No more than 65 acres of mid-successional 
and upland mix vegetation may be harvested per year. This equates to 3,283 acres or 
63 percent of the 5,238 acres of the extant of suitable NSO roosting and foraging 
habitat on PacifiCorp-owned lands being harvest over the next 50 years.  

• To prevent disturbance to nesting spotted owl, the noise and smoke Limited 
Operating Periods (LOPs) would apply to these activities (USFWS 2006 Page 114 
Objective G  and PacifiCorp and Cowlitz PUD 2006 Page 56 Objective G).  

 
NSO Dispersal Habitat (Old-growth Conifer [OG and OG- t], Mature Conifer [M and  

M-t], Mid-successional [MS and MS- t], Upland Mix [UM and UM- t], Riparian Mixed 
[RM and RM-t], and Pole Conifer [P and P- t] Stands) 
 
• Commercial thinning and snag creation may occur in pole conifer cover type 

without degrading the dispersal habitat. Commercial thinning will improve the 
habitat’s dispersal function by allowing greater flying space between the trees and 
promoting understory. Snag creation will increase the stand structure and promote 
habitat for prey.  

• To provide a mosaic of big game hiding cover and forage, clearcut harvesting may 
occur in pole conifer cover type as long as the Utility-owned lands maintain at least 
50 percent of dispersal habitat or better at any point of time.  

• To prevent disturbance to nesting spotted owl, the noise and smoke Limited 
Operating Periods (LOPs) would apply to these activities (USFWS 2006 Page 114 
Objective G  and PacifiCorp and Cowlitz PUD 2006 Page 56 Objective G). 
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Table 1.2: A Comparison Between Washington Department of Natural Resources Forest Practice Act, Gifford Pinchot National Forests, and Lewis River Wildlife Habitat Management Plan Vegetation Cover Types for Northern Spotted Owl Suitable Habitat Definition 

Washington Department of Natural Resource Forest Practices Act1  

HABITAT TYPE Suitable 
Habitat2 Habitat Type  Forestry Community Canopy 

Closure Tree Size, Density and Height Snag and Cavity Trees Down Wood 

Old Forest Habitat Yes Nesting, Roosting 
Foraging, Dispersal  

A layered, multispecies canopy 
 > 60% 

≥ 50% of the canopy closure is provided by large overstory trees 
(typically, there should be at least 75 trees > 20 in. dbh per acre, or 
at least 35 trees ≥ 30 in. dbh per acre) 

> 3 snags or trees > 20 in. dbh and 16 ft. in height 
with various deformities (e.g. large cavities, broken 
tops, dwarf mistletoe infections, and other 
indications of decadence) 

> 2 fallen trees ≥ 20 
in. dbh per acre and 
other woody debris 
on the ground. 

Sub-mature Habitat Yes Roosting, 
Foraging, Dispersal 

Conifer-dominated or conifer-hardwood (> 30% 
conifer) > 70% 

115-280 trees/acre (≥ 4 in. dbh) with dominants/codominants ≥ to 
85 ft. high or dominants/codominants ≥ 85 ft. high with 2 or more 
layers and 25-50% intermediate trees 

≥ 3 snags or cavity trees/acre (≥ 20 in. dbh and 16 ft. 
in height) −−− 

Young Forest Marginal Habitat Yes Roosting, 
Foraging, Dispersal 

Conifer-dominated or conifer-hardwood 
(> 30% conifer)  > 70% 

115-280 trees/acre (> 4 in. dbh) with dominants/codominants ≥ to 
85 ft. high or dominants/codominants ≥ 85 ft. high with 2 or more 
layers and 25-50% intermediate trees 

≥ 2 snags or cavity trees /acre (≥ 20 in. dbh and 16 
ft. in height)3 

≥ 10% of the 
ground covered 
with 4 in. diameter 
or larger wood with 
25-60% shrub 
cover3 

Dispersal Habitat No Dispersal 

> 70% conifer species and a minimum of 20 ft. 
between the top of the understory vegetation and 
bottom of the live canopy, with boles relatively 
clear of dead limbs 

> 70% 
≤ 300 trees per acre, > 70% of conifer species are  ≥ 6 in. dbh,  ≥ 
130 trees per acre with ≥ 10 in. dbh or a basal area of 100 ft2 of ≥ 
10 in. dbh 

−−− −−− 

USDA-Forest Service Suitable Nesting Habitat Definition4 

Habitat Type Suitable 
Habitat2 Habitat Type  Forestry Community Canopy 

Closure Tree Size, Density and Height  Snags and Cavity Trees Down Wood 

Nesting, Roosting, and Foraging 
Habitat Yes Nesting, Roosting, 

Foraging, Dispersal Multi-layered canopy ≥ 40% Stands that are least 16 in. average dbh with at least 4 tree/acre 
that are ≥ 30 in. dbh or larger Numerous large snags (typically > 2 per acre) 

Numerous down 
logs (typically > 15 
tons/acre 

Dispersal No Dispersal −−− ≥ 40% Average minimum stand dbh is 11 in. −−− −−− 

Lewis River Wildlife Habitat Management Plan Vegetation Cover Type5 

Habitat Type 

Vegetation Cover Type 

Group Type Code5 

Suitable 
Habitat2 Habitat Type  Forestry Community Canopy 

Closure Tree Size, Density and Height Snags and Cavity Trees Down Wood 

Lodgepole Pine LP No None > 70% of the canopy is composed of conifer and 
site is composed of lodgepole pine > 70% −−− −−− −−− 

Old-growth 
Conifer Forest 

OG 
OG-t6 

Yes7 Nesting, Roosting, 
Foraging, Dispersal 

> 70% of the canopy is composed of conifer 
stands forming multi-layered canopy with 
occasional small openings. Greater horizontal 
and vertical canopy structure then is generally 
found in mature conifer stands.  

> 70% Average stand diameter >26 in. dbh. > 4 snags/acre >20 in. dbh −−− 

Mature Conifer 
Forest 

M 
M-t6 

Yes7 Nesting, Roosting, 
Foraging, Dispersal 

> 70% of the canopy is comprised of conifer 
Canopy structure has a relatively uniform vertical 
and horizontal texture. 

> 70%  Average stand diameter 21 in. to 26 in. dbh. −−− −−− C
on

ife
r 

Fo
re

st
 

Mid-Successional 
Conifer Forest 

MS 
MS-t6 

Yes7 Roosting, 
Foraging, Dispersal 

> 70% of the canopy is composed of conifer 
Even-aged stands with relative uniform structure. > 70% Average stand diameter 16 in. to 20 in. dbh. −−− −−− 

 



 

October 10, 2007                   Page 7 of 8 

Table 1.2: A Comparison Between Washington Department of Natural Resources Forest Practice Act, Gifford Pinchot National Forests, and Lewis River Wildlife Habitat Management Plan Vegetation Cover Types for Northern Spotted Owl Suitable Habitat Definition 

Lewis River Wildlife Habitat Management Plan Vegetation Cover Type4 

Habitat Type 
Vegetation Cover Type 

Group Type Code5 

Suitable 
Habitat2 Habitat Type  Forestry Community Canopy 

Closure Tree Size, Density and Height Snags and Cavity Trees Down Wood 

Pole Conifer 
Forest 

P 
P-t6 

No Dispersal >70% of the canopy is composed of even-aged 
conifer stands with relative uniform structure. > 70% Average stand diameter 8 in. to 15 in. dbh. −−− −−− 

Seedling/Sapling 
Conifer Forest SS  No None >70% of the canopy is composed of conifer > 70% Average stand diameter  < 8 in. dbh −−− −−− 

C
on

ife
r 

Fo
re

st
 

New Clearcut SS1 No None >70% of the canopy is composed of conifer. very 
recent clearcut with no more than seedlings > 70% −−− −−− −−− 

Upland Mixed UM 
UM-t6 

Yes7 Roosting, 
Foraging, Dispersal 

>30% and <70% mixed conifer and deciduous 
forest and located outside of riparian zone 

> 30% and 
< 70% Trees > 10  in. dbh −−− −−− 

Riparian Mixed RM 
RM-t6 

Yes Roosting, 
Foraging, Dispersal  

>30% and <70% mixed conifer and deciduous 
forest and located within riparian zone 

> 30% and 
< 70% Trees > 10  in. dbh −−− −−− 

Young Upland 
Mixed 

YUM 
 

No None >30% and <70% mixed conifer and deciduous 
forest and located outside of riparian zone  

> 30% and 
< 70% Trees < 10  in. dbh −−− −−− M

ix
ed

 
C

on
ife

r/
D

ec
id

uo
us

 
Fo

re
st

 

Young Riparian 
Mixed 

YRM 
 

No None >30% and <70% mixed conifer and deciduous 
forest and located within riparian zone  

> 30% and 
< 70% Trees < 10  in. dbh −−− −−− 

1 Source: Washington Administration Code WAC 222-16-085 Northern Spotted Owl Habitats 
2 Suitable habitat here is meant to be an area of forest vegetation with the age-class, species of trees, structure, sufficient area and adequate food source to meet some or all of the life needs of the spotted owl (U.S Fish and Wildlife Service 2007).  
3 Young Forest Marginal Habitat must meet either snag and cavity trees or down wood definitions, but not both.   
4 Source: PacifiCorp and Cowlitz PUD 2006   
5 Source: PacifiCorp and Cowlitz PUD 2004 
6 Code with a –t are areas that have been commercially thinned since the late 1980s.  
7 Source: U.S Fish and Wildlife Service 2006  
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
(FWS/OBS-82/10),  which provides habitat information useful for impact assess-
ment and habitat management. Several types of habitat information are
provided. The Habitat Use Information Section is largely constrained to those
data that can be used to derive quantitative relationships between key environ-
mental variables and habitat suitability. The habitat use information provides
the foundation for HSI models that follow. In addition, this same information
may be useful in the development of bther models more appropriate to specific
assessment or evaluation needs.

The HSI Model Section documents a habitat model and information pertinent
to its application. The model synthesizes the habitat use information into a
framework appropriate for field application and is scaled to produce an index
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica-
tion information includes descriptions of the geographic ranges and seasonal
application of the model, its current verification status, and a listing of
model variables with recommended measurement techniques for each variable.

In essence, the model presented herein is a hypothesis of species-habitat
relationships and not a statement of proven cause and effect relationships.
Results of model performance tests, when available, are referenced. However,
models that have demonstrated reliability in specific situations may prove
unreliable in others. For this reason, feedback is encouraged from users of
this model concerning improvements and other suggestions that may increase the
utility and effectiveness of this habitat-based approach to fish and wildlife
planning. Please send suggestions to: .

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service
2627 Redwing Road
Ft. Collins, CO 80526
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PILEATEO WOODPECKER (Oryocopus pileatus)

HABITAT USE INFORMATION

General

The pileated woodpecker (Oryocopus pileatus) inhabits both coniferous and
deciduous forests, but is restricted to areas containing mature, dense, produc-
tive stands (Bock and Lepthien 1975). These woodpeckers-are widely distributed
in eastern forests, but are confined in the West to Washington, Oregon, and
northern California and, in the Rocky Mountains, to northern Idaho and north-
western Montana (McClelland 1979). Their absence in the central and southern
Rocky Mountains is due to a lack of dense, highly productive forests with
rapid maturation and decay (Bock and Lepthien 1975).

The critical components of pileated woodpecker habitat are large snags,
large trees, diseased trees, dense forest stands, and high snag densities
(Bull 1975).

Food

Pileated woodpeckers depend heavily on carpenter ants (Camponotus spp.)
and other wood-boring insects for food (McClelland 1979; Bull 1981). A study
of the stomach contents of 80 pileated woodpeckers from across the United
States, and over the entire year, showed that animal foods comprised about 73%
of the diet and vegetable food the remainder (Beal 1911). Over one-half of
the animal food was ants, with beetles the next most abundant food item. The
majority of the vegetable food was wild fruits.

Pileated woodpeckers in Oregon fed by excavation (subcambial penetration)
approximately two-thirds of the time, and by scaling bark, in search of
insects, the remainder (Bull 1981). Woodpeckers in Virginia fed primarily by
pecking (no subcambial penetration) and excavating during the breeding season,
but used excavation techniques more than 70% of the time during the winter
months (Conner 1979a). This seasonal variation and narrowing in breadth of
foraging techniques is due to the availability and location of Prey items
during winter months (Conner 1979a, 1981).

Pileated woodpeckers choose foraging habitats that contain high densities
of logs and snags, dense canopies, and tall shrub cover (Bull and Meslow
1977). They forage on snags, stumps, and logs that exceed 18 cm (7 inches) in
diameter (Bull and Meslow  1977), although they prefer logs greater than 25 cm
(10 inches) in diameter and greater than 15 m (49 ft) in length (Bull 1981).



Bull (1981) reported that pileated woodpeckers in Oregon spent 36% of their
feeding time foraging on logs, 35% on live trees, and 29% on snags. Foraging
sites on the ground were in dead and decayed material, most of which had less
than 25% of the bark, branches, and needles remaining. The majority of snags
used for foraging were greater than 51 cm (20 inches) dbh, while only 46% of
live trees useb for foraging exceeded that diameter. Pileated woodpeckers in
this study fed mostly on carpenter ants, which were more abundant in larger
diameter dead wood.

Pileated woodpeckers in Virginia foraged mostly
forest habitats (Conner 1980). Pileated woodpeckers

on dead wood in mature
foraged extensively on. -

fallen logs in a recently burned pine forest in Mississippi (Schardien and
Jackson 1978). Tree stumps greater than 0.3 m (1 ft) in height are used
extensively as foraging sites in the East and West (Conner; pers. comm.). Use
of snags for foraging increased during the winter months in Montana, as logs
and stumps became snow covered (McClelland 1979). Winter food supply was
probably the 1 imiting factor for'pileated woodpeckers in this northern study
area. However, Bull and Hes?ow (1977) noted, in their Oregon study area, that
feeding habitat was probably not as critical as nesting habitat.

Water

Pileated woodpeckers have been observed to drink water before roosting
for the night (Kilham 1959). Pileated woodpeckers in Virginia did not nest
farther than 150 m (492 ft) from water, and most nests were within 50 m
(164 ft) of water (Conner et al. 1975). The average distance between water
sources in this study area was 600 m (1,969 ft). The distribution of pileated
woodpeckers in this area may have been due to the fact that mesic environments
produce more large trees at a faster rate than xeric  sites.

Cover

Cover requirements of the pileated woodpecker are very similar to their
reproductive requirements. Therefore, cover requirements are included in the
following section.

Reproduction

Pileated woodpeckers are primary cavity nesters that require large snags
for their nest site (Bull 1981). In Oregon, these woodpeckers selected nest
snags from groups of snags in areas of dense forest (Bull and Meslow 1977).
They excavate a new cavity each spring and, therefore, need a continual supply
of new snags (Bull 1975). Pileated woodpeckers have the strongest year-round
pair bond of any North American woodpecker (Kilham 1979), and pairs appear to
occupy the same location in successive years (Kilham 1959).

Pileated woodpeckers nest tree search image in Montana was summarized by
McClelland (1979:291, 294) as: "a broken top snag [Western larch (Larix
occidentalis), ponderosa pine (Pinus ponderosa), or black cottonwood (Populus
trichocarpa)] at least 60 cm (24 inches) dbh, taller than 18 m (59 ft) (usually
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much taller), with heartwood substantially affected by decay, within a forest
with an old growth component and a basal area of at least 23 m'/ha
(100 ft'/acre)".

Pileated woodpeckers are strong excavators and can excavate in sound dead
wood (Bull 1981). Most nest trees in Bull's Oregon study were dead at least
10 years, but showed little evidence of decay at the nest site.

Pileated woodpeckers require large, tall snags because their nest cavity
is large and located high in the snag (Bull 1981). A summary of nest tree
snag measurements from four studies is presented in Table 1. A dbh of 51 cm
(20 inches) is considered to be the minimum size tree suitable for nesting in
Oregon (Bull and Meslow 1977) and Montana (McClelland 1979). Forest stands in
Virginia with trees 38 to 46 cm (15 to 18 inches) dbh wouid provide adequate
nest sites if some trees were decayed (Conner et al. 1975). However, manage-
ment for only minimum-sized trees may produce a suboptimum habitat, leading to
low nesting success (Conner 1979b). Management to provide conditions in the
range between the mean and one standard,'deviation  below the mean of habitat
variables is desirable for species such as pileated woodpeckers (Conner 1979b,
pers. comm.). Snags used for roosting have similar diameters and heights as
snags used for nesting (McClelland 1979).

Table 1. Nest tree and basal area measurements from
four study areas.

Type of
measurement

Study area and reference

Oregon Montana Virginia Oregon
(Bull (McClelland (Conner (Mannan
1981) 1979) et al. 1975) et al. 1980)

Mean DBH of nest tree,
cm (inches) 76 (30) 74.9 (29.5) 54.6 (21.5) 78 (31)

Mean height of nest
tree, m (ft)

Mean height of nest
hole, m (ft)

28 (92) 28 (92) 20.3 (66.6)

15 (49) 15.2 (49.9) 13.6 (44.6)

Basal area, m'/ha
(ftl/acre) 25.1 (109.4) 31.5 (137.3)



The majority of nest trees in Oregon had less than 25% of their original
limbs and bark remaining (Bull 1981). Thirteen of eighteen nest trees in
Virginia were dead, one had a living cambium but decayed inner core, and four
nests were in dead parts of live trees (Conner et al. 1975). Pileated wood-
peckers in Virginia were apparently able to detect the presence of heart rot
in trees, and selected such trees as nest sites, thus reducing the energy
expenditure required for excavation (Conner et al. 1976).

Several researchers have estimated the number of snags needed to support
maximum pileated woodpecker populations. Bull and Meslow (1977) reported that
optimum habitats in Oregon should contain sound snags greater than 51 cm
(20 inches) dbh at a density of 0.35 snag/ha (0.14 snag/acre). Their estimate
was based on the following assumptions: (1) a density of two pairs of pileated
woodpeckers per 2.59 km' (1.0 mi'); (2) a need for three snags per year per
pair, onl- for nesting and two for roosting; and (3) a need for a reserve of 15
snags for each snag used because not all snags are immediately acceptable.
Thomas et al. (1979) stated that optimum pileated woodpecker habitat contained
snags greater than 50.8 cm (20 inches) dbh and taller than 9.5 m (31 ft) at a
density of 0.32 snag/ha (0.13 snag/acre):. This estimate assumes a territory
size of 122 ha (300 acres). Optimum pileated woodpecker habitat in the north-
eastern United States has been characterized as containing snags 45 to 65 cm
(18 to 26 inches) dbh and 12 to 21 m (39 to 69 ft) tall at densities of 0.6
snag/ha (0.24 snag/acre) (Evans and Conner 1979). This estimate assumes the
following: (1) a territory size of 71 ha (175 acres) Per pair of pileated
woodpeckers; (2) a need for four snags per year per pair; one for nesting, two
for roosting, and one for fledged young; and (3) a need for a reserve of 10
snags for each snag used to account for unusable snags, replacements, feeding
habitat needs, and a snag supply for secondary users.

Pileated woodpecker densities in Illinois were positively correlated with
the number of large trees [greater than 56 cm (22 inches) dbh) (Graber et al.
1977). Woodpecker densities were highest when there were about 50 large
trees/ha (20/acre), and the approximate average dbh was 29 cm (11.5 inches).
Woodpecker densities were lowest when there were only about 12.5 large trees/ha
(S/acre) and the approximate average dbh was 27 cm (10.5 inches). [Note:
Average dbh figures were estimated from graphics in Graber et al. (1977),
using the median value of the size classes provided.] Conner (pers. comm.)
stated that optimum suitability exists when habitats contain 30 or more trees
greater than 51 cm dbh10.4 ha (20 inches dbh/l.O acre).

Pileated woodpeckers in Virginia preferred to nest in mesic stands near
streams with the following characteristics: greatest basal area [27.1 m'/ha
(118 ft'/acre)],  greatest stem density [475.3/ha (l,174/acre)],  and highest
crown canopy height [24.2 m (79.4 ft)] available (Conner and Adkisson 1976).
favored nesting habitat in Montana and Oregon was dense forests containing old
growth western larch or ponderosa pine (McClelland 1979; Bull 1981). Douglas-
fir (Pseudotsuoa  mentiesii) was seldom used in either study, probably due to
the fact that its sapwood decayed very rapidly (McClelland 1979; Bull, pers.
comm.).
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Interspersion

The minimum forest size needed to support pileated woodpeckers is
partially dependent on the availability of food (McClelland 1979). A minimum
of 200 ha (494 acres) is probably needed in northern Rocky Mountain areas.
Nesting pairs in Oregon ranged over 130 to 243 ha (320 to 600 acres), and a
minimum requirement of I30 ha (320 acres) has been suggested (Bull and Meslow
1977). The winter foraging range of a pair of pileated woodpeckers in the
southeastern United States was 70 ha (173 acres) (Kilham 1976).

Special Considerations

The pileated woodpecker is a key indicator species for the retention of a
complete community of hole nesting birds (McClelland 1979), and it is likely
that, if the habitat needs of the pileated woodpecker are met, other wood-
peckers also would benefit (Bull and Meslow  1977).

Habitat for the pileated woodpecker.in the Rocky Mountains is diminishing
as old growth forests are cut (McClelland 1979). Silvicultural thinning may
negatively affect these woodpeckers due to a loss of decayed trees that provide
woodpecker nest sites and habitat for carpenter ants (Conner et al. 1975).
Pileated woodpecker habitat may also be threatened by intensive forest harvest-
ing practices (Conner 1980). A cutting rotation in Eastern forests of 80
years would probably provide adequate foraging habitat (Conner 1980), but a
150 year rotation may be needed for nesting habitat (Conner 1978).

Unmanaged, mature stands usually have adequate numbers of snags for
resident woodpeckers (Bull et al: 1980). In managed forest stands, snags can
be maintained by killing trees or by leaving trees to die, and woodpeckers can
then be managed at selected population levels.

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This model was devel'oped for application within the
entire range of the pileated woodpecker with different variables included for
snag diameters for the eastern and western portions of the range.

Season. This model was developed to evaluate the year-round habitat of
the pileated woodpecker.

Cover types. This model was developed to evaluate habitat quality in the
following cover types: Evergreen Forest (EF); Deciduous Forest (DF); Evergreen
Forested Wetland (EFW); and Deciduous Forested Wetland (DFW) (terminology
follows that of U.S. Fish and Wildlife Service 1981).
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Minimum habitat area. Minimum habitat area is defined as the minimum
amount of contiguous habitat that is required before a species will occupy an
area. It is assumed that a minimum of 130 ha (320 acres) of habitat must
exist or the HSI for the pileated woodpecker will equal zero.

Verification level. Previous drafts of this model were reviewed by
Evelyn Bull and Richard Conner, and their comments were incorporated into the
current draft (Bull, pers. comm.; Conner, pers. comm.).

Model Description

Overview. The food, cover, and reproductive habitat needs of the pileated
woodpecker are very similar. Large snags provide a source of food, cover, and
nest sites. Mature, dense forest stands contribute to both the food and cover
needs of the pileated woodpecker. Therefore, this model combines food, cover,
and reproduction into a single component. It is assumed that the presence of
water is related to the variables used to assess food, cover, and reproduction.
Pileated woodpeckers use different size snags in the eastern and western
portions of their range, and this model 'includes specific variables for each
area.

The relationship between habitat variables, life requisites, cover types,
and the HSI for the pileated woodpecker is illustrated in Figure 1.

The following sections provide a written documentation of the logic and
assumptions used to interpret the habitat information for the pileated wood-
pecker ir, order to explain the variables that are used in the HSI model.
Specifically, these sections cover the following: (1) identification of
variables used in the model; (2) definition and justification of the suitabil-
ity levels of each variable; and (3) description of the assumed relationship
between variables.

Food/cover/reproduction comoonent.  Dense, mature forest stands with an
abundance of logs and stumps, and large decayed snags provide food and cover
for the pileated woodpecker. This model assumes that either the availability
of dense, mature forests or the abundance of snags can be the limiting factor
in determining habitat values for pileated woodpeckers.

The density and maturity of forest stands can be assessed by measuring
the tree canopy closure, abundance of large diameter trees, and abundance of
fallen logs and stumps. Pileated woodpeckers prefer dense stands, and it is
assumed that optimum habitats have 75% or greater tree canopy closures and
that stands with less than 25% canopy closure will have no suitability.
Pileated woodpeckers are most abundant in forest stands with many large
diameter trees. It is assumed that optimum habitats contain 30 or more trees
greater than 51 cm dbh/0.4  ha (20 inches dbh/l.O acre). Habitats with less
than three such large trees per 0.4 ha (1.0 acre) are assumed to have no
suitability. Optimum pileated woodpecker habitats contain an abunaance  of
fallen logs and stumps, while habitats with no fallen logs or stumps may
provide moderate suitability if other resources are available. It is assumed

6



Habitat variable Life requisite Cover types

Percent tree canopy
closure

Number of trees > 51 cm
(20 inches) dbh/0.4 ha
(1.0 acre)

Number of tree stumps
> 0.3 m (1 ft) in
height and > 18 cm
(7 inches) diameter
and/or logs > 18 cm
(7 inches) diameter/
0.4 ha (1.0 acre).

>

Evergreen Forest
Deciduous Forest

Number of snags > 38 cm Food/Cover/ Evergreen Forested -HSI
(15 inches) dbh/0.4 ha Reproduction
(1.0 acre) (eastern Deciduous Forested
portion of range only).

Average dbh of snags
> 38 cm (15 inches)
dbh (eastern portion
of range only).

Number of snags > 51 cm
(20 inches) dbh/0.4 ha
(1.0 acre) (western
portion of range only).

Average dbh of snags
> 51 cm (20 inches)
dbh (western portion
of range only).

Figure 1. Relationship of habitat variables, life requisites,
and cover types in the pileated woodpecker model.
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that maximum habitat values occur when there is a total of 10 or more logs
greater than 18 cm (7 inches) diameter and/or stumps of the same diameter and
greater than 0.3 m (1 ft) in height per 0.4 ha (1.0 acre). Overall suitability
related to the density and maturity of forest stands is a function of the tree
canopy closure, abundance of large trees, and abundance of 1 ogs and stumps.
Tree canopy closure and large tree abundance are the most important variables,
while log and stump abundance exerts less of an influence in determining
habitat values.

Snag suitability is assumed to be related to the abundance of large
diameter snags. It is assumed that pileated woodpeckers, in the Eastern
portion of their range, require snags greater than 38 cm (15 inches) dbh for
nesting and, in the West, they require snags greater than 51 cm (20 inches)
dbh. Maximum suitability in both the East and West exists when 0.17 or more
suitably sized snags occur per 0.4 ha (1.0 acre). Habitats with no suitably
sized snags provide no suitability. These snag sizes represent the minimum
dbh for a useable snag. It is assumed that optimum conditions occur when the
average dbh of all snags that meet the minimum size requirement is equal to
the average dbh of snags actuall'y  selected by pileated woodpeckers for nest
sites (see Conner 1979b). In the East, it is assumed that optimum conditions
occur when the average dbh of all snags greater than 38 cm (15 inches) dbh is
54 cm (21 inches). In the West, optimum habitats exist when the average dbh
of all snags greater than 51 cm (20 inches) is 76 cm (30 inches). Habitats in
the East or West with an average snag diameter equal to the minimum suitable
size will provide one-half of optimum habitat suitability.

Overall habitat suitability for the pileated woodpecker is assumed to be
limited by either the density and maturity of the forest or the abundance of
snags.

Model Relationships

Suitabilty Index (SI) graphs for habitat variables. This section con-
tains suitability index graphs that illustrate the habitat relationships
described in the previous section.

Cover
type Variable

EF,DF, V, Percent tree
EFW,DFW canopy closure.

Suitability araph
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EFw,DFw

EF,DF,
EFWJIFW

EF,DF,
EFW,DFW

VS

VC

VI

Average dbh of snags
> 38 cm (15 inches)
dbh.

Number of snags "
> 51 cm (20 inches)
dbh/0.4 ha (1.0 acre).

Average dbh of snags
> 51 cm (20 inches)
dbh.
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>, 0.6c,

3 0.6
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Equations. In order to determine the life requisite value for the pileat-
ed woodpecker, the SI values for appropriate variables must be combined through
the use of equations. A discussion and explanation of the assumed relationship
between variables was included under Model Description, and the specific
equations in this model were chosen to mimic these perceived biological rela-
tionships as closely as possible. The suggested equations for obtaining the
food/ cover/reproduction value are presented below.

Life requisite Cover type Equation

Eastern portion of range:
Food/cover/reproduction EF,DF,EFW,DFW Lower of (V, x V2 x ,,)I"

or (V, x V5)l"

Western portion of range:
Food/cover/reproduction E[,DF,EFW,DFW Lower of (V, x V, x V,)l"

life

or (V, x V,)1'2

HSI determination. The HSI for the pileated woodpecker is equal to the
requisite value for food/cover/reproduction.

Application of the Model

Definitions of variables and.suggested field measurement techniques (Hays
et al. 1981) are provided in Figure 2. Note that VL and VI are to be measured

only in the eastern portion of the range of the pileated woodpecker, and V,

and V, in the western portion of the range.

Variable (definition) Cover types Suqoested technique

VI Percent tree canopy EF,DF,EkW,
closure [the percent DFW
of the ground surface
that is shaded by a
vertical projection of
the canopies of all
woody vegetation taller
than 5.0 m (16.5 ft)].

Line intercept

Figure 2. Definitions of variables and suggested measurement techniques.
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Variable (definition)

VZ Number of trees > 51 cm
dbh/O.l ha (20 inches
dbhB.0 acre) [actual
or estimated number of
trees that are greater
than 51 cm (20 inches)
diameter at breast height
(1.4 m (4.5 ft) per 0.4 ha
(i.0  acre)].

V, Number of tree stumps
> 0.3 m (1.0 ft) in
height and > 18 cm
(7 inches) diameter
and/or logs * 18 cm
(7 inches) diameter/
0.4 ha (1.0 acre)
[the actual or estimat-
ed number of tree
stumps greater than 0.3 m
(1.0 ft) in height and
greater than 18 cm
(7 inches) in diameter,
and/or logs greater
than 18 cm (7 inches)
in diameter present per
acre. Log diameter
should be measured at
the largest point].

v. Number of snags > 38 cm
(15 inches) dbh/0.4 ha
(1.0 acre) [the number
of standing dead trees
or partly dead trees,
that are greater than
38 cm (15 inches) dia-
meter at breast height
(1.4 m/4.5 ft), and
that are at least 1.8 m
(6 ft) tall, per 0.4 ha
(1.0 acre). Trees in
which at least 50% of the
branches have fallen, or
are present but no longer
bear foliage, are to be
considered snags].

Cover types

EF,DF,EFW,
DFW

EF,DF,EFW,
OFW

EF,DF,EFW,
DFW

Suqqested technique

Quadrat

Quadrat

Quadrat

Figure 2. (continued).
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Variable (definition)

V, Average dbh of snags
> 38 cm (15 inches) dbh
[the average diameter
of all snags that exceed
38 cm (15 inches) diameter
at breast height (1.4 m/
4.5 ft)].

V, Number of snags > 51 cm
(20 inches) dbh/0.4 ha
(1.0 acre) [the number
of standing dead trees
or partly dead trees,
that are greater than
51 cm (20 inches) dia-
meter at breast height
(1.4 m/4.5 ft), and that
are at least 1.8 m (6 ft)
tall, per 0.4 ha (1.0 acre).
Trees in which at least
50% of the branches have
fallen, or are present
but no longer bear
foliage, are to be con-
sidered snags].

vt Average dbh of snags
> 51 cm (20 inches)
dbh [the average
diameter of all snags
that exceed 51 cm
(20 inches) diameter
at breast height
(1.4 m/4.5 ft)].

Cover types

EF,DF,EFW,
DFW

EF,DF,EFW,
DEW

EF,DF,EFW,
DEW

Figure 2. (concluded).

SOURCES OF OTHER MODELS

Suqqested technique

Quadrat; Biltmore
stick or diameter
tape

Quadrat

Quadrat; Biltmore
stick or diameter
tape

Conner and Adkisson (1976) have developed a discriminant function mod&l
for the pileated woodpecker that can be used to separate habitats that possibly
provide nesting habitat from those that do not provide nesting habitat. The
model assesses basal area, number of stems, and canopy height of trees.
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and Cover Model (with Revisions) 























 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 17-6: 
Modified Washington Department of Fish and Wildlife Elk Model 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 17-7: 
Modified Washington Department of Fish and Wildlife  

Savannah Sparrow Habitat Suitability Index 













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 17-8: 
U.S. Fish and Wildlife Service 

Yellow Warbler Habitat Suitability Index Model 



.., 

RElTRtNtiE COW. 
Do Not Remove from the Library ., 

U. S. Fish and Wildlife Service 

Biological Services Program National Wetlands Research Center 

and 700 Cajun Dome Boulevard 

Division of Ecological Services 
Lafayette, Louisiana 70506 

~s/OBS-82/10.27 
JULY 1982 

HABITAT SUITABILITY INDEX MODELS: 
YELLOW WARBLER 

Fish and Wildlife Service 

U.S. Department of the Interior 



The Biological Services Program was established within the U.S. Fish 
and Wildlife Service to supply scientific information and methodologies on 
key environmental issues that impact fish and wildlife resources and their 
supporting ecosystems. The mission of the program is as follows: 

o To strengthen the Fish and Wildlife Service in its role as 
a primary source of information on national fish and wild- 
life resources, partfcularly in respect to environmental 
impact assessment. 

l To gather, analyze, and present information that will aid 
decisionmakers in the identification and resolution of 
problems associated with major changes in land and water 
use. 

o To provide better ecological information and evaluation 
for Department of the Interior development programs, such 
as those relating to energy development. 

Information developed by the Biological Services Program is intended 
for use in the planning and decisionmaking process to prevent or minimize 
the impact of development on fish and wildlife. Research activities and 
technical assistance services are based on an analysis of the issues, a 
determination of the decisionmakers involved and their information needs, 
and an evaluation of the state of the art to identify information gaps 
and to determine priorities. This is a strategy that will ensure that 
the products produced and disseminated are timely and useful. 

Projects have been initiated in the following areas: coal extraction 
and conversion; power plants; geothermal, mineral and oil shale develop- 
ment; water resource analysis, including stream alterations and western 
water allocation; coastal ecosystems and Outer Continental Shelf develop- 
ment; and systems inventory, including National Wetland Inventory, 
habitat classification and analysis, and information transfer. 

The Biological Services Program consists of the Office of Biological 
Services in Washington, D.C., which is responsible for overall planning and 
management; National Teams, which provide the Program's central scientific 
and technical expertise and arrange for contracting biological services 
studies with states, universities, consulting firms, and others; Regional 
Staffs, who provide a link to problems at the operating 1evel;and staffs al 
certain Fish and Wildlife Service research facilities, who conduct in-house 
research studies. 

This model is designed to be used by the Division of Ecological Services 
in conjunction with the Habitat Evaluation Procedures. 
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PREFACE 

This document is part of the Habitat Suitability Index (HSI) Model Series 
(FWS/OBS-82/10), which provides habitat information useful for impact assess- 
ment and habitat management. Several types of habitat information are 
provided. The Habitat Use Information Section is largely constrained to those 
data that can be used to derive quantitative relationships between key environ- 
mental variables and habitat suitability. The habitat use information provides 
the foundation for HSI models that follow. In addition, this same information 
may be useful in the development of other models more appropriate to specific 
assessment or evaluation needs. 

The HSI Model Section documents a habitat model and information pertinent 
to its application. The model synthesizes the habitat use information into a 
framework appropriate for field application and is scaled to produce an index 
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica- 
tion information includes descriptions of the geographic ranges and seasonal 
application of the model, its current verification status, and a listing of 
model variables with recommended measurement techniques for each variable. 

In essence, the model presented herein is a hypothesis of species-habitat 
relationships and not a statement of proven cause and effect relationships. 
Results of model performance tests, when available, are referenced. However, 
models that have demonstrated reliability in specific situations may prove 
unreliable in others. For this reason, feedback is encouraged from users of 
this model concerning improvements and other suggestions that may increase the 
utility and effectiveness of this habitat-based approach to fish and wildlife 
planning. Please send suggestions to: 

Habitat Evaluation Procedures Group 
Western Energy and Land Use Team 
U.S. Fish and Wildlife Service 
2625 Redwing Road 
Ft. Collins, CO 80526 
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YELLOW WARBLER (Dendroica oetechia) -_ 

HABITAT USE INFORMATION 

General 

The yellow warbler (Dendroica petechia) is a breeding bird throughout the 
entire United States, with the exception of parts of the Southeast (Robbins 
et al. 1966). Preferred habitats are wet areas with abundant shrubs or small 
trees (Bent 1953). Yellow warblers inhabit hedgerows, thickets, marshes, 
swamp edges (Starling I978). aspen (Populus spp.) groves, and wiliow (Salix 
spp.) swamps (Salt 1957), as well as residential areas (Morse 1966). 

/ Food 

L 
More than 90% of the food of yellow warblers is insects (Bent 1953), 

taken in proportion to their availability (Busby and Sealy 1979). Foraging in 
Maine occurred primarily on small limbs in deciduous foliage (Morse 1973). 

Water 

Dietary water requirements were not mentioned in the literature. Yellow 
warblers prefer wet habitats (Bent 1953; Morse 1966; Stauffer and Best 1980). 

Cover 

Cover needs of the yellow warbler are assumed to be the same as reproduc- 
tion habitat needs and are discussed in the following section. 

Reproduction 

Preferred foraging and nesting habitats in the Northeast are wet areas, 
partially covered by willows and alders (Alnus spp.), ranging in height from 
1.5 to 4 m (5 to 13.3 ft) (Morse 1966). It is unusual to find yellow warblers 
in extensive forests (Hebard 1961) with closed canopies (Morse 1966). Yellow 
warblers in small islands of mixed coniferous-deciduous growth in Maine utiliz- 
ed deciduous foliage far more frequently than would be expected by chance 
alone (Morse 1973). Coniferous areas were mostly avoided and areas of low 
deciduous growth preferred. 

L Nests are generally placed 0.9 to 2.4 m (3 to 8 ft) above the ground, and 
nest heights rarely exceed 9.1 to 12.2 m (30 to 40 ft) (Bent 1953). Plants 
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used for nesting include willows, alders, and other hydrophytic shrubs and 
trees (Bent 1953), including box-elders (Acer negundo) and cottonwoods (Populus 
spp.) (Schrantz 1943). In Iowa, dense thickets were frequently occupied by 
yellow warblers while open thickets with widely spaced shrubs rarely contained 
nests (Kendeigh 1941). 

Males frequently sing from exposed song perches (Kendeigh 1941; Ficken 
and Ficken 1965), although yellow warblers will nest in areas without elevated 
perches (Morse 1966). 

A number of Breeding Bird Census reports (Van Velzen 1981) were summarized 
to determine nesting habitat needs of the yellow warbler, and a clear pattern 
of habitat preferences emerged. Yellow warblers nested in less than 5% of 
census areas comprised of extensive upland forested cover types (deciduous or 
coniferous) across the entire country. Approximately two -thirds of all census 
areas with deciduous shrub-dominated cover types were utilized, while shrub 
wetland types received 100% use. Wetlands dominated by shrubs had the highest 
average breeding densities of all cover types [2.04 males per ha (2.5 acre)]. 
Approximately two-thirds of the census areas comprised of forested draws and 
riparian forests of the western United States were used, but average densities 
were low [0.5 males per ha (2.5 acre)]. 

Interspersion 

Yellow warblers in Iowa have been reported to prefer edge habitats 
(Kendeigh 1941; Stauffer and Best 1980). Territory size has been reported as 
0.16 ha (0.4 acre) (Kendeigh 1941) and 0.15 ha (0.37 acre) (Kammeraad 1964). 

Special Considerations 

The yellow warbler has been on the Audubon Society's Blue List of declin- 
ing birds for 9 of the last 10 years (Tate 1981). 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicability 

Geographic area. This model has been developed for application within 
the breeding range of the yellow warbler. 

Season. This model was developed to evaluate the breeding season habitat 
needs of the yellow warbler. 

Cover types. This model was developed to evaluate habitat in the dominant 
cover types used by the yellow warbler: Deciduous Shrubland (DS) and Decid- 
uous Scrub/Shrub Wetland (DSW) (terminology follows that of U.S. Fish and 
Wildlife Service 1981). Yellow warblers only occasionally utilize forested 
habitats and reported population densities in forests are low. The habitat 
requirements in forested habitats are not well documented in the literature. 
For these reasons, this model does not consider forested cover types. 
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Minimum habitat area. Minimum habitat area is defined as the minimum 
amount of contiguous habitat that is required before an area will be occupied 
by a species. Information on the minimum habitat area for the yellow warbler 
was not located in the literature. Based on reported territory sizes, it is 
assumed that at least 0.15 ha (0.37 acre) of suitable habitat must be available 
for the yellow warbler to occupy an area. If less than this amount is present, 
the HSI is assumed to be 0.0. 

Verification level. Previous drafts of the yellow warbler habitat model 
were reviewed by Douglass H. Morse and specific comments were incorporated 
into the current model (Morse, pers. comm.). 

Model Description 

Overview. This model considers the quality of the reproduction (nesting) 
habitat needs of the yellow warbler to determine overall habitat suitability. 
Food, cover, and water requirements are assumed to be met by nesting needs. 

The relationship between habitat variables. life reauisites. cover types, 
and the HSI for the yellow warbler is illustrated'in Figure 1. ’ 

Life 
Habitat variable requisite Cover types 

Percent deciduous shrub 
crown cover 

Average height of 
deciduous shrub canopy 

Reproduction, 

Percent of shrub canopy 
comprised of hydrophytic 
shrubs 

Deciduous Shrubland 
Deciduous Scrub/ 

Shrub Wetland 
HSI 

Figure 1. Relationship between habitat variables, life requisites, 
cover types, and the HSI for the yellow warbler. 

The following sections provide a written documentation of the logic and 
assumptions used to interpret the habitat information for the yellow warbler 
and to explain and justify the variables and equations that are used in the 
HSI model. Specifically, these sections cover the following: (1) identifica- 
tion of variables that will be used in the model; (2) definition and justifica- 
tion of the suitability levels of each variable; and (3) description of the 
assumed relationship between variables. 

Reproduction component. Optimal nesting habitat for the yellow warbler 
is provided in wet areas with dense, moderately tall stands of hydrophytic 
deciduous shrubs. Upland shrub habitats on dry sites will provide only mar- 
ginal suitability. 
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It is assumed that optimal habitats contain 100% hydrophytic deciduous 
shrubs and that habitats with no hydrophytic shrubs will provide marginal 
suitability. Shrub densities between 60 and 80% crown cover are assumed to be 
optimal. As shrub densities approach zero cover, suitability also approaches 
zero. Totally closed shrub canopies are assumed to be of only moderate suit- 
ability, due to the probable restrictions on movement of the warblers in those 
conditions. Shrub heights of 2 m (6.6 ft) or greater are assumed to be 
optimal, and suitability will decrease as heights decrease to zero. 

Each of these habitat variables exert a major influence in determining 
overall habitat quality for the yellow warbler. A habitat must contain optimal 
levels of all variables to have maximum suitability. Low values of any one 
variable may be partially offset by higher values of the remaining variables. 
Habitats with low values for two or more variables will provide low overall 
suitability levels. 

Model Relationships 

Suitability Index (SI) graphs for habitat variables. This section 
contains suitability index graphs that illustrate the habitat relationships 
described in the previous section. 

Cover 

type Variable 

DS,DSW V, Percent deciduous 
shrub crown cover. 

1.0 '...'....'*..."'*. 

x 
;0.8 - 
H 

30.6 - 
-7 
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so.4 - 
s 
*r 

zo.2 - 

0 25 50 75 100 
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DS,DSW 

DS,DSW 

V2 

V3 

Average height of 
deciduous shrub 
canopy. 

Percent of deciduous 
shrub canopy comprised 
of hydrophytic shrubs. 

3 
~0.8 
CI 

30.6 

2 0.8 
t 

0 25 50 75 100 

% 

Equations. In order to obtain life requisite values for the yellow 
warbler, the SI values for appropriate variables must be combined with the use 
of equations. A discussion and explanation of the assumed relationship between 
variables was included under Model Description, and the specific equation in 
this model was chosen to mimic these perceived biological relationships as 
closely as possible. The suggested equation for obtaining a reproduction 
value is presented below. 



Life requisite Cover type Equation 

Reproduction DS,DSW (V, x v, x vp 
HSI determination. The HSI value for the yellow warbler is equal to the 

reproduction value. 

Application of the Model 

Definitions of variables and suggested field measurement techniques (Hays 
et al. 1981) are provided in Figure 2. 

Variable (definition) Cover types Suggested technique 

VI Percent deciduous shrub DS,DSW Line intercept 
crown cover (the percent 
of the ground that is 
shaded by a vertical 
projection of the 
canopies of woody 
deciduous vegetation 
which are less than 
5 m (16.5 ft) in 
height). 

V2 Average height of 
deciduous shrub canopy 
(the average height from 
the ground surface to the 
top of those shrubs which 
comprise the uppermost 
shrub canopy). 

V3 Percent of deciduous 
shrub canopy comprised 
of hydrophytic shrubs 
(the relative percent 
of the amount of 
hydrophytic shrubs 
compared to all shrubs, 
based on canopy cover). 

DW,DSW 

DS,DSW Line intercept 

J 

Graduated rod 

Figure 2. Definitions of variables and suggested measurement techniques. 
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SOURCES OF OTHER MODELS 

No other habitat models for the yellow warbler were located. 
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