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Your 
Seattle 
City Light 
RandaD W. Hardy, Superintendent 
Charles Royer, Mayor 

-·March 27, 1987 

Mr. Brian.Hauger 
Washington Dept. of Wildlife 
600 N •. Capital .Way 
Olympia, WA 98501 

---- -- -· ···-··---- --- - -~- ---~-
SUBJEC'l': SEATTLE CI':rY LIGHT/SKAGIT DAMS ORIGINAL IMPAC'l'S STtlDY 

Tl!ANSMI'l'i'AL OF 2/24/87 HEP TEAM MEETINGS NOTES 

Dear Brian: ' ' 

Enclosed is a copy of the February 24, 1987 HEP team meeting notes for 
tbe Skagit Dams Original Impacts Study. Decisions were made on the 
study area boundaries and tbe habitat classification system. The 
meeting notes include the details of the decisions reached and 
assignments made by the HEP team. 

Please review tbese notes and acknowledge.your acceptance of the 
decisions and assignments in tbe designated place below and return 
this letter to Seattle City Light 

If you have·any questions, please call me (206) 625-3108, or 
Jay Brueggeman (206) 451-4625. 

Sincerely, 

~~ ... i,., 
Environmental Affairs Division · 

RR:gv 

As a representative of WA ,'Pei>r. Ol=- IN',1..1>~ ., I accept tbe 
decitions and assignments documented in tbe February 24, 1987 SEP team 
meeting for tbe Skagit Original Impacts Study. 

~J. 
(Name) (Date) 

"An Equal Employment Opponunity- Affirmative Action Employer" 

, 

City of Seattle - City Light Oepanment, City Light Building, 1015 Third Avenue. Seattle, Washington 98104 (206) 625·3000 
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Your 
Seattle 
City Light 
Randall W. Hardy, Superintendent 
Charles Royer, Mayor 

March 27, 198 7 

John Jarvis 

RECEIVED 
1qs1 HAR 30 P II: 20 

NOGA 

North Cascades National Park Complex 
2105 Highway 20 
Sedro Woolley, WA 98284 

SUBJECT: SEATTLE CJ:TY LIGHT/SKAGIT DAMS ORIGINAL IMPACTS STUDY 
TRANSMITTAL OF 2/24/87 HEP TEAM MEETINGS NOTES 

Dear Mr. Jarvis: 

Enclosed is a copy of the February 24, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. Decisions were made on the 
study area boundaries and the habitat classification system. The 
meeting notes include the details of the decisions reached and 
assignments made by. the HEP team. 

Please review these notes and acknowledge your acceptance of the 
decisions and assignments in the designated place below and return 
this letter to Seattle City Light 

.-w __ -
If you have any questions, please call me (206) 625-3108, or 
Jay Brueggeman (206) 451-4625. 

p~~· 
Richard Rutz, Environmental Analyst 
Environmental Affairs Division 

RR:gv 

As a representative of l[cn.U. ~ /JJ.{k( ~~ , I accept the 
decitions and assignments documented in the February 24, 1987 HEP team 
meeting for the Skagit Original Impacts Study. 

(Date) 

"An Equal Employment Opportunity - Alfirmat,ve Action Employer" 
' 
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Your 
Seattle 
City Light 
Randall W. Hardy, Superintendent 

Charles Royer, Mayor 

-·March 27, 1987 

Estyn R. Mead 
Division of Ecological Services 
U.S. Fish & Wildlife Service 
2625 Parkmont Lane SW, Bldg. B-3 
Olympia, WA 98502 

§ 

SUBJECT; SEATTLE CITY LIGHT/SKAGIT DAMS ORIGINAL IMPACTS STUDY 
TRANSMITTAL OF 2/24/87 HEP TEAM MEETINGS NOTES 

Dear Mr. Mead: 

Enclosed is a copy of the February 24, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. Decisions were made on the 
study area boundaries and the habitat classification system. The 
meeting notes include the details of the decisions reached and 
assignments made by the HEP team. 

~lease review these notes and acknowledge your acceptance of the 
decisions and assignments in the designated place below and return 
this letter to Seattle City Light 

If you have any questions, please call me (206) 625-3108, or 
Jay Brueggeman (206) 451-4625. 

~ffie 
Richard Rutz, Environ~l Analyst 
Environmental Affairs Division 

RR:gv 

As a representative of U ~ Ft·~h anJ W;IJt;~e.. s~l'111C-L-, I accept the 
decitions and assignments documented in the February 24, 1987 HEP team 
meeting for the Skagit Original Impacts Study. 

(Name) (Date) 

"An Equal Employment Opponunily- Affirmative Action Employer" 

City of Seattle - City Light Depanment, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 
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\ SCL SKAGIT DAMS ORIGINAL IMPACTS STUDY 

HEP TEAM MEETING 

FEBRUARY 24, 1987 

On Tuesday, February 24, 1987 a HEP Team Meeting was held for the Seattle 
City Light Skagit Dams Original Impacts Study. The purpose of this meeting 
was to: 1) determine the study area boundary; 2) select a habitat classification 
system; and 3) identify sources of data for evaluating succession, logging, 
fire and development. 

Attendees: Christine Psyk; SCL 
Joe and Margaret Miller; NJC 
Jon Jarvis; NPS 
Estyn Mead; USP~S 
Brian Hauger; WDG 
Jay Brueggeman, Dave Every, and Colleen McShane; Envirosphere 

I. Study Area Boundary 

A. Purpose of Post-Project Mapping 

1. · .. The reasons for post-project mapping are: 

To help identify sites for sampling habitat quality. 

To aid in verifying pre-project cover types. This can be 
accomplished by photo-interpretation without entering the 
data onto the GIS map. 

2. The following conditions for establishing a study area boundary 
were discussed: 

a. The study area boundary should include the zone of 
vegetation impacted by the project but not extend a long 
distance up-slope from the inundation area since habitat 
types are likely to be encountered that were not present 
under pre-project conditions. 

b. It is likely that the cover types on the slopes above the 
reservoirs will not represent all pre-project conditions 
and that certain inundated habitats will have to be 
sampled in representative areas outside the r··oject 
i:-~undary. 

c. Big Beaver Valley and the Skagit Valley in Canada may 
contain the best representatives of cover types present 
prior to project construction. These areas will be photo 
interpreted but not mapped on the GIS. 

• 
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B. Ross Lake 

1. The established boundary around Ross Lake will be the 1725 ft 
contour, or an area approximately 125 ft above the high water 
mark. 

2. 

3. 

a. At Big Beaver Valley, the area mapped on the GIS will 
extend to the western edge of the forested patch located 
at the mouth of the stream. 

b. For tributaries flowing into Ross Lake, aerial photographs 
will be examined for cover-type changes to determine the 
study area boundary mapped on the GIS for these areas. 

Since FERC only deals with the U.S., the Canadian section of 
Ross Lake and the surrounding lands will not be mapped on the 
GIS. 

The cover-type map of Big Beaver Valley currently being prepared 
by Ron Vanbianche will be used as a reference for identifying 
pre-project cover types and choosing sampling locations as 
necessary. 

a. A cross check of the photo interpretation of Big Beaver 
Valley will be done. 

b. Other than the forested area at the stream outlet, no 
additional area will be mapped in Big Beaver Valley. 

Cover types in Canada and other stream valleys will be delineated 
on aerial photos, as necessary, to identify sampling areas for 
pre-project cover types that do not currently exist elsewhere 
in the Ross Lake area. 

C. Diablo and Gorge Reservoirs 

1. No pre-project aerial photographs exist for Diablo and Gorge 
Reservoirs. 

a. Oblique photos available from SCL will be used to identify 
cover-types, to the extent possible. 

b. The Journal of Hydroelectric -Engineering (in the UW 
Engineering Library) has some photographs .taken during 
construction. 

2. A boundary of 125 ft above the high wat- • mark will be mapped 
on a GIS for Gorge and Diablo reservoir.s. · 

a. As with Ross Lake, current aerial photographs will be 
examined for cover-type changes to determine the study 
area boundaries for the tributary valleys. 

• • 
• 
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b. Areas such as Thunder Ann and Buster Brown Flats may 
contain areas that are good representatives of pre-project 
conditions and certain cover types in these areas will be 
marked on aerial photos as necessary. 

3. Brian Hauger of WDG requested th,~ impacts from transmission 
lines in the vicinity of Gorge and Diablo reservoirs be 
considered; however, since these impacts were never previously 
identified as a concern by the intervenors, they are not part 
of this study. 

Habitat Classification 

A. Background 

1. The cover type classification system chosen for the Skagit 
should be compatible with that used on the Cowlitz Study. 

a. The classification system used on the Cowlitz study followed 
the Classification of Wetlands and Deepwater Habitats of 
the U.S. by Cowardin et al (1979) and An Ecological 
Characterization of the Pacific Northwest Coastal Re ion 

USFIIS 1980. 

b. The system chosen for the Skagit should be hierarchical 
};. and correspond with USGS mapping in order to incorporate 
?• information previously mapped in the Skagit area. 

"*'• 2.'°tA matrix of all the classification systems used to date on the 
lii Skagit was presented. 
""; 

B. Habitat Classification and Mapping 

1. The following habitat classification system was agreed upon for 
mapping: 

Conifer Forest 
Old Growth 
Closed Canopy 
Open Canopy 
Regeneration 

Broadleaf Forest 

Mixed Forest 

(Separate lodgepole pine if possible) 
(Separate lodgepole pine if possible) 

Regeneration Broadleaf/Mixed 

Riparian 
Old Growth 
Closed Canopy Conifer 
Open Canopy Conifer 
Regeneration Conifer 
Broadleaf 
Mixed 
Regeneration Broadleaf/Mixed 
Shrub Thickets 
Sand/Gravel Bars 
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Shrub Dominated 
Avalanche Tracks 
Shrub/Exposed Rock 

Herbaceous Dominated 
Grassland 
Farb/Fern 

Riverine 
River 1% Gradient 
River 1-3: Gradient 
River 3-6~ Gradient 
River 6-12: Gradient 
River 12: Gradient 
Tributary 

Lacustrine 
Reservoir 
Lake 

Palustrine 
Pond (Aquatic Bed) 
Marsh (Persistent Emergent Wetland) 
Bog (Moss Wetland) 
Shrub Swamp (Scrub-Shrub Wetland) 
Forested Swamp (Forested Wetland) 

Conifer 
Broadleaf 

't 
.,'(,_ .. __ Non-Vegetated Areas 
i Talus 
"~ Exposed Rock 

Agricultural 
Crops 
Pasture 

Developed/Recreational 
Residential - Cabins, Resorts 

Low Density 
High Density 

Commercial/Services 
Industrial 
Transportation/Utilities 

Highway/Road R.D.W. 
Powerline R.O.W. 

Extractive 
Park/Campground 

-
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2. The definition of Old Growth Conifer will conform to the 
description provided by Franklin and Oyrness (1973) in Natural 
Vegetation of Ore{°n and Washington. Wetland types wi_ll follow 
Cowardin, et al. 1979) and other types will follow USFWS 1980 
or Anderson, et al. (1976). 

3. All riparian areas will be mapped in the same colors as the 
upland types, but will be distinguished by cross-hatching, 
etc. 

4. The minimum mapping unit will be different for Ross than for 
Gorge and Oiablo because it has better pre-project photography. 

a. Ross - 5 acre minimum mapping unit for·all cover types 
except wetlands, which will be mapped at l acre whenever 
possible. 

b. Gorge and Oiablo - will be mapped as fine as possible 
given the coarseness of the photography. 

C. Plant Communities of Special Significance 

1. Plant communities of special significance will be described 
within the proposed habitat classification system. 

2. It will not be possible to quantify unique plants on the map; 
i\j:,c they will be qualitatively discussed in the narrative of the 
.- . fi na 1 report. :t; 
-/~/ 

III. Succession, Logging, Fire and Development 

A. Target Years and Succession 

1. The post-project aerial photography available for the entire 
project area is from: 1976-1978 

2. The pre-project aerial photography available for the Ross Lake 
area is from: 1946 (northern part of Ross into Canada) and 
1936, 

3. It will be necessary to locate aerial photos for the 1950s or 
1960s for succession estimates (succession is determined by 
following a given polygon over time using a series of aerial 
photographs). 

4. Target years will ~e different for each reservoir; the following 
baseline ta,rget years were agreed on: 

a. -Ross TJO • 1936 

b. Diablo TYO• 1926 

c. Gorge TYO• 1918 
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IV. 

(M-3) 

B. Logging, Fire and Development 

1. A hypothetical cutting rate for the Skagit Area for 1918 to 
1968 is needed assuming the project had not been built (North 
Cascades National Park was established in 1968). 

2. Jon Jarv{~ will check on the primitive area status of the 
upper Skagit prior to the establishment of North Cascades 
National Park. 

3. The NPS currently has a let-burn policy in North Cascades 
National Park. Jon Jarvis will try to determine the year the 
policy changed from suppression to let-burn. 

4. Christine Pstk will check on any developments, such as 
campgroundsand dates) associated with the reservoirs. 

Next HEP Team Meeting 

The next HEP Team meeting is scheduled for Wednesday, April 11 1987 at 
9:00 a.m. The meeting will be held at Envirosphere's office. The 
primary purpose of this meeting will be to choose the evaluation species 
for the HEP. Envirosphere will prepare copies of models available for 
the species evaluated by the 1980-1981 HEP and any other species that 
should be considered. These models will be sent to HEP team members 
approximately two weeks prior to the meeting . 

~~--
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Your 
Seattle 
City Light 
Randall W. Hamy, Superintendent 
Charles Roye,; Mayo, 

April 13, 1987 

Mr. Brian Hauger 
Washington Dept. of Wildlife 
6DO N. Capital Way 
Olympia, WA 98501 

-~ '-• ' .. ',_ 

Dear Brian~· 

§ 

Enclosed is a copy of the April 1, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. the notes include the 
details of the decisions reached and assignments made by the HEP 
team during the meeting. Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and returning this letter to Envirosphere 
Co111pany, 10900 N.E •. 8t.h Street, Bellevue, WA 98004-4405. 

Al=~·· enc1cisei il.r·e':four additional species models (red-tailed hawk, 
marten, black-capped chicl,uldee, and dipper) to complement those 
already distribu~e&. 

lf you have any quesJ:ioils, please call me or Jay Brueggeman. 

Rick Rutz 
Project Manager 

RB.:mbm 

Enclosures: as noted 

As a representative of ~.Beer; OE: W1Lowee: , I accep,t 
the decisions and assignments documented in this letter for the 
Skagit Dams Original Impacts Study 

"An Equal Employment Opportunity-Affirmative Action Employer" 

City ol Seattle - City Light Oepanment, City Light Building, 1015 Third Avenue, Seattle, Washington 98104' (206) 625-3000 
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Your 
Seattle 
City Light 

RECEIVED 
1qa1 APR I b A IQ: 23 

Rindall W. Hardy, Superintendent 

Chartes Royer. Mayor H O CA 

April 13, 1987 

John Jarvis 
North Cascades Park Complex 
2105 Highway 20 
Sedro Woolley, WA 98284 

Dear John: 

§ 

Enclosed is a copy of the April 1, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the 
details of the decisions reached and assignments made by the HEP 
team during the meeting. Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and returning this letter to Envirosphere 
Company, 10900 N.E. 8th Street, Bellevue, WA 98004-4405. 

Also enclosed are four additional species models (red-tailed hawk, 
.marten, black-capped chickadee, and dipper) to complement those 
already distributed. 

::ffe}t 
If you have any questions, please call me or Jay Brueggeman. 

Rick Rutz 
Project Manager 

RR:mbm 

Enclosures: as noted 

As a representative of ~~~~~,..e~~~~L\.'.t...i::l:C..,~~·~~' I accept 
the decisions and assig ents documented in this letter for the 
Skagit Dams Original Im cts Study 

(Date) 

"An Equal Employment Opportunity - Affirmative Action Employer" 

City of Seattle -City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 
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Your 
Seattle 
City Light 
• 
Randall W. Hardy, Superintendent 
Charles Royer, Mayor 

April 13, 1987 

Estyn R. Mead 
Division of Ecological Services 
U. S. Fish and Wildlife Service 
2625 Parkmont Lane S.W., Bldg. B-3 
Olympia, WA 98502 

Dear Estyn: 

Enclosed is a copy of the April 1, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the 
details of the decisions reached and assignments made by the HEP 
team during the meeting. Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and.returning this letter to Envirosphere 
Company, 10900 N. E. 8.th Street, Bellevue, WA 98004-4405. 

:;.fy:;( • •., : \'. 

Also enclosed' ar'ei four additional species models (red-tailed hawk, 
marten,''blac:k-capped. chickadee, and dipper) to complement those 
already distributed<; 1 '' ' 

·.j·., 

1/'you have any ques.ti'oi,.'ii, · please call me or Jay Brueggeman. 

:zlp~ 
Rick Rutz 
Project Manager 

RR:mbm 

Enclosures: as noted 

As a representative of U':. Fis.bav.d Wi\J\,fe.Se'l'IIICU , I accept 
the decisions and assignments documented in this letter for the 
Skagit Dams Original Impacts Study 

'f-a1-~7 

"An Equal Employment Opportunity -Affirmative Action Employer" 
, 

City cl Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 
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SCL Skagit Dams Original Impacts Study 
HEP Team Meeting 

April 1 , 1987 

On Wednesday, April 1, 1987 a HEP Team Meeting was held for the Skagit 
Dams Original Impacts Study. The purpose of the meeting was to: 
1) review the habitat inventory program, and 2) select a preliminary 
list of evaluation species. 

Attendees: Rick Rutz, SCL 
Jonathan Jarvis, NPS 

I. 

5705a 

Brian Hauger and Art Stendall, WDG 
Estyn Mead, USFWS 
Jay Brueggeman, Dave Every and Colleen McShane, Envirosphere 

Habitat Mapping Progress 

Photo Interpretation Key 

o An important step in habitat mapping was the 
development of a photo interpretation key for the 
Skagit project area and this key was presented 
(Attachment A). The photo-interpretation key provides 
a set of written· criteria to aid in identifying cover 
types on aerial photographs. The purpose of this key 
is to ensure the accuracy and repeatability of the the 
photo-interpretation process. 

B. Cover-Type Mapping 

Progress to date on the cover type mapping was presented. 
Specifically, the following topics were discussed. 

0 Cover-types identified on the aerial photographs will 
be mapped on the edit plots and their acreages stored 
on the GIS. However, some cover-types may be grouped 

1 
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and mapped as one type on the presentation map in the 
final report. The intended use of this map by SCL will 
determine which cover-types will be grouped. 

o rne tributaries into Ross, Gorge, and Diablo reservoirs 
are too narrow to map accurately on the GIS. The 
length of the stream can be mapped but an average width 
will have to be used to calculate the area. This 
information can then be entered into the GIS, so that 
the appropriate riverine acreage can be subtracted from 
the cover types adjoining the river. Sources of 
information for estimating an average stream width 
include fisheries reports and actual measurements. 

0 

0 

For the photo interpretation process ft is important to 
define when a shrub becomes a tree. Dave Every will be 
responsible for making this determination from the 
literature and incorporating it into the cover mapping. 

Riparian habitats, particularly in the Ross area, are 
not easily identified on many of the pre-project 
pi1otographs. The valley in the Ross area was wide and 
guidelines are needed to define riparian areas. 
Establishing such guidelines will require data on the 
three to five year flood. Rick Rutz will try to obtain 
this information from the SCL Engineering Department. 
The data will be used to construct hydrographs for 
specific sections of the Skagit river. If these data 
are available, they will be used by the HEP team to 
define riparian habitat. 

On some pre-project photographs for Ross, riparian 
habitat is easily identified by topographic breaks or 
distinct vegetation changes. 

2 
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In the Oiablo and Gorge areas the Skagit River was in a 
canyon and riparian habitat was confined to a narrow 
strip in many places and was virtually non-existent in 
others. 

II. Selection of Evaluation Species 

A. Selection Criteria 

A set of criteria was discussed to guide the process of 
selecting species. One set of criteria is for evaluating the 
appropriateness of a given species for a particular project 
area. A second set of criteria is applied to the list of 
evaluation species to evaluate the mix of species selected. 
Once the evaluation species are selected, the suitability of 
the HSI models to the project area will be evaluated by a 
species expert. 

8. Species Selection 
:,;It 
Y The process of selecting evaluation species involved 

considering each of the major habitat types in the project 
area. These habitat types and the preliminary list of 
species selected by the HEP team to represent them are given 
in Table l and described as follows: 

0 

5705a 

Riverine 

Species chosen to represent riverine habitat included 
the beaver, dipper, and osprey. The beaver represents 
the relationship between riparian and riverine, 
palustrine, and lacustrine habitat in the Ross area. 
The dipper represents the relationship between the 
river and the non-vegetated steep canyon walls in the 
Gorge and Diablo areas, which would be unsuitable for 
·the beaver. The osprey represents species dependent on 
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riverine and riparian habitats where there are fish 
populations. This species will be considered for the 
HEP if a model can be located by Brian Hauger. 

o Lacustrine 

0 

0 

Most of the waterfowl using the reservoir are 
migratory. The species chosen ·to represent lacustrine 
habitat in the project area is the common merganser. 
Brian Hauger will try to locate a common merganser 
model. 

Palustrine 

Most of the pre-project palustrine habitat appears to 
have been shrub dominated. The yell ow warb I er was 
chosen to represent palustrine habitat dominated by 
hydrophytic shrubs. 

Riparian 

The shrub component of riparian habitat is represented 
by the yellow warbler. The black-capped chickadee was 
chosen to repres·ent the overstory tree component of 
riparian areas. 

Conifer Forest 

The pileated woodpecker and marten were chosen to 
represent coniferous forest habitat in the project 
area. The pileated woodpecker represents species that 
inhabit older growth conifer forests, that nest or feed 
on snags, logs, and stumps. The marten represents 
species inhabiting mature conifer forests, especially 
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0 

0 

0 

those dependent on fir or spruce. Art Stendall will 
try to locate trapping records to confinn the 
occurrence of marten in the project area. 

Mixed Conifer Forest 

The species chosen to represent toe mixed deciduous/ 
coniferous forest areas is the ruffed grouse. Other 
species such as the pileated woodpecker and 
black-capped chickadee also use mixed conifer stands. 

Broadleaf Forest 

Broadleaf forest has relatively low value as wildlife 
habitat and covers a small percentage of the project 
area. No particular species was selected to represent 
this cover type. Multicover species such as 
black-tailed deer and black-capped chickadee use 
broadleaf forest and will represent this habitat type. 

Shrub Dominated 

Deer were chosen to represent shrub dominated 
habitats. Deer also represent the juxtaposition of 
open and forested habitats. Both mule deer and 
black-tailed deer were selected as evaluation species 
and the project area will be stratified for the data 
collection and analysis to reflect their specific 
distributions. Mule deer are confined to the eastern 
side of Ross Reservoir ·and use this area mainly for 
wintering. Both species intermix in this area and 
black-tailed deer use the western side of Ross 
Reservoir as well as some of the area in the vicinity 
of Gorge and Diablo reservoirs. 

5 
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0 Herbaceous Dominated 

The red-tailed hawk was chosen to represent herbaceous 
dominated habitats and other open habitats where it 
feeds on small mammal populations. In addition, it 
nests in open forested habitats. 

III. Next Meeting 

The next HEP team meeting will be held on Tuesday, April 28, 1987 
to finalize the list of evaluation species and review the 
pre-impoundment cover type mapping. 
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Land • 

2.a. 

2.b. 

PHOTOINTERPRETATION KEY FOR 
COVER TYPES 

SKAGIT DAMS PROJECT 

ATTACHMENT A 

• • • • • • • • 0 • • • • • • • • • • • • • • • • • • • • • • • 

Lands where human use or activity is the dominant characteristic. 

3.a. Reservoir drawdown area • • • • • • • • • • • • • . . . . 
3. b. Disturbed lands nearly barren of vegetative cover 

3.c. 

(<30%)11 • ....•.•••.••••••.•.• 

4.a. 

4.b. 

4.c. 

Industrial sites (dam, powerhouse, mine, etc.). 

Commercial ••••••••• 

High density residential. 

4.d. Intensive-use recreational sites. 

4.e. Roads, parking lots •••••••• 

Devel oped lands with vegetative cover ( > 301:) . 

• 

Agricultural cropland or pastureland ••• 

·Low density residential • • 

Forest campground ••• • 

5.d. Transmission or highway right-of-way. 

• 

• 

• • 

• 

• 

• 

• 

Lands with a "natural" character_ •• , . . . . . . 
6.a. 

6.b. 

Non-vegetated (cover <301: herb., 20% shrub, or .10% forest)l/ 

7.a. Exposed bedrock 

7.b. Rockpile on a slope 

Exposed Rock. 

Talus. 

7.c. Gravel or sand bars (a riverine type) Gravel Bar 

Vegetated lands (cover~ 301: herb., 20% shrub, or 101: forest) 

a.a. Uplands (without wetland or riparian 
characteristics) • • • • • • • • • • 

9.a. Forested ( ~ 10% tree cover)ll •• 

• • . . 
. . . 

IO.a. Conifers comprise ~ 70% of forest 

. . 

. . 

coverl/. . · . . . . . . . . . . . • • • 

-1-

2 

3 

(RD) 

(DI) or 4 

(I) 

(CS) 

(RH) 

(RI) 

(RP) 

5 

(AG) 

(RL) 

(CA) 

(ROW) 

6 

7 

(ER) 

(T) 

(Gr) 

8 

9 

10 

11 
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9.b. 

10.b. 

COVER TYPES (CONTINUED) 
SKAGIT DAMS PROJECT 

11.a. Large trees, broken tops. canopy openings 
Old Growth Conifer. 

11.b. Mature trees, continuous canopy ( ~50% closure)~ 
Closed Canopy Conifer 

11.c. Mature trees, open canopy (10% - 50% closure) 
Open Canopy Conifer 

11.d. Young trees, sapling to pole stage 
Regeneration Conifer 

Forest cover <70% conifer • . . . . . . . . . . . 
12.a. Young trees, sapling to pole stage(< 10% mature 

trees) Regeneration Broadlead/Mixed 

12.b. At least 10% of the trees mature •••••••• 

13.a. Tree cover~70% broadleaf!I 
Broadleaf forest 

13.b. Tree cover< 70% broadleaf 

Shrub or herbaceous dominated(< 10% tree cover) 

Mixed forest 

14.a. Herbaceous vegetation ( < 20% shrub cover)~ 

15.a. Grasses and grass-like plants dominant 
Grassland/meadow 

15.b. Forbs or ferns dominant Forb/Fern 

. . . . 

• 

14.b. Shrubs dominant (~ 20% shrub cover) 

16.a. Restricted to avalanche chutes 

16.b. Occurring elsewhere 

Avalanche Tracks 

Shrub lands 

• 

Riparian or wetland areas, vegetation showing the influence of the water 
or stream . . • . . . . . . . . . . . . . .. . . • . . . . . . . . . . . 

17.a. 

18.a. Herbaceous vegetation dominant . . . . . • 

19.a. Emergent plants dominate, little or no Sphagnum, 
photo image grey or green (Palustrine Emergent) 

Wet Meadow/Marsh •• 

-2-

. . 

. . . 

(COG) 

(CC) 

(CO) 

(CR) 

12 

(R) 

13 

(B) 

(M) 

14 

15 

(HG) 

(HF) 

16 

(SA) 

(S) 

17 

18 

19 

(PM) 



17.b. 

18.b. 

COVER TYPES (CONTINUED) 
SKAGIT DAMS PROJECT 

19.b. Sphagnum characteristic, often with low shrubs 
and sedges, photo image white or yellow 
(Palustrine moss) Bog 

Trees or shrubs dominant ••••••••••• 

20.a. Shrubs dominant (Palustrine Scrub--shrub) 
Shrub Swamp 

• 

20.b. Trees dominant (Palustrine Forest,~ 10% tree cover) 

21.a. Tree cover~ 70% conifer 

21.b. Tree cover~ 70% broadleaf 

21.c. Tree cover 30-70% conifer 

Conifer Swamp •• 

Broadleaf Swamp. 

Mixed Swamp 

Lands adjacent to streams, in floodplain, vegetation influenced· 
by the stream ••.• Riparian types---
go back to leads g.a. and 9.b. to determine the type of Riparian 
cover (codes will be the upland types preceded by a small "r" 

Water(~ permanent) . . . . . . • • • 

22.a. Lake, reservoir, or pond • • 

23.a. Large impoundment (Lacustrine) Reservoir 

23.b. Natural waterbody> 20 acres and >2 meters deep (Lacustrine) 
Lake • 

23.c. Small, shallow natural waterbody ( <20 acres and <.2 meters 
deep) (Palustrine) Pond 

22.b. Stream (Riverine) •••••• . . . . 
24.a. Tributary of the .,Skagit River 

24.b. Main Skagit River •••• • • 

. . . . . . . . . . • 

Tributary 

. . . . • • • 

• 

• 

25.a. Stream gradient< 1% Riverine . . . . • . . . 
25,b. Stream gradient 1-3% Riverine ••• 

25,c. Stream gradjent 3-6% Riverine •• 

25.d. Stream gradient 6-12% Riverine .••• 

25,e. Stream gradient>l2% Riverine • • • 

-3-

• • 

• • • • 

• • . . 
• • • • 

(PB) 

20 

(PS) 

21 

(PFC) 

(PFS) 

(PFM) 

22 

23 

(RES) 

(L) 

(PP) 

24 

(T) 

25 

(Rl) 

(R2) 

(R3) 

(R4) 

(R5) 
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HSI MODELS: 

Red-Tailed Hawk 

Marten 

Black-Capped Chickadee 

Dipper 
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Your 
Seattle 
City Light 
Randall W. Hardy, Superintendent 
Charles Royer, Mayor 

May 12, 1987 

Brian Hauger 
Washington Department of Wildlife 
600 N. Capital Way MS GJ-11 
Olympia, WA 98504 

Dear Mr. Hauger: 

l1AY 1 4 1987 

Enclosed is a copy of the April 28, 1987 HEP Team Meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the 
details of the decisions reached and assignments made by the HEP 
Team during the meeting. Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and returning this letter to Envirosphere 
Company, 10900 N.E. 8th St., Bellevue, WA 98004-4405. Please note 
that the next meeting has been shifted to Monday, June l. 

If you have any questions, please call me (625-3108) or Jay 
Brueggeman (451-4625). 

Richard 
Project 

RR:lsh 

Enclosure 

As a representative of \V,UU11l4To.l. 17eorr. DP 41.­
the decisions and assignments documented in this 
Skagit Dams Original Impacts Study. 

, I accept 
letter for the 

Date 

"An Equal Employmenl Opportunily - Affirmalive Action Employer" 

RECEIVED 

MAY 2 7 1987 
ENVIRCISPHERE 

SEATTLE., 

Cily of Sealtle - Cily Ugh! Departmenl, Cily Ugh! Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 



Your 
Seattle 
City Light 
,Randall W. Hardy, S...perintendent 
Charles Royer, Mayor 

May 12, 1987 

Jon Jarvis 
US Dept. of Interior 
National Park Service 
N. Cascades Nat'l Park Complex 
2105 Highway 20 
Sedro Woolley, WA 98284 

Dear Joa.: 

R:~E'l~~:7o § 
ENVIROSPHERE COMPf~tY 

SF.,t,TI'l F. 

Enclosed is a copy of the April 28, 1987 HEP Team Meeting notes for 
the Skagit Dams Original Impacts Study, The notes include the 
details of the decisions reached and assignments made by the HEP 
Team during the meeting, Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and returning this letter to Envirosphere 
Company, 10900 N.E. 8th St,, Bellevue, WA 98004-4405, Please note 
that the next meeting has been shifted to Monday, June l, 

li you have any questions, please call ... (625-3108) or Jay 
Brueggeman (451-4625). 

,,'1,;' 

Richard 
Project Manager 

RR: lsl_\ 

Enclosure 

As a representative of ~~MRb (\.9-5.( 
the decisions and assi ~cumented in this 
Skagit Dams Original Impacts Study, 

, I accept 
letter for the 

(Z.-7-'o, 
Date 

"An Equal Employment Opportunity- Afflrmallve Action Employer" 

City of SeaUle - City Lighl Department, City Lighl Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 
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Your 
Seattle 
City Light 
• 
Randall W Hardy, Superintendent 
Charles Royer, Mayor 

May 12, 1987 

Es tyn R. Mead 
U.S. Fish and Wildlife Service 
Division of Ecological Services 
2625 Parkmont Lane s.w. Bldg. B-3 
Olympia, WA 98502 

Dear Mr. Mead: 

RECi::::IVED 

FEB 04 1987 
C;NVIRC3?ni:?.E COMPANY 

"':"" TV ':" 

Enclosed is a copy of the April 28, 1987 HEP Team Meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the 
details of the decisions reached and assignments made by the HEP 
Team during the meeting. Please review the notes and acknowledge 
your acceptance of the decisions and assignments by signing in the 
designated place below and returning this letter to Envirosphere 
Company, 10900 N.E. 8th St., Bellevue, WA 98004-4405. Please note 
that the next meeting has b!len shifted to Monday, June 1. 

If you have any questions,, please call me (625-3108) or Jay 
Brueggeman (451-4625). 

i?.2~~ 
Project Manager 

RR:lsh 

Enclosure 

As a representative of U~fi"shanJW;IJ\i't'c. Se:rvtc~, I accept 
the decisions and assignments documented in this letter for the 
Skagit Dams Original Impacts Study. 

Name Date 64Jz 

"An Equal Employment Opportunity-Affirmative Action Employer" 

City of Seattle -City Light Department. City Light Building, 1015 Third Avenue, Seanle, Washington 98104 (206) 625-3000 
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SCL SKAGIT DAMS ORIGINAL IMPACTS STUDY 
HEP TEAM MEETING 
April 28, 1987 

On Tuesday, April 28, 1987, a HEP Team Meeting was held for the Skagit 
Dams Original Impacts Study. The purpose of this meeting was to: 
1) review the pre-project habitat mapping progress; 2) finalize the 
list of evaluation species; 3) review the habitat parameters to be 
sampled for each evaluation species; and 4) establish the dates for the 
field sampling program. 

Attendees: 

Xt±: 
'JT 

Rick Rutz, SCL 
Jonathan Jarvis, NPS 
Art Stendall and Brian Hauger, WDG 
Estyn Mead, USFWS 
Pat Goldsworthy, N3C 
Joe and Margaret Miller, N3C 
Jay Brueggeman, Dave Every, and Colleen McShane, 

Envirosphere 

I. COVER TYPE MAPPING 

Progress to date on the cover type mapping was presented. 
Specifically, the following topics were.discussed: 

o The post-project cover type mapping is complete and has been field 
verified·for all of Gorge and Diablo reservoirs and about 
one-fourth of Ross Reservoir (just north of Big Beaver Valley). 
The field verification trip was on April 8-9, 1987 and it was 
conducted by car and boat. Accessibility problems prevented field 
verification of the cover-type mapping for most of Ross Reservoir. 
Field verification of the uncompleted portion of Ross Reservoir is 
scheduled for May 8 and will be conducted by helicopter. 

6004a 
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o The pre-project mapping has been completed for the Ross area. The 
Gorge and Diablo areas are currently being mapped from oblique 
photographs and ancillary information. There are no aerial 
photographs available for this time period in these areas. 

o Riparian habitat has been delineated on most of the pre-project 
photographs for the Ross area. Where there is no clear distinction 
between riparian and upland habitats, riparian habitat will be 
identified from data provided by Rick Rutz on the three to five 
year flood elevation for the Skagit River prior to impoundment. 

o The cover type mapping will be put on the GIS by Northwest 
Cartography Inc. and edit plots will be available at the next HEP 
Team Meeting. 

II. SELECTION OF EVALUATION SPECIES 

The final evaluation species are listed in Table 1. The HEP Team 
selected most of the evaluation species during the April 1, 1987, 
meeting except for the conmon merganser, osprey, and dipper. Aspects 
of these species that were discussed at the April 28 meeting are 
presented below. 

A. Common Merganser 

0 

0 

6004a 

A conman merganser HSI model is not available. The HEP Team 
agreed that the conman merganser is represented by other 
species using riverine and lacustrine habitat. If a model can 
be developed, the conmon merganser will be used as a 
•secondary species.• 

Information obtained by Estyn Mead and Colleen McShane on 
habitat parameters for the conman merganser will be used by 
Envirosphere to explore developing a draft model for this 
species. 

2 
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B. Osprey 

0 

0 

0 

The HEP team agreed to retain the osprey as an eva~uation 
species to represent riverine and lacustrine habitat. 

The applicability of the osprey model to the Skagit area will 
be assessed by a WOG nongame biologist at the direction of 
Brian Hauger. 

A few pairs of osprey nest in the Ross area. Data available 
from the NPS on osprey use of the Ross area may be suitable to 
verify the model. 

C. American Dipper 

0 

0 

It was agreed to retain the dipper to represent the rock/talus 
habitats in association with riverine habitats. 

The HSI model for the dipper lacks equations to define 
relationships between the habitat parameters. In addition, 
several of the graphical categories for the habitat parameters 
need to be quantified. The model will be reviewed by Gary 
White, Colorado State University. 

The HEP Team agreed that the parameter measuring months of 
open water was not applicable to the Skagit area. It will be 
eliminated from the equation or assigned an SI value of 1.0. 

III. HABITAT PARAMETERS 

The habitat parameters to be sampled for each of the evaluation species 
are presented in Table 2. The HEP Team agreed that most of the 
variables were acceptable as defined. However, several models need 
modification to be applicable to the project area. These models are 
discussed below. 
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A. Marten 

One of the parameters in the marten model is the percen; of the 
canopy composed of spruce or fir. In the Skagit area marten may 
also use lodgepole pine and other conifer species. Envirosphere 
will review the literature and contact species experts to determine 
the conifer species used by marten in the Cascades. Rick Rutz will 
send Envirosphere a copy of a report on marten in the Mt. Baker 
area. 

B. Ruffed Grouse 

One of the parameters for the ruffed grouse model identifies the 
buds of mature aspen trees as a primary food source. Since there 
are few aspen in the Skagit area, ruffed grouse use other food 
sources, such as cottonwood catkins. Art Stendall will send a copy 
of the ruffed grouse model to Larry Brewer to adopt it to the 
project area. 

C. Beaver 

The HEP Team agreed that percent of water lily coverage was not an 
appropriate parameter for the lacustrine habitat in the project 
area, so it will not be measured. 

D. Deer 

0 

0 

6004a 

Some of the slopes in the project area are too steep to be 
suitable deer habitat. Envirosphere will review the 
literature and determine the maximum slope of habitats used by 
deer. Polygons with slopes exceeding the maximum will be 
marked on the GIS and excluded from sampling and area 
calculations for deer. 

The HEP team agreed to change the shrub height parameter in 
the mule deer model to match the 2 m value used in the 
black-tailed deer model. 

4 



..---. 
( ·, . . 

,,,,,,. 

0
-
. 

0 

0 

Envirosphere will identify palatable shrub species for mule 
and black-tailed deer from the literature. 

Rich Rutz will send Envirosphere copies of Taber's deer 
distribution maps from Exhibit W of the FERC license. 

E. Red-tailed Hawk 

The red-tailed hawk model was written for the eastern U.S. 
Envirosphere will be responsible for having this model reviewed by 
a species expert to ensure it applies to the project area. 

IV. FIELD SAMPLING 

A. Field Sampling Design 

The foundation of the field sampling plan will incorporate the 
f o 11 owing e 1 ements: 

.
'.' .• It·.··.···.····.· ~.:;. 

·it 
''· ..... 

Field sampling will be stratified by reservoir to ensure 
adequate representation of each reservoir. 

o The polygons to be sampled will be selected randomly. 

o The number of polygons to be sampled in each cover type will 
be apportioned according to the availability of that cover 
type during the pre-impoundment period and its importance as 
wildlife habitat. 

B. Field Sampling Planning 

0 The field program will be from June 15 to 19 and from June 22 
to 26. 

o SCL will provide food, lodging, and boat transportation for 

. all field team members • 

6004a 
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0 Preliminary personnel coR111itments for field studies: 

WDG -

NPS -

USFWS -

SCL -

NSC -

Art Stendall, lD days; possibly a few other WDG 
personnel will participation. 

Jonathon Jarvis, 3 days most likely from June 
23 to 25; possibly l or 2 seasonal staff will 
participate for a few days during June 22 to 26. 

Estyn Mead, 5 days 

Rich Rutz, 10 days; l or 2 SCL staff will 
participate for a few days. 

Joe and Margaret Miller, 3 days each, from June 
24 to 26; Patrick Goldsworthy will possibly 
participate during the week of June 22. 

Envirosphere - Two people for 10 days each • 

V. NEXT HEP TEAM MEETING 

The next HEP Team meeting was scheduled for Tuesday, June 2, 1987, at 
9:00 a.m. at Envirosphere's offices. -The purpose of the meeting will 
be to: ll review the cover type edit plots, 2) finalize the field 
sampling design and data collection sheets, and 3) finalize coRlllitments 
for the sampling program. 

6004a 
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TAitLE 2 - - - - - - - -' 

SPECIES PARAMETERS AND SAMPLING f~ETIIODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS 

Species 

Dipper 

Ruffed Grouse 

Parameters to be Sampled 

stream gradient 

bottom substrate 

abundance of vertical rock walls, waterfalls, 
bridges 

average radius of circles encompassing 
20 mature male aspen!/ 

density of deciduous shrub stems 

density of deciduous trees 

density of coniferous trees 

average lowest branch height above ground 

!/ Pending expert review. 

5706a 

Method 

topographic maps 

site inspection 

site inspection, 
aerial photos 

tape measure or 
optical range 
finder 

quadrat count 

quadrat count 

quadrat count 

transect, 
graduated rod 

Habitats 

riverine 

riverine 

riverine, rock/talus, and 
exposed rock in association 
with riverine habitat 

mixed, broadleaf, regenera­
tive/broadleaf mixed, 
riparian 

conifer, mixed, broadleaf, 
regenerative/broadleaf 
mixed, riparian 

conifer, mixed, broadleaf, 
regenerative/broadleaf 

· mixed, riparian 

conifer, mixed, broadleaf, 
regenerative/broadleaf 
mixed, riparian 

conifer, mixed, broadleaf, 
regenerative/broadleaf 
mixed, riparian 
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Species 

Ruffed Grouse 
(continued) 

Mule Deer 

Black-tailed 
deer 

5706a 
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TABLE 2 ,.:ontinued) ,' 

SPECIES PARAMETERS AND SAMPLillG METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS 

Parameters to be Sampled Method Habitats 

,/ 

average height of woody stems transect, conifer, mixed, broadleaf, 
graduated rod, regenerative/broadleaf 
trigonometric mixed, riparian 
hypsometry 

percent canopy cover of evergreen woody 1f ne intercept, conifer, mixed, broadleaf 
vegetation >3.0 min height graduated rod shrub dominated, riparian, 

regeneration/broadleaf mixed 

percent shrub crown cover ~2.0 m in height 1f ne f ntercept, conifer, mixed, broadleaf 
graduated rod shrub dominated, riparian, 

regeneration/broadleaf mixed 

percent shrub crown cover of preferred shrubs 1f ne intercept, conifer, mixed, broadleaf 
<2.0 min height graduated rod shrub dominated, riparian, 

regeneration/broadleaf mixed 

percent herbaceous canopy cover line intercept, conifer, mixed, broadleaf 
plot frame shrub dominated, agri-

culture, riparian, her-
baceous dominated, regenera-
tive broadleaf/mixed 

topographic diversity topographic map entire study area 

percent palatable herbaceous canopy cover l i ne intercept conifer, mixed, broadleaf, 
regenerative broadleaf/ 
mixed, shrub dominated, 
herbaceous dominated, 
riparian 

-------~-----------
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Species 

B~ac~-tailed 
Deer (continued) 

5706a 

TABLE , .. ,,:;ontinuedl 
. , 
.j 

SPECIES PARAMETERS AND SAr-PLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS 

Parameters to be Sampled 

,.;. ,.· 

percent shrub canopy ~2 min height 

percent palatable shrub canopy ~2 min height 

percent less palatable· shrub canopy 
~2 min height 

average distance from forage area to cover 

average distance from cover to 
forage area 

road density per square mile 

Method 

1 ine intercept 

1 ine intercept 

line intercept 

aerial photos 

aerial photos 

aerial photos 

Habitats 

conifer, mixed, broadleaf, 
regenerative broadleaf/ 
mixed, shrub dominated, 
herbaceous dominated, 
riparian 

conifer, mixed, broadleaf, 
regeneratf ve broadleaf / 
mixed, shrub dominated, 
herbaceous dominated, 
riparian 

conifer, mixed, broadleaf, 
regenerative broadleaf/ 
mixed, shrub dominated, 
herbaceous dominated, 
riparian 

broadleaf, regenerative 
broadleaf/mixed, herbaceous 
dominated, shrub dominated, 
riparian 

conifer,.mixed, riparian 

conifer, mixed, broadleaf, 
regenerative broadleaf/ 
mixed, shrub dominated, 
herbaceous dominated, 
rfparfan 
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TABLE 2 (Continued) 
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) 

SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS 

Species 

&lack,-tafled 
Deer (continued) 

Yellow Warbler 

Osprey 

Parameters to be Sampled 

winter stress cover-forage equivalent value 

percent deciduous shrub canopy 

average height of deciduous shrub canopy 

percent of deciduous shrub canopy comprised 
of hydrophytfc shrubs 

Water clarity.!/ 

Availability of perch sites per mile of 
shore 1 l?e ( within 200 ft of water or in 
water)_ 

Availability of pilot trees immediately 
surrounding nest sites and within suitable 
nesting habitat!./ 

Nest tree (>75 ft tall, 40 inch dbh, ponderosa 
pine, douglas fir, sugar pine) availability 
(number per 100 acres).!/ 

!( Pending expert review. 
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Method 

calculated 

line intercept 

graduated rod, 
transect 

line intercept 

Secchi disc 

site inspection/ 
count 

site inspection/ 
count 

site inspection/ 
count 

Habitats 

conifer, mixed, broadleaf, 
regenerative broadleaf/ 
mixed, shrub dominated, 
herbaceous dominated, 
riparian 

riparian, palustrine 

riparian, palustrine 

riparian, palustrine 

riverine, lacustrine 

riverine, lacustrine 

riverine, lacustrine 

riverine, lacustrine 

-------------------
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Species 

Red-tailed Hawk 

Pfleated 
1/oodpecker 

- - - - - - .... - -TABLE 2--.~ontinued) - - - - - -~,. -
SPECIES PARAMETERS AND SAf.l'LIIIG METHODS FOR THE SKAGIT DAMS ORIGINAL Ilf>ACTS 

Parameters to be Sampled 

percent herbaceous canopy cover.1/ 

percent herbaceoqs canopy cover 
8 to 46 cm ta 11.!t 

number of trees ~25 cm dbh per 0.4 ha!/ 

percent tree canopy closure!/ 

number of trees ~50 cm dbh per 0.4 ha!/ 

percent area in optimum food!/ 

percent area in optimum reproduction!/ 

distance between cover types.!/ 

percent tree canopy closure 

number of trees >51 cm dbh/0.4 ha 

number of tree stumps >0,J min height 
and >18 cm diameter and/or logs >18 cm 
dfameter/0.4 ha 

Method 

transect, plot 
frame 

transect, plot 
frame, meter stick 

qua drat count, 
dbh tape 

line intercept 

quadrat count, 
dbh tape 

aerial photos 

aerial photos 

aerial photos 

line intercept 

quadrat, dbh tape 

quadrat, dbh tape 

Habitats 

herbaceous dominated, non­
vegetated 

herbaceous dominated, non­
vegetated 

herbaceous dominated, non­
vegetated 

conifer, mixed, riparian 

conifer, mixed, riparian 

entire study area 

entire study area 

entire study area 

conifer, mixed, broadleaf, 
riparian 

conifer, mixed, broadleaf, 
riparian 

conifer, mixed, broadleaf, 
ri parfan 

1/ Pending expert review. - ' 
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SPECIES PARAMETERS ANO SAtf'LING METHODS FOR THE SKAGIT DAMS ORIGINAL Itf'ACTS 

Species 

Pf leated 
Woodpecker (cont.) 

Black-capped 
Chickadee 

Marten 

Parameters to be Sampled 

number of snags >51 cm dbh/0.4 ha 

average dbh of snags >51 cm 

percent tree canopy closure 

average height of overstory trees 

number of snags 10 to 25 cm dbh per 0.4 ha 

percent tree canopy closure 

percent of the overstory canopy closure 
comprised of ffr or spruce!/ 

successional stage of stand 

percent of ground surface covered by 
downfall >7.6 cm fn diameter 

!/, Pending expert review. 

14ethod 

quadrat, dbh tape 

quadrat, dbh tape 

lf ne intercept 

graduated rod. 
trigonometric 
hypsometry 

quadrat count 

line intercept 

Habitats 

conifer, mixed, broadleaf, 
riparian 

conifer, mixed, broadleaf, 
rfparfan 

conifer, mixed conifer, 
broadleaf, regeneration 
broadleaf/mixed, rfparfan 

conf fer, mixed conifer, 
broadleaf, regeneration 
broadleaf/mfxed, rfparfan 

conifer, mixed conifer, 
broadleaf, regeneration 
broadleaf/mfxed, rfparfan 

conifer, mixed 

l f ne intercept conifer. mixed 

visual examination conifer, mixed 

line f ntercept conifer, mf xed 

5706a -------.------------
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SPECIES PARAMETERS AND SAr.PLING METHODS FOR THE SKAGIT DAMS ORIGINAL Ilf>ACTS 

Species Parameters to be Sampled Method Habitats 

Beaver percent tree canopy closure 11 ne intercept riparian, palustrine 

percent of trees 2.5 to 15.2 c111 dbh quadrat count, riparian, palustrfne 
dbh tape 

percent shrub crown cover 11 ne 1 ntercep t riparian, palustrfne 

average height of shrub canopy transect, riparian, palustrine 
graduated rod 

species composition of woody vegetation 1 ine intercept riparian, palustrine 

percent of lacustrine surface dominated by aerial photos or pond 
yellow and/or white water lily line intercept, 

plot frame 

percent stream gradient topographf c maps riverine 

average annual water fluctuation local data riverine, lacustrine 

shoreline development topographic map, 
map wheel 

lacustrfne 

5706a 



Your 
Seattle 
City Light 
Randall W. Hardy. Superinlendent 
Charles Royer, Mayor 

August 13, 1987 

Mr. Brian Hauger 
Washington Dept. of Wildlife 
600 N. Capital Way 
Olympia, WA 98501 

SUBJECT: SEATTLB CITY LIGB'l'/SKAGIT D1iMS ORIGINAL IMPAC'rS STUDY 
TBANSMITTAL OP 6/3/87 HEP TEAM MEETINGS NOTES 

Deal' Brian: 

Enclosed is a copy of the June 3, 1987 HEP team meeting notes for the 
Skagit Dams Original Impacts Study. The notes include the details of 
the decisions reached by the HEP team during the meeting. Please 
review the notes and acknowledge your acceptance of the decisions by 
signing in the designated place below and returning this letter to 
Bnvirosphere Company. 

' 

If you have any questions, please call me at (206) 625-3108, or 
Jay Brueggeman at (206) 451-4625. 
.·-

ichard Rutz, Environmen 1 Analyst 
Environmental Affairs Division 

RR:gv 

Enclosures 

As a r~presentative of WA-Slf, 01;,p:r:: at:-W,l.DL,e~ , I accept the 
decisions documented ineihis letter for the Skagit Dams Original 

~~ (Date) 

. 'An Equal Employment Opportunity- Affirmative Action Employer' 

City of Seattle -City Light Department, City Light Building, 1015 Third A""nue, Seettle, Washington 98104 (206) 625-3000 
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Your 
Seattle 
City Light 
Randall W. Hardy, Superintendent 
Charles Royer, Mayor 

August 13, 1987 

Jon Jarvis 
North Cascades National Park Complex 
2105 Highway 20 
Sedro Woolley, WA 98284 

§ 

SUBJECT: SEATTLE CITY LIGHT/SKAGIT DAMS ORIGINAL IMPACTS STUDY 
TRANSMITTAL OF 6/3/87 HEP TEAM MEETINGS NOTES 

Dear Jon: 

Enclosed is a copy of the June 3, 1987 HEP team meeting notes for the 
Skagit Dams Original Impacts study. The notes include the details of 
the decisions reached by the HEP team during the meeting. Please 
review the notes and acknowledge your acceptance of the decisions by 
signing in the designated place below and returning this letter to 
Envirosphere Company. 

If you have any questions, please call me at (206) 625-3108, or 
Jay Brueggeman at (206) 451-4625. 

RR:gv 

Enclosures 

(Date) 

. 
"An Equal Employment Opportunity -Affirmative Action Employer" 

City of Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 
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Your 
Seattle 
City Light 
Randall W. Hardy, Superinlendenl 
Charles Royer, Mayor 

August 13, 1987 

Estyn R. Mead 
Division of Ecological Services 
U.S. Fish & Wildlife Service 
2625 Parkmont Lane SW, Bldg. B-3 
Olympia, WA 98502 

SUBJEC'r1. SEATTLE CITY LIGHT/SKAGIT DAMS ORIGINAL IMPACTS STUDY 
"TRANSMITTAL OF 6/3/87 HEP TEAM MEETINGS NOTES 

Dear Estyn: 

Enclosed is a copy of the June 3, 1987 HEP team meeting notes for the 
Skagit Dams Original Impacts Study. The notes include the details of 
the decisions reached by the HEP team during the meeting. Please 
review these notes and acknowledge your acceptance of the decisions 
and assignments in·the designated place below and return this letter 
to Envirosphere Company. 

If you have any questions, please call me at (206) 625-3108, or 
Jay Brueggeman at (206) 4Sl-4625. 

Richard Rutz, Environment Analyst 
Environmental Affairs Division 

RR:gv 

Enclosures 

As a representative of U.S. fi·sh c:\nd 1.1}1\c).\i,~. Se'rv;ce.., , 
decisions documented in this letter for the Skagit Dams 
Impacts Study. 

I accept the 
Original 

'(Datl!) 

. 
"An Equal Employmenl Opportunily - Affirmative Aclion Employer" 

City of Seame - City Light Departmenl. City Lighl Building, 1015 Third Avenue, Sea1tle, Washinglon 98104 (206) 625-3000 
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SKAGIT DAMS ORIGINAL IMPACTS STUDY 
HEP TEAM MEETING 

June 3, 1987 

On Wednesday, June 3, 1987, a HEP Team Meeting was held for the Skagit 
Dams Original Impacts Study. The purpose of this meeting was to: 
1) review the edit plots of the pre- and post-project cover types; 
2) finalize changes in several species models; 3) determine the 
distribution of sites to be sampled during the field studies; 4) review 
the field sampling procedures; and 5) finalize the logistics of the 
field program. 

Attendees: Rick Rutz, SCL 
Art Stendall, WDG 
Estyn Mead, USFWS 
Jay Brueggeman, Dave Every and Colleen McShane, 
Envirosphere 

I. Cover-Type Mapping 

Progress to date on the cover-type mapping was presented. 
Specifically, the following topics were discussed: 

o Both pre- and post-project mapping have been completed. Field 
verification of post-project cover types for Ross Reservoir 
was completed by helicopter on May 8, 1987. 

0 

6751a 

Northwest Cartography Inc. (NCI) has finished digitizing the 
cover-type maps. This infonnation is now on the GIS and pre­
and post-project edit plots were reviewed and approved by the 
HEP team. 

1 



0 Information on the GIS was used to calculate the acreage of 
each habitat type for pre- and post-project conditions for 
Ross, Diablo, and Gorge reservoirs. For each habitat type and 
reservoir, tables were prepared that sun111arized fnformatfon on 
the number of polygons, the average polygon size, the acreage 
lost, and the percent of the total acreage covered by a given 
habitat type (Tables 1, 2, 3, and 4). The acreage data were 
used to design the field sampling program and will be used to 
calculate habitat units (HUs) for the analysis. A few 
modifications will be required to the database to correct 
srnall discrepancies between pre- and post-project acreage 
totals for the Ross and Diablo areas • 

. II. Field Sampling Program 

A. Cover Types 

The cover types to be characterized at each reservoir are listed in 
Tables 5, 6, 7, 8, and 9. For sampling purposes, the HEP team agreed 
that certain cover types could be combined or eliminated from the field 
program. The HEP team agreed to discuss, at a later date, the quality 
of the habitats excluded frorn the field sampling program and to assign 
HSI values for the species that use them. These habitat include the 
following: 

0 

0 

6751a 

The drawdown, gravel bar, and developed areas were eliminated 
from the field program because of their low value to wildlife. 

Bogs were eliminated from the field program because of their 
small area and low contribution to wildlife habitat in the 
project area. 
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0 

0 

0 

0 

The HEP team agreed that although cliff/rock talus areas are 
used by the red-tailed hawk, it will not be possible to sample 
these locations safely, The HEP team will assign an HSI for 
the red-tailed to these areas at a later meeting. . 

The Skagit River below Gorge Dam will be sampled for the 
dipper because the exposed rock and rock talus habitats in 
this area are representative of pre-project conditions for 
Gorge and Diablo. The measurements required for the dipper 
can be made from a distance and the sampling will primarily be 
done by scanning the river and cliff areas from promontories. 
Measures such as bottom substrate (rock vs. sand) are readily 
detectable. 

Agricultural lands were eliminated from the field program 
because they occurred only before the project area was flooded 
and covered less than nine acres. This acreage is too small 
to significantly contribute to wildlife habitat. 

Several cover types were combined because of similarities in 
structure and use by wildlife. These cover types were: 
closed and open canopy lodgepole pine; avalanche and riparian 
shrubland; regenerative conifer and lodgepole; and riparian 
open and closed mature _conifer. 

The HEP team agreed to combine the few small patches 
(< 8 acres) of grasslands with open conifer since these two 
cover types are intermixed. 

B. Sampling Distribution 

The strategy for distributing the field sampling effort among habitat 
types and reservoirs as agreed on by the HEP team is summarized as 
follows: 

:. 
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The objective of the field sampling program is to characterize 
habitat quality in the project area for each evaluation 

species. 

The maximum number of sites possible to sample in a two-week 
period is approximately 120. This is based on each of the two 
teams completing six sites per day for the ten-day field 
period. 

The sampling effort will be stratified by reservoir to reduce 
spatial variability at the habitat measurements. 
Representative polygons of all pre- and post-project habitats 
for each reservoir will be sampled. 

A number of pre-project cover types were completely eliminated 
by the reservoirs or remain in patches too small or too 
inaccessible to sample. Representatives of these cover types 
will be located and sampled off-project in areas that are in 
as close proximity to the project as possible. Off-project 
sampling locations for Ross will include Big Beaver Valley, 
Ruby Arm, and the lower end of the Canadian Skagit. 
Off-project sampling for Diablo will concentrate fn Thunder 
Arm. Off-project sampling for Gorge will occur downstream of 
Gorge Dam. 

A minimum of three sites will be sampled in the habitat types 
present at Gorge and Diablo. These three sites will be 
distributed among three polygons, where possible. For small 
habitats or for habitats not available in the project area, 
all three sites may have to be located in one polygon. 

o A minimum of five sites will be sampled in the habitat types 
at Ross. Three sites will be sampled in one polygon to 
estimate the variability of parameter values within a 
polygon. Two additional sites will be sampled in~different 

6751a 
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polygons to estimate the spatial variability of the parameter 
values in the Ross reservoir area. It may not be possible to 
sample five sites in some habitat types because of their small 
size or small number of polygons. 

All polygons to be sampled will be chosen randomly. If a 
polygon is inaccessible or too small to permit sampling, it 
will be rejected and another will be randomly chosen. Field 
sampling on Ross reservoir will be stratified by side (east, 
west) because of fts large size and varied physiography. 

The sampling plan at each reservoir fs presented fn Tables 5, 
6, 7, 8, and 9. If time is available, an additional polygon 
with three sites will be sampled for each habitat type on Ross. 

Osprey parameters will be measured only fn old growth, closed 
and open canopy conifer, and mixed conifer/broadleaf habitats 
along the reservoirs. Measurement will be fn randomly 
selected polygons • 

III. Field Sa~pling Procedures 

0 

0 
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The objectives of the field sampling procedures are to 
eliminate bias in choosing sampling locations and to ensure 
that the sites sampled ·are representative of a given habitat 
type. The procedures to be followed fn locating sampling 
sites in the field are described in Attachment A and were 
reviewed and approved by the HEP team. 

The beaver model requires that sampling be done in two "bands" 
(0 to 100 m and 100 m to 200 ml surrounding each wetland as 
well as in the wetland itself. Sampling fs also required 
within 100 m and between 100 to 200 m of a river (riverine) or 

• lake (lacustrine). The procedure presented in the model for 
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sampling beaver habitat parameters in the bands surrounding 
wetlands and adjacent to riverine areas is described in 
Attachment A and was reviewed and approved by the HEP team. 

The HEP team agreed that using a boat is the most efficient 
way to make the osprey measurements. 

IV. Data Sheets 

V. 

VI. 

The purpose of the data sheets is to ensure that data on the 
appropriate parameters are collected in each habitat type and to 
allow efficient data entry. The parameters to be sampled in each 
habitat type have been incorporated into data sheets 
(Attachment B). The data sheets were reviewed at the meeting and 
their format approved by the HEP team. 

Sampling Methods 

The methods approved by the HEP team for sampling each parameter 
are listed in Attachment C. These lists will be printed on the 
reverse side of the appropriate data sheet for easy reference in 
the field. 

Species Models 

HEP team agreed to the following modifications and clarifications 
of the species models. 

A. Red-tailed Hawk 

0 

6751a 

One of the parameters for the red-tailed hawk is the number of 
trees greater than 50 cm dbh. To reduce field effort, the HEP 
team agreed to change this parameter to 51 cm dbh to be 
consistent with a measurement required for the pileated . 
woodpecker model. 
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Red-tailed hawk parameters will be measured in open canopy 
conifer habitats as well as in shrub and marsh areas. 

One of the red-tailed hawk parameters is the number of trees 
greater than 25 cm dbh. The SI value.for this parameter is 
1.0 when there are more than three trees greater than 25 cm 
dbh per acre. The HEP team agreed that the value of this 
parameter would always be optimal fn the open canopy conifer 
habitat on the project area and that ft would not be necessary 
to measure in the field. 

Dense shrub cover reduces the ability of the red-tailed hawk 
to locate prey. The HEP team agreed to use a measure of shrub 
canopy cover to weight habitat quality for the food life 
requisite. 

B. Osprey 

0 The HEP team agreed that osprey measurements should focus on 
the number of snags and broken trees. Secchi disc readings 
will be taken only in Diablo or in other areas where ft is 
apparent that water clarity is less than one meter. 

C. Ruffed Grouse 

0 

6751a 

According to the model, the availability of aspen as a food 
source for ruffed grouse decreases in importance in areas 
where winter snow cover is of short duration. Aspen are not 
present in the project area and winter snow cover in this 
region is generally of short duration. The HEP team agreed 
that the winter food parameter for the ruffed grouse does not 
need to be measured. 
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D. Marten 

•o 

E. Deer 

0 

Based on data presented fn several research papers, lodgepole 
pine and riparian conifer areas apparently provide-habitat for 
the marten. Lodgepole and riparian conifer habitats as well 
as upland conifer areas will, therefore, be evaluated for 
martin. 

The HEP team agreed to the following group of palatable and 
less palatable shrubs, and unpalatable forbs species for deer. 

Less palatable shrubs: salal, salmonberry, hazelnut, 
devil's club, snowberry, alder, Oregon grape, hemlock, 
Douglas fir, lodgepole pine, ninebark, thimbleberry, 
hawthorn, ribes, oceanspray, buffalo berry, kinnikinnick. 

Palatable shrubs: serviceberry, elderberry, blackcap, 
trailing blackberry, mountain box, cherry, willow, red 
cedar, dogwood, twinberry, hardhack, huckleberry, 
goatsbeard, rose, Indian plum), 

Unpalatable forbs~ foxglove, thistle, tansy ragwort, 
poison hemlock, equisetum, fern, skunk cabbage, ginger, 
twisted stalk, bedstraw, twinflower. 

F. Common Merganser 

0 

0 

6751a 

Envirosphere reviewed the material available on the habitat 
requirements of the common merganser and concluded that there 
was not enough information readily available to write a model 
for this species before the start of the field program. 

. 
The HEP team agreed to drop the common merganser is an 
evaluation species. 
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H. Black-capped Chickadee 

0 Some discrepancies in the definition of black-capped chickadee 
habitat were noted between the HEP model and that provided by 
Brown (1985) in Fish and Wildlife Habitats in Forest of 
Western Oregon and Washington. Brown (1985) does not include 
old growth, second growth, riparian conifer, and conifer swamp 
as primary ?r secondary habitat for the black-capped 
chickadee. The HEP model, however, includes all conifer areas 
as black-capped chickadee habitat. The HEP team agreed that 
the black-capped chickadee probably occurs in most forested 
areas in the Skagit region and that the parameters for this 
species should be measured in all forested habitats. 

VII. Schedule and Next HEP Team Meeting 

o The field program was scheduled for June 15 to 19 and June 22 

to 26. 

o· The next HEP team meeting will be scheduled at a later date. 

6751a 
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rlOll'lall lhrwland o.oo o.oo I J.i!'I 0.61 J.Zl o.oo J.i!'I 0.00 O.OOII 
d1Y1l0Dld-c11Dgl'Olffld 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 O.OOI 
c!tv1l0*-lndutt:rial 0.00 o.oo 2 lJ.Oi 6.14 16.Sl 0.00 33.0i 0.00 0,00I 
,.,,. lol!K-inttMi"' r'ffl"flt ional o.oo 0.00 I 1.34 o.2S 1.34 0.00 1.34 0.00 O.OOII 
~:oz-I• c:1Nit1 rnietntal 2 :t.33 3.59 9.&I 0.00 ~.DO ~,. 3'5 t'.00 -!00,00 s.m 
C1¥tloZ-t11fh ttn1:ty fflid111t1l o.oo o.oo I 9.54 I, 77 ,.~ 0,(10 !.S4 o.oo O.OOII 
dtvtlo.t-l"Oldt.i Plf'kiNJ 0,00 o,oo I V,71 5.. :s V.71 o.oo !7. 71 o.oo O.OOII 
tr1r,p1Hion ri;!'lt-1111y 0.00 0.00 3 l2.S4 6.0S lo.!15 o.oo 21!.~ 0.00 0.001 

'.?I'll.I 23 ~18.!5 100.00 c'3,4? 33 Sl!.211 :oo.oo !6.31 ?•1.41 J&t.21 -m.:2 IM.0'111 
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TABLE 5 - Sampling Distribution by Co11111Unity Type for Ross 
IIM"llll l'lll·-IIAtlllll, ICllt:l&lS, All P1l!fl'11S ID It 9NIPL!i 
SIAIIII IAIIS IIUIINIII. llflCII • 

IIOSli IIR!A SIJMIRY 

,,,..,..,J"t 1m-,niKl s .. ,11,, 11,1,1111111 
-···------------·---------- ---··--·---·---·---· ........ -- -······----·--·-··········----·----·--------·--·----·-·····---·-· 

c....,n, '"' lb1n11 ....... l11l '"'" P1rn1t Dii-.ro!Kl Pol, ... , Sllnl lltorutlm 011-.rolt<I lllt1/ ltllol 
I ,,1,ia11 lcrn11 Polyion Slzo I ,.IHIII lier .. Pel"" Slit·;" lcmtt ....... La11 ,et, ... ilrHI P1lyt11 Sil11 

tli trollll• ,,.11., .. lt.ao.,, 14.!2 ' 1'2,l 21.17 1111.11 o.oo ·16.11 ,-,· ,,-~2,,-ll l/1/1 Mt s 
clOIHI •l•t c•I ftr SI llOUl 5),5' 51 1214.01 21.10 11•1. 14 uo ·60, 11 M·J4,P-ll' ,Ml Ill/I MS s 
., ... , .. , COliftr 41 m.n 12.IS :4 123,ll 5.11 SOl,10 0.00 ·IO,ll P·t,11·2'·,P-'8 Ill/I N-2'1,11-11 s 
.......... pill II l,9, 1' 20.52 2' 111,!Z S.,l »1 ... MIi ·'1,'1 P-14,l·tr 1P·21 Ill/I P-15 s 
rtfftllrltiW CDllf• II ""·" JI, ti IS 117,ll ll.11 1m.11 O.Ot ·Bl, It N-Sl" ,M·~,11-ll l/111 11-5' 5 
,Oflllflliff lrodlNl/11,oj I us J,S5 s 12.•• 16.59 ...,. 11,41 .... 11·••• ,H-61,N·IS l/111 MIi 5 
lrtdlHI l l.J2 .... t 11,11 1.11 O,lt "·" II.Ill It--~~ ,N-,1 1N·44 )II/I MS s 
..... tlllftr "' ... '"' o.oe 11 ,s.n 5.0S 0,1)1 6UJ ..... Ml',P-10,Mt l/1/1 P•N,M2 s 
lllrllll ... II ™· 71 It.II I 5.0t !.01 lSl.67 1.00 -18,60 11-66 I lM,lM" 1/J s 
.. 1-111,111 2 ,.os l,ll o.ot 1,05 t.00 -100,1,t ffl·l',IIV-f,Cl-5 31111 5 ........... lO lit, 75 12.ll I 2,lt 2,lt :12.u o.oo ·99.11 Ml 1 IIV·l",IIV·II 311 s 
canl ltr .. ,., 1 11.25 , ... t.<ll ll,2S .... -100.;,o IIV-611 J I 
lltlMIIHI - I ll,tl 11.10 l,ll 0.00 ll,lt 0,00 -11.21 ,_,. l J 
1hN Rllf t 14,11 11,21 O,N ti.It .... -100.tO CM" J I 
,;,.,,., ... trlll• ,.11 .. II lOlt,tO 50,ll o.oo 1091.IO t.10 ·lot.Of Mo I m-1, 1-101•,R-111 lit 5 
rt11.,t11 1,t .. , r•lf• JI l!J,11 20,36 2 60,11 ll!,ll lll,14 t.00 -92.)5 nv-4~.cs-1 l/1 • 
,1,orl• '"'""'ti" lr11il11ll,ooiltr o.oo 1 '·" ... , o.oo 1.11 O.OI N-ff• J I 
FiJlf'i .. llf'lldlNf 11 512.tl 11,51 O.OI Sil.II 0.00 -1111),QO Cs-2 l·IJ" ,R·ll,CS·I l/111 5 

. ri,1n11 •httl tD1ittrBtod!ul 21 .. ,.,, 15,ll 0.00 US.SJ '·°' -111(1,00 n~·-111 l I 
ri111rt,aa/111l111t\1 drUt111• 41 ll0,11 5,)1 I 2,10 2,lt 2:a..1 .... ·9',115 P-14 I llv-1' I t 

111111.8 '" 12'156.51 21,01 151 2141,15 13.ll IIOlt,21 %21.17 II 
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<. ) .. E 6 - Sampling Dfstrfbutfon by Conwnunfty Type'-, ·,. the Eastern Side of Ross 

111151 MEA···El!I 

Pr..,,tJKI Mith·,,.littl 1 .. 01101 Oillrlltlht 

-··-·-···-· .. ··-------------- ...................... _ ...................... ........................................ ________ --------------·····-----·-····· 
c-11, ,,,. ......... .. .,. ... LKI ,.,.., 011-,rajtct hhttnt Sltnl Alhr11th11 1111-,nJKI Sllt1/ loltl 

I P1l,t1111 krt191 Pely1111 3irt I Pal"°'' 1<rt11f Ptl .... Slit krHtl kr1191 PolytOI Ar111 ... ,. .. Slttl 

1H tr.ti r1111ftr 21 411.J! 2l,OI I ll,21 '·" ':--=-~¥,t: 1411,0, o.oo P·tt,,·ll 1/1 P•5' 2 

dnM 11\Vt Clfttf" IS 21:,.29 ,u, 15 1%!,16 21.11 ' ... 11'1.II UC! P-11',M-ll )II • 
epw. 11tlf't CDII fer 11 m.u 15,01 21 95.27 1.7' 402,!'>t 0.00 ·-~· ,,-,. lll N-2' • ......... ,, .. It 220.11 2UI II II.It ,.:• Ill, 11 MO Ml' I • 
rttffttr1U11 u11tfw ::t 531.!0 11.2, I JI.II 12. II 500.52 I.Ofi N·.0,N·,. 1/1 z 
rtt .. Hlllft lrDHINlllhd I I.IS l.55 I 1.21 1.21 0,00 ,.11 N-15 I I 

1r .. ,11u1 z l,l2 '·" 2 1.2, I.II ,.oo ..,. N-11 I P·IS I 

1ht<I <Dlllf,r/lrNIIHI o.oo I .11. 21 1.71 uo 11,21 P·70,N·:• 111 z 
llirulla,j 14 115,11 :4,'1 0.00 341, II o.oo LM•,LM 111 • -·--· I .. ., 1.15 o.oo 1.15 I.QO cs-s I I 

.. , .. llllf II !ti.II .... , 1 2.IO z., • 2'1,21 t.ot ,.,, I I 

totliflr .. .., • 15.,1 5.11 o.oo :5 ... o.oo 
.... 11 .. , - z :O.tS lo.II ,.oo lMJ ,.oo .......... • ..... 11,21 . o.oo ..... 0.00 CS-44 I I .......... """'· ...... 31 lt61, 11 H,ll ,.oo m1.11 0,00 1•10,"' ,,-111 Ill 4 

, ri,•lN 11twt CDllflf' .. m.,, Zl.41 0,00 m.•, Ut CM I I 

rl,•l• rttlHrllht W11'1Hflt:•lftr 0,00 0.()f 0,00 8.10 
rl,arlM '9'ot11Hf 2' llt.ll 11.15 '·°' 111.M ,.oo t-11• ,t-14,CS-I 11111 5 

,1,,1., 11,1<1 tt11fer/lro.,l1tf II 2",lt 11,14 t.00 2'4.0' .... 
,1,ari111l1nl111t~t sH'NlN 11 '7.07 1,11 0,00 67.07 0,00 

1D!IU 17' 8175.60 :,.30 II, 1161.11 11,11 IOll.64 11.11 
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IOSS IIEA·-IIES• 

Pr1•1nJ1tl l1t1•-,r0Jtct S.Oflloi li11t"•II• 
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.. , .. 11111 l It.II .. ,, I S.Ot 1,09 11,!,l t.00 •II, It ..... I I ......... , .... I 2,IO MO 0,10 1,.., t.011 ·100.01 •• J ... ,ffl .. l/1 4 ...... _ 11 .. ,. 1,16 0.01 N,lt 0.00 •llMt nv-2·,m-11 1/1 • 
cutf• 1Hlf I 1,ll Z.!I .... 2,ll .... •ltc.00 m-A· I l 

lrHIIHI - I 11.,1 II.II I ,.11 ,.31 2.11 0,l'O ·11,tt , ... I I ..... , .... MO 1.00 ,.no o.<>O 0,(111 

,1,.,1 .. all iraot• ,.11 .. :I IIIUI le.15 ,.oo 1111.61 0,00 ·100.00 M1 I . IIY t 

r1,1rt11 NlM'I c•H• ll 111,'5 11,22 2 &O,n 30,3' lll,11 O.IO -91,lt IIY-t• I I 

rl1•I• •tt-•lhe lrNllullc•lltr o.oo I I.ti .... o.oo I.ti .... 11-st· I I 

,1,-111 llroll1l11f n 1n.n UI 0.111 1'2.11 .... •11)1).ot 

,1,.,1., 11111 ,aolltr/lr ... 11111 II 111,11 11.17 t.ot Ill.II 1.00 •100.ot ltV-7· I I 

,1, .. 1 .. , .................. 11 m.&& S.lt I 2.1, 2.11 m.11 o.ot •tt.ll '"'' I IIY-t' l • 
mu 2tl 1180.tl 12,IO " "'·" II.It ltll,61 177,IO II 
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TABLE 8 - Sampling Distribution by Con111unity Type for Diablo 
SNfllllli PllllHIAlllAII, ~lli'lll, •• '•",r• 4 l. "'-,1.1 
91'1611 Dlll9 111111111M. 1•111:11 

IIIILD lr£1 _, 
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I r1lyion1 lcru11 ,Olytoo Slit I hln•• lcn.,. ,..,.. llzt lcm11 lcmt• Loll , .. , ... ArHt ,01,. .. SitH 

oU tr•• ,.,11,r 2 121,M 61.51 2 116,IO SI.IS 1,14 t.01 -l,,, 1-10,1-11 1/2 l 
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..... Htlft Uli flt • "·" 1,70 12 '1,ll I, 11 20.21 O.Of ·2'-12 Ml,MU-71 I/Ill l 
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'"'""' s 16.'3 I.It l 11,'4 us 11,19 o.oo •$Ml Ml,MO 112 I 
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rlJIIIM 111 trlll, Clttftf o.oo O.to ,.oo O.Ot o.oo 
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rl•••• rtttntuUtt k'odlHllc•lf• o.oo o.oo ,.oo t.ot 0.00 
rl,ll'illl •HtlHf 0.00 2 21,17 ll,SI o.oo 27.11 0.00 IR-ll,R·IU• 11/211 
,1,or11t1 li•N nolf,r/" ... 1ul (,,00 1.110 o.oo o.oo 0.00 
ri11,riiM1/1Hh11cllt 1W,bl111f 0.00 t.ot o.to o.oo 1.00 
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Attachment A 

SAMPLING SITE LOCATION AND ESTABLISHMENT 

Random direction 
from corner pt. 

~o .,.-----...J~,--
RandomlY. 1 

generateij 
start pt. 

Access 
Point 

I. Forest and Shrub Habitats 

25 
02s Polygon 

Random direction from start point 

1. Locate the preselected polygon and the •start" quarter marked on the 
aerial photo and the map. Land the boat or enter the polygon at the 
most accessible point in this start quarter. If the polygon is small, 
enter the polygon at the most accessible location. 

2. Locate the start point by pacing 55m in a direction perpendicular to 
the reservoir shore or trail from the access point. For small polygons 
the distance may be less than 55m. 

3. After arriving at the start point, walk 10 meters in the preselected 
compass direction. This point becomes the first corner of the first 
sampling site. This combination of distance and direction should not 
put you within 20m of the edge of the polygon. If it does, reject it 
and choose another combination of numbers. 

4. Establish a 25m transect in the preselected direction. Run a second 
25m line at 90° to the first (randomlf choose the side by flipping a 
coin or using the random number table). To find the fourth corner, 
use the compass and pace off approximately 25m. Sight on corners at 
the ends of the tape. Be sure to flag all corners. Reject direction 
choices if they would take the sample station outside the polygon or 
into the 20m edge buffer. 



5. o If a second or third site is to be sampled in a narrow polygon, 
place it 50 meters away from the first site along the long axis of 
the polygon. 

o 'If the polygon is a large one, go to any corner of the first site 
(randomly choose a number between 1 and 4), follow the preselected 
compass direction, and walk 50m in that direction to establish the 
first corner point of the second site. 

o If the polygon is small, adjust the distance between sites and choose 
appropriate random directions in the field. Repeat Step 4. 

Polygon (>-50m-r1 j 
3rd Site 2nd 50m--O- 1st Site 

Site • 
--.___Start Point 

6. Repeat Steps 4 and 5 for a third site. 
-,'£";,:· 
_/lo."· 
·~· 

c,· 

II. Wetland Habitats -- Forested 

1. Follow same procedures outlined for forested and shrub habitats to 
locate and establish sample sites. 

III. Wetland Habitats -- Marsh 

1. Follow the same procedures outlined for forested and shrub habitats to 
locate sample sites. 

2. Establish a 50m transect in the preselected direction. Reject the 
direction if it appears to extend outside the polygon or into the 20m 
buffer. 
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3. If a second site is to be sampled in a narrow polygon, place it 50m 
away from the first site along the long axis of the polygon. If the 
~olygon is a large one, go to either end of the first transect (randomly 
choose), choose a random compass direction and walk 50m in that 
direction to establish the second site. If the polygon is-small, 
adjust the distance between transects ((SOm) and choose appropriate 
random directions in the field. Repeat Step 2. 

Start 
Point 

-~so;;, .. ~ 
e'1om , 
' s.' /s~ ~', wm 

I ._ 

,c 
Access 
Point 

4. Repeat Steps 2 and 3 for a third site. 

/M-16 

-



III Wetland Habitats -- Beaver 

1. Specific polygons have been identified to sample for beaver. Follow 
the directions for locating the polygons and sites as outlined for 
wetlands or forest/shrub habitats. . 

2. In the·se polygons the only additional parameters to be measured for 
the beaver are the number of trees and the number of trees between 
2.5 and 15.2 cm dbh. These parameters can be measured in the entire 
25 x 25 m plot or a belt transect can be established. Adjust the 
width of the belt transect to achieve a count of 50 trees. Record 
the width of the belt. 

3. Be sure to transfer the measures of tree canopy cover. shrub canopy 
cover and height of shrub canopy to the beaver data sheet. 

4. If 3 sites are being sampled in a polygon the beaver parameters 
should be measured in all 3 sites. 

5. Sampling Adjacent Habitats 

a. Wetland Habitats 

Choose. using random directions. two points on the edges of the 
wetland in different compass quadrants. Choose a random distance 
between O and 100 meters and another between 100 and 200 meters. 
Pace the distances in a direction perpendicular to the wetland 
from the edge point. Establish a 50 m transect at each point! 
perpendicular to the direction of travel and centered on the line 
of travel. One half will become the belt transect. Repeat at the 
second wetland edge point. 

so- t ....... t 
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b. Riparian Habitats· 

o All sampling within riparian habitats will likely be within 100m 
of a river or stream and this site will represent the sampling 

· needed for beaver within a 100m band of the river. 

o For each plot. choose a random distance to ensure that the next 
site is within 100 to 200m of the river. Walk that distance in a 
direction perpendicular to the river and establish the second 
site. This site will be a 50 m transect as described in Sa above. 

100- ~o,.,.t· ---. -...:. ---------
~ .,,....-,- ......i= rip ... , .• .,, 

0-10•... • - - - • -~- • • • -..;, .... 
Q..,. •• ,.,, ,, • .,.., D 

... ,vu-



Reminder to Data Recorders: 

1. On arriving at a given polygon, mark the columns containing the parameters 
appropriate to measure in that habitat type (or visa versa). 

2. If a parameter does not get measured in a particular habitat type leave 
those columns blank. 

3. If a parameter is to be measured but is ~ot present (i.e. no shrub cover) 
put a •o• in those columns. 

4. Right justify all entries. 

5. Write any applicable notes in the margins. 

6. When in doubt, ASK. 
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- -/- - - -WE7i,.i'1DS 2: BEA VER - - - -·- -; - - - - ,..hw·- - · 
H1bi1a1 l)pe·f 1 j 2 j 1 j 

Riverine (020), Pond (022), Coni., Swamp (0231, Broadleal Swamp (024), Mared Swamp (025), Shnb S-.,, (026), 
wec-/M..h(027l, A\,a,ianOldGouwthConifo,(1011. ~ .. Mectneo.11«(102). Riporian-11071, 
Aiplriln Mixed (108). Riparian ShMi (1091, Old Grow1h Conll« (001), Cloood C-Conifor (002), 

location:CD A· Ross, D· Dlablo 
• 6 0-Gorge, TA-llumrAml 

BY• Big Be- Vally 
Open Canopy ConlO< (003), lodgepole (004), Regenerative ConifOf (005), CR- car1idtan Sllagil lC• Ughltnlng Clffll 
Aegono,etive llroadlul / Mared (0061, Broadleal (007). Mixed (0081, ShMi (009). 

SPECIES: Be-(11) 

Potygon Number.0:0 0111e: I I I I I I I 
I 7 I I 10 11 12 13 ,, .. 

• • • .. .... -- ohl\lb helghl ol boll ... - - :it 111 
... ......, - - ........ ... . 

I type -(cm) -- ohrub -- ol ol cove,ogo grad'-('IC,l ...... development 

s 5m high (an) - width ..... .... Huc:1ua11on loctar 

:! s 15m high (ffl) la, -... I I i I, .... 2.hnd J.! ! .. 
! ' I I I I I I ' I I I i i counl 15.2cm .. } l ' ' I I I i ' ' ' I (ml : dbh f''ll' . ' I I I I ' 

' (ail (Ill' (Ill (Ill) (Ill' (oil N·t: ! 11)22) (020) (Ill (002) 

15 11 17 II 11 :Ill 21 22 21 24 25 .. 27 29 29 30 31 32 30 3' 311 36 17 36 :II .. 41 .. ... .. 45 .. 47 .. .. .. 51 52 53 54 55 .. 57 58 "' 80 11 .. .. .. 15 "" 

' 

" 
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Forest and Shrub Habl tats 1 

Variable 

Density of deciduous shrubs (dbh _i2.5e111 height 
10.~. 

Density of deciduous trees 

Density of coniferous trees. 

Height of trees (conifer and deciduous) 

Height of overstory trees 

Nwnber of trees > 50CII dbh 

NUfflber of snags > 51CII dbh 

dbh of snags> Slca dbh (snag• dead tree) 

Number of snags 10 to 25<11 dbh 

Nuonber of logs> 18ca diameter or 
stumps> 0.311 high and l8t11 diameter. '. Predollllnant conifers 

/N-13 

- - -\ - - - - - - -., ... Attachment C, · 

Method Of Measurement 

Plot count. If ro119h count of shrubs In 1 5 • 5tl Is 12, count In entire 25 • 2Stl 
plot. If 12, count in two 5 x Sm plots and average. 

Plot count, 25 x 2511 plot, mark with chalk. 

Plot count, 25 x 25• plot, 111rk with chalk. 

Clinometer and range-finder. NUfflber will be different 1n each habitat type and will be 
calculated at the first plot of each type 111easured. Method: t locate an area as close 
to one of the site corners as possible where the tops of several overstory trees within 
the polygon can be seen. • One person stands here; the other walks out 20·30m and 
begins to Identify trees to be measured by asking •can you see the top of this one?" If 
so, the tree Is measured and marked. t Continue process until the prescribed number of 
trees for that area have been measured or It Is not possible to ,neasure additional trees 
without inovtng a great distance. , If additional trees need to be ,neasured, repeat the 
process at another site corner until an adequate number of trees have been 111easured. t 
Record baseline, Sand slope (In stands with trees more than 150 ft tall, record the 
degrees rather than Sand label the data sheet to note that). 

An overstory tree Is defined as> BOS of the height of the tallest tree In the canopy. 
Identify overstory trees (either deciduous or conifer) by a•+• In the appropriate 
colulffl. Transfer the ,neasures for these trees to the overstory tree col1111ns. If less 
than 20 have been ,neasured, choose additional overstory trees to measure using the 
procP.dure described above and choosing only overstory trees. 

Count and nark, 25 • 25m plot. 

Count and ,nark, 25 • 25m plot. 

dbh tape, 11easure all within 25 x 25• plot. 

Count and 111rk, 25 • 25ffl plot. 

Count, 25 x 25m plot. 

Observation. 

) 

-· 



Wetlands 1 

Y1r1lble 
' Deciduous shrub canopy cover !. 511 high 

Nydrophytlc shrub canopy cover S 511 high 

Tree canopy closure 

I herbaceous canopy 

s herbaceous canopy a to 46ca t111 

Height of deciduous shrubs S,511 high 

Hel ght of overs tory trees 

NUlllber of snags 10 to 25• dbh 

Stream gradient 

Bottoa substrate 

Nua,ber of rock walls, waterfalls, bridges 

Secchl disc reading 

Number of snags; dead-topped trees or open­
crowned live trees within 200 ft of water per •Ile. 

NU11ber of snags, dead-topped trees or open-crowned 
trees with whorls or witches bro011s per mile (same 
number for nest tree and perch tree columns). 

/M-12 

Method Of Me1suretnent 

Line Intercept, SOIi transect. 

·\ 
,j 

' 
Line Intercept, SOIi transect (hydrophytlc • willow, hardhack, devils club, hawthorn, 
Indian plU11, alder, dogwood, hlghbush cranberry, ninbark, twlnberry, wild crabapple, 
cottonwood), 

Line Intercept, SOIi transect, upward projection. 

O.Stl x 0.211 qu1dr1t, place every 511 along SOIi line (10 total); randOII start point, randOII 
side of transect, ss lncrt11tnts. 

0.511 x 0.2• quadrat, 1t sa1111 tl11e ind location as I herbaceous canopy (10 total). 

Graduated rod or 1111ter stick, SOIi transect, every 511, nearest!!!!! shrubs (20 total): 
random start point. 

Clinometer and rangeflnder. An overstory tree Is defined as SOI of the height of the 
tallest tree In the canopy. Method: • locate an area as close to one of the site 
.corners as possible where the tops of overstory trees can be seen. • One person stands 
here; the other walks out 20-lOm and begins to Identify overstory (large) trees to be 
11e1sured by asking 'Can you see the top of this one?" If so, the tree Is 1111asured and 
marked. • Continue process until 20 overstory trees have been 11easured, or It Is not 
possible to 11easure 1ddltlon1I trees without MOving great distances. • If 1ddltlonal 
trees need to be 11111sured, repeat process at another site corner until 20 trees have 
been 11easured. Record baseline, I and slope. 

Count and .ark, 25 x 2511 plot. 

Topo MlpS, not I field observation. 

Observation, 0.8kM transect. 

Count, 0.8tin transect. 

Two readings/mile (to 1.11111). 

Count/mile, estl111te 200 ft frOII water. 

Count/mile, esti.ate distance frOII water. 

- - - - - - - .. ----- ------
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Forest and Shrub Habitats 2 

Variable 

Shrub canopy cover (palatable and less palatable) 
( ~211) Note: Includes trees< 2111 tall, 

Shrub canopy cover £5• high 

Dec I duous shrub canopy cover "511 h I gh 

Hydrophytlc shrub canopy cover~511 high 

Tree canopy cover 

Conifer cover 

Evergreen woody vegetation cover .l 3.1111 high 

Cover of downfalU. 7.6cm dl1111eter 

Depth of woody III terl 11 

I palatable herbaceous canopy cover 

I herbaceous canopy cover 

I herbaceous canopy cover 8-46ca ta 11 

Height of deciduous shrubs 

,, 
Height of lowest conifer branch above ground 

Successlonal stage 

/M-14 
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Method Of Measureo,ent 

Line Intercept, SOIi transect (111lat1ble • servlceberry, elderberry, blackcap, trailing 
blackberry, Mt, b1l11, cherry, willow, red cedar; less palatable• salal, sallllOnberry, 
vine 111aple, hazelnut, devils club, dogwood, snowberry, alder, Oregon grape, hemlock, 
Douglas fir, lodgepole pine). 

Line Intercept, SOit transect, 

Line Intercept, SOIi transect. 

Lfne Intercept, 51111 transect (hydrophytlc • willow, hardhack, devils club, hawthorn, 
Indian plURt, alder, dogwood, hlghbush cranberry, nlnebark, twfnberry, wild crabapple, 
cottonwood) , 

Line Intercept, SOm transect, upward projection. 

Line Intercept, SOIi transect, upward projection. 

line Intercept, SOm transect, upward projection. 

Line Intercept, SOIi transect • 

.. Every 5• 1long a SOm transect, random start point, o,eter stick (10 total). 

0.5 x 0.211 quadrat, place every 511 along SOm transect (10 total}; random start pofnt, 
random side of transect; SI fncrements. (Unpalatable • foxglove, thistle, tansy ragwort, 
poison heallock, equlsetum, fern). 

0.5 x 0.211 quadrat, at same tlo,e and location as S palatable.herbaceous canopy cover (10 
total); SI Increments. 

O.S x 0.211 quadrat and o,eter stfck, at sao,e time and location as I palatable herbaceous 
canopy cover (10 total); 51 increments. 

Graduated rod, SOit transect, every Sm, nearest two shrubs, random start point, In 
rl111rlan areas, if any of the 20 o,easured shrubs are >Sm high, randomly choose additional 
shrubs ~Sm high to measure, so that at least 20 shrubs :Ii.Sm high are o,easured. 

Graduated rod or o,eter stick, 50m transect, every Sm, nearest two conifers, random start 
point (ZO total). 

Observation. 



C\­
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Wetlands 2: leaver 

Varllble 

Hibl tat type 

Tree canopy cover 

Shrub canopy cover 511 high 

Height of shrub canopy 511 high 

Nllllber of trees 

NUlllber of trees between 2,5 and 15,2 ca dbh 

Woody vegetation 

I va ter 11 ly coverage 

Strea• quadrant 

Water fluctuation 

Shoreline developaent 

/M-15 

" 

r"'-: t I 

~) '.:\~/;.:, 

Method of Measuret11ent 

Observation or 1erl1l photo. 

Line intercept, 50. transect, upward projection. 

Line Intercept, 50. transect. 

('"~''\ 
' 

Graduated rod, 511111 transect, every Sa, nearest~ shrubs, random start point (20 total). 

Count, belt transect, establish on one side of the SO. transect, Length of the belt 
transect should always be 2Sa, width of transect will be variable depending on the number 
of trees In the area; at least 50 trees should be counted. Record width of transect. 

dbh tape, count, belt transect of s11111 width and location as total tree count, 

·Observation. 

Visual estl .. tlon. 

'Topo aaps - not a field measure. 

Local data - not a field measure. 

Not a field 11tasure, 

- - -----.----- -------
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Your 
Seattle 
City Light 
• 

§ 
Randall W. Hardy, Superintendenl 
Charles Royer. Mayor 

December·l, 1987 

Brian Hauger 
Washington Dept. of Wildlife 
600 N capital Way, MS GJ-11 
Olympia, WA 98504 

Dear Brian: 

Enclosed is a copy of the November 4, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the details 
of the decisions reached by the HEP team during the meeting. 

Please review the notes and acknowledge your acceptance of the 
decisions by signing in the designated place below and returning this 
letter to Envirosphere Company. 

If you have any questions, please call Jay Brueggeman at 451-4625. 

RR:gv 

Attachment: November 4 meeting notes 

As a representative of IVASM.179PT. OfW1LVltPe 
decisions documented in this letter for the Skagit Dams 
Impacts Study. 

, I accept the 
Original 

\..fjµi;,uid--~()d oL 11},1/ 1,sz 
(Name) (Date) 

"An Equal Employment Opportunity-Affirmative Action Employer" 

City of Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000 



Your 
Seattle 
City Light 
Randall W. Hardy, Superinlendent 
Charles Royer, Mayor· 

December 1, 1987 

Jon Jarvis 

RECEIVED 

OEC 091987 

North cascades National Park Complex 
2105 Highway 20 
Sedro Woolley, WA 98284 

Dear Jon: 

§ 

Enclosed is a copy of the November 4, 1987 HEP team meeting notes for 
the Skagit Dams Original Impacts Study. · The notes include the details 
of the decisions reached by the HEP team during the meeting. 

Please review the notes and acknowledge your acceptance of the 
decisions by signing in the designated place below and returning this 
letter to Envirosphere Company. 

Ifiyou have any questions, please call Jay Brueggeman at 451-4625. 

Richard Rutz, Proje 
Environmental Affairs 

RR:gv 

Attachment: November 4 meeting notes 

As a representative of ~0.M~ ~-P.D,C.. , I accept the 
decisions documented in ~tter for the Skagit Dams Original 
Impacts Study. 

t-z-,-rq 
(Date) 

"An Equal Employment Opportunity -Affirmative Action Employer" 

, 

City of Seattle -City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625·3000 
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"\bur 
Seattle 
City Light 
Randall W. Hardy, Superintendenl 
Charles Royer, Mayor 

December 1, 1987 , 

Estyn R. Mead 
Division of Ecological Services 
U.S. Fish & Wildlife Service 
2625 Parkmont Lane SW Bldg. B-3 
Olympia, WA 98502 

Dear Estyn: 

,· ...... ,. :;·-·~ ... ---........ .--~. 
t t - ·'! "'• r .... ~ ;· .... J 11,.. l 
·- • - • J • ,.~; \ ,- .-J f 1 

Enclosed is a copy of the November 4, 1987 BEP team meeting notes for 
the Skagit Dams Original Impacts Study. The notes include the details 
of the decisions reached by the HEP team during the meeting. 

Please review the notes and acknowledge your acceptance of the 
decisions by signing in the designated place below and returning this 
letter to Envirosphere Company. 

have any questions, please call Jay Brueggeman at 451-4625. 

Richard Rutz, Project nager 
Environmental Affairs Division 

RR:gv 

Attachment: November 4 meeting notes 

As a r·epresentative of U,~. F1"$h a.11\d W;IJli.f'c. Se't'\11~:&,, I accept the 
decisions documented in this letter for the Skagit Dams Original 
Impacts Study. 

1-.1'1-rr: 
(Name) (Date) 

"An Equal Employmenl Opportunily- Aflirmalive Aclion Employer" 
Cily of Sealtle - Cily Lighl Oepartmenl. Cily Ugh! Building. 1015 Third Avenue, Seattle, Washinglon 98104 (206) 625-3000 



SKAGIT DAMS ORIGINAL IMPACTS STUDY 
HEP TEAM MEETING 
NOVEMBER 4, 1987 

On Wednesday, November 4, 1987, a HEP Team Meeting was held for the 
Skagit Dams Original Impacts Study. The purpose of this meeting was 
to: ll review the final edit plots and cover-types to be included on 
the color map, 2) finalize the target years for each reservoir, 
3) review changes and assumptions made in several species HSI models, 
and 4) determine HSI values for several species in habitats that were 
not measured in the field. 

Attendees: Rick Rutz, SCL 
Art Stendall and Brian Hauger, WOW 
Estyn Mead, USFWS 
Jon Jarvis, NPS 
Joe and Margaret Miller, N3C 
Jay Brueggeman, Dave Every, and Colleen McShane, t Envirosphere 

1. 0 ?~Cover Type Mapping 
~~: 

The final edit plots of the cover-type mapping were presented to 
the HEP Team. The HEP team reviewed the edit plots and agreed 
upon the cover-types to be displayed on the final color map 
(Attachment Al. 

2.0 Target Years 

The HEP is designed to project changes in habitat units over the 
life of the project. It is, therefore, important to identify the 
years in which major changes in habitat quantity or quality 
occurred that can be measured or estimated. The initial target 
year (TYO) always represents the year prior to any disturbance. 

8269a 
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TYl is always the next consecutive year, or the first year of 
construction. Since it is usually not possible to estimate the 
acreage disturbed by initial construction, the acreages for TYl 
generally do not change from TYO. The next target year is usually 
the year that construction is completed. The acreages for this 
year represent the first major change from pre-project 
conditions. Target years subsequent to the completion of 
construction are assigned to every year that a major change occurs 
in the quantity or quality of habitat. The last target year 

represents the end of the license period, or in the case of SCL, 
the end of the current temporary license extension, 1987. 

The stages of construction for each of the three Skagit Dams were 
presented and the following target years were agreed u~on by the 
HEP team: 

Pool 

··~i:' 
Eleva- Pool 

Calendar Target tion Area 
Reservoir Year Year Event ( feet) (acres) 

<?;; 
Gorg~ 1918 TYO pre-construction 

.-·~)J"t 1919 TYl construction begins 
1924 TY6 construction completed 780 12 
1961 TY43 concrete dam 880 240 
1987 TY69 project end 880 240 

Diablo 1927 TYO pre-construction 
1928 TYl construction begins 
1929 TY2 construction completed 1,205 910 
1987 TY60 project end 1,205 910 

Ross 1936 TYO pre-construction 
1937 TYl construction begins 
1940 TY4 construction completed 1,380 1,950 
1947 TYll elevation raised 1,500 5,800 

8269a 
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Pool 
Eleva- Pool 

Calendar Target tion Area 
Reservoir Year Year Event (feet) (acres) 

1948 TY12 elevation raised 1,560 9,550 

1949 TY13 elevation raised 1,602 11,700 
1987 TY51 project end 1,602 11,700 

Gorge had one intermediate stage when the ·elevation of the dam was 
raised slightly and the pool surface area increased to 21 acres. 
The HEP team agreed that this acreage change was too small to 
assign to a target year. Similarly, Ross had several small and 
relatively brief incremental changes that were not assigned 
specific target years. 

3.0 Models Changes and Assumptions 

3.1 

·.1.'.·.·.,,:;~,.· ' ', 
·._,, .,,',!· 

;': .> 

?,~, 

Ruffed Grouse. 

The ruffed grouse model includes a factor which reduces the 
value of optimal habitat by 75 percent if conifers are 
present. The purpose of this "conifer penalty" is to account 
for the hiding cover provided to avian predators by tall 
conifers. The HEP team agreed that avian predators are 
probably not a major source ·of ruffed grouse mortality in the 
Skagit area and thus are not likely to result in ruffed 
grouse avoiding conifer areas. The HEP team decided to drop 
the conifer penalty from the ruffed grouse model. 

3.2 Mule Deer 

8269a 

3.2.1 Small Conifers 

Conifer cover less than two meters tall was included 
in the field measures of winter food for the mule 
deer. The model specifies exclusion of small conifers 
but there is evidence that they are browsed by deer in 
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the Skagit area and may be an important winter food 
source. The HEP team agreed that conifers (<2m) be 
retained in the cover measurements. 

3.2.2 Herbaceous Canopy Cover 

The herbaceous canopy cover parameter in the model was 
refined in the field to include only palatable 
herbaceous canopy cover. The HEP team agreed that 
this was an appropriate modification. 

3.2.3 Slope 

A recent study in Oregon (Ganokopp and Vavra 1987; 

Slope Use by Cattle, Feral Horses, Deer, and Bighorn 
Sheep) showed that slopes greater than 80 percent were 
avoided by deer and that slopes between 40 and 
79 percent were utilized at a lower frequency than 
their occurrence. The HEP team agreed that all slopes 
greater than 80 percent will not be evaluated as deer 
habitat. In addition, the food HSI for deer habitat 
on slopes between 40 and 79 percent will be 
down-weighted by half (multiplying by 0.5); the cover 
HSI will not be weighted for slope. Values for slopes 
between O and 39 percent will not be modified. 

3.3 Red-tailed Hawk 

At an earlier meeting, the HEP team agreed that shrub cover 
would be used to down-weight the food value of open canopy 
conifer and shrub land cover-types. The HEP team decided 
that this down-weighting will be accomplished by applying the 
same graph that is used to determine the effect of tree 
canopy cover in these habitats. The SI for this additional 
parameter will be included in the HSI equation and given a 
weight equal to that of the other variables. 

4 

-

, 



3.4 Osprey 

3.4.1 Interspersion 

The HEP team agreed that the distance between nesting 
and feeding habitat was not a 1 imiting factor for 
osprey in the Skagit area; therefore, the SI value for 

this parameter was assigned a l.O. 

3.4.2 Multi-Cover 

The HEP team agreed that the osprey model should be 
applied as a multi-cover model. Multi-cover models 
weight each life requisite HSI by the area of the 
different habitats used to meet that particular life 
requisite. 

Black-tailed Deer 

Based on the field data collection, additional literature 
review and consultation with species experts, the 
black-tailed deer model does not·appear to be appropriate for 
the Skagit Area. The deer in this region of the North 
Cascades are an integr~de mix. of mule deer and black-tailed 
deer and are more characteristic of mule deer in behavior and 
size. As a result of this information, the HEP team agreed 
to use the mule deer model for evaluating deer habitat 
quality in the Skagit Project Area. 

4.0 HSI Values for Habitats Not Measured in the Field 

A number of cover types could not be measured during the field 
sampling program because they: 1) were present during pre-project 
but not under post-project conditions and not represented adjacent 
to the project area (i.e., agriculture), 2) represented a very 
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small percent of the project area (i.e., grassland), or 3) were 
impossible to sample safely (i.e., exposed rock). Because a 
number of these cover types have value as habitat for several 
evaluation species, the HEP team agreed to assign HSis to the 
habitat for the following species: 

8269a 

Mule Deer 

o Campgrounds are only minimally disturbed and will be 
assigned the same food and cover HSis as the cover-type in 
which they are located (usually open or closed canopy 
conifer). 

o Transmission lines are generally maintained as shrublands 
and will be assigned the same HSI as shrublands. 

o A food HSI will be calculated for grasslands and 
agricultural areas assuming no shrub cover and 100 percent 
palatable herbaceous cover (food HSI= 0.333). 

Red-tailed Hawk 

o Exposed rock and talus areas will be assigned a food HSI 
of 0.75, since these areas are likely good habitat for 
red-tailed hawk prey. 

o Transmission lines will be assigned the same food HSI as 
shrub lands. 

o Agricultural areas and grasslands will be assigned a food 
HSI of 1.0 due to their importance as small mammal habitat. 

6 



Black-capped Chickadee 

o Campgrounds will be assigned a 0.75 SI value for snags; SI 
values for the other model parameters will be the same as 
those measured in the cover-type in which the campground 
is located. 

Beaver 

o Ponds will be assigned an HSI of 1.0, since they usually 
represent excellent beaver habitat. 

o Bogs will be assigned an HSI of 0.0, since their habitat 
value for beavers is probably poor. 

5.0 Schedule 

~The first draft of the report on the Skagit Dams Ori gi na 1 Impacts 
·"~..:,;. 

· .,~tudy is due to SCL on November 20, 1987. 
·~· 
. ,:{ 
~. After the conunents made by SCL are incorporated into the report, a 

second draft will be submitted to the HEP team for review by 
mid-January 1988. 

The next HEP team meeting will be on Wednesday, February 10, 1988, 
to discuss comments on the report. 

8269a 
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SCL SKAGIT PRQjECT COVER TYPES 

FINAL 
MAP 

COLOR* COVER TYPE NAME 
1 l 01 d Growth Conifer 
2 < 2 Closed Canopy Conifer 

, 3 Open Canopy Conifer 
3 4 Conifer Regeneration 

4 
_.........- 5

6 
Closed Canopy Lodgepole 

............_ Open Canopy Lodgepole 
7 Lodgepole Regeneration 

5 8 Broadleaf Forest 
6 9 Mixed Forest 
5 10 Regenerating Broadleaf/Mixed 
lr 11 Riparian Old Growth Conifer 
2r<:::12 Riparian Closed Canopy Conifer 

13 Riparian Open Canopy Conifer 
3r 14 Riparian Conifer Regeneration 
Sr 15 Riparian Broadleaf Forest 
6r 16 Riparian Mixed Forest 
7r 17 Riparian Shrub 
8 18 Gravel Bar 
7<::::::19 Shrublands 

20 Avalanche Tracks 
9 21. Grassland/Meadow 

10 <~t tj~:ed Rock 

_....,.....24 Palustrine Forest (Conifer Swamp) 
ll'--....25. Palustrine Forest (Broadleaf Swamp) 

26 Palustrine Forest (Mixed Swamp) 

12
~

2
2
8
7 Palustrine Scrub-Shrub (Shrub Swamp) 

"- Palustrine Emergent (Marsh) 
29 Palustrine Moss (Bog) 

/

30 Palustrine Aquatic Bed (Pond) 
31 Lacustrine; Reservoir 
32 Riverine, mainstem, gradient 1% 

8 33 Riverine, mainstem, gradient 1-3% 

\1
34 Riverine, tributary, gradient 1% 
3

7

:5 Riverine, tributary, gradient 1-3% 
Riverine, tributary, gradient 3-6% 
Riverine, tributary, gradient 6-12% 
Reservoir Drawdown 

9 39 Agriculture 
13 40 Industrial Sites 
14<41 High Density Residential 

·42 Low Density Residential 
13 43 Roads, Parking Lots 
14<44 Transmission or highway right-of-way 

45 Forest-Campground . 

CODE 
(COG) 
(CC) 
(CO) 
(CR) 
(CLC) 
(CLO) 
(CLR) 
(B) 
(M) 
(R) 
(rCOG) 
(rCC) 
(rCO) 
(rCR) 
(rB) 
(rM) 
(rS) 
(Gr) 
(S) 
(SA) 
(HG) 
(ER) 
(T) 
(PFC) 
(PFB) 
(PFM) 
(PS) 
(PM) 
(PB) 
(PP) 
(RES) 
(Rl) 
(R2) 
(TrRl) 
(TrR2) 
(TrR3) 
(TrR4) 
(RD) 
(AG) 
( I) 
(RH) 
(RL) 
(RP) 
(ROW) 
(CA) 

*Cover Types on Final Map 
1. 01 d-growth Conifer Forest 
2. Mature Conifer Forest 
3. Young Conifer Forest 
4. Lodgepole Pine Forest 
5. Broadleaf Forest 
6. Mixed (conifer/broadleaf) 

Forest 
7. Shrub 
8. Lake/stream (Lacustrine/ 

Riverine 
9. Grass/Agriculture 
10. Rock/Ta 1 us 
11. Forested Wetland -

Palustrine 
12. Non-Forested Wetland -

Pa 1 ustri ne 
13. Road/Parking Lot/ 

Industrial Site 
14. Campground/Residential/ 

Right-of-way 

r-Ri pari an: the colored -
border outlines each 
group of riparian 
cover types; some 
wetland types occur 
within the riparian 
border. 
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STUDY OF SKAGIT DAMS ORIGINAL IMPACTS 
ON FISH AND WILDLIFE HABITATS AND POPULATIONS 

PROGRESS REPORT 
OCTOBER 1987 

1.0 Summary of Work Performed 

During September 1987, Envirosphere performed the following work on the 
Study of Skagit Dams Original Impacts on Fish and Wildlife Habitats and 
Populations: 

Task 1 - Identify, Review, Analyze and Summarize Reference Materials 

This task was completed in June, 1987. 

Task 2 - Wildlife Habitat Inventory 

The final edit plots and acreage summaries were received from NCI. The 
color proof of the final display map was checked and sent for printing. 

Task 3 - Wildlife Population Inventory 

Summarization of published data on important wildlife species in the 
Skagit Area was begun. 

Task 4 - Wildlife Habitat Evaluation 
. l·~·· 

Al'Lf'.ield data were summarized and the statistical analysis completed. 
The HSI analyses were completed for the marten, ruffed grouse, black­
capped chickadee, and pil eated woodpecker. In addition, the models and 
spreadsheets required for the HSI anaysis for the osprey, red-tailed. 
hawk, and mule deer were designed and programmed for computer analysis. 

Task 5 - Anadromous Fish 

The draft report was submitted to SCL in September. 

Task 6 - Synthesis Report 

The introduction, study area and methodology sections of the synthesis 
report were written and several graphics prepared. 

Task 7 - Consultation, Coordination and Meetings 

No formal coordination or HEP team meetings were held in October. 
However, several informal meetings were held to discuss mapping issues. 

Task 8 - Management 

Normal management activities were performed during October. 

2.0 Summary of Significant Problems 

The complexity of the target year analysis may cause a slight delay in 
de 1 i very of the draft report. 
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3.0 Summary of Major HEP Decisions 

No major HEP decisions were made during October. 

4.0 Significant Meetings/Contacts 

No significant meetings were held during October. 

5.0 Work Activities Scheduled for November 1987 

Work scheduled for November 1987 on the Skagit Dams Original Impacts 
Project includes: 

o Finishing the HSI analyses. 

o Incorporating all target year acreage data and completing the HEP 
analysis. 

o Completing the draft synthesis report. 

6.0 Budget 

Approximately $6,000 was spent during October. The cummulative· total 
spent on the project is approximately $92,000. 

MCM: t rpS60 · 
:.Jw,_ .. 

···~·. \fi' 
··,1· ,;, 
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APPENDIX TABLE B-1 

LI FE FORM 1: Reproduces in water, feeds in water. 

LIFE FORM 2: Reproduces in water, feeds on the ground, in bushes, and/or 
trees. 

LIFE FORM 3: Reproduces on the ground around water, feeds on the ground, in 
bushes, trees, and/or water. 

LI FE FORM 4: Reproduces on c 1 i ffs, in caves, rimroc k or ta 1 us, feeds on the 
ground or in the air. 

LIFE FORM 5: Reproduces on the ground, without specific association to 
water, cliff, rimrock, or talus, and feeds on the ground. 

LIFE FORM 6: Reproduces on the ground, feeds in bushes, trees or in the 
air. 

LIFE FORM 7: Reproduces in bushes, feeds on the ground, in water or the 
air. 

LIFE FORM 8: Reproduces in bushes, feeds in trees, bushes or air. 

LIFE FORM 9: Reproduces in primarily deciduous trees, feeds in trees, 
bushes, or air. 

LIFE FORM 10: Reproduces primarily in coniferous trees, feeds in trees, 
bushes, or air. 

LIFE FORM 11: Reproduces in coniferous or decidous trees, feeds in trees, 
bushes, on the ground, or in the air. 

LIFE FORM 12: Reproduces on very thick branches, feeds on the ground or in 
the water. 

LIFE FORM 13: Reproduces in own hole excavated in tree, feeds in trees, 
bushes, on the ground or in the air. 

LIFE FORM 14: Reproduces in hole made by another species or in natural hole, 
feeds on the ground, in water or air. 

LIFE FORM 15: Reproduces in burrow, feeds on or under ground. 

LIFE FORM 16: Reproduces in burrows, feeds in air or water. 



Table B-2. 
SKAGJT DAMS ORIGINAL IMPACTS HEP STUDY -- Ma11111als and Ranking Parameters (source: Tabor, R.D., 1971. Biotic Survey of Ross Lake Basin) 

LIFE AYAJLAIU t£P 

SPECIES CONN- FOAM* SEASOR.ITY A&lllOONCE Jll'OIMITHII ,OW.S VERSATILJJV R<N< 

CERYIDAE 
Cervus el.pt.us roouliwelhi RooHvtlt Elk 5 • I I I 2 ' Alt'H ilCfi - 5 • I J I 3 10 

Odoco1lltl&i I\N1onus colullbi•nus Bli1ek··hilld DNr- 5 • • 2 J 2 13 

Qoocoi I.us htlliOftllS heaiOMS Nult IINr 5 • • 2 I 2 13 

ID/IDAE 
~aaricMH IIDuniiliin So&t • • 3 J 0 3 JI 

FRI DAE 
Fths ooncolor Mounhin lion • • I 1 0 2 8 

Ftlli i-11.fin. -·t • • J I 0 2 10 

lllSTEUDAE 
btr-.i caMdenii• Ri Yff' Ot. ter 16 • I I 2 J 11 

Mir-tes iar iCil'li llilrten 14 • I 1 J J 12 

Nuslel• vison .... 16 • I I J J 12 

Mustelii freriah Long-hilld Meisel 15 • I I 0 J ' 
PIIOCVOIIDAE 
Procyon lotor - 14 • 1 1 0 I 7 

URSJDAE 
lkw1 ...-ic.nu llildt BIil' 15 2 J 2 0 2 ' 
CIINIDAE 
C:.nus li1tran1, Coyote 15 • 2 I 0 I 8 

\Julpn vulpn RN Fox IS • I I 0 2 8 

EEH1l00IIIE 
Er.thi1on dof'Miu1 Porcupine 6 • 1 I 0 2 I 

RIIYICO. I DAE 
Ph1Ncuit5 intlnlldius Hl!athtr Volt 15 • I 2 0 3 10 

Cl~hriOl'IOMfS g~ri Southerft Rld-NCUCI Volt 15 • I 2 3 J ll 

Microtus aoritMM.11 Nounhnt Volt 15 • 2 I 0 2 ' Microhs towrwndii TOlill'lllftd's Volt JS • 2 I 0 2 ' 
Microtl&!i lqitilNhli- Long.-t:1il Vol, IS • 2 J 0 J 8 

Microt.11S rim.rdlOl'li Witer Vole JS • 2 I 0 2 ' MiCTOtuS cnpi Cretpir.g Vole IS • 2 I 0 I 8 

ZJIIOOIDAE 
liipUS fJrlAC,pi J1.111ping Noose J • 2 I 0 2 ' 
CRICETINA£ 
Perc.yscus ia.u11cul.atus lluh-footi!O Deer l'lc,use IS • • 2 0 I 11 

Ntc.,toaa cinerfi. Bushrhi led Wuodril IS • I I 0 2 8 

CIISTIIUDAE 
C.Stor CiiMlieMiS Beiver 16 • ,, I J 2 12 

IA.DDl»mr« 

* S~ablialil fiiill i fwms -- - - - - - - - - - - - - -I 



- - - - - - - - - - - - - - - - -Table 8-2 (cont'd). 

LIFE AVAIUUt.£ IEP 

~JES ~- FORM* SEASOA..ITY AilN)iK.E UFORMTI~ "°"''s VERSATILITY -
Aplodont ii ruf • Mounhin Bea ... er 15 

SC IUlll llfi 
Ghucoays HbrHIUI Northern Flying Squirnl 14 

T•1a!.CIUNS hud~icus Red Squirrt'l 10 
h•i•sciurus dougl•••i Douglu' Squirrttl IO 
Spt1'1K1ph1lu1 w.tur•h• C.SCiide 6roimd Squirrel 15 
Nulloih frenh Hoiry Miraot 15 
lilinlol.a fl•viven.tris VeUo.-bllliecl Airaot • 
Eut•in .-,eN.15 VellOlt PiM OiiJIMl1* 15 
Euhaiu tCM'IStl'ldii TOIIMftld' s O.ii-anlr. 15 

IDIIUllAE 
L-,UI ...,.ICil'IUI -- 5 
Ochot Dl'lil, pri ncwpl Pilci. 15 

llSPERTJLIIIUllAE 
Myoti• lucifugu1 Little llrOlffl Jllyotis " 
S0UCJDA£ 
Sore11 vagr•ns w.lering 9lrew 15 
Sor'e11 Cinl!N!US. Mi;sked Shre. 15 
Sore11 ~lustri• Northtrl'i Wittr Shret1 .. 
Sorell trc.i.bridgi i TrfMDl'idge'• 91rew 15 

TIU'IOIE 
Neurotrichus gibblii Shrtr1Klll 15 

* See Table B-1 for life forms. 

• I I 0 2 a 

• 2 I 0 2 9 

• 2 2 0 2 10 

• I 2 1 2 10 

• 2 2 0 2 10 

• 3 I 0 3 II 

• I I 0 3 g 

• • 2 0 2 12 

• 3 2 0 2 II 

• 2 2 3 3 14 

• 2 2 0 3 II 

• 3 I 0 2 10 

• 2 2 0 1 g 

• I 2 0 2 g 

• I 2 0 l 10 

• 3 2 0 2 II 

• I 2 0 2 9 

§easor..ility: ',i=iinl\llal resid•nt i l=111inhr resident; Z=s.11.er resident i l:aigrant 
abund•oce: .\=aburidantj Jzfrequent1 2:=occassioriilf l=rire 
inforwtion •v•il•billty: ls=11te-specific studies; 1::okerved on s.te1 O=generil/lKIIW 
l£P aodels: J.syK lhM111 2=yes ldr•ftllt l=yes lpreliairlir:,I; O=ono acdel 
vei-s.tility {based on the riuaber of cover types ffll SllCCefti~l shgn used in fNding .and reprodudionh Jalow; 2--Mdiwa; 1:shi~ 
i-itik=sua of .all ~i-Hl!ters 

- -



B-2 Table (cont'd). 
SKAGIT DAMS ORIGINAL IMPACTS HEP STUDY -- Amphibians and Reptiles and Ranking Parameters (source: Tabor, R.D. , 1971. Biotic Survey of Ross Lake Basin) 

LIFE R\IAILfllt.E >IP 

SPECIES ~- '°"'* SEASCNl l TV AIOIMl'«:E. INFfJIMTION ,W:LS VEJISATILITY -
NYSTCIIATIDAE 
IW,ystou alCJ'Od.ct.ylua LOt1g-toed Sil.iliU.Nlw' 2 

ASOl'HJIR: 
RK-•Ji!us truii hi led Frog 2 

111.fll<IIR: 
Bu.fo borHs WHttrn To.ct 2 

Hlll!R: 
Hylii regil• P;acifk Trtt fl"'Og z 

AAHIIR: 
R.irwi CHCidl! Ci.KiMfR fN>g 2 

~ •11rori Red-legged Frog 2 

hni pipilHIS NHtem L.op1rd Frog 2 

Rit.rlil utKbtiiN Bull Frog I 

IIBJIIR: 
6errhoftotus coranalaus Northern Allig•tor Lizard 5 

BOJIR: 
0.,ril'li bottH 1..-eo. 5 

Jll.1.8111R: 
~is 1irtilis ea.on &lrter Sriih 3 

Th~i• 1lqil'6 u.ndering Garter SN1ke 3 

Thanophis ordinoidn bthNHtwn &.rttr SNke 3 

* See Table B-1 for life forms. 

- - - - - -

• 0 0 0 z • 

• 0 0 0 3 7 

• • l 0 2 JO 

• I 0 0 2 1 

• I I 0 3 8 

• 0 0 0 2 • 
• 0 0 0 3 7 

• 0 0 2 I 7 

• 2 I I I 8 

• 3 I 0 I a 

• • I 0 I 9 

• 3 l 0 I 8 

• 3 I 0 2 9 

seisoMlity: '°'iMUil rfildll'ltj Ainter rnidtntl 2=su..:!r rr..ident.1 l•igriflt 
ilburidi1ro1 •=•~nd•nt; l=fl"flllM!fllj 2~iS5ION1lf l"l"ill"l!i O=unkl'IOIM 
ir,fortlillior. i~.iiiliibility: 2=site-spedfic studies; l=obierved c,n site; O=general/nont 
~ ilCldels: J:yes lhl'lil.U; 2=yes tdriftllj 1=yes lpteli•1hilryl; ~no nlel 
verwtility {bit.Md on the IMlllber of ro.aer typK mil sutnHiONI shges uitd in fteding itld reprodtlrlionl; 3=10111; 2-Mdi1.111; !=hip 

rri•1• of •II ,.,-.. ten 

- ... - - - - - - - - - - -



-Tab~-2 \cont•P - - - - - - - - - - - - - - -
5M.lli:T 00-:S o~:6!A"il.. '.lllAAC:S -1::0 S'::JD'\1--11:iIDS R'(0 QANI.Iflli MRMETEQS !source: hoor. R.O •• 1971. B1ot1c su.-vev of Aoss L.ake Basin) 

SPEC!ES Cll<!<l, -

!..!FE AVAILABLE HEP 
FOilM* SEASOhALJTV ~ INFORl'IITJIJ< l(Jl)ELS l'ERSATILITV -

GA'IIIIIAE 
6iv11 1..,. Coacm i.oon 3 • 2 1 0 3 IO 

PIIOICI IIEDIIIAE 
Poch l'IOI IIJl'lt\lS 'iorneo &rtbl J I 2 I 0 J 1 
Pod1cea,s nuricolhs E1recl &reoe J 1 I 1 0 J 6 
Alchmcnorus oa:1ont,ili1 Wntern 6r'elle J I 1 1 3 3 9 
aflod1IVWJU1 DOdit:fli Pild-billad er.be 3 1 0 0 0 3 • 
PIR.11:IIJCOMCIIIAE 
IPhilKr<ICOl"U ilUl"ltLl.ti Doobl.-crestld Coreor1nt 3 1 0 I 0 J 5 

ARIEilllc 
tArdH hlf'OCIIH 6NN.t Blut Htron 12 I 0 0 3 J 1 
Butoridn 1tr11tus -- 12 I 1 I 0 3 6 

FNITJIIAE 
Cvt!fllll coluabii1FH!5i ~undr1 SNan 3 I I 1 0 3 6 
Bri"1:il Ciltlidll'IIII CMlll:1 &ooN 3 1 1 1 1 3 7 
11ou,1,1,...,- lllllird 3 2 2 l I 3 9 
Ann iClllil Jrtortntrn PH1Uil 3 1 I I 0 3 6 
~ dilCWI Blu.-i,iN}td lHl 3 l I 1 3 3 9 
An.ls chDNta Morthern !hcwl'ler 3 I I I 0 J 6 
Aytt,y.1 ••rlCiHII ~hNd 3 I I 1 3 3 9 
AyUiy1 INl'ili SrHtff Scaua 3 1 1 I 0 3 6 
Arihyl lffU'lll ;.es.,. ScM10 3 1 1 I 3 3 9 
ll~lil C'l.uipul• c--&o1,....,.. 14 I I I 0 3 6 
Bw»1i11l1 isl•ica Birra1' I 6ol~ 14 • 3 1 I 3 12 
liucedi•l• ,1,)bltoJi1 BuffllhNd 1, 3 3 I I 2 10 
Huitriontcus histri"'ICldi ~lea1.11n Duck 3 2 I I 0 3 7 
lllelif'lith aeol1nch llut..-.1nqld Scot.,. 3 1 2 I 0 3 7 
Lodtoelvtn cucull1tu1 ltXldld ""'CJll'IUY' 14 2 I I 0 2 i 
Mergus 1111"9ill'Ur CoNon lltrglt'lllr' 1, I 3 I 0 2 7 
lltergus ArT1l:or ~-brfist;ld Nert1nur 3 I 1 1 0 2 5 
Rix soonu - °""' 11 ' 0 0 3 3 10 

ACCIPIT~!l)l:IE 
Acc1mter qentllll :'iOrlherl'I &ov. .. ~ 11 1 2 I I J 9 
Accio1ter 5trtihtl Sniro-lh I nt'IICI HiJlk 11 2 I 1 0 2 6 
Acc11nter cooaru Cooolr-'s ~•k II 1 I I 0 2 ' iuteo 1M.i1~u ile(l-til.1i.to~ 12 2 3 I 2 2 10 
Aout Iii cnrvH1tos Bolden Eii!!II 11 2 2 I 0 2 7 
Hill1Met1t1 leucocttohiillll'" Nici E•gll" 12 I I I 3 2 8 
Cimas c,ar.eus Nortl'lt,-n HirT11r ' I I I 0 3 6 
PU1Chm hillutus o. .... , 12 2 I I 0 2 6 

FIILCIJ<IIIAE 
F1lco atreor1nus" lei-eOl"ll'le FilCOft"" • 2 1 I 0 I 5 
F•lro roluati.r1us ~i1n 11 1 ; 0 1 6 
Fil co •a.rver1 us Aaerte•n ~estrel " 1 3 I 0 1 8 

* See Table B-1 for life forms. 
.I 



Table B-2 (cont'd). 

sioon OOMS DAl&IAN. U1M:TS 1£? STl.'D~-·BiilOS AND IAl(JtrlG PARAIETERS tsource: Tabor. II, D., 197l. Biotic llll"YIY of bs Liik1 bsinl 

SPEI:IES 
CllllG -

LIFE A\IJUua.£ 1£P -* -.m JllllllJICE IIFIIIIIIATIIJI Mm.S I.IIISATILIIY -
-IANllllE 
DMtr19111111obK1.rY1 Bh• 6rOUII 5 4 4 1 l 2 14 

ClftldlitN CANdenlil s.r.c.- 5 4 I 1 0 2 8 

loNu 11111111111 "'""' - ' 4 l 1 3 3 1• 

i..voa,.1 ........ ~itt-t1Hld pt,.,..ifll'l ' • l l 0 3 9 

IRJ.IlllE 
•.,lllll liaicol1 Vi,..i•il llil 3 l 0 0 0 3 • 
~IN CAl'OliNI SaN 3 l 0 0 0 3 • 
lfu) iCI Mll"iCINI Alric111 Cd 3 l 0 0 l 3 1 

DIIRADlllllllE 
Dlil"ldri~ votiffflll ~ill- l 2 4 I 0 l 10 

itllJllw:IOAE 
Ball iMtO 911 lilllfO eo-.. S..iat l 1 I 1 0 3 6 

kl it i1 mnl•i• Saollod-i .... l 2 • l 0 3 10 

UlllllllE 
L.il"lll1l..am a,...,... ... i...,.&,11 3 l 1 l 0 l 6 

L.11'1'1 ulifGffliC11 C.lifarwil 8"11 3 1 2 1 0 3 1 

Linadli-il u,,.-.m111 a.11 3 1 1 1 0 l 6 

Linac.- .... 11 3 l 1 l 0 3 6 

Ul"III dlilDldl~ .... - .. ••II 3 1 l 1 0 3 6 

ln.lJIIIOAE 
Colualtl fncida --t1illll Pl- u 2 3 l 0 l 9 _ ... _ 

-"IIIM 11 2 2 l 2 2 9 

STll&lm!E 
t0t111 lltraicoH: ii Wntll'ft le ca:h •1 14 • I 0 0 l ' IIIDO Vi"li•i-- --·I II • I 1 2 l ' &loocidi•- --"-1 14 • I I • I 1 

Stril occidlnlilli• -- Baatllll 1111 
14 • I I 3 3 II 

tltri1 wia -·, 14 • I • • • 1 

IAltoli• ...aie. --1111 14 • I t, • I 1 

lllPIIIII.JlmlE 
DiardlO•...,. -Ii-- ' 
APIIIIOAE 
Cy-loidlooi ... 
Dllol ... _. ' 

i:,·t-~·l''.'~~\~: ;, .. ,,.ti 



... ab 11!11112 (-'d.,,.. - - - - - - - - - - - - - - -SHJ:IGIT DAMS ~IG!MN.. IM?AC·s ,;£? s-:-tJlv·-EIIROS Rt.I) RAN<ING PAAAIETERS laowut Tibor-, R.D •. 1971. B1ohc survey of bs Like B.asinl 

SPECIES co--
LIFE IWAILABLE >EP 
FORM* -ITV AlllNIAN:E JtEOINnJCJil OIIDELS VERSATILITY -

PICIDIE 
Col1at.n 1111'1h11 'b'tlwMI Fliclclr 13 • • I I 2 12 
~lilUlNtu. Pi iuttd Woodllltl4lr 13 • 2 I 3 2 12 
Ntl.,...Dft :•is ~Iii' WoodOKkl'f' 13 2 I I J 3 10 
SohyriOlt'UI Vll"lUS 'teUo.-Nlhld Sioiucktr 13 2 I I 0 3 7 
Pico1d11 nilolillt -li1ry Wooclotelcff 13 • I I 0 3 9 
Picoidn ~ DoNnv lriooclDtCkM' 13 • I I 3 3 12 
Picoid11 tr1c1.ct.,.1vs ~....-1:0ld lloodOICkff 13 • I I 0 3 9 

TYAONIDIE 
Tyrwius v1rhc1li1 Jilestern i<iritbir"CI II 2 I I 0 3 7 
EaoilklMx tr11llii Wi~~'* Flyc,itchar 7 2 I I I 2 1 
ContolMIS sonhdulus Wnt..-n Wooll--.N 11 2 I I 0 2 6 
Contoous bore1h1 Di.1vt-11dacl F1~1tc:her 10 2 I I 0 2 6 
tboidon.x difficilis Wnttrrt Flvc:1tc:tler 10 2 I 0 I 2 & 

<Ul.ll IDIE 
Eraotlln I• •lontr11 rtorned L1rk 5 I I I 0 J & 

HIIU<IIINIDIE 
TIChycinth tU1utu11 Violet-gretn S..1 lo.. 14 I 3 I 0 J a 
TiChvcir•b bicolor T 1"H Swai lD11 14 I 3 I 0 3 a 
Ri111ri1 1"1DirU Bink SN.Ile. I& I I I 0 3 & 
Shl111doot,ryx urrinemns ~tt»ern Rou9'1-..inptd Swillot.1 I& I 3 I 0 3 a 
Hirul'ldo l'lllhCI - s..11 .. • 2 3 I 0 3 9 
Hin1ndo D'.ffl1K)llot;& Cljff SNillow • I 3 I 0 J a 

IDR,/lllAE 
Pffjsc,re1.15 Cll'lideMit Sri'/ J1y II • I I 0 3 9 
Cy1noc1tt• shll.,.i Stitl ler' s J1~ II • 2 I 0 2 ! 
Pk1 D1Ci Black-billed 1'1Qoi• 7 I I I 0 I • 
COl"YH cor,1,1 

c.-n "'""" • • • 1 0 I 10 
Corvus twid'lyrhynchOI Alericift CrOII II 2 3 I 0 I 1 
Nuc1fr1'!• ooluat11m11 Cl,1,r'41!1 Nutcrackar 10 • 2 1 0 2 9 

PARillAE 
P,1,rus ah·1c101 ll us 81iCk-c•ooed ChickldN " • • I 3 3 15 
P•rus '! .. beh ~t.1n ClnciQdn " • I I 0 2 e 
P.INI rufHCffl!I Chntnut·NCl(ld ChickidN " 2 2 I 0 2 7 

AEGlT~IDIE 
•Pwhr10i11rus •in111u1 BuShtit a 2 I 0 0 2 5 

SIITIDIE 
Sith CinidHll!i ~-brnslll!d t.iutll1tch 13 • 2 I 0 3 10 

CEAiHIDAE 
Cffth1a aur-ican.a BrOltt'I Creeoer 1, • 1 I 0 3 9 

CHO.IDIIE 

* See Table B-1 for life forms. 



Table B-2 (cont'd). 
SKASIT ()A.1115 o~:G:AAI.. !"-IJOCTS 1-{;l STUDY--i.lUDS ~ RANtU6 MJAIETERS {5011rce: Tibor. ~.D., 11171. Biotic s11rvev of Ro!H Lake lilinl 

S:>ECIES --
LIFE Al/All.All£ 1£P 
FOIII * S£AS1IIIUTY 11111-«:£ IIFIJIIIITICIO IIIIE.S IUSATIL!TV -

Cuclus •iticMlilii ANricin Diooar J 4 J 1 I J 12 

TIIIQ.OOYTIDAE 
Trot!- lroflodytft Winter lrBI 14 4 4 1 0 2 ll 

IISCICAPIDlc 
TffllUI •19rator1u1 Aler1c111 bu\ 7 2 4 1 0 1 a 0 

ho!"elll nMV i 111 V1ntd Thrush II 4 J 1 0 2 10 

Ciih,W'US q11ttatU1 :.Jarwi t ThMl!liih 5 2 J 1 0 2 a 
Cithinll. ntulo11tus S...1nson11 Thl"Ulh 7 2 J 1 0 2 8 
S1al 11 eurrucoidn '-'itiil'I Blutbird 14 1 l l 0 2 5 

,tyillntn tOIINfflli TOll'llll'ld'I Solit1in ' 2 l l 0 2 6 

Rlgulu.1 AtrilO. Boldin c1 ow,ed Kir,vll'l 10 J • 1 0 2 10 

Rfvu.lus Cilfflhlll Rwl• Cl OIi.ci Kinol.t 10 J l l 0 2 7 

111111:IllIDAE 
~hlll iOU'Olettl Wlttr Piait 5 l 1 l 0 J ' 
JIOOIYCILllDAE 
Bclllbytllll QiM'Ullll BohNi1n N,uidnt 8 2 1 l 0 J 7 

~i 111 t'aClt'or'ua c.i.. Winlll'lf g 2 2 l 0 J 8 

STIJINJIIAE 
Shrnus vulwi• EuroDNn &hrll"I 14 l l l 0 l 4 

VIR£CI01DAE 
!Ji.-.o IOJitariUI iolihry Vino II 2 l 1 0 2 6 

Virt0 olivKea Rla"'IWII Virao ll 1 1 l 0 J ' Virt0 1i lvu. W.rbl lflll Vino ll 2 J l 0 J g 

ENIERIZIDAE 
tVtreiYOl"a e9l1ta Dr~ Ct ONMd Wirbl• ' l l 0 0 J 5 
Vff'livor1 ruficnill1 Nuhv1ll• Yrbltr 6 l l l 0 J 6 

D1ndroic1 DKIChia Valle:. Mirblll' I 2 l l 3 J 10 

J.ndroiCI tor'Ol'liti Val101t-ruaued Wirbler 10 2 2 I 0 2 7 

X.rdroicil nii,rest'ffll 8iiek-thro.11tad Grav W.rbl•r 10 I 2 l 0 2 ' htlliroic• tONt'IYl'ldi i<*ftllnd's lwtller 10 2 1 l 0 J 7 

OIIOl'Ol'nia tol1i1i ~illivr1~'1 Nirlllr a 2 I l 0 2 • 
Wilsoni1 ou1il11 lhll0ft1 S lllrblff ! l 2 l 0 J 7 

Shrntlli NQllCII IIKtam NNdc::N,l1rk 5 I l 1 0 J • 
Xanthoceohal111 111ntl'loctotwilu1 Vtl lOlll'"'hodld eladcbird 7 l l 1 J J g 

AQtlaiUi oooeninus lled-..1"91d Blaekbird 7 2 2 1 J J II 

Euctia,;ius cyanoceoll1lus .....,.,, 8!1e:kbinl 7 l I 1 0 2 5 

Molothrus ata- Brown-tll!ldtd eo..bird 1 2 2 1 0 2 1 

Piri119a ludov1c1aN1 Wnttrn T~,r 10 2 J I 0 2 8 
Phwchcuto •l1noctonal111 81,ck-hHded 6rosbffk 11 2 I l 0 2 • 
P101 lo l!f'"ttllro~tl'IIIMUS Auf<NS-SU!ed lONhft 7 2 2 I 0 J 8 

Junco hvNa: ,s Dark--.ved Junco 5 4 4 I 0 2 11 

Souella lliStotrrn• c,1001no Scur'"°" 1 2 I I 0 2 • 
Zonotr1chia :eicooorvs WtutR-Croimed 5.Ja~ 1 1 3 I 0 2 7 

Zonotru:h1• atr-1cao1 L• Goioerl"'Cf'Olffll!C Soirrow ' I 2 I 0 3 1 ... S'i11i1i1iabl111i1l fM11if--ms- - ,. - - - - - - - - - - -



- -Table B-2 - -(cont'd). - - - - - - - - - - - - -
SKA&?T DM.i o~:s:AA:.. ;11?AC"S "'t;l 57U0Y--8!RDS IN) RANU"' PARAMETERS (source: latK>r, A.O .. 1971. B1ohc survev of Ross Lall:v Basrnl 

SPECIES 

llltlosoiu •lod1a 

Fllll&ILLIDIE 
Coccotlll"M11tes vnaert,na 
C.roodiiC\11 casuni1 
Piniclo.a MweiHtor 
t.rcluthl DUWI 

Cltclutli1 tri1h1 

COIPION """E 

SonQ SIMl'TOl!f 

C:verun9 &rosbuk 
Cassin's Firdl 
'ire &rosbNlt 
PiM Siskin 
--itlft &oldfinch 

... flciaril tlirHtlnlCJ or ffllitlllertd S01Cift 
•not on "ibor's li1t but. :mo., to occur in the Sili1git arN 

* See Table B-1 for life forms. 

LIFE AYAILABLE HEP 

'""'* 581SONAL!TY RBU<liKE ltf"ORMATUJN NODELS VERSATILITY -
7 

11 
11 
11 
11 
a 

I 1 1 I 3 7 

2 1 1 0 2 6 
1 I 1 0 2 5 
3 I 1 0 3 a 

' 3 I 0 2 10 

I I 1 0 2 5 

1Nsonility: 4-=i•nnu,d rr.i1dent: l=t,1ntff 1'ff1dtftt; 2=,uaer l't's1Hnt1 1•ilJ1'int 
ibunid.nce: 4zatk.lndM\t: Ja..coaon: 2-uraaort; lar-are: O:no infOl"Ntioo 
•vaih1bl• inforaiiion: 2=sit• s01C1fic studiK; 1=obHr"ffd on sitl!; O=nonelqtntril 
1£P ul11ls: l=yn lfiMllj 2-yn (draft); l•yes Ciraaol.te1, O,.no IIOHl 
Val"Sitility lbiMG on tha nuMt.r of covr tyOft and 5'J[UHion,,l st.Ion used in feeding ~ rearoductionh 3=lo., 2-aedi1111; 1-hilJh 

r11'1k•1wa of 111 Dirilllters 

- -



Table B-3. 

SkA&ll MIS OIII6JIA.. ltl«TS ~ STLIIY---lWIR.S ORDERED BY LIFE FOIIN IICl !Alt ,,......, Tiber, R.D., 1971. 81ohc SIINt)I of b• Lik• 8n1nl 

IIIBITAT m>E 

LIF£ alllFEDJS 8IDlllEfF NIXED AEIEERIITilll1 SHU IEIIIIICEllJS ROO!i HD 
Sl'ECIES 

CIJIOj - FOIII * - F!IEST F!IEST F!IEST IIIIIIIIWl'INJIED IXIIINIITED IXIIINATED A&IIIQLTLIAE TILUS PII.USTIIIE !JPIIRIIW 11\IEIIIE I.AllSTAltE llllElS 

bpu• pr'ilnpli Juaph11 libase l ' • • • • • • 0 
F•l ii concolor Nounhin Lion 4 I • • • • • • • • 0 
~a flavivantri, Y•llorlllllitd Nil"aol 4 ' • • 0 
Ftlii- r11f111 Bollul 4 10 • • • • • • • • 0 
IJrNalD5 MIY"iCinUI Nounhin Goat 4 II • • • 
f.arvlll tliphUS rooM)Vl'ltii Roouv•lt Elk 5 ' • • • • • 
Aka •lcn - 5 10 • • 
Odocoilen hllliort1.11 Mtlionu5 Nult °"' 5 IJ • • • • • • • 
Odocoil•H hlliCINI collllbill'IIII 8Jidt-bilN DNr 5 IJ • • • • • • • • I 
Ltput ..... ic--. -- 5 14 • • • • l 
Ereth i zon dorNt ua Porcupira 6 8 • • • • • 0 
T•1i11Ci~1 dougl11ii Doutln' Sq11irrel 10 10 • • • I 
TuiHCilll"III h--iclll Rici 5qlliM'91 10 10 • • • • Pr<qoo lolir ....... 14 1 • • • • • 0 
61111e<•y1 ubri'Mli Northam Flying Squirrel 14 ' • • 0 
Nyotis. l~ifugll LitUt ~ ll)ioti• 14 10 • • • • • • • • • 
llittn ~iCAN ....... " 12 • • • l 
Nicrotu lorigiciludl.ll Lont-tili 1 Volt 15 a • • • 0 
Nto\Gai Ci1Wl"li Bulhy-tai lid lloodrit 15 I • • • • • • 0 
c.nua latriM Coyolo 15 I • • • • • • • • • 0 
AplodoMi• rufi lllountain INvtr 15 8 • • • • • 0 
Vulpn wlpn 111d fo, 15 I • • • • • • • • 0 
IIJicroh, ongoni Crnpi"I Vol• 15 I • • • • • • • • 0 
SoNi ciMrnl Ni51tld !llrw 15 ' • • • • 0 
llr$115 .-ric.11"11 llitk lnr 15 ' • • • • • • • 0 
Mlurotridu111 1ibblii 91.......-.ole 15 ' • • • • • • 0 
Sort!N YIQrini lknderina ,,,.. 15 ' • • • • • • • 0 
Microl:111 tONl'lll'ftdii TOlfftUftd' 1 Volt 15 ' • • • 0 
Nicrot111 ridwtiMlfti lkter Volt 15 ' • • 0 
NicrotllS aont..- lloul'ltil .. Volt 15 ' ' • • ' • 0 
Mnt•h frtnih LW19-hi 1111 Wu11l 15 ' • • • • • • • • 0 
Splnloflhilu uturi\111 Ctscidl &round Sqllirrel 15 10 • • • 0 
PheMC()a)'i intlrtllClius. HNther Vole 1~ 10 • • • 0 
Sorell tl"Clltbrid1ii Tro.trid1t'1 9wew 15 11 ' • ' • • 0 
Euh•i•• tCWIWf'ldi i lOIIWliRd'• Cliipau,. 15 II • • • • • • 0 
Dchoton1 princes- Piki 15 11 • 0 
~h, frtnlJ Hoary- 15 II • • 0 
PwoayiCUS. 111niculi1ta1, lllitrfool;td DNr bN 15 II • ' • ' • • • • 0 
EuhlUiK ..enu1 Yellow Pint Oiipuik 15 12 • • • • • 0 
Clethr-ionoays IJilppari Southlrfl Red-biektd Vole 15 ll • ' ' • l 
5onN p,h11triill Northern W.ttr Sh.-..i 16 10 • ' • 0 
Lulr'i c•IWIIMPM.i.1 Ri11er Dthr 16 II • • ' • 2 
Mu1tel• 111sc.1 Nini! 16 12 • • • • l 
C11tor ciNMft111, a ...... 16 12 • ' • • l 

tt£P aodels: J=yes U1n.i1JI; 2"'yes {dr-•ftH; l==yes {pnll•u,.ry) i O=r,o IK!del 

* See Table B-1 for life forms. - - - - - - - ,.. - - - - - - - - - - -



- - - - - - - - -
Table B-3 (cont'd). 

!i<A6IT DMi ORl&INA.. lllPACTS -£1> STLIIY---aE.PTILES AIID MPHIBIANS ORDERED BY LlFE FORM IWll RANI. 
IIIOIJl'C'el Tiblr, II.IL. 11J7i. 81ohc Survtv of ROH U.ke &.51nJ 

5'£1:!ES 
CDIIG -

LIFE 
FOAII* -

a.n. C'itNbtliillN IMIF~ 1 1 
RAN IUl"Ol"i llld-l19qed Froq 2 6 
AllcMtou limldll:tvl• Lonq-tmd S.llNndll" 2 6 
Alciaha tru1 i 71iJld Froq 2 1 

hN DiClltftl Wntwn LIOClll"CI Fl"OC,I 2 1 
~11 r1oil1 Ptci fie TrN Froq 2 1 
RIM CHCidt C.stiN F"°' 2 9 
hfo borNI Wnt.-n Told 2 11 
Thialoona 11~.1.ns Wlndll"Ul(I &irt:tr Snilm l 9 
Thanoahi1 1irt.Ii1 Coaon &ittlr' Sn,itt l 10 

Th~is onl1no1csn Nort'-ttam &irter SNlct l 10 
&erThonot:111 corwvlau1 Norlhilrlt Alliptor LiHrd s 9 
Dlir"il'IA bottM ... _a.. s ' 

~ aac11I11 3-yn (final): 2ayn hlr1ft) I a 1::iyn lnli•inrt> 1 Osno a>c:111 

* See Table B-1 for life forms. 

t tEP CDIIFEIOJS 8IIIAllllF 
lllllELS FOIIEST FOREST 

2 
0 • 
0 ' 0 
0 
0 • ' 0 • 
0 • • 
0 • • 
0 

0 • 
1 
0 

- - - - - - - - - -
flABITAT TVPE 

•1X£D AEG8£AAT!llt 5HIIJB t£RlljUllJS RIDU 
FOREST BIDlll.£11' /M!IED !IOll!NATED DIJIIINATED ABRIClL TURE TIUIS PAUJSTRHE R!Ml!I>< RJl.1aRllf: LJOSTRtrf: 

• • • • 
' • ' • ' 

• • • 
• • 

• • • ' • • • • 
• • • ' 



Table B-3 (cont'd). 

,KAG!T DAMS ORIGINAL IMPACTS HEP STUDY -- Birds Ordered by life Form and Rank (source: Tabor, R.D., 1971. Biotic Survey of Ross Lake Basin) 

SPEC:ES COIIMIJN,_ tiABITA'!' TYPES 

LIFE ••£P WUFEA81DUUlF IIIJIED REGE~IIATIDN SHRUB >t:RIOCEO,~ Aflll!CU. TUR£ AOOU 
FO'" * - l«lllElS FOREST FlllESI FOIEST !IRIJUll.EN/"1XED D041NATED D041NATED TIil.iS PIILUSTIII~ ll!PARIIW lll"'cRI~ CACIJS'III~ 

-.io,,z,an,1 e1rol 1n,. s,,,, 3 • 0 
•Pod1 !~blll aol:liCHI P11el-ln l lad hbl 3 • 0 
tbl lu• l 1•1col1 V1roini1i 11.lil 3 • 0 
"'r9i;s tln'•t:or ilm-brNsted lllt'11iur l 5 0 

tPhi~~•• 1ur1t1tS Do®ll-crfttld Ccnor111t l 5 0 
c,,nus coluai:li1f'IIII ':'undrl S..n 3 6 0 

L..-115 ~llueftC'9M &:iUCOlll""Ni""" 61111 3 6 0 
Ar,u elyONtl. Norttwrn Showlll' 3 6 0 

&.ll1ifti90 o•llinqo Coaon SrliDI l 6 0 • 
Urlil ftli!d1ohil BoniOll'1a1 1 Gull l 6 0 
Avth~il 111ril1 lirHttr Sc.aw> l 6 0 • 
Anu IC'Ut.t Northffll Pinhil 3 6 0 • • • 
IAtUS dllilllU'M'IIII R1n9-ili1llel Gull 3 6 0 • 
PodiCffl nigricoih1 E, ... - 3 6 0 • 
Lit'US Cill'IUI ... S.ll 3 6 0 
Brinh e..-iidemi• Cuoldl - l 1 1 
?odiceo5 iW'ihl -- 3 1 0 ' Hi1trionu::111 t1i1t.-ionic:t11 ·,;arltouin Duck 3 1 0 
tfulic1 utr'iCilll Alltric:an Coot 3 7 l 
LINI Cl) I fomiCIII CllifOl"ftil Bull 3 7 0 
JIWlanith Ntlfti "1it..-.i1119N kotll" 3 1 0 
Avth~i. 1ffini1 Lnlff Sc1110 3 9 3 • • ' Alctwoohot u1 occ1oantah1 Wnhrn 6"tle 3 9 3 
hi olatyrl'lynchOI, .. 1111t11 l 9 1 • • • • 
Avthv• ...,,clN - l 9 3 • • 
Arlll dilCOl"I 81U1"111iftQld Tul l 9 3 • • 
Actih1 1t1CUl1ri1 Soott:tcl Slndouier 3 10 0 • • • 
Ch1ridr11,11 v"oti fllr'H i<illdNr 3 10 0 
6iv1i1 i-,, Coaon Loon 3 10 0 
Cirdus •iucilrMII Altr1c.- DiOQlr 3 12 1 • 
Fi1lco Dll"tljlrinu1" ....,.ruw F1lCOfl"' • 5 0 • • 
CyCAIOidH niptr Bliek S.ift • 1 0 • 
Hirundo Dvn'h0floti1 Cliff S...llow 4 8 0 • 
Hiriando rust 1c1 Birn S.,.l)ON • 9 0 
CorVUI COl"i.M Ccaon Ai.ffll • 10 0 ' • ' • • ' • ' • 
ErNOCltlihi 1l0Htr11 '"ior'l'IICI I.irk 5 6 0 
llrlthUI 1DinoleU1 W1ttr Pinit 5 6 0 • ' Circ:111 tvll'lelll Norlhtrn Hilrri ... 5 6 0 • • 
Sturllllli ~htch. lilHtam MNdONlirk 5 6 0 ' • 
ZOflelltrictui 1tric1a11l1 &oldto"fflJIIIWd S111rroo 5 1 0 ' • 
Wdsortli DUSI llii Wilson'1o liiirblar 5 7 0 • • ' ' Cl~hitlS C~11 Soruce Brousa 5 8 0 
C.thilnis outt1tus liffa1t Thru1n 5 8 0 ' • • 
L1,oou1 laueuru1 .,..itrt11lee1 Pt1rai(l.1n 5 9 0 
Junco hv1111l ii D1r1t-rtn Junco 5 11 0 
lc,nip UMIJl'Uu1 ~uffed Grouse 5 11 3 
Dendl"a9,1ou1 obscurus Blue GrOl.lse 5 .. 3 
•Ver111 \IOl"i celata OranQl!-cro.ined W.rb ter 6 5 0 .,. .• , ...... -·So· - :111111 .. ' - .. ' enu . ica~i. 

. "" • - - - - - - ·- - -



- - - - - - - - - - - - - - - - - - -
Table B-3 (cont'd). 

Sl>EC!ES 
COlll'.lll -

HABITAT TYPES 

LIFE •IEP CllNIFERllRCRllBF '11Ell ll£00ERATHIN !illllll IE- ABRlllLTUAE ROCK/ -* - MIIIIELS FUIEST FUIEST FOIEST llfDIIIWFl•IIEII IIOll"'IED IIOll"'IED TALUS PAl.lSIRUE RIPARIAN Rl'ot:RUE LACU&TRIIE 

Dwwdl!H11 a11'1Dr" Coaon Ni ghtl'l•k • 1 0 • 
Piel DlCI 8li1Clc-t111led Kiilj!DI• 1 • 0 • 
.c.1voe1 Al'll'II ~· 1 twainqtlird 1 s 0 • 
Ew*qua ~il'IDCIClhllVI ....,., I Blidlbird 1 s 0 ' • ' ' ' ' 
Shi 1111 c:1i. lioa1 Cillioa Haai1111bird 7 • 0 ' 
ioUllll Olllll"iM 0.111111"9 Soirrc. 1 6 0 • ' ' • 
Molo1:hMII allt' Brolm-hHdld C:O.ircl 1 1 0 • • ' 
lonotr1cni1 lauccNlhry1 1,ut~ SltilM'Olf 7 1 0 • • 
NtlosoiH aloch1 Sontliolrn>o 7 1 I 
Eaaidonu tr1illii lh I le. Fl~lichar 1 1 1 • ' • 
Pioilo rythroiilthll.,. llufovt-aidld TOINI 1 8 0 • ' • 
Tlll'llus ai9r.1tcriu1 Aler1c:111 Robin 1 8 0 ' • • • ' • • • 
Clthal-1111 Ult ul ihl 5-i.iMOl'l1 I Thl"Ulfl 7 8 0 • • • • 
hnthoced\lllus x,Wl'loc.wdhllUI Ytll...-ntided Blckbird 7 ' 3 • 
Al-lliUI 'onotniceul illd ... inted Bl~kbil"d 7 11 3 • ' ' 
tPultriDil"U1 1i11iau lul'ltit I s 0 • • ' • 
Cii"dueli1 tri1h1 ..-ic1n loldfint'h I s 0 • ' • • • 
DDoromit tol1i1i Ndilhway1s Mirolar I 6 II • • • ' 
loll,ycil 11 lj!i1'1'1.Lhll lohNilft Wl••i"I a 1 0 • • • 
Dandro1~ Nt1Chi1 Y1l l0111 Wrblr 8 10 3 ' • 
lloaycil 11 C'ldror111 Cldll' Wi•inti ' I 0 ' • ' • 
CofttOOUI borNlil Dliff1idld Fl~1tehlr 10 6 0 
Dandroic:1 IUQrnctn1 Bl1tld;bro,,tld 6r1'f Wlttllll' 10 6 0 • • ' 
tEaoiCION• difficilit Wntem Flvc1tcn.r 10 6 I • • • • 
Aqulu1 c1lrndui1 :tub~ c. r.w,ad Kinvllli 10 1 0 • ' 
Dlrlclrou:1 C'OroNti v,u~Mrbltr 10 7 0 • • • • 
Dtndroic1 tQNIIUncli TOlfflMl'ld' I Wirbltr 10 1 0 

Pil"ltl{II luCIO'IICJitlil Wntem T ,maqr 10 a 0 • • • • • 
~1fr1v• coiUlltlitN Cl•k'•Nut~ 10 9 0 

Rtau.lus Htr1a. 6ol0..1 Ci OMied Kinqlet 10 10 0 

CarooCIICUi CHUnli C1Hin11 Finch 11 s 0 

V1rt0 sohhr1us Soht1rv V1rt0 11 6 0 ' • • 
Cofttoous iOl"Clidulia Wnt..-n Wood--- 11 6 0 • ' • • 
Vireo ohYICeUS AMl-avecl VtrN 11 6 0 

Filco col1a11bir1u1 llllrlin 11 • 0 

Attio1tlr str11tl15 91aro-sh 1 !Wiid Hawk II 6 0 

Accio1ttr COODtt"li Coooer-1 5 KiNlc II 6 0 

Pheuct1cu.s 11ianocett11l111 Blacll-flNled Grosbeak ll 6 0 • • • ' 
Coccothraustn Ynlltl"tiN Evening 6l"oltJult 11 6 0 

Corvus briCh'lrilYrdloi A.Nr1c1n Cl"OII 11 7 0 
T 'f"innlli vert I Cl~ 11 WKttr11 K1r11:!bird 11 1 0 

P1nic lOi lflllt'lt,ltor Pu• 6ros.be1k 11 8 0 • 
StluOhoru.s rufus ilufous Hua1n.abin:I 11 ' 0 ' Acc101ttr i;ientilis ~ther'n &ofthiWk 11 9 I 

CVil'IOCith 1ot1B1r1 St1l ltr11 J1y 11 9 0 . • • ' 
Vireo r:,uhus W1rb:1na Vireo 11 ' 0 

Zftllldi IICl"OoJl"I ,Ourn1nc;i Dowt 11 ' 2 

Ptru,ortu.S Cil'liderlsiS 6riY J,111 II ' 0 

Cc,luao. fisc1•t• Band-t,ul.c! P1af0f'I II ' 0 

horeus naevuas V.ir1et f:irut.h ll :0 0 

C1rdutll!li nnilS '1ne Sis..:ir, IO 0 

&utoriats striitut. Grnn-b.ic..:ed het"Ol'l ., 6 0 

* See Table 8-1 for life forms. 



Table B-3 (cont'd). 

SPECIES -- AITAT TYPES 

LIFE .J"IEP lllllFEIIAl!Alll.£lF ,UEI) IEGB£RAT!IJ< SHAl.11 IERIIACEIIII AIIIIIClLltllE IIOOI/ 

FllRII* - lll00.5 FDST FOIEST FDAEST IIIIIJIIUW'/,UEI) IIIJHNITED 00,!NITED TILU5 PILU5Tll!IE RIPA!lllr< RIIIERIIE UlCISTRIIE 

Piftd1on h1ltntu1 Din~ 12 i 0 ' 
I 

Aa11i l1 ctl~NltOI Goldtfl EtQl• 12 7 0 I I I I 

... nll"Odlll i!rHI Bluo ..... 12 7 3 ' I • 
HaliilM\11 IIIICOCWINlut/' Bild e.,1, 12 I 3 I 

8uDD virfin1MU1 llrHl-0.1 12 9 2 ' I I I I I 

hteo J•11cen1i1 Rad-hilld ..... 12 10 2 I ' • I I I 

Sah)'NOltd Yrius Vtllow-tielhld Slolurktr- 13 7 0 ' I 

Picoidlli VlllOIUI ~iry WoodCIICltlr ll 9 0 

Picoidn tl"ill1Ctyl111 Tnr'll""toN Woodaaclctr 13 9 0 

SitU CINlllftliil 1ttc1-orn1tld •thBdl ll 10 0 

lilllinff'DII l•i• L.1111111 Woodaaclatr 13 10 ] I 

l)ryoc:oau1 ai INtlll :lj lNtld WoodCIICklt I] 12 ] I ' I 

Picoidn oubNcenl lkwl~ WoociOEUr' 13 12 3 
Colutn .urii111 to-thll"n Flicklr' I] 12 I • ' I 

Sturnus v11l9l"II Eurool&l'I Suri i.119 1' 4 0 • ' ' • • ' 
Si1lil Cun"IICOiclll lllounl1in 8h11bird 14 5 0 • ' ' 
Loohodytn cucull1ta -"""- 14 i 0 I I I I 

811C1at11l1 clq11~1 C-&ol- 14 i 0 

tOh1 klnnltoth i liltit.-n Sc, NCtj Olltl 14 i 0 I I 

IStrix v1ri1 
.. _ 0.1 1' 7 0 ' I 

Plrlll rufncam DIHINll·biclcadDii.- 14 7 0 I ' ' ' 
&lncidh• tnou --Pygoy-ool 14 7 0 I 

tflltoliua acidicua .... 1--0.1 14 7 0 I I I ' 
l'tlr!!l&I llllf'I!....,. COMOft ""1ll'IYI" 14 7 0 ' I 

Dwft W'I YIUU V111111 S.lift 14 7 0 • • ' I I 

F1Jco IOM'Vll'lld Aar1can Kntrtl 14 8 0 • ' I • I • 
TKtt:wtinttl bi.color TNt S..lla. 14 8 0 ' ' I I 

Tldlytirwh th1i111ir11 Viol.t-qrffl'I S..llow 14 8 0 ' ' I ' I 

PM,isv-ali llcklnl:1in D11ckidN 14 8 0 ' I I 

Cr&hil _.iClni --- 14 9 0 ' I 

8uceoMl1 •lt.oll Bufll ...... 14 10 I 

A11 UOftli iilood Duck 14 10 ] 

TNM)lodvtn troqlod'.rl,n W1nt1r Wrlrl 14 II 0 
Stri11 o«1G1nt1h1 -- SootllG 0.1 14 12 ] I 

Buceah1l1 i1l1n1:11c1 e.m,.t, &ol~• 14 12 I I • 
"•r1,11 11\r1c,101 llus &;iClt"'CIOOIC DucitiDlt 14 15 ] 

~~llir11 rioana Binlt Sltil lON Ii 6 0 

Stei~;.u.,:,tt'f:,OM 'ilert1Jff1r,;!i l'\.Ortit-rr, 1uui;~-.1nped S...lio.. lo 8 0 

Ca!ry!1 1:c100 Bt:tK thn~f1il'ler Ii 13 ] ' ' I I 

* See Table B-1 for life forms. 

*HEP 010de ls : 3 = yes (published) 
2 = yes (draft) 
l • yes (preliminary) 
O::; no model 

- - - - - - - ... - - - - - - - - - - -



- - - -
Table B-4 
SMPI.IN6 PUIN--ACIUAL I'S PLANNED 
SKAGIT DMS ORIGINAL INPACTS 

6DR6E SUNNARI 

- - - - -
Pl.inn~ SHDling lhstributiDII 

- - - - - - - - -
Actual Saaplin9 Dhtribution 

----------------------------------------------------------------------------- -------------------------------------------------------------···--------------
CD1111nity Type On-project Polygons Si tesf Alternatives Off-project 

ArHs 
Sihs/ Tat1l 

PIil ygo11 Si tH 

old grot1th cooifer 
clltffd 11.ture conifer 
~en 1du.n conifer 
lodgepoh pirie 
r!gHerative conifer 
regtn!fativt br0idlufl1iud 
brwdle,d 
1ixed conijer/brDi1dlHf 
shru~lind 
wet IHdOIIIHrsh 
shrUD ~ilP 
conifer s.iup 
broadleif s111a1p 
1h.ed s•a•p 
ripifiiln old 9ro11th conifer 
rip•ri;m aature conifer 
riparian bra.dleaf 
ripiUiin liud cooifer/broldleaf 
ripuii!l/avalanche shrubland 

TOTALS 

t Hlfllinq effort is included h Ross Su1ury 

?l anntd vs ltctud Ch1n915 

cloud 11;ture conifer 

0-27,D-9,D-34 
D-21 

D-17,D-7 

D-22 

Hl 

D-21 rtpliced D-9 (Hill •itll l1rgt wash-out arHj 
retyped iS 1ind coniferJbra1dleafJ 

open uture coniftr 
D-29 too saall t steep to fit l sites 

re9ener1ti ve conifer 
H-641 (northern part of H-641 replaced H-20 

Polygon 

1/1/1 
l 

Ill 

D-21 

iH-5l'\H·20 1H-39lt IJ/1'1)1 

l 
l 

3 

BBV-10 IR-101'·· 1 R-l la.f-Sii)t 13/1/1 )t 1 

2 

ai 1ed cooi fer /b:rHdleaf 
~7 1naccts5iblt (too steept 
D-11 too saall to fit 3 situ 

ri!larian old 9ro11th conifer 
f!Bl/-b (ret~ped fro1 conifer SNillpl repl1ced R-lla 

tntyped as riparn.n 11dure coniferl 

3 

2 

11 

lln-projtd Pol nons 

D-27,HU21 
D-29 

D-17 

D-13 

Sihsl 
Polygon 

1/1/1 
I 

2 

riptriMi uture conifer 

OH-project 
Areas 

Sthsl 
Pol yqon 

tH-53#-, H-39 1tHi4a,H-22) t {3/1 /I/ 1 I 1 

f P-51 ,BBV-6 1 R-10aJ t 
R-lla• 

H/21411 ,, 

Total 
Sites 

D-22 (retyped as aature closeo conifer); no other sites availtble 

rip1rian/anlanche shrub 
actual=pl1nned 

l 
I 

2 

2 

B 

-



Table B-4, cont'd 
B"PLINS PLAN-·ACTUAL VS PLANll£D 
Sl:A6IT DANS DRI61NIIL IIIPACTS 

DIABLO SIJll~ARV 

Plilnntd SHplin9 Dit.tri,ution Actual Saapling Dhtribution 
·--------------------

Co1aunity Type On-project Pol ygon1 Sitts/ Alternatives Off-projeit Sites/ Total On-,roject Pol ygont Sibs/ Off-project Sites/ Tohl 

old 9rCH1U1 conifer 
closed Hture conifl!!r 
open aatW't conifer 
lodgepole pine lopen Ii cloHdl 
re9ener ati Vt conifer 
regenerative ~raa.dleaf/1iud 
brOidle.f 
1ixed coniferfbn:iadlHf 
shrubl.nd 
11et ae,ado11/tarsh 
shrub naap 
cooihr s•HP 
broadleaf UHP 
•ind oup 
rip.uhn old gro11th conifer 
ripar-iin 11tere conifer 
ripariitl broadleaf 
ripariln 1lnd conifer /braid leaf 
riparian/avalilnche shrutJland 

TOTALS 

• sapling effort is included in Ron Suuary 

Pl amted VI llctuil ChiMU}H 
-------------
old 9r'D11th conifer 

pl1nned,,.actu .. d 

tlMld 1ilun coaifer 
1l-t::i replactd R-23 linaccHnolel 

optn aature conifer 
IHl replaced D-41 lret~pe H 1iudl 
R-49 repliced R·56 huccessible ~ too saall l 

ripuian old qro•th coniter 
plinned=1ictu;il 

- - - -

R·IO,R-11 
R-SO,R-23,R-16 
D-4I,R·56,R-71 

R-57 1 R-32 

R-51,R-60 
R-67 

IR·ll~ ,R-141 • 

Polygon 

211 
1/l/l 
111/1 
1/2 

112 
3 

(3/111 

- -

Are.s Polyton Sites Poly9an Areu Polygcn Sib~ 

3 1·101R-11 3/1 
R-15 

D-43, R-49 
3 R-50tR-li.,R-l5 1/1/2 4 
3 R-7l 1R-491D-4l 1/1/1 3 
l 

lH-5l" 1H-2011l-l9lt tl/tltH I 

3 
l 

f 

18 

lDdgepole pine 
~l ,10ned=actual 

ngeatritive conihr 
H-64a lnarthern pirl of IM41 replaced H·20 

hroidle•f 
R-60 too saall for 2 sites; put in R-51 

ripari.in 1iud conifer/broadleaf 
tt-59 tntyped fro1 riparian regenerative broadleif/coniferl; 
represents. only on-project polnon 

- ... - - -

R-32 1R-S7 

R-51,R·!O 
R-67 

R-10at 
R-lli• 

{R·l4 11110blt 
H-59• 

211 

211 
3 

41 
2• 

(3/tl 1 

1• 

1i 1ed caoi fer /brDidl e;1f 
planned=ittuill !reduced! 

ripir_iu Hture conifer 

111·53" 111-li 1H-64a,H·221f 13/1 /1/t) t 

R-lla (retyped frOI ripirian old gra.th conifer! 
rephced BBY-4 {retyped u Hture closed co:'liftr1 

riparian broadleaf 

3 

l 
l 

20 

R-lOb replaced R-ll (retyped iS riparian 1iud; s.treaa IIH chill~l!d ccurse; 
trers ire d~inq; inaccessabll!l 

- - - - - - - -



9'!1e'P-!, c!P"d -
SAIU'LIN6 PLJlil--ACJUAL YS PLANNED 
SKA&IT IIMS OftlSIIIIIL llll'ACTS 

ROSS SUIIIIARY 

- - - - -
Plu.ned SaapliRg Distributio1t 

Co11uni ly Type On-project Pol ygon5 Si tH/ Alhrn.tives Off-project 
Polygon Areas 

old grDWth conifer P-:i'"tP-52,P-31 l/1/1 P-59 ,P-17 1 P-1' 
clos~ Hture conifer H-14iP·lt5" 1H-21 l/l/1 Ml,H-l2,M4 

P-14,P-BS 
04)tn aature co1ifer M,H-25',P-18 l/l/1 H-21,H-JO,H-lO/ll 
lodgepole pine lo,e11 I clo,;;ed) P-84 1R-9B" ,P-27 l/l/1 P-ll,P-15 
regenentive conifer l& ng. lodgepole! H-53" 1ff-20 1H·l~ l/1/1 H-22,H-5S 
regenerative brudleaf/1ixed K--64'" 1H-61 1H-l5 l/1/1 P-80 
broadleaf H-54" 1H-671H-44 l/1/1 MS 
1i1ed toni fer /broadleaf R-83' .. 1P-7011f-24 J/1/1 P-88,P-42 
shrtibhnd H-66 1 Lc-I,LC-2' 
i,et Hada./aarsh 8BY-3" ,BBY-B,CS-5 
Shrub swap P-l4 I 88Y·2"!8B\l-11 
tonifer s11aap aev-1• 
braadleai s11aap P-8" 1 
1ixed SNaajl CS-4" 
riparian old 9ro11th conih:r P-Sa I 8BY-IO R-lOa"iR·lla 
riparian aature conifer eBV-1·,cs-1 
riparian broadluf CM R-l:S" ,R-14 iCS-l 
riparian aixed canihr/bra.dluf BSY-7" 
riparian/avalanche shrubland P-74 I BBH• 

TDTAlS 

--------------------------------------

-
Sitl!!S/ Totd 

Polygon Sites 

5 
5 

s 
5 
s 
5 
s 
5 

1/l 5 
l/111 5 
l/1 5 
l l 

l 
l l 

l/1 5 
1/1 4 

l/1/1 5 
l l 
! 4 

85 

- - - - -
iii-project Polygons 

P-59 ~P-5, P-31,P-17• 
P-52,P-65" ,H-Ml 1H-74" 

P-17 1P·44 ,R-,4,11-l2,P-41J 
H-25 ,P-68 ,H-30/31 
R-98" ,P-84 iP-lJ 

H-53"' ,H-39 ,K-64i11i-22 
H-64 ,ff-15, P-80 

H-44 ,H-54" !P--55 
P-42 1H-24,R-B3" 

P-l4 

P-a• 

P-5a 

H-5'1 
P-74 

Actual Saapling Distribution 

Sihs/ 
Polr9on 

3/J/1/1 
l/l/1/l 

l/1/1/1/1 
2/1/3 
l/1/1 

3/1/Hl 
l/1/1 
1/:SJl 
l/1/1 

·----------
Off-project 

Are.is 

LC·l,LC-2 
BBV-3" ,cs-S,BBY-8 

eav-i· ,aav-ll 

CM' 
8BY-6!R-l0a 

IHh 
CS-1 ,R-141R-10b 

BBV-7' 
BBV-9 

- - - -
Sites/ Tohl 

Pol ~9on Sites 

13 

5 
5 

2/2 
!/1/1 5 
l/1 

l 
2/4 
2 

l/l/1 
l 
2 

94 



Table 8-4, cont'd 
Planned n Actual Chinges 
-----------------------
old groi,th tllfti fer 

P-59 rephctd P-52 tretyped H cloud uture conifer] 
P-19 retyped H closed aatun conifer 
P-l7 aost retyped u closed H.turt co.niter; 

P·l7i Slill portioo reuin1 old gro1th 

closed 11tltl'1 conifer 
P-52 tretyped fro, old gro11th cooifer) 
H-&O l1ishhnly saapled instHd of IH11I rephcell H--21 
P-17 !retyped fro• old gro11th conifer! 

open liture conihr 
H-30/31 replittd P·'i [inaccessablel 
H-70, H-29 inu.cesuble 
H-25 could only fit 2 siti!S 

lodgepoh pint 
P-33 replactd P-27 !retyped as closed canopy conifer! 

regenerative conifer 
H-64.t (northern part of H-641 npltced tt-20; 

lntyped as regenerative 1i11dl 

regeneritive broi1dledJ1i11td 
P·BO rephced H-6.1 [retypH iS ailed canifer/brlNldltilfl 

bro.di Hf 
P·:l:5 replu:td H-67 lntyped u ,1.v1lilnche shrub) 

- - - - -

1ixfll conifer/brHdluf 
P-42 rtphced P-JI) (rel'!'ped as open Hlurt conifert 

sbrubl•11d 
IH6 (retyped as broadlHfll 

110 on-site rephc11ents iviiliUt 
LC-2 could only fit 2 silts 

Hl ltidONiHrsh 
plwed:i;Ktuil 

shrub HHP 
,1111111d2 actui.l 

coniftr 1u1p 
88\1-6 lrttyped •s riparian old grDlth COlliferl i 

no other sites avaihbh 

broidled sH1p 
plillfled=actuil 

liled Sllliap 

plinned=u:tua.l 

- - !Ill - -

ripariiln old 9ro11th conifer 
BBV-6 {rttyped frDI conifer SNilpl rtpliced R-Ua !retyped as riprai11 Htun conifer) 

ripariu. Htun conifer 
R-1h. {retyped fro, ripirian old gro•tb coniferJ; rephced BBY-4 lnlv,td H clostd conifer! 
CS-l lntyped il.5 uture dond conifer); no oth1r sites inihblt 

riparian ngen,ratiYe bri:ladluf/conifer 
H-S9 Cretypell as ripiriin aired conifer/broadhafl; 

no other sites i11iilable1 entire habiht type is elitiHhd 

ripari.u bro.dlHf 
R-IOb la brudleaf iaclu'liillll in R-tOJ raphcH R-tJ lret,ped as aiut sHap; strHI hil 

changld course; trees are dying; in1cussiblel 

ripariaa ailed coniferlbrNdleaf 
H-5~ (retyped fro• riparian regeneratiwe broadleif/conifer)J represenh the only an-project 

polygon> 

ripuianl&valanche shrubland 
planned=actual 

- - - - - - - - -



I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table B-5. Aerial photograph and cover type map measurements -- red-tailed 
hawk habitat interspersion indices. Scale of map 1:100,000. 

ROSS - Pre-project 

COG Map distances from random points within cover polygon to open habitat 

9mm 14 4 8 10 SI 
5 4 1 6 2 
4 8 23 4 

x = 7.286mm = 0.45 miles 1.0 

cc 44mm 10 2 16 6 
6 38 3 23 6 

31 12 9 2 4 

x = 14.133mm = 0.88 miles 0.900 

M No mixed pre-project 

B 2mm 2 no more broadleaf pre-project 

X = 211111 = 0.12 miles 1.0 



I 
Table 8-5 (cont'd). I 
ROSS - Pre-project I 
rCOG Map distances from random points within cover polygons to open habitat 

7mm 12 17 35 11 SI I 
6 16 2 11 17 

10 22 26 20 13 

x = 15mm = 0.93 miles 0.87 I 
rec 5mm 3 16 25 6 I 

18 10 18 15 13 
14 6 11 23 

x = 13.273mm = 0.82 miles 0.95 
I 

rM 28mm 4 34 23 35 I 
33 8 21 39 
21 36 I 
X = 25.636mm = 1.59 miles 0.43 

r8 16mm 5 12 17 23 
I 

27 4 26 27 29 
16 26 I 
x = 19mm = 1.18 miles 0.73 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table B-5 (cont'd). 

DIABLO - Pre-project 

COG Map distances from random points within cover polygon to open habitat 

cc 

M No pre-project mixed 

B 

4mm SI 
3 
3 

X = 3.333mm = 0.21 miles 

5mm 
3 
1 

3 
5 

12 

3 
6 

11 

7 
15 

X = 6.357mm = 0.40 miles 

2mm 
7 
4 

2 
1 

3 
3 
8 

X = 3.75rrm = 0.23 miles 

6 
7 
5 

1.0 

1.0 

1.0 



Table B-5 (cont'd) 

DIABLO ~ Pre-project 

rCOG Map distances from random points within cover polygon to open habitat 

3mm 5 SI 
4 

X = 4mm = 0.25 miles 1.0 

rCC 5 

X = 5mm = 0.31 miles 1.0 

rM No rM pre-project 

rB No rB pre-project 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I­
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table B-5 (cont'd). 

GORGE-· Pre-project 

COG No COG 

cc 2rrun 
7 

1 
2 
2 

4 
10 

6 
8 

R = 4.714mm = 0.29 miles 

M No pre-project mixed 

B No pre-project broadleaf 

rCOG 5mm 
9 

rec 

R = 7mm = 0.43 miles 

10mm 
7 

12 

R = 9.667mm = 0.60 miles 

SI 

1.0 

1.0 

1.0 



Table B-5 (cont'd). 

ROSS - Post-project 

COG Map distances from random points within cover 

11mm 5 3 11 
6 15 
4 

X = 8.5mm = 0. 53 mil es 

cc 21mm 16 7 4 
17 9 8 5 
11 18 4 6 

X = 14.467mm = 0.90 miles 

M 8mm 7 9 5 
5 8 7 2 
3 2 

x = 5mm = 0.31 miles 

B 3mm 1 3 4 
4 2 

x = 2.857mm = 0.18 miles 

polygon 

28 
33 
30 

2 
2 

3 3 
7 

to open 

SI 

1.0 

0.91 

1.0 

1.0 

habitat 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I-
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table B-5 (cont'd). 

ROSS - Post-project 

rCOG Map distances from random points within cover polygon to open habitat 

rM 

8mm SI 

X = 8mm = 0.50 miles 

4mm 
5 

X = 4.5mm = 0.28 miles 

1.0 

1.0 



Table B-5 (cont'd). 

DIABLO ~ Post-project 

COG Map distances from random points within cover polygon to open habitat 

cc 

M 

B 

4mm 
3 
4 

l( = 3.667mm = 0.23 miles 

5mm 10 8 15 
10 9 16 
11 16 

X = 10.333mm = 0.64 miles 

1mm 8 B 

X = 5.667mm = 0.35 miles 

13mm 
15 

8 12 

l( = 12mm = 0.75 miles 

SI 

1.0 

8 
4 

12 

1.0 

1.0 

1.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table B-5 (cont'd). 

DIABLO ~ Post-project 

rCOG Map distances from random points within cover polygon to open habitat 

rec 

rM 

rB 

11mm SI 
12 
11 

X = 11.333mm = 0.70 miles 

13mm 

X = 13mm = 0.81 miles 

11mm 

X = 11mm = 0.68 miles 

10mm 
12 

X = 11mm = 0.68 miles 

1.0 

0.96 

1.0 

1.0 



Table B-5 (cont'd). 

GORGE-· Post-Project 

CC Map distances from random points within cover polygon to open habitat 

3mm 2 3 3 SI 
5 4 8 
2 

X = 3.7mm = 0.23 miles 1.0 

M 3mm 5 2 

X = 3.333mm = 0.21 miles 1.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I_ 
I 
I 
I 
I 
I 
I 
I 



-------------------

Riparian/Wetland 
Old Growth Conifer 

Evening grosbeak 

TABLE 8-6 

BIRDS REQUIRING SHRUBS FOR COVER, FEEDING AND PROTECTION 
AND FOUND PRIMARILY IN RIPARIAN AND WETLAND HABITATS 

Riparian/Wetland 
Mature Conifer 

Evening grosbeak 

Mixed Conifer/ 
Broadleaf 

Wilson's warbler 

Riparian/Wetland 
Broadleaf 

Wilson's warbler 
Bewick' s wren 

Riparian/Wetland 
Shrub land 

Hutton's vireo 
Warbling vireo 
Yellow warbler 
House wren 
Brewer's blackbird 
MacGillivray's warbler 
Common yellowthroat 
Wilson's warbler 
Black-headed grosbeak 
Song sparrow 
Red-winged blackbird 
American goldfinch 
Bewick' s wren 
Green-wing teal 



TABLE B-7 

BIRDS REQUIRING LARGE TREES FOR REPRODUCTION ANO/OR FEEDING 

Upland 

Bald eagle 
Sharp-shinned hawk 
Cooper's hawk 
Northern goshawk 
Red-tailed hawk 
Vaux' s swift 
Hairy woodpecker 
Northern flicker 
Pileated woodpecker 
Western wood-pewee 
Western flycatcher 
Tree swallow 
Gray jay 
Common raven 
Mountain chickadee 
Chestnut-backed chickadee 
Spotted owl 
Red-breasted nuthatch 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Ruby-crowned kinglet 
Swainson's thrush 
Varied thrush 
Solitary vireo 
Western tanager 
Dark-eyed junco 
Purple finch 
Pine siskin 
Evening grosbeak 

Riparian 

Bald eagle 
Cooper's hawk 
Red-tailed hawk 
Ruffed grouse 
Northern flicker 
Western wood-pewee 
Western flycatcher 
Tree swa 11 ow 
Vio1et-green swallow 
Gray jay 

American crow 
Common raven 
Osprey 
Chestnut-backed chickadee 
Red-breasted nuthatch 
Brown creeper 
Winter wren 
Golden-crowned kinglet 
Ruby-crowned kinglet 
Swainson's thrush 
Varied thrush 
Western tanager 
Purple finch 
Pine siskin 
Evening grosbeak 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-------------------
TABLE B-8 

BIRDS REQUIRING SNAGS FOR REPRODUCTION AND/OR FEEDING 

Nest Snag Minimum 
Cavity Sound Wood Nest Snag 
Diameter Excavates vs. Decayed Height 

Species ii_ncl)_esl vs. Oc_c:ll_P_:i_es Wood {feet) -- ------·----

Wood Duck 25 Occupies 10 

Barrow's Goldeneye 25 Occupies 10 

Bufflehead 17 Occupies 10 

Hooded Merganser 17 Occupies 10 

Common Merganser 25 Occupies 10 

Osprey N/A Occupies 
American Kestrel 17 Occupies 20 

Vaux' s Swift 25 Occupies 40 

Lewis' Woodpecker 17 Excavates Decayed 30 

Downy Woodpecker 11 Excavates Sound & Decayed 10 

Hairy Woodpecker 15 Excavates Decayed 20 

Northern Flicker 17 Excavates Decayed 10 

Pileated Woodpecker 25 Excavates Sound 40 

Tree Swallow 15 Occupies 20 

Violet-Green Swallow 15 Occupies 20 

Black-capped Chickadee 9 Occupies 10 

Mountain Chickadee 9 Occupies 10 

Chestnut-backed Chickadee 9 Occupies 10 

Red-breasted Nuthatch 17 Excavates Decayed 20 

White-breasted Nuthatch 17 Excavates 20 

Brown Creeper 15 Occupies 20 

European Starling 15 Occupies 10 



TABLE 8-9 

HABITAT PARAMETERS MEASURED USING A QUADRAT 

Parameter 

Deciduous Shrub Density 
Deciduous Tree Density 
Conifer Tree Density 
Conifer Tree Height 
Deciduous Tree Height 
Overstory Tree Height 
Density of Trees 51 cm dbh 

Density of Snags 51 cm dbh 

dbh of Snags 51 cm dbh 

Density of Snags 10-25 cm dbh 
Density of Trees 2.5-15.2 cm dbh 
Density of Logs 18 cm dia. and 

Stumps 1.3 m high and 18 cm dia. 
Shrub Height 

Species 

Ruffed Grouse 
Ruffed Grouse 
Ruffed Grouse 
Ruffed Grouse 
Ruffed Grouse 
Black-capped Chickadee 
Pileated Woodpecker 
Red-tailed Hawk 
Pileated Woodpecker 

Pileated Woodpecker 

Black-capped Chickadee 
Beaver 
Pileated Woodpecker 

Beaver, Yellow Warbler 
Ruffed Grouse 

Cover-Types 

All Upland and Riparian Types 
All Upland and Riparian Types 
All Upland and Riparian Types 
All Upland and Riparian Types 
All Upland and Riparian Types 
All Forested Types 
All Mature Forest Types Except 
Lodgepole Pine 
All Mature Forest Types Except 
Lodgepole Pine 
All Mature Forest Types Except 
Lodgepole Pine 
All Forested Types 
All Terrestrial Types 
All Mature Forest Types Except 
Lodgepole Pine 
All Terrestrial Types 

-------------------



------------------­
TABLE B-10 

HABITAT PARAMETERS MEASURED USING LINE INTERCEPT AND PLOT FRAME 

···-------·----

PARAMETER 

Shrub Canopy <5 m high 

Deciduous Shrub Canopy <5 m high 

Hydrophytic Shrub Canopy <5 M high 

Shrub Cover <2 m high Palatable 
To Deer 

Shrub Cover <2 m high Less Palatable 
To Deer 

Tree Canopy Cover 

Conifer Canopy Cover 

Evergreen Woody Vegetation Cover 

Cover of Downfall >7,6m diameter 

Palatable Herbaceous Canopy CoverY 

Herbaceous Canopy CoverY 

Herbaceous Canopy Cover 8-46cm tally 

Height of Lowest Conifer Branch~ 

y 
~ 

Plot Frame 
Measured Near Line 

SPECIES 

Red-tailed Hawk 

Yellow Warbler 

Yellow Warbler 

Mule Deer 

Mule Deer 

Red-tailed Hawk, Pileated 
Woodpecker, Black-capped 
Chickadee, Marten, Beaver 

Marten 

Mule Deer 

Marten 

Mule Deer 

Red-tailed Hawk 

Red-tailed Hawk 

Ruffed Grouse 

COVER-TYPES 

Open Conifer and Shrubland 

All Palustrine and Riparian Types 

All Palustrine and Riparian Types 

All Upland and Riparian Types 

All Upland and Riparian Types 

All Cover Types 

All Mature Forests 

All Upland and Riparian Types 

All Mature Forests 

All Upland and Riparian Types 

Open Conifer, Shrubland, Marsh 

Open Conifer, Shrubland, Marsh 

All Upland and Riparian Types 



Table B-11. Common and Scientific Names of Plant Species Mentioned 
in the Text 

Common Name 

western red cedar 
lodgepole pine 
ponderosa pine 
Douglas-fir 
western hemlock 
Pacific yew 
prostrate juniper 

black cottonwood 
paper birch 
red alder 
bigleaf maple 

salmonberry 
trailing blackberry 
vine maple 
Alaska huckleberry 
red huckleberry 
bunch berry 
red osier dogwood 
Nootka rose 
l'li 11 ow 
sa l al 
Oregon grape 
mountain box 
oceanspray 
servi ceberry 
clustered wild rose 
little l'lild rose 
mountain balm 
bittercherry 
mock orange 
devil's club 
hazel nut 
hardhack 
ninebark 
Sitka alder 
highbush cranberry 
common snowberry 
kinnikinnick 

skunk cabbage 
false lily-of-the-valley 
strawberry 
twinberry 

0348K 

Scientific Name 

Thuja plicata 
Pinus contorta 
Pinus ponderosa 
Psuedotsuga menz i es ii 
Tsuga hetrophylla 
Taxus brevifolia 
Juniperus horizontalis 

Populus trichocarpa 
Betula papyrifera 
Al nus rubra 
Acer macrophyllum 

Rubus spectabilis 
Rubus ursinus 
Acer circinatum 
Vaccinium alaskaense 
Vaccinium parvifolium 
Cornus canadensis 
Cornus stolonifera 
Rosa nutkana 
Salix sp. 
Gaultheria shallon 
Berberis nervosa 
Pachistima myrsinites 
Holodiscus discolor 
Amelanchier alnifolia 
Rosa pisocarpa 
Rosa gymnocarpa 
Ceonothus velutinus 
Prunus emarginata 
Philadelphus lewisii 
Oplopanax horridum 
Corylus cornuta 
Spirea betulifolia 
Physocarpus capitalus 
Alnus sinuata 
Viburnum opulus 
Symphoricarpos albus 
Artostaphylos nevadensis 

Lysichitum americanum 
Maianthemum dilatatum 
Fragaria sp. 
Linnaea borealis 

I 
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Table B-11 (Continued). Common and Scientific Names of Plant Species 
Mentioned in the Text 

Common Name Sci enti fi c Name 

thimbl eberry 
star-flowered Solomon's seal 
starfl ower 
foam flower 
lark spur 
arrowleaf balsamroot 
enchanter's nightshade 
sundew 
meadow death-camas 
microsteris 
swale desert-parsley 
l omatium 
goatsbeard 
horsetail 

sword fern 
deer fern 
bracken fern 
mountain wood-fern 
lady fern 

stairstep moss 
bog clubmoss 
clubmoss 
sphagnum moss 

pine grass 
bluebunch wheatgrass 
sedge 
poor sedge 

0348K 

Rubus parviflorus 
Smilacina stellata 
Trientalis latifolia 
Limnanthus dougl asi i 
Delphinium sp. 
Balsamorhiza sagittata 
Circaea alpina 
Drosera sp. 
Zigadenus venenosus 
Microsteris gracilis 
Lomatium ambiguum 
Loma ti um sp. 
Aruncus sylvester 
Equisetum sp. 

Polystichum munitum 
Blechnum spicant 
Pteridium aquilinum 
Dryopteris austraca 
Athyrium filix-femina 

Hylocomnium splendens 
Lycopodium inundatum 
Lycopodium sp. 
Sphagnum sp. 

Calamagrostis rubescens 
Agropyron spicatum 
Carex sp. 
Carex paupercula 
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I TABLE C-1 -- HABITAT AND LOCATION CODES 

USED IN DATA SUMMARY 

I HABITAT CODES 

I Code Habitat T;)'.[!e 
001 Old Growth Conifer 

I 002 Closed Canopy Coniver 
003 Open Canopy Conifer 

I 004 Lodgepole Pine 
005 Regenerative Conifer 

I 006 Regenerative Broadleaf/Mixed 
007 Broadleaf 

I 
OOB Mixed 
009 Shrub 
022 Pond 

I 023 Conifer Swamp 
024 Broadleaf Swamp 

I 025 Mixed Swamp 
026 Shrub Swamp 

I 027 Wet Meadow/Marsh 
101 Riparian Old Growth Conifer 

I 
102 Riparian Mature Conifer 
107 Riparian Broadleaf 
108 Riparian Mixed 

I 109 Riparian Shrub 

I LOCATION CODES 

I Code Location 

I 
BV Big Beaver Valley 
CS or CR Canadian Skagit 
D Diablo 

I G Gorge 
LC Lightning Creek 

I R Ross 

I 



,c, Table C-2. ,. 
FOREST AM~ SHRU8 HIIBJTATE J {'' 

f0l¥60N SU""t!RV 
IWE~M6E IIY[RA6E Ml:RA6E IIVER'-16E 
HU6H1 HEJGl-ll ll[l(•HI Nt'"BER NU"8ER "" PIIUl1BlR NU11DER 

DlCIDUIIUS OECIDUIIUS CONIFEROUS DECIDUOUS [ONJFEROUS OVERSTORY !REES SMOGS SNOiS SNAGS LOGS OR 
LOCA!lON tMBITAT POLYGON SHRUBS TREES lR[ES Tl!EES TREES TREES ISOC" )51C" i5lCI! 1'1 >GS[JIII STUIU'S 

---------· ---------- --------- ----------
BY* IOI* BY6 304,000 52B.v00 68VlDO 6.(•'lll 16,475 15.244 184.000 lb.000 l!Jljl.(10•) e.ooo 176.000 

JOB BYJ 2.464.000 1. 797, 3~3 2v:.6u ll.624 6,0qB 15. 244 1~-B.667 5.H3 23-~.{•00 9(1. 667 101.m 
IOI av, 11,400.000 592.0(10 10.000 e.m 71,,220 -9.000 .(IOO .000 -9,000 24.000 .000 

cs !07 CSI 4, BOO, 000 I, 440, OM 128. 000 6. 0118 7. 'il96 15.~44 48. 000 .ooo -,. 000 9'1,000 314.000 
D 001 RIO 2,058.66) 21.333 1m.ooo 3.181 6.402 15.244 69. 333 s.m 74.00(1 26,167 m.ooo 

RH 3.456.000 616.000 112.000 6,216 45.Jll 4~.n2 Jll,000 .000 -,.ooo .ooo 64.000 
002 Rl5 1,424.000 352.000 512.000 11.826 1,,(198 15.214 136.000 24.(100 75.0{rl) 40.000 2oe.ooo 

m 7!,8.000 11,,0{J(I l,l!l.000 3.019 30.488 ~0.489 b4. ODO .000 -IJ.(100 U4.{1(1(j 272.000 
RIO 96'.000 112.000 672.000 10.26'4 l4. 299 15.m 144.000 ,000 -l.000 48.000 176.000 

001 Oil 112.000 160,000 128.000 6.098 6.098 15.244 .ooo .ooo -9, 000 ,000 ll.000 
Rl9 752,000 l28.000 16,000 11.303 6.098 15.244 16.000 .00(1 -9.000 16.000 .000 
Rll )52.000 .000 91,,000 0,000 6.0'HI 15.244 41,000 .ooo -,.ooo ,000 ,000 

004 Rl2 96.000 72. 000 1,480.000 5,091 9,001 ll.574 .ooo .ooo -9. 000 232,000 .000 
Rj) .ooo .000 5,056.000 0.000 1!. 714 11. 714 .ooo .ooo -9,000 .ooo .ooo 

001 R51 728.000 1,256.000 184.000 6."8 b.(198 15.244 40.000 .000 -9.000 a.ooo m.ooo 
RIO 112.000 960.000 m.ooo 6.098 6.098 15.244 16,00(1 .000 -9.000 112.000 l8-4.000 

008 R67 2!8.617 m.m 154.667 6.091! 6.m 15.244 48.000 5.J}J 58.000 176.000 13B.6bl 
101 R!Oll 5.516.000 488.000 128,000 5,170 9.240 15.244 56,000 )6,000 97,500 .000 140,000 
!02 RH• 27,504.000 672.000 96.000 9.985 50.4Bil ~7.076 112.000 16.000 105.000 B.000 136,000 
107 RIO! 7 .241.000 992.000 96.000 6.091 3.160 1s.m .000 .ooo -9.000 16.000 80.000 

Rl4 906.667 2,314.667 117,55l 12.458 1,346 IS.244 .ooo .000 -9.001) 26.667 3(14.000 
6 002 D21 1.m.000 416,000 560,000 8,292 6,090 15.m 96. 000 .000 -,. 000 96,000 400.000 

D27 1,440.000 120.000 400.000 10.166 29,715 15,244 80.000 .ooo -'l,000 16.000 128.000 
Dl4 612.000 lSl, 000 I, lll.000 6.098 6.098 6,098 116. 000 .ooo -9.000 )2.000 4)2.000 

00) 029 2.304.000 144.000 144.000 , •• 50 ll.156 18.164 .000 .000 -9.000 16.000 .000 
008 Dl7 848.000 !, 184.000 568,000 1.098 1,,(198 25.104 B.000 .000 -9.000 24.000 U,8.00(1 
109 Dll 14.600,000 2,320.000 312.000 B.227 6.0l8 -9.000 .000 .000 ·9.000 .000 .ooo 

LC 009 lCl 50,800.000 40.000 40.000 1.m 9,242 10. )05 .ooo .ooo ·9.000 8.000 ,000 
LC2 26,200.000 12.000 40.000 4.535 5,793 -9.000 .ooo .000 -9.000 .ooo ,000 

R 001 P05 421.lll 250.667 )92.000 7 .209 6.098 15.244 14'.lll 26. 667 JI.Ill 5l.lll 186.66) 
Pill 960.000 64.000 1,616.000 1.650 6.098 15,244 96.000 .000 -lf.OOI) 48.000 !'2.000 
Pll 560.000 256.000 624.000 6.098 '-098 22.866 176.000 16.000 ,1.000 .000 240.000 
Pl! m.m 602.66) 3.061.m 15.471 16.511 n.m 2'B. 661 BO. 000 !04.170 229.lll 410.661 

002 Hl2 3.bJ.2.000 608.000 544,000 9.m 6,098 15.m 80.000 .ooo -9.000 16.000 32.000 
H60 3. l'll.000 720.000 224.000 7.615 10.m 13,052 .000 .ooo -9.000 .000 448.000 
H74 n.ooo 125, lll 3,477,Ul 5,59G 6.098 11.m 10.667 .000 -9.000 80.000 314.667 
PJ7 32.000 .000 896,000 0.000 6.0!8 15.m 121.000 .ooo -9,001) .000 '6.000 
POI 1.121.000 80.000 1,184,000 ),571 D.09B 15,244 .000 .ooo -9.000 32.000 32.000 
P49 1,312,000 144.000 1.296.000 6.&36 6,098 ll.'76 .ooo .000 -uoo 48,000 ,000 
P52 304,000 llb.000 l.072,000 9.272 17 .470 17.UO 640.000 48,000 Bl. 3ll m.ooo 240. 000 
P65 4.640.000 m.m l.lll.333 lJ.J.20 26,000 15.2'4 42.66) .000 -,.ooo 128,000 250,667 
"4 ooa. ooo m.ooo 720. 000 6,098 6, o~e 15,244 BO.ODO , 000 -,. 000 BO. 000 160.000 

OOJ <25 5.D72.00Q l.(•96.000 4411.(IO(I 4.029 12,306 19,245 48,000 .ooo -'LOOO 16.000 216,000 
H30 1,573..333 10. 6tl7 69,333 6.098 6.099 IS, 24• 5.m .ooo -9,(10(1 s.:rn !6.000 
P!I! 28,000.000 t-4.000 :we.ooo 5,259 10.m 12.835 .ooo .ooo -9,000 nooo .000 

004 ~~3 48.000 ,(JOI) 2.3F4.(IOL) -,.ooo 6. (199 15.~44 .oc,o ,(100 -9. 00(1 ,(10!) .ooo 
f84 704,000 208.000 'j.7M,OOO 11,715 6.099 25.14B .000 .000 -ti.OM ,1)(1i) ,0(10 
ROB l0.bb7 .ooo 2,l]t),667 -MOO 6.09B 10.'41 .ooo .+:ioo -9.(1()(1 lFL !53 ,000 

(105 H22 2, 4J2, 000 01),(j(l{! b2-4.0M J.150 6. t'98 T.958 , 000 .ooo ·9,(l(li) ,(100 .000 
H39 D, 9(i(t, (1C·O 1,504.00(I -?ll2.(1&0 8, 7BJ 9. 544 14. %9 . 000 ,{1{)(1 -9, (•(i,) .(,(,,:, .(1C(1 

11~·~· •~s. ~.n 768.fJ(I(, l. 36(1, 001) 5.170 7.]54 12.:26 .Ol)•.1 .0(1(1 .g. (1(•(1 H'. 667 ~49. ~JJ. - - - - - - - - - - - - - - - - - - -
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Table C-2 (cont'd). 
FOREST AND SHll1J8 IIA8J1A1S l 

P(IL YGflN SUIMARY 
Al'ERASE AYERA&E Al/fJfA&E AYERIISE 
IIEI6ttl HEl6HT HEJ6HI IWIIIER IIJIIIIER OiH UBER NIIIISER 

DECJOUOUS OECIDUOOS CONIFEROUS DECIDUOUS CONIFEROUS OYERSTORY TREES SNA65 SNA6S SNll6S l065 OR 
LOCATIOR IHlllTAT POL IBOII SHRUBS TREES TREES TREES TAEES Tll!EI >:iOCII ,,ic11 :,51[11 10)<25C! STUIIPS 

--·------- ---------- --------- ----------
005 IIIIA 10,000.000 m.ooo 5. m.ooo 6.640 8.911 10,lBl .000 ,QO/) -9.000 .ooo .ooo 
001 1115 41.)00.000 1.2,uoo 11D.000 5,113 ,.m 11.00l .000 .ooo -9.000 .000 .000 

"" ll,000.000 1,282.611 m.m 1.511 ,.m 14,271 .000 ,000 -,.ooo 21.m .000 
PBO 43,200.000 3,520.000 11.000 1.0,8 4.218 10.671 .000 .000 -,.ooo .000 .000 

007 H44 1,184,000 6,592.000 48.000 20.171 1.161 n.m .000 .ooo -,.ooo .ooo 480.000 
H54 12,UJ,J;JJ 1.818.661 '6,000 ll.164 B.021 19.m 10,617 .000 -9.000 117. lJJ 512,000 
m 960.000 1,211.000 184.000 1.0,a t..O'iB 15.m 11.000 .000 -9.000 11.000 104.000 

008 1124 l. 110.000 1,504.000 512,000 l.0911 6.098 15.241 .ooo .(•00 -9.000 12.000 124,000 
P42 2,240.000 1.m.000 104.000 12.m 11.Bll 18,815 164.000 48,000 m.ooo 128,000 m.ooo 
RBJ 814.117 501.111 645.lll 11,709 1.0911 15.m .000 .000 -,.ooo 10.111 14.661 

101 POlA 1,584.000 400.000 400.000 5.122 1.005 !5.241 2111.000 .000 -9,000 .ooo '6,000 
108 H59 1,856.000 1.m.000 960.000 6.0911 6.098 15.244 .ooo ,QO/) -9.000 144,000 INIUOO 
109 P/4 6,000.000 12.m.000 249.000 9.471 10,697 11.2-rl .000 .000 -,.ooo 64,000 ,000 

* See Table C-1 for location and habitat codes. 



Table C-3. 
Sk~6\l R(V(li HEP PROJECT 

FOIIE51 AND SltP.U9 HABITATS 2 
PCH.. VGON SUtlNARr 

PAI.AIA8LE -AI.AIAILE TOTAi. SHRUB llEC I DODOS PERCENT llEPTH H£161H H£16HJ 
SHRUB 5HR1J8 5HllU8 fllYER SHRUB H!D~oPHIIIC IRE£ Clllllf£R EVERGREEN ~Fllll IIIODD~ PAUTA8LE lf:RIIACEOUS HERBACEOUS llECIDUOUS CONJfEA 

LOCAIJIJII HAIJIAI POLY60/I COVER COVER COVER \Sit COVER SHPU8S COVER CDiEA COVER COVER 0£B4115 HERBACEOUS COVER 8046 Cl\ SHRUBS BRANCH 
------------ ----- ----- --------- ----------- ----- --- -- -- --------- -------- ------ ---------- ---------- ----------

ll'I * 1(11* BY6 2M50 23.350 14. JOO -11.000 6.650 7 .o:;o II.BOO 18. 382 56.20ll 2(.l, 70(1 5,,950 4.000 -!I.ODO -ll.000 i,111 4.4l5 

108 BVI 2.m :ro.m 32.733 -99.000 36.U3 9.900 10.m 70.!ll '2,867 27, 10(1 44. 167 2.000 ·'II.ODO ·11.000 2.330 5.640 

IOI ll'II 31.700 67.800 102. 500 -91.000 99,000 81.350 12.500 ·1!.000 4,(100 -'l'l.000 35. 775 1.22e ·91,000 -99.000 3.813 -99.liOu 

cs 107 CSI 21.800 !UDO 11.,00 -99.000 57.000 41.900 11.,00 -91.000 !I.BOO -99,000 33.100 2. 500 -99.000 -99.0(1(1 1.904 1,(165 

D 001 AID 1.m 21.333 36.100 ·!I.ODO -!!.000 ·91.000 i!.000 100.000 83.000 19. 733 34.10(1 1. ,oo -9Q,(l(IO ·l'.000 1.112 :;, 697 

Ril 3.200 44.400 47.1,()0 -11.000 -•1.000 -99,000 99.000 100.000 99.00(t l.100 lb.80(1 e. 100 .q9,ooo -99,000 2.0&7 b. 305 

002 R15 1.100 ,.350 5 •• 50 -99.000 ·!I.ODO -99,(1(11) 100.(100 99.000 99,000 7 .650 !,0.10(1 7.750 -99.000 -99.000 l,Jb9 a. &10 

Rl6 31.000 :ro.100 61.400 -11.000 ·11.000 -99,000 100.000 100.00(1 10(1,00Q 4. JOO 16. 100 .500 -99.000 -99.000 1.470 J.235 
R50 .600 27.800 28.400 ·11.000 -99.000 -99,000 95.400 100.000 95. 400 5,600 20,800 4.500 -99,000 ·!I.ODO I. IBO 5.365 

OOl D4l .000 1.eoo I.BOO 8,200 .000 ·!I.ODO ,o.eoo 100.000 -40.BOO I.BOO 2.500 .ooo .ooo .000 1.6&7 .733 
R41 '·'°° .600 5.000 4.400 -99.000 -IJ41.000 S5.500 15.045 47,2(11) .000 17,900 .000 .000 .ooo I .8l7 ). 156 

R71 .ooo .ooo .000 .000 -99.000 ·!I.ODO ~6.000 100.000 36.000 1.000 12.500 .000 .000 ,000 l,B85 2. 595 

004 Rl2 .050 61. 900 67. 950 -99.000 ·!'I. 000 -911,000 -41. 7()0 100.000 37.201) .950 18,250 J.850 -99.000 -11.000 1.51 J 1. 748 

R51 .000 5.200 5,100 -99.000 -99.000 -99,()0(1 68.600 100.000 liB.600 .500 1.100 .ooo -n.ooo ·19.000 .550 ,. 250 

001 R51 .300 51,100 51,000 -91.000 ·19.000 ·19.000 91,,400 -99.000 21.600 -91.000 II, 150 .000 ·!I.ODO -91.000 2. '63 10.512 

R60 .,oo o.eoo 50. 700 -91.000 •99,0(10 -99.0(1(1 96.000 -99.000 41. 000 -11.000 18.600 .000 -11.000 ·19.000 2.153 l, 725 

008 R6l J.Sll 22. t!l 25.M7 -11.000 -11.000 -99.000 ,1.:nJ 15.144 ... 867 4,700 25.400 .m ·91.000 -11.000 2,267 '!5. 978 

101 RIO! 12.m ,5.m 57 .8(10 -11.000 55. 800 -40. 775 70.25(, 82. 918 61. 300 9,900 10.163 30.500 -11.000 -1,.000 2.408 5. 150 

102 Rm 11.,00 13.550 io.m •11,000 1,9,600 99.450 15.200 93.120 70. 700 8.350 J!.550 18.300 -11.000 -99.000 2.161 5.35) 

101 Rl• 13.600 1.m 21.m ·19.000 19.161 18.63! 98.000 -91.000 14,000 ·19.000 11.5811 21.,i, -19.000 -91.000 2.262 I, lb! 

R108 10.eoo 23.500 31,300 -19.000 36.100 71.100 16.000 -91.000 .ooo -19.000 II.ODO 5.500 -91.000 -II.ODO 2.085 .BOO 

6 001 Dll 1.500 55. 100 57,100 -99.000 ·19.000 -II.ODO 96.000 100.000 96.000 s.,oo 17.800 3.500 -99.000 -19.000 l.'80 13. 285 

027 1.100 18.900 20.000 ·91.000 -11.000 ·19,000 92,600 93.305 10.200 .600 ll.500 B.500 ·9!.000 -11.000 2.210 7,305 

Dl4 1.800 5.eoo 1.600 ·II.ODO ·99.000 -99.000 Be.BOO !'-820 8'-800 10,000 2UOO .500 ·II.ODO -91.000 1.m I0.'5-40 

003 D29 17.000 19.200 36.200 23.100 -11.000 -9'.(100 59.000 100.000 51.000 .:roo 4.600 uoo 5.000 20.000 2. IH5 .8'15 

ooe DI 7 13,000 15.400 28.400 -'19.000 ·99.000 -99.000 'l!.,oo 67.261 61,900 3.800 17.000 1.500 ·19.0~) -99.000 2.458 3.319 

001 D13 • 700 10.,00 41.600 -11.000 -11.000 -99.000 ll. 900 -II.ODO 15.600 ·19.000 11.000 1.250 ·19.000 -11.000 '-032 2.681 

LC 001 LCI ,9.900 7 .100 56.000 48.100 -99,000 -99.000 15.600 -11.000 12.:roo ·!'I.ODO 14.550 32. 750 28. 750 52.150 I.SO! 1.250 

LC2 ,o.100 9.100 50.BOO 46.100 -11.000 -19.000 13.100 -99.000 11.300 ·II.ODO 5,800 17.150 21.250 67 .150 1.142 1,66) 

R 001 P05 1.m 10.m 12.161 -'11.000 -'19.000 ·II.ODO 
"· 661 

98.653 98.333 7.367 20.300 4.667 · -11.000 -II.ODO 1.1'16 1,115 

P31 1.500 21.600 35.100 -99.000 -99.000 ·!I.ODO 85.400 100.000 87 .000 6.300 18.200 1.500 -19.000 -11.000 1.m 4.695 

PSI 21.161 5.500 27,467 -11.000 -11.000 ·II.ODO 91.1,61 92.696 13.133 10. 20Q 28.158 .167 ·!I.ODO -11.000 2,268 5.328 

Pt7A .000 20,BOO 20.eoo -11.000 ·19.000 -19.000 100.000 100.000 100.000 '-900 15.100 1.500 -II.ODO -91.000 1.845 8.685 

002 Hl2 22.000 49.600 71. 000 ·19.000 ·99,000 ·91,000 11.800 100.000 Bl.ODO 1,900 28.300 .000 -19.000 ·11.000 3.045 5.2'5 

1160 21.100 41,700 63.000 -99.000 -91.000 -19.000 52.000 92,692 18.200 .ooo 12. 300 .000 -II.ODO -II.ODO 2.220 .560 

H74 11.867 10.167 22.033 ·99.000 -99,000 -11.000 95.733 100.000 96.400 12.m 19.827 .000 -99.000 -99.000 2.m ,.103 

P17 .,oo 9.100 10.300 -11.000 -99.000 -99.000 100.000 100.000 100.000 e.200 11.100 .ooo -19.000 -11.000 1.6!0 7. Jlc,) 

m .eoo 26. 700 21. 500 ·99.000 -99.000 -99.000 82.000 100.000 82.000 1.000 16.300 .500 -19.000 -99.000 2.325 6.015 

PO 5.,oo ll.000 34.400 ·19.000 -91,000 -II.ODO 11.200 100.000 18.200 1.400 23.600 I.ODO -9',(U)O -11.000 2.300 ,.m 
P52 2.000 4.600 6.600 ·1!.000 -99.000 -99.000 100.000 ,e.ooo 911.000 II. !ilO 11.200 1.500 -91.000 -99.000 2.171 10.3~ 

P65 12.100 43.7!3 61.333 -99,000 -99.000 -11.000 89.SJl 82,512 82.267 1.361 28.033 3.m -99.000 ·19.000 2.018 J, 587 

RH 5.400 18.200 23.600 ·91.000 -99,000 ·99.000 95.800 97,495 'll.000 2. 900 u.,oo .500 -19.000 -99.000 2.165 1. 570 

003 H25 11. 750 15.350 21,100 2!, 150 -'I!, 000 -99.000 78. 000 100.000 18.000 2.550 ll. 950 e. 1so USO 6.150 1.553 '5. '513 

H30 4.861 6.161 11.03! 11.100 ·11.000 -19.000 5,4(',(I 66.bbl 5.000 .m 2,267 6.Jl! 6.661 ,.111 1.4&0 2.312 

P68 ,1.000 15.600 56.600 ,2.000 ·11.000 ·19.000 31,200 5e.m re. 200 .000 10,llOO 5.155 6.818 45,,55 l.570 .eoo 

001 PlJ .900 9.000 9.9{10 -99.000 -99,1)(10 ·II.ODO 70.800 100.00t) 70.BOO .600 4. 900 .500 -91.000 -99.~)00 U,9 •. 021 

P8I J.300 14,-400 11.100 ·II, DOO ·99,000 -911,000 14.(100 96.216 11.100 3. 400 5.100 .-000 -99.000 -99.000 1.855 6.475 

'98 2,%(1 -44. 1,00 II .500 -11.000 -99.0(10 -99,0l)(l 42.90·) 1(1(1,,)(1(1 42,90-0 • 333 :(1, '5b-7 • Jb7 -91J,000 -99.(,00 1-~=q '5,iWJ 

(105 M22 9.200 22.600 31.800 -99,0(10 -99.000 -99.tiOO 34.600 -qq.(10\i ~ .•• 60{1 -911.000 8.'50(1 .0(,(1 -'i'9.00(l -ij'i,i•Ot• 2.\'95 , 71il 

H19 63.0(11) '53.00(1 1 lb.8(t0 -99.000 -99. 00\, -11.000 lit.BOO -99,000 70.Bf)O .9q,MO ~o. sc,o .001) -99.(100 -~9. 1\0(1 7..165 '~~· 
~';.J 37.5H I~. 40(1 49.933 ·9'1.00fJ -99.000 -99, {10t) q2,267 _q9, 000 88.261 -'9.000 17 .091 5.171 -,9. \\0(1 ·9'i.•)00 I. ill/ : , (1~0 - - - - - - - !11111 - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - -
Table C-3 (cont'd). 

SKA61T RI\IER HEP PROJECT 
FOMST AOD SIIRIIB HABJlATS 2 

Pill !&ON SIMIWIY 
PAI.ATABLE MONPAI.ATAilE TOTAi. SHRIJi DECIDUOUS PEACENT DEPTH HEIGHT li£16HT 
SIIRUB SIIRUB SHRIii CIMR SHRUB HYDliOPHITIC TREE COIUFER E\'ER&IIEEK OOIINFALL IIOIJIJI PALATABLE HEOBACEOUS HER8ACEllUS DECJDUDUS CONIFER 

LIICATIIIII HABITAT PlllliON CO'IER COYER COYER <5N COYH SlllUIIS COYER COVER COYER COVER DORIS HERIACEllUS COYER 8046 SHRUBS BRANCH ------------ ----- ----- --------- ---------- ----- ------- --------- ------- ------ ---------- ---------- ----------
R 005 1164' 28.400 70.400 9B.BOO -99.000 -99.000 -99.000 96.200 -99.00-0 17.600 -99.00-0 31,300 l.000 -'l'il.000 -99.000 1.125 I. 4•0 

006 H15 40,800 42.100 83.500 -n.ooo -99,000 -99.000 )3.500 -99.000 13,800 -99.000 22,lOO 6.500 -99.000 -99,000 2,091 .B56 
1164 IIJ,86,1 14.100 64. 561 -99.000 -99,000 -99.000 8'9.400 -99.000 41,200 -99.000 16.733 1.667 -99.000 -99.000 2,717 .693 
PIO 41.800 43.100 H.900 -99.000 -99.000 -99.000 51.600 -99.000 6,000 -99.000 19.000 1,500 ·99.000 -99.000 3.275 .800 

007 "'' 40.000 21.600 6).600 -9l.OOO -99.000 -99.000 100.000 -99,000 31.000 -99,000 25.500 .000 -99.000 -99.000 1.m 1,015 
H54 ),667 54.167 61.833 -99,000 -99.000 -99.000 90.800 ·9'1.000 7.333 -99,000 31.667 7.500 -99,000 -99.000 1.653 l .145 
P55 12.800 36.100 19.700 -19,000 -99.000 -11.000 42.200 -99,000 41.100 -19.000 24.000 1.000 -ii,000 -99.000 2.365 2. 585 ooe H24 15,100 22.300 37.400 -II. 000 -99.000 -99.0-00 81.100 92. 602 81.100 9. 700 35.2\J\) 1.000 -99.000 -99.000 1.m 3.000 
P42 12,800 35.000 u.eoo -99.000 -99.000 -99.000 80.200 89.327 77 .000 5.200 19.000 7.000 -99.000 ·9'il.OOO 2.105 i.m 
R83 4.m 21.46) 31. !00 -99,000 -99.000 -19,000 85.067 77,149 66,200 .m ~.l67 .000 -99,000 -99.000 2.530 2,987 

101 POSA 1,400 24.800 26.200 -99.000 11.600 59.500 100.(100 100.000 100.000 19.800 44.600 ll.500 -99.000 -99.-000 2.m 4. 515 
!OIi H51 I.BOO 27.200 37,000 -99.000 21,000 20.100 70.000 85. 714 62.000 14.200 3'.100 .500 -99.000 -99.000 1,471 1.10-0 109 P74 4.600 0.100 51. )00 -!i.000 90,200 .000 19.600 -99.000 6.600 .000 10.300 .000 -99.000 -99,000 2,005 1. 890 

* See Table C-1 for location and habitat codes. 
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1·[1 Table C-5. Polygon habitat data summary - - Wetlands 2 

~~AGIT RIVER !-'.~P PRJECT 
~ETU?W:Z: SEA\;ER DA'A 

I PQ~YGON SUMM4RY 
NUMBER PEKCE~r 

TREE SHRUB SHRUB NUMBE~ BMLi. SMt ... L 

I 
cOCATJON ,HABITAT FDL •GOii CO'-iEP. COVER HEJGHT TREES T,qEES TF:EES 
--------
BV * ()(12* B12 87,900 34.500 l. 389 56.500 52,000 11. 629 

02b BV! 1 .(it•O 45.700 1.60(! • MO .000 • 000 

I BV2 5.53" 42,867 1.336 17. 000 17. (101) 100,(H)i) 

027 BV3 .000 2.233 .582 .000 .000 • 00!) 

BVB • (l(;t) .000 1. 700 .000 .000 • (if:0 

I i 01 BV6 97. 8fi() 23. 940 l. 991 76.000 62.%!) 2L079 
lOB BV7 ,0.261 35.400 2.269 !25.00"(1 114.667 25.'5% 
109 &V9 42.SOO 94.000 l.811 38. (lt)l) 17.000 22.369 

CR ()25 CS4 64. 60(; 54.133 2.0B3 l 22 I (i(iO 104.t61 84,:35 

I 027 CS5 4.000 9.400 , 980 l. 00<) l, ;)D(' !D0. 1)00 
1 !)7 CS1 89.400 30. 800 1. 958 98. (100 53.000 54. (1B2 

D i)(i l R!O 81,800 6. 300 1. 91? 58.333 45.667 7,:•.256 

I Rl 1 99.000 43,AOO 2. 73{1 b3, 00(, 5b. OC(: 83, BES· 
OD2 Rl5 100.000 .900 2. 7eS 54.DY) 26.500 42. 121 

R16 100.000 9. 10,) 1.470 83.000 33.QOO 39.7:~ 

I 
R50 95.400 1.300 l.[80 49.000 22.00() 44.898 

0(;3 043 40.8M .0•)0 1. 067 ]6.000 5. OO(i 27. 7:8 
R49 55. 500 4.4(li) 1.826 18.00<) 14. (•!){! 77.778 
R71 36.0DO .000 1. 932 6.000 • (!()() • 000 

I 004 ~32 4L 7r)O , 05(1 1. 675 97,0i)O 48. ~)00 50. (, 7S 
R51 68.600 , 000 .850 316.000 301. GOO 95.25-3 

007 R51 96.400 6.400 2.463 90.000 6!.001) 67.2.ll 

I R60 96. (101) .70(1 2.338 72.000 42,,)(l(i 5B.333 
OOB R67 97.333 5. 933 2.120 47. (i(it) 22.333 37.171 
l 01 RlOA 7(,, 250 31. 775 2.452 38.500 ;;3, 250 81.i)9i 

I 
102 RllA 75.200 32. 30(i 2.580 57.000 48. (100 82. 479 
107 RlOB 96.000 15.000 2.250 6S. 000 i·B.(iOO 41.176 

Rl4 98.000 9. (iOI) :.274 152.000 113. (1(1(1 73.214 
6 002 D21 91>.000 13. 800 1. 480 61. 000 33.000 54.098 

I OQ3 D29 28. (10<) 23.MO l.929 23.000 17.(JO{i 13.913 
0(18 D11 99.40\l 14,4')0 2.458 109.000 84. 5(i(i 75.544 
1(19 ~13 33.900 93.400 4.01)2 164.500 140.500 90. 517 

I 
,c 009 LC! 19.200 48.400 1,468 81. 500 B0.000 ~·B.99:, -· 

LC2 12.00(1 37.300 1.913 35.50•:i 35. 1)% 99.243 

' (r01 P05 99.667 4.2!7 2.027 52.667 36. 333 ~~.155 
P17A 100.000 3.400 l.889 i05.0t}) 53. (1(1(: 5ll.476 

I ?31 85.400 8. 40() 1, 9:rJ 64.(:0iJ 40.(•00 ti.500 
PS9 99.667 5.933 2.12~ 228.333 184. 333 81),695 

,)(i2 H32 79.800 55.000 3.04::i 12.000 52.000 72. 222 

I H60 98.000 25.100 2.205 52.000 St\ CtOO 9o.1 S4 
H74 95.733 1. 201) 1.755 237.667 185.601 75.983 
Pl) 100. (l(il) .000 1. 690 5o.OOO 17 .OOii 30. ,357 

I 
P44 82.000 2.400 2,126 79.0(!!) 45.0fi(! 2b,;62 
p;, 69.600 19,400 2.788 9(l, 000 n.ooo 81.111 
?52 100.000 .600 2.127 213.000 178. 000 83.568 
R94 95.BOO 20.400 3.220 61.000 33.000 54.098 

I 003 H25 78.000 26.850 1.553 96.500 59.000 55.543 
H30 5. 400 1. 467 1. 50() 6. 0{)(; 4.000 olJ.909 
P6B 31. 20(; 41.000 1.550 101.00(> 89.000 B8.119 

I 004 P33 7C.80(1 .200 -99, (,0,:, 149.000 !25.000 63.893 
P84 74. oc,o 9.BOO !.955 3i3. liOO 359.000 9b. 24? 

* See Table C-1 for location and habitat codes. 

I 



Table C-5 (cont'd) 

TREE 
LDCATiON •HABITAT eOL VSON COVER 
--------
i 004 R9B 42.893 

OQ5 H22 34.600 
H39 Bl. 800 
H64A 96.200 

006 Hl5 15. 000 
HM 89.400 
PSO 57.600 

!)07 H•4 100. 000 
P55 42.200 

008 ,;24 81.100 
?42 Bo.200 
R83 68.400 

(124 P8 89.bb? 
026 ?34 .ooo 
101 PSA 100.00(l 
108 H59 70.000 
109 074 99.600 

SK~6JT RIVEh riEf PROJEC: 
WEilAND2:BEAVER DATA 

POLYGON SUMr.~RY 

SHF.·iJB SHRUB 
COVER HEIGHT 

9.701) .882 
13.400 2.050 
29.(100 1.850 
24.8(;0 1.935 
72. 500 2.091 
47.267 2.891) 
74.400 3.275 
38.MO 1. 435 
B.820 2. leO 

32.700 1. 965 
31. 200 2.105 
!3.433 2.Sl3 
55.400 1.895 

100.000 1.800 
4.000 2.31() 

27.000 1.491 
53.200 2.005 

NUMBER 
TREES 

135.667 
72. OC10 

156.000 
392. 000 
92.000 

342.333 
221.000 
415.000 
100.000 
136.001) 
131. (100 
72.-000 
78.000 

.000 
50.000 

184.000 
413. 000 

N!!MBEI< 
SMALL 
TREES 

104.333 
52.0M 

144.000 
389. GOO 
87, (l(H) 

3(;1, 333 
221. 000 
4l4.(i00 
66.000 

118.000 
110.00(1 
44. (1(1(1 
40.333 

,,:,oo 
36. :)00 

11,J, ,:;oo 
398. (,(1(1 

PERCENT 
SHALL 
TREES 

i5.113 
72. 222 
92. 308 
90,235 
94.565 
70.961 

100. 000 
99.759 
66. (10/) 

86.765 
S3.9l:.9 
~0.065 
5!.822 

.0(;0 
72. 000 
88.587 
96. 366 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
Table C-6. Descriptive Statistics - - Forest and Shrub 1 

I FOREST AND SHRUB 1 

I HAB' VAR MEAN STD DEV MAX STD ERR MIN N CV 

1 DSN 1116 1095.57 3456 316. 264 0 12 98.17 Note: Please refer to end of 

I 1 DTN 313. 333 281. 416 816 SI. 238 0 12 89.81 table for variable 
I CTN 1344 1184. 57 4132 341. 9"..6 192 12 as. i. descriptions. 
1 HTDEC 8.867 6.41 24.349 2.027 3.582 10 72.29 

I 
1 HTCON 12. 1 12.202 45.732 3.522 6.096 12 100.84 
1 HTOVER 23.001 12.71 45.732 3.669 15.244 12 55.26 
1 NT50 161. 333 198.843 768 57.401 16 12 123.25 
1 NLS 29. 333 42.515 144 12. 273 0 12 144. 94 

I 1 DBHS 84.623 25.002 136 9.45 63 7 29.55 
1 NSS 81. 333 127.172 464 36. 711 0 12 156. 36 
1 NLD6 294.667 159.046 512 45. 913 64 12 53.97 

I 2 DSN 1613.2 1818.508 6000 406. 631 0 20 112.31 
2 DTN 380 356.597 1408 79. 737 0 20 93.84 

I 
2 CTN 1380 1166. 735 4720 260. 89 224 20 84.55 
2 HTDEC 8.669 3. 643 17. 553 0.836 3.049 19 42.02 
2 HTCON 13.669 10.633 34.233 2.332 6.038 20 78.27 
2 HTDVER 15. 587 4. 129 30. 488 o. 323 6.098 20 26.49 

I 2 Nre.iO 36 133.871 640 31.276 0 20 145. 70. 
2 NLS 4.8 12.821 48 2.867 0 20 267.10 
2 DBHS n.111 23.289 98 13.1146 52 3 30.20 

I 
2 NSS 78.4 79.833 352 17.866 0 20 101. 31 
2 Nl.06 226.4 14!. 62 464 31. 667 0 20 62.55 

I 
3 DSN 11438.4 8707.34 28800 2753. 503 112 10 136.18 
3 DTN <12 478.813 1504 151. 414 0 10 176.03 
3 CTN 169.6 178. 337 624 56.604 16 10 105.54 
3 HTDEC 6.609 2.811 11.303 1.062 3.125 7 42.53 

I 3 HTCON 8.949 5.005 18.673 1.583 6.096 10 55.93 
3 HTOVER 16.155 2.866 23.246 o. 9-06 12. 835 10 17.74 
3 NTSO 17.6 21. 925 48 6.933 0 10 124.57 

I 
3 NI.S 0 0 0 0 0 10 o.oo 
3 DBHS 0 0 0 0 0 0 
3 NSS 11. 2 13.172 32 4.165 0 10 117.61 
3 NLOG 51.2 88.54 240 27.333 0 10 172.93 

I 4 DSN 122 238.692 704 84.33 0 8 135.65 
4 DTN 44 76.852 208 27.171 0 8 174.66 

I 4 CTN 2834 1686.365 5760 536.22 1H2 8 59.50 
4 HTDEC 7.299 3. 912 11. 715 2.259 4.268 3 53.60 
4 HTCON 7.526 2. 644 11. 904 0.935 6.096 8 35.13 

I 
4 HTOVER 14.01 s. 442 25.148 I. 324 6.096 8 38.84 
4 NTSO 0 0 0 0 0 8 0.00 
4 NI.S 0 0 0 0 0 8 o.oo 
4 DBHS 0 0 0 0 0 0 

I 4 NSS 126 161.238 384 57.006 0 8 127.97 
4 NLOG 0 0 0 0 0 8 o.oo 

I 5 DSN 3861.333 4373.894 10000 1785.635 256 6 113.27 
5 DTN 744 463. 255 ISO~ 189.123 80 6 62.27 
~ CTN 1'301.333 1913.279 5712 781.033 624 6 100.63 

I * See Table C-1 for habitat codes. 



Table C-6 (cont'd). 
I 

FOREST AND SHRUB l I 
WIB* VAR MEAN STD DEV MAX STD ERR MIN N CV I 

5 HTDEC 5.681 1. 973 8.783 0.805 3.15 6 34. 73 Note: Please refer to end of 
5 HTCON 7.SSJ 1.042 8. 918 0.425 6.098 6 13.80 table for variable I 5 HTOVER 11. 948 1. 796 14.869 o. 733 9.858 6 15.03 descriptions. 
5 NTSO 0 0 0 0 0 6 o.oo 
5 NLS 0 0 0 0 0 6 o.oo 
5 DBHS 0 0 0 0 0 0 0.00 I 5 NSS 5.333 13. 064 32 5.JJJ 0 6 244.97 
5 NI.OS 274.667 313. 603 704 128.028 0 6 114,18 

6 DSN 23480 17167.17 43200 7677. 3'?5 8600 5 73.11 I 
6 DTN 4732.8 4443.832 12000 1987. 342 1248 5 93.89 
6 CTN 320 232.%4 608 104.184 16 5 72.80 

I 6 HTDEC 6. 7'?5 2.12 10.518 0.948 5.163 5 31.20 
6 HTCON 7.531 2.284 9. 553 1. 021 4.268 5 J0,33 
6 HTOI/ER 12,901 3. 532 19.106 1.58 10.671 5 27.38 
6 NT50 0 0 0 0 0 5 0.00 I 6 NLS 0 0 0 0 0 5 o.oo 
6 DBHS 0 0 0 0 0 0 
6 NSS 12.8 13. 387 32 5.987 0 5 104. 59 I 6 NLOG 0 0 0 0 0 5 o.oo 

7 DSN 5014 6533. 073 17600 2309. 79 112 8 130. JO 

I 7 DTN 2092 2047.085 6592 723.754 624 8 97,85 
7 CTN 160 130.826 384 46.254 0 8 81. 77 
7 HTDEC 10.207 7. 713 24.897 2. 727 6. 098 8 75.57 
7 HTCON 6.829 1. 441 9.92 0.545 6. 098 7 21.10 I 7 HTOI/ER 19,156 7.413 33.84 2. 621 15. 244 8 38. 70 
7 NT50 18 19,943 64 7.051 0 8 110. 79 
7 NLS 0 0 0 0 0 8 o.oo I-7 DBHS 0 0 0 0 0 0 
7 NSS 62 61. 931 160 21.896 0 8 99,89 
7 Nl.06 426 99.346 608 35.124 304 8 23,32 

I 8 DSN 1121. 6 1156. 742 3760 365. 794 128 10 103, 13 
8 DTN 857.6 456.504 1504 144.359 192 10 53,23 
8 CTN 475.2 274.348 832 86.756 96 10 57. 73 I 8 HTDEC 9.89 5.286 20.02 1.672 6.098 10 53.45 
8 HTCON 7.171 3.395 16.833 1.073 6.098 10 47.34 
8 HTOI/ER 19. 575 9. 176 38. 835 2,902 15. 244 10 46.88 

I 8 NT50 54.4 118.107 384 37.349 0 10 217,11 
8 NLS 6.4 15.457 48 4.888 0 10 241. 52 
8 DBHS 126 96.167 194 68 58 2 76.32 
8 N5S 76.8 97.703 304 30.897 0 10 127.22 I 8 NI.OS 169.6 136.433 496 43.144 16 10 80, 44 

9 DSN 38500 21831.77 68800 10915. 89 16800 4 56, 71 I 9 DTN 56 38.088 80 19.044 0 4 68,01 
9 CTN 40 46.188 80 23. 094 0 4 115.47 
9 HTDEC 4.243 0.764 5.107 0.441 3.659 J 18,01 

I 9 HTCON 7,517 2,439 9.242 1. 724 5. 793 2 32.45 
9 HTOVER 10.305 0 10. 305 0 10. 305 o.oo 
* See Table C-1 for habitat codes. 

I 



I 
Table C-6 (cont'd). 

I FOREST AND SHRUB 1 

I HAB * VAR MEAN STD DEV MAX STD ERR MIN N CV 

9 NTSO 0 0 0 0 0 4 0.00 Note: Please refer to end of 

I 9 NLS 0 0 0 0 0 4 0.00 table for variable 
9 DBHS 0 0 0 0 0 0 descriptions. 
9 NSS 4 8 16 4 0 4 200. 00 

I 
9 NLOG 0 0 0 0 0 4 0.00 

101 DSN 3"65.143 5125,471 14800 1937.246 224 7 147. 92 

101 DTN 486.857 319.046 1104 120. 588 160 7 65.53 

I 101 CTN 326. 857 267.868 736 101.245 36 7 81.35 

101 HTDEC 5.428 1,039 6.657 0.415 3.963 7 20.25 

101 HTCON 10.845 8.315 26.851 3.143 6. 005 7 76.67 

I 101 HTOVER 15.244 0.008 15.244 0. (1(13 IS, 244 7 0.05 

101 NTSO 114,286 79.157 208 29. 919 16 7 69.26 

101 NI.S 25.143 22.356 64 8.45 0 7 88.32 

I 
IOI DBHS 117, 8 50. 762 199 22. 702 75.5 5 43.09 

101 NSS 2.286 6.047 16 2.286 0 7 264.52 

IOI Nl.06 144 77. 287 240 29.212 0 7 53.67 

I 102 DSN 27504 26157. 29 46000 18496 3008 2 95.10 

102 DTN 672 565.685 1072 400 272 2 84.18 

102 CTN 96 113.137 176 80 16 2 117.85 

I 
102 HTDEC 9.985 0 9.985 0 9.985 2 o.oo 
102 HTCON 30. 488 0 30.488 0 30.488 2 0.00 

102 l!TOVER 37.076 0 37.076 0 37.076 2 0.00 

I 
102 tfTSO 112 45,255 144 32 80 2 40,41 

102 NLS 16 0 16 0 16 2 0.00 

102 DBHS 105 43.841 136 31 74 2 41, 75 

102 NSS 8 11. 314 16 8 0 2 141.43 

I 102 t-1..06 136 79.1% 192 56 80 2 58,23 

107 DSN 2353.6 2957.028 7248 1322. 423 304 S 100.12 

I 
107 DTN 1875.2 680.649 2608 304. 396 392 5 36. 30 

107 CTN 115.2 67.314 224 30.104 48 5 58,43 

107 HTDEC 3. 914 8. 533 25. 179 3.816 6.038 5 86.07 

107 HTCON 5.559 1.782 7.996 0.797 3. 76 5 32.06 

I 107 HTOVER 15,244 0.006 15.244 0.003 15.244 5 0.04 

107 NTSO 9.6 21.466 48 9.6 0 5 223. 60 

107 NLS 0 0 0 0 0 s 0.00 

I 107 DBHS 0 0 0 0 0 0 

107 NSS 35.2 30.777 80 13.764 0 5 87.43 

107 Nl.06 275.2 250.542 656 112,046 48 5 91.04 

I 108 DSN 2312 2028. 596 5200 1014.298 448 4 87.74 

108 DTN 1844 389.879 2880 494.94 496 4 53.68 

108 CTN 392 387.649 960 193. 825 144 4 98.89 

I 108 HTDEC 10.392 3. 263 12. 624 I. 631 6.098 4 29.69 

108 HTCON 6.098 0.002 6,038 0.001 6.038 4 0.03 

108 HTOVER 15. 244 o. 005 15. 244 0.002 15.244 4 0.03 

I 
108 NTSO 104 104.919 240 52.46 0 4 100.88 

108 t-1..S 4 8 16 4 0 4 200.00 

108 DBHS 233 0 233 0 233 0.00 

I * See Table C-1 for habitat codes. 



I 
Table C-6 (cont'd). 

FOREST AND SHRUB 1 I 
IWJ* VAR MEAN STD DEV MAX STD ERR MIN N CV I 
108 NSS 104 30.638 144 15. 319 8-0 4 29.46 
108 Nl06 356 353.542 88-0 176. 771 128 4 99. 31 

109 DSN 11600 4707.441 18800 2105.231 6000 5 40.58 

Note: Please refer to end of 

I table for variable 
descriptions. 

109 DTN 3712 5138. 716 12736 2298. 104 0 5 138.44 
109 CTN 179.2 193.13 48-0 86.37 0 5 107.77 
109 HTDEC 8.52 0.651 9.471 o. J...?f, 8.049 4 7.64 

I 
109 HTCON 24.778 34.363 76.22 17 .181 6.098 4 138.68 
109 HTOVER 11. 299 0 11. 299 0 11.299 1 0.00 
109 NT50 0 0 0 0 0 5 0.00 I 
109 NI.S (I 0 0 0 0 5 0.00 
109 DBHS 0 0 0 0 0 0 

109 NSS 22.4 31.19 64 13. 948 0 5 139.24 I 
109 NI.Oil 0 0 0 0 0 5 0.00 

* See Table C-1 for habitat codes. I 
I 
I 
I 
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VARIABLES - FOREST AND SHRUB 1 

Variable Description 
DSN No. deciduous shrubs/ha 
DTN No. deciduous trees/ha 
CTN No. coniferous trees/ha 
HTDEC Height deciduous trees (m) 
HTCON Height coniferous trees (m) 
HTOVER Height overstory trees (m) 
NTSO No. trees z.. 51cm dbh/ha 
NLS No. snags~ 51cm dbh/ha 
DBHS Dbh of snags ~51cm 
NSS No. snags 10 to 25cm dbh/ha 
NLOG No. logs or stumps/ha 



I 
Table C-7. Descriptive Statistics - - Forest and Shrub 2 I 
FOREST AND SHRUB 2 

HAii" VAR MEAN ST DEV MAX STD ERR MIN N CV 
I 

1 SC2P 8.558 9.707 30.2 2.802 0 12 113.43 Note: Please refer to end of I I SC2N 19.125 18,502 57.9 5.341 0.2 12 96.74 table for variable 
I SC:ill 20. 8 0 20.8 0 20.8 0 descriptions. 
1 DSC5 20.8 0 20.8 0 20.8 0 I 1 HYDRO 20.8 0 20.8 0 20.8 0 
1 TREEC 34.283 12.588 100 3.634 56.6 12 13.35 
1 CONC 37.837 4.27 100 I. 233 88. 587 12 4.35 

I 1 EVGC 92.65 12. 249 100 3.535 55.6 12 13.22 
1 DOWNF 10.35 7,692 30.5 2.22 1.1 12 74.32 
1 WOOD 25.089 11,053 45 3.191 13. 4 12 44.05 

I 1 PIERB 4.258 5.073 16.5 1.455 0 12 119.28 
1 HERB I. 5 0 I, 5 0 1.5 0 
1 HERB46 I. 5 0 1. 5 0 1.5 0 
1 HTDEC 2.011 0.378 2.482 0.114 1. 3 11 18.80 I 1 HTCONBR 6.178 2.537 11. 8 0.733 2.29 12 41.07 

2 SC2P 9.985 11. 975 44.4 2.078 o. 4 20 119. 93 

I 2 SC2N 24.445 18. 37 55.3 4.108 0.9 20 75.15 
2 SCSM 18.2 0 18.2 0 18.2 0 
2 DSC5 18.2 0 18.2 0 18.2 0 
2 HYDRO 18.2 0 18.2 0 18. 2 0 I 2 TREEC 90,82 11. 967 100 2.676 52 2(l 13.18 
2 CONC 96.097 7. 716 100 I. 725 67. 021 20 8.03 
2 EVGC 85.13 21.80'3 100 4.8n 10.2 20 25.62 I 2 l)(Jff" 7.055 6,219 22.7 1. 3'31 0 20 88.03 
2 WOOD 26.159 14.12 65.3 3.157 12. 3 20 53.98 
2 PHERB 2. 725 4.2 15.5 o. 93'3 0 20 154.13 

I 2 HERB 0.5 0 0.5 0 0.5 0 
2 HERB46 0.5 0 0.5 0 0.5 0 0.00 
2 HTD£C 2.152 0.633 3. 765 0.142 1.18 cO 29.41 
2 HTCONBR 6.125 3,167 13.285 o. 708 o. 55 20 51. 71 I 
3 SC2P 10.05 12. 587 41 3. 98 0 10 125.24 
3 SC2N 9.24 8.107 24.4 2. SEA 0 10 87. 74 I 3 SCSII 16. 98 15. 975 47 5.052 0 10 94.08 
3 DSC5 0 0 0 0 0 1 
3 HYDRO 0 0 0 0 0 0 

I 3 TREEC 39.H 28.342 80 8. 953 0 10 71.81 
3 CONC 84. 338 32. 501 100 10.278 0 10 38.54 
3 EVGC 37.34 28.618 80 9.05 0 10 76.54 
3 DOWNF 0. 92 I. 105 3. 3 o. 35 0 10 120.11 I 3 WOOD 8. 31 6.435 17.9 2.035 0.4 10 77.45 
3 PIERB 4.545 4,176 13,5 1. 321 0 10 89.90 
3 HERB 5.132 4.719 15. 5 1.492 0 10 91.95 I 3 HERB46 9.146 14.359 45.455 4. 541 -0 10 157. 00 
3 HTDEC I, 663 0.243 2,185 o.on I. 389 10 14. 61 
3 HTCONBR 2.692 1. 913 6.76 0.605 o. 733 10 71.06 

4 SC2P 1.625 1,823 4. 6 0.645 0 8 112.18 I 
4 SC2N 37.275 29.735 76.4 10. 513 5.2 8 79. 77 

* See Table C-1 for habitat codes. I 



I 
I Table C-7 (cont'd). 

FOREST AND SHRUB 2 

I * HAB VAR MEAN ST DEV MAX STD ERR MIN N CV 

I 4 SCSI! 11. 4 0 11. 4 0 11.4 0 Note: Please refer to end of 
4 DSC5 11. 4 0 11. 4 0 11.4 0 table for variable 
4 HYDRO 11.4 0 11.4 0 11.4 0 descriptions. 

I 
4 TR£EC 53.187 17.553 74 6.206 27 8 33. (1(1 

4 CONC 99.527 1.338 100 0.473 %.216 8 1. 34 

4 EVGC 51.712 19.209 71.2 6. 791 18 8 37.15 

4 DOWNF 0.925 1.073 3.4 (1. 379 0 8 116. (1(1 

I 4 WOOD 10. 737 5.566 19 1.968 4.9 8 51.84 

4 PHERB 1.087 2.2137 f,. 7 0.812 0 8 211. 32 

4 HERB 0 0 0 0 0 0 

I 4 HERB46 0 0 0 0 0 0 

4 HTDEC 1.605 0.244 1.855 0.1 1.275 6 15.20 

4 HTCONBR 5.94 l.35S 8.425 0.479 4.25 8 22.81 

I 5 SC2P 35.667 19.818 63,8 8.091 9.2 6 55.56 

5 SC2N 30. 533 25.334 70.4 10. 342 5.8 6 82.37 

5 SC5M 70.4 0 70.4 0 70.4 0 

I 5 DSCS 70.4 0 70.4 0 70.4 0 

5 HYDRO 70.4 0 70.4 0 70.4 0 

5 TR£EC 81.5£,7 23.6 96.2 9.635 34.6 f, 28.93 

I 
5 C(K 96.2 0 %.2 0 96.2 0 

5 EVOC 77.%7 22.97 97.6 9.378 34.6 6 29.46 

5 DOWlf' 97. f, 0- 97.6 0 97.6 0 

I 
S WOOD 20.662 12.128 32.9 4.951 7.5 6 58. 70 

5 PHERB 3.22 4. 421 11. 818 1.805 0 6 137.30 

5 HERB 2 0 2 0 2 0 

5 HER846 2 0 2 0 2 0 

I 5 HTDEC 1.545 0.496 2.165 0.202 1.035 6 32.10 

5 HTCONBR 1.554 O.f,85 2.46 0.28 0.71 6 44.08 

I 
6 SC2P 28.44 13.07 41.8 5.845 12 5 45.96 

6 SC2N 43.98 7.68 54 3. 435 32.9 5 17. 46 

6 SCSN 43.1 0 43.1 0 43.1 0 

6 DSC5 43.1 0 43.1 0 43.1 0 

I 6 HYDRO 43.1 (1 43.1 0 43.1 0 

6 TREEC 81.86 .16,Uli 100 7,200 57.6 5 1"/.67 

f> CONC 57.6 0 57.6 0 57.6 0 

I 6 EVGC 28. f,8 19.483 49.2 8.713 6 5 67.33 

6 DIJIH' 6 0 6 0 6 0 

6 WOOD 18. 3 6.(1(15 24. 7 2.686 3.2 5 32.81 

I 
6 PHERB 2.6 2.434 6.5 1.089 0 5 93.62 

6 HERB 1, 5 0 1. 5 0 1. 5 0 

6 HERB46 1. 5 0 1. 5 0 1.5 0 

6 HTDEC 2. 751 o. 725 3. 7 0.324 2.06 5 26.35 

I 6 HTCONBR 0.867 0.173 1.13 0.077 0.655 5 19. 95 

7 SC2P 9.662 13.273 40 4.695 (I 8 137.44 

I 
7 SC2N 47,375 13. 3 71. 4 4.702 27.6 8 28.07 

7 SC511 49.8 0 49.8 0 43.8 0 

7 DSC5 49.8 0 43.8 0 49.8 0 

I * See Table C-1 for habitat codes. 



I 
Table C-7 (cont'd). I FOREST AND SHRUB 2 

* I HAB VAR MEAN ST DEV MAX STD ERR MIN N CV 

7 HYDRO 49.8 0 49.8 0 49.8 0 Note: Please refer to end of I 7 TREEC 87.925 18.84 100 6.661 42.2 8 21.43 table for variable 
7 CONC 96 0 96 0 96 0 descriptions. 
7 EVGC 23. 75 16.129 48.8 5. 703 2. 6 8 67.91 

I 7 DOWNF - 41 0 41 0 41 0 
7 WOOD 25.175 7.693 40.S 2. 72 16.2 8 30.56 
7 PHERB 2.938 4.57 13 1,£,16 0 8 155. 5S 
7 HERB 0 0 0 0 0 0 I 7 HERB46 0 0 0 0 0 0 
7 HTDEC 1.972 0.451 2.57 o. 159 1.37S 8 22.87 
7 HTCONBR 3.988 4.396 13.143 1. 554 0.8 8 110.23 I 
8 SC2P 7.78 5.96 16.8 1.885 0 10 76. 61 
8 SC2N 23.69 15.329 55.6 4.847 1.8 10 64. 71 

I 8 SC5M 1.8 0 1.8 0 I. 8 0 
8 DSCS 1. 8 0 1.8 0 1.8 0 
8 HYDRO 1.8 0 1.8 0 I. 8 0 
8 TREEC 91. 33 10.482 100 3. 315 69 10 11.48 I 8 CONC 68.575 20.697 92.602 6.545 31.915 10 30.18 
8 EVGC 62.51 18.784 90.6 5.94 30 10 30.05 
8 IlOll'f' 3. 7£, 3,087 9. 7 0.976 0 10 Ile. IO 

I 8 WOOD 22.55 11,£,95 43.5 3.698 4.8 10 Sl.86 
8 PHERB 1.35 2.212 7 0.699 0 10 163. 85 
8 HERB 0 0 0 0 0 0 
8 HERB46 0 0 0 0 0 0 I 8 HTDEC 2.337 0.495 3.093 0.157 I. 485 10 21.18 
8 HTCONBR 4.058 2.408 7. 788 0.761 o. 78 10 59.34 

9 SC2P 44.9 15.87 58.6 7.935 23.2 4 35. 35 I 
9 SC2N 8.5 1. 778 10 0.889 e.. 2 4 20.92 
9 SC5M 47.5 12.823 w. 6 6.412 31.6 4 27.00 

I 9 DSCS 31.6 0 31.6 0 31.6 0 
9 HYDRO 31. 6 0 31.6 0 31.6 0 
9 TREEC 14.75 12.101 27.8 6.051 0 4 82.04 
9 CONC 0 0 0 0 0 0 I 9 EVGC 1 l. 8 11. 462 22.b 5. 731 0 4 97.14 
9 DOWNF 0 0 0 0 0 0 
9 WOOD 10,175 11,309 25.S 5.654 0 4 111.14 I 9 PHERB 25.25 13.118 40.5 6.seA 8.5 4 51.95 
9 HERB 25 6.545 30.5 3.272 15. 5 4 26.18 
9 HERB46 w. 25 17.428 85 8. 714 46 4 28. 93 

I 9 HTDEC I. 722 0.293 1. 9S 0.146 1.325 4 17.02 
9 HTCONBR 1.525 0.288 1.825 0.166 1.25 3 18.89 

101 SC2P 13.143 16. 755 40.5 6.333 7 127.48 I 101 SC2N 36.286 21. 955 70.2 8.298 7.1 7 60.51 
101 SC51'1 28.1 0 28.1 0 28.1 0 
101 DSC5 35.443 30.51S 81.8 11.534 6.2 7 8£,. 10 

I 101 HYDRO 33.814 31. 955 92.9 12.078 0 7 94.50 
101 TREEC 82. 371 29.317 100 11. 081 24 7 35.59 

* See Table C-1 for habitat codes. I 



I 
I Table C-7 (cont'd). 

FOREST AND SHRUB 2 

I HAB* VAR MEAN ST DEV MAX STD ERR MIN N Ci 

I 101 CONC 89.816 15.103 100 5. 708 58. 333 7 16.82 Note: Please refer to end of 
101 EVGC 65.371 36. 063 100 13.63 14 7 55.17 table for variable 
101 DOWNF 14.4 6. 325 23.2 2.391 7.1 7 43.92 descriptions. 

I 
101 WOOD 39.565 13.297. 61 5.026 20 7 33.61 

101 PHERB 20.5 21.243 51.0'31 8.029 I. 5 7 103.62 

101 HERB 18.182 0 18.182 0 18.182 0 

I 
101 HERB46 18.182 0 18.182 0 18.182 0 

101 HTDEC 2.273 o. 75 3.32 0.283 1.536 7 33.00 

101 HTCONBR 5.198 1.169 7.225 0.442 3.805 7 22.49 
ERR 

I 102 SC2P 17.4 1. 98 18.8 1.4 16 2 11. 38 

102 SC..'N 13.55 10.677 21.1 7.55 6 2 78.80 

102 SC:ill 21.1 0 21.1 0 21. 1 0 

I 
102 DSC5 69.6 5. 374 73.4 3.8 65.8 2 7. 72 

102 HYDRO 99.45 o. 778 100 0.55 98. 9 2 0.78 

102 TREEC 75.2 13. 859 85 9.8 65.4 2 18.43 

102 CONC 93.119 9. 731 100 6.881 S6.239 2 10.45 

I 102 EVGC 70.7 20.223 85 14. 3 56.4 2 28.00 

102 DOIN' 8.35 3.041 10. 5 2.15 6.2 2 36.42 

102 WOOD 33.55 7.283 38.7 5.15 28.4 2 21. 71 

I 
102 PHERB 18. 3 2.404 20 1.7 16.6 2 13.14 

102 HERB 20 0 20 0 20 0 

102 fERB46 20 0 20 0 20 0 

I 
102 HTDEC 2.161 0.109 2.238 0.077 2.084 2 5.04 
102 HTCONBR 5.352 0.364 5.61 0.257 5.095 2 6.80 

107 SC2P 14. E,8 8.635 24.3 3.S62 2. 9 5 58.82 

I 107 SC2N 17.2 15.128 39.6 6.765 2.2 5 87.95 

107 SC5M 23.5 0 23.5 0 23.5 0 

107 DSC5 30. 56 18. 377 57.4 8.219 7.1 5 60.13 

I 107 HYDRO 33.88 27. 307 71. 7 12. 212 0 5 80. r,o 
107 TREEC 95.88 4.458 100 I. 994 89.4 5 4.65 

107 CONC 96 0 96 0 96 0 
107 EVGC 14.76 14. 611 31.8 6.534 0 5 98.99 

I 107 DDWNF 0 0 0 0 0 0 

107 l«JCJD 20.973 8.051 33.1 3.6 13.8 5 38.39 
107 PHERB 15.664 23. 088 56. 818 10.325 2.5 5 147.40 

I 107 HERB 5.5 0 5.5 0 5.5 0 
107 HERB46 5.5 0 5.S 0 5.5 0 
107 HTDEC 2.155 0.246 2.49 0.11 1. 904 5 11.42 

I 
107 HTCONBR 1.147 o. 581 1. 992 0.291 o. 731 4 50.65 

108 SC2P 4.3 3. '121 9.8 1.96 1.2 4 91.19 

108 SC2N 29.5 4.603 36.4 2. 301 27 4 15. 60 

I 108 SC:ill 27.2 0 27.2 0 27.2 0 

108 DSC5 33.85 7.074 43 3.537 27 4 20.90 

108 HYDRO 11. 85 11. 85 23.3 S.'125 0 4 100.00 

I 
108 TREEC 85.2 14. 307 98 7.154 70 4 16. 79 

108 CONC 74.627 22.92 100 II. 46 47. 895 4 30. 71 

108 EV6C 47.65 17. 549 63.6 8. 774 31 4 36.83 

I * See Table C-1 for habitat codes. 



I 
Table C-7 (cont'd). I 
FOREST AND SHRUB 2 

* HAB VAR JIIEAN ST DEV MAX STD ERR MIN N CV 
I 

108 00\INF 23.875 25.997 62 12.998 3.5 4 108. 89 

108 WOOD 42.15 19. 538 71.2 9.769 30.3 4 46.35 
Note: Please refer to end of I table for variable 

108 PHERB 1.625 2. 016 4.5 l.008 0 4 124. 06 descriptions. 
108 HERB 0.5 0 o. 5 0 0.5 0 

108 HERB46 0.5 0 0.5 0 0.5 0 I 
108 HTDEC 2. 115 0.54 2. 775 0.27 l.471 4 25.53 
108 HTCONBR 4.505 4.28 10. 75 2.14 1.1 4 95.01 I 
109 SC2P 15. 08 19.104 43.8 8. 544 0 5 126.68 

109 SC2N 52.9 26. 748 73 11. 962 8.8 5 50.56 

109 SCSM 47.1 0 47.l 0 47.1 0 

109 DSCS 96.067 5.178 100 2.99 30.2 3 5.39 I 
109 HYDRO 54.233 50.535 100 29. rn, 0 3 93.18 
109 TREEC 50.48 40.966 99.6 18. 321 0 5 81.15 
109 CONC 99.6 0 99.6 0 99.6 0 I 
109 EVGC 9.16 6.647 16.6 2.973 0 5 72.57 

109 DOWNF 0 0 0 0 0 1 
109 WOOD 33.17 14.556 44.55 6.51 10.3 5 43.88 
109 PHERB 0.991 1.178 2. 5 0. 527 0 5 118.87 

I 
109 HERB 0 0 0 0 0 0 
109 HERB46 0 0 0 0 0 (I 

109 HTDEC 3.539 0.887 4.245 0.397 2.005 5 25.0& I 
109 HTCONBR 2.417 I. 714 4.333 0.99 1.029 3 70.91 

* See Table C-1 for habitat codes. I 
I 
I 
I 
I 
I 
I 
I 
I 
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VARIABLES - FOREST AND SHRUB 2 

Variable 
SCZP 
SCZN 
SC5M 
DSC5 
HYDRO 
TREEC 
CONC 
EVGCOV 
DOWNF 
WOOD 
PHERB 
HERB 
HERB46 
HTDEC 
HTCONBR 

Description 
No. palatable shrubs""'- 2m high/ha 
No. less palatable shrubs """'-2m high/ha 
% Shrub canopy cover 
% deciduous shrub cover 
% of shrub cover (DSC5) that is hydrophytic 
tree canopy cover(%) 
Conifer cover(%) 
Evergreen cover 2: 3m high ( % ) 

Cover of downfall ·=7.6cm dbh (%) 
Depth of woody material (cm) 
% palatable herbaceous cover 
% herbaceous cover 
% herbaceous cover 
Height deciduous shrubs (cm) 
Height lowest conifer branch (m) 



I 
Table C-8. Descriptive Statistics - - Wetlands 1 I 
WETLANDS 1 

HAB * VAR MEAN ST DEV MAX STD ERR MIN N CV I 
I DS 0 0 1 0 Note: Please refer to end of I I HYDRO 0 0 0 table for variable 
1 HTDS 0 0 0 descriptions. 
1 TCC 0 0 0 I 1 HERB 0 0 I 0 
1 HERB46 0 0 I 0 
1 HEIGHT 0 0 0 

I 1 NS 0 0 0 
1 STGR 0 0 1 0 
1 SUB 0 0 I 0 
1 WALL 0 0 1 0 I 1 SECCHI 0 0 1 2 0 
1 PERCH •. s 2.121 6 1.5 3 2 47.133 
1 NEST 0.25 o. 354 0. 5 0.25 0 2 141. 6 I 1 PILOT 1 I. 414 2 0 2 141.4 
1 DIST 0 0 0 0 0 2 

2 DS 0 0 0 I 2 HYDRO I 0 0 0 
2 HTDS 1 0 0 1 0 
2 TCC 1 0 0 0 I 2 HERB I 0 0 0 

2 HERB46 I 0 0 1 0 
2 HEIGHT 1 0 0 1 0 

I 2 NS 0 0 I 0 
2 STGR 0 0 0 

2 SUB I 0 0 0 I_ 2 WALL 0 1 0 0 
2 SECCHI 1.397 0.798 3 0.221 0.933 13 57,122 
2 PERCH 14. 269 22. 793 82 6.322 0 13 159. 73 
2 NEST 1. 692 2. 658 9 o. 737 0 13 157.09 I 2 PILOT 17.769 28.56 100 7.921 0 13 160.72 
2 DIST 88. 462 138. £, 7 400 38. 462 0 13 156. 76 

3 OS 0 0 0 I 3 HYDRO 0 0 1 0 
3 HTDS 0 0 0 
3 TCC 0 0 0 I 3 HERB 0 0 1 0 
3 HERB46 0 0 1 0 
3 HEIGHT 0 0 1 0 I 3 NS 0 0 0 
3 STGR 0 0 0 
3 SUB 0 0 0 

I 3 Wlll.L I 0 0 0 
3 SECCHI 1. 775 0.867 3 o. 306 0.95 8 48.845 
3 PERCH 4.25 4.743 12 1.£,77 0 8 111.E, 
3 NEST 2.625 3.962 9 I. 401 0 8 150.93 I 3 PILOT 7 9.607 24 3. 3'.l6 0 8 137.24 
3 DIST 62. 5 118. 77 300 41. 993 0 8 190.03 

* See Table C-1 for habitat codes. I 



I 
I 

Table C-8 (cont'd) . 

WETLANDS l 

I * HAE< VAR MEAN ST DEV MAX STD ERR MIN N CV 

I 8 DS 0 1 0 0 Note: Please refer to end of 
8 HYDRO 0 1 0 0 table for variable 
8 HTDS 0 l 0 0 descriptions. 

I 8 TCC 0 0 0 

8 HERB 0 0 0 

8 HERF46 0 0 0 

I 8 HEIGHT 0 0 0 

8 NS 0 0 0 

8 STGR 0 0 0 

I 
8 SUB 0 0 0 

8 WAI.L 1 0 0 l 0 

8 SECCHI 0.933 0 0.933 0 0.933 

8 PERCH 2 0 2 0 2 

I 8 NEST 0 0 0 0 0 

8 PILOT 0 0 0 0 0 0 
8 DIST 0 0 0 0 0 0 

I 20 DS 8 0 8 0 8 0 
20 HYDRO 8 0 8 0 8 0 

I 
20 HTDS 8 0 8 0 8 0 
20 TCC 8 0 8 0 8 0 

20 HERB 8 0 8 0 8 0 

20 HER8116 8 0 8 0 8 0 

I 20 HEIGHT 8 0 8 0 8 0 
20 NS 8 0 8 0 8 0 
20 STGR 8 0 8 0 8 0 

I 
20 SUB 2. 75 0.378 3 0.134 2 8 13.745 

20 WPU 3.125 2,341 5.5 0.828 0 8 74. 912 

20 SECCHI 1 0 0 0 
20 PERCH l 0 0 0 

I 20 NEST 0 0 0 
20 PILOT 0 0 0 
2(> DIST 0 0 0 

I 24 DS 55.4 6.95• 61.8 4.015 48 3 12. 552 
24 HYDRO 71, 7'37 24,466 92.90 14.125 44.98 3 34.076 

I 
24 HTDS 1.898 0.24 2.135 0.139 1.655 3 12.644 

24 TCC 93 9. 644 100 5.568 82 3 10. 369 
24 HERB 100 0 100 0 100 0 
24 HERB46 100 0 100 0 100 0 

I 24 HEIGHT 15,244 0.006 15.24 0.003 15.24 3 0.0393 

24 NS 0.333 0.577 l 0.333 0 3 173.27 

24 STGR 0 0 I 0 

I 
24 SUB 0 0 0 
24 WALL 0 0 0 
24 SECCHI 0 0 0 

I 
24 PERCH 0 0 0 

24 NEST 0 0 0 

24 PILOT 0 0 0 

* See Table C-1 for habitat codes. 

I 



I 
Table C-8 (cont'd). 

•• WETLANDS 1 

HAB* VAR MEAN ST DEV MAX STD ERR MIN N CV I 
24 DIST 0 0 0 Note: Please refer to end of I table for variable 
25 DS 80.133 16. 637 311 3. 64 61. 6 3 20. 83£, descriptions. 
25 HYDRO 45.246 47.671 100 27.523 12.97 3 105.35 I 25 HTDS 1. 871 0.323 2.233 0.187 1. &1 3 17.2&3 
25 TCC 73.933 43.253 39.8 24.372 24 3 SS.S02 
25 HERB 24 0 24 0 24 (I 

I 25 HERB46 24 0 24 0 21t 0 
25 HEIGHT 1&.269 1. 775 18. 31 1.025 15.24 3 10.910 
25 NS 0.667 1.155 2 0.6&7 0 3 173.1& 
25 STGR 0 0 2 0 2 0 I " 
25 SUB 2 0 2 0 2 0 
25 WALL 2 0 2 0 2 0 
25 SECCHI 2 0 2 (I 2 0 

I 25 PERCH 2 0 2 0 2 0 
25 NEST 2 0 2 0 2 0 
25 PILOT 2 0 2 0 2 0 

25 DIST 2 (I 2 0 2 0 I 
26 DS 55.8& 25.976 100 11.&17 33.8 5 46. SO! 
26 HYDRO 100 0 100 0 100 s 0 I 26 HTDS 1.483 0.227 1. 8 0.101 1. 21 5 15. 30& 
26 TCC 1.667 2.887 5 1.667 0 3 173.18 
26 HERB 0 0 0 0 0 0 I 26 HERB46 0 0 0 0 0 0 
26 HEIGHT 0 0 0 0 0 0 
26 NS 0 0 0 0 0 (I 

26 ST6R 0 0 0 0 0 0 I 26 SUB 0 0 0 0 0 (I 

26 WALL 0 0 0 0 0 0 
26 SECCHI 0 0 0 0 0 0 I 26 PERCH 0 0 0 0 0 0 
26 NEST 0 0 0 0 0 0 
26 PILOT 0 0 0 0 0 0 

I 26 DIST (I 0 0 0 0 0 

27 DS 0 0 0 
27 HYDRO 0 0 0 I 27 HTDS 0 0 0 
27 TCC 0 1 0 0 
27 HERB 66.1 24. 336 93 11.152 25.5 5 37. 721t I 27 HERB46 18.125 18.647 44 9.324 0 4 102. 88 
27 HEIGHT 0 0 0 0 0 0 
27 NS 0 0 0 0 0 0 

I 27 STGR (I 0 0 0 0 0 
27 SUB 0 0 0 0 0 0 
27 Wl!I.L (I 0 0 0 0 0 
27 SECCHI 0 0 0 0 0 0 I 27 PERCH 0 0 0 0 0 0 
27 NEST 0 0 0 0 0 0 

* See Table C-1 for habitat codes. I 
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Table C-8 (cont'd). 

WETLANDS 1 

HAS" VAR MEAN ST DEV MAX STD ERR MIN N DJ 

27 PILOT 
27 DIST 

0 
0 

0 
0 

0 
0 

0 
0 

0 0 
0 0 

* See Table C-1 for habitat codes. 

Note: Please refer to end of 
table for variable 
descriptions. 



VARIABLES - WETLANDS 1 

Variable 
DS 
HYDRO 
HTDS 
TCC 
HERB 
HERB46 
HEIGHT 
NS 
STGR 
SUB 
WALL 
SECCHI 
PERCH 
NEST 
PILOT 

DIST 

Description 
% deciduous shrub cover~ 5m high 
% of shrub cover that is hydrophytic 
Height of deciduous shrubs-=- 5m high (m) 
Tree canopy closure(%) 
% herbaceous cover 
% herbaceous cover 8-46cm tall 
Height of overstory trees 
No. snags 10-25cm dbh/ha 
Stream gradient(%) 
Substrate class (1-3) 
No. rock walls, waterfalls, bridges 
Secchi disc measurement (m) 
No. perch sites within 200 ft of water 
No. nest trees within 200 ft of water 
No. pilot perch trees within 200 ft of 
water 
Distance between nest habitat and water 
(ft) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I Table C-9. Descriptive Statistics - - Wetlands 2 

WETLANDS 2 

I 
* HAB VAR MEAN ST DEV MAX STD ERR MIN N CV 

I I TCC 93.983 12.627 100 3.645 56.6 12 13.44 Note: Please refer to end of 
1 sec 0. 725 12.29 43.4 3.548 (I 12 140.86 table for variable 

I 
1 HTSH 2.0b 0.419 2.73 o. 126 1.315 11 20.34 descriptions. 
1 TW 25 0 25 (I 25 12 o.oo 
l NUMT 104.167 81. 569 297 23.547 25 12 78.31 

1 NST 79 59.2&2 247 19.994 11 12 87.67 

I 1 PST 71. 849 14.61 89.157 4.218 44 12 20.33 

l DV 3.75 1.865 9 0.538 3 12 49. 73 

1 Wl 3 0 3 0 3 0 

I 1 STGR 3 (I 3 (I 3 0 

I WATF 3 0 3 0 3 0 
I SHDE 3 0 3 0 3 (I 

I 2 TCC 92. 918 9.218 JOO 2.236 69.6 17 9.92 

2 sec 13. 035 16.354 55 3.966 0 17 125. 46 

2 HTSH 2.053 0.674 3.22 0.163 1.18 17 32.83 

I 2 TM 21. 647 7.574 25 1.837 3 17 34. 99 
2 NUMT 102. 941 77.847 302 18.881 33 17 75.62 
2 NST 73. 5c9 70.315 264 17.054 8 17 95.63 

I 
2 PST 65.216 22.493 96.721 5.455 24,242 17 34.49 
2 DV 3 0 3 0 3 16 o.oo 
2 WL 3 0 3 0 3 0 

I 
2 ST6R 3 0 3 0 3 0 
2 WATF 3 0 3 0 J 0 

2 SHDE 3 0 3 0 3 0 

I 3 rec 36.37 27.&56 80 8.74& 0 JO 76.04 

3 sec 12. 71 17. 747 46.1 5.612 0 10 139. 63 
3 HTSH 1. 651 0.19 1,932 0.06 1.419 JO 11. 51 

I 
3 TW 27.5 7.906 50 2.5 25 10 28. 75 
3 NUIIT 37. 7 42.682 111 13.497 2 10 1l3.21 
3 NST 25.5 37. 766 103 11. 943 0 10 148. JO 
3 PST 56. 14 31. 387 92. 793 9.926 0 10 55. 91 

I 3 DV 3.3 0. 949 6 (1, 3 3 10 28. 76 

3 Wl 3 0 3 0 3 0 
3 STGR 3 0 3 0 3 0 

I 3 WATF 3 0 3 0 3 0 
3 SHDE 3 0 3 0 3 0 

I 
4 rec 53.185 17. 554 74 6.206 27 8 33.01 
4 sec 4.9 8.478 24.1 2.997 0 8 173. 02 
4 HTSH 1.243 0.539 1.855 0.204 0.355 7 43.36 
4 TW 25 0 25 0 25 8 0.00 

I 4 NUIIT 179.875 107.67& 373 38.069 94 8 59.86 
4 NST 149. 25 119. 38 359 42.207 31 8 79.99 
4 PST 75.11 21.418 96.247 7.572 31 8 28.52 

I 
4 0V 3 0 3 0 3 8 o.oo 
4 WL 3 0 3 0 3 0 
4 STGR 3 0 3 0 3 0 

* See Table C-1 for habitat codes. 

I 



I 
Table C-9 (cont'd) I WETLANDS 2 

I 
HAB* VAR MEAN ST DEV MAX STD ERR MIN N CV 

4 WATF 3 0 3 0 3 0 Note: Please refer to end of I 
4 SHDE 3 0 3 0 3 0 table for variable 

5 TCC 70.867 32.223 96.2 18.604 34.6 3 45.47 
descriptions. I 5 sec 22.4 8.072 ~ 4.66 13.4 3 36.04 

5 HTSH 1,945 0.1 2.05 0.058 1.85 3 5.14 
5 TM 25 0 25 0 25 3 o.oo I 5 NUMT 206.667 165.'308 392 95. 787 72 3 80.28 
5 NST 195 174.192 389 100. 57 52 3 89.33 
5 PST 87.922 14.031 99.235 8.101 72. 222 3 15. 96 I 5 DV 2.5 0.707 3 (1,5 2 2 28.28 
5 WI. 2 0 2 0 2 0 
5 STSR 2 0 2 0 2 0 

I 5 WATF 2 0 2 0 2 0 
5 SHDE 2 0 2 0 2 0 

6 TCC 68.16 33.786 100 15.11 15 5 49.57 I 6 sec 57.74 14.843 74.4 6.638 41.2 5 25.71 
6 HTSH 2.807 o. 79 3. 925 0.353 2.091 5 28.14 
6 TW 25 0 25 0 25 5 o.oo 

I 6 tOIT 268 273. 89 750 122.487 92 5 102.20 
6 NST 2-'!2. 4 281.167 7~ 125. 742 ~ 5 115.99 
6 PST 81.49 31.765 100 14. 206 25 5 38.98 

I 6 DV 1.8 0.447 2 0.2 5 24.83 
6 WI. 0 0 0 
6 STGR 0 0 0 
6 WATF 0 0 0 

·-6 SHDE 0 0 0 

7 TCC 86.2 24.709 100 11. 05 42.2 5 28.66 

I 7 sec 12. 064 14.804 38 6.62 o. 7 5 122. 71 
7 HTSH 2.176 0.437 2.S7 0.195 1.435 5 20.08 
7 TW 25 0 25 . 0 25 5 0.00 
7 NUMT 153.4 148.015 415 66.194 61 5 96.49 I 7 NST 128.8 160.385 414 71. 726 40 5 124. 52 
7 PST 71,715 16.154 99.759 7.224 58. 333 5 22.53 
7 DV 1. 6 0.548 2 0.245 I 5 34.25 I 7 WI. 2 0 2 0 2 0 
7 STSR 2 0 2 0 2 0 
7 WATF 2 0 2 0 2 0 

I 7 SHDE 2 0 2 0 2 0 

8 TCC 86.33 20. 417 100 6.457 36.2 10 23.65 
0 sec 15.08 12. 918 32. 7 4.085 0 10 85.66 I 8 HTSH 2.294 0.&02 3.093 0.19 1. 005 10 26.24 
8 TW 25 0 25 0 25 10 o.oo 
8 NUMT 84.2 40.232 139 12. 723 33 10 47.78 

I 8 NST 59.6 42.885 118 13. 562 3 10 71. 95 
8 PST 61.359 27.308 86.765 8.635 7. 692 10 . 44.51 

* See Table C-1 for habitat codes. I 



I 
I Table C-9 (cont'd). 

WETLllNDS 2 

I 
HAil' VAR MEAN ST DEV MAX STD ERR MIN N CV 

I 8 DV 2.2 0.789 3 0.249 1 10 35.86 Note: Please refer to end of 
8 WL 3 0 3 0 3 0 table for variable 

I 
8 STGR 3 0 3 0 3 0 descriptions. 
8 WATF 3 0 3 0 3 0 

8 SHDE 3 0 3 0 3 0 

I 9 TCC 15,6 12.751 27.8 6.375 0 4 81.74 

9 sec 42 .. 85 13.305 53.6 6.653 24 4 31.05 

9 HTSH 1.69 0.312 1. 95 0.156 1.255 4 18.46 

I 9 TII 25 0 25 0 25 4 0.00 

9 NUMT 58.5 66. 053 149 33.027 5 4 112. 91 

9 NST 57.5 64.645 146 32. 323 5 4 112.43 

I 
9 PST 99.118 1.039 100 0. 519 97. 987 4 1.05 

9 DV 2 0 2 0 2 4 0.00 

9 WL 2 0 2 0 2 0 
9 STGR 2 0 0 a 0 2 0 

I 9 WATF 2 0 2 0 2 0 

9 SHOE 2 0 2 0 2 0 

I 
24 TCC 89.667 9.292 100 5.365 82 3 10. 36 

24 sec 5'5, 4 6.~,4 61.8 4.015 48 3 12.55 
24 HTSH 1.895 0.235 2.125 0.136 1.655 3 12. 40 

24 TW 25 0 25 0 25 3 0.00 

I 24 WIIT 78 8.544 86 4.933 69 3 10. 95 

24 NST 40.333 5.508 46 3.18 35 3 13.66 
24 PST 51. 822 5. 935 58. 228 3. 426 46. 512 3 11.45 

I 24 DV 2 0 2 0 2 3 0.00 

24 WL 2 0 2 0 2 0 

24 STGR 2 0 2 0 2 0 

I 
24 WATF 2 0 2 0 2 0 

24 SHDE 2 0 2 0 2 0 

25 TCC 64.6 35.5 89.8 20.496 24 3 54.95 

I 25 sec 54.133 5.937 59.2 3.428 47.6 3 10.97 

25 HTSH 2. (183 0.48 2.53 0.277 1.575 3 23.04 
25 TW 20 8.66 25 5 10 3 43.30 

I 25 NUIIT 122 71.014 163 41 40 3 58.21 
25 NST 104.667 62.931 141 36. 333 32 3 60.12 
25 PST 84.335 3.75'5 86.503 2.168 80 3 4.45 

I 
25 DV 1. 333 0.577 2 0.333 1 3 43.29 

25 WL 2 0 2 0 2 0 
25 STGR 2 0 2 0 2 0 
25 WATF 2 0 2 0 2 0 

I 25 SHDE 2 0 2 0 2 0 

26 TCC 3.32 3.393 8 I. 517 0 5 102.20 

I 
26 sec 54.86 26.672 100 11.928 33.8 5 48.62 
2b HTSH 1.482 0.226 1. 8 0.101 J,21 5 15.25 
2E. TW 25 0 25 0 25 5 0.00 

* See Table C-1 for habitat codes. 

I 



I 
Table C-9 (cont'd). I 
WETLANDS 2 

I 
HAB * VAR JolEAN ST DEV MAX STD ERR MIN N DI 

I 26 NUl'IT 10.2 9.654 20 4.317 0 5 94.65 Note: Please refer to end of 
26 NST 10.2 9.654 20 4. 317 0 5 94.65 table for variable 
26 PST 60 54. 772 100 24.495 0 5 91.29 descriptions. I 26 DV 1, 2 0.447 2 0.2 1 5 37.25 
26 WL 2 0 2 0 2 0 
26 5T6R 2 0 2 0 2 0 I 26 WATF 0 0 2 0 2 0 • 
26 SHDE 2 0 2 0 2 0 

27 TCC 0.8 1. 789 4 0.8 0 5 223. 62 I 21 sec 3.22 3.843 9. 4 1. 719 0 5 119.35 
27 HTSH 0.885 0.489 1, 7 0.219 0.54 5 55.25 
27 TW 18. 333 11.547 25 6. 667 5 3 62.98 I 27 tfillllT 0.2 0.447 0.2 0 5 223.50 
27 NST 0.2 0.447 0.2 (I 5 223. 50 
27 PST 20 44. 721 100 20 0 5 223. 61 

I 27 DV 2 0 2 (I 2 5 0. (1(1 

27 WI.. 2 0 2 0 2 0 
27 STSR 2 0 2 0 2 0 

27 WATF 2 0 2 0 2 0 I 27 SHDE 2 0 2 0 2 0 

101 TCC 82.371 29.317 100 11. 081 24 7 35.59 I 101 sec 25.569 16. 771 43. 7 6.339 4 7 65.59 
101 HTSH 2.l o. 722 3.32 0.273 1, 6 7 31.39 
101 TW 25 0 25 0 25 7 0.00 

I 101 IUIT 50.857 26.258 86 9.925 18 7 51.63 
iOl NST 41.857 24.079 73 9.101 1(1 7 57.53 
101 PST 79.789 12.942 93.333 4. 892 55. sr..£ 7 16.22 
lCll DV 2. 571 0.535 3 0.202 2 7 20.81 I 101 Wl 2 0 2 0 2 0 
101 STGR 2 0 0 0 2 0 • 
101 WATF 2 (I 2 0 2 0 I 1(11 SHDE 2 0 2 0 2 0 

102 TCC 75.2 13.859 85 9.8 65.4 2 18.43 

I 102 sec 32.3 10.324 39.6 7. 3 25 2 31.96 
102 HTSH 2.58 0.544 2. 965 0.385 2.195 2 21.09 
102 TW 25 (I 25 0 25 2 0.00 
102 OT 57 29.698 78 21 36 2 52.10 I 102 NST 48 28.284 68 20 28 2 58.93 
102 PST 82.479 6.648 87.179 4. 701 77. 778 2 8.06 
102 DV 3 0 3 0 3 2 0.00 I 102 Wl 3 0 3 0 3 0 
102 STGR 3 0 3 0 3 0 
102 WATF 3 0 3 0 3 0 

102 SHDE 3 0 3 (I 3 0 I 
107 TCC 95.88 4.458 100 1. 994 89.4 s 4.65 

* See Table C-1 for habitat codes. I 



I 
I Table C-9 (cont'd). 

WETLANDS 2 

I 
liAB'< VAR MEAN ST DEV MAX STD ERR MIN N C'J 

I 107 sec 14.56 10.666 30.8 4. 77 2.6 5 73.26 Note: Please refer to end of 
107 HTSH 2.206 0.2'53 2.49 0.113 I. 932 5 11. 47 table for variable 
107 TW 25 0 25 0 25 5 0.00 descriptions. 

I 107 NUMT 124,4 43. 873 168 19. 62 68 5 35.27 
107 NST 84 48. 384 149 21. 638 28 5 57.60 

107 PST 62.98 17.648 88.69 7.89241.176 5 28.02 

I 107 DV 1. 6 0.548 2 0.245 5 34.25 
107 WL 0 0 0 

107 STGR 0 0 0 

I 
101 WATF 0 0 (1 

107 SHDE 0 0 0 

108 TCC 95.2 14. 307 98 7.154 70 4 16. 79 

I 108 sec 33.3 7.364 43 3.68c 27 4 22.11 
108 HTSH 2.074 0.48 2.638 0.24 1. 491 4 23.14 

108 Tl! 25 (J 25 0 25 4 o.oo 

I 108 NUMT 139. 75 63. 986 189 31. 993 51 4 45.79 
108 NST 126. 75 6:'i.972 181 32. 986 33 4 52.05 

108 PST 86. 339 14. 844 96. 296 7.422 64.706 4 17.19 

I 
108 DV 2. 5 0.577 3 0.289 2 4 23.08 
108 WL 3 0 3 0 3 (I 

108 STGR 3 0 3 0 3 0 
108 WATF 3 0 3 (I 3 0 

I 108 SHOE 3 0 3 0 3 0 

109 TCC 50.48 40.966 99.6 18.321 (J 5 81.15 

I 
109 sec 85.6 18.131 95 8.108 53.2 5 21.18 
109 HTSH 3.527 0.882 4.245 0.395 2.005 5 25.01 
109 Tl! 25 0 25 0 25 5 0.00 

I 
109 NUMT 163.6 156. 647 413 70.055 0 5 95.75 
109 HST 145.8 156.835 398 70.139 0 5 107.57 
109 PST 64. 428 41. 606 %. 368 18.607 0 5 64.58 
109 DV 2 0 2 0 2 5 0.00 

I 109 WL 2 0 2 0 2 0 
109 STGR 2 0 0 0 2 0 • 
109 WATF 2 0 2 (I 2 0 

I 
109 SHDE 2 0 2 0 2 0 

* See Table C-1 for habitat codes. 

I 
I 
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VARIABLES - WETLANDS 2 

Variable 
TCC 
sec 
HTSH 
TW 
NUMT 
NST 
PST 
DV 
WL 
STGR 
WATF 
SHOE 

Description 
Tree canopy cover(%) 
Shrub canopy cover(%) 
Height of shrubs'.:::. 5m (m) 
Transect width (m) 
No. trees/ha 
No. trees between 2.5 and 15.2cm dbh/ha 
% of trees that are small (NST/NUMT) 
Dominant vegetation 
Waterlilly cover(%) 
Stream gradient(%) 
Annual water level fluctuation 
Shoreline development 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
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PILEATED WOODPECKER (Oryocopus pileatus) 

HABITAT USE INFORMATION 

General 

The pileated woodpecker (Dryocopus 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 pil eated 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). Th1s seasonal variation and narrowing in breadth of 
foraging iechniques 1s 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). 

1 



Bull (1981) reported that plleated woodpeckers in Oregon spent 36% of their 
feeding time foraging on logs, 35% on live trees, and 2~ 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 used 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 on dead wood in mature 
forest habitats (Conner 1980). Pi leated woodpeckers foraged extensively on 
fallen logs in a recently burned pine forest in Mississippi (Schardlen 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 limiting factor for plleated woodpeckers in this northern study 
area. However, Bull and Meslow (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 (Larh 
occidentalis), ponderosa pine (Pinus ~onderosa), or black cottonwood (Populus 
trichocarpa)] at least 60 cm (24 inches dbh, taller than 18 m (59 ft) (usually 

2 
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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 m2 /ha 
(100 ft 2 /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 would 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 1g79b). 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 

Mean DBH of nest tree, 
cm (inches) 

Mean height of nest 
tree, m (ft) 

Mean height of nest 
hole, ·m (ft) 

Basal area, m2 /ha 
(ft 2/acre) 

Oregon 
(Bull 
1981) 

76 (30) 

28 (92) 

15 (49) 

Study area and reference 
Montana 

(McClelland 
1979) 

74.9 (29.5) 

28 ( 92) 

15.2 (49.9) 

25 .1 (109. 4) 

3 

Virginia 
(Conner 

et al. 1975) 

54.6 (21.5) 

20.3 (66.6) 

13.6 (44.6) 

31.S (137.3) 

Oregon 
(Mannan 

et al. 1980) 

78 ( 31) 

------ .. ---- -.... - .. -



The majority of nest trees in Oregon had less than 25i of their"1Jriginal 
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. O mi•); ( 2) a need for three snags per year per 
pair, one 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) r,l!r pair of pileated 
woodpeckers; (2) a need for four snags per year per pair; one for nesting, two 
for roosting, and one for fl edged 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 
(5/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 dbh/0.4 ha (20 inches dbh/1.0 acre). 

Pileated woodpeckers in Virginia preferred to nest in mesic stands near 
streams with the following characteristics: greatest basal area (27.1 m2/ha 
(118 ft 2 /acre)]. greatest stem density (475.3/ha (1,174/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 (Pseudotsuga menziesii) 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 130 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 developed 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 fn the 
following cover types: Evergreen Forest (EF); Deciduous Forest (OF); 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 1s defined as the minimum 
amount of contiguous habitat that is required before a species will occupy an 
area. It 1s 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 ( Sul 1, 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 plleated 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. 
Pi leated 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 plleated 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 in 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 component. 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 woodpec~ers prefer dense stands, and it is 
assumed that optimum habitats have 751 or greater tree canopy closures and 
that stands with 1 ess than 2Si canopy closure wi 11 have no sul tabil I ty. 
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/1.0 acre). Habitats with less 
than three such large trees per 0.4 ha (1.0 acre) are assumed to have no 
sui tabil 1 ty. Opt I mum p11 eated woodpecker habitats conta1 n an abundance 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 
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Habitat variable 

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) 1n 
height and> 18 cm 
(7 inches) diameter 
and/or logs> 18 cm 
(7 inches) diameter/ 
0.4 ha (1.0 acre).--.... 

Number of snags> 38 cm 
(15 inches) dbh/0.4 ha 
(1.0 acre) (eastern 
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). 

life requisite 

Food/Cover/~~~ 
Reproduction 

Cover types 

Evergreen Forest 
Deciduous Forest 
Evergreen Forested 

Wetland 
Deciduous Forested 

Wet land 
I 

Figure l. 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 logs 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 woodpeck.ers, 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 actually selected by pileated woodpeck.ers 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 woodpeck.er 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 
~ 

\ EF,DF, 
EFW ,DFW 

Variable 

v. Percent tree 
canopy closure. 
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QI 
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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 

Eastern portion of range: 
Food/cover/reproduction 

Western portion of range: 
Food/cover/reproduction 

Cover type 

EF,DF,EFW,DFW 

EF,DF,EFW,OFW 

Equation 

Lower of (Vix V1 x V,) 112 

or (V. x V,) 112 

Lower of (Vix V1 x V,)l/Z 

or (V~ x V,) 112 

HSI determination. The HSI for the pileated woodpecker is equal to the 
life 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 v. and V, 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) 

Vi Percent tree canopy 
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)]. 

Cover types 

EF,DF,EFW, 
DFW 

Suggested technique 

Line intercept 

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

v. 

v. 

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

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]. 

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 SOS 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,OF,EFW, 
OFW 

EF,OF,EFW, 
DFW 

Figure 2. (continued). 
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Variable (definition) 

V1 Average dbh of snags 
> 38 cm (IS inches) dbh 
[the average diameter 
of all snags that exceed 
38 cm (IS inches) diameter 
at breast height (1.4 m/ 
4.S ft)). 

V, Number of snags> Sl cm 
(20 inches) dbh/0.4 ha 
(1.0 acre) [the number 
of standing dead trees 
or partly dead trees, 
that are greater than 
Sl cm (20 inches) dia­
meter at breast height 
(1.4 m/4.S ft), and that 
are at least 1.8 m (6 ft) 
tall, per 0.4 ha (1.0 acre). 
Trees in which at least 
SO% of the branches have 
fallen, or are present 
but no longer bear 
foliage, are to be con-
sidered snags). · ' 

V, Average dbh bf snags 
> Sl cm (20 inches) 
dbh [the average 
diameter of all snags 
that exceed SI cm 
(20 inches) diameter 
at breast height 
(1.4 m/4.5 ft)]. 

Cover types 

EF,DF,EFW, 
DFW 

EF,DF,EFW, 
DFW 

EF,DF,EFW, 
DFW 

Figure 2. (concluded). 

SOURCES OF OTHER MODELS 

Suggested technique 

Quadrat; Biltmore 
stick or diameter 
tape 

Quadrat 

Quadrat; Biltmore 
stick or diameter 
tape 

Conner and Adkisson (1976) have developed a discriminant function model 
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 
•odel assesses basal area, number of stems, and canopy height of trees. 
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MARTEN (Martes americana) 

HABITAT USE INFORMATION 

General 

The marten (Martes americana) inhabits late successional forest commun­
ities throughout northern North America (Marshall 1951). The species is most 
abundant in association with mature coniferous forests, but al so inhabits 
forests of mixed deciduous and coniferous species (Hagmeier 1956). Marten in 
Minnesota were observed or captured most often in conifer-dominated or mixed 
stands of coniferous and deciduous trees (Mech and Rogers 1977). Marten 
prefer softwood-dominated mixed stands in undisturbed forests in Maine 
(Soutiere 1979). The marten is mostly carnivorous, generally nocturnal, and 
active throughout the year. 

Food 

Marten consume a wide variety of food items throughout the year. Inverte­
brates, berries, and passerine birds were the most frequent food items recorded 
from spring through fall in a Montana study (Weckwerth and Hawley 1962). 
However, mammals were the most important food item on an annual basis, with 
the highest utilization of mammalian p•ey occurring during the winter months. 
Voles (Microtinae) are utilized more than any other single food item (Cowan 
and Mackay 1950; Lensink et al. 1955; Weckwerth and Hawley 1962; Koehler and 
Hornocker 1977; Soutiere 1979). 

Mech and Rogers (1977) reported that food availability is probably the 
most important factor affecting the distribution of marten. Fluctuations in 
small mammal densities in Montana were believed to directly affect the carrying 
capacity of the study area for marten (Weckwerth and Hawley 1962). Clark and 
Campbell (1976) believed that limited access routes to get at prey below deep 
snow may be more restrictive on marten winter densities than the actual density 
of rodents present. 

Water 

No water requirements for the marten were described in the literature. 

Cover 

Mesic stands of mature coniferous trees with a canopy closure of 30% or 
more supported the highest marten activity in Montana (Koehler and Hornocker 
1977). These sites also supported the greatest number of rodents and contained 
the highest diversity of understory plant species. Sub-alpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmannii), and Douglas fir (Pseudotsuga 
menziesii) stands were the most intensively used by marten during the winter 
months in Idaho (Marshall 1951). Stands of Ponderosa pine (Pinus ponderosa) 
were frequently used when adjacent to spruce-fir stands. Eighty percent of 
the marten observations in Colorado were in spruce-fir stands or in forest 
types which were at least partially comprised of spruce (Yeager and Remington 
1956). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ,_ 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Marten in Wyoming frequently select large [35.5 to 60.9 cm dbh (14 to 
24 in)], rotten Engelmann spruce or sub-alpine fir snags as refuge sites 
(Clark and Campbell 1976). Other commonly reported refuge sites include 
ground burrows, rock piles, and crevices (Mech and Rogers 1977), downfall, 
stumps, and brush or slash piles (Marshall 1951; Clark and Campbell 1976; 
s~eventon and Major 1982). Downfall, in addition to providing refuge sites, 
allow marten access to below snow surface galleries of vegetation and fallen 
trees (Clark and Campbell 1976). These "entry" sites are believed critical to 
marten winter survival because they provide access to rodent prey active under 
deep snow. Such entry sites accounted for 92.8~; of the recorded marten winter 
feeding sites in Wyoming. Ninty-seven percent of the marten winter resting 
sites located in Maine were beneath the snow surface within natural cavities 
formed around large decayed stumps (Steventon and Major 1982). These refuge 
sites were repeatedly used for several days at a time. Hagmeier (1956) found 
that, while marten ranged through a variety of vegetative types, most refuge 
sites were located within stands of coniferous trees. Summer refuge sites in 
Maine were in the crowns of conifer trees (Steventon and Major 1982). No 
refuge sites were located on the ground surface during this season. 

Hawley and Newby (1957) believe that large openings serve as psychological 
barriers to marten, while Koehler and Hornocker (1977) believe that openings, 
which are avoided in the winter, may be used for foraging in the summer and 
fa 11 seasons if adequate food and cover are present. Marten occasionally 
crossed openings up to 164.5 m (180 yd) in width in Maine during the winter 
months (Soutiere 1979). Although windfall and slash protruding from the snow 
were investigated by marten, movements across such openings were more direct 
than movements within uncut forest stands. Marten in Colorado have been 
observed at distances ranging from 0.8 to 3.2 km (0.5 to 2.0 mi) from forest 
cover types from May through November (Streeter and Braun 1968). In all such 
instances but one, the species was observed in large boulder fields which 
provided a food source [pi ka (Onchotona pri nceps)] and cover in the form of 
large boulders or rockslides. 

Yeager (1950) believed that timber harvesting was the single most destruc­
tive factor contributing to the decimation of marten populations. Marten in 
Wyoming did not utilize harvested timber stands for at least 1 year after 
cutting (Clark and Campbell 1976). Marten in Maine rarely used clearcut areas 
less than 15 years old but were found in partially harvested stands (Soutiere 
1979). Steventon and Major (1982) recorded significant avoidance of clearcut 
areas by marten during winter. Islands of uncut softwoods within and adjacent 
to clearcuts were heavily utilized for cover and foraging in summer and winter. 

Reproduction 

The reproductive requirements of the marten are assumed to be identical 
with cover requirements, as described above. 

Interspersion 

Marten populations are structured around male territories, which are 
rigidly defended during the spring and summer months (Clari<. and Campbell 
1976). Home ranges of male martens are distinct, but female home ranges often· 
overlap those of other females and males. Boundaries of marten home ranges 
often coincide with the edges of topographic or vegetative features, such as 
large, open meadows, burns and streams (Hawley and Newby 1957). 
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The mean home range size for marten in Montana was 2.4 km 2 (0.9 mi 2 ) and 
0.69 km 2 (0.27 mi 2 ) for males and females, respectively (Hawley and Newby 
1957). Similar sizes were reported in Wyoming: 2.4 km 2 (0.93 mi 2

) for males 
and 0.88 km' (0.34 mi') for females (Clark and Campbell 1976). However, the 
average home range size in Minnesota was 15.6 km' (6.0 mi2) for males and 
4.3 km 2 (1.7 mi 2 ) for females (Mech and Rogers 1977). The average winter home 
range for male marten in Maine was 9.25 km 2 (3.57 mi') (Steventon and Major 
1982). Summer home range size was between 5.0 and 10.0 km 2 (1.93 to 3.86 mi 2

). 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicability 

Geographic area. This HSI model has been developed for application in 
boreal coniferous forests of the western United States. 

Season. This HSI model was developed to evaluate the potential quality 
of winter habitat for marten. The winter cover requirements of this species 
are more restrictive than caver requirements during other seasons of the year. 
It is assumed that if adequate winter cover is available, habitat requirements 
throughout the balance of the year will not be limiting. 

Cover types. This model was developed to evaluate habitat in Evergreen 
Forests (EF) (U.S. Fish and Wildlife Service 1981). 

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 marten was not 
reported in the literature, but home ranges in the western United States are 
approximately 2.38 km 2 (0.92 mi 2 ) for males. Based on this information, it is 
assumed that at least 2.59 km' (1 mi') of suitable habitat must be available 
before an area will be occupied by this species. If less than 2.59 km' (1 mi') 
of suitable habitat is present, the HSI is assumed to be 0.0. 

Verification level. This model was reviewed by Tim W. Clark, Ph.D., 
Biology Department, Idaho State University. Dr. Clark concluded that this 
Habitat Suitability Index model would yield an accurate representation of 
marten habitat suitability (Clark, pers. comm.). 

Model Description 

Overview. All winter habitat requirements of the marten can be satisfied 
within boreal evergreen forests. The marten is, therefore, treated as utiliz­
ing evergreen forests only, and habitat evaluation using this model only 
considers the quality of life requisites provided by evergreen forests. It is 
assumed that food availability will not be limiting for the marten if adequate 
cover is present. 

The following sections provide documentation of the logic and assumptions 
used to translate habitat information for the marten to the variables and 
equations used in the HSI model. Specifically, these sectfons cover: 
(1) identification of variables used in the model; (2) definition and justi­
fication of the suitability levels of each variable; and (3) description of 
the assumed relationships between variables. 
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Figure 1 illustrates the relationships of habitat variables, life req­
uisites, and cover types for the marten. 

Habitat variable 

Percent tree canopy closure 
Percent of overstory canopy 

closure comprised of fir 
or spruce 

Successional stage of 
stand 

Percent of ground surface 
covered by downfall 

Life 
reauisite Cover types 

Winter cover~~~ Evergreen forest~~~- HSI 

Figure 1. Relationships of habitat variables, life requisites, 
and cover types in the marten HSi model. 

Cover component. The marten may range through various forested and 
non-forested cover types throughout the spring, summer, and fal 1. Based on 
t~e literature, mature stands of evergreen trees, particularly spruce and fir, 
are required during the winter months in order to provide adequate protective 
and thermal cover. 

Suitable winter cover is a function of the successional staae of the 
stand, the percent of the stand which is comprised of spruce or fir", the total 
percent canopy closure of the stand, and the amount of downfall in the stand. 
Stands of mature to overmature coniferous forest, comprised of 40'.; fir or 
spruce, with a total canopy closure greater than 50?~. are assumed to provide 
near optimal winter habitat. Forest stands which contain an abundance of 
downfall or windthrow are assumed to have a higher winter cover value because 
such materials provide refuge sites for the marten and accessibility to small 
mammals active under the snowpack. Although small diameter woody debris on 
the forest floor will provide cover for rodents, marten require the presence 
of partially fallen snags, or large logs, on the ground surface to provide 
access points for foraging under the snow's surface. 

Sparse forest stands are assumed to provide marginal cover for marten; 
therefore, a tree canopy closure of less than 25?! will indicate no value as 
winter cover for the species. It is also assumed that any tree species present 
within a forest stand will have some value as winter cover for marten. There­
fore, the lowest value which may be obtained for this variable is 0.1. Forest 
stands dominated by shrubs or seedling sized trees are assumed to provide no 
value as winter cover for marten. Pole sized and young stands of trees provide 
some cover, while mature or old growth stands provide optimum cover. A ground 
surface covered by downfall ranging from 20% to 50% is assumed to have optimum 
value. However, the absence of downfall or presence of a high density of 
these materials will not severely limit the cover value for marten. 

The percent tree canopy closure and successional stage of the stand are 
the two most limiting variables for determining the suitability of marten 
winter habitat. When either of these variables is outside the suitable ranges 
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defined above, marten habitat will not be present. The presence of little or 
no spruce or fir in a forest stand will lower the value of the habitat for 
marten. However, the absence of these species will not exclude the.area as 
potential marten habitat. Although the percent of the ground surface covered 
by downfall has the least amount of influence in the determination of marten 
winter habitat suitability, such material is essentail to provide optimal 
winter habitat. An excessive amount of downfall (> 50~) is assumed to decrease 
the availability and accessibility of p0 ey for marten. It is assumed that 
mature or old growth forest stands will provide a sufficient number of snags 
and partially fallen trees to allow entry points under the snow's surface. 

Model Relationships 

Suitability Index (SI) graphs for habitat variables. The relationships 
between various conditions of habitat variao1es and habitat suitability for 
the marten are graphically represented in tnis section. 

Cover 
type 

EF 

EF 

Variable 

( V,) 

(V,) 

Percent tree canopy 
closure. 

Percent of overstory 
canopy closure com­
prised of fir or 
spruce. 

s 

X 
CJ 

-g 0.8 

>, 

:;: 0. 6 

.,:;, 

i 0.4 -~ 
::, 

vi 0.2 

X 
CJ 
-o 0.8 
C: 

;'? 0.6 -~ 
-~ 
..c 
"'0.4 

-+-' 

::, 

vi 0.2 

25 50 75 

25 50 75 

100 

100 
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EF (V,) Successional stage of l. 0 

stand. >( 
Q) 

A) shrub-seedling 
-g 0.8 -

B) pole ·sapling >, 

C) young .-:: 0.6 

D) mature or old growth 
.0 

i 0.4 ·~ ::, 
V, 

0.2 

A B C D 

Successional Stage 

EF (V,) Percent of ground 
surface covered by 
down fa 11 which is 
2 7.6 cm (3 in) in 
die.meter. 

1.0 

>( 
Q) 

-o 0.8 
C: -
>, ..., 0.6 ·~ 
~ 0.4 
.µ 

::, 

vi 0. 2 

25 50 75 

Equations. In order to obtain life requisite values for the marten, the 
SI values for appropriate variables must be combined through the use of equa­
tions. A discussion and explanation of the assumed relationships 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 winter cover 
value is presented below. 

Life reg u i site Cover type 

Winter cover EF 

Equations 

1/2 (V, Xv, XV, XV,) 

HSI determination. Since winter cover was the only life requisite 
considered in this model, the HSI equals the winter cover value. 
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Apolication of the Model 

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

Variable (Definition) 

(V,) Percent tree canopy 
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)]. 

(V 2 ) Percent of the over­
story canopy closure 
comprised of fir or 
spruce. (The percent 
canopy closure of 
spruce or fir trees 
in the overstory 
divided by the total 
canopy closure of all 
overstory trees.) 

(V,) Successional stage of 
stand. (The structural 
condition of a forest 
community which occurs 
during its development.) 
Six recognized stages: 

1. grass-forb 
2. shrub-seedling 
3. pole-sapling 
4. young 
5. mature 
6. old growth 

Cover types 

EF 

EF 

EF 

Suggested technique 

Line intercept, remote 
sensing 

Line intercept, remote 
sensing 

On-site inspection, 
remote sensing 

Figure 2. Definitions of variables and suggested measurement techniques. 
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(V.) Percent of ground 
surface covered by 
downfall which is 
;,, 7. 6 cm ( 3 in) in 
diameter. (The per­
cent of the ground 
surface which is 
covered by dead, woody 
material which may 
include: tree boles; 
stumps; root wads; or 
limbs.) 

EF Line intercept, quadrat 

Figure 2. (concluded) 

SOURCES OF OTHER MODELS 

No other habi,at models for the marten were located. 

REFERENCES CITED 

Clark, T. W. Pe~sonal communication (letter dated 28 July 1981). Idaho State 
University, Pocatello, Idaho. 

Clark, T. W., and T. M. Campbell, III. 
regulatory mechanisms of martens in 
Proceedings of the First Conference 
Parks, U.S.D. I. Natl. Park Serv., 
pp. 293-295. 

1976. Population organization and 
Grand Teton National Park, Wyoming. 
on Scientific Research in the National 
Trans. Proc. Seri es 5. Vol. I. 

Cowan, I. M., and R. H. Mackay. 1950. Food habits of the marten (Martes 
americana) in the Rocky Mountain region of Canada. Can. Field-Nat. 
64(3):100-104. 

Hagmeier, E. M. 1956. Distribution of marten and fisher in North America. 
Can. Field-Nat. 70(4):149-168. 

Hawley, V. D., and F. E. Newby. 1957. Marten home ranges and population 
fluctuations. J. Mammal. 38(2):174-184. 

Hays, R. L., C. 5. Summers, and W. Seitz. 1981. Estimating wildlife habitat 
variables. U.S.O.I., Fish and Wildlife Service, FWS/085-81/47, 173 pp. 

Koehler, G. M., and M. G. Hornocker. 
the Selway-Bitterroot Wilderness. 

Lensink, C. J., R. 0. Skoog, and J. L. 
in interior Alaska and their 
19(3):364-368. 

1977. Fire effects on marten habitat in 
J. Wildl. Manage. 41(3):500-505. 

Bue kl ey. 1955. 
significance. 

8 

Food habits of marten 
J. Wildl. Manage. 



Marshall, W. H. 1951. Pine marten as a forest product. J. For. 49(2):899-905. 

Mech, L. D., and L. L. Rogers. 1977. Status, distribution, and movements of 
martens in northeastern Minnesota. U.S.0.A. For. Serv. Res. Pap. NC-143. 
7 pp. 

Soutiere, E. C. 1979. Effects of timber harvesting on marten in Maine. J. 
Wi 1 dl. Manage. 43( 4): 850-860. 

Steventon, J. 0., and J. T. Major. 1982. Marten use of habitat in 
commercially clear-cut forest. J. Wildl. Manage. 46(1):175-182. 

Streeter, R. G., and C. E. Braun. 1968. Occurrence of marten, Martes 
americana, (Carnivora: Mustelidae) in Colorado alpine areas. Southwest. 
Nat. 13(4):449-451. 

u.S. Fish and Wildlife Service. 1981. Standards for the development of 
habitat suitability index models. 103 ESM. U.S.O.I. Fish Wild1. Serv., 
Div. Ecol. Serv. n.p. 

Weckwerth, R. P., and V. 0. Hawley. 1962. Marten food habits a,,d population 
fluctuations in Montana. J. Wildl. Manage. 26(1):55-74. 

Yeager, L. E. 1950. Implications of some harvest and habitat factors on pine 
marten management. Trans. N. Am. Wildl. Conf. 15:319-334. 

Yeager, L. E., and J. D. Remington. 1956. Sight observations of Colorado 
martens. J. Mammal. 37(4):521-524. 

9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•­
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

Biological Report 82(10.86) 
April 198S 

HABITAT SUITABILITY INDEX MODELS: RUFFED GROUSE 

by 

Brian S. Cade 
Colorado Cooperative Wildlife Research Unit 

Colorado State University 
Fort Collins, CO 80523 

and 

Patrick J. Sousa 
Habitat Evaluation Procedures Group 
Western Energy and Land Use Team 

U.S. Fish and Wildlife Service 
Drake Creekside Building One 

2627 Redwing Road 
Fort Collins, CO 80526-2899 

Western Energy and Land Use Team 
Division of Biological Services 

Research and Development 
Fish and Wildlife Service 

U.S. Department of the Interior 
Washington, DC 20240 

----~---------



' 

CONTENTS 

PREFACE .••••.••...•••..••••••••..•.••••••.•••••••••...•••.•.•••••••••• 
ACKNOWLEDGMENTS •.•••...•..•••••.••.••.••••.••••••.••..•.•••••.•••••••• 

HABITAT USE INFORMATION .............................................. . 
General ......................................................... . 
Food ............................. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Water ........................................................... . 
Cover/Reproduction .............................................. . 
Interspersion and Composition ................................... . 
Special Considerations .......................................... . 

HABITAT SUITABILITY INDEX (HSI) MODEL .•......••.••.•••••....•.•••••••• 
Model Applicability ............................................. . 
Model Description ............................................... . 
Application of the Model ........................................ . 

SOURCES OF OTHER MODELS ......•...............•••..••.........•.•••••.. 

REFERENCES •...•.•.•...•.•.•.••.•............•....•.•..•••••.......•... 

V 

I 
I 
I 
I 

Page 

1 i 1 
vi 

I 
1 I 1 
1 

• z I 3 
9 

10 I 11 
11 
12 

I 20 
25 

2S I 
I 

•-
I 
I 
I 
I 
I 
I 
I 



I 
11 
I 
I 
I 
I 
I 
I 

RUFFED GROUSE ( Bonas a umbe 11 us) 

HABITAT USE INFORMATION 

General 

The ruffed grouse (Bonasa umbellus) is the most widely distributed species 
of the Tetraoninae in North America, occurring in forested habitats from 
central Alaska to northern California; through the central Rocky Mountains of 
Idaho, Montana, western Wyoming, and north-central Utah; isolated in western 
South Dakota; from British Columbia east across Canada to southern Labrador; 
and from Minnesota, Michigan, Wisconsin, northeastern Iowa, Illinois, Missouri, 
and northern Arkansas east through Indiana, Ohio, New York, New England, and 
the southern Appalachian Mountains from Pennsylvania to northern Georgia 
(Aldrich 1963). Ruffed grouse have been successfully introduced outside their 
original range into Newfoundland and northeastern Nevada (Johnsgard 1973). It 
is the most widely hunted grouse in North America, providing recreat i ona 1 
sport hunting in 43 States and Provinces. 

Food 

Ruffed grouse feed on a variety of plant foods, with regional and seasonal 
variations occurring in their diet (Korschgen 1966). Animal foods, primarily 

I insects, are consumed in small quantities (4 to 5% of diet) by adults during 
summer (Edminster 1954) and in large quantities (50 to 75%) by chicks during 
their first few weeks of life (Bump et al. 1947; Edminster 1954). Insects 

I 
decrease in importance in the diet of chicks throughout summer, and by August 
their diet is similar to adults, consisting primarily of plant foods (Stewart 
1956). Kimmel and Samuel (1984) studied the foraging behavior of ruffed 
grouse chicks imprinted on humans. The diet of chicks up to 3 weeks of age 

I was> 90% invertebrates; plant parts were not predominant until chicks were 8 
weeks old. 

I In regions where snow cover is continuous throughout winter (e.g., 
northern New England and New York, Great Lakes States, Canada, Alaska, and the 
Rocky Mountains), the winter diet of ruffed grouse fs comprised of buds and 

I 
catkins of hardwood shrubs and trees (Bump et al. 1947; Gull ion and Svoboda 
1972; Johnsgard 1973). The staminate flower buds of aspens (Populus spp.), 
especially quaking aspen (P. tremuloides), are the critical winter food 
resource in Minnesota (Svoboda and Gullion 1972). A single mature male quaking 

I aspen fn Minnesota provides 8 to 9 days of food for one grouse. Aspens are an 
important winter food throughout much of the range of ruffed grouse (Brown 
1946; Phillips 1967; Schemnitz 1970; Doerr et al. 1974; Gullion 1977, 1981; I Kubisiak et al. 1980; Stoll et al. 1980; Schulz et al. 1983). 
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Other hardwood species also are used, especially when aspens are not 
predominant. Willow (Salix spp.) and aspen were 29 and 35%, respectively, of 
the tot a 1 winter food vo 1 ume consumed by ruffed grouse in Alberta (Ooerr 
et al. 1974). Willow buds and twigs were 34% and aspen buds and twigs were 
55% of the dry weight of food in crops of ruffed grouse collected In interior 
Alaska during winter (McGowan 1973). Ruffed grouse in central New York 
preferred buds of ·black. cherry (Prunus serotlna) and apple (Malus pumila) to 
those of aspen (Woehr and Chambers 1975). Winter foods of ruffed grouse In 
northeastern Ohio inc 1 uded buds of black cherry, hawthorn ( Crataegus spp.), 
and hophornbeam (Ostrya virglniana), as well as aspen (Stoll et al. 1980). 
Buds and catkins of trees continue to provide food for ruffed grouse into the 
spring breeding season (Edminster 1954; Gullion and Svoboda 1972). 

In regions where snow cover during winter Is minimal or of short duration 
(e.g., Pacific coast, southern Ohio, Indiana, Illinois, southern Appalachians), 
the winter diet of ruffed grouse Is more variable, including buds, fruits, and 
leaves from a variety of understory shrubs and herbaceous plants, as well as 
buds and fruits from trees (Korschgen 1966; Johnsgard 1973). Ruffed grouse in 
western Washington fed on buds and catkins of bic.ck cottonwoods (Populus 
trichocarpa) and leaves of buttercups (Ranunculus spp.) during winter (Brewer 
1980). Acorns (Quercus spp.) and hophornbeam catkins were principal winter 
foods of ruffed grouse in Missouri (Korschgen 1966). Fruits of sumac (Rhus 
spp.), bittersweet (Celastrus scandens), poison ivy (Toxicodendron radica~ 
greenbrier (Smilax spp.), and dogwood (Cornus spp.), in addition to buds of 
hawthorn, aspen, and hophornbeam, were used by ruffed grouse in central and 
southern Ohio (Stoll et al. 1980). Gilfillan and 8ezdek (1944) also noted the 
importance of understory species as winter food for ruffed grouse in Ohio. 
Greenbrier, mountain laurel (Kalmia latifolia), Christmas fern (Polystichum 
acrostichoides), Japanese honeysuckle (Lonicera japonica), and dogwood were 
important winter food items in eastern Tennessee and western North Carolina 
(Stafford and Dimmick. 1979). Soft and hard fruits from a variety of shrubs 
and trees were eaten by ruffed grouse in southwestern Virginia (Norman and 
Kirkpatrick. 1984). 

Summer foods include numerous fruits, berrl es, green vegetation, and 
insects (Bump et al. 1947; Edminster 1954; Korschgen 1966). Ruffed grouse 
feed on a great variety of berries, herbaceous vegetation, and leaves, buds, 
and fruits of hardwood trees and shrubs during fall when potential food items 
are most abundant (Gullion 1966). Hungerford (1957) reported extensive use of 
insects and limited use of western redcedar (Thuja plicata) leaves during fall 
in northern Idaho. 

Water 

Most grouse foods contain considerable moisture (Johnsgard 1973), and it 
is unlikely that ruffed grouse require free water for drinking. When grouse 
are found near water, it is because they prefer the food or cover associated 
with mesic habitats and not because of a dependence on free water (Edminster 
1954). 

2 

......... ·-·-·--

' I 
I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I 
I 

' I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cover/Reproduction 

Cover suitable for drumming grouse during spring is suitable fall and 
winter cover (Berner and Gysel 1969; Gullion 1977). and suitable. fall to 
spring cover for males also is suitable for females (Gullion 1967, cited by 
Houlton 1968) .. Females with broods prefer habitats similar to those preferred 
by drumming males (Berner and Gysel 1969; Porath and Vohs 1972; Kubisiak 
1978). 

The seasonal requirements of ruffed grouse are met by a combination of 
different cover types or age classes of forest (Bump et al. 1947; Gullion and 
Svoboda 1972; Gullion 1977). Ruffed grouse are associated principally with 
deciduous hardwood forests (Bump et al. 1947; Edminster 1954; Johnsgard 1973), 
especially those with aspen as a dominant species (Gullion and Svoboda 1972). 
However, hardwood trees are absent from some regions inhabited by ruffed 
grouse, e.g., northern Idaho (Hungerford 1951), and conifers are used for 
winter and escape cover in many regions (Bump et al. 1947; Edminster 1947; 
Lewis et al. 1968; Woehr 1974; Stoll et al. 1977). 

Although the relationship between ruffed grouse and the distribution of 
upens is not obligatory, ruffed grouse achieve their greatest abundance in 
northern regions where aspens, especially quaking aspen, are a dominant compo­
nent of the forest (Gullion and Svoboda 1972; Gullion 1977, 1984a). Optimal 
aspen cover supports 20 to 40 drumming males/100 ha during peak populations. 
Ha~imum densities are usually lower, ranging from 2 to 8 males/100 ha, in the 
peripheral range of ruffed grouse, where aspen often is unavailable (Table 1). 

Ruffed grouse males typically drum from a fallen log although other 
objects also are used (Bump et al. 1947; Sousa 1978). An acceptable drumming 
log provides sufficient height to allow a view of the surroundings and a 
relatively level stage (Boag and Sumanik 1969). Throughout their range, 
ruffed grouse prefer drumming sites that are surrounded by a moderate ·density 
of woody stems (Table 2). especially in the tall shrub or sapling layers 
(Palmer 1963; Boag and Sumanik 1969; Gullion 1970; Woehr 1974; Titus 1976; 
Salo 1978; Kelly and Major 1979, cited by Backs 1984; Stoll et al. 1979; 
~r 1980; Kubisiak et al. 1980; Stauffer 1983; Hunyadi 1984). The 
importance of stem density to habitat suitability for drumming grouse was 
confirmed by an experimental removal of woody stems< 5 cm dbh from a 0.005-ha 
circle surrounding each of 32 primary drumming logs in southwestern Alberta 
(Boag 1976a). Occupancy rates and recruitment of males were lower at treatment 
sites than at 32 control logs, and occupancy of secondary drumming logs was 
greater in activity centers associated with treatment than with control logs. 
No preference for high stem densities was observed in northern Georgia (Hale 
et al. 1982) and Vermont (Sousa 1978), however, and ruffed grouse in central 
Alberta preferred drumming sites with lower densities of stems< 10.2 cm dbh 
and greater densities of stems> 10.2 cm dbh (Rusch and Keith 1971). 

Suitable drumming cover at the Cloquet Forestry Center in Minnesota 
occurs when 8 to 12-year old aspen stands have thinned to < 19,800 stems/ha 
(Gullion and Svoboda 1972). Cover suitability increases with natural thinning 
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Table I. Densities of breeding male ruffed grouse throughout their range (values converted to males/100 ha). 

Breeding a .,,,,,100 y, 
Location Period General habltatb Rerarence Max Mn 

111. 7 20.5 Minnesota: Cloquet forestry Canter 1959-77 10-25 year aspen Gulllo.n 1,19771 

35.7 10,7 Wisconsin: Sandhi II WI Id lire Area 1968-77 Aspen-a I de r Kubisiak at al. I 1980 I 

22.2 12.3 Central Alberta 1966-68 Aspen Rusch and Keith 119711 

15.8 5,6 New York: Connect I cut H 111 1930-42 Al laghany and Buap et al, (19471 
northern hard-
woods with 
conifara 

111,7 5,7 Ontario: Algonquin Park 1971-82 H i>ced con I re r- Theberge and Gauthier 
••pen, sugar (19821 
aapla-haalock 

.... 14,0 2,5 Mlnnaaota: Cloquet forestry Canter 1959-82 Aspen, northern Gullion and Al• (19831 
hardwoods, with 
SOM conirera 

10.11 1,0 Michigan: Ririe River ArH 1950-58 Mixed conlrer, 
northern hard• 

P• 1-r and eennett ( 19631 

wood&, aapen, 
alder 

10,1 2,7 Wisconsin: Sandhl II Wlldll fe ArH 19611-77 Aspen and oak Kubisiak et al, 119801 

10, 1 ... 6 Southwestern Alberta 1965-75 Aspen, bala•• Boag ( 1976a.) 
poplar, white 
apruce 

7,8 o.o Mlnnuou: Cloquet forestry Center 1959•82 Pine, apruca-rlr, Gulllon and Ala (19831 
with so- aspen 

7,2 2.7 Indiana: Nau .. a Crouse Study Area 1969-73, Oak Backa (198 .. 1 
1975-83 

6.9 -- Northaastern Iowa 1967 Map le-basswood, 
oak-hickory, 

Pornh and Vohs I 19721 

aspen 

- - - - - - - - - . - - - - - - _,.. 
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8reedl"9 a 
•••u1100 h• 

Ma>e Hin 

6.2 5.5 

6.2 2.8 

6. 1 3.2 

... 6 1.8 

..... 1.2 

Si9 

2.6 1.8 

2.6 

Table 1. (concluded). 

Location 

Western W11hlngton 

Southeastern Ohio 

Nev York: Adlrond1ck •rea 

Ml11ourl: Ashland Area and D•nlel 
Boone Forest 

Wisconsin: Stone Lake Cxperl111ental Are• 

Southeastern Idaho: Wasatch Mountains 

Northern Georgia 

Vert110nt: Orarton 

Period 

1977-79 

5 ye1r1 

1932-38 

1963•83 

1968-77 

1979•82 

1976-79 

197~ 

Cener11 hablutb 

Black cottonwood. 
red • Ider, 
western he111tock 

Oak•h I cko ry. 
beech-1Hp le, 
pine 

Ml Med con I rer,. 
northern hi rd­
woods 

Oak•h lckory. 
sugar 111ple. 
hop ho rnbe1111 

Balaam fir. aspen 

Aspen. ml><ed 
coni rer 

Oak-hickory. 
ye I I OV pop , • r. 
pine 

Map I e, beech, 
yel lov b I rch, 
11lxed con I rers 

- -

Rererence 

8 rewe ,. ( 1980 ) ----

Stoff et •L (1973) 

Bu11p et II, (19fl7> 

Hunyad I ( 198ft ) 

Kubisiak et 11. (1980) 

suurrer ( 1983) 

Hale et 11. (1992> 

Sousa (1978) 

~II estl .. te, based on counts or dru111111lng ••••• except Steurrer (1983> which vis• subjective estl••t•. 

hcoaaon and 1clentiflc n1111ea or plants not 111entloned In text: balsam poplar (Populus balsa•lfer1); b111wood , (!.l!.!.! 
111erlcen1): beech (F1qus qrandlfolla); hemlock (Tsuqa canadenslsJ; hickory(~ spp.); red alder (Alnus .a!!!.!!): 
sugar aaple (~ faccharu11); western he11lock (Tsuqa heterophylla); yellow birch (Betuta alleghanlensls); and 
yellov popl1r~odendron tullplfera). 

.... -
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Table 2. Stem densities at ruffed grouse drumming sites (values 
converted to stems/h•). 

Lout ion St zt Cl tegol'y Ste11$/hi Connents Aefel'Wtlce 
I 

Minnesota: Cloqvet Aspen. > 0. 6 • tall 4, 900-14 ,800 0pt1N1 13-25 Gullion (1970, 1977) I 
Fol'tstry Center ,Yell' Hl)fft 

Wisconsin : Slndlltll > 1.8 • tan 4,40()..14 ,800 Opt il!WI 1 6-25 Kubisiak (pel'S. ce1111.) I 
Wildlife Arta yHI' UPtn 

Central A 1 bel'ta Shrubs> 0.9 111 tall a,5's"s Means fo,. 17 Rusch and Keith (1971) I Trees~ 10.Z c:11 dbh 3,815a- d'l'iaatng sttes 
Trees > 10. 2 ca dbh ssob .... compared wi tJI 

163 randCII I stat10M 

New York: Tug Hill < 30 cm ta 11 97S1 ... Me1ns for Woehr (1974) I Plateau > JO a11 tall to 1. 25 C11 dbh 11.s1s"' drullning sitlS 

2.5 CII dbh 7,712b- c~1red with 
s.o aft dbh 912ns 1v1fllble I 7.5 gii dbh Jso•- habitat 

> 10.0 CII dbh 480ns 

Ont1rfo : Algonquin < 10 cm dbh 2,872 1nd Heins for 2 Tti.tierge and G.uthier ti 
Park J,980ns aren wt th (1982) 

different grouse 

I densities 

"tchfgan: Rifle < 0.6 • tall 31 ,8491
- HHns for Palmer ( 1963) 

I River ArH Q,6•1.5 II tl11 13,zsgnS habf tat withf n 

1.5-2. 4 111 till 4,776ns 10.1 • 

> 2. 4 • tall to 8,ttllb-· radius of '° 
7.6 aft dbh dr1'!111ing logs 1~ 

7.6-15.2 cm dbh 1.1a1b- compared with 

15. 2-22.9 cni dbh uab" habitat 10.1 to 
> 22.9 cm dbh 109 20.1 111 dhtlnt I 

Southwestern Alberta < 1.0 • tall 2. 1zob Means for 80 8019 Ind S~nik (1969) 

> 1.0 • tall to 5 Cffl dbh 4,720b dri,11111 ng logs I 5-10 CIII dbh 2,720b c~red with 

10-20 C11 dbh 6201 98 unused logs 

> 20 C11 dbh 140b I ood'-· Indiana c 13 ca dbh 35, ii.e111s fof' 64 Kelty and Mljor (1979. 

dnaatng logs ctted by 9acts 1984) 

I CQIIIIPared wtth 

unused 1 ogs 
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Table 2. (concluded). 

. 
LOCltion Size Cit.gory 

Weste"' W1sh1ngton > 0.2 • tall 

S0uthl!1stern Ohio • 1. 0 m tall 
> 1. 0 m tall to 2.5 cm dbh 
2.6-5. l an dbh 

s.2-10.2 C111 ctoh 

Missouri: l'tlnkey ~t . > 1. 0 m t,11 
and Anderson 
Wildlife ArHs. 

aoone for-est 

S0uthe1ste"1 Id1ho < 7 c,n dbh 

7-15 Cffl dbh 

15-23 Cffl dbh 

> 23 Cffl dbh 

Plor-thern Georgi• C 0.5 In till 

> o.s In tall to )0 CIII dbh 

> 10 Cffl dbh 

Ve""Ont: Grifton c 2. 5 c:11 dbh 

2.S-)2, 7 CII dbh 

> 12. 7 CIII dbh 

St.tlls/ha 

80,060ns 
16,S03b-· 

1,977b-· 

988"5 

15,296b 
13,412b 

11 , 760b 

s,sogb* 
494ns 
174ns 

lOOns 

120,000"5 

l4 .ooo"5 

556"5 

941-5,651"5 

2,063-6,098ns 

494-~1"5 

1Meen less thin aHn for 1w1il1ble habitat or unused logs . 

I ~an ,,..ater thin ••n for 1v1ihble habitlt or unused log. 

"'! > 0.10 

I 
I 
I 
I 

• ! C 0.10 

•• ! C 0.05 

-!. C 0,01 

7 

Ccaients ~fertnce 

Mt1ns for 25 lrewr ( 1980) 

dr-1111111 i ng 1 09S 

CQlllpll"ff with 
26 unused logs 

Means for 30 Stoll et al. (1979 ) 
perennill logs 
compared wi th 
27 transient 
centers 

Muns for Hunyadi (1984 ) 

drurm,ing logs 
et 3 areas 
COfflPtred with 
av1i11ble 
tllb1tlt 

Mtans for 19 Stauffer ( 1983) 

drLn!ling togs 

c~ered with 
19 unused logs 

Means for U Hale et 11 . (1982) 

dr1111111ing logs 
CC)lllpared wi th 
14 unused logs 

Densi ties for SouH (1978) 
S dri,iwni ng logs 
compared with 
avat hble hab-
fut fn stands 



and increasing height of stems associated with maturation of a stand (Gullion 
and Svoboda 1972; Gu 111 on 1977). Opt 1 ma 1 drummf ng cover occurs 1 n 13 to 
ZS-year old aspen stands with a ste11 density of 4,900 to 14,800/ha (Gullfon 
1970: Fig. 3) and a closed canopy about 10 m overhead (Gull ion and Svoboda 
1972; Gullion 1977). The habitat has "gone-by" and rather abruptly ceases to 
support driinvnfng grouse when stem densities decrease to< 4,900/ha (Gullion 
and Svoboda 1972; Gullion 1977) . Aspen in central Wisconsin initially are 
occupied when sta-nds are < 5 years of age and have maximum stem densities of 
19 1800/ha (Kubfsfak et al. 1980; Kubfsfak 1985; Kub1s1ak pers. cofflft.). Optimal 
drumming cover fs provided by 6 to 25 year old aspen stands havfng densities 
of woody stems> 1.8 m tall from 4,400 to 14,800/ha and a canopy height~ 4.6 • 
(Kubisiak pers . conm.). 

The age when a tree stand initially provides suitable habitat for ruffed 
grouse and length of time that it remains suitable habitat will be affected by 
growth rates of plants providing cover, and this varies among species and 
growing site environments (Gullion 1984b). Mature hardwood tree stands that 
have thinned below suitable tree densities continue to provide suftablt cover 
if there is sufficient density and height of woody shrubs fn the undtrstory 
(Kubisiak et al. 1980; Gullion 1984a). Shrubs > 0.9 m 1n height provide 
suitable cover when there are 80 to 200 stems withfn a 3.0 to 3.7 11 radius of 
the drumming stage (Gullion 1972t cited by Boag 1976a), equivalent to densities 
of 19,000 to 68, 700/ha. However. shrubs need to be > 1. S m ta 11 to provide 

G
uitable overhead cover (Kubisiak 1985; Gullion pers . comm. ). Forty-three of 
12 drumming sites located by Salo (1978) in western Washington were in dense 
hickets (300,000 stems> 2. S m tall/ha) of salmonberry (Rubus spectabil1s) i_n 
he understory of mature , open canopy forests . 

Optimal drumming habitat provides cover for ruffed grouse and even stem 
spacing which allows them to maintain effective surveillance for predators 
(Gullion and Svoboda 1972; Gullion 1977). This 1s referred to as vertical 
cover. Preferred habitats provide optimal cover across the major portion of 
an activ1t)t center and not just immediately surrounding the drumming log 
(Gullion and Marshall 1968; Gullion 1984b). Grouse territories that include 
several suitable alternate drumming sites are more likely to be occupied for 
extended periods (perennial use) than territories without suitable alternate 
drumming sites (Boag 1976b). Mid-seral aspen stands provide optimal vertical 
cover during fall through spring and suitable snow conditions for snow-burrow 
roosting during winter (Gullion and Svoboda 1972) . 

Conifers can be detrimental to survival of ruffed grouse in drumming 
habitats (Gullfon and Marshall 1968; Gullion 1970; Rusch and Keith 1971). 
because low-growing conifers provide concealment for mammalian predators, and 
the "high pine" conifers provide concealment and excellent opportunities for 
raptors to ambush grouse. Gullion and Marshall (1968) attributed 861 of 
ruffed grouse kills at Cloquet, Minnesota to raptor predation. Maximum grouse 
densities during peak populations at Cloquet (Table 1) were twice as high in a 
predominantly hardwood tract compared to a predominantly coniferous tract of 
forest (Gullion and Alm 1983). Mean longevity and survival of ruffed grous• 
also wert greater in the predominantly hardwood forest tract. Maximum 
densities of drumming males (7 .S/100 ha) in balsa• fir (Abies balsamea) 
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I 
I habitats at Stone Lake, Wisconsin were only 2~ of maximum dens1tfes 

(35.7/100 ha) in optimal aspen-alder (Alnus spp.) habitat at Sandhill, 
Wisconsin (Kubishk. et al. 1980). The presence of conif1rs around drumming 
sites fn central Ontario was not considered detrimental io ruffed grouse I populations because avian·predators were scarce (Theberge and Gauthier 1982). 

I 
Conifers provide the only su1ub1e drumming or winter cover 1n some 

regions, but densities of ruffed grouse are lower 1n these habitats than in 
opti~al aspen habitats (Table 1). Young white spruce (Picea glauca) < 10 cm 
dbh provided drunvnfng cover 1n mixed deciduous/cont ferous forests 1n south-

I western Alberta (Boag and Sumanik 1969). and young balsam fir in the understory 
of mature aspen forests provided cover for drunvni ng grouse at Stone Lake, 
Wisconsin (Kubisiak et al. 1980). Conifers were considered important winter 

I cover in New York (Bump et 11. 1947; Edminster 1947; Woehr 1974), Ohio (Stoll 
et al. 1977), Indiana (Muehrcke and Kirkpatrick 1969), Missouri (Lewis et al. 
1968), and Idaho (Hungerford 19Sl). Ruffed grouse in north-central Minnesota 
preferred jack pine (Pinus banksilna) forests for cover during winter. a 

I habitat type also used by spruce grouse (Oendragapus canadensis) (Pietz and 
Tester 1982). Ruffed grouse inhabiting the boreal forest region of New 
Brunswick used spruce-fir and jack pine forests throughout the year (Keppie 

I pers . comm. ). Conifers, especially fir and spruce with branches growing low 
to the ground, provide important thermal cover for grouse in regions where 
snow depths or snow conditions during winter limit snow-burrow roosting (Woehr 

1
1974; Chambers pers . comm . ; Kepp1e pers. comm . ). More than 9~ of winter 
roosts in central New York were located in conifers during two winters when 
snow-burrow roosting was prohibited by wet or crusted snow on all but five 
nights (Woehr 1974). 

I Ruffed grouse nests typically are located at the base of trees in open 
hardwood stands although other sites are used, such as the base of stumps, 

I under slash, bushes, or brush piles (Bump et al. 1947; Edminster 1947). Aspen 
stands in Minnesota with stem densities < 4,900/ha provide preferred nesting 
cover (Gullion 1977). and nesting females feed extensively on emerging aspen 

I 
leaves and prefer to locate their nests close to mature aspens (Gullion and 
Svoboda 1972; Gullion 1977; Maxson 1978). Nearby undergrowth is usually 
sparse (Bump et al . 1947; Gullion 1977). 

I Brood cover occurs in transition zones between lowland and upland forests 
or forest edges and openings with a well-developed herbaceous and shrub under­
story (Bump et al. 1947; Edminster 1947; Sharp 1963; Porath and Vohs 1972; 

I Stluffer 1983). Optimal brood habitat in Minnesota occurs in regenerating 
•spen stands with 12,400 to 29,000+ stems/ha (Gullion 1970, 1977). Most 
upland aspen stands in Wisconsin can provide suitable brood habitat, but 

I 
optimal habitat occurs fn 6 to 25 year old stands or where alder or other 
equivalent cover exists (Kubisi1k 1978). 

Interspersion and Composition 

~ Ruffed grouse are not afgratory, but they wfll •ove short distances among 
different seasonal habitats (Johnsgard 1973). Optimal interspersion of cover 

.~ types ~~curs when all seasonal habit1t requirements are contained wfthin 4 ha 

I 
I 
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(Gullion and Svoboda 1972). In Mfnnesota, these seasonal requirements are met • ~ 
by an interspersion of seedling (1 to 12 years old), sapling (13 to 25 years 1 
old), and mature (> 25 years old) aspen stands (Gull ion and Svoboda 1972). I 
Mature male aspen within 91 11 of adequate fall to spring cover provide the 
essential winter food source (Gullion 1977). Kubisiak et al. (1980) found 9SS 
of drummfng sites in Wisconsin within 40 m 'of a mature aspen food source. 

1 However, ·only 531 of drumming logs in southern Ohio were within 100 11 of 
mature aspen (Stoll-et al. 1979). 

Hale ruffed grouse in Minnesota occupied an average of 8.9 ha from March I 
to June but occupied a reduced area of 6. 7 ha during the drumming season 
(Archibald 1975) . Females occupied areas of 16 . 5 ha, moving fro• lowland-
upland edge in early spring to upland sHes for ntstfng. Females gradually I 
reduce their movements from prelayini through incubation (Maxson 1978). 
Occupied areas averaged 12.1 ha during prelaying, 8 . 4 ha during hying, and 
0.9 ha during incubation. Females can move their broods up to 5.8 Jul to I 
suitable cover (Schladweiler 1965). The cruising radius of most broods, 
however, fs < 0. 4 km (Chambers and Sharp 1958). Juveniles are more mobile 
than adults during fall (Hale and Dorney 1963), and juvenile females disperse 
farther than males (Godfrey and Marshall 1969). ~ 

Special Considerations 

Ruffed grouse are associated with disturbed forest habitats (Gull ion 
1977). However, elimination of forest cover over an area> 4 ha results in 
reduced breeding densities (Gullion 1970). Extensive areas of a single cover 
type are not as valuable to ruffed grouse as the close interspersion of several 
sma 11 er cover types. Aspen regeneration 1 to 12 yea rs o 1 d prov 1 des optima 1 
brood cover in Minnesota, aspen sap 11 ngs 13 to 25 years old provide optima 1 
fall to spring (drumming) cover, and aspens> 25 years old provide an essential 
winter food source and nesting habitat (Gullion and Svoboda 1972; Gullion 
1977). 

Small clearcuts (Edminster 1947; Stauffer 1983; Gullion 1984a) and burning 
(Sharp 1970) can improve grouse habitat by maintaining an interspersion of 
young through mature success1onal stages of forest. Grazing by livestock can 
adversely affect brood habitat (Robertson 1976; Stauffer 1983), extensive 
timber harvesting reduces breeding densities, and lack of timber management 
results fn large tracts of mature forest that are unsuitable for ruffed grouse 
(Gullion 1977). 

Ruffed grouse occur sympatrically with spruce and/or blue grouse 
(Oendragapus obscurus) throughout port ions of their range (A ldr1 ch 1963). 
Ruffed and spruce grouse use the same winttr habitats in north-central 
Minnesota (Pietz and Tester 1982), and these two species use similar habitats 
throughout much of the boreal forest (Keppie pers. comm.) . Ruffed and blue 
grouse in Idaho rarely use the same habitats even though they occupy the same 
areas (Marshall 1946; Stauffer 1983); ruffed grouse occur fn more mesfc sftes 
with greater canopy cover. There is no evidence of competition between ruffed 
and blue or spruce grouse (Pietz and Tester 1982; Stauffer 1983). 
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I 
I HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicability 

I Geographical area. This model is intended for application within the 
region ~here aspen i s a predominant component of the forest ecosy5tem. With 

I modifications, discussed under Application of the Model, it may be applicable 
throughout the range of ruffed grouse. 

I 
Season. This model was dev~loped to evaluate the year·round habitat of 

the ruffed grouse . 

Cover types. This model was developed to evaluate habitat suitability in 

I Dec i duous and Evergreen Forest (OF, EF), Tree Savanna (OTS, ETS), and Shrubland 
(OS, ES) cover types (U . S. Fish and Wildlife Service 1981). Further sub· 
division of these cover types is possible and is discussed on page 20 under I Application of the Model. 

Minimum habitat area. Minimum habitat area is defined as the minimum 

I 
amount of contiguous suitable habitat that is required before an area will be 
occupied by a particuhr species . This information was not found in the 
literature for ruffed grouse . An activity center for an individual drumming 
male can be as small as 2.4 ha (Gullion 1977), but a pair of grouse/4 ha is 

I about the highest density grouse population that can be expected under most 
conditions (Gullion and Svoboda 1972) . Therefore, this model should not be 
applied on an area < 4 ha . Both Stoll (pers . comm. ) and Chambers (pers . 

I comm. ) recommended a 111inimum habitat area of 20 ha for isolated blocks of 
forest surrounded by unsuitable grouse habitat, e.g., a farm woodlot surrounded 
by cropland . 

I Verification level. This model was developed with the assistance of 
Gordon W. Gullion, Project Leader of the University of Minnesota's Forest 

I 
I 
I 
I 
I 
I 
I 
I 

Wildlife Project at the Cloquet Forestry Center, near Cloquet, Minnesota. The 
variables ;n this model are based on Mr . Gullion's experience and long-term 
data collected on the Cloquet Forest. In 1981, the U.S. Fish and Wildlife 
Service contracted Mr . Gullion to provide habitat and grouse use data from 20 
drumming logs, 20 4-ha activity centers surrounding the logs, and five blocks 
of forested habitat rang ing from 18.1 to 27.S ha. These data (Cade 1984) were 
used to refine variable relationships and suitability levels from earlier 
drafts of the model. 

Previous drafts of this model were also reviewed by: 

David A. 8019, Professor, Department of Zoology, University of Alberta, 
Edmonton, Alberta 

Robert E. Chambers, Professor , Department of Environmental and Forest 
Biology, State University of New York , Syracuse, NY 

Ralph W. Oi111111ck, Professor, Department of Forestry, Wi1dl1fe, and 
Ffshtries, University of Tennessee, Knoxville, TN 
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I 
Daniel M. Kepp1e, Professor, Department of Forest Resources, University 

1 of New Brunswick, Fredericton, New Brunswick 

John F. Kubisiak, Project leader, Forest W11dlfft Research Group, 
Wfsconsi n Department of Natural Resources, Babcock, WI I 

Keith R. Mccaffery, Project leader , Forest Wildlife Research Group, 
Wisconsin Department of Natural Resources, Rhinelander, WI 

Robert J. Stoll, Jr-. Wildlife Biologist, Ohio Oep1rtment of Natural 
Resources, New Marshfield, OH 

Specific comments from each reviewer were incorporated into the current model. 
Boag (pers. comm.), Chambers (pers . comm.), Dimmick (pers . comm.). and Stoll 
(pers. comnt.} questioned whether it was possible to develop a single habitat 
suitability model that would be applicable throughout the rangt of ruffed 
grouse . Modifications of thf s model that may increase its usefulness in 
various regions are d1scussed under Application of the Model. 

Model Description 

Overvf ew. Optima 1 habitat for ruffed grouse is provided by the inter­
spersion of several forest age classes. The ruffed grouse 1s considered in 
this model to be a multicover type spec ies, using different age classes of 
forests . Wi nter Food and Fall to Spring Cover are the life requisites cons id­
ered in this model and are assumed to be the same for both male and female 
grouse . It fs assumed that water is not a limiting factor for ruffed grouse 
populations . Nesting and brood-rearing habitat are assumed to never be more 
limi ting than winter food and fall to spring cover requfrements . 

The following sections identi fy important habitat variables used in the 
model 1 describe suitability levels of the variables, and descri be the relation­
ships among variables. 

Winter food component . Optimal wi~ter food for ruffed grouse is provided 
by the flower buds of mature male aspens (Svoboda and Gullion 1972; Gullion 
1984a) . Other plants also provide a winter food source , but they will be of 
lower value and support fewer grouse than wfll mature male aspen . Svoboda and 
Gull ion (1972) est imated that one average mature malt aspen would provide a 
grouse with 8 to 9 days of food . Based on a 180 day winter (November-April), 
one grouse would require 20 mature ma le aspen during winter (Kubisiak et al. 
1980). Suitability of winter food will be determined by the interspersion of 
mature male aspen and fall to spring cover . Optimal winter food is assumed to 
exist when ~ 20 mature malt aspen are within 91 m of fall to spring cover 
(Gullion 1977). Suitability of winter food 1s assumed to decrease as the 
distance between 20 mature male aspen and fall to spring cover increases from 
91 to 183 111 . If there ire < 20 mature mile upen within 183 11 of hll to 
spring cover, it is assumed that other dec iduous shrubs and trees ~111 provide 
winter food but •ta lower level of suitability. Because mature male aspens 
can be clustered in clonts or scattered throughout a stand, winter food suit­
ability 1s measured as tht average radius of circles enco11passing 20 mature 
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I. male upen (Fig. 1), 1.e. 1 the distanc:e to the 20th mature male aspen from 1 

sampling point. This distanc:e relationship 1s used whether suitable 
winter food and fal 1 to spring cover occur in the same or different cover I types (stands). ' 
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Figure 1. The relationship between the average radius of circles 
encompassing 20 mature male aspen and suitability indices for winter 
food. 

Fa 11 to spring cover component. Fa 11 to spring cover is a function of 
the degree of obstruction provided by woody vegetation and is dependent upon 
density. height, and growth form of woody stems. Dense hardwood stems (trees 
or shrubs) provide physical obstruction to predators as well as a high level 
of visibility for the grouse (vertical cover). Coniferous stems also provide 
physi ca 1 obstruction to predators but may restrict visibility for ruffed 
grouse. Overhead cover is provided by suitable density and height of plant 
growth forms providing vertical cover. 

Vertical cover may be provided by deciduous shrubs, deciduous trees, 
coniferous trees, or by a mixture of these forms. Trees are defined in this 
aodel •s woody plints hav1ng a single, erect stem originating from a single 
base at the ground, and shrubs ire defined as woody plants having multiple, 
erect stems originating from a single base at the ground. The difference 
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between deciduous trees and deciduous shrubs 1s even spacing versus clumping 
of erect stems. This differs from the practice of using ste11 height to 
differentfate trees and shrubs, as defined by the U.S. Fish and Wildlife 
Service (1981) for other HSI models. It 1s assumed that a certain amount of 
physical obstruct1on (vertical cover) is necessary to provide optimal fall to 
spring cover for ruffed grouse . Cover provided by deciduous trees (especially 
aspens) has been most thoroughly studi ed and forms the basis for comparf ng 
cover provided by woody vegetation of various growth forms. 

Stem densit i es of deciduous trees ranging from 4,900 to 14,800 stems/ha 
are considered to be opti111U11 (Gullion 1970). Ste11 densities of deciduous 
trees !i 4,400 stems/ha are considered too sparse to provide vertical cover, 
and densities~ 21.000 stems/ha are considered too dense to provide suitable 
vertical cover because mobility and visibility for ruffed grouse will be 
restricted. Because the growth for~ of deciduous trees differs considerably 
from that of deciduous shrubs and conifers, ft is necessary to convert shrub 
and conifer stem densities to an equivalent stem density value in order to 
compare various growth forms . Equivalent stem density 1s defined as the 
number of stems of deciduous shrubs or conifers that will provide the 
equivalent amount of cover provided by one deciduous tree . 

The typical growth form of deciduous shrubs [e.g .• beaked hazel (Corylus 
cornuta)] fs that of a woody plant with multiple, clumped, narrow stems 
(< 2.S cm dbh). It 1s assumed in this model that , on the average, four typical 
deciduous shrub stems ~ 0.9 11 in height will occupy the space arid provide 
equivalent density of vertical cover as one deciduous tree (Gullion pers. 
comm.). The equivalent stem density coefficient for deciduous shrubs~ 0.9 m 
in height, therefore, is 0.25 . Shrubs< 0.9 min height are assumed to be too 
short to provide any vertical cover. 

The growth for11 of conifers is that of a woody plant with a dense, wide 
cr~wn. Because of this growth form, ft is assumed that one typ ical conifer 
with a low crown height (height to the lowest live branch) between 0.0 and 
0.9 m above ground provides the same amount of vertical cover (i.e .• physical 
obstruction) as provided by four deciduous trees. As the low crown height of 
conifers increases from 0.9 to 4. 6 m, the equivalent cover provided by conifers 
decreases from four times the cover provided by one decfduous tree to a value 
equal to the cover provfded by one deciduous tree. Vertical cover will be 
provided only by the trunk and not the branches of conifers when lowest branch 
heights are~ 4.6 m. This relationship is shown in Figure 2a . 
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Figure 2. The relationship between lowest-branch height of conifers and 
equivalent stem density coefficients for conifers (2a) and between total 
equivalent stem density and suitability indices for vertical cover (2b). 

where 

Total equivalent stem density can be determined by Equation 1: 

Total equivalent stem density= d + 0.2Ss + 8V2c (1) 

d = number of deciduous trees/ha 

s = number of deciduous shrub stems/ha 

c = number of coniferous trees/ha 

avz = equivalent stem density coefficient for conifers 
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The relationship between habitat suftab11fty and total equivalent steM density 
is the same as that previously described for deciduous trees and 1s depicted 
in Figure 2b. 

The su1 tab11 i ty of vert 1 ca 1 cover for ruffed grouse 1s determf ned by 
total equivalent stem density and height of woody steflts providing cover. 
Woody ste~s ~ 4.6 • 1n height provide optimal suitability for overhead cover 
(Kubisiak pers. comm. ) . Suitability decreases when woody stems are< 4.6 • 1n 
he i ght. and woody stems :$ 1.5 m 1n height do not provide suitable overhead 
cover (Gullion pers. comm. ; Kubisiak pers . comm.) (Fig. 3). The relationship 
between stem het ght and su1tab11 i ty is assumed to be the same for a 11 three 
woody growth forms that may provide vertical cover. 

1.0 -~ 
> - 0.8 V, -
)( 
u 0.6 "" C -
>, ..., 0.4 ·--·-.a 0. 2 "' +,I ·-~ 0.0 VI 

o.o 1.5 3.0 4.6 6.1 + m 
0.0 5.0 10.0 15 .o 20.0 + ft 
Average height of woody stems 

Figure 3. The relationship between woody stem heights and 
suitabi l i ty indices for height of vertical cover. 

During secondary succession of deciduous forests, suftab11fty of vertical 
cover for ruffed grouse will increase as total equivalent stem density 
decreases from 21,000 to 14,800 stems/ha and stem heights increase to~ 4.6 m. 
Most upen stems wil 1 have grown to optimal heights (~ 4.6 m) when an aspen 
stand has matured and thinned to optimal totll equivalent st.em densities 
(4.900 to 14.800 stems/ha) (Kubisiak pers. comm. ). As an aspen stand conti nues 
to mature and thins to$ 4,400 tree stems/ha. habitat suitabil i ty will also 
depend upon the density and hef ght of undtrstory woody shrubs or conifers 
(Kubisiak et al. 1980; Gullion 1984a) . 
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SuitabUity of vertfcal cover height 1s assumed to be optimum ff there 
are a minimum of 4.900 equfvalent stems/ha at optimal heights {1.e .• ~ 4.6 m) . 
When this minimum height/density relationship fs met. add1t 1ona 1 stems at 
either suboptimal or optimal heights wfll not 1lter the suitabflfty of vertical 
cover height. Therefore. suitability of vertical cover height 1s evaluated 
for the 4,900 equivalent stems/ha having highest suitability for stem height 
(S1V4) and may include any single or combination of woody growth forms. If 
total equivalent stem density 1s > 4.900/ha. then a weighted SIV4 fs determined 
by considering equivalent stems by growth form beginning with the most suitable 
growth form {1.e., having highest SIV4) and continuing until exactly 4,900 
equivalent stems/ha are included 1n Equation 2: 

where 

. . : [ . (,equivalent stems/ha)1] 
W~19hted S1V4 =i=l SIV4; x 4,900/ha 

i = l, 2, and 3 are different woody growth forms (i.e., deciduous 
shrubs, deciduous trees, or coniferous trees) such that 

3 
SIV41 ~ SIV4 1 ~ SIV4,. and I (equivalent stems/ha)1 = 4t900/ha 

1=1 

If the growth form with the highest SIV4 (SIV4i) has > 4,900 equivalent 
stems/ha, then the weighted SIV4 equals SIV4 1 • If growth form l has< 4,900 
equivalent stems/ha, then the maximum number of equivalent stems/ha that can 
be entered for growth form 2 equals 4,900 minus the number of stems for growth 
form 1. If the sum of equivalent stems/ha for growth forms 1 and 2 is< 4,900 
stems/ha, then the maximum number of equivalent stems/ha that can be entered 
for growth form 3 equals 4,900 minus the sum of equivalent stems/ha for growth 
forms l and 2. For example: A cover type has 800 deciduous trees/ha with an 
average height of 10.0 m (SIV4 = l.O). 20,000 deciduous shrubs/ha with an 
average height of 2.4 m (SIV4 = 0.3), and 200 conifers/ha with an average 
height of 3.0 m (SIV4 = O.S) and average low·branch height of 0.5 m 
(BV2 = 4.0). There are 800 equivalent stems of deciduous trees, StOOO equiv­
alent stems of deciduous shrubs, and 800 equivalent stems for conifers. 
Therefore, the weighted S1V4 = [(1.0 x 800) + (0.5 x 800) + (0.3 x 3,300))/ 
4,900 = 0.447. Note that 3,300, rather than StOOO, equivalent shrub stems are 
entered in the weighted SIV4 mak.ing the sum of the equivalent stems (800 + 
800 + 3,300) equal to 4,900/ha. 

If total equivalent stem density fs ~ 4,900 stems/ha. the weighted S1V4 
can be determined using equation 2, but without any restrictions on the order 
that growth forms are entered or that their equivalent stem densities sum to 
4.900/ha. 
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Ta 11 conifers provide concealment for raptors which prey upon ruffed 
grouse, and conifers with low branches provide concealment for ma11111alf an 
predators. Maximum densities and survival of rufftd grouse are lower in 
forests where conifers are the predomfnant trees (Gullion and Marshall 1968; 
kubisialc. et 11. 1980; Gullion and Alm 1983). An area that provides optimal 
equivalent ste• den~ity and height of vertfcal cover for ruffed grouse but has 
only conifers in the tree strata fs assumed to provide only 251 of the optimal 
fall to spring cover value. Simfhrly, the presence of any conifers in an 
otherwise suitable habitat will reduce suitabilfty of fall to spring cover 
because of the additional concealment for predators provided by conifers. The 
reconvnended relationship is presented in Equation 3: 

where 

conifer penalty= [(3 x c; d)+ 1]-l 

c = number of coniferous trees/ha 

d a number of deciduous trees/ha 

(3) 

Th1s equation represents a curvilinear relationship (Fig. 4) that reduces 
suitability at a more rapid rate with a low percentage of conifers and at a 
less rapid rate with higher percentages of conifers. Cover suitability 1s 
assumed to decline quickly with a small percentage of conifers which can 
conceal nptors. However, cover suitability decreases at a lower rate with 
increasing percentage of conifers , because ft ts unlikely that there will be a 
proportional increase fn predation opportunities with increasing percentage of 
conf fers . 

- 1.0 
u, 
> -V, 0.8 -
)( 
cu 

0.6 ',-;, 
C -
!/ 0.4 ---~ 0.2 • .., -~ V, o.o 

o 20 40 60 80 100 

Percent con;fers 

Figure 4. The relationship between percent coniferous trees and 
the su1tab111ty index for the conifer penalty. 
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Fall to spring cover can be summarized as follows: 

l. Vertical cover can be provided by deciduous trees, coniferous trees, 
deciduous shrubs, or any combination of these growth forms. 

2. A certain amount of physical obstruction (stem density) 1s necessary 
to provide suitable vertical cover. The equivalent of one deciduous 
tree is issumed to be four deciduous shrub stems and 0.25 to one 
coniferous tree, depending on the low crow:-: height. Total equivalent 
stem density is determined based on these assumed relationships. 

3. Suitability of vertical cover also depends upon the height of woody 
stems providing vertical cover density. However, not all stems need 
to have suitable heights for vertical cover height to be optimum . 

4. As the percentage of cover provided by coniferous trees increases , 
the suitability of the habitat for ruffed grouse decreases due to 
increased cone ea lment for predators. If conifers provide the only 
tree cover, then the ma~imum value for fall to spring cover will be 
0.25, or 25~ of the potential of sites with only deciduous trees. 

Fall to spring cover value is a function of the suitability of total 
equivalent stem density (SIV3, Fig. Zb) modified by the weighted suitability 
of the heights of woody stems (Fig. 3, Equation 2). and further modified by 
the suitability of the percentage of trees that are conifers (SIVS, Fig. 4). 
This model evaluates cover for ruffed grouse based on vertical cover suitabil­
ity modified by predator concealment suitability . Equation 4 is recommended 
for determining the suitability of Fall to Spring Cover (FSCOV): 

FSCOV = SIVJ x Weighted SIV4 x SIVS -· -
(4) 

This equation allows either unsuitable (SI = 0.0) total equivalent stem 
density or unsuitable height of woody stems to produce unsuitable Fall to 
Spring Cover. Because . none of the variables are considered compensatory and 
each directly modifies the suitability of the others, suboptimal suitabilities 
for two or three variables yield a suitability index for Fall to Spring Cover 
that is lower than the lowest individual suitability index for the variables . 

HSI determinations. Calculation of an HSI for a multicover type species 
involves consideration of both the suitability and the interspersion of life 
requisites. However, the interspersion of life requisites is incorporated in 
the Winter Food variable (SIVl, Fig. 1) in this model. Several steps and 
calculations are necessary to determine an overall HSI for a study area: 

l. Compute life requisite values for each cover type by co11ect1ng 
field data for each variable, entering this data into the proper 
equation, coefficient curve, or suitability curve, and using the 
resulting index values fn the appropriate life requisite equations. 
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2. The HSI for a cover type equals the lower of th• values for Fall to 
Spring Cover and Winter Food. 

3. Determine the weighted HSI score for each cover type by multiplying 
the. area of each cover type by its corresponding HSI value (frOII Z 
above) . 

4. The overall HSI for a study area fs equal to the sum of the weighted 
HSI scores (from 3 above) divided by the total area of all cover 
types potentially used by ruffed grouse in the study area. 

Applfcatfon of the Model 

Summary of model variables. Seven habitat variables must be sampled to 
evaluate Fall to Spring Cover for ruffed grouse; one habitat variable 1s used 
to evaluate Winter Food (Fig . 5) . Definitions of habitat variables and 
suggested fhld measurement techniques (Hays 1t al. 1981) are provided fn 
Figure 6. In order to obtain an HSI for the ruffed grouse using this model, 
field data for habitat conditions (existing or future) must be musured or 
estimated and mean habft1t characteristics entered into th1 appropriate equa­
tions or suitability curves. 

Fall to Spring Cover and Winter Food variables should be measured at the 
same sampling points . Sampling points should be stratfffed by cover types or 
individual timber stands. Stratifying samples by the most homogeneous units 
poss ible wi ll provide the greatest accuracy and prec1sfon for habitat and HSI 
estimates. Individual timber stands are likely to be more homogeneous than 
broad cover types, such as defined by the U. S. Fish and Wildlife Service 
(1981). If U. S. Fish and Wildlife Service (1981) cover types are used , Forest 
and Tree Savanna cover types can be subdivided into seedling (stems i 2 . 5 cm 
dbh), sapling (stems> 2. 5 cm to 15.2 cm dbh), and pole/mature (stems> 15 .2 cm 
dbh) classes to create more homogeneous groups. Failure to stratify samples 
may result in a suitable Fall to Spring Cover rating for unsuitable grouse 
habitat if structural characteristics of early and late successional forest 
stands (both unsuitable Fall to Spring Cover) are averaged together, f1lsely 
indicating the presence of suitable mid-seral conditions . Thfs can occur 
because .the SI curve for total equivalent stem density (SI V3) fs a non-linear 
response function. 

Model assumptions and modifications. The major assumptions in this model 
are: 

I 

' I 
I 
I 
I 
I 
I 

I 
i 
I 
I 
I 

1. Winter food and fall to spring cover are the 11mftfng requirements I 
for ruffed grouse populations. . 

z. Optimal winter food for ruffed grouse is provided by mature male 

1 aspens. 

3. Vertical cover for ruffed grouse is dependent on growth fon9, density 
and height of woody stems. I 

zo I 
I 
I 



-

N -

-64·- - - - - - -·- - -
Q_er I ved___ya r I ab I e LI re re~tll.! ff1blt1t y1rl1bt1 

Aver19e radius or 
clrcle1 enco•passlng Winter rood (StV1J 
20 aature •ale aspen 

Average lov•br1nch height or 
conifers ( V2) 

Ste• density or declduou1 
shrubs 

Ste• density or deciduous 
trees 

Ste• density or coniferous 
trees 

Aver1ge height or deciduous 
shrubs 

Average height or deciduous 
trees 

Average height or coniferous 
trees 

----- Tou I equ Iva I ent 
stem density 
t vert ica I cover 
density - S1V3J 

1----- Weighted height 
of tallest lt,900 
equivalent stems 
(vertical cover 
helght•..,eighted 
SI Vil) 

Ste• density or declduousJ-trees Percent conifers 
{conifer penalty• 
S1V5) 

Ste• density or coniferous 
trees 

fall to Spring Cover 
(SIVJ )( weighted 
S I Vlt X S I V5 ) 

- - ••• - - -
Cover tYpe 

Deciduous 
evergreen 
Occlduoos 

Savanna 
[vergrccn 

Savanna 
Deciduous 
Evergreen 

Forest} rorest 
Tree 

Tree 

Shrub lend 
Shrub land 

Figure 5. Relationships of habitat variables, derived variables, life requisites, 
and cover types to the hab;tat suitabil;ty index (HSI) for the ruffed grouse. 
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Var;able (definition) Cover types Suggested techniques 

The average radius of circles DF,EF,DTS, Tape measure, optical 
encompassing 20 mature male ETS,OS,ES range finder, pacing 
aspen [staminate flower pro-
ducing aspen (Gullion 1984a), 
typically~ 25 years of age 
and 15.2 cm (6 inches) dbh]. 

Density of deciduous shrub OF,EF,DTS, 
stems [number/ha (2.471 acres) ETS,OS,ES 
of deciduous woody stems~ 0.9 m 
(3.0 ft) tall growing with multiple, 
clumped, erect stems emanating 
from a common base at the ground]. 

Quadrat count [variable 
Density of deciduous trees OF,EF,OTS, sized plots depending 
[number/ha (2.471 acres) of ETS,OS,ES upon the relative 
deciduous woody stems~ 0.9 m density of plant 
(3.0 ft) tall growing with a growth forms (e.g., 
single, erect stem from the 0.004 ha for abundant 
ground]. growth forms and 

0.04 ha for scarce 
Density of coniferous trees OF,EF,OTS, growth forms)] 
[number/ha (2.471 acres) of ETS,OS,ES 
coniferous woody stems~ 0.9 m 
(3.0 ft) tall growing with a 
single, erect stem from the 
ground]. 

Average lowest-branch height OF,EF,OTS, Graduated rod 
above ground (measured to ETS,DS,ES 
lowest point on bottom of 
branch) of conifers. 

Average height of woody stems CF,EF,OTS, Graduated rod, 
(the average vertical distance ETS,OS,ES trigonometric 
from the ground to the top of hypsometry 
woody stems, measured separately 
for deciduous shrubs, deciduous 
trees, and conifers). 

Figure 6. Definitions of habitat variables and suggested 
measuring techniques. 
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4. Conifers provide vertical cover for ruffed grouse. but because they 
al so provide cover for predators that prey upon grouse, the net 
effect of hiving conifers in ruffed grouse habititS is a reduction 
fn habitat suitability. 

The primary mode1 assumption identifies winter and the spring and fall 
drumming periods as ·the lfmiting seasons for ruffed grouse. A corollary to 
this assumption is that nesting and brood rearing requirements will never be 
11ore limiting than fall to spring requirements. This assumption might be 
incorrect for ruffed grouse at the southern extreme of their range. Based on 
observed low juvenile to adult ratios (1:1) during fall, Dimmick (pers. comm.) 
suggests that nesting or brood rearing requirements limit fall populations of 
ruffed grouse in Tennessee. This hypothesis has not been substantiated, but 
users app1ying thh model in the southern Appalachians should proceed with 
caution. Boag (pers. comm. ) suggests that limiting factors change with the 
abundance of ruffed grouse. and density of the birds during the breeding 
season, through lack of space per se. is limiting for high density populations 
of ruffed grouse. It is important to recognize that use of this model for 
habitat assessment is inappropriate if conditions in the potential app1icat1on 
area differ from those assumed limiting in this model. 

If a user feels that the primary assumption is valid for an identified 
application. then the other three major assumptions must be addressed. 
Modifications of these assumptions and specific assumptions described under 
each component can be made if the user believes that such modification will 
better approximate conditions in the intended area of application. Users 
should be aware that output from modified models will not be directly compar­
able with other applications employing this model fn fts unmodified form. 
However. this has little consequence when a user desires to rank habitat 
suitability according to availability of habitats within a limited geographical 
area rather than according to availability on a continent-wide basis. 

The second inajor assumption identifies mature male aspens as optimal 
winter food for ruffed grouse. The importance of aspens as winter food for 
ruffed grouse decreases in regions where winter snow cover is nonexistent or 
of short duration (Gullion and Svoboda 1972) . Aspens often are unavailable to 
ruffed grouse in these regions . Other food items such as sumac. bittersweet. 
poison ivy. greenbrier, dogwood, and hophornbeam may need to be included in 
Varhble 1 (Fig. l} for aodel applications in Ohio. Indiana, and Illinois 
(Stoll et al. 1980; Stoll pers. comm.). likewise, mountain laurel, Christmas 
fern, and honeysuckle may need to be included 1n Variable 1 for model applica­
tions in the southern Appalachhn Mountains (Stafford and Dimmick 1979) . 
However, the amount of these food items required to support grouse over winter 
has not been determined. and users will have to exercise their own discretion 
when incorporating other food items in the Winter Food variable. Winter food 
requirements of ruffed grouse fn regions where winter-long snow cover does not 
occur are sufficiently broad that winter food 11ay not be limiting (Gullion 
1984b), and V-irfable 1 can appropriately be deleted from the model for some 
applications. 

....... 
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The third major assumption identifies density and height of woody stems ' 

as important components of vertical cover for ruffed grouse. However, tn some 
ruffed grouse habitats in the southeastern states, vertical cover fs provided 
by an understory of Japanese honeysuckle vines or a branching, evergreen 
canopy of mountain laurel and/or rhododendron (Rhododendron spp.) (Dimmick. I 
pers. comm.). Actual stem densities are low in pole sized timber stands and 
SIV3. consequently, would indicate unsuitable vertical cover. A vegetation 
profile board (Hays et al. 1981) may provide a better measure of cover de"sity I 
than stem density in habitats where vines are providing sfgnfffcant vertical 
cover. Actual calibration of the suitability curve for Variable 3 to reflect 
percent cover as measured by a vegetation profile board wil 1 have to be I 
determined by individual users. 

The fourth major assumption identifies conifers as having an overall 
negative impact on habitat suitability for ruffed grouse, because they provide I 
concealment for predators, especially raptors. Predation on ruffed grouse 1s 
not always a significant decimating factor associated with coniferous habitats 
(Theberge and Gauthier 1982; Chambers pers. comm.; Dimmick. pers. comm.; Keppie I 
pers. comm.; Stoll pers. comm.). Furthermore, conifers with low-growing 
branches (e . g., spruce and firs) may have greater cover value for ruffed 
grouse than concealment value for raptors and should not be considered as I 
detrimental as "high pine11 conifers (Gull ion and Marshall 1968; Boag pers. 
comm.; Chambers pers. comm.). Several modifications of the conifer penalty 
(SIVS, Fig. 4) are possible to reflect these different assumptions. A user 
can choose to eliminate the conifer penalty (SIVS) from the HSI equation for I 
Fall to Spring Cover, modify the conifer penalty (Equation 3) to include only 
certain conifer species or growth forms (e.g., long-needled 11 high p1nes11

), or 1 
modify the conifer penalty to differentially weight the detrimental impacts of 
conifer species or growth forms (e.g .• weight spruce and fir as having 25% of 
the negative impact of pines). 

Conifers provide important therma 1 cover for ruffed grouse inhabiting I 
regions where winter snow cover is absent [e.g .• Missouri (Lewis et al. 1968)] 
or unsuitable for snow-burrow roosting (e.g., central New York (Woehr 1974)]. 
Snow-burrow roosting may represent the optimal solution for thermal regulation I 
by ruffed grouse, but wet or crusted snow conditions will prevent snow-burrow -
roosting (Woehr 1974). increasing winter mortality of grouse (Dorney and Kabat 
1960). Roosting fn conifers may be the best alternative available to ruffed I 
grouse when snow-burrow roosting is impossible (Woehr 1974). Thus. conifers 
may actually have an overall positive impact on habitat suitability for ruffed 
grouse in regions where snow-burrow roosting is limited for extended periods, 
even though predation losses also are high (Chambers pers. comm.; Keppie pers. ~ 
comm.). Chambers (pers. comm.) suggested that 15 to 30S conifer cover 
represents optimal suitability for winter cover in northeastern habitats, with 
suitabflity decreasing at either lower or Mgher percentages of conifers. I 
Several clumps (0.1 to 0.2 ha in size) of conifers provide better cover than 
either scattered or large, contiguous stands of conifers. 
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SOURCES OF OTHER MODELS 

A dynamic linear model developed by Steink.e (1975) attempts to max,mue 
ruffed grouse numbers per unit area by simulating optimal production of the 
winter food source, 1.e., buds of mature male aspens . Maximum theoretical 
grouse populations were achieved after 40 years by clearcutting and burning 
hardwood forests to · maintain mid-seral stages. Although cover and the 
interspersion of cover and food were recognized as important factors for 
ruffed grouse populations, they were not incorporated into Steinle.e's (1975) 
11odel, precluding evaluation of year-round habitat suitability for ruffed 
grouse. 

A pattern recognition (PATREC) model developed for ruffed grouse in 
southeastern Idaho (Wilson 1983) uses conditional probabilities with Bayes' 
Theorum to relate habitat patterns to a potential for having high (7 .7 grouse/ 
100 ha) and low (0.4 grouse/100 ha) density grouse populations. Probabilities 
can be converted to indicate the relative number of grouse that a tract of 
land can potentially support. No explanation was provided as to why the 
selected variables might be related to habitat suitability and. thus. able to 
differentiate between habitats supporting high and low density grouse popula­
tions. The lack. of information relating model variables to habitat require­
,nents of the ruffed grouse will mak.e it difficult to adapt this model for 
application outside of southeastern Idaho . 
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BLACK-CAPPED CHICKADEE (P1rus atricapillus) 

HABITAT USE INFORMATION 

General 

The black-capped chickadee (Parus atricapillus) inhabits wooded areas in 
the northern United Stites. Canada, and the higher elevations of mountains in 
southern Appalachia (Tinner l9S2; Brewer 1963; Merritt 1981). The black-capped 
chichdee nests in cavities in dead or hollow trees (Nick.ell 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 11aterfal 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 cf weedy plants, such as giant ragweed (Ambrosia 
spp.), are favorite winter foods (Fitch 1958). 

Blick-capped chickadees are vers1tile 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 intermedhte heights 1n trees and shrubs (Odum 
1942). Chickadees in British Columbia showed a preference for foraging within 
l .S ~ (S .O 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 
1t appeared that canopy vo1Utnt 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 19681). Cat­
erpilllrs 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 dtns1t1es occurred at 
canopy volUMs of about 10.2 m' of fol iage/1 • 1 of ground surface 
(33.S ft'/ft1 ). 
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Cri nk i ng water requirements are met with surface water and snow (Odu111 
1942). 

The black-capped chickadee occurs fn both deciduous and evergreen forests 
in the eastern United States, although it fs restricted to deciduous forests 
a 1 ong streams in the Northern Grut 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. carolinensfs) come together, 
apparently suitable habitat exists where neither chickadee occurs (Tanner 
19S2; Brewer 1963; Merritt 1981). Deciduous forest types are preferred 1n 
western Washington (Sturman 1968a) and commonly used in Oregon (Gabrielson and 
Jewett 1940). Fall and winter roosts 1n 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 cavftfes in snags (Thomas et al. 
1979). Winter roosts in deciduous forests of Minnesota were on the branche! 
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 19S8). The availabil­
ity of suitable tree cavities for roosting may have been a limiting factor in 
this study aru. 

Reproduction 

The . black-capped chickadee nests in a cav;ty, usually in a dead or hollow 
tree (Nickell 1956). The presence of available nest sites, or trees that 
could be excavated, appeared to determine the chickadee's choice of nesting 
habitat. Two important factors affecting the use of stub trees in Michigan 
were height and the suitability of the tree for excavation (Brewer 1963). 
Willows (Sa1h spp.), pines (Pinus spp.), cottonwoods and poplars (Populus 
spp.), and fruit trees of the genera Pyrus and Prunus are frequently chosen 
for nest sites (Brewer 1961). 

Black-capped chickadees are only able to excnate a cavity 1n soft or 
rotten wood (Odum 1941a, b). Trees with decayed heartwood, but firm sapwood, 
are usually chosen (Brewer 1961). Black-capped chickadees almost I lways 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 {Nickell 1956). The average tree diameter at nest sites was 11.4 cm 
(4.5 inches), and preferred tree stubs apparently ranged from 10 to 15 cm (3.9 
to S.9 inches) 1n diameter (Brewer 1963). The 11;nimum dbh of cavity trees 
used by bhck·capped chickadees 1s 10.2 cm (4 inches) (Thomas et al. 1979). 
Heights of .. 18 nests 1n New York ranged from 0.3 to 12.2 111 (1 to 40 ft), 
although on1y three nests were higher than 4.6 • (15 ft) and 11 nests were 
under 3 .0 • (10 ft) (Odum 1941b). 
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Nests in New York were usual ly located fn open 1re1s, commonly fn young 
forests, hedgerows, or field borders (Odum 1941a). Willow , alder (Alnus spp.) 
1nd cottonwood trees were co1M1on nest trees fn Washington (Jewett et 11. 
1953). Black-capped chickadees used second growth alder for nesting sites in 
British Columbia (Smith 1967) . 

Interspersion 

Bl ack.-capped chickadees ma i ntain a territory dur1 ng the breeding season 
and flock in the winter months (Odum 1941b; Stefanski 1967). Territory size 
during nest building in Utah aver19ed 2 .3 ha (5 .8 acres) (Stefanski 1967) . 

Territory size 1n New York varied from 3.4 ha to 6.9 ha (8 . 4 to 
17.l acres), with an average size of 5. 3 h1 (13.2 acres) (Odum 1941a) . The 
larger territories 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 (Fi tch 1958), 15.0 ha 
(37 1cres) in Mich igan (Brewer 1978), and 14 .6 ha (36 acres) 1n New York (Odum 
1942) and in Minnesota (R i tchison 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 , thh apparent dependency on a minimum size forest may have 
been due to a lack of nest i ng cavities . 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model Applicab1l i ty 

Geographic area . This model was developed for the entire breeding r1nge 
of the black-capped chickadee. 

Season . This model was developed to evaluate the breeding season habi tat 
needs of the b1ack-capped chickadee. 

Cover types. This model was developed to evaluate habitat in Deciduous 
Forest (OF). 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 1n 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 1ts 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 h1b1tat arta is defined as the minimum 
amount of ..contiguous habitat that is required before an area will be occupied 
by I species. Although Galli et 11 . (1976) report that black-capped chickadees 
aay be dependent on certain forest sizes, other studies state that these 
chickadees will nest in hedgerows and field borders . This Medel assumes that 
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fornt size is not an important factor in assessing habitat suftabil ity 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 abil fty 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 fs 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 fs illustrated fn Figure 1. 

Habitat variable 

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

Percent tree canopy} 
closure 

Average height of 
overstory trees 

Tree canopy volume/ 
1re1 of ground surface 

Number of snags 

Lffe 
requisite 

Food 

10 to 25 cm dbh/ / Reproduct fan 
0. 4 ha ( 4 to 10 ./ 
inches dbh/1.0 acre) 

Cover types 

Deciduous forest 
Evergreen forest 
Deciduous forested 

wetland 
Evergreen forested 

wetland 

---HSI 

Figure 1. Relationship of habitat variables, life requ1sites. 
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 Mbitat information for the black-capped 
chickadee 1n order to explain the variables and equations that are used in the 
HSI model. Specifically, these sections cover the following: (1) 1dent1f1ca­
tion of variables that will be used in the model; (2) definition and justffica­
t ion of the su i tab1l 1 ty 1 eve ls of each var hb le; and ( 3) descr1 pt 1 on of the 
assumed relationship between variables. 

Food component. The majority of the year-round food supply of the black.­
capped ch1c:k.adee 1s associated with trees . It is assu111ed that an accurate 
assessment of food suitability for the chickadee can be provided by a measure 
of either: (1) tree canopy closure and the average height of overstory trees; 
or (2) canopy volume of trees per area of ground surface. It fs assumed that 
optimum canopy closures occur betwen SO and 75%. A completely closed canopy 
will have less than optimum value due to an assumed lack. of folhge in the 
middle and lower canopy layers. It is assumed that optimum habitats contain 
overstory trees JS m (49.2 ft) or more in height. Habitats with a low canopy 
closure can provide moderate suitability for black-capped chickadees ff tree 
heights are optimum. Lf kewise, habitats with short trees 111ay have moderate 
suitability ff canopy closures are optimum. 

The canopy volume of an individual tree is equal to the arta occupied by 
the living foliage of that tree, as shown in Figure 2 for dtcfduous and conif­
erous trees. Optimum canopy volume per area of ground surface exceeds 10 .2 11' 
of foliage/m 1 of ground surface (33 .5 ft' of foliage/ft 1 of ground surface) . 
Suitability will decrease to ?ero as c1nopy 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 11usurements are probably the 11ost npid tnethod 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 fn small 
dHd or hollo\11' trees and can only excavate a cavity in soft or rotten wood. 
Therefore, reproduction suitability 1s assumed to be related to the abundance 
of sma 11 snags . It 1s assumed that snags between 10 and ZS cm ( 4 and 
10 inches) dbh are required . Thomas et 11. (1979) and Evans and Conner (1979) 
provide aethods 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 yur ptr chiclc.adee pair. the 11ethod of Thomas et al. (1979) es­
tiaates that opti•um habitats provide S.9 snags/hi (2.4/acre). and the aethod 
of Evans and Conner (1979) est1m1tes that 4.1 snags are needed per ha 
(l .67/acre) to provide opt i11um conditions. This aodel anumes that optimum 
suitability exists when there are five or more snags of the proper size per ha 
(2/acre), a.ad that su1tabil1ty will decrease to zero as the number of snags 
1ppro1ches zero. 
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CONIFEROUS 

canopy 
(llvlno foliage) 

,---------... -... 
, _._. .. ------ ' , ,.1 ', ' , 

' ,,_,_, __ _ 

t-ro 

DECIDUOUS 

CV • 2 "f3(h0 r0 2 - h1q2) 

where: ht • Inner height 

tt 0 • outer height 

r1 • Inner radlu1 

r0 • outer radlu1 

Figure 2. Tree shapes assumed and fonnulae used to calculate canopy 
volume (CV). (From Stunnan 1968a). 
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r Model Relationshies I 
Suitability Index {SI} graEhs for habitat vari1bles . This section con- I ta1 ns SI graphs that illustrate the habitat relationships described 1n the 

previous section. 

Cover I 
ID!.. Varhbl e Sui tabil 1 t~ graeh 

I OF,EF, V1 Percent tree 1.0 
OFW,EFW canopy closure . 

)( I ~ 0.8 
C -
~0.6 I --~ 0.4 
'° ~ 

I -~ 0.2 

0 25 50 75 100 I 
( 

% 

I 
OF,EF, Va Average height of 1.0 I 
OFW, EFW overstory trees. 

)( 
cu 

I ~ 0.8 
C -
~ 0.6 - I --~ 0.4 
~ -:::, 
v> 0.2 I 

0 5 10 15+ m I 
0 16.4 32.8 49.2+ ft 

... I 

( 
I 
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OF,EF, v, Tree canopy volume/ 1:0 
OFW,EFW area of ground 

surface. : 0.8 
~ 
II: 

: 0.6 
~ -= 0.4 
.&:! .., 
~ 

-; 0.2 
V) 

0 3 6 9 

0 10 20 30 

OF,EF, v. Number of snags 1.0 
OFW .EF'w 10 to 25 cm dbh/ 

0 .4 ha (4 to 10 )( i a.a 
inches dbh/1.0 
acre). -!- 0.6 --:C 0.4 .., 

~ -~ 0.2 

0 1 

Equations . In order to determfne 11fe requ1sfte values for the blAck­
capped chickadee, the SI values for appropriate varhbles must be combined 
through the use of equations. A dfscussfon and explanation of the assumed 
relationships between variables was included under Model Otscrfpt1on, and the 
specific equations 1n this model were chosen to mimic these perceived biolog­
ical rel1tfonsh1ps as closely as possible . The suggested equations for obtain­
ing food and rtproduc~1on values are presented below. 
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Life requisite Cover type Equation 

food DF 1 EF ,DFW ,EFW (V1 x V1 )
112 or Va (See page 

S for discussion on which 
to use) 

Reproduction DF ,EF ,DFW ,EFW 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 fn Figure 3. 

Variable (definition) Cover types Suggested technique 

v, Percent tree canopy 
closure [the percent 

DF,EF,DFW,EFW Line intercept 

of the ground surface 
that is shaded by a 
vertical projection of 
the canopies of 111 
woody vegetation taller 
than S.O m (16.S ft)]. 

v,. Average height of over- OF ,EF ,DFW. EFW Graduated rod, 
story trees (the average trigonometric 
height from the ground hypsometry 
surface to the top of 
those trees which ire 
~ 80 percent of the 
height of the tallest 
tree 1n the stand). 

v .. Tree canopy volume/ OF, EF ,OFW. EFW Quadrat and refer to 
area of ground surface Figure 2 on page 6 
(the sum of the volume 
of the canopies of each 
tree sampled divided 
by the total area sampled). 

Figure 3. Definitions of variab1es and suggested measurement 
tecM1ques. 

9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Variable (definition) / 

v. Number of snags 10 to 
25 cm dbh/0.4 ha (4 to 
10 inches dbh/1.0 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 5~ of 
the branches have fallen. 
or are present but no long­
er bear foliage. are to be 
considered snags). 

Figure 3. 

SOURCES OF OTHER MODELS 

Cover types 

OF, EF, DFW, EFW 

(concluded). 

Suggested technique 

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 79.61 of the variation 1n 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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YELLOW ~!ARBLER (Oendrciica 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 wa rbl ers inhabit hedgerows, th ickets, marshes, 
swamp edges (Starling 197S). aspen (Poo;.JlL:s spp.) groves, and wil1ow (Salix 
spp.) swamps (Sa l t 1957), as well as residential areas (Morse 1966). 

Food 

More than 901~ of the food of yellow warbl er s 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 ment ioned 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 
l.S to 4 m (5 to 13.3 ft) (Morse 1966) . !~unusual to f i nd yellow warbler s 
in extensive forests (Hebard 1961) with closed canopies (Morse 1966). Yellow 
warblers ir. 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. 

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, alder s, and other hydrophyt i c shrubs and 
trees (Bent 1953), including box-elders (Acer negundo) and cottonwoods (Populus 
spp.) ( Schrantz 1943). In Iowa, dense th i eke ts 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 ¢etermine nesting habitat needs of the ye l low warbler, and a clear pattern 
of habitat preferences emerged . Ye11ow wa rbl ers nested in less than 5% of 
census areas comprised of extensive upland for ested cover types (deciduous or 
coniferous) across the entire country . Appro ximately two-thirds of all census 
areas with deciduous shrub-dominated cover types were ut i1 i zed, while shrub 
wetland types received 100% use. Wetlands dominated by shrubs had the highest 
average breeding densities of al l cover types [2 .04 males per ha (2. 5 acre)]. 
Approximate1y two-thirds of the census areas comprised of forested draws and . 
riparian fo~ests of the weste rn United States were used, but average der.si~ies 
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) (Kende i gh 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 dec li n­
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 (OS) 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. 

Verif ication 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 th.e reproduction (nest i ng) 
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 relati onsh i p between habitat variables, life requisites, cover types, 
and the HSI for the yellow warbler is illustrated in Figure 1. 

Habitat variable 

Percent deciduous shrub 
crown cover 

Life 
requisite Cover types 

HSI 
Average height of----- Reproduction......_ Deciduous Shrub land I 

deciduous shrub --.. Deciduous Scrub/ ~---
Shrub Wetland 

Percent of shrub canopy 
comprised of hydrophytic 
shrubs 

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) descript i on 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 wi 11 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 
lev~ls 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 i 11 ustrate the habitat re 1 at ion ships 
described in the previous section. 
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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 relationsh ips as 
closely as possible. The suggested equation for obtaining a reproduction 
value is presented below. 
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Life requisite Cover t ype Equati on 

Reproduction OS,DSW 

HSI determination. 
reproduction value . 

The HSI val ue for the yellow warbler is equal to the 

Aoplication of the Model 

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

Variable (definition) 

V1 Percent deciduous shrub 
crown cover (the percent 
of the ground that is 
shaded by a ver tical 
projection of the 
canopies of woody 
deciduous vegetat i on 
which are le ss 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) ; 

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

Cover types 

DS,DSW 

DW,DSW 

DS,DSW 

Suggested techn i que 

Line intercept 

Graduated rod 

Line inter cept 

Figure 2. Definitions of var i ables 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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DIPPER 

General 

The di pper_(Cinc 1 us....mex i.canus.J-i s a--1 arge -pas ser-i ne---tha t-+i ves-a 1 ong-- -· 
swift mountain rivers and streams throughout Washington and Oregon (Larrison 
and Sonnenberg 1963). The species is a year-round resident where currents 
keep streams open during the winter. Seasonal movements to open water occur 
elsewhere. 

Food Requirements 

Dippers are opportunistic predators and take a wide variety of aquatic 
insects (Thut 1970). The winter diet in southwestern Washington was comprised 
entirely of aquatic invertebrates (Thut 1970). Prey items included midge 
(Chironomidae) and caddisfly (Trichoptera) larvae, stonefly (Plecoptera) and 
mayfly -(Ephemenoptera) nymphs, beetles (Coleoptera), snails (Gastropoda), and 
mites (Acari). Caddisfly nymphs and fish eggs were eaten in another area 
of western Washington (ehinger 1930); Montana dippers foraged on stonefly, 
mayfly, and caddisfly larvae and nymphs (Bakus 1959a). 

The spring and sumt1er diet also includes some terrestrial insects 
(Thut 1970; Sullivan 1973) and occasionally amphibians (Sullivan 1973). 
Dippers will also take small fish 5.1 to 7.6 cm (2 to 3 in.) long (Bakus 1959a). 
Trout hatchlings in hatchery densities are vulnerable to dipper predation 
(Thut 1970). 

Dippers are well adapted to diving and wading in the flowing water of 
rocky mountain streams (Goodge 1957; Sullivan 1973). The species picks 
aquatic organisms off the stream bottom and from rocks a~ong shoreline coves 
(Bakus 1959a; Cogswell 1977). Most food items are obtained from pools of 
slow-moving water rather than from riffles (Thut 1970). The dipper wi11 also 
search rock crevices on streambed rocks for prey items and may flycatch for 
aerial insects during the summer (Bakus 1959a). 

Water Requirements 

Dippers require swift-flowing open water as foraging, nesting, and 
wintering habitat. Dippers forage in shallow water; most dives for food were 
0.2 to 0.6 m (0.5 to 2.0 ft.) deep and the deepest observed was 1.2 m (4.0 ft.) 
(Bakus 1959a). Nest sites are located over water from 1.2 to more than 
3.0 m (4 to 10 ft.) deep (Bakus 1959a). 

Cover Requirements 

Little infonnation was found on cover requirements for dippers during the 
breeding season. Dense riparian vegetation and rock ledges for roosting 
probably characterize most breeding streams. The European species (Cinclus 
cinclus) roosts on metal bridge girders on streams where natural rock faces 
are lacking (Hewson 1969). 
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Dipper 

Dippers concentrated on streams with open water, deciduous riparian 
vegetation, and shoreline logs and rocks in southern British Colum~ia during the 
winter{King et al. 1973). Birds were absent from areas where dense conifers came 
down to the stream edge and where logs and rocks were scarce. One wintertime 
roost in Washington was beneath an overhanging bank of sod and roots {Ehinger 
1930). Vegetativ~ cover may not be a major requirement in winter; a high 
concentration of dippers occurred on the barren dr.awdown area of the Skagit 
River above Ross Lake in southern British Columbia (King et al. 1973). 

Reproductive Requirements 

Nest sites are located in inaccessible spots over or nearly over the edge of 
streams (Hann 1950}. Nests are often found in a rock crevice in a vertical rock 
face above deep, swiftly-flowing water. Such rock niches were the sites for 
7 of 11 dipper nests in Colorado (Hann 1950~9 of 14 nests in Montana (Bakus 
1959a), and 2 of 4 nests in Washington (Goodge 1959). Nests were 0.9 to 4.6 m 
(3 to 15 ft.) above the water in Colorado (Hann 1950) and 1.5 to 6.1 m (5 to 
20 ft.) high in Montana (Bakus 1959a). Other nest sites include bridge girders 
and other man-made constructions (Bakus 1959a; Goodge 1959), crevices behind 
waterfalls (Hann 1950; Bakus 1959a), and stream debris (Hann 1950). Nesting 
success is high (691 in Montana) because sites are generally inaccessible to 
predators (Sullivan 1973) •. 

The availability of suitable nest sites may be an important limiting factor 
in dipper populations (Price and Bock 1973). Each breeding territory in 
Montana had i protected nest site (Sullivan 1973). A river jn British Columbia 
that lacked overhangs, waterfalls, and steep banks had a breeding_ population of 
one dipper pair per 12.6 km (7.8 mi.) of stream; in winter this density increased 
to one bird per 0.8 km {0.5 mi.) of stream (King et al. 1973). The construction 
of bridges has increased the avai1abi1ity of nest sites (Sul1ivan 1973). 

Breeding territories are linear and follow the stream course (Sullivan 1973}. 
Territory length was estimated at 320 m (350 yds.) in Montana (Bakus 1959b), 
and up to 0.8 km (0~5 mi~) in Colorado (Hann 1950). 

Food for nestlings is gathered up to 274 to 366 m (300 to 400 yds.) 
upstream and downstream from the nest (Hann 1950). Fledged broods remain in the 
breeding territory until dispersal. Young require rocks and logs for. resting 
while being fed by the parents. 

Special Requirements 

None were found in the literature. 

Interspersion Requirements 

The dipper is found exclusively within riparian cover types. Pairs remain 
on their territories year-round-where streams remain open (Sullivan 1973). 
In other areas, a fall movement downstream occurs after freeze-up at higher 
elevations, with a corresponding upstream movement occurring in the spring 
(Bakus 1959b; King et al. 1973). No infonnation is available on the distances 
travelled between breeding and wintering areas. 
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Dipper 

· Pre-nesting density in Mon.~na was one bi rd per O. 8 km ( 0 .48 mi • ) of stream; 
winter1ng density increased to one per 0.3 km (0.2 mi.) of stream (Bakus 1959b). 
Winter density along the Skagi·t River· in .British Columbia was one bird per 
0.8 km (0.52 mi.) along the river and one pe~ 0.3 km (0.2 mi.) along side 
channels (King et al. 1973). 

Special Considerations 

Water quality may influence food abundance on both winter and breeding streams. 
Increased loads of silt in mountain streams, caused by logging operations 
upstream and adjacent to dipper habitat may,abrade stream benthos (R. Hirschi, 
pers. co1t1n.). Altered streambeds may silt in and eliminate aquatic insects that 
require a rocky substrate. Removal of streamsi'de vegetation and debris and 
alteration of rocky ledges and other stream channel configurations eliminates 
nesting sites and resting areas. Streams with highly fluctuating water 
levels are unsuitable for nesting. 
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HABITAT USE INFORMATION 

Gener&l 

BEAVER (Castor c1n1densfs) 

The beavtr (Castor c1nadensh) ts I hrgt, highly sptcillized aquatic 
rodent found in the iaunediatt vicinity of 1qu1t1c h1bit1ts (Hoffman ind Pattit 
1968) . The species occurs in streams, ponds, 1nd the margins of l1rge lakes 
throughout North America, except for peninsular Florida, the Arct1c tundr1, 
and the southwestern deserts (Jenkins and Busher 1979). Buvers construet 
el.borate lodges 1nd burrows and ston food for winter use. The species h 
1ctivt throughout the year and is usually nocturnal 1n its activities . Adult 
bt1vers are nonmigr1tory. 

Beavers ire generalized herbivores; however, they show strong preferences 
for particular plant species and size classes (Jenkins 1975; Collins 1975a; 
Jenkins 1979) . The leaves. twigs, and bark of woody plants are eaten. as well 
1s •1ny species of aquatic and terrestri1l herb1ceous vegetatior. . Food pref· 
erences ~ay v1ry seasonally, or from year to year, as a resijlt of vari1tion in 
the nutritional v1lue of food sources (Jen~ins 1979). 

Denney (1952) summarized the food preferences of beavers throughout North 
America and reported that, in order of preference, buvers selecttd aspen 
(Populus tremuloides), willow (Salix spp.). cottonwood (P . balsamifera), 1nd 
alder (Alnus spp.) . Although several trte species hive often beer. reported to 
be highly preferred foods, buvers can Inhabit, 1nd often thrht in, 1reu 
where these tree species ire uncom,non or absent (Jenkin~ 1975) . Aspen aJ\d 
willow are considered preftrred beaver foods ; however, thue are gener1lly 
riparian tree species th1t May be more 1vailable for beavtr foraging but ire 
not necessarily preferred over a 11 other deciduous tree species (Jenk. ir.s 
1981). Beavers hive been reported to subsist tn some areas by feed1 ng on 
coniferous trees, generally considered a poor quality source of food (Brenner 
1962; Williams 196S). Major winter foods in North Dakota consisted principally 
of red-osier dogwood (Cornus stolonifera), green &sh (Fr1xinus pennsy1v1nic1), 
and willow (Hammond 1943). Rhizomes and roots of aquatic vegetation 1lso may 
~ an import1nt source of winter food (Longley and Moyle 1963; Jenkins pers. 
conn . ). The types of food species prestnt may be less important 1n determining 
h1bit1t quality for be1vers than phystographic ind hydrologic factors affecting 
the site (Jenkins 1981). 

Tree cutting uy occur dur,ng any season of tht yur (Jenkins 1979). 
Howevtr, the aost intensive amount of foraging on trees or shrubs by be1vers 
typically occurs in late fall, after green veget1tion his become desicc•t•d. 
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and during early spring. prior to the availability of green vegetatton. Woody 
\iegetation may be consumed itnrnediUely. although the 11ajor1ty of the br1nches 
and stems ire hauled to I cache for storage 1nd later use as winter food. 

An adequate and accessible supply of food must be present for the estab­
lfshme~t of a beaver colony (Slough and Sadleir 1977). The actual biomass of 
herbu:eous vegetation will probably not limit the potential of 1n area to 
support I beaver colony (Boyce 1981). However. total biomass of winter food 
cache pl1nts (woody plants) 111y be limiting. Low marshy areas and streams 
flowing in and out of lakes allow the channelization 1nd damming of water. 
allowing acce~s to. and transportation of. food materials. Steep topography 
prevents the establ hhment of a food tr1nsportation system (Wil Hams 1965; 
Slough and Sad1eir 1977). Trees and shrubs closest to the pond or stream 
periphery are generally utilized f 1 rst (Brenner 1962; Rue 1964). Jenk. ins 
(1980) reported that m~st of the trees utilized by beaver in his Massachusetts 
study 1rea were within 30 11 (98.4 ft) of the water's edge. However, some 
foraging did extend up to 100 m (328 ft). Foraging distances of up to 200 m 
(656 ft) have been reported (Bradt 1938). In I California study, 9~ of all 
cutting of woody material was within 30 m (98.4 ft) of the ~ater's edge (Hall 
19'u) 

Woody stems cut by beavers I re usua 11 y 1 es s than 7. 6 to 10. 1 cm ( 3 to 
4 inches) dbh (Bradt 1947; Hodgdon and Hunt 1953; Longley 1nd Moyle 1963; 
~i•on and Ely 1969). Jen~ins (1980) reported a decrease fn mean stem size cut 
and greater selectivity for size and species with increasing distance from the 
water's edge. Trees of all size classes were felled close to the water's 
ecge. whi ie only smaller diameter trees were felled farther from the shore. 

Bea1ers rely largely on herbaceous vegetation. or on the leaves and twigs 
of wo~~Y vegetation, during the summer (Bradt 1938. 1947; Brenner 1962; Longley 
and Moyle 1963; Brenner 1967; A1eksiuk 1970; Jenkins 1981). Forbs 1nd grasses 
comprised 3~ of the summer diet 1n Wyoming (Collins 1976a). Beavers appear 
to pr~fer herbaceous vegeution over woody vegetation during all seasons of 
the year. ~f ft is nailable (Jenkins 1981). 

Aquatic vtgetatfon, such as duck potato (Sag1ttarfa spp.), duck.weed 
(L~m~a spp.), pondweed (Potamogeton spp .). and water weed (Elodea spp.), are 
preferred foods when available (Collins 1976a). Water lilies {Nymphaea spp.). 
with thick. fleshy rhizomes, may be used as I food source throughout the year 
(Jenk.ins 1981). If present in adequite amounts. water lily rhizomes may 
provide an adequate winter food sour-ce, re.sulting in little or no tree cutting 
or food caching of woody materials. Jen~ins (1981) compared the rate of tree 
cutting by beavers adjacent to two Massachusetts ponds that contained stands 
of -ater lilies. A pond dominated by yellow water lily (~. variegatum) and 
wh;te water lily (N. odorata), wh;ch have thick rhizomes. had low and constant 
tree cutting activity throughout the fall. Conversely, the second pond, 
dominated by watershield (Brasenia schreber1), which lacks thick rhizomes. had 
increased fill tree cutting activity by beavers. Tree cutting was partic­
ularly evident as the watershield leaves died. 
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Buvers requf re I pennanent supply of w1teT" and prefer I se1son1bly 
sublt w1ter level (Slough ind S1dlefr 1977). Bttvtrs c1n usu11ly control 
water depth and stability on sm111 streams, ponds, and lakes; however, larger 
rivers and hkts where water depth and/or fluctu1t1on cannot be controlled, 
ire ofttn partially or wholly unsuitable for the species (Murr1y 1961; Slough 
ind S1dlefr 1977). 8e1Vers are 1bsent from s1uble portions of rivers 1n 
Wyoming, due to swift w1ter ind an 1bsence of su1t1ble dwelling sftts during 
periods of high ind low water levels (Collins 1976b). 

In riverine habitats, stre1m gr1dient is the m1jor determfn1nt of stream 
morphology and the most sfgnific1nt f1ctor in determining the suitability of 
habitat for beavers (Slough and Sadletr 1977). Retzer et 11 . (1956) reported 
th1t 6~ of the beaver colonies recorded in Color1do were in valleys with 1 
stre111 gndi ent of ltss than 61, Z~ weA anochted --; th strum gr1dients 
from 7 to 12r., and only 41 were located along streams with gr1dients of 13 to 
14i. No beaver colonies were recorded in streams with I gndient of 1S~ or 
11ore. Valleys that were only u wide as the strum channel were unsuitable 
beaver habi tit, while va 11 eys wider than the stream channel were frequently 
occupied by be1vers. Valley widths of 46 m (150 ft) or more were considered 
the most suitable. ~rshes. ponds, and lakes were nearly always occupied by 
beavers when an adequate supply of food was available. 

Lodges or burrows. or both, may be used by beavers for cover (Rue 1964). 
Lodges may be surrounded by w,ur or constructed against. a bank or over the 
entrance to a bank. burrow. Wner protects the lodges from predators a~d 
provides concealment for the beaver when tr1veling to ind from food gathering 
areu and caches. 

The lodge is tht major source of escape. resting. thermal. ind reproduc­
tive cover (Jenkins and Busher 1979). Mud and debarked tree items and limbs 
are the major materials used in lodge construction 1lthough lesser amounts of 
other woody. as well &s herb1ceous vegetation, may be used (Rut 1964). If 1n 
unexploited food source is available, beavers will reoccupy abandoned lodges 
rather than build new onts (Slough ind Sadleir 1977). On lak.ts and ponds, 
lodges art frequently situated in areas t.h1t provide shelter from wind. wave, 
and ice 1ction. A convoluted shoreline, which prevents the buildup of large 
waves or providts refuge from wavts, is l h1biUt. requirement for bHver 
colony sites on l1rge likes. 

Rtproduction 

Reproductive and cover requira•ents for the bt1ver are the s1me. 
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Interspersion 

Suit1blt h1bit1t for beavers •ust contain 111 of the followtng: (1) stable 
•qu1tic h1b1Ut providing 1dequ1te water; (2) channel gr1dt1nt of less than 
lS~. and, (3) quality food species present in sufficient quantity (W11111111s 
196S). · · 

Bener colony territories ire distinct and nonoverlapping and are the 
fundamental units of I beaver population (Br1dt 1938). A colonized area 
ty;,ic1lly contains a series of ponds of nrfous ages, sizes, 1nd depths 
(Rutherford 1964). The beavers within each colony may establish ind ut11 tze 
several lodges or bank. burrows, or both, within their territory. During 
periods of· 1ow population density, the ttrr1torhl boundirfts of one colony 
111ay exp1nd to include the dams and lodges of adjacent vacant colony sites 
(Townsend 19S3). During periods of low strHm flows, floodplain popuhtfons 
cf beivers reestablished dwelling sites and territories within the a1fn river 
channel in Wyoming (Collins 1976b). The average distance 11oved was 262 m 
(226 yds). 

The basic compcsition of I beaver colony is the extended family, comprts,d 
of a ~onog•moJs pair of &dults, sub1dults (young of the previous year), 1nd 
young of the year (Svendsen 1980). Dispersal of sub1dults occurs during the 
hte winter or early spring of their second year ind co1nc1dts with the 
incrus~d run<'ff from snowmelt or spring rains . Sub1dult be&Vers have been 
reported to disperse as far 1s 236 stream km (147 •i) (Hibbard 19S8), although 
1verage emigr~tion distances range from 8 to 16 stream lun (5 to 10 •f) (Hodgdon 
•~d Hunt 1953; Townsend 19S3; Hibbard 1958 ; leege 1968). 

The daily movement patterns of the beaver centers around the lodge or 
burr,w and pond (Rutherford 1964). The density of colonies in favonble 
habitat ranges from~ . , to 0.8/km1 (1 to Z/m1 1

) (Lawrence 1954; Altksiuk 1968; 
Voigt et al. 1976; Bergerud and Miller 1977 cited by Jenkins and Busher 1979). 
The mtan distance between beaver colonies fn an Alaskan riverine h1bit1t was 
1.59 km (1 mi) ,Boyce 1981). The closest neighbor was 0. 48 k- (0.3 mi) 1w1y. 
The size of the colony•s feeding range fs a function of the interaction between 
the av&ilibility of food 1nd water and the colony size (Brenner 1967). The 
1ver1ge feed~ng range size in Pennsylvani1, excluding water, w1s reported to 
be O.S6 ha (1.4 1::re). The home range of buver 1n the Northwtst Territory 
~as est;m1ted 1s 1 0.8 lun (O.S mi) radius of the lodge (Aleksiuk 1968). The 
~1ximum for•ging dfst•nce from I food cache fn an Al1sk1n riverine h1bft1t was 
approximately 800 m (874 .yds) upstream, 300 m (323 yds) downstream, and 600 • 
(6S6 yds) on oxbows and sloughs (Boyce 1981). 

Speci1l Considerations 

Beavers wfll live 1n close proximity to •1n if all habitat requirements 
•re •et (Rut 1964). However, railways, ro1ds, and hnd cltaring often are 
•djacent to waterways ind aay be aajor limiting factors affecting beaver 
habit•t suitability (Slough •nd S1dltfr 1977). 
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Tr1nsphnts of buver ••Y be successful on strfp •fned land or 1n new 
impoundments where water condi t 1ons ire rththely st1ble (Nixon ind Ely 
1969). Highly acidic waters, which often occur fn strip a1ned areu, 1r1 
1cc1ptable for be1v1~ f.f suf table foods ire present. 

HABITAT SUITABILITY INDEX (HSI) MODEL 

Model App11c1bilfty 

Geogr1phic 1re1. Thfs HSI MOdel w1s developed for 1pplic1tion throughout 
the range of tht beaver. However, preferred foods may v1ry throughout the 
range of the species, depending on loc1l ava111bilfty. The food component of 
this model 1ssumes th1t woody veget1tion potenti1lly m1y limit the ability of 
an 1re1 to support beavers. Herb1ceous veget1tion is 1n fmport1nt component 
of the summer df et of beavers and is believed to be preferred over woody 
veget1tion during 111 seasons, ff av1il1ble . Because herb1ceous vegetation is 
gener1lly 1v1il1ble throughout the year in the southern portion of the btaver ' s 
r1nge, ft 111y have 1 •ore fmport1nt influence on tht 1nnu1l ·di et than is 
indicated in this model. 

Season. This model his been developed to evaluate the qu1lfty of year­
round h1bitat for tht be1ver. 

Cover types . This lltOdtl has betn developed to evaluate habitat Q~ality 
in the following cover types (terminologi follows that of U.S. Fish and 
Wildlife Service 1981): Evergreen Forested Wetland {EFW); Deciduous Forested 
Wetl1nd (OFW); Evergreen Scrub-Shrub Wetland (ESW); Deciduous Scrub-Shrub 
Wetland (DSW); Herbaceous Wetland (HW); Riverine (R); ind Lacustrine (L). 

Due to the foraging behavior of the beaver, the application of this model 
and determination of habitat units will v1ry by cover type. When evaluating 
beaver habitat 1n riverine, hcustrine, and wetland cover types, the model 
considers the area of the cover type plus a ZOO m (656 ft) band of habitat on 
t&ch side of the riverine channel or surround;ng the water body or wetland. 
Figure 1 il~str1tes the relationship of cover types to tht suggested tvalua­
t ion area . 

Minimum habit.It area . MinimUII habitat u ·u h defined as tht 11inimu111 
amount of c:ont·iguous h1bitlt that h rtQuired before 1n area will be occuphd 
by a species. Infonn1tion on minimum habitat area for beavers w1s not found 
in the lit,raturt. However, ft fs 1ssu•ed that I minimum of 0.8 km (O .S mi) 
of strea• channel and 1.3 km' (O.S mi 1 ) of lale or marshland habitat must bt 
1v1ilable before these areas 1r1 suitable for coloniz1tfon by be1ver. If this 
ainiaum amount of habi tit is not present, the HSI is assumed to bt 0.0. 
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£.ov,r type 

Lacustrine [> 8 h• (20 acres)] 

HSI determined only for area 
cont1ined within 200 m (6S6ft) 
bind around like. 

Lacustrfne [s 8 ha (20 acres)) 

HSI determined for area 
cont1ined within 200 m 
band p1us 1re1 of lake. 

Riverine 

HSI determined for area 
within 200 m band on both 
sides of river plus area 
of river. 

Palustrine (herbaceous wet11nd, 
forested wetlands, or shrub 
wet hnds) 

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

Area for ev1lu1t1on 

Figure 1. Guidelines for determining the 1re1 to be ev1lu1ted for 
be1ver hab1t1t suitability under various cover type conditions. 

Special model considerations. Potenti1l beaver habitlt. must contain a 
permanent source of surhce water. Li.k.es and reservoirs that have extreme 
annual or seasonal fluctuations 1n the water level will be unsuitable habitat 
for bener. S111f1arly. intermittent streams. or streams that have inajo1" 
fluc:tu&tions fn discharge (e .g . • high spring runoff) or a stre1m channel 
gradient of 151 or 11ore. will have little year-round value 1s beaver h1bit1t. 

Assuming that there ts 1n 1dequate food source available, small likes 
[< 8 h1 (ZO acres) in surface &1"ea] are assumed to provide suitable h1biUt. 
L1rge lakes and reservoirs [> 8 ha (ZO acres) 1n surflce area] 11ust have 
irregular sho1"e11nes (e.g .• bays, coves, and 1n11ts) 1n order to provide 
opt1~um h1b1t1t for the species. 
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Evaluation of potential beaver h1b1t1t must be centered fn and 1rou"d 1 
suitable aquatic h1bit1t. Therefore, the following factors •ust bt t1ktn into 
consideration in order to detenn1ne if this model is 1pplfc1bl• to tht habitat 
being evaluated: 

If 1qu1tfc component of the cover 
type typically his extremt changes 
1n w1ter level or flow rite or 
has a channel gradient exceeding 
lSS - - - - - - - - - - - - - • - - • - - -

If aqu1tfc component of the cover 
type has moderate or no fluctuation 
in water level or flow rite ind 
channel gradient does not exceed 
1S~ - - - - - - - - - - ~ ~ - - - - - - - -

Do not continue with model; 
HSI for b11ver fs assumed 
to bt 0.0. 

Continue with model to 
determine HSI values for 
water ind food. 

Yerfficatfon level. This model was reviewed by Stephen H. Jenkins, 
Ph.D., Department of Biology, University of Nevada, ind Rebecca J . Howard, 
Research Assistant, Department of Forestry and Wildlife Management, University 
of Masuchuntts, Amherst. Improvements suggested by these reviewers were 
incorporated into this 110del. 

Model Oescrfption 

Overvfew. The HSI model for the beaver consfdtrs the quality of 1 He 
requisites for the species in each cover type. Water and winter food are the 
only lift rtqu1s1tes consfdend because the cover ind reproductive needs of 
tht species are 1ssumed to bt identical with water requirements. It 1lso is 
assumed that &11 of tht h1bitat requirement.s of tht beaver can bt provided 
within each cover type in which it occurs. Figure 2 illustrates how the HSI 
1s related to cover types, life requisites, and specific habitat variables. 

The following sections provide & written documentation of the logic and 
assumptions used to translate habitat 1nform1t1on for the btavtr to the vari­
ables and equ,ations used in the HSI model. Specifically, these sections 
cover: (1) identification of the v1ri1bles used in the aodel; (2) definition 
and justification of th• suitability levels of each variable; and (3) descrip­
tion of the assumed relationships between v1riables. 

Food component. Woody and herbaceous vegetation comprise the diet of the 
beaver. Herbaceous vegetation 1s a highly preferred food source throughout 
tht year, 1f tt ts available. Woody vegetation may bt consUtRed during any 
season, although its highest utflfzatfon occurs fro• lite fall through early 
sprf ng. It 1s assumed that woody vegetit1on (trees and/or shrubs) 1s aora 
11•it1ng than herbaceous vegetation f n providing an adequate food source. 
Thtrtfore, this aodel evaluates the pot,ntfal of 1n 1rta to provide 1n adequate 
winter food sourc1. 
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\ Sev1r11 tree and shrub species (willow, 1spen, cottonwood, ind 11der) 
have often been reported to b1 preferred foods; however, highly preferred 
species a1y vary fn different geographic regions. Although coniferous trees 
and shrubs lliY be consumed, they are a less desirable food sourc1 for beavers 
thin ire deciduous tree species. Local v1rhtfons fn food preference and 
availab111ty should be t1k.en into consideration when enluatfng t.h1 food 
component of th i s mode 1 • 

Although beavers forage at distances up to 200 m (656 ft) from water, th1 
aajorit.y of foraging occurs within 100 m (328 ft) of the water's edge. Even 
though woody veget1tion may be within the optimum density and s1z1 classes, it 
1s assumed that potenti1l food ·sources farther than 100 m (328 ft) from water 
will be of less value than woody veget1tion within 100 11 (328 ft). Woody 
vegetation 1n excess of 200 • (6S6 ft) 1s assumed to have no value u 1 
potential food source. 

It is assumed that I tree ind/or shrub canopy closure between 40 1nd 6°' 
1s 1n indication of optimum food availability. Tree or shrub crown closures 
exceeding 60S ire assumed to be less suitable due to the decreued access­
ibility of food. Extremely dense stands result in decre1sed mobility and the 
increased likelihood of cut trees hinging up in 1djacent trees. To be 1ss1gned 
1 maximutn suitability value, the dbh of trees should range from 2.5 to 15.2 cm 
(l to 6 inches). and shrubs should be at least 2 m (6.6 ft) tall. 

The food v11ue 1n I cover type is I function of the density, sfze class, 
and species composition of woody vegetation. Optimum conditions are I stand 
of preferred tree and/or shrub species, of medium density, less than 15.2 cm 
(6 inches) dbh. An adequate food source includes some trees, or shrubs. or 
both. The species composition of the vegetation present influences the value 
obuined for density and size class. Stands of highly preferred species 
enhance the habi tit Vil ue of the site, wM 1 e foods of 1 ow prehrence wil 1 
lower the overall food value of the sit.t. White or yellow wit.er lilies fn 
hcustrine cover types 1111y be used to supplement the wf nter food supply. 
Lakes or ponds supporting these aquatic species have I higher value as winter 
habitat than lacustrfne cover types lacking this additional food source. 

Water component . Water provides cover for the feeding and reproductive 
activities of the beaver. A perm1nent and rel1tively stable source of w1ter 
is mandatory for suitable beaver habit1t. 

In riverine cover types. a e1jor change 1n the rate of flow or I channel 
gradient exceeding 1SS indicate poor or unsuitable habitat. Stream channel 
gradients of 6S or less have optimum value as be1ver habit1t. Stable water 
levels are of optimum v1lut as beaver habitat, while major fluctuations in the 
w•ter level or flow rate decrease the value of the site. Rivers or streams 
that art dry during SOflt p1rts of the year are 1ssumed to be unsu1t1ble beaver 
habitat. 
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L1custri ne habitat types less than 8 ha (20 acres) 1n surface area u·e 
usumed to provide suitable h1bit1t, 1f 1n adequate food source 1s present. 
L1custrine cover types larger thin 8 ha (20 acres) 1n surface area must provide 
physical diversity (e.g., bays, coves, and inlets) 1n the shorelfne ·configur.­
tton f n order to provide suftlble bHver habitat. It 1s 1ssU11ed that hrge 
reservoirs or hk.ts that are roughly circular 1n shape or are comprised of 
extensive stretches of straight shorelfne provide little shelter from wind and 
wive 1ction and, therefore, hive little value 1s beaver habitat. V1r11tfon in 
the water level in lacustrfne cover types results fn less suitable habitat 
quality for beavers. Lakes or ponds that ire dry durfng portions of the year 
ire 1ssumed to be unsuitable beaver habitat. 

All wetl1nd cover types (e.g., herbaceous wetland 1nd deciduous forested 
wetland) must have a permanent source of surface water with little or no 
fluctuation fn order to provide suitable beaver habitat . 

Model Relationships 

Suitability Index (SI) graphs for habitat variables. The relationships 
bet-.een various conditions of habitat vuiables •nd hilbitat suitability for 
the beaver are graphically represented in this section. 
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1.0 
Species composition 
of woody vegetation : 
(trees •!"d/or shrubs) "i 0.8 -
A) Woody veget1tfon ~ 0.6 

dornf n.ted (~ S°') := 
by one or •ore of :C 
the following ~ o.4 
spec1ts: aspen; -; 
willow; cotton- .,, 0.2 
wood; or alder. 

B) Woody veget1tfon 
dominated by other 
deciduous species. 

C) Woody vegetation 
dominated by conif­
erous species (e.g., 
fir and pine). 

Percent of l1custrfne 
surface dominated by II( 

yello~ and/or white II 
~ 

w1ter 1 ily. C -
1.0 

0.8 

~ 0.6 

Percent stream 
gradient. 
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--._ 
~ 0.4 
~ -~ .,., o.z 

-
~0.6 ---! 0.4 -:, 
en 0.2 

. 

. 

. 

. 

I 

. 

A B C 

Species composition 

25 50 

I 

75 

5 10 15 
I gradient 

.. 

-
"" 
• 

) 

100 

20 
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1.0 • 
EFW ,OFW, v, Aver1g1 w1t1r flue· . 
ESW,OSW, tuition on 1nnu1l JI( 

HW,R,L bnh. i o.s -
.. -. . 

A) Siu 11 fluc:tu1- b 0.6 
ttons th1t hive --no effect on -burrow or lodge 3 0.4 

• • 

• -
1ntr1nc:u. -

B) Moderate flue- ~ 0.2 . -
tuitions th1t 
affect burrow 
or lodge entrances. 

C) Extreme fl uctu1-
tions or water 

A 8 C 

Water fluctuation 
absent during 
part of year. 

l v, Shoreline dtvel- 1.0 opment fictor (see 
v1r;1ble definition llC 

&I 
in Figure 4). -o 0.8 

II: -
~ 0.6 ---~ 0.4 .. -::, 
v, 0.2 

1 2 3 4 5 
Shoreline development 

Equations. In order to obtain life requisite values for the be1v1r, the 
suitability index values for 1ppropr1att variables must be combined with the 
use of equations. A discussion and expl1n1tion of the 1ssumed relitionships 
between nrilbles was included under Model Description . The suggested equa· 
tions for obuining food and water nlues for the bHvtr are presented by 
cover type 1n f 1 gure 3. 
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Winter food 

Wt nt.er food 

Winter food 

Water 

Water 

Water 

Cover 
~ 

OFW,EFW. 
osw.esw. 
HW 

R 

L 

R 

L 

OFW,EFW. 
osw.esw.HW 

Equation 

1.+b+c 
2T 

b+c 
1.5 

b+c 
1.5 + v, 

where: 1 • woody vegetation value within actual wet­
land boundary. The suggested equation 
is: 

(CVi • v,)112 x v.]112 + rev, x v.)112 x v,]112 

b = woody vegetation value within 100 m 
(328 ft) from the water's edge. The 
suggested equation is: 

c = woody vegetation value within 100 m 
(328 ft) to 200 m (6S6 ft) from the water 1 s 
tdge. The suggested eQuation is: 

o.s [CVi x v,)112 x v,)112 +rev,• v.)112 • v,]112 

V, or V,. whichever is lowest. 

V1 or V,. whichever is lowest. if 

lacustrine area~ 8 ha (20 acres) in 
surface area. 

V,, if lacustrine area is< 8 ha (20 acres) 
in surface area. 

v, 

Ffgure 3. Equations for determining life requisite values by cover 
type for the beaver. If equation products exceed 1.0, they should be 
considered equal to 1.0. 
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HSI detennfnation. Bued on the 11mfting factor concept, the HSI 1s 
equal to the lowest life requisite value obtained for either food or water. 

Application of the Model 

Definitions of variables and suggested field ~t&surmtnt techniques (Hays 
et 11. 1981) are provided in Figure 4. 

SOURCES OF OTHER MODELS 

Slough and Sadleir (1977) developed a hnd c1p1bility classiffcation 
system for beaver th&t related habitat vari&bles to beaver colony site density 
through multiple regression 1nalysfs. lht model can be used for beaver popula· 
tion inventory because 1t predicts beaver colony site density. 

Howard (1982) developed a land capability classification system for the 
identification and ranll.ing of potential bener habitat . Discriminant and 
principle components regression analysis models u·t used to relate habitat 
variables that quantify food availability and water reliability to buver 
colony site selection and longevity. The models art applicable to strum 
habitats in typical mixed coniferous-deciduous forests of tht Northeast. 
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I 
I V1r11b1t (definition) Cover types Suggested technique .) 

I 
v, Percent tree c1nopy . R. L.DFW Tnnsect, line intercept, 

closure [the percent EFW,OSW, remott sens f ng 
of the ground surf1ce ESW,HW 

I 
sh1ded by a vtrtfcal 
projection of the 
canopies of woody vegeta-
tion i S.O • (16 .5 ft) 1n 

I height]. 

Va Percent of trees in 2.5 R,l,DFW, Transect, qu1dr1t, 

.I 
to 1S.2 cm (1 to 6 inches) EFW,DSW, diameter tlpe 
dbh size class [the ESW,HW 
percent of trees with 
1 dbh of 2.5 to 15 .2 cm 

I (1 to 6 inches)) . 

v. Percent shrub crown cover R, L,OFW, Line intercept, quadrat, 

I 
[the percent of the ground EFW,DSW, remote sensing 
surface sh•ded by 1 ESW,HW 
wertfcal projection of 

I 
the canopies of woody 
veget1tion <Sm 
(16.S ft) in height). 

I v. Average he;ght of shrub R,L,OFW, Line intercept, quadr1t, ) 
canopy (the 1ver1ge EFW ,OSW, gndu1ted rod 
height from the ground ESW,HW 

I 
surf1ce to the top of 
those shrubs th1t com-
prfst the uppermost shrub 
c1nopy). 

I v, Species composition of R, l ,OFW, Tr1nstct, lfne intercept 
woody vegetation (trees EFW,OSW, 

I 
and/or shrubs) {refer ESW.HW 
to aodel page 12). 

v. Percent of l1custrine surf1ce L Line intercept, remote 

I domin1ted by yellow 1nd/or sensing 
white water lily [the percent 
of the surf1ct dominated by 

I yellow water lily (Nymph1e1 
v1rfeg1tU11) and/or white 
w1ttr lily(! , odor1t1)]. 

I Figure 4. Definitions and suggested •euurement technfques of 
h1bit1t v1ri1bles. 
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Variable (definition) 

Y, Percent strea~ ·gradient (the 
v1rtic11 drop in mtters or 
feet per kilometer or ~ile 
of stream or river channel). 

Cover types 

R 

A I stream gradient= Cg) 100 

~here A= difference in 
elevation between 
nmple points . 

B = distance between 
sample points. 

V, Average water fluctuation on 
an annual basis (rtfer to 
11odel page 13). 

V, Shoreline development factor 
(1 ratio relating the rela­
tive edge of a water body 
to its area. To obtain 
1 value for shoreline 
development factor (SOF), 
divide the length of the 
shoreline by the length 
of the circumference of a 
circle with the same area 
as the water body. The 
following for~ula may 
be used: 

SCF = _!_ 
2./A, 

where SOF = shorelin, develop­
ment factor 

t = length of shoreline 
A• area of water body 

A c;rclt would have a SOF equal 
to 1.0. The greater the deviation 
from I circular shape, the gre1t1r 
the SOF value will be . Values of 

R,L,HW, 
DF'w' ,EFW. 
0SW,ESW 

L [? 8 ha 
(20 acres)] 

3 or aore are assumed to bt optimum 
for beav•rs) . 

Figurt 4. (concluded). 
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Suggested technique 

Topographic 111p 

Local data 

Remote sensing, topographi~ 
••P, dot grid, map wheel 
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Appendix B. Habitat Use Information and HSI Model for the Red-tailed Hawk 

• 8.1 Introduction: HSI models should be adequately documented so that the HSI 
estimates can be properly interpreted. This appendix provides an example 
red-tailed hawk. model with documentation as described in 103 ESM 3.4. 
Section B.2 below provides documentation of habitat use information, and 
8.3 describes the HSI model, including model assumptions and limitations. 
Section B.4 contains information for applying the model. 

B.2 Habitat use information 

A. General. The red-tailed hawk (Buteo jama1censis) inhabits all of 
the cont i nenta 1 United States ( Brown and Amadon 1968). In more 
northern parts of its range, it is quite migratory, although breed­
ing i:,airs were found to be year-round residents in areas as far 
north as Wisconsin ( Petersen 1979) and Mi ch 1 gan (Craighead and 
Craighead 1956). Commonly used habitat consists of woodlots, 
scattered trees, or tracts of mature woodland, often interspersed 
with, or adjoining. large expanses of open fields (Brown and Amadon 
1968). Red-tailed hawks are rare in areas characterized by extensive 
unbroken forest. The red-tailed hawk. has the widest ec:ologic:al 
tolerance and geographic distribution of any buteo in North America. 
This species has not suffered the detrimental eggshell thinning 
observed in many other raptors, due to ;ts i:,redominantly mammalian 
diet (Hickey and Anderson 1968; Petersen 1979) . 

B. Food requirements. The red-tailed hawk is an opportunistic predator, 
feeding primarily on prey species which are locally common (Bohm 
1978) . It feeds on a variety of animals, but mostly small and 
medium-sized rodents, rabbits, and other mammals (Brown and Amadon 
1968). Other important food items include medium-sized birds, large 
insects, and reptiles. Both adults and juveniles will feed on 
carrion (Errington and Breckenridge 1938). A winter diet of red­
tailed hawks in Wisconsin averaged 44% cottontail rabbits (Sylvilagus 
spp.), 28% microtines (Microtus spp . ) 1 and 10% pheasants (Phasianus 
colchicus) (in percent biomass) (Petersen 1979). 

Red-tailed hawks commonly hunt from perches overlooking open areas 
and by soaring above fields (Tyler and Saetveit 1969; Bohm 1978). 
Schnell (1968) found that red-tailed hawk.s prefer to hunt from tree 
perches, allowing the raptor to stri~e down on ground dwelling prey. 
Foraging sites in southern Michigan were open areas such as grass­
land and abandoned and cultivated fields (Craighead and Craighead 
1956). In Wisconsin, 1 ow land pastures with scattered .trees were 
heavily used by hunting red-tailed hawks, whereas cover types without 
trees for hunting perches were seldom used (Petersen 1979). Results 
from an Ohio study suggest that red-tailed hawk productivity may be 
partially related to the percent of hunting territory in fallow 
pasture (Howell .!!.!l, 1978). Highly productive sites typically had 
over twice as much fallow pasture (69% average) around them as low 
productive sites. Hunting areas in New York were recently abandoned 
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fields with matted, grassy cover (Bart 1977). Grassland and corn 
stubble were equally util i zed as winter foraging sites in I11fnois 
(Schnell 1968). Plowed fields were avoided. A comparison of cover 
types comprising home ranges of red-tailed hawks in Wisconsin 
suggests selection for predominantly graminofd cover of pastures and 
grasslands (Petersen 1979}. Areas with grass less than 10 cm (4 in) 
high were generally preferred, but adults occasionally hunted ovtr 
much taller vegetation . Pastures with abundant grasses were 
preferred . 

Red-tailed hawks have been known to nest and hunt in woodlots 
(Luttich et al. 1970) and in extensive, unbroken forests (Titus and 
Mosher In~ress). Due to the lower availability of food (chipmunks, 
mice, and squirrels) and the natural obstacles presented by standing 
timber, these extensively forested regions probably cannot support 
as many red-tailed hawk.s as more open areas characterf zed by a 
woodlot-field mix (Mosher pers. co111111.). Compared to random samples 
of surrounding habitat, red-tailed hawks nesting and feeding in 
extensive forests in Maryland were found on sites with a higher 
number of large trees (2 50 cm (20 in) dbh] and a lower percentage 
of tree canopy cover (Titus and Mosher In press). 

C. Water requirements. Water does not appear to be limiting to the 
red-tailed hawk (Bartholomew and Cade 1962) . Most water 1s supp l ied 
by the metabolic process of d1gesting food. 

D. Covtr rtgui rements. Red-ta 11 ed hawk.s wi nter1 ng f n Iowa used open 
wooded areas along stream bottoms to utfsfy cover requirements 
(Weller 1964). Winter perches in Ill i nois were in groups of trees 
> 9 m (30 ft) tall (Schnell 1968). Both upper and midcanopy portions 
of trees are used for daily activities and night roosting (Dunstan 
and Harrell 1973). Dense timber, particularly coniftrs, is fre­
quently used for night and winter roosts (Brown and Amadon 1968). 
The availability of suitable cover does not appear to be limiting to 
the red-tailed hawk. as long as suitable reproductive habiut is 
available. 

E. Reproductive requirements . Red-tailed hawk. nests are generally 
located in rnaturt trees and are found more frequently in open wood• 
lots and woodland edges rather than in closed dense woodlots or 
woodland interiors (Orians and Kuhlman 1956; Gates 1972; M1sztal 
1974 cited by Howell et al. 1978) . Groves used by nesting red­
tailed hawks in Wiscons1n-;ere generally less than 0.4 ha (1 ac) in 
size (Gates 1972). The size of the tree and the height at which the 
nest may be placid 1s more imporunt 1n site selection than the 
degree of cone ea 1 ment afforded by the surround 1 ng timber ( Ba 1 lty 
1918). 

Nest trees fn M1chfgan were large, averaging 23.6: 3.3 m (77.8: 
10.9 ft) tall and 52 .3 t 15.0 cm (20.9: 6 1n) dbh (Belyea 1976). 
The average dbh of nest trees was 58 Ctll (23 .fn) (range 41 to 71 cm 
(16 to 28 in)] in southeastern Minnesota (Le Due 1970) and 64 cm 
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(25 in) [range 38 to 127 cm (15 to 50 in)] in Ohio (Misztal 1974 
cited by Howell.!! .!l- 1978). The importance (relative frequency) 
of any one tree species may affect nest site selection, but appears 
to have no direct relationship to productivity (Howell et al. 1978) . 
Nests are often re-used year after year (Brown and .Amadon-Y968). 

F. Special habitat requirements. The availabil i ty of adequate perches 
is vi ta 1. Our1 ng nonbreedi ng periods, red-tailed hawks commonly 
perch conspicuously on dead snags {Brown and Amadon 1968) and lone 
trees (Schnell 1968). Red-tailed hawks occasionally nest in isolated 
trees along fencelines and ditchbanks (Gates 1972); however, isolated 
trees are used mainly as hunting lookout posts . 

G. Interspersion requirements. Red-tailed hawk home ranges in Wisconsin 
containing large amounts of woodland were larger than home ranges 
enclosing small, scattered woodlots (Petersen 1979) . Austing (1964) 
concluded that red-ta i1 ed hawks occupy; ng 11 fri nge" habitat maintai ned 
larger home ranges in order to find sufficient prey. Data from an 
Ohio study suggests a correlation between the amount of woodland­
forest comprising a study area and breeding dens1ty and breeding 
success (Howell .!! .!l- 1978) . . In this study, highly productive 
red-tailed hawk nest sites had an average of 8.ll of the home range 
in woodlot, whereas sites with ' low productivity had over twice as 
much (20.8%) wooded area. 

While it fs generally accepted that the avaf l ability of nest sites 
is critical to breeding red-tailed hawks, the optimum mix of habitat 
types needed to provide sufficient amounts of both nest sites (wood­
lots, forested areas, isolated trees) and hunting areas remains 
unclear. Data from recent population studies of red-tailed hawks 
suggests a correlation between habitat compos1tion (in percent cover 
type) and breedfng pair density . Data summarized from these studies 
(Table B-1) suggests that study areas comprised of large percentages 
of woodland-forests support lower breeding population densities than 
study areas that are comprised of approxi mately 10% woodl and . Study 
areas that are composed of very small percentages of habitat types 
that provide potential nest sites also support low densities of 
breeding red-tailed hawks . Austing (1964) characterized a study 
area in Ohio composed roughly of 7~ river valley (pasture­
grass1and-cropland) and 3~ woodland as prime habitat. 

Territory size fs affected by the degree of interspersion of cover 
types (Petersen 1972, 1979). In Michigan, the size of red-tailed 
hawks' winter range was inversely proportional to the food supply 
(Craighead and Craighead 1956). Red-tailed hawks generally maintain 
circular or oval home ranges which vary spatially according to 
various habitat variables (Fitch et al. 1946). Red-tailed hawks fn 
an area of Wisconsin with significint~ounts of cropland and pasture 
had year-round territories averaging 119 ha (298 ac), whereas terri­
tories without these two cover types averaged 154 ha (384 ac) 
(Petersen 1972). The average home range size of red•tai1ed hawks fn 
another Wisconsin study was 137 ha (338 ac) with the largest home 
range being reported in fall [390 ha (963 ac)] (Petersen 1979). 
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Table B-1. Comparison between habitat composition and breeding density 
of red-tailed hawks. 

Density of Active Composition of Study 
Source and Breeding Red-tafled Area in Cover Type 
Study Area Hawks 1n km% per pair Percentage 

Gates (1972) 10.6 Cropland-Pasture 851 
(Wisconsin) Lakes, Marshes loi 

Forest·Woodl and .3%· 

Hager ( 1957) 7.9 Cropland-Pasture 
(New York) approximately 5~ 

Forest-Woodland 
approximately s~ 

Mcinvaille and Keith 7.6 Cropland-Pasture 
(1974) approximately 41% 
(Central Alberta) Forest·Woodl and 

approximately 34i· 

Luttich et al. 7.0 Cropland-Pasture 5~ 
(1970) and (1971) Lakes, Marshes St 
(Central Alberta) Forest·Woodland 4Si 

Petersen (1979) 4.7 Cropland-?ast1.1re 7~ 
(W1sconsi n) Likes, Marshes l6i 

Forest-Woodland 

Breeding territories in southeastern South Dakota-and northwestern 
Iowa averaged 2S6 ha (640 ac) (Tyler and Saetveit 1969). Craighead 
and Craighead (1956) reported a hunting range radius of 1.19 km 
(0.75 mi). The average home range of nesting red-tailed hawks i n 
southern Wisconsin was 3.7S kJn% (1.S m1%) with an average maximum 
diameter of 3.2 km (2 mf). A maximum dhmeter of a red-tailed 
hawk's home range was reported ta be 4 km (Z.5 mi). 

H. Special considerations . The red-tailed hawk. 1s more tolerant of 
civilization than most raptor species (Jaclc.man and Scott 1975). 
Nonetheless, Michigan red-tailed hawks dfd not nest within 370 m 
(411 yd) of occupied human dwellings (Belyea 1976). Nest desertion 
1n four out of seven cues 1n W1 sconsf n was attributed to human 
interference (Petersen 1972). 
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B.3 Habitat Suitability Index (HSI) model for the red-tailed hawk (8uteo 
jamaicensis) 

A. Model applicabi1ity 

(1) Geograohic area. This model was developed primarily for the 
entire eastern half of the United States, classified by Bailey 
(1978) as the humid temperate domain. 

(2) Season. This model will produce HSI values based upon breeding 
habitat needs for the red-tailed hawk. 

(3) Cover types. The red-tailed hawk is an adaptable, opportunistic 
raptor that utilizes a wide variety of cover types. Since this 
model is a prototype, cover type consideration has been limited 
to the following two types: Grassland (G) and Deciduous Forest 
(OF). 

(4) Minimum habitat area. Minimum habitat area is defined as the 
minimum amount of contiguous suitable habitat that is required 
before an area will be occupied by a particular species. This 
information was not found in the literature for the red-tailed 
hawk . If local information is available to define the minimum 
habitat area, the HSI for the species will be zero if less than 
this amount of area is available. 

(5) Verification level . This model was critiqued by James Mosher, 
University of Maryland, who concluded it was as reasonable as 
can be expected given the variety of habitat types encompassed 
in the applicable range. His review comments have been incor­
porated into the current model. No field tests have been 
conducted. 

B. Model description 

(1) Graphic overview. This HSI model for the red-tailed hawk. 
considers the qua11ty of the life requisites found in each 
cover type and interspersion of life requisites when the habitat 
f s composed of two or more cover types. Figure B-1 shows how 
the HSI is related to cover types, life requisites, and specific 
habitat variables. Food and reproduction are the only life 
requisites considered in this model. It is assumed that cover 
needs are met by adequate reproductive habitat and that water 
is not limiting. 

(2) Life requisite components 

a) Food. Food suitability for the red-tailed hawk is related 
tothe abundance and accessibility of suitable prey. This 
relationship is based upon the premise that optimum condi­
tions for prey do not neces sari ly reflect optimum cond i­
t ions for the predator. For this reason, coupled with the 
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fact that many species fa 11 into the broad category of 
11 prey81

, a genera 1 approach to mode 1 i ng food sui tabi 1 f ty 
for this predator is presented. 

It is assumed that the abundance of prey in grass l ands is 
related to the structure of the herbaceous vegetation 
which can be estimated by measuring the density and height 
of herbaceous cover . The accessibility of prey is related 
to the level of concealment provided for prey by herbaceous 
vegetation and the degree of access by the hawk to all 
"huntable" areas. The accessfb111ty of prey can be esti­
mated by measuring the height of herbaceous vegetation and 
the availability of suitable hunting perch sites. It is 
assumed that moderately high to high densities of herba­
ceous vegetation will support dense popualtions of prey 
species. It also is assumed that dense stands of herba­
ceous vegetation will not dramatically reduce the success 
rate of prey capture by this opportunistic predator. 
Herbaceous vegetation between 8 and 46 cm ta 11 1 s con­
sidered optimum. If a large proportion of al l the herba­
ceous ve91tation present in a grassland i s i n this height 
class, conditions will be optimum. Very short vegetation 
will limit the abundance of prey, whereas very tall vegeta­
tion will maximize concea lment for prey and thereby l imit 
prey acc:us1bf l 1ty . It 1 s assum1d that three or more 
suitable perch sites per 0.4 ha wfll provide opti mum 
hunting conditions. The lack of suitable perch sites will 
not be complete 1 y 1 i m1 ting s1 net red-tailed hawks wil 1 
hunt by gliding over fields . 

Overall food suitability for red-tails fn grass l and 
habitats is related to the density and height of herbaceous 
vegetation and availability of perch sites. Herbaceous 
density is the most important factor in determining abun­
dance of prey and thus, food qua l i ty . No food wi 11 be 
provided in habitats with ei ther a total lack of herbaceous 
cover or herbaceous cover tha~ is all too short or t oo 
tall. 

Hunting strat1gies of the red-tailed hawk in forested 
arus have not been documented, and the re 1 at ion ships 
influencing the abundance of prey is unknown. It is 
assumed that red-tails will hunt in forests and that they 
feed upon both ground and canopy dwelling mammals. It is 
assumed that, 1 n the fore st, the mo st crf t ica 1 factor 
inf luencing food suitability for the red-tailed hawk 1s 
prey accessfb111ty. 

Dense stands of trees would likely interfere with the 
flight patterns of this large buteo, which is best suited 
for hunting from a lookout perch or soaring slowly over 
open fields . Conversely, an 11 open11 forest would maximize 
utilization of all vegetative strata by the red-tailed 
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hawk. It is assumed that prey accessibility can be esti­
mated by measuring the canopy closure of trees, and that 
canopy c1osures of less than 50% provide the best prey 
accessibility and canopy dosures of 100% provide poor 
ac:c:ess1b11ity (no suitability). It is further assumed 
that even the best forests provide 1 imited prey ava i 1-
abi l ity for red-tailed hawks. 

b) Reproduction. Reproductive value is related to the avail­
ability of suitable nest trees. It is assumed that the 
availability of suitable nest trees can be adequately 
assessed by measuring the density of large trees. It f s 
assumed that a minimum of 10 trees per 0.4 ha (1.0 ac) 
greater than 50 cm (20 1 n) dbh are needed to provide 
optima1 suitability, and that if no large trees are avafl­
ab 1 e. reproductive sui tabil 1 ty wi 11 be absent. These 
statements are based upon the assumption that suitable 
cliff sites are not available for potential nest sites in 
the eastern United States. 

Human disturbances may have a severe negative impact on 
nesting red-tailed hawks. The field user must assess each 
situation with respect to human interference during nesting 
and, if necessary, adjust the reproductive value 
accordingly. 

Intersoersion of life requisites. It is assumed that the best 
habitat for the red-tailed hawk contains high quality food over 
70: of the habitat and high quality reproductive habitat over 
151 of the area. These estimates are based upon data indi­
cating that red-tailed hawks generally hunt over large portions 
of their home range but restrict reproductive activities to 
isolated and small woodlots and forested areas. High quality 
food 1s not required over lOOt of the area because the effective 
hunting range is usua 1 ly sma 11 er than the home range, i.e . , 
hunting activities are concentrated in areas where prey capture 
success rates are highest. 

The effective amount of food and reproductive resources f s 
determined by considering the distance between cover types 
which prov 1 de the resources. Si nee food and reproductive 
resources may be provided by different cover types. the 
di stances between cover types can be used to determine the 
amount of useable area. It 1s assumed that the optimum distance 
between food and reproductive resources is equa 1 to or 1 es s 
than 1.2 km. It is also assumed that 1f food and reproductive 
resources are distributed at three times th1s distance, or 
3 . 6 km, then they exceed the di stance that red-ta 11 ed hawks 
wi 11 fly during the breeding season to obta 1 n them. These 
distance measurements were estimated using information in the 
literature pertaining to average home range size and maximum 
diameters of home ranges. 
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C. Model relationships. This section contains suitability index curves 
and equations to quantitatively describe the relationships disc~ssed 
in the previous section. These curves and equations can be used to 
produce an HSI for the red-tailed hawk. 

(1) Suitability 1ndex curves 

Cover 
Ix.eL Variable 

Grassland (Vi) 

--> -
)( 

~ 
~ 
C: -
b ---~ 
,a .... -= 
"' 
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-Cl.I 
=--
)C 
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C: -
b ---.Q 
,a .. -::s 

V, 

B.08 

Percent herbaceous canopy cover. 
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Grassland 

Deciduous 
Forest 

(V.) 

Number of trees~ ZS cm (10 in) dbh 
per 0.4 ha (l.O ac). 
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)( 

~ 0.6,+-~....---~~-+-~....j 
C -
---.c o.2,+--#---i---""----....... ----1 !I -:, 
V, 

l 2 3 4 

Percent tree canopy closure. 

1.0..,... ______ ...,..~~--~-. -.. .:=. o ........ -~-----+--+----1--• 
)( 

] 0.6,+----+---+---++--~ -
b a. 4+----+--..... ----1-...a.------~ 0.2~---+---+--~--+-1 .... -:, 
en 

25 50 75 100 

B.09 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 

Oec:iduous (Vs) Number of trees~ 50 cm (20 in) dbh ) 

Forest per O. 4 ha ( 1. 0 ac). 

I LO 

-';/l>in a.a 

I -
)( 

0.6 -8 
C: -

I b 0.4 --- 0.2 .Cl 

I 
.,,, ... -:::, 
V, 

I 5 10 15 20 
, 

' .. :, 
l)'J 

I 
A1l (V,) Percent area in optimum food. 

I 
I -\Cl 

::> -
)( 

I 
«1 

0. "C 
C: - -, 

~ 

I ---~ a . .., 
~ -I 
=i 
V, 

25 50 75 100 

I 
I 
I 
I 8.10 

I 



All 

All 

( 

(V,) Percent area in optimum reproduction . 

-,... 
~ 0. 8 1'---+--+---:~-+----1 

JI( 

"! a. 6 -t----+------+---+--'4 -
-~ 0. 2 1-~--,.---+----P----I .. -::, 
V: 

5 10 15 20 

(V,) Distance between cover types. 

-CD 1 .Q ------------. 
> -
JI( a.a +-----~--.:-----;.-----i 
-8 
C - 0.6...----t------~---....... 
~ -i 0.4.------..---....... ---~ 
,a .. 
-; 0.2+-----+------+----.... ~ 
"' 

8.11 

1.2 
.75 

2.4 
1.5 

3.S (km) 
2. 3 (mi) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-
1 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0. 

(2) Equations 

a) Eauations for food comoonent. The following equations 
integrate index values for each variable to obtain a life 
requisite value for food in each cover type . 

b) 

Cover Type Equation 

G 

OF Food Value= (V. x O.~) 

Eauations for reproduction component. 

Cover Type 

OF 

Equation 

Reproductive Value= V, 

HSI determination. The following calculations must be made to 
determine an HSI. 

(1) Determine if all life requisites are provided at some level 
greater than zero, considering all cover types under considera­
tion. If any life requisite is not provided, the HSI will 
equal zero and no further calculations are necessary. 

(2) Compute the life requisite values for each cover type by 
collecting field data for each variable and entering this data 
into the proper suitability index curve and us i ng the resu l t i ng 
index v~lues in the appropriate life requisite equations. 

(3) Determine the relative area(~) of each cover type within the 
study area as follows: 

Re_l at 1 ve Area (~) for Cover Type A = ~~:: 1 °1r~~v~~ !{~e A x 100 

Cover Types used by 
the Species 

Be certain that only those cover types used by the species are 
considered in determining this percentage. 

(4) Determine which cover types are not providing one or more life 
requisites. For each of these cover types, an interspersion 
index must be computed. This is accomplished as follows: 

a) Select random points on a map in each cover type missing a 
life requisite and measure the distance to the edge of the 
nearest other cover type ( or cover types, where two or 
more 1i fe requi si us are mi ss1 ng) that provide( s) the 
missing life requisfte(s). 

8.12 

) 



( 

b) Enter each of these distance measurements into the Suit­
ability Index Curve titled 11 Distance between Cover Types 11

, 

record the individual interspersion indices, and use these 
to calculate the average interspersion index for each 
cover type. Where two or more life requisites are missing 
from a cover type, use the lowest average interspersion 
index in the next calculation . 

(5) Modify the relative area (i) of each cover type missing a life 
nquis1te by multiplying the relative area by the nerage 
interspersion index for that cover type. This determines the 
useablt area (%) of each cover type. For those cover types 
that provide all life requisites the usuble area {%) 1s the 
same as the relative area(%). 

(6) To determine the ~ area in optimum condition for any Hfe 
requisite, fir!t multiply the useable area(:) for each cover 
type by the life requisite values for that cover type (from 2 
above). Sum the products of this multiplication across all 
cover types for each life requisite. Thi s sum for each li fe 
requisite is the equivalent percent of the area that provides 
that life requisite at optimum levels (this i s actually an 
equivalent figure , i . e., 100% of the area at a 0.5 value is 
equal to 50% of the area at an optimum, 1.0 value). 

(7) To determine overall life requisite values, enter the percent 
area for each life requisite (Step 6) into t he appropriate li fe 
requisite composition Suitability Index Curve . The index value 
obtained is the overall life requisite value . 

(8) The HSI is equal to the lowest of the overall life requisite 
values . 

B.4 Apolfcation of the model. The level of detail needed for a particular 
application of this model w-ill depend on time, money, and accuracy 
constraints . Detailed field sampl i ng of all variables will provide the 
most reliable and replicable HSI values. Any or all variables can be 
estimated, in order to reduce the amount of time required to apply the 
model . Increased use of subjective estimates decreases reliabil ity and 
replicability, and these estimates should be accompanied by appropri ate 
documentation to insure that decisionmakers understand both the method of 
HSI determination and quality of the data used in the HSI model. 

The measurement techniques 1n Table B-2 are suggested for the variables 
used in this model . A field form can be developed from this list. 

8.13 

I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 
I 
I_ 

I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(Vi) 

( V .z) 

(Vi) 

(VII) 

( v,) 

Table B-2. Suggested measurement techniques and definition 
of habitat variables. 

Variable (Definition) Cover Types Suggested Technique 

Percent herbaceous canopy G Line transect and 
cover [the percent of the Daubenmire plot frame 
ground surface that is 
shaded by a vertical 
projection of all non-woody 
vegetation (grasses, forbs, 
sedges. etc.)] 

Percent of herbaceous vege- G Line transect and 
tation that is 8 to 46 cm 
(3 to 18 1n) tall 

Daubenmire plot frame 

(self explanatory) 

Number of trees~ ZS cm G Line transect and 
(10 in) dbh per 0.4 ha dbh tape 
(1.0 ac) (self explanatory) 

Percent tree canopy closure OF Line transect and 
(the percent of the ground ocular estimate 
surface that is shaded by a 
vertical projection of the 
canopies of all trees) 

Number of trees~ SO cm OF Line transect and 
(20 fn) dbh per 0.4 ha dbh tape 
(1.0 ac) (self explanatory) 

B.S Sources of other models. No other habitat models for the red-tail were 
identified during the development of this model. 
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VARIABLE 

{V1) Water clarity -
measured to 1 meter 
depth duri~ sumer 

Availability of perch 
sites - the nUIDer of 
perch trees/mile of 
shoreline. 

(V3) Availability of pilot 
pilot trees - the ntrrber 
of pilot (perch) trees 
within nesting habitat. 

(V4) Nest tree availability -
nunber of suitable size 
trees for nesting/acre 

(V5) Nesting/fishing habitat 
relationship - distance 
between potential nesting 
habitat and fishing waters 

2 

CDVER TYPES 

R,S 

R,S 

H 

H 

R,S,H 

SlXXIBSTFll TEXliNIQJE 

Secchi disc 

Ocular estimate 

Ocular estimate 

Ocular estimate, 
rangefinder. diameter tape 

Measuring tape~ raoote 
sensing 
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' Nest tree availability (V4) 
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Variable 1. Water clarity - measured to a depth of one meter during summer. 
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Assumes: 1) Osprey capture prey to 
a maximum depth of 1 meter 
{Beeb2, 1974). 

2) The availability of forage 
is not a limiting factor 
at Lake Shasta (see Bogener, 
1979; and Conway and Fitch~ 
1982 for productivity update) . 

3) Osprey require clear water 
to capture prey. 
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Variable 2. Availability of perch sites - the number of perch sites per mile of 
shoreline (within 200 feet of water or in water). 

Assumes: 1) Twenty or more perch 
trees adjacent to fishing 

f.o 
waters provides optimum 
conditions {Airola, 1983). 

W .e 
2) Suitable perch trees are 

defined as snags, dead-topped 
'2 trees or open-crowned live 

.I., trees that allow easy access 
"7'" r for landing and take-off 
3 ..... {Ai ro 1 a , 1 83) . 
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Variable 3. 

1.0 

! ·8 

7 - ., 
r 
..l 1 .+ 
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Variable 4. 

-~ ( 

I 
Availability of pi lot trees - the numer of "pilot" perch trees inmediately 

1 s,urrounding nest sites and within suitable nesting habitat . 
. _ .. • · 

Assunes: 1) Aminirrun of 2 pilot trees I per 5 acres of nesting 
habitat is optinun (Airola, 
1984). I 

2) Pilot trees nre defined as 
snags, dead-topped trees or I open-crowned live trees that 
allow easy access for 
landing and take-off (Airola, 

I 1983). 

I 
0 

' ~ 15 

I 
Nest tree availability - the nuni:>er of suitable size trees per acre for 
osprey nesting. I 

Assumes: 1) 

2) 

3) 

5 

Suitable size trees for ~ 
nesting have a miniill.T.l height 
of 75 feet and minim.r.l dbh 

1 of 40 inches (Shimarroto and . 
Airola, 1981). 

Ten or nDre suitable size ~-
trees per 100 acres of nestin~ 
habitat are required to 
meet present nesting needs 
(Airola, 1984). 

Suitable tree species 
include ponderosa pine, 
douglas-fir, and sugar pine 
(Detrich, 1978). 
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Nesting/ fishing habitat relationship - the distance between potential 
nest_ing habitat and fishing waters. 

0 \000 

·=-- -~· 

Assumes: 1) At Shasta Lake, the 
greatest nurber of active 
nests are within 250 feet of 
the reservoir (Bogener, 1979). 
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Equations Used to Calculate Suitability Indices 

a) Food 

Cover Type 

·R,S 

b) Reproduction 

Cover Type 

H 

c) Interspersion 

Cover Type 

R,S,H 

-- .. 

HSI Ikterminat ion: 

Equation 

vs 

The HSI value equals the 1 i fe requisite value calculated for each cover 
type rru.ltiplied by the interspersion valu~ . 
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Assunpt ions Used in· Applying the Osprey l\.~el 

v
1 

- Water clarity. 

Toe water in Lake Shasta at one mete-r during the S\MTIEr was assumed to 
be clear; SI= 1.0. 

v
2 

- Availability of perch sites. 

It was assuned that the Pit River Y-'8S the only one of the tributaries 
suitable as osprey habitat (higher nl.II'ber of nutrients in the water, 
higher nt.rnber of fish species), and that perc.~ trees were not limiting; 
SI (for Pit River) = 1.0 (Dietrich, wildlife biologist, personal ccmrunication, 
1984). 

v
5 

- Nesting/fishing habitat relationship. 

It was assumed that the distance between potential nesting habitat and 
fishing waters was not limiting in the study area; SI= 1.0. 

It was assurood that measuring the nurbers of potential perch sites. 
pilot trees, and nest trees observed frcm the lake vras as good as or 
better than rreasuring these variables through a randan sarrpling sc.."lene. 

--:=-:;_ .. • 

.• 

7 

I
:)~: ... . . . 
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MULE DEER 

Species Narrative 
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General. With the exception of those cover types associated with the 

Artie and tropic c1imatic zones, the aule deer (Odocoiltus hemionus) inhabits 

every aajor vegetativ1 type fn west1rn North America (Wallao 1978). All of 

the Rocky Mountain and int1rmountain regions art inhabited by mule deer, with 

scattered populations extending as far east as Minnesota and Iowa and as far 

north as British Col1.111bi1 and Alberta. 

Food Requirements. Optimal aule deer habitat in Colorado is coaprfsed of 

an interspersed and diverse collection of vegetational successional stages 

(Loveless 1964). Areas that provide this diversity also provide aule deer the 

opportunity for aore beneficial forage selection. Mule deer cannot be categorized 

simply as browsers since woody plants are not uniquely palatable, nor are th1y 

totally suited to the nutritional requirements and digestive capacity of the 

species (Wa11mo 1967). 

P1lat1~ility of deer forage fs a relative factor which varies with local 

and seasonal availability (Hill 1956). Mule deer art highly selective feeders 

in that the portions of plants which contain the highest protein levels are 

aost often 11l1ct1d (Schneegas and Bumstead 1977). As plants uture the 

protein, phosphorus and carotfne levels decrease. while less digestible coaponents 

such as crude fiber and legnin increase. As a result, seasonal use of specific 

vegetation vill vary and within a few weeks tfae a hfgh1y preferred plant 

species aay becoae CD11Pletely unused. 



Mule d1er feed priurily upon herbs, and sull shNbs (Hill 19S6). 

Generally aule deer consuae s .. 11 quantities of grass, and do not f11d to any 

great extent upon tre1s and l1rg1 shrubs txc1pt in winter when deep snow aakes 
. . 

other foods difficult or iapossible to obtain. The number of plant species 

utilized by the aule deer throughout the year may be large; however, stomach 

analysis normally indicate ~t SOI or aore of th• contents art comprised of 

not aor1 than 5 or 6 species at I feeding. Analysis of data froe 99 food 

habits studies of the Rocky Moun~in aule deer indicated that the diet of the 

species was coaprfsed of at least Z02 shrub and tr11 spec11s, 484 forbs, 84 

grasses, sedges and rushes, and 18 other plant species (Kufeld et al. 1973). 

Grasses constitute a high perc1nt1g1 of the aule deer's diet during the. 

spring (Hill 1956). However, dried grasses art not utilized except under 

unusual conditions or as a starvation ration (Einarsen 1956). Grass consump­

tion no~lly decreased to 5S or less of the diet during the SWIIDtr eonths 

whereas forb consumption reached its peak use (Hill 1956). New shrub growth 

may 1ccount for as auch as 331 of the aule deer's swaaer df1t. Fall generally 

•arks the aul1 deer's transition froa a diet consisting chiefly of forbs to 

one of shrubby vegetation, howev,r, forbs may still co11pris1 up to 2SS of the 

di1t. Browse (shrubs and trees) often furnishes 7SS or aore of th• aul• 

de•r's winter diet. The availability of adequate browse is oftan the liaiting 

factor for eul1 deer populations over auch of their range (Schneegas and 

Bumstead 19n). 

lfg sagebrush (Art .. fsia tridentata} and aoun~in ll&hogany (C1rcoc1rpus 

spp.) w.re reported to be the key aule de•r browse on a northeastern Uuh aule 

d11r wint1r range (Richens 1967). Antelope bftterbrush (Purshia tridentata), 
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servic1b1rry (Amelanchier spp.), forbs, and grasses 111ere important supplemental 

winter foods. Anderson et al. (1972) reported antelope bitterbrush as being 1 

aajor food it111 on Col~rado au1e deer wint1r ranges. 

Seasonal temperature and aoisture regimes regulate the annual nutrition 

cycle of the aule deer (Wallao 1978) . The diet of the au1e deer aay fail to 

aeet the 1nergy requireaents for body aaintenance during a considerable portion 

of the year, with winter browse as the aost liaiting factor (Wallao et al. 

1977). Colorado winter range was reported to provide forage that supplied 

approxiaately SOS of the to~l protein or energy .-.quirtaents of ;he aule deer 

(Schneegas and 8uast11d 1977). High aorta1ity was reported far California 

aule deer in severe winters where they were totally dependent upon browse 

(Leach 1956 cited by W1llmo 1978). Low winter aortality was reported for the 

s1111e area in aild winters as a result of a more diversified diet that included 

green grasses. Sn°" conditions. duration of winter. and the tiae of initiation 

of spring growth are other f1ctors which govern I range's potential to support 

au1 e deer (Schneegas and Bumst11d 19n). 

Water Requirements. The .. jority of the aule deer's water requirements 

are aet by aoisture conuined in the vegeution consumed (Rue 1978). Additional 

aoisture is obuined from dew. rain water, snow, and ic1. 

A study by Mickie (1970) fn Montana's Missouri River Breaks revealed that 

tht use of range by aule deer decreased sharply 1t distances of 1. 6 kll (1. 0 ai) 

or aore froe standing water. 



Cover Requirements . Mul• deer require forest and rangelands which are 

comprised of a variety of successfonal st.lges (Longhurst 1961). Young brush 

i nt1rspersed wft.h forbs and grasses wil 1 provide ideal feeding cover. Convenely. 

1xt1nsiv1 tracts of mature brush, clfux forest with little ground cover 

int1rsp1rs1d with few openings. and cliaax grasslands lacking fo~s will not 

provide optiaal habitat. 

Stands of tfllber or dens• shrubs 244 to 490 • (800 to 1.600 ft) across 

were reported to provide optimal cover for aule deer in Oregon {Thomas et al. 

1976). S11aller patches of cover 81Y 11tfsfy th1 cover requir ... nts of the 

mule deer d1p1ndfng on the topography of th1 area. Small evergreen tr .. s and 

shrubs on winter range and deciduous tries and shrubs on spring, sumaer, and 

fall range were reported to provide excellent thermal cover for aule d .. r in 

Colorado {Loveless 1964). 

Swraer range capab 1 e of carrying deer in good condition through the 

breeding season is necessary for aaxiaua herd productivity {Julander et al. 

1961). Prime sU1111er ranges typically occur fn ar11s which rec1iv1 a rel1tively 

high rainfall and support diverse vegetation located on a variety of topographic 

aspects {Schneegas and 8uasteaa 1977). Th• quantity and avaflablity of 1U111er 
. 

range throughout th• west is believed to be adequate, and aay nat be I liafting 

factor in ·d1t1rainfng aule deer populations. However, Julander et al. (1961) 

reported that SU1111111r range 111y be critical when assocfattd with saall isolated 

pl1t11us 1 or mountains surrounded by arid lowlands. 

Mule deer noraa11y inhabit higher elevations in suaner and d1sc1nd to 

l~•r 1r11s in response to increasing snow depths (Gilbert et al. 1970). Mass 
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aov1111ents of aule deer onto their winter range in Utih were reported to be 

synchronous with snowstoras and cold weather in early to aid•Novellber (Richens 

1967). 

Line intercept data on Utah aule deer winter range revealed that 1pproxi­

aate1y 32S of the ground surface was covered by vegetation (Richens 1967). 

Important browse species C011Prised roughly 581 of the ground cover. Use of 

key browse plants was reported to be aost intensive on the aore accessible 

sites, along strel8s and trails and near escape cover. The heaviest use of 

sagebrush was generally within 0.4 Ian (0.25 •i) of pinyon·juniper ~tands or 

other escape cover. Browsing was evident on al 1 exposures but was aost apparent 

on the drier southern slopes. Loveless (1967) reported that aule deer in 

Colorado showed a preference for vegetative types which provided food on south 

and east facing slopes. Locations which provided cover, but little pref1rrtd 

browse, wire not extensively used by aule deer. Excell•nt winter habitat for 

aule deer -•s characterized as areas where the surface 1cr11ge was approxfmtely 

ont·half shrub types . and one-half tillber types. In cold, windy w11ther. •ule 

deer in Ut&h were usually found in sheltered areH, particularly in dense 

st.nds of juniper (Richens 1967). Stormy weather in Colorado induced mule 

deer to seek the shelter of drainage areas or heavy tillbtr (Loveless 1967). 

Reproductive Reguireaents. Fawn;ng occurs where all of the needs (water, 

cover. forage). of the doe art found within I relatively coapact 1re1 (Einarsen 

1956). Desirable fawning habiut in Or1gon was reported to be coaprised of 

low shrubs or sull trees ranging from 0.6 to 1.8 • (2 to 6 ft) tn height 

under an overstory tree canopy cover of approxiaately SOS (Thous et al. 

1976). Slope gradient should not exceed 151 and plentiful succulent vegetation 

should be available. Accessible water should be within 180 • (600 ft). 



Intersp•rsion Requirements. Th• abundance and availability of preferred 

browse and the interspersion of such areas were reportld to influence the aul• 

deer's non·randoa -spatfal distribution on a Colorado winter range (Loveleis 

1964). Loveless (1963) reported that winter rang• in Colorado was coaprfsed 

of approximately 4SS shrut»-doainated slopes and 4SS coniferous tflllbered slopes. 

The close proxiaity of brows• cov•red slopes to sites doain1t1d by open tfaber 

with a browse understory had I pos;tive influence upon th• distribution patterns 

of the aule deer. Optimal winter rang• fn California had a ~i•ua distance 

between fetding and b•dding areas of less than 0.4 tea (0.%5 at) (Leopold et 

al. 1951). 

Mule deer are typically distributed over a auch larger area on summer 

than winter range (Schneegas and Bumstead 1977). Concentrations of the species 

are not common on SWIiier ranges despit1 a tendency to s1lect and utilize 

preferr.ci habitats. Leopold et al. (1951) reported that the estimated average 

summer and winter ranges of •ule deer fn California had IJ)proxiaate di111eters 

of 0.8 to 1.2 kll (O.S to 0.75 •1) and 0.4 to 0.6 km (0.25 ta 0.37 ai) respectively. 

The average activity radius for aule deer in Utah was reported to be equivalent 

to 0.4 lea (0.24 af) (Robinetta 1966). Average density on I Utah winter range 

under nor111al winter conditions was reported to b• 46 per 2.59 ka2 (46 per ai2) 

(Richens 1967). 

Regardless of where they locate on the suaaer rang•, 111111 deer return to 

th• ancestral wintering area to which they were first t&ktn 11 fawns (Zalunardo 

1965). The species aay 110v1 80 lea (SO ai) or aore froa SU11111er to winter range 

(WallllO 1978). 
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Sp•cial Considerations . Mule deer declines have been attributed to 

advancing suc:ceufon resulting from increased fire suppression, intensive 

si1vicultural prescriptions, and th1 reduction of aniaal units on grazing 

11lotaents (Schn11gas and Bwnsttad 1977). fire and logging are g1ner11ly 

considered 15 being favorable influ1ncts on aule deer ranges IS I result Of 

the abundance and diversity of forage induced following the disturbance. 

Several studies have reported the successful use of prescribed burning to 

iaprove protein values for browse (Einarsen 1946; Biswell et 11. 1952; Leege 

1969; Vogel and Beck 1970). Such activities aay result fn improving habitat 

conditions for 25 years or acre; however, the period of habitat enhancement. fs 

usually succeeded by • century or acfre of essentially unusable habitat if 

further aanagement actions are not taken (Wallmo 1978). 

High winter aortalfty has been reported on Rocky Mountain and fnter­

aount1in d11r winter ranges doainated by sagebrush (Wallao 1978). Carpenter 

(1976) suggested that such winter ranges ••Y be faproved by partially supressing 

sagebrush and encouraging fncre1s1d growth of herbaceous vegetation. 

Snow has a aajor effect on the winter ecology of aule deer. Winter deer 

distribution in Middle Park, Colorado was r1ported to be governed pri•arily by 

snow depth {Wallao and Gill 1971). During winters with deep snow the avail­

ability of winter range w.s so reduced that th• carrying capacity of the range 

was negligible. Oelfn.ation of deer distribution indicated ~t snow depths 

exceeding 30. 4 cm (12 fn) were sufficient to.discourage continuous occupation 

of an area unless the snow was ext1"alle1y low in density. Loveless (1967) 

reported that snow depths of 30.4 ca (12 fn} hUpered deer locoaotion and 

depths of 60. 9 ca (24 in) or aare precluded t.he use of an area by aule deer. 



Winter nutrition in the central Rocky Mountains is directly related to winter 

snow cover (W1llao and Gfll 1971). During light snow 1ccuaulation1 nutrition 

is 1d1qu1t• sinc1 aore r1ng1 is 1cc1ssiblt; however. during winters wit.II heavy 

snow 1ccuaul1tions the winter range becoaes aore restricted and d .. r nutrition 

becomes inadequate. Prolonged periods of ·deer conc1ntratfon on critical 

winter range where food is in1dequ1t1 will result fn heavy winter aort.ality. 

The concept of 111int1ining a stable carrying capacity of winter range for aule 

d11r in the high valleys of the central Rockies f s unrealistic. 

Winter range fs one of the aost f11por~nt coaponents of •ule deer habit.&t 

(Thoaas et al. 1976). Any adverse environmental impacts on winter range.,.. · 

usually magnified in deer herd populations. 
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Habitat Suitability Index (HSI) Model for the Mule Deer 

General Inf0Mll1tion 

Species Information 

Species: 

H1bit1t Use Pattern: 

St1tus: 

Cover Types: 

Ecoregion: 

Model Type: 

Mule Deer (Ococoileus hHionus) 

Multfcover type user 

Resident (seasonal aigrant) 

All 

M3113 

Uncalibrated Index Model for Winter Range 

Threshold Range Size. Information on the minimUII size of suitable 
habitat that must be present before an area will be occupied by I population 
of aul1 deer was not found in the littrature. 

Home Rang, Data. Winter home range size for ault deer has been 
estimated to have a radius ranging froa 0.4 to 1.2 lcJI. 

Habitat Composition. Habitat composition fnfor11ation for species 
which art multicover type users is most useful when presented ;n terms of 1;fe 
requisite needs. Optimal lift requisite composition may be deten11ined by 
consid1ring tht composition of the habitat in terms of cover types and by 
considering what life requisites are provided by each cover type. The following 
percentages were estimated based on the assumption that food should be available 
over a larger area than cover to provide optiul winter habitat. 

Life Requisite 

Food 

Water 

Covir 

Optimal Percentage Estimate 

&OS 

AssUIDld not to be liaiting· 
on wint.r range. 

40S 
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Evaluation Criteria ~ 
Winter Food Value. Browse often furnishes 7SS or aore of the aule 

d1er's winter diet. Forbs and grasses are supple111n!Al winter foods and their I 
availability will result in an increased food value for aule deer. 
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Variable 

I shrub crown cover< 1.5 • 
(5 ft) in height. (Uo not 
consider small conifers as 
shrubs.) 

I shrub crown cover of preferred 
shrubs< 1.5 • (S ft) in height. 
(Preferred shrubs include. but 
are not limited to, ante1ope 
bitterbrush. mountain aahogany, 
ceanothus, chokecherry, and 
serviceberry.) 

I herbaceous canopy cover. 
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Winter Food V1lue in 111 cover types is I function of Y1 , v2 , 
and V3 • V1 and V2 are interactive variables and C0111pens1tions 
exist between thea. The abundance of shrubs and the availability 
of preferred shrubs art the aost iaport&nt components of the 
food value for winter range and have been weighted accordingly. 
Thi suggested function is: 

f 3(V1 x Vzll/2 + Y3* 

*When evaluating food on winter range the average snow conditions 
for the 1r11 aust be taken into consideration. If the average 
depth of snow on the ground excttds 60.9 ca (24 in) for extended 
periods of time, the life requisft1 value for food should equal 
zero. If persistent snow cover ranges froa 30.4 c:a (lZ fn) to 
60.9 ca (24 in), the lift requisite value should be adjusted 
downward. In d1ter111ining winter snow conditions consider 
snowf a 11 records. s 1 ope, aspect. wind, and vegetative cover. 

Cover Valu1. Excellent winter habitat for aul1 detr has been char1c­
t1riz1d as be1ng comprised of approximately one-half shrub cover types and 
one-half timbered cover types. 

Variable 

I canopy cover of evergreen 
woody vegetation> 3.0 • 
(10 ft) in height7 
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Cover Value in 111 cover types is I function of Y4 and v,. V4 
and v, are interactive and compenutfons ufst between them. 
The life requisite value will be zero only ff both variables 
are equal to zero. The suggested function fs: 

ZV, + V5 
3 

····· ····· 
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HSI Determination for Multicover Type Users. The following fs an abbrev· 
fated step by step discussion of HSI determination for aulticover type species. 

Step 1 • Deteraine Suitability Indices for each variable based on field data. 

Step 2 • Compute Life Requisite Values for the indicated cover types using 
the suggested functions provided in the aodel. 

Step 3 -

St.ep 4 • 

Deten1ine if all . life requisites can be provided considering all 
caver types within the study area. If any life requisites are 
aissing, the HSI will ~u1l zero and no further evaluation ts 
necessary. 

Using the life requisite values C011puted in Step 2, the next step is 
to deteraine the spatial nlatfonship of cover types providing 
various life requisites. Lf fe requisite values uy need to be 
adjusted to varying degrees depending on the distances separating 
thN and how the di stances compare with the 1p1ci es af niaum and 
auiaua holle ranges. This step fs ac·complhhtd as follows: 

a) Detenaine the aean di stance (ae1sur1d froa randoaly selected 
points) froa each cover type aissing a life nqufsfte to the 
edge of the next nearest cover type,that prov;des the aissing 
life requfsite(s) . 
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Incorporate tM aean dht1nc:1 ae1sure11ents froa Step " into 
the x•axis of the home range-interspersion grai,h presented 
below. Detenaine where the mea~ dfstanc1 aeasure .. nt intercepts 
the graph and obtain the interspersion index by reading the 
corresponding value froa the y-axis. 
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Multiply the int1rspers;on index for each cover type detenafned 
in Step 4b by the life requisite values dettrained in Step 2. 
The products art the aodifjed life requisite values. 

Step 5 • Dettnaine the relative abundance (in percent) of cover types used by 
the species within the study area, as follows: 

Relative Area for Cover Type A= Area of Cover T~e A x 100 
fo~l Area of 11 Cover Types 
used by the Species 

Be certain that you consider only those cov1r types used by the 
species in detenaining rel1tfv1 area of cover types. 

Step 6 - Deteraine the percent lift requisite support provided by the available 
habf~t as follows: 

a) For each life requisite within each cover type. aultiply the 
aodiffed life requisite value(s) (Step 4c) by the rel1tive 1rea 
of t~at cover type (Step 5). The products equal the percent 
life raquisite support provided by e1ch cover type. 
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b) Sua the products froa Step 61 for e1ch life requisite. The I 
total equals the percent lift requisite support provided by the 
1v1illbl1 habitAt. 

I 
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Step 7 • For each lift requisite, divide the percent life requisite support 
(Step 6b) by the optiaal percent life requisite esti111te provided in 
the General Information section of the HSI Model (use the lower 
percentage where a range of perctnts are given as estillates for 
opti1111 life requisite percent). This yields the overall lffe 
requisite values for the entire study area. 

Step 8 • The Habitat Suitability Index (HSI) ts the lowest of the overall 
lift requisite values. 

Model Assum~tions and Lfaftations. It is assumed in thfs aodtl that the 
1v1ilabil;ty ofree water will not be liaiting o~ aule deer winter range. It 
fs also assumed that average annual snowfall data will be available for the 
area (or innediate geographic region) under evaluation and that the influence 
of snow conditions can be directly related to the value calculated for food. 
It ts assumed that the food value for the •ule deer can be 1stia1t1d without 1 
precise volume aeasurement or •ssessing vegetative productivity, by estiaating 
the 1pproxi~ate standing crop of vegetation. A further assumption is that t.he 
home range data can be used to assess spatial relationships of food to cover. 

The a1jor liaitation in this aodel fs that optimal life requisite coaposi· 
ti on va 1 ues and the interspersion graph are best est iutes derived frOII 
1 ittraturt nviews. The 1st iutes presented aay not be val id in every 
situation. 

I ~-



MODIFICATIONS MADE TO THE HSI MODELS FOR THE SKAGIT DAMS ORIGINAL IMPACTS HEP 

Pileated Woodpecker 
none 

Yellow Warbler 
none 

Ruffed Grouse 
o Winter food (Aspen) parameter was removed fro the model (not limiting 

in the Project Area) 
o Conifer penalty was dropped from the model; avian preditors are not 

limiting in the Project Area) 

Marten 
o Used successional stages that match the software 

Black-capped Chickadee 
none 

Mule Deer 
o All shrubs less than 2m not 1.5 were measured 
o Small conifers were included in shrub cover measures since they are a 

food source for deer on the Project Area. 
o Only palatable herbaceous cover was measured 
o The food HSls for slopes between 40 and 80 percent were mul tiplied by 

0.5 since these slopes receive less use by deer than do slopes of 0 
to 39 percent . Slopes greater than 80 percent were not considered 
deer habitat for food or cover. 

Red-tailed Hawk 
o Added a measurement of shrub canopy cover to the model for food 

habitat quality; graph was the same as that for tree canopy cover; SI 
value is multiplied in the model formula 

o Tree canopy closure in open canopy forests and the number of trees 
greater than 25cm dbh per ha was assumed to be 1.0 by the HEP team at 
the June 1987 meeting 

o interspersion distances were measured from a map. 
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Osprey 
o Converted to a multicover model by weighting the food and reproduction 

HSI by the appropriate cover type area 
o Interspersion was assigned an HSI of 1.0 by the HEP team at the 

November 1987 meeting 

Beaver 
o Used a weighted average to calculate values for the habitat parameters 

for the Oto 100m and 100 to 200m bands adjacent to riverine areas or 
surrounding wetlands 

o Only shrubs palatable for beaver were measured 

Dipper 
o Reproduction HSI= percent of area covered by vertical rock walls 
o Food HSI= (SI of bottom substrate)* (SI of stream gradient) 
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