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Your
ttle
City Light

Randall W. Hardy, Superintandent
Charles Royer, Mayor

-'March 27, 1987

Mr. Br1an Hauger
Washington Dept. of Wildlife
600 N. Capital Way

_ 01ymp1a, WA 98501

. e

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

Dear Br1an.

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.

Ple&se 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 gquestions, please call me (206} 625-3108, or
Jay Brueggeman (206) 451-4625,

Sincerely .

Ri.cha::d Rut-.z, Environfiental Analyst
Environmental Affairs Division

RR:gv

As a representative of WA .DEPT oF WILDLEE .» I accept the
decitions and assignments documented in the February 24, 1587 HEP team
meeting for the Skagit Original Impacts Study.

Dhusasda ¥ .

{Rame) , (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. RECEIVED
City Light 981 AR 30 P 11: 20

Randall W. Hardy, Superintendent

Charles Royer, Mayor H D C A

March 27, 1987

John Jarvis

North Cascades National Park Complex
2105 Highway 20

Sedro Woolley, WA 98284

SUBJECT: SEATTLE CITY 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
a5519nments 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
thia letter to Seattle City Light

8 .
If'you have any questions, please call me (206) 625-3108, or
Jay Brueggeman (206) 451-4625,

Sincerely,

Richard Rutz, Environmental Analyst
Environmental Affairs Division

RR:gv

As a representatwe of /]m-['& CQ:\QAQLA /}oﬂ( Qf‘k &ML& , I accept the

decitions and assignments' documented in the February 24, 1987 HEP team
meeting for the Skagit Original Impacts Study.

/Cg/-\m&(m—.% «Ou\wu 3-3\-8&7
(\—/) {Name) \~—) {Date)

“An Equal Emplbyment Opportunily = Affirmative Action Employer™
City of Seatlle - City Light Department, City Light Building, 1015 Third Avenue, Sealtle, Washington 98104 (206) 625-3000




Your
Seattle
City Light

Fiandall W. Hardy, Superintendent
Charles Royer, Mayor

- ‘March 27, 1987

Bstyn 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/SEKAGIT 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
asaignments made by the HEP team.

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.

Sincerely,

M/f/

Richard Rutz, Environ ntal Analyst
Environmental Affairs Division

RR:gv

-

As a representative of US H‘si'\ ancLW{M Ce. .Slcrv!cﬁ_..:, I accept the
decitions and asgignments documented in the February 24, 1987 HEP team
meeting for the Skagit Original Impacts Study.

ke Ronfead. 4.27-97

( (Name) (Date)

-

“An Equal Employment Opponunity - Affirmative Action Employer”
City of Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seatlle, Washington 98104 (206) 625-3000

I Please review these notes and acknowledge your acceptance of the



Kﬁj} SCL SKAGIT DAMS QRIGINAL 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; N3C
Jon Jarvis; NPS
Estyn Mead; USFWS

Brian Hauger; WDG
Jay Brueggeman, Dave Every, and Co]]een McShane; Envirosphere

[. 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.

b. 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 representativ= areas outside the _.oject

Faundary.

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.




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. 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.

2. 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.

3. 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 choos1ng sampling locations as
necessary.

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

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

4. 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.

Diablo and Gorge Reservoirs

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

Reservoirs.

2. 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 reservoirs.

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.



Areas such as Thunder Arm and Buster Brown Flats may
contain areas that are good representat1ves of pre-project
conditions and certain cover types in these areas w111 be
marked on aerial photos as necessary.

3. Brian Hauger of WDG requested thz* 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.

II. Habitat Classification

A. Background

1. The cover type classification system chosen for the Skagit
should be compatibie 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 Region

{USFAS 1980).

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.

A mzirix of all the classification systems used to date on the

lgéfSkagit was presented.

B. Habitat Classification and Mapping

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

Conifer Forest
01d Growth
Closed Canopy (Separate lodgepole pine if possible)
Open Canopy (Separate lodgepole pine if possible)
Regeneration

Broadleaf Forest

Mixed Forest

Regeneration Broadleaf/Mixed

Riparian

01d 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
Forb/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

'Non-Vegetated Areas

T Talus
e Exposed Rock
Agricultural
Crops
Pasture

Developed/Recreational
Residential - Cabins, Resorts
Low Density
High Density
Commercial/Services
Industrial
Transportation/Utilities
Highway/Road R.0.W.
Powerline R.O.W.

Extractive
Park/Campground



The definition of 01d Growth Conifer will conform to the
description provided by Franklin and Dyrness (1973) in Natura)

Vegetation of Oreqon and Washington. Wetland types will follow
Cowardin, et al. 51979) and other types will follow USFWS 1980

or Anderson, et al. (1976).

" A1l riparian areas will be mapped in the same colors as the

upland types, but will be distinguished by cross-hatching,
etc.

The minimum mapping unit w{11 be different for Ross than for
Gorge and Diablo 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 1 acre whenever
possible.

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

C. Plant Communities of Special Significance

1.

2-'.

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

It will not be possible to quantify unique plants on the map;

% they will be qualitatively discussed in the narrative of the

EA

=" final report.

1I11. 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 -

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

1936.

It will be necessary to locate zerial photos for the 1950s or
1960s for succession estimates (succession is determined by
following 2 given polygon over time using a series of aerial
photographs).

Target years will be different for each reservoir; the following

baseline target years were agreed on:
a. ~Ross Tfo = 1936

b. Diablo TYO = 1926

c.' Gorge TYO = 1918
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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 Jarvis will check on the primitive area status of the
upper Skagit prior to the establishment of North Cascades
National Park.

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

4. Christine Psyk will check on any developments, such as
campgrounds (and dates) associated with the reservoirs.

Next HEP Team Meeting

The next HEP Team meeting is scheduled for Wednesday, April 1, 1987 at
9:00 a.m, The meeting will be held at Envirosphere's office. The
primary purpose of this mesting will be to chcose 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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eattie
CityLight

Randall W. Hardy, Superintendent
Charles Royer, Mayor

April 13, 1987

Mr. Brian Hauger

Washington Dept. of Wildlife -
600 N. Capital Way

01ympia, WA = 98501

Dear Brian:

Enclosed is a copy of the April }, 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
deslignated place below and returning this letter to Envirosphere
Company, 10900 N.E.. Bth Street. Bellevue, WA 98004-4405,

Also ‘enclcied- dre four additional species models (red-tailed hawk,
. marten, - blar.k-cappe:d chickadee, and dipper) to complement those
already distribited.

If you have any guestions, please call me or Jay Brueggeman.

Sincerely,

L

Rick Rutz
Project Manager

RR:mbm

Enclosures: as noted

As a Tepresentative of Mﬂ,&gm oE- WILDME: , I accept

" the declsions and assignments documented in this letter for the
Skagit Dams Original Impacts Study

“An Equal Employment Opponumty - Affirmative Action Employer”
City of Seattle - City Light Depariment, City Light Building, 1015 Third Avenue, Sealtle, Washington 98104 (206) 625-3000
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Fle.mdall W. Hardy, Superintendent

Charles Raoyer, Mayor H O C A

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.

If you have any questions, please call me or Jay Brueggeman.

Sincerely,

~

Rick Rutz
Project Manager

RR:mbm

Enclosures: as noted

As a representative of (:;. , L accept
the decisions and assignments documented in this letter for the
Skagit Dams Original Impdcts Study

&mﬁ&@%\imm B e

(Name ) ' \ " (Date)

oo

-

“An Equal Employment Opportunity - Affirmative Action Employer”
City of Seatile - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206} 625-3000
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Your
Seattle
City Light

F.Tandall W. Hardy, Superintendent
Charles Royer, Mayor

April 13, 1987

Estyn R. Mead

Division of Ecological Services

U. 8. Fish and Wildlife Service
2625 Parkmont Lane $.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
tean 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,

i
4 * . 4

Also enclosed are’ four addltional species models (red-tailed hawk,
marten,- black—capped chickadee, and dipper) to complement those
already distributed:t

If you have any questioﬁ?,'please call me or Jay Brueggeman.

Sincerely,

N

Rick Rutz
Project Manager

RR :mbm

Enclosures: as noted

As a representative of us Fishané\ﬂ{‘d\ﬂp& S'ewxce_,- , 1 accept
the decisions and assignments documented in this letter for the
Skagit Damz Original Impacts Study

i RoMcad Y-a7-27

s

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

I. Habitat Mapping Progress

;3, Photo Interpretation Key
e

0 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

B. Cover-Type Mapping

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

o 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

5705a
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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.

The tributaries into Ross, Gorge, and Diablo reservoirs
are toc 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.

For the photo interpretation process it is important to
define when a shrub becomes a tree. Dave Every will be
responsible for making this determination from the

1iterature and incorporating it into the cover mapping.

Riparian habitats, particularly in the Ross area, are
not easily identified on many of the pre-project
pnotographs. 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 hydrograpns 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
habjtat is easily 1dentified by topographic breaks or
distinct vegetation changes.
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In the Diablo 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

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. '

Species Selection

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 1 and described as follows:

0 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.

Lacustrine

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 yellow warbler 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 represent 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



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

0 Mixed Conifer Forest
The species chosen to represent the 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.
0 Broadleaf Forest

Broadleaf forest has relatively low value as wildlife
habitat and covers a smali 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.

| 0 Shrub Dominated

Deer were chosen to represent shrub dominated
habitats. Deer aﬁso répfésent 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 Borge and Diablo reservoirs.

5705a



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.

II11. 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.

5705a
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SHAGIT DAMS ORIGINAL IMPACTS HEP STUDY-~-PRELIMINRRY SPECIEG LIST AND HABITRTS

HWABLTAT TYPE
LIFE MODEL CONIFEROUS BROADLEAF MINED  REGENERATION SHRUB  HERBACEODUS NON-
SPECIES COMON NE FORM  STATUS*  FOREST FOREST FOREST  BROADLEAF/MIXED DOMIMATED DOMINATED  VEGETATED PALUSTRINE RIPARIAN- RIVERINE LACUSTRAINE
Cinclus wexicams fwerican Dipper 3 1 X ]
Bonzas umbellus Ruffed Grouse 5 k] % % %
Odocoi leus hesfonus hemiorus  Muls Desr 3 2 X H x X
Odotoilevs hemionys colusbianas Black-tallad Desr - 1 n ] X
Derdroica petechia Yellow Harbler _ 8 3 at £
Pandion haljastus Osprey 12 ? 'l % »
Batro Jamaicemsis Red-tafled Hak 12 2 x ] ] x x
bryocopus pllmatue Pileated Noodpecher 13 3 ] ]
Mergus merganser Comson Mergarser 14 1 % L]
Parus atricapillus Black-capped Chickades 14 3 x E ] X ' ' A
Martes asericana Marten 14 3 " 1
Castor canadensia Beaver 16 3 x x ]

“Mode] Statusi I=preliminary !
2:USFUS draft
J=USFUS final

* shrub swasp only
44 palustrive forest only
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Z2.a.

2.b.

ATTACHMENT A

PHOTOINTERPRETATION KEY FOR
COVER TYPES
SKAGIT DAMS PROJECT

- - - - L] - - L] L - - L] - - L] L - - - - - - L] - - - L ] L4 - - - - - »

Lands where human use or activity is the dominant characteristic. .
3.a. Reservoir drawdown area . . . ¢« « = ¢ v o« « + s o« = =« o o &

3.b. Disturbed lands nearly barren of vegetative cover

(c3on). . ...
4.a. Industrial sites (dam, powerhouse, mine, etc.). . . .
4.b. Commercial. .. .. ... e s e e e o v e e e
4.c. High density residential. . . . . . . . ¢« « + « . & .
4.d. Intensive-use recreational sites. . . . . . . . . . .
4.e. Roads, parkinglots . . . . . ... .. .. .. . oo

3.c. Developed lands with vegetative cover (>30%). c e s e e e

Agricultural cropland or pastureland. . . . . . . . .

i%;s.b. ‘Low density residential . . . . . . + « ¢ v - ¢« ¢ - .
i;s.c. Forest campground . . . . . . . . e v o s 8 = o s =

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

Lands with a "natural® character. .. ., . .. .. ¢ s e e e e e

6.a. Non-vegetated {cover <30% herb., 20% shrub, or 10% forest)l/

7.a. Exposed bedrock Exposed Rock. . .

7.b.  Rockpile on a slope Talus. . .

7.c. Gravel or sand bars {a riverine type) Gravel Bar . .
6.b. Vegetated lands {cover2 30% herb., 20% shrub, or 10% forest)

8.a. Uplands (without wetland or riparian
characteristics) . . ¢ ¢ & ¢t 4 ¢ 4 ¢ 4 b b s e 2 ..

9.a. Forested (210% tree cover)¥. . . . . . ...

10.a. Conifers comprise 270% of forest
cove - - ' - - - - L] - L ] L ] - L] - L ] - -

2
3
(RD)

(D1) or 4
(1)
(Cs)
(RH)
(RI)
(RP)
5
(AG)
(RL)

(CA)
(ROW)
6
7
(ER)
(T)
(Gr)

10

11
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9.b.

COVER TYPES (CONTINUED)
SKAGIT DAMS PROJECT

1i.a. Large trees, broken tops, canopy openings
0ld Growth Conifer . . . . . . .

11.b. Mature trees, continuous canopy (=250% c1osure)y

c

losed Canopy Conifer . . .

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

0

pen Canopy Conifer . . .

11.d. Young trees, sapling to pole
R

stage
egeneration Conifer . . .

10.b. Forest cover <70% conifer . . . . .

12.a. Young trees, sapling to pole
trees) Reg

stage (< 10% mature
eneration Broadiead/Mixed

12.b. At least 10% of the trees ma

13.a. Tree cover 270% broad

n 13.b. Tree cover<70% broad

Shrubf@f herbaceous dominated (< 10% tree
14.a. Herbaceous vegetation (¢ 20% shrub

15.a. Grasses and grass-like plant

15.b. Forbs or ferns dominant
14.b. Shrubs dominant {2 20% shrub cover)
16.a. Restricted to avalanche chut

16.b. Occurring elsewhere

ture &« & &+ 4 ¢« 4 4 e e e

1eafl/
Broadleaf forest . . .

leaf Mixed forest . .
cover) . . . . . . . . . .
cover)il ....... . .

s dominant
Grassland/meadow . . . .

Forb/Fern . . . . . .

- « = = a = 2 a & w @»

es Avalanche Tracks

Shrublands

Riparian or wetland areas, vegetaiion showing the influence of the water
or stream . . . . ¢ ¢ ¢ & ¢ ¢ s o o = = e s u .

17.a.

-wetlands Z

Lands with saturated soils, with standing water at least part of

the growifg season, supporting hydrophytic

L] * & =& & » » » & ¢ s » - - -

18.a. Herbaceous vegetation dominant . .

19.a. Emergent plants domfnate,'1i
photo image grey or green (P

-2-

plants (Palustrine

L - * - - - L] - - L] L] - -

- & & a *® & ®» = = & @& B @

ttle or no Sphagnum,
alustrine Emergent)
Wet Meadow/Marsh . . . . .

(B)
(M)
14

15

(He)
(HF)
16
(SA)
(s)

17

18
19

(PM)



COVER TYPES (CONTINUED)
SKAGIT DAMS PROJECT

19.b. Sphagnum characteristic, often with low shrubs
and sedges, photo image white or yeliow
(Palustrine moss) Bog ... . (PB)
18.b. Trees or shrubs dominamnt . . . . . . . . e e e e e e e s . 20

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

20.b. Trees dominant (Palustrine Forest, 2 10% tree cover) 21

21.a. Tree cover 270% conifer Conifer Swamp . . . (PFC)

21.b. Tree cover 270% broadleaf Broadleaf Swamp. . (PF3)

21.c. Tree cover 30-70% conifer Mixed Swamp . . (PFM)

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

™ s |
C-d"i Water (+ permanent) . . . . ... e e e e e ae e e s e e e e e e 22
22.a. Laker,ﬁfeservoir, orpond . . . . < . . e s e “ s n e e .. 23
23.a. Large impoundment {Lacustrine) Reservoir . . . . {RES)

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

23.¢. Small, shallow natural waterbody ( <20 acres and <2 meters

deep) (Palustrine) Pond . . (PP)
22.b. Stream (Riverine) . . . . .. e e e e e et e e e e e e e e e, 28
24.a. Tributary of the Skagit River Tributary (T)

24.b. Main Skagit River . . ¢« ¢ ¢ ¢ v v v v o o o o a o s s c e o+ 25
25.a. Stream gradient<1% Riverine . . . . . . . s+ ¢ . . '(Rl)
25.b. Stream gradient 1-3% Riverine . . . .. .+ ... .. (R,)
26.c. Stream gradient 3-6% Riverine . . . ... .. ... . (Rg)
25.4. Stream gradient 6-12% Riverine. . . . « . . « + . . o (Ry)

25.e. Stream gradient >12% Riverine . . .......... (Rg)

-3-
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HSI MODELS:

Red-Tailed Hawk
Marten
Black-Capped Chickadee
Dipper
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Seattle

Your
City Light

Fi'andall W. Hardy, Superintendent
Charles Royer, Mayor

May 12, 1987

Brian Hauger

Washington Department of Wildlife fﬂqy 14

600 N. Capital Way MS GJ-11 1987
Olympla, WA 98504

Dear Mr. Hauger:

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 declsions and assignments by signing in the
designated place below and returning this letter to Eavircsphere
Company, 10900 N.E, 8th St., Bellevue, WA 98004-4405, Please note
that the next meeting has been shifted to Monday, June 1.

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

Si&éerely,
ALl

Richard Rutz
Project Manager

RR:1lsh
Enclosure
As a representative of \WAsuUnl4Tod Zepl. oF dime , I accept

the decisions and assignments documented in this letter for the
Skagit Dams Original Impacts Study.

: g MAY 15.[987 '
Name Date RECEIVED
MAY 27 1987
ENVIROSPHERE
SEATTLE, B

“An Equal Empioy'mem Opportunily - Affirmative Action Emptoyer”

City of Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 [206) 825-3000

T i T e s e



Your
Seattle RECEIVED

City Light DEC ¢ 1987

JPandail W. Hardy, Superintandent ENVIROSPHERE COMPF MY
Charles Royer, Mayor SEATTIF

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 don:

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 assigoments made by the HEP
Team during the meeting. Please review the notes and acknowledge
your acceptance of the decisions and assigements by signing in the
designated place below and returning this letter to Eavirosphere
Company, 10900 N.E. 8th St., Bellevue, WA 98004-4405. Please note
that the next meeting has been shifted to Monday, June 1.

I:E”ﬁrnu have any questions, please call me (625-3108) or Jay
-Brueggeman (451-4625).
v I

Siﬁcerely . . )

Richard Rutz’
Project Manager

. RR:1sh

Enclosure

As a representative of ﬂ?éc, ., I accept
the decisions and assi nts documented in this letter for the

Skagit Dams Original Impacts Study,

(2-7T-%7

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

jm e *B S on o e
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Your
Seattle
City Light

fandall W. Hardy, Supsrintendent
Charles Royer, Mayor

.'\.'I.

L

] May 12, 1987
; RECEIVED
" | FEB 04 1987
- Estyn R. Mead ENVIRCIPHERE COMPANY
U.5. Fish and Wildlife Service ' '
[‘ Division of Ecological Services
; 2625 Parkmont Lane S.W. Bldg. B-3

Olympia, WA 98502 i

:i“ k]

Dear Mr. Mead:

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, Jume 1.

.e‘.... | %

PRI

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

Sincére}.y s

Richard Rutz &

Project Manager

e

RR:1ish

Enclosure

As a representative of us ﬁ'shanclw;u\(rc_ SCW[Cﬂ;- I accept
the decisions and assignments documented in this letter for the
Skagit Dams Original Impacts Study.

&%M_zﬁ Weadd f/-j/f’?

S
]

Date

=
B

.

“An Equal Employment Qpponiunity - Affirmative Action Employer”
City of Seattle — City Light Department, City Light Building, 1015 Third Avenue, Seatlle, Washington 98104 (206) 625-3000

- "



-t

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
1ist 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: Rick Rutz, SCL

Jonathan Jarvis, NP5

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:

¢ 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.

I1. SELECTION OF EVALUATION SPECIES

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

A. Common Merganser

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

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

6004a



B. Osprey

0 The HEP team agreed to retain the osprey as an evaluation
species to represent riverine and lacustrine habitat.

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

0 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

o 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.

s @

0 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.

II1. 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.

6004a



A. Marten

One of the parameters in the marten model is the percent 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. ﬁéaver

The HEP Team agreed that percent of water 1ily coverage was not an

appropriate parameter for the 1acystrine habitat in the project

drea, so it will not be measured.
D. Deer

0 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.

0 The HEP team agreed to change the shrub height parameter in
the mule deer modet to match the 2 m value used in the
black-tailed deer model.
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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 1icense.

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
following elements:

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

The polygons to be sampled will be selected randomly.

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
wildiife habitat.

B. Field Sampling Planning

6004a

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

SCL will provide food, 1odging, and boat transportation for

~all field team members.



0 Preliminary personnel commitments for field studies:

e

WDG - Art Stendall, 10 days; possibly a few other WDG
personnel will participation.

NPS - Jonathon Jarvis, 3 days most 11kely from June

23 to 25; possibly 1 or 2 seasonal staff will
participate for a few days during June 22 to 26.

USFWS - Estyn Mead, 5 days

SCL - Rich Rutz, 10 days; 1 or 2 SCL staff will
participate for a few days.

NSC - Joe and Margaret Miller, 3 days each, frbm June
24 to 26; Patrick Goldsworthy will possibly

participate during the week of June 22.

Envirosphere - Two peaple for 10 days each.

".\ P

S s et
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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: 1) review the cover type edit plots, 2) finalize the field
sampling design and data collection sheets, and 3) finalize commitments
for the sampling program.

N
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TABRLE |

SHAGTT DAMS ORTGINAL INPACTS HEP STLRY---FIML SPECIES LIST LIFE REQUITSITES

SPECIER

Cinclus senicanus
Porsas wbellus

fmerican Dipper
Ruffed Growse

Odocol lews hesiorus hesiomes  Mule Deer
Odocod Jess hauionws colwsblanus Black-tailed Dear

Berairoica petechia
Pardion hallaetus
Patev jamaicemsis
Dryocopus pilsates
Parus atricapillus
Yartes smericand

Yellow Barbler

Ospray

Rad-tailed Hak
Plisated Woodpecker
Black-capped Chickadee
Marten

Castor canadensis Beaver

Mergus werganser” Common Mev-ganser ™
Oecover Weninter food
WC=winter cover Rereproduction
Uswater WSswinter stress
F=food

4 Shrub swamp only

# Falustring forest only

LIFE  DOMIFEROUS BROADLEAF  MIXER  REGENERATION

3
3
3
3
[
I2
12
13
14
L]
15

HOITAT TR

‘
i

SR8 HERBACEDK RON-

FOREST FOREST FOREST BADROLEAF/XITED DOMINATED  DOMIMATED VEGETATED PALUSTRIME RIPARIAN RIVERINE LACUSTRINE

C
W
c,F,u8

(]
(XN ]
F,R
w

Mygcondary specita®—-will be wsed only if an HST wodel can be developed

-

LW CWF X
"X W C, W
F,l8  CFM8 X7 F M8
]
LFR  CF.R
X F, FR
w

C,WF
W C,W
F s F,M3
Re [ ]
[ §
F F 1
C,F.R
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TASLE 2

SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species Parameters to be Sampled Method Habitats
Dipper stream gradient topographic maps riverine
bottom substrate site inspection riverine

Ruffed Grouse

abundance of vertical rock walls, waterfalls,
bridges

average radius of circles encompassing
20 mature male aspenl
density of deciduous shrub stems

density of deciduous trees

density of coniferous trees

average lowest branch height above ground

1/ Pending expert review.

5706a

site inspection,
aerial photos

tape measure or
optical range
finder

quadrat count

quadrat count

quadrat count

transect,
graduated rod

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, broadieaf,
regenerative/broadleaf

-mixed, riparian

conifer, mixed, broadleaf,

regenerative/broadleaf
mixed, riparian

conifer, mixed, broadleaf,
regenerative/broadleaf
mixed, riparian
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TABLE Z - continued)

SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species Parameters to be Sampled Me thod Habitats
Ruffed Grouse average height of woody stems | transect, conifer, mixed, broadleaf,
{continued) graduated rod, regenerative/broadleaf
trigonometric mixed, riparian
hypsometry
Mule Deer percent canopy cover of evergreen woody 1ine intercept, conifer, mixed, broadleaf

vegetation >3.0 m in height

percent shrub crown cover <2.0 m in height

percent shrub crown cover of preferred shrubs

<2.0 m in height

percent herbaceous canopy cover

topographic diversity

Black-tailed
deer

5706a

percent palatable herbaceous canopy cover

graduated rod

Tine intercept,
graduated rod

1ine intercept,
graduated rod

l1ine intercept,
plot frame

topographic map

line intercept

shrub dominated, riparian,
regeneration/broadleaf mixed

conifer, mixed, broadieaf

shrub dominated, riparian,
regeneration/broadleaf mixed

conifer, mixed, broadleaf
shrub dominated, riparian,
regeneration/broadleaf mixed

conifer, mixed, broadleaf

shrub dominated, agri-
culture, riparian, her-
baceous dominated, regenera-
tive broadieaf/mixed

entire study area

conifer, mixed, broadieaf,
regenerative broadleaf/

mixed, shrub dominated,
herbaceous dominated,
riparian
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SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species Parameters to be Sampled : Method Habitats
Black-tailed percent shrub canopy <2 m in height ' l1ine intercept conifer, mixed, broadleaf,
Deer (continued) regenerative broadleaf/

mixed, shrub dominated,
herbaceous dominated,
riparian

percent palatable shrub canopy <2 m in height 1ine intercept conifer, mixed, broadleaf,
: regenerative broadleaf/

mixed, shrub dominated,
herbaceous dominated,

riparian
percent less palatable shrub canopy 1ine intercept conifer, mixed, broadleaf,
<2 m in height ‘ regenerative broadleaf/

mixed, shrub dominated,
herbaceous dominated,
riparian

average distance from forage area to cover aerial photos broadleaf, regenerative

. broadleaf/mixed, herbaceous
dominated, shrub dominated,

riparian
average distance from cover to aerial photos conifer, mixed, riparian
forage area :
road density per square mile aerial photos conifer, mixed, broadleaf,

regenerative broadleaf/
mixed, shrub dominated,
herbaceous dominated,
riparian
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TABLE 2 (Continued)
SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species Parameters to be Sampled Method Habitats .

Black-tailed
Deer {continued)

calculated conifer, mixed, broadleaf,
regenerative broadleaf/
mixed, shrub dominated,

herbaceous dominated,

winter stress cover-forage equivalent value

riparian

Yellow Warbler percent deciduous shrub canopy line intercept riparian, palustrine

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

percent of deciduous shrub canopy comprised line intercept ripérian. palustrine
of hydrophytic shrubs

Osprey Water clarityl/ Secchi disc riverine, lacustrine
Availability of perch sites per mile of site inspection/ riverine, lacustrine
shore]lye (within 200 ft of water or in count
water)d.
Availability of pilot trees immediately site inspection/ riverine, lacustrine
surrounding nest sites and within suitable count
nesting habi tatl/
Nest tree (»>75 ft tall, 40 inch dbh, ponderosa site fnspection/ riverine, lacustrine

pine, douglas fir, sugar pine) availability
(number per 100 acres)l

1/ Pending expert review.

5706a
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TABLE z-...ontinued)

SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species

Parameters to be Sampled

Method

Habitats

Red-tailed Hawk

Pileated
Woodpecker

percent herbaceous canopy coverl/

percent herhaceo,s canopy cover
8 to 46 cm talil

number of trees >25 cm dbh per 0.4 hal/

percent tree canopy closurel/

number of trees >50 cm dbh per 0.4 hal/

percent area in optimum foodl/
percent area in optimum reproductionl/

distance between cover typesl/
percent tree canopy closure
number of trees »>51 c¢m dbh/0.4 ha

number of tree stumps >0.3 m in height
and >18 cm diameter and/or logs >18 cm
diameter/0.4 ha

1/ Pending expert review.

5706a

transect, plot
frame

transect, plot

frame, meter stick

quadrat count,
dbh tape

1ine intercept

ﬂuadrat count,
bh tape

aerjal photos
aerjal photos

aerial photos

Vine intercept

quadrat, dbh tape

quadrat, dbh tape

herbaceous dominated, non-
vegetated

herbaceous dominated, non-
vegetated

herbaceous dominated, non-
vegetated

conifer, mixed, ripartan

conifer, mixed, riparian

entire study area

entire study area

entire study area

conifer, mixed, broadleaf,
riparian

conifer, mixed, broadleaf,
riparian

conifer, mixed, broadleaf,
riparian



TABLE 2 ..ontinued)

SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species

Parameters to be Sampled

Method

Habitats

Pileated
Woodpecker (cont.)

Black-capped
Chickadee

Magten

e LA
R R AT
P

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 fir or sprucel

successional stage of stand

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

1/ Pending expert review,

5706a

quadrat, dbh tape

quadrat, dbh tape
t1ine intercept

graduated rod,
trigonometric
hypsometry

quadrat count

1ine intercept

line intercept
visual examination

line intercept

conifer, mixed, broadleaf,
riparian

conffer, mixed, broadleaf,
riparian

conifer, mixed conifer,

broadleaf, regeneration
broadleaf/mixed, riparian

conifer, mixed conifer,
broadleaf, regeneration
broadleaf/mixed, riparian

conifer, mixed conifer,
broadieaf, regeneration
broadleaf/mixed, riparian

'conifer. mixed

conifer, mixed
conifer, mixed

conifer, mixed
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SPECIES PARAMETERS AND SAMPLING METHODS FOR THE SKAGIT DAMS ORIGINAL IMPACTS

Species

Parameters to be Sampled

tethod

Habitats

Beaver

percent tree canopy closure

percent of trees 2.5 to 15.2 cm dbh

percent shrub crown cover

average height of shrub canopy

species composition of woody vegetation

percent of lacustrine surface dominated by
yellow and/or white water 1ily

peﬁﬁent stream gradient
average annual water fluctuation

shoreline development

tine intercept

quadrat count,
dbh tape

1ine intercept

transect,
graduated rod

1ine intercept

aerial photos or
line intercept,
plot frame

topographic maps
Tocal data

topographic map,
map wheel

riparian, palustrine

riparian, palustrine

riparian, palustrine

riparian, palustrine

riparian, palustrine

pond

riverine
riverine, lacustrine

lacustrine

§706a
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Randail W. Hardy, Superintendant
Charles Royer, Mayor

August 13, 1987

i _
Mr. Brian Hauger ! ' ;
Washington Dept..of Wildlife = . '
600 N. Capital Way

. Olympla, HA 98501

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

Dear 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 helow and returning this letter to

mimsphere Company . l
If you have any questions, please call me at {206) 625-3108, or ‘

Jay Brueggeman at (206) 451-4625. l

sincerely,

ichard Rutz, Environmentzl Analyse
Environmental Affairs Division

RR: gv

Enclosures

AS a representative of WA—S# BEPT dtfwawl.ape- . I accept the
decisions documented in\#his letter for the Skagit Dams Original

{Daee]

-

“An Equal Employment Opportunity - Alfimative Acnon Employer”
City of Seattle - - City Light Department, City Light Building, 1015 Third Avenue, Sealtle, Washington 98104 (206) 625-3000



Seattle

Your
City Light

Randall W. Hardy, Superintendent
Charles Royer, Mayor

F?E:C:E;’\/EE[D
August 13, 1987 | AUG P 5 7987}

ENViRog,
ﬁmﬁnpm

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 HEF 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. FPlease
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 me at (206) 625-3108, or
Jay Brueggeman at (206) 451-4625.

Sincerely,

ichard Rutz, Environmenéigfgnalyst
Environmental Affajirs Division

RR: gv

Enclosures

As a representative of (\c&cﬂ&ﬁc\.ﬁbﬂo& ¢« I accept the

decisions documented infhis letter for the Skagit Dams Original
Impacts Study.

?qr({)./\\;\b\ : g-2-87 - e
(Rame)) |

(Date)

4

“An Er;ual Employment Oppaortunity — Affirmative Action Empioyer”

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



Your
Seattle
City Light

Randall W. Hardy, Superintendent
Charles Royer, Mayor

August 13, 1987

Estyn R. Mead

Division of Ecological Services
U.8. Pish & Wildlife Service
2625 Parkmont Lane SW, Bldg. B-3
Olympia, WA 98502

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

Dear Bstyn:

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“fou have any questions, please call me at (206) 625-3108, or
Jay Brueggeman at {206) 451-4625. '

Richard Rutz, Envir
Environmental Affairs Division

RR: gV

Enclosures

As a representative of u.S H‘s‘r\ amJ \U-‘\A\ire. Sew\r.b ¢+ I accept the
decisions documented in this letter for the Skagit Dams Original
Impacts Study.

o R / /29 [ee

IName) “(Date)

- -

“An Equal Employment Opportunity - Affirmative Aclio'n Emplayer”
City of Seatile - City Light Depaniment, City Light Building, 1015 Third Avenue, Seallie, Washington 981 04 (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

L
Far .
oA
i

I. lédver-Type Mapping

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

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

6751a



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 summarized information on
the number of polygons, the average polygon size, the acreage
lost, and the percent of the total acreage covered by i 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 hadbitat units (HUs) for the analysis. A few
modifications will be required to the database to correct
small discrepancies between pre- and post-project acreage
totals for the Ross and Diablo areas.

-11. Field Sampling Program

‘A. Cover Types

The cover types to be characterized at each reservoir are listed in
Tabigé 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 from the field sampling program and to assigh
HSI values for the species that use them. These habitat include the
following:

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

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

6751a



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 HS! for
the red-tailed to these areas at a later meeting.

0 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,

0 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.

o  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.

o o

] 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

tyres and reservoirs as agreed on by the HEP team 1is summarized as
follows:

6751a
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o The objective of the field sampling program is to characterize
habitat quality in the project area for each evaluation
species,

0 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.

o 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.

0 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 Tower end of the Canadian Skagit.
Off-project sampling for Diablo will concentrate in Thunder
Arm. Off-project sampling for Gorge will occur downstream of
Gorge Dam.

0 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 varfability of parameter values within a
polygon. Two additional sites will be sampled indifferent

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

0 A1l 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.

v The sampling plan at each reservoir is presented in 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.

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

!II.?iField Sampling Procedures

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

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

. 1ake (lacustrine). The procedure presented in the model for

6751a .
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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.

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

Data Sheets

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.

V. Sampling Methods
:Iﬁe methods approved by the HEP team for sampling each parameter
ﬁre Tisted in Attachment C. These 1ists will be printed on the
reverse side of the appropriate data sheet for easy reference in
the field. )
Y1. Species Models
HEP ieam agreed to the following modifications and clarifications
of the species models.
A. Red-tailed Hawk
0 One of the parameters for the red-tailed hawk is the number of
trees greater than 50 c¢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. B
6751a .
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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 in the open canopy conifer
habitat on the project area and that it 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

Lt
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C. Ruffed Grouse

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 Diable or in other areas where {t is

apparent that water clarity is less than one meter,

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 parametéF for the ruffed grouse does not
need to be measured.
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D. Marten

E. Deer

Based on data presented in several research papers, lodgepole
pine and riparian conifer areas apparently provide-habitat for
the marten. Lodgepole and Eiparian 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, eguisetum, fern, skunk cabbage, ginger,
twisted stalk, bedstraw, twinflower.

F. Common Merganser

6751a

Envirosphere reviewed the materfial 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 ;s an
evaluation species.
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H. Black-capped Chickadee

VII.

0

6751a

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 or 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.

Schedule and Next HEP Team Meeting

The field program was scheduled for June 15 to 1% and June 22
to 26.

The next HEP team meeting will be scheduled at a later date.
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TABLE 2 - Net Change in Area by Community Type for Ross
ACRERSES--BXABIT DANS DKIGINAL (PALTS

ROS5 WAL
Pre-praject Nith-project
- Kelative
Coseunity Type Percemt of  Average Percont of  Average Lost  Gaised  Percent Percent

§ Polygons Acreage  Tolal  Pelvgon iill lhluul hcrasge  Towal  Polygon Site  Acreage  Mereage  Loss Loss

olé growth cooifer i 130044 1005 W9 ? .3 1.0 .8 110834 0.00 -BbO7 IDIIT
tlosed vatwre conifer 58 3105, .41 3B 11 121419 B3 2.3 1891, 74 .00  -60.91 15,001
osen aature comifer LY 416.02 LY L H 114,02 [N} 3.4 . 6.0 -3 A8
closed canoyy Tndgepole pian 13 m.n .0 1.8 1} 1oh.72 L (Y 177,60 o080 -82.4 LI
open canopy 1adgepole pine S "ue 042 1108 L] 11.40 0.08 .7 73.50 008 -RbAT OGN
regeaerative tonlier b1 1313.42 .31 .8 3 192.21 LW 128 1121. 4t A 853 w1
regenerative Jodgepole 1] 1.0 LT L1 ¢.00 0.00 161,07 oo -100.00 LI
regenvrative brosdizal /nied 1 3.5 0.0 3.3% 5 2.5 0. 165 Lo T 0.00 0,001
W oadlvaf 2 1.32 .02 1.6 ] .Y 0.32 1.8 000 .17 .00 0.001
nined ronifer oroadinaé 0.50 8,00 1} .43 o0 £.0% .00 §5.63 C.00  0.001
qrassland/sesdom 2 L8} () L4 3 8.3 0.04 N 6.3 0.00 -1l 0.1
sgricultore [} 544 o7 LA () 0.00 0.00 .4 .00 -100.00  0.081
avilanche shrub l 2.4 0.14 . i 1 4.02 L1e 2.0 0.8 231 LI
shrubland 1t k[ 3 L& .20 ] 3.0 0.04 5.09 958,67 .00 WM. 0N
rock talus 1t 8.0 0.H .88 ] 14,43 [ 8] .4 3% b - LIt
espoand rock ? .08 [} .n -’ .27 0.13 3.04 0.00 1.1¢ 0.0 0.00%
wat seadowinarsh 1 1.03 0,05 1.9 0.0 .00 1.0 6,00 ~100.00 0.0BL
oy Fd .3 008 L1 0.00 1.00 [ 1] 2,00 -100.00 00N
shruh swamp ] w.n 2.8 12,9 1 2.10 0,02 .19 382,45 0.0 -59.435 L5
conilfer swanp 1 wn LN | 3.4 [ K. ) 0. n.n 0.0 -j00.00 0,331
brovdleal suinp 3 kN &H 1000 L] 007 6.00 a0 L -1.27 N
ained s § “w.n LY LI 0.0 0.0 (L8] 0.0 -1%.08 0,381

pd 4 5538 0.4 113 0.00 9,00 .1 6,00 -160.00 0,471 -
reseryoir LK »w 3 H50.7% 12.97 14842 0,00 UW.2% 0.00 0,001
tribotary 5 800 0. 12,82 ] .M 0.0 T.W 5684 . 0,00 -E9.3% 0431
riverise L 57,2 e MW 0.0 0.00 5.0 €00 -100.00 A1
ywuller t m3 (1] 3.0 F LR 0.03 2.1% .00 0.0 -85.3% L1
bravdzm area 000 0.00 [ %4598 0.7 8.0 0.%0 %558 0.00  0.00%
riparian old grovth cenifer 1 Jore. 46 A wNn 0.9 0.00 0.4 000 -100.00  0.01X
riparian closad sature conifer 3 " .46 20,02 ? H.N 04 3059 nhat 500 -92.1% LN
ripsrian opes conifer 1 © 1602 012 0.0l 0.60 0.5 e 680 -100.08  5.401
riparian regeserative coviber - 1 5. 0.1 N2 0.0 0.00 o200 0.00 ~100.08 0.221
‘Viparian regennrative broadlesf /coniFer 0.00 0.00 1 5% LN L% 0.0 % .08 0.001
riparaan Wroadleat LH LN LY 1L 0.00 0.00 .40 00 ~100.00 4611
riparian ained conifer Moroacleaf Fid 3.5 LA 1N e.00 .00 5.3 .00 -1%.00 3.791
rigarian shrybland » 199.59 1,43 3.9 [ A 2.9% 198,59 L0 10050 1,891
devel oprd -~canpground .00 8.9 4 11313 ¢.82 §.0% 0,00 113.13 0.6 0.0
developed--industrial ..M .00 0.40 .00 ¢.00 000 000 0.00Y
devel ozed--intensive recrestional [N ] b0y 0.1 0.0% 0,94 00 5,00 0.00%
#evelored--Jon censily residental 1 1.5 p62 2% [N b.0¢ 2.5¢ 600 =10t 0hEl
Jeveicped--h1gh density rezidental 0. 9.3 i .20 G0l .20 6.50 1,46 e g
N develrped-<voads, parbing (] .00 0,09 o.of 50 &0 0.40 G001
’ trancaission raghl-deav LN .00 0,00 060 6,00 qa, 0.00 0,001
i) 343 Ly 106,00 29.29 198 13715.78 - 190,00 8932 1759, 8% 1175023 -2e00.43 100,001



C TABLE 3 - Net Change in Area by Community Ty, - r Diablo
SXREIT DAMS ORIBIML. IMORCTS

DiAs 0 AIEA
fre-project Hith-grorect
- felative .
Comsunity Typa fervent of  Rveratw Pertent of Overage Lest  Sained  Porcent Percent

8 Polvaos Persage  Total  Polypem Size 0 Pelygoms Ferssge  Total  Polygon Stae Foresge Reresge Lose Lost

old growth conifer L 121.04 . . e Lo S L ) 0.0 159 04K
tlosed mature coniter 1 fmn %8 L .3 FLXR || 16.7% 9,28 43%.40 0.00 -64.09 46118
cown satwry conjfer [ | 69.60 4.80 [ %] 12 4.1 139 Ll a2 0.00 -29.12 2,158
close¢ canooy lodpecole nime 1 2.4 H ST ] 10 (14 ] o686 (%, ] 155,60 000 -71.03 1T.63%
ooen canopy lodgepole mine  § 2.0 .01 1h.60 0,00 0.00 axn 0,00 -100.00 3.0
ragenerative conifer 3 166. 60 Hna ns 2 b % ] 0.2 1.66 16329 0.00 -S801 172
regererstive lodpencle b0 o.00 0.00 000 0.00 0.00 0.00  0.00%
regerarat ive brosdleaf/alemd b.o0 000 0.00 0.00 0.00 0.00 000 0.008
broadleaf 3 %.9 FA | .9 31 L% .21 3.83 1.9 0.0 -5 2,051
pined conifer/brosdleal 000 0.00 k| 1.8 on 1% o0 128 000 0,008
grasyland forsdon 0.00 0.00 0. 00 0,00 0.00 0.00 0.00 0.00%
arivelters . 0.00 0.00 0.00 9,00 0.00 0.00 0.00 ¢.008
avalanche shreb ) 0.00 0.00 0.00 .00 0.00 0.00 0,00 0.00%
shrubland 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00%
rock talue 000 o00 9 .2 .64 1.03 0.00 .23 600 0008
mipowed rock 2 10.49 or 18 & 1.8 o.% .% 2.87 .00 7548 O2m
wel peadow/sersh . 0.00 0,00 2.00 0.00 0.0 0.%0 0,00 0.00%
oy 000 0.00 0.0 0.00 0.00 600 0.00 0,008
sheal Teasm 000 0.00 0.00 0. 00 0.00 0.00 .00 0,008
conifer summo 0.00 0,00 0.00 9,00 0.00 000 000 .00
broadisal swaso ' 0,00 0,00 0.00 9.0 0.00 0.00 .00 0.00%
oled suamn ; 0.0 0,00 0.0 0,00 0.00 0.0 0.00 0, 00%
pord 0.00 0.%0 0.00 0.00 0.00 0.00 0.00 0. 00
retervoir 000 0.00 ] T S22 MM 0.00 760,53 Q.00 0.0m
tributary 0.00 0.00 1 1 B} | 1,39 2.1 9.00 113 0.00 0,003
riverirg ] 103.0t i Aan o0 0,00 103.0t 000 =100.00 10.91%
gravelbar 0.00 0.00 0.00 0,00 0.00 0.0 0.00 0.001
draudown aree 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00%
rinarian old growth conifer 0.00 0.00 0.00 0,00 0.00 9.0 0.00 0. 00%
rioarlan closed matere conifer 2.0 0.0 0.00 0.00 0.00 0.0 000 0.0
riserian opm conjfer 0,00 0.00 9.00 0.00 0.00 0.00 0,00 0.002
riparian regeverative conifer 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00%
riosrisn regyrerative brosdizatf/conifer 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.008
riserian broadieaf 0.00 000 t i L8 1,93 0.00 2LIT 000  0.00%
rioarisn aived conifer/brosdleal .00 0.00 0.00 0.00 0,00 0.00 0.00 0, 00%
ricarisn shrebland 0.00 0.00 0.00 0.00 0.%0 0.00 0.00 0. 001
develomd—cmoground G0 0.00 ¢ LR ] 2 .00 T 000 000
develoomd—industrial 0.00 0.00 3 11.67 0.80 189 0.00 11.67 0.00 0.0c1
Cevelooed—-interaive recreationsl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0, 00%
develoned-+low density residental 000 0.00 1 58 0.47 6.8% 0.00 £L835 000 o0n
develooet--high cersity residental 0.00 0.00 2.00 0.00 0.00 6,00 0,00 0,00
develosed—roads, oarking 0.0 0,00 3 20.20 1,33 &7 0,00 2030 0,00  o.008
trarsmission richt-sway 0.00 0,00 3 3% 0.27 1.33 040 3.9 0.00 0.0m2

TITRLS 4] 1430.67 100,00 3374 el 1553 300.00 16.35 K 17 NEEl -5AL B2 100,00%

EE I I NN EE N SR N B D B A BE B B B G e e
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[ABLE 4 - Net Change in Area by Community Type . ' Gorge A
SUAIT DAYS DR1GINAL 1XPACTS
PROJECT
GORGE RERA
Pre-project Nith-orozect
. )
Comunity Type Percant of  Pverage Pereent of Pverage Loat  Gaimed Percent Peveemt

B Polygone Acresge  Total  Polygon Size & folygors Porsage  Total  Polygon Hize  Aermage  Borsage  Loas Lose

ll,

old growth conlfer TR 0.00 0.0 0.00 000 0.00  0.008

closed maturs conifer [ ».n 5.1 3.9 n 151.08 @807 1.9 202,54 0,00 -37.32 M.
oom saturs conifer L 35,50 639 LX) 3 HR 123 5.80 H s | 0.00 -50.9% 5, 302
closad carooy lodgesole wire 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00%
ooen canopy lodpepole sire 0.00 0.00 . .00 0.00 0.00 0.00 0.0 0.002
regererative conifer 2 1.0 L1 L3 0.00 0.00 .03 0,00 ~100.00 (R ;3
regerarative lodgepole 0.00 .0 . 0.00 0.00 0.00 0.00 0,00 0. 00%
regevarative brosdlvaf/minnd Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0,008
broadieaf 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00%
wined conlfer/broadleat .00 0.00 2 12 in L4 .00 18.27 0.00 0.00%
prasuland/enadon .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00¢
apricvltee 0.00 2.00 6.00 0.00 0.00 0.00 0.00 0. 00%
avalanche shrud 1 1% .61 1% 000 000 L%  0.00 -500.00 © O,95%
shrubland 0.00 0.00 o0.00  0.00 000 000 000 0.008
rock tales 4 12.00 LY k.00 ) L5 1.5 LW ] 1% 000 -29.17 i.0
moosed rock i 24 0,45 .4 1 A% R 1% 0,00 1.47 .00 0.00%
wrt seadow/marsh Y 0. 00 0.00 0.00 0.00 0.00 0.00 0,008
bog 0,00 0,00 . 0,00 0.00 0,00 .00 0,00 Q.00%
shrab swamp ¢.00 0.00 o006 600 600 000 0.00  0.00%
conifer suamp 0.00 0.00 - 0.00 0,00 0.00 0.00 0.00 0.00%
troadlval weamo Y Y 0.00  0.00 0.00 000 000 000
wixed suamp . 000 0,00 : 0.00  0.00 0.00  0.00 0.00  0.008
pond 0.00 0,00 0.00 0.00 0.00 8,00 0.00 9,00%
resarvolr 0,00 0.00 2 a%1 .60 106.56 0.00 2tl.11 0,00 0.00%
tributary 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0. 002
rivering 4 £1.09 n3s »9 0.00 0.00 61,09  0.00 ~100,00 17.89%
pravelbar § .M .09 3.8 1 0.% 0.18 0.9 92 0.00- -41,67 1. W1
drissdoun ared 0.00 0.00 0.00 0.00 0,00 0.00 0.08 0,001
rioarisn pld growth comifer 1 11.33 210 1i.13 0.00 0.00 {1.13 0.00 -100.00 k- )
risarisn clossd saturs conifer 1 159 308 1559 t 17.32 L% 1% 0,00 0,93 0.00 0.00%
riparian open conifer 0.00 .00 . 0.00 0.00 0.00 0,00 0.00 0. 00%
ricarian repererative conifer 0.0  0.00 o.M 0.0 0.00  0.00 0.00  0.008
rioerimn regererative brosdlesf/conifer 0.00 0.00 0.00 0.00 0,00 0.00  0.00 0,008
risarisn broacleaf 0.00 0,00 0.00 0.0 0.00 0.00 0.00 0, Do%
riswlen sized conifer/oroadieaf 0.00 0,00 .00 0.00 0.00 0.00 0.9 0.00%
rioarian shrubland 0,00 0,00 H 13 0.51 ¢ | 0,00 129 0,00 0. 00%
developed—camoground 0.00 0,00 - 0.00 0.00 0.00 0.00 0.00 0. 00%
develood—industrial 0.00 0,00 2 3308 £.14 16,53 0.00 3306 0.00 0, 00%
cevelodec--intensive recreational 0.00 0.00 1 1.34 0.23 1.34 0.00 1.34 0.00 0.00%
develotec—low cersity resicental 2 H A 15 9.6 0.00 0.0 9.3 0.00 -100,00 S.675
cevelozed=—high cens:ty resicemtal 0,00 0.00 1 9% L7 L™ 0,00 9% 0,00 0008
develoosd—-roads, parking 0.00 0.00 1 an 5.1 g7 .00 2T 0.00 0.00%
trararivsion right-smay 0.00 0,00 3 % £.05  10.85 0,00 2% 0.00  0.00%

R a3 8.3 160,00 2.4 n 533,20 0,00 N WAL B2 -T2 10000
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TABLE § - Sampling Distribution by Community Type for Ross
SAPLING PLAK-—HABITATS, ALRENGES, MND POLTGCWS 10 JE SAPLE

SKABIT DANS DRIGINAL 1nFACTS

Consunity Type

o34 yronth conlier

closed satere coaifer

opim satwre conider
Indgepole pine

regenerative conifer
regererative broadieal /alved
LT

sized conlfer Aroadlenl
whrubland

vt sxxdon/sarsh

sheub swing

tonifer smamp

Woslest swanp

it Swinp

riparien ald growth toniier
riparisa mpture conifer
riparisn regenrrative trosdlaad/ronitder
riperion braadleat

riparian sired tosiler fhroadleal

ripirianfavalanche shrubland

LR

MOSE AREN SUMMARY

Pre-projuct Nith-pruject

hver g Nvrope Lost
0 Polygoms Acreage Polygon Size 0 Pulygons Acreage Polygon Sice ;. Morusge  horeage

.3

W 0 WN ? e 1R 0.0
W {1 PO 18- 1 2.0 2.3 19¢L 0.00
" a8 1N i .13 5.1 So1.70 0.00
i Wy 3 - 1R L 314 L)
9 e .9 13 i 1iu inLn 0.0
[} LR B B L] nY 1wy (X B A
i w tbb ' n.ae Ly LR BTA
0.08 1} SN N 0.0 B4l

it wn  wn i 3.00 .o nLY (N )
2 s LM .00 .03 &0
b ) e 1.m i s LI WA 0k
? B ALY 0% b S N
3 na e L] 0.00 2346 000
L W 1L o.M Wae .
# on.a 5.0 0.00 i LR LR N
» msy N R W N1 (X )
o.00 1 L% 0.9% oit LN

L s 1ILn 0.04 LYAL 0.0
n LRI L ‘ 0.7 93,5 b.00
4 W LU B .10 Lie 0.4 .M
Li 179550 .07 15 UM LT 1032 2.0

Gsined  Poret

Loss

%"
-50.71
-#.2
AL
-B7. 1%
.00
0.00
b0
.0
=100.79
0.0
~100, %
“nn
“100.00
-100.00
-2.3%
0.00
-100,90
“100,99
.0

L

Semling Histribation

De-project Polygoss Sites! Miernatives

P53, P-52,0- 11
ERTR ST ]
P-9,5-23° -8
(TR R
R-53*,9-20,%-3¢
N-44" Hebl B-13
H-5A* H-aT M-8
R-53°,P-70, H-24
'

P-34
-
P-%
-3

P

Folyqon

mh
1731
130
173n
nn
N
3N
nn
1

1
3

O -prajert Siten
s folygon
-3
r-as
N-29,0-70
(B}
[[5-)
Pr-80
P-5%
p-88,P-42
Le-1,Le-2 11
w-3 w4083 I
V-2 IN-11 m
- k|
e5-4" |
mw-n R-10a*.R-11a m
4,058 ¥l
(52 #-13" R-14,L5-1 T
: - 3
Ey-y* 3

Total
Siles

FRETERTETE YR ETRLRT R RT W RT N R R R N
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57 E 6 = Sampling Distribution by Community Type .- ~: the Eastern Side of Ross

ROSS MREA---ERSI
Pre-prajuct Nith-praject Seapling Distrivation
Coasusity Type heeripe harge Lest  Guned On-project Folygens Sites/ Aftersatives  Dif-project Sitess  Totsl
0 Polygons Acreags Polygos Size 4 Polygons Acreage Polygos Slie kreage  kreige ol yyon s Polyges  Bites

old growth conider b $L3  2Lm 3 . | 440,03 000 - #-52,0-31 N #-3¢ 1

cloved sature conifer b} a5l naer N LA 1RLAT 000 P-45" H-H m ]

cpen Matere conifer )] WL 15,00 " 95.27 02,59 0.00 H-19°,f -48 mn K24 4

Todgepole pine 1 w1 M 1 .t (19 ] 121 0.00 r-95* 3 4

regenprative conifer b | -3 8 L | 36.78 12.93 500,32 .00 N-30,4-39 113 1

reqeasrative brosdleaf/nived [} 3.9 L33 1 “n L] 0.00 [ )] H-13 1 I

broadivad 2 R f. 1 %% 413 0.00 L N-44 ] Pr-33 1

alned conlfur Sienadlaaf 0.0 ) i an ' wh W P-70,8-24 in 2

shrubland i1} LM T - N - 0.00 s 0.0 Le-1~,LC-2 13 L)

wt svadow/sarsh | LIS LIS 0.00 LIS LW £s-3 i 1

shrub Ewaap ] ] 2.y w8 1 .10 .10 m.n [ X ) PN H |

conifer smuap ] 1nN" i 0.0 A | [ X

bravdlest snag 2 0.9 1.9 0.00 20.93 LK.

sixed s 1 e 1L "0.00 LLA ) 0.00 -1~ 3 3

riparion old grouth coskter n 1.7 il (X 1w 0.00 k-10a* P-112 n 1
. rigarien sitwre conlier 13 m.u  1Lu 0.00 BTN 0.%% C5-3 1 i

rigarian regenerative Wroadleaf /ronlier o0 008 [N I A

rigparisn Woadlné F) LM 138 , .00 b .00 K134 011,031 WiA 3

tlparin wived conider/broadlent H ] el .0 I Lo :

ripariantavilonche shrublomd 1 £7.07 5.1 0.00 .07 6.00

oS m N L3 ”n. 116064 3.3 lose.eh 43,88 »



' BLE 7 - Sampling Distribution by Community Typ .. : the Western Side of Ross )
R3S AREA-—IEST
Pee-arajact With-prosect . Sampling Bisteibution
Cosswaity Type hverage Nverage Lest  Eaieed  Perzast  Om-projecl Polygons Bites/ Altermatives  Oéf-praject Sites/  Tolad
¥ Polygons  Acreage Polygon Size 0 Polygons Mcreape Palygon Stap Moreage  Morwage  Loss Pel ygon s Palygon  Sites
ol grovth cifer " LI R ] me 273 o M» e - P ) - 3
tiosed satwee conifer » %5 9 W W ER 1000 [ X I+ i M [ "33 {
open sature comifer " 19w [ X TR L) IR WV X X - 1 1
{odgepole ping H 9.3 .22 ] .0 4.92 156.7% e.ne  -80,22 [ 2] 1 P13 1
regenarative conlfor 19 LU X - R 11 135,43 n.n 0.2 0.00 -84.01 H-%3 3 N-5B.9-5% b |
ragroseative brosdleat/nined .00 ‘ e N 504 MM 0.00 N-40° H-5] n =30 |
rasdlef : 0,04 1 #.4 9" 0.0  42.%3 0.00 N-54° p-b1 11 1
wized contFerfhrondleat 0. 00 ] ! .0 0.00 7.4 0.00 k-83" b ] r-e8 3
hrubland 3 19.83 (%] 1 5. Lo 18, 5% b0o0  -~TA. 08 -6 1 ‘ 1
wet sesdon/aarsh 1 0 L% 0.00 7.9 %00 -[00.08 ‘ -3, 000 m 4
shrsk wanp 12 .y LY .M 0y 0N =KL -1+, hv-1i n L)
conifer swang L} . .1 ., 7.34 .00 10000 -k ] 3
broadiesf snang 1 L% 1.8 ] 3 .3 .17 e.n -19.% - 3 1
sid 1w [N .00 a.n 2.00 .M
riparian old grovth comiior | 14w 9,00 113,83 0,00 -100.00 r-%a 1 . [}
ripirisn satwre conifer Fid Heys w2 2 LB B 1818 0.0 -8L.4Y wv-4* 3 3
. rlparion reqrerative broadleaffoondlee ¢.00 | LY &% 0.0 LY O L 3 3
riparian broadient u mn L8 ) .00 .n o0 -10h0d
riparian mized conlier fbrspdlnaf 1 I PL LB | % ) 0.00 3.4 S0 10000 -1 3 3
riparianfavalsnche shrublaad i 184 L& 1 1 an 15.5% 600 -78.43 N | - 3 ]
1ot e N 22N ) w.n 151y mLe 1INy L[]
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TABLE 8 - Sampling Distribution by Community Type for Diablo

SNPLING PLAR--HADITATS, KAEMED, M0 Polyamy & ) Kl
WAGIT NS CRIBIWAL IWPACIS Yo b be Koy

BIARLD AREA SUMNARY

Pre-project Nith-projoct Saspling Hatelbution
Contanity Type Mverage hvaraqe Lost Balned Percest  On-projfect Polygoms Sites/ Altwaatiens  Off-projuct = Sites/  Totsl
? Potygons Acreaqe Polygom Size @ Polygons icresge Pulyges Hize Acresce Acreage Loss Polygon e Polygon  Bites
old qrouth conifer 2 M.H W3 2 1nee .3 LN L L9 R-10,R-11 1n b
closed aatere conifer it L8 LT {3 AL LI | 3.4 6,00 M09  P-SOR-23.P-14 N R-13 3
opin satere conifer ] (1N LI 11 47.3} L8]] . 6.0 2002 B-M,R-55.0-T) nn |
Indgepole piny ] e I SRR 1Y " A W MM e TN 57, R-32 12 3
regenerative conifor 3 156,40  35.33 4 L 1.4 1% iy ) 0.0 -98.01 I&SS’.H-N.N-‘.MIIIIHIH L
regenerative droadlzat falaed 0,00 .00 (. .00 0.0
wollab ‘ - L.s 1S 3 17,54 3.8 n» o0 -50.5 R-51,0-40 (Tr 3
ained coniferfireadlnet 0.04 3 1.1 L/ 0.0 n.z (A ) R-47 3 3
shrobland %00 0.09 .00 Lo 0.00
Nt pzadow/earsh (A} 0.0 .00 2.0 0.8
shrabh swiep 0.0 (X! ] 8.0 00 “0 -
conifer swarp 0.00 0.0 X (X 0.00
iroalleal wanp [N LX! ] 0,00 0.0 0,00
sired snamp 0.0 8.00 0.00 o.M .00
riparian sld prowth conifer 0.00 ) 0.00 0.5 (N} 0.00
riparian natere conifer ' .00 ; 0.00 6.0 00 0,00
riparian regenerative broadleat /oomifer 0.00 0.5 L] L% 0.00
riparian braacleat .00 2 HA 13.5¢ 0.00 1 0.5 R-13,8-14}¢ L Lrild
riparian sixed coniferfbcosdingt 00 . 4.00 . .00 .00 0,00
riparim/avalanche akrubland 0.00 . .00 - 0.00 0.00 (N

IS » 133847 34.03 w 531.13 b7 LT LI N 1
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Attachment A

SAMPLING SITE LOCATION AND ESTABLISHMENT

Random direction

from corner pt. Polygon
Randomly -
generated Site

start pt.

Random direction from start point

Access
Point

I. Forest and Shrub Habitats

1. Locate the preselected polygon and the "start" quarter marked on the
aerjal photo and the map. Land the boat or enter the polygon at the
most accessible point in this start quarter. If the polygen 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 (randomly 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. .
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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=— 0"5%—&_ :

3rd Site 2nd 50m—'D— 1st Site
Site " _.Start Point

6. Repeat Steps 4 and 5 for a third site.

A

11. Het1aha_ﬂabitats -- Forested

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

I11. 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
girection if it appears to extend outside the polygon or into the 20m
uffer.
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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
polygon 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 (< 50m) and choose appropriate
random directions in the field. Repeat Step 2.

Start Access
Point Point

4, Repéat Steps 2 and 3 for a third site.

At

(1]
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111 Wetland Habitats -- Beaver

1.

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

In these 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.

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

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

Sampling Adjacent Habitats
Wetland Habitats

Choose, using random directions, two points on the edges of the
wetland in different compass quadrants. Choose a random distance
between 0 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 1ine
of travel. One half will become the belt transect. Repeat at the
second wetland edge point.

Tom fl-nus*
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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.

0 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 5a above.

100~ 207,

O=100m

19



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).

If a pa}ameter does not get measured in a particular habitat type leave

those columns blank.

1f a parameter is to be measured but is not present (i.e. no shrub cover)

put a8 “0" in those columns.

Right justify all entries.

Write any applicable notes in the margins.

When in doubt, ASK.

i



WETL~NDS 2 : BEAVER : _
Riverine (020), Pond (022), Coniler Swamg (023), Broodienl Swamp (024), Mixed Swamp (025), Shrub Swamp {026),  Location:[_1_] A= Ross, D= Diablo
Habitat Type "1 1] Wet Meadow / Marsh {027), Riparian Old Growth Cander {101), Rbuimﬂ'n!m(:m:«(im F}ipﬂian&uclcd‘[lopf). 26 Ge Gorge, TA=Thunder Am
1 2 3 Riperian Mixed {108}, Riparian Shaub (109), Oid Growth Conifer (001), Closed Cancpy Coniter (002), BV= Big Beaver Valioy
Open Ganapy Coniler {003), Lodgepole (004), Regenerative Coniler {005), CRa= Carfadian Shagit, LCw Lightening Creeh

Regeneretive Broadiesl / Mixed (006), Broadioa (007), Mixed (008), Stwub {009).

Po!yqonNmnburD:D Owe:
SPECIES : Beaver (11). aze

91011121314

habked | Wres canopy shrub height ol bek number | number | o ¢ % waterfily siroam annual | shoreline -
! type cover (cm) | canopy cover shrub tansect of ol § ] coverage | gradient (%) water | development
£ £ 5m high {cm) canopy width frees rees 5 ; rﬁ luctuation| tactor
3 . < Sm high (m) for between 3
3 [ P tree 25end | ¥2 %
IR I (ANTRURE (RO ih-~ofl (I B+ ﬁg%.i. SN NS Y
b oy o | @ | e | e wid 8] o2 (020) (o (002)
slieliz[e]iofo]n|zln]x]|=|ze]zr[2e ]2 [20]n [32][30]2 |8 [36]07 98 [20 |40 [41 <2 | 43| 4a]| 48 |48 [47 |48 )40 |50 |51 |52 |50 |54 [55 |56 |57 [S8 |56 a0 | 81| 62| Saied| &5 &

** 1 u in Ihe wetland, 2 & 3= within 100m, 4 & 5= within 200m : riverine & pond habitals will not have site 1 * nol & field measure
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Forest and Shrub Habitats 1

Variable

Density of deciduous shrubs {dbh ¢ 2.5cw; height
AOOH L]

Density of dectduous trees
Density of confferous trees.

Height of trees {conifer and deciduous)

Helght of overstory trees

Rumber of trees 3 50cm dbh

Number of snags >5lcm dbh

dbh of snags > Sicm dbh (snag = dead tree)
Number of snags 10 to 25cm dbh

Nuwmber of logs > 18cm diameter or
stumps> 0.3m high and 18cm diameter.

Predominant conifers

/M-13

Attachment C. ./

Method Of Measurement

Plot count. Jf rough count of shrubs fn a § x 5m is 12, count in entire 25 x 25m ’
plot. If 12, count in two 5 x 5m plots and average.

Plot count, 25 x 25w plot, mark with chalk.
Plot count, 25 x 25m plot, mark with chalk,

Clinometer and range-finder. Number will be different 1n each habitat type and will be
calculated at the first plot of each type measured. Method: e Locate an area as close
to ane 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?” 1f
$0, the tree is measured and marked. @« Continue process unti) the prescribed number of
trees for that area have been measured or it is not possible to measure additional trees
without moving a great distance. o If additional trees need to be measured, repeat the
process at another site corner until an adequate number of trees have been measured. o
Record baseline, £ and slope (in stands with tress more than 150 ft tall, record the
degrees rather than ¥ and label the dsts sheet to note that}.

An overstory tree is defined as » 80Y of the height of the tallest tree in the canopy.
Identify overstory trees (either deciduous or conifer) by a "+" in the appropriate
column. Transfer the measures for these trees to the overstory tree columns. If Tess
than 20 have been measured, choose additional gverstory trees to measure using the
procedure described above and choosing only overstory trees.

Count &nd mark, 25 x 25m plot.

Count and mark, 25 x 25m plot.

dbh tape, measure all within 25 x 25m plot.

Count and mark, 25 x 25m plot,

Count, 25 x 25m plot.

Observation.

) -"



Wetlands 1

Yariable
Deciduous shmb'cimpy cover & 5@ high
Hydvophytic shrub canopy cover £5m high

Tree canopy closure

% herbacecus canopy

% herbaceous canopy 8 to 46cm tall
Height of deciduous shrubs <5a high

Height of overstory trees

Number of snags 10 to 25m dbh

Stream gradient

Bottom substrate

Number of rock walls, waterfalls, bridges
Secchi disc reading

Number of snags, dead-topped trees or open-
crowned 1ive trees within 200 ft of water per mile.

Number of snags, dead-topped trees or open-crowned
trees with whorls or witches brooms per mile {same
number for nest tree and perch tree colwmns}).

/N-12

a

Method Of Measurement

Line intercept, SOm transect. )
Line intercept, 50m transect (hydrophytic = willow, hardhack, devils club, hawthorn,
Indfan plum, altder, dogwood, highbush cranberry, ninbark, twinberry, wild crabapple,
cottonwood).

Line intercept, 50m transect, upward projection.

0.5% x 0.2w quadrat, place every 5m along 50m l1ine {10 total); random start point, random
side of transect, 51 increments.

0.5m x 0.2m quadrat, at same time and location as T herbaceous canopy (10 total),

Graduated rod or meter stick, 50m transect, every 5m, nearest two shrubs {20 total):
random start point,

Clinometer and rangefinder. An overstory tree is defined as 80T of the height of the
tallest tree in the canopy. Method: e 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 20-30m and begins to identify overstory (large) trees to be
mneasured by asking "Can you see the top of this one?” If so, the tree is measured and
marked. & Continue process until 20 overstory trees have been measured, or it is not

‘possible to measuyre additional trees without moving great distances. o If additional
“trees need to be measured, repeat process at another site corner until 20 trees have
been measured. Record baseline, % and slope.

Count and wmark, 25 x 25w plot. -
Topo maps, not a field observation.

Observation, 0.Bkm transect.

Count, 0.8km transect.

Two readings/mile (to 1.0m),

Count/mile, estimate 200 ft from water.

Count/mile, estimate distance from water.
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forest and Shrub Habitats 2

Variable

Shrub canopy cover (palateble wnd less palatable)

(%2m) Note: Includes trees<2m tall.

Shrub canopy cover £5m high
Deciduous shrub canopy cover £5m high
Hydrophytic shrub canopy cover £5m high

Tree canopy cover

Conifer cover .
Evergreen woody vegetation cover 2 1.0m high
Cover of downfall2 7.6cm diameter

Depth of woody material

I palatable herbaceous canopy cover
% herbaceous canopy cover

X herbaceous canopy cover B-46cm tall

Height of deciduous shrubs
"

Height of lowest conifer branch above ground
Successfonal stage

M-14

LY
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Method Of Measurament

Line intercept, 50m transect (palatable = serviceberry, elderberry, blackcap, trailing
btackberry, Mt. balm, cherry, willow, red cedar; less palatable » satal, salmonberry,
vine maple, hazelnut, devils club, dogwood, snowberry, alder, Oregon grape, hemlock,
Douglas fir, lodgepole pine}.

Line intercept, SOm transect.

Line intercept, 50m transect.

Line intercept, 50m transect (hydrophytic = willow, hardhack, devils ¢lub, hawthorn,
Indian plum, alder, dogwood, highbush cranberry, ninebark, twinberry, wild crabapple,
cottonwood),

Line intercept, 50m transect, upward projection.

Line intercept, 50m transect, upward projection.

‘ Line intercept, 50m transect, upward projection.

Line intercept, 50m transect.

. Every 5m along a 50m transect, random start point, meter stick (10 total).
- 0.5 x 0.2m quadrat, place every Sm along 50m transect (10 total); random start point,

random side of transect; 5% increments. (Unpalatable = foxglove, thistle, tansy ragwort,
poison hemlock, equisetum, fern).

0.5 x 0.2m quadrat, at same time and location as % palatable herbaceous canopy cover (10
total); 5% dincrements.

0.5 x 0.2m quadrat and wmeter stick, at same time and locatton as % palatable herbaceous
cancpy cover (10 total}; 5% increments.

Graduated rod, 50m transect, every 5m, nearest two shrubs, random start peint. In
riparian areas, if any of the 20 measured shrubs are > 5m high, randomly choose additional
shrubs £5m high to measure, so that at least 20 shrubs <5m high are measured,

Graduated rod or meter stick, 50m transect, every 5m, nearest two conifers, random start
point (20 total).

Observation.

- ..
)
¥



Metlands 2: Beaver

Yariable
Habitat type
Tree canopy cover
Shrub canopy cover S5m high
Height of shrub canopy 5m high
Nunber of trees

Number of trees between 2.5 and 15.2 cm dbh
Woody vegetation

% water 111y coverage

Stream quadrant

Water fluctuation

Shoreline developwent

/M-15

Pl
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Method of Measurement

Observation or aerfal photo.

Line intercept, 50m transect, upward projection.

Line intercept, S0m transect,

Graduated rod, 50m transect, every 5m, nearest two shrubs, random start point (20 total).
Count, bélt transect, establish on one side of the 50m transect, Length of the belt
transect should always be 25m, width of transect will be variable depending on the number
of trees in the area; at Yeast 50 trees should be counted. Record width of transect.

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

‘Observation,

Yisval estimation.

‘Topo maps - not & field measure.

Local data - not a field measure.

Not a fileld measure,



Seattle

Your
Qity Light

Randall W. Hardy, Superintendent | 0Bt
Charles Rayer, Mayor “‘-Q' 3

December-1l, 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 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 guestiona, please call Jay Brueggeman at 451-4625.

P%er

Richard Rutz,
Envirommental Affairs Division

RR:gv
Attachment: November 4 meeting notes
As a representative of Wasu.7epT. OF WilrLire ¢+ I accept the

decisions documented in this letter for the Skagit Dams Original
Impacts Study.

-

9 - 12/4l 1987

(Name) (Date)

“An Equal Employment Qpportunity - Affirmative Action Employer”

City of Seattle — City Light Depariment, Cily Light Building, 1015 Third Avenue, Seattle, Washington 98104 (2086) £25-3000



Your
Seattle
CityLight

Randall W. Hardy, Superintendent
Charles Royer, Mayor-

RECEIVED
December 1, 1987 DEC 09 1987

) ROSPHERE COMPANY
ENVIROS EATTLE
ﬁon Jarvis

North Cascades National Park Complex
2105 Bighway 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.

;

I! you have any questions, please call Jay Brueggeman at 451-4625.
Sincer 1y,

Richard Rutz, Project Manager
Bnvironmental Affairs Division

RR:gv
Attachment: November 4 meeting notes

AB a representative of !k&ﬂ@w [\DSC + I accept the
decisions documented in tHis letter for the Skagit Dams Original

Impacts Study.

) ———— [2-7-R7
{Nanke) ‘ (Date) .

”

: “An Equal Empioyment Opportunity - Affirmative Action Employer”
City of Seattle - City Light Department, City Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-2000



i Your
: Seattle
City Light
F.Iandafl W. Hardy, Superintendent
Charles Royer, Mayor

\,l - 11‘. .

December 1, 1987

Estyn R. Mead

Division of Ecological Serv1ces

U.S. Fish & Wildlife Service .

2625 Parkmont Lane SW Bldg. B-3

Olympia, WA 98502 ;

.- =3 T
+

Dear Estyn:

Bncloged 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.

W

Please review the notes and ackhowledge ybur acceptance of the
decigions 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,
ﬁ‘,

since ly, //r '

v

i
Richard Rutz, Project Manager
Environmental Affairs Division

RR:gv
Attachment: November 4 meeting notes
. \
As a representative of WU.S_ Fish and W.‘Lcll:"pt_ Sexvice. , I accept the

decigions documented in this letter for the Skagit Dams Original
Impacts Study.

e &L%\ R. Wj-wi, /-29-8¢

{Date)

-

- “An Equal Employment Opportunily - Aflirmative Action Employer”
Clly of Seattle - City Light Deparment, Cily Light Building, 1015 Third Avenue, Seattle, Washington 98104 (206) 625-3000
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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:

1) 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 modeis,

and 4} determine HSI values for several species in habitats that were
not measured in the field.

Attendees: Rick Rutz, SCL

2.0

Art Stendall and Brian Hauger, WOW

Estyn Mead, USFWS

Jon Jarvis, NPS

Joe and Margaret Miiler, N3C

Jay Brueggeman, Dave Every, and Colleen McShane,
Envirosphere

6ver 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‘disp1éyéd on the final color map
(Attachment A).

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 (TY0) always represents the year prior to any disturbance.

8269a
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TY1 is always the next consecutive year, or the first year of

construction. Since it is usué]]y not possible to estimate the

. acreage disturbed by initial construction, the acreages for TY1

generally do not change from TYO.
the year that construction is completed.

year represent the first major change from pre-project

conditions,

Target years subsequent to the compietion of

The next target year is usually
The acreages for this

construction are assigned to every year that a major change occurs

in the quantity or quality of habitat.

The Tast 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 upon by the

SN o L
: [y .
L

HEP team:

'%%%' Calendar Target
Reservoir Year Year
Gorge 1918 TYO

R 1919 Y1

1924 TY®
1961 TY43
1987 TY6S
Diablo 1927 TYO
1928 TY1
1929 TY2
1987 TY60
Ross 1936 TYO
1937 TY1
1940 TY4
1947 TY1l1
8269a

Event

pre-construction
construction begins
construction completed

concrete dam

project end

pre-construction
construction begins
construction completed
project end

pre-construction
construction begins
construction coﬁp?eted
elevation raised

Pool
Eleva-
tion
{feet)

Pool
Area
{acres)

12
240
240



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 Ruffed Grouse.

The ruffed grouse model inciudes 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

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

8269%a



3.2.2

3.2.3

i

8269a

the Skagit area and may be an important winter food
source. The HEP team agreed that conifers {(<2m) be
retained in the cover measurements.

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.

Stope

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 betwcen 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-weightaed by half (multipiying by 0.5); the cover
HSI will not be weighted for slope. Values for slopes
between 0 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.



3.4 QOsprey

3.4.1 Intersperéion

The HEP team agreed that the distance between nesting
and feeding habitat was not a 1imiting factor for
osprey in the Skagit area; therefore, the SI value for
this parameter was assigned a 1.0.

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.

.%%g.s 8lack-tailed Deer

Based on the field data collection, additional literature
review and consultation with species experts, the B
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 integrade 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

8269a

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 sampie 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),

Transmission lines are generally maintained as shrublands

and will be assigned the same HSI as shrubiands.

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 1likely good habitat for
red-tailed hawk prey.

Transmission lines will be assigned the same food HSI as

shrublands.

Agricultural areas and grasslands will be assigned a food

HSI of 1.0 due to their importance as small mammal habitat.



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.

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

5.0 Schedule

ggIhe first draft of the report on the Skagit Dams Original Impacts
MH%§§tudy is due to SCL on November 20, 1987.

:ﬂﬁAfter the comments 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



SCL SKAGIT PROJECT COVER TYPES
l"-."l FINAS riiad 3
| MAP At
l COLOR* COVER TYPE NAME CODE
1 1 01d Growth Conifer %50?)
2 Closed Canopy Conifer C
l 2 < 3 Open Canopy Conifer {CO)
3 4 Conifer Regeneration 7 (CR)
",,’5 Closed Canopy Lodgepole {CLC)
4~\\\\6 Open Canopy Lodgepole {CLO)
l 7 Lodgepole Regeneration {CLR)
5 8 Broadleaf Forest EB; *Cover Types on Final Map
6 3 Mixed Forest - M .
' 5 10 Regenerating Broadleaf/Mixed (R) % g;g;g;_"gggiggg‘ ;ﬁ:eggr%t :
: ir 11 Riparian 01d Growth Conifer {rC0G) 3 Young Conifer Forest
qu::}Z Riparian Closed Canopy Conifer (rCC) 4 lod g ole Pine Forast
l 13 Riparian Open Canopy Conifer (rco) 5 Brogdlpeaf Forest
3r 14 Riparian Conifer Regeneration (rCR) . Mixed (conifer/broadleaf)
50 15 Riparian Broadleaf Forest (rB) " Forest oniter/broadiea
' 6r 16 Riparian Mixed Forest {(rM) 7. Shrub
/v 17 Riparian Shrub (rs) 8. Lake/stream (Lacustrine/
: 8 18 Gravel Bar EG;) Riverine
19 Shrublands S .
l 7<20 Avalanche Tracks (SA) ?0 g;g§?42?520u1ture
9 21  Grassland/Meadow (HG) 11, Forested Wetland -
i .10<<::§§ ?$x$056d Rock | g$§) " Palustrine '
e . Talus ' -
I' /24' Palustrine Forest (Conifer Swamp) (PFC) 12. gg?;zg:?ized Wetland -
11\\\\25-.Palustrine Forest (Broadleaf Swamp) (PFB) 13. Road/Parking Lot/
. 26 Palustrine Forest (Mixec(i Swamp) ) %PFf;) - Industria; gi‘te .
27 Palustrine Scrub-Shrub (Shrub Swamp PS : .
12::::28 Palustrine Emergent (Marsh) {PM) 14. ggmﬁ%rogﬁgéRes1dent1a1/
29 Palustrine Moss (Bog) ( ) : EPB; ignt-o y
30 Palustrine Aquatic Bed {Pond) - - PP . N : -
l 31 Lacustrine; Reservoir {RES) r-glpg?ag.t%!}eeco]::;ﬁd
32 Riverine, mainstem, gradient 1% (R1) gru rofuri12r?ae :
' 8 33 Riverine, mainstem, gradient 1-3% (R2) gogeﬁ : esl'l somg
34 Riverine, tributary, gradient 1% (TrR1) wet]andyg s oecur
35 Riverine, tributary, gradient 1-3%  (TrR2) ihi tth . ?:n
36 Riverine, tributary, gradient 3-6%  (TrR3) border ripan
l \37 Riverine, tributary, gradient 6-12% {TrR4) raer.
) 8 Reservoir Drawdown (RD}
9 39 Agriculture - (AG)
l 13 40 Industrial Sites | (D)
14 41 High Density Residential -~ {RH)
<42 Low Density Residential (RL)
. 13 43 Roads, Parking Lots (RP)
144:::44 Transmission or highway right-of-way (ROW)
45 Forest-Campground , {CA)



1.0

2.0

STUDY OF SKAGIT DAMS ORIGINAL IMPACTS
ON FISH AND WILDLIFE HABITATS AND POPULATIONS
PROGRESS REPORT
OCTCOBER 1987

Summary of Work Performed

During September 1987, Envirosphere performed the following work on the
Study of Skagit Dams Original Impacts on Fish and Wildiife 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 - Wildiife Habitat Evaluation

A]E:%ieldrdata were summarized and the statistical analysis completed.
The HSI analyses were completed for the marten, ruffed grouse, black-
capped chickadee, and pileated 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.

Summary of Significant Problems

The complexity of the target year analysis may cause a slight delay in
delivery of the draft report.



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:

0 Finishing the HSI analyses.

0 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.
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LIFE
LIFE

LIFE

LIFE

LIFE

LIFE

LIFE

LIFE
LIFE

LIFE

LIFE

LIFE

LIFE

LIFE

LIFE
LIFE

FORM
FORM

FORM

FORM

FORM

FORM

FORM

FORM
FORM

FORM

FORM

FORM

FORM

FORM

FORM
FORM

10:

11:

12:

13:

14;

15:
16:

APPENDIX TABLE B-1

Reproduces in water, feeds in water.

Reproduces in water, feeds on the ground, in bushes, and/or
trees.

Reproduces on the ground around water, feeds on the ground, in
bushes, trees, and/or water.

Reproduces on cliffs, in caves, rimrock or talus, feeds on the
ground or in the air.

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

Reproduces on the ground, feeds in bushes, trees or in the
air.

Reproduces in bushes, feeds on the ground, in water or the
air.

Reproduces in bushes, feeds in trees, bushes or air.

Reproduces in primarily deciduous trees, feeds in trees,
bushes, or air.

Reproduces primarily in coniferous trees, feeds in trees,
bushes, or air.

Reproduces in c¢oniferous or decidous trees, feeds in trees,
bushes, on the ground, or in the air.

Reproduces on very thick branches, feeds on the ground or in
the water.

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

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

Reproduces in burrow, feeds on or under ground,

Reproduces in burrows, feeds in air or water.



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

LIFE AVAILABLE HEP
SPECIES COMMON NAME FORM™ SERSONALITY REUNDRNCE  INFORMATION  MODELS VERSATILITY AN
CERVIDRE
Cervus elaphus rooselveltii Roosevelt Elk 5 3 1 1 1 2 3
filces alces Hoose £ L] 1 1 1 3 10
[Odocoileus hemionus colusbianus Black-tailed Deer 3 4 4 2 1 2 13 -
Odocoi leus hewionus hemiones  Mule Deer S A L] 2 1 2 13
BOVIORE
Oreasnos americanus Mountain Goat 4 4 3 1 ] 3 ]
FEL1DRE
Fel1s roncolor Mountain Lion L) ) 1 i ] 4 A
Felis rufus Bobcat 4 4 3 1 Q 4 10
MUSTELIIME
Lutra canadensis fiver Otter 16 4 1 ] 2 3 [}
Martes americana Marten 14 L} 1 1 3 3 12
Mustela vison Mink 16 [} 1 1 3 3 12
Mustela frenata Long-tailed Weasel 15 4 1 1 0 3 3
PROCYONIDRE
Procyon lokor Raccoon 14 L] 1 1 ] 1 7
LRSTDAE
Ursus amevicanus Plack Bear 15 2 3 2 [] 2 9
CANTDRE
Canus latrans Coyote 15 4 2 1 o 1 ]
Yulpes vulpas Red Fox - 4 1 1 0 2 8
ERETHI ZONTIDAE
Ergthizon dorsatus Porcuping [ L] i 1 ] 2 []
RRVICOL 10RE
Phanacomys inteveedius Heather Vole 15 4 1 4 ¢ 3 10
Clethriononys gapperi Southern Red-backed Yole 15 4 1 2 3 3 13
Microtus montanus Mourtane Vole 15 L] 2 1 [] 2 9
Microtus townsendii Townsend's Yole 15 L] 2 1 0 2 9
Microtus longicawdus Long-tail Yol 15 4 2 1 0 1 ]
Microtus richardsoni Water Vol 15 4 2 1 0 2 9
Microtus oregoni Crawpirg Vole 15 4 2 1 0 ] ]
IAPODIDRE
lapus princeps Jusping Mouse 3 4 2 1 0 2 9
CRICETINGE
Peromyscus waniculatus White-footed Deer Mouse 15 L] 4 2 0 i 11
Neotowa cinerea Bushy-tailed Wocdrat 5 L] 1 1 1] 2 ]
CASTOR] DAE
Castor canadensis Beaver 16 1) 2 1 k] 2 12

APLDDDNT 1 DAE
*
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Table B-2 (cont'd).

LIFE AVAILABLE HER
SPECIES COMMON NAME FORM * SEAGONALITY ABUNDANCE  INFOAWATION WODEL S VERSATILETY AR
Rplodontia rufa Mountain Beaver 15 4 ] i 0 2 8
SCIURTDAE
Glavcomys sabrirus Northern Flying Squirrel 14 4 2 i 0 2 3
Tamascivrus hudsonicus Red Squirrel 1] L] 2 e 0 2 10
Tamiasciurus douglasii Douglas' Squirrel 10 L] i 2 i 2 10
Spermophilus saturalus Cascade Bround Squirrel 15 4 2 2 0 2 10
Marwcata frenta Hoary Marsot 15 4 3 1 0 3 11
Marmoba Flaviventris Yellow-bellied Marmct 4 4 i 1 0 3 9
Eutamias amoenus Yellow Pine Chipsunk 15 L] 4 2 0 2 12
Eutamias townsendii Tounsend’s Chipeunk 15 4 k] 2 1 2 1
LEPORIDAE
Lepus americanus Srowshos Hare 5 4 2 3 14
Gchotona princeps Pika 15 4 2 2 0 k| 1
VESPERTIL 1ONEDRE
Myotis lucifugus Little Brown Myotis 14 L) 3 1 0 2 10
SORICIDAE
Soren vagrans Wandering Shres 1% 4 2 2 [] i 3
Sorex Cinereus Masked Shrew 15 L] ] 2 0 2 3
Soren palustria Mortherr Water Shrew 16 4 i 2 0 3 10
Sorex trowbridgii Trosbeidge's Shrew 15 4 3 2 ] 2 1
TALPIOAE
Neurotrichus gibbsii Shrewuole 15 4 1 2 0 2 9

seasonality: 4-annual residentj 3=winter resident; 2=susmer resident; l=migrant

aburdance :
informat ion availabilily:

4=aburdant; 3=frequent| 2=occassional; 1=rare

2esite-specific studies; 1=cbserved on sitey O=geneval/none

HEP models: 3syes (Final)y 2=yes draft)); l=yes (preliminary); 0=no mcdel

versatility (hased on the rusber of cover types and successional stages used in freding and reproduction)s 3slowj 2=sediuk; i=high
rank=sum of all parameters

* See Table B-1 for life forms.



Table B-2 (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)

SPECIES

AMBYSTONATIDAE
fwbystoma macrodactylus

RSCAPHIDRE
Rscaphus truii

BUFONIDAE
Bufo boreas

HiL IDAE
Hyla regila

RANIDRE

Rana cascade
Rana aurora
Rana pipiens
Rara catesbeiing

RMGUIDAE
Gerrhonctus corarulsus

BO1DAE
Charina bottae

COLUBRIDAE
Thasrophis sirtalis
Thasnophis eirgans
Thamnophis ordinoides

COMMON NME

Long-toed Salamander

Tailed Frog

Western Toad

Pacific Tree Frog

Cascade Frog
Red-legged Frog
Nestern Leopard Frog
Bull Frog

Northern Rlligator Lizard

Rubbir Boa

Couson Garter Snake
Wandering Garter Srake
Northwestern Garter Snake

* See Table B-1 for life forms.

LIFE
FORN®  SEASONALITY  ABUNDANCE

- Py o

Lo

4 0
4 0
s 4
4 1
4 1
4 0
4 0
4 0
A 2
s 3
4 4
s 3
4 3

RYALLAELE HEP

INFORMATION  MODELS VERSATILITY  RAMK
0 0 H [
[ 0 3 7
1 ¢ H 10
a 4 2 7
1 Q 3 8
0 0 2 13
[ 0 3 7
0 2 1 7
i 1 1 a
1 [} H 8
1 0 i 9
1 0 I 8
1 [ 2 3

seasonality: #=amwual resident; 3=winter resident| 2=sumser residentj lcwigrant
aburdarce: 4=abundant; 3=frequent Z=cccassionaly 1=rare; O=unknown

inforsation availability:

2egite-specific studies; 1=obmerved on site;

C=gereral /none

HEP wodels: 3=yes (finald; 2syes {draft}); l=yes {preliminary)j (=no model
versatility (based on the wusber of cover types and successiona) stages used in feeding and reproduction): 3=low; 2wmedium; 1<high

rank=sum of all paraseters



-Tabﬁe-Zcont'r----'-----------

SHABIT DArS DAIGIANL TMAACTS -E0 STUDY--BIADS AND RANKING PARRMETERS (source: Taoor. R.D.. 1971. Bictic survey of Ross Lake Basin}

SPECIES COMMON NARE

LIFE PARILABLE HER

FORM™ SEASOMALITY  ABUNDANCE  INFORMWATION MODELS  VERSATILITY R
GAVIIDRE
Bavis immer Common Laon 3 4 2 1 0 3 10
PODICIPEDIDRE
Podiceos auritus “orned Grebe J 1 2 i 0 3 7
Podiceos moricollis Edred Greoe k| 1 1 1 0 k] 3
Aechaoghorys occidentalis Western brebe 3 1 1 1 3 3 9
thod: lvabus podiceos Pied-billed Brebe 3 1 0 0 0 k] 4
PHALACRDCORAC I DAE
thhalacrocorar auritus Double—crested Cormorant k] 1 0 1 0 k| 5
ARDE DA
*irdea herodias Breat Biue Heron 12 1 0 0 3 1 7
Butorides striatus Sreen-bacied Heron 12 1 1 1 0 k| [
AMAT IDRE
Cvanus columbianus Tundra Swan 3 i 1 1 0 3 [
Branta canadensis Canaca Boose 3 1 1 1 1 3 7
Anas olatyrhynchos Mallard 3 2 e 1 1 3 3
Anas acuta Northern Pintail k] 1 1 1 0 k] 1
fnas discors Blur-winged Teal 3 1 1 1 3 3 9
Aras clyoeata Northern Shoveler 3 1 1 1 0 3 6
fythya asericana fAedhead 3 1 i 1 3 2 9
Rythya marila Breater Scaua 3 1 1 1 0 k] [
Aythya affinis wesser Scauo k] 1 1 1 3 3 9
Buceohala clangula Common Boloeneys 14 1 1 1 a 3 [
Bureshala isiandica Barron's Goldemaye 14 4 3 1 1 3 12
Bucephaiz albeola Bufflehead 14 3 3 1 1 2 10
Histrionicus histrionzcus Hariemunin Duck 3 2 1 1 | 3 7
Melanitts oeolandi White-winged Scoter 3 1 2 i 0 3 7
Loohodyt s cucullatus Hooded Merganser 14 2 1 1 0 H B
Mergus wevpanser Cosson Merganser 14 1 3 1 0 2 7
Nerous serrator Aed-breasted MNargansar 3 1 1 1 4 2 H
Rix soonsa Wood Duck 14 4 0 0 3 k| 10
ACCIPITRIDAE
Acciarter gentilis Northern Goshami 1} 4 2 1 1 3 9
Reciniter striatus Snaro-shinned Hawk 11 2 1 1 0 ? [
Accioiter cocoer1i Coooer*s Hamk 1§ 2 1 1 a 2 B
Buteo ramaicersis Aet-taried Hamk 12 2 3 1 2 2 10
Rouila ehrvsaetos Bolden tagle 12 2 2 1 [} 2 7
Haliaeetus leucoceohalus® Baid Eaple” 12 1 i 1 3 2 8
Circus cvaneus Northern Harrier 5 1 1 1 0 3 [
Pardion haliaetus Osorsy 12 2 1 1 0 2 6
FRLCONIDAE
Falco oereorinus” Jereoring Falocom® & K4 1 1 0 1 5
Falco colusharius Meriin 11 2 i i D) g [
Falco soarvertus American destrel 14 4 kS 1 o 2 ]

* See Table B-1 for life forms.



Table B-2 (cont'd).

SHAGIT DAMS CRIGIANL INPRCTS HER STLDY--BIADS AND RANKING PRRAMETERS (source: Tabor, R.D.. 1971, Biotic survey of Ross Lake Basin)

SPECIES COMRON NAME

LIFE * AVAILABLE HEP
FORM  SERSONALITY  RBUNDANCE  INFORMATION MRELS  VERSATILITY RANK

AAGIANIDAE
Dendragaous obscurs
Canachites canadensis
Bonasa usoellus
Lagoous lsucurus

RALLIDAE

#Rallus limicola
sPorzana carolina
#ylica asericana

CHARADAT IDRE
Charadrius vociferes

SCOLOPAC IORE

Sallinago gallinago
Actitis macularia

LAAIDAE

Larus glascescens
Larus celifornicus
Larus delasarendis
Larus canus

Larus ohiladelohia

COLMBIDRE
Colusba fasciata
leraids sacrowrs

STRIGIDAE

0tus henmicobtii
Bubo virginianes
Glsucidiue ynosa
Strix occidentalis
8irix varia
Wagolive acadicus

CRPRTMLETIRE
Chordeilas miner

APODIDRE -
Cyoseloides miger

Blus Grouss

Soruce Grouse

Auffed Grouse
White-tailed Prarsipan

Virginia Rail
Sora
fmarican Coot

4illdeer

Comson Saios
Sootted Ssndoioer

Blaucous-winged Sull
California Bull
Ring-bi)lad Sull

Wew Bull

Boranarte's Bull

Band-tailed Pigeon
Mowning Dove

Hestern Scresth-oml
fireat Hornad Owl
Northers Pygey-oul
Korthern Bootted Owl
Barred Dl
Northern Sow-viet Owl

[N ) [T A & LA L

i
u
L]

"
14

R

A

- g

e e dn B

— e =

oo

I

P SN

...........

-

[— - -

P N e

0
1
1
¢

oD o oD [} (-1 -] S O

LB ) [ b ta M

[T ]

N

14

i

o, O Oh = Oh

ot g T e o



g, R A N S N I G e A e A BN I N O .

SHAGIT DANS DRIGIAN. IMPACTS mEZ STLDY--RIRDS AMD RANKING PARRMETERS isowrce: Tabor. R.D.. 1971. Biotic survev of Ross Lake Basin}

SPECIES

PICIDAE

Colactes auwratus
Drvocoous o1 lwatus
Melaneroes iewis
Sohyraoicus varius
Picoides viilosus
Picoides oubpscens
Picoides tridactylus

TYANNIDAE

Tyranmus varticalis
Empigonax traillii
Contaous sordidulus
Contoous borealis
sEmoidonax oifficilis

ALAUDINAE
Eremophila aloestris

HIRUNDEN 1DAE

Tachycinets thalassina
Tachveineta bicolor
Rioaria rioaria
Stelpidooteryn serripgrmis
Hirundo rustica

Hirundo owrrhonota

CORVIDRE

Perisoreus canadersis
Cvanocitta stelleri
Pirca oica

Corvus corax

Corvus twachyrhynchios
Nucifraoa colushiana

PARIDAE

Parus atricaonllus
Parus pasbeli
Parus rufescens

REBITHAL, IDAE
+Psaltricarus winims

SITTIDAE
Sitta canadensis

CERTHIDRAE
Certhia americana

CINGL IDAE

* See Table B-1 for 1ife forms.

COMmON NANE

Northern Flicker
Piieated Woodowcker
Lew1s’ Woodoecher
Ye!low-pallind Saosuchker
Hairy Woodoecker

Downy koodpecker
Three-toed Noodoscker

western Aingbird
Wii.om Flycatcher
Nestern Wood-oswee
Diive-sided Flycatcher
Nestern Flycatcher

Horned Lark

Violet=gresn Seallow

Tree Swaiiow

Barik Swallow

horthern Rough-winged Swallow
Barn Swallow

ClifF Swallow

Gray Jay

Steller's Jay
Black-billed Mapoie
Common Raven
Aserican Crom
Claru's Nutcracher

Black-capoed [(hickadee
$ountain Chickader
Chastnut -backed Chickades

Bushtit

Awd-treasted Nuthatch

Brown Creecer
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Table B-2 (cont'd).
SUELT DAYS DRIGIANL IMPRCTS HEQ STUDY--BIADS AKD ANKING PRRRETERS (source: Tabor. R.D., 1971. Biotic survey of Ross Lake Basin)

SPECIES

Cinclus mexicanus

TROGLODYT10RE
Troglodytes trogiodytes

MSCICAPIDRE
Turdus mgratorlys
Inoreus nagvius
Catharus guttatus
Catharus ustulatus
Sialis currecoides
Mvadestes townsandi
fegulus satraoa
Regulus calendula

MOTACTLL 10RE
fnthus soinpjetta

BOMBYCT: L IDRE
Bombycilla garrulus
Boatnrilla cedrovul

STURNIDRE
Sturmus vulgaris

VIREONIDRE

Vireo swolitarius
Vireo olivaceus
Yirso gilvus

EMBERIZ IDAE

sersivora celata
Verwivora ruficacilla
Dendroica oetechia
Dendroica coronata
Derdroica nigrescens
Dendroica townsendi
Oporornis tolmimi
Wilsonia ousilla
Sturrella neqlecta
Yanthoceohalus manthoceochalus
Aoelaius ohoericeus
Eughaous cyanoceshalus
Molothrys ater

Piranpa ludoviciara
Pheuct 1cus selanoceonalus
Mioile ervthroohthalses
Junco hyemaiis
So1zella oasserina
Zorotrichia ieuconhrys
lonotrichia atricaoilia

COMON NE

faavican Diooer

dinter Mrmn

Rmerican Acbin

Varied Thrush

Herait Thrush
Swainson's Thrush
Mountair Blusbird
Townsend's Solitaire
Bolden-crowned Kinglet
Rudy-crowned Kinglet

Hater Pioit

Bohasian Manwing
Catar Wazwing

Euroosan Starling

Bolitary Vireo
Rwo-eved Virso
Narbling Vireo

Drance-crowed Warbler
Nashvilie Warbler
Yeilow Harbler
Yellow-rumped Warbler
Biack-throated Gray Warbler
Townsend®s Warbler
%acBillivray's Marble
Wilson's Warbler
Western Meadowlark

Yel low—heades Blackbird
Red-winged Blackbird
Brawer's Blackbird
Brown-headed Cowdird
Western Tanager
Black-headed Grosbeak
Rufous—sicded Towhee
Davi-eved Junco
Criooing Soarrom
Whiterrowned Saarrow
Goloerncrowned Soarros
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Table B-2 (cont'd).
SKARTT DAMS DRIBIANL IWAACTS ~£3 STUDY--BIRDS OND RANMING PARAMETERS (source: Tador, R.D., i971. Biotie survev of Ross iLake Basin)

SPECIES COMMON MAPE
LIFE AVAILABLE HEA
FORM™ SEASONALITY  RBUNDANCE  [NFORMATION MODELS  VERSATILITY RANA
Relosoiza mlodia Song Soarrow 7 1 1 1 i 3 7 )
FRINGILLIDRE
Coccot hrpustes vescertina Eviming Brosbeak 1 2 1 1 [ 2 b
Cargodacus cassinii Cassin's Finch 1} 1 1 1 0 2 5
Pinicloa enucimator Jine Grosbeak 1 3 | i 0 3 ]
Cardualis Divws Pine Siskin 11 4 k] i 0 2 10
Carduslis tristis Fmerican Goldfinch B 1 | 1 0 2 3

“ faderal threatensd or sndanosred soicies
ot on Tabor's list tut imown to occur in the Skagit ares seasonalitys 4=annual resident: J=winter resident: 2=sumser resident: izmigramt
abundance: ézabundant: 3=comeon: S=uncomson: l=raret 0=no information
available information: 2:=site soecific studies; l-observed on site; O=none/peneral
HED models: 3=yes (final); 2syws (draft); f=yes [incownlete): O=no wodel
versatility (based on the ruuber of cover tvoes and successional stages used in feeding and rearcduction}: 3-low; Z=mediumg 1=zhich
rankssun of all oarameters

* See Table B-1 for 1ife forms.



Table B-3.

SKAGLT DAMS ORIGINGL IWPACTS HEP STUDY---WAMNALS DRDERED BY LIFE FORM AND RANK
tsource; Taber, R.D., 1971, Biotic Survey of Ross Lake Basin)

HABLTAT TYPE
LIFE COMIFEAQUS BROADLEAF  MIXED  REGENERATION SHAUP  HERBACETMS ROCK/ . s HEP

SPELIES COMAON NIVE FORn * RN FOREST FOREST  FDAEST  DRDADLEAF/MIXED DOMINATED DOMIMATED AGRICULTURE TRLUS PALUSTRINE RIPARIAN RIVERINE LACUSTRINE NIDELS
Tapus princeps Jusping Mouse 3 9 ] N X % ] x 0
Falis concolor Hountain Lion 4 [ ] X X X X n X x x [
Marmota flaviventris Yellow-bellisd Marsot [ 9 [ x 0
Felis rufus Bobcat 4 10 [] x X X % % 2 X ]
Oreamnos asericamis Hountain Boat ) 1] ] N 6
Earvus plaphus roosalveltii Roosavelt Elk 5 9 [ x [l X x ] x X 1
Alces alces Moosa 3 10 x I N 1
Odocoileus hewionus hesionus  Mule Deer 5 13 [ 1 1 X ] ] I3 [l i
Odocoi leus hewionus colusbianus Black-tailed Deer 5 13 1 x x " x x " 1
Lepus ' americamus Saowshor Hars 5 14 x [l x ] 3
Erethizon dorsatum Porcupine [ 8 x X N x x [}
Tasiasciurus douglasii Douglas’ Squirrel 10 10 % Il ] H
Tasiasciurus hudsonicus Red Squirrel 10 10 X X " 0
Procyon lotor Ractoon 14 H [ x [ N 5 [+
Blaucoltys sabrimus Northern Flying Squirvel " ;] ¥ X [
Wyotis lwcifugus Little Brown Myotis 1} 10 X % x X ] [ % 13 0
Martes americana Marten 14 12 [} n x k|
Microtus longicaudus Long-tail Vole 15 ] X X x [
Neotoma cinersd Bushy-tailed MWoodrat 13 [ X [ [ X " N 0
Camus latrams Coyote 15 [} ] [l [ X x N x [] [} 0
Rplodont ia rufa Mourtain Beaver 15 8 % ] ¥ n x [
Vulpes wulpes Red Fox 15 8 X [ X N 1 ¥ [ X ¢
Nicrotus oregoni Crawping Yole 15 [] X x X x [ P ¥ n [
Sorex cinersus Kashad Shrew 15 9 x x x 2 0
Ursus ampricanus Blach Bear 15 9 ] x Il x X x x 0
NeurcArichus gibbsii Shraw-mole 15 9 X x X X i X ]
Sored vagrans Mandering Shrew 15 9 ' ] ] X 9 x » 1)
Microbus townmendii Townsend® s Vole 13 9 x n x 0
Nicrotus richardsoni dater Yole 15 9 » M 0
flicrotus montanus Nountane Vola 15 9 % ] I [ X ]
Mustela frenata Long-tailed Mease! 15 9 F % x ¥ x " X Il 0
Spersophilus saturatus Cascate Ground Squirre) 15 10 [ x ] [
Phenacomys intermedius Heather Vole 13 10 x N ] ]
Sorex trowbridyii Trowbridge' s Shrew 15 1} X X X X x 0
Euvtamias townsendii Townsend's Chipaunk 15 1 x » x ] x ] [1]
Bchotona princeps Pika 13 1 N 0
Marmoata frenta Hoary Marmot 15 11 M N 0
Percuyscus maniculatus ihite-footed Deer Mowse 15 1 x ] X ] X ] x N 0
Eutamias amoenus Yellow Pine Chipwunk 15 12 ¥ x ¥ ¥ ] ¢
Clethrionoays gapperi Southern Red-backed Vole 15 13 X » x Il 3
Soren palustria Northern Mater Shrew 16 10 X N ] 4
Lutrd canadensis River Otter 16 11 [] [l I " H
Mustela vison Nink 16 12 n [ x x 3
Castor caradensis Beaver 16 12 I 1 . % 3
HEP models: J=yes {final); 2=yes tdraft)); l=yec (preliminary); O=nc sodel
* See Table B-1 for life forms.
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Table B-3 (cont'd).

SKAGIT DAMS ORIGINAL IMPACTS HEP STLRIY---RERTILES AND AMPHIBIANS OSDERED BY LIFE FDRM RAD RANK
{source: Taber, R.D.. 197i. Biotic Survev of Ross Lake Basin}

HABITAT TYPE

LIFE + HEP CONIFEROUS BRORDLERF  MIXED REGENERATION SHRUB HERBACEDLIS ROCK/ -
SPECIES COmON NUE FOR™ R WODELS  FOAEST FOREST FOREST  BROGDLEGF/MINED ODOMINATED [DOWINATED AGRICULTURE TALUS SALUSTRINE RIPARIAN RIVERINE LACUSTRINE
Rana catesbelana Bull Frogp H 7 2 ¥ N x X
Rana aurors Red-1eaoed Frog 2 [ ] x X ] %
Ambvstoma macrocactvlue \ong-toed Salasander 2 [ ] x x b ¥ x
fscaohus truii Tailed Frog 2 7 L] x ¥ N x X
Rand DiD187S Hestarn Leooard Frog ] 7 0 'l x ]
Hyls ragila Pacific Tree Frog 2 7 0 X H [l N X x
Rana cascaoe Cascade Froo 2 9 [1] 1 N x ]
Bufo boreas Hestern Toad 2 n 0 ] x ] N X X ]
Thamnoohis elesans Wandeving Garter Srake 3 9 0 n % [l N % A
Thamnoohis sirtalis Couson Bartar Snaxe 3 10 Q 1 [ [ X ]
Thammoohis ordinoides Northusstern Garter Snake 3 10 0 [l X X % ]
Serrhonotus coreruleus Novtharn Alligator Lizard 3 9 i [l [l H
Charina bottas Aubber Boa § 3 [} X ¥ I

HEP mocels: 3=yes (fimail: 2syms (drafi))s l=ves (oreliminaryl;] (=no model
* Sea Table B-1 for life forms.
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Table B-3 (cont'd).

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

SPECIES

#orzana Carolina
«Podilvabuy oonicens
Hallus Limcola
Merous serrator
sPhasacrocoran duritus
Cygnus columbianus
Larus olaucescens
Anas clvowata
Gallinago gallinidgo
Larus ghiladelohia
fAvthva marila

Pnas acuta

Larus calawarensis
Podiceos nigricoilis
Lérus Canus

Branta canadensis
Podicens auritus
Histrionicus histriomicus
#Fulics asericana
Larus califormicus
Melanitta deplandi
fvthya affinis
Aecheoohorus occicentalis
finas alatyrhynchos
fivthva americana
Anes discors

Actitis macularia
Charadrius vocifarus
Bavia immer

Cinclus mexicanus
Falco peregrinus”
Cyoseloides niper
Hirurdo ovrrhonots
Hirundo rustica
Corvus coras
Eremoohila aloestris
Anthus spinoletta
Circus cyanpus
Sturrella nenlecta
Iomotrichia atricaailla
Wilsoma ousilla
Canachites canadensis
Catharus guttatus
Lagoous leucurus
Junco hvewa)is

Bunasa umbeiius
Derwdraganus obscurys
Werslvora celata

nsend )
.ica:li.l_

Sora

Pied-b11led Grebe
Virginia Rail
Aeo-breasted Merganser
Double—crested Cormorant
Tundra Swan
Blaucous—wingad Bull
Northarn Shoveler
Cosmon Sniow
Sonacarte’s Gull
Breater Scauo

Noethern Pintail
Ring-billed Bull

Eared Grabe

Mew Bull

Canads Boose

Horned Brebe

Harisoyin Duck
Puerican Coot
California Gull
White-winged Scoter
Lessar Scave

Western Grebe

Mallard

Rednead

Blue-wingad Teal
Sootted SendDiper
filideer

Common Loon

AeeriCan Diooer
feregrine Falcon*
Black Swift

Cliff Swallow

Barn Swallow

Comson Raven

Horned Lark

Water Pipit

Northern Harrier
Western Meadowlark
folder—crowned Sodrrow
Hiison's Karbler
Soruce Grouse

hersit Thrush
dhite-tailed Parmigan
Dark-evad Junco

uffed Brouse

Blue Grouse
Ovanoe-crowned Kartler
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REGEMERATION SHRUB  HERBACEOLS AGAICEATURE ROCK/

]
X
4
] x
X N
]
X
H |
L}
L]
K
N X
S x
X [}
L} K
X L] ] L} X
|
L 3 X
X | 4 13 L]
] A x
L} X
L]
L]
L}
L] X
L]
L ]
] L]

TALUS PALUSTRINE RIPARIAN RIVERINE  _RCUSTRINE



Table B-3 (cont'd).

SPECIES

Chordeiles mnor

Pica pica

Calyotn anna

Eunhaqus cvanocechalus
Stellvla cailicom
Sotzella oaserina
Molothrus ater
Tosotrichia laucothrys
Melosoiza melodia
Esoidonax traillii
Pioile erythroghihalmus
Turdus sigratorius
Catharus ustulatus
Yanthoceschalus xanthocechalus
foalaive ‘ohomniceus
saltricarys minims
Carduelis tristis
Oporornis toleisi
Bombycilla garruius
Dendroira oetechia
Bombyrilla cedrorus
Contoous borsalis
Dendroica nigrescans
sEnoidonax pifficilis
Regulus calenduia
Dendroica coromata
Dendroica tommsendi
Piranga ludoviciana
Nucifraga colusbldna
Reaulus satracd
Caroodacus cassinii
Vireo solitarius
Contoous sordidulus
Vireo olivaceus

Falco coluabarius
Recionter striatus
Accioiter coooerii
Pheucticus meianocechalus
Coccothraustes vesoertina
Corves brachyrhvnchos
Tyraomus verticaiis
Pimicloa enucleator
Selasohorus rufus
Accioiter pentilis
Cyanocitta steiler:
Vireo oilwus

lenarda macroura
Perisorgus camagdersis
Columpba fasciata
Inoreus naevius
Carduelis 21mus
Butorices striatus

* S5ee Table B-1 for life forms.

Common Mighthamh
Black-pilied Magoie
Rnna's Hussingbird
Brawer's Blackbird
Cailioos Humsinghird
Chiooing Soarrow
Brown-hwaded Cowbird
White—crowned Soarrow
Song Goarrou

Willow Flvcatcher
Rufous-sided Towhes
Rusrizan Robin
Swainson’s Thrush
Yollownaaded Blackbird
Red-winged Blackbird
Bushtit

Amwrican Boldfinch
MacBillivay's Warbler
Bohewian Waxwing
Yellow Warbler

Cadar Waxwing
Olive-sided Flycatcher
Black-throatad Gray Warbler
Western Flycatcher
Auhy-crowned Kinglet
Yeliow-rusoed Warbler
Townsand's Warbler
Western Tanager
Clark's Nutorackar
Goloen-crowmed Kinglet
Cassin's Finch
Salitary Vareo
Hastern Wood-obwed
Rad-sved Vireo
Merlin

Sharo-shinned Hawh
Cooner's Hawk
Black-headed Brosbeak
Evening Grosheak
American Crow
Western Kinpbird

Pine Grosbeak

Aufous Humminobird
Northern Boshawh
Steller's Jay
Warb.ing Vireo
%ourning Dove

Gray Jav

Band-taiied Proeon
Varier Thrysh

Hne Sisain
Green-bac«ed heron
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Table B-3 (cont'd).

SPECIES

Pandion halrastus
Rauila chrysaatos
Hirdea havooids
Haliasetus leucocechalus”
Bubo virginiams
Buteo lemaicensis
Sohyraoicus varius
Picoides viliosus
Picoides tridactylius
Sitta canadensis
Relaneroes lewis
Dryocoous 0ileatus
Picoides pubsscens
Colastes auratus
Sturnus vulgaris
Sialis currucoides
Lochodytes cucullatus
Bucwohala clanguia
#tus hennicottin
5trin varia

Parus rufescens
Slascidium gnosa
Hegolivs acadicus
Mergus merpinsar
Chastura vaun

Faico soarverius
Tachycireta bicolor
Tachycineta thaiassina
Parys gambeli

Carthia asericana
Buceohala albeola

Rin soonsd
Troglodvtes troolodvies
Strix occidentalis
Buceohala islancita
Jarus atracaniliusg
Rioaria ricaria
SLeifiCootErya SEFFLIRMTLS
Ceryle aicyon

* See Table B-1 for 1ife forms.

*HEP models: 3
P4
1
0

N oa nn

M E N T N I A S D B9 BE O BN Uh G N B ' .

COMMON NAME

Dsorey

Golden Eagle

Breat Blue Heron
Bald Eagle”

Braat Horned Owl
And-tailed Hawk
Yellow-bellind Saosuchker
Hairy Woodoecier
Three-tosd Woodascker
Aed-orsasted Muthatch
Lowis' Woodoscker
Filsated Hoodoecher
Downy Woodoecher
Northern Flicker
Euroosan Starling
fourtain Blushird
Hoodad Rerganser
Comson Boldensys
western Scresch-owl
Barred Owl

Chestrut-backed Chickades

Northern Pyowy-owl
Northarn Saw-whet Owl
Common Merganser
Vaux's Swift

American Hestrsl

Tree Ewallow
Violet-green Swallow
Mountain Chickadee
Brown Creeoer
Buffleheac

wWood Duck

Winter Wren

Northern Sootted Owl
Barrow's Goldeneve
Biacw-capoec Chicuacee
Bank Swallow

Mort 1Ern Awuki-winoed Swaliow

Belted Hingfisher

yes {published)
yes {draft)

yes (preliminary)
no model
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Table B-4

SANPLING PLAK--ACTUAL VS PLANNED
SKAGIT DANS ORIGINAL (KPACTS

GOREE SUMMARY

Coaaunity Type

old¢ growth conifer

clesed sature conifer

ooen mafure conifer
lodgepole pine

regeserative conifer
regenerative troadleaf/mixed
broadleat

aixed conifer/broadleaf
shrubland

wet agadow/aarsh

shrub swamp

conifer swaap

broadleaf swamp

sized swamp

riparian old arowth conifer
riparizn matyre conifer
riparian broadleaf

riparian sixed conifer/broadieat
riparianfavalanche shrubland

TOTALE

Planned Saspling Distribution

Actuil Sampling Distribution

On-project Polygons Sites!

0-27,0-3,0-34
D-29

b-17,0-7

022

B-13

& saspling effort is included in Ross Susmiry

Alternatives
Polyaon
11111 b-21
H
112
BEY-18
3
2

¢4 -project Sites/ Tatal
Areas Folygon Sites

iH-53"  H-20,H-391% (3/1F1)8

(R-10a*,R-11a,P-Babs (317 1)a

H

On-project Polygons Sites/
Polygon
b-27,0-34,0621 i1
§-29 1
0-17 2
D-13 2

Planned vs Actual Changes

rlosed satere conifer

0-21 eeplaced 0-9 (small with large wash-out area;

retyped as aixed conifer/oroadieaf}

open wmature conifer

B-2% too swall & steep to fit J sites

regenerative canifer

H-b4a (northern part of H-b44 replaced H-20

aixed conifer/broadleat
E-7 inaccessable (tso st

eepl

D-17 too small to §it 3 sites

riparian old growth conifer
EBV-4 {retvped from comi
Iretyped a

fer swamp} replaced R-11a
S riparian satgre conifer)

riparian sature ronifer

Sites/  Total
Polyaon Sites

{H-53* H-3%,H-bda H-22) ¢ (3/8/1/100 ’

3
1
2
{P-5a,BBV-5,R-10at¥ 11424413 4
113
2
]

D-22 (retyped as mature closed conifer): mo other sites available

riparianfavalanche shrub
actual=planned



Table B~4, cont'd
SANPLING PLAN-~ACTUAL VS PLANNED
SKAGIT DANS ORIGINAL INPACTS

DIABLO SUMHARY

Planned Samoling Distridution fctual Sasplino Bistributien
Coumunity Type On-project Polygons Sites/ Rlternatives 0ff-project Sites/ Total On-praject Polygons Sites/ Off-project Sites/  Total
Pelygon freas Polygon Sites Palyaon Rreas Polygen Sitez
old growth coniter R-10,8-11 i b £-10,8-11 M 4
closed mature conifer R-50,R-25,R-16 14111 R-15 3 R-50,R-16,R-15 1112 4
open mature conifer D-41,R-56,8-71 1414 0-43,R-49 3 R-TH,R-4%,0-43 111 3
lodgepole pine lopen & closed) R-57, B-32 12 3 R-32,R-57 an 3
reqenerative conifer (#-53°,H-20,H-390¢ {37101} i (4-53* H-39, H-b4a, K-221+ (3/141100 L]
regenerative broadieaf/eixed
broadieat R-51,R-40 142 3 R-51,R-40 1
nixed canifer/broadledf R-&7 5 3 R-67 3 1
shrublzngd
wet meadow/sarsh
shrub swaap
coai fer swaAp
broadleal swisp
miked saaap
riparizn ald grownth ceaifer R-10at LD
riparian satere coniter R-11a# il ]
rigarian broadleaf R=13*,8~141¢  (3/)e £ (R-14,R10h1 e (3413 3
riparian sixed coniter /oreadleat =59 1]
riparian/avalanche shrubland
TOTALS 18 2%

t saspling effert is included in Ross Sumaary
Plansed vs Actual Changes
ald growth conifer Indgepole pine sixed coeifer/droadleaf

planned=actual dlanned=actual planned=acteal (reduced)
closed sature conifer reqeneritive coniisr riparian sature conifer

R-13 replaced R-23 (inaccessivlel H-b4a (morthern part of H-44) replaced H-20 R-i1a (retyped from riparian ald growth conifer)

reptaced BBV-§ (retyped as sature closed coniier!

tpen &atare conifer aroadleat

B-43 replaced 0-81 dretvpe as aiged) R-60 too saall for 2 sitesy put im R-5i riparian broadteaf

f-49 replaced R-3b (inactessable % top saalll f-10h replaced R-13 (retyped as rinarian wixed; streas has chansed course;

trees are dving; inaccessable}

riparian old growth conifer riparian mixed conifer/broadleat

plarned=actual H-49 fretvped from riparian regenerative droadleaf/coniteri;

represents oaly on-project polygon
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SANPLING PLAH--ACTUAL ¥S PLANNED
SKAGIT DAMS ORIGINAL IMPACTS

ROSS SUNMARY

Planned Sasoling Bistribution Actual Saspling Distribution
Lomaunity Type Bn-project Polygons Sites/ Rlternatives DEf-project Sites/ Total On-project Polygons Sites/ 0f f-project Sites/  Total
Falygon freas Polygon Sites Polvoon freas Poivoon Gites
old growth conifer P-34,P-52,P-21 34 P-59,P-17,P-19 3 P-59,P-5,P-31,P-17a N B
ctosed mature canifer H-14,P-63%H-21 173/t P-4%,H-32.R-94 § $-52,P-b5" H-60,H-T4* 131113 13
P-44,P-85 P-17,P-44 R-94 0-32,P-49 /1717101

open sature conifer P-9,H-25%,P-48  1/3/1 H-29,H-70,H-30/31 § H-25,P-£8,H-30/31 2113 &
lodgepote pine {open & closed} P-Bd,R-984,0-21 13N P-33,P-15 5 R-90* P84 ,P-33 3N 5
regenerative conifer (% req. lodgepalel H-53*,H-20,H-3%  3/1/t H-22,H-35 3 H-53* ,H-39, H-bAa, 022 I &
reqenerative broadleaf/aixed H-64%,H-61,H-15 3141 P-80 5 H-54,4-135. P-B0 N 3
broadleaf H-34* H-87,H-4  3/111 P55 3 H-44,H-54* ,P-35 i S
sixed conifer/broadleaf R-83",P-T0,H-2¢  3/1/1 P-84,P-42 H P-42,H-24,R-B3* 11143 ]
shrubland H-bb 1 Le-,L0-2* 113 H it-t,LC-2 242 §
wet meadow/marsh bav-3~,B0V-8,C5-5 3/iM1 H BAvY-3+,£5-5,08V-8 nn 3
shrub swaap P-34 1 BRY-24, BBY-11 n 3 P-34 t BBV-2~,BOV-LL in 3
canifer swasp BBY-4* 3 3 q
broadleat swasg P-4+ 3 3 P-9~ 3 3
nized swaap {S-4* 3 M £5-4* 3 3
rigarian old growth coniter P-Sa t 86Y-10 R-t0a*,R-11a n 3 P-5a i 8BY-5.R-10a U i
riparian asture conifer BBY-4~,L5-3 i L] R-11a 2
riparian broadieaf £s-2 R-13*,R-14,08-1 311 5 L5-1,R-14,R-10k 113 H
riparian aixed conifer/broadleaf BeY-74 3 3 H-39 1 BBY-7* 3 L]
ripariantavalanche shrubland P-T4 1 BAv-3+ M L] P-74 i BoV-2 2 3

TOTALS Bs 9




Table B-4, cont'd

Planned vs Actual Changes
old grawth conifer
P-59 replaced P-52 iretyped as closed aiture cosifer]
P-19 retyped as closed mature conifer
P-17 most retyped as clased satuce conifer;
P-i7a small portion remains old growth

closed mature conifer
P-52 iretvped from old gramth conifer)
H-40 {sistakenly saspled instead of K-41) replaced H-21
P-17 iretyped from old gromth coniter}

open aature conifer
H-30/3t repiaced P-% [inaccessablel
#-70, H-29 inaccessable
#-25 could only fit 2 sites

lodgepole pine
P-33 replaced P-27 tretyped as closed canopy camifer]

regenerative conifer
H-b#a (northern part of H-84) replaced #-20;
{retyped as regenerative aixed}

regonerative broadleaf/eived

P-BO replacad H-41 [retyped as aixed canifer/broadieaf)

beoadl paf .
P-55 replaced H-47 tretyped as avalanche shrubl

S EE SN AE UGN IS OGN BN SN AN GE U O G BN BE EE U an

mixed conifer/brozdleif
P-42 replaced P-70 (retyped as open aature conifer}

shrubland
W84 (retyped as broadieaf)y
no on-site replacesents available
LC-2 could anly fit 2 sites

wet seadow/earsh
planaed=actual

shrub swaep
planned=actual

canifer swaap
BBY-& (retvped as riparian old growth comiferl;
no other sites available

broadlaat swasp
planned=actual

sired swamp
planned=artual

riparian old growth conifer
BBV-& (retvped froa conifer swamp) ceplaced R-1la {retyped as ripraio mature conifer}

riparian aature conifer
R-1%a lretyped from riparian old growth conifer}; replaced BBV-4 {retyped as clased conifert
[S-3 {retyped as mature closed conifer); no other sites availabie

riparian regenerative broadlasf /conifer
H-5% (retyped as riparian aixed conifer/broadleaf);
no other sites available; entire habitat type is elisinated

riparian broadleaf
R-10b {a broadleaf inclusion in R-10) raplaced R-13 [retvped as aixed swanp; streae has
changed course; trees are dying: inaccessiblel

riparian aixed conifer/broadleaf
H-59 (retyped from riparian regenerative broadleaf/conifer)y represents the only an-project
polygon}

riparian/avalanche shrubland
planned=actual



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

C0G Map distances from random points within cover polygon to cpen 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

0.12 miles 1.0

|



Table B-5 {cont'd).

ROSS - Pre-project

rC0G Map distances from random points within cover pelygons to open habitat

m 12 17 35 11 s1
6 16 2 11 17
10 22 26 20 13
X = 15mm = 0.93 miles ' 0.87
rCC Smm 3 16 25 6
18 10 18 15 13
14 6 - 11 23
X =13.273mm = 0.82 miles 0.95
rM 28mm 4 34 23 35
33 B - 21 39
21 - - -- 36
X = 25.636mm = 1.59 miles 0.43
rB 16mm 5 12 17 23
27 4 26 27 29
16 - - 26 -
X = 19mm = 1.18 miles 0.73
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Table B~5 (cont'd).

DIABLO - Pre-project

CO0G Map distances from random points within cover polygon to open habitat

4mm SI

3

3

X = 3.333mm = 0.21 miles 1.0
cc 5mm 3 3 7 6

3 5 6 15 7

1 12 11 - 5

X = 6.357mm = 0.40 miles 1.0
M No pre-project mixed
B 2mm 2 3

7 1 3

4 - 8

X = 3.75mm = 0.23 miles 1.0



Table B-5 (cont'd)

DIABLO - Pre-project

rC0G 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
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Table B-5 (cont'd).

GORGE -' Pre-project

€C0G No COG
CC 2mm 1 4 6
T 7 2 10 8

- 2 - -

X = 4.714mm = 0.29 miles
M No pre-project mixed

B No pre-project broadleaf

rCOG 5mm
9

R = 7mm = 0.43 miles

rCC 10mm
7
12

X = 9.667mm = 0.60 miles

1.0

1.0

1.0



Table B-5 (cont'd).

ROSS - Post-project

COG Map distances from random points within cover

=

|2

11mm 5 3 11
6 - - 15
4 - - --

¥ = 8.5mm = 0.53 miles

21mm 16 7 4

17 9 8 5

11 18 4 6

R = 14.467mm = 0.90 miles
8mm 7 9 5

5 7 2

3 - - 2

¥ = 5mm = 0.31 miles

3mm 1 3 4

4 - 2 -

X = 2.857mm = 0.18 miles

polygon to open habitat

SI
1.0
28
33
30
0.91
2
2
1.0
3
- 7
1.0



Table B-5 {(cont'd}.

ROSS - Post-project

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

8mm SI

X = 8mm = 0.50 miles ' 1.0
™ 4mm

5

X =4.5mm = 0.28 miles 1.0



Table B-5 (cont'd).

DIABLO + Post-project

C0G Map distances from random points within cover polygon to open habitat

4mm SI

3

4

X = 3.667mm = 0.23 miles ' 1.0
cc 5om 10 8 15 8

- 10 9 16 4

- 11 - 16 12

X = 10.333mm = 0.64 miles 1.0
M 1mm 8 8

X = 5.667mm = 0.35 miles 1.0
B 13mm 8 12

15 . -

X = 12mm = 0.75 miles 1.0
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Table B-5 (cont'd).

DIABLO « Post-project

r(0G Map distances from random points within cover polygon to open habitat

1imm SI

12

11

X = 11,333mm = 0.70 miles 1.0
rcC 13mm

X = 13mm = 0.81 miles 0.96
™ 11mm

X = 1lmm = 0.68 miles 1.0
rB 10mm

12

X = 1lmm = 0.68 miles 1.0



Table B-5 {cont'd).

GORGE - Post-Project

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

=

3Im 2 33 SI
h 4 8 -

2 - - -

X =3.7mm = 0.23 miles 1.0
3mm 5 2

X = 3.333mm = 0.21 miles 1.0

k



TABLE B-6

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

Riparian/Wetland Riparian/Wetland Mixed Conifer/ Riparian/Wetland Riparian/Wetland
01d Growth Conifer Mature Conifer Broadleaf Broadleaf Shrubland
Evening grosbeak Evening grosbeak Wilson's warbler Wilson's warbler Hutton's vireo

Bewick's wren 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

s Green-wing teal



TABLE B-7

BIRDS REQUIRING LARGE TREES FOR REPRODUCTION AND/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 swallow
Violet-green swallow
Gray jay

American crow

Common raven

Osprey
Chestnut-backed chickadee
Red-breasted nuthatch
8rown creeper

Winter wren
Golden-crowned kinglet
Ruby-crowned kinglet
Swainson's thrush
Varied thrush

Western tanager
Purple finch

Pine siskin

Evening grosbeak



TABLE B-8
BIRDS REQUIRING SNAGS FOR REPRODUCTION AND/CR FEEDING

Nest Snag Minimum

Cavity Sound Wood Nest Snag

Diameter Excavates vs., Decayed Height
Species (inches) vs. Occupies _ Mood (feet)
HWood 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

Europeon Starling 15 Occupies 10



TABLE B-9
HABITAT PARAMETERS MEASURED USING A QUADRAT i

Parameter Species Cover-Types
Deciduous Shrub Density Ruffed Grouse A1l Upland and Riparian Types
Deciduous Tree Density Ruffed Grouse A1l Upland and Riparian Types
Conifer Tree Density Ruffed Grouse A1l Upland and Riparian Types
Conifer Tree Height Ruffed Grouse A1l Upland and Riparian Types
Deciduous Tree Height Ruffed Grouse A1l Upland and Riparian Types
Overstory Tree Height Black-capped Chickadee A1l Forested Types
Density of Trees 51 cm dbh - Pileated Woodpecker ATl Mature Forest Types Except
Red-tailed Hawk Lodgepole Pine
Density of Snags 51 cm dbh Pileated Woodpecker A1l Mature Forest Types Except
Lodgepole Pine
dbh of Snags 51 cm dbh Pileated Woodpecker A1l Mature Forest Types Except
Lodgepole Pine
Density of Snags 10-25 cm dbh Black-capped Chickadee A1l Forested Types
Density of Trees 2.5~15.2 cm dbh Beaver All Terrestrial Types
Density of Logs 18 cm dia. and Pileated Woodpecker A1l Mature Forest Types Except
Stumps 1.3 m high and 18 cm dia. Lodgepole Pine
Shrub Height Beaver, Yellow Warbler All Terrestrial Types

Ruffed Grouse



TABLE B-10
HABITAT PARAMETERS MEASURED USING LINE INTERCEPT AND PLOT FRAME

PARAMETER SPECIES COVER-TYPES

Shrub Canopy <5 m high Red-tailed Hawk Open Conifer and Shrubland
Deciduous Shrub Canopy <5 m high Yellow Warbler A1l Palustrine and Riparian Types
Hydrophytic Shrub Canopy <5 M high Yellow Warbler A11 Palustrine and Riparian Types
Shrub Cover <2 m high Palatable Mule Deer A1l Upland and Riparian Types

To Deer
Shrub Cover <2 m high Less Palatable Mule Deer A1l Upland and Riparian Types

To Deer
Tree Canopy Cover Red-tajled Hawk, Pileated A1l Cover Types

Woodpecker, Black-capped
Chickadee, Marten, Beaver

Conifer Canopy Cover Marten A1l Mature Forests
Evergreen Woody Vegetation Cover Mule Deer A11 Upland and Riparian Types
Cover of Downfall >7.6m diameter Marten A1l Mature Forests
Palatable Herbaceous Canopy Coverg/ Mule Deer A1l Upland and Riparian Types
Herbaceous Canopy Covergf Red-tailed Hawk Open Conifer, Shrubland, Marsh
Herbaceous Canopy Cover 8-46cm ta]]gf Red-tailed Hawk Open Conifer, Shrubland, Marsh
Height of Lowest Conifer Branchéj Ruffed Grouse A1} Upland and Riparian Types
E; ﬁlot Frame _

easured Near Line




Table B-11. Common and Scientific Names of Plant Species Mentioned

in the Text

Common Name

Scientific Name

western red cedar
Todgepole pine
ponderosa pine
Douglas-fir
western hemltock
Pacific yew
prostrate juniper

black cottonwood
paper birch

red alder
bigleaf maple

salmonberry
trailing blackberry
vine maple

Alaska huckleberry
red huckleberry
bunchberry

red osier dogwood
Nootka rose

willow

salal

Oregon grape
mountain box
oceanspray
serviceberry
clustered wiid rose
Tittle wild rose
mountain balm
bittercherry

mock orange
devil's club
hazelnut

hardhack

ninebark

Sitka alder
highbush cranberry
common snowberry
kinnikinnick

skunk cabbage

false lily-of-the-valiley
strawberry

twinberry

0348K

Thuja plicata

Pinus contorta

Pinus ponderosa
Psuedotsuga menziesii
Tsuga hetrophylla
Taxus brevifolia
Juniperus horizontalis

Populus trichocarpa
Betula papyrifera
Alnus rubra

Acer macrophyllum

Rubus spectabilis
Rubus ursinus

Acer circinatum
Yaccinium 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 capitaius
Alnus sinuata
Viburnum opulus
Symphoricarpos albus
Artostaphylos nevadensis

Lysichitum americanum
Maianthemum dilatatum
Fragaria sp.

Linnaea borealis



Table B-11 (Continued). Common and Scientific Names of Plant Species
Mentioned in the Text

Common Name Scientific Name
thimbleberry Rubus parviflorus
star-flowered Solomon's seal Smilacina stellata
starflower Trientalis latifolia
foam flower Limnanthus douglasii
larkspur Delphinium sp.

arrowleaf balsamroot
enchanter's nightshade
sundew

meadow death-camas
microsteris

swale desert-parsiey
Tomatium

goatsbeard

horsetail

sword fern

deer fern

bracken fern
mountain wood-fern
lady fern

stairstep moss
bog clubmoss
clubmoss
sphagnum moss

Balsamorhiza sagittata
Circaea alpina

Drosera sp.

Zigadenus venenosus
Microsteris gracilis
Lomatium ambiguum
Lomatium sp.

Aruncus sylvester
Equisetum sp.

Polystichum munitum
Blechnum spicant
Pteridium aquilinum
Dryopteris austraca
Athyrium filix-femina

Hylocomnium splendens
Lycopodium inundatum
Lycopodium sp.
Sphagnum sp.

pine grass Calamagrostis rubescens
bluebunch wheatgrass Agropyron spicatum
sedge Carex sp.

poor sedge Carex paupercula

0348K



APPENDIX C




TABLE C-1 -- HABITAT AND LOCATION CODES
USED IN DATA SUMMARY

HABITAT CODES

Code
001
002
003
004
005
006
007
008
009
022
023
024
025
026
027
101
102
107
108
109

LOCATION CODES

Code

BV

CS or CR
D

G

LC

R

Habitat Type
01d Growth Conifer
Closed Canopy Coniver

Open Canopy Conifer
Lodgepole Pine

Regenerative Conifer
Regenerative Broadleaf/Mixed
Broadleaf

Mixed

Shrub

Pond

Conifer Swamp

Broadleaf Swamp

Mixed Swamp

Shrub Swamp

Wet Meadow/Marsh

Riparian 01d Growth Conifer
Riparian Mature Conifer

Riparian Broadleaf

Riparian Mixed
Riparian Shrub

Location
Big Beaver Valley
Canadian Skagit
Diablo
Gorge
Lightning Creek
Ross



4 Table C-2.

‘q"' FORES] AND SHRUB HABITATE |
FOLYGON SUmMARY
AVERARE  AVERAGE AYERALE RVEROGE

HE JEHT HE IGHT HE|GHY NUMBER NUMBER DEH NUHBER NUMBER

QECIDUNUS DECIDUDUS  COMIFERQUS  DECIDUOUS C[UMIFERGUS  OVERSTORY TREES SNRGS SNABS ENAGS LDGS DR

LOCATION HEBITAT POLYGON SHRUBS TREES 1REES TREES TREES TREES Y50CH YSLCH 5L 1003504 STUNPS
Bk 1k By 304000 576.000 488,900 8,08 16,475 1524 184,000 16,000 199,004 000 176,000 -

108 BY7 2060000 1790331 207.687 12,624 &,09 15,248 138467 5,33 2000 $0.867 8133

109 e 11.400.000  592.000 14,000 B.155 76,220 -9,000 000 000 -9,000 24,000 000

€5 107 g5l 4,800,000 1, 0,000  |28.000 4098 7.9%% 15,044 48, 000 000 3,000 B000 384,000

) 001 RI0 2,058. 467 2.3 912,000 3.582 5,402 15,244 9,333 5,333 74.000 557 416,000

RIL 345,000 BIS.000 192,000 8,29 45,74 5.7 12000 000 -9.000 000 84,000

002 RIS LAZEO0D 352,000 S1Z.000 11.926 5,058 15.24 136.000 M,000 15,600 0,000 208,000

Rib 758,000 16.000 1,312,000 1.089 10,480 30,488 b4, 000 000 S0.000 1000 272.000

R30 95,000 112000 72,600 10,244 .59 15208 144,000 000 -9,000 48,000 176000

003 043 112,000 160,000  176.000 +.0% 4,090 15.244 ,000 006 -9,000 000 32,000

1) 752,000 128000 16,000 11,303 5.098 15.284 16,000 L0006 -9,000 16,000 .000

(] 352,600 000 %.000 0,000 8,098 15.244 48.060 000 -3, 000 000 000

004 3y, 4. 000 72,000 1,480,000 5,081 9001 13,574 000 000 9,000 232,000 .000

RS? 000 000 5,056.000 0,000 .71 .TH 000 000 -9,000 000 000

007 RSl 720,000 1,256.000 164000 b.0%8 4098 15.244 10,000 000 -9.000 8.000  152.000

R8O 12,000 90,000 192,000 b.0%8 6.0%8 15.204 18000 000 -9.000 112,000 384,000

008 1y WEb67  WLIZT 154,487 b.0%8 b.0%8 15,204 4,000 5,33 SE.000  176.000  13D.b67

191 R10A 5,516,000 496,000  126.000 5,170 9,240 15,244 58,000 36,000 97.500 000 140,000

102 RIIR 27,504,000 672000 9. 000 %.985 30,488 0% 112,000 16,000 105000 B.000 134,000

37 R10B 7.248.000  992.000 4. 000 6.0% 3780 15. 244 000 .000 -9.400 18,000 80, 400

_ R14 908,567 2310667  117.333 12,458 5,348 15.244 .000 000 ~9.009 26667 304.000

b 0oz b2 1.936,000  #14,000 560,000 8,292 b.098 15.284 95, 600 L000 -9, 000 9,000 400,000

027 1,040,000 320,000 400,000 10,366 .175 15,244 B0, 00 000 9,000 16.000 120,000

(5] §72,000 35000 1,312,000 4,098 5. 098 5098 176,000 000 -0.600 .00 432000

003 029 2308000 144,000 144,000 9,450 17.3% 19. 764 000 000 5,000 16,000 .00

o0 017 BAB.OOO  1,184.000  56B.000 b, 098 6,098 25,104 8.000 000 -9.000 M.000 160,000

1o% 013 14,600,000 2,320.000 312,000 8.227 6,098 9,000 000 .000 -9, 000 .000 .000

LL o LEY 50,800,000 49,000 40,000 1.6%9 9,242 19.305 000 000 9,000 8,000 000

LE2 26,200,000 72,000 40,000 1.539 5.793 9,000 000 000 -%.000 000 000

R 901 PoOs 21333 250.480  992.000 .29 8.0%8 15744 119,333 26, 667 n.12 3133 1Bb.bA?

PI7H 950,000 84000 1,516,000 2,490 5.098 15. 244 4. 000 000 -9, 04 w000 192,000

3 SK0.000 25000 424.000 5.078 4.098 22.B66  174.000 16.000 £3,000 000 240,000

pse I K0Lb67 3,061,333 1547 16591 LS9 290087 BO.000 104370 229.333 410687

007 W32 1.612.000  40B.0DO 54,000 9273 5,099 15.244 80,000 000 -9.000 18,000 32,000

KO 3LIRL000 720,000 224,000 7.415 1,173 13.052 060 L0060 -9.000 000 448000

N 000 3533 3NN 5,59 4,098 15,244 10,467 000 -9.000 BO.000 314,867

M 32.000 000 898,000 2,000 6,099 15.240 178,000 000 %000 000 %5, 000

Pas 1,328,000 90,060 1,184.000 7,571 6,099 15,20 900 L0600 -2.000 32.000 12,000

P49 L3000 144,000 1,296,000 4§43 PR 15.974 L0050 000 -9, 000 48,000 000

P52 WA000 336,000 3.072.000 §.272 17470 £7.470 540,000 49,000 81,333 ISL000 240,000

P65 4,640,000  BSHITY  LMT.IT 13.320 26.000 15,244 42,487 000 SB.000 128,000 250,667

T4 508,000 256,000 720,000 6. 098 6,098 15,204 B0, 000 L080 2,000 BO.0B0 140,000

001 H25 LA72.000 1696000  A48.000 4,029 12,388 19, 45 4B, 000 000 -9,000 £8,000 214,000

I 1,573,333 1. 667 9,313 5.098 £.098 15,244 5,333 (00 9,600 5,313 16,000

PHB 78,800,000 #0000 208000 5,259 10.777 12.835 R L000 2,000 22,000 004

04 3} 48,00 000 2,364,000 -9.000 5,089 15204 060 000 -9, 000 006 000

Fod 764,000 208000 5.750,000 11,715 4,098 25,148 000 ) -4.000 00 040

ROE 10,467 00 1,170,460 -9,000 4.0 10,941 .00 700 -G 181,133 000

GOS W22 2,472,000 B0, oy 474,000 3150 4. 58 7.858 L] L0 ~9,.008 LA L

W9 8800060 1,508,000 9%2.00D 4.783 B, 544 14,369 400 b0 -9, (il i L0gi

he> 045,011 T6E.000 1260, 000 5170 7.258 1,026 O L0 -5, 10,867 49,10



Table C-2 (cont'd).

FOREST AND SHRUB HABITATS 1
PALYGON SUMMARY

AVERABE  AVERABE AVERABE AVERAGE
HELEGHT HETGHT HELGH1 NUNBER WUNBER OB NUMBER NUMBER -
BECIDUOUS DECIDUOUS CONIFERCUS  DECIDUDUS CONIFEROUS  OVERSTORY TREES SNABS SHABS SNAGS L065 OR
LOCATION HABITAT POLVBDN  GHRUBS TREES TREES TREES TREES TREES »30CH 'SICH Y5104 10<25CH STUNPS
R 0035 Hela 10,000.000 76000 5,712,000 6,640 8.918 10,283 000 .00 -%.000 00 000
00b H1s 41,200,000  1,29.000 176,000 163 9.35) 11.003 000 000 -1.000 +000 b0
Hid 11,000.000 5,282,467 469.333 1.311 7.943 nan 000 000 -9.000 21,38 00
P8 43,200,000 3,520,000 14,000 4.098 4,268 10671 000 000 -9.000 800 000
007 Wi 1,184,000  &,592.000 48.000 20.171 71.38t 11.640 000 000 -9.000 .00 480.00¢
H34 12,133.38  1.618.887 94. 000 12,364 8.037 1%.478 10,687 060 -4.000 117.333 $12,000
[&H] 960.000 1,215,000 384, 000 6,098 6.018 15,244 14,000 000 9,000 14,000 304,000
L] Had 3.700.000 1,504,000 512,000 6,058 5.098 15.204 L 000 . 000 -%.000 12.000 224,000
P42 2,240,000 1.392.000 104,000 12,183 16,633 18,855 384,000 48,000 194,000 128,000 454000
Re3 874,647 304447 445,333 16.709 b.0%8 15,24 H00 000 -9.000 10, 487 LR 1Y)
10t POSA 1,584,000 400.000 400,000 3R 4.00% 15.244 204..000 000 -%.600 000 94.000
108 H5? 1.836.000 1,984,000 P60 000 6.0 4.0%8 15.244 000 . 800 -9.000 144,000 980.000
199 P 6,000,000 12,734,000 240,000 AN 10.6%7 }1.299 000 400 -9.000 44,000 .000

* See Table C-1 for location and hdbitat codes.



Table C-3.

SkAB1T RIVER HEP PROJECT
FORESY AND SHRUR HARITATS 2
POLVGON SUNMAKY

PALATABLE NONPALATABLE TaTAL SHRUE  DECTDUDUS PERCENT DEPTH HEIBHT HETGHT

SHRuB SHRUB SHAUS EOVER  SHRUB HYDROPHYTIC TREE COMIFER  EVERGREEN  DOWWFALL WOOOY  PALATARLE  MERBACEQUS HERBACEOUS  DECIDUDUS CONIFER

LOCATION HABITAT POCLYEDN  COVER COVER LOVER <58 COVER SHPUBS COvER COVER COVER COVER DEBAIS HERDACEOUS COVER BOAs O 54AUBS BRANCH
M * 101 % Bva 20,950 23,350 44,300 -3%.000 4,650 7.050 97.000 98. 3082 56. 200 0.7 54.850 4,000 -%9.000 -9%.000 1.9 4,435
ite By .48 30.267 12133 -99.000 36,135 B.%00 90,267 10.931 42,867 20100 ANy 2.000 99,000 -99.000 1. 330 S.640

[ vy 1.700 47.06480 102,509 =99.000 99,000 81.350 42,500 ~99.000 4,000 =99.00¢ 3.1 §.228 -99,000 -99.000 3.813 ~99. 000

(% 1907 Cst 21.800 39,600 &1.400 -99.000 57,400 41,600 89. 400 -19.000 31.8900 -3, 00 33,100 2.500 ~99.000 -§9.600 1.904 1,065
0 003 k10 6. 787 29333 36,100 -99.000 -79.000 -99.000 83.000 100,000 B3.000 19.733 1,700 1,400 =99, 000 -9%.000 1,812 3,697
Ri1 3.200 44,400 47600 -9%.000 -99.000 -99.0400 99,400 1 0%, 000 99.00¢ 1. 100 18,800 8.400 -9%. 600 -99.000 2,067 4,303

002 R3S 1,108 4.350 5,450 -9%.000 99,000 =99, 000 100, (00 9. 600 89,000 1.430 0. 500 7.730 -9, 000 -99.000 2.760 8.630

Rl 11000 30, 400 &1.400 -99.00¢ -99.060 -39, 0600 100,000 109,000 106,000 410 16,704 300 -9%. 000 -99.000 1. 470 3,238

R50 400 27.6800 8.400 -39.000 -39.000 =99, 00 93.400 100, b0 95,400 53.400 20,800 4,500 -99,000 -99.000 1.180 5.569

003 LM 000 1.800 7,800 B. 200 0 ~99.000 40,800 100,000 At 800 1.800 2,900 L00 00 Rl 1.667 L1713

Ra9 4,400 L6600 5.000 4,400 -9%.0{0 -99.000 55,500 5. 043 47.200 000 17.90¢ 000 000 » 000 1.837 1156

A7 000 000 000 000 -99. 000 ~§9.000 16,000 106060 36,000 1.000 12.500 000 . 000 000 1. B8 .99

o0 /32 050 67,500 47.950 -49%.000 -9%.00¢ -99.000 41.700 100,000 37.200 950 18,250 3.850 9. 000 -9%,000 1,343 7,78

/57 .000 5.200 5,100 -99.000 =99, 000 -99,000 bB. 600 L. 000 b8, 600 300 1.700 Nl -$9.000 -9%. 000 350 4230

w7 it 300 31,100 51,400 -99.000 -99.000 -99.000 94,400 -599. 000 13500 ~39.000 19,150 000 -39.000 -99.000 1,463 10.572

&0 S0 49.800 50, 700 -§4.000 =39, 000 -89, 004 95.000 -99.000 41,000 -9%,000 18.4600 000 -99.000 -99.000 .15 3,125

008 L0y 338 218 15,607 -99.000 ~99, 000 -9, 000 9730 45,544 14,067 4. 700 25,400 833 -29.00¢ ~99.000 2.267 5.978

101 RLOA 12.173 45423 57.800 89,000 55,800 40,715 10, 25(: 82.986 61,300 9.900 30. 663 30,500 ~$9.000 -93.000 2.408 5,150

192 Ri1A 17.400 13.550 30.95¢0 ~99.000 69,600 79,450 75,200 93,120 70,700 §.350 33.550 6. 300 ~99.000 -99.000 2181 5,353

17 R14 13.800 1.403 21,238 -99.000 19,767 16,453 59,000 -99.000 14.000 -99.000 17.588 25439 -99.000 -99.000 2.262 1,361

R10B 10600 23.500 34,300 -99.000 J6. 100 .70 96.000 -99.000 A0 -99.000 19.000 5,500 -9%.000 -9%.000 2.085 800

b 002 B2l 1.50¢ 35,900 37400 =99, 0040 -99. 0400 -9%.000 96,000 100,000 94.000 5.400 17.800 1500 ~99.000 -99.000 1.480 13.28%
7] 1.100 18,200 20,000 ~99.000 -39.000 -9%,000 92,500 93.305 10.200 500 12,509 8.500 -9%.000 ~§9.000 2.216 7,36%

D34 1,800 5.800 7,600 -99.000 99,000 -99.000 BE. BO0 94,820 84,800 10.000 29,600 . 300 -%9.006 -99.000 1.935 10. 540

003 P2y 17.000 19.200 38,200 25600 -39, 000 -99.000 3. 600 100. 000 59.00¢ 00 4,600 4.500 5.000 20.000 2. 183 895

008 M7 13,000 15,400 2B.400 -99.000 -9%.000 -99.000 99.400 57,268 66,300 3.800 17.00¢ 1.500 -93.000 =99.000 2.458 3.348

008 o3 100 10.900 41,600 -99.000 99,000 -9%. 000 13.900 -99.000 13, 400 -99.000 42,000 1.250 -99.000 -19. 000 4,012 1.681

LL 009 L1 48,900 7100 Sb. 000 48.900 -7, 000 -99.000 15. 600 -99.000 12.309 -#9.000 14,950 32,750 28,750 5.150 1.503 1.250
L£2 $0.900 9.900 56,800 4,100 -99.000 -79.000 13.900 -19.000 1t.300 -99. 000 5,800 17.759 21.250 61.750 1.942 bbb

R [y P03 1933 10.733 12,647 -9%, 000 -89.000 -93.000 99,467 96,653 8.353 1387 20,300 L.47- -§9.000 -99.000 1.9% 123
' P 1.560 27,600 35. 100 -9%.000 -99. 0600 ~99.000 B5. 400 160,000 87.000 6.300 . 18.200 4,500 -9%.000 -$9.000 1.953 4,693

P 21,987 35.500 AT -39, 000 -99.000 99,000 9, b67 92.6% ¥3.933 10,200 20,458 167 ~99.000 -99.000 1. 268 5.328

PITR . 000 20,800 20,6800 -9%.000 -99.000 -.000 100,000 100. 000 100.000 4.900 15.700 1.500 -§9.000 -99.000 1.843 B.b83

002 L5V 12,400 47,500 72,000 -99.000 ~79.000 =99, 000 13,800 100. 000 B2. 400 1.900 20.300 000 “89.000 -99.000 3.045 5.245

Ha0 21700 41,700 43,400 -9%.000 -99.000 -39, 000 52.000 92,491 8.200 000 12.300 000 -%9.000 -99.000 1.220 . 560

W 11,847 10, 147 12,033 ~39.000 -39. 000 -9.000 §5.733 100, 000 94,400 12,241 49.827 B0 =99.000 -99.000 2.3 4103

P17 A0 9.900 10.300 -99. 0400 -99.000 -99.000 100.000 100. 000 180,000 a.200 19.900 000 -39.000 -92.000 1.690 T.39

P4 J0 26. 700 22,500 -39.000 99, 000 -9%.000 82,000 100,000 B2.000 1,000 18,300 L300 -$9.000 -99.000 2.325 6.4t

P49 3,400 23,000 34,400 =39.000 =99, 000 -99.000 78.200 100,000 78,200 1.400 21,500 9.000 -39.000 -99.000 1.340 4,975

P32 2.000 4000 b.500 =99, 000 -9%.000 -99.000 100.000 78,000 98,000 19.200 17.200 1,500 -19.000 -99.000 LiTt 10,330

Ph3 22,4600 11.713 b6, 333 =9%,000 -9, 400 -99.000 69,533 #2.542 62.287 9.367 28,013 3.333 -39.000 ~99.000 1.098 3,987

R94 5.400 18,200 23,600 -99.000 -99.000 -19.000 95,809 §7.495 93.400 2.800 14,400 . 500 -99.000 -99. 000 2,163 1.570

003 HZ3 11,75 13.350 210 9.1 -9%, 600 -59.000 719,000 100, 000 76. 000 2,550 13.950 8.750 9.7% 8,750 1. 553 5.513

H} 4.887 6,167 11,033 i1.100 -99.000 =99.600 3,400 th. 467 3.400 333 2.267 5.3153 b.bb7 4167 1. 460 2.372

4] 41.000 15,606 54, 600 42.000 -99.000 -99.000 3.200 18.333 168,284 . 000 10,300 3.455 b6.818 45,453 k370 800

404 P33 L300 9,000 F.%00 -99.000 -99.0u0 -99.000 70,800 100. 0040 10,600 600 L9080 .500 -99. 00 -%4, 000 Le§ 6.0

4:1] 5,300 14,400 i7.700 -99. 000 =99, 000 -99, 000 4. 000 55,216 71,200 3,000 5.100 000 -99. 000 -99.000 1.655 4.475

Lt 2.89400 M, 400 17,500 -99. 000 -99.000 -5, 004G 41,907 160,901 42,500 333 10,987 167 - 99,400 -99.000 1,509 5,093

005 H22 9.200 22,400 11.800 -89, 000 -9%.000 -99.000 14,800 -89, 660 M, 500 -99. 000 8,560 G -99. 00 -§9,000 2.083 Nl

39 63. 600 53,000 116,840 -39, 006 -9%.000 -89, 000 61,80 -39, 000 Ju.800 -$9.000 39,500 000 -99. (00 <69, 000 2,145 b

33 17.513 12,400 49.933 -99, 000 -99.000 -99, 000 92,367 -89, 000 88,267 -99,000 17,891 5.171 -89, 000 -9, g0 119 PR



Table C-3 (cont'd).

SKAGIT RIVER HEF PRBJECY
FOREST AND SHRUB MABITATS 2

POLYGON SUMMARY N
PALATABLE MONPALATABLE ToraL SHRU®  DECIDUDUS PERCENT DEPTH HELBHT HEIBHT
SHRUD SHRUB SHRUB COVER  GHAUB HYDROPHYTIC TREE CONIFER  EVERGREEN  DOWNFALL WODDY PALATABLE  HEWBACEDUS HERBACEQUS  GFC)DUOUS CONIFER
LOCATION HABLTAT POLYSON COVER COVER COVER N COvVER SHRUBS COVER EOVER  COVER COVER DEBRIS HERBACEOUS COVER BOM SHRUBS BRANCH
R 005 HedA 26,400 70,400 98,860  -99.000  -99,000 -4, 000 94,200 -99.000 97.600 -99. 000 3309 2,000 94, 000 99,000 1.625 1440
006 LS 40,800 42.206 83,500 -9%.000 -99, 000 ~99.000 73,500 -9.000 13,800 -49.000 2.300 4,500 -99.000 99,000 2.0%1 .B56
Héd 19,847 44,700 60567 -99,000 -92,000 -99,080 B9.400 -99.000 11,200 -4, 000 16.733 1,647 -99.060 -49,000 .19 .B93
(211} 41.800 3,100 84900 -99,000  -99.000 -42,000 52,4600 -99,000 4,000 -99.000 19,000 1,500 99,000  -99.000 3.278 800
Wi ] 10,000 27,600 47,600 -99.000  -99.060 -99,000 100,000  -99,000 31000 99,000 25.500 .000 -84,000 -99.000 1,375 1.015
[17] 7,667 o4, 167 81,833 -99.000 -99. 000 -99. 000 90.800 -99.000 1313 -9%. 000 3667 .50 -99. 000 -99.000 1.853 1,145
P55 12,800 36,900 19,700 99,000 89,000 99,000 42,200 19,000 48500  -99.000 24,000 1.000 99,000 -49.004 1.385 2,985
008 H24 15.100 22.300 37,400 -99. 000 99,000 -99, 000 81.100 92,602 81,100 9,700 35,200 L0 99,000 59,000 1,983 1. 000
P42 12.800 315, 004 AT.BO0  -99.000 -99.000 ~48.000 84.200 89.327 77.000 5.200 19.000 7.000  -99.000 -99, 000 2105 3.995
RB3 4433 21487 3,900 -§9.000 -99.000 29,000 85.067 77,149 b6. 200 33 20.387 000 -99,000 -49.000 2530 1,987
101 POSA 1.400 24,800 28,200 -89, 000 11,600 5%.300 100, 000 100,000 100,000 19.800 44,600 13.500 -§9.000 -99.000 2,293 4.515
108 W39 9.800 21.200 30.000  -99.000 27,000 20700 70.000 B5.714 62,000 14,200 36,100 S0 ~99.000 -9%, 000 1,471 1,100
10% P 4,600 17,160 51,700 =99,000 90. 200 .000 99,600 -99. 000 4,600 000 10.300 00 -49,000 -99.000 2,005 1.8%

* See Table C-1 for location and habitat codes.
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Table C-5.

<CCATION HRRITAT

Ck

Lot}

m

0]
108
109
023
bz7
7

[HUH

442

063

Q04
007
(08
iy}
102
W07
0oz
IS
GOR
LS
(e

i

o2

UIN

(P

See Table C-1 for location and habitat codes.

FOLYGON

Rivk
R1d
02t
Lae
o7
uphs
Lel
if?
P03
2178
¥
P59
Hi2
i
74
P17
P44
P4y
P2
R4
423
H30
PoE
P33
784

87,540
il
3.533
A0
L0
LE:
50,787
42.500
&4, 500
4,000
59,400
BL.860
29, GG
L00, Ol
100,040
§5. 460
40, £
53,300
J6. 00
41,708
48, &0b
94, 4G
§0, (00
§7.213
74,250
73,200
06, 000
38, 300
98, (G0
28, 06
§%.400
33, F00
19,200
12,9400
9, 5457
100, 600
Bo. 400
79, 567
79,800
G5, Q00
93,713
100, 000
RE, 000
59, G0
164, 000
9. BGL
78,000
3.400
35,200
76,800
74,000

SRRUER
COVER
14,300
45,700
42.867
2,28
L0040
23.940
15,400
§4.000
4,133
5. 400
30, 804
&, 300
83,800
T4
9,100
300
Wil
4,300
L0
058
G0
&, 400
, i
.933
3.775
12,309
19.00¢
9.404
13,800
23400
14,400
231,400
48,300
17.300
4,247
3. 400
g. 500
5.9
3. 002
25200
1,200
L0
2.400
19,400
B00
20. 400
26,850
1447
41,000
200
9,808

8
i

\
~11
el TR S e 7 I S S . T N R .
. . H

HHLH
E15HT
t 389
L6040
[.338
382
1760
L5991
2,289
3.813
2,063
980G
1.%58
1917
27

4,002
f.468
£.913
2.617
1. 8BY
1,955
2,125
+ 143
2 20
733
490
Ny

[

LY
[ e S I R R

Polygon habitat data summary - - Wetlands 2

a6, 500
L (I
17,000
L200
00
T, 000
125,000
18,000
122, GO0
1,000
¥8. 000
a8 Iz
L3900
54,000
B3, 200
49 000
18,000
1B. 400
A 000
$7 .00
316,000
76,500
TZ.000
&7 000
I8, 500
37,046
68,000
132,000
81,000
23,400
109,000
164,300
B1.304
I3, 50
32,607
10500
b, Ok
228.333
72,000
g2.008
237,647
Ja, 000
7%, 000
RGO
213,000
51,000
?b. 504
&, i
104, pog
147,000
373000

§2.000
000
17,000

17,000
104,267
PR L
53,000
45,647
3h, 200
28,500
13,060
22,000
AL
14,
LG
48, 400
301600
&b, 000
42,604

P e

72,383
33,250
48, GG
zB.008
13,6060
33,000
17,000
B4, 5ii
146,500
BO. i
REPRLEY
16,323
T30
40,600
184,313
52,000
3. 100
1B3. 567
17.006
45, 0o
LoD
178.4G60
33000
a9, GOl
4,000
GERTHY
135,500
389, 000

BERCZYT
aMal
TREEE

-

7,415
084
150, 603
065

el
[ R e
~i Py LM
I 7 of

e

B

[ T TR

a7, 241
B35
3T
gi.a%i
B8Z.47%
41,174
¥i.z14
o4.0%8
75,913
15.544
94,3917
#8,853
79243
59,185
80,474
£1.500
B0, AT
7225
Fu,1%4
75,583
30,357
.54
Bi, i1t
23388
4. 058
53,343
&5, 309
B3, 115
51,893
36,207



Table C-5 (cont'd)

LDLATION -HARITAT

bod
005

]

0a7

005

424
@28
1
i0g
109

FOLYEON

SKRGIT RIVER HEP PROJELT
WETLANZZ 1 BEAVER DATA
POLYGON SUMMARY

TREE SHRLR SR
CEVER CBVER HE [GHT
47,893 9.700 BB2
4,500 13,400 2,030
B1.800 29, (0 1,836
b, 200 4, B0 1535
£3. 800 72,504 2,091
B9, 40¢ 47.267 2.39%%
57,500 74,400 3.275
109, @ 3. 008 1,433
42,200 B, 820 2,180
Bl 100 312.7H 1.943
86,200 31200 2.403
&5, 400 13,433 PO BN
9. 067 55, 4060 1,893
L Gd 100,000 L B0
10, 00g 4,760 2350
70,000 27,000 1.4%¢
9. 600 33. 200 2,003

NUFHER

NUMBER EmaLL
TREES THEES
135,067 104,353
F200G S2.000
156,606 144,000
S92.000 385,600
72,000 B7. 000
42,338 LI
221,400 221,660
415,000 414,000
100, 000G 64,10
136,000 118,000
131,600 116, 0040
72,0040 44, Gl
18,600 40,333
<000 20U
30. 00 b, 040
184,000 L3, G
413,000 396090

FERCENT
SKALL
TREES
73,113
72,83
§2.308
35,233
74,363
70564
100, 004
¥5.75%
ba, D50
Eb. 763
.94y
50, (B3
LB
G0
12,504
B8.387
56,358

[]



Table C-6.

Descriptive Statistics - - Forest and Shrub 1

FOREST AND SHRUR 1

HeEt VAR

pSN
DTN
N
HTDEC
HTCON
HTOVER
NTSG
NLS
DEHS
NGS5
NLDG

b s b e ek ek bk bma b e

2 IGN

2 DIN

2 ETN

2 HTDEC
2 HTCOM
2 HTOVER
2 NTSO
2 NS
2 DBHS
2 N5S

2 NLOG

3 DSN
3 DTN
3CTN
3 HTIDEC
3 HTCON
" 3 HTOVER
3 NT%
3 NS
3 DEHS
3 NSS
3 NLOB

4 DSN

4 DTN

4 CIN

4 HTDEC
4 HTCON
4 HYOVER
4 NTSO
4 ML

4 DBHS
4 NSS

4 NLDE

5 DSN
5 DN
5 CN

MERN

1116

313.333

1344
6.867
2.1
23. 601

161.333

23,333
B4. 623
81.333

294. 667

1619.2
386
1380
8.663
13.66%
15, 587
%
4,8
.14
70.4
286.4

4438, 4
27
18%.6
6. 603
8,949
16.155
17.6

0

0

11.2
51,2

e
44
2834
7.2%9
1.526
14,01
0

¢

0

126

0

2861, 333

Thé

STD DEV  MAX
1093.57 3456
281.416  Bib
118457 4132
B.41 24,349
12,202 45.732
12,71 45.732
138.843 768
42,5315 144
23.002 136
127.178  4b4
159.096 512
1818.508 6000
336.597 1408
1166.733 4720
3.643 17.553
10,699 34,299
4,129 30. 488
139,871 640
12, 82! 48
23.283 38
79.8%% 332
141,62 464
a707.34 28800
478,813 1504
178.997 624

2,811 11,303
53,005 18.673
2.866 23,246

2,923 44
¢ 0

0 a

13. 172 32
38.54 240
238.652 704
76.832 208
1686.360  S7E0
3.912 1718
2.b44 11.304

S, 442 25,148

0 Y

0 Y

Q 0
161.238 384
¢ 0
4373.89% 10000
463,255 1504

1901.333 1913.279 5712

§TD ERR

316. 264
81,238
341, 98
2,027
3.52
3,663
57.401
18.273
9,45
36,711
43,313

5406, 631
79,737
260.83

6,836
2. 392
0.323
31.276
2. 867
13. 446
17. 866
31,667

2753, 5013
151. 414
06, 604
1. 062
1.583
. 906
8,933
a

0

4. 165
27.993

B4, 33
e7.1n
9%. 22

2,259

9,935

§.924

o
@
0
57. 006
0

1785,63%
189.123
781,033

HIN

152
3,582
6.038

13. 244

5.098

OOH"OO

16
3.125
6. (38
12,835

LR e R s Y ]

0

0
1572
4. 268
5.038
5,098

L= T = e B = ]

256
80
624

* See Table C-1 for habitat codes.

NV

12 98.17
& 89.8!
12 88.14
10 72,29
12 100.84
12 5526
12 123,35
12 144,94
23.55
12 156.36

~

12 53.97

a3
93.84
84,55
42,02
78,27
6. 49
145,70,
267. 10
30, 2¢
101,91
62.55

S aEBRBBYY

10 1%.18
10 176.03
10 195,54
T 42.53
16 355.93
10 17.74
10 124,57
10 9,80

10 117,61
10 172.93

195, 65
174.66
59. 50
53.60
3. 13
38. 84

0. 00

0. 80

127.97
0,00

B o om0 Do

o

113.27
62.27
100,63

o o

Note:

Please refer to end of

table for variable
descriptions.



Table C-6 (cont'd).

FOREST AND SHRUB 1

HABX VAR MERN  STD DEV
S WTDEC  5.681 1,973
S KON 7.953 1,042
S HTOVER 119348 1.7%
5 NTS0 0 0
5 NS 0 0
5 DRHS 0 0
5 NSS 5,333 13,064
SMOS 274,867 313.603
& DSN 23480 17167.17
6 DTN 4732.8 4443832
& CTN 320 232.964
EHTEC 67395 2.2
6HTCON  7.53t 2284
6 HTOVER 12,90t  3.332
& NTS0 0 0
b MS 0 0
6 DEHS 0 0
6 NSS 128 13.387
6 NM.0B 0 0
7 DSN 504 6533, 073
7 b 2092 2047, 085
7 LM 160 130,826
7HIDEE 10,207  7.713
7HICON 6823 1441
7HTOVER 19,156 7.413
7 NTSO 18 13,983
7 NS 0 0
7 DRMS 0 0
7 NSS 62 61,93t
7 NLOB 426 39.346
80N 1121.6 1156.742
8 DN 8576 456.504
8 CT ATS.2 274,348
8 HTDEC  9.89  5.285
BHICON 7171 3.3%5
8 HIOVER 19.575  9.176
8 NTS0 Sh4 118,107
B M5 . 6.4 15,457
8 DBHS 126 9. 167
B NSS 76.8 37703
BMOS  169.6 136.433
3 DSN 38500 21831, 77
9 DN S6 38,088
3 CTN 50  46.188
IHTDEE 4,243 0.76
9 HICON  7.517 2,439
9 HTOVER 10,305 0

* See Table

C-1 for habitat codes.

WaX  STD ERR
8.783  0.805
8.918  0.425

14,869 0.733
9 0

0 ¢

0 i\

2 5333

704 128,028

43200 7677.395

12000 1987, 342
£08 104, 184
10,518 0,948
9.553 108!
19, 106 1.58
] 0

0 0

0 0

32 5.987

] 0
17600 2309.79
6532 723.754
384  46.254
24,897 2,727
9.92  0.545
33.84 2.B21
b4  T.058

¢ ]

¢ 0

160 21.89%
B0  35. 124
3760 365. 794
1504 144,339
832 86.756
20,02 1,672
16,833 1.073
36,835  2.902
/s 37.349

48 4,088

194 &8
304 30.897
§3 43.144
66800 10915, 89
80 19.044

80 23.09%
5107 (Laal
9.242  1.72%
10. 305 0

MIN

3,15
6. (98
9,828

o s D oo

8600
i2s8
16
5163
4,268
10.871
0

[ e a0 N =]

112
624

0

£. 098
E.098
13, 244
it

0

0

¢

304

128
t92
%
6.038
£.038
13. 244
0

0

8

0

i6

16800
0

0
3.639
5.793
10, 305

N
b
b
6
&
&

@

cv

34.73
13.80
15.03
(USLE
0. 00
0.00

6 244.97

&

Mo St o ool Lnoon

o e O DM e o m

10
to
10
10
10
10

114,18

73. 1%
33.89
72.80
31.20
30.33
27.38

0.0¢

0.0

104.39

0, Q¢

130, 30
97.85
81.77
7557
21,10
38.70

110.79

0,00

93.89
£3.32

103.13
33.23
97,73
53.45
47.34
46. 88

10 217. 11
10 241,52

2
1Q
¢

- T W

76.32
127. 2
80, 44

5b.71

£8.0§

115. 47
18.04

32,45

0.00

Note:

Please refer to end of

table for variable
descriptions.



Table C-6 {cont'd).
FOREST AND SHRUB 1

HAR * VAR

9 NTS0
I NLE
9 DBHS
3 NS5
3 NLOB

MEAN  STD DEV

[ - S i s
oo D O D

101 DSN  3463. 143 5123, 471

10! DTN
101 LN
191 HTDEC
101 HTCON
101 HTOVER
101 NTSO
101 NLS
10§ DDHS
101 NSS
101 NLDG

102 DEN
102 DTN
192 CTN
102 HTDEC
102 HTCON
102 HTDVER
102 NTSO
102 MS
102 DBHS
102 NS5
102 W06

107 DEN
107 DN
107 CTN
107 HTDEC
107 HTCON
107 HTOVER
107 NTH
107 MLS
107 DBHE
107 NS5
107 NLOB

108 DSN
108 DTN
108 CIN
§08 HTDEC
108 HICON
108 HTOVER
108 NTSO
108 NS
108 DBHS

486, 837
326. 857

114,286

319,046
267,868
1.099
8.313
g, (08
19, 157
22. 356
117.8  50.782
2,286  6.047
144 77,287

3. 428
10, 845
15.244

25. 143

27504 26157.29
672 563.680
% 113.137

9. 985 \
30. 488 0
37.07% 0
112 45,235

18 0

105 43.841

8 11,314

136 79.1%

2953.6 2957. 028
1875.2 680,649
115.2  67.314
9.914 8,333
5.55% 1782
15.24¢  0.006
9.6 21466

4] 0

0 Y
».2 30777
275.2 250.542

2312 2028.59%
1844 989,879
332 387.5649
10,332 3.263
6.098  0.002
15.244  (.005
104 104.949

4 8

233 ¢

wax

o
o Y D D o

14800
1104
736
&.£57
26. 851
15, 244
208
64

193

16
240

46000
1072
176
9.983
30, 488
37.076
144

e

136

16
RE

7248
2608
224
25.173
7.99%
15, 244
48

]

0

80
636

5200
2860
960
12.624
5,098
15,244
240

16

233

5TD ERR  MIN
¢ 0

0 0

0 0

4 0

0 ¢
1937.246 224
120.588 160
104, 245 96
0.415 3.983
3.143 6,005
0,003 15,244
29.919 16
8.45 0
2,702 %0
2,286 o
29,212 0
1849 3008
B0 272
80 16

0 9.985
0 30.488
0 37.076
R 80
¢ 16

X} 74
8 0

56 80
1322.423 304
J04.3% 3N
30, 104 48
3.816 6,098
4,797 3.7
€. 003 15,249
3.5 0
¢ 0
¢ 0
13,764 0
112, 046 48
1014.298 440
494,94 4%
193.825 144
1.631 &.098
0,001 6,098
0,002 15, 244
52,46 0

4 0

¢ 233

* See Table C-1 for habitat codes.

N

=

7
7
7
7
7
7
7
7

3
7
i

e e n

o

o Wil chadnoonoon mw e mme e fo

Ll e R

o

0.00
0. 00

200, 00
.00

147,92
£5. 53
8195
20,25
76.67
Q.05
69,26
88,32
43,09
264,52
23,67

5. 10
B4.18
117.83
0.00
0. 00
0.00
40,41
¢.00
43,75
141,43
58.23

100. 12
36, 30
58,43
86,07
32.06

0. 04

22560

0, 00

87.43
91.04

87.74
533.68
38.89
29.69
0,03
$,03
100. 88
200, 00
0. 00

Note:

Please refer to end of
table for variable
descriptions.



Table C-6 {cont'd}.

FOREST AND SHRUE |

HAE® VAR

108 NS5
108 NLDG

109 [ISh
103 DTN
109 CTH
109 HTDEC
109 HTCON
109 HYOVER
109 NTSO
109 NS
109 DBHS
109 NSS
109 NLOG

MERN

104

356 353,542

11600 4707. 441
3712 5138. 716

179.2
8.2
24,778
11.299

STD DEV  MAX  STD ERR
30,638 144 13319
Ba0 176.771

16600 2105, 231

12736 2298, 104

193,13 480 B6.37
0,631 9,471 0, 326
34.363 7Te.22  17.1B1
011,299 ¢

0 0 0

¢ 0 0

4 0 0

- 3L1% bé 13,948
0 Y 0

MIN

80
128

* See Table C-1 for habitat codes.

N

]
4

LA Nt e s b R Al

cv

29. 46
99,31

49,358
138, 44
107.77
7.64
138.68
0. 00
0. 00
0. 00

139,24
0,00

Note:

Please refer to end of
table for variable
descriptions.



VARIABLES - FOREST AND SHRUB 1

Variable

DSN
DTN
CTN
HTDEC
HTCON
HTOVER
NT50
NLS
DBHS
NSS
NLOG

Description
No. deciduous shrubs/ha

No. deciduous trees/ha

No. coniferous trees/ha
Height deciduous trees (m)
Height coniferous trees (m)
Height overstory trees (m)
No. trees = 5lcm dbh/ha

No. snags = 51cm dbh/ha

Dbh of snags =5lcm

No. snags 10 to 25c¢cm dbh/ha
No. logs or stumps/ha



Table C-7.
FDREST AND SHRUR 2

| scz2p

1 SC2N

1 scoM

! DSCS

1 HYDRO
1 TREEC
1 CONC

1 EVBC

i DOWNF
1 HooD

1 PHERB
1 HERB

1 HERB4G
1 HTDEC
1 HTCONER

sCap
SC2N
2 5C5H

2 DStS
2 HYDRO
2 TREEC
2 CONC
2 EVBC

2 DOWNF
£ WOOD

2 PHERB
2 HERB
2 HERB4B
2 HTDEC
2 HTCONBR

a ra

(v}

3 5C2p

3 SCeH

3 SCOM

3 DECS

3 HYDRO
3 TREEC
3 CONC

3 EVGE

3 DOWNF
3 wooD

3 PHERB
3 HERB

3 HERBAG
3 HTDEC
3 HTCOMER

4 SCep
4 SE2N

MERN

8,358
19. 123
e0. 8
2.8
0.8
95,283
97.837
92,65
10,35
25.089
4,258
LS
L5

2. 011
6.178

3. 383
24, 445
18.2
18.2
ta.2
5. 82
96. 037
83.13
7.065
26. 139
2.725
.5
0.5

2 152
6.123

10,45
9.24
16.98
0

t
33,47
B4, 338
37. 34
4. 92
8.31
4,645
5.132
9. 146
1.663
2,692

1.623
37.275

ST eV

3.707
18.502
0

0

0
12.5688
5,27
12,249
7.892
11.053
3.079
0

¢
0,378
2. 537

11,975
18. 37
a

0

0
11.967
1.716
21.809
8,219
14,12
4.2

0

0
0,633
3.167

12,587
8.107

15.975
o

0

28, 342
32.501
28.618
i, 105

£.436

4. 176

4,719

MAX

30,2
57.9
20.8
20,8
20,8
100
100
160
0.5
45
16,5
1.3
1.5
2.482
1.8

44, &
55.9
i8.2
8.2
18,2
100
100
109
2.7
65,3
15.5
0.5
0.3
3. 763
13, 283

4]
4.4
47
0

¢
80
100
ac
33
17.4
13.9
15.5

14.353 45.435

0.243
1313

1,823
29,735

2. 185
.76

4B
76. 4

SID ERR

2,808
5. 341
0

0

0
3.634
1,833
3,536
g.ee
3.19
1. 466
Q

a
0.114
0.733

£ ra

M

—

|
oocgm

2,676
t.725
4, 877
1.331
313
0.939

0,142
0. 708

3.98
2. 564
5. 052

¢

0
8.983
10.278

9,03

0.3
2.035
1. 321
L4%
4,541
0.077
0. 505

0,843
10,513

MIN N OV

012 113.43
0.2 12 9.74
20.8 0
2.8 0
20.8 0
%.6 12 13.35
BB.687 12 4.36
96.6 12 13.22
L1112 7432
13.4 12 44,06
012 119.28
L3 0
.5 0
1.3 11 18,80
2.29 12 41.07

&4 20 119.93
¢9 20 7545
8.2 ¢
8.2 @
t8.2 ©
o2 20 13.18
67.02f 20  B8.03
10,2 20 25.62
020 88,03
12.3 20 353.98
0 20 154.13
a3 0
0.5 0 0.0
i.18 20 29,44
4.36 3¢ 5LT

0 10 125,24

010 B7.74

010 94,08
01
00

0 10 71.81

f 10 38,54

010 765.64

0 10 t20.11

0.4 10 77.45

¢ 10 89.9%0

¢ 10 9.3

-0 10 157.00

1.3089 1¢ 14.81

0.733 10 71,08

¢ §112.18
e 8 T

* See Table C-1 for habitat codes.

Note:

Descriptive Statistics « - Forest and Shrub 2

Please refer to end of
table for variable
descriptions.

)



Table C-7 (cont'd).
FOREST AND SHRUE 2

*
HAE VAR  MEAN ST DEV  MAX STD ERR  MIN

NV

& SCSM 1.4 0 1L4 0 1.4 0 Note: Please refer to end of
& TREEC  33.187 17.503 74 6,206 27 8 3L
4 CONC 99,527 1,338 100 0,473 96.216 8 1.34
4 EVBC 51,712 1%.209 7.2 B. 794 18 8 37.15
4 DOWNF 0,985 1,073 3.4 ¢, 379 0 8 116.00
4 WOoD 10,737 5. 566 19 1.968 4.3 B 51.84
4 PHERB 1087 2,397 &7 0882 0 82153
4 HERB 0 G Q ¢ 00

4 HERBAE & 0 ¢ ¢ 0 a

4 HTDEC 1,605  0.244 1850 ¢.1 1.275 & 15.20

4 HTCONBR  5.94 1,355 8.425 (.473 4.25 8 22.81

5 SCep 35.667 19,818 63.8 8,090 3.2 & S55.56
5 SCAN 10,533 25.33% T0.4 10,342 5.8 & 897
5 SC5M 70, 4 o 704 0 704 0
5 BSLS 70. 4 0 704 ¢ 704 0
5 HYDRO 70,4 0 704 0 7.4 0
5 TREEC  B81.567 23.6 9.2 9.635 346 & 28,93
5 CONC 9. 2 0 9.2 0 9.2 @
5 EVGC 77.967 22,97 9.6  .37B 34.6 & 29.46
5 DOWNF 97.6 0- 9.6 0 .6 0
S WoOD 20.662 1.1 32,9 4,951 .5 & SA.70
5 PHERB 3,22 4,421 11,818 1,805 g & 13730
5 HERB 2 0 2 0 20
5 HERB46 2 0 2 0 20
5 HIDEC 1,545 0,496 2.16% 0,202 1.03%5 6 3210
S HTCONER  1.554  0.685 2,46 0,28 0,71 B 46.08
& scap 28,44  13.07 41,8  5.845 12 5 45.%
& SC2N 43,98 7.68 S4 3435 32.9 5 17.46
& SC5M 43.1 0 43,1 0 431 @
& DSES 43,1 0 431 0 43t 0
& HYDRO 43.1 0 431 o 4310
f TREEC 81.86 16,101 100 7.200 57.6 5 1%.67
& CONC 57,6 0 S7.& T
& EVBC 28,68 19.483 43,2 B.713 B 5 67.73
& DOWNF 6 0 B 0 & 0
& WoOD 18,3 6.005 247 2.686 9.2 5 32.81
& PHERR 26 2.43% 6.5 1.089 ¢ 5 9362
B HERE 1.5 4 L5 0 L5 0
& HERBAG 1.5 0 1.5 ¢ L5 0
6 HTDEC 2750 0,785 3.7 0.3% 2.06 5 26.35
£ HTCONBR  0.887  0.173 113 0,077 0655 5 13,99
7 SC2R 9,662 13.279 40 4,695 0 8 137,44
7 SCoN 47,375 13,3 71,4 4702 2.6 8 28.07
7 SCoM §9.8 ¢ 49.8 & 43.8 ¢
7 DSES 49,8 0 49,8 0 438 9

* See Table C-1 for habitat codes.



*
HAB VAR

7 HYDRO
7 TREEC
7 CONC

7 EVEC

7 DOWNF -
7 Woop

7 PHERB
7 HERR

7 HERBAE
7 HTDEC

Table C-7 (cont'd).
FOREST AND SHRUB 2

MERN

43,8
47,925
%
23.7%
41
25,175
2. 338
0

0
1.972

7 HTCONBR  3.388

8 scap
B SC2N
§ SCoM
f DSES
8 HYDROD
6 TREEC
8 CONC
B EVEC
8 DOWNF
8 w0DD
8 PHERE
8 HERB
8 HERB4&
8 HTDEC

7.78
2369
1.8
1.8
.8
9§.33
68,575
62,51
3.76
22,35
. P
0

¢
2,337

8 HTCONBR  4.058

9 5CF
3 SC2N
3 5CoM
3 DSC3
9 HYDRO
9 TREEC
3 CONC
9 EVGE
9 DOKNF
ER UL
9 PHERE
9 HERR
9 HERB4E
9 HTDEC

44,1
8.3
47.5
3.6
3.6
14,75
0
i.a
0

10, 175
34,85
29
60,25
{72

9 HTCONBR 1,325

101 sCp
101 SC2N
101 5CTM
101 DSCS
101 BYDRO
101 TREEE

* See Table -1 for

13, 143
36. 266

281
35, 443
33.814
2. 31

ST DEV  MAX
0 §3.8
18.84 160
0 %
16,123 48.8
0 41
7,693 40.3
4.57 i3
¢ ¢
0 ]
{.451 2.5

4,396 13.143

5.3 6.8
13,329 556
¢ 1.8

0 L8

¢ L8

1¢. 482 100
20,697 32,602
18,784 30,6
3087 9.7
11,830 43,5
2.212 7
Q 4

0 0
0,495 3.093
2.508 7.788

13.87 G8.8
1,778 10
12.823 b6
¢ 3.6

L
12,10t 27.8
0 \
11,462 22.6
0 ¢
11.309 25,5
13.118  40.%
6.345 30.3
17,428 85
G.293 1.9
0,288 1,823

16,733 40,5
21,938 0.2

¢ 28.1
3,313 8L.8
31,950 %29
29.317 100

STDERR MIN N CV

0 49.8 0
B.B61 422 B 21.43

0 % ¢
w703 2.6 8 87.91

0 4 0
2.72 6.2 8 30,56
1.616 0 8 155,55

0 0 0

0 00
153 1,375 8 2=.87
1.554 0.8 8 110.23
1,883 010 76.61
4.887 1.8 10 B4 T

¢ L8 ¢

0 1.8 @

¢ L8 0
3,315 89 10 11.48
6.543 31.915 10 30.18
5. 94 30 1¢ 30.05
0.976 010 810
3.698 4.8 10 51.86
0,699 0 10 183.85

0 b o

0 0 ¢
0.157 1.485 10 2l.18
0.761  0.78 $& G59.34
7.93% 232 4 35.33
0.883 6.2 4 20.32
b.412 3.6 4 27.00

¢ 3L6 ¢

0 3.6 0
B. 051 0 4 BR.04

0 0 ¢
5.731 0 4 97.14

0 00
5. 654 0 4 114
6.559 8.5 4 3.3
3.272 15,5 4 26.18
8.714 4% 4 28,33
0,146 1,325 4 17.02
0.486 1,25 3 18.89
6. 333 1 7 127,48
g.2%8 .1 7 60.31

¢ 28.1 9
11,53¢ B.2 7 Be.10
12.078 0 7 W3
11, 084 24 7 35.59

habitat codes.

Note:

Please refer to end of
table for variable

descriptions.
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Table C-7 (cont'd).

FGREST AND SHRUR 2

HRB* VAR MERN ST Dev

101 CONC 83.816 15,103
101 EV6C  65.371  36.063
101 BOWNF 14,4 5,325
104 WOCD 39.565 13,297
101 PHERB 20.5  P1.263
101 HERR 18, 182 a
101 HERB4G 18,182 o
104 HTDEC 2,273 0.75%
10! HTCONBR  5.138  1.169
102 sC2p 17.4 1,98
102 SC2N 13.55 10,677
102 SCM 211 0
102 DSES: £9.6  5.3T4
102 HYDRO 39,45 0.778
402 TREEC 75.2  13.859
i62 CONC 93.11% 9. 731
102 EVEC 70.7 20,223
102 DOWNF 8.35 3,044
{02 WOOD 33,95 7.283
102 PHERR 18,3 2. 404
102 HERR 20 ¢
102 HERBAR 20 ]
102 HYDEC 2. 161 0,109
102 HTCONBR 5. 352 0. 364
107 scap 19,68  8.635
107 SC2N 17.2 15,128
107 SCEM 23,5 ¢
107 DSCS 30.56 18,377
107 HYDRD 33.88 27.37
107 TREEC 95,88 4,458
107 CONC 9% {
107 EVGC 14,76 14,611
107 DOWNF 0 0
107 WO0D 20,973 8.051
107 PHERB  15.664 23.088
107 HERB 5.5 0
107 HERB4E 5.5 0
107 HTDEE 2,155  0.246
107 HTCONBR 1. 147 0. 581
108 sca2p 4,3 3.921
f08 SCEN 29.5 4,603
108 S0 2.2 ¢
{08 DSCS 33. 8% 7.074
108 HYDRD 11.85 11,85
108 TREEC 85,2 14.307
108 CONC 74627 22
108 EVRC 47,65 17.549
* See Table C-1 for

MAX

190
100
23,2
61
51,091
18. 182
18.182
3.3
7.220

18.8
2.1
211
73.4
100
8%
100
]
10.5
38.7
2t
20
20
2.238
561

24.3
33.6
23.5
7.4
7

100

31.8

33.1
56.818
5.3
5.5

2. 4%
1,992

3.8
36,4

er.2

23.3
98
100
83.6

STD ERR  MIN
5,708 54,333
13.63 14
233 1)
5. 026 20
8.023 L3S

0 18,182

0 18,18
0.283 1,536
442 3,805
1) s
7.3 b
¢ 2l

3.8 635.8
0,35 94.9
9.8 65.4
6.861 86,233
14,3 6.4
2.15 &2
.15 28.4
1.7 166

t 20

0 20
0,077 2.084
0,257 5,095
e 29
£.762 2.2
¢ 235
a.z219 7.1
te. 212 a
1.93% 834
4 96

6. 534 a
0 a

3.6 13.8
10,325 2.5
g 55

0 &z
011 1,904
0,29 073
.3 L2
2. 301 27
o 2n.e

3. 537 27
5.925 0
7,154 70
11,46 47,895
8.774 3

habitat codes.

B e B = = e Y T

oM & DM fmMh v foos o

= I B T I e T A R~ I R R Qe S A T

B B e D

16.82
5817
43,92
33.61
193. 68

33.00
22.43
ERR
11,38
78, 80

T.72

0.78
18. 43
10.45
28.60
36. 42
2.7
13. 14

5,04
6. 80

8. 82
a7.%

60. 13
0. 60
4,85

98,99

38. 39
147. 40

11. 42
50. 65

91.13
15.60

20,90
104. 00
16.7%3
3.1
36.83

Note:

Please refer to end of
table for variable

descriptions.



*
HRBE VAR

108 DOWNF
108 WodD
108 PHERB
108 HERR

138 HERB4E

{08 HYDEC

Table C-7 {(cont'd).

FOREST AND SHRUR 2

WEAN ST DEV

£3.873 2599

42,13 19.538
1.625  2.0i6
5 iy
0.5 0
2 118 0.354

108 HTCOMBR 4,505 4,28

109 scap
103 SC2N
10% SCSM
109 DSCS
109 HYDRD
103 TREEC
109 CONC
109 EVGE
109 DOWNF
103 HOOD
103 PHERB
109 HERB

109 HERB46

109 HTDEC

15.08  19.104
2.9 26.748
47.1 t

9.067 S.i78

54,233 50,835
50.48 40,96
9.6 &
3,16 b6.647

0 0
33,17 14,536
0,991 1,178
0 g

0 0
3.539  0.887

103 HTCONBR  2.417  1.714

* See Table C-1 for

MAX  STD ERR
B2 12.998
.2 9783
4,3 1.008
a5 0
0.5 0
2.775 0,27
1075 2. b
43,8  B.544
73 11362
§7.1 {
100 2.1
1060 29,176
93.6 18.3%1
2.6 0
16.6 2.973
0 t
44,35 6.51
25 0327

a ¢

it ]
4,245 0.3%
4,333 0.99

MIN

3.3
30.3

&5
0,3
1,474
1.1

A

[

PN
-m

8
S o O T

-
=
Do D

2. 005
1,029

habitat codes.

108,83
4. 35
124,06

23.93
35,0}

126.68
90.56

5

5

&

I a3
3 9518
5 8Li1s
0

5 7897
!
3
3

43,88
118,87

Note:

Please refer to end of
table for variable

descriptions.



VARIABLES - FOREST AND SHRUB 2

Variable

S5C2P
SC2N
SC5M
DSC5
HYDRO
TREEC
CONC
EVGCOV
DOWNF
WOOD
PHERB
HERB
HERB46
HTDEC
HTCONBR

Description
No. palatable shrubs-<_2m high/ha

No. Tess 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 =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)



Table C-8,

WETLANDS 1

Descriptive Statistics - - Wetlands 1

HRB * VAR MERN ST DEV MAY STD ERR MIN

D5
HYDRD
HTDS
TCoC
HERB
HERB4E
HEIGHT
NS
STER
tUB
WALL
SECCHI
PERCH
NEST
PILOT
DIST

S U U VOIS OO (I

2 SECCHI

o e ek ek et b e g e et e

4,3
0.23
!

o e e e jem e ek e e e bk

Do 2 D O DD OO D

L]

.11
(. 354
L0414

oD D DO o D DD D D

1.337 0,798

2 PERCH 14.P6% 22,793

& NEST

Le92

2 PILOT 17.769

2 DIST

308

3 HYDRO
3 HIDS
3 TCC

3 HERD

3 HERB&G
3 HEIGHT
K

3 STGR
3 Sup

3 WALL

3 GECCHI
3 PERCH
3 NEST

3 PILOT
3 DIST

b e s ke b Ma s b b e

.77

4.85

2,625

7

2.638
28.36

B8, 462 138,87

DD OO D OO O D O

0. 867
4.743
3.9%:z2
9.607

2 PO LA O bem bk s pae bk bt pm hmm b b e e

1
1
!
i
{
1
{
1
!
1
1
3

3
100

N O o O Do o DO o D DD

f=J]

[l

o =
= = N

O D D D0 D DD D D

¢, 221
£.322
0.737
7.921

400 38. 462

[
W PO G e el b bt b e e bt s bk e

24

L=~ o v B~ B B~ B B AR« B =]

0. 306
1,877
t. 401
3.3%

£2.5 118.77 300 51.993
* See Table C-1 for habitat codes.

3 3 S B bt b e e b b e Bk e b e e

. . e b s ek b e e

—

0,933

0

I O L e i I = S

0.95
0

Y
0
it

47.133
1416
141, 4

MWD D o o o D O D D o D

L= v e o i = B B = R R v e ]

13 57,138
13 158,73
13 197,09
13 160,72
13 156,76

oo D DD 0D D DO

o

B 48.845
8 11L.6
8 150,93
8 137. 2%
B 190,03

Note:

Please refer to end of
table for variable
descriptions.



Table C-8 (cont'd).
WETLANDS !

HAK * YRR MEAN ST DEY MAX STD ERRMIN N OV

Note: Please refer to end of
table for variable
descriptions.

808

8 HYDRO
8 HTDS

g TCC

& HERB
8 HERB4E
8 HEIGHT
NS

§ ST6R
4 SuB

8 WALL
B SECCHI 0,933
8 PERCH
8 NEST
8 pILOT
8 DIST

g
W

Q.

(¥ ]
[ 2]
[7Y)

DS 0 DO D DD D D D oD D
nx

=T I = B ]
ooomm»—»—-—-n—--—-»--p—-mp—-u-p-
[ Jon i = B o B = 2.~ - T == Q- R e T e B - S an JN i S w i o }
[ R I~ |

DD e = e D D DO D O DD D

L= B e R < i R o B o B
DD D O DD o D

o]

20 5T&R

20 SuB 2,
20 WL 3t
20 SECCHI

20 PERCH

201 NEST

20 PILET

20 pIST

13. 743
74912

g

0,136

2. 4t

=
£

on
-
b e e e ae O] B OO OERD PO DB DD X

i i == T 6 I -« - - 2 - s - - I = s -
OO OO DI O D Do O DD DD

[ =TT R~
o D D D O

12.532
34,076
12, 644
16, 363

24 D8 5.4 6,954 &1.8 4,015 48
24 HYDRO 71,797 24,466 92.30 14,125 44.98
24 HTBS 1,898 0,24 2.135 0,133 1.835
24 TCC 33 S.644 100 5,968 &2
24 HERB 100 0 100 & 100
24 HERB4E 100 ¢ 100 a 100
24 HEIGHT 15,264 (.006 13,24 0,003 13.24
24 NS 0.333 O.577 0.133
24 STGR 1
24 SUB i
24 WALL !
24 SECCHI i

H

1

i

0.0333
173.27

24 PERCH
24 NEST
24 PILOT

* See Table C-1 for habitat codes.

[T = T — L~ R N = TS Y [ Y R - o L ZN I SN NI V]

[=JR w Jlo -5~
LT = e Y R e s I~ 4
e e ek s e e O

L=}



Table C-8 (cont'd).
METLANDS 1

HAE* VAR  MEAN ST DEV MAX STD ERR MIN N &V

24 BIST 1 o 1 U Note: Please refer to end of

table for variable

25 b8 80.133 16.697 3% 9.64 bBlL.& 3 20836 descriptions.

25 WYDRD 45.246 47.671 100 27.523 12.97 3 105,35
25 HTDS  1.871 0.323 2,233 (.187 t.61 3 17.263
25 TCC  73.933 43.053 99.8 24,978 24 3 8,302
2% HERE 24 a & 6 24 O

23 HERB4G 24 a4 o0 24
23 HEIGHT 16.269 1.775 1B.3% 1.025 15.24
2% NS 0,667 1.153 0. 667
25 STGR
35 SUB
20 WALL
25 SECCHI
2% PERCH
23 NEST
25 PILOT
23 DIST

10,910
173,16

L= = - T o R o B = B o B o |

m M g Moy for Mo

LT i ae B & B o = B8 « B =

MM rofamnro rnn o

[ron T e T 2o B o B I e B oo B o B 75 B 7S A 0]

n m o Mo e oo iy

[

wn
=
o
=
e

26 DS .06 25.976 100 11.617 33.8
26 HYDRO 100 o 100 L £V 1)
26 HTDS 1,483 0.227 1.8 0,001 .28
26 TCC 1.667 2,887 1.687
26 HERE
26 HERBAS
26 HEIGHT
26 NS

c6 ST6R
26 GUR

26 WALL
26 SECCHI
26 PERCH
26 NEST
26 PILAT
2b DIST

15. 306
173.18

on
<

[—R e~ R R~ e e = N -
o D oD D DO DO D oo
L= s e = B v R = = - 2~ A = R =
L s i Y B o - B - PR B - B = B o B =
oo DD D DD DD D D
L - o T et T o T o O o . R Y o Y e I e O PV B 2 4 ]

27 IS

27 HYDRU

27 HIDS

27 TCC

27 HERH 6.
27 HERB4E 18,12
27 HEIGHT
27 NS5

&7 STGR
27 sum
27 WALL
27 SECCHI
27 PEREH
27 NEST

* See Table C-1 for habitat codes.

LR = o i =
—— e g -

24, 936
18,647
0

LA R e ]
£ ud
)
——
[ I
& a
AR
=R
4t
!_l'l

O D O D D D LN e ke e e

D o DD D D

L= v I~ R B = B S
o D D D D D DD
L=~ R~ R~ I~ N~ I~

[an)
2R D D D DD D

L~
—
<
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Table C-8 (cont'd).
WETLANDS 1

HAE® VAR MEAN ST DEV MAX STD ERR MIN N LV

*

27 PILOT ¢ 0 ¢ 0 0 ¢
27 DIST 0 ¢ 0 \ o0

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)

'



Table C-9. Descriptive Statistics - - Wetlands 2

WETLANDS &

*
HAE VAR  MEAN ST DEV  MAY STDERR MIN N OV

TCC 93.983 12,687 100 3645 56,6 12 13,44 Note: Please refer to end of

1

i SCC 8,725 12,29 43.%  3.548 012 140,86 table for variable
1 HTSH 206 0419 273 0,126 LS 11 20,34 descriptions.
1 TH 25 ¢ 25 0 512 Lo

| NUMT 104,167 81,563 297 23,547 2512 78.31

i NST 79 63262 247  19.9%% {1 12 87.87

1 PST 71,849 14,61 89,157 4218 & 12 20,33

IV 375 1.86S 3 0.538 31z 49.73

W 3 0 3 Q 30

t STGR 3 0 3 0 30

I WATF 3 0 3 0 30

1 SHDE 3 0 k] 0 30

27CC 92918 9.218 100 223 69,617 9.9

25C 13035 16.35% 55 3.96 0 17 125.46

ZHTSH  2.053  €.67¢ 3.2 0163 1.1B17 32.83

2 W 21,647 7.574 25 1.837 317 38,99

2 MUMT 102,940 77.847 302 18,881 3317 75.62

2 NST 73.589 70,315 284 17.004 817 %563
2 PaT £5.216 22,493 3.781  5.495 24.242 17 34,49

Y 3 ¢ 3 0 36 0.00
2 WL 3 0 3 0 30
2 STER 3 i\ 3 ¢ 3 0
2 WATF 3 a 3 Q 30
2 SHDE 3 ¢ 3 ¢ 3 ¢

3 TEC 36.37  27.656 8 8,74 410 76.04
3 8L 2.7 11,747 46,1 5,612 ¢ 10 139,63
I HTSH 1.651 9,19 193 006 1,413 10 1.5}

3T 2.5 7.908 50 2.5 25 10 2B.75
3 NUMT 37.7 42,682 111 13,497 210 113.21
3 NST 25.5 3766 103 11,943 9 10 148,10
3PSt E8.14 31,387 92.793 9,326 010 359
I .3 0.949 6 0.3 310 28.76
I W 3 a 3 ¢ 20

3 5T6R 3 Q 3 0 30

3 WATF 3 0 3 ) 30

3 SHDE 3 0 3 0 30

4 T0C 53185 17.55 7 6206 27 8 3.0t
4 SCC 4,9  8.478 24,1 2,997 B 173.02
4 HTSH 1,243 0,533 1.B55  0.204 0.355 7 43.36
4 TW 25 0 25 ¢ 25 8 0.00
4 NUWT  179.875 107.676 373 38,069 % § 57.86
& NST 149,25 119.38 359 42,207 B 79w
§ PST 7511 21,418 9R.247  T.572 31 8 28.52
4V 3 ] 3 ¢ 3 84 Q.00
4 Wl 3 ¢ 3 ] 3 0

4 STGR 3 Q 3 ¢ 30

* See Table C-1 for habitat codes.



Table €-9 (cont'd)
WETLANDS 2

HAB* VAR  MERN ST DEVY MAX STDERR MIN N OV

2:3;2 g g g g g g Note: Please refer to end of
table for variable
5 TCC 70,867 32,223 9.2 18,604 34.5 3 45.47 descriptions.
5 SCC 2.4 8,072 29 466 13.4 3 36.04
5 HTSH 1,945 0.1 205 005 1.85 3 5.14
5 TH e 0 25 6 25 3 6.00
S NUWT 206,667 165.%08 392 95.787 72 3 B80.28
5 NST 195 174,192 389 100.57 52 3 89.33
5PST 87,922 14,031 99.235 8,100 7&.222 3 15.%
5 IV 2.5 0.707 3 05 2 2 28.28
5 W 2 0 2 0 2 0
S ST6R 2 0 2 0 20
5 WATF 2 ] 2 0 20
5 SHDE 2 0 2 0 2 0
& TEC BB, 16 33.786 100 15.11 15 5 43.57
6 SCC £7,7% 14,843 744  6.638 4l.2 5 25.7t
& HISH 2,807 079 3.925 0.353 2.091 5 2B.14
5 TH a5 0 % 0 25 S5 0,00
& MUMT 268 273.89 750 122.487 %@ 5 102,20
& NST 262.4 281,187 723 185.742 29 511599
& PSY 81,49 31.765 100 14,206 25 5 38,98
6V 1.8 0,447 2 0.2 1 5 24,83
& WL 1 0 ! 0 10
& STGR 1 0 { 0 i G
& WATF 1 0 ! 0 10
& SHDE i 0 i 0 i o
7 TCC B6.2 25,709 100 11,05 422 5 28.66
7 8CC 12,064 14,804 38 662 ©.7 512271
7 HTSH 2,476 0.437 2,57 G.195 1,435 5 20,08
7 T4 25 ¢ 25 S0 2B 5 0,00
7 NUMT 153.4 148,015 415 66.1% &1 5 96.49
7 NST 128.8 160.385 414 71,726 40 5 124,52
7RST 70715 16.154 93.753  7.20% 9B.333 5 22.53
70V 1.6 0. 548 2 0. 245 1 3 3425
7 WL z o 2 0 20
7 STER 2 0 2 0 20
7 WATF 2 0 2 0 20
7 SHEE 2 0 2 0 20
a TcC 86,33 20.417 100 £.457 36,2 10 23.65
a st 15.08  12.918 32.7  4.085 0 10 85.66
BHTSH  2.2%  0.602 3.093  0.19 1.005 10 26,24
8 TW 25 0 25 0 S0 000
8 NUMT 84,2 40,232 133 12723 33 10 4778
8 NST S9.6  42.885 118 13.562 310 LIS

8 psT 61,359 07,308 86.765  A.635 7.692 10 .44.51
* See Table C-1 for habitat codes.



Table C-9 (cont'd).

WETLANDS 2
HA® VAR MEAN ST DEV
g 2.2 0.783
B WL 3 0
8 STGR 3 0
8 WATF 3 0
8 SHDE 3 0
g3 TCC {56 12,751
9 8CC 42,85 13.305
9 HTSH 1,69 0,312
3 TH 5 0
g NUMT 58.5 66.053
3 NST 57,5 64,545
9pST 99,118 1.039
9 W 2 0
9 WL 2 0
9 768 2 i
3 WATF 2 0
9 SHDE 2 0
% TOC  89.667  9.292
24 SCC 5.4 6,95
24 HTSH 1,895  0.235
24 W Fd 0
24 NUMT 78 6.544
24 NST 40,333 5.508
24 PST  S51.B22  5.935
2% IV 2 0
2 WL 2 0
24 STGR 2 6
24 WATF 2 0
24 SHDE 2 0
R 84,6  35.5
25 60C 54,133 5.937
25 HTSH 2,083 .48
25 W 20 B8.66
25 Mt 122 71014
25 NST  104.567 62,931
25 PST 84,335 3.755
25 DV 1,333 0.577
25 WL 2 ¢
25 STGR 2 0
25 WATF 2 0
25 SHDE 2 0
26 TCC .3 3,393
26 SCC S4.86 26,672
6 HTSH  1.482 .26
26 T™ 25 0

MRY

27.8
33.6
1.95
20
149
146
100

o e o

[y

o
on
e paa
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Table C-9 {cont'd).
WETLANDS 2

HAE* YAR  MEAN
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Table C-9 (cont'd}.

WETLRNIDS &2

HAx VAR

107 SCC
107 HTSH
107 TH

107 NUMT
107 NST
107 PBT
107 TV

107 WL

107 STGR
07 WATF
147 SHDE

108 TEC
108 SCC
108 HTSH
108 T™
108 NUMT
108 NST
108 PST
108 BV
108 WL
108 STER
108 WATF
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*  See
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18,807 ¢
0 2

0 2

0 2

g 2
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Table C-1 for habitat codes.
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VARIABLES - WETLANDS 2

Variable

TCC
SCC
HTSH
TW
NUMT
NST
PST
DV
WL
STGR
WATF
SHDE

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



APPENDIX D




|on oo T o wn m on om e mVes o o o m e o e

e n el o SR

FWS/0BS-82/10.39

April 1983

HABITAT SUITABILITY INDEX MODELS: PILEATED WOODPECKER

by

Richard L. Schroeder
107 N. Hollywood
Fort Collins, CO 80521

Project Officer

R. Charles Solomon
Western Energy and Land Use Team
Drake Creekside Building One
U.S. Fish and Wildlife Service
2627 Redwing Road
Fort Collins, CO 80526

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

Page

PREFACE ..ottt iire i tireeeenentnenseeraaessasasestnentasannnnsaranens 111
ACKNOWLEDGMENT S L.ttt ite it it rsnenancrannasonsossoasananannannanens v
HABITAT USE INFORMATION ...vtriiiiiinre e ranrenonsnonnrasasonensaraannns 1
[T o T 1

Food ......cviiiiiriinennn e et araeeeir ettt e e e 1

L 232 -2 P 2
Y R 2
ReproduCtion L. ittt it iieei ettt eararaatoarnas P 2
)R] 23 T3 o3 - T PP 5
Special Considerations ............iviiieronenancncosranonensoanane 5
HABITAT SUITABILITY INDEX (HSI) MODEL .....iciviiiiiiiiiiiniacnronenanen 5
Model Applicability ....v.iiiiiirrcacrnnrocennetaenarosannrrnennnns 5
Model DesCription ......ciiiririoriorenreranerosannsecssnrsnsnnses 6
Model Relationships .......viirrntiiiiennraernronaronrsasanssansens 8
Application of the Model ......... ... ciiiiiiienrrnnrcncnnnonarsanns 11
SOURCES OF OTHER MODELS ...t iriiiniin e irecennnnasaetocnnanastonsans 13
REFERENCES .. ivviitiititiie e et ieeranaarassnnesoneaetansonenanssasonanas 14

iv



PILEATED WOODPECKER (Dryocopus pileatus)

HABITAT USE INFORMATION
Genera)

The pileated woodpecker (Dryocopus pileatus) inhabits both coniferous and
deciduous forests, but fs 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 Californfa and, in the Rocky Mountains, to northern ldaho 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 1579; Bull 1981). A study
of the stomach contents of 80 pileated woodpeckers from across the United
States, and over the entire year, showed that animal foods comprised about 73%
of the diet and vegetable food the remainder (Beal 1911). Over one-half of
the animal food was ants, with beetles the next most abundant food {tem. The
majority of the vegetable food was wild fruits.

Pileated woodpeckers in Oregon fed by excavation (subcambial penetration)
approximately two-thirds of the time, and by scaling bark, in search of
insects, the remainder (Bull 1981). Woodpeckers in Virginia fed primarily by

"pecking (no subcambial penetration) and excavating during the breeding season,

but used excavation techniques more than 70% of the time during the winter
months (Conner 1979a). This seasonal variation and narrowing in breadth of
foraging techniques is due to the availability and location of prey {tems
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).

EE———— — i e . = -



Bull (1981) reported that pileated woodpeckers in Oregon spent 36% of their
feeding time foraging on logs, 35% on live trees, and 29% on snags. Foraging
sites on the ground were in dead and decayed material, most of which had less
than 25% of the bark, branches, and needles remaining. The majority of snags
used for foraging were greater than 51 cm (20 inches) dbh, while only 46% of
live trees 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). Pileated woodpeckers foraged extensively on
fallen logs in a recently burned pine forest in Mississippi (Schardien and
Jackson 1978). Tree stumps greater than 0.3 m (1 ft) in height are used
extensively as foraging sites in the East and West (Conner, pers. comm.). Use
of snags for foraging increased during the winter months {in Montana, as logs
and stumps became snow covered (McClelland 1979). Winter food supply was
probably the limiting factor for pileated 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 1859). 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 1a the
following section.

Reproduction

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

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

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

Pileated woodpeckers require large, tall snags because their nest cavity
1s large and located high in the snag (Bull 1981). A summary of nest tree
snag measurements from four studies §s presented in Table 1. A dbh of 5] 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
lJow nesting success {Conner 1979b). Management to provide conditions in the
range between the mean and one standard deviation below the mean of habitat
variables {s 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.

Study area and reference

| N OE B B Gn W S a9 G Oy B G G AN am A o= am

Oregon Montana Virginia Oregon
Type of (Bull {(McClelland (Conner (Mannan
measurement 1981) 1979) et al, 1975) et al. 1980)

Mean DBH of nest tree,

cm (inches) 76 (30) 74.5 (29.5) 4.6 (21.%) 78 (31)
Mean height of nest

tree, m (ft) 28 (92) 28 (92) 20.3 (66.6)
Mean height of nest

hole, 'm (ft) 15 (49) 15.2 (49.9) 13.6 (44.6)
Basal area, m*/ha

(ft*/acre) 25.1 (109.4) 31.5 (137.3)
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The majority of nest trees in Oregon had less than 25% of their-original
limbs and bark remaining (Bull 1981). Thirteen of eighteen nest trees in
Virginia were dead, one had a living cambium but decayed inner core, and four
nests were in dead parts of live trees (Conner et al. 1975). Pileated wood-
peckers in Virginia were apparently able to detect the presence of heart rot
in trees, and selected such trees as nest sites, thus reducing the energy
expenditure required for excavation (Conner et al. 1976},

Several researchers have estimated the number of snags needed to support
maximum pileated woodpecker populations. Bull and Mesiow (1977) reported that
optimum habitats in Oregon should contain sound snags greater than 51 cm
(20 inches) dbh at a density of 0.35 snag/ha (0.14 snag/acre). Their estimate
was based on the following assumptions: (1) a density of two pairs of pileated
woodpeckers per 2.59 km? (1.0 mi?); (2) a need for three snags per year per
pair, 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 €5 cm
(18 to 26 inches) dbh and 12 to 21 m (39 to 69 ft) tall at densities of 0.6
snag/ha (0.24 snag/acre) (Evans and Conner 1979). This estimate assumes the
following: (1) a territory size of 71 ha {175 acres) per pair of pileated
woodpeckers; (2) a need for four snags per year per pair; one for nesting, two

for roosting, and one for fledged younq; 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 I1linois 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 m?/ha
(118 ft*/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 f;ct that its sapwood decayed very rapidly (McCleiland 1979; Bull, pers.
comm. ).




Interspersion

The minimum forest size needed to support pileated woodpeckers {s
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 mode! was developed for application within the
entire range of the pileated woodpecker with different variables included for
snhag diameters for the eastern and western portions of the range.

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

Cover types. This model was developed to evaluate habitat quality in the
following cover types: Evergreen Forest (EF); Deciduous Forest (OF); Evergreen
Forested Wetland (EFW); and Deciduous Forested Wetland (DFW) (terminology
follows that of U.S. Fish and Wildlife Service 1981).



Minimum habitat area. Minimum habitat area is defined as the minimum
amount of contiguous habitat that 1s required before a specifes will occupy an
area. It is assumed that a minimum of 130 ha (320 acres) of habitat must
exist or the HSI for the pileated woodpecker will equal zero.

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

Model Description

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

area.

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

The fallowing 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 woodpeckers prefer dense stands, and it is
assumed that optimum habitats have 75% or greater tree canopy closures and
that stands with less than 25% canopy closure will have no suitability.
Pileated woodpeckers are most abundant in forest stands with many large
diameter trees. It 15 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
suitability. Optimum pileated woodpecker habitats contain an abundance of
fallen logs and stumps, while habfitats 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
>0.3m (1 ft) in
hefght 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 D
(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 ecm )
(20 inches) dbh/0.4 ha
{1.0 acre) {western
portion of range only).

Average dbh of snags
> 51 em (20 inches)
dbh (western portion

>l

S~

of range only). 2

Figure 1. Relationship of habitat variables, 1ife requisites,

Life requisite

Food/Cover/
Reproduction

Cover types

Evergreen Forest

Deciduous Forest

Evergreen Forested
Wetland

Deciduous Forested
WFtland

and cover types in the pileated woodpecker model.

HS1



A

that maximum habitat values occur when there s a total of 10 or more logs
greater than 18 cm (7 inches) dfameter and/or stumps of the same diameter and
greater than 0.3 m (1 ft) in hefght 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 Tog and stump abundance exerts less of an influence in determining
habitat values.

Snag suftabflity is assumed to be related to the abundance of large
diameter snags. It 1s assumed that pileated woodpeckers, in the Eastern
portion of their range, require snags greater than 38 cm (15 inches) dbh for
nesting and, in the West, they require snags greater than 51 cm (20 inches)
dbh. Maximum suitability in both the East and West exists when 0.17 or more
suitably sized snags occur per 0.4 ha (1.0 acre). Habitats with no suitably
sized snags provide no suitability. These snag sizes represent the minimum
dbh for a useable snag. It is assumed that optimum conditions occur when the
average dbh of all snags that meet the minimum size requirement is equal to
the average dbh of snags actually selected by pileated woodpeckers for nest
sites (see Conner 1979b). In the East, it is assumed that optimum conditions
occur when the average dbh of all snags greater than 38 cm (15 inches) dbh is
54 cm (21 inches). In the West, optimum habitats exist when the average dbh
of all snags greater than 51 cm (20 inches) is 76 cm (30 inches). Habitats in
the East or West with an average snag diameter equal to the minimum suitable
size will provide one-half of optimum habitat suitability.

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

Model Relationships

Suitabilty Index (51) graphs for habitat variables. This section con-
tains suitability index graphs that illustrate the habitat relationships
described in the previous section.
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]

Equations. In order to determine the 1ife 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 1included under Model Description, and the specific
equations in this model were chosen to mimic these perceived biological rela-
tionships as closely as possible. The suggested equations for obtaining the
food/ cover/reproduction value are presented below.

Life requisite Cover type Equation

Eastern portion of range: 1/2
Food/cover/reproduction EF,DF ,EFW,DFW Lower of (V, x V5 x V,)

or (V. X V.)I/z

Western portion of range: 1/2
Food/cover/reproduction EF,DF ,EFW,DFW Lower of (V, x V, x V,)

or (V, x V,)l/z

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

Application of the Model

et al. 198]1) are provided in Figqure 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) Cover types §gggested-techn1que

v, Percent tree canopy EF,DF,EFW, Line fntercept
closure [the percent OFwW '
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)].

Figure 2. Definitions of variables and suggested measurement techniques.

!
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Variable (definition) Cover types
Vs Number of trees > 51 cm EF,DF ,EFW,
dbh/0.4 ha (20 inches OFW

Vs

L

dbh/1.0 acre) [actual

or estimated number of
trees that are greater
than 51 em (20 inches)
diameter at breast height
(1.4 m (4.5 ft) per 0.4 ha
(1.0 acre)].

Number of tree stumps EF,OF ,EFW,
>0.3m (1.0 ft) in DFW
height and > 18 cm

(7 inches) diameter

and/or logs > 18 cm

(7 inches) diameter/

G.4 ha (1.0 acre)

[the actua) 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 em (7 inches)

in diameter present per

acre. Log diameter

should be measured at

the largest point].

Number of snags > 38 cm EF,OF ,EFW,
(15 inches) dbh/0.4 ha OFwW

(1.0 acre) [the number

of standing dead trees

or partly dead trees,

that are greater than

.38 em (15 inches) dia-

meter at breast height
(1.4 m/4.5 ft), and

that are at least 1.8 m
(6 ft) tall, per 0.4 ha
(1.0 acre). Trees in
which at least 50% of the
branches have fallen, or
are present but no longer
bear foliage, are to be
considered snags].

Figure 2. (continued).

12

Suggested technique

Quadrat

Quadrat

Quadrat



'l Variable (definition)

Average dbh of snags

> 38 e¢m (15 inches) dbh
[the average diameter

of all snags that exceed
38 em (15 fnches) diameter
at breast height (1.4 m/
4.5 ft)].

' Ve Number of snags > 51 cm
(20 inches) dbh/0.4 ha

I (1.0 acre) [the number
of standing dead trees
or partly dead trees,
that are greater than

I 51 cm (20 inches) dia-
meter at breast height
(1.4 m/4.5 ft), and that

l are at least 1.8 m (6 ft)

tall, per 0.4 ha (1.0 acre).

Trees in which at least
50% of the branches have
fallen, or are present
but no longer bear
' foliage, are to be con-
sidered snags].
v, Average dbh df snags
> 51 em (20 inches)
dbh [the average
diameter of all snags
that exceed 51 cm
(20 inches) diameter
at breast height
(1.4 m/4.5 ft)].

Figure 2.

SOURCES OF OTHER MODELS

Cover types

EF,DF,EFW,
DFW

EF,DF EFW,

DFW

EF,DF,EFW,
DFW

(concluded).

Suggested technigue

Quadrat; Biltmore
stick or diameter
tape

Quadrat

Quadrat; Biltmore
stick or diameter
tape

for the pileated woodpecker that can be used to separate habitats that possibly
provide nesting habitat from those that do not provide nesting habitat. The
model assesses basal area, number of stems, and canopy height of trees.

13
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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 also inhabits
forests of mixed deciduous and coniferous species (Hagmeier 1956). Marten 1in
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, generaily 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 Moniana study (Weckwerih and Hawley 1962).
However, mammals were the most important food item on an annual basis, with
the highest utilization of mammalian prey cccurring during the winter months.
Voles (Microtinae) are utilized more than any other single focod item (Cowan
and Mackay 1950; Lensink et al. 18955, Weckwerth and Hawley 1362, Koehler and
Hornocker 1977 Soutiere 1978).

Mech and Rogers (1977) reported that food avaiilability 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 (1978) 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 reguirements 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 (Pices 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
type; which were at least partially comprised of spruce (Yeager and Remington
1956).




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;
Szaventon 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 19876). 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-ssven percent of the marten winter resting
sites located in Maine were benezih 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 lacated on the greound surface during this season.

Hawley and Newby (1957) believe that large openings serve as psycholegical
barriers to marten, while Koehler and Hornocker (1977) believe that openings,
which are avoicded in the winter, may be used for foraqing in the summer and
fall 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
menths (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
cbserved 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 cbserved in large boulder fields which
provided a food source [pika (QOnchotona princeps)] and cover in the form of
large boulders or rocksiides.

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
1879). 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 regquirements 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 (Clark and Campbell
1976). Home ranges of male martens are distinct, but female home ranges often
overiap 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* (0.9 mi®) and
0.69 km? (0.27 mi?) for males and females, respectively (Hawley and Newby
1957). Similar sizes were reported in Wyoming: 2.4 km? (0.93 mi?) 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 mi?) for males and
4.3 km? (1.7 mi?) for females (Mech and Rogers 1977). The average winter home
range for male marten in Maine was 9.25 km? (3.57 mi?) (Steventon and Major
1982). Summer home range size was between 5.0 and 10.0 km? (1.93 to 3.86 mi?).

HABITAT SUITABILITY INDEX (HSI) MCDEL

Model Applicability

Geographic area. This HSI model has been developed for applicaticon 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 cover requirements during other seasons of the year.
[t is assumed that if adequate winter cover is available, habitat requirements
throughout the balance of the year will not be 1imiting.

Cover types. This model was developed to evaluate habitat in Evergreen
Forests (EF) (U.S. Fish and Wildlife Service 1981).

Minimum habitst 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? (0.92 mi?) for males. Based on this information, it is
assumed that at least 2.59 km? (1 mi?) of suitable habitat must be availabte
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 (Ciark, 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 avajlability will not be limiting for the marten if adequate
cover s 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 sections 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.

3
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Figure 1 illustrates the relationships of habitat variables, life req-
uisites, and cover types for the marten.

Life

Habitat variable : recuisite Cover types
Percent tree canopy closure
Percent of overstory canopy

closure comprised of fir

gr spruce Winter cover ——— Evergreen forest ————— HSI
Successional stage of

stand

Percent of ground surface
covered by downfall

Figure 1. Relationships of habitat variables, Tife requisites,
and cover types in the marten HSI model.

Cover component. The marten may range through various feorested and
non-forested cover types throughout the spring, summer, and fall. Based on
the literature, mature stands of evergreen trees, particularly spruce and fir,

are reguired during the winter months in order to provide adequates protective
and thermal cover.

Suitable winter cover is a function of the successional stage of the
stand, the percent of the stand which is comprised of spruce or fir, the tota’
percent canopy closure of the stand, and the amount of downfali in the stand.
Stands of mature to overmature conjiferous 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 tc 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 alsc 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 suftability of marten
winter habitat. When either of these variables is outside the suitable ranges

i
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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 cavered
by downfall has the least amount of influence in the determination of marten
winter habitat suitability, such material is essentail to provide cptimal
winter habitat. An excessive amount of downfall (> 50%) is assumed to decrease
the availability and accessibility of prey 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 varfables. The relationships
between various conditions of habitat variabies and habitat suitability fer
the marten are graphically represented in this section.

Cover
type Variable
EF (Vi) Percent tree canopy 1.0 l 1
closure. x
[<¥}
0.8 4 i
ey
~ 0.6 4 !
=
50.4 - i
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0.2 | i
25 50 75 100
EF (Vz2) Percent of overstory 1.0 . , .
canopy closure com= we
prised of fir or 208
spruce. £ . L
20.6 i
< 0.4 ] i
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EF (Vi) Successional stage of 1.0 , , - .
stand. x
20.8 i
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S30.4 - i
= |
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0.2 A L
1 - | i
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Successional Stage

EF (V) Fercent af ground 1.0
surface covered by ’ : ' :
downfall which is x
> 7.6 cm (3 in) in ©0.8 L
diameter. -
20.6 X
— %
50.4 i
)
3
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T T +
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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 eguation in
this model was chosen to mimic these perceived biological relationships as
claosely as possible. The suggested equation for obtaining a winter cover
value is presented below.

Life requisite Cover type Equations
Winter cover EF (V. x V; x V; x V“)l/z

HSI determination. Since winter cover was the only 1ife requisite
considered in this model, the HSI equals the winter cover value.




Application of the Model

Definitions of variables and suggesied 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 tailer
tharn 5.0 m {16.5 ft)].

{(V,) 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
pverstory trees.)

(V;) Successional stage of
stand. (The structural
condition of a forest
community which occurs
during its develcpment.}
Six recognized stages:

grass-forb
shrub-seedling
pole-sapling
young

mature

old growth

Y LN P L) P

Cover types
EF

EF

EF

Suggested technigque

Line intercept, remote
sensing

Line intercept, ramote
sensing

On-site irnspection,
remote sensing

Figure 2. Definitions of variables and suggested measurement techniques.



(V,) Percent of ground EF Line intercept, quadrat
surface covered by
downfall which is
2 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
1imbs.)

Figure 2. (concluded)

SOURCES OF QTHER MCDELS

No other habizat models for the marten were located.
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RUFFED GROUSE {Bonasa umbellus)

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, I111nois, Missourf,
and northern Arkansas east through Indiana, Ohfo, New York, New Engltand, 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 recreational
sport hunting in 43 States and Provinces,

Foad

Ruffed grouse feed on a variety of plant foods, with regicnal and seasonal
variations occurring in their diet (Korschgen 1966). Animal foods, primarily
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
decrease in importance in the diet of chicks throughout summer, and by August
their diet is similar to aduits, 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

was > 90% invertebrates; plant parts were not predominant until chicks were 8
weeks old.

In regions where snow cover 1is 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 is comprised of buds and
catkins of hardwood shrubs and trees (Bump et al. 1947; Gullion 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
aspen in 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; Gullfon 1977, 1981;

l 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 tota) winter food volume consumed by ruffed grouse 1n Alberta (Docerr
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 serotina) and apple (Malus pumila) to
those of aspen (Woehr and Chambers 1975). Winter foods of ruffed grouse in
northeastern Ohfo included buds of black cherry, hawthorn (Crataegus spp.).
and hophornbeam (Ostrya virginiana), as well as aspen (Stoil 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, I1linois, southern Appalachians},
the winter diet of ruffed grouse is more var1ab1e 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 biack 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). Frufts of sumac (Rhus
spp.), bittersweet (Celastrus scandens), poison ivy (Toxicodendron radicans),

greenbrier (Smilax spp.), and dogwood (Cornus spp.), n addition to buds of .

hawthorn, aspen, and hophornbeam, were used by ruffed grouse in central and
southern Ohio (Stoll et al. 1980) Gilfillan and Bezdek (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 imn 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 numercus fruits, berries, 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 assoclated
with)mesic habftats and not because of a dependence on free water (Edminster
1954
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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
Moulton 1968). Females with broods prefer habitats similar to those preferred
by drumming males (Berner and Gysel 1969; Porath and Vohs 1%72; 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 ldaho (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
aspens §s 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.
Maximum 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
ltog provides sufficient height to allow a view of the surroundings and a
relatively leve! 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; Gulifon 1970; Woehr 1974; Titus 1976;
Salo 1978; Kelly and Major 1979, cited by Backs 1984; Stoll et al. 1979;
Brexer 1980; Kubisiak et al. 1980; Stauffer 1983; Hunyadi 1984), The
ifmportance 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 Kefth 1971).

Suitable drumming cover at the Clogquet Forestry Center 1in 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




Table 1. Densities of breeding male ruffed grouse throughout their range (values converted to males/100 ha).
Breeding a
. : b
Max Min Location Periaod Genaral hablitest Reference
4.7 20.5 Minnesota: Cloguer Forestry Cencer 1959-717 10-25 year aspen Gultion {(1977)
5.7 10.7 Wisconsin: Sandhitt Witdlife Area 19648-11 Aspan-alder Kubislak et al. (1980)
22.2 12.3 Contresl Alberts 1966~68 Aspen Rusch and Keith (1971)
15.8 5.6 New York: Connecticut HillI 1930-42 Allaghany and Bump et al, (1947)
northern hard=-
woods with
conifers
14.7 5.7 Ontarlo: Algonquin Park 1971-82 Mixed conifer- Thebsrge and Gauthier
aspen, sugsr {1982)
maple-hemiock
. 1%.0 2.5 Minnesota: Cloquet Forestry Center 1959-82 Aspen, northern Guilion and Alm (1983)
hardwoods, with
some conifers
10. 4 1.0 Michigan: Rifle River Ares 1950~-58 Mixed conifar, Paimer and Bennest ( 1963)
norchern hard=-
woods, aspan,
alder
10.1 2.7 Wisconsin: Sandhill Wildiife Area 1968-77 Aspen and oak Kubisisk ot at. (1980)
10.1 4.6 Southwestern Alberta 1965-7% Aspen, balsam Boag (1976a)
poplar, white
. spruce
} 7.8 0.0 Minnesota; Cloquet Forestry Center 1959-82 Pine, spruce-fir, Guilion and Alm (1983)
, | with some sspan
; 1.2 2.7 Iindlana; Maumese Grouse Study Area 1969-73, Oak Bachks (1984)
' 1975-813
| 6.9 -- Northeastarn lowa 1967 Map |8-basswood, Porsth snd vohs (1972)

ask=hickary,
aspen
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Table 1. (concluded).
Breeding
[T Min Locatlion Perlod Gensarat! habitat Rafearence
6.2 5.5  Wemtern Washington 1977-79 Black cottonwood, Brewer {1980) \:::>
red slider, —_—
wastarn hemtock i
6.2 2.8 Southesstern Ohio % yesrs Oak-hickory, Stoll et el, (1973)
bsech-maple,
pine
6.1 3.2 New York: Adlirondsck sreas 1932-38 Mixed conifers, Bump et al, (1947)
northern hard-
woods
4.6 1.8 Missourl; Ashland Ares and Daniet 1963-81 Oak-hickory, Hunysdl [ 1984)
Boone Forest sugar mapla,
w hophornbesm
4.4 1.2 Wisconsin: Stone Lake Experiments! Ares 1968-77 Balsam fir, aspen Kubisisk et al. (1980}
1.9 - Southeastern ldaho: Wasstch Mountains 1979~-82 Aspen, mixed Stauffer (1981)
conifer '
2.6 1.8 Northern Georgle 1976-79 Osk-hickory, Hale et al. (1982}
yetlow poplar,
pine
2.6 - Yermant: Grafton 1975 Maple, beech, Sousa (1978)

vellow birch,
mixed conifers

QAOI estimstes bassed on counts of drumming meles except Stauffer {1983) which was 8 subjective estimete.

b

sugar meple |
yvaitow poplar

ﬁggT

Liriodendron tulipifera).

Common and sclientific names of plants not mentioned in text:
americens); beech (Fagus grandifolia); hemiock {Tsuga
¢ ssccharum); western hemlock (Tsuga heterophylla); yellow birch {Betula

canadensis); hickory (Carya spp.});

baisam poplar (Populus baissmifera); basswood (Tilia
red alder (Alnus rubra);
alieghaniensis); snd



Table 2.

Stem densities at ruffed grouse drumming sites (values
converted to stems/ha).

Location Size category Stems/ha Comments Reference
Minnesota: Cloquet  Aspen > 0.6 m tall 4,900-14,300 Optimal 13-25 Gullfon (1970, 1977)
Forestry Center year aspen
Wisconsin: Sandhil)l > 1.8 m tall 4,400-14,800 Optimal 6-25 Kubisiak (pers. comm.)
Wildlife Area year aspen
Central Alberta Shrubs > 0.9 m tall 8,545"% Means for 67  Rusch and Keith (1971)
Trees < 10.2 om dbh 3.815“" druming sites
Trees > 10.2 cm dbh gso®™" compared with
163 randam
stations
New York: Tug Hill <« 30 cm tall 9759 Means for Woehr (1974)
Plateau > 30 om tall to 1.25 cm dbh 11'.575"s drumming sites
2.5 cm dbh .2 compared with
5.0 an dbh 912"% available
7.5 o dbh 350" habi tat
> 10.0 cm dbh 480"
Ontario: Algonquin < 10 ¢m dbh 2,872 and Means for 2 Theberge and Gauthier
Park 3,980" areas with {1982}
different grouse
densities
Michigan: Rifle < 0.6 m tall 31,849 Means for Palmer {1963)
River Area 0.6-1.5 m tall 13,289™ habftat within
1.5-2.4 m tall 4,776"8 10.1 m
> 2.4 mtall to 8,a01®™" radius of 40
7.6 om dbh drumming logs
7.6-15.2 cm dbh 1,188 compared with
15.2-22.9 cm dbh 138> nabitat 10.1 to
> 22.9 cm dbh 109 20.1 m distant
Southwestern Alberta < 1.0 m tall 2,120° Means for 80  Boag and Sumanik {1969}
> 1.0m tall ta 5 on dbh 4.720“ druming logs
5-10 cm dbh 2,720 compared with
10-20 om dbh 620° 98 unused 10gs
> 20 cm dbh 140®
Indiana < 13 cm dbh 15,0000 Means for 64  Kelly and Major (1979,
drumming logs cited by Backs 1984)
compared with
unysed logs
6
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Table 2. (concluded).
Location Size uuéory Stems/ha Comments Reference
Western Mashington > 0.2 m tall 21,592%™ Means for 25  Brewer (1980)
druming logs
compared with
26 unused logs
Southeastern Ohio < 1.0 m tall 80,060 Means for 30  Stoll et al. {1979)
> 1.0 m tall to 2.5 om dbh 16,803 perennial logs
2.6-5.1 on dbh 1.977°"" compared with
§.2-10.2 on dbh 9gg"s 27 transient )
centers
Missouri: Monkey Mt. > 1.0 m tal} !5.2‘36b Means for Hunyadi (1984)
and Angerson 13.412” drumming logs
Wildlife Areas, 11,7600 at 3 areas
Boone Forest compared with
availahle
habitat
Southeastern [daho < 7 om dbh 8.509” Means for 19 Stauffer (1983)
7-15 em dbn 494" drumming logs
15-23 om doh 174" compared with
> 23 ¢m dbh 100" 19 unused 1ogs
Morthern Georgia <0.5muall . 120,000"* Means for 14 Hale et al. (1982)
» 0.5 m tall to 10 om dbh 14,000 drumming logs
> 10 cm dbh 556"° compared with
14 unused logs
VYermont: Grafton < 2.5 on dbh 941-5,651™ Densities for Sousa (1978)
2.5-12.7 em dbh 2,063-6,008"° 5 drumming logs
> 12.7 om dbh 494.941"° compared with

available hab-
itat in stands

Y4ean less than mean for available haditat or unused logs.

bllhar-. greater than mean for available habitat or unused log,

"p > 0.10
*p <0.10
**p < 0.05

" < 0.01



and increasing height of stems associated with maturation of a stand (Gullion
and Svoboda 1972; Gullion 1977). Optimal drumming cover occurs in 13 to
25-year old aspen stands with a stem density of 4,900 to 14,800/ha (Gullion
1970:Fig. 3) and a closed canopy about 10 m overhead (Gu111on and Svoboda
1972; Gullion 1977). The habitat has "gone-by" and rather abruptly ceases to
support drumming grouse when stem densities decrease to < 4,900/ha (Gullion
and Svoboda 1972; Gullion 1977). Aspen in central Wisconsin initially are
occupied when stands are < 5 years of age and have maximum stem densities of
19,800/ha (Kubisiak et al. 1980; Kubisiak 1985; Kubisiak pers. comm.). Optimal
drumming cover is provided by 6 to 25 year o1d aspen stands having densitfes
of woody stems > 1.8 m tall from 4,400 to 14,800/ha and a canopy height = 4.6 m
{Kubisiak pers. comm.).

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
grcwth rates of plants providing cover, and this varies among specfes and
growing site environments (Gullion 1984b) Mature hardwood tree stands that
have thinned below suitable tree densities continue to provide suitable cover
if there {is sufficient density and height of woody shrubs in the understory
(Kubisiak et al. 1980; Gullfon 1984a). Shrubs > 0.9 m in height provide
suitable cover when there are 80 to 200 stems within a 3.0 to 3.7 m radius of
the drumming stage (Gullion 1972, cited by Boag 1976a), equivalent to densities
of 19,000 to 68,700/ha. However, shrubs need to be > 1.5 m tall to provide
suztable overhead cover (Kubisiak 1985; Gullion pers. comm.). Forty-three of
112 drumming sites located by Salo (1978) in western Washington were in dense

thickets (300,000 stems > 2.5 m tali/ha) of salmonberry (Rubus spectabilis) in "’

the 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 {is referred to as vertical
cover. Preferred habitats provide optimal cover across the major portion of
an activity center and not just immediately surrounding the drumming log
(Gullion and Marshall 1968; Gullion 1984b). Grouse territories that include
several suitable alternate drumm1ng 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
rocosting during winter (Gullion and Svoboda 1972).

Conifers can be detrimental to survival of ruffed grouse in drumming
habitats (Gullion and Marshall 1968; Guilion 1970; Rusch and Keith 1971),
because low-growing conifers provide concea]ment for mammalian predators, and
the "high pine" conifers provide concealment and excellent opportunities for
raptors to ambush grouse. Gullion and Marshall (1968) attributed 86% 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 grouse
also were greater in the predominantly hardwood forest tract. Maximum
densities of drumming males (7.5/100 ha) in balsam fir (Abies balsamea)
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habitats at Stone Lake, Wisconsin were only 20% of maximum densities
(35.7/100 ha) 1in optimal aspen-alder (Alnus spp.) habitat at Sandhill,
Wisconsin (Kubisiak et al. 1980). The presence of conifers around drumming
sites in central Ontario was not considered detrimental to ruffed grouse
populations because avian predators were scarce (Theberge and Gauthier 1982).

Conifers provide the only suitable drumming or winter cover {in some
regions, but densities of ruffed grouse are lower in these habitats than in
optimal aspen habitats (Table 1). Young white spruce (Picea glauca) < 10 cm
dbh provided drumming cover in mixed deciduous/coniferous forests in south-
western Alberta (Boag and Sumanik 1969), and young balsam fir in the understory
of mature aspen forests provided cover for drumming grouse at Stone Lake,
Wisconsin (Kubisfak et al. 1980). Conifers were considered important winter

I cover in New York (Bump et al. 1947; Edminster 1947; Woehr 1974), Ohio (Stoll

et al. 1977), Indiana (Muehrcke and Kirkpatrick 1969), Missouri (Lewis et al.
1968), and Idaho (Hungerford 1951). Ruffed grouse in north-central Minnesota
preferred jack pine (Pinus banksiana) forests for cover during winter, a
habitat type also used by spruce grouse (Dendragapus 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
pers. comm.). Conifers, especially fir and spruce with branches growing low
to the ground, provide important thermal cover for grouse fn regions where
snow depths or snow conditions during winter limit snow-burrow roosting (Woehr
1974; Chambers pers. comm.; Keppie pers. comm.). More than 90% 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).

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,
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
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;
Stauffer 1983). Optimal brood habitat in Minnesota occurs in regenerating
aspen stands with 12,400 to 29,000+ stems/ha (Gullfon 1970, 1877). Most
upland aspen stands in Wisconsin can provide suitable brood habitat, but
optimal habitat occurs fn 6 to 25 year old stands or where alder or other
I equivalent cover exists (Kubisiak 1978).

Interspersion and Composition

Ruffed grouse are not migratory, but they will move short distances among
different seasonal habitats (Johnsgard 1973). Optimal {nterspersion of cover
ltypes occurs when all seasonal habitat requirements are contained within 4 ha
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(Gullion and Svoboda 1972). In Minnesota, these seasonal requirements are met
by an interspersion of seedling (1 to 12 years old), sapling (13 to 25 years
old), and mature (> 25 years old) aspen stands (Gullion and Svoboda 1972).
Mature male aspen within 91 m of adequate fall to spring cover provide the
essential winter food source (Gullion 1977). Kubisiak et al. (1980) found 98%
of drumming sites in Wisconsin within 40 m‘of a mature aspen food source.
However, only 53% of drumming logs in southern Ohio were within 100 m of
mature aspen (Stoll-et al. 1979).

Male ruffed grouse in Minnesota occupied an average of 8.9 ha from March
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 from lowland-
upland edge in early spring to upland sites for nesting. Females gradually
reduce their movements from prelaying through incubation (Maxson 1978).
Occupied areas averaged 12.1 ha during prelaying, 8.4 ha during laying, and
0.9 ha during incubation. Females can move their broods up to 5.8 km to
suitable cover (Schladweiler 1965). The cruising radius of most broods,
however, 1s < 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 (Gullion
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
smaller cover types. Aspen regeneration 1 to 12 years old provides optimal
brood cover in Minnesota, aspen saplings 13 to 25 years old provide optimal
fall to spring (drumming) cover, and aspens > 25 years old provide an essential
winggr food source and nesting habitat (Gullion and Svoboda 1372; Gullion
197

Small clearcuts (Edminster 1947; Stauffer 1983; Gullion 1984a) and burning
(Sharp 1970) can improve grouse habitat by ma1ntain1ng an interspersion of
young through mature successional 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 in large tracts of mature forest that are unsuitable for ruffed grouse
(Gullion 1977).

Ruffed grouse occur sympatrically with spruce and/or blue grouse
(Dendragapus obscurus) throughout portions of their range (Aldrich 1963).
Ruffed and spruce grouse use the same winter 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 in more mesic sites
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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lHABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographical area. This model is intended for application within the
region where aspen is a predominant component of the forest ecosystem. With
modifications, discussed under Application of the Model, it may be applicable

throughout the range of ruffed grouse.

Season. This model was developed to evaIﬁate the year-round habitat of
the ruffed grouse.

Cover types. This model was developed to evaluate habitat suitability in

II Deciduous and Evergreen Forest (DF, EF), Tree Savanna (DTS, ETS), and Shrubland
(DS, 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

Application of the Model.

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 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
about the highest density grouse population that can be expected under most
conditions (Gullion and Svoboda 1972). Therefore, this mode! should not be
applied on an area < 4 ha. Both Stoll (pers. comm.) and Chambers (pers.
comm.) recommended a minimum habitat area of 20 ha for {isolated blocks of
forest surrounded by unsuitable grouse habitat, e.g., a farm woodlot surrounded

by cropland.

Verification level. This model was developed with the assistance of
Gordon W. Gullion, Project Leader of the University of Minnesota's Forest
Wildlife Project at the Cloquet Forestry Center, near Cloquet, Minnesota. The
variables in 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 ranging from 18.1 to 27.5 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. Boag, 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. Dimmick, Professor, Department of Forestry, Wildlife, and
Fisheries, University of Tennessee, Knoxville, TN
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Daniel M. Keppie, Professor, Department of Forest Resources, University
of New Brunswick, Fredericton, New Brunswick

John F. Kubisfak, Project Leader, Forest Wildlife Research Group,
Wisconsin Department of Natural Resources, Babcock, WI

Keith R. McCaffery, Project Leader, Forest Wildlife Research Group,
Wisconsin Department of Natural Resources, Rhinelander, WI

Robert J. Stoll, Jr., wildlife Biologist, Ohio Department 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. comm.) questioned whether it was possible to develop a single habitat
suitability model that would be applicable throughout the range of ruffed
grouse. Modifications of this model that may increase its usefulness in
various regions are discussed under Application of the Model.

Model Description

Overview. Optimal habitat for ruffed grouse is provided by the inter-
spersion of several forest age classes. The ruffed grouse is considered in
this model to be a multicover type species, using different age classes of
forests. Winter Food and Fall to Spring Cover are the life requisites consid-
ered in this model and are assumed to be the same for both male and female
grouse. It 1s assumed that water is not a limiting factor for ruffed grouse
populations. Nesting and brood-rearing habitat are assumed to never be more
limiting than winter food and fall to spring cover requirements,

The following sections identify important habitat varfables used in the
model, describe suitability levels of the variables, and describe the relation-
ships among variables.

Winter food component. Optimal winter 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
lTower value and support fewer grouse than will mature male aspen. Svoboda and
Gullion (1972) estimated that one average mature male 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 male 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 2 20 mature male aspen are within 91 m of fall to spring cover
(Gullion 1977). Suitability of winter food is assumed to decrease as the
distance between 20 mature male aspen and fall to spring cover increases from
91 to 183 m. If there are < 20 mature male aspen within 183 m of fall to
spring cover, it is assumed that other deciduous shrubs and trees will provide
winter food but at a lower level of suitability. Because mature male aspens
can be clustered in clones or scattered throughout a stand, winter food suit-
ability is measured as the average radius of circles encompassing 20 mature
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male aspen (Fig. 1), f.e., the distance to the 20th mature male aspen from a
sampling point. This distance relationship 1s used whether suftable
winter food and fall to spring cover occur in the same or different cover

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.

Fall to spring cover component. Fall to spring cover is a function of
the degree of obstruction provided by woody vegetation and fs 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
physical 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
mode) as woody plants having a single, erect stem originating from a single
base at the ground, and shrubs are 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 is even spacing versus clumping
of erect stems. This differs from the practice of using stem height to
differentiate trees and shrubs, as defined by the U.5. Fish and Wildlife
Service (1981) for other HSI models. It is assumed that a certain amount of
physical obstruction {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 studied and forms the basis for comparing
cover provided by woody vegetation of various growth forms.

Stem densities of deciduous trees ranging from 4,900 to 14,800 stems/ha
are considered to be optimum (Gullion 1970). Stem densities of deciduous
trees € 4,400 stems/ha are considered too sparse to provide vertical cover,
and densities 2 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 form of deciduous trees differs considerably
from that of deciduous shrubs and conifers, 1t 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 is 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)] is that of a woody plant with multiple, clumped, narrow stems
(< 2.5 cm dbh). It is assumed in this model that, on the average, four typical
deciduous shrub stems 2 0.9 m in height will occupy the space and provide
equivalent density of vertical cover as one deciduous tree (Gullion pers.
comm.). The equivalent stem density coefficient for deciduous shrubs 2 0.9 m
in height, therefore, is 0.25. Shrubs < 0.9 m in height are assumed to be too
short to provide any vertical cover.

The growth form of conifers is that of a woody plant with a dense, wide
crown. Because of this growth form, it is assumed that one typical 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 deciduous tree to a value
equal to the cover provided by one deciduous tree. Vertical cover will be
provided only by the trunk and not the branches of conifers when lowest branch
heights are 2 4.6 m. This relationship is shown in Figure Z2a.
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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).

Total equivalent stem density can be determined by Equation 1:

where

BV2

(D

Total equivalent stem density = d + 0.25s + gV2c

number of deciduous trees/ha
number of deciduous shrub stems/ha
number of conifercus trees/ha

equivalent stem density coefficient for cenifers
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The relationship between habitat suitability and total equivalent stem density
is the same as that previously described for deciduous trees and is depicted

in Figure 2b.

The suitability of vertical cover for ruffed grouse is determined by
total equivalent stem density and height of woody stems providing cover.
Woody stems 2 4.6 m in height provide optimal suitability for overhead cover
(Kubistak pers. comm.). Suftability decreases when woody stems are < 4.6 m in
height, and woody stems £ 1.5 m 1in height do not provide suitable overhead
cover (Gullion pers. comm.; Kubisfak pers. comm.) (Fig. 3). The relationship
between stem height and suitability is assumed to be the same for all three
woody growth forms that may provide vertical cover.

- 1.0 I ) —
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by 1 b

> 0.4- -

= ]

2 D.2+9 -

x ; ]

a 0.0 — r .
0.0 1.5 3.0 4.6 6.1 +m
0.0 5.0 10.0 15.0 20.0 + ft

Average height of woody stems

Figure 3. The relationship between woody stem heights and
suitability indices for height of vertical cover.

During secondary succession of deciduous forests, suitability 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 2 4.6 m.
Most aspen stems will have grown to optimal heights (2 4.6 m) when an aspen
stand has matured and thinned to optimal total equivalent stem densities
(4,900 to 14,800 stems/ha) (Kubisiak pers. comm.). As an aspen stand continues
to mature and thins to S 4,400 tree stems/ha, habitat suitability will alse
depend upon the density and height of understory woody shrubs or conifers

(Kubisiak et al. 1980; Gullion 1984a).
16
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Suitability of vertical cover height is assumed to be optimum if there
are a minimum of 4,900 equivalent stems/ha at optimal heights (i.e., 2 4.6 m).
When this minimum height/density relationship is met, additional stems at
either suboptimal or optimal heights will not alter the suitability of vertical
cover height. Therefore, suitability of vertical cover height fs evaluated
for the 4,900 equivalent stems/ha having highest suftability for stem height
(S5IV4) and may include any single or combination of woody growth forms, If
total equivalent stem density is > 4,900/ha, then a weighted SIV4 is determined
by considering equivalent stems by growth form beginning with the most suitable
growth form (i.e., having highest SIV4) and continuing until exactly 4,900
equivalent stems/ha are included in Equation 2:

, g (equivalent stems/ha)i
Weighted SIV4 =

=i=1 [5“’41 x 4,900/ha

where i=1, 2, and 3 are different woody growth forms (i.e., deciduous
shrubs, deciduous trees, or coniferous trees) such that

3
SIV4, = SIV4,; 2 SIV4,, and I

(equivalent stems/ha)1 = 4,900/ha
i

1

If the growth form with the highest SIV4 (SIV4,) has > 4,900 equivalent
stems/ha, then the weighted SIV4 equals SIV4,. If growth form 1 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 s < 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 1 and 2. For example: A cover type has 800 deciduous trees/ha with an
average height of 10.0 m (SIV4 = 1.0}, 20,000 deciducus shrubs/ha with an
average height of 2.4 m (5IV4 = 0.3), and 200 conifers/ha with an average
height of 3.0 m (SIV4 =0.5) and average low-branch height of 0.5 m
(BV2 = 4.0). There are 800 equivalent stems of deciduous trees, 5,000 equiv-
alent stems of deciduous shrubs, and B00 equivalent stems for conifers.
Therefore, the weighted SIV4 = [(1.0 x 800) + (0.5 x 800) + (0.3 x 3,300)})/
4,900 = 0.447. Note that 3,300, rather than 5,000, equivalent shrub stems are
entered in the weighted SIV4 making the sum of the equivalent stems (800 +
800 + 3,300) equal to 4,900/ha.

If total equivalent stem densfty 1s < 4,900 stems/ha, the weighted S$IV4
can be determined using equatfon 2, but without any restrictions on the order

that growth forms are entered or that their equivalent stem densities sum to
4,900/ha.

17
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Tall conifers provide concealment for raptors which prey upon ruffed
grouse, and conifers with low branches provide concealment for mammalian
predators. Maximum densities and survival of ruffed grouse are lower in
forests where conifers are the predominant trees (Gullion and Marshall 1968;
Kubisiak et al. 1980; Gullion and Alm 1983). An area that provides optimal
equivalent stem density and height of vertical cover for ruffed grouse but has
only conifers in the tree strata is assumed to provide only 25% of the optimal
fall to spring cover value. Similarly, the presence of any conifers in an
otherwise suitable habitat will reduce suitability of fall to spring cover
because of the additional concealment for predators provided by conifers. The
recommended relationship 1s presented in Equation 3:

» -1
conifer penalty = [(3 X E——;—a)* 1] (3)

where ¢ = number of coniferous trees/ha

d = number of deciduous trees/ha

This 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 is
assumed to decline quickly with a small percentage of conifers which can
conceal raptors. However, cover suitability decreases at a lower rate with
increasing percentage of conifers, because it is unlikely that there will be a
proportional increase in predation opportunities with increasing percentage of
conifers.

Suitability Index (SIV5)

L 1

0 20 40 60 80 100
Percent conifers

Figure 4. The relationship between percent coniferous trees and
the suitability index for the conifer penalty.
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Fall to spring cover can be summarized as follows:

1. Vertical cover can be provided by deciduous trees, confferous trees,
deciduous shrubs, or any combination of these growth forms.

2. A certain amount of physical obstruction (stem density) is necessary
to provide suitable vertical cover. The equivalent of one deciduous
tree is assumed to be four deciduous shrub stems and 0.25 to one
coniferous tree, depending on the low crown 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 concealiment for predators. If conifers provide the only
tree cover, then the maximum 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. 2b) 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 (SIV5, 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 = SIV3 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 muiticover 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:

1. Compute life requisite values for each cover type by collecting
field data for each variable, entering this data into the proper
equation, coefficient curve, or suitability curve, and using the
resulting index values in the appropriate life requisite equations.
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2. The HSI for a cover type equals the lower of the values for Fall to
Spring Cover and Winter Food.

3. Determine the weighted HSI score for each cover type by multiplying
the_a;ea of each cover type by its corresponding HSI value (from 2
above).

4. The overall HSI for a study area is 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.

Application of the Model

Summary of model variables. Seven habitat variables must be sampled to
evaluate Fal) to Spring Cover for ruffed grouse; one habitat variable is used
to evaluate Winter Food (Fig. 5). Definitions of habitat varfables and
suggested field measurement techniques (Hays et al. 1981) are provided in
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 measured or
estimated and mean habitat characteristics entered into the 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 stratified by cover types or
individual timber stands. Stratifying samples by the most homogeneous units
possible will provide the greatest accuracy and precision 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 € 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 {f structural characteristics of early and late successional forest
stands (both unsuitable Fall to Spring Cover) are averaged together, falsely
indicating the presence of suitable mid-seral conditions. This can occur
because the SI curve for total equivalent stem density (SIV3) is a non-=linear
response function.

Model assumptions and modifications. The major assumptions in this model
are:

1. Winter food and fall to spring cover are the limiting requirements
for ruffed grouse populations.

2. Optimal winter food for ruffed grouse is provided by mature male
aspens.

3. Vertical cover for ruffed grouse is dependent on growth form, density
and height of woody stems.
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Figure 5. Relationships of habitat variables, derived variables, 1ife requisites,
and cover types to the habitat suitability index (HS1) for the ruffed grouse.



Variable (definition)

The average radius of circles
encompassing 20 mature male
aspen [staminate flower pro-
ducing aspen {Gulljon 1984a),
typically 2 25 years of age
and 15.2 cm (6 inches) dbhl.

Density of deciduous shrub

stems [number/ha (2.471 acres)

of deciduous woody stems 2 0.9 m
(3.0 ft) tall growing with multiple,
clumped, erect stems emanating

from a common base at the ground].

Density of deciduous trees
[number/ha (2.471 acres) of
deciducus woody stems 2 0.9 m
(3.0 ft) tall growing with a
single, erect stem from the
ground].

Density of coniferous trees
[(number/ha (2.471 acres) of
coniferous woody stems 2 0.9 m
(3.0 ft) tal) growing with a
single, erect stem from the
ground].

Average lowest-branch height
above ground (measured to
lowest point on bottom of
branch) of conifers.

Average height of woody stems
(the average vertical distance
from the ground to the top of
woody stems, measured separately
for deciduous shrubs, deciduous
trees, and conifers).

Cover types

DF,EF,DTS,
ETS,DS,ES

DF,EF,DTS, —

ETS,DS,ES

DF,EF,DTS,
ETS,05,ES

DF,EF,DTS,
ETS,DS,ES

DF ,EF,OTS,
£7S,05,ES

OF ,EF,OTS,
ETS,0S,ES

Suggested techniques

Tape measure, optical
range finder, pacing

Quadrat count [variable
sized plots depending
upon the relative
density of plant

growth forms (e.g.,
0.004 ha for abundant
growth forms and

0.04 ha for scarce
growth forms)]

Graduated rod

Graduated rod,
trigonometric
hypsometry

Figure 6. Definitions of habitat variables and suggested

measuring technigues.
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4. Conifers provide vertical cover for ruffed grouse, but because they
also provide cover for predators that prey upon grouse, the net
effect of having conifers in ruffed grouse habitats is a reduction
in habitat suitability.

The primary model assumption identifies winter and the spring and fall
drumming periods as the limiting seasons for ruffed grouse. A corollary to
this assumption is that nesting and brood rearing requirements will never be
more 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 applying this 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 1imiting for high density populations
of ruffed grouse. It is important to recognize that use of this model for
habitat assessment {s inappropriate if conditions in the potential application
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 in {fts unmodified form.
However, this has little consequence when a user desires to rank habitat
suitability according to availability of habitats within a 1imited geographical
area rather than according to availability on a continent-wide basis.

The second major assumption identifies mature male aspens as optima)
winter food for ruffed grouse. The importance of aspens as winter food for
ruffed grouse decreases in regions where winter snow cover 1s 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
Variable 1 (Fig. 1) for model applications in Ohio, Indiana, and Il1linois
(Stoll et al. 1980; Stoll pers. comm.). Likewise, mountain laurel, Christmas
fern, and honeysuckle may need to be included in Variable 1 for model applica-
tions in the southern Appalachian 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 in regions where winter-long snow cover does not
occur are sufficiently broad that winter food may not be limiting (Gullion
1984b), and Variable 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, in some
ruffed grouse habitats in the southeastern states, vertical cover is provided
by an understory of Japanese honeysuckle vines or a branching, evergreen
canopy of mountain laurel and/or rhododendron (Rhododendron spp.) (Dimmick
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 depsity
than stem density in habitats where vines are providing significant vertical
cover. Actual calibration of the suitability curve for Variable 3 to reflect
percent cover as measured by a vegetation profile board will have to be
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
concealment for predators, especially raptors. Predation on ruffed grouse is
not always a significant decimating factor associated with coniferous habitats
(Theberge and Gauthier 1982; Chambers pers. comm.; Dimmick pers. comm.; Keppie
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
detrimental as "high pine" conifers (Gullion 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
Fall to Spring Cover, medify the conifer penalty {Equation 3) to include only
certain conifer species or growth forms (e.g., long-needled "high pines"), or
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 thermal cover for ruffed grouse inhabiting
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
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 in conifers may be the best alternative available to ruffed
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 30% conifer cover
represents optimal suitability for winter cover in northeastern habitats, with
suitability decreasing at either lower or higher percentages of conifers.
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 Steinke (1975) attempts to maximize
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 Steinke's (1975)
model, 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-
ments of the ruffed grouse will make it difficult to adapt this model for
application outside of southeastern Idaho.
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BLACK-CAPPED CHICKADEE (Parus atricapillus)

HABITAT USE INFORMATION
General

The black-capped chickadee {Parus atricapillus) inhabits wooded areas in
the northern United States, Canada, and the higher elevations of mountains in
southern Appalachia (Tanner 1952; Brewer 1963; Merritt 1981). The black-capped
chickadee nests in cavities in dead or hollow trees (Nickell 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 fts availability {(Brewer 1963).
Insect food is mostly gleaned from tree bark on twigs, branches, and boles; or
from the foliage, fruits, and flowers of trees (Brewer 1963). Caterpillars
are an important food for nestling chickadees (Odum 1942; Kluyver 1961; Sturman
1968a). Insect and spider eggs make up a large portion of the winter diet,
and, although the use of plant material for food is low during much of the
year, seeds of trees and shrubs may account for about half of the winter diet
(Martin et al. 1961). Seeds of weedy plants, such as giant ragweed (Ambrosia
spp.), are favorite winter foods (Fitch 1958).

Black-capped chickadees are versatile in their foraging habits and forage
from the ground to the tree tops in a variety of habitats, although they
prefer to forage at low or intermediate heights 1in trees and shrubs (Odum
1942). Chickadees in British Columbia showed a preference for foraging within
1.5 m (5.0 ft) of the ground (Smith 1967).

Black-capped chickadees in western Washington selected their territories
before the amount of insect food (especially caterpillars) was apparent, and
it appeared that canopy volume of trees was the proximate cue used by the
chickadees to determine potential food supply, since chickadee abundance
showed a2 strong positive correlation with canopy volume (Sturman 1968a). Cat-
erpillars eat foliage and their abundance should vary directly with total
foliage weight. There was & strong positive correlation between total foliage
weight and canopy volume, and, hence, canopy volume provided a good estimate
of potential insect abundance. The highest chickadee densities occurred at
canopy volumes of about 10.2 m' of foliage/l m* of ground surface
(33.5 ft2/ft2).




Water

Drinking water requirements are met with surface water and snow (Odum
1942).

Cover

The black-capped chickadee occurs in both deciduous and evergreen forests
in the eastern United States, although it is restricted to deciduous forests
along streams in the Northern Great Plains, northern Rocky Mountains, and
Great Basin areas (Dixon 1961). In some areas where the ranges of the black-
capped chickadee and Carolina chickadee (P. carolinensis) come together,
apparently suitable habitat exists where neither chickadee occurs (Tanner
1952; Brewer 1963; Merritt 1981). Deciduous forest types are preferred in
western Washington (Sturman 1968a) and commonly used in Oregon (Gabrielson and
Jewett 1940). Fall and winter roosts in New York were mostly on dense conifer
branches, with some use of cavities (Odum 1942). Black-capped chickadees in
Oregon and Washington excavated winter roost cavities in snags (Thomas et al.
1979). Winter roosts in deciduous forests of Minnesota were on the 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 1958). The availabil-
ity of suitable tree cavities for roosting may have been a limiting factor in
this study area.

Reproduction

The black-capped chickadee nests in a cavity, usually in a dead or hollow
tree (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 (Salix 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 excavate a cavity in soft or
rotten wood (Odum 194la, b). Trees with decayed heartwoed, but firm sapwood,
are usually chosen (Brewer 1961). Black-capped chickadees almost always do
some excavation at the nest site (Tyler 1946), although they will use existing
woodpecker holes, natural cavities, man-made nest boxes, and open topped fence
posts (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 5.9 inches) in diameter (Brewer 1963). The minimum dbh of cavity trees
used by black-capped chickadees is 10.2 cm (4 inches) (Thomas et al. 1979).
Heights of- 18 nests in New York ranged from 0.3 to 12.2 m (1 to 40 ft),
although only three nests were higher than 4.6 m (15 ft) and 11 nests were
under 3.0 m (10 ft) (Odum 1941b).




Nests in New York were usually located in open areas, commonly in young
forests, hedgerows, or field borders (Odum 194la). Willow, alder (Alnus spp.)
and cottonwood trees were common nest trees fn Washington (Jewett et al.
1953). Black-capped chickadees used second growth alder for nesting sites in
British Columbia (Smith 1967).

Interspersion

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

Territory size in New York varied from 3.4 ha to 6.9 ha (8.4 ¢to
17.1 acres), with an average size of 5.3 ha (13.2 acres) (Odum 1941a). The
larger 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 (Fitch 1958), 15.0 ha
(37 acres) in Michigan (Brewer 1978), and 14.6 ha (36 acres) in New York (Odum
1942) and in Minnesota (Ritchison 1979).

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

Model Applicability

Geographic area. This mode! was developed for the entire breeding range
of the black-capped chickadee.

Season. This mode! was developed to evaluate the breeding season habitat
needs of the black-capped chickadee.

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

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

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

Model Description

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

Life
Habitat variable requisite Cover types
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
Food Deciduous forest
Evergreen forest
Tree canopy volume/ Deciduous forested HSI
area of ground surface wetland
Evergreen forested
- wetland

Number of snags
10 to 25 cm dbh/ Reproduction
0.4 ha (4 to 10 '
inches dbh/1.0 acre)

Figure 1. Relationship of habitat variables, 1ife requisites,
and cover types in the black-capped chickadee model.



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

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

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

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

Reproduction component. Black-capped chickadees nest primarily in small
dead or hollow trees and can only excavate a cavity in soft or rotten wood.
Therefore, reproduction suitability s assumed to be related to the abundance
of small snags. It fs assumed that snags between 10 and 25 cm (4 and
10 inches) dbh are required. Thomas et al. (1979) and Evans and Conner (1979)
provide methods to estimate the number of snags required for cavity nesting
birds. Assuming a territory size of 2.4 ha (6.0 acres) and a need for one
cavity per year per chickadee pafr, the method of Thomas et al. (1979) es-
timates that optimum habitats provide 5.9 snags/ha (2.4/acre), and the method
of Evans and Conner (1979) estimates that 4.1 snags are needed per ha
(1.67/acre) to provide optimum conditfons. This model assumes that optimum
suftability exists when there are five or more snags of the proper size per ha
(2/acre), and that suftability wi)l decrease to zero as the number of snags
approaches zero.
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CV = M/a(hore2 = hiri2)

CV = 2 /3(horo2 = hir;2)

where: h; = Inner helght
ho = outer height
r; = Inner radius
ro = outer radius

Figure 2. Tree shapes assumed and formulae used to calculate canopy

volume (CV).

(From Sturman 1968a).



Model Relationships

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

Cover
type Variable Suitability gqraph
DF,EF, v, Percent tree 1.0 | U e
DFW,EFW canopy closure. ] i
30.8 1 -
E 4 !
50.5 L =1
= 0.4 - .
3 1 3
& 0.2 7 -
= | ) L il ) .
0 25 50 75 100
%
DF ,EF, v, Average height of
OFW,EFW overstory trees.

Suitability Index

T ————

0 5 10 15+ m
0 16.4 32.8 49.2+ ft



OF ,EF, vV, Tree canopy volume/ 1.0 c e
DFw,EFW area of ground i
surface, x (0,8 - ~

@

g i

2?0.6 1 -

= 0.4 - -

L

3 3

E C.2 4 -

0 3 6 9 12+ mymé
10 20 30 40+ ft3/ft2

DF ,EF, Ve Number of snags
DFW,EFW 10 to 25 cm dbh/

0.4 ha (4 to 10
inches dbh/1.0
acre).

Suitability Index

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

_ ing food and reproduction values are presented below.



Life requisite

Food

Reproduction

HSI determination.
the lowest 1ife requisite

Application of the Model

1/2 or V, (See page

§ for discussion on which

Cover type Equation
DF ,EF,DFW,EFW (Vy, x Vy)

to use)
DF ,EF ,DFW,EFW V.

The HSI for the black-capped chickadee s equal to

value.

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

Variable (definition)

v, Percent tree canopy
closure [the percen
of the ground surfa
that is shaded by a
vertical projection
the cancpies of all
woody vegetation ta
than 5.0 m (16.5 ft

Va Average height of o
story trees (the av
height from the gro
surface to the top
those trees which a
2 BD percent of the
height of the talle
tree in the stand).

v, Tree cancpy volume/
area of ground surf
{the sum of the vol
of the canopies of
tree sampled divide
by the total area s

Cover types

DF ,EF ,DFW,EFW
t
ce

of

er

)].

ver- DF ,EF ,DFW,EFW
erage

und

of

re

st

DF ,EF,DFW, EFW
ace
ume
each
d
ampled).

Suggested technique

Line intercept

Graduated rod,
trigonometric
hypsometry

Quadrat and refer to
Figure 2 on page 6

Figure 3. Definitions of varfables and suggested measurement

techniques.




Variable (definition) ~ Cover types Suggested technique
Ve Number of snags 10 to DF,EF ,DFW,EFW Quadrat

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 50% of
the branches have fallen,
or are present but no long-
er bear foliage, are to be
considered snags].

Figure 3. (concluded).

SOURCES OF OTHER MODELS

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

L=

HABITAT USE INFORMATION

General

The yellow warbler (Dendroica petechia) is a breeding bird throughout the
entire United States, with the exception of parts of the Southeast (Robbins
et al. 1966). Preferred habitats are wet areas with abundant shrubs or small
trees (Bent 1953). Yellow warblers inhzbit hedgerows, thickets, marshes,
swamp edges (Starling 1978)., aspen (Pooulus spp.) groves, and willow (Salix
spp. ) swamps (Salt 1957}, as well as resicdential areas (Morse 1966).

Food

More than 90% of the food of yellow warblers is insects (Bent 1953),
taken in proportion to their availability (Busby and Sealy 1979). Foraging in
Maine occurred primarily on small limbs in deciduous foliage {(Morse 1973).

Water

Dietary water requirements were not mentioned in the literature. Yellow
_ warblers prefer wet habitats (Bent 1953; Morse 1¢66; Stauffer and Best 1980).

Cover

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

Reproduction

Preferred foraging and nesting habitats in the Northeast are wet areas,
partially covered by willows and alders (Alnus spp.), ranging in height from
1.5 to 4 m (5 to 13.3 ft) (Morse 1966). It is unusual to find yellow warblers
in extensive forests (Hebard 1961) with closed canopies (Morse 1966). Yellow
warblers 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 1853). Plants



used for nesting include willows, alders, and other hydrophytic shrubs and
trees (Bent 1953), including box-elders (Acer negundo) and cottonwoods (Populus
spp.) (Schrantz 1943). In Iowa, dense thickets were frequently occupied by
yellow warblers while open thickets with widely spaced shrubs rarely contained

nests (Kendeigh 1941).

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

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

Approximately twc-thirds of the census areas comprised of forested draws and.

riparian forests of the western United States were used, but average densities
were Tow [0.5 males per ha (2.5 acre)].

Interspersion

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

Special Considerations

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

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

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

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

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

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

Model Description

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

The relationship between habitat variables, 1ife requisites, cover types,
and the HSI for the yellow warbler is iljustrated in Figure 1.

Life
Habitat variable requisite Cover types
Percent deciduous shrub
crown cover
Average height of Reproduction‘\\\ Deciduous Shrubland
deciduous shrub canopy Deciduous Scrub/ ———— HSI

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) description of the
assumed relationship between variables.

Reproduction component. Optimal nesting habitat for the yellow warbler
is provided in wet areas with dense, moderately tall stands of hydrophytic
deciduous shrubs. Upland shrub habitats on dry sites will provide only mar-
ginal suitability.

-



It is assumed that optimal habitats contain 100% hydrophytic deciduous
shrubs and that habitats with no hydrophytic shrubs will provide marginal
suitability. Shrub densities between 60 and 80% crown cover are assumed to be
optimal. As shrub densities approach zero cover, suitability also approaches
zern. 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 2m (6.6 ft) or greater are assumed to be
optimal, and suitability will decrease as heights decrease to zero.

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

suitability levels,

Model Relationships

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

described in the previous sectien.

Cover
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Equations. In order to obtain life requisite values for the yellow
warbler, the 5] values for appropriate variables must be combined with the use I'
of equations. A discussion and explanation of the assumed relationship between
variables was included under Model Description, and the specific equation in
this model was chosen to mimic these perceived biological relationships as I'

closely as possible. The suggested equation for obtaining a reproduction
value is presented below.



Life requisite Cover type Equatien
: 142
Reproduction DS,DSW (Vy x V2 x V3)

HSI determination. The HSI value for the yellow warbler is equal to the
reproduction value.

Application of the Model

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

Variable (definition) Cover types Suggested technique
v, Percent deciduous shrub DS,DSW Line intercept

crown cover (the percent

of the ground that is

shaded by a vertical

projection of the

canopies of woody

deciduous vegetation

which are less than ::)
5m (16.5 ft) in

height).

A Average height of DW,DsSW Graduated rod

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 DS,DSW Line intercept
shrub canopy comprised
of hydrophytic shrubs
(the relative percent
of the amount of
hydrophytic shrubs
compared to all shrubs,
based on canopy cover).

Figure 2. Definitions of variables and suggested measurement techniques.



LJ

LW,

SOURCES OF OQTHER MODELS
No other habitat hode1s for the yellow warbler were located.
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General

The dipper—{Cinclus_mexicanus)—is a-large-passerine-that-Hves-aiong—-
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 aguatic
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 summer 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.) Tong (Bakus 195%a).
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 along shoreline coves
(Bakus 1959a; Cogswell 1977). Most food items are cbtained from pools of
slow-moving water rather than from riffies (Thut 1970). The dipper will also
search rock crevices on streambed rocks for prey items and may fiycatch 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
3.0m (4 to 10 ft.) deep (Bakus 1959a).

Cover Regquirements

Little information was found on cover regquirements 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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Dippers concentrated on streams with open water, deciduous riparian
vegetation, and shoreline logs and rocks in southern British Columbia 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). Vegetative cover may not be a major requirement in winter; a high
concentration of dippers occurred on the barren drawdown area of the Skagit
River above Ross Lake in southern British Columbia (King et al. 1973).

Reproductive Requirements

Nest sites are Tocated 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
19592}, 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 195%a; Goodge 1959), crevices behind
waterfalls (Hann 1950; Bakus 1959a), and stream debris (Hann 1950). Nesting
success is high (69% 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 a protected nest site (Sullivam 1973). A river in British Columbia
that lacked overhangs, waterfalls, and steep banks had a breedipg population of
one dipper pair per 12.6 km (7.8 mi.) of stream; in winter this demsity increased
to one bird per 0.8 km (0.5 mi.) of stream (King et al. 1973). The construction
of bridges has increased the availability of nest sites (Sullivan 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 Jogs for resting
while being fed by the parents.

Special Requirements

None were found in the l1iterature.

Interspersion Reguirements

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 information is available on the distances
travelled between breeding and wintering areas.
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' Pre-nesting density in Montana was one bird per 0.8 km (0.48 mi.) of stream;
wintering density increased to one per 0.3 km (0.2 mi.) of stream (Bakus 1959b).
Winter density along the Skagit River in British Columbia was one bird per
0.8 km (0.52 mi.) along the river and one per 0.3 km (0.2 mi.) along side

charinels (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. comm.). Altered streambeds may silt in and eliminate aquatic insects that
require a rocky substrate. Removal of streamside 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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BEAVER (Casior canadensfs)

HABITAT USE INFORMATION

General

The beaver {(Castor canadensis) 1s a large, highly specialized aquatic
rodent found in the immediate vicinity of aquatic habitats (Hoffman and Pattie
1968). The species occurs fin streams, ponds, and the margins of large lakes
throughout North America, except for peninsular Florida, the Arctic tundra,
and the southwestern deserts (Jenkins and Busher 1979). Beavers construct
elaborate lodges and burrows and store food for winter use, The species fs
active throughout the year and is usually nocturnal in its activities. Adult
beavers are nonmigratory.

Food

Beavers are generalized herbivores; however, they show strong preferences
for particular plant species and size classes (Jenkins 1975; Collins 1973a;
Jenkins 1979). The leaves, twigs, and bark of woody plants are eaten, as well
as many species of aquatic and terrestrial herbaceous vegetatiorn. Food pref-
erences may vary seasonally, or from year to year, as a result of variation in
the nutritional value of food sources {Jenkins 1979).

Denney (1952) summarized the food preferences of beavers throughout North
America and reported that, in order of preference, beavers selected aspen
(Populus tremuloides), willow (Salix spp.), cottonwood (P. balsamifera), and
alder (Alnus spp.i. Although several tree species have often beer reported to
be highly preferred foods, beavers can {nhabit, and often thrive in, areas
where these tree species are uncommon or absent (Jenkins 1975). Aspen and
willow are considered preferred beaver foods; however, these are generally
riparian tree species that may be more available for beaver foraging but are
not necessarily preferred over all other deciduous tree species (Jenkirs
1981). Beavers have been reported to subsist in some areas by feeding on
coniferous trees, generally considered a poor quality source of food (Brenner
1962; Williams 1965). Major winter foods in North Dakota consisted principally
of red-osier dogwood (Cornus stolonifera), green ash (Fraxinus pennsylvanica),
and willow (Hammond 1943). Rhizomes and roots of aquatic vegetation also may
be an important source of winter food (Longley and Moyle 1963; Jenkins pers.
comm.). The types of food species present may be less important in determining
habitat quality for beavers than physiographic and hydrologic factors affecting
the site (Jenkins 1981).

Tree cutting may occur during any season of the year (Jenkins 1979).
However, the most intensive amount of foraging on trees or shrubs by beavers
typically occurs in late fall, after green vegetation has become desiccated,



and during early spring, prior to the availability of green vegetation. Woody
vegetation may be consumed {mmediately, although the majority of the branches
and stems are hauled to a cache for storage and later use as winter food.

An adequate and accessible supply of food must be present for the estab-
1ishmeat of a beaver colony (Slough and Sadleir 1977). The actual biomass of
herbacecus vegetaticn will probably mot limit the potential of an area to
support a beaver colony (Boyce 1981). However, total biomass of winter food
cache plants (woody plants) may be limiting. Low marshy areas and streams
flowing in and out of lakes allow the channelization and damming of water,
allowing access to, and transportation of, food materials. Steep topography
prevents the establishment of a food transportation system (Williams 1965;
Slough and Sadleir 1977). Trees and shrubs closest to the pond or stream
periphery are generally utilized first (Brenner 1962; Rue 1964). Jenkins
(1980) reported that most of the trees utilized by beaver in his Massachusetts

sudy area were within 30 m (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 a California study, 90% of all
cutting of woody material was within 30 m (98.4 ft) of the water's edge (Hal)

1970)

Woody stems cut by beavers are usually less than 7.6 to 10.1 ¢m (3 to
4 {nches) dboh (Bradt 1947; Hodgdon and Hunt 1953; longley and Moyle 1963;
Nizson and Ely 1969). Jenkins (1980) reported a decrease in 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, whiie only smaller diameter trees were felled farther from the shore.

Beavers rely largely on herbaceous vegetation, or on the leaves and twigs
of woody vegetation, during the summer (Bradt 1938, 1947; Brenner 1962; Longley
and Moyle 1963; Brenner 1967; Aleksiuk 1970; Jenkins 1981). Forbs and grasses
comprised 30% of the summer diet fn Wyoming (Collins 1976a). Beavers appear
to prefer herbaceous vegetation over woody vegetation during all seasons of
the year, if it is available (Jenkins 1981).

Aquatic vegetation, such as duck potato (Sagittarfa spp.), duckweed
(Lemra spp.). pondweed (Potamogeton spp.), and water weed (Elodea spp.), are
preferred foods when available (Collins 1976a). Water 1ilies (Nymphaea spp.),
with thick, fleshy rhizomes, may be used as a food source throughout the year
(Jenkins 1981). If present in adequate amounts, water lily rhizomes may
provide an adequate winter food source, resulting in little or no tree cutting
or food caching of woody materials. Jenkins (1981) compared the rate of tree
cutting by beavers adjacent to two Massachusetts ponds that contained stands
of water lilies. A pond dominated by yellow water lily (N. varieqatum) and
white water 1ily (N. odorata), which have thick rhizomes, had low and constant
tree cutting activity throughout the fall. Conversely, the second pond,
dominated by watershield (Brasenia schreberi), which lacks thick rhizomes, had
fncreased fall tree cutting activity by beavers. Tree cutting was partic-
ularly evident as the watershield leaves died.
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Water

Beavers require a permanent supply of water and prefer a seasonably
stable water level (Slough and Sadleir 1977). Beavers can usually control
water depth and stability on small streams, ponds, and lakes; however, larger
rivers and lakes where water depth and/or fluctuation cannot be controlled,
are often partially or wholly unsuitable for the species (Murray 1961; Slough
and Sadleir 1977). Beavers are absent from sizable portions of rivers in
Wyoming, due to swift water and an absence of suitable dwelling sites during
periods of high and low water levels (Collins 1976b).

In riverine habitats, stream gradient is the major determinant of stream
morphology and the most significant factor in determining the suitability of
habitat for beavers (Siough and Sadleir 1977). Retzer et al. (1956) reported
that 68% of the beaver colonies recorded in Colorado were in valleys with a
stream gradient of less than 6%, 28% were associated with stream gradients
from 7 to 12%, and only 4% were located along streams with gradients of 13 to
14%. No beaver colonies were recorded in streams with a gradient of 15% or
more. Valleys that were only as wide as the stream channel were unsuftable
beaver habitat, while valleys wider than the stream channel were frequently
occupied by beavers. Valley widths of 46 m (150 ft) or more were considered
the most suftable. Marshes, ponds, and lakes were nearly always occupied by
beavers when an adequate supply of food was available.

Cover

Lodges or burrows, or both, may be used by beavers for cover (Rue 1964).
Lodges may be surrounded by water or constructed against a bank or over the
entrance to a bank burrow. Water protects the lodges from predators and
provides concealment for the beaver when traveling to and from food gathering
areas and caches.

The lodge is the major source of escape, resting, thermal, and reproduc-
tive cover (Jenkins and Busher 1979). Mud and debarked tree s;tems and limbs
are the major materials used in lodge construction although lesser amounts of
other woody, as well as herbaceous vegetation, may be used (Rue 1964). If an
unexploited food source is available, beavers will reoccupy abandoned lodges
rather than build new ones (Slough and Sadleir 1977). On lakes and ponds,
lodges are frequently situated in areas that provide shelter from wind, wave,
and ice action. A convoluted shoreline, which prevents the buildup of large
waves or provides refuge from waves, is a habitat requirement for beaver
colony sites on large lakes.

.

Reproduction

Reproductive and cover requirements for the beaver are the same.



Interspersion

Suitable habitat for beavers must contain all of the following: (1) stable
aquatic habitat providing adequate water; (2) channel gradient of less than
15%; and, (3) quality food species present in sufficifent quantity (Willfams

1965).

Beaver colony territories are distinct and nonoverlapping and are the
fundamental units of a beaver population (Bradt 1938). A colonized area
typically contains a series of ponds of various ages, sizes, and depths
(Rutherford 1964). The beavers within each colony may establish and utilize
several lodges or bank burrows, or both, within their territory. During
periods of low population density, the territorial boundaries of one colony
may expand to include the dams and lodges of adjacent vacant colony sites
(Townsend 1953). During periods of low stream flows, floodplain populations
cf beavers reestablished dwelling sites and territories within the main river
channel in Wyoming (Collins 1976b). The average distance moved was 262 m

(286 yds).

The basic compesition of a beaver colony is the extended family, comprised
of a monogamoJs pair of adults, subadults (young of the previous year), and
young of the year (Svendsen 1980). Dispersal of subadults occurs during the
late winter or early spring of their second year and cofncides with the
increased runoff from snowmelt or spring rains. Subadult beavers have been
reported to disperse as far as 236 stream km (147 mi) (Hibbard 1958), although
average emigration distances range from 8 to 16 stream km (5 to 10 mi) (Hodgdon
and Hunt 1953, Townsend 1953; Hibbard 1958; Leege 1968).

The daily movement patterns of the beaver centers around the lodge or
burrow and pond (Rutherford 1964). The density of colonies in favorable
habitat ranges from 9.4 to 0.8/km* (] to 2/mi?) (Lawrence 1954; Aleksiuk 1968;
Voigt et al. 1976; Bargerud and Miller 1977 cited by Jenkins and Busher 1979).
The mean distance between beaver colonies in an Alaskan riverine habitat was
1.59 km (1 mi) (Boyce 1981). The closest neighbor was 0.48 km (0.3 mi) away.
The size of the colony's feeding range is a function of the interaction between
the availability of food and water and the colony size (Brenner 1967). The
average feeding range size in Pennsylvania, excluding water, was reported to
be 0.56 ha (1.4 acre). The home range of beaver in the Northwest Territory
was estimated as a 0.8 km (0.5 mi) radius of the lodge (Aleksiuk 1968). The
maximum foraging distance from a food cache in an Alaskan riverine habitat was
approximately 800 m (874 yds) upstream, 300 m (323 yds) downstream, and 600 m
(65€ yds) on oxbows and sloughs (Boyce 1981).

Special Considerations

Beavers will live 1n close proximity to man if all habitat requirements
are met (Rue 1964). However, railways, roads, and land clearing often are
adjacent to waterways and may be major limiting factors affecting beaver
habitat suitability (STough and Sadleir 1977).

e



Transplants of beaver may be successful on strip mined land or 1in new
impoundments where water conditions are relatively stable (Nixon and Ely
1969). Highly acidic waters, which often occur in strip mined areas, are
acceptable for beaver if suitable foods are present.

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This HSI model was developed for application throughout
the range of the beaver. However, preferred foods may vary throughout the
range of the species, depending on local availability. The food component of
this model assumes that woody vegetation potentially may limit the ability of
an area to support beavers. Herbaceous vegetation is an important component
of the summer diet of beavers and is believed to be preferred over woody
vegetation during all seasons, if available. Because herbaceous vegetation is
generally available throughout the year in the southern portion of the beaver's
range, it may have a more important influence on the annual diet than is
indicated in this model.

Season. This model has been developed to evaluate the quality of year-
round habitat for the beaver.

Cover types. This model has been developed to evaluate habitat guality
in the following cover types (terminology follows that of U.S. Fish and
Wildlife Service 198l): Evergreen Forested Wetland (EFW); Deciduous Forested
Wetland (DFW); Evergreen Scrub-Shrub Wetland (ESW); Deciduous Scrub-Shrub
Wetland (DSW); Herbaceous Wetland (HW); Riverine (R); and Lacustrine (L).

Due to the foraging behavior of the beaver, the application of this model
and determination of habitat units will vary by cover type. When evaluating
beaver habitat in riverine, lacustrine, and wetland cover types, the mode)
considers the area of the cover type plus a 200 m (656 ft) band of habitat on
each side of the riverine channel or surrounding the water body or wetland.
Figure 1 ildustrates the relationship of cover types to the suggested evalua-
tion area.

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 minimum habitat area for beavers was not found
in the literature. However, ft is assumed that a minimum of 0.8 km (0.5 mi)
of stream channel and 1.3 km? (0.5 mi?) of lake or marshland habitat must be
available before these areas are suitable for colonization by beaver. If this
minimum amount of habitat is not present, the HSI is assumed to be 0.0.




Area for evaluation

Cover type
Lacustrine [> 8 ha (20 acres)]
HSI determined only for area y ,ﬁ’

contained within 200 m (656ft)
band around lake.

Lacustrine [$ 8 ha (20 acres)]

HS! determined for area P/
contained within 200 m . ‘22
band plus area of lake.

Riverine

HS! determined for area
within 200 m band on both
sides of river plus area
of river.

Palustrine (herbaceous wetland,
forested wetlands, or shrubd
wetlands)

HSI determined for area
contained within cover
type plus area within

200 m band around wetland
cover type.

Figure 1. Guidelines for determining the area to be evaluated for
beaver habitat suitability under various cover type conditions.

Special mode) considerations. Potential beaver habitat must contain a
permanent source of surface water. Lakes and reservoirs that have extreme
annual or seasonal fluctuations in the water level wil) be unsuitable habitat
for beaver. Similarly, intermittent streams, or streams that have major
fluctuations fin discharge (e.g., high spring runoff) or a stream channel
gradient of 15% or more, will have little year-round value as beaver habitat.

Assuming that there s an adequate food source available, small lakes
[< 8 ha (20 acres) in surface area] are assumed to provide suitable habitat.
Large lakes and reservoirs [> 8 ha (20 acres) in surface area] must have
frregular shorelines (e.g., bays, coves, and inlets) in order to provide

optimum habitat for the species.
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Evaluatfon of potential beaver habitat must be centered in and arourd a
syitable aquatic habitat. Therefore, the following factors must be taken into
consideration in order to determine if this model is applicable to the habitat
being evaluated:

If aquatic component of the cover
type typically has extreme changes
in water level or flow rate or

has a channel gradient exceeding Do not continue with model;
I s= s wasmeE snaaas s - = = === HS] for beaver is assumed
to be 0.0.

1f aquatic component of the cover

type has moderate or no fluctuation

in water level or flow rate and

channel gradient does not exceed Continue with model to
153 === ===~ ~ee e o= = = = =« determine HSI values for

water and food.

Verification level. This model was reviewed by Stephen H. Jenkins,
Ph.0., Department of Biology, University of Nevada, and Rebecca J. Howard,
Research Assistant, Department of Forestry and Wildlife Management, University
of Massachusetts, Amherst. Improvements suggested by these reviewers were

incorporated into this model.

Mode) Description

Overview. The HSI model for the beaver considers the quality of life
requisites for the species in each cover type. Water and winter food are the
only life requisites considered because the cover and reproductive needs of
the species are assumed to be identical with water requirements. It also is
assumed that all of the habitat requirements of the beaver can be 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 a written documentation of the logic and
assumptions used to translate habitat information for the beaver to the vari-
ables and equations used in the HSI model. Specifically, these sections
cover: (1) identification of the variables used in the model; (2) definition
and justification of the suitability levels of each variable; and (3) descrip-
tion of the assumed relationships between variables.

Food component. Woody and herbaceous vegetation comprise the diet of the
beaver. Herbaceous vegetation is a highly preferred food source throughout
the year, if 1t is available. Woody vegetation may be consumed during any
season, although its highest utilization occurs from late fall through early
spring. It 1s assumed that woody vegetation (trees and/or shrubs) 1s more
l1imiting than herbaceous vegetation in providing an adequate food source.
Therefore, this model evaluates the potential of an area to provide an adequate
winter food source.
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Figure 2. Tree diagram 11lustrating the relationships of habitat variables, 1ife requisites,
and cover types to the HSI for the beaver,



Several tree and shrub species (willow, aspen, cottonwood, and alder)
have often been reported to be preferred foods; however, highly preferred
species may vary in different geographic regfons. Although coniferous trees
and shrubs may be consumed, they are a less desirable food source for beavers
than are decfduous tree species. Local varifations in food preference and
avaflability should be taken into consideration when evaluating the food
component of this model.

Although beavers forage at distances up to 200 m (656 ft) from water, the
smajority of foraging occurs within 100 m (328 ft) of the water's edge. Even
though woody vegetation may be within the optimum density and size classes, it
{s assumed that potential food sources farther than 100 m (328 ft) from water
will be of less value than woody vegetation within 100 m (328 ft). Woody
vegetation in excess of 200 m (656 ft) 1s assumed to have no value as a
potential food source.

It 1s assumed that a tree and/or shrub canopy closure between 40 and 60%
is an indication of optimum food availability. Tree or shrub crown closures
exceeding 60% are assumed to be less suitable due to the decreased access-
1bility of food. Extremely dense stands result in decreased mobility and the
increased 1ikelihood of cut trees hanging up in adjacent trees. To be assigned
a maximum suitability value, the dbh of trees should range from 2.5 to 15.2 cm
(1 to 6 inches), and shrubs should be at least 2 m (6.6 ft) tall.

The food value in a cover type is a function of the density, size class,
and species composition of woody vegetation. Optimum conditions are a stand
of preferred tree and/or shrub species, of medium density, less than 15.2 cm
(6 inches) dbh. An adequate food source fncludes some trees, or shrubs, or
both. The species composition of the vegetation present {nfluences the value
obtained for density and size class. Stands of highly preferred species
enhance the habitat value of the site, while foods of low preference will
lower the overall food value of the site., White or yellow water lilies in
Tacustrine cover types may be used to supplement the winter food supply.
Lakes or ponds supporting these aquatic species have a higher value as winter
habitat than lacustrine cover types lacking this additional food source.

Water component. Water provides cover for the feeding and reproductive
activities of the beaver. A permanent and relatively stable source of water
is mandatory for suitable beaver habitat.

In riverine cover types, a major change in the rate of flow or a channel
gradient exceeding 15% indicate poor or unsuitable habitat. Stream channel
gradients of 6% or less have optimum value as beaver habitat. Stable water
levels are of optimum value as beaver habitat, while major fluctuations in the
water level or flow rate decrease the value of the site. Rivers or streams
that are dry during some parts of the year are assumed to be unsuitable beaver
habitat.
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Lacustrine habitat types less than 8 ha (20 acres) in surface area are
assumed to provide suitable habitat, if an adequate food source is present.
Lacustrine cover types larger than 8 ha (20 acres) fn surface area must provide
physical diversity (e.g., bays, coves, and inlets) i{n the shoreline configura-
tion in order to provide suftable beaver habitat. It is assumed that large
reservoirs or lakes that are roughly circular in shape or are comprised of
extensive stretches of straight shoreline provide 1ittle shelter from wind and
wave action and, therefore, have lTittle value as beaver habitat. Varfation in
the water level in lacustrine cover types results in less suitable habitat
quality for beavers. Lakes or ponds that are dry during portions of the year
are assumed to be unsyitable beaver habitat.

All wetland cover types (e.g., herbaceous wetland and deciducus forested
wetland) must have a permanent source of surface water with little or no
fluctuation in order to provide suitable beaver habitat.

Model Relationships

Suitability Index {S]) qraphs for habitat variables. The relationships
between various conditions of habitat variables and habitat suftability for
the beaver are graphically represented in this section.

Cover

type Variable

EFW, DFW, v, Percent tree canopy 1.0 ——

ESW,DSw, closure.

HW,R,L =
< 0.84 -
=
50-6‘ -
ig 0.4 - -
A 0.2 -

10



EFW,DFW, V,y Percent of trees I
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-y
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3
) i
25 50 75 100 '
3
EFW,DFW, V, Percent shrub crown 1.0 4 - .
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AL £ 0.5 4 T |
‘g .
N 1
> 0.6 - L I
> i L
g 0.4 I
A 0.2 4 .
25 50 75 100 '
EFW,DFW, V. Average height of 1.0 .
ESW,DSw, shrub canopy. & i I
Hw,R,L Y (.8 - L
E L]
>0. - I
o 0.
E B
& 0. -
S
3 4 (m)
3.3 6.6 9.9 13.2 (ft) l
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1.0 4
EFW,DFW, Ve Average water fluc- ) |
ESW,DSW, tuation on annual x
HW,R,L basis. € 0.8+ i
A) Small fluctua= > 0.6 - -
tions that have =
no effect on e d
burrow or lodge ﬁ 0.4 \
entrances, = [
B) Moderate fluc- v 0.2 -
tuations that {
affect burrow
or lodge entrances. A B C
C) Extreme fluctua-
tions or water Water fluctuation
absent during
part of year.
L Vs Shoreline devel- 1.0 e L L
opment factor (see -
variable definition x '
in Figure 4). © 0.8 ? 3
= ]
20.6 1 -
3 - p
] 0.4 '
3 0.2 .
i

1 2 3 4 5
Shoreline development

Equations. In order to obtain life requisite values for the beaver, the
suitability index values for appropriate variables must be combined with the
use of equations. A discussfon and explanation of the assumed relationships
between variables was included under Model Description. The suggested equa-
tions for obtaining food and water values for the beaver are presented by
cover type in Figure 3.
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Life Cover
requisite type

Winter food DFW,EFW,

DSw,ESW,
Hw

Winter food R

Winter food L

Water R

Water L

Water DFW,EFW,
DSW,ESW, HW

Equation

a+b+¢c
2.5

where: a = woody vegetation value within actual wet-
land boundary. The suggested equation
is:

[(V, x v’)IIZ x v']1/2 o [(V, x v‘)IIZ % V']1/2

b = woody vegetation value within 100 m
(328 ft) from the water's edge. The
suggested equation is:

1/2 1/2

(Ve x V2 x w32 o v, x Vo4 x )

¢ = woody vegetation value within 100 m

(328 ft) to 200 m (656 ft) from the water's
edge. The suggested equation is:

0.5 [(Vs x V)2 x v )Y 2+ (v, x V)2 x v, 312

V, or V,, whichever is lowest.

Vo or V,, whichever is lowest, if

lacustrine area 2 8 ha (20 acres) in
surface area.

V,, if lacustrine area is < B ha (20 acres)
in surface area.

Vs

Figure 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.

14
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HS! determination. Based on the limiting factor concept, the HSI fis
equal to the lowest life requisite value obtained for either food or water.

Application of the Model

Definitions of variables and suggested field measurment techniques {Hays
et al. 198]) are provided in Figure 4.

SOURCES OF OTHER MODELS

Slough and Sadleir (1977) developed a land capability classification
system for beaver that related habitat variables to beaver colony site density
through multiple regression analysis. The mode! 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 ranking of potential beaver habitat. Discriminant and
principle components regression analysis models are used to relate habitat
variables that quantify food availability and water reliability to beaver
colony site selection and longevity. The models are applicable to stream
habitats in typical mixed coniferous-deciduous forests of the Northeast.

15



Variable (definition)

Vi

v,

L

Vs

Vs

Percent tree canopy
closure [the percent

of the ground surface
shaded by a vertical
projection of the
canopfes of woody vegeta-
tion 2 5.0 m (16.5 ft) in
height].

Percent of trees in 2.5
to 15.2 cm (1 to 6 inches)
dbh size class [the
percent of trees with

a dbh of 2.5 to 15.2 cm
(1 to 6 inches)].

Percent shrub crown cover
[the percent of the ground
surface shaded by a
vertical projection of

the canopies of woody
vegetation < 5 m

(16.5 ft) in height].

Average height of shrub
canopy (the average
height from the ground
surface to the top of
those shrubs that com-
prise the uppermost shrub

canopy).

Species composition of
woody vegetation (trees
and/or shrubs) (refer
to model page 12).

Percent of lacustrine surface
dominated by yellow and/or
white water 1ily [the percent
of the surface dominated by
yellow water 111y (Nymphaea

variegatum) and/or white
water 111y (N. odorata)].

Cover types

R,L,OFW
EFW,DSW,
ESW,HW

R.L,DFW,
EFW,D5W,
ESW, Hw

RvL:DFw:
EFw, DSW,
ESW,HW

ROLIDFwt
EFW,DSW,
ESW,HW

R.L,DFW,
EFw,DSW,
ESW,HW

Suggested technique

Transect, line intercept,
remote sensing

Transect, quadrat,
diameter tape

Line intercept, quadrat,
remote sensing

Line intercept, quadrat,
graduated rod

Transect, line intercept

Line intercept, remote
sensing

Figure 4. Definitions and suggested measurement techniques of

habitat variables.
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Variable (definition) Cover types
V, Percent stream gradient (the R

Ve

Vs

vertical drop in meters or
feet per kilometer or mile
of stream or river channel).

% stream gradient = (a) 100

where A = difference in
elevation between
sample points.
B = distance between
sample points.

Average water fluctuation on R,L, HW,

an annual basis (refer to DFW,EFW,
mode] page 13)}. DSW,ESW
Shoreline development factor L [z 8 ha
(a ratio relating the rela- (20 acres))

tive edge of a water body
to its area. To obtain

a2 value for shoreline
development factor (SDF),
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 foraula may

be used:
]
SDF =
/Ay
where SOF = shoreline develop=-

ment factor
t = length of shoreline
A = area of water body

A circle would have a SOF equal

to 1.0. The greater the deviation
from a circular shape, the greater
the SOF value will be. Values of

3 or more are assumed to be optimum
for beavers).

Figure 4, (concluded).
17

Suggested technique

Topographic map

Local data

Remote sensing, topographic
map, dot grid, map wheel
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Appendix B. Habitat Use Information and HSI Model for the Red-tailed Hawk

. B.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
B.3 describes the HSI model, including model assumptions and limitations.
Section B.4 contains information for applying the model.

B.2 Habitat use 1nformation

A.

Generﬁ1. The red-tailed hawk (Buteo jamaicensis) fnhabits all of

the continental United States (Brown and Amadon 1968). In more

northern parts of its range, it is quite migratory, although breed-
ing pairs were found to be year-round residents in areas as far
north as Wisconsin {Petersen 1979) and Michigan (Craighead and
Craighead 1956). Commonly used habitat consists of woodlats,
scattered trees, or tracts of mature woodland, often interspersed
with, or adjoining, large expansas 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 eccleogical
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 its predominantly mammalian
diet (Hickey and Anderson 1968; Petersen 1979).

Food requirements. The red-tailed hawk {s an opportunistic predator,
feeding primarily on prey species which are fecally common (Bohm
1978). It feeds on a variety of animals, but mostiy 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 Jjuveniles will feed on
carrien (Errington and Breckenridge 1938). A winter diet of red-
tailed hawks in Wisconsin averaged 44% cottontail rabbits {Sylvilagus
spp.), 28% microtines (Microtus spp.), and 10% pheasants (Phasianus
eolchicus) (in percent biomass) (Petersen 1979).

Red-tailed hawks commenly hunt from perches overlooking open areas
and by soaring above fields (Tyler and Saetveit 1969; Bohm 1978).
Schnell (1968) found that red-tailed hawks prefer to hunt from tree
perches, allowing the raptor to strike 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, lowland 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 Ohfo study suggest that red-tailed hawk productivity may be
partially related to the percent of hunting territory in fallow
pasture (Howell et al. 1978). Highly productive sites typically had
over twice as much fallew pasture (69% average) around them as low
productive sites. Hunting areas in New York were recently abandoned

B.01
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fields with matted, grassy cover (Bart 1977). Grassland and corn
stubble were equally utilized as winter foraging sites in I1linois
(Schnell 1968). Plowed fields were avoided. A comparison of cover
types comprising home ranges of red=-tailed hawks in Wisconsin
suggests selection for predominantly graminoid cover of pastures and
grasslands (Petersen 1979). Areas with grass less than 10 cm (4 in)
high were generally preferred, but adults occasionally hunted over
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
Masher In press). 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 hawks as more open areas characterized by a
woodlot-field mix (Mosher pers. comm.). Compared to randem samples
of surrounding habftat, 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).

Water requirements. Water does not appear to be limiting to the
red-tailed hawk (Bartholomew and Cade 1962). Most water is supplied
by the metabolic process of digesting food.

Cover requirements. Red-tailed hawks wintering in Iowa used open
wooded areas along stream bottoms to satisfy cover requirements
(Weller 1964). Winter perches in [11inois were in groups of trees
> 9 m (30 ft) tall (Schnell 1968). Both upper and midcanopy portions
of trees are used for dafly activities and night roosting (Dunstan
and Harrell 1973). Dense timber, particularly conifers, 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 habitat is
available.

Reproductive requirements. Red-tailed hawk nests are generally
Tocated in mature trees and are found more frequently in open wood=-
lots and woodland edges rather than in closed dense woodlots or
woodland interiors (Qrians and Kuhlman 1956; Gates 1972; Misztal
1974 cited by Howell et al. 1978). Groves used by nesting red-
tailed hawks in Wisconsin were generally less than 0.4 ha (1 ac) fn
size (Gates 1972). The size of the tree and the height at which the
nest may be placed is more important in site selection than the
degree of concealment afforded by the surrounding timber (Bafley
1918).

Nest trees in Michigan were large, averaging 23.6 £ 3.3 m (77.8 =
10.9 ft) tall and 52.3 = 15.0 cm (20.9 = 6 in) dbh (Belyea 1976).
The average dbh of nest trees was S8 em (23 in) (range 41 to 71 cm
(16 to 28 in)] in southeastern Minnesota (Le Duc 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 et al. 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 1968).

Special habitat requirements. The availability of adequate perches
Ts vital. Ouring nonbreeding 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 {solated
trees along fencelines and ditchbanks (Gates 1972); however, isolated
trees are ysed mainly as hunting lookout posts.

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-tailied hawks occupying "fringe" habitat maintained
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 density and breeding
success (Howell et al. 1978). In this study, highly productive
red-tailed hawk nest sites had an average of 8.1% of the home range
in woodlot, whereas sites with low productivity had over twice as
much (20.8%) wooded area.

While it is generally accepted that the avatlability 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-tafled hawks
suggests a correlation between habitat composition (in percent cover
type) and breeding 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 approximately 10% woodland. Study
areas that are composed of very small percentages of habitat types
that provide potential nest sites also support low densities of
breeding red-tafled hawks. Austing (1964) characterized a study
area in Ohio compcsed roughly of 70% river valley (pasture-
grassland-cropland) and 30% wocdland as prime habitat.

Territory size {s 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 in
an area of Wisconsin with significant amounts 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 1872). The average home range size of red-tafled hawks in
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. Ccmparison between habitat composition and breeding density
of red=tailed hawks.

Density of Active Composition of Study
Source and Breeding Red-tailed Area in Cover Type
Study Area Hawks in km? per pair Percentage
Gates (1972) 10.6 Cropland-Pasture B85%
(Wisconsin) Lakes, Marshes 10%
Forest-Woodland .3%-
Hager (1957) 7.9 Cropland-Pasture
(New York) approximately 50%
Forest-Woodland

approximately 50%

McInvaille and Keith 7.6 Cropland-Pasture
(1974) approximately 41%
(Central Alberta) Forest-Woodland
approximately 34%-
Luttich et al, 7.0 Cropland=-Pasture 50%
(197Q) and (1971) Lakes, Marshes 5%
(Central Alberta) Forest-Woodland  45%
Petersen (1379) 4,7 Cropland=-Pasture 71%
(Wisconsin) Lakes, Marshes 16%

Forest-wWoodland 8%

Breeding territories in southeastern South Dakota-and northwestern
Iowa averaged 256 ha (640 ac) (Tyler and Saetveit 1963). Craighead
and Craighead (1956) reported a hunting range radius of 1.19 km
(0.75 mt). The average home range of nesting red-tailed hawks in
southern Wisconsin was 3.75 km* (1.5 mi?) with an average maximum
diameter of 3.2 km (2 mi). A maximum diameter of a red-tailed
hawk's home range was reported to be 4 km (2.5 mi).

H. Special considerations. The red-tailed hawk is more tolerant of
civilization than most raptor species (Jackman and Scott 1975).
Nonetheless, Michigan red-tailed hawks did not nest within 370 m
(411 yd) of occupied human dwellings (Belyea 1976). Nest deserticn
in four out of seven cases in Wisconsin was attributed to human
interference {Petersen 1972).
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B.3 Habitat Suitability Index (HSI) model for the red-tailed hawk (Buteo

jamaicensis) .

A.

Model applicability

(1)

(2)

(3)

(4)

(%)

Beographic area. This model was developed primarily for the
entire eastern half of the United States, classified by Balley
(1978) as the humid temperate domain.

Season. This model will produce HSI values based upon breeding
habitat needs for the red-tailed hawk.

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

:g ;he following two types: Grassland (G) and Deciducus Forest
F).

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 im the literature for the red-tailed
hawk. If local information is available to define the minimum
habftat area, the HSI for the species will be zero {f less than
this amount of area is available.

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 Deen
conducted.

Model description

(1

(2)

Graphic overview. This HSI model for the red-tailed hawk
considers the guality of the T1ife requisites found in each
cover type and interspersion of 1ife requisites when the habitat
is composed of two or more cover types. Figure B-1 shows how
the HSI is related to cover types, 1ife 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. ' ;

Life requisite components

a) Food. Food suitability for the red-tafled hawk {s related
to the abundance and accessibility of suitable prey. This
relationship is based upon the premise that optimum condi-
tions for prey do not necessarily reflect cptimum condi-
tions for the predater. For this reason, coupled with the
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fact that many species fall intc the broad category of
"prey", a general approach to modeling food suitability
for this predator is presented.

It is assumed that the abundance of prey in grassiands is
related to the structure of the herbacecus 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 accessibility of prey can be esti-
mated by measuring the height of herbacecus 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 oppertunistic predator.
Herbaceous vegetation between 8 and 46 cm tall is con-
sidered optimum. If a large proportion of all the herba-
ceous vegetation present in a grassland is in this height
class, conditions will be optimum. Very short vegetation
will limit the abundance of prey, whereas very tall vegeta-
tion will maximize concealment for prey and thereby limit
prey accessibility. It is assumed that three or maore
syitable perch sites per 0.4 ha will provide optimum
hunting conditions. The lack of suitable perch sites will
not be completely limiting since red-tailed hawks will
hunt by gliding over fields.

Overall food suitability for red-tails 1in grassland
habitats is related to the density and height of herbaceous
vegetation and availability of perch sites. Herbaceous
density is the most important facter in determining abun-
dance of prey and thus, food quality. No food will be
provided in habitats with either a total lack of herbaceous
cn¥er or herbaceous cover that is all toe shert or too
tall.

Hunting strategies of the red-tailed hawk in forested
areas have not been documented, and the relationships
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. [t is
assumed that, in the forest, the most critical factor
influencing food suitability for the red-tailed hawk is
prey accessibility.

Dense stands of trees would likely interfere with the

flight patterns of this large butec, which is best suitad
for hunting from a lookout perch or scaring slowly over
open fields. Conversely, an "open" forest would maximize
utilization of all vegetative strata by the red-tailed
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(3)

hawk. It is assumed that prey accessibility can be esti-
mated by measuring the canopy closure of trees, and that
canopy closures of less than 50% provide the best prey

accessibility and canopy closures of 100% provide poor
accessibility (no switability). It is further assumed

that even the best forests provide limited prey avail-

ability for red-tailed hawks.

b) Reproduction. Reproductive value is related to the avaiil-
ability of suitable nest trees. It is assumed that the
availability of suitable nest trees can be adegquately
assessed by measuring the density of large trees. [t is
assumed that a minimum of 10 trees per 0.4 ha (1.0 ac)
greater than S50 cm (20 in) dbh are needed to provide
optimal suitability, and that if no large trees are avail-
able, reproductive suitability will be absent. These
statements are based upon the assumption that suitable
cliff sites are not avajlable 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 {nterference during nesting
and, if necessary, adjust the reproductive value
accordingly.

Interspersion of 1ife requisites. It is assumed that the best
habitat for the red-tailed hawk contafns high gquality food over
70% of the habitat and high quality reproductive habitat over
15% of the area. These estimates are based upon data indi-
cating that red-taiied 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 is not reguired over 100% of the area because the effective
hunting range is usually smaller 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 fis
determined by considering the distance between cover types
which provide the resources. Since food and reproductive
resources may be provided by different cover types, the
distances between cover types can be used to determine the
amount of useable area, It is assumed that the optimum distance
between food and reproductive resources is equal to or less
than 1.2 km. It is also assumed that if food and reproductive
resources are distributed at three times this distance, or
3.6 km, then they exceed the distance that red-tailed hawks
will fly during the breeding season to obtain them. These
distance measurements were estimated using information in the
1iterature pertaining to average home range size and maximum
diameters of home ranges.
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Mode! relationships. This section contains suitability index curves
and equations to quantitatively describe the relationships discussed
in the previous saction. These curves and equations can be used to

produce an HSI for the red-tailed hawk.

(1) Suitability index curves

Cover
Type Variable
BGrassland (V) Percent herbaceous canopy cover.
1.0 - i
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(2)

Equations

a) Equations for food component. The following equations
- integrate index values for each variabie to obtain a life
requisite value for food in each cover type.

Cover Type Equatien
G Food Value = (V,? x V; x V,)¥/%
OF Food Value = (V, x 0.6)

b) Eguations for reproduction compgnent.

Cover Type Equatian
OF Reproductive Value = V,

HSI determination. The following calculations must be made to

determine an HSI.

(1)

(2)

(3)

(4)

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.

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 using the resulting
index values in the appropriate 1ife requisite equations.

Oetermine the relative area (%) of each cover type within the
study area as follows:
Relative Area (%) for Cover Type A = ?;::onrg:v:; I{Te 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.

Determine which cover types are not providing one or more life
requisites. For each of these cover types, an {nterspersion
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 life requisites are missing) that provide(s) the
missing 1ife requisite(s).
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b) Enter each of these distance measurements into the Suit-
ability Index Curve titled "Distance between Cover Types",
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 (%) of each cover type missing a life
requisite by multiplying the relative area by the average
interspersion index for that cover type. This determines the
useable area (%) of each cover type. For those cover types
that provide all Tife requisites the useable area (%) is the
same as the relative area (%).

(6) To determine the % area in optimum condition for any life
requisite, first multiply the uyseable 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 1ife requisite. This sum for each life
requisite is the equivalent percent of the area that provides
that life requisite at optimum levels (this is 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 1ife requisite (Step 6) into the appropriate life
requisite composition Suitability Index Curve. The index value
obtained is the overall 1ife requisite value.

(8) The HSI is equal to the lowest of the overall 1ife requisite
values,

B.4 Apolication of the model. The level of detail needed for a particular
application of this model will depend on time, money, and accuracy
constraints. Detafled field sampling of all variables will provide the
most relfable and replicabie 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 reliability and
replicability, and these estimates should be accompanied by appropriate
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 in Table B=2 are suggested for the variables
used in this model. A field form can be developed from this 1ist.
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Table B-2. Suggested measurement techniques and definition
of habitat variables.

Variable (Definition) Cover Types Suggested Technigue
(Vy) Percent herbaceous canopy G Line transect and
cover [the percent of the - Daubenmire plot frame

ground surface that s
shaded by a vertical
projection of all non-woody
vegetation (grassas, forbs,
sedges, etc.))

(Vy) Percent of herbaceous vege-~ G Linre transect and
tation that is 8 to 46 cm Daubenmire plot frame
(3 to 18 in) tal}
(self explanatory)

(V;) Number of trees 2 25 cm G Line transect and
(10 in) dbh per 0.4 ha dbh tape
(1.0 ac) (self explanatory)

(V.) Percent tree canopy closure oF Line transect and
{the percent of the ground ocular estimate

surface that is shaded by a
vartical projection of the
canopies af all trees)

(Vy) Number of trees 2= 50 cm OF Line transect and
(20 in) dbh per 0.4 ha dbh tape
(1.0 ac) (self explanatory)

8.5 Sources of other models. No other habitat models for the red-t3il were
identified during the development of this model,
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VARIABLE

QOVER TYPES

SOGGESTED TECHNIQUE

A

v,)

(Vy)

v,

(Vo)

Water clarity - R,S
measured to 1 meter
depth during sumer

Availability of perch , R,S
sites - the nurber of

perch trees/mile of

shoreline.

Availability of pilot . H
pilot trees - the number

of pilot (perch) trees

within nesting habitat.

Nest tree availability - H
nurber of suitable size

trees for nesting/acre

Nesting/fishing habitat R,S,H
relationship - distance

between potential nesting

habitat and fishing waters

B
-——

Secchi disc

Ocular estimate

Ocular estimate

Ccular estimate,
rangefinder, diameter tape

Measuring tape, remote
sensing



Habitat Variable

Cover Type  .° Life Requisite

/ Water c1ar1‘ty (VI)
Re?ervoir Food - Availability of perch sites (Vz)
R) \ . :
Interspersion ———__ ___ Nesting/fishing habitat

relationship (VS)

Water clarity (V)

Stream — to0d Availability of perch sites (V,)
(Pit River Interspersion———— Nesting/fishing habitat re‘lation-l
only) : ship {Vs)

Conifer-hardwood — Reproduction Availability of pilot trees (V3) .—

forest (H) N
\ tlest tree availability (V4)
Interspersion Nesting/fishing habitat l

"relationship (VS)

& .



Variable 1. Water clarity - measured to a depth of one meter during summer.

Assumes: 1)

Ospray capture prey to
a2 maximum depth of 1 meter
{Beebe, 1974).

The availability of forage

is not a Timiting factor

at Lake Shasta (see Bogener,
1979; and Conway and Fitch,
1982 for productivity update).

Osprey require clear water
to capture prey.

Twenty or more perch

trees adjacent to fishing
waters provides optimum
conditions (Airola, 1983).

l.o-
2)
& 8-
a
- -.2- L
> i =
5 '
g 41 3)
g ]
3 .z-
o v L g T L T Y T g r ]
o X 4 .6 -8 l.o
Y4B Disc READING (METFRS)
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)
l.o
2)

SUTABILITY INDEY

Suitable perch trees are
defined as snags, dead-topped
trees or open-crowned live
trees that allow easy access

for landing and take-off
(Airola, 1983).
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Variable 3. Availability of pilot trees - the number of "pilot" perch trees immediately
: | surrounding nest sites and within suitable nesting habitat.

Assures: 1) A minimm of 2 pilot trees
per 5 acres of nesting

habitat is optimum (Airola,
1984).

2) Pilot trees are defined as
snags, dead-topped trees or
open-crowned live trees that
allow easy access for
landing and take-off (Airola,

gt 5
1983). l

SUITABILITY INDEY

o ' 2 s
NUHBER PLOT TREES [/ 5 AcRes

Variable 4. Nes® tree availability - the number of suitable size trees per acre for
osprey nesting. '

- —
—_——

Assumes: 1) Suitable size trees for
nesting have a minimm height
of 75 feet and minimum doh

- ‘ of 40 inches (Shimamoto and

Lo ! Airola, 1981).
1 :

8 - *; 2) Ten or more suitable size j‘
3 i trees per 100 acres of nestind
2 4o ‘ habitat are required to
r ! meet present nesting needs .
3 I (Airola, 1984).

B ¥ :
g 1 2 3) Suitable tree species
W .z 4 ! include ponderosa pine,
] f douglas-fir, and sugar pine
o R U S U S W (Detrich, 1978).
o . 2z % & 8 1o

NUMBER NEST TRESS /io0 AcRES



Variable 5. Nesﬁnglfishing habitat relationship - the distance between potential

SUITABILITY INDEK

nesting habitat and fishing waters.

Assumes: 1)

At Shasta Lake, the
greatest number 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 Me
R,S

b) Reproduction

Cover Type
H

¢) Interspersion

Cover Type
R,S,H

T —

HSI Determination:

The HSI value equals the life requisite value calculated for each cover
type multiplied by the interspersion value.

gggtion
¥
(‘V:l x Vz)

gt_lation
(V3 x V4)

Equation

.
4

/



Assunptions Used in Applying the Osprey Model

V1 - Water clarity;

The water in Lake Shasta at one meter during the summer was assumed to
be clear; SI = 1.0.

V2 - Availability of perch sites.

It was assumed that the Pit River was the only one of the tributaries

suitable as osprey habitat (higher number of nutrients in the water,

higher number of fish species), and that perch trees were not limiting;

SI (for Pit River) = 1.0 (Dietrich, wildlife biologist, personal communication,

1984).

Vg - 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 assumed that measuring the nurbers of potential perch sites,
pilot trees, and nest trees cbserved from the lake was as good as or
better than measuring these variables through & randan sampling scheme.

——
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MULE DEER

Species Narrative

General. With the exception of those cover types associated with the

Artic and tropic climatic zones, the mule deer (Odocoileus hemionus) inhabits
every major vegetative type in western North America (Wallmo 1978). A1l of
the Rocky Mountain and intermountain regions are inhabited by mule deer, with
scattered popu!ationé extending as far east as Minnesota and Iowa and as far

north as British Columbia and Alberta.

Food Requirements. Optimal mule deer habitat in Colorado is comprised of

an interspersed and diverse collection of vegetation§1 successional stages
(Loveless 1964). Areas that provide this diversity also provide mule deer the
opportunity for more beneficia) forage selection. Mule deer cannot be categorized
simply as browsers since woody plants are not uniquely palatable, nor are they

totally suited to the nutritional requirements and digestive capacity of the

species (Wallmo 1967).

Palatability of deer forage is a relative factor which varies with local
and seasonal availability (Hill 1956). Mule deer are highly selective feeders
in that the portions of plants which contain the highest protein levels are
most often selected (Schneegas and Bumstead 1977). As plants mature the
protein, phosphorus and carotine levels decrtgse. while Tess digestable components
such as crude fiber and legnin increase. As a result, seasonal use of specific

vegetation will vary and within a few weeks time a highly preferred plant

species may become completely unused.



Mule deer feed primarily upon herbs, and small shrubs (Hill 1956).
Generally aule deer consume small quantities of grass, and do not feed to any
great extent upon ;rees and iarge shrubs except in vintgr when deep snow makes
other foods difficult or impossible to obtain. The number of plant species
utilized by the mule deer throughout the year may be large; however, stomach
analysis normally indicate that 80X or more of the contents are comprised of
not more than 5 or 6 species at a feeding. Analysis of data from 99 food
habits studies of the Rocky Mountain mule deer indicated that the diet of the
species was comprised of at least 202 shrudb and tree species, 484 forbs, 84
grasses, sedges and rushes, and 18 other plant species (Kufeld et al. 1973).

Grasses constitute a high percentage of the mule deer's diet during the .

spring (Hill 1956). However, dried grassas are not utilized except under
unusual conditions or as a starvation ration (Einarsen 1956). Grass consump~-
tion normally decreased to 5% or less of the diet during the summer months
whereas forb consumption reached its peak use (Hill 1956). New shrub growth
may account for as much as 33X of the mule deer's summer diet. Fall generally
marks the mule deer's transition from a diet consisting chiefly of forbs to
one of shrubby vegetation, however, forbs may still comprise up to 25% of the
diet. Browse (shrubs and trees) often furnishes 75X or more of the aule
deer's winter diet. The availability of adequate browse is oftan the limiting

factor for mule deer populations over auch of their range (Schneegas and

Bumstead 1977).

Big sagebrush (Artemisia tridentata) and mountain mahogany (Cercocarpus
SPp. ) wers reported tﬁ be the key mule deer browse on a northeastern Utah mule

deer winter range (Richens 1967). Antelope bitterbrush (Purshia tridentata),




serviceberry (Amelanchier spp.), forbs, and grasses were important supplemental

winter foods. Anderson et al. (1972) reported antelope bitterbrush as being a

major food item on Colorado mule deer winter ranges.

Seasonal temperature and moisture regimes regulate the annual nutrition
cycle of the mule deer (Wallmo 1978). The diet of the mule deer may fail to
meet the energy requirements for body maintenance during a considerable portion
of the year, with winter browse as the most limiting factor (Wallmo et al.
1977). Colorado winter range was reported to provide forage that supplied

approximately 50X of the total protein or energy requirements of the mule deer

(Schneegas and Bumstead 1977). High mortality was reported for California

sule deer in severe winters where they were totally dependent upon browse
(Leach 1956 cited by Wallmo 1978). Low winter mortality was reported for the
same area in mild winters as a result of a more diversified diet that included
green grasses. Snow conditions, duration of winter, and the time of inftiation
of spring growth are other factors which govern a range's potential to support

mule deer (Schneegas and Bumstead 1977).

Water Requirements. The majority of the mule deer's water requirements

are met by moisture contained in the vegetation consumed (Rue 1978). Additional

moisture is obtained from dew, rain water, snow, and ice.

A study by Mackie (1970) in Montana's Missouri River Breaks revealed that
the use of range by msule deer decreased sharply at distances of 1.6 km (1.0 ni)

or more from standing water.



Cover Requirements. Mule deer require forest and rangelands which are

comprised of a variety of successfonal stages (Longhurst 1961). Young brush
interspersed with forbs and grasses will provide ideal feeding cover. Conversely,
extensive tracts of mature brush, climax forest with 1ittle ground cover

interspersed with few openings, and cliimax grasslands lacking forbs will not

provide optimal habitat.

Stands of timber or dense shrubs 244 to 490 m (800 to 1,600 ft) across
were reported to provide optimal cover for mule desr in Oregon (Thomas et al.
1976). Smaller patches of cover may satisfy the cover requirements of the
mule deer depending on the topography of the area. Small evergreen trees and
shrubs on winter range and deciduous trees and shrubs on spring, summer, and-

fall range were reported to provide excellent thermal cover for mule deer in

Colorado (Loveless 1964).

Summer range capable of carrying deer in good condition through the
breeding season is necessary for maximum herd productivity (Julander et al.
1961). Prime summer ranges typically occur in areas which receive a relatively
high rainfall and support diverse vegetation located on a variety of topographic
aspects (Schneegas and Bumstead 1977). The quantity and availablity of summer
range thfbughout the west is believed to be adequate, and may not be a limiting
factor in determining mule deer populations. However, Julander et al. (1961)
reported that summer range may be critical when assocfated with small fsolated

" plateaus, or mountains surrounded by arid Towlands.

Mule deer normally inhabit higher elevations in summer and descend to

lower areas in response to increasing snow depths (Gilbert et al. 1970). Mass



movements of mule deer onto their winter range in Utah were reported to be

synchronous with snowstorms and cold weather in early to mid-November (Richens

1967).

Line intercept data on Utah mule deer winter range revealed that approxi~ .

mately 32X of the ground surface was covered by vegetation (Richens 1967).

Important browse species comprised roughly 58% of the ground cover. Use of
key browse plants was reported to be most intensive on the more accessible
sites, along streams and trails and near escape cover. The hgaviest use of
sagebrush was generally within 0.4 km (0.25 mi) of pinyon-juniper stands or
other escape cover. Browsing was evident on all exposures but was most apparent
on the drier southern slopes. Loveless (1967) reported that mule deer in
Coloradc showed a preference for vegetative types which provided food on south
and east facing slopes. Locations which provided cover, but 1ittle preferred
browse, were not extensively used by mule deer. Excellent winter habitat for
mule deer was characterized as areas where the surface acreage was approximtely
one-half shrub types and one-half timber types. In cold, windy weather, sule
deer in Utah were usually found in sheitered areas, particularly in dense
stands of juniper (Richens 1967). Stormy weather in Colorado induced mule
deer to seek the shelter of drainage areas or heavy timber (Loveless 1967).

Reproductive Requirements. Fawning occurs where all of the needs (water,

cover, forage), of the doe are found within a relatively compact area (Einarsen
1956). Desirable fawning habitat in Oregon was reported to be comprised of
low shrubs or small trees ranging from 0.6 t0 1.8 m (2 to 6 ft) in height
under an overstory tree canopy cover of approximately 50% (Thomas et al.
1976). Slope gradient should not exceed 15X and plentiful succulent vegetation
should be available. Accessible water should be within 180 m (600 ft).



Interspersion Requirements. The abundance and availability of preferred

browse and the interspersion of such areas were reported to influence the mule
deer's non-random spatial distribution on a Colorade winter range (Loveless
1964). Loveless (1963) reported that winter range in Colorado was comprised
of approximately 45X shrub-dominated slopes and 45% coniferous timbered slopes.
The c]ose proximity of browse covered slopes to sites dominated by open timber
with a browse understory had a positive influence upon the distribution patterns
of the mule deer. Optimal winter range in California had a maximum distance
between feeding and bedding areas of less than 0.4 km (0.25 mi) (Leopold et
al. 1951).

Mule deer are typically distributed over a much larger area on summer .
than winter range (Schneegas and Bumstead 1977). Concentrations of the species
are not common on summer ranges despite a tendency to select and utilize
preferred habitats. Leopold et al. (1551) reported that the estimated average

summer and winter ranges of mule deer in California had approximate diameters

of 0.8 t0 1.2 km (0.5t00.75 mf) and 0.4 to 0.6 km (0.25 to 0.37 mi) respectively.

The average activity radius for mule deer in Utah was reported to be equivalent
to 0.4 km (0.24 mi) (Robinetta 1966). Average density on a Utah winter range

under normal winter conditions was reported to be 46 per 2.59 km® (46 per mi?)
(Richens 1967).

Regardless of where they locate on the summer range, mule deer return to
the ancastral wintering area to which they were first taken as fawns (Zalunardo
1965). The species may move 80 km (50 mi) or more from summer to winter range

(walimo 1978).



Special Considerations. Mule deer declines have been attributed to

advancing successfon resulting from increased fire suppression, intensive
silvicultural prescriptions, and the reduction of animal units on grazing
allotments (Schneegas and Bumstead 1977). Fire and logging are generally
considered as being favorable influences on mule deer ranges as a result of
the abundance and diversity of forage induced following the disturbance.
Several studies have reported the successful use of prescribed burning to
improve protein values for browse (Einarsen 1946; Biswell et al. 1952; Leege
19639; Vogel and Beck 1970). Such activities may result in improving habitat
conditions for 25 years or more; however, the period of habitat enhancement is
usually succeeded by a century or more of essentially unusable habitat if

further management actions are not taken (Wallmo 1978).

High winter mortality has been reported on Rocky Mountain and inter-
mountain deer winter ranges dominated by sagebrush (Wallmo 1978). Carpenter
(1976) suggested that such winter ranges may be improved by partially supressing

sagebrush and encouraging increased growth of herbaceous vegetation.

Snow has & major effect on the winter ecology of mule deer. Winter deer
distribution in Middle Park, Colerado was reported to be governed primarily by
snow depth (Wallmo and Gill 1971). During winters with deep snow the avail-
ability of winter range was so reduced that the carrying capacity of the range
was negligible. Delineation of deer distribution indicated that snow depths
exceeding 30.4 cm (12 in) were sufficient to discourage continuous occupation
of an area unless the snow was extremely low in density. Loveless (1967)
reported that snow depths of 30.4 cm (12 in) hampered deer locomotion and
depths of 60.9 cm (24 in) or more precluded the use of an area by sule deer.



Winter nutrition in the central Rocky Mountains is directly related to winter
snow cover (Wallmo and Gi11 1971). During Tight snow accumulations nutrition
is adequate since more range is accessible; however, during winters with heavy
snow accumulations the winter range becomes more restricted and deer nutrition
becomes inadequate. Prolonged periods of ‘deer concentration on critical
winter range where food is fnadequate will result in heavy winter mortality.
The concept of maintaining a stabi.e carrying capacity of winter range for mule

deer in the high valleys of the central Rockies is unrealistic.

Winter range is one of the most important components of mule deer habitat

(Thomas et al. 1976). Any adverse environmental impacts on winter range are -

usually magnified in deer herd populations.
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Habitat Suitability Index (HSI) Model for the Mule Deer

General Information

Species Information

Spcciesﬁ Mule Deer (Ococoileus hemionus)

Habitat Use Pattern: Multicover type user

Status: Resident (seasonal migrant)

Cover Types: Al

Ecoregion: M3113

Model Type: Uncalibrated Index Model for Winter Range

Threshold Range Size. Information on the minimum size of suitable
habitat that must be present before an area will be occupied by a population
of mule deer was not found in the literature.

Mome Range Data. Winter home range size for mule deer has been
estimated to have a radius ranging from 0.4 to 1.2 km.

Habitat Composition. Habitat composition information for species
which are multicover type users is most useful when presented in terms of life
requisite needs. Optimal life requisite composition may be determined by
considering the composition of the habitat in terms of cover types and by
considering what 1ife 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 optimal winter habitat.

Life Requisite Optimal Percentage Estimate
Food 60X
Water Assumed not to be limiting

on winter range.

Cover 40%

Evaluation Criteria

Winter Food Value. Browse often furnishes 75X or more of the mule
deer's winter diet. Forbs and grasses are supplemental winter foods and their
availability will result in an increased food value for mule deer.




variable

[v,]

V2]

[vs]

¥ shrub crown cover < 1.5 m
(5 ft) in height. (Do not
consider small conifers as
shrubs. )

% shrub crown cover of preferred
shrubs < 1.5 m (5 ft) in height.
(Preferred shrubs include, but
are not limited to, antelope
pitterbrush, mountain mahogany,
ceanothus, chokecherry, and
serviceberry.)

X herbaceous canopy cover.
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Winter Food Value in all cover types is a function of V,, V,,

and V3. V; and Vp are interactive variables and compensations

exist between them. The abundance of shrubs and the availability
of preferred shrubs are the most important components of the

food value for winter range and have been weighted accordingly.
The suggested function is:

)1 3(\& X VZ%UZ * Vs‘

*when evaluating food on winter range the average snow conditions -

for the area must be taken into consideration. If the average
depth of snow on the ground exceeds 60.9 cm (24 in) for extended
periods of time, the life requisite value for food should equal
2ero. If persistent snow cover ranges from 30.4 ca (12 in) to
60.9 cm (24 in), the life requisite value should be adjusted
downward. In determining winter snow conditions consider
snowfall records, slope, aspect, wind, and vegetative cover.

Cover Value. Excellent winter habitat for mule deer has been charac-

terized as being comprised of approximately one-half shrub cover types and
one-half timbered cover types.

Variable

[Vl

X canopy cover of evergreen 1.0,
woody vegetation > 3.0 m
(10 ft) in height.

Suitability Index Curve
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[vs]

Topographic diversity (consider
entire project area).

A) Level terrain (0-5% slope),
B) Level terrain (0-5% slope),

€C) Rolling terrain (5-25%

1.0

0.8,

0.6] | E

flat or nearly so, little
to no physical diversity.

area broken by drainages.

slope).

D) Rolling terrain (5-25%
slope), ridges, rims and/or
drainages present.

E) Mountainous (> 25% slope). A B C 0 ¢

Suitability Index (Vsl

Cover Value in all cover types is a function of V4 and V5. Vg
and Vg are interactive and compensations exist between them.
The life requisite value will be zero only if both variables
are equal to zero. The suggested function is:

v +’v
__4_3__5

HS1 Determination for Multicover Type Users. The following s an abbrev-

jated step by step discussion of HSI determination for multicover type species.

Step 1~
Step 2 -

Step 3 -

Step 4 -

Determine Suitability Indices for each variable based on field data.

Compute Life Requisite Values for the indicated cover types using
the suggested functions provided in the model.

Determine if all 1ife requisites can be provided considering all
cover types within the study area. If any life requisites are
missing, the HSI will equal zero and no further evaluation is

necessary.

Using the Tife requisite values computed in Step 2, the next step is
to determine the spatial relationship of cover types providing
varfous life requisites. Life requisite values may need to be
adjusted to varying degrees depending on the distances separating
them and how the distances compare with the species minimum and
msaximum home ranges. This step is accomplished as follows:

a8) Determine the mean distance (measured from randomly selected
points) from each cover type missing a life requisite to the
edge of the next nearest cover type  that provides the missing

life requisite(s).



Interspersion Index

Step S -

Step 6 -

b) Incorporate the mean distance measurements from Step 4a into
the x-axis of the home range-interspersion graph presented
below. Determine where the mean distance measurement intercepts
the graph and obtain the interspersion index by reading the
corresponding value from the y-axis.

1.01__,\
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0.8 %
~
0.6. \
~
h S
0.4, N
N ~
0.2 %
\
- e \'
0.4 0.8 1.2 km
0.25 0.5 0.75 mi
(H min) {H max)
DISTANCE

¢) Multiply the interspersion index for each cover type determined
in Step 4b by the life requisite values determined in Step 2.
The products are the modified life requisite values.

Determine the relative abundance (in percent) of cover types used by
the species within the study area, as follows:

. Area of Cover Type A
Relative Area for Cover Type A = m—hwm x 100

used by the Species

Be certain that you consider only those cover types used by the
species in determining relative area of cover types.

Determine the percent 1ifs requisite support provided by the available
habitat as follows:

a) For each life requisite within each cover type, multiply the
modified 1ife requisite value(s) (Step 4c) by the relative area
of that cover type (Step 5). The products equal the percent
Tife requisite support provided by each cover type.

b) Sum the products from Step 6a for each life requisite. The
total equals the percent life requisite support provided by the
available habitat.



Step 7 -~ For each life requisite, divide the percent life requisite support
{Step 6b) by the optimal percent life requisite estimate provided in
the General Information section of the HSI Model (use the lower
percentage where a range of percents are given as estimates for
optimal life requisite percent). This yields the overall life
requisite values for the entire study area.

Step 8 - The Habitat Suitability Index (HSI) is the lowest of the overal
Vife requisite values.

Model Assumptions and Limitations. It is assumed in this model that the
availability of free water will not be limiting on mule deer winter range. It
is also assumed that average annual snowfall data will be available for the
area (or immediate geographic region) under evaluation and that the influence
of snow conditions can be directly related to the value calculated for food.
It is assumed that the food value for the mule deer can be estimated without a
precise volume measurement or assessing vegetative productivity, by estimating
the approximate standing crop of vegetation. A further assumption is that the
home range data can be used to assess spatial relationships of food to cover.

The major limitation in this model is that optimal life requisite composi-
tion values and the interspersion graph are best estimates derived from
literature reviews. The estimates presented may not be valid in every

situation.



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 Timiting

in the Project Area)

o Conifer penalty was dropped from the model; avian preditors are not

Marten
0

limiting in the Project Area}

Used successional stages that match the software

Black-capped Chickadee
none

Mule Deer

0
0

A11 shrubs less than 2m not 1.5 were measured

Small conifers were included in shrub cover measures since they are a
food source for deer on the Project Area.

Only palatable herbaceous cover was measured

The food HSIs for slopes between 40 and 80 percent were multiplied by
0.5 since these slopes receive less use by deer than do slopes of O
to 39 percent. Slopes greater than 80 percent were not considered
deer habitat for food or cover.

Red-tailed Hawk

0

0

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

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

interspersion distances were measured from a map.



Osprey

Beaver

Dipper

Converted to a multicover model by weighting the food and reproduction

HSI by the appropriate cover type area
Interspersion was assigned an HSI of 1.0 by the HEP team at the

November 1987 meeting

Used a weighted average to calculate values for the habitat parameters
for the 0 to 100m and 100 to 200m bands adjacent to riverine areas or

surrounding wetlands
Only shrubs palatable for beaver were measured

Reproduction HSI = percent of area covered by vertical rock walls
Food HSI = (SI of bottom substrate) * (SI of stream gradient)
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