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Hemorandum

To: - P ProJect Leader Trlnlty Rlver Flshery Resource Off1ce Weavervrlle
> : ;Callfornla (FRO) (Attn:. Bill Brock) R

Erom: Actlng F1e1d Superv150r Ecologloal Servrces, Sacramento Fleld

Offibe, Sacramento California (ES)

}éubject: Trlnlty Rlver D1v151on Upland Habltat Assessment Habltat
‘ Evaluatlon Procedures (HEP) Project, Flnal Report

Attached ‘are two copies of ‘our. final report comcerning the Trinity River :
‘Division, Upland Habitat Assessment HEP. This report: is prov1ded pursuant to
the Work Plan'Agreement 51gned by -our. offloes An 1991 . R :

A memorandum Was recelved from your office dated June 16 1993, and lncluded
comments on. our draft report.- - Those comments. we. Found: approprlate were
1ncorporated 1nto our ‘final- report Most comments we found- lnapproprlate for

inclusion were discussed between Bill Brock of 'your ‘staff, and.Caroline

lelklnson of my staff, during & telephone call:on.July' 6, 1993 All.comments
‘with which our representative staff dlsagree are. addressed in this memorandum-
{and ate hlghllghted rn bold type ; ‘

-Page 1, paragraph 3: . We may suggest only. oon31derat10n of om1tt1ng

appendix [“G"l, the HSI_species models, whlchﬂcomprises 173 pages of the'

Ireport

“We' did meot omit this appendlx for the final report, since it is an lntegral
part: of understanding the HEP process. Without these models, no one. readlng
~ the: report would be able to determine which methods, varlables, algebraic.

equatlons, etc were used to .complete the HEP

-Page 2 paragraph 2: We would prefer that an executive summary be added to
: this - report although it need not exceed two pages

‘We did mnot anlude an Exeoutlve Summary (summary) in: the flnal report for the
- following reasons ‘1) We' believe a. summary is not relevant. for a technical.
‘report; 2) We ‘had no funds to allow us to write such a summary, and;.3) If we
'did write a summary, it would meed te be much longer than two pages in order
to ineclude all important information pertinent. to understandlng the HEP
_process for thls project.




" Page 3 .aragraph 1: "Without and. With the Project" - .We are a bit

confused about how it can be concluded ciw . that the Trinity Reservoir atea |

was a very. important winter range for deer;". ‘while the pre-project HSI: value
for ‘this area was poor for deer May an additional sentence help clarify this
apparent inconSLStency? ﬁ R

Because the Trinity Reservoir aréa was. a- very 1mportant w1nter range for deer
does not*preolude the pre-project HSI value ‘being poor for deer. This may be
due to a number of reasons: 1) The area may have been more important as a.
foraging range than a wintering range; 2) The black-tailed deer model we used
may not’ have measured the factors. relevant to the original assessment of the
specifio ‘aréa; 3) ‘The surrounding dreas.could have been even podrer than the
Trinity Reserv01r area, suggesting- that ‘this area was the best'the deer had at
the time, and; 4) We beélieve the variables we measured were 1nd1cat1ve of the
pre- proJect “values for .that- partlcular ‘area, however, perhaps what we. assumed
was pre-project habitat was not. ‘It is difficult to knmow this.since pre-
project conditions occurred 36 years, ago. . Pre- proJect habltat variables were
determlned uSLng best blological knowledge co P P

Fape' 3 paragraph 2z “Gomgensat1on Analzsis, General” - The first full - !
paragraph beginsg with: "Since more than. 14,000 :acres of wildlife. habltat have

been permanently lost, restoration ‘of .wildlife to pre- project levels is an
unrealistic goal." - This’ statement is not technically correct as suggested by
the three Idaho reservoir compensation reports mentioned earlier.. What is
really’ limiting our effort here is funding; in Idaho, post-hoc reservoir HEP
analysis led’to 20,000 acres’ being: pr@posed for compensation hy requiring- $15
million dollars, ‘in one example. Purchasing private lands: for wildlife:
management purposes ‘was-an important method

We agree that restoration of w11dlife to pre project levels 15 an unrea115t1c
goal because of funding. ‘However, it is also an unrealistic goal because we .
do not know exactly what the prée- -project! “levels were and because of lack of
ava1lable on-site lands for‘mltigatlon ol :

Page 3 paragraph 4 Page {28] ‘and.- elsewhere we- aré. hot' certain why montane
hardwood conifer is compensated for 4n this'plan through montane hardwood and
mixed‘chaparral habitats. If the. simple ‘explanation "why" has been: omitted,
pleased add;. f we missed the reason elsewhere please point. this out. :

The reason why montane. hardwood conlfer is compensated for through montane
hardwood and mixed: chaparral habitats is described:on- page: {10}, under #6: for
goals and objectlves Montane ‘hardwood conifer,: montane hardwuod and mixed
chapartal habitats are in Resource Category 3, which is "no net’ loss of .
habitat, value while mlnimlzing ‘the:loss ‘of ‘in-kind. habitat value". Therefore
montane’ hardwood conlfer ‘can: be: replaced with out-of-kind habitats; in this

‘case’, montane hardwood . and mixed chaparral -If montaner hardwood conifer: ;_‘V‘

‘ habltat ‘was in Résource Gategory 2, which is "no net loss of'ln -kind habitat

values"’ - then montane hardwood conifer would: need to be replaced in-kind Wlth‘

montanejhardwood conlfer

T N .
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If you have any questions concernlng these responses, "or would like addltlonal
copies of this report, please cuntact Carcliné Wllklnson of my staff at (916)
978- h613 ext.; - 337,

'.'-2réﬂ Dale A. Pierce ’

,‘Attachment

‘qc: (w/number of attachments)

ARD, ES, .FWS, Portland, OR (w/out attachment) :

Brian Boroskl U.S. Forest Service, Forestry Sciences Lab, Fresno, CA (1)
U.S. Fish and Wildlife Service, Lewiston,. CA (2)

Pat McLaughlin, Califormia Department of Fish and Game, Lewiston, CA (1)
Clndy Roberts, U.S. Forest Service, WeaverVLIle, CA (1)
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_INTRODUGTION -

ﬁThls report descrlbes the U S. Fish and Wlldiifé Service's (Service) detalled
Tassessment of the impact of the Trinity River D1v1510n of the Central Valley
Project. (CVP) ion upland resources within the lnundatlon zones of the Trinity

- (Clair Engle). and Lewiston Reservoirs. It employs - the Service’s Habitat

" Evaluation Preocedures (HEP) -methodology to quantify 1mpacts to wildlife and

. their hsbitats and to quantify and evaluate potential mitigation management
"plans. The HEP addresses‘the direct effects of Trinity and Lewiston Dams and
' their fespective reservoirs’ modifications to a 27- mlle reach of the Trlnlty
‘Rivér and its| w11d11fe habitat environment.

‘Due to lnadequate pPre- prOJect wildlife habltat lnformatlon or population data,
'full mitigatién needs for wildlife losses due to the project are impossible to
fdetarmlne It is, however, p0551ble to determine the approximate acreage of-
“broadly defined- habltat types impacted by using old aerial photography and
'other 1nfcrmatlon - Therefore, a "post hoc"” HEP was used.




", BACKGROUND INFORMATION -

_The Trlnlty Rlver D1v151on GVP - was authorlzed by Congress (P L 84 386) in
-1955 The authorlzatlon,called ‘for the development of water storage and

conveyance facllltles for the transfer of "surplus" Trlnlty River water, ta the
Sacramento River. The. most important of these facllltles are the Trlnlty Dam
and Lewiston Dam and their respective reserv01rs -Trinity Reservoir and
Lewiston- Reservoir. Gonstructron by the U.S. . Bureau of Reclamation
3(Rec1amatlon) began Ain 1956 and was completed: in 1960, Storage began in 1960.
and ended in 1963, Full operation began in 1964 (VIN Envrronmental Sciences

1972). Therefore, the authprization and constructlon of the Trinity. River
ErOJect (PrOJect) pre dated the: National Envlronmental ‘Policy Act (NEPA).

fUnder the Trlnlty Act of 1984 (P L 98- 541), whlch provrdes for the
restoration of flsh and wrldllfe in the Trlnlty Rlver Basrn Congress found
that M s ; i tel

+ (1) the constructlon of the Trlnlty Rlver lelslon of the -Central
Valley prpject An. Callfornla, authorized’ by the Act of August 12, 1955
(69 Stat: 719), has. substant1ally reduced the streamflow in:the Trinity
River Basin thereby, contrlbutlng to damage to pools, spawning gravels,
and rearing areas and to a .drastic reduction in the. anadromous fish
populatlons and a decllne AIn the scenic and recreatlonal qualltles of
such. river system;: o Ly L ;

: (2). thel loss of land areas 1nundated by two reserv01rs constructed in
connectlon with such project has contributed to reductlons in the
-populatlons of deer: and other wildlife hlstorlcally found in the Trinity
‘Rlver Basin;

. (3) the Act referred to in paragraph (l) of thls sectlon dlrected the
,Secretary «of theInterior (hereinafter ln thls Act referved to as the
"Secretary“) to take appropriate actions to ensure, the preservatlon and
propagation of such. fish and wildlife and! addltlonaltauthorlty was.
conferred on the Secrétary under the sct. approved. September. 4, 1980 (94
Stat. 1062), to take: certain actioms to mltlgate the "impact on fish and =~
wildlife;of the construction and operatlon of  the Trinity River
d1v1sronn

(4) activities other than those related to the proJect 1nc1ud1ng, but
-not- limited to, _inadequate erosion control and fishery harvest :
management practlces have also had 51gn1flcant adverse effects on fish
and: wildlife. populations in the Trinity River| Ba51n and are,of such a
nature that the cause of any detrimental. .impact. on such . populatlons
cannot be attributed solely to such activities or to'the project;

(5) a fish and wildlife management program has. been developed by an
existing /interagency advisory group called the Trinity River Basin Fish
and. Wlldllfe Task Force; and

-{6) the Secretary requires additional authorlty to implement a basin-
w1de flSh and wildlife management program in order to achieve the long-

- term. goal of restoring fish and wildlife populations in the Trinity
‘River Basin to.a. level approximating that,whrch existed  immediately
before the start of the construction of:the Trinity River divisiom.



Seec. 2 {(a) SubJect to eubsectlon (b), the Secretary shall formulate
and ‘implement a fish and wildlife managment program for the Trinity
River Basin designed -to. restore: the fish and wildlife populations in
-such basln to ‘the levels approx1mat1ng those which existed 1mmed1ately
‘before the start of the ‘construction  referred to in sectlon 1(1l) and to

" maintain: such levels The: program shall lnclude the. follow1ng ‘
facthltles ‘ i
(1) The de51gn, conetructlon operatlon and- malntenance of o
facllltles to : N P I
P VSR rehabrlltate flsh bltats 1n'the Trlnlty Rlver between
: Lew1ston Dam' and Weltchpec" Sl L
BN 4:)) rehahllltate flehfhabltats in tr1hutar1es of such rlver*
"~ bélow: Lewiston® Dami and.ln”the south fork of such ¥iver, and
(C) modernlze and otheérwise increase the effectlveness of
7 the Trinity River Fish’ Hatchery : oo
7 ?*Q(Z) The establlshment of a procedure to monitor ¢ay the flsh and
%fjw11d11fe stock on“a contlnulng ba515 and (B) the effectlveness of
- the. rehabllltatlon wotk: : : ; o
(3) ‘Suich dther act1v1t1es as the Secretary determlnes to bel‘
necessary to-achieve -the long term goal of the programw
(bp(l) The: Secretary shalliusae: the program described: in séction 1(5)
) ,thls Act .as a basis for the ‘mandgement program to be*‘ rmulated under

‘ subsectlon (a) of this section In' formulating and imp entlng such
management program,  the Secretary shall be assisted by aradvisory. group

‘ called ‘the Trinity Rlver Ba51n FlSh and Wildlife" Task Force establlshed

: under ‘section' 3. \ ; ‘ :

v - {2)4In order- to facrlltate the 1mplementat10n of those act1v1t1es
under ‘the management program over: which the Secretary does not’ have

= Jurlsdlctlon ‘the Secretary shall%undertake te entetr into. a ‘memorandum -
of agreement wrth those Federal cState and local agencies, and the
© - Indian tribe, represented ofir the Task Fcrce established’ under- sectlon 3

"[not 1ncluded in: this report] " The memorandum of agreement’ should
speclfy those: management program actlvltles for which the respectlve ;

signdteoriés. to the agreement are- prlmarlly respousible and should -

- containsuch: commltments and arrangements between and among themh"'
signatories as may be necessary or approprlate to ensure the coordlnated
1mp1ementatlon of the: program: £ T o -

: {(3)Te the extent: not prov1ded for under a memorandum of _agreement.

‘fentered Ainto’ under paragraph (275 the Secretary shall coordinate the
act1v1t1es undertike .under such managment program with the act1v1t1es
of ‘State and localﬁ‘ge cies! and tlie dctivities of other Federal .

‘agencies ~which-have r sp0n51b111t1ee for managifg public lands and '
.fﬁfnatural ‘resolrces: w1th1n the! Trlnlty Rlver Basrn (House of : '
VFRepresentatlves 1981) T -f p L‘; .

-jIn the early 1970's several agencles undertook prellmlnary studies to . deflne‘
~ the: problems related to ProJect construction,:and to recommend ‘possible:
remedial actions, biut'no funds: were: avarlable to execute the- actlons In
©1974: the3Tr1n1ty Riveyr Ba51n Fish and Wlldllfe Taek Force  (Task: Force) was
reactlvated and expanded
preparlng a comprehen51ve action program. to rehabilitate the Trlnlty River:
(Trlnlty Rlver Basrn FlSh and Wlldllfe Task Force 1981) -

N e T Ay D s o By e e
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In 1976, Congressman Harold T. Johnson secured Gongre551onal funding from
Congress to develop an, 1nter1m action program; ‘and-a long term management

program for the Trinity. Rlver Basin. The Task Force wag responsible for

administering these ‘Programs.. Two cbjectives identified were: (1) define and
rectify fish and wildlife: problems in the Trinity River Basin resulting from
construction of the Project; and (2) define and rectify fish and wildlife
problems in thé Trinity River Basin resulting from other sources (Trinity
Rlver Basin Flsh and Wlldllfe Task Force 1981}.

Due to fundlng limitations, the Task Force gave .precedence to preparation of a
comprehensive management program which listed dll activities needed to restore
fish and Wlldllfe populatlons to their pre-project levels, and identified
costs and time|needed to complete these act1v1t1es (Tr1n1ty Rlver Basin Fish
and Wildlife Task Force 1981).

The Program was developed to meet five main goals three relate to fisheries
restoration, one to wildlife, and one to protection after completion of
restoration, These goals are: {1) use artificial production as compensation
for salmon and; steelhead spawnlng and rearing areas that were lost due to
obstruction of, the Trlnlty River by the Lewiston Dam; (2) restore full natural
salmon and steelhead productlon in the Trinity River and its tributaries
downstream of Lew1ston Dam; (3) develop and distribute: harvest information and
management reoommendatlons compatlble with goal #2; (4) provide compensation
for deer and gther wildlife losses resulting from inundation of land by
Trlnlty and Lew1ston Reservoirs;. and (5) develop recommendatlons for
regulatlons to! protect the- River Basin from future activities (i.e., improper
road building and logglng) (Trlnlty River Basin Flsh and Wildlife Task Force ,
1981) : ‘

Thlrteen actlon items were ldentlfled to meet . these flVE goals, action 1tem
#9 "Formulate and Conduct a Wildlife Management Program, " is intended to
compensate fori loss of deer and other wildlife populations through habitat.

manlpulatlon technlques including controlled burning (Trinity River Basin Fish

‘and Wildlife Task Force 1981). Part of action item %9 includes an Upland

Habitat Assessment for which it was decided that  a HEP be conducted to
quantify- 1mpacts to wildlife and their habitats and to 'determine compensation.
requirements. Thus, this report is the result of that‘Upland Habitat
Assessment in Which we 1ncluded impacts to rlparlan and riverine habitats as

' well.
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fw1th1n the botindaries of Shasta ~-Trinity Natlonal Forests. - Lewiston Reserv01r
‘1s located Just downstream of Trlnlty Reservolr (Flgure l)

STUDY AREA: =~

JThe mainstem Trlnlty Rlver ‘Has“its headwaters approxlmately 20 miles southwest
- 6f Mount Shasta in the rugged canyons bordered by the 'Scott Mountains on the
‘northwest, the Eddy Mountains on the east, and the Salmon-Trinity Alps on  the
fsouth The malnstem flows 170 miles west from its origins to the Klamath
‘River at Weltchpec 43,5 mlles upstream from the Pacific Ocean. The South
'Fork of .the Trinity;River originates in the Yolla Bolly Mountains and flows
‘northwest to the mainstem near Salyer. The North Fork Trinity River flows
south from ltS headwaters in the Trinity Alps to its confluence with the
-mainstem near:Helena (USFWS 1983)

The Trlnlty Rlver drains 2 965 square miles, Of this’ fapproxlmately one -

‘quarter is above the town of Lewiston and approx1mately one- third is occupled
by the Scuth Fork Trinity River watershed. :The terrain is predomlnantly
‘mountainous and covered with forests, with wvery little farming area.
Elevations inthe basin range froem over 9,000 feet in headwater areas to less
. than 300 feet.at the confluence with the Klamath River (USFWS 1983). Major
‘tributaries of the Irinity River include Coffee Creek and Stuart's Fork (which
‘enter .the Trlnlty River upstream from Lewiston Dam), and ‘Canyon Creek, North
Fork Trlnlty Rlver New Rlver .and South Fork Trinity River. (Hubbell undated)

:Trlnlty Dam is in Trlnlty Gounty, Callfornla on the Trlnlty River about 9
-miles northeast of the. town of Lewiston. The 51te is'in the ‘southern half of
‘section. 10T 34N Raw, Mount Diablo meridian; 1t ls about 5 miles west of the |

Trinity-Shasts county. llne "but all of the reserv01r area 1s Jin Trinity County ;

Trinity ‘Dam and Lew1ston Dam are components of the Trinity River Division of
‘the CVP. Trinity River water is initially stored in Trinity Reservoir, which
'has a storage:.capacity of 2,448,000. Releases" from Trinity Dam are re-
‘regulated 7 miles downstream in Lewiston Reservoir, which has a capacity of
'14,600:acre- feet From Lewiston Reservoir, Water is dlverted via Clear Creek
Tunnel ,: Whlskeytown Lake, and Spring Creek Tunnel to Keswick Reservoir on the
.Sacramento Rlver (USFUS 1983)

Trinity Reservolr at full pool elevatlon has a surface area of about 16,500
jacres The reservoir has about 122 miles of shorellne Lewiston Reservo1r
‘serves as the:afterbay for regulating the flow releases for power generation
ﬁfrom Trinity Reservoir, and as the diversion pool for the ' Clear Creek tunnel.
It has a water surface area of about 600 acres, and 15 miles of shoreline.
‘Shoreline development has been restricted due to physical characteristics
ﬁ(e E. topography) and operational considerations (Frederlksen et al 1979a) ..

. Livestock gra21ng, small- graln farming, lumberlng,‘and mining were the maJor
~land-use activities in what are now the Trlnlty Reservoir and Lewiston
Reservoir areas
(USFWS 1951).
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. PROJEGT DESCRIPTION. -

The Trlnlty Rlver D1v151on of the CVP was developed prlmarlly for. the purposeés
of irrigation. ‘and power generatlon This mult1 -purpose facility involved
-econstruction of the: Trlnlty and-Lewiston Dams, associated tunnels, power
plants, ‘and .other works. *The reservoir areas:- ‘are. within the boundaries of the
Shasta:- Trlnlty National Forests. Development of the CVP' impacted two ULS.
‘Forest: Serv1oe administrative stations, required relocatlon of major  portions
‘of- the: exlstlng road system ‘created a publloirecreatlon area, and caused:
removal ‘of large quantltles of Natlonal Forest and; prlvate timber {(Grace
1960) 13;.‘ ; _ . SEIR Lo

The Serv1ce in Weavervllle California, is-stddying‘the.feasibility of
‘compensating for about 14,028 acres of riparian and upland terrestrial habitat
‘that were: lost upon completion of the CVE in 1963. .An.inventory of wildlife.

‘cover-types was not performed. prior to this inundation’and, -therefore, very.

little pre- prOJect information exists concerning: w11d11fe - Information:
dealing with winter range habitat for the Weaverville 'deer herd was the! only

‘data colléected prior to. and immediately after) completlon of the Project.
,Informatlon was also. collected on the effects of GVP operations on the .

riparian’ corrldor from LerSton downrlver to the North“Fork Trlnlty (Wllson et
al. 1991) ' : ‘ R

Durlng September 15 through November 18, 1992 ‘a HEP study was, conducted at
the Project site by the Serv1ce The purpose of the study was to quantify
wildlife! habltat losses: and compensation needed to offset habitat losses.

This HEP: analy51s does not -address:endangered species:issues, although we ‘are

-providlng a symmary of listed and proposed threatened and endangered species
;that may.occur in:the’ Project. area -(Appendix A). 1f yau ‘have any questions or
. .coneerns.:about: this. summary, they should be dlrected ta. Laurle Simons of the .

Habltat Conservatlon D1v1slon of our office.




ANALYSTS METHODOLOGY

. HEP Descrigtion

“HEP is an :meact assessment methodology developed by the Serv1ce wh:l.ch can be:
- used' to.document the quallty and: quantity of available habitat for selected
wildlife species.. HEP provides information for two general types of wildlife
habitat: comparisons: “ 1})-the relatlve value of dlfferent areas. at’ the same:
peint in- time; and 2} the. relatlve value ‘of the same areas at future points in
time.. .By combining the two types of comparlsons the: impacts of -proposed ox"
antlclpated land- and water-use changes on wildlife habitat can be quantlfled
. In a similar manner, any compensatlon needs (1n ‘terms. of acreage) for the -
':prOJect”can also be’ quantlfled

‘*.ppllcatlon is based on the assumptlon that habltat for selected
wildlife: species or: communities. can bé deseribed by.a’model whlch produces a
-Habitat: Sultabllltyllndex (HSI) “The HSI, a value.from 0.0 toll 0, is assumed
to relate directly to the carrylng capacity of the habitat belng evaluated “
Thée HSI is-multiplied by’ the areasof avallable habitat to’ obtaln Habltat Unlts
(HUs) . Changes in habitat- value and quantlty are tracked over: time at . °
'specifled time. perlods known as target years (TYs). Those changes over the
‘life of: the project are annualized to. yleld Average Annual Habitat Units
(AAHUs). . ‘The differences in AAHUs for various pro;ect scenarlos permlt
comparlson of alternatlves Lo S PR R i s ~f:

The rellablllty of a- HEP appllcatlon 1nclud1ng the‘slgnlflcancerof HUs and
AAHUs; ‘is directly dependetit on: ‘the: ‘ability- of the HEP user(s):to assign a"J‘
well- deflned and accurate HSI to the seleeted evaluation. species’ or R
communltles - Also, “the HEP user(s): mustfbe able to identify and- measure “(or:
".predlct) the area of each: dlstlnct cover ‘type. that is: utlllzed by fish and
wildlife within the project 1mpact aréa; . Both the HSIs and cover type
Vacreages must alsoc be reasonably estlmable at various future points iIn time.
The Serv1ce has determined that these HEP criteria can be met,. or at least
reasonably’ approx1mated for the’ PrOJect ‘thus HEP was con51dered to be an.

_ approprlate analytlcal tool ‘ R '

HEP usually relies on a team approach to sampllng and prOJectlng future ‘
values.  In this study, HEP team members were: Caroline Wilkinson, Service;!
Sacramento, and Rosemary Gartner Service, ‘Lewiston.  Staff from the Service.
in Lewiston the U.8. Forest Service in Weaverv1lle and the Califormia ’

' Department” of Fish and Game’ (Department) in Lewiston were avallable to- answer:
site-specific bioclogical questlons and prov1de background lnformatlon on the
‘ProJect and the site. - ‘

A HEP assessment is. dlrectly appllcable only to- 'those specles chosen as
evaluation spec1es however,; it generally ‘reflects ‘changes for a habitat as a
whole. A list of HSL evaluatlon specles models applled to cover types used 1n
this study is found in. Table 1, ‘ : :
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Tablealr Habltat Sultablllty Index (HSI) models appl1ed to ‘cover types

for Trinity River- HEP analy31s

G COVER“TYPESi:n

EVALﬂATION‘ﬁPECIES‘MODELS_f‘f | MHA MHG © CHA RIP RIV ' WET  CRO

jDownylnoedpecker o e x| [xxx

Blue grouse | =~~;,‘T“” f;l XXXf{: g

'Callfornla ground squlrrel :l. T‘J;;ﬂ [k ‘k§ 7_  ‘;.1 ? &XXX

Black talled deer "‘j s s ¢4 XKX%;JXKX&' ‘ g ‘ ‘ 7
‘ Californla quall . kXX ._i"XKXi E‘ ; .;- trixﬁ~rk23
}“Bobcat ‘_:{- R | xxe XXX??kﬁki ‘: ‘7‘ o
3"'Wood duck ;; ‘ i l o : ~?f-ilﬁ_exgﬁ "'XXX

Red-winged blackbird . | | *a;—;j*ﬁ.s{' i an

1 ‘-MHA - ﬁnntane hard#ood ' RIV - rlverlne |

MHC - montane hardwood conlfer ~ WET - wet meadow/wetlands

CHA - chaparral L : . CRO. - cropland

1.

3.

RIP - montane riparian

;HEP Goals and Objectlve E,
'jThe follow1ng general goals and obJectlves Were establlshed for the HEP‘used
o in this study:

Quantlfyuand'describe habitatleonditions.priqr tetPreject construction. -
QuantifYHand deseribe current'wildlife habitatfcdnditions.

Quantlfy ‘the impacts of the ProJect to the 1nundatlon zone and area
adJacent the reservoirs,

Develop mltlgatlon/compensatlon prOJects and locate potentlal management

51tes w1th1n the Trlnlty River Basin.

_Develop and evaluate an array of management alternatlves de51gned to
‘1mprove and/or restore cover types 1mpacted by the PrOJECt -

'leetermlne the replacement acreage of varlous habltats necessary to

compensate for the 1mpacts of the Project on the terrestrial cover types
in the ProJect area, More specifically, the goal of the HEP analyals is




cover types, please refer to thlS Gulde -

"to prov1de compensatlon recommendatlons that would result in no net’ loss
“of "in-kind habitat values for rlparian and wet meadow/wetlands covefr.
types.  This is in acgordance with" the Service's cldssification of these
habltats as Resource- Category 2 under the Service's Mltlgat1on Pollcy
(Federal. Reglster 46215, January 23, °'1981). In-kind, replacement as -
defined in the M1t1gatlon Poliey, means prov1d1ng or managing substitute
'“’{resources ‘to replace the’ habitat value of thée resourées lost; Where such
~ substitute resources. are, phystcally and biclogically: the same or closely
approxlmate those lost . :

The goal of the HEP ana1y51s is ‘to also prOVlde compensatlon
recommendatlons that’ would result in no net loss of habitat. value whlle‘
minimizing the loss of; intkind habitat value for montsne. hardwuod mlxed
chaparral, montane hardwood conifer, jand cropland habltats
ﬁaccordance with the Serv1ce g classlflcatlon of 'this habltat as
Resource Category 3 under the Service's Mitigation Policy. ' If losses
are llkely to' occut, then the Serv1ce will recommend ways to immediately
rectlfy them or reduce or ellmlnate them over time. If losses remdin
‘likely to occur, then the Service WLll recommend that these losses be
compensated by’ replacement of habltat value so that the total loss of -
“habitat value: will' be eliminated. Montane hardwood conifer (Resource
Category '3). will be replaced by montane ‘hardwood and mixed chaparral. |
—Cropland (Resource Category 4) w111 be replaced by montane hardwood and‘
mlxed chaparral also (Table 2) ‘

Gover'nges”

W11d11fe habltats have been lelded lnto three very broad categorles l)

‘rlparlan {stream and river corrlder), 2) upland terrestrial, and 3 "otherf.

These can be separated even further: Rlparlan ineludes montane riparian,
riverine, and wet meadow/wetland habitat; upland. includes montane’ ‘hardwood,

‘montang hardwuod conifer, and mlxed chaparral cropland. ¥S‘lnC1499d 1n_the

"other"icategory (Table 3)

The follow1ng paragraphs descrlbe the seven cover - types found in: the: study
area, sand their 1mportance to wildlife- spec1es ‘A heavy rellance was placed
upon - the namlng conventlons found- in "A& Gulde to. Wildlife Habitats of .
Callfornla" (Mayer and Laudenslayer 1988) For more’ 1nformatlon on these

‘ ']MM (Resourcew Category 2)

The vegetatlon found in montane riparian habltat is qulte varlable and often‘
structurally dlverse (Marcot 1979 in Mayer and: Laudenslayer 1988) It usually

‘occurs:"as-a marrow, dense.grove of broadleaved, dec1duous treeg: ‘up! to 98 feet
(30 meters) tall contalnlng a sparse understory TAtT hlgh molntain elevations,

montane rlparlan is usually less ‘than 49 feet (15 meters) hlgh contalnlng a.

‘mote densg understory lso at” hlgh elevatlons, ‘monitane riparian may not be
'fwellideveloped or may occ
‘*1988) .

“in- the shrub stage only (Mayer and Laudenslayer
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|| Table 2. Habltat types evaluatlon SPECIES Resource Categorles and .
mitlgatlon goals fcr the habitat, .cover and‘land use types
found within: the Trinity River HEP Progect area.

BABITAT -~ - - EVALUATION ‘RESOURCE:" MITIGATION' 1
TYPE i . .7_. SPECIES pATEGoRIEs _GOATS

‘Montane
;riparian

| Downy wood-

pecker, mink,

:ibe‘netllpssj‘
“of in-kind |

wood duck . habitat
. Lo ‘value
‘Riverine : 1'Mink," wood - ‘No net loss
L ] duck | of in-kind
| o | habitat :
i value

;Wet‘Méadow

California
quail, red-
winged black-
bird -

No nét loss
of in-kind
- {habitat ;| . -
| value

:Montéhé
“hardwood

Downy wood-- 
pecker, _black-

tailed deer

-_Callfornla

quall bnbcat

.| No. net loss .

.of habitat |
value while,

- minimizing
loss of in-

kind habitat

| value

Montane hardwood
conlfer

Dﬁwﬁy*wodd¥ ”

pecker, blue

grouse, black-

|'No net lossi
l'of habitat
value whlle

deer, California
quail, bobcat

K : tailed deer, minimizing

! ! bobeat loss of in-
- g : ¥ ‘kind-habita;*
‘ § | value o
-=Chapar;hl f ‘Black-tailed No‘net'léssq

of habitat .
value while
minimizing
loss of in-

"kind habitat

value
?érbplghﬁ : California Eﬂiﬁimize
i ‘ 5 ground squirrel, loss -
; California quail " of habitat
: ' value

11




‘Table /Cover types and‘acreages lost beh1nd the Trinlty anni:‘“
- . Lewiston Dams. ——

_ GOVERTYPE . . . . i\ _AGREAGE: .

Montane hardwood conifer - |- 7+ 2,759.95
‘Montane hardwood F © . 7,245.86 i
VMlxed chaparral R g 11,066.46 g

| ngar1an R . -; ) ;1217 “: :‘ ‘ﬂ . ,f-' Lo :ﬁ%
Montarie - riparian = R S 68.61 P o |
Riverine . . s S 1,503.73 :
Wet meadow/wetlands R I 311.08
, Other r'i' ‘ | e “.'Ti”.‘ | . T ‘ j
Urbanj R T 38,99 . | )
Cropland (agrlculture) o . 1,072.36 : .
Total cover.type: acreage fip N o 14,067.04% - ' - \Q
lmpacted by the project ,‘pﬂ;_aw i : o o

1The actual acreage obtalned by planlmeterlng totalléd 15 h27 80
Thls lncluded eonstruction; and mine talllngs which- totalled 1, 360. ?6
' "This ‘represents ‘about 85 percent of the entire reservoir :
(about 17, 424 00.acres of Trinity Resgervoir + 704.49 acres of Lewiston }
Lake =:18,128,49:acres). We have assumed the discrepancy is .due in !
part to ‘the  presénce of . 10gg1ng roads, farm buildings, ete. Also,
‘there was; room for error in putting the inundation zohne on the
‘enlarged maps, due to dlfferences in overlap, distortion due. ta. .
‘Tenlargement and- dlfferences in camera- angles No attempt was made to
‘further'reflne acreage. flgures for this: study

The traneltlon,between montane rlparlan and borderlng nonrlparlan vegetatlon
is often abrupt espec1ally in steep terrain. Montane riparian is found with
montane chaparral ‘montane hardwood, ‘monitare ‘hardwocd coniféer, lodgepole pine
(Plnus eontorta), red fir’ (Ables magnlfrca) and wer: meadow habltats {Mayer- and
Laudenslayer 19885 . SR

A1 montane rlparlan habltats haVe extremely hlgh values for E w1de Varlety of
_ w11d11fe speoles (Thomas 1979 Marcot 1979, Samnds' 1977 in Mayer and T
‘Laudenslayer 1988). - These |areas provide water, thermal cover, migration.
corrldor nestlng, and feedlng opportunities. The’ shape of many riparian
zones is eapec1ally 1mportant partlcularly the‘llnear nature of" rivers: and
streamé, which maximizes the development.of- edge,fso hlghly vdluable for
. Wlldll" (Thomas 1979 in Mayer and’ Laudenslayer '1988)". Vegetatlon specles
. found in the rlparlan zones along the’ Trlnlty River, Trlnlty County are glven
in: Appendlx B. DU : : o S e
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' Rlverlne (Resource Category 2)

?quen water of:large rivers: provrdes nestlng and escape‘
. Also, many blrd species hunt in open water, - and niear-shore waters provide food

Rlvers and streams constltute Fiverine hablta ne habltat is composed

~6f 1):open. water, which is defined.as greater than 6.6 feet: (2.0, meters) in -

‘depth andyor - beyond the ‘depth- of flvating rooted plants .and does not invelve
substrate; 2).the submerged zone which is between open: ‘water and.the shore;
and 3) the shore, WhLCh is seldom flooded and 1s less than lO percent canopy
cover = : S P ;

'over for waterfowl.:

for- Waterfowl ‘herons, ete. Mammals such as -the mlnk {Mustela vison)y and

g,rlver otter (Lutra. canaden51s) are also foundlln rlverlne habltat (Mayer and
Co Laudenslayer L988) . RS o

.?ﬁetiﬂeadcwgﬂetlands (Resource Category 2).

Wet meadow habltat at: all elevatlons generally has a slmple structure which:' -
consists of ‘a 1ayer aof herbaceous plants Shrub or tree layers are usually
absent or very sparse, butare- often impertarnt features of the meadow's! edge
Wet meadows ‘consist of a great variety of plant species.:; Several genera are
COmmon to-wet meadows throughout the State and- lnclud' Agrostls Carex,!

.Danthonla, Juneus, Salix and Scirpus. In general, wet.meadows are too wet to
. 'provide. sultable habltat for small'mammals durlng most“of the vear (Mayer and
iiLaudenslayer 1988)n”. g i T . : ;

Fresh emergent wetlands are characterized by erect rooted herbaceous
hydrophytes; domlnant vegetation generally con51sts of ‘perennial monocots to
6.6 feet (2 meters) tall (Cheatham and Haller 1975 Cowardin et 4l. 19?9 in -
Mayer and Laudenslayer 1988) . . Emergent wetlands are regularly flooded so-that

- the roots live; in an anaeroblc environment (Gossellnk and Turner 1978 in Mayer

and Laudenslayer 1988) Slzes vary from small clumps to. large areas.

The upper marglns of fresh emergent wetlands support specles such as: blg leaf
sedge (Carex. amplifolla) and baltic rush (Juncus. baltlcus), -and wettsr sites
support species -such as cattail (Typha domlﬂgensrs) and atrowhead. (Sagittaria

: 5p.) . :These wetlands are. among the most productlve w1ld11fe habitats In

Callfornra as' they provide cover, food, and water ‘to more than 160 species of
birds {(U:iS, Comptroller General . 1979 in Mayer and. Laudenslayer 1988) and many
spec1es of reptiles, amphibians, and mammals.; b

VMOntane Hardwood Cbnlfer (Resource Category 3)

Montane hardWood conlfer habltat includes: both hardwoods and conlfers
(Anderson et al. 1976 in Mayer and Laudenslayer-1988) often as a ‘closed.
forest. :To be considered montane hardwood conifer habitat, at least:one- third
of the trées must be conifer and at least one: thlrd must be broadleaf
(Anderson et al. 1976 In Mayer and: Laudenslayer 1988). ! This habitat often -
occurs In a moSaic-like pattern with small stands. of broad leaved trees
(Sawyer 1980 in Mayer and . Laudenslayer 1988),:and consists of a broad range of .

13



mixed, fast growing conlfer and hardwood spec1es Usually, conlfers up to 200
feet (65 meters) in height ‘form the upper canopy, and broad-léaved trees. 30 to
'“100 ‘feet (30, meters) in helght comprise the lower canopy: (Proctor et al. 1980,
Sawyer 1980 in. Mayer .and: Laudenslayer 988)., thtle uriderstory. is found under
the, dense, bi- layered canopy of: montane hardwood conlfer {Mayer ‘and
Laudenslayer 1988) ‘ SRR T

i

The North fac1ng slopes general y‘support montane hardwood conlfer forests
Common tree species associdted with this cover type are ponderosa pine (Plnus

.,ponderosa), Douglas ~fir. (Pseudotsuga menZlesll), Callfornla black oak: (Quercus-‘

VJkelloggri), fanoak . (thhocarpus densrflorus), Pacific" madrone'(Arbutus

. menziesili), and Oregon white gak . (Quercus garryana) {(Wilson-et al.. 1991)
Other speécific vegetation Species:. agsociated with montane hardwood conlfer
include incemnse cedar (Calocedrus decurrens), greenleaf manzanita -
(Arctostaphylos patula), whiteleaf manzanita (Arctostaphylos viscida),
wedgeleaf- ‘ceanothus (Ceanothus ouneatus), lemon ceanothus (Ceanothus

. lemmonll), mountain whitethern {Ceanothus cordulatus),. birchleaf mountain
mahogany (Cercocarpus betuloldes),,sllktassel (Garrya fremontri), ‘and bltter
cherry (Prunus emarglnata) (Kle and Menke 1980 Mayer and Laudenslayer 1988)

Montane hardwood conlfer habltatuds transrtlonal between dense conlferous
forests,- montane hardwood, mixed chaparral ér open woodlands and savannahs
It provides: habitat for a variety. of w1ldllfe specles: | mature forests -are -
‘valuable to cavity nestlng birds, mast crops are an impertant food source for
marny- blrds and mammals, and :.canopy cover :and understory vegetatlon are.

variable, ‘which make the habltat sultable for many wildlife specles (Mayer and

Laudenslayer 1988)

Hontane’Hardwood (Resource Gategory 3) 1&;2

South faelng slopes adJaoent to: the Trlnlty River support montane hardwood

" habitat..:This habitat contains a pronounced hardwood tree layer poorly
“developed shrub stratum and & ‘sparse herbaceous layer. Knobcone pine (Plnus
‘attenuata), Dlgger pine: (Plnus :sdbinianay ,. Oregon white’ odk, and-coast live:
oak: (Quercus agrlfolla) are found in abundance on these slopes at ‘lower
elevations along the river (Wllson etial, 1991). At.low and middle -

elevatlons mixed chaparral is- found with montane hardwood Habltats found atr

" middle; elevatlons often overlapplng above and below are montane hardwood .
conifet,, mixted conlfer and Douglas-fir. At hlgher elevations, montane ;
hardwood is found near Jeffrey plne (PinUs jeffreyi) and montane chaparral .
(Mayer and- Laudenslayer 1988) ' ‘

Other vegetatlon spec1es assoCLated Wlth montane hardwood 1nc1ude Callfornla
- black oak, Pacific madrone ‘knobcone pine; greenleaf marizanita, whiteleaf -
‘manzanita, wedgeleaf . ceanothusw lemon. ceanothus deerbrush (Ceanothus
lntegerrrmus), sllktassel}iand interior: llVe oak (Quercus wrslrzenir) ,
- Associlated: understory ind udes 0regon grape (Berberrs aqurfollum), wood ‘rose
' (Rosa gymnocarpa), manzanlt -Pand poison: oak (TDXLCodendron toxrcodendron) :
(Kle and Menke 1980 Mayer nd.Laudenslayer 1988) . ‘

“‘ 1% ‘




-callfornlcum),

‘Bird and mammal species assoclated with montane hardwood habitat include scrub
Jay (Aphelocoma . coerulescens), Steller’'s jay"

gwoodpecker (Melanerpes form101vorus), and Westerﬁ gray squlrrel (Sc;urus a
‘}grlseus) which scatter acorns, and those that use acorns’ as’'a major food
“source’ such . as “wild: turkey (Meleagrus gallopdvs), mountain quail (Oreortyx

'anLEta stellerl) acorn

plctus), band~tailed pigeon (Columba fasciata), and California ground sguirrel
(Spermophllus 'beecheéyi). Black-tailed deer (Odocomleus hemionus columblanus)

‘use the: follage for food and cover, and . many amphlblans and reptlles are found
. on the forest floor (Mayer and Laudensleyer 1988) ‘ :

Vﬂixed Ghagarral (Resource Category 3)

Mlxed chaparral habltat is a structurally homogeneous brushland type
jconta1n1ng mainly shrubs with thick, stiff, Heavily cutinized evergreen
leaves,. ' Shrub height and crown cover vary con51derab1y with age since the

“last burn prEClpltatlon reglme (cismontane vs. transmontane), aspeck,'and -

soil’ type. - When it is mature,: cismontane mixed chaparral is typlcally a very

- dense ‘thicket" with greater than- 80 percent absolute shrub 'cover. No wildlife

specles are restrlcted to. mlxed chaparral (Mayer and Laudenslayer 1988)

.SpeCLfle vegetatlon spec1es assoclated Wlth mlxed chaparral include chamlse

(Adenostoma fasciculatum), “silktassel, blrchleaf mountain mahogany, California
buckeye (Aesculus californica), polson oak, yerba santa (Eriodictyon
ooffeeberry (Rhamnus callfornlca), greetleaf ‘manzanita,
whiteleaf manzanlta, wedgeleaf ceanothus, lemon ceanothus deerbfush,
Callfornla black oak, "and; Oregon white oak (Mayer and Laudenslayer 1988)

_Crogl d (Resource Category 4)

Cropland is assoclated w1th orchards, 1rr1gated pastures, and wildlife
habitats’ such' as montane riparian, mixed chaparral wetlands ‘desert, and -
herbaceous types Croplands are found on the: State's most fertile soils,
whlch historically supported an abundance of wildlife. "Croplands have greatly
rediced the wildlife richness and diversity of California, however, many

”‘spec1es of rodents and blrds have adapted to croplands and are controlled by

various méthods to prevent excessive crop losses (CDFA 1975 in' Mayer- anid-

- Laudenslayer 1988)

Some species of waterfowl depend on waste rice- and corn that remain in the
fields after harvesting (CDFG 1983 in Mayer and Laudenslayer 1988).
Cultivated crops found before the dams were built included alfalfa, vetch,
clover orchards, and farm gardens (USFWS 1964)

_Evaluetion Speties -

Evaluatlon spec1es used in HEP analyses can be . selected based on- any one or

more of the follow1ng eriteria: 1) the species occurs or is likely to occur
in the- proJect area; 2) the species is representatlve of a. guild or group of
species thet uses habitat in the proJect area; 3) a HSI model exists . for the
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‘specles‘ofbmontane;har
“habltats all of whlch“

specles, 4) the varlables used 1n the model measure crltlcal components of the

habitat’ type that will be. affected (e g.: percent tree canopy | cover) by the
project; 5) .the species are . lmpontant in. malntalnlng the. "health" and. overall
functlon of the cover. type and 6) the species will respond to management

actions., The evaluat1on specles chosen"‘fthls analysls are; : downy

‘Woodpecker (Picoides pubescens)h blue grouse (Deudragapus obscurus)
”Callfornla quail - (Calllpepla callfornlca), wood duck- (Aix- sponsa), red- w1nged

blackblrd (Agelalus phoenlceus) Callfornla ground squlrrel bobcat (Lynx
rufus), mlnk and black-tailed deer. Ratlonale for choosing these nine
species and the1r dependence on’ the now. inundated cover types are discussed in
the follow1ng paragraphs. : b

Downy Wbd&@é&é!i" '

The downy woodpecker is a common yearlong re51dent of montane rlparlan
montane hardwood and montane hardwood conlfer habltats all used for cover,
Loss of riparian: habltat and snags has caused populatlon numbers ta decrease

~in recent decades, (Grlnnell and Mlller 1944 in Zeiner! et; al. 1990a) The

‘woodpecker ‘excavates a nest’ cav1ty in a. snag or deed branch 4-50 feet above
 ‘the- ground -and at least 9 inchesg dbh., Abandoned snag and. tree cavities are.
qused by many other spec1es‘of

.ldllfe -as . well (Zelner et al 1990a)

WThe downy woodpecker is- an 1mportant 1nd1cator spec1es of montane hardwood
- monitane hardwood " conlfer and moritane riparian habltats all of whlch were o
:1mpacted by constructlon of the dam R i

Blue‘Grbuse

‘The blue grouse is found . in; montane hardwood conlfer habltat i.e., in.open,

medium, to mature-aged stands of flr Douglas -fir, and other conlfer habltats,

‘that are.. lnterspersed with: medlum to large”openlngs and avallable water. - It

uses. these firs, and other.. conlfers with' 'dense foliage for roostlng, however
it often does well An second growth stands: followrngﬂlogglng {Zeiner et al.

1990a) - -The -blue grouse s winter. dlet consrsts ma1nly of - conlfer needles,:rts-

summer, dlet con51sts of green: leaves, frult seeds flowers, anlmal,matter

tand conlfer needles (Schroeder 1984). The blue grouse is an.lmportant.

1nd1cator spec1es of montane hardWood conlfer habltat

alifarﬁiaiguail .

‘The Callfornla quail is found 1n montane hardwood mlxed chaparral wet. 7
meadow.,. and - cropland habltats ‘Brush ‘and tall shrubs or trees provxde cover

. for feedlng, escape, movement, and roostlng Suitable habitat for the | ~

_ ‘Callfornla quail con51sts of 4 mosaic of low: brushy- vegetat1onlw1th grass and
- forb openings, a few T

shrubs or. trees, and water sources (Zeiner et al. |
quall isan. 1mportant upland ‘game, blrd ‘and 1nd1cator
' mlxed chaparral, wet meadow . and’ cropland
1mpacted byﬁconstructlon of the PrOJect

1990a)-. . The- Callfornl
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%Wbod DuCk' i

:The wood duck:. 1s found ln montane ripariam and slow mov1ng riverine habltats
- ‘bordered: by decrduous trees such as willows, 'cettonwoods and oaks, and
,iemergent vegetatlon Reservoirs are less eultable than riverine habltat
@espeelally durlng the nesting season. The wood duck prefers roosting on quiet
‘waters, sheltered by trees, shrubs, or tall emergent vegetatiom,.and swamps,
ponds,. lake coves, flooded woodlands and open water, and 1t often roosts in .
3largehflocks."1n midday, it rests onshore, \dr,in Water (Zeiner et al, 1990a).

jThe ‘wood duck nests in tree cavities, plleated woodpecker (Dryocopus’ plleatus)
;nest cav1t1es or old, rotted northern fllcker (Colaptes auratus) cav1t1e5‘

(Palmer 1976 in Zelner et al. 1990a) of whlch‘there appear. to be few. .along the -

section. of - the river: north of Trinity Dam (Wilson et al. 1991). Suitable nest
" ‘boxes:and. othe
Bellrose: 1976, Griffith and: Fendley 1981 in Zeinet et al. 1990a). For -
-5nest1ng, ‘the woed duck also requites trees berderlng quiet .aquatic habitat .
. with emergent; vegetatlon " Quiet water prov1d1ng overhanglng wooded
_ vegetationm, dense emergent vegetation, small ‘passages:of open water,' submerged
7vegetat10n prov1d1ng invertebrate food, and perches are ideal habltats for

~art1f1c1a1 structures are also used (Bellrose et al 1964 -

‘brood- -rearing ‘and summer molt (Palmer 19?6 in'Zeiner et al. 1990a}. IDurlng
‘the nonbreedlng season, aquatic habitat may he, bordered by any tall ° o

'vegetatlon but trees are preferred (Zeiner et al 1990a)

“The wood duck;ﬁs a very shy blrd and is most often found in secluded

backwaters and,pools along the Trinity River (Grlnnel and Miller 1944 in -

, Wllson et al. 1991).. “Wilson et &1, (1991) suggeste that their abundance and":
Wreproductlve success is very low in this system.: This' could be due to, | :
--predatlon (i. e,,}mlnk ‘and otter) or lack of: adequate ‘nest sites. . The -wood -
Iduck Is.an ‘important indicator species of montane tiparian and riverine!

habltats both of which were impacted by the. PIOJect however, this riparian:
species has probably benefited  from increased vegetation along the river below
Lew1eton Dam, as a result of the Trlnlty and Lew1ston Dams -

Red-winged Blackbird

‘The red- -winged blackbird is a common to abundant reSLdent of wetland: habltats

throughout most of California. Most foraging, takes place in cropland,’ .
grassland and wet meadow habitats (Zeiner er.al. 19905). 1In Gallfornla, it
typically roosts in fresh or brackish emergent wetlands of cattails and tules,
or in moist, open habitats with thlckets of sedges, willows, dense forbs, and

--grasses. It dlso uses trees shrubs, or other :low,- denseuvegetationi usually

in moist opén habitats. The roast-site is usnally tover water {Orians 1961 in

‘Zeiner: et al. 1990a) . Thus, the red-winged blackblrd is an: excellent '

1nd1cator epecles of wet meadnw/wetlands habltat - v P

¢a1ifbrnia Grdnnd‘Sguirrel
The California' ground squirrel uses open and -disturbed areas, especially along
roadsides, in ¢roplands, and in grazed meadows. Burrows provide cover and are
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excavated in friable soils, nsually near rocky areas or under trees or logs."
Suitable' areas also.include herbaceous sites, and openings in most brush and
forest -habitats..  Enhanced habitat 1ncludes friable soils, rocka scattered.
trees; logs, and.other ground cover . (Zelner et al. 1990b).  ‘The: California. '
ground’ squlrrel &s a good lndlcator spec1es of- cropland,habltat for this-

: analysls.;‘ - ‘ : ‘ :

Bobcat .

‘The bobeat is a common to uncnmmon, permanent resident throughout most of
Callfornla It uses nearly all habltats ‘anid successional -stages of montane.
Vﬂhardwood -montane ‘hardwood. conlfer “and mixed chaparral habitats. = Optimal
~habitats: are brushy stages of low. and mid- elevation conifer, oak, riparian,
tand plnyon -juniper forests,‘and all, stages of chaparral. The bobeat. also uses
rocky cawities, hollow logs snaga stumps,: and dense brush. for cover (Zelner
et al‘LIQQOb) ‘The: bobeat Is.an Important ‘furbearer and. 1nd1cator species of
‘montane hardwood, montane hardwood conifer, and mixed: chaparral habltats

. again, ‘all, of which" were,51gn1f1cantly 1mpacted by the Progect

The mink- 15 Al UNCOMMOT:, permanent re51dent ‘generally occurring. in the -

northern half of -California (Grlnnell et al. 1937 in Zeiner et al. 1990b).

is a semi- aquatic animal, 1nhab1t1ng most: aquatlc ‘habitats of. ‘montane. rlparlan

and- riverine habitats. . It forages along. rivers, streams, lakes, ponds,,

canals; and in marshes, and uses: ex1stlng cavities and burrows’ in. wetland and

. rlparlan vegetatlcn for’ cover {Zeiner:.gt al. 1990b), - Mink prefer areas with a
.dense tree canopy and shallow streams (Burgess -and Blder 1980‘1n Wllson et al.
1991) ‘ N T ST : ‘

Thls rlparlan Specles has probably beneflted from lncreased vegetatlon along
the river below Lewiston Dam, as a result of the Trinity and Lewiston Dams.
The mink: is a good 1nd1cator specles of montane riparian and rlverlne
habltats : |

Black-talled Deer ,.4

The black talled deer is. a common: to abundant yearlong resldent QL.
elevatlonal mlgrant with: a‘w1despread distribution throughout . most of . the
state. It occurs.in early to- ‘ntermed1ate.success1onal stages ef most. forest
woodland rand- brush habltats 1nelud1ng montane: hardwood, montane ‘hardwood -
conlfer cand. m1xed chaparral It prefers a. mosalc of! various-aged- vegetatlon
,prov1d1ng Woody cover, meadow: and shrubby openlngs, and - avallable;water
Brushy areas and tree- thickets are important for ‘escape cover and vegetatlve
‘cover 15 cr1t1ca1 for thermal regulat1on 1n w1nter and summer (Zelner et al.
1990b), -
lndlcatdr specles of montane hardwood montane hardwood conlfer and mlxed '
,chaparral habltats-u' : Lo ' ‘ L :




HEPaAnelﬁsis-Procedures

The HSI specles models used 1n thls study are pu_ll hed mechanlstlc models
developed by the Service s Natlonal Ecology. Research Center ‘in Fort Colllns
Golorado andnby the. Service’s Sacramento fidld offlce The . term ‘

. "mechanistic"!imeans that the models define a. speclflc mathematlcal

relatlonshlp betWeen measured habitat parameters and- ‘their value to the
‘evaluation species. All of the models used apply. to habitats and species.
found. within the project reaches. Copies ofithe models used for- this study
‘are found in Appendlx c.

A HSI model for a specles deflnes both _the habltat varlables that are
1mportant by determining the.value of ‘the ‘habitat, to the species, and the
relatlonshlps between. those varlables Further . the. model describes how to .
‘measure . the habltat varlables and how such measurements are to be converted to
a HSI., Informatlon used was obtalned from publlshed and -unpublished
llterature and from individuals familiar. w1th the species. Numerous .
assumptlons were made in the field and during appllcatlon of the models
(Appendlx D). Nlne HSI spec1es models were used for thlS study.

Determlnatlonlof the Sultablllty Indices (SIs) needed to calculate each
specles HSI was made from data generated by . fleld sampllng and aerial photo
1nterpretat10n.- Fleld sampllng was conducted from September 15 through -.
November. 18, 1992 by Rosemary Gartner Carol1ne Wllklnson and Christine
‘Willis, of. the Service. Appendlx E lists the spec1es varlable descriptions,

.cover. types and_methods used to gather the varlable data’

Before fleld work could proceed however pre dam acreages were determ1ned
using. aerlal photos " The area. of inundation was transferred by tracing the.:
;inundation zome from color aerlal photographs (97X 9", 1:12,000 scale, [1"=
1, aeo'y,. September 1991) of. the Trinity and Lewiston Reservoirs at the post-~
'dam_ stage, outo a sheet of mylar. This mylar was: then placed on top: of a.

. mosaic.of" black and white aerial photographs (9" X9 1. 12 ‘000 scale
November 1957) of the same area, only at the pre- dam stage.  Due to .
dlfferences in. overlap and camera angles, the lnundatlon zone from 1991 had to
be adgusted 'slightly to “fit" the 1857 photos - Subsequently, the 1957
inundation zome was visually transferred to enlarged serial photos (45" X 45",
1:2,400° scale![1" = 200']). Dlstortlons due, to enlargement of the photes, and
hav1ng to "eyeball" the. 1nundatlon zZone transfer were consldered acceptable
for the purposes of this project.. ‘

After the: 1nundatlon Zomne was transferred from, the 9n X 9" to the 45" X 45"
/photos, cover: types were dellneated by referring, to "A Gulde to Wlldllfe
Habltats of Callfornla" (Mayer and Laudenslayer 1988),‘topograph1cal maps, -and
on-site ground truthing (June 15 and 16, 1992). These cover types were. then
planlmetered +to. obtain acreage values, i.e, total‘acreage of each cover type

: that was Lnundated by the ProJect

Slnce the Trlnlty Reservoir and the surroundlng area were so large in 51ze - we
were .able to collect data for the field- sampled varlables over only a small
portion of the entire area. The methads recommended in each model for .
gathering data for determlnatlon of each SI were generally followed. Also, at
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each sample site in the field, an 82 foot (25 meter) transect wad laid’ ‘out .
with a tape marked in feet and inches: (tenths) The starting polnt of the
transect was found‘by throw1ng a stick ‘6r stone in the ‘air’ and the point where
it landed was taken as ‘the beglnnlng of “the transect. A random numbers table
was used to locate dlfferent points - along the tape: Five' measurements were:

. taken at dlfferent points’ along ‘the tap‘ ‘at six ‘tape’ locations at each sample
site (for a total of: thirty measufements on average for each sample site).

- The" transects formed the basellne from trich all varlable measurements were.
made ‘ R : BT :

Upon: completlon of the: fleld data collectlon the data were summarlzed and
analyzed. - Values for ¢ach of the’measured variables at éach. sample s1te'Were
calculated, and an average | valu‘ for each-variable by cover ‘type was
calculated, “Average’ values were 1hen used” to determlne ‘the SIs for the
viriables 1n “the individual: spec es" models For each;: specles §Is were
comblned ‘as described in the model to) arrive-at: an overall gtudy -area HSI for
- that specles  All -STs’ and’ HSIs Were. calculated by ‘hand, ecalculator, or = -
,‘spreadsheets as appropriate. - The. equatlons used to calculate HSIs are
.contalned in- each model (Appendlx C) . I S

‘When a 'ng HEP it dis necessary to determ te ‘HSTs “for’ each evaluatlon specles
at. selected ‘target- years for both w1th,pr0Ject and without- proJect scenarlos
'Proposed mltlgatlon areas must be’ treated s1m11arly {with- management is
substitited for with-project condltlons) ‘Since it is not posslble to
emplrlcally determine habltat quallty and quantlty for future ‘years, future -
'HSI values were proJected 'Please- note, however, that for 'this particular
project, they were calculated for' the past as well as for the future, since
the present is TY36; i.é€: basellne dccurred 36 years ago in 1956 when
Project, 'constriction began (per 1992 when this study began)). ' This was
accompllshed by increasing ‘or decredsing’ spec1f1c baseline ST values for each
evaluation species based on’ probable past- and future condltlons, ‘and best
profe5510na1 judgement.” Predlcted habltat;changes for past, ‘baseline, ‘andff
future "scenario -target years are glven : Appendlx F.. The assumptlons used to
derivespast and futiure HSIs‘for w1th-‘a]d without- ‘the project on ‘the 1mpact
and” compensatlon areas are’ glven in’ Appendlx G R The llfe of the pIOJect is.
:based upon a 100 year perlod (USBR 1952 -

Lo

'“Separat 3past basellne, and future values were. developed for each of the
prev1ously ~-déscribed cover 'types: Welghted mean HSI values were ‘then
caleulated: for each evaluation species for 1) montane Fiparian’' and: *iverine - -
habltats, ‘and 2) mixed chaparral and montane hardwood cover. types; these .-
uvalues then ‘were used in the HEP: accountlng analy51s along with cropland and
wet: meadowfwetland habltat values.” . All: past, basellne, and future HSI ‘values,
" ineluding welghted means,‘are glven in Appendix’ G- ‘and’ H, Tables' 3, '5, 7, ?9;‘51
11, 13} dnd !15. The: Welghted mean HSI 1ncorporates the habltat quallcy i
estimat e ahd-is we1ghted by thee areal extent of the cover type 1f more than ﬁr
one - cover type is used. by the species, or by subarea lf there;is ‘moreé than- one.
subarea within a 51ng1e cover type (USFWS 1980). Wetimeadow meeded to be
‘calcul’ted separately 51nce it isa ResourCe Category 2 habltat type Montane
\rlparlan and-’ riverine: are also Resource Category 2 habltat types but were
.welghted slnce they are idlosely related ' i o

'5 72'{)'3 )

M e I BN D S B BN BN G A I S T aE e



]The compensatlon area requlred for mixed chap
calculated using the equal ‘replacement competi atlon goal Equal replacement
}spec1f1es that. AAHU gains: for a. species can be'used to offset the loss of an
‘equal number of AAHUs for any other evaluatlon species. The compensation .
‘areas for wet: meadow/wetlands montane rlparlan 'and riverine was calculated

- ‘using in-kind.replacement compensation goal. : In-kind. replacement requires
3AAHU gains for a, species be: used -to offset the loss of in-kind AAHUs for the
;same evaluatlon species. LT

l‘and ‘montane hardwood was

‘The HEP ver51on 2.1 Accountlng Software package wag, used on. an IBM-compatible
;personal computer to ecalculate HUs, AAHUs, and ‘sizes of the compensation areas
fneeded to: offset project impacts to wildlife (Appendlx H, Tables .4, 6,8, 10,

12,14, 18, and 17-25). :Comparing changes 1n AAHUs for the study area and the
Xcompensation area can be somewhat misleading. when v1ewed on. an absolute| basis

since . the slzes of the areas are so different, therefore ,it is important to

?remember that 1t is the ratios of changes in AAHUS that are compared
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. RESULTS AND. DISCUSSTON

Results of the evaluatlon of baseline’ habltat conditlons -are 'shown in. Appendlx
H. Basellne ‘conditions in the 1mpact area were- found to range frcm very low ‘
to high (Appendlx H, Table 4) * - ‘

. Mink . (montane rlparlan rlverlne) = average HSI o
‘u}Wood duck ‘(moritane riparian, rlverlne) = very low HSI
Downy: ‘woodpecker (montane rlparlan) —‘very ‘low HSI
i‘Callfornla quall (wet meadow)‘= hlgh HSI :
Red-winged blackbird (Wet meadow)’ =’h1gh ‘HST . - :
" Dewny woodpecker* (montane hardwood mnntane hardwood conlfer) low,HSI
Blue  grouse - (montane’ hardwood conifer) = very low HSI S
‘Black-tailed deer (montane hardwnod montane hardwood conlfer mlxed
chaparral) =.low HSI ‘ |
Galifornia quail (montane hardwood ‘mixzed chaparral) = average HSI
Bobcat (montane hardwood montane hardwood conifer, mixed chaparral) =
‘average HSI - ‘
California ground squ1rrel (cropland) = average HSI
Callfcrnla quail (cropland) = very low HS1

EXlstlng condltlons inithe compensatlon ‘area were found to be. very ‘poor to
very hlgh under the without: management scenario (Appendix H, Table 7), in some
cases, decllnlng in sultablllty over time: :

Mink (montane rlparlan rlvérlne} - average'HSI
" Wood duck (montane rlparlan rlverlne) = very low HSI
Downy woodpecker (montane rlparlan)-='low HSI
‘California quatl (wet meadow) = very ‘high HSI
Red- w1nged blackbird (Wet meadow) = low HSI ‘
Downy. woodpecker (montane hardwood) = low to very low HSI
Black-tailed deer (montane hardwood mlxed chaparral} = low to very low
HST - :
‘Callfornla quall (montane hardwood mlxed chaparral) = low to very low
'HSI
Bobcat (montane hardwood mlxed chaparral) = very high HST
‘Callfornla quall (mcntane hardwood mlxed chaparral) = low HSI

‘Impgct}xnaizsis
}Genéraiir

'For w1th the prOJect scenarlo (PrOJect Alternatlve 2 or PAZ), condltlons 1n

the - lmpact area: were assumed to.be-a value of 0.0 for all cover types by the
end of TYl; ‘which constltutes the first year of construction of Trinity and
Lew1stmn Dams (Appendlx H, Table 5). Out: analysls indicates that the ProJect
adversely lmpacted 68. 61 acres of montane rlparlan, 1 503 73 acres of
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riverine,  311.08 acres.ofhwet'meadow/wetlandsﬁ

‘chaparral, 7

. 066 46 acres of mixed
, 245,86 acres. of montane hardwood; “759 95 acres of montane

‘hardwood conifer, and 1, 072 36. acres of croplands ‘for:a total of 14,028.05

acres (Table
hardwood hab

3) The. most 51gn1f1cant covervtypetacreage loss was montane
1tat ) :

The entlre reservoir area was cleared of shrubs and trees up to the elevation

of the maximum pool. At maximum (normal high) pool the reservoir inundated
about 27 0 miles of the Trinity River, 8.0 miles of Stuart Fork, 6.0 miles of

the East For

kiof Stuart Fork, 4.0 miles of the East Fork of Trinity Rlver and

2 0 mlles of Sw1ft Creek. (CDFG 1956) (Figure 2)

The follow1ng is a dlscusslon of with and without project scenariocs. We

relled onn’ 19
related Ainfo
Task Force (

51 data because we were unable to 1ocate more recent habitat-
rmation.. Accordlng to the Trinity Rlver Basin Fish and Wildlife
1981), except, for black-tailed deer, ne data exist on 1osses of-

other wildlife habltats and populatlons We wére also unable to. locate any
post -1981 data. ‘ v N : :

Wlthout and

Trinity Rese
(Ursus ameri

Wlth the Prniect-f.,

rvoir W1thout the project - There Were qulte a few black bears
canus) in the mountain regions to the north and west of Trinity

Reservolr hoWever the ‘annual klll in the reserv01r area during the winter
- was very 1low, 1nd1cat1ng the resérvoir did not: contain a large population of

this species.

i Black-tailed deer were found over most of the available

“mountain country during the summer months, but: deep snows' forced the deer into

relatlvely s
were utilize

mall. areas durlng the winter months. Numerous mlgratlon routes’
d! by the .deer in their annual movements from the higher mountains

to. their’ wintéring grounds in canyons and valleys ‘like those in the reservoir

51te Winte
1nd1cat1ng t
for deer (U8

Populatlons

r densities were estimated at over flve times the summer density,
hat- the Trin;ty Reservoir area was a very lmportant winter range
FWS 1951) :

of upland game species were low in the! proposed Trinity Reservoir

drea. A small amount of hunting probably was; done for-Galifernia and mountain

quail, band-
grousa, tree
(Sylvilagus

tailed pigeons, and mourning doves (Zenalda macroura). Blue
squirrels, snowshoe hare (Lepus amerlcanus) and brush rabbits
baehmanl), were found in the reservoir area but were seldom ever

1?§i hunted (USFWS 1951)

The folloWLng'anlmals were believed to have occurred in the reservoir area, at

least for br
cat {Bassaril
canadeHSLS),
putorius), b

ief periods during the year: raccoon (Procyon lotor), ring-tailed

scus astutus), marten (Martes americana), mink, river otter (Lutra
strlped skunk (Mephitis mephitis), spotted skunk (Spilogale

adger (Taxidea taxus), gray fox (Urocyon cinereoargenteus}, and

bobcat (USFWS 1951)

The Trinity
gignificant

-leer Basin, including the reservoir area, was never considered

waterfowl habitat. It is off the flyways and far-removed from the

o
e
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. reservolr durlng sprlng mlgration (Borosk1 1992)

a1951) G

maJor ‘Central Valley w1nter1ng areas. Furthe here?as little waterfowl
habitat. in the rugged’ canyons of this portlongomythe, inity River and its ~°
trlbutarles Nevertheless :ducks such as mallards:{anas- platyrhynchos}, wood:

'ducks, and common mergansers {Mergus merganser) were summer residents. Winter
,,populatlons composed of. mallards, northern plntalls (Anas acuta), and: conmor.

mergansers, were oon51dered to be about equals o adultisummer pepulatlons in

‘this area. Wood ducks were not present in. the winter:’ months Canada geese

{{(Branta canadensls) were seen along the Tr1nlty River.on rare ocoa51ons (USFWS'
1951) The atea aleng the main Trinity River;: supported a few species of

,mlgratory waterfowl which were. attracted to the small. marshy patches, and, ponds

created: by: gold dredge talllngs + Besides this, there ‘was- little habitat

'sultable for waterfowl (GDFG 1963)

Db NERTN K ‘ e : o
Trinity Reserv01r, Wlth the progect - Big game habltat Was ellmlnated

completely in the reservoir’'s inundation zome. Durlng the winter of 1962-63,
when Trinity Reservoir first filled, deer use, 1ncreased nearly five times on:

.adgacent dry areas (Dunaway 1964 USFWS in VTN Envrronmental Sciences 1964)
This was due malnly to the clearlng operatlons whlch increased forage

production and to removaliof l1vestock (Gordon, pers -comm. -in VIN

'Environmental 'Sciences 1979). . Winter deer range Was serlously depleted dur1ng

the first' w1nter by the deer dlsplaced from the reservoir area. The: dlsplaced
animals. crowded in with those.deer which normally winter on range around the.
reservolr_and;;nltlally exceeded the carrying: capaclty of. the: winter: range
(USFWS 1951). | However, -it is known that deer/ will swim the’ w1dth of the

Although upland game speoles such as . Gallfornla and: mountaln qualls band- .
tailed plgeons mourning doves, blue grouse, tree. squlrrels ‘and :snowshoe and

brush rabbits ‘eontinue to occur on lands surroundlng tlie reservoir, annual use

of the reservoir area by these -animals Is belleVed to‘be lnslgnlfloant (USFWS

- Wlth the ProJect' there is believed to be no.; sultableihabltat ava1lable in the

reservoir -area for the majority of the fur anlmals that probably occurred on.

~ the ‘area prev1ouely However, it is expected: that ‘raccoons, minks, and a few,
~otters continue to use the:. reservoir area. It~ seems. doubtful that the long
' reservoir . shoregline .can support a fur animal. populatlon as large as that which.

existed prev1ously along stream: ‘banks and pools in the dredged areas, since-

' reservoir operations do mot permit the establlshment of sultable aquatlc
vegetatlon (USFWS 1951, M. Hampton pers. comm. ) -

Over the last 10 years, reéservoir fluctuatlon levels have ranged betWeen 0 179
feet- (D. Hoertllng pers. comm.). In combination Wlth ‘a comparatively’ short -
growing season; very little aquatic vegetatlon has become established in
Trinity ‘Reservoir. This decrease in food had’ a non-beneficial effect on
waterfowl in the-area. However, slight 1ncreases in dabbling and: diving
ducks, wader5|and coots have been noted (VTN Environmental Sciences 1979).

~Wood ducks and American mergansers may have 1ncreased on the area because the

average annual maximum pool will occur at the. time when. these birds nest, -thus

bringing the water’s edge close to available nesting sites in old conifers and

oaks. Since thls reservolr area is far- removed from the regular mlgrat1on
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‘surrounding area

N routes and centers- of W1nter1ng waterfowl concentratlons probably at mo tlme
“in the: future will there be: more: than mlnor use of the area as w1nter1ng
. waterfowl habltat (USFWS 1951) P - S

Trlnlty eservoir: 1nundated allrof the ‘edge pond habltat Fluctuatlng Water
levelseliminated: Wetlands and: onds, whlch are important to waterfowl. :It:is
possible: that ‘the reservorrwmay be used\as a resting place for migrating blrds
since the upper Trinity Basin_.is" on the estern fringe of the ‘Pacific Flyway,
however studles would need to be done’to conflrm thlS (CDFG 1963)

,.‘,.

. Ospreys have 1ncreased at’ least sllghtly and bald eagles have substantlally

1ncreased in the reservolr. area’ (P. Detrich, pers. comm.). These species are
belleved to have 1ncreased due .’ to.a greater food source and ease ln catchlng

Appendlx Igllsts anlmal specles occurrlng at Trlnlty Reserv01r’and the'

Lewiston Reservorr Without the“pIOJeot - Black bears wers uncommon in thls

- area, ‘The center- of the . local bear: populatlon is' north and-west: of the

-'Year round”populatlons of waterfowl at the Lew1ston Reservolr area may have Ii -

F'wadara',

Trinity: Resérvoir area. Black talled ‘deer were summel re51dents in the !
reservoir area-and the surroundlng mountaln ‘ridges:  The: same. summerlng and
wintering deer situdtion’existed im,this reservoir area. as: in ‘the Trinity:.

- Reservoir area.. Deep snows! forced the deer. out of the high country and
 concentrations occurred in thls reservolr area, especially durlng the" perlod
Deceimbet” though March. The 51te “of the Lew1ston Reservoir area’was considered

to be-critical winter range ‘since! the w1nter deer den31ty is. about flVE tlmes
‘ersthan - the summer densrty (USFWS 1951) e iy

] lng probably took place for Californla and mountain quall band~ -.h‘
talled'plgeons ‘and mourning doves. -Tree ‘squirrels, black-tailed jack rabbits
(Lepus callfornlcus), brush rabblts raccoon, ring-tailed .cat, mink, otter,

-strlped and spotted skunks badger gfaybfox;:and,bobcatdalso cccurred ini the

reservorr area (USFWS 1951)

Lew1ston Reserv01r is also on the frlnge ‘of: the PaC1flC flyway and far removed '

from maJor Central Valley w1nter1ng ‘waterfowl areas. Waterfowl spec1es Were
the same on Trlnlty ‘and - Lew1ston Reserv01r areas (USFWS 1951) T T

bLeWLSton Reserv01r With the‘prGJECt - Ex1st1ng blg game habltat in the

reservoir area was lost Also, habitat of big game species has. been destroyed

by inundation.  Big game benefits: that may - ‘have resulted’ from the possible’.
cestabllshment of a- frlnge of Ehrub. spec1es around the reservolr rare: consldered'

negllglble Wlth the proJect (USFWS 1951)

1ncreased 1f emergent aquatlc ‘plarits have becomne establlshed around the

greservolr Nestlng ‘habitat- may be - more . abundant -and ‘the aquatlc foods! shouldza
be ! supportlng more Waterfowl\than occurred pre- ‘dam . on: the "area durlng ‘the! ‘
[ winter imonths : (USFWS 1951)1 4 STight inereases in dabbllng and d1v1ng ducks

nd coots have been noted (VTN Env1ronmenta1 Sc1ences 1979) 5
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”Lew1ston Reserv01r lnundated all of the dredge pond habltat It is: possible
that the reservoir may ‘be used as a restirng.
' could have resulted in an- 1ncrease in the waterfowl populatlon of the. area, .
i however, agaln,,a study Would need to be done to conflrm thls assumptlon {CDFG .
_1963) : ' :

'ﬁfor mlgratlng birds. Thls

Bald eagles nsvé substantially inereased in the reservoir area {(P. Detrich,
pers. comm.).. As with Trinity Reservoir, this species is believed to have
increased in the area due to a greater food seurce and ease in catchlng fish,

jCompensation Analxsis

. The mltlgatlon plannlng goals for 1mpacts from the reserv01rs are to 1)
- provide compensatlon recommendations that would result in ne net, loss of in-

kind habitat values for riparian and wet meadoijetlands ‘hahitat; types,‘whlch

'means | prov1d1ng or managing substitute resources ‘to replace the habltat value
of the resources lost, where such substitute resources are physically and. .
fblologioally the same or closely approximate: those lost and; 2} to prov1de .
‘compensatlon recommendatlons that would result in no. net loss of habitat Value.
while mlnlmrzzng the loss of in-kind habitat, value for montane hardwood

fmontane hardwood conlfer ‘mixed .chaparral ,. and. cropland habltats, which' means
' that if losses are llkely to occur, the Service Wlll recommend ways to.

lmmedlately rectlfy them or reéduce or eliminate them over time. If 1osses,

-remain likely! to occur, then the Service Wlll recommend that these losses be.
1compensated by replacement of habitat valuesiso . that the .total loss of habltat
wvalues will be eliminated. Montane hardwood,conifer will be replaced by '

montane hardwood and chaparral Croplands w1ll also be replaced: by montane

fhardwood and chaparral

iSlnce more than 14 000 acres of wildlife habltat have been permanently lost
 restoration of wildlife to pre- project levels is a very difficult goal. Also,
few data are avallable to determine how wildlife Specles have been affected.
'The best thatcan be hoped for is to compensate for any losses. by 1mprov1ng
‘the remaining: habltat The prlmary goal should be to; within reason, '
Lcompensate for ‘wildlife by carrying out habitat 1mprovement work that w111
Abeneflt a Variety of spec1es (Frederiksen et al l979b)

| Compensation will be met through present and. future on-site habitat
flmprovements, and acquisition of off-site lands (USFWS, et al., 1990). For the
. compensadtion analy51s, we considered each of the variables in the HSI models
Jused in the HEP to identify those which could potentlally be improved so as to
increase overall habitat value. Compensation plans for each cover type w1ll
]be discussed separately, each plan relates to the varlables 1mpacted

The slze of the compensatlon areas needed to offset pchect 1mpacts 1sg
%dependent on many factors: baseline habitat! ivalues, predlcted changes iin

habitat quantlty and quallty over time, and the type and extent of mltlgatlon

jmeasures proposed Due to 11m1ted available compensatlon areas, the sltes
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measured for the compensatlon areas are low in acreage and dodiot ﬁea:iy‘heet‘
the acreages needed to compensate for the habltats lost R o

The Future Assumptlons sectlon (Appendlx G) shows MP3- MP5, whlch are

variations of the MP2.. Only MP2 for each cover type, our preferred Management
Plan w1ll be dlscussed 1n thls compensatlon analysls sectlon

nanagéﬁ;enf'-fmaﬁ 2 P2y T
Generall' ' |

'Where there has been a slgnlflcant lncrease in riparian vegetatlon 51ncei““““
construct1on of the dams’, Some of thls increase in riparian constitutes a |
small amount of - compensatlon for the- ProJect under the MPZ. Montane hardwood
conifer is: compensated for‘in thls plan through moTitarie hardwood and mixed
chaparral'habitats ““The'" MP2 for- montane hardwood and mixed chaparral is
‘composed of eight ‘actidns: l) crush and ‘burn every 5 years in 'a rotational
‘manrier to-retard manzanlta to ‘stimulate’ceanothus’ sprout” growth to’ the early
7 succe531onal stage and’ to‘retaln open-areas suitable for growth'of forbs
grasses and ‘other’ palatable: browse (USFWS 1992), and' to improve ‘animal access
,(chaparral), 2) reseed every 5 years (i.e. wedgeleaf ceanothus) (chaparral),_
3 place logs and/or brush plles ori 'site. to' improve small mammal ‘habitat ‘and -
bobcat cover. (montane hardwood), 4) 1nstall quail guzzlers (montane hardwood),
_ 5) plant trees (montané hardwaod), ay)- plant shrubs and vinés {montane o

) hardwood), 7y plant forb seeds for herbs (montane hardwood) and 8) create
‘sriags by glrdling planted trees -to’ create habitat for nestlng, perchlng,.etc
(montane hardwood) : ‘

The MPZ: for wet meadow/wetlands is. composed of six actions: l) redlvertlng a’
gulch back ‘to its naturally flow1ng coutse with a culvert so it.would
naturally flood ‘this, valley‘area IThrough thls method, yellow star thistle
'(Gentaurea soltltlalls), whlch As currently growing there -would die from- the
1nundatlon of the water 2) dredge ponds along the Trlnlty River ‘to prov1de a
permanent’ water source 3) provide - roostlng cover 4 prov1de escape cover; 5)
plant preferred forb seeds for quail, ‘and; 6)" manage the .area annually
Croplands are compensated for through montane hardwood and mlxed chaparral
hah1tats , - \

‘Montane“Ri‘arianvand“Rfﬁ:ri e .

. The amount of montane rlpar an and rlverlne habltat lost due to 1nundatlon of
' these habltats behlnd Trlnlty and Lew1ston Dams” wa's 1, 5?2 34 acres The'.
'amount of" acreage needed for compensatlon (Appendix H, Table 22) 1s 5 ,698. 60
acres; u51ng this number ensures that all species are compensated for, '
However, along 40.60 river " mlles of chi rinlty River, from Lew1ston Dam to kN
the North Fork of th ity River (Figure’ 1y, montane rlparlan habitat -
incredsed: after - the dam ‘werte conStructed 1t totals about 349'80 acres. f'
’(planlmetered from 1987 aerlal photographs) Acreage for rlverlne along thls
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same reach totals about 249”57 acres (planlmetered from 1987 aerlal
photographs) Montane r1p"r1an plus riverine totals- " 3? acres Therefore
it is our concluslon that;'599.37 ‘acres of montane rlparlan and riverine
habitat. have already been”compensated for, 'and a. total of 5, 099.23 acres Would
stlll be needed to fully compensate for the 1mpacts to thls habitat type'

(5 693 60 acres minus 599,37 acres equals 5,q99 23 acres) The mltlgatlon
ratlo is about 3.6:1 for montane riparian and rlverlne (5, 698 60 acres lost |
compared to 1,572.34 acres neesded for mltlgatlon) ' The net change for the i
plan alternat1ve is -1,173, 64 AAHUs and the mnet change for the management plan
'is 2.53 AAHUs. Since so many 'AAHUs were lost it will. take many acres to
compensate for this loss Under this compensat1on plan the HST value for

. each evaluatlon 5pec1es Wlll have increased to 1 0

The follow1ng paragraphs offer an explanatlon for the increased montane
rlparlan habitat aleng: ‘the Trlnlty River between Lewiston Dam and the North
Fork of the Trlnlty Rlver after Trlnlty and, Lew1ston Dams were constructed

The portlon of the Trlnlty Rlver riparian habltat affected most by the
management of ithe. Trinity. D1v1slon is the 40. 160 miles of river 1mmed1ately :
downstream ofnLerston Dam. Controlled flow, releases ‘from Lewiston Dam have
attenuated flgod peaks and prov1ded hlgher summer stream flows. Thls in turn
has prov1ded the r1ght condltlons for r1par1an prollferatlon (USFWS 1991)
comparlson ofﬁ re- and post- dam rlparlan habltat reveals a tremendous
expansron and’jencroachment of riparian vegetat1on between 1960 and 1977 (Evans
1980 in Wllson et al. /1991)". Scattered patches of streamslde vegetatlon and
gravel bars Were present before project construct1on result1ng in the o
Ttiparian corrldor belng set. back from the water S. edge The rlparlan zone is
TI0W ¢hHaracterized as a narrow ‘strip .on both 51des .of the river, usually less.x‘
than 100 feet (30 meters) wrde (Evans 1980 ln Wllson et al 1991) '

Stable flows dur1ng May Dctober “instead of reduced dlscharge is- thought to
be the main factor contrlbutlng to the inecrease in riparian vegetation.. The
lack of: scouring winter and sprlng flood flows after the dams were constructed
is another reason for thé encroachment of rlparlan vegetatlon (Pelzman 1973 in
Wllson et al. H1991) lnto the stream channel ‘

The increase ln r1parlan habltat may have, ln turn lncreased w1ld11fe‘
abundance and:richness in the Basin. Below the dam, ‘riparian vegetation has
feached later successional stages because it is ‘eldom subject to the stresses
‘of per1od1c scouring flood flows. An adequate assessment of the effects of
‘these changes on wildlife species in these rlparlan areas has yet to be
undertaken (Wllson et al. 1991)

‘Due to’ limlted available areas within the Project area, we were unable to’

determine a locatlon for a compensatlon area for montane riparian and rlverlne
habltats ‘ :

]Wet'Meadcnﬁﬂetiands

The compensatlon site is about 110.0 acres and is located next to the Trinity
Rlver . One- half of the area is owned by the Callfornla Department of Water
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Resources ‘and the other one ~half’ is owued by a prlvate landowner and is for

sale. Sn1pe Gulch, located across the ‘stfeet from this potentlal compensat1on o

area, was diverted from its naturally flow1ng course by a ‘ditch, which has
-“dlrected its flow into. Grass Valley Creek ‘which then flows ‘into. the Trinity
River. The main vegetatlon ispecies. grow1ng on the compensatlon site is yellow
star thlstle The drea at TYO was . wetter ‘than at present contalned shorter
‘grasses and Was grazed prlor to TY36 ' ‘

"Speolfic management objectlves fer the Wet meadow are: ' 1) redlrect the guleh
back 'te its naturally flewing course Wlth -a culvert directly below thé gulch
. so it would naturally flood thls Valley area, Through this method, the yellow
" star thistle, which 1is currently growing there, would die from the 1nundatlon
of 'the water. Part of the ‘compensation area would be wet and part would be.
dry, however, the wet area would only bejWet part of the year “and would dry
out by the Summer. after the Winter. and $pring run- off 2y dredge ponds along
- the Trlnlty Rlver o prov1de a permanent"water source. for wildlife; 3y plant
trees, shrubs, and vines to. ‘provide roostlng cover for Californla quail, with
blue elde berry (Sambucus caerulea), ‘California ‘black oak: (Quercus kelloggml),
and arroyo w1llow (Salrx lasroleprs) (USFWS 1985 K. Fuller - pers. comm. Munz
-1968),*and prOVIde roostlng and nestlng habltat for red- Wlnged blackblrds
.with cattalls (Typha 5p.), tules (Scrrpus sp 7, Callfornla bl'okberry (ﬁbubus;
‘vrtlfollus), arroyo WlllOW .and sendbar.

_ illow (Salix hindsiana) (SCS 1980, K.

" Fuller; pers, comm ' 4) prov1de escape- c‘ver for quail and other wildlife’ by
*plantlng erbs, Shrubs ‘and vines, such as wild rose (Rosa . callfornlca) buck

wheat (Eriogonum spp.), and blue elderberry '(USFWs 1985, K. Fuller pers.

5) plant: preferred rb- seeds for Callfornla quall to | 1no1ude red

'clover T“'folrum pratense m1 er“s lettuoe (Montla perfollata),‘ryegrass

‘ (Lollum sp ), ‘and some spec1es of plgweed (Chenopodlum Spp. ) (USFWS 1985, CDFG

1989a, ‘K. Fuller, fers. comm,) ;. and 63 manage the area annually Pure live '

seed would be. used to plant ‘the’ forbs,_and contalner stock Wlth no bare roots

would . “used to plant the‘trees_and shrubs’ (K Fuller pers " 'comm. ). i

Cattalls and tules’ would beﬂbro'ght in by tubers. A more complete llSt of

_ vegetatlon spec1es to plant can he found ln Appendlx J :

‘Under thlsfoompensatlon plan, the HSI for the Callfornla quall w111 ‘have
lncreased ack to its basellne value ‘which is thh (. 87), and the HSI for the
red w1ngediblackb1rd will have 1mproved 51gn1f1cantly (1.0) (Appendlx H, Table
9) - 'The area’ needed for compensatlon under the MP2 ls %99 . 21 acres (Appendix
"H, Table”22) ‘ Flgure 3 glves the locatlon of the wet meadow 51te measured for
the MPE ' ‘ :

MentanefﬂardWOod'Conifer fif

“This’ cover type was replaced in the’ 'HEP' aceountlng ana1y51s by montane .
hardwood -and- mixed chaparral cover types. “PAl (without the project) and PAZ
(with the proJect) for the 'blue grouse, _under the cover type nontane hardwood
conifer; were imput into the HEP ‘accounting analysrs Through MPl (without |
‘management) and MP2 (with management) for all cover. types montane hardwood'f‘
jconlfer was replaced. through the mltlgatlon goal of equal’ replacement The:(j
, preferred management plan (MPZ see desorlptlon 1n the follow1ng sectlon on.j‘
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Location of wet meadow compensation site (Source:

aFi_gure, ,3 .



. ‘Land Management the montans hardwoo

ﬁ“ggrassesy ‘dnd other palatable browse (us
. brush pi

" for’ ‘the:

'i'rtlncludefred .Stem. fllaree (Erodium c;cutarlum), all species of- 'vetch (VlCla i

o chaparral sltes

‘montane hardwood and mlxed chaparral) would provide suff1c1ent galna to meet
our equal compensatlon goal for this "~ cover type.

banontaneQHardmoodland Miﬁed‘chabarralzb“

.The chaparral compensatlon -site is 2? 7- acres ‘and is owned by the Bureau of
- i compensatlon site is 2848 acres;, and 1s
"owned by;the U.s. Forest Serv1cefi-_‘b haparral site conta“ns extremely 5
Hdecadent"(marked by’ decllne or {dekay): vegetatlon (about 25 pe _ ;
and: 75'percent wedgeleaf ceanothus) (TY36), at TYD, it was assumed to.be
mature:. ‘The montane hardwood site prEVLously had hardwoods grow1ng on’ lt
(TYO) (atfleast in Novembe”?

1957), lt Ais now slmply a grassy area (TYBG)

'HSpec1f1c management ob ectives for m1x chaparral are: 1) crush and burnj:
. every 5 years in a- rotatlonal Mmanner to retard manzanita, to’ stlmulate
.ﬂ‘ceanothus growth and to retain gpen ar as''suitable for growth‘of forbs,
5 1992), and to. improve:. a
'jaccess, ‘and 2) reseed every 5 years (1 {edgeleaf ceanothus} (USFWS 1992)
ESpec1f1c.management objectives For. montane hdrdwood. are: :1). place logs and/or
. es’on site to- 1mprove_small mammal ‘habitat and bobcat cover; 2) i ..
 install ‘quail’ .guzzlers to~ prov
roosting ‘¢

' a-water source; 3) plant trees to prov1de ?‘
over for California:: quall and other Wlldllfe and. nestlng habltat
Wny ‘woodpecker ;. to irelude Oregon white ‘cak (Quer o ;
f[Gallfornla black dak, and canyonﬂllve oakL(Quercus chrysolepl ”?(USFWS 1985
K. Fuller’*pers ‘comm, ), and to'prov1d*:browse for black-tailed deer such as
*wedgeleaf ceanothus, deerbrush ifornia black oak, and lemon ceanothus (Kle

. and Menke 1980, CDFG 19894) (Appe'hdlx;x), 4) plant herbs, shrubs, and vines'

such as Oregon grape, ‘chamlse 'and interlor live oak, to prov1de escape cover
for Callfornla quail -and. other Wlldllfe (USFWS 1985 K. Fuller,. 'PELS. "CORNin, )u\
”5) plant forb seeds for food for - Callfornla quail and other w1ldllfe to- :

'spp. Yi ickly" léttuce (Lactuca scarlola),;turkey mullein (Eremocarpus e
'H‘setlgerus), tumblewéed {Amaranthus graecrzans), and: rough plgWEEd (Amaranthus
' retroflexus)” (USFWS 1985, CDFG 1989a, K. Fuller, .pers,
“ by glrdllng planted trees,' to creats habltat forJne tlng a1,

for downy woodpeckers, and other birds. :Pure. 1ive sée
- plant. the forbs, and contalner stock w1th no bare roots s
plant the shrubs and trees (K Fuller‘ pers comm., )

'By TYlOS under thls compensatlon plan all HSI = for’ the evaluatlon speclesf
~ in these cover types -would be  improved, w1th the exceptlon of the Callfornla?
]quall model which decreasedllts HSI value sllghtly, and the bobcat model,,
1'wh1ch stayed ‘the 'sahe (1. 0)'%Append1x H, Table 10) . The ‘area needed forn

-.compensatlon under the MPZ 15 32 879 .63 acres

5;The follow1ng paragraphs dlscuss the values of controlled burnlng on mlxed I
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‘Figure 4, Location of montane hardwood compensation site {Source:

11982b, 1986).
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']Jepson (1925 Ln Barbour and MaJor 1988) “and Horton (1950 in Barbour and MaJor
11988) con51der chaparral a transitiom vegetation type! which, if not for
rTecurring flre would - eventually be replaced-by oak woedland (Barbour and -

.. Major -1988). Also most- old unburned chaparral. stands ‘become decadent ;In
‘northern. Callfornla thls may .oceur within 20-25 years.  (Sampson 1944 in _
‘Barbour .and . MaJor 1988}, - Chamise chaparral stands older than GO“years‘are_
iconSLdered decadent: (Hedrlck 1951; Hames 1971 in Barbour and Major 1988).
‘Spec1es d1vers1ty Is low; 'there-is little annual growth, and there is little,
if any, herbaceous understory (McPherson and Mlller 1969 -in Barbour and Major
T1988) - ‘

:Deer ln the Weavervrlle herd consume greenleaf a d_;hlteleaf manzanlta
‘probably fromi the lack of other, more nutritious’ forage (VIN Environmental

" Sciences 1979, Burton and Montroe :1983) . lelted benefits:to. deer will result
from burning pure stands of manzanita; the main benefits of burnlng in

' ‘manzanita stands will result in ease of access:by deer and. possrbly by
‘1ncreased grass and forb productlon (Kie and Menke 1980)

;Crogland

fPAl (without the project): and- PA2 (with the proJect) for the Callfornla quail
}and California ground. squlrrel were Input into the HEP accounting analysls
LThrough MPl (wrthout management) and MP2 (wrth management), eropland was
icompensated through the California quail -under the cover types montane
}hardwood and mixed chaparral. This cover type; therefore was compensated by
the mltlgatlon goal of equal replacement {Appendix 'H, Table 10). . The amount
j.o:E compensatlon needed under the MP2 is 7, 420 12 acres (Appendlx H, Table 22).

'\Gontrolled burnlng is an economacal method: ofd‘emovlng undesirable brush from ,
" mixed chaparral habitat. -It can be used for. rem :
,lregeneratlon of seedllngs and’ sprouts, preparati
food. for wildlife, such as, deer -and to provide. better access - to; ‘browse .within

" the mlxed chaparral habltat In some areas, .it may: be’the only treatment
-]necessary if burned at. the rlght time and the proper pre- burn preparatlons are

al: ‘of . plant ‘caver,
‘of ‘seed beds to: prov1de

made (CDFG 1963)

fGermlnatlon on mlxed chaparral sites is. greatest durlng the first wet season

- ~after ia controlled burn (Went et -al. 1952; Horton and Kraebel 1955; Patric and

* !Hanes 1964 in; Earbour and ‘Major' 1988). 1In. northern. California, chaparral

~ burns are domlnated by herbaceous forms for .the first .3 years, then forbs give
'way. to grasses durlng the fourth and fifth years (Cooper 1922; Sampson 1944;
‘Sweeney 1956 in Barbour. and Major 1988). The increase in flowering and .
jsubsequent seed productlon from herbs insures an abundant seed source for. the
¢ontinuation of these spec1es after the next . controlled burn (Barbour and
{Ma;or 1988) ! B :
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CONGLUSIONS ‘AND “RECOMMENDATIONS

~Wildlife: habltats and numerous Wlldllfe speoles ‘have been. adversely lmpacted
by the. oonstructlon of the Trlnlty River Division. Many impoxtant game and’

- non-game ‘species have declined, ' Despite not being mandated by law to fully
mitigate for adverse 1mpacts to wildlife resulting from comstruction of the
Trinity River Pchect it is nevertheless important to compensate ‘for certaln
1'1nundated ‘habitats." Securlng ‘the’ proposed budget for this action will" ensure
" that past prOJeCt related: act1v1tles “combined with future: Management ‘Plans
and cofitinued- land management ‘a t1v1t1es“w111 not lead to further decline 1n
w11dl1fe habltat but contrlbute to restoratlon efforts (USFWS 1991)

It is our oplnion that the lands in the v1c1n1ty of -the Trlnlty and LEWlSth
Reserveirs generally will not have & high potentlal for substdntial
lmprovement ‘in-terms of Wlldllfe habltat quality. Steep slopes’ around the
lake reduce the mltlgatlﬂn potentlal of much of the land. Areas with poor
soils are dlfflcult to improve. for the beneflt of wildlife, yet highly
fproductlve 50115 w1ll llkely contlnue ‘to'be ‘used ma1nly for tlmber productlon

Cost- w111 also be ‘a prlme factor oy de ermlnlng ‘what management actions .can’ be

reallstlcally aecompllshed Wlth the indication in this analysis of the: 1arge ;

size of the- ‘arvea! that will” need ‘to Be- managed it is antlclpated{that -
compensatlon for all w1ldllfe hab1tat losses Would llkely be ve.y costly

*The*Service’reCOmmendS‘that:‘

1. Loss of habltat be eompensated by using Management Flan 2 for all cover

“-types " This: is the most’ comprehenslve ‘plan-and would insure the -

‘greatest improvement of habltat ‘for, the. evaluatlon spec1es and other'
”Flmportant w1ld11fe found ‘at- the PrDJECt s1te :

‘ S : L
2. ‘Admlnlstratlon of the controlled burn program ot the Pro;ect site, as'ih‘
Management Plan 2, stress plannlng, fundlng, malntenance monltorlng,

and 1nter agenoy eooperatlon . :

3. Lands be obtalned w1th hlgh habltat development potentlal for
compensatlon | s :
h;”ﬁ'The 1mpacts of Management PY¥an 2 omy w11dllfe sha’ assessed by carrylng out

wildlife" 1nventor1es both prlor t0. and after habltat manlpulatian
'[LThese 1nventor1es should contlnue forﬁa minimum of five years or untll;i
fthat the goals of the Plan (see‘

'
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APPENDIX i

. LISTED CAND PROPDSED ENDANGERED‘AND HREATENED SPECIES AND
'CANDIDATE SPECIES THAT MAY OCCUR IN THE. AREA OF THE PROPOSED
TRINITY RIVER DIVISION PROJECT, UPLAND: HABITAT ASSESSMENT,

o - TRINITY COUNTY, CALTFORNIA
1 I (1 1:93:8P-247, FEBRUARY 11v1993)

iListedepeci.és

" Fish. ; ' ‘ T
wlnter run chlnnok salmon. Oncorhynchus tshawytscha {T)

‘bald eagle Halzaeetus leucocqphalus {E)
ﬁ?northern spotted awl Strlx occqumtalls caurlna (T)

Candldate Spec;es.

. Fish ' i '
graen sturgeon, Ac;penser medzrustrls (2R)

Amphiblans

foothlil yellow-legged frog, Rana boylel (2)
northern red-legged frog, Rana aurora aurora (2)
talled frog, Ascaphus ‘truei (2R) ‘

Reptiles ; -
northwestern pond turtle Clemmys marmnrata marmorata {2=).

northern goshawk Accxplter gentilis (2)

Hammals 0 ‘ '
Callfornla walverlne Gulo gulo luteus, (2)
Paclflc fisher, Martes pennanti pac;fica (2)
Pac1flc western blg-eared bat, Plecotus townsendll townsendii (2)

Invertebrates-
' Trinity Alps graund beetle Nebria sahlberg11 triad (2)
Siskiyou ground beetle, Nebria gebleri siskiyouensis (2R)
Franklln s bumblebee, Bambus frankllnl (2) ‘

P‘ants
: -Klamath manzanita, Arctostaphylos klamathensxs {2)
Pickering's ivesia, Ivesia pickeringii. (2)

Trinity phacelia, Phacelza dalesiana (2)
Howell's alkali grass, Puccinellia howellii (IR)
- Canyon: Greek stonecrop, Sedum obtusatum ,§sp. paradisum (2)




APPENDIX A continued

‘ (E)--Endangered (T)--Threatened (P)--Proposed (CH)--Gr1t1cal Habitat
(1)--Categoty 1: “Taxa far;whlch the ‘'Fish ‘and Wildlife Service has sufficient
biclogical 1nformat10 to support‘g proposal ta llst as endangered or
‘ threatened.
(2)--Category 2: Taxa for. Whlch ‘existing lnformatlon 1nd1cated may warrant’
listing, but for which substantlal b1010g1cal information to support a
proposed rule is lacklng :
(1R) ~-Recommended for Category 1 status.w‘
(2R) -Recommended for Category 2 status.
(=)--Listing" petxtloned )
(*)--Possibly extinct.

‘Note;  For questlﬁns concernlng the threatened wintersrun chlnook salmon. please

contact.Jim: Lecky, Endangered Spectes Coordlnator, at” the Natlonal Marine

Fisheries. Service, Southwest Region, 501 West Ocean Boulevard, Suite 4200, Long

Beach, Calafernla 90802##213, or call hlm at (310) 980*4015 r
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APPENDIX B' -

' " Vegetation spécies foundliﬁ theiriparian zonés
o ‘ TS L

Trinity County, Califurnla

~ COMMON NAME
rArroyo willow,
Yellow willow:
‘Red willow
wLong leaf willaw

;Sandbar w1110w

Black cottonwood

fFremont‘cottonwood
Oregon white oak
California black oak
Canyon llve oak
‘Tanoak - :
‘Pacific madrone

Douglas-fir

Western azalea
California rose.
Raspberry |
California blackberry

-Birchleaf mouritain mahogahy

Serv1ceberry

California sage
California fushia

Silver. 1up1ne'f

Turkey. mullein

White sweéet clover

Ridge hedge nettle (Mint)
Toadflax :

Chlcory (Blue sallors)
Goldenrod

. Mountain ash

Black locust
"Tree of Heaven"
Vine maple
Big-leaf maple

‘Monkshood

Red alder
White alder

American dogwood
- Pacific dogwood

Blue elderberry

Indian rhubarb

Umbrella plant

Cow parsnip j

Callfcrnla aralla (Elk clover)
Mugwort ;

Oregon grape

Buckwheat

California honeysuckle

ﬁ.BOTANICAL NAME

. Salix lasiolepis
- Salix lasiandra
. Salix laevigata

Salix melanopsis var,
bolanderlana

' Salix hindsiana

' Populus trichocarpa
: Populus fremontii

. Quercus. garryii

- Quercus kelloggii

: Quercus chrysolepis

Lithocarpus densiflorus

Arbutus . menziesii
. Psudasuga menziesii

Rhododendron occidentale
Rosa californica

. Rhubus leucodermis

" Rhubus vitifolius
Cercocarpus betuloides
. Amelanchier pallida
 Artemisia californica

' Zauschneria callfornlca
- Lupine albifrons

- Verbascium thapsus
Melilotus albus
"Stachys rigida
Linaria dalmatica
.Cichorium intybus
 Solidago californica
sFraxinusg dipetala
:Robina pseudo-acacia

Ailanthus glandulosa

'Acer circinatum
rAcer macrophyllum

Aconitum. columbianum

vAlnusworegana
‘Alnus rhombifolia
‘Cornus stolonifera
"Cornus nutallii
-Sambucus. caerulea

Barmeda peltata
Peltiphyllum peltatum
Clcuta douglassii

Aralia california

Artemesia douglasiana

‘Berberis aqu;follum
gErigonzum sp.
Lonicera interrupta




COMMON ‘NAME

Lady fern
Five-finger fern
Sword fern .
Common horsetail .
Rushes -
Bulrushes

. Cattails - .
Grasses

773(59ur¢§f ‘Ehristénsén-i9§ ;UéﬁA 1992) .
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APPENDIX E-bpontinued)
BOTANICAL NAME =

Athrium felix-femina'1

Adiantum pedatum

Polystichum munitam,ﬂ
Equisetum arvense
‘Juncus spp- '

Scirpus spp.

Tvpha spp.

Poaceae spp.
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'HABITAT SUITABILITY INDEX MODELS
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This report shqh]d be cited as:

Séhroedef;-ﬂ. L. 1982. Habitat suitability index models: -Downy woodpecker.
: U.S. Dept.: Int., Fish Wildl. Serv. FWS/0BS-82/10.38. 10 pp.




PREF‘AﬁE“

Th1s document 15 part of the Hab1tat Su1tab1]1ty Index (HSI) Model SerIesi

(FWS/0BS-82/10), which: prov1des hab1tat information useful for impact assess-

ment and habitat - management.. Several  types of habitat information are
‘provided, The Habitat Use Information ‘Sectioni is largely constrained to those

data that can be used to derive quant1tat1ve re]at1onships between key environ-

mental variables and habitat suitability. The habitat use information provides.
the fouhdation for HSI models that: folIow In addition, this same ‘information
may be useful in the development of other mode]s more appropr1ate to spec1f1c1

assessment or eva]uat1on needs.

- The HSI Model Sect1on documents -a: hab1tat model and 1nformat1on pert1nent‘
to its application. The model synthesizes' the. habitat use information into a
framework appropr1ate for field application and is scaled to produce an index

value between 0.0 (unsuitable hab1tat) and 1.0 (optimum habitat). The applica-

~ ‘tion 1nformat1on includes descr1pt1ons of the geographic rangés and seasonal

application of the model, its currenmt verification status; and a listing of‘

model var1ab1es w1th recommended measurement techniques for each var1ab1e

In: essence the mode1 presented here1n is a hypothes1s of spec1es-hab1tat

re1at1onsh1ps and not a statement of proven cause and effect ‘relationships.

Results of model performance tests, ‘when available, are referenced. However,
models ‘that have: demonstrated re11ab111ty in spec1f1c situations may. prove
unreliable. in others. For this reason,hfeedback is encouraged from users of

this model .concerning improvements and: other suggestions that may. increase the

utility and effectivéness of this: habjtat-based approach to f1sh and w11d11fe‘-

p]ann1ng P1ease ‘send suggest1ons to:

Hab1tat Evaluat1on Procedures Group -
Western Energy and Land Use Team
‘U.5. Fish and Wildlife Service

2627 Redwing Road . -

Ft. Co111ns CD 80525
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Genera1

, Food

DOWNY3WOODPECKER (Picoides'pubescens)
HABITAT USE INFORMATION
Downy woodpeckers (Pico1des pubescens) 1nhab1t near]y ‘all of North Amer1ca

where trees are found (Bent 1939). They are rare or: absent 1n ar1d desert
hab1tats and most common in- open woodlands. ‘ o :

- The « downy woodpecker . is pr1mar11y an 1nsect1vor ?6% of the diet is
an1ma1 foods, and ‘the.remainder is vegetable. food: (Beal 1911) . Beetles, ants;
and caterp11lars ‘are “the. major animal foods, -and vegetab]e foods include

" fruits, ‘seeds, and mast. Downy woodpeckers feed by 'digging: into the bark with

the bill,. by g1ean1ng a1ong the bark surface, and 1nfrequent1y, by f1ycatch1ng
(Jacksnn 1970) Co T ) :

Downy wocdpeckers in| I]11no1s foraged more in the Iawer he1ght zones of .
trees than in!the tree. canop1es ‘and foraged more.often on live 1imbs than on-

- dead 1imbs (W1111ams 1975) Similarly, - ‘downy: woodpeckers in-Virginia foraged.

pr1mar11y on Tive wood :in pole age and mature. forests (Conner 1980). - Downy
woodpeckers in: New York spent: 60% of their forag1ng time in .elms (Ulmus spp.)
(K151e1 1972) They foraged. most.frequently :on.twigs 2.5 cm (1 .dnch) o or less
in-diameter, and drilling was the foraging technique used most often. Downy

‘'woodpeckers .are not strong excavators and do. not excavate deeply.to: reach
-concentrated food sources, such as carpenter antsw( amgonotus spp ) (Connerw

1981)

Downy woodpeckers STH V1rg1n1a faraged ln the breed1ng season in hab1tats

. w1th a mean basal .area of 11.3:m*/ha (49.2- ftz/acre) -Habitats 'used for

" foraging. dur1ng the postbreeding -and winter seéasons had s1gn1f1cant1y higher

- - mean: basal. areas of: 21.4 m*/ha-(93.2. ft’facre) ‘and17.2 m*/ha. (74 9 ft’facre),»
' respect1ve1y ' Downy woodpeckers in New . Hampshire fed heavily iin stands- of.

paper birch (Betu]a apyrifera) that were infected with a coccid'(Xylococchus
betulae) (KiTham 1970). The most attractive.birches for foraging were those

- that were. crooked or 1ean1ng, contained broken branches iin. ‘their crown, and

had defects, such as cankers, old wounds, broken branch stubs, and. isapsucker
drill holes. 'Downy wuodpeckers invaded an area in- ‘Colorado in:high numbers

"-dur1ng the winter months in response to a -severe outbreak of the pine bark:

beetle - (Dendroctnnus ponderosae) {Crockett. and: Hans1ey 1978).- This. outbreak
of :beetles had: not resuited in 1ncreased breedIng dens1t1es of the woodpeckers
at the. time of. the study. : o Lo ;
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Downy woodpeckers foraged More on tree surfaces during summer than 1in

. of 'their forag1ng behavior in the w1nter in order to find adequate amounts of
] food (Conner 1981) - ‘ :

Downy = woodpeckers in 'Ontar1o extracted ga]l fly (Eurosta solidaginis) -
' larvae from goldenrod {Salidago " canadens1s) ‘galls growing near. forest edges
© (Schlichter 1978). Corn stubble figids supported small winter popu]atTOns of -

N downy woodpeckers in I1linois’ (Graber et al. 197?)

f‘Water

\ Informat1on oh the water requirements of the downy woodpecker was notq‘

~ Tocated in the literature.

" Cover

The cover requ1rements of the downy' woodpecker ‘are.’ s1m11ar to the1r

i.reproduct1ve requ1rements wh1ch are d1scussed in the fo]]owing sect1on

; Reproduct1on

. ,w1nter (Conner 1979). They increased the:"amount of time spent in -subcambial
i excavation:in winter months probab]y in: response -to the seasonal availability
. and location of insect prey. Downy woodpeckers appear to broaden all aspects

The downy woodpecker is a pr1mary cavhty nester that prefers soft snags-

for nest. sites (Evans and - Conner 1979) .These woodpeckers ‘nest in both

: con1ferous and‘dec1duous ‘forest. stands .in- ‘the ' Northwest. ‘Nests . in VIrg1n1a‘

! were common “in- both edge.situations’ ‘and’
. (Conner and dKisson 1977)
- deciduous! " ‘Star '

( opulus “spp.) ]
in I1l1no1s were 1n v1rg1n or ol

elow1and forests (Graber et a1 1977)

Downy woodpeckers in V13
dens1ty, but with lTower basa

sparsely :stocked forests common]y found "along ridges (Conner et al. 1975).

" dense forests far.: from open1ngswf
|Downy" woodpec ers in Oregon occur’ pr1mar1ly dn 0
Popu1us tremulo1des) or ripar1an cottonwood :
9 The" highest nesting rand winter dens1t1esﬂf

1n1a preferred to nest in :areas. w1th h1gh stemﬂ' ,
rea“and- lower canopy heights than-adreas used-by .
the other’ woodpeckers studied. (Conner: and Adkisson 1977). They preferred .

Preferred. pest:stands ' had an- average ‘basal area of 10.1 m¥*/ha (44 ft’/acre),ﬁ

" 361.8 . stems. greater than. 4 cm’ (1.6 ‘ihches) diameter/ha (894facre),‘ and i
canopy - he1ghts of 16.3 m (53*5 ‘ft) ‘(Conner and: Adkisson 1976)-: Downy. wood-.'
quent1y seen feed1ng in: the.- understory andﬁﬁ
“1th. an abundance of understf yu‘vegetat1on@1}-

: peckers in  Tennessee’ were
- apparently: “selected: habitat
(Anderson and‘Shugart 1974)

: Downy woodpeckers excavate‘the1r own;
. 15.3 m (8 to 50 Tt) ‘above ground -generatl:
. There was'a, pos1t1ve correlat1on betweén, .

‘i rdrely excavate in: ‘0aks (Quer

avity ina- branch or stub 2 4 tdfk
in:deador "dying: wood: (Bent :1939).
. owny - woodpecker densities:and the
. number of- dead ‘trees-.-in I]11no1s (Graber‘et al. :1977). Downy mmodpeckerSﬁw
i SppL) oroh1ckor1es ‘{Carya spp.) with living i
| cambium present at 'the nest.site’ (Conner 1978): “They " apparent1y requ1re both

sap- rot to soften the outer part of trees, and heart rot; soften the |

1
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. funga] heart rot (Conner and Adk1sson 1976)

o Interspers1on

1nter1or -when hardwoods and passibly p1nes Lare used for -nesting. Downy -
woodpeckers tnVirginia nested mainly in dead-snags w1th advanced stages of -

. Downy woodpeckers “search 1mage“ of an opt1ma1 nest‘s1te is a live tree
with a broken off dead top (Kilham 1974).. Suitable nest trees are in short
supply -in most areas and appear to be a limiting factor in New Hampshire.

‘Downies. in Montana appeared to prefer small -trees, 'possibly to aveid the

d1ff1cu1ty of . excavat1ng through the thick sapwood of large trees. (McC]e]land ;
et al.: 1979). The average dbh of nest trees. (n = 3) in Montana was 25 cm

(10.. 1nches) A]] 11 nests .in an Ontario study were ;in dead aspen, and . the

average dbh of four of these nest trees was| '26:2 cm (10.3 inriches) {Lawrence -
1966). Fourteen of 19 nest trees in Virginia were dead, the average dbh of

nest trees was'31.8 cm (12.4 inches), and nest trees. averaged 8.3 m (2? 2 ft)

1n he1ght (Conner et al. 19?5)

. Thomas et al. (1979) estimated. that downy woodpeckers: in Oregon requ1re

,'7 4 -snags;, 15 2 cm (6 inches) or. more dbh per-_.ha: (3 snags/acre).  This
- estimate! is- based on a territory size of. ha (10: acres), a .need for two

cavities per year per pair, and the presence: of .1 useable snag with a. icavity
for each 16 snags without a cavity. Evans and Conner (1979) estimated that
downies in the,Northeast. require 9.9 snags, 15 to.25- -om{6. to 10 inches) dbh,

per ha (4 snags/acre). ‘Their estimate is based .on-a, territory size of 4 ha

(10 acres), aineed for four cavity trees per year. per pa1r and a need for- 1D
snags for each-cavity ‘tree used in order to-account,for unuseable snags, a
reserve of sndgs, feeding habitat, and a supp]y of snags for secondary users..
Conner- (pers. Lo comm. ) recommended 12.4 snagsiha (5 snags/acre) for optimal
downy woodpecker hab1tat -

‘ Downy woodpeckers occupy d1fferent size terr1tor1es at different t1mes of
the year:(Kilham 1974). Fall and winter territories consist of small, defined -

‘- . areas with favorable food supplies and the area . near’ ' roost holes. Breeding
~ season; territories  consist .of an area as. large as 10 to 15 ha  (24.7 to

37.1 acres) used to- search out nest stubs, and a- smailér area around the nest .
stub itself. :Breeding territories .of downies in- I111no1s ranged from 0.5:to

1.2 hai(l.3 to;3.1 acres) (Calef 1953 cited. by Graber et al.. 1977). . Male.and

femele -downy woodpeckers retain about the same breed1ng season terr1tory from -
year to year,i while the1r larger overall range has -more flex1b1e borders,-
(Lawrence 1966) ‘ ‘ :

Downy woodpeckers occupy all port1ons of the1r North Amer1can breed1ngr
range during the winter (Plaza 1978). There .is, however, a slight, local
southward m1grat1on in many areas. ' ' :

-'Spec1a1 Cons1derat1ons

: Conner and Crawford (1974) reported that 1ogglng debris in regenerating
stands (1-year old) following clear cutting were heavily used by downy wood-

_ peckers as forag1ng substrate. Timber harvest operations that leave snags and




i‘HABITAT SUiTABILITY INDEX (HS M

. Model App11cab111ty :

; Mode1 Descr1pt1on

'Ftrees w1th heart rot standlng dur1ng regenerat1on cuts and. subsequent thinnings '
'will’ help: maintain maximum-idensities of downy woodpeckers (Conner et al.
'+ 1975). Foraging habitat for the downy, woodpecker in Virginia would probably
% be prov1ded by t1mber rotat1ons of 60 to 80 years (Conner 1980) ‘

Geograph1c area. ijThf
downy woodpecker N

Season Th1s model was‘qdeve]oped to evaIuate “the: year-round hab1tat:}

needs of the downy woodpecker.

- Cover tzge ‘This model was deve1oped t6- evaluate hab1tat in Deciduous

! Forest. (DE), Evergreen Forest’ (EF), Deciduous Forested: Wetland: (DFW); ~and ;
Evergreen .Forested .Wetland: (EFW) areas {term1no]ogy fol1ows that of U S Fishvir

and W11d11fe Serv1ce 1981)

M1n1mum hab1tat areai M1n1mum hab1tat area is def1ned as the m1n1mumf_
ﬁjamount of. cont1guous hab1tat§that iis. required before a species. w111 live and™
i reproduce.in an drea. Spec1fnc information: on: min1mum hab1tat areas for downy.
. woodpeckers  was :not ‘found: in ‘the: Titérature. . However, basé&d: on: reported '
! territory:and range sizes; it'is assumed:that .a minimum :of 4 haii(
. potent1a11y useabie hab1tat must ex1st or the HSI.-will equal zero

- Ver1ficat1on level. Prev1ous drafts of this model ‘were' rev1ewed by f
~ Richard Conner. and Lawrence Kilham and their: comments were 1ncorporated 1ntofpi
" the current draft (Conner pers comm.’ Kilham pers comm. )

| Dvervﬁew Th1s mode] cons1ders the eb111ty of the hab1tat'to neet the :
i food and reproduct1ve needs: of the" downy woodpecker as an indication of:overall
- habitat-suitability. Cover: needs are:assumed to be met'by foodand reproduc-
C tive requirements and water-is’ “assumed: not to°be limiting. The food component ]
of - this mode] -assesses food qual1ty through reasurements of " vegetative condi= -
. tions. The reproductive component of this model assesses:the abundance 'of
i su1tab1e snags. The relationship: between . habitat var1ab1es,‘11fe re-:qu‘IsH:es.ij
; cover types and the HSI for the downy woodpecker 1s 111ustrated 1n F1gure 1

w0

_5nod51iﬁa$*dere}oped'fornthe'entireirenge of the

10" acres) “of.

- ..
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Basal area ——— ‘ ﬂi‘:i'. Food

. :dbh/0.4 ha (>.6 inches 5 Repfoduction
- .dbh/1.0" acre) o :

crequisite

~ Cover types

- Deciduous forest
“Evergreen forest
.Deciduous forested —HSI
- wetland -
Evergreen forested
- wetland

Nﬁmbéb ofTSnég§5S?15 cm

ﬂFigureql. Relationships of habitat v#fiables, 1ife requisites,
. and cover types-in‘thejdqwny woqdpe;ker model. :

The. following sections provide a written. documentation of the logic and’
assumptions used to .interpret the habitat information for the downy woodpecker
in order ‘to explain the.variables and equations. 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 suit-
-ability: Tevels:of each variable; and (3) description oﬁ the assumed relation-

ship between variables.

Foodécompdnent. Food for the downy wcodpeékerAcon$1sts of insects found

- on .trees in forested habitats. Downy woodpeckers . occupy a wide variety of
forested habitats from virgin bottomlands to sparsely. stocked stands along
ridges. - The highest downy woodpecker densities were most often reported in
‘the more -open-'stands with lower -basal areas, .but it is assumed that all
.- forested. habitdts have some food value for downies. ‘Dptimal conditions are:
- .assumed to cccur in stands with basal areas between 180 and 20 m*/ha (43.6 and

87.2 ft?/acre),: and suitabilities will decrease to' zero as basal area
approaches zero. Stands with basal areas greater than 30 m2/ha (130.8 ft2/
a;re)_are}assumgd to have moderate value for downy woodpeckers.

Reproduction component. - Downy. woodpeckers nest in cavities in either .

i } -tbia11y or partially dead small trees. They require snags greater than 15 cm

(6. inches} dbh.for nest sites.. Optimal habitats are assumed to contain 5 or

_L~‘mpre snags -greater than 15 c¢m dbh/0.4 ha (6 inches dbh/1.0 acre), and habitats
- without such snags have no suitability.’ - :

'-fﬂbaél Relationships

Suitability Index (SI) graphs for habitat:'variables. This section con-

- tains suitability 1index graphs that i]]ustﬁatg the habitat relationships

described in the previous section.

E - c-11
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- Life requisiteﬁva]ues. The life requisite values for the downy woadpecker
. are prgsented‘belowq ‘ : b : ;
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L :Ltfe*feguﬁsjte’_ :”‘Li . Cover tyEe"'tT. Life requisitéﬂ?aiuef‘
Food ' L. - EF,DF,ERV,DFW R
Reproduction’ o EE;DF;Efw;UFW)j; - A

'HSI'determination. The HSI for the downy woodpecker 15 equa1 to 'the“ g

}iugloWest 11fe requ1s1te value

5pg]1cat1on of‘the Mode]

. Def1n1t1ons of var1ab1es and?
et a] 1981) are prov1ded in F1gure 2.

:éﬂ'Var1ab1e (def1n1t1on) f-if?“13:j Cover tzge o ‘ Suggested techn1que 4‘

A ,‘.BasaI area’ [the area | - EF DF EFw DFW B1tter11ch method
~ of exposed stéems of = . 3y
woody vegetation if
- ‘cut; horizontally at
1.4 i (4.5 ft) height, .
L in ‘m*/ha (ft’/acre)]

V, mNumber of snags > 15. cm‘ ©. " EF;DF,EFW,DFW - - * Quadrat
- (6:inches) dbh/0.4 Ka" 3‘ ; B L TP R PP )
- (1.0 acre) [the number . B
- of standing dead trees . or A
vpart1y dead trees, greater s
‘than 15 cm. (6. inches) .
 diameter at breast’ he1ght o
(1.4 m/4.5 ft), that are ;j@ o
at’ 1east 1.8 m (6 ft) -
tall. ‘Trees in'which" at e
‘ wTeast SB% of ‘the branches R
'have fallen, or are pre-i
- sent but:no 10nger bear,. . .
‘ifo11age are ‘to be con-ﬂ o
s1dered snags] Lo

?MTgure 2. Def1n1t1ons of variab?es and suggested measurement
techn1ques ‘ UEE. : _ ] ‘ :
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-SDURCES OF OTHER MODELS

mode1 assesses basa1 area, number of stems, -and. canopy height of trees
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y B PREFACE

Thls document is part of the Habitat Su1tab111ty Index (HSI) Model Series

'W}(FWSIOBS 82/10), which provides habitat information useful for impact assess-
. ‘ment and: habitat - management. Several types of 'habitat information. are
.provided. Thei Habitat Use Information Section .is largely constrained to those

‘data that can. .be used to derive quantitative relationships between .key envi-

ronmental var1ab1es and ‘habitat suitability. The hab1tat use -information
provides the foundat1nn for"HSI models that’ fo]Tow ‘In addition, . .this same

N information may be usefu] in the development of other models more appropr1ate

to spec1f1c assessment or evaluat1on needs.

- The:HSI" Hode] Sect1on documents a hahltat mode] and 1nformat1on pert1nent-

’.tp'1ts app11cat1on The model -synthesizes the hab1tat use information dinto a

framework appropriate for. field" application and’is scaled to produce an index

* value between 0.0 (unsuitable habitat) and 1.0 (opt1mum habitat). i The applica-
“tion information ¥ncludes descriptions of “the" geographlc ranges .and seasonal
j[app11cat10n of: the model, its current ver1f1cat1on status and a 11st1ng of
" =""mpdel var1ab1es W1th recommended measurement techn1ques for each var1ab]e

In essence, the mode] presented herein is a hypothes1s of spec1e5*hab1tat

'5Ere1at1ansh1ps and not a -statement of proven . cause and effect relationships.
Results of model performance tests, when ava11ab1e, are referenced.. However,
- models that have demonstrated re]1ab111ty in spec1f1c situations may prove

unreliable in others. For this reason, feedback is encouraged from users of
this medel concerning -improvements and other suggest1ons that may increase the
utility and effectiveness of this habitat-based approach to fish and w11d11fe
p1ann1ng PTease send suggest1ons to:

' Hab1tat Evaluat1on Procedures Group
Western Energy and Land Use Team
~U.S. Fishiand Wildlife Service
2627 Redeng Road ‘
Ft. Culllns €0 80526-2899
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| BLUEfGRDﬂSEE(Deﬁdﬁégebus-obscurus)

" HABITAT USE INFORMATION

Blue‘grouse (Dendragapus obscurus)i nhabit con1feruus forests in western

“North Amer1ca, pr1mar11y in_open’ habitats with a m1xture of deciduous trees

and shrubs (American’ 0rn1tholog1sts Un1on 1983) .+ Theéy “prefer coniferous
- forest - edges and aspen groves (Popu]us tremu1o1des) in the breeding season,
‘and coniferous forests in the winter (A]drich 1963). Blue grouse populations
‘consist of two groups, the sooty grouse group, found along the Pacific coast,
and the' dusky -grouse group,‘found in the Great Basin and Rocky Mounta1n areas

(American Orn1tho]og1sts Un1on 1983)

. Food

The food habits of the blue grouse vary from a s1mp1e winter d1et

' cons1st1ng pr1mar11y of". con1ferous needles, to a summer diet consisting of a
variety of ‘greén 1eaves, fruits,. seeds, flowers animal matter, and conifer
needlés: (Stewart 1944).  The yeaf1y dlet of blue grouse. in- Washington and

northern Idaho consisted of 93% plant - food and 2% animal matter (Beer 1943).

S1xty-four percent of the. p1ant mdterial was conifer. needTes,‘most1y from firs -
;(Ab1es spp.) ‘and Doug]as-f1r {Psuedotsuga menziesii); 17% was.bérries, primar-

ily from'currants (R1be5 spp.), serviceberries (Ame1anch1er spp-), blackberr1es

- (Rubus spp.), huckleberries (Vacc1n1um spp. ), and bearberny (Arctostaphy1os
‘uva=ursi); and 17% was miscellaneous plant. materials, ' The youngest birds fed.
almost exclusively ‘on insects, and the- ava11ab111ty of an adequate - supply iof
‘1nsects 1s 1mpurtant dur1ng the first month of growth of blue grouse chicks.

The major ‘spring and summer food 1tems of blue- grouse in. Br1t1sh Co]umb1a
were con1fer needles, broad~1eaved vegetation, flowers;" fru1ts, and inverte-

" brates- (King ‘and Bendell '1982). Huckleberry was a preferred food in another
'British Columbia study and’ prov1ded 60% 'of the food consumed by juveniles that
 were 10 days to 6 weeks of age (King 19?3) _As grouse in Idaho moved from
~ their. winter range to lower elavation Duug]as fir forests dur1ng May and June,
“their diet consisted . pr1mar11y of the flowering parts of 'various p1ants‘

“;(Marsha11 1946). * These ‘grouse”moved. to lower elevations along streams dur1ng‘
“July "and August -and their diet sh1fted to the fruits and leaves of various.
~shrubs - Forest habitats that are in early stages of second grcwth vegetatlon ‘
‘provide 1mportant summer foods for adults and chicks (Fowle 1960) ' S




'-V'Cover

i The: w1nter d1et (from October ‘through Ap‘ 1) cf ‘blue. grouse. consists.
almost ent1re1y ‘of conifer needles: (Beer. 1943)17-'he w1nter and spring-diet of :
blue grouse- in Br1t1sh Lotumbia’ was comprised.iof the- ‘needles, twig tips, and:’

“cones  of conifers, espec1a11y those of mountain ‘hemlock (Tsuga mertens1ana),
-.pine (Pinus spp.), and fir:(King 1973). The needles and buds of Douglas—fir

provided 99% of i the winter diet of grouse in Idaho (Marshall 1946), ¥all use:
of ‘conifers by dusky blue grouse in Wyoming (in terms: of percent frequency)
consisted: of- 10dgepo]e pine .(P. ‘contorta), 39.3%; : juniper :(Juniperus spp.),
21.4%; limber pine (P. flexilis), 17.9%; ﬂoug]as fir. and subalpine: fir (A.-
lasiocar'a), 8.9%; and Engelmann spruce (Picea  engelmannii), 5.4% (Harju
1974). .. Zwickel:: and ‘Bendell (1972): believed that: winter food supplies: were

.genera]]y adequate for blue. grouse.. It appears ‘that . spring densities are not
~;determ1ned by: winter food supplies, but: are: ‘related ‘to the: qua11ty -of the .
‘breed1ng range . (Zwickel: ‘et-al. -1968).  Winter- hab1tat preferences of blue’

grouse- are! only: recently being studied, and it is passible that ‘the quality .
and: quant1ty of- w1nter hab1tat may . be a 11m1t1ng factor for blue grouse
(Haffman pers comm ) R Tl :

‘,Water

Dusky b]ue grouse in. Co]orado pccur . at e1evatiuns between 1, 830 and?

'”i3 874 m: (6 000 ‘and 12, 700 ft) in areas where either free water or succu]ent«
,.vegetat1an is ava11ab1e (Rogers 1968): Blue grouse in Wash1ngton and northern

Idaho were genérally found - near a source of water, either opén- water or

773jsuccu1ent vegetat1on and berries .(Beer 1943). Free water is not required if
'--succu]ent vegetat1on or fru1t is ava11ab1e PN w -

Blue grouse in Idaho relied a]most tota?]y on. con1fers for escape cover?

: -(Marsha]] 1946).i Male blue grouse in.British Columbia- utilized small conifer:

thickets, .log tang]es, .and :spaces under logs and- stumps for rest and concea1-ﬁ‘

_‘ment dur1ng the: breeding season (Bendell and ElTiott 1967). In .the spring,:
- hens concealed themse]ves under ‘1ogs, stumps, and small conifers for cover, in-
. locations. s1m1lar to those used for nest sites. Hens with broods were found

more.often-in more exposed- 1ocat1ons particularly road-eédges and moist depres-:

.sions. with lush! .vegetation.: Shrubs and- forbs' supp]1ed ‘most of the cover.
'dur1ng tha summer months ‘in: Colorado, . and dusky: blue ‘grouse have not been .
‘observed in Colorado wherg ' shrubs are lacking (Rogers 1968). Blue grouse iin -
‘- Idaho roosted most frequently in dense- stands of trees that were 15,2 “to
- -30.5 cm (6 to 12 1nches) dbh and. 6.1 to 15.3 m (20 to 50. ft) in he1ght (Caswell:

1954)

W1nter range is provided primarily by montane fnrests (Bende]] and E111ottn

'1966) and blue grouse spend most-of the winter iin. coniferous trees, until the

show melt :allows ground feeding: (Hoffman 1956). In Colorado, most: b]ue grouse
observed. in: theiiwinter were found in cen1fers, with the use of ‘Douglas-fir:
occurring in greater proportion than its availability {Cade, in prep. ) Blue
grouse-alse ‘used spruce=fir:and lodgepole pine forests during the winter where

,Douglas-f1r was: absent or scarce. - Intensively. used. conifer -stands were

structura]Ty s1m11ar to less used stands, and- w1th1n a]] occupied -stands biue
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Reproduct1on

- blue’ grouse .in’. another: B

species.. compos1t1on dnl

'Bergerud‘1974) ‘Even- aged
- ties on‘this study ‘area.

.grouse tended ‘to- be. found in the 1argest conifers available. Con1fer stands '
that were ‘not suitable .for w1nter1ng biue grouse - included 1ow density [less
than 70 trees/ha {28.4/acre)] stands. of:small conifers and h1gh dens1ty [more -
) than 1 200 trees/ha (486/acre}1 stands of" mature trees. S .

B]ue grouse 1n Br1t1sh Columb1a preferred very open hab1tats over veryi i
Ildense habitats during ‘the breeding ‘séason’ (Bendell and E111ott 1966). Nery ©

open ‘habitats averaged 15%
were. almost totally closed
a d1scont1nuous and - patchy

canopy: cover .of :trees, . while very: dense habitats

1966).. Habitats became. Tess: acceptab]e to :territorial :males as canopy cover

.dev1ated from ‘this cond1t1on._ In genera] blue grouse populations decline.
‘rapidly-as canopy cover of conifers approaches 75% (Redfield et al. 1970).
The dens1ty of ‘hooting males in a BritishiColumbia study area declined from: 4Ux
to 0 in 8 years, as ‘the- vegetat1on changed from open to dense -(Bendell. and‘
ENiott: 1966) Once’ occupied Lan terr1tory is generally used by a male grouse
throughout his lifetime; even:if. the habitat becomes very dense.. Hawever, new
adults -and. year11ngs w111 not occupy ‘dense’areas, and show. hab1tat se]ect1on‘
-for more: open areas. -‘Lv.y ¥ e : Lommeas e

B]ue grouse breed throughout the1r range in Co]orado in ‘a variety -of
forest and- mountain shrub vegetation types from the foothills to timberline,
and do not appear to be restricted to-any specific habitat types within th1s
elevational range. (Hoffman 1981). {ommon features of blue grouse territories
in Co1orado included: (1)gsome type of tree  cover; {2} shrub . thickets;
anopy and the understory vegetat1on
he - vegetat1on rappear to:-be more’ 1mportantlthan‘
g: habitat:. se]ect1on The location' and size -.of
male b]ue ‘grouse territories :in A]berta was dependent ‘on the. presence. of-

: ‘of* trees’ present (Boag: 1966).. 'Blue
grouse males: estab11shed;terr1tor1es'1n Douglas-fir,  aspen, -Todgepole pine,
‘and white: spruce. (Picea - g1auca) forests:” Dusky: blue grouse ‘in:Colorado. pre-.
ferred .display sites that were on sma]l‘ fldt, open areas near. s]opes and; .
dense . vegetation (Rogers: . 1968) The poS}t1on of male territories: in-open
‘cover types in. Br1t1sh Columbia'was' influenced by the presence of areas: thatgi

(3) opepn 'areas; and (4) openfess in.ithe.’

The, structural features

ee

su1tab1e cover -and -not on:the specie

were h1gher than the 5urround1ng land (BenHeT1 and E111ott 1967)

Hab1tats con51st1ng of a" logg1ng mosa1c of all’ aged DougTas f1r w1th ‘
openings of salal- (Gaulther1a SpP- .Y, grass, and rock outcrops,’had the h1ghest:;
n..a British Columbia study area/ (Donaldson -and:
osed canopy! forests had the 1owest“grouse dens1~&
e 1mportant to%
tree canopy;

density  of breed1ng ‘male

hree shabi€at. components that may
males. estab11sh1ng terr1tor1es care: (1) open1ngs #in, the:
(2} Open1ngs in the. shrub layer; and (3) var1at1on in‘tree. size: 0pen1ngs iin

the, tree. canopy 1ncrease v1s1b111ty for: hoot1ng ma]es However hab1tat thatvg
is too! open’ 1ncreases vu]nerab111ty to: predators A part1a]1y c1osed canopy'

Forests with 50% tree canopy cover. that contained
rub -layer: suppdrted: ‘the highest densities of male .
sh--Columbia study area- {Donaldson and Bergerud
,1974) Estab11shed territories in:Alberta:generally had 50% tree canopy cover
overall,. -with itrees occurrlng Ain- c]umps -and. . surrounded- by : openings (Boag



.-'w1th a patchy shrub ]ayer offers the best - comb1 atron of ; protect1on from
) weather: and’ predators whiTe - prov1d1ng good visibil

: ur1ng court5h1p activ-

ities. -However, blue grouse :in Vancouver, Br1t1sh=*olumb1a ‘occur: in- areas

. that have been burned or. c]earcut where trees are a]most absent .and shrub
: -cover is very low (chk.e] pers comm ). o : Lo :

;. B]ue grouse terr1tor1es in: a Montana study area a1] conta1ned sma11
thickets ° of conifers, used -for nesting and escape cover (Martinka, 1972). =

'Terr1tor)es:conta1ned an average of :0.08 ha (0.2 acre) of th1ckets with. 206 m :

.%edge between the thickets and open1ngs Th1ckets present outs1de :

1 of. terri ries were 0:04 ha (0.1 acre) in. size, " w1th 85'm (278 ft) of edge,
*.s1gn1f1cant1y different from:- thickets occurr1ng ‘within territories. Males
- preferred:youngér- th1ckets, genera11y 20 to 40 years in age, with an average
:'otree 'dbh of-12.4:cm (4.9 inches). "Thickets in territories containedran average
. of 7105 “trees: greater ‘than' 20-cm’ (8 inches) dbth 4 ha (1.0 acre), while non- -
! territory thickets contained .an'average of 248 .such trees/0.4 ha (1.0 acre).. |
~'Doug]as-f1r thickets tended to .provide better’ protection than. thickets of -
. ponderosa pine (Pinus- ponderosa). A.high degree of discrimination. between
. territories and ‘nonterritories was 'shown when thicket size, amount of edge,
.wand'average th1cket tree dbh were—used 1n a d1scr1m1nant funct1on ana]ys1s ‘

:t:~Areas used by dusky blue\ grouse dur1ng the spr1ng in Wyom1ng were:y

- frequently in or! near aspen- or: 1odgepo1e stands with: adJacent -openings: (Harju .
- :1974). Trees in: grouse ‘use dreas . averaged 10.5m (34 ‘) tall and 17.8 cm
- {7:0-inches): dbh ‘compared :-to averages of 15: 4m (50 5 'ft) and 28.9 cm
{11 4-inches) in:! random samp]es of the total area. Canopy cover of low shrubs

and ' herbaceous cover in. grouse use areas averaged -32%.  Open. areas in blue

‘:.grouse terr1tor1es in Montana contained herbaceous cover withiscattered shrub -

cover: (Mart1nka 1972) -Small amounts- of shrub cover may be useful. for resting .
and escape cover but areas w1th dense continuous shrub cover. obstruct visibil-
ity:iand are avo1ded ‘Breeding ‘blue. grouse males:in Idahe occupied open vegeta- .

'_i;tzon types with!40 to 70% cover 'of tall shrubs and trees (Stauffer 1983).. .
' Breeding areas wmth about 50% tree cover had more grouse than areas\w1th 1ess _
."trees Co . ‘ PR R )

f? Blue grouse nests in Utah were 1ocated on the ground adJacent to or.ﬁ'

| - “beneath:shrubs. {Weber et al. 1974). 'The nests COﬂSIStEd of shallow depressions:

inthe ground, Tined with twigs and feathers. 'Almost all nests were located:
near the ‘territories of male blue grouse (Weber 1975) Broods in. this Utah

- . study area were most often found in mule ears (Wyeth1a amp]ex1cau11s) sagebrush

(Artemisia spp.); vegetation near trees or tall’ shrub cover. Broods were not

found - further than 46'm (150 ft) from woody cover.  Broods and hens foraged

most often 1n good concea]1ng cover that was 30. 5 ‘to 38 A em: (12 to- 15 1nches)
ta11 ‘ . SR ‘ -

B]ue grouse:; females w1th broods in Montana used grass-forb areas in ear1y

o'summer and, as Vegetation dried out by late July, broods increased their use
of- dec1duous thickets (Musseh1 1960). In- British Columbia, -females -with

broods were most1y found: in grassy open habitats in 1ogged areas, part1cu1ar1y'-
in moist meadows bordered by forest (Donaldson:and Bergerud 1974) ‘The -most

"",Jmportant hab1tat features for females w1th broods were the presence of an

- C=29




" The best: herbaceous: growth. .
. acceptab]e he1ght a mixtu

- areas, popu]at1on paramet‘r

L-:,spr1ng,,they ‘migrate down
. their broods (Weber et al.

~ dispersal; :as members.of

‘than 16 1 ki - (10 mﬂes)

Broods in. Co]orado and Montana ut111zed areas where the 1nterspers1on ofih
' p]ants of various life forms provided;a_ high degree of cover. (Mussehl 1963;
Hoffman :1981).- Homogeneous ‘grass stands were used very. Tittle (Musseh] 1963).

herbacgous vegetation may not
often found within:46 m (15!

Dusky grouse brood hab1tat 1n Wyom1ng averaged 59 5% canopy cover of low;,
shrub and herbaceous’ cover and was dominated by grasses (HarJu 1974). A w:de* g
. variety.of. ‘plant- species was - present-;in_ breod use areas,- and. actua] species.

' compos1t10n was probab]y not 1mportant 1 C

‘brood hab1tat select1on

Zwtckel and Bende11 (1

summer:; brood size, did: not.
not’ bei: exp]a1ned by -the. vegetat1ve structure or plant succession on. ‘the.

'd1fferent sites, a1though populat1ons were genera]?y Jower:iin habitats. conta1n-i
ing - dense -or ‘yery dense con1fer cover :.compared to those. with open- con1fer;4
cover. :Populations of grouse were dec11n1ng ‘on.some &reas’ that appeared to. be -

structura11y identical to areas that supported very high dens1t1es Hab1tat
features were apparently 1mportant pr1mar11y in setting. broad 1imits of toler-
ance in. areas ‘within. which ‘the blue - grouse was fournd. Actual-densities of

grouse- . at ar part1cu1ar time may have been re]ated to the genet1c qua11ty of.:

an1ma1s An the popu]at1on

Intersgers1on

BTue'grouse general]y w1nter on h1gh flr-covered mounta1n s]opes, 1n thef*
§to ‘open brushy ‘habitats- to breed :nest,. and: raise .

74). In the fall, they reverse th1s movement -and
migrate back up to the co

(31 ‘miles): were. recorded :

972) compared b]ue grouse dens1t1es popu]at1on»

parameters ;and ‘habitat character1st1cs from several: areas. They concluded
that,. a]though breed1ng dens1t1es of b]ue grouse .varied among the d1fferentj»
5 such as -death rates, clutch size, and 1atea
ary. The differences in breeding: dens1t1es could .

.extens1ve herb Tayer and prox1m1ty tg. cover -Broods: in :an Idaho study area; -
_occup1ed areas with:greater than 50% cover of herbaceous vegetat1on that was;
Eggreater than 50 cm (19 T 1nches) n he1ght (Stauffer 1983) : :

Herbaceous cover is very 1mportant tochicks. in- thein first .6 weeks of life.:
or. blue’ grouse broods .provides .a dense canopy of .

: af . vanious. ]1fe forms, and .small. amounts. .
of bare ground. -'Herbaceou ‘cover used; by broods’, cons1stent1y :averaged '17.8 to.
20.3 ¢cm (7 to 8 dinches) in- he1ght ‘and- had' an average canopy.-cover of 57% in a.
,drought year and 71. 5% in: years ‘of ‘normal: precipitation. .The :herbaceous cover -
‘conta1ned both.grasses and forbs; with _grasses sTightly. morer*bundant “Bare:
ground ° (frmn 8 to 20%) prov1ded trave] lanes: for broods. ‘large areas. of
‘be ‘needed . by broods, because. broods were -most
c) of woody cover. The valie: of woody cover forg;
7feed1ng, rest1ng, and escape; ncreased as: the ch1cks matured ‘ T G

er forests.. “This autumn m1grat1on ‘appears to be'a
spec1f1c breed1ng popu]atlon may winter miles: apart :
: (Bende]h;and Eiliott 1967). Movements from summer to:winter- range in. Utah-g‘
~wete up to .8 km (5 miles) (Weber et al. 19?4) ‘while: movements--in .a- Br1t1sh*r
' Columbia -study ranged from.1.6 to.16.1 km (1 to 10° m11es), with:an .average. of
. 5.8 kin(3.6 miles) (Bende]] and E}liott 1967) Autumn :migrations; up to- 49.9km .
,;Washlngton a]though mast. . migrations were ]essr;
1cke1 et al. 1968) A female grouse in. " another }




Wash1ngton study moved 62. 8 km (39 m11es) to:7

distances to-wintér range, aswell as individuals that winter. d1rect]y adJacent

' to their. breed1ng areas (Cade 1982, in -prep.).: From July through September,,f;,
most broods in a'Montana study. moved 0.8 km (0‘5 m11e), or 1ess but later .
- daspersed over a very large w1nter range (MUSsehl 1960) ‘ W

. The dens1ty of blue grouse on two 14.6 ha (36 acres) study areas in
- ‘British Columbia: was 1.09 birds/ha (0.44 bird/acre) (Bendell and Elliott
1967). . Average male terr1tory size was 0.4 to 0.8 ha (1l to-2 acres) in Utah:
- (Weber at al. 1974).: .Territory ;size in densely. popu]ated areas in British

Columbia ranged firom 0 4 to 0.8 ha ‘(1 to 2 acres), while maximum male territory

size was an estimated 3.2 ha (8 acres) (Bendell and Elliott 1967). Territories :
of males ih: Alberta averaged :0.6 ha (1.5 acres) and. did not overlap (Boag

1966) -Adult females ranged' oveér areas averaging.l17.4 ha (43 acres); these

. ranges. over]apped the  ranges. of. other males and fema]es - Adult females in
'British Columbia censtricted: their home ranges’ from--6. to 2 ha; (14.8 to. -
4.9 acres) and year11ngs from:20 to 2 tha (49.4 t0:4.9 acres) dur1ng ‘the: peried
from early to late spring (Hannon et al. 1982). - The average.winter home range. - .
: s1ze of adu1t blue grouse in Co]orado was 3.4 ha (8 4 acres) (Cade in prep. )

Preferred terr1tor1es for male blue grouse conta1ned abundant edge between .
: open1ngs and con1fer cover (Mart1nka 1972; Dona]dson and Bergerud 19?4) '

.5936181 Cons1derat1ons

Nest1ng and|brood rear1ng hab1tais of b]ue grouse are often 1ntens1ve1y

L used for spmngI and™ ear]y ‘summer grazing by’ domest1c Tivestock . (Marsha]l,,;
E 1946) - The: ‘types, - time, and intensity of graz1ng cap,. have a significant -

effect on ithe structure and species composition.of the vegetat1on «during: the

" brood rearing season (Musseh1.1963). -Ground cover that was ungrazed prov1ded .
v'better brood cover than ground cover that was grazed R BRI

B]ue grouse den51t1es in. mature cuasta] forests are | 1ow, but popu1at1on5

: generaTTy incredse’ qu1ck1y following logging .or: burn1ng {Redfield. et al. .
- .1970). This population increase is followed by 10-to .25 years of stability .-

. and’ then a: rap1d population decline due to increased - forest. density. This
re]at1onsh1p is :apparently not true in southeast Alaska, where mature forests .
- contain higher breeding densities than clearcut areas: (Zw1cke], pers. comm. ).

Selective ]ogg1ng may be beneficial to blue. :grouse when. it opens -the. canopy

and:allows for: regeneration in the form of thickets: (Martinka 1972). However
GXTStlng thickets may be destroyed during road bu11d1ng and log remeval. opera-
tiens, and 1arge areas of slash left after logging are not used by biue grouse.

. HABITAT SUITABILITY INDEK (HSI) MODEL

Mode] App11cab111ty :

s Geograph1c area. There are two major groups of blue grouse the sooty .
-(coastal) group and the dusky (interior) group Sooty grouse tend to occupy
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: nter range a?though mosti .
. grouse movements ;in this study ‘were less than 16:1: km (lﬂ m11es) (Bauer 1962) :
-~ Breeding- popu]at1ons of - blue grouse may contain. individuals .that :move long




' deve]op d1fferent models - for:

B th1s mode]

denser con1ferous areas, wh11e dusky grouse ut111ze con1fers _ aspen B and

sagebrush-grass areas. It is assumed in-this’ mode 1" that these d1fferences areiw"

a function of- ‘the ava11ab111ty of cover'types and are . not re1ated to distinct
habitat preferences of the tworgreups .of grouse. Inadequate data exist. to

ables and’ ‘ranges. of suitability in this model were chosen to best acc0mmcdate
the structural habitat needs of all: groups of blue grouse. Therefore; this
model is. 1ntended far app11cat1on w1th1n the range. of all subspecxes of the
blue grouse : ! o ‘ ‘ ‘

Seasot. - Th1s model wlas.'i .
needs. of the b1ue grouse. "W;'ter habitat! requirements of the blue grouse are:
not well’ knuwn (Huffman, pers' comm ), and therefore, rare. not 1nc1uded in.

Cover tzpes Th1s mode] was deve1oped to eva]uate hab1tat qua11ty 1n

,;“Evergreen Forest’ (EF), Bec1duous Forest ' (DF), Evergreen Tree Savanna (ETS),V“
*;. Deciduous. Tree “Savanna (DTS), Evergreeén- Shrubland (ES), - Deciduays--Shrubland

(DS),. Evergreen- Shrub Savanna (ESS) ' Deciduous. Shrub Sdvanna: (DSS), Grassland:
(G), /Forbland “(F), “and Pasture ‘and’ Hayland (P/H) areas (term1no1ogy fo]]ows
that of U STdF1sh and W11d11fe Serv1ce 1981) : ( Lo, :

M1n1mum hab1tat area. M1n1mum hab1tat area 1s def1ned ”as the m1n1mum

Hamount of cnnt1guous habitat ‘that is requ1red ‘before a species will occupy:an;

area. Spec1f1c information .on minimum ‘areas! required for ‘blue. grouse during:

-the breed1ng season was not found in the 11terature

-

P Ver1f1cat1on 1eve1 PreV1ous drafts of this model were"ééﬁiewéd:“ﬁy?f
Richard ‘Hoffman, Co1orado D1v1s1on ‘of "‘Wildlife, Fort:.Collins, CO, and Fred.

wackel‘?iDepartment of Zoology, University of.Alberta, Edmonton-. Spec1f1c
comments;frdm each ‘reviewer. were ‘incorporated:. into the current model. = Both’
reviewers felt" that separate HSI models! ‘should ‘be -developed - for -the coastal:

and ' inland ‘groupsi'of the btue grouse. However “the information: ava11ab1e 1n‘s

the literature did not 1nd1cate enough spec1f1c differences to .develop and

document’ d1st1nct HSI models for each blue; grouse group. Th1s apparent lack

of d1fference ‘may- be due: to'a Yack of know1edge ‘rather than téian actual lack
of d1fference between ‘the hab1tat requ1rements ‘of  the two groups. Hoffman .

(pers. comm.) be11eVEd ‘that some of the: hab1tat requ1rements would. be the same, 3‘

for - the coasta1 and 1n1and
hab1tat structure '

,ue grouee groups espec1a11y those re1ated to

e v

The mode] presented here’1s not a statement of proven cause and effect

‘de blue grnuse

-Mode] Descr1pt1on ;' )

Uverv1ew The structura] d1vers1ty of tree, shrub and: herbaceous vegeta-‘w5

tion is .a major factor 1nf1uenc1ng blue grouse hab1tat su1tab111ty Trees,
shrubs, ‘and herbaceous growth provide both food and cover for: ‘blue- grouse

- dur1ng the breed1ng season, and opt1ma1 hab1tats are assumed to conta1n a‘'mix

3z

hese two -groups of the blue grouse:::.The vari= |

ive]oped to evaluate the breedlng season hab1tat

re]at1ensh1ps ‘Rathery the mede] represents hypotheses of the hab1tat requ1re- -




more opeﬁ,habf;ats used primarily by hens: an :Zf'“f; It is assumed ‘that: -
.. nesting andrwatgr'needs will be met if food‘and;¢qvgraareﬁadequate;‘.' P

The following sections provide a written:documentation of the logic and
- assumptions used to interpret the habitat information for ithe blue grouse in-
order: to explain the variables that are used in.the HSI model. Specifically, =
these sectionscover the following: (1) identification of variables'used im’
the models; (2)/ definition and justification of the suitability levels of each
variable; and (3) description.of the assumed relationship-between variables. -

+ Food/cover:icomponent.” Food and. cover for blue grouse :are jprovided. in '
habitats that contain trees, shrubs, and herbaceous vegetation. The structural
- features of these different types of vegetation are more important than species
composition. in determining habitat values. - :

- Trees are an important factor in blue grouse: breeding habitat, and provide
both food and .cover. .It is assumed that aspen and evergreens may provide "
suitable tree cover. Variousireports indicate that blue grouse prefer habitats
7. with a total tree canopy. cover ranging from 20 to  50%. Habitat 'suitability
- ~.decreases rapidly -as tree canopy closure approaches 75%, and is very Tow rat

- -canopy closures: exteeding 75%. Habitats with either no trees or 100% tree
- : canopy closure gver the entire area are assumed to have no suitability.: The
‘relatioaship between tree canapy cover and a suitability index for blue grouse

‘is presented in Figure 1.

-_— 1. 0‘:7: : 4 .
! jro B
- '
I . : -‘
' a - . :
;:El_ﬂ,ﬁ B
" e
£ 0.4 :
= !
8 0.2 F
CS .‘
L% ) i B
Fro 3 I -

?%“ 0 25 50 ?E%,md.

- Percent canopy cover of evergreen
- and aspen trees over .entire area

AN

‘Ff§Uré'1ﬁ'fThe_fe1aiiohshiptbetﬁéén the: percent canopy cover of .
' evergreen and aspen trees over the entire. area and a suitability '
~ index for the blue greuse. I e
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jcover and it is assumed in th]S mode ¥ that opt1mum -shrub dens1t1es occur .

Shrubs prov1de food and cover for que grouse maTes ‘héns. 'Ind‘broods:mfl

;:0vera11 shrab suitability iis assumed . to be related ‘to- the structure of "the
-1 shrub component as described by shrub dens1ty and height.

Preferred blue grouse hab1tats ‘conitain only a nmderate]y dense shrub'i‘

: between :10:and- 30% crown cover. ‘Habitats with:rio shrubs will not be-: su1tab]e”ﬁh

' to blue grouse;: and- hab1tats W1th a very dense shrub layer w1]1 restrict.blu
. grouse-graund;’ movements » It 'is assumed” that ‘habitats with shru
i exceeding..75% crown: cover w1]1 not be” su1tab]e to ‘blue grouse. ' Thi :
i ship between shrub canopy cover and a su1tab111ty 1ndex for bJue grouse is
presented in- F1gure Za : . , : B S R

 Suitability Index (SIVp) =

(-

0.4

o
1

o
o
1

=)

Zdens1t1es3*'
‘relat1on-

0 e . 1.0 4 . 1
N ¢ = ]

1 s 2 0.8 -

| k >

'S ) : j‘- _ ﬁ 0'4_ =

| S i ‘5

2-# - = 0.2 - -
“ B

‘ . - . i . " m. . _ i )
| - ] : R i o o j fl o] ] .
0 25 50 75 100 it 0 45 7 ; 91.4 + cm
‘ Percentfshruh:crown cover?; | f:l.L:'ii; L0 ‘ 13 36 + 1"ChES‘

' Average he1ght of shrub canopy

Fmgure 2. . The: re]at1onsh1ps between hab1tat var1ab1es used to
eva]uate shrubs and the su1tab111ty 1nd1ces for the var1ab1es

It is - assumed that very 1ow grow1ng shrubs w1T1 not prov1de adequate - |

concea11ng cover for- blue grouse ‘Suitability’ ¥s. assumed to be optimal when -
average shrub-heights exceed 45.7 cm. (18 inches), -and su1tab111ty décreases. to

zero as shrub ; he1ghts -approat
~ishrub - heights = increase - ‘above|

era. Su1tab111ty will . not ‘be affected as

5.7 cm: (18 1nches)‘ Becduse tall shrubs’ may

prov1de useful. habitat, 'similar to small. treées.~ The re1at1onsh1p between
shrub he1ght and a su1tab111ty 1ndex for b]ue grouse 1s presented in: F1gure 2b.

Cc-34

sl TN




'arégbotwjgreatdr than
10 and 30% crown cover.

: The: best: blue - grouse hab1tats have shrubs tha
45.7 cm (18 1nches) in he1ght and at densities betwee

Such habitats;are assumed.: Lo prov1de ideal shrub cover cond1t1ons as we]] as;

amp]e shrub produced foods

‘ Habitats w1th shrub helghts and/or dens1t1es present at 1eve1s out51de;
. the ranges of: opt1mum described above will not’ have maximum suitability. In.
such hab1tats, it is assumed that the overall suitability of the shrub’
component - will increase: as either the height .or density suitability values. .
. approach opt1mum lTevels. For example, a habitat with very low shrub heights -
and a very sparse canopy. cover of shrubs would -provide ‘more food and cover for.

blue grouse if either the height or density of shrubs was increased to a
higher- su1tab111ty level However, it is assumed that the lowér'of the two

- values will have the greatest. 1mpact on the ‘final shrub component value. It
is. further assumed that when shrub height and density are present at the same
- Tevels of . su1tab111ty, the habitat value for the shrub component will also be:

“equalto- that Jevel “of su1tab111ty Th1s re]at1onsh1p can ‘be ‘expressed

mathemat1ca11y by the foliow1ng equation:
' 1/2

?{Foodfcoverféompooent (shrub portionjr (SIV2 X SIV3)

Herbaceous vegetatlon may prov1de food cover, ‘and water, and s .
espec1a11y 1mportant to blue grouse females and broods Su1tab1]1ty of herb-.

aceous vegetation is related to herbaceous canopy cover, height, and diversity.

7 ,0pt1ma1 herbaceous densities are assumed to. accur between 40 and 75% canopy
- cover, and suitability decreases ‘as herbaceous dens1t1es approach zero ar

100%. Habitats with 100% cover are assumed. to prov1de ‘very low suitability

_ due to the restrictions thay cause in grouse movemént, while habitats with 0%

cover are unsuitable. The relat1onsh1p between herbaceous canopy cover and a
su1tab111ty 1ndex for b1ue grouse is presented in Figure 3a.

» Dpt1ma] herbaceous he1ghts ‘are assumed to ‘occur between 20.3 and 50.8 cm
(8 and 20. inches). Habitats with heights ' less than.20.3 ecm {8 inches) will

‘provide lower suitability due ‘to a'lack'of concea11ng cover. Suitability will
decrease as herbaceous heights approach 152.4.cm (60 inches), and it is assumed
that, as herbaceous’ heights exceed 152.4 cm (60 inches), suitability will :not .
be affected further. The relationship between . herbaceous vegetat1on‘he1ght'
.and a su1tab111ty index for b]ue grouse is presented in F1gure 3b.

Habitats . w1th a high dlvers1ty of herbaceous plant species are preferred

by blue grouse. Areas with Tow species. d1vers1ty may provide some su1tab111ty-

if herbaceous he1ght and density are adequate Thé relationship between
herbaceous’ vegetat1on dzvers1ty and a su1tab111ty 1ndex for blue grouse is
presented in F1gure 3c.
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Figure 3 The re]at1onsh1ps between hab1tat var1ab1es used to eva]uate
herbaceous vegetat1on and the su1tab111ty 1nd1ces for the var1ab1es '

The. best blue grouse hab1tats have herbaceous growth that is d1verse;gi
between- 40 and 75% canopy cover; .and- ‘between 20,3 and 50 B cm (8 and 20. inches)™
in he1ght Such' habitats ‘are ?ssumed to prov1de ‘the . 'best’ herbaceous coverj‘
cond1t10ns as: we]] as amp]e 1nsect and herbaceous foods ‘ T

Habltats with herbaceous height and/or dens1t1es present at. 1evels 1owerj

' than optImum (as described above) will not have maximum su1tab1]1ty In such
~ habitats; it is; assumed that [suitability w111 increase as-either the herbaceous
he1ght or dens1ty su1tab111ty va]ues approach opt1mum Ieve1s however,_the;‘

o
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e

1ower of the two values- w111 have the greatest 1nf1uence on the final herba-
ceous component value. The:suitability value: for, herbaceous diversity: d1rectly
influences the: value given to herbaceous’ vegetat1on "Habitats ‘with a given
su1tab1]1ty va]ue for herbaceous height and: n :w111 have. Tower overall
su1tab111t1es as - herbaceous d1vers1ty decreases; from. dptimal to low levels.
However hab1tats with . low: diversity may have moderate suitability, iif herba-

ceous. hEIth and. den51ty are adequate, -because it is. assumed that even -areas

with a 'single; plant ‘species, will be used by blue grouse. Th1s.re1at1onsh1p

can be expressed mathemat1ca]1y by the fo]1ow1ng equat1on

Food/cover component (herbaceous port1on) (SIV X SIV5)1/2 X SIVE' E

Interspers1on component. Max1mum blue. grouse dens1t1es occur 1n ‘areas
--where trees are well interspersed with more. open habitats. It is ‘assumed that
. _opt1ma1 ‘conditions are provided when the d1stance from herbaceous or ‘shrub
~,cover types to forest or. trée ‘savanna cover types is 0.4 km (q 25 m11e) or
. “less.. “-Suitability will decrease to zera as 'this distance approaches 3.2 km
__(2 0 m11es) Th1s re]at:onsh1p 1s presented graph1ca11y in. F1gure 4. .

(= o . o
F S
[ IS U B
T T

o
oMt
1,
1

Suitability Index (SIV,)

T T T - o
. | 0o 16 .j ﬂ 3 2+ km
o010 2.0+ ‘miles

Distance to forest or tree
- savanna cover types _

Figure 4. The relationship between the d1stance from herbaceous or shrub

cover types to forest or tree savanna covern types and a su1tab111ty index
for the blue grouse '
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;, and shrub

Mede] Reiat1onsh4ps

HSI determ1nat1on The overa]l vaTue for -a“habitat for b]ue grouse is a

-,funct1on of the qua11ty -of :ithe: herbaceous 'and’ shrubby vegetat1on in'all cover "
types, the ‘interspérsion of " herbaceous and ‘shrub- dominated cover types w1th
forest or tree. ‘savanna’ cover types - and the tota] canopy. cover of trees on. thel

“area. It -is. assumed that. any of these may ‘act’ as a T1m1t1ng factor 1n
-determ1n1ng the HSI SR :

It 1s assumed that the lowest va]ue-f'r e1ther herbaceous or shrub growth

,mod1f1ed by ‘ the . 1nterspers1on ‘value; ~will- determ1ne ‘the  value: of the

herbaceous/shrub port1on of .a cover type for blue grouse. 0vera11 habitat

'-su1tab111ty is assumed ‘te! ‘be’ the: Tower of. e1ther the ‘value for. percent tree
coverage;on the entire area or the total. value obtained. for. ‘the . herbaceous/
) 1on Fn ai cover types.ﬁ These.assumpt1ons arg based on ‘the fol]ow1ngi

$hrub-
log1c.

K1) A11 cover types shou?‘}conta'n_adequate -quality of.both herbaceous
egetatlon ‘Cover. types with

T provide poor: food . and:

conditiar ; (:2) The value of:?

1} herbaceous

' and shrub’ ve‘etat1on in cover: types w1thout trees (ES,DS,ESS,0S5,G,F,P/H) will:
. be  affected - ‘the 1nterspers1on ‘of. cover types prev1d1ng trees -
(EF, DF ETS DTS) Interspers1on of trees:is considered to be adéquate in cover
types prov1d1ng trees; and (3) Habitats. with too few or too many trees ovér’

the entire .area will be ‘poor qua11ty, regardless of the cond1t1on of “the |
'herbaceous and shrub growth ' :

The HSI 1s ca]cu]ated as fo]lows

‘jeDetermlne su1tab111ty 1ndex (SI) va]ues ‘for each var1ab1e in the
'3”appropr1ate cover ‘type’ by enter1ng the field data dinto the appro-
’gpr1ate SI. graph. '[Note: For~ V; only, determ1ne one SI value- for

all cover types used by the b]ue ‘grouse by mu1t1p1y1ng the percent

' ¢ahopy cover of evergreen “and aspen trees in each cover type used by

. the blue grouse by ‘the’ relative area (see Step 3) of each cover type,
- summing these. products for all. cover types, . aid d1v1d1ng by 100.

E;Enter this’ f1gure 1nto the SI graph for V; to determ1ne ‘the SI va]ue

fﬁ;For V, 1

{ZLthCalcu]ate food!cover values : for both the shrub and herbaceous

;pport1on in: each cover type by us1ng the SI va1ues in the appropr1ate ‘

f‘equatlon

-,3; ftDetermune the re]at1ve area ( ) of each ‘cover type used by b]ue

- grouse within the study area, as fo]lows

e G e DR Ly f‘Area of ‘Cover: type A
Lo ; 5 Filk A . . =
,Vi,Re]at}ve,area (&)ﬂfor cover type‘A " Total area of all

" cover types ‘used by
the blue grouse

x 100
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.2

4, Mu1t1p1y the 1ower of either the . herbaceous or shrub food/cover
vaTue for each coyer type by the re1at1ve area (?) of ‘that cover

5, Sum the va1ues determ1ned in Step 4 for forest and tree savanna
cover ‘types (EF, DF, ETS, and DTS)

6. Mu1t1ply the va]ues determined in- Step 4 for each herbaceous and

shrub cover type (ES, DS, ESS, DSS, G, 'F, and P/H) by the SI value
for V,; for that cover: type and sum- these products

":?Lf Addtthe sums ffom Steps 5 and 6, and divide by 100.

‘8., The HSI is equa] to the lower of e1ther the SI value for V,, or the
va1ue from Step 7. '

Summary¢of model var1ab1es. Seven hab1tat var1ab1es are used in this

 ‘model” to determine an HSI for the blue grouse. The relationship between
~ ‘habitat: variables, life requisites, cover types, and the HSI for the blue
- grouse s i11ﬁstrated in Figure 5, o : : .

;EApp11cation of the Mode T

App11cat1on of the ‘blue grouse HSI model requ1res the measurement of the -

. quality of the herbaceous and shrub vegetation in all cover types. This value
- 'is then modified by considering the 1nterspers1nn of. trees with herbaceous and

shrub vegetat1on The value for tree canopy cover is -determined for the

entire ‘study larea. Overall habitat. suitability is: ‘1imited by either the value
. of the. herbaceous and shrub portion or the value of the tree port1on of the
f;'mode] Refer to the HSI Determ1nat1on section for further details.

Def1n1t1cns aof var1ab1es and suggested measurement techniques (Hays

.et'a]. 1981) are pr'nvided in Figur‘e 6.

14
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Var1ab1e (def1n1t1on)

Vi Percent canopy cover

: of .evergreen and aspen
trees over entire area
[the percent of the

‘ ground surface that s

¥ shaded by a vertical

= ‘prOJect1on of the
canopies, of evergreen.

- and :aspén woody. vegeta—
‘tion taller than 5.0 m
(164 ft) in height.

& 'Determ1ned for the entire

- area by, mu1t1p1y1ng the

-percent canopy cover in
‘each cover type used by
‘the blue grouse by the
relative. area (see page.
13 for def1n1t1on) of
that cover type, and
summing,these products
for all cover types .
used by ithe blue grouse. 1

Vs ,Percentgshrub' crown

covar [the percent
- .of the ground surface.
- . that is.shaded by a
- vertical proJect1on of
the candpies of woody
~ vegetation £ 5.0 m
(16.4 ft) tall].

}vij'éfAverage he1ght of shrub }?

~canopy ,[the average
- yertical distance from .

. the -grotind to the highest
L “ipo1nt of.all woody plants
oo S5.0 W ((16.4 ft) tal]]

' 3N;' ‘-Percent herbaceous canopy
. cover (the percent of the

-ground :surface that is

o 4.shaded by a vertical

projection of all non-
woody vegetat1on)

Figure 6.

‘Entire study are

Suggested techn1ques

Cover 1y9§5 :

: L1ne 1ntercept
© .remote sensing

EF ,DF,ETS,DTS, Line intercept,

ES,DS,ESS,DSS, quadrat

6,F.P/H ‘

'EF,DF, ETS DTS Line intercept,
: ES DS ESS DSS graduated ‘rod

P/H STt

EF,DF,ETS,0TS, " Line intercept,

ES,DS,ESS, DSS quadrat

G,F, P/H

16
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ﬂDefinitions‘of variables and SUQgettéd‘meaéurément techniques.
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'Var1ab1e (def1n1t1on)

‘Average he1ght of herba-’

| Coverﬁtyges
" EF,DF.ETS,DTS,

Suggested techn1ques

L)

Vs ,ETS L1ne 1ntercept
-CepUus - Canopy. (summer) . ES,DS,ESS,DSS, graduated rod-
(the average vertical. ‘G,F,P/H ¢ : AU %

distance from the . ground ‘

surface to the dominant’

height stratum of the:
 herbaceous " vegetat1ve

canopy)

‘Liné intercept,

. EF,DF,ETS,DTS,
) 1~quadratg--r"

ES, DS, ESS, nss o
G.F, P/H :

Ve D1vers1ty of herbaceous o
‘vegetat1on per cover. type v
(the number of plant ;‘
~ species comprising 1%’
~ or_more of the total o
.herbaceous - canopy ‘
h coverage per cover

- type).

oV, D1stance to forest or " ES;DS,ESS,DSS, Remote ' sensing
treée savanna cover . G,F,P/H ‘ R AL
_types (the distance -
~from randompoints to
the nearest edge of ‘a|
L . forest or tree savanna
‘@‘ ' - cover t_vpe) ‘

 Figure 6. (concluded) *
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Cover T:ﬂg o , |

‘Seasonal Wetland (8),
~ Valley Grassland (N),
Irngated Pasture (P)

Va]ley Woodland (W)
Riparian (R), Alkali Sink-
| Salt Bush Serub (A),.
Shrubland (H)

Vmeyards/ Orchards (V)/

\

- cover (V3)

“Distance to .

' Foothl.ll Grassland (F), A

0
]
=]
Q
[}
L=}
173}
g
)
(']
g

Distance to escape -

e L1fe |
- Spatial Variables . Rgumte

Habitat
Varlables

permanent water (Vy )

roosting cover (Vg)

FOOd‘

— Cover

Distance. to forage
'frorn ‘eseape cover (Vg)

Dlstance to
perma.nent water (Vq)
D:stance to roostmg

cover (Vg)

Distfa'noe ‘to escape

— Food -

Cover

cover (V3)..

pernianent water (V)

Dlstanee to roosting

Food

\

cover (Vg)

Distance to escape

‘Cover

Food -

cover (V3) -/ \
Distance to j‘ o

permanent water (Vl)

Distanee to rogsting
cover (Vg)

C-47

Cover

— Forage :ava:_lab;lity (?4)

% Cover Herbaceous
~vegetation > 10 in; (V)

- Forage availabilitj(-‘%) '

96 Cover Herbaceous vegeta-
tion > 10 in.. (V5)

%. Shrub erown closure (Vb‘)

Forage availability (V4) -

-Overwinter crop management
g

% Cover Herbaceous

vegetation > 10 in. (Vs)

Forage availability (V)

V/0 Crop management (Vg)

% Cover Herbaceous

vegetation > 10 in. (Vg)

iy



g

: Dlstane' to perma.nent water
) 'Disténce to roosting cover
) iﬁDistanee to e‘seape cover . .

: Forage avaﬂabmty

y Percent eover herbaceous
; vegetat:o ' "‘over 10. mches L
' Percent shrub cerown: closure

. Overwmter erop ma.nagement

'Vmeyard/{)rchard Crop
o management _;] L ‘

' Dlstance to. forage from SRR
"escape cover AR

VARIABLE

© G,V,F,8,R,A;P,H,N, W

m helght

c-us

 HABITATTYPE .
. GYVESRAPHNW

E G,V,F,S,R,A,P,H,N,W o Aerial photo mterpretatxon ot‘

. GV,ES, AFHNW . Aerial photo interpretation of

o T random ten acre quadrats
R GsV,F,S,R,AP,H,N,W ) iQua_drat

Quadrat

o iObservation, loeal data

| IObservatzon, local deta

SUGGEST?ED?TECHNIQUEI‘ -

.- Aerial photo mterpretatmn of -
3 random ten acre quadrats T

random ten acre quadrats

Liné iﬁ-tét-’l:*épt*

Aerlal photo mterpretatlon of

random ten acre quadrats

-‘ - . L _r;l - . . )

-



| 0.0

1. Dlstance to avallable permanent water (m areas where free drmkmg water is:
unavmlable (summer and fall), succulent green vegetatlon may be: substituted,

1f present)

(.0 | - 1
' Assumptions: Permanent water must have

-escape cover within 200 yards to be
::avallable to. Cahforma quaﬂ (Leopold,
1977 Broods can travel up. to .25 mlles to

drinking | water (Sumner, 1935) Water

sources ;rrclude guzzlers,‘ ‘spr.mgs,; seeps,

o 25 ' . watertarrks,.efe.
miles | o

C-49




2. Distance to roosting cover: .- ¢ i o

O._ u‘lqw . |"-TD -:I'g
i 1439

3.  Distance to escape cover

‘HV\U

0.0

| Assumptlons Optirhum-roosi:'di‘s-tributio_n =
1/4 mlle ‘or less (Fltzhugh 1983) - One
o -iroost eVery 1/2 mile = good quml hab1tat

; -(Bauer, 19?7) See defmltlpn; of roosting

J'cover.

. Assumptions: Quail will forsge up to 200
I‘ :-‘feet from escape cover (Bauer 1977) See

‘defmltmn of escape cover. . -

S0

-




W L - ) R - B - ‘ ) . . B . B [ _ S = 1 L - - : ' — - -

o0

LD

1O -

4, Forage,éﬁv&ﬂabil_ity— ‘ :

e e mae s e e e — —

i R
1] T [} T

1

o 25 8 I3 10

- :-,Perw?m' co}éfﬁfr of fores - .

Assumptions: - California: quail prefer seeds
and gl'een fieavgs of annual forbs (See list

of preferred food items). Forbs should

.compr_is@appro::irrj&tely 50% cover of the

herbaceoj,ts. vegetation ‘in_,_the study plot to-

provide optimum "f‘ol'ggé {estimated from
- Glading et al, 1940 & Duncan & Shields,
1966). ‘ B |

| 5. Bercentiécovef of hre‘rbaceo'us‘ vegetation over ten inches ih'height

o

25 So s
Rernervt cover

o0

c-51 -

Assumpti_ﬁ:js_: California quail prefer open

- habitat. | Extensive stands of tall, dense

herbaceous. vegetation are gvoided

{Leopold, 1977;, Crawford, 1978; Fiitzhugh,

1983). -




6. . Percent shrub erown closure

. Assumptions: Califotnia - quall Drefer

) ;;denSE, low shrubs covermg 10-20% of an |
L area. Umts of shrub cover should be at- -
5 ‘?‘least 10 feet in dlameter at their w1dest : |

S .,-«pomt (Fltzhugh, 1983).

|
|
I
|
l
)
N
l L . | ml S
?_o ,a:: 40 =;o oo

7., Querwinter crop management.

b

A Crop left unharvested

B Crop harvested, sprmg plowed"

C Crop harvested, fa]l plowed

- - Do

ce520




.

©.0

A No hérbicidg- use-or no discing/mowing

_between rows . !

B . Light| herbicide use  or - oeeasional

: dmemg!mowhg between rows

C Heavy - herbicide use or regular
diseing/mowing to contrel herbaceous

vegetation between rows -

R Distance to forage fx;i:qm eseape cover |

Assumption:- Buitable forage areas must be
. ‘within 200" feet of escape cover to be

utilized by qusil (Bauer 1977),

C-53




Additionali assumnptions:

: weeds dense, ta.'ll dry grass, dryT grass or weeds growmg through fallen, dead:'

: :,.f:'plles and in; “holes' in - earthen banks - (Gladmg, 1933). For- purposes of this

‘ 3.“ g

4

Quall nest in a varlety of SItuatlons mcludmg 1soLated clumps of dry grass or

‘ brush rock outcrops, green vegetatlon in- swales or close to streams, in hve

'tarweed or turkey mu]lem, under shrubs, plles -of scrap lumber, rocks, straw .

‘ '-model, 1t is assumed that nestmg cover is not limiting and 1s present 1f other.

cover reqmrements are met..

. _Water qualxty thhm the Central Va]ley is not limiting quall populatlons.

‘ Cahforma quall ean successfu]l:;lr utilize salt water at Na Cl concentratlons of

-

) 50% or less. Under condltlons of severe drought salme sprmgs or brackish
water could be 51gruf1cant in mamtammg quail populations in some locatlons. .

| *(Bartholomew and MacMﬂlen, 1961)

Assume a mlmmum home range of 10 acres (CDFG, 1982) Eseape cover

. ;_-,'should comprlse & mmlmum of 10 percent of the home range or 'l acre, . |

o preferrably in clumps f; brush 10-20 t‘eet in dlameter and spaced 100 to 200
. "feet apart (Fltzhugh 1983) e -

"Thxs model was constructed for use 1n plant commumtles found m the Central o

'Va.]ley of Callfornla up to about 500 feet in elevatlon.

c-54

-

oy

- .

f.




e ‘
- ..

Escape cover = Dense low shrubs, th1ck vine tangles, hlgh weeds, piles of debrl and

rocl-cs brushpzles (Bauer, 19??) Escape cover‘ should cover a

muumum of one acre preferrably as clumps of brush'and vines 10-20 .

feet in dlameter a.nd 6-8 feet hlgh (Fltzhugh, 1983)

acaeie
Arizoheie*_tjpneS's .

_blackberry

blue elderberry
bush buekwheat
cactus
cotoneaSter |

"deerweed

| . encelia

L Europees‘beachgrsss
gr'apevin_es

| .honeysuekle‘- 3
juniper
niesqui_te
mulefat.

Oregon grape

~ C-55

Commen eseepe cover plants {frotﬁ Bauer, 1_937?)=

| pﬁrﬁpas- érass

pmson oak
rabbltbrush

redberry : .:‘
rock gooseberry
sacaton.:grﬁﬁﬁ‘ |

ssgebrush -

: queil brush (saltbrush)

Scotch broom .
sumac
taamari'xv
teyon |

wild rose
wﬁhwﬂ§

desert thorn .



..

Roostmg cover = St1ff—tw1gged, densely f011ag'ed everg-reen trees or: ta.'ll shrubs

o '( ) 12 feet)‘(Bauer, 1977), vme tangles if dense and extendmg 1n ‘

"~"'."_‘he1ght above 12 feet (Sumner, 1935), art1fzcla.l quaﬂ roosts
'{:(Edmmstei' 1954) Escape eover mist be wlthm 200 yards, of
o 'roostmg cover (demved from Fltzhugh, 1983) |

Commion roosting eover plants (from Bauer, 1977).

Arizons eypréss ©

blue eiderberry”

oitrus trees

_ holly—leaf cherry

- | Jumper

ol

redberry

: Rocky Mountam cedari-:; -

Scotch broom

California laurel (Edminster, 1954):

- -C-:S'iﬁi '



. Equations:

; a) _E:.qiu‘ation.fqr,;_foﬁd,compbqent. e '

_3f;Cover? Type o Eglilai‘:ion‘

CEBSP | (VpxVaxVpl/3

CRALC b (VgxVyxvyl/s

. b} Equation for eover component

' CoverType

GV,ES,P

Eg'uail:i-on .

CRAL . Vg (V5 xVgit/2

_ G o (v1xys);!2,..(véxv7)lf2

v vV (vt

C-57

Assumes  escape . COVeEr,

' Qermanent water and forage

all eritieal compon‘enté of

© quail habitat. If any

variable is zero, the sample

site is unsuitable quail

" habitat

Assumes roosting and escape
c‘c-wer‘ to b_e eritical com~
éonehts of quail habitat. If
éither variable is zero, the

sﬁmple site is unsuitable as

-quail habitat.
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Caleulating Oife'lféll HSI

The HSI value for California quail is equal to the lowest of the vahies for the: food

and cover components. =

- I N My

't

' C—58,‘2f‘,l L
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. to-its applicat

- PREFACE

-7 This document is part of the Habitat Suitability Index (HSI) Model Series.
- (FWS/0BS-82/10), which provides ‘habitat information useful for impact assess-
- ment. and habitat management. .Several types of habitat information are™
-provided. The Habitat Use Information Section iis largely constrained to those"
.. -data that «can be used to derive quantitative relationships between key ‘environ-
. .mental variables and habitat suitability. The habitat use information :provides :

© . ‘the foundation :for HSI models that follow. In‘addition, this same information -

. may be useful 1n the development of other models more. appropriate to specific
assessment or evaluation needs. . ; L ' AR

. The ‘HSI Model Seétfon'daEUMents a habitatlmﬁdé]fandliﬁfarmatidn.ﬁértﬁnent
ion.  The model synthesizas the:habitat use information into a

  1; framework :appropriate for.fié]d‘app11cation'addjis'ScaIed'to;prodhce‘an‘index

---value between U:D'(unsuitabieshabitat).and‘l.U;ﬂoptimumnhabitat)J.‘mhe‘%pp]ica-‘
~ -tion information includes descriptions of the . geographic ranges and seasonal

-application of ithe model, its.current verification: istatus, and a: 1isting of
. model variables with recommended measurement techniques for each variable. |

o Infe55ence£ £he model ﬁfeséhfé&'herein isqa§h§ﬁéfh§§isidf speéies*habitaf

. 'relationships and not a statement 'of proven cause and effect relationships.
- Results of model performance tests, when available, are referenced. However,
. models ;hat_have‘demonstrated.re1ﬁabi1ity.inqspecﬂficwsituations may  prove’;
_.unreliable' in others. For this reason, feedback is . encouraged from usérs of
.. this model: concerning . improvements and other suggestions that may increase the
© utility and effectiveness of this habitat-based approach to fish and wildlife
. -Planning. -Please send suggestions to: ) I

Habitat Evaluation Procedures Group
Western Enérgy and Land Use Team
U.S. Fish and Wildlife Service

2627 Redwing Road : _

Ft. Collins, CO 80526-2899

'-'Tﬁis repoft should be cited as:

Sous: } F 1ta ' sui 5 i dels:
Sousa, P. J., and A. H. Farmer. 1983. Habitat suitability index mo
o -Wood duck. U.S. Dept. Int., Fish Wildl. Sgrv. FWS/0BS-82/10.43. 27 pp.
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' ﬂpopu1at1on“breeds ‘from British'-Columbia ‘south to Califor
_,jMontana ¢ The major. w1nter1ng range occurs: south of Mary1and in the At]ant1c 1
and Gulf: ‘cpast States, ds’ wel] as Arkansas ‘and: Tennessee - The . maaor1ty of the ‘
. Pacific. population w1nters in the Sacramento Valley. WOod ducks are permanent :

. WOOD DUCK (Alx sponsa)

WABLTAT USE INFORMATION -

- WDod ducks (Aix sponsa

‘and beaver ponds (Be]]rose 1976). - ‘The .major breeding range of the’ wood duck
* ¥s 1in ;the eastéern United States, from Florida and east Texas north to Ma1ne
- and: North Dakota,.-and “north into the ‘eastern Canadian provwnces A Pac1f1c

, %res1dents in the southern ha1f of_their breeding range.

;Food

WQod ducks have been referred to as pr1mar11y herb1vorous (Landers et al.

1977) a]though ‘recent studies have 7indicated that. invertebrates make up.a

s1gn1f1cant part. of the - annual diet (Diobney: and Fredr1ckson 1979). - Wood

nhabit creeks rivers, floodeain Takes, sWamps, ‘

a-and east .to

ducks .forage on the: ground or ‘in water at depths up to 46 cm (18 1nches) -

_(McG11vrey 1968) In Missouri, they :foraged: primarily in: flooded timber
during “spring and fall - (Drobney and Fredrickson 1979). The . daily forag1ng

radius ‘in the southeastérn United States may be as much as 40'to 48 km (25 to -
30 mi)-(U.5. Forest Service:1971).. Food items {include mast and fruits, aquatic

p]ants ‘and . seeds, insects, ‘and aquatic . 1nvertebrates Acorns and. other mast
are important fa]] and ‘winter foods (Landers et al. 1977)... When acorns aie

lacking, . other important foods. Include the seeds of ba1dcypress {Taxodium

‘distichum), hickories: (Carya spp.),  buttonbush (Cephalanthus-occidentalis),
iarrowarum (Peltandra 1rgin1c a), -and "burreed (Sparganium spp.) (Bellrose

1976).: . In South.Carolina, McGilvrey (1956) found that greater than 98% of the
‘stomach ‘contents of 108 wood .ducks shot by hunters were fruits and -seeds of
" water - oak (Quercus nigra) pin oak (Q palustris), ba1dcypress, ,sweetgum |

‘(L1qu1dambar styraciflua),. water hickory (C aquatica a), and corn (Zea mays).
Important fall foods of wood ducks in Maine were pondweeds (P otamogeto spp..),

‘burreeds, water bulrush {Sc1rpus subterminalis), oaks, and wild rice (Z1zan1a'

~aguatica ) (Cou]ter 1957) ‘Wood ducks préfer to forage for mast in. areas of

‘sha]low water, -although . they may also- forage -on’ the forest floor (Brakhager

1966 Bel]rose 1976) and. even- on .tree ‘limbs before the ‘mast has fallen

" (Brakhage 1966) Important foods dur1ng the breed1ng season 1nc1ude pers1stent j
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-'of adults by 6 weeks of: age

bVerw1nter1ng'fru1ts corn and other domest1c gra1n, seeds and fruits from
bottomland hardwood trees, shrubs, and aquat1c herbaceous p]ants, early .spring
p]ants .and 1nvertebrates (McG11vrey 1968) e

FemaTe wcod ducks have h1gh protein and ca1c1um requ1rements 1n the
spring’ and feed heavily on Aquatic invertebrates: (Landers et al. 1977). They
satisfy their’ protein requirements for egg 1ay1ng through their. diet rather
than:through internal stores (Drobney 1980) Invertebrates’ made up 'abolit. ' 82%

-by. volume of::the diet ‘of wood duck hens in M1ssour1 during the . 1ay1ng period

(Drobney 1980). = During 1ncubat1on, when protein requirements were reduced,

' 58.5% of the d1et of the: hens was plant foods. Drakes did not exhibit the
.. same . pattern of invertebrate use, 1nd1cat1ng 'that hens fed® se]ect1ve1y‘ on
. fnvertebrates’ during ‘the- egg laying-period. -The: abundance and; ava11ab111ty of

. .macroinvertebrates to wood duck: hens during the pre—breed1ng per1od is critical
. -to. successfulreproduction (Fredrickson, pers. comm.). Invertebrates made up

about . one-third of the fall diet of- drakes and hens,‘and the spr1ng d1et of

- drakes (Brobney and Fredr1ckson 1979)

Duck11ngs 1ess than 1 week old are dependent on an1ma1 foads (pr1mar11y

—1nsects) and forage. in areas- where both food  and-some: protect1ve cover ' ars

present  (Hocutt and ‘Dimmick 1971) The d1et of duck11ngs is s1m11ar to. that

Water -

No 1nformat1on "on- d1etary water needs of the‘wood duck . was found 1n thel

'~11terature. Hawever “water needs are likely. satisfied in’ wet1and hab1tats
,gused ‘by. the wood duck "The remainder of this section descr1bes those water_
: character1st1cs that 1nf1uence habitat use by wood ducks :

Water depth affects the quantity, variety, and distribution of cover and

food; and wood duck needs are generally met between the shore11ne and a water

depth of 1.8 m (6 ft) (McGilvrey :1968). - However, even when wood 'ducks feed in

o deeper..water,.. the .actual feeding depth is genera11y restrwcted to the: top
-~ 30.cm (12 1nches) of water (Fredrickson, pers. comm. ). Water' is cr1t1ca1

wood duck breeding and broed-rear1ng habitat from m1d-January to late: September

_-in. the southern United States.:and from m1d-Apr11 to late September in the
- northern. port1ons of the.range. . Water in most of the' breed1ng habitat should
be from' 7.5 to 45 cm €3 to 18 1nches) deep, still or slow-mov1ng, ‘and’ sheltered
from: the: wind. -Areas -with -water less than 30 cm' (12 inches) ‘deep are’
-Espec1a]1y 1mpurtant in-providing: 1nvertebrate feods for breeding wood ducks
(Drobney:and Fredrickson 1979). A water current of 4.8 km/hr (3 mph} has" been
estimated as jthe maximum tolerable stream flow for - breeding wood 'ducks,
although broods seldom use areas w1th currents greater than 1 .6 km/hr (1 mph)

(McGuTvrey 1968) . o . ‘ .

Iso]ated wet]ands much lass. than 4 ha (IB acres) in s1ze are considered

marg1na1 braod; rearing habitat (McGilvrey 1968} “The more  shoreline per unit
area. of water, the more suitable the habitat, prov1ded the d1stance between
ﬁoppos1te shores isat 1east 30 m (100 ft). 0 | B
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“Cover

- (McGilvrey 1968). A rati

-and McBilvrey 1966). Y

' communis),  may sati

.and herbaceous . eméirgent

" greater than, 76%, dominated -

Suitable cover for wood ducks may be provided by trees or shrubs overhang+ .
ing: wqter,ggf1added“wpody,g?ggetatiOn,@‘qr-‘a combination of ‘these two types
. of .50: to 75% cover to 25 to. 50% open water -is
f | . and:Dbrood- rearing habitat. Adult molting -habitat is
sjmiiar;tb,bfopd h§&ita¢-TPaﬂmef 1976),.-although molting .adults ‘make greater
.us¢ of ' herbaceous wetlands.
-perst comm.y. |

prfErréd;;in'bregdidgﬂgp

gdumihatedyﬁp$- ¢attai1s and\‘BUIrﬂghéﬁi (Be]&rbse;

I”Ahf@bﬂndante;of*doﬂhgduiﬁﬁbgpQpravidesfsuﬁtab]e;yeareround?EOver‘(ngster
oung: trees: and:matire ' shrubs. with . Tow ‘overhead:.and
imal: cover for breeding adults (McGilvrey . 1968).
r idéd‘byﬁﬁhbuijthatgform a. dense canopy. -about. 0:6 m

lateral. growth' provid
Ideal shrub. cover is

(2 fﬁ)‘qb@ve;ghéEWaiérkéuﬁfépeﬁjJThe-decjdudusifarested‘tybescusEd?by-bneediﬂg; ,
wood ducks' vary throughout thgir‘range;:a}thoUghaWOQded;areas;thatfareﬁf}dodéd‘
Jin early.spring are the most suitable nesting habitat. McGilvrey (1968) 1ists

the following as the;szt,impbrtant?babitats”for}nesting?wdod:dhckSﬁ'"SOUthern

- W1ﬁtéréperéis£ehfieﬁ“r

as cattail (Typha spp.)s
burreed, - purple. Toosestrife

(Lythrum salicaria), and phragmites. (Phragmites

trees are not available (Mc vrey 1968). .. .-

s ﬁrﬁyided'bgféfcéhbination,affdo#ﬁfﬁil‘andiwobdy

. Wood duck brood, cover -1

Webster and McGilvrey..1966;

channels..

nel “Palmer 1976). In the ‘Mississippi
Alluvial

son, pers. comm.); - Wood' ducks 6lder than 2 weeks of “agé:use habitats

mquratwhqgﬁés‘(Gnite\QﬂdﬁRQ§Er551955),fﬁBu#tdnbUsh clumps- and ‘muskrat ‘houses:
nanideﬂ”ldqfingjsiﬁes,oﬁ;;dfﬁthe;mater;.jﬂﬁtimalfcompusitiOH in’ brood . habiitat

centrated their activities i

proyide cover in.areas whe
McGilvrey. 1966). . South ‘Car

ina - beaver ponds. that-pravided both.shriubby ‘and

herbaceous cover. received :greater; use by wood duck broods than.-ponds dominated:

by ejthéf?;hrubs;dgiﬁgﬁbﬁqg@dsﬁVEgéiatibnu{Hépp;ahdﬁHaiﬁa19779,fﬁShrubsfnrbvﬁdéf:
‘cdver;‘setuthy,‘aﬂd:loafingqsftes, Whi]e;hehbacébu5=vegetation;pnqvides'coyeri

and‘habTﬁat*for‘invgrtebf&;é}gthat:makefupTafmajor portion of ‘the diet of

' _duck]ingﬁy"Emerggnttherbaésbps{yegetatidn?ﬁhaﬁwdbg§ hot provide ‘afy early

D eeTE

Jldep1§in;fdiésts;?red'ﬁaplqj(Atéfyrubnum) swamps; Central .foodplain forests;

temporarily}aflooded Qoak7hiqkbmyifpﬁéstéjiand,Northernibbttomlamdjhafdwonds;‘

. Buttonbush is an important source of cover for wood ducks throughout. much of
~ their range {Webster and McGilvrey 1966; McGilvrey 1968). SRR '

Qéﬁﬁs‘that‘hévéﬁaw1ffe;form'simi]arftdﬁshrubs; such
t: rush (Juncus effusus), buTruShs(Sciﬁgus-spp;);‘

sfy cover. requirements. where more desirable shrubs .and

plénts;r'wéll@{iht3h$persedsgwithe.sma1];;%open“‘wateﬁi;

Vailey;Qbrbpqs’lessﬁxhan leeaksfpldgtypit¢11yfgSeffiooded~]owIand‘
in @ order. to' satisfy' their wrequfrements-wfbr‘ 1nvgrtgbrate;;fqodsi“‘

_by buttonbush, . Wood duck broods in Massachusetts. preferred-areas
,:pyér,in;etSpénSngyithqsmal}fqpep»poois,;c}umpSwdfﬁbutgunbush,ﬂandi‘

5y 40gtaa70%QEErhq¢edu$qemérgenﬁs;ﬂQgtdi10%itréé${
968): " Eight wood' duck :broods in’Florida cont
o shrub ~wetland . community withfﬁshrubﬁ‘CQVEij
L minat ‘mature- Canqlinafrwillowa‘ISaiix';carclihianajiu
(Wéhner,anduMaﬁfong]SSI);‘ﬁShkUbs andJar-cﬂumped'hérbacéqus~vé§ét&tj0hfmﬁyf
) ' B , downed timber is not" available (Webster and

-—ell e
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spr1ng cover, espec1a11y 1n pur‘ stands does not prov1de much su1tab1e brood .
cover, (Webster and McGilvrey 1966). "An. abundance ‘of  downed 'trees in. sha1low
water [up to 0.9.m (3 ft) deep] prov1des excellent brood ‘rearing cover. and"
.is part1cu1ar1y impartant for early. broods - hatch1ng before leaves appear
on ‘trees and shrubs. and before the appearance of emergent p1ants“ (McG11vrey
1968 11) ; ; o N | o , T
.f : Emergent'p1ants used for brood cover vany w1th 1at1tude but 1nc1ude
smartweeds.- (Polygonum .spp.), American lotus (Nelumbo luted), . p1ckere1weed
(Ponteder1a cordata . bluejoint. (Ca]amagrost1s " canadensis), .. arrowheads

(Sagittaria spp.), soft rush, spatterdock (Nuphar - Tuteum), . arrowarum, and

¢lump: sedges (Carex spp. ) (McG11vrey 1968). Other important. herbaceous . p1ants
are water .primrose (Jussiaea spp.), reed canarygrass (Phalar1s arund1nacea),

.}'catta11 burreed  swamp loosestr1fe and grasses

wood duck. broods and breed1ng pairs requ1re ]oaf1ng ‘sites scattered‘.

7throughout thetr habitat for. preening. and sunning. (McG11vrey 1968). The best

10af1ng sites are surrounded by ‘water, have’ good: v1s1b111ty, and . are near

* escape :cover. i Loaf1ng sites should be at. Teast 45, by 45 ¢cm.(18 by 18 1nches)_

in size and 5 to 15:¢m (2 to. 6 1nches) above. water. Dpt1mal habitat contains ,?

10 %020 1oaffng sites. (muskrat mounds, stumps,‘ Togs, small jslands, and,,'
.tussocks) per. 0.4 ha-(1 acre). :Shorelines and’ points .of - land that ‘are rel-
" atively. bare of vegetation are marg1na1 suhst1tutes for more optlma] 1oaf1ng
._,sltes The - Iack of su1tab1e loaf1ng sites may be a 11m1t1ng fagtor 1n brood

| use (Beard 1964) ‘ ‘ o - |

Wood duck broods in. South Caro]1na used sma]1 ppnds (0 03 to. 0. 50 ha,

‘-JdU_UT to 1.2 acres). s1gn1f1cant1y more often than 1arger ponds {1. 51 to 3. 80 ha;
: 3 7 to 9. 4 acres) (Hepp and Ha1r 1977)

.; , Shrub swamps dom1nated hy buttonbush were preferred as fall. roost S1tES~f
1nrasouthern I111no15 over flooded forested | hab1tats and .open  water (Parr -
et al. 19?9) One such roost of 200 ha {494 acres) cons1sted of 60% button-

~ bush cover and 40% open water. .Another fa]] roost. ‘site’ . Was dominated by
- American.. 1otus,‘ and ° another one was dom1nated by water w1l]ow (Decodon

vert1c111atus)

Idea1 w1nter habitat cons1sts of a compiex of wetlands centered on a
permanent ‘wetland (Fredr1ckson, pers. comm.).. Optimum winter. habitat includes
scrubfshrub wet1ands emergent wetlands dead t1mber and flooded forests.

Reproduct1on ;ﬁ'

;};_ The d1stribut1on of breed1ng popu]at1ons of wood ducks 15 close1y reIated
o ML bottom1and hardwood forest with trees. of ‘sufficient size to conta1n

. usab]e nest cav1t1es and water areas that satisfy food and cover requ1rements

E(McGr]vrey 1968 3). Important limiting factors 1nc1ude the ava11ab111ty of
suitable. nest1ng cavities (McGilvrey 1968), and the ava11ab111ty of protein
foods . for pre-breed1ng females (Fredr1ckson pers _comm). _Hens  are most

'ea511y able to satisfy their prote1n requirements in. flooded 1ow1and forests,
' where fTood1ng .dynamics . create a h1gh1y product1ve 1nvertebrate food base In
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_can provide enough prote1
.(Fredr1ckson “pers. . comm. }.!

. to accommodate brood‘}produced by.

- Nest boxes p]aced within 1.4 km. (0
‘area received s1gnfficant1y greater us

- 1966). - The" ‘minimum-sized

in ‘Massachusetts® ranged from-33 0 to 91.4cm (13 to 36 1nche'

‘depth of 15 to 120 ‘cm: (6 to 48 inches) .(McGilvrey 1968).
- comm..) considered. the m1n1
4.0 1nches),‘ sma11er entrances ‘ restirict “many.
,cav1t1e

; . 11 inches),:

-cav1ty :
-most’ su1tab]e cav1t1es form 1n trees rather than an expresse‘

J'the Miss1ss1pp1 AI]uv1a1 Val]ey, T ha (2 AT acres) of properly f1ooded forest
foods to -support 800 'wood ‘ducks: for: 1l dayj
: If -7t is-assumed that ‘a 'hen will use. a- flooded
- forest’ habitat for 60 days | uring the pre-breed1ng ‘and- nest1ng.per1ods ‘then
1 ha (2.47° acres) of proper]y flooded ‘forest ‘can ‘support about ‘13- hens’ {or 5
‘hens/0.4 ha :[1.0 acre]) dur1ng the 60=day use period. A ratio of &' hay
- (20 acres) of nesting hab1tat to every: 0.4 ha '(1.acre) of brood habitat i's
. - recommended for- maximum: production in areas: where ‘natural cav1ti
_?n;y potential nest sites (McGilvrey 1968).: However, "this-
(1 the :

resence. of "at! least I'’suitable cav1ty/2 ha- (5 acres) and . (2) ‘the
pa each 0.4 ha (1.0 acre) of .brood hab1tat~be— g&Suff1c1ent
'ur‘nest cav1t1es. : ‘

‘ The c]oser the nest cavit' 'to"water part1cu1ar1y to 5urtab1e brood

habitat) the. better (McGi]vrey 1968) Cav1t1es in trees in-or near the water -
care preferred Most wood -duck nestsiin: tree cavities: im Massaohusetts were
“Tocated within' 183 m (200" yds) of water (Gr1ce and Rogers 1965) Wood ducks

" nestingidin: ‘tree cav1t1es" ,M1nne,ota selected cavities that were significantly

closer to water and ‘to canopy openings" thanfwere randomly sampled tress (G11mer

et al. "1978). - Nest trees ranged from'0 tc'350 m (D to 383 yds) from water and
~dverage 80 m (87.5 yds). Twenty—one of 31 nest trees ‘selected'h
“hens_ were within 0.5 km: (ﬂ 31 mi) of permanent water, while
farther: than 1.0 km' (0.62.mi). from: permanent water. Artificia’
-.wooded areas-are best located within 0.4 km" (0.25 mi) of water; but ‘nest boxes,

" Tocated up to 1.6 km (1 m1) from :water may also receive use (Be]lrose 1976).
.86, mi) ‘of brood habitat in‘a Florida study:

ght nests-were

th n‘those p]aced further away (Wenner

and Marion 1981) :‘w

Wood ‘ducks genera]]y nest in; tree‘spec1es that have a. mature size of atj
dbh - and a ]ong ‘1{fe egpectancy (Hansen

Tedst 35 to. 40 cm (14 to- 16v1n es)

or” nesting in Minnesota was ‘28 cm

(11 1nches) dbh  (GiImer: at.! vermature and- decadent trees usually

contain’ 'the largest number:of su1tab1e cav1t1es (McG11vrey 1968) ‘Conifers

(Hansen '1966) and: dead trees, ‘'other thian “cypress,’ rarely provide: suitabTe

cavities (McGilvrey 1968). The most suitable cavity trees range. from 60 to

90 cm (24 to 36 1nches) dbh. Natura1 cavities used for: nesting by wood ducks

3(Grice and Rogers 1965)

mean dbh of’68 6 cm (27 1nc

Acceptab]e nest. cav1t1es in- trees are at 1east 2m (6 ft) above ground

have an-entrance size of 9 'to 30.5 cm (3. 5 to12- 1nches) in diameter, and’a

entrance" d1mensionsfto‘be.

Opt1ma1 ‘tree

(4 1nches)

in diameter; a; d1ameter at the bottom of 25 tof

a cavityfdep'

provide: the‘,
s. ‘based on:

¥rad1o-markedf

‘nest- sites ih

“ dbh; w1th a

Be]]rose (pers.
7‘6:by 0.0 cm (3 0 by -

accordxng ‘to ! McG11vrey (1968) “have -an’ entrancer s1ze of 10 cmj

' to?15 m (20 to:

—ael

50:ft) . :above - ground Fredr1ckson (pers. ‘Comm. )’ suggested“that the opt1mum“

eight of 6'to 15'm, 'as defined. by MtGilvrey (1968)

S
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nesting wood ducks.' However, Bellrose et al.. (1964) found an increasing index
of. use (i.e., use compared to availability) with increasing cavity height. A
suitable cavity must drain well-and: preferably: has-its entrance protected from
the weather . (McGilvrey 1968). -Cavity trees . in southeastern Missouri were

defined:ds allitrees at-least 24.1 cm:(9.5 inches) dbh that contained ‘at least

one:cavity with an entrance size of at least 6.4 by 8.9 cm (2.5 by.3.5 inches).
(Weier 1966). Suitable. cavities. were those of adequate dimensions that did-

not have .adverse features, :such. as water or excessive debris in the cavityior

open tops:above the cavity. A total of 109 cayity trees were found jn three

cover types, and 17 were judged to contain suitable cavities for wood ducks, a
ratio -of. 1 suitable..cavity to 6.4 cavity trees.. ;A suitable cavity on two

,study‘areaszinQMassaéhusettsrwas,defined.as having .a minimum entrance size of
6.4 by 8.9 cm:(2.5 by 3.5 inches) and being within 0.8 km. (0.5 mi) of water
" (Grice and Rogers 1965). “Results were 1 suftable cavity/5.3 cavity trees (13
“suitable out of 69 cavities) on one study area and ‘1 suitable cavity/4 cavity.
- trees (9 suitable out of 36 cavities) on the second area. |

~ e 'The density of suitable cavities on two Massachusetts study .areas was
.. 2:5/2.59 km? (1 mi?) and 0:6/2.59 km* (1 mi2), although the estimates were:
- bdsed.on: totall study .area size. rather than on timbered area-only (Grice and.
-, Rogers 1965). .The density:of suitable cavities in timbered bottomland in. Iowa

‘was 1/9.7 ha (24 acres) "(Dreis and Hendrickson 1952, cited by Grice and Rogers

1965). ' In:Illinois, suitable cavities were defined as those with an;entrance

‘_-wqadlots; -Thei density of. suitable cavities .(defined above) in three timber

types in Missouri ranged from 1/1.4 ha (3.4 acres) to 1/4.2 ha (10.3 acres),

+ and averaged 1/2.1 ha (5.2 acres) of forested habitat (Weier .1966). " The .
. highest reported density ‘of suitable cavities [defined by an entrance.diameter
of at. least 10°cm (3.9 inches)] was 4/ha (1.6/acre) in mature northern hardwood

.and mature aspen forests in Minnesota (Gilmer et al. 1978). .

'LisﬂvThgjbest wqod—duck,habitat‘15.charattefizedfby;nesthsites in éﬂose‘pfoka-

: ity to.brood habitat (McGilvrey '1968). However,. wood duck - broods “in North

Carolina 'moved 2.4 km (1.5 mi) from-a nesting. pond to .a shrub thicket marsh

'f”fdr,brnodgrearﬁng (Hardister et al.1962). Although most..of the movement was

along a water jtourse, overland travel of 0.16 km (0.1.mi) was required from

the nesting pond to the river .used for the m;jpr,partLof‘thE;moyement.‘;wood
duck hens and ibroods in Minnesota travelled .overland -up to 3.9 km: (2.4 mi)

from nest site to brood: habitat. {Ball 1973 cited by Gilmer et al. 1978).

Weod - duck: brooﬁsdinﬂeastcehtra1-Texas moved up to 11.7 km (7.7 mi) to brood
‘habitat :from nest sites located in areas without brood - habitat, - although

overall brood isurvival was only 8% (Ridlehuber,1980). - Management of forests

~ for wood duck nesting cavities greater than 0.8:km (0.5 mi) from brood habitat

15 generally not recommended (McGilvrey  1968).- Ball et al. (1975:778): found
“... a significant negative linear correlation ... between distance of overland
mgveS‘comp]eted-prior.to 2 weeks. of age and pumber of surviving :ducklings in

e
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diameter of atileast 8.9-cm (3.5 inches) and that were free of water or debris
(Bellrose: et 1. 1964). :One-suitable cavity/5.3'ha (13.acres) was found in
bottomland forests, and 1. suitable:cavity/2.0 ha (5 acres) was found in_upland




' ,utilized‘

broods of rad1o—marked hens“ (21 wood ‘duck: hens, 8 ma11ard [Anas p]atyrhyncos]
_ hens)- - Broods “that/ moved 'Tess than 0.8 ki (0 Srmi) averaged 8.5 ducklings

‘compared to an: average of: 6.8 duck11ngs ‘in-broods. that' moved greater.distances.
‘The maximum reported brood dens1ty is: 17 broods on a 5.7 ha (14" acres). 1mpound%

ment ‘in Maryland: (McG11vrey n.d.; c1ted by McGilvrey 1968) In North. Car011na,
a 16.2. ha (40 acres) brood-rear1ng area supported a minimum: of 27 wood ~duck
“broods “in *1966- and: 17: broods *in 1967 '(Vance' 1968).. Atlso in: 'North: Carolina,
.duck11ng ensity averaged about 2:070.4°ha (1.0 acre) of suitable brood rear1ng

_‘habwtat and ranged fromflﬁﬁfto 2; 3 duck11nL§/0;4 ha (1.0 acre) (Batnes 1971)

o Gilvrey: (1! : : : vival rate of hatched duckT1ngs to f11ght
stage of * '53% (9.8 duck11ngslbrood at shatch; ©5.2. -ducklings/braod’ ‘reaching
flight “stage). Ball et ali (19?5) accounted for the Tossof total broods, and
'conc1uded that’ wood duck hens successfu11y ra1sed 41% of the tota] duckilngs

. hatched ' ; - , : ‘ :

Wbod;ducks do not ma1nta1n stable heme ranges, and both the size and
shape ‘of ‘their home. ranges are’ flexible (Bellrose 1976). - The total ‘home range
1&browds in. ‘South. Card11na ‘varied. from 0.77-to: 29.6°ha (1.9 to
.- 73.1 acres) (Hepp: ‘and ‘Hafr :1977). - Movements from fall roosts: in Hlinois
- ranged {Up to 10 Km (6.2’ mi)," a1thqugh ‘most “movements. 'were. within. 2.
(1.4 m1) of -the roosts’ (Parr et a1.:1979).  Areas of - activity. dur1ng ‘th
ranged from‘ 23.9 - to- 18632 ha (59 to! 460 .acres) -and" - ~averaged ' 90,

(22¢ acres) “Most activity of “nesting’ hens in Minnesota 'was within ‘1. O‘km

(0:6-mi)" of ‘the ‘nest’ site,. ‘suggesting that a pa1r may use an area ‘of - approx-
1mate}y‘3'0'km’ (1 6 m1’) (G11mer et. a1 1978) D

: Spec1a1tConsideratldns 'f‘,ﬂ?fff“:”“

In areas whére' fiatur:
‘boxes ‘can. ‘be’ used 'to
The .most important factors. 11m1t1ng wood ' duck -breeding populations :are -avail=-

1v1t1es are 1ack1ng ‘or 11m1tjng, art1f1c1a1 nest

abiTity. of and competition for su1tab1e cavitfes, predators (McG11vrey 1958),.5

~and fdod (Fredrickson, ' pers. comm.). 'A nest box program that: provides
"predator-proof nesting cavities -can m1n1m1ze the effects of the’ f1rst two of
these factors. In. Massachusetts Gr1ce -and Rogers' (:1965) found: strong evidence
“that natural nest: dav1ties were in short supply -and : concluded that (p. 87)
", .1 wood. ducks can be“maintained atia’higher ‘level ‘of -abundance:with [nest
boxes] ‘than- without - themm ‘Other stud1es ‘have ‘also. reported increases: in
sbreed1ng populat1ons due_'to the use‘of nest boxes: (Bel]rose et al. 1964; Jones
. and.'Leopoid 1967; ‘Strang 19715 Alexander 1877) = However, :some ev1dence
‘existsito suggest that.an ‘éxcessive number:of nest-boxe’s may be detr1menta1 to
“wood  duck - productioni In:California, i ‘breeding: popu]atinn of wood" ducks
"1ncrea“ed faster; ‘than the number of - avai
) )Iu* Over: the- course of the = 9-year istudy,} nest ‘sites: were gradua]]y
1ncreased from 3 to:16on 2 11,3 ha (28 acres) marsh;. an: 1ncrease of  breeding
.'pa1rs from 3 to 35

ation: became essentially self~ 11m1t1ng due to-intra-
eSt. avities, an:increase in nest desert1on and- dump

spec1f1c compet1t1on ‘for-

' nesting” “(i.e., instances in’ wh1ch ‘severali - hens “lay’” eggs wn ‘the. 'same - nest
site}, and a resultant decrease An the productlon of young per pair. Nest

crease - breeding populations: (.e]]rose et 'al. 1964).

ble. nestsites: (Jones -and:: Letpold

o D'occurred during thet same! period At 'the higher Tevels’
- of pa1r dens1ty, ‘the pop

|
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r1nterference is also common on:sites with

n51ve hab1tat where. food is
abundant and pest sites !are - Jimited (Fredr1ckson, pers~ .comm.). However,
severa] researchers have " reported that dump-nesting- resu]ted in a greater..
product1on of :: young - (Morse and Wight 1969; Clawson et al. 1979;  Heusmann

et al. 1980). {Strader et al. (1978) caut1oned that crowded nest1ng ‘conditions

could be : detr1mental to wood: duck product1on--they observed a wood duck hen
call a brood from an adjacent nest box’ mounted on: the same support pole and

' .abandon 1ncubat1on of her own c]utch

Mchlvreyw'IBGB) recommended that nest boxes be placed in c1usters of 5

_to 10 spaced 15 to 30.m '(50.t0-100: ft) apart within clusters. Bellrose {1976)
~recommended that: nest boxés be placed in groups. of 2:to 4/0.4 ha (1.0 acre).

Bellrose et alf (1964) recommended a nest ‘box dens:ty of .2:.to 3/0.4 ha

I-(l 0 acre) in: "h1gh-qua11ty ~habitat", although criteria to determine high-

quality habitat were not presented Th1s level of nest boxes was recommended
for woodlots where nesting in natural cav1t1es was 1 pa1r/4 0 ha (10 acres).

~Additional. guidelines for- nest.-box placement are available in Bellrose et al.
 (1964), Be]lrose (1876),- and - McG11vrey (1968). None of these references,
. however, -contain information on a possible saturation level  of nest boxes

beyond ‘which production would either remain constant or decrease. All of the
above references note that nest boxes are effective only if they are predator-

.proof and regu1ar1y maintained.

C]earfng of bottomland hardwoods has adverse]y affected wood 'duck popula-

y;,' tions because ;bottomiand hardwood sites provide habftat for nest1ng,‘brood :
"-»_ rear1ng, and winter1ng (Ee11rose 1976). FREAREN S o

iHABITAT SUITABILITY INDEX (HSI) MDDELS

fMode1 App11cabn11ty

Geographic area The two HSI models conta1ned here have been deve1oped

.'~1(’or app)’iicat'lon within the breedmg and mntermg range of the wood duck
- (Fig. 1 ! ; ‘ o ‘

Season These HSI mode]s may be used to eva]uate breed1ng‘(spr1ng and

: .-summer) "habitat and/or winter (fa]] and winter) "habitat, depending on  the
, ‘residency status of the wood: duck 1n the area to be‘evaluated.<‘

I Eover txpe These mode15 may be used to evaluate habltat in the fo]1ow—
ing cover typss (termlnology follows that of U.S. Fish and Wildlife Service
1981): Deciduous Farest (DF); Deciduous Forested Wetland (DFW); Deciduous
Scrub~Shrub Wetland (DSW); Herbaceous Wetland: (HW),‘and Riverine (R). Use of
unflooded deciduous forests is restricted to the breeding season model and
should -not be included when using the winter) hab1tat model; however, {looded

“lowland dec1duous forests should be included as winter habltat Evaluat1on of

pwet]ands ‘'should be restricted to those with: ‘water present during either the

- j:nest1ng!brood—rear1ng per1od ar during the w1nter perlod depend1ng on the
4wmode1(s) be1ng used oL P .
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© Figure 1. Geographic applicabiFity of the wood duck:HSI .
- - models within the United States :(ranges from Bellrose 1976).

- Minimum habitat area. 'Minimum habitat: ‘area 'is;defined as: the minimum
amount! of contiguous habitat :
by a species. The minimum habitat area for broods is estimated to:.be’'4 ha
(10 acres) of any of the wetland cover types listed above. ' Potential brood

. habitat may exist:either asian isolated wetland of at least 4:ha or as smaller
‘wetlands separated by:less’ than 46 m: (50 yds) of land where: the total: area of

potential brood habitat equals at ‘least’ 4 ha. In‘stream or riverine habitat,

“small ‘brood units should be within 0.4 km (0.25'mi) of éach.other. Minimum
-~ ‘habitat.area for habitat.components other than brood habitat is ‘unknown. - |

r

. Verification level. :These models ‘have not been: tested against habitats

of known .quality. Earlier drafts were reviewed by Drs. Leigh Fredrickson,
‘Frank''Bellrose, and Frank McGilyrey. Their review: comments have been incer-
“'*Poraté':d JI'I':T-O '\the "modelés. S e T e TR ¥

9

t that is.required before an area will be occupied -

‘ QOverview. ' The -breeding. season HSI':model for; the:wood duck.considers
nesting’ and brood=rearing’ needs as c¢ritical: components of:breeding habitat.
~"An HSI.value for: the breeding- sedson considers the quality, composition, and
 juxtapésition: of nésting and brood rearing -resources. . -Food -(vegetable :and
“invertebrate) is considered to be correlated with vegetative cover, and the
. variable used to evaluate brood cover in this model 'is assumed to.serve as a .
- surrogate 'measure of :food ;suitability.  Factors other .than vegetative: cover

L
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_ (e g., water qual1ty, current depth permahehhe] may effeCt food, suitability:

for wood ducks;, but are: not 1nc1uded in this model due to the d1ff1cu1ty of
establishing re]at1onsh1ps bétween the var1ab1es and a measure of food
suitability. This is particularly difficult for h1gh1y dynamic variables,
such as f1ood1ng periodicity. The assumpt1on ‘that food suitability can be

‘est1mated by cons1der1ng vegetat1ve cover on1y 1s the major ]1m1tat1on of this

mode]

The f0110w1ng sect1ons identify 1mportant habitat variables, .describe

Su1tab111ty levels. of the variables, and describe the relationships between"

variables. The re]at1onsh1p between habitat variables, life requisites, and
cover types used in "this model .and an HSI va]ue for the wood duck dur1ng the
breed1ng season;is shown in F1gure 2.

. Nest1ngﬁcomponent The qua11ty “of nest1ng hab1tat is a function of the
ava11ab111ty of nesting sites. Potential nesting sites may be either naturally

‘oecurring. tree; lcavities or artificial nest sites in the form of nest boxes.

However, the presence of natural (including those in. ‘live  trees and snags)

- and/or. artificial nest cavities ‘does not- guarantee an equivalent number of

,..-successful nest's. The proportion of observed potential nesting sites that are

¢ actually su1tab1e for wood duck nesting and the proportion of suitable nesting
~ sites that can:be expected to support successful nests are important criteria.

determ1n1ng the number of ducklings produced 1n a spec1f1ed area.

Gr1ce and Rogers (1965) ta111ed all cav1t1es on two study areas but
def1ned as su1table those cavities with minimum entrance dimensions of 6.4 by
8.9 cm (2.5 by:3.5 inches) and that were located within 0.8 km: (0.5 mi) of
water. Only 22 of 105 cavities (20.9%) met: the minimum criteria. Weier

(11966) ta]]wed all cavities within 0.8 km (0:5:mi) of water that had a minimum

entrance dimension of 6.4 by 8:9 ecm (2.5 by.3.5.- 1nches), a nesting platform of

at least 12,7 by 17. 8 cm (5.by- 7 inches), and that were located in trees with

a minimum dbh .of 24 cm' (9.5 inches). Su1tab1e cavities met those criteria,

did not contain water or debris, and were not open~topped. Seventeen of 109
cavities (15. 5%) meeting minimum.criteria were classed as suitable. In order.
‘to most easily ‘evaluate patural cavities with this model, it is assumed that a
‘cav1ty is potentially useful if it has a “minimum entrance size of 7.6 by
10.0 cm (3.0 by 4.0 1nches) (Bellrose, pers. comm.). Based on the information-
‘,.presented ahove, it is also assumed that only 18% of observed cavities meeting
© o this minimum criterion will actually be suitable: for‘ wood duck use. All
artificial nest sites are assumed to be su1tab1e 1f they are predator-proof.
r'and c]eaned and. repa1red annually. ,

o The: second major criterion determ1n1ng the number- of successfu1 nests on-
-~ a;given .area is the proportion of suitable cavities that can be expected to
.. produce successful nests. Bellrose et al. (1964) found that of 631 natural

cavities availdble and structurally suitable (i.e., minimum entrance dimensions
as described above and free of water or debris),- 235 (37%) were used by wood

kducks Data from numerous studies summar1zed ‘by. Bellrose (1976) indicate that

the average use of artificial nest sites is. 41% (46 761 house years; 19,108
nests). However, these data for bath natural.and artificial sites do not take

" into account whether factors other than -the ava11ab1i1ty of nest sites were

11m1t1ng the nest1ng pepulation; for examp]e, poor qua]1ty brood-rearing

10
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hab1tat ‘may have limited: recru1tment of hens . 1nt0 the breed1ng popu1at1on or

_ poor pre-breed1ng habitat may . have 1imited the.number of ‘hens able to success-
S ful]y‘nest For the purposes:of’ this model; it is jassumed that all potential
- nest s1tes meet1ng the minimum. ‘criteria def1ned above may potent1a11y be used.

If 1t is. assumed that all su1tab1e natura1 and art1f1c1a1 nest s1tes may

' Ipotent1a]1y be'used then the success rate” of the 1n1t1ated clutches will
determine the - overa]] product1on of young- from nest sites.. The: success rate
- of nests in natural cavities in I11inois was 49.1% (118 nests 58 successfu])

© from 1939 1940 -and 39.9% (158 nests, 68 successfu]) from 1958-1961 ‘with the
lower success ' rate due to- an incréase in. predat1on (Bellrose et a] 1964).
'However' the h1ghest syccess ‘rate in naturaT cav1t1es reported. in the 1it-
eraturé {s 52%' (Pr1nce 1965, cited by Be]]rose 19]6) It is assumed in this

~ 'model ‘that 52% is the: best success rate that can be expected for wood ducks
fnest1ng 1n natura] cav1t1es : ‘

Be]]rose (1976) summar1zed the results of a number of stud1es of artifi-

Tc1a1 nest’ s1tes fer wood. ducks The average: success rate with 1nd1v1dua1
“siccess. rates we1ghted by - ‘the ‘number of nests, was 71 6% However the two.
:h1ghest ‘reported success. rates for woed ducks nest1ng in- art1f1c1a1 cavities

are ‘95%, basedion 341 nests in Arkansas’ (Brown 1973, c1ted by BeJ]rose 19786),
and 94% based- on. 281 nests in Towa (Leopo]d 1966 cited by Bellrose 1976).

';Based on” th1s dinformation, it.{is assumed in .this. mode1 that .95% is. the best
| success rate that can be expected for wood ducks nest1ng 1n nest boxes ‘

Based on the precedxng discussion, the; number of successfu] ‘nests that

‘;c5n be expected on a g1ven area can be determ1ned by the fo1low1ng equat1on

# of potent1a1]y successfu] nests = (NT x PlT X - PZT) + (NB X PlB X PZB) (l)

";where :f.”NT -'the number of tree cav1t1es w1th a- m1n1mum entrance size of 7.6

by 10.0 .cm y.

l_ﬁPlT the proport1on of observed tree cav1t1es that can be expected
- to be su1tab1e for nest1ng by - wood ducks '

‘“ijZT the proportion of; su1tab1e cav1t1es that can be expected to
: produce successfui nests ‘ s _

1£‘NB' the number of ava11ab1e nest boxes

‘”fﬂPi ' .the proportion. of nest boxes that are actually suitable for

nest1ng by wood ducks U

PZB = the proport1on of suitable nest boxes that can be expected to
produce successful nests '

P2 E;B?l-

Subst1tut1ng the values determ1ned prev1ous]y for P1 2rs

b and Peg

y1e1ds the fo]1ow1ng equat1on

12
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(NT X .18 x .52)'+ (NB X1.0 % 95)

-;:#:ofypotentfa1ﬁsudcessfuf?nests i
ST (NT X .09) + (NE X 95)¢ _ (@

e

‘ The max1mum reported dens1ty of successful nests appears to be about 5
' successfu] ‘nests/0.4 ha’ (l‘D acre) onh 'a North Carolina study area (Hester

!--_n,da, c1ted by McG11vrey 1968) A]though th1s may’ not represent 'a stable

ﬂ.max1mumldens1ty (Belirose, pers. .comm.); it s’ assumed 1n ‘this ‘model that |5
successful nests/0. 4 ha (1. D acre) represents “the- maximum dens1ty”of successfu]
~nests- and therefore determ1nes th aX1mum product1on of ‘ducklings. Baséd .on
‘equation; (2), this’ maximum ~density’ c 10 b "‘achieved w1th .either. 55.6. natural
acav1t1es/0 ha (1.0 acre) or 5.3 nest boxes/U 4 ha (1.0 acre),
combination of the two: types of - nest’ s1tes
does not’ necessar11

need to ‘exist across ‘an entire. study area; in order, to

" have optimal habitat. The: relat1onsh1p between optimal’ nest1ng habitat ‘and

gopt1ma1‘brood-rear1ng habjtat‘1s d1SCUssed under the InterSpers1on Component

L fon. . Although . some -evidence ‘exists’ to. suggest that wood’ duck nesting
_popu1at,ons can be so° dense that’ overal] product1on s adverse]y affected
,j(Jones and Leopold- 196? “Strader et al.’1978), such a- re]at1onsh1p has not

‘ ]been documented to the: po1nt that a, decrhase in- hab1tat su1tab111ty beyond 3
‘certa1n density of nest1ng s1tes can be pred1cted :

Brood-rear1ng component The qua
enced by cover water permanence and we fand character1st1cs‘*

Cover”for wood duck"broods cons1sts of dense cover 1n sha11ow wet]ands
1th water present throughout “the per1od of brood occupancy Cover can be

: prov1ded by emergent herbaceous': vegetat1on, emergent - shrubs and trees with

crowns;. within.1 m (3.3 ft) of  the~ water surface, or waody " downfal} ‘Dense
Lcover that {5 well 1nterspersed with small’ open water channels. provides opt1ma1
‘brood:: hab1tat Optimal’ brood cover within a wetland is assumed to occur when

7qua11ty‘:current and permanence. ' All of ‘these factors 1nf1uence the ‘amount
of “cover ‘and the macro1nvertebrate food ‘base to'a certa1n extent and may be

“highly. dynam1c within a; wet1and ~It" is.assumed in this. mode1 that .cover

- ‘conditions are’ “the ref]ection of the;.omb1ned 1nf1uence of ‘these var1ab1es
: It is assumed, therefore that ‘the qua11ty of wood duck brood habitat can be
eva1uated so]ely on- the: bas1s .of .the amount of .cover:avajlable in, the wetland.

A major- 1mp11cat1on of: this assumpt1on 1s'that the abundance ‘and quality of
nd1cated by the . cover - conditiaons :

vegetative .and invertebrate  .foods. . is
. described above " This assumed relationship! : ‘be valid ‘in ‘411 conditions,

}espec1a11y in flooded . 1ow1and forests, where an abundant detr1ta1 based food
"source may be present 1n the absence of 1ow, den5e cover ' : ; : o

‘ Interspers1on component Nest1ng and brood rear1ng needs ¢an be’ met by
~.»different -cover types, and a cons1derat1on of the juxtaposition and. compos1-

" ition. of cover types prov1d1ng ‘the 11fe requ1s1tes is. necessary ia. order‘to'
5;‘eva1uate breed1ng hab1tat su1tab111ty ‘ ‘ ‘ L

‘ o 13

Cgest

or by’ la -
However ‘this- nest site dens1ty K

ty of brood rear1ng hab1tat is 1nf1u- H

?‘the proport1on of total.cover in the wetland ranges; “from 'S0 "to 75 %. Other
s that 1nf1uence the su1tab111ty .of “brood. habitat: include water depth,
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~ Habitat su1tab111ty 15 1nf1uenced by t _.uxtapos1t1un of nesting and
brood-rearing :habitat. 0pt1ma1 3uxtapos1t1nn of 'nesting - -and brood-rearing.
resources is assumed to exist when.cover types: prov1d1ng these 1ife requisites
are.located within 0.8 km (0.5 mi) of each other. .When potential nesting and

'brood-rear1ng habitats are separated by more than 3.2 km. (2 mi) of upland
habitats with ‘no aquatic "travel lanes", it is assumed that the cover types:

are too far apart to be used by wood ducks or that mortality of duck11ngs-

gtrave111ng from the nest to brood-rear1ng hab1tat w111 equa] 100%.

Habitat su1tab111ty is a]so 1nf1uenced by the proport1on of habitat

- (composition) |:providing nest1ng and brood-rearing: resources. - In order to
determine the optimal- compos1t1on of nesting. and. brood~rearing habitat, it is
necessary to determine -the. number of young capab]e of reaching. flight stage

- per unit area af optimal brood-rearing habitat compared to the. number of young

produced per -unit area of optimal nesting habitat. The maximum reported

- density of broods is 17 broods. on a 5.7 ha (14 acres) impoundment. in Maryland,
--equ1va1ent to 1.2 broods/0.4 ha (1.0 acre) {McGilvrey n.d., cited by iMcGilvrey
.- 1968). i The observed broods on a 54.7 ha (135" acres) area, including the

. 5.7:ha- 1mpoundment averaged- 9. 8. ducklings’ at. hatching and 5.2 ‘ducklings
:ﬁreach1ng flight stage, a survival rate of 53% (McGilvrey. 1969) The 5.7 ha

.. _impoundment, therefore, supported about 88 duckl1ngs (i.e., 17 'broods x 5.2

R ‘Q~duck11ngs/brood) to f11ght stage, an average of 6.2 duck11ngs/0 4 .ha (1.0 acre}

' of .brood-rearing habitat. This .level.of praduct1on is considered to be the

. otent1a1 of opt1ma1 brood-rear1ng habitat for the purposes of this modet.

Dpt1ma1 nesting hab1tat was' descr1bed ear]1er as’ capab]e of produc1ng 5

,successfu] nests/0.4 ha (1.0 acre). If the ‘dverage clutch size in ‘normal

nests js:assumed to-be 12.2 (Bellrose 1976) and all eggs are assumed to hatch

--"{successfu11y, then 0.4 ha. (1 0 acre) of optimum nesting habitat can potentially .
- produce 61 duck11ngs (i.e.; 12.2 ducklings/clutch x 5 clutches/0.4 ha) leaving

the nest sites: The. h1ghest survival rate of duck11ngs reported in. the. litera-
ture i 53% (McG11vrey 1969).. It is assumed “in this model that: th1s is the
optimal survival rate. of duck11ngs reaching brood-rear1ng habitat. . If it is

~further- assumed that - surv1va1 from the nest :to brood-rearing. hab1tat .equals

100% (i.e., interspersion is optimal), and opt1ma1 brood-rear1ng habitat

- _exists, then an -average of 32.3 ducklings (0.53 x 61) will survive to. flight
- stage. from the. 61 -ducklings produced on 0.4:ha (1.0 acre) of optimal nesting

habitat.' As idescribed above, 0.4 ha {1.0/acre) of optimum brood-rearing
habitat can potentially support 6.2 duck11ngs to flight stage. Therefore, the
rat1o ‘of . cptimum brood- rear1ng habitat to optimum nesting habitat to support
maximum: wood duck production is approximately 5. 2:1 (i. e., 32.3/6. 2 = 5.2).

The maximum potential production of wood ducks : per unit area will occur if
ppt1ma1 nest1ng and optimal brood-rearing cand1t1ons exist on all. areas under
consideration.i Therefore, the optimal compos1t1on of wood duck habitat is

approximately 19% optimal nesting habitat ([1/5. E] x 100 = 19%) and 100%
7 iopt1ma] brood-rear1ng habitat ([5 2/5.2] x 100:= 100%)

f The assumpt1nns 1nv01ved in determ1n1ng opt}ma1 compos1t1on of nestlng

.wand brood-rearlng resources are summar1zed below

1;_, Opt1ma1 nest1ng hab1tat w111 produce 5 successfu] nests/O 4 ha (1.0
‘ acre) . : . .

| | L
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wModel DEScr1pt1un = N1nte

key 13fe requ1s1te determining’
~ vegetative .cover w1th1n”wet inds. is: assumed 0, serve as a‘sirrogate measure of

'_‘F1gure N

‘Hab1tat var1abIe ef% o

"‘herbaceous: p]ants are “the. |

'fand hatch1ng success‘equals 100%

'h:lﬂﬂ% and “survival to* f11ght stage of duck11ngs reach1ng brood-
Qrear1ng hab1tat equa]s 53% ‘ ‘ S

‘*~4Q 0pt1ma1 brood-rear1ng habItat ican :suppdft:‘SLZ:'du&kahgskoei.ha
S (1 o acre) to f]lght stage. ._lip‘ ‘ |

,0pt1ma1 habitat qnd1t1ons - for: wood duck product1on cons1st of
."nest1ng habitat aﬂ *brood—rear1ng habitat -provided by the same cover
; _‘cover types prOV1de both nest1ng and brood-rear1ng
hab1tat) e T ‘ T e ;

Overv1ew Th1s winteﬁ Ifmodel far the wood duck cons1ders ‘cover as the
vwinter hab1tat su1tab111ty The measurement of

winter. food suitability: . Gther factors affect food su1tab111ty, but are not

j1nc1uded in .this model. The assumption that -2 measure of vegetat1ve cover can
- be used: to eva]uate foud s'1tab111ty is-a: 11m1tat1on of the: model’. The ‘Assump=

Average c]utch size 'in' normal nests (1 e. non-dUmp?heSts)“ﬁSgié;Z;

'iSurv1va1 of duck‘1ngs from nests ‘to brood-rear1ng hab1tat equa]s :

tion may’ ‘not be valid in ‘Some s1tuat1ons, such as when wood ducks are feeding .

in f1ooded bottomland forests where food may be ‘abundant in/ the absence of

jlow -végetative cover., “The: ‘relat1onsh1p between habitat variables, winter

cover, ‘cover. types and a 1 SI for w1nter hab1tat of the wood duck 15 shown 1n

Life oo
requisites- - " Cover tgpe

lf’Herbaceous wetTand
CoN R1ver1ne ‘ t

qu s‘_i‘%’tiéZSj; and

covar types to an HST ;lue for the w dfduck dur1hg‘the w1nter

?Cdvef;compdneﬁt ;It | ,assumed in- th1s mode} that Wi tor hab1tat needs

fons are assumed to be present‘1f

total cover (woody andfo

c-86

' Percent of the waterf ' fDec1duous fprested -
‘surface covered by- o ‘wetland - 1 R
potentia] w1nter C '.'Dec1duous scrub/shrub ———44HSI

- ‘ P ©wetland BRI (w1nter)

: 3-|of the. wood duck. are s1m11ar to- hab1tat used dur1ng ‘the brood- rear1ng per1od f
' “/(see p.'13). Optimal cond “the amount of -
! erbaceous) “Fanges “From :50-75%. >M1nter-pers1stent 1
n1y ‘type of herbaceous vegetat10n cons1dered in an
evaTuation of winter- hab1ﬂat ~Water . depth qua11ty, current “and. ‘permanence

'3are not treated as - separate hab1tat var1ab1es for the reasons d1scussed in the
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brood-rearing sectien of the breed1ng season:. model Although acorns and other -
ucks‘yjll use other foods if
. vary - directly with cover . .
- suitability, and is not cons1dered ads.a separate w1nter 11fe requisite in this

Vmast are an 1mportant winter food source, wood
necessary. "It is assumed that food. su1tab111tyuw

mode1 ' H 7U~ . . :;ﬂ.:-e- IR

Mode] Re]at1onships - Breedlng and Winter

Suitab1]1ty Index (SI) graphs for habitat: var1ab1es This sect1on con—

,'tefhs suitability index graphs that illustrate the habitat relationships

described ‘earlier. Su1tab111ty index graphs for both ‘the. breeding HSI model

o aud the winter HSI model are presented in this.section.

5Cover

'..tgge : Varﬁable
~ "BE,DAl,. ¥, . Density of potential : UL
i]LDSN Hw R ’ Ny nest sites/0.4 ha (1.0 .
B 5 - ~acre). Determined by B E 0.8
“the equation: : TR |
. ShAE 2ol -
(0 95 X Vz) ‘where -ﬁ:; o
V= the number of 8 0.4 -
potentra]]_y suitable a ]
tree cavities/0.4 ha, - 0.27 ~
and V¥, = the number ‘ ]
" of nest boxes/D.4 ha .. SONTEE SR N N J
. . . (see Figure 4 for DR O, 1 z 3 4 5+
L complete definition of =~ -~ No./0.4ha
. V; and Vz) : ‘
an DSW VL Percent of the water 1.0 . '
Hw R o i~ . surface covered by ] .
, - : potential brood cover 2 0.8
] {see Figure 4 for R
: definition). Fell
. \ - = 0.6
: B 4
™
y X 0.41
g & ]
0.2-
T o LI [}
: 0 25 50
: ”
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DFW,DSW, ' Vg.' - Percentof thé water'
HW,R . oo surface ‘covered by . |
. e i potential winter cover
(see Figure 4 for ‘
‘definition). ~
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'1jSu1tab#11ty'Indeif{Si)fg}éﬁhs for:intérsbér5f6ﬁ3varidb1es_ ‘This ‘section

- .contains suitability index graphs that -illustrate the relationship between

| ~Interspersion variables and breeding habitat suftability for the waod ‘duck.

' The use of these graphs is gxplained’under;HSIidéterminatiqn.

Variable s .
) ' Ve - Distance betweer = . R S AT
N -+ :  cover types. o x0Ty AR :
f | B ‘2o -
; >
i £0.6
2N = _
S :§Q{Zt;, i
L 0. 0.8 1.6 2.4 3.
SR 0 0.5 1.0 1.5 2
- | :
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' T T
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e
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i‘, Determination of 11fe‘requ1s1té values.  The ? determinat1on of Tlife

. ‘requisite’ suitability indices by cover: type with this model involves simple
. one~variable equat1ons The nesting value in all cover types equais the SI of
VV, : Brood hab1tat su1tab111ty and winter habitat su1tab111ty 1n all cover

‘types except dec1duous forest equa]s the SI nf Uﬁ and vs, respective1y

HSI determ1nat1nn-- breed1ng HSI model. It 15 poss1b1e that some - cover

-;types ‘will provide -nesting: habitat but not brood-rearing habitat, or brood

habitat but not nesting habitat. In order to. adequately evaluate breeding

".;hab1tat i juxtaposition and composition of : ‘resources must be considered.
“Several: steps and. calculations are necessary in’ order to- proper]y incorporate

1nterspersmon var1ab}es into the HSI determ1nat10n They are as follaws:

18
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”“lif‘ﬁCompute the nestTng and brood—rear1ng values for each cover. type by e
- collecting field data for each habitat var1ab1e, enter1ng this data '
“into the- proper suwtab111ty index .curve, ~and using the resulting .
‘index values in the appropriate 11fe requ151te equations.  If either.
‘nesting or brood-rear1ng ‘equals . zero in all cover types, then the. '

;HSI will equal Zero and no further calcu]at1ons are necessary

2.‘.;Determ1ne the reha,ive ared (%) of each cover type w1th1n the- study o

Earea as fo11ows ‘¢

; 3 e Area of Cover Type A -
“‘Vi;Re1at1verArea (%) for Cover Type A  Fotal Area of Al 'x 100

‘Cover Types used by
the Wood :Duck

1}Cons1der on1y those cover types used by the wood duck 1n determ1n1ng

'V:this percentage

3. f"Determ1ne which’ cover types ‘are| not prov1d1ng e1ther rniesting or.

‘ " -brood-rearing - hab1tat For-each: of. these cover types,. a suitability.
S 1ndex for Juxtapos1t1on cof resources ‘must ‘be computed us1ng V.l

:‘p;Th1s is accomp11shed‘by select1ng rendom po1nts on 'a ‘map in each“

aﬁcover type . missingd Tife requ1s1te and measuring the distance to
..‘the ‘sdge. of ‘the nearest other'cover ‘type that- provides that life,
requisite. Enter: each distance ‘measurement into the SI graph for

:3V5, record the 1ndﬁv1dua1 1nterspers1on indices, and ca]cu]ate the’

' faverage 1ntersper fon index for: each cover type. If both nest1ng
L ‘and brood-rear1ng ‘habitat are’ prov1ded within a specific cover type
Nﬂ,the 1nterspers1on mndex equa]s 1. 0 for the cover type. ‘

4. . Mod1fy ‘the re1at1ve area (%) of each cover type mass1ng a 11fe:‘
- ipequisite by mu]tip1y1ng ‘the relative area by the average intersper—

:1'-s1on index for that'cover.type. -This: determines the useable relative
‘. area (%) of eachcover type. For ‘those cover types that provide all

:qc]11fe requ1s1tes the useab]e relat1ve area (%) s the same as -the

xi‘re1at1Ve area (%)

‘-féijgTo‘determ1ne t

. ‘ or..that ‘cove
products of this

‘that life requ1s1te at optimal
nt- figure, B
e area at an o{tima} 1 0 va]ue)

;j?actual1y an equ1
s equa1 to 50% 0

6. o'determ1ne overa11 11fe requ151te va]ues enter th f
"[f;m1ned”1q7$tep 5 fi Pnest1ng 1nto the SI graph for-

L e-90

% atea. 1n opt1mu cond1t1on for any Iife requ1s1te,r
seab]e area’ (%) for -each ;cover type by the life
+ Lype’ (from '1 abéve).’ Sum the:
S t1p11cat1on across;-al} cover types .for.each 11fe'
. requisite.’ The sum‘for each ife requ1s1te is the equ1valent percent_
ar lTevels. (this is
100%: of ‘the. area at a; D 5 va1ue

”ﬁl.ueF"—"aje-"%c‘e‘%"-;; |
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-1 determined for brnod‘re ring into the SI grap:i or Ve Ihe.resuiting
AR T : o ris'the overa]] nestingﬂvalue ‘and the .index-
' =¢1va1ue from V, 1s the everal] brood- rearing vaiue ' S
ﬂtf:?QQ-ﬂThe HSI is equa] to' the 10west of the nveraii 11fe requ151te va]ueS';
R “jThis single HSI value is considered to represent breeding su1tab111ty:~
*:facross the entire area eva]uated ;31 g ;. AR

HSI determinatien = winter HSI mode] The winter HSI for the wood duckfﬂ"

r;-in a spec1f1ed|cover type equais the w1nter cuver va]ue (1 g, the SI.for Vs) =
,‘_determined for that cnver type o ! o o '

HSI determination fer year-round use areasr. The 'HSI 'hedels presented;;

.here are designed to- evaluate -breeding and. mnter hab1tat _separately. In .
‘these areas where the wood! duck is a res:dent species, it may: be de51rabie to
astudy ‘area.. In order to do. so, a weighted (by .

a551gn one.. overa]l HSI to‘

cover type. area) average HSI -for winter habitat is. determined and - .compared to .

. the. single: HST determined: for- breeding habitat.’ Because wood. ducks may  move
- between: winter habitat-and ‘breeding habitat, the HSI in areas of permanent
‘residency. shou]d ‘equal ‘the: highes of the values determined ‘for breed1ng and
- winter habitat suitability RS ‘ ‘ , '

ejh:Application of the Models

Mode1 Timitatinns These modeis represent a re]at1ve1y 51mple apprnach:g

,"to eva]uating wood- duck hab1tat suitability during the breeding season “and
ig:w1nter ~The use: of cover . estimates as surrogate: measures of food: su1tab111ty,j
s perhaps ‘the most important’ limitation of this model. Other factors that =
' ;affect food su1tab111ty, such -as. wetland dynamics,' ‘and  niore direct ‘food
o measurements aré not 1nc1uded in.this model: because of . the Jack ‘of: adequateq”
~ literature' in these areas. Fredrickson (pers -comm.’) 1nd1cates that .current
studies. have the: potential- to -address. the unknowns in: these models and that it -
‘should be: p0551b1e to" improve these-models in ‘the next: few years HoweVEr,]f

until such; information becomes available, users’ ‘should be aware ‘of the model's
11m1tat1ons espec1a11y in regards to wetiand dynamigs For' examp]e flooded .

Towland- forests potentially provide ‘an abundant: source - of macr01nvertebrates'

to hens prior to nesting, a1so to broods during the first few ‘weeks after.
hatching, and to wintering. wood ducks. The' qua11ty of  this- habitat may be
high.even in the absence of optimum.cover conditions as ‘depicted by Variabies 4
and 5. in: th1s mode]l. However, means to. accurater and directly ‘address the
1mpacts of. wet]and dynamics on.a macroinvertebrate food base are not current]y -

.available. : The major problem 1im1t1ng the use of the winter HSI made] s ‘that
- the: model. does not include an assessment of the importance of wet!and comp]exes'

to. wintering wuod ducks (Fredrickson pers. comm.).. Rather, each wet1and type -
is, evaluated individualiy, since the means of eva]uating a large .variety of
“arrangements ofi wetlands .is_not. currently availabie Users. of ' this model

should use the Habitat Use Information section of this model, as we11 as 10ca1 f

'"-'uinformation to adapt this modei to local conditinns if necessary

20
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. dre tanaged: for - wood : ducks..

I and-a:survey of potential natural nést:
i - the poten‘,a

‘et a] '1983).

'Haiiettrland .Fredric

L1977y
i hardwoods an

' habitat}

nest " boxes/O 4 ha (1. 0 acre), optimum suitabiiity Tevels have ‘been -reached,

1 for. cavity

T nest tree is (35 cm (14 1nches)

estimatelof CaVity density,,

anowiedge--i_,ﬂ“

Definitions of habitat variabies and
niques (Hays et ai 1981) are provided in" Figure &,

SOURCES ﬁF OTHER MODELS

‘ Severai other attempts have been made to. deveiop habitat modeis for. thef
: ,wood duck including: models  devel

ped ‘for. use ‘with the ‘Habitat. Evaluation

Procedures in Missotri (Fiood‘ a1

" The Missouri fiodels-‘provide
n'habitat character1st1cs.‘?‘

means of ranking habitat su1tab11—
ity bas .
duck . and;

, ‘pes and 1s a refinement of ‘the model” in-Flood et:al.
The -model h (1983) is intended ‘for use.-
d is a modification ofﬁthe two previous ‘Mi s'sour

bitat is provided:by Upiand ‘hardwood: forests and” forested wetiands

variabies -are

comp051tnon su1tab111ty;i', u _
prov1ded by "a given area. ‘A final magor fe
modeis and the breeding season HSI modei presented here.]ies*in the manner 1n

. Use of modei variabies im Aithough these ‘models prov1de‘ relativeiy -
oy 51mp1e means..of- eValuating themsu1tab111ty of wood duck: habitat ‘use- of the
| breeding : HSI model  requires an . estimate. of the number of - potential nest
1 cavities-in ‘trees. Sampling of cavities in live trees is difficult: and 1ikely
boto prov1de ‘an underestimate. “Several - opticns, other than 1nten51ve ‘sampling,
are available for estimatingiden51ty -0f potentiai nest. sites.. In areas that
o th a nest: box program -optimum’ conditions may .be
¢ provided- by art1f1c1a1 51tes~alone . In cases-where. there are.at least 5.3

'es s -unnecessary. Aiternativeiy,‘
: oduction in; various cover types can, be estimated .
.;'based on. species composition and size" classes of trees. . McGilvrey (1968)
! :prov1des a list of desirable tree spec1es for cavity product1on by geographic
. region. The minimum dbh. of . a potential .
. aTthough' the most suitable cavity “trees. range from 60 o 90 em. (24 to
' 30 inches) .dbh.’ Intensive sampi ng:of- a'Timited area may prov1de an adequate'*
r.'an estimate may be 1nterpolated from available . -
ter . Dreis “and Hewdrickson :1952;" Bellrose et ai 1964 Weieri
1966 Giim‘r,et ai 1978) or pr 1de : : -

lsuggested f1e1d measurement tech~5ﬁ

"1877; Hdllett and Fredrickson 1980; Urich
: 2 (1977). {ncludes . the’ vood
hooded ‘merdariser. (Lophodytes cucugiatus) 1n a model’ for ‘waterfowl in - -
bottomland: hardwood, upland hardwood, and’riverine cover typés. ~The model fin
;{1980) is: intended for use 1in both’ bottomiand ‘and
n'?j.l::ot'tu:nn'lant:i‘‘j
‘1tab111ty only in bbttomian Tand/or hpiand“:_
re dé criteria for: evaluating' the suitability
of&pther W 1and types for wood ducks They are ‘most useful, ‘therefore, wherem7'
.Missouri models and the breeding. season’ HSI#

he cover typej“
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Var1ab1e (def1n1t1on) fv"‘ ﬁf}'*“ Cover fyéé’r

v,

Vi

.y S LT
VNumber 0f.potent1a1]y B DF, DFW DSW Quadrat L
- syitable itree cav1t1es/" HW,R ‘ o “ o S e
0.4 ha (1.0 acre) ' ' R :
~ [tree cavities/0.4 ha
(1.0 acre) with minimum
entrance dimensions of-
7.6 by 100 ecm (3.0 by
4.0 1nches), cavities
may be in: 1 Tive trees or

”Suggested techn1que

snags]. | | |

Number of'nést'boxesf ... . -DF,DFW, DSW 'Quadfat
0.4 ha (1.0 acre) - = HW,R

(the number of artifi= -

cial wood :duck nest
-sites/ﬂ 4'ha that
are predator-praof
and ma1nta1ned)

'-Dens1ty of potent1a1 o OF,DFW, DSW o =
nest sites/0.4 ha 1‘-1'"‘ HW,R : S
(1.0 acre)} (an est1mate
of the density of natura]
and artificial nest sites
available to wood ducks.

"Determined by the -~ -

: fo1low1ng equat1on

(0 18 x Vi) + (0. 95 X Vz)

where V, and V, are as
def1ned above)

Percent of the water , DFW,DSW, © ' Remote sensing,
suriface ccvered by HW.R ST . ocular estimation,
potentialibrood cover ‘ -~ .. Tline intercept
[an estimate of the . - "

proport1on of -3 wet- "

land's water surface

area that:is covered

“by :shrub cover, over-:

~hanging tree crowns

within 1 m (3.3 ft)

of the water surface, -

woody. downfall, and

herbaceous vegetation].

,?ﬁFigure 4. Definitions df variables and suggestedfmeasurement techniques.
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T T o

Percent of the vater

surface covered by
potential winter -~

‘cover {same ésﬂfor.; ; :
Vi, ‘except that only

o :'Cover‘tyges

- DFW,DSW
AR

winter persistent .~

species should be
considered in the

. herbaceous vegeta- o
‘- tion component}. .

Figure'4. {concluded).
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wh1ch HST; va]ues are- determ1ned fhe formerﬁknde_s?resu1t in: ane HSI ‘value:

~ for each cover; type wh11e th1s mode1 -results In one HSI value for. the aggrega- .

t1on of cover types used by the wood duck in a g1ven area

- A s1mp]e approach to eva]uat1ng wond duck breed1ng hab1tat a1ong streams

: _gwas developed :by Burbank (1972). This approach 15 based on tree size and
subjective evaluation of general. stand conditicns:.., McGilvrey (1968} provides

criteria ‘that ijcan be used to. deve]ep a habxtat mnde] for . the wood duck for

'several geograph1c areas.
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12 0 RED WINGED BLACKBIRD
(ﬁ—-- e -

kGeﬂeral‘;3

The red-w1nged blackh1rd (Agelalus phoenzceus) 1s common re51dent to Ecoreglon

2610y frequentlng fresh: and hracklsh—water marshes, graln and. mustard flelds,

rlparlan areas,|and agrzcultural lands (Peterson 1961 Small 1974)

bed'Requirements ‘

Red-wlnged black birds are opportunlstlc feeders whose diet depends on spatlal

1i.and seasenal avallablllty of anlmal and vegetable materlals During an out=
' break of grasshoppers in San Joaquln County, ' :, flocks were seen at consi-

‘derable dlstance from thelr usual habltat " and they, ". . .appeared . to feed

almost: wholly in the 1nfested areas. " (Bryant 1912,‘1n Bent 1958, p. 174).

-From April thraugh September, South Dakota redW1ng glzzards contalned 61% (by

vol.) vegetable matter,. 25% anlmal matter, and 14% grlt (Hott et al. 1972).

‘Grass se