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Abstract

Thn'ty erght mature upland forest stands in the Nrcolet N atlonal Forest were selected &

" to study relatlonshlps between abundances of edge-sensitive forest birds within the stands

“‘and patterning of vegetation types surroundlng the stands. Ten indicator specres were
‘examined, and three years of pomt count data from the N1colet Natlonal Forest Blrd Survey

B _. formed the basrs of the study

Jh Three separate habltat maps \ were created to! quantrfy landscape structural A
s charactenstlcs ina geographrc information system (GIS); the first was complled from S

" existing vegetation inventory maps maintained by the Nicolet National Forest; the second

' .was based on a Landsat Thematic Mapper satellite i image classrﬁcatron and the th1rd was - - |
' "based on a combmatron of the ﬁrst two habltat maps : : : .

Abundance of 1nd1vrduals in the 1nd1cator specres group was related to statlstlcal

g metrrcs of landscape pattern and proportlons of habitat types surrounding the sites using

_ multrple regression. Best subsets of variables to explain variation in total bird abundance ,
 were selected. Relatlonshlps between individual species'; abundances and landscape and s1te
_;vegetatxon varlables were also exarmned usmg umvariate tests ,

The combrned habrtat mappmg method provrded the best regressron rnodel of , :
' songbrrd abundance, and relatlonshlps given by this model were consistent across all specres -
~* Abundance of individuals in the indicator species group, taken in aggregate, was negatrvely ’
o correlated with propertrons of upland open and regeneratmg forest, and posmvely correlated
I wrth mature upland rmxed forest in the surroundmg landscape ' S SR

o Th1s study suggests that forest fragmentatron is negatwely edge sensmve songbxrd
R abundances in this region, and complements what is known about effects of forest L
fragmentatron on birds in more agrrcultural and suburban landscapes The study does not o
"~ however, provrde evidence for or against reduced reproductive success: due to habitat "
o fragmentatlon More research is needed to exarmne effects of fragrnentatron on nestmg

e success and survrvorshrp m thts reglon
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'Ha'bi:-tat ’friagmentation a Apro‘cess in "Which once-continuous tracts-of habitatare'
e _—.subd1v1ded 1nto drscontmuous patches has been recogmzed as one of the foremost current

:threats to blologlcal drversrty (Harns 1984 ercove et al 1986 Noss and Hams 1986)

- Y'Habrtat fragmentatron is thought to threaten a w1de range of orgamsms of Wthh neotroplcal RO

N rmgrant songblrds are a commonly crted example These specres breed in the Unlted States : _‘ R

B -and Canada dunng the spnng and summer months and wmter as far away as Mex1co the o
s Carrbbean and Central and South Amerrca Recent dechnes of many rmgrant songbtrd

e espec1es have been attnbuted in part to fragmentatron of the temperate forests in Wthh they S

o breed (Whltcomb et al 1981 Ambuel and Temple 1983 Temple and Cary 1988 Terborgh

" ,'_1989)

For neotroplcal xmgrant songbrrds fragmentatron of breedmg habrtat mvolves more Lo .

B than a temporary reductron in habttat area When forestland is converted to agncultural

L f'res1dent1a1 or. other land uses the rernarnmg habttat is exposed to a surte ef effects whether SR

__ the patches are 1solated or 1ntema}1y fragmented (Templc and WllCOX 1986) Specrﬁcally, :

S o habltat fragmentatron is thought to affect breedmg songbrrds by reducmg patch Sizes .

o (Ambuel and Temple 1983 Lynch and Whrgham 1984 Askrns et al 1987) 1solat1ng pﬁatchesfj ST
o :'from the larger habltat matrrx (Lynch and Whlgham 1984 Askms et al 1987 Robbms et al ; B

R B 1989) and by creatlng edge effects the latter may result 1n 1ncreased rates of nest predatlon '-.; o

| ‘(Gates and Gysel 1978 ercove 1985) 1ncreased brood parasmsm (Brlttlngham and Temple"' : o

e 1983 R1ch etal 1994) altered compentrve relatlonshrps (Butcher et al 1981 Ambuel and

-'Ternple 1983) and other deleterlous effects




Much of what 18 known about the effects of habltat fragmentatlon on breedmg

EEE _»".songblrds is based on evrdence from forest tracts embedded in predommantly agncultural or - |

suburban landscapes (e g Whltcomb et al 1981 Ambuel and Temple 1983 Lynch and

: Whlgham 1984 Askms et al 1987 Robbms et al 1989 and others) Desprte the apparent o : R

E 1mportance of habrtat fragmentatlon to forest b1rds in other reglons httle 1s known about the S

B _"relatxonshrps between landscape structure and breedmg bn‘d dlstnbutrons in extensrvely

. forested landscapes (Freemark 1989) Some researchers (e g Rudmcky and Hunter 1993

| Welsh and Healy 1993) have suggested that the results of studres in agncultural areas should L E

B -not be drrectly apphed to contlguously forested landscapes Threats to songblrds (e g

b predatron and brood parasrtlsm) that have been 1dent1ﬁed in other areas may be less 1mportant

in predormnantly forested landscapes where overall densmes of predators and parasnes mayf' R

Ll , be low and predators may be less concentrated along edges (Rudmcky and Hunter 1993)

< Worklng in the mldwestern Unrted States Robrnson et al (1995) compared nestmg success S
" . in forests of nine dlfferent landSCapes rangmg from predormnantly agrrcultural to heavrly

= _;:forested The study conﬁrmed that nestlng success 1s 51gn1ﬁcantly hlgher in heavrly forested‘ '_ .

R landscapes thxs result demonstrates dtfferences 1n reproductlve success between such

s flandscapes and more agrlcultural landscapes and complements studles that exarmne
. ;drfferences in nestmg success rates wrthm predormnantly agrlcultural and suburban
l_andscap_es_. Fewstudres, ho‘Wev_er,.have e_xammed the effects_of fragmen_tanon w_rthm e i

.'extensiiiely for'ested landscapes." |

In predommantly forested landscapes forest harvestmg 1s a prmcrpal mechamsm of V' )

" habrtat fragmentatlon, although 1ntr1nsrc heterogenerty, natural drsturbances and socretal




S : 'actrvrtres unrelated to forest management (e g summer home development transrmssron B

= 'ilmes roads) rnay also fragment forest habrtats (Stearns 1990) Most studres of forest

: ~harvest1ng 1rnpacts on bll'dS in heavrly forested landscapes have focused on the 1mmed1ate -_ SR

P EET srte of drsturbance (e g Conner and Adkrsson 1975 Webb et al 1977 Probst et al 1992

N '_Trttermgton et al 1979 Ntemx and Hanowskr 1984 and others) These studres have V_ ;
' f'-demonstrated that blrd specres have drffenng tolerances for drsturbance W1th1n forest stands -

B _and have often documented recolomzatron of regeneratrng stands by forest blrds m years

A followrng clearcuttlng or other major canopy dlsturbances However, as in agrrcultural

: landscapes forest fragmentatlon m these areas mayv 1nvolve secondary effects to ad}acent i
. } | .lands ThlS study focused on whether such .effects arermpactrng nsongbrrd abundances and
h ‘ drstrrbutlon patterns in a heavrly forested landscape | : o o

The present study focused on the relatronshrps between landscape pattern and edge—' :
visensrtrve brrd specres in the Nrcolet Natronal Forest a 655 OOO-acre area in northeastern |
_— >W1scon‘srn (Flgure .l) Bestdes belng an example of a contrguously forested landscape the‘ :

[ v-Nlcolet is of partlcular rnterest because 1t occupres a reglon of exceptronally hlgh brrd
: __v’.dlversuy Thrs reglon 1s.the rmxed hardwood comferous forest blome of the north central

~and northeastern Umted States whrch grades 1nto boreal forest to the north and decrduous o

o forest to the south (Curtrs 1959 Temple 1979) Because specres whose ranges he prmcrpally .

: _to the north or south overlap in thrs transmonal area, these rmxed forests support an unusually -'

S hrgh drversrty of tree shrub and herb specres (Mladenoff and Host 1994) and one of the

: ‘ most dtverse avrfaunas of any of the forests in N orth Amerrca (Temple et al 1979) The - v

_ regron is also h1ghly productrve for many brrd specres relat1Ve to other parts of then' ranges
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R e S MICHIGAN.
Rhme]ander .

Nlcolet Natlonal Forest i

Green Bay

RN WISCONSIN

Legend o
e - Federal 0wnersh1p
. 4N - MaJorLakes L :
RIS AR ’ _ Private Ownershlp (vegetauon datanot avaﬂable)
o BlrdCensus Sites -
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for many s@mes a surplus of young produced rn northern forests may be vrtal to the

. : mamtenance of underproducmg populatlons i southern Wrsconsm and elsewhere (Ambuel L
.'v. and Ternple 1983 Howe et al 1992 Robmson et al 1995) Thrs effect w1ll be especrally

- : jrnportant for specres w1th thelr geographlc ranges centered m the regron such as the s '. :

| : ',’Ovenblrd and the Blackbumran Warbler These and several other specres have been ) = SEE

s - 1dent1ﬁed by Howe et al (1992) as northern Wlsconsm source/core speczes, or specres that R

‘jen]oy hrgher abundance or productrvrty in northem Wrsconsm than in other regrons .
| The N1colet Natronal Forest occuples a hlghly drverse landscape w1th glacral features g Y
o _(drumlrns morames prtted outwash plams) heavrly 1nﬂuenc1ng drstrlbutlons of both o
:1.‘;_'_oyerstory and ground-flora vegetatlon types (Mladenoff and Host 1994) The resulttng |
. ‘flandscape isa heterogeneous mosarc of forest lake bog, nd marsh dommated by uplandv.
: and lowland conlferous hardwood and mnted forests B = | : |

Desprte the heavrly forested nature of much of the Nrcolet the landscape has o |

R undergone extreme changes in compos1t10n and spatral pattermng of vegetatlon types durmg

. v,the past century Prror to the establlshment of the Natlonal Forests, much of northern

k | _Wlsconsrn S forests were logged ﬁrst selectwely for whlte prne and hemlock .a.nd later '_ | )
| extensrvely for the remammg hardwoods (Curtrs 1959 Alverson et al 1988 | Stearns 1990)
s The rmxed hardwood—comferous forest that predated these cuts has smce been replaced in

- - most areas byk a younger less d1verse second-growth forest Thrs forest has far lower

) 7,abundances of once dommant or charactenstlc specres hke hemlock yellow blI'Ch and whrte :_; L

R ‘f-pme and correspondmgly hrgher abundances of early-successronal spe01es 11ke aspen and

L paper brrch (Temple et al 1979 AIverson et al 1988 Stearns 1990 Mladenoff and Host ':' -




L 1994)

Contemporary tlmber harvest has replaced natural dlsturbance regrmes as the

prmcrpal source of young and early-successronal forest patches in thrs regron Uneven aged S

o .'ma‘nagement 1‘n northern hardwoods stands andveven-aged managementito mamtam-stands of

i ~_early-successronal specres can be seen as modern analogues for natural treefall gaps and _' :

1 _t""large scale wmdthrow respectlvely However the scale and frequency of these dlsturbances o : g

O are very drfferent from those of the pre-Columbran landscape blowdowns tended to be much -

o '_':’larger than rnodem clearcuts, but occurred at rntervals of hundreds to thousands of years

= . (Mladenoff and Host 1994 Curtrs 1959) The supenmposmon of small harvest patches hlgh B

B :road densrtres power corrrdors summer home development and other anthropogenrc o
o »‘actlvmes upon the forest has resulted ima landscape that is fragmented but ina more A

VL complex and subtle way than in agrrcultural regrons (Stearns 1990 Mladenoff and Host

ER S 1994) Mladenoff et al ( 1992) found that human alteratron of the landscape in thrs regron

| resulted in reduced forest patch s1zes srmphﬁed patch shapes greater numbers and types of
successronal patches decreased late—successmnal and old—growth forest area and creatron of S
_'edge types uncharactenstrc of old growth forest condrtlons These changes in landscape 5

: :composrtron and pattern have rarsed concem over secondary effects such as mcreased

R abundancesof edge-assocrated specres, 1nvasron of forest ar‘easby-exotrc'SPecres : and the loss ' ;

. 'j_'of forest 1nterlor habrtat m whrch many of the specres of thrs brorne evolved (Alverson et al

B ,1988 Crow etal. 1994)
The questron of how fragmentatron 1n the Natronal Forests of northern Wrsconsm

- a_ffects fores't _spe'cres-ln, general, and _neotroptjcal rrugrant ‘songbrrd’s ,mpartrcu_lar, remaln's_ e




S 7 "'controversml Based prlmarlly on studres from other reglons Howe et al (1992) proposed a’ ,. S

'iset of 14 edge;sen51t1ve 1nd1cator btrd spec:1es for the Chequamegon and Nlcolet Nat10nal i
: Forests These specres are thought to suffer from decreased ﬁtness product1v1ty, and
B ' abun‘dan‘ce in fragrn“ented areas‘of northern Wlsconsrn as a» result of 1ncreased ’pressures ovf.‘ f .
i ‘predatlon brood parasrtrsm and cornpetrtron Ten of these 1ndtcator ‘spemes were. 1ncluded m “ :

| thrs study, because these spec1es were hypothesrzed a przorz to be sensmve to habltat

L ._fragmentatlon thts group was consrdered 1deal for statlstlcal tests for effects of landscape T

T pattern on specres The _nLl hypgthes;s to be tested was that in a parttcular forest stand s1te -

R i lvegetatlon characterlstlcs deterrmne the abundances of spec1es wrthm thrs group, and that the .
o : .patternmg of couer.types m‘_the-surroundtng landscape has no‘ effect on t-he drstnbutton-o_r'v : j.
7 v Zabundance of these Spe01es e | | B | o S
| The a ts:matwg hypg hes;s was that landscape features 1dent1ﬁable through mappmg .

) _techmques used in thls pIOJeCt w1ll affect specres abundances wrthm forest stands in the

s ‘Nlcolet Natmnal Forest ThlS hypothe51s is based as was the chorce of 1nd1cator specres

| .'pnrnanly on the results_ of stu'dles conduc‘ted‘m other‘regtons. Evrdent:evfrom thlS regron.’ls" . e e
= , f:rmxed a few studres elsewhere ‘1n the. nonhemv Lake ‘states (e g.s Mason (unpublrshed datal
- ‘?and Dellasala and Rabe 1987) have shown that some forest bll'dS avord stands rn close F:’ .-.' - :; -
: ’ : proynmrty to large opemngs hke aspen clearcuts Howe et al (léQf’l) documented hrgh.er. o
R _.Iabundances of Amerlcan Crow (a potentral nest predator) along road51de srtes contpared w1th S
o forest rnterlor sltes of the Nlcolet Natronal Forest Brrd Survey However Schnelder (1992) »

3 found lrttle‘ ev.ldence for effects of_narrow_loggmg [road_s_,on 'forest brrc_ls 'wrthrn the_l_\,_h‘colet: f -

‘. »’,Nationa;l For_es‘.'t.;f C;learnl_y‘,{there 1srnuch to:be'learned'about'the "rnagnitude:of fragrnentation S




i_effects and the scales at whrch they operate 1n this regron Drfferent types of edges are hkely o R

L _to have drfferent degrees of 1mpact on forest brrds (Howe et al 1992)

Methods
Thrs study exarmned ‘abundances of ten edge sertsrtrvelmdlcator. specres. at 38 c ensus- .‘.‘
sites in the northem half of the Nrcolet N atronal Forest (Eagle R1ver and Florence Ranger S
_ | ‘Drstrlcts) Brrd census data were acqurred from the Nicolet Natronal Forest Breedrng Brrd
E ’a‘rsurvey, a cooperatrve effort of the Northeastern Wrsconsm Chapter of the Audubon Socrety X : | ; .' .
- ,.'_and the U S. Forest Servrce The 38 census srtes were all located in mature upland forest e

" B 'stands and represented a vanety of stand charactenstlcs and landscape contexts The study ' ST

can compared abundance of 1nd1v1duals w1th1n the mdrcator specres group across the srtes and SR

o teste‘d for-rel'atronshrps between total ..b,1rd ab'unda‘nce wrthm,,‘ and landscape pattern e
’ | 'surroundmg, each srte The followrng sectron summarrzes 51te selectron and census methods L

- “used by the Nlcolet N atronal Forest Breedrng Brrd Survey, for a detarled descrtptron of these B

B | ’methods see Howe et al (1995)

,jSifter‘s:el'ectiorz rzn'd bird r'ce'nstts‘ m'ethrjds'- f o
' Sample pomts for the Breedmg Brrd Survey were chosen to represent general habrtat '
. 'itypes w1th1n the forest Generally, pomts were located IOOm or more wrthm the target habltat

- type m order to reduce contact wrth adjacent habltat types or busy road corrldors A total of e

;':' 160 habrtat-based census pornts have been estabhshed for the northern half of the Nlcolet in-

- thrs manne_r. C_e_nsuses began_‘m 19_88‘ for;the northe_r_n'h‘alf :of the Forest, andfcensus,data forv o




- - 1990 1992 and 1994 were utlhzed for thlS study

Censuses were: conducted oma smgle weekend in m1d J une between ﬁrst hght and

B 19:00 AM Volunteers worked in teams each led by an expert b1rder Each team v1srted ﬁve ‘

S ._to six of the habltat-based census pomts 1n a mormng At each census pomt all b1rds heard

-: »'durrng a 10 rrnnute penod were recorded by speaes
To reduce varlatlon in local habrtat features I selected a subset of the 160 habltats ._" R
L based census pomts based on the followmg crltena only pomts occurnng ln mature upland :
forest stands that had been censused 1n each of the’ 1990 1992 and 1994 census years were » N
",frnclude_d’.‘ pmnts_:'occumn‘g wrthm p‘lne- plantatl’ons_‘or'.stands‘w1th recent management.acuwty ' e g S
* *_were excluded and pomts whose locatlons had been rnoved between census .years were

: ,__excluded Followmg thrs procedure 38 mature upland forest census pomts remamed for

tmclusmn in the study (Frgure 2)

',‘:Z‘Speczes selectzonb ‘..‘ |

Of the 14 edge sensmve mdlcator spec1es proposed by Howe et al (1992) for the i
" Nlcolet and Chequamegon Natlonal Forests eleven were recorded at the s1tes used for thlS .
. study »Ten pof these specres occurred at fouror more srtes and were 1ncluded in statxsucal

o ‘j:analyses (see Table 1) These spec1es had three charactenstlcs 1n common they were all | :

: ’ neotroplcal nugrants they were all forest spe01es and they had all been shown to be sensrtlve o

to__-h_abltatfragme_ntatron ;nother reglons. _ : 5 .




Table 1 Edge-sensrtrve 1ndrcator specres l1st from Howe et al (1992) Numbers of srtes
o w1th detectlons and md1v1duals are’ summed across 38 srtes over three years '

Specres Co Sc1ent1ﬁc Name x s #Sltes wrth #Individuals L
v I T S : Detectrons { . Detected :
._:-'."‘-_Red-eyed Viteo [ .. |Vireoolivaceus - | .~ 38 | 1]_;197
- “|'Black-throated Green Warbler  Dendroica virens .~ .| 35 0 0 152
- | Least Flycatcher  * .~ . | Empidonaxminimus -~ | = 25 | 9% 4
| Blackburnian Warbler “ | Dendroicafusca: - | 21 | . 59 |
| Scarlet Tanager . -~ - "',_’_Ptrangaolzvacea ol 18 26
- | Black-throated Blue Wa:rbler “f Dendroica caerulescens' 12 22
| Solitary Vireo - | Vireo solztarms R S8 I
o Black-and—wmte Warbler - | Mniotilta varia - [ 7 9
| Wood Thrush . -. | Hylocickla musteling | 6 - .8
k 'SwamsonsThrush .+ |"Catharus ustulatus - " ’ L4 4
| Canada Warbler * .-~ - | Wilsonia canadensis - - 1 T
| BarredOwl* = . | Strixvaria R RN | N S0
»@Ruby—crowned nglet* ! ‘Regulus calendula 1 0 L0
- | Spruce Grouse * . .| Canachites.canadensis--.{ . 0 0

o ¥ excluded due to low abundance or lack of detectlon -

| '._ Habttat mappzng 1
Two methods of Vegetatrve cover mappmg.vvere used and compared for the landscape
o ,‘ ana1y31sportxon of thrs study The N1colet Natronal Forest mamtams drgrtlzed vegetatron
‘ | ,_maps (hereafter referred to as Nrcolet stand data) in a geographrc rnformatron system (GIS)
k‘ «for all federal ownershlps wlthm the Forest Thxs GIS contams mforrnanon forest and non-r »
e -forest cover types for forest stands -the system prov1des mformauon on forest type SIae et
class and stockmg densrty To facrhtate landscape pattern analyses the vegetatron coveragesi" '
| .. ; v‘were converted from thelr orlgmal MOSS GIS format to ARC[JNFO (ESRI 1994) format _: |
= :They were then rasterrzed and converted to ERDAS (Erdas 1994) format for processmg, o

) wrth a 25m X, 25rn plxel s1ze To srmphfy analyses habltat types were aggregated 1nto mne :

s classes (Table 2)




1

Aggregated Habrtat

o Description :

> _ : Table 2 Nme aggregated habrtat types and ongmal N 1colet vegetatron types _
L Ongmal Nrcolet Stand Data » -

o OPEN NIC

Type Code.. o

Non-forested upland

Code and Descnptlon

- 99 Non-forested Upland :

| REGEN.NIC -

All upland forest types, seedlmg— .'

sapling srze classes

AAll Upland Forest Types

R UPDEC_NIC.

- . Upland dec1duous forest types, pole ‘

and sawtlmber s1ze classes‘

(1-5, 11, 17, 41-59, 81:93, 95) o

53 Northern Pm Oak

| 54 White Oak - e
2l ss Northern Red Oak :
-~ | 59 Mixed Oaks . .
81 Sugar Maple-Beech—YeIlow erch ‘
82 Sugar Maple-Basswood

84 Red Maple
85 Sugar Maple

S 86 Beech

| 89 Mixed Hardwoods *
.91 Quaking Aspen_ ‘
'92 Paper Birch |

93 Blgtooth Aspen

' Upland comferous forest types, pole o

and sawtrmber size classes

01 Jack Prne ‘

'02 Red Pine -

03 ‘White Pine -

- 04 White Pme_ Hemlock
}05Hemlock . - . .
1 Upland Black Spruce

ol ueMix €L

o Upland mrxed forest types pole and .

sawtrmber su.e classes

K 87 Mixed N. Hardwoods, Hemlock o
95 Aspen-Whrte Spruce-Balsam Fir-

ll Balsam Flr-Aspen-Paper Brrch
41 Whité Pine-Red Oak- White Ash

48 Jack Pine-Oak:
49 Red Pme-Oak

| LoFoRNIC © <

. Lowland fo"r.e'st:types',-» '

- pole and sawtimber size classes.

o 13 12 Lowland Black Spruce e

14 Northern' White Cedar
15 Tamaraek ' L

18 Mixed Swamp Comfer )
~. | 19 Cedar-Aspen- Paper Birch . o
- | 71 Black Ash-Am: Elm-Red Maplev |

76 Red Maple (wet site) *~ .-
79-Mixed Lowland Hardwoods

.94 Balsam Poplar _

SCRUBCONNIC - 3|

Lowland comferous forest types
seedlmg saplrng srze classes.’.

- All Lowland Conrfer Types
Jaz s 1y

| Lo_OPEN_NIC -

-fLowland open (mcludes marsh open

l_'-97 Non forested Lowland

- bog, shrub swamp, sedge meadow)

Open water

| LA: Open Wéi.er s




';-l'he;nine',clas's‘es- are an arb_itr_ary'gro'upi_ng_'Of'the_',or_iginal_t:'orestl typES, but wer:e-' ' .’

" designed to capture gross diffetences in habitat structure and composition. However, = =

- information (e.g.; tree species) that may be important to songbirds may. be lo_st'fln- the -

s .aggregaﬁon.‘ The conyersio_n of the .original vector.—'based GlS data to rasterQbased- may al,so‘

o '_cause loss of 1nformat10n, as: small polygons may not surv1ve conversron to the 25m X 25m

B plxel s1ze Note that the onglnal Nrcolet class1ﬁcatlons are based on the domlnant forest
[ER type, uplanddec1duous classes rnay have srgmﬁcant conrferous components, and: v1ce versa'

o Stands are clas51ﬁed as “rmxed” by the Nlcolet only 1f they fall 1nto a typlcal rrnxed forest - |
| :vf”assoc1at10n €. g Balsam F1r-Aspen—Paper BlI'Ch or Jack’ Pme Oak Note also that although

i 'the aggregated lowland forest class contams both dec1duous and comferous forest types 1_ L

R comferous forest domlnates w1th 95% of the mapped areain tms class

In addltlon to census pomt locatlons Frgure 2 shows federally owned lands wrthm the' g

R ,northern two dlstncts of the Nlcolet Natronal Fo'rest The main drawback of usmg the 0

v, F‘Nlcolet stand data was that they ex1st only for these federal ownershlps Prtvate lands 01-
. O mholdmgs are not mapped and the large proportlon (approxrmately a th1rd) of the NlCOlet B R
) 'that is pnvate results in maps wrth a con51derable gaps in vegetatton data Also ma_]or roads .

c ‘powe'r comdors parklng lots -and other fe-atures do create 'openmgs 1'n the 'forest eanopy large '

S enough to warrant cons1derat10n at th1s scale yet these openmgs are often not captured by

. thls dataset t

For these reasons and to provrde a second mapprng method wrth whrch to compare

R ,'results I classrﬁed a 1991 Landsat Thematlc Mapper satelhte tmage for the same reglon

- __usmg the N1colet stand data to generate trammg sets for the classxﬁcahon The Landsat TM




;~ *'.‘nn‘age was acqulred AUgust 14 1991 srx spectral bands (three v151ble three mfrared) were -
B ivavarlable w1th the orrgmal 30m resolutron resampled to 25m Unhke the Nlcolet data all
o yeg_etatroncrover ,1s‘_1nclude.d _regardless of ownersh‘_rp, all -rnf‘orrnatron_ in the' -:scene-,‘,r's E -
concurrent, and .‘ro‘a'ds; powe'r corrrdors, and other b_r_ealcs in the ic'anapy* are includ_ed'as open i
'V'-‘cover types 1fthey arelarge enough to be .mapped at 25m resolutron One rna]or drawback to
: »__usmg Landsat TM data for habrtat mappmg 1s that there 1s very httle ablhty to drscern |
L ‘amongst dtfferent seral stages in upland forest types Srnce the proportron of regeneratlng
: forest close .to census pornts is of 1nterest for thrs study, thts shortcormng has 1mportant , _"

. consequences that must be con31dered when comparrng the utrlrty of the NlCOlCt stand data S

L wrth that of the Landsat TM classrﬁcatron

' The Nrcolet stand data were used. as reference data to generate trammg areas for
':lmage classrﬁcatton. tram.rng‘was performed on the Eagle RIVCI' d1str1ct Wthh occupres jUSt '
: ;oyer half of the study regron To generate tralntng areas; the 'N.tcolet stand data were ‘
ompared‘wrth the Landsat TM scene and polygons correspondrng to homogeneous
. o -vegetatlon un1ts 1n the Nrcolet stand data were extracted from the Landsat TM scene for‘ - |
traxnmg When elxtractlng‘ trarnlng areas yanable nnsregrstratron of i up to 75m between the - T
| ,-._":Landsat TMvscene and N 1colet stand data became apparent ThlS rmsregrstratton resulted in '
nonhomogeneous tralnrng areas because portronsof vegetatlon umts adjacent to the target B
’ "umts were often 1ncluded in the areas. | | ' | '
’l‘o ensure that tramlng areaswould 1nclude only target vegetatlon types polygons 1n B

; jthe Nrcolet stand data were trrmmed” ellmmatlng prxels near edges of target vegetatron

" «umts To accomphsh thrs the ERDAS Scan/Boundary algorrthm was used to 1dent1fy all




’ f ptxels wrthm 75m of any polygon boundary Usmg the resulnng edge map . as a.mask a’ |
‘vegetatron type map cons1st1ng of only core polygon areas was generated Maps of eachr .. B
: cover type were then generated from the resultmg “core polygon map and correspondlng -

L polygons on the Landsat scene were extracted for trammg Vrsual rnspectlon of the resultmg

» o 'tramtng maps allowed for further reﬁnement and vertﬁcatton of polygon homogenerty

Informatlon from aer1al photographs, ground truth v1srts and topographrcal maps was B
- used to supplement and reﬁne the tramlng areas and the general class1ﬁcatlon process o
B Trarmng areas for cover types that were under-represented m the Nrcolet stand data (such as - =

B .urban areas, roads commercral cranberry bogs, and nuxed hardwood—hemlock stands whrch : -‘ '

i _ar_e typrcally- Cl&SStﬁQd‘_ wuhupland hardwoods under _the,_Nreolet'system) Were' 'added in thrs o

Usmg bands 3 4 and 5 of the Landsat T M 1mage a gurded clustermg approach

. (Bauer et al 1993 Fox and Mayer 1979) was used to generate spectral srgnatures from the B

tralmng data Flrst candldate srgnatures were generated for each class usmg the ERDAS - R

‘ . ' j.Isod_ata algonthm.--To.ensur'e ‘srgnat_ure sep,ar_abrhty,’ the number‘ofmgnatures ge_nerated for __j -

. each cover type was chosen :to,"maxinn‘zfe the J effries-Matusna(‘J-M) distance (see:Swain and - -

i ,’Davis 'l.978) between- slgnatUres.v 'Tio ch'oose the'appropriate number' of signaturesfforfa given o

-”_V,class srx srgnature sets rangmg from 15 to 20 srgnatures each were generated usmg Isodata

: it The set w1th the hrghest mmlmum separablhty was chosen for further analy51s unless that set o

Bl had a mmrmum J -M dlstance less than 1100 In thrs case sets of 21 and progressrvely hrgher o

A' . numbers of srgnatures were generated unt11 the mrmmum separabrhty exceeded 1 100

" Gurded clustermg produced collectrons of candtdate srgnatures for each cover type




| vahlch could subsequently be evaluated usmg prelnrunary elassrﬁcanons Vrsual mspectlon “:_ o o

| of classified prxels and comparrson w1th the forest stand data and aenal photographs allo-wed o

'_ ‘.poorsrgnature sets to be dlscarded Separablhty between bvslgnatulre sets v was. assured agatn- |
usmg the J M dlstance as. a compartson tool S1gnatures between sets w1th low separablhty

d'_ ‘(agam below llOO) were further evaluated usrng the ERDAS Qurck Alarm unhty or an actual
cla551ﬁeatron 1f necessary | | »

- f‘ | A.linnted amountof post'-elassiﬁcation v-editing‘wasperfonnedto remove.c'onfusion :
L , among coyer types that were systemattcally rmsclasstﬁed Such eonfusron exrsted between P | .
o Jack pme plantattons and lowland co‘mfers‘ and between scrub conrfer-leatherleaf. bogs and

L some road comdors' In addttlon amajorrty ﬁlter was apphed to the scene to further rrnprove; | N

, classrﬁcatton accuracy and remove norse” from the ﬁnal habrtat map Fmal classes for the -

S 'Landsat TM habrtat map are shown in Table 3 Appendlx 1 mcludes a dlscuss1on of accuracy e

, '_ "assessment

| Table 3. Nme habltat types mapped usmg :3 1991 Landsat TM 1mage L

Habttat Type Code " TR R P Descrtpnon
T -’OPEN ™ . ._-_Q L _non—forest upland (recent clearcuts roads urban areas etc) . :
{ UPDEC_TM: . ' | upland deciduous forest (>80% decrduous) ' S

- ['UPCON_TM . | upland conifer forest (80% coniferous) .
| UPMIX_TM ';‘ " | upland mixed forest (20 80% decrduous)

- |LOFOR.TM . | lowland forest * _ }

| SCRUBCON. TM "”scrub comfer-leatherleaf bog :

| LO_OPEN_TM - |lowlandopen T

WATER_TM~" . |openwatr

Note that thlS classrfrcatton scheme 1s srrmlar but not 1dent1cal to the aggregated, S

- - scheme for the Nrcolet stand data Of partrcular note. are dtfferences 1n ab1hty to dtscem "




e
o regeneratmg frorn matureforesttypes and mlxedfrom dec1duousforest types The Landsat |

- classrﬁcatlon does not"‘di‘flferentlate regér;elaﬁfig' fro;ﬁ' rnature"forest stan'dsfaﬁér :ean0py‘ o

o ,closure Thls classrﬁcatlon does however separate many rmxed forest types (e g‘ sugar

o maple/hemlock vstands) from‘pure decrduous and comferous stands,. whereas much of the

| Nicole't stand data do not make this dist,in"cti.on;u |
To take advantage of the strengths of each data source a combmanon of the two was :

- - generated by addrng the regeneratmg forest stands from the Nlcolet stand data to the Landsat :

- TM claSSIﬁcatron Thrs ﬁnal habrtat map prov1ded the full coverage of the Landsat TM

' classrficatron mcluded the rmxed forest types of tlns classrﬁcatron and 1nc1uded data on
L regeneratrng stands when avallable from the Nlcolet dataset Smce remarmng upland open ‘

: ’cover types from the Landsat TM classrﬁcatlon were often harvested areas on pnvate lands ‘

o R thrs type was aggregated wrth the regeneratrng stands from the N1colet data to form a new .

v OPEN/REGEN class All other classes remamed 1dent1cal to those shown in Table 3

i portrons of the three habltat maps are shown in Frgure 3

i =Si{e.lzegetation_ sarripling g o
For each brrd census srte vegetatron structure was sarnpled durrng the summer of L
- 1994 to complement the landscape vanables The methods were chosen based ona synthesrs ’ S

o of popular vegetatron samphng technrques (e g, James and Shugart 1970) and were mtended o o

- to detect gross drfferences in vegetatlon structure between s1tes w1th a rmmrnum of samplmg N

trme._ :

For each site, four 40m arm-length transects were run from the center stake ineachof *
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- '.thé four cardinal dir'ections. Shiub a‘ﬁd’ fsa‘plicng’- stems less than,flt)cm dbh were coamed' in

Y each of two herght categorres 1 3m-3m and 3m-canopy, these were talhed in three hfe form |

categorles shrub demduous tree and comferous tree The number of downed logs in two e

S size classes (10—30cm and 30+cm dbh) were also talhed and percent canopy closure percent R

L comferous fohage in the canopy, and percent ground cover below 1. 3m were estlmated at ﬁve
R evenly spaced pomts along each transect usmg an- occular tube (20 pomts per srte) Transect
o __measurements were averaged and summanzed for each srte Fmally, the dlstance to the

AP nearest grassy openmg (dlstance to edge) was recorded for each srte

Stand data on average tree dlameter at breast hexght and Landtype Assocratton d ordanf.} i

R 'j and Hoppe 1990) were obtamed from Forest Servrce records to complement the vegetatlon

e "..data above Landtype Assocrattons are part of a developmg h1erarchrcal ecologlcal

sy cla551ﬁcat10n system for the Nrcolet Natronal Forest They are based pr1mar11y on landforms S

i *general »soxls‘, and _general- 'natural plant comrnumt—y 1nforrnattqn._ AT

Landscapepattern -a'nalyfsi;s’« g P
All landscape varlables mcluded in subsequent statrstlcal analyses were calculated

- usmg the FRAGSTATS spatlal pattern analy51s program for quantlfymg landscape structure '

E - .vers1on 2 O (McGarrgal and Marks 1994) Vartables quantrfymg aspects of landscape pattem EREaE i

.were calculated ﬁrst usmg the Landsat TM data for four crrcular buffer areas surroundlng

. (and 1nclud1ng) each sample stand Buffer areas of 250m 500m lkm and 2km radu were _. R

R chosen a przorz for these calculatrons (Flgure 3 shows sample srtes w1th SOOm buffers L

‘;.m,drcated). Thes‘e varIables _were agarnﬂ.calculatedusrng the N1_col_et stand _da_ta and corn_bmed' |




| Varrables calculated 1ncluded percentage of all cover types rdentlﬁed by the Landsat . .
: 4TM classrﬁcatron and Nrcolet GIS data wrthm each respectlve buffer area Also calculated .
| : »for .each buffer area were varrous pattern rnetrlcs rncludlng edge dens1ty (m/ha) a normahzed = o
. "'contagron mdex (see O’Ne111 et al 1988 L1 and Reynolds 1993) Shannon d1vers1ty (Shannonf’ o
' .Aand -wea\fer ;1949)" Sh_annon eyen_ness, .and -an mterspe_r:slontand Jv_u‘xt_apos_ltronplndex. For ap_ :

complete descnptron of metrlcsusedandmetncformulas,seeMcGangalandMarks ( 1994) o

Blrd .censusritztd -dnulysis . o
- _‘ For each of the 38 srtes cons1dered in the study, three years of b1rd census data vt'ere
| sumrhed -for each of the. ten .edge sensrtlve 1nd1cator spemes‘ Specres abundances were
= v::surnrne_d over thrs .perrod‘,.r_n‘_ order to reduce vanabrhty, dueto .weather,an-nual .ﬂuctuat‘rons in B
abundances observer dlfferences andrandom error m spec1es detectlon To construct a'
N \-; model of landscape effects on edge sensrtrve specres as a group abundances for all ten e
o "‘mdrc‘ator specres vyere sumrhed to create a smgle dependent varrable for subseduent multrple ': U

e ~regressmn analy51s The resultmg values were natural log transformed to meet assumptlons . ;, ey

. of the statrstrcal tests used

L M_u‘ltiple regréssioﬁ analys:s S .
| All subsequent data analyses were: conducted usmg MINITAB for Wmdows Release

9 (Mmltab 1993) Multrple regressron analyses were ﬁrst performed usrng stand and

’ *landscape varlables from each of the four buffers (250m 500m lkm 2km) for the Landsat o -




;fTM habltat rnap Analyses were then repeated usmg the N 1colet stand data and the combrned .
{ 'hab1tat map Based on prelrrnmary results I chose to conduct these analyses usmg the 250m.’.1.‘ ; -j
: e.‘and 500m buffer w1dths only | - |
. In order to produce an mterpretablek model of effects of landscape features on the
' km‘drcator specres, reductron rn the nurnber of mdependent bvarrables was necessary' lhrs ‘
:reductlon was partrcularly 1mportant grven the mclusron of varrables at multrple scales (e g | R
- -‘mature upland forest at 250m 500m lkm and 2km buffers) Slmple correlatrons between 1 S

5 vanables were exarmned and in cases of hlgh correlatlon (r > 0 5) the vanable that was

FTE expected to y1eld the greatest explanatory power was retarned o 3

In thls manner abundances of ¢ cover types wrthm the vanous buffers were deemed
f preferable to statrstleal metrrcs of landscape pattern for 1nclusron in the ﬁnal model The
'blatter metrrcs were generally hrghly correlated wrth each other and w1th abundances of

e mdtvrdual cover types yet appeared to possess lower predrctlve power than the cover type

- abundances themselves Abundances of cover types (e g the amount of mature upland forest

T .'v"wrthrn 500rn of census srtes) were also consrdered to be more easrly 1nterpretable for o
};_management decrsrons than statrstrcal metrrcs (e g. contagron) | In multrvarlate statrstrcal
E » f»tests retalnmg hrghly mtercorrelated vanables yrelds ﬁnal models whose predrctlve value for
' vanables that do not follow the past pattem‘ of mulucolhnearrtyare hrghly suspect (Morrrson
o et al. l992) | Thrs observatlon may be partrcularly rneanmgful in heterogeneous landscapes -
o N _srnce correlatlons between metrrcs and cover type abundances are hkely to be very drfferent '

: vl_vrn drfferent regtons Due to drffenng habrtat preferences between specres srte vegetatlon -

- varrables Were not consrdered 1n multrple regressmn analyses for the 1nd1cator specres group |




; »v..In addltlon to landscape varrables drstance to edge and Landtype Assocratron were mcluded
- A in the regressron analyses (see Tables 4 and 5)

L Table 4 Landscape varlables consrdered in mult1ple regressron analyses Varrables represent' B

- percentages of respectlve cover types (see Tables 2 and 3 for descrrptrons of cover types)
| Landsat T™ Data ] Nlcolet Stand Data Combmed Data HE
-} (250m, 500m, 1km, ‘[ (250m and(S_,OOrn_ | “Sources” - | -

2km buff_er ’Wl.dths) * buffer width) | (250m and 500m - |
SR f i IS bufferwrdths) R
Sk %OPEN TM ‘ '%OPEN NIC L ‘%OPEN/REGEN
| %UPDEC, TM,,_ -V%REGEN NIC“ R 7%UPDEC
~ | #UPCON_TM ‘| %UPDEC_NIC | %UPCON -
| %UPMIX_.TM = - | %UPCON_NIC = * .| %UPMIX
| %LOFOR_T™M _-_%UPMIX NIC'_, e _..%LOFOR
:%SCRUBCON TM "%LOFOR_NIC - . /_%SCRUBCON b
© | %LO_OPEN_ TM L ;-»%SCRUBCON NIC %LO_OPEN
o %WATER TM ~ i| %LO_OPEN.NIC = ‘| %WATER =
: %WATER NIC s

Table 5 Addmonal varlables consrdered in- multlple regresswn analyses For Landtype RS R i
Assocratrons numbers of sites wrthm each LTA are also shown . :

Vanable B | Descnptlon
o 'DTE . ~ | Distance to nearest edge (m
o LTA (Categorrcal) | Landtype Association .
| 'LTA.7 | Drumlinized uplands (n'=6) -
. 'LTA:A: - Inter-drumlin pitted and unprtted outwash plam (n 8)
- "LTA. B - Carpenter Lake outwash ‘plain (n=1; omitted) o
- LTA_C : ‘ ‘| Popple River collapsed outwash pla.m (n= 15)
LTAD | Hummocky outwash plam (= 8)

Stepw1se multrple regress1on analyses were used to ehmmate vanables wrth poor -
| ‘predrctrve power and produce ﬁnal models for each of the three habrtat maps If two census TR

i _,srtes were close enough to each other that the1r landscape maps overlapped by more than 20% o o

. ata grven buffer wrdth (e g SOOm) one of the srtes was randomly ehmmated from any




i :analyses that 1nc1uded data at that scale._ In tlns manner analyses mcludlng data from the S

" SOOm buffer w1dth excluded data from three s1tes (for a total of 35 SItCS)

s S}'ingl,espéci_es tests L -
»’ ‘-Stron;g ’ﬁredict‘or's ,of the ;edge-sensitizve:indieator'species grd’up nvere. 1ncluded 1n :
.unruanate tests of smgle spec.res resbonses to srte and landscape vanables For spemes wrth
L ,_low abundances presence and absence were used to drstlngutsh good” from poor’ 7 srtes* for :"
' more eornrnon spe01es srtes wrth above medran abundances were used to drstmgutsh good |
o 51tes from poor Sltes w1th overlanpmg landscape data were treated in the .same nranner as: |
- bdescnbed for multrple regressmn analyses | three srtes were dlscarded for all tests w1th1n the -
YT_SOOm buffer Two sample t-tests vl/ere used to test for drfferences m predrctor vanable. values'- |
: ,:f{between good and poor srtes for each specles épecxes codes for the ten 1ndrcatorsnec1es are
' _glven‘m Table 6 along w1th medlan abundances and numbers of good” and poor sues for EREA
o 'f_,.each specres Nurnbers of good” and noor 51tesare also glven for tests of dlfferences m

. '.landscape varlables Wlthm the SOOm buffer (three srtes were dlscarded for thls buffer due to - i

- 'OVerlaPPing’landSC‘ape_ Contexts). -




o o landscape. uariables

Table 6 Specles codes medran abundances and numbers of good” and ‘poor’ srtes used in

' univariate tests. Revrsed sample sizes for landscape varrables wrthm 500m buffer wrdths are 8

e also shown

Specres

. _Species
 Code

i Med-ian |

#Good; N
Poor Sites -
(Total)‘ '

' #G'oo'd':
Poor Sltes
(SOOm)

RS 'Black-and-whrte Warbler
) 'Blackburnian Warbler - -
‘| Black-throated Blue Warbler -

| Least Flycatcher -
| Red-eyed Vireo -
. | Scarlet Tanager L
- | Selitary Vireo “ ‘
“ | Swainson's Thrush

'Black-throated Green Warbler

. | BAWW ..
| BLBW. | -
- BTBW .|
BTNW
SCTA |
'SWTH :

- Abund. |

AT
CoIL27
] 1325
17321 )
| 18,20 -
o . 15,23 o)
| f20018 0 |
4,34

629

12,23

10,25 |

16,19 |7

16,19
a2 |
1718

-5,30"
4,31

o .Wood Thrush-

: Bzrd census -datd -

For the ten edge sensrtrve mdrcator specres a total of 582 1nd1v1duals were recorded :

' mdrvrduals recorded for each specres and the number of srtes at whrch each specres was |

o : Ldndscapetvdriablés . o

- - For the thre'e, habitat»mabs high d'egrees'fof correlati‘on 'weré vob"ser\re:d be'tween'. e

“WOTH |

loo OOU\ S = Y 3N |

1 632

i .p're_-s'ent durmg at le_aSt _one__census year.‘ ,

5_3_0 o

Correlatlons between abundances of cover types at a grven scale of

o rneasurement were varrable but often srgmﬁcant For example w1th1n the 250m buffer

‘V_Vldthv,; m_ature-upland‘ for_est was' hrghly_correlated»_wrth,non_-forest' upland_ (r-'—- -O.6Q)vf_or;the; i

at the 38 sites dunng the 1990 1992 and 1994 census years Table 1 shows the number of _':__ '~




“ 'Land'sat:davta‘ Correlations within a- g;i'vé;{fcévér -’clas'é 5;-1{ béiweéﬁ" tw'o buffer wldt-hvs- Alsdw"f =
,”ipresented”problems for example mature forest w1th1n the 250na buffer w1dth was hlghly
t‘ - : correlated w1th rnature forest w1th1n the 500m buffer wrdth (r 0 90) for the Landsat data E
k.(Flgure 4)‘ Foruthe N1colet stand data these vanables were correlated at r= O 825

ngh degrees of correlatron were also observed between statlstlcal metrics of

L {,landscape pattern (e g contaglon and Shannon d1versrty, Frgure 5) and between these metncs o

o o I_’and cover type abundances (e g contaglon and mature rmxed forest Flgure 6) As noted

: 4>prevrously, these metrlcs were dropped from further analy31s due to thelr poor predlctlve '. '. E

- -power and hrgh correlatlon wrth cover type abundances |

. Muliple regression analysis

8 'Three.models' of 'edge-sensi‘tive indicator specles -abundances based on landscape' s

R vanables were developed usmg stepwrse mulnple regress1on analysrs The ﬁrst model 1s

based on landscape vanables retamed from the Landsat TM data The second model uses

A .-.-landscape-;vanables"c-alculated-from’ the Nlcolet‘stand'data A ﬁnalfmode?lf utilizes a _.'.:F: o

- combmatron of the Landsat and Nrcolet data sources The coefﬁcrents of these models are ._', IR

o summanzed m Table 7 and Frgures 7 through 9 1llustrate the relatlonshlps g1ven 1n the

o combmed model




Flgure 4 Relatlonshrp between mature upland forest wrthm 25()m buffer w1dth and mature
7 upland forest w1th1n 500rn buffer wrdth (r=0. 90) Thlrty—elght sites are shown
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Frgure 5 Relatronshlp between contaglon and Shannon drversrty metrrcs wrthm SOOm buffer '
w1dths Thrrty erght srtes are shown e : : ' :
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B Flgure 6 Relauonshrp between mature upland forest and contaglon w1th1n 5()Om buffer
wrdths Thrrty elght srtes are. shown S :
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- Table 7 Multrple regressron coefﬁments for three models of effect of landscape varrables on , v,»"_; -
: abundance of edge sensrtrve lndlcator spe01es Abundance values are natural log
: _transformed i oL L

LandsatTMModel (= 35 R2 . 50, 9%, R’adJ 46 1%) :
ln(ABUND) 2. 53 0021(%OPEN T™) +00078(%UPMIX TM) +0. 30(LTA D)

.f Varlable g - Descrrptlon and buffer wrdth | SRR P-Value
_%OPEN. T™M | %Uplandopen-250mbuffer | 0005 1
%UPMIX TM ; g Upland rmxed forest- 500m buffer : ,0.‘02'8'» :

| LTA_‘_DY 1 .LTA]‘D’,, Hummock;y:outwash plam S 0030

R Nlcolet Stand Data Model (= 38, R = _53%, Rzadj 50, 3%)

ln(ABUND) 279 - 0021(%REGEN NIC)+027(LTA D) o S
- Varrable s Descrlpuon and buffer wrdth "'.:‘ »‘ P-value
%REGEN NIC | % Regeneratmg forest- 25()m buffer A- o ,0.00_0 -
o LTA D - .fi‘ LTA D’ Hummocky outwash plaln e '0-.-631': 0

. Combmed Data Model (=35, R’ 60 0%, Rzad_] '56. 1%) : __
ln(ABUND) 2. 61 0, 014(%OPEN/REGEN ) +0, OO60(%UPMIX) +025(LTA_ D) N

B : ‘Vanable B B Descrlptlon and buffer wrdth o R P—value A
. %REGEN/OPEN % Regeneratmg and upland open- 250m buffer o .Q.O(_)l_- :

GUPMIX. | % Upland mixed forést- S00mbuffer | 0.061

- o LTA_D { LTA ‘D’ Hummocky outwash plam - 0046 =

" Observed relationships between cQ\'_zerit_ype,abuhdnces and_indiCator_species group o
‘ ’_-' _abundance were consistent -beitwe‘evn-the Landsat and ‘Nicol-et stanjd datal‘s'ou‘r"ces‘. Di_ffe_‘r'ences S
. .in"the:. final reg'ression models-'Can be -explained by di-fferences in the ‘cl’aséifrcatidn' SChemes.." '

L Response to forest harvestmg and other major drsturbances to the forest canopy are best

o bcaptured by the OPEN class in the TM classrﬁcatlon scheme and the REGEN class in the | .
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Flgure 7 Indrcator specres group response to regeneratrng and upland open cover types B
‘within 250m of census sites (from combmed Landsat TM data and Nlcolet stand data) . .

Thlrty erght s1tes are shown
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Flgure 8 Indrcator specres group response to mature nuxed forest wrthm SOOm of census .
srtes (from comblned Landsat ™ data and Nlcolet stand data).- Thrrty erght srtes are shown
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Flgure 9. Indlcator spec1es group abundances w1th1n four Landtype Assoc1at10ns Bars
1nd1cate 95% conﬁdence 1ntervals of mean abundances over. 3 census years for each LTA
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‘N,lcolet'stand-data‘.
Mature upland mrxed forest (UPMIX) made a strong predrctrve contrrbutron to the

. ’models based on the Landsat data yet no; forest types were 1ncluded in the model based on- k |

L the NlCOlCt stand data Apparently, the UPMIX class in the Landsat TM classrﬁcatlon .

. captures habltat characterrstlcs 1mportant to the specres group, whrle these characterrstrcs are.‘ .
' not captured by any of the three .mature upland forest classes complled’ from: the ‘N1colet
o -classrflcatron scheme | As noted earher the Nrcolet stand data and Landsat TM data d1ffer in .-i Sy
j ‘vdeﬁn_lttons used for- mat_ur_e uplalnd mlx,ed fo_r;e'st, :and ,these dit",fe‘rences are h_l_<ely' res'ponsrble - .

- '. for_ themodel dlff:erences; : b e | | o o |

o .The iincluslc;n~of LTA D as a signlﬁcant prédictor 1n the regreS‘Sion models 1nd1cates
o that thrs Landtype Assocratlon supports a hrgher densrty of 1nd1v1duals wrthm the 1nd1cator

’ g _V "specles group than do each of the other LTA’s consrdered No srgmﬁcant drfferences among :

' ﬁ.'rbrrd abundances between other LTA’s were detected (Frgure 9)

. Single species test resuli‘s L
" Univariate test results for species responses to site and landscape variables are ~ .

| s'umm‘arilz'ed in‘f'I"able_‘S; Figures' ”10 and l‘l'illdstrate‘ th'e respOnses' to?theilandSCape yariable's o

B 1ncluded in the combmed regressron model For comparrson Frgures 12 and 13 show

' '1nd1v1dual specres responses to vartables not 1ncluded in the regressron models Frgure 12

L } shows 1nd1v1dual spec1es responses to mature upland de01duous forest w1th1n 250m of the

o ‘Zcensu_s .s1tes,,.and ,Elg'ure 173, shows_’_resp'onses .to den'srtres off_small demduous saplrng's at tv_he_ :

© census sites.
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Flgure 10 Average percent regeneratlng and upland open cover types wrthrn 250m of

good” and-“poor” sites for individual species. Bars drstlngursh sites with above- medran
 species abundances from s1tes wrth at— or below-medran abundances See Table 6for
' specres code deﬁnrtlonsr : : : T cLl
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Frgure 11. Average percent mature upland rmxed forest wrthm 500m of “good” and “poor :
~sites for individual species. Bars distinguish sites with. above-medran species abundances. .
from sites wrth at- or below-medran abundances See Table 6 for specres code deﬁnltlons .

ixed Forest '-:Av‘g.' .
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' -thure 12 Average percent mature upland dec1duous forest w1thm 250m of “good” and
- “poor”sites. Bars’ drstrngulsh 51tes with above-median- species. abundances from sites with at-
- or below-median abundances.. Note the Iack of consistent trends among specres ‘See Table 6
for specres code deﬁnmons e : » o oo :
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High Abundance Sltes - Low Abundance Sites

Flgure 13. Average number dec1duous saphngs less than 3m tall from transects on good” :
and “poor” sites. Bars dlStlIlglllSh s1tes with above- medlan spec1es abundances from sites -
: W1th at— or below-medlan abundances Note the Iack of cons1stent trends among spec1es o
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4
o Dis’cuSsion [
Evrdence of the relationship between landscape "pattern -and SOngbird‘abundances 1n LT

| the forests of the northern Lake states (Wrsconsm Mlchlgan and Mlnnesota) is rmxed In the L |

. o 'Nrcolet Nat10nal Forest Schnerder (1992) found httle evrdence for effects of nArrow’

e o opemngs (mostly secondary road comdors) on the dlstnbutlons of most songblrd spe01es

e ';consrdered In the Chequamegon Natronal Forest D Mason (unpubhshed data) found

| ‘ev1dence for edge effects on b1rds in forest stands adjacent to aspen clearcuts He _’ .

| documented that these effects lasted long after canopy closure and were strll ev1dent after the' S

- canopy reached the helght of the adJ acent forest In northern M1ch1gan Dellasala and Rabe

_‘ Y(l987) found that Least Flycatcher aggregatlons nestlng 1n large contrnuous forests avo1ded V

- ,-large opemngs adjacent to the forests In northwestern Wlsconsrn Hawrot (1994) found that |

B _ »landscape features such as abundances of dlfferent Vegetatlon types and edge types explalned e !

.= RS srgmﬁcant proportrons of vanatlon in abundances of ten b1rd specres In northeastern _

: Mlnnesota Pearson (1994) found srgnrﬁcant correlanons between landscape varrables and

,‘.four out of six b1rd specres consrdered The methods employed and questrons pursued drffer e

'greatly among these studres and generahzatlons of avran response 1o landscape pattern based S

' -_solely on evrdence from thrs regron are- not yet poss1ble |

- eThe -Iaresent’study dlffered from each of the abOVC m'fthat‘fit ‘i'n‘volve:d_v‘a "g:roupfof - : o

o spec1es chosen for acommon hypothesrzed response to landscape pattern Thrs study
R 1ndrcates thathlandscape pattern and partlcularly the abundances of certam land cover. types |

may play a strong role in determlnlng abundances of 1nd1v1duals wrthm th1s group of forest— L

idwelhng songblrds The strongest ev1dence for these effects was grven by the multrple -




regressronanalysesAssumrngthat the 1nd1cator specres res'pond. tothe samelandscape o
characterrstrcs at the smnlar scales the greater power of multrple regressron relatrve to two;
" ;,sarnple t—tests 1n detectmg responses to landscape pattem was to be expected Although |
N ?cornbrnmg specres abundances allowed greater power for detectrng trends comrnon to all -
_ ﬁ »specres thrs aggreganon may.have masked factors predrctrve for smgle ‘specres but not A

shared among all specres B

‘. ‘Multipleérégression a'rlc;zlysis*‘ e
Three sources of landscape data were tested 1n the regressron analyses Landsat TlV[
.data Nlcolet s.tand 'data and acombrnatron of the two The combmed data lsource provrded | : .
'the best vmodel“of landscape features 1mportant to the edge-sensrtrve 1nd1cator specres group
B ‘ 'Thrs result makes 'goodr sense as the advantages of both data sources (1-e. the drscrnmnatron -
: ‘__of rmxed stands and inclusiori of r'nholdlng'sfdata from' the L.and'satTM 'data ‘and the: :
drscrrmmatron of regeneratmg stands from the I\lrcolet stand data) were‘retamed in the o
. icombmed dataset The 1mp11catlons of the regressronﬂresults are. that the mdlcator specres E
- group responds ne; g.atrv.ely to regeneratrngbforest and open cover types wrthm apprOX1mately
(250m and posrtlvely to mature rmxed forest w1th1n approxrmately 500m Also Landtype B
.. ivA‘ssoc'ratlo_n D appears to support hrgher abundances w1th1n thls specres group relatrve to
“ other Landtype Ass001at1ons ) o B
By far, the strongest Ipredrctors of 1nd1cator specres group abundance 1n each of the.

: models were abundances of regeneratmg and open cover types These varrables were mOst -' e

‘predrctlve for b1rd abundances w1th1n the 250m buffer but were also predrctrve wrthm the




. 500m buffer as.well. The importance of these variables seems to extend beyond the simple

- fact that r,egeneratrngsand o_pen" cover types .,are»f‘ﬁonhabitat_” vfo"r_' these_- s’pe‘cies;v they rern’ain |
L nnportantlnregress1onmodels when forest abundance 1staken 1nto consrderatron,and ar e far |
- '-;mo.re‘ 'predict-i‘vev-of brrd abundancethan'othe'r ‘.‘nonhabitat;’ types such"as-'nonéfores:t 16W1and S

e fédvef types | The combrnatronfof regeneratmg forest frorn the Nrcolet stand data wrth vupland o
| f> open cover types frorn the. Landsat TM classrfrcatron provrded the best predrctor of brrd )
5 .abundance thls suggests that both recently harvested areas and permanent’ openrngs (e g‘ ,‘ o

» ""potver corrrdors road nght—of—ways etc ) have an rrnpact on.the specres consrdered AL

Another consrstent predrctor for the rndrcator spec1es group was abundance of mature :
_ rmxed forest wrthrn the SOOm buffer The 1mportance of this varrable in predrctrng total |
., E mdrcator specres group abundance 1s probably best explamed by the fact that habrtat _i'
| . requrrements for all specres consrdered overlap w1th1n mlxed forest stands while- sorhe
3 s‘pecies-rr'_ray avoid'coni‘fer or ‘decidUOus ‘stan‘vdsv. Mixed -fOr,:es_'t’ ‘_stands li_kely re_pr‘esent habitat»: | . -
i ",f.‘or all spemcs consrderedeven though’jSOrne specres wrllrespond -onty_:to the deci‘du_ous or..

~* coniferous component of these stands. .~

‘ : The different scales at vvhich'thef tvvo-_landscape 'var‘i'ablles’fwere‘ rnost«predictive,of ‘bir_»'d o

e abund_ance‘ may indica,t_e thatdrfferent processesgovemtherelatronshrp of '_these vvariable'sltd
the 1nd1cator spec1es’abundances More research wouldbe necessary to determmethe o
. nie"chanisrns through vvhichithe"seicharacteristics.fnﬂuence specres drstrlbutlonpatternsltrs |

| 1nterest1ng to note, hovvever that the scale at vvhlch regronal forest abundancers rnost |

& predrctrve (500m buffer w1dth) contrasts w1th at least one study from more agncultural

- o landscapes For many spcc1es 1nclud1ng ﬁve of those consrdered 1n thrs study, Robbrns et al.




| e
L (1989) found regronal forest area wrthm 2km to be more 1mportant than forest area at. smaller S
(more local) extents The drfference in scale may be due to the fact that Robb1ns et al :
:iconducted their study 1n a hrghly fragmented area, consrstrng of forest 1slands , 1solatron of s
- forest blocks may. have been very 1mportant to brrds in this are.a» and may have been best ’» i
” measured by forest area wrth1n2km. 'The‘Nrc'o’le‘t can' be ﬂ.vrewe'd more accuratelyvas a R
o : c.ontlguously forested landscape wrth a certarn degree vof mterspersron of forest Wrth other

o habrtat types These other habrtat types (bogs lakes clearcuts wrldhfe opemngs roads) may :

) "b‘reduce regronal forest area but w1ll not lrkely 1solate forest stands frorn therr nerghbors |

T i".Mechanrsms 'through whrch regron‘al forest ar'ea nnght affect'songblrd abundances here .\ SRR
B '_‘-‘-remarn unknown but other studres in thls regron (e g Hawrot 1994 Pearson 1994) have

. ‘shownthe 1mportance of forest abundance at srmllar scales )
The 1nclusron of Landtype Assocratron D' asa srgnrﬁcant prechctor of 1nd1cator

: specres group abundance 1nd1cates that the ‘hummocky outwash plam LTA supports a h1gher

o B densrty of 1nd1v1duals wrthrn the 1nd1cator specres group than do the other LTA’

: Interpretatlon of thrs result should be made wrth cautron generally srtes wrth a grven LTA are‘-
B 1n closer proxrmlty to one. another than srtes wrth drfferent LTA’s Drfferences in brrd

o abundances due to factors such as harvest hrstory, prox1nnty to‘ developed areas‘ relanve ” | el

. ;abundances of certarn cover types and overall geographlc varratron in specres d1str1butlons

. _ y could easrly be represented by LTA groupmgs Th1s vanable w1ll also be more closely lmked .'_ : : _' V-
wrth srte vegetatron than the landscape vanables mcluded 1n the models and may be

S correlated w1th habrtat characterlstrcs 1mportant to a few of the spec1es in the group

Desprte vstrongrelat_ronshlps detected_ usmg r‘nultrple regress1on- a’n’alysrs, c‘_‘autron’ rnust o




o be used when 1nterpret1ng the results Whenever possrble I uSed oblectrve means to evaluate .

“the predrctlve ab1hty and theoretlcal basrs for mclusmn of each varrable retalned The h1gh

o :.levels of correlat1on between Varrables and between scales mean that varlables 1ncluded in the :

o ﬁnal model,maybbe-importantrn and of t_hemselve_sormay. srm_ply be;‘inclu‘d_ed.as ‘surro‘g_ates_ =
forothe factors with whih they are correlaed: AL T
thmrnatmg statlstrcal metncs of landscape ‘pattern' and mcludmg onlylabundances of
. cover types in the fmal -set of landscape varrables was seen as a prudent move toward N
S liproducmg a model that was pred1ct1ve 1nterpretable“ and as. free as possrble of problems : -
| ‘assoc1ated wrth correlated 1ndependent varlables Although they do show pronnse for
- ‘_des‘crrbmg landscape pattern in northem Wrsconsrn (see Mladenoff et al 1992) the landscape '
.' = metrics, calculated for thlS study cons1stently showed lower potentlal to predrct songb1rd |
_'_abundances than the cover type abundances wrth whrch they were correlated As noted

- prev1ously, reta1n1ng the metrlcs would weaken the apphcab111ty of the models developed

- - here to areas that do not follow the characterrstrc pattern of mult1colhnear1ty (Momson et al :

o 1992)
Interpretatlon of the multlple regress1on results should also be made wrth cautlon g
iz 'When consrdermg how zndzvzdual speczes may respond to- landscape pattern The varrables

1ncluded were consensus varlables or varrables to whlch all or most specres responded 1n

SN 'the same dlrectron They are not necessarlly the best predrctors for each specres Predrctron .

S .Aof how a gwen specres w1ll respond to changes 1n landscape pattern should mclude

~con51derat10n of the srngle specres test results as well as addrtronal ev1dence for that specres

_1f ava_llable. Drfferences in _srte vegetatron-‘are hkely to become ;fa_r-more 1mportant when




* considering individual species.. -

Smgle species tests .
: Smgle specres tests werei condUCted as a secondary method to deterrmne relatlonshrps | -

’;bétjwécn'gpenc‘_iés} .dis&inﬁtrths"’aﬁq 'masg@e_ pattern. The small v_sample s'rzév'(_3sﬂ's'itgs)_ué_,éa ivn; e

) '_ thrs -'.s'tudy,fcombined. wlth‘the relatiuelg low statlStiC'al.power of the univarlate tests o -
employed lnmt the abllrty of the tests to make strong ‘assertrons about habrtat preferences

= Four specres (Black—and whrte Warbler Solrtary Vrreo Swamson s Thrush W00d Thrush)

_ ,.were recorded at erght or fewer srtes further weakemng the power of the unrvarrate tests For
'- these reaso_us,thc r'esults of :these tests‘will' n-o‘t“be ;di_s_cussedin detailfOr allvsPe_cies.';. ::Still,‘

| b..‘.’s‘o_rne. general'concluslons canbereached fr‘om the'result_s_,: and comparlson:=wlth other studles '

": '-may be more useful ona specres—by specres basrs o | H o N
| Several of the statrstrcally srgmﬁcant relatronshrps agree wrth conventronal : B
:knewledge of specres habrtat affimtres For example the Blackburnran Warbler was found to, v R
- respond posrtrvely to percentageof comfer 1n srte overstorres and to average drameter of trees -
wrthm »sample stands Th1s specres responded posltrvely to percentcomfer w1th1n the stands

' and negatrvely to decrduous saplmgs < 3m tall These results agree w1th several studres (e g o

. "Pearson 1994 Trtterrngton et al 1977 and others) that document th1s specres strong

assocratron wrth large conrfers and ¢ open understorres Comparrng effects of landscape
B bvarrables Pearson (1994) documented a posrtrve relatronshlp between thrs specres

e -abundance and percentage of con1ferous forest wrthm 500m of census areas thrs relatlonshlp L

i '_swas not found in the present study However the fact that good” s1tes for thrs specres had




, srgmﬁcantly less decrduousforest w'i‘thin,thelandscape rnatnx _than :"‘poo‘r"’A sites may L .
= demonstrate the': s‘ar_ne_ rélatiionjship'.‘ Bl_aekburnian Warblers may be.using rmxedand o
e omferous forest; butavmdmg areaSWIth hlgh regional abundanees of decrduousforestdue i
B , to lack:of :conivferousv'habitat osr. eo-rn.pe.t:ition w1th deeiduous;associated Qpécies:»' ThlS .sipeoi‘e"s S
o . has been observed to use decrduous dormnated stands rf some large .co‘nrfers are present (D.
Mason unpubhshed data) e | i
| The posrtrve response of the Black-throated Green Warbler to oanopy elosure agrees ;
-. _wrth the ﬁndlngs of Pearson (1994) however the negatrve correlatron W1th ground cover |
dlffers from the findrngs of Robblns‘ et al (1989) Pos1t1ve relatronshrps between mature :
| upland conlfer in the landscape (Pearson 1994) and tree drameter (Robbms €t al 1989 . ,’ o -
e ~jT1tter1ngtoAn et aI 1979) were not observed in thrs study Posrtrve relatlonshrps w1th mature |
v;upland conlfer 1n the surroundlng landsoape andb negatrve relatlonshlps wrth decrduous forest R
- _ found by Pearson (1994) were also not observed However the afﬁnrty of thrs specres for |
rmx_ed fo‘r;es‘t rnay cloud_ relatronshlps w1th reg_lonal abundances of comferous or dec1du_ou_s .
| The Blaek;’throated Green Warbler.showed strong negatrve relatronshrps with reg1ona1, PR B e
- abundanees of upland open and regeneratrng forest cover types Thrs specres has been shown" =
9 to be partlcularly sensrtrve to large scale forest d1sturbance in other studres NSchnerder (l992) .
B »-found-the »Black-.throated Green Warbler to be 0ne' of two ‘sp'ecres'\-showmg 's'tatrstrcally
: __? - srgnlﬁcant avordance of narrow logglng roads rn the Nlcolet Natlonal Forest Askrns et al

L '_(1987) found thlS specres only in larger forests and several studles (e g Webb et al 1977

"Trtterrngton et al 1979 Probst et al 1992) have shown thrs spemes to be sens1t1ve to forest e




. : harvestmg or have found the specres only in mature stands

The strong negatrve response of Least Flycatchers to upland open and regeneratmg

o -cover types 1s also consrstent wrfh the ﬁndrngs of other studres In large (> 100 ha) hardwood -

e _ forests in Northem M1ch1gan Dellasala and Rabe (1987) found Least Flycatcher aggregatrons -

h fto be dlsplaced away from forest openlngs at progresswely larger drstances as openmg size _' e

i 1ncreased Webb et al (1977) found th1s specres to be negatlvely 1mpacted by logglng ina '
- northem hardwood forest in the Adrrondack Mountarns of New York State In the Nrcolet

o Natlonal Forest, ,Schnelder,(’l992) fou_nd n‘ok effect of; narrowroad open__rngs_ on abundanc_esof o

 this species; but speculated _tha_t theybmay resp.o'ndjto larger openings such ‘a‘s'_‘thos‘e _mapp'ed.in e

“this study
The Least Flycatcher showed at least moderately srgmﬁcant (p < 0 10) responses to -

'ten out of twelve landscape varrables tested The tendency of thrs specres to form - -'

L '_aggregatrons (Bent 1942 Delasalla and Rabe 1987) may have contrrbuted to the abrltty of the ' o o

umvarrate tests used here to detect patterns 1n thrs specres drstrrbutron Delasalla and Rabe

o j ’ (1987) suggest that aggregatrng Least Flycatchers may choose habrtat that is removed from R

’ "forest drsturbances wrth blI'dS then selectrng mdrvrdual temtorles based on preferred srte
B characterlstlcs' T | o . |

S - | In contrast no varrables showed srgnrﬁcance levels stronger than p O IO for the

' Scarlet Tanager desp1te a nearly 1deal numbervof good” and poor srtes 1ncluded'1n L |

‘umvanate tests for thls specres Howe et al (1993) found no statrstrcally srgmﬁcant habltat_ '

- - preferences among major forest types for the Scarlet Tanager based on Nrcolet Natlonal I :

. VF_orest Breedmg B1rd Survey data. T hese_results‘and__ those from the presen_t stuc_ly mdlcate‘




B e
" thatthls sp.ec'ife"s erl be more of ‘avhab.itat: ‘:fgenerallst than other spec1es constdered
' V'Furthermore 1f the aggregatmnal behav1or of Least Flycatchers enhances the ab111ty to detect -
- _i,habltat factors w1th whlch they are assocrated then the more sohtary, large terrrtor1al |
’v behav1or of the Scarlet Tanager may actv to obscure these relat1onsh1ps Note, however that
o }of the 's1x factors for whrch p < O 15 ﬁve are 1nd1cat1ve of an avordance of open or = . .:- '
i | regeneratmg habltat types - | . | | |
A number of more general observatlons can be made from the umvanate test results -
L F1rst although more sophlstlcated statlstlcal tests (e g multlple logrstrc regress1on see( |
: i ,' Hosmer and Lemeshow (1989)) would be- needed to evaluate the relatrve pred1ct1ve .
' :._contrrbutlons of each site ‘vanables do not seem to yleld gre‘ater predlctrve power for srngle |
‘ 1spe01es than do landscape.vanables Thls’result is surprlsmg, smce blrds were expected to e
' ‘respond pri.ncipally" to »local availabilityr of resource's,'wi‘th landscape features,acting : |
; .' secondarlly to constram or‘modlfy the su1tab1hty of a grven s1te for a specres iThe relatrvely :
,’ '. tvealt s1gn1ﬁcance 'of sue vanables for most specres may be due in th1s case to the small area f . A
B :'-s:ar‘n_pl'_ed fvor__vejg’etatlon characte_rlstrcs at each srt_e, or onussron:o:f llmportant _vanab'les m the .
| : Asampli-ng“scheme.' Al.so; Sitef 'Vegetatiou .d'at'a .were.tal{en durmg thesummer o'f l994,_ and
f'lcannot be consrdered to be concurrent w1th .any‘but the 1994 b1rd census data. .
e A second observatlon 1s that there is much greater consrstency in the dlrectlons of
: responses w1th1n to landscape varrables 1ncluded in ‘the multlple regressmn models (Frgures
- 10 and 11) than to landscape Varlables not mcluded in the }models (e g upland decrduous .fb |

j:'forest w1th1n 250m buffer W1dths Flgure 12) or to site varrables (e g demduous saphng

| dens1t1es Flgure 13) For the comblned landscape data all spec1es had posmve relat1onsh1ps S




43

- | w1th mature mlxed forest w1th1n 500m of the census srtes and all had negatlve relatronsh1ps o

- w1th regeneratmg and upland open cover types W1th1n 250m Other landscape and s1te
v»arlab‘Ies tende_d ‘not to »show .srrrnla_r responses .‘across val‘I Specres.__ Thls result Was to be»_

- ‘_ expectedbecause ,_;fe'atures whlch all épecies resp‘ondf to 1n snmlar fashlonarehkely tobe

" ‘.strongly cofréi'gté& wrthsummedabundancesof ailllv' the spec1esAlso, responses to s1te -

. characteristics tv?'r? :éxp‘?étédﬁ to di,ff‘??t b¢¢au5§ the Species group was éhbééii;ftas-ed. o
S ,» hypothe31zed respon‘se to::la_nd'seape?features,:(‘:i,fe‘.,, hahitat fragmentatlon andedge), makmgno

: f assumptfon;ah'out focal ‘hahftat‘requirentents or foraging'strateg"ies..'_ Fmally, theunamrmty 'of :
_' responses' of the speeies to ‘regﬁional"ahundance ofregeneratlng and uplandopencover ty'pes :
| anc_f maturermxed forest is further ev1dence that these features arelmportant for 'vth‘e 1ndicator

B species group as a whole.

: Clnz'o‘iee of indiéatbi Spé'cies' | f .
L In recommendmg avran 1ndrcator spe01es for the'Chequamegon Nat.ronal Forest
. : vTaylor (1990) states that an. 1nd1cator of a partlcular habltat type should be: so spe01ﬁcally

" ;_assoc:1ated w1th that habrtat that a change 1n populatron w1ll follow from and unambrguously R
o ‘lndlcat'e a.change 1n the eondmon of the habltat She notes, | however that several problerns S

- v_exist.in the appl‘ieati_o_n of the indicator species Cont:'ept, _rangi:ng from difﬁculties in s

' ntonrtorrng mdrcator spe01es to estabhshrng a causal relatronshlp between populatron trends
: iand bchangmg env1ronmenta1 condltrons Landres et al t1988) recommend choosrng several L

"spemes to 1ndrcate pﬁartrcular e‘nvrr’onmental Varrables in order.to. 'a‘vord confoundmg effects of

: sp‘ecieséspeciﬁc» 'responses to changes,in habitat. Trends a_rnong,-the 'ehosen'speefes could then S




be Conﬁdently lnterpreted to reflect the -deslred'-hahitat characterrstrcs " - B
Although most tests for effectslof landscape pattem on 1nd1v1dual spec1es d1d not
: Produce statrstlcall’yv srgmﬁcant results the. con51stency 1n>d1rect10n of responses am‘ong» the. : v,

. specres to. certain landscape vanables along wrth the results of multrple regressron analyses

L 1nd1cate a robustness in the chorce of spec1es by Howe et al (1992) Whrle local habrtat

V_"vrequrrements rnust be evaluated ona spec1es-by specres basrs thrs group of rnd1cator specres .
- ', tak_en 1n :aggregate; should provrde a powerful:'monlt‘orrng tool- for evaluatrng ‘the effects of g : :
..forest fragmentatron and drsturbance on edge sensrtrve spec1es in the regron Thelrncreased o
: statrstlcal power attrlbutable to aggregatmg specres abundances should also apply for studres |
L : of reproductlve success, and is consrstent w1th results from. other studres For example '4 ‘
L Robinson et-al.?i (l99ﬁ-5) ’could not »detect sig'nif“rcant'relat'ionshlps‘between nes't‘predation .ra't’estj. o
; and percent forest cover for s1x out of mne specres consrdered yet found a strong overall | : o

'-effect across all mne specres Wlth each contrrbutlng to the 51gn1ﬁcance of the results

| Habztat aapp;;ag scheme
When evaluatmg habrtat fragmentatron the scale at Wthl’l organlsms percerye the
;“landscape vmust dr1ve ch01ces of scale and cla551ﬁcat10n schemes for mappmg hab1tat for :
o those orgamsms (Pearson et al 1995) Both the Nlcolet stand data and Landsat TM
-classrﬁcatron apparently provrde approprrate means of mapprng landscape features 1mportant - e :
to the brrds consrdered in thrs study These results are encouragmg; because the types of data v'

| = used are.readilyaVallablejto -1andrnan_agers 'in'_the N_i'colet National‘-EoreSt,andielsewhere 1_n | - L

' the northern Lake states. However, the scale of these data and thie classification schemes




- usedarehkelynot ideal or .“’(»’mlJ‘f:éhCnSiVe enough .to caPture allaSpects of .lhabitat'_"b e

:i -"fl-‘agmentauon 1mp Ortant to these SPﬁClﬁS Because forest types Were ag’gregbated mto a : :
o srmphﬁed class1ﬁcat1on scheme thlS study may not have made the most efﬁc1ent use‘.of the e
o Nlcolet stand data By -groupmg- forest classes potentrally useful 1nformat10n on tree specres :

composrtron and cornmumty types may have been lost Also many srtes were located 1n

W _areas wrth notable Ievels of dlsturbance due to power corrrdors recently harvested prrvate

: - 'lands sk1 tralls forest roads and other features that are not detected by erther mappmg o
' scheme Features such as unpaved roads as narrow as. 8 meters have been shown to boost | ": B
populatrons of nest predators and Brown headed Cowbrrds 1n New Iersey (R1ch et al 1994) »
| _4 » ‘Addltlonal mformatron about such features would hkely 1mprqve models of avran response to o
:?fragmentatron m thrs landscape as well Strll the multrple regressmn results and the |
= unammrty of specres responses to regressron Varlables from the combmed mappmg scheme |
B "argue strongly that thrs scheme captures landscape features 1mportant to. edge sen51t1ve

. SQngblr_d specle's. '_'_ .

I Future prospects

There Is promrse for 1ncorporat1ng results of studles hl(e th1s one in other avlan

:lfecology research in thrs reglon For.example a’ mov1ng w1ndow : approach could produce a .
‘ map of landscape surtablhty for.a specres usmg hypothesrzed response to landscape pattem e
EE Such a map could be used to stratlfy srtebselectlon for studres concemed wrth avian . ,l ’

abundance and productrvrty, and predrctrons of brrd abundances could be compared w1th

RO :.'observed dens1t1es Stratlﬁcatron of srtes by landscape charactenstlcs would allow for N i




B 'rmproved samphng des1gn for example although tlns study found SIgnfﬁcant relatlonshrps |
) ;between b1rd abundance and upland open and regeneratmg cover types‘ ev1dence of th1s 3
- '[}'-‘relanonshlp depended.on a relat1ve1y small number of sites w1th hlgh percentages of these
’._':‘,cover types S | ‘ | o ‘
| S1mulat10ns of populat1on responses to dlfferent forest ’mana.gement scenarros could
' :_also make use of emplrlcal relatlonshlps between specres abundances and landscape pattern ’
L Gustafson and Crow (1994) have constructed such a model to predlct Brown-headed
- “COWblrd‘parasmsm leVels under"dlfferent forest man.agement regi"mes. : S—1r_rular’models could ;: +
' ’vbe 1mplemented to predlct abundancesof edge;sensrtwe songhrrd specres ina changmg |

“ , 'i-'landscape and would have the potentlal to ard 1n forest plannmg efforts

Conservatzon «imp-'lilc‘atio‘ns_";: o

| Songblrds are consplcuousandcharlsmatlc features. of the-northern‘Wisconsin S o
o _landscape howeyer reasons to conserve these specres lextend heyond eth1cal or aesthetrc
» ;:arguments More than ecolog1cal fr1lls there 1s growmg evuldencef that the dechne. of -
"msectlvor.ous songblrds may.- threaten forest productlvrty By eatrng 1nsects that prey on the
- ‘. leaves‘ of commerc1ally 1mportant tree. specres songblrds provrde a ﬁrst hne of defense :

.? »agalnst-the massrve’ _defolra,tl’on -that‘ thes’e 1ns.ects can.cause. : In' a studyuof;:.wh1te oak S
(Quercus alba) productlvrty usxng nets to exclude msect1vorous songbrrds but not the 1nsects
“ 'ithey prey on Marqurs and Whelan (1994) found that trees w1th nets suffered twlce as‘much

o leaf area’ loss as control plants Holmes (1990) revrewed several studles on songbrrd

s msectlvory andconc‘lude_cl t‘hat‘thes_e b1rds? pl_ay an 1r_nportant :role in .contr_olhng. popula’t'rons Of -




Coar

o leaf-eating insects;- , Severe-insect, infelstatiOns" are nOtuncommm in the Niéolet"'and recent'

B o outbreaks of spruce budworm basswood thrrpps, and other 1nsects have had maJor economic

. rmphcatlons for trmber harvestrng in the Forest (R Cutler personal commumcatlon)

As the forests of northern Wrsconsrn recover from the massrve clearcuttmg of the turn

B of the centurfy;'vdecisionﬂs'of hOw to manage'_,and ‘re'stOr"e the land{scape‘ Will'become _more o

rrnportant The Natlonal Forests rnay represent the only areas in the northern Lake states' in-

N " Z“ _wmch connguous blocks of habrtat can be rnarntarned Prudent forest management in the
| Nrcolet Natlonal Forest tx/ould seek to reduce potentral ’mechanrsms through whrch forest |

‘:' Vlhar’vest .an‘d conuersron rnay 1mpact breedmg songbrrds and other forest 1nter1orzspec1es :
;-V‘I?;Slmulatrons of harvestrng effects on landscape pattern 1n the Pacrﬁc. northvrest (Frankhn and S

e | -Forrna_n‘ 1987:) iand in the nndwest_(Gustafson_ _an_d. c;gw »1994)*_hav:e 's_hown ‘th_at- d_ispersing .

'. ,_>.large"hurnbers of sr'nalnlicutt'ing: unihts»throughout-f_the forest:' Will crea:te hlgher propOrtions‘oif :

. ) ;edge than usrng larger rnore contlguouscuttmg units. If surV1vorsh1p or breedmg success 1s '

- :reduced in stands adj acent to opemngs or’ recently harvested areas then concentratmg .

_ ha;fvests in séme"a;eas‘-agd-pernovrng other areas fr’om-inr‘ens.IVeacti'_vities -may bef an iev_ffecti;ve e
E ‘_cOnser\i'lati_on strategiy'.: . | - R o

Thrs study also 1nd1cates thatbrrd abundanceswrthm agrvenforest standW111 be : e
N 1nﬂuencedby thecomposmon ofsurroundmg upland forest Pearson (1 994) foundthat )

o .?‘s—everal b1rd species 'wef‘e associated uvith c'onifer's vrithi‘ncensus srtes .and:with_‘coni:femus' or .
rmxed forest‘ 1n the surroundrng landscape -Although some specres will respond to decrduous“’ i

tree specres and some to conlfers the posmve assocratlon of all spec:1es abundances Wrth

e rmxed_ _f'orest- in _the landscape _sugg‘ests 'that the ’div_ers’ity;of interior forestj,songb_irds may._be B




favored by malntamlng acon1fer component w1th1n hardwoodstands Cautron 1s 1norder
When applymg tms conclus1on to specres outs1de of the 1nd1cator specres group, hovvever and | . o |
e even to 1nd1v1dual specres w1thm the group More research is needed to understand the S

o "pd‘ifferen't compet_itive relatjons’hips‘ t_h_a_t may» Occur in foreSt sftands'with:differ_ent_ tree’specie:s* ape

T COmpositiOn: o

Thrs study d1d not compare 1mpacts of different sﬂwcultural systems (e g ‘

S 'clearcuttrng, smgle tree selectlon group selectron shelterwood methods) on songbrrds such_ 0

L comparlsons would undoubtedly be useful for desrgmng songblrd management strategles on -

e thrs landscape Uneven aged sﬂvrcultural systems longer rotatron perrods co—plantmg of

B o comfers w1th naturally regeneratmg hardw00d stands snag and coarse woody debrls

S .retentron. and attenuon to vertlcal and horrzontal complexrty when harvestlng or perfornung .3
.1nterrned1ate cuts have been suégested to .enhance habltat for non game specres in mldwest
forests (Trlghman and Evans 1986 Stearns 1990 Temple et al 1979) The most pru dent :
. approach may mimic natural drsturbance regrmes or favor successmnal SCQUenc s that : e
| -’mamtam and ‘restore the :heter;’geneous'hardwo'od-conlfer character of vthe forest '1n whlch 'i “
E many spec1es of thrs brome evolved Specral sﬂvlcultural treatments to’ 1ncrease abundances B

= of formerly dommant or characterlstrc specres (e g eastern hemlock eastern wh1te pme Sl

o yellow blrch) w1ll hkely beneﬁt many songbrrd specres

- The nieed for studies of breeding success

" “In.addition to limitations -disCussed-:pr_eviOusly, caution is Vnecessar,y"‘vvhenf’interpretivng A

- differences in abundarices of species as indicators of population health or habitat suitability:
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: (Van Horne 1983 Taylor 1992) The regressmn analyses used here 1ncluded only measures ‘

3 of abundance as dependent varrables w1thout consrderatron of reproductrve success Studres A S

E .:_ :_of actual productrvrty of songbrrds in the Nrcolet would allow dlscrrmmatlon between the

: effects of wmterlng ground rnortahty and reduced breedmg success Furthermore hlgh

Tl : .:}abundance ofa grven specres 1n a forest stand does not necessarrly mdlcate h1gh reproducnve i

o , success for that specres (Van Horne 1983 Johnson and Temple 1986 Taylor 1992)

";f Momtorrng reproductrve success would g1ve far greater 1nsrght mto mechanrsms affectmg

L N "'brrds in thrs landscape Based on breedrng brrd survey data, Brown-headed Cowblrd

- abundanees appear low 1n thrs landscape However nest parasmsm by cowbrrds has been
' '_ : documented for at 1east 14 specres 1n the Nrcolet (Howe et al 1992) and Schnerder (1992) |
, .‘reports observatrons.of large numbers of cowblrds 1n the Dramond Roof area in May 1990 by' S
o . -’UW Green Bay researchers He speculates that these 1nd1v1duals may have Just been passmg -
through the area or that they may have been more detectable rn May because of the lack of

: dense fohage or drfferent behavror patterns at th1s trme of year More research 1s certamly

B : needed to deterrmne the extent and effects of cowbrrd parasrtrsm and nest predatron in thls o

e -"Co‘nclusions S
- This sﬁidy hasvprovided‘evidence 'that'abundances of- edge-sens'itive fbréét birds.

S 'particular 1mportance Were upland open and regeneratmg forest types w1th whrch specres

B abundances <we_re negatrvely correlated._: VThese r_e_sults sugges_t»t_hat _forcst ha_rve’st and
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. conversion bin'the Nicolet,National: Forest have effects- that eXtend beyo’nd the i,mmediate site.

L of dlsturbance .for these‘- species-.-

Posrtrve correlatlons between abundances of all specres and mrxed forest types w1th1n"‘ B

SOOm of the census srtes support hypotheses that b1rd specres dryer51ty is enhanced by the :
mlxed nature of thrs reglon s forests These relatronshrps also suggest that elrmmatlon of a‘

' conrf‘ercornponent_ from- no'rthern ‘hardwood-stands rn _.the~Nrcolet could haye a_ne‘gatrve' . . o

S 1mpact on the bir'&fceihmuﬁiﬁe"é; vithin and adjacent tothose stands,” Fof indiyidun- species.,- B

3 _Eabundances w1th1n -any glven forest stand are llhely to be 1nﬂuenced by the amount of - |

» . preferred forest habltat w1th1n the surroundmg landscape ered hardwood comfer stands R
'4 llker prov1de habrtat for more Spéelés than do pure decrduous or conrferous stands however Lo
: djlvrt is dlfﬁcult to say whether reg1onal b1rd dlversrty w1ll be maxnmzed by hlgh abundances of- : R

e mrxed forest types ora mosarc of d1fferent forest types across the landscape (Temple et al

’-f;1979)

The results of th1s studylmd1cate approprrate ch01ces of edge sensmve rndrcator‘ o o

» V_ specres by Howe et al (1992) for thlS landscape The scale and classrﬁcatron system used to - : - -;7 :
" : ‘rnapj:habrtat surroundmg census srtes also seem appropnate : wrth a combrnatron of exr.strng e

- , ‘ .'Vegetatton suryey and Landsat TM data sources prbvrdrng the most powerful mappmg -

"bscheme The 1nclus1on of ﬁner—scaled data would undoubtedly 1mprove thrs scheme and the -

best habrtat mapprng method w111 most hkely vary among spec1es Although some .

A generahzatlons are possxble and useful for thrs specres group, 1nd1v1dua1 specres are hkely to

e respondjdlffe_rently- to forest.fragrnentatlon a‘nd to local _and reglonal hab_ltat charactenstr_cs.:

= -b'»'lv_*Thi"s-Study‘ was limited mthat mechanisms through which "fore'st.di{Stu’rbance;affects S




the specres consrdered could not be evaluated By choosrng nestmg and foragrng areas away ' L | -

2 _' from maJor d1srupt10ns 1n the forest canopy, these specres may be av01d1ng adverse effects -b .
: 3 'assocrated wrth anthropogemc edge Whether thls ch01ce actually equates wrth 1ncreased l._ )
L survrvorshlp or product1v1ty in thrs landscape 1s 1mpossrble to Judge at thrs tlnle : Nestmg‘
: : success. Juvenrle and adult survrvorshrp, and long—term populatron trends need to be studred
: . .'-relatlve to’ forest fraémentatlon and landscape composmon in northern Wrscon51n B
E ]Fortunately, satelhte 1rnagery and ex1st1ng vegetatron survey data w1ll hkely be useful in .

evaluatmg landscape characterrstlcs for such studres

Wlth 1ts partrcrpatron in the Partners in Fllght program the Nrcolet N at1onal Forest A.i - S

’has Jo1ned in a multmatronal effort to mon1tor and conserve neotroprcal rmgrant brrds The . S

=y .Nrcolet has aggressrvely pursued momtormg and research act1V1t1es in recent years and is

,cooperatmg Wlth a number of un1vers1ty researchers in the collectron and use of brrd census

Lk “data Ongomg and future studres erl hopefully, resolve remammg questlons of how forest ‘A S

" fragmentatron and other human—mduced modlﬁcatrons to the landscape affect songbrrd

. i .j’v_abundances'and product1v1ty 1_n th_rs -reglon. _ ‘. g
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APPENDIX 1 Landsat TM Classrficatlon Accuracy Assessment _ : : |
| Thrs appendrx detarls steps taken to ensure acceptable accuracy levels of the Landsat ,
o ,TM clas31ﬁcat10n'used in thrs study ‘As the study-focused prlmarrly on.an ecolog1cal
-,}. a[lplrcanon of the mlage classrﬁcatron rather than the actual class1ﬁcat10n process -trme
| "-_constr‘a'intshave not allowed for traditi'onal ﬁeld 'reference'data collection for accuracy' "
o -assessment However‘ -.the avarlabrhty of an exlstmg d1grta1 landv cover dataset for reference
the Nrcolet stand data has allowed for a useful assessment of accuracy wrthout the collectlon S
R 'of manual grOund’ truth d'ata-._ - ‘ | | | . | | |
l Accurac1es were evaluated separately for the Eagle Rlver Ranger Dlstrrct and for the :
Florence Ranger Drstrrct ;l‘he.two drstrrcts were evaluatedseparately because tramrng areas .
s were prevrously extracted entrrely from the Eagle R1ver Ranger D1strlct ' whrch occupres Just’ 'y o ':
" 'over' half of the study reglon. All’-avarla_ble_refere'nce-' data. for thrs drStrlct Were —used:to : |
o "_i:vgenerate the.trarmng areas brecludmg an 1ndependent evaluatron of classrﬁcatron}accuracy
"._based on these data Us1ng trarmng areas for accuracy as‘sessmentls problematlcbecause the R
£ ;‘)rocedure wlll only deterrmne the effectlyeness ’of the class1ﬁer in reclassrfymg areas ‘used to e s
, generate tralnlng statlstlcs 1n the frrst place . Thrs wrll typrcally result 1n an overly optrmrstrc '
| accuracy assessment' (Lrllesand a:nd Klefer 1987) However data from the Florence Ranger
= .l_)l_fstrrct data We‘re not ‘used for A.trarmng, and could '-_t'hereforelbpro\ilde an rndependent check of 1 :
' classrﬁcatlon accuracy Accuracy stat1stlcs,and absoluteclaSSIﬁcatlon accuracy, can be o
‘- 'lexbected"t'o_beso'rnewhat 1§§~e‘r“f<>r theFlorence RangerD1str1ctbecause1t is’inva'd:itfer’ent'- B 2

o .area than the area. used for tralmng set acqursltlon Statlstlcs for th_lS area w1ll however be s

vfree of problems assoc1ated w1th usmg trammg areas for accuracy assessment and w1ll L




. _prov1de a worst case assessment of overall classrﬁcatlon accuracy
Because the clas51ﬁcat10n schemes of the reference data and the Landsat TM -

. classifrc':ation differ in-s‘orne 'respeCts tradit'iOnal methods of accuraCy assessment-were' =

¥t .'fsomewhat modlﬁed Specrﬁcally, the Nrcolet stand data and Landsat TM classrﬁcatmn - :

| '; schemes d1ffer for the followmg classes the regeheratmé forest class (REGEN) does not-
’ fexrst in. the Landsat TM class1ﬁcat10n mature upland rmxed forest (UPMIX) 1n the Lands.at
g TM scheme mcludes many forest types class1ﬁed as’ decrduous (UPDEC) 1n the N1colet stand ’, »
' data scheme ground truth v1$1ts have shown that some features correctly class1ﬁed as scrub 8 o
‘.}conrfer—leatherleaf bog (SCRUBCON) 1n the TM system are c13551ﬁed as lowland open ; “ T
| (LO OPEN) in the Nrcolet system i
ﬂ To evaluate accuracy g“’en the ab‘OVe PfObleis two methods of computmg accuracy o
statlstrcs were employed for each drstrlct | The ﬁrst assumes a one‘to-one mapplng of Nrcolet : T
| _ and Landsat classes Th1s method most closely resembles tradrtlonal accuracy .assessment

' techmques The second method adjusts accuracy statrstlcs by taklng acceptable |

o _",reclassrﬁcatrons 1nto account and allowmg for multlple correct classrﬁcatrons of reference

i prxels | In other words a reference p1xel is consrdered to be correctly classrfied 1f it 1s in the e
g »:same class as the reference data or w1th1n a-set of classes that are deemed approprrate for :
:,. recIass1ﬁcat1on Thls Iflay YIeld a more reahstlc eyaluatron because of drfferences in the two : L
: cl-ass1frcat10n ‘s'chemeS' reclassrflca.tion is actuallyldesirable- in certain.» circumstance-s .s.'uc:h as St
- . recla551ﬁcat1on of declduous forest types wrth a conlfer admlxture 1nto the rmxed forest class

-.’,'j Reclassrﬁcatlons _]udged to be acceptable for the purposes of accuracy assessment are shown o

o in Table I- L




o . Table 1- 1 Recla581ﬁcat10ns of reference data cons1dered acceptable for adjusted accuracy

a - statistics.

--_Referenee, .v

3 -'C‘orrespondrng' |

Landsat Class

,"' : "Ac_ceptable :
_Re-clas‘:sif_ication_s =

Why Approprrate‘7 o

[ RecenNIC

| NONE

© |uvppECLTM
| UuPcoN.T™M.
| upMIX ™M

‘ f'Recent clearcuts w1ll appear
1 as grassy opemngs "

: Older harvests Wlll appear as
T ‘maturé forest i in the Landsat
| classification.

| UPDEC_NIC

UPDEC.TM

v_'UPMIX TM;_ ’7

Most:upland miXed_ forest -
.| types-are co'nsistently‘ v -
- classified as upland dec1duous :

- | in reference data. - L

| LO_OPEN_NIC

LO_OPEN_TM

;’SCRUBCON;TM' ;
co. et | shown correctly classified . _
| scrub conifer-leatherleaf bogs |~ -
| to e classified as lowland .
| open in reference data o

Ground truth v1s1ts have

o g :Althou'gh" differences 'betyveen the two classiﬁcation schernes 'meantha't the»ﬁrstv

- unadjusted” accuracy assessment method w111 almost certarnly yleld overly pessmustlc

L results the second adjusted” method may be overly optumstlc for two reasons Frrst the A

larger number of correct” classes for certam reference data types means that random S P

correct "-cla'ssrﬁcatl‘o‘ns- wrll be‘ hlgher'- ’Second ’there rs no method ’of dete’rm‘rnmg' Whether a: - e
.‘ i recla531ﬁcat10n was appropriate for any glven prxel although we would expect a h1gh nurnber' s

of prxels class1ﬁed as upland decrduous forest to be reclassrﬁed 1nto the rmxed forest class v

we cannot ‘drscer.n ,whlch reclassrﬁ_can'on_s are co_rre_c_t and ’w‘hrch are s_pur_-rous.--_ R

*Also important to note are reasons why the accuracy assessment statistics may be .

. pessimistic, orfl-oWer"than, actual accuracy levels. ‘The reference data are themselves - '




= 61 co
i imp"erfcctf‘ errors andlnconsrstenmesdo ex1st 1n theNlcolet stand fdat'a' and certarnfeatureS |
. such as road corrrdors are not represcnted Althoughtrammg polygons yvere reﬁned to _‘
"v'belumnate areas that were not spectrally homogeneous (e g due to road corndors |
| : rmsregrstratron). no‘such reﬁnement Was done for accuracy assessment polygons : =
In summary, statrstlcs based on a tradrtronal one to-one mappmg of Nrcolct and
0 f v Landsat cla551ﬁcat10n schemes can be ex‘pectedto grve a low estlmate of classrﬁcatlon
- accuracy, _whrle thc- ad_]usted accuracy statrstrcs wrll hkely glvc a hrgh est1mate Actual
:a_ccuracyof_ th’e _classlﬁcatlon-wd_l _hk_ely __be_ somewher’c between'thc_‘twt_o‘\éstrmate_sj: Error P
: matrlces .arc' grven 'in Tables l-2through 'l.;S‘"for,thcbftwo"distr.icts.i.vrProduce'r"s and user’s t R
o 'accuracrcs are grven 'nroduc.er s accurac1es ‘1nd1catc the percentage ofﬂpn(els in a.glven‘
o : reference class that were correctly classrﬁed whrle user S accuracres 1ndrcate the percentage '
. -of‘ 'prx_els-:\yrthlnj_ .a._grven Landsat cla_ss that.vye_re _c_orre,ctly cIassrﬁed élas's-ayera'gejs ‘m‘ea_sqre;; L
= 'the means’of Vall‘ w1thm-class accuracres : yvhilé overal.l acc‘uraci'esméasure the t(‘)t.al:‘. |
' percentages of correctly classrfied prxels wrthrn the classrﬁcatron Notethat whrle most |

o classes have large sample srzes of reference and cla551ﬁed plxels accuracy statlstrcs for B

e classes w1th small sample srzes (1 e.; OPEN for the Eagle Rrvcr Drstnct) must be 1nterpreted f

w1th-caut1_on. :

e "‘AccuraCies Were? highes-t for the Eagle ’Riv,er' Ranger‘ diStrict' -as'expected a'nd'a'djusted‘ ';'j P

, accuracy statrstlcs were substantlally hrgher than unadjusted accuracy statlstrcs Overall

%

L accuracres ranged from 7 5 5% (unad)ustcd) to 90 8% (adjusted) f0r the Eagle RlVef Ranger - ‘

' _.'Dlstrrct and 63 2% (unadjustcd) to 90 3% (adJusted) for thc Florence Ranger Drstrrct

ngh classlﬁcatlon accura01es for upland decrduous (UPDEC) and water (WATER)




S ‘ 'two of the most common cover types contnbuted to hlgh pooled aCCuracy statlstlcs Based

non ground truth vlslts and aerlal photo mterpretatron confusron between certam lowland RS
:"types (e. g lowland open (LO OPEN) and water (WATER)) seem to be due more to o " = B
ﬂ‘changmg water levels and rmsreglstratlon than to actual classrﬁcatlon error Problemattc S
o ’A'-'rmsclasmﬁcatlons 1ncluded class1ficat1on of upland conlfer (UPCON).stands as lo.wland.
| forest (LOFOR) classrﬁcatron of upland rmxed forest (UPMIX) as upland comfer (UPCON) L
and lowland forest (LOFOR) classrﬁcatlon of lowland forest (LOFOR) as Iowland scrub
2 -‘ ,".comfer (SCRUBCON) and class1ﬁcat10n of Iowland scrub conlfer (SCRUBCON) as lowland. .-
B forest (LOFOR) Confus1on between these cover types 1s not surprrsmg because they tend to
A be s1m11ar spectrally and structurally, however 1mprovement in d1scr1nnnat10n between
& upland and lowland forest types would be espe01ally desrrable >Such 1mprovement may be N

» '_ ’ best accomphshed by the use of vegetatlon 1nd1ces that combme mformatlon from dlfferent

¥ _:bands ‘

- Th1s class1ﬁcat10n was Judged to be adequate for the purposes of th1s study on several s

B 'grounds Frrst adjusted overall classrﬁcatlon accurames were hrgh exceedmg 90% Second

Sl the Landsat T™: class1ﬁcat10n appears to map upland open and mature upland dec1duous S

: nnxed and conlferous forest types w1th hlgh rehabrhty, the dlscrmnnatron of these types was —
: partlc‘ularly 1mportant for thrs study Based on v1sual evaluatlon.and comparrson wrth s L o
e j: _’topographrc maps low user s accuracres for the OPEI\l Tl\/l cover type are Itkely ;due to | '.‘_ o . S
LA 'openmgs mlthe forest canopy not. mapped rn the N1colet stand data (e g due to road corrrdors"- S

and parklng lots) rather than actual classrﬁcatlon error '- :

e For th1s study, confusmn among lowland cover types has 11tt1e effect on the statlstrcal L




e
: analyses of blrddlstnbutlons relatlve to habltat types However,confus1on between upland g
- and lowlandcover typesremams problematxc, p1xels classxﬁed as uplandcomferand upland 5 Bk
_ Imxedforestm thé Nlcoletsystem v&ere‘:ofteri-nﬁsélgs:s'iﬁedf-és_ 'lduulund?{‘forest 1n ;he‘haﬁdsal B
TM class1ﬁcat10n Although there 1s room for 1mprovement 1nclass1ﬁcat10naccurac1es for
allcover _typeé,;el_ijir’ﬁr;ation Ofveonfus_ibn:betweenvupl;and and lowland forestwould be ofhlgh -
prlontyfor future studlesof th[stype Studles focusmgonspe01esassoc1atedw1th lowland L

- habitats would require improvements in classification accuracies for lowland cover typesas <

el




'5l§4:L3;:

Table 1 2 Error matrlx showrng numbers of prxels in, reference and Landsat classes for the _
Eagle Rrver Ranger Drstrrct Cells in bold indicate correct c1a551ﬁcatrons and acceptable

- »’: reclass1ﬁcat10ns used to: calculate adjusted accuracy statlstrcs s

Al s

Reference
Class

f'tﬁi,

j [H) tn:

: Landsat Class

UM LF -

va<jA:T0TALf'

| UPDEC

| uPMIX
|'LOFOR
'~,SCRUBCON
'LO.OPEN

L WATER

- {425
a7
1301 -
83 80

= ;¢R£usrm¢‘:fﬁ"
JoPEN

UPCON "

.27;

|40

‘j5512
369923274’
3052

396

0
0 :.i‘270'~
O

2

1733 7116 -

11985.112.

617 995 =
16093
91 i 4765

'3513,'168f
0 "4

4
0

102
166 -
44
1368

3986

9s9~,

44 0

_0. ,‘ 0 ’
143 0
4 0

1

319

2299
16

16
394 1

266.

.]'3268 - -
RRYAR *1. o
149909 - |-

207 i
3806 |
13398 |

5043 S
376 |
6889 | -
6115 | -

'13476'r_'

- | TOTAL®

893

37590 41 87

14623 7712

6753

3235

13906 | 88899

i} Landsat Class Codes UO OPEN TM UD —UPDEC TM; UC = UPCON T™; UM— -

, 'UPMIX ™ LF =LOFOR_TM; SC = SCRUBCON_TM; LO = LO.OPEN_TM; WA— e
_ .WATER TM See Tables 2 and 3 for complete descrrptrons of Nrcolet and Landsat classes

. 'Table 1- 3 Error matrrx showrng producer s and user’s accuracy rates for the Eagle Rrver

. k ,'.Ranger Drstrrct Percentages in bold" were adjusted to take into account acceptable
o ‘reclassrficatrons Note: Unadjusted accuracy statistics were calculated without 1nclusron of
el ;_‘REGEN class, whlch is nonexistent 1n the Landsat TM clas51ﬁcat1on scheme e '

: Reference or
I Landsat Class

'.Prx_e_ls

.#Ref #Classrﬁed Producer s
_Accuracy

- Pixels -

: User s
Accuracy

Producer s 1
Acc (adJ) Acc (adJ)

User S

|OPEN" " "

| UPDEC
"f,UPcoN?’»
: LOFOR.

.SCRUBCON

Lo OPEN -
| waTER

REGEN

13268

17

';‘49909
5043
376
6889
6115

| 3806:

13476

893 -
37590

4187

-;;14623
7712

741

T2 692

6753
3235 .
.-13906f9

CNA

605
26
‘165;2

604
994

'TlAif". S
e
998 1
8055
12
627
5940
720
96.3

938
- 100 -
o1

998 :
60.5 -

o426
692
652
864
.994 S

cT3T
C7LL

824
949
61.8

- 963

'Overall Accuracy 75.5% " o v
- Producer’s Class Average MNA%
User S Class Average 59, 4% L

Overall Accuracy (adJ ) =90.8%

Producer s Class Average (adj. )= 79 5%
User s Class Average (adJ ) 78 7%




 |reGEN

Ix
}'_;i.rr) cnasbt
z;:;,vnATTﬂa

“ | TOTAL -

/| LOFOR
e scnztnscan

| LO_OPEN
| WATER

Table 1-4 Error matrlx show1ng numbers of prxels in' reference and Landsat classes for the
- Florence Ranger District. Cells i in bold indicate correct class1ﬁcat10ns and acceptable o -

Reference
Class ‘

Juo

Landsat Class

UD UC UM -LF

reclass1ﬁcatrons used to calculate ad_]usted accuracy stat1stlcs

| OPEN

| UPDEC - .-

| 'UPCON
[UPMIX =

~ |'LOEFOR = -
iKSCRUBCO

R
os
249 -

i56*
0 -
- 32025 421

S W oo-h
eweRH

1196
0 12
18618 362
331 568
231
-1467« =

17 .. 4935
164
82
59 .3
13 80

13 C 179

7260 636

: "134’2_.:.
5146
453

260

9% 126
94 :
1354
703
525

295 -

952

ocwoococoo.

5

283
317

“fr1245
1198 =
: ::51899
6024
',608,f'-,
18027
11235 |
2065 - |
317

‘ 1342

32956 7610 26670 7480

3042

1836'

682

| 81618

. Landsat Class Codes UO OPEN_ ™; UD =UPDEC_.TM; UC UPCON T™; UM_ ,f_ ;

. UPMIX.TM; LE = LOFOR T™; SC = SCRUBCON TM; LO=1O_OPEN_TM; WA= " -
o :WATER TM See Tables 2 and 3 for complete descnptlons of Nlcolet and Landsat classes f '

_Table 1 5 Error matrrx showmg producer s and user’s accuracy rates for the Florence Rangerr' R

o District. Percentages in bold were adjusted to take into account. acceptable reclass1ﬁcat1ons

Note ‘Unadjusted. accuracy statistics were calculated without 1nc1us10n of REGEN class

B Wthh is nonexrstent in the Landsat TM classrﬁcatron scheme

e Reference or

Landsat Class

# Ref.:
A_Prxels

#Classrﬁed Producer s
: Pu;els_ ” Accuracy

User s

Accuracy

Producer s

Acc (ad]) Acc (adj)

Users F

-,Jf;RIKEEﬂQ,
| OPEN .
| UPDEC
“| UPCON. -
UPMIX .

p‘j11245
1198 -
151899
[ 6024
;,f698'_*'

18027
1235
'2065

[ 317

pna;* UNAC
1342
32946
7610 -
26670 387
3042 ,;-,1569'”
'v1836 4610
- 682 '100 T

985

819

253
. 61.8

325[, .
998
769
12
752

465

804
985
976
©8L9
1919 |
688 |
404

38

o641
569 .

S TLS
0100

698 |
998 |

465

NA .|

80.6

5197

»‘ . Overall Accuracy 63.2% R
Producer’s Class Average 68.4%
User s Class Average 52 4% '

Overall Accuracy (adj) 903% .
- Producer’s Class Average (adj.) =77. 5% e
User s Class Average (adj) 69 5% SR " o




