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Identifying landscapes for greater  
prairie chicken translocation using  

habitat models and CIS: a case study  

Abstract  Declines in the number and range of prairie grouse (Tvmpanuchus spp.1 in North Ameri- 
ca have prompted numerous translocation efforts to establish additional populations, but 
overall success of translocations has been low. Because success of a translocation is ulti- 
mately determined by the quantity and quality of habitat at the translocation site, evalu- 
ating habitat prior to translocation should be a critical consideration. I used landscape 
characteristics surrounding 75 greater prairie chicken (1cupido) leks and 75 unused 
points to develop a habitat model identifying suitability of landscapes for greater prairie 
chickens in Wisconsin. Presence of leks was positively associated with amount of grass- 
land and wetland in the landscape and negatively associated with forest cover and tiis- 
tance from nearest known lek. The model correctly identified 94"/" of sample leks and 
unused points. I applied the model to digital landcover data ot the entire state of Mlis- 
consin to create a spatially explicit map predicting suitability of unoccupied landscapes 
for translocation of greater prairie chickens. Sites identified as suitable for greater prairie 
chickens agreed with results of other prairie chicken habitat models and landscapes iden- 
tified as having high priority for conservation of grassland birds in Wisconsin. The rnost 
suitable landscapes had substantial public ownership but would likelv require fine- 
grained management to meet all habitat requirements of greater prairie chickens. Land-
scape-level habitat models combined with accurate digital data provide an efficient 
means of objectively assessing habitat for prairie chicken translocation. 

Key words  GIs, landscape ecology, prairie chicken, scale, sharp-tailed grouse, spatially explicit habi- 
tat model 

Con17ersion of prairies and bn~shland to agricul- occurs (Schroeder and Robb 1993,Westemeier and 
ture has caused dramatic declines in the range and Gough 1999). Range and populations of lesser 
number of prairie grouse (Tywzpnnuchus spp.) in prairie chickens (7:pallidici?zctz~s) and sharp-tailed 
North America. For example, the 3 subspecies of grouse (7: pl~asianellzss) follom- similar patterns 
the greater prairie chicken (7: cupido) collectively (Connelly et al. 1998, Giesen 1998). although the 
were once found in approximately 30 states and initial range of the lesser prairie chicken was much 
proVilinces uohnsgard 1973). Of the 3 subspecies, smaller. Remaining populations of prairie grouse 
the heath hen (7: c. cupido) is now extinct, the are often small, isolated, and dependent on limited 
Attwater's prairie chicken (7: c. nttu~nterz? is endan- areas of suitable habitat. particular11 at the fringes 
gered and restricted to small portions of Texas, and of their range (Giesen 1994, McDonald and Reese 
the greater prairie chicken (7:c.pinnatus) is in dan- 1998, Westemeier and Gough 1999. Gregg and 
ger of extirpation in - of the 11 states in which it Niemuth 2000). 
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t'ol-lulations of the greater prairie chicken in lVis- 
consin followed a similar pattern. I'rior to settle- 
ment by Europeans, greater prairie chickens were 
abundant in prairies and savannas in the southern 
third of Wisconsin. but their populations declined 
as these areas were developed for agriculture 
(Schorger 1943). At the same time, timber han-est, 
;~griculture,and fire created suitable habitat in the 
previousl~. forested northern part of the state. and 
during the early 1900s prairie chickens were found 
throughout Wisconsin (Leopold 193 1, Schorger 
19,i.i). Presently greater prairie chickens in Wis- 
consin :ire limited to portions of 6 counties in the 
central part of the state (Niemuth 2000); establish- 
ing additional populations would increase long- 
term viability of greater prairie chickens in Wiscon- 
sin, \\-here the>- are listed as a threatened species 
(Sample and klossman 1997). 

Declining fortunes of prairie grouse have 
prompted numerous translocation efforts. Bircls 
have been translocated to supplement existing 
populations (Sily- et al. 1999), establish additional 
populations to increase a species' securih within a 
state (Hoffman et al. 1992), hasten the spread of 
prairie grouse into newly created habitat (Ammann 
195'). popul;~te unoccupied but seemingly suitable 
habitat within a species' former range (hlechlin et 
al. 1999), establish a species outside its natural 
range (Applegate 19g7). and increase genetic diver- 
sity of a small, isolated population (Westemeier et 
al. 1998ri). Some translocations have been success- 
ful (Amman11 195'. Hoffman et al. 1992), but over- 
all success of translocations has been low 
(Ammann 19-57, 'Coepfer e l  al. 1990. Giesen 1998. 
Snyder et al. 1999). 

Translocation procedures can influence the ini- 
tial establishment of translocated birds, and factors 
influencing tratlslocation success have been much 
discussecl (e.g., Griffith et al. 1989, Toepfer et 211. 
199O.\YOlf et al. 1996. Snycler et al. 1999). Assunling 
that success of a translocation is defined as the 
establishn~ent of a self-sustaining population (Grif- 
fit11 et al. 1989). translocation success ultimately 
will be determined b!. quantity and cluality of habi- 
tat at the translocation site (Griffith et al. 1989, 
Toepfer et al. 1990). Therefore. evaluating habitat 
prior to translocation should be a critical compo- 
nent of a translocation effort. However, in a survey 
of ~vildlife translocation efforts, habitat quality in 
tllost cases was subjectively evaluated (Wiolf et al. 
1998). even though habitat quality was the factor 
most frequently cited as influencing translocation 

outcome (Wolf et al. 1996). Evaluation of prairie 
grouse habitat may be particularly problematic as 
prairie grouse populations require habitat on the 
scale of tens of kmL (Grange 1948. Hlmerstrom et 
al. 19j7.Toepfer et al. 1')9O,Wstemeier and Gough 
1999, Niemuth 2000). requiring that large land- 
scapes be evaluated. 

A large number and varietl- of general prairie 
grouse habitat models have lbeen developed that 
can aid in assessing habitat quality (e.g.. Ammann 
195'. Evans and Gilbert 1969, Prose 1985. Giesen 
and (:onnelly 1993). However: the evolution of 
Geographic Information Systems (GIS) and remote 
sensing technology make it possible t o  assess habi- 
tat in a spatially explicit manner using quantitative 
habitat models based on empirical relationsllips 
between grouse populations and landscape charac- 
teristics. Use of a landscape scale to identi& greater 
prairie chicken habitat is appropriate for biological 
anci management reasons. First. there is consider- 
able evidence that greater prairie chickens require 
large blocks or aggregations of habitat and are influ- 
enced by the composition and configuration of that 
habitat (summarized in Niemuth 000) .  Seconcl. it 
is easier for managers to provide appropriate fine- 
grained habitat (e.g., manipulate vegetation struc- 
ture using prescribed fise) \l,ithin a suitable land- 
scape than t o  alter a landscape surrounding a point 
with appropriate fine-grained habitat but unsuit- 
able landscape characteristics. 

Prairie grouse have long been known to responcl 
to landscape characteristics (Grange 1948, Anlmann 
1957. Harnerstrom et al. 195-. Cannon et al. 1982), 
but many habitat moclels do not specifically incor- 
porate a spatial or landscape context. I del-eloped a 
spatially explicit habitat model to quantif\. prairie 
chicken habitat in central Wisconsin using a 
resource selection probability f~~nc t ion(RSPF) 
based on logistic regression (Ncter et al. 1989, Manly 
et al. 1993). RSPFs developed using logistic regres- 
sion are useful in lanclscape modeling as the!. can 
quantifiv characteristics of habitats and habitat 
assen~blages, rather than habitats as categories (All- 
clredge et al. 1998): this is particularly useful for 
species such as prairie grouse. the presence. dens it^; 
and reproductive success of which are influenced 
by lanclscape composition ancl pattern (Cannon et 
al. 1982, Ryan et al. 1998, blerrill et al. 1999. Niemuth 
2000,Woodward et a1. 2001). 1 used the 1andsc;cpe 
around greater prairie chicken leks for sampling and 
analysis because leks are located in areas of nesting 
cover and high breeding potential (Schroeder and 
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White 1993) and are the focal point of prairie 
grouse habitat and behavior Westemeier 1971, 
Hamerstrom and Hamerstrom 1973). Like other 
landscape-based tnodels. this method takes a 
coarse-grained approach to conservation, assuming 
that necessary micrc~habitatfeatures will be avail-
able or can be created within suitable landscapes. 

Evaluating potential translocation sites is a 10-
year objective and high-priority strategy for man-
agement of greater prairie chickens in Wisconsin 
(Wisconsin Department of Natural Resources 
1995). The go:lls of my analysis were 2-fold: 1) to 
rnodel relationships between landscape character-
istics and presence of greater prairie chickens and 
2) to use resultant models to create spatially explic-
it maps showing landscapes with similar character-
istics that are potentially suitable for translocation 
of greater prairie chickens. 

Methods 
Lek locations 

Active leks were located by visiting previously 
active leks and potential habitat throughout Wis-
consin's prairie chicken range from 45 min prior to 
s~inriseto 2.5 hr after sunrise in April of 1997. I 
used 33 leks found in landscapes that received little 
or no management for greater prairie chickens 
(Niemuth 2000) as well as 42 leks on the Buena 
Vista (n =27) and Leola management areas (1-1 = 15) 
in Portage rind Adams counties. I included 2 leks 
located in large wetlands not managed for prairie 
chickens where birds were not observed displaying 
in 1997 but were present in previous and following 
years. Lek observations and landcover data were 
from slightly different time periods: however, loca-
tions of individual prairie chicken leks in the region 
are highly consistent from year to year (Westemeier 
1971. Hanlerstrom and Hamerstrom 1973). Loca-
tion of some leks changed slightly from one year to 
the next. but even with changes, lek locations were 
strongly associ;~tedwith specific areas of habitat 
that harbored prairie chickens (N. D. Niemuth. 
unpublished data). I marked lek locations on 
orthophotos or 1:50.000 land-ownership maps and 
;issigned them to corresponding cells in the GIS. In 
some cases where leks were identified by legal 
descriptions. I assigned Iek locations to the center 
of 16-ha parcels. Typically, a lek is considered to 
have 2 2  males. However, I included 3 leks where 
only 1 male was observed. because these mere at 
traditional locations that had been used in previous 

years. I randomly selected unused points (n='5). 
constraining them to the same types of habitat 
(grassland, forage, row crop, wetland, barren. and 
shrub) in which leks were located and within 32 
km of a known lek, the n~ax in~umdistance 
obsen-ed bet~veenleks. 

Landcover databases 
I used the Wisconsin Initiative for Statewide 

Cooperation on Landscape Analysis and Data (K'IS-
CIAND) for digital landcomr information (available 
at l~ttp://wwm~.dnr.state.wi.us/org/at/et/geo/data/ 
wlc.htm). WISCLhND mias developecl by a consor-
tium of public and private partners to provide a 
comprehensive landcover database for the state of 
Wisconsin and is based on Landsat Thematic Map-
per satellite data collected primarily in 1992 (Gurda 
1994). W'ISCLAND follows a hierarchical classifica-
tion scheme with 8 general latldcover categories 
subclivided into 2 additional levels of classification 
with 37 landcover categories at the finest l e ~ ~ e lof 
classification. Because many of the subdivided 
landcover categories were narrow classifications 
not useful in evaluating prairie grouse habitat (e.g.. 
coniferous forested wetland vs. mixecl deciduous-
coniferous forested wetland). I combined cate-
gories from the WISCLANI) database to create 8 
biologically relevant landcover categories, 6 of 
which were included as candidate predictor vari-
ables in model selection (Table I). Areas obscured 
by clouds and not classified (0.01%;of the state) 
were excluded from model development. as were 
urban areas (l.5%1),barren ground (1. I%), cranber-
ry (I'ncci~ziz~nzI ~ I U C ~ ~ O C N I ~ O ~ Z )bogs (O.O09?10).and 
open water (4.1%). including areas of floating 
macrophytes. I analj.zed data in a raster format 
with 60 x 60-nl cells,because minim~rmsize of clas-
sified upland habitat was 4 30 x 30-m cells. Pro-
ducers of the WISCIANI) database assessed classifi-
cation accuracy from ground-truthetl sites located 
in a stratified random sample of 1:24,000 quadran-
gle map boundaries. At the finest level of catego-
rization,o~~eml lcorrect classification of uplands for 
the geographic area used to develop nly model was 
8 7 ~ , .,/o ,  at the middle level of categorization, o\7e:erall 

correct classification was 93%. Producers of the 
WISCL4WI) database assessed classification accura-
cy of wetlands by cornparing classifications fro111 
satellite imagery to data from the Wisconsin Wet-
lands Inventory; overall correct classification of 
wetlands was 853;1. Correct classification of the 
landcover classes used it1 my analysis should 
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T,ibIe I .  Candidate variables used to determine associations between landscape characteris- ent to clustered popuka- 
tics and preserite o i  greater prairie chicken leks in central \Yisconsin, spring 1997. tions (Augustin et al. 

1996) and because of its 
Landscape var~,~bIc"~eicription  potential importance in 
Crasslariti  Noncultivated herhCiceous vegetation dom~nated by grasses, grais-like alld 

plants, or forhs. Includes cool and warm season grasies, restored 
prairie, timothy. rye, pasture, idle farmland, ancl CRP fields. metapopulation ciynamics 

\I'eil,lnti I ? ~ , I   Persistent anti nonpersistent herbaceous plants associated ~v i t h  \vet cMcDonald and Reese 
soils including grass, sedges ,Carex sp1l.r and cattails 1 T v ~ ~ h a  1998. Niemuth 2000).spp.). 
Does not include forested ivetlaiids, areas of open water, or ilo'iting conducted all suatial 
~nacrophvtes. anal!.ses with Idrisi3! 

Forage J Forage crops including altalfa, hay, and hav mix. " ~ I (Clark Labs, Worcester. 
Forest ,"'(,I  Woody Legetation 2 2  In tall w ~ t h  deiinite croivn, including upldnd Mass.) and ArcI~ifo GIS and loivldnci hard\vood. coniferous. and niixetl ioresl. 

Stiri~bI":,)  Woodv vegetation <6 ni t,~ll with <lo'%, tree coier. Includes lo~vland (Environmental Systems 
cleciduo~~s ( S ~ l i y  Research Institute. Red- shrubs such as ~ v i l l o ~ v  sprJ.l and uplmicl shrubs such 
as scrub oak iQuerciis spp.1. lands, Calif.). 

Croi~lancli";,i  Corn, other ro\v crops, field crops, and general agr~ci~lture. 

Dist,lncc> n i )  Distance to nearest known greater prdirie chicken IeL. Ilfodel dez~elopnzent 
P,itches I ni Number of patclies in each biitier. and selection 

.' Co\er classes were combiriec! irom the LZ'ISCLAND daiabaie ~Curda 19941and i o ! l o ~ i  
I as9umed that iand-

scape characteristics. x,,
\t1ISCL?rNDclrtinitions. 

could predict the proba- 
bility of use of a landscape 

exceed 82%. as combining specific cover classes unit according to the 

into more general categories aould reduce rnisclas- 
sificatiotl of similar classes that were previousl!-
more likel) be confused than dissimilar classes that 
were not combined. 

,,*(,) = exp(Bo + b1Xi + P2X2 + .. f P&k) 

(1 + + blxl+ p2x2+ . . + P ~ x ~ ) )  
I used circular moving q-indow anallses to cal- 

culate the number of patches and percentage of 
each landcoc-er hrpe (Tables 1 and 2) within 1.560 
m of  every cell in the GIS data layers. Size of the 
sampling m-indow -was based on landscape-level 
habitat selection results of Merrill et al. (1999) and 
Niemuth (2000) and location of greater prairie 
chicken nests in relation to leks. In Wisconsin. 8 of 
3 (35'!(1) greater prairie chicken nests were found 
within 800 tn of a lek; an additional 10 of 23 (43?4) 
were found between 800 and 2.000 m of a lek 
(Hamerstrom 1939). In Colorado, '3 of 82 (89%) 
nests were found within 1.500 m of a lek (Schroed- 
er 199 I) .  Rec:tuse reproductive success of greater 
prairie chickens can be impacted by landscape frag- 
mentation (Ryan et al. 1998). I calct~lated the num- 
ber of habitat patches within the l,j60-rn-radius 
sampling windo\\- as an index of fragmentation. 
Patches Tvere defined as disjunct clusters of land- 
cover pixels with the same classification. linkecl by 

->1 cornrnoli sides, but not diagonals. I then extract- 
eel characteristics of landscapes surrounding each 
lek and unused point from resulting GIS layers. I 
included distance to nearest known lek as a predic- 
tor variable to model spatial autocorrelation inher- 

where u'*(,lc)is a resource selection probability 
function (RSI'F) and Pi are coefficients estimated 
with logistic regression (Neter et al. 1989, Manly et 
al. 1993). I treated the data as a census of used and 
a sample of ullused sites (Manly et al. 1993) because 
an annual spring census conducted throughout 
Wisconsin's prairie chicken range identifies most. if 
not all. greater prairie chicken leks (Keir 1999). 

I selected the model best describing presence of 
greater prairie chicken leks using Akaike's Inforrna- 
tion Criterion corrected for snlall sample size 
(AICc: Hurnham and Anderson 1998). I developed 
candidate models using the knowledge that greater 
prairie chickens in Wisconsin are strongly associat- 
ed with grasslallds and wetlands (Grange 1948, 
Hamerstrom et al. 1957,Wstemeier 1971) and are 
likely influenced by forests, shrubland, landscape 
fragmentation, and proximity to other populations 
of prairie chickens (Hamerstrom et al. 195'. Rjan et 
al. 1998, Merrill et al. 1999). I calc~~latedAkaike 
weights (uji) indicating the relative likelihood of 
each model given the data (Burnham anti Anderson 
1998). Success of the model at classifying leks and 
unused points in the data set used to develop the 
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Figure 1. Suitability of Wisconsin landscapes for greater prairie chickens as predicted by probability model based on landscape 
characteristics. Circle indicates landscapes identified as most suitable for translocation of greater prairie chickens in Wisconsin. 
Ellipse indicates area of high number of greater prairie chicken leks in outlying areas during the early 1990s. 

model was determined using a probability cutpoint 
of 0.5. Finally, I used Pearson's product-moment 
correlation to determine whether RSPF values for 
leks were correlated with lek attendance, which is 
considered an index of habitat quality (Hamerstrom 
and Hamerstrom 1973). All statistical analyses were 
conducted using Number Cruncher Statistical Sys- 
tem (NCSS Kayesville, Ut.). 

I then used the best model to create a habitat 
map showing probability of potential occupancy 

Table 2. Mean and standard deviation (SD) of landscape vari- 
ables associated with 75 leks present in 1997 and 75 unused 
points used in development of landscape-level habitat model 
for greater prairie chickens in Wisconsin. 

Variable 

Grassland (%) 

Wetland (%) 

Forage (%) 

Forest (%) 

Shrub (%) 

Cropland (%) 
Distance (m) 
Patches (n)  

Lek sites Unused points 

Mean SD Mean SD 

25.5 13.5 13.7 9.5 
25.6 16.4 3.6 4.5 

9.8 12.3 17.8 12.1 
13.9 11.2 35.1 18.7 
3.9 6.5 3.9 6.2 

15.8 11.4 19.7 15.4 
3,440 5,170 13,220 7,146 
149 43 155 40 

across the state by incorporating corresponding 
GIs layers created using the moving window analy- 
sis into the RSPF equation. Portions of the Buena 
Vista and Leola management areas, which contain 
the greatest number of prairie chickens in Wiscon- 
sin, had extensive wet meadows and areas of satu- 
rated soil that were classified as wetlands inter- 
spersed with grasslands. To prevent large areas of 
wetland without interspersed grassland in other 
portions of the state from unduly influencing pre- 
dicted translocation suitability in the final habitat 
map (Figure I), I capped maximum coverage by 
wetlands at 50%. 

Results 
Landscapes surrounding greater prairie chicken 

leks differed considerably from landscapes sur- 
rounding unused points in that leks were closer 
together and were surrounded by more grassland 
and wetland and less forest and forage than unused 
points (Table 2). The logistic regression model best 
fitting the data showed a positive association with 
grassland and wetland cover types and a negative 
association with forest cover and distance to near- 
est neighbor lek (Tables 3 and 4). This model 



Table 3 41C d~ttereiices[A, ] ,  41C eights 1 c t , i  anrl concor- 
dance tor competing rnodds ~dent i iv ing73 'greater prairie 
cliicketi leks anrl 73 unused points in central LViiconsin, spring 
19517. I'c~rentheses ~ridicate negative relation.;liip. 

Concordant e 
Variables in  tnotiel 11 I L ~  [?,I 

Gr,~ssIatid, \vetland. 
iioresti, t i l i t an t  el 0.0 0,921 94.0 

Gr,issland, u,etldncl, - - 
(forest) 3./ 0.053 02.7 

Gr,lsslatid, wetland. 
(toragel, (distance] 7.2 0.025 92.7 

Grassland, ~t,etlancl, 
liorage. 14.5 <0.001 92.0 

Cr,~sslarid, \.vetl,lntl, 
~r l i< tanteI  17.3 <0.001 89.0 

correctl!- classified 94.6?0of Iek sites and 93.1% of 
unused sites used in model development, for over- 
all concordance of 94% ('I'able 3). Area under the 
receiver operating characteristics (ROC) curve was 

0.98.indicating high model accuracy (Sm7ets 1988). 
Distance to nearest lek and wetlancl were strongly 
correlated ( r= -0.-21, and high correlation among 
predictor rariables can cause the rnagnitucle ancl 
sign of regression coefficient estimates to \;;try 
widely (Neter et al. 1989). However. estimated coef- 
ficients for distance to nearest lek and wetland in 
the final model (Table 4) did not differ from esti- 
mated coefficients in simpler models where dis- 
tance and wetlancl arere i~lcluded singl!-. Both vari- 
ables were included in the final moclel as it best fit 
the data and the variables were biologically appro- 
priate. 

1Me;in RSPT: value for landscapes surrounding leks 

Table 4 Coet t~c~entsand standard error 15E ltor selectecl nioclel 
pred~ct ingpresence of greater prairie chicken lek, as ,I iunction 
of landscape characteristics in  LVisconsiti, spring 1997. 

L'arial~le Coefficient SE 

Intercept 1 . 9 9  1.100 

Grassldntl 1"ai 0.1h 0.0.56 

LVetlarid 0.47 0.1 08 

Forest i o . ~ l  -0.12 0.035 

Distance irni -0.0001 7 0.000069 

mas 0 91 (SD = 0  21), wherea\ the mean value for 
landscapes surroundi11g unused sample points mras 
0.09 (SD =0.18). At the '1 leks for which I llaci 
:tttendance data. number of males attending leks 
was positively correlated (u.=0.38. P=0.001) with 
RSPF values. The probability map identified several 
areas. primarily south and east of present prairie 
chicken leks, as potentially suitable for greater 
prairie chickens (Figure 1). 

Discussion 
Habitat model 

Factors influencing locatio~l of greater prairie 
chicken leks strongly agreed with results of previ- 
ous stuclies. For example, lek presence m-as influ- 
enced by the amount of grasslallci in the landscape, 
a-hich is t!-pically the limiting f'actor for ptairie 
chickens (Hamerstrom et al. 195'. Wstemeier 
19-1. Kirsch 19'4). E-Iowever, grassland b!. itself 
was a relati\.ely poor predictor of lek presence 
(Table 3). indicating the importance of' other hc-  
tors in providitlg suitable habitat fix greater prairie 
chickens, Lek locations negativell, associated 

forest cover,as expected from a 
requiring large amoL1llts of grasslalld alld 
space, Prairie chickens leks ;Is fbrest 

(Hamerstrom et al, 19j-). a,ld ti,rest 

successioll loss of the habitat and open 
space required b!, chickells (lvestemeier ,,,-I A,.,A,  

to leks lvas an important I,re-
dictor of lek presellce, grollse typicall!. do 

disperse far, most movements kill 

(Hamcrstrom alld Hamerstrom j l ,  I-l;lrnerstroln 
and Hamerstrom 1973, a,ld Robel 197-), 

chickells will make lollger total 
moving among distant leks 

1999). illtermediate are critical 

for nlaintai~ling connectivih between populations 
providing for 

merits (Harnerstrom and Hanierstrorn 19'3) 
The stronrr 

L, 
selection for metlands bv. gre'tter

L 2  

prairie cl,ickens in ;lnalysis \,.as likely 
atecl by 2 factors. First, greater prairie chickens in 
much of theirWisconsin rangc arc. found in areas of 
less intensive kanci use. often in proxirnih to m-et- 
lands (Niemuth 2000): many of these wetlatlds arc 
temporary or seasonal, m-ith no surface r a t e r  pres- 

ent for most of the year. Second, the estimated 
regression coefficient for m7etlantls is high because 
thc area of wetland surrounding ~~ l lu sed  points \%-;-as 

http:(u.=0.38
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extremely lorn; with the difference between used 
and unused points greater for wetlands than any 
other habitat type (Table 2). Nonetheless,wetlands 
can be an important component of prairie chicken 
habitat (Hamerstrom et al. 1957, Kobriger 1965, 
l'oepfer and Eng 198X),and prairie chicken popula-
tions in the study region are "directly related to 
grassland and marshland acreage" (Westemeier 
19?l:ii). 

The model was not directly validated by applying 
it to landcover and lek data from another region 
containing greater prairie chicken pop~llations. 
Even though model results agreed qualitativelj7 
with findings of other studies of prairie chicken 
habitat selection, a quantitative validation could 
provide a more rigorous indication of the utility 
and generalit). of the model to greater prairie chick-
en habitat in other times and places. 

Icientification of habitat .for translocation 
In addition to areas presently harboring prairie 

chickens, the model identified 5 landscapes as 
potential prairie chicken habitat that also were 
identified by Sample and Mossman (1997) as first-
or second-priority landscapes for grassland birds in 
Wisconsitl. including the White River Marsh. Rush 
Lake Grasslands. IIoricon Mars11 Grasslands. Bear 
Bluff Wetlands. and Necedah Barrens landscapes 
(Figure 1). Portions of the Bear Bluff and Necedah 
landscapes presently harbor sharp-tailed grouse 
(Gregg and Niemuth 2000) and should be avoided 
for translocation to avoid possible congeneric com-
petition (Ammann 195'. Sharp 195'. Griffith et a]. 
1989.Toepfer et al. 1990) and hybridization, which 
is relatively common between the 2 species 
(h lmann  195'). In addition, the Bear Bluff and 
Necedah landscapes are dominated by shrubby 
wetlands and have little upland grass available for 
nesting. 

?'he area of u~~occupiedhabitat identified by the 
model with the best landscape suitability and large 
blocks of habitat necessary for greater prairie chick-
ens is southeast of existing popillations (Figure 1). 
This region itlcludes the White River Marsh, Rush 
Lake. and. to a lesser degree, the Horicon lancl-
scapes identified by Sample and Mossman (1997). 
21swell as other sites potentially suitable for greater 
prairie chickens (Figure I). Within this general 
region is part of the Glacial Habitat Restoration 
Area (GHRA,Figure I ) ,  an area targeted by the Wis-
consin llepartment of Natural Resources for 
restoration of 4.500 ha of wetlatlds and 15,000 ha 

of idle grasslands (Gatti et a1 1994). Suitability of 
landscapes for greater prairie chickens within the 
(;HIM is likely higher than shown due to restora-
tion of grasslands and wetlands since de~~elopment 
of the WISCWND data. However. suitability of the 
GHRA for greater prairie chickens might be com-
promised, as ring-necked pheasants (Phasianr~s 
colchiczw) are a target species for habitat restora-
tion and greater prairie chichens are not (Gatti et al. 
1994) Ring-necked pheasants mlght negatibel) 
affect greater prairie chickens by disrupti~lglek di5-
plays and parasitzing nests wance and Westemeicr 
1979,Westemeier et al. 19986). 

Influence of landcouer classiji'catio~zon 
sclccess 

Predicting habitat suitability is complicated by 
the often ephemeral nature of prairie grouse habi-
tat. Succession of woody vegetation causes a site to 
become unsuitable for prairie grouse (Hamerstrom 
et al. 1957,Gregg and Niemuth 2000), and grassland 
can be converted to row--crop production. In con-
trast. new habitat can be created by changes in la~ld 
use or disturbance. For example, agricultural pro-
grams such as the Conservation Reserve Program 
(CRP) can dramatically alter the amount of grass-
land habitat in an area (Reynolds et al. 1994) and its 
subsequetlt suitability for prairie grouse (Kirsch et 
a]. 1973),as can fire and timber harvest (Gregg and 
Niemuth 2000). Because of potential changes and 
errors in identifying cover types, cotlditions at 
prospective translocation sites must be verified 
prior to releasing birds. 

The visual impact of maps created from GIS la!.-
ers can be strong. ant1 results of GIs-based analyses 
can be compelling. but also misleading, as they can 
provide a false sense of certainty and precision. As 
with any model, output is dependent on input. and 
developing a lnodel with one GIS data set and 
applying it using another data set with different 
aw~ilabilitiesor poor classification could produce 
misleading results. Customized classification focus-
ing on pertinent landcover classes and using cur-
rent imagery \vould increase accuracy of landcover 
assessment, model development, and identification 
of suitable habitat. In all cases, however, accuracy 
of landcob-er classification must be evaluated. 

Dezleloping and applying landscape-leuel 
habitat models for pmifaieg?-octse 

A wide range of predictor variables can be incor-
porated into landscape-level habitat models. 



depending on the species and location of interest. 
For example, a landscape-level analysis of sage 
grouse (Centrocercus urcipba.sianus) habitat might 
consider a suite of vegetation variables (Homer et  
al. 1993) as well as estimates of distance to surface 
water, distance to road or energy development. an 
index to predator density or communitj- composi- 
tion, and stocking rate in areas where cattle are 
grazed. Choosing the appropriate scale for model- 
ing is critical, and will likely varl- with species. habi- 
tat availability and region. If biologically sound. 
models could incorporate variables sampled at mul- 
tiple scales (e.g., a regional measure of habitat avail- 
ability and a local measure of disturbance or devel- 
opment). For species or populations that move 
seasonally (Schroeder and Braun 1993). quality 
proximity to, or availability of winter or summer 
range also could be incorporated into models (see 
also Homer et al. 1993). However, models devel- 
oped in one region are likely not applicable to 
other areas for biological reasons (e.g.. birds might 
have localized adaptations making them poorly 
suited to  other locatioils) as well as statistical rea- 
sons (e.g., a~ailabilities will differ among locations, 
influencing the true response re1;itive to what is 
modeled). Consequentl!; it is essential to verify. 
prior to translocation, that landscapes identified as 
having high potential are indeed suitable. Ability to 
accurately identify landcover and identify habitat 
relationships will likely increase with the continu- 
ing evolution of remote sensing technology, -which 
offers increasingly finer spatial and spectral resolu- 
tion, and modeling techniques. 

Management implications 
Translocation can be used to establish popula- 

tions at greater distances from existing populations, 
thereby overcoming the limited dispersal abilih- of 
prairie chickens. But quality and quantity of habitat 
at distant sites should be sufficient to establish pop- 
ulations large enough to prevent tlemographic sto- 
chasticitf.; loss of genetic variabilih- ((Lande and Bar- 
rowclough 1987), and decline in fitness (Bouzat et 
al. 1998, Westemeier et al. 19980) sometimes asso- 
ciated with small, isolated populations. Proximity 
to other populations might be particularly impor- 
tant to prairie grouse as effective populatioll size 
('lr,) is reduced because of strong sexual selection. 
Loss of fitness and subsequent popdation decline 
of greater prairie chickens in Illinois likely mTas 
caused bp the disappearance of satellite popula- 

tions in proximity to managed grasslands, following 
a pattern similar to that of the heath hen and 
Attwater's prairie chicken OVestemeier et al. 
1 9 9 8 ~ ) .  Proximity to multiple leks might also be 
important for behavioral reasons, as female prairie 
chickens frequently visit several leks prior to copu- 
lation and their home ranges typically encompass 
>I lek (Schroeder 1991). Local populations of 
greater prairie chickens may be strongly intercon- 
nected (Hamerstrom and Hamerstrom 1973). and 
translocated birds have located existing leks 80 km 
from release sites (Moe 1999). The ability to persist 
in isolation might vary among species (Grange 
1918), but spatial structure of landscapes should be 
considered whet1 assessing potential prairie grouse 
habitat, as metapop~~lationdynamics and demo- 
graphic rescue might be important to establish- 
ment and persistetlce of populations (see Hodder 
and Bullock 1997, Martin et al. 2000). 

Proximity to other populations is likely impor- 
tant to greater prairie chickens, and habitat con-
nectivity between existing populations and poten- 
tial translocation sites might need to be improved 
to facilitate movement among populations. In cases 
where proximity to other populations is not impor- 
tant (e.g., large translocated population or strong 
dispersal ability), models can be developed or 
applied without the distance variable. However. 
the role of spatial autocorrelation in habitat model- 
ing should not be ignored (see Augustin et al. 
1996). Residuals from the final model including dis- 
tance to nearest neighbor lek had slightly lower lev- 
els of positive spatial autocorrelation than a model 
containing only habitat variables, although positive 
spatial autocorreiation was nonsignificant for both 
models (N. D. Niemuth, unpublished data). 

I11 addition to identeing potential areas for 
translocation, GIs-based models can be used to eval- 
uate characteristics of landscapes presently occu-
pied by prairie grouse and identify management 
prescriptions such as forest removal, creation of 
habitat stepping-stones to enhance movement 
among populations. or targeting of areas for CRP or 
Conservation Reserve Enhancement Program grass- 
lands. However, fine-grained factors also must be 
considered, because not all features within a land- 
scape will contribute to suitable habitat. Similarly. 
factors influencing greater prairie chicken demo- 
graphics should be considered in management 
decisions. Intensive management used to maintain 
habitat on the Buella Vista and Leola management 
areas (e.g.. prescribed burning, tree removal, and 
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brush removal; Keir 1999) might be needed at 
potential translocation sites to ensure their suitabil-
ity for prairie chickens. 

The association of prairie chickens with upland 
grasses ancl wetlands indicates opportunities for 
combined management of prairie chickens and 
waterfowl. In fact,Grange (1948) felt that wetlands 
offered one of Wisconsin's greatest opportunities 
for prairie chicken management and were a corn-
ponent of ideal prairie chicken range. Siniilarly, 
greater prairie chickens used wetland meadows 
more often than expected by chance in Nebraska 
sandhills (Kobriger 1965). How-ever, the role of 
wetlands in greater prairie chicken ecology needs 
to be better understood, as Wisconsin prairie cliick-
ens presently associated with wetlands are relict 
populations using remnant habitat. Wetlands could 
harbor predators that are absent from uplands, 
affecting survival and nesting success of prairie 
grouse in proximity to wetlands (Connolly 2001). 
The importance of wetlands might vary depending 
on location, for the range of greater prairie cliick-
ens (see Schroeder and Robb 1993) includes 
regions with few wetlands. But in Wisconsin; wet-
lands are an important component of landscapes 
that greater prairie chickens presently inhabit. 

Translocation is not a substitute for management 
of existing populations (Mumme and Below 1999), 
and populations at risk should be identified and 
managed before translocation is necessary (Griffith 
et al. 1989). In Wisconsin several small, outlying 
populations of prairie chickens exist without tlie 
benefit of habitat protection or management inTay-
lor, Clark, and Marathon counties (Figure 1; 
Niemuth 2000). During the 1990s more than 30 
leks were known in the area, and at least 20 were 
active in 1991; in 2001 only 8 were known to be 
active 0. Keir. Wiscollsin Department of Natural 
Resources, personal communication). Landscapes 
surrounding leks in these outlying areas have less 
grassland than on the core Buena Vista and Leola 
areas (N. D. Kiernuth,unpublished data); protection 
and management of habitat associated with outly-
ing populations would help ensure long-term via-
bility of greater prairie chickens in Wisconsin with-
out the costs and risks associated with 
translocation. 

Because of the importance of habitat to translo-
cation success, it is essential that potential translo-
cation sites be objectively evaluated to select sites 
that will maximize chances of success. Similarly. 
habitat qualit). should be considered in assessnlents 

of factors influencing translocation success, as 
some factors that appear to influence tratlslocation 
success might be correlated with habitat quality. 
When used with accurate digital landcover data-
bases, GIS and quantitative habitat models permit 
rapid and uniform coarse-grained assessment of 
prairie grouse habitat. 
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