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PREFAC E

This document ;s part of the Hab itat Sui t abi l i t y Index (H SI) Model Seri es
[Bi ol ogical Report 82(10)] which provides habitat information useful for impact
assessme nt and hab i tat management . Several types of habi tat i nf o r mati on are
provided . The Habitat Use Informat i on Secti on ; s largely constra ined to those
data that can be used t o derive quantitat ive re lationsh ips between key environ ­
menta l variab les and habitat s uita bility. This i nformati on pr ov ides the
f ou ndati on f or the HSI model and may be useful i n the devel opment o f othe r
mode l s more appr opr iate t o spec ific assessment or eval ua t io n needs.

The HSI Model Sect ion documents the habita t mode l and i nc l udes i nformat ion
pert inent t o its appl ica t ion . The model synthesizes the habi t a t us e i nf orma ­
t ion i nto a framew ork appropr iate f or f ield app l i cati on and i s sca led t o
produce an index value between 0 . 0 (un su t t ab l e hab ita t) and 1.0 ( opti mum
ha bitat). The HSI Mode l Sect i on i nc l ude s i nf ormat i on about t he geogr a phi c
r ange and sea sona l app lication of t he model , it s c ur r ent verif icat i on status,
and a l i s t of the model variables with rec ommended measurement techn i ques for
ea ch variable.

The model is a formalized synthesis of bi o l ogi cal and habitat informati on
publ ished in the sc i e nt i f i c litera ture and may i nc l ude unpub l ished i nf or mati on
ref lect ing t he opini ons of i den t if i ed experts . Ha b ita t in fo rm a t i on abo ut
wi ldl ife spe cies frequently i s r epre sented by scatte red data sets collected
during different sea so ns and yea rs and fr om d·ifferent s ites throug hout the
r a nge of a spe cie s . The model present s t hi s broad data ba se i n a f orma l ,
l ogi ca l, and s i mpl i fi ed manner . The a ssumpti on s necessary for organ iz ing and
sy nthesiz ing the spec ie s-habitat information i nt o the mode l are di scus sed .
The mode l sh oul d be r ega r ded a s a hypothes is of speci es -hab ita t r e la tionsh ips
and not as a st a t eme nt of pr ove n cau se and effect relati onsh ips . The model
may ha ve me r it in plan ning wi l d l i f e hab i t a t re search studies about a s peci e s ,
a s well as in provi d ing an e st imate of the re lative su itab i l ity of hab i t a t for
t hat spec ies . Us e r feedbac k concerning mode l i mp r oveme nts and ot he r sugges ­
ti ons t ha t may i nc r ea se the ut ility and eff ec ti ve ne s s of this habi tat-based
approach to fish and wi l d l if e pla nning a r e encouraged . Pl ea s e send suggest ions
t o :

Habitat Eval uat ion Pro cedure s Group
Wes t e r n Energy a nd La nd Use Team
U.S. Fis h and Wil dl ife Servi ce
2627 Redwing Road
Ft . Col l i ns, CO 80526-2899
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GR EAT ER PRAIRIE-CH IC KEN (Tympanuc hus cup ido pi nnatu s)

INTRODUC TION

The pract ica l ity of habi t at models depends on the us er's constrai nts
(e .g ., t ime, budget , avai la bl e data) , and t he level of reso lut i on re quired for
given appl icat ions. The recomme nded sampling tec hni ques may be more in tensi ve
t han t he use rt s constra ints al l ow, or t han are neces sary to obta in desired
output s. The obj ect ive of th i s document is t o present a habitat model for t he
greater prairi e-chi cken (Tympanuchus .£l:lpido p; nnatu s), and t o de mo nstrate the
mode l ' s f le xi bility in applicat ions inv olv i ng different leve ls of data ava il ­
abi l ity and user objectives . The use r can place emphasi s on t he model cons t i ­
t uent s per ti nent to a give n l eve l of deta il t hrough mod i f icat i ons of sampli ng
t echni ques .

HABITAT USE INFORMATION

Genera 1

The greater pra irie-chic ken i s mo st char ac t eri s ti c of ta l l gra s s prair ie ,
oak savanna h, and as pen parkla nd, but has moved to some extent in t o t he manmade
grass la nds of t he Great Lakes States and so uthern Ontari o (Aldr ich 1963) ,
After becomi ng ext irpated f rom Mi chigan i n 1983 (J. Urba in, Mich i gan De partment
of Natura l Resource s, Lansi ng; pers. comm.), only about 500,000 greater
pra i rie- chi c kens remai ned i n 10 States (clohnsqa rd 1983) , down from abo ut
1,086,000 In 12 States In 1968 (We stemei er 1980) . In 1983, qt-ea t er pra ir ie­
c hi ck ens r ema i ned only i n t he ta l lgras s pra i r i e States of I l l i nois , Wi scon s i n,
Minne sot a , and Mi s souri , a nd in t he Great Plai ns States of Okl aho ma , Kansa s ,
Neb r as ka , South Dakota , No rth Da kota , and Col orado .

Food

Greater pra ir ie-chic kens pr imar ily a re her bi vor ou s , except dur i ng t heir
firs t few weeks of l i f e when t hey heavil y depe nd on invertebra t e s , ma in ly
i nsec ts (Eva ns 1968) . The i nsect i vor ous die t of young chic ks gradua l ly s hi f ts
to h t gher proport i ons of plant rna t eri a 1 a s they rna ture ( Yeat ter 1943) . The
prai r i a-chi cken I s di et 1arge ly i s det e r-mt ned by ava il ability and t herefore
varie s by se a son and geographic l ocat i on ( Evans 1968 ). Pra irie-chic kens
or ig i na ll y depended on wil d seeds, l ea ve s , fru it s, and in se ct s for food, but
a r e now consi derab ly grani vor ous due t o t he i nt roducti on of agricu lture into
the i r range ( Edm i nste r 1954 ) , Ma s t and buds have become importa nt win ter
f oods in t he northe rn pa rts of t he ir ra nge .
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Succ ule nt lea ves and insects generall y are abundan t in the spring and
summer diet (Edminster 1954). Ad ul t pra irie -chickens a ppar ent l y cons ume more
insects tha n do adults of other grouse spec ies ( Evans 1968). Grains become an
i mpor t ant food in the fa ll and are heavily used t hroughout win t er and into
spring ( Edminster 1954) . The use of s uccul ent l eaves increases during the
spring a s they become available. This pattern of seasonal food hab its has
been documented f or greater pr ai r ie- chi c ke ns in Wisconsin (Schmid t 1936),
Illino is ( Yeatter 1943), Kansas ( Bake r 1953 ; Horak 1971), Oklahoma ( J one s
1963) , and Missouri ( Kor schgen 1962; Drobney and Sparrowe 1977 ; Toney 1980).

The diet of 9 to 10 week old prair ie -c hickens in southeastern I ll i noi s
wa s 40% i nsects, 23% f r ui t s , 19% grai ns , 12% wi l d seeds , and 6% browse (Yea t t e r
1943) . Short-horned grasshoppe rs (Acrididae ) . wheat ( Tr it i cum aesti vum ),
dewberry frui t ( Rubus vi 11 os u~) . and buttonweed (OJod~ teres) seeds we r e
i mportant food items. Insects , main ly lea f beetle s ( Chrysome li dae ) , made up
97% of t he foods consumed by broods in Ok lahoma during the ir fi r s t mon th of
l ife (Jones 1963) .

Adult pra iri e- chickens i n southeastern Illinois consumed 36~~ wild seeds,
31% f ru l t s , 18% br owse , 9% insects , 5% gra ins , and 0 .5% mast , during late J une
throug h Augus t (Yea t t e r 1943) . Important f ood items wer e but tonweed, dewberry,
flowerin g sp urg e (Euphor bi a corolla~ ), gian t ragweed ( Am b ro ?.i~ trifid~ ). and
short-horned gras shoppers .

I mportant spring and summer f oods of prairie-chicke ns in Oklahoma native
pasture were goldenrod (Solidago spp.), prairie rosegent i an ( Sabat i a
campestr is ). and gras s (Gram ineae) (Jones 1963 ) . Korean le s pedeza ( Lespedeza
st ipu lacea) was t he predominant sp ring and summer food of bi rds i n cultivated
pastures whe re th is species had been seeded . Gr een and dry l eafy materia l ,
nati ve se eds , and i nsect s we re t he primary f oods of greater prairie-chic kens
i n we s te rn Mis sour i (Toney 1980) and a part of east-cent ra l Kansas ( Hor ak
1971 ) where native prair ie pastures were predominant and cult ivation wa s
uncommon . I n contrast , grai ns and cu l tiva ted l egumes ( Leguminosae ) composed
50 t o 90% of t he summer diet i n another part of eas t -central Kansas wher e
agri cul tu re wa s re l atively commo n (Ba ker 1953) . Oats (Avena sa ti va ) and
Korea n l e s pedeza were t he mos t i mpor t ant f ood items . ~~

Greater prair i e -c hic kens general ly depend on cul tivated grains f or wi nt er
food ( Evan s 1968) . Pr ai r i e-c hi cken s i n the Nebras ka Sandhills beg an regular
fee di ng i n grain fie l ds duri ng the second week of Oc tober , wi t hin a f ew days
of t he f i r s t f rost , and apparently we r e absent from extens i ve grassland ar ea s
that di d not con tain corn ( Zea mays) fi el ds (Mohl e r 1952) . Wi nt e r migrat ions
of prai rie- chi ckens f rom two Sandh ills refuges were associated with a lac k of
cu lti vated gra in f oods (Kobr ige r 1965).

Grea t er pra ir ie-ch ic kens in Mi s sour i f ed al most excl us ive ly in cultivated
fie ld s t hroughout t he l ate winter and early sp r i ng (Dr obney and Sparrowe
1977 ) . Dec r ea sed use of cu lt iva t ed fi el ds i n March co i nc i ded with spring
plowi ng and emerg ence of succ ule nt green vegetatio n. Heavy use of cul ti vated
gra i ns f or win t e r f ood ha s a lso been documented f or pra iri e-chic kens i n
Ill inoi s ( Yeatter 1943 ) , Ka nsas ( Baker 1953), Wi scons in ( Hamer st r om et al .
1957) , and Okl ahoma (Jones 1963).
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Cor n is the stapl e grai n food of greater prairie-chickens i n a ll but t he
most southern ra nge ( Edmi ns t e r 1954) , where sorghum ( Sorghum ~ulgare) becomes
i nc r easi ngl y important (Jo hnsgard 1973). Stout - s t emmed corn and sorgh um are
desirabl e because they remai n standing during heavy s nows ( Evan s 1968). Corn
apparen tly i s t he most pala table winte r food (Trippe nse e 1948 ) , but should be
lef t uncut or shocked a fter harves t ( Edmi nste r 1954). Small grains, s uch as
oa ts , buckwhea t (Fagopyrum esculen tum ), and millet ( Pa ni cum spp .), t e nded to
collapse and become covered wi th s now in Mi nnesota , but corn remained ava ilable
t hr oughout the win ter (Maer tens 1973) . Pra irie-chickens i n Mi s s our i used
sorg hum when soybeans (ill.l.~ine max) we r e sno w covered ( Dr obney a nd Sparrowe
1977). Standing corn and shocked sorg hum we r e us ed most of ten i n Neb raska ,
a lthough rye (Secale cereale ) stubb le a nd Sudan grass (Sorghum sudane nse ) were
used to some exten t (Mohler 1952). Whea t, rye, and other grains are eaten in
t he wi nt e r but appear l e s s preferred than corn, buckwheat, soybeans , and oats
(T rippensee 1948 ) . Soybea ns are sto uter s temmed than buckwhea t and t he r e f ore
are more resi s t a nt t o collapsing under snow.

The greater pra iri e-chickens in high quality nat i ve tallgrass prairie of
Ka nsas ( Ho r ak 197 1) and Mi s sour i (Toney 1980 ) may not require cultivated grains
for wi nt e r f ood . Because Kansa s and Mi s souri winte r s are rela t ively mil d ,
na tive green vege ta tion, frui ts, and seeds appear t o be adequate win ter foo ds .
Gra i n field us e that did occur was due to avai lability ra ther t ha n neces sity .
Cottonwood buds ( Popul us delto ides) we r e used i n Kansas when heavy snows
covered pas ture and grai n f1eld foods . Wi l d rose (Rosa carolina) wa s the
primary wi nt er food i n Mi s sour i and rema ined available throughou t the season .

The buds of birches (Betula spp.). aspen (P opulu s sPP . ) , elm ( Ul mus
spp. ), hazelnu t ( Cory l us spp .), and other woody plan ts are used by
pra ir ie-chickens throughou t t he winter in t he northern parts of t hei r range
(Edmins ter 1954 ) . Buds of map le (Acer sPP .), e lm, wil low ( Sa l i x spp.}, pine
(P in us spp .), and app le ( Ma l us spp~re listed as emergency win ter foods in
Wiscons in (Sc hmid t 1936)-.--Budd ing apparen t ly t s less common i n l l l t no t s
(Yeatter 1943) and Missour i (Kor schgen 1962; Toney 1980) t ha n in Wi scons i n ,
a l t houg h buds of co t tonwood , r ed maple ( A. rubrum), elm, apple , and othe r
woody pl a nt s a re' used t o some exte nt. Howeve r, prair ie -ch ic kens appa rent ly
can not surv ive on a win ter di e t exclus ively of buds . Feeding t ri a l s have
shown t ha t prair ie-chickens lose we i ght and may starve t o death whe n fed on ly
buds (Hamerstrom e t a l . 1941) .

Wa t e r

Dew and succulent foods usual ly are adequa te to provide wa t e r needs of
prairie-chickens (Yeatte r 1943 ; Edminster 1954; Horak 1971 ) . Dur ing d r ought
periods, however , Hor a k (1971) and T. E. Toney (Wil d l ife Di st r i ct Superv isor,
Missour i Departme nt o f Conservation , Lockwood; pers . comm.) observed
pr a i rie- c hi c ken s dri nking stockpond wa t e r .

Cove r

Grass lands are essentia l for gr ea t e r pra irie-chic kens (Edm ins t er 1954 ;
Evans and Gilbert 1969; Kirsch 1974) . Nat ive t al lgrass prairie pl ants probably
pr ovide supe ri or cove r i n most respects, but other gra s ses, both ind igenous
a nd i nt r oduced , can su bst itute ( Hame r s t r om e t a l . 1957) .
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Pra i r ie-chic ken habitat in Okl ahoma gener ally co ns i s ted of large unit s of
t a l l qr a s se s i nte r mixed with smal ler s hor t gr ass and mi dgra ss uni t s (J ones
1963) . Grasse s, mainl y shortg ras s, were used ab out 75% of the time for re st in g
and fe ed ing ; f orb s were use d the r emainde r of t he t ime . Gr asses averag in g
63 .5 cm i n he ig ht we re used f or e sca pe co ver . On st ate managed pra i r ies i n
Mi ssouri, re sted hay uni t s mainly pr ovi de cove r, be ing se lec ted ove r moderate l y
grazed pasture ( Toney, pers. comm. ) . However, l i ght to moderately gra zed
nativ e prair i e wa s predomi nant ly used f or roos ti ng , rest in g, and e sc ape between
Febr ua ry and May i n areas of we st-centra l Mi s souri where gr az i ng was t he
pr t rna ry 1and use (Drobney and Spa r rowe 1977) . Veget a t i on 20 t o 90 cm i n
he i ght wa s used s i gnif icant ly more tha n sho r te r vege t a t ion f or r oost in g and
e scape, wherea s vegetati on 10 to 19 . 9 cm wa s most of ten used f or r esting .
Pra ir i e- chic kens on managed prai rie tn Missou ri use d cover ra nging f r om 15 t o
51 cm i n hei ght, ave rag in g 25 t o 28 cm (Toney, per s . comm.) .

Gr eate r prair ie-ch i c kens genera l l y de pe nd on dense herb aceou s vegetati on
f or winte r cover (Kirsch 1974) , although woody cover may be used during hea vy
s nows to r ms ( Evan s 1968) . Pr air i e- ch ickens i n the Nebra s ka Sandhll ls s hi f t ed
fr om pas t ure t o ungr azed bunchgrasses , such as l i t t l e blues t em (Andr opogon
scopa riu s) and sand dr opseed ( Sporobol us c rypt andr us ) . f or winter resting and
roos t i ng co ver (Mohler 1952). These dense gra s ses were typi ca ll y 30 . 0 t o
70 . 0 em hi gh with a dens e layer of duff . Winte r r oo st i ng site s i n Ok lahoma
were sma l l pocke t s of s hort grasse s averaging 13 .2 cm 1n he ight, within s t and s
of ta ller gras ses averagi ng 31.9 and 35 . 4 cm i n he ig ht on e ither side of t he
s i t es (Jone s 1963) . Winte r i ng prai ri e- ch icken s i n Mi s souri preferred to r oost
in cove r about 25 . 4 cm i n height ( Skinn er 1974) . Mo st avian s pec i es on
Mi ssour i prai ri es apparently de cr ea se i n number when vege t a tio n exceed s 46 cm
in he ight. Pra irie- ch ic kens observed 1n Mls so ur i tended to avoid 90 . 0 cm tall
cover unl e ss no ot her was availab l e ( Toney, pers . comm.) .

Brush and emer gent aquati c vegetati on s upplem ent gra ss co ver f or winter ­
i ng pra ir ie - ch i c kens in Minnes ota ( Patte r son 1973) . The am ount of brus h
required i n Minnesota is unknow n, but prairi e-chi ckens did not use areas with
high bru sh densities . Prairi e-ch ickens in Nebraska temporari l y us ed sag eb ru sh
(Art eme s 1a spp .) stands for winter r oosting co ve r , but preferred dense nati ve
gras ses (Mohler 1952) . She l t e r be l ts ca n provide winter cov er when he r baceous
and nat ural woody vegetati on are l i mited ( Ordendurff 1941) . Greate r
prair ie-c hickens somet i mes burrow i nt o deep, powdery s now f or wi nter roos t i ng
(Evan s 1968) .

Rep r oduction

Grea t er prai r i e- ch icken l e ks genera ll y a r e on el evated site s with rel ­
ati ve l y s hor t and s parse vegetati on ( J one s 1963; Evans 1968 ; Horak 1971) .
Leks appa rentl y are associated with ad jacent t a ller gr as s cover.
Pra i r ie- chicke n leks in Ka nsas were nea r l a r ger pastu res of tal l gra ss specie s
and smooth brome ( Bromus inermis) ( Hora k 1971) . Leks in North Dakota were
assoc iated with i dl e tracts of gra ssl and se t aside unde r t he Feder a l
Conse rvat ion Reserve Prog ram of 1956 and the Cropland Adju stme nt Pr ogram of
1965 (Kirsc h et al. 1973) . Idle t ract s we re not mowed or grazed and s uppor t ed
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den se herbaceous cover. Four of si x lek s were within 183 m of idle tracts and
no leks were found on hayland or heavily gra zed pas t ur e without an adjacent
idle tract. Ava i lability of lek s i t e s i s apparently not a crit ical factor i n
Minn es ota where a var iety of s i t es are used, e .g ., plowed or burned f ields ,
mowed and unmowed gras s land, grazed pastures , di sked f iel ds wit h mud and snow,
frozen potholes , and we t pothol es wi t h malla rds (Anas pl aty rh yncho s ) s itt i ng
among the grouse (Patter son 1973) .

A l ac k of re si dual herba ceous vegetati on ( 1. e. , dri ed vegetati on from the
prev i ous growing season) required for nesti ng and brood- rear i ng ap parently i s
the most li mit i ng factor fo r greater pra irie-chi c kens t hro ughout the ir range
( Hamerstrom et al . 1957; Ki rsch 1974) . Populat ion i nc rease s have been c l os el y
assoc ia ted with t he i nc r eased availabil ity of nestin9 cover t hrough gras s l and
management ( Wes t eme i e r 1973).

Grass land, pre fera bl y with a mixt ure of forbs a nd sedges ( Ca rex spp . ) , is
i ndispensabl e as nest ing and brood rearing co ver ( Hamerstrom--~a1. 1957),
a lt hough cu lt ivated l egume s , fo rbs , and cro p s t ubbl e can be use d when adjacent
to gra ss l and (Hamerstrom 1939 ; Schwar tz 1945 ; Drobney and Spa r r owe 1977) .

Grassland vegetati on wa s the pr imary nesti ng cover for pra irie- ch ickens
in Wisconsin (Hame r strom 1939), Missour i ( Schwartz 1945), Kansas ( Ba ke r 1953 ;
Hora k 1971) , and Oklahoma (J ones 1963) . Thi rty- t hree percent of nest s i t e s
fo und i n I ll inoi s were in small grass la nd uni ts that t ota led only 4% of ava i l ­
ab le nesting co ve r (Yeatter 1943) . The se unit s had not been grazed or farmed
f or se ve ra l years and consisted ma inly of blueg ras s ( Pea pr at ens is ) . The
rema inin g nests were l oca ted i n fa l lo w f i e ld s , lig ht ly grazed pas t ure , and
redtop (Agrost is a lba) fields .

The great ma jor ity of nest s i n a l ater Illinoi s study we re found i n
r ed to p (We steme ier 1973). Thi s was due t o the availa bility of redto p and to
gra ss 1and ma nagemen t practices that enhan ced it s qual; ty a s nest i ng cove r .
Redtop was be s t for nest cover when diver si fied with t imot hy ( Phleum pra ten se),
l egume s , dewberr ies (Rubus flage llaris), and gold enr od .

Native prair ie wa s the mo st i mpor t ant nesting and brood rea ring habita t
for greate r pra i rie - chic kens in Mi s souri, account i ng fo r 60% of a l l nes t
l ocati ons (n = 35) and 40% of all brood l ocat i ons (n = 15), even t hough about
55% of i t was gene rally unused by pr a i r i e- chi c kens due to overg raz ing by
l i ve s t ock ( Oro bney and Spa r rowe 1977) . Legumes were al so i mpor t an t cove r,
accountin g for 17% of nest locat i ons and 19% of br ood l ocat i ons .

Predat ion on pr ai r i e-chi cken nests in Mi nnesota apparently was associated
with t he proximity to brush ; predati on on in cubating hens wa s a ssociated with
the presence of t ree s ( Svedar sky 1979) . Nesting hens in I ll inois avo ided
nes t i ng nea r woody cover on a sanct uary where predators were common (We stemeier
and Buhnerkempe 1983) .

Nesting hens apparentl y se l ect residual cove r t hat is ta ll and dense
enough to co ncea l themselve s and nests ( Schwa rtz 1945 ; Hora k 1971; Patterson
1973) . Cove r he ight at 23 act ive prai r i e- chic ken nests in Mi ssouri rang ed
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f rom 20 to 51 em and averaged 45 ern (Dr obney and Spar ro we 1977 ) . Cover a t
brood l oca t i ons i n native pa s t ur e was between 10 and 19.9 ern in he igh t. Both
ne st in g hens and broods avoided heavil y grazed pas ture . Nest cover height i n
Okl ahoma a l so averaged 45 ern and r anged f rom 25 to 70 em ( J ones 1963 ). Ne st
cov e r was t a l l er and dens e r than wha t wa s normal for the su rrounding t al1grass
community . Vege tation height at nest sit es in Kansa s ave rag ed 30. 2 cm and
ranged from 12.7 t o 96.5 cm (Hora k 1971 ). Brood cover averaged 30.7 em.
Svedar s ky (1 979) measured r e s i dua l vegeta t ion hei ght and density a t
pr a i r i e - chi c ken ne s t sites in Min ne sota usi ng the visual obs truction method
( Robe l e t al . 1970a ) . Vegetation a t nest s provided co mple te v isual obstruction
to an ave rage l eve l of 2 . 0 dm . High ly prefer red smooth br ome habitats pr ovi ded
sig nificantly highe r visual obstruction ( 2 .7 dm ) than all other t ype s . For
high quality ne st i ng and brood rearing cover as we l l as win t e r roosti ng cover ,
Ki r s ch ( 1974) recommends t ha t gras sla nds be managed to provide residua l vegeta­
tion about 50. 8 cm tal l t ha t is dense enough t o completel y conceal a nesting
pr ai r i e- chi c ken . High qual ity nesting cove r a l so pr ovi de s wi nt e r roosting
cover (Schwa rtz 1945; Mohl er 1952; Ha mer s t r om et a l . 1957 ).

Nesti ng prairie-chickens in Illi nois preferred fields of uni f or mly s truc­
tured native prairie grasses , or red top tha t had been high-mowed t o a height
of abo ut 30 em (We s t eme i e r 1973 ; We s t eme i e r a nd Buhnerkempe 1983) . This
stubbl e was persistent through t he wi nt er and pr ovi ded good visib i lity for
standing prair ie-ch icken s and amp le concealment of nests . Pra irie-ch icken
ne st s apparent ly we re less susceptib le to pr eda t i on t n un t fo r-ml y structured
vegetation becaus e preda tor s were attrac t ed t o t he high dens i ties of red- winged
blackb ird ( Age 1ai us phoe niceus ) and dickcissel (Spi za ameri cana) nes ts tha t
occurred i n clumped prai r ie gr a s se s (We s teme i er and Buhner kempe 1983 ) .

Wes t eme1 er and Buhnerkempe (1 983) bel teve that nes ting prairie -ch ic kens
on the former mesic ea s t e r n pra t rie s wer e l t mt t ed to t he dr t e r we l l-drain ed
ridges and blu ff pra iri es . They suggest t ha t t he r e lat i ve l y unlfo rm, vert i ­
cally or iented stubbl e of high-mowed grasses on we l l-dr ai ned si tes may be
s truc t ura lly s lm1lar t o the high quality nestin g cover of the se f or mer
pr a t r f e s .

Ne st i ng prair ie-ch icke ns apparently do not use vege t a t i on t hat i s t oo
ta ll and dense . Nesti ng hens i n I ll ino is avoided old growth prairie grasses
[b i g b1uestem (Andr opogon erardi ), In dia ngrass ( Sor gha s t r um nuta ns ), and
switchgrass (P ani cum virgatum ) t ha t had deve l oped an impenetrabl e layer of
cane-l i ke res idual cover (Wes t eme i e r 1973 ) , and tal l , ran k weed growth
( Yeat ter 1943) . Sved ar s ky ( 1979) and Buhnerkempe et e l . (1 984) agree that
cove r > 1 m in he ight may not be suitable fo r prai rie -ch ic ken nes t i ng .
Buhnerkempe et a 1 . ( 1984) suggest that pra irie-chicken habitat in I l l i no i s be
managed so that 90% of the standing vegetatio n is < 40 cm i n height , but dense
up to that l eve l , a nd so t ha t the ta ll est vegetat io n i s no more than 80 em i n
hei ght .

Decl i ne s i n redtop use by nest ing pra iri e-chicken s in I ll i noi s wer e
a t t ri but ed to exces s i ve litte r bui ld up, whi ch promoted cold , we t soi l con d i ­
tions during nest initiat ion, impeded movements , and r educed food availab ility ,
e spec ial l y fo r young chicks (Westemei er 1973 ). Pr esc r i bed burn ing rejuvenated
the gra ss la nd and re sulted i n increa sed pra irie-chic ken use by the second
nest ing season f ol l owi ng the burn.
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Forbs are an important habita t compone nt for broods because they su pport
r elat ive ly high popu lat i ons of i nsec t s ( J ones 1963) and can prov ide shade
dur ing the heat of the day ( Robe l et a l. 197Gb ; Horak 1971) . Hens i n Oklahoma
(Jones 1963) and Mi nne sot a (Svedars ky 1979 ) typica l ly moved their newly hatched
broods to disturbed sites, such as old fields and cul tivated pa st ure s , where
f orbs we r e abun da nt.

Interspers ion , Compos it ion. and Movements

Greate r pra ir ie-chickens are cons i der ed to be nonm igratory , a lthough
d istances be tween breed in g grounds and wi nt e r i ng areas commonly are 1. 6 to
4.8 km (Edm in ster 1954) . Long- range mo vement s appar ent ly i nd i cate habitat
def i c ienc i es ( Hame r s t rom and Hame r s t r om 1949 ) . Wi nt e r ni ght r oosts of greater
pra ir ie-chickens in central Wi scons in common ly wer e 0 . 4 to 0 . 8 km from feed ing
f ie lds and seldom were more than 2 . 0 km away (Hamerstrom and Hamerstrom 1949) .
Distan ces between wint er r oos t i ng and fee d in g s ites in eastern Kansa s ranged
f rom 0 .2 to 3.2 km and averaged 1.2 km ( Hor ak 1971 ) . Daily movements of ma le
flocks in Missouri during winter appeared to ref lect spatial arrangeme nts of
hab itat compone nts (Dr obney and Sparrowe 1977). Aver age dai ly movements were
greatest in Febru ary and r anged f r om 2.8 to 6 .0 km. Thi s was due to greater
d istances trave led to r oostin g and loafing sites , intensified food seeking ,
and more freq uent visits to le ks dur ing t hi s per i od . Moveme nt s t o wi nt e r i ng
grounds in Mi chigan are of t e n about 6 .4 to 8 .0 km, and largel y dep end on foo d
and roost i ng cover ave il abil i t y (Ammann 1957 ). Evans and Gil bert (1969)
con s idered gra in fi e lds> 9 .7 km a part to be of no value for prair ie ch ic kens
i n Colorado; d istances < 6 .4 km wer e cons idered opt i ma l .

Typi c al pra irie-chicken hab itat in South Dakota consisted o f 74.0% grass­
land ( i nc l udi ng hayland), 21.0% cu lt ivated l and ( pr i ma ril y smal l gra in s ), 3 . 5%
weedy cover , and 1. 5% woody cove r ( Janso n 1953 ) . Two t owns hi ps of the best
pra i rie -chicken r ange in Kans as con tained 62 .9 and 66 . 4% permanent gr as s l and ,
r e s pec t i ve ly ( Ba ker 1953) . Feed gr a i ns (corn, wheat, sorghum , and soybeans)
formed 18 .6 and 16.6% of the t ownships, respective ly.

Spec ia l Cons iderations

Mode rn f arming pract i ces, s uch as f a ll plowing , great ly reduce t he ava il­
ability of was t e gra in for wi nt e r f ood. Corn fields used by catt le after the
fa ll harves t i n Mi s sour i pr ovided little waste grai n f or prair ie - ch ickens by
l ate win t er ( Dr obney and Sparrowe 1977) .

HA BITAT SUI TABI LI TY INDEX (HSI) MODE L

Model Appli c abi l i t y

Geograph ic area. This mode l wa s deve loped for applicati on t hroug hout the
hi storic range of t he greater prairie-chicken ( Fi g . 1) .

Season. Thi s mode l was de vel oped to eva l uate the year-round habitat of
t he greater pra ir ie-ch icke n.
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Figure 1. The historic ra nge of the greater pr ai rie-ch icke n
(from Jo hnsgard 1983) .

Cover types . Thi s mode l can be a ppli ed in Grassl and (G) ; Pasture a nd
Hayl a nd (P/H); Cropla nd (C ) ; a nd Herbaceous Wetl a nd (HW) of temporarily
flooded , in t ermi t ten t l y floode d , and artificially flooded wat er regimes , that
are dry dur ing t he ne s ti ng season (te rmino logy follows that of the U.S . Fish
and Wi ldli fe Service 1981a) .

Mini mum habitat area. A ffi l nlffiu m of 10 ,4 km 2 of average qual ity cover has
been suggested as the co nt iguo us area req uired fo r a greate r prairi e-chicke n
pop ulation i n no rthern Mi c h i ga n farm l a nd (Ammann 195 7) . Edmin ster (1954 )
believes that an isolated unit of r ange must suppor t seve r a l flocks to sustain
prairie-ch icke ns t hrough per i od s of low numbers . He estimates t hat 2 ,02 5 to
4,050 cont i guous hec t a re s of habitab le range are r equired , wit h 33 to 40%
be in g gra s s land . A mi nimum of 2 .6 km 2. of hi gh qua l ity gras s la nd has been
est imated a s the a re a requirement to pro vide al l the pr a i r ie -ch icke n 's habitat
need s in In dia na ( Barnes 1952 ), but Kir sch ( 1974) be l i e ve s t hat sma l l a reas
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woul d not c a r ry pr a i ri e -chicken s through natura l disas t e r s or permit suf f icient
latitude f or hab itat ma nagemen t . He r ecommend s 5 . 2 km2 of hi gh qua li t y grass ­
la nd habitat as the min l mum f or pr ai rie-chicken man ageme nt un its. I f not
con tig uous the smalle s t blocks s houl d be 64 . 8 ha with a min imum width of
0 .8 km ; all bl oc ks sh ou l d be conta ined within 20. 7 km" . I n Il l ino i s, 60 7.5 ha
of gr as s l an d s anc tua ry i s e xpec ted t o suppo r t 4 t o 12 t imes the s upposed
exti nc tion t hre s ho ld of 50 birds a nd provide a safe t y marg i n again st fa ctor s
such a s phe asa nt (Pha s ianus colc hic us ) compe t ition , oil dev e lo pment ac ti v i t y ,
he avy preda t io n of ne sts, a nd i nc re as i ng l a nd us e d i sturbanc e around the
sa nc t ua ri es ( I l li nois Natura l His tory Sur vey 1984) .

For a ppl icat i on of t hi s mo de l J the minim um a r ea requ i r ed fo r greater
pr ai ri e -chic kens is a s sumed t o be 5 .2 km 2 o f grass l and , pa stu r e a nd hayl a nd ,
o r herba c eou s wet land co ve r ty pe s , with in a 20.7 km2 area, with t he sma ll est
b loc ks bein g 2: 0.8 km wi de . No i nfo rmat io n wa s fou nd in t he l ite ra tu re
regard ing the mi nimum amount o f cropland needed fo r prairi e -c hic kens.

Verifi cati on le ve l . Thi s model i s a hypo thesis of speci es-habita t r ela ­
ti on s hi ps a nd not a s t a tem en t o f pro ve n ca use and eff ect re lat i onsh i ps .
Pr el imi nary draft s were r e v i ewed by :

P. M. Arn old (Arrowwood Nat i ona l Wil d l ife Ref uge, U.S . Fi sh and Wild l ife
Se r vice , Pin gr e e , NO);

B. C. Be ll ( U. S. Fi s h a nd Wil d l ife Se rvice , Atlanta , GA);

K. E. Eva ns (Intermou ntain Forest a nd Ra nge Exper i ment Statio n , U.S.
Forest Serv i ce , Ogde n , UT) ;

J . R. Fos te r (Arrowwood Nat i ona l Wil d l i fe Refuge, U.S. Fi sh and Wil d l ife
Se r vic e , Pi ngr e e , NO);

A. D. Kruse (Northern Prai ri e Wil d l ife Re se a r ch Center, U.S . Fi sh and
Wil d l ife Se r vic e , Jame stown , NO) ;

L. J . OINeil (Wat erw ay s Ex per i ment St a tion , U.S . Army Co r ps of Eng ineer s ,
Vi ck sburg, MS) ;

T. H. Robe rt s (Waterway s Expe ri ment Sta t ion , U.S . Army Corps of Engineer s ,
Vi c ksbu r g , MS);

T. E. Toney ( Mi s souri Department of Con servat i on , Loc kwood , MO) ;

G. W. Towns ( U. S. Fi sh an d Wlld l i fe Se rvice, Denve r , CO );

J . S. Wake l ey (S ch ool of
Un iversity, Un iver sity

Fores t Res ources ,
Pa r k, PAl; a nd

The Pen nsy l va ni a St a t e

R. L. We stemei e r (I lli nois Na t ur a l History Sur vey . Effi ng ham, IL) .

The ir rev iew c omments and su ggesti ons have been i nco r pora t ed i nto t he mode l .
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Model Descripti on

Overview. This model is divided into three components, two representing
life requisites of the greater prairie-chicken and one representing habitat
composition ( interspersion and proportions of cover types provid ing life
requisites ) . Win ter food and nesting cover are assumed to always be the most
1tm t t i ng factors for greater pra i ri e-cht ckens; therefore , they const i tu te the
l i f e requisites in this model. Winter food is provided by the cropland cover
type; nest i ng cover is prov i ded by gra ss land, pasture and hay 1and, and
herbaceous wetland cover types . The overa ll Habitat Suitability Index ( HSI)
is determ ined from sui tability indices for the life requis ites and for hab i tat
compositi on, Life requisite suitability i ndi ce s are derived from suitability
i nd i ce s for habita t variables, which are as socia ted wit h habitat characteris ­
t ics wi t hi n cover types. Suitab ility indices for habitat composition are
derived fro m spatial variables , whi ch are primari ly associated with the spatia l
arrangemen t of cover t ype s ,

This mode l assumes that optimum habitat cond it ions for t he prair ie-chicken
exis t when winter food and nes ting requirements are me t wi t hi n a prescribed
area, Prairie-ch ickens i nhabi t i ng ex tensive tallgras s pra iri e habitats appear
to depend l e ss on cu lt ivated gra ins for win ter food than do popula tions wi t hi n
other areas of their range . The assumed relat ionships in the win ter food
component may t here for e not a lways be app licable in t a ll gr a ss communities .
Individuals who wi s h to apply t he model t o extensive areas of tal lgrass prairie
shou ld determine whether or not the wi nt e r food component of t hi s model is
appl icable t o their particular s i tuation .

Wi nte r fo od component . This model assumes that present-day greater
prairie-chickens generally require a source of cul tivated crop foods for
winter sustenance , Winter f ood suitability i n t hi s model is a function of the
types of crops present and their avai lability. Corn and sorghum apparently
are t he most important crops because of the ir pa latability and resistance to
co llaps ing under sn ow, Soybeans, buckwhea t, and oats are used to a lesser
extent , but seem preferred over wheat, rye, and other grains, The relatively
stout-stemmed soybeans are somewhat resistant to collapsing under sno w, but
l e ss so than corn and sorghum . Was te soybeans t end to be l e s s persistent in
the field than corn and are more easily covered during pos t harves t tillage
(Wa l ke r 1981; Warner e t e l . 1985 ) . For the purpose of this mode l , the
fol low ing crop t ype s have been rated i n order of suitabi lity based on the
appa rent preferences of pra i ri e-ch t cken s and the crop I S ava i 1abi 1ity duri ng
wi nt e r : ( A) corn and sorghum; ( 8 ) soybeans; (C) buckwheat or oats; (0) rye ,
wheat, or other grains; and ( E) nongra in crops . The suitability ind ices
( SI V1) co r re s pond i ng to crop types ar -e shown in Fi gur e 2 .
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Figu r e 2 . The rela tionship be t wee n t y pe of c rops presen t and
wi nter foo d sui t abili ty for t he greater pr a irie -chi cken .

The ava i l ab i l ity of f ood fo r wi nt er i ng prair i e-chi c kens is infl uenced by
c rop manag ement dur in g t he f a l l and winter and t he e ff i c i e ncy of the har ves t
(Moen 1983) . The eff ic ie ncy of harvesti ng is va riab le and difficult t o measu r e
(Moe n 1983), and measu r ing th e am ount of wa ste gra in i n f ie l ds is t i me co ns um­
ing and cos tl y (Freder ic k e t a l . 1984) . This model t here f ore i nfers waste
grain ava i lab i l ity f rom f al l and winter crop ma nagement prac tices . I n general ,
ha r vesti ng r emo ves abo ut 93 t o 97% of t he gr ai n f rom fi el ds (U. S . Fish and
Wi ld l i fe Ser vice 1981b; Hoen 1983) . Un har ve sted gr ain fi eld s ( e .g., food plots
i nt ended fo r wi ld l i f e or patches of crops inaccessi bl e t o harv esters) co ul d
therefore poten ti all y provi de 25 ti mes more grain for wint e r in g pra irie
chic ken s tha n harve st ed f t e l ds . Edmins ter (1 954) sug gest s t hat 0 . 4 ha of
unha rve sted grai n can s upport about 30 pr airie-chicke ns throughout the win t er .

If crops are har ve sted, more waste grai n s hould be ava ilable if t he
re sidue i s l e f t und isturbed tha n if t il led . Pos t - harves t tillage t end s t o
bury wa ste grain under t he soi l where i t cannot be r ea ched by pra i ri e-c hic kens ,
and r educ es cov er prov ided by stubble ( Mo en 1983) . Moldboard plOWi ng and di sk
pl owin g over t urn the t op l aye r of soi l, with mo ldboard plows buryi ng mor e gr ai n
than d i sk plows. Chi se l plo ws s t i r t he so il wi thout turni ng under c rop
re sidue s and should t here for e y i e l d mo r e wa ste gra i n than mo ld board or disk
pl ows . Harrows till the soil l es s deep ly than pl ows and do not compl et e ly
bur y crop re s id ue (Walker 1981) . Howev er, some harrows (e . g ., off se t di sk)
can be much heav i er than ot hers and t i ll th e soi l t o grea t e r depths. Bali ng
and grazing crop r es i due a lso reduce s t he amount of wa ste grai n t hat wi l l be
av ailab le dur ing t he wi nter . Si l age harv esti ng is r e lat i ve ly cons umpti ve , and
l i t t l e wa ste gra i n ca n be ex pected t o r ema i n among the s t ubb l e .

Balda ssarre e t a l . (1983 ) in ves t i ga ted change s in waste co r n abu ndanc e
foll owing va rious cropl and ma nagement pra ct ice s on f reshl y harve sted f i e ld s i n
Texa s . An ave r age of 364 kg/ha wa ste grain occured in f i e l ds f oll owi ng
har vest. Oi sk in g har vested fi el ds t o depth s < 20 cm redu ce d t ot a l wa ste grain
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by 77%, but i nc rea sed t he avai labi l ity of r emain ing gra in (63 kg/ hal by
reduc ing stal k and l eaf li t t e r and breaki ng up ea rs of cor n into sma ller
pi ec es . Fur the r grain lo s s from s ubsequent d i s kf nq was mi ni ma l, but one
d isk ing followed by deep (30 t o 45 cm) pl owi ng red uced t ota l waste gra in by
97% , l eavi ng only 6 kg/ha . Gra zing of cr op re sid ue by cat t l e r educed t he total
amount of wa ste grain by 84% . Howe ve r , gra zi ng ge nerally occ ur red i n f ie l ds
where wa ste gra in wa s most abundant fo l l owin g t he harv est and s ubstant i a l
amounts of gr a i n (7 3 kg/ha l , rema i ned i n t he f ie ld s when gr az i ng was
term inated . Hand sal vagi ng by farm workers r ed uced wa ste gra i n by 58% .
However , hand sa lv ag in g a lso occurred i n fie lds wi th abundant wa ste i ni ti a ll y .
and much gra i n (3 33 kg/ hal rema i ned f ol lowi ng t his act iv i ty .

War ner et a l. (1 985) eva luated t he ea rly win t e r abunda nce of waste cor n
and soybeans re lati ve t o commo n t i l lage pra ct i ces and grazi ng dur i ng a t wo
yea r peri od i n I l l in o is . Till ag e pract i ce s were cla s sif i ed a s unt il l ed ,
intermedi ate ly t i ll ed ( conservat ion t il lage sy stem s, e . g . , chise l pl owi ng and
of f se t d t sk i nq} , and mol dboard plowed . No moldboard p l owed soybean f ie ld s
we r e encountered . A multi pl e regres s i on mo del was deve lo ped to predi ct t he
abundance of remaini ng waste grain fo l l owing var i ous post-harvest t i l l age
opera t io ns . Waste co r n i n unt i ll ed f i e ld s mea su red 430 . 5 kg/ha in the f irst
year and 273 . 7 kg/ha i n t he second year. Duri ng each of the r es pect i ve years ,
i ntermedia te ly t i l led co r n fie lds contai ned 45 . 4 and 65 .0 kg/ ha waste co r n , or
90 and 76% l es s than the unti l led f i el ds . Moldboard plowed a nd gr azed - unt il l ed
cor n f i e l d s cont a i ned 3 . 7 and 68.7 kg/ ha wa ste cor n re spect ive ly, or 99 and
84% l ess t han the unt i lled f i e l ds, dur in g t he f irst year (data were not avai l ­
able for moldboa rd pl owed and gr azed- until led f i e lds during the seco nd ye a r ) .
Wa s te soybeans i n unt i ll ed fie lds measured 47 . 9 and 63 . 3 kg/ ha during ea ch of
the respective yea r s . I ntermediate ly ti l led soybean f i elds cont ai ned 12. 3 and
11 .5 kg/ha waste grai n ea ch respecti ve year, or 74 and 82% l ess than unt i l led
f i e l ds . Grazed - unt i lled soybea n fi e ld s con ta i ned 39 . 6 kg/ ha wa s t e gr a i n , or
19% l ess than unt i l led fie ld s during the f irst yea r (data f or gr azed- unti ll ed
soy bean fiel ds were not availab le dur ing the second year) . Table 1 shows t he
regre ss ion model ·s predi ct io ns of ear ly winter abundan ce o f waste cor n r e la t i ve
to common fall t i l l age systems i n Il ' ino i s .

Exac t fa ll and winter c rop manageme nt pract i ces can be diff i cu lt t o
determine in t he fie ld and re su l t in g waste gra in abundance can vary .
Therefore, fa l l and winter c rop management pra cti ces are d i v i ded into f our
broad cat egori es and assi gned suitabil ity ind i ces ( SI V2) ba se d on as sumed
wi nt er fo od ava ilabil ity ( Fig. 3) . The f i rst ca tegory (A) in cludes f ie lds
harve sted for gra in t hat have been le f t undi s t ur bed or have been hand sa lvag ed .
Ha nd sa lvaging can reduce waste grai n by 58% (Ba l dassarre et e l . 1983), but
t hi s practi ce may be undetectable 1n t he f ie ld , and much waste gra in (33 3
kg/ ha l ca n rema i n as pot ent i a l f ood for pra irie- chi ckens . The second cat egory
(B) in c lude s fie lds harves ted for gra in t hat have had the soi l surfa ce and
c ro p re sidue sti r red (c hi se l pl owed) or l i ght ly turned (si ng le d isking) .
Fi e l ds in t he t hird categ ory (C) are har ve sted for gra in and t hen grazed by
t tve s r cck dur ing t he fa ll and winter . The fina l catego ry ( D) in cl udes fi e lds
that have had t he cro p resi due removed (e .g., ba l ed or harves ted for s ilage)
or deep ly t ur ned unde r t he surface by moldboard plowing or severa l pa sses
( ~ 2) of other so i l till age equi pment . Crop ma nagement prac t i ce s that are not
discussed above s hould be compar ed to those that are (in terms of waste grain
yie l ds) , and then be ass igned an appropr iate su ita bi lity va l ue .
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Tabl e 1. Pr edi ct ed ear ly wi nt er abundance of wast e corn relative to common
fa l l ti llage systems i n 11 1i no1s (adap ted f rom Warner et al. 1985) .

Tillag e system

Wast e corn
abundance

(kg /ha )

Percent decrease
relative to

unt il l ed fields

Untilled
Dis k (tandem)
Chisel ( st ra i ght - shank)
Chisel ( twi st ed- shank)
Chisel ( st ra i ght- shank) - dis k ( ta ndem )a
Chisel ( st ra i ght- shank) - dis k ((tOaf nfdSeemt )):
Chisel (tw i st ed- shank) - disk
Chisel ( twi sted - s hank) - disk ( of f set) a
Moldboard plo w

359
262
166
30
25
9
6
3
2

27
54
92
93
97
98
99
99

aTwo-pass t i l l age opera tions usi ng bot h chisel plo ws and di sks .

Fal l and winte r crop management .

0.2

0 .8

DcBA

I
0 .0

0.6

0 .4

- 1. 0
N
>-V>Cro p resi due hand sa lvaged

or l eft undi sturbed .
Crop residue lightl y
t i ll ed ( si ngle pass
wi t h chise l plow or
dis k) .
Crop residue gra zed
by l i vest ock.
Crop resi due moldboard
plo wed , two- pass t i l l ed,
or bal ed, or cr op
harves ted for si lage .

A.

B.

c.

D.

Figure 3.
pract i ces

The relat ionship between f al l and wi nter crop manageme nt
and winter food sui tabi l i ty fo r the gr eat e r pr a i rie-ch ic ken.
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Although unha rvested crops provide a sou rce of abundant grai n, they are
not assigned a su i tab i l t t y value for fa ll and winter crop management. The
value of unharv ested crops as an abundant winter food sourc e wi l l be t r ea t ed
during HSI calcula tio ns so that t he ir contributio n to winter food su i t ability
i s considered. If more t han one management pr act i ce occu rs on a field, the
lowest correspo ndin g su itabi l ity index should be used for HS I calcula t ions .

The suitab i l i ty o f winter food is a func t ion of the type of c rop present .
and fall and wi nter crop management practices. Equation 1 i s used to determine
the sui tabi lity i ndex of the win ter f ood l ife requ isite ( SIWF) in harves ted
cropl and . Equatio n 2 i s used to de termine SIWF in unharvested cropland .

SIWF = (SIVI x SrV2)I /2

SIWF = SIV I

(I)

( 2)

The geometric mean in Equation 1 represents an assumed compensatory rela tion­
ship between SIVI ( f or type of crop present) and SIV2 (fo r fall and wi nte r
crop management ) ; e.g., a relatively beneficial crop ma nagement practice can
moderate t he nega t i ve effect of a low Quali ty crop type by allowing a grea ter
abu ndance of the c rop to rema i n i n the field a f t e r harvesti ng.

Ne st i ng cover component. The lack of residual herbaceous vegetatio n for
nesti ng a nd brood rearin g i s documented in the lite ratur e as an importa nt
l imit i ng factor fo r great er pra irie-chickens throughout their range . However,
R. L. \4e st emeier (Il li nois Na t ural His tory Survey . Eff ing ham; pers. comm. )
does not believe that res idual herbaceous veg etation i s essential fo r broods
af t e r the nest is a ban doned [ us ua ll y wi t hin 24 hrs af ter the las t chick has
ha tched ( Lehma nn 1941) ] . Broods ca n generally use se vera l other types of
cover that a r e not well s uited for ne s t ing; e . g . , crop lands and modera tely
grazed gr as s l and . Therefo r e , th is mode l co nside rs the la ck of residua l
he r baceous vegetat i on for ne s t i ng cover to be t he l i miting fact or duri ng t he
re pr oduct i on season.

Res idual herbaceous vegetat io n i s importa nt ne s t i ng cover because lit tle
cu r rent growt h is ava ilab le a t the ons e t of ne sti ng . Residua l vege t atio n for
nesti ng co ver must be t al l a nd dense enough duri ng t he spr i ng t o co ncea l an
in cubating hen . Height and density can be conve nient ly meas ured us i ng the
vis ua l obstruc t io n reading ( VO R) method of Robel et al . (1 970a) . whi ch measu r es
the hei ght i n de c imeters t o which t he vegetati on comp lete ly obstructs vision
of an obj ec t when si ghted f r om a he i ght of 1. 0 m and a distance of 4 . 0 m
(e.g. , a VO R of 1.0 pr ovi de s 100% vi sual obst ruct i on to a he i ght of 1. 0 dm or
10.0 cm). A VOR of 2 .0 dm can conceal prai rie- chi c ken ne s t sites , but
prefe r r ed cove r can provi de a somewhat hig her VOR [ e .g ., 2.7 i n smooth brome
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hab itats of Minnesota {Svede r s ky 1979) J . However, it is more practical to
estimate nes ting cover sui tability by ca lculating an average VOR ove r an
ent ire area so that nest l ocati ons need not be known .

The over a l l he igh t of vegetati on at nest si tes in Okl ahoma was more than
twice that of vegetati on 1 m from t he ne st ( J one s 1963) . Ne s t site vegetati on
was also hi gher t han surrounding vegetation f or plains sharp- tailed grouse
( Tym panuchus phas i anell us jamesi) in North Dakota (Kah n 1976). This model
there fore assumes tha t an average VOR of 2. 0 to 3 . 0 dOl ove r an entire nest ing
habitat area i n the spr i ng wou l d prov ide areas of ta ller and de nser vege tati on
f or nes t s ite s , and would represent optimum nesting cover condit i ons ( Fig. 4) .

- 1.0
M
0>-V> 0.8
x
'""0 0 .6c;

>, 0 .4...
.-
~.-
.0 0.2'"....-
~

V> 0.0
0.0 2.0 4. 0 6.0+ dm

0.0 7.9 15 .8 23.6+ inches

Average visual obst ruct io n
reading (VOR) of resi dual
vegeta t ion

Figure 4 . The re lati onsh i p between the average visua l obst ru ct i on
reading (VOR ) of res id ual vegetat ion and nesti ng cover suitabi l ity
for t he gr ea t er prairie- chicken .

Sui tab i lity i s assumed t o decrease as the average VOR fal ls bel ow 2 .0 dOl .
No informati on wa s found i n the literature regard ing the minimum VOR requ ired
fo r nest ing prair ie- ch ickens, but t hey apparently wil l not use vegetation < 13
t o 20 em i n overa l l hei ght a t nest s t t.e s . The l owe s t average VOR obt a i ned
during t he spr ing from a past ur e contain ing pl a i ns sharp- tailed gro use nests
in Nort h Dakota wa s 0 . 55 dn ( Kahn 1976) . It is t herefore assumed i n th is
model that zero s ui t ab tl t t.y f or nesting co ver cond it ion s wi ll be reached when
the average VO R fo r nest i ng hab itat decrea ses to 0 .5 dOl.

Pr a i r i e - c hi c kens t end t o avo id veg etat i on that i s exce ss ively t a ll and
dense . Buhner kempe et al . (1 984) i ndi ca t ed that cover > 1 01 tall may not be
su itab l e pr a irie-chic ken nest ing cov er , and r ecommended tha t Ill in ois hab itat
be man aged so t hat t he ta lles t vegetati on i s OS 80 cm i n height. We st emeie r
(p ers. comm.) suggest s t hat nes t ing co ve r suitab il ity shoul d drop t o 0 . 0 a t
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some po int > 4 .0 dm. Toney ( pers . comm . ) be l ieves prai ri e-ch ickens would not
us e cover with a VOR > 4. 0 dm unle ss no other wa s eve t l ab le . Therefore ,
s uitab il ity in th is mo de l decrease s a s the averag e VOR ex ceeds 3 .0 dm unt i l
ze ro sui t abi l ity is r each ed at an average VOR of 5 . 0 dm.

Hay f ie l ds are of t en used by nest in g pra ir ie-chi cken s , however, the se
f ields are s uitab le only for short per iods during the year . Mow ing ope ra t i ons
can cause nest dest ru ct i on and hen mor t ali ty , and remove vegetati on r equi r ed
f or nest cover . Therefore, hayf f e l ds that wil l be mowed dur in g t he nest i ng
sea so n shou ld be a s signed a s uitabil i t y index of 0 . 0. Idle hay f t e l ds and
tho se t hat wil l be mowed af ter the nest ing sea son [in c l ud in g a lfalfa (Med i ca go
sat iva ) and c lover (T ri fo lium s pp. ) fie ld s] shoul d be a ss i gned a suitability
index cor r espond i ng t o the average VOR . The av erage VOR of r e si dua l vegetat i on
i s the on ly hab itat variab le i n th is mode l that repre sents nes t i ng cove r
su i t abi l i t y. The re fo re , t he su i t abil i t y i ndex f or t he nest ing cover li f e
r equis ite (S INC ) i s equal to the s ui t abil i t y index f or the ave rag e VO R of
res i dua l vegetation (SIV 3), a s s hown i n Equati on 3.

SINe = SI V3 (3 )

Compositi on compo nent:. Winter fo od a nd nes t ing cove r are suppli ed by
different cover types . The di st ance betwe en cover types pro vi di ng the life
requis ite s and their propor t ions are i mpo r tan t i n det e rmini ng the ove ra ll
potent ia l hab itat va l ue of a s ite .

Cover types providing wi nter fo od and nest ing cover mu st be wi t hi n a
suitable d i s t ance of each othe r to be availab le for pra irie - chi cken use .
Da ily wi nt er movements of pra ir ie chi ckens are commonly 0 .2 to 0. 8 km between
roo st ing and fe eding sites, and generally do not exceed 2.0 or 3 .0 km. Base d
on the se movements data and suggest ions by Toney (pers . comm. ) a nd We steme ier
( pers . comm. ), t he opt i mum d i stance between cover t ype s prov i d in g winter f ood
and nesting cove r i n thi s mode l i s s: 1.6 km ; i. e . , t he s uitabil ity i ndex
(SIV4) equa ls 1. 0 ( Fig . 5) . Suitability decreases as th e distan ce approaches
6 .4 km , where sui t ab il i t y becomes ze ro.

The propo r t io ns of cover type s prov i din g nes t ing cover and winter f ood
are expre ssed in th is mode l as percent equivalent opt i mum area . These are
spat ia l variab les t hat represent t he per cent area that provi des a l i fe
r equi s ite at opt i mum l eve ls (these are actually equ iva lent f igu res, i.e . , 100%
of the area at a sui tab ility in dex of 0 .5 is equa l to 50% of the area at an
opti mum 1. 0 va lue) . The ca l cula ti on of perc ent equiva lent optimum ar ea i s
expl ai ned in the ll HSI de te rminat i on" sec tio n of th is mode l.
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Figu re 5. The r el at i onshi p between the di stance separati ng cover types
provid ing diffe rent l ife requis i tes and habitat sui tab il ity fo r t he
greate r pra ir ie- chi cken .

Cropland t s assumed to r epre se nt available winter feedi ng habi tat. Data
assoc iati ng densities of prair ie-chickens wi t h var iou s propo rt ions of cr opland
are useful i n estimating t he optimum propo rt ion of winte r f ood r e source s
r eq uired f or maxi mum s ite s uitabil ity . The average propo rti on of feed grain s
( corn , whea t , sorghum , and soybeans) on t wo t ownshi ps of the bes t pra i rie­
chicken r ange i n Kan sas wa s 16 .6 and 18 . 6% (Baker 1953) . Typica l prai rie­
ch icken hab i tat in South Da kot a cont ai ned 21% cropl and ( J an son 1953) . Ve ry
dense popul ati ons we re found on range s in Mis sour1 with a s little as 16%
cultivated l and ( Sc hwar tz 1945) , and importa nt breed i ng areas i n Nebra s ka had
no more than 10% crop la nd (Mc Clu re 1943) . Based on t hi s i nfo r mat i on , i t is
assumed t ha t the optimum proport ion of winte r fo od available on any site i s
15% or mo re . Suitability i s a s sumed t o decrease a s the propo rt ion of cr opland
fa lls be low 15%. The r e l ati ons hip between the per cent area prov iding equiva ­
lent opt imum wi nt er food and win te r f ood su t t ab tl t ty i nd i ces (SIV5) i s shown
i n Figu re 6 .

Hamers trom et a l . ( 1957) compil ed l and use and pra i r ie- ch icken populat ion
data f rom habita t s th ro ughout the b t r dt s r ange. They concl uded that the
number of disp laying ma les plo t t ed agai nst proportion of pe rmanent grass land
prov ides a r ough in dex to hab itat quality (populati on numbe rs were compa red at
sim ila r point s i n t ime to avo id t he e ff ec t of cycl i c flu ctuation) . However,
these data have l i mi t a t i ons . Some of them have been i nt e rp o l at ed or e s t i mat ed
t o round numbe r s, and t he potent ia l i nfl uence of gra ss land cond i t ion and
wi nt e r food availab ility on pr a i r i e-c hicke n de ns ity wa s not cons i de r ed . The
var iation in siz e and shape of the census areas a lso cou ld have int roduced
some bias . Neve rthe l e ss, the data are assumed to be adequate to show a rel a­
tion s hi p between percent grass land and population densities. For the purpose
of t his model, these da ta have bee n pl otted as a l i nea r r egres si on and a re
shown wi th t he regress ion l i ne i n Fi gure 7. The coefficie nt of determi nat ion
(r 2 = 0 . 90) shows tha t 90% of the va riation in ma le pra i rie-ch icken de ns ity is
at tributed t o var iat ion in the proportion of permanent gras s la nd .
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Figure 6. The rel at i onshi p between the pe rce nt area providi ng
equ i vale nt optimum wi nt er food and winter food suit ability for
t he greater prair ie-ch icken .

The t rend shown is t hat popula tions were lowest when pe rmanent grassland
const itu t ed abo ut 30% of t he to tal a rea under consideratio n. Popul ations
became increas ingly l a rge r as t he pro portion of permanent gra ss land i nc reased
to about 80%. Two data points ( den ot ed by t he symbol + in Fig . 7) tha t did
not agree with t he general t rend have bee n omitted f rom the r egress ion ca l cul a­
t i on . However , Ha merstrom e t a1. (1957) be li eved t hat one of t he se [2 5%
perman en t grass l and with 26 . 8 ma les/sec t ion ( 2 . 6 km 2

) i n Ind iana] may have
refl ected d is to r t ion due to small sampl e si ze, a nd t hat the other (73%
permanent g r as s l a nd wi t h only t wo or t hr ee mal es /section ), taken from South
Da kot a, s ugges ts t hat the carry i ng capacity i n th is most western part of t he
bi r d ' s r ange may be re lative ly low. Thi s a rea was i nt e ns i ve l y farmed or
gr az ed l ea ving only narrow strips of relati vely undisturbed grass la nd in t he
rough br ea ks al ong the Mi s sour i Ri ve r an d its tributa ries to support most of
the prair ie -chi c ken s . Ano t her data point tha t d id agr ee wi th t he gen era l
t r end (2: 48% pe r manent g r ass l a nd wit h 12 . 1 mal es/sect ion ) was a lso omitted
bec ause the ac t ua l amount of permanent gras sland present wa s Que s t i onab le .

18



•

+

10080

+

•

•

60

•
•

40

Y=0.735X-21.4

20

50
N

"~
«>.
N 40
c
0

"~....
u
<1>
~ 30
<-
<1>
0.

~

<1>-'" 20E
"0

"0
0
<-
on
on 10c

"~

E
0
0

'"
0

0

Percent permanent grass land

Figure 7. The rel ati onshi p between percent permanent gr assl and and
prairi e-chfc ken densi ty (adap ted from Hamerst rom et a l . 1957) . The
data poin ts denoted by t he symbo l + have been omi tted fr om t he
r egress ion ca lculation .

I t is ass umed i n t hi s model tha t permanent gr ass l and r epr esent s avai l abl e
nesting habi tat, and dat a f rom Fig ure 7 are used to estimate t he optim um
proportion of nesti ng habita t requi r ed f or maximum suitab ility of the nesti ng
cove r li fe r equi s i te. Based on the data i n Fi gure 7 , th is model assume s that
the optimum pro portion of nes ti ng habitat in a given a rea i s 80% or more.
Suitab ility t s a s s umed to decre as e a s t he proportion of nes t i ng hab ita t
dec r ea se s . The r egres s ion equa ti on in Fi gure 7 pr edic ts that an area wi t h 80%
pe rmanent gr ass land wil l su pport 37 male prai r ie-chic kens /section . The suit­
ab il ity index ( SIV6) can t herefor e be deri ved by modifyi ng the r egr es s i on
equ a tion as shown i n Equation 4 :

SIV6 = ,,0'-'."7.=.3",5X'-,,-- -..2,,-1'-'!" 4
- 37 ( 4 )
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where x ~ t he percent of the ar ea pro vidi ng equ iva lent optimum
ne sting cover

Note t hat if
calculations.
calcula t ions.

5IV6 is > 1.0,
If SIV6 t s <

a val ue
0 .0, a

of 1. 0 sho uld
va l ue of 0 . 0

be used for SI V6 i n
s houl d be used i n

f urther
fu rther

Figure 8
eq ui valent
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Fi gure 8 . The rel a t i onship between percent area pro vid ing equiva l ent
optimum nest i ng cover and ne s t ing co ver su itab il ity fo r t he grea t e r
pr a i r ie-ch i c ken .

It s hould be not ed, howeve r, that t he re lat ionship sho wn i n Fi gure 7 may
not a l ways hol d t rue . The proporti on of perma nent grassl and suppo rti ng
pra iri e-chi cken s in Mi s souri r anged from 39 to 85% with no appa r en t r el ation­
s hip be tween t he amount of permanent gra s s l and and prairi e-c hic ken popul at ion
dens ity above the 39% figure (S chwar t z 1945 ) . Appa r en t ly a s lit t l e as 10 to
15% permanent gras s l and has su ppor t ed lo w li nger i ng popul at io ns of prair ie­
chi ckens i n South Da kota ( Hame rst rom et a l . 1957) .

The curves in Fi gure s 6 and 8 represent only t he rel a t ions hips betwe en
t he a reas pr ovi di ng each l ife r equi site a nd t he suitability of t he respect i ve
l ife r equ i site s . There f ore, 100% of a n a r ea pr ovi di ng winter food is consid­
e red opt i mum in Fig ur e 6, even t hough suc h an a rea wo ul d provide no ne sting
cove r. The va lu e of th is a r ea f or ne st ing cover would bec ome evident by t he
r ela ti on shi p 1n Fi gur e 8 .
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HS I :
HSI de te rmina tion . The f oll owi ng s teps should be used t o calcu la te the

1. Iden ti fy cover types on t he study area that provide a l i fe r equi s ite
(t he nes ting cover l ife r equi s i t e i s pro vided by gras s la nd, pas t ur e
a nd hayland , and herbaceou s wetl a nd; t he win te r f ood l i fe requ i site
t s provided by cropla nd ) . Indi vidual a rea s of l t ke cover t ype s
prov iding nest i ng cover can be conside red t oget her as a s i ngl e cover
type a rea f or sampl ing .

Because th is mode l c l a ssifi e s crop t ypes into f iv e categori es a nd
fa l l a nd wi nter crop management practices i nt o f ive categor ies
( i nc l ud i ng no ha r ves ting ), t here a r e 25 pos s i bl e combina tions or
subtypes of cropland wi t hi n the crop land cover typ e t o whi ch a f ie ld
c an be l ong . Areas o f unharvested crops wi t h i n a ha r ve s t ed f i e l d
s houl d be treated as a separate subtype . The a rea of f i e l ds o f l i ke
subtypes can be combi ned and t reated a s a singl e subtype. Eac h
cropland subtype shoul d be trea t e d in this model as an i nd i v i d ua l
cover type f or f ur t he r ca l cu l a t i o ns .

2 . For each cover t yp e providing a l i f e req uisite , a s uitab i l i ty inde x
must be calculated fo r t he d i s ta nce t o the neares t cover type
pr ov i d i ng t he othe r li f e r eq uisi t e . This i s a ccompli s hed by
selec t ing random poi nt s on a ma p i n eac h co ver type prov idi ng
ne s t in g cove r or wi nt e r f ood and measur ing the dista nce t o t he edge
of t he nearest cover t y pe providin g t he other l i f e requis ite. Ente r
each d i s ta nc e measurement in t o the su i tabil ity index graph i n Fi gur e
5 , record the t ndl vt dua l s uitab i l i t y ind ic es, a nd c a lculate t he
av e r age s uit abil ity i nde x f or e ac h cove r t yp e .

3 . Dete rmin e t he r ela tive area (%) of e ac h cover type prov i d ing a 1He
r equisite. Equa t i on 5 t s us ed f o r cov er types provid ing ne s t i ng
cover; Eq uation 6 i s used f or c r opl a nd s ub t ype s .

Rel at ive Area (%) f o r Cover Type A = Area of Cover Type A
Tota l Ar ea o f Al l
Cover Types Used

by t he Gre a t e r
Prairie -Chicke n

x 100 ( 5)

Re la t ive Area (%) f o r Cr o pla nd Sub type A =Area of Subtype A
Tota l Area of Al l
Cover Type s Us ed

by t he Gre ater
Pra irf e - Chic ke n

x 100 (6)

Cons i de ra t i on of r e lat i ve a rea as s ur e s t hat each ne s ting cover type
and c r opla nd su btype i nf lue nc e s t he ove r al l life req ui s ite s u i t­
ab i l i t y indi ce s in pr opo r ti on t o t he ir r el a tiv e a r ea .
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If an unharve sted cropland subtype exi s ts . its relati ve area shou ld
be modif i ed by multiplyin g i t by a we i ghti ng f acto r . For example,
if harve st ing yi e ld s 7% wa ste grai n , an unharves t ed fi e l d would
cont ai n 14 t i me s (7 d i v id ed i nt o 100) mo re gr ai n t han an untilled
harves ted fi el d . The re lative are a of unharv ested cropland sho ul d
t he r efore be multi pli ed by a f actor of 14 , r e su lt in g i n a modif i ed
re l at iv e area f ig ure . This ha s t he e f fec t of i nc rea si ng the winter
foo d va lue of unha rv ested c r opl and re lat ive t o t hose that a re
harves ted . Th is f i gure shoul d be treated the same a s the rel a ti ve
ar ea f i gur es for the other subt ype s i n fu rther calcu la tions . The
actua l we i ght ing fa ctor used should be de te r mi ned from local data on
harvest in g eff i c i e ncy (Note : i f unharve sted cropla nd exi s t s, t he sum
of the relative a rea s of al l cover t ype s on t he s tudy area wi l l be
> 100% ) .

4 . Modify the re l ative area ( ~) of each co ve r ty pe by mul tipl y i ng i t by
t he cover t ype t s ave rage sui tabi li t y i ndex f or the d i stan ce between
co ve r t ype s . Thi s det ermi ne s t he re lat iv e area ( ?~ ) of the cover
types t hat a re assume d t o be avail abl e for prai ri e-c hic ken use .

5. Compute the su i tabi l i t y i ndex for the winter food and nest ing cove r
l ife requisi te s f or eac h ap propria te co ver t ype by collecti ng da t a
for eac h hab itat var i able , ent er i ng t his data i nto t he pro pe r sui t ­
abi l i t y i ndex grap h and us in g t he re su l t in g sui ta bil i t y i nd i ce s i n
th e approp r ia t e l i fe requ i s ite equa t io ns .

6. To determine the percent a rea in equ iv a le nt opt i mum condition for
e i t her l i f e requis i te, mult ip ly the avai lab le area (%) ( from step 4)
for each cover type by t he l i f e requi s ite va lue for t hat cover t ype
(from step 5) . Sum the pr oduct s o f t hi s mul ti pl ic ation acro s s a ll
co ve r type s for t he nest i ng co ver li f e req uis ite a nd a l l cro pl and
subtypes for t he winter food l i fe r equ i site . The sum for eac h l i f e
re qui site i s t he equi valent perc ent area t hat is a ss umed to pro vid e
that li f e requi site at optimum l eve l s .

7. Ent e r the summed va l ue f rom s t ep 6 for wi nt er food into t he sui t ­
ab i lity in dex gr aph i n Fi gure 6 and t he summed value for nes ti ng
cove r i nt o Equat io n 4 or t he suitabil ity in dex graph i n Fig ure a.
Based on the limit ing fa ctor co ncep t , t he HSI i s equa l to the lo we r
of the sui t abi l i t y i ndi ces for t he percent area pr ovi di ng eqUiva lent
opt i mum winter food ( SIVS) or t he pe rcent area pr ovi di ng equiva lent
opt i mum nest in g co ver (SIV6 ).

Users who fee l that t he treatment of winter food i n t his mode l is not
app li cab le t o the ir s t udy a rea may wish to eva lua te onl y nes ting cove r . Th e
mode l as s ume s that the value of nes t ing cover for greater pra irie- ch i ckens
de pend s on the amount (area coverage) and qua l ity (h e igh t and density) of
herbace ous vegeta t ion . Opt i mum ne s t i ng co ndit i ons a re a ss umed t o ex i st when
at l ea s t aO% of t he area supports he rb ac eous vegetation y i el di ng a mea n visua l
obst r ucti on reading ( VOR) of at l eas t 2.0 dm . This va lue i s det ermi ned by
fi r s t obta i ning a mean VOR from ea ch co ver type supply ing nesti ng cove r. Th e
rela tive area of t hese t ype s should be determined (step 2) , and then mu l tip l ied
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by t heir respect ive suitability indi ces for mea n VOR (S IV3 ) . These val ues are
summed and the tot al ent e r ed i nt o the gra ph i n Fi gure 8 . The HS I is equal to
the resulting suitabi l ity i ndex ( SIV6 ) .

Applicat ion of the Model

Summary of model variable s. Winter food and nest i ng cover are assumed in
this model t o be t he most l imiting f actors f or greater pr ai r i e- ch ic kens . The
value of wi nter food i s a funct i on of t he type of crops pr esent and fal l and
winter crop management pr act i ces. The value of nest i ng cover i s a funct io n of
the heig ht and dens i t y of res idual vegetati on. Because wi nt er food and nest ing
cover are provided by different cover type s, the distance between th em and the
pr oport i on of the st udy area pr ovid ing t hem ar e consi dered i n deter mi ni ng t he
overa ll habitat value of an area . The relati onsh ip bet ween habi t at variable s,
life requ i site s, cover types, and the HS I i s i ll ust ra t ed in Fi gur e 9 ( s patia l
var iables are not Shown) . Def i ni t ions of var ia bles and sugges ted f ie ld
measurement techni ques are pr ovided i n Fig ure 10.

Ha bi t at var iab les Life r equis i t es Cover ty pes

Type of cr op pres ent}-

Wi nt er

Fall and winter cro p
management

food--- - - - C

f--- -HSI

Average vi sua l ------- Nest i ng cover - - - - - G, P/H,HW
obstruction reading
(VOR) of resi dual
veget at io n

Figure 9. The re lat i onship of habitat var i able s, l i fe requi s ites,
cover type s , and the HS I for the gr eater pr ai ri e- chi cken ( spat ial
var iable s are not shown).
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Variabl e (definiti on)

Ty pe of cro p present
(categorie s are : corn
or sorghum ; soybeans ;
buckwheat or oat s ; rye.
wheat, or ot her grai ns;
or nongrain crops ).

Fal l and winter crop
ma nagement (categor ies
are: crop res idue hand
sa lvaged or l ef t und isturbed;
crop res idue l i ghtl y
ti l led; crop r es idue gr azed
by li vest ock; crop res id ue
mol dboard plo wed , two-p ass
t i l l ed, or bal ed , or cr op
harv ested for si la ge) .

Ave r age vi sua l obstruct ion
reading (VOR) of re sidua l
vegetation [the average
he ig ht in decimeters to
wh ich herbaceous vegeta ­
tion fr om the previous
growing season complete ly
obstructs t he vision of
an obj ect when sig hted
from a height of 1.0 m
(3 .3 ft) and a distan ce
of 4.0 m (13 .1 ft)J.

Di st ance between cove r
typ es (the dis tance
between cover types
prov iding different
l ife requis ites. Used
to determin e t he area
of each cove r type that
is avai lab l e for pr airie­
chicken use) .

Cover ty pes

c

c

G,P/H ,HW

All

Suggest ed t echniques

Remot e se nsing ( Hay s
et 01 . 1981) , on-site
i nspect io n, l ocal data

On-site inspect i on,
l ocal data

Ro bel densi t y pole
(Robe l e t 01. 19700)

See the "HSI deter­
mi nat i on" section of
th is model .

Fig ure 10. Defi ni t i ons of var iab les and suggest ed mea surement te chn iq ues .
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Variab le (d efin it i on)

Percent of area pr ovldin g
equi valent opt i mum winter
fo od [a f igu re obtained
by mult ip ly ing the winter
f ood life r equis ite valu e
in each cover type
by the area of each cover
type t hat i s ava ilab le
for use by the species
and summi ng thes e products
f or all cover types .
Fifty percent of an area
at an opt imum (1 . 0) value
is equiva lent t o 100% of
the area at a 0 .5 value] .

Percent of area
provi di ng equiva lent
opt imum nesting
cover [a f igure
obta ined by mult i plYlng
the nesting cover
life requ isite value i n
each cover t ype by t he
area of each cover type
that is ava ilab le fo r
prairie-ch icken use , and
summ ing t hese product s
f or al l cover types
providi ng the nest i ng
life req uisite . Fifty
percent of an area at
an optimum (1 .0) value
i s equ iva lent to 100%
of the area at a 0.5
value] .

Cover t ypes

c

G,P/ H,HW

Figure 10. (concluded) .
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Model assumptions . The maj or assumpti ons in t hi s olode l a r e :

1 . Winter food and nest lng cover a r e t he seasona l li mit ing factors for
greater prair ie-c hickens; hab itat suitability i s therefore a funct i on
of the qual i ty, quantity , and interspersion of wi nter food and
nesting cover. (If it has been determi ned that cro pland i s not a
necessary habi ta t componen t for a given study area, the winter f ood
e lement of t his assumpti on will not app ly .)

2 . Winter food su itab il ity is a f unc t i on of the relat ive va lue of crop
t y pe s , t he abundance of waste grai n in t he f ie lds af ter ha rvest , and
th e relat ive area of c r opl and .

3. Nest lng cover suitabi lity is a funct i on of the height and density of
residua l herbaceous vegetation i n the s pr i ng and t he re lat ive area
providing it .

4. The di stan ce between the cover types pr ovi d i ng winte r f ood and
nest ing cover determines the pro port i on of the se co ve r types t hat
are avai lable f or prairie- ch icken use.

A potent ially important habitat fact or that t s not consi dered t n t his
model t s open space . Westeme ier ( pers . comm. ) be l t eves t ha t hab itats with
opt i mum wi nt e r f ood ( SIWF = 1. 0) and nest in g cover (S INC =- 1. 0) can st ill be
unsuitable f or prairie-ch i c kens if wo ody cover (e .g . , ta ll trees, hedgerows ,
and pi ne windbreaks) i s exce ssive . Thi s factor wa s not i nc l uded in the mode l
because of inadequate lite rature on the subj ect . However , Westemeie r (pers .
comm. ) hypothesizes that 0 .0 to 0 .8 km of l i nea r woody vegetat i on pe r 2 . 6 km 2

might be opt lmum ( SUi t abil ity index = 1.0); 0 . 9- 1. 6 km/2.6km 2 ml ght equa l a
suitabil i ty index of 0 .75 ( 1. e . , the suitab ll i t y i ndex decreases by i ncrements
of 0 . 25 as the amount of linear woody vegetat i on in crea se s by t nc rement s of
0.8 km} . B'l oc ks of woody vegetat i on woul d have to be treated different ly .
Users of thi s mode l s hou ld consi de r this fa ctor in areas where s uch wo ody
vegetat ion i s common .

Mod i f i ca t i ons for adju sting model resolut i on . The model a s presented
prov ides a re latively hig h l eve l of re sol ut ion and may require more da ta than
nece ssary f or a parti cu lar appl i cati on , or t han is poss ib le t o co ll ec t due t o
ti me or budget constra ints . However , the mode l ca n be ada pted t o s ituati ons
whe r e some l owe r level of re soluti on is adequate. When constraints prohibit
use of the rec ommended sa mpling techniques, any or a ll su itab i l ity indices can
be at l ea s t approxi mated us lng alternative samp ling methods , or can be i nf e r r ed
f rom exis ting habita t in f ormat l on . . For example, it can be l e s s co s t l y and
les s t i me co ns umi ng t o est imate t he type of crop pre sen t and fal l and win ter
cro p management f rom re cords kept by agri cultura l agencies (e.g . , U.S.D .A.
Agr l cul tu r e Stab i lizat i on and Conservati on Service or the Crop and Livestock
Report lng Serv i ce of the re spec t i ve State) . It may be poss i bl e t o approxi mate
the average VOR of residual vegetat ion by cons id ering graz in g intensity and
hayland ma nagement prac t i ces. Since grazing reduces the height and dens ity of
herbace ous vege ta t ion , an intens ively grazed si te woul d be expected to have a
l ow average VOR . The average VOR would be expected t o i ncrea se as the graz ing
in tens i t y de creased . The average VOR i n hay lands mowed dur ing the l a t e summer
or i n the fa l l may be i nadequat e in the sp ring for nesting cove r .
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If ce rta in model elements are known to be nonlimiting or are of no concern
f or a gi ven application , the model can be mod ified so that only the pertinent
e leme nt s wil l have an influence in HS I ca l cul a t i ons , and unnecessa ry sampli ng
i s avo ided . The follo win g examples show how this can be done by usin g
decreasin g levels of re sol ut i on . The se example s are not the only possibl e
vari ations ; they are only in t ended to demonst r a t e ways o f adapting the model
to t he vari ou s obj ecti ves or constraints of the use r .

1. I n many situations, it is not possibl e t o sampl e eve ry stand of
vegetation i n an enti re study area (e.g .. very large areas). Such
an area can stil l be a ssessed wi t h th is model by sampling represen ­
ta t i ve port1ons , a nd using the data to i nf er t he suitability of the
r emai ni ng area. I n la rge study areas , it may be possible to identify
cropland and cover types providi ng nesting cover (grassland, pasture
and hayla nd , and herbaceous wet l a nd) from satel lite imagery. Repre­
sentati ve portio ns of these cover types can then. be selected f or
sampli ng . It must be assumed that the habitat vari ables and spatial
vari ables 1n sampled port ions ar e r epresentative of those throughout
the uns amp led portio ns. Therefore , model use at this l eve l of
reso lutio n woul d be most appropriate in re latively uniform habi t ats
wit h r es pect t o the co ndi tion of hab itat va riab les . The accuracy of
this type of model app li cation shou ld inc rease as the proportion of
the study area tha t t s sampled increases . The appropriate sampli ng
l eve l must be determined by the mode l user, based on the desired
re l ia bi l i t y of model outputs. The HS I determ ination procedure can
st il l be used , but the fol loWi ng differences should be not ed:

( a) Mea su rement s fo r the dista nce between co ver types need not be
measured to other cove r types bei ng sampled , but should be
measured to the near es t cover t y pe prov idi ng the other 1i fe
requ isite whe ther or not it has bee n in cluded i n the samp li ng
scheme.

(b ) The re l ative a rea s calcul ated at step 3 i n the HSI de te rmi nation
sect ion wi ll represent only the portio n of the study area be ing
sampled rather tha n the entire study ar ea . Ther e f ore , Eq uat io ns
7 and 8 will replace Equations 5 and 6 , respect iv ely .

x 100

Area of Cover Type A
Relative Area (%) f or Cover Ty pe A = i n Sampled Area x 100

---Tot a l Area of Al l
Samp led Cover Ty pe s

Ar ea of Subtype A
i n Sampled Area

Total Area of Al l
Samp l ed Cover Types
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2. Some appl icat ions may be const r ai ned t o data col lecti on by remote
sens ing onl y. The se appl icat i ons can requi re a st ill l ower l eve l of
resol ut ion from the mode l since t he variables can not ea s t ly be
mea sur ed wi t h remote sens i ng . Such an applicat ion can estimate what
e f fe ct t he conversion of grass land t o cropl and ha s on pra i r i e-chi c ken
habi t at, with re spe ct t o chang es i n composi t i on and interspers ion of
grass land and cropland cove r types. Th is can be done by sett ing the
suitab il ity i ndices of habita t var iab l e s ( SIV1, SIV2, and SI V3) t o
L a , and measuring onl y the spat ial var iabl es . The HS I before and
after gra ssland conver s io n wi ll therefore not be i nf l ue nced by the
cond i ti on of i ndi vi dual cover type s, but onl y by t he distan ce between
them and the ir pro por t i ona l area . The effect of gr as s la nd co nvers ion
wi 11 be shown by the di ffere nce in HSI ve1ues . Fi gure 11 shows the
var i ous relat i ons hips in th is mode l wi t h t he outlined area showing
the re lati onships under cons i der at i on at th is l eve l of re sol uti on .

Becau se the hab itat variab les are not meas ur ed , win t er fo od ( c rop
quality and availability) i s as sumed t o be opt imum, a nd nes t in g
cover i s ass umed to be of optimum he i ght and density ( i . e . , SIV1.
SIV2, and SIV3 equal 1.0) . Thi s l eve l of reso lutio n sho uld therefore
be most accurate when the hab itat cond i t i ons wi t hin co ver ty pes are
known to be of hi gh qua l i ty .

HSI

Li f e
r equisitesCover ty pes

Spatia l
var iables

Hab i tat
var iab le s

I
I
I

Type of cr OP ] Di s t ance between}-
present I cover types

C--- - - Wi nt er food

Fal l and wint e r 1 Percent of area
cr op ma nagement I providing equt v-

! a lent opt imum
I wi nte r food

I
I

~
I ~~~~~n~;p~:twee}-

Avera ge VOR
of res idua l I G,P/H ,HW----Nest ing cover
vegetation

I Percen t of area
I providing equi v­
I a len~ opti mum

nest l ng coverL _

Fi gure 11. Var ious r el ation shi ps in t his model wi t h t he outlined area
showi ng t hose under cons iderat io n at the level of resolution i ll ustrated
i n exampl e 2.
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3 . An extreme ly l ow leve l of r eso lu t io n wou l d co ns i de r only the pre sen ce
and ab sen ce of cover type s prov id ing l i f e re qui s ites . This may be
usefu l when the us er's obj ect ive is to s i mpl y id enti fy potent ia l
greate r pra irie - chi cken habitat such a s i n l a r ge area habi t at inven ­
t or ie s . Beca use t he wi nt er f ood l ife re qui s ite is prov i ded onl y by
cro pl and , and t he nest in g cover li f e re qui site is prov i ded onl y by
gra ssland , pasture and hay l and , and herba ce ous wet land, pra i ri e­
chic ken habitat must i ncl ude c rop l and and at l eas t one cover type
provid ing nesting cover . Area s possessing both crop l and and nest ing
cove r type s are as sumed t o be prair ie- ch i cken hab ita t and a re
a ss igned an HSI va lue of 1. 0 . Area s l ac klng cove r t ype s pro v i di ng
one or bot h li f e req u i site s are a ssumed t o be unsu itab le f or pra i ri e­
chic kens and ar e t herefore ass i gned an HSI va lue of 0 .0. Fig ure 12
shows the vari ous re la ti onsh ip s i n thi s model , wi t h t he out l ined
area showi ng t hose co ns i de red at t hi s l evel of re solut i on .

Because t he habi t at and s patial variable s are not mea sured , i t mus t
be as su med tha t t he hab i t a t condit io ns wit hi n al l co ver t y pe s are
opt imum ( i .e . , SIVI , SIV2 . and SI V3 e qua l 1 . 0) , a nd that t he
d i s tance s between and propor t i ons of cover t ypes pro vi di ng l i fe
req ui site s are opt imum ( i .e . , SI V4 , SI VS , and SIV6 equa l 1.0) .

- - --- - -- - -- - -- - - ,
Hab i t at Spa t i a l I Life I

var iabl es va ri abl e s I Cover types requi sit e s I

Type of c rOP J[ois t ance bet wee}-n
l

I
pre se nt cover types I

I I
C Wi nter f ood I

Fal l and wi nt er Per cent of a rea I I
cro p ma nag eme nt pro vi d i ng equ iv - I

a lent opt imum I I
wi nt e r f ood I I

I HSI I

cover types I
Avera ge VOR I I
of re si ~ ua l G,P/H ,HW Ne st i ng cove r I
vege ta t lo n I

Percent of area I I
provi di ng equi v- - - - - - - - - - - - - --- - - - - --
a l ent opt imum
nes ting cover

Fig ur e 12 . Vari ous re l a t i onsh ip s i n this mode l wi t h t he out l i ned area
showi ng t hose under cons ider a t i on at t he leve l of resol uti on ill ust r at ed
i n example 3 .
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SOURCES OF OTHER MODELS

A method for greater pra i r ie-chi cken habitat eval uatio n has bee n devel oped
by Evans and Gilbert (1969 ) f or northeastern Co lorado. Several key habitat
char ac t eris t i cs are evaluated and as s igned numeri ca l values . These values are
based on the suitability of each characterist ic and on the relat ive importance
each has on overa ll habi tat su itabil ity. An overa ll habitat rat ing t s ca lcu­
l ated by summi ng these valu es . The Evans and Gi lbert ( 1969) model is based on
st udies at the periphery of the grea t er pr a i ri e-c hic ken ' s range and , therefore,
may not be direct ly appli cab le to the mo re cent ral par t s of t he b1rd ' s range .

Anot he r mode l has bee n devel oped for use i n c rop l a nd a nd pasture and
hayland cover types in Mi s s ouri ( Uri ch et al . 1983 ) . The model ' s structure i s
s imi l ar t o that of Evans and Gilbert (1969) but re sults in an HSI value rather
than a summed score . A major difference between the mode l in Uric h e t al.
(1983) and the one present ed here i s i n the HSI ca l cu la ti on. The f ormer model
results i n a n HS I f or each cover type, whi l e t his model resu lts i n a sing le
HSI f or a 11 cover types cons i de red t ogether.
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