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AhSlracr. The major forces of food am] pi cllmion shape illllcss-cnll,ulCing deCisions of birds at all slagc~ of 
their life cycles. During the breedlllg season, birds can min iLni'ze nest loss due to predation by selecting sites with a 
lo\>;"e r probabi Jity of predation. To li nde rstRnd the environmentaL and soc ial aspects and can sequences of breedi ng
sire sclcetioll in prairie birds, ViC explored variation in nest-survival patterns of the L,lrk Bu nting (Calamospiza 
meianocOlys) ill the shortgra,s prairie region ofNorth America. Over four breedin~ seasons, we documented the 
survival of 405 nests. eonductcd 60 surveys to estimate bird dcnsities, and measured several vegetative features 
to describe habitat structure In 24 randomly seJeeted study plots. l\est surVIval \-aried wilh the huntings' dcnslly 
3& described by a quadratIC polynomial. increasing with density below 1.5 birds ha- I and dc'creasing with density 
h<.:twcen 1.5 and 3 birds ha ',suggcstlJlg that ,Ill optimal range ofdensities favors reproductive success of the L.ark 
Bunting. which nesrs semi-colonially. Nest sun'ival also increased with increasing vegetation slnleture of study 
plots 3ml varied with O1gC orthe nest. increasing during cady lIleubation and late in the nes[[mg stage and declining 
sl ightLy [n)m ill id-lllcubatil'l1 10 the middle of the nestling period. The eJ\I ..,tenee of an optimal range ot-densities in 
this semi-colon lal species can be elucidated by the "commodity-selection bypothesis" at low densities and density 
dependence at high densities. 
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(,Existen Densidades Optimus para las Aves de Pr<Jc!eras? 

Resumen. La disponibiliLlad de alimenio y Ja depredacion &on las [\I\;rzas principales que moldean la" decl
siolles que illcrC'lllcntan La adecuaci6n biologic:! de las avcs en todas las etapas de sus ciclos de vida. Durance la esta
ci6n rcprodueli\'3, las aves pueden minimizar la perdlda de 10:> nido;. debido ala depredaclon mediante la s~lecci6n 

de ,i[io~ con una men!)r probabilidad de depredacion. Para emender los aspectos alllbientaies y sociales y las eon
~ecucncias de Ll sclcecl6r. de lo~ sitios dc anldac16n cnla, ;lye;. de pradera, cxpLor:lmos hi v3rl<\cJ611 cn los patrone'> 
de ~upervi~'cncia de 10;. nido~ Je Cal<1J'11o.lpIZO lrleioll()('orys en 1,\ region de pradaa de paSlOS cor\os de America 
del Norre. iI. 10 largo de l'uatro CStaell1nes rcproduelivas, docnmentamos la supej'vil.encla dc 405 llldos, real1zamos 
60 mueslreos para eSlirnar las densidades de la, aves y medimos \'ario., a,pcclo& de 1,1 \-t;g~taci6n para ae~criblr I~ 

estructura del h,1birat dl 24 parcelas de estudlo seleccionadas a1a'lar La ~llper\'lvencia delnido vano can la den
sidad de C. nwlano('orys ~Iguiendo la forma de un pol IIIom io euadl'lineo, mcrementando can una densidad menor 
a 1.5 aves/ha y disminuycndo con una densidad de entre 1.5 y J aves/ha, sllgiriendo que un ran go 6ptimo de densi
dades favorcee d cxito reproductivo de ios individuos de C me/wlocor.vs, los cLlalcs nicliflean de modo semi-colo
nial. La superviv(;''ncia del ni<!o tambitn incremcntti con un aumento en la ~.struetura de la vegctaci6n de las parcelas 
J~ eSi'utlio y "ari(l CO(l 1'1 edad tlel nido, incrcllleniando a pnncipios de 1a incubaci6n y al final tlel perlodo de pieh,')Il 
y disminuyC'ndo snavemente dcsde mcdiados de 13 incnbaLion hasta la mitad del periodo de pichon. La existcncia de 
un rango ()plirno de densidades en esta C"pecie semi-colonial puede sel' emendida a lraveS de la "hip6t.esis de selee
cion de blenes de COnSlln1o" a baja.'> densidades y por denso depcndeneia a altas den'ldades. 

(landscape, habitat, territory. and nest site). blrd~ can mrnl
[ NTRODOCTlON 

mize nest predation by selecting breeding sites With a lower 
The major forces oC t~)l)d and predauon shape the titness probability of detection hy predators: several studl':;; have 
enhancing dccisions of birds ar ,ill stages of lheir LIfe cycles sought to identify the envi ronmenta Icues, landscape features. 
and ultimately derermine Iifeti me reproductive timess. Dur and vegetation structure of fa\-orablc habitars and nest sites 
ing the breed ing scason, the influence of predation on fitne,',s (Martin t993, Davis 200S, Fonlaine and Martin 20(6). 
is particularly great, accnunting for >80%, of nesl loss nn av Tn addition to envi ronment<.l I and structural cues, pas
['.ragc (l\'l11J'tin 1993) and >90% of nest loss for birds of short serines may use social information when selecting breed
grass prairie (Yackel Adams er al. 2007). At several scales ing siles (Ahlering el at. 20(6), and information gamed from 
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eon~pccif1l'~. in turn, Inay increase reproduetiv~ nrness. The 
importance of social cues ill habitat selection is described by 
the "commodity-selection hypothesis" which postulates that 
breeding aggrcgation~ or e%nies form as individuals indc
pendemly ,elect [or preferred habitat features (hahitat-mediated 
aggregation) and sinlUltaneon~ly arc attracted to birds of the 
same species (conspeciflc attraction I.:ading to addlliv<.' ag
gr~gation; Danehin <lnd \Vagner 1(97). For birds in general, 
colony sizes can mngc from only a few nests to more than a 
million birds, and nest distribution ranges from loosely ag
gregated to den.~ely packed lWil'lenbergcr and Hunt 1985, 
Rolland et a1. 1991\). A corollary ofadditive aggregation is thar 
some habitat pan.:hes may be crowded whereas other favorable 
habitats rcmai i1 unused. a pattern long noted by ornithologists 
(Lack 1968, Stamps 19So). 

In thiS article we explore variation in nest-survival pat
teI'm to understand the socHlI aspects ancl eonsequence~ of 
breeding decisions madc by prairie birds, WIth a locus on the 
Lark Bunt.lng (C(/Iamo~piza melal1ocor)'s), whose popu lations 
that are declining through,mt Colorado (Sauer et al. 2006). It 
breeds tn !oos~ aggregation:; and is considercd semicolon ial 
or Golon:al '.'Ihiie nesting (Lack 1968, Wirrenberger and Hnnt 
1985. Shane 2(00), Over four breeding seasons. we quantified 
nesr survival, bi rd densities, and vegetative features at ~5 ran
domly sdectcd study sites. I1::rc we examine ncst survival of 
Lark Buntings relative to intrinsic (nest age). exrrinsie (habi
tal struclure), and SOCIal (denSI(leS of conspccIiics and other 
grassland birds) factors. We diseLlss the implications of our 
findings lor recent theorl~rteal developments in social breed
ing in bird~ and conservation approaches. 

METIIODS 

STCDY AREA 

From mid-\-Iay to latc July. 1997-1999 and :200 I, we sur
"ey(~d grassland birds aud monitored nests in and 11.::ar the 
Pawnee National Grassland, northea~tern Colorado (40 0 

43' N. 104~ 29' Wi, ina moderately fragmented landscape 
compos~d of shorLgrass prairie (62%), irrigated and 11011

II rigated crop~ (29';'0). and Conservation Rcscrve Program 
(CRP) l1ehb (8'%). We randomly s<:leered 24 study SltCS 
(64.7 ha or one quarter secnon: bound<lries determined by 
quarler-seCllon lines of the P\lbllC Land Survey), includ
ing 16 ~hortgrass pnllric sites and eight CRP sires on U.S. 
FOlcst Sen' ice l<Jnd accessible by road. Prairie study sites 
were dominated by xeric grasses .~uch as buffalograss (8u

cMol! daClvloides) and blue grama (Boute!oull gracilis) with 
(lcca,ional ~hrubs or fom-v,:ingcd saltbush (Arriplex cUl1es

celiS) and broom snah.eweed (GutierrezicJ sarorhrar). CRP 
sitci; wcre vegetated primarily with exotic grasses such as 
smooth brOll1C (Bromus inermis), intermediate whcalgrass 
Ulgro]Jym/l if/termeJ/t/ln). and crested wheatgrass (A. cris
rmum). Potential nesl predators include the thirtecu-lmed 
glo\tnd sqllirrel (Spamup/nllls lridecemlinealusj, eoyole 
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(Canis latrans), swift fox (Vulpf!s velox), 10J1g-tailt~d wea
sel (lvlusfela frenafa), bldlsnake (Piruophis me!ol)vlnlcus I, 

wesl~rn hog nose snake (Helerodo/l nasieus), and Burrowing 
0"" I (A thene <:unicufllria). 

FIELD PROCEDURES 

W~ conducted our research at 16. 16,20, and 8 ~ltes per year In 
1997,1998,1999, <lnd 20lH, for a rotaJ of24 unique sites and 
00 site-year combinations. At each sile, we surveyed all grass
land Im'ds along point transects at. 12 loccJ~ionally 6) poinLS 
300 m apart from 05:30 to 09:30 MDT, between 21 fo,'1ay and 9 
June, avoiding inclement wcarher. All birds detected by sight 
or s,mnd w~re recorded within ini~rvals of 0-25 m, 25-50 Ill, 
5()··75 m, 75·100 m, and 100··150 m. We searched all sites 
~ystematically for nests by dragging a rope between 11"0 ob
servcrs 25 m apart. and by observing adults' behavior. To 
delermine Incubation stage, we ]lo<ltcd t,,·o egg, by using d 

modified technique ofWcsterskov lI950). and we l"Ccorded the 
number, age, and status orcgg~ and ncstJing.~ at. 2- to 4-day in
tervals until nests were empty. During the lastlH:st check. we 
noted signs of Hedging (parents feeding young or calling in 
vicinity, feeal droppings outside of nest; Yackel Adams ct ai. 
2006). Ncsts wer~ active from 18 May to 24 July. \Ve sampled 
the vegetation structure and composition ofgrassland patches 
along the point transects between 21 May and II Jl1llC. We \. i
snally estimated the percent cover of grasses, s~dges, f(lrbs. 
shrubs. cacti, and barc ground within plots of radius 5 III and 
measured grass height and vegelation density at dIstance, (If 
1,3, and::; m from the point In onc direction (easl). We re
corded vegetation d~nslty as tht,; number ofvegeLaIion hits on 
a I-em-diameter pole at intervals of 0·5 . .5 ·10. 10 20, and 
20··30 em above ground. We constructed several vcgclaiwn
structure varlablc~ Ibr usc III the 8nalyses. 

/\ PR tOR I 'vIODLLS 

Our pTlJnary illterest was in evaluating rhe role of bird den
sity in ncst survival. Because ncst age and habiwt strueture 
also can in nuem:·e ne~1 su rviva!. W~ incltHkd these Clllcgo

rics of variables in our sel of candidate models to <tCl~Ount for 
as much addittonal variation as possibk. fnfonllatlon from 
the SeiCn!lnl~ litcrature in support of Inclusion of tJ1L':.e vart
abies is as foIILlW~. 111 some spceie~ of grassland b1fCls, daily 
~urvi\'al varies linearly with nest age (Dinsmore C[ 31. 20U:?, 
DaVIS 2005, Lloyd and \'lartin 2005), yet in oLhers a cubiC 
polynomial best dcscribe& the effc.:;t of nest age fDav,s 2005. 
Grant et al. 2005). Responses to v.::g:etatlOl1 structun: can be 
highly variable. yct nest survival can increase with increasing 
nest concealment (Winter et al. 2005, Da\·is 2005). In gen
eral. birds arc most abundant in habitats ","ith high productiv
ity (Bock and Jones 2004). although this relationship does not 
hold in areas of recent habitat disturbance. As an alternali"e 
to a linear Lrend, we also evaluated il quadratic trend 01 bird 
density on neSt survival 
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S 11\ nSTIC ..\L AN ..\LYSLS 

Because prcd:lrors may be allracted 1O areilS of high bird den
"irie~ regardless (If bird species, we evaluated \vhcthcr to usc 
densities of Lark Bunl ings only or densitIes uf <III grassland 
birds; in ~J!l analyscs w.;: evaluatcd the linear and quadratic 
rorms. We defined "grassland bird~" as ground-nesting grass
land doves and passerines, Including thc Mourning Dove 
(7.enaida macl'Ouru), Horned Lark (En:mophila alpestris), 

Cassin's Sparrow (Aimophilu cassinii), Brewer's SpmTow 
(Spizella brewen'j, Lark Sparrov,: (Cholldes(es grammacus), 
Lark BUl1tlng, Grasshopper Sp"rrow tAmmodramu.I' samn
IWI'U'n), MeC own's Longspur (Calcarii.11 mccol1'J1ii). (,hesr
mil-collared Longspur (C OI'/I,.If1H), and Western Meadov,:lark 
(Sful'l/t'llu i7egleua). We cia.,~i lied bi rd" Il'lO detection g.ul111s 
of subcle (,Cassi n\ Sparrow, Brewer's Sparrow. Lark Sparrow, 
Grassbopper Sparrow) and obvious (Oflen detecred hy prom
inenl song or tlighr disl,la)': Mournmg Dove, Horned Lark, 
Lark Bu ntillg, McCown's LOllgspur. Chestnut-collared Long
spur, \Vestern Meadowlark). We estimared densities of grass
!and birds for each year and site (sampling unit) by using thc 
Multiple Covariates Distance Sampling (MCDS) analysis 
procedures in DlSTAl\CE Y. 4.1 (Thomas ct al. 200}); this 
analysis accounts for detection variability due 10 covanares 
iL'.g , (lb,ervcr and habirat structure) and ealel! lates estimarcs 
with muxtlnum preciSion. We modeled the probabilJty of de
[cellng grassland bird" and Lark BUlltmgs as a function of 
rarkd dist<lnce, observer, plot vegetation vanabies, and detec
lion guild by using fon r robust models ~mggested by Buckland 
(;[;\1 (2001). Because filling the detection function wilh mul
riple covariatcs is computationally difficult, building model 
sets wilh forward stepwise sdection (adding covariates one 
at a time) is recommendcd for MCDS (Thomas ct al. 2003). 
We first cvaluuled four r..:commendc<.l m(ldcls (hall~normal 

key funeti,)n with COS! ne and hermite POlyoolf\lal expansion 
s..:rics ~lnd hazard-rate key function witlll.:0sine and simple 
polynomial expansion series) with no c,)Variates (constant 
mudel) and selected tbe best model wilh Akmkc's informa
[Ion criterion (AIC; Burnham and Anderson 2002). We se
lected the bCSl model from among univariale models by 
lLslng seven vegetation-suLLcturc variables; AvgGhgl (average 
grass heighr), PcrcGS (pcrcent cover of grasses and sedges), 
P~rcFSb (percent cover of Icabs and shrubs), PercVeg (per
eem cover of grasses, sedges, forbs, and shrubs), AvhtVcg 
(AvgGhgt X PereVeg), HitsVeg (vegetation bits x PercVeg), 
an<.l Overall (AvgGhgt x Hits x PcrcVcg) We constructed a 
balanccd model set with all combmaliollS of' rhe selected 
vcgctatiLln covariate, observcr, and dct~etion glliid (for all 
grassland blf(b). To minlmizc biaS from model-selection un
certainty, we model-averaged avian dcnsilies for IllLldcl sets 
~vith doscly eompetlng models tic., modds with 6AlC < 7). 

To caleu la1e dady nest-smviy;}l probabililies ofLark BlIn
ti rlgs, we used the robLbt nest-survival modcl in MARK Ver
sion 4.3 (White and Burnham J(99), which uses generalized 

linear modeling based on a binolnlalltkelthood. On thc basls 
of Baicich and Harrison (19<)7). we uscd 12 days and I) days 
ror the duration of tile incubanoll and nes(]mg penod~. respec
rively. For nests ofunccrtain fate (S.lJ% of40S neSTS), the final 
observation jmerv<Il was censored and nests were coded as 
sllCcessful, as recommended by Manolis <:t al. (2000). t'csts 
of unknown age (6.4% 01'405 nests; all occurred 111 1997 and 
1998) were assigned the average initial age ofncsts. 

Because orthe large number of'potential variables under 
cLlnsideration. ",,'c conducted preliminary analy<;es to deter
mine which or two to several pOSSIble metrics or each cate
gory of predictive variables (nest ag.e, habnat structure. bird 
densllyJ 10 carry fOf\vard 10 the !lnal sel or candH.iale mod
els. Withm each category, we selecled the variable WITh Ih.;: 

grcalCst inllucncc on nest surVIVal by chOOSing Ihe 1I1l1\·analC 
model (including quadratic or cubiC polynomial forms. both of 
which included the lower-order terms) ""ilh the lowest r\ Ie . 
We chose nesr age from alTlong linear, quadratic, and eubi~
polynomial forms arld bird density from linear and quadratic 
forms. Habitat-structure variables included PereCiS, PercFSb, 
Pen.:Veg, AvgGHgt, MedGHgt (median grass height), HilsGS 
(number of Ilits of grasses and sedges), HltsFSb (number 
of hits of forbs and shrubs), HirsVcg. and constructed vari
ables AvhtCiS (AvgGHgr x PereGS). Avh\FSb (AvgGHgt x 
PercFSb). AvhtVeg, [lLld Overall If the constant modci out
performed rhe besl modd in a category bUl the diiT~I\>nce in 
!\lC. wa~ less rban 2, we included the variable in more ine!u
SI\'<: modeb, assuming such a variable had some (albeit linle) 
predictive power. 

We buill a balanced model SCi by using the scieeted mer
ric from each of three categorics of predictive variables (ncsr 
age, habitat structure, and bird density) for a lOla] of seven 
models plus a constam model. We evaluated the intlucncc' or 
these three eategorics or variables on survival or Lark BLlIl

ti ng nests by using: the 6/\ Tee anJ Icgression codf,clellls with 
con!l.dencc Inkrvals r('I). Reporled \·aluo.;~ arc mCdm. or I'C
gl'csslon coefficients ± I SE. 

HESULTS 

We conducted 60 bi rd survc:;ys ,md m011ltorcd 405 Lark Bun
ting nests during ollr 4-ycar stndy. Densities, elureh sins. and 
numbers of young per successful nest averaged 1.0 birds ha-; 
(±D.IO, range 0-2,9), 4.5 (±O.04, 95% Cl:=: 4.5. 4,6, 11 '" 325), 
and ].7 (± 0.1,95% C[ := ].5, 3.9. n = [38), respect\\'ely Daily 
nest sur\, ivai and overall nest sliccess across the entire sludy 
period wcre 0937 (±O.004, 95% CI ~ 0.929, 0.944) and 0.272, 
respectively. The metrics selecled dunng Ihe prelilTlinary 
analyses to be carried fortb to the more Inc]uslve lllo<.lcl set 
were nest age (cubic polynomial), habItat slnltlure (median 
grass height; MedGHgt), and bird density (quadratLe polyno
mial of Lark Bunting density) Thc AIC, values for the cubic 
polynomiall'nodel of nest age were 13.05l, 15050, and 23.200 
units lower than A1(', values of lhe linear, quadralic. and 
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TABLP I. Nest age. habitJr $Iructnre, and LaTk Bunting density 
<1 rongly ini1\lcnced SIHVlva! of 405 Lark Bunt ing ncsls on the Paw
nee NstionaJ Gra,siand and vicinlty, northeasrern Colorado, 1997·
2001. as lI1dicarc~ by model-selectwn results. I\naly"i.' performed 
111 program MARK. Modcls arc lI:>ted beginning w"h the be:>L-fit
ting modd and ~(1ncd by Akaike's [Ilformatlon criLeriOIl adjusted 
for >:naIJ sample si"e (,:\;\IC ) Also sllOwn for eaeh model are tbe 
numb.:r ofparamekrs (K) a~d model weighl (IV,). which mdicaLe,; 
lhe rcl.ativc likcltho<id of each model given the 1l1tidel set and which 
collectl>.:ly :;um 10 i for the entire mouel set. 

l\c,L-survi\'al model"	 t.AIC K It' 
t" 

Ne~l d!!~; f H'ibil'lli ;,Irnelurc" 0 5 0.499 
~..;~t ct~C--' - rInbi1at ~rrUCHUC + 

Lt"k GuntlJ1)! ,kn'lty' 
).08<1 7 0290 

t\''':;St agt:-) 2.59, 4 ()l~! 

!\CSt age' + Lark Burning den,iry' 3804 t\ 0074 
Ilaimat struclure !(l.YHS 2 O.()Q() ) 

I-Jabma struclure + Lark Buntmg density" 17.260 4 0 
S. (canstam model) 21.782 I 0 
Lark: Bunting dcnsity' 22.455 3 0 

"Variable Il)flns n;;ed in models: nest agel = c.ublc polynomial of nest
 
3ge; habitat slTueture=medlan grass height; LDrk B'lI1tiJ1g density' =
 
qU3draric polynomial ofLark Bunting dcnSlty.
 
I> AIC, value ior the lOp model \VitS 114035_
 

CCHlsiam models, respectively. Univ:l1'iate mode.ls of al! habitat
strucrur-: vanablcs tc~tcd yielded L.\AIC, \"~illC~ :>2x th~L of 
Lht" moue! 01- best fil. median grass height. A model thing Iht 
quadntic polynomial of Lark Bunting density n;veakd an 

;\1(', similar (L\AIC
c 

:= 0.351) Lo that ofrbe linear form even 
wilh the cost of an additional param.:tel l'or the quadratic 

polynomial Den~ity of all gra~sland b1f(L did not inllllcnce 
the Lurk Buming's nest survival (~:= 0,0004, SE =, 0.962, 95% 

CI =--0.120, 0.121). 
Nesl age ~trongly influenced survival of Lark Bunting 

nc,(~: I{ app~areJ in all of the bc~!-Jltl ing models, and its 95'};. 

,'()))!ickncc llltervals J,J not Sp,ll1 zero fOI any terms of the 

pn!ynOIn tal ('fables I ilnd 2) In the S(;I ofba lanc-:d models, the 

large L'l.A Ie, o( the strongest model without n~SI age, 16.985, 

TABLE 2. The strengrb ofrhe relauon~hip bd'H;~n survival Llr Lark 
Bunting neSIS (fl co 4(5) and nest agc_ habitat Sirncrure, and gras;,land 
bird densiry in a ~1l(1rrgrass prairi~ III nonheast Colorado, 1997 200l. 
The r~gre~sion roefliciems (~)_ SE, and 95% ronfidence intervals 
(':)~% Cl) an;; Irorn Lhc be~t-nltiHg model contailling the pantmcicr. 

PanJrnt::'rcr	 SE 95%(.] 
_._. __._._._----_._ .._--_.,--_..._---_._-_._-_._--------- 
~'e$T iHtC' () 237 00(,1 () 118_ 0.358 
NeSt n~c2 -0024 0.008 -0.040, -(I OU9 
Nc::;( fl~el (lUPU8 00003 OOU02.0001} 
llnbnar srrucLure 0,027 0.013 (LOOt. 0 052 

(m<:chaJ1 gra>\ height) 
Lark BUnJmg dcn,lly 0919 052~ () 10<1. ; 943 
l.ark BUnil1lg densiryl 0317 0188 0.686,0.051 
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flOUR E l. Prcdtucd daily ~urvival probabilirlc, ofl.ark Bllllt!ng 
n.:sts in rel,ltit)n to (A) nest age (days), (B) median gr<ts~ height, ~nd 

(C) Lark BUllting denslt)' on the Pawnee National Grassland Jnd 
vicinity_ northca~tcrn r olorado, 1997 2001. Estimatcs ,md 95 n/r, 
conJi<Jence Intervals (dashed line,;) \\-<:fi: generated bv the 10~I,tiC 

reg.ression equation fmm rhe top models (Table I) c~ntallling tllC 
effect .. To gellerate the iigure~ ill panels Band C. and A and C, respcc
li"ely, we assigned 1I ne,i age of9 clays and medl;ll1 grHss height of 
10 em (the weighlcd median) 

pro"ick~ further evidence ufrhc slTength ofthlS vanahk. Nesl 
surviva11l1crea.'>ed "vlth nl~st age d\lJ'lng l~ar!y incub;:riotl 3nd 
lak ill the nestling stllge and declined sllghtly between miJ
inellbarion and the middle of the nesrling period (Fig. 10'\) 
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Habitat structure as characterized by median grass height 
31so sLrongly intlu~nced sllrvivnl of Lark BunLing nests; it ap
peared in the best-fltti ng Jl)ouel, ::lnU its 95% C1 diu not span 
zero (Tables 1 and 2). Nest survival increased with increas
ing vegetation height (Fig, 1B). Median height of grass in the 
smdy plots averaged 12.2 cm (± (> 0 SD). 

Lark Buming deM;lty abo ."trongly influenl'eti nest ~ur
\';v~1! bur to a less,;:;- degree than did ncst age and habItat 
Slruerure. As a qUiHlraue polynomial, lark Bunting density 
appeared Hl the second bcsl-firllllg model. the 95 'Yo, Cis were 
highly asymmetric amllnd lero (Tables 1 and 2), and Lhe 90% 
('1 did not overlup zero (linear term: 0.061, 1778; quadratic 
lern): -0.627, -00(8). A negative n;gression coef1kient of the 
quadratic term sign ines a curve that is eOlleave downward. 
The best-1'llling modd inclult\l1g Lark Bunting den~I[Y suggests 
thar at low densities, nest survival increased with denSity, but 
as densl\ies exceeded 1.5 birds ha- l , ne~l survival decl ined 
(Fig. IC). Despite the importam role of lies, age 011 survival 
of Lark Bunting nests, models wirhout nest ugc s!milar!y In
dleate the great impOrlanee l)f Lark Bunting densiry 011 neSl 
~urvil·al. In fa.ct, in 1110deis Including only habitat strucrure 
and Lark BUllting denSity, the 95% CI for bOlh density terms 
no longer span zero (Iincar term: O.O!!, 2.062: quadrmie term: 
-0.741, -0.(04) 

DISCUSSION 

Variation in nest smvivill stems from rhe effecLs of intrin
sic and e:drinsic faC:lors, from inhetent variation thai occurs 
across Ihe nesting cycle combined with cilvironmental and 
social influences. Although there an; several po~sibk meeha
ni,;rm of nest failure, including predation, starvutiou, disease, 
:Jnd cl1rcel mortality [Will weathc,r. \\'e ~uspecl thai Ihe pn;
ponderarKc of failures duri ng th is study was du,~ to predation. 
A lthough we wetc unable ro aseena:n nacl C,HlS\: ofn~st fail
urc \\'lth 2- to 4-uay inlervals between nest I' is!!;" in a sepamre 
stlldy in th~ same region, Yackd Adams ..::t al. (2007) were 
able 10 determine with daily nest ehech thal 92% of nest fail
ure was due 10 predarion. Furthermore, starvation is genemlly 
manifested in partial braod loss rather than in loss of an entire 
brood within a few days 

For some species of grassland birds. effects of neSI age 
lake the form of cubic polynomial models rather than <Jf qua
dratic, lincar. or constanl models (Davis 2005, Grant et al. 
2(JOS, Davl~ er al. 2006. thiS study), A common eompnnent 
uflll<: cubiC age cffecl~ is a decline in neSl survival from mid
Inellbation to I or 2 days posl-hatehing, ,ind in this study wr
vlval nfLark Bunting nests declined betlveell mid-ineubalion 
and Ihe middlc of the nestling period, Potential explanations 
include increased parental activlty revealing the location of 
nests to pr;;;dators (Conway and M<lrtin 2(00), increased cues 
and activity at the nest when young are newly hatched, and lld
ditivcexposlIJ'e to risk from variom factors (Grantet al. 2005) 
Survival of Lark Bunting nests increased in the Iniddle oftbc 

nestling period, a time when older nestlings are silenl when !Il

truders approach. Extrinsic features such as habilut structun: 
al~o contribute to patterns of nest ,urvival. The posillve rela
tionship berween nest survival and grass height al both spatial 
,eales may reflect inereasi ng Ilbti ng cover rhat reuuce, ue
tection by predators ('vhlrrin 1993\ and differing abundances 
ofpredators. In ('nlorado. thirtecn-Iined ground squIJTel,.the 
primary nest predators ~It our study ~ite~, were spar'ic in thc 
lall (>25 em) grasses associated with CRP field,) (0 34 n,,-I vs 
un hu- I in shortgrass prairie: T. R Stan!cy, pers comin.). 

Social factors also eontnbure (() variatIOn ill neSl ~mvi"al. 

Our study suggests thut ncst survival is mllxlmized at an in
lennediale range of Lark Bunting density, indic<ltlng the ex
istence of selective pressure~ exerted fraln both directions of 
low and high group size~. What proximalc and ulLimaLC force, 
encourage aggregation and, in ltlrn, limit colony size) A.e
curding to the commodity-selection hypotheSiS (Di;lnchlll and 
Wagner 1997), breedini5 colonies form because of hatmat
meu,ated aggreg:lliol1 and con,peeific :lItrac\ ion. Prl'i'crrcd 
hahitat features may include the presence of adequate fo\)d 
and vcgetarion for shading <.Ind protecting nests from wind 
and predators (With and Webb 1993). AdaptIve advantages 
leading to eon;,peeil1e ,lttraction include sexual se!cction, in
formation gathering (on food, safety, and the general quality 
of breeding sites), and improved predatot defense (groups de
reet and mob predators more effecllvely). 

Wirh respect ro sexual selection, aggregation ullows ac
cess to higher quality mates and extra-pair copulations, which 
in some species arc bcneficial ro females and older male" 
(Monon cL aL 1990, DanehlO and Wagner 1997, Hoi and Hoi
Leitner 1997). FeJn<.l1c lark Buntings choose char3ctctlsties 
of ll1ak~ a~soelaled w'llh males' total fitness, and extra-pal[ 
fertilization, which can be heneficial [() fcmales, al~counts for 
25% of Lark 8'lmil1g young in Colorado (Ch<:lll1e :lnd Lyon 
2001-:). Conspeeincs may g,ain filnes.,-cnhane,ng iI1I0\1I13
tlOn by observing the chokes, behavior, and brcl;:ding perfor
mance of neighbors (Dalleh in et 31. 2004), as occurs iLJ Blue 
Tits (C)anistes c(leruleus) that make emigration deeisi<Jns 
based on the quantiry offledglil1g" raised in a gi\'en brect\ing 
area (Parejo et al. 2007). Lurk Buntings may gather inform<:l
rion gathering about breedi ng area., when you ng Mcdge from 
nests. On several occasions, as we observed young ae(J\,~ly 

or recently tledging from ne<,ts, neighbonng blllll 1ng, moved 
into the vicinity, watched, and vocalized, po~sib!y assessing 
the number and condition of young. Finally. ITIlltual defense 
from predator~ atrracts conspec!fies Lo breed ill loo<.,c colo
nies; this idea is supported by a compar:.Hive analy,>!s of 320 
avian species revealing coloniality to be strongly correluteu 
'" ith exposure of nests to predator, (Rolland e1 a1. 19(8). We 
observcd groups ofbuntings mobbing the swift fox, a primary 
predaLor in the area, 

Density-dependenr factors can 1imit bl I'd den"l tiCS 
(FrctwcllI972), as evidenced in thl;; Blaek·throuted Blue W:nbler 



(Delldroico caerrilescens: Rodenhousc et al. 2(03). Den~iry 

depcndence can result from an increase in competition for 
optimal n~sting site~, interference among (onspeclfics, and 
attraction of predators. Bachelor and mated male Lark Bun
rings augment the need for mate-defense behaviors by mwck
ing females during egg laying (A. Chaine, pel's. eomm.); we 
noted many attaeb tbat involved several males chasing and 
copulating with females. Bachelors are prevalent ill Colorado, 
ranging from 23')-';) to 45% or males (Pleszczynska and Hall
sdl IlJRO. Chaine and Lyon 20(8). Predation may reduce nest 
sun ivai at high bunting densities ifhigh nest densities attract 
predators w an area by increasing predarors' encounter rate 
,mel rhlls their foraging efficiency (Fretwell 1972: 128. S..:hmidt 
1991J). 

The capacity for density dependence IS generally not con
sidered when babitat quality tor breeding passerines is evalu
aledo Conservation efJorts require m~tTies for evaluation of 
habitat quality so that high-quality habitats can be targcted for 
..:onscrvation and so management practices can be evalnated 
in terms of success in improving habllat quality. Over the past 
two decades, despite warnings by Van Horne (1983). bird den
sity and abundance oflen have been used as surrogates fM re
prodlKtiv.: OUlput to indicate habitat quality {Bock and Jones 
2004, Johw>on 2007). Discnnneets between abundance and 
tl~eundity, or habitats with high bird den~itics and low repro
dueriw success, when discovered, are generally explained in 
dJe context of ecological [raps (i.c., recently altered l'nviron
rnems in which animals preferentially settle in habitat on the 
basis of formerly reliable cues but within which thcy experi
ence reduced fitness relati\:e to other avai lable higher-qu;dity 
habitars; Schlaeptcr et <ll. 2002, Robcrrsoll and Hutto 20(6). 
Implicit assumptions of ecological traps are that birds con
~jder pri mmily environmcnnd rather th<ln social cues to assess 
quality of breeding habilats, and habllat qualily ha~ the gn~al
est effect 00 reproduC'-tive outp\][ of all possible lacwrs. 

Rclationship~between dcnsitJes and nest survival ofprai
rie birds are variable, however, ranging from posirive (Win
ter et al. 2005) or no relationship to negarive (Vickery cl al. 
1992); at times nest survival is highest at medium densities 
ftbis stlllty, Vickery ct a1. 1992). Our study suggests, as an 
alternarive explanarion for disconnects between bird densi
ties ULld fecundity, thai selective pressures are exerted from 
both directions of low and 111gb group sizes. \Ve suspect Lhe 
nonl iilCM parlern we reporr hl'rc may be common, bur it has 
r~l1lained llndeteeted because orthe eonsLrai nts orearly quan
! irativc techniques that did not easily allow the examination of 
mllltipk currelaLes of nest survival. 
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