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ARE THERE OPTIMAL DENSITIES FOR PRAIRIE BIRDS?
SUSAN K. SKAGEN! AND AMY A. YACKEL ADAMS
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Building C, Fori Collins, Calorado 80526

Abstract.  The major torees of food and predation shape fitness-cohancing decisions of bards at all stages of
their life cycles. During the breeding season, birds can miniinize nest loss due to predation by selecting sites with a
lower probability of predation. To understand the environmental and social aspects and consequences of breeding-
site selection in prairie birds, we cxplored variation in nest-survival patterns of the Lark Bunting (Calamospiza
melanocorys) in the shortgrass prairie region of North America. Gver four breeding seasons, we documented the
survival of 405 nests. conducted 60 surveys to cstimate bird densities, and measured several vegerative features
to describe habitat structure in 24 randomly sclected study plots. Nest survival varied with the buntings’ density
as described by a quadratic polynomial. increasing with density below 1.5 birds ha™! and decreasing with density
hetween 1.3 and 3 birds ha *, suggesting thatan optimal range of densities {avars reproductive success of the Lark
Bunting, which nests semi-coloniatly. Nest survival also increased with increasing vegetation structure of siudy
plots and varied with age of the nest. increasing during catly incubation and late in the nestling stage and declining
stightly from mid-meubation to the middle of the nesuling period. The existence of an optimal range ol densities in
this semi-colonial species can be elucidated by the “commodity-selection hypothesis™ at low densities and density
dependence at high densities.

Key words:  avian density; Calainospiza melanocorys; commodity-selection hypothesis: Lark Bunting:
nest survivel; Program MARK; shortgrass prairie

¢ Existen Densidades Optimas para las Aves de Praderas?

Resumen.  La disponibilidad de alitnento y Ja depredacion son las fuerzas principales que moldean las deci-
siones que incrementan la adecuacion bioldgica de las aves en todas las ctapas de sus ciclos de vida. Durante la esta-
cidn reproductiva, las aves pueden minimizar la pérdhda de los nidos debido a la depredacién mediante la seleccion
de sitios con una menoi probabilidad de depredacion. Para entender los aspectos ambientales y sociales y las con-
secuencias de Ja seleceion de los sitios de anidacion en las aves de pradera. exploramos la variacion en fos patrones
de supervivencia de los mdos de Calamospiza melanocorys en la region de pradera de pastos cortos de America
del Norze. A lo largo de cuatro estaciones reproductivas, docnmentamos la supervivencia de 403 midos, realizamos
60 muestreos para estimar las densidades de fas aves v medimos varios aspeclos de la vegetacion para describir la
estructura del habitat en 24 parcelas de estudio seleceionadas al azar La supervivencia del nido vanio con la den-
sidad de C. melanocorys siguiendo la forma de un polinomio cuadratico. sncrementando con una densigad menor
a 1.3 aves/ha y disminuyendo con una densidad de entre 1.5 v 3 aves/ha, sugiriendo que un rango dptimo de densi-
dades favorcee el éxito reproductivo de tos individuos de C. melenocarys, los cuales nidifican de modo semi-colo-
nial. La supervivencia del niclo también incremento con un aumento en la estruetura de Ja vegetacion de las parcelas
de estudio v vario con la edad det nido. incrementando a principios de ia incubacion g al final del periodo de pichon
ydisminuyendo snavemente desde mediados de la mcnbacion hasta la mitad del periodo de pichon. La existencia de
un rango optimo de densidades en esta especie semi-colonial puede ser entendida a través de la “hipotesis de selec-
c1on de bietres de consumo™ a bajas densidades y por denso dependencia a altas densidades.

INTRODUCTION (lqndscape, habit.at, terriLoryzgnd nest .sile}‘. birds car mini-
mize nest predation by selecting breeding sites with a lower
The major torces of tood and predation shape the fitness-  probability of detection by predators: several studies have
cnhaneing decisions of birds at all stages of their hife cycles  sought to identify the environinenial cucs, landscape features,
and ultimately derermine lifetime reproductive fiiness. Dur-  and vegetation structure of favorable habitats and nest sites
ing the breeding scason, ihe influence of predation on fitness  {(Martin 1993, Davis 2005, Fonlaine and Martin 2006).
is particularly great, accounting for >80% of nest loss on av- In addition to environmental and structural cues, pas-
erage (Martin 1993) and >90% of nest loss for birds of short-  serines may use sociul information when s¢lecting breed-
grass prairie (Yackel Adams er al. 2007). At several scales  ing sites (Ahlering el al. 2006). and information gainced from
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conspecifics, in turn, may incrcasc reproductive fitness. The
importance of social cucs in habitat selection 1s deseribed by
the “commodity-selection hypothesis™ which postulates that
breeding aggregations or colonics form as individuals inde-
pendently select for preferred habitar features (hahitat-mediated
aggregation) and simultanconsly are attracted to birds of the
same species (conspecific attraction leading to additive ag-
gregation; Danchin and Wagner 1997). For birds in gencral,
colony sizes can range {rom only a tew nests Lo more than a
million birds, and nest distribution ranges from loosely ag-
gregated to densely packed (Wittenberger and Hunt 1985,
Rolland etal. 1998). A corollary of additive aggregation is that
some habitat patches may be crowded whercas other favorable
labitats remain unused. a pattern Jong noted by ornithologists
{Lack 1968, Stamps 1986).

In this articlc we cxplore variation in nest-survival pat-
terns to understand the social aspects and consequences of
breeding decisions made by prairie birds, with a focus on the
Lark Bunting (Calamospiza melanocorys), whose populations
that are declining throughout Colorado (Sauer et al. 2006). It
breeds n loose aggregations and is considered semicolonial
or colonial while nesting {Lack 1968, Wittenberger and Hnnt
1983, Shane 2000), Over four breeding scasons, we quantified
nestsurvival, bird densities, and vegerative features at 23 ran-
domly selected study sites. Here we examine nest survival of
Lark Buntings relative to intrinsic (nest age). extrinsic {habi-
tat structure), and social (densitics of canspecifics and other
grasstand birds) factors. We discuss the implications of our
findings for recent thearetical developments in social breed-
ing 1 birds and conservation approaches.

METHODS

STUDY AREA

From mid-May to tatc July, 1997-1999 and 2001, we sur-
veyved grassland birds and monitored nests in and near the
Pawnee National Grassland, northeastern Colorado (40°
437 N, 104 29" W}, in 2 modcrately fragmented landscape
composed of shartgrass prairie (62%), irrigated and non-
itvigated crops (29%), and Conservation Rescrve Program
(CRP) fields (8%). We randomly selected 24 study sites
(64.7 ha or anc quarter sccuion: boundaries determined by
quarter-sechion lines of the Public Land Survey). includ-
mg 16 shortgrass prairie sites and eight CRP sires on U.S.
Fotest Service lund accessible by road. Prairie study sites
were dominated by xeric grasses such as buffaiograss (Bu-
chioe dacryloides) and blue grama (Boutelowa gracilis) with
accasional shrubs of four-winged saltbush (dmriplex canes-
censy and brooin snakeweed (Gutierrezia sarothrae). CRP
siles were vegetated primarily with exotic grasses such as
smoath browne (Bromus inermis), intermediate wheatgrass
(4gropvron intermedion). and crested wheatgrass (4. ¢ris-
rarem). Porential nest predators include the thirtecu-lIined
ground squirrel (Spermoplifus tridecemiineatus), coyole
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(Canis latrans), swift fox (Fulpes velox), long-tailed wea-
scl (Mustela frenata), bullsnake (Pitnwophis melanoleucusy,
weslern hognose snake (Heterodon nasicus), and Burrowing
Owl (Arhene cuniculuria).

FIELD PROCEDURES

We conducted our research at 16, 16, 20, and 8 sites per year in
1997, 1998, 1999, and 2001, for a total of 24 unigue sites and
60 site-year combinations. At each site, we surveved al! grass-
land bwds along point transcety at 12 (occasionally 6) points
300 m apart from 05:30 1o 09:30 MDT, between 21 May and 9
June, avoiding inclement wearthier. All birds detected by sight
or sound were recorded within intervals of 0235 m, 25-50 m,
50--75 m, 75-100 m, and 100~ 150 m. We scarched all siies
systematically for nests by dragging a rope between (wo ob-
servers 25 m apart and by obscrving adults’ behavior. To
determing incubation stage, we floated two eggs Ly usiag a
modified technique of Westerskov (1950). and we recorded the
number, age, and status of eggs and nestlings ai 2- o 4-day in-
tervals until nests were cinpty. During the lasl nest check. we
noled signs of fledging (parents feeding young or calling in
vicinity, feeal droppings outside of nest; Yackel Adams ct ai.
2006}). Nests were active from 18 May to 24 July, We sampled
the vegelation structure and compaosition of grassiand patches
along the point transcets between 21 May and 11 June. We vi-
sually estimated the pcreent cover of grasses, sedges, forbs.
shrubs. cacti, and bare ground within plots of radius 5 m and
measured grass height and vegeiation devsity ar distances of
1, 3, and § m from the point 1n one direction (cast). We re-
corded vegetation density as the number of vegetation hits on
a l-cm-diameter pole at igtervals of 0-5. 5-10, 16 20, and
20--30 em abeve ground. We constructed scveral vegetation-
structure variables foruse in the analyses.

A PRIORI MODLLS

Our primary interest was in evaluating rhe role of bird den-
sity in nest survival. Becausc nest age and habitat strueturce
also can influence nest survival. we included these calego-
ries of variables in our sct of candidate models 1o account for
as mmuch additional variation as possible. Information from
the scientific literaturc in supporl of inclusion of these vari-
ables is as follows. In some species of grassland birds, Jdaily
survival varies linearly with nest age (Dinsmore et al. 2002,
Davis 2005, Lioyd and Martin 2003}, yet in others a cubic
polynoniial best describes the cffect of nest age (Davis 2003,
Grant et al. 2005). Responses to vegetation structure can be
highly variable, yet nest survival can increase with increasing
nest concealment (Winter et al, 2003, Davis 2005). In gen-
eral, birds are most abundant in habitats with high productiv-
ity (Bock and Jones 2004). although this relationship does not
hold in areas of recent habitat disturbance. As an alternative
to a lincar trend, we also evalvated a quadratic trend of bird
density on nestsurvival
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STATISTICAL ANALYSES

Because predators may be altracted o areas of high bird den-
stries regardiess of bird spectes, we cvalvated whether to use
densities of Lark Buntings only or densities of all grassland
birds; in ail analyscs we evaluated the lincar and quadratic
forms. We defined “grassland birds” as ground-nesting grass-
land doves and passerines, including the Mourning Dove
(Zenuida macroura), Horned Lark (Eremophila alpestris),
Cassin's Sparrow (dimophile cassinif), Brewer’s Sparrow
(Spizella brewerl), Lark Sparrow {Choundestes grammacus),
Lark Bunting, Grasshopper Sparrow (Anunodramus savan-
narwn), McCown’s Longspur (Calcarius mecownii), Chest-
nui-collared Longspur (C. ornarus). and Western Meadowlark
(Sturnella reglecta). We clissified birds ivto detection guilds
of subtle (Cassin's Sparrow, Brewer’s Sparrow. Lark Sparrow,
Grasshopper Sparrow) and obvious {oflen detecred by prom-
inent song or flight display: Mourning Dove, Horned Lark,
Lark Bunting, McCown’s Longspur, Chestnut-collared Long-
spur, Western Meadowlark). We estimared densilies of grass-
land birds for each year and site (sampling unit) by using the
Multiple Covariates Distance Sampling (MCDS) analysis
procedures in DISTANCE v. 4.1 (Thomas ct al. 2003); this
analysis accounts for detection variability due lo covariares
(c.¢, observer and habirat stricture) and caleulates estimates
with maxunum preciston, We modeled the probabibty of de-

recting grassland birds and Lark Bentmgs as a function of

rachal distance, observer, plot vegetation varnables, and detec-
tion guild by using fonr robust medcls suggested by Buckland
etal (2001). Because fitting the detection funcuon with mul-
tiple covariates is computationally difficult, building model
sets with forward stepwise selection (adding covariates one
at a time) is recommended for MCDS (Thomas ct al. 2003).
We first cvaluated four recommended models (hall=normal
key funcrion with cosine and hermite polynomial expansion
series and hazard-vate key function with cosine and simple
polynomial expansion seriesj with no covarlales (constant
model) and selected the best model with Akaike’s informa-
non criterion (AIC; Burnham and Anderson 2002). We se-
lected the best model from among univariate modcls by
using seven vegetarion-siructure variables: AvgGhgi (average
grass hieight), PercGS (percent cover of grasses and sedges),
PercFSb (percent cover of lorbs and shrubs), PercVeg (per-
cent cover of grasses, sedges, forbs, and shrubs), AvhtVeg
{AvgGhgt x PercVer), HitsVeg (vegetation hits X PercVeg),
and Ovcrall (AvgGhgt x Hits x PcreVeg). We constructed a
balanced model set with all combinations ol rhe selected
vegetation covariate, observer, and detection guiid (for all
grassland birds). To minnmize bias rom model-selection un-
cerlainty, we modcl-averaged avian densities for wnodel sets
with closely competing models (Le., models with AAIC < 7).
To calculate daily nest-survival probabilities of Lark Bun-
tings, we used the robust nest-survival model in MARK Ver-
sion 4.3 (White and Burnham 1999), which uses generalized

linear modeling based on a binomial likelthood. On the basis
of Baicich and Harrison (1997), we uscd 12 days and 8 davs
for the duration ot'the incubauion and nestling periods, respec-
tively. For nests of uncertain fate (5,9% of 405 nests). the final
observation interval was censored and nests were coded as
successful, as recommended by Manolis et al. (2000). Nests
of unknown age (6.4% of 405 nests; all oeccurred in 1997 and
1998) were assigned the average initial age of nests.

Because ol the large number of potenrial variables under
consideration, wc conducted prelimmary analyses to deter-
mine which of two to several possible metrics of each cate-
gory of predictive variables (nest age, habstat structure. bird
densily) 1o carry forward to the final set of candidate mod-
cls. Witlun cach catcgory, we sclecled the variable with the
greatest inffuence on nest survival by choosing the univariate
model (including quadratic or cubic polynonual forms. both of
which included the lower-order terms) with the lowest A1C .
We chosc nest age from among lincar, quadratic, and cubic
polynemial forms and bird density from linear and quadratic
forms. Habitat-structure variables included PercGS, PercFSb,
PereVeg, AvgGHgt, MedGHgt (median grass height), HitsGS
(number of hits of grasses and sedges), HitsFSb {number
of hits of forbs and shrubs), HitsVeg, and constructed vari-
ables AvhtGS (AvgGHet x PercGS), AvhtFSh (AvglHgl x
PereSb). AvhitVeg, and Overall. I[ the constant model out-
performed rhe best model in a category but the ditference in
AlC was less than 2, we included the variable in more inclu-
sive models. assuming such a variable had sorne (albeit Title)
predictive power.

We built a balanced model set by using the sciected mer-
ric from each of three categorics of predictive variables {nest
age, habital structure, and bird density) for a wotal of seven
modcls plus a constant model. We evaluated the influcace of
these three categories of variables on survival of Lark Bun-
ting nests by using the AATC ¢ and regression cocfficients with
confidence mtervals (Cl). Reported values are means or te-
gression coefficients 1 SE,

RESULTS

We conducted 60 bird surveys and momtored 405 Lark Bun-
ting nests during our 4-year study. Densities, clurch sizes. and
numbers of young per successful nest averaged 1.0 birds ha™
(+0.10, range 0-2.9), 4.5 (£0.04, 95% C1=4.5.4.6, n = 325),
and 3.7 (£ 0.1, 95% CI = 3.5, 3.9. » = 138), respectively Daily
nest survival and overall nest success across the entire study
period were 0.937 (0.004, 95% Cl = 0.929. 0.944) und 0.272.
respectively. The metrics selected during the preliminary
analyses to be carried forth to the more (nciustve model set
were nest age (cubic polynomual), habiiat siructure (median
grass height; MedGHgt). and bird density (quadratic polyno-
mial of Lark Bunting density). The ATC_ values for the cubic
polynomial model ot nest age were 13.051, 15.050, and 23.200
units lower than ATC, values of the linear, quadratic. and




TABLF [ Nest age. habitar structure, and Lark Bunting density
strongly influenced survival of 405 Tark Bunting nests on the Paw-
nece National Grassiand and vicinity, northeastern Colorado, 1997~
200L. as indicated by modcl-selection resulis. Anafysis performed
in program MARK. Meodels arc listed beginning with the best-fit-
ting model and sored by Akaike’s nformation criterion adjusted
for small sample size (AAIC ). Also shown for each inodel ave the
number of paramelers (A') and model weighl (v,). which indicates
the relative likelthoad of each model given the model set and which
collectively sum o 1 tor the entire model set.

Nest-survival medel® AAIC, K W,
Nest age’ + Habitat siructure® 0 S 0499
Nestage’ — [abitatstructuie + 1.084 7 0.290
Lask Bunting density?

Nest age? 2598 4 0137
Nestage' + Lark Bunting density? 3804 6 0074
[abirat structure 16,485 2 0.000)
Habmral structure + Lark Bunumg density®  17.260 4 0
S. {constant model} 21.782 1 0
Lark Bunting density? 22458 3 0

"Variable formns used in models: nest age? = cubic polynomial of nest
age; habirat structure = median grass height; Lark Bunting density? =
quadratic polynomial of Lark Bunting density.

PAIC, value for the top model was 1140 35,

consiant models, respectively. Univariate models of al! habital-
structure varables tested yielded AAIC values »2x that of
the model of best fit, median grass height. A model u~sing the
quadratic polynomial of Lark Bunting density revealed an
ALC similar {AAIC, = 0.35]) Lo that of the linear form even
with the cost of an additional paramcter [or the quadrartic
polyromisl. Density of all grassland birds did not influence
the Lark Bunting's nest survival {§ = 0.0004, SE =0.962, 95%
CI=--0.120,0.121).

Nest age strengly influenced survival of Lark Bunting
nesas: 1 appeared in all of' the best-fitting models, and its 95%
confidence mrervals dud not span zevo for any terms of the
polynomial (Tables 1 and 2). In the set of balanced mmodcels, the
large AAIC ol the strongest inedel without nest age, 16.985,

TABLE2. Thestrengrb of the relationship between survival of Lark
Bunting niests (1= 405) and nest age, habital strneture, and grassland
bird density in a sharrgrass prairic i northeast Colorado, 1997 2001
The regression coefBeients (3). SE, and 95% confidence intervals
(959% CI} are [rom the best-Atting model containing the parameter,

Parameter ¥ SE 95% (I
Nestuge (237 0.061 0.118.0.358
Nest age” -0 0624 0.008 —0.040,-0 009
Nestage 00008 0.0003 0.0002, 0 0013
1labuitat structure 0027 0.013 0.001, 0052
(median grass heighty

Lark Bunting density 0919 0.522 1.104. 1 943
Lark Buning densiry® 0317 (0.188 0.686, 0.051
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FIGURE 1. Predicted daily survival probabilities of Lark Bunting
nests in relation to {A) nest age (days}, (BYmnedian grass height, end
(C) Lark Bunting density on the Pawnce Nadonal Grassland and
vicinity. northeasiern Colorado, 1997 2001, Estimates and 93%
confidence ntervals {dashed lines) were generated by the Jupistic
regression equation from the top models (Table 1) contaming the
effeet. To generate the figures tn panels Band C.and A and C, respec-
lively, we assigned a nest age of 9 days and median grass height off
10 cin (the weighted median)

provides further evidence uf the strength of this varnable. Nesi
survival mereased with nest age during carty incubarion and
late in the nestling stuge and declined shightly between mid-
incubation and the middle of the nestling period {Fig. 1A)
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Habitat structurc as characterized by median grass height
slso strongly influenced survival of Lark Bunting nests; it ap-
peared in the best-fitting rodel, and its 95% C1 did not span
zero (Tables | and 2). Nest survival increased with inereas-
ing vegetation height (Fig. 1B). Median height of grass in the
smudy plots averaged 12.2 ¢m (£ 6 0 SD).

Lark Bunting density also strongly influenced nest sur-
vival but to a lessey degree than did nest age and habitat
structure. As a quadrane polyromial, Lark Bunting density
appearcd in the sceond best-firnng model. the 93% Cls were
highly asymmetric acound zero (Tables | and 2}, and the 90%
Ct did not overlap zero (lincar term: 0.061, L.778; guadratic
term: —0.627, —0.008). A negatlive regression coefficient ol the
quadratic term signifies a curve that is concave downward.
The best-futing model including Lark Buntng density suggests
thar at low densitics, nest survival tncreased wirh dengity, but
as densities exceeded 1.5 birds ha™. nest survival declined

Fig. (). Despite the important role of uest age on survival
of Lark Bunting nests, models wirhout nest age stmilarly tn-
dicate the great importance of Lark Bunting densiry on nest
sarvival, In fact, in models 1ncluding only habitat stracrure
and Lark Bunting deasity, the 95% CI for both density terms
1o longer span zero (lhcar terin: (L.017, 2.062; quadratic tern:
—0.741, —0.004).

DISCUSSION

Variation in nest survival stems from rhe cffects of intrin-
sic and extrinsic factors, rom inherent variation thal occurs
across the nesting cycle combined with cnvironmental and
social influences. Aithough there are several possible mecha-
nisms of nest faiture, including predation, starvatiou, discase,
and direct mortality {rom weather, we suspect that the pre-
ponderance of failures during this study was due to predation.
Although we were unable to ascertain exact cause of nest fail-
ure with 2- 1o 4-day inicrvals beeween nest visits, in a separare
srudy 1n the same region, Yackel Adams et al. (2007) were
able to determine with daily nest checks that 92% of nest fail-
ure was duc 1o predarion. Furthermore, stacvation is generally
manifested in partial brood loss rather than in loss of an entire
brood within a tew days

For some specics of grassiand birds, effects of nest age
lake the form of cubic polyneniial models rather than of qua-
drauc. linear. or constanl models (Davis 2005, Grant et al.
2003, Davis cr al. 2006. this study). A common companent
ol the cubte age cffects is a decline in nest survival from mid-
incubation ro | or 2 days post-hatching, ¢nd in this study sur-
vival of Lark Bunting nests declined between mid-incubation
and the middle of the nestling period. Potential cxplanations
include increased parental activity revealing the location of
nests to predators (Comway and Martin 2000), increascd cues
and activity at the nest when young are newly hatched, and ad-
ditive exposure to risk from various facrors (Grant ct al. 2005).
Survival of Lark Bunrting nests increased i the middle of the

nestling period, a time when older nestlings are silent when -
truders approach. Extrinsic {eatures such as habitat structure
also contribute to pattcrns of nest survival. The positive rela-
tionship berween nest survival and grass height at both spatial
scales may veflect increasing nesting cover rhat reduces de-
tection by predators (Marrin 1993) and dhffering abundances
of predators. In Calorado, thirteen-lined ground squirrels. the
primary nest predators at our study sites, were sparse in the
wal] (>25 cm) grasses associated with CRP fields (0 34 ha™' vs
1.83 ha™ in shortgrass prairie: T. R. Stanley, pers comm.).

Sacial factlors alse contrnibure 1o variation in nest survival.
Our study suggests that nest survival 1s maximized at an in-
termediate range of Lark Bunting density, indicating the ex-
istence of sclective pressures exerted froin both directions of
low and high group sizes. What proximate and ullimale forees
encourage aggregation and, in turn, limit colony size? Ac-
cording Lo the commodity-seiection hypothesis (Danchin and
Wagner 1997). breeding colonies forin beecause of habiwat-
wmednated aggregation and conspecific sttraction. Preferred
habital features may include the presence of adequate food
and vegetarion for shading and protecting nests from wind
and predalors (With and Webb 1993). Adaptive advantages
leading to conspecific attraction include sexual sclection, in-
formation gathering (on food, safety, and the general quality
of breeding sites), and improved predator defense (groups de-
tect and inob predators more effectively).

Wirh respect ro sexual selection, aggregation allows ac-
cess to higher quality mates and extra-pair copulations, which
in some spcceics arc beneficial ro females and older maics
(Morton et al. 1990, Danchin and Wagner 1997, Het and Hoi-
Leirner 1997). Female Lark Buntings choosc characieristics
of males associated with males™ total fitness, and extra-par
fertilization, which can be beneticial to females, accounts for
25% of [Lark Banung voung in Colorada (Chame and Lyvon
2008). Conspecifics may gain fitness-cnhancing informa-
tion by observing the choices, bebavior, and breeding perfor-
mance of neighbors (Danchin et al, 2004), as occurs iu Blue
Tits (Cyanistes caeruleus) that make emigration decisions
based on the quanury of fledglings vaised in a given breeding
area (Parcjo et al. 2007). Lark Buntings may gather informa-
rion gathering about breeding areas when young fledge from
nests. On several occasions, as we observed voung actively
or recently fledging from nests, neighboning buntngs moved
nto the vicinity, watched. and vocalized. possibly assessing
the nunber and condition of young. Finally. mutual delense
from predators arrracts conspectfics Lo breed in loose colo-
nies; this idea is supported by a comparative analysts of 320
avian species revealing coloniality to be strongly corrclated
with exposure of nests to predators (Rotland el al. 1998). We
obscrved groups of buntings mobbing the swift fox, a primary
predator in the area.

Density-dependenr factors can limit bird densitics
{(Fretwell 1972), as evideneed in the Black-throated Blue Warbler



{Dendroica caerutescens; Rodenhouse et al. 2003). Density
dependence can result from an increcase in competition for
optimal nesting sites, tntevference among conspecifics, and
attraction of predators. Bachelor and mated male Lark Bun-
rings augment the need for inate-defense behaviors by attack-
ing females during cgg laying (A. Chaine, pers. comm,); we
noted many attacks that involved several males chasing and
copulating with femmales, Bachelors are prevalent in Colorado,
ranging from 23% to 45% of males (Pleszezynska and Han-
scil 1980, Chaine and Lyon 2008). Predation may rcduce nest
survival at high buniing densities 1{high nest densities attract
predators to an area by increasing predarors’ encounter rate
and thas their foraging efficiency (Fretwell 1972:128. Schmidt
1999),

The capacity for density dependence 1s gencrally not con-
sidered when habitat quality for breeding passerines is evalu-
ated. Conservation efforts require metrics for evaluation of
habitat quality so that high-quality habitats can be targeted for
conservation and so management practices can be evalnated
in terms of success in improving habuat quality. Over the past
two decades, despite warnings by Van lorne (1983). bird den-
sity and abundance often have been used as surrogates for re-
productive output to indicate habitat quality (Bock and Jones
2004, Johnson 2007). Disconnecls between abundance and
fecundity, or habitats with high bird densitics and low repro-
ducrive success, when discovered, are generally explained in
the context of ecological traps (i.c.. vecently altered environ-
tnents in which animais preferentially settle in habitat on the
basis of formerly reliable cues but within which they experi-
ence reduced fitness relative to other available higher-quality
habitars; Schlacpfer el al. 2002, Roberrson and Hutto 2006).
Imiplicit assumptions ol ecological traps are that birds con-
sider primarily environmenrzl rather than social cucs to assess
quality of breeding habitats, and babutat quality has the great-
est effect on reproductive output of all possible Factors.

Relationships between densities and nest survival of prai-
rie birds are variable, however, ranging from positive (Win-
ter ¢t al. 2005) or no relationship to negarive (Vickery ct al,
10925 at times nest survival is highest at medium densttics
(this study, Vickery ct al. 1992). Our study suggests, as an
alternarive explanarion for disconneets between bivd densi-
tics and fecundity, that selective pressures are exerted from
both divections of Jow and gh group sizes. We suspect the
nonlincar pattern we report herc may be common, but it has
remained undelected because of the constraints of early quan-
tirative fechiniques that did not eastly allow the examination of
multiple correlates of nest survival.
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