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ARFTRACT.—In many songbivds, the nesting periad for a breeding attempt Is extremely short, often lasting only a few weeks. Breeding
adults can shorten this period by decreasing the number of eggs faid or reducing the length of the nestling period, Nestling-period length
has reccived little attention in the litexature but could have profound effects on annual fecundity, becausc cach day represents a risk
of nest depredation. Consequently, ws were interested in assessing the biotic and abiotic factors that govern the nestling period in the
Ovenbird {Selurus aurocapifla), We provide evidence that food availability, more than predation pressure and climatic factors, influences
nestling-period length, with increases In food availability decreasing the nestling perlod. We suggest that the nestling period is dictated
by physiological constraints, which may be influenced by food availability and, thus, the ability to provision young. However, the greatest
varlation in nestling perlod was individual variation among breeding patrs. Thus, we beliove that large-scale variation in ecological and
cnvironmental factors may determine the phystological constraints of the nestling period but pavental behavior and quality within this
framework dictate the actual length of the nesthing perlod, Recelved 6 November 2008, accepted 18 Jung 2009,
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Factores Bibticos y Abigticos que Determinan la Duracién del Periodo de Pichdn en Sefurns aurocapilla

ResuMmieN.—Enr muchas aves canoras, ¢l periodo de pichdn de un intento reproductivo es extremadamente corto, durando
frecuentemente sélo snas pocas semanas. Los adultos reproductivos puedan acortar este periodo disminuyendo el nimern de huevos
que ponen o reduciendo la duracidn del perfodo de pichdn, La duracién del perfodo de pichén ha sido poco tratada en la literatura,
pero podrfa tencr gfectos profundos en la fecondidad anual debide a que cada dfa representa un rigsgo de depredacién del nido. En
consecuencia, astdbaros interesados en evaluar los factores bidticos y abibticos que determinan ¢l perfodo de pichén en Sefurys
aurocapilla. Brindamos evidencia de que la disponibilidad de alimentos, m4s que la prestén de depredacidn y los factores climiticos,
influenctan Ia duracidn del perfodo de pichén. Los incrementos en la disponibilidad de alimento acortaron el perfodo de pichdm.
Sugerimos que &l perfodo de pichan estideterminado por restrieciones fislolégicas, que podrfan estar influenciadas por fa disponibiidad
de allmenita y; por lo tanto, determinat la habilidad de alimentar a los pichones. Sin embatgo, la mayor varfacién en el perfodo de pichdén
fue Ia variacion individual existente entre las parejas que se encontraban criande., Por ende, creemos que la vartacion a gran ¢scala de
factores gcolbgicos y ambicntales pueds determinar las limitaciones fisiolégicas del periodo de pichén, pere ¢l comportamlonto yla
calidad parental dentro de este marco determinan la duracién real det perfodo de pichédn.

ELUCIDATING THE PROCESSES that influence focundity is v insectivorous songbied spectes (Underwood and Roth 2002, Nagy
tal to our knowledge of the basic ccology and conservation of birds  and Holmes 2005h, Mattsson and Cooper 2007). In many of these
and is central to our understanding of population dynamics, Most  species, the nesting period for a single breeding attempt is ex-
studies of avian demography have focused on nest survival, which  tremely short, often fasting only a few weeks. Breeding adults can
Is a dominant factor influencing annual fecundity in numerous  modify the length of this period by adjusting the number of eggs
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or changing the time from hatching to fledging. Nestling-period
length has received little attention In the literature but could have
profound effects on nest survival and reproductive success be-
cause the nestling period can be the perlod of greatest mortality
duting 2 songbird’s life (Ricklefs 1969a),

To maximiz¢ annual fecundity, single-brooded specles need to
balance the costs associated with fledging young early with the risks
of total nest foss due to predation, because both of these faetors can
strongly influence annual productivity {Mattsson and Cooper 2007).
Fledgling survival, which can be a fraction of adult survival {Berkes
ley ct al. 2007, Rush and Stutchbury 2008), rmay be influenced by the
condition of young near the end of the nestling petiod (Blancher and
Robertson 1937, Icementz. ct af, 1989, Monros et 2, 2002), and pro-
longed parental care should presumably help increase restling quat-
ity. However, a protracted nestling period may have disadvantages if

it incveases the probability of total nest loss. Congider 2 nests, each

with a ptohability of daily survival of 0.95, where the first nest fledlges
in 8 days and the second In 10 days. The probability of surviving to
fledging is 10% greater for the first nest than for the second {(0.66 vs,
0.60), Thus, all clse being equal, reducing the fength of the nestling
periad should increase nest sucvival, Furtheemors, after leaving the
nest, fledglings face chance events such as predation singly, rather
than asa group, which reduces the probability thata single event will
climinate all youtyg, Consequently, from an inclusive fitness stand-
point, it may be advantageous for breeding adults to expedite fledg-
ing, so long as fledgling survival is not negatively affected,

Understanding the factors that govern time spent in the nest
can increase understanding of songhird demography. Blotic and
abiotic factors suich as nest predation, foad availability, and ambi-
ent temperatures may play a role in determining fledging times,
Martin {1995) showed that differences in nest predation rates ex-
plained most interspecific differences in nestling period length,
wheress food availability is the major determinant of nestling
growth and development (Naef-Daenzer and Kellor 1399), and
nestling size can determine differences In intraspecific fledging
tire (Johnson et al, 2004). Abfotic factors could also directly or
indirectly influence the length of the nestling peried. Tempera-
ture and precipieation should directly affect the costs associated
with thermoregulatory ability in newly fledged young while indi-
rectly affecting the length of the nestling period through effects
on food abundance and search time,

Little emplrical rescavch has been conducted on Intraspecific
differences in nestling-period length. The limited reseavch that
has been done hag generally focused on a single factor and not on
the relative Importance of multiple blotic and abiotic factors. In
addition, most studies investigating fledging times have dealt with
species that use cavities and readily take to nest boxes, but life-
history strategics often differ bet ween open-cup and hole-nesting
species (Martin 1992b). Conzequently, our objective was to pro-
vide one of the first evaluations of the relative influence of ablotic
and biotlc factors on the length of the nestling period in an open-
cup-nesting species.

MeTHons

Study areq.—VWe conducted the study at the Cowesta Hydrologic
Laboratoty (hereafter “Coweeta”) within the Nantahala National For-
est [n the southern Appalachian Mountains, Macon County, North
Carolina (35.1°N, 83.4°N¢), between April and July, 2002-2004. We

established three study plots (>10 ha each) at approximatc efevations
af 300 m, 1,050 m, and 1,200 m, all within 15 ken of one another. The
vegetative composition ofthe forest s dominated by cove and north-
ern hardwood forest vegetation (Day ot al. 1988), with an understory
dominated by Great Laurel (Rhododendron mazivugm) and Moun.
tain Laurel (Kahnia latifolia) (Day and Monk 1974).

Stuely species.—We focused our study on the Ovenblrd (Sefirus
anrocapilia), a smallinsectivorous Neotropieal migrant songbird that
breeds throughott the eastern United States {(Van Horn and Done-
van 1994}). Ovenbirds are typically single brooded and lay 2 clutch
of 2—-6 eggs; clutches of 4 or 5 eggs were the most ¢cormmon during
the present study. Young reportedly leave the nest 710 days after
hatehing {Van Horn and Donovan 1994). When foraging, Ovenbirds
spend >80% of the thme on the ground, gleaning prey from the leaf
litter and nearby foliage (1olimes and Robinson 1988). Coleoprerans,
dipterans, and lepidopteran larvac constitited the majority of prey
items for adults in a study in New Hampshire (Holmes and Robin-
son 1988), and lepidopteran latvae are a major component of items
brought to nestlings (Van Horn and Donovan 1994).

Nestfinding and mostitoring~-Vo systermatically searched all
study plots for Ovenbird nests and searched surrounding areas to
increase sample sizes, We were present on sach plot at least every
other day. To facilitate nest searching, we created territory maps
of allindividuals an the study plots by following individual singing
males and marking locations on grid paper that corresponded to
cach plot, Over the 3 years of the study, we located 107 Ovenbird
nests, of which 60 successfully Aledged young. We monitored nests
every 2-4 days to note the dates of elutch completion and hateh-
ing and at least every day near the ond of the nestling period to
note success ot fallure of nests.

Fledging date—Nestlings typically leave the nest in the
morning on fledging day, and all nestlings leave within several
hours nfone another {(Van Horn and Donovan 1594, I, W. Stodola
pers, obs.). To determing the day of fledging, we visited all active
nests in the morning of all days after day 6 of the nesting cycleand
again later in the day, weather and time permitting. Nest moni-
toring was performed with binoculars at a distance {often >3 m)
to minimize our influence. If we did not observe parental activ-
ity at the nest, we approached until we could observe nest con-
tents withoot disturbing the nostlings if they were still in the nest.
When nestlings fledged hetween nest checks on sucgessive days,
we scored fledging day as the midpoint between those 2 days. if
a nest was not checked on successive days, it was removed from
the analysis because we could not accurately determine the day of
fledging within a 1-day time frame. This procedure eliminated 3,
5, and 1 nests from analyses in 2002, 2003, and 2004, respectively,
resulting in a sotal sample size of 51 suceessfully ledged nests. Al-
though disturbance at the nest may influence the day of fledging,
we checked all nests on day 6 of the nestling stage, so hest distar-
bance was constant across study plots and years.

Sratistical inferences.— e cvaluated fledging thmes nsing a
general linear mixed model incorporating plot-level and nest-lovel
variabies that we thought might affect the nestling period, We cre-
ated a two-level hizrarchical model in which predation pressure,
food, and average temperature during May and June were plot-
level effects because they were all specific to a plot fot each year.
Nest-level effects were all specific to a particular nest and included
ttter depth, vegetative covay, minkmum temperature on day of
fledging, and average precipitation during the nestiing stage.
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Finally, we incorporated brood size in all modets because this has
been shown to be an important determinant of nestling-period
length in other songbird species (Zach and Mayoh 1982, Husby
and Slagsvold 1992, Michaud and Leonard 2000), A description of
the variables of interest and how they were measured (oflows,

PLOT-LEVEL PREDICTIORS

Nest dapredation.—We caleulated daily nest mortality rate for each
plot and year using the logistic exposure method (Shaffer 2004) and
used this measure 45 an index of predation pressure. We used st in-
formativn-theoretic approach to obtain unbiased estimates of daily
nest mortality rates. More specifically, we caleulated Akaike’s infor-
mation criterlon (Akalke 1973) adjusted for smail sample size {AIC;
Burnthanm and Anderson 2002) for 5 models refating the probability
of nest mottality to plots and years, along with their combination
and interaction, and a model with constant probability of survival.
We then used maodel averaging {Burnham and Andetson 2002} to
ingorporate the weight of evidence that the probability of nest mor-
tality diffored between sites and years. Of the 47 lailed nests that we
followed during the study, 45 were missing alf or some of their eggs,
which indicated that they were depredated rather than abandoned.
We therefore believe that thiz is a good measure of the predation
pressure experienced by a nesting pair.

Terperature—We used average temperature during May and
June as an indicator of dimatic conditions on a plot, because this
tepresented the time when most young fledged from nests. Aver-
age temperature measurements were obtained at Coweeta at 3 ol
evations: 865 m, LOOI m, and 1,347 m. Although these elavations
are ot the same ¢ those of onr study plots and the diffetence is
slightly larger, we belleve that the refative temperature differential
between cach location should indicate the temperature differen-
tial encountered by Qvenbirds on the plots.

Food abimndance~We used [epidopteran larvae as our mea-
sure of food abundance because they are included in ~90% of afl
feeding trips o the nest (K, W, Stodola unpubl. data). Lepidopteran
abundance and growth are associated with termperature (Simonet
et ol, 1981, Levesque et al. 2002), and our measurernents of lepi-
dopteran abundance were moderately corrolated with temperature
(r =047, 1= 8, P=0.23). However, we were interested in specific
cffects of each and modeled each seperately. Lepidopteran abun-
dance was sampled at the end of May and in the middie of June in
all 3 years, Although this method did not evaluate food abundance
during laying and carly incubation, it provided a measute of food
abundance during the nestling and fledging petlods, which were
of primary concern. Qvenbijrds fledged 82%, 88%, and 92% of ali
broods within 3 days of the lepidopteran sampling perlods in 20032,
2003, and 2004, respectively. Average fledging day from the 60
nosts analyzed was § June (& 1.4 SE}, Irvespective of year and site,

To estimate lepidopteran abundance, we counted all lepi-
dopteran larvae on the undersides of shrub- and ground-level
leaves of Amerlcan Chestnut {Castanea denfarg) and Red Ma-
ple (Acer rubren) following the methods of Molmes et al, (1986).
Lepidopteran surveys were conducted along 4 parallel 500-m
transeets sepavated by 250 m, When possible, two 50-leafsamples
of each tree species were obtained overy 50 m, For each sample,
we counted ~3,500 leaves of each tree species on each study plot.
The length of each lepidopteran larva was measured to the near-
cst millimeter, and dry=welght biomass was calculated following

the length—mass regression equatfons from Rodenhouse (1986),
We then summed the average biomass found on 50-leaf samples
from each tree specles for cach sample on each plot (e.g., average
biomass of farvae on 50 American Chestnut leaves between the 2
sampling periods plus average biomass of larvae on 50 Red Maple
leaves between the 2 sampling periods).

MNEsT-LEVE), PREDICTORS

Litter depth—Litter depth is an Important habitat characteristic for
Ovenbirds that may botled to food availability (Burlke and Nol 1998),
To estimate litter depth in and around the nest we took Ave mea-
surements, one centered on the nest ati the other four 5 m from the
nesl in the four cardinal directions. We gathered this measurement
at the end of the breeding season {July) and used the average of these
measurcments when predicting nestling-period length.

Vegetative coverage.—Vegetative coverage arournd a nest may
affect the ability of predators to find a nest (e.g, Martin 1992a).
We determined vegetative cover by placing a 0.2 X 2 m cover board
vertically on the ground at the nest and then visually estimating
the percent that was covered from a distance of 5 m in the four
cardinal diveetians. We tool this measurement at the end of the
breeding season (July).

Minimun temperature—Weused the minfmum temperature
on the day of fledging as a possible explanatory variable influenc-
ing nestling-period length. We thought that the thermoregula-
tory benefits of remaining in the nest on cold days would outweigh
the benefits of fledging carly and, thus, would influence nestling-
period length, We attained minimuem termpérature measurements
at Coweeta from the same sites as our May--June temperatures,

Pracipitatinn.—Precipitation can also influence the ability of
adults to adequately provision young (Johnson and Best 1982, Rosa
and Murphy 1994), which could influence nestling-period length,
Consequently, we used average precipitation daring the week he-
fore fledging as a predictor variable. This period represented the
entfre posthatehing time for most nests,

Model specifics.—We first ealeudated the amount of varlation
in the length of the nestling period by fitting an unconditional
hierarchical model that grouped nests by plot-year combina-
tions, We used the covariance estimate from this model to esfi-
mate the percent of variation that was explainable by differences
in the plot—year groups. This ¢stimate was also used as a baseline
for evaluating the explanatory strength of the plot-level predic-
tors: predation presswre, food, and temperature. We then fit lin-
ear models velating these predictors to days spant in the nest. We
allowed the intercept to vary randomly to evaluate the effects of
predation pressute, food, and tamperature on variationin nestling-
period length among plot—year groups. Finally, we used the cova-
riance estimate of this model to evaluate how much variation in
fledging times was attributable to these predictor variables and
used the slopes from these models to indicate the effect these vari-
ables have on the length of the nestling period.

To assess the importance of the nest-fevel prodictors, {itter
depth, shrub coverage, rainimum temperaiure, and precipitation, we
fit inear models relating these variables to nestling-petiod length.
When evaluating nest-level predictors, we allowed these predictors
to vary randomly because we believed that their effect on the nestling
perigd might differ amang plat—year groups, We then used the re-
sidual variance for these models to assess the amount of varlation in
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nestling-period length among plot—year groups that wag explained
by the nest-leve] predictors, In addition, we used the slopes of these
predictors to estimate thelt effects on nestling-perlnd length.

Statistical analyses.~—We assessed the refative fit of the differ
ent models at each iterative step using an information-theorstic ap-
proach (Burnham and Anderson 2002}, Model Gt was caleulated
using AIC, The relative fit of each model was determined using
AlC, weights, where the bost-fitting model correspands to the
highest welght {Ruenham and Andersen 2002), All models were fit
using maximum-likelihood specification uging PROC MIXED in
SAS, version 9.1.3 (SAS Institute, Cary, North Catelina), A Shapire-
Wik's test of normality on nestling-period length indicated that
the data were not normally distributed. Standard transformations
failed to remedy the problem hecause of the lack of time resofu-
tion (., 0.5-day increments), However, modeling the length of the
nestling period using Jinear regression in PROC MIXED provided
a better fit than a multinomial random-effects madel in PROC NL-
MIXED (AIC, =131.8 and 1921, model fit using the normal distri-
bution with random intercept and multinomial distribution with
random lntercept). Thecefore, for ease of interpretation, we used
the random-effects knear regression model in PROC MIXED, but
caution the reader that our results may be subject to probletis as-
sociated with non-normality of data and inear regression. Unless
otherwise noted, we predent all data as averages (% SE).

Resunrs

Average nestiing-period length was 7.6  0.12 days. Ovenbirds
fledged young in 8.0 + 0,26 days in 2002 (s = 14); in 7.8 = 0,10 days
in 2003 (11 = 20}, and 7.0 * 0.17 days in 2003 {# = 17) irrespective
of plot; and in 7.5 £ 1.00 days at the 900 plot (7 =2), 74 + Q.16
days at the 1,050t plot {n = 28}, and 79 = 0.19 days at the 1,200-m
plot {7 = 21) irvospective of year, Larger broods fedged sooner
than smatler broods {Fig. 1). We e¢stimated predation pressure
to be greatest at the 900-m site (24 nests), whereas the 1,080-m

101
954 )

7}

Average nestling period {days)

Broogd size

Fto, 1. Average nestling period (2002-2004) of Ovenbirds at Cowceta
Hydrologic Laboratory, Nanlahala National Forest, Narth Carolina, for
different brood stzes, with 95% confidence Intervals. Sample sizes are
given In parentheses.
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Daily nest predatian

{13)

{(14){15) (11)

1,200 m

Fie, 2. Model-averaged probability of daily nest predation (DNP) of
Ovenbirds a1 Coweeta Hydrologic Laboratlory, Nanfahala National For-
ast, North Caralina. We calculated 95% confidence intervals by predict-
ing ONF for each site and year from 5 modals (sea text) and then used
derived estimates and slandard errors from the logistlc exposuire model
In 100,000 Monte Carlo simulations, assuming a normat distribution, to,
attain confidence Intervals and Incorporale model selection uheertainty.
Sgmple sizes are given in parenthescs,

(44 nests) and 1,200-m sites {37 nests) experienced similar pre-
dation pressure (Fig. 2). Average temperatures decreased with el-
evation and were highest in 2004 and lowest in 2003 (Table 1}.
Estimated food biomass was greatest in 2004 on all study plots, but
there wag o consistent difference between study plots (Fig. 3).

Plot=year predictors—Most of the variation in the length of
the nestling period was within plot=year groups, although 18% of
the variation could be explained by differences among these geoups.
Differences in food availabllity explained 84% of the variatlon
among plot—year groups, whereas temperature differences among
plot-year groups explained 56% of the variation. However, preda-
tion pressure ¢xpliined only 1% of the variation in the nestling pe-
riod among plot~year groups. Food avallability was the only modal
that received substantial support in comparison to the null modsl
(Table 2). We found strong support that increased high food avail-
ability was associated with a shorter average nestling period (Table
3 and Fig. 4). Increased May—June temperature also corresponded
to adecrease in the nostling petiod, although the evidenas wag weak
{Table 3). Finally, theve was no ¢vidence that predation pressute had
any ditectional effect on average nestling period (Table 3).

Taoe 1. Average May-June tampersture ("C at
Coweela Hydrolagic Lahoratory, Nantahala National
Farest, Morth Carolina.

Elevation
Year 868 m 1,001 m 1,347 m
2002 17.80 16.87 14.62
2003 15.54 14,36 14,24
2004 18,69 1224 18,58
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Average Lepidoptera biomass {mg}

1,080 m
Site

Fic. 3. Estimafed biomass of lepidopteran larvae, amang plois and years,
at Coweeta Hydrologic Laboratery, Nontahafa National Forest, North
Carolina, 95% confidence inlervals were derlved from 10,000 Monte
Carlo simulations.

Nest-level predictors.—None of the nest-level predictors ade-
quately explained nestling-period length within a plot-ycar group
(Table 2) and, consequently, none of the variables explained any of
the variation within a plot—year group (<1%}. All predictor vari-
ables had estimated effects on nestling-period length with 95%
confidence intervals thatincluded zerg, which indicated little dis-
cernible effect {Table 3),

D1scussION

Nest depredation was the primary cause of reproductive failure
in our stady population, with 45 of the 47 nest losses directly at-
tributable to depredation, which is the norm in many systems
{Ricklefs 1965a, Martin 1995). In addition, daily nest depredation
rates more than doubled, from 8,03 during the incubation stage to
0.07 during the nestling stage (K, W. Stodola unpubi, data), which
suggests that predation cvents exect strong selective pressure for
nestling Ovenbirds fo leave the nest as soon as possible, An eaclier

TARE 2. Comparison of candidale models for factoes predicted to affect
nestling-period length in Ovenbirds at Coweeta Hydrologic Laboratory,
Nantahala Matinnal Forest, North Caroling, 2002-2004, Number of nest-
lings was included in all models as a grouping varleble. Log likelihood
{Log L}, AIC, valurs, AIC, differences {A), and AIC weighls fw) ara given,

togl AIC, A w,
Foud 2.2 128.8 o .55
Temperature 15,1 7 29 0.13
Null 7e 131.8 30 0.12
Minimum temperature 116.8 133.4 4.6 0.05
Pracipilation 1173 133.8 51 0.04
Cover 17.3 133.9 5.1 .04
Predation 7.9 134.5 5.7 0.03
Litler 172 134.7 5.9 Q.03

Tasie 3. Madel-averaged coefficients and 95% canfidence fntervals for
varishles predicted to affect nastling-period length in Ovenblirds at
Caweels Hydrologic Lahoralory, Nantahala National Forasl, North Caro-
lina, 2002-2004,

95% confidence

Varlabla Ceefficient + 5E ifterval

Food ~0.32 £ 014 ~{3,55 to -0.09
Temperature =015 %010 -0381t0 0.07
Predation .01 2011 =020t 0.22
Litter 0.04 2 Q.05 -0.06t0 0.15
Precipitation 0.01 = 0.0t -0.0110 0.02
Minimum temperature -0.04 +0.04 -013 1o .03
Cover -0.00 £ 0.01 -0.02 to 0.01

departure from the nest should reduce the likelihood of complete
nest loss, because fledglings are often sepatated and fed individ-
ually upon nest departure {Van Horn and Donovan 1994, K. Y.
Stodola pers. obs.). Abundant food during the nestling stage and
at the time of fledging may help facilitate a shorter nestling period,
which our data suggest,

The nestling petiod of Ovenbirds in our study was directly
related to food: shorter nestling periods were associated with
greater fond abundance, Food abundance has long been known to
Influence songbird reproductive success (Lack 1954, 1966; Mar-
tin 1587}, Although the offect of food abundance is probably most
important in determining the total number of offspring, whethey
through increased clutch sizes, number of young fledged, or num-
ber of nesting attempts (Hussell and Quinney 1987, Martin 1987,
Arcese and Smith 1988, Nagy and Holmes 20052), our tesults
show that it may also reduce predation risk by allowing breeding
adults to fladge young sponee. In support of this, offspring growth
in songbirds is affected by abundant food resources and délivery
rates to young (Naef-PDaenzer and Keller 1995), which suggests
that nestling-poriod length can be influonced by fond abundance.

¥ ®)
1
8.5 (10} (0)
¥ 8)
B.
© ©

} {10)

1

Average nestling period (days)
-
[#3]

& T ; - T —
0 1 2 3 A4 8

Avarage Lepidoptera biomass {my)

Fic. 4, Average nestling-period length {2002-2004) of a plot-year group
in refation to estimated biomass {mg} of lepidopleran larvae, in Oven-
birds at Coweeta Hydrologic Laboratory, Nantahala Mational Forest,
North Carolina. Sample sizes are given in parentheses,
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Ovenbirds did not alter the length of the nestling perlod in
response to predation pressure. However, we may not have had
the ability to detect such a response because of Jow sample sizes
and lack of variation between years. Breeding adults of othet spe-
cies display theability to assess predation risk and adjust behavior,
Fontaine and Martin {2006) showed that breeding adults adjusted
their parental agtivity in response to predation risks, In addition,
comparative studies have {ndicated that differences in the length
of the nestling period among species correspond to daily nest dep-
redation rates {Martin and Li 1992, Bosque and Bosgue 1995, Mar-
tin 1995, Yanes and Suarez 1995). Unfortunately, the magnitude
of predation at our 900-m plot resulted in few successful nests,
Thus, although the 900-m plot experichced the greatest pradatlon
pressurs, the low number of snggessful nests precludes detection
of an influetce of nest predation an nestling perlod, glven that
the 1,050-m and 1,200-tm sites varled little in predation pressure.
Thetefore, we stress that our results do not imply that predation
risk ts not influential in determining nestling perfod; sather, we
were unable to detect an influence,

Although we¢ do not know whether breeding Ovenbirds in
our study were influenced by predation pressure at the ccologieal
scale, the selective pressure of predation over evolutionary time
riay favor accelerated nestling growth and decreased nestling pe-
riuds, As our data suggest, predation risk is extremely high during
the nestling period, and decreasing the length of time that nest-
lings spend in the nest may increase reproductive output by in-
creasing tiest survival. However, nestling growth and development
may be limited by physiological constraints {Ricklefs 1969, 1979;
Ricklefs et al. 1998) that preclude young from fledging seoner even
if adults perceive high predation risk. More than half the nests
(9 0£17) in 2004 fledged 6 days after hatehing, which is eartier than
the reported 7-10 days for this species (Van Horn and Donovan
1994} and extremely fast for any altricial songbird species (based
ot g review of The Birds of North America Online). Because nest-
lings that spend less time In the nest have higher dally energy re-
quirements (Weathers 1992, 1996} and provisioning of young is
encrgetically costly (Vander Maggen and DeGraaf 2002), only fac-
tors that affect the energetics of development (i.e., food resources
or temperature) can help offspring reach maximum growth rate,
Thus, although predation pressuge acting over evolutionary time
tmay have seleeted for accelerated hestling growth and decreased
nestiing periods, this may be accomplished only by overcoming
ecological constraints, which is suggested by our finding that food
availability influenced nestling-poriod length.

Abundant food reagurees may also help offset the potential
cost of lower survival in Hght-weight young that may arise when
young fledge tow soon. Fledgling mortality in Ovenbirds (King
et al, 2006), a3 in other specles (Berekely et al. 2007, Rush and
Statchbury 2008), is greatest during the first fow days after fledg-
ing. A reduced nestling perdod could potentially increase this rigk
i it resulted in fedglings of lower quality. However, food availabit-
ity can influence nestling quality (Naef-Daenzer and Kellex 1999,
Granbom and Smith 2006}, and nestlings of higher quality may
have greater postfledging survival (Krementz at al, 1989, Naef-
Daenzer et al. 2001, Monros et al, 2002). Thus, abundant food may
not only allow for aceelerated fledging but also decreass the as-
soclated risks by helping to increase nestling or fledgling guality
and survival.

|

Most ofthe variation in nestling-period length occurred within
plot-year groups, yet none of the nest-level variables performed
well in predicting the length of the nestling period. We believe that
theseresults highlight the importance of individud varfation inbe-
havior and quality among breeding adults, There is strong empiti-
cal support for individual varlation in parental quality and care tn
birds, which is often associated with parental age (Ross 1980, Hegyi
et al. 2006). Generally, older individuals produce more young of
higher quality (Perrins and Moss 1974, Nol and Staith 1987). Un-
fortunately, we did not know the age of the breeding pairs that we
followed over the course of the study, and this may have contrib-
uted to the majotity of the vartation in nestling-pertod length.

Food availability was the only variable that was able to pre-
dict the length of the nestling period of Ovenbirds at our study
area. In all years, nest predation was greatest during the nestling
period and fledgling Ovenbirds[eft the nest extremely early for an
altricial songbird. Therefore, developmental rates of Ovonbirds in
our study arca iay be limited by physiological processes, which
ate determined by ecological {foad) and environmoental (temper-
atute) factors. Finally, we found that most of the variation jn the
length of the nestling period occurred within a plot~year group
and none of our predictor variables at this scale performed well in
oxplaining thislength, We suggest that this highiights the impor-
tance of individual variation in breeding adults. Consequently,
we believe that the physinlogical constraints of the nestling pe-
rioed may be affected by Jarge-scale vatiation in ecologleai atd en-
vironmentat factors but that parental behavior and quality, acting
within this framework, dictate actual Aedging time.
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