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SURVIVAL AND GROWTH OF NESTLING VESPER SPARROWS
EXPOSED TO EXPERIMENTAL FOOD REDUCTIONS
JANE S. ADAMS,* RICHARD L. KNIGHT, LOWELL C. MCEWEN AND
T. LUKE GEORGE~
Department of Fishery and Wildl$e Biology, ColoradoState University,
Fort Collins, CO 80523
Abstracf. We examinedthe effectsof experimentalfoodreductionson the reproductive
biologyof nestlingVesper Sparrows(Pooecetesgramineus)
during 1991 in the Little Missouri
National Grasslands,North Dakota. Grasshopperdensities on territories around 24 individual nestswere experimentally reducedwhile 3 1 nestsserved as controls. There were no
significantdifferencesbetween treatment and control nestsin number of young fledgedper
nest, 2-8 day nestlinggrowth rate, or final 8 day nestling mass. Nest failure was due to
predation (83.3% of neststhat failed), and abandonment or parental death (16.7% of nests
that failed). Grasshopperswere the principal food, comprising 67.7% of all identified food
items brought to all nests when nestlingswere 7-8 days old. Breeding adults on treated
territories foragedsignificantlyfurther from the nest than control birds suggestingthat birds
on treated sites compensatedfor the reduction in food by altering foraging behavior.
Key words: Food reduction;growth rates; Pooecetesgramineus; reproduction;Vesper
Sparrow;grasshoppers;
carbaryl.

INTRODUCTION
Various ecological patterns in avian systems are
attributed to the availability of food, including
clutch size, diet, habitat selection and territory
placement, and reproductive success. Much of
the evidence for food limitation of avian reproduction however, is correlative, and food availability is rarely quantified (Newton 1980). Experimental alteration of the food supply is the
most direct way to address the question of food
limitation (Newton 1980, Martin 1987). Exper-

imentally supplemented food often yields increasedclutch size, decreasednestling mortality,
and increasednestling growth rates(Martin 1987,
Boutin 1990). However increases in reproductive successwhen food is experimentally supplemented do not necessarilyimply that natural
food availability is low, but only that more food
can be gatheredfor a given amount of time (Martin 1986). Of the few food reduction experiments
to date, most have been conducted during periods of insect outbreaks and consequently have
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not demonstrated a relationship between food
abundance and bird reproduction (but see Rodenhouse and Holmes 1992).
In grasslandecosystems,two theoriespredominate on the role of food limitation during the
breeding season. One assumesthat food is limiting (Cody 1968). This view is supported by
experimental studies that demonstrate that bird
predation may reduce insect densities and species diversity, suggestingthat some favored prey
types may be limiting to birds (Joem 1986, Fowler et al. 199 1, Bock et al. 1992, but seeBelovsky
et al. 1990), and an experiment that demonstrated optimal rather than opportunistic foraging in
a population of grassland sparrows (Kaspari
199 1). In contrast, Wiens and Rotenberry hypothesizedthat food for birds is often superabundant during the breeding seasonin grasslandand
shrubsteppeecosystems(Wiens 1974; Wiens and
Rotenberry 1979; Rotenberry 1980a, b). Accordingto this view, periodically harshyearsmay
reduce species richness and absolute numbers
of birds, so that in the intervening years food
resourcesare superabundant in relation to existing bird populations (Wiens 1974). Support
comes from bioenergetic models that estimate
that food consumption by birds is minor compared to total annual production (Wiens and Innis 1974, Wiens 1977) and from the high dietary
overlap found among bird species,suggestingthat
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is a conservative estimate of the breeding season
(George and Adams, unpubl. data).
At hatching, each nest was designatedas either
treatment or control. Treatment assignmentswere
made in a stratified manner to control for time
of season,brood size, grasshopperdensity, vegetation, and weather. Only nests found during
egg laying or incubation, and that had not been
parasitized by Brown-headed Cowbirds (Molothrus ater), were used in this study.
When nestlings were O-2 days old, we applied
carbaryl bran bait to a large area (5.37 f 3.42
ha/nest, range 3.1 l-l 1.97 ha) around each treated nest to reduce densities of grasshoppers,their
preferred food item. Size of Vesper Sparrow territories ranges from 0.5-3.2 ha (Berger 1968,
Wiens 1969, Rodenhouse and Best 1983). Our
attempts to estimate territory size were not successful but observations of foraging adults indicated that individuals rarely flew outside the
treatment boundaries.
Carbaryl bran bait is a federally registered
grasshoppercontrol agent (USDA 1987) which
effectively reducesgrasshopperdensities (Onsager and Foster 1980, George et al. 1992). Studies
have detected little or no direct toxicological effects of liquid carbaryl formulations on birds
(Conner 1960, McEwen et al. 1972, McEwen
1981, Zinkl et al. 1977, DeWeese et al. 1979,
Hill 1979, E.P.A. 1988). The bran bait formulation has even less potential for toxic effectson
birds than liquid spraysbecauseconsiderablyless
active ingredient is applied per ha and dermal,
and inhalation exposure are eliminated (George
et al. 1992). Carbaryl bran bait is produced commercially by mixing 40% carbaryl into flakes of
wheat bran, at a rate yielding 1.96% active inMETHODS
gredient by weight in the field formulation. The
STUDY SITE AND NEST TREATMENT
bait is readily ingestedby many speciesof grassOur study was conducted between 15 May and hoppers, including the common speciesin our
17 August 199 1, in the Little Missouri National
study area (Onsager and Foster 1980). Carbaryl
Grasslands, McKenzie County, North Dakota. bran bait was applied with a truck-mounted
The open grassland habitat and topography are spreader at the rate of 2.24 kg/ha. The highest
described in Fowler et al. (199 1).
estimated potential cumulative dose of carbaryl
Vesper Sparrow nestswere located by dragging our Vesper Sparrows could have received by ina heavy rope (30 m long) over the ground and gesting poisoned grasshopperswas 12.9 mg/kg
searching where adult birds flushed. Nests were body mass, far less than the avian lethal dose of
marked with a stake and a small wooden stick 707-2,000 mg/kg body mass(Smith 1987). Conplaced 10 m and 1 m north of the nest, respec- trol nests received no carbaryl bran bait but the
tively. Nests with eggswere checked daily to de- truck was driven over eacharea to simulate treattermine hatch day. Nest searchingbegan 15 May ment.
and continued until 5 August. Observations in
We estimated grasshopper densities at each
previous years (1987-1990) indicated that this nest using 40 0.25 m* aluminum hoops arranged
bird speciesare not in competition for limited
resources(Wiens and Rotenberry 1979). Direct
examination of food limitation on individual reproductive successis neededin this system(Martin 1986).
Birds may respond to food-limitation by increasing energy expended in foraging. This may
affect adult reproductive potential through: (1)
decreasednest attentiveness; (2) delayed or reduced successof future broods; and (3) reduced
parental survival (Martin 1987). Becauseforaging behavior is affected by food availability in
some predictable ways and birds can rapidly adjust foraging behavior in responseto prey availability, foraging behavior may indicate if birds
perceive food to be limiting (Hutto 1990).
Here, we present results of a replicated field
experiment in which grasshopperdensities were
reduced on territories of the Vesper Sparrow
(Pooecetes gramineus), a grassland passerine
which preferentially forages for grasshoppers
where available (Maher 1979). We addressedthe
null hypothesisthat growth and survival of nestling Vesper Sparrows did not differ between territories where grasshopper densities were reducedand territorieswhere food was not reduced.
We also examined the following predictions of
the food-limitation hypothesis:(1) nestlinggrowth
should vary inversely with brood size at treatment nests; and (2) nestling growth should vary
positively with grasshopperdensity. In addition
we examined the effect of a reduction in grasshopper densitieson food delivery rate to the nest,
foraging distance from the nest, and the proportional use of grasshoppersas nestling food.
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in four rows of 10 hoops. Hoops were separated old. Some nestlingsin asynchronousbroods were
by about 5 m, both between and within rows. weighed and measured at one, three, and seven
This method is a modification of that used by days. We did not handle nestlings older than
Onsager and Henry (1977). All rows of hoops eight days because Vesper Sparrows fledge at
were placed to one side of the nest, with the about nine days (Rodenhouse and Best 1983).
A nest was judged successful,and included in
closest hoop about 10 m from the nest. Grasshoppers were counted before applying carbaryl the analysis, if I 1 nestling survived to 8 days of
bran bait and at two and six days post-treatment. age.To compare nestling growth between treated
and control nests,we used 2-8 (or l-7) day mass
We counted the number of grasshopperswithin
each hoop as they flushed at our approach. Veg- growth rates, as well as final eight (or seven) day
etation within each hoop was brushed to flush mass. We calculated mass growth rates between
days 2-8 for individual nestlings with the folany remaining grasshoppers.
lowing equation (adjusted to include only dayWEATHER
AND VEGETATION
light hours [05:00 to 22:00]):
For each nest we calculated the average daily
M, - M,
maximum and minimum temperatures, and the
at
Growth rate =
total amount of rain that fell during the first eight
days of the nestling period. We obtained daily where:
maximum and minimum temperatures from a
M, = mass (g) on day 8,
weather station that was centrally located in our
M, = mass (g) on day 2, and
study area. Rainfall data consisted of the mean
At = 6 days x 17 hr daylight/days + (12 from two weather stations, one 18.3 km north
hr weighed on day 1) + (hr weighed on
of the most northerly experimental nest, the othday 8-12)
er 23.3 km east of the most easterly nest.
A relative measure of the vertical density and
height of grasses,forbs and shrubs was obtained
at each nest using a Robe1pole (height = 80 cm,
diameter = 5 mm). The vegetation parameters
were measured at 100 randomly selectedpoints
within a 100 by 100 m grid with the nest as its
center. At each point, we recorded the number
of stemsor leavestouching eachdecimeter height
interval of the pole. This method is a modification of that used by Wiens (1969) to describe
grasslandbird habitats. Vegetation variables that
were highly correlated with each other, or for
which there were few observations, were grouped
together for analysis. This resulted in the following variables: number of grassor shrub hits between O-l 9 cm, 20-39 cm, 40-79 cm; and number of forb hits between O-l 9 cm, and 20-69 cm.
We also measured vegetative cover over each
nest (percent of a paper circle obscured by vegetation when placed on top of the nest cup and
viewed from above), and the number of shrubs
>30 cm in height within a 5 m radius of nest.
REPRODUCTIVE
ECOLOGY
VESPER SPARROWS

OF

We marked nestlings for individual identification by painting the claws with nail polish. Nestlings were weighed to the nearest 0.25 g with a
30 g Pesola scalewhen two, four, and eight days

Becausenestlings within a brood are not independent, we used a nest rather than a nestling
as the experimental unit, and calculated growth
rates and eight-day values for the mean of all
nestlings within a brood. We also compared the
growth variables for the youngest nestling (the
smallest nestling at day 2) from each brood, as
the youngestnestling may sufferhigher mortality
or slower growth during periods of food scarcity
(Skagen 1987). Becausefood scarcity may result
in brood reduction, we also examined growth
data of nestlingsthat disappearedfrom otherwise
successfulnests for signs of starvation. Results
are reported as the ratio of the 2-4 day growth
rate of the nestling that disappeared, to the average 2-4 day growth rate of the remaining nestlings.
Becausenestlingsdisappearedfrom some nests
and brood size was not constant throughout the
nestling period, we calculated an average brood
size between the agesof two and eight days using
the following equation:
Brood size = ((NZ + NJ + ((N4 + N,)2))/6,
where N,, N,, and N, are the number of nestlings
present at two, four and eight days old, and six
is the number of days between the visit on day
2 and on day 8.
We determined Vesper Sparrow foraging flight
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distances, prey delivery rates, and items fed to
7-8 day old nestlings. We observed nests (control: n = 16 nests, K = 129.9 + 30.9 mininest,
treated: 12= 13, K = 132.0 f 2 1.3 min/nest) from
a blind (2 m high by 1.5 m diameter) placed
about 10 m away. The blind was erected the day
before observation to allow birds time to habituate. Foraging flight distance was visually estimated with the aid of small flags placed 25, 50
and 100 m from the nest. Food items were identified visually during the observation period as
grasshoppers,Lepidoptera larvae, moths, beetles, or unknown. We could not identify prey
items to speciesfrom 10 m away, and observation at closer distances disturbed the birds.
Grasshopper and Lepidoptera use were calculated as the percentages of identified food items
delivered to a nest.

cant and dropped from this analysis. Nestling
age was not used as a covariate because all observationsoccurredwhen nestlingswere 7-8 days
old. For all analysesof foraging data we used the
average value per observation period for each
variable.
RESULTS

We located 83 Vesper Sparrow nests. Twentyeight nests(33.7%) failed before hatching. Losses
were due to predation (23 nests)or abandonment
(5 nests).Twenty-four of the remaining nestswere
treated with carbaryl bran bait and 3 1 served as
controls.
The treatment effectively reducedgrasshopper
densities (Fig. 1). Whereas there was no difference in initial grasshopper densities between
treated and control nests (t = -0.16 1, df = 36,
P = 0.87), grasshopperdensities decreasedsigANALYSES
nificantly over time relative to control nests
Repeated-measures ANOVA was used to ana- (Greenhouse-Geisser adjusted F test for time*
lyze the grasshopperhoop count data because treatment effect, F2,76
= 41.12, P < 0.001).
sequential counts are not independent (Beal and
Vegetation and weather did not differ among
Khamis 1990). We transformed the hoop count treated and control nests, nor did hatch date
data using ln(x + 1) to meet assumptions of nor- (Wilcoxon rank-sum test, Z = 0.504, P = 0.6 15,
mality.
Fig. 2).
We examined the relationship between treatEFFECTS ON NESTLING
ment and growth variables usingbrood size,hatch TREATMENT
date, and minimum average daily temperature SURVIVAL AND GROWTH
Of the control nests, 24 were successful(77.4%)
during the nestling period as covariates, with
treatment as the main effect, in an analysis of and fledged 2.9 + 1.18 nestlings/successfulnest.
covariance. An examination of the effect of veg- Of the treated nests, 17 were successful(70.8%)
etation and weather variables on nestling growth and fledged3.12 f 1.36 nestlings/successfulnest.
indicated that minimum average daily temper- Thirteen of the nest failures were due to predaature was significantly correlated with growth. tion and one treated nest was abandoned. There
was no difference in the proportion of successful
Becausehatch date had a bimodal distribution,
for the ANCOVA we coded nests hatched prior to unsuccessfulnestsbetween treated and control
to 18 June as 1, and nests hatched after 18 June nests (Z = 0.7913, P = 0.2144). The number of
as 2. We examined the following relationships nestlings hatched/nest did not differ between
with Spearman correlation coefficients: nestling treated and control nests (two-tailed t-test, P =
growth and grasshopperdensity (using all nests), 0.4256) nor did the number of nestlings fledged/
and nestling growth and brood size (using only nest differ between treatments (two-tailed t-test,
treated nests). When a large number of correla- P = 0.6168). There was no indication that startion analyses was performed, we set the alpha vation causedthe disappearanceof nestlingsfrom
level by dividing 0.05 by the number of corre- otherwise successfulnests (treated nests: II = 3,
lations (Rice 1990).
2-4 day growth rate of nestling that disapWe examined the relationship between treat- peared/average 2-4 day growth rate of remainment and foraging variables (food deliveries/hr, ing nestlings = 0.97 * 0.05, control nests: 12=
average foraging distance from nest, and grass- 2, 2-4 day growth rate of nestling that disaphopper use)using hatch date, number of nestlings peared/average 2-4 day growth rate of remainpresent during observation period, and treat- ing nestlings = 0.96 f 0.11). There were no sigment as the main effect in an analysis of co- nificant differences in the growth variables
between treated and control nestlings (Table 1).
variance. Time of observation was non-signifi-
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FIGURE 1. Change in grasshopperdensities on areasaround control and treated Vesper Sparrow nests over
time. Means and +SE for each censussampling period (pre-treatment, two and six days post-treatment) are
shown.
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FIGURE 2. Seasonaldistribution of control and treated Vesper Sparrow nests.Each bar representsthe number
of nestshatched within a three-day interval.
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TABLE 1. Descriptive statisticsfor Vesper sparrow nestlinggrowth variablesat control and treated nests. n is
the number of nests.
COlltiOl
Growth variable

Nest average
Eight day mass (g)
Youngest nestling/nest
Eight day mass (g)
Nest average
2-8 day growth rate (g/d)
Youngest nestling/nest
2-8 day growth rate (g/d)

x

SD

n

x

SD

22

17.61

1.36

16

17.91

2.53

18

16.37

1.90

13

17.54

2.54

22

2.01

0.22

16

2.02

0.36

17

2.01

0.31

13

2.09

0.33

did not contribute significantly to
variation in nestling growth when hatch date,
brood size, and minimum average daily temperature were used as covariates in an analysis
of covariance (Table 2).
Treatment

OTHER PREDICTIONS OF FOOD LIMITATION
Pre- or post-treatment grasshopper densities and
nestling growth variables were not significantly

TABLE 2. Analysis of covariance of Vesper sparrow
nestling growth variables with treatment as the main
effect, and hatch date, brood size and minimum averagedaily temperature as covariates.
SOUR%

df

F

Average eight day mass
Treatment
1
0.00
Hatch date
1
0.20
Brood size
1
0.86
Temperature
1
8.29
Error
33

P

0.964
0.656
0.360
0.007

Youngest nestling eight day mass
Treatment
1
0.50
0.485
Hatch date
1
0.23
0.639
Brood size
1
0.12
0.733
Temperature
1
3.81
0.06 1
Error
26
Treatment
Hatch date
Brood size
Temperature
Error

TW&d

n

Average daily growth rate
1
0.69
1
0.46
1
1.03
3:
3.24

0.412
0.504
0.318
0.08 1

Youngest nestling daily growth rate
Treatment
1
0.09
0.762
Hatch date
1
1.75
0.198
Brood size
1
0.00
0.967
Temperature
1
0.25
0.620
Error
25

correlated (P > 0.024 for all comparisons; alpha
level 0.004, 12 comparisons). Brood size and
nestling growth variables at treated nests were
likewise not significantly correlated (P > 0.354
for all comparisons, alpha level 0.0 12, 4 comparisons).
FORAGING OBSERVATIONS

Adult Vesper Sparrows generally foraged on the
treated areas. We were able to determine forage
flight distance for 278 of 381 foraging trips. In
flights of unknown distance, the bird usually disappeared from sight near the nest (24.5 + 21.6
m from nest, range 15-100). Of known flight
distances,only one flight of 200 m and two flights
of 130 m were outside the treated areas (1 . l%,
all at treated nests).
Of the 296 identifiable food items delivered to
nests(7 1% ofall observations), 67.6% were grasshoppers, 29.0% were Lepidoptera larvae, and
3.4% were moths or beetles.
There were no significant differencesbetween
treated and control nests in the number of items
delivered per foraging trip (Table 3). Treatment
did not contribute significantly to variation in
food deliveries/hr: variation in this parameter
was explained largely by the number of nestlings
present during the observation period (Table 4).
Treated and control nests did not differ in
grasshopperuse (Table 3) and grasshopperdensity was not correlated with grasshopper use
(Spearman correlation coefficient, P = 0.321).
Variation in grasshopperuse was due largely to
hatch date (Table 4). The correlation between
Julian hatch date (rather than the 1 or 2 code
used in the ANCOVA) and grasshopperuse was
significant: grasshopperuse increased as the season progressed(P = 0.000l), while Lepidoptera
larvae use decreased(P = 0.0001).
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TABLE 3. Descriptive statisticsand resultsof t-tests for foragingobservation variablesof control (n = 16) and
treated (n = 13) Vesper sparrow nests. The mean values per nest were used to calculatevalues per treatment.
For observation starting time, minutes were converted into fractions of hours.
Control

Number foraging flights/hour
Food deliveries/hour
Flights of unknown distance/total flights
Average foraging flight distance
Maximum foraging flight distance
Number items delivered/foragingtrip
Number grasshoppers/totalnumber food
items delivered to nest
Observation starting time

t-test

Treated

P

K

SD

K

SD

5.02
5.74
0.25
21.20
37.40
1.10

1.99
2.86
0.29
11.82
20.35
0.25

7.55
8.00
0.31
37.41
19.46
1.10

4.18
4.23
0.19
19.50
48.70
0.27

2.15
1.71
0.59
2.70
2.90
0.03

0.04 1
0.098
0.557
0.012
0.005
0.911

0.59
11.64

0.28
1.49

0.62
10.70

0.28
1.41

0.31
-1.70

0.761
0.100

Birds at treated nestsforaged significantly further from the nest than birds at control nests
(Table 3) and treatment contributed significantly to variation in foragingflight distancewhen
the effectsof hatch date and brood size are controlled for (Table 4).
We did not detect any significant relationships
between the foraging variables examined and
nestling growth variables (Spearman correlation
coefficient, P > 0.05 for all comparisons, alpha
level set at 0.004, 12 comparisons).
DISCUSSION
We did not detect any adverse effectson Vesper
Sparrow nestlings due to reduction of grasshopper densities around nests. Although grasshoppers were a frequently consumed food source,
there were no significant differences in nestling
weightsor growth rates between treated and control nests, and no evidence of starvation at treated nests.
Birds in food-reduced areas foraged significantly further from the nest than control birds.
Central place foraging models, which assumeoptimal foraging, predict that birds feeding nestlings should foragecloserto the nest on a territory
where food supply is high, and forage further
from the nest as food is depleted (Orians and
Pearson 1979). Our resultsthus indicate that birds
were foraging to maximize intake rates. This is
counter to a prediction of the superabundantfood
hypothesis:that birds should not respond to different levels of food supply. Another prediction
of central placeforagingmodels, that birds should
deliver more and larger prey with increasing distance from the nest, was supported by Kaspari’s

t

work with Grasshopper Sparrows (Ammodramus savanarrum) (Kaspari 199 1).
Our study differed from other food limitation
studies in species,environmental variables, and
methodology. The one other study in which food
was manipulated during the nestling period alone
(Simons and Martin 1990) found that Cactus
Wren (Campylorhynchus brunneicapillus) nestlings had higher survivorship, and greater mass
and linear dimensions at food-supplemented
nests. In contrast, we found no evidence of starvation or reduced nestling weight gains at foodreduced nests, although grasshopperdensity was
reduced by about 70% during a year of naturally

TABLE 4. Analysis of covariance of foraging variableswith treatment as the main effect, and hatch date
and number of nestlingspresentduring the observation
period as covariates.
SOUL%

df

F

P

Average foraging flight distance
Treatment
1
8.10
0.009
Hatch date
1
5.77
0.024
Number nestlings
1
0.71
0.408
Error
25
Food deliveries/hour
Treatment
1
1.90
Hatch date
1
0.01
Number nestlings
7.07
Error
2:

0.180
0.923
0.014

Number grasshoppers/totalnumber
food items delivered to nest
Treatment
1
1.74
0.199
Hatch date
1
4.07
0.054
Number nestlings
1
0.90
0.352
Error
25
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low grasshopperdensity (Keith Winks USDA,
pers. comm.).
The natural brood sizesin our study may have
been smaller than parents can provision, as has
been found in other studies (Martin 1987). Although Vesper Sparrow brood size in our study
area averaged about three nestlings, brood size
ranged from 2-6 nestlings (178 nests,years 1989
and 1990, Adams, unpubl. data). Larger broods
(4-6 nestlings) were not associated with increasedstarvation or decreasedgrowth, indicating that three nestlingswere fewer than the number that could be provided for. Small clutches
may be selectedfor in fluctuating environments
such as grasslandsbecauselarger clutches suffer
lower reproductive successin food-poor years
(Boyce and Perrins 1987). In addition to annual
variation in food causedby environmental variables (e.g., previous years weather), grasslands
are characterized by periodically harsh weather
during the breeding season. Low temperatures
significantly influenced nestling growth in our
study. In addition to increasing thermoregulatory costs, cold weather may temporarily decrease food availability for birds as insects become less active and harder to detect. Increased
time spent foraging decreasestime available for
brooding which may further increase thermoregulatory costs in nestlings. Consecutive days
of cold weather may thus influence selection for
smaller broods becauselarge broods are difficult
to provision during these periods. Food reduction would have less effect if selection results in
clutch sizesadjusted to periods of low food availability.
Alternatively, factors other than food may select for small clutches.The most important cause
of nest failure in our study was predation, a factor
over which the parent birds may have little control. Becausethe risk of nest failure is high, the
best reproductive strategy may be to maximize
fitnessthrough multiple small clutchesrather than
fewer large clutches.
Because parent birds can adjust foraging behavior to compensate for a reduction in food,
reductions in nestling growth and survival may
be evident only when food limitation is severe.
Furthermore, other phasesofreproduction, which
we did not examine, may be more sensitive to
food limitation. Renesting attempts often contribute significantly to annual productivity and
can be affectedby food limitation (Martin 1987,
Simons and Martin
1990, Rodenhouse and

Holmes 1992). In our study, parent birds in foodreduced territories foraged further from the nest
than control birds suggestingthey were working
harder to provision young. This could causedelayed or reduced successof future broods, or lower adult survival. Low food densities may also
affect the post-fledging period. Sullivan (1989)
found that while adult Juncos (Buncophaeonotus) maintained weight and provisioned four
young while spending less than 75% of the daylight hours foraging, recently independent juveniles spent 90% of the daylight hours foraging.
Thus, at very low food densities the lower proficiency of the fledglings at foraging may reduce
survivorship.
Birds in our study delivered significantly more
grasshoppersand fewer Lepidoptera larvae to
nestsas the seasonprogressed.This was probably
because grasshoppersgrew in size and became
more profitable prey, while Lepidoptera larvae
metamorphosed and became less available. We
found no evidence that nestling growth was affected by the seasonal change in diet (non-significant correlationsbetween grasshopperuse and
growth variables, and non-significant contribution of hatch date in explaining variation in
growth).
Other studies in grasslandsthat have directly
examined the relationship between food availability and avian reproductive successhave found
no evidence of food limitation. Greer and Anderson (1989) found no relationship between arthropod productivity and nesting success,territory size, or population density of McCown’s
Longspurs(Calcariusmccowniz),on a mixed-grass
prairie in Wyoming. Bedard and Lapointe (1984)
also found no relationship between food abundance and nesting successof Savannah Sparrows
(Passerculus sandwichensis) nesting in abandoned fields. Our study similarly found no evidence that food was limiting based on measures
of reproductive success.These resultssuggestthat
food in most years does not limit reproduction
of grassland birds. Our foraging data suggest
however that birds on food-reduced territories
may compensate for the reduction in food by
altering foraging behavior and effort.
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