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VARIATION IN FORAGING BEHAVIOR, DIET, AND TIME OF
BREEDING OF FLORIDA SCRUB-JAYS IN SUBURBAN AND
WILDLAND HABITATS

ARTHUR L. FLEISCHER JR.:, REED BowmAN2 AND GLEN E. WOOLFENDEN
Archbold Biological Sation, P.O. Box 2057, Lake Placid, FL 33862

Abstract. Supplemental food enables some birds to lay eggs earlier, perhaps by allowing
birds to increase their energy intake or allocate energy from other activities to reproduction.
We examined the relationships between prelaying behavior, food handling and consumption
rates, and the timing of breeding of female Florida Scrub-Jays (Aphelocoma coerulescens)
in suburban and wildland habitats. Scrub-jays in suburban habitats had access to ad libitum
human-provided foods; wildland jays did not. During both years of this study, suburban
scrub-jays bred earlier than their wildland counterparts. Wildland scrub-jays bred earlier in
1997 than in 1996, but the timing of breeding by suburban scrub-jays did not vary between
years. Suburban scrub-jays spent less time foraging and more time perching than wildland
jays. They handled more food per hour and per foraging hour, suggesting their foraging was
more efficient. Despite this, food consumption rates did not differ between the two habitats.
Neither time spent foraging or perching nor food consumption rates significantly influenced
variation in time of breeding among individuals. Time of breeding was significantly influ-
enced by site, year, and rate of food handling. Individuas that handled more food items per
foraging hour, that is, those individuals that were most efficient, were the earliest breeders
in both habitats. These results suggest that foraging efficiency increases with access to
human-provided food and that resource predictability may be a perceptua cue for the ap-
propriate timing of breeding.

Key words: Aphelocoma coerulescens, behavior, foraging, suburban, supplemental food,
timing of breeding.

Variacion en el Comportamiento de Forrajeo, la Dieta y la Epoca de Reproduccion
de Aphelocoma coerulescens en Ambientes Suburbanos y Silvestres

Resumen. El alimento suplementario le permite a algunas aves poner huevos mas
temprano, quizas aumentando su ingestion de energia o permitiendo cambiar la asignacion
de energia de otras actividades a la reproduccion. En este estudio examinamos las rela-
ciones entre el comportamiento pre-postura, la manipulacion de alimento y la tasa de
consumo con la época de reproduccion de hembras de |a especie Aphelocoma coer ul escens
en ambientes suburbanos y silvestres. Las aves en ambientes suburbanos tenian acceso a
alimento provisto ad libitum por humanos, mientras que las aves de las éreas silvestres
no. Durante los dos afios de estudio, las aves suburbanas se reprodujeron mas temprano
que las de las &reas silvestres. Las aves de areas silvestres se reprodujeron mas temprano
en 1997 que en 1996, pero la época reproductiva de las aves de areas suburbanas no vario
entre afios. Las aves suburbanas pasaron menos tiempo forrajeando y mas tiempo percha-
das que las de areas silvestres, y ademas manipularon mas alimento por hora'y por hora
de forrajeo, lo que sugiere que forrgjearon mas eficientemente. Sin embargo, |as tasas de
consumo de alimento no difirieron entre los dos ambientes. La variacion entre individuos
en e momento de la reproduccion no fue influenciada significativamente por el tiempo
invertido en forrgjeo o descanso ni por la tasa de consumo de alimento, pero si por el
sitio, el aflo y la tasa de manipulacion de alimento. Los individuos que manipularon méas
items alimenticios por sesion de forrajeo (los mas eficientes), fueron los que se reprodu-
jeron mas temprano en ambos ambientes. Estos resultados sugieren que la eficiencia de
forrajeo aumenta con el acceso a alimentos provistos por humanosy que la predecibilidad
de los recursos podria ser percibida como una sefia indicadora del momento de repro-
duccion adecuado.
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INTRODUCTION

The mechanism by which birds time breeding to
coincide with favorable resource levels remains
an active area of research. Lack (1954) proposed
that birds use environmental cues to time egg-
laying so that nestlings are present during sea-
sonal peaks in food availability. However, Per-
rins (1970) noted a paradox in avian reproduc-
tive ecology: athough a selective advantage ex-
ists for early breeding, most birds do not breed
as early as selection would predict. Consequent-
ly, Perrins proposed a constraint on Lack’s mod-
el, that low food availability early in a season
may limit the ability of a femae to produce
€ggs.

A variety of cues, such as photoperiod and
temperature, initiate endocrine changes that pre-
cede reproduction (Wingfield and Farner 1993).
However, birds also may depend on local re-
source availability to time breeding, either as a
supplementary cue (Wingfield 1983) or to alle-
viate a physiological constraint (Perrins 1970).
Food-supplementation experiments have fre-
quently been used to assess the influence of food
availability on timing of breeding (Boutin 1990).
Of 26 studies, 15 have demonstrated significant
advances in laying dates by food-supplemented
individuals (Daan et a. 1989, Meijer et a. 1990,
Winkler and Allen 1996, Meijer and Drent
1999). The variation that exists among these
studies could be attributed to differences in the
methods used, especially the duration and timing
of food supplementation, and to variation in nat-
ural food abundance at the time of the experi-
ments (Boutin 1990). However, the mechanisms
by which food abundance influences laying date
are poorly understood, in part because most
studies focus on the average response of the ex-
perimental group to supplemental food, effec-
tively ignoring the individual.

If, as Perrins (1970) suggested, additional
food alleviates energetic constraints on repro-
duction, then supplemental food could advance
laying by providing energy for reproduction that
is not available through local resources. Wals-
berg (1983) proposed three models by which
birds obtain energy for reproduction: increase
energy intake, reduce energy allocation to other
activities, or use somatic stores. Experimentally
supplemented foods are highly predictable in
time and space, and thus may require less
searching and handling times than natural food

sources. Because foraging behavior often de-
pends on the distribution of food in time and
space (King 1974), supplemental food may en-
able birds to increase their food intake rate or
spend less time in energy-intensive behaviors,
such as foraging. Either strategy could increase
the amount of energy that could be allocated to
reproduction, and could thereby influence timing
of breeding. Few studies have examined the in-
fluence of supplemental food on behavior or
food intake rates and the subsequent effects
these may have on the timing of breeding of
birds (Davies and Lundberg 1985).

We studied two populations of Florida Scrub-
Jays (Aphelocoma coerulescens) that exhibit dif-
ferences in timing of breeding. We recorded the
behavioral time budgets and rates of food intake
of prelaying female Florida Scrub-Jays. One
population occurred in a wildland scrub pre-
serve, the other in scrub patches within a sub-
urban residential matrix that offered ad libitum
sources of human-provided foods. Suburban
scrub-jays consistently initiate clutches earlier
than wildland scrub-jays (Bowman et al. 1998);
however, females in the two populations show
few differences in body condition just prior to
breeding (Schoech and Bowman 2001). This
suggests that the difference in timing of breed-
ing between the two populations is not related
to differences in somatic stores, but to differ-
ences in the rate of food intake or the time spent
foraging, either of which could influence the net
rate of energy gain. Food-supplemented females
in the suburbs could increase food intake, there-
by obtaining more energy to allocate to repro-
duction. A prediction of this hypothesis is that
food intake rate should influence laying date be-
tween sites and among individuas. Food-sup-
plemented females aso could decrease foraging
time, thereby enabling them to allocate more en-
ergy to reproduction. A prediction of this hy-
pothesis is that the proportion of time spent for-
aging should influence laying date. These two
hypotheses are not mutually exclusive; if sup-
plemental food is abundant enough to increase
foraging efficiency (i.e., the amount of intake
per time spent foraging), birds could both reduce
foraging time and increase intake rates.

METHODS
STUDY AREAS

We conducted our research in Highlands Coun-
ty, Florida, at Archbold Biologica Station
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(27°10'N, 81°21'W), a natura scrub preserve
(wildlands), and at Placid Lakes Estates
(27°16'N, 81°24'W), a residential, suburban de-
velopment (suburbs) less than 8 km north of the
wildland site. Ongoing, long-term demographic
studies have been conducted on color-marked
populations of Florida Scrub-Jays at both sites
(Woolfenden and Fitzpatrick 1984, 1996, Bow-
man et a. 1998, Bowman and Woolfenden
2001). Wildland scrub-jays may vary their tim-
ing of breeding between years from early March
to mid-April (Woolfenden and Fitzpatrick 1984,
1996), presumably in response to between-year
fluctuations in food supply. However, scrub-jays
can be induced to lay earlier when provided with
supplemental food (Schoech 1996). Human-pro-
vided food is available only in the suburbs
(Shawkey 2001). Wildland scrub-jays occasion-
aly receive peanut bits by researchers and vis-
itors, but we consider the amounts they receive
inconsequential to their energy budget (Wool-
fenden and Fitzpatrick 1996).

SCRUB-JAY OBSERVATIONS

In 1996 and 1997, we observed breeder female
scrub-jays from mid-January until nest building
and egg laying began in March. We observed all
birds between 07:00 and 11:30 EST. We selected
these times because during the prebreeding pe-
riod jay foraging activity peaks and then de-
clines during this interval (DeGange 1976). Fe-
males that participated in courtship activities
with a breeder male were considered breeders,
but most had bred during a previous year. We
observed different females in each year of the
study.

We recorded behavior of focal females using
a combination of instantaneous sampling and
one-zero sampling (Altmann 1974). Each 20-
min observation period was divided into 15-sec
sample units. The behavior occurring at the end
of each 15-sec period was recorded as an in-
stantaneous sample. We recorded foraging,
perching, territory defense, interspecific inter-
actions, nest building, and unknown activity as
instantaneous behaviors. Flight, which often oc-
curred during a 15-sec period, but not at the in-
stantaneous sample, was recorded as having oc-
curred (1) or not (0) during a sample period.

DeGange (1976) described the activities of
the Florida Scrub-Jay. We followed his defini-
tions with slight modification. We recorded for-
aging, perching, nest building, and territory de-
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fense as defined by DeGange; however, we did
not consider flight as mutually exclusive from
other behaviors. For example, if a jay flew to a
territoria dispute, we recorded territory defense
for each instantaneous sample and flight during
the intervals between each 15-sec sample. We
added interspecific interactions, which included
chases and aggressive encounters with other bird
species and mobbing terrestrial predators (Fran-
cis et a. 1989).

Only females under observation for 15 min or
more of the 20-min sampling period were in-
cluded in the anaysis. For each femae we di-
vided the number of observations in which a be-
havior occurred by the total number of obser-
vations and standardized each as the proportion
of time spent in each behavior. We recorded
each interval during which flight occurred and
calculated the percentage of intervals between
sample points spent in flight.

We recorded all food items handled by the
jays. Jays regularly handled natural foods (ar-
thropods, acorns, and small vertebrates) and hu-
man-provided foods (cracked corn, birdseed,
bread, pet foods, and shelled and unshelled pea-
nuts). In most cases, we recorded each item han-
dled by a jay with its bill as one item handled.
However, when jays handled peanuts in the
shell, which usually contained two peanut seeds,
we considered it as two items handled. When
the jays took birdseed at a feeder, we scored
each visit as one item of birdseed handled, even
though individuals took many small seeds. We
estimated the mass of each “‘item” of birdseed
handled as 1 g. We attempted to record whether
each food item was consumed or cached. The
total number of items consumed by a female in-
cluded those provided by her mate. We stan-
dardized the food handling and consumption
data as the number of items handled hr=* or con-
sumed hr-1.

To control for differences in the amount of
time spent foraging, we also present the food
data as items handled and items consumed per
foraging hr. Using handling and consumption
rates per foraging hr controls for any differences
in time budget between sites and may indicate
potential differences in foraging efficiency be-
tween sites. For these foraging efficiency com-
parisons we excluded courtship feedings to min-
imize any bias in the frequency of feeding by
males.
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ESTIMATES OF ENERGY EXPENDITURE AND
INTAKE

Organisms require time and energy for mainte-
nance and reproduction (King 1974). Without
knowing an individual’s allocation of time, es-
timates of energy budgets lack behavioral con-
text. Each behavior and each food item has a
different energy value. Using the behavioral data
we converted time budgets to estimates of en-
ergy expenditure (kJ hr=%). Using the diet data
we converted food consumption rates to esti-
mates of energy intake (kJ hr-1).

We combined the time budget data and for-
aging data from 1996 and 1997 to estimate the
energy budget of females at each site. To esti-
mate energy expenditures, we used values from
Goldstein (1988) to calculate an average activity
cost for each behavior, measured as a multiple
above basal metabolic rate (BMR). We used the
allometric equation of Lasiewski and Dawson
(1967) to estimate BMR for a 75.0-g bird. For
each behavior, we multiplied BMR (kJ hr=1) X
activity cost X % time. The jays at both sites
flew at similar rates; thus we used DeGange's
(1976) estimate of 1% of the total time budget
to calculate the energy expense of flight. We cal-
culated the activity cost when jays were out of
sight as the average between foraging and perch-
ing.

To estimate energy intake, we estimated the
total energy vaues (kJ) for most foods con-
sumed by the jays. We calculated the average
mass of food items consumed by the jays and
then multiplied the estimated metabolizable en-
ergy value of a food item by the number con-
sumed hr-* to estimate energy intake hr=1. Abra-
hamson and Abrahamson (1989) present data on
the energy content (J g-* edible fruit) of acorns
found on the Lake Wales Ridge of Florida. We
could not identify to species acorns consumed
by jays, so we averaged the energy values re-
ported for three oak species common at both
sites, scrub oak (Quercusinopina), sand live oak
(Q. geminata), and Chapman’'s oak (Q. chap-
manii), to represent the energetic contribution of
an acorn. Altman and Dittmer (1968) report en-
ergy values for raw peanuts. Orthopterans and
lepidopteran larvae are the commonly consumed
animal prey of scrub-jays (Stallcup and Wool-
fenden 1978). We used values reported by Bell
(1990) to estimate the energy value of arthro-
pods. We estimated the energy value of miscel-
laneous human-provided foods by averaging the

values, per gram, of millet, cracked corn, and
white bread. Because all energy available in
foods may not be assimilated, we used the fol-
lowing sources to estimate metabolizable ener-
gy: acorns (Koenig 1991), peanuts (Karasov
1990), and arthropods (Bell 1990).

STATISTICAL ANALYSIS

The sampling unit used in analyses was the in-
dividual female because sequential observations
of each female were not independent. VValues re-
ported in the results are means = SE of all ob-
servations per female, unless otherwise noted.
We used two-way ANOVA to test the effects of
site and year on the percent of time spent in each
behavior. We arcsine or sguare-root transformed
al proportional data. We used Tukey’s multiple
comparison procedure to test all significant
ANOVASs and Dunn’s procedure to test al sig-
nificant Kruskal-Wallis ANOVAs. We used a
forward stepwise linear regression model to test
the influence of behavior and food-handling and
consumption rates on the dates of clutch initia-
tion. We used only those variables in the regres-
sions that differed between sites in the univariate
ANOVAs. We tested for differences in the re-
lationship between food handling rates and
breeding date among females between sites us-
ing ANCOVA with date of clutch initiation as
the dependent variable, site as the independent
variable, and the rate of food handling hr-* as
the covariate (SPSS Inc. 1999).

RESULTS
CLUTCH INITIATION

In total, we observed 31 wildland and 50 sub-
urban scrub-jays; of these, 28 wildland and 46
suburban females laid eggs. Suburban females
initiated first clutches significantly earlier than
wildland females (F,,, = 33.4, P < 0.001), and
this was true in both years (Fig. 1). Females ini-
tiated clutches significantly earlier in 1997 than
1996 (Fy70 = 9.9, P < 0.01); however, we de-
tected no interaction between site and year (F,
= 2.4, P = 0.13). The mean date of clutch ini-
tiation for suburban females was 13 March in
1996 and 11 March in 1997, with the earliest
clutch starting on 28 February in both years. The
mean dates of clutch initiation for wildland fe-
males was 2 April in 1996 and 21 March in
1997, with the earliest clutch starting on 22
March in 1996 and 8 March in 1997.
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FIGURE 1. Timing of first clutches of focal Florida
Scrub-Jays in wildlands and suburbs. Vertical lines
within the boxes represent the mean laying date. The
boxes represent the time during which the middle 50%
of the population initiated laying. Error bars represent
the timing of laying for 10% and 90% of the popula-
tions. Filled circles represent outliers.

TIME BUDGETS

We used the 232 focal observations that lasted
at least 15 min in our analyses. We collected 160
focal observations in 1996 (48 on 19 wildland

100

(a) Perching = \Vildland

——— Suburbs
80

60

40

Time (%)

20

(c) Interspecific interactions
0.8

0.6

0.4
02
0.0

1996 1997

Time (%)

519

jays; 112 on 34 suburban jays) and 72 focal ob-
servations in 1997 (27 on 12 wildland jays; 45
on 16 suburban jays). At both sites during both
years, perching, foraging, and territory defense
together accounted for nearly 95% of the fe-
males' time budgets. Overall, time budgets of
females differed significantly between wildland
and suburban sites (x?, = 345.3, P < 0.001).

Overall, femaes spent about 60% of their
time perching, with suburban females spending
11% more time perching than wildland females
(Fy7 = 14.2, P < 0.001). Overall, females spent
more time perching in 1996 than 1997 (F,,; =
11.1, P < 0.001; Fig. 2a). The interaction be-
tween site and year was significant (F,,, = 6.5,
P < 0.05). Wildland females spent significantly
less time perching in 1997 (41%) than in 1996
(619%; Tukey’s test, P < 0.05), but suburban fe-
males spent similar time perching in both years
(65%, 1996; 63%, 1997).

Overall, females spent less than 40% of their
time foraging, with suburban females spending
12% less time foraging than wildland females
(Fy 77 = 16.0, P < 0.001). Overall, females spent
more time foraging in 1997 than 1996 (F,,; =
12.1, P < 0.001; Fig. 2b). The interaction be-
tween site and year was not significant (F,,;, =
3.5, P = 0.07), but the proportion of time spent
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FIGURE 2. Activity budgets of prelaying female Florida Scrub-Jays in wildlands and suburbs. Instantaneous
behaviors are (a) perching, (b) foraging, and (c) interspecific interactions. Flight (d) is measured as the percentage
of 15-sec intervals in which flight occurred between behavioral samples. Sample size (in females), wildlands:
1996, n = 19; 1997, n = 12; suburbs: 1996, n = 34; 1997, n = 16. Note differences in y-axis scales.
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FIGURE 3. Mean = SE number of food items handled hr-* by prelaying female Florida Scrub-Jaysin wildlands
and suburbs. Items handled are (a) acorns, (b) peanuts, (c) arthropods, and (d) miscellaneous foods. *“ Miscel-
laneous foods” combines vertebrates that jays caught as well as birdseed, bread, and cracked corn provided by
humans. Sample size (in females), wildlands: 1996, n = 19; 1997, n = 12; suburbs: 1996, n = 33; 1997, n =

16. Note differences in y-axis scales.

foraging by suburban females varied less be-
tween years (23%, 1996; 27%, 1997) than by
wildland females (29%, 1996; 48%, 1997).

The time spent in all other behaviors did not
differ significantly between sites or years, with
the exception of time spent in interspecific in-
teractions (F,,, = 8.0, P < 0.05; Fig. 2¢). Fe-
males in the suburbs spent significantly more
time in interspecific interactions than did fe-
males in wildlands, but at both sites these inter-
actions accounted for less than 0.5% of their
time. Interspecific interactions at both sites in-
volved predominantly birds, of which interac-
tions with Blue Jays (Cyanocitta cristata) and
Northern Mockingbirds (Mimus polyglottos)
were most frequent.

Overall, females flew during 11% of the sam-
pling intervals (Fig. 2d). Frequency of flying did
not differ between sites (F,,; = 0.5, P = 0.50),
but did vary between years (F,;; = 12.5, P <
0.001). In 1997, females flew during 13% of the
sampling intervals, compared to only 10% in
1996. The interaction between site and year was
not significant (F,, = 2.6, P = 0.11).

FOOD HANDLING AND CONSUMPTION RATES

Food handling. Females at both sites handled
acorns at similar rates (F,,, < 0.1, P = 0.95).

Females at both sites handled significantly more
acornsin 1997 than 1996 (F,,; = 8.3, P < 0.01).
The interaction between site and year was not
significant (Fig. 3a).

We observed only one wildland female handle
peanuts, on only one occasion. Suburban fe-
males handled about 1.5 peanuts hr=! (Fy,5 =
7.9, P < 0.01). Peanut handling rate did not dif-
fer between years (Fy,, < 0.1, P = 0.71), nor
did an interaction exist between site and year
(Fig. 3b).

The number of acorns and peanuts, combined,
handled hr-* did not differ between sites (F,
= 2.4, P = 0.13). Females handled more acorns
and peanuts, combined, in 1997 than 1996 (F, s
= 9.3, P < 0.05), but the interaction between
site and year was not significant (F, ;s < 0.1, P
= 0.94).

Jays consumed all the arthropods they han-
dled. Therefore we report only the number con-
sumed hr=1. This number did not differ between
sites (Fy76 = 1.4, P = 0.24) or years (Fy7 =
0.6, P = 0.45), nor did an interaction exist be-
tween site and year (Fig. 3c).

We observed only one female at each site
handling vertebrates. One female in the wild-
lands handled two hylid treefrogs, and one fe-
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TABLE 1. Mean number of food items consumed hr-1 by prelaying female Florida Scrub-Jays in wildlands
and suburbs, 1996-1997. We placed many human-provided foods such as birdseed, bread, and cracked corn into
a ““miscellaneous’ category, along with rare natural food items such as berries and nuts. Sample sizes: 31

wildland birds and 49 suburban birds.

Items consumed Wildlands Suburbs F176 P
Acorn 1.66 = 0.28 0.96 + 0.16 4.1 0.05
Peanut 0.02 = 0.02 0.22 + 0.06 5.1 0.03
Arthropod 0.60 + 0.18 0.32 = 0.09 14 0.24
Vertebrate 0.05 = 0.05 0.01 + 0.01
Miscellaneous 0 0.44 + 0.13
Courtship feeding? 0.32 = 0.21 1.09 = 0.17 7.0 0.01
Total 264 = 031 3.04 + 0.25 0.9 0.34

aNumber of courtship feedings hr-1. We assumed that each courtship feeding consisted of only one food item.

male in the suburbs handled one brown anole
(Anolis sagrei).

In 1996, we did not observe any wildland fe-
males handling miscellaneous food items. In
suburbs, miscellaneous foods amounted to 15%
of the total items handled. These included only
two native foods, greenbrier berries (Smilax au-
riculata; n = 2) and scrub hickory nuts (Carya
floridana; n = 4), but many human-provided
foods: cracked corn (n = 25), birdseed (n = 11),
pieces of bread (n = 10), and pet food (n = 3).
The number of these food items handled hr-*
differed significantly between sites (F,,, = 8.2,
P < 0.01), but not years (F,, = 0.5, P = 0.46),
and no interaction existed between site and year
(Fig. 3d).

For all foods, suburban females handled sig-
nificantly more items hr—* than wildland females
(F17 = 3.9, P < 0.05), the bulk of which were
human-provided foods. Females handled more
itemsin 1997 than 1996 (F,,, = 7.2, P < 0.01),
largely because acorn handling at both sites was
more frequent in 1997. No interaction between
site and year was detected (Fy,, < 0.1, P =
0.82).

Food consumption. Wildland females con-
sumed significantly more acorns and fewer pea-
nuts hr-1 than suburban females (Table 1). Wild-
land females handled 3.3 acorns hr~* and con-
sumed 1.7 acorns hr-1, indicating that half were
cached or discarded. Suburban females handled
1.5 peanuts hr=1, but consumed only 0.2 peanuts
hr-1, indicating that most peanuts were cached
or discarded. However, no difference existed in
the number of acorns and peanuts combined
consumed hr=! between sites (F,,, = 1.0, P =
0.31) or between years (F,,, = 3.4, P = 0.07).
We did not observe wildland females consuming

miscellaneous food items. Suburban females fre-
quently consumed miscellaneous foods, almost
al of which were human provided. The con-
sumption rate of these items did not vary be-
tween years (F,,, = 0.4, P = 0.55).

Suburban females received more feedings
from their mate hr=! than wildland females (Ta-
ble 1). The rate of feedings by mates hr-* did
not differ between years (F,,, = 0.3, P = 0.61)
nor did any interaction exist between site and
year (F,7;6 = 0.4, P = 0.55). Despite the addi-
tional consumption of human-provided foods
and the additional feedings by mates, we found
no difference in the consumption rate of all
foods between the two sites (Table 1). The rate
of food consumption did not vary between years
(Fi6 = 0.1, P = 0.72), nor did any interaction
exist between site and year (F,,, < 0.1, P =
0.95).

Food handling and consumption per foraging
hour. Suburban females handled more food
items hr-1, but spent less time foraging than
wildland females, suggesting that foraging was
more efficient in the suburbs. In general, sub-
urban females handled foods, other than arthro-
pods, at higher rates per foraging hr than wild-
land females. However, these rates were signif-
icant only for peanuts (F,,s = 8.6, P < 0.01)
and for miscellaneous food items (F,,, = 8.4, P
< 0.01), which were mostly human provided.
Overall, suburban females handled nearly twice
the number of food items per foraging hr than
did wildland females (F,; = 12.8, P < 0.001).

Suburban females consumed more peanuts
(Fy76 = 4.2, P < 0.05) and more miscellaneous
food items (F,,s = 4.6, P < 0.05) per foraging
hr than wildland females. The ingestion of
acorns and arthropods per foraging hr did not
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TABLE 2. Estimated energy budget (kJ hr-1) of prelaying female Florida Scrub-Jays in wildlands and suburbs,
1996-1997. Flight was estimated as 1% of the total time budget (see text), but since most territorial interactions
consisted of flight, the proportion of time spent in territory defense was reduced by 1% so that time budgets

equaled 100%. BMR = Basal metabolic rate (kJ hr-1).

Wildlands Suburbs

Activity BMR2 CostP % Time kJ hr-1 % Time kJ hr-1
Perch 35 2 53 3.66 65 4.49
Forage 35 5 37 6.38 25 431
Territory defense 35 6.5 3 0.67 3 0.67
Interspecific interactions 35 6.5 <0.1 <0.01 <05 <0.1
Nest building 35 5 2 0.35 3 0.52
Flight 35 11 1 0.38 1 0.38
Out of sight 35 35 4 0.48 3 0.36
Total energy budget 11.93 10.83

a2 From Lasiewski and Dawson 1967.

b Estimated as a multiple of BMR, from Goldstein 1988.

differ significantly between sites. The total num-
ber of food items consumed per foraging hr did
not differ significantly between sites (F,,, = 0.1,
P = 0.78).

ENERGY EXPENDITURE AND ENERGY
INTAKE

Our behavioral data for both years combined
suggested suburban females expended nearly
10% less energy than wildland females (Table
2). Suburban females expended 41% of their en-
ergy perching and 40% foraging. In contrast,
wildland females expended about 31% of their
energy perching and 53% foraging. Based on
our time budgets, the total energy expended dif-
fered significantly between sites (F,,; = 11.7, P
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FIGURE 4. Mean + SE estimated energy expendi-
ture (kJ hr-1) of prelaying female Florida Scrub-Jays
in wildlands and suburbs. Sample size (in females),
wildlands: 1996, n = 19; 1997, n = 12; suburbs: 1996,
n = 34; 1997, n = 16.

< 0.001) and years (F,,; = 10.1, P < 0.01). The
interaction between site and year was significant
(Fi77 = 7.9, P < 0.01); wildland females ex-
pended more energy in 1997 than 1996, but en-
ergy expended by suburban females did not dif-
fer between years (Fig. 4).

The total energy of acorns, peanuts, arthro-
pods, and miscellaneous foods consumed hr—t
did not differ between sites (F,,, = 1.4, P =
0.24; Table 3). At both sites, females derived
most of their energy from acorns and little from
arthropods. Wildland jays obtained more energy
from acorns than suburban jays; suburban jays
made up the difference by consuming peanuts
and miscellaneous human-provided foods.

The net energy gain (mean energy intake mi-
nus the mean energy expended), although not
statistically comparable, was slightly higher in
the wildland site. The net energy gain of wild-
land jays was 16.0 kJ hr-%; the net energy gain
of suburban jays was 14.8 kJ hr-2.

INFLUENCE ON INDIVIDUAL VARIATION IN
TIMING OF BREEDING

Time spent foraging and time spent perching dif-
fered between sites and were inversely related
(r = —0.9, P < 0.001). We tested each sepa-
rately in the regression model and retained only
time perching because it had a greater influence
on the overall model. We examined the relation-
ship of site, year, time perching, and food items
handled hr-%, on the date of clutch initiation of
the focal females that laid eggs. Three variables
explained 45% of the variation in laying date
(Table 4). Site explained 35% of the variation,
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TABLE 3. Estimated energy (kJ) consumed hr-1 by prelaying female Florida Scrub-Jays in wildlands and

suburbs, 1996-1997.

Consumption Energy
rate? Energy Metabolizable consumed
Site/ltem (items hr-1) (kJitem™1) energy® (%) (kJ hr-1)
Wildlands
Acorn 1.66 23.05 69 26.4
Peanut 0.02 29.23 82 0.57
Arthropod 0.60 2.20 71 0.94
Total 2791
Suburbs
Acorn 0.96 23.05 69 15.27
Peanut 0.22 29.23 82 5.27
Arthropod 0.32 2.20 71 0.5
Miscellaneous 0.44 14.08 74 4.58
Total 25.62

aData from Table 1.

b Acorn data: Koenig 1991; peanut data: average of three studies that used peanuts in Appendix 1 of Karasov
1990; arthropod data: Bell 1990; miscellaneous food data: average of acorn, peanut, and arthropod.

the total number of food items handled hr-* ex-
plained another 6% of the variation, and year
explained another 3% of the variation. Neither
the rate at which different food items (i.e,
acorns, peanuts, arthropods, and miscellaneous
food items) were handled hr-%, nor the percent
of time perching explained enough variation to
enter the model. Females that handled more food
hr-* initiated clutches earlier than females that
handled fewer items. The relationship between
the rate of food items handled and the date of
clutch initiation among females was the same at
both sites (ANCOVA F, ¢ = 0.12, P = 0.73).

DISCUSSION

We found that suburban scrub-jays bred earlier
and spent less time foraging, but were more ef-

ficient at foraging than were jays in wildland
habitats. Despite these differences, their net en-
ergy gain was slightly less than that of wildland
jays. In wildlands, scrub-jays eat many energy-
rich acorns, suburban jays eat many fewer
acorns but make up some, but not al of the en-
ergy by eating human-provided foods, such as
peanuts. Although foraging behavior differed
between sites, net energy gain did not appear to
explain the difference in timing of breeding be-
tween suburban and wildland habitats. However,
at both sites birds that handled more food hr-*
tended to breed earliest, suggesting that foraging
efficiency itself might be a perceptual cue for
breeding.

Supplemental food often advances laying date
in birds (Daan et al. 1989, Meijer et al. 1990,

TABLE 4. Results of linear forward stepwise regression to examine the relationship of time perching, food
items handled hr-1, site, and year on the date of clutch initiation of Florida Scrub-Jays in wildlands and suburbs,

1996-1997.
Independent variables
in model Coefficient R2 A F160 P

Site -0.56 0.35 0.35 37.6 <0.001
Total food items handled hr-1 -0.20 0.42 0.06 4.3 <0.05
Year -0.19 0.45 0.03 4.2 <0.05
Variables not in model:

Acorns handled hr-1 0.6 0.44

Peanuts handled hr-1 0.1 0.84

Arthropods handled hr-1 0.3 0.61

Miscellaneous items handled hr-1 0.8 0.36

% Time perching 0.1 0.90
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Winkler and Allen 1996, Meijer and Drent
1999), including Florida Scrub-Jays (Schoech
1996). In suburban habitats, human-provided
foods are predictable resources that birds easily
can exploit (Cowie and Hinsley 1988a, 1988b);
the effects of such food on laying date are likely
to be similar to the effects of experimentaly
provisioned food. Severa studies have found
that birds in suburbs breed earlier than their rural
counterparts (Cramp 1972, Tatner 1982, Dhondt
et al. 1984, Johnson 1994), and this appears to
be true for Florida Scrub-Jays (Bowman et al.
1998, this study).

Some birds reduce their daily energetic ex-
penditures during oogenesis by reallocating time
spent in various activities rather than by increas-
ing food intake (Ettinger and King 1980, Mu-
gaas and King 1981, Williams and Ternan
1999). Severa studies that manipulated food
supply and simultaneously measured behavior of
birds have observed changes in time budgets
(Dunnock [Prunella modularis], Davies and
Lundberg 1985; Black Redstart [Phoenicurus
ochruros], Cucco and Malacarne 1997; Rufous
Hummingbird [Selasphorus rufus], Hixon et a.
1983). Prebreeding female Dunnocks that were
food supplemented allocated 26% less time to
foraging and 14% more time to perching than
control females (Davies and Lundberg 1985).
Our results are consistent with these studies;
suburban females spent 12% less time foraging
and 10% more time perching, than wildland fe-
males. They were able to decrease foraging time
and yet increase their food handling rates by in-
creasing their foraging efficiency.

Female Dunnocks that spent more time perch-
ing laid earlier than females that perched less
(Davies and Lundberg 1985). We found no sim-
ilar correlation. Although suburban scrub-jays
spent more time perching and expended less en-
ergy, their net energy gain was dlightly lower
than that of wildland jays. When natural foods
are abundant, birds may be able to forage less,
but maintain their food intake by becoming
more efficient. However, in suburban habitats
scrub-jays are able to maintain their intake rate
only by feeding on human-provided foods,
which may be less energetically valuable than
natural foods. Peanuts, which comprised ca
30% of the human-provided foods consumed by
scrub-jays, are energeticaly similar to acorns,
but miscellaneous human-provided foods pro-
vide less energy. Jays consuming these foods did

not take in enough energy to maintain the energy
they saved by reducing foraging time. These pat-
terns suggest that the timing of breeding in jays
was not constrained by energy.

Egg production may not be as costly as pre-
viously thought (van Noordwijk et al. 1995, Per-
rins 1996). In Barn Swallows (Hirundo rustica),
the period of egg formation is not particularly
costly relative to routine energy demands, sug-
gesting that energy should not constrain egg for-
mation in this species (Ward 1996). Other recent
studies have found no evidence of energy con-
straints on the timing of breeding (van Noord-
wijk et al. 1995, Winkler and Allen 1995, 1996);
but if energy does not constrain breeding in
scrub-jays, why do jays decrease foraging and
increase perching when food availability is high-
er?

Florida Scrub-Jays have a sentinel system
(McGowan and Woolfenden 1989) whereby one
member scans the sky from an exposed perch
and alerts other group members to the presence
of predators. In some birds, a cooperative sen-
tinel system may result from state-dependent, in-
dividually selfish patterns of behavior (Wright,
Berg, et a. 2001). Vigilance may be a trade-off
between foraging efficiency and predation risk
(Bednekoff 1997). Suburban jays spent most of
the increased perching time as sentinels; even
wildland jays provided with just a few peanuts
reduce foraging time and increase vigilance
(Bednekoff and Woolfenden, unpubl. data). Ara-
bian Babblers (Turdoides squamiceps) provided
with supplemental food increase sentinel effort
(Wright et al. 2001). Because suburban scrub-
jays forage more efficiently than wildland jays,
they can shift time from foraging to vigilance
and still maintain their food consumption rates.
Even though human-provided foods may not be
the energy equivalent of natural foods, jays may
be able to decrease their risk of predation with-
out incurring an energy cost; thus the differences
we observed in behavior between suburban and
wildland scrub-jays may have been driven more
by predation risk than by an energy optimization
strategy for reproduction.

Our results suggest food may be linked to the
timing of breeding through a perceptua cue
rather than through a release from energy con-
straints. At both sites, jays that foraged most ef-
ficiently bred the earliest. Food availability and
foraging success may cue birds' breeding deci-
sions. Great Tits (Parus major) appear to use
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foraging success early in the season to time
breeding to coincide with the emergence of cat-
erpillars (Perrins 1991, van Noordwijk et al.
1995, Seki and Takano 1998). Various measures
of foraging success also appear to influence tim-
ing of breeding in other species, including
White-winged Crosshills (Loxia leucoptera), and
Red Crosshills (L. curvirostra, Benkman 1990),
and Tree Swallows (Tachycineta bicolor, Wink-
ler and Allen 1996). We suggest that Florida
Scrub-Jays also use foraging success or efficien-
¢y, in part, to time breeding.

Site explained the most variation in timing of
breeding among individual scrub-jays. Because
food handling rates differed between sites, this
could explain some of the difference; however,
other variables could account for the differences
in timing of breeding between sites. Human-pro-
vided food differs in quality from natural foods,
and food quality can influence timing of breed-
ing (Ramsay and Houston 1997, Nager et a.
1997; Schoech and Bowman, unpubl. data). In
Florida Scrub-Jays, food quality affects egg
quality (Reynolds et al. 2003a) and nestling
growth and survival (Reynolds et a. 2003b).
However, the suburban environment differs from
the wildlands in other respects that could influ-
ence timing of breeding. Suburban light pollu-
tion and heat-island effects could influence the
cues used for timing breeding. We have little
evidence that temperature differences exist be-
tween the suburban and wildland study sites.
The phenology of oak leaf-out does not appear
to differ between sites (RB, unpubl. data). Sub-
urban habitats are lighter at night than the wild-
lands. Constant dim light can affect biological
rhythms in birds (Kumar et a. 2000), but few
data exist on whether exposure to some night-
time light influences the photoperiodic effect on
breeding in birds. However, with respect to both
temperature and light, we believe that the pre-
dicted effects on timing of breeding are incon-
sistent with our observation. We believe that
both should advance timing of breeding relative
to the wildland population by a consistent
amount, but should not necessarily reduce be-
tween-year variation, as we have observed
(Bowman et a. 1998).

The results of this study suggest that foraging
efficiency, measured as the rate of food han-
dling, has a measurable effect on the timing of
reproduction of Florida Scrub-Jays. Future ma-
nipulative studies should attempt to discriminate
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between the effects of food predictability and
nutritional quality on timing of breeding, to bet-
ter understand the physiological mechanisms un-
derlying various cues and the behavioral re-
sponses to resource variation. Human-provided
foods in suburban habitats appear to alter the
behavior and reproductive strategies of birds;
whether that is beneficial or not remains to be
tested.
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