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ABSTRACT.--We examined factors influencing nestling provisioning rates among Peregrine Falcons (Falco 
peregrinus) breeding along the Tanana River, Alaska, in 1995-97. Perching birds (Passeriformes) com- 
posed the majority (54.3%) of prey delivered to the nests; whereas, ducks and grebes composed the 
majority of prey biomass (60.8%). After accounting for stage of the nesting cycle, delivery rates of prey 
items and estimated prey mass increased with brood size. Prey mass was positively correlated with the 
length of time an adult was absent from the vicinity of the nest prior to prey delivery. Finally, although 
we found that delivery rates of prey per nestling decreased with increasing brood size, estimated mass 
delivered per nestling did not vary with brood size. Peregrine Falcons apparently maintained constant 
provisioning rates per nestling as brood size increased by increasing prey mass. 

KEY WORDS: Peregrine Falcon; Falco peregrinus; foraging theory; Interior Alaska; nestling diet;, nestling provi- 
sioning rates. 

TASAS DE APROVISIONAMIENTO A LOS POLLUELOS EN LOS HALCONES PEREGRINOS DEL 

INTERIOR DE ALASKA 

RESUMEN.--Examinamos los factores que infiuencian las tasas de aprovisionamiento entre halcones per- 
egrinos (Falco peregrinus) que se reprodujeron a lo largo del rio Tanana, Alaska, en 1995-97. Los pf•jaros 
(Passeriformes) componen la mayor/a (54.3%) de las presas entregadas en los nidos; mientras que, los 
patos y los zambullidores comprenden la mayoria de la biomasa de las presas (60.8%). Despu6s de dar 
cuenta de la etapa del ciclo de anidamiento, las tasas de entrega de los item presa y la masa estimada 
de las presas incrementa con el tamado de la nidada. La masa de la presa estuvo correlacionada posi- 
tivamente con la longitud del tiempo en la que el adulto estuvo ausente de la vecindad del nido antes 
de la entrega de la presa. Finahnente, aunque encontramos que la tasa de entrega de presa pot polluelo 
decreci6 con el aumento del tamado de la nidada, la estimaci6n de la masa entregada por polluelo no 
vari6 con el tamado de la nidada. Los halcones peregrinos aparentemente mantuvieron constantes las 
tasas de aprovisionamiento por poiludo en nidadas que incrementaron su tamado por medio del au- 
mento del tamado de las presas. 

[Traducci6n de C6sar Mftrquez] 

Parent birds must provision nestlings adequately 
to ensure growth and survival of nidicolous young. 
Parents are limited in their ability to provide for 
nestlings by both environmental conditions and 
physiological constraints (Newton 1986), and par- 
ents confront a trade-off between investing in pres- 
ent versus future reproduction (Trivets 1972). De- 
erenberg et al. (1995) supported the existence of 
a trade-off between present and future reproduc- 
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tion by showing that daily energy expenditure of 
breeding Eurasian Kestrels (Falco tinnunculus) in- 
creased with artificially enhanced brood size, and 
was negatively correlated with subsequent survival 
of parents. In addition, although parents raising 
larger broods contribute more offspring to the 
population, the fitness of each fledgling from large 
broods may be lower than the fitness of fledglings 
from smaller broods (Dijkstra et al. 1990). 

Lack (1954) and Gibb (1955) proposed that par- 
ent birds work as hard as they can to feed young, 
and that chicks from relatively larger broods are 
fed less than nestlings in average-sized broods. Ac- 
cording to their hypothesis, provisioning rates per 
nesding should decline with a convex function as 
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brood size increases. A survey of the literature on 
feeding frequencies of nestlings indicated that con- 
cave declines in feeding frequencies per nestling 
with increasing brood size are the norm, at least 
among passerines (Nur 1987). Among raptors, 
Newton (1986) found Eurasian Sparrowhawk (Ac- 
cilbiter nisus) prey-delivery rates were not influenced 
by the number of young in the nest; however, Mas- 
man et al. (1988) observed that male Eurasian Kes- 
trels responded to experimentally increased hun- 
ger of broods by increasing active hunting. 

Few studies have examined raptor provisioning 
rates and their relation to brood size. Enderson et 

al. (1972) found that larger Peregrine Falcon (Fal- 
co peregrinus) broods in Interior Alaska were fed 
more often, but individual nestlings in large 
broods received fewer feedings than small broods 
(N-- 7 broods). White and Nelson (1991) docu- 
mented the prey-delivery rate of one male pere- 
grine to be approximately one prey item per hour. 
At 13 Peregrine Falcon nests in Australia, Olsen et 
al. (1998) observed that males provided more prey 
deliveries and more biomass to large broods than 
to broods of one or two chicks. We examined the 

relationships among Peregrine Falcon prey-deliv- 
ery rate, prey size, mass-delivery rate, and brood 
size. 

If Peregrine Falcon pairs were flexible in how 
they met food requirements of nestlings, we ex- 
pected to find differences among pairs in prey-de- 
livery rates and prey size in relation to brood size. 
We anticipated that mass-delivery rates (g/hr), a 
function of prey-delivery rates (items/hr) and prey 
size (g/item), would increase with increasing 
brood size. 

Peregrine Falcons select a wide variety of pre- 
dominantly avian prey species and sizes, and hunt 
over large local geographical areas (white and Nel- 
son 1991, Ratdiffe 1993, Enderson and Craig 
1997). They are thus good subjects for examining 
relafonships between prey size and foraging time. 
We examined correla6ons between time away from 
the nest prior to a delivery and size of prey deliv- 
ered. 

Raising larger broods can produce more fiedg- 
hugs, but can be more energetically costly for par- 
ents (Deerenberg et al. 1995). We expected par- 
ents to deliver more food to larger broods, but 
because of the energetic costs of provisioning, 
pairs with larger broods would not be expected to 
provide as much food per nestling as pairs with 
smaller broods. Alternatively, if parents fully corn- 

pensated for each additional nestling in a brood, 
or if parents of higher individual quality produce 
larger broods, we would expect provisioning rates 
per nestling to be similar, regardless of brood size. 

METHODS 

Study Area. The study area encompassed a 250-km 
stretch of the Tanaria River between Tok and Fairbanks, 
Alaska (from 63ø8'N, 143ø36'W-64ølS'N, 148ø45'W). In 
1995, the study area extended from Tanacross to Sawmill, 
a 110-km stretch of river. In 1996 and 1997, we included 
an additional 65-km section of the river from Delta to 

Salcha. Observations were initiated each year after ice 
break-up in mid-May, and continued until the young had 
fledged and left the area of the nest in late-August to 
early-September. Two separate crews of 2-4 observers re- 
corded data at nests. 

Nests, which were situated on bluffs overlooking the 
river, were selected based on availability of accessible ob- 
servation sites on gravel bars opposite cliffs with visibility 
of the nest ledge. To observe prey deliveries we estab- 
lished sites across at least one channel of the river and 
about 300 m from nests. 

Provisioning Rates. Each field crew used binoculars, 
15-60X spotting scopes, and a 90X Questar © (New 
Hope, PA) telescope to assist with observations. We kept 
the Questar trained on the nestlings or fledglings to aid 
our identification of prey deliveries. During the brood- 
rearing period, at least two (1995) or three (1996-97) 
observers recorded data. In all years, at least four observ- 
ers recorded data during the post-fiedging stage of the 
nesting cycle. Observations were performed during day- 
light hours. 

We observed 10 breeding pairs in 1995, 9 breeding 
pairs in 1996, and 10 breeding pairs in 1997 from a total 
of 17 nest sites, where a nest site was defined as a nesting 
territory with a breeding pair (Steenhof 1987). Of these 
sites, we observed eight sites in one year only, six sites in 
two years, and three sites during all three years of the 
study. We made observations during the brood-rearing 
and post-fiedging phases. Of the 10 breeding pairs ob- 
served in 1995, we observed all during brood-rearing and 
four during post-fiedging periods. In 1996, we recorded 
provisioning rates from eight breeding pairs during 
brood-rearing period. One nest failed prior to fiedging, 
we observed provisioning rates from the seven remaining 
pairs plus an additional pair during the post-fiedging 
stage. In 1997, we observed all 10 breeding pairs during 
both brood-rearing and post-fiedging. For analysis, we 
subdivided observations into four stages of the nesting 
cycle: early brood-rearing periods (0-10 d post-hatch), 
mid-brood-rearing (11-24 d), late brood-rearing (25 d 
until fiedging), and post-fiedging (ca. 40+ d) stages. We 
determined the stages of the brood-rearing phase during 
banding visits by estimating age of the oldest chick based 
on feather development and comparisons to Nelson's 
(1970) drawings of chicks. During early, mid, and late 
brood-rearing, and post-fiedging stages, we made obser- 
vations from 12, 14, 18, and 22 breeding pairs respective- 
ly (all years combined; Table 1). 

For each breeding pai•; we recorded the number of 
prey deliveries, the estimated size class of each prey item, 



MARCH 2004 PEREGRINE PROVISIONINC RATES 1 1 

Table 1. Number of breeding Peregrine Falcon pairs observed by brood size during each stage of the nesting cycle 
along the Tanana River, Alaska 1995-97. 

STAGE OF TIIE BROOD SIZE 
BRFEDING CYGI,E I 2 3 4 TOTAl, 

Early nestling-rearing 2 (9)" 2 (10) 5 (23) 3 (11) 12 
Mid nestling-rearing 1 (5) 5 (29) 4 (15) 4 (17) 14 
Late nestling-rearing 3 (6) 5 (23) 8 (27) 2 (8) 18 
Post-fiedging 4 (15) 9 (45) 5 (22) 4 (19) 22 

(Total number of 4-hr observation sessions). 

and the type of prey delivered (identified to finest taxon 
possible). To measure provisioning rates, we estimated 
the mass of those prey identified to species using mean 
body mass of that species (Butt and Grossenheider 1980, 
Dunning 1993). For prey identified only to genus or fam- 
fly, we used the mean mass of all the species of that genus 
or family (Dunning 1993) that regularly occurred in the 
study area, except in the case of shorebirds, which span 
a wide range of masses. We classified shorebirds and prey 
not identified to species, genus, or family into the follow- 
ing size classes: small (9-50 g), medium (51-200 g), large 
(201+ g), or unknown, to assign them an estimated mass. 
For both shorebirds and prey identified only to size-class, 
we used the median mass of all species of that size class 
known to regularly occur in the study area (30 g, 125 g, 
and 641 g for small, medium, and large items, respec- 
uvely). We categorized prey of unknown size-class as me- 
dium-sized prey. 

Peregrines sometimes delivered, cached, and redeliv- 
ered prey items several times. In these instances, we 
counted the item as a single prey delivery. If part of a 
carcass (identified to species, genus, or family) was deliv- 
ered, we assigned it the mass of that species, genus, or 
family, as outlined above. For unidendried partial car- 
casses we estimated the size of that item in relation to 

the size of the adult falcon and assigned it a size class of 
small (9-50 g), medium (51-200 g), or large (201+ g), 
based on the above methods of mass assignments. 

For categorical analysis of prey size in relation to brood 
size, we only included those prey identified to species, 
genus or family, and classified items in small, medium, 
or large classes, based on the above methods of mass 
assignments. 

Two video cameras, equipped with 250 mm lenses and 
2x extenders, were employed to record prey deliveries 
continuously during observation sessions from observa- 
non sites. In 1995, we used Canon L2 Hi-8 mm (Canon, 
Inc., Tokyo, Japan) and Sony GGD-FX430 8 mm video 
cameras (Sony Corporation, Tokyo, Japan), and in 1996 
and 1997 we used Canon L2 cameras. During the brood- 
rearing stage, one camera was focused on the nest ledge, 
while the other was focused on the attending adult. Dur- 
ing the post-fiedging stage, we focused on fledglings or 
adults as visibility allowed. Videotapes confirmed prey de- 
liveries if observations were uncertain. 

We estimated mass-delivery rates during each stage of 
the nesting cycle for each nest by averaging total mass 
delivered among 4-hr observation sessions. Similarly, we 

calculated prey-delivery rates during each stage for each 
nest by averaging total number of prey delivered during 
4-hr observation sessions. Finally, to estimate mean mass 
per session per nest per stage, we divided the total esti- 
mated mass of prey delivered by the total number of 
items delivered per 4-hr observation session, and then 
calculated the mean for the total number of observation 

sessions in that stage. During a given stage of the nesting 
cycle we conducted a mean of 4.0 (SD = 2.4) 4-hr ob- 
servation sessions at a given nest, with a total of 284 
observation sessions at all nests (Table 1). Observation 
sessions were sometimes back-to-back. We sampled pro- 
visioning rates from all daylight hours at each nest during 
each stage of the nesting cycle observed; however, obser- 
vations at all nests were concentrated from 0800-1700 H 

Alaska Daylight Time. Observation sessions were exclud- 
ed from analyses if poor visibility persisted throughout 
the session or, in the case of the posbfiedging stage, when 
fledglings were not at the nest site. We treated nest sites 
independently among years. 

We also examined the relationship between the length 
of time an adult was absent from the vicinity of the nest 
prior to a delivery (time away) and the estimated mass 
of the prey delivered. For this analysis, we excluded the 
first item of every observation session and included only 
prey identified to species, genus, or family. 

For successful nests, mean brood size at fiedging was 
2.55 (SD = 1.0, range = 1-4 nestlings; Nordmeyer 1999), 
which was similar to mean brood size reported through- 
out Interior Alaska (Gade 1960, Ambrose et al. 1988, J 
Wright and P. Bente unpubl. data). Five nests had one 
chick, nine nests had two chicks, nine nests had three 
chicks, and six nests had four chicks. We observed four 
nests that experienced reductions in brood size prior to 
fiedging: two broods from three to one chick, one brood 
from three to two chicks, and the fourth brood from four 
to three chicks. 

Statistical Analyses. We used linear regression to assess 
the relationships of estimated number and mass of prey 
delivered and mean estimated prey mass as a function of 
brood size, and of estimated mass as a function of time 
away. We used Analysis of Variance (ANOVA) and Bon- 
ferroni's multiple comparison procedure to assess differ- 
ences in provisioning rates among stages of the nesting 
period. We used lack-of-fit F-tests to test the adequacy of 
linear regression models versus separate means models 
for comparisons between provisioning rates and brood 
size. In the regression analyses we accounted for stage of 
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Figure 1. The relationship between prey item mass and 
brood size among Peregrine Falcons breeding along the 
Tanana River, Alaska, 1995-97. Prey item mass is pre- 
sented as mean estimated prey item mass per nest per 
stage of the nesting period. The regression line is not 
adjusted for stage of the nesting period. 

the nesting period and used weighted means based on 
the sample size of 4-hr observation blocks from each nest 
per stage, but we present unadjusted data in the figures. 
We log-transformed mass-delivery rates to meet the as- 
sumptions of the statistical tests. Additionally, we used a 
X9 test to examine the relationship between prey size-class 
and brood size. Means are reported as • _+ SE. 

' 0 1 2 3 4 5 6 

Time Away Prior to Delivery (hr) 

Figure 2. Log (estimated prey mass) as a function of 
time away from nest cliff prior to prey delivery for Pere- 
grine Falcons nesting along the Tanana River, Alaska, 
1995-97. 

we noted a trend towards fewer medium-sized 

items brought to broods of two (P = 0.11, analysis 
of standardized residuals). 

We found a positive relationship between prey 
mass and brood size (P < 0.05, R 2 = 0.15, N = 
66). Median prey mass increased a mean of 24% 
(+10%) with each additional nestling (Fig. 1). Par- 

RESUI,TS 

Taxonomic Composition of Prey. Of the 343 
prey observed delivered to nestlings, 201 (58.6%) 
could be identified to a taxonomic group. Most 
identified prey were passerines (Passeriformes; 
54.3%), with shorebirds (Charadriiformes; 23.5%), 
ducks (Anatidae) and grebes (Podicipedidae; 
13.0%), and gulls and terns (Laridae; 6.5%) com- 
prising most of the remainder (Table 2). Ducks 
and grebes were the most important prey category 
in terms of biomass, comprising 60.8% of total es- 
timated prey biomass. Shorebirds followed at 
14.1%, gulls and terns at 9.7%, and passerines at 
11.2% of total prey biomass. Small mammals were 
delivered on three occasions, and comprised an es- 
timated 1.1% of prey biomass. 

Prey Size. Of the 343 prey that we observed be- 
ing delivered to young, 232 items (67.6%) were 
identified to a size category. Overall, more small 
items (126; 54.3%) were delivered than either me- 
dium (69; 29.7%) or large (37; 15.9%) items (X22 
goodness of fit test = 52, P < 0.001). When prey 
of all size-categories were included, there was a 
trend towards a relationship between brood size 
and prey size class (X26 contingency test for inde- 
pendence = 11.14, P = 0.08), indicating that in 
general, parents with small broods deliver smaller 
items than parents with large broods. Additionally, 
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Figure 3. Mean prey delivery rates per brood (a) and 
per nestling (b) as a function of brood size in Peregrine 
Falcons nesting along the Tanana River, Alaska, 1995-97 
The regression lines are not adjusted for stage of the 
nesting period. 
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Figure 4. Mass-delivery rate per brood (a) and per nest- 
ling (b) as a function of brood size in Peregrine Falcons 
nesting along the Tanana River, Alaska, 1995-97. In (a) 
the regression line is not adjusted tbr stage of the nesting 
period. In (b) no linear relationship was evident per nest- 
ling. 

of the nesting period (F3,6, • = 1.04, P > 0.3; and 
F3,65 = 1.19, P > 0.3; respectively). 

Brood Size and Prey-provisioning Rates. Brood 
size was positively related with both prey-delivery 
rate (R 2 = 0.35, P = 0.002, N = 66; Fig. 3a) and 
mass-delivery rate (R 2 = 0.25, P = 0.02, N = 66; 
Fig. 4a). Supporting these relationships, a positive 
linear relationship was suggested between both 
prey-delivery rates and mass-delivery rate versus 
brood size, (Lack-of-Fit F-tests were not significant: 
P = 0.93 and P = 0.71, respectively). Peregrine 
Falcons delivered a mean of 23% (+7%) more 
prey with each additional chick in the brood, and 
median mass-delivery rates increased 53% (- 12 %) 
with each additional chick. 

Prey Provisioning Per Nestling. Prey-delivery 
rates per nestling declined with increasing brood 
size (P = 0.001, R 2 = 37.7, N = 66; Fig. 3b). In 
contrast, mass-delivery rates per nestling did not 
change appreciably with increasing brood size (Fig. 
4b). Median prey-delivery rate per nestling de- 
clined 8% (_+6%; Fig. 3b) with each additional 
nestling. In contrast, the slope of the regression of 
mass delivery rate per nestling on brood size did 
not differ from zero, after accounting for nesting 
stage (2-sided test, P > 0.5; Fig. 4b). This suggests 
that breeding pairs did not compensate for larger 
broods by proportionately increasing the rate of 
prey delivery, but instead increased the size of prey 
delivered. 

ents of single-chick broods delivered no prey over 
200 g, during 140 hr of obervations and 31 deliv- 
eries, except for one delivery of a gull (Larus spp.; 
308 g). Together with data on prey size, these anal- 
yses indicate that Peregrine Falcons maintained 
provisioning rates for larger broods by increasing 
mean prey size. 

Time Away. There was a positive relationship be- 
tween the time an adult was away from the nest 
area prior to a prey delivery (hr) and estimated 
mass of delivered prey (slope = 0.51 [log(g) hr -•] 
+- 0.08, P < 0.001, R 2 = 0.29, N = 111; Fig. 2). 
This is consistent with the inverse relationship be- 
tween number of prey delivered and mean mass 
(slope = -2.09 + 0.27, P < 0.001, R 2 = 65.8, N 
= 66). 

Stage of the Nesting Cycle and Prey-provisioning 
Rates. Prey-delivery rates did not differ among 
stages of the nesting period (N = 66, P > 0.10 for 
family-wise multiple comparisons). Prey mass and 
mass-delivery rates also did not differ among stages 

DISCUSSION 

Our results are consistent with the hypothesis 
that parents must work harder to provide for larger 
broods. Pairs with larger broods had higher prey- 
delivery rates (Fig. 3a), and higher mass-delivery 
rates (Fig. 4a). However, prey-delivery rates per 
nestling declined with increasing brood size, indi- 
cating that, by capturing proportionately more 
prey, parents did not fully compensate for larger 
broods (Fig. 3b). Additionally, we found no rela- 
tionship between per nestling mass-delivery rates 
and brood size; the mass-delivery rate was constant 
across brood sizes (Fig. 4b). Prey-delivery rates per 
nestling declined with increasing brood sizes. 
Thus, to maintain constant mass-delivery rates per 
nestling across brood sizes, parents of larger 
broods must have compensated for lower prey-de- 
livery rates per nestling by providing larger prey 
on average. In support of this interpretation, prey 
mass increased with brood size (Fig. 1), and par- 
ents of small broods rarely delivered large items. 
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Thus, different brood sizes seemed to be associated 

with different parental foraging strategies. 
Time away from the nest prior to a delivery and 

s•ze of prey were positively correlated (Fig. 2). Sev- 
eral variables can affect the time required for suc- 
cessful capture and delivery of prey of various sizes, 
such as hunger level of brood (Tinbergen and 
Drent 1980, Steidl and Anthony 2000), prey avail- 
ability and distribution (Hunter et al. 1988, Meese 
and Fuller 1989, Rosenfield et al. 1995, Hakkarai- 

nen et al. 1997), prey handling time (Beissinger 
1983), foraging efficiency (Winkler and Allen 
1995, Bennetts and McClelland 1997), weather 
conditions (Steidl 1995), or distance traveled from 
the nest (Schoener 1979). 

Cost of reproduction theory suggests that raising 
the maximum possible number of young causes re- 
ductions in parental survival, and thus, natural 
brood sizes are lower than maximum to optimize 
future survival and maximize lifetime reproductive 
output of adults (Dijkstra et al. 1990). Indeed, Nel- 
son's (1988) observation that Peregrine Falcons 
more often failed to return to nest territories after 

rearing broods of three or four than after rearing 
broods of zero to two chicks suggests a cost to 
adults of raising larger broods. Also, Deerenberg 
et al. (1995) demonstrated a direct relationship be- 
tween increased individual work-rate in parents 
with experimentally enlarged broods and local sur- 
vival rate among adult Eurasian Kestrels. They pro- 
posed that an optimal work-rate might be a prox- 
imate control mechanism for brood size, because 

high work-rates may entail physiological weaken- 
ing, leading to lower survival rates of breeders. To- 
lonen and Korpimiiki (1996) suggest that parental 
effort (time spent flight hunting/total time) 
among Eurasian Kestrels is adjusted to the level 
where parental survival is not jeopardized, based 
on their evidence that males did not change pa- 
rental effort in response to brood size manipula- 
tion, and females made only minor changes. 

Mass-delivery rates per nestling, unlike per nest- 
ling prey-delivery rates, were constant across the 
range of brood sizes observed in this study. One 
possible explanation for constant mass-delivery 
rates per nestling, regardless of brood size, is that 
parents of smaller broods were working far below 
maximum sustained working capacity (Dijkstra et 
al. 1990, Stearns 1992). This could be because prey 
were readily available and easy to acquire. An al- 
ternative explanation is that pairs with larger 

broods were better providers and able to regularly 
kill larger prey and transport it to the nest. 

To raise large broods, parents must be efficient 
hunters to capture and deliver prey at adequate 
provisioning rates, and they need to maintain a 
work rate that does not impinge excessively on 
their future survival, and thus, reduce lifetime re- 

productive output (Deerenberg et al. 1995). If nat- 
ural brood size is an indication of optimal work- 
load per pair, then brood size may reflect parental 
foraging efficiency. In general, we observed more 
prey and larger prey delivered to larger broods. 
Larger prey were related to longer periods away 
from the nest area prior to delivery. In natural 
broods, we found parents had equal mass-delivery 
rates per nestling regardless of brood size, presum- 
ably maximizing both their present and future re- 
productive output. In our study, we were not able 
to evaluate the influence of age and breeding ex- 
perience, which could be important factors on 
brood size and provisioning patterns. In future 
studies, distinguishing between parental hunting 
efficiency and prey availability will be essential to 
test foraging theory as it relates to provisioning of 
Peregrine Falcon young. 
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