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540 WALTER D. KOENIG anp LAURYN S. BENEDICT

Food storage is one such context. Ydenberg
et al. (1994) modeled the expected behavior of
animals when gathering food for storage given
particular time and energy constraints and the
necessity of individuals to concurrently feed
themselves. They concluded that when energy is
limiting, maximizing efficiency ensures the
highest total daily amount of food stored, where-
as when time is limiting, rate maximization is
more likely to predict behavior, particularly as
the energy needed for self-maintenance increas-
es. Storing may also be influenced by the fitness
consequences of making errors in choosing food
items. If the cost is low due to a high_rate of
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Acorn Woodpeckers (Melanerpes formicivo-
rus) provide a unique opportunity to examine
behavior in the context of food storage. Acorn
Woodpeckers are “‘larder hoarders” that harvest
acorns, and sometimes other nuts, as they ma-
ture in the autumn and store them communally
in specially modified trees known as granaries
(Fig. 1). Although stored acorns provide only a
small proportion of the overall energetic needs
of groups of Acorn Woodpeckers (Koenig and
Mumme 1987, Koenig 1991), they are nonethe-
less critically important to winter survival and
subsequent reproductive success (Koenig and
Mumme 1987), a paradox that is consistent with
a dynamic model estimating the survival con-
sequences of a relatively small food hoard
(Hitchcock and Houston 1994).

FIGURE 1.
(photo by W. Koenig).

An Acorn Woodpecker on its granary

existing storage holes in a group’s granary (Koe-
nig and Mumme 1987).

If time and energy are relatively unimportant
in llrmtmg acom storage, then there is httle rea-
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the cotyledon was destroyed, did not differ sig- assumed that unstored acorns were of the same
nificantly among the three oak species after con- mean size as (5) unstored acorns collected from
trolling for annual differences. Thus, differences trees of the same species located within the same
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select acorns in part on the basis of these chem-
icals, despite having but a relatively small neg-
ative effect on digestibility (Koenig 1991).
Birds did not maximize the energetic value of
their stores. On average, Acorn Woodpeckers
could have increased the energetic value of their
stores by 14-30% by restricting storage to lipid-
rich Q. agrifolia acorns, even without any in-
creased selectivity regarding acorn size. If they
had stored the same mix of species as they did,
but chosen acorns of the same average size as
those present in the study site, they could have

be more energetically rich (Krebs and Avery
1984).

In support of this latter hypothesis, the range
of Acorn Woodpeckers in the western United
States is primarily restricted to areas in which
there are at least two species of oaks, and pop-
ulation stability increases significantly with in-
creasing oak species diversity (Bock and Bock
1974, Koenig and Haydock 1999). Although the
primary explanation for these relationships is the
lower probability of an acorn crop failure as oak
species diversity increases, it is also possible
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Even greater benefits, averaging 108% but as
high as 276% in one territory, could have been
reaped by storing the same mix of species as

they did, but selecting acorns from the trees pro-
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confers nutritional advantages beyond that re-
sulting solely from more consistent acorn avail-
ability from year to year.

The primary dlfﬁculty with thls hypothesis is
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pled within their territory.

Although these values hold only for the year
of the study, prior work examining the species
of acorns stored over a period of six years in the
same population suggests that birds regularly
store a mix of species rather than concentrating
on those of high energetic value (Koenig and
Mumme 1987). Unfortunately, the extent to
which this variability is determined by annual
differences in productivity by the species is un-
known. However, it is consistent with our results
here that birds choose to store a mix of species

crackers (Nucifraga columbiana) that depend al-
most exclusively on their stores for relatively
long periods of time (Vander Wall and Balda
1977), Acorn Woodpecker caches supply only a
relatively small proportion (<20%; Koenig
1991) of their total energetic needs during the
winter in our study area. Thus, birds are perforce
already acquiring the majority of their nutrition-
al needs from sources other than stored acorns,
primarily flying insects and sap. Although this
may not eliminate a nutritional advantage to
storing a mix of acorn species, it means that the
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