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Foraging behavior can be divided into two distinct 
types. When "feeding," a forager ingests all the food 
it captures. When "provisioning," the resources are 
delivered to a mate, to a cache site, or to offspring. 
These foraging modes are distinct because the costs 
and benefits differ (Ydenberg et al. 1994). Unlike feed- 
ers, provisioners pay time and energy costs for deliv- 
ery and travel to and from the foraging site, and only 
some of the food they collect is consumed. The re- 
mainder is delivered to others, or is stored for later 

consumption. Thus, provisioners share (or defer) the 
benefits of foraging, but bear all the costs. Due to 
these differences, the relative profitability of food items 
or feeding sites depends on the foraging context. 

The Northwestern Crow (Corvus caurinus) exhibits 
a natural daily rhythm in foraging mode, feeding at 
high tide when food is less available, and provision- 
ing food to cache sites at low tide (James and Verbeek 
1983). We simultaneously presented crows with two 
experimental foraging sites (patches) offering differ- 
ent feeding rates. We predicted that when feeding at 
high tide, crows would prefer the patch with the 
higher feeding rate. However, the provisioning rates 
attainable from the patches were nearly identical, and 
we predicted that when provisioning at low tide, the 
crows would be indifferent between the two. 

Methods.--The study was carried out during May 
and June of 1993, on Diana Island near the Bamfield 
Marine Station, British Columbia, Canada (125ø11.5'W, 
48ø51'N). The two patches were planks of driftwood 
placed 9 m apart high up on the beach so that they 
were accessible at all tides. We placed 120 empty mus- 
sel valves in a regular array at a density of about 25 
valves/m 2 in each patch. Patch type A had one piece 
of Purina Puppy Chow hidden under each valve, while 
patch type B had three pieces under one-third of the 
valves (chosen randomly). Crows foraged by turning 
each valve over and picking up the puppy chow piec- 
es one by one. Due to the different dispersion of 
Puppy Chow pieces under the mussel valves, crows 
could find food slightly faster in patch A (1 s of search 
per piece) than in patch B (1.25 s of search per piece). 

Crows ingested these pieces when feeding, but when 
provisioning held them in the beak and throat, trans- 
porting them into the nearby forest where the pieces 
were cached. 

We calculated the feeding rates attainable in the 
two patch types as the net energy gain per piece (en- 
ergy per piece minus the energy costs of search and 
handling) divided by the time required to search for 
(1.0 s in patch A and 1.25 s in patch B) and handle 
(0.5 s) each piece. We estimated the cost of search as 
14.4 W (4 x BMR, using 3.6 W as BMR; see Richardson 
and Verbeek 1986), and the cost of handling as 7.2 W 
(2 x BMR). The advertised energy content of Purina 
Puppy Chow is 8 kJ per piece. These calculations 
revealed that crows could feed at a rate of 5.3 W in 

patch A, and 4.3 W in patch B. 
Provisioning crows gathered a load of (almost al- 

ways) three pieces and made a trip to the forest to 
cache the pieces before returning to collect another 
load. We calculated the provisioning rate attainable 
from each of the patch types as the net energy gain 
per provisioning trip: energy in three pieces minus 
the energy costs of search (3 s in patch A and 4 s in 
patch B at 14.4 W), handling (1.5 s at 7.2 W) and 
delivery (30 s at 9 x BMR, or 32 W), divided by the 
time to collect and store each load. The long duration 
of the caching trip (30 s) relative to the load collection 
time so diluted the impact of the slight differences in 
collection time between the patches that the attain- 
able provisioning rates were effectively equal at 0.65 
kW, differing by less than 3%. 

A group of 9 to 12 crows, very likely the same 
individuals, frequented the beach and quickly learned 
the experimental procedure, often waiting nearby for 
trials to begin. A trial was conducted by preparing 
both patches and, from a viewing site 50 m away, 
counting at 5-s intervals the number of crows for- 
aging in each patch, until one of the patches was 
exhausted. Individual crows often moved between 

patches during trials. The average number of crows 
was scored for both patches for each trial. Each trial 
took between 15 and 30 min to complete and several 
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T^I•LE 1. Mean (+SE) number of crows in each patch type when provisioning (low tide) and feeding (high 
tide). 

No. Patch type 
No. crows at trials A B t a Total b 

High tide (feeding) 63 8.8 + 1.4 0.9 + 1.2 28.0** 9.7 + 0.5 
Low tide (provisioning) 37 4.3 + 1.2 5.0 + 1.2 1.94 n' 9.3 + 0.8 

Paired t-test matching patch A and B within trials. **, P < 0.01; n., p > 0.05. 
t-test comparing total number of crows at low (provisioning) and high tide (feeding) trials, t = 2.85, P < 0.01. 

could be completed per tidal cycle. Patch types alter- 
nated between the two planks in successive trials, and 
totals of 63 high-tide (feeding) and 37 low-tide (pro- 
visioning) trials were conducted. Crows always cached 
the pieces at low tide and consumed them (fed) at 
high tide. Statistics follow Bruning and Kintz (1968). 

Results and discussion.--Table 1 shows a small but 

significant difference between high and low tide in 
the total number of crows foraging at the patches. 
However, this difference was too small to account for 

the different allocation of crows between the patch 
types at high and low tide. As predicted, most of the 
crows were in patch type A while feeding, but were 
evenly distributed between the two patch types when 
provisioning. 

The results demonstrate that foraging context is 
important. This may have broad significance for the 
study of avian diets. For example, all altricial bird 
species show a sudden switch from feeding to pro- 
visioning during the breeding season when they must 
begin provisioning their offspring. In some species, 
courtship feeding of the female by the male occurs, 
which also is a form of provisioning. Changes in diet 
with the onset of breeding or hatching have been 
documented for a variety of species (Austin 1976, Cus- 
ter and Pitelka 1978, Conner 1981, Jamieson et al. 
1982, Franzreb 1983, Robinson 1986, Annett 1987, 
Houston 1987, Petit et al. 1990, Sakai and Noon 1990). 
The explanation most commonly given is that there 
exists a parallel change in food availability (but see 
Robinson 1986), though this has rarely been mea- 
sured, and has never been tested rigorously. Our re- 
suits show that the change in foraging costs and ben- 
efits associated with the change from feeding to pro- 
visioning provides a good explanation for the change 
we observed in the distribution of foragers across 
patches, and by extension may also explain the changes 
in diet observed in the above studies. 

Acknowledgments.--We thank Dori Dick, Michelle 
Harrison, Ken Lee, and Heather Stepanick for their 
help and encouragement and the staff at Barn field 
Marine Station for their resources and support. 

LITERATURE CITED 

ANNETT, C. 1987. Proximate mechanisms affecting 
dietary switches in breeding gulls. Stud. Avian 
Biol. 10. 

AUSTIN, G.T. 1976. Sexual and seasonal differences 

in foraging of Ladder-backed Woodpeckers. Con- 
dor 78:317-323. 

BRUNING, J. L., AND B. L. KINTZ. 1968. Computational 
handbook of statistics. Scott, Foresman, Glen- 
view, Illinois. 

CONN•R, R. N. 1981. Seasonal changes in wood- 
pecker foraging patterns. Auk 98:562-570. 

CUSTER, T. W., AND F. A. PITELKA. 1978. Seasonal 

trends in summer diet of the Lapland Longspur 
near Barrow, Alaska. Condor 80:295-301. 

FRANZRES, K.E. 1983. Intersexual habitat partition- 
ing in Yellow~rumped Warblers during the 
breeding season. Wilson Bull. 95:581-590. 

HOUSTON, A. I. 1987. Optimal foraging by parent 
birds feeding dependent young. J. Theor. Biol. 
124:251-274. 

JAMSS, P. C., AN• N. A.M. VERSEFat. 1983. The food 
storage behaviour of the Northwestern Crow. Be- 
haviour 85:276-291. 

JAMIESON, I., N. R. SEYMOUR, AND P. R. BANCROFT. 

1982. Use of two habitats related to range in prey 
availability in a population of Ospreys in north- 
eastern Nova Scotia. Wilson Bull. 94:557-564. 

PETIT, L. J., D. R. PETIT, K. E. PETIT, AND W. J. FLEMING. 
1990. Annual variation in foraging ecology of 
Prothonotary Warblers during the breeding sea- 
son. Auk 107:146-152. 

RICHARDSON, H., AND N. A.M. VERBEEK. 1986. Diet 

selection and optimization by Northwestern 
Crows feeding on Japanese littleneck clams. Ecol- 
ogy 67:1219-1226. 

ROBINSON, S. K. 1986. Three-speed foraging during 
the breeding season of Yellow-rumped Caciques 
(lcterinae: Cacicus cela). Ecology 67:394-405. 

SAKAI, K. F., AND B. R. NOON. 1990. Variation in the 

foraging behaviours of two flycatchers: Associ- 
ations with stage of the breeding cycle. Stud. 
Avian Biol. 13:237-244. 

YDENBERG, R. C., C. V. J. WELHAM, R. SCHMID-HEMPEL, 
P. SCHMID-HEMPEL, AND G. BEAUCHAMP. 1994. 

Time and energy constraints and the relation- 
ships between currencies in foraging theory. Be- 
hav. Ecol. 5:14-20. 

Received 28 February 1994, accepted 16 May 1994. 


