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1. IN T R O D U C T IO N

I The N orthw estern Crow Corvus caurinus is a 
common scavenger and p redato r found along a 
narrow coastal strip from  W ashington to  A laska 
(Godfrey 1966). A lthough catholic in its feeding 
habits, the vast m ajority of its food comes from 
the intertidal zone (B utler 1974). Observations 
have shown that the species stores large quanti­
ties of this intertidal food, such as clams, crabs 
and fish.

In a previous paper (Jam es & V erbeek  1983) 
we described the general aspects o f intertidal 
food storage and recovery in the N orthw estern 
Crow on M itlenatch Island, British Colum bia, 
Canada. Experim ents revealed the relative im­
portance of cache concealm ent, cache dispersal 
and food deterioration.
: In this paper, we exam ine the tem poral and

diurnal and tidal variations.

2. S T U D Y  A R E A  A N D  G E N E R A L  M E T H O D S

F or a descrip tion  o f  M itlenatch Island and the  study  area , 
C am p B ay , see Jam es & V erbeek  (1983). T h e  in te rtidal 
area and su rround ing  hillsides o f C am p Bay w ere w atched  
for up  to 6 h periods. T hese periods w ere d istribu ted  over 
the daylight hours, so tha t a to tal daily activity reco rd  of 
food sto rage behav iour was ob ta ined . T he local tim e was 
no ted  for each food item  sto red  and recovered . In  add ition , 
crows flying from  the  beach carry ing clam s to  o th e r  p a rts  of 
the island w ere no ted . F o r a detailed  descrip tion  o f the 
foods seen s to red  and  recovered see Jam es &  V erbeek  
(1983).

A lm ost 1500 h of observation  w ere m ade a t C am p  Bay 
from 28 A pril to  5 S ep tem ber 1979 and 29 A pril to  6 A ugust 
1980. To co rre la te  food storage/recovery  activity w ith tidal 
param eters, hourly  tidal height (m ) pred ic tions fo r M itle­
natch Island w ere ob ta ined  from  the M arine E nv ironm ental 
D ata  Service, O ttaw a. By in terpo la ting  the  local tim es for 
sto rage o r recovery events, it was possible to  o b ta in  the ex­
act tidal heights co rresponding  to  the events reco rd ed . All 
statistical tests w ere taken  from  Sokal &. R o h lf (1969) w ith 
significance ascribed  a t the 5%  level. All m eans a re  given ±  
1 standard  deviation.

3. T E M P O R A L  A SPEC TS O F  F O O D  S T O R A G E  A N D  
R E C O V E R Y

3.1. S E A S O N A L  A SP E C T S

The m ean num ber of item s stored and carried 
per hour was highest in M ay and June and de­
clined steadily tow ard A ugust (Table I). A s the

T able 1. N u m b er (N ) and num ber p e r  hou r (N /H ) o f food 
item s s to red , recovered , and carried  bu t no t seen  sto red  by 
N orthw estern  Crow s each m onth

M onth S tored R ecovered C arried  (clam s)

N N /H N N /H N N /H

A pril 9 0.75 6 0.33 __ —

May 258 LOS 163 0.75 195 2.03
June 222 1.19 113 0.63 325 4.17
July 96 0.64 75 0.54 99 1.50
A ugust 28 0.52 9 0.25 7 0.39

!) P resen t address: E dw ard G rey  Institu te . D ep t, o f Z oology O xford . England 0 X 1  3PS
A rd e a 72(1984): 207— 215
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T ab le  2. N u m b er of food item s, sto red , clam s ca rried  b u t n o t seen to  be sto red  and food item s recovered  in rela tion to the  tim e of
day (A M — PM )

F o o d Stored and  carried R ecovered

A M PM X2 A M PM X2

C lam  (carried) 346 280 6.962 — — —
C lam  (sto red) 247 195 6.11» 83 229 68.323
U niden tified 24 43 5.391 4 20 10.673
C rab 23 18 0.61n.s. 3 10 3.77n.s.
Fish 6 22 9.143 — 11 11.003
H u m an  refuse 4 5 — 1 2 —
N ereid I 7 — — — —
B erry 4 3 — — 1 —
A nts — 6 — — — —
G uii regurg ita tion 1 2 — — ' — —
S nake 1 1 — 1 — —
B one — — — — 1 —
T ota l (S to red  and  recovered) 311 302 0.13n.s. 92 274 90.503

>: p <  0 .0 2 5 ;2: p <  0 .0 1 ;3: p <  0.005; d .f. =  1

num ber of item s recovered is a function of those 
sto red , a similar pa ttern  is found in the recov­
eries, although the peak  for recoveries occurred 
in M ay, as opposed to June for storage and car­
ried items.

3.2 . D IS C U SSIO N

O f the  alternative sources of food , eggs of the 
Glaucous-winged Guii Larus glaucescens were 
p resen t from  late-M ay to late-July while guii 
chicks and regurgitated food item s w ere avail­
able from  late-June onward (pers. obs.). M ead­
ow invertebrates were most abundant a t the be­
ginning of July (Butler 1979). P rior to  the  avail­
ability o f these alternate sources of food, the 
N orthw estern  Crow on the island depends 
m ostly on intertidal organisms. They peak  in 
abundance at the beginning of June (Butler 
1979), and are only available during low tide, 
hence the need to cache them  to ensure a food 
supply at high tide. As the season progresses, 
and alternative food (meadows and seabirds col­
onies) becom es m ore abundant, the need for in­
tertidal food storage diminishes. Egg-laying in 
the Crow is com pleted by the m iddle of June 
(B utler 1979, pers. obs.), hence the fem ales’s 
energetic requirem ents for egg form ation and 
incubation are derived from  intertidal foods. 
Several times males were seen to recover stored 
food and feed it to their m ates. I t thus appears 
tha t stored food is im portant to the reproductive 
success of the crows on M itlenatch.

3.3. D IU R N A L  A SPE C T S

Significantly m ore clams w ere stored or car­
ried elsewhere to be stored in the m orning than 

J n  the afternoon (Table 2). Fish showed the op­
posite trend with significantly m ore cached in 
the afternoon than  in the m orning. O verall, 
food storage occurred equally in the m orning 
and afternoon.

In contrast to the overall p a tte rn  seen for 
food storage, significantly m ore food recoveries 
overall occurred in the afternoon than  in the 
morning (Table 2). This holds separately for 
clams and fish, but not for crabs, which were 
equally likely to be recovered in the m orning or 
afternoon.

The num ber of clams carried and food items 
stored showed a peak  in the late m orning and 
around noon, respectively (Fig. 1). B oth  activ­
ities w aned through the afternoon with m inor 
peaks occurring between 18.00 and 19.00. In 
contrast, food recovery occurred mostly in mid­
afternoon, with a m inor peak showing in the 
early morning.

3.4. T ID A L  A SPEC TS

Overall, significantly m ore food storages oc­
curred on a falling tide (Table 3). Individually, 
this was true for clams (stored or carried) and 
crabs, but not for fish. In contrast, significantly 
more food item s were recovered on rising than 
on falling tides (Table 4).

The overall m ean tidal height (3.41 ±  0.73 m)
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Fig. 1. D iu rna l pattern s o f (A ) C lam s carried  b u t no t seen 
to b e  s to red . (B ) F ood s to red  and  (C) F ood  recovered.

for recoveries (Table 4) was significantly higher 
(t =  26.6, p <  0.001) than the corresponding 
overall m ean tidal height for storages 1.98 ±  
0.86) (Table 3). The sam e is true for clams 
alone (t =  22.9, p <  0.001).

The p a tte rn  o f storing food at low tide and re­
covering it at high tide is shown graphically in 
Fig. 2. In relation to tim e before or after low

tide, the num ber of food item s stored and clams 
carried showed a m ajor peak  3— 4 h before low 
tide (Fig. 2). Two m ajor peaks of food recovery 
occurred, the larger one being in the period fol­
lowing low tide.

The crows followed the falling tide down and 
first fed on clams at the upper edge of the 
beach. H ow ever, as the tide continued to  fall 
and exposed the algal beds, the crows switched 
to these and spent their tim e turning over algae, 
shells and small rocks searching for h idden prey, 
such as crabs and fish. A n exam ination o f the 
m ean tidal heights at which different food items 
were stored (Table 3) illustrates this pa tte rn , 
with clams having the highest value (2.21 m ), 
followed by crabs (1.04 m ), nereids (0.94 m) 
and fish (0.71). In contrast, the recovery of the 
different food types did not occur at different ti­
dal heights (Table 4).

A n exam ination of Fig. 2 confirms the  switch 
in food types stored discussed above. A  peak 
occurred at 3— 4 h prior to low tide fo r both 
clams and all item  storage. H ow ever, the clam 
peak  is significantly larger (proportions test, t =  
3.97, p <  0.001) than  the all item  peak. In  con­
trast, the peak  for all items over the slack low 
tide period o f two hours is significantly larger 
than the clam storage level then  (proportions 
test, t  =  4.96, p <  0.001).

3.5. D IS C U S SIO N

Regarding individual food types sto red , all 
fish were secured at tidal heights o f less than 1 
m (Table 3). The num ber of daylight hours that 
occurred below this height before noon during

T able 3. N u m b er o f food item s sto red  and clam s carried  in re la tion  to  tidal characteristics

Food R ising tides Falling tides X2 Slack tides X H eigh t ±  S .D . 
(m ) o f tide

Clam (carried) 181 418 97.773 27 2.26 ± 0 .6 2
Clam (stored) 94 322 124.963 26 2.21 ± 0 .6 8
U nidentified 17 30 3.60n.s. 20 1.44 ± 0 .9 9
Crab 7 24 9.323 10 1.04 ± 0 .5 5
Fish 6 7 0.08n.s. 15 0.71 ± 0 .1 9
H um an refuse 7 2 — — 2.06 ±  0.62
N ereid 3 2 — 3 0.94 ± 0 .2 1
Berry 4 3 — — 3.56 ± 0 .8 2
Ants 6 —  • — — 2.26 ±  0.27
Guii regurg ita tion 3 — — — 2.53 ± 0 .9 4
Snake 1 1 — — 2.15 ± 0 .5 5
Totals (stored) 148 391 109.55^ 74 1.98 ± 0 .8 6

>: p <  0 .0 2 5 ;2: p <  0 .0 1 ;±  p <  0.005
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T ab le  4. N u m b er o f  food item s recovered  in re la tion  to  tidal characteristics

[A rdea  72

F ood R ising tides Falling  tides X2 Slack tides x H e ig h t ±  S .D . 
(m ) o f tide

Clam 180 79 39.393 53 3.40 +  0.73
U niden tified 17 2 11.S43 • 5 3.68 ± 0 .6 6
C rab 9 2 4.451 2 3.32 ±  0.89
Fish 11 — 5.502 — 3.32 ± 0 .4 8
H um an  refuse 2 1 — — 3.00 ± 0 .9 9
Snake — — — 1 4.00 ± 0 .0 0
B one — 1 — — 3.30 ± 0 .0 0
B erry 1 — — — 3.50 ± 0 .0 0
T otals 220 85 59.573 61 3.41 ±  0.73

b  p  <  0 .0 5 ;2: p  <  0 .0 2 5 ;3: p <  0.005

May to July 1979 and 1980 was 27 com pared to 
96 after noon, a highly significant difference (x2 
=  38.71, p <  0.005). This would account fo r the 
tem poral fish storage pattern  observed in Table 
2. The diurnal pattern  seen in clam storages can 
be explained using tidal characteristics. M ost 
clams were stored o r carried during a falling tide
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Fig. 2. F requency  o f food item s s to red , clam s carried  and 
food recovered  in rela tion  to  the tim e before and after low 
tide.

(Table 3) and falling tides almost always coin­
cided with the m orning period.

The reason for the similarity in overall food 
storages bety/een m orning and afternoon (Table
2) is due to the increased storage of item s other 
than clams in the afternoon on rising or slack 
tides (x2 for all non-clam  items =  10.81, p <  
0.005).

As the tide rose in the afternoon, the crows 
began to recover food (Table 2) before the eve­
ning rest period and subsequent roost. The m a­
jority of item s were recovered before the  birds 
went to the roost, but some rem ained and were 
recovered the next m orning (Fig. 1).

The hourly analysis of food storages and car­
ried clams (Fig. 1) can be explained by the ob­
servations above. M ore intertidal beach surface 
is exposed for foraging during the m orning peri­
od than in the afternoon. D uring the afternoon, 
storing and carrying food decline som ew hat, be­
cause o f the rising tide and perhaps the fact that 
the most easily available item s have already 
been taken. The birds also have, in all likeli­
hood, stored sufficient food fo r the high tide pe­
riod later. This is substantiated for several coi- : 
our-ringed birds, which tended to store the bulk 
of their caches as the tide fell. In conclusion, 
then, it appears tha t the m ajor influence on the 
diurnal pattern  of food storage and recovery is 
the daily occurrence of ebb and flood.

Little inform ation is available on diurnal pat- ; 
terns of storing food in o ther species. V erbeek ! 
(1972) reported  that the Yellow-billed M agpie i 
Pica nuttalli only stored acorns in the m orning, ; 
and Tom back (1977) noted that C lark’s Nut- i 
crackers Nucifraga columbiana  stored  seeds all 
day. Further work is needed to elucidate the
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daily patterns of food hoarding in o ther species. 
Several factors may influence the crow’s habit 
of prim arily storing food on a falling tide. Food 
storage in birds appears to be stim ulated by a 
tem porary superabundance of food (Goodwin 
1976, R oberts 1979, Turcëk & Kelso 1968). As 
the tide recedes, it allows access to  a large store 
of po ten tia l food. As well as being able to dig 
animals out of the substrate, the crows can ex­
ploit som e tha t are stranded by the tide, such as 
crabs and fish. The la tter prey will not be very 
plentiful anym ore when the tide floods, because 
m ost o r all o f them  will already have been eaten 
by crows and gulls. Thus, it may be the best 
strategy to hoard  the food im m ediately and eat 
it la ter. Additionally, it has been shown (G ood­
win 1955, 1976, G w inner 1965) tha t when a 
crow is very hungry, such as after a high tide or 
n ight’s roost, this prom otes food storage.

4. S T O R E D  F O O D  A N D  N E S T  A T T E N T IV E N E S S

A s with most corvids (G oodw in 1976), only 
fem ale N orthw estern Crows incubate. D uring 
this tim e a fem ale relies almost entirely on the 
male to  feed her near or at the nest. Once fed, 
she may leave the im m ediate area o f the nest 
for a few m inutes, usually to  defecate, while the 
male stays a t the nest. Following h er re tu rn , the 
male leaves to forage again. A t high tide early 
in the  season (May and June), w hen non-interti- 
dal food is relatively scarce, stored food may 
help to  keep the fem ale’s attentiveness high 
(Jam es & V erbeek 1983). The following experi­
m ent was perform ed to test this idea.

4.1. M E T H O D S

Two grounds nests tha t were about equally 
far from  the beach w ere selected. The control 
nest (A ) had 4 eggs and the experim ental one 
(B) had 2 eggs. The am ount of tim e the females 
spent on their nest during a 3h period (nest a t­
tentiveness) on each of 3 days was m onitored. 
A t the sam e tim e a record was kept of how of­
ten each male fed his fem ale. O n the fourth day, 
the 2 nests were watched sim ultaneously in this 
way by 2 observers from  15.00— 18.00 during 
the high tide period. The following morning, 
nest B ’s male was watched as the tide dropped, 
and each of the 8 clams he stored were immedi­
ately rem oved by us.

The male was visibly agitated at first, al­
though care was then taken not to let him see 
that each clam was rem oved. The incubating fe­
male was no t disturbed and rem ained on  the 
nest throughout. The male was kept under ob ­
servation until the beach was covered by the 
flooding tide. A gain, from 15.00— 18.00, both 
nests were watched and nest attentiveness and 
courtship feeding rates recorded. Finally, as a 
check, nest B was observed the following day 
from  16.00—18.00.

4.2. R E S U L T S  A N D  D IS C U SSIO N

M ean nest attentiveness was 84.7%  (N =  10 
x  3h records), and it rem ained high fo r both 
nests until the day the stored food was rem oved 
(Fig. 3). O n th a t day, during the high tide peri­
od, fem ale B ’s nest attentiveness fell to  53.3%  
from 76.7%  the previous day. V alues for the 
control nest w ere 88.9%  attentive on the day 
before and 87.2%  on the day the food was re ­
moved. F urtherm ore, nest B ’s attentiveness re ­
turned to norm al the following day (83.3% ). 
This change in nest attentiveness following food 
removal is significant (%2 = 3.89, p <  0.05).

Regarding the num ber of times the fem ales 
were fed, fem ales B ’s feeding rate increased

1001
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Fig. 3. N est atten tiveness o f fem ales A  and B and  feeding 
rates by m ales o f fem ales A  and B before and a fte r rem oval 
o f m ale B 's sto red  food.
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quite dram atically from  1.33/h the day before to 
3.67/h on the  day o f the rem oval of the  stored 
food (Fig. 3), b u t the change is no t significant 
(F isher exact test, p =  0.60), w hen com pared to 
the control nest’s of 1.00/h on both days. D uring 
the high tide  period following food rem oval, the 
fem ale from  nest B once left the  nest for an un­
precedented  55,min, the m ost by far any fem ale 
had. She begged for food constantly, hence the 
elevated feeding ra te  (Fig. 3). N evertheless, she 
was probably  fed insufficiently, as she did not 
re tu rn  to  the nest. The male actually did recover 
a clam and fed it partly to her. Presum ably it 
was stored the  previous day. For the rest of the 
tim e, he visited his caches, but upon finding 
them  em pty, he foraged for and fed the fem ale 
w hat appeared  to be insects. D uring the same 
period  the previous day, she was fed stored 
clams on 3 ou t of 4 tim es recorded. I t appears 
th a t stored  food is im portant to  m aintain high 
nest attentiveness in the N orthw estern C row ; 
during the  high tide period. H igh nest attentive­
ness probably reduces predation by o ther crows 
and also snakes (Cam pbell 1969).

5. E N E R G E T IC  A SPE C T S O F  C L A M  S T O R A G E

D espite  the w ealth of literature on avian food 
storage behaviour, few attem pts have been 
m ade to quantify its influence on the  life history 
strategies of the species that exhibit it. E nerget­
ic estim ates are obviously crude, bu t allow an 
indication o f the relative im portance of stored 
food to the species involved (K ällander 1978, 
V ander W all & B aida 1977).

5.1 . C L A M  S IZ E  S T O R E D

T he m ost reliable m ethod to  determ ine the 
sizes of clams stored by crows would be to  ob­
serve w here the caches are m ade, find them  and 
m easure the clams. H ow ever, this was im practi­
cal on a large scale, as caches were extrem ely 
difficult to locate, and hoarding birds m ight be 
d isturbed. Instead, an indirect m ethod was 
used.

5.2 . M E T H O D S

W hen walking on the hillsides, we noticed 
tha t a large num ber of intact clam shells were ly­
ing about. B oth valves w ere usually connected 
at the hinge and undam aged. The presence of

these shells on the hillsides can be a ttribu ted  to 
one o r m ore o f the following causes:
1) They were stored by crows and subsequently 

forgotten.
2) They were stored by crows, bu t w ere gaping 

when recovered, and hence did no t need  to 
be dropped to open them .

3) They w ere stored by crows, bu t irretrievably 
lost in a crack o r fissure.

4) They w ere brought to the hillsides by gulls or 
hum ans, as no o ther animals w ere seen m a­
nipulating clams on M itlenatch. This la tter 
cause can be disregarded alm ost com pletely. 
Gulls did drop bivalves bu t only on the 
beach. They w ere never seen carrying intact 
clams to  the hillsides. People dug clam s, but 
always took  them  away with them .

D uring 1980 several days were devoted to 
searching the hillsides around Cam p Bay and 
elsewhere to collect these double shells.

5.3. R E S U L T S

A  to tal of 1359 double shells w ere collected. 
1000 Venerupus and 359 Protothaca. T he m ean 
size of Protothaca was 3.92 ±  0.70 cm, which is 
significantly larger (unequal variances t-test, t  =  
8.89, p <  0.05) than tha t of Venerupus (3.57 ±  
0.43 cm). Butler (1979) reported  a m ean size of 
3.98 ±  0.63 cm, for 250 unspecified clams 
dropped on crow territories. H e no ted  that j 
these were significantly larger than  clams ! 
dropped by crows on the beach, suggesting that j 
the crows store the larger shells they find. A  few ! 
Saxadom us , M acoma  and Clinocardium  double 
shells were found, bu t these were excluded from 
the analysis. ;

D o these double shells comprise a representa- i  
five sample of the to tal size range stored by the ; 
crows? The only cause tha t may bias this (unless i 
crows forget or lose certain size classes m ore .{ 
than others) is if some size classes gaped sooner i 
than others. To test this, 140 clams o f different i  
sizes were cached by us. The m ean size of clams 
gaping during the first 48h (3.87 ±  0.37 cm, 
range =  3.10—4.50, N  =  37) was com pared to 
the m ean of those that did not gape (3.90 ±  0.48 
cm, range =  3.10— 5.10, N  =  103). Thus, there : 
was no significant difference (t =  0.35, a .i. = 
138), suggesting that clams were equally prone 
to gape regardless of size, and that the sample



FOOD STORAGE IN NORTHW ESTERN CROWS 213

of double shells we collected was representative 
of w hat the crows stored.

5.4. C LA M  S T O R A G E  A N D  D A IL Y  E N E R G Y  
B U D G E T

: This section deals with the potential contribu-
[ tion tha t clam storage m akes to the daily energy 
\ budget of the N orthw estern Crow.

; 5.5. M E T H O D S

? To calculate the daily energy requirem ents of 
I the crow, we chose the m ethod used by V ander 
I Wall & Baida (1977), who applied it to deter- 
j  mine the  energetics of seed storage in C lark’s 

N utcrackers. Firstly, daily existance energy re­
quirem ents were calculated using the equations 
of W einer and Glowacinski (1975). W eights of 
male and fem ale N orthw estern Crows were ob­
tained from  Johnson (1961). The m ean caloric 
content of both species of clams were deter­
mined by bom b calorim etry.

; 5.6. R E SU LT S

On average, a male N orthw estern Crow 
: weights 414 g (N =  29) and a fem ale 358 g (N =

11). M ean daily tem perature  for M ay and June,
: when m ost food was stored was 14 °C. F or a 
i  male during this period, the daily existence en- 
; ergy is 75.53 kcal, and for a fem ale 69.41 kcal.
I The cost of free existence was estim ated at 40%
I above existence energy (W iens and Innis,
I 1974). Thus, a male required an estim ated 
: 105.74 kcal/d, and a fem ale 97.18 kcal/d.

The m ean caloric content of clams was 4.68 ±  
0.11 kcal/g dry wt for Protothaca (N =  18), and 
4.72 ±  0.14 kcal/g dry wt for Venerupus (N =  

i 9). Because of their close similarity, we decided 
¡ to pool these values to  get an overall m ean of 
j  4.69 ±  0.12 kcal/g dry wt of clam. Thus, a 

stored Protothaca o f m ean size 3.92 cm (=  0.57 
I g dry w t using D ry W t =  0.315 Size —0.665, r =
; 0.888) has a m ean caloric content of 2.67 kcal,
: and a stored Venerupus of m ean size 3.57 cm (=  
i 0.53 g dry wt using D ry W t =  0.447 Size —1.07, 

r =  0.899) has a m ean caloric content of 2.49 
kcal.

5.7. D ISC U SSIO N

To satisfy his daily needs, a male crow would 
’■ need to have either 39.6 Protothaca o r 42.5

Venerupus, o r about 41 average size clams (=  
2.73/h for a 15 h day). A s seen before though, 
the storage strategy is one tha t circumvents food 
shortages a t high tide. The average period  in 
May and June during which the intertidal food is 
covered by w ater (>  3.15 m) is about 6 h. Thus 
a male needs to store only 6 x  2.73 =  16.4 aver­
age size clams.

O bservations on th ree colour-ringed males 
w atched during 10, entire low tide periods 
showed tha t they stored an average of 9.1 item s, 
71.4% (6.5) of which were clams. Thus stored 
clams contributed about 39.6%  of the energy 
requirem ent during high tide. Some food item s, 
such as crabs and fish are probably of higher 
profitability, and these likely m ake up the  defi­
cit. It also seems likely tha t males should store 
m ore than  the ir daily energy requirem ents in o r­
der to feed the fem ale. Catching m ore profit­
able item s would accom m odate this m ore effi­
ciently too. W hile we have seen fem ales storing 
food prior to egg-laying, it is our im pression that 
they do not store as much as the m ales. F urther 
studies o f intersexual differences in food storing 
are necessary to clarify this point.

V ander W all & B aida (1977) noted  tha t the 
C lark’s N utcracker stored from  2.2— 3.3 times 
the necessary energy to  survive the autum n and 
w inter m onths, and attributed  the discrepancy 
to loss by rodents. Tom back (1980) has recently 
confirm ed that they are a m ajor cause o f cache 
loss. The N orthw estern Crow ’s caches were not 
subject to rodent predation and only a small 
proportion of the caches were stolen by other 
crows (Jam es & V erbeek 1983). O ver-storing, if 
it occurs, is thus likely to be in part a response 
to the needs of the female.

5.8 . P R O F IT A B IL IT Y  O F  C L A M  S T O R A G E

The analysis used was similar to tha t de­
scribed by Zach (1979), who m easured tim e 
budgets in the field and converted them  into en­
ergy budgets using multipliers (King 1974), in 
o rder to investigate the profitability of shell- 
dropping behaviour in the N orthw estern Crow.

5.9 . M E T H O D S

W e restricted  our analysis to clams taken  by 
crows from Cam p Bay and stored on the hillside 
nearby. This standardized flight tim e as much as
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possible because no cache site was m ore than 
10s from  the  beach. W e assumed tha t th e  clams 
broke open on the first drop after recovery, 
which was usually the case.

Irving et al. (1955) determ ined the  basal m et­
abolic ra te  (BM R) of the N orthw estern Crow in 
sum m er to be 0.85 cal/s. M ultipliers w ere used 
to  convert tim e budgets into energy budgets 
(King 1974). 3 B M R  was used for slow walking 
while searching for food, 5 B M R  fo r digging, 9 
B M R  for flight and 2 B M R  was used fo r the ex­
traction  of the flesh after the clam  had been 
d ropped  (Zach 1979).

5.10. R E S U L T S  A N D  D IS C U SSIO N

T able 5 shows an approxim ate tim e and en­
ergy budget for clam storage. W hile exact times 
w ere n o t m easured for all activities, the esti­
m ates are considered sufficiently accurate to 
show the  cost o f storing relative to  the gain.

T he to tal cost per clam (556.2 cal is very close 
to Z ach ’s (1979) estim ated cost of 553.5 cal for- 
dropping whelks Thais lamellosa. A s shown be­
fore, the  m ean caloric value of the average- 
sized clams stored was 2.67 kcal for Protothaca 
and 2.49 kcal for Venerupus. Thus, the  m ean 
net energy gain is 2.11 and 1.93 kcal per clam 
sto red , respectively. The smallest m ean-sized 
clam tha t should be stored, predicted  from  the 
above estim ated storing cost of 0.56 kcal is 
about 2.57 cm. Theoretically, we should not 
have found any double shells below this size. In 
fact, only 36 out of 1359 (2.6% ) w ere, so the 
size of clams cached by the crows is in 
agreem ent with the prediction following from 
our calculation.

O f course, not all o f the obtained energy is as-

T ab le  5. T im e and energy budget o f clam sto rage by the 
N orthw estern  Crow

A ctivity N Tim e (s) Cal/s Cal

Search fo r clam 1 79 2S.8 2.55 73.4
D ig fo r clam 2 — 15.0 4.25 63.7
Fly to  hill2 — 10.0 7.65 76.5
Search and  store 225 24.9 2.55 63.5
Fly to  beach2 — 10.0 7.65 76.5
Fly to  cache2 — 10.0 7.65 76.5
D ro p  clam 3 37 6.9 7.65 52.7
E x trac t anim al3 42 43.2 1.70 73.4
T otal 556.2

l : B u tle r (1 979);2: e s tim a te d ;3: Z ach  (1979).

similated. Ricklefs (1974) indicates an assimila­
tion efficiency of 80% for m eat and fish diets. 
Using this value, the crow gains 1.54 kcal (Ven­
erupisi) o r 1.69 kcal (Protothaca) per m ean 
sized animal stored. Zach (1979) similarly calcu­
lated a net energy gain of 1.19 k c a l 'per whelk 
broken after assim ilation, a substantially lower 
return. The difference is a ttributed mostly to 
the fact that the crows stored  larger clam m ean 
dry weights (0.55 g per clam) than they dropped | 
whelks (0.41 g p e r whelk). In  addition, whelks 
are harder to break  than  clams, and require sev­
eral “drops” . A  calculated m ean foraging effi­
ciency (2.58 kcal/0.56 kcal) therefore gives a j 
higher value (4.61) for storing a clam than for i 
dropping a whelk (3.71). |

As Zach (1979) noted , N orthw estern Crows j 
are diverse in their diets, and foraging efficien­
cies may be quite variable. This appears to be 
the case. T hat food storage is all but abandoned 
by the M itlenatch crow population during July 
and A ugust is presum ably indicative of even 
higher foraging efficiencies in the seabird colo­
nies.
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'I
7. S U M M A R Y  j

T em poral and energetic  aspects o f the food storage be- \ 
haviour o f the N orthw estern  C row  Corvus caurinus  w ere in- ? 
vestigated on M itlenatch Island , B .C ., C anada . Crows ? 
stored  predom inate ly  m arine in tertidal food , especially  |  
clams, crabs, fish and w orm s, on  the hillsides su rround ing  ] 
the in tertidal beach. T hey  also carried  food to  o th e r  parts  o f i 
the island, p resum ably  to be sto red . F ood was s to red  a t low  } 
tide, and recovered a t high tide . M ost food was s to red  in \ 
May and Ju n e . This seem s to  be a resu lt o f a relative scarci- ï 
ty o f non-in tertidal food a t high tide ea rlier in the season . I' 
D uring this period too , fem ales a re  form ing and laying eggs, j 
and may depend  on sto red  food a t high tide. A n  experim ent ;j 
confirm ed tha t food sto red  a t low tide was im portan t to an ' 
incubating fem ale during high tide , as rem oval o f  the  sto red  ¡ 
food caused a significant decline in h er nest atten tiveness. j

O verall, food was sto red  equally in the m orning and af- j 
ternoon, b u t clam s w ere sto red  m ostly in the  m orn ing . Food ¡ 
recoveries occurred  m ostly in the afte rnoon . M ore food  was i 
stored  on falling than on rising tides, and vice versa for re- ; 
coveries. T he m ean tidal height fo r food recoveries was sig­
nificantly higher than that for food storages. A  com bined 
hourly tide tim e analysis illustrates these p a tte rn s . The
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crow ’s s to rage  strategy  appears to be a short-term  tidal one..
T h e  energetics o f  clam storage was stud ied . C lam  sizes 

w ere derived th rough an  indirect m ethod involving collec­
tion o f doub le  shells. C aloric value of clams was determ ined  
by bom b  calorim etry , and  used to  pred ic t the am ount of 
food needed  by a crow at high tide. This was com pared to 
observed  data . F inally , the profitability  o f clam storage was 

P investigated , and com pared to  a sim ilar analysis done on the 
I  w helk-dropping  behaviour o f the species.
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9. S A M E N V A T T IN G

W e bestudeerden  de. tem porele en  energetische aspecten  
van he t voedsel verstoppen  van Corvus caurinus  o p  he t e i­
land M itlenatch  in G eorg ia S tra it, B ritish C o lum bia , C an a­
da. D ieren  die de kraaien  in de laagw atcrperiode vingen, 
vooral schelpd ieren , k rabben , vissen en  w orm en , w erden  op 
de hellingen langs he t strand  verstop t. Z e  d roegen  ook  
voedsel n aa r an d ere  delen  van he t e iland , verm oedelijk  om 
het d aar te  verstoppen . H e t voedsel w erd  bij laag tij ver­
s to p t en  w eer tevoorsch ijn  gehaald  gedurende de v loed. H e t 
m eeste  voedsel w erd  verstop t in mei en jun i. G ed u ren d e  
deze periode zijn e r  bu iten  he t w ad w einig a lternatieve 
voedselb ronnen . B ovendien leggen de vrouw tjes in d ie tijd  
e ie ren  en  we toonden  experim en tee l aan  d a t he t verstop te  
voedsel van belang  kan zijn voo r h e t v rouw tje  om  de con­
tin u ïte it van h e t b ro ed en  op de e ie ren  te  bevo rderen .

In  he t algem een w erd e r  ’s m orgens evenveel voedsel 
: vers top t als ’s m iddags. Schelpen w erden  hoofdzakelijk  in 
d é  m orgen  versto p t. H e t terugvinden  van he t voedsel ge­
beu rde  voornam elijk  in de m iddag. E r  w erd  m eer voedsel 
verstop t ais he t w ate r zak te dan w anneer he t om hoog 
kw am ; voor he t terugvinden  van h e t verstop te  voedsel gold 
h e t om gekeerde . H e t voedsel d a t bij laag tij w erd  verstop t 
w erd  gew oonlijk  gedu rende h e t daa rop  volgende hoog  tij te ­
ruggevonden en  opgegeten.

W e bepaalden  naast de gem iddelde lengte van de 
verstop te schelpd ieren  ook  de calorische w aarde , teneinde 
te  voorspellen  hoeveel verstop te  schelpdieren  een  kraai n o ­
dig heeft gedu rende de periode da t he t wad o n d e r w ater 
s taat. D it w erd  vergeleken m et h e t aan ta l da t in w erkelijk ­
heid w erd  verstop t. U ite indelijk  w erden  de v oo rdelen  van 
h e t verstoppen  van tw eekleppige schelpd ieren  verge leken  
m et die van een  an d ere  foerageerm ethode; he t s tu k  la ten  
vallen van w ulken.


