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IN T R O D U C T IO N

Predators are frequently confronted w ith  p rey  w hich require extensive 
handling. This m ay involve killing, rem oval o f inedible p a rts  and reduction 
into bite-size pieces. A  variety o f  behavioural pa tte rns are  used ( C u r io , 
1976). H ard-shelled food items can be particu larly  d ifficu lt because of the 
relatively large force required fo r opening. Several species o f birds drop such 
prey from  a height in order to  break them open.

H erring  gulls (Larus argentatus), E uropean  gulls (L . canus), and  glaucous­
winged gulls (L. glaucescens) have been reported  to drop  shelled molluscs 
( O l d i-ia m , 1930; T in b e r g e n , 1953; B a r a s i -i , D o n o v a n  &  M y r ic ic , 1975). 
Similarly, lammergeiers (Gyp ae tus barbatus) m ay drop bones ( N o r t h , 
1948; F l e m i n g , 1955; B r o w n  &  A m a d o n , 1968). D ropp ing  o f molluscs or 
other shelled prey  has also been reported from  rooks ( Corvus frugilegus), 
common crows (C. brachyrhynchus), N orthw este rn  crow s (C. caurinus), 
carrion and hooded crows (C. corone) and w hite-necked ravens (C. albicollis) 
( O l d h a m , 1930; P r i e s t l e y , 1947; T i n b e r g e n , 1953; M e i n e r t z h a g e n , 
1959; G o o d w in , 1976). A lthough song thrushes ( T urdu s  philomelos)  do not 
drop snails ( Cepaea spp.) their habit of ham m ering  snails onto stones and 
other hard substrates fo r opening ( M o r r i s , 1954) is in  m any w ays sim ilar to 
dropping behaviour. W ith  the exception of B a r a s h ’s  study  of glaucous- 
winged gulls, m ost o f the literature on dropping  behaviour is anecdotal.
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1' studied d ropping  of shelled molluscs in N orthw estern crows on M andarte 
Island, B ritish  Columbia, Canada in the sum m er of 1977. This little island 
has a small b reeding  population o f crows (see T o m p a , 1964), which commonly 
forage in  the in tertidal zone. They frequently  feed 011 whelks ( Thais lamel­
losa) (F ig . 1). T hese  are taken during low tide near the w ater line. Crows 
carry whelks singly in the ir bills and drop them  on the beach. This charac­
teristically involves a horizontal flight followed by an almost vertical ascent 
and then the drop. T he  vertical ascent and drop are usually repeated until 
the shell breaks.

Fig. i. L arge  w helk  showing m easure across base and opening (b) used to predict
length  (1) and w eight of whelks dropped by crows.

The aim  of th is study was to describe and quantify  dropping behaviour. I 
also investigated selection of whelks and dropping sites. In  a second paper 
( Z a c i-i , 1 9 7 8 )  I have exam ined w hether crows forage optimally while drop­
ping whelks.

M E T H O D S

Crows w ere observed from  June to September during the daytime and at low tide when 
whelks w ere available to them. I studied five pairs intensively; most of these birds w ere 
color-banded. E ach  p a ir foraged on an exclusive section of the rocky beach, which was 
on the average 15 m wide at low tide and bound by about 4 m high cliffs. I measured 
height of fligh t to the nearest 25 cm by comparison to a 12 m high m arked pole erected 
on the  beach. O nly flights w ithin about 3 m o f the pole were measured. Crows w ere 
observed from  the  c liffs, so tha t I  could estim ate height of flight while looking horizon­
tally at the pole.

I  sampled available whelks in the intertidal zone along a series of transects. These were 
laid out a t low tide a t random  locations across the intertidal zone. All whelks within 
io  cm of the transects w ere weighed and measured.

I  collected a  sam ple of go freshly broken shells to determine the size of whelks 
selected by crows. These shells w ere collected while walking slowly along the beach. 
M any o f the shells had broken o ff  spires, but 76 had an intact base. A measurement (b) 
was taken across the base of these shells (Fig. i)- I  gathered a sample of 57 live whelks 
of approxim ately the same size as those broken by crows. From  these, regression
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equations (B artlett’s three group method for model I I  regression) w ere computed to 
predict length (1 =  .41 +  204  b, r  =  .85) and w eight (w  «  .82 +  1.35 b3, r  =  .87) of 
whelks selected by crows.

Three discrete size groups of whelks d iffering  in lentil (Sm all, Medium, and Large, 
Table 1) were defined to  investigate selection of w helks and dropping sites. Some of 
these whelks were m arked w ith paint so that I could recognize them  a f te r  breaking.

T A B L E  i
Length  (cm ) and weight (g)  ( x  ±  S E )  o f  types o f  w helks  used

Ín experim ents

N L ength W eigh t
Small 30 1.6 — 2.2 .82 ±  .05
Medium 30 2.7 ~  3*3 3.87 ±  .18
Large 30 3.8 —  4 4 8.08 dr .17

N atural 30 4,00 dr .03 8.43 dr .19
Light 30 4.01 dr .03 6.43 dr .13
Heavy 30 4.00 dr .02 9.94 dr .23

W eight of small, medium and large whelks a re  from  represen ta tive  samples of 30. 
W eights of natural, light and heavy whelks are  all significantly  d if fe re n t from  each other 
at the .005 level (one-way analysis of variance follow ed by sum o f square simultaneous 
test procedure).

A  sample of 90 large whelks was collected to evaluate the ro le o f w eight in prey 
selection. I random ly divided these into th ree  groups of 30. T he anim als w ere then 
removed from  the shells of two o f the groups. Shells of one of these groups w ere stuffed 
with cotton (L igh t W helks) and those of the other w ith  sand (H eavy  W helks). In  both 
cases, I  glued opercula back into place. Thus, ligh t and heavy whelks m atched the 
appearance of those of the f irs t group (N atu ra l W helks). H ow ever, na tu ra l whelks were 
significantly heavier than  light whelks and significantly  ligh ter than  heavy whelks 
(Table 1). T he distributions o f the w eights of lig h t and  heavy w helks w ere nonover­
lapping.

Unless otherwise noted, experim ental whelks w ere laid out in a single group on a flat 
rock in the intertidal zone when the tide came in. T hey  w ere a rran g ed  random ly over an 
area of about .25 m2.

All means are quoted together w ith standard errors. S ta tistica l tests w ere taken from 
S o k a l  8z R o h l f  (1969), Probabilities o f .05 or less a re  term ed  significant.

R E S U L T S
S e l e c t i o n  o f  W  h e l  k  s .

Apparently, crows took only large whelks fo r d ropping  (F ig . 2 ). Selected 
whelks were significantly longer and heavier than  available whelks (T able 2). 
However, these results have to  be accepted w ith caution. W helks are  not 
necessarily equally available to crows because sm all ones m ay be less con­
spicuous than  large ones. Similarly, small, b roken  shells are  m ore d ifficult 
to spot than larger ones. F urther, waves m ay d iffe ren tia lly  flush  aw ay broken
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shells. Because o f these problems, I investigated selection of whelks experi­
mentally,

I  supplied each o f three pairs of crows w ith 25 large, 25 medium and 25 
small whelks (T ab le  1). I recorded num bers taken at hourly intervals. Since 
birds responded uniform ly, results w ere pooled. Crows took whelks non- 
random ly (T ab le 3). They selected large whelks and did not switch to medium
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Fig. 2, L eng th  frequency histogram s of whelks available in the intertidal zone (open 
h istogram ) and whelks selected by crows (shaded histogram ).

and small ones even a fte r all or most of the large ones had been taken. These 
results confirm  tha t crows p re fer large whelks while medium and small ones 
are ignored.

I t  is possible that m edium  and small whelks are less palatable than large 
ones. T o  investigate this I removed anim als from  shells and presented one

T A B L E  2
L eng th  (cm ) and weight (g) ( x  zh S B )  o f  available, selected and rejected

w helks
N  L ength W eight

A vailable 69 2.86 ±  . t o  3-58 ±  -32
Selected 76 4.08 ±  .04 8.80 .26
R ejected 48 3.62 ±  .05 6.50 ±  .28

W helks d iffe r  significantly in length  (P < .co 5 , K ruskal-W allis test). Selected whelks 
a re  significantly longer than  rejected ones (P<(.oo5, W ilcoxon's two-sample test, two- 
tailed test) and rejected  whelks are  significantly longer than available ones (P<hoo5). 
W eights of w helks are all significantly d iffe ren t from  each other at the .005 level 
(one-day analysis o f variance followed by stun of square simultaneous test procedure). 
L eng th  and w eight of selected whelks w ere estim ated by regression as outlined in text.
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pair of crows w ith 25 of each size class. Crows took these random ly (Table 
4). Thus, medium and small whelks are ju st as palatable as large ones.

W hile foraging near the water, crows picked up whelks w ith the bill. Some 
whelks were ju st pushed aside. I f  one was im m ovable it w as im mediately left. 
In  less than 1% of the cases crows m anaged to grab  the foot of the animal 
and eat it. Crows usually rejected several whelks (2.12 ±  .37, N  — 33) before 
accepting one fo r dropping. R ejects were picked up  and  im mediately laid 
down again, sometimes repeatedly. Crows probably assessed size of whelks 
first by sight and then  by weight. Rejects w ere usually  laid  clown by crows 
with the aperture facing up ra ther than  down, as w as the case in  undisturbed 
whelks. Thus, they could be identified readily. I collected a sam ple of rejected 
whelks while walking slowly along the in tertidal zone. R ejects were signifi­
cantly shorter and lighter than  selected whelks (T ab le 2 ) . H ow ever, they 
were significantly longer and heavier than available whelks (T ab le 2).

I presented 30 natural, 30 light and 30 heavy whelks (T ab le  1) to five pairs 
of crows to investigate the role o f weight in p rey  selection. Crows became

T A B L E  3
Numbers o f small, medium  and large whelks laid out and cumulative numbers  

o f  whelks taken over the subsequent f iv e  hours
Type o f whelk Small M edium L arge
L aid out 75 75 75
Taken a fte r  iii 0 2 28

2h 0 3 56
3h 0 4 65
4h 0 4 68
5h 0 6 71

Results from  three pairs of crows w ere  homogeneous (replicated goodness of fit test) 
and therefore combined. R igh t from  the s ta rt whelks w ere taken  nonrandom ly (P < .oo5 , 
single classification goodness of f it  test).

T A B L E  4
Numbers o f  small, medium  and large animals laid out and cumulative numbers

taken over the subsequent three hours
Type of whelk Small M edium Larç
Laid out 25 25 25
T aken a fte r  ih 8 xi 5

2 h 2 0 2 4 25
3h 25 25 25

Animals were removed from  shells before being presented to  one pair of crows. R ight 
from  the s ta rt animals w ere taken random ly (single classification goodness of f it  test).
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very reluctant to  take additional whelks a f te r having gone unrew arded a few 
times. H ow ever, all crows responded uniform ly and selected more natural 
and heavy whelks (Table 5). Crows also took significantly m ore heavy than 
light whelks (T ab le  5). These results show that crows use weight in assessing 
size of whelks, p re fe rr in g  heavy ones.

T A B L E  5

N u m b ers  o f  natural, light and heavy whelks laid out and taken

L aid out T aken
N atu ra l 30 13
L ig h t 30 4
H eavy  30 15

W helks w ere taken  nonrandomly (P<.05> single classification goodness of fit test). 
M ore heavy than ligh t whelks were taken (P < .o 2 5 ). W helks were exposed to a total of 
five pairs o f crows. A ll took more na tu ra l and heavy whelks than light ones and more 
heavy than light ones.

D r o p p i n g  b e h a v i o u r .

Once a crow took a whelk it flew tow ards the cliffs fringing the beach and 
dropped it. M ost whelks required repeated dropping before they broke (Fig. 
3). One was dropped 20 times. Less than 1% were left unbroken.
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Fig. 3. Frequency histogram  of number o f drops per whelk.

M ost flights p rio r to dropping were alm ost vertical. A pproxim ately 8%  
involved a circle. In  about 3% , crows flew firs t onto a nearby cliff and sat 
there m om entarily  before flying higher and dropping the whelk. Following 
dropping, crows dove a f te r  the welk to immediately pick it up. However, 
sometimes they spent in excess of 60 s locating a whelk.
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Height of flight varied considerably (F ig. 4 ) . Since the probability  of 
breaking increase w ith increasing height ( Z a c h , 1978), i t  is in teresting  to 
examine changes in  height over successive drops o f the sam e whelk. Crows 
had a  slight tendency to increase height over the firs t few  drops (F ig . 5).

MEAN = 5 . 5 8 ± 0 . 0 7 , N  =189
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Fig. 4. Frequency histogram  of height o f flights.
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Fig. 5. Change in height of flights over successive drops of the sam e whelk. V ertical
hars are standard errors and num bers sam ple sizes.

30

I  assessed this statistically by classifying heights o f successive couplets of 
flights dichotomously w ith respect to each other. T hus, Low  H ig h  indicates 
an increase in height and H igh Low a decrease. T here  w ere significantly  
more couplets indicating an increase (70) than  a decrease (43) (P < .0 2 S , 
single classification goodness of fit test).
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H eight o f fligh t did not necessarily correspond to height of drop. Usually, 
crows lost some heigh t (.35 ±  .04 cm, N  — 62) before releasing whelks (Fig. 
6B ). Crows started  the dow nw ard flight before the release. The loss of height 
reduced the average drop to 5.23 m. A bout 15% o f the whelks were released 
at the highest po in t o f flight (F ig . 6A ). Som e crows released whelks con­
sistently a t the h ighest point of flight while others consistently delayed the 
release.

Fig. 6, Flights during  dropping. Some crows release whelk at highest point of flight 
and are  unable to  see wlielk fall (A ). M ost crows lose some height before dropping but 
are able to see w helk  fall (B ). Solid line indicates fligh t of crow up to point of release 

and broken line free  fall o f  whelk. B irds draw n from  photographs.

U sually, crows carried and dropped only one whelk at a time. However, in 
about 3%? of the cases, they processed two whelks simultaneously. Picking up 
two whelks near the w ater or a f te r  an unsuccessful drop seems to be rather 
cum bersome and tim e-consum ing. Usually, one whelk was held fully across 
the bill while the other was held on top of it w ith  the upper mandible partly  
inserted in its aperture. All double-carries involved the same crow.

D a m a g e  t o  s h e l l s .
Crows carefully  inspected whelks a f te r each drop. Accessible, edible parts 

w ere im m ediately consumed o r stored in the crop. Unless the entire animal 
could be extracted, whelks were usually dropped again. W hile extracting the 
animal, crows held whelks down with one o r both feet.

Shells left by  crows can be grouped into three classes: Spire O ff, One 
W horl O pen  and  Tw o o r  M ore W horls O pen (F ig . 7). O f the 90 freshly 
broken shells collected on the beach, approxim ately 76%  had the spire broken
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off, 14% a single whorl open and 10% two o r  m ore w liorls open. I suspect 
that many shells w ith one o r m ore whorls open w ere dropped again  until the 
spire broke o ff (see Z a c h ,  1 9 7 9 ) .  F rom  such shells crow s can usually extract 
the entire animal readily.

To see w hether crows always got the en tire  anim al, I  m arked a total of 
75 large whelks. These were presented to th ree pairs  o f crows. I recovered 36 
spires and 35 bases. Tw o bases (6 % ) and seven spires (1 9 % ) still contained 
some prey. In  the case of spires, this am ounted to very  little biom ass. Results 
show that crows usually obtain m ost or all of the anim al from  dropped 
whelks.

Fig. 7. Types of dam age to shells broken by crows. Spire o ff  (A ), one w horl open (B)
and two or m ore w horls open (C ).

S i t e  s e l e c t i o n .
Crows apparently  have specific dropping sites since certain  areas of the 

beach are littered w ith broken shells. H ow ever, this could be the result of 
wave action collecting broken shells at these sites.

I subdivided the shore frequented by a pa ir o f crows into five sections 
each 15 m long and counted num bers of whelks found  and dropped by  crows 
in each of these sections. W helks were taken  and  dropped nonrandom ly 
(Table 6A ). Crows took most whelks from  section 1 w here they w ere m ore 
abundant. H ow ever, whelks were mainly dropped in section 2. T hus, num bers 
of whelks dropped across the five sections dic! not reflect num bers found in 
those sections (T able 6A ). Crows carried som e whelks in excess of 40 m, 
ilthough the m ean distance was considerably less (24.04 z t  x.22 m, N  =  37). 
I t  seems that crows may have specific dropping sites. H ow ever, the results 
could have been brought about by d ifferen tia l availability of whelks. M ost 
whelks were broken close to where they w ere found (T ab le  6A ).

I investigated dropping site selection experim entally  by  pro vinding large 
m arked whelks in each of the five sections. T hese w ere laid out in conspic­
uous white containers. W helks removed w ere continuously replaced so that
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T A B L E  6
N um bers o f  w helks fo u n d  and dropped in 5 sections o f  shore each i ß  m long 
frequented  by one pair o f  crows. A . N'on-experimented whelks found near 

water, B. E xperim ental whelks taken from  containers

Section
A . N on-experim enta l

i 2 3 4 5

N um ber taken 24 2 4 3 4
N um ber dropped 2 20 9 6 0

B . E xperim en ta l
N um ber taken 2 3 16 16 2
N um ber dropped i 35 2 0 i

Both non-experim ental and experim ental whelks w ere taken and dropped nonrandomly 
across the five sections (P < .o o 5  in all cases, single classification goodness of fit test). 
In  both non-experim ental and experim ental whelks numbers of whelks dropped across 
the five sections did not reflect numbers found (P < .oo5 , in both cases).

each container always had  m ore than  five. I counted whelks taken and 
searched the beach carefully fo r broken m arked shells. Crows took and 
dropped whelks nonrandom ly (Table 6B ). A gain, num bers o f whelks dropped 
across the five sections did not reflect num bers found in those sections 
(T able 6B ). A lthough birds switched foraging areas by taking whelks mainly 
from  sections 3 and  4, they again dropped m ost in section 2. These results 
clearly indicate that this pair of crows had a specific dropping site in  section 2.

The dropping site was littered w ith broken shells. I t  was in an approxi­
m ately io  m wide and  6 m  deep recess in the cliffs fringing the beach. The 
recess had  a level rocky floor relatively d istant from  the water. M ost o f the 
surrounding  beach was also rocky but much closer and sloping down to the 
water. I  found  several sim ilar sites on the island all littered w ith broken shells. 
A pparently , m ost o r all pairs of crows have specific dropping sites.

D IS C U S S IO N

Besides whelks, m ussels (M ytih ts  edulis) are  also readily available to crows 
on M andarte Island. A lthough these are ipore difficult to tear o ff the sub­
strate than  whelks, they break m ore readily. However, crows dropped only 
whelks. In  o ther locations, N orthw estern crows commonly drop mussels 
( G o o d w in , 1976). C arrion crows are also known to drop mussels ( O l d h a m , 
1930; G o o d w in , 1976). M ussels on M andarte Island m ay be too small to be 
profitable. B roken  ones encountered 011 the beach were readily eaten by 
crows.
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Crows selected only large whelks fo r dropping, ignoring  sm aller ones 
(Fig. 2 ). As shown by Z a c h  (1979), large w helks are  m ore  profitab le  than 
smaller ones because they break  m ore readily an d  also y ield  m ore energy. 
Since crows have to invest a considerable am ount o f energy in each whelk 
selected fo r dropping before obtaining a  meal, they  m ust choose whelks care­
fully. Crows probably choose whelks f irs t by sight and  th en  by weight, 
lifting and rejecting several before accepting one. S ince w helks occur in dense 
patches, crows could m ake sim ultaneous and  successive com parisons readily. 
I t  is not clear w hether visual assessm ent of p rey  size is m ade by comparing 
shell length, area o r volume. W eight and volum e w ould allow  m ore accurate 
discrimination than  the other m easures since they  are  approxim ately  cubic 
functions of length. Thus, large whelks used -in experim ents are  only about 
twice as long as small ones bu t alm ost ten  tim es as heavy (T ab le  x). In tu i­
tively, weight would seem to be easier fo r assessing  size th a n  volume. W helk 
assessm ent by crows seems to be sim ilar to  seed assessm ent in  p inon  jays 
( Gymnorhinus cyanocephalus) ( L ig o n  &  M a r t i n , 1974). Jay s use visual, 
tactile and  also auditory  cues to distinguish good from  bad seeds. T h e  ability 
to distinguish seeds is learned. U nlike song th rushes, crows never selected 
empty shells fo r breaking ( M o r r i s , 1954; G o o d a r d , 1958).

M o n t e v e c c h i  (1976) investigated egg size selection in com m on crows and 
fish crows (C. ossifragus). B irds p re fe rred  relatively small eggs because these 
could be grasped m ore readily than  larger ones. Sm all eggs w ere o f approx i­
mately the same size as whelks selected by crow s in  the p resen t study (Table 
2 ). However, occasional presentation  of w helks exceeding 6 cm in  length 
showed that crows would have p referred  larger ones than  w ere commonly 
available.

W helks exhibit a  m arked size g rad ien t in  the in tertida l zone w ith  large ones 
occupying lower areas ( B e r t n e s s , 1 9 7 7 ) .  R esults o f th is study  indicate that 
crow predation could be responsible fo r sueli g rad ien ts. O n  M andarte  Island 
large whelks have little chance of surviving in  the upper p a r t o f the intertidal 
zone where exposure to crow predation is greatest. Sm all w helks a re  immune 
fi'om predation because they are not selected f ro r  d ropping (F ig . 2 ) , no r are 
they eaten whole.

Crows, gulls and  lam m ergeiers drop hard-shelled food item s repeatedly if 
these do n o t break  readily ( O l d h a m , 1930; T i n b e r g e n , 1953; B r o w n  &  
A m a d o n , 1968; B a r a s h , D o n o v a n  &  M y r ic ic , 1975). Som e b irds are  in­
credibly persistent. T i n b e r g e n  (1953) observed a guii drop a  shelled mollusc 
37 times in succession into shallow water. In  the p resen t study, crows rarely 
left whelks unbroken although m any had to be dropped repeatedly  (F ig . 3). 
This suggests that repeated dropping is m ore p rofitab le  th a n  g iving up and
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attem pting to f in d  an d  break another whelk. A lternatively, crows may not be 
able to  count num ber of drops.

B reaking o f whelks by dropping is basically a  stochastic process. The 
probability of b reak ing  depends on type of substrate, size of whelk and height 
of drop. W helks a re  m ore likely to break if  dropped from  greater height 
( Z a c h , 1 9 7 9 )*  T hus, fo r standing drops glaucous-winged gulls required 3.91 
drops per clam (Sacidonus giganteus) and  fo r flying drops 1.72 ( B a r a s h , 
D o n o v a n  &  M y r i c k , 1975)- S tanding drops involved heights of less than .5 m 
and flying drops ranged from  approxim ately .5-15.0 m. N orthw estern crows 
do not use stand ing  drops. H owever, such drops would be completely in­
adequate fo r breaking whelks ( Z a c h , 1978). T he lowest drop observed was 
3.0 m  and  the highest 8.3 m. O n V ancouver Island N orthw estern crows 
feeding on cockels ( Clinocardium nuttalli) commonly drop these prey from  
less than 3.0 m. Since cockels break m ore readily than  whelks, this suggests 
that crows m ay ad ju s t height depending on type of prey dropped.

In  m ost flights crows lose some height before releasing whelks (Fig. 6B ). 
T h is probably allows them  to watch whelks fall (compare Figs. 6A  and 6B ). 
U pon impact, whelks frequently  bounce fo r a considerable distance. Since 
the ground is o ften  littered  w ith broken shells, seeing whelks fall and bounce 
probably increases efficiency of finding and  compensates fo r any loss in 
height. I t  is also possible that crows attem pt to increase acceleration of whelks. 
A pparently , lam m ergeiers also lose height before releasing a bone and then  
keenly watch its fall ( B r o w n  &  A m a d o n , 1968). However, this does not seem 
to be the case in  gulls which hover briefly  before the release ( B a r a s h , D o n o ­
v a n  &  M y r ï c k , 1 9 7 5 ) .  In  N orthw estern crows, the drop in height does not 
involve lateral displacement. T herefore , selection of favourable substrate fo r 
breaking w ould have to occur before flying up.

Crows on M andarte  Island  have specific dropping sites on the beach where 
dropped whelks a re  unlikely to roll into the w ater and out of reach. All 
whelks w ere dropped onto rock. None w ere dropped over w ater or grass 
beyond the beach. W hile this suggests selection for hard substrate, this may 
have been coincidental since the entire beach was rocky. F urther, dropping 
onto grass w ould have required  longer flights than  dropping onto rock. H ow ­
ever, no whelks w ere dropped over w ater although m ost were found nearby. 
I t  seems tha t crows selected hard  substrate for breaking. Thus, combined 
selection fo r safe  sites and h ard  substrate resulted in  the use of specific 
d ropping sites.

O l d h a m  (1930) cited several observers who had seen carrion crows take 
shelled molluscs from  m ud fla ts to a shingle-covered beach. In  one instance, 
w hen the flats w ere covered w ith ice, they dropped molluscs there and no
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longer w ent t o  the more distant site. H ooded crow s observed by T in b e r g e n  
(1953) dropped fresh  w ater mussels (A nodon ta  sp p .)  consistently  on a road 
where they broke readily. I t  appears tha t m ost crows drop shelled prey 
selectively over hard  substrates. I f  such substra te  is scarce, -they m ay use 
specific dropping sites.

Song thrushes also have specific sites fo r opening snails ( M o r r i s , 1 9 5 4 ) .  
This m ust be due to limited availability of suitable b ard  substrate. However, 
even in w inter when snails can be broken on the frozen  ground, thrushes 
break shells near sites used during  the sum m er ( G o o d a r d , 1 9 5 8 ) .  N o r t h  
( 1 9 4 8 )  described a site of bare rock littered  w ith  broken  bones apparently 
dropped by lammergeiers, but others have doubted th a t these bones were 
gathered by lam m ergeiers (see M e i n e r t z h a g e n , 1 9 5 9  and  F e r g u s o n - L e e s , 
i 9 6 0 ) .  H erring  and E uropean gulls apparen tly  release shelled molluscs in­
discriminately over a variety of substrates including w ater ( O u d i i a m , 1 9 3 0 ; 
T i n b e r g e n , 1 9 5 3 ;  M e i n e r t z h a g e n , 1 9 5 9 ) .  H ow ever, glaucous-w inged gulls 
dropped clams m ore often  on hard  than so ft substrates ( B a r a s i -i , D o n o v a n  &  

M y r i c k , 1 9 7 5 ) .
In  gulls dropping behaviour does no t seem to be very  flexible and it is 

perhaps largely innate  (see T i n b e r g e n , 1 9 5 3 ) .  In  crows flexibility  suggests 
that learning m ay play an im portant role. T hus, a com parative study  of the 
development of dropping behaviour in gulls and  crows could be very  fruitfu l.

S U M M A R Y

P rey  selection, dropping behaviour and dropping- site selection w as investigated in 
N orthw estern crows {Corvus caurinus) feeding on w helks ( Thais lamellosa).

Crows selected only the largest whelks available in the in tertidal zone. A lthough 
equally palatable, sm aller whelks were ignored. Crows assessed size o f whelks f irs t  by 
sight and then by weight. Thus, some were picked up w ith  the  bill and  laid down again 
before a final selection was made. Rejects were longer and heavier than  available whelks 
and shorter and lighter than  selected ones. Usually, crow s carried  and dropped only one 
whelk at a time.

W hile dropping, crows typically flew  almost vertically  up, released the w helk  and then 
dove a fte r  it. The mean number of drops required to  b reak  a  w helk w as 4.36. Crows 
dropped whelks until they could obtain m ost o r all o f the so ft parts. U sually  crow s did 
not give up dropping a  whelk until it broke. T he m ean heigh t of drop w as 5.23 111. Crows 
had a tendency to increase height of droj) over successive attem pts. D uring  m ost flights, 
crows lost some height before releasing a whelk. Presum ably, this allowed them  to  w atch 
whelks fall and bounce.

All whelks were dropped onto rock. N one w ere released over w ater o r grass. Crows 
had specific dropping sites. This was because they selected h a rd  substra te  and safe sites 
fo r dropping. On dropping sites whelks were unlikely to bounce into w ater.

Results were compared w ith those of other studies o f dropping behaviour in gulls and 
hawks. Dropping behaviour in crows seems to be m uch m ore adaptable than  in gulls.



DROPPING OF W HELKS BY CROWS 1 4 7

R E F E R E N C E S

B a r a s h , D .  P . ,  D o n o v a n , P . & M y r i c k , R, (1975). Clam dropping behavior of the 
glaucous-winged guii (Larus glaucescens). — W ilson Bui. 87, p, 60-64.

B e r t n e s s , M. D. (1977)- Behavioral and ecological aspects of shore-level size gradients 
in Thais lamellosa and Thais emarginata. — Ecology 58, p. 86-97.

B r o w n , L. &  A m a d o n , D . (1968). Eagles, haw ks and falcons of the world. — M cGraw- 
H ill, N ew  Y ork.

C u r i o , E. (1976). T h e  ethology of predation. — Springer-V erlag, Berlin, Heidelberg, 
N ew  York.

F e r g u s o n - L e e s , I. J . (i960). Studies of less fam iliar birds. 102, Lämmergeier. — Brit. 
B irds 5 3 , p. 25-29.

F l e m i n g , R. L. (1955). Bone-dropping habit of the lammergeier. — J . Bombay Nat. 
H ist. Soc. 53, p. 9 5 3 -

G o o d a r d , C. B. (1958). T h ru sh  predation 011 the snail Cepaea hortensis. — J. Anim. 
Ecol. 27, p. 4 7 -5 7 -

G o o d w i n , D. (1976). Crows o f the world. — Cornell University Press, Ithaca, New 
York.

L i g o n ,  J. D . & D. J. M a r t i n  (1974)- P inon seed assessm ent by the pinon jay  Gymno­
rhinus cyanocephalus. Anim. Behav. 22, p. 421-429.

M e i n e r t z h a g e n , R. (1959). P ira tes and predators. —  Oliver and Boyd, Edinburgh and 
London.

M o n t e v e c c h i , W . A. (1976). E gg size and the egg predatory behaviour of crows. — 
Behaviour 57, p. 307-320.

M o r r i s ,  D. (1954). T he  snail-eating behaviour of thrushes and blackbirds. — Brit. Birds 
47 , P- 33-49 -

N o r t h , M. E. W . ( 1 9 4 8 ) .  T he lam m ergeyer in K enya Colony. —  Ibis 9 0 , p .  1 3 8 -1 4 1 . 
O l d h a m ,  C. ( 1 9 3 0 ) .  T h e  shell-smashing habit of gulls. —  Ibis 6, p .  2 3 9 - 2 4 3 .
P r i e s t l e y , C. F . (1947). Rooks feeding on mussels. — Brit. B irds 40, p. 17Ó.
S o iC A L , R. R. & R o h lf , F . J. (1969). B iom etry: the principles and practice of statistics 

in biological research. — W . FI. Freem an and Co., San Francisco.
T i n b e r g e n , N. (1953). T he herring  gull’s world. —  Collins, London.
T o m p a , F . S. (1964). Facto rs determ ining the num bers of song sparrows, Melospiza 

melodía (W ilson ), on M andarte Island, B.C., Canada. — A cta Zool. Fenn. 109,
p. 1-73.

Z a c h , R. (1970). Shell dropping: decision-making and optimal foraging in N orthw estern 
crows. — Behaviour, in press.

Z U S A M M E N F A S S U N G

D ie Beutew ahl und das V erhalten  von K rähen (Corvus caurinus) w ahrend des Raubes 
und Brechens von M uscheln ( Thais lamellosa) w urde untersucht.

D ie K rähen nahm en nur die grössten der vorhandenen Muscheln. Kleinere w urden nur 
akzeptiert w enn sie ohne Schale w aren. Die K rähen  schätzten die Grösse der Muscheln 
zuerst durch S icht und dann nach Gewicht. Bevor sie eine Muschel akzeptierten wurden 
andere aufgehoben und wieder zurückgelegt. L etztere  Muscheln waren länger und 
schw erer als das M ittel aller M uscheln, jedoch kü rze r und leichter als die akzeptierten. 
M eistens trugen  und brachen die K rähen  die M uscheln einzeln.

V o r dem Fallen lassen  der M uscheln flogen die K rähen nahezu vertikal auf. Die 
M uschel w urde jew eils losgelassen und die K rähe folgte im Sturzflug. Zum Brechen 
der M uscheln benötig ten  die K rähen  im D urchschnitt 4 .3 6  Flüge. Sie Hessen die Muscheln 
so o ft fallen, bis sie fa s t alles oder alles Fleisch herausnehm en konnten. Charakteristisch 
war, dass sie fa s t alle akzeptierten M uscheln brachen. Die durchschnittliche Flöhe von 
welcher M uscheln fa llen  gelassen w urden w ar 5 .2 3  m. W enn eine Muschel nicht brach,
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flog die Krähe bei folgenden Flügen m eist höher auf. Bei fast allen F lü g en  verloren die 
Krähen etwas an Flöhe bevor die Muscheln losgelassen wurden. D as erm öglichte ihnen 
höchst wahrscheinlich, die fallenden M uscheln zu sehen.

Die Krähen Hessen alle Muscheln auf Felsen, keine auf W asser oder G ras fallen. Sie 
suchten sich zum Brechen der Muscheln besondere P lätze über den Felsen, von denen aus 
diese nicht ins W asser rollen konnten.

Die Resultate wurden mit denen anderer Untersuchungen über verschiedene K rähen­
arten, Möwen und Raubvögel verglichen. Das Raubverhalten von K rähen  in bezug auf 
das Brechen von Muscheln ist anpassungsfähiger als das von  M öw en.


