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ABs•rm•c•r.--Westem
Gulls(Larusoccidentalis)
at BodegaBay,Californiadrop shelledprey
itemsto breakthem. I presentedWashingtonclams(Saxidomus
nuttalli)of known weight to
free-flying gulls to investigatefactorsaffectingshell-droppingbehavior. All adult gulls
droppedclams,whereasonly 55% of immaturegullsdid so. The other45% of immature
gullsthat were given clamspeckedat them on the groundinstead.Gullsdroppedclamson
both hard and soft substrates.Flight distanceand kleptoparasitismseemedimportant in
influencingdrop location.Adult WesternGulls droppedheavy clamsfrom lower heights
than they droppedlight clams.Heavy clams,however,break lesseasilythan light clams
when dropped from the same height. Energeticconstraintsand/or kleptoparasitismcould
explain this apparent contradiction.Received15 July 1981, accepted12 December1981.

MANY gulls obtain food by dropping shells.
Known casesinclude Kelp Gulls (Larusdominicanus), Mew Gulls (Larus canus), Herring
Gulls (Larusargentatus),
and Glaucous-winged
Gulls (Larusglaucescens)
(Oldham 1930, Tinbergen 1953,Barashet al. 1975,Siegfried1977,
Kent 1981). Northwestern Crows (Corvuscaur-

inus)alsodrop shells(Zach 1978,1979).Studies
of shell dropping in the past have considered
the characterof the dropping surface(Barash
et al. 1975; Siegfried 1977; Zach 1978, 1979;
Kent 1981),age-relateddifferencesin dropping
behavior (Barashet al. 1975, Siegfried 1977),
size selectionof droppedprey (Siegfried1977;
Zach 1978, 1979;Kent 1981),and the degreeto
which dropping height approachedan energetic optimum (Siegfried 1977; Zach 1978,
1979).

Despite these studies, we still know little
about what factors govern the height from
which clamsare dropped.Siegfried(1977)suggestedthat the substrateat the drop site might
influence dropping height. He failed to consider, however, how prey weight might affect
dropping height. Prey weight could conceivably influence dropping height in the following three ways: (1) Gulls may drop heavy objects from lower heights than they drop light
onesdue to energeticconsiderations.(2) Heavy
objectsmay be easierto break than light ones
[Siegfried (1977) found this to be true for

mussels], and thus they might be dropped
from lower heights.(3) Kleptoparasitism
may
increasewith prey size, and this may influence
dropping height.
Do birds adjust dropping height based on

prey weight?If so, which, if any, of the above
factors might influence this? In this paper I
analyze shell-dropping behavior in Western
Gulls (Larusoccidentalis)
at BodegaBay, California. In particular,I focuson the following
questions:(1) What is the effectof shellweight
on droppingheight?(2) How doesclamweight
influencethe probabilityof breakageat different heights?(3) Are shellsdroppedrandomly
or do substratetype, kleptoparasitism,and/or
other ecologicalparametersaffect where shells
aredropped?(4)How doesclam-droppingproficiency vary between immature and adult
gulls?
METHODS

I presented individual Western Gulls with differ-

entmollusks.
These
:gulls
belonged
toa smallpopulation (24-30 individuals) that roostedalong the
west side of BodegaHarbor, California. Observations were made daily with 8 x 35 binocularsand at
low tide when the entire mudflat was exposed. For
observations, I divided a 280-m x 178-m section of

mudflatinto 17 70-m x 35-m quadratsusingstakesto
mark the boundariesof eachquadrat.A nearbyparking lot, 125m from the tidal flats, was alsousedfor
observations.

Initially I providedgullswith a numberof different mollusks (Macomasecta, Tresusnuttallii, Saxido-

• Presentaddress:Departmentof Biology,University of North Dakota, Grand Forks, North Dakota
58202 USA.

mus nuttalli, Clinocardium nuttallii, Protothaca stami-

nea, and Poliniceslewisii) to determine which species
were selectedand dropped. Becauseall of the above
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species(exceptMacoma)were dropped, ! decidedto
give gulls only Saxidornus
nuttalli, becausethis molluskwasthe only speciesthat couldbe foundin sufficient numbersto provide an adequatesamplesize.
All Saxidornusgiven to gulls were marked and
weighed. These marked clamswere presentedone
at a time to gulls so that the fate of individual clams
could be determined. For each drop, ! recorded
quadrat number (i.e. location where the clam was
dropped),ageof bird (immatureor adult), heightof
drop, and number of drops needed to break a clam.
Adult gulls were differentiatedfrom immature gulls
by plumage.Height was indirectlymeasuredby using a stopwatchto recordthe time it took for a clam
to fall after being dropped by a gull. Time (t) was
convertedto height (d) by using the formula d =
1/2at
2, where a is the acceleration
due to gravity.
Gullsoftenfoughtoverclams.They alsofrequently
droppeda given clammorethan once.The following
data on dropping height exclude all casesduring
which gulls were chasedand representonly the first
drop of each clam. Only these data were recorded,
becausethe firstdropis essentiallyan unbiasedone.
When a clam is droppedsuccessively,
a gull might
alter dropping behavior on succeedingtries based
on informationlearnedfrom the previousdrop.
After determiningthe size of clamsdroppedfrom
different heights, ! filled small clams with lead
weightsand wet cottonand presentedthem to gulls
to determine whether or not a clam being dropped
is independent of its size. These clams originally
weighedbetween 120 and 130 g but weighedover
270 g when filled.
To measurethe effectof height on the likelihood
of a dropped clam breaking, ! dropped different
sized clams(from 40--400g) onto mud from heights
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Fig. 1. Frequencydistribution of distanceflown
by gulls from site where clamswere picked up to
where they were dropped.

smallersized clamsthat exceeded268 g when
filled with lead weights.
Adult gulls.--Clams were dropped (on the
mudflat) an averageof 118 m from where they
were pickedup (Fig. 1). Clam weight and substrate type (parking lot or mud flat) were
strongly correlated:averageclam weights on
the two substrateswere 134.3 g and 106.7 g,
respectively(ANOVA, F•,ss= 11.3; P • 0.005).
On the mudflat, gulls dropped clams more
often in some quadrats than in others (X2=
37.8; df = 17; P < 0.005). This relationship
varied slightly, however, between substrate
types. Although dropping height was not sig-

nificantlydifferent between substrates,gulls
tendedto drop clamsfrom lower heightsin the
parking lot (ANCOVA, F73= 1.94; P > 0.16)
of 4.5, 6, 10, 12, 15, and 24 m. Clams were divided
(Fig. 2).
into two separateweight classes.Clams weighing
Immaturegulls.--When immaturegullswere
between 1 and 100 g were defined as "light" clams, presentedwith Saxidomus
clams(under 268 g),
and clams weighing between 101 and 400 g were only 55% dropped clams.Gulls that did not
defined as "heavy" clams. Clams were dropped re- drop clamspeckedat the clamsor carriedthem

peatedlyuntil they broke. The percentbreakage,for
a given height, was calculatedby dividing the total
numberof clams(of a givenweightclass)that broke
by the total number of clams(from that sameweight
class)that were dropped.

to small pools of water, waited for them to
open, and then pecked at exposed flesh.
Among immature gulls that did drop clams,no

significant correlationexisted between clam
weight and dropping height (Pearsonr = 0.08,

RESULTS

n = 32, P > 0.34) (Fig. 3). Immaturegullsgen-

erally drop light clams on the mudflat from
Western Gulls dropped a wide variety of much lower heights than do adult gulls. They
shelledmollusks in the study area. All species drop clams from an averageheight of 6.3 m,
of mollusksI presentedto gullswere takenand compared to 13.5 m for adults. Moreover, imdropped. Small sizes of Macoma secta, how- maturegullsrequiremoredropsto break clams
ever, were more frequentlypecked open than than do adults (2.1 + 1.3 drops for immatures,
dropped. When adult gulls were given Saxi- 1.7 + 1.1 for adults) (ANOVA, F•,20= 6.65;
domusof different sizesand weights, all clams P < 0.025). This fact is not biased by age-rewere dropped except those exceeding 268 g. lated, clam-size selection,becauseweights of
Yet, gulls picked up, flew with, and dropped clams given to gulls did not vary between
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Fig. 2. Drop height on the mudflat (dottedline) and the parkinglot (dashedline) as a functionof clam
weight for adult WesternGulls. Circles representclamsdropped on mudflat; trianglesrepresentclams
droppedon parkinglot. Curvedescribedby the function1/height= (k)(weight).r = 0.508.

adults and immatures (mean weight of clams
picked up by immature and adult gulls was
106.9 + 36.33 and 108.5 + 36.05, respectively)
(ANOVA, F•,•32= 0.141; P > 0.71).
Artificially droppedclams.--When I dropped

Gulls. Specifically,yearling Glaucous-winged
Gulls dropped clams at lower than optimal
heights. Barash et al. (1975) suggestedthat
clam dropping is a leamed behavior. My resultssupporttheir interpretation.Only 55% of

clamsfrom various heights, I found that the

immature Western Gulls drop clams. They do
so from lower heightsand do not adjustdrop-

relationship between dropping height and

percentbreakageof clamsfollows a sigmoid ping height to clam weight. As a result, they
function (total number of clamsdropped = 54,

require more drops to break clams.

curvefit by eye) (Fig. 4). Thus, for all but extremely small or extremely great heights,
heavierclamsare harder to break (from a given
height) than light ones.Clamsthat landedflat

Becausegulls can physicallylift but do not
fly with and drop clamsexceeding268 g, either
clam weight or a combination of size and
weight detersgullsfrom droppinglargeclams.
The fact that gulls drop Polinices,which are
extremely heavy (over 268 g), and also drop
small stuffed clams(in excessof 270 g) indicates that weight alone does not deter gulls
from flying with and droppinglarge clams.
Siegfried (1977) found that Kelp Gulls
dropped shellsmore frequentlyon hard sub-

on one of the vanes

were more often cracked

than those that landed on the umbo. Thus, to
a certain extent, chance determines whether or

not a clam breaks when it is dropped from a
given height.
DISCUSSION

strates than on soft ones. Barash et al. (1975)

Clam dropping allowsgulls to gain accessto found the same for Glaucous-wingedGulls.
a valuablefood source.Dropping and breaking My resultswere not consistentwith theseobthe shell enablesa gull to eat more meat than servations. Overall, clams were dropped more
it canby peckingor spearingsmallportionsof frequently on a soft substrate(mud) than on a
exposedflesh. Not all gulls, however, drop hard one (parking lot). Heavy clams,however,
dams proficiently.Barashet al. (1975)found an were dropped more often on the parking lot.
"age related progression of increased clam The parkinglot is 125m awayfrom wheregulls
slamming efficiency" in Glaucous-winged received clams, which is certainly not a pro-
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Fig. 3. Drop height on the mudflat in relation to
clam weight for immature Western Gulls.

hibitively long distancefor gullsto fly to drop
clams.Indeed, clamsdropped on the mudflat
were droppedan averageof 118 m from where
they were picked up. Hence, one would expect
all sizesof clamsto be droppedon the parking
lot morefrequentlythan on the mudflat,asless
drop height is required to break a clam on the

parking lot. Why then were only heavy clams
dropped more frequently on the parking lot?
There are two possibleexplanationsthat might
account for the general trends observed. (1)
The relative size of the tidal flat is much larger
than the relative size of the parking lot, and
this might explainwhy moreclams(of all sizes)
were not dropped on the parking lot. (2) There
are somecoststo dropping clamson the parking lot (perhaps increased kleptoparasitism),
and thesecostscanbe offsetonly by dropping
large clams there. These two explanationsare
not mutually exclusive.Together,they may explain the observedresults.
On the mudflat, gulls preferred certain specific areasto others.Physicalcharacteristics
of
the mudflat do not appear to influence this
preference;other ecologicalparametersseem
more important. For example, it would seem
energeticallyfavorablefor a gull to minimize
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Fig. 4. Percentageof clamsthat break as a func-

tion of drop height. Curvesfitted by eye. Dotted
curve (and correspondingtriangles)representlight
clams (clamsweighing between 0-100 g), dashed
curve (and correspondingcircles)represent heavy
clams(clamsweighingbetween101-400g).

cape potential robbery. Thus, there should be
an energeticbalancebetweenflying far enough
to escapepotential robbersand flying farther

than necessary.That gulls usually dropped
clams (on the study plot) intermediate distancesaway from where they were obtained
supportsthis idea (Fig. 1).
The inversecorrelationbetweenclamweight
and dropping height for adult gulls is anomalous,asheavySaxidomus
arelesslikely to break
from a given height than light ones (Fig. 4).
Becausethe probability of clamsbreaking increaseswith increasing height, more clams
would break on the first drop if they were
droppedfrom greaterheights.Why, then, do
gullsdropheavyclamsfromlowerheightsthan
light ones?Bernsteinet al. (1973) stated that
steepascendingflight for Fish Crows (Corvus
ossifragus)is energetically expensive. Zach
(1979) found that Northwestern Crows mini-

mize the totalamountof ascendingflight when
dropping whelks. He suggestedthis behavior
may be an adaptationby NorthwesternCrows
to reduceenergeticcosts.The samereasoning
might explain why Western Gulls do not fly
flight distancefrom pick-up to drop site. On high with heavyclams.They may be minimizthe other hand, the likelihood of being robbed ing ascendingflight with heavy clamsif enshould decrease as the distance between the
ergetic costsare prohibitively high. On the
gull and its potentialpursuersincreases(Sieg- other hand, a gull could conceivablyspend
fried 1977).Becausethe highestconcentration more energytrying to break a heavy clamthan
of gulls is often found around concentrations a light one, becausemore caloriesare available
of food (i.e. where I was giving clamsto gulls), in heavy clamsthan in light ones.
gulls that pick up clamsoften fly away to esAnother possiblereason gulls drop heavy

JvLY1982]

Western
GullPreyDropping

clamsat a lower height than they drop light
ones is that the chancesof being robbed may
increasewith drop height. It takes longer for
a gull to fly down to guarda clamthat hasbeen
droppedfrom a high altitudethan it doesfrom
a low altitude. Hence, clamsthat are dropped
from great heights are left unguardedlonger
than those dropped a small distance.Perhaps
gulls are more likely to risk losing small clams
to piracythan largeones.The risk of piracyto
terns may increasewith prey size (Hopkins
and Wiley 1972).Terns with larger prey, however, may be more vigilant (Dunn 1973).
One final explanationfor the observedrelationshipbetweendropheightand clamweight
for Western Gulls may have to do with the
anomalousnature of the prey item used. Saxidomus are deep burrowing clams that are
probably not frequently utilized by Western
Gulls. Moreover, other mollusks that are more

frequently dropped by Western Gulls might
exhibit a different size-related probability of
breakagethan Saxidomus
does.In other words,
for other mollusks,small sizes may be harder
to break than larger sizes. Siegfried (1977) indicatedthat this may be true for black mussels
(Choromytilusmeridionalis).Although this remains untestedfor the naturalprey of Western
Gulls, if it were true, it might indicatethat the
observedshell-droppingbehavior of Western
Gulls may be an artifact of a behavior that is
utilized when dropping other prey items.

Gulls should
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therefore

minimize

the amount

of ascendingflight when carryingheavyclams.
Although the above predictions are speculative, I hope that they will lay the groundwork
for future work on shell-droppingbehavior in
birds.
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