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- * Resgarch began H:h:h a écudy OF nest pxeda«:mn uy«a
pui.x “of Commpn ‘Ravar.s in a celony ‘of cnﬁ-n-.u.ng kitti-

 wakes during sumer‘ 1979 Patrols hy single ravens were

d } “fwice as éucceasful ds hen Bath birds ‘nunted _together,
Kittijake anti-predator aatanae was important| in xedncingv

5 ] predation. ‘Results of a eas'c—./heneﬂé Em‘h}us siggest

& that !;he z-avens ob:ai.ned’sufﬂcient prey co meet daily
energy rsquiremants. )

vl " Aseries: of feeding and

to 'ceut !averal. basm

1p of ope'i.mnl

'J.‘heory, was. cazxiﬁd out he:ween Septembex‘ 1979 7énd June
1980, using freeliving Gny Jays and comnon Crows #na-

artiticial prey populat:ons. .Both species bgécame more

-/ discriminating in bait selectl when relative and'ab-’
220 40 solute nces: of e baits vere
3 : W T whiel 1
When of 1 baits of two. and

“three aifferent typel Yays diffe:anthlly selecte: bait i

:ype: on'the basis' of net en\ergy valne. vndlviﬂuqh

! dlltmﬂ l.n taed and £fici .. The

- ponible i.nilmncas of socinl Ata\:ua and ptior expax:xem:e

are discussed. ' R e, N

Three expa:mmw weze a

gned. [ inauce nitching

Yo i of pray pruténn:al linonq the jays by dacre-s.(.ng tha pzqﬂt—




\ abiity of a preférred food, -Manipulations' that' produced

ereésea in handling, ne:zep. and raeog!iition em

cxxued the jaya to svltch to ln lltarnate bait.}bnt l‘.hey fiie gt

we!

reluctant tD tm a umnﬂ alternate Eh!t was. low :.ﬂ
“net, :nergy valie. Many of these data support current
'modals of optml i'onqing Thaory.

. In a “final axpaﬂmmt, a Gxanf. m:med ovl dscay was

s to isrupt the fesding ha!nvhmr ‘oz a family of Gray :

Jays. Difserencas were Eoumi batmmn juvnniluu -nd -dult-

.in anti-] shs ‘and'ifood e juyanxles '

L7,
being less cautiotis in the\'pragenee of the: decoy: ‘and 1ess

f ng in bait : Pomsible ressons for | | -

these Mifferences ave discussed. . -
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“A juvenile (top)

" Mean depletion r.ime PR L

( £at) and non-cryptic lneat) baits by

Gray Jays in two density conditions.
.s:.gniﬂ,cnm: diffe:encea (determinsﬂ by
| AND!

subj

) are i

Baits used in feeding experients

Of total

(c) cracker.

tine

required to obtain half the energy
(kcal). contained in three mixed

populations of baits.

'All ‘times are
\ significantly shorter than expected
on the bnis’-‘cf a constant. foraging
rate with rl dom lelsction. .

A fat bait wedged into a groove i the

by the clockwise shift of ‘the E/f line

.Meat baits move into the

optimal. diet, because they now have a

higher profitabifity, while crackers _;
{Adapted from
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remain lowest in value.
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d adult G:ay Jay *
inh Experiment

\ -
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i 1 --m !.dm that nature purnuen economy in nl!. her vorki.nga h @ bl
A  ope-of -the u:.dm% ptmciplea dn theoretical PN
-R.K. Ros

)
;optml Eptag:lng 'l"heoty (D.!‘.T ) enbodua a gmp of\.,

¢ *achnomic models that predict tl?nt, tozough the process of . .

R S matural nel;ptinn.vnnimalu llmuld feed in ai effic:.ent w Tl

i mnnet toobtain gu.ximum ﬂtne-u (Sehoaner 1971 Machetnur : E

1. 1972; ‘Emlen 191}, Pinnka 1974 Pyke. Puum and cmrnov g =% of

N

Ha i 1977). In 2 given payulactnn, the average ami modal for-

a i.nq ba)\uviour shculrl be close to t:hat behaviour ‘that Sl

R 3 results in naxi.mmn fitness (Pyke L a

The re'wax‘ds of efi:.cient {orngi.nq are g:a;t: more -\

tine and energy may be devnted %o other activities such’

" as Sd 1 ,lnd ce. By

ohb-in:l.ng udeq\uta reuouxaq Ln t‘he lelst amount ‘of ti.me .

an lni.mal l;a::naa high 2 Sopaginig fitness® (Ueter 1971). 0. &

- Greeniaw ugss) has shown mg Rufous:sided -mwhan
(mm mmmm) prodice’ larger: clutch-

innlt mmfe tm i.n xeproducdon when they fonga i.n

'pnd @ <

(3951) ; \ : <




VLt (Schioener 197274 by ﬁood hoice (optiml diat)

1911 3 i) the deeinyion -

olaly on t'he abnndnnce o£
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the ralatichship’between ‘enezgy gain (E) -2nd foraging time '
_ Time for pursuit, hanalmg and recognitidn: of prey

¥ . e D
may be :ano;lvad, ,dape_ndi.ngpn specific. foraging demandd’)

i n‘na s, '1: an animal with a net rate of energy intake

(8/’1') em:olml:a:s a’ food itsn which yields ene:gy. e at'a .

\cust of time, t, that item should be eaten £ the untion-

ship x+e/1+:>E/T uids. When ehu S.nequnln:y aoe- “not.

“hold, that food should he hguorcd (coay. 1974) .- Bacause
%ranun of E.and 'z change .over time andwith prey avail-
ahiuty. the incl\us!.nn ot prey in’ the’ optiml diet will

\also change. S L

o \ @

« i While neny: of the" lusumptxons n vinich theureticll

nodals are bued, and mny of, ‘the predu:tions they . Jgenent:e

naeﬂ ‘to be, vuliehted in nacure. data ganerally uuppo:t p:a—-

dictions of n:in:j.ng moda].l; hwavar, inconuumeias have

_been found (a.g. mlen And mlu 1975: Gosa-cnutlta mvs).
!

, In"one test of 0.F. 1‘.. lch (1975) uppl!.ed a cqst/hsnaﬁt

mlysia to the whelk behalviour of Hor

" Grovs’ @mmy_) ¥or'this’ trpe o Ln-lysu. Kknowl=

edge of thd nn;hnal'u banl mubolic :u!:e (m) iu aﬂnnthl.

BMR, wdefiued as "the ninimlp. bnt wodnecion m n fnatixw. ;
i talting aninal (Kl‘ai.be: 1951), is mltiplhd By e-1o:1c ;

J




ol Y

.to yiald an overall ane:gy buxdgat:. Crows. in' zach's (1975)
atudy selected only hrqa whelks Erom the i.ntertidal zone

-nd did not switch to msdim— or mll—-hed ptey vhan

the p:afa:zed size'was scarce. All &ue classes had-an_
\ “equal pl:obability of bza-ki.ng, but ml\l -nd mediun’ whelks

conm.naa too ‘little energy to have hean\pmiiubla for the

crows.  Zach dm:emlnad the optim-l hhight for shell break—

age and found- that: the c:m rose bo the minmum alcu:ude

o /requized to shatter whelka. hia 16 an important con:

81l Because i flight is ccsuy (Bernstein,
. ‘Thomas and Schmide-Nslsen 1973 Tucker 1973).
& Early studies b{r Pophal’(lﬂz). Lack and Owen (1955)
and. Hnlang (1959) Evcused on the rehtionship between prey
dnnlity and selection. smu\ruev!s (1961) ‘finding of

y with an in focd

\
major inte:e!t has been focuaed on hbis p:ohlem. Evidence

by Watd (1965) £rom velve:birdu (M‘! 8pp.), O:iann
p (1966) with bl ( idae) , Goss (1977a)

\ with Redphunk (_mm _ﬁp_qgm) and Kreba et _n;. (1977)
wi’:h Great 'l'iea (m m) all ‘show :anrelsed uelse- !

uvil:y by |v£un y t vigh» my

I si.mun: fi.ndi.ngl by H-nu and !ull (1974) f:am Bluegill

Sunfuh uﬁmgmmy Buqqe-u a wyenl pnnciple




.-able prey is 1ow. t'he ptadat:or should be non—uela:n:iva.

‘1gnoxed (Schoener 1371).

i o! o.r.f., as:no :a-a-rcher “to dato hn £mmq this"cype

may be. involved. .
Prey density haa ulsb\bean shown to exert a urge ‘
effect on fongl.ng ti.ma, wﬁich in t\lx.'n dafi.nls the opt:ml ! !
< giet.: An lnhn]. lpendl \Lu foraging time searching for
and_handling prey. -If only the best items are selected,

2 high rate of energy intake is gained, but more’time - - T

mist be spent ching: Mc L rs spend % 3

little time seuréhmg but ‘have a2 low rate of energy in-

. take: pe: lumdli.ng time since their dictn consu'; of M.g'h

and luw qnllity pray. "E thg en::om:-: ne- vith prcﬂ,t—

* Put’ at high prey. Genaity loy quality items should be : bone ¥

on the nampnan that’ showing Hixed praferencesi .

|

|
1 f models by Emlen (1966). o ) &
Pe-:son (1974{ . Bsubrook and Dunham ('1976), Chlmav (1975) ¢
and others’ predict that\ﬂw probahility ‘of taking 5 parm i
ticular pzay type - ‘shold: be ° or’1: This ptediction of

-n IJ. c n: type af -n‘ y-has been a uhoxtcami.nq




\ -6~
have b\ean overlooked. 3
svitching b:um one prey typa to anothu: eft:en et

)
um.u in' a; chlngl in r of!! g st

(Murdoch 19697 curio 1976), and /ny occur when a highly

ptey 3 in lity.  Ifa

. \mult spe.nﬂ long per!.ods o: ‘time searching for cryptic
‘or scarce prey, less pxofitahla prey may! "mva into™
vt}‘:e u?e__s_.pal\diet’ (krebs| ot al. 197_7). Switching nay alsg
Teflect ‘an animal's need to maintain & balanced diet, an
' effort to vary’its intake, or simply mistaken selection :
" (Pearson 1974).
i in 1

leld!

For whatever 1\:5’--0\:, switching is common-

atory. ! as'well as in the
Sampling Thn ‘been viewed as sub-optimal fozlqin§ y
be’:m’*a it causes,the animal'to sacrifice a certain amount

of efficiency.(Krebs gt sl. 1977). However, when there-

are nutrient constral.nu on the aur,, an, eﬁﬂ\cien: predator
may still show ng.xed px‘eiarmau. wn.um (1975, p. 765)
autn: "It is: bvious that a set of préy choices ‘which
mhin- caloric intake may or may \w\: mmtitun a

‘buluced dht for the pnedn:ox. ; The comon, lnd oﬂ:en

ma:hanfcul assumption tlut me:gy il ﬂ:s cnxrency be

\‘maxigized has-been a 1mue1m.gg many 0.P.T. models.
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' Because O,F.T. axpntunnu typicllly offer differem:

ulxes of a unqlo prey t:ype difﬁetanges in mltriem:
- qu-uty. plhtabilxty lnd ana:get.sc costs of handling

| have ‘heen ignored. 'Wers ‘hese’ £agkors have been con~ -

ik sidered, it is nppa:emt that afiimals i ‘selact \protibabla

5 " prey.’ Kear (1952) docusented this in finches mm

i L 8pp.), a8, has Hou (1968) ﬁor Rock mmig-n (Lagopus

m&\!!.) A ‘Simil.x' evidence 'llas also’ been fourd for non—

i -vhn Predn:o:s (e.q. Smith 19701 Menge and uengu 1974),

\ B - yet not all p 2 litnya hoosd! able. prey, and

e !mlgn and Emlen (1975) ieel that this 'pooz- £it* may be \

the result of welx sela:tian pressure fo: an opthal X iz
< ‘choice strltagy. ‘When assessing fbad chou:a it should *

. be borne in mind thab ‘value is a multiv-:iate entity

involving ella:i.c nynke, amino acid coﬂponition, |

y 5 shysiological state of the animali étc.’\(mlen ‘and |Emlen Vi e

¥ 1915,\p. 428) .
w o ‘ 3 # w " »
E - 'The feéding of indi 1 fics -
5 \ e N L 2
X | 5
£nrag£.ng in ahnh: may be T i

[

(1976) hl\tsd aiqht Grnlt 'ﬂ.tl in fcmt«diffexent nx‘tifialll

bpmuu and found n{uch mhbili.ty in cnoids of habitat

CaRH -.lnd ‘e d. food. iduals

those

in which they a;:iaﬁqu-:-‘; the highest. giﬁ.c:luécy, in. . a




& tem of energy qui.n bat time, Individual qiﬁerencas?

5 uwng uonspecifﬂ:a Lu their abilities tn axpléit different

'pmy have important implications. pcifi

A Indiv:.dulla vith sinilar skills or p:afarmcel

vcempecit‘io

‘\‘-;auld‘ ! t.ha' o ition, while on

a be weakest, among those animals that prefer different

" foads. ! . : 3

‘iwh_.‘t relgvmcé do results. £xem qmam'ty u:p;xﬁgngu i

such'as Partridgé's (;s;ls) and xr\ebsg,v_g;;é (1977).

.have for the field situtmn? Pray seluction is influenced

by mny factors” \mieh are often not encomta:ed ox meousi- 2

ble to simulate in the lab, such as yegthez—dape:_.dm:

‘fox'\aginvg,‘ the effact of anti-predator behaviour on the

allocation of time for éeeding, etc. . However, an’ability

. to make decisions about optimal prey clm;.ca in laboratory
experiments :‘:o\aldA only have been ‘,-equued“:)?:auqb the -
p:ocaas‘of natural selection operating in the real world. '

: THE STUDY PROBLEM . :

t thesis £rom an < 1.

ucua{ based on ' work by Monte 1. (1979) , fof
prey in o n: Comnon: Ravens, (m
cozrax) and nchxleqq-d Kittivakes (Rissa $xd ) idn &

seabird colﬂny )on Bum:alien Island,; lqvfoundlnnl. An atbmqpt




_ravens was. cmzside:ad An terms ‘of

L and’ anarqy o » and

foraging and feoding BehaViour; in g

field experiments vit'h Gray Jaysy y
and Common Crows (Corvus c b
'-meu experiments similated s :-p

patch within which 9 prompt.

-utvinl vll\m of fdraging behlvimu'.\\ i ]

ciency yba o bythg —.'

able; while handling time per bait,

was mde to ‘quantify, the prad.i:ory act ity and success
of the ravens, as well as.to mni+a k \:ti'uke yut
defense. -The hunting bah-vi.ou oftn ir nf tazzitnri.-

it: costs and’

 banéfits using puhu.shga dataygn' Zaven' body i‘.’sqm.

cal assay.of the
; \

‘caloric value of pl:ay. “ . ‘ 3 ’

1,'

In an effort t:o‘winvesciqata th ensrqal:h:l of corvid

" ence to pfediCtinna of O.F.T., the following series of

:

making. - There was n:;sconcom in f.hiu study vith t'.ha

mr discussed earlier, 0. ! T, conlpt:u of reiated

)
‘economic ‘models thzoug‘h Vh!.ch an mimnl's teading afﬂ.-

total eheray gain, 2, and total forlqinq time, T.

Inithlly, hm different.sizes of a uh\%h EQ uare

r - detail vith_ refer- °

bétween'its ,}zl‘

of!e:sd. which meant ‘that. energy per bln:, a, was %{ri— 7

\
, 'vas’about ‘the same.
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In later experiments X -nai! va:o both varied bait
types of ‘llltfniubln.rgy nl%u and handling/ time
':aqux-nu were offered. . - .
swal components: of eaeﬁ:.ng tine, :,.-gz.
mip-u\:iud in thxee d'lffcxant upnxhnu: Ysearch, ..

. handlir g, and moqnitio ti.w were an:.nad in an

effort to induce lviechhg ‘as ptadicud hy O.F.T. The

ﬂ.nl/ a:parlm-nt, vhieh h:volved a pradltnz nodal, re=.
two levels o£ d-culon-nkhg'\ the 1ly- first

hn!gudacid-mthn or nottoiaad. lndﬂ lotlbich
foothon!u. = ) 2

| Jays and crows are opportmmistic. feeders and both,

particularly the former, maintain cipse associations
with man. oﬂ.ng to this circumstance, the choice of

_h—nn!oodlfox n seemed

\
ﬂhhm.mhlpiﬂhmmnlﬂwgmm

wha:e similar foods were probably encountered regularly.

E Becq\u. corvids are -vid. food hon-dax- (Goodwin_ 1§76) =

K lnd baits ver- z'l:nly eaten dnz'i.ng hrhll. nthemn \na

not. a tul:o: u: uu ﬁ:ugnng bahv!.ouz of citbaz -&aeiu.

2 'rh. hirdl -d. entlnumu E:ip! to the ﬂ.cdi.ng area ‘until
.all’ bu.u ~hd b«n ukcn, and during t:hh ﬂu{y were nnt

\‘mwmmmmmme;um. To




heman luzge nnd mll bnit.l,’ and between diifetent

b-i.t typea constantly. changed as bnd.t:s were removed

fr&;n the population; only’ the firat 50% of the birds'
chnicn in aach trial ‘were malyled. This data \nalyuix
tae‘hn!.que )us been us\d\i.n othe: feeding siiaien ée.q.

lﬂnly, Hillaz’ and Coo'k 1972; Blnrock and | Barvey 19741

!o:gleyﬁ 5;. 1979). In ldﬂition, the' jultl.ficltim of

1 F aakiwaL. sa i (
4 ;

¥, aifferences amohg three Pum is that ét-y\aayn tend to

remain in emall family groups (Lawrence 1973); thus,

\ ’
' these experiments actually d the bait

|
of an entire group of birds.

'.l'hxoughout this thesis, ths terms v'predator' -nd
'pny' are used -in a gsne:al sense to Qanote the jays

\3
and erm, ‘and ntiﬁzhl blita, :aspect!.vely. ."To'a

. T
seed, a ii.nch is as mch er a.predator as a shark i.a .

_to nu." (xzab- -nq Buvhn 1978, P.35). ;\ t a, b

\
* 0.!'.1'. pmd&etl that animals shouhl be ncm-lal.betive

:Lnnti.nq when such p:ey are abundant (e.g. \Haza 19551

-“-c\ut-xd 1977a).. The reactions of jays and crows:




\

were investigated in Experiment 2.
" There is strong evidence to suggest é.\ut"vunliy

~ hmti.nq lni-ll, Upal:hlly raptorial birds, select odd-

3 -ppe-rinq ‘prey from a popullum (-.q. Mieller 1968, 1971).

The crows' reactions to grmn:l o£ baits which co;tninu!

. one odd p:uy 1tam were tutnd In lxpa:hmt 3.  Because

corvids’ (e.g. Aspden 19287 'l'inb-xg h o 8l 195:, hon—

uvacchi 1976a, 1979), and bac use pg-y Oddiey nay ylay
-a role’ in thc ﬁ.ﬂ.nq behaviour of &Tlo birds, uelaction

of odd su:- —y ‘have infludnced some of the bait choices
in the previous a;p‘ri-mt. . | \v

7 . Al :
Crypsis is a 14

_(&.9. Croze 1970; Montevecchi 1976b), and because later

are -ed on the that cryp—

ticity agfects foraging time and thus prey selection, the

p:aum.d survival value of dhpa:n:l. by crmic prey .
was studied in hpc!ilnnt 4. Cz‘olﬁ (1970) Smd thlt

i¢ prey enh: rvival by mnlli.ng dnter- '
Lndividnul dhmml. uwugh thisg 'bena!it dnu not ‘acerue

to non—cryptic prey. Thil ﬁnd!.nq vll u:phined in y

: un- of ‘the uuzmavmu distances of cryptic préy -

wing the di.r.c: datncticn dhmcc (D.D:D.) ofm -

r hias, been well ocmuud\am%qv« A o s




ot | . D
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vhually hunt!.ng predator, while' ;hose of ncn-c:ypth:
prey did not. ‘ O
. as p:ev‘imly mentioned, food quality mf be an dm- . .
portant factor in an animl'e £ongh{sentag1n ,honvar, :
ﬂ‘lﬁre i! a scu:aicy of mfomtion denu.ng w!.th food

qva].i.r.y as’'a complicating. factor in prey selcciion (mnm
1915)-. In view of pre\riou-studha (Hpn"l%By Estabrook

and Dunh-m 1976) . it was lnticipated thnt the jly! nhéllld

be able togelect \foods ih terms of net energy, E/T.

lorberq (1977) pzedicted that search affort nhnulﬂ be

less costly ‘when an animal Eougan -for low qn-ld.ey or ~

prey, and ; . vm prey is lhund.nc \

/ or nf high quality, ‘the pudabor should invest more tim\f/
-in lal:ch effort bacl\‘lae potential gains are, high. Goss-
/ Custard (1970), and Goss-Custard and Rothery (1976)

found variable search rates to.be a feature of the for-

aging of and

), and Evans. (1976) noted that’
W) usa less ::olr.ly
fonginq methods vlm( prey densities it Tow; Experimen:

5 mm:l.nad th- pteferaneu of jnyl bemeen pairs of food
types wllich diffnnd i.n emgy vllua. nutrient content,

_handling kina xaqnixmntl, n.ul nzypei{u:y.

Ty




g

\ ouanu simultaneously’ was. ¢ din terns of ener=,

King 1574) and food p:efetanéeg (Lawrence 1973) of .the'

* jays probably vary h the year, |

: f\% As increased search time causad by crypticity de- '
creases the proﬂ.tubility ot a_food, it was nnticipated
that the jays would switch to'a less prefmud, though
more consp:.cuoua bait type. A P

zsc-uu lpﬂciﬂ.c \muun: nqun-aunts (e.q. mlé’;u o™
and D‘nlen 1975; Goss-=Custard 1917b) and i.qdividuall dif' )
ferences (e.g. Partridge 1976) l\nly u_ffer;t £o0d choice;

the' foraging of thres known_ jays anong thres foo'aé b

genc cout:s ana benefits m nxpeti.ment 6.

* Because _tha eénergy requirements’ (Vechte ‘1964;

.of bait sélactions taken in autumn, winter and spring

vare compl:ad. e ™ i
; .

In’'general, it a predator's. affiei.ency in deal.i.ng e

with a plrti:ular prey changes, an optim:l stnteqy is
|

to switch to nnothc!v prey _(uuxdoch 19693 nqunn 1979) .
Increased handling’ tine 'hay ‘alter the profitability of'a

p:eferred preys l:ln.li.ng pny of laaao: vnluc to be

: :.ncluded in the optimai die - Ggee. Smith nnd Dawkinp 1971).

LI Bpa:iment ‘7, Hanaling: tine. £or preferres ‘haits”

iwas :  in"the’ of easily al-""




@

. sp-cias. Presumlhly, &.a prldatur mult 1a-xn to uvuk/\v
* fewer types of inedible pny (Brover 1971) . Iot a1l

of three known jays vere

i . : e
atudled. R LT B £ ‘ - v

2 umi.cry, when, tvo species resenbla um anotha: in .

odour or 2 48 o wd 8d anti- 0 D

pud.m sttatugy (ueock 1975). ‘Bat:cniun mimiery ¢ 3t E ¥

of ‘the e bya i dous 4

members. o\f a noxi.nul species are i.n fact unpnhtable,. gl

© and eheﬁe edihle Lndi.vidulll tblt q.!.u an -dvantage by\

rnemblinq i ibl fics “,

alled of 4

(amar 1959).,,p:edamu han no nfaa dilti.ngluuh\ Toa)

between the two axaepl: by :--r.a; Incorréct prey iden-

N
tificati may long i tin\au. causing . \

low quality prey to be taken even thnuqh mn va!

uubla
~prey n:a ah'undlnt (Iughau 1979). ln hpapinent 8, pr& %

W 4 y
farzua baits eimiiked: h‘sv mimh:* Aniang effort . J




!xpe hunt 9. It was: -n:.lcipated \:‘hat -

b-hlviehr woulﬂ hn sweuly dilmptad in fhvm

especially haclula‘ alarm

iuy\‘ 'Ilv r;ed\w X

ldulte and thetr offupri.ng (xarr.ley 1950). )
A s \ z Aoy et =
N x % mzm I e g s N 3

n.-vin pzaa-uon in‘a. co‘.tony of cuzz-n-u.nq saabuaa

-nd Anti-?:aaltor Bahnviou: by nlnck-leggaa Kittiwaku

\llesting o eiife by sa-bn-aa geduces pnﬁauon

(Cullen 1957 Tuck 51, Nelson 1975) thpugh ‘some

‘are o!tah : al ' nliit nesters .

\
Pex'ty 19401 Imkie 19521 uontavecehi 19791

”'lnd ! “ ubmitted) .’ Blnck-Lagbed

(xun

derived

, B




soendy o M i Si9-
e fragments' and defaecation: away from the ‘Aest. (Cullen 1957;

iy 3\ 3
_ see also Tinbérgen et al. 19621 uoneeveccl\): 19‘16c)‘. Kitti-

wakes have also been reporr.ed to rarely atta k: predators,

‘evoking any anti-predator behaviour is difficult.

Ay »(vcullnn 1957; but cf. Andersson is7§, Hontevecchi 1979).
‘e . v oKittiwakes! e@ka have retained th‘aiz -:'ty;)tic culou!ntion.
though: in contrast to the yohnq of gmund—nestinq gulls.
chicks are conspicuous in colou.r and’ behaviour (cullanl

1951). s e : 3 - \

-nzu study pzanmn obsarvntmnul data on the pre—

dntory behaviout of a pnir o£ ter\zitornl Common anena

N ;
(sg_ma gorax) on clif: g o and u-s ible
role of -ctive nest de!anse by kittiwakes in raduci.ng

'ﬂi'n\mcing “‘_ié: idered in 'terms of
energetic colts and b‘enaﬂta. and ‘the ravens' success
- 5 . T is cqxfl?lmd to that os»other corvids.
o it 1 B METROD | ¢
In June ‘and July 1979, 63 hr of obuqrvn:ion were
¥ % nde ‘in kitti.\vaka coloniaa in Bull Gulch, vhsra apprax—
‘ | imate. ! 2000 pam nmest, ‘on; the eutax-p sideof saccalieu
o zelana (48%7°w;54° 2%, Fewtomalana (H.gu:e! 1 and 2).

)lost obnervatiana vara mde in q;e mmi.ng or -early \

Eron alk £ ately 150 m. '

Yonny i

i




5T B i R
‘rigire 1. Map of ‘Baccalieu Island and its location '
fo Newfoundland (E, innet)

3 observaciom of raven -

predahun vex'e made at cliffs inBull Gulch lb) .
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D to:fly within 10.Tn of cliffs where kittiwakes hested. '

1

Thesé data were recordgé:( a). fréquency of patrols, b) i
Ve b EARGE o paRSTy 8] frequency and number ‘of Kkitti-
waké.; displscq'd from cliffs, a) whether ravens landed in’
the nesting area, e) Efrequency of patrolling ravens chased
by ic‘ictiwakes, and f£) predatinn success. . A
\ \ Costlhenef:.t anaylsu of . the x'avens' hum:).ng behavmur

\  is based on ‘these assumptions: a) body waight=1.05 kg, from ,

\ published data on Corvus corax principalis’ ‘(Lasiewski and:

Y o 3
pawson 1967; Coombes 1978), b) BMR=4.95 kcal/hr, obtaired-

T ; o . 70 yO 726 o
from the equation BMR=4.78 , where W is body weight il
in Kg. (Ring 1974)), c) 'cost Of £light=8.0x BMR (Bernstein,

= et al. 1973; Berger and Hart 1972), 4) average patrol dur-

VA atdon of 30 sec, recorded quring obs.ervat).ona, o) daily,

“ ienezgy expenditure (5. E.E) = 328.8 kcal/bua/za hr, ob-

. . tained from the equation log DEE=log 317.73+ 0.7025 log W, .
. 9 A

-vhere W is body weight in kg (Kendeigh 1970), £) daloric

( \ value of preéy, ined by bomb ‘calg try, ares kittivake b )

Ny egqg, 1ass shell, mass=36.0 g;'69.5 kcal; small chick ,less
feathexs, mass—47 ig, 45\7 kcal; large\chxck less feathers, = ' '5

mass-lsS‘.S g9, 166.5 keal, q) nbsezvation of patzol pattern

and fhght path Eugqeabed that the ravens which pat:dlled

\in the present study were always the sane mated paix thac




- -
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nested ac the base of an adjacent éh.ff. Furthermo: e, two
of the jthree chicks were renoved from this nest.on’ Tnme,
and after the viemainlng chick fledged on 27 June, th‘ e

ravens were often Seen in treés above the observation cliff.

RESULTS i
Sixty-nxne S (117/165) of the patrols involved
& atiig e maven, whue two birds patrollea 30: (50). o the ’
‘tame (x%35.93, ag=1, \:ab.oi). on s June, four raveéns
approached ‘the obiezvation gliss from the north side of the.
iuiand) patrolled once along the oisee and, depatted. “This
was the only obnervatien of a pat!ol ‘involving‘more ‘than \

‘two ravens, and was not 1ncluded in the analysis. . .

| ' “Thé ravens averaged (+ S.D.) 2.9641.1 patrols/hr; and

therd was a slight decrease inypatrol frequency throughout

 the daily cbservatmn period, though thxs trend was non=

significant *(Table-1)._Overall, 93% of patrols cauéed kittic
wakes to leave the cliffs, 9i% ‘of the ‘patrols by sisigle
. ravens an'd 98% Of . those by pairs. Slng:e ravens cauue‘.i an
avex\.age displacement of 11.9+ 8.8 ki\ttiwakes \bompa:ed ‘o
-14. 0 5. 0 when th birds hunted. NElF‘heX the percentage of =
patrola that st beds i aaaplaceme'r;t nox ‘the nunbes of :
Kittivakes d:.uplaced per. patrdl is s:.gnificantly aifferent -

hezween put:a].a by . smgles ‘and pa:.x'a c{\

:avens = .




\ f <
\ ol | - :
Tible 1. Batrol frequeacy by two Comson.Ravend in s seabird
colony at different times of the day, Difference ( determined

'by one-way ANOVA ) 1is non-significant.

Time 1nt;‘tv!1 Hl“ Observation N ' Patrols ﬁ‘d’l:roll/hr 5.0,
0500-0800 * ‘"1 10 R 3.4¢1.0
.0801-11007. 27 84 T 31403
1101-1500 0 51 | Ze6k dl’
L vl
! .
Tocal 57 169
Grand &+ 5.0, 3.0+ 1.1 :
- ’
- \ : : :
)
\
s \
\ 5
: g \ ‘ \
- . \
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\ T .on 23t (39/168) of the patrols, one or both ravenL
landéd on ‘the CLiff, though.not alvays in 'the vicinity of
a kittiwake nest and were successful during 31% (12/39) :

.of the \landings. ,Ravens vccallzed loudly on. 71\ (110/168)

. of the patrols and 100( (12/12) of EBCCEBSful ones, signi-
‘ficantly more than expected (5 =991, df=1,p<0,01);

¢ Hivens patrolled upper portions of the cliff (49%; v 5 g
83/169) slgnifxcantly more than m\ddle (338; .56) apd lower

o (18%; 30) sectiond” (x%=25.09; df=2,p(0‘0'1)- “However, pre-

dation success was 208 (6/30) .during Yo phtrois; compared 5

to 78 (4/56) and 2% (2/83) on. mediun and high ones, res-, :

pectxvel.y, thouqh this trend is non-s:l.qnif:u:ant.
Neither average patrol frequency nor predation success

| varied significantly over. the season (Figure 3).

Kittiwakes chased ravens on ‘40% of patrols regardless =

of. patrol -size;. chases. usually involved two or three gulls. !

The ravens were-observed stealing four eggs and eight
chicks (six small, two large) for a success rate of 7:is:
. 5 \
'\ single‘ravens were more successful, taking prey on 8.5% of

patrols, compared to 4.0% for pairs, a significant aifference’

102
on. the basis. of equal success expectancy (X =5.33, df=1,

f;;(o.eS).



Figure 3. »Frequency of, patrolling by two. Common
Ravens amx\.g ‘a colony of cliff-nesting kittiuakes,
" over a five week period.; Fledqing date for the °
r\aven chick e 27 June. Diffexence\ in patrol fre-

quencies is non-s;gn:.fxcant (detemmed by x test

of xpec equal frec )e above':

bars :efer to px‘edation succeau d\u:inq eaeh 1nterva1.

= b
(D:.fferences are qon-sxgnificant ) - \
5
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Gk E \ T =252 ] o s \T’ ;
| - The results of .the Cost/benefit analysis ‘are shown |
. & 2 W,

,in Table 2. Net energy gain, E/T, averdged 1.05'kcalfhr

dbove estimated maizxt;en.nce and foraging costs. It re-
Y e : g
¥ b by . \T x o
g quired a single'faveh s average ‘of 4.69 br, 14.1 patrols

and 66.5 -kcal to nhtain éach prey, wmcn\ cohtained an} |

. average of 73. Bkcal.‘ T A

i . (o pxscussmn

. Ravens \:ypmally patrolled ‘alone, alung upper. pur— "

+’ ‘tions of the Cliff, though they achtevéa graater success g \

i Y. When they hunted at- lwef'altitudeu. Updragts n}ay "Have \
. .enabled the'ravehs to expénd less. energy searcﬂing ‘for prey :’r
ar, \ hiéhex on the cliff and to ob'eerve‘ nore nagéing bi;:d-sf. ki 1
*Turbulent e&digs, cruba B svsididag win;:g, and the danger R
oF being blown or chased into the;sea or thé:.éliffs,'may

have prevented ‘the ravens’ £xon axplnxt;\.nq nests st the base . @
o€ e o115k, mote-GEten: Morewer, ravens may have ohly
£lown 1uwex§ after potentlal\ prey were sthted fmm \above

Y ¥ (aes alao Mbm:evecchx 1979): . 7 g \ R "4

Folis

The mean of 2.96.patrols/hr. was relatively constant
throughout the day and. similan to the hunting irequency of’

3.3 patrols/hr obaerved along the. same | cliff in. 1976 but

3 considerahly Tower than"in 1977, when ravens ave:aqdrld 3

\ |
petrnla/hx (Monteveeclu 1979). As many as qxx taven_s in a
. i . 32§




B :
| - )
v 3 re; kc-:l ~~ZIotal Energy(kcal)
- ¢la "69.5 \ \ 27800
6. - i 45.7:. ity i el 4,2 F !
! N % { 166.5 L = 3330, ¥
3 i 3 = Pt £
12-  Ra73.8. 00 ¢ \ ; 885, z\ s i
" : ¢ < L 5
Energy Costs: g Method -
Fan b T sctivitied, 3
3 otal Bird-Patrols- - % o
ok Single ' Paired x X Patrol Time
117 '+ (2)50 045 man, e % s; ’ 8.0 A.
on-flight ‘Activities- e 8 ; ; ; g j
mu;;)_ x u_um ox BMR(kcal/hr)  x  Coef. of EXistence(King: 1974) ‘
H 2 4,95 SN Lo e T E 30
% A 2 A - Total Costs='Wig-6 e
3 T o4 o - ‘Balance=, -65.6
: eyl ey : i o N ol
i L k3K z
% X,
7




. whereas ‘in the present. study’ méan pacré1 size was’ 1.3,

', and; on only one .occasion did mnre than two ravens huncA

v\ith ‘e assumptmn of a cezntonal mated ipair in i %-’ .
the pxesent\ study, it'is faasible that food aha.ring between
adults (Goodwui\ 1976) and' Eeedan of offspting, ma;‘ have X
influsnced tHie: ravens' huntinq 1ntansity, “and that terri- ﬂ\ :
tonal defense may have determ.ned patrol: size. Raven.

‘of"' b: 1ngund

b - \

and l& is pcssible that the

ol j m1976 Moritevecchi '1979) .

‘u'x{a a‘airect ':elatiﬁéhip
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\ : 'which apparently lowered predation success. Montevecchi‘

(1979) noted an inérease \.\n kittivake nest de ense from

1] T 1976 to 1977, which, corx:g)}.atet{ w.'Lth increased huntlng in-

téns:.ty and predation success by ravens. n the pn\eaeht

st\zdy, lower levels pf patroumg and kxttlwake ok

predator behav\tour were fcuﬂ&.-—}bseems that huntlng in-
tensity and ptedatﬂr defense are: dxrectly related.
»

Nt
The :avens' pxedaélon \mcess of 7.1% is sunﬁar to

that ohaeweé by Montevecchi (1979) in the same colony.
Jackdaws (Corvus monedula) showed. a 3 5\ success rate in

Comtﬁnn Murre (Uria aalge) colnnies (Blrkhead 1974) and

v fm_'r-the nunbgr of preyed upon eggshells of this species”
; , g ; : \

: < . g g s
% feund on Baccal\ieu Island (Montevecchi, unpub.data;. Mac-

carona, unpub data), ravans appaxently have a low success

,againat this species as well Carrion Crows. (Corvus coxone)
! have a low succesa rate in Bla\ck—headed Gull (Lazus ‘xidibun-

7T dus) colomes, probably bscause theu: attaeks dn:ected at’,

evgs and b:\;aods dre ‘effectively ;;egened by ad\xlts (Rruuk.




meet this additional cost. .In terms of economic costs and-

bénefits, raven dati Jn it i} ‘effici

although the limited num?”r of prey taken during b:iel
obse:vat;on times’ allowed only crud\e analysis: The follow-

ing series of ex'perunenr.s with Gray :rays and Comon cmws

" attemp:s tu ar\mlyze corvid fo:aging "and. £eeﬂing hehavxom:
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Bait Selection as a Function of Relative and AbJolute
Density. ° . . \ s

As indicated previously, prey density has be:’_n“ahmm
to ‘greatly af!ecf. a pre'dator's diet. Change, “in absolute
daiislty Feticaite an inoredss o decrease in the total.prey
population, :vhere the p:oponmnx of pmﬁuue _prey remains
the same, wrprau relative. densxtywdescrihea fluctuationa
in ‘the percentage of profitahle piey in a pophacmn of con-
stant size.. At hxgh absolute: prey densities, animais gene-
rally become more aelective. The importance of the' relative
abundance oﬁipg'ofiﬁt»a}:le prey, that is, their pz\c‘:gx:rtinn\of
a total population, x-‘ unclear. Theoretical models suggest

that f dation should depend on absolute

prey density (Clarke 1962; Horsley et al. 1979), though pas-

‘serines have been shown to prey more heavily'on common prey

(:ypas, l.nde'pe.ndent of dgnaity (Allen and Clarke 1968)..

éxperiments that manipulate prey abundance

¥ B‘eeding \

usually pmduca a chuactexistic s-uhaped curve (Cuno 1976)

\
described hy Bolling (1965) as'a Types3 fioticnal respbnae

‘Such a function indicates that as the absoluta danuity of a

—prefmed pzay increneq, the nunbex of leua favoured foods

caten will decrene, whue the total amount. of food eaten
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remains relatively constant.
i bait selectivity

The present i inv
of corvids as functions of absolute and.relative demsities
of profitable bait types, and it was predicted .that the.

birds would become increasingly more selective as functions

of both types of density increase. ")

3 B | METHOD
. / Free-living Common Crows and Gray Jays.were tested
in”Father Duffy's Well (47°15'N,53°18'W) , a small provin-

cial park located62 km SW of St. John's.  Trials with jays
: S ! :

involved three birds and 'were run on a picnic table with an

/ approximate 2 m° surface (Figure 4). Observations were made,

from 5 3. Occasionally, jays werd attracted to the feeding

area by a“recording of a Gray ng alm call; ‘In trials

with crows, baits were spread :md@ex a\2 n’ area on
2 e ~/

the ground; ‘usually five, and as many as seven birds fed

i during t.hne trials.  Owing to their wariness, crows were

: ohaex'ved from 50°'m with 7x35 m binoculars. Jays and crows

" were tested on dufezam: days to .avoid 1nterupecifxl: compe-—

_tlzt;\.un.‘ Birds were nat individually marked so it was im—

possible ‘to dstamﬁ.ne indiviqual differences in. Bait_

" ‘selection. . L i ™




Fig{me\ 4. Gray Jay taking a bait from theé picnic
K L iy A i

table’ during feeding trial.

'







Snges i) ‘prey’ abmdance: 1) density trials offered bait
vﬁplflationa which .contained ‘equal numbers of both large
_‘and small baits in abundances of'4, 8, 12, 16, and’ 24 items,
2) frequency trials offered populations which were com- N %
prised of 14, 25, 33, 50, and 75% large baits and 7.1"‘;; . "
contained 12 \itens except 1aon 148 trials. Each gpeéi;g
_._was t;s:%d for eight trials at each level of density and of -\
Freiuanye. Darge baike weid whole\ saltine crackers.’ The i
caloric value of saltinies s 4.1 keal/y (Albritton 19w.
large baits being 12 kcal, shall ories 6 keal. . ‘ A
iy ; RESULTS : \ ‘ e
X v Both species Jore increasingly selective as absolute
density increased, though 5iqni£icant'leiectivity‘oécurxed— -
at. & ‘Lover-dénsity fdr brows than for jays. "At a density of
6/n’; ‘the crovs took-significantly more large baits than was
expected by chance (K =4.08, df=1, p<0.05) , while .s).gnlfi--
cant’ aiscrininatich was.first shown by jays'at 8/m’ bait

density (X =4.00, af p<40. 05).: The dliferenu between' the

two ‘species Ll \aignificnnt (enevtailad. £=3.13, dfxll, pa 01).

At lwe: d.enli:i.el, bof.h species warﬁ non—aalectiva (Fiqure 5)

-

hy bath ecies (Piguze 5) . Crova had an eul.iar thzelhol.d
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wdid- rmt do 50 until thxs ratio was l 1% (X =6 75‘

Vo - )
in €his condition also. When the ratis of 1ar\Fe to small |

| | ,
baits was 11:2, crows took siqnxflcahtly‘ more l/arge ones.
T expected (x =12.00, “dgs1, p<0.01) , when7as the Save

daf=1,

tailed, t=4.31, dag=14, 15(0.01).

DISCUSSION N : \
- )

% ,}ays and crévs respondad to chanqes in'lan a:['

prey /population by -inc:eas‘.\.ng selectivity ag the \béolute

and relative aensxtleq ef prcfitable baits i creased. 'I;he
crows \appeared more gensitive to densx(:y and frequeqcy chanqes
than the jays, as sugqested by thei! earlier \tendency to
_Belect -large baits. in b;:n condir.mns. In th{a present exs
périment, approxu\atxbna ‘oF the Type 3 respon;e vere apparent *
in the bait selectioes of both species in the density condi-
tion. (P:.gure 5),'and by the jays in'the fzeque cy condition.

cwws consistently took a hi.gher percem—.age ‘i clarge ba:.ts

4 ti-an vere offered (Figure 6). ; R TR

of Lndlviﬂuals ‘and feequ béhaviour of crows and )ayi.

Typically, threg Jays fed'sunnltaneously,’ and their gmau‘

b:.lls (39, m qumet‘ Ao51) lenabled then o take @1ggge o

baﬂ:/trlp. c_rawF tended’ tor- feed in laxgerb-flock 2
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oy em:y is sacnfmsd. %e x.mpn:tance of reluta.ve prey density 1
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“in & highez

overt aggression and food stealing result

level ‘of competition than ocbuizzed andng jays. - The cxous®

larger bills - (62 T Gwinner 1851) and widep dape, enabled

“them to take up to four haits/trip. As a cunsequence, - slaet

!
crows may' have been subjected o \greater pressure to select

huts more efficiently and quiekly.

| S0 el
Even at the highest absolute and relanve dens;.t;es

of luqe baits, some small’ crackers were alway& selected dur-
©

. ;ng the early stages of each trial. Thl\s resﬂonae con:r‘;- #alk

Saistie basic predict!.on of 0.F.T.; namély ‘that a particular

£o0, of size clags cf auiaste Epecles, 45 taken whenevelf
|
it is enceuntered or else not' at ?11‘ (Bmlen 1966 Paazson

1?74 Ch.arnov 1976). In fact this all—-ox-none select:.vity il

has never been shown tD “occur; rather, a smooth cu:ve, which

‘reflects'a gxaduéi\ increase in selectlvﬂ:y,. :anaxiably re- 2

sults. This functional response has been explal.ned\in thrme

i

of smpung (Krebs & al. 1977): an anunal moluqo:s .uts "food '

emuronment tc asaess the ava:.la)uhty and prof;tnbiuty DE hde !

different prey. In doing thin, a:certain amovnt ‘of effici- B







G i . ﬁXEéRIMEt{T 3

Tl\xe Bffect of Oddlty on Px’ey Selection. a

.¥
1) spatial ndﬁny, ‘as when mdw:.dual

'2) . movement, varying from slight ahnomallt:les in 1ocﬁmo-

- calour, : size, orientation;;

)\ Prey oddity takes at least three~forms (Curio 1976)

s stray from:a group,

flights, and'3) devian: morpholoqical appea-

etc. Selectmn

against, Jodd. oz cunspmuous prey has been observed in the. |

field. Pereqrine Palcons (Falco perigrinus) selectively

tﬁack bxrds which have become separated irom the flock,

)
and Go: hawks (Acciglter sentllls) select feral pigeo‘ns which

dl.ffer, in colour f:om other. flock members (Pxelawskz 1959)‘.

LIt is apparentl‘y easier ‘for a pxedatox to £ix its’ attent:.on

oﬁ an odd—appearing prey (Curio 1976) . -
\

e dence also aupports selection aga:mst

'

Expi x‘mental ‘evi=

odd’ prey:\ captive

Amexican xest::els (Falco sgarvezius) dxspmporuonately

selected odd p:ey ‘that difieted Erom the rest of the popula-

tlon, but: not against\ conspxcuous prey that differed from “.

. .the h\al:kgru\md (Mﬁeller 1968 1971)

“-\ A question ‘that i \ after

oo -

2 wias yhother,

; drge baits beca.me more a‘b\mdant._

TE ;.s possihle that:




3 s y o el g e et - «

oddn:y is an important triterion Df food seleJtion by ‘corvids,

% and in the present expe:.i.ment, pepulatxons of artxf:.cial

baits containing an odd member were presented “to crows.

i _METHOD |\ .
. Unmarked; \free-living. Common Crows were tested 4n the ¥
\provincial park study area, Artificial prey were whole Sal-,

tine and hand 1ded\ K ~~Ration dog food, both

‘2.8 g.w on 20 tna:\s, nine crackers and one , meat bait were
il spread raridonily over a 2 n? o Goveded irea) and ‘on 20 ;

xr trials nine meat baits and Qi cracker were > simultansously

“oegerad, . Txial.s vere :Andomzed with respect to.preséntation

T of odd 1eems. while not as_ conspmuons as meac ba;ta, pilot

trials ind:u:ated that crabker baits were vis.\.ble on the snow
¢ by to 1he cx:uws., Biviis wera Klloved ss! feed until.depletich of \‘\ .
a11 baits, thougn cnly the first bait’ taken in each trial'was = °

ccnsidered in the analysis (Mueller\l%ﬂ) obue:vationa were

C\T T made from 50m with 7235 mi binoculars (rigure 7). ®
i o v

mzsum's g S

Czows flrst selectsd odd bal.ts 111 both cpnﬂitlons (rable .

<3 Ban:s that diffe:ed frmn the rest o\f the populatmn suf-

‘Fered aigm\ﬂcanuy hiqher predation than was expected By o
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Figuxed. Ccmmmn Crows: select:mg hu.ts dux-:.ng feed-

ing tn.als that of fered artificial “badt" popmatmns

which contained one odd membez. - . - WA e L i
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Table 3. Design and results of an oddity eéxperiment
“+ in which Common Crows were offered artificial bait

B .
‘populations that contained one odd member. M= meat -

baits; C= crackers. i
; <A Nrpn 4 v =)
4 - . offered; . §
\ PEach  First Choices(tot) \
No. ~Tr:i;al» ExE‘ cted Observed % "
Condition " Trials M C.M° c M- ‘g X pK .
Meat odd .. 20 " 1 i9]"2 ‘18 |13 ..7.[67.2 p.01
~ ¥ A

crackers'oaa\zo BCRER1ET:) c2| 7 13|67.2 0.01
g, L )




"appeared to be SO when baits were odd in colour and/or ;

~43- t ;
! . e - g i
£ the 10 baits per trial, odd meats were chosen with a o

rank (x.S.D.) of 2.2¢2.1 and odd crackers 3.1x3.0.

- DISCUSSION ] 3
oddity, in ‘Yerms of deviant morphologital appearence;

may be one criterion of food selection in crows. THis

shape., It ,now seems more plausible that, on reaching a :er

“tain threshald, bait selection in Experiment. 2 was' in fac’;

‘dependent ‘on the proportian of 1arge baits in _the’ population,

as the crows differentially selected odd; not ‘eomon bajts i
the ‘present experiment. - \‘ : - : \
These results support Mueller's (1968 1971) f:.ndings
for raptar1a1 birds, bt conflict with, ﬁa(:a “from Allen (1972\)
for passennes, which indicate: strongr selection agairst cen-
fion prey. P are passerines, “Ehpiidh they. a6 classic om
nivores and tiue predators Cenge Butler 1974; Burger and N

thn 19775 Geor! Bnd Kimmel 19773 chmbes 1978). In th;.s

respect; 'sel, {against oddity, like that of ‘true raptors,

makes good: hloxogic\u sense\ in corvids. ; i




The Effect of Dispe:sal in Reducmq Predation in\Crybtxc ¥

‘cima and thus influence.prey uelect}.nn. : pxedatg, pregsure,

- lowering their density..In the present expexim;nt,‘ popula- | -

aw i y BXPERIMENT 4

and Non-Cryptic Prey.

Prey crypticity acts to increase a predatcr 5 search |

in turn, causes some prey species to space hhe.mselves in

such a way that interindividual dxstancea exceed the.direct

detection distance (D.D.D.) of their most ccmmcn predator
('rubex:qen Impekoven and I-‘ra.nck 1967). Taylcr (1975, P. 489)
observed "An.una\ls whlch space themselves out frmn ‘their

naxghbo\lzs wxll be fo\md byA searchmq predators - la\ often

*'thah individuals that fail to dp 50." . Camouflagé' functions

to provide as'small ‘a’D.D.D. as possible. Crypsis, ‘or re- LU &

" sekbinnice to baakskeina; and dxspe\rsal are \related phenmnena,

a}xd nany authors fe.g. 'J.'inbergen et all '1967; Taylor 1976) -

have noted that cryptic prey siay reduce their predation by

'::.ons of c:ypqxc\ and_non-cryptic artificial balts were pre— ]

sentea St low and h gh densx.ty tq visually hunting ptedators

to- teat tha p:esumed survival value of ﬂiape:sal‘. T i

H}:Tﬂon

G

'!hxee knoin GEay. aays, a ]uvenile (au—d U) and two, i




. i . \ }
D e

< Yo T ' \
\ | study area. Artificial \prey wére :ectangulax pxeces of

white salt pork and cyhndrically shaped, red Ken-L—natJ.on
dog food (Figure . Averaqa{-l» 5.0:) dimsns;ons, weights

and energy value nf fat baits were: 19,9+ 0. 4xB 51 0.4x'8, 5+

70.4 mm, 1.5: 4 g,‘ and 9.3 kcal, and_ for dcg food:baits -
\ d 4 28.8% :0.5x B.5% 0.3 mm, 1.6% 0.1 g, and 6.15 kcalx.

Trisls were fun on & plenic table, on which €he jays |
4 W the table, presunably rendering’ the. fat baits: cryptic. Eight
2 i trials were Tun in each of .four cohditions: Ten of each.bait

type were offered separately at high and low.density. In = -

b, the ';:lmnped‘ condition, baits were spread over halfl the

tabla; " sides b\ei\ng’rpnaomly alternated; in the 'dispersed! -

chnd}t‘ion; baits'were scattered over the entirei tabxm rials

ended when all baits had been removed, Search and handling °

tim;, detined as the interval batween landifigon the. table

and flying off with a ba:.t,“\were recorded:: R
R Ry S RESULTS : .

o Thieze, were. significant’increases in mean search and

; handl:.nq ‘time and:in total bait deplétion time wher the jays

aearched fm: crypt:.c baits thnt: were diupersed as, compared

: to clumped Total- deplet:lon t:ime far ﬂispgrsed fat baits

was 37 51 5.6 sec, and for . clumped ‘fat’ baits 47 9t 2 D sec

] © had been u\amed to £ind food.  A'10 om layer of snow covered |’









-47-“\\ T

(E 1,14=42,79, p{0.001). No dncrease in. depletion Eime.
occurred when the non-cryptic dog food baits were ai;s;{emed

39. Clt 3.9 gec)’ compared to when they were cl\llnped (38.8¢

_ 3.l.sec; see Figure 9.

Depletion times' for meat baits were sign:.ficantly shox-
tax than for fat baits when” each 'occurred at low dens:.ty
(?p 1,14=55.71, p<o. oot) i though not\when they we're' clulnped
©1,14=0. os, p5o 0. Seuxch times for individual birds
were smular within a ccnditlon and ac were comb),ned.x Table
4 shows mean (¢ 5.D.)° search time and total numbers, of haits
taken ‘in each condition by, the thren jays. The total baits -\
taken differed siqnifi.cantly amng birds from the’ expecteh i
eqnal\selecthn in both’ disperaed <3710, de=2; p<() oy T
and clumped trials (x L

R :
si.gn:.fxcantly fewer baits than the other Jays {F 2,9=57. 10’,

0.60, ag=2, p0:01). Bird U ook

p<0 01). ‘Mean search tmes for. d).spetsed fat ‘baits were

longer than fo: clumPed fat baita (F 1,4=19:10, p<0.025) and

- . for clumped (E 1,4514.51, 540 .025) and»d;spersed neat baits L

(F 1,4=13.20, p<O7025) . Mean seax'ch times for - dog fo0d ba:.tu- )

did not dxffex‘ between deneity cundxtinns.

oo " DISCUSSION i

Alnne vas ot a‘\afficient tn reduce pzaaauon by’

the jays;\ spauxng of prey vas also mpoz:anc. Within' the

li.mu:ations of the pxesen: S imen redation o W




F:,gm 9. llean depletinn t.{- (n:) fox czyptic (fat) 3
and mn—czypti.e l’unt) hn!.ta by Gny Jay- in two den-

ity

by mg-ct—»y-um- nmp are uuuud
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is-not gained by conspicuoun baits ‘when their dens:.ty is

xed\wed, These :esults concur - with previoué studi;es hy

‘and W!klu.nd (1378)(“(} Othex‘s. ¥

been te:minated aﬂ:er a fxxed ;mt:erval. When prey.'hecome -

moze diffic\llt to fl.nd, a predatot must allocute more ‘time

b

“to foraging and less: t.o othet bihaviouru, oldctests




N The Role of .Food Qual.u:y in Selectxon When Two Poods ‘Are 1,

' : S 3 .

offexed Simultaneously.’ & o bl

As mentioned xp\ the General Intmductmn, o. 1-‘ ‘1‘. pre=

T . dicts ‘that, an.nualn have\ the ability 4o xffe:entially.sel—
ect prey in teme of 'nét energy ‘valie, E/T “(schoener ;971)
If the x‘elatxonahxp between enezgy, E, -and, £ine; .T, chanqes

for o pattibular piey typs, an animal mey Bvith to alter-

nate foods. One ‘cause of switching is an mcrease,sn search
2 i -~

t:ul\e for péefezzed prey. In the present experiment, the

i abx.lil:y of wild bxrda\ to diffe:entially seledt £oods on the

hasia of calcx‘.\.c val\le and the).r m.llxngness\ to sw&tch from

a pxefen:ea bait type when it became difficult to fma were -\

5 :mveatygated. In arlditian, fomqmq “effort in relation to . -

puten 121 eneray, gains was exam}.ned. s

. mz'm-x\on i .L \

<7 - Inree known Gray Jays ﬁare ‘tested. in'the pxcvincial

park study area. Three baits were usedx réctangularly cut

'.salc pork, hand~mou].ded Ken-L-Ration dog fo0d and halved
2 S ’,Salﬂna crackeru (see P:Lgu:e 1u).‘ ity

3 Thé rqi'xic cormpcsitlon nf foods can \e expreased a8










s 2"
randomly over the 2" m . surface:

\ asai |

B % N\ \ ‘ : ‘\

" is'stored only in fat; protein and carbphydrate: . Food
tyBes were' chosen: on the fi:a.si‘s “of differences in erqa‘nic
c‘ompositib‘n (Tal';le“ 5). oxgani{: analyﬂ'zg was used fo -
determine. the assululable energy of each bait type: sale
potk -'9.3 kcal, dcg food - 4. 05 kcal, and Saltines -
6.15 keal: For & gonvenxence,\these £oods. are xefen—edq;g

as fat, !neat and crackers,  respectively. ' -

1 L PROCEDURE @
Jays were offered \the three possible .paired combin-
auons ‘of i:aits. To investigate the effecc‘ of crypsis on .

bait chelce and seat:h time, 16 tr;al.s wére run for each

‘pa;red cembmanon, half on the bare p:.cn].c table, half
when snow, usually 5—10 cm, cove:ed the ~table._ In the lat-'

ter conditio!

, baits were seton' e — p:essed mtc
BT Each trial hegan with 20 baits, 10 of cabih £ype, eiaad
Bait: pa).x:l.ng was randomized

acrass trials, which jrere terminated after all Hies noa

been remved, or 10 min aftez: the fust Jay landed on tha

4




Table 5. Organic composition of foodsi used in feeding exper-

iments. Maximum compondat values are underlined.

v % Composition
Food, Froteln .. Fat  Carbohydrate..
Salt Pork . . 9.5.. 652 0.5
Ken-L-Ration 20.8.° 8.6 $27:5

- 9.0 13;

- 1T, JSaltines L7940




¢ = , X
would. be ex'pecr.ed‘ with ’rax(&om seléction.. . In the analysis . s
" of bait p:eference, on}y ehe initial 5u§ of ‘the birds' y N
\chomes were conude:eh
S e, 8 & * RESULTS

Though there was great individual variation among v

jays, fat was, pxeferred overau in the 'no-spow’ Gt ition

to both meat) and crackers (%584 ana 61,95, respectively, .

afs=1, ps<0.01) i there vas ahght ' ut non-s:tgnxflcant

i selecuon for ‘mear. over crack@ms,. During t:nals on snow,\

\ ; the increase.in méat preference was 81gn\if:.eanb\ (one r.auedk WL e

-7, p{D 01), thﬂugh meat was nnt taken more Often

JEE
A\ - than ‘£5t 4n t}us condition.  Similarly,. crackers wezé not

chosen over. fat baits Ln the cn‘pus condition, but increased

; R o - _from 6 to 40% of huual choicesx (une-_tailed,

=11.07, af= y
% : 7, P<D.01): When meat and'c":ackexs} were offered together,’

. ‘there was'no differential selection between substrite condi-
R -

L tions (\’.l‘ahle 6). : ‘ . ok :
gy g \\ roxaqiné a;\:ozt was greater rl\:xing initial purtiona BE ol g

trials and gzadually wuneﬂ a more,baits vere relmwed. It

gt




%1 . Table 6. First SOX bait choices of Gray Jays iin two syb-’
strate conditions.Sdignificant ‘differences (determined by
“ one-way. :-:es;s) are indicated. F=fat;Memeat

o] B S ubstrate ngditinn,

Baits 0ffered " . No.Snow Snow - % Change . . t.
% By oWeee : Ve TR e e Wl S
Fat.and Méat S SIFI2TH, 207 4L3TR

Fat and Crackers 75FiSC . .
+ 3 1.00..

; !

¢ 7Meat and Crackers . 53M;47C

236 11.07%¢

TTiwk:p€0.01 .




3 p€0.01).  Mean (tS D.) times required to gather half the !

T 7 energy: cont_amed in fat/meat (as 8+ 89.7 sec) and meat/
cracker populatl.onl (191.3% 73 5 sec) were also signi.fl- g f
b

- . cantly shorter than expncteﬂ\ (X 5=126.30 lnd 19.40, res= "
) W 3

";q pectively, dfs=1, pu(D.Ol; Figure 11‘). S e b4

. * y : 5 DISCUSSION" ; | {
RO e The jays tended to differentially select ranked foods !
A\ \ 4
i\ - 0 ¥ %

“according. to energy ‘content, fat tq.a i

2l m T Meat baits were,-however, selected slightly more often than.

7___=mxmuy_mxu.1mu and this trend 3
closer examxnation. It lmy\ well hlve’been that dzfiefe.nce!
in hnndlxng capabilities caused fat and meat: haitu to be

!

nore pxotitahle than crackers: an average ‘of two fats or |

’ Jeaca vere taken per trip, compuaa to cnly one ‘cracker. ‘It 1
i...0 . . . is possible that the jny-_:elgctea £00ds ‘in terms of their ;

: net -energy, E/T, rather than x.n descending order of gross e
N energy  (Rapport ku_m Pyke et al. 19&7).gxc1|:_d§.ng the strong. ‘
. fat preferencé the results are not compelling: the slight 3
preference for meat’ accomted for only eight mbre of this
£o0d beug ‘taken- than -:rm:kors. % N

When: potential energy gain.was' great,: ‘feeding hehavieur :

‘uau Yiqouroua nnd xetu:n cimea uho:t ~Fo_:ggu59 be‘qam_e lgss

? intenle as mm;a_pxetlt le baits :egnved from the. table. o
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Figure 11. -Percentage of total, depletion time reqiired .
- 2 Y
§ & optain half the energy (kcal) contained in'thres . S
< mixed populations of baits. ~All “times are significantly.
1 - » . . A

shorter than expected on the basis of a constant fofaging
% 2 rate'with randpin selection. I ' . .- LRy
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Rapid depletion ‘of 508 of thie energy in'bait papulations is')

uiss -indicative of effxcxent fooa &electlon as highcalorie !

baits were Eelected flxst.\ Bird R's r:hc:l.ces lnay have been

In the *no snow!

shaped by competition from the other: jays.
conditiun €his bird took mostly meats, while the other jays
1: seems reasonable that" Bird n wotild ‘con-

in the

mreferred fat.
tinue to take meat haxts when fats became cryptic.
tengw!’ condition, huwever, Birds U and B suitched 0 meat] -

o fat

: ahd R to camcuflaqed fat. Interestx?qu, the avi

resulted in mcrea&ed foraglng efficiency.’ Cmnpeth:ion from
the other ;ays ‘may have prevented sud R from explul.tinq
fas-in the "no snow.! condltlon, thnuqh it is unlikely Bird

R would be subordinate to Bird'U, a juvenile.’ The social

o

dynamics of Gray Jay families.requires further study.
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: | EXPERIMENT. 6 ', . |, \\

| The, nole of Food- Quality m selectien when me& Fooas Are

offered Simultaneously.

Domestic’ chicks and piggons are- able to choose from a

.variety of foods to yi81a a balahced dx.e\: (Dove 1933; Brown .

I,
1969) , thouqh exceptionu have been noted ‘(e. g. Bnlen and

Emlen 1975% 2 11976).. ’ n., ‘not all am.mus

select .foods 4. an eff:.::ient manner qx have need to' (e g. iy

Haiten 1973)\ : i

ey T
. g . Tn_the previous ekperiment, the  jays, ‘se\iected an;ed

comb:.nat:.ona\of foods :in. relation to net energy value The

Boue .+ present experiment offex‘s three different fooda aimultaneou!ly,r

impasing a mo fe- difficult test of deciaion—making. “The jaya

are ex cted -tp take baits in pxcpq:ticn to thei.t\ net enetgy
s

vaives! Bome trials were fui on albnow background; ‘rendex-;

ing the highly pzefeued fat baits' crypt:lc, which was expeched

to cauné swn:eh?.ng to alterna foods A ‘, t, t analyaiu

yas afﬁpued to che fouginq hehavinur of. thxee known jays.. 1n

two uuhstrnte cnnﬂltiona.

i " v(1973<p‘2)







: snow trials; vhere’ 108 meat baits were taken compared o

%4 erackers (rable NT Y T i
i[n aut\mm tr;als, two thirds of all fat baxts were
ele.:uuns, com-

taken g the fust 5\1; of the Jays
pared .to half. the " c;ackers and a third of ‘the meat baits
v N

.80, uf='z',.;}§o 025).

in - éﬁome of -

dxvd.duals d“ffered
the total numh X of bal.ts taken ;n ‘the eax:ly portaons ‘of

of their frrst soa bait chomes, N







£ t\}\!‘ee‘rkpﬂ"il.(ﬁvt:iy'Jny]u’ %




m—ag‘img effort waned over tune for’ Bird u, a8 iy obta:.ned,

} ssi\af 1ta ‘total number of balts in the fix:st halves uf

SRR e Y -65=" ;i 4B Fu
conditxon, whete befote it harl taken the most. The forag-
dng: effort of Bird B: vas’ amu.lax in \ each conduxcm rable. " | \

{ = 2 e .

BB) " L ¥ ) g . ;

“The initial: smilari\:y among birds in the nm\\ber af

Baits taken € as trials sed. .The total-pum-
B s

be: .of bnts takan by each Jay dxiﬁered ugruiiQantly from : : X




Bl

le 9. Total bait’ choic
.in feeding trials in vhich q"\hxa'e f£oods ' were. offered
re totals for eight

tvo substrate conditions. Figures,

. trials in each tondition. e B

of three known Gray Jays '

Comddtton .3 T

Bait Type. % Totals. -
Fat * Meat. Crackers' ~Observed ‘\Expected. '
26\ 67 s 23 - B | A

43

. Ciypsis Conditd




) Py, 8 A range of foraging effisieqcies was found (Table 10).

Total energy gain, E by each bird rhffere‘d from the ex-

pected one third p!DpnttJ.on {520 kcal) ’ bo&h in the non--
c: ytlc! (x

5.80, df=2, p<0 Dl) and cryptu: condxtmns\

§=35.'1q daf2, pLo. 01), and’ t\!ere was ‘no’ signifxcant

s ".change''in nergy gain by each bird between’ condltlona.r -~

DISCUSSION

. “No's AgS:ficant seasonal dlfferences veze fmlnd as fat

e was consistently pxeferxed to alternates. Thére was : B mont

. sxstent

end, in uelection for meat avd crackera, ‘but Eh:l.s

Bl l||ay be coniounded hy tlie effect o

si5 or dndividual -

These resul
X

s m the aut\m\n, the ]ays ﬁ%\}ecteﬂ fQodi acc
AN

Jd:.hg to v 07 N
% L qrosa energy. value, "hecause onl.y ofie!; cracker, ut sévaral .

meat baita could he carried _per trip, dlff.erenda in‘handling

e

capal;il:.ties k(ere apparently i\mored. In the.crypsls condij k

t:.an, pasnbly d\ua to its hiqh vislbility ln the snow ,and

moze efficxant hanﬂling, me: at - bau:s vere. taken tuce &a
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level -of "seleuticn of ment’ baits and Bird R switched to. v b

crackers.\ Direct competltzon, ,altheugh lz.kely to be

butxon of the food supply (Beztrum 1975) The hiqh dennty

. of it ilow sta{zua. ‘eray Jays try to hide fnod St ‘of “sight

-, of othex‘ jays that are soclally dommant,v and may- lodted i n e T L

.Ln the vmmxty of caches (Goodw:.n 1976)\ thtle prior 2

gx:eund "\dacraaued efficiency was ohserved 20: Birds u angl'

R but f\r diffex‘ent reuaons.
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| 2 2 e " EXPERIMENT 7

‘The Bffect of Handling ‘l‘im\é‘ ‘on Food éhni;:a. - §
As shwn in Exper:unent 4,.an a.ncxease in seaxch t:.me ) A\
R could cause a shift in. bait choide. SHitghinq may also oc—

¥ s 83 o cir as'a result of anreasad .handling time’ for prefexred

\ R g prey. 'l'his experiment examined the- role of handung time

in the food sb&ect;on of- Gray- Jays.

: : # - . MEmHOD | W
S it 310 o O\ .
° \\‘ study area) suhjects ‘ana materials are the, sane as in

.Bxper:unent 4. “To increase ban\nmg tine,, fat baits were' -
i
.wedged intc gxooves hetween slatsA.n the ‘picnic tabla B

| Pilct trialé shoved that the Jays] vere ablé

{Figuye 12)

& ) exuact\;neae baits . though considerable effort was: often

& 1 xequired Ten' wedged fat baits wére offered in each of 16+

SO0 ey trialer ten meat-liuits were also available on eiqht usam,

N .10 Grackers on’the others. z:bentation of alternate m;«;s x

omzed across trials, hich énded .after all baits

fte; the ﬁrst jay J-Bnded on the

Pk \,,.J" tha time

o ex=




e Mg - o







\ P =73-
\ . &y | 8

i P@.oll.: L Nt
“though th.in difference was non-ngnuscant uhan flta verF

-
fiot wedged, vu-_h 42 exackers and 38 fats m.n& uken

meat baits compared to 16 fau (_'_ -20 80 -af:
| T

Cﬂlpazed “to baseline f.:ipll in Iﬁu.ch hnndu.ng tM hmi not.

- been Ancxeaud, Jays togk liqnulcntly more nn ami cracs

~baits. 1n t!u preaqne expe:h
I

\ £=-3:20, a;-?, pamu).- rhu tAnd mm not -tuh-u—
1 u].].y Mgnlﬂcant, is nln seen i.n du t.oul “number | of at-

TN

‘ :snnvn 50! of the huu dnring l
nc, 2{-:; 8 nilt) tlnn




z Attamgtad Hand_ling Time(sec Eiﬂclanng kt.'nl[nln!

1_.0 el 550,153 .',40311

3.5 5 1000 7 150.04710.67 |
0.5 . 1.0 35.0+ 9.0,

.\.x/;l‘%‘ia:l'lc.c % 0540007 15,1 Grand.X=46:7+ 10.6

' E. Craukéra ds Altqrnatea .
at Balts -Fat Ba-it
__Taken Attem g Handlin i.me(sec) f!iél‘*x(kcll’[mln]
L0358 e +25.08 5,.1¢ 0.9/
5.8 15.2 E
2 8.1.¢
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' nlscussmn R a3

A compatimn nuing only, t.hree buu undoubtedly

affects the, generality of the uut&gclcnl mlysu. Dif-
JEe ferchbes_ir in mean hmalmq sl “Rore, indlcat:xve ot the =
. L jay's x-eacuon\to ueaged fat ana altamta~bai:s. When ¢ g
handling’ tnne for fat was i i |, _the hixdé 3 =
1 g il :eadny &6 imeat but ue:e\:emcn’nc g take czacken. s, - :
# basslxne t:iﬂlﬂ,v fat wa\s tiken twice as often as Mat and % ¢
. nthe tims IS, oitan than c\rackera.’ In the. present experi— i

nent, ot al.ternm:es viere taken more often'ss a. result gf s’ M B

% 'mcrennd hnndling time fct fat bAtn. Relnctance to sthc);

s  to “crackers may repze!em‘. ‘an efficient strategy. Owing to

. the i.nc:ealéd hand].‘lng time; the prbsiubxlity of fa\: baits,

o2 C E[T, vas 1owezea and was ptobahly similar to /unc ur meat,
e S

< i ‘as mBre than ‘one mg bait could be uk&sex tr¥p. C:g:kezi,
FETEh-bould ‘oply be. ceiorel simgl.y, remained lowest in pre-

g fitability and were not accepted as \readily, FT S 15

= only 0,03 keal (see Uteer 1971), “which | seems negnguna

3 L\
eé to the yidld from ehin :cod. A qraut deal af cun- ;i y‘\‘v B




ith vigilance and 148 1eave an;, anmal vils

Vogs e g Jexable to predati\an. Am::.—?radator faccoxs are pxesuw -
e
. : bly of considerable importance in the jays' feeding

stzu@taees exinent 9. o ¥ | Voo

Bira v swu:chad teaaily to both alternates and mafq
L e ;Eew attempts to extract (fats, often not seturning'to the -
‘ o h:able aiter a ‘had been ‘depleted, | Bird B was least

ukuy to swigeeh, whereas the bait eho{ces of Bu'd R were

Lh
. SE undoubeeny 1pf1uenced by its’ stzing préference for meat

v lsee Expernnent 5) A “When msat baits were available, Bird
ki
R took; then\ alﬁnos’c exclusively and was xe: ucta\ht to tz‘y to ;
¥ Y

,attempf.. A‘t one, point xt made 11 consecutl.ve unsucceasful .

Sy ) M attemgté | There wis pxobahly a, mativatiunal component in.

LF L L khis bizavss sucpeas at extracting fat haits when céaquzs ]

rwexethea" s 88 ] 1 atte to. 38%
: b ®

: frnm 10%, when meat was: ava:.lable. th.le not ignox‘mg m—

dividual: auferences, ovexall the:e was ‘a; gxeat readindss”
: 0B Ltch to ll\eat than’ to cxackers when' the handlinq tu\a

foz fat was 1ncreaae1i

e TR PR




o o - .. 'EXPERIMENT 8
The Effect of uinicry on Food Choice. »
\\ nncog'nlt!.on ‘time is another cost that . Iny Lntlnence

an an:.mal'a foraqu\q _; Many’ predato: i

a .

vast nunber uf poeancx-l pxey that must be: detected and dis-

crininated f:en non-prey. Predatnzl attend o various' cha—

ractarl-tscs ol tbeu prey, such as -iza, eolo\n- patte:n




5 used yrevitqul‘l:y .

S:yzo!oal c:hip! vem uged . mhﬂcs to

= ~mal prey reoog\itim m., mimicl were equivalent. % fau ¥

SN in size, vshapl anu coxmn and rnbbed with fat to elu\mte

5 10 m of al me. sadyais of t& f£irst axqm bai.trtaken

iy 508, since- five baits

3 nlln cauud t:hn,expecced ra io

 than 1:1. Totalide- .
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" were available resulted‘in s:qru.ficantiy lanqer depletion

3k e mea. ‘compared ‘to tm.als that “offered mept “paits. The

s \;gys took sxgn;fu:antly more meat ba:u:s than qzackers dur-. %

ot .1ng their fxrat elght select,wns.)

i "y 3 Selection of n\eats did not. djs‘fex significantly trom \

the ¥xpectéd 27 1 :ab.o; (x 0. 13,. dE 1, p20.05); \but th.e

“Jays vetd pexs;stent in' choosing fat, -over crackers (x2=17.34, 07 .

dfl,pdlalf)-e_‘_-

" Continuéd persis

G jays  were: @ecelved »the ‘,

B

‘ana hat they

ez . “were" 1 obahly rel nt to switch te -an 31_ ernlte ait, con-
i

versely, the 1arqe number of mea(;a ,chusen d\uinq their f:nrat '

ey 50% selectxons was “interprete ds'an indicati that ‘meat !

was a more. | $ 7 1 .than 1 » 3 re-’

cug‘nlt.lnn cma far th baltB lpwered thair pxofitability,

-as_shown hypothetically by the clock—wiae retation of me\ :

E/T. 1:.ne m Piqure 13, This 1ntez‘pretaticn coula §1y as.
&

)

nts: 4 .and 6 h ana

in wh:.ch xnnzaassd

inlble ultarnate was avaLlubie ’l,'ha tendenc ta




Wy
'roqgnlﬂ,m d.-e and p ,:iuulity, -nm by un\

,a h!,gh-x

. m,valu. .










P

\BEfects of a Bredator uod}ax on “the Fesding Behaviour of, |

i

. =83~

Expxnmmsl i 2 S

Gray ‘\T.ayg o o )
Alai callmg, distraeticm ﬂ;.splays—and Tobbing are
‘three 'a) %, defensg $ g employed by many.

avian species (Bazvey and Greenwood, 1979) Am prefator

behavlour atfects patterns of sleep (e- g Jouvet 1957),
activity (e.g. linggisberg 1972) , and’ neat site selection

(seaTetezances in :Curio 1976). Forag;ng stzateq;es such.

"'as Hlocking'axe also thought to be shaped in part. by px‘ed.a- !

tor pressure” (Pulliam 1373) . " Studies }Sy Powell (1974),.
51eqfr1ed and{‘Underhill\%ms) and othezs have found that

1azger £Tookh [otten respcnd sooner to a predam and spend
]
moze'time ieedinq than smane: £locks. |

Pattams of eptinat fo:nqing are also suxely shu ed’ by

A predauon pre}ssuxes as we\ll ds the’ nutx:itive valnes of foods,

and in tha present atudy thﬁ effect of a mpdel Great Ho:ned

owl (Buhn. virginisnis) on the; feeding bekaviour Qf a Eumily

of Gxny Jays. wau invequ ated. ]:t was expected that the




used in ‘previous experiments. 4/2 o plasta.c Great Hor- . | ..
. & P

- ned ol decoy and a 35 jtuffed, ; ale Ring-—necked Duck

"mine pOEBlble diffé m~fuoq, reane - young .

and adult’ birds. Th:.xty ba:.ta, 10 of each typa, were ran= |
/ ?
rt

'owl' 'duck ‘and. “ino. decoy"










A

. f y -86- i
/ I, P e N
after ‘the first bait ‘had been taken.' Pilot trials showed

that the c'nl. decoy’ dxsrupted feedan x‘esponseﬁ and .as a.
\

# result, “depletion t:imes ‘for the first: 10 baits were con- S
: slagzed in thxs portion of ‘the exphtimsnt.

RESULTS

Durinq bsseline trialg, both the juvenilen and adu].tu

a 24
tonk 60 baits; however., be&ause\rhree juvenile and two. adults

fed the mean (iS D ) num.ber ‘of baits taken/hltﬂ in each

S

aga -:lass was 2 6t 0. 6 and 3.8t 0. 9 respectively (t—3 34

u, p<0 ol); adnlts averagmq (ts D) 1u7t 0. 6 haitg/txxp,

e compared to fi34 0. 5 for juveru.les (_;3 7By
iles we:e hﬂ b:hscruunatxng i.n Eelecting ha"t&!' tiki.ng each
V:ype apout ‘equally, wherea§ aauus took mst‘ly fat and meat,

and few crackers: (Tah1a 13).‘ Tay

’.l'he pxesence of the owl decey dlarupteﬂ the jays. feed-

ing, respcnses, whereaa the duck decoy as \noc. Latency to g

feed waa 123 1! i23 9 Bec whe.n the Wl qu in khe area, com-—

X
pared £0/17:74°12.7 sec

and '10.6% 5.6 sec in the 'duck and

Lo decoy naiticae: ‘rehpectxvely (E2,3328.45, p(ﬂ 01).

as: no siqnif:.cant dxtfexencs in latencies between

L3 There

Ct e ¢ DB

‘,p 09 01).4ﬂuven-




- “.. .'\
s

. £ e v YN gk, ®a S i
Table 13. First 50% bait*choices of three) juvenile and

3 T
two adult Gray Jdys. x_épl_xeg:a of eight trials.s ignifi-
cant differences (determined by X°
preference ) are indfcated.

test of lexpected equal |
EN Sy T, 2 T
\

0+30:-7:50. 05"

A
12570 ¢ “¢p.01 X




A N

i\

5 ln the 'no decoy' cundir_i,on (x =7.69, df-z, PO 05). Bad€

‘in che, duck diti No di

\ -88- .

_feeding 1acench of ‘young and adu1t »1ay.. " Gdcs f.aaaing

beq\m, owl trials progressed more llmly thln either dnck or’l L 4
no decoy trials. The mean depletion thu fo: ovl \:ﬁau vaa
375.61 167.8 sec (two trials had to be berninlted after 10

nu.n).‘ and for duck and no decoy trials weke 175:6% as. ng’ ol

and 141.9% 52.7 sec, 1y. * The ‘difference among thie

three cond!.tinnu is Aiqnificant (1"2 21-11 Bl, p(O 01), and

\
that between cdntzols is not,, ; S
: e
rewer baits were taken durinq ‘the cwn. t:ials, but, the

p:pportianate -alech;l,on of f.hg jayl did not chanqe acrnss

experimental conditions. Fat and meat bnitl vere consixten\tly

to ers, but this di

is 5iqnificant only

chnicen of juveniles.vs. adults differed from expected in

thetowl (x=6.57, as=3, 240-02) and duck decoy conditions
(x =187 zs df=3, p¢D.01), but mot in the n&¥ decoy. condition.

Jwenilas and adults differed in’their selection of crackers .
in-the mu. conai\ticm (x
(

00, dfFl. pq .01),‘and of crackers
2 p€D.01) -

-5 76 ag=1, p<0 02) and ‘fats (x -1'0 80, df=

‘was: Eound bctv.-n ‘age

There ‘wére hithy sxgnificnnb neqtn:iva :omauuoa beiiih

tween: txial n\mbd- and depletion time (r: . = ~0:92) and be-
SR
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. ; Lo =90

s tween tridl number and latency to feed (z M’- -0.75) in

2 i the owl conditibn, * - 25 5t

1 N s DISCUSSION
4 )

Tné-hxgn' selec ‘of adults cé juveniles

may have baen \t.he result of prior axperienca, elpecially P

,lllld’ and take baits

B o with h\man fooas.i Juven;lea appauaq

!.zda consxstantly take moze thnn‘:me hn:/

t.zials 41d ‘young

s " tt;.p, and the polbi.buity nf ohurvatlonll learm.ng must be

R nttie idéred ‘m " "ozzhuqxwgafjays' e

o LAga diife:ed sllghtly from the bait pfeferences of adult e

Jays offéred tha same nbait cuihh\ation “(see. hble

nent S). o >

. .

= % - * buring: the ax—perh:ent, mu- had.a lhcx'te: £Eed.mg’ lat-

lency than-juveniles in the no decoy* condltlwx and: longet .. 2

\ )abenciu when' -mu: d!:oy ‘was ‘presest. The role of priLr
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x GENERAL DIWCUSSION

L f
In the coneext of the. px'esent seriea of expe::iments,

A3
the feedmg behaviour of these corvids concdzs with some
hasi.c noticns oi opt;mal ﬂlet, opti.mal allccation of time
for feeding, and food selection lkterms of its net ener:

value. In light of t.he fact that these hirds ‘must rely to

some extent on an nnpredxct.able or ‘seaschal’ food, aupply in
pa:ks 'and seabird colomes, t:hese find:.ngs make good sense.

:Other predxctlons, such as an all

type of sei
: |
with. increased food abundance,.wexe not suppotted by aata.

The \:ost/benefit analysls of raven predation 1ndl.c€r.eﬂ'
that these cowids fed in an ffzcxent manner; obtaxninq

‘spfﬁcxent energy to meet daily requ}.zeme.nts. To Tmpue i

natural.predation with opportun guc 2 ing,” crows and

jays were tested in a series of field ekperiménts. in which

In-

cids’ demon | patterns of optimal foraging.

creases in. (bsolute ami relatlve abundances of pkcf:.tahle

prey 1o ‘increased selectlvit:y, as had been widely shcwn
4

“in earl;er'atudies. 1t was unclear v‘hethex the' bLtds had

¥
»aetually be m more selectwe whén tha £:eguency of ].a.rqe >

il
2 baxts x.ncre sed: o had \heen non-uelective, me:ely tak:.ng com=

o ba:n—.s. A follow-y) ‘xpen.ment shioved, that ‘there vas

ntx‘ong selectgo' agnina oﬂdxty, which indicatéd. th\at corvxdé
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behuve like cthex' predatory. birds.

In qeneral, the” jays chose, baits in terms of net energy

g value, though some exce'ptions were founa. A coatlhenefit

i analysis‘ of’ the‘ jays' bait sehctiw shbwed that these R L

um used an opr.unal attutegy, alﬂlough a range of bait pre- iy

A i , End ‘], andsf“‘ﬂ“,wﬂs

' S Gonna among t:'he‘ thiea kr..o’m“‘;‘\uys. This’ ype of analysis®’ :
ising a greater mimber of birds would ‘sndoubtedly e pro- -

* duced a wider' range of food pxeferences and eff‘lcienc.le‘s, iR

- however. t.he present dtudy was constrained Sy] the numbs: of

P jays T could attrast o the pax:k. e o : ;
B Suitching, another’ optma:l}y sttategy, was demonstxat:eﬂ s bl

in three expe:mem:s that 1ncreased search, handling . and i
1 1 5

v : umes, ; ].y, for. in Baits. ‘The Jays'i

switch ‘to neat; but theu reluctance fto. r_akef crackers was

explained :.n tams of the relative prnfxtabi%&txes of the

7 . 'Eh:et‘z foedé though .

meatto cracke:s, or that crackars aza’ not; lehd uémsalvea

to\-caching as’ vell : 48 meat. un}fozmna:exy, I'vas u.nahle o
< " R

in'go0d c wut;.-net :
R
ideht, adulta heing more; ﬂiu- >




-[ontogeny ‘of food choice a‘:e\r'.wo obyious extensions of this. -
: = Ay :

\/ar.u’dy. Aqe “ai 1ces in- anti

i while
suqnu& tangentiah to the' focus St present -tndy, v
raised ¥ aufﬁcient atmbers of questinns \regarding the zo:uas

ot lgarning ami prior expenence on_ whidh ‘an rentire: u;asis :

could nel based.’ . \ X

ThiL set vf expen:nents is n\ezely the tip nf ‘the ice-:

“bérg: muci’x remains to be dnne. ‘the socia]. dyﬂamicﬁ of G:ay;

Jay families negda to \be Btudied in gteater detai

action amnng the, three known juye a8 théy aelected ba:u:s uaﬁ
¥ I E
paxticulatly 1ntaze5ting, and by isolating and tescinq cap-
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. APPENDIX A

physmlchicul and toure ons of. some

“area Corvids,’ and Their Relauon to'Feedfng and Non—mgratory
Existence. - ~ I &

¥
The Corvidae is a diverse group of passerjne birds

with more than 100 species that are subdivided into the’

"typiéal ‘crovs), jays) ‘and magpies, as 'wéll as smaller groups

4

such as’ the choughs - gnd hutcrackers (Goodwin :1976); Most

species ndst in trees, but adaptdtion to cliffs,and othet

treelsas Habitats'is Sommton ik nb Tebat one apediew’ ad'h
Ground Jay (PEeuango;!a;:us hunilus) ‘diqs out a nest ca}‘ziﬁ;( :
| in an earthen bank (Ali in Goodwin 1975).

zxcept for qmund Jays corvid plumage tends to be

crnnte, with little selectxon on: c:yps:.s Plumage or im-

inatu:e b:l.:ds :esembles that oi adults, hut where marked: daf—'

‘ ferences osouiz 2 h degree of sociality is ofter: found.

2 This may serve to reduce dqgression du:inq tlmes of limited

food. supply (Goodwin 1976) & Conspxcuoug differences between

juvanile and adult plumaqe are ‘found in jays-of the genus

ingreus.

)
and shape of cnzvid bills are uenally corzalated

4y
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n_xfeng, slightly hqoked bills which réflect their broad
feeding habits. Strong, pointed bin-' of the nutcrackers

are probably an adaptation to feeéing on cone - seeds (m&un

1944), while the decurved bills of. choughs: and qrcund Jays

& appazently ud in theix pmbznq search for food (Goodvin

1975) E IR 3 \
H S

i aze an C 1y 1 fnmxly and 1ack

tepre!entation ‘only in New Zealand and Pblynesia (Goodwin.
N

1976) . Some mempex—a Suth as. the Common Raven, (Corvus corax),

mafmtain’a holarctic @istribution (Coombes 1978). . Their

and dpportunistic feeding str have en-

abled corvids to, outcompete ‘many other species. ~Although

the raven's ability as a E 3 48 well e (e.qg.

Aspden 1928, Tinbergen et al. 1962; Montevecchi 1919), lt

is t‘-_x_'ul_y omnivorous. -Bolan (cited 1n Coombes 1978), analyzmq
the ‘Fadcal’ et bagh o8 vy ,found 16 d;.ffexen: f£ood types, .
anlu:unq animni matter, seashoxe uh;ecu, seed& ana .insects.

The ‘diets cf crows are equally diverse (e.g. B\xtlet 1974;

Buxge: and Buhn 1977). Jays and nutc:ackezu are somewhat

mnre apeciali.zed in their diets, whieh consist larqely of

ace:ns and pina seedl. reapectivaly (Tuzcék and l(elso 1966).\

Co:vids a:u of t:opical origin (Amadnn 19“) a* the

ma’j’pz'ity ‘of ‘modern’ forms ).;'ve in t:npj‘.cll and lubt,rdpical.




% s . % oy
azaas. Tempétate wandlands, wmc‘n in winter bear no fruit -

ana ha:hour few st Bupport t?ose “corvia: species that T R

i : have become adept 4t finding food and-utilizing energy
eff»iciently. Tt is in this small proportion of corvids " A
* that obeupy bor’eal-alpina and sub—arcr.ic zones_that cacning,

‘or food stozage, has evolved to the qzeatest degree (Turcek
1

i and Kelso 1968) .. gachmg is also widéespread amongithe . |\
73 » . (A

“paridae and some woodpeckers (Cirio 1975) , and the fact b

that a11 thesa spscies are’ lazgely found 4n tempezate and . \ B
I u\:—-azcuc 20n8s suggests.a cumauc basis for food scozaqe.
Within the Ccrvxdae, ‘food sto:aqe is most common in t:he s

| jays and nutcrackets (Cocn\bes 1978): Haftorn (1956) - dsta=- V7 s

; R matés that up to 60% of ‘the food caten py Blue Jays '(Cyano—

cxtta cristata) . in winter 15 ohtax.ned frmn caches. ~Th15

: same level of dependence on cache$ _has been found: for Exea:

Tits (Parus ma ;| ' Gibb 1960) Hezhann:. (cu;ed in Tuzcak <.

' and Kelso 1968) calcnlated the number of caches made by, the:

000, S

i § Nutcxacker lN\xcifuga caxxacatac&es) in a year: to be 6

_wh'ich would contain 70,000 seeds and veigh 4-5 kg .ngmérs'

(1959’ found'a 6= 333 x:ange in recovery success by nutcxackeza,

whezeas Turcek (19661 estmates that 70! of cachea ‘are re-
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Ha e Jay ( 1lus gl for Y of |cached acorns

f_hzough 45 cull of snow; even in 85 cm of snow these birds

. ¢ go directly  to als atozeu\t‘buumh; 1960)?. Bossema (1968) . °
! A 2
found that European Jays recover Midden acomns by locating
. . . oak’'saplings that have begun to grow ‘up from Eh’g ground.

. J . Jays md nutcrackers have evolved two types of morpbo-

5 . . ‘logical. “for £qod- tx t and ltorage. -rhe

. enlarged: E}lblinq\lal pouch i‘n the nutcrackers lnd 01\‘1 Woxld

jays ena}zles thagn to carry large numbers Qﬁ uedp and

\ * acorns, 5 ly. fora can t up to. 200 . S AL
U & ! o Ny .

seeds (Turcek and Kei-o 1968) , i;ld jays caizy as many as 4 <
nine acorns -(Bossesia 1968;" see. alas: Chettleburgh' 1952). . .
An enlarged salivary gland in. the Gray Jays (Perisoreus
spp.). enables them to encase food in a sticky secretion
> that adheres readily to forks in fendies, Joteviced 16 tha. -
- bark, and lichens Hanging in trees (Bog“k 196]). - These plugs,
or boli, harden creating discrete packets of food which the . |

i jays recover during \d.nt“ez. Dowi (1965) found intact boli -

whi.ch had been dapcll.tad thxee months eurlier, though ilt in

llkely a'stored bolus nay, be useful o ik days, £or 1ong.l-

; ‘perioﬂs. : c o @ 2 .
5 ay gaya” _x' ¢ fii !
i

Gray Jays occur videly in “the 01d ‘and’ New' hoxm. and
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3 ~ . !
include . the Siberian Jay (Perisoreus infaustus). and Sooty

, Jay (B. i of ian forests, and
* ==~ S 1 o= “

the American Gray Jays (P. canadensis) of coniferous . .

forests from Newfoundland to Alaska (Goodwin 1976). The
Gray Jay is non-nigratory ‘throughout i‘f.l range,” though
BNt p local movements of 7.‘5y-15 km have been \;:otegl for the Siberian )
2 32§ (Lirdgren Citéd in Coombes 1978). . Breedirg pecurs gy
‘often while‘spau still cover‘s the ‘q‘mund.‘ Warren ' (1899) ; . &

| Observed nest-building by jays in Michigan on 22 February;

i - egg dates for -this mest were 14-18 March, and hatchifg was - ¢

G coiplated by 4. pril. ‘This author also citel records of 17

\ Newfoundland ne'tl thh eggs:from 4-30 Apx:.l. Thus, the

'\ ._ 4 cycla is leted “before > from
‘migratory ;paciel becone's great , and allows the jays oppor-
= by santty to prey on other breeding species (Samsls Cited in
‘Bent 1946). Family groups dissolve at the start of vinter,
whieh Jays.ére Gossonly found !i_njgly or in pairs (Lawence
;. * 19780 Gray Jays.paiz for life, Wt will renate should £ vy
‘:: s pamer die (Lawrence 1973). A £

vl Ty s lre cmnivorollu qnd prey on a, vnriety of 1nuect-

ok bxx aggl A lcm{engsx, this hizd is’as’ common’ at,

as: crows and x'avens (Al.d.tich 1943)_ Becmlse of ‘its.dlose
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a-somatxon vhth-man, many hlnnan foods comprise‘n 1a:ga

portien of the Jay's’ .diet. "

w : ¥ 3. 3 .
‘Deteminantu of ‘a species’ ‘istribution” " . - \

<y : Kendeigh (1969, p. 441) states "The ability Oof ‘a g
i A species o6 metabolize energy under different exwizomental
= conditions may ‘greatly affect its’ response and behaviori . =~ =
as shown by the- limits it can'extend its distribution,.the g .
. 7. ' .size and’ fluctuation -of its population in any larea, ‘whether
or mot:it'is a permanent resident, the time it-initiates
K migration, nesting ‘and monit, the size of ‘egg clutches, etc.”

‘Ambient tempe s prob the nost {ipe environ-

mental factox hShich shapes an aru.ma].‘s eriergy bnlance and s

A N thezefore lunita J.ts breeding distribution (Cox in Vechte

- ., 1964). Winter temperatures ehcountazed By Gray Jays may’

e . reach -65° C (Scholander et al. 1950), though 'this bird
" naintalhs & yens ousd body toaratiy of 1.3 év.(l(e‘n-— ol : b

deigni1969). “"Behaviourdl "adaptations such as h@dling .and

5 aeeklnq ahelter mini.mize heat.loss, bit: 1t is” inaulation
against the Gold: that enables animals to suryive harsh.
fox thern wznte?s. A coefiicunt of| insulatiémvis Qerivable l
N YL from the equat:.cn 1= me/Es whiere. T ;‘s the ceefiiuem‘,; TC

is tha temp:tatnxe qx‘adiant in °c- ami E :.s basnl metabolic.

rate @R N

1 °C/keal/ii/h auach 19}6 me, Gray Jay.

g)has a'e 2 ,_~ofna|andxs themostwe]/.l‘ e s
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“th compa:isbn, the_ $now, suntxng @ 1ect_aghennx\nsva1$ E

" ‘anong go

CMorkon 1967) .. . - e X ot

averaqa mnss:da g) i anotﬂarl northern resident, has-a co

gren 1954).. . Pt oo Ty :

neppne: {1970), euggen:a that the black plumage fqund

fviss species may be an adaptation. tu aisoxb ‘maxinumn

uotbs 3 1 cal/min more ,ane:qy than. a white PSS aame siz

'mcreaueﬂ solax tadiar.lon hhas been fom\i to xeauce Eo’:agzng

uumahly by providinq another * souxce of exogenous enerqy 33




mng (1972) has’ showni that fat reserves ususlly 5
supply. only anough energy to enable a bud to survwe over—

to begin foragmg the follcwing. mrning. He ‘en-
L

& to: winter survival

rgservas. Overm.ght storage oi fooﬂ in the c:op bry some 2
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