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‘ that (1) birds of low somal status are “able to

-

 ABSTRACT *. ., S
The functional role of a‘domlnanCe hierardhy \as it pertauns to the partitioning
of food resources. was examlned in captlve wmter flocks of black- bulled magples
lP/ca pical. Conventlonal W|sdom predlcts that blrgls of IoweSt socual status in a

domlnancﬁ hierarchy would have the greatest dlfflCulty gaining access to llmlted

resources. To test this hypothesrs 17 captlve flocks (5 bigds/ flock) of marked
L

) magples in. whuch the domlnance relatlonshlps were known were subjected to

condltlon,s of food limitation. The proportlonal amount of welght lost bya an i |V|dual
durmg the deprlvatlon perlod was used ag a measure of a bll’d s effICIency l]d

acqumng enough food to balance the demands of activity. Experlments carried out\
during 1981-82 suggested that blrds of mtermedlate dommance rank were. under .
greater energetlc stress during periods of food deprlvatlon&ltaﬁiglther dominant or

subordinate’ birds. Similar gxperiments conducted during the winter of 1982 83 .

showed sugrflflcant dlfferences n we:ght loss between birds of. dlfferent rank: bll’dS

ranked 3 and [ost-more welght than birds ran
[tcorporates bia\avrors observed durnng period of food llmltatlon and Wthh predicts*®
n aécess to llmlted food resources ‘
because of the behavioural tolerance .shown towardS' them by domlnant hlgh
rankung blrds and {2) birds of mtermedlate rank have more frequent and/or more .
rntense encounters resultlng in lower sccess to food and hlgher, energetlc demands i
than for blrds at elther end of the dominance hierarchy. = - : S
Addntlonal expernments conducted on captlve flocks lh%lcated that bll’dS WhICh

dlffered greatly in dommance rank spent more tlme feedlng together than. blrds of

, snmllar rank. Consequently,tthe most domlnant and mdst subordlnate blrds spent

S|gn|flcantly more time. at the food source than blrds of lntermedlate rank

Fleld studles were lnltlated to determlne whether free ranglng flocks of
magples assocaate ina manner snmllar toﬂthat predlcted by av:ary studles Results
tndtcated that a linear peck domlnance hlerarchy was establlshed ssmllar to that
descrlbed for captlve flocks Assocuatlons of mdnv;duals at a spatl/ally Ilmlted food

source lnd»cated that a3 hlgh ranklng (domlnantl bll'd frequented the feeder together

2

wuth a low rankmg (subordlnate) blrd more often than predlcted by chant:e However Jt.

d1 2 and 5 l present @model thatv



was 'also determnnedﬂhat associauons among vIras ol bUUUIUIIldu’:: SLaLUD Vvl L o u

.

frequent than predlcted by chanc@ possrbly because all blrds " the subordlnate

category were fgmales( and“femaleshave shorters"lndl\qdual distances than.males.

ConseqlJently 'f'ernales al@w' other females‘to Tapproach more closely than do males .

. .
L] . iy
S

and thus permlt access to food,
f domlnance lnfluences survn/al one would predlct that effectlve sugnals of

dommance should evolve. Among magples 'body Slie was posmvely correlated wrth

domlnance status Howe:er thls correlatron was a consequence of females being both

smaller than and subordinate to males: Thefelatlonshlp betvg?een body size and
o a4y

,domlnance status Wlthln each sex indicates that only among males: is there a}osﬁwe

relatlonshlp hence large males have prlorlty of atcess to food over small males. As a

result durlng periods of severe food llmltatron in winter, large males would be

predicted to Survwe better ‘than small males producmg an. lncrease in sexual size

dlmorphlsm among OVerWlntered magples A morphbmetrlc analysis of juvenile and

adult populatlons of male magples supports thls prediction.
The: proposed behav:oral model was used to predlct payoffs to bll’dS of
dlfferent domlnance status. A ‘simulation based on the behaworal model predicted the :

net payoffs to blrds accordlng to domlnance status. These results support the idea
-

.that blrds mtermedlate in rank are under greater energetlc stress than birds at elther

‘.'end of the dominance hlerarchy

’ N . : T - .
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I. INTRODUCTION . :

N . %
RATIONALE A
The evolution of social behavior should occur only if individuals of a given
species ex erience greater fitness within 5 group than\ by Iiving‘alone (Alexander

Sertram 1978, Wittenberger 1981). In avian social systems

agonistic interactions among conspecifics are often the means by which individuals
assess one another's combative abilities (Scott and Fredericson 1951, Gauthreaux
1978. Wittenberger 1881). The criteria used to assess cdMbative abilities are
immaterial, however, the outcome of agonistic encoenters establishes the dominance -

Co : - :
status of individuals and hence their relative access to particular resources. Groups of
“individuals are often arranged In a linear dominance hgrarchy from the most dominant
(alpha) burd to the most subordinate (omega). It is this type of social orgamzatuon t%at
has been suggested as the mechanism promoting a number of population phenomena
"discussed below. . ’ |
Dispersal

"Gauthreaux (1978) suggests that, when resources are limjiting, an increase in

-competitive interactions among cbnspecifics will force subordinates away from ) -
desired resource's‘. Therefore, the dominance status of sech "an individual can be .
expressed in terms of the distance it has moved from its place of birth or In terms
_ the quality of the habitat it occuples or both” (Gauthreaux 1978:27). Am@ng

<&

k-eyed Juncos (Juncus h. hyemalis) dominant b|rds apparently exclude subordlnates

preferred winter habitats (Ketterson and ,Nolan 1982, 1983), forcing them to
Rerse further south.in search of suitable habitats. The same reasoning has been
ed to explain the dtspersa! of starlmgs (Sturnus vulgaris) (Davis 1959) and

wood-plgeons {Columba palumbus) Murton-et. a/. 1966).  ° .



-

Mate Selection

Studies of species that lek on arenas, such as the white-be
(Maﬁacus manacus trinitatis) {Lill 1974) and sage grouse (Centrocer
(Wiley 1973), show that dominant males, often determined througt
competition, copulate more frequently than subordinates. It 1s from

that dominance has been linked to reproductive success.

Nest Site Selection

Gauthreaux (1978) suggests that subordinate individuals wo
from preferred nesting habitat if such areas were in short s'jpply.
(196&1), and Watson and Moss (197Q) suggest that dominant birds
soonef than subordinates and therefore have a greater chance of
addition, data coliected on red-winged blackbirds (4gefaius phoeni
domihant males appear to'e;c:quire_sgperior tarritories, attracting mr

settle on their territories (Searcy 1979).

Survival .

It has been suggested that overw;nter mortality s greater *
dominant birds in flocks of snlvereyes (Zosremps /ateral s (Kikkay
juncos (Fretwell 1969), and wood Qg_.geons (Murton et.a/.:1966). ¢
the lack of access by subordinates to imited food resources. Sin
have priority of access to resources, it follows that when resour
subordinate birds would be the most likely to do without. Gauthre
when food resources are low and high quality habitats are saturat

birds, subordinates must disperse or do without.

_The important underlying assumptions concerning the funct

‘hierarchies are: (1) that dominant animals have priority of access 1

(2) they survxve best under conditions of limited food availability ¢
probability of survival dlmmnshes as individuals move down the hne

1975, Gauthfeaux 1878, Wittenbegger 1981). On the other hand.
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abundant all individuals. regardless of dominance rank, survive {(Wilson 1975, Krebs “
and Dav#s 1979, Mair and Marr 1970, Gauthreaux 1978, Wittenberger 1981).
Although references on dominance behavior pervade the literature, few studies
iKikkawa 1980, Smuth et. a/. 1980, Kétters_on and Nolar; 1983) have critically
examm;d'the functional role played by dominance hierarchies relative.to the
acquisition of food by individually-marked birds of known social dominance.

The aim of this .study was to examine the nature of dominance hierarchies
within winter. flocks of black-billed” magpies. (Pica pical and to determine whether (tﬁe/y

function to partition food relative to dominance status. This study is reported in five

parts

1. Deprivation Experiments

in an outdoor aviary | examined the wﬁpact of limited availability of food lless than
requred for dally mantenancel on weight loss among individuals 1n captive flocks of
magpies. | used the proportional amount of weight lost by an individual as a measure
of its ability to acquire sufficient food to maintqain itself over time, and hence to

P

survive.

2. Aggression ' ‘ ' )

If. dominance status 1s established through agonistic interactions, then asymmetries in
the nature of encounters among individuals should provide a measure of the relative
energy expended by flock members. Furthermoré, asymmetries in the time spent by

birds feeding at a limited food source shouid reflect the amount of food acquired and

"hence their ability to avoid weight loss.

-~ . o -

Al

3. Field Experiments

To examine the genérality >of the aviary experiments, dominance rvélationships among
marked freesranging magpies in winter flocks were def;ermined and asymmetries in the
frequency of assc}ciétio\n among flock members, while attempting to glin access to a

spatially restricted food source, were noteJ\"



b
4. Size-Dominance Relationships
If dominance status within magpie flocks influences survival of an individual. one
‘would predict that differences in morphologic/aVé?waractenstlcs may act td signal
dommance status (Rohwer 1975) 1 compared morpﬁometrnc characters of flock
members with their dominance status to test this preductnon

5. Size Dimorphism
If size is r_e.Iated to dominance, and dominance is related to accesg to food, then,
larger birds should survive better than smaller ones. | compared external morphological

measurements of juvenile and a8ult populations of both sexes to test this prediction.
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Il. DEPRIVATION EXPERIMENTS “ 3

Dominance and Its Effect on Weight Loss of Captive Black-billed Magpies (Pica picar

= During Periods of Food Deprivation: A Behavioral Model



.“’HABSTRACT
Conventional wnsdom :mphes that birds of lowest social status in a dominance

} hnerarchy have the greatest drfflculty in galmng access to a limited resource (food)

Thus bH’dS such as black-billed magpies (Pica p/ca) ex:stlng under conditions of

prolonged food llmltatlon would be expected to lose ‘weight |n relation to their social -

status (hlghest least; lowest most). To test this hypothesls 17 caged groups of five
magpnes of known dominance status were subjected to. limited food during the
winters of 1981 82 and 1982-83. Although evudence for 1981 82 suggested that
birds lntermedlate in rank were most stressed durmg periods of |mposed food

deprlvatlon there were no significant dlfferences in the proportlonal wenght lossl

o among r‘nembers of the hlerarchy However, similar experlments performed during the

S

wrnter of 1982 83 showed that there were szgnn‘lcant dlfferences in weight lost
k\ N

amomg ranks birds ranked 3 and 4 lost more werght than blrds ranked 1, 2, and 5.
it A

' Therefore itis suggested that blrds of mtermedlate rank arg at a greater energetic

dasadvantage durlng perlods of food limitation’ than birds at either end of the .
dominance hlerarchy These results do not support the tradltlonal view of how

dominance hierarchies function.




INTRODUCTION
‘Black-billed magpies lP/'ca-p/‘ca),'llke other members of the Corvidae, are

1976, Baeyens 1979). Flocks that.form during a&tumn and winter are predominantly ’

gregarious for at least part' of the year {Linsdale 1937,\O'Halloran 1961, Goodwin
.composed v-of,juveniles, with a few s'ecohd-'yeér and oldet birds. The organization

| within these flocks appears to be hierarchical (Baeyens 1981), similar to that o "v
described by Lorenz (1931, 1938) for jackdaws {Corvus m\b\nedu/a), by Brown (1963) :
. for Steller's jays (Cyanocitta "ste//er/‘)‘.and by Yo’?Toﬁxl-l974) for hdoded crows
(Corvus corone). ‘ | f - ‘

Durlng vl/lnter in the northern part of the magpie¥s range snow cover may
remain for long perlods of time. potentially restrlctmg food reSOurces Access by
tlock members to food resou\ces 15 vital to thelr survival. However, because flocks
are qQrganized as a dominance hlerarchy one would’prednct that blrds(b—f hlgh status
would have priority of- access to these lumut’ed resources and consequently have a
greater chance of4survuva|<during periods of food»d‘epri'\v/atioh (Wilson 1975,. .

: Gauthreaux 1978, Wlttenberger 1981). ‘ |

‘Inthis paper | report on avnary experlments that tested the hypothesis that

domlnant individuals wrll Iose less welght than subordnnates when faced W|th a llmlted

food resource. <

i METHODS
Magpies were caught in balted cnrcular funnel traps (Alsager et. al. 1972)
‘ durmg the fall of 1981- 82 and 1982 83 in the city of Edmonton Alberta Canada:
Each b|rd was welghed on a trlple beam balance measured with. callpers lAppendlx 4)
, mdlvudually marked with colored leg bands and placed in outdoor aviaries. Hight cages
measurlng 58 m x 2 4 mx 2 1 m hlgh were contlguous to an enclosed room
. measurlng 2.1 m x 24 mx 2 1 m Plywood partltlonscseparated the flight cages

wsually |solatlng birds from those in adJacent cages Each group of birds. caught at a



-

-

given trapping station was housed together in a separate cage. All birds used in both
" years were juveniles. A period of at least 3 weeks vy’given to all birds in order to
acclmate géo the penned conditions. Indiviliuals were then randomly selected to form

new groups. seven.in 1882 and’ ten in 1983 of five birds each. To my knowledge.

1

no blrds in-these new flocks had had prewous soclal c013act

| The dommance status of flock members was assessed after they had spent at .

fleast 3 weeks together Domlnance was determined by recording from a blind the
outcome of agonlstlc encounters (wms versus losses) between nndlvnduals over a food

source. A wnn was scored when one blrd enther actively d'Sp'aci‘_j another from the

food 50urce or caused another to wrthdraw in a submissive manner (Baeyens 1981).

By ranking the birds accordlng to their wins over other flock members. a llnear

hlerarchy among flock mates was determnned for nearly all flocks

H}' <
When the dominance rank of all blrds was known the food supply (pelleted

;:'dog foed) was lowered b"elow that needed for dally malmenance at a rate of 2.5%
e\)ery 2 days in 1981 82 and 1. 25/0 every 2 days in 1982-83. The. amoum of food
| needed for daily® malntenance was approxlmated jUSl prlor to the period of
deprlvatlon by subtractlng the amount of food dnsappearlng from the total each day.
averaged for the number of blrds in the clge. All food. placed in a plastlc contalner

from which only two bll’ds could feed at the same “time, was Iocated in the center of

-.the avrary

-

Each bird was weighed at the ‘start of the deprivation peariod and at a similar

'tinte f'day every 4 days thereafter for the duration of the’ experuments The

deprlvatlon perlod was termlnated when it appeared that the wenght lost by blrds was

adversely affectnng their normal fllght response Subsequently, dominance status was

assessed in order to- determlne whether the rank of any bird had changed durlng the -
20 qday deprnvatlon period.. "

| Welght loss was used as an index of potentlal survival. ThlS mdex is '@ . measure

that- mcorporates a blrd s morphologlcal physiological -and behavnoral characterlstlcs

\

(Figure li*1). o | ' L . .
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RESULTS S .
Ago.nistic encounters hetween captive individuals ranged from miid threats to
v'io’tezh‘t“/;;ckin Asquabbles. The more violent encounters involved one or both birds
pecking at the head, legs, tail, or back of the other. Occasionally one bird chased
another around the cage attempting‘to pull the other‘s rectrices, or kl(;k'the other -
whileg in fkght» This was often accompanied by loud ‘harsh’ or shriek notes lBaeyens B
1879) given freqt}ently by the fleeing bird. Subtle encounters between birds resembled
aggresswe encounters but lacked their intensity. Submisswe birds often exhibited
chin-up Wing-flickering, or horizontal wing quivering’ displays {Baeyens 1979
when either approaching or being approached by more dominant birds '
Hierarchles of the l7 caged flocks were nearly all linear, however because of
small flock size this Iinearity could not be verified statistically according to the
methods of Appleby (1983). In all cases hierarchical relationships subsequent to the
deprivation experiments remained the same as those assessed prior to |
experimentation . ' ' ’
Of the 85 m‘agpies involved in the winter ::leprivation experime'nts of 1981-82
and 1982-83, none gained more than 2% of its original weight, ninefluctuated by less
‘than 2%, and 76 fost more than 2% of their original weight (Tables II-1. and 1i-2). |
[?espite the pattern which suggested that b_irds ranked 3 and 4lo'st more weight than_ |
hirds ranked 1, 2, and 5, in 1981-82 there was no significant di-fference n weight
loss among birds in that year (Table iI- 1). The amount of weight lost by magpies of’
‘different ranks in the remaining captive flocks (1982- 83) disregarding sex 5
composition was significantly different (Table II-2). The non-parametric ‘equivalent of
the Student- Newman Keuls Multiple Comparison Test (Zar 1874) ‘showed that Rank 2 '
" lost Signiflcantly less weight than: any. other rank however birds. of Rank 3 and 4, Coen
| although not differe'nt from one another iost Significantly more weight than birds of "(
) Rank 1 and 5 which were also not different from one another (Rank 2 < Rank 1< E
Rank 5 < Rank 3 <'Rank 4).In addition a non- parametric Friedman s test (randomized
‘block deSign) was -done. usmg only. the ranked weight loss within: each cage: This -
.enabled me to combine the results of both experlments (Table 1I-1, ll 2. These results

’showed a Significant difference in weight loss among ranks lFreidman S Test Xi= .
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16.46, ‘P—IO 003). A multiple co‘mparlson t‘est (S:heffe-type“‘confidence intervals,
l\/larascunlo an‘d lVlcSweeney 1977) indicated that Rank 2 lost significantly less welght
than Rank 4 Moreover the pattern of weught loss among ranks mdncated that birds of
Ranks 3 and 4 are lost more welght than the other Ranks (Rank 2 < Rank 1. < Rank 5
< Rank 3'< Rank 4. »

| That females are subordlnate to males mlght suggest that females lose more-

' welght than males however this was not true in elther year. lWllcoxon two sample
test: 1981 82 U—132 5, P 0. 29 1982 1983. U—194 5. P=0. l3l‘ It is: noteWOrthy
that of those birds that dled in both: years two were of Rank 3. two of Rank 4, and
'y of Rank 5. Birds. of rank 3 apparently died of starvatlon as dld one bird of rank 4

" (the other dned of unknown causes) All but one bird of Rank 5 that died had sustalned -
| |nJur|es in pens before the determlnatlon of the domlnance and were observed to be -
handlcapped durlng enuounters s not known whether lthese blrds ranked omega -
(rank 5) because they were ln;ured or whether they weré anUl"ed because they were
‘the omega birds. For cages contamlng injured blrds lTable - 2, cages 15 16, 17, the |
vproportlonal am0unt of welght Iost accordlng to- rank was sngnlflcantly dllfferent ‘.
(Kruskal -Wallis,: H=11 .95, P=0. 02) A multiple comparlson test lMarascullo and"
lVlcSweeney 1977) lndlcated that Rank 5 lost s:gnlflcantly more welght than all other ,.: '

I» , Ranks (Rank 2 < Rank 3< Rank 1 < Rank 4 < Rank 5. ‘ ' v

‘ ‘ The lnfluence of sex composmon wnthln a glven flock was examlned in: order

‘.to determme whether it mfluenced welght loss ThlS was done by conS|derlng only

- _flocks composed of blrds of the same sex ratio (2- males 3- females 3- males

-2 females 1= male 4- females) Regardless of. sex ratlo wlthln flocks the pattern of
welght loss: was snmllar among ranks lncreasmg in th‘e followung order Rank 2 < Rank

1 <Rank 5 < Rark 3 < Rank 4, ln addltlon an examlnatlon of the concordance of the

"rankmg of wenght loss among all cages regardless of sex; ratlo suggested that the

&

- -'_pattern of welght loss was - sumllar (Frledman s Test.. X’— ?) 73, P 0. O7l

S



' ':’as a result of food deprlvat:on These mdlvnduals lost on average mote we‘rght

v

DISCUSSION

The results obtained in this study show’that flocks of captlve magples exhibit
llnear domlnance hnerarchlés similar to those descrlbed by Baeyens (1981); and Trost
'(ber comm.} for free- hvnng birds. They are characterlstnc of peck-dominance o
hierarchies lnltually descrlbed by Schjeldrup %bbe (1922) for domestic fowl (Ga//us
domest/cus)

The- predlcted relat|0nsh|p between weught loss and socral rank. was not
realized; towest ranked birds did not lose proportlonally the most welght Nor did
-top ranked lﬂleIduaIS lose the Ieast ‘weight. In fact they lost more welght than birds
of Rank 2 in 1982 83. Uninjured omega bll’dS lost less welght than birds of Rank 3
and 4. From this | conclude: that birds of intermediate domlnance status are the most
llkely to be ata dlsadvantage during perlods of food deprlvatlon In addltnon my o«
' results mdncate that lnjured blrds Iose sugnlflcantly more welght than unlnjured blrds
Observatlons revealed that lnjured birds bore the brunt of aggresswe actlvmes from

ther members of the flock when food was llmltlng

An |mportant questlon that arlses is whether relatuve welght loss:of an
lndlwdual is nndlcatlve of its physnologlcal condltlon and. consequently its potential
o ablllty to survive. Murton et al. (197 1), after examining survival of wood plgeons,
(Co/umba co/umbus) suggested tha;g weight loss and subsequent dlsappearance were

' 'lndlcatlve of death. Blrds that lost. the most welght am?ng flocks were often those:
o that subsequently dlsappeared Baker and Fox (1978) determlned that when dark eyed“ , s
' Juncos Iost welght down to 17 grams they were dangerously near - death and were B

Ahence classnfled as non—survnvors Durnng the course of thls study eight lndlwduals dled :

betwesn wenghlng perlods than the average lost by all omﬂlrd\s wuthln their: l .

“N“"respectlve flocks (Table - 3) This |ndlcates that. blrds which- dled lost welght at a’-

; ,..greater rate than bll’dS Wthh survnved To" vrsuallze the decllne in welght durmg the . 3
| ‘course of the experlments 1 plotted the perce{age welght lost by survrvors and ? |

‘non survnvors (Fug =2). It appears that lndlwduals that Iose nearly 10% of thelr total

i ';_-'_body we:ght were unllkely to survuve Recent work by Tatner (pers comm)

;determlned that the fat content of magples (P/ca p/ca p/ca) is approxlmétely 9 2% of

e . . X Lo .



15

Table a 1T-3. f;&smlﬁ;\ftrison of the number ot times that mappies fell into

AN

¥ ¥ . . . .

¥ one of two \401@1@“ loss categories at eaeh weighing period and that
Py

subscquent 1y

4

Number
Weight Loss' Survived  Died
Above Average 51 4

v J A
Below Average . 28 15 .
4 5 ‘ )
Difference sb (0.0l

a oy '
- The weight loss of birds which fell on the average valse were not

included in the analysis. (3 cases)

, R
b Based on 2x2 contingency table, £7=11.17
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Its total body weight. Birds that lost 10% of' therr body weight in this study showed
no fat adjacent to ther furcula and showed signs ef muscle degeneration. | suggest
that when hirds have lost 10% of their total body weight, they have used up their fat
reserves. and must begin to catabolize muscle tissue. | conclude that weight loss n
black-bilied magpies In this study_can be used as a measure of condition, and that
when weight loss exceeds 10% of the total body werght. survival of magpies I1s in
jeopardy. |

Another mportant aspect of domingnce is the pessmihty that birds may be
interacting with one another differen‘tly depending on sex. The preference shown by
pars of birds to assecuate with one another may reflect differences in behavior
between male-mate, male-female and female-female encounters. For example, in three
of the 17 flocks maintained af\ter the termination of the food deprivation |
experiments.the algha and omega birds formed a pair-bond, exhibiting normal panr
courtship behaviol ‘Baeyens 1979).In one cage a mated par ‘went as far as.building a
nest, nnCUbated eggs and hatched young. ThIS observation has since been confirmed by
S. G Reebs (pers. comm) who is also examining dommance relatnonshlps withm captlve
magpie flocks Although the sex of flock members may influence the intensity, or_ the -
-type of encounters among mduwduals it apparently does not influence the pattern of
weight loss resulting from dominance rank. In one flock containing blrds of the same
sex, the pattern of weight Ioss was similar to that observed in flocks of mixed sex.
Furthermore there was no significant difference between the total proportional weight
lost by males and females, although females did experience a greater variation in
weight loss in both years (1981: females:mean= 8.8, s.d.=7.5, versus
males; mean=7.0 s.d.=4.9, 1982: femalesmean: 8 7,s.d.=53 v‘ersus
males;mean=6.3, 5.d.=3.9). This greater variation in weught loss by females suggests
that more of them will lose 10% of their weight during periods of deprlvat|on and
hence have a greater chance of succumblng This being so one would predict that
after periods of depriyation the sex-ratio could be skewe‘d in favor of males. s

Observatiohs of a marked free-ranging pqpulation of magpies over a 3-year
period mdlcated a 2.1 sex-ratio in favor of males (Baeyens 1981). Further

observatnons by Trost (pers comm.} and Scharf {(unpublished data) indicates that fewer



females,than'males exist within non-breeding summer fiocks. Furthermore. in
Edmonton, magpies do not normally breed in ther first year, however, of those
individuals that were recorded breeding in their first year, aII‘were females. This
would tend to decrease the number of females present In the non-breeding ‘population
and thereby produce a male biased sex-ratio in these fiocks. A -
Observations of behavior made ourlng the d_eprivatnon experiments . suggest that
birds of intermediate rank experienced greater difficulty in acquiring food than either
dominant or subordinate birds. Birds that differed greatly in dominance rank tolerated
the close presence of one another: thus dominant birds allowed subordfnate birds to
feed while excluding birds of closer (intermediate) rank from'the food. This behavior
is incorporated in a model (Figure. Ii-3). Differences in the intensity as well as the H
frequency of intoractlons may influence an individual's overall energy-exp_endlture. In
effect birds of similar rank are denied access to food ‘because of their social rank as
well as having the additional energetic demands resulting Mfrom more hfrequ'ent and
more intense encounters with birds of similar rank. | therefore propose that these
differeln‘ces in behavioral patterns among members. of a domxinance hierarchy moy
modify the energy expenditure (costs) of individuals thereby -mfluehcmg survival.
Addtionally, support comes from a similar sequence of behaviors descr’ibed‘by
Kettersori and Nolan {1983} for juncos and Rohwer and Ewald (19;31) for MHarris
sparrows (Zonotrichia queru/a) However they Suggest that intermediate-ranked blrds
would be more likely to disperse or migrate greater dnstances if conditions were
unfavorable. In the case of magpies, |ntermed|ate ranked b|rds may d|sperse This
could result in dispersers succumbing if they were unable to establnsh themselves in a
‘more favorable rank position in a subsequent hierarchy. Moreover, if the rank
achioved by an ihdividual is-a function o.,f the ,number of other high *or.lovv' ranking
individuals within its flock, then the predictiVe value of dominance hierarchies as a
functional mechanism for characterizing dispersal, migration, or survival is likely to be
more complex than originally believed. | | | "

fa

| suggest that the effect of the leve| of agomsm and tolerance to approach
i

between birds of different rank can mfluence patterns of weight loss observed.in

these experiments. I fneld observatnons support the requts of the avnary experiments | -

s
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Figure 1I-3. A modelj based on behavior of magpies observed during

periods of food déprivation, shows the effect“df interaction of rank

spétué, and levels of'agonism énd tolerance to approach on the erergy
budget of magpies,F:PositiobiA: small difference in rank, low tol—‘,.
eraﬁcé,'High levels of agénism resulting in high energy exPendéd.’

1 éoéitibn B: a»iarge differente in-rank,‘highitolefance, low levels

of agonism resulting in low energy expended.



would predict that birds of intermediatesrank would be more likely to be eliminated
from the population during periodic winter food shortages than higher or lower rapks.
If dominance is correlated with size, this would effectively increase overwinter sexual

size. dimorphism in mapgies. These predictions are considered in subsequent chapters.'



i11. AGONISTIC INTERACTIONS

Agonistic-Interactions Among Captive

Black-billed Magpies of Different Dominance Status
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ABSTRACT

The types of agonistic interactions occurring between black—billed'magpies
(P/ca pica) in captive flocks showing a linear hnerarchy were investigated. Rarely did
more than two magpies feed together at a single food source that was l|m|ted in
quantity and accessability. The time spent feeding together by flock members that
diff;:ed greatly ?n dominance rank was greater than by birds that were similar in rank.
vHence, the most dominant and subordinate btrds spent mare time together at the food
source than did any other combinations of birds in the flock. In addition, the
proportion of aggressive to submissive encounters among the members of a flock
was greater when the flock was composed of dominant individuals than when
‘ composed of subordmate birds. This reflected a hngher propor'uon of aggressive -
encounters between males than between either females orydyadsg of ‘mnxed sex. These
data suggest tnat the-intensity of interaction between birds s i’nfluenced not only by

‘dominance rénk"butvalso by the sex of the individuals..

\.
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INTRODLCTION
An examination of captive flocks of black-billed magpies (Pica pica) suggests

that birds of intermediate rank in dominance hierarchies are subject to the greatest
. energenc stress as measured by weight Joss during periods of food deprivation
F(Chapter i, A model based on a qua‘litative assessment of behavior observed during
the period of food deprivation predicts that (1) birds of low social status are able to
gain access to limited food resources because of.the tolerance to the cl%ss approach
shown towards them by dominant individuals, and (2) birds of intermedrate rank have
-more frequent or more inten'se encounters which result in higher energetic demands

than birds at either end of the dominance hierarchy. The aim-of this study was to

quantify the nature of the interactions and thereby test the above predrctions.

METHODS
Magpres were live- trapped n barted circutar-funnel traps (Alsager et. a/. ‘1972)
during the fall of 1982-83 in the city of Edmonton, Alberta, Canada. The sex of each
bird was determined from external measurements (Appendix 2). All bnrds were
individually color-marked With plastic leg bands. and placed in separate outdoor
: aviaries.’FIight cag-'esb of the aviaries measured 5.8m x 2.4m x 2.1m high and were
) attached at one end to a room medsuring 2 Tm x 2. Am x 2 Tm. Piywood partitions
separated the cages, preventing birds in one cage from seeing those in adjacent
cages Each group of bnrds caught at a given trapprng station  was placed in a separate
‘cage. A perlod of 3 weseks was given for all birds to acclimate to the penned
.condmons Birds, which to my knowledge had never been prewously assocrated were
then randomly chosen from each cage to comprrse five groups of five birds.
- The domlnance status of flock members was assessed by recording., from a
blmd the outcome of agonistic encounters (wins versus losses) between brrds at a !

centrahzed food: source. A win was scored when one bird either dnsplaced another

from the food or caused it to behave in-a submrsslve ‘manner (Baeyens 1979). The
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results enabled me to arrange all' flock members into a dominance hierarchy and
thereby assign a rank to each bird. After the dominance relationships were known,
flocks were subjected to a diet in which the amount of food (pelleted dog food), was

slowly reduced: the amount given was below that needed for daily maintenance of all

birds in the caged flocks. In three of these cages the time spent by birds feeding

together, during the first 1? minutes after food was int'roduced,“ was recorded.

As soomr after the deprivation experiments were over all captive flocks were
placed on an ad-/ibitum diet for 3 weeks, during \(vhich the birds regained the weight
they had lost. Subsequently, birds of a given rank ;vi‘/er'e removed frbm five caged
flocks and placed togetherv with other birds of the same rank. All newly formed °
flocks were tﬁen~ éllowed 3 weeks to establish new hierarchies which were
determined by the same methodé used previously, During observation of the flocks.
encounters were recorded as either aggressive or submissive. An aggressive
encounter was scored when it ended in actual physical contact and a éubmissnvé .
eﬁcounter was recorded when one bird avoided contact either by exhibiting
submusswe displays or postures or withdrawing from the encounter. Typical aggresswe

and submissive dlsplays are described by Baeyens (1979)

RESULTS

The amount of time spent feeding together by two individuals of different rank
status in each of three captive ﬂocks are given in Table llI-1. A significant po]ynomlal ‘
regression was found when the percentage of time a dyad spent together was

plotted against their difference in rank (Figure M-1). A difference was also noted

"~ among birds of different ranks in the total time spent at a food source (Table lli-2).
_ " g

Birds ranked 3 and 4‘spent mu‘cah less time ‘feeding than birds rankéd 5, 1 and,2. The

-

amount of timé spent feeding followed the same order in all three cages: Rank

5>Rank 1>Rank 2>Rank 4>Rank 3.
The magpies of simitar ranks (eg. alI alpha birds from five flocks) were

reranked in-the new flocks. The new hierarchies formed were typical peck-right

hierarchies (Table Iii-3). The proportion of aggressive 1o 'submissive enc‘ountkers among
. . "'..



able T11-1.  Time. (minutes and scconds) spent by two magpies of

different rank feeding together at a restricted food source.

Hie 1‘;11‘(‘_1\\"’

Cage oy 72-‘ 3 4 s ’
'8 " BYGDY V() GR(F)  RB(M)  BR(F)
BW . 0:10 0:57 1:47 14:11
v 0:05 0:15  5:55 )
GR . S 0:10  0:10
RB g - 0:00
10 BS(F) RR(M) GY(M). GR(M)  S(F)
BY 0:00  0:00 1:15 14:07
e ©ORR e . 0:00  3:41  5:09
[ 0:00  0:35
v ‘ \\\\ ’ ' . : . -
RG *‘\_7\\ : 0:00
12 ©OWG(HM)  YG(F) BR(E{‘*S@\@) CS(F)
o o o | LT
WG, -~ 0:30 0:05 0:10 12752 .
‘ . ) : T
© YG g 0:00 0:15 2:46 . e

BR -~ 0:00  0:00

+ S0 P L 0:00

o . . (-'

P B
BN ©

8 Hierarchial relatiohébip{ l=alpha,35?omega;

b sex of bird in pared;h%ses:3hiﬁélé,,F=fémale.

: 4 - .
ER : 3
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Figure TI1I-1. The felati? ;ip between the tlme spent by two magples‘
feeding together‘at a;sin; 5}food source and thelr dlfference in rank.
'Time is expreséed as the E;beentage of total tlme observed that blrds
were- seen feedlne togethe‘ bﬂtller within a leference 1n Rank of v ;ﬁxﬁ/

to an arc51ne transformatlon (equatlon for the’ llne, y— 18. 5 19. 0x +

~y= 18.5 —-19 O x + 6. 89 X )



. Table TII-2. Amount of time (bird-minutes) spent. feeding at a single

food source by magpies of a given rank.

Y N
Cage 1. » Cage 2 : Cage 3
Domin;ance:1 » ‘ o
Rank B 17.08 13.61 Y 15:37
2 6.42 3.52 8.83
"t 3 1,37 0.08 0.58
4 7.20 - | 0.42 .93
5 20.27 . 15.62 19.85
Total . 47.33 ©33.22 ©49:57
4 Hierarchial relationship: l=alpha, 5=omegas
!
¢ 1
N ) "//
N
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Table III-3. The number of'aggressive and submissive (in parentheses)

interactions won by captive magpies.in flocks of five birds each.

- Previous . ' Hierarchy? percent
Cage’  Rank 1 2 3 4 5 Aggressive
| 1 1 ' ORMP WBGD) BWGM) RY(M)  BS(F) 64.9%
OR. L1y 8(2) 01 33 37(57)
WB , - 7(2) Z(i) -
BW sy
RY | e 6(4)
2 2 o sm) BY(M’V,RR(M).V Y(F)  YG(F)  65.5%
s . lo(s) 12(2) . 12(3) 10()  57¢87)
BY ° ‘ o 5(4) | 1(3) 33 .
R | R TC IR TC) N
Y n .., | . -
3. 3 BR(F)  GR(F) WD OS(F)  GY(M) ‘28342
BR 2 1(51. 2(6)  3(3) 21k74)  
: R w® M) YOR
wo o 3(8) . 003)
os T aap
4w 600 som meD  S() R g4.0%
o o S se 2000 00 10) 1805)
B T NN IO I IO R
| : CRB s 3(5) ‘ B
s o ',  L o o *’,."'0('4,_) B
' 'contin"ued.:‘
s



Table T11-3 (continued)

o
P

“
L

R

N "ﬁ.
SF0 Previous
s F M ;

‘Cage

N

#

Rank

o

st

BR

0S

- a
) lll(ir5gr}jh)' o

S(F)

0(5)

B 3
BR(F) WB(F) O
0(3) 0(6)

0(3)

4 Hierarchial relationship: l=alpha, S=amega.

b Sex in parentheses: M=male, F=temale,

0

0(2)
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Percent

5 S Agpressive
WR(F) 0%
0(29)

0(4)
0L
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birds in these five groups differed significantly (Table Ili-3). Pairwise comparisons
(Scheffe-type confidence interval, Marascuilo and McSweeny 1977 revealed that the
proportions of encounters among members of flocks composed of birds previously
Rank 1 and Rank 2. were significantly more aggressive than among members of
flocks Composeld of birds previously ranked 3 and 4, which in turn, were significantly
more aggressive than encounters among magpies of Rank 5. These changes In levels
of aggressivity of birds among céges were not found between Ranks within a cage.
There was no difference among individuals within a cage in terms of the broportlon
of aggressive to submissive encounters (Table Hi-4).

A question arising from these observations is whether sex influences the type
of agonistic encounter occurring between interacting birds? A comparison of the
nature of the encounters between magpies of the same and opposite sex showed a
Highly significant difference in the proportion of aggressive and submissive behaviors
Table I-5). Male-male interactions are characternzed by a greater proportion of
aggressive than submissive interactions .whereas male-female lnteractnons show nearly
equal prdportions, and female-female interactions are characianed by greater
proportion of submissive béhaviors (Male-Male>Male-Female>Female-Female, Table

o
§-5).

. (r

DISCUSSION

The results of this study indicate that the greater the dif ference in dominance
_ rank between individuals, the more time they spend feedingifogether (Figure ili-1).
Because of this, birds of intermediate ranks must spend%ss time feeding thaﬁ eitherA
the alpha (most dominant) or omega (most subordinate) birds. As-a result, if food were
limiting in quantity and exhausted before all birds gained access to it, certain
individuals would lose weight and ultimately succumb. Marler ,{1955-57) noted that
dominant chaffinches (Fr;'ng///a coelebs) allowed subordinate birds a closer approacz:h
than birds of intermediate rank. Similar findings have been reported by Ketterson
(1979) and Rohwer and Ewald (1981) for juncos (Junco h. hyema//&). Thus |t appears

that birds of low social status are able..xe gain access to limited food resources
v AR

o M T

it



Table I11-4. Number of aggressive and submidsive

for cach bird in every cage.

Cage 1
aggressive
shbmissivc

Cage 2
aggressive
subthissive

Cage 3
aggressive
Subm{ssivv

Cage 4
aggressive
submissive

Cage 5

aggressive

submissive

]

6
30

13

4

31

interactions recorded

11

16
10

6

22

.24

.96

.50

Total

74
40

114
60

42
106

36
116

0.0l
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Table 111-5. - The number of aggressive and submissive infleractions

recorded when the interactions were between two males, a male and o

temate, and two females magpies.

Male-Male
"i
LA
Agpressive 53 67.1
Submissive . 26 . 32.9

ad

]

Male-Female

n 7
68 444
85 55.6

Based on a 2x3 contingency table (x2= 52.01)

e

Female-Female p
N
12 13.2

<0.01
79 86.8
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< '
because of the tolerance shown to ther close approach by dominant individuals. These
data support the first preductlo_h of the behavioral model. narﬁély that birds of '
subordinate status will be alloWed access to food by dominant birds.

Since no significant difference was evident in the level of aggressiveness
among flock members. there is no support for the second prediction of the
behavioral model, namely that interme;ﬂlate ranked birds will have 'encounte/rs of
greater intensity. Therefofe different levels of aggression among individuals In
different cages can be attributed to all members of a given flock. and from the
observations in tgns study 'seeme_d to be related to-the dominance status of interacting
birds as well as therr sex.

~The proportion of aggressive to 5ubmréswe interactions showed significant
differences for males and females. The greatest proportion of aggressive interactions
occurred in male-male dyads. the~ léas.t in female-female. and an mntermediate
proportions 1h male-female dyads. Marler {1955-57) found similar relataonship‘s among
- chaffinches as did Craig et. a/. (1982) for Mexican jays (Aphe/oco}na u/tramarina)‘
Birkhead (1978, 1982) and gaeyens {1979) noted that the sex of a caged magpie
placed on-a magpie territory influenced the types of response glven by the territorial
~owner. Males were noted to be more aggressive towards males than females. Baeyens
(1979) observed that when presenting- territorial magpies with a hive decoy, mates
would join in aggressive behavior. Howevef as soon as one mate left, aggression
would sometime\s stop and the remaining ’burd, if of t.he opposite sex, would start
courting the intruﬁales showed this behavior more often than females, alternating
between éttacking the decoy in the presence of his mate and courting it in her
absence. Bir-khead (1979) 'nbted that male magpies tolerate female intruders more than
other males. occasionally courting the females. Furthermore. Buitron (1983) has
suggested that mate-guarding behavior by male magpies has evolved to eliminate
possible extra- panr copulations by intruding males. Lorenz (1938) observed that among
jackdaws (Corvus corone) only the most subordinate birds (females) formed pair-bonds
with the most dominants (males) as Cralg et.al. (1982) observed for Mexican jays. They

also observed.that when‘a dominant male gamed access to food. he often allowed the

subordinate mate (female) access while keeping other birds, higher in rank than his
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mate, away from the food. Hence. during periods of extreme food limitation a
dominant bird may enhance the survival of its mate or prospective mate by allo‘vwng it
access to food.

These data suggest -that magpies vmodify the nature of their interactions with

other individuals depending on sex and dominance status of the individuals involved.
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IV. FIELD EXPERIMENTS

Associations of Feeding Individuals

.
. Relative to Their Dominance Rank

Among Flock Members of Ffee-ranging Black-bilied Magpies

" e

3 5 v v By
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ABSTRACT

A linear peck-dominance hierarchy was recorded ih a flock of 15 free-rangiﬁg
black bnled magpues (Pica p/ca) in Edmonton, Alberta. Birds that differed greatly in
dominance rank assomated at a food source (fed within 10 cm of one another) more
frequently than birds that were similar in rank, enabling subordinates to acquire food
in the presence of dominant individuals. The frequency of associations reveal that male
dyads associate less than expected, female dyads more than expected and
male-female dyads similar to the frequenCy predicted by chance. These results support
the contention that the sex of interacting birds can influence the nature of the

encounters.
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INTRODUCTION

Hediger (194 1) coined the term "individual distance’ when he observed that
most animals require a certan c;istanc'e between themselves and other conspecifics.
Burckhardt 1944, Conder (1949) 'and Hinde (1954) further advanced the idea that
mdn\/ldual dlstance 1s a fixed area around an individual whuch Is kept free of all others.
accomplished either by attacking. threatening or moving away from an intruder.
However. I\/larler."s (1955-57) aviary experiments on chaffinches (Fringilla coelebs)
strongly suggest that individual distance between birds varies according to sex, with
female birds assocnatnvn‘g more closely than males.

‘AV|ary experiments revealed that male black-billed magpies (P/ca p/"ca) act more
aggressively towards_other males than females (Chapter lif). F‘urther, dominant males
often tolerated or associated more closely with subordinates. often females. than with
birds tﬁaf were more ‘similar in rank. In another set of experiments birds of
intermediate rank were: found to lose more‘weight‘than elthe; the dominant or
SUbordinete birds durlng‘perlods of food deprivation (Chapter Iil. These experiments
suggested that toleranee shown towards the o‘meéa bird by the al‘pha ailowed the
former access to hmited food resources.

it was the aim of this research to determine whether free-ranging magpies. of
“known dommance rank associated at a food source in @ manner sumllar to that
predicted by the aviary studies. Spemﬁc;lly, do dominant and, subordinate burds feed
together more frequently at a limited fo'od source than dominant-intermediate,

intermediate-intermediate, or intermediate-subordinate dyads?

e
T

" METHODS

| The study area selected was the University of Alberta farm, within the City of
Edmonton, where a large populatlor{ of individually color-merked magpies existed.
_ Birds' that were unbanded were captured during the fall of, 1982 usirig baited circular
| funnel traps (Alsager et. a/. .1872) or slip nooses (Appendix 3): These blrds were then

mdnvnduallyvcotor marked and released Age was determmed by plumage characterlstlcs

C heii ol mmembAamatrice mMmoaciiramaente (Anr)Pnle
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2).

Platform feeding stations. to which magpies were attracted. were established
and mamntained at the University Farm during the fall and winter of 1982:83. Agonistic
interactions among marked birds attendfing the ‘feeding station were recorded.
Encouhters were scored as wins when one bird mtera\ctlr’\g with a second caused the
fatter to flee or act sub:‘n.wisélvely. By ranking the birds according to their wins over
other flock memb;ers,‘a"soc:alvdommance‘ hierarchy among flock members was
determined. After the ranks of all birds were determined a feeding trough (50 cm
long. 10 cm wide, 5 cm high. covered by wire mesh), provisioned with fat and meat.
was placed at the feeding station. While birds visited the fdeding ttough their
individual color combinations and therr position relative to the metric calibrauon on the
side of the, trough were recorded. Birds feeding within 10 cm of one another

(determined to be the minimum distance at which agonistic encounters occur) were

classified as a feeding association.

RESULTS AND DISCUSSION

By mid-November 1982 a flock consisting of 15 birds was. established in ?he
vicinity of the feeding station. Although other birds were occasionally present, )
ihdividuals that were seen less than ZO%'of the time were considered transients. in
most cases transient birds were seee enly once orrtwice; in all but two cases‘
transient individuals were unmarked. Because all magpies. within ‘the vicinity .of the
feeding station had been individually marked, transient birds had to have travelled at
least 1 km in order to bé recorded at‘ the site of the feeding station. All birds in the |
15 member -flock were of local ongm It is possible that the early associations of
young birds during the post fledging period may increase their chances of establlshmg
a stabie flock, thus making it dnfflcult for transient birds to estabhsh themselves within
such flocks Baeyens {1981) noted that in latez summer and early fall stable flocks '
form with transient individuals movmg between flocks, often remamrng as sohtary
individuals over winter. This may have been true of the transjents found on this study

A

area as well.
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T'he domnnance hierarchy formed, based on agonistic interactions was linear,
similar to that described by Baeyens (1981) and Reese and Kadlec (1982). In cert\aurf'l
cases encounters among pairs of birds were not recorded, however, by knowing. the
relatuonshlp among most dyads, the ranks of all could be deduced. The hierarchy
consisted of 3 adults and 12 juveniles ({Table V-1). The two top-ranking birds ‘were
adult males. with the remaining adult, a female, ranked fifth.

After the determination of the dominance hierarchy. | grouped the birds into
three dominance categories with the most dominant five birds being categorized as
dominant (D), the middle five as intermedrate (), and the bottom five as subordinate

[ad

(S).. Equal numbers of individuals per category._wer'e initially chosen because it allowed
for easter statistical manipulation and fewer assumptlons regarding relative d,lfferences
in dominance rank among flock members: However, interactions between a male (Rank
4y and a female (Rank 5! suggested that they were pair-bonded. Therefo?‘e L ehmunated
these two individuals from the analysis. Finally, the number of times two bnrds fed
together was recorded along with the dominance category for which the two
belonged (DD. DI. DS. Il IS, SS). ) |
The frequency of associations recorded among birds of varlous dominarice

categories suggest that they were not feedddg together at random (Table 1V- 2). The'
five categories contributing most“'to the drfference were DS ano SS (more than
. expected) and IS and DI {less than expected values). It appears that

dominant- subordnnate and subordinate- subordmate assocxatuons were the most frequent
at the feedmg station. Marler {1955-57) recorded that subordinate chaffinches fed n
closer proxlmuty to one another than dominant. brrds at a feeding station. He suggested
that' females had a shorter individual dustancea which allowed them to feed in close
proximity to one another, there,fo're mcreasing a subordinate's chance of acquiring
food when food was limiting. | ” |
. Under cz;ptlve condmons (Chapter Jll) there was a S|gn|f|cant difference in the
frequency of aggresswe and SumeSS|Ve mteractlons according to.sex; males
m{eracted more aggresswely wrth other malés than cﬁ females with other females

lnteractnbns between males and females had a srm|lar number of aggressrve and

submissive outcomes In this study of free rangmg magpies the frequency of

8
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Table 1V-2. "The namber of times two magpies from a flovk:of IS.wvro

. :

- seen fécding lﬁmvthur n(_n;limitqd food source.  Birds were placed
according to dominance rank (’L;xb Te TV=1), into d()ﬂl%l];ln r (i)) , inter-
mediate (1), and ﬁqhnfdinatw kS) ursnps. IExpected values were based,

on the probability of two birds dnteracting by chance alone and hence

- ' ' . ; R ' -
reflect the number ot possible combjnations for each type of dvad.

. L
Db DI- DS IT IS ss pY Total
Observed | 4 9 4 6 o 34
/ .
> <0.05
“Expected l Q; 7 7 4 11 4
Difference 0 -3 +2 ’ 0 =5 6
. A
G-test, G= 11.10
;\'4):
% .
3
& .
AN
; ’?ﬁ- . .
' fz}f N |



association accordung to sex suggested a trend that the frequency of assoc:atlons
among females at the feeding station were greater than expected whereas among
male and female birds was similar to values predicted by chance (Table l\{—3)..

| These data on free-ranging magples lndicate that subordinate birds feed
together more frequently.at a llmlted food source than any other possible comblnatlon
but this'may be a result of subordinate birds being females and havnng smaller
' mdswdual dlstances when assocratlng with other females. Thus, sex of mdlwduals |
lnvolved appears to modlfy the nature‘.of mteractlons Addltlonally dominant and
Subordlnate birds fed together more. frequently than déminant- domlnant dyads. The"-'
first prediction of the behavroral model is supported n the fleld namely that birds of
" low social status are able to: gain access to limited food resources because of h%
tolerance to close approach shown towards them by dominant individuals. Thus, the
type of mteractlons that occur among birds within hierarchies of black- bllled magpies N\

are mfluenced by the domlnance status of the burds Wthh in turn, often reflects thelr

Sex-.'



Table 1V=13. The number of times two magplies Ot piven sex from oa

s

flock of 15 seen feeding topgether at o bimited faod source.  Expected
$ 3 . poet

values were based on the probability of two bivds interdeting by chancee

alone and hence retlect the possible combination tor cach tvpe of dvad.
.
3
4

"«

\ . . . a
Male-Male Male-Female Female-Femate P

. - R
Observed ’ 1 L4 1/

. . b=0.07
Expected 4 " 1o 12
Difference -3 =7 +5

Based on G-test: 6=5.33



V. SIZE-DOMINANCE RELATIONSHIPS

Morphological Correlates with Dominance

in the Black-billed Magpie
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ABSTRACT

Dominance hierarchies have been reported for wild flocks of black-billed
magples (Pica pica). The plumage of male and female magpies 1S similar
{monomorphic). However. dn-fferevnces in size have been recorded both between and
within sexes, males generally are Iargef than females. When birds in flocks of mixed
sex are considered, all morphological measurements were positively correlated with
dominance. However. this relationship results from males being both dominant to and
larger than fem'a|es‘. Within a given sex. bill size of males is posttively correlated with
dominance, whereas in females it is negatively correlated. In addition, the relationship
between overall size and domariance status, based on prin&:ipal component ana!yéns, 1S
positivé in males but not in females. Thus, size may be an a;tribute which influences an

individual s potential to attain high dominance status, particularly among males. -



INTRODUCTION

1

The degree of individual morphological variation within species differs among

passerines {(Rohwer 1975, Shields 1977. Baker and Fox 1978). Rohwer {1975)

suggests that variation among individuals may act to signal dominance status and thus
reduce intraflock fighting. Thus, 'an individwal's status may be largely predetermméd or
influenced by its appearance. Consequently one might expect a correlation between
morphological characters and dominance ;tatus.

Several factors which have been reported to influence dominance status in
birds are: age (oldt\ér birds dominate younger, Hepp and Hair 19845; sex (males
dominate females, Balph 1975, Alexander and Hair 1979); plumage coloration (Marler
1955-57, Harrington 1973, Rohwer 1975, Fungle et.a/. 1984); hormonal level thigh
titre of C|rcu|at|ng testosterone In domlnant birds with low titre in subordinates, Noble
and Wurm 1946, Watson and Moss 1971, Lumia 1872); and breeding status (paxred
birds of either sex dominant to unpaired birds, Patterson 1977, Hepp and Hair 1984).

Baeyens (1981) and Scharf (Chapter IV) report that dominance hierarchies a‘re
present in flocks of wild magpiés (Pica pica). The appearance of the plumage in the
sexes of magpies is similar, however, differences’in size exist both within and
between sexes with fémales being significantly smaller than males {Appendix 2). This

study was undertaken to determine whether size is correlated with dominance status

of individuals within flocks of juvenile black-billed magpies.

METHODS

Magpies were live-trapped in baited circular-funnel traps (Alsager al. et. 1972)
during the fall of 1982 and 1983 in the‘city of Edmonton, Alberta, Canada. Each
bird’'s sex was determmed from external rﬂeasuréments (Appendix2); sex was
verified by gonadal examination after the birds were kllled at the end of the ‘
experiment. All birds were individually color-marked with plastic leg bands, measured
with calipers and a steel rule, and placed in outdoo}- aviaries. The measurements taken
are présented in Appendix 4. The aviary flight cages measuréd 58m x 2.4 m x 2.1
m high and were attached at one end to an enclosed room (2.1 m x 24mx2.1m)

r

Each group of birds caught at a given trapping station was placed in a separate cage.

LN
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b
Only Juven.ile birds were used to elimmatevany effects of age. Al btrdé were given 3
weeks to acchimate to the penned conditions before being randomly assigned to pens
such that no new members of each new flock of five birds were known to have had
previous associations with any other bird.

The dominance status of ﬂock members was assessed by recording, from a
blind, the outcomes\ of agonistic encounters between birds at a cemratized‘food
source. A win Was scored when one bird either displaced another from the food or
caused it to behave in a submissive manner (Baeyens 1979). The results of encounters
among all parrs within a given cage enabled me to'arranée flock members in a Ilnéar
dominance hierachy thereby assigning ranks to each bird (Appendix 1).

The relationship between the morphometric characters and dominance rank was
determined by using a Spearman rank correlation procedure {Sokal ahd Rohlf 1981). |
Because the sample size used to calculate each correlation for @ given morphometric
variable was small (n=5). minor deviations from complete concordaﬁce cpuld lead to
large differences in the coefficients calculated, potentiaﬁ;\maskn\rr\g a relationship
between size and dominance. In order to eliminate this problem | determined the area
under_a nomal distribution represented by Q&e nérmallzgd sum of all correlations for a
given variable (Table V-1).If the area represented 5% or less ( the tails of the
distribution. P<0.05), it can be stated that there is a significant relationship between
dominance and the variable in question.

Although a univariate approach can provide information about the relationship
between particular morphometric- variables and dominance, it does not address thé\
following question. 1s overall size correlated with dominance? Overall size of an |
individual can be viewed as a cor;wposite % all physical characters. Therefore, | use&{
principle component analysis (F;CA) to derive a linear ‘functl"on of all morphometric \
variables for all birds. Subsequently principal component scores were derived for each
bird from the linear ‘function describing the first PC axis‘ (size). Therefore, the PC
score for a given bird represents the bird’s overall size in contrast to all other birds. \
By using these PC scores, Spearman rank corre:'lations between overall size and
dominance within a giv‘en flock can be calculated. These new correlation coefficients

were then subjected to the same normalizing procedure as previously. mentioned

¢



WMe V-1, Derivation of Iil(‘ normal Jdeviate tor «'.‘}Killl.llbill)" the

‘pfnhubility associated with the combined Spearman rank correlation.

leiui{iun ol Symbols

d o bifference between two quantitics (er;r(vd.JHJ observed ranks)
i Integer used as osubseript

N The size ot a proup or catepory

no Sample size )

U, Spearman rank correlation coctticient

T Sum of ry

Vo Variance of vy

V Variance of T

~

Normal deviate, standard score

= Takinyg the sum

AU

. Computation of the Spearman rank correlation coefficient (rq) for a

morphological variable (Zar 1974, p243-245).

N
9
6 :éE d”
o= _i=r
0l - n

2. Computation of the sum of all r, for a given variable (T).

o

Q
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Table V-1. continued

+

/
. \
y. Computation ot the variance of T which is lhv\\«\mlu‘d variance for
all . : i
N 1\
&e
T
\n - E v Iy
i=1
or
e
P

4. The normial score (Z for a given variable, calculated for the sum
Y R k]

of T. .

5. The Z score is checked against 1.645, which is the cut off for a

one-sided test at the 5% probability level (2 €0.05).

™~
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(Table V-1).

RESULTS AND DISCUSSION : W

The relatlonshlps between eactt morphometric variable measured and dominance
sfatus of the captive magpies, when both sexes were examined together, are
presemed in (Table V-2).

in éncounters between males and females, males. which are significantly larger
‘than females, won significantly more oftem (Table V-3). Therefore, the strorj‘g
correlation between size and rank (Table V-2) can be Iargely‘ explained by larger males
dominating smalier females. Whén the size-dominance relat#®nship was ex:yﬂwined
according to sex, the only significant positive relationship among males was depth of
the bill ati the nostril (DTBNOS) (Table V-4). However among females the foot (FOOT)
-was positively correlated with dominance status Whereas width of the bill at the
nostril (WTBLNS) was nega;ively correlated with dominance rank (Table V-5). The bill of
r'r(ale magpies may be useful during aggressive int.erac‘tuons. Bill size may be used by
mayle magpies as a signal of dominance status or it may allow birds to individually
racc)gnize one another. However, among females bill width was inversely related to
dominance and foot (FOOT) was positively correlatéd with dominance, but it is unclear
how the combination of these two variables could be important ‘during aggressive
encounters. |

Traditionally researc‘hers have used measurements of morphometr?c attributes
‘such as wing chord, tarsus length, or weight as indicators of size. However in some
cases, one measurement may be less informative than a combination of measurements
recognized as size indicators. Ohe technique that: can provide an index of overall size
is principle Acomponent analysis (PCA). PCA pro'vides a linear function which explains
the maximum amount of variance among all variables. The relationship between
dominance and the predicted PC scores shows a posit‘ivé relqtionship when sexes are
combined (Table V-6). Moreover when the sexes are examined separately, a positive

correlation between dominance and size exists among males but &among females

(Table V-6. - &

F)
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Table Vai.

Outcome ol intersexual

S

black=billed magpices.

195182

Cape Number

4

o

Total

1982-83

Cage Number

8
9
10
1l
12
13

16

ca

Total

Males  Females

Ma

] 4
) 3
4 ,
3 2
2 3
2 !
les -Females
2 3
2 )
2 }
2 3
| ;
3 2
Z 1

Aponist oo cnegQuinters nony capt ive
. ~

Males

41
15
50
51

67
44
18

286

a

Based on G-test

Wines

Wins

“Females

by

Females

bv

© 24
14
22

0

2

17
0
79

Py
P,
PCo.
PCo.
P 0.
P (0.
P 0.

PO

n.

P<O.
P <CO.
P <0.
P <o.
P <O,
<O0.

it 1A\‘I't’hl'l'k

1
01
01l
01
01
0]

Ditteren o

L0
5.

01
01
01
01
01
01
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Table V=6, Spearman rank correlarion (r(;)'of size (as predicted by

Principal Component Analvsis) and dominance tor both sexes combined

and separate. '
Combined Sexes Males n Females n
Cage Number
1 0.500 S 1 0.200 4
2 0.700 -1.000 2 1.000 3
3 0.900 0.900 5 - __ 0
4 0.100 T 0.500 3 ~1.000 2
5 0.800 0.500 3 ~1.000 2
6 0.200 . 1000 2 -0.500 3
7 0.600 g S -1.000 2 0.250 3
8 0.700 C1J000 2 1.000 3
9 0.700 1.000 2 0.500 3
10 7 . 0.500 ~1.000 2 0.500 - 3
11 0.500 1,000 2 -0.500 3
12 0.700 | [ -0.500 4
13 0.900 1,000 3 1.000 2
14 ~0.400 ’ 0.300 5 - 0
15 ' 0.000 { 0.700 5 e 0
16 0.800 . 1.000 4 ool 1
17 . 0.000 Ceem o 0.000 s
¢ ma 8.200 C5.900 0.950
A TS S 1900 039
“EE 0 Co.01 , ~ €0.05 © ens. T
. T R —

Sum of all rg

b Normal deviate, standard scorencalcqlated'for all rg (Table V-1). ;'B

c S AR
n.s.= not significant -
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In monomorphic species such as the magpie, variation in size may‘ signal the
potential success of an individual when engaging in an aggreséive encounter. Fighting
-has been demonstrated to be costly especially if it résults in injury (Chapter ). Inju.red
birds were unable to maintain their Weight. during periodo of food dfprivatnbn and .
hence died. Therefore, signals that may express dominance or facilitate individual
recognition are likely to evolve if they increase an individual's fnness

Clearly large body size would be an advantage during an encounter with a
smaller conspecif.ic. Dominance has come to mean priority of access to limited
resources (Kaufmann 1983), and dominant birds stand.to gain an advantage if the
obtamed resources have an impact on their mdwndual fitness. However the most
perplexnng results are that femalessshow little or no‘relatmnshlp of morphology with
dommance Possibly female birds are following a dnfferent behavioral strategy within

dommance hierarchies. ?

3



VI. SIZE DIMORPHISM

Overwinter Changes in Sexual Size Dimorphism

in the Black-billed Magpie



ABSTRACT

Dominance 1s related to the size of males in captive flocks of black-billed
magples (Pica pical. Experiments suggest that birds of intermediate size lose~Nyore
weight during periods of food depfivation than birds at either end of the dominance
hierarchy. A model based on behavior observed during the periods of food
deprivation predicts that: 1) the proportion of males in the smaller size classes will be
Vreduced in number producing an increase in the mean size of males that survived the
winter, and 2) be(i',ause there is no correlation between size and dominance status for
females. there should be little change in the mean size of females that survived the
winter. The overall result of this prediction would be to increase sexual size
dimorphism among overwintered adult magpies. This study tested these predictions by
examining external measurements of juvenile and adult populations of magpie. The
results indicate that small males euthér succumb or disappear overwinter, but females

do not. Thus, these results support the prediction of the behavioral model..:



_ INTRODUCTION : ’

Throughout the winter particularly in the northern parts of the magpie s range,
snow cover remains for long periods of time restricting access to scarce winter
food resources. During this time black-billed magpies (Pica pica) torm winter flocks \\
composed primarily of juvenile birds (young of the year) with a few adults {Linsdale
1937 Baeyens 1981, Tatner 1982, Chabter IV). In captive flocks of magpies, size is
positively correlated with dominance in males. dnd. since males are larger than
females. they are also dominant to fel;nales (Chapter V). Additional food deprivation
experiments showed that captive magpies of intermediate size lost proportionally
more weight when food was imiting than did birds at either end of the dominance
hierarchy (Chapter H). If birds of intermediate rank and size succumb during periods of
food deprivation two pr8dICthV;S can be made: 1) the proportion of males in the
smaller size classes WI“--be reduced in number producing an increase in the mean size
of males remaning N the overwintered population, and 2) because there i1s no
correlation between size and dominance among females (Chapter V), there should be
little change n the mean size of females that survive the winter. The overall result
should increase sexual size dimorphism among overwintered magpies. In this chapter. |
examine these predictions.

METHODS

A total of 214 black-billed magpies was collected throughout the City of .
Edmonton. Alberta, using circular funnel traps (Alsader et. al. 1972), and monofilament
snares (Appendix 3), and through shooting by the Division of By-Law Enforcement,
City of Edmonton. Young of the year (juveniles} were collected between October and
January of 1982 and adult birds (those that were at least 1 year old and had
undergone at least one complete moltl were collected throughtout 1982-1983. Age
and sex were determined by techniques_outlined in Appendix 2. sex was verified by
gonadgl examination of the carcasses. From each mag})ie 14 measurements (Appendix
4) were taken, of which nine were used-m-this study.

/
Data from fgSur categories (juvenile and adult, male and female) were analyzed

** by using PCA (Prin;‘l‘ipal Components Analysis), and DFA (Discriminant Function

i



Analysis)(Rlsiné 1973, Murphy 1978. Johnston and Fleischer 1881} and Fieischer
% 1981) who examined overwinter changes in sexual size dimorphism of the house
sparrow (Passer domesticus) and who used principal component analysis and

dxscrlml‘nant fuﬁ%tion analysis (Sneath and Sokal 1973).

RESULTS AND DISCUSSION

The mean values for the nine measurements are:presented n Table VI-1.
Among females seven of the nine measurements from juvenile Ft:h are larger (but
only one significantly so) than those of adults. Among males six of nine measurements
are larger in adults than juveniles. Individuals comprising the overwintered adult
population appear to have increased the degree of size dimorphism. WIIthU“ males
being larger and adult females being slightly smaller than in those populations of
juveniles measured before the winter.

One way to guantify the change in size dimorphism s to examine the méans of
all nine measurements concurrently and determine whether the difference between the
sexes changes when one compares juvenile and adult samples. The F-test associated
with the Mahalanobis (D?) statistic (a measure of the relative distance between group
means) can provide such a test (Morrison 1976). The distance between males and
females in the juvenile cohort is 6.91 (D7), a significant difference (F=18.46, df=9.91.
P< 0.00), however. among adults the distan\ee has increased to 15.05 (D% (F=32.46.
df=9.97, P< 0.00). Thus, these data support the idela that there was an increase mQ
overwinter sexual s-tze dimorphism. The prediction, based on the behavioral modet,
namely that the p'roportion of males in the smaller size classes would be reduced in
number through the disappearance of smaller individuals to produce an increase in the
mean size of males remaining in the overwintered population, Is supported..

An alternative explanation for the observed increase in lsize dlmorbhism is that
males continue 10 grow "‘t_hroughout their first winter reaching their determined growth
at a later date than ferﬁéﬁés. That would explain why adult males a}e larger than
juvenile males.

In order to examine the validity of this potential explanation, | determined the

date at which the upper asymptote for the growth curves of all measurements was

o
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achieved. Tﬁis was done by fitting the best logistic curve to the growth pattern of
nestlings recorded during the summer of 1982 (derivative free non-linear regression ,
model, BMDP Program LR, 1983). The structure which took the longest time to reach
its asymptotic value was the length of the bill from the nostril to the tip of the upper
mandible: this was on July 11, well before the time the juvenile sample was collected
(October) (Table VI-2).N
These measurements suggested that definitive size was achieved by the end of

the summer (July) in the magpie’'s first year. However this method is indirect and a-
more appropsiate way to determine whethér growth continues is to measure the same
individual in ité first and second year. Measurements recorded from captive birds first
measured as juveniles and then again as adults are presented in Table VI-3. Captive
'Juvenile birds in this éample were measured on October 16, 1982, then again as
adults on November 3, 1984. These data indicated that the lengths of the wing chord
and the breadth of the .wmg were significantly larger as adults than as juveniles for
both sexes, implying that development continued past the first year. However, when
the measurements were taken onOctober 16, 1982 feather abrasion was noted on
the primaries and secondaries, presumably a result of the young birds brushing their
remiges against the sides of 'éhe enclosure when clinging to the wiré cage.
Consequently the changes in feather lehgth may be largely a function of feather wear
after the birds were first caged and should be questioned. |

i

Lo The procedures previously used to detect overwinter changes in size were
ré}examined. This time the wing measurements were excluded from the data set.
Under these conditions ,the Mahalanobis distance betwéen juvenile males and females
in fall was D'=6.66 (F=23.34, df:7,99.~:5<0.01)'and in spring D=9.39 (F=26.53,
df=7.93, P<0.01). Thus, a significant d';‘.f."fé'rence existed between males and females in

‘the juvenilé cohort (fall) and this difference was even greater when the adult cohort

v
i

(springl was examined. Therefore it appears that an increase in size dimorphism has
occurred.

An additional way to examine changes in size is by using principal components
analysis because PCA determines an qxis indicative of size and as a result PC scores

can be calculated which can be used to test for differences among adults and



.Table VI1-2.

its asymptotic value

Measurement

wing chord

breadth of the
wing '

fcngtll()f bill at
the gape,

length of bill from
nostril to tip

depth of bill at
the gape

depth of bill at
the nostril

width of bill
at the nostril

tarsometatarsus

foot

[ 4

Date at which the growth of a piven measurement reached

tor black-billed magpie 1lest:li11gs in 1982,

Mirles n=9Y

July 3

no data

June 27

July 7

July 7

July 10

June 10
Mav 24
May 28

Females n=13
June 28
no data
June 29

-

July 11

[

June 25

July 5

June 8
May 27
May 29

4 The date was predicted by fitting the best” logistic growth curve

through the growth pattern exhibited by nestlings.

The number of
J AP "
Codgs

days it took the sfructure.to grow to its asymptotic value was

advanced from the mean hatch date (April 24), thus, the date given

is only an estimate.
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juveniles according to sex (Table Vi-4). These data indicate a trend for larger males to
be found in the spring population than i the fall. Additionally by using a twé:way
discriminant analysis a further examination of the change In size’ é)\‘/erwmter can be
done whereby both age classes are categorized according to sex on the basis of
size As a result of this analysis the overlap between Juvemlszénale and female birds In
the fall was récorded at 11%, however, in the spring it had been reduced\t'b' 7 %.
Additionally, the canonical group centroids, which describe the mean size of b;rds for
) a given sex and age class, indicated that adult males are larger than juvenile males |
"5;\:¥(1.30 vs.1.05) and that adult females are smaller than juvenile females (-1.54
vs.-1.47). Although this new set of analyses did not incorporate feather
measurements, it does suggest that overwinter size dlrr;orph|§m does un.crease
Overwinter sexual size dimorphism has been repbrted to occur in the house
sparrow (Bumpus 1899, Rising 1973, Murphy 1980 Johnston and Fleischer 1981).
Johngton and Fleischer (1981) showed tﬁat the degree of overlap in a series of
skeletal measurements for males and females was greater in fall than spring. It was
suggested that overwinter mortality of small males and large females left the larger
males and smaller females to form the spring population, thus increasing overwinter
sexual size 'd|morphusm among birds. A gquestion that arugés Is whether the skeletal N
structure of male birds continues 1o grow overwinter? At the present time | am
unaware of any literature that examines determinate growth in skeletal measurements
of the house sparrow. However if skeletal measurements do not increase after a
bird's first winter, then selecilvé mortaliiy increasing size dimorphism overwinter is
implied. If sexual size dimorphism can be clearly demonstrated in magpies on the basis
of skeletal measurements, it would stili remain to be deterrﬁined whether external
meaurements are highly correlated to internal ones. Only thencould the behavioral

mode! be invoked as a causal mechanism influencing the increase in sexual size

dimorphism among overwintered birds.



-

the mean values

Table Vi=4.  Changes\in
A
first principal component el i)
ol both sexes of the black=hi ol Hl.\})in'.
Female
Juvenile n=62 Adult n=36
M"a'*;m -0.921 -0.85%¢4
s.d. 0.652 0.562
C e a
Difference n.s
Based on t-test: n.s.= not signiticant
»

(P Gooren) })X'\‘\li\'(ﬂ\{ by he
between juvenites and adoalts
Male
Juvenile n=45  Adult n=/1
0.775 0.919
0.350 0.471

P C0.10



Vil. GENERAL DISCUSSION



Fldcking of conspecifics, a form of. social behavior, can have important
implications for the fitness of individual flock members. Two hypotheses have been
suggested to explain the adaptive significance of flocking behavior. One suggests that
pr.edatbr detection through group vigilance and signals by flock members warns
others of the presence or appro'ach of a predator (f’owell 1974, Caraco et. al.

1980, Pulliam and Mille‘kan 1982). The second s(.uggesfs that foraging success of a

| flock member is enhanéed through the ability of the flock to find patchily distributed
food sooner and with greater regularity than can a single bird (Powell 1874, Pulliam
and Millekan 1982). As a consequence, an individual bird ;enefits more by flocking
than living alone. However, within flocks asymmetries in dominance status among
individuals establishes an order of precedence that can influence a given bird’'s access
to a limited resource such .as food. Consequently. flock'membersvstand to/receive a
benefit from flocking, althéugh all members potentially do not receive the same
benefit. I's |

Schjelderup-Ebbe (1922) originally defined dominance on the basis of
outcomes of agonistic interactions between individuals. Initial research on this suject
focused on the documentation of dominance in various species (Evans 1836, Maslow
1940, GaUthreaux 1878); more recéntly, c_c3n$iderable atten_tior{ has been focused on
the role played by dominance in access to resources. Hence dominance has been .
defined on a functional basis; dominant birds gain priority of access to a given
resource. This definition has enabled researchers to m’aké specific predictions such as
that recently proposed hy Gauthreagx {1978). He prédicted that differenfial migration
in birds is influenced by dominance such that dominant birds gain priority of access to
;referred winter habitats, forcing subordinate birds to reside in less favorable ‘ ’&?g
ha@itats. Thus dominant birds survive better than subordinate birds, and therefore are
more %ely' to have greater individual fitness. . / -

Fitness is nof only[dif?icult t measﬁre but it is often difficult to subétantiéte
. that dominance confers priority o@cess to a given resource, an‘ issue that has
received’ considerable debate among non-human 'primate researchers (Gartian 1968,

éernste,ih 1970, Rowell 1974). A key measure of an individual's fitness is whether it

survives to reproduce (Arnold and Wade 1984a, 1984b). If dominance influences



) »
survival. conventional wisdom would predict that dominant birds, when faced with a

period of food limitation, should survive better than subordinate birds.

" Work done by Fretwell (1969) indicated that subordinate. individually-marked
dark-eyed juncos are less lkely to be recaptured overvvnnter because they disperse or
die. Kikkawa (13880) demonstrated “that subordinate birds in a marked‘bopulatlon of
sitvereyes had lower 3urvnval over the non- breedung season than dominant birds. More
recently, a study by Baker and Fox (1981) on captive dark-eyed jncos mdntated that
when the weight of birds fell to approximately 17 grams, death was imminent. Since
female juncos weigh less than males (Ketterson and Nolan 1983), and females are also
subordinate (Balph 1975). it |s-more probable that females reach 17 grams before
males. Hence, it is likely that females face starvation sooner than males. These data
have been interpreted to support the contention that survivgl is anGF'SEIV related to
dominance. )

Magoi‘e\_s, in the northern part of their North American range are subjected to
severe winter conditions during which food resources are likely to be Ii'mitiné. Birds
with territories spend a considerable amount of time on their territories in winter,

- presumably using food cached there during the fall (Hochachka pers. comm., Trost
pers. comm.). ‘l;erritorial adults apparently have a much Iower_rate ot‘ disappearance
than nan-territorial birds which have not yet formed pair-bonds or established
territories (Scharf"un;;“ublished). However, juveniles form flocks overwinter moving
about in areas unsettled by adult territorial birds (Baeyens 1979, 1981). It is within
these flocks that dominance-induced mortal]ty should be observed. | have tested
whether dominance influences survival as measured by the proportional amount of
weight lost during pernods of food deprivation of captuve flocks of juvenlle
black-billed magpies. |

Data presepted.herein (Chapter. Il) indicate that birds’oHow social status -
(subordinate birds) are able to gain access to limited food re30urces.. A model based '

A "“

on behavioral observa}nons durlng the deprlvatxon expenments suggest that dominant

,1

birds tolerate the : ’ (épproach of low- rankmg birds and as a result low- rankmg

7 .{ 2 J
blrds gain access to&food The outcome is a greater werght loss for

A
mtéqmediate ranked birds than en&;er dommant or subordlnate birds.



Similar behavior patterns have has been obsjrved fak other species. Lorenz
{1938) recor\ded th/at within flocks of semi-tame jackdaws low-ranking female birds
were allowed access )to restricted food sources by top ranking dominant maies. He
also noted that top-ranking males often paired with low-ranking female birds with the
pair often acting cooperatively in defense of a resource. On occasion a dominant male
would intervene on behalf of his mate or prosoective mate when the female was
interacting with'another bird. Craig et. a/. (1982) observed in flocks of Mexican jays
(Aphelcoma ultramarina) that certain dominant birds, having gained control of a food
source, allowed subordinate birds, access to it-These subordinate birds had -a lower
variance in food intake than birds that were higher in rank. Similar obserat:ons have
been recorded for magpies in the aviary (Chapter lil. Reebs pers. C m.). In order t_o
understand the nature of this behavior among ‘magpies, i attemptedz‘ quantif‘y the
types of agomstnc interactions occurring among flock members. |
~ Data collected on the time two bnrds spent together at a food source mdl&te .
gKat birds that differ greatly in dominance statusspent a significantly longer time
foraging together than birds similar in rank (Chapter . The time spent by a gwen
'mdnwdual at a food source mdlcated that subordinate birds spent mqre time feeding
together than birds of intermediate rank (Chapter lll). Behavior obsé};ed durlng this
time indicated that dominant birds. after gaining control of the food source, aIlowed.
subordinate low- ranklng birds access to it. Snmrlar resu|ts were obtained when
examining the frequency of feednng associations in a wild flock of 15 burds (Chapter
' IV) For asymmetnes to develop in the response of one blrd to omers in the flock
* ‘magpies must be able to recognize one another as individuals.
-Marler (1955~ 1957) determmed that chaffinches respond to vns% cues such
as plumage charactenst‘cs Femalgs- \‘h breast feathers dyed to imitate the male &
. plumage won g greater proportion of agonistic encounters wrth norma| undyed
females Furthermore when the lowest bird in an establlshed female flock was dyed |
its domlnance status rose through an increase in the number of encounterg it won..
Marler (1955 57: 144) stated that the. red breast acts as a releaser ‘a c‘haracter
peculiar to an individual of a Jga}ven specnes and to which responsive releasing ’ .

y -

mechanisms of conspeoifioindividuals react and thus set in motion definite chains of



Py

nstinctive actions.”

On a more refined level Rohwer (1875) examined plumage variability in terms
of i1ts adaptive sngnlflcancg He determined that an individual s dominance may be
largely . influenced by its appearance. Therefore 1t should be e‘xpected that a correlation
between morphological characters and dominance status would exist. In gvaluating this
hypothesis in magpies, 4 determined tha\t overall size 1s correlated With dominance m
males but not in females (Chapter V) If size were a signal of dominance. and
dominance allowed priority of access to a given resource. then the positive
relationship between size and dominance status in males shoulld indicate that males are

competing for resources. Such resources could be food. potential territories and/or

,%otermal mates

.

If the behavioral model reflects events occurrlng among free-ranging magpies.
two predrctuons can be made. 1) the proportion of males in the smalier size classes
will be reduced i number through compemon producing an increase In the mean size
of males remaining in the over\;vmtered population, and 2) because there is no '
orrelaﬂon between. size and dominance among females there shOuld be little ctlange

in the mean size of femalds in the overwintered female population | tested these

predictions by examining the changeé in size of external characters of a juv‘enilg/an%

“adult population of Tblack-billed'magbies. The results suggeSte‘d that sexual size
- .

'@m_worphism did. in fact. increase in the overwinter population. Other studies have

documented such increases in sexual size dimorphism overwinter such as in the house
sparrow, another northern resident bird. Bumpus (1899 &oncluded that during periods

of harsh winter weather females were subtected to stabilizing selection and males 1o

directional selection for larger size (Johnstbn et. al. 1972). Since then Bumpus’ data

have been reevaluated using multivariate statistics (Johnston et. a/. 1872, Rising 1972)

and the hypotheses confirmed. Johnston and Fleischer (1981) subsequently examined

fourtegn skeletal measurements taken from two, samples, ohe collected before and

one after the winter. They also recorded an .increase in sexual size dimorphism in the
B ] - > . .

overwintered population. They suggested that "birds Qf-ihtermediate sizg are at a

competitive foraging disadvantage under conditions of persistent snow cover”

(Johnston and Fleischer 1981:503). Fidischer and Johnston (1984:409) concluded that

~



‘

"lowered aggression reduced energy requirements and a greater choice in roosting
cavities increasing the survivorship of smaller females. Likewise, behavioral dominance
by large males combined with thermoregulatory advantages”may result lr;\'\selectlon for
males of large size. Overall multiple selective pressurés can combine to produce the
same direction of selection, and, for each sex. different selective mechanisms (or
combinations of mechanisms) may act.” These data for house sparrows and the
interpretation used to explain the increase N size dimorphism among overwintered
birds are similar to that predicted by the behavioral model for magpies. As a result the
behavioral model may reflect the mechanisms which influence overwinter size
dimorphism.

One additional approach to understand better the behavioral mode! in terms of
an individual s net energy budget 1s to devise a simulation based on empirical data. The
simulation presented here is based on the behavibral mode! (Chapter 1), it quantitatively

examines energy uptake (tolerance to ‘approach of another bird and hence its access
to food) and energy expenditure (loss of energy resu|t|ﬁg from t‘he intensity and
frequency of agonistic encounters). In this simulation each member of a flock of a‘
given rank receives a payoff reflecting the net benefit resulting from gaining access
to food and the cost suffered by expending energy as a consequence of interacting
wi;h aii other individuals.

The rules of the simulation are as follows:

Benefits

| used a curve describing the relationship between the difference In
rank of two individuals and the time spent feel{iing together (Chapter lil.
Figure Ill-1) as an index of.their net energy gaived. However, to simplify
matters | have re-scaled the Y-axis downward by a magnitude of ten for
ease of calctlati (Figure VIi- ). In addition, he dominant Bqu of a
interacting dyad received an added benefit (+1) egardléss of its actual rank
because it is obvious that the dominant bird under these conditions receives

greater benefit than the subordinate. -
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(Index of Net Energy Gain)
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Access to Food

2 3 4 5 .6 7 8 9
Difference in Rank

Figure VII-1. Relationship between access to food as influenced by the

. difference in rank of two magpies (based on data presented in Chapter
1T, Figure III-1). The segment of the curve beyond a difference in a
rank of 4 has been extrapolated from the equation of that line

( y= 18.5-19.0 x + 6.89 x°).



Costs .

Because | have no data to express the relationship between energy
expended during an encounter and a bird’s difference in rank, | have
assumed a negative linear relationship of “likes will fight” (Geist 1966,
1971, Figure VII-2). | ‘

The payoff received by each bird reflects both the cost and benefit an
individual receives as a résult of interacting at random with all indviduals in a flock
(Table VIHi-1). The payoff matrices for flo‘cks of 3, 5, 7 and 10 individuals are
presented in Tables VII-2 and, VII-3 (Figures VII-3, VII-4). The payoffs indicate that
dominant and subordinate birds of flocks of 3 and 10 magpies receive the greatest
. benefit from their association within the f!ock whereas birds intermediate in soéial
status receive less. This pattern is the same regardless of flock size within the limits
imposed. If one holds costs constant across all ranks and considers only benefits, the
net payoffs again indicate that dominant and subordinate birds receive greater benefits
from their association than birds of intermediété‘rank (Figure VII-4). In either case the

predictions of the behavioral model are supported.

- &8
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~interactions befween two magpies and their difference in rank. This

relationship is based on "likes will fight" (Geist 1971).
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Table VIT-00 Matrices or pavolts received by bivds according to rank
when both benet its and conted are summed (A) and when benet its alone
arce considered (B Pavoris are based on the assumpt ion that all birds

funteract with one anothey ot random. Dominance rank: | -most, 10=1ceast .

A Benefitsteost s
Domianec R;mk. .
1 2 3 / 8 6o 3 9 10 Taverr
1 8.4 =700 4 -0 9.1 11,9 20,0 29.6 40.6 87.72
2 -9.4 : =8.5% ~/.0 =403 ~0.3 5.1 1179  20.0 29.6 37.2
3 8.0 -9.4 S04 =700 <A =003 501 119 2000 -0.4
bS53 SB0 -9 ST 6 -0 5.1 11.9 =257
5 1.3 =5.3 -8~ =94 -8.4 -7.9 ~<4.3 -0.3 5.1 -38.9
6 4.1 =13 <53 S8.0 —u.4 “8.4 -7.9 -4.3 -0.3 -39.9
70109 4l 13 o503 S50 ~ul4 8.4 7=7.9 -4.3 -28.9
8 19.(5. 10.9 Gol =13 =5.3  =8.0 =9.4 ~8.4 -7.9 -5.4
9 286 g0 10,9 S0 213 =501 280 —y.4 8.4 30.2
10 39.6 28.6° 19.0 10.9 4.1 -1.3 -5.3 -8.0 =94 78%1
)
B Benef it’ s v . ,:‘é’
1 2 3 4 5 6 7 8 9 10
1 0.7 0.9 3.4 6.3 10.6 16.3 23.3 31.8 41.6 134.9
2 0.6 0.7 0.9 3.4 6.3 10.6 163 23.3 31.8 93.9
3 0.8 0.6 0.7 0.9 3.4 6.3 10.6 16.3 23.3  62.9
L 2.4 0.8 0.6 0.7 0.9 3.4 6.3 10,6 16.3 42.0
5 5.3 2.4 0.8 0.6 0.7 0.9 3.4 6.3 10.6 31.0
6 9.6 5.3 2.4 0.8 0.6 0.7 0.9 3.4 63 30.0
701553 9.6 “5.3 2.4 0.8 0.6 0.7 0.9 3.4 39.0
8 22.3 153 9.6 5.3 2.4 0.8 0.6 0.7 0.9 " 57.9
9 30.8 .22.3 15.3 - 9.6 - 5.3 2.4 0.8 0.6 0.7 - 87.8
10 40.6 30.8 22.3 15.3 9.6 5.3 2.4 0.8 0.6 127.]
o }
.



Table VIT=3. Net pavotfs roeceived by bivds according to flock

and dominance status, when both benetits and costs are summed  (A) and

when benefits alone are considered (B).  Pavolts arce based on the

assumpt ion thatrall birds interact with one another at random,

s

S

A Benetfitstceosts ! Flock Sz
Dominancg Rank , 3‘; T 2 1)
P 154 =200 0k 8.0
2 S17.8 0 =29.1 =43 37.0
3 74 328 374 0.4
L 411 —42.4 0 =257
5 260 . 3904 -38.9
6 283 39,9
7 L -9.0 -28.7
8 5.4
9 - 30.2
10 78.2
<
B Benefits
1 1.6 1.3, 38.2 138.9
2 ° 1.3 '5.6." 22.5 93.9
3 1.4 3.0 12.7 62.9
4 4.5 8.8 42.0
5 9.1  10.7 31.0
% 19.4 30.0
7 34.0 39.0
8 57.9
9 87.8
10 127.7
, .
/
L)
Y ' .
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Appendix 1. -
. ’ o

The number of agonistic interactions won'and lost by the members of _
17 groups of flve black—blll’HTMagpies held under captive condltlons o

The birds are arranged in order of dlminishlng rank from- 1eft to rlght

yithin each cage. Sex of birds in parenthesgs M=male, F= female

|- o ; S "8
[ : _ . e

b

Cage 1 ST e - Cage 2.

|

‘RM(M) WG(F) RG(F) 0G (F) Ye(r) '“ ‘ S(M) GY(M) BB(F) W (F) BR(F)

™M 4 0 0 o . s 7 1 33 i

[N

WG o218 03 e 1 o116

0G. P L5 CGW L2

Yo - 32y

tar

RGO 'S0 WRGD GRGD ORQMY :'-:3_-RG(M) 66 () RB(F) W) BHGD)

R12 137 130 R 4310 3

e

s o e 1 e 69 T

WR L 318 RB N > P 3

CGR 200 T W L 9



-4

 Appepaix 1. (contigued)

Cage‘S‘A v Vo {  ‘ i:" Cage 6

GG (M) -OY (M) YW (M) BR(F) oer): » Q(Mi»Rw(F) WB(F) WO(F) WW(M)-

6 4 0 9 6 . o 11 9 4 3
oy 2 | 4i ‘._6" - R E @7 ‘. 7. i;b
T 3 a o  ;_ wB oo 6. 2
R }°f e ;'7’~'v | w0 ,5  : 2

W& 3

Ccage7 . . cage8 iy

YSQM)  S(M) OW(F) YR(F) BB(F) BW(M) - Y(F) GR(F) RB(M) BR(E)
) 3 . | s e . . . R o . . . \

Sy w20 2 =2 - B 1717 10 s

";ég'i{ _» - 7:"-12_ g s f' oy L/_‘, . 13. . 9'}. o

m*Cégev10”:7 /3f.

i

" Cage 9 -

B OYG) SGO WY WR(Y o BS(R) R GYOD RG(R) S(R)

L L P R R SRR EEPRRRA
SOWBLoZol 22 B AL 10 1208

B

O L 19 7 R 2413 j1e s




-~~~ .
o

~ Appendix 1.:{continued)
“Cage 11 ' ;
RV 16 100 9, 7

- QQS.A 1o 77-/8'/ .

0s 1. 3gme2.

Cage 13
o 4 . S - ¢
TOREM) BY (M) WO(M)  S(F) *SO(F)
COR 5t 9 s 3
B . 17 19 ;0
s a0

: S

' Cage‘isj

00 (M) ¢S<M>_6$(M)_,Y(M>'So(M)f- :

.00 "f6 14 09 A'f 7 -

éY(M) S(M) 0S(F) BS(F). WB(F) 7 -~

Cage 4 - >" _ Ceow

. YG : ' 15 .2

 Cage 16

G .2 0 .
| R e

Cage 12

WS () YG(F) BR(F) SO(F) S(F)

©

WS 1113 -5 7

Y6 1137

BR*. 2 . . 9 2 e

SO . 1

. . /. ‘/ '- "
s2. . R

. . ‘ EO

WR(M) RY (M) YG () C(“)!503E>

R T

RY ~ . 17 .9 0

WO WD) GBOO GS(M) YR(F)

" . .



Appendix 1. (continued)

&

- RR 6 1] 3

" Cage 17

RS(F) RR(F) 00 (F) GS(F) GG(F) -

RS 11 . 10

00 . ) ‘ 8 1\

cs - 2 0 4

-




X. Apr;er{dix 2

. f
’ -

L

™~

Age and Sex Determination

-

of the Black-billed Magpie (Pica pica)

, :
\
.
’ o8 .
#
W
ut »!
/,

-
.

N ‘

W



' ABSTRACT

L3

Past attempts at determmmg the age and sex of the. btack- bulled magpie (Pica

f p/ca have met with varymg degrees of success. Thus paper shows. that the Iength of

" the black ttp‘bf the 10th prlmary enables one to determme the -age of md:vndua1s |n a

. northern populatlon of: P/c,a p/ca hudson/a with 100% nehabullty Measurements of

L
,wﬂ'\g chord and the depth of the bnll at the nostrils- correctly classmed 95% of

w

1uven||es 7] the correct sex, whereas W|ng ehord ynd the Iength of the bill ‘at: the

commlssural pomt correctly clasS|fled 98 7% .of adult magpnes acgordmg to sex These

'crntena of sex, unluke those used by pre\nous mvestlgators can be used thrOughout

‘o . ©
. .

the year. L
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L S S b'.‘ h v 'f >3
INTRODUCTION  ~ + . L o |
- lt is often essentlal when studymg behav:or of“ free- llvmg blrds to know' the
o séx: and age of the mdlvnduals mvolved Such mformatlon is qften dlffl::ult to acquure
: when the plumage of the spemes m this case the black-bnlled magple (Plca p/ca ;: b,
| ‘ hudsoma) is not obv:ously sexually dlmorphlc A‘)ugh male magples are generally |
‘ larger than females (Llnsdale 1937 Baeyens 1979 Mugaas and Klng 1981 ‘Reese and ‘A:'-
| , Kadlec 1982) oyerlap l:‘\ measurements makes it dlfflcult to determme sex rellably \
.‘Some lnvestlgators have relled on reproduetlve behav?or‘ of prevuouslwmarked bll’dS
to determme seﬁ lBaeyens 198H However ‘sex deter\\hatlon based on reproductuve ‘_
behavuor is. rellable only durmg the/\reproductlve season and only for those bll'-dS |
Wthh are repr‘oductwely actlve ‘The' method developed by ReeSe and Kadlec (1982)
based on dnscrlmmant functnon analysus of external measurements lS rellable onry for
’ part of the year (1 January to 25 March and from 20 Apr‘ll to 1 June) They used
wenght as;.a sex-dlscrnmmatlng varlable but durlng the egg laymg perlod the lncreased o
N mass of females made welght an. unrellable determlnant [ ,'" g o 3
| ' o Age is’ often duffncult to asséss especually when the f'll’S'( pre baslc plumage is’ '
_-Slmllal" to the adult deflnltlve bas;é plumage lHumphrey and Parkes 1959 Bancroft and
' Woolfenden 1982) The g\agple completes the flrst pre basrc molt lpartlal) by Iate

. autumn and retams lts f

»

st ?ore basnc plumage for about a: year Thus pluﬂ'tage closely

'-resembles the adult ' ; fmstNe basac plumage Whlch is attamed afteF |ts second

: Q pre-basuc molt (compl tel lt lS d’ur-mg thls perlod when magpnes exhlblt thelr fnrst
o 'pre basnc plumage tha{ Lmsdale (1’937) and Erplno (1969) reFer to them as: Juvemles |
- - _.»thereafter they are classnfned as adults lLlnsdale 1937 Erpmo 1969 Reese and Kadlec '

8 982)

- e A o .

) ) /

L length of the black ’tlp of the fourth prl ry (P4) as sub)eCtNe and objeetlve crnterna -

= _':_V_"'_,for age determlnatlof\ Erpmo l1‘969) further stated that the pmmarues of 7vemle

s 5-magp:es had more black on ’thelr. tlps than dld those of adults. lquever he. falled to o
- . PR W AN

tnve decuslons‘ o

S |llustra/te these dlfferences, forcmg the- feade.cv o make'su

Dnscrlmlnant functlon analysus (DFA) has been shown to be an effectlve method




S
.

mdrvsduals accord:ng to sex and age lGreeQ 1980 Ealey 1981). In thns ‘paper | use

DFA to reveal Wthh morphometrlc characterlstlcs are useful in determlnlng the sex
T

and age of magples throughout the year | also |Ilustrate part of the plumage criteria

use.d by Erpano _1969) to ,determln_e age. o o o I ,
v‘t
KAETHODS T AR RO P S
A sample of 139. blrds was collected in aII seasons of 1981 1982 by the SRR

- .Dwuson of By Law Enforcement,- Clty of Edmorapn Alberta It contamed 98 juvenules
_ ooy

b .
and 41 adults Elghteen morphometrlc measurements were taken on most l95% blrds

lTabIe X 1l The age of all blrds was based on the sub;ectlve methods of Llnsdale R

1937) Bent (1346), and Erplno 1969) and the techmque checked agaunst blrds o{

.

v‘_;‘known age These data ere analyzed by dlscrlmmant functlon analysus (DFA) usmg

s 100% accurate m ClaSSIfylnnglrds as Juvemles or adults A black trp of less than or

"Vli_']aequal to 1 mm classmes the lndlvndual as an adult and more than/l mm as a '1

’ and adults made lt u" enable The shape of the whlte patchés W|th|n the surroundtng

-

- SPSS (Statnstlcal Packages for the Socral Scuences 1979l DFA selects from among the

»

.‘ . '_varlables (measurements) those that best dvscrxmmate between the categorles of sex e
and age Often DFA selects more” than one varuable to dlscrlmlhate between groups
' 'thus mcreasmg the rehabnllty of the classn‘ncatlon (Sokal and Rohlf 1981l Once known

™

the approprnate measurements can be used to determme the sex ‘and age of unknown 0 M

" birds handled in the field.© < .- O 3
_t"\_, -ﬁ.'i‘: L R
R B
",',v‘.ﬁ:R‘ESULTS \ . N R ; A S e
7 A lISt of measurements taken and a descnptnon of them appear rn Appendlx 4
: "_Accurate classnfscatuon of the age of alI blrds can be achleved by usmg the ‘;_ Sl

: ;'measurement of the black tlp of the 10th pnmary (TENDAR) Tl’ns measurement was

M‘;uvenule (Flgure X l) Thus thlS measurement alone lS all that ls\n.eeded to determme

Ee age The length of the black tlp of P4 (FTHPRI) was not useful in’ determmmg age : o-

_fcontrary to the suggestlon of Erpmo (1969) the amount ofz'0verlap betWe@Q juvenlles
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, Table X 1.~ Mea%u'rein%nts (r'nm): of morphonmtrfc struct'u‘rves' of boﬁll aﬁc
o N .
and sex classes of, black- b1llLd maiples col]crtcd in the Clt\l ot’ - e
deonton Alberm L )

[ s

A Juvenllev o : S+ Adult”

¢

o -Chafaggefa _ ;mle n=60 R female n= 38 malen 27 o ] bfbémalevn;.lz* W
DU YT eE T e X sd . X TUosidl

P EE - Yo,

_ WINGCH 204 o '%6.5  195.7< 4.7 - i207.1 4.3 0 192,40 3.2
; . / C - S B : o Lo S
i

© WINGBR 1&4 ;65 1590 8.2 166.8 9.6 155.97 3.0 ¢
FTHPRI 245 A—~3A¥7;~i_;-22}a.‘ 2:5 - 19.6 4.0 2006 5.l
i T e e e

TENDAR 205 5.3 218 3.9 0. 7.7 2.0 4. 84 2.0

féNLIT U elo T s 55 ~f43.§'ﬁéﬁ7‘jj. RV S I

. LATREC "3;32;1'_:N8;3_ " 1332 8.5 140.3 1s,zl ;ﬁ  fi29.15°’fs?4" o

CENREC‘ﬂj zéo;g; zi;E; L 253.9:'12g5_* , 293 4141 '3 3,2qu4f;2};8_;'?,‘iv”
| LTBLCM( 435 1.2 407 24 K ahh 16 40520

-

'DT'BR:’rg RO V5T T 5 § '_ . !,13'37"5‘? 6.3 143 6 ’_6'...'6.' LN e

- 01303; 135.8. 50 S
WTHNOS,'flizi;é]f'ia.g }" s 6;f
1] ) o . o o 'r..t.

E CULMEN 3120.02.9 29.9 3.

Commsts S0 L9 s 2.

g L es

S &' ©HIDTOE 16,4 17 s

MIDTOE“I?T;;:'; 3L 23.2 1.6 238 2.

WEIGHT.' Lileris o 2506 170.9 6.

Sl
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Figure X-1. Samples of the reduced ‘tenth primary froq&the w1ngs of

adult (A) and juvenile (B) black blfled magpies collected in the, City

of Edmonton, Alberta. )
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black portion of the primaries of magpies can be used as a subjective criterion
(Figure X-2). It is apparent thatn the primaries of jU\;eniles have less well defined white
ar}eas than do those of adults. Adults have distinct edges t0 the ‘borders of the white
portion of thelr primaries, especually evident toward the distal tip of the feather.
When used by an experienced investigator, this characterlstnc is rehable as an
age-determining characteristic. '

' To discriminate between the sexes of juveniles, DFA selected wing chord
\(WINGCH)' and depth\of the bill at the mid-point of the nostril (DTHNQS) as being the
most useful. These two' measurements correctly classified the sex of 95% of juvenile
birds in the sample. For aduits, DFA selected WINGCH an.d length of bili from the
commlssural point (LTBLCM) as the best discriminators of sex. The discriminant

‘ functuon for these variables classified 98:7% of the adults in' the sample correctly. A

list of the critical measurements for both juveniles and adults appears in Tables X-2. .
. - » .

PISCUSSION

~ DFA was used to determine the approprnate morphometrrc‘ measurements
needed to classify magpies sampled in Edmonton, Aiberta into the correct age and
sex categorles Although the subjective criteria developed by Erpino (1969) to
detfrmnne age, were reliable, a measurement of the 10th primary (TENDAR) provided
an objective means of determumng age. The amount of black in the tip of P10
(TENDAR) was clearly the single best measurement for this purpose espemally for -the
na|ve investigator. DFA also provided appropriate criteria for use in the determination
of sex of magpies throughout the year. | o

Geographic variation in' morphol‘ogy may not permit the use of critical values

derived for this sample to be used for birds in other locations. ThIS problem has
arisen with other birds, for: example dnppers (C/nc/us meX/canus) (Ealey 1981). Thus

samples from other areas should be checked agamst the values for measurements:

presented in “this paper. "
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Table X-2. The critical structures arid their measurements for
determlnlng the sex of adult and ]UVLHL]( black- billed magpics.
length of bill from
tip to commissural ‘ depth of the bill at
point the nostril ‘% -7
. . o Adult ‘ l Juvenifc -
wing chord . male female male ~ female
190 (mm) 50° “ 59 13.8 P 13.7°¢
191 50 49 13.7 13.6
192 49 48 13.6 1.5
193 48 Y 1.6 [ 13.5
194 47 46 13.5 13
195 41 46 13.4 101323
196 T 45 13.4 13.3
197 45 44 13.3 13.2
198 4t 43 ‘ 13.2 13.1
199 b4 43 . o132 13l
1200 , 43 C42 TR J 13.0
201 42 41 © 130 12.9
202 4l 40 L 13.0 12.9
203 : 41 4 12.9 12.8
204 40 39 Y 12.7
205 39 38 7 12,8 12.7
206 L0380 e 37 12.7 .*  12.6
207 38 37 : ',‘ 12.6 12.5
208° 37 36 12.6 . 12.5
209 3% 35 o 12.4 12,4
0 S s 34 12,64 123 ’
| B — .

T .

~Fot both adult -and Juvenllefgirds wing chord is used as a sex

determlnlng structure.. . o : o . ,
b : _ : N

Measurements are equal to or greater than the values given. ’

’

Measurements are equal to or less than the values given.

0 L
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~ Figure X- 2 .The w1ng of an adult (A) and Juvenlle (B) bla/j
- vmagpie Accordlng to Erpino (1969) the white withln thz/ﬁrlmarles

- /-

“adults.

;of a Juvenlle are less deflned and more lancoiate 1n shdpe than in

101
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‘

A trapplng techmque used to ‘capture terntornal black billed magpnes (P/ca p/ca) in an

urban setﬁ‘ng is descrlbed Noose covered wickets placed around a hve decoy were

¥ [

. _:effactlve in. capturmg at Ieast one member of a palr of magpnes in 93% of cases

v
\."\.

i where it- was trled This techmque appears supertor to conventlonal methods for |

.‘ capturmg magples and may also be effective for capturmg other terntorlal b:rds

bkt
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INTRODUCTION

_ As part of a behavnoral study of black- brlled magples ( Pica p/ca ) conducted

, wrthln the city of Edmonton Alberta it was n cessary to capture and mdnvrdually mark

‘ resndent birds. However their wary nature mak s magples dlfflcult to capture

‘Conventlonal traps such as the ladder trap and the curcular I|ve trap (Alsager et. al
1972) proved unsatlsfactory because they were wkward to. relocate requlred

-

prebaltmg and were dlfflcult to mamtam in‘an. urban enwronment Other traps such as

thé V-shaped drop trap (Johnson 1972) ;peg%nt trap (Johnson 1872), Bal Chatru

i mat (Berger and Mueller 1959) and cannon nets (Dnll( and Thornsbury 1850, Salyer
o 1955l have met wrth Irmlted success when used,&ny other researchers (Bﬁltron pers.
| 'comm Reynolds pers comm., Trost pers comm) Although Baeyens (1981l and |
. Bultron (1983) captured magples usmg monofllament lme leg snares placed around a -
: ;_,lee decoy bll’d or bait, they provnded no clear descrlptlon of rt‘nese technlques |

' descrlbe here a 51m|lar trapplng system usmg a tethered bll’d and noose covered T

wnckets - o : o '. o 3 \'

B

o METHODS

Noose covered wrckets (quure XI ll were made from 12-14 gauge (27 mm o

dlameter) wure cut |nto approxnmately 32 cm lengths sturdy wnre clothes hangers can
" be used for thlS purpose Each sectlon was bent mto 3 wncket wnth legs lO cm long
’;'A_"and a cross bar of 12 cm Three or four sllp nooses, 6 to 9 cm ln dlameter were

S made from green nylon non reflectuve flshlng lme (7 75 kg or 15 lb test) and attached

|
to the cross bar Hlndsnght suggests that the- cross bar could be lengthened to hold

The noose covered wuckets were pushed lnto the ground in. a wag\w-wheel

| conflguratlon leavmg a olrcle of 40 cm drameter m the center |n whrch to tether a- R
o Ilve magple decoy (thure XI-2). Adult males seemed to eIICIt the best response when
. used as a decoy Areas of short vegetatron (rather than bare areas) were selected in
g order to camouflage the wnckets and nooses l found nt |mportant to stand the nooses

A Qfo at an angle obllque to the ground usually thls was accompllshed by proppmg them

agamst blades of grass The decoy was fltted wnth a neck collar made from 18 kg

l, .
B
R
Sl
i
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A Ground Level

@

lioem

S
oy

'1.F1gureuXI l Nooses of monofllament non reflectlve fishlng llnei'

'>* f(7 75kg—151b test), were attached to 12 14 gauge (2mm9 W1re bent 1n

FRR

__the shape bf a square w1cket chkets were placed flush w1th the o

.“ifground Nooses were propped UP by Vegetatlon (bladea of grass)
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‘»F.'i_gturvev XI'—_.Z Wicvkévt_é-weréfplac':ed: in a :wa‘gbh wheel V"Configﬁrati?n iy

jthe decoyblrd p'la_,ced at the C-e,nter-'.



.

-

(40 ib) Mment -line, targe enough to move freely around the blrd s neck but ¥’
# S“ : snugﬁtwgh to not slip over lts head. A 15.3- cm (B-inch) 18- kg (40- lbs) steel flshmg
leader with ball bearlng swnvels was used to tether the blrd to the ground by cllppmg
' dne end to the collar and the other to-a wicket placed at the center of the trap ‘
Col(‘i',guratlon b : e
‘ By lacmg the trapplng apparatus near the nest snte durmg the reproductlve
season (March thrLugh July) ‘the response. tlme of the birds was decreased bécause
-of the intense acjtnvnty near the nest at this tlme Terrltorlal owners often responded
aggressively to the mtrudmg blrd and were caught wrthln mlnutes Captured birds
struggled less if covered by a dark cloth while they were extracted from the leg
snares. N . ' . '
/ RESULTS AND mscussnow | )
. ‘ ' No terrltonal magples were captured during the breedlng season m elther :

{

,'/ Iadder traps or. crrcular traps even when used for extended perteds. Conversely at

least one blrd was captured at 36 of 39 sites l93%) when noose covered wuokets h

_ were used At 20 nest sites on the main study area where trappmg effort usung thls
technlque was greatest both male and female were caught at 13 only one mdnvrdual
at 6, and nelther at 1.No bll’dS deserted thelr nests after belng capturechOf 54 bll’dS ’
captured using nooses 32 were males and 22 were females based on measurements
(Appendlx 4) and behavnor Although not SIinflcam thls dlfference may lndloate that
s

: males are more aggressuve in defendmg terrltorles or that males patrol thelr terrltorles

more often than females Wthh spend much tlme in’ thelr nests durung the SRR

. . L e . .. . - L ~—¥':“.."
reproductlv'e)perlod R T '@"v‘

Although it was: not the lntent of thls study to recapture mdlvlduals it is -

DA,

possrble to dq sér’usmg thls technLque lf an attempt at capturlng a partlcular blrd ¥ ;’:"..V-°

resulted in. that btl’d escapmg from the nooses the technlque is often more effectlvea

f

o |f trled agaln after a few days The techmque could be adapted for use on other bwds

Wthh frequent the ground and exhlblt strong terrltonal behawour

L
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S . "~ Appendix 4 - .
: o - . ‘ ¢ K
Descrintioh of measurements used in this thesis. Abbreviations are in

" parentheses. = - L . S o o

- Description:of Measurement °

- wing chord - 1_*. e longest length from the bend of)a closed w1ng to

e 'the longest prlmary (WINGCH) @_ _g{'

,winghbreadth~ l:'jf ' longest length Prom the bend of a- closed W1ng tOi

v ;the longest secondary (WINGBR)[

fa .;:7_f[§i: 3}-- v lenOth of the black t1p of thé fourth prlmary b

' l R ‘hmeasured from the dlstal tlp pf the whlte poru&on
e lof the. feather to: the dlstal t1p of the feather'
; »’(FTHPRI) “__‘ ‘f' A:_g‘ ;;r : - .

'liyélosdark“e. len e length of the black t1p of tenth prlmary measured
' : SR »gfrom the’ dlstal tip’ of the whlte portlon of thg,
SRR S ’.jrfeather to the dlstal t1p of the feather f:l

el A-"'v.(TENDAR) A S e
t~$h Pldilightf;f i';,lf;_g~length of the whlte portlon of the tenth prlmary
R I ';measured from the prox1mal (base) part of ‘the .

“‘feather vane to the dlstal portlon of the whlte j

) ao». I

ilength of elther of the most 1ateral rectrlces

lateral rectrix .

“:ﬂfrom the p01nt of 1nsert10n of the calamus to the

" “central rectrix
; t‘;measured from the p01nt of 1nsertlon of the

'ou

'":l{fcalamus to the dlstal tlp of the rectrix
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Appendix 4. (Continued) -
bill length‘l - . “length of thé”hill,meAsurud from the commissural

© opoint to the distal tip of the upper mandible

,(LTBLCM)
) bill 1ength_2 AN length of the bill mtasuled from the anterior
‘ edge of the nostrll to Lhe dlstal tip of the
' upper mandlble (LTBINS) a
bill depth 1 ’,v{ depth of* thL bLll moasured at the hase of the’
' . ‘ upper mandlble adJAttnt Lo the/bristles.(DTBRIC),
bill depth 2 "t~ S depth of? the blll mt1sured at_the’mia—pointlof¥v
T : ;.F,f,'vthe nostrlls (DFBNOQ) JV,J o “f'u B
" bill width 1 "';"' 'wldthpof tbe.blll measured:at:the.mldﬁnOint,of
) ' B ”the'noscrils oTBNOSY . E .
. ‘- . .. v . " L
culmen R g length of the upper blll measured frdm'the baSe'
RN : ' ‘ of the upper mandlble adJacent to’ the brlstles‘?
= hflVLl" o : .. to the dlStal t1p of the upper mandlble CULMEN)
“tarsus - length of the tarsometatarsus (TARSUS)
'“TfQOt ;:Q1 ¥‘ n I length of foot measured trom the prox1mal end of -
- et 'tarsometatarsus to the dlstal t1p of the ﬁad of
the th1rd toe (FOOT) P .
-hilﬁﬁoeﬂifqﬁf’j;;?f-:h length of the hallux measured from the dlstal

part of the pad to the prox1mal artlculatlon

of the toe (HIDTOE)

length of the t:7rd toe measured from the dlstal.

t1p of the pad o} the prox1mal artlculatlon ;{jf

”.of the toe (MIDTOE)

measured in grams on a; triple beam balance ;lfll




