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Abstract

This thesis examines the hypothesis that social learning in the territoral
Zenada dove (Zenasda aunita ) functions primarnly in @ mixed species foraging
context The study was composed of two narts, a field study and a laboratory
study The field study recorded foraging associations and interactions
between Zenaida doves and the other species with which they commonly
aggregate, focusing on joining behaviour and aggression The Canb grackle
(Quiscalus lugubns ) was the most frequent foraging associate of Zenaida
doves Zenaida doves tended to join other foragers on the basis of the
number of birds present, irrespective of species, but were selectively
aggressive towards conspecifics This resulted in Zenaida doves foraging
most often alone or in the company of grackles Grackles, therefore, appear to
be the most stable potential source of social iniormation for foraging Zenaida
doves

The laboratory study conststed of two expenments where conflicting
information about a novel food type and a novel food-finding problem was
provided simultaneously by a conspecific and a heterospecific (grackle)
demonstrator Both expenments shcwed that not ornly could Zenaida doves
learn from another species, but that they preferred the heterospecific
demonstrator over the conspecific  This preference was so strong that
Zenaida doves performed the irrelevant control behawviour shown by the
grackle even when the correct information requirec tc solve the noveli food-
finding problem was given to them by another dove The results suggest thai
social information may be obtained more readily from foraging associations
that involve scramble competition rather than interference competition and that
the role of conspecifics may be overemphasized in cultural learning.
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Résum<

Cette thése examine 'hypothése seion laquelle I'apprentissage social
che: la tourterelle terntonale Zenaida aunta se produit pnincipalement lorsque
celie-cr cherche de la nournture en presence dindivicus d'une autre espece
L'étude s'est effectuée en deux pa..es, la premiére sur le ter:ain et la seconde
en laboratoire Lors du travail de terrain, on prenait ncte des oiseaux qui
mangeaient ensemble et de toutes les interacuons entre eux, avec une
attention particuliere portee aux comportements d'agressicn et d'attraction
intra- et interspeciique Le mainate Caraibe (Quiscalus lugubns ) est l'espece
la plus frequentée par les tourterelies fors de leur quéte de nourriture Les
tourterelles semblent se joindre au hasard aux autres oiseaux, quelle que sott
leur espece, an fonction du nombre present sur le site  L'aggression est
presque exclusivement dingée vers les congéneres La consequence de ces
deux phénomeénes est que Zenaida aurita s'alimente le plus souvent seul ou
en compagnie de mainates, et trés rarement en compagnie de congeneres
Le mainate Caraibe est donc pour Zenaida aunta la principale source stable
d'information alimentaire

Le trava:l de laboratoire comportait deux expériences Dans [a premiere,
une tourterelle naive observait un congénére et un mainate qui mangeaient
chacun un type nouveau de nournture Dans la seconde erpenence, une
nouvelle technigi'e de recherche alimentaire était montree soit par une
tourterelie soit par un manate Les deux expenences ont demontré non
seuiement que les tourterelles peuvent imiter une autre espéce, mais gu'elles
préférent copier un mainate plutdt qu'un congenére Cette préférence est si
tforte que les tourterelles effectuent le comportement tncorrect montre par un
mainate méme quand la solution appropriée au prodbleme al.mentaire est
montrée par une autre tourterelie Les résuitats suggerent que I'nformation
sociale peut s'obtenir plus faciiement dans des situations de compeétition
alimentaire a comsommation rapide que dans des situations de competition
agressive lis portent ausst a penser que I''mportance que I'on accorde
traditionellement au congéneres dans l'apprentissage social est surfaita
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1. GENERAL INTRODUCTION

tural Transm:ission

Cultural transmission is the diffusion of novel behaviours through animal
populations via social learning. the transfer of information from a
knowledgeable demonstrator to a previously naive ohserver (Bonner 1980)
Novel behaviours can also spread through populations via two other means,
individual learning and reproductive fransmission of genotypic modifications
Compared to these two alternatives cultural transmission 1s thought tc be rapid
and flexble (e ¢ Galef 1976, Manara 1980)

Social learning the process by which behaviours are culturally
transmitted, may take severa! forms according 10 the complexity of the
information (Tho~pe 1963 In the simplest of cases, the attention of the
observer is attracted to the part of the environment the demonstrator is
interacting with & process known as "stimulus enhancement” or "local
enhancement” Forthe new behaviour to be performed correctly by the
observer, information must then be completed by individua! learning  In more
complex cases. the precise nove! motor act perfecrmed by the demonstrator is
copied by the observer, a process known as "imitation” Clear demonstrations
of imitation are rare in the Iiterature, since extensive expernmental controls are
necessary 10 exciude the sirpler forms of social learning (Palameta and
Lefebvre 1985 Lefebvre ard Palameta 1988, Palameta 1 989)

In aadtior: te these twe mechan'sms. apparent cases of sccial learning
may be caused by sccia! faciitation and by naturai shap:ing In the first case
the behaviour 1s not new and 1s simply latent in the observer's repertoire, the
performance of the behaviour by the demonstrator simply serves as a stimulus
to elicit the same tehaviour in the observer (Clayton 1378 In the case of
natural shaping the effect of the demonstrator 1s indirect 11s performance of the
new behaviour modifies the environment In a way that makes individual
learning easier for other animals (Sherry and Galef 1984)

Exampl f Cultural Transmission

Many cases of presumed cuhural transmission have been reported in the
wild, particularly for foraging behaviour (for reviews, see Galef 1976 and 1988,
Mainardi 1980, Bonner 1980, Lefebvre and Palameta 1988) Classic
examples of these include milk bottle opening by Bntish tits (Pandae) (Fisher




and Hinde 1948, Hinde and Fisher 1351), blood sucking by Galapagos finches
(Bowman ang Briieb 1965} washinig sand from potatoes and wheat by
Japanese macagues (Kawar 1965), hammernng or stabbing open musse's by
oystercatcrers (Norton-Griffiths 1967 and 16691, termite fishung by
chimpanzees (van Lawicn-Gooda' 1968, and diving for molluscs by Norway
rats (Gandoli ana Pans: 1973, Pans. ang Gandolfi 1874)

Milk bottle opening s thought to have onginated independently in a few
birds The behaviour of piercing through the tops of milk bottles to feed on the
cream qu.ckly spread geographically ana was thought! to depend on stimulus
enhancement of milk bottres as a nove! food source (Fisher and Hinde 1949
Hinde and Fisher 1851)

The practice of sucking biood, both a novel food source and foraging
technique for Gaiapagos finches, may have begun as a mutuabstic relationship
where the tinches caught and ate insects parasit:zing two species of birds of
the genus Suiu  Possibly threugh stimulus erhancement or natural shaping
the finches began parasit:zing the boobies themselves by piercing their skin in
order to feed on therr biood (Bowman and Blleb 1965,

In Japanese mucag.aes, the ongin of two nove! forag:ng behaviours
concerning famihiar food items could be traced back 10 one juvenile female
Imo Imo first developed the habit ¢ washing sana from potatoes by dipping
them in the sea andthen iatgr discovered that she couid separate wheat
grains froT sand by throw'ng 11 into the water as the wheat floateg and the
sand did not Both behavicurs stowiy spread to the majonty of the troop
through ~ccia’ tearning (Kawar 1365)

When firs: studied cystercalchers feeding on musseis were found to use
two foraging tecnmiques, hammenng or stabbing FEach indiwidual used only
one of the two methods ana ma*ed birds were found 16 use the same
technique Offspr.ng used the same technigue as ther parents  In companng
offspring teeding on musse:s 10 ofispring feeding on worms 1t was found that
the former took much longer to fledge Tris was thought to confirm that
offspring were learning the foraging techniques from the'r parents, as foraging
on mussels requires more skili then foraging on worms (Norton-Griffiths 1967
and 1963}

Chimpanzee offspring were aiso thought to iearn 2 new foraging
technique. fishing for termutes, from their parents through social learning  This
idea was supported by observations of young chimpanzees using



Inapprepniate twigs and fishing techniques which resu'ted in fa.led attempts to
‘feed on termites Whenever adults dispiayed toci-use, the young chimpanzees
watched closely and often piayeo with the too's as soor as the adults
discarded them (var Lawick-Geodal!l 1968;

in the case of wiid rats preltminary field observations suggestec tha!
nove' foraging techniques as well as novei food sources were being cultura'ly
transmitted  Different rat colonies studied along the banks of the Po River ir
Northern ltaly were found to vary both in their preferred prey species anc
harvesting method Wnie members of some colenies of wna rats dove
ungerwarer 1or molluscs members of other colonies wa.ted for low tide 10 dig
them out of the nver bottom (Gandolfi and Pans' 1973, Pans: and Gandoif;

1974,

Problems 1n the Literature
The main prob'em with this Iterature s that many of the reported
instances of cultura: transmission are anecdotal Its thus difficult to see i al.

cases are truly cuttural orit some of them represent other forms of
transmission Even if they are cultural, the precise nature of the information
transmittec s difficult to determine 1n the absence of controlied experiments
These probiems have led. among others. Galef and his colieagues (Galet
1976 Galef 1980 Sherry and Galef 19684 and 1930 Czlef 1388 to senouslh
question the apparent widespread occurrence cf cultura transmission
Controllec experiments have shown that many of the cases of presumed
culturai transmiss.on gescribed above can be expla ned by simpler
mechanisms

Galef {1980) brought the diving behaviour of wila rats (Gandolfi and
Pars: 1973 Pans' and Gandol!fi 1374) into the laboratory to determine the
extent soctal learning played in the develcpment of this 1oraging behaviour
Using chocolate as the tood source it was found that naive adults dig not learr
to dive as a result of interactions with a diving conspecific. but could learn
through natural shaping by gradually increasing the water depth covering the
food It was also found that learning to swim car eastly lead independently to
diving, however social interaction was not necessary for the spread of
swimming Therefore, the behawviour of diving for food could have spread
through the wild colonies through a combination of natural shaping by the
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environment and individual learning and di¢ not necessanly 1nvolve soca:
learning

The behaviour of opening milk botties by Brtish tits (Fisher and Hinge
1849, Hinde and Fisher 18513} was brought into the laboratery by Sherry arc
Galef (1984 1990) WIId chickadees. the Nortn Amenican equ valent of Brig»
tits. were caught anc testec with smal: for-covered plastic tubs fut of cream
The results of these studies show that more chickadeas learn the behaviour Of
mil= bottie opening when allowec to interact with an opened tub 0" with a
closed tub in the presence ot a conspeciic It was suggestea that the presenCe
of a conspecfic may have recduced the observersfear orvighance Or may
have elicited foraging al' of which couid have faciltated food aiscovery The
results, therefore provide nc ewvidence that imitation was required for the
spread of this behaviour Miik botlle opening probably spread due to a
combiration of birds «ndependently 1nitating the behaviour and birds learning
the behaviour from other biras, eitner directly through local ennancement or
indirectly through interactior with opened mik bottles 1 e naturar shap:ng

A jong-tem expenmenia; hreid and laboratory study on oystercaichers by
Goss-Custard and colieagues has worked towards a better understanding of
oystercatcher's forag:ng behaviours on mussels It is now known that
oystercatchers regulariy switch from one specialiced feeding techngue 1c
another (Goss-Custard and Sutherland 1984) and tha® prey choice anc
forag ng behaviours vary with age (Goss-Custard and Dureli 1983, Folow.ng
thecz discovenes culture 18 3 Ionger belleved 1o be the exp'znanen behind
the ceveiop™ent 0f torag g techniques ir cystercaicher offspring

Recently. Visalbergh ana Fragaszy (1990b, brougnt the vehav.cur ¢f
fooa-washing into the iaboratory 10 Study It more ciose'y intufted capuchin
monkays and crab-eat'ng macacues Fooc-washing mas bes~ one o' the Mo
wige'y cited examples of cultural behaviour in monkays but the ong na
otservatons aic not incluge ithe seguence of events precedng the inngvaiinr
of this behaviour {ltar 1956 Kawa' 1965) Wrenr all behaviours leaa.ng up 10
fooc washing were recordeG under controlied cendit-ons, it was founa tha
food-washing was most Iikely to occur when an individuai showed a lot of
interest in both sanay frut and the water No evidence of imitatior was foung
by Visaibergh: and Fragaszy {(1990b) Its therefore possible that Japanese
macaques learned to wash individually with the ad of some natura! shaping
and social facilitation
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Although many presumed cases of cultural transmissicn are thus open to
qguestion. the presence of imitation has at least been strongly demenstrated
feral pigeons (Columba livia) in a senes of stud:es by Palameta and Letebvre
In the fiela, Lefebvre (1986, has shown that a novel food-searching technique
piercng the paper cover of a box containing feed, can spread through urban
populations ot feral pgeons In the laboratory Palameta and Lefebvre (1985
and Lefebvre and Palameta (1988) have showr that ocbservers respond 16 the
amount of information available from demonstrators when learning the paper-
percing technique Information of the type giver by socia’ faciliat.o™ or natura
shapng ieads 1o iittle or no learning, observers given complete de=monstraton
of both piercing ard eating by the demonstrator are the ones that iearm the
most rapidly, while observers given incomplete information learn at a siower
rate In a senes of expenments that rules out any other mechanism except
imitation of the precise novei motcer act of the gemonstrator, Palameta (1389
has further pinpointed the information that pigeons are canabie of using n
cultural transmission Observers were shown tC use precise vanaiions 1in the

2]

demonstrator's food-searching techmgue wher all apnaratus-reiated cues
were ngorously controlled thus eliminating any possitle stimulus or local
enhancement

The Evolution of Cultyra: Transmission

Presumed instances of cultural transmission thus require extensive
labaratcry experments to pinpoint the mechanisms thought to be operating
Labgratory investigatiors of social learn.ng have been numercus ‘see Gaef
1988 tor a review), but have ofter invcived arbitary skills wnich woulg not
normaily be required by the amma' in the field Pigeons have fo- 1nstance

peen required to push ping-pong balls iEps*ern *984) or peck ai a.ske (Buliock
ana Neunnger 1977, Skinner 1962), cats (Chesler 1969, John et ai 1988: anc
rats (Corson 1967, Gardner and Engel 1971, Jacoby and Dawson 1969) 10
press a lever, and puppes to puli acart (Ade” & Adier 1977

The combrnaton of anecdota: rapons frem the fieid anrd of arbrrary
laboratory experiments has thus ‘ed to a divorce between studies conduclea in
the field anain captivity Tc a certain extent, this divorce may have prevented
our understanding of the condittons that have favoured the appearance of
cultura! transmission in animals  The only empincal attempts to understand
these conditions have been the studies of Klopfer (19539 and 1961) and
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Sasvar (1972 and 1985) on opportunism and those of Lefebvre and Palameta
on group-hving {Lefebvre and Paiameta 13888 and MS)

Ir Kiopfer's stuties a series of expe.ments were gesigned 1o ana'yze the
role of cultural transmission in the ongin of species-specific behaviours  Twoe
species were compared greenfinches (Cardueiis ~hlons ) and Great tis (Parus
ma;or }. on atask thal \nvolvea discnminating bet veen whole sunfiower seeds
and suntlower seeds filled with aspinn, placed on different bachgrounds It
was suggested that an opponunistic species (Great tits) would be more likely to
learn about nove: foods through cbservation than a conservative o' speciaist
feeger (greenfinches) In a prenminary study (Kiopfer 1959), greenfincnes
were testea under three different conditions alone, with a knowiedgeab.e
partner or with & naive partner The birds learned equally weli in the first two
groups but did not learn in the last group Inthe second study (Klopfer 1961),
greenfinches and Great tits were tested alone or with a naive partner
Greenfinches in pairs required a longer time to iearn than did single birds
Very few Great tits faled to approach the food, and both paired and single
birds learneo the discnminatior equally well

Turner (1264) has cniticized these expenments for being "unnatural™ and
too difficult. because they require microhabitat discnmination Greenfinches
rnave since been observed tc use feeding conspeadifics as indicaiors of good
foraging sites, a ferm a sociat learning tnvolving iocal enhancement (Hewton
1973}

Sasvar (18738 and 1985) compared speces that differed ir ther
adap‘ability in umtan environments He looked at three Parus species Grea!
tits (Parus major ). Marsh tis (Parus caeruleus } and Blue tits (Parus palustns ).
and 1w Turdus species blackbirds (Turdus meruia ) and songthrushes
{ Furdus philomeios ) For the Parus species, the task involved Lt ng a prece of
finen hanging verucally to obtain food berina it Forthe Turous speces the
task involved pulting a string out of a test tube w.th food attached 10 the end
The most successful species were the Great tits and the blackbirds  Both of
these species inhabit urban environments, whereas the others do not In both
the exper.ments by Kiopfer (195% and 1961; and by Sasvan (1973 anc 1385,
the observer and demonstrator were never separated, and thus the cbserver
cculd obtain food by parasitizing 1t from the demonstrator This may have
interfered with social learnirg, since Giraideau and Lefebvre (1987) have

O



shown that intraspecific parasitsm or "scrounging” may inhibit cultural

transmission.
More importantly, neither Kiopfer nor Sasvan systematically controlled for

factors extraneous to their hypothesis when comparing different species If one
species responds differently to caging. testing and.or handling by humans or
the features used in the expenment (stimul, motor task. reward) then
differences 1n the outcome of the expenments may be due to these factors and
not to the precise hypothests being tested. This is particularly true of Sasvar's
expenments, where adaptation to urban living may be thought to requive a
greater tolerance tc the close proximity of humans and thus bias the iaporatory
study a priort in favour of urbanized species

The study by Letebvre and Palameta (MS} incorporated such controls in
their test of the role of gregarniousness in the evolution of social learning They
compared a group-hving spactes, the Feral pigeon (Columba fivia ) to a solitary
species that defends year-round territories, the Zenaida dove {(Zenada aunta )
(Letebvre, MS) Zenaida doves are a good choice for a comparative study wir
pigeons as both species are opportunistic, urbanized columbids that explon
human-provisioned foods (Bond 1971, Haverschmidt 1969). Extrareous
factors were controlled either by comparing the species on two forms of
learning, social and individual, or by making sure the species did not differ g
priori by shaping them to idenrtical levels of proficiency on the basic steps
required to solve the feeding problem. The results clearly showed that group-
lving 1s not essential for socia! learning as Zenaida doves were capable of
imitating a conspecific

These findings pose an interesting question 1f a terntonal dove 1s
capable of imitation, when does it use this ability and how did the ability
evolve? One possibility is that imitation is 2 veshgial character that evoived in
some ancestral greganous columbid  This possibility 1s untestable. however,
since 1t 1s based on a phyletic argument A second possibility 1s that imitation 1s
used within the kin unit, 1 e between mates and oftspring. which overlap and
tolerate each other on one ternitory This possibility is difficult to test in the fieid.
since it requires the identification, observation, capture and testing of a large
number of kin groups A third possibility is that the ability to imitate iIn a
terrtonal animal such as the Zenaida dove 1s used primarly in mixed species
groups This is the hypothesis that will be tested in this thesis.




Cultyral Transm.ssion 1n Mix

Like many other territonal birds, Zenaida doves are intolerant to
conspecifics but often forage in association with other species Mixed species
groups of Zenaida doves and Carnb grackles (Qusscalus lugubris ), Lesser
Antillean bulifinches (Lexigiia noctis ), Common Ground doves (Columbirna
passerina ) ano Glossy cowbirds (Molothiurus bonanensis ) are often seeri in
Barpados {pes obs) Since these mixed species groups appear to involve
low levels of aggress:on and high levels of toraging association, it 1s possible
that this 1s the context in which imitatior 15 used by the Zeraida dove

The use of imitation in mixed spec:es groups implies that social learning
occurs between species The examples given earher all involved cultural
transmission within species, which 1s by far the most widely studied torm of
social learning Cultura: transmission between species has nevertheless been
reported in & number of cases Forone the classic case of birds opening milk
botties has beenr reported {0 occur between species as well as within (Fisher &
Hinde 1949)

Examples of Interspecific Culturai Transmussion Field Studies

Field studies have provided severa' other exampies of social learning
between heterospecifics The most common infcrmation to be learned
appears tc be the locaton of clumped food patches, presumably through iocal
enhancement Thic was observed :n mixed species flocks of insectivorous
tropical birds (Macdonraic & Henderson 1977) and in mixad species finch
flocks (Rubenstein el al 1877) where there were species-specific roles and
little or no aggressive interactions In both these studies teeding with

heterospecific neighbors was found to significantly increase the duration of a
feeding episcae, complete dietary overiap was aiso observed

Caldwell {1981} found mixed species heron fiocks tc be atiracted to a
foraging site by the presence of Snowy egrets In addition, there was an
increase in the herons' foraging success when in the proximity of the Snowy
egrets Nine species of ciconirforms (storks, i1bis, spoonbill herons, and egrets)
were also found to be attracted to a feeding site by white and blue wire and
paper models, but the birds only remained at a site when feeding success was
high (Kushlan 1977).

In the study by Witliamson and Grey (1975), stariings foraging in mixed
species flocks were found to modity their foraging behaviour to resemble the
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other species with which they were foraging Sunbirds copied both where and
how white-eyes foraged whenever this species was present (Greig-Smrth
1977) In mixed flocks of fiycatchers and kiskadees. individuals were found to
learn to recognize and avoid noxious foods fram one another (Cook et al
1969)

House finches appeared to learn a novel tood source and feeding
technique from hummungbirds. These finches normally fed on the fruit of a fig
tree, but when the tree's food supply became exhausted, the finches began
imitating the hummingbirds by hovenng to teed at an artificial nectar feeder
Whiie the finches were noted to be aggressive tc all other species, no
aggression towards hummingbirds was recorded (Taylor 1872) In a similar
example, robins were found to copy the foraging techrmques and food choice of
Cedar waxwings When foraging together, robins imitated the waxwings by
hovering to feed on juniper bernes (Maclean 1970)

In the laboratory, many different species have been paired for studies of
interspecific social learning of foraging behaviours Studying mixed flocks of
chickadees. Krebs (1973) found an increase in feeding success relative to
homospecific flocks, which he attributed to social learning The birds were
observed to alter their searching pattern whenever an individual of another
species determined the contents of a certain patch This study suggested that
the total scanning range of a mixed species flock could be increased by
combining the separate searching skills of different species

in his study on different Parus and Turdus species, Sasvari (1985)
compared the learning abilittes of both adults and juveniles, when paired with
a conspecific ancd a heterospecific demonstrator It was tound that adults
learned more easty from a conspecific while juveniies learned equally well
from both Turner (1964) found that sparrows were more likely to eat a novel
food after observing a chaffinch eating it. However, more sparrows responded
to a conspecific eating a novei food than to a chaffinch.

In rodents, Mainardi et al. (1972) showed that Golden hamsters can learn
to obtain food dangling from a chain by observing House mice demonstrate the
technique A study on male Albino rats produced no difference in learning a
task, when comparing a group observing a Mongolian gerbil demonstrator and
the control group learning from a conspecific (Benel 1975).
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Millikkan and Bowman (1967) describe interspecific social learning of tool
use Although never reported to use todis in the wild, one species of
Galapagos finch was found 1o manipulate sticks to pry tood items out of narrow
cracks after being caged with a tooi-using finch of another species An
anecdotal report of food avoidance was given by Rothschild and Ford (1968).
where a hand reared starling observed the reaction of a hand reared thrush to
a poisonous grasshopper When itself presented with a similar grasshop; er,
the stariing ignored it and \mitated the thrush's reaction of beak wiping

Social learning has also been obsenved in reptiles, as seen in the case of
the Blue Spiny lizard, a carnivore, which ate lettuce for the first time after
observing a herbivorous species. the Desert iguana eat i In these animals,
food stealing 1s common ana I1s thought to be a source of intormation about
novel prey (Greenberg 1976)

Mammais in captivity have also been found to imitate other species A
temale Bottlenose dolphin imitated the sieep postures comiort behaviours and
swimming postures of a male Cape fur seai A male oolphin imitated the
cleaning behawviour of a scuba diver and the sound of his regulator These
behaviours were performed tn the absence of the demonstrators (Tayler and
Saayman 1873)

Problems in the Literature
It one wishes both to understand the precise nature of the information
being transmitted and 1o work within an ecologically relevant context, the
iterature or interspecific culturai transmission suffers from the same problem
as the one mentioned earler for learning with'n species a divorce between
field reports and laboratory expenments Not only are some of the tasks used
in the laboratory very different from the behaviours reported to be culturally
transmitted in the field. but painng of demonstrator and observer species I1s
_also often arbitrary, frequently involving species that do not co-occur in the
field For example, in the study by Mitlikan and Bowman (1967}, the two
species of Galapagos finches used (Geospiza controstris and Cactospiza
pallida ) inhabit different islands (Butler 1979) The Biue Spiny hizard
(Sceloporus cyanogenys ) and the Desert iguana (Dipsosaurus dorsals ) in
the study by Greenberg (1976) are found in different pans of the southwestern
United States without overlap (Co.hran & Groin 1970)
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Thesis Goals

The gcal of this thests 1s to demonstrate that Zenaiga doves are capable
of interspecific social iearning anc that this capacity functions in the context of
mixed species foraging aggregations The study will attemipt to avoid some of
the problems mentioned above by integrating fiela and laboratory data and
designing ecologically-relevant expenments based on prior observations of
natural foraging associations

The thesis 1s composed of two parts  The first part consists of a field study
in which forag.ng associations between Zenaida doves Carnb grackies,
Ground doves, Glossy cowbirds and Lesser Antillean bulifinches are
systematically recorded These data wili be used to determine the potential for
social learning to occur, either intra- or interspecifically Feraging interactions
will also be recorded to determine 1f Zenaida doves preferentially forage with
one species ¢r another The field tniais are conductied at different sites on the
wesl! coast of Barbados and include both tnals with provisioned food and tnals
without provisioning The former are designed to study foraging associations
in a context that increases animal numbers and the frequency of foraging
interactions The latter set of unprovisioned trials 1s a control for the potentially
unrealistic effects of increased food and ammal numbers

The second part 1s an experimental laboratory study consisting of two
experiments performed on wild-caught birds The first one features a nove!
food similar to the one used in the provisioned field tnals, the other features &
novel tood-finding problem, 1 e removal of an obstacle with the beak, a
common foraging technique In Zenaida doves In both cases, Zenaida doves
are given cenflicting information by a conspecific and a heterospecific
demonstrator The heterospecific demonstrator 1s chosen from the species
found to be the most frequent foraging associate of Zenaida doves in the fielo
study These expenments are the first to look at demonstrator preference by
requiring an observer 1o make a choice between a conspeciic and a
heterospecific that provide simultaneocus but contradictory information

It social learning in a terntonal ammal functions primanly in the context of
mixed species groups, Zenaida doves should learn selectively from the
heterospecific model If this occurs, it would be the first case of interspecific
social learning where a heterospecific demonstrator i1s preferred over a
conspecific




2. PART A - FIELD STUDY
Iintroduction

Advantages of Group Foraging

Group foraging in birds i1s 2 well studied phenomenon (see reviews by
Pulliam and Miltkkan 1982 Barnard and Thomson 1985, Ciark and Mange'
1986) Two main advantages have been proposed as the functional basis for
it's occurrence 1- decreased predation rnisk and 2- increased feeding
efficiency Empincal evidence that foraging i1 groups reduces nsk of
predation in wood-pigeons was provided independently by Stegfried and
Underhili (1975) and Kenwarc (1978) It has been found, both in House
sparrows (Elgar 1986} and in Biack-capped chickadees (Ficken 1981) that
solitary bircs established toraging flocks by calling whenever their food find
was easity divisible, which alsc suggests that reduced predation may be one
advantage of foraging in groups

Many studies have found that individuals foraging in groups spend less
time in vigilance (e g Elgar and Catterall 1981) ana therefore, have more time
for other behaviours such as feeaing and observing others (see review by
Elgar 19829} By observing where others are foraging. individuals can obtain
an increased feeding effictency by profiting from their food finds (e g Krebs et
al 1872, Custer and Osborn 1878, Giraldeau and Lefebvre 1986, Senar and
Metcaife 1988} This has been shown expenmentally in birds {(Benkman
1988, and in fish {Pitcher et a' 1982) where feeding in groups reduces the
time requ:red to fina patchily-distributed food as individuals are attracted to the
patches of successtul foragers

Advantages of Mixed Species Group Foraging

All the studies mentionea above have been on single species forag.ng
groups. but the same advantages have been appled 10 mixed species
foraging groups (e g Krebs 1973; In an expenment on starlings, Powell
(19874) found a reduction in time individuals devoted to surveillance and a
quicker response to a flying hawk mode! when they foraged in groups The
same results occurred whether the starlings foraged with a group of
conspecifics or a group of blackbirds

Both reduced predation nsk and an increased feeding efficiency were
proposed as advantages for mixed species foraging groups in Morse (1970)




and Short (1961) Cody (1971) theonized that feeding efficiency, defined as
food intake per bird per unit time increased 1n mixed species flocks, because
individuals avoided feeding tn areas previously visited by others and therefore
maintained a greater contras* of food abundance between toraging sites

Competition in Foraging Groups

Species which are normally found together in mixed flocks are those
which are most similar in their foraging ecology (Morse 1970) This is
ustrated by Pullam ana Enders (1871), who found complete dietary overlap
in five finch species foragng together Competition over food resources
should exist whenever the use of a resource by one individual reduces the
amount available to another. either of the same species (intraspecific
competttion) or of a different species {interspecific competition) (Wittenberger
1981)

Competition can man:test itself through either resource depletion or
aggression with competitors  The former has been called scramble
competition as 1t occurs when a bird competes through speed such that the
faster 1t eats, the more food 1t obtains (Clark and Mangel 1986) The latter has
been called interference competiion as it occurs when one bird interferes with
another's access to & necessary resource, usuaily due to territonahty {Miller
1967) Benkman (1988) suggested that when in large flocks, crossbilis may
Increase their rate of seed consumption to reduce the effect of seed depletion
by others in the flock Scramble competition may aisc be the reasorn that
phalaropes peck three umes faster when feeding with shovelers than they do
when feeding alone. and twice as fast as they do when feeding witn
conspecifics (Siegined ana Batt 1872)

Interference compett,on limits social interaction and thus limits the
benefits associated with foraging in a group  While many ternitonal species
exhibit interference competitron towards conspecifics, this type of competition
1s harder to find in mixed species foraging groups, where aggression 1S more
commonly used in the defense of reproductive areas than in foraging (Hinde
195€) Theretore, mixed species groups may form in cases where the
advantages associated with group foraging cannot be achieved in
homospecific foraging groups because of aggression

'




Composition of Mixeg Species Foraging Groups

Some mixed specres flocks have been described as contaiming two
main Components, & nucieus species and an attendant species, following the
origiral classificator by Winter »ttom (1843) The one or more nucleus
species are always highly greganous and considered the core of the flock
whereas the one or more attenaant species are terntona! and rarely number
mere than a few individuals  These mixed groups are formed by ternional
species Joining any greganocus species in their vicinity as they are not able to
form indepenaent conspewfic groups on therr own (Winlerbottom 1943
There are many examples in the lterature of mixed species tiocks which fit this
description (e @ Rand 1854 Vulieumier 1967, Buskirk et al 1972) The
classificatior also seems to fit the aggregations studied In the present thesis,
which are composed of territoral Zenaida doves, highly gregarious Canb
grackles, and moderately gregarious cowbirds Ground doves and bullhinches
(Ftrench 1273 Devas 1970. Lefebvre MS)

It i1s conceivable tha! wher Zenaida doves forage with heterospecifics,
they obtain benefits of group foraging that cannot be obtained through
homospecific foraging groups Among these benefits, avoidance of predation
seems less hkely than foraging information  Individuals can only benefit trom
early predat.on warnings from members of a mixed species foraging group f
the information 1s transmitted 1c them and if all members of the group are alen
for the same preaators (Metcalfe 1984) Dunng the field study however
Zenada doves were often observed 1o fail to respond to fhght and alarm
calling responses of the grackles they were fcraging with  This occurred
freguently in the presence of cats which were numerous in certain areas

Two independen: fieid studies mentioned earher have produced
anecdotal evidence tnat interspecific social tearming cf forag'ng behaviours
can occur in mixed foraging groups of the type Zenatda doves belongtc In
the first study a terntona' species. the sunbird was observeo tc forage with a
greganous species, the white-eye (Greig-Smith 1877) When white-eyes were
present, sunbirds copied both where and how the white-eyes foraged This
resulted in increased feeding efficiency for the sunbiras and reduced
intraspecific aggress-on In a similar example a terntonal species, the robin,
was found 10 copy the foraging techniques and food choice ot a gregarious
species, the Cedar waxwing When foraging together, robins imitated the
waxwings by hovering to feed on juniper bernes (Maclean 1970)
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Predictions

In the present study, forag:ng associations and interactions are
recorded between Zenaida doves and all other species with which they are
found tc forage The aim of the field study 1s tc determine the intra- and
interspecific potentia: for sccial learning that exists in these mixec species
aggregations The toraging interactions which are important in this context are
of two types (1) aggressior, which presumably interferes with social learning
and separates arimals from cne another, (2) jotning. which brings foraging
animals closer together Since Zenaida doves are territonal (Lefebvre MS;,
high levels of intraspecif.c aggression car. be expected whenever conspecifics
are encountered durng a foraging bout Conversely, if Zenaida doves join
mixed species groups to obtain the feeding information benefits they do not
obtain from conspecifics, we can expec: low levels of interspecific aggressicn
and a high frequency of interspecific joining The net result ot these two trends
should be a high freguency of association of Zenaida dcves with
heterospecifics and a low frequency of association with conspectfics.

th
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Methods

The study was based at the Bellairs Research Institute ot McGill
University Barbados West Indies Field observations were collected trom
March to June 1982 at five s.ites on the west coast of the isiand (Figure 1) Thus
penod corresponded to the middie of the dry season  Three of the five sites
consisted of hote! grounas (Coral Reet Club, Divi St James and Heywoods).
one was 2 public park (Folkstone) and one a residentia! area (Sunset Crest)
Animal numbers avalabiity of roosting and nesting areas amount of naturai
ana numar-provisicned food and nisk of predaticr aii appeared to vary
between sites

Two sets of data were recorded a series of tnals using provisioned food
sources and a seres of trials without provisioning  Provisioning, through the
enhancement of the tood supply, was expected to increase the frequency of
interactions between Zenaida doves and the other species with which they
forage Tnais without provisicring were designed 10 control for the effects of
an increased food supply

In each provisioning trnial, nine patches of food were set out in a 3x3
array. with 2 m separating adjacent patches Eacn patch cons:sted of 5 g of
cooked white nce spread over a 50 cme area Preliminary expernments had
shown that this fooa type was readily eaten by both Zenaida doves and the
four species with which they can be found foraging Trals stared when a birg
began feeaing and lasted unit the food supp'v was depleted or urtil all birds
haa ceased teed'ng Datz were only recoroed for the birds foraging at the
patches of food. which ofter tell within the boundaries ot a single Zenaida
dove territery Therefore, to cover the terntonies of different individuals tnals
were run at four different areas in each of the tive sites for a sampie size of 20
areas Within a site areas were separated by approximately 50 m

Unprovisioned trnals were conducted at the same five sites as the
provisioned tnals  During unprovisioned triais data were recorded on all birds
within view from an observation point and were not restricted to the 16m?<
defined by the food patches in the provisioned tnals At each site,
unprovisioned trials thus encompass a larger surface than each of the areas-
within-sites of the provisioned tnals. but do not necessarily cover all four areas
that were provisioned on the site
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Observations of each provisioned area (n=20) consisted of five replicate
tnals while observations of sites not invoiving provisioning consisted of four
rephcates Each set of rephcates for a given area or site was conducted on
consecutive days at a rate of one tnial per day

The 20 unprovisioned tnals lasted 50 minutes each and involved
recording the same data as intne 100 provisioned trnials The total time spent
observing these interactions was designed tc match the approximate total
duration of the 100 provisioned tnais, which iasted on average 9 34 minutes
each All tnais were run between 05 30 and 08 00 EST Data were collected
from the provisioned tnals first, followed by the unprovisioned tnals

ilcentical dependent vanabies were recorded in provisioned and
unprovisicned trnals by a team of two observers Using a 30 second scan
sampling procedure (Altmann 1974). one observer recorded all foraging
associations In the provisioned tnal, this was done by recording the number
of individuals of each species forag:ng together at each of the nine food
patches In the unprovisioned trials all toraging birds were recorded along
with the composition of all foraging groups, where a foraging group was
defined as any birds foraging within one body length of another The other
observer noted on a continuous basts each occurrence of joining and
aggression performed by or towards a Zenaida dove Joining was defined as
walking or fly:ng towards a toraging bird and feeding within one body length
In the provisioned tnals. joining was restncted 1o birds feeding at one of the
nine piles of food Aggression was defined as chas'ng pecking, pulling or
wing-slapping another birg, threat displays were exciuaed from this definition
because low-intensity forms were often difficult to notice

Observations were spoken intc cassette recorders and later transcribed
onto data sheets In order to determine the accuracy ¢f these observations.
three provisioned tnals were repeated haltway through the data collection and
videotaped Recording data verbally into tape reccrders was found to be. on
average, 94% as accurate as videotaping for example, 51 joining and
aggression events between doves and grackles were seen on the video
record, 48 of which had veen correctly recorded during the trals

in order to compare the number of birds present in each tnal, the
average number of each species present per scan was calculated This was
done by summing the number of each species presert in each scan and then
calculating a mean scan for each tnal To compare foraging interactions, the




frequency of each was summed for each tnai Four types of foraging
interactions were examined in the analysis trequency of doves joining doves
(intraspecific joining). frequency of doves joining heterospectfics (interspecific
joining), frequency of aggression betweer doves (intraspecific aggression).
and frequency of aggression between doves and heterospecifics (interspecific
aggression)



Results

1 - Provisioned Tnals

Qverall Trends
Provision:ng attracted large numbers of birds to the tood sources Table

1 provides the average number of biras per scan for each of the five species
present Carnb grackies were by far the most numerous with a mean of 7 86
birds per scan  They also provided almost all of the heterospecific joining and
aggression events that invoivec Zenaida doves Over the 100 tnals, there
were 401 occurrences of a deve joining aieeding grackle and only 207
occurrences of a dove joining a feeding conspecific  Aggresston showed a
compietely opposite pattern, as 1374 of the 1391 attacks and chases recoerded
occurred between Zenaida doves The overall rates of joining and aggression
were respectively 0 58 and 1 30 events per minute per dove Since grackles
are by tar the most imponant heterospectfic foraging associate of Zenarda
doves (34% of interspecific joining and 100% of interspecific acgression), tha
rest of the analysis will focus on this species and exclude bullfincres, cowbircs
and Ground doves

Foraging Associations

The conseguence of the opposing pattern shown by dove-dove and
dove-grackle interactions is illustrated in Figure 2 One scan was randomly
sampied from each of the 100 tnals and the number of food patches in each
scan with the tollowing group compositions were counted a dcve foraging
alone, a dove foraging with one or more conspecii.cs a dove foraging with
one or more grackles and a dove foraging with one or more conspeciiics ang
grackles In the vast majonty of cases Zenaida deves were found to farage
either alone (0 50 patches or 50% of occupiea patches) or with grackles (0 38
patches or 38% of occupied patches) Zenaida doves were seldom found
foraging with conspecifics, either with or without grackles

Relationships Between Varables

In the following sections, the results wiil be analyzed using lumped data
for the five replicate tnals per area The 20 areas wili be treated separately,
since they were designed to represent the terntones of different resident
Zenaida doves By using vanation over these 20 areas, the relationship
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between aggression, joining and the number of birds present can be
examined in more detail  Scatter diagrams of these reiationships are provided
in Figures 3-8 A Spearman rank correiation coefficient was caiculated for
each relationship and the result (rg) and it~ significance level is provided in
each graph A non-parametnc esumate uf the relationship was prefeired
because of the nested (5r4; spatial structure wnich could affect the normality
of the error d'stribution

The frequency of aggression between doves was positively correlated
to the frequency of doves joining doves (p<0 01} (Figure 3) However both of
these variables were positively correlated to the number of doves present
(p<0.01) (Figure 4A &4B) In order tc see it this eftect alone could explain the
relationship between aggression and joining, both variables were divided by
the number of doves present Aggression per dove and joining per dove were
still found to be significantly reiated {p<C 05) (Figure 5)

Similar results were found in dove-grackle interactions  The frequency
of aggression between doves and grachkles was positively correlated to the
frequency of doves joning grackles (p<0 05) However this relationship was
not as strong (re = 0 47) (Figure 6) as the one found between doves (ry = 0 89)
(Figure 3) Neither agg-essior nor joining were relatec to the number of
grackles present (Figure 7A & 7B, In Figure 7A. the apparent downward
curvilinear trend n the data qoes no! reach significance when tested against a
quadratic polynomial regression Not surprisingly, when the effect of the
number of grackles was removed interspecific aggression per grackle was stili
positively correlated to interspecific joining {(p<0 01) (Figure 8)

Absolute vs Relative Frequencies of Interactions

From the absolute frequencies presented in Tabie 1,1t would be
tempting 10 conclude that Zenaida doves preferentially join grackles and are
preferentially aggressive 1o conspecifics These frequencies do not take the
number of birds present into account, however. and it 1s concelvable that
doves are simply addressing behaviours according to the number of birds
encountered. irrespective of species To test for this, expected frequencies for
joining and aggression were calculated and compared to observed
frequencies using a Chi Square test

Two different null hypotheses were used to calculate these expected
frequencies of joining Table 2 Wllustrates the results achieved by each method
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assuming that on arrival, a dove can join either of 3 patches occupied by the
{following hypothetical foraging groups one dove, 15 grackles, and three
grackles {Example 1)

The first method uses the total number of doves and grackles present |f
there are three patches of tood with a total of 1 dove and 18 grackles. then
there 1s a 5% chance of a dove jpintng a conspecific and a 95% chance ot a
dove joining a grackle Therefore. 5% of all observed joining events would be
expected to be towards a aove (intraspecitic) with the other 95% expected to
be towards a grackle (interspecific)

The second method uses the species present at each patch, assuming
that doves are not attracted to a patch purely on the basis of the number of
birds that are there In this exampie, a dove going to patch A can only
encounter conspecifics. while a dove going to patches B or C can only
encounter heterospecifics There 1s therefore a probability of 0.33 of joining or
directing aggression to a dove when arriving at one of the three patches, and a
probability of 0 66 of joining or directing aggression to a grackle If a patch
contains more than one species. only the results of the second method are
affected (Example 2} in this case the unit allotted to the patch 1s divided
according to the number ot Dirds of each species present If patch A has one
dove and one grackle, there 1s ar equal probability of 0 5 of joining or directing
aggression to a dove or a grackle at that patch. If patches B and C contain
only grackles, then the probability of a dove joining or directing aggression to
a conspectfic at one of the three patches is now 0.17. and the probability of
joining or directing aggression to a grackle 1s 0.83 This is the case described
in the lower part of Table 2

1- Joining Behaviour

For joining, the results using expected frequencies based on the tota!
number ot birds present (Method 1) are shown in Figure 3 A heterogeneity
Chi Square test (Zar 1984) determined that the areas differed significantly (X2=
128 64, p<0 001), thus reinforcing the earlier g prigri decision to treat the 20
areas separately In nine areas, doves joined conspecifics significantly more
than would be expected based on the number of doves present, and therefore
joined grackles significantly less than would be expected based on the
number of grackles present. Inthe other 11 areas, joining was not significantly
addressed to either species




The results using expected frequencies based on the type of species
present at each food patch {Method 2) are shown in Figure 10 A
heterogeneity Chi Square test determined that the areas again differed
significantly (Xe= 31 28, p<C 001) Inthe majonty of areas (17/20). doves
joined randomly, regardless of species In the other three areas, doves joined
conspecifics significantly more than expected, and hence joined grackles
significantly less

- Aggressiv havipur

Since acts of aggression were not restricted to birds feeding at the food
patches, but could occur anywhere in the vicinity of the food, expected
frequencies of aggression were only generated according to the total number
of doves and grackles presentin each of the 20 areas (Method 1). A
heterogeneity Ch: Square test again determinec that the 20 areas differed
significantly (Xe= 2271, p<0 001)

In 19 of the 20 areas. aggression occurred between doves significantly
more often and therefore between doves and grackles significantly less often,
than expected (p<0 001) (Figure 11) inthe last area (Area #13), there was no
aggression recorded

ro
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- Unprovisi nal

Qverall Trends

The data obtained from the 5 sites where unprovisioned foraging
associations were recorded confirm some of the previous descriptive patterns,
but also reveal some important differences (Table 3) The average number of
birds per scan (7 02) and the overall rates of both joining (0.06
events/dove/minute) and aggression (0 13 events/dove/minute) were lower, as
can be expected from the lower amounts of food available due to lack of
provisioning Grackle numbers in particular were low, which is reflected in a
lower absolute frequency of doves joining grackles (81) as compared to the
frequency of doves joining conspecifics (123) As in the provisioned tnals.
aggression occurred almost exclusively between Zenaida doves (468 of 478
cases) Bullfinches, cowbirds and Ground doves combined again represent a
small percentage of the interspecific joining and aggression observed (16%
and 0% respectively) Further analyses will thus focus only on the interactions
between Zenaida doves and grackles, and will use the same nonparametric
tests as above, due to the possible non-normality of the data

Eoraging Agsociations
As with the provisioned data, 100 scans (20 per site) were randomly

chosen from the data and the number of foraging groups containing the
following were counted a single dove, a dove with conspecifics, a dove with
grackles or a dove with conspecifics and grackles The consequence of low
grackle numbers and high rates of dove-dove aggression is that Zenaida
doves were almost always found foraging alone: 89% of the foraging groups
contained a single dove (Figure 12).

Relationships Between Variables

When the relationships between joining, aggression and the number of
birds present are examined over the five sites, we find partial confirmation of
the trends that appeared in the provisioned tnals. For instance, intraspecific
aggression 1s significantly correlated with the number of doves present (Figure
14B), the trends fail to reach statistical significance in several cases, however,
which is not surpnsing given the low sample size (n=5) (Figures
13,14A,15,16,178 &18) Contrary to provisioned trials, there was a significant
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positive correlation between the number of grackles present and the frequency
of interspecific joining (Figure 17A).

Absolute vs Relative Frequencies of Interactions

The observed frequencies of joining and aggression were compared to
the frequencies generated on the basis of the number of birds present inthis
case, no alternative null hypothesis is available, since joining 1s not restricted
to defined patches of food

1- Joining Behaviour
There was no significant cifference between the ot ierved frequencies
of doves joining conspecifics or grackles and those expected by chance
(Figure 19) Therefore, in the unprovisioned samples, doves were joining
randomly, regardiess of species, in every site.

2- Aggressive Behaviouyr

In three of the five sites, aggression occurs between doves significantly
more than would be expected based on the numbers of doves present (Figure
20), as was found in the provisioned tnals



Discussion

The main results of the field study can be summarized in three points.
(1) in terms of absolute frequencies, doves join grackles more often than they
do other doves when provisioning attracts large numbers of grackles, when
there 1s no provisioning and grackle numbers are low, doves join conspectfics
more often, (2) In terms of both absolute and relative frequencies, doves
preferentially direct aggression to conspectfics, whether provisioning occurs or
not; (3) In terms of relative frequencies, doves join conspecifics and grackles in
proportion to the number of birds present in all unprovisioned sites and in most
of the provisioned areas, in the rest of the provisioned areas, doves
preferentially join other doves

Provisioning had both expected and unexpected results As predicted,
the arntificial increase in amount of food available led to a ten-foid increase In
the rate of joining and aggression seen per dove (respectively 0.06 and 0.13
events/minute/dove to 0.59 and 1.30). Prowvisioning alsc seemed to attract
grackles in larger numbers, as evidenced by the observed tripling of the
number of grackles per scan Provisioning additionally had the apparent effect
of lowering Zenaida dove numbers, but this effect 1s probably a spurious
consequence of the spatial definition of the scanning area in the two types of
trials In unprovisioned tnals, the area corresponding to a scan is much larger
than the one used in provisioned tnals and usually includes more than one
Zenaida dove territory  Since grackles are not terntonal and move in groups to
whatever food resource 1S available with a site, their numbers are much less
biased by the spatial definition of the scan

The unexpected result produced by provisioning lies in the reversal of
absolute joining frequencies that accompanies the change 1n grackle
numbers When grackles are numerous, as they are during provisioning,
doves join them twice as often as they do conspecifics When grackies are
rare, as n unprowvisioned trals, doves join conspecifics 1.5 times more often
than they do grackles This shift is consistent with the relative frequencies
shown at the majonty of sites when animal numbers are taken into account:
doves seem to randomly join whatever species is present Thus, aithough the
amount of food available in provisioned trials 1s somewhat higher than normai,
the behavioural changes that follow this increase in resources fit a logical
pattern and strengthen the conclusions of the analysis on relative frequencies




In provisioned tnals, t should be recalied that two different methods
were used to generate the expected values of the relative frequencies One
method was based on the number of birds present per species, the other one
on the number of patches occupied by each species The methods lead to the
same conclusion ir 14 out of 20 areas In six cases, however, results that
suggest seilective joining of conspecifics according to Method 1 suggest
random joining accoraing to Method 2 Since the first method probably
overestimates the attractive effect of grackles and the second method probably
underestimates it a cautious interpretation of the results should focus on the
average picture providecC by the two techniques Method 1 assumes that the
tendency to join 1s a monotenic functicn of the number of birds present at a
patch 25 grackles will provoke more joining then three grachkles, who in turn
will attract more joining than a single grackle This assumption 1s reasonable
at low numbers, but may not hold when birds become so numerous that
access to the patch and the food it contains becomes difficult  Tendency to
join may instead be a curwilinear function {inverted-U) of the number of birds
present, as in the Allee type modeis of animal distnbutions (Fretwel! 1972)
The difficulty in determining the inflexion point of this curve, however, makes
this mode! theoretically interesting but empinically useless In the absence of
extended observations to determine beycona which numbers doves are
repelied rather than attracted to a patch attended by grackies, the methods
used in this thes:s can provide reasonable estimates of the null hypothes:s

The secong method used here, the calculation of expected frequencies
based on the number of patches occupied by a given species, 1s not subject to
the problem described above The method assumes that the probability of
joining a species depends on the number of patches occupied by that spectes,
whether one, five or 15 birds are at a given patch 1t is thus insensitive to
actual numbers per patch It numbers do have an effect up to a certan
unspecified value, the second method will underestimate the expected
tendency for doves to join grackles The correlation data on the relationship
between joining and number of birds present are not very usetul to decide
which assumption is more realistic joining of grackles is positively correlated
with grackle numbers in unprovisioned tnals (Figure 17A) but not in
provisioned ones (Figure 7A), while joining of doves is significantly related to
dove numbers in provisioned trials (Figure 4A), but not in unprovisioned ones
(Figure 14A).



If we thus consider that the best estimate of expected frequencies lies
somewhere between the ones yielded by the two methods, we can safely
conclude that doves tend to join other birds on a random basis in a majonty of
cases This majonty lies somewhere between the weak one given by Method
1 (55% of areas) and the stronger cne given by Method 2 (85% of areas) This
conclusion 1s reinforced by the fact that data from unprovisioned triais show
random joining in all areas and is further supported by the reverse in absolute
joining frequencies discussed above

Given these considerations, random joining associated with high
Intraspecific aggression seems to be the pattern that emerges from the field
data Grackles and doves thus appear 1o be equally attractive as potential
sources of foraging informat:on for @ Zenaida dove, but the high level of
intraspecific aggression may disrupt any effective transfer of this information.
The consequence of aggression can be seen in the assoctation data obtained
from the two sets of 100 randomly chosen scans both in provisioned and
unprovisioned tnals Zenaida doves rarely forage with a conspecific When
doves forage in the company of other birds, these birds are almost always
grackles Although the fieid study does not provide unequivocal support for
the idea that soctal learning in Zenaida doves s mainly heterospecific, the
combination of the association data. the aggression data and the joining data
suggest that the conditions for interspecific learning are probably better than
those for intraspecific learning.




3. PART B - LABORATORY STUDY
Introduction

Once it has been established that the potential for social learning exists
in the field, it :s necessary to study social learning under controlied laboratory
condrtions In order to determine what information can be transterred and
between which birds In Part A of this thesis, 1t was determined that doves
joined other foraging doves or grackles as a function of the number ot birds
present, but were selectively aggress've towards conspecifics When few
grackles were present, this resulted in doves foraging most often alone, and
when grackies were numerous, in doves foraging equally often with and
without grackies Thnerefore. based on frequency of association at a feeding
site. grackles seem to represent the most stable source of foraging information
for doves

Data on joining behaviour alone cannot lead to a clear-cut prediction for
the direction of sociai learning 1n a controlied expenment This i1s because
joining may nhibit transmission  Giraldeau and colieagues (Giraldeau an?'
Lefebvre 1987, Giraldeau et al 1990, Grraldeau and Tempieton MS) have
shown that an observer who obtains food during a demonstration (the cage
equivalent of joining® often dces not learn the searching technique of its
demonstrator Ir closed aviary groups. this may result in only a portion of the
flock showing the required food searching technique. the rest of the birds
learning instead which hknowieageable individuals to follow and join
(Giraldeau and Letebvre 1967) Beauchamp and Kacelnik (1991) have
confirmed the presence of inhibitory effects of joining on individual learning of
environmental contingencies In field conditions, this learned producer-
scrounger relationship (Barnard and Sibly 1981, Giraldeau 1984, Giraldeau
and Lefebvre 1986; may or may not lead to inrubttion of social learning,
depending on the rate of emigration of knowiedgeabie birds and the rate of
immigration of naive ones (Lefebvre 13886, Letebvre and Palameta 1388)
Whether or not these factors affect the relationship between joining and social
learning in dove-grackie encounters 1S unknown

In the present case, 1t 1s thus important to consider the net effect of
joining and aggression when designing experiments on the basis of the field
data. Because of the random pattern shown in the field data and the potential
inhibitory effect found by Giraldeau, joining 1s of little use in establishing



predictions for the experiments The data on aggression however, suggest
that any potentia! transfer of information between doves i1s likely to be
disrupted by aggression and that the net intraspecific effect of high aggression
and moderate joining 1s that doves rarely end up foraging next to other doves
However, doves do commonly forage near grackles when they are presen.
Therefore, grackies tepresent the main stable source of foraging information
available to the doves It 1s therefore more likely that grackles will be used as
sources of information in controlied experimentai conditions

cription of Laboratory oty

In part two of the thesis, two experiments were designed to test doves
for demonstrator preterence in social learning Both tasks were similar to
naturally occurring foraging problems. Experiment One tested demonstrator
preference (grackle versus conspecific) in a choice test of novel foods In this
expernment, the naive doves could indicate whether they preferred to copy a
conspecific or a heterospecitfic in deciding which of two novel foods to eat
Novel foods were created by colounng cooked nce, the same food that was
used in the field tnals Prelimnary expenments and training of dove
demonstrators had shown that naive doves will not read:ly approach these
foods without other birds showing them that the foods are edible

Experment Two was designed to test the doves’ capacity to learn a
novel food-finding problem from either a heterospecific or a conspecific
demonstrator In this experiment, the naive doves couid apply a known motor
act, pushing, to a novel stimulus, a lic covenng food inside a box Using the
beak to push aside obstacies such as leaves or sand obstructing access to
food 1s a commoniy observed technigue in Zenaida doves (pers obs)

In both expenments the tasks are suffictently similar to normally
occurning behaviours to be ecologically relevant., while being sufficiently
artificial for them not to be already known by the animal  Although no control
groups were used to compare the rates of soc:al learning and indvidual
learning, demonstrators were initially trained individually using shaping
Grackles accepted the novel foods within minutes after they were presented
However, the doves were reluctant to eat the novel foods, and it took more
than a week of daily presentations before they would eat When other dove
demonstrators were allowed to observe the grackles feeding during their
presentation of the nove!l foods, therr latency to eating was reduced to a couple




of days The same was tound to occur when training the demonstrators to
push a lig off a hole in a box to obtain the food inside

30



Experiment 1
Methods

For the expenmental study, doves and grackles were wild-caught In
walk-in traps which measured 30 cm x 30 cm x 30 cm  The cages were built
out of wood frameas (2 5 cm?2) and 4 cm round chicken wire for the doves and 1
cm square chicken wire for the grackles

For Zenaida doves, the trapping procedure involved placing a caged
dove in a resident bird's terntory, adjacent to an empty cage with the goor
open Once the resident dove was attracted, all sides of the two cages were
covered with pieces of pressboard (30 cm?2) except the entrance This
provided the dove with only one way of reaching the intruder, 1 e through the
empty cage This was found to be the most eftective means of trapping doves.
as resident doves were quickly attracted to the intruding dove and enticed into
the empty cage with food The closing of the trap was controlied manually by a
string attached to the door of the cage GCirackles were attracted into the traps
by placing food inside The birds were trapped In a vanety of locations from
each of the different sites in which the field data were coliected

Once caught, the birds were tagged with coioured and numbered leg
bands, weighed, and housed individually in the same cages used as traps A
bow! of water was placed inside each cage, providing the birds with access tc
a supply of clean water at all times The cages had one wall with 3 large
openings (eniarged chicken wire) through which the birds could reach petr
dishes (50 cm?2) with food placed outside the cage The birds were fed an ad
bbnum diet of mixed finch seed, bread crumbs, and nce The diet of the doves
was occas'onally supplemented with cooked egg for extre protein  The
grackies required a greater quantity of protein in their daily diet, so in add:ition
10 the abcve, they were fed cooked chicken and beef and the occasional wiic-
caudht lizard

The experiments were run in an outdoor aviary located on the grounds
of the Bellairs Research Institute o! McGill Universit #, in Barbados, West Indies
The aviary was onginally a roofed concrete tank (2.4 m x 4.5 m x 3 m) which
was modified into an enclosed area by constructing walls out of wood and 4
cm round chicken wire The walls were covered with layered palm fronds to
keep the interior of the aviary shaded and isolated from disturbances.
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A table (08 m x 1 2 m! was set up at each end of the aviary on which
the expenments were run The twe expenmental areas were separated by a
curtain, which functioned as a blind dunng expenments and as a visua! barner
between the birds on each table (Figure 21)

The objective of the first expenment was to determine the na:ve doves'
preference for ether the food type eaten by a conspecific or the one eaten by a
grackle Two doves and two grackles were trained as demonstrators of the
nove: food which was cocked rice coloured either red or green with
commercia: food dye The novel foods mixed with plain nce, were presented
to both the dove demanstrato~s and the grackle demonstrators The grackles
ate the rice quickly, but the doves pecked at it only aher being abie to observe
the grackles

Ornce all four demonstrators were tamiliar with the foods. they were
placed on the expernimental tables in the following set-up one grackle
demonstrator and one dove demonstrator were placed side by side on each
table facing a naive dove obiserver The observer's cage was positioned
directly opposite the midiine separating the two demonstrators’ cages (see
Figure 21) The naive dove therefore had constant visual contact with both
demonstrators during the presentation part of the tnals There was no oven
aggression between caged doves. nor was there a tendency to avoid the side
of the cage clcsest 1o the dove demonstrator

Durnng the expenments. the doves’ weights were reduced on average
to 85% of their maximum weight, measured either upon capture (free ranging
weight!, or after ad hbitum feeding Belcre a tnal, each naive dove was placed
in an expenmemntal set-up and food geprived for approximately 20 hours This
ensured that the birds were sufficiently mot.vated and habituated 1o the
gemenstrators before each session  Al' sessions were conducted between 10
am anc 4 pm The birds were only fed dunng the expenments or shortly
afterwards. and then with just enough food to maintain their stable weight
which was assessed on a daily basts

Each naive dove was given a five minute demonstration of the dove and
grackle demonstrators simultaneously eating one of the two colours of nice
presented in a petn dish (Figure 22) All naive doves had experence eating
out of petn dishes, for an average of two days pnor to being tested Of the 30
naive doves tested, 15 observed the grackle demonstrator eating red rnce and
the dove demonstrator eating green rice, while the other 15 observed the

‘d
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reverse After the five minute demonstration, the demonstrators’ food was
removed and a barner was placed between the naive dove's cage and the
demonstrators' cages The naive dove was thenr presented simultaneously
with the two colours of nice, each one offered on the same side of the cage as
it's demonstrator's was (Figure 22) The observer had five minutes 10 chocse
one of the colours A preference was determiried by the coloured rnce which
was first pecked at If no choice was made after five minutes, the food was
removed and the tnal repeated Or.ce a colour was pecked at. the food was
immediately removed and the trial was repeated once 10 test for stability in
choice A maximum of 10 tnals per day were given for up (o five consecutive
days. or until two consecutive food choices were made Two birds were tested

per day
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Experiment 1
Results

The results of Expenment 1 are given in Figure 23  Of 30 doves tested.
21 chose the colour of rice eaten by the grackle demonstrator, while 9 doves
chose the colour eaten by the dove demonstrator This i1s significantly different
from random when tested with a Chi Square test with Yates' correction for
continuity (Zar 1984, X2 = 4 034, p<0 05)

However, this analysis only takes into account the first choice made by
the doves and cannot rule out the possibility that observers are simply trying
both food types in succession [Each observer was thus given one add:tional
trial after first pecking at the nce to determine how stable it's choice was The
results taking intc account both choices are illustrated in Figure 24 Of the 30
doves tested. two made unstable cheices One of these doves copiad a dove
demonstrator on its first choice and then copied a grackie demonstrator on its
second choice while the other dove did the opposite  Overall, 20 doves
copied a grackle on both choices, 8 copied a dove on both choices, and two
made unstable choices

Expected frequencies for sach of the three categones were determined
trom combined random probabilities If choice 1s random. there is a 0 5 chance
of copying either demonstrator on Tnal 1. and a 0 5 chance of doing so on trial
2. Therefore, there1s 0 5 x 05 = 0 25 chance of copying the same
demonstratcr species on both trials Thereisa 025+ 025 =0 5 chance of
making an unstabie choice, from a 0 25 cnhance of chocsing a dove and then a
grackie, pius a 0 25 chance of choosing a gracxle and then a dove Using
these probabtitties to calculate expected frequencies, a significant difference
was found with the observed frequencies in a Ch. square analys!s (X¢= 32 13,
p<0 001} Theretore, doves chose to eat a nove! food demonstraied by a
grackle significantly more often than a nove! food demonstrated by a
conspecific

This result occurred regardiess of differences in pecking rate For
example, in 10 randomly chosen observer/demonstrator painngs, 7 doves
observed a dove demonstrator eating more than a grackle demonstrator, but 6
of them copied the grackle. In the remaining three cases the grackle
demonstrator was observed to eat more than the dove demonstrator, while the
naive doves chose the food eaten by the grackle




) As shown by Figure 25, neither colour of rice was preferred by the

2 observers (X2= 0.84, N.S), and as illustrated by Figure 26, there was no
interaction between the colour of nce chosen and the demonstrator of that
colour, as determined by a 2 x 2 contingency table (X2 = 0.63, N.S)
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Experiment 2
Methods

In the second experiment, the doves were required to learn a novel
task, pushing a lid off an opening in a box to reveal food tnside The Iid was a
black plastic jar cover, 5 5 cm in diameter and 1 cm high  The box was
constructed out of pressboard and measured 7 cm x 7cm x 3.5 ¢cm with a hole
(1 cm deep) cut in the top. 5 cm in diameter

The same subjects and demonstrators were used as in the first
experiment and nc changes were made to the aviary or expenmental set-up
(Figure 27). Demonstrators were trained to push the Iid off the box by starting
with the lid partly covering the food and then progressively covenng the entire
hole The naive doves were allowed {0 habtuate to the focd box for an
average of two days before the experiment by having their food presented in
the box without the lid. This procedure was simitar to the first expenment
where the doves were presented their food in petn dishes before and during
the experiment

During the demonstration phase of the second experiment, one bird
pushed a hd off and fed from a box while the other one fed from a petn dish
Both contained the same food, mixed seed and cooked white nce Of the 22
doves tested, 11 observed a grackle demonstrator pushing a id and a dove
eating from a petr dish and 11 observed the opposite In each five minute
demonstration. the demonstrator with the box could only flip the hd once and
eat from the box. while the other demonstrator simultaneously ate from the
petrn dish

The demonstrators’ food was then removed and a barner placed
between the observer and the demonstrators The naive dove was then
offered a choice between a box with a lid and an empty petri dish, arranged to
coincide with the side of their demonstrators (Figure 27) As in the first
expenment, observers were given a maximum of 10 tnals a day for five
consecutive days Testing was terminated if an observer succeeded In
removing the id and eating on two consecutive trials After 50 unsuccessful
tnials, the observer was considered unable to perform the task. In addition to
lid removals, pecks at the empty control dish were recorded for each dove
After the termination of Expenment two, all birds were fed ad hbitum and set
free.



Experiment 2
Results

The results from Experiment 2 are summanzed in Figure 28. The left
side of the graph (A) represents the number of doves that did or did not learn
from their demanstrator to remove the lid and eat from the box Of the 11
doves that observed a grackle demonstrator push the lid and eat, 7 learned,
while only 1 dove out of 11 learned after observing a dove demonstrate the
task Ten doves observing a dove demonstrator push the hd did not learn, as
compared to only 4 doves not learning from the grackle demonstrator When
tested with a 2x2 contingency table (Zar 1984), there was a significant
relationship between the number of doves that learned to eat from the box and
the demonstrator they learned from (Xc2 = 4.92, p< 0.05, n=22).

More surprisingly, grackle demonstrators seemed to influence
observers even when they provided the inappropnate information. The night
side of Figure 28 (B) represents the number of doves that pecked at an empty
petn dish rather than at the lid covernng the food When a dove demonstrator
was removing the id and a grackie demonstrator was eating from a petn dish,
five doves pecked at the empty petn dish When the demonstrators were
reversed anc a dove demonstrator was eating from a petri dish, no doves
pecked at their empty petn dish. There 1s a significant relationship between
the number of birds which pecked at the empty petr: dish and the demonstrator
they observed eating from a similar open dish (X2 = 10 05, p<0.01)
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Discussion

xperiment Qne - F hot

In the first experiment, each demonstrator provided the same type of
information, the edibiity of a novel food Both the grackie and dove
demonstrators ate out of petn dishes, both were given the same amount of
food and the same type of food, with the only difference being the colour of the
tood From the results of this expenment, it 1s clear that doves preterentially
copied the grackles' food choice (Figure 23). even on two consecutive choice
tests (Figure 24). This finding 1s further strengthened by preliminary tests
which found that doves appeared to prefer red rice over green and blue rice
when given a choice without any previous demonstration However, when a
demonstration was shown befcre a colour choice test, there was no colour
preference found overall (Figure 25) and there was no relationship between
the number of doves copying each demonstrator and the colour demonstrated
(Figure 26)

Experiment Two - Food-Finding Task

in the second experment, each demonstrator provided ditferent types of
information The same type ot food was eaten, but this was presented in two
different food dishes, a ud-covered 20x or an open petri dish  Previous to the
experiment, all naive doves had expernence eating this food out of both
uncovered boxes and petn dishes Therefore, the only new information to be
learned was how to reach the food inside the box, 1.e how tc remove the lid
One demonstrator provided the necessary information for the observer to
obtain food. while the other demonstrator provided irrelevant information,
since each observer was then given a choice between a hid-covered box and
an empty petr dish

The doves appeared to be more capable of using the tood-finding
information when it was provided by a grackle (Figure 28A) Even more
surprisingly, almost half the doves that observed a dove demonstrating the hid-
pushing task (and therefore observed a grackle eat from a petri dish), pecked
their empty petn dish rather than the hd covering the food No doves pecked
the empty petn dish after observing a dove eat from a petn dish (Figure 28B)

Overall, the naive doves were found to direct their foraging behaviour
towards oimuli that most closely resembled the stimuli their grackle




demonstrator interacted with. When showri the correct stimulus (the lid-
covered box) by a dove demonstrator, and the wrong stimulus (the petri dish)
by a grackle demonstrator, the naive doves preterentially chose to interact with
the stimulus associated with the grackle, regardiess of its usefulness to obtain

food

Previous Work on Zenaidg Doves

The present results can shed some light on those previously obtained
on Zenaida doves by Lefebvre and Palameta (MS) They confirm the earlier
finding that Zenaida doves are capable of social learmng. but suggest that the
identity of the demonstrator species rather than stress associated wiih
experimentation may explan the poor pertormance of doves in one of
Lefebvre and Palameta (MS)'s experments In their expenment 1, Lefebvre
and Palameta (MS) brought wiid-caught Zenaida doves to the laboratory and
gave them id removal demonstrations by a conspecific.

Only 4 out of 15 observer doves later solved the Iid removal problem.
However, Zenaida doves were also poor in learning the hid removal problem
by shaping in the absence of a demonstrator. In Letebvre and Palameta
(MS)'s experment 2, Zenaida doves were pre-trained on a simple variant of
another food-finding problem, removing the stopper on a tube containing
seed Doves were then either informed or not by a conspecific demenstrator
that a change in techrmique was now required to remove the stopper Only
under these conditions of extensive pre-training could Zenaida doves be
shown to imitate, in the sense that the group thar was informed of the change
modified its behaviour much more guickly than the unintormed birds who
could only rely on teedback from the apparatus Following these results,
Lefebvre and Palameta (MS) conclude that extensive pre-training of the type
given in expenment 2 (but not in experiment 1) 1s required to reduce the stress
of captivity and testing. and allow Zenaida doves to show their potential for

tmitation
However. the present results suggest that low number of doves learning

In Lefebvre and Palameta (MS)'s first experment could be due to the fact that
conspectfics were used as demonstrators The tood-finding task in the present
study is similar to the task of Lefebvre and Palameta's first experiment in the
sense that both involved pushing a Id to uncover food. The proportion of
observer doves learning from a conspecific is also comparably low in the two



studies 1 out of 11 here, 4 out of 15 in Lefebvre and Palameta's expenment

In both of these experments, more doves succeeded in obtaining tood through
individual learning or from observing a heterospecific demonstrator than by
observing a consoecific  Therefore, the conclusion of Lefebvre and Palameta
that Zenaida doves reguire more habituation to testing conditions than do feral
pigeons may be questioned Lefebvre and Palameta (MS) may simply have
used the wreng kina of demonstrator.

Mechantsms Involv

The precise mechanism responsible for the social tearning obtained in
this study 1s difficult 10 pinpoint, since the experiments were not spectfically
designed to discriminate between the varous possibiities As Palameta
(1989) has shown, the best way to rule out simple mechanisms and
demonstrate the existence of true imitation 1s to produce minute vanations in
the motor act required for solving a task and to control for all apparatus-linked
cues associated with these vanations This was done 'n Lefebvre and
Palameta's (MS) second expenment. and successfully showed that Zenaida
doves were capable of imntating conspecifics

In the present experiment, testing of observers was delayed until the
demonstrators were out of their view This procedure can rule out social
facihtation, which requires simultaneous performance of the demonstrator
There 1s a specific form of local enhancement that the design used in this study
cannot rule out . one based on a position effect During observer testing, rice
colours in experiment 1 and dish types in expenment 2 were placed in the
same left/nght posttion as they had been dunng the demonstration As in
practically all cage studies, observers were prevented from moving towards
the place from which their demonstrator tea and therefore had to aftect some
kind of spaual transposition of what they saw 1o their own testing apparatus A
simple ruie like "peck for food on the same side as the heterospecific
demonstrator did” could suffice here, without any need to assume imitation or
stimulus enhancement of the demonstrator's actuai behaviour This could also
explain the apparently incorrect behaviour shown by the five doves who
pecked at therr empty food dish after seeing a grackle demonstrator eat from
its open dish. In this case, the behaviour, in its initial stages at least, 1s clearly
not maintained by food reinforcement nor guided by food-associated stimuli,
since there is no food.

40
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Natural shaping can also be ruled out. All observers had been given
prior exposure to the open dishes they woulid later be tested with, but therr
response to testing reflected a clear demonstrator eftect Had natural shaping
been sufficient, exposure to the dishes would have masked the vanation seen
in response to demonstrator species Shaping may explain a portion of the
learning effect but an additional social component is clearly required to
account for the results

This component could be iocal enhancement or true imitation. We
know trom the experiments of Lefebvre and Palameta (MS) that Zenaida
doves. Iike pigeons (Palameta 1989) are capable of true imitation, so it is at
least conceivable even in the absence of the required experimentai controls,
that imitation was used in the present case Local enhancement cannot be
ruled out empirically here and in cases where both it and imitation are not
separated by precise technical procedures, animals may use both types of
informaton what parts of the environment to interact with and what motor acts

to copy




4. GENERAL DISCUSSION

Was the Hypothesis Supported?

The hypothes:s tested in this study, that social learning in a terntonal
dove funcuions pnimanly 1n mixed species foraging groups, receives partial
confirmation from tne results of the fieid study and clear confirmation from those
of the cage experiments In learning both to feed on a novel food and to solve a
novel food-finding problem, Zenaida doves clearly copied their grackle
demonstrators even to the point of imtating the grachkies' irrelevant behaviour
while a conspecific demonstrated the relevant techmque This preference for
grackles as informers of fnraging behaviours 1s consistent with the high
absolute frequencies of interspecitic joining found in the provisioned field tnals.
coupied with the low levels of interspecific aggression and the high levels of
intraspecific aggression It 1s inconsistent with the shift to higher absolute
frequencies of intraspecific joining when grackles become less numerous in the
unprovisioned trials  This shift suggests that joining depends instead on the
number of birds present. an interpretation confirmed by the analysis of joining
rates relative to the proporiion of each species present and the correlations
calculated over the various field tnals

Two hines of argument suggest that the inconsistency may be more
apparent than real inthe first place indiscniminate joining by Zenaida doves
often leads tc short-lived. unstable aggregations when several doves end up
feeding together Intraspecific aggression will cause the aggregation to break
up. as evidenced by the very low frequency of multipie dove fcraging groups
found in the average scan {(Figures 2 and 12) Not only does intraspecific
joining lead 10 unstable aggregations it also creates poor conditions for
information transfer When aggression interrupts the foraging beut that follows
joining any information that i1s potentially transmitted is subject to being
disrupted or incompiete Even if adequate information 1s obtained, this may
often prove useless, since intruding doves are chased by territoral residents
and cannot feed on the food type and location they were attracted to In a field
situation, such instances of stimulus or local enhancement are likely to be the
most frequently encountered sources of foraging information  Imitation of a new
searching and/or handling technique is probably a much rarer occurrence than
enhancement, though due 1o its possible cognitive implications, imitation has
attracted considerable attention in the literature (see reviews by Galef 1976,
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1988, Hauser 1988, Palameta 1989, Whiten 1989, Visalbergh! and Fragaszy
1990a)

The second reason why random joining in the field 1s not inconsistent
with selective copying of heterospecifics in captivity 1s that the information
transmitted in the two cases 1s very different The cage experiments were
specifically designed to produce simultaneous and confiicting information
coming from two different sources In contrast, dunng the provisioned field
tnals, the information comung from different foragers was the same, since nine
identical patches of nce were presented Given that nce was not a novel food
and that foraging trals were repeated in each location five times. the doves
were not gaining new information each time they joined a patch. The foraging
trnials were not designed to test for social learning, but rather the paertial for
information transfer by determining foraging associations In contrast, the cage
experiments were designed to test for both the presence and direction of sociai
learning

in the unprovisioned tnals, information was likely 10 be less
homogeneous as the food sources available were not controlled. However, it 1s
concetvable that information about food sources 1s most valuable to the doves
when 1t 1s a novel and temporary rich food source in a clumped distribution
Often when these food sources are available, grackles are quickly attracted to
the location These situations then closely imitate what occurs during a
provisioned foraging tnal where there are many grackles and few doves
present. and doves join feeding grackles more than conspecifics

Indirect evidence from the present study suggests that oe of the
alternative hypotheses given in the introguction, the possibie role of imitation in
kin group foraging 1s unhkely to explain the presence of social learning in
Zenaida doves In the randcm scan data taken both durnng provisioned and
unprovisioned trials, doves were rarely seen to forage with other doves These
tindings are consistent with those of Lefebvre (MS) and suggest that there is
little potential for social learning to occur between mates or between parents
and oftspring, since these individual's seldom forage together Although any
definite conclusions on this hypothesis must await direct experimental testing.
the evidence here points to the fact that kin group foraging 1s aimost certainly
less important than mixed species group foraging in providing a setting for the
transfer of information,
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P v n Inter ift rnin

In the past, studies on interspecific social learning have fit into one of two
categories Some of the studies were simple anecdotal reports of one
individu:al apparently learning io eat or avoid a novel food (Greenberg 1976,
Rothschild and Ford 1968, Swynr.erton 1842) or learning to obtain food using a
tool (Millikan and Bowman 1967) by observing a heterospecific performing a
similar behaviour The rest of the studies compared the number of observers or
the efficiency with which observers could learn a new foraging task depending
on the demonstrator of that task (Turner 1964, Mainardi et al 1972, Benel 1975
Sasvari 1979.1985)

The results of these studies varned Studying albino rats which observed
a demonstration by either a Mongolan gerbil or a conspecific, Benel (1975
tound no significant difference between the number of tnals required for each
group to reach their cntenon Sasvarn (1979, 1985) found that more adult birds
of various tit ana thrush species could learn from conspecifics. but found no
difference when juveniles were tested Turner (1964) found that sparrows
responded more weakly to chaffinches than they did to their own species when
both performed the same foraging behaviours Studying small mammals.
Mainard: et al. (1872), found that more hamsters learneac when shown a
demonstration by a mouse (39%) than a conspectfic (16%) It should be noted
here that proportion of animals learning even in the most efticient condition 1s
unusually low. suggesting that either the species or the task used by Mainard et
al (1972, may be inapproprnate

In add'tion to the fact that the results of these studies are contradictory
the experniments themselives sufter trom the problems mentuoned earler in the
introductton The present thesis is the only study of interspec fic social iearning
where painng of demonstrator and observer species 1& based on paraliel firlc
data Cnoice of the heterospecific demonstrator used here was determined by
association, joining and aggression frequencies in both provisioned and
unprovisioned fiela observations Grackles were chosen because they were
clearly involved 1n more foraging interacticns than the other three species
encountered by Zenaida doves An effort was also made n this thesis to devise
ecologically-relevant foraging behaviours for the learning experiments  Finally
the counterbalanced design involving conflicting sources of information
provided by the two demonstrators allows a more precise test of the hypothesis
than the designs used in previous studies For one, providing conflicting
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information drastically reduces 1he probability that no difterence will be found
between heterospecific and conspecific demonstrators, since observers are
forced to chcose between the twe solutions offered Previous studies do not
use this technique and 1t s thus possible that some reported failures to reject
the null hypothesis are spurious because of this  Taken together, these
arguments suggest that more adeguate controls are needed to evaluate the
significance of results obtained in other species and that the present study
provides the clearest assessment ot the ecological basis of interspectfic social

learning
A Pnon Expectations

The results obtained in thus study may seem counter-intuitive. There is
no reason to expect a prion that an individual should learn more easily from a
heterospectfic than from a conspecific. Even though past studies on
interspecific learning have found vanabie results. logically. conspecifics should
be more informative demonstrators because they have similar motor capacities
and diets Other species will never pertectly overlap in diet and may be capable
of motor acts that are irrelevant or impossibie for the naive individuai to perform
In the case of Zenaida doves and grackles, these differences are even more
pronounced as the latter 1is an omnivore with a diet ranging trom ptant matter to
animal matter, including insects and lizards, as welh as human food scraps
(Ftrench 1973, Stamps 1983) Grackles also have a greater motor ability, being
able to move their head and neck more than doves. and to use their beak for
finer movements  Zenaida doves' beak movements are much more gross, most
often involving pecking downwards or sideways These dihierences were most
ocbvious in prelimiary expenments when a dove and grackle were allowed to
tnteract with a box containing food covered with tissue paper heid in place by
an elastic The grackle immediately pecked through the tissue paper, pulied the
elastic oft the box, ate all the food inside and then pushed the box over Only
after observing the grackle did a dove peck at the tissue paper, but even then it
was very difficult for the dove to pierce it The only motions towards the elastic
were downward pecking movements,

Even with these differences between motor capabihities and diet, Zenaida
doves still preferentially imitated both the food choice, and a food finding
technique of a grackle demonstrator. Grackles roost communally (Ffrench
1973) and feed 1n groups, thereby exploiting unevenly distributed food sources




46

more efficiently according to the "information center” hypothesis (Ward and
Zahavi 1973) Grackles probably also experience a greater range of food types
compared to doves, as their foraging 1s not restricted to small areas Therefore,
by being able to observe and join foraging grackles, doves are exposed to more
foraging information than they would be by observir g conspecifics However,
observing a heterospecific demonstrator necessarily involves a great deal of
fiitering out of irrelevant information about both food and behaviour. as the
doves have different digestive and motor capabilities The added cost of
filtering must thus be weighed against the lower cost of aggression and/or the
higher value of foraging information to determine preferential learning from the
heterospecific Preferential interspecific learning 1s thus all the more surprising
given these factors

ft { scrounging on learnin

Joining the food find of a skilled individual is known 10 inhibit the
transmission of food-finding skills in pigeons (Giraldeau and Lefebvre 1986,
1987) In this study, an experimental evaluation of this phenomenon in Zenada
doves was not possible, since observers could never share the demonstrator's
food discovery The experiments aiso imposed a different situation on the birds
from one that would occur normally  In the fieid. a dove at a food patch would
most prebably direct aggression tc a conspecific which attempted to share it's
food find In the cage experiments, the dove demonstrater is prevented from
doing this However, the field study indicates that learning may not necessanty
be inhibited by scrounging since the presence of grackles is not constant
Lefebvre (1986) has shown that behaviours are transmitted more n unstable
populations where skiiled individuals are trequently absent and Lefebvre and
Palameta (1988) have demonstrated tnrough computer simulations that
instability of populations 1s sufficient to counteract the frequency-dependent
inhibition caused by scrounging

As a first stage in the examination of the dynamics of social learning in
mixed species groups, the results rc vealed here are intnguing Determining the
precise conditions in which one would find inhibition of social learning following
interspecific joining can only be left to future studies.
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! rnin r | mpetition

The evidence from the field study shows that doves use scrambie
competition with grackies and interference competition with conspecifics
Palameta (1989) has proposed that scramble competition may increase the
selective pressures on opportunistic animals to learn novel skills  Opportunism.
as Klopfer (1959) first suggested, frequently exposes animals to novel and
unpredictable foods When opportunism 1s combined with scrambie
competition, rapid ingestion of novel foods may be most efficiently achieved by
social learning Genetic pre-programming of behaviours cannot track novelty
as qu:ckly as learning can. and individuat learning 1s siower than social
learning unless extensive shaping occurs (Corson 1967, Lefebvre and
Palameta MS)

Lefebvre and Palameta (1988) have proposed that group foraging may
have favoured the appearance of culturai transmission, since gregarious
animals most cften compete by scramble techniqgues The present study,
combined with the results of Lefebvre and Palameta (MS), suggests that group
foraging should not be restricted to moncspecific cases. as imphed by Lefebvre
and Paiameta (1988), but should include both intra- and interspecific social
foraging The important factor may not be whether foraging aggregations
include one species only or severa! species, but the type of foraging
interactions that occur within the aggregations interference competition may
disrupt any potential social information .1d leave only scramble competition as
botn the source and selective pressure for cultural learning The precise
species one 1s competing with by scrambling may thus be less important than
the existence of scramble competition itselt

This hypothesis 1s consistent both with studies on the gregarious feral
pigeon and the terntorial Zenaida dove Pigeons predominantly forage with
conspecifics and use scramble compeution aga:nst them rather than
interterence They have been shown 1o learn fairly easily from conspecifics in
numerous studies (Epstein 1984, Palameta ana Lefebvre 1985, Palameta 1989,
Lefebvre and Palameta MS) In contrast, Zenarda doves use interference
competitton with conspecifics and scramble competition with grackles Social
learning from conspecifics has been found to be difficult both in the present
study and that of Lefebvre and Palameta (MS) Indeed, as this thesis has
shown. Zenaida doves prefer to learn from the heterospecific they normally
compete with by scrambling in the field.
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The scramble competition hypothesis can thus replace the gregarious
foraging hyputhesis proposed by Letebvre and Palameta (19688) Both terntonal
and group-hving species can be used to test predictions from the hypothesis
For instance, if scramble competition 1< (he key factor and not the fact that one i1s
foraging with a conspecific or a heterospecific. greganous Lirds like the pigeon
and the grackie should show no demonstrator preference In Montréal, pigeons
routinely encounter species like House sparrows (Passer domesticus) and
European starlings (Sturnus vulgans) when foraging with other pigeons (pers
obs.). Since scramble competit:on ts used both intra- and interspecifically,
pigeons should not selectively learn from other pigeons or from starlings and
sparrcws if the scrambie competition hypothests holds In the same way, if we
reverse the design used in this thesis and present grackie observers with dove
and grackle demonstrators, we would also not expect significant demonstrator
preference
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Table 1

The mean number of birds present per scan and the tota! frequency of joining
and aggressive interactions for the five species seen on provisioned tnals

Zenaida Carib Lesser Glossy Ground
dove grackle Antiliean cowbird dove
bulifinch
Mean number
of birds/scan 1.15 7 86 018 0 32 0 01
Joining
by Zenaida 207 401 18 8 1
doves
towards
Aggression
between 1374 17 0 0 0

Zenaida
doves and.




Table 2

Two different methods of calculating the expected trequency of doves joining
or aggressing conspecifics and grackles at three hypothetical patches of food
based on a frequency of 200 observed events

Method  Composition Relative Expected
of patches proportions frequencies
xample 1
Number A 1 dove 1 dove =005 intraspecific = 16
of birds B 15 grackies 18 grackles = 0 95 interspectfic = 190
present  C 3 grackies
Species A dove (n=1) 1 patch
present B grackles (n=15) with dove = 0.33 intraspecific = 67
C grackles (n=3) 2 patches interspecific = 133
with grackles = 0 66
Example 2

Number A 1 dove, 1 grackle
of birds B 14 grackles
present C 3 grackles

Species A dove (n=1)
present grackle (n=1)
B grackles (n=14)
C grackles (n=3)

1 dove =0.05
18 grackles = 0.95

0 5 patch
with dove = 0.17
2 5 patches

with gracklies = 0 83

intraspecific = 10
imerspecific = 190

intraspecific = 34
interspecitfic = 16€
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Table 3

The mean number of birds present per scan and the total frequency of joining
and aggresstve interactions for the five species seen on unprowvisioned trnals

Zenaida Carnb Lesser Glossy Ground
gove grackle Antillean cowbird dove
bullfinch
Mean number
of birds/scan 3 64 2.57 0 48 0.02 032
Joining
by Zenaida 123 81 11 1 3
gaves
towards
Aggression
between 468 10 0 0 0

Zenaida
doves and




Figure 1

Figure 2 :

Figure 3:

List of Figures

. Outline of Barbados. shuwing the positions of the five sites used

for field trials and trapping

Average number of patches per scan in the provisioned trnals,
occupted by enther a single Zenaida dove, more than one
Zenaida dove, a single Zenaida dove with one or more grackies
or more than one Zenada dove with one or more grackles Error
bars represent standard error

Scatter diagram of the relationship between total frequencies of
intraspecific aggression and joining in the provisioned trals. The
Spearman rank correlation coefficient {r;) and the significance
level for tnis relationship are shown on the night

Figure 4: Scatter diagrams of the relationship between (A) total

Figure 5:

Figure 6 :

frequencies of intraspecific joining and the mean number of
doves per scan and (B) totai frequencies of intraspecific
aggression and the mean number of doves per scan. in the
provisioned trnals The Spearman rank correiation coefficient (rg)
and the significance level for each relatonship are shown on the
nght

Scatter diagram of the relationship between intraspecific
aggresswon and joining per dove n the provisioned tnais The
Spearman rank correlation coefficient {r;) and the significance
level for this relationship are showr. on the right

Scatter dagram of the relationship between total frequencies
of interspecific aggression and joining in the provisioned tnals.
The Spearman rank correlation coefficient (rs) and the
significance level for this relationship are shown on the right
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Figure 7: Scatter diagrams of the relationship between (A) total

frequencies of interspecific joining and the mean number of
grackles per scan and (B) total frequencies of interspecific
aggression and the mean number of grackles per scan, i the
provisioned trials The Spearman rank correlation coetficient (rg)

and the significance level for each relationship are shown on the
rght

Figure 8 : Scatter diagram of the relationship between interspecific

aggression and joining per grackle in the provisioned tnals The
Spearman rank correlation coefficient (rg) and the significance
level for this relationship are shown on the nght

Figure 9: Total frequency of observed joining per area, compared to the

expected trequencies based on the number of birds present
A.Intraspecific B Interspecific

(" :p<0 05,7 " p<001. ™ p<0001)

Figure 10 : Total frequency of observed joining per area, compared 1o the

expected frequencies based on the type of species present
A.Intraspecific, B Interspecific

(i p(O 05 *® p(O 01 i (1223 p<o 001)

Figure 11 : Total frequency of observed aggression per area, compared to
the expected frequencies based on the number of birds present
A Intraspecific . B. Interspecific
(" p<005,* "p<001.*"  p<0 001y

Figure 12:

Average numbper of foraging groups per scan in the
unprovisioned tnals containing either a single Zenaida dove,
more than one Zenaida dove, a single Zenaida dove with one or

more grackles or more than one Zenaida dove with one or more
grackles Error bars represent standard error
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Figure 15 :
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Figure 17:

Figure 18 :
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Scatter diagram of the relationship between total frequencies of
intraspecific aggression and jorning 1in the unprovisioned trials
The Spearman rank correlation coetficient (rs) and the
significance leve! for this reiationship are shown on the left

Scatter diagrams of the relationship between (A) total
frequencies of intraspecific joining and the mean number of doves
per scan and (B) total frequencies of intraspec:fic aggression and
the mean number of doves per scan in the unprovisioned tnals
The Spearman rank correlation coefficient (rg) ana the
significance leve! for each relationship are shown on the left

Scatter diagram of the relationship between intraspecific
aggression and joinirg per dove in the unprovisioned trals
The Spearman rank correlation coefficient (r¢} and the
significance level for this relatonship are shown on the teft

Scatter diagram of the relationship between total freqguencies ot
interspecific aggression and joining in the unprovisioned triais
The Spearman rank correiation coetficient (rs} and the
significance leve! or this reiahonship are shown on the left

Scatter aragrams of the relationship between (A) total
frequencies of interspec:fic joining and the meanr number of
grackles per scan and (B) toial freguencies of interspecific
agygression and the mean number of grackies per scan, in the
unprovisioned trials The Spearman rank correlation coeffic.ent
(re) @anc the significance tever for each relatiorship are shownr or
the left

Scatter diagram of the relationship between interspecific
aggression and joining per grackle in the unprovisioned tnals
The Spearman rank correlation coefficient (rs) and the
significance level for this relationship are shown on the left.



Figure 19 :

Figure 20 :

Figure 21

Figure 22

Figure 23 :

Figure 24 :

Figure 25 :

Figure 26 :

Figure 27
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Total frequency of observed joining per site, ccmpared to the
expected frequencies based on the number of birds present
A Intraspecific, B Interspecific
(* p<005," p<001,”* p<0001)

Total frequency of observed aggression per site, compared to
the expected frequencies based on the number of birds present
A Intraspecific, B Interspecific

(" p<005,* .p<001,*" p<0001)

Schematic view of the aviary with the two expermental
compartments, each compartment contains two doves

waiting to be tested and one dove placed in front ot its

conspectfic and heterospecific demonstrators

(D= Dove, G = Grackle)

Schematic view of Expeniment One. showing the
demonstration and testing phase

Number of doves who chose the colour eaten by the grackie
demonstrator versus those who chose the colour eaten by the

conspecific demonstrator

Stabiity of tood choice first two colour choices made by
observers

Colours chosen by the observers

The reiationship between the colour of rice chosen and the
demonstrator of that colour

Schematic view of Experiment Two, showing the
demonstration and testing phase
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Figure 28 ' The number of Zenaida doves who (A) learned to open the hd
and (B) pecked at the empty dish. as a function of the
demonstrator species showing each technique
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Frequency of aggression
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Figure 6
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Frequency of aggression between
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Figure 12
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Figure 16
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Figure 27
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