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Abstract. L aboratory  paradigm s currently  available fo r study o f  behavioural traditions in  anim al 
populations do n o t provide sufficient in form ation  to  perm it extrapolation  from  laboratory  findings to  
more natu ral situations. By focusing solely on  the  transm ission process, such parad igm s fail to  provide 
an opportunity  to  explore fully the com plex determ inants o f  th e  longevity o f  behavioural trad itions and  
the probability o f  diffusion o f  socially transm itted  behaviour pa tte rns th ro u g h  populations. T he 
reliability o f  a new m odel system is established th a t will perm it exp loration  o f the effects o f  (1) 
individual learning ab o u t the environm ent and  (2) social relationships between bearers o f  trad ition  and 
recruits to  a  population , on  m aintenance and  p ro paga tion  o f  trad itions o f  food  preference in colonies 
of Norway rats. ‘F ounder’ colonies o f  fo u r ra ts  w ere taugh t an arb itra ry  food  preference. Individual 
members o f  the founder colonies w ere then  slowly replaced w ith naive subjects. Three generations o f 
replacements after the last founder h ad  been rem oved from  a colony, the a rb itra ry  food  preference 
taught to  a colony’s founders was still evident. T he behavioural m echanism  supporting  the observed 
traditional behaviour in rats was identified, as w as a  possibly im portan t, previously unidentified 
parameter (the du ra tion  o f  opportunities to  learn  by sam pling alternatives) influencing the  stability o f 
behavioural traditions in anim als. © 1995 T h e  A ssocia tion  fo r th e  S tudy  o f  A n im a l B ehaviour

In recent papers, L aland  (1992) and  L aland  e t al. 
(1993) have called atten tion  to  the fac t tha t 
although num erous experim ents have exam ined 
mechanisms o f  social learning in anim als (Zentall 
& Galef 1988), relatively few experim ents have 
explored param eters th a t m ight either influence 
the longevity o f  behavioural traditions in  groups 
of animals o r determ ine the ra te  o f  spread o f  such 
traditions th rough  anim al populations.

Although Laland and  his co-authors did no t 
speculate as to why mechanisms o f  social learning 
have been studied m ore frequently than  have 
factors affecting the p ropagation  and stability o f 
traditional types o f  behaviour, surely a m ajor im­
pediment to  laboratory study o f anim al traditions 
has been the lack o f satisfactory model systems in 
which to  carry ou t such investigations. W ithout an 
adequate model system, those interested in the 
longevity o f  trad itional behaviour patterns in 
animal populations have had little choice bu t to 
study processes th a t support the transm ission o f 
behaviour from one anim al to  a second and to
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assum e th a t such inform ation can be extrapolated 
to  predict the fate o f  behavioural traditions in 
larger populations. It is, however, an  open question 
w hether such extrapolation is valid. Laland et al. 
(1993) clearly feei th a t it  is not: ‘although [exper­
im ental studies o f  anim al social learning] have 
all the advantages o f  laboratory contro l and 
m anipulation, they say little abou t the diffusion o f 
socially learned behaviour through populations or 
the m aintenance o f  cultural differences between 
groups’ (page 254).

T he sole paradigm  presently available for 
labo ra to ry  study o f  traditions in anim als (C urio 
et al. 1978; L aland & Plotkin 1990, 1992) involves 
teaching a  naive subject (a model) som e behav­
iour, then  allowing th a t m odel to  in teract briefly 
w ith  a  second naive subject (an  observer). A s a 
consequence o f  in teracting  w ith th e  m odel, the 
observer learns the relevant behaviour and  can 
th en  be used as a  m odel fo r yet ano ther observer. 
Such chaining o f  models and observers is repeated 
several times.

A lthough  the paradigm  used by L aland & 
P lo tk in  and  by C urio e t al. captures som e features 
o f  th e  diffusion o f  a  socially learned behaviour 
th rough  a free-living population  o f  anim als, it
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involves a simple iteration  o f  the basic social 
learning paradigm  (in which a  naive observer 
learns a behaviour as a  consequence o f  observing 
th e  actions o f  a trained model). O utside the 
labora to ry , transm ission o f  behaviour from  one 
individual to  ano ther does n o t occur in either a 
social o r  ecological vacuum . P ropagation  o f 
behaviour through populations takes place w ithin 
com plex environm ental and social situations, p ro ­
viding anim als w ith  opportun ities n o t only for 
social learning, bu t also for individual learning 
ab o u t the environm ent and  fo r social interaction 
between individuals a t times o ther than  those 
w hen they are  engaged in social transm ission of 
behaviour.

B oth the longevity o f  a  behavioural trad ition  in 
a  population  and  the p robability  th a t a behaviour 
will spread th rough  a  p o pu la tion  will depend n o t 
only on the fidelity o f  the transm ission process per 
se (which has been exam ined in m any experim en­
tal situations), b u t also on  the social and  environ­
m ental contexts w ithin w hich behavioural 
transm ission occurs. Individual learning abou t the 
environm ent in the in terval between social acqui­
sition o f  a behaviour and  the opportun ity  to  trans­
m it th a t behaviour to  a  naive individual will affect 
the p robability  th a t p ropagation  o f  the behaviour 
will occur. T he com position  o f  a tradition-bearing 
population  (e.g. its size, the hom ogeneity o f  the 
behaviour o f  its m em bers, the status o f  its m em ­
bers relative to  th a t o f  recruits, the ra te  o f  recruit­
m ent o f  m em bers in to  it) will affect the probability  
th a t new recruits will acquire a behaviour th a t is 
trad itional in the popu la tion  they jo in . C onse­
quently, th e  transm ission o f  behavioural 
trad itions m ust be studied in situations th a t 
perm it m an ipu la tion  o f  the social and  environ­
m ental contexts in  w hich social learning occurs.

T he absence o f  such contexts in  the paradigm s 
currently  used to  study anim al traditions led us 
to  the present a ttem p t to  develop an alternative 
m odel th a t w ould perm it system atic m anipulation 
o f  social and  environm ental contexts in investi­
gations o f  the fidelity, longevity and  fecundity 
(D aw kins 1976) o f  behavioural traditions in ani­
mals. H ere, we first dem onstra ted  th a t we can 
sustain a  trad itio n  o f  food preference across sev­
eral generations o f  subjects in a  situation where 
ecological and social variables can be system ati­
cally m anipulated . W e then analysed the p ro ­
cess o f  social transm ission th a t supports such 
trad itional types o f  behaviour.

T he m ethods described below were adapted  
from  procedures developed by Jacobs & Cam pbell 
(1961) fo r labora to ry  study  o f  the stability  o f 
a rb itra ry  trad itions in hum an  social groups (see 
also G erard  e t al. 1956). Jacobs & Cam pbell used 
an  optical illusion, the autokinetic m ovem ent 
effect (A dam s 1912), to  study transm ission of 
an  a rb itra ry  behaviour in  hum an subjects in a 
‘labora to ry  m icroculture’. T o experience illusory 
au tok inetic  m ovem ent, a  subject views a sta tion ­
ary p inpoin t o f  light in an  otherwise totally  d a rk ­
ened room . Even subjects w ho know  th a t the light 
is sta tionary  rep o rt tha t they  perceive it m aking 
random  excursions o f  7 -10  cm.

T o  begin the ir experim ents, Jacobs & Campbell 
seated, in a  row  o f  chairs, fou r ‘confederates’ who 
had  been instructed  to report seeing the stationary 
light in dem onstrations o f  the autokinetic m ove­
m ent phenom enon m ove m uch further than 
would an  honest observer. A  ‘real’ subject was 
seated in a  fifth chair situated  to  the immediate 
left o f  the row  o f  chairs the confederates occupied. 
All five partic ipan ts in the experim ent then viewed 
a sta tionary  light in a darkened room  and 
reported , from  right to  left along the row  of 
chairs, th e  distance they had  seen the light move. 
A fter all five reports had  been recorded, the 
partic ipan t in  the chair a t the right end o f  the line 
was excused from  the experiment, the rem aining 
fou r partic ipan ts each shifted one chair to  the 
right, and  a  new  real subject to o k  the now-vacant 
chair on th e  left end o f  the line. This procedure 
was repeated  m any times, and  after all four con­
federates had  left the room , succeeding gener­
ations o f  real subjects carried on the trad ition  of 
reporting  abnorm ally  large excursions o f  the point 
o f  light.

G E N E R A L  M E T H O D S  

Subjects

All rats used in this study were experimentally 
naive, juvenile, female, Long-Evans rats b o m  in 
the vivarium  o f  the M cM aster U niversity Psychol­
ogy D epartm en t (H am ilton, O ntario ) to  breeding 
stock acquired from  Charles R iver C anada (St 
C onstan t, Quebec).

W e used only young fem ale ra ts  as subjects 
because such ra ts  are less likely than  either male 
rats o r sexually m ature rats to  behave aggressively
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when placed together w ith an  unfam iliar con- 
specific. We expect th a t the results o f  experiments 
on behavioural trad ition  will be found  to  vary as a  
function o f  the sex, relative ages and  relative 
dominance status o f  subjects.

Diets

We composed tw o diets (diet Jh  and  diet Cp, 
respectively) by add ing  e ither 25 g o f  Japanese 
horseradish (M itoku, T okyo) o r  3 g o f  cayenne 
pepper (M cCorm ick C anada, L ondon , O ntario) 
to 1 kg o f a nutritionally  adequate  base diet, the 
major ingredients o f  which were casein and  com  
starch (norm al pro tein  test d ie t (rat), catalogue 
no. 170590; T eklad, M adison, W isconsin). In 
choice tests, we had  found diets C p and Jh 
roughly equipalatable and  also o f  approxim ately 
the same palatability as P urina  roden t laboratory  
chow no. 5001 (diet Pur), the diet on w hich all 
subjects had  been reared  and m ain tained  before 
they were used in the experim ent. Six young, 
female, Long-Evans rats from  o u r colony, each 
offered a choice between diets C p and  Jh  for 
24 h, ate (W ± se) 53-1 ± 7 -6 %  diet Cp. A n equal 
number o f  sim ilar subjects th a t were offered a  
choice between diet P u r an d  diet C p a te  47-5 ±  
9-2% diet Cp, while six sim ilar ra ts  choosing 
between diet Jh  and chow  ate 57-6 ±  8T %  diet Jh.

Apparatus

Except as noted  otherwise, fo r the following 
experiments, founding co lony  m em bers were 
trained to eat either diet Jh  o r  diet C p  while 
maintained in individual, w ire-m esh hanging cages 
measuring 18 x 34 x 19cm . F o r  the experim ent 
proper, we placed each founding  colony o f  four 
subjects in an  enclosure m easuring 1 x 1 x 0-33 m, 
which we constm cted o f  angle iron  and hardw are 
cloth (Fig. 1). T he galvanized, sheet-m etal floor o f 
each enclosure was covered w ith a th in  layer o f 
wood shavings, and each enclosure contained a 
single, painted, w ooden nestbox (m easuring 
33x 33 x 16 cm), tw o w ater bottles an d  tw o 
ceramic food bowls (15 cm  diam eter).

Procedure

Our procedure, adopted  from  th a t o f  Jacobs & 
Campbell (1961), was in tended  as a  laboratory  
analogue o f  a na tu ra lly  occurring situation  in

NestboxJh

H 20

Figure 1. Overhead schematic of floor enclosure 
(Jh=Japanese horseradish flavoured diet; Cp=cayenne 
pepper-flavoured diet; H20=w ater bottles).

which naive individual are  g radually  recruited, 
through either b ir th  o r im m igration, into a 
num erically stable popu lation , replacing popu­
lation  m em bers lost th rough  either death  o r 
emigration.

A fter we taught all m em bers o f  a ‘founding’ 
population  o f  N orw ay  ra ts (our confederates) an 
arb itra ry  food  preference, we replaced them  over 
days w ith naive recruits (our real subjects), until 
none o f  the m em bers o f  the original population  
rem ained. We m onitored  the food  choices o f  the 
popu la tion  th roughou t the experim ent to  deter­
m ine the fa te  o f  th e  trad itional behaviour we had 
established in its founders.

E X P E R IM E N T  1: T R A N S M IS S IO N  IN  
R A T  M IC R O C U L T U R E S  

Methods

Subjects

Subjects were 128 42-day-old rats. W e assigned 
64 o f  these subjects to  16 founding colonies, each 
consisting o f  fo u r ra ts  trained to  avoid  eating 
either cayenne pepper-flavoured diet (Cp; 8 
founding colonies) o r  diet flavoured w ith  Japanese
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horserad ish  (Jh; 8 founding colonies). T he rem ain­
ing 64 subjects th a t we used in  experim ent 1 served 
as replacem ents fo r original colony m em bers.

Procedure

Training founding colony members. T o  begin 
the experim ent, we introduced subjects th a t we 
h ad  random ly  assigned to  be  founding colony 
m em bers in to  individual wire-mesh hanging cages 
and  deprived them  o f  food fo r 23 h /day  fo r 2 
consecutive days. D uring  the rem aining h o u r o f 
each day, we offered each subject a  food cup 
contain ing pow dered diet Pur.

Follow ing a  th ird  23-h period  o f  food  depri­
vation , we gave each subject a  food  cup con ta in ­
ing  either diet Jh  o r  diet C p fo r 1 h. A t the end o f 
th is 1-h feeding period, we rem oved th e  food  cup 
from  each subject’s cage and  injected her in tra- 
peritoneally  w ith 2% o f  body  w eight, 1% w eight/ 
volum e lithium -chloride solution to  p roduce a  
transien t gastro-intestinal upset. W e w aited 1 h 
and  then gave each subject 8 -9  g o f  diet P u r  and 
left her undisturbed fo r 23 h.

A t th e  end o f  the 23-h period follow ing injec­
tion , we offered each subject, fo r 1 h , a  weighed 
food  cup contain ing  the diet to  w hich she had  
learned an aversion on the previous day, and 
then  once again injected any subject eating m ore 
than  0-2 g o f  diet w ith 2% o f  body w eight, 
1% weight/volum e lithium  chloride. W e then 
w aited 1 h, m arked  th e  tail o f  each subject w ith 
indelible ink to  identify h e r as a  founding colony 
m em ber and provided her w ith 8 -9  g o f  diet 
Pur.

Conduct o f  the experiment. Tw enty-three hours 
la ter, we placed groups o f  fou r subjects th a t had  
been taugh t to  avoid eating diet Jh  (which, conse­
quently, w ould ea t only diet C p) and  groups o f  
fou r subjects th a t had  been taugh t to  avoid eating 
diet C p (which, consequently, w ould ea t only diet 
Jh) in  floor enclosures, each o f  which contained a 
weighed bowl o f  diet C p and a weighed bow l o f 
diet Jh  (Fig. 1), and  left these colonies undisturbed 
fo r 24 h.

A t the end o f  the 24-h period we: (1) rem oved 
the  food  bowls from  each enclosure and  weighed 
them , (2) random ly  selected a m em ber o f  each 
founding  colony and rem oved her from  her 
colony enclosure (and from  the experim ent) and 
(3) in troduced a  random ly selected, experim en-

•  Founders e a t diet Cp 
■ Founders ea t diet Jh100
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Figure 2.  Mean ( ±  se) amount of diet Cp, as a percent­
age of total amount eaten by subjects in floor enclosures 
that housed founding colonies that ate either diet Cp or 
diet Jh. Day 1 : enclosures contained only members of 
the founding colony; days 2-4: enclosures contained 
both original colony members and replacement subjects; 
days 5-8: enclosures contained only replacement sub­
jects.

ta lly  naive replacem ent subject in to  each colony 
enclosure. We repeated this procedure three 
additional times, a t 24-h intervals, u n til we had 
replaced all four m em bers o f  each original colony.

O nce we had replaced all four m em bers o f  each 
founding colony w ith naive subjects, we left the 
newly constitu ted  colonies undisturbed fo r 4 days, 
except fo r daily m easurem ent o f  the intake by 
each colony o f  diets C p and  Jh.

Results

A s we expected, the m em bers o f  each founding 
colony exhibited a strong aversion to  whichever 
diet they had  eaten  im mediately before we injected 
them  w ith lithium -chloride solution and ate only 
the alternative diet available to  them  (Fig. 2, 
day 1).

Follow ing to tal replacem ent o f  the members of 
original colonies (Fig. 2, days 5-8), the new mem­
bers o f  each colony continued to  favour whichever 
diet the m em bers o f  their founding colony had 
eaten. Clearly, we have prelim inary evidence of a 
stable trad ition  o f  food preference in replacemenl 
subjects.

T he m ean  values reported in Fig. 2 suggest thai 
replacem ent subjects exhibited a weak preference

J
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for the diet th a t their respective founding colonies 
had eaten (see Fig. 2, days 5-8). C loser exam in­
ation o f  da ta  describing the food  preferences o f  
individual colonies revealed th a t the m ean values 
were no t a  statistical artefact resulting from  some 
groups o f  replacem ent subjects eating only the 
diet th a t their founding  colony h ad  eaten and 
other groups o f  replacem ent subjects exhibiting 
equal intakes o f  the tw o diets. R ather, by day  8 o f  
the experiment, 14 o f  th e  16 groups o f  replace­
ment subjects still show ed a  preference fo r th e  diet 
that the m em bers o f  their respective founding 
colonies h ad  been tra ined  to  ea t (binom ial test: 
P<0-002) and  these preferences were generally 
modest. F o r  exam ple, on  day  8, m em bers o f 
seven o f the eight groups o f  replacem ent subjects 
introduced in to  founding colonies eating diet 
Cp still showed a  preference fo r diet Cp, and 
the 3-h in take  o f  diet C p  by these seven groups 
ranged from  59-4 to  73-5% o f  their to ta l 24-h 
intake. Thus, a lthough  the trad ition  we had  
established in th e  founders was sustained fo r a t 
least four days after their departure  from  each 
colony, under the conditions o f  the present 
experiment, th e  fidelity o f  the replacem ent sub­
jects to  the learned  diet preference o f  founders 
was relatively low.

We do n o t know  how  long th e  socially induced 
preferences fo r diets C p and  Jh  would have been 
sustained in  the  colony, because no  one has yet 
examined the stability  o f  socially learned food 
preferences in g roups o f  undistu rbed  anim als. In  
isolated anim als, such preferences can last from  2 
days (G alef et al. 1985) to  2 weeks o r m ore (G alef 
1989) depending on the details o f  the procedures 
used to establish them .

E X PE R IM E N T  2: D O  R A T S  A C Q U IR E  
A T R A D IT IO N ?

The evidence o f  a  behavioural trad ition  provided 
in experiment 1 is less com pelling th an  it  m ay 
first appear. Because we calculated ou r sole 
index o f food preference in  each colony from  the 
total am ounts o f  diets C p  and  Jh  eaten during 
each 24-h period by  all fo u r replacem ent subjects 
in an enclosure, we could n o t determ ine how  
much of each o f  the tw o available foods ind i­
vidual colony m em bers were eating. It is possi­
ble, for example, th a t only those replacem ent 
subjects th a t in teracted  w ith tw o o r three

m em bers o f  a  founding co lony  acquired the food 
preference o f  th a t colony, and  th a t those replace­
m ent subjects in troduced  last in to  each colony 
enclosure (which never in teracted  w ith any origi­
nal colony m em bers) a te  equal am ounts o f  diets 
C p an d  Jh.

Experim ent 2 was undertaken  to  determ ine 
w hether all fou r replacem ent anim als introduced 
in to  a colony w ould acquire the food  preference o f 
the m em bers o f  the founding colony in w hich we 
placed them .

Methods

Subjects and apparatus

E ighty  ra ts  served as subjects; 40 subjects served 
as m em bers o f  10 founding colonies and  the 
rem aining 40 served as replacem ents fo r founding 
colony m em bers.

W e used the sam e appara tu s as in experim ent 1 
except th a t we used a time-lapse, video-cassette 
recorder an d  closed-circuit television system to 
m on ito r feeding behaviour in  each enclosure after 
all founding  colony m em bers had  been replaced.

Procedure

T he procedure was identical to  th a t used in 
experim ent 1 except th a t, to  reduce the tim e 
required  to  analyse videotapes o f  feeding behav­
iour an d  to  run  the experim ent, we (1) placed food 
bowls in  each enclosure fo r only 3 h/day (ra ther 
than  23 h /day), and  (2) ran  the experim ent fo r 6 
ra ther th an  8 days.

W e replaced founding colony m em bers w ith 
naive subjects im mediately after the 3-h colony 
feeding period  o n  each day and because we 
w anted  to  be able to  identify individual replace­
m ent subjects w ithin each colony w hen we viewed 
their behaviour on closed-circuit television we 
used as replacem ent subjects rats th a t h ad  easily 
distinguished pelage markings.

W e reviewed videotapes o f  feeding behaviour 
recorded o n  day 6 o f  the experiment to  determ ine 
the am o u n t o f  tim e th a t each o f  the fou r replace­
m ent subjects in troduced into each colony enclo­
sure spen t eating  from  the food bowls containing 
diets C p an d  Jh. W e scored a subject as eating 
from  a bow l from  the m om ent th a t its nose passed 
over the edge o f  th a t bow l until it  rem oved its  nose 
from  the bowl.
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Figure 3. Mean ( ±  s e )  amount of diet Cp, as a percent­
age of total amount eaten by subjects in experiment 2 
housed in floor enclosures with founding colonies that 
ate either diet Cp or diet Jh. Day 1 : enclosures contained 
only members of the originating colony; days 2-4: 
enclosures contained both original colony members and 
replacement subjects; days 5-6: enclosures contained 
only replacement subjects.

Results and Discussion

Replacem ent subjects show ed a strik ing  fidelity 
to the diet th a t their respective in itiating  colonies 
had been trained to  ea t (Fig. 3). E ach o f  the four 
replacement subjects, w hether the first o r last 
introduced into a  colony enclosure, was equally 
likely to  spend tim e eating  the type o f  food tha t 
the members o f  its founding  colony had been 
trained to  eat (Fig. 4; K ruskall-W allis one-way 
ANOVA: both H < 7-82, n s ) .

A  correlational analysis o f  the relationship  on 
day 6 between the to ta l tim e spent eating  from  
food bowls containing diet C p  by all fo u r replace­
m ent subjects in each o f  th e  10 groups and the 
percentage o f  their to ta l in take th a t was diet Cp 
was highly significant (r=0-99, P < 0 0 0 1 ). Thus, 
the relative am oun t o f  tim e spen t eating  a  diet was 
a  reliable indicator o f  the relative am oun t o f  tha t 
diet tha t the subjects ate.

On days 5 and  6, replacem ent subjects in exper­
iment 2, which had  3 h /day access to  bowls o f 
diet Jh and Cp, show ed greater fidelity to  the diet 
preferences o f  their respective founding colonies 
than did replacem ent subjects in experim ent 1, 
which had ad libitum  access to  bowls contain­
ing diets C p and Jh  (repeated-m easures A N O V A ;

o Founders e a t d ie t Cp 
■ Founders e a t diet Jh
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Figure 4. Mean ( ±  s e )  amount of time spent by first, 
second, third and fourth replacement subjects feeding 
from the bowl containing diet Cp in enclosures that had 
housed founding colonies that ate either diet Cp or diet 
Jh.

replacem ent subjects in troduced  in to  founding 
colonies eating diet Cp: F i n  = 12-26, P<0-005; 
replacem ent subjects introduced in to  founding 
colonies eating diet Jh: F , u  =  10-57, P<0-008).

It m ay be relevant to  no te  th a t free-living, wild 
N orw ay rats are m ost active a t daw n and dusk, 
and m any individuals feed fo r only a  few hours 
each day (B arnett 1975; Berdoy & M acD onald 
1991; Berdoy 1994). C onsequently, o u r laboratory  
results are consistent w ith the view th a t recruits to 
a colony o f  free-living N orw ay ra ts should adhere 
ra th e r closely to  th e  learned food preferences of 
the m em bers o f  th e  colony in to  which they are 
recruited.

E X P E R IM E N T  3: S T A B IL IT Y  O F  
T R A D IT IO N S

The striking fidelity shown by replacem ent sub­
jects in experim ent 2 to  the food preferences of 
m em bers o f  their founding colonies is consistent 
w ith the no tion  th a t ra t colonies m ight be able to 
sustain traditions o f  food preference over several 
generations. I t  is im portan t, however, to  investi­
gate directly the stability o f such traditions of 
food preference across generations o f  ra ts. C onse­
quently, in experim ent 3, we exam ined the food

Founding colony 
I i C p averse 
■  J h  averse

1 2  3 4
O rder of replacem ent
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preferences o f  fou r generations o f  replace­
ment subjects introduced in to  founder colonies o f 
Norway rats trained to  eat either d ie t C p o r  diet 
Jh.

Methods

Subjects and apparatus

Forty female rats, 45-56 days o f  age, served as 
the founding colony m em bers fo r 10 colonies each 
containing fou r subjects. A n additional 140 sub­
jects from  the sam e source served as replace­
ment subjects. W e used the appara tu s described 
previously (Fig. 1).

Procedure

We followed the sam e procedure as th a t o f  
experiment 2 except th a t (1) we m arked  the tails o f  
both founder colony m em bers and  replacem ent 
subjects w ith different colours o f  indelible ink  so 
that individuals could be readily identified, (2) we 
replaced one subject in each enclosure each day 
for 14 consecutive days and  (3) each tim e we 
removed a  replacem ent subject from  an  enclosure, 
we removed the one th a t h ad  been longest in th a t 
enclosure. Consequently, in 14 days, we were able 
to examine the stability o f  th e  trad ition  o f  food 
preference in m em bers o f  fou r generations o f  ra ts, 
only the first o f  w hich had  in teracted  directly w ith 
a member o f the founding colony.

Results and Discussion

The differences th a t we had  established in  the 
food preferences o f  founding colonies were sus­
tained across fou r generations o f  replacem ent 
subjects (Fig. 5). A lthough the preference fo r diet 
Cp weakened over generations, on  the last day o f  
the experim ent there was still a  significant differ­
ence in the food preferences o f  replacem ent sub­
jects in troduced in to  colonies whose founders had  
eaten diet C p an d  Jh  (M ann-W hitney  U-test: 
U= 0, P < 0-004). These final replacem ent subjects 
had interacted w ith replacem ents o f  replacem ents 
of replacements th a t had  in teracted  w ith founding  
colony members.

The deterio ration  o f  th e  trad ition  o f  flavour 
preference was clearly m ore rap id  in colonies w ith 
an initial preference for diet C p than  in colonies 
with an  initial preference fo r diet Jh. All five
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Figure 5. Mean ( ±  se)  amount of diet Cp, as a percent­
age of total amount eaten by subjects in experiment 3 
housed in floor enclosures that contained founding 
colonies that ate either diet Cp or diet Jh. Day 1: 
enclosures contained only members of the originating 
colony: days 2-4, enclosures contained both original 
colony members and replacement subjects; days 5-14: 
enclosures contained only replacement subjects.

colonies w ith an induced preference fo r diet Cp 
show ed a decline in preference for d ie t C p 
between the second and  fou rth  generation o f 
replacem ent subjects, w hereas only one o f  the five 
colonies w ith an induced preference fo r diet Jh  
show ed an  increase in  its m ean  percentage intake 
o f  diet Jh  from  the second to  fou rth  generation o f 
subjects (F isher exact p robability  test: P<0-05). 
W ithout fu rther experim ental w ork, we can only 
speculate as to  the causes o f  this apparen t differ­
ence in  the stability o f socially induced preferences 
fo r diets C p and Jh, which we had  equated  in 
palatability  before beginning o u r experim ents. It 
is possible th a t the tw o diets differ in  their effec­
tiveness as signals for th e  social induction  o f 
food preferences. I f  so, we have serendipitously 
discovered a pow erful tool fo r m anipulating  the 
fidelity o f  transm ission o f  preference fo r a  food 
w ithout varying the reinforcem ent th a t a subject 
receives fo r ingesting th a t food. Such a  tool would 
be particularly  useful in  the parad igm  used here to
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analyse the ro le o f  the fidelity o f  transm ission in 
determ ining the longevity o f  traditions o f food 
preference.

Because ou r breeding colony ran  out o f  subjects 
on  day 14, we had  to  term inate the study before 
the food  preferences o f  the two groups had 
stabilized. W e expect th a t eventually b o th  w ould 
have converged a t approxim ately 50%, b u t th a t 
result rem ains to  be dem onstrated.

E X P E R IM E N T  4: U R IN E  A N D  F A E C E S

T aken  together, th e  results o f  experim ents 1 ,2  and 
3 indicate th a t it is possible to  establish a trad ition  
o f  food  preference in laboratory  colonies o f  
N orw ay rats th a t can survive fo r several gener­
ations. T he final tw o experim ents in  this series 
were undertak en  to  explore necessary conditions 
fo r transm ission o f  food preference from  one 
generation  o f  ra ts  to  the next. The results o f  such 
studies should perm it the integration o f  the 
p resen t m ethod fo r study  o f  trad itional food 
preferences ín N orw ay ra ts w ith  previous w ork on 
their social learning o f  food preferences (for 
reviews, see G ale f 1977, 1982, 1988, 1994).

L aland  & P lo tk in  (1991, 1993) dem onstrated  
th a t urine and  faeces deposited by N orw ay ra ts  in 
and  n ear a  food  bow l can result in transm ission o f  
food  preferences betw een rats. Feeding sites 
m arked  w ith excretory products are m ore a ttrac ­
tive to  ra ts  seeking food  th an  are unm arked sites 
(G alef &  H eiber 1976), and  rats feeding a t a 
m arked  site develop a  preference fo r an  unfam iliar 
food  th a t they find there (L aland & P lotkin  1993). 
W e designed experim ent 4 to  determ ine w hether 
excretory deposits accum ulated in o r near a food 
site were necessary fo r m aintenance o f  the tra ­
ditions o f  food  preference exhibited by subjects in 
experim ents 1, 2 an d  3 in  th e  present series.

M ethod

Subjects and apparatus

T hirty-tw o fem ale rats, 45-56 days o f  age, 
served as founding  co lony  m em bers fo r eight 
colonies each o f  fo u r  ra ts. A n  additional 32 sub­
jects served as replacem ent subjects. T he ap p ar­
a tu s  was identical to  th a t used previously (Fig. 1).

Procedure

W e follow ed the sam e procedure as in exper­
im ent 2 except as follows. (1) T o ensure th a t the

locations o f  olfactory cues deposited by rats in at 
enclosure one day were n o t systematically related 
to  th e  location  o f  food  bowls on  the next day, 
each day we used a ran d o m  num ber table to 
determ ine in w hich o f  eight locations in each 
enclosure we w ould p lace food bowls on  each day.
(2) T o ensure th a t n o  excretory deposits placed by 
ra ts  in food bowls on one  day were available to 
guide subjects’ food choices on succeeding days, 
we placed new  sam ples o f  food in clean food 
bowls a t the beginning o f  each 3-h feeding session.
(3) T o  exam ine the food preferences o f  individua! 
replacem ent subjects, ra th e r th an  videotape sub­
jec ts’ feeding behaviour (as we did in exper­
im ent 2), we rem oved each  replacem ent subject 
from  her enclosure a t th e  end o f  the 3-h feeding 
period on  day 6, placed her alone in a wire-mesh 
hanging cage and deprived her o f  food for 21 h. 
A t th e  end o f  th e  21-h  deprivation period, we 
offered each subject tw o weighed food cups, one 
con tain ing  diet C p  and  th e  o ther containing diet 
Jh , and  allowed her to  feed undisturbed fo r 3 h.

Results and Discussion

Social influences on food  choice were sustained 
despite d isrup tion  o f  excretory cues present in 
o r  n ear food  cups between days (Fig. 6). Or 
days 5 and 6, replacem ent subjects show  similar 
preferences fo r th e  diet eaten by m em bers o f  their 
orig inating  colony to  those show n by subjects is 
experim ents 2 and  3 th a t had  access to  residual 
o lfactory  cues from  preceding days. T hus residua! 
excretory cues deposited by rats while feeding on 
one day o f  the experim ent are n o t necessary tc 
guide the food  preferences o f  subjects on  the nexi 
day.

O f  course, colony m em bers m ight have placed 
excretory deposits in  o r around  a  food  bowl they 
w ere exploiting during  a 3-h feeding period, and 
those  deposits m ight have influenced the feeding 
behaviour o f  o ther subjects during  th a t feeding 
period. T hus, although  the p resent results allow us 
to  conclude th a t the  presence o f  residual excretory 
deposits are  n o t necessary to  m ain tain  a  tradition 
o f  food  preference, they do  n o t allow  us to 
conclude th a t such deposits a re  n o t guiding socia! 
learn ing ab o u t food  preference w ithin a given day. 
E xperim ent 5 presents evidence th a t excretions 
deposited in  o r  near a food bow l by founders are 
n o t necessary fo r transm ission o f  food preferences 
to  their replacements.
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Figure 6. Mean ( ±  s e )  amount of diet Cp, as a  percent­
age of total amount eaten by subjects in experiment 4 
housed in floor enclosures that contained founding 
colonies that ate either diet Cp or diet Jh. Day 1: 
enclosures contained only members o f the founding 
colony; days 2-4: enclosures contained both original 
colony members and replacement subjects; days 5-6: 
enclosures contained only replacement subjects.

Our finding th a t excretory deposits rem aining 
in the environm ent from  one b o u t o f  feeding to 
the next are no t necessary fo r th e  establishm ent o f  
traditional pa tterns o f  food  preference does not 
contradict L aland & P lo tk in ’s (1991, 1993) finding 
that excretory deposits a re  sufficient to  support 
such preferences. F urtherm ore, differences in  the 
strain, age and  sex o f  subjects betw een L aland & 
Plotkin’s studies an d  ours m ay m ake  them  difficult 
to compare directly. W e speculate th a t the adult, 
male rat subjects in L aland  & P lo tk in ’s studies 
might have been less likely to  assum e the nose-to- 
nose position necessary fo r d irect social induction 
of a food preference w hen they  encountered  an  
unfamiliar adult m ale conspecific (G ale f &  Stein 
1985) than were th e  juvenile, fem ale ra t subjects in 
the present experim ents. A du lt m ales m ight have 
to use different social cues th a n  juvenile females 
when selecting substances to  ingest.

During the choice test given to  replacem ent 
subjects after we had rem oved them  to  individual 
cages, all four replacem ent subjects in troduced 
into an enclosure show ed roughly  equivalent pref­
erences for the diets eaten by  the ir respective 
founding colonies (Fig. 7). R eplacem ent subjects 
thus acquired the food  preferences tau g h t to  their

Founding colony 
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Figure 7. Mean ( ±  se) amount of diet Cp eaten during 
individual testing by first, second, third and fourth 
replacement subjects taken from enclosures that once 
contained founding colonies that ate either diet Cp or 
diet Jh.

respective founding colonies w ith  equal p robabil­
ity, irrespective o f  the order o f  their in troduction  
in to  a  colony.

E X P E R IM E N T  5: L O C A L  
E N H A N C E M E N T

Inform al observation  o f  the behaviour o f  replace­
m ent subjects in  experim ent 2 suggested th a t 
replacem ent subjects m ight be a ttrac ted  to  a  feed­
ing site by  th e  presence o f  feeding conspecifics. 
Previous research in ou r labo ra to ry  has dem on­
stra ted  th a t th e  presence o f  a ra t eating  from  a 
bow l enhances the attractiveness o f  th a t bow l to  
its fellows and  causes them  to  ea t there (G ale f & 
C lark  1971; G ale f 1981). Such local enhancem ent 
(T horpe 1963) m ay have been responsible for 
m aintaining the traditions o f  food  preference th a t 
we observed in  experim ents 1-4.

O n the o ther hand , the results o f  num erous 
experim ents have show n th a t a fte r a  naive ra t 
in teracts w ith  a  conspecific (a dem onstrator) th a t 
has recently ea ten  som e food, the naive ra t ex­
hibits a  substan tia l enhancem ent o f  its preference 
fo r the food  th a t its dem onstrato r a te  (for reviews, 
see G ale f 1988, 1994). Such direct influence o f  one 
ra t o n  the food  preferences o f  an o th e r could  have
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acted, as could local enhancem ent o r  residual 
olfactory cues, to  sustain the trad itions o f  food 
preference dem onstrated in  experim ents 1-4.

In  the present experim ent, we exam ined the 
m aintenance o f traditional patterns o f  food prefer­
ence in colonies o f rats when neither local enhance­
m ent no r scent m arking by members o f  founding 
colonies could influence the food choices o f  their 
replacement subjects. In  experiment 5, only direct 
com m unication o f  inform ation concerning ingested 
foods between members o f a founding colony and 
their replacements could support the diffusion o f  a 
food preference from  members o f a founding 
colony to  their replacements.

Method

Subjects and apparatus

Tw enty-four fem ale ra ts  served as m em bers o f 
eight founding colonies each o f  three subjects. A n 
additional 24 fem ale ra ts  served as replacem ent 
subjects.

W henever subjects were fed individually, each 
w as housed in wire-mesh hanging cages m easuring 
18 x 34 x 19 cm. W hen n o t housed  in  individual 
hanging cages, all subjects were kep t in  floor 
enclosures as illustrated in Fig. 1.

Procedure

W e housed all 48 subjects individually in 
wire-mesh hanging cages, placed them  on  a 
21 h/day schedule o f  food  deprivation  and  fed 
them  pow dered diet P u r  for 3 h /day fo r 2 consecu­
tive days. We continued to  feed diet P u r  for 
3 h /day to  each ra t th a t served as a  replacem ent 
subject un til we m oved her from  her hanging cage 
to  a  floor enclosure.

Follow ing the th ird  21-h period o f  food  depri­
vation , fo r 3 h , we fed diet Jh  to  12 subjects and 
d ie t C p to  12 subjects th a t were to  be assigned to  
founding colonies.

A t th e  end o f this th ird  period o f  scheduled 
feeding, we (1) placed eight founding colonies, 
each consisting o f  three subjects th a t had  been fed 
e ither d ie t C p o r  diet Jh  and  one  subject th a t had 
been m aintained on  diet Pur, in a floor enclosure 
and  (2) left the colonies thus constitu ted  w ithou t 
food  fo r 21 h.

A t the end o f  the 21-h period o f  in teraction  
betw een four ra ts  (three original colony m em bers

and one replacem ent subject) in each floor enclo­
sure, we (1) rem oved the three original members 
o f  each colony from  th e ir  floor enclosure, (2) 
rem oved one o f  the th ree  founding colony mem­
bers from  the experim ent, (3) placed the o ther two 
founding colony m em bers in individual hanging 
cages and (4) fo r 3 h , fed those tw o subjects the 
sam e diet (either diet Jh  o r  diet C p) th a t they had 
eaten  on  the previous day .

W hile we fed the found ing  m em bers o f  each 
colony either diet C p o r  diet Jh  in  individual 
cages, we placed tw o w eighed food bowls, one 
containing diet C p  and th e  o ther contain ing diet 
Jh , fo r 3 h , in  each floo r enclosure w ith  the 
replacem ent subject th a t w e had left there.

A t the end o f  the 3-h feeding period, we (1) 
rem oved the two food bow ls from  each floor 
enclosure, (2) weighed them , (3) re turned  the two 
rem aining m em bers o f  each  originating colony to 
the  enclosure from  which we had  taken  them  3 h 
earlier, (4) added a  second replacem ent subject to 
each colony and (5) left them  undisturbed  for 
21 h.

W e repeated the above procedure on  th e  second 
day, (1) rem oving the tw o rem aining members of 
original colonies from  each floor enclosure, (2) 
discarding one an d  feeding the o ther either diet 
C p o r  diet Jh , (3) determ ining the food  intake of 
the tw o replacem ent subjects th a t we had  left in 
enclosures afte r we rem oved food  bow ls from 
each floor enclosure a t th e  end o f  the 3-h feeding 
period, (4) then  returning the one rem aining orig­
inal colony m em ber to  each floor enclosure and 
(5) finally adding one naive replacem ent subject to 
each floor enclosure.

T he th ird  day, we rem oved the final founding 
colony m em ber from  each floor enclosure and, 
after th e  colony feeding period, added  the third 
and  final replacem ent subject to  each enclosure.

O n the fou rth  and last day, we offered each 
colony a  choice between weighed sam ples o f  diets 
Jh  and  C p for 3 h  and , im m ediately after comple­
tion o f  th e  3-h feeding period, m oved each 
replacem ent subject to  an individual hanging cage, 
where 21 h  la ter, it  was again offered a choice 
between diets C p and Jh  fo r 3 h.

Results and Discussion

Replacem ent subjects developed a  reliable pref­
erence fo r the diet eaten by the m em bers o f their
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Figure 8. Mean ( ± se)  amount of diet Cp eaten by 
replacement subjects in experiment 5 interacting with 
founding colonies that ate diet Cp or diet Jh.

respective founding  colonies (Fig. 8; repeated- 
measures A N O V A : F , 6= 37-60, P < 0  001) even 
though m em bers o f  founding colonies and  their 
replacements never in teracted  in the presence o f  
food, an d  m em bers o f  founding colonies could 
not deposit excretory deposits in  o r  near feeding 
sites used by their replacements. C learly, neither 
the physical presence o f  founding  colony m em bers 
at a feeding site n o r residual excretory deposits 
deposited by  m em bers o f  founding colonies were 
necessary for induction  o f  a food preference in 
replacement subjects. D uring  the 21 h /day th a t 
founding colony m em bers and  replacem ent sub­
jects spent together in enclosures w ithout food, 
replacement subjects w ere able to  identify the food 
that the m em bers o f  the ir respective founding 
colonies h ad  been eating  and  used th a t infor­
mation w hen given the  opportun ity  to  choose 
among unfam iliar foods. F o r  an  analysis o f  the 
complex o f  olfactory cues passing from  recently 
fed ra ts  to  naive conspecifics which cause the 
naives to  prefer foods th a t conspecifics have eaten 
(see G a le f &  Stein 1985; G ale f e t al. 1985, 1988).

C om parison o f  these results (in w hich replace­
ment subjects and  founding colony m em bers 
could n o t in terac t in  the feeding situation: see Fig. 
8) with those o f  experim ent 2 (in which founding 
colony m em bers could serve to  locally enhance the 
food bow ls from  w hich they were feeding: see Fig. 
3) revealed th a t th e  size o f  a  socially induced food 
preference w as substantially  greater in  experim ent 
2 (repeated-m easures A NO V A s; w hen founding
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Figure 9. Mean ( ±  s e )  of diet Cp eaten during individual 
testing by first, second and third replacement subjects 
taken from enclosures where they interacted with mem­
bers of founding colonies eating either diet Cp or diet Jh.

colonies ate diet Cp: F , 7 = 5-41, F < 0  05; when 
found ing  colonies ate diet Jh: F , 7=  13-38, 
P < 0 0 1 ) . This result suggests th a t although local 
enhancem ent and  residual excretory deposits are 
n o t necessary fo r transm ission o f  the traditions o f 
fo o d  preference u n d er investigation here, one or 
th e  o ther m ay augm ent th e  olfactory transmission 
o f  food  preferences observed in the present 
experim ent.

R eplacem ent subjects did n o t differ in the 
m agnitude o f  their preferences fo r foods eaten by 
m em bers o f  their respective founding colonies as a 
function  o f  the order in which they had been 
in troduced  into floor enclosures (Fig. 9). The 
trad itio n  o f  food  preference m aintained by infor­
m ation  exchange outside the feeding situation was 
stable.

G E N E R A L  D IS C U S S IO N

T he results o f  the present series o f  experiments (1) 
establish  the reliability o f  a  new m odel system for 
lab o ra to ry  study o f  the diffusion and maintenance 
o f  behavioural trad itions in anim al populations, 
(2) allow  som e insight into the processes o f  infor­
m ation  transm ission th a t support the observed 
trad itio n a l behaviour patterns and (3) provide 
im portan t clues as to  the directions in which
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fu ture  investigations o f  the ro le o f  social and 
ecological context on  the longevity o f  socially 
transm itted  behaviour m ight proceed. The results 
o f  experim ent 3, in which differences in food 
preference trad itions were m aintained across four 
generations o f  subjects, provided particularly  
com pelling evidence o f  the robustness o f  effects 
w ithin th e  present paradigm . T he results o f  exper­
im ents 4  and  5 establish th a t the central social- 
transm ission processes supporting  the traditional 
patterns o f  food  preference dem onstrated  in 
experim ents 1, 2 and  3 are already well under­
stood  (see G ale f 1988, 1994 fo r reviews). C om ­
parison  o f  the results o f  experim ents 1 and 2 
indicate (to  w hatever extent th a t between- 
experim ent com parisons are  valid) th a t the d u ra ­
tion o f  opportun ities to  m ake  con tac t w ith 
alternative foods m ay  influence the probability  o f 
transm ission and  longevity o f  a  socially induced 
pattern  o f  food preference in  N orw ay rats.

Progress in  understand ing  behavioural trad i­
tions in anim als as they occur in  n a tu re  has been 
im peded by the lack  o f  labo ra to ry  paradigm s in 
which to  undertake  system atic investigations o f 
the effects o f individual experience, population  
com position and  ra te  o f  recruitm ent in to  trad ition  
bearing populations on  th e  probability  o f  tran s­
mission and  longevity o f  trad itional types o f  
behaviour. The present studies establish the 
reliability o f  a  p rocedure th a t will allow study o f  
the effects o f such social and  ecological variables 
on th e  diffusion o f  trad itiona l behaviour th rough  
anim al populations.

F u rther labo ra to ry  studies, already underw ay, 
o f  the longevity o f  trad itions in  dynam ic popu­
lations o f  anim als, ra th e r th an  o f  social transm is­
sion in pairs o f  anim als, prom ise to  provide 
insight in to  the ways in w hich individual and 
social experience in teract w ith  transm ission 
processes to  influence the longevity and dispersal 
o f  behavioural trad itions in  free-living anim al 
populations.

A C K N O W L E D G M E N T S

This research was supported  by  a  N atu ra l 
Sciences and Engineering C ouncil o f  C anada 
gran t to  B .G .G . T he experim ents described here 
form  p a rt o f  a  thesis subm itted  by C.A. to  the 
Faculty  o f  Sciences o f  M cM aster U niversity in 
partia l fulfilment o f  the requirem ents o f  the

M aste r o f  Science degree. W e  thank  K evin Laland 
fo r raising  the issues th a t  instigated this work, 
Celia Heyes fo r in troduc ing  us to  the papers o f 
D onald  C am pbell, and  M ertice C lark  fo r critiques 
o f  early d rafts  o f  the m anuscrip t.

R E F E R E N C E S

Adams, H. F. 1912. Autokinetic sensations. Psychol 
Monogr., 59, 32-44.

Barnett, S. A. 1975. The Rat: A Study in Behavior. 
Chicago: University of Chicago Press.

Berdoy, M. 1994. Making decisions in the wild: con­
straints, conflicts and communication in foraging rats. 
In: Behavioral Aspects o f  Feeding: Basic and Applied 
Research in Mammals (Ed. by B. G. Galef, Jr, 
M. Mainardi & P. Valsecchi), pp. 289-313. Chur, 
Switzerland: Harwood Academic.

Berdoy, M. & MacDonald, D. W. 1991. Factors affect­
ing feeding in wild rats. Acta oecol, 12, 261-279.

Curio, E., Ernst, U. & Vieth, W. 1978. The adaptive 
significance o f avian mobbing. II. Cultural transmis­
sion of enemy recognition in blackbirds: effectiveness 
and some constraints. Z. Tierpsychoi, 48, 184-202.

Dawkins, R. 1976. The Selfish Gene. Oxford: Oxford 
University Press.

Galef, B. G., Jr. 1977. Mechanisms for the social trans­
mission of food preferences from adult to weanling 
rats. In: Learning Mechanisms in Food Selection 
(Ed. by L. M. Barker, M. Best & M. Domjan), 
pp. 123-150. Waco, Texas: Baylor University Press.

Galef, B. G., Jr. 1981. The development of olfactory 
control of feeding site selection in rat pups. J. comp. 
Psychol., 95, 615-662.

Galef, B. G., Jr. 1982. Studies of social learning in 
Norway rats: a brief review. Devi Psychobiol., 15, 
279-295.

Galef, B. G., Jr. 1988. Communication of information 
concerning distant diets in a social central-place for­
aging species: Rattus norvegicus. In: Social Learning: 
Psychological and Biological Perspectives (Ed. by 
T. R. Zentall & B. G. Galef, Jr), pp. 119-139. 
Hillsdale, New Jersey: Lawrence Erlbaum.

Galef, B. G., Jr. 1989. Enduring social enhancement of 
rats’ preferences for the palatable and the piquant. 
Appetite, 13, 81-92.

Galef, B. G., Jr. 1994. Olfactory communications about 
foods among rats: a  review of recent findings. In: 
Behavioral Aspects o f  Feeding: Basic and Applied 
Research in Mammals (Ed. by B. G. Galef, Jr, M. 
Mainardi & P. Valsecchi), pp. 83-101. Reading: 
Harwood Academic.

Galef, B. G., Jr & Clark, M. M. 1971. Social factors in 
the poison avoidance and feeding behavior of wild 
and domesticated rat pups. J. comp, physiol. Psychol., 
78, 341-357.

Galef, B. G., Jr & Heiber, L. 1976. The role of residual 
olfactory cues in the determination of feeding site 
selection and exploration patterns of domestic rats. 
J. comp, physiol. Psychol., 90, 727-739.



G alef & Allen: A  laboratory model o f  tradition 717

Galef, B. G., Jr, Kennett, D. J. & Stein, M. 1985. 
Demonstrator influence on observer diet preference: 
effects o f simple exposure and the presence of a 
demonstrator. Anim. Learn. Behav., 13, 25-30.

Galef, B. G., Jr, Mason, J. R., Preti, G. & Bean, N. J. 
1988. Carbon disulfide: a semiochemical mediating 
socially-induced diet choice in rats. Physiol. Behav., 
42, 119-124.

Galef, B. G., Jr & Stein, M. 1985. Demonstrator influ­
ence on observer diet preference: analyses of critical 
social interactions and olfactory signals. Anim. Learn. 
Behav., 13, 31-38.

Gerard, R. W., Kluckhohn, C. & Rapoport, A. 1956. 
Biological and cultural evolution: some analogies and 
explorations. Behav I Sei., 1, 6-34.

Jacobs, R. C. & Campbell, D. T. 1961. The perpetuation 
of an arbitrary tradition through several generations 
of a laboratory microculture. J. abnorm, soc. Psychol., 
62, 649-658.

Laland, K. N. 1992. A theoretical investigation of the 
role of social transmission in evolution. Ethol. Socio- 
biol., 13, 87-113.

Laland, K. N. & Plotkin, H. C. 1990. Social learning 
and social transmission of foraging information in

Norway rats (Rattus norvegicus). Anim. Learn. Behav., 
18, 246-251.

Laland, K. N. & Plotkin, H. C. 1991. Excretory deposits 
surrounding food sites facilitate social learning of 
food preferences in Norway rats. Anim. Behav., 41, 
997-1005.

Laland, K. N. & Plotkin, H . C. 1992. Further exper­
imental analysis of the social learning and transmis­
sion of foraging information amongst Norway rats. 
Behav. Proc., 27, 53-64.

Laland, K. N. & Plotkin, H . C. 1993. Social transmis­
sion of food preferences amongst Norway rats by 
marking of food sites and by gustatory contact. Anim. 
Learn. Behav., 21, 35-41.

Laland, K. N., Richerson, P. J. & Boyd, R. 1993. 
Animal social learning: toward a new theoretical 
approach. In: Perspectives in Ethology, Vol. 10 (Ed. by 
P. P. G. Bateson & P. H. Klopfer), pp. 249-277. New 
York: Plenum Press.

Thorpe, W. H. 1963. Learning and Instinct in Animals. 
2nd edn. London: Methuen.

Zentall, T. R. & Galef, B. G., Jr. 1988. Social Learning: 
Psychological and Biological Perspectives. Hillsdale, 
New Jersey: Lawrence Erlbaum.


