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Summary of Thesis submitted for 2h. 3). degree 

by F. Ifl. Cleggy 

on 

Maternal Pheromone in the Rat 

An integrated series of experiments was conducted to invest igat a 

an initial failure to replicate the maternal pheromone effect in 

the rat. It examined: 

le Apparatus parameters (airflow rate) 

2. PUp factors (age, pre-test maternal deprivation, early experience) 

Katernal factors (diet, strains; MIC1, Wistarg Sprague-Da-wley) 

. Publications on the maternal pheromone present a miriad of 

problems; methodological, conceptual and statistical, and a visit 

to two of the North American laboratoriesp where work on the 

pheromone is being pursued, failed to resolve these difficulties. 

The phenomenon is not as robust as the literature would suggest. 

Pinal experimentsy using a simplified method, showed thatt Pre- 

waanling rats are influenced by olfactory cues; throughout the 

,. rhole study the younZ had shown a slight proferonco for matorn--lly 

derived odours. 

Use of the term "pheromone, in connection wil'oh mar-alian 

behaviour, is criticised. in particular it is concluded, that there 

is insuffioient evidejoe to support the exiatenoe of 4 maternal 

Pheromone inthe rat, 
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CHAPTER I 

PHEROM ONES 

Origin and Meaning of the term "Wromone" 

The term "pheromone" was coined in 1959 by the entomoloc; ists 

Karlson and Luscher. The word is made up of the two Greek. 'words 

"pherein" - to transfer, and "hormon" - to excitep and it-refers to 

active chemical substances which are produced by living organisms 

and released into the external environments Here, they influence the 

1 behaviour of other members of the same species. I 

It had been known for a long time that most liying organisms 

Produce secretions which act internally (hormones); the newly 

discovered external secretions were at first. thought to be rather 

similar, and until 1959 they were called "external hormonesOl or 

"ect0hormones" (Bethe., 1932) until 1959- Whilst hormones-, affect 

specific receptor sites within the organism, the externally secreted 

substances have to be detected by-ip-e-r-'ipheral receptors'in the 

perceiving organism. These receptors comprise the systems known as 

the "chemical sonses"O and the closely interlinkod senses of taste 

and smell are the two known -to be present in man. 

-It is possible for living organisms to detect and respond to 

substances secreted by individuals of- the same or different species, 

but. the term "pheromone" does not ha-ve,. suoh a broad appliCation. 

The original definition put forward by Karlson and VUscher iss. 

"oeoesubstanoes which are secreted to the outside by an individual 

of the same. speciez in which they release a specific reaction., for 
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example a definite behaviour or-developmental process, " The 

importance of substances serving as messengers within a Particular 

species is brought out in this definition, and also, the fact that 

pheromones. are seen to release a specific reactiong somewhat similar 

to the ethologists' Fixed Action Patterny in the recipient. 

]During the 19601s., there was an increased awareness on the part 

of research workers of the importance of chemical communication 

systemsy both within and between speoiesy and attempts to'formalise 

and classify them were made. Law and Regnier (1971) named all the 

chemical substances which served in a communication capacity 

"semiochemicalsOI2 and divided them into two classes; chemicals which 

Serve as messengers between members of the same species- (intraspecifio), 

and those with the same functiong but which act between species 
(interspecific). These writers divide the interspecific semiochemicals 

according to whether their transmission adaptively favours the 

Producer or the receiver2 and these are called "allomones" and- 

"kairomones"2 respectively. They-give the name "pheromone" only to' 

the intraspecific messenger 
substancesy 

and tZese are not subdivided, 

in their scheme. 

Other classifications differ slightly. Whittaker and Peony (1971) 

call all the inte=specific chemicals "allelochemics"p and-form three. 

subdivisions; "allomones". "kairomones" and "depressants", the 

division again being according to adaptive advantage for receiver or 

sender. They also divide the intr4specific messenger substances. in, 

the same way, and name the three categoriea, "autotoxiýs'19 "adaptive 

autoinhibitors" and "pheromones! 'O' 
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Whilst there is general agreement that pheromones constitute a 

type of intraspecifio messenger substancep several researchers have 

suggested that they should be subdividedv but-they offer different 

criteria. Karlson (1960) separated olfactory and gustatory pheromones; 

Butler (1967) classified them on the basis of, their biological 

function; Shorey (1973) on the basis of the kinds of behaviour which 

they evokev and Wilson (1963) distinguished pheromones which bring 

about an immediate effect - lIzeleasers", from those which evoke a 

long term and less specific reactiong the "primers". Wilson's 

division seems to be a popular ondq and has been successfully used in 

connection with insect behaviourp where sophisticated means of 

chemical analysis have enabled entomologists to obtain and ident ify 

ýVery Precisely some mediating substances. 

Perhaps the most impressive feature of this research is the 

minute quantities and tremendous potency of the substances involved. 

The cluantities of insect attractants which may. bring about responses 

. 
in the appropriate recipient can be counted in moleculesp whilst the 

sensitivity of the chemical receptor systems has been called 

"unbelievable" (Wilson, 1963). Naturally it is hard for creaturea, 

who -rely mainly upon their visual apparatus. to give credence to a 

-world interpreted through chemical senses; perhaps this is one of 

the reasons why systematic research intoy and control of olfactory 

variables has until recently been almost completely ne gleoted, in 

mammalian research. 

0 
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IV 1970 it had been established that pheromones were involved 

in several types of vertebrate and invertebrate intraspecific 

interactions, and Whittaker and Feeny (1971) list six main kinds; 

Reproduotive behaviour 

2. Social regulation and recognition 

Control of caste differentiýtion 

Alarm aýd defence 

59 Territory and trail marking 

Food location 

Under the heading of reproductive behaviour comes. "maternal 

behaviour". This refers to the extremely effective pattern of 

behaviour shown normally by the female, but occasionally by the 

. male Parent in caring for the vulnerable offspring. Although much 

of this behaviour, of an apparently Unlearned and relatively 

stereotyped nature appears to be under hormonal control (Lamb. 1975; 

Lehrmanq 1961; Rosenblatt, 1969), it would appear that exteroceptive 

factors play a role in such behaviourp and particularly in its 

maintenance (Grosvenor and 2-Ifenay 1973; Deisp 1968; Terkel and. 

Rosenblatt, 1971)- It is not unreasonable to suppose-that certain 

responses may be triggered off by pheromones, one type of 

exterooeptive'stimulust as has been demonstrated in many other aspeots , 

of reproductive behaviour.. 

A brief description of some of the most interesting and important 

of the discoveriesýmade in this area, and the putative role of 

pheromones in maternal behaviour will follow-in the next sections, 
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Psychological investigationsinto the sense of smell 

Humans have for many centuries expressed the view that animals 

enjoy a much keener sense of smell than they do themselves. At the 

end of the nineteenth century smell was mentioned by several 

biologists and early psychologists, and in his study "Notes on the 

Psychic Development of the Young White RatIlp Small (1899) comments 

on the reactions of baby rats to various substances which he places 

near them. He concludes from the varied reactions which he observed. 

that rats move from a relatively undistinguishing sense of smell at 

birth towards a finer sensitivity by pubertyp and also that 

considerable individual variation exists between rats from a very early 

age, 

Whilst*PsYchOlOgists like Kingg working at the Wistar Institute 

with the first laboratory ratq carried out observational studies, 

(King, 1939; Donaldson, 1924; Wiesner and Sheard, 1933), many 

Psychologists started to address themselves to problems such as 

whether behaviour patterns like "mating"j, "maternal care" or "nest- 

building" were instinctive or learned. Another stream of research 

was directed towards such things as learning ability, memory processes 

and emotion in the rat, with the hope of discovering and understanding 

underlying principles which could then be applied to human behaviour,,: 

330th types of research have been criticised; the former for being too 

simple and the latter for inappropriate comparison. 

Perhaps another criticisz would be to accuse. PsYchologists of 

that period of anthropomorphism2 in that they based their experimental 

work on the assumption that-inside everzr rat skull was an inferior 



-6- 

version of the human brain -a brain in which the most important 

sensory modality was vision'. The chemical'senses were ignored by 

most experimental psychologists; maybe they were following William 

James's lead. In his "Text-book of Psychology"y first published in 

1892v James devotes chapters to sensation in generaly sighty hearing, 

-touchy the temperature sense., the muscular sense and painy motiong 

the sense of time, perception and the perception of space. Taste and 

smell are not mentioned. The chemical senses are so unimportant in, 

human behaviour (or appear to be unimportant), that their omission 

from the literature did not seem to be of much consequence. A serious 

. resultv howevery was that the neglect was not confined to the study of 

human behaviour, but also occurred throughout almost fifty years of 

animal experimentation. Conclusions were drawn from research which 

failed to consider, let alone control, variables relating to the 

chemical senses. 

In 1873 Spalding observed and wrote about the phenomenon which 

was latex named "imprinting" by Lorenz (1935). In his paperp which 

was to Pave the way for much oflthe. research done on the nature- 

nurture debate and the concept of the , critical' period", Spalding 

notes what he calls the 00 .... unacquired power of following by sight. " 

During subsequent years, in research carried out inainly on birdsy sight 

remained the modality which was the focus of atteiýýion. It was not 

until 1965 that 1ý, Iainardi et al. suggested that a parallel phenomenon 

might Occur in young mammals, but based on odour (i. e. chemical, 

stimulation) rather than vision. Whilst people engaged'in such 

occupations as farming have always been aware of the role. of'smell in 

successful mother-young relationships, it is only relatively recently 

that scientists have started to undertake systematic ý'research'on 
t 
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farm animals. Work on the role of odour in reproductive behaviour in 

pigs has been reported by Booth (1975), Signo ret (1970) and Melrose 

et al. (1971); in sheep by Lindsay (1965) and Banks et al. (1963); in 

cattle by Donovan (1967)9 and in goats by Klopfer and Gamble (1966).. 

Zy the late 196os, psychologists working'on the so-called 

"instinctive" behaviours had managed to correlate many patterns with 

underlying hormonal eventsy and the possibilit3i that the chemical 

senses had a role to play in thesey in addition to hormonesl began to 

be considered by many investigators. Papers in which the sensory 

parameters of instinctive behaviour were delineated appearedp and the 

variables associated with chemical sense perception were sometimes 

controlled (Iýver, 1964; Noirott 1970; Beach and Jaynesy ; 956), or 

even studied in their own right (Grosvenor and Xena2 1973; 'Fleming 

and Rosenblattf 1974; Gandelman et al. 1972). 

The tremendous success enjoyed by entomologists at this time, in 

their explanations of many of the ways in which insect behaviour is 

apparently controlled by chemical mediationg made it s eem almost 

inevitable that psychologists should take a leaf out of their bookv 

and Pursue a similar line of enquiry. Speculation as to the role of 

the chemical senses in many aspects of mammalian behaviour increased, 

and after about half a century of oblivion, the entry of this modality 

into the psychological arena was full of Promise. 

By 1970 olfaction had replaced vision as the modality considered 

to be of most importance in mediating the behaviour of many mammals. 

In Particular, reproductive behaviour in rodents had undergone 

detailed scrutiny, and several interesting findings had been made. 

The'most important phenomena were named after their discoverers; the 

Bruce, Whittenp Lee-Boot and Van4enberg effects. 
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The Bruce effect (Bruce, 1959) refers to the findine that when 

a female mouse is taken from her mate and exposed to the ýodour of, a 

strange male within a day of impreganationg then the pregnancy is 

blocked and she returns to the oestrous phase of the reproductive 

cycle within a week. 

Synchronisation of cycling which-occurs in the female mouse after 

exposure to the odour of a male mouse became known as the Whitten 

effect (Whitteny 1956); it was discovered after further investigation 

of the Lee-Boot effect - the synchrony of oestrous cyclir4s, Which 

female mice will. start to display when they live without the odour 

of male mice in their environment (Whitteny 1959; Lee and Booty 1956). 

If female mice are reared from birth in an environment which is 

free of male mouse odour, then they are slower in attaining their 

first oestrous than if they live in a mixed sex environment. The, 

stimulating effect which some component of the urine from a male 

mouse has on the growth rate of pre-pubertal female mice is called 

the Vandenbergh effect (Vandenberghq 1969). 

A detailed and excellent su=ary of many, of the discoveries. made 

on the role of pheromones in reproductive behaviour'in rodents is 

provided by Bronson in a review of pheromones in both vertebrate 

and invertebrate species edited by Biroh (1974). 

Interesting work on the role of the chemical senses in 

investigatory behaviour in rodents has appeared recently. Nowell and 

his colleagues have demonstrated that one of the. components of mouse 

uxinef an androgen-dependent substan0ey influenoes investigatory 

behaviour by male conspecifics (Jones and'Nowell, 1973ap 1974).,, and a 
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3Zesult Of this work has been the discovery of an aggression- 

inhibiting substancep which is probably the same chemical (, Tones and 

. NOwellp 1973a, b; 1975)-- 

Valenta and Rigby (1968) showed that a rat exPetiencing. noxious 

stimulation could leave olfactory cues which would influence the 

behaviour of a later visitor of the same species to the spot, 

Mkorrison and Ludvigson. (1970) have also published-evidence of a 

similar nature, using rats which were run in a T-maze for ai reward 

- of food, or no reward. 

These findings cast doubt upon the validity of much of the 

early work done by learning theorists using rats in single pieces 

of apparatus. It seems likely that in many instances, the 
ýats 

were 

not =osponding to the varying values of the independent variablesy 

but to uncontrolled, often confounding, variables provided by 

chemical secretions whose presence was undetected and unimagined by 

the experimenters. As researchers; become increasingly aware of the 

important role of chemical messenger substances and'the chemical' 

senses in mediating animal behaviour, it is to be hoped, that this is 

reflected in more adequate experimental methodology. 

Investigations undertaken by psychologists into the role of the 

chemical senses in behaviour have usually been by means of beýaviouraj 

bioassay. An assay is a test in which the-objeot of examinationt by, 

manipulation of the independent variablev is subject to a number of 

i 

changes. Its reactions are recorded, thus yielding quantitative data 

for-analysis. Bioassays involve the study of living animals Ortheir 

tissue and beha-vioural bioassays are tests in whicý responses of, the 

whole organism, i. e. its behaviourare quantified. 
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On the wholep in psychological*studies involving the chemical 

senses, it has not been possible to name specific chemicals as agents 

in particular behavioural responses. The behaviour4l bioassayaare 

relatively crude - for instance merely measuring approach or avoidance 

behaviour shown after exposure of the organism to various organic 

compounds* There are some exceptions however; one lies in the study 

of reproductive behaviour in pigsp where much is known about the 

steroid hormones involved (Signoret and du blesnil du Buisson, 1961; 

Signoret, 1964; Melrose et al 9 1971; Reedq Melrose and Pattersony 1974)- 

In simpler animals, where control can be more rigorous and the. 

behaviour patterns are less complexv detailed knowledge of chemical 

substrates which influence behavioural responses existv and entomologists 

- 'have enjoyed tremendous succe6s in their accounts of chemically guided 

behaviour in insects. Ofteng after having demonstrated that a 

Particular chemical was involved in the control of behaviour, they 

would then refer to the substance as a pheromone. 

It is of interest to compare the use of the word "pheromone" with 

the term "instinct", as there are certain similarities between the way 

that the use of them has altered. Despite the fact that "pheromone" 

originally had a precise definitiony psychologists began to apply-it 

in axather loose fashion to almost any olfactory cue which elicited 

some kind of behavioural response. Subsequentlyo "pheromones" have 

been used to provide explanations for any behaviour apparently mediated 

by the chemical senses. The term "instinct" was originally used to 

describe certain types of relatively stereotypedp i4nlearned behaviour; 

gradually it acquired an explanatory connotationp an4'soon became'a 

term with little use, As the former "instincts'l, wpro gradually 
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explained more adequately in terms of underlying physiological- , 

variables, the old umbrella label ceased to be of value. The same 

thing is likely to happen to the term "pheromone". At the moment the 

term is being used increasingly in an explanatory capacity, Whilst 

"Pheromone", applied indiscriminately to olfactory cues can be regarded 

as merely misleading. the term offered as an explanation for kinds of 

behaviour which are complex and variable - not highly specific., as in 

the original definition., is an error. It might be that the trend to 

use the word in this manner will halt when the chemical substrates of 

certain behavioural responses are knownp and like "instinct", "pheromone" 

will no longer serve a useful purpose. 

Meanwhile., there has been speculation as to whether pheromones 

. might mediate certain types of human behaviour, and this has caught the 

imagination of some popular writers. Further discussion of, the term 

"pheromone", and whether pheromones might play a part in primate 

behaviour will be considered in Chapter XVI* 

The Miternal Pheromone 

The role of olfaction in reproductive behaviour has been studied 

quite extensively in mice., but'even by 19709 little work ha: d been 

carried out on rats. The most noteworthy publications were those by 

Beach and Jaynes (1956), Ca= et al. (1961p 1965)', and Le Magnen (1951, 

1952). 

Maternal behaviour in rats was by this time well documented (Nunnp 

1950; Lehrman, 1961; Rosenblatt and Lehrmanp, 1963; Richards, 1967; 

Rosenblatt., 1970). - A shortýtime before parturition'a pregnant female 
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rat starts to exhibit increased nest-building behaviourp and on 

giving birth to her young, she will remove the fine membrane enclosing 

each pupv lick the pup clean and eat the placenta. 
_ 

Constant licking by 

the mother of the pups' ano-genital area ensures that they develop. the 

ability to empty thoir bladders. Young are kept in a single location 

in the nestv often covered by the mother, who shows a big decrease in 

activity and adopts a crouching positiong enabling the young to feed 

for several hours a day. In the mother's absencet the pups are covered 

over with nesting material. When the pups become mobile and leave the 

nest, the maternal female rat will carry them back to ity and this - 

b. ehaviour, known as "z-etrieval" is exhibited straight after parturition 

if the young are scattered about the home cagep or if new young are 

placed in it, Retrieval is sho-wn by the lactating female rat until 

about 14 days post-partum (Rosenblatty 1965)q when its frequency declines- 

sharply. Although after this age the Pups continue to spend a large 

proportion of their time feeding, this behaviour is initiated by them, 

in that they actively approach the mother, rather than by'the mother 

(Rosenblatt., 1969). 

Indices of maternal behe-viour., usually quantification of nest- 

building activity, attention to pups and retrieval have been, developed, 

and are commonly used in studying mother-young interaction. It has 

commonly been supposed that the female rat is the main agent in the 

survival of the young, through her display of these activities. More 

recently, attention has been turned ýo. the young themselves, and their 

role in ensurine their own survival* It seems that they emit cues, which 

appear to trigger off maternal responses in the mother, and they are 

also capable of certain activities immediately after birth, e-. g., 

moving'towards a warm object, locating a nipple'on the mother's 
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ventral surface and then through suckling, keeping themselves firmly 

attached to the lactating female. 

The neglect, until recentlyp of the chemical senses in the studv 

of'maternal behaviour has been equalled only by that of-auditory cues. 

Although it, was knoln izl, 1954'that laboratory rats emit ultrasounds 

(Andersong 
. 1954)9 there were very few reports on this topic until the 

mid-1960s. Noirotv working with mice, demonstrated that ultrasound 

facilitates maternal responses by both inhibiting aggression and 

st imulating nest-building and retrieval (Noirot, 1964,1968,1970)- 

It is now known that rat pups emit ultrasonic distress calls when they 

are handled (Salesv 1972) or when their temperature falls (Okony 1970)9 

and that such calling can bring about orientation and retrieval by the 

mother (Allin and : Banks., 1972)* Indeed, rodents will respond to 

-: auditory cues from other species, and artificially generated, sounds 

(Smith, 1975). As yetq ihere has been no publication in which a 

synthesis of the many different exteroceptive and interoceptive '- 

factors known to be involved in maternal behaviour has been attempted, 

It had always been thoug4t that the mother was the main agent in 

ensuring that the young stayed in the nest, tut in 1970Y the. Hungarian 

researchers Nyakas and Endroczi looked at the constant uniting of 

=Other and young in an unusual way, They considered'the notion that 

the young themselves move towards the mother, being attracted either 

to her body., or to her secretions. They found that after 5 hours of 

maternal deprivation, 10 day old rat pups would select the arm of a 

maze 'which the mother had previously occupied. Maternal urine would 

elicit orienting behaviourp and local application of tetracaine to 

thepups' nares, which blocked the sense of sme112 eliminated approach 
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behaviour to a certain extent'(Ilyakas and Endr&czi, 1970)o The idea 

that olfactory cues play an important role in keeping the young in 

the nest was quicilkly taken up by Leon and Koltz (1971) who, after 

modifying the original apparatus and procedure, also found that young 

rat pups moved towards a source of maternal odour. They labelled the 

olfactory cue believed to be involved the "maternal pheromone" - this 

was the first time that the term appeared in the literature, and the 

first time that psychologists chose to use the label "pheromone" in 

connection with mammalian behaviour, 

"It now seems likely that the cue uniting mobile pups with 

their lactatine mother is olfactory in nature which demonstrates 

that a pheromone functions to synchronize the mother-young 

relationship in the laboratory rate" 

Leon and Moltz, 1971. 

Although many animal behaviourists continued to refer to 

"Olfactory cuesse in their work on olfaction in mother-young interaction 

in other species, rather than adopt the new term (Gregory and Bishopp 

: L975;, Porter and Etsoornq 1974; Devor and Schneider, 1974). the label' 

was used in subsequent work by Leon and Moltz and their colleaguesland 

later taken up by textbook writers and reviewers. The maternal pheromone 

refers to a chemical substance, probably secreted in the anal excrement 

of lactating ratsp which, when detected by pre-weanlina rat pupst 

causes them to approach the source of the odour. 

The next chapter comprises a review of the experimental- 

investigations carried out into. the maternal pheromone. 
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CHAPTER II 

THE LITMATURE ON THE DIATERXAL PHMOMONE2 1971 - 1975 

INTRODUCTION 

Following the finding by Nyakas and JEhdroczi 
(1970)v that 10 day 

old rat pups were attracted to the mother or her secretions, Leon 

and Koltzq working at Chicago University,, carried out a modified 

version of the experimentp confirmed the effecty and named the 

attractant which they believed to be involvedq "maternal pheromone"* 

They then went on to carry out a series of experiments in which they- 

investigated the maternal pheromone further. Subsequent papers 
0 

Published by Xoltz9 either with Leon or other colleagues, delineate 

the parameters of maternal pheromone produotion and emissiong whilst 

the two papers written by Leon, alone (1974P 1975)1* develop a complex 

model of pheromone production. 

In 1970 Schapiro and Salas demonstrated that 2- 12 day old rat 

Pups' activity levels are influenced by an odour derived from the 

mother. Soon after thisv and at about the same time that Leon and 

IdOltz's first publication on the maternal pheromone appeared, 'Gregory 

and Pfaff (1971) also published findings onolfactory guided behaviour 

in infant rats. These papers are importanty as they provide additi'onal 

evidence that olfactory cues have an effect on the behaviour of 

pro-weanling rat pups. They are also typical of. many later papers on 

- -the same topic., in that they refer to "olfactory cues" or Ilodour 

preferences, #., rather than "pheromones". 
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Very few of these later investigators worked with rats howeverv 

and none of them used apparatus resembling the olfactory discrimination 
I 

apparatus built by Leon and holtz. 

Because Leon and Eoltz and their colleagues use the olfactory 

discrimination appara"tu3 in all their workp and as it is of central 

importance to the research findings described in this chapterv it is 

described in detail in Part 19 along with the accompanying test 

procedure, 

PART I 

The Olfactor. ý Discrimination Apparatus 

The olfactory discrimination apparatus comprises a triangular 

, "OPen-field" made out of plexigl . ass, with two 23 x 23 x 28 cm goal 

boxes lying along the base of the arena, which faces a 10 x 10 x 13 cm 

start box on the apex of the triangle. The goal box doors are made of 

opaque plexiglass,, so that the goal box contents are not visible from 

the arenat. and they eitend downwards to a small ledge 5 cm below the- 

level of the-arena floor. A current of air is forced into each goal 

Compartment from a central valve, entering through 70 mm holes located 

below the grid floors of the goal boxesy passing from there up over 

the ledge into the apparatus arenap and from there to the start box, 

The olfactory discrimination apparatus is shown, in Figure 1, 

'Whioh is tho diagram given by Moltz (YOltzp 1975)'- Some details 

necessary for the. construction of an identical piece of ai$paratus 

are missing. It is not'known whether the walls of the arena are made 



- 17 - 

from opaque or clear plexiglass, The way in which the start box 

and goal box doors open to allow the pups through is not indicated, 

although as the goal box doors are shown as being right up to the 

arena, it was assumed that they are hinged at the top, and open by 

swinging inwards, The width. of the ledge under the goal boxes is 

not giveng neither its distance below the arena floort although this 

is stated to be 5-08 cm in the monograph "Maternal Pheromone" (Leon, 

1974). In this publicationg the reader is also informed that filtered 

air'is passed through the apparatus at a rate of 55 litres/min, and 

that the airflow pump created a constant masking noise of 72 dB A Scale. 

PolYthene-backed absorbent paper covers the open-field floor. 

23cm 
(9 in) 

m 13C 71ý (5 in 26 cm 
in) 

50 cm 
25 cm 2 in) 
(18 in) 

15 c 
(6 in) 

Figure 1. The olfactory discrimination apparatus. 

Arrows indicate the direction of airflow, 

(From Moltzi 1975) 
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The Standard Test Procedure 

Rat pups were deprived of maternal attention by removing the 

mother from the home cage for 3 hours before the start of a testing 

session. When testing start'edv the stimulus material (which ýaried 

according to the particular experimentj but which was usually an adult 

animal, or some kind of excrement) was placed in the goal boxes on 

the wire grid floorv and the rat pup then placed in the start box 

before being allowed to enter the arena. 

The choice behaviour of the pup was then recorded, For pups 

older than 12 days of age, descent into one of the goal boxes was 

registered as a positive choice. Otherwisep and after 15 minutes had 

elapsedl the behaviour was recorded as "no choice", For pups younger 

than 12 days the criteria constituting a choice were less stringent. 

I)aY 1 pups were required to crawl at least 20 cm from the start box, 

and the side they moved along was recorded as their preference. Day 1Q 

and 12 pups had to approach ý goal box ledge for their behaviou; to be 

recorded as a positive choice. 

After each pup had been tested the absorbent paper cover in the 

, 
arena was changed, and after 3 pups had been run, the whole apparatus 

was washed out, and the goal box contents exchanged. All'pups were 

given only one trial in the olfactory discrimination-apparatus. 

f 
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PART II 

Leon and Moltz's Findings 

The publications by Leon and Moltz and their associates are 

given in chronological order in Table ly and this section presents 

a brief outline of the main results reported in each of these papers. 

The emergence of new concepts or lines of research is also noted. 

As Leon and Moltz worked in separate laboratories after 19739 

all Moltz's work from the original laboratory in Chicago, will be 

followed first, with a return to Leon's concurrent work at McMaster 

University in Canada. 
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Table 1 

Publications by Leon, Kloltz and their colleagues; 1971 - 1975 

listed in chronological order 

YEAR OF TITLE AW HOR AND 
PUBLICATION LABORATORY 

1971 Katernal Pheromones Misorimination Leon & Moltz 

by Tre-Weanling Albino Rats (Chicago) 

1972 Development of the Pheromonal Leon & lJoltz 

Bond in the Albino Rat. (Chicago) 

. 197 3 Stimulus Cqntrol of the Maternal Moltz & Leon 
_ Pheromone in the Lactating Rat (Chicago) 

1973 Endocrine Control of the Maternal Leon & Moltz' 

Pheromone in'the Postpartum (Chicago)' 

Female Rat 

1974 Prolongation of Pheromonal MoltzV Leidahl 

Emission in the Maternal Rat & Rowland 
(Chicago). 

1974 Maternal Pheromone Leon 
(MoMaster) 

1975 Dietary Control of Maternal Leon 

Pheromone in thý Lactating Rat'. (Mclilaster) 

1975 Emission of the Maternal Pheromone Leidahl & Moltz 

in the Nulliparous Female and (Chicago) 

Failure of Emission in the Adult 

Male 

All the-publications listed in Table 1 appear in the 

Journal Physioloor and Behavior. 
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Maternal Pheromone: Discrimination by Pre-Weanling, Albino Rats 

Leon and Aloltzg 1971 

Rat pupss, aged 16 daysq were deprived of maternal attention for 

3 hours and then given a choice in the olfactory discrimination 

apparatus between either their own 16 day lactatine mother; a strange 

16 day lactating mother; a nulliparous female and an empty goal box 

in various combinations. In one set of trials the two goal boxes were 

soiled by a strange mother and a nulliparous female before. testing 

started; in another setj where the choice was between the mother and 

a nulliparous femaley the direction of airflow was reversed. Apart from 

the trial in which the mother was opposed to a nulliparous female2 

when pups were run singly,, all pups were tested in groups of three. 

The results suggested that 16 day lactating females emit an odour 

which attracts 16 day old rat pupsy and*that it is not litter specific. 

The odour, described as discriminable by humans, forms the basis of 

the cue which Leon and Moltz call a pheromonej'aný'whose'*rolep they 

suggestv serves 11 .... to synchronize the mother-young relationship in. 

the laboratory rat.,,. 

(ii) The Development of the Pheromonal. Bond in the Albino Rat 

Leon and Moltz, 1972 

The first of the papers in'which- the parameters, of the maternal 

pheromone are delineatedy the purpose of this investigation was 

twofold; to determine at which stage of lactation and for how many 

days the maternal pheromone is emitted, and to discover over which 

age-range the young respond to- the pheromone.. Pups were, all tested 
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singlyp and the choice criteria for pups younger than 16 days are the 

ones which were given in, Part I of this chapter. 

Four experiments are reported. First it was shown that the young 

begin to approach their own mother in preference to a -nulliparous 
female at 14 days age. The mother was overwhelmingly chosen until 

Day 21 post-partump after which the attraction waned, until it had 

disappeared by Day 41. As the age of the young was confounded with the 

mothers' stage of lactaiionp a refinement of this experliment was rung 

in which young aged from 1 '- 41 days were given the choice of a 16 day 

lactating female opposed to a nulliparous female, Similar results were 

obtained, with the peak of the pups' responsiveness occurring between 

12 and 27 days age. Next, at 16 days (the age of maximum responsiveness) 

young were, given the choice of mothers at different lactational stages, 

opposed, in Experiment 3, to a non-lactating femaleg and in-Experiment 

to a 16 day lactating female. Leon and IvIoltz conclude from their 

findings that lactating females emit the pheromone in an all-or-none 

fashion between 14 and 24 days post-partum. 

This paper is the first one in whioh the term "bond", is used. The 

experiments 1'.... revealed the existence of a striking synchrony in 

the development and subsequent dissolution of the, pheromonal bond in 

the albino rat. ". The -6riters-then sa. 79 ofinterest to 

speculate about the role such a bond might play in synchronizing the 

mother-young relationship, ". They suggest that it serves to unitýe 

mother and young at the time when maternal retrieving declines, and 

continues until the weaning process starts* At this stage (about Day 

27) not only does the mother cease to emit the pheromonel but', the 

young also cease to be attracted to it. ' 
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(iii) Endocrine Control of the Maternal Pheromone in the 

Postpartum Female Rat 

Leon and Aloltzf 1973 

Physiological mechanisms underlying the 14 day period of 

pheromone emission are'investigated in this series of experiments, 

and the hormonal agents believed to be involved are examined. Lactating 

female rats were subject to a variety of operations - adrenaleotomy, 

ovaxiectomy, or both operationsy po that hormone release was disrupted. 

Additionally, a group of mothers was given ergooornine hydrogen maleate 

at a dosage known to interfere with prolactin release. As some mothers 

would experience lactational failure after surgeryq all females were 

given daily litter replacements of young of advancing age* Testing at 

16, days post-partump was with "standard" 16 day colony young* 

Adrenalectopyq ovariectomy and the combined operation did not 

interfere with pheromone emission. Howeverp prolactin inhibition 

did supress pheromone release, and in the control group given 

ex0genous prolao. tin along with ergooorninev emission on Day 16 was 

normal* The writers suggest that work needs to be carried out on 

totally mammectomised females to resolve conclusively the question of 

lactational involvement - the problem being that in just one group 

which did not maintain lactation, the pheromone was produced normally, 

Despite some problems of interpretationp thefollowing unambiguous 

statement appears in the Discussion sections 

"The present studies demonstrate conclusively that the 

m aýernal, phexomone is under prolactin control. " 
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(iv) Stimulus Control of the Maternal Pheromone in the Laotating Rat 

Eloltz and Leon, 1973 

The possibility that the stimulus charaoteristics of the offspring 

govern the emission of the pheromone is explored in this paper. 

With one group of females, litters were removed at parturition 

and replaced daily for a period of 16 days by 1 day 'old pups. A second 

group of newly parturient mothers were given foster litters 10 days old, 

and tested 6 days later. Suitable control groups'were run, and test 

animals were 16 day young from the colony. It wa. s. found that when a 

mother was kept continuously with the day old young she did, not emit 

the pheromone; neither was its appearance advanced by the substitution 

of older pups. The influence of stimulus characteristic's'on pheromone 

emission is labelled "asymmetriollp because it seems possible only to 

delay emissionv not to advance it. Results are discussed with reference 

to the finding already outlined in "Endocrine-Control of the Maternal 

Pheromone in the Postpartum Female RatIlp namely that pr6lactin 

Production is involved in pheromone emission. The writers point out 

that in attempting to advance the onset of pheromone production, 6 days 

may not have been an adequate period for high prolactiln levels to 

develop and give rise to its, emission3, but suggest that injections of 

Prolactin, should remedy this deficiency. 
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Pilolmgation of Pheromonal Emission in the Plaiernal Rat 

lwloltzg Leidahl and Rowland, 1974 

In this report, Kloltz and his colleagues continue to delineate 

the parameters of pheromone emission, but now working without Leong 

who moved to Loblaster Universityp Hamilton, Canada. 

The results of Experiment 1 indicated that given the continuous 

stimulation from pups aged 14 - 21 daysp mothers will-emit the pheromone 

vell past the norma-l 27 day limitv and for more than 100 days post- 

partum in some cases. If, hoifever, young of,. advancing age were kept 

with a phcxomone producing mother until 60 days post-partum kExperiment 2), 

they cease to respond to the attractant at the usual age of 21 days. 

Asymmetry is again describedv this. time being that whilst the mothers' 

Pheromone release is sensitive to the character of the young, the 

young are apparently insensitive to the state of the mother* 

(vi) Emission Of the Maternal The=omone in the Nulliparous Female 

, and Failure of Ihission in the Adult Male 

Leidahl and Noltzy 1975 

If nuiliparous female or male rats are given new-born rat pups 

daily for several successive days, a large proportion ofthem will 

start to behave in a maternal fashion; nest-building, retrieving and 

assuming a crouching posture over the pupst as if nursing. This 

technique for artificially inducing maternal behaviou=-through constant 

exposure to pups, is known as "concaveation". It was used by Loidahl 

and X'oltz in the experiments reported in this publioation. 

Uriversizy 
Library 
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After groups of female and male rats which. had been concaveated 

first showed maternal behaviour (and not all the rats were successfully 

concaveated), the daily substitution procedure was continued, but the 

day old pups were now replaced-by pups of gradually advancing age. 

When these pups were 16 days old (i. e. 16 days had elapsed since the 

-first appearance of maternal behaviour)v the concaveated animals'were 

tested in the usual way, matched against a nulliparous female which had 

not been continuously housed with young, and with 16 day colony young. 

making the choice. It was found that whilst concaveated females 

emitted the pheromone, and for a longer period than normal mothersp 

the males did not emit any attractant at all, even though they-displayed 

impeccable maternal behaviour, A group of females which had been housed 

with day old young for many, days, but . which had failed to display 

maternal behaviourp had been yoked to the successfully concaveated 

femalesp but they also failed to emit the maternal pheromone. 

The conclusion drawn by the authors is that'a display'of maternal 

behaviour in the female is an essential precondition for pheromone 

emission, but that in the male, for some reasong although maternal 

behaviour is displayed, emission is not. possible. 
- 

Some'discussion of 

the failure of the male to emit the pheromone follows; the investigators 

contradict a conclusion uhich they stated had emerged "clearly" from 

the experiment, in that they'advanoe the notion that males are emitting 

the pheromone, but that its attractive properties are masked by the 

presence of an androgen metabolite " .... perhaps present in the feces". 

HOweverp the reader. is assured'that questions axising from this 

investigation are giving rise to further experimentationg in the, h6pe 

that definitive answers will be secured. 
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Maternal Pheromone 

Leon, 1974 

After a brief summary of the earlier finding that youn g rat pups 

are apparently attracted to an olfactory cue emanating from a lactatiny. g 

femaley Leon reports a series of experiments designed to investigate 

the underlying control of the pheromone synthesis and emission. The 

'work carried out by Leonp in collaboration with Moltz between 1971 and 

1974 is not summarised in a formal mannerp although passing reference 

is made. to several of the earlier experiments. throughout the monograph. 

Until this time, all earlier conclusions have been based on work in which- 

live, mobile animals*were placed as stimulus material in the goal 

Compartments (with the exception of one set of trials in the very first 

report)y but now Leon starts reporting work in which excremental 

material rather than animals is used almost exclusively. 

Firstly.. he demonstrates that young are attracted to maternal 

anal exciement (but not urine), over the same 7 day period of 

lactation as they had been*attracted towards the mother in the earlier 

experiment (Leon and D11oltz. 9 1972); secondlyg that the source of the 

odour is caeootrophe,, an unformed type of anal excrement which is 

normally eaten by rats, but which is produced in laree quantities by 

lactating females; thirdlyg that the pheromone is synthesised in the 

caecum rather than produced in the anal glands; and fourthly, that a 

Similar, if not identical, attractant is to be found in the caecal 

contents of virgin females. 'When lactating femaleswere given an, 

antibiotic which inhibited bacterial growth in the caecump, or a diet 

'without raw carbohydrate (which deprived the bacteria of a growth 

medium)p-the caecotrophe lost its pheromonal properties. * Leon goes 'on 
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to suggest that prolactin is involved in the production of the 

maternal pheromone, and postulates that this hormone is linked with 

the amount of caecotrophe produced by the mother. When prolactin 

Production is inhibited, the amount of anal excrement produced 

diminishest although the pheromone itself is still produced by the 

caecal bacteria, as evidenced by the attraction exerted by the caecal 

contents of virgin rats for the pups (Leont 19749 Table 1 Jy P. 443). 

Leon makes the following statements 

Thereforep maternal pheromone may only be maternal 

in the sense that lactating females alone secrete 

sufficient amounts of prolactin to induce excess 

caecotrophe defecation and thereby attract mobile 

youn, -,,. (P. 447) 

Taking the mechanism back two more stages, Leon postulates that 

Suckling induces prolactin release in the mother, which in turn 

stimulates eatingg bringing about an elevated food intake. The mothe3! s 

increased intake occurs from parturition to Day 10, when it remains at 

a high level until weaning starts. This hypothesis was confirmed when 

it was shown that virgin femalesp after 16 days prolaotin treatment 

ate more, and produced increased amounts of anal excrement which also 

attracted 16 day old young1when it was used as stimulus material in 

the olfactory discrimination apparatus. 

Working on the pups' own capability to attract other youngt Leon 

found that the attractive odour present in caecotrophe sorves to mark 

the litter, besides the mother; and finallyp when he has demonstrated, 

by using -toxic markeý dye, that the young eat their mother's 
., a non 
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caecotrophey he suggests that caecotrophe aots as a transitory weaning 

food for the pups. 

(Viii) Dietary Control of haternal Pheromone in the Lactating Rat 

Leong 1975 

Leon reports in this paper a series of experiments in which he 

seeks to investigate further the mechanism of pheromone production 

Put forward in his monograph (1974). The elevated food intake displayed 

by, the mothers, and which is associated with high prolaotin levelst 

along with the quality of dietycome under scrutiny. He demonstrated 

that lactating females which were underfed failed to emit the pheromonet 

andq after feeding females from the fourteenth day of gestation on 

different dietsp he found that rat pups were not attracted to the 

maternal pheromone emitted in the anal excrement of mothers fed on a 

different diet, and that this was also the case when they were given 

the choice of maternal odours with which they were unfamiliar. 

These data demonstrate a specificity of the pheromonal 

bond, since mothers emit maternal odors characteristic 

of their diet and individual litters respond to that 

odor and'not to the odor of mothers eating another diet. 

(P. 315) 
When mothers were given a dlet containing sucrose as its only 

carbohydrate., and which inhibited the emission of caecotrophe and the 

maternal pheromone, the pups, when tested with the anal excreta 

obtained from a pheromone producing animal failed to show the 

normal responsiveness (Experiment 21 on quality of diet). &posure 

to the Odour emitted by a normal mother through being raised in the 
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same colony room did, however, result in their having a preference 

for the maternal excrement. The importance of the pups' early 

experience calls for a drastic reappraisal of the maternal pheromone, 

and this is provided by Leon: 

Clearly, the pheromone is not an innate speoies-typic 

releaserv but the approach behavior appears to be an 

individually learned response on the part of the pups 

to the specific odor of the mother. Althouch a 

maternal pheromone may be emitted by all members of 

the species, the individual maternal odor is 

characteristic of the microbial action specific to 

each maternal diet. And although all mobile rat pups 

may be attracted to 
- 
the odor of lactating mothersy 

their response is guided by the familiarity of that 

emitted odor. The form. of the pheromonal response 

is therefore species-typiag but the. pheromonal bond 

exists only in terms of individual experience. 
317) * 

An explanation in terms of conditioning fbllows. After receiving 

warmth and nourishment near the source of pheromone emissiong the 

pheromone becomes a conditioned stimulus - bringing about the 

conditioýied approach response. Howeverv as the data indicate that 

PUPS prefer to approach the odour with which they are'familiar.. the 

attraction can also be explained in terms of imprinting, Ten years 

PreviOuslyj researchers had shown that exposure of young rats and 

mice to an artificial odour during early life resulted in a 

Preference for animals emitting that odour in subsequent adult social- 

and reproductive interactions, this being an instance of olfactory 

imprinting (Mainardi et al, v 1965; Narr & Gardner2 1965; Marr and 

Lilliston, 1969). 
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Leon concludes that the mechanism by which the maternal pheromone 

exerts its influence could be either a "non-spebific familiarisation 

process"v associative learning, or imprinting; which one is yet to 

be determined. He suggests that behavioural bioassay should continue 

to be used as the method of choice in identifying the individual 

maternal odours, as 11 .... the chemical identification of the maternal 

Pheromone characteristic of each maternal diet would appear to be 

an uneconomic undertaking. ". 

PART III 

The Maternal Pheromone in Small Mammals 

Between 1970 and 1976 the growing awareness of the impoitance 

of olfaction was reflected in the increasing-nuiqber of published 

papers devoted to various aspects of this topic. 

Typical studies are those by Stern (1970)y Carr (1973)9 Aron 

and Chateau (1971)v in which the role of odour in reproductive 

behaviour in rats is examined. Thompson and Edwards. (1972). and, Rowe 

and Edwards (1972), showed that olfactory bulb removal adversely 

affects mating behaviour in mice; Gandelman et al. (1972) looked at 

the role of olfactory cues in maternal behaviour in mice, using_ 

centrally induced anosmia, whilst Fleming and Rosenblatt (1974) 

undertook the same kind ýf 
work with rats. Alberts and Galef (1971) 

first described a useful technique they developed to induce anosmia, 

by a peripheral method, later Albert. s wrote a theoretical-review on 

exPe=imental olfactory deficits (Albertso 1974). The differences 

between rats and mice, with respect to reproductive behaviour, were 
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now becoming apparent; on the, whole it seems that mice are more 

dependent than rats upon their sense, of smell. A review summarizing 

the dntogony of social olfaction in vertebratesq in which pheromones 

figure, is provided by Cheal (1975); this supplements an earlier, more 

general review of the role of olfaction in animal behaviour (Cheal and 

SProttv 1971). 

There are no papers in which the maternal pheromone in another 

strain of =at is investigatedý but there are a few reports of work 

carried out on other species in which the maternal pheromone - or at 

leastv olfactory-guided behaviour, is mentioned. Falling into the 

a 

latter category comes the work on the golden hamster by Gregory (1974)y 

Gregory and Bishop (1975)2 and Devor and Schneider (1974); gerbils 

were investigated by Wallace dt al. (1975); guinea pigs by Porter 

and various colleagues (Porter, Fullerton and Berrymany 1973); rabbits 

by'Xykytowyoz and Ward (1971); the spiny mouse by Porter and Ruttle 

(1975)v and kittens by Rosenblatt (1972). 

Golden hamsters showed a strong preference for home cage beddinS 

obtained from the cage of an adult male, and also from a non-pregnant 

female, when both were compared with fresh bedding, between the ages 

of-7/8 and 11 days. However,, they did not discriminate between home 

and that obtained from a lactating female (Devor and- cage bedding 

Schneider, 1974); the investigators concluded that a single pheromone 

may be emitted by all adult hamsters, with a greater concentration 

given off by the lactating female. Gregory and Bishop (1975) undertook 

a more detailed exploration of the hamster odour preferences; they too 

found the choice of home cage odour starting to be displayed at about 
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7 days age, but extending to 16 days. Although this preference 

synchronises very well with the diminution of retrieving behaviour 

which occurs (in a similar manner to the rat), ' in fact Gregory and 

Bishop failed to demonstrate that the pups had a specific preferential 

response for the mother, and they do not confirm the existence of the 

maternal pheromone in the hamster, They also express some 

diasatisfaction 'with the behavioural measures used in these studiesp 
I 

which they describe as "relatively gross", and suggezt that investigations 

of-a neurological nature would be more appropriate., 

Work carried out on the gerbil suggests that the young of this 
/ 

species prefer home cage shavings to. those obtained from strange 

females, or clean shavingsy and 'that they do not discriminate between 

shavings from lactating females' cages and those from their own (Wallace, 

Thiessen and Issacks, 1975)- 

Px'eliminary investigations on guinea pigs showed that. they 

remain near their mother or another lactating female (Porter et ale, 

1973)l and it has also been found that young kittens will use 

olfactory cues associated with the home cage-to return there after 

they have been placed at some distance from it (Rosenblatt et al., 

1969; Rosenblatt, 1972), 

I. Vkyto, vryez and Ward (1971) suggested that wild rabbit nestlings 

may be responding to a maternal pheromone when they showed marked 

behaviOural changes in response to swabs infiltrated with urine, 

anal gland or inguinal gland secretionse 

Although many researchers were investigating various aspects of 

olfactory phenomenon in mice at this timay no vork on the m atornal 

pheroraone in this species was published before 1976. 
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PART IV 

The Status of the Platernal Pheromone after Pive Years' Resear. ý 

Although research indicated that olfaction plays a role in the 

mother-young relationship in a number of small mammals, the only 

substantial and systematic investigations into the maternal 

pheromone were the ones carried out on the Wistar strain of rat by 

Leon and M'oltz and their colleagues. 

After having demonstrated that 12 - 21 day old rat pups were 

attracted towards an odour emanating from a1actating female rat, and 

naming the cue involved the "maternal pheromonellp they set about 

assessing various parameters.. using behavioural bioassay. Leon's 

move to a separate laboratory resulted in two distinct lines of 

res'earch emerging by 1975- Moltz and his colleagues were pursuing 

the traditional endocrine approach, and meeting with some success, in 

explaining maternal pheromone emission in terms of an elevated prolactin 

level model. But Leon, after having demonstrated that high prolactin 

levels, elevated food intake, and caecal bacteria are necessary for 

the emission of the pheromone, found that after various dietary 

manipulationsp young pups were attracted to an odour with which theyý 

were familiarv rather than a single specific substrate. Ile finally 

advanced three possible mechanisms for the "pheromonal bond"; 

a-non-specific familiarisation process, associative learning, -or 

olfactory imp. -intingp and suggested that the maternal Pheromone, whose 

Parameters had been delineated with such early assurance, may not be a 

single substance at all, but perhaps one of several possible attractants 

emitted by lactating female rats. 
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Despite Leon's change of position, the term "pheroirione" remains, 

Carrying the implication of releasing a rather stereotyped behaviour 

pattern in the recipient. 

Although before 1976 there were no publications on the maternal 

pheromone in the rat other than those written by Leon and b1oltz 

and their-colleaguesv the findings of approachbehaviour based on 

olfactory cues in young of several other small mammalian species 

served to strengthen the concept of the maternal pheromone. 
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CTIAPIIER III 

A REPLICATION OF LEON AND YIOLTZIS EARLY WORK ON ODOUR PREFERENCE IN 

YOUNG RATS 

INTRODUCTION 

Starting in Januaryp 1976, work was undertaken in the Psychology 

Department at Bull Universitj to investigate the precise nature and 

role of the maternal pheromone in the laboratory rat. As a atarting 

point, it. was desirable to replicate the original. finding by Leon 

and Jjoltz (1971)p and confirm that an attractant was emitted by 

lactating female rats. - 

For this replication, and most of the experiments reported in 

this thesis, the apparatus., subjects and test procedures are constant* 

Consequentlyy the information relating to the basic method will be' 

supplied only oncel in the section on general methodology which 

comprises Part I of this chapter. Because much of the subsequent 

experimental work involves manipulations of extremely basic variablest 

of the type described in Part 1. any deviations from the standard 

procedure for a particular experiment will be indicated in the, 

individual report on that experiment. 

i 
After the olfactory discrimination apparatus had been built, the 

first experiment was conducted and the outcome is reported in Part II 

of this chapter. Part III comprises a discussion of the results and 

, problems arising from the replications 
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PART I 

General Methodolo 

Animals Used in the Experimental Work 

f i) Strain 

p 
Three strains of Rattus norvericus were used in the investigations 

into the maternal pheromone* 

In all the early experimental work, the strain of rat used was 
I 

the black-hooded PVGIC rat, originally obtained by the Psychology 

Department,, Hull University, from the M. R. C. Unit at Carsholton in 

1965. This inbred strain (F-52 in 1965) had been derived from WAGIg 

at F-13 by Glaxo in 19479 but since becoming the standard colony 

animals in the Hull Psychology Department they were maintained on 

an outbreeding programme within the oonfines of a random mating schedule. 

In later experimental work inbred Wistar rats were used, and 

these were obtained from a firm of commercial breeders, Messrs. Bantin 

and Kingman Ltd.,, Aldbroughp. 17r. Hull. Throughout the 4 generations 

which were bred after the purchase of the original animalsq a strict 

inbreedina pronTamme was adhered to. 

In Experiment 15Y Spragud-Dawley rats obtained from stock animals 

housed in the-colony kept by the Zoology Depa;? tmentp University of 

Hullp were. used. These outbred Sprague-Dawley rats also came. from 

stock which had originally been purchased from Messrs* Bantin and 

Kingman Ltd., Hull. 
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fii) Maintenance 

All the experimental data were derived from male and nulliparous 

'female 
rats aged 130 - -150 days; nuiliparous female rats which had 

been mated at 90 -1 IO'dayspand their pups, 

When breeding was to be carried outy males were =Agned to 

females on a one to two basisp and they remained in the females' cages . 
for one week. 1regnancy was determined subsequently by weekly weighing 

Of the females. 

At least one week before the expected date of parturitiong females 

were separated from each other and housed singly in opaque white 

Polythene cagest 36 x 16 x 15 cmP where food and water were available 

on an ad lib. schedule, At the time of separation, females were 

provided with approximately 50 gm shredded paper for nesting materialp 

and they were then left undisturbed apart from when the litter was 

culled and removed for experimental. testing. Two days before the 

expected date of parturition (the l9th day of gestation), cages were 

inspected daily at 9.00y 12.00 and 18.00 hours . for births. The day 

of birth was designated Day 0. 

The diets used throughout the experiments variedy and so the 

Particular diet given during any one exPeriment is indicated in its. 

procedural section. 

'The following diets were useds 

41B (Modified) Oxoid Laboratory Animal Diet 

Labsure Diet CRDI 

Labsure Diet FRD 

The Bradshaw Rat and Mouse Breeder Diet 
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Letails of the composition of the diets used are given in 

Appendix Iv with the exception of the Oxoid diet, The manufacturers 

of this dietv Herbert Styles (Bdwdley) Ltdop would not supply details 

of its constituents. 

The lighting schedule in the main colony holding room (where the ., 

recently mated female rats were housed until after their litters had 

been used for experimental work)v and testing room was a normal 

daylight one with the light period between 6.00 and 22*00 hours. The 

sources of illumination were fluorescent lighting strips and a 150 watt 

bulb. 

The temperature of these rooms was kept between 170 and 240 C- 

Apparatus 

The Olfactory Discriminatiori Apparatus 

r 

The olfactory discrimination apparatus was made as far as possible 

to the specifications given"in Pigure 1 (Moltzg 1975)t and is shown 

in Mate 1. As mentioned in Chapter IIv some of the details needed. 

for the construction of. an exact copy were inadequate or missingg 'With 

the result that the apparatus was not completely identical to the 

originale The differences between the apparatus built iri Hully and 

that used by the Americans are summarized at the end of this section* 

The apparatus comprises a triangular open-field with a start box 

15 X 13 cm at its apexq facing 2 goal boxes, each 23 x 23 x 28 cm, 

The sides were constructed from black plexiglassp 13 cm highv and the 

removable tightly fitting top was transparent* The goal box tops 

were covered with thick broun paper so that the goal box interiors 



Plate 1 

The olfactory discrimination apparatus. The picture is 

taken from directly above the apparatus; the start box 

lid is openg and the cover for the whole apparatus is 

not in place. 
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were dark. 

Forced air entered the goal boxes and flowed towards the start 

box at a rate of 29 litres/min. The small motor drivin& the airflow 

Pump. was placed on the floor below the table on which the apparatus 

stoodp where it created a constant masking noise of 65 dB. The 

apparatus was aligned to a fluorescent light strip in such a way that 

the open-field and the two goal box doors were illuminated with equal 

intensity. This was checked with a spot photometer. 

k- The differences known to exist between the Hull apparatus and 

that used by Leon and Moltz are listed belows 

1- A difference of 5 cm2 in the area of the start box floor. 

2* Plain paper sheetso rather than polythene-backed sheets 

'were placed on the arena floor during testing* 

-3. The rate of airflow was 29 litres/min in the, Hull, apparatus 

as compared with 55 litres/min* 

The motor driving the pump was a little quieter at 65 dBv 

than that used by Leon and Moltzv which created a 

constant ncise of 72 dB. 

-(ii) 
Cages used for Excrement Collection 

Two. types of cage were used to collect anal excrement and/or 

Urine frbm adult rats, 

The first was a metabolic case (20 x 30 x 15 cm) in which the 

animal is housed on a wire grid through which faeces and ur I ine fall, 

for collection. An inverted funnel arrangementp like the one described 
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by. Jonesy DilkS- and Nowell (1973), ensures that faeces are not 

Collected in the samo place as the urinel so that the two do not 

become mixed whilst awaiting removal. Contamination of one by the 

Other is unavoidable however, as the urine often comes into contact 

with faecal matter on its passage doThm to the collecting bottle. 
,I 

A simpler method of collecting anal excrement was to use small 

holding cages (20 X 35 X 15 cm) which had grid floors. The grid was 

approximately 2 cm above a paper-lined collecting traye Although the 

paper floor soaked up the urine which was secreted by the animal, there 

was more cross-contamination occurring than when the metabolic cagem 

described above were us'ed. 

The Standard Test Procedure. 

Testing of pups in the olfactory discrimination apparatus took 

place between 9.00 and 17-00 hoursy after pups had been deprived of 

maternal attention by removing the mother from the home cage for a 

period of 3 hours. 

Pups were run in the apparatus singlyp and eaoh pup was tested only 

once. The age of the pups at testing was 16 - 24 days. Tests were 

carried out in a room separate from that in which the animals were 

housed; the pups were taken to th6 testing room in their home cages 

30 - 60 minutes before they were testede 

Testing comprised placing a pup immediately in front of the 

closed start box door and allowing it 20 minutea in which to make 

a choice of goal box - the criterion being that it had to descend 

-right into the Coal compartment. After a PuP had been run the 

Paper sheet covering the floor of the apparatus was changedv and when 
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i half a particular litter (normallv 3 pups) had been runp the whole 

apparatus was washed 'with warm waterl and the goal box contents 

exchanged. The presentation of goal box contents was such that a 

Particular arr; -nCement appeared first for the first half of a litter 

being tested, on alternate occasions, This counterbalancing 

procedure was designed to spread any confounding variables which 

might be present (e. g. due to lighting effects, alignment of the 

apparatus, etc. ) across all testing conditions. 

Any deviations from this procedure, which will, be referred to 

as the standard test procedure, will be noted in the procedural 

sections of the particular experiments in which they occur. 

PART II 

EXPMI14M 1 

Purpose 

The Purpose of this experiment was to confirm that rat pups 

aged 18 days are attracted 'either to a lactating female, or to some 

substance present in her anal excremento and that this would be in 

Preference to a non-lactating femaley or her faeces. These two sets 

Of stimulu. 3 materialo-opposing live animalsv or anal exorement. are 

treated separately in Parts a) and b) of this experiment. 

The experimental hypothesis was that 18 day rat pups would 

approach the lactating female or her anal excrementv rather than the 

stimulus material from the non-lactating female. As an attractant 

should elicit clear approach tendencies if it is to be regarded as 

Pheromonal, it was decided that a minimum of 75% of the pups tested 
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would have to enter the maternal Coal box if the experimental 

hypothesis was to be confirmed, With the number of pups used in 

this experiment (16 in both parts)v this would give a one-tailed 

Probability of 0-038 with the Binomial Ix esto 

Apparatus 

The'olfactory discrimination apparatus was used. 

Holding cages (20 x 35 x 15 cm) with paper-lined floors were used to 

collect anal excrement for ý hours bef6re testing began. Food and 

water were available in these cages during this periode 

Subjects 

Thirty-two 18 day old rat' pups were used. They were obtained from 

4 litters born to strain FVG/C females which had been mated at 100 1 10 

dayse The litters were culled to 8 pups on Day 09 

Two virgin female rats were used in this experimentf and 'were of the 

same age as the maternal animalsp i. e. 138 1 10 days when testing took 

place. 

Maintenance was as described in Part I of this. chapterv and the animals 

were fed on the Oxoid 41B diet. 

Procedure 

a) Choice of live animals in the Coal compartments* 

Using the standard test procedurev with the exception that the pups 

were placed in the start boxv rather than immediately in front of 

its door, pups were tested in the olfactory discrimination apparatus- 

after 3 hours maternal deprivation. They were allowod, 10 minutes 
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minutes to make a choice between their'own mother and a lactating 

femalq prezent in the two goal boxes. 
k 

Anal excrement as the stimulus material* 

The intention was to take samples of anal excrement which had 

collected in the holding cages during the 3 'hour period from both 

the lactating and non-lactating femalesq and to place roughly equal 

quantities of each in the two goal boxes. Leon (1974) reported 

collecting anal excrement in this mannerv taking it off the holding 

cage paper-lined floor by means of clean glass slides* 

Results 4 

a) Mothers versus non-lactating females. 

All 16 pups tested chose the gDal compartment containina the 

lactating female (their own mother) in preference to that occupied 

by the non-lactating female. 

b) Relative attraction of excrement samples. 

It was not possible to compare samples of anal excrement in the 

coal Compartments.. During their 3 hours sojourn in the holding cages, 

thq lactating female rats had not been idle. Displaying characteristic 

maternal behaviourp they had rapidly torn up all the paper flooring in 

the cage and reduced it, together with their abundant anal excrement 

and urine to an inseparable pulp* In contrast to this, the non-lactating 

females loft their cage floor lininC; intact, but failed to excrete any 

faecal matter during the 3 hour period* 
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PART III 

DISCUSSION OF RESULTS OBTAINED IN EXPERIMENT 1 

Comparison of anal excrement 

Procedural difficulties, only apparent at the time of excrement 

collection prevented the testing of pups' preferences as planned. 

Clearly the method of excrement collection used '6y Leon and Floltz 

needed modification before another attempt at replication could be 

made, It'was decided that the problem could be overcome by lifting 

the holding cage above the level of the collecting trayp and separating 

the two by & grid floorp as described in Part I of. this chapter. The 

next experiment incorporates this Modification. 

Another modification which was retained after this experiment was 

to place the pups immediately infront of the start box doorp rather 

than inside the start box, --It was discovered that pups placed in the 

start box preferred not to leave it after the door was openedy but to 

remain inside the start boxv going to sleep after about 5 minutes. In 

future experiments, the 10 minute period allowed for pups to make their 

choice began when the experimenter replaced the apparatus cover after 

having put the pup into the arena. 

Preferences exhibited for live animals in the goal boxes 

It. would be extremely pleasing to be able 
I 
to report the 

overwhelming choice of the mother by the rat Pups as evidence in 

supý6! rt of the existence and potency of the maternal pheromone* 

Unfortunately this cannot be donev as when the pups were given a 

choice of either their own mother or a non-laotating female in the 
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goal boxes# two important confounding variables became apparent, 

Firsty the lactating female was extremely active, and constantly 

moved around in the goal box - thuu eftittina auditory cuest besides 

olfactory ones. It was not known why the mother should do this, 

particularly as lactating females tend to show a general reduction, 

rather than increase in movementv but her restless agitation was very 

marked when a pup was in the arena, thus suggesting that it was emitting 

either auditory or odouriferous cues to which she was responding. In 

Contrast to this, the non-lactating female went to sleep in the goal-box, 

or else investigated, with what seemed like mild curiosityl the wall of 

the compartment adjacent to the other goal boxp through which constant 

scuffling and thumping noises were audible* 

That pups will approach a source of noise is known (Bolles and 

Woods, 1964); recently the role of ultrasound in mother-infant 

interaction has been investigated (Sewell, 1967Y 19689 1970; Noiroty 

1970; Allin'and Banks, 1972; Smith., 1975)t the evidence to date 

suggesting that it may have quite an important function. Whilst the 

Olfactory discrimination apparatus prevents the mother and pup from 

actually seeing each other, it allows auditory variables to be 

confounded with olfactory cues. 

When the pups approached the goal compartment from which sounds 

audible to humans, and possibly ultrasoundtwere emerging, the second 

fault was revealed. As soon as the pup approached the goal box ledge, 

and put so much as a whisker or tail through the Cap at the bottom of 

the swing door, the mother would instantly seize the appendage and 

Pull the pup into the compartment. This retrieving behaviour was only 

zhown by the lactating femalep and so constitutes another confounding 
variable. 
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Conclusions 

It can be seen then, that what was given as "choice of the 

maternal compartment"y according to Leon and 14oltz's criterion, was 

Perhaps no more than the pups' movement towards a source of noise 

and odour, coupled with normal retrieving behaviour on the part of 

the mother. What at first sight had appeared, to. be a simple replicationy 

resulted in the collection of data which, whilst failing to say much 

about the maternal pheromonet did bring to light several factors 

worthy of consideration. 

Firsty but perhaps least importantv were the technical and 

procedural details which needed modification. It would be necessary 

to amend the excrement collection technique so that faeces could be 

collected and weighedy rather than being inextricably mixed with paper 

pulp and urine, Evidently the non-lactating females would haveto be 

'kept in collecting cages for a much longer period of time is samples 

Of anal excrement of anything like the quantity excreted by the mother 

were to be obtained. In his monograph (1974)p in which he used 

excrement in the goal boxes, Leon fails to mention what amount he 

collectedp and ifv when excrement obtained from the motheý is matched 

with non-lactating femaleg' faeces (Loony 1974P Experiment IF)v whether 

the two amounts are equal. If the amounts were not equal then this 

creates a confounding variable iri the experiments in which excrement 

is used as stimulus material. 

Differences in the behaviour of both the maternal rats and their 

PuPsy used in the laboratory at Hull were evident. The mothers' display 

of retrieving and nest-building aotivities affeoted both the collootion 

of excrement and the interpretation of results (as recounted above); 
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ýhe pups, reluctance to leave the start box was also a difference 

and slight difficulty. The easiest explanation for this difference 

is that the pups used in the Hull laboratory had a different 

"temperament" - this perhaps being determined by their straing which 

differed from that used by Leon and Moltze 

Finallyp a point which became obvious during excrement collectio% 

but which'is never mentioned by Leon or bloltzy is the difficultyp and 

what turns out to be an impossibilityy, of complete separation of 

urine and faeces if they are eliminated by the animal in the normal 

manner. 

In the early work on the maternal pheromoney when its existence 

was being demonstrated, the question of whether the attractant was 

present in urine or faeces was relatively unimportant. In the first 

experiment where'Leon and Moltz test the attractive properties of 

excrement or secretions, rather than using a live animal (Leon and 

Moltz, 1971)y the goal box was soiled by the mother before testing 

took place, and without doubtg urine and faeces would both be presents 

They would also both be present, and mixed to a certain extentp in 

the procedure described by Leon (Leong 1974)t where the animal is. 

isolated in the collecting cage with the paper floory although much 

of'the urine would be absorbed by the paper. In his later worky Leon 

attempts to separate urine and faeces by using metabolic cages. Whilst 

this method appears to be adequate in this respectf and was adopted 

for much of the experimental. work undertaken in Hull, there is no 

type of metabolic cage available where urine does not at some stage 

run down past the boli before it is collected in a separate container. 

Thus contamination of faecal matter by urine, and urine by faeces can 

occur, 
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The only occasions when Leon and Moltz successfully separate 

the two products is when they take the contents of the caecum directly 

from a recently t-. illed animal. For the presents it is sufficient to 

recall that in dealing'with phcromonal agents, one is up against a 

si . tuation where, quite literallyv molecules of a substance can exert 

an infleunce. ' In any work on the locus of emission on the maternal 

Pheromone, avoidance of mixing the secretions and excretions is 

paramount* It may be that contamination during excrement collection 

is the cause of -the different claims mado by Nyakas and Endroczi 

(1970) and Leon (1974). The former researchers claim that rat pups 

were attracted to urineg, whilst the latter claims that it does not 

contain an attractant. 

0 
The most serious implication of Experiment 1 is yet to be 

considered. This is the gross inadequacy of t he experimental 

paradigm used by Leon and Moltzg in which live, mobile animals are 

used in goal compartments. This choice of stimulus material is 

used extensively by the Americansy and in particular throughout the 

work in which they map out the parameters of maternal behaviour (Leon 

and Moltz, 1972; Moltz and Leony 1973; Leon and Moltz, 1973; Moltzq 

Leidahl and Rowland, 1974; Leidahl and Moltz, 1975). 

. 
The confounding variable of noise, either from an active mother 

moving about in repons'e to ultrasonic calling, or odou; from her pup 

in the apparatus, plus the fact that'she is likely to pull an 

approaching pup into the goal box with herp means that'this 

experimental design is completely unsound, For this reasonp it was 

decided not to use livey'mobile animals as choice stimuli. in any 

subsequent experimental work with the olfactory discrimination 

apparatus. 
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The conclusions drawn by Leon and Moltz and their colleagues 

about the maternal pheromonep cannot be'treated as valid whenever they 

are based on work in which live animals have provided confounding 

variables. Chapter XIV compris&s a reappraisal of the North American 

work on the maternal pheromonep in the light of this, and other 

experimental findings reported in this thesis. 

t 

k 
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CIIAPTM IV 

EXPIMIMEW 2: A SECOND ATTEMPT TO DETMMINE WHETHM THE 

MATERNAL PHNIOI-IONE IS MOEDT IN THE ANAL EXCRF24ENT OF 

LACTATING FFIIALE RATS 

INTRODUCTION 

It was learned from Experiment 1 that if mobile animals were 

used in the goal compartments of the olfactory discrimination 

apparatusy confounding variables were present; alsop that excrement 

could not be collected satisfactorily in the manner described by 

Leon (1974), In Experiment 22 anal -excrement only was to be used as 

stimulus material for comparisong and it would be collected in a 

different vrayy using the holding cage method described in Chapter III. 

In order to place roughly equal amounts of excrement in the goal boxes, 

more faeces had to be obtained from the non-lactating females than in 

the first experiment* This was done by using several virgin females, 

at onceg and by keeping them in-holding cages for twice as long as the 

mothers. 

Chapter IV comprises the purpose, procedurev results and 

conclusions of tho second experimentg which was an attompt to 

discover whether the maternal pheromone is present in the anal 

excrement of lactating female rats* 

t 
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Purpose 

EMPERIMENT 2 

The purpose of this experiment was to determine whether 17 day 

old rat pups would be attracted towards the excrement obtained from 

their own motherl rather than that obtained from a non-lactating female* 

If they were, then this would be adduced as evidence that an attractant, 

the maternal pheromonev was present in the maternal faeces, 

On the basis of Leon and Moltz's findingsp the experimental 

hypothesis established was that rat pups would prefer the maternal to 

the non-maternal excrement; the Null Hypothesis being that the division 

into two would not be one other than-might be expected by chance. 

With W, = 0*01,90 of the 151 pups to be tested (60%). would have to 

enter the maternal goal box before the Null Hypothesis could be 

rejected. (Binomial. Test, one-tailed prediction. ) 

Subjects 

One hundred and fifty-one 17 day old rat pups were usedo They were 

obtained from 19 litters born to strain PVG/C females which had been 

mated at 100 2: 10 days. All litters were culled to 8 on Day 0; one 

litter comprised 7 Pups. 

Anal excrement was collected from 3 nulliParOus females of the same 

strain and age as the 19 mothers. 

Maintenance was as described in Chapter My Part I; animals were fed 

on the Oxoid 41B diet. 

t 
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Apparatus 

The olfactory discrimination apparatus and holding cages with grid 

floorsy described in-Chapter 1119 Part *Ip were used. 

Procedure 

Before testing started, faecal matter was collected from the 

mothers of the litters to be tested on that particular day, and 3 of 

the nulliparous females, by isolating them in the holding cages with 

grid floors above a paper-lined collecting tray, Yothers were kept 

for 3 hours in these cages, and the non-lactating females for 6 hours. 

All the animals were housed individually in these cages. 

Immediately before the testing session begang faecaý matter from 

the maternal and non-lactating females was taken from the collecting 

cages, and similar amounts of both types (between 3-5 gm)v were 

placed on two very fine wire mesh trays, these then being placed 

insiae the two goal box compartments. '- 

The pups were then testedv using the standard test procedure. 
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Results 

. The results of &periment 2 are given in Table 2. 

Table 2 

Choice behaviour of 17 day old rat pupss preferences for anal 

excrement obtained from the mother or a non-lactating female 

IPUPS I BMAVIOUR 

Chose maternal Chose non-lactating Did not enter Total 

excrement females' excrement a goal box 

79 47 25 151 

(52.39&) (16.6%) 

As fewer than 90 pups entered the maternal goal box, the 

experimental hypothesis was not supported. The exact probability 

of obtaining 52.3ý6 entries in one of the two goal boxes is 0.34 
(Binomial Test; one-tailed prediction). 

Dinounnion 

I 
After the procedural difficulties encountered in the first 

experiment had been overcome, it was disapointing to find that there 

was no evidence of the presence-of an attractant pheromone in the 

maternal excrement, Interpretation of the results was not made simple 

thouGhy by*a number of pups failing to enter a goal box. Of those that 

didt 79-'(62%) chose the maternal excrementp thus indicating a Preference. 
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Problems of data analysis and interpretation will be examined in 

Sections (ii) and (iii) of this Discussiong following a consideration 

Of come aspects of the experimental work which miGht have caused the 

failure to obtain the expected results. 

Variables considered likely to have caused the failure to replicate 

It seemed reasonable, at this stage of the investigationy to 

assume that the maternal pheromone did existy but that some variable 

which was apparently of importance had been overlooked, and that it 

was masking or obliterating its attractant powers in some waye 

Consequently., it was necessary to examine all the procedural details 

closely; ascertain which ones differed from those reported by the 

Americans, and alter them so that the next attlempted replication was - 

identical, as far as possible. 

The following differences were identifieds 

1. Strain of rat used 

Leon and I-Soltz had used Wistar ratsy whilst the ones used in 

this experiment were of a hooded straine It could be possible 

that the maternal pheromone is strain specific# 

2. Size of litter 

Leon and Moltz worked with litters which had been culled 

to 6 at birth, 

Diet 

The American rats were all fed on Farina rat chowo The rats 

in the Hull laboratdry were fed the Oxoid diet* 
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4. Apparatus 

The differences of size, material and airflow listed in 

Part I of Chapter III were considered. The slight 

difference in size, and the type of floor covering used 

were not thought to be important, but the rate of airflow 

could be crucialt if it were either too gentle or too strong* 

The most likely cause of failure, and easiest to reotifyv was 

considered to bd the one arising from an apparatus deficit* Consequently, 

the rate of airflow was examined as the independent variable in 

Experiment 4* The size of litters could easily be altered to 6 pups, 

and this was done for subsequent work* 

Strain and diet were less easily changed, and it was decided to 

pxamine these only if the alterations described above failed to bring 

about a successful replication* V, eanwhiley the manufacturers of Purina 

Rat Chow and the Oxoid diet were approached for details of the 

composition of their-diets. 

(ii) Analysis of ropults, 

At firct aiChtj the interpretation of the quantitative data 

obtained from experiments using the olfactory discrimination apparatus 

appears to be a simple matter* When most of the rat pups make a goal 

box'entryo as seems to be the case in most of the experiments reported' 

by Leon and 14oltzv there are few problems of statistical analysis. The 

choices of the two goal compartments made by the pups can be compared 

using a test of goodness-of-fit; the binomial testq or simple)62 test, 

'With an a- priori expectation of a 50/50 division comprising the, Null 

IýYPothesis. 



- 57 - 

As soon as the results. from Experiment 2 were obtainedy it became 

apparent that the data were not of a dichotomous nature, and that the 

establishment of a theoretical distribution with which the results 

could be matched posed something of a problem. 

The difficulty lay in the large proportion (16.6ý) of pups which 

had failed to enter a goal box. Although slightly more than half the 

total number of pups run had chosen the maternal excrementp and indeedp 

62j"ol of all the pups which entered either compartmentp did this 

constitute evidence for either a preferencep or attraction towards 

the mother's excreta? 

Wo problems arise over the statistical analysis of the datat in 

that goodness-o. ýC-fit tests are appropriatep but the question is; how 

is a distribution for matching purposes (the Null Hypothesis) determined? 

It could be done on either theoretical or empirical grounds (Siegelp 

1956), but the importance of the choice was not appreciated until the 

data from &periment 2 were collected and considered. 

Leon and 11oltz found that the majority of their Pups entered a 

goal compartmentp and the few which did not, they labelled "no choice"* 

If one were to disregard the "non-choosers" in Experiment 2., then a 

simple dichotomy would exist. However, one must ask whether this 

approach can be justified. Leon and lioltz's. practice of labelling 

the pups which remain in the arena as making "no choice" has resulted 

in an inclination to regard these animals as being of little significance, 

With the conoequence that they can be discounted in statistical analysis, 

Howeverp these pups could be considered as making a choice, namely to 

remain in the arena, and so they constitute an important third category. 
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Their failure to enter the maternal compartment could be construed as 

evidence against the existence of an attractantv and on these grounds 

it 'would be possible to group them with the ones which entered the 

non-maternal Coal box for comparison purposes - reducing the analysis 

to a dichotomy once more. Alternatively, it might bo more appropriate 

to compare the results obtained with a diutribution where the dependent 

variable is divided into three cateGories rather than two - the 

expected values of each cell beine 33.3A of the total number'of pups 

run. This theoretical distribution is the equivalent of the first 

theoretical 50/50 dichotomyp- the%2 test rather than the binomial test 

being the appropriate statistical analysis in this case* 

Thus three approaches to data analysis have been generatedg ahd 

it is iristructive to re-examine the data obtain6d in Experiment 2 In 

the different ways outlined. These are: - 

1, Division into two categoriess choice of maternal excrement 

versus choice of nulliparous excremený, "No choic all pups 

are eliminated from the analysise 

2, Division into two-categories: choice of maternal excrement 

versus the remainder. 

Division into three categories; pups choosing tho maternal 

excrementj choice of, 'nulliparOus females' excrement, and 

those remaining in the. arenae 

When the data from Experiment 2 were reanalysed in these three 

different ways, three values of 2 were obtained, - and these are 

shown in Tables 3,4 and 5- 
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Table 

Analysis of data obtained in Experiment 29 usingX2 test, and a 

division into two categoriesl with the "no-choice" pups eliminated 

FRE(JJENCIES CATEGORIES OF DEPENDENT VARIABLE TOTAL 

Chose maternal 
excrement 

Chose nulliparouz 
excrement 

Obtained 

Expected 

79 

63 

47 

63 

126 

126 

vX2 - 4.13; df - 1; P<O-05 

Table 

Analysis of data obtained in &periment 2, using)(2 test, and a 

division into two cateCories, "no-choice" pups being grouped 

with those which chose the nulliparous females' excrement 

FRECJJENCIES CATEGORIES OF DEPENDENT VARIABLE TOTAL 

Chose maternal Did not choose 
excrement maternal excrement 

Obtained 79 72 151 

Expected 75___ 75 150 

X20.16; dk 1; non-significant 
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Table 

Lest, Analysis of data obtained in &Deriment 21 using ftAf t 
and a division into three categories 

FRECJJ=IES CATMORIM OF DEPENDENT VIMIABLE TOTAL 

Chose maternal Chose nulliparous Remained 
excrement excrement in arena 

Obtained 79 47 25 151 

Expected 50 50 5d 150 

YU 2= 29-5; df 2; p 00001 

There are now three separate statistical "results"; significance at 

the 0-05 levely no significance, and significance at the 0.001 level, 

This rather broad rang shows that the statistical decision as to how 

to handle the so-called "no-choice" pups can be seen to be a rather 

important one, I 

This decision depends upon the nature of the experimental 

hypothesis, i. e. the claims made by the investigatot. As Leon and 

Moltz and, their colleagues only infrequently encountered rat pups 

which failed to enter a compartmentp the problem of how to treat 

"non-choosers" was not a central issue. Howevery their neglect of 

this topic does not mean thaý it is of no consequence, and it is 

wdrth, considerin, g the experimental hypotheses which might be supposed 

to underlie their position in some details 

f 
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Throughout their wo. -kt Leon and Woltz rarely make elplicit 

experimental predictions. As the results they present are, on the 

wholeg reasonably clear-cuty no difficulties arising from data analysis 

are mentioned, and in most of their experimental results tables, 

significance levels are given without reference to their derivation. 

This means that for the)ý2 values reportedy the reader does not know 

how a particular set of "expected" frequencies was obtained. In fact 

they should depend upon the theoretical premises of the investigation. 

If one were making the fairly weak experimental prediction that 

rat pups "prefer" the excrement obtained from their mothers to that 

from non-lactating femalesp then it would be admissable to compare 

two categories of dependent variable2 as in method given above. 

Ify howeverp one makes-the assertion that maternal excrement contains 

a pheromone which acts as an attractanty in a very positive seýseý, 

then the 
-second 

method of analysis is appropriatep for it must be 

seen that pups move towards the pheromone rather than do anything 

else. Whichever position is adoptedp it is hard to justify the first 

method of analysis, in which the "non-choosers" are simply discounted. 

-Although in their early work, Leon and Moltz talk about preferences 

for maternal excrement (e. g. Leon and Moltzp 1972; Experiment 19 Pe 683)v 

in later work, the stronger position is adopted. At the start of the 

Paper on dietary control' Leon (1975)v refers to an olfactory cue 

liattractindimobile pups, and to pups , readily" approaching the 

lactating female, Frequent use of the term "pheromone" also implies 

the stronger Position. The very definition of a pheromone as a 

substance which elicits a relatively. invariant type of response - in 

this case movement towards an-attractantg implies a stereotyped approach 

response which eliminates other responses. If the olfactory cue 
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contained in the maternal excrement 
-is 

to be called a pheromone, 

then it is important that it. has got strong powers of attractiony 

and is not simply approached by the pups becausep sayp it is the 

more familiar cue. 

Thus if a researcher were to claim that rat pups displayed a 

preference for a particular substancey then a different set of 

comparison numbers foic, a Null Hypothesis would be used than if the 

existence of a pheromone were propounded. 

Although Leon and b1oltz often presented data which did suggest 

that there was an overwhelming approach response - possibly an 

attraction to a pheromonev the fact that this type of response was 

not elicited in the pups tested in Experiment 2 meant that a decision 

had to be made about an appropriate type of statistical analysis. The 

most sensible solution to the problem of how to obtain comparison 

numbers for the Null Hypothesis seemed to be to obtain empirical data, 

If a control group of rat pups were to be tested in the empty apparatusq 

then their choices would provide a base-line against which the choices 

made when stimulus material was present could be evaluated, 

Experiment 3 comprises such a control group, and the results are 

reported in the next chapter. 

(iii) Comparison of Experiment 2 results with those re ported by Leon 

and Ploltz, and an examination of their data analy ses 

Experiment 2 was undertaken following the model of maternal 

attraction advanced by Leon and roltz. They do not report any 

experiment in which young aged exactly 17 days were tested (usually 
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they worked with 16 day pups), but as this aCe falls cazilj within . 
t he 14 - 21 day aaeg over which they claim the phoromono is released, 

and the youna respond (Leon and Yioltzp 1972), this was not reGarded 

as an important difference. 

In two of the expariments reportod by Lcon and Moltzf the 

conditions of testing and stimulus material used are so similar to 

Experiment 2 that-a direct comparison of results may be made. - One is 

in the very first paper (Leon and Moltz, 1971)y in which it is 

reported that 83% of 16 day old pups chose the Coal box soiled by a 

strange mother, as opposed to one previously occupied by a nulliparous 

female. Apparently all pups entered one of the two Coal boxes, as 

there is no indication to the contrary. The statistical test used in 

the analysis of results is not Civenv but a probability of p <0.01 is 

roportedv and this would be obtained from'a X2 test (without Yateg' 

correction), the value of X2 obtained being 7.5p df - 1. This is 

using method 2 (Given above); there are no problems here, in that 

there were no "non-choosers" to deal with, - As more than two-thirds 

of the pups tested opted for the maternal compartment there is no 

Good reason for quibbling over the statistical probability of these 

results. 

In a later report (Leon, 1974; Experiment IF, Table 1)v more 

results for 16 day young, tested under similar conditions to those 

in Exporimen, 2 are given. ' The reader is informed that 7aA of the 

Pups chose the l6day anal excreta obtained from the mother, whilst 

7ý ChOSO Virgin anal 'excretal and 232ý' failed to make a choioop i, e,, * 

failed to enter one of the two compartments, Although Leon only ran 

30 Pups under this particular conditions he reports the Proportions 
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in Percentagesv quoting a probability level of P40-05Y using the 

x2 tes t. As he does not say how he grouped his data for analysis 

(and it has been pointed out in the previous section that this matter 

is rather crucial), a complete reanalysis of his results was 

undertaken. It seemed that whichever method of the three outlined 

earlier was used on his data, none-gave rise to a probability level 

of 0-05, and so a letter was sent to Leong asking him how he had 

obtained hisprobability values. 

His reply, dated 28.5-76., contained the information that 

he took the number of rats failing to enter either Coal compartment, 

divided it into two halvesp and added this value to each of the 

numbers of goal box entries made. In his letter he admits that 

this is not an ideal way of handling and analysing the data; it is 

certainly a method which can only be used when the numbers of rat 

pups failing to enter goal compartments are small. (See Appendix II) 

In seve=al of the publications-by Leon and his colleagues, 

there is no indication of how significance levels were obtained, 

other than naming the test of goodness-of-fit used. Neither are 

a priori predictions for particular experiments made. Not only 

is the reader left in the dark as to how comparison figures for 

the %2 test are obtained, but the position regarding non-choosers 

is never mentioned at all. On occasions the results which appear 

only indicate which pups chose the maternal stimulus, and there is 

no information about whether or not the remaining pups enter the 

other goal box. This has already been pointed out in the 
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description of the comparison made in the first paper published by 

Leon and Koltz (1971). and it also happens in a few subsequent 

Publications (Leidahl and 1.1, oltz, 1975, Figure 2; holtzv Leidahl 

and Rowland, 1974v Tables 1& 2). 

In reporting results from experiments in which the olfactory 

discrimination apparatus is used, precise information on the 

behaviour of pups failing to enter the maternal goal boxv and the 

way the categories are handled in subsequent statistical analysis 

should be indicated. The decision about how to categorise the data 

rests upon the nature of the experimental hypothesisq which should 

also be stated explicitly. 

It has just been showny using the results obtained from 

Experiment 2. that the division of the data for analysis comparisons 

affects the significance levels obtainedv and hence the interpretation 

of results, Thus the importance of clear predictions and 

iýfýrmation about statistical treatment can be seen. 

Although Leon and koltz obtained fairly clear-cut results on 

the whole, there are occasions when there is no overwhelming choice 

of one of the stimuli present in the goal boxes. An example is seen 

in the experiment just examined., (Leonp 1974; 1F), in which 30% of 

the animals fail to enter the compartment containing maternal anal 

excrement. These data are a little different from those obtained in 

a comparable test in the first paper (Leon and Moltz, 1971)p when 

83ý chose the maternal, rather than virgin excrement, Perhaps the 

amount of excrement present was a confounding variablej as 

undoubtedly, after equal periods for the mother and virgin female in 

the goal boxes, there would be more anal excrement left in the maternal 
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coal box* In the 1ctor exPeriment, excrement wan collected fror, 

animals kept in holding cagez, and it iG lik. oly that an effort was 

made to equaliso the two amounto placed in the upparatuo, althou6*h 

this is not atated by the irciterp and may not be the ca=* 

Other inztances of where the behaviour of "non-choozerr-" should 

be considered for Purposes of analysis occur in the papers on the 

parameters of pheromone emission (Leon and Moltzý 1972; NIoltz and 

Leonp 1973; Moltz, Leidahl and Rowland, 1974), and in the paper on 

concaveated females by Leidahl and Moltz (1975). 

A high proportion of "non-choosers" (50'P) is'reported for 12 day 

old rat pups in Table 3 of the paper "The Development of the Pheromonal 

Bond in the Albino Rat" (Leon and Moltz, 1972). This is much higher 

than any other figure for "non-choosers" given in the Table, indeed 

all the 10 day old pups made allchoice", although this did not entail 

entry into a goal box, as the younger pups were given different choice 

criterion. The change which apparently occurred over a two day period 

could not be an artefact arising from the alteration of criterion for 

"choice'12 because it wasthe same for both groups. Only pups older 

than 12 days were given the more stringent criterion of actual entry 

into a goal box, to constitute allchoice, " 

In summary then, the reader is not given enough information about 

v 
how comparison figures for-y 2 test are obtainedy or even about what 

kind of a contingency table is drawn up. There are enough comparisons 

with results of an eq, 4ivocal nature-reported by Leon and Noltzand 

their colleagues to necessitate giving these details. 
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Canclusions 

Several things were learned from the results obtained in 

Experiment 2. 

First,, a number of differences in procedure and subjects which 

might have given rise to the failure to replicate-the maternal 

pheromone effect were noted. These were details of apparatus 

construction, the strain of rat used, the number of pups in each 

litter, and the diet used for the animals in the Hull colony. 

Second., it was found that methods of excrement collection were 

not entirely satisfactory, and it was realised that the Americans 

omitted to mention the problems which they must also have encountered. 

It seems likely that the quantities of excrement present in some of 

the early work were not controlled, and so confounded the experimental 

findines. 

Finallyp examination of the results obtained in this experiment, 

and in work by Leon and 11oltz, suggested that i. hilst comparison 

categories which could be set up for statistical analysis appeared 

-ter. to be an arbitrary choice, their selection was an important malk, 

Any comparisons should be made on the basis of an explicitly stated 

experimental hypothesis; if necessary, data for the Null Hypothesis 

bein4; obtained from control groups* Leon and D-oltz were criticised 

fOr. omitting to give a clearly stated experimental hypothesisp and 

for failing to provide information about the comparison categories 

0 
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ueed in the 2 tests carried out (even when some of their results Ix 
.I 

indicated that several pups failed to enter a goal box). 

Howeverv despite these considerationsp and mainly because of 

the procedural differences noted abovey the existence of the 

maternal pheromone was not seriously called into question. 

6 
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GHAPTM V 

THE ESTABLISIBIEW OF A CONTROL GROUP 

t 
INTRODUCTION 

Results obtained from Experiment 2 could be interpreted in three. 

separate ways, according to whichever statistical comparison group was 

set up, An empirically established control group for comparison 

purposes would circumvent this problem. 

In Part I of this chapterg the setting up of such a control 

group, and the results obtained from it are reported, In Part 119 

the results obtained from the previous experiment are reanalySed and 

discussed in the light of the new data. -.. 

PART I 

i 

Purnose 

EXPERIML'NT 3z A CONTROL GROUP 

The aim of this experiment was to determine how rat pups would 

behave when they were placed in the olfactory discrimination 

apparatus without any stimulus. material presen. t in either of the 

goal compartments. 

Apparatus 

The olfactory discrimination apparatus* 
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Subjects 

Thirty-six 17 day old rat pups obtained from 6 litters born to 

nulliparous strain PVG/C fema les uhich had been mated at 100.1 10 

days. 

All litters were culled on Day 0 to 6 pups. 

Procedure 

The standard test procedurep using the olfactory discrimination 

apparatus was followedq and testing took place in 3 daily sessions 

between. 12.00 and 17-00 hours. 

Results 

The data obtained from the control group are shown in Table 6. 

Table 6 

Choice behaviour of 17 day old rat pupss 

control proup-run in empty apparatus 

PUPS I BLUAVIOUR 

-Enter ed left-hand Entered right-hand" Remained in Total 
goal. box goal box the arena 

10 9 17 36 

(27.8%) (25%) (47.2%) 
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Discusaion 

The rezults. zhowed that evon whcn thare is no attractant prczcnt 

in the goal boxez, about half tho pups can be expected to enter one 

or the other of theme. 

The division of the pups which entered Coal boxes into two very 

similar sized groups indicates that there were no variables present 

in the apparatus such as unevcn lighting or airflow, which might 

affect the relative attractiveness of the two compe-rtments and 

create a biasing effect. 

As some of the pups entered goal compartments whilst others 

remained in the arena., - it vraB concluded that on the wholep neither 

the Coal boxes nor the arena constituted noxious stimulation which 

all pups would seek to'avoid, However, the individual differences 

in the behaviour of the pups did suggest that for somep the arena 

constituted stress from which'the darker-goal box brought reliefg. 

whilst to others, the stress of being placed in the. arena resulted 

in the PuP exhibiting "freezinZ" behavioury or darting forerard very 

quickly. Some pups spent the entire testing ýime exploring the 

arena and making no'attempt to leave it; in their caset the novelty 

of the situation did not seem tP arouse fear. When individual 

reactions to the test-procedure were recorded, four main typen 

of response were observed: 

I. Immediately on release the pup darted forwcxd and 
I 

entered a I; oal compartments 

2.. The pup moved at walkina speed to a coal box, where 

it miCht enter wi thin about a minutel or -remain in' 

oloco proximity, but in tho arenay for tlýG test period. 
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The pup froze and remained immobile for the whole 

test session. 

4e The pup explored the arena for the test sessiong and 

failed to enter a goal compartment* 

It was rare for a pup to show more than one of these responses, 

. Particular reactions did not seem to be litter specific, as siblings 

would often display very different reactions to the test procedure., 

The similarity between the olfactory discrimination apparatus 

and the traditional open-field test became apparent after running this 

experiment, The open-field test provides stimulation to the pups 

which can result in very varied reactionso and although it has 

provided a popular means of quantifying rat behaviourp the interpretation 

of the various responses observed is exceedingly complex (Russellp 1972)e 

It does not seem desirable to impose a test environment with poorly 

understood effectspupon behaviour in a simple discrimination task. At 

the time of running Experiment 3 thoughp it was supposed that if a 

maternal pheromone exists, and releases a specific approach response, 

then that response should be. evident in apparatus such as the olfactory 

discrimination apparatusp and not unduly affected by variables present 

in the open-field situation, 

The importance of the empirically established control group is 

perhaps only realised when the results obtained are equivocal. In none 

Of the Published work on the maternal Pheromone is a control group, in 

which pups, are tested in the apparatus with empty goal compartmentap 

ever run., Whilst this might be reasonable for much of the work where 

clear-cut results are obtainedl results from such a group would certainly 
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help to clarify interpretation of some results reported (e. ge Leong 

19759 &periments 2 and 3 on quality of diet). 

After Experiment 3 had been carried outf the results obtained 

were used to provide a-statistical comparison group for later 

experiments in which similar 17 day old PVG/C'rat pups were used. 

If any of the standard variables were alteredv however, another 

suitable control group was r*unp so that for every experiment carried 

outv comparison data obtained from an appropriate group was available. 

PART II 

RE-EXAMINATION OF THE DATA OBTAINED IN EUERIMENT 2 

In the second experiments it -had been found that of the 151 Pups 

t6sted, 79 (521'-) chose to approach the mothers' excrements 47 (310 

the non-lactating females' excrementf whilst 25 (17ý) failed to enter 

a goal box. When the data were compared with various, a priori 

hypotheses which could be made, it was found that their interpretation 

depended rather too much upon which hxPothesisp and method of analysis 

'was used. 

I-lore control groups were run under similar conditions a few months 

after Experiment 2 (Experiments 9 'and 11). The almost identical 

results ougaested that the pups' behaviour was stable over quite a 

period of time, 
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Using the results of Experiment 39 it was possible to carry 

out a comparison of the pups' choices with an empirically derived 

set of numbers; Table 7 shows both sets of data put into the form 

of a contin&rency table. 

Table 

Results obtained from &periments 2 and 

GROUP PUS' BEHAVIOUR TOTAL 

Maternal Non-maternal Remained 
OR OR in arena 

Left-hand Right-hand 
goal box goal box 

Experiment 2 79 - 47 25 151 

(choice of (5 2.3%) (16.6%) 
excrement) 

Experiment 3 10 9 17 36 

(empty (27.8; u) (25%) (47.2A) 
apparatus) 

--i 
IIX= 16-46; df - 2; p 

_- 
<0.001 II 

In the X2 test, which gave highly significant results (p . <0.001)9 

the control group entries into the right and left'compartments were 

averaged to 9-59 so that the name figu; es'W*ere, uscd fOr COMParicon 

against the'maternal and"non-maternal entriei. 'ý', the right and loft-, "", 

hand Coal box: contents'were-alternated during test sessionsp their'. ý.. ý_ - 
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numbers can only properly be compared with the average goal box entries 

obtained when the apparatus is empty, 

Conclusion 

The interpretation-of Experiment 2 was theny that although the 

pups were not overwhelmingly attracted to the maternal excrementp 

there was evidence of some attraction to this materialo In the 

analysisý the three categories of behaviour observed were compared 

with three more sets of frequencies which were obtained from the 

pups themselves, rather than with a hypothetical set of threev divided 
t 

evenly between each cell, as was done in the third method of analysisy 

Chapter IV, Although the outcome was the same (a difference with a 

significance level of 09001), the comparison carried out in this 

chapter was based on realv rather than hypothetioal events* 
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ClUiPrIR VI 

PACTORS WHICH MIGHT PREVEIR THE REPLICATION 

OF THE DIAThRNAL PMMMIONE EFFECT 

INTRODUCTION 

Part I of this chapter summarises the view of the experimental 

findings which was hold by early summer 1976, In Part Ill Experiment, 4 

examines the rate of airflow through the test apparatus. It was hoped 

that by manipulation of this variable, more positive results from 

pups tested in the olfactory discrimination apparatus would be obtained. 

PART I 

A CONSIDERATION OF THE PROBLEM 

Experiments 1 and 2 alone said a great deal about the problems 

encountered in testing for the maternal pheromone, something about 

the character of the North American workq but very little about the 

pheromone itself. When the results from Experiment 2 were compared 

with the data obtained from a control group run for the purpose of 

obtaining numbers for comparison (Experiment 3), the conclusion was 

that the earlior data provided only limited evidence for the existence 

of the maternal pheromone, As many of the pups tested entered the 

compartment holding the maternal excrement, rather than the other 

compartment, or rcmaininC in the arenag their choice could perhaps 

be better regarded as a "proference", rather than as being due to 

the attraction of a pheromone. 
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I At this stage of the research, three broad hypotheses were 

advano ed as to why a strong preference for the maternal excrement had 

not been displayed by the pups. These will be listed,. and each then 

discussed in turn. 

le The pheromone was emitted$ but differences in the construction 

k 
. of the apparatus, or the rate of airflowv meant that the 

pheromone was not reaching the start box end of the arena. 
0 

2. The pheromone was presentp but because of some inadequacy 

on the pups' party it was not eliciting the appropriate 

response* 

The pheromone was either not being emittedq or was not 

being emitted in sufficient quantities to be detected by 

the pups. 

1. The pheromone was not reaching the Pups because of an apparatus fault* 

The differences in construction between the Hull apparatus and 

that used by Leon and Moltz were, consideredt and it was decided that 

the slightly differing dimensions were unlikely to be important. Also, 

that the type of floor covering used, as it did not have a strong 

odourt should not affect the results. One difference between the Hull 

and American olfactory discrimination apparatus which could not be 

easily dismissed was the rate of airflow. A small motor had been 

fitted to drivo the airflow pump, but initiallyt the rate of airflow 

had not been meacurede Tho current could be felt as a very gently 

draught emerging from the start box ventilation holest and although 

it was strong enough to carry cigarette smoke'through the apparatus, 
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it might not be stronC, enough for testing purposes. Measurement 

revealed that the airflow rate wan only 29 litres/min; a figure well 

below the 55 litres/min given by Leon (1974). This variable was 

considered in detail in Experiment 4. 

2. The pheromone was present, but inadequacy on the pups' part meant 

that they were failing to respond to it. 

The existence of the maternal pheromone was put forward by Leon 

and Moltz because the pups they tested consistemtly entered the goal 

compartment holding the maternal female or her excrement. Entry 

into the Coal box wan the criterion adopted by themo with the exception 

of very young pups, which were only required to move a certain distance 

towards the source of odour (Leon and b1oltz, 1972), It could be the 

case that in this replicationy the pups were attracted towards the 
i 

maternal goal boxg but failed to actually enter. Several pups which 

had failed to make a "choice", had either frozen, or spent a 

considerable part of their testing time just outside one of the goal 

box doors. Although the unquantified observations of the pups' behaviour 

so far had not indicated that they preferred to stay outside the 

maternal goal box, it was felt that careful recording of their 

movements in the arena might indicate a consistent preference which 

had been missed up to now, It was possible that the pups could 

discriminate the maternal' odourp but that a less stringent criterion 

would have to be adopted in order to demonstrate its existence. 

It was decided to observe the pups$ behaviour in the arenap and 

to quantify it by dividing the floor into three parts, and recording 

the length of time the pups spent in each, during a test session* 
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a 
Pencil lines were drawn on the paper floorsq givinu- two Idjacent 

recatangular areas inimediatelj in front of the goal box'doorn- 

(size 15 x 30 &- 21 cm)q and a triangular area between these and the 

start box. A plan of the arena floor with its divisions marked out 

is given in Figure 2. 

I 

Figure 2: Plan of the arena floor, showing 
the divisions marked out. 

Whenever, the olfactory discrimination apparatus was used in 

experimentalwork after this point, observation and recording of 

the pups' beh--Viour in the arena was carried out as a matier of 

course. The time a pup spent in each of the three parts was recorded, 

using two stopwatches, and the number of dividing lines crossed by a 

pup during its 10 min. testing period, an ambulation measure,, was 

recorded. 
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Another type of "failure" on tho pups' part was con-'idered. They I- 

miaht be fully able to discriminate the odours present in the 

apparatusp but not be sufficiently "motivated" to approach the 

maternal odour. "Motivation", in the context of this work, simply 

refers to the pups' need for nourishment and warmth. If the pups 

were feeling relatively comfortable in these respects, then they may 

show less inclination to approach the mother. Presumably the pre-test 

deprivation period of 3 hours which Leon and 14olt*z used throughout their 

work reflects an attempt to manipulate motivation, by ensuring that the 

pups are in need of nourishment by the time they are tested* 

A consideration of such motivation raises both practical fLnd 

theoretical difficulties. Taking the latter first, if motivation 

levels are important, then the attractant involved must be regarded 

as a cue which is only approached by pups under certain conditions. 

It is doubtful whether this restriction on its ability to elicit a 

specific response would allow the cue to be regarded as a pheromone. 

From a practical point of view, motivation of pups to seek the 

source of a maternally"derived odour could be altered quite easily, ' 

by depriving pups of maternal attention for periods longer than 

3 hour's before testing took place. There is a danger here though, 

ý-, -'-that young pups will become too weak, through loss, of body heat and 

lack of nourishment, to move very far, and so will be unable to 

indicate through their movement towards a stimulus that they can make 

the discrimination, and respond appropriately. Pups older than about 

13 days are able to withstand, prolonged periods of maternal deprivation 

and not suffer such serious consequences. Manipulation of motivation 

level was undertakcn with 18 day old rat pups. in Experiment 9. 
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The pups' response to the test situation was examined in 

Experiment 11. It could be the case that many of the pups, whilst 

discriminating the odour, were. so stressed by the open-field 

situation that they did not respond "normally'19 but showed darting 

or freezing behaviour. If rat pups were familiarised with the test 

proceduref then under less stress in the arena: 9 they might show a 

goal box preferencep in contrast to freezing or escaping from the 

open-field as rapidly as possible. 

The: ýe was. another possibility. This was that the rat pups, used 

in these experiments lacked a good sense of smell - either because of 

ill-health (arid' the respiratory tract infection common to laboratory 

rats was a likely candidate here), or due to some deficit of a less 

pathological nature, a peculiarity of strainp for instance. It was 

important to establish that pups obtained from the Hull colony did 

have a sense of smell; after checking that they were free of any 

infection or diseasep investigation into this matter was undertaken. 

This work comprises Experiment 59 and is. reported in Chapter VII. 

The 2heromone war. not being emitted by the mother, or else it 

was not presentin-sufficient quantities to attract the youna 

At this stage in the proceedings, the explanation for the 

weaker experimental results obtained was considered more likely to 

be due to a diminished pheromone production on the mothers' part, 

r4ther than an absence of the pheromone, 

Whilst being aware of the possibility that the pheromone might 
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be strain specific or dýet dependent, there was, as yet, no Good 

reason for thinking that this was the case, and priorities were to 

establish that the pheromone was being carried throuC; h the 4pparatuz 

adequately, and that the pups could smell. However2 even thouGh 

experimental work on the variables of diet and strain was not 

undertaken at this stagev it could, fairly easily be ascertained 

whether the requiremonts named, by-teon and 11oltz as being, necessary 

for pheromone production were met. 

In his papers on dietary aspects of the pheromone (1974,1975)y 

Leon finds that three things are necessary for pheromone production 

and emission. First, the animals must have an elevated food intake; 

second, the diet must contain "raw carbohydrate" which provides the ý% 

material for the growth of bacteria in the caecum; third, the diet 

must not contain antibiotic which would destroy the bacteria, 

Althougrh the manufacturers of the Oxoid diet2 Herbert Styles 

(Bewdley) Ltd., were not prepared to disclose its composition, a 

spokesman who was given information about the. naturc of the problem 

stated over the telephone that the diet contains raw carbohydr, #e 

and does not contain any antibiotics. 

Another possibilitY was that the maternal fumales wore not 

consuming enough food to bring about the excess caecotrophe 

production. The intake of ý group of lactating rats was measured 

daily from parturition to Day 21, when pups were removed from the 

mother, and the food consumption of these animals is shown in 

Fieure-3. It can be seen that the mean intake rose from a pro- 

parturitional level of. 13 am to 48 gm on Day 21. 
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The threo-fold increase in intake was considerod to be sufficient 

to enable pheromone omisýion to take'Place. Leon (1974, Fig. 2) 

prezonto data which indicates that nulliparous females emitting the 
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pheromone, after receiving Prolactin injections, were consuming 

20 - 23 Sm food per day at the time of testing for pheromone emiszion. 
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As a later study by Loidahl and holtz (1977) indicated that 

tile maternal pheromone could be emitted by poncaveated nulliparous 

female rats, without a concurrent increase in dietLry intake, it 

would seem unlikely that the cause of the failure to replicate lies 

in this difference between the rats. 

I-That of caecotropho, itself?,, ''This "semi-zolid light-coloured 

unformed material" (Leon2 1974), normally eaten by rats, but excreted 

in much larger quantities by lactating females, apparently contains 

the maternal pheromone. Was this material being produced satisfactorily 

by the rats in the Hull colony? Although it was not possible to 

compare this anal excrement direotlywith that produced by rats on 

the other side of the Atlantic3 going by the written description, it 

did not seem that the Hull rats were very different. Their excrement 

was often'too wet to form a typical faecal pellet, it was a much 

lighter colour (although perhaps due to the fact that it had a higher 

moisture contentg rather than because its composition differed), and 

could be distinguished from the normal boli by odour - although again, 

perhaps because it smelt stron, -er, rather than different from the kind 

produced by non-lactating rats. 

It seemed then, that there was no reason why the rats used in 

the Hull colony chould not produce caecotrophe and the maternal 

pheromone, and so the next experiment was designed to investigate the 

more likely possibility that the airflow in the apparatus was 

inadequate. Bearing, in mind that the criterion of goal box entry 

might be too stringent, obzervational work on the pups' behaviour, 

in order to discover whether they spent more time in the vicinity of 

the maternal odour2 rather than elsewhere in the arena, was carriod out. 
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PART II 

EXPEýHRIENT 4: AIRFLOW RATi, ý IN ThE APPARATUS 

IYPRODUGTIUN 

Leon (1974), gave the rate of airflow through his olfactory 

discrimination apparatus as 55 litres/min. Ideasurcment, of the 

airflow through t1he apparatus built at Hull indicated tiiat it was 

only 29 litres/min, and so it was possible that this weaker airflow 

was failing to convey the pheromone through the apparatus, A stronger 

motor was fitted to the pump, but unfortunately2 when working at 

maximum oapacity2 it was still only capable of 49 litres/min; this 

value still being somewhat below tha American rate. However2 threa 

rates of airflow were selected;. O) 25 and 49 litres/min, and were used 

as the values for the independent variable in this experiment. The 

rationale was that if attraction to the pheromone2 as evidenced by 

the pups' behaviour, depended upon rate of airflow through the 

apparatus, then numbers pf pups prefe=rinS the maternal excrement 

would emerge as a function of its rate. 

As mentioned in Part I of this chapter, the length of time a 
k 

pup spent in each of the three divisions of the arena would be 

recorded, so that if pups were attracted towards the source of the 

maternal pheromone, but. mcrelY failed to enter the goal compartment, 

their preference could be discerned and quantified, even if they did 

not actually make a "choice" according to Leon and Mloltz's criterion. 
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Purpose 

The aim of this bxperiment was to determine whether the rate of 

airflow through the olfactory discrimination ap2aratus was a variable 

i-. #ich influenced 18 day old rat pups' choice behaviour. As in 

Expc: ýiment 29 the pups would be given a choice between 'Soal boxes 

containing excrement obtained froln either their oim mother or a non- 

lact-ating female, In case pups were discriminating the odours 

Presenty but approaching the source without enterinG the goal boxes, 

I the time that each pup spent in the proximity of the excrcment, but 

still in the arenal would be recorded. 

Subjects 

, PVG/C rat pups, tested at 18 days age were used. 132 were 

obtained from 22 litte=o born to'nulliparous females at 100 ± 10 

days, and whose litters had been culled to 6 on the day of birth. 

Ey. crement from non-lactating females was obtained from 4 nulliparous 

females of the same age-as the mothers, 

11aintenance i.., as as described in Part I of Chapte= III; the rats were 

fed the Oxoid diet. 

An -o,. i. ratus 

The olfactory discrimination apparatus, with a more powerful motor 

driving tho airflow pump was uced. The motor made a noise of 70 dB. 

2 otopwatches were used to time the pups' movements in the 3 parts of 

the arena. 

Metabolic cages were used for excrement collection, 
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Procedure 

Rat pups woro deprived of maternal attention for 3 hours before 

testing began; testing t6ok place over 6 consecutive days, between % 

9.00 and 17.00 hours daily. 

Excrement was collected by mean s of the metabolic CaGer, 

described in Part I of Chapter III. Blothors werelsolated for 3 hours 

and non-lactatinC; females for 6 hours, 

The standard test procedure with the olfactory discrimination 

apparatus was usedt but for the 3 experimental conditions the rate 

of airflow through the apparatus varied. The 3 rates were Of 25 and 

49 litres/min. when there was no airflowy the pump was disconnected 

from the apparatus, but the motor still ran, so that the background 

. noise it made did no-G alter for this condition, 
() 

Althouah it would have been desirable to run a control group 

(pups tested in the empty apparatus) for each of the 3 airflow rates, 

considerations of time and space meant that this was not pozzible, 

As it was hoped that the stronger air current would prove successful 

in elicitinZ responses from the pups, a control was run only for this 

o, ,. voup (i. o. with t1w airflo" rato of 49 litroý; /min. ). Tho control 

results from Exporiment 3 would provide a baseline for the 25 litres/min 

rate; it was not anticipated that the pups run in the ap, )z; xatus without 

airflow would show any marked preference, but if they did, then 

subsequent investigation would incorporate appropriate controls. 

The 3 cxporimental Groups were all teoted with the pups given the 

choice of maternal or non-lactating femalo ratO excrement placed in I 
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the compartmento. Samples wore of cqual weiGhtq botween 3 and 5 Gm. 

. 
In the standard procedureq excrement samPles are changed over, 

and the apparatus washed out after half tje liýter have been tested. 

This was done in this experiment, but in addition, two values of the 

independent variable were used fur each litter. This could be 

achieved very simply by changing.; the pump motor to the setting 

necossary for a particular airflow. Counterbalancing was usedy so-that 

for a typical litter, run with the two airflow values "All and "B", the 

testin, g conditions would be as follows: 

Pup Side of Airflow 

maternal excrement condition. 

/ 

1 Right hand box A 

2 Right hand box B 

3 Right hand box A 

4 Left hand box B 

5 Left hand box A 

6 Left hand box B 

'Five litters were run with the airflow rates of 0 and 25 litre--/Min; 

five with 25 and 49 litres/min; and five with 0 and 49 litres/min. 

An additional litter was tested with a single independent variable 

value of 49 litres/min., and the six litters comprisinc; the control 

were run in a single block on their om, with a con3tant airflow rate 

of 49 litreo/min. This counterbalancing design ensured that side of 

presentation of maternal excrement and litter effects did not confound 

the results, but if thoy we: ý-e of importance, they were distributed 
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evenly across all conditions. 

The time that each pup spent in the 3 divisions of the arena 

wasrecorded. Pups were allowed 10 minutes in which to make a choice. 

Results 

i Goal box entries. 

The numberd of pups entering, 'goal boxes containing either 

maternal'or non-lactating female excrement are shown in Table 8. 

Table 

Choice behaviour of 18 day old rat pups when airflow throurrh 

tho olfactory disorimination apparatus altered 

RATE OF 
AIRFLOW I liat ernal 
(Lit/min)l excrement 

0 11 
(36.6ýý) 

25 10 

(33-3%o) 

49 10 

(27-7M 

Left hand 
box 

FUPS I 13EHAVIOUR TOLIL 

Nulliparous Aemained 
excrement in arena 

8 30 
(26.67o) 3 6.60jý) 

7 13 30 
(23-3'ý) (43.3jO 

9 17 36 
(25ý, ) (47.2';,, ) 

COIJTROLS 

Right hand Remained 
box in arena 

49 74 25 36 

iie 41ý (; lýG) (69 ')1 

8.52; df = 6; p =>O-05 
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Althou, -h more pups entered the Coal compartmonts whenever there 

v was any excrement present, y'2 test carried out on the Co"Pleto 

contingency tablo was nonsianificant ( X2 = 8-52; df - 6; P => 0-05). 

Thus there was no evidence from the choice behaviour that there was 

anythin, Z other than a sliGht preference for goal compartments over the 

arena, with, aguin, a zlight preforonce for the compartment containing 

the maternal excrement. 

There was no differcnce between the choices made by the control 

group in this exporiment2 and those of Experiment 323.65; 

df 2; p=>0.05: using avoraged goal bpx entries), 

ii Behaviour in the arena 

To determine whether pups wei-e attracted towards the source of 

maternal pheromone without actually entering the goal compartments, 

it was necessary to eliminate pups which did enter the Coal boxes 

'from the analysis. This was because an entry was often made within 

a minute of. the start of timing, and so if these pups' scores were 

included in the time analysis, they i.. rould have indicated only very 

short periods of time spent in the vicinity of either sample of 

cxcrcment. 

The mean times spent by tile pups which failed to enter a goal 

box in the 3 parts of the arena are given in Table 9. It can be seen 

taat the pups did not show a particular preference for the area of 

the arena nearest to the source of the maternal odour, and the 

rate of-airýlow did not appear to influence their behaviour to an 

imt)orLant extent. 
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Table 

1.1cann timer, s-nent by pups i. hich did not onter a goal- 

a 
compartment in differont narts of the arena k 

RATE OF TILI, IN LITTUTES N 

AIRFLOW 
In front of In front of Away from 

(Lit/min) maternal box nulliparous box boxes 

0 2.73 3.2 4.07 11 

25 2.13 2.0 5.9 13 

49 1.7 1.7 6.6 17 

CONTROLS 

Left hand Rigrht hand Away from 

box box boxes 

49 2.7 1.6 5.7 25 

Conclusion 

Taking the two sets of results together, there is no evidence 

that the rate of air: tow influenced the pups' behaviour in any way. 

Althoue; h with all the Groups of pups run, thcre is a Pcrzistent 

small prefor. cnoe for the maternal excrement, comparison with the 

control Group, and looking at týie dichotomy in terms of an a priori 

50: 50 division, indicated thaý the preference was not necessarily 

anythin', r otiler than a chance occurrence. r. > 
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Discussion 

The re--ults of the e? cperiment were disappointingf in that not 

only did the variation in airflow rate fail to influence the pups' 

choices, but the subotantial proportion of pups i., hich failed to 

enter the goal compartment did not show any signs- of preference for 

the side of the arena nearest to the maternal excrement either. . 

When the results of this experiment are compared with those 

obtained in Experiment 2, it can be seen that thcoe more rccent 

results provide even less evidence for the existence of a pheromonal 

agent than the earlier ones, In &periment 2ý 52ýý of the pups chose 

the maternal goal boxy whilst in Experiment 4, the average is 32-5%-ý 

Before a possible reason for this is Put forward, and a final 

interpretation of the results advanced, the independent variable, 

airflow rate2 will be discussed in a little more detail. 

Because the airflow rate still had not reached the strength 

of that reported by Leon and Moltzg it was not possiblel even after 

the experiment had been carried out to completely rýile out the 

difference in apparatus as the variable preventing the pheromone 

effect. 

Although it seemed unlikely tnat responsiveness should occur in 

an all-or-none fashion to a high airflow rate, another posoibility 

was that the femalo rats used in these experiments rcleased the 

pheromono in lower concentrations than their American counterpzý. rts, 

and so a swifter airflow was needed. This point is debat able however, 

and it could be argued equally well that a slower airflow would 

convey a weaker odour more effectively. The main point was though, 
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that it was still not known whether the attraction failed to appear 

because the phcromone wan failing to reach the pups; because it was 

not emitted in sufficiently largo quantities, or was absent; or 

because of some inadequacy on the pups' part. Fortunately, soon 

after Experimený 4 had been run, two pieces of information wore 

obtained which indicated that the'reduced airflow rate was quite 

adequate for the purposes of obtaining approach responses from the 

pups, First was a letter from Leon (dated 28-5-76; included in 

Appendix III)y in which he states that a pheromone effect can be 

obtained even when there is no airflow through the apparatus. 

Second, was the discovery of some work on the maternal 

pheromone in mice, carried out by Howard Knoff, an undergraduate 

student at Keele University. Knoff had also realised that the 

mothers' presence in the goal compartments presented a confounding 

variable, and he had modified the olfactory discrimination apparatus 

so that a stream of air passed over a stimulus animal or excrement 

before it enters a goal compartment. Knoff's work and findings will 

be described in a little more detail in Chapter XIIII and at this 

point it will suffice to say that although he used an airfloW rate 

of only 9 litres/min, some kind of odouriferous attractant was 

successfully conveyed through the apparatus, as evidenced by the 

mouse pups' behaviour. On the basis of these two pieces of 

informationp it was decided that the airflow through the apparatus 

was not likely to be a variable Civina rise to the failure to 

replicato;. as there were no other features of the apparatus likely 

to create difficulties, the apparatus as a whole was discounted as 

the source of the problem. 
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To return to the interpretation of the goal box choicez made 

in this experiment2 and make a comparison of them with the earlier 

experimental results. Iri this, and subsequent discussions of results, 

a convention ., ill be adopted whereby pups' choices in any particular 

experiment will always be indicated by three numbers. The first 

number will be the number of pups entering the maternal corjp", rtmcnt2 

the second, the number entering the non-lactating female's compLLrtment2 

and the final number, that of the pups remaining in the arena. As most 

of the statistical comparisons carried out between experimental groups 

and control groups use the average of the two empty C; oal box entries 

for the control group data, averaged figures will normally be given. 

When control results are not averaged2 then the first number will refer 

to the num. ber of pups entering the left hand goal box, -and the second, 

the right hand E; oal box. 

Pirst, a look at the resulýz*obtained from, the two control groups 

run so far. In Experiment 2, the choices made were 10: 9: 17, whilst 

those of this Experiment were 7: 4: 25. X2 test carried out on the 

two sets of figures (with goLL1 box entries averaged) indicated no 

difference between tAem (-X2 = 3.654, df = 2; P => 0-05). Indeed2 to 

have found a difference between them would have been extremely 

disquietinal az it would either have indicated that the ctrenGth of 

air current alono, in the empty apparatus, was a variab16 of importancet 
k 

or that the pupal rozponses were changing over a period. of time, 

I-Ihcn the three experimental groups from aperimtnt 4 were 

compared with the control Croup one by one2 no sianificant differences, 

u, erc obtained, as was also the case when the whole set of results was 

cast into a4X3 table for analysis. In contrast to this, in 
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Experiment 22 the results 79: 47: 25, when compared with the control 

results of 9-5: 9-5:. 172 were significantly different (, X 
2= 16.46; 

df = 2; p= <0.001)1, and this was taken as providing support for the 

attractive properties of maternal excrement. It was known then2 that 

in Experiment 21 the pups' behaviour did differ from that recorded 

when the apparatus was empty, but. -that in Experiment 4 it didn't. 

To determine whether the two sets of experimental animals 

differed when a direct comparison was made, y2 tes-IP were carried out 

on the results. The 79: 47: 25 obtained in &periment 2, with an 

airflow rate of 25 ll*tres/min. was compared first with its equivalent 

in &cperiment 4 (10: 7: 13)y and then with the other results of 

11: 8: 11, and 19: 9: 17P obtained with airflow rates of 0 and 49 

v 
litrez/min. respectively. In the same order, y2 values obtained VTere 

10-466 (p =40.01); 6.47 (p = <0.05); and 16,227 (p = <0.001)y 

confirming the impression that the pups' choices in Experiment 4 did 

differ from the ones made in Experiment 2. Examination of the X2 

contingency tables made up from these results, following the method 

suggested by Rosenthal and Rosnow (1975), indicated that in all cases 

there was one cellwhich contributed overwhelmingly to the large x2 

value. This was that of the pups in the experimental Croupz which had 

failed to enter Go4l boxes. Well over a third of them had remained 

in the arena in all three cases, whereas less than a fifth of them 

had done this in 1i; xperiment 2. 

Why should this difference between the two sets of pups have 

occurred? The only difference in procedure between Experiments 2 

and 4 (apart from the airflow rate, which appeared to have no effect)2 
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was a change in the method of excrement collection. In 1! ýcperiment 4, 

metabolic cages were used for excrement collcctiony enabling better, 

although still not complete separation of urine and faccal matter. It 

seemed that the collection of excrement by this method had impaired 

the very limited attractant effect which had been obtained earlier. 

It is known that odour from stressed rats influences the behaviour of 

conspecifics (Valenta. and Rigby7, lgu8)9 and it was pozzible that the 

motherso enclosed in the small metabolic cages for 3 hours had 

secreted a substance whose odour had aversive properties. That the 

mothers were stressed to a certain extent was known by tlie fact that 

they were extremely reluctant to enter the metabolic cages once they 

had betý; n kept there, and because they never ate any food whilat they 

were in the cages. 

Any secretions which might have been given off by the mother 

during the 3 hour excrement collection period were not completely 

aversive, for there was not a complete blocking of the mild attractant 

efi'ect. In the case of all three experimental groupsy more pups 

chose the mother than the nulliparouz females' excrement, although 

the prefercnoe for the maternal excrement was only slight, and did 

not warrant statistical analysis. Also, whil3t more pups remained in 

the arena than had boun the case in Experiment 2, more pups entered 

goal boxes when the excrement was present than when the apparat*us 

was empty (in the control group trials). , 

At the end of L'xperim. ent 4 then) when the results had been 

analyzed, compared with those obtained from previous expcriments, 

and supplemented by information from other sources, three things were 

known. One was that tile apparatus and airflow rate were adequate 



- 'ý/ I- 

for tho tas-k in hand. Sccond) tho concluzion t; )cLt 

iaý. tcrnal plicromono waa aloscnt, or pre. -; wilt, in re(juccd quantlitic:;; 
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or it war, prozont, but Vor sorac, reasson fallinL- L ri, .. 
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,I approach xcoponuo from the. pups. Third, the re..; ultz; zut.,. I-eýtad 
ti-. ý; t ItIio 

In 

method of excrement collection employed influonced the Pups' be-aviour, 

and 'so should be rcC; ardod as a variable of relevance in cubzaquont 

exPeriments. 
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'7.11 

TO OLPLGTORLY DISCRIIIT. NATIONS 

JITJ'*,, IOD', '. (GTT(, *i, l 

After 4 had been runý it was concluded that the failure 

tn any ov-1ftenco of a maternal pheromono could not be attributcd 

-L(,, tLlo apparatiýsy but must lie in the pups themselvesl or with the 

It ; cýL cssentiA to ostabliE5h that the PV('Z/C rat pups used 

rur capab e2 the, 3o inveýý.,. tijaztionz could smell, and that the, ee10 

a based on olfactory cues* The experiment 

in this ch, -.. Ll)ter -. 11as undertokon. in ordor to determino whethcr 

the pvqýjs vrerc.. adequate in -these respects* 

OF MATERNALLY SOILED PAPM 

BY 1.2 DAY OLD PVCrZC UT PbTS 

Jones ex(I Vo-, roll (1974) used ar. extremely simple technique wben 

4-hoy irriestigated the effeots of urine substrate% upon mouse behaviour. 

A -mou-se plaecd in a test cage containing a plain paper floor, hcalf 

(, -P izbl. oh ho. d been spotted with u--J-ne obtained ft. = anothor mouse, and 

ha'IS of which was clewi. The time which the mouse beire tested spoont 

the tuo halvc3 of the enclosure was then recorded. in I 

A moclifica vorzion of tbis ,, jest was used in Experiment 5 to 

d(,. tcx!. mino whotheýr 12 day rat piKps wore capable of olfactory di-criminaticrav. 
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A papor vlmot which had previouO, y beer, ,; o-i1cd by tbe mother 

wam placed in one half of a 'Plain rec-tangula-, enclosure, on the fjoor, 

If the majority of the pups displayed a pzefc. -enco for either this o: v 

the c2. ea. n sidey then this behaviou: o would provide evidence that 

olfactory discrimination had occurred. Pups were t-sted at 12 days 

as their eyes were not yet open, wid so their choice would be based 

only upon olfactory cues. 

As pups would be rec corded as being on one side of the box or the 

othor, and thora was no third --atcgory, the binomial test, with a 

p--obability of P 0,5., ýwould be uzed for analysis of the res; Ata. 

nith 48 PuPs testedi 32 would have to select one side of the box 

before the Vull Iýypothesis could' be rejected (P = 0.031, t,,.,, o--tailed 

test). 

Sub-j ects 

43 PIYG. IC rat pups obtained from 8 litters born to females vhich 

had beea mated at 100 1 10 days, * All litters had been culled to 6 

on Pay Ov and pups 'vere tested on Day 
L 

The adult rats were maintained in the usual mannert and had been fed 

tho Oxoid diot. 

ADparatus 

A plain ruetanbgular boxt 50 x 36 x 15 cmy constructed. of white 

ploxiglass, comprised the toot arena. Diring toot smsions a tightly 

fitting transparont lid waz placed over tho enclosure, 

m- usad 'or timinC,, purpv 
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Pro ' r'? U0 

Tho1. cz t ca g ,o was lined with a Sil-lgle Piecle Of Plain white paper., 

=1 a -wire -, rid placed over it. A 12 day lactating female 'Was taken 

fxom her litter naid placed in the bux2 without food or vrater2 for a 

period o-ý one hour. She vas then removed from -the box, and kept in 

a holdtyjýr cage witil all the pups in her litter had been tostede For 

tho tost, the wire C-, Tid was romoved and the paper sheet -taken oixt of 

the box. Any solid matter, suoh as faeces or fur, -was shaI-cen off it, 

an0l. it was then out in half, across the long side, The teý-t box was 

thoroughly washed out and lined with a clean paper oheet. On top of 

-'-his, one half of the soiled paper. floor was placed, in zuch a way that 

the test box now had a paper flooz with a central line doem. the middle 

w1iore the coiled oheet ended. 

Pupz wero placed singly in the centre of the test box, anti the 

transparent cover was put into place, The time which the pup spent 

in Elach half of the box-was recorded, for 5 minutes. If a pup touched 

the central line where the soiled paper endedq then this time was 

4. raoA. Ed subV 1. from the overall score, but was not allowed in addition 

to ti, 5 mi-. I. ut(, o. Pups tended to settle in one place after a period 

of exp]. oraticnt and their final resting position was also recorded. 

When a trial endedý the pup was removed and placed with its 

mothe-r in the hol, din, -:, cage. 1111he apparatus was washed and turned round, 

r, c) t1itA for the next trial the soilcd paper was on the oppositc side. 

The bottcm shcot of paper was replace,. '. -,. -ith a clean sheet. This 

proccdiare was repeated for all the pupz from wiy one litter; after a 

complete litter had been tested, the paper sheets were discarded and 

a neiý soiltiý sheet obtained from 14110 rjolber of' the n3xt litter to be 

teoted. Tv. -tina took Place GVC_- a t1irea day period, 
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Re'llil to 

The sides of the test box in uAch the Pups tlpdq azýd the 

I en-tb of time tbocy --pont in -II, -hc two halvor, =o giver. -in Table 10. I.: ) -- 

Tablo 1.0 

03. : E-A-10, 
maternally soilod 2aT).,., r as stimulus material 

Side of tezit box -N(-, of PuPs scttling Mea-Z timo pCx PUP 
on each side ir, each side 

so-Alled paper 35 3-35 mins 

Clean paper 13 1-47 mins 

Total 48 4.82 mins 

Thi. rty-five pups preferring o. -lo side of the terst arona exceeded 

the m-mill'um of 32 nooded for roication of the Null Hyp3thesis* The 

exact probability of Vj- out oj^ 4.8 ptips preferring, one side is 0.002 

(binom;. al test, *ýwo-tailed) z -.. 3.03). 

The pups spent OVer twice as, Diuch time on the side of the box 

Whiob , %, qd the Fioiled, paper floor; On. the ba, --is of reý, Ultsv it 

'wa. -, concluded that tho 12 da,,,, r rat PuPs tested were capable of 

nakir, f , ý7 olfactory discriminations. 
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: DJ scu.,., i:; ion 

of all, iI. seemed clear. that the 12 day old rat pu, -). -- 

ap"ald smoll,, Spoc-ndly, it is. of intereý--, t to lool-. at the rles! ults of 

this oxperiment within tho uýider framework of tho maternal pheromone 

inve. stigulticns. For the firct time, tLere was , 7, on. e evidez)oe of 

attraction towards an odour derived from the mo: thor. Hollovorg -v. -hethcx 

pup3 would prefer this to odou=s derived from non-lactating females 

wau ztill unresulved, As Lcon and Moltz had found that 12 day rat 

Pupz iio: vc no" attractscd towards the ma: tarnal stimulus in the-Jr 

olfaotory discrimination apparatusq such a preference ii-culd not be 

anticipated; at 'this stagov the bohaviour of 12 day rat pupý- was not 

investigated any further. 

The way that the soiled paper sheet had been obtained meant that 

it coul. d have pJ. (,! cr-, d up a zrariber of different 0--Iowrss frora the facce- 

and'urine, but alao fxcm the mother's ventral surfaco, fur and ano- 

this soiled paper genital region generally. The pups' proference for I 

need not neuessarily be a reflectiozi of the presence o., ' a ziaternal 

pheromone in the faccos. 

As the pups I eye3 were not yet open, thetv xrefcrance could not 

have boon ba-zed on visual ztimuli- 1.11'Us raight havo been, posziblo 

Irith older pupo2 az the soiled paper ii-as a little Dtained by =, --no 

ill places, Howevers the soiled oaper sheets were not sufficientl. v 

covered in urine or excrement ever the 14. hour pexiod to become soggy; 

both uhootr, of paper in the nrena during testing poriodr, were qu-. 1to dry. 

This simple -t(ýL-, uing technique was in many wayu, better for obtaining 

prefevencea Th= the morv coraplex olftLotory disoriminatlo. n apparatua. 
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"bore izao no piimp motor noiso frightening lt, ho pups, and althougli 

61hey weve being Placed into an open-ficid uituation, the test 

prised this alone, ratho-z than an open-field plus exit poingir" coin L 

It was noticed 1-, hat when pups were removed froza. the test box 

aftcr 5 MinutesitheY were quite coldy a fact which pmobably helpe,! to 

bring about their immobUi-Ity, V lo'za' of In thIs simPle apparatutý, their 

body heat is not very importantp as their choice of eide involved veiýy 

tho little rio-voifent. Its occuxrence means though, that it could affect 

c'acj reaults obtained from suoh young pups tested in the, ol. 3 k1oxy 

discrimination apparatus, whore after 3 hours separation from tho 

mother2 the pups are relatively cold bofore testing startst &nd where 

they are requi3: od to move about half a metre. The JiMplication of 

this will be discussed in Chapter UV. 

Conclusion 

The results of Ekperiment 5 indicated that the FIGIC rat pups 

used in the investigations into the maternal Phexomone could smoll, 

as tbey were capable o. 41L' making discriminations on an olfactory basis, 

The fact that they did not seem to respond strongly to the maternal 

anal excrement could no longer be attributed to ar,, y deficiency in 

olfacticn on their part. instead,, it might be that they could make 

the diescrimination, but for unkno-v,, n reasons fai],. ed to enter the 

matornal goal box. This possibility is explored in subsequent 

experiments. 
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c lip. YT -M vIII 

ON OLDER PUPSt USLUG Eolý"E C, 
-, 
V, xF; 

URINE AND 11,11-10BILE BODIES AS STIEUT. -US M"-. T&'. TIJj 

111TRODUCTION 

In the loiýst fow experimantsf 17 and 18 day old rat pups were 

testrA in the olfactory discrimination apparatus, using the standaxd 

proo-edure do-coi-ibed in Chapter III, 

iftc= tho pups had been run ih the appawatur, onceý they could 

not be uscrid again in any of the main experiments, yet it was folt that 

thooe post-18 day pups could be used for other work, rather than 

dispostd oE immediqtely, A second testing provides two confounding 

var-ýablosy* experience in the apparatusq and age, Hoi-revert as the 

first e-Kporlmont had demonstrated so olevxly that what seemed fino in 

pr, in-wiple. Jid not necessarily work in practico, no harm could be done 

by trying, out new teabanique. s, or making preliminazey inv, -ýAigations with 

pups which had already been tested once. Consequentlyt three 

experiments were wiaertaken during the course of Experiments 2p 3& 4P 

4 with such rat pupr4, The result-- from these pilot studies are 
w 

reported out of chronological order at this point, as they influenc6d 

thu direction of lator experimental work. 

- Although it was only Imown after Experiment 5 had taken place 

that -the failure to replicate could be narrowed do-ýin to the pups' 

dioinalination, rather than inability to chouse the matermal odour, 

ox- to of elpission : I'com the mother, it had 'been felt from the 
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dC*pr: lVa-. L p,, r. -: +, cjt maternal i0j, 1; i, e, 

m -; inipulat ion of mutivai; ic-a levels, migh-ý, )oring better ý rozullc. In 

-Oi. cse pilot otudicz, motivaltion levels are altored by increasing 

dop-rivatilon from 3, to .; I- Or 13 At the sar. ria tiweý in IbIperiment 

there io anothor alterution, in that bedding matemial frorn the homo 

caga, rather than matornal excremont -van used as stimulus material. 

Stimulus material iqa-- difforent, again in DtPeriment 7y wben mate'rnal 

urine was opposed to male rcat urine in the olfactory discrimination 

apparatus. , 

A-3 thwoo had been very little indication of any preference on 

the pxvt of the rat pups for any kind of maternal excrement,, in the 

third Pilot studyý Experiment 8p intact animals were used as stimUll's 

matlorial. Rowcver, to control for aud-A. -Lo-ry cues, the stintulus aninialo 

-were anaesthetized before being placed in the goal boxes, The rat 

pups in this experiment were 24 danys old when tested, 

aPMIMETPL 6. - ATTRtCTION OF HOME CAGE BEDDTTjGl 

HOURS OF MATERNAL DEFRIVLTION 

introduction 

This experimentg in which the period of pre-test mateznal 

deprivation was increased from 3 to 4 hours, took place imuediately 

after the first experiraent2 in which problems of excrement collection 

had ýwcisen. It was decided not only to use bedding material from the 

homa eager rather than excrement, as stimulus matlerialt but also to 

incToase the length of pro-teat deprivation* 
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PuTrione 

The purpoBe of F, xPeriment 6 i.., as to determine whether pups 

deprived cf maternal attention for 4 hours would be attracted 

towards the Epal box in the olfactory discr. -Mination appaxatus which 

con-tained bedding material taken from the home cage2 rather -than that 

containing material taken from the cage of a strange non-lactating 

female. 

Sjlb-jqcts 
ý,, L - 

. 24 PVG/G rat pul)z P-Sed 20 dais from 4 litters were uscd. They 

had -already been run once In the olfactory discrimination apparatus, 

Aj2paratus 

The rat pups were tested in the olfactory discrimination apparatus* 

Procedure 

Mothers were removed from their cages 4 hours before testing 

ste. rted. Approximately 50 gm of home cage bedding material (torn 

paper plus faecal matter), which had been unchanged since the week 

before parturitiont were placed on a fine wire grid in the olfactory 

diccrimination apparatus goal boxes. Bedding material from the pups' 

own home, cages ifau placed in one of the goal boxesý and I. be same 

material from the cageo of 3 non-lactating female-- (approximately 

18 gm from each) vas placed in the other, 

The standard test procedure; using the Olfactory discrimination 

, -. pp, cxatus wa,, 3 followed; all the tcztoing took place czi ono day. C1 
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Resiol-I u 

Jecs 14 anterd the compcx-ment containing PI! '-P; 3 r"ad-O P- CIAO. A. 4ý 

U-je ho,., Lo bodd). n,, -, 2 and 10 entere(I the goal box which cuntained 

tho -hp,. dding from the non-lactating fernale, 

The probability of such a division into two, wffien the binomial 

to--t wcxs a-Pplied to the results, is 0-542 (P =Q two-Ioailed 

probability). 

Time., tliere is ro evidenoe that the pups ciisplaZred any prefezence 

for their o-vm home cage bodding. 

Disawmion 

A zlightl,, f longer Poriod of maternal deprivation and a largorg 

famil-. 6ar anouri-ti-I of material in the goal box still failed to elicit a 

prePeronce for the maternally derived stimulus. 111ome-cage bedding 

irould provide what has been called a "medley of aroma". It contained 

faccal matterp dried urine, and odours derived f: rom direct contact 

with the motbers' bodies; even soy there was still no sign of any 

att=aotant effect. 

It was int--erosting that the 20 day old Pups all chose a 

compartment, As they had already been run in the olfactory 

discrim. -Mation apparatus, their familiarity with the test procedure 

might have meant that thoWy were leas stressed when tested, and so this; 

influcnocd their behaviour. Or th-cir readinezc to cater goal boxco 

niglht have bocn a function of age alone. A third explanation for the 

chango in bohaviour is that the sli. ghtlj longer period of maternal 

deprivatian rosulted in altered Lýotivatiun levels. 
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AT PRl', F! -; HEXCES ýUR URINE 

introc]u ' 1; 1311 

In tho very first paper on the movement of pups towards a 
F, 

r3-RtI. 'IrnaI c-dourv Nyakao and Mid-roe, --; (1970) reported that pups were 

attracted towards- the mother's urine,, In 19717 Loon and 15ol-Itz found 

that 82ýý of a Croup of 1-6 day ol(I pups entered a goal box in the 

olfaotoxy diacrimination apparatus which had been soiled by the i., jother, 

and wh! cJ'., 4 prcouiaab'I, 4 contal-ned both he- urine and faecos, Elowevez, in 

his monograph "Maternal Pheromone'19 Leon atatos that only 33ý1,4, of a 

"ernal urine. group- of !6 day pups entered a compartment containing malo 

urhen oppooed to an empty compartment (Leong 19759 M-cpcximent 1C). it 

appears that there is a certain amount of confusion over the attractant 

propc=tiso of urine. 

Pur, eose 

The alm of this experiment waT to see whether 20 day old rat Irops 

were attrac-l-, ed towaxds matc. -Alial ucine -v. -hen this was opposed to urine 

obtalned. from m-ale ruts. 

Sub, 12: -_ts 

30 PVG/(, rat pups, aged 20 days, from 5 litters which had alroady 

tus were used. boor, rlul in tho olfactory discrimination apparat 

FAinteriance vms norrrals and the adult rats had been fed the Oy. oid diet, 

Urine waE) obtained from 2 male rats, aged 145 -± 10 days. 
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A I) L)""t ; 1, 'ý. IIs ', L. b -. - - --. 

The olfactory discrimination aPPc'xutuS 1'-zlz us--d fOr testing the 

yu, -Ine 3amploo v-oý, *o cages dosor. ' . ps. Ur- -C collected in the metaboli Lbod 
ki wbaptor 

Itocadure 

Tho rat pups were deprived of maternal attention 
'AUr 18 hours 

before. taatinG selssions) which took place OvCr a3 dxr period. 

Urine for the goal compartments was obtained by placing IV -he 

mothers and nale rats in individual metabolic cages fox about 3 hour-s. 

The urine v-hich collec"ted below the cage waz poured onto cottoon uocjý 

and this, vas then placed in the Coal cOmPartments, The standard 

test pror,, edure , Tas. then followed. 

Results 

of the 30 ral, pups tested, la made a choice by enter-ing one of 

-the t,, %, o goal compartmentss 10 chose the mothex's urine, and 8 choso 

the male rats I urine* 

A 
V2 

tej3t wa. -, carried out on the results, in which 101 8: 12 7N 
-gas comparod with the results of 10: q. - 17 obtained from the control 

g1rOWO of Experiment 3. It llas found th tt =-o as no sianific, t 
Iah -an 

difforenco ( X2 = 0.373; df m 2; P= >0.05)o This suggests that th6 

pups vesýo bohmving in tbo same way that they did when -the apparatu-, 

was emptyo 
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Dii, 

Althcu, 7h thm-0 is c-, omc disagreement in tho published literature 

a_- -to i4hether young rat pups will approach maternal urine, it -,; ac. 

zu: rprising that the young tested in this experirient did 
-not prefer 

it when it iTas contrasted vrith urine obtained from male rats. 

0"0 Wyakas and Fz-dzoczi (1970) had observed that if live animals 

we-re placed in the goal boxes, the mother was approached in preference 

to a maley and so a discrimination ap . peared to be taking place. 

Unfortun"telyl, experiment was subject to 10he same confouriding 

variabIcs, as, much of the work reported by Leon and bioltzg and so the 

dis-orimination may not have been due to the operation of olfactory cues4 

Another point is that the Pups tested by Nyak-as and EndrO=i wore only 

aCed 10 days; their attraction to urine samples at this age does not 

necessarily memi that they will be attracted at a later age. The age 

at which Leon and Yoltz tested rat pups ums 16 days, and this difference 

a! ules out a. direct cowparison of results. 

At the time this experiment 'was con%*4uctcdv it was not kno-on that 

the method of collecting cxcrement from metabolic cages might be an 

importmit variable. In retruspect, and in view of the later findings 

from aperiment 4, in vhich the im; )Orteanoe of collection method 

emergedv these results do not necessaxily indicate that there is no 

attractant preaent in maternal urine, Its affect might havc baon 

attenuated by other occreticns produced from a stressed vnimal. 

A problom of intorpro"t-ation might have arison if the pups had 

preferred the maternal- urines This could have boon indicative of 

avoidwnco of malo rat urine, zather than approach to a materna-I odour. 
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T-", ODlM' AS STIM-i-MUS YAT&ITJLL 

Introduction 

Rathor than uso mobile animals in the goal boxes7 ao Lcon axid 
4 rly oy Yloltz did &. n ma. porimonts., it was possiblo to obtain the zame 

oal. ractorZr cuesy but without confounding variable. nj by using 

anaestheti-sedt immobile animals in their place. Immobility could 

be indu0ed speedily$ and with little stress for the animall by use 

of IrDwtoW. 1ung a drug manufactured by hossrs. Reckitt and Coleman, 

Hull. betails WE' Immobilon aro given in Appendix III, 

pli-Imose 

This c; Lperimenl-, was a pilot study' in which a technique for 

'us animals before placing thcm in tho goal anaesthetizing tLe stimuL 

boxes would be tried for the first time* Rat pups i; ould be tested 

to see whether they displayed a preference for their mother's bodyt 

or that of a. non-lactating female. The pups would be dep3Aved of 

maternal attention for 18 hours before testing took place, 

Stibjents 

36 rat pupzf areed 24 daysp tvd-cen from 6 litters C. ý which had been 

already tooted in the olfactory discrimillation apparatus were used. 

Two non-luotatille females of the came strain7 I'VG/Cj naid of the sano 

ago i- the pupE; I mothorz were alzo uzed. c, = 

Maintonau. co wari as doscribod in Part I of Chap'4#cr III; the adult 

rats had beoxi f ed the Oxoid diet. 
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The olfaotory discrijujit--ation apparatus (airflow 29 1 itres/rliia) was 

=, ý, d Ccr te, 3ting the pups. 

Procedure 

Pups were separated f-com their mothere the Y). -A. g1l i tu before testing 

irao to take place, and they underwent 18 hours maternal deprivation., 

A few minute3 before a test session begang the mother iras taken 

from th, -. holding cage, and given an In, '-ramu3culax injection of Inimobiloll 

(1 rQl per kg body weight) sufficient ', keep her uncon-acious for at 

least an hour* One of the non-lactating females was also given the 

cam-, -!, drug troatment. The ti; o femiilc rats woi-e tban placod in The goal 

comp=tments of the apparatus so that they were both lying on thcir 

sidozp ventral surfaces towards the centre, heads rxearo-. ý, t the irall 

furthest from the arena. Pups were always testea with their own mother. 

The standard test procedure with the olfactory discrimination 

apparatus was folloi.. red, with the stiraulu-S, animals zevarsed7 washing 

out, etc., every third trial. Testing took place over three day--, & 

Results 

The following =oaponses were recorded; 

Pups which entered the mother's bc: t ........................ 12 

Pups which entered the non-lactating female's box* ......... 22 

Pops which rem--ained in the arena .......... 2 

Total 36 
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x Lc.. st carried out on these enti the 18 day control 

grou, p f-rom 11, ýgporimcnt 3, vms siGniftcallt at- the 0,001A. level ( X2 

df = 2). The actua! comparizon, numbors used were 12S 22.1 2, against 

9-5: 9-5-t 11-7, Ithe latter being the averagcd control results. 

Discussion 

All but two the pups preferred to enter a goal boxy rather than 

remain in the arona, At fl-rat zightp the fact that the majority of 

pups choso to enter tho ntýn-lactating female's compartmant seemed 

bizarre; howevery examination of the contingency table, and the 

"expooted"froquencieog indicated that most of theý2 value la in tbo Y X 

numbor of PuPn which failed to enter a compartmentg rather than in tho 

otilier four collo. 12he binomial test carried out on ths thirty-four 

pups which did make a choice gave a nonsignificant --esult 
(P 0.124), 

indicating that the preforenos for the non-lactating female was no 

more than might have been obtained by chance, 

At 24 days age, theso pups were almost weaned, andq additionally, 

they Ir , ere already familiar with the olfactory discrimination apparatus, 

It could have been that they waze not motivated to obtain food from 

thei. - mother, even after 18 hours deprivation, but being less fearful of 

the test procedure, they exhibited more exploratory behaviour and 

entered the Coal boxes as one consequence of this, Another possibilityp 

briefly menticned in Expcriment 6? was that older pups tend to enter 

goal cor., ipartmonts, regardless of familiar. -edure or -Ity uith the test pro- 

apparatus - laltuaý. y the rezults. of Experiment 10 indicated that this 

waa tho case. 
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suim s, nry q-, ý' tý; ý 'I and 

"t to intevp--et the resulta from these experimentc, It d2ffilcil- 

as therc ifezc vcveral confound. inff variables prefýcnt, Howevor, the 

-W give pointc)vs -LIVoiTaxals vp-riables- which-migrhlw be waxth examininf-', 

aiid in 1! xperiment 8v the tooliniq: ao using the. drug Immobilon had proved 

and did not appear to have any drawbacks. 

, In the light of the results from these experiments, it was decided 

to crarrg out an experiment i. n which naive 18 day rat were depriveO, 

of : iatG: cna1 attention for 18 hour periods befor . being I-ested with 

faecal mattor or immobile bodies as atimulus material in tho goa3 boxes 

in subsequent experiments, U. sov the beLaviour of 24 day old rat pups 

in the olfactory discrimination apparatu--7 under standard conditions, 

liould be examined, in order to determine whether it differed from that 

shoim by yoimger animals. 

Both experimozzits, which arc reported as Experiments P and 109 

would bo run vith their ourn control groups, 
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TWROIUCTION 

Two ouLs, of exPerimantal work ,, rill be covered in this chaptar* 

The p-Jc-, t Studitýs which wero reported as Rx-parimento 6s 7 and 8 im 

thc liapter indicatod that the leneh of time whioh pups previous cl 

b "lod cl, -ý, Prlved *-2 matcrnal attent'dor. - o-- what might , -j ca- 

CCU'Ld have some bearing on vhether tn., e pups we-i-, e 

att. vuitcd towards tho maternal stimulus. 

In Part 1, an exporlment in which pups woro ! E; olated their 

mothers far 18 hours before being given the choice of different types 

of faecal matcriaJ2 or two anaosthetised animals in the gcoal boxes 
I 

is described. 

I-, ups aged 24 days id., ich had been run in the PilOt studiez made 

a JUgh proportion of goal box entrIes, and co a sat of jompari. gons 

in which the ivgo of tho pup is the ind, --pcndent vaciablo iia: 3 u-ndertakent 

and is -reported in Part Il of this chapterf as Experiment 10. 

Part III comprises a summary of -the conclusions reached after 

wid 10 luid boon conducted. 
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PART I 

EXPL2111MINP 9: PRý; -TEST IIATIERTNAL DEPRIVIK1.11ON OF . 18 HGURS 

lntiýocluction 

In Experiment 6p 1.1hon the prc-tc: 3t period of maternal deprivat -ion 

had been slightly increased to 4 hours, thero Was still no evidence 

Of any C-i-eater tendency for the pups to awroach the stimulus material,. 

A fim"Loher increase to 18 hours had not produced approauh respon. --ea or 

discrimination iffien urino samples were uzedq but -when 24. day pups vere 

tcated after the same pcriod of depri-va-Lion, in Zxperimont 3, iTith 

immobile bodioss a much greater proportion chose to enter the goal 

boxos. However, It was not knoizn whetlier this propenuity -was due to 

the nature of the stimulus, material, or a function of pup age* 

In this experiment, three sets of 18 day old pups were rung 

after having undergone 18 hours mwternal doprivation. -Pups of this 

age are capable of surviving in the complete absence of the mother; 

thc'jLr body temporatures remained high, and they -'. 'fore very Mobile 

i, rheri placed in the teo-t apparatus. One set of pupz was to be tested 

with faecal mattcr providing the stimulus materialt another with 

anaesthotisod animals in the goal boxcaq and the third group 

cowprised the control, tested in tho enzpty app=-atu3. 

To dctoxmine whother 18 day old zat pups erould. be attracted to 

maternally derived stimuli if they Ijad been deprived of maternal 

attention for 18 hours, before testing took pluceo 
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sub. jsro-toý 

IU3 PVG/C Xot PuPaj agod 18 days, derived from 18 litters bo=n 

to foinale ratz -which ha(I been mated at 100 1 10 ucro u--(, d. 

Faec-al mattor ira. s ob-'tý. ainod from 6 nullipc-rous females of the same 

age aa the motherz (140 1 10 days when tosting took place), and tj=oe 

of these females were anaesthetized for use in the seccnd set of 

oompari;. ions, 

Yaintý)nanoe vas as- described in Part I of Chaptar ! II; thle adull-, val'Os 

up, re fed the Oxo-. i, (i diet. 

11121-2ýlr"11'3 

The olfactory discrimination apparatus was used for testing the 

rat puoog the airfloiq rate was, 29 litres/min. 

P, xcrement was colic-acted by means of the laetabOlic 

Procedure 

Ilio-thars were removed from the home uages 18 hou--t-s before th,, Ar 

particular littera wore to be testfd, The 18 littern -vere diVided 

into three groups of sixy and the comparisons to be r; iado weres- 

Group Val Oxc=czient; motthexte versus 

nulliparous femaless, 

Group 2 Immobile bodies: mot -her veraue 

rralliparous female, 

GrouP 3 Empty goal boxes. 
(Controll) 

The standard test procedure was folloirodl, caid testing, took place 

over a period of 10 days. 
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ri,, sv" to of aro givon in Tablc 11. A. 

Tablo 11 

oiir o' 18 da old uhich have "hoice. behav- 4 

privation 7ande: Ei-, q, ja 18 hours pre-test maternal de- 

PITS BF-H&VIOUR Np 

4itcrod Unterad. Remained 

wat ernal zion-maternal in ar ena 
gI box I box oa. goa 

10 11 15 36 n. s. 

2,15 16 5 36 0.001 

(bodiocs) 

CONTROL 

! oft hand Right# hand Remained 
1: 0: c 

I 

box 

I 

in a--ena 

22 

-npty) 

Tho zienificanle levais refer to comparizons carried out betizeen 

each set uf data and thu cont:, ý, nl c-., oupv usingX2 to3t, and tho lat-cor 

havine, the two &oal. box artries avuraesed to 7- 

Ther, D vas no preferenvo fo. 1 the. matexr. al excrement (X2 a 2.74; 
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d-f - 2) 9, but iThOn JUI-Trob. "Llo bodies wc-. r2 placed in the goal bo, -, -asv ri-oze 

of the rat ptipc entered Oew -11-ifian w1jen they vTere empty ( 7v 2- 17-134; 

df - 2). Despite tbis highor number of goal box entriesp there was no 

evidenoc of any preforonce for the mother to the nullip=ous femal. e. 

Discussion 

Before the effect of the inoreaned depriva-tion period upon tba 

pups' behwýriour is assessed, the control group results will be 

examined. The averaged results of 7S 7S 22 were compared with those 

obtained from the contro'. 1- iTzoup r*Lui -'-rx Iýzperiment 2 (9-5: 9-5: 171 

averaged), and were indistinguishable. (%2 - 1.397; df = 2). Thus 

dar. 'ri-vation levolz alone did not influence tho pups' behaviour in tho 

testing situation, and it was luiown that approximateiLy ono third 

could ba expected to enter the goal compartments unless the contents 

exerted an influence upon them, 

Tho results obtaincd from the six litters tested in Group 1 

indicated that the excrement samples were not acting as attractantz2 

as ovide, )=I by the fact that these re--ultz are indistingniichable 

frcm, these of the control group. JL-- the pups must have boor, hý, nigrxy 

afto: v 18 hours without tbeir mother (and this was shoi-m by their 

ima, "-iiate and keen suckling i,., hen -they were reunited), it was 

concluded that neitlier the maternal, nor the non-lao. tatina- females' 

excremont c. -ntained an attractant whoso effect depended upon a 

oufficlent lovol of motivation. 

Luch Liora promising re., #ults iý., are obtainod froij tho cecond g7. 'oup 

of pvDn, which wero presentcd with the choice of two immobile bodies 
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ir, ttar; gc, al eomj), -xt.,,; iQntn, Althoagh they failed to diccriminpate the 

MOthOr f: ý'om the, other fe. male, thaý, fact that almost all of thazi left 

the arene. svZgestcal that some kind of attractzzit was present. As 

the stimLllus anivials mere both completely motionless, -this attractaxit 

must have bcon olfactory in nature& Because thL3 was the first proper 

experiment in which immobile bodics were used as stimulus materialv 

it waz; not lmoini whether the pups' behaviour -gas dependent upon an 

18 hour deprivation pericd7 or whether they would m-ospond in the same 

way to bodies after 
.3 

hours deprivaticn, Th.; s question iras 

r, o-'L. oxaminod vubooquently by work in which the olfactory discriminat 4 O'n 

appo: t-atus was used, but by a different mathodl reported as laperimeirts 

16 and 17. 

Finallyp a comparison of the results obtained from V-, e,, 1firsV 

Croup was mada with the data obtained from 2 c-I'd 4, P whore 

rats had been given the choice of excrement samples. It will be 

recalled "what L; ome difference bGtween the results of the., t) two earlier 

th, c. )-PCI. H. ments had been evident, and that', this was attributed to p- 

110thod of Oxeroment collecti on. Tho results of" Gxcup I of t)aio 

experimenty (. 101 ID 13), were indistinguishablo from the L 30: 7: 13 

obtained In Rrpuriment 4# when the airflow had becn 25 litýýas/juin. t 

1., 
2 . 0.,. 1,3,9; df vý 2; P ->0-05), Both had ut 1 babollo cagczs v A-lized met 

ae amdhod of cxcronent collection., xnd siuilarlyg the more recont 

rcs, vults difýrorcd significantly frora thoue of acperiment 2 ('v2= 18-45; A, 
ttraction df -- 2v P -40-001)p where there had been a sui3gestion of at - 

to the watai-nal excrement when it had boen collected by wea-as of 

small holding cagez. 
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GO Il CIU S: L On 

There wao still no evidcnce of the presence of a substance 

wIth attractant ProPerties in maternal excreuicntý as even after 

Prolonged deprivation the pups failed to approach the mo-ther's 

excrota, 

. 111thoug-h the young were influenced by olfactory cues, md 

showad approach tLndoncio. - towards imrobile bodies in the goal bo:. -est 

it, wou not, kmoim whether this vas a fimotion of the prolong-ad 

m4tGýýnul deprivation, or due. to attractivo olfactory prope: Cties of 

tho bodiest which might, exeritl their influence upOn the pups even 

witbout pro-test derprivation. 

PART II 

EXPAIII-071' 10S FTJPS TESTED AT 24 Y, 'S AG E 

Introduotion 

The American researchers note several times that maternal 

pheromone io emitted by the mother between 14 and 27 dayo postp=tum. 

(Leon =d Moltzp 1972; Xoltz$ Leidahl. and Rowland, 11970 Lcidahl and 

Molut 1975; Leont 1975). This statement seems to be based on the 

results of a single experiment reported in 1972 by Leon and Nloltz, 

(Leon and Moltzy 1972). Sor. c peculiaritica of the Arjer. -I. Can vork 

undertaken on the times of ejai, ý%sion and response are evident, and 

these will bo discussed in Chapter XIV. 
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A3 war. littlo cvidence that pLps were -cespanding to a 

pkieromono, Ut 17 aiid 18 days, a-01 and encouraged by thO rOS,., It: 3 froM 

Lxvvrinent,, ý. 6 zind 81 where many of the oldor pupa had entezed goal 

boxeoý ratber thcui remain in. -the arena,, it -was conaidered feasible 

that Ithe rutý.; uzcd in tho Mal! laboratory were emittin, " a pheromone$ 

but at -a later ago than the Amarican Ifistar rats. Consequently, 

xiother set of tozte was undertakent using the olfactorg di3crilmination 

appcxatua and utandard test procedure, but with 24. day old 1pups, 

Onoo roro,, three aro,,,., os wore establichod, This timot they w--re 

a con+: vc, " groupq a group given the choice of anal excrementp and one V- 

pi! t, scrited with homo ca-ge beddling material in the goal compaxtmento. 

In the p. -Uot study reDm-ted. as EkDeriment 8,24 day old pups had 

bor, n tested with immobile bodies present in the goal boxes. At the 

, time of the study, older animals had not been testcd before, but as 

these animals xrei! e being tested for the scoond tim--, it was not Imown 

whothor their preference for the goal boxes could be ascribed to their 

maturltyq rjr. the fact that they were familiar with the apparatus. The 

sotting. up of a control gToup in this experiment meant that the 

results obtained from the pilot stvdy, with its confounded Va_r4ables, 

could be evaluated* 

Pur-00'se 

Tho aim of RrPc=imcnt 10 was, to dizvo-ver whother rat pups aged 

24 days were attrdeted. towards material derivad from thoir mother or 

homo cagel in preference to that from a non-lactating-female. 
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Sub' 

1 101 3 
-, V G,, /C rat pupz, aged 24 dayn, born to 18 fornale rats vhich 

had buen mlwcd at 95 :t 10 days were used. 

Faecal matterp and home cage bedding , was obtained frola 5 

nullipa. ruus females of the same age as the mothers used in the 

experimentp which were housed singly in cages identical to tho 

ones oocupied by -ýhe mother: 3 and litteris. 

l4ainton., nap. was as descri-bed in Part I of Chapter III; the 

adult rats wore fed the Oxoid diet, 

,, kppazatus 

The olfactory discrimination appaxatus, with an airflow rate 

of 29 litres/min was used for testing the rat pups. 

Excrement was collected from the a-dult, animals by means of metabolic 

cages * 

pxocoduro 

As in the previouc experiment, the 18 litters were divided up 

into three groupa of six, ý The test mttorial f, -r each grour, ja 

bolow,. 

Group 1 Anal oxo?. -ement: matornal versus 

nulliparous fomalo. 

Croup 2 Bcdcling materials huno caga versus 
that frc. m nulliparouc females. 

G. rouP 3 Eripty coal bumcs. 
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When bcdcini7 , to be ured as stimulus materiall -1pproximately 

: '-)0 6-m vals tý:., kun the nasting wea of the home ca6; c2 ulther of a 

pz, -: Vtj-oular littCZ, 01" froln the cagos of sevoral nulliparoua feviales. 

I! bccrcmeyit, was Collected by il. solatinig the donor animalls jai the 

metabolic caP, 'e. '; -f Or 3 huurs. 

The standard test procediire was follo-viodp after pups had 

undergone 1-8 hours of pre--test maternal deprivation. 

Results 

Tablo 12 showa tho results obtained from &rparimc,., t lo. 

t 

T Aabl cr 12 

qjjýRd I. I. Cl-.,, altf3 Obtained from 24 day d rat a !! it'lliq: 

undergone 18 holrs prp, -test rater)laj. deprivation 

1 PUPS BEHAVIOUR N G1 .1 OLT p 

En-14, ered Ebtered Remained 
maternal 
goal box 

rion-mternal 
goal box 

n a- ena 

11 22 3 36 

ýczcoromcnt) 

2 23 9 4 36 nso 

(bedding) 
CONTROL 

Lef t hand Right h=-,. i RQ=ained 
box box I nu iLý ena 

3 14 18 4 346 
(empty) 
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Oajýjý)(j out -t)ctween tho vv. -. o aatý, -, of rer-ults and 

the control L! Poup rý: ults, bull the values obta. 1ned were nonzienificant 

v 
ý2 = 2.012; df =2 (group 1); 7,2 -4.216; df =2 (group 2) with 

avcragcd control fiC=es). 

Thus the rt. ---. cults 'Und"Loated that pups aCcd 24 days were not 

attracted towards anal oxcroment or home cage bcddingý when these hinds 

of stimulus material were placed in thiý., goal compartmento of the 

olf, actory dl--o. A. 4A'laluiQn apparatus. 

Te-king trze numbers of pups uhich entered goal boxes only, it was 

possible to dcte5. -mina whather the PUI)s demonstrated a pKaference fc= 

the maternal ctinrilus materials by comparing them with the 50. *50 

divi,. 3ion which would compricso the Null IýYpok-hessia. For the pups Civan, 

the choice of excrement in the goal boxesq the divizion into 11 which 

preferred the matqrnal excremont and 22 the nullI. Oarous females' 

excremor, t uas not significantly differen-16; -1-74; p=0.08v 

binomIal tor-ts, two-tailed probability). There vraz an indication of 

preference for the home cage bedding shown by tho pups in Group 39 where 

the divizzion in'to 23: 9 meant that the Rull Iýypothe3is could be 

rejected (z- -2.298; p-0.. 022; binomial teat, two-tailed probability)e 

Discu! ýsion 

Whilst the results aro dissimilar to tho--o reported by Leon and 

Boltz for 24 day old rat pups, and do not . nzpport the notion that 

maternal excreraent contairia a pharomorie with attractant propErtiea, 

they do suggest that 24 day old rat pups prefer arltiwulus vith a 

familiar odour. - 
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. C)ra tli,, The rosalts (bY COMPaxing the cont-rol group fr 

exporiment with xhv. i run in h'xperiment 9) that 24 day ol d pups are 

more like2y to enter goal boxes t-han 18 day pups [, -j. VGn the same period 

of pre-teDt maternal depr. -Lvation, There is a signif--cant differcnoo 

between the two group,., i ( kcamp=ison data 7: 71 22, and 16t lot 4t 

rX 2 
" -= 19-5; df - 2; pm0.001), indicating that an increased number 

of entries into the goal "boxes cou_)d be a funution of ag loneý d oa an 

not necessarily duo Lo experience in the apparatus, o., - qualitier, of 

the stimulus materialy as had -been speculated. zifter Rcge-riment 8 had 

been run* 

It ie not kno-An why there should be. such a strong revernal. of 

,, Oal box entries botween the experimental grouus run in this 

exporiment, Dýren though the metabolic cages had been used foýo 

exoremtant collectiony t-here was no deGline in the actual n-amber of 

goal box entries made when the results from t. he group tested with 

excrement samples were compared with those from the home cage beddingg 

or control animals. Whether the isolated mothers were strcz-sed more 

then the nullipa-vous fenalovv and secreted -, subs-41-ance with aversivo 

properties remainc a matter of apeculat. -Lon. 

It is knovai that r. n. aternal female rats will rcspond to altrasollic 

calling from younb; pups (Smith, 1975)v and as the metabolic cages were 

in the colony room where all the experimental animals were housedp 

including the young avra-i-ting testirgy it is conceivable thalk, the 

motherz were agitated by the sounds Mado by the young rats in the room, 

Howeverý it is oomethirqg of a that tb: Ls should happen in this 

particular exnerimenty and not, for instance, In Xxperiiaalit 49 whop- 

metabolic cares Iv,., d rmloo beca uSeLl. It 
L> .. should bf.: t re-raembered thoug-h, 
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-1-hat ia th,, ý case of both Group, 2 in this experimontt and Br V 

i. he numbers of pupa entering lv"o nort-maternal goal boxca woro not J- 

significantly different fýoom those which might have been expected to 

do so on a obance ba3isý 

If one thiriks about how 24 day old rat pupc., might behave in this 

tes-I. ing, situationg and if ozae had. never hcard of ihe maternal 

pho. romone, then the rasults are probably what mould have beer, predicted* 

14 days age, and Rat pups noi-mally utaxt. to cat the adult diet at about, 

those touted in, tbis expe: rinentp 10 days later, vere -, rir-1wually wuLýj-)ede 

Irideo&p the age at whi-. h laboratozy rats are separated f=om their 

mothe: cs in Laany animal colonies (including the ono at Hull) is ; ý-" dayz* 

So, for older pupst there does not scom to be any reason why they 

sj, -ould seek out thoir mother's exorement, or any stimulus associated 

1, -ith her, as rhe no longor provifts a souxce of food. If the test 

procedure constitutes a stressful eventp then pups might enter goal 

boxes ýwhich contain material with some kind of familiar odourý rather 

thar. remain in the txena. The goal boxes are dark, and for this reason 

alsop present a more attraotivo alternative t1haz tho briphtly lit 

arer4a. 

In retrospect thong it aeoms roasonable that 'there should be no 

evidence of attraction to a pheromone, 0 matern lly derived odour 

for PuPs of 24 days agep despite published reports to the contrary. 

Conclusion 

Rat pups of 24 days aCre have a Prcator -1wandency to enter the goal 

compartmon-Its of the olfactory dis, -rimination aPP, 'r, tUs than do 18 day 

^or the gual boxco. to -1 old pups, Although thaj. P. -cei 40he axenag they dcj 
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not oit, ir, - uxozewent or home cago bedding when it is opposed 

to the same malMrial which has been derived fror. non-lactating female 

=ate. On tho othor h=d, there is an indication that homa cage beddirk, 3 

is relatively more att-ractive than str&nge bedding, 

Tho lack of motivation for oceking out the i-auterrially dorived 

stimulus miy be due to the fact that at the age of 24 days, the young 

are weancCl. and no longer dependent upon the mother for survival. 

It ir, not laioim uhich feature of the pups' ", ago" b-. (., ings about the 

V, oater tendency to entex goal boxes, Perhaps At is a change in 

exploratory behaviour uhich accompanies the weaxiing process. 

PJMT III 

SLU-1-TIARY OF CONCMUSIORS FOR EXPaRD"IEMS 9 ARID 10 

The two experiments reported in this ch-apter, conducted after 

pilot studies had indicated that well-motivated or older pups might 

be attracted towarda sorae kind of maternal odour - if not actually 

the traternal phoromone, proved disappoint ing. 

hlvcn after 18 hourri deprivation, and Wh6n 1moun to be hungx-yj 

the 18 day old pups did not seek out their mother's body or her 

excremontg but remained in the arona of the olfactory discrimination 

apparatus, In contraot to this, the 24 day pups preforrcd the gpal 

compartment; 3 -to tho arenap but failed to show any greference for the 

Lauternal exornment. Howuvert when it was considered that these pups 

were weansd, this lack of approach di, d not seem too remzmkable, )'he 

older pups did ohoi; a slight Proference for -v)-,. o familit= homs cage 
b-rdding though. 
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10 -bl-04 been run, tiie conel-; ýIsI. In the e c at th 

mtheýl%, ý 'U(i4COU ! -TC-C- not cm-ting tho materm, -, p ýar, e n 

inescapablt:. i. HOI-Tov; lry one last po: ýjsibi-ý-tys, still. 

ccnsie. o-ing tho JLD. Ok- of Oriontation toý,. ards the hCrow p, me as beilig, due 

to sorrv *r1adequacy On, 'the pupa I part mr-oijained. Thiz- was that the. pupts 

could di.,, icriminc, ýte the maternaýl odour, -but failed to move tov7cjxds its 

so=c'r-% becauno they were experic- ic -Lop, , 
t. . --acing coxisi. dcrable in tj 

procedarc. Ai e. -Poriment dezi&med to investigate this hypo-thcrjr, j- 

reportod J. 11 low-he 1107t chaDtor. 
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X 

U 

ýT TON 

4= j . 
01 oýý, b. -oad hypothozos wo::, e. a. dv-H-r 

,, C&, J. irL Ghapter VI in iin aý@*, t-r, -, pt 

to ex. Plaln why there w0f, no cvide. -Ic! ý; of the ma. ternal pheromclxio O'bl-ainced 

in the rat; iý torted in the HT,; Il labo-ratory. The first, in which 

iou in the Gl ft dcficivncý L'P. ctory (4, isar-tmina. tion ap! )=-atus iTere zuspectedp 

had becr, elliwinated in Ex-erimont 4-, vhen. rate was rianipalated X, 

Lis the inde-pendent vaviable, FI'Orq these resultsý and information 

obtained from othc, -, -, otirccsý it' llciown that the apparatus itzelf 

was adequate for the task in hand. 

Sr., condlyj inadequEýoy on the pups' part vas advanced, Alth,, -)u; g, -11 
it 

-kýa, s knovni after -Eb-periment 5 had been cenducted that 1ýat pupz from the 

11, all colony could smelly it seemed possiblo that they v.; Pro being. teste'd 

at too youn&- an aGo. Nllil. St PilG't, StUeiGs had indicated th-at older 

p, upz made racro groal box entries when tested in the o1factory 

discriminution appnxatus) the results from iLipeximent 10 showed that 

4-his was purely an age-related. chang7ey and that these older pupz did 

not approach the maternal stimuli in preference to t1he non-maternal 

goa: Lt oontents oithur, 

- pupel motivationv by depriving Increasing the them of maternal 

attcnt'A. cr,, for 18 hour. 3 beforc tes-Ling did not oo,; m to be a i-tecessary 
4 

condition for the appearance of' the Pheromone's powers of attract. Lon, 

As tha: papri vra: ve con3isten-Itly Tailing to display an, Signa of V 

attrActioii towarOz tui odour (and it is only tfLrough, -the pupul bobavic-Lir 

that such an attxac-'Dzýntls existence can be inferreal)y it vans begriniiing 
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4-1 to -J. 
f' tbe irolbers wore not ýmittine Vic phiýromonc, Before thia: 

W, -,. '. 3 lnifc.; iti&aledý one furtber aspect of thO, PuPst 

beho. viour was exPlored, 

It had been noticed that many pups responded to being pl-aced in 

the apparatus by s'howinr, ýAnz s of stress, - notably freezing or d=, ting 

behavlollaý and defaccation. Stress is Imoial to inhibit explr, --., -, tozy 

behav--Our (1,1ontgoviery and. Rionkmant 1955; Stevenz and Koster2 197,2)p 

t, 116 if the ope-n field part I; oftbe test constituted a stre; ýisful eventp 

ght prevent the pups from respunding by moving tLon. thir. itoulf miý? 

If pups wcre familiari. sod with the olfactory 

disoximination apparatus and test procedure before they were 

co, ifrc. -ited with a di2oximination tasky then instead of Tc&Gting to 

tile open field i, rith fvary they might be more likely to reopond to 

r, 4%, iur, jj. us foatar., -)i within the test oituation, rather than make a 

gro, "s re,, 3portýz-ý, v 11he test itself, 

t, r,, jL.. vtakan in an effort to determine wht,, the: r 

-the pupto roa-tion to which preventod orientation 

towards tbO D116rC'lrOrO' 

ll: TIESTING OF '17 f OLD P-O' PUPS HADDLED AND FAiJLIARISLD 

WITH THE OLYACTORY DISCRIMINATION APPARATUS. 

Introduct"-on 

... .bý 1) 1,00ing r, "t PuPs in'to a Picce of app a+u, ý ban tuo major 

cor'Ponclita rogDrdlosv Of what is expooted of the vnimals once they 

=a actually in it. The fintt aspect is the removal of the rat purp 
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home tbýl p,; n T-`!. have bElOl". abzuptly woken befoxe 

(wULA))g, into cont.. 'r. -t, wit'a P. Pexhapc: for the very first tjLýe, 

'I'Le soco. -O. iq that the pup placed in a stxazigc. envircnmen-ý. j and 

us-aally a rrtthwý and brJ 'at ano bir ccliaparison -ý. 'ith tha 

houo ca,,, cep whicli b,,., 3 bcox., the omly eav-1-ranmenT, c., ) f. nr-- experienced 'by 

the yc)w2; g cnimal. tiny reictions to tbet; e novel expezienoes must a 
ffoct 

t1le V Z; pqr)sl behav. -Itour J. n the tost situationt and thi experimcat 'W. 'W 

dezir 
. pai-, d to ast; oss their lir. f4utmoo ujýon the pups, 

TýO 01: rat IPUPS3, its 0017tSOCluenoe bol-Oh directly on themr 

or az rodizated by `Lhe motho-1-9 iý, a much investigated and controverai'al 

exon of interect (Daly, 1073; Lao, 1975). For the purpose of this 

ezporimcnt it was only necessary to cor-,., -idcr that. - hw-id. Ailigr as part 

of tile test procedurop might be a factor which was in. some way affecting 

the dependent variable of on-try into goal compaxti2ents. if rat pun 

were used to being picked up and xemovcd from the home cage, then ths 

test procedurc =uld conztitute a less otrassful eveat, and The pups 

Might reopoAnd to an attractant Pre. sont in the environ%ýeztt =ather than 

freezing or daýotingo 

The sIvallarity of the olfactor, r discrimination apparatus to tho 

open-field test has already been commented upon in Chapter V. Again, 

a great deal of work han been undertaken by psycho. -Iogists in an of'Lozt 

to uncIorstand this aeomingly simplaq yetp it would transpire, vary 

complex zituation (Dcneaborg, 1969; lvinskisý 1966ý 1968s, 1970; 

Ruszellý, 1972). Oftcn used as a measure of omotionalityv the open- 

field test is undoubtedly a nttresý; ful experience to naive animalý. 

Although -the olfac-4'. -ory discriraination apparatus doo, -4 not havýý brtght 

1. ghta : Lrnuedlatel., ý -:. oovo ithe arena,, or loud uhito played Vj-ý, o 
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it; il, 13 certulrý.!,, ýr well lit,, and the mo-toc driving the airflow 

pump providen a conztcant backil-cound ncisc of 65 d. D-. If 

familiaziscd uith the arena and the stimulation it providem before 

being given a disorimination test in itt then they might be lczs 

traumat-lacd by thý,, proccedinrz on DV 17 or 18- 

To see whether =imals which wore given this op-ortun-*ty to 
.VJ. 

explore the arena differed faýoma pups-which had received some form of 

handling treatment ozilyp a comparison group of animals ýzas cstablished. 

Phi1r, A the pups from one group wcre allulTed -Lim3 ill -, Ulle apparatu, 3, pups 

from a matched 6-Toup ijould be stroked gent,: Ly for t1te same period* 

StrojUng is the handling treatment designated "Type # IIU by Dovard (1958) 

in one of the many papers on -the consequences of infantile stirrulation, 

Unliko the rat pups tested in the olfactory discrimination 

apparatum so Tar, theso two groups would be subjeot to daily disturbanco, 

and so it was necessary to establish a control Group which would be 

tested under identical conditionap using the standard prooedurot but 

which had also beon disturbed dailyt ,. md which could be oompaxed rith a 

gToup of pupo whJ.,,. h -v:, cro tested aftcr having been reared totally 

undioturbedt as in previous experimentse Considerations of tirue and 

, space meant t1j. at each Group in this =-Deri. ment could not have its oira 

control of pups tested in the empty apparatus* It was considered 

zuffic. icnt to compare the results obtained with the undisturbed group 

jr1th tho results ob-Itained from &-Poriment 4; provided these base-line 

data did not differp then Experiment 3 results could be used for 

control cowrii=ison data. 

Since the divioions on t4o arena floor had firzt been devised 

in ExPerimEllit 4* pups' bohaviour had alvays been quantified by tw,, ) 
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mc. in.: ýý in addJAion 'to the nurabe-r of goal oompartn; ý., ntýý entercd,, 

Durin, - Lbe 1.0 Minute tflo-t per-J-0d, tle aviount of time spent býy the 

pup in all three divisioris of' V)o arenLa was recoide-a (see Figure 2 

for plcoi of the arona),, The J. cnZtI, of time spent in the triangalar 

"leaving t-wo scores for partv avay from the goal boxes, wao Lliscard--dp . 

the times opent in the vicini-Ity of t. he tuo goal box doors. Secondly, 

nn ambulattion zcoro -was obtained by countirig the number of times each 

pup crcsocd, b dividing 11-ne on the arena floor, These measures were 

not included in analyacz of the results obtained in E-ý: periments 9 Pmd 109 
I 

,.,. s they did not cont-olbuto czything more to, "aras interpreLation of the a 

pups' behaviour tlian cotild be C]Xanc-d from the number Of entries into 

the goal compartments, In this experiment, it .,, ar> Vnticipated that the 

handling treatment might affGct not only the pups, choice behav'our, but 

aloo their move=, at in tho axena. 

&cremcnt samples only we-, e to be asA-d an stimulus Paterial in 

tho goal boxes, 

Purnoso 

The 1)=Poso of 12. was to determine tho Offect upon 

behaviour Of zoine kind of daily dit. -L-urbance to the pups between Day 2 

and Day 17 ahen they were tested in the olfactory discrimination 

appa-ratus. 

One 9rouP of PuPu wwc; to be handlcdý another to be placed in 

the tcot appax-cAuz, and a thizd to be merely disturbod by the romoval 

of the moVier from the homc cage, The resul-It-ps obtained from -these 

rjUm. a13 could be comP. Lred writh ones wh. Lch were not distur-bed before 

ueztinp, (thr, fourli, experiviental group), and obtaineO from the 
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ar1ix co. u-tro]. g: coup, Exjcriiot 3. 

T)): r, oe do-pondent vntriab, ', 02 I-Tould v. -easured; the mumber of goal 

box eutrie. - mad. a b)r pupr, ý- time Spent in he t1iree parts of _ each of t' 

t, '-, o zxerillp and an scýcrc. 

Goperally, it hoped -chat tho grou-a of pupc: faraiijarizo-d with 

the test proceduro would be attractod tovards the matornELl 

ar. ref. "Lected by either highor mat,?:, _, nal Cxcrcavlelll t Coal bo. - ezitrlo3, o, r 

time spt? nt in Vie -v%cinity of I, he goal box door the -matcxna]. 

odoui.. Vit, subjeat to 1-kardlIng t, ýbalvmeni on'tv -v; ould come between 

them unJ ^, ýher two rcoul-n- on both ecoresIl vitlh *Lho u-ndisturbad &vouP 

showing simil&*r, results to those obtained from the equivalent group in 

Rzperinant 4 (the C,, raup with the 25 litres/min. airflow rate)*' ; '3pecAfic 

predictions about the effects of handling eto, 7 on ambulation scores 

vere not madej although it iTas anticipated that differences between the 

fcur group; 3 would be ov. 1dcrtt. 

Subjects 

179 17G/C rat PUPS born to 18 female rats juated at 100 ± 10 days 

were used. Litters mre culled to 6 at birthý but oxie pup died on 

the fifth clay after the exPorimental treatment had started, arid so 

one litlter comprised 5 pupo. TeOl-ting took pj&ýOo on DaY 17- 

Faccal mattor waa obtained frcm 6 nuilip,? -rous females of the 

sarua uge as the motherv used in the experim-ont; 4-hiZ Was obtaincd from 

all the adult animals Vy rzauuw c,. JL' the motabolio cagooo 

Routir. Lc maintenarma wak; as do-ribed in Paru I of Chapter 111; the 

adult anixaln worc: &"cd the Oyo: ld diet. 
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. 
Aj 

The rJfELct=y 0 Iscrimi-I. -riat ion z,. pparatusý with an aiiflow rate of 

29 14-trec/min 'was uýQd for testing the rat pupo* 

acremeal was collected by means of the - metabo2lc cages* 

Procedure , 

file Procedure 

Doýforu te3tinp, the pups, r., %n DaY 17v the litters wore raniomly 

(livi. illed iri-to iour gronps ol" FAX. The t-reatmont givon to the four g--oups 

was as followo., 

Gro. týp I.; Apprxotu$3 falgiliaxisation, Pups were placed in tho 

opon-f ie2. d area of the olfactory discrimination 

appaxat=; and left there for one minute. 

Group 2: Handled group. Each pup was stroked gently do-van Its? 

back whilst being held in the &pcrimonteiýb hand for 

ono Linutoo 

Group 3: Disturbed group: The mothor izas tcaken from her 

litter and placed in a holding cage for 8- 10 minutes, 

GrouP 4: Litters were u-ndist-urbed from cLillli-lg to testing. 

A. '; lil-te: vs 14,: X0 burn they werc, allocated to cne of the four groinoz 

and. given an -I'Acn-tifying numbex. The li,, ýters j. n the throe groupc wh-.; ct, 

va-ro -. o bo disturbed in zome way were watcheeiý vxd vrjaen tho cxpezlwn-tal 
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treatments started, they were carried out on the three simultaneously, 

as will be described. 

Experimental treatment from Day 2- 16 

Three matched litters in their cages, one from each of the gFoupsj 

were placed on a table near the test apparatus, 

The mothers from each cage were taken outp and placed in small 

holding cages immediately below their own home cage. A wire grid divider 

was placed in the home cagep with all the pups in the litter placed on 
t 

the side nearest to the Experimenter. 

A pup from Group 1 cage was removed and placed into the olfactory 

discrimination apparatus; as the cover was put into place, a stopwatc4 

was started. 

A pup was taken from Group 2 cage, transferred to the Experimenter's 

left handy and stroked down the back with the right index finger for 

50 secs. 

When the stopwatch read 1 minute, the Experimenter, still holding 

the Group 2 pup in her left hand, removed the Group 1 pup from the 

'apparatus and returned it to its home cage, pla cing it on the far 

side of the dividing grid, The Group 2 pup was then returned to the 

far side of the grid in its home cage. 

This treatment was repeated with different pups until all the pups 

were on the far side of the dividing grid, The three mothers were then 

returned to their respective litters, and the whole'procedure repeated 
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on tho i-emainin., ,ý -Ciltoc-n 14-tters in Groups ly 2 vjid 

Thin trea. -OlLowt was (, Err. jcd ou-t. dailyl, betw, ýon noon end 18.00 h-c-s. $ 

from D-ay 2 to Dry 16 inclvt: ýýivc. 

ii. s atated oarliCr, pups from the litters in Group 4 wore left 

'urbed betweeil cullixtg and tosting. undict 

ii Tho toot proocýaiire 

Cn D-%v 17s pups vere tested in the olfactory disorimi. iation 

app, -xatus, uoing -. he standard test procedure, Rate of alrflow throu(', h 

Vha a. pprxatus urao 29 litres/min. Pups were given a choice of excrem-eixt 

samplozy those having been obtained from the pups* own mothc, -sv ana 

vmy tllrc-c of tho r-i"', llullip=ous f emales. Thecce omimals w=e 

isolated : Ui tahe motabolic Cages three ho-urs befozo ., ng took Place. 

Rosil'Its 

., 
of Lhtriao into the goal oompartments madc by the fo-ur group j- 

anir, als aro shoim in Table 13, along uith the control ressults from 

Expor-ýmcrxt 

Profe-cences for the sides of the arena are given in Table 14s, 

and aii., bulation --cores in Table 15- 
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i Goal box entries 

Table 13 

Results obtained from Pups-tested on Day 17 after handlina treatment 

PUPS, rEnAm'U. I. 

L'itered maternal a-Itared nor, Rcmaii-. cd in 
coal Cox maternal box arena 

5 6 25 36 
(Familivxi3ed (13.8%6) (16a, 6ýý) (6) 44ý) 
with appa-ratus) 

CROU. "Ll 2 5 3 28 36 0.05 
(Handice. ) (13-84) - 316) (77-7ý*-) 

CZOU? 3 8 4 23 35 
(Disturbed) (22-3Z) (11.42P (65-7110 

CrOUP 4 17 13 42 -12 ne 
(Standtixd) (18-05A (58-33ý) 

Entered lcft- 1htered richt- 
hand Lox hund box 

C0171POL 10. 9 17 36 
(Exporiwent 3) (27-MS) (25%) (47.22ý) 

Probability values obtained when each groups results were 

compared with the control group preferences, using 2 testv are 

indicated in the final column. 

Although several months had elapsed since the experiment on 

airflow rates had been carried out, the results from the undisturbed 

. Pups (Group 4)ý did not differ from those obtained by the group tested' 
9 . with an airflow rate of 25 lit/min in Experiment 4,, The comparison 

figures'were 17-- 13: 42 (GrouP 4, Experiment 11), and 10: 7: 13 
2 from Býcperiment 4- Ix - 2.9; df = 2; p =>O-05- 
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hone of the g-ioups indicated arW prefc: rpnoe for the maternal 

excrement; with the exception of 1"ohe handled arkimals; 'Whoir choices 

did not di ffor sir-- pificantly from thosc which wore made in all ompty 

apparatus. 

The handled animals (Group 2)q differed from tho control pups, 

Not, unfortunatelyp by dizplaying preferences for the materval 

excrementp bull because almost 80%4 of them remained in the arenap in 

contrast to less than 5CO of the control group. 

The conclusions dra-ma from the pup entries into goal boxes will 

be conuidered uhen the otlior data have beon axaminedo The main effect 

of handlizigg howeverg scomed to bo to cauoe the p, ý; ps not to onter goal 

compartments, rather thar. increase the number of ontrioz made, as had 

boon anticipated. 

ii. Aven references 

Tho times spent by the pups in the Vicinity of the tuo goal box 

doors haa been recorded, ard the preference shown by ca-ch pup noted, 

These are zhcim in Table 14- Eight pups spent the total test, period 

in the triangular part of the arena and are not included in the Table 

or analysis. Fupi:; ontering goal boxes wero re-ordod as preferring 

that particular sidet although in just one or two casez they actually 

spent less time on it than on the other. 
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Týý. Wlý 14 

Commari-oon of numbex-s of _L)uRs 
from each gr )iýp ý-_nrlinp., more 

timo on one side of the open-field than the other 

FREFUMED SIDE N p 

Nat ernal Nulliparcus 

Group 1 19 16 35 0.610 
(familiarised with 

appaxatus) 

Group 2 24 12 36 O"OU8 
(Handled) 

Group 3 24 10 34 0*0264 
(Dis-tux-bed) 

Group 4 4.0 24 66 0.0614 
(Standaxd) 

The values in the column headed IIPII are two-tailed probabilities 

obtained by using tho binomial test. 

With the exception of the pups -w. -hich had been familiarised with 

tho apparatusý there vras some indication that they did prefer to be 

in the vicinity of the maternal odourp : mther thazi spend their time 

near the non-maternal goal box. The effoct iri so slight, howeverp that 

it is pzobably best regmxdad as a llpreferencelllý rather than evidence 

lo 'p , an Ilattractantl, JA', 0--crcr. -zn+ve 
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ij, i. Ambulation -, cores 

Table_1.5 

Mean Ambulation solares obtained fronj -pups -which 

spent their f-oll testing time : ln -th(? ar-Illa -=, ga 

TREATUMV2 IdEl. 0 INUMB. L-U OF I 
LINES CROSSED 

Gi-c'up 1 12.24 

(familiarised with 

apparatus) 

" Group 2 20. 

(Handled) 

I 

Group 3 14,, 73 

(Disturbed) 

I 

Gro*uP 4 5.66 
(Star. daxcl) 

I 

Au the data metv the criterion for homogeneklLy of variance, a 

t tczt, using the m=i for each lit-tar (after Abbo, %, r and Lo-wa=d, 1973)9 

vwma mrried out betworm the scores obtained by the three Croupn given 

'reatmon"L, daily 4V and the f-tant-lard pop. -, c TL15ý probability vý,,. Iues obtained, 

-cd in the fi. -nal column, of the table. two-tailed t6st, are indicat 

Jbnirials which had not b, -. -ýon djt. stjrbird betwerm culling and the euly 

the loeest ambulati cores. in-Iter f-, (- te of testina Wroul, ) 4)p had i. on amI Aa 

scoxes wove obiýdned fro7q& 4. ho,, -e &: ijmujo Iihioh Jlvýd baen Placcd in tho. 
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-, r mv. roly- distu-rbed dxkring the removal of tho mothert 

w'xil, 5t the handied pups uartý abc)-ut foi-,.. v t-Imes ia;, )ýe active talan the 

Standard group, It wau ol,. ý, nrvcd the high aril)-ulatioxi soorca. ;n 

Gy. oup 2 iarf.; typical of , ill riemberc,, not due to the hyperactivity of 

a enall pi! oper-tion. 

iv. Conolusiono 

The overall concluniono dram fronni the.; o sets of datýa 1, ye: re that 

with the exception of the handlod anivtlzp which prcfcxrczý the arcna 

to tho goal boxes, tha oiwhar 6TOUPr. of pups behaved as if t'he appar -1-1 S akl j 

d. O. d no I, contain any stimulus mal. 'Grial in the goal comp, ýxtmcnts, 

Hoi; cvcrv whilst tho- animals iihicli had, been faraillex-A. 3cJ -with the 

apparatus failed to BhOIT a-rW sign of Preference for eithe. -j- -Lhe 

maternal or non-maternal ex--rementq the h-midled amimals showed a 

slight preference for the maternal odour, Mandling them app-earod to 

a. ffcc'4'-1 1-1heir exploratory behaviour, as they were ezt: r: emelý, activo in 

the arena. The pupn mhich had been disturbed (Group 3)s and the 

standard pups (GrOUP 4), also sbo-wed a preference for the matarnal 

goal box door areap albeit only slight in the latter case. 

Discussion 

The diff orence in behaviour between animal. -T, uhich had "becii 

handled or disturbed,, and those which had not - as evidenced by the 

nujidnei- of coal box entrieo made and their activity in the arena, 

Oorxf, Irmed the e. arlier imly,,, , -* t . _saion that the 01facO-rY di: zlcrimination 

ORN"N"t-u-3 is a compley, piec,, e of tgat eqiipmeýnt to use. The pupal 
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cal)pcr. -, ý 'be interpretltýd easiiyý as they 0_00 11ot Merely WalCing J. - 

a zinpie but uxe reacting to the coroplex situation of 

bei--ov removed. from the Y,,. ome cage --and placed. in a some-what stressful C> 

novel onvirunment, In the absence of an attractive udour which. comPelri 

the pups to move towards it-z sourcoý their behaviour io highly -; uxiable. 

Tluo rc,,. 4ults obtained from the undiuturbed gr-cup (GrOuln 4)s TIM 

und tawl. ard test condi tions, can be compared with those obtained from 

al. l. tho groups tested in Experiment 4.. In FxPrOriment 4,32*3', ýý of the 

pups chose maternal excrement and entered that goai uo7ct ? ThjiLot it 

war-; only 231.6-ý'O in the presey)t exPeXlnonte Althous-h this drop Oontinuez 

the -trend first shown in Expc; riment 4, that isj :;. 'Or a decreaoc, in the 

numben: of matcrnal goal box entries, i44an tha, two sets of rosults are 

compared as uholcuj, i. e., 31., 24-' 41 and 17; 13: 42t there is no 

sienificant difference 4.04; df 2), thus Dhowing the behaviour 

to be stable over time* 

The other dependent variable measured2 which related to excrement 

preference. 9 that of Proximity to the goal box doorsý did suggest that C, 

di. scriml-nantwory bebaviour vas present, vith a sliebt preforence fox, 

thc. matornal cdour. 

it was interesting to see that the pups -hich had been disturbed 

daily, me,: cely whilBt their mother was removed and replaced, did show 

uorAe sig. ns of s. Laillarity to the pups whieli had baen handled or 

familiariced with tl. 'ie apparratus; aloo that handling seems to bring about 

chungaa in the pujp3' behwrioux. 

The problem, of excrement collectiony ana tiiat it constitutes a 

Variable in its G-vm riah-tj han alroady bocen mentioned in Part 11 o-C 
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Chapter VI- in the samo '&-tay that consideration-, of 

time and sp"cu had jazoaalt thýt nono of t1he four gro-ýIj. Ln 1, )sr 1-u,, "his 

experiment could be matched with their own c on-1. &, --ol, 
it ; vriz also noto 

p -i. -J-1k. s im 1ju Samples posuible to compare the behaviour of each grou- h -L -L a 

QoIlected by means of both L, 13'tabolic cuid holding It was 

decided, for this experiment,, that the relative soparation of urino 

and faeces to be gained tbro-Ligh nsing metabol-Lo oe. Zes, desirable, 

for it h, -. Ld bo(:; n hoped that the pups run ýn this experiment i2ould 

demonstrate an uheqtiivoca1 attraction towazods a substonce ccntained 

in the faeces, -"his may have been a wrong decisionf as the results 

4ndicated that the excrement mi6ht (; ontain substancas with aversive 

P. ý. Qpcrties. 

: Because theze experiments rere being u-ndertaken in order to 

d 
.,. cover whether a maternal pheromtone cxistedý time constraints meant 

tho possible existence of substances irith aversive proper, 4.0 -ies could 

riot be investig. ateJ furthoro 

Conclusion 

When animals had baen familiarised with the bright? opoij 

appLLvatusp they showed no signs of stress on being tested, as had 

happened in previous experiments$ but explored all parts of it in 

an aotive manner. Uith pups to which the apparatuE. was a utrange 

experiuacoý bat which vere used to being handledt the majority 

remainod in the arenat exploring it, 'out showing a preference for 

the maternal goal box area. 

flighcr proportions of the t-wo groups of pvp* -whic-11 had not 

boen handled or faviliar. -Ized with the apparatus actually cntored tl-,. o 



- 146 - 

goal compartments (perhaps because the darker area was preferable to 

the bright arena)y although the entries they made did not favour the 

maternal side. In both groups, the pups failing to enter a compartment 

spent more time in the vicinity of the maternal than the nulliparous 

goal boxt perhaps indicative of a preference for the maternallyý-derived 

odour. 

Whatever olfactory messages were being transmitted by maternal 

excrement, one thing now seemed clearp namely that it did not contain 

an attractant pheromone* The next, and find4 experiments in which the 

olfactory discrimination apparatus was usedg were designed with a new 

assumption in mind; that the lactating'mothers used in the work so far 

were not emitting the maternal pheromone. In subsequent experiments, 

it was decided to examine factors which might be affecting the mothers 

adverselyp rather than look at the offspring. Also, excrement would 

be collected from this point onwards by means of the small holding 

cagesp to reduce the likelihood of samples containing substances with 

mildly aversive properties. 
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D: uP 1J']IULATION 

INITROLUCTION 

After eleven experiments had been carried out, the main 

cov. -Iluu-Jon d-raim from the reaults was that although -the rat pqps 

vhioli had bewon nood wers clnpabla of 01-factory discarimina-lullmr the 

jacý, utj, ng, femajos were not emitting a pheromone which aoted as rm 

attractwit. next uh-Ich. -the rescarch took was to 

-1 discovc:. ý uLy thew, ýý zuUmUls did not cmit the phoromono j_ ilco their 

. 4werican counterpartso 

T-go possibilities had boon conoidered for quito some time. Cne 

Iran ., that the particular istrain of rat used in Hull did not emit the 

phoromonop and tho other vaý that tho diet used was not saitable 'for 

its production* 

That aLrain differences In rats exILAp and way bo of conuAdez-able 

jwpo. iýtancuy Is now widely recognised (Levine zuAd lietzel, ! 963; koIver 

aprt at and Jefi-. 'reqr 1967; 11-orrizon, 19'13)p , r. d it seemed quite o'sible 1, 

an attraotant w. hich is supposedly dependent upon bacterial &ý, owth may 

well be a otrain zpeo.,.. Uio phenomunane Howovert 1I 'he oxpen. ie of 

obtainixig differezA animalis -for testizag in the olfacto-ry diocriminLation 

apparatus meant that thi-- pos; -Abil-ity b., -jd to be left vztil all otherr, 

had been invr3. s1'jj. U; itr: -. d and eyhý, u2ted,. 

Ano-r, hor important diff crence *between the rato, uzeCl in tilits study 
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and tILA -axi ones wa2 that IV a --e Amcric -hey were given, different d I ic 

Although there seemed to be no reason why the dict vzed in 

Rull should not be suitable for phoromorle production. end emission, 

the variable of diot was con3idered important enuugh to examinee 

Id et is of countral imPortance in the model of phcýromone emiszion 

put forward by Leon, and this -will be described fully in 71'$Xt I of 

thio chaPter, aperimants 12 and 132 in whicL diet is Mviiipulated 

as the independent variable, are reported in A-ýýr4 TIO v- 

PART I 

THE ROLE OF DILT III 14112MAJ., 111PROEORR FRODUCTIýJ: -', 

Lefore Leon's 14011OUtL-Ph -*Peaced in 1974p there was no hint that 

diet was to be of central importance in research on t4e matornal 

pheromone. IntWorest had centred on humoral agents, and pros. "actin in 

particular was implicated in the model of pheromone owinsion 

propounded by Leon and 11oltz (1573). 

Early in his monograph, Leon describes caecotropho, and identifies 

this type of onal excremo. nt as the substance which contains the 

maternal pherouone. Leon'. -I acco-Luit of caecotrophe production zand 

the pext it p3lays in pheromone emission is rý-unui. -arised in the folloiiina 

pasacgo taken Trom hic papor* 

In addition to the fecest which occur in dry? black and well- 

formed boliy lactating ic females emit 1=. go quantit s. of a 

oemi-solid light-colorcd, unfor. mad mat -crial. This 

6 
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Ca ( C,: L : 'ýc0trol). h. 02 iis foamed in the oaccum. of rats (29) 

and the incrensod cpecotrophe defecat tion io quantitatively 

reflected in tk., e rise of volatile components of the. 

matex-nal anal oxcreta. 

000&0*0*00*000*6a*0c000*00400 

The caecum is a large structure in the rat pouching out 

at the junction of the emall and large intestina and 

becoming onlargod during lactation (14-Y 29). A digested 

maza enters the caccum from the small intestine, and the 

material that is pushed Into the distal section of the 

caccum sorves a-- a substance foz bacterial gro-wth and when 

d--fecated is callod caccotrophe, The material in the 

proximal section of the caccum ic Paszed through the laxge 

IiAcatine and anus as the familiar dryp black2 formed feces. 

The caeco-brophe passes through the larga intestine with 

relatively little water loss and is eaten by adult rats 

directly from the anus (39)e This P. -actice is called 

coprophagyp or more specifically, caecotrophy, Tha- 

oaccotrophe then mixes with the food ill the stomach raid 

small intestine (29)9 where the bacteria contained in the 

caecotrophe are critical for effective diet utilization 

and nutrition (5,30,43). Harder (29) s-uggesi-Ood that 

the caccotropho 11 ... must have a special arorna which is more 

attractive to the animals ... 11 if adults -zero to discriminate 

the caeootrophe from fec. es for oaacotropluqq Virgin female 

rats 00"SuMO Virtually all of the caccotrophe that they 

e, 71it, but lactatiiig famalos 4ýhat att-acted pups preduood 

largo amount. ý. cf caccot-cophe that was not consuvicd immediately, 
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elzoozx vac; onze obv-J. ov. s difforcylo- betwom 

tha. I- '-Ial 'id did -w. '_t tho I. Jacromone and those ti v %LJ 

e as no-L. and it ssuuc. d _,, zoLtiblo that -the caecotiýoph w ho 

r4pecific poi-ViLor. cof -Lbe l. nal he substrate a scrvJ_. u, 3 a. -:, t 

A'-'o. r pherumone emissiu. n. 

Leon., 1974; P. 443. 

When tcqted jai the olfactorir discriminaikion apparatus, Leons 

a ce uain, ýd frota 6. 2ýzllt PJP3 Pr6 071'10'a to 1103: rhal f .6s obt 

s-t. rar, Ce mother, anirl they alzo profeTred caccotrophe obtained 

dircotuly from tho eaccura of a recent', 14 Jrilloj Djy 16 Mother to 

1-. La r-.. wpty goI'L Isoxg 10nan.! _ 
deurion*tratir'Cj JL1,11, at" the phe2ýojaone -1.,; 

prod-aced at caecal levely and is not a secrotion added to the 

faeces at a lower level in the laxete intestine. 

When virgin caecal contents were opposed to an emPtzr goal box 

in tho test apparatust 16 d, ). V rat Pups wercs attracted towardz them., 

,M adult caecotropho might have at - thus suggoating "Uhat I" -trac-tive 

properties for the youner. : icwavor, whcýn cac-=I. matorial from virginc; LY 1-10 

was opposod to an approximately equal awount of oaecal material 

obtaInod f: oom Day 16 motbers, the latter i7an prefurred by tlae pups" 

Loon r-uggostu that thexe taight be two attractantz prosent in anal. 

exoremant (Lconý 1,074; &periment 2K). 

After posttiloting that uicrobial p,, -ro-wth in the caeeaya. is the 

aite of synthesic of the Phorcr-Onet Leon confirmcd the th--o. -,,, by 

domonstrating tha-t both maternal and virgin caecal contewt-. 3 lost 

I-hei3. attractiveno; ý-z when c; uch gro-w-th -var, inhibitod. by administziring 
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antibiotics to the female animals. Leon concludes that as lactating 

female rats have enlarged caeca, and hence more caecotrophe than 

virgin rats, it is a quantitativep rather than qualitative difference 

which brings about the pups' preference for the maternal excrement. 

Nextv Leon examined the medium for growth of bacteria in the 

caecump and suggested that raw carbohydrate, necessary for this, must 

be present in the diet for the pheromone synthesis to occur, When 

his lactating rats were fed a diet with the only type of 

carbohydrate present beinE; sucrose - absorbed above caecal levelp 

the bacteria were deprived of their growth medium and the pheromone 

production was inhibited. 

Returning to hormones, Leon explains how these are linked with 

events in the digestive system. It had already been established (Leon 

and Yioltzy 1973)9'that high prolactin levels are associated with 

maternal pheromone production and emission, In Experiments 4 and 5 

of his monograph (1974)0 Leon shows how prolactin, -through elevating 

food and water intakeg is responsible for providing the excessive 

quantities of caecotrophe for excretion, After using marker dye in 

the diet fed to the lactating female rats, Leon demonstrates that 

the weanling rats consume their mothers' caecotrophev and postulates 

that this is a mechanism whereby the pups establish the flora 

necessary for adult digestion within their own gut, He ends his 

paper by suggesting that if young are prevented from producing their 

own caecotrophe, they might continue to approach the maternal odour 

past the age of about 27 days when its attraction normally diminishes. 

Also, the approach response might appear in adult rats if they too 

are deprived of their own caecotrophe. 
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In his next publicationg "Dietaxy Control of katernal Pheromone 

in the Lactating Rat" (1975)9 Leon reports a series of experiments 

in which both quantity and quality of diet were manipulated. 

When lactating mothers' intake of food was restrictedp pheromone 

emission, as assessed by pups' preferencesy was inhibited. " ... the 

critical difference between lactating as opposed to virgin females 

is the increased eating stimulated by the elevated prolactin levels 

that are evoked by developing young. " (ibid., P- 315-) 

In the next series of experiments, in which quality of diet is 

manipulatedv Leon reports that if from the 14th day of gestation 

mothers are fed either diet "All or diet "B'19 then pups will not only 

approach their own mothers excrement in preference to that obtained 

from virgin female rats fed the same dietj, but they also prefer it to 

that from a mother fed a different diet, If excrement samples 

obtained from a mother and virgin female previously fed the same diet 

were placed in the olfactory discrimination apparatusq and pups 

tested whose own mothers had not been fed this particular diet, but 

the alternative onal they failed to approach the maternal excrement* 

The maternal pheromone now appears to be diet specifiep and as 

Experiment 3 (ibid. j P. 316)v demonstratesp is a function of familiarity 

on the pups' part. 

The results of Leon's numerous experiments are difficult to 

evaluate. Although 2 values appear against every test resultv the W 

reader is never informed as to which comparisons were made to obtain 

them. The only test which approaches that of a control group is 

reported in Table 2 (ibid., P-*314)y where youngare given the choice 
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0, fer-Oriellt o«b--kp.: LrIo(3 fro!, J tv"o nullip OU ar s ferm-les. A non- 

lion 4-ficnint VELJUO jS ; 'I 

, ivc-, n for tho division of 9: 13s 38 made by 

tho 60 pups testudy bUt as L-Don apparently compared it with another 

, -, Ot of reoultst he doe:,, not appear to rogard it us a group -which can 

itself bo used for comparison purposes. This problem bas alrezady 

been d. Lcussed in Chapter VI. 

Because a great number of compa-riz-ons are re-ported, it is 

difficult to follow the thread of Leon's research. At times he sets 

up exper. Linonts which purport to test a Dý-: Oticulpx hypothezi7q 

often the data obta-Ined are not suitable for the con-cluoicno 

Ir, co,, j, qjF-, tcn. cies between certain resulto arc evident, and some of the 

assumptions inherent in the wodel of phoromona, ozi-Ission are suspect 

Theze will be covered more fully in Chapteý XIVý where Leon's work is 

considcredýboth on its own. Tuerits, and in the light of the experimental 

work reported in this thesis. It is sufficient 4. A. to say at th. -s point 

that by the end of his paper on dietary manipulationz2 Leon ha! ý 

abandoned the view that the maternal pheromone is an innate species- 

typic releasery and noir regej., ds the approach response as a learned 

response on the part of the pup to a zpoCifio cdour emitted by the 

mothcr, The three models of associative lee--ningg olfactory imprinting 

or familia=. IXatý J on whiCh hn, tow"latively acIvances as competing 

explanationst were deszribed in Chapter IL, 

l1b., itever viev, Leon takes of tho ontogony of the pups" I zer3ponso 

-to the maternal pheromono, the mttornal flAct is coiisidered by him to 

at be of central iLlportavloo, Tt vras to this va=able th, attention was 

turnc(l in the next tl,,, o exparim hopc that pheromone . cntuý in the 

tMis-M-0-11 Could b(, lbmolagh-t abcut J. 11, 'tho PVGI/',.. . a-t. -a studie" in Mall. 
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PART II 

EXPOill4KIT 12: Tl-,. E 
_EITIM 

01.10 D13ITLRaNT DI-I ITS 

DIN PUP TO EATER! Iiij, ANAL EXCRETaENT 

Introduction 

Th3 American rats emitting the maternal pheromone were fed on 

fta-ina Rat, Chow, An obvious step, after tho failure to replicate 

Loon aLd lRoltzIrj wozky -iý, rould have been to feed the ra-I'va in Ilull on 

the same diet. Unfortunately this was not a practical proposit; -on, 

Al. thoug, 11i a Parina diet is available in &, L,, ; Iand3, it is not the -same 

as the American onoý as it is manufactured f=ox inGred-Jents produced 

in Europe. The cost ef obtaining the American diet would have beer. 

prohibitive, and in view of financial constraialto it. -ý purotiaso 

could not be justified, particularly in view of 1, he fact that it did 

riot appear to differ in any important way from --everill standard 

laboratory rat diots available in this country. 

The manufaoturers of the Oxoid 41 B diet (Ilerbexýt Styles (. Pc-, rojey) 

Ltd. ) had been approached to find out whether their diet mot tho 

carbohydrate requiremcn-tr, for pheromone emis-c-iong or contained an 

antiLbiotic. Whon sovoral weell-cs had elapsed since -the first approach 

was mado, and. a second llettem, also failed to elicit a response, the 

f firm ii-as contacted by telephone. A --pokesman disclosed that the diet 

did contain sources of carbohydrate other than sucrosep and that there 

was no antibiotic added. Ile added that the firm would not - divulge the 

constit-uentLE; of the eliet becauso they did not Ilion to - wizh its composit 
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becorie to other iranufacturprs of waimal feeds. 

lvioarnihile, the Christr; phcr Hill ' Group Ltd,, manufacturers of 

-the diets, proved much riore helpful. They were in a position 

to be able to make an in. Lormr;: d 6uoss as to the contents of the Oxoid 

diet,, and sug, -, --stod ti)at it resembled their PRD diet, Althouc-h thore 

appeared tc bo no reason why either of those diets should inhibit 

pheromone productiony a spokesman sug&: -ested that a now diet (Labsuro 

CFjvl)p mar: ufactured for brPuding anixials, and which contained more starch 

t1l&r tbo rjorrrý-al diet, W. Cht oncou: rago caeoutzophe prcduction. Whilst 

tho jPVG/C rats used in the experiments so far shored a three-fold 

increase in food intake (see Fie, 'Ure 3o P, 83)7 which was considered 

to be sufficient for the cx--oss caecotrophe Production neeeedf a diet 

which might increase this production further vas -v., orth trying. Leon's 

work on diet restriction (1975), indicated that pheromone emission 

was not the all-or-none affair postulated in the earlier paper (Leon 

and Holtz, 1972), but that it varled in direct relation to the quantity 

of food con. sumed* In this exporimont theng, Vio intention was to give 

the rats different dicts7 cn-- of which had a 1). Lghar starch contentt 

Imom from Leon's work to be oonducive to pheror., ione production and 

eraission. The constituents of the two diets used, Labsure CIM wid 

Labsuro MD, are given in Appendix 1. 

Pumo-m 

Experimont 12 wvs carried out in order to detem-mino whothr-r PUC/C 

rats fed on the Labf=e Cilai or FIRD dicts woulJ emit the Inator"al 

pheromone. 
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. Subj r,, cts 

56- PVG/C rat pups wcro used from 9 litters iThich. had been culled 

o. -. Day 0 to 6 pups, with the exception of one litter which comprised 

8 pups. - Females had been mated at 95 ± 10 dayst and excrement 

samples u-ero obtained from 6 nullippxous femaletý of the sume agee 

Pups were tested on DaY 17. The 36 pups run in EL,: perinont 3 provided 

data which vore to be used for comparison purposes, 

Api)uraius 

Tho 0. �fac-IGory disorimination apparatusq irit)2 an airfle-.; rate of .L4 

29 litres/min was used for testing the rat pup3. 

P,. ý, -crOjac., n4U jras collected from adult animals by mewir, of the small 

holding cag: u. -ý, doscribed in 1"art I of C; aapter III. 

proceduro 

One week before the expected date of paxturitiont female rats 

,, lore moved to onc, of two bOl(!: Lng 1ý0011=2 and chz: xgod from the CIXGI-A 

diolo to either lilke Labsure C1111 or FRBO diet. tdl Cho mother,. ", in a 

particular rooru vere fed tho oame di6tj along with three. virglm 

femajois which wevr:., housed individually in tho same room. 

On Day l7v pups ljore tested in the olfactory discrimination 

appa-ra-tus, unilig the ztandard prooodurat in a 1.1drd roora. They were 

tho choice of oqual amou,, jtrý of obtained from cither 

their own motll(-Y,. -, ox mixod frrm the virg, -in fcmalcz housed in the 

sarac colory room. 
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IL1Vd C at¬i: i ttticr fcr 3 houi bifoxo 

-Sting sc, ý3ý:, Ima p, ýin ho aý, Iu*lt feir ijis were isolated hG to bc IkJ. -1, 
tý-, Cl '-i'C,, T! exor%tient co'Lloct 4- u n. 'Phe Virgin fem"les were 

icolated foj-'- 4 liourss, ar"d tile raot-bers 3 ho-ulrs- 

Reoulto 

The numbe-m, of groa-1 llýox ent-rics madcs lby the two groups of pups 

ý-c given in Tablo 

Tablfý 16 

PV(, Coal box ontries, r. q, -en 1), v . 17 d, -ty " /(; 

Whose rl(ý , lle'-00 fr; 'd C'UN or PRD) diets 

GROUP -Rips 
I MiAVIOLPLI 

Entered iflu-en-Ai-1 virgin 
goal bwic C7,, nal boy. 

ý. 
1 
9 

jo4 hors fad V- 

CRIV1 diet 

Ploilhers fed 

PRD etiet 

i 'IsTr wý in ed 
in arena 

55 16 
9.2'j'6) (61.6ý6) 

7 14 
23 (46 

% iý'-d out botween the groupz of results and the 2 tes""US IMM, CaT., 6; 

avoraged control results of 9-5; 9-5' 17 obtained in Experiment 3- 

Both va. Aucs of k1p being IC -1 ;0 were nousi6mificant . 24 and 0.136 for the 

ChN and PARL groups rcspectivoly. 

The preferonces shoiam by the rat pups for the different parts of 

the arana d, 4-d not indicato miy attraction towardc; tho area nearest to 

tho maternal excroment. The concj=ion draim f--ow the data was that 

female rats fed either the Lnbaure IRD d4-ots did not cmill*4 tho 'P 

mal Lernal phoromone, 
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Discussion 

The results of this experiment indicate that the two Labsure 

diets were no more conducive to pheromone emission than the Oxoid 

diet had been. Excrement from the female rats fed the M diet was 

distinguishable (by humans) from that derived from animals on both 

the Oxoid and CRM diets; it was moister and of a lighter colour. 

Although equal amounts of excrement were placed in the goal boxesy 

there was a possibility that the FRD diet, because of its higher 

moisture contenty had a stronger odour than the virgin excrementt 

and for this reason attracted a greater number of rat pups. This 

small preference for the maternal excrement was no more than slight 

however, and is no more than might have been obtained by chance. 

EXPERIMENT 13: RAT PUPS' DISCRIKINATION BLTWEEN MATERNAL EXCRIZIENT AND 

THAT OBTAINED FROM MALES FED A NON-MATERN&L DIE-T 

Introduction 

Human observers were able to detect qualitative differencem 

between the excrement obtained from rats which had been fed different 

diets, It seemed reasonable, in view of this, and also as Leon had 

demonstrated that familiarity with a particular odour was of more 

importance than a pheromone releaser effect, that rat pups, given the 

choice betweem their own mother's excrement and that obtained from a 

non-lactating female fed a different diet, should prefer the maternal 

odour. Although Leon had shown that pups preferred the anal excrement 

from a strange mother fed the same diet as their own mother$ to that 

obtained from a strange mother fed on a different diet, it was 
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de. c",. dc-d to opt for an ca_-ier disuýimination for tlie pups -. Ln -this 

experimentg namerly -the cl., oice betireen their mothor's excrement and 

that obtaine-d from a non. -lactatIng fcmale fed a different dicta As 

familiarity with general coloWl odour affects the pups' approach 

rezponceo (Leong 10,75), it should be em. phasised thall-, animair- fed 

different diets wore housed in separate rooms, and testing vras 

carried out in a room in which no animals were housed. 

T11--ce diets producing veýry different kinds of anal excrement 

-wore to be uzedo These wepo; the Ozoid dict, the Labsure CIOI dietp 

, Rats are extrela-0]y , and týie Oxoid dict supplemented by sunflower seeds. 

fond oj" sunflower seedsy and whcn eaten dailyp they cause the animal 

to excrete very dryp black faecal boli. 

purp, oso, 

The aim of Mcperijaent 13 was to deliermine whether 17 day old 
I 

PVG/C rat pups would prefer to enter the goal box containing maternal 

excrement, when the alternat-ive -was one containing excrement. 

obtained from virgin females iThich had been fed a differc-nt diut to 

the pupdf motherso 

Subýý--tR 

78 PVG/C rat pups were tested on Da. Y 17. Tboy were obtained 

from 13 litters born to nulliparous females which had becii mated at 

100 -± 10 daysp and which -vere culled to 6 on Bay C). 

nZorcment san. r)lo-- wero obtaincd alocc from 9 nul. liparous fe-malco of 

tho aama age as the mothera. 
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p pz, -ra, tils 

The olfzýxtoT-y disc-riml-nation appaxatlio,, -witb an airflo.: )w rate of 

29 litre, ýý/rziin was used for te-, -ting the rat pups, 

Excrement iras collected from adult animals by mems of the swall 

holding cae, ýos. 

Procedure 

As Jun &perimerilt, J. 2j -nothers -were changed from the Oxoid diet 

to the now diet approximatoly one week before parturition. 

Ti-4ýeo groups of litters were formed, and each was given 0.4wher 

the Oxoid die-L, the Oxoid diet plus sunflower seeds; or the luabsitre 

CRM diet. The three C; roups, of rats were housed in rýepaxatc roo=;, 

tcýge-Lile: v , rith three nulliparous females Civen the diet appcopriato 

to the room* These diets were used unti: L tho pups had boen tezted in 

the olfaotory discrimination apparatusý : "Ollowing the st=dard L 

procodurey on Day 17- Pups uscre deprived of maternal attention for 

4 hours before testing started; during, 'this periodý excrement was 

'he holdiik-, collected from the mothers and nulliparous rats by means oL' 10 

cages a 

In the testg pupo were prezented i-rith equal amounts of arml 

excrement paired in the fuli-lowing mann eýrs 

Group 1 OxOid pups Matornal v-, rsus Null-liparou-3 fed C101 diot 

Group 2 CIRIM pu 13 U ILiternal versus llullipcxous fed OxoAd plus 

cunflowe-- seeda. 

Group 3 Oxoid plun Maternal vors*os Nulliparoua fed Oxoicl 

munflowor seeds 
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aerll)Ats 

Ln Table 17. XO GOal IIOX r-TitrIOs ,12 valur =0 given ýj 's , 

Shown; the. -, o WC-re obtaixed by compaxiiag each gzo-ý: p Iz results -Ath 
t440 

wrcýagrsxi oontrol rox-o. 'Its of 9-59 9-5* 17 from Taperiment 3- 

Týable 17 

Goal. box entries rrado by 21! 1ýu s, fziver, choice of 

oxoroment ob-tained frop feriales fed different diets 

GROUP FUPS I BEIIAVIUM 2 

Natered maternal Entered Virgin Remained I 

goal box goal box in ar--nr. 

CpI. I 
1 9 5 10 24 0.980 ns 

U. -coid (37-5ý0 (20.8ýý) (41 
* 7ýb) 

'soseed 
2 17 11 2 30 13-085 D-005 

CRII (56-W0 (36.71ý) (6.6ýý) 

Oxold 
3 12 3 9 24 3.887 ns 

oxoid + (50', W (12-5%) (37.5iO 

S. seeds i 

Cc-rod frow. the control, It can be seen that only one. grroup diff 

the pups vhosc mothe-ro were fed the CRK diet, given the choi. ae of her 

excrement opposed to that of nulliparous femalen, which had becon eating 

Oxoid pollets plus ounflagor seeds. 
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Onco more, therc., is a. oliglt preference ohovn by P. 11 CToups 

fOP th(i FIR-tO)-Mll rath"I' than non-mate-vnzij excrement, When numbers 

of goal box entries only iiere compared with the 50 '50 division which 

would be predicted by the NuIl, hypo-It-hezi-3, it was found that for 

Gro, 1P 39 'the choios of maternally derived etiinuius materia]. was 

sign-ificant (P --- 0.036; two-4ailed binomial 'test). 

As in the previous experiment, there v., as no indication from the 

times spent by the pups in the varioa-- Parts Of the open-field tiiat 

talcy preferred to be in tho 
-proximity of the ma. te: cnal odaur, 

Dioc-ission 

Altho-ugh at all times thcre is a slight Preference &luo-wn by 

tho pups for the maternally derived excrementg only one group 

demonstrates a preferenoa_ which is statistically siglifiC&I-it. 11, 

view of the evidence for a slight preference only, it see. -jis safe to 

conclude tha"t the pups are not draini tow, -=ds an attractantg but that 

they do perhaps approach a familiarg rather than unfainiliar odouro 

The pos-sibility that an unfamiliar odour g1ves rise -V to avoldance 

reponses carmot be overlooked however. Experiments wero not run in 

which pups were tested with excrement present in one goal box only7 

although Loon used this asýmmetric presentation quite often (Leon and. 

Holtz, 1971; Leong 1974)- It could be argued -that the pups would chov, 

preforonces for a coal. box containing cany slightly fam-iliar odour to 

an ompty oompar". , ments reez-Xdleas of Aether or not there was any 

phoromone prozent. To test fc,, r a,,, ersive pro-Dertics of stimlijus 

matcrial, it would have to bo Contrasted with an empty goal box, for 

rcoulto to be unoquivoc-al. 
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As was irt C", -Litle artc, unt of ezcaýemerit pl-cocrit ialpter I'Vi 

in the box (ond p. -r., o ably itsý moa T, 4 -4- ,ý Yc;, )jt b(--. likely 

to in: ýI-oonce, pqpS Thn-1. t-'ne pups faer-tO. -, v, -i-th, vn t)dour 

moist caca: t:; -, rsnt, obtaj, nod from tr,,. eiaý C; TIT" mot, bprz, ccino vcýry dr, -,, - 

. sm, all non-lactating f. -rnal v"ample) boli. ý; hocs- Vae -aarl-c 

does not seem surprising. Irdeod, it would hav,, -) becri novo io-urorioing 

if the pupi had failed to wake a discriminatior, when such giosai 

differences in 2tivwli existedv although with Grour 2,, walw pup2 did 

enter the Coal box cnx0, u., n-JLng-the driev excrem-ent, 

Altho, agh excrerqa; iý had been colleoted by meaný, of holding cageo 

rather than metabolic cagest the trend evident since Experiment 4P fow 

fewer pups to enter goal boxos)'va3 not reveraea, V-3-th the excepti. on 

of Croup 29 just less than half the pups tested remained in the arona, 

rat'.., Ier thoan on-Lor a goal box, This veakens the hyputheod-s- -that aniuals 

held in metabolic cages excreto an aversive cubstance. Ilk, could be 

the caseý however, that the mUne. D.,. tested in &periment 2 ware not 

typioalt but for some unknov-n reason demonstrated a greater attraction 

towards the excrement. 

During these experimonts, on dict, careful 24 hz obse-ýývationz of 

some animals vere Ynade, to determine whether they i-zere eating all their 

caecotrophe as soon as they excreted it. There appeared to be very 

little difference between the lactating und nozi-. 2actatingr females, C> 

the former failing to oon, 5ume a largre ,,., c' their moist 

excrement. 
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iment,. i 12 

Feeding the PVGIG rats diets lzuiovyj to in comrpozition 

frorl the Oxoid diet used Ln *bhe ,? rc-viouq did not bring 

nbout the cruinoion of the Traternal Pheromone in lactat-Ing, rats, 

When rat pups wero giver., lGhe chojee betwee. ij exey--ement 1"rhich -Pas 

derived frori their o-v. m mother and that from virgin females fled a 

different dietý they showed a alight preference only for the 

maternal odou= -a rosult which had occurred in several previous 

experiments. This preference may 'be a ful'11--t-JI. On of faraili. =ity, 

rather tfiam clue to the attractamt PO-w, -, rs of a pharc-1.1one, 
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THS, 14AT112V TAL IN I-"-J. tull AYID SPRIAGUR-1, "ilLEY RAT'S 

INTRODUCTIO. N 

TImoug-hout the experimantal work roported in this thcsis7 the 

poosibility that -tb. c-,, maternal Phcromanc might be, stZaill Specific 

loomed L eon c,,. r-d 1,. -ol,,, z and theiz collaz, Cijcc uset-4 Wi.. -, tar rats, 

uhilat the ones used in thp, Psycholoý-,, Dcpartmc, ýutfs own colcmy ("A 

ull Univer. s. -Ity were E. hooded variatly. HII- 

In rozponse to a lotter irittcn to Loon asking for information 

riot given in his publicationsg and also mentioning the problems 

encountered with tho ra"lis tested at Elullj, Leo, -j ren-j, a Ie-Lter 

(dated 23-5-76) uhich can be seon in Appendix III. He mentions work 

recently imdertaken at 14ch'aster on a different strain of ratq and 

sta-te: 3 'Thd Ilootled pups are also less deliberate in Lheir C; ho. J1cO- 

than hfistariz -They -tend to J-un wildly ir- tbo t, ýq_t it,, -$' S n Pnd t 1r, i 

increace the noise . 1r, tho data. Thcir responoe can be altared by 

daily handJing. " In a later letter hoveve-r5 dated 2/ý-8-76, Leon 

claira; -ý4 that hooded pups are "highl, 14jvell to anal excre. y reac ta2 and 

says that he failu to iuiderstand -; %, hy. his resultu cannot be replicafede 

Ile refora to a pap3r by Galef wid Heiber in which hooded pups are 

tootod; tb.. --. Jý-trs in press at the ti-me he vrote, but was publiohed in 

the same moaLhy and is revio-vied i-a Chapter XIII. 

("r. L t"rj)ij.., 3t k; y "rnc; x, -, 
t 11 ifar, beiair ccrxiuctedt a pe-por ,y ho. L b" irum 

ond war, pub. J. shod (.,. o 'arlmnj !,. -)761, in whic-'a tlboy and fo II 
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derronfitrute the pre,,; c. -ice of the maternal phe-ra, -, iorva in Spragnie-Da7al py 

ratsý using a very sliý--htlýy nodified vorc; Jon of the olfactory . 1. v 

discrimination ajppEx. --jtu. s. After finding, some small differen-coz 

between their rats and the Wi,. -, tars run by Leon and 10oltz, thcse 

writers c, )ri, -, lude thciiý Gencral Discussion. # 

.I 

Lact, l. iting Sp-rague-Da-,, viley rats attract theim, pups by means of 

an olfactory signalv or malernal phex-ornone, emitted- during a 

f inite period after parturition, A similar type of olfactory- 

mediated qvp attraction has been demoxifiýtrated in gisijar rats 

(Leon and Moltzp 1972). Its existence ir, two strains sur, e. eits 

that the maternal pheromono constitutes a general chýýxacteristic 

in laboratory rats* 

Holinka and Carlson, 1976t P. 502. 

After aperiment 13 had bezn conducted, it was possible to talte 

is.,; ue with Ithis last statement, as there -iras no evidence that the 

matorna. ]. pLeromone ii-as emitted by the hooded PVC/C rats 'Used in the 

Hull studies, 

Having lcarnod a C, --cat deal about the olfactory discrimination 

apparatus testing procedure through the experivents already carricd 

out on hooded : catsý it seemed -to be as traight forward matter to test 

for the maternal pherorione in different strains; to thio endp 

Experimentu 14 and 15 uere undertakeng and are reported in this 

Chapl, ox, * 
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Introduction 

Fourto-cm progpinmt Ujotar rats were obtained. from local breuders 

(Nessrs,. ! ý, intin and Kingman), along with tv, 0, o nulliparus female 

Wistar rats of the oame age, Thcse animals scttled into their new 

cnviroiunc-ril. well, and the pregnant females gave birth to littors 

approximately one veek after arrival without any problems, 

Although Wistwo rato are generally considered to be morc, placid 

tý,,, n f', . arq othor strains of laboratory rat, it seemed pro-ferablo to 

continue to use the small holding cage method excrement collection 

xather than metabolic cagesý because of the Possibility that the 

, es gave rise to the secretion of substances U -L metabolic cafx ith avers. 've 

properties, However, because the holding cage mothod of collection 

did not enable good separation of faecal matter from urine$ it was 

intended to sacrifice the mothers after 21 doys wid give the pups a 

second t: r-ial in the olfactory discrimination apparatus, using cpposed 

maternal and virgin caecal, contents as Leon had done in Ii, 'xPeriment 2K 

(Leony 32.974)- Using caccal. contents would also allow for the slight 

possibility that rats wore consurning the portion of their anal 

excrement -which contained the phoro-mone. Although this seemed unlikely, 

in view of the observations made on the animals, it could not be 

completely r. Jed out. 
.YUI 

A new control, group would have to be run wi-LILL tLe Ifistar ratog as 

it could not be assumed that tl)ay woi.. ld behave in the test appaxaltus in 

tho same wannor "o tho PVC-11C rats, 
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Encin=-ont 14. was carxi..,. d out in order to determine whether the 

phcrommono, was prczentl in c-ither the vaial excrement or caeaal mn-t orn -I 

contents of Wistar rats. 

Subirocto 

72 Wist. *; = rat PuPs -,, OrO uSed from 12 litters born to nulliParolas 

females agod 100 ± 10 daya. Littere were culled to 6 on Day 0, 

Exo=emcnt was colic, --ted from 2 nulliparou! 3 fe-male WiLstar rats, of the 

sajae age and origin as the 12 maternal rats. 

Adult animals -4ere fed the Labrurc M. dist from arrival in the Hull 

colony until the end of the experiment; maintenance uas as described 

in Pa=t I of Chapter III. 

13aratuci 

The olfactory discrimination aPparatus, with an airflow rate 

of 29 litres/min was used for testing the mt pups, 

Excrement was collected fýrom the ad-Lilt females by means of the small 

holding c. ngcs described in Chapter III. 

Procedure 

On Day 179 pups werre tested in the olfactory discrimination 

apparatuz aftcr 3 hours maternal doprivation. The 12 littors -were 

dividud into an experimental and a control grouP. The experimental 

f.,, Toi-, p pupo ware tested 'k-rith exCrament ctimploo obtained from thuill 
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own motlicr opposed to an ecilii. l. cliuaii'llity obt; -tined, 
from the 2 vii-, gln 

"Id. 0-11 had been i-solated. in the holding ow-w .,; 
for 4 h0mv. 

Contrt), IZ j. oL4p pups werg 1, ull ill thýý empty appaxatLýso 

On Day 21, all the adult : 'ý'emalo animals wýcra saur. Lficedv and 

their caecal contente used to provide samples for the goal boxes in 

the apparatus, Approximately 3 gm were used, and -the pqps were tested 

for the second time, with the caecal contents from their oizn mother 

opposed to those from the vir6-, in female, 

Testine, took place over 2 days. 

Besides noting the kind and ntua-ber of goal. box cntr. -Aes madc, the 

time that each pup sPent in the 3 divisions of the arena was recorded, 

and an ambulation score was obtained by counting the number of 

dividing lines crossed during test sessions. 

Results 

The goal box entries made by the Wistar rat pups on Day 17 ond 

Day 21, are shown on Table 18* Probability valites shovn are the ones 

obtained from compoxison of 'Who ozperimental g2=p results with the 

control$ using, Vý 2 test, 

Althougl'i there was still no evidence of an overwhelming attraction 

towarda the maternal excrement or caecal contents., tho pups were 

certainly influcnoed by the matorial in the goal boxesy in that the 

number of entries made was higher when it was present than when the 

apparatus was empty. 
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Tablo 18 

Coal. box ent-ico madr. - hv 17 ajdý: j- do -L(ý ýli -, _ta 
r ýo s __2L_ _ýu__ 

G. R. 011P RJPS I BS'HAVIOUR p 

Enteruýd maternal Iýatercd virgin Remained 
goal boýc goal box in arena 

D-i, Y: L7 15 8 13 36 4.0.001 
anp-I (221)ý) 3 61',, 
excrement 

Day 21 14 6 16 0 00 1 
oaecal (3%ý) (17M 4 4' ,, ', 
coiiteritls ; 

CONTROL 

M)tercd left Entered risht 
hand box hand box 

Day 1.7 0 1 35 36 

9 7, 'ý-, 

Of the Goal box cntria,: ý alo-nic, the Idatornal material waz chosen 

by the major. l. ty of PuPs in both Croups. The binomial test 
non 

cut cn thesa nuiabors gave/Qýi i., gx. ific ant xezuiltz ( D,,,, v 17 PuPs; I? - 0-210; 

Day 21 pjp. -.; p-0.116; Vwo--ýailed vvluos). 

Tho mean arijbulF. tdon scoreq Qf 11-59 9-5 =, d 11,2 obtained fxon 

the DaY 179 . 0av 21 aaýd Bý,. y 17 cultrol group pupe failed 'to anter 

a compartment, iiere -3y'distinguichablo. 11"hose, I)up. -. did not prefox the 

part of tho arcna in tho aalý-, ernv. l Coal box vicinitty to any other pý-. rt 

a. -i zhu-im by the "i"Piwo , pent the-re. 
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9.1'ae, co-n-L., ccl rc-,,: lult,, g, in svhiýýji of the, pups rcmained. 

in the cz-ona zlhcý.,, ý difforent these to U1.0 PV'%Iftc ctr-JuI4 

They f. ailed to . 51how the sig3v-, of stz(, s-- - z; uch as frcazing orl darting-,, 

that -uhc-., hoodc-, d icalmalz ba, d cy-Ilibited when place(l in tije vxena,, and 

r tranquillity was shown by their fa.; j. rly high amlra*. 6- tbc-L: j7 4, -reate. la'J un 

scoves, which were similaz* to thopo obta-. *Lncýd from the YIG/(; pu-rs 

tht !ý vzhicý: ). had ba(-, In di. AurbcA or familiarised wi c appaxatus in 

Exporimcat 116 

The numbc2: - o.,. ' goal boý,. entrier. madf; - 'by the pup. s which, jq0re tested 

wit, ft matca: ial prozent in the cork. -poxtmentz vas significantly h-16har 

than the number mado by the contiol group. This does no-to nocer'--arily 

rjiean though that the pmpý; weva attracted by a Pheromone, and in fact 

ti1c zcZulto ba-aely di-f'fcr from tho 521/1...: 31ýi, `, 
-* 17',., division obtained 

in a. poriment 2. 

In considering the actual goal box ontrics mado by the pupsv the 

preforence for tho maternally Eerived stimulus m-, -Lcrial dosa nct- 

differ from onc which might ba-v(; ocouxred by chance. Thuo once againg 

the pupo havo shoun a preference -uhiel'i is slight, rather than to the 

1- al Ay. oxtent of buLng, zignificitnt st '-1-latical' 

ldhen Leon (1974) gave 16 day old pupo the choice betvreen maturnal 

men, -A, contents awd virg-lin c. accal contents (Experiment 2 K, Table 1), 

he found that 87; -' entcrcd the matcrnal goal box and only laj'6 the one 

containing virgin. capcal con-tents, The results of ý=periment . 
1.4 fail 

to replicate Ithoze particlj. Uý, -: - --Pj. ndirgn ne, --opo-rts; they also do not 
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t'L u A3, Pheromone is, preoent in the caeo-cm, and 

consumed by tho animals as -it is excreted. 

The food intake of the Wistax rats was measurod from Day2 5- 18 

in tho primiparous anirnals, and over a 10 day period for the v. Lrgin 

rats. The lactating females showed a three-fold increase in intake, 

th,, - pattern being similar to that of the PVG/C ratz (shour, in Fie-, ure 

P. 83),, al'though it was on average, 13 higher. The virgin femaý 1% 1 es 

consumed about 9ýý more food daily, The higher intake of these rata i3 

'probabl. 77 because Wistars are larger than the PVG/C strain. it was 

considered to be sufficient for pheromone productijon (Leong 10,75; 

Leon, pers-cnal communication). 

Conclusion 

Although the Wistar rat pups did not appear to be as stressed by 

the test proccdure as the PVG/G pupst they still failed to shox anything 

other than a slight preference for maternal excrement or maternal caccul, 

contents when these were-opposed to the same type of stiwulus nuiterial 

obll, ainod from non-laotating female rat 

EX pýI, rnljl, ý UTERNAL IN TIIE SPit. GU ,L A F, 32A1,1 EY RAT 

The purpose, OL ' &pcriment 15 vas to determine vhether there was 

any ovidence of matemal pherumone eadssion in the SPraguO-Dalfley 

slXain of rat, using young tcstod at 17 days age in tho olfactory 

discrimination apparatus. 
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bet 

4' S. Prague-Daawley riýýt pups born 'to 7 nulli. parovs female. - which 

had been mated at 100 ± 10 days age iuere used. -Littero comp. -c-ised 67 

7 or 8 pupo. Excrement was collected frola 3 nullixrous females 

aged 120 d, -, yso 

These animals ware the normal stock animals used by the Department 

of Zoologyq Hull University. Details of this otrain are given in 

Part I of Chapter III; the animals had been fod the 41 B diet 

manufar. -turod by laussrG. L. Be Bradshaw and Sons Ltd, 

aratus 

The olfactory discrimination apparatus, vith an airfloli rato of 

29 litres/min uas used for testing the rat pups, 

L'xcrement was collected from the adult females by- means- of tho small 

holding cages deccribed in Chapter Ill. 

Procodure 

A-11 pups wo-re tested once at 17 days age in I'Whe olfactory 

discrimination apparatus) after 3 hours maternal deprivation. The 

3 nulliParcus females were isolated for 4 hours in the holding cages, 

so that their excrement could be collootedg and the maternal females 

for 3 hours- IiPProy-imately 3 gm excrement obtainod from a particular 

litte. 's mother, and that mixed froya the 3 virgin females were placed 

in the goal boxes of the test appaxatus. 

The standard tczt procedure was followed; goal box entriesp spent 

in different parts of -ti1c, Ix, ena, and a-wbulation scores were recorded, 
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Fifteen pup. s. froýý, ulte 7 littern were, tosted ir. thý; e,. nljty appzý. -r. zjtus; 

group, 

All testilla took plac-c-, in one day,, 

Re2ults 

The numberý; Of goal box entries made by the Sprague- rUawley rat 

pupo are given in Talle 19. 

Table 12 

Choice behavioux of L7 ýU 
_Rid Da a-Dalljov 

pups in the olfactory discrimination aP_Paratu_s 

GROUP PUPS' BEHAVIOUR 11 

Lhtered maternall Matered virgin Remained 
goal box Goal box Ir. =ellz; ý 

7 
Experimental 5 1 24 30 

6 W&') 3.3ýý) 

Entered left Entered riglit 
hund box hand box 

Control 2 0 13 . 15 
(13.3i-) 

The data do not satisfy the requirements for / test, as the 

cell froquencies are too small. If the numbGra of goal box entries, 

are pooled, although the control results still give =izo to an 

"exPected" frequonccýr of jous than 5 (Siegol, lg,:, 6'9 a test for the j) 

significatice of dif-foronue between two proportions can be carried 

out (Bruning and Kintzý 1968). The zezult is n=0.793; P- 0-423 
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(t'00-tuilcd Probability)ý and so it iss concluded that tbere was no 

evidence of any dl-Cference in bebavioux between the pups tested with 

cxc: Oc'II'Prjt sam. P3.0--f will those 
-run 

in the empty appaxatus, 

Although data from time spent in the different parts of t -he 

a-rena and. ambulation ocores were recordrý., dq both dependent variables 

failed to suggest 'that there was any difference be-tvreell. the exPerimental 

ana oontrol group2, and 5ot as in Previous OY-Periments, for the salce 

O. f simplicityp do-tails of these data are omitted, 

Di; -ý, cur, r, ion 

The results obýained from the Sprague-Dawley rats are very'similar 

to those of the FVGIC rats iiin in earlier exPOTilaents. There is no 

evidence that they are attracted towards maternal excrement or spend 

their time in tho Proximity of the maternal odour, although once 

againj a slight prefurenue for the maternal stimulus is shown, 

The results did differ from the earlier ones, iq that fcirer 

2 test pupo from both groups entfered either of the goal boxer 

carried out on tho control. group from this experiment and from 

Experiment 3t using pooled cells and Yates' correction, gave a 

value sigpifican-1W at P= <0,05 level* (, -ý2 - 5*266; df = 1; 

compaxison numbers 19: 17 and 2: 13) 

Rean aribulation ocorer. of 5.3 and . 
5-1 from the experimental 

and control gToup pups res-poctively, uhic, 4 failed. to enter goal 

boxe-2-9 110ro similar to the score of 5.66 obtained from the FVGIC 

pups tested undwýbt"dard oolleitions ill - porio-clit 4 (Table 15)- .&D. X 
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Whilst tho Sprague-Da-,: rlcy p-tkL)s tested in this experiLýIcnt 5ho-ýicd 

what gaz now con, ing to be regarded as thc usual slight prefoi: ence for 

maternal excrement samples in the olfactory discrimination apparzat'Lls, 

the reouit3 indicated that the behaviour of the pups tested in the 

apparatus with excrement samples present was indistinguishable from 

that recorded when the apparatus was empty# Thus ! ý)cperimcnt lR 

failed to produce evidence of the maternal PherowGne being soureted 

in the Spragae-Da-aley strain of alb'jno rat. 

Conci. usioris n-om I.;! xPorimento 14 and 15 

Despite the findings by Holinka and Carlzon (1976), and 

correspondence from Leon (Appendix III) which suggestGd that the 

maternal pheromone was not a strain zpecific phonozenong this 

possibility could not ba overlooked. When two strains of albino 

Rattus norvegicus were tested in Experiments 14 and 15, there was 

no stronger indication of an attraction towards maternal anal 

excrement than had been evident in the hooded variety tested previously. 

iihilst the Wistar and Sprague-DawIcy rato used in Experiments 14 

and 15 v: nro undoubtedly stpure", having come frora roputable doalerst 

and originally came from the same sourco as the North Anericzai 

animals, that common couroe probably existed about r-O years ago. 

Genetic drift would have ocourred in the strains on both sides of the 

Atlartict rae,, --; Lninp, that althor. gh the arins-Is have the same labelý in 

fact they night show quite different goiletio chrxacteristics, 7,; hich 

may in turn be rofleated in behaviouz-, -,! differences (Levine and 

Watzeiv 1963; Piý ý 11,178). The conclusion wusto be; theng l'ohat 
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altlit)U, "ýJ vý "Z" Ei ýi ?, to oi' L, ý�(, samle riomiral strain ii: tý, 1zOrt" ý' 

tostod in Pýritc, -J,. n) tt. Gý. r i3ailime to emit pheromone z01.1.13. 

be to 112, -t. eiiii differencelle 

On the other hand, it might be that there are somo specific 

bacteria precent in the g-ot of the North AmerIcan rats which cauze 

maternal excrement to exert an attractant e. L -', 'feet, To clucidate this 

problem, it would be necesaary to compare clu.,; ely the pheromone and 

non-phercmone producing animalst probably loo. 'r. -Ung first at diff=cnces 

in gut flora. This would ba a di-APfiICU. 
A. 

tq tiMC-C0n I -ýijj nd Cc Wly au a St 

exercise, and was considered to be outside the ecope of this studyy 

tile aim, of which had been merely to replicate the maternal pheromone 

effect. Almost two years had been spent cn this undertaking., which 

had proved unsuccessful, 

The conclusiong after Experinents 14 zand- 1.5 had been run, was 

that whatever the reason or reasonst the failure to replicate the 

maternal pheromone effect indicates a real difference betveen th-- 

North American and Rcitish rats studied. 
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CIRP21a Xiii 

T ITL,; 

A STATUS OF RAT MITAL PHMOVIONE Bf L'Uýý: -1271 

IIPI RC)DUCT ! ON 

By early 1,0779 after several experiments with lactating femalo 

ratsv there was still no evidence from the Hull laboratory that the. 

matcrnal pheromoile : ý: &. Lsteda The -olfactory discrimination apparatusp 

utied with zuccess oy Leon and Koltvp had been used th: oougLo-ut all the 

work, although with the incorporation of certain modification-c in 

procedure, for the varicus reasons already givon, 

Whilzt t'he at Ilull were being ponducted, a certain 

amount of Correopondence took place between Leong Ivioltz and the 

1--re-cont writer (COPiez Of letters =00eived are given in lopendix 111). 

Az mentioned in ChaPtcr 11v Leon and Moltz jrere2 bY 1977, working 

aopaxatelyg, and it became evident from some of the off. 7prints which 

they supplied that they were pursaing diverging lines of research. 

Both had exp-Cossed intcre. --t in the attem-Pted replication and 

had offered their assi2tanco. Conoequentlyv the writer decidedp in 

vie-w- of the lotal fallure I-ou obtain similar resultst that a vi it to 

Leon or Roltz and their laboratl=ies would be a useful undertaking. 

tjiy differences in odour or composition of the maternal eXcrement 

could be discovexedg and some of the p: ooble, -, -is encountered in the 

vork- on The raternal pheromone could, be discussed fully. Soon afIL-ler 

issuing an invitzation Io visit his laboratoryg Leon became ill., )-r. d 

so a shortened visit to %ollaster Univc-r. sity was arranged before a 
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longer stay with holtz at Chicago University in Aprilq 1977. 

After 1976ý several papers on the maternal pheromone appeared 

in the literature* Pheromones as agents in mammalian behaviour 

were being mentioned in textbooks (e. g. Hillv 1976; Hafez, 1975); 

the maternal pheromone in particular is described in the revised 

version of Barnett's authoritative work The Rat. (1975), in the 

book by Stoddart (1976) Mammalian Odours and Pheromones and in the 

general textbook Comparative Animal -Behavior (Dewsbury, 1978). 

Chapter XIII summarises the understanding of the maternal 

pheromone held by mid-1977- 

Part I comprises a brief recapitulation of the conclusions 

drawn from the experimental work in which the olfactory discrimination 

apparatus was used, in aperiments 1- 15; in Part II, an account is 

given in diary form of the writer's visit to the two laboratories in 

North America, Finallyv in Part 1112 pre-publication offprints which 

were made available to the writer at this time are outlined, together 

with other Post-1975 publications on the maternal pheromone. 
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f. -*U: st, e. %:, periment de-rilon: 3trated very effectively that the 

procedil-ro uzed by Leon and klolt Uz in obtaining odour 

would have to be modified substantially in order to 

ýalld data. The use of live aninals in the goal boxes gave 

oortfo', -Xýdling varialblesp but the collection of wicontaminatod 

-and non-lactating animals did not appear to 

4j -r be _Ifl: ple L 06_ eitl1pre 

-1-. Itian 17 day cld rat Pups -rere (-; ivcll the choice of maternal 

vercus non-lactating feraalo excrement in the second experimentp just 

over hal & chozo -the maternal facces -a figure far belov. 1-1hat obtained 

by Leon and Nolts-, (1971)2 in a comparable experiment. Differences in 

apparatus and procedure which might give rise to this discrepancy 

irere noteJ2 and these izere e. 1ther amended or studied in suIbsequent 

exporMents. Tho rate cf airflow through the apparatus was one such 

variable2 but the results of LtPeriment 4 shoited that it did not in 

jt2eIf affect tiie rat papEil behaviour# although the preference of 

thc. -w" ý, Ita for the ; II-allcwnal cxcrewont did appear SOIILeWha[- diMini. Saed 

whork coapared with previoiiz results. 

Lemgrthenbig the pre-test puriod of maternal deprivation did not 

elicit otrongor aPproach behavicur from the pvpzt and pups tested at 

24 days ago also fa. -*A. Icd to move toward's tho source of* maternal odour. 

Hoi-Mverg thcsc older pupo did ý, how a greato-or propensity to onter 

either of tho te. o goal boxqz az opýjoscd -to xemainiiig in the azena, 
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Tho . 1j: ooblem of pups which had remained in tho arena (or "failed" to 

make a choice of stimulus)p had been an important one, and the 

existcnee of a substantial numbor of pupo in this Uoup had given 

rise to difficulties over the interpretation of results. The solution 

appeared to lie in the setting up of control groups, in which pups 

were testod in -the olfactory discrimination apparatus -when it was 

empty. These provided a baoe-line against which overall behaviour in 

certain conditions could then be compared; the goal box entries alone 

P, ould subs equently be examined for an indication of any preferences 

which may exist, 

The results from Faperiment 111 suggested that the pups' behaviour 

in the arenay and Nhether they actually made a choice, depended to 

a large extent on both their familiarity with the apparatus and the 

nature and extent of pre-test handling which bad occurred. It. * 

apppared that the more familiar the pups were with the test p3=edureq 

the less likely they were to enter a goal box. 

Motabolic cages had been introduced as a means of excrement 

collectiony "-* the previous method-- had not enabled good sepn-aticn 

of faeces and urine. After 11-cperiment 41 anotho5ý variable was- 

censidered to be complicating the results. The results from this 

exPex, iment suggested that excrement collected by means of these cages 

containod a oubstancolcr -substances, which had aversive properties 

foi., oonspeoific, ýý,, It vas hypothesised that animals isolated in these 

cages undorwcnt stress, and so secreted slightly different products 

from unstressed animals. Howeverp although this may have been true 

for carly sets of onimals testedv later results were not in caccord 

with thiz idet-L. 
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I 

As it had been shown thalt, the PVG/C rat pqrs testcd were 

capable of olfactory discrimminationt and tplhat the apparatus was riot 

malfunctioninr, ý the conclu: 3ion that these particular animals -ve: re 

riot emitting the pheromone seemed inesoapable. 

The same ., train of rat was given two difforent diets in 

Experiment 129 in an effcrt to detei-mine whether it was a dietary 

deficiency which wac preventing the pheromone release, end in 

Lscporiment 139 tbroe 'lyres of diet were used. Paps wore given the 

choice of excrement samples which diffej. -ed quite considerably in 

composition and odourv only one of which they familiar with* 

The results were virtual. "Iy- unchanged; there ;. rass still no c; uggestion 

of any strong attraction towards the maternal excrement, although the 

slight preference for it, as opposed to the virgin excrementp which 

had been noticed in earlier cxpcrimentsq was still evident. 

The failure to obtain evidence of a maternal pheromone had at 

first been attributed to an apparatus fault or to some peculiarity of 

the paps tested, As more experimental -. iork was completedt the fact 

seemed to bo that -the lactating female xats, tested were not producling 

the maternal phLeromona. There seemed to be no reason why the diet 

should block pheromone production$ and feeding the rats on difforcnt 
C. 

diets had failed to alter the pat-Itern of negative results* Finallyt 

two different strains of rat were obtained and testedt Wistarr, aaid 

Spraguc-Dawleys. These rats did nat P. Ppear t, -- emit t. he phoromone 

eitherg although 4%-he behaviour of the Wictar pups was markedly 

- of thp PVGI(. ' young. different fron th-at 
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'dhilr, t it seemed locitimate to conclude that the maternal 

pheromone was not beinff emitted by any of the three strains of rat 

testod in the Hull laboratory, it ifais dif-ficult to underotand iThy 

this should be the case2 if indeed maternal phe=-orlone is 11 ... a 

, F-, eneral characteristic in laboratory rats, " (Folirlica and. Carlzony 

1976) P- 502). The pheromone had boen demonstrated to exist over a 

number of years by Leon and holtz and their colleae-. -, uesp working in 

two separate laboratories, mad more recently ir. a third place by 

Holin'Ma and Carl. scn, IThilst the constituents of the diet claimed. 

to be necessary for pheromone product0ion by Leon and hoitz wore I 

present in the British diett withcut actually feeding the animals on 

the Perth American Purina dietp this variable could no-It-, conclusively 

be ruled out as the one which might be preventing pheromo-ne emission. 

A similar problem arose Over the use Of Wistar and Sprague-lawley 

rats in the later experiments. Although the onimals were dorived fTom 

good stockt and originated from the same source as the Am-crican rats, 

the common source probably existed about 50 years ago. Genetic drift 

would undoubtedly have occurred in the strains of mat reared on both 

sides of the Atlantic, with the result tbat animals supposedly of 

the same "strain" might have different genetic and behavioural 

charecteristics,; To Paake doltailed comparisons between the British 

and North Ame. --iýican strains of rat, it -w-ould have been necessary to, 

import animals. 

Thus the conclusions drawn frcm the experimental worl", itself 

we. -e of a rather limited nature. All that could bo safely stated was 

that no evidcnco Uad been obtained foz the existence o, &" -the mateznal 

pharemono in Lbxee strains of British labo-eatory Pat. 110woveTs thf, 'We 
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indkicai. j. 0r), that uie rat, pu-, p3 tosted discriminated., arid to a 

"liE 'Ilt ext(U, '. tq Preferred a matm-naily derivoa odour. 

The exper-hrawital work -had not been without vatlite thcii, ý,; h, Tho 

atte? n qpted replication-s had sholn up come inadequacýicr, of exporimenta-1). 

dvslt)ýn which existed in the publisheci reports. The failure to 

obtain evdadence of an attractant meartt that the original wozk wz 

subject to close Ocrutiny - and this revealed inadequacies of I 

mwe theoretical natureo Theoe will be described and discussed in 

Ghapter XIV. 
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PAULT 11. 

t TC) F- YCIIQLOGY A 'ARTI-- '' 

AT A? Dj CHICAGO UNIVERSITY 

The 1',, -cliolo rL;,,, iýtment, 1'41ýlaster Universki' in 1 '1 Lri0 Ha -it o- t 

Th-Az i-., a; 3 tho c. nly d; 
-'Zr 

IL first question '20-t rl-. . M. -Ichael Leon. L 

or nCt T he -to -no was cnri to wbether had obtained any positive 

lfitL MAY ra"s 'Sjllcýý MY last 10tte-r to him. I told him that as 

faý, as-, ' I oould seet V lvtctclziný-, rats were not producinCgý caecotyophoy 

and. -11IJat --there was no bohavioural evidence which sug s01, . ge td he 

existcl, noc of a 'Im-aternal pheromone"t As he showed me round his 

animoa 0010.14r, Ife, considored the ren. Lons whinh could be causing my 

ppexent failure to r6plioate his work - the underlyJ g ýUmp a -n as5 tion 

beine, that th,,:,, phoncmenon existedp but was being "Masked" in some 

way by some othc-r- va: riable. 

The vvý, in, poEisibilitics vezes 

1.1 i-Vaz; feuding the mothers a diet whicli containcO. antibfl. otic, 

2. My lactating mo-tiluca . zore not ciating cnough. 

im. '3 not uiaillfý a suitable floor covering, in the appiaratus, 

The ai: vflc., w was liot adoquji-L,: ý,. 

The pups in the bul! colo.,. Iy suffýýred frOL! a rc-spiiat -ory 

in. 'Ceotuion of soire cort, alia could not ma'-e o1facto-Y 

'i., 

disoximinationz, 
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A. e-ý my p,, P, --, are able to dis-cr!,, -n.. 'Lnate odoi)r at 10 days age 

5). and cnLered goal boxes in the apparatus under cone 

ýýxperinw, ýntal conditiono, I felt I could CliMiDatO points 3 and 5- 

1 had previously checked out the diet formulae for antibiotics, which 

wero not prosont, and also recorded the mothers' daily food intake* 

The latte-- increased considerably over the course of lactationg an(I 

Loon agreed that the arounts thay were consuming by Day 37 should C> 6 

have been sufficient for pheromone production, Unknown to both of 

us at that time, INIoltz had demonstrated that hyperphagia is not a 

n0c; e3oar. y condition houever, Work on the apparatus (&periment; 

had indicated that -alteration of aipflow rate did not have any eff ct 

on the pups' behaviourg and vo points 1p 2 and 4 could also be 

discounted. 

Leon mentioned the possibility that the Hull rats were producing 

caocotrophe at night and consuming it all then, As observational 

vork had suggested that this was not the case, and as the pupE, tested 

iiith caecal contents in the goal boxes (Experiment 14) had failed 

to produce evidence of a pheromonev this explanation sacmed unlikely. 

A constructive --uggestion made by Leon was that I should test 

pups in the dw-, k. He has found that under these conditions they 

respond much more quickly to the maternal odour. 

One of iiW early problems had been that of the animals I'darting" 

rapidly into ; Soal boxes. Leon suggested that I handle animalz bcforo 

testing, in order to deal with what appears to be an escape response, 

Leon "-d a colleag-ae had encountered -this tendency in hooded animals, 
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but rediicc-d ýct 
I)y h_fn, 3. JAn, -, and a. ýjf;. u*at=- f--milicxisation scsaiw=. 

I had alrea-dy Clonc. 10. iis (Experý`raent 11), but found thai; this 

treattrient redijoed -i,; ho puwýO disposition to enter t. bp, Eoal boxes, so 

exacerbating the pro"Ible. m. Leon -then told me that in some recent w-orlkc, 

where they had again becr, handling pup-- before 10estiný,, -j they had also 

encowntered thi. 3 problcm. 

Caf-cotror, he 

I was only able to see One f'omule at the "correcot'? zLge f,, jr 

caecotropho cmissiont i. e. 17 days post-parturition. She did Produce 

a larger rounded mass of faecal matter in addition to the vormal bolip 

but I was unable to distinguish its odour from that Pervading the C> 

colony roome 

A aratus 

Some differences between Loon's olfactory discrimination app=-. atus 

and the one bvilt at Hull were noted. The major ones vere; 

1. The two walls bet-w,,., cn the open-field and the goal boxes 

were fixed in position, with a gap of 2-5 cm (one inch) 

above the inner ledge. This. is not in accordance with the 

diagrams published by Leon and 11, oltz (Leon and lKoltz,, 1971; %V 

Mloltzq 1975). In the Hull apparatus the dividing vall wans 

mado to owing ini., -ards on a hinge, its lower edge. 1.5 cm 

above t1lic ledge. 

2. Yho external. walls of Leon's apparatus WOre tr. wizparent, 

whilst, mino vrere opao., ap* 
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There are some consequences of these differences - for instance 

in the Hull apparatus large animals can enter the goal boxes when the 

door swings inwards. I felt very dubious about whether 60 day old 

rats could get through the gap in Leon's apparatus. The transparent 

sides on his apparatus mean that the animals will be more vulnerable 

to external cuesq such as light or movement in the testing room, The 

olfactory discrimination apparatus in Leon's laboratory Vas placed in 

a separate testing room from the colony animals, but it'was not 

positioned centrally under a single light source. 

April 
_ 
6th - 8th, 1977 

I spent these three days in the Psychology Department at KcRaster 

University with Leon's graduate students, I didnot meet Leon again 

to talk to. 

Work in progress 

I was not given much information about currený experimental 

work, but I understood the position to be as follows: 

Leon is now viewing maternal pheromone as an "imprinting"2 rather 

than a learnine; phenomenon. (A learning hypothesis had been advanced 

in his 1975 paper "Dietary'Control of Laternal Pheromone in the 

Lactating Rat") Consequently he is now exposing pups of different 

ages to different odours in order to determine whether there is any 

', critical period" effect; he has a paper in press which demonstrates 

that artificial odours can influence pup selection. 
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Leon is routinely using a diet manufactured by "Tertox" to 

give mothers who do not produce caccotrophe or maternal pheromone. 

Unfortunately I was not able to get the formula of this diet, but II 

believe that it is similar ýo diet Sv which does not contain suitable 

carbohydrate for pheromone emission (Leon, 1974; 1975). 1 was unclear 

as to what the behavioural consequences on pups =ea=ed with these 

mothers were or were meant to be) particularly as they were housed 

in the same colony room as the Purina fed mothers, Leon himself (1975)v 

established that familiarity with an odour in. housing conditions has 

important behavioural effectst and so must be regarded as an independent 

variable. 

As far as Leon's work goes, the impression I received was that he 

is currently developing his "imprinting" hypothesis, and that maternal 

pheromone is primarily explicable in terms of innate processes, holtz 

was briefly referred to; the direction his research is takingy in 

which the role of the liver is under investigation, was regarded as 

somewhat tangential. 

I was not able to see normally reared rat Pups tested in the 

olfactory discrimination apparatus* I was assured though, that the 

attractant effect of the maternal pheromone was so strong and reliable 

that an experiment involving testing young pups was now used as an 

undergraduate laboratory practical. Howýverv as this is carried out 

using mobile animals in the goal boxezv thus confounding auditory and 

olfactory cues, I did not feel that the consistency of the effect, 

when obtained in this mannerv should be regarded as evidence for the 

existence of the pheromone. 
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I left I-IcIlaster University feeling no wiser as to why my. animals 

in Hull had failed to show the pheromone effect, and rather confused 

about the research Leon was currently pursuing. 

The Department of Biopsychology, The University of Chicago 

1., '. onday A-pril 11th - Saturday April 24th, 1977 

During this thirteen day'period I had many conversations with 

Professor Howard Xoltzq and I worked with jais two graduate students, 

Sally Kilpatrick and Kathi Marinarij every day. 

The following general points emerged; 

1. Caecotrophe 

"Caecotrophe", as described by Leon) is not emitted bY the rats in 

V. oltz's laboratory (although Leon first noticed this phenomenon in 

Chicago), and the term is not u6ed. Here, maternal rats do not 

produce two-kinds of excrement, but either normalq large boli, or 

very loose, moist excroment. of an almost diarrhoea-liko nature. This 

picture is a familiar one, as the maternal females I have worked with 

Produced similar types of anal excrement-* 

Although caecotrophe was not emitted, it did appear that between 

14 and 27 days post-partum some lactating mothers produc6d faeces which 
k 

had a distinctive odour. I was able to smell this odour. easilyo as it 

was very strong, and completely different from that of normal rat 
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excrement* I was not familiar with this odour, and had not experienced 

it with any of the colony animals in Hull, Up to now, I had thought 

that caecotrophe was the moist type of excrement (only distinguishable 

by its looser constituency); after conversations with Leon and Moltz 
I 

I no longer felt certain about what caecotrophe is, or looks like, 

P, oltz dismisses Leon's hypothezis, that the caecum can have two functions 

as ridiculous, and it certainly seems improbable that only a portion 

of the oaeoal contents should be subject to bacteriological change* 

2. Failure of pheromone emission 

Problems have arisen in holtz's laboratory recentlys in that not 

all lactating females axe emitting maternal pheromone when tested by 

behavioural bioassay. ýo fa=2 this failure of emission has been 

regarded more as an annoyance rather than a problem with serious 

implications, and no investigation has been undertaken into its 

spasmodicity. It is not known whether the loss of pheromone is 

associated with the unique odour, but certainly there seems to be-no 

correlation between the pheromone and the quality of maternal 

exc=ement, 

Sally Kilpatrick was attempting to filter out. the mothers who 

apparently were not emitting the odourt by first testing the 

attraction they had for 16 day colony young* If three pups in 

succession chose the mother, then she considered that the mother was 

emitting the pheromone., Howevery Leon (1975) points out that 

exposure in a colony room to a mother emitting caecotrophe can 

influence a pup's choice in the apparatus, even if that particular 

pup has not been reared with ac aecotrophe- emit t ing mother, The 
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element of uncertainty which this finding introduoesy together with 

the auditory and confoundinC variables present (mobile animals were 

placed in the goal boxes), means that these animals cannot be 

regarded as pheromone producers. 
k 

Moltz attributes this loss of pheromone emission to an 

inbreeding process* It turned out, that he buys outbred Wistar rats 

from the suppliers every few months and then inbreeds from these 

animals. Recently a longer period than normal had elapsed without 

new stock, and bearing in mind a similar pattern of events in the 

past, Moltz suggested that the relevant gene had been bred out of 

the animals, He also recalled that a few years previouslyp some 

rats of the ACI strain had been purchased for another user in the 

Department, and when Leon, at the time Moltz's graduate student, had 

1) tested these rats for pheromone emissionj he had failed to find it. 

This failure was viewed as an unimportant idiosynoracy of the strain* 

Studies using wild rats 

Moltz expressed conoe=n over the failure of pheromone emission 

in my ratsl. and in view of his experiencev seemed more ready to 

attribute it to some difference in the actual ratsf rather than to 

some procedural difference or oversight, than Leon had been. We were 

agreed in that in investigating the pheýomonet the ideal solution 

'would be to work with wild rats; in fact I think that if selection 

pressures are to be considered as a serious factor, then the concept 

of a maternal pheromone in caged laboratory rats is rather odd, Such 

a means of uniting mother and young may be present in wild rats, and 

it may originally have been present in laboratory rats, as IVoltz 
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would like to think is. the case with his newly purchased animalsy 

but there would be no selective advantage in its remaining, unlike 

4 

some other pheromones - for instance the "alarm" pheromone. 

Even if a maternal pheromone is still to be found in some 

laboratory rats, then the precise mapping out of its first appearance 

and final wane can hardly be matched with events in wild rats in the 

way Leon postulates, for, as is amply documented by Calhoun (1962), 

life outside the laboratory proceeds at an entirely different pace. 

4. Workin progress 

At the time of my visit, Illoltz was working on the hypothesis 

that attraction to maternal pheromone is really a "specific hunger" 

type of behaviour. The pups need to ingest maternal bacteria from 

the faeces in order to establish suitable microflora in their own 

gut -a process which takes several days, It is argued that if adult 

rats are caecectomised, so that they can no longer produce (and 

consume) their own caecotrophe, then they should display a preference 

for maternal excrement, high in caecotrophe content, and so the 

pheromonal effect is reinstated, Adult rats were tested in a new 

olfactory discrimination apparatus which had been built for this 

purpose. Like the first apparatus, it was not sound proof, and mobile 

animals were placed in the goal boxes. Some rats survived caccectomy, 

and after testing, which produced what I considered to be somewhat 

equivocal resultsp postmortems were carried out. These showed that the 

rats had not developed new caecal pouches. 
v 
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I am critical of the method, results and interpretation of 

this experimental work for the following reasons: 

1. Confounding of auditory cues in the apparatus* 
k 

2. Choice probabilities were not estimated either statistically 

or empirically by running animals with the goal boxes 

empty, or using test animals with peripherally induced 

anosmia. In effect, there is no control. 

Although there was no sign that a caecal pouch had reformed 

in the animals which had undergone caecectomy, it could be 

postulated that bacteria in surrounding parts of the intestine 

might take over the caecal function. This would mean that the 

experimental animals were not really deficient at all. 

Moltz had recently measured food intake on non-lactating 

concaveated females which emit maternal pheromone (as demonstrated by 

Leidahl and Koltz, in press), and found that hyperphagia is not a. 

necessary condition for its production. Kathi karinari is currently 

working with concaveated female rats, assessing maternal behaviour 

and blood serum prolactin levels at 21 days post-partum; it was not 

known what the prolaotin levels of concaveated female rats would be, 

A 

Moltz's paper on the role of bile in pheromone prodLtion 

(Science, April 19 1977) appeared whilst I was in Chicago. I found 

it extremely difficult to assimilate this development into the 

general framework, and I was grateful to Moltz for giving me a copy 

of his recent grant application form, in 'which he provides a research 

rationale and summarises his findings to date. 
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Apparatus 

The olfactory discrimination apparatus was identical to that 

used by Leon at Mcllaster Universityl and the same criticism of the 

transparent sides can be made. 

Testing was carried out in,. a room adjacent to the colony room, 

and a central fluorescent light provided good illumination, 

When pups were testedy, they were first examined for signs of 

respiratory infection2 namely wheezy breathing. Any pups which had 

noisy breathing were not run. 

Sally Kilpatrick remarked to me that sometimesl when virgin 
a females were placed in the apparatus goal box, they would suddenly 

start to excrete faecal matter after the first pup had been testedy 

as if in response to pup stimulation, 
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During my stay in this Department, I had many useful discussions 

with Professor Yoltz and his studentsp all of whom were extremely 

helpful, and willing to examine any aspects of the research which I 

cared to raise, However, I found some troublesome facto; cs in the 

situation which I could not resolve to my satisfaction* 
kThese 

were; 

lo The fact that live animals were used in the test procedure, 

Confounding variables were presentt and on several occasions I saw' 

a maternal rat "retrieve" a pup and pull. it into the goal box. 

2. The complete lack of control comparisons of any description. 

3. The unreliability of pheromone emission. As maternal attraction 

(or the maternal pheromone) was being used as a tool in evaluatinjg 

results of experimental procedures, I considered the fact that an 

unknown Proportion of mothers were no longer emitting the attractive 

odour to have serious consequences for Moltz's data interpretation. 

4. I-found it difficult to believe that the 60 day young tested in 

the apparatus by'Lois Leidahl. (1-', oltzt Leidahl. and Rowland, 1974)y 

could enter the goal boxes with the door fixed in the way it was. 

Sally Kilpatrick shared my feelings on this matter. ljo one working 

in the Department at the time of my visit had actually seen these 

Particular rats being tested, 
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5- 1 had the impression that although these researcherstwere only 

too well aware that not all their animals were emitting*the maternal 

pheromone, this problem was of no interest to them. 

k 

I left the University of Chicago no wiser as to why the rats in 

Hull were not appearing to emit the maternal pheiomoney and confused 

about the precise nature of caecotrophe, 

Howeverp after having seen testing carried out in the North 

American laboratoriesp I did feel more confidence in my own 

experimental procedure and results, and felt reasonably sure, on 

my return to Hull, that the rats I had tested had not been emitting 

the maternal pheromone. 

PART III 

THE LITIMATURE ON THE WERNAL PHIMODIONE9,1976 - 1977 

Whilst the experimental work reported in this thesis was being 

undertaken, a few more publications on the maternal pheromone in 

rats appeared; pre-publication offprints were made available to the 

i.. 'riter by Leon and Moltz, and a report on some work carried out in 

Britain, which was never intended for publication, was discovered, 

These papers axe listed in Table 20, and 4 brief su=ary of 

each folloim. 
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Table 20 

Work on the l-iaternal Pheromone in Rats, 1976 - 1977 

YEAR OF TITLE AWHORS & 
PUBLICATION L, ýBCIRIATcay 

1976 Pup Attraction to Lactating Holinka & Carlson 

Sprague-Dawley Hats (New York) 

1976 Role of liesidual Olfactory Cues Galef &- Heiber 

in the Determination of Feeding (Molviaster) 

Site Selection and Eýzploration 

Patterns of Domestic Rats 

1977 Emission of the Maternal Pheromone Leidahl. &- Koltz 
in Nulliparous and Lactating (Chicago) 
Females 

1977 Bilel-Ilrolactin, and the Maternal 1-Ioltz &- Leidalil 
Pheromone (Chicago) 

1977 Establishment of Pheromonal Bonds Leonv Galef 

and Diet Choice in Young Rats by Behse 

Odor 11're-aposure (moxaster) 

1977 Dissolution of the Pheromonal Bond; Leon & Behse 

I-Tanin, g of Approach Response by 

Weanling Rats 

Unpublished Blaternal Pheromone; Discrimination Kendrick 

by Ere-Weanling Rats (Durham) 

0 

V 
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(i) Pup Attraction to Lactating Sprague-Dawley Rats 

Holinka_and Carlson, 1976 

These writers investigated olfactorym-guided behaviour in 

Sprague-Dawley rats using two kinds of test apparatus. One was a 

slightly modified version of the olfactory discrimination apparatus 

used by Leon and Moltz. The other, apparatus of their own design, 

still fo2jwed the general principle of an open-field with two goal 

boxes attachedv but was specifically designed for testing the 

attractive properties of urine samples. 

After having demonstrated that Pups between 8 and 26 days age 

(inclusive), are attracted towards lactating mothers in the olfactory 

discrimination apparatus, they employ a litter substitution technique, 

similar to the one used by Roltz and Leon (1972), and confirm the 

finding that pheromone emission can be delayed and prolonged in the 

lactating females. 

In order to demonstrate that pups' approach behaviour is mediated 

by olfactoryv rather than any other cues, Holinka and Carlson 

repeated the basio procedure with 20 day old pups, but using goal 

9 

boxes previously soiled by the lactating or non-lactating female 

adult rats. The maternal compartment was preferred by 89ý of the 

pups. Using their oi-m apparatus, Holinka and Carlson found that 

pups spent more time exploring the maternal urine compartment than 

the non-maternal. As, they point out however, the urine was probably 

contaminated by faecal matter during collection in the metabolic 

cagesv and should not necessarily be regarded as the source of the 

pheromone, 
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In general agreement with Leon and Moltz, the main differences 

arising from Holinka and Carlson's work are that mothers start to 

emit the maternal pheromone at 8 days post-partum2 and that urine 

may have attractive properties, The earlier onset of pheromone 

emission (Day 8 post-partum, as opposed to I)ay 12) is attributed 

to a strain difference. .I 

This paper concludes with the sweeping statement about the 
I 

maternal pheromone; 

Its existence in two strains suggests that the maternal 

pheromone constitutes a general characteristic in 

laboratory rats. 
(Holinka and Carlson, 19761 pe 502) 

4 

(ii) Role of Residual Olfactory Cues in the Determination of Feeding 

Site Selection and Exploration Patterns of Domestic Rats 

Galef and Heiberg 1976 

Galef's main interest lies in feeding patterns in ratsp rather 

than in the maternal pheromone. He had already published work on 

diet preferences in weanling rats (Galef and Clarkp 1971b, 1972) and 

their movements towards feeding sites (Galef and Clarkp 1971ap 1971b). 

In this paperp Galef and Heiber explore the possibility that young 

rat pups are attracted towards feeding sites because the mothers 

leave excrement there which contains the attractantp maternal pheromone. 
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After demonstrating in-Experiment 1 that pups spend more time 

exploring an area of a feeding enclosure previously soiled by a 

lactating female rat than a clean part, Experiment 2 examines 

preferences for areas soiled by nulliparous females2 lactating females 

fed the sucr6se diet (said to inhibit pheromone production)q and areas 

soiled with excrement obtained from lactating females in metabolic 

cages, The results indicated no difference in preferences. . 

As a different strain of rat (Long-Evans) has been used, Experiment 

comprises a direct replication of Leon and Moltz's work on the maternal 

pheromone., using the olfactory discrimination apparatus, but with 

these hooded rats as subjects, Rat pups of 20 - 21 days age were 

tested; in the comparisons made, one of the goal compartments contained 

anal excrement of some sort and the other was empty, Samples of anal 

excrement were obtained from the pups, own mother, a lactating female 

fed the sucrose dietland a nulliparous femaleo The results indicated 

that Pups were attracted towards excrement obtained from either of the 

lactating females more strongly than towards the nulliparous females' 

excreta. This difference in attraction to females fed the sucrose 

dietv whilst having serious implications for Leon's explanation of 

pheromone production, is used by Galef and Heibe=-as an explanation 

for the failure to obtain the expected preferences in the first 

experimento They-attribute the difference in preference to a strain 

effecto 

There is still the relative attractiveness of the area soiled 

by anal excreta of nulliParous females in Experiment 2 to explaing 

and Experiment 4 is an attempt to resolve this discrepancy, It is 
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divided. into two separate studies. The first repeats the testing in 

the olfactory discrimination apparatus with anal excrementy but with 

equal quantities of material taken from lactating and non-lactating CP 
females; the second looks at preferences for samples from nulliparous 

females when a tray, previously soiled by these animals, is placed in 

the goal compartments. The findings were that when excrement samples 

in the olfactory discrimination apparatus are equalised, the preference 

for the maternal excrement disappears, and the nulliparous. females also 

excrete or secrete substances with attractive properties, 

The remaining experiments reported return to the main area of 

investigationp namely'the choice of feeding site, and are not of 

relevance to investigations into the maternal pheromone. 

This paper reports findings which have serious implications for 

the explanation of maternal pheromone emission put forward by Leon, 

and casts some doubt on the strength of the pheromone effect which 

he and R'oltz and their colleagues report. 

First, the fact that the pheromone effect disappears when amounts 

of excrement are equalised in the olfactory discrimination apparatus 

suggests that its attractiveness may be a function of quantity rather 

than quality. Although Leon mentions (Leonp 1974; 1975) that lactating 

.L 
females excrete more than virginst it is not known whether equal 

quantities of excrement were placed in the goal boxes of the test 

apparatust as this is never mentioned specifically. 

The attraction towards excrement obtained from lactating females 

fed the suorose-based diet cannot be accomodated by Leon's model of 
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Pheromone production, and the finding that the young are also 

attracted towards substances obtained from nulliparous females is 

another serious difference. 

From the data presented in Galef and Heiber's papery it is 

difficult to extricate exact numbers of pups' choicesp but it 

4 

appears that in most of the comparisons made there are several pups 

which fail to enter a goal compartmento For example in Study 1 Of 

Experiment 4j the writers report that 15 out of 48 pups tested (31C, 'ý) 

fall into this category, hence the maternal pheromone certainly does 

not seem to have the same powers of attraction with these rats as is 

reported with Wistar rats. 

The writers, with their interest in feeding behaviourg do not 

pursue the implications of their findings for the maternal pheromone* 

These are serious though, and strongly indicate that more careful 

investigations into'its actual existence should be undertaken* 

(iii) Emission of the Maternal Pheromone in Nuiliparous and 

Lactating Females 

Leidahl and Moltz, 1977 

This paper is a continuation-of investigations into concaveated 

animalsv and the first experiment shows that normal 16 day young are 

attracted to faecal matter from such females? not merely to an odour 

which could be emanating from my Part Of their body, When faccal 

matter from concaveated maternal females was compared with that 

obtained from normal lactating animalsy in Experiment 2, the 
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standard pups failed to distinguish the two. In a third experimentv 

concaveated maternal females were injected with a prolactin inhibiting 

drug, and it was found that as with the normal parturient female, 

pheromone emission ceased. 

Leon (1974) had proposed a model of pheromone emission in which 

high prolactin levels were associated with elevated food intakey and 

that it is the latter which increases caecotrophe production. ' In the 

fourth experiment reported in this paper, Leidahl and Roltz examine 

this model and find that concaveated maternal females eat no more 

food than do non-concaveated femalesp even though their faeces appear 

to contain the maternal pheromone. Thus the writers challenge Leon's 

model, in which hyperphagia is necessary for pheromone emission* 

A slide of a graphp showing the mean daily food intake of 

concaveated maternal females, which is not included in this publicationg 

but was given to the present writer when she was in Chicagov is shown 

in Figure 4- 
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Figure 4: Graph of food intake of concaveated maternal 

md non-concaveated female Wistar rats 
(Courtesy of Professor H. Moltz) 

Bileg Prolactin and the Maternal Pheromone 

Roltz and Leidahl, 1977 

Leidahl and Idoltz (1975) had established that concaveated 

females but not successfully concaveated males emitted the maternal 

pheromone. Injection of prolaotin or estradiol benzoate into 

concaveated males had failed to produce pheromone emission (unpublished 

data mentioned in this report) I and led the writers to believe that 
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a prolactin-hepatic mechanism was involved. In the female rat 

4 

prolactin induces a much higher number of hepatic receptors than in 

the male, and so it was hypothesized that bile taken from a pheromone 

emitting female and injected into the caeca of male rats might give 

rise to pheromone production and emission. This exercise was carried 

out, and the results supported the hypothesis, It was also found 

that bile taken from a lactating female which did not emit the 

pheromone (either because she had only been lactating for 5 days, or 

because she had been receiving a prolactin inhibitor)'did not render 

either the male animaly or his faecal matter attractive, 

It is concluded that in the normal lactating female rat, a 16 day 

period is required for the formation of sufficient prolactin receptor 

sites on the liver to alter the content of the bile, Through this 

mechanism the biochemical environment in the caecum. is altered, 

enabling the maternal pheromone to be produced. 

(v) Establishment of Pheromonal Bonds and Diet Choice in 

Young Rats by Odor Pre-Exposure 

Leon, Galef and Behse, 1977 

In the publication written i=ediately before this one ("Dietary 

Control of Maternal Pheromone in the Lactating Rat", 1975)p Leon 

presented evidence which suggested that the maternal pheromone is 

not an innate species-typic releaser, He postulated instead that 

the attraction cf pups towards their mother's odour or a familiar 

maternal odourp may be due to olfactory imprintingp associative 

learning, or a non-specific familiarization process, In the present 
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paper, with some colleaguesq he investigates these possibiliti 
) 
es, 

In Experiment 11 pups reared by non-pheromone producing mothers 

were exposed for 3 hours per day to air which had either been passed 

over a normal 16 - 21 day lactating mother, or filtered. Of the pups 

exposed to the maternal pheromone, 79% chose the maternal excrement 

when tested in the olfactory discrimination apparatus, whilst only 

22% of those exposed to the filtered air made the same choicep 

suggesting that associative learning is not involved, 

When the experiment was repeated, but exposure was to peppermint 

extract rather than. to the odour of a maternal female rato almost 

identical results reinforced the theory that mere exposure to an 

odour during early life is sufficient for an approach response to be 

shown by 20 day old pre-weanling rat pups. 

Finallyp pups from the second experiment were offered samples 

of peppermint or lemon flavoured diet for 24 hours on the day after 

they had been tested in the olfactory discrimination apparatusepups 

pre-exposed to the peppermint odour ate more of the peppermint- 

flavoured dietv unlike the controls, which preferred the lemon- 

flavoured diet. The writers conclude that the preferences shown by 

the test pups cannot be formed through association learning, but that 

the approach responses may indicate an aversion to novel stimuli, 

The influence of early olfactory experience on diet preference was 

demonstrated some time ago by Galef and Henderson (1972)v Galef and 

ShorrY (1973), and Capretta and Rawls (1974)o 
. 
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(vi) Dissolution of the Pheromonal Bond: Waning of Approach 

Response by Weanling Hats 

Leon and Behse, 1977 

In this paperv the decline of attractiveness shmm to take 

4 

place after Day 21 post-partum (Leon and lvloltzv 1972) is examined 

more thoroughly. In the first experiment, pups were tested daily in 

the olfactory discrimination apparatus from Days 21 - 27 inclusivey 

and anal excrementp rather than live animals, was used as stimulus 

material in the goal boxes. The data obtained suggested to the 

writers that there is a "sharp" drop in responsiveness at Day 25o- 

It is postulated that this decline could be due to the fact that 

the young are now producing caecotrophe themselvesq and in the 

second experiment, Day 19 pups were tested in the olfactory 

discrimination apparatus with an empty goal box opposed to one 

containing the caecal contents of weanling pups of advancing agee 

The choices made by the pups indicated that it is not until 26 days 

age that weanling caecal material becomes a's attractive as that 

obtained from adult animals, The results from the fourth experiment 

showed that if young are prevented from producing their own 

caecotrophe., then they are still attracted towards the anal excreta 

of lactating females at 30 days, an age when responsiveness has 

normally declined. 

r 
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(vii) Maternal Pheromone: Discrimination by Pre-Weanling Rats 

Kendrick, 1975 

The basic aim of this experiment (submitted as a final year 

undergraduAte, dissertation)v was to replicate Leon and holtz's 

4 

findingsp using the olfactory discrimination apparatus, and testing 

14 day. old rat pups. In his version of the. olfactory discrimination 

apparatusp Kendrick does not allow the pups access to the goal boxesp 

but only to an area immediately in front of their doorsp through 

which vent holes allow the current of air to pass. 

Two experiments are reported; the results from a preliminary 

one had been discarded as the apparatus was not free of a smell of 

paintv and also, as it had not been washed out after every trial. 

The first experiment was not successful. Of 14 Pups testedi 5 went 

to the lactating mother and 9 to the Virgin female, when live 

animals were used in the goal boxes. In the second experiment, 

trays containing anal excrement from maternal and virgin females 

were placed in the goal boxes, and the results were reversed. Ten 

pups now approached the maternal side and 4 the non-matornal-side, 

%2 tests indicated that neither of these results differ from a 

chance 50: 50 division; there were no non-choosers, The reversal 

of the preference obtained in the first experiment from the one 

expected, caused the irriter some problems. His conclusion is that 

as the nulliparous females were more agitated by the test procedure 

than the maternal females, they may have given off a "fear pheromone'll 

which somehow competed with the attractant Given off by the mothers. 
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Why the pups should approach the nulliparous female in preference 

to the mother is not clear however. Kendrick suggests that perhaps 

it is the absence of an aversive facto=, when the soiled trays only are 

used, which allows the preference for the maternal excrement to emerge* 

Two points raised in this paper axe of special intereste One is 

that the maternal females were not: able to retrieve the pups in this 

apparatusp as there were no gaps between the open-field and the goal 

boxes through which the pups could move, or be pulled. Secondlyp 

that a substance with averAve properties, a "fear" pheromone, should 

be postulated as one of the causes of non-replication. 

Kendrick concludes; 

It would seem from the results of experiments 3a and 3b 

that the evidence found contradicts the findings of Leon 

and 1.7oltz (1971). The same apparatus was used, but the 

results were completely different. 

These reports comprise the literature on the maternal pheromone 

in rats which appeared between 1975 and 1977. 

Some work on the maternal pheromone in other small mammals was 

published; for instance by Porter and Doane (1976) and Porter and 

Etscorn (1976), on the spiny mouse. The most notable omission, that 

of studies on the mouse, was corrected by Breen and Leshner (1977) 

who demonstrated that the maternal pheromone is emitted in the 

house mouse, Rus musculus. Howeverv as these researchers used mobile 
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animals in a smaller version of the olfactory discrimination 

apparatus, their work was subject to confounding variables already 

described in connection with its use for rats. In additioný their 

results are somewhat equivocal. 

Another piece of research was carried out in Britain. Another 

undergraduate's final year dissertation, it concerned the emission 

of the maternal pheromone in the mouse also. Using a modified 

version of the olfactory discrimination apparatus and an "improved" 

method, Knoff, a student at Keele Universityq undertook to replicate 

Leon and Moltz's work, using mice rather than rats, The apparatus 

was modified by placing the stimulus animals in a different set of 

boxes, joined individually to the normal goal compartments of the 

olfactory discrimination apparatus by rubber tubing. Air was passed 

over each animaly then into the goal boxes before entering the 

triangular open-field, and finally into the start boxo It was 

assumed that keeping the stimuli animals away from the apparatus 

would control for "tactual, vocal and ultrasonic communication"* 

Criteria for the choice of stimuli were either entry into the goal 

box., or spending mo. st time outside one of the goal compartmentse 

Results from a number of comparisons using 17 day TO mice were 

fairly clear cut, The mice preferred compartments containing the 

odour of an intact lactating female mouse, or her anal excrements 

and did not choose nulliparous females when these animals were 

paired against an empty oompartmente 

Information from Knoff's supervisor at Keele University, Dr. P 

Chevinsv was sought regarding the rate of airflow through the apparatus. 
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It had been suspected at first that the current used in the Hull 

investigations was too weak. Knoff had used an airflow rate of 

only 9 litres/min however, and as this was perfectly adequate for 

the positive results he obtained (albeit with mice)y it provided 

one of the reasons given in Chapter VI that the Hull apparatus was 

judged to be satisfactory in this respect, 

Two more studies should be mentioned, One of themy by Hofer, 

Shair and Singh (1976)p provided evidence that substances secreted 

by lactating female rats on their ventral surfaces stimulate 

suckling in the pups. The suckling response is mediated by olfactory 

cues. The other study was conducted on the heart rate of 10 day 

old rat pups by Compton, Koch and Arnold (1977). These researchersy 

using apparatus in which a current of air was passed over an 

anaesthetised stimulus animalp recorded in a relatively sophisticated 

way the effect that maternal odour has on the pups' heart rate, This 

technique ils rather similar to the one used in a much earlier study 

by Schapiro and Salas (1970)(and also by Hofer, 1973)t in which activity 

levels in young pups are recorded and found to be reduced in the 

presence of a maternal odour'. Compton et al. found that 10 day 

rat pups which have been isolated for 2 hourst with their body 

temperature maintained, show a steady decrease of cardiac rate, 

which suddenly increases for a short period in response to the 

maternal odour. There is no increase shown by the pups presented 

with the odour of a non-lactating femalep nor by the control 

8TOUP pups* 

Studies of pyhsiological ohanges in response to maternal 



- 213 - 4 

odour are not only interesting in their own right, but also of 

note because they use techniques which are more sensitive than the 

relatively crude behavioural bioassay. Unfortunatelys these precise 

methods of measurement are not without their problemsp perhaps the 

main one being the interpretation of vast amounts of finely detailed 

data obtained from the constantly, running recording devices. 

CONCLUSION 

This chapter has provided a summary of events and publications 

up to mid-1977, The literature appearing since the start of the 

investigations in the'Hull laboratoryp whilst producing only one 

account of a replication of the maternal pheromone in rats from an 

independent sourcet seems in some oases to throw a few doubts on the 

generality and validity of the earlier findings. 

A critique of both the pre-1975 literature on the maternal 

pheromonet and the papers reviewed in this chapter follows in 

Chapter XIVo 
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CHAPTER XIV 

A SMIMARY AND CRITIQUE 
-OF 

THE PUBLISHED WORK ON THE ViATMNAL PHEROMONE 

It has been found by Leon, Moltz and their colleaguesp that 

Wistar rat pups are 
. 

attracted towards the maternal pheromone, a 

substance emitted by lactating femalesy between 14 and 26 days agee 

Whilst pheromone emission can be prevented if mothers axe exposed 

to newborn pups only,, its appearance cannot be brought forward (MOltz 

and Leong 1972). The attractant is found in caecotrophev a soft type 

of anal excrement normally eaten by the adult ratv but produced in 

excessive quantities by lactating females (Leong 1974)9 whose high 

prolactin levels (Leon and Moltz, 1973) are in some way asoociated 

with an increased food intake (Leony 1974), That the young consume 

their mothers' anal excrement was also demonstrated by Leon (1974)9 

and he postulates, that this mechanism is the one, whereby weanling rats 

build up gut flora appropriate for their adult diet. 

Close examination of the effect of different diets leads Leon 

W75), to suggest that the maternal pheromone is not an innate 

speciesýtypic releaser, as he first supposed, but that pups are 

merely approaching an odour with which they are familiar. This 

hypothesis is borne out by the results of experiments in which rat 

pups are exposed to different odours (Leonv Galef and Behse, 1977)v 

and in additionv such pre-exposed pups chose a diet which has a 

familiar odour, Finallyp Leon and Behae (1977)v. damonstrated that 

pups cease to approach the maternal pheromone when they produce 

. 
their own caecotrophe, 
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Eoltz, Leidahl. and Rowland (1974) had shown that mothers can 

continue to emit the pheromone until at least 60 days post-partumq 

although the period of attraction by the developing young could not 

be prolonged past 27-days. When female rats were successfully 

concaveated (i. e. displayed maternal behaviour after continuous 

exposure to young rats), they started to emit the pheromone. This 

is in contrast to females which failed to develop maternal behaviour 

after prolonged exposure to pups, and also to successfully concaveated 

male animals (Leidahl and Roltzq 1975). 

The inability of males to emit the pheromone led to the 

hypothesis that emission was dependent upon chemical features of 

bile salts present in females only; subsequently IvIoltz and Leidahl 

(1977) demosntrated the importance of bile and prolactin for 

maternal pheromone production, Still working with concaveated 

animalsp Leidahl and Moltz (1977) showed through blocking pheromone 

emissionj that a single attractant exists in nulliparous concaveated 

and primiparous females; also, that increased food intake is not a 

prerequisite of pheromone production, 

Independent confirmation of the existence of maternal pheromone 

came from 
I 

other sourcov Holinka and Carlson (1976)9 who chowod 

that it acts as an attractant in pre-weanling Sprague-Dawley rats. 

As differences in pheromone emission were demonstrated to exist in 

Long-Evans rats by Galef and Heiber (1976), this finding casts some 

doubts ý%Pon the strength and generality of the effect obtained and 

reported in the literature. 



- 216 - 
6 

The account of the maternal pheromone given by the North 

Americans sounds impressive, particularly as, over the years, a 

series of experiments has built up knowledge of the parameters and 

mechanisms involved in its production and emission. 

Because the work carried out in Hull failed to replicate the 

published findingsp these were not suddenly open to doubtp although 

they might cause one to take issue with the claims as to the generality 

of maternal pheromone emissionp either across strainsp or even within 

strains if genetic drift has occurred. Howeverg replication attempts 

did show that the original work contained several serious design flaws, 

and subsequent examination of the publications revealed further 

inadequacies. A visit to two of the three laboratories where the 

maternal pheromone had been investigated only served to reinforce 

the impression that the phenomenon was not as robust as might appear 

from the literature* 

In considering the literature on the maternal pheromoney the 

following points will be discussed in the remainder of this chapterS 

I., Problems arising from2 or associated with the use of the 

olfactory discrimination apparatus* 

A. Confounding variables present in the test procedure 

B. Use of excrement samples for test comparisons 

C. The need for a control group 

Do The unsuitability of this aPP=atus for testing 

olfactory discrimination in young pups. 
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II, Aspects of statistical analysis. 

III. Problems of interpretation, and assertions which 

may be queried. * 

IV- Post-1975 differences between the findings of 

Leon and Dioltz, 

I. Problems arising from, or associated with the use of 

the olfactory discrimination apparatus 

f 

A. Confounding variables present in thetest procedure 

b 

The most immediate consequence of replicating Leon and IvIoltz's 

work was the realisation that when live, mobile animals were used as 

stimuli in the olfactory discrimination apparatusp their presence 

provides four confounding variables; 1. auditory cues, 2* amounts of 

excrement defaecated in the goal boxes, 3. retrieval by maternal 

4nimalsy 4. olfactory cues other than that of the maternal pheromone* 

1. Whilst animals are kept in the goal boxes, they move about and 

may omit calls which are either audible to humans or of an ultraconio 

nature. It is known that young'pups will approach a source of noise, 
I 
and possibly any of these types of auditory cue might bring about 

approach responses, from the pups, in the apparatus, 

There was a marked difference in general activity level between 

the maternal and non-maternal females noted in Experiment 11 when 

the PVG/C mothers became very agitated., Kendrick (1975) found the 
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opposite to be the case with his rats; the virgin females were more 

active in the test situation. Whether or not the activity is due to 

stress, and is associated with the release of substances with 

aversive properties is an open question. The only safe course is 

to avoid this possibility by not using animals as stimulus material 

unless they are immobilised in. some way. 

2. As lactating animals in the goal boxes produce more anal 

excrement than their nulliparous counterpartsv the difference in 

cuantity of anal excrement might determine preferential approach by 

the pups. The quality-of the faecal matter might also vary in a 

systematic mariner - and not only in that the maternal excrement 

contains a pheromone. It is also kno-Nm to differ in consistency (wet 

wdight)o and because of this, it could give off a stronger odour. 

3. The third confounding variable is that the maternal female ratsp 

when approached by a young pup will retrieve it, 'whilst the 

nulliparous females will not. The result of this behaviour was clearly 

seen in Eýcpe=iment 1 alsot when all the pups tested in the olfactory 

discrimination apparatus "entered" the maternal goal box because they 

were pulled in by their mothers. So, for whatever reason the pups 

might have approached the mother initiallyt and it may or may not 

have been due to the attractant properties of the maternal pheromone, 

the design of the apparatus means that retrieval by the mothers can ' 

occur, ensuring that the younG end up in her goal Compartment. 

Finally, it could well be the case that lactating females emit 

odours from their bodies, as well as from their excrement, which 

serve to attract the young, The work of Schapiro and Salas (1970), 
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Compton et al., (1977) and 11ofer et al., (1976) certainly indicates 

that "body" odour is a variable which has direct behavioural 

consequences, 

Once it was realised that the use of live animals in goal boxes 

through the concomitant confounding variablesp gave distorted resultsp 

they were not used for any more comparisons in the Hull work. This 

inadequacy was-apparently not considered to be of importance by the 

Americansp as a large part of their experimental work involves the 

use of mobile animals in comparisons. Just how large a part can 

be seen from*Table 219 which lists the publications on the maternal 

pheromone together with information on the type of goal box contents 

used. 

In the 12 papers written by Leon and Moltz and their colleaguesy 

208 test comparisons are reported, Of thesey 134 involved using 

livey mobile animals in the olfactory discrimination apparatus., 

Holinka and Ca=lson (1976) provided independent evidence for the 

existence of the maternal pheromone, -but in only 2 of the 25 

comparisons they report are excrement or urine samplesl as opposed 

to mobile animals used. Galef and Heiber (1976) used excrement 

samples only. 

Thus two-thirds of the body of evidence on the maternal 

pheromone may be regarded as unsoundl because of the confounding 

variables present when live animals were used for testing purposes, 
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Tabl e 21 

Type of comparisons made in nublished 

studies on the maternal pheromone 

AurHOR YEAR NITABER OF NUMBER NUMBER OF COMPARISONS 
EXPERIXENTS COMPARISONS U-SV; G s 

FxCaEKENT jjomm 
SASIPLES 3=3 

Leon and Moltz 1971 8 7 

Leon and Molts 1972 4 32 0 32 

Molts and Leon 1973 i 2 4 0 4 

Leon and Roltz 1973 2 7 0 7 

Moltz, Leidahl & Rowland 1974 2 36 0 36 

Leon 1974 7 41 27 14 

Leon 1975 4 16 16 0 

Leidahl and Noltz 1975 11 15 i0 15 

Holink- and Carlson 1976 6 25 2 23 

Galef and Heiber : 1976 i2i 7 17 0 

Leidahl and Roltz 1977 4 13 2 

Roltz and Laidahl 1977 1 14 7 7 

Leon and Bebse 1977 3 is 18 0 

Leon, Galef & Babse 1977 2 4 4 0 

TOTALS 41 240 1 84 156 

It cannot be the case that the Americans were unaware of 

maternal rats retrieving youngy because whilst the writer was in 

Chicago she witnessed instances of retrieval behaviour occurring 

during the test sessions with the olfactory discrimination apparatus. 

c 
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The investigator running the rats (Sally Kilpatrick) confirmed 

that this was a fairly common occurrencep but pointed out that the 

pups could only be pulled into the goal boxes by the mothers when 

they were in close proximityq i, e, had virtually made their choiceo 

It has already been suggested however, that rat pups miGht approach 

a lactating female for a variety of reasons, not necessarily because 

of an attractant contained in their caecotrophe. 

This design fault is not restricted to work carried out on rats. 

In their investigation into the maternal pheromone in the mousep 

Breen and Leshner (1977) also use live animals for one set of 

comparisons. They claim that there is evidence for the maternal 

pheromone in this species, even though they indicate an awareness of 

auditory cues providing confounding variables. 

The olfactory discrimination appa=atus can be modifiedv as it 

was by Kendrick (1975)t so that there is no means of access from the 

arena into the goal boxes* Although this prevents the retrieval by 

the maternal rats from occurring, it does not eliminate the auditory 

I confounding vaxiables. This was done in Knoff's version of the 

apparatus (1975)t in which the stimulus material was separated by 

some distance from the goal boxes and arena. Provided that the 

containers are sound proofs live animals could be used to provide 

olfactory stimuli without the pups being influenced by auditory cues, 
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B. Use of-excrement sam-ples for test comparisons 

Whilst live animals are in the goal boxes, they produce 

excrement. Different quantities of this matter comprise a 

6 

confounding variable, and it is known that the lactating female rats 

produce much more anal excreta than the virgin females, It is better 

to use excrement samples than mobile animals in the olfactory 

discrimination apparatusp but when this is donel the quantity must 

be equalised. 

In approximately one-third of the comparisons listed in Table 21, 

excrement samples alone were used for testing, These comparisons are 

included in the 9 papers by Leon and Moltz (1971), Leon (1974P 1975)v 

Holinka and Carlson (1976)v Galef and Heiber (1976), Leidahl and 

Moltz (1977)v Moltz and Leidahl (1977)9 Leon and Behse (1977) and 

Leong Galef and Behse (1977). 

In early replications at Hull University, when it had been 

intended to use excrement samples only, it was found that non-lactating 

rats often failed to produce any excrement at all during the 3 hour 

test period. Whilst this aspeqt of collection was never mentioned 

as a problem in any of the early American worky it is known from the 

data presented by Leon (1974; Experiment ly Fig* 1) that the virgin 

rats he used excreted about I gm of faecal matter over a3 hour period, 

in contrast to about 11 gm over the same time periody from 16 day 

lactating females. The information given by Leon in many of his 

papers is& "The anal oxoreta were colleoted from females isolated for 

3 hr in a stainless steel box with an absorbent paper floor; the 
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material was placed in a plastic weighing dish which was then put 

in either of the two goal compartments.,, (Leong 1975v P. 315) 

It should be noted that there is no mention of equal quantities of 

excrement subsequently being used as stimulus material. 

In the very first publication on the maternal pheromone by 

Leon and Violtz (1971)t one of the'several comparisons made was for 

preferences for goal boxes which had previously been occupied by a 

lactating or a nulliparous female. No details are given of the 

amounts of excrement present when the animals were removed. It 

could well be the case that the nulliparous female failed to leave 

behind any anal excrementp and that the maternal sample was 

approached simply because it had a familiar odour. 

In #e monograph "Viaternal Pheromone" (19749 P- 442), Leon 

gives the standard account of excrement collection, but adds that 

after the collection periodv excreta were removed with clean glass 

slides and weighed before being placed in the goal boxes. - It seems 

that the excrement is'weighed only because in this first experiment 

(where the account appears) the wet weight and volatile components 

of the excrement were determined. Again, there is no mention ot 

equalisation of samples for test purposes. 

Although in the next experimentv Leon states that the comParison 

results K on Table I are from "approximately equal quantities of 

caecal material from 5 day 16 mothers and 5 virgin females'll this is 

the only instance in the whole paper (which contains 27 comparisons 

using excrement) where equalisation, of amounts is mentioned. In his 

next paper on dietary manipulations (1975)o in the 16 comparisons 
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describedg there is no indication that there is any control for 

quantity of excrement used; this is also the case in the paper by 

Moltz and Leidahl (1977)- 

The problem of equalising amounts of excrement when this is to 

be used as stimulus material in the olfactory discrimination 

apparatus is only raised explicitiy. 'by Galef and Heiber (1976). In 

their first experiment using this apparatusp'they failed to note any 

differences in attractiveness of excrement obtained over a3 hour 

period from lactating and sucrose-based diet females, They discovered 

that lactating females produce almost eight times more excrement than 

virgin females over a3 hour periodl and consequently they repeated 

the experiment2 but using equal amounts of excrement in the goal boxes* 

In six out of the seven comparisons, Galef and Heiber placed anal 

excrement in one of the goal boxes only, and a clean container in 

the other, Their results indicated fairly strong approach tendencies 

by the pups, but this behaviour cannot safely be attributed to the 

maternal pheromone, as it may have been a function of familiarity 

with the odour of anal excrement. In the one comparison where equal 

amounts of anal excreta from two animals (nulliparous and lactating 

females) are placed in the two goal boxes simultaneouslYt 50ý of 

each litter chose the maternal excrement, Thus there was no evidence 

of any pheromone being present, 

Whilst this finding is in keeping with Galef and Heiber's 

investigation into feeding preferencesp it is not easy to reconcile 

with Leon and Yoltz's work. It is not known whether Leon and lioltz 

equalised the amounts of excrement used in many of their studies, 
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If they did not, it would seem that the maternal pheromone is largely 

an artefact arising from this particular confounding- variable. 4: > 

Leidahl and Roltz (1977Y Eiperiment 1), state that in using 

faeces for testingg "Care was exercised to collect the same number of 

fecal boli from each animal, " As both sets of animals used in this 

particular experiment were not lactating, there is no problem here, 

and this experiment may be regarded as a valid comparison. Howeve', 

there is no mention of amount collected in Experiment 2 of the same 

paper, in which lactating females were compared to concaveated femalesp 

az; d it may be that in this comparisony unequal amounts were used. 

There is no reason to suppose that concaveated females excrete more 

than non-concaveated animals, as their food intake is no higher. 

In the next papers to consider, By Leon and Behse (1977) and 

Leon, Galef and Behse (1977)v excrement is often placed in onl. Y one 

of the goal compartmentsy and so the question of equalisation of 

amounts is not applicable* It should be noted that in these two 

papers however, a "strong" version of an innate attractant has been 

abandoned) and the investigators are looking at "preferences" rather 

than "Pheromones"* 

Holinka and Carlson (1976), in Mcperiment 59 tested pups by 

giving them the choice of goal boxes previously soiled by their 

mother or a non-laotating female. There is no reason to suppose that 

the non-lactating control animals produced as much anal excrement as 

tho mothoraj and so this expýoriment also is open to tho criticism 

that there was a failure to control the amount of anal excrement 

used as stimulus material. 
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In passing, it can be pointed out that in exPeriments where 

soiled goal boxes are used, there is of course the possibility that 

substances secreted in urine influence the pups' behaviour. 

Leon (19749 Fig# 1) gives data showing that over the 10 - 21 day 

post-partum period the volatile components of maternal excrement 

increase, as does also its wet weight. This change was considered to 

reflect the concurrent change in caecotrophe and maternal pheromone 

emission. 

It is possible that in many of the comparisons where excrement is 

used that the young would be attracted towards different types of 

faecal matter simply as a function of their consistency. Even if 

equal amounts of excrement were to be used in the olfactory 

discrimination apparatus for comparisonsv preferences may not indicate 

any difference in comPositiony or presence of a pheromone2 but merely 

moisture content, This problem shows the need for extremely careful 

investigation. 

In summary then; of the 84 comparisons reported in which 

excrement samples are used as stimulus materials 36 are carried out 

with excrement in one goal box only; 45 use two samples, but it is 

not known whether equal quantities are compared; in only 3 is it 

explicitly stated that equal amounts of excrement are used. One of 

these is the conýparison made by Leon in which caecal contents from 

Day 16 mothers and virgin females were compared (Leony 1974; Table IK), 

Leidahl and Moltz (1977Y Experiment 1) showed that faeces of 

concaveated females were preferred to those obtained from non- 

concaveated animalsy and the third comparison by Galef and Heiber 
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(1976; Study 1, Experiment 4) has already been described in detail; 

these =esea=chers obtained no indication of prefe=ence fo= the 

maternal excrement. 

Thus what appeared at the outset as an impressive body of 

evidence has now dwindled to evidence based on three test comparisons, 

one of which fails to substantiate, the maternal pheromone effect. 

C. The need for a control group 

Early experimental work with the olfactory discrimination 

apparatus using rat pups which often failed to enter a goal box, 

necessitated the establishment of a control Group to determine 

what proportion of pups might be expected to remain in the arena. 

It was argued in the third section of the Discussion in Chapter IV 

that whilst many of the early American experiments presented clear- 

cut results, as time went on the picture became more complex, partly 

due to the rising incidence bf pups which did not enter a goal box. 

The need for controls for the analysis and interpretation of the 

data is evident, yet at no time do the North American investigators 

ever report results from animals run in the empty apparatus, 

D. The unsuitability of the olfactory discrimination apparatus 

for testing preferences in young pups 

The distance from the start box door to the goal boxes in the 

olfaotory dicorimination apparatus is 45-om- Although it appears to 

be stating the obvious, it is essential that pupqare abie to travel 

this distance in order to gain a valid preference indication, 
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One day old pups are certainly unable to travel this distance, and 

the olfactory discrimination apparatus is unsuitable for testing 

such young pupsy even when the stringency of criteria constituting 

a "choice" is lessened by reducing the distance requirement. 

Very young pups also become cold and immobile if left untended 

by the mother2 and unless special*arrangements are made to keep their 

body temperature up, During theperiod of maternal deprivationy 

those pups younger than about 8 days age will probably suffer a 

certain amount of immobility in the absence of such arrangementsy 

and so not give valid data in the test situation, 

Holinka and Carlson (1976) found that the rats they tested 

showed an attraction to the maternal pheromone at the age of 8 daysp 

6 days before the Wistars tested by Leon and Moltz. They attribute 

this to a strain difference - yet it might simply have been that 

their rats were warmer when tested. 

In a much more recent Publicationj Cornwell-Jones and Sobrian 

(1977) have used a preference testing procedure in which pups were 

kept warm on heated pads before being tested. The writers showed 

that Spraguo-Dawley and Wistar rats as young as 3-4 days age are 

able to -`. rcriminate and prefer nest to clean pine*shavings. They 

take issue with the claim made by Leonp 1,, 1oltzp et al t that =at 

pups cannot discriminate at an early age, suggesting that it is the 

test procedure which is at fault. Of necessity they challenge the 

claim that young are attracted to a pheromone which is uotproduoed 

by the lactating mothers until about 14 days post-partum. 

I 
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Gregory and Pfaff (1971) summarise the need for care in 

6 

selecting the appropriate behavioural tests when they state "These 

observations point out the importance of considering the response 

system used as a measure of performance in olfactory testing of 

youne rats, " (P. 575)- In testing approach behaviour, the olfactory 

discrimination apparatus makes unrealistic demands upon young pups, 

Il. Problems of statistical analysis 

A few omissions. and problems are evident in the statistical 

analyzes of results presented by the Americans. In the following 

discussion, the fact that most of the experiments contain 

confounding variables is ignored, and the results are taken at 

face value. 

In the first paper on the maternal pheromone (Leon and Moltzy 

1971)., the reader is not informed which statistical test was used 

to obtain the probability levels quoted in the final column of 

Table 1 (p. 266). There is no information about the behaviour of 

Pups which failed to choose the mother or maternal excrement (i. e. 

the number of Pups remaining in the arena). When the data are 

reworked, using -X,,? test on an expected 50250 division) the 

probability levels quoted, or ones exhibiting even greater significance 

levels are obtained. The 50350 division is made on the assumption 

that none of the pups tested remained in the arenay forming a third 

category. However, in these comparisons the number of pups approaching 

the mother or maternal excrement is always highp and the existence 

of a few non-choosers would not alter the conclusions reached, 
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A "no choice" category appears in the paper "Stimulus Control 

of the Maternal Pheromone in the Lactating Hat" (Moltz and Leong 1973)1 

but againg the reader is not informed of the statistical test used to 

give the significance levels quotede It has already been argued in 

Chapter IV that the nature of the experimental prediction should 

enable a precise statement of the, Null Hypothesis to be made, against 

which the results can be compared. In the absence of both a statement 

and a control group, the reader is left to rework all the data in 

order to find out how the decisions as to significance or nonsignificance 

were obtained. 

In this particular paper, only one significant result is 

reported; that for the lactating females which had reared foster pups 

of advancing age and were tested with standard 16 day young. As 106 

out of 120 pups chose the maternal femalev there is little doubt 

about the significance of these results. 

In Table 1 (P. 70) of the same paperl three'more sets of 

results are givenp accompanied by the statement "Reference to Table 1 

and Fig. 1 shows clearly the influence of such constant aged young 

in preventing the release of the maternal pheromone (p>0.01). 119 and 

late=p "Thusq Experimental Group 2, given 10-day-oýd young shortly 

after parturition, did not evidence the pheromone when tested 6 days 

later (p>0.01). " Whilst it is "clearly" the case that there was no 

overwhelming preference for the maternal. animal in Experiment 2, as 

72 pups chose the maternal animal, 36 the nulliparous female and 

12 made no choice, one might argue that there was some, preference 

evident. When the animals making a choice (108) are compared with 
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the expected 50: 50 divisiong there is a significant difference, 

(-)ý2 - 6.16p P= 40.02). Certainly the writers state that the 

significance level was more than 0.01, but an obtained value of 

0.02 is quite respectable. Leon and b1oltz do not state why they set 

theo(level at 0.01 for these results. 

The statistical analysis just carried out on the results, using 

the 50: 50 divisiony might be regarded as somewhat dubiousy on the 

grounds that pups failing to enter goal boxes are not taken into 

consideration, Howeverv a sound comparison can be made between the 

complete set of the first and final results given in the Table, 

These are the figures 32S 393 49, and 723 36: 12, obtained from pups 

tested with a mother continually exposed to Day 1 pups for 16 daysp 

and pups tested with a mother housed with normally aged pups on Day 6. 

There is a significant difference between these ( %2 - 37-94P IXO-001)v 

suggesting that the Day 6 lactating mothers do emit more of an 

attractant than the mothers continually exposed to day old Pups* 

Perhaps this comparison is not made because it does not fit in with 

the findings presented in another paper published the same year (Leon 

and Moltzy 1973), in which pheromone emission is postulated to occur 

only after Day 12, and to be on an all-or-none basis. 

In later papers Leon and Moltz do not dismiss results with 

significance levels of more than 0.01 as being nonsignificant, and 

indeedl in Experiment 3 on quality of diet, Leon (1975) regards 

results with a Probability greater than 0*05 as significant, in 

that he treats the. data as indicative of a preference; 11 ... the Diet 

B pups raised in the Diet A colony now show a preference, although 

not quite statistioally si,, o,, mificant, for the maternal pheromone of 

Diet A mothers, " (P. 317). 
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Generally thenp there appears to be some inconsistency over 

the selection of ano(level and the consequent acceptance or rejection 

of the Null Hypothesis. This is rather overshadowed by the complete 

omission of any reference to the problem of selection of numbers 

for use in the Null Hypothesis comparison gToup in the x2 tests, 

It can be overcome by obtaining empirically derived sets of 

comparison numbers; otherwise, the researchers should at least state 

them, and justify their choice, 

A letter from Leon provided the information that he dealt with 

the problem of non-choosers in the 2 ý; test by halving their number 

and adding the value to the numbers of pups making goal box entries* 

No information at all about the statistical method of 

evaluation appears in the publication "Endocrine Control of the 

I'Laternal Pheromone in the Postpartum Female Rat" (Leon and Moltzy 

1973); in most of the subsequent publications the method of choice 

2 is the I test, 

Leidahl and Moltz (1977; Pigures 1& 2) present results based 

on ý2 analyses in whici, "P" values of, < 0.001 and nonsignificance 

are given, It seems Probable that in order to obtain these results 

these writers used the same method of comparison as Leon, although 

in the second group the number of non-choosers has risen to Aila. 

f 
Not only does such a highpropo3tion of non-choosers indicate that 

perhaps a different Null Hypothesis should be established, also, 

one wonders why the proprtion has rizon from that, reportod in 

earlier studies. 
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In their presentation of results, Holinka and Carlson (1976) 

give significance l. evels obtained from using the -/,.. 
j 
2 test; the 

comparison numbers they used are not stated in the publication. 

Problems arising over the statistical treatment of results 

published in the literature can thus be summariseds 

Details of which statistical tests are used for 

evaluation are frequently omitted, 

4. 

2. C4 levels are not specified, and vary in an apparently 

arbitrary manner. 

No control groups, providing empirically based sets of 

numbers, to use for comparison purposes are ever run. 

There is no statement of the numbers used for comparisons 

with the ; ý2 test, nor any indication as to how they 

were obtained. 

III. Problems of interpretation and assertions which may be queried 

Occasionally Leon and koltz and their co-authors make claims 

which they consider are justified by the results they report. Critical 

inspection of their data shows that in some instances the conclusions 

are not supported, - Indeedg this criticism applies to most of the 

empirical evidence whioh purports to indicate the existenoe of the 

maternal pheromone. In this section however, the major design errors 
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are not discussed, as they have already been dealt with, but some 

less serious aspects are outlined* 

I 

In an early paper on the parameters of maternal pheromone, Leon 

and Moltz (1972), in &periment 4) seek to discover whether it is 

emitted in an "all-or-none" fashiony or in gradually increasing and 

decreasing concentrations. Rat pups aged 16 days are given the 

choice in the olfactory discrimination apparatus of a 16 day 

lactating female, paired with females of 11 102 12,149 16,21v 27 

and 41 days post-partum. The investigators find that the pups do 

not prefer the 16 day old female to the ones of 14Y 16 and 21 days 

post-partum, but that she is preferred to the remainder. These 

results are taken to support the idea that the pheromone is emitted 

in an all-or-none fashionp as had been suspected at the outset, 

What the authors fail to consider, or establish, is what the 

results would have looked like if the pheromone had been emitted in 

gradually increasing concentrations* The patternp in this case2 

would probably have been very similar to the one which they show 

in Figure 4 of their paper, yet the results are taken as supporting 

an all-or-none type of emission. A reproduction of Figure 4 from 

Leon and Roltz's paper is shown in Fieure 5a of this thesis, and 

it can be compared with Figure 5b in which the pattern of results 

which might occur in an all-or-none type of emission is depicted, 

It has already been pointed out in a previous section, that in 

another paper published in a later yearf Moltz and Leon (1973) 

fail to draw attention to'a comparison which can be made between two 

sets of data they presentp and which indicate that an attractant, 
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might well be present. at 6 days post-partum. As the model of 

pheromone production based on high prolactin levels and hyporphagia 

is advanced in later papersp only a gradually increasing level of 

pheromone emission would make sense, yet the earlier position about 

the all-or-nothing basis is never referred to or rescinded in later 

publications. 
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Figure 5a: Approach behaviour of 16 day young to females of differing 

lactational ages. (After Leon and Yioltzv 1972; P. 686) 
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Figure 5b; Approach behaviour predicted in pheromone emission 
is on an all-or-none basis. 

Post-partum age of mothers in days 
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Throughout the publications on the maternal pheromone results 

from many comparisons are reported, often several comprising a 

single experiment, Leon's two papers "Maternal Pheromone" and 

"Dietary Control of Maternal Pheromone in the Lactating Rat" (1974, 

1975) are very difficult to interpret because they present such a 

large number of comparisons involving many different variables. 

Instead of pursuing one topic thoroughlyg and presenting a careful 

evaluation of itv Leon moves quickly through several aspects which 

involve numerous comparisons* 

Occasionally it seems that crucial comparisons are not made. 

An example of this can be taken from the paper on dietary control 

(Leong 1975)- In the second part of the paper the reader is 

informed that if young are reared whilst constantly exposed to a 

particular kind of maternal excrement (or pheromone)p then they I-Till 

approach it preferentially at 16 days age. Two kinds of maternal 

excrement, one obtained from Diet A rats and one from Diet B rats 

are cpmpared. Howeverg what of the Diet S rats used in previous 

work? Diet S was first mentioned in the 1974 monograph; it is a 
I 

diet which inhibits pheromone productiony as its only carbohydrate 

is in sucrose form, A crucial comparison would have been to give 

Diet S rat pups the choice of their own mother's excrement versus 

a normal Purina fed mother's excrement, but this was not done, 

Comparisons should be made more systematically and thoroughly; 

for instance after the manner advocated by Irwin (1961). Ir-vrin 
I 

provides a means of working out a continuum of attractability for 

two stimuli presented in odour pr, eference tests; a minimum of 
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three tests is needed for a single evaluation. 

As it is, the American publications provide a iielter of 

information which is almost impossible to disentangle. The i. riters 

have a consistent tendency however, to assure the-reader that "clearly" 

such-and-such is the case, when the case is anything but clear. 

In the explanation of pheromone emission which is put forward 

by Leon (1974,1975) there is a-heavy reliance on the role of gut 

flora. Some of Leon's assumptions and assertions can be questioned. 

First, if a rat has a caecectomyp does that ensure that all the 

relevant bacteria are removed from the lower intestine? 

Second; does the feeding of a different man-made diet to rats 

appreciably alter their gut flora - especially when they are kept 

together in the same housing rooms? 

Third; if rats need caecotrophe and the bacteria it contains 

for adequate digestion of their own food, how is it that SPF animals 

and those reared in germ-free colonies do not appear to suffer any 

ill effects? 

The Diet S rats used by Leon pose a few problems, He refers to them 

as "pheromone-free" (19751 P. 316); their anal excrement apparently 

does not attract young rat pups. Later in the same paper (P. 318) 

Leon states "The above data suggest that although all lactating 

females do not emit a single attraotant, all lactating rats emit an 

attractant. 111 even though according to his results Diet S mothers 

do not appear to emit an attractant. 
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After the results presented on the effects of different dietsp and 

the later imprinting model (Leong Galef and Behseq 1977), it 'seems 

difficult to believe that the rats fed Diet S do not elicit approach 

behaviour, as the attractant properties of maternal excrement axe to 

be regarded as a function of-familiarity, rather than being due to a 

releaser-type action. There is no thorough investigation into why 

there is no evidence of an attractant present in the excrement of 

Diet S mothers. Is it that they produce no caecotrophe at ally or 

so little, that it is odour-free? 

Not only is there a lack of careful work on Diet S rats, but 

it is likely that any work using the olfactory discrimination 

apparatus will not produce satisfactory answers, Gregory and Bishop 

(1975) expressed dissatisfaction with this techniquep as well as with 

other relatively insensitive methods of behavioural bioassay* This 

opinion is reinforced by the difficulties which have been encountered 

during the experimental work carried out at Hull. 

The most obvious problem$ which became apparent after talking to 

Leon and Moltz in their respective laboratories2 was that the 

maternal pheromone was not as pervasive a phenomenon as would appear 

from the literature. Leon had already mentioned in a letter that in 

some work carried out in Canada with hooded rats, the young behaved 

differently in the test apparatus from the albino rats. Wheidetails 

were published (Galef and Heibero 1976)s it transpired that to get 

the pups to enter goal boxes, they had to be handled daily for 5 days 

before testing. Moltz also mentioned strain differences which were 

apparent to researchers at Chicago (see Chapter XIIII Part II); and 
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in fact, he was having some difficulty in obtaining the effect with 

the rats he was currently using. This was attributed to the effect 

of inbreedingy and he hoped to rectify it by obtaining more stock, 

It is difficult to reconcile this with a model of pheromone production 

in which prolactin has central importance. It would not seem likely 

that levels of this hormone, or its breakdown mechanismsy would vary 

in different groups of animals; a bacteriological explanation would 

appear to be more feasible. 

IV. 
_Post-1975 

differences between the findinUs of Leon and Moltz 

The ways that the work of Leon and Moltz diverged when Yloltz 

started to examine the role of bile, whilst Leon became more 

involved in an imprinting type of explanationt was briefly mentioned 

when the relevant zeports were summaxised in Chapter XIII* Although 

in principle the two approaches are not incompatibley the divergence 

of their work has resulted in their presentation of certain 

conclusions which are difficult to reconcile. 

Whilst Leon moves away from the position that the maternal 

ph. eromone is a single attractant, and explains the movement towards 

the odour as being due to a preference for the familiar, Noltz 

investigates the physiological mechanisms underlying what he believes 

to be a single substance. Through an inspection of the amounts 

oaten by concaveated maternally behaving nulliparous females, Leidahl 

and 14oltz (1977t Experiment 4) demonstrate that elevated food intake 

is not a necessary condition for the emission of the maternal 

pheromone. This cannot easily be aoc. omodated by Leon's model, 
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In an. earlier paper, Leidahl and 14oltz (1975) claimed that the 

pheromone was not emitted by male rats, even when they were 

successfully concaveated and showed maternal behaviour. It appeared 

to be this finding which led to research into the role of prolactin 

receptors in the liver, and the explanation that it is in the 

difference between male and female rats that the failure of emission 

in the male lies. However, Leon and Behse (1977) state that they 

have evidence, although it has not been published, that male rats 

do emit the maternal pheromone. This difference would also appear 

to be serious, in that 1-11oltz's hepatio-prolactin model of pheromone 

emission hinges upon the inability of male rats to produce the 

attractant. 

Finally, another difference between Leon and Moltz became 

evident after discussions with them. This was over the existencep 

nature, and importance of caecotrophe in the maternal pheromone 

explanation. This problem has already been described in Part 11 

of the previous chapter. 

Summar 

IllanY of the criticisms made in the previous sections are serious, 

In partioular2 design faults present in almost all the published work 

on the maternal pheromone undermine what appeared to be a substantial 

body of evidence on its existence, 

Problems of data analysis and interpretation aro ovidentf and 

many of the assertions made appear to be of dubious value. There 
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is a failure to pursue in a systematic manner any of the variables 

thought to play a role in pheromone production, and differences 

between Leon and Moltzý in their recent publications, cannot easily 

be reconciled. 

Overally these criticisms are a severe indictment of the 

North American work on the maternal pheromone, 
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CHAPTM XV 

EXP&MIFIUS ON OLFACTORY PREMIENCES USING SRIPLE APPARATUS 

DURODUCTION 

There have been two major criticisms of the olfactory 

discrimination apparatus, The first is that it provides a complex 

rather than simple test procedure, Many variables, such as pups' 

experience of the apparatus, factors influencing open-field behaviourp 

and the relative attraction of the goal boxes with or without contentsp 

must be considered, as they can obscure preferences which may exist* 

Secondly, the apparatus is considered to be unsuitable for 

young ýups, because it makes excessive demands upon them. Even if 

they are capable of certain discriminations, the fact that they have 

to move quite a distance to demonstrate this, made especially 

difficult if their pre-test maternal deprivation has left them with 

lowered body temperature2 means that this. test measure is inappropriate* 

Criticisms of the relatively crude measures obtained by means of 

behavioural biozzzay have already been made. Ultimatelyv one would 

hope to see neurophysiological techniques used, giving a picture of 

the effects of various odours on the patterns of firing in the 

olfactory lobes of the brain. This kind of investigation is being 

undertaken in the study of visual processes (Rubel and Wiesel, 1965; 

Lettvin Ot al-v 1959)e 
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Behavioural bioassay can provide good information about 

sensory processes, and has been used with great success by Nowell 

and his co-workers (Jones and Nowell, 19730,19759 1977; Rugford 

4 

and Nowell, 1971) in their investigations into the role of olfactory 

cues in aggressive behaviour in mice. The provisos are thought that 

the task does not require a response beyond the ability of the 

animals being testedy and that the response is a true reflection 

of the independent variabley not a function of any confounding 

variables, which can easily occur in the less controlled test 

situations which comprise behavioural bioassay. 

In Experiment 52 a simple method for testing olfactory preference 

in young pups was described, when they had been tested in a plain 

boxg the floor of which was covered with soiled and clean paper. 

In testing preferences for adult bodies, which was envisaged nextV a 

method had to be developed where the bodies were invisible, yet the 

test situation was kept as simple as possible. Consequentlyp a 

piece of apparatus more complex than the simple box used in Eýcperiment 

5P Yet simpler than the olfactory discrimination apparatus was 

necded. This was devised, and is described in detail in the next 

section. It will be referred to as the "Screen" apparatus, Two 

experiments are described in this chapter involving several 

comparisons made with this apparatus. The conclusions drawn are of 

a very limited nature however, and do little more than demonstrate 

the suitability of the apparatus for preference testing. 
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THE SCREEN APPARATUS AIM TEST PROCEDURE 

A litre plastic ice-cream container with opaque white sides, 

41 

was cut in half, making two screens (15 x 14 cm), which would stand 

upright with support from the base and sides. At the bottom of 

each screen, a rectangular hole, measuring 4x2 cm was cutp 

ýositioned 1 cm away from the centre. 

An animal which was to provide the olfactory stimulus for 

testing was anaesthetised using Immobilon, and then placed along 

the bottom of the screeng resting upon the inner. base, and with the 

lower ventral surface exposed through the hole, The exposed area 

was held firmly in place by fastening the immobile animal closely 

to the screen with adhesive tape. 

A large sheet of clean paper was placed on a table, and then the 

two screens, each with an immobile animal fastened in place, were 

Put 15 cm apart, with the two exposed ventral surfaces directly 

facing each other. An aquarium, the sides of which had been covered 

with plain white paper, was then inverted and placed over the two 

screensý Producing an airtight enclosure with non-transparent sides, 

The apparatus was placed immediately beneath a fluorescent light 

StriPt so that it was illuminated evenly. 

The screensl without the aquarium in plaoe, but in the position 

used for testing, are shoim in Plate 2. 

I 
When a pup was tested, the aquarium was raised slightly at one 

side, and the pup Placed quickly into the centre of the rectangle 
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made by its sides and the two screens, The pups behaviour over the 

next 5 minutes was observed by the experimenter, who could see 

through the transparent base of the aquarium* 

Typically, pups would move within the first few secondsp before 

becoming immobile. If they moved towards and touched one of the two 

exposed ventral surfaces this constituted a positive choice, and if 

they moved towards and remained against either the screens or sides 

of the aquariump this was labelled "no choice". No pups displayed 

any behaviour which fell between these categories, reflecting their 

proclivity to move against wallsp rather than remain in open spaces 

(Patrick and Laughlinp 1934)- 

It was necessary to use screens to provide four white sides to 

t6 test areav as it is known that young pups whose eyes are not 

open are able to discern and move towards dark shapes (Lee, 1975)v 

such as the one made by an adult rat's body. 

Each pup was tested once only in the apparatus; after half a 

litter had been-tested the two stimulus animals were changed round* 

The walls of the aquarium and the screens were wiped after every trial, 

When 10 day old pups were to be tested following a period 

Of maternal deprivation, they were kept warm by placing the home 

cage in an incubators 



Plate 2 

Anaesthetised rats held in Position behind the screens, 

When pups are tested, the screens are enclosed by an 

inverted fish tank, 
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. tXPERII, IENT 16. - PREFERENCES SHOUN BY 10 DAY OLD RAT PUPS 

Purpose 

This experiment was regarded as a preliminary investigation 

into preferences sho7im by 10 day old rat pups for immobile adult 

rat bodies. A number of comparisons were madej using lactating and 

non-lactating femalesp and male rats, 

In view of the results obtained in previous experiments, no 

experimental predictions were made; the test pups' behaviour would 

be compared with that of a control group run in the empty apparatus. 

Subjects 

205 PVG/C rat pupsv aged 10 days, from litters born to 

nulliparous female rats, mated at 100 -t 10 days, were used, Litters 

were culled -to 6 on Day 0; a few litters comprised 5 pups because 

of a death after culling, 

Stimulus animals used were the pups' own motherso 4 nulliParOu3 

females and 6 male rats of the same age as the motherso 

The 4 nulliparous females-, were kept in the same colony room as 

the mothers and their litters, along with 3 of the 6 males. The 

other 3 males were housed in another colony room well away from 

the experimental animals, 

Maintenance was as described-in Part I of Chapter III; the 

adult rats were fed the Oxoid diet, 
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Ap-naratus 

The Screen apparatus was to be used for testing pups' 

olfactory based preferences, 

f 

Procedure 

Following the procedure already outlinedv the 10 day old 

pups were to be tested either without any maternal deprivation, or 

following a3 hour period of maternal deprivation, 

4 

In all the comparisons to be made, one of the stimulus animals 

was the pups' own mother, The others weres- 

1. Vulliparous female (no pr&-test deprivation) 

2. Vulliparous female (3 hours pre-test deprivation) 

3. Kale housed in colony room (no pre-test deprivation) 

4. Male housed in colony room (3 hours pre-test deprivation) 

Xýale housed in different room (no pre-test deprivation) 

A group of pups tested in the empty apparatus would serve as 

a control. 

Results 

The pups' preferences are shoim in Table 22. The contfrol 

y from the centre of the apparatus and without animals all moved awa. 

exception ended up in one of the 4 corners. As 14 chose one side of 

the apparatus, and 16 the othery this showed that there was no 

biasing factor present in the apparatus or test procedure. 
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Table 22 

Preferences shoim by 10 day old rat Pups for 

immobile bodies, using the screen apoaratus 

GROUP PRE-TEST 
DEFRIVATION 

(hours) 

STIkULUS 
ANIIvLkL 

STI1,01US 
ANIILkL 

NO CHOICE N p 

Mother Virgin 

1. 0 32 32 0 64 ns 

Mother Virgin 

2. 3 16 12 0 28 ns 

Mother Kale from 
same room 

3. 0 16, 8 0 24 ns 

Mother Rale from 
same room 

4. 3 11 2 16 29 0.01 

Mother X ale from 
diff room 

5* 0 27 3 0 30 0.001 

No animal No animal 

Control 0 0 0 30 30 
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Inspection of the data show that all the groups tested with 

animals present behind the screens differ from the control group. 

As in all of the groups but one (Group 4), the pups chose to. 

approach either of the animalsq binomial tests. were carried out on 

the data, The probability levels obtained are Given in the final 

column of the table, On the data'from Group 49 the Kolmogorov- 

0 

Smirnov test was used for the comparison with the control group2 as 

the expected cell frequencies were too small for thex2 test to be used, 

Discussion 

The results obtained when animals are placed behind screensp 

and the pups which are tested only have to make a simple movementp 

are clear-cut and easy to interpret* 

Pups aged 10 days failed to distinguish their own mother from 

a non-lactating female. In Group 11 pups would approach either of 

the exposed ventral surfaces and start to nuzzle into the fur, even 

though they had not been deprived of maternal attention before the 

test. The pups that wBnt to the mother would start to suckle keenly 

if they found a nipple. It had been thoughty after this group had 

been runp that perhaps the 3 hour period of deprivation given to 

the pups in the second group would encourage them to make a. 

discrimination between the two females, but the results indicated 

that there was still no preference for the mother. That the pups 

were able to make a choice, and had not become too cold in the 

pre-test period, was evidenced by the fact that every single pup 

approached one of the ventral surfaces, rather than-failing to move. 
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In Group 3y one-third of the pups tested chose the male animal, 

and when the comparison was repeated (Group 4. ), after a pre-test 

deprivation period of 3 hours, that proprtion fell, and there was 

evidence of a preference for the mother (p = <0.01). 

As the male rats used in comparisons 3 and 4 had been housed in 

the same room as the test pupsp a final groupp using males from 

another colony room was run. It was considered that these animals 

may have a differentv and unfamiliar odour. The results differed 

from both the control group (p -6 <0.00ll Kolmogorov-Smirnov test) 

and from Group 42- 15.234; df = 1; p=/, 0,001; using pooled cells 

and Yates' correction)v but not from Group 32=3.360; df = ly 

using Yates' correction). Further experimental comparisons would 

have to be made to determine the extent of the influence of pre-test 

deprivation; also, the question of whether the pups were approaching 

the mother because of an attractantg or because they were avoiding 

t4e male rat. 

An interesting qualitative difference in the pups' behaviour 

whilst being tested in this apparatus was observed. This was that 

when pups approached the ventral surface of any female raty whether 

a mother or a non-lactating female, they nuzzled vigourously into 

the fur. When pups approached a male however, although they 

remained in close proximity, they were relatively immobile and rarely 

nuzzled into the fur. 

Taking the results as a wholey it was concluded that pups oould 

not distinguish their mother from a non-lactating female rat, and that 

their behaviour towards males was not very different when the odour 
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of the males was familiar to themo Howeverg pups did not approach 

males which had a strange odourt and in this case preferred the 

mother, Even though the pups had approached males with a familiar 

odourp that they could distinguish them from females was evidenced 

by the fact that they failed to show the vigourous nuzzling 

movements which they exhibited when they were close to the females. 

Perhaps this difference is due to the skin lipids secreted by 

the females;, these have been studied by Hofer et al,, (1976) in their 

research into the suckling response by young pups, and are mentioned 

by Nicolaides (1974)-in connection with female animals. 

ýXPMjMEjJT 17. - aEFERENCES SHOWN BY 18 DAY OLD RAT PUPS 

Introduction 

Although Holinka and Carlson claimed that the maternal pheromone 

was emitted by mothers as early as 8 days post-partum, Leon and 

Yoltz give 14 days as the age of onset. It could be that an attritictant 

is emitted by the Hull PVG/C rats2 starting after 10 days post-partum. 

Puroose 

The aim of this experiment was to determine whether 18 day old 

rat pups would, after 3 hours maternal deprivation approach their 

mother's body when it was compared with that of a non-lactating 

fomale, This compariuon was carried out using two strains of rat 

pupsp the hooded PVG/C and Wistars. The MIC pups would also be 

presented with the choice of their own mother versus a malet and 

two male rats, both of which had previously been kept in the same 

colony room. 
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Subjects 

6 

The following PVG/C rats were used; 15 lactating female animals 

which had been mated at 100 .1 10 daysp and their 90 pups aged 18 days 

at the time of testing; 4 nulliparous female and 6 male rats of 

the same age as the mothers. 

24 Wistar pups were tested at the same age. These were litters 

from 4 female animals which had been mated at 100 -± 10 days. These 

adult females were also used in the comparisons made. 

All the experimental animals were housed in one room. 

Litters were culled to 6 on Day 01 all animals were fed the 

Oxoid diet, and maintenance was as described in Part I of Chapter III. 

Apparatus 

The Screen apparatus was to be used to test the pups' preferences. 

Procedure 

Using the standard test procedure with the screen apparatus, 

groups were tested and given the following comparisons; 

1.2VG/C pups: mother versus nulliparous female 

Wistar pups: mother versus nulliparous female 

3- I'VG/C PuPSI mother versus mile housed in z=e room* 

PVG/C pups; two males, both housed in the same room as the 

'Oup s I 
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A control group was also set up, in which the 18 day rat pups 

were to be tested in the empty apparatus* 

All pups underwent-3 hours maternal deprivation before tes 
I 
tinge 
I 

Results 

The choices made by the pups . 
6ýe shown in Table 23. 

Table 23 

Preferences shown by 18 day old rat pups for 

immobile bodies, using the screen apparatus 

0 

GROUP STRAIN ST. U,, LUIXJS 
ANIMAL 

STI111ULUS 
ANI14AL 

NO CHOICE N 

Mother Virgin 

1. PVG/C 10 3 24 

Mother Virgin 

12. Wistar 11 11 2 24 

Mother Male from 
same room 

3. ? VG/C 5 9 17 31 

1,11al e from Male from 
s=0 room same room 

4. FVG/C 2 7 26 35 

Control PVG/C - - 

Although testing started with the control group, it was abandoned 

after one litter, as the pups explored the apparatus during the time 

allowed (5 minutes). They climbed through both holes out in the screens 

and constantly moved roundp making cateeorisation of responses impossible. 
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Statistical comparisons carried out between the various groups 

will be described in the next section, where the behaviour of 

these rats is discussed, 

Discussion 

Inspection of the data from Groups 1 and 2 reveals no evidence 

that the maternal animal was preferred to another female - either 

in the ? VG/C or ýIistar rat pups which were tested. There appears 

to be no difference-between the two strainst either. 

When the ? VG/C pups mother was opposed to a male which had 

been housed in the same roomp a higher proportion now failed to make 

any choice (1%2 test carried out between the results from Group I 

and Group 3 gives a value of 10-55 for X2; df - 2; p- 40.01)9 and 

there is a slight (but nonsignificant) preference for the maleo 

The number of non-choosers rose even more when males only were 

Placed behind the screens. 

The conolusion from this experiment is not very different from 

that reached in the previous one. There is no evidence that 18 day 

-PVG/C and Wistar rat pups are attracted to their mother in preference 

to a non-lactating female. 

Conclusions fj= bbcperiments 16 and 17 

Although ? VG/C rat pups as young as 10 days were able to 

disoriminate a male from a female rat on the basis of odour, there 

-vras no evidenoe that the maternal ratsp either at 10 or 18 days 
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post-partump emitted an attractant. Khen the young approached the 

ventral surface of any femaley either nulliParous or lactatinap they 

exhibited vigourous nuzzling movements, suggesting'that some stimulus 

characteristics initiated a suckling response. This stimulus is 

apparently absent in the male. 

It could be argued that the maternal pheromone is present in 

anal excrement, and even if emitted bý, the animals used in these 

experiments, it would not be present in a sufficient quantity, on 

the fur of the animals, to attract the young. If this is the caseq 

then the approach behaviour obtained here lends weight to the 

assertion made by the present -writer that the positive results 

obtained with live animals in the American studies may have been partly 

due to olfactory cues from the bodyp not just the excremento It would 

be quite easy to devise a piece of apparatus similar to the Screen 

apparatus, in which pups' approach responses to excrement samples 

could be assessedo 

It is of interest to compare these experimental results with 

those obtained in Lxperiment 51 in which 12 day rat Pups had been 

tested in-a simple box, and their preference for odour present on 

the floor covering assessed, Here the 12 day pups had shown a 

Preference for the maternal odour when it was present on one half of 

the box floorv as opposed to choosing the odour-free side, The odour 

derived from the mothers must have been a mixture of urinep traoes 

from faecal matter and any other bodily secretions produced, It 

would be possible to use the simple arena to determine whether 

pups preferred a floor covering previously soiled by the mother to 
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one soiled by a non-lactating female. On the basis of the results 

obtained in Experiments 16 and 17, it would be predicted that the 

pup6 would not display a preference; on the basis of the earlier 

work, in which a consistent slight preference for maternal excrement 

was obtainedv the prediction would be for a preference for the maternal 

side. 

It must be emphasised that the experiments reported in this 

chapter are not meant to comprise a final evaluation of the olfactory 

preferences and abilities of pre-weanling rat pups. The Screen method- 

demonstrated that pups as young as 10 days are influenced by olfactory 

cues, Whether the source of these is in the adult animals' skin 

secretions and furg excrement or urine remains a matter for further 

investigation. 
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CHAPTER XVI 

CONCLUSION 

ExperiMental work on olfactory preferences in rat pups 

4 

The shortcomings of the Published work on the maternal 

pheromone have already been described and discussed in Chapter XIVo 

The conclusion reached was that faults in experimental design and 

analysis meant that most of the findings should be regarded as 

unsound. 

It would not be deniedp howeverv that many of the rat pups 

tested by Leon and b1oltz and their colleagues are attracted towards 

a maternal odour under some circumstances; what is questionable is 

that the attractant has the compelling powers of a pheromonep and 

that it is contained in the type of anal excrement kno, 6m as 

caecotrophe. In much of the work reported, where live animals 

were used in the goal boxes, odours emanding from the bodyj rather 

than from the excrement might have elicited approach responses from 

the pups. Nyakas and Endroczi (1970)p Holinka and Carlson (1976), 

and Galef and Heiber (1976) suggest that maternal urine has 

attractant properties. This was found in Experiments 69 7 and 10 

of this study, when preferences for urine and urine-stained home- 

cage bedding were noted. 

The failure of maternal excrement to attract rat pups, found 

not only in this studyý but also by Kendrick (1975), Galeg and 

Heiber (1976) and IvIoltz (personal communication), indicates that 
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the maternal pheromone is not a general characteristic of the 

laborator. y raty as Holinka and Carlson (1976) claim. The fact that 

the attractant is not common to all members of the species Rattus 

norvegicus also means that strictl3r speakingy it cannot be called 

a pheromone. 

Whilst it may be. the case that attractants do existv their 

powers and chemical compositions are as yet unknown, Certainly 

young rat pups can make olfactory discriminations. This has been 

amply demonstrated in many of the experiments reported in this studyp 

but particularly in Experiments 5P 16 and 17, The ability of these 

pups to distinguish lactating from non-lactating female rats is 

open to question however, The results of Experiment-8 and the 

comparisons using the Screen apparatus indicate that female rats 

in general are attractive to pre-weanling rat pups, Perhaps the 

odours these animals give off causes an increase in the pups' 

general arousal level, and this may then bring about searching 

behaviour, nuzzling and suckling responses. 

Under certain conditions excrement and urine samples appear 

to have slightly aversive qualities (Experiments 4,9 and ll)j but 

this effect was not a consistent onev and did not appear to vary 

as a function of method of excrement collection2 as was hypothesized 

at one stage. The problem of stress; induced by isolating animals 

in metabolic cages and assessing the effects of various secretions 

upon conspecifics is an exceedingly complex one. 

Strength of odour would seem to-be a variable worthy of 

consideration. It is mentioned by Leon (1974, ExPeriment 2)ý and 
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examined specifically by Galef and Heiber (1976). How much this 

varies as a consequence of the moisture content of faecal matter, 

and whether it is a reflection of the actual chemical components 

of the products would be an exceedingly difficult problem to tease 

out. Indeed, a satisfactory solution to the problem of separating 

urine from anal excrementy without sacrificing the'donor animal, 
I. 

has yet to be devised* 

Whilst the experimental work reported in this study was in 

progressp there was for quite a long timey a belief on the part of 

the experimenter, that the female rats were producing the maternaý 

pheromonev or were capable of producing itv given the right 

conditions, Almost every time a now series of comparisons startedy 

it was expected. that on this occasion the "overwhelming preference', 

shoim by rat pups on the other side of the Atlantic would appear* 

Every time, disappointment followed, as the rats consistently 

failed to be attracted towards the maternal excrement odour. It 

was not until 15 experiments had been completedp and the visit to, 

the North American laboratories had taken placey that it began to 

be accepted that the rats tested in Hull had not been emitting the 

maternal pheromone. 

The problem of the analysis of resultsy when a large proportion 

of the rat pups failed to enter a goal box in the olfactory 

discrimination apparatus, and the conclusion that Generally their 

behaviour was not much different from that exhibited by pups placed 

in the empty apparatus, was often felt to be obscuring a preference 

for the maternal odour. This preference was indicated by the slightly 

higher number of goal box entries for the maternals as opposed to 
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the non-maternal stimulus* It was only after all the experiments 

had been run that this tendency could be examined and evaluated. 

Of the 21 comparisons reported in which the olfactory 

discrimination apparatus was used, pups preferred the maternal 

stimulus in 16. Although only 3 of these 16 showed a significant 

difference when the binomial test was carried out on the goal box 

entry numbers alone, taking all 21, the two-tailed probability of 

obtaining a division into 16 and 5 is 0.026. In other words2 it 

would appear that the 17/18 day old rat pups tested exhibitedy over 

the course of the experimental workp a preference for the maternally 

derived stimulus. 

The nature of the substrate or substrates contained in the 

excrement (or urine which might have contaminated the samples) 

remains a matter for further investigation. As has already been 

indicated, there are several methodological problems to be overcome 

before valid experimental work in this area can take place, 

The consistent failure to replicate published findings on the 

maternal Pheromone revealed the difficulties inherent in making a 

negative statement about an apparently well established phenomenon. 

Not only does a great deal of work have to be carried out 

before one can have any confidence in the negative findingsl but 

the proponents of an established phenomenon are always able to 

point to some variable in the replication which differsv and 

attribute the failure to that. 
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It cannot be denied that small details of routine maintenance 

and housing exert an influence on the behaviour of laboratory 

animals, and as Reier (1968) points out, the number of such variables 

is constantly increasing. Howeverv not only are replications in 

animal work difficultv where the organisms studied exhibit constant 

change and sensitivity to an enormous number of variablesy but they 

are also considered to be unsuitable material for publicatione 

lvleier statess 

Whatever the cause or rationalizationy the trend of scientific 

protocol that holds in disdain the replication of 

published researches must be reversed* Under present 

conditions, the level of achievement in contemporary science 

is obscured and its future development retarded. 

(Neier, 1968; P. 78) 

He feels that in failing to report both positive and negative 

outcomes of replications, scientists are in danger of missing 

making new findings. 

The maternal pheromone may be a case in point. As it would 

appear that under some conditions lactating females do emit olfactory 

cues with limited powers of attraction for pre-weanling pups, it 

is regrettable that more research effort is not directed towards a 

careful and valid evaluation of this phenomenony rather than the 

investigation of complex aspects of an effect now knoiý-n to be of 

limited generality. 
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Recent use of the term "pheromone" 

Definitions of "pheromone" were given in Chapter I, and the 

trend towards using the term in an increasingly vaguep and explanatory 

fashion indicated. Kennedy (1969) is also critical of the way in 

which the term "attractant" is used in a blanket fashion. As 

"attractant" is virtually synonymous with "pheromonellp the comments 

he makes on attractants are of some relevance. 

In talking of insect behaviour, he suggests that a female sex 

pheromone may at first merely activate a male, and cause a change 

in its central nervous systemp so that the insect is responsive 

to different kinds of stimuli than in the "non-aroused" state, 

Consequently, differential responses may be shown to such environ- 

mental features as air-flow or light. His argument is that the 

concept of an attractant merely releasin a particularrcsponse is 

too simplistic2 even in explaining insect behaviour. Simple 

explanations are even more unlikely when the behaviour of mammals 

is considered. 

It has been recognised for some time that comparisons between 

insect and mammalian pheromones must approximate the relationship 

between the capacities of their different nervous systems. 

Mammalian behaviour is so adaptable and experientially determined 

that the inflexibility implied by the term "pheromone" is 

completely out of place. It would seem preferable to discard the 

term, and replace it with something like "organic chemicall'y which 

lacks the connotation of behavioural rigidity. 
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Some work on olfaction has been carried out on primates, 

including man. Michael and Keverne (1968) demonstrated that female 

rhesus monkeys produce a powerful sex attractant which is composed 

of fatty acids modified by bacteria present in the vaginal secretions. 

More recent work has shown that the same short-chain fatty acids are 

produced in other species of monkeys, in baboons, and humans. 

However2 the problems which arise when attempting to apply the 

pheromone concept, with its restrictive implications, are highlighted 

when olfaction is studied by default. 

If male monkeys, whose sense of smell has been temporarily 

blocked, were exposed to sexually receptive females with which they 

were not previously aquaintedy they showed no response. However, if 

they were exposed to females with which they had previously matedy 

then even without their sense of smell they would try to gain access 

to these sexually receptive partners (Stoddart2 1976; Epple, 1974) 

If rats are rendered anosmicy they are able to eaty matey give 

birth to and rear young with almost their normal: degree of success. 

It seems that their behaviour is not dependent upon olfaction - or 

for that mattery any other single sense (Herrenkohl and Rosenberg, 

1972; Barnett, 1975)- 

Possibly rats are similar to man in this respect; they have 

the capacity to develop and use many sense modalities in the event 

of one being damaged or impaired. This is in contrast to mice, 

whose behaviour starts to disintegrate when they are deprived of 
I 

their sense of smell (Bronson, 1974; Rowe and Edwards, 1972; 

Gandelman, 1971) 
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In considering relatively complex mammals then2 the term 

"Pheromone"2 for olfactory stimuli is not a useful one to employ, 

and may be misleading. Not only do such stimuli fail to elicit a 

specific reaction if the context and animal's experience render it 

inappropriatep but in addition2 the loss of sense of smell may make 

remarkably little difference to the behaviour observed. 

Howeverg once a phenomenon has been labelledy it often comes 

to stayq regardless of whether or not it is useful, and sometimes 

even when its very existence is open to doubt. This seems to be 

the case with the term "pheromonellp as it is now being applied 

indiscriminately to almost any olfactory cue. 

Given belowv are some examples of the type of statements 

appearing in the press. 

'Qriggers behind a maternal pheromone" 

Science News 1119 15Y p. 233v 1977 

This is a statement which does not encourage the reader to 

approach the existence of the maternal pheromone with a questionning 

attitude. 

'The sweet smells of sex" 

Psycholorw Tod , . 
3j 6l P. 18-23,1977 

contrasting with 

"Not so sweet butp oh2 so sexy" 

Hull Daily Mail 31-10-75-t P- 19. 
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The articles following these last two headlines are of 

interest in that they report recent pheromone research findings in 

layman's terms. Whilst neither employ the word "pheromonellp both 

communicate the more spectacular connotations of the conoepto The 

authors apparently differ in their opinions as to whether the smells 

underlying our sexual behaviour are pleasant or unpleasant. 

Odourless substancesp or the possibility of subliminal perception 

are not mentionedo 

In New Scientist Burton informs the reader: 

Human females (and males) have evolved the peculiar habit of 

carefully erasing their own natural pheromones which have 

presumably evolved to be stimulating to members of the 

opposite sex. 

New Scientist U,,, 1063, 

This writer goes on to speculate that the increasing use of 

perfumes may lead to a rise in. the incidence of homosexuality* Whilst 

the. question itself is perfectly valid, what is regrettable is the 

way that such terms as "pheromone" and "homosexuality" are being 

used as if they are well-established, well-understood phenomena. 

"Pheromone" is rapidly sinking to the same depths as that other 

-overworkedp misunderstood wordv "instinct". Both rely upon toa 

many unproven assumptions and both provide facile pseudo-explanations 

for phenomena which are likely to be multivariate. 
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References to pheromones in connection with human behaviour 

are becoming more frequent; short reviews are provided by Comfort 

(1974) and Stoddart (1976). The last example to be given here 

comes from an American magazine. 

ITHMOMONES ........ Yes, there are odors that turn him on, 

and they don't cost a cent! to 

Ultra, 1.2.1977 

This verges on science fiction, Whilst it is not to be denied 

that olfaction may be of importance in human behaviour, and perhaps 

is underestimatedf the implication that we operate in a simple 

"look and key" fashiony as suggested by the users of the term 

"Pheromone", in the examples given above, is making a mockery of 

the complex subtlety of human behaviour. 
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Maternal pheromone in the rat 

Consideration of the term and concept "pheromone"2 would 

indicate that pheromonal-type agents are the exception rather than 

rule in rats; mammals which display a high degree of complexity. 

Although a "maternal pheromone", i. e. a substance ii-hich elicits 

approach responses from young animals by their mothers, is a 

plausible, and somewhat appealing concept, the experimental 

evidence reported in the published literature and in this study, 

would suggest that maternal odour or odours may have only limited 

powers of attraction for the offspring. Strictly speaking, these 

odours should not be referred to as pheromones. 

To date, there appears to be no evidence that an agent with 

compulsive powers of attraction - the maternal pheromone - existse 

I 
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I 

INGREDIENTS: 

Ground extruded yellow corn. soybean meal, fish meal. wheat germ meal. dried 
beet pulp, ground oat groats, wheat middlings. dohydrated alfalfa meal, came 
molasses, soybean oil. dried browers'Veast. mathlonine hydroxy analogue calcium, 
vitamin 8 12 supplement. calcium pentothenste. cholins chlorlds, riboflavin supple. 
ment. thlamin, nincin. vitamin A supplement, 0 activated animal sterol, vitamin E 

supplement, calcium carbonate, dicalclum phosphate, calcium iodate, salt. airic 
oxide. mantianous oxide. Iran oxide. cobalt carbonate. copper oxide. 

le 

Ný AD OW C3 CI 
RAT 

Haw 

I- 

FEEDING DIRECTIONS: 

Rat Chow is in Checker 
* 
form. It is a complete life. 

cycle ration for ro-s, mice and hamsters. Where a high 
enerjy diet is desired for mice qnd hamsters during 
gestation and lactation use Movse Chow. 

Provide feeders large enough to hold two to three days' 
supply of Rat Chow at one time. Arrange feeders so 
that animals cannot contaminate feed with feces. Keep 
plenty of clean fresh water avoila6le to the animals 
at all times. 

APPROXIMATE CHEMICAL COMPOSITION" 
NUTRIENTS- 

PROTEIN r. 22.8 FAT 4.5 Fluenno, lipin 65.0 Weir. Ppm $0.0 
Argifline 1.41 FIBER % 3.8 Iron. ppm 197.0 Pantothenit Acid, opm 12.3 
Cysifife . 35 TDN 7. 77 Zinc. ppm 30.3 Cholme, ppv XIDD 19.0 
Glycine 1.12 NFE (by difference) 5; 52.9 mangiinese. ppm 54.4 Folic Acid. opm 1.7 
Histillime . 5a Gross Energy, KCol/lm 4.16 Copper. ppm 15,1 Pyfidoxiria, ppm 4.5 
Isoleucine % 1.22 ASH r. 6.0 Cobait ppm . 37 B100n. ppm . 30 
Leucifte % 1.85 Calcium 1.01 Iodine, ppm 1,17 B-12, mel/lb. 9.0 
Lysint r. 1.36 Phosphorus % . 34 VITAMINS Vitamin A. IU/gm 12.0 
Mlifto"Ing ro . 43 Potassium 7. 1.08 Carotene, ppm 5.6 Vitamin D, IUI; fn 3.3 
phaftylalainine 1% 1.01 Magnesium . 21 Minadions (added), ppm - Alpha-tocophirol, IU/Ils. 17.0 
Threonine % . 29 Sodium % . 36 Thismin. ppm 10.9 Ascorbic Acid, me/Im - 
Tryptophan . 27 ChlorlAo . 43 Riboflavin. ppm 4.5 
Valinst 1.17 

*eased on latest Imiradlent analysis information. Since nutrient Comoo; ition of natural Ingredients varies, analysis will differ accordingly. 
i h i I i t M t i"O f hlutnents extsessed fet on except where ot erw se nd ca ed. ois ure Content though vati as Pat Corit O able Is assumed to be IQ, 0% for 

the PWP03611 Of Calcullitlons. 

' 
so l6solp-TsAle Rovitiod 10-A. 1 973 Ptint. 4 In U. I. A. 

k. i .. a6. w., &44. a. . k4? SMk .. �... 44... a...... g,,,, ea, s $ .... ha..... n.... .. a. sa..... t... n. s.. .. e. a. $.. Ia.... e.. aa.. n. n .. n... j...... g,, è..,.,. 
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APPENDIX I (Cont'd) 

P. R. D. P. M. D. 

Calculaied Analysis Calculaied Analysis 

Crude Oil 2,781; Crude Oil 2.781; 
Crude Protein 110.70% Crude Protein '19.72% 
Crude Fibre 5.371; Crude Fibre 5.371; 
Calcium (as Cal 0.72% Calcium (as Cal 0.721; 
Phosphorus (as P) 0.71% Phosphorus (as P) 

. 
0.71% 

Salt (as Na C0 1.03% Salt fas Na CQ 0.53% 
Metabolisable Energy 2570 kca'lfkg. Metabolisable Energy 2580 kcal/kg 

Trace Elements added Trace Elements added 

Mam9anese ppm 2S Manranete ppr" 25 
Copper Prim 7 Copper PDrn 7 
Cobalt porn 0.4 Colialt ppm f) 4 
Iron 1,111" 30 lion pr'rn 30 
Iodine porn 1.3 Iwille ppin 1.3 

prim 102 Magnesiurn ppm 102 

Amino Acids (as percentage of feedl Amino Acids las percentag e of feed) 

Thre-anine 0.77 Threcinine 0.78 
Glycine O. S7 Glycine 0.97 
valine 1.04 Valine 1.04 
Iscifeucine O. S8 Isoleucine 0.83 
Leucine 1.58 Leucine I. '-& 
Tyrosine 0.76 Tyrosine 036 
Phenylalanine 0.94 Phenylalanine 0.94 
Histicline 0.51 Histicitne 0.51 
Arginine 1.25 Arginine 1.25 
Tryotophan 0.25 Tryptophan 0.25 
Methionint 0.36 Methionine 0.36 
Cystine 0.27 Cvsxint 0.27 
Lysine 1.07 Lysine 11.07 

Vitamins added per kg Vitamins added per kq 

Vhamirý A 8.000 iv Vitamin A 8.000 iu 
D3 1.000 iU D3 1,000 W 
B. ) 8 Mg B2 a Mg. 

Nicotinic Acid 20 Mg Nicotinic Acid 20 mg 
Paritothanic Acid 4 m(l Pantothenic Acid 4 Mg 
Vililimin rill 17 Un Vitamin 01; 12 soy 

r 7[1 lit L 7vi ou 
K 10111g. . 

IK 
10 Mg 

Folic Acid 6 Mg .'I 
Folic Acid 6mg -, . Choline Chloride 200 Mg Choline Chloride 200 Mg 

Vitamin B, 2mg Vitamin 81 2 Mg 

Li;, 3=7311 

Chrixw; ýier Fill ur*-J; Ltd. 

?. C. Box 6, 

^E3'tlG St. p 
Poole, : orze t. 6 
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RAMOMONT 

Q DI D, 10 '63 
THE CHRISTOPHER HILL GROUP LIMITED 
P. O. BOX 6. AGRARIAN HOUSE. CASTLE STREET. POOLE. DORSET. BM15 lHL fREGISTERIýD OFFICE) 

TELEPHONE: POOLE 102013170561. TELEX: 41135 

Please find enclosed an up to date brochure for your 
records., and listed below please find the constituents 
in CRH as requested: 

Barley 
Wheat 
Maize 
Oatfeed 
Soya 
Labmin/Labvits 
White Fish Meal 
Lysine, 

Choline Chloride 
Salt 
Chalk 
Di Calcium Phosphate. 

We hope the above information will be of value to 
you and assure you of our best attention at all times. 

Yours sincerely, 
LABSURE ANIMAL FOODS 

C- Om. 

C. M. Foote (Mrs) 
Secretary to J. E. Turnbull 

in England No. 310061 
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BRADS'H, A\/^\JS 
C. R. 13nADSHAW AND SONS LIMITED 

Bell Mills - Driffield - York. -hira Y025 7XL 
TP1011,1911.0 1,61,11,1113163 (4 1,41olf4m, BF06h4wo. NIIH4111 

110t)n XYLURS - ANIMAL r, 000 MAKC81. ' AGIUCULYWA4 MCACRAWS 
15th HarthO973 

The Dopartrnnt of Zoology* 
The University, 
Hum, 
HUG 7RX 

Tor the attPrktion of Mr. K. R. Ito?!: mrth 

Dear Sir, 

We have finalised our research into the propooed Bradahav Rat and XOU30 
Brooder Diet and Are pleased to offer to you as followss- 

Rat and Mousa Breeder Diet in 4 ton lots C83.00 per ton delivered Aldbrouch. 
The diet would be packed in 516 lb. plain paper bags. The price, would be 

-subject to 29 diacoxint, for payment 28 days.. 

The calculated &A. )ly31& Of this diet is as follows: 

Oil 3.25 
protein 21.10 
Fibre 3.18 
Calcium 1-32 
PhoGphorus 1.03 
zalt 1 0.80 
MAgnersua 0.22 

0.91 
Linoloic acid 1.03 
Lysino 1_19 
P. 0-C 0.74' 
Arginine 1.17 
Hi3tidine 0.49 
laoleucine i. 10 
Leucino 1.67 
Phonylalanine 0.98 
T%rconine 0 73 
Tryptopb" 0: 28 
Valine I. C9 
Gross XAcrgy 3875 KcalatX; 
Hot. Energy 3487 

&he following co=OAtS an the calculated daea are appositez- 
1) The oil, protein, fibreq*calcium, phosy6orus, lyzirto cutd M+C 

data are all comparablo -%ith the competing product. They arc 
At levels which choold meet the requirements of the rat for 
broadinr ; urpo. -ca with the pou; 4ble exception Of V#C for lActal. ion. 
In this laýtcr cao* tho racox. r. endad valuo in 1,1. ' while for gostation 
0.7. ý in au!, gontvd. Wavould rovioualy doubt whether =aAy coloay diet& achiave the 1hi:; 'hcr value. 

cont.. ** 

Memo" P. N. G? &d: hA%VJP. q. N! "41-tw. A. E. J. 41W. Zh4w L ft. H. 
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i5th Farch, 1973. 

goat... 

2) The gross energy is calculated from the analysis of the diet and 
will be seen to be lower than that of the competing product. 
However, applying the same principle to the competing product 
and assuming the ash content to be 8% versus 8.38% in your mix 
we calculate a value of 3392 KcalsAg. Thua the two diota are 
comparable. The metabolisable energy value is*urually taken to 
be 90% of the gross energy - this. convention has been adopted. 

3) The level of linoltic acid is calculated to be well in excess 
of minimum requirements and above the competition. S. Fat has 
been assumed to contain equal proportions of PK. groundnut and 
&oya oil in its other extract. 

4)- Magne31UM and potas3ium are well above minimum and above the 
competing product. 

The amino acids are calculated to be present in adequate amounts 
with the possible exception of Histidine. ' This latter is 

adequate for growth, but for gestation and lactation it could be 
increased to 0.54%. To do so would probably necessitate an 
increase in the protein content - particularly as animal protein.. 

We have not made calcul'ations on Slycine, aspartic acid, glutamic 
acid or proline because these are nOM-03sential amino acids. 
Neither is tyrosine calculated because thin can subditute for 
phenylalanine up to 1'ý in much the same way as cystine for methionins. 
The level of phenylalanine is Adequate an its own but cannot be 
satisfactorily utilised in the absence of tyrosine. However the 
latter will be present in sufficient quantity. 

7) Trace element additions are as follows& 
Iron 100 &/ton 
Copper 10 
Manganese 50 H 
Cobalt I 
Zino 20 
Iodine 2 

Vitamin additions are as follows: 
Vitamin A 12 MA. U/ton 

BI 6 g/ton 
B2 6 g/ton 
B2 6 rlton 

10 B , ag/ton i P S/ton 
0 Ks 5 

Folic acid" 0.75 
Nicotinic acid 30 
Pantathenic acid 10 

cont.. * 
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3 
15th 14arch, 1973. 

Choline chloride 500 
Vitamin D32m. i. u/ton 

jks menadione sodium bisulphite co=plex. 

**. This addition is of doubtful significance. 
Bictin is zwt considered to be an essential addition. 

Plesae lot us know it you have any queries and If we can help further. 

Should you favour us with any initial instructions we should Me two 
days for manufacture aad delivery. 

Yours sincerely, 
p. p. Z. B. BRADSUd SOM LIKITED. 

Directorl 

7-- 
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Correspondence from Dr. X. Leonv and Professor H. Idoltz. 
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McMASTER UNIVEUTY 
Department of Psychology 
1280 Main Street West, Hamilton, Ontario, US 4K1 
Telephone: 525-9140 Local 4345 

May 28th, 1976. 

Mrs. F. M. Clarke, 
Department of Psychology, 
The University, 
Hull, N. Humberside 
England HU6 7RX 

Dear Mrs. Clarke: 

Thank you for your interest in the maternal pheromone. 
I will try to answer your questions as best, as I can and I hope 
these answeras will facilitate your research program: 

The airflow is 55.1/min in our apparatus, perhaps the aerodynamics 
of our boxes are different. I would suggest blowing cigar sm6ke 
into a goal chamber and watching its rate of clearance toward 
the start box. In fact, no airflow is needed to find the 
preference. 

2) Rats are tested in the afternoon, between 1: 00 - 4: 00 p. m. 
They are on a 12: 12 LD schedule with no reversal of the 
dark phase. 

3) Unfortunately$ neither learning experiments nor perception 
experiments deal with the concept of "no choice", hence 
no convenient statistical tests have been formulated with that 
in mind. The best one can do is to perform a chi-square test 
comparing the choice of individual pups from separate litters 
to an equal number of pups presented with two empty goal boxes. 
Since this procedure would increase the N by a factor of 12 
in my-- case, I have chosen to split the "no choices" between 
positive responses to perform the chi-square on that comparison 
using 50% as the expected proportion of responses. The effects 
are strong enough to stand the weak statistics. Most recently, 
I have begun to deal realistically with litter covariance 
and utilized the procedures outlined by Abbey and Howard 
(1972) and have compared experimental groups to control 
groups, rather than evaluate preferences within groups. 

0 
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4) Hooded rats produce less anal excreta in a3 hour period 
than Wistars (see Galef and Heiber, JCPP in press) and 
therefore, the relative attraction for the mother compared 
to virgins is somewhat less pronounced than in the Wistars 
that I use. The hooded pups are also less delibrate in their 
choicethan Wistars. They tend to run wildly in the test 
situation and thus increase the noise in the data. Their 
response can be altered by daily handling. 

5) Humans have no trouble detecting the caecotrophe odor as it 
is a pungent, unique odor. Mothers do smell differently from 
virgins. I might add that we use Purina Lab Chow which, 
given the odor's diet dependency, is highly effective in 
allowing odor production. Some lab diets contain antibiotics 
and may thereby inhibit microbial synthesis of the pheromone. 

We are currently working on the ontogeny and dissolution 
of the pheromonal bond in the pups and will be putting togehter 
those data for publication in the near future. 

Please give my regards to Jim Smart if you do see him 

again and please dontact me if things do not imporve with your 
PUPS# 

Yours truly, 

;M. 

? 

ch 1ýýLeon 

ML: sc 
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McMASTER UNIVERSITY 
Department of Psychology 

1280 Main Street West, Hamilton, Ontario, US 4K1 
Telephone: 525-9140 Local 4345 

August 24th, 1976. 

Mrs. Clark, 
Department of Psychology, 
The University, 
Hull HV6 7RX 
England. 

Dear Mrs. Clark: 

Th4nk you for keeping me informed of your progress. 
Galef and Hetber (JCPP, in press) seem to find that the 
hooded pups are highly reactive to anal excreta--I don't 
understand what is different. It might be a good idea 
to put the whole motherin the goal box or to present fresh 
material directly from the cecum to see whether the mothers 
are synthesizing or emitting an odor. At this point, we 
are working on similar problems with respect to determining 
why the pups go to the odor. You would be more than 
welcome to come to Hamilton and participate in the work 
that's going on here. Please let me know how things are 
working out with your Wistars and let me know if there is 
anything I can do to facilitate your research programme. 

Yours 

Leon 

ML: sc 
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1280 Main Street West, Hamilton, Ontario, US 4K1 
Telephone: 525-9140 Local 4345 

October 4th, 1976. 

Mrs. Frances Clarke, 
Department of Psychology, 
The University, 
Hull, England. 
HU6 7RX 

Dear Mrs. Clark: 

I just returned from my vacation to find your 
letter and telegram and on further consideration I realize 
that three weeks is not enough time for you to complete 
a project here. You might see what we do in a typical day 
or two and have some discussion with my students and r; ' 
but I would think that your visit would be much more 
profitable if you could arrange a long enough stay to be 
able to complete an experiment here. 

At that time of year student accomodatiors are 
not readily available-and I will be teacing three courses 
which might make a visit expensive and even unprofitable 
for you. Perhaps a visit might be put off until it could 
be made more worthwhile to both-; of us. 

Yours truly, 

Michael Leo 

NL: sc 
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McMASTER UNIVERSITY 
Department of Psychology 

1280 Main Street West, Hamilton, Ontario, L8S 4K1 
Telephone: 525-9140 Local 4345 

December 3,1976 

Mrs. F. M. Clarke, 
Department of Psychology, 
The University, 
Hull, England 
HU6 7RX 

Dear Mrs. Hull, 

I have been ill for the past two months and have not 
been able to keep up with my correspondence. In addition, I 
have lost more time this year than I can afford to loose, and 
my commitments for the coming months must be toward my own grad- 
uate students and my other responsibilities that I have been 
unable to fulfill in the past months. I therefore do not want 
to assume any more than I can handle and I am afraid that your 
visit would be taxing. Perhaps it would be possible for you to, 
visit another laboratory this year. 

With respect to your experimental problems might I 
suggest that you use the simplest situation - that of soiled 
vs. unsoiled bedding in a box-and if your pups do not respond, 
I really could not say what to do. I hope your work will 
soon be successful. 

Yours truly, 

Michael Leon 
Assistant Professor 

ML/rb 
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THE UNIVERSITY OF CHICAGO 

DEPARTMENT OF BEHAVIORAL SCIENCES 

COMMITTEE ON BIOPSYCHOLOGY 

GREEN PrAT T- 5948 SOUTH UNIVERSITY AVENUE 

CHICAGO - =NOIS 60637 

3 January 1977 

Ms. F. M. Clarke 
Department of Psychology 
The University 
Hull, England HU6 7RX 

Dear Ms. Clarke: 

I should be delighted to have you visit my laboratory in April to 
discuss the maternal pheromone. And be assured that it would be no 
trouble at all for me to tell you what we are currently doing and what we 
have planned for the future. In other words, you needn't "merge in with 
the general graduate scene"--youwould be a welcome visitor, and you may 
stay as long as you wish. 

If I can be of any help in arranging accommodations for you, please 
do not hesitate to ask. 

I Yoi5rp ýiýcereýy, 

How d Mol z 
P ro ssc ro sso'r 

HM: lt 
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APPENDIX 

SMALL ANIMAL IMMOBILON 

Small Animal Immobilon contains a mixture of etorphine 

hydrochloride and the tranquilliser methotrimeprazine. The narcosis 

with analgesia which it brings about can be rapidly reversed by the 

use of the specific antagonist, Small Animal Revivon, which contains 

diprenorphine hydrochloridep a specific etorphine antagonist* 

The manufacturersp Mes6rse Reckitt and Colman, Hullp do not 

supply instructions for the use of the drug with ratsy but it was 

found that a drug dosage of 1 ml per kilogram body weight induced 

anaesthesia in lactating females-; within about 2 minutes of 

intramuscular injection. The effect of this dosage level lasted 

for 1-i -2 hours unless the antidote was given. 
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