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Stel 1ingen 

I 
Er bestaat bij leghennen geen relatie tussen sociale dominantie en nest­

keuze. 

(Dit proefschrift) 

II 

Acceptatie van een bepaald legnest door leghennen is afhankelijk van erva­

ring opgedaan met legnesten in de weken voor en tijdens de legperiode. 

(Dit proefschri ft) 

III 

Om desoriëntatie van leghennen, gehuisvest in grote stallen te voorkomen, 

b.v. bij het terugzoeken van een geprefereerd legnest, verdient het aanbe­

veling de stallen heterogeen in te richten. 

IV 

Individuele verschillen in fysiologische en ethologische stress reacties 

opgeroepen tijdens aversieve stimul us-situaties bij J i OTVi^M^^^fl^^^^J 

werd aangetoond bij mensen (Miller, 1980), terug te voeren kunnen zijn op 

individuele verschillen in de gevolgde "coping-strategie". 

S.M.Miller, 1980. In: "Coping and Health". Plenum Press, New York. 

Aangezien de kans groot is, dat proefdieren, die speciaal voor dierproef­

doeleinden onder laboratoriumomstandigheden worden gefokt, abnormaal gedrag 

ontwikkelen, zullen de resultaten van biologische experimenten uitgevoerd 

met deze dieren met de nodige terughoudendheid moeten worden geinterpre-

teerd. 

VI 

Door leghennen te huisvesten in alternatieve grondsystemen worden om­

standigheden inherent aan huisvesting in batterij-kooien, die als welzijns-

beperkend worden verondersteld weggenomen. Desondanks verdient het aanbeve­

ling de alternatieven niet alleen op technisch-economische parameters, maar 



ook op het w e l z i j n van de hennen te evalueren. 

V I I 

Ze l fmed i ca t i e , zoals dat wordt moge l i j k gemaakt door de verkoop van homeo­

pathische middelen, kan de v e r a n t w o o r d e l i j k h e i d voor de e igen gezondheid 

verhogen. D i t p o s i t i e v e e f f e c t kan e c h t e r t e n i e t worden gedaan, door het 

toepassen van ze l fmed i ca t i e a ls a l t e r n a t i e f voor een bezoek aan een a l l o p a ­

th i sch of homeopathisch a r t s . 

V I I I 

Probleemgestuurd hoger onderwi js l e i d t t o t een d o e l t r e f f e n d e r i n t e g r a t i e 

van de aangeboden l e e r s t o f dan de meer gangbare d i d a c t i s c h e methode (do­

ceren) . 

H.G. Schm id t , 1982. I n : " P r o b l eemgestuurd o n d e r w i j s " . SVO-reeks no.57. 

's-Gravenhage. 

IX 

Als de a f - en u i t s p o e l i n g van f os fa ten vanaf landbouwgronden b l i j f t toene­

men, zal de fos fa te r i ng i n r i o o l w a t e r z u i v e r i n g s i n s t a l l a t i e s nauwe l i j ks nog 

h t e i t van het opperv lak tewater . 

Wat b e t r e f t de u i t v o e r i n g van het b e l e i d ten aanz ien van d e e l t i j d - a r b e i d 

g e l d t vaak: " t ussen droom en daad s taan mensen i n de weg en p r a k t i s c h e 

bezwaren . . . " . 

Naar: W. E lsschot , 1910. I n : "Het h u w e l i j k " . 

XI 

Gezien de recente on tw ikke l ingen rondom het gebruik van b loedzuigers in de 

p las t i sche c h i r u r g i e , zou de naam van d i t d ie r n i e t langer met een nega t ie f 

denkbeeld geassocieerd moeten worden. 
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CHAPTER 1 

General I n t r oduc t i on 

Since Wor ld War I I l i v e s t o c k husbandry has been h i g h l y i n t e n s i f i c a t e d . 

T r a d i t i o n a l systems i n wh ich l i v e s t o c k was kep t have been superseded by 

more i n t e n s i v e methods. A c h a r a c t e r i s t i c f e a t u r e o f t h i s p rocess was the 

move towards l a rge r un i t s wh i l e the t o t a l number of farms decreased. Laying 

hens, f o r example, used to be housed outdoors i n f ree-range systems. Then 

they were kep t i ndoo rs i n l a r g e f l o c k s i n deep l i t t e r or s i a t t e d - f l o o r 

houses, but nowadays these systems have almost e n t i r e l y been replaced by 

the b a t t e r y - c a g e , a system wh ich was known as e a r l y as the 1920 's . F a t t e ­

ning pigs are kept indoors w i t hou t any bedding mate r ia l on concrete f l o o r s 

and sows f o r b reed ing are m o s t l y t e t h e r e d i n i n d i v i d u a l s t a n d s , w h i l e a 

l a r g e number o f veal ca l ves are housed i n d i v i d u a l l y i n c r a t e s ( B r a m b e l l , 

1965; Commissie Veehouder i j -Welz i jn D ieren, 1975). 

Th is t r e n d was n o t i c e a b l e i n n e a r l y a l l European c o u n t r i e s and i t was 

most obvious i n the pou l t r y i ndus t r y . In 1957 England and Wales only coun­

ted 50 pou l t r y farms w i t h more than 5000 l a y i n g b i r d s ; in 1964 the number 

of such farms was near ly 1000 (Brambel l , 1965). This development was a lso 

obvious i n the Netherlands. In 1960 more than 100,000 un i t s kept an average 

o f 171 l a y i n g hens per u n i t ; i n 1973 29,000 u n i t s kep t an average o f 616 

hens, wh i le the t o t a l number of hens was the same (Commissie Veehouder i j -

W e l z i j n D i e r e n , 1975). From 1976 u n t i l 1984 the number o f sma l l u n i t s 

keep ing l e s s than 400 hens decreased f rom about 10,000 t o about 2 ,000, 

whereas the number of un i t s w i t h more than 10,000 hens increased from 444 

to 893. Moreover , d u r i n g t h i s p e r i o d the t o t a l number o f hens h i g h l y i n ­

creased as we l l (CBS,LEI, 1985). 

This change i n the product ion systems of eggs from t r a d i t i o n a l to i n t e n ­

sive systems was l a r g e l y due to a high degree of t echn ica l progress. Hou­

sing hens indoors in cages a l lowed and f a c i l i t a t e d the automation of food 

and wa te r d i s p e n s i o n and dung r e m o v a l . As a r e s u l t , a sma l l number o f 

a t t e n d a n t s c o u l d look a f t e r a l a r g e number o f b i r d s . Disease l e v e l s were 

kept down by high l eve l s of hygienic standards and by the use of vaccines. 

These f a c t o r s b rough t about sav ings i n the p r o d u c t i o n cos t s and thus i m ­

proved p r o f i t a b i l i t y , wh ich i s the aim o f t he p roduce r . Nowadays i n most 



European c o u n t r i e s and the U.S. o f Amer ica about 90 % o f the l a y i n g hens 

are kept i n cages (Mason and Singer, 1981). However, in the ea r l y s i x t i e s 

s c i e n t i s t s and the general pub l i c s ta r ted to express much concern f o r the 

we l l - be i ng of farm animals kept under i n tens i ve c ircumstances and f o r t ha t 

of hens kept f o r egg-product ion i n bat tery-cages i n p a r t i c u l a r (Har r ison, 

1964). Since then the p roduct ion of meat and eggs i n i n tens i ve systems has 

been discussed f r e q u e n t l y , not only from the v i ew-po in t of e t h i cs (Singer, 

1975; Z immer, 1983) bu t a l s o f rom the v i e w - p o i n t o f an ima l r i g h t s and 

i n t e r e s t s ( Boon, 1979; Boon, 1983). 

One o f the e a r l i e s t r e a c t i o n s to t h i s concern f o r the w e l f a r e o f fa rm 

animals was the appointment of a committee in England. I t s members were 

asked to examine the c o n d i t i o n s i n wh ich l i v e s t o c k are k e p t . T h e i r f i n a l 

a im was to adv i se whether " s t anda rds ought t o be se t i n t he i n t e r e s t o f 

t h e i r ( = l i v e s t o c k ) w e l f a r e , and i f so what they shou ld be" ( B r a m b e l l , 

1965). Severa l yea rs l a t e r i n the Ne the r lands a "Commissie V e e h o u d e r i j -

W e l z i j n D i e r e n " was a p p o i n t e d by the N a t i o n a l e Raad voor Landbouwkundig 

Onderzoek (N.R.L.O.). Their task was a.o. to answer quest ions such as which 

f ac to rs i n f l uence s ta tes of we l fa re i n farm animals and which problems and 

poss ib le recommendations f o r the improvement of animal we l fa re need f u r t h e r 

i n v e s t i g a t i o n . F i n a l l y the aim of both committees was to end up w i t h l e g i s ­

l a t i o n , wh ich i n t e n d s to ensure an o p t i m a l s t anda rd o f w e l f a r e f o r fa rm 

a n i m a l s . However, recommendat ions shou ld on the o t h e r hand be f l e x i b l e 

enough to permi t a p rogressive development of new systems of animal husban­

d ry . 

In the meant ime one of the measures i n t r o d u c e d by the U.K. i n 1968 were 

the Codes o f P r a c t i c e wh ich emphasized t h a t a t l e a s t bas ic ( b e h a v i o u r a l ) 

needs should be met (Perry , 1983). In the Netherlands a l e g i s l a t i v e measure 

has been proposed and accepted i m p l i c a t i n g t h a t each hen i n a m u l t i - b i r d 

cage must be p r o v i d e d w i t h a t l e a s t 400 crn2 cage su r f ace and 10 cm f o o d -

trough length (S taa tsb lad , 1984). Recently in Swi tzer land a referendum was 

held about keeping hens in ba t te ry -cages. More than 90% of the pub l ic voted 

against cages r e s u l t i n g in a complete ban of the cage i n the f u t u re in t ha t 

country (Anon., 1983). In the f u tu re comparable measures are intended to be 

t a k e n , no t on l y i n the Ne the r lands ( P e r s b e r i c h t e n M in . van L&V, 1984) bu t 

a lso i n o ther European count r ies (Scholz, 1984), a l though these w i l l have 

to be based on r e s u l t s of research. 



I t was we l l recognized by the adv is ing committees t ha t there i s a lack of 

i n f o r m a t i o n on c r i t e r i a wh ich would enab le an o b j e c t i v e assessment o f 

w e l f a r e i n fa rm an ima ls and they s t r e s s e d the need f o r more b e h a v i o u r a l 

s t u d i e s to be c a r r i e d ou t on fa rm a n i m a l s . Moreover , i n v e s t i g a t i o n s to 

improve e x i s t i n g systems and to develop poss ib le a l t e r n a t i v e s were advised. 

A f i r s t step i n t h i s d i r e c t i o n was made by' the Commission of the European 

Communi t ies (CEC) who c a l l e d t o g e t h e r an "ad hoc" e x p e r t group on an imal 

we l fa re in 1979. Questions of f i r s t concern were judged by t h i s group to be 

those of pou l t r y we l f a re . A th ree-year we l fa re research program s t a r t ed in 

1981. This Commission f inanced research t ha t looked a t be t te r ba t tery-cage 

d e s i g n , s o c i a l space r e q u i r e m e n t s , a l t e r n a t i v e systems to ba t te ry -cages , 

" f e e l i n g s " i n pou l t r y and a t n e s t - s i t e se lec t i on (CEC r e p o r t , 1984). 

In the Netherlands i n 1979 a "Studiecommissie Grondhuisvest ing Leghennen" 

was appointed by the "Coördinat iecommissie Huisvest ing en Verzorging Land­

bouwhuisdieren" of the N.R.L.Û. a t request of the "Commissie We lz i jn Land­

b o u w h u i s d i e r e n " . One o f the t asks o f t h i s group was t o propose a r esea rch 

program i n order to meet problems t ha t a r i se when hens are kept i n f l o o r -

systems, l i k e a.o. the h igher f eed - i n take , the occurrence of f l oo r -eggs and 

f e a t h e r - p e c k i n g and the h i g h e r l abou r and housing costs (Studiecommissie 

Grondhuisvest ing Leghennen, 1980). 

More research on we l fa re may help to evaluate e x i s t i n g and a l t e r n a t i v e 

hous ing sys tems. In t he f o l l o w i n g s e c t i o n s some l i t e r a t u r e on w e l f a r e 

r esearch d e m o n s t r a t i n g what p rob lems may a r i s e i n assess ing s t a t e s o f 

w e l f a r e i s r ev iewed ( s e c t i o n 1.1). Second, i n o rde r t o improve w e l f a r e o f 

f a rm a n i m a l s , t h e i r env i r onmen t m igh t be changed. T h e r e f o r e s e c t i o n 1.2. 

reviews some l i t e r a t u r e concerning the development of a l t e r n a t i v e systems. 

Some of these systems are expected to give r i s e to several problems such as 

the occu r rence o f f l o o r - l a y i n g , wh ich leads to the scope o f the p resen t 

s tudy, as descr ibed i n sec t ion 1.3. 

1 . 1 . Animal we l fare research 

The assessment of we l fa re needs a m u l t i - d i s c i p l i n a r y approach as agreed 

upon by many researchers (Duncan, 1978; Dawkins, 1980; H i l l , 1983b; Wood-

Gush, 1983). Research f i e l d s are ve te r ina ry sc iences, physiology and e tho-



logy. 

Trauma and the presence of diseases are obvious signs of reduced well-

being. Productivity may also be taken as an index for welfare, however the 

use of this measure has been criticized. Hill (1983b) stated that before 

relating performance to stress and thus reduced well-being, the measure 

must be adequately defined. For instance, as a result of a change in the 

environment of a laying hen the number of eggs produced may be reduced, but 

egg-weight may be increased, thus leaving the total egg mass output the 

same. In this case the change could be said to reduce or unaffect the 

performance, depending on the parameter of productivity selected. Dawkins 

(1980) raised a more general critical point i.e. good growth rate or pro­

ductivity may not be incompatible with suffering. Therefore interpretations 

of experiments using productivity measures are not easy. 

An ethological approach to assess welfare is the use of preference tests. 

It is assumed that animals will choose in the best interest of their 

welfare. Dawkins (1976) and Hughes and Black (1973), for example, carried 

out preference tests in poultry comparing environments differing in many 

ways. Although a preference for one over the other environment was shown, 

the choice appeared to be influenced by the environment in which the hens 

lived prior to the test. From this and the doubts raised by Duncan (1978) 

that animals are not expected to make rational choices, it is concluded 

that such experiments are not the most suitable ones to assess states of 

welfare in animals. 

Physiological parameters such as heart and respiration rates and body 

temperature have been successfully used as parameters for identifying 

stressed hens. Hens subjected to fear inducing stimuli showed a rapid in­

crease in heart rate (Duncan and Filshie, 1979). 

Other physiological parameters like changes in hormone concentrations 

(corticosteroids) have also been used as parameters of stress.However, the 

use of this indicator gave rise to particular problems. Firstly a large 

diurnal variation is found (Beuving and Vonder, 1977). Moreover, certain 

stressors may produce significant changes in the measures but other stres­

sors do not. Exposure of hens to heat, thirst or hunger, all heavily 

stressors, failed to give a corticosterone response. In contrast, crating 

birds prior to blood-sampling or immobilization by hand gave a large and 

rapid rise (Beuving and Vonder, 1978). In another experiment by Beuving 



(1983) co r t i cos te rone l e ve l s were measured i n b i rds housed i n cages w i t hou t 

a n e s t - b o x , wh ich i s supposed to be a s t r e s s f u l s i t u a t i o n and w i t h n e s t -

boxes. On the f i r s t day a f t e r t he removal o f the box an i n c r e a s e i n t he 

co r t i cos te rone leve l was detected. However, t h i s response had disappeared 

a f t e r 40 days o f l a y i n g w i t h o u t a n e s t - b o x , wh ich may have been due t o 

hab i t ua t i on . Nevertheless, the hens w i t hou t a box s t i l l showed more r e s t ­

l e s s behav iou r than d i d hens w i t h a box, even on the 40 th day a f t e r t he 

removal o f the n e s t - b o x . From these r e s u l t s i t i s conc luded t h a t f i r s t l y 

more phys io log ica l research i s necessary i n order to e l uc ida te the i n f l u e n ­

ce o f d i f f e r e n t s t r e s s o r s on hormonal changes. Second ly , i t i s a p lea f o r 

no t u s i ng one or the o t h e r pa rameter i n i s o l a t i o n i n o rde r t o assess 

we l fa re i n an imals , but to l i n k behavioural and phys io log ica l evidence. 

An approach to the concept o f animal we l fa re using e tho log i ca l and phy­

s i o l o g i c a l processes i s presented by f o rmu la t i ng the o rgan isa t ion of beha­

v i o u r i n t e rms o f a r e g u l a t o r y model ( Toa tes , 1980; Wiepkema, 1985). The 

model s t a t e s , t h a t each o rgan ism l i v e s i n an env i r onmen t w i t h chang ing 

" I s t w e r t e " and the corresponding " S o l l - w e r t e " . I f the d iscrepancies between 

I s twe r t e and So l lwer te cannot be res tored by a program ( i n teg ra ted e t ho lo ­

g ica l and phys io log ica l a c i v i t i e s ) , c o n f l i c t s w i l l a r i se lead ing to s ta tes 

of s t ress . I f the animals are fo rced to l i v e under such c i rcumstances these 

c o n f l i c t s may develop i n t o abnormal behaviour (Wiepkema, 1982) lead ing to 

i n j u r y o f pen-mates l i k e e a r - a n d t a i l - b i t i n g i n p i g l e t s (Van P u t t e n and 

Dammers, 1976), t a i l - b i t i n g i n f a t t e n i n g p igs ( Van Put ten , 1980; Ru i te r ­

kamp, 1985) , f e a t h e r - p e c k i n g i n l a y i n g hens ( Hughes and Duncan, 1982; 

B lokhuis and Arkes, 1984) or u r ine sucking i n veal calves (Unshelm e t a l . , 

1982; de W i l t , 1985). Another type of d i s tu rbed behaviour i s the performan­

ce o f s t e r e o t y p i c movements l i k e b a r b i t i n g i n t e t h e r e d sows (C ron in and 

Wiepkema, 1984). Animals developing these s te reo typ ies are unable to cope 

adequa te l y w i t h the env i r onmen t they are s u b j e c t e d to (Wiepkema, 1982). 

Ev idence s u p p o r t i n g t h i s v iew was p r o v i d e d by C ron in (1985) . I t was con ­

cluded from experiments w i t h te thered sows t ha t s te reo typ ies might f unc t i on 

to reduce the percept ion of the negat ive aspects of the environment. I t has 

been proposed to use the mentioned types of d i s tu rbed behaviour as means to 

assess w e l f a r e i n farm an ima ls (Wiepkema e t a l . , 1983). A c o m b i n a t i o n o f 

approaches as descr ibed above may help i n assessing we l fa re and i n evalua­

t i n g e x i s t i n g and a l t e r n a t i v e housing systems f o r farm an imals. 



1.2. A l t e r n a t i v e housing systems 

Although s t ress f ree environments are u n l i k e l y to e x i s t i t i s recognized 

t h a t , among bas ic r e q u i r e m e n t s a l so "adequate f reedom o f movement and 

a b i l i t y to s t r e t ch wings" has to be inc luded in achiev ing acceptable l e ve l s 

o f w e l f a r e i n p o u l t r y (Code o f P r a c t i c e , 1983). S ince cages c o n f i n e hens 

and l i m i t t h e i r b e h a v i o u r a l r e p e r t o i r e , several experts s t i l l agree t ha t 

t h i s way of housing hens i s associated w i t h a s ta te of reduced w e l l - b e i n g 

(Sainsbury, 1980b; Craig and Adams, 1984). 

In order to increase the hen's w e l l - b e i n g e i t h e r the genet ica l c o n s t i t u ­

t i o n m i g h t be changed ( B e i l h a r z , 1982) or the e n v i r o n m e n t . A g e n e t i c a l 

approach m i g h t be s e l e c t i o n a g a i n s t a p a r t i c u l a r behav iou r t h a t i s asso­

c i a t e d w i t h and i n d i c a t e s j e o p a r d i z e d w e l l - b e i n g . However s e l e c t i o n 

aga ins t , f o r example, responsiveness to fear inducing s t i m u l i might reduce 

e g g - p r o d u c t i o n . Thus s e l e c t i n g f o r a p o s i t i v e t r a i t m i g h t r e s u l t i n an 

unforeseen se lec t i on against another des i rab le one. Therefore se lec t i on f o r 

behavioural changes should be accompanied by ca re fu l s tud ies on the under­

l y i n g genet ic mechanism (Craig and Adams, 1984). Furthermore, changing the 

genet ica l c o n s t i t u t i o n takes a l o t of t ime . 

We l fa re improvements can be ach ieved on s h o r t t e rm by changes i n cage 

design. As shown by Tauson (1984) f o o t - h e a l t h was considerably improved by 

p r o v i d i n g cages w i t h perches and low cage f l o o r s l opes . Another r e c e n t 

f i e l d of r esea rch has been the r e - a p p r a i s a l of t r a d i t i o n a l f l oo r -sys tems 

l i k e the perchery (Anon., 1983; Henderson, 1984). However, keeping hens on 

the f l o o r i s s t i l l r egarded by some au tho rs as an " u n h y g i e n i c d i s a s t e r " 

(Roepke, 1984), wh i l e other authors p re fe r cages to f l oo r -hous ing to avoid 

fea ther -peck ing and f l oo r -eggs (Miinchmeyer, 1984). Moreover, the most eco­

nomic system f o r e g g - p r o d u c t i o n i s t he b a t t e r y - c a g e . I t i s e v i d e n t t h a t 

product ion costs w i l l increase w i t h f l oo r -sys tems (Studiecommissie Grond-

hu isves t ing Leghennen, 1980). 

One p o s s i b l e approach to t h i s p rob lem i s t o change the consumer 's and 

buyer ' s a t t i t u d e towards eggs produced i n cages. I f they a re p repared to 

pay the h i g h e r p r i c e needed to suppo r t the more expens ive sys tems, hens 

could be kept on the f l o o r again. However, an i n v e s t i g a t i o n i n t o t h i s f i e l d 



p o i n t e d ou t t h a t on ly 13,4 % o f the French and 43 % o f t he German buyers 

d i d no t want t o purchase eggs produced i n cages ( i n : Masic and P a v l o v s k i , 

1985). I t i s obvious t ha t these percentages are too low to cover the h igher 

product ion c o s t s . 

T h e r e f o r e the p o s s i b i l i t y t o des ign c o m p e t i n g , and thus p r o f i t a b l e , 

a l t e r n a t i v e systems was i n ves t i ga ted . Moreover, these a l t e r n a t i v e s had to 

promote the w e l l - b e i n g of the hens as w e l l . Research i n t h i s f i e l d s t a r t ed 

in England by Elson (1976) and Bareham (1976). They in t roduced the get-away 

cage: a l a r g e cage (about 80x100x65 cm) p r o v i d e d w i t h pe rches , n e s t s , 

m u l t i p l e feeding and d r i nk ing pos i t i ons and a sand-box. This cage type has 

a lso been tes ted in Germany (Wegner, 1980; Wegner e t a l . , 1981) and i n the 

Netherlands (Brantas, 1981). However, a f t e r several t r y - o u t s t h i s a l t e r n a ­

t i v e d id not appear to be p r a c t i c a l l y and commercia l ly v i a b l e . There were a 

l o t of problems; hens would use the sand-boxes f o r egg - l ay ing , they s c r a t ­

ched sand ou t o f the boxes on the manure b e l t (Wegner e t a l . , 1981) and 

moreover they were c o n t a m i n a t e d w i t h manure f rom hens p e r c h i n g above 

( E l s o n , 1981). 

S ince then o t h e r cage t ypes were deve loped . In the pas t i t had a l r e a d y 

been t h e o r i z e d by McBride (1970) t h a t " i t shou ld be p o s s i b l e t o des ign 

houses which have many t i e r s of l a t t i c e f l oo rs . . .Na tu ra l l y , c o r r i d o r s would 

be necessary f o r men to walk t h r o u g h . T e c h n i c a l l y the p r o v i s i o n o f w a t e -

r e r s , a u t o m a t i c f eeders and nes ts a t a number of l e v e l s i s no s e r i o u s 

p rob lem. The d i s p o s a l o f manure and p r o v i s i o n o f v e n t i l a t i o n c o u l d pose 

some problems (..) but we are p a r t i c u l a r l y competent to solve these t e c h n i ­

cal problems." Several years l a t e r some a l t e r n a t i v e s developed by European 

r e s e a r c h e r s were i n t r o d u c e d . These new systems had one c h a r a c t e r i s t i c i n 

common: the a va i l ab le v e r t i c a l space i n the hen house was o p t i m a l l y used by 

the cons t ruc t i on of w i re s l a t s , perches or ex t ra w i re f l o o r s ( H i l l , 1981a; 

Fb'lsch e t a l . , 1982; Wegner, 1983; E h l h a r d t e t a l . , 1984a). As a r e s u l t 

h i g h e r s t o c k i n g d e n s i t i e s (10-15 hens per m2 and 20 hens per m2 i n the 

Dutch system) are reached as compared w i t h t r a d i t i o n a l deep l i t t e r systems 

(7 hens per m2) and s t o c k i n g d e n s i t y i n cages (20 or more hens per m2) i s 

approached. S ince s t o c k i n g d e n s i t y i s , nex t t o f o o d - i n t a k e , one o f t he 

c r u c i a l f ac to rs i n de termin ing product ion costs of any f l oo r - sys tem ( H i l l , 

1981b), the new systems may prove to be a p romis ing a l t e r n a t i v e . 



1.3. Scope of the present study 

Most o f the a l t e r n a t i v e s d e s c r i b e d above have been t e s t e d f o r seve ra l 

y e a r s . A l t hough good r e s u l t s are o b t a i n e d s t i l l many p rob lems l i k e h igh 

food i n t a k e , h i gh l e v e l s o f ammonia a t t r i b u t e d to wet l i t t e r , f e a t h e r 

pecking and cannibal ism have to be overcome. Another problem common to a l l 

f l oo r -sys tems i s the re luctance of a var ious percentage of hens to use the 

l a y i ng nests provided ( H i l l , 1983; Rauch and Wegner, 1984; Ehlhardt e t a l . , 

1984a). This has considerable economic i m p l i c a t i o n s such as loss of eggs, 

d i r t y eggs and t ime-consuming e g g - c o l l e c t i o n . Acceptat ion of a l t e r n a t i v e s 

w i l l be p romoted i f p rob lems o f t h i s k i n d are so l ved ( S t u d i e c o m m i s s i e 

G r o n d h u i s v e s t i n g Leghennen, 1979). T h e r e f o r e i t was dec ided to s t a r t a 

t h r e e - y e a r i n v e s t i g a t i o n i n t o n e s t - s i t e s e l e c t i o n i n l a y i ng hens kept i n 

f l oo r -pens . The general aim i s to t race f a c to r s t h a t cause f l o o r - l a y i n g . 

In the pas t seve ra l s t u d i e s r e l a t e d to the p rob lem of f l o o r - l a y i n g i n 

l ay ing hens have been c a r r i e d out . Some s tud ies had an o r i e n t a t i n g charac­

t e r , w h i l e n e a r l y a l l o t h e r s t u d i e s c o n c e n t r a t e d on the q u e s t i o n wh ich 

c h a r a c t e r i s t i c s of nests or which zootechnical c i rcumstances might a f f e c t 

the hen's n e s t - s i t e - c h o i c e (see a l so chap te r 8 ) . However, the p rob lem o f 

f l oo r -eggs has not y e t been solved and the process of n e s t - s i t e se lec t i on 

i s not y e t f u l l y understood. Therefore more systemat ic e t ho log i ca l s tud ies 

i n t h i s f i e l d are wo r thwh i l e . 

A l t hough the approach taken to the p rob lem i n the p resen t s tudy was an 

e t h o l o g i c a l one, the i m p o r t a n t r o l e o f p h y s i o l o g i c a l p rocesses i n egg-

l a y i n g and n e s t i n g behav iou r i s r e cogn i zed and some l i t e r a t u r e on t h i s 

subject i s reviewed i n chapter 2 of t h i s t h e s i s . 

Chapter 3 presents a desc r i p t i on of the rea r ing and exper imental housing 

cond i t ions , the hens used i n t h i s study and the general method f o l l o w e d . 

Since scant i n f o rma t i on has been repor ted on the behaviour in the weeks 

be fo re l a y ing , i t was dec ided to observe the development o f n e s t i n g beha­

v iour i n i n d i v i d u a l immature p u l l e t s i n order to get more i n s i g h t i n t o the 

phenomenon of f l o o r - l a y i n g . Furthermore, the impact of soc ia l f ac to rs on 

the hen's n e s t - s i t e cho i ce i s i n v e s t i g a t e d . Chapter 4 i s devoted to these 

developmental and soc ia l aspects of nest ing behaviour. 

Moreover , such a deve lopmenta l s tudy i s o f i n t e r e s t f rom a b i o l o g i c a l 

po in t of v iew. Se lec t ing a nest i s supposed to be a gradual process, which 



po in t o f v iew. Se lec t ing a nest i s supposed to be a gradual process, which 

i s expec ted t o s t a r t seve ra l weeks be fo re the hens come i n t o l a y . Dur ing 

t h i s p e r i o d they are supposed to ga ther i n f o r m a t i o n about e n v i r o n m e n t a l 

p r o p e r t i e s such as p o t e n t i a l n e s t i n g s i t e s . Two e xpe r imen t s des igned t o 

t e s t t h i s hypothesis are presented i n chapter 5. 

In chap te r 6 the i n f l u e n c e o f e a r l y e xpe r i ence w i t h d i f f e r e n t t ypes o f 

nests i s s tud ied on the number of f l oo r -eggs . 

In order to f i n d out whether f l o o r - l a y i n g i s caused by i r r e g u l a r i t i e s in 

phys io log ica l processes under ly ing egg-product ion or by o ther f a c t o r s , egg-

product ion records and p re - l ay i ng behaviour o f f l o o r - and nes t - l aye rs are 

descr ibed and compared to each o ther . The r e s u l t s of t h i s study are presen­

t ed i n chap te r 7. 

Chapter 8 d i scusses the r e s u l t s f rom the p resen t s tudy i n r e l a t i o n to 

o t he r s t u d i e s conce rn ing n e s t - s i t e s e l e c t i o n i n domest ic f o w l . F i n a l l y , 

conclusions are fo rmula ted from which recommendations are der ived i n order 

to reduce f l o o r - l a y i n g in domestic f o w l . 



Chapter 2 

Reproduction in pou l t r y 

2 . 1 . I n t r oduc t i on 

The r e l u c t a n c y o f domes t i c f o w l kep t on the f l o o r t o use nes t -boxes 

provided may be caused by many var ious f a c t o r s . Phys io log ica l processes are 

known to play a major r o l e in the r egu la t i on of egg-product ion and nest ing 

behaviour. Hence, i r r e g u l a r i t i e s t he re in may lead to abnorma l i t i es i n egg-

l a y i n g and thus to f l o o r - e g g s , as w e l l . Knowledge o f the p h y s i o l o g y o f 

i nd i v i dua l hens may e luc ida te to what ex tent the occurrence of f l oo r -eggs 

may be due to phys io log ica l abno rma l i t i es . Although the approach taken to 

the p rob lem i n the p r esen t s tudy i s an e t h o l o g i c a l one, p h y s i o l o g i c a l 

i r r e g u l a r i t i e s are a lso r e f l e c t e d i n , f o r example, abnormal egg-product ion 

and abnormal nest ing behaviour. Therefore d i f fe rences in these parameters 

between hens are detectab le and i t may be poss ib le to use such parameters 

i n order to f i n d out to what ex tent f l o o r - l a y i n g i s caused by abnorma l i t i es 

i n the physio logy. This method, which has been used in chapter 7, requ i res 

a desc r i p t i on of the normal egg- lay ing and nes t ing behaviour. 

Because the p resen t s tudy d i d not i n t e n d t o c a r r y ou t p h y s i o l o g i c a l 

research, t h i s chapter reviews l i t e r a t u r e concerning t h i s sub jec t . Fur ther ­

more, l i t e r a t u r e on the normal egg- lay ing and nest ing behaviour i s reviewed 

in both Red Jungle Fowl and f r e e - l i v i n g and capt ive domestic f o w l . 

2.2. S t ruc tu re of the ovary and ov iduc t 

In the c h i c ken on l y the l e f t ovary and o v i d u c t are f u n c t i o n a l . In the 

ovary a l a r g e number o f f o l l i c l e s are c a r r i e d on f o l l i c u l a r s t a l k s ( G i l ­

b e r t , 1971a). Most of these f o l l i c l e s conta in wh i te yo lk and have diameters 

l e s s than 3 mm. Usua l l y f o u r t o seven f o l l i c l e s c o n t a i n y e l l o w y o l k and 

have d i a m e t e r s o f about 7 mm. These f o l l i c l e s are r e f e r r e d t o as the 

f o l l i c u l a r h ie ra rchy , because they mature i n a sequent ia l manner. 

Each f o l l i c l e c o n s i s t s o f a c e n t r a l l y p l aced o o c y t e , c o n t a i n i n g y o l k 

m a t e r i a l , surrounded by a wa l l o f s i x layers ( G i l b e r t and Wel ls , 1984). The 
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rentrai ligament 

theca layer is involved in the production of the steroid hormone oestra-

diol, while cells located in the granulosa layer are known to produce 

another steroid hormone, progesterone. There is a gradual decrease in the 

concentration of oestradiol in the theca layer, while there is an increase 

in the concentration of progesterone in the granulosa layer during follicu­

lar maturation. Both the theca and granulosa layer produce the same amount 

of testosterone (Bahr et al., 1983). 

The oviduct, a long tube, extends from the ovary to the cloaca. It con­

sists of five segments: the infundibul urn, magnum, isthmus, uterus and 

vagina (figure 2.1). 

At the time of ovula-

tionthe maturefol1 iel e 

is ruptured and the ovum 

(=oocyte) is engulfed by 

the i n f u n d i b u l u m . If 

this process fails, the 

ovulated ovum is depo­

sited in the abdominal 

cavity and is gradually 

r e a b s o r b e d , a process 

which is referred to as 

"internal laying" (Wood-

Gush, 1963; Wood-Gush 

and Gilbert, 19701. If 

the ovum is engulfed by 

theinfundi bul urn,then it Figure 2.1. Schematical representation of the 

spends various amounts oviduct (after King and McLelland, 

of time in each area of (1984). 

the oviduct. The magnum, 

the largest part of the oviduct, has a thick wall and contains glandular 

tissue, which secretes amounts of albumin (=the protein of the egg). By 

peristaltic movements of the magnum the ovum arrives in the isthmus where 

the two shel 1 membranes are secreted. Then the ovum arrives in the uterus 

where it receives its shell and pigment (Bahr and Nalbandov, 1977). Final­

ly, 25-26 hours after ovulation, uterine muscle contractions are initiated 

by a neurohypophyseal hormone, argininë vasotocin, which finally leads to 
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the expelling of the egg (Sturkie and Mueller, 1976; Tanaka et al., 1984). 

2.3. The ovulatory and ovipository cycle 

In domestic fowl eggs are laid in sequences or "clutches": a series of 

eggs separated from each other by one or more pause days (Gilbert and Wood-

Gush, 1971). The occurrence of ovulation is restricted to an 8 to 10 hour 

period of the 24 hour day. In hens maintained on a schedule of 16 h light 

and 8 h darkness, the first ovulation of the sequence occurs about 7-8 

hours after the onset of darkness (Fraps, 1965) and therefore the first egg 

of a sequence is usually laid in the morning. Subsequent follicles do not 

ovulate until after the first oviposition (Morris, 1973,in: Wilson and 

Cunningham, 1984). Therefore subsequent eggs are laid progressively later 

each day resulting in an interval between ovipositions, which is usually 

greater than 24 hours. This interval minus 24 hours is called the "lag". 

Within a sequence the lag is greatest between the first and second egg, 

then decreases during the middle of the cycle and increases again towards 

the end of a sequence (Gilbert and Wood-Gush, 1971). The last follicle in a 

sequence ovulates about 15-16 hours after the onset of darkness and thus 

the last egg in the clutch is usually laid during the afternoon. Then one 

or more pause days follow. The number of eggs in the sequence and the 

number of pause days can be regular or irregular. In hens with long sequen­

ces ovulation occurs shortly after oviposition, while shorter sequences are 

caused by a longer interval between oviposition and ovulation (Gilbert and 

Wood-Gush, 1971; Sturkie and Mueller, 1976). 

The rate of ovulation in hens maintained on short day photoperiods is 

significantly less than in hens maintained on long day photoperiods 

(Morris, 1967). Recently it was shown that this effect of long photoperiods 

can also be achieved by the substitution of one complete long period by 

short pulses of light at the appropriate time of the day (=photosensitive 

period). For example, if 18 week old hens are kept on a schedule of 8L:16D 

and are then transferred to one of 4L : 16 D with a further period of 4L 

given at different times during the hours of darkness, the 4 hour light 

period is most effective in stimulating ovulation when given between 5 and 

9 hours after the end of the main photoperiod. This phenomenon is explained 
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by the existence of a circadian rhythm of sensitivity to light. The two 4 

hour periods of light proved to be nearly as effective in stimulating 

ovulation as a complete 16L : 8D schedule if provided in a schedule of 4L : 

5D : 4L : 11D. Thus, the occurrence of ovulation does not depend on how 

much light the bird receives in 24 h, but on whether light falls during the 

photosensitive period (Wilson, 1982, in: Wilson and Cunningham, 1984). 

2.4. Ovulation and its hormonal control 

The hormonal control of ovulation involves a hypothalamic hormone (lu-

teinising hormone-releasing hormone (=LHRH)), two anterior pituitary gona-

dotrophins, (luteinising hormone (LH) and follicle stimulating hormone 

(FSH)) and finally steroid hormones, produced by the ovary ( progesterone 

testosterone and oestrogens (Scanes, 1984)). A third anterior pituitary 

gonadotroph!' n is prolactin. This hormone, however, has been reported to 

decrease ovarian steroidogenesis and to depress LH secretion during broodi-

ness (Scanes, 1984). 

A feed-back loop exists between the hypothalamus-pituitary system and the 

gonads (figure 2.2). As a result, during the ovulatory cycle a low level of 

tonic LH secretion is maintained by the negative feed-back action of pro­

gesterone. However, during a particular part of the ovulatory cycle, a pre­

ovulatory surge in the LH and progesterone concentration occurs, which is 

followed by ovulation (Johnson, 1984; Wilson and Cunningham, 1984). 

To find out whether the plasma concentration of progesterone rises prior 

to that of LH or vice versa, hens were treated with an inhibitor of proges­

terone synthesis, aminoglutethimide (AGT). No preovulatory surge of LH was 

initiated after the administration of AGT. It was concluded that the preo­

vulatory LH release is initiated by progesterone (Johnson and van Tienho-

ven, 1981). Progesterone release itself is known to be initiated by matu­

ring follicles (Gilbert and Wells, 1984). Subsequently this initial release 

of progesterone is supposed to stimulate the secretion of small amounts 

of LH (Scanes, 1984). It is suggested that this initial LH release,and 

possibly progesterone, exerts a priming effect on the largest preovulatory 

follicle, which in its turn responds with the production of more progeste­

rone (Johnson et al., 1 9 8 4 ) and p o s s i b l y t e s t o s t e r o n e ( W i l s o n and 
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Cunningham, 1984). This positive feedback loop is maintained until the 

preovulatory peak of LH is reached after which the ovary no longer responds 

to further release of LH with progesterone secretion and ovulation will 

follow (Johnson, 1984). 

? ADRENAL GLANDS 

LIVER 

HYPOTHALAMUS 

• 

BRAIN 

Figure 2 . 2 . Schemat i ca l r e p r e s e n t a t i o n o f the hormonal c o n t r o l o f the 

ovu la tory cyc le ( a f t e r Scanes, 1984). 

AVT= a rg in ine vaso toc in ; C= co r t i cos te rone ; E= o e s t r a d i o l ; 

F l - 3= p r e - o v u l a t o r y f o l l i c l e s ; FSH= f o l l i c l e s t i m u l a t i n g 

hormone; LH= l u t e i n i s i n g hormone; LHRH= l u t e i n i s i n g hormone-

r e l e a s i n g hormone; M.E.= median eminence; P= p r o g e s t e ­

rone; po= pos t -ovu la to ry f o l l i c l e . 

No ovu la t i on w i l l occur in the absence of a mature f o l l i c l e (Johnson an 

Bahr, 1985). The process of f o l l i c u l a r maturat ion i s mainly c o n t r o l l e d by 

the p i t u i t a r y hormone FSH. As ment ioned b e f o r e , t h e r e i s a g r a d u a t i o n i n 

maturat ion of ovar ian f o l l i c l e s , the so -ca l l ed f o l l i c u l a r h ie rarchy . About 

s i x days be fo re o v u l a t i o n the ovum beg ins g row ing a t a r a p i d r a t e ( r a p i d 

growth phase) and yo lk i s l a i d down i n concent r ic l aye rs . Oestrogens pro­

mote the s y n t h e s i s o f y o l k p r e c u r s e r s i n t he l i v e r (Scanes, 1984; f i g u r e 

2 . 2 ) . 
The control of the follicular hierarchy itself is not yet fully under-
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stood. Perhaps FSH and LH play an impor tant r o le because a d m i n i s t r a t i o n of 

both hormones prevent the h ierarchy and m u l t i p l e maturat ions and ovu la t ions 

may occur (S tu rk ie and Mue l le r , 1976). I t has a lso been suggested t ha t the 

maturat ion of each f o l l i c l e in the h ierarchy i s i n i t i a t e d by the previous 

ovu la t i on (Etches and Schoch, 1984) or consequently by a f a l l i n the plasma 

concent ra t ion of LH (Wilson and Cunningham, 1984). 

Under a c e r t a i n l i g h t i n g reg ime the p r e - o v u l a t o r y surges i n LH and 

progesterone are always r e s t r i c t e d to a p a r t i c u l a r per iod of the day. I f a 

f o l l i c l e does not mature w i t h i n t h i s per iod.no ovu la t i on w i l l occur, which 

exp la ins why sequences of egg- lay ing are separated by i n t e r v a l s of one or 

more pause days. Recent ly a mechanism has been suggested r e s p o n s i b l e f o r 

the t i m i n g o f o v u l a t i o n i n t he hen. The p o s s i b i l i t y was r a i s e d t h a t t he 

adrenal gland played a r o le because a d m i n i s t r a t i o n of co r t i cos te rone could 

induce p remature o v u l a t i o n (Etches and Cunningham, 1 9 7 6 , i n : W i l son and 

Cunningham, 1984). Since co r t i cos te rone secre t ion f o l l o w s a d iu rna l rhythm, 

(Beuv ing and Vonder, 1977) and s ince the p o s i t i o n o f t he p e r i o d d u r i n g 

wh ich the LH surge o c c u r s , i s r e g u l a t e d by changes i n l i g h t (onse t o f 

da r kness ) , i t i s p o s s i b l e t h a t a d r e n o c o r t i c a l hormones c o n t r i b u t e t o t he 

mechanism, which determines the t i m i n g of o vu la t i on ( f i g u r e 2.2). 

To t e s t t h i s hypothesis , Wilson and Cunningham (1980) t r ea ted hens w i t h a 

drug, metyrapone, which reduces the secre t ion of c o r t i cos te rone . The p re­

ovu la to ry surge of LH was now re leased a t i n t e r v a l s of 26-27 hours a t t imes 

t h roughou t the day, i n s t e a d o f be ing r e s t r i c t e d to an 8-10 hour p e r i o d . 

Eggs were l a i d then a t any t i m e o f t he day and i t was conc luded t h a t 

co r t i cos te rone was invo lved in the t i m i n g of o v u l a t i o n . 

In conc lus ion , the o v u l a t o r y - o v i p o s i t o r y cyc le of the hen i s c o n t r o l l e d 

by the i n t e r a c t i o n of two independent systems: f o l l i c u l a r matura t ion on the 

one hand and the p r e - o v u l a t o r y r e l e a s e o f LH on the o t h e r . The l a t t e r may 

be under the c o n t r o l o f t he p r o d u c t i o n o f c o r t i c o s t e r o n e , w h i c h , under 

c e r t a i n l i g t h i n g regimes, f o l l o w s a d i u r n a l r hy thm. 

2 .5 . Behaviour r e l a ted to reproduct ion 

P re - lay ing behaviour 

Each t i m e the l a y i n g o f an egg i s preceded by p a r t i c u l a r b e h a v i o u r a l 
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e l e m e n t s . Th i s w i l l be r e f e r r e d to as p r e - l a y i n g or n e s t i n g b e h a v i o u r , 

which has been ex tens ive ly descr ibed in domestic fowl housed under d i f f e ­

ren t c i rcumstances. Hens kept i n a f l oo r -pen provided w i t h t r ap -nes ts about 

t o l a y become r e s t l e s s and g i ve a c h a r a c t e r i s t i c c a l l , wh ich has been 

r e f e r r e d t o as p r e - l a y i n g (Wood-Gush and G i l b e r t , 1969b) or l a y i n g c a l l 

(Kon ish i , 1963). Hpwever, the occurrence of t h i s c a l l i s not r e s t r i c t e d to 

the l ay ing s i t u a t i o n (Schenk e t a l . , 1984) and t he re fo re these authors use 

a more genera l te rm i . e . "Gake ln " . Sometimes the hen t u r n s away f rom pen­

mates by making escape movements. Then the head i s put i n t o several nest -

boxes (Wood-Gush, 1963), which has been r e f e r r e d to as "nes t -examinat ions" ; 

however, i t was suggested t ha t t h i s type of behaviour could be considered 

as i n t e n t i o n movements to enter a nest (Wood-Gush,1963; G i l b e r t and Wood-

Gush, 1971; Wood-Gush and Gent le, 1978). A f t e r a wh i le one p a r t i c u l a r nest 

i s entered and the hen s i t s down. Time spent on the nest var ies between one 

and two hours. Wood-Gush (1963) provided some evidence t ha t the t o t a l t ime 

spent i n nest ing behaviour va r ied w i t h the dura t ion of the l ag ; a p o s i t i v e 

l a g r e s u l t e d i n an i n c r e a s e and a n e g a t i v e l a g i n a decrease. At the t i m e 

of o v i p o s i t i o n a c h a r a c t e r i s t i c posture i s adopted. Then the hen may leave 

the nes t and c a c k l e bu t somet imes s i t t i n g i s resumed f o r a w h i l e (Wood-

Gush, 1963). 

Wood-Gush (1975) more c l ose ly observed nest ing behaviour in a f l oo r -pen 

covered w i t h wood-shavings and some f ea the rs . Nest-boxes were not p rov ided. 

A f t e r the hen had chosen a s i t e f o r o v i p o s i t i o n , usua l ly a corner , she sat 

down and s t a r t ed r o t a t i n g wh i l e pushing her f ee t s idewards, which r esu l t ed 

i n a hol low surrounded by a r im of nest ing m a t e r i a l . Sometimes wood-sha­

v ings were p i cked up and t h rown on her back wh ich wou ld f a l l o f f on the 

r i m . This p r i m i t i v e form of nes t - cons t ruc t i on always occurred i n the hours, 

r a ther than days before o v i p o s i t i o n even in the case of the f i r s t egg of a 

sequence. S i m i l a r r e s u l t s were repor ted by McBride e t a l . (1969) who des­

c r ibed p r e - l a y i n g behaviour of domestic fowl kept i n a pen of 30 m square 

and provided w i t h boxes w i t h ear th f l o o r s . 

Feral domestic fowl a lso performed most of the elements as descr ibed f o r 

f o w l kept i n pens.However, they seemed to occur a t a reduced i n t e n s i t y or 

f requency. The p re - l ay i ng c a l l f o r example was g iven, but i t was never very 

l oud or p e r s i s t e n t . Hens t h a t were seen to e n t e r a nes t d i d so w i t h o u t 

o b v i o u s l y e xam in ing o t h e r s i t e s as hens i n pens do. The hens were never 
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heard to cackle immediately a f t e r l eav ing the nest (Duncan e t a l . , 1978). 

Fö lsch (1981a) s t u d i e d the impac t o f d o m e s t i c a t i o n on the r e p r o d u c t i v e 

behaviour. Nest ing behaviour of Red Jungle Fowl (Gal lus Gallus Spadiceus), 

wh ich have never been e x p l o i t e d f o r e g g - l a y i n g and were kep t under f r e e -

range c o n d i t i o n s , was compared to t h a t o f a h i g h l y d o m e s t i c a t e d l a y i n g 

hybr id kept in f l oo r -pens but w i t h the p o s s i b i l i t y to move outdoors. During 

n e s t i n g f o u r phases were d i s t i n g u i s h e d : 1) i s o l a t i o n f rom the f l o c k and 

nes t -examinat ion , 2) en te r ing the f i n a l chosen nest , 3) o v i p o s i t i o n and i t s 

c h a r a c t e r i s t i c pos tu re and 4) s i t t i n g on the nes t u n t i l the moment i t i s 

l e f t . The behav iou r o f bo th s t r a i n s was h i g h l y comparable and resembled 

t ha t descr ibed f o r domestic penned and f e r a l hens. 

In the same s tudy Fö lsch (1981a) compared the behav iou r o f hens kep t i n 

cages w i t h o u t nes ts w i t h t h a t i n pens w i t h a w i r e or l i t t e r f l o o r w i t h 

n e s t s . In caged hens the d u r a t i o n o f phase 2 t o 4 , as d i s t i n g u i s h e d by t he 

a u t h o r , was h i g h l y reduced as compared to t h a t o f hens kep t i n the f l o o r 

systems provided w i t h nests , wh i l e the t o t a l amount of t ime spent in nes­

t i n g behaviour was near ly equal . The f i r s t mentioned hens appeared to spend 

most o f t he t i m e i n r e s t l e s s movements l i k e pac ing up and down the cage. 

S i m i l a r r e s u l t s were obtained by Wood-Gush and G i l b e r t (1969a) i n a group 

o f caged Whi te Leghorns. In c o n t r a s t , caged h y b r i d s o f Rhode I s l a n d Reds 

and White Sussex tended to s i t , "nest" and preen more and were less engaged 

in escape behaviour than were the White Leghorn hybr ids (Wood-Gush, 1969). 

In a l a t e r study Wood-Gush (1972) provided evidence t ha t these d i f fe rences 

i n nes t ing behaviour might be due to s t r a i n d i f f e rences i n response to sub-

opt imal s t i m u l i . 

Nes t - s i t e se lec t i on 

In w i l d ga l l inaceous b i rds nest ing behaviour and n e s t - s i t e se lec t i on i s 

not easy to observe because o f t he s e g r e g a t i v e na tu re o f t he hens (Green, 

1982). In t h e i r study on the reproduct ive behaviour of f r e e - l i v i n g domestic 

hens Duncan e t a l . (1978) r e p o r t e d , t h a t a hen's absence f rom the f l o c k 

usua l ly i nd i ca ted t ha t she had come i n t o l ay . Moreover, s ince the behaviour 

preceding the egg- lay ing per iod i t s e l f has never been a sub ject of s tudy, 

i t i s unknown how l ong a hen takes to s e l e c t a n e s t i n g - s i t e or how the 

f i n a l choice i s e s tab l i shed . 



In con t ras t to many o ther species of b i r d f e r a l and domestic fowl do not 

b u i l d e laborated nests. In f e r a l Red Jungle Fowl a nest only cons is ted of a 

s l i g h t dep ress ion l i n e d w i t h j u s t a few l eaves and some sma l l f e a t h e r s 

( C o l l i a s and C o l l i a s , 1967). The nes ts o f domes t i c f o w l r e l e a s e d on an 

i s l and were a lso no more than shal low depressions i n the ground, which were 

e i t h e r na tura l or had been formed by scrap ing. However, they were a l l very 

we l l hidden and covered w i t h vegetat ion i n d i c a t i n g , t h a t concealment i s an 

i m p o r t a n t e lement i n n e s t - s i t e s e l e c t i o n (Wood-Gush and Duncan, 1976; 

Duncan e t a l . , 1978). Red Jungle Fowl and a wh i te commercial l ayer (Fo'lsch, 

1981b) accepted nes t -boxes p r o v i d e d bu t they wou ld a l so use a n a t u r a l 

hol low i n the ground, which was l i n e d w i t h some f ea the rs , straw or leaves. 

In capt ive domestic f o w l , belonging to a f e r a l popu la t i on , the cock was 

observed t o e s c o r t a hen to p o t e n t i a l n e s t s . When approach ing a s u i t a b l e 

s i t e he wou ld t i d b i t and g i ve a s e r i e s o f c l u c k s . Then he s t a r t e d making 

scrapes i n the ground and as a r e s u l t o f t h i s a s h a l l o w h o l l o w was s c r a t ­

ched i n the e a r t h , a behavioural d isp lay t h a t has a l ready been descr ibed by 

K r u i j t (1964) as " co rner ing" . This hab i t was a lso c a r r i e d out i n nest-boxes 

(McBr ide e t a l . , 1969). S i m i l a r r e s u l t s were r e p o r t e d i n Whi te Leghorn 

h y b r i d s (Wenn r i ch , 1978; FÖlsch , 1981b) and Red Jung le Fowl ( F ö l s c h , 

1981b); however, in a study on f e r a l domestic fowl the cock was never seen 

t o e s c o r t a hen to a n e s t i n g s i t e (Duncan e t a l . , 1978). S ince n e s t - s i t e s 

are usua l ly located a t several hundred yards from the f l ock i n f r ee - rang ing 

cond i t i ons , esco r t i ng behaviour of the cock might serve the p ro tec t i on of 

the hen a g a i n s t p r e d a t o r s . None o f these s t u d i e s e l u c i d a t e , whether the 

f i n a l s e l ec t i on of a s i t e was determined by e i t h e r the hen or the cock or 

by both o f them. N e v e r t h e l e s s , t he cock m igh t p lay an i m p o r t a n t r o l e i n 

n e s t - s i t e s e l e c t i o n , as w e l l . 

Usua l l y c a p t i v e (McBr ide e t a l . , 1969) and f e r a l domest ic f o w l (Duncan 

e t a l . , 1978) showed c o n s e r v a t i s m i n n e s t - s i t e use, a t l e a s t w i t h i n 

c l u t c h e s . They wou ld use one nes t f o r seve ra l days bu t then changed nes ts 

to lay a second c l u t ch i n another n e s t - s i t e . Sometimes nests were l e f t i n 

the m idd le o f a sequence because they appeared to be u n s u i t a b l e f o r some 

reason (Duncan e t a l . , 1978), or because a hen was d i s t u r b e d by ano ther 

female wh i le l a y i ng (McBride e t a l . , 1969). Penned domestic fowl cons is ­

t e n t l y used the same s i t e , no t on l y w i t h i n , bu t a l s o between c l u t c h e s 

(Wood-Gush, 1954). Wood-Gush (1975) p r o v i d e d ev idence t h a t i t i s the s i t e 
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i n the pen t h a t governs the use o f the same nes t on subsequent days, and 

no t the nes t i t s e l f . Even hens kep t i n cages w i t h o u t nes t -boxes showed a 

tendency t o use the same s i t e f o r subsequent o v i p o s i t i o n s (Wood-Gush and 

G i l b e r t , 1969a). 

Hormonal con t ro l o f nest ing behaviour 

From the observat ion t ha t a hen dropped a s o f t - s h e l l e d egg w i t hou t per­

forming any nes t ing behaviour, i t was concluded t ha t a ha rd -she l led egg in 

t he u t e r u s i n i t i a t e d n e s t i n g behav iou r (Wood-Gush, 1963). To t e s t t h i s 

hypothesis hens were made i n t o chronic s h e l l - l e s s l ayers by su rg ica l means. 

Most hens l o s t the s h e l l - l e s s egg somewhere d u r i n g the dark p e r i o d . A 

number of o ther hens was made i n t o chronic i n t e rna l layers by s t i t c h i n g up 

the i n f u n d i b u l urn. As a r e s u l t o v u l a t e d ova d i d not e n t e r the o v i d u c t bu t 

were dropped i n t he body c a v i t y . Moreover i n a number o f hens the o v i d u c t 

was e n t i r e l y removed. In a l l t hese hens normal e g g - l a y i n g behav iou r d i d 

occur a t the t ime an egg had to be l a i d (Wood-Gush, 1963). The same r e s u l t s 

were o b t a i n e d i f the egg was e x p e l l e d p r e m a t u r e l y by the i n j e c t i o n o f 

v asop ress in (Beuv ing and Vonder, 1981). Obv ious l y the presence o f a hard 

s h e l l e d egg i s no t necessary f o r n e s t i n g behav iou r to o ccu r , nor i s the 

presence of the ov iduc t provided ovu la t i on has occur red. 

As was demons t ra ted by e a r l i e r s t u d i e s , the d u r a t i o n o f t he lag between 

eggs i s increased by damaging the pos t -ovu la to ry f o l l i c l e , in o ther words 

o v i p o s i t i o n of subsequent eggs was de layed (Conner and F raps , 1 9 5 4 , i n : 

G i l b e r t and Wood-Gush, 1971). S ince l a g - d u r a t i o n and n e s t i n g behav iour 

seemed to be r e l a ted (see above), i t was suggested t ha t the pos t -ovu la to ry 

f o l l i c l e m igh t be i m p l i c a t e d i n the p rocess t h a t c o n t r o l s n e s t i n g beha­

v i o u r . Wood-Gush and G i l b e r t (1964) i n ves t i ga ted t h i s p o s s i b i l i t y f u r t h e r 

by removing immature or penu l t imate f o l l i c l e s or the l a t e s t pos t -ovu la to ry 

f o l l i c l e i n hens whose n e s t i n g behav iou r was w e l l known. The f i r s t two 

t reatments only a f f ec ted nest ing behaviour of a very small number of hens. 

However, i n 75 % o f the hens nest ing behaviour was abol ished a f t e r removal 

o f the l a t e s t p o s t - o v u l a t o r y f o l l i c l e . A p p a r e n t l y the p o s t - o v u l a t o r y 

f o l l i c l e plays an impor tant r o le in the con t ro l of the nest ing behaviour. 

Subsequent e xpe r imen ts r e v e a l e d t h a t t h i s r o l e was no t pe r fo rmed by 

neura l pathways ( G i l b e r t and Wood-Gush, 1965), but more p robab l y by ho r -
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mones. To i n ves t i ga te t h i s f u r t h e r a n a t u r a l l y occur r ing oestrogen, ra ther 

than a s y n t h e t i c one, and p roges te rone were i n j e c t e d i n t o 9 - m o n t h - o l d 

ovar iectomised hens (Wood-Gush and G i l b e r t , 1973). Progesterone was chosen, 

s i nce i t was assumed t o be produced by the p o s t - o v u l a t o r y f o l l i c l e ( G i l ­

b e r t , 1971b). Oestrogen alone could induce nest-examinat ions i n these non-

o v u l a t i n g hens, w h i l e n e s t - e n t r i e s on l y o c c u r r e d when p roges te rone was 

i n j e c t e d as w e l l . Adm in i s t r a t i on of progesterone was most e f f e c t i v e i n t h i s 

respect when preceded by a per iod of a t l eas t 6 weeks in which the hens had 

been t r ea ted w i t h oestrogen. From these experiments i t was concluded t ha t 

the pos t -ovu la to ry f o l l i c l e and ovar ian hormones play a major r o l e i n the 

occurrence of nest ing behaviour. 

Summarizing, the l i t e r a t u r e reviewed in the previous paragraphs demon­

s t ra tes t ha t the hormonal r egu la t i on of the o va r i an -ov i pos i t o r y cyc le and 

o f the n e s t i n g behav iou r i s r a t h e r w e l l u n d e r s t o o d . I r r e g u l a r i t i e s may 

occur d u r i n g o v u l a t i o n or d u r i n g the e x p e l l i n g o f the egg and may l ead to 

a b n o r m a l i t i e s i n e g g - p r o d u c t i o n and n e s t i n g behaviour and thus to f l o o r -

eggs, as w e l l . 

Furthermore, the review shows t ha t nest ing behaviour has been ex tens ive ly 

d e s c r i b e d i n domest ic l a y i n g hens kep t under seve ra l hous ing c o n d i t i o n s . 

Although p r e - l a y i n g behaviour i s mod i f ied to some ex tent by keeping hens 

under d i f f e r e n t c i rcumstances, a l l behavioural elements are present . Even 

the nest ing behaviour of a commercial l i g h t hybr id s t r a i n was h igh ly compa­

rab le to a s t r a i n t ha t has not been e xp l o i t ed f o r the egg-producing indus­

t r y . Th i s i n d i c a t e s t h a t the p r e - l a y i n g behav iou r i s c o n s e r v a t i v e under 

several cond i t i ons and t ha t domest icat ion and se lec t i on i n favour of egg-

p r o d u c t i o n d i d on l y e x e r t m inor i n f l u e n c e on t h i s t ype o f behav iou r . 

However, i t i s unknown how long a hen takes to se lec t a nes t ing s i t e or how 

the f i n a l choice i s e s t ab l i shed . 

Domest ic hens a r e , l i k e most g a l l i n a c e o u s b i r d s w i t h p r e c o c i a l young , 

ground n e s t e r s and do no t b u i l d e l a b o r a t e n e s t s , - a l t h o u g h nes ts were a l l 

very we l l concealed. Captive domestic hens use nest-boxes provided but they 

a l so use s h a l l o w h o l l o w s i n the g round. From t h i s p o i n t o f v iew f l o o r -

l ay ing i n domestic fowl kept i n pens f o r commercial purposes i s not cons i ­

dered to be an aberrant type of behaviour. However, i n pou l t r y i ndus t r y i t 

i s a h igh ly unappreciated t r a i t f o r reasons mentioned before. 

I t may be p o s s i b l e t o f i n d ou t t o what e x t e n t f l o o r - l a y i n g i n domest ic 
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hens is caused by physiological i r regu la r i t i es by comparing egg-production 
records and nesting behaviour of f loor-and nest-layers. In chapter 7 th is 
is investigated fur ther. 
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Chapter 3 

General method and materials 

3.1. Rearing period 

In a l l experiments cage-reared White Leghorn hens were used. One of the 

groups under study was der ived from an experimental l i n e of the Centre f o r 

Pou l t ry Research and Extension "Spel derhol t " , wh i l e the o ther groups were 

a l l d e r i v e d f rom commerc ia l s t r a i n s (Shaver S t a r c r o s s 288 and H i s e x ) , 

reared a t un i t s spec ia l i zed in r ea r ing l ay ing hens. Hens were subjected to 

several rou t ines l i k e beak- t r imming and v a c c i n a t i o n . The l i g h t i n g reg ime 

was 23 hr l i g h t - 1 hr darkness dur ing the f i r s t two days, which was f o l l owed 

by a regime of 8 hr dimmed l i g h t ( 5 lux) - 16 hrs darkness u n t i l an age of 

16 weeks. 

3.2. Experimental conditions 

F i f teen to 20 hens were housed a t an age of 16 weeks in small f l o o r - p e n s , 

4 m square. Ha l f o f t he pen was p r o v i d e d w i t h l i t t e r , a m i x t u r e o f wood-

shav ings and chopped s t r a w . In the r e m a i n i n g area w i r e was p laced over a 

droppings p i t about 50 cm above the f l o o r . A food- t rough was placed on the 

w i r e . An automatic d r inker and a perch were f i x e d above the w i r e . The hens 

were fed ad l i b on dry mash and water . 

Each pen c o n t a i n e d 6 i n d i v i d u a l nes t -boxes (30x30x30 cm). In one o f the 

pens t h r e e nes t -boxes were p laced on the l i t t e r on each s ide o f t he pen 

( f i g u r e 3.1a), wh i l e in the other pens the nest-boxes were a l l p laced along 

one side opposi te the droppings p i t ( f i gu re 3.1b). Nes t - f l oo rs were covered 

w i t h wood-shav ings or buckwheat husks ( l i t t e r - n e s t s ) or w i t h s y n t h e t i c 

grass ( = a s t r o t u r f ) or a w i re basket, which a l lowed eggs to r o l l out o f the 

nest i n t o a c o l l e c t i o n channel ( ro l 1-away-nests). The pen's wa l l s had w i red 

sides to a he ight of about two meter and i t s top was covered w i t h a net . 

The pens were placed i n a w indow- less, w e l l - i n s u l a t e d hen-house w i t h a 

concrete f l o o r . F luorescent l i g h t i n g tubes w i t h dimmers were used to l i g h t 

the house. Forced-dra f t v e n t i l a t i o n c o n t r o l l e d the c l i m a t e . In w i n t e r the 
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Figure 3 .1a. F loor-pen provided w i t h 3 nest-boxes on each side of the pen. 

F igure 3 .1b. F l o o r - p e n p r o v i d e d w i t h 6 nes t -boxes o p p o s i t e the d ropp ings 

p i t . 
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house was heated by means o f 6 gas hea te rs f i x e d on the w a l l o f t he hen­

house, 3 on each s i de. 

On the day of a r r i v a l a t the Centre a l i g h t i n g schedule was maintained of 

10 hours l i g h t and 14 hours darkness. The l i g h t p e r i o d was lengthened w i t h 

one hour each week u n t i l a l i g h t i n g reg ime o f 14L-10D was reached. 

L i g h t i n g tubes were suspended i n t h r e e rows a long the hen-house. In con ­

t r a s t to commercial l a y i ng cond i t ions (Sainsbury, 1980a), l i g h t i n t e n s i t y 

was kept high (about 75 lux) to enable the record ing of behaviour by means 

of a video-camera (see below). 

S ince the hens had been r ea red i n cages, they had to l e a r n t o jump onto 

the w i r e . In order to f a c i l i t a t e t h i s process a step-up was placed i n f r o n t 

o f the d r o p p i n g s - p i t . In the e v e n i n g , a f t e r the l i g h t s had gone o u t , two 

low i n t e n s i t y l i g h t s were kept on f o r about one hour i n o rde r t o g i ve the 

hens the oppor tun i t y to f i n d the perch on the w i r e . Sometimes the a t tendant 

had to chase them onto the w i r e t o p r even t them f rom us ing the nes ts as a 

r e s t i n g p lace. A f t e r about one week the hens got accustomed to the s i t u a ­

t i o n and s t a r t ed roos t ing some t ime before the onset o f darkness. 

In summer the t e m p e r a t u r e v a r i e d between 18 and 24°C w h i l e i n w i n t e r 

va lues between 18 and 20°C were reached. Somet imes, i n p a r t i c u l a r a f t e r 

co ld n igh ts temperature could be lower than 18°C but a t dayt ime, dur ing the 

l ay ing pe r iod , i t never f e l l beyond 14°C. 

The experiments s t a r t ed w i t h a th ickness of about 70 mm of l i t t e r placed 

on each pen's f l o o r . A f t e r a few weeks some l i t t e r was added i n o rde r t o 

keep i t i n a f r i a b l e s t a t e . I f , due to s p l a s h i n g o f wa te r o r d e f e c t d r i n ­

kers the l i t t e r s t a r t ed cak ing , i t was always replaced e n t i r e l y . 

3.3. Observations 

Observations were made by means of a v ideo- recorder ( i n co lou r ) . A camera 

w i t h a w ide-angle lens was placed above a pen. For i d e n t i f i c a t i o n purposes 

hens were marked w i t h a f e l t - p e n on t h e i r backs and necks. The f requency 

and d u r a t i o n o f the b e h a v i o u r a l e lements were r eco rded i n a s e q u e n t i a l 

o rde r by us ing an event r e c o r d e r (More, O b s e r v a t i o n a l Systems I n c . . S e a t ­

t l e , Washington). The data were then dumped i n t o the host-computer o f the 

Centre f o r f u r t h e r processing. 
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The total observation period was divided into two parts: the weeks prece­

ding the actual laying period (from an age of 16 weeks) and the laying 

period itself. In the next paragraphs behaviour recorded during these two 

stages is described separately. 

3.3.1. Weeks before laying 

To r e g i s t r a t e the development of nest ing behaviour observat ions were made 

d a i l y d u r i n g 1 or 1.5 h r , f rom an age o f 16 weeks u n t i l the f i r s t egg was 

l a i d . For each f l o c k sample sess ions were recorded a t d i f f e r e n t t i m e s 

between 8.30 h and 16.30 h a c c o r d i n g to a schedule t h a t p reven ted b i a s i n g 

to a p a r t i c u l a r per iod of the day. Since each hen in the group was d i sce r ­

nable a l l the t ime , the f oca l -an ima l - samp l ing method (Altmann, 1974) was 

used. For a number o f hens, chosen a t random f rom the f l o c k s under s t u d y , 

the frequency and/or dura t ion of the behaviours of i n t e r e s t were recorded. 

Elements recorded were def ined as f o l l o w s : 

NESTING-BEHAVIOUR 

(as def ined by Wood-Gush, 1963,1971,1975; Wood-Gush and Gent le, 1978; Wood-

Gush and G i l b e r t , 1969b). 

* N e s t - e x a m i n a t i o n s : i n i t i a l l y on l y " nes t -box i n s p e c t i o n s " were d i s t i n ­

gu ished d e f i n e d as p u t t i n g the head i n t o a nes t -box wh ich c o u l d be f o l ­

lowed by pecking aga ins t the wa l l or by pecking up some nest ing m a t e r i a l . 

In subsequent experiments a lso "g lanc ing a t the nest-box" was d i s t i n g u i s h ­

ed: p e e r i n g i n t o the nes t -boxes f rom a d i s t a n c e w h i l e the neck i s he ld 

s t r a i g h t ou t i n a h o r i z o n t a l p o s i t i o n . The head i s t u r n e d s i d e w a r d s , 

wh i l e the r i g h t and l e f t eye are used a l t e r n a t e l y . 

The o t h e r e lements b e l o n g i n g t o n e s t i n g b e h a v i o u r , as d e s c r i b e d under 

3.3.2., were never observed in the weeks before l a y i n g . 

SOCIAL BEHAVIOUR: 

Rank-order i n a group was based on dyadic agon is t i c encounters observed 

d u r i n g each sample s e s s i o n . Ranking o f the hens was ach ieved by us ing a 

s o c i a l rank index d e f i n e d a c c o r d i n g t o a c o m b i n a t i o n o f the number o f 
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dominant and subordinate birds. This method is described in more detail in 

chapter 4. Most of the elements distinguished have measurable durations 

(seconds). However, since the frequency of occurrence is of most interest 

in determining the rank order, they were all considered to be point events. 

The behavioural elements were defined as follows (Kruijt, 1964): 

AGGRESSION: 

*Frontal threatening: stretching out the neck in the direction of a pen­

mate, the neck feathers are erected. 

*Leaping: bumping the breasts against each other while the legs are thrown 

forward 

*Pecking: vigorous movements made with the beak directed to the head or the 

neck of a pen-mate. 

*Chasing: following at a high speed;the body posture is erected. 

SUBMISSION in reaction to aggressive acts: 

*Freezing: standing motionless while the head is lowered to the ground; the 

feathers of the tail are kept closed and downwards. 

•Avoidance: moving away from the aggressor. 

*Escape: moving away at a high speed, while the body posture is hunched. 

3.3.2. The laying period 

The laying period was considered to start on the day the first hens in a 

flock came into lay. In order to determine rank order in the weeks before 

and after that day, recording of social behaviour was continued until each 

hen in the flock had come into lay. 

A common method to find out if a hen is prepared to lay is palpation 

(Sykes, 1955; Draper and Lake, 1967). However, in this study most hens were 

very restless and showed escape behaviour in the hours before they had to 

lay their first egg. Because of the conspicuousness of this behaviour only 

video-pictures were used to determine the day of first oviposition. 

To identify eggs laid by individual hens video-pictures were used mainly. 

However, after the 7 week lasting filming period for some, usually subordi­

nate hens, nest-site choice had still to be determined. Therefore another 

method (Riddle, 1908; Hughes, 1977) was used. Individual hens were fed 

gelatine capsules filled with a dye (Sudan Black B and Sudan IV (=red)), 
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which i s a t t a c h e d to the y o l k - l i p i d o f the f o l l i c l e s . A s i n g l e dose i . e . 

one capsule, co lours a l l r ap id growing f o l l i c l e s (see sect ion 2.4) present 

i n the ovary a t t h a t moment. The dye i s p resen t f o r the f i r s t t i m e i n the 

y o l k o f an egg about 2 or 3 days a f t e r i t s a d m i n i s t r a t i o n . The c o l o u r e d 

r i n g i s then s i t ua ted on the outs ide of the y o l k . Rings in subsequent eggs 

are nearer t o the c e n t r e o f the y o l k each day. F i n a l l y , t he l a s t and 

s m a l l e s t r i n g appears i n the c e n t r e o f the y o l k . The number o f days a 

c o l o u r e d r i n g w i l l be v i s i b l e depends upon the number o f r a p i d g row ing 

f o l l i c l e s t h a t were present a t the moment of a d m i n i s t r a t i o n , but usua l l y 7-

10 eggs were co loured. 

A schedule o f capsu le f e e d i n g was m a i n t a i n e d f o r a number o f hens 

b e l o n g i n g to the same f l o c k . For example on day 1 hen A was g i ven a Sudan 

Black c a p s u l e , hen B a Sudan IV , hen C a m i x t u r e o f bo th and hen D was 

g i ven a Sudan IV capsu le on day 2 , wh ich was f o l l o w e d by a Sudan Black on 

day 3. As a r e s u l t each o f the 4 hens produced i t s own and s p e c i f i c c o l o u r 

p a t t e r n i n the y o l k . In o rde r to d e t e c t a dye, eggs were h a r d - b o i l e d f o r 

about 12 m inu tes and then coo led o f f q u i c k l y . F i n a l l y the y o l k s were cu t 

across w i t h a sharp kn i f e and the coloured r ings were v i s i b l e . 

S ince we were i n t e r e s t e d i n the i n f l u e n c e of the cock 's presence on the 

hen's n e s t - s i t e se lec t i on co rne r ing -sequences pe r fo rmed by the cock were 

r eg i s t e red . When doing t h i s the cock assumed a ha l f crouched posture wh i le 

l o w e r i n g the b r e a s t t o the g round. The l egs are l i f t e d a l t e r n a t e l y w h i l e 

s tamp ing or the le^js are making s c r a t c h i n g movements. Sometimes g round-

scra tch ing movements are made w i t h the head. This d i sp lay i s usua l l y accom­

panied by " c o r n e r - c a l l s " , s o f t repeated r h y t h m i c a l l y sounds or by " t i d b i t -

t i n g c a l l s " , a h igher more c l uck ing -1 i ke noise. These voca l i sa t i ons have an 

a t t r a c t i n g i n f l u e n c e on the hens ( K r u i j t , 1964). The cock 's behav iou r was 

only descr ibed in q u a l i t a t i v e terms. 

In o rde r t o compare the p r e - l a y i n g behav iou r between hens b e l o n g i n g t o 

d i f f e r e n t groups the f requency and d u r a t i o n o f each b e h a v i o u r a l e lement 

were recorded. During these sessions the dura t ion of a p a r t i c u l a r act was 

def ined to be the amount o f t ime elapsed between i t s onset and end w i t hou t 

be ing i n t e r r u p t e d by ano ther e l emen t . The f o l l o w i n g behavioural elements 

were r e g i s t e r e d : 

*Laying c a l l or "gake l " : c a l l i n g w i t h the beak we l l open wh i l e the abdomen 
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i s r h y t h m i c a l l y moved up and down; one c a l l cons is ts of a long i n t roduc ing 

element f o l l owed by one or more shor t elements d i v ided by shor t i n t e r v a l s 

(Wood-Gush and G i l b e r t , 1969b; Schenk e t a l . , 1984). 

*Nest -box-examinat ions: nest-box inspect ions and g l a n c i n g a t the nes t - box 

(see above). 

*Nes t -box e n t r y : a nes t -box i s e n t e r e d f u l l y , w h i l e the hen s tays i n a 

s tanding p o s i t i o n . 

* N e s t - c o n s t r u c t i o n : s i t t i n g i n a n e s t - b o x , i n the l i t t e r or on the w i r e , 

wh i l e manipu la t ing the l i t t e r w i t h the beak, r o t a t i n g the body and scra­

ping w i t h the legs. 

* N e s t - s i t t i n g : s i t t i n g q u i e t l y on the n e s t , i n the l i t t e r or on the w i r e , 

only occas iona l l y changing p o s i t i o n . 

In the same s tudy a l so o t h e r b e h a v i o u r a l e lements were r e c o r d e d . Some o f 

them may be i n d i c a t i v e of f r u s t r a t i o n or c o n f l i c t : 

* S t e r e o t y p e d p a c i n g : w a l k i n g up and down the pen i n a r e s t l e s s way, w i t h 

steps higher than normal. 

* O r i e n t a t i o n away f rom the f l o c k : j ump ing or f l y i n g up i n a t t e m p t i n g t o 

escape from the pen. 

*Preening: the feathers and sk in are s t roked and pecked a t by the beak. 

*Ea t i ng : pecking a t food p a r t i c l e s from the food- t rough. 

* D r i n k i n g : t ak ing up water from the d r i nke r . 

F i n a l l y f o r a number of hens the t ime and s i t e of o v i p o s i t i o n were recor ­

ded. 
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CHAPTER 4 

EGG-LAYING BEHAVIOUR AND NEST-SITE SELECTION OF DOMESTIC HENS 

KEPT IN SMALL FLOOR-PENS 

B.R ie tve ld -P iepers , H.J. Blokhuis and P.R.Wiepkema 
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4 . 1 . I n t r oduc t i on 

One o f the p rob lems a r i s i n g when hens are kep t i n f l o o r - p e n s i s the 

f a i l u r e t o l a y i n nes t -boxes p r o v i d e d . Th is has c o n s i d e r a b l e economic 

i m p l i c a t i o n s , such as l o s s o f eggs, d i r t y eggs and t ime -consum ing egg-

c o l l e c t i o n . A knowledge o f t he f a c t o r s wh ich cause t h i s f l o o r - l a y i n g i s 

i m p o r t a n t f rom both p r a c t i c a l and t h e o r e t i c a l v i e w p o i n t s . Most r esearch 

c a r r i e d ou t on t h i s s u b j e c t has c o n c e n t r a t e d on wh ich c h a r a c t e r i s t i c s o f 

nes ts may a f f e c t the hen's cho i ce o f a nes t (Wood-Gush and Murphy, 1970; 

Hurn ik e t a l . , 1973 a ,b ; Dorminey, 1974; K i t e e t a l . , 1 9 8 0 ; Appleby e t a l . , 

1983b). However, the aim o f t h i s s tudy i s t o d e s c r i b e the deve lopment o f 

t he e g g - l a y i n g behav iou r o f i n d i v i d u a l s kep t i n sma l l f l o c k s i n o r de r t o 

ob ta in more i n s i g h t i n t o the behavioural aspects of f l o o r - l a y i n g . Relevant 

q u e s t i o n s a r e , f o r i n s t a n c e , do hens examine the nes t -boxes be fo re t hey 

come i n t o l ay? A l s o , once a hen has chosen a n e s t - s i t e f o r o v i p o s i t i o n , 

w i l l she use the same s i t e on subsequent o v i p o s i t i o n days o r , as has been 

ment ioned by Duncan e t a l . (1978) i n f e r a l l i v i n g hens, w i l l she choose 

d i f f e r e n t s i t e s f o r successive c lu tches? 

Another quest ion t h i s paper i s concerned w i t h i s which c h a r a c t e r i s t i c s of 

hens are a s s o c i a t e d w i t h l a y i n g i n nes t -boxes o r u s i n g the f l o o r as a 

n e s t i n g s i t e . Because rank i s a s s o c i a t e d w i t h p r i o r i t i e s i n the use o f 

f a c i l i t i e s f o r wh ich hens compete (McBr i de , 1970; Banks e t a l . , 1979), 

soc ia l dominance might be one of the f ac to rs a f f e c t i n g the hen's choice of 

a nest. Moreover, Lee e t a l . (1982) repor ted an assoc ia t ion between soc ia l 

rank and age a t f i r s t o v i p o s i t i o n i n sma l l f l o c k s o f hens; h i g h - r a n k i n g 

b i rds came i n t o lay before l ow- rank ing b i r d s . Thus subordinates searching 

f o r a su i t ab le nest ing s i t e might f i n d p re fe r red nest-boxes occupied and, 

as a l r e a d y ment ioned i n b r o i l e r pa ren t s by Per ry (1977) , dominant b i r d s 

w i l l defend n e s t - s i t e s aga inst subordinates. From t h i s a r e l a t i o n s h i p might 

be expected between rank and f l o o r - l a y i n g . 

A f i n a l s o c i a l f a c t o r s t u d i e d here i s the presence o f the cock. S i m i l a r 

t o t h e i r w i l d a n c e s t o r s , penned domest ic cocks pe r f o rm a b e h a v i o u r a l 

d isp lay c a l l e d co rne r ing , which tends to en t i ce the hens towards the cock. 

The cock assumes a ha l f -c rouched posture wh i le stamping w i t h i t s f ee t and 

g i v i n g t i d b i t t i n g c a l l s ( K r u i j t , 1964; McBride e t a l . , 1969; Wood-Gush, 

1971). 
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The present paper describes the development of the egg-laying behaviour 

of individual hens and their nest-site choice. Special interest is put on 

the question of whether social dominance and the presence of a cock affect 

the hen's nest-site choice. 

4.2. Materials and methods 

Th is s tudy was c a r r i e d ou t f rom December 1981 u n t i l March 1983. Seven 

f l o c k s (15 - 21 hens per f l o c k ) o f Whi te Leghorn hens, r ea red i n cages, 

were housed i n sma l l f l o o r - p e n s (2x2 m2; f i g u r e 3 .1 . ) . Two t ypes o f n e s t -

boxes were used; 1) i n d i v i d i u a l nests provided w i t h wood-shavings ( = l i t t e r 

nests) and 2) i n d i v i d u a l nests provided w i t h a w i re f l o o r where eggs r o l l 

out o f the box i n t o a c o l l e c t i o n channel (= ro l l -away nests ; f i g u r e 3.2). 

One of the f l ocks was made up of an exper imental l i n e from the Centre and 

was p laced a t an age o f 18 weeks i n a pen w i t h 6 l i t t e r - b o x e s , 3 on each 

s ide of the pen (about 5 cm above the f l o o r ; Flock 1). The other 6 were a l l 

d e r i v e d f r om commerc ia l s t r a i n s (H isex or Shaver 288) and were housed i n 

f l oo r -pens a t an age of 16 weeks. Two of them were provided w i t h 6 l i t t e r -

boxes a long one s ide o f the pen (F locks 2 and 3 ) . In each o f the r e m a i n i n g 

four pens 6 r o l l - away boxes were placed (Flocks 4, 5, 6 and 7). In 4 o f the 

7 f l o c k s nes t -boxes were opened pe rmanen t l y on t he day the b i r d s were 

placed in the pen, wh i l e i n the o ther 3 f l ocks boxes were opened on the day 

the f i r s t egg i n the f l o c k appeared (see a l so t a b l e 4 .1 ) . F u r t h e r hous ing 

and management cond i t ions have been described i n chapter 3. 

Observations 

Behav iou ra l o b s e r v a t i o n s s t a r t e d i n December 1981 f o r f l o c k 1 , i n June 

1982 f o r f l o c k 4 , i n September 1982 f o r f l o c k s 2 , 3, 5 and 6 and i n March 

1983 f o r f l ock 7. Flock 1 was observed f o r 10 weeks, whereas observat ions 

i n f l o c k s 2-7 s topped on the day a l l hens had come i n t o l ay i . e . a f t e r 

about 7 weeks. 

Th i r ty -seven hens, randomly chosen from the seven f l o c k s , were observed 

r e g u l a r l y . In the weeks before these hens came i n t o lay t h e i r behaviour was 

f i l m e d a c c o r d i n g t o a samp l i ng schedule ( i . e . 1 h d a i l y , excep t f o r week-
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1 

2 

3 

4 

5 

6 

7 

Exp. line 

Shaver 288 

Shaver 288 

Hi sex 

Shaver 288 

Shaver 288 

Shaver 288 

15 

19 

21 

18 

20 

19 

15 

18 

16 

16 

16 

16 

16 

16 

18 

20 

16 

20 

16 

20 

16 

Table 4 . 1 . F lock c o m p o s i t i o n and pen-a r rangements o f the 7 groups under 

s tudy. 

Flock S t r a i n Number of Males Age a t Age a t P roper t ies 

hens a r r i v a l opening of nests 

(weeks) nests(weeks) 

L i t t e r 

L i t t e r 

L i t t e r 

Rol1-away 

Roll-away 

Rol1-away 

Rol1-away 

ends) somewhere between 8.30 and 16.30. The frequency and dura t ion of nest -

e x a m i n a t i o n s and e n t r i e s , wh ich have been d e f i n e d be fo re were r e c o r d e d . 

N e s t - e x a m i n a t i o n s (or e n t r i e s ) were scored as success ive i f they were 

separa ted by an , a r b i t r a r y chosen, i n t e r v a l o f more than 30 seconds. For 

the same 37 hens a g lobal desc r i p t i on was made of the behaviour preceding 

the f i r s t o v i p o s i t i o n . Age a t f i r s t egg (days) was determined f o r each hen 

i n a l l f l o c k s . 

For each hen i n f l o c k 1 nes t -box cho ice was recorded on subsequent 

o v i p o s i t i o n days dur ing the f i r s t two months o f the l a y i ng per iod i n order 

to study perseverance in nes t -cho ice . These data were also used to f i n d out 

i f hens were cons is ten t i n l a y i ng on the f l o o r or i n a nest-box. I nd i v idua l 

nest-choices were also recorded from hens belonging to the o ther 6 f l ocks 

by us ing v i d e o - p i c t u r e s . A f t e r the seven week l ong o b s e r v a t i o n p e r i o d 

record ing of nest -choice was cont inued by a d m i n i s t r a t i o n of f a t dyes which 

co loured the y o l k . This method i s descr ibed i n more d e t a i l i n chapter 3. 

The r e l a t i o n s h i p between dominance and nest -choice was i n ves t i ga ted i n 

a l l f l o c k s . Social rank was based on dyadic agon i s t i c encounters recorded 

f rom the same v i d e o - p i c t u r e s as those used f o r the d e s c r i p t i o n o f the 

deve lopment o f the e g g - l a y i n g behav iou r . Dur ing t h i s hour the f o l l o w i n g 

behavioural elements which have been def ined before were recorded: 
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* A g g r e s s i o n : peck i n g ; t h r e a t e n i ng;l eapi ng ; c h a s i n g ; 

•Submission: f r e e z i n g ; avoidance; escape . 

Moreover, the i d e n t i t y o f the i n i t i a t o r and r e c i p i e n t were r e g i s t e r e d . The 

cock's behaviour in f l ocks 1 and 4 was descr ibed i n q u a l i t a t i v e terms. 

In f l o c k 1 eggs were removed s h o r t l y a f t e r they had been l a i d . In the 

o ther f l ocks eggs were c o l l e c t e d once a day. During the f i r s t 10 ( f l ock 1) 

or 6 weeks ( f l ocks 2-7) of the l a y i ng per iod the t o t a l number of f l oo r -and 

nes t -eggs (and the number o f the nes t -boxes ) was r e c o r d e d . Th i s c o u l d 

provide some i n fo rma t i on about which f ac to rs might i n f luence the number of 

f l o o r - e g g s . 

S t a t i s t i c s 

To study the r e l a t i o n s h i p between soc ia l s ta tus and n e s t - s i t e se lec t i on a 

Spearman's rank c o r r e l a t i o n t e s t was app l ied ( S i e g e l , 1956). 

4 . 3 . Results 

4.3.1. The development of egg-laying behaviour 

To d e s c r i b e the development o f e g g - l a y i n g behav iou r the f o l l o w i n g 

procedure was used. For a l l 37 observed hens the day the f i r s t egg was l a i d 

was r e f e r r e d to as day 0 ( f i g u r e 4.1 ). On t h a t day and on the days p r i o r 

to day 0 the mean frequency of nest-examinat ions and e n t r i e s per hour per 

hen was c a l c u l a t e d . The number o f hens c o n t r i b u t i n g to the mean o f a 

p a r t i c u l a r day va r ied between 9 and 37, f i r s t l y because not every hen was 

observed on each day (week -ends ) , secondly because i n 3 ou t o f t he 7 pens 

the nes ts had been c l o s e d d u r i n g the weeks be fo re the f i r s t egg i n the 

f l o c k s appeared and t h i r d l y because no t a l l hens came i n t o l a y s i m u l t a ­

neously. F igure 4.1 presents the mean frequency of nest -examinat ions per 

day (day -13 t o day 0) and per week (week - 5 , -4 and - 3 ) . Nes t -boxes were 

f requen t l y examined, but they were almost never entered u n t i l the day the 

f i r s t egg was l a i d . Du r ing the whole p e r i o d no n e s t i n g behav iou r e .g. 

r o t a t i n g or scraping i n a box or in the l i t t e r was seen. 

Sometimes nes t -boxes were e n t e r e d to r e s t o r t o p reen . However, u s i ng 

boxes f o r t h i s purpose was very uncommon and r e s t r i c t e d t o a few 
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individual s. 

In the hours just before the first egg was laid, most hens were restless 

while showing stereotyped escape behaviour such as pacing and orientation 

away from the flock, expressed as attempts to escape out of the pen. 

Because of the conspicuousness of this behaviour, the assessment of the day 

a hen was to come into lay was easy. 

frequency/hr 

»-#' 
»_ - - » ^ » . » - » - » - » ^ - * • * - » • 

-35 -28 -21 - 14 -7 0 
t ime(days) 

Figure 4 . 1 . The mean frequency of nest-box examinations (• •) and nest -

box e n t r i e s (• * ) i n the weeks be fo re l a y i n g . For a l l hens 

the day o f f i r s t o v i p o s i t i o n i s r e f e r r e d to as day 0. For 

f u r t h e r exp lanat ion see t e x t . 

4 . 3 . 2 . Nes t - s i t e choice 

To measure the perseverance w i t h wh ich the hens f rom f l o c k 1 chose the 

same nes t - box on subsequent days , the f o l l o w i n g parameter (perseverance 

i ndex p ( i ) ) was used: 

p(i) = 

The number of the same choices on subsequent oviposition days 

Total number of subsequent choices 

Subsequent cho i ces were j udged as equal when a hen had chosen the same 

nes t -box f o r subsequent o v i p o s i t i o n s . Because perseverance in nest -choice 
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is expected to be most obvious within clutches, transitions between 

clutches and from Friday to Monday were not taken into account. A hen might 

use the same nest but not necessarily on subsequent days. Therefore another 

measure, a frequency index f(i), was used to describe consistency in nest-

box choice: 

f ( i ) = 

Highest number eggs l a i d i n the same nest 

Total number of nest-choices 

Then each hen was c h a r a c t e r i s e d a c c o r d i n g to the two pa rameters p ( i ) and 

f ( i ) . Hens whose n e s t - s i t e cho i ce had been r eco rded i n l e s s than 10 days 

were excluded from ana l ys i s . 

I f bo th measures were equal t o o r l a r g e r than 0.7 a hen was j udged to 

pe rsevere i n n e s t - c h o i c e . F i g u r e 4.2 shows t h a t o n l y one o f t he 13 hens 

(number 10) was cons is ten t in her choice w i t h i n c l u t ches : she near ly always 

chose the same box on subsequent days bu t s t a r t e d ano ther e g g - l a y i n g 

<u 
•a 
c 

•H 
I 
01 
O 
c 

u 
<u 
o, 

1.0. 

n 7 

n 

• 3
 

3 . »n \ 
* ' 8 . 5 | 

. 7 . 9 • 1 1 

• 4 , 
6 " , ' " 

.13 1 

. .-.. ,- 1 . 

>0. 1.9 
j . 1 2 f 1 

8 i l 6 . ' i l 
2 ! * 3 

• 1 

• 

13 1 
• 1 

" • • " " i — i » 1 i I r — — i f — " n 

0.7 
frequency-index 

1.0 

Figure 4 . 2 . D e s c r i p t i o n o f the hens a c c o r d i n g t o the pa ramete rs used to 

represent consistency in nest-box choice. Choices were judged 

as equal i f a hen had chosen the same nes t -box ( l e f t ) o r i f a 

hen had chosen a box on the same side of the pen ( r i g h t ) . 
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sequence i n another nest-box. 

The o t h e r hens f r e q u e n t l y changed nes t -boxes ( f i g u r e 4 .2) , wh ich i s a 

ra ther unexpected r e s u l t . I t could be t ha t nest-boxes along one s ide of the 

pen were too c l o s e to each o t h e r . T h e r e f o r e i t was dec ided to s tudy 

c o n s i s t e n c y i n nes t -use on each s ide o f the pen (boxes on one s ide o f the 

pen were separa ted f rom those on the o t h e r s ide by 1.70 m). Each hen was 

once more c h a r a c t e r i s e d a c c o r d i n g t o the two p a r a m e t e r s , bu t t he t h r e e 

nes t -boxes a long one s ide o f the pen were regarded as one n e s t . Th is 

ana lys is revealed t ha t 4 of the 13 hens near ly always used the same side of 

the pen ( p ( i ) > 0 .7; f ( i ) > 0 .7) . Four b i r d s d i d choose the same s ide o f 

the pen on subsequent days and s t a r t ed another egg- lay ing sequence on the 

o t he r s ide o f the pen ( p ( i ) > 0 .7; f ( i ) < 0 .7) . One hen used nes t -boxes on 

one s ide o f the pen more f r e q u e n t l y a l t h o u g h no t a lways on subsequent 

o v i p o s i t i o n days ( p ( i ) < 0 .7; f ( i ) > 0 .7) . The r e m a i n i n g f o u r hens d i d no t 

show any consistency in t h e i r nest -choice behaviour ( f i gu re 4.2). 

Cons is tency i n u s ing the f l o o r or a nes t -box as a n e s t i n g s i t e was 

examined by using the f o l l o w i n g parameter: 

Total number of eggs l a i d in a nest-box 

f ( i ) n e s t = 

Total number of eggs l a i d 

and 

f ( i ) f l o o r = 1 - f ( i ) n e s t . 

For 67 hens f ( i ) n e s t and f ( i ) f l o o r were c a l c u l a t e d . Hens s c o r i n g h i g h e r 

than 0.7 on one o f the two measures were take t o g e t h e r and f rom these 

va lues the mean (+ S.D.) was c a l c u l a t e d . Th i s a n a l y s i s r e v e a l e d t h a t 52 

hens were cons is ten t i n using a nest-box as a nes t ing s i t e , 13 hens always 

l a i d on the f l o o r , whereas only 2 sometimes l a i d on the f l o o r as we l l as i n 

a nes t -box ( t a b l e 4 .2 ) . 



Table 4 . 2 . Cons is tency i n nes t -use r e p r e s e n t e d by a f r e q u e n c y - i n d e x f o r 

l a y i ng on the f l o o r or in a nest. See t e x t f o r f u r t h e r explana­

t i o n . 

Number of hens f ( i ) n e s t f ( i ) f l o o r 

52 0.98 + 0.03 0.02 + 0.03 

13 0.00 1.00 

2 0.54 + 0.16 0.46 + 0.16 

4.3.2.1. Social factors and nest-site choice 

Dominance 

In o rde r t o s tudy s t a b i l i t y i n r a n k - o r d e r , ranks were de te rm ined i n 

f l o c k s 1-7 d u r i n g the p e r i o d be fo re (about 4 weeks) and a f t e r (about 3 

weeks) the f i r s t egg i n a f l o c k was l a i d . Because one hen i n f l o c k 1 had 

already come i n t o l a y , dominance ranks in t h i s f l ock were determined dur ing 

the per iod before the second hen came i n t o lay (about 10 days) and the four 

weeks t h e r e a f t e r . Wi th in a pa i r o f hens the one who won a f i g h t was cons i ­

dered to be the dominant hen. I f a gg ress i ve a c t s o ccu r red e q u a l l y i n bo th 

d i r e c t i o n s , no dominant or subordinate hen was d i s t i ngu i shed . However, i f 

one hen exceeded the other i n aggressive acts she was considered dominant. 

The s o c i a l s t a t u s o f each hen was r e p r e s e n t e d by a s o c i a l rank index 

S ( i ) = 0.5(D-S+N+l) (Lee e t a l . , 1982), where D i s the number of hens dom i ­

nated by a hen, S i s the number of hens dominat ing a hen and N i s the t o t a l 

number of hens i n the f l o c k . Soc ia l rank i n d i c e s e s t i m a t e d f o r each hen 

d u r i n g the 2 p e r i o d s showed a s t r o n g c o r r e l a t i o n (Spearman's r ( s ) > 0 .7; 

p < 1%) i n a l l f l o c k s . These r e s u l t s co r respond w i t those r e p o r t e d by Lee 

e t a l . (1982) and Rushen (1982) ; they a l so found a s t r o n g c o r r e l a t i o n 

between rank-order before and a f t e r sexual development. 

In a f l ock w i t h N i n d i v i d u a l s and a l i n e a r h ierarchy soc ia l rank ind ices 

w i l l have a mean of ( N + D / 2 and a v a r i a n c e o f (N + l ) (N-1 ) /12 (Lee e t a l . , 

1982). Because o f t r i a d s and unde te rm ined r e l a t i o n s h i p s , s o c i a l rank 

ind ices w i l l show reduced variances and w i l l aggregate near the mean, i .e . 
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a la rge number of hens w i l l have the same index. In t ha t case t h i s measure 

w i l l no t have the d e s c r i p t i v e va lue necessary to s tudy the r e l a t i o n s h i p 

between s o c i a l s t a t u s and n e s t - s i t e c h o i c e . T h e r e f o r e i n each f l o c k the 

t h e o r e t i c a l v a r i a n c e o f the s o c i a l r a n k - i n d i c e s i n the case o f a l i n e a r 

h i e r a r c h y and the observed v a r i a n c e s were c a l c u l a t e d . I f the e q u a t i o n 

v a r i a n c e o b s e r v e d / v a r i a n c e t h e o r e t i c a l = 1 , then a l i n e a r h i e r a r c h y i s 

r eached. The r e s u l t s o f t h i s p rocedure are p resen ted i n t a b l e 4 .3. Soc ia l 

rank based on data of the second per iod ( a f t e r coming i n t o lay) appeared to 

approach l i n e a r i t y more than rank based on the f i r s t p e r i o d ( b e f o r e 

l a y i n g ) . Therefore soc ia l rank ind ices es t imated dur ing the second per iod 

were used. Because f l ocks 2, 4 and 6 showed reduced variances as compared 

w i t h the o ther f l ocks (0/T < 0.35) they were excluded from ana l ys i s . 

In t h r e e o f the r e m a i n i n g 4 f l o c k s , i . e . i n f l o c k 1 , 5 and 7, a s i g n i f i ­

can t r e l a t i o n s h i p was found between age a t f i r s t egg and s o c i a l s t a t u s ; 

Table 4 . 3 . Observed and t h e o r e t i c a l var iances of soc ia l rank ind ices before 

and a f t e r the f i r s t egg i n a f l o ck appeared. The ex tent to which 

the h ierarchy i n a f l ock reaches l i n e a r i t y i s expressed by 0/T. 

Flock 

1 

2 

3 

4 

5 

6 

7 

Theor.var . 

18.6 

30.0 

36.6 

26.9 

33.2 

30.0 

18.6 

Obs. var . 

Period 

10.9 

7.8 

5.3 

5.3 

8.4 

8.4 

7.8 

1 

0/T 

0.58 

0.26 

0.14 

0.19 

0.25 

0.28 

0.42 

Obs. var . 

Period 

12.3 

9.0 

13.7 

9.6 

12.3 

6.3 

12.3 

2 

0/T 

0.66 

0.30 

0.37 

0.35 

0.37 

0.21 

0.66 

h igh- rank ing hens came i n t o lay before l ow- rank ing ones (Spearman's r (s ) > 

0 . 7 1 ; p < 0 .01) , so dominant hens had f i r s t n e s t - c h o i c e and c o u l d occupy 

one or two a d j a c e n t p r e f e r r e d n e s t - b o x e s . In f l o c k 3 no r e l a t i o n s h i p was 

found between age a t f i r s t egg and soc ia l s ta tus . 

Data f rom f l o c k 1 were used to i n v e s t i g a t e the r e l a t i o n s h i p between 
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c o n s i s t e n c y i n n e s t - b o x c h o i c e and dominance. Sometimes a g o n i s t i c 

encounters took place near the nest-boxes and now and then hens were seen 

to peck a t o t h e r b i r d s w h i l e s i t t i n g on the n e s t . However, t h i s d i d no t 

express i t s e l f i n a r e l a t i o n s h i p between dominance and n e s t - u s e ( r ( s ) 

between p ( i ) and s ( i ) = 0 .18 , N.S. ; r ( s ) between f ( i ) and s ( i ) = 0 .10 , N .S. ) . 

Data c o l l e c t e d f rom f l o c k s 1 , 3 , 5 and 7 were used t o f i n d ou t i f f l o o r -

l a y i n g i s a s s o c i a t e d w i t h s o c i a l s t a t u s . In each o f these f l o c k s , 3 dom i ­

nance c lasses were d i s t i n g u i s h e d ; l ow- ,midd le-and h igh- rank ing hens. S i x t y -

one hens f rom these f l o c k s had been i d e n t i f i e d as n e s t - o r f l o o r - l a y e r s . 

Each of these hens was c l a s s i f i e d according to soc ia l s ta tus and n e s t - s i t e 

c h o i c e . Tab le 4.4 shows t h a t no a s s o c i a t i o n was found between rank and 

f l o o r - l a y i n g ; f l o o r - l a y e r s were about e q u a l l y r e p r e s e n t e d among t he 3 

dominance c l asses (X2 = 1.4; d f = 2 ; N.S.). 

Tab le 4 .4. The number o f l o w - , m i d d l e - and h i g h - r a n k i n g hens t h a t a lways 

used a nest or l a i d on the f l o o r . 

Nest-choice Social rank Total 

Low Middle High 

Nest 

F loor 

Total 

10 
3 

13 

21 
4 

25 

16 
7 

23 

47 
14 

61 

The cock 

Both cocks i n f l o c k s 1 and 4 were f r e q u e n t l y seen e n t i c i n g hens. They 

performed a complete corner ing sequence i n f r o n t of the nest-boxes, wh i le 

l o w e r i n g t h e i r b r e a s t on the f l o o r , s c r a t c h i n g w i t h t h e i r f e e t i n the 

l i t t e r and g i v i ng t i d b i t t i n g c a l l s . As a r e s u l t o f t h i s d isp lay a number of 

hens always approached. 

The cock appeared to have an impor tant r o l e i n n e s t - s i t e cho ice, as was 

demonstrated by some shor t exper iments. These were c a r r i e d out i n order to 

f i n d out i f the hens could be induced l ay ing on the f l o o r . A l l 6 nest-boxes 
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were c losed a t 17.00 p.m. Because 3 (corner) nests were most ly favoured i n 

t h i s f l o c k , the nex t morn ing a t 8.30 a.m. on l y the 3 boxes t h a t were used 

less f requen t l y were opened. A few minutes l a t e r the cock s t a r t ed corner ing 

and he a l so e n t e r e d the n e s t - b o x e s . That day a l l eggs were l a i d i n the 3 

boxes l e f t open. 

C l o s i n g o f nes t -boxes was c o n t i n u e d f o r seve ra l days. Once 4 o f the 6 

boxes were c l o s e d , bu t no f l o o r - e g g s were l a i d . I f boxes were opened too 

l a t e in the morning, the cock s ta r ted e n t i c i n g hens i n t o the corner of the 

pen. The cock a lways i n t e r f e r e d i f hens were f i g h t i n g f o r f ood and he was 

a lso observed to th reaten qua r re l i ng b i rds near the boxes. 

f l o o r - e g g s ( % ) 

50 

40 

30 

20 

10 

e gg - p r oduc t i on (%) 
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23 24 25 
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Figure 4 . 3 . Mean percentage o f f l o o r - e g g s ( • ») and the t o t a l egg-

p r o d u c t i o n ( • • ) d u r i n g the f i r s t s i x weeks o f t he l a y i n g 

per iod in a l l 7 f l o c k s . 
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4 . 3 . 3 . F loor-eggs 

For a l l f l o c k s the t o t a l number o f f l o o r - a n d nes t -eggs were taken 

t o g e t h e r . Because most n e s t - u s e r s would on l y l a y t h e i r f i r s t egg on the 

f l o o r , most f l o o r - e g g s were found a t the s t a r t o f the e g g - l a y i n g p e r i o d . 

In the course of the l ay ing per iod the percentage of f l oo r -eggs decreased 

w h i l e the t o t a l e g g - p r o d u c t i o n i n c reased ( f i g u r e 4.3 ). F l o o r - e g g s were 

l a i d on the w i r e as w e l l as on the l i t t e r . Some f l o o r - l a y e r s wou ld pace 

about the pen wh i le now and then peering i n t o the nest-boxes. They almost 

never entered them or sat i n them. These hens appeared to loose t h e i r egg. 

Other f l o o r - l a y e r s , however, apparent ly p re fe r red a p a r t i c u l a r s i t e in the 

pen; some of them always l a i d near the feeder, wh i le o ther hens always used 

the same corner of the pen. 

Once a nest -user was seen to lay a f l o o r - e g g . She l e f t the nest-box a f t e r 

she had spent some t i m e i n i t and j o i n e d i n w i t h d u s t b a t h i n g pen-mates , 

wh i l e l ay ing the egg on the f l o o r . Obviously two behavioural systems were 

s imultaneously a c t i v a t e d ; the egg- lay ing and the dus t -ba th ing behaviour. 

To get some i n fo rma t i on about which f ac to rs might i n f luence the number of 

f l o o r - e g g s , the f l o c k s were d i v i d e d i n t o f o u r groups a c c o r d i n g to the 

p r o p e r t i e s o f the nes t -boxes and the presence o f a cock. Table 4.5 shows 

Table 4 . 5 . Assoc ia t ion of the presence of a cock and the p rope r t i es of the 

nes t -boxes w i t h f l o o r - e g g s as a pe rcentage o f the t o t a l 

p roduc t ion . 

Properties 

of the 

nests 

Litter 

Rol 1-away 

Cock present 

Flock 

number 

1 

4 

% 

4.4 

8.4 

Cock a 

Flock 

number 

2 

3 

5 

6 

7 

bsent 

% 

4.1 

8.1 

57.0 

20.3 

36.2 
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the percentage o f f l o o r - e g g s r eco rded f o r each f l o c k d u r i n g the f i r s t 6 

weeks of the l a y i ng pe r iod . These data i nd i ca te t h a t more f l oo r -eggs were 

found i n f l o c k s w i t h r o l l - a w a y nes ts than i n f l o c k s w i t h l i t t e r n e s t s . 

There i s a l s o some i n d i c a t i o n t h a t the presence o f a cock reduced the 

number of f l oo r -eggs in the f l ock provided w i th ro l l -away boxes. 

4 . 4 . Discussion 

The present r e s u l t s revealed t ha t l a y i ng hens f requen t l y examined nest -

boxes i n the weeks be fo re they came i n t o l a y ; however , these boxes were 

almost never entered. A few days before or i n the hours preceding the f i r s t 

o v i p o s i t i o n , ne t s -en t r i es suddenly occurred a t a much higher r a t e . Because 

nest ing i n f e r a l fowl i s charac ter ised by secrecy and concealment (McBride 

e t a l . , 1969) , i t may be t h a t our c i r c u m s t a n c e s i n h i b i t e d e a r l y n e s t -

e n t r i e s . Such an exp lanat ion i s supported by the f a c t t ha t a lmost a l l hens 

t r i e d to escape ou t o f the pen on the day they l a i d t h e i r f i r s t egg. Maybe 

e n t r i e s wou ld occur more f r e q u e n t l y i f nes ts were p laced i n an a d j a c e n t 

compartment where no food and water i s suppl ied and where human a c t i v i t y i s 

kept to a minimum. 

However, the sudden increase i n nes t -en t r i es can also be expla ined from 

p h y s i o l o g i c a l knowledge about n e s t i n g behav iou r i n hens. Perhaps n e s t -

e x a m i n a t i o n s s t a r t e d a t an age of 16 weeks under the i n f l u e n c e o f the 

developing ova r ia . The increase i n the frequency of en t r i es might have been 

induced by the hormone p roges te rone s h o r t l y a f t e r the f i r s t o v u l a t i o n by 

the pos t -ovu la to ry f o l l i c l e (Wood-Gush and G i l b e r t , 1973, 1975). 

Only one of the 13 hens in f l ock 1 was cons is ten t i n nest-box use w i t h i n 

c l u t c h e s . However, 8 o f them a lways used the same s i de o f t he pen w i t h i n 

c l u t c h e s , and 4 o f these a lways used the same s ide o f the pen. These 

r e s u l t s suggest t ha t the hens d id not d i s c r i m i n a t e between the 3 nest-boxes 

a long one s i d e , bu t they chose t o nes t e i t h e r on the l e f t or on the r i g h t 

s ide o f t he pen. P robab ly the 3 nes t -boxes were p laced too c l o s e to each 

o t he r and they may have been regared as one n e s t . Th is behav iou r i s w e l l 

understood i f the n e s t - s i t e se lec t i on of f e r a l fowl i s taken i n t o conside­

r a t i o n ; here nes ts are w e l l sepa ra ted (McBr i de , 1970). Conserva t i sm i n 

nest-box choice between and w i t h i n c lu tches was much greater i n domestic 
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f ow l (Brown Leghorns) kep t i n f l o o r - p e n s p r o v i d e d w i t h t r a p n e s t s (Wood-

Gush, 1954). 

Using d i f f e r e n t s i des o f the pen f o r success ive e g g - l a y i n g sequences 

resembles the r e s u l t s r e p o r t e d by Duncan e t a l . (1978) f o r f e r a l l i v i n g 

hens. The au tho rs s t a t e d t h a t choos ing d i f f e r e n t s i t e s f o r success ive 

c lu tches might f unc t ion as an a n t i - p r e d a t o r dev ice. 

The remaining 4 hens d id not appear to p re fe r any n e s t - s i t e i n p a r t i c u ­

l a r , which may have been due to the f a c t t ha t the eggs were removed s h o r t l y 

a f t e r they had been l a i d . Comparable r e s u l t s were repor ted by Duncan e t a l . 

(1978) in f e r a l f o w l ; hens abandoned n e s t - s i t e s because they were i n some 

way u n s u i t a b l e ( e .g. too w e t ) . 

The cho ice t o use a nes t -box was on ly made once, wh ich enab led us t o 

d i s t i n g u i s h " nes t - l aye rs " and " f l o o r - l a y e r s " . No r e l a t i o n s h i p was detected 

between nes t -box use and s o c i a l s t a t u s nor between us ing the f l o o r o r a 

n e s t - b o x as a n e s t i n g s i t e and s o c i a l s t a t u s . A l t h o u g h a g o n i s t i c 

i n t e r a c t i o n s sometimes took place in f r o n t o f the nest-boxes, they seldom 

occurred i n a box. Most of the t ime nest-boxes were used s imul taneously by 

more than one hen w i t h o u t o v e r t agg ress ion be ing d i s p l a y e d . S i t t i n g i n a 

box w i t h o ther hens may have precluded eye-contact necessary to e l i c i t an 

aggressive response by the dominant animal (McBride e t a l . , 1963). Banks e t 

a l . (1979) noted t ha t only resources such as food have been i n shor t supply 

dur ing the e vo lu t i on of ch ickens; n e s t - s i t e s have never been an ob jec t o f 

c ompe t i t i on . Therefore f l o o r - l a y i n g caused by by compet i t i on would not be 

e xpec ted . Per ry (1977) s t a t e d t h a t i n a f l o c k o f b r o i l e r pa ren t s dominant 

b i rds removed subordinates from the nest-boxes. These r e s u l t s and ours are 

c on t r ad i c t o r y . However, i f these b r o i l e r s were kept in la rge f l o c k s , un l i ke 

the hens i n our study (maximum 21 hens), i n d i v i d u a l r ecogn i t i on between a l l 

f l o ck members i s very u n l i k e l y . The p o s s i b i l i t y t ha t the two f i g h t i n g b i rds 

were s t r a n g e r s t o each o t h e r i s no t e x c l u d e d . Perhaps the " r e s i d e n t " b i r d 

may have chased away the i n t r u d e r . 

More f l oo r -eggs ( f l o o r - l a y e r s ) were found in f l ocks provided w i t h r o l l -

away boxes than i n f l o c k s w i t h l i t t e r boxes. P robab ly one or more o f t he 

p roper t i es inherent to a l i t t e r nest are p re fe r red to those of a r o l l - away 

nest (see a lso chapter 6: d i scuss ion) . 

Another f a c t o r apparent ly de termin ing which s i t e a hen se lected was the 

presence o f a cock. I f a cock was p laced i n a pen w i t h r o l l - a w a y boxes, 

45 



fewer f l oo r -eggs were l a i d than i n a pen w i t h the same boxes w i t o u t a cock. 

Apparent ly h is behavioural d i sp lay could e l i c i t nes t -en t ry and s i t t i n g in 

hens t ha t posessed the innate mo t i va t i on to nest despi te the f a c t t ha t the 

ex terna l s t i m u l i are not o p t i m a l . In the pens provided w i t h l i t t e r boxes 

no d i f fe rences were found w i t h respect to the number of f l oo r -eggs between 

f l o c k s w i t h or w i t h o u t a cock . Th is m igh t i n d i c a t e t h a t the e f f e c t o f t he 

d isp lay of the cock over ru les the e f f e c t of the negat ive p roper t ies of the 

environment on the nest ing behaviour o f these hens. However, the d i f f e rence 

in nest-use between f l ock 4 (w i t h a cock) and f l o cks 5, 6 and 7 may a lso be 

due to a d i f f e rence in s tock. 

In conc lus ion , nest -examinat ions in the weeks before the hens came i n t o 

lay may be homologous to nest -search ing and n e s t - b u i l d i n g behaviour beha­

v i o u r as d e s c r i b e d i n o t h e r spec ies o f b i r d s (Emlen, 1955; Watson and 

Jenk ins , 1964; Watson, 1972). Therefore i t i s pos tu la ted t ha t nest-examina­

t i ons may serve the se lec t i on of a su i t ab le nes t ing s i t e . 

I nd i v idua l hens showed a d i f f e r e n t nest-box choice p a t t e r n ; they probably 

invo lved d i f f e r e n t f ac to rs i n t h e i r choice. Therefore n e s t - s i t e se lec t i on 

i n penned hens seems to be a ra ther compl icated process and more research 

on t h i s sub ject might be wo r thwh i l e . 

I t i s a l s o not c l e a r wh ich f a c t o r s are i n v o l v e d i n the p rocess of n e s t -

s i t e se lec t i on t ha t leads to e i t h e r f l o o r - o r n e s t - l a y e r s . McGibbon (1976) 

p r o v i d e d ev idence f o r the e x p r e s s i o n o f a g e n e t i c bas i s f o r d i f f e r e n c e s 

between f l o o r - l a y i n g and n o n - f l o o r - l a y i n g hens (Cornel l Contro ls and Regio­

nal Reds). Perhaps the d i f f e r e n c e between hens i n t h i s s tudy may a l so be 

g e n e t i c a l l y determined. 
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4.5. Conclusions 

* In the weeks before l ay ing nest-boxes were f r equen t l y examined, however, 

e n t r i e s or n e s t - b u i l d i n g a c t i v i t i e s d id not occur u n t i l the day of f i r s t 

o v i p o s i t i o n . 

* Hens are cons is ten t in using e i t h e r the f l o o r or a nest-box f o r ov ipo­

si t i o n . 

* I nd i v idua l hens appear to i nvo lve d i f f e r e n t f ac to rs in t h e i r n e s t - s i t e 

cho ice . 

* There i s no r e l a t i o n between nest-box use and soc ia l s ta tus nor between 

using the f l o o r or a nest-box and soc ia l s t a tus . 

* The cock seems to play an important r o le i n n e s t - s i t e s e l e c t i o n . 
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CHAPTER 5 

NEST-EXAMINATIONS, THEIR BIOLOGICAL SIGNIFICANCE 
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5.1. Introduction 

Most small species of b i r d b u i l d e laborated nests (Col l i a s , 1964; Lack, 

1968), whereas l a r g e r g a l l i n a c e o u s b i r d s on l y use a s h a l l o w p i t i n t he 

ground, which i s l i n e d w i t h some feathers ((Watson and Jenk ins, 1964;Wood 

and B r o t h e r s o n , 1981). As ment ioned be fo re (chapter 2 ) the nes ts of f e r a l 

domest ic f ow l a l so c o n s i s t o f a s h a l l o w scrape i n the g round. N e s t - s i t e s 

chosen showed great v a r i e t y . However, they were a l l very we l l hidden (Han­

son, 1970; Duncan e t a l . , 1978; Dumke and P i l s , 1979; Wood and B r o t h e r s o n , 

1981), which suggests t ha t the se lec t i on of the s i t e i t s e l f i s an impor tant 

element i n the nest ing behaviour. 

In most spec ies o f b i r d the days of c o m p l e t i n g the nes t and o f f i r s t 

o v i p o s i t i o n are separated by an i n t e r v a l of several days (Davis, 1955). In 

g a l l i n a c e o u s b i r d s , l i k e the red grouse and the p t a r m i g a n , n e s t i n g beha­

v i o u r and a p r i m i t i v e fo rm o f n e s t - c o n s t r u c t i o n occurs up to a f o r t n i g h t 

before the o v i p o s i t i o n of the f i r s t egg of the c l u t ch (Watson and Jenkins 

1969; Watson, 1972). However, in p u l l e t s kept in f l oo r -pens provided w i t h 

nes t -boxes n e s t - e n t r i e s and n e s t - c o n s t r u c t i o n ( c f . Wood-Gush, 1975) d id 

not occur u n t i l the day of the f i r s t o v i p o s i t i o n (chapter 4). Nevertheless, 

the f i n a l cho i ce o f a s i t e may have been made be fo re the s t a r t o f the 

l a y i n g p e r i o d . In t h a t case the p rocess o f n e s t - s i t e s e l e c t i o n i t s e l f i s 

expected to s t a r t several weeks before the hens come i n t o l ay . During t h i s 

per iod the environment may be explored and the i n fo rma t ion gathered in t h i s 

way may be f i n a l l y used f o r the se lec t i on of a su i t ab le s i t e . 

General ly spoken an imals , p a r t i c u l a r l y those l i v i n g in a na tura l h a b i t a t , 

b e n e f i t o f e xp lo r ing t h e i r environment. They may thereby loca te new resour­

ce s i t e s ( food, water , n e s t - s i t e s ) and can act upon t h i s knowledge l a t e r on 

in l i f e . For example, a f r e e - l i v i n g hen t ha t has f a m i l i a r i z e d i t s e l f w i t h 

i t s environment, w i l l have an advantage over one t ha t has r ecen t l y migrated 

i n t o t h a t a rea . The f i r s t ment ioned w i l l g e n e r a l l y o b t a i n a b e t t e r n e s t -

s i t e and be b e t t e r ab le t o e x p l o i t a v a i l a b l e f o o d - s o u r c e s or p laces to 

h ide. Thus by exp lo r i ng the animal gathers i n fo rma t ion about the env i ron ­

ment enabl ing i t to b u i l d up an i n t e rna l model o f i t s wor ld (= a cogn i t i ve 

map; B i r ke , 1983; Toates, 1983; Walker, 1983). Against t h i s background we 

may expect naive domestic hens, t ha t have not y e t come i n t o l a y , to s t a r t 

exp lo r ing immediate ly a f t e r they enter t h e i r new environment, not only in 
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order to l oca te food and water , but a lso to l oca te po ten t i a l n e s t i n g - s i t e s . 

Scant i n fo rma t ion has been repor ted on the process of n e s t - s i t e se lec t i on 

i n the weeks before l ay ing in both red j ung le fowl or in f e r a l or penned 

domestic f o w l . Our previous r e s u l t s (chapter 4 ) , however, revealed t ha t 4-6 

weeks be fo re the s t a r t o f the l a y i n g p e r i o d nes t -boxes were f r e q u e n t l y 

examined. In the past t h i s type of behaviour has been supposed to represent 

an i n t e n t i o n movement t o e n t e r a nes t (see s e c t i o n 2 .5 . ) . In the p resen t 

s tudy, however, i t i s suggested t ha t nest-examinat ions are homologous to 

nest -searching and n e s t - b u i l d i n g behaviour, as descr ibed in o ther species 

o f b i r d . In o t h e r wo rds , e xam in ing nes ts may be regarded as a f o rm o f 

e xp lo ra t i on and may have an i n fo rma t ion supply ing f u n c t i o n . This i n fo rma­

t i o n m igh t be used f o r the s e l e c t i o n o f a n e s t . T h e r e f o r e each change i n 

the environment, l i k e a l t e r i n g the pos i t i on of d i f f e r e n t nests , i s expected 

to e l i c i t an i n c rease i n the e x p l o r a t i o n response i . e . i n the d u r a t i o n o f 

examinat ions as compared to a con t ro l group. 

In the previous chapter only one type of nest -examinat ion (= p u t t i n g the 

head i n t o a nest-box) was d i s t i ngu i shed . However, as has been mentioned by 

Wood-Gush and Gentle (1978), hens do not on ly perform t h i s type of exami­

na t i on , which w i l l be r e fe r red to as n e s t - i n s p e c t i o n , but they a lso glance 

a t the nes ts (= pee r i ng i n t o a nes t -box f rom a d i s t a n c e ) . Perhaps both 

behavioural elements share the same f unc t i on and may show the same develop­

mental pa t t e rn . Furthermore, every change in the environment i s supposed to 

i n c r e a s e the g lance d u r a t i o n as compared to a c o n t r o l group i n the weeks 

before l a y i n g . 

A s i m i l a r r eason ing m igh t ho ld f o r n e s t - e x a m i n a t i o n s pe r fo rmed i n the 

hours preceding o v i p o s i t i o n and t h e r e f o r e chang ing the nes t -box o rde r i s 

a l so expected to i n c r e a s e the e x a m i n a t i o n r a t e d u r i n g the e g g - l a y i n g 

p e r i o d . 

Moreover , i f the f i n a l n e s t - c h o i c e i s made be fo re the day o f the f i r s t 

o v i p o s i t i o n , a r e l a t i o n might be expected between the examinat ion pa t te rn 

i n the weeks be fo re l a y i n g and l a t e r n e s t - p r e f e r e n c e . I n o t h e r words, the 

d i s t r i b u t i o n o f the t o t a l amount o f a t t e n t i o n over the f o u r nes ts i n the 

weeks before l a y i ng may be co r re l a ted to nest -preference dur ing the l ay ing 

p e r i o d . 

This chapter presents the r e s u l t s of an experiment designed to i n v e s t i ­

gate the impac t o f r e a r r a n g i n g the s i t e s o f f o u r d i f f e r e n t nes ts on the 
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n e s t - i n s p e c t i o n and g lance d u r a t i o n i n the weeks be fo re and d u r i n g the 

egg- lay ing per iod . Moreover, i t describes and compares the development of 

glances and inspect ions i n the weeks before l a y i n g . T h i r d l y , in the f i r s t 

and i n a second e x p e r i m e n t the e x a m i n a t i o n p a t t e r n i n t he weeks be fo re 

l ay ing and i t s r e l a t i o n s h i p w i t h l a t e r nest -preference i s s tud ied . 

5.2.Experiment 1 

5 .2 .1 .Ma te r ia l s and methods 

Experiment 1 cons is ted of two t r i a l s . During each t r i a l e i gh t 16 week-old 

w h i t e l a y i n g hens (Shaver 288) were housed i n 4 round f l o o r - p e n s . Due to 

g e n e t i c a l and e n v i r o n m e n t a l f a c t o r s ( e .g . l i g h t , s o c i a l f a c t o r s ) no t a l l 

i n d i v i d u a l s in f l o cks of hens are i n the same developmental s tage. Mutual 

i n f luences a t t r i b u t e d to d i f f e rences i n developmental stages can be e xc l u ­

ded by hous ing one hen per pen. However, t o p r even t the e f f e c t o f i s o l a ­

t i o n , i t was decided to place two hens w i t h s i m i l a r body weight and comb-

measures i n one pen. 

The f l o o r o f the pen (1.5 m 4 ; f i g u r e 5.1) was covered w i t h wood-sha­

v i n g s ; i t s w a l l s had s o l i d , u n t r a n s p a r e n t s i des to a h e i g h t o f about 1 

me te r . Each pen was p r o v i d e d w i t h one f ood-and w a t e r - t r a y and w i t h f o u r 

d i f f e r e n t n e s t - b o x e s ; n e s t - f l o o r s were covered w i t h a s t r o t u r f ( nes t 1 ) , 

wood-shavings (nest 2) , buckwheat husks (nest 3) or a w i re basket (nest 4). 

Eggs l a i d i n nes t 1 and 4 r o l l e d ou t o f the box i n t o a c o l l e c t i o n c h a n n e l . 

Front entrances of the nests could be c losed. 

The e x p e r i m e n t s t a r t e d w i t h a one-day h a b i t u a t i o n p e r i o d d u r i n g wh ich 

nest-boxes were kept c losed. In the f i v e weeks f o l l o w i n g t h i s day the hens 

were exposed to an exp lo ra t i on t e s t in the home pen from monday to f r i d a y . 

For t h i s purpose nes t -boxes were opened f o r 1.5 hour per day somewhere 

between 9.00 am and 15.00 pm (see a l so under O b s e r v a t i o n s ) . Du r ing the 

f i r s t two weeks the p o s i t i o n s of the nes ts never changed. Subsequent ly 

nests in two of the four pens were changed 3-4 t imes a week according to a 

random schedule (=experimental group). In the o ther two pens the nests were 

always in the same pos i t i on (=contro l group). 
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Figure 5 . 1 . Round f l o o r - p e n . For f u r t h e r exp lanat ion see t e x t . 

Exposing the hens t o an e x p l o r a t i o n t e s t i n the home pen was c o n t i n u e d 

dur ing the egg- lay ing pe r iod . In t h i s phase nest-boxes i n both groups were 

not opened u n t i l a hen commenced per forming nest ing behaviour l i k e g i v i ng 

the p re - l ay i ng c a l l , o r i e n t a t i n g away from her pen-mate and pacing up and 

down the pen. The four nests were c losed again a f t e r the hen had l e f t the 

nest. In the experimental group the nests changed place each day according 

to a random schedule. 

Previous s tud ies on n e s t - s i t e se lec t i on suggested t ha t hens tend to avoid 

nes ts l o c a t e d near the door (Woods and L a u r e n t , 1958; Hurn ik e t a l . , 

1973a), wh i le they p re fer nest-boxes in corners of the pen (chapter 4). In 

order to prevent such place preferences: 

- the hens were placed in a round pen w i t h untransparent s ides, as descr ibed 
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above, 

- the food-and wa te r t ray d isp laced r e g u l a r l y along the wa l l of the pen. 

- the hens were taken care of from above and from a l l "s ides" of the pen. 

However, s i nce the top o f t he pen was on l y covered w i t h a w i r e n e t t i n g , 

the hens could use spa t i a l cues to o r i e n t a t e themselves v i s u a l l y , a pheno­

menon t ha t has a lso been descr ibed i n the r a t ( M o r r i s , 1981; O l ton , 1982). 

The f o u r pens were p laced i n a separa te area o f the same hen-house as 

d e s c r i b e d i n chap te r 3. S ince t h a t p a r t i c u l a r area o f t he hen-house was 

only provided w i t h 5 l i g h t i n g tubes, 1 i g h t i n t e n s i t y i n each pen was not the 

same. T h e r e f o r e two b l ocks were d i s t i n g u i s h e d , a l e f t and a r i g h t one 

( f i g u r e 5 .2) . The two t r e a t m e n t s were a l o t t e d to bo th b l ocks as shown i n 

f i g u r e 5.2a ( t r i a l 1) and 5.2b ( t r i a l 2 ) . Nest -boxes i n each o f t he f o u r 

con t ro l pens were placed i n a d i f f e r e n t o rder . 

C= con t ro l pen 

E= experimental pen 

1= lighting tube 

2= nest-boxes 

3= water-tray 

4= food-tray 

nest-box p= astroturf 

nest-box q= wood-shavings 

nest-box r= buckwheat husks 

nest-box s= wire basket 

figure 5.2a 

If?} I 

figure 5.2b 

Figure 5 .2 . Arrangement of nest-boxes i n the f l oo r -pens and of f l oo r -pens 

i n t he hen-house d u r i n g t r i a l 1 ( f i g u r e 5.2a) and t r i a l 2 

( f i g u r e 5 .2b). 
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Observations 

Weeks before l ay ing 

For i d e n t i f i c a t i o n purposes each hen was marked w i t h a f e l t - p e n on her 

back on the day of a r r i v a l . Behavioural observat ions s t a r t ed a f t e r a one-

day hab i tua t i on per iod . Each pen was observed d a i l y dur ing 1.5 hr between 

9.00 am. and 15.00 pm. a c c o r d i n g to a samp l i ng schedule t h a t p reven ted 

b ias ing to p a r t i c u l a r per iods of the day. For each hen the f o l l o w i n g e l e ­

ments were r e g i s t e r e d : 

* ) t h e dura t ion of 

-g lances 

- i nspec t ions 

* ) t h e type of nest the behaviour was d i rec ted t o . 

The l ay ing per iod 

I t was a t t e m p t e d t o r e c o r d each hen's p r e - l a y i n g behav iou r p reced ing 

about 8 o v i p o s i t i o n s dur ing the f i r s t 3 weeks of l a y i n g . Therefore we were 

f o r c e d to s top the o b s e r v a t i o n s as d e s c r i b e d above as soon as the f i r s t 

hens had come i n t o l ay . No observat ions were made i f two hens from the same 

pen were l ay ing s imul taneously or i f t h e i r p r e - l ay i ng behaviour was over­

lapp ing to exclude the e f f e c t of mutual i n f l uences . In t ha t case the nests 

were opened i f the hens were prepared to lay and c losed again s h o r t l y a f t e r 

they had l e f t the nest. 

I f one o f the hens i n the e x p e r i m e n t a l group l a i d seve ra l hours l a t e r 

than her pen-mate , the f o u r nes ts once more changed p l a c e . T h e r e f o r e the 

nes t -box o rde r i n the e x p e r i m e n t a l groups was sometimes a l t e r e d t w i c e a 

day. 

During each egg- lay ing session the f o l l o w i n g elements were scored: 

* the dura t ion o f : 

-g lances 

- i nspec t ions 

- e n t r i e s 

-nest-construction / rotation 

-nest-sitting 
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* ) t h e type of nest the behaviour was d i r ec ted t o . 

For each hen the t ime of nest -opening, o f o v i p o s i t i o n and the f i n a l chosen 

nest were recorded. 

S t a t i s t i c s 

D i f f e r e n c e s i n the median g lance and i n s p e c t i o n d u r a t i o n between the 

exper imental and con t ro l group were tes ted by means of a Mann-whitney-U-

t e s t . To t e s t l i n e a r t r ends over t i m e and to de te rm ine the a s s o c i a t i o n 

between nest -preference before and dur ing the egg- lay ing per iod a Spearman 

rank c o r r e l a t i o n c o e f f i c i e n t was computed. To f i n d out whether i n d i v i d u a l 

hens showed a c o n s i s t e n t n e s t - e x a m i n a t i o n p a t t e r n over t i m e a Kenda l l 

c o e f f i c i e n t of concordance was used (S iege l , 1956). 

5 . 2 . 2 . Results 

5.2.2.1.Glances and inspections in the weeks before laying 

To find out whether behavioural data of the two hens housed in the same 

pen could be regarded as independent, for separate observation sessions 

(=1.5 hour) the total time spent in nest-examinations (=glances plus ins­

pections) was calculated per hen. A Kendall rank correlation coefficient 

was computed between sets of data of two hens from the same pen. 

Within 7 of the eight pairs a significant correlation coefficient was 

present (N > 10; z > 3.0; p < 0.01). Data of hens from the remaining pen 

tended to correlate with each other (N > 10; z=l,4; p=0.08). Thus, with 

respect to the time spent in nest-examinations two hens from the same pen 

did not behave independently from each other. To illustrate this, for two 

hens from one pen the total time spent in examining the nests is plotted 

per hen per observation session in figure 5.3. Therefore each pen was 

considered to be one experimental unit and data of two hens from one pen 

were averaged. 

Since the results of trial 1 and 2 did not show systematic differences, 

they were combined. Therefore the control and experimental group were both 

represented by 4 pens. 
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minute/1.5 hr 

25 

20 • 

15 
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-• hen 1 

• hen 2 

i • • • r~ 1 1 1 — i — 1 1 1 • 1 r 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

t ime ( days ) 

Figure 5.3. The total time spent in nest-box examinations per observation 

session (1.5 hr). Data stem from two hens housed in the same 

pen. 

The mean durations of glances and inspections were calculated per 1.5 

hour per pen by averaging the data of observation sessions in the period 

before and after the start of the nest rearrangement. The median total time 

spent in glances and inspections is presented in figure 5.4 for the control 

and experimental group. No differences were present in the median inspec­

tion duration between control and experimental hens during the period 

before the rearrangement of the nests. However, as a result of changing the 

position of the nests, experimental hens spent more time in inspecting the 

nests than control hens (nl=n2=4; U=2; p=0.05). 

In the weeks before the nest change control hens spent significantly more 

time in glancing at the nests than did experimental hens (nl=n2=4; U=2; 

p=0.05), whereas no differences were detected between both groups with 

respect to this measure during the weeks after the change (figure 5.4). 
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minute/1 .5 hr 

i n spec t ions 

before 

p < 0 . 0 5 

:JL 
during 

nest-rearrangement 

u 

glances 
p < 0 . 0 5 

iO 

H exp. gr . (n=4) 

I I c on t r . gr.,(n=4) 

before during 

nest-rearrangement 

Figure 5 .4 . The median t o t a l d u r a t i o n o f i n s p e c t i o n s ( l e f t ) and g lances 

( r i g h t ) f o r c o n t r o l and e x p e r i m e n t a l hens i n t he p e r i o d 

before and dur ing the rearrangement of nest-boxes. 

Since i n the experimental group the nest-box order had not been a l t e r e d 

every day, t h e r e a re success i ve o b s e r v a t i o n sess ions ( 1.5 hour) w i t h a 

change i n nes t p o s i t i o n (= A - sess ion ) and sess ions w i t h o u t such a change 

( = C - s e s s i o n ) . The n e s t - e x a m i n a t i o n r a t e i s expected to d e c l i n e i f an A-

sess ion i s f o l l o w e d by a C -sess ion (=A-C p a i r ) or t o i n c r e a s e i f a C-

sess ion i s f o l l o w e d by an A - sess ion (=C-A p a i r ) , whereas t h i s measure i s 

expected to be unaf fected i f two consecut ive A-sessions (=A-A pa i r ) or two 

consecut ive C-sessions (=C-C pa i r ) are compared w i t h each o ther . 

The median g lance and i n s p e c t i o n d u r a t i o n s o f 6 A-C, 10 C-A and 8 A-A 

p a i r s were c a l c u l a t e d . There were no C-C p a i r s . To d e t e c t d i f f e r e n c e s 

between sessions a S i gn - tes t was app l ied (S iege l , 1956). 

Figure 5.5 shows t ha t the median glance dura t ion was not a f f ec ted by the 

t r e a t m e n t . However, the median i n s p e c t i o n d u r a t i o n showed a s i g n i f i c a n t 

increase i f a C-session was f o l l owed by an A-session (p=0.05). This measure 

tended to decrease (p=0.10) i f an A-session was f o l l owed by a C-session. No 

s i g n i f i c a n t d i f fe rences in the i nspec t ion dura t ion are found i f two conse-
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Figure 5.5. The median total duration of glances and inspections for A- A, 

C- A and A- C sessions. n= number of observation sessions. For 

further explanation see text. 

cutive A-sessions are compared with each other. 

From these results it is concluded that rearranging the position of the 

four nests resulted in an increase in the inspection duration, whereas 

the glance duration remained unaffected. 

To describe and compare the pattern of glances and inspections over time, 

data were used of the control group. The whole observation period was 

divided into 6 phases. Each phase contained 3 to 5 observation sessions. 

Phase 1 to 4 were represented by data of 4 pens. At the end of phase 6 

three control hens had started laying and as mentioned above observations 

in the weeks before laying stopped. Therefore during phase 5 and 6 data are 

available of 3 pens and 1 pen, resp. Phase 6 was excluded from further 

analysis. 

For each pen the total time spent in glances and inspections was 
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Figure 5 .6 . The median t o t a l du ra t ion of glances and inspect ions f o r the 

con t ro l in the weeks before l a y i n g . n=number of pens. 

ca l cu la ted per phase. F igure 5.6 presents the median dura t ion of glances 

and i n s p e c t i o n s per phase. At the s t a r t o f the e x p e r i m e n t , i . e . d u r i n g 

phase 1 and 2 , bo th e lements were pe r fo rmed f o r the same amount o f t i m e . 

During phase 3 to 5 nes t - inspec t ions were performed s i g n i f i c a n t l y more than 

g lances ( n l=n2=4 : U=0; p=0 .01 ; U=0; p=0 .01 ; n l=n2=3 : U=0; p=0.05). 

Wi th t i m e , the median i n s p e c t i o n d u r a t i o n i n c r e a s e d (Spearman: n=5; 

Rs= +0.90; p=0.10) , whereas the median g lance d u r a t i o n showed a decrease 

(Spearman, n = 5; Rs = - 0 . 9 0 ; p=0.10). 

5 . 2 . 2 . 2 . Glances and inspect ions in the egg- lay ing per iod 

Data are a v a i l a b l e o f 8 hens, 4 c o n t r o l and 4 e x p e r i m e n t a l hens. Du r ing 

the f i r s t month of the l ay ing per iod each hen's p re - l ay i ng behaviour prece­

ding 7-8 o v i p o s i t i o n s (=pre - lay ing sessions) had been r e g i s t e r e d . To study 

the e f f e c t o f chang ing the p o s i t i o n o f the nes ts over t i m e t h r e e phases, 

each cons i s t i ng of two or three o v i p o s i t i o n s per hen, were d i s t i ngu i shed . 

For a number of hens behaviour preceding the f i r s t few o v i p o s i t i o n s had not 
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been f i l m e d . T h e r e f o r e the f i r s t phase c o n t a i n s r eco rds scored p reced ing 

o v i p o s i t i o n number 4 to 9, the second one preceding o v i p o s i t i o n number 10 

to 14 and the t h i r d one preceding number 15 or more. 

In con t ras t to the weeks before l a y i ng the hens almost never glanced a t 

the nests. They tended to approach and inspect the nests immediately a f t e r 

they were opened. Therefore the e f f e c t o f the t reatment i s only s tud ied on 

the i n s p e c t i o n d u r a t i o n . S ince the amount o f t i m e spent i n p r e - l a y i n g 

behaviour d i d not only vary between but a lso w i t h i n i n d i v i d u a l s , f o r each 

hen the dura t ions of i nspect ions scored dur ing the two or three p re - l ay i ng 

sessions per phase were summed. This value was t ransformed i n t o the dura­

t i o n per 45 minutes of p r e - l ay i ng behaviour. 

minute/45 min. of 

pre-laying behaviour 

3 

2 4 

1 

0 
phase 

n= 

9 t control gr, 
-, jj, experimental gr. 

S*' 

Figure 5.7. The median total duration of inspections for control and 

experimental hens in the egg-laying period. n= number of hens. 

Figure 5.7 shows the median duration of inspections per phase presented 

for control and experimental hens. Hens from both the control and experi­

mental group spent the same amount of time in inspecting the nests during 

each of the three phases. It is concluded that, in contrast to the weeks 

before laying, rearranging the position of the four nests did not affect 

the total time spent in nest-inspections during the laying period. 
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5 . 2 . 2 . 3 . Ear ly nest-examinat ions and l a t e r nest -preference 

In o r de r t o s tudy the r e l a t i o n between the n e s t - e x a m i n a t i o n p a t t e r n i n 

the weeks before l ay ing and l a t e r nest p re ference, the observat ion per iod 

in the weeks before l a y i ng was d i v ided i n t o s i x phases as has a l ready been 

described f o r the con t ro l group (see p.60). Data are ava i l ab le of 8 con t ro l 

hens. Because two of the exper imental hens d ied two weeks before the s t a r t 

o f the egg- lay ing p e r i o d , t h i s group i s represented by 6 hens. 

For each hen the e x a m i n a t i o n (=g lances p lus i n s p e c t i o n s ) d u r a t i o n per 

nes t scored d u r i n g the 3-5 o b s e r v a t i o n sess ions per phase was summed. 

Subsequently a Kendall c o e f f i c i e n t o f concordance was ca l cu la ted per hen. 

The r e s u l t s are presented i n t ab le 5 .1 . 

Table 5 . 1 . The degree of coherence i n the dura t ion of examinat ions per 

nes t among the f i v e phases i n t he weeks be fo re l a y i n g 

presented f o r con t ro l ( c l l - c 4 2 ) and experimental hens (e21-e42) 

as expressed by the Kenda l l c o e f f i c i e n t o f concordance (W). 

* : p<0 .05 ; * * : p<0 .01 

Hen 

ell 

cl2 

c21 

c22 

c31 

c32 

c41 

c42 

Kendall's W 

0.36 

0.23 

0.61 

0.53 

0.67 

0.75 

0.84 

0.74 

• 

* 

** 

** 

** 

** 

Hen 

e21 

e22 

e31 

e32 

e41 

e42 

Kendalls' W 

0.55 * 

0.84 ** 

0.52 * 

0.64 ** 

0.93 ** 

0.79 ** 

In s i x o f the 8 c o n t r o l hens and i n a l l e x p e r i m e n t a l hens K e n d a l l ' s W 

reached a s i g n i f i c a n t value. In other words, the d i s t r i b u t i o n of the exami­

nat ion dura t ion over the four nests and per hen showed a cons is ten t pa t te rn 

over t ime . For each of these hens the r e l a t i o n between ea r l y nest-examina­

t i o n s and l a t e r n e s t - p r e f e r e n c e was s t u d i e d . For t h i s purpose the mean 
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d u r a t i o n per 1.5 hour spent i n examin ing each o f the f o u r nes ts was com­

puted by averaging the data scored dur ing a l l observat ion sessions i n the 

weeks be fo re l a y i n g . These scores were ranked f rom 1 t o 4 i . e . the l o w e s t 

rank was assigned to the sma l les t score. 

Dur ing the f i r s t month of the l a y i n g p e r i o d each hen's n e s t - b o x - c h o i c e 

had been r e g i s t e r e d . Sometimes on l y the f i r s t egg was l a i d on the f l o o r 

Table 5 .2 . Ranknumbers ass igned t o each o f the f o u r nes ts i n the weeks 

before l a y i ng and dur ing the l ay ing per iod presented f o r con­

t r o l (c) and e x p e r i m e n t a l (e) hens. The degree o f a s s o c i a t i o n 

between both ranks i s represented by Spearman's Rs. For f u r t h e r 

exp lanat ion see t e x t . 

Weeks before l a y i ng Laying per iod 

Nest 1 2 3 4 Nest 1 2 3 4 Rs 

c21 

c22 

c31 

c32 

c41 

c42 

e21 

e22 

e31 

e32 

e41 

e42 

1 

1 

2 

2 

2 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

1 

1 

2 

2 

1 

1 

2 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

2 

2 

3 

3 

3 

2 

3 

3 

2 

2 

3 

3 

2 

2 

1 

2 

1 

1 

2 

2 

1 

3 

3 

1 

4 

4 

3 

4 

2 

4 

4 

4 

3 

4 

4 

4 

3 

3 

4 

3 

3 

3 

3 

3 

4 

2 

2 

2 

1 

1 

2 

1 

4 

2 

1 

1 

2 

1 

1 

3 

+0.60 n.s 

+0.60 n.s 

+0.40 n.s 

-0.40 n.s 

+0.60 n.s 

-0.40 n.s 

0.00 n.s 

0.00 n.s 

+0.20 n.s 

-0.40 n.s 

-0.60 n.s 

+0.20 n.s 

nes t l= a s t r o t u r f ; n e s t 2= wood-shav ings ;nes t 3= buckwheat husks jnes t 4= 

w i r e ; ranknumber 4= h i gh , ranknumber 1= low 

(see a l so chap te r 4 ) . The re fo re the s i t e o f the f i r s t egg was no t taken 

i n t o account in determin ing the hen's nes t -pre ference. Most hens appeared 

to use on l y one or two nes ts f o r o v i p o s i t i o n d u r i n g the whole e g g - l a y i n g 
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per iod . The h ighest rank number i .e . number 4 was assigned to the nest t ha t 

had been used f o r the f i r s t s e r i e s o f eggs or c l u t c h , r e g a r d l e s s whether 

a l l subsequent c l u t c h e s had been l a i d i n ano ther nes t . In t h a t case rank 

number 3 was assigned to t ha t p a r t i c u l a r nest . The remaining two or three 

nests were ranked according to the t o t a l amount o f a t t e n t i o n paid to each 

nes t i . e . by summing the d u r a t i o n o f i n s p e c t i o n s , e n t r i e s , r o t a t i n g and 

s i t t i n g scored dur ing the 7-8 p r e - l ay i ng observat ion sessions per hen. 

The r e s u l t s and those of the ranking procedure i n the weeks before l a y i n g 

are p resen ted i n t a b l e 5.2. Between these two se ts o f scores a Spearman 

rank c o r r e l a t i o n c o e f f i c i e n t was computed. In none o f the 12 hens a 

s i g n i f i c a n t c o r r e l a t i o n c o e f f i c i e n t was found ( i f t es ted t w o - t a i l e d aga inst 

a l eve l of p=0.10) . 

In conc lus ion , these r e s u l t s do not support the view t ha t the amount of 

a t t e n t i o n paid to each of the four nests dur ing the per iod considered could 

p r e d i c t the f i n a l nes t -cho ice . 

5 .2.3. Di s cuss ion 

The r e s u l t s r e v e a l e d t h a t i n the weeks be fo re l a y i n g the d u r a t i o n o f 

i n s p e c t i o n s h i g h l y i n c r e a s e d as a r e s u l t o f a l t e r i n g the p o s i t i o n o f t he 

f o u r nes ts as compared w i t h the c o n t r o l g roup. L i k e w i s e , t he i n s p e c t i o n 

dura t ion in the exper imental group increased i f days w i t hou t such a change 

were f o l l owed by days w i t h a change and, v ice versa, decreased i f days w i t h 

a change were f o l l owed by days w i thou t a change; no d i f fe rences were found 

i f two consecut ive sessions both w i t h a change i n the nest-box order were 

compared w i t h each o ther . These r e s u l t s support the hypothesis t h a t inspec­

t i ons dur ing the weeks before l ay ing serve the a c q u i s i t i o n of i n f o r m a t i o n . 

Obviously the previous p o s i t i o n of the d i f f e r e n t nests i n the pen i s remem­

bered, wh ich i n d i c a t e s the use o f a c o g n i t i v e s p a t i a l map (To lman, 1948; 

Toates, 1983; Walker, 1983). An animal appears to be able to code ex terna l 

events and the r e l a t i o n s h i p between these events i n i t s nervous system 

(Toa tes , 1983). In o t h e r words, i t r e p r e s e n t s i t s env i r onmen t i n t e rms o f 

places and t h e i r p o s i t i o n r e l a t i v e to each o ther . The mismatch between the 

s tored representa t ion and the cu r ren t s t imu lus s i t u a t i o n i s perceived and 

e l i c i t s an i n c r e a s e i n the e x p l o r a t i o n response. O'Keefe and Nadel (1978) 
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c la imed t h a t the hippocampus i s c l o s e l y a s s o c i a t e d wi th t h i s p roces s of 

"cognit ive mapping". The same phenomenon has a lso been reported in other 

s p e c i e s of b i r d and in r a t s . Marsh t i t s , fo r example , appeared to use 

memory for the l o c a t i o n of s t o r e d food (Sherry e t a l . , 1981) ,whi le r a t s 

navigated to spec i f ic points in space by learning the spa t ia l r e l a t i onsh ip 

between environmental cues (Morris, 1981). 

The g lance d u r a t i on remained una f f ec t ed by t he t r e a t m e n t . Moreover, i t 

was shown t ha t glances and inspect ions followed a d i f f e ren t temporal pat ­

t e r n in the weeks be fore l a y i n g . At the s t a r t of the e xpe r imen t both 

e l emen t s were performed for t he same amount of t i m e . Over t he f i v e phase 

o b s e r v a t i on pe r iod the g lance d u r a t i on tended to d ec rease , whereas the 

i n s p e c t i o n d u r a t i on showed an i n c r e a s e . These r e s u l t s s ugges t t h a t both 

e l emen t s do not r e p r e s e n t the same type of e x p l o r a t i o n . Glancing may be 

regarded as an i n i t i a l o r i en t ing response towards a new s t imulus , which has 

been re fer red to as a passive form of explorat ion (Berlyne, 1960). Perhaps 

g l ances a t the n e s t s were i n i t i a l l y e l i c i t e d by t he change in t he hen's 

environment (= presenting the four nes ts by removing the f ron t -en t rances ) . 

The decrease over t ime may be due to hab i tua t ion . Inspecting the nes t s may 

be r egarded as the a c t i v e form of e x p l o r a t i o n , which i s c h a r a c t e r i s e d by 

approaching the s t imulus and making contact (Berlyne, 1960). Control hens 

continued in inspect ing the nes ts in the course of t ime, perhaps to ensure 

t h a t no th ing had changed. The i n t e r e s t for t he n e s t s i n c r e a s ed when the 

hens approached m a t u r i t y ( c f . chapter 4, f igure 4.1). 

During the f i r s t phase of the experiment control hens spent more t ime in 

g l anc ing a t the n e s t s than did expe r imen ta l hens . In the cour se of t ime 

t h i s d i f ference between both groups disappeared. Perhaps these control hens 

were i n i t i a l l y more "careful" in exploring the new s t imul i than were expe­

rimental hens. 

In c on t r a s t to the r e s u l t s in the weeks before laying, moving the nests 

to new p l a c e s in the l a y ing pe r iod did not r e s u l t in an i n c r e a s e of the 

inspect ion durat ion. Obviously inspect ions during the laying period do not 

s e rve the same f unc t ion as t hose in t he weeks be fore l a y i n g . Perhaps now 

they represent in ten t ion movements to en ter the nes ts as has already been 

mentioned before (chapter 2 ) . 

In the weeks be fore l a y ing most hens showed a c o n s i s t e n t examina t ion 

p a t t e r n over t i m e . However, in none of t he hens under s tudy a s i g n i f i c a n t 
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degree o f a s s o c i a t i o n between n e s t - p r e f e r e n c e before and dur ing the egg-

lay ing per iod was found. In t h i s experiment only three of the 14 hens under 

study had been observed u n t i l the day of the f i r s t o v i p o s i t i o n , wh i l e the 

r e m a i n i n g 11 hens came i n t o l a y two to t h r e e weeks l a t e r . T h e r e f o r e f o r 

most hens a two to three week observat ion per iod preceding the day of f i r s t 

o v i p o s i t i o n i s m iss ing. Perhaps a poss ib le r e l a t i o n s h i p i s present dur ing 

t ha t p a r t i c u l a r pe r iod . This i s i n ves t i ga ted f u r t h e r i n experiment 2. 

5 .3 . Experiment 2 

In experiment 1 no r e l a t i o n s h i p was detected between nest -preference i n 

the weeks be fo re and d u r i n g the l a y i n g p e r i o d . However, on l y 3 o f t he 14 

hens had been observed u n t i l the day o f the f i r s t o v i p o s i t i o n ; f o r the 

r e m a i n i n g 11 hens a two to t h r e e week p e r i o d p reced ing the day o f f i r s t 

o v i p o s i t i o n was m i s s i n g . I t i s p o s s i b l e t h a t a r e l a t i o n s h i p i s p r esen t 

d u r i n g t h a t p a r t i c u l a r p e r i o d . The re fo re i n t h i s e x p e r i m e n t the n e s t -

examinat ion pa t te rn i n the weeks before l a y i ng and i t s r e l a t i o n w i t h l a t e r 

nest -preference i s s tud ied i n hens t ha t have been observed u n t i l the day of 

the f i r s t o v i p o s i t i o n . 

5.3.1. Materials and methods 

Eight 16 week-old hens were housed i n the same f l oor -pens as descr ibed i n 

e x p e r i m e n t 1 : two hens per pen. The pen's f l o o r s were covered w i t h a 

m i x t u r e o f sand and hemp f i b r e ( 3 : 1 ) . Housing c o n d i t i o n s were the same as 

d e s c r i b e d i n e x p e r i m e n t 1 . The p o s i t i o n s o f the f ou r nes ts were never 

a l t e r e d . 

Observations 

In the weeks before l ay ing the same observat ional procedures were f o l l owed 

as descr ibed in experiment 1. Observations were cont inued u n t i l i n each pen 

one hen had come i n t o l ay . 

Dur ing the e g g - l a y i n g p e r i o d eggs were c o l l e c t e d d a i l y and each hen's 
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n e s t - s i t e choice was r eg i s te red dur ing a f o r t n i g h t . 

5 . 3 . 2 . Results 

In t h r e e o f the f o u r pens one hen had been observed u n t i l the day she 

l a i d the f i r s t egg. In one pen two hens came i n t o l ay s i m u l t a n e o u s l y and 

had both been observed u n t i l then. Therefore behavioural records are a va i ­

l a b l e of 5 hens f rom f o u r pens up to the day o f t he f i r s t o v i p o s i t i o n . For 

each hen t h a t day was r e f e r r ed to as day 0. 

To s tudy the e x a m i n a t i o n p a t t e r n over t i m e the o b s e r v a t i o n p e r i o d 

p reced ing day 0 was d i v i d e d i n t o f i v e phases ( f i v e days per phase) . Each 

phase c o n t a i n e d 4-5 o b s e r v a t i o n s e s s i o n s . At the end o f phase 5 a l l hens 

l a i d the f i r s t egg. 

For each hen the mean d u r a t i o n o f e x a m i n a t i o n s was c a l c u l a t e d per nes t 

by averaging the data of the 4-5 observat ion sessions per phase. Therefore 

each phase i s represented by one score per hen. 

To study the consistency in the examinat ion pa t te rn over t ime a Kendall 

c o e f f i c i e n t o f concordance was computed per hen. The r e s u l t s are presented 

i n t a b l e 5.3. 

Table 5 .3 . The degree of coherence in the dura t ion of examinat ions per 

n e s t among t h e f i v e phases i n t he weeks b e f o r e l a y i n g 

p resen ted f o r f i v e hens o f e x p e r i m e n t 2 as expressed by the 

Kendall c o e f f i c i e n t of concordance (W). * * :p < 0.01 

Hen Kenda l l ' s W 

11 
21 
22 
32 
41 

0.712 ** 

0.712 ** 

0.744 ** 

1.00 ** 

0.808 ** 
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All hens scored a significant coefficient. Thus the distribution of the 

time spent in examinations over the four nests showed a consistent pattern 

per hen over the whole observation period. 

In each of these five hens the relation between early nest-preference and 

later nest-choice was studied. During the weeks before laying the same 

ranking procedure was followed as described in a previous section. 

In the laying period no behavioural observations had been carried out. In 

order to score each hen's nest-preference ranks were assigned to the four 

nests according to the number of eggs laid in a particular nest. The nest 

that had been used for the first series of eggs received the highest rank 

number. 

A Spearman rank correlation coefficient was calculated per hen between 

the ranks assigned to each of the four nests during the weeks before laying 

and during the laying period. The results are presented in table 5.4. 

In none of the 5 hens a significant correlation coefficient was found. It 

is concluded that the final nest-choice can not be predicted by the amount 

of attention paid to the nests in the weeks before laying. 

Perhaps no relation was detected because the data were analysed too 

roughly i.e. per phase. Therefore a more detailed analysis was carried out. 

Table 5.4. The relation between nest-examinations in the weeks before 

laying and later nest-use as expressed in a correlation coeffi­

cient presented for 5 hens of experiment 2. For further explana­

tion see text. 

Weeks befo 

Nest 

hen 11 

21 

22 

32 

41 

re 

1 

3 

1 

2 

2 

1 

lay 

2 

2 

3 

3 

3 

2 

ing 

3 

4 

4 

4 

4 

4 

4 

1 

2 

1 

1 

3 

Lay 

Nest 

ing 

1 

2 

2 

2 

4 

2 

pe 

2 

4 

4 

4 

1.5 

4 

ric 

3 

2 

2 

2 

3 

2 

d 

4 

2 

2 

2 

1.5 

2 

Rs 

0.00 

+0.40 

+0.40 

+0.35 

0.00 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 
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In the 4 weeks p reced ing the day o f f i r s t o v i p o s i t i o n f o r 4 o f the f i v e 

hens 20 d a i l y o b s e r v a t i o n sess ions (1.5 hour per sess ion) were a v a i l a b l e . 

The f i f t h hen had s t a r t ed l a y i ng e a r l i e r and t he re fo re f o r t h i s one only 10 

of such observat ion sessions were scored. For each observat ion session the 

t o t a l t i m e spent i n e xam in ing each o f the f o u r nes ts was c a l c u l a t e d . 

Subsequently a Spearman rank c o r r e l a t i o n c o e f f i c i e n t was computed between 

the nest -examinat ion pa t te rn on t ha t observat ion day and l a t e r nes t -cho ice . 

This procedure was c a r r i e d out f o r each observat ion day i n a l l f i v e hens. 

Un t i l the end of phase 4 the value of the c o e f f i c i e n t changed from day to 

day. However, w i t h the approach of o v i p o s i t i o n the value of the c o r r e l a t i o n 

c o e f f i c i e n t showed an increase. One day before the day of f i r s t o v i p o s i t i o n 

a l l hens scored a p o s i t i v e c o r r e l a t i o n c o e f f i c i e n t ( f i g u r e 5 .8. ) , a l though 

the degree of assoc ia t ion was not s i g n i f i c a n t ( tes ted t w o - t a i l e d against a 

l e v e l o f p=0.10). N e v e r t h e l e s s , i t i s conc luded t h a t one day be fo re the 

day o f the f i r s t o v i p o s i t i o n a l l hens showed the tendency t o spent most 

t ime in i nspec t ing the nest they p re fe r red f o r the o v i p o s i t i o n of the f i r s t 

ser ies of eggs. 

5 . 3 . 3 . Discussion 

The r e s u l t s revealed t h a t no r e l a t i o n was present between the examinat ion 

pa t te rn in the weeks before l a y i n g and the f i n a l nes t -cho ice . However, one 

day before the f i r s t o v i p o s i t i o n a p o s i t i v e c o r r e l a t i o n was found in each 

of the f i v e hens under s tudy, i n d i c a t i n g t ha t the hens had se lected a nest -

box by t h e n . 

Summarizing, i t i s concluded from experiment 1 and 2 t ha t the hens gather 

i n fo rma t ion by i nspec t ing the nests and t h a t the f i n a l se lec t i on of a nest 

appears t o be e s t a b l i s h e d one day be fo re the day o f f i r s t o v i p o s i t i o n . 

These r e s u l t s might be expla ined by a t h resho ld model of choice behaviour 

(Dawk ins , 1969). I t i s assumed t h a t each p o s s i b l e a l t e r n a t i v e has a c e r ­

t a i n t h r e s h o l d and i s e q u a l l y l i k e l y t o be chosen i f a ( n o n - f i x e d ) 

v a r i a b l e , i ns ide the an ima l , exceeds a l l t h resho lds . Probably the i n fo rma­

t i o n gathered by examinat ions dur ing the weeks before the f i r s t egg- lay ing 

was used to ad jus t the value of the va r iab le to such an ex tent t ha t by the 

t ime the f i r s t egg had to be l a i d only one th resho ld would be exceeded. 
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Perhaps nest-examinat ions are of c r u c i a l importance i n the se lec t i on of a 

n e s t . I f so the hen's n e s t - s i t e cho i ce and perhaps the number o f f l o o r -

eggs m i g h t be i n f l u e n c e d by p r e v e n t i n g these e x a m i n a t i o n s to o ccu r . 

5 .4 . Conclusions 

* Glancing i s regarded as a passive form of e x p l o r a t i o n , which i s i n i t i a l ­

l y e l i c i t e d by a change i n the environment. 

* Nest i n s p e c t i o n s serve the a c q u i s i t i o n o f i n f o r m a t i o n , wh ich may be 

used f o r the f i n a l se lec t i on of a nest . 

* Nest i n s p e c t i o n s i n the l a y i n g p e r i o d do no t appear t o have the same 

i n fo rma t i on gather ing f unc t i on as those in the weeks before l a y i n g ; they 

are more l i k e l y to represent i n t e n t i o n movements to enter the nests. 

* The f i n a l nest -choice seems to be es tab l i shed one day before the day of 

f i r s t o v i p o s i t i o n . 
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CHAPTER 6 

THE PERCENTAGE OF FLOOR-EGGS AS INFLUENCED BY EARLY EXPERIENCE WITH 

DIFFERENT NESTS 
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6.1. Introduction 

One of the goals of t h i s t hes is i s to f o rmula te measures t ha t may reduce 

the occurrence of f l oo r -eggs . Therefore in the present chapter i t i s i nves­

t i g a t e d whether the percentage of f l oo r -eggs can be e f f e c t i v e l y reduced by 

using the r e s u l t s obtained so f a r . 

In the p r e v i o u s chap te r i t was conc luded t h a t hens ga the r i n f o r m a t i o n 

from d i f f e r e n t nests in the weeks before l a y i ng by i nspec t ing them. This 

i n fo rma t ion was supposed to be used f o r the se lec t i on of a nest. Moreover, 

t he f i n a l c ho i ce seemed t o be e s t a b l i s h e d be fo re the day o f the f i r s t 

o v i p o s i t i o n . Th is r a i s e s the q u e s t i o n as t o whether the cho i ce t o use 

e i t h e r a nes t -box or t he f l o o r f o r l a y i n g i s a f f e c t e d by p r e v e n t i n g the 

hens f rom i n s p e c t i n g the nes ts be fo re they s t a r t l a y i n g . In o t h e r wo rds , 

does experience w i t h nest-boxes in the weeks before l ay ing a f f e c t the hen's 

choice to use e i t h e r the f l o o r or a nest as a s i t e f o r o v i p o s i t i o n ? 

Results presented in chapter 4 suggest t h a t t h i s i s indeed the case. I f 

hens were prevented from i nspec t ing the r o l l - away nests i n the weeks before 

l a y i n g by open ing the nes ts a t an age o f 20 weeks ( = l a t e ; t a b l e s 4.1 and 

4.5: f l ocks 4 and 6) fewer f l oo r -eggs were found as compared w i t h opening 

these nests a t an age of 16 weeks (=ear ly ; tab les 4.1 and 4.5: f l o cks 5 and 

7 ) . However, no d i f f e r e n c e s were found between open ing l i t t e r - n e s t s l a t e 

and e a r l y ( t a b l e s 4.1 and 4 .5 : f l o c k s 2 and 3 ) . I t may be conc luded t h a t 

ea r l y experience w i t h r o l l - away or l i t t e r nests a f f e c t s the hen's choice to 

use e i t h e r a nes t -box or t o l a y on the f l o o r d i f f e r e n t l y . However, s i nce 

only a few f l ocks had been used, t h i s can only be a p re l im ina ry conc lus ion. 

Moreover, in t ha t study f l o cks were used of d i f f e r e n t s t r a i n s (exper imental 

l i n e o f the i n s t i t u t e , H isex and Shaver 288). F i n a l l y , i n c o n t r a s t t o 

f l o c k s 2 , 3 , 5, 6 and 7, f l o c k s 1 and 4 were p r o v i d e d w i t h a cock . There ­

f o r e i t was dec ided t o des ign an e xpe r imen t i n wh ich the e f f e c t o f e a r l y 

experience w i t h d i f f e r e n t types of nests on the percentage of f l oo r -eggs i s 

s t ud ied . 

At the s t a r t o f the e g g - l a y i n g p e r i o d the percentage o f f l o o r - e g g s i s 

r a t h e r h i g h . In the course o f t i m e i t decreases and a f t e r about 5-6 weeks 

i t s t a b i l i z e s ( chap te r 4 , f i g u r e 4 .3) . I f t h i s i s a genera l p a t t e r n , t he 

e f fec t i veness of a t reatment might be judged according to the percentage of 

f l oo r -eggs l a i d in the 6th week of the egg- lay ing pe r iod . However, s ince a 
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p o u l t r y f a rme r i s more i n t e r e s t e d i n the t o t a l pe rcen tage o f f l o o r - e g g s 

l a i d , not only the percentage of f l oo r -eggs l a i d dur ing the 6th egg- lay ing 

week, but a lso t ha t found dur ing the t o t a l 6-week egg- lay ing per iod w i l l 

be used as a measure i n j udg ing the e f fec t i veness of a t rea tment . 

Th is c hap te r p resen ts the r e s u l t s o f two e x p e r i m e n t s . In the f i r s t one 

the e f f e c t o f the p r o p e r t i e s o f the nes ts ( f a c t o r 1) and the moment t he 

hens get access to the nests ( f a c t o r 2) on the percentage of f l oo r -eggs i s 

s t u d i e d . Moreover , the i n t e r r e l a t i o n s h i p between these two f a c t o r s i s 

examined and t h e i r e f f e c t s are descr ibed over t ime . In the second one the 

e f f e c t o f changing the nes t -content a t two d i f f e r e n t l a y i ng percentages on 

the percentage of f l oo r -eggs i s s tud ied . 

6 . 2 . Experiment 1 

6 . 2 . 1 . Ma te r ia ls and methods 

Twenty four f l o c k s , each cons i s t i ng of 18 cage-reared wh i te l a y i n g hens 

(Shaver 288) were housed a t an age o f s i x t e e n weeks i n sma l l f l o o r - p e n s . 

The l a y - o u t o f the pen and management c o n d i t i o n s have been d e s c r i b e d i n 

chapter 3. 

Experimental design 

The experiment was designed according to a 2 x 2 f a c t o r i a l type i .e . the 

e f f e c t s o f t he two v a r i a b l e s ( p r o p e r t i e s o f t he nes ts and t he moment o f 

nest opening) were i nves t i ga ted s imul taneously (Cochran and Cox, 1957). Two 

types of nests were used: - 1 - nests p r o v i d e d w i t h wood-shav ings ( = l i t t e r 

nests ) and - 2 - nests provided w i t h a w i re basket (= r o l l - away nes ts ) . The 

hens go t access to the nes ts a t two d i f f e r e n t moments: - 1 - nes ts were 

opened on the day the hens were p laced i n the f l o o r - p e n ( = e a r l y ) and - 2 -

nes ts were kep t c l osed u n t i l t he day the f i r s t eggs i n a f l o c k were l a i d ; 

on t h a t day the nes ts were opened ( = l a t e ) . Four t r e a t m e n t s c o n s i s t i n g o f 

a l l combinat ions from these two f ac to rs were formed ( tab le 6.1). 

Each f l o c k o f hens was c o n s i d e r e d to be one e x p e r i m e n t a l u n i t . S ince 

d i f f e r e n c e s may e x i s t a long the hen-house i n seve ra l f a c t o r s such as 
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lighting conditions, temperature, disturbance by humans and perhaps some 

unknown factors, the units were grouped according to a randomized block 

design. The four treatments were assigned randomly to the units in each 

block. Each treatment was represented by 6 flocks. Since the hen house only 

offered place for 3 blocks of 4 units the experiment had to be carried out 

in two stages (trial 1 and trial 2 ) . 

Table 6.1. Design of experiment 1 

Moment of opening nests 

Nest properties Early (E) Late (L) 

Litter (L) LE (6)* LL (6) 

Roll-away (R) RE (6) RL (6) 

* : number of flocks 

Observations 

F l o o r - a n d nes t -eggs were c o l l e c t e d once a day a t 15.00 p.m. For each 

f l ock the number o f f l oo r -and nest-eggs were r eg i s te red d a i l y dur ing the 

f i r s t 6 egg- lay ing weeks. No behavioural observat ions were made. 

S t a t i s t i c s 

In order to t e s t d i f f e rences between the t reatments a Mann-Whitney-U-test 

was app l ied ( S i e g e l , 1956). 

6 . 2 . 2 . Results 

Since the r e s u l t s of t r i a l 1 and 2 d id not show systemat ic d i f f e rences , 

they were combined. 

The f l o c k s s t a r t e d l a y i n g a t an age o f 19-20 weeks. The percentage o f 

f l o o r - a n d nes t -eggs was c a l c u l a t e d over t he subsequent s i x weeks o f t he 
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egg- lay ing per iod per pen. From these data the median percentage was com­

puted per t rea tment . The r e s u l t s are presented i n f i g u r e 6 .1 . A main e f f e c t 

was p resen t o f the p r o p e r t i e s o f the n e s t : i n pens p r o v i d e d w i t h l i t t e r 

nes ts s i g n i f i c a n t l y f ewer f l o o r - e g g s were found as compared w i t h pens 

p r o v i d e d w i t h r o l l - a w a y nes ts (n l=n2=12; U=20; p<0.01). No s i g n i f i c a n t 

d i f f e rences were present between opening nests ea r l y and l a t e . 

f loor-eggs (%) 
ro l l -away 

p=0.06 
r 

I I boxes opened e a r ly 

| boxes opened l a t e 

n= 6 6 6 6 

Figure 6 . 1 . The median percentage of f l oo r -eggs per t reatment dur ing the 

t o t a l 6-week egg- lay ing per iod . n= number of pens. 

F u r t h e r m o r e , an i n t e r a c t i o n was d e t e c t e d between both f a c t o r s . Opening 

r o l l - a w a y nes ts e a r l y tended to r e s u l t i n more f l o o r - e g g s (15.0 %)than 

open ing these nes t -boxes l a t e ( 11.5 %) ( n l = n2 = 6; 11=8; p -0 .06) . However, 

no s i g n i f i c a n t d i f f e rences were found between open ing l i t t e r nes t s e a r l y 

and l a t e (2.5 and 5.0 %, r e s p . ; f i g u r e 6.1). 

To descr ibe the e f f e c t s of the t reatments over t ime the median percentage 

of f l oo r -eggs was ca l cu la ted per week. Figure 6.2. shows t ha t i n each of the 

four exper imental groups most f l oo r -eggs were l a i d a t the s t a r t o f the egg-

l ay i ng pe r iod . In the course of t ime the percentage of f l oo r -eggs decreased 

and s t a b i l i z e d dur ing the s i x t h week of the egg- lay ing per iod . 

In the 6th week a s i g n i f i c a n t e f f e c t was present o f the p roper t i es of the 

nes ts ( n l=n2=12 ; U=20; p<0.01): i n pens p r o v i d e d w i t h l i t e r nes ts f ewer 

f l oo r -eggs were found as compared w i t h pens provided w i t h r o l l - away nests. 
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No d i f fe rences were present between opening l i t t e r - n e s t s ea r l y or l a t e (0.4 

and 0.5 %, r e s p . ) . Opening r o l l - a w a y nes ts e a r l y r e s u l t e d i n more f l o o r -

eggs d u r i n g the 6 th week o f l a y i n g (8.1 %) t han opening these nes ts l a t e 

(5.4%), however, t h i s d i f f e rence was not s i g n i f i c a n t . 

floor-eggs (%) 
• « l i t t e r , e a r l y 
*——m l i t t e r , l a t e 
• • roll-away,early 
# * roll-away,late 

Figure 6 . 2 . The median percentage of f l oo r -eggs per t reatment per week. 

6 . 2 . 3 . Discussion 

The r e s u l t s revealed t ha t more f l oo r -eggs were l a i d in pens provided w i t h 

r o l l - a w a y nes ts than i n pens p r o v i d e d w i t h l i t t e r nes ts , i n d i c a t i n g t h a t 

c h a r a c t e r i s t i c s inherent to the l a t t e r nest type are p re fe r red to those of 

the r o l l - away nest. These r e s u l t s are in agreement w i t h s tudies concerning 

n e s t - s i t e cho i ce i n domest ic f o w l . I f hens were o f f e r e d a cho ice o f 

d i f f e r e n t nests they c l e a r l y e xh i b i t ed a preference f o r l i t t e r nests over 

r o l l - away nests ( K i t e , 1983; Huber e t a l . , 1985; chapter 5). 

I f the t ype o f nes ts o f f e r e d i s n e g l e c t e d , no s i g n i f i c a n t e f f e c t was 

present o f the moment the nests were opened.The r e s u l t s , t h e r e f o r e , do not 

suppor t the o p i n i o n t h a t hens shou ld get access to the nes ts as e a r l y as 

poss ib le in order to prevent them from f l o o r - l a y i n g (Franc is , 1970). 



An i n t e r a c t i o n was present between the two f ac to rs under s tudy. Opening 

r o l l - away nests l a t e i .e. on the day the f i r s t eggs in the f l ock were l a i d , 

r esu l ted i n fewer f l oo r -eggs than opening these boxes ea r l y i .e . immediate­

l y a f t e r p l a c i n g the hens i n the f l o o r - p e n s . Such a d i f f e r e n c e was no t 

found between open ing l i t t e r nes ts e a r l y o r l a t e . Appa ren t l y the hen's 

s i t e - choice i s manipulable. Opening r o l l - away nests ea r l y enabled the hens 

to inspect the nests v i s u a l l y i n the weeks before l a y i n g . As demonstrated 

in chapter 5 hens gather i n fo rma t ion from the nests by these ea r l y inspec­

t i o n s . Perhaps a hen's w i l l i n g n e s s to use r o l l - a w a y nes ts f o r l a y i n g i s 

decreased by the i n f o r m a t i o n ga the red i n t he weeks be fo re l a y i n g f rom a 

r o l l - away nest , which may c o n s t i t u t e a non-prefer red s t imu lus . This e f f e c t 

may no t have been p resen t i n pens p r o v i d e d w i t h l i t t e r n e s t s , s i nce the 

presence of l i t t e r may c o n s t i t u t e an a t t r a c t i v e s t imu lus . I t i s concluded 

t ha t the ex ten t to which ea r l y experience w i t h nests a f f ec t s the incidence 

of f l o o r - l a y i n g depends upon the type of nest-box used. 

In o rde r t o reduce the occu r rence o f f l o o r - e g g s the use o f l i t t e r nes ts 

i s recommended. However, i n c o n t r a s t t o r o l l - a w a y n e s t s , l i t t e r nes ts 

provided w i t h wood-shavings need labor ious manual e g g - c o l l e c t i o n . Mechani­

s i ng the e g g - c o l l e c t i o n f rom l i t t e r nes ts i s p o s s i b l e by us ing ano ther 

l i t t e r t ype e .g. buckwheat husks. However, such n e s t i n g systems are more 

expens ive as compared w i t h r o l l - a w a y n e s t i n g systems ( p e r s . comm., 

Workamp, 1986). Here the hen's i n t e r e s t s and those o f the p o u l t r y f a rmer 

are c o n f l i c t i n g . 

Best r e s u l t s w i t h r o l l - away nests were obtained i f the nests were opened 

a t the s t a r t o f the egg- lay ing pe r iod . Nevertheless, t h i s t rea tment s t i l l 

r e s u l t e d i n 11.5 % o f f l o o r - e g g s i f the t o t a l e g g - l a y i n g p e r i o d i s c o n s i ­

de red . In the course o f t ime the percentage o f f l o o r - e g g s decreased and 

reached a s t a b l e l e v e l d u r i n g the 6 th week o f l a y i n g . Dur ing t h i s l a t t e r 

week s t i l l 5.4 % o f the eggs were l a i d on the f l o o r . Th is i s a r a t h e r h igh 

l e v e l as compared w i t h opening l i t t e r nes ts e a r l y and l a t e (0.4 and 0.5%, 

resp.) . Therefore i t seemed wor thwh i le to examine whether the percentage 

of f l oo r -eggs could be reduced to an acceptable l eve l i n pens equipped w i t h 

r o l l - away nest ing systems. Experiment 2 deals w i t h t h i s quest ion . 

79 



6 .3 . Experiment 2 

6 . 3 . 1 . I n t roduc t i on 

The foregoing suggested t ha t a hen's w i l l i n g n e s s to use r o l l - away nests 

was i n c r e a s e d by p r e v e n t i n g her t o i n s p e c t these nes ts d u r i n g the weeks 

before l a y i n g . In f l ocks a l l hens do not come i n t o lay s imul taneous ly . The 

day the f i r s t hen s t a r t s l a y i ng may be separated 3-4 weeks from the day the 

l a s t hen s t a r t s l a y i n g . Therefore only a few hens were t o t a l l y unacquain­

ted w i t h such nes ts by open ing the nes ts on the day the f i r s t eggs were 

l a i d . I f one could increase the number of hens t ha t have had no experience 

w i t h the r o l l - a w a y nes ts u n t i l the day o f f i r s t o v i p o s i t i o n , t h i s m igh t 

reduce the number of f l oo r -eggs even more as compared w i t h opening r o l l -

away nes ts on the day the f i r s t eggs i n a f l o c k are f ound . Th is e f f e c t can 

be achieved by opening the r o l l - away nests not u n t i l a number of hens w i l l 

have s t a r t e d l a y i n g . However, s i nce the nes ts are c l o s e d , most o f t hese 

hens w i l l be f o r c e d to use the f l o o r f o r l a y i n g . Such a t r e a t m e n t i s 

expected to s t imu la te f l o o r - l a y i n g in stead of reducing i t . 

An a l t e r n a t i v e t reatment might be to provide hens w i t h l i t t e r nests u n t i l 

a l ay ing percentage of f o r example 15-20 %. Subsequently the l i t t e r nests 

are c o n v e r t e d i n t o r o l l - a w a y nes ts by r e p l a c i n g the l i t t e r w i t h a w i r e 

basket (= t reatment LT1). As demonstrated by the f o rego ing , l i t t e r nests are 

p r e f e r r e d over r o l l - a w a y nes ts .So , i f hens are i n i t i a l l y p r o v i d e d w i t h 

l i t t e r n e s t s , they are expec ted t o s t a r t us ing them. Since hens are very 

conservat ive in the use of a p a r t i c u l a r s i t e (chapter 4 ) , they are presumed 

t o go on us ing the same nes t s i t e , even a f t e r t he change i n nes t c o n t e n t . 

In t ha t case we may expect the percentage of f l oo r -eggs to be reduced even 

more by a l l ow ing more hens to s t a r t using the l i t t e r nests i .e . by postpo­

n ing the moment o f the nes t -change ( = t r e a t m e n t LT2) as compared to group 

LT1. 

In t h i s e x p e r i m e n t the i n f l u e n c e o f c o n v e r t i n g l i t t e r nes ts i n t o r o l l -

away nes ts a t about 15 and 35 % o f l a y on the percentage o f f l o o r - e g g s i s 

s tud ied . Moreover, the e f f e c t s of the t reatments are descr ibed over t ime . 
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6.3.2. Materials and methods 

S i x t e e n f l o c k s (18 hens per f l o c k ) o f c a g e - r e a r e d w h i t e l a y i n g hens 

(Shaver 288) were housed i n small f l oo r -pens a t an age of 16 weeks. Housing 

and management cond i t ions were the same as descr ibed in experiment 1. 

Two t r e a t m e n t s were formed : l i t t e r nes ts were changed i n t o r o l l - a w a y 

nes ts a t a p p r o x i m a t e l y 15 (LTD or 35% o f l a y (LT2) . Each e x p e r i m e n t a l 

group was r e p r e s e n t e d by e i g h t pens. In t he f i r s t month o f t he l a y i n g 

p e r i o d a number o f hens f rom one pen b e l o n g i n g to e x p e r i m e n t a l group LT1 

d ied . This pen was excluded from f u r t h e r ana lys is and t he re fo re group LT1 

was represented by 7 pens. 

For reasons mentioned before the experiment had to be ca r r i ed out in two 

t r i a l s . In the hen-house b l ocks o f two e x p e r i m e n t a l u n i t s were d i s t i n ­

guished. The two t reatments were randomly a l o t t e d to the un i t s w i t h i n each 

b lock . 

Observations 

The same observat ions were made as descr ibed i n experiment 1 ( 6 . 2 . 1 . ) . 

S t a t i s t i c s 

In order to t e s t d i f fe rences in the percentage of f l oo r -eggs between the 

two t reatments a Mann-Whitney-U-test was app l ied (S iege l , 1956). 

6 . 3 . 3 . Results 

E g g - l a y i n g i n a l l f l o c k s s t a r t e d a t an age o f 19-20 weeks. In group LT1 

an average l a y i ng percentage was reached of 17.7 % (range 16.6-19.4%) about 

one week a f t e r the f i r s t eggs i n the f l o c k s had been l a i d . Subsequent ly 

l i t t e r nests were converted i n to r o l l - away nests. In group LT2 l i t t e r nests 

were changed i n t o r o l l - away nests a f t e r two ( four f l ocks ) and three weeks 

( f o u r f l o c k s ) o f l a y i n g . By then an average l a y i n g percentage o f 38.6 % 

( range 31.5-44.4%) was reached. 

The t o t a l pe rcentage o f f l o o r - e g g s was ca l cu la ted from the nest-change 

u n t i l the end of the experiment per pen. For group LT1 and LT2 t h i s per iod 

c o n s i s t e d o f f i v e and f o u r weeks, r e s p e c t i v e l y . For each t r e a t m e n t the 



median percentage o f f l o o r - e g g s i s p resen ted i n f i g u r e 6.3. C o n v e r t i n g 

l i t t e r nes ts a t about 17.7 % o f l a y r e s u l t e d i n more f l o o r - e g g s (17.5 %) 

than changing these nests a t 38.6 % o f lay (13.0 %; n l = 7;n2=8;U=14; p=0.06) 

f l oo r -eggs (%) 

p=0.06 
20 4 • treatment LT, (n=7) 

Q treatment LT2 (n=8) 

Figure 6 . 3 . The median percentage of f l oo r -eggs per t rea tment dur ing the 5 

( LTD or 4 (LT2) weeks a f t e r the nes t -box change. n= number 

o f pens. 

In o r de r t o s tudy the e f f e c t o f each t r e a t m e n t over t ime the median 

percentage o f f l o o r - e g g s was c a l c u l a t e d d u r i n g the weeks p reced ing and 

f o l l o w i n g the nest-change. Figure 6.4 shows t ha t in group LT2 the h ighest 

percentage o f f l oo r -eggs i s found a t the s t a r t of the egg- lay ing pe r iod . In 

the course o f t i m e i t decreased. In group LT1 a median va lue o f 21 % o f 

# -# treatment LT, (n=7) 

treatment LT2 (n=8) 40-

30. 
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Figure 6 . 4 . The median percentage o f f l o o r - e g g s per t r e a t m e n t per week. 

The arrows r e f e r to the moment of nest-box change. n=number of 

pens. 
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f l o o r - e g g s was found i n the week p reced ing the nes t - change . In group LT2 

6.8 % o f f l oo r -eggs were found in the week preceding the nest-change. 

In the f i r s t week i m m e d i a t e l y a f t e r the nes t -change a s i g n i f i c a n t i n ­

crease was found in group LT1 ( S i g n - t e s t , n = 7 ; x = 0 ; p < 0 . 0 5 ) . S i m i l a r r e s u l t s 

were found in group LT2, however, here the increase was not s i g n i f i c a n t . In 

the course o f t ime the f l o o r - e g g percentage decreased i n bo th g roups. In 

the l a s t e g g - l a y i n g week i . e . i n the f o u r t h (LT2) and f i f t h week (LTD 

a f t e r the nest-change, fewer f l oo r -eggs were found i n group LT2 (7.7%) than 

i n group LT1 (16.8%), however, t h i s d i f f e rence was not s i g n i f i c a n t . 

6.3.4. Discussion 

The r e s u l t s o f e x p e r i m e n t 1 ( r o l l - a w a y nes ts opened l a t e = group RL and 

e a r l y = group RE) are compared w i t h those o f e x p e r i m e n t 2 ( r e p l a c i n g the 

l i t t e r by a w i re basket a t approx. 17 and 38 % o f lay = groups LT1 and LT2, 

r e s p . ) . S ince the f l o o r - e g g percentage i n the l a t t e r e x p e r i m e n t d i d no t 

f o l l o w the same pa t te rn over t ime as compared w i t h the f i r s t mentioned (see 

f i g . 6.2 and 6 .4 ) , the p e r i o d f rom the b e g i n n i n g u n t i l the end o f the 

experiment i s not comparable between both exper iments. Thus the percentage 

o f f l o o r - e g g s l a i d d u r i n g t h a t p e r i o d i s no u s e f u l measure to j udge the 

e f fec t i veness of a t rea tment . Therefore f o r t h i s purpose the percentage of 

f l oo r -eggs l a i d dur ing the l a s t week of the experiment was used. In group 

RL t h i s week co r responds w i t h the 6 th e g g - l a y i n g week. In groups LT1 and 

LT2 t h i s week i s represented by the 5th and 4th week a f t e r the s t a r t o f the 

nes t - change , r e s p e c t i v e l y . By then a l l f l o c k s f rom group LT1 and f o u r 

f l o cks from group LT2 had been l a y i ng f o r 6 weeks, wh i le the remaining four 

f l ocks from LT2 had been l ay ing f o r 7 weeks. The r e s u l t s are summarized i n 

t a b l e 6 . 1 . 

Replacing the l i t t e r w i t h a w i re basket a t 17.7 % o f lay r esu l t ed in more 

f l o o r - e g g s than open ing r o l l - a w a y nes ts a t t he s t a r t o f the e g g - l a y i n g 

p e r i o d . So, t h i s t r e a t m e n t was i n e f f e c t i v e i n r e d u c i n g the i n c i d e n c e o f 

f l o o r - l a y i n g . I t appeared indeed to have a negat ive e f f e c t as compared w i t h 

opening r o l l - away nests l a t e and even as compared w i t h opening r o l l - away 

nests ea r l y . In the week immediate ly f o l l o w i n g the nest change the percen­

tage o f f l o o r - e g g s i n group LT1 s i g n i f i c a n t l y i n c r e a s e d . These r e s u l t s 
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suggest t h a t once a hen has been ab le t o i n s p e c t l i t t e r nes ts v i s u a l l y i n 

the weeks before l a y i n g , she w i l l be less l i k e l y to s t a r t using a r o l l - away 

box 1 a t e r on . 

Changing l i t t e r nests i n t o r o l l - away nests a t 38.6 % o f lay and opening 

r o l l - away nests l a t e r esu l t ed in comparable percentages of f l oo r -eggs . Thus 

the f i r s t mentioned t rea tment d id not reduce the percentage of f l oo r -eggs 

f u r t h e r as compared w i t h opening r o l l - away nests l a t e . However, as compared 

w i t h opening r o l l - away boxes e a r l y , fewer f l oo r -eggs were found, a l though 

the d i f f e rence was not s i g n i f i c a n t ( tab le 6.1.). 

Table 6 . 1 . Percentage o f f l o o r - e g g s as i n f l u e n c e d by open ing r o l l - a w a y 

nests ea r l y (RE) and l a t e (RL) and by changing l i t t e r nests i n t o 

r o l l - a w a y nes ts a t two d i f f e r e n t l a y i n g percen tages (LT1 and 

LT2) presented dur ing the l a s t egg- lay ing week. 

Treatment 
RL LT2 RE LT1 

Floor-eggs (%) 5.4 7.7 8.1 16.8 

As expected, r ep lac ing the wood-shavings w i t h a w i re basket a t 38.6 % o f 

l a y (=group LT2) r e s u l t e d i n f ewer f l o o r - e g g s (p=0.06) as compared w i t h 

chang ing the nes ts a t 17.7 % o f l a y ( t a b l e 6 .1) . In the week i m m e d i a t e l y 

f o l l o w i n g the nes t -change the f l o o r - e g g pe rcen tage i n group LT2 on l y 

s l i g h t l y i n c r e a s e d . Pos tpon ing the moment o f the nes t -change a l l o w e d a 

l a r g e r number o f hens to s t a r t u s i ng the l i t t e r nes ts as compared t o the 

ea r l y change. Probably these hens were t r a i n e d in the use of a nest-box and 

cont inued i n using nests, even a f t e r the replacement of wood-shavings by a 

w i re basket. 
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6.4. Conclusions 

Litter nests are preferred over roll-away nests, 

Whether a hen w i l l s t a r t u s i n g the f l o o r or a nes t -box f o r l a y i n g 

depends upon the type of nests she has had experience w i t h i n the weeks 

before and dur ing l a y i n g . 
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CHAPTER 7 

EGG-LAYING RECORDS AND PRE-LAYING BEHAVIOUR OF FLOOR-AND NEST-LAYERS 
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7.1. Introduction 

Prev ious r e s u l t s ( chap te r 4) r e v e a l e d t h a t , excep t f o r the f i r s t few 

eggs, hens kept under the same cond i t ions showed i n d i v i d u a l d i f f e rences in 

t h e i r n e s t - c h o i c e p a t t e r n . Some hens wou ld use nes ts p r o v i d e d bu t o t h e r s 

wou ld a lways l a y on the f l o o r or on the w i r e . S i m i l a r r e s u l t s have been 

r e p o r t e d by Appleby e t a l . (1983a).They showed t h a t i n f l o o r - p e n s w i t h 

ra ised nests i n d i v i d u a l d i f f e rences in s i t e use were r e l a t ed to f a i l u r e to 

perch. This f a c t o r could not account f o r i n d i v i d u a l d i f fe rences i n s i t e use 

i n our s tudy, because the nests were placed a t ground l e v e l . Furthermore, 

s ince f l o o r - l a y e r s and nest-users were about equa l ly represented among low, 

m i d d l e , and h igh r a n k i n g hens (see chap te r 4 ) , t he d i f f e r e n c e i n n e s t - u s e 

between i n d i v i d u a l s i s u n l i k e l y to be due to compet i t ion f o r nests. 

From the l i t e r a t u r e r ev i ewed i n chap te r 2 i t becomes c l e a r t h a t t he 

phys io log ica l con t ro l of the reproduct ion i n the hen, i n c l ud ing the con t ro l 

o f the nes t ing behaviour i t s e l f , i s a r a ther complex process. Hence phys io­

l o g i c a l i r r e g u l a r i t i e s may e a s i l y l e a d to abnormal nest ing behaviour and 

thus to the occurrence of f l oo r - eggs . 

However, there are two o ther p o s s i b i l i t i e s to consider . F i r s t , some hens 

may s i m p l y p r e f e r t o l a y on the f l o o r r a t h e r than us ing nes t -boxes p r o ­

v ided as has been p o i n t e d ou t be fo re ( c h a p t e r 2) and then f l o o r - l a y i n g i s 

regarded as normal. Second, i t i s suggested t ha t f l o o r - l a y e r s reac t d i f f e ­

r e n t l y to environmental s t i m u l i than do t h e i r pen-mates t ha t use nests. 

In order to answer the quest ion which f ac to rs may cause i n d i v i d u a l d i f f e ­

rences i n s i t e use, e g g - p r o d u c t i o n r eco rds ( s e c t i o n 7.2) and p r e - l a y i n g 

behaviour (sect ion 7.3) of f l oo r -and nes t - l aye rs are descr ibed and compared 

to each o ther . 

7 .2 . Phys io log ica l f ac to rs 

A phys io log ica l i r r e g u l a r i t y causing abnorma l i t i es in egg- lay ing i s the 

occurrence of double ovu la t ions w i t h i n a shor t pe r iod . I f two f o l l i c l e s are 

ruptured s imul taneously and i f both ova are engul fed by the in fundibu lum 

n e a r l y a lways a double y o l k e d egg i s l a i d . However, i f the o v u l a t i o n o f 

ano ther ovum i s sepa ra ted by a s m a l l e r i n t e r v a l than the normal expected 
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25-26hours from the previous one, two hard she l led eggs are l a i d w i t h i n 24 

hours ( G i l b e r t and Wood-Gush, 1971). For some reason the f i r s t egg i s held 

i n the she l l gland f o r several hours longer than normal and the second one 

i s expe l led premature ly . In b r o i l e r breeder hens t h i s phenomenon occurred 

r e g u l a r l y i n some i n d i v i d u a l s (Van Middelkoop, 1974). Hens w i t h two she l led 

eggs i n the g land were observed to nes t a t the normal t i m e o f l a y i n g ; 

however , no egg was l a i d t h e n . Only d u r i n g the even ing or the n i g h t the 

f i r s t egg of a pa i r was expe l led . I t remains u n c l a r i f i e d whether the ov ipo-

s i t i o n of the second egg i s accompanied by normal nest ing behaviour. Never­

t h e l e s s , i n t h i s way many f i r s t eggs o f a p a i r were no t l a i d i n a nes t i n 

b r o i l e r b reeders kep t on the f l o o r . So, t h i s t ype o f f l o o r - l a y i n g was 

associated w i t h the l ay ing of two eggs a day. 

Another p r o c e s s , wh ich m i g h t cause a b n o r m a l i t i e s i n l a y i n g , i s the 

product ion of hormones i n t e r f e r i n g w i t h t ha t o f hormones responsib le f o r 

the con t rac t i on of the u te r i ne muscle leading to the o v i p o s i t i o n of a hard 

she l led egg. Adrena l ine , f o r example, i s e f f e c t i v e i n de lay ing o v i p o s i t i o n 

u n t i l the f o l l o w i n g day (Draper and Lake, 1967). Under these c ircumstances 

the egg i s dropped somewhere in the pen long a f t e r the expected egg- lay ing 

t ime w i t hou t being accompanied by nes t ing behaviour. I f f l o o r - l a y i n g i s due 

to such types of i r r e g u l a r i t i e s , f l o o r - l a y e r s are expected f i r s t l y to show 

a d i f f e r e n t l ag -du ra t i on pa t te rn and secondly to be less cons is ten t i n the 

use of a p a r t i c u l a r s i t e i n the pen as compared w i t h n e s t - l a y e r s . 

In t h i s pa r t of the chapter egg- lay ing records of f l oo r -and nes t - l aye rs 

are descr ibed and compared to each o the r . 

7 . 2 . 1 . Ma te r ia ls and methods 

To study d i f fe rences in egg- lay ing pat terns between i n d i v i d u a l s data were 

ava i l ab le of hens belonging to seven f l o c k s . Five f l ocks had a l ready been 

used i n a p r e v i o u s s tudy ( chap te r 4 ) ; the o t h e r two ( f l o c k Ml and B4) 

newly a r r i v e d and cons is ted of 15 wh i te l a y i ng hens (Shaver 288) each. They 

were p laced i n f l o o r - p e n s , c o n t a i n i n g one row o f i n d i v i d u a l r o l l - a w a y 

nests. Further housing cond i t ions and management f ac to rs have a l ready been 

described i n chapter 3. 
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Observations 

1) Daily egg-production per hen: 

In o rde r t o f i n d ou t whether the l a y i n g o f two eggs a day o ccu r red , the 

date and s i t e of o v i p o s i t i o n of f l o o r - l a y e r s (n=12) and nes t - l aye rs (n=16) 

c o u l d s i m p l y be used. In 4 o f the seven f l o c k s such o b s e r v a t i o n s had been 

made by means o f a v ideo r e c o r d e r . As ment ioned i n the i n t r o d u c t i o n , de­

layed eggs could be l a i d dur ing the evening or the n i gh t . Since the hens 

were only f i l m e d dur ing the l i g h t pe r iod , a number of o v i p o s i t i o n s may have 

been missed. Moreover, i n the remaining three f l ocks hens were fed ge la t i ne 

capsules f i l l e d w i t h a die in order to i d e n t i f y f l oo r -and nes t - l aye rs (see 

a l so chap te r 3 ) . Because eggs were on l y c o l l e c t e d once a day,a number o f 

f l o o r - e g g s may have been l o s t i n the l i t t e r or i n the d ropp ings p i t . Thus 

the number o f hens l a y i n g two eggs a day may be u n d e r e s t i m a t e d by us ing 

these two methods. T h e r e f o r e ano ther parameter r e p r e s e n t a t i v e f o r t h i s 

phenomenon was used i n add i t i on v i z . : 

2) Egg-shel l q u a l i t y : 

The s h e l l s o f bo th eggs o f a p a i r appear t o show a b n o r m a l i t i e s as com­

pared w i t h a normal s h e l l e d egg as d e s c r i b e d by Simons (1971) . The f i r s t 

egg of a pa i r near ly always shows an add i t i ona l c a l c i f i c a t i o n band over 

the she l l sur face. The second one i s charac ter ised by abnorma l i t i es l i k e 

a compressed-s ided s h e l l w i t h incomplete she l l depos i t ion (Van M idde l ­

koop, 1974). The re fo re the presence o f abnormal s h e l l e d eggs p r o v i d e s 

evidence f o r the l a y i ng of two eggs a day. 

3) Lag-duration 

In o r de r t o s tudy d i f f e r e n c e s i n the l ag d u r a t i o n (= the d u r a t i o n o f an 

i n t e r v a l between successive o v i p o s i t i o n s minus 24 hours), data were a v a i ­

l ab le of 11 nest-users and 8 f l o o r - l a y e r s from 5 d i f f e r e n t f l o c k s . Three 

o f the f i v e f l o c k s had been observed on a l t e r n a t i n g days, wh ich made i t 

impossib le to determine the length of the lag between o v i p o s i t i o n s per 24 

hours. Therefore f o r each hen the dura t ion of the lag between eggs l a i d on 

a l t e r n a t i n g days i .e. per 48 hours, was determined. 

4) Consistency in s i t e use: 

For 11 f l o o r - l a y e r s and 11 nes t - l aye rs the s i t e of o v i p o s i t i o n had been 
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r e c o r d e d . In the case o f f l o o r - l a y e r s f o u r p o s s i b l e s i t e s were d i s t i n ­

gu ished i . e . the l e f t and r i g h t s ide o f the l i t t e r and the l e f t and r i g h t 

s ide of the w i r e . For nest-users the three adjacent nests on the r i g h t s ide 

o f the pen were regarded as one nes t and the r e m a i n i n g t h r e e on the l e f t 

s ide as another. 

S t a t i s t i c s 

D i f ferences between f l oo r -and nest-users were tes ted by means of a Mann-

Whi tney-U-test ( S i e g e l , 1956). 

7 . 2 . 2 . Results 

7.2.2.1. Egg-production pattern 

In order to compare and describe the egg-product ion pa t te rn between f l o o r -

and nes t - l aye rs f o r each hen the t o t a l number of eggs l a i d (L) was d i v ided 

by the t o t a l number o f o b s e r v a t i o n days ( 0 ) . The r e s u l t s are p resen ted i n 

t ab le 7 .1 . No d i f fe rences were found in the egg-product ion pa t te rn between 

f l o o r - and n e s t - l a y e r s . Moreover , no abnormal egg s h e l l s were observed . 

Most hens f rom both groups produced an average o f n e a r l y one egg per day. 

The values sma l le r than 1 ( tab le 7.1.) i nd i ca te a lower (hard-she l led) egg-

p r o d u c t i o n wh ich may be due to e .g. normal pause days between c l u t c h e s , 

i n t e r n a l l a y i ng or to s h e l l - l e s s eggs which are very d i f f i c u l t to de tec t , 

because they are near ly always l o s t in the l i t t e r or in the droppings p i t . 
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Table 7 . 1 . Egg-production records fo r f l oo r -and nes t - l aye rs as expressed in 

the r a t i o ( L /0 ) o f number o f eggs l a i d (L) and the number 

o b s e r v a t i o n days (0). 

Floorlayers 

A31 

A32 

B44 

B45 

B46 

B47 

B48 

D13 

M14 

M15 

M16 

A21 

L/0 

6/6 =1.00 

8/8 =1.00 

8/9 =0.88 

12/13=0.92 

10/12=0.83 

6/6 =1.00 

6/6 =1.00 

6/6 =1.00 

10/10=1.00 

7/7 =1.00 

9/9 =1.00 

9/10=0.90 

Nest-layers 

B41 

B42 

B43 

M12 

M13 

DU 

D12 

D14 

All 

A12 

Mil 

B21 

B22 

A33 

A34 

A35 

L/0 

9/11 =0.82 

12/13=0.92 

11/12=0.92 

10/10=1.00 

9/9 =1.00 

7/7 =1.00 

7/7 =1.00 

5/5 =1.00 

19/23=0.83 

10/13=0.77 

8/8 =1.00 

14/17=0.82 

19/22=0.86 

10/10=1.00 

11/11=1.00 

8/8 =1.00 

7.2.2.2. Lag duration-pattern 

In the f l o o r - a n d n e s t - l a y i n g group l a g d u r a t i o n s between eggs l a i d on 

a l t e r n a t i n g days were ca l cu l a ted . Figure 7 .1 . shows the frequency d i s t r i b u ­

t i o n o f the number o f i n t e r v a l s between o v i p o s i t i o n s c h a r a c t e r i s e d by 

p o s i t i v e l a g d u r a t i o n s i . e . 0 t o 1 hour , 1 t o 2 hours and 2 t o 3 hours 

and n e g a t i v e l a g - d u r a t i o n s i . e . 0 t o - 1 and - 1 t o -2 hours . No d i f f e r e n c e s 

were found i n t he l a g - d u r a t i o n p a t t e r n between both groups ( X2 = 1 .61 ; 

d f = 4 ; N.S.). The l a g d u r a t i o n most f r e q u e n t l y reached a va lue o f zero to 

one hour per 48 hours i n both groups ( f i g u r e 7 . 1 ) . 
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Figure 7.1.The f requency d i s t r i b u t i o n o f i n t e r v a l s between o v i p o s i t i o n s 

c h a r a c t e r i s e d by d i f f e r e n t l ag d u r a t i o n s f o r f l o o r - a n d n e s t -

l aye rs . For f u r t h e r exp lanat ion see t e x t . 

7.2.2.3. Consistency in site-use 

Since each hen had not been observed on subsequent o v i p o s i t i o n days a 

perseverance index (see chapter 4) could not be used to study consistency 

i n s i t e - u s e . T h e r e f o r e on l y the f requency index ( = F ( i ) ) i . e . the number o f 

eggs l a i d a t the same s i t e d i v ided by the t o t a l number of eggs l a i d (chap­

t e r 4) was used. 

No d i f fe rences were found in consistency of n e s t - s i t e use between f l o o r -

and n e s t - l a y e r s . S i m i l a r p r o p o r t i o n s o f the n e s t - a n d f l o o r - l a y e r s n e a r l y 

a lways used the same s i t e i n the pen ( F ( i ) > 0 .70) . Other hens more 

f r e q u e n t l y changed nes ts ( F ( i ) < 0 .70) . Two o f the 11 n e s t - u s e r s i n t h i s 

study were observed to lay a f l o o r - e g g . 
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Table 7 .2 . Frequency - index f o r f l oo r -and nes t - l aye rs i n d i c a t i n g the con­

s i s t e n c y i n s i t e use i n the pen. For f u r t h e r e x p l a n a t i o n see 

t e x t . 

Floor-layers 

A31 

A32 

D13 

B44 

B45 

B46 

B47 

B48 

M14 

M15 

M16 

Frequency-index 

6/6 =1.00 

8/8 =1.00 

3/6 =0.50 

4/8 =0.50 

10/12=0.83 

6/10 =0.60 

6/6 =1.00 

6/6 =1.00 

6/10 =0.60 

4/7 =0.57 

9/9 =1.00 

Nest-layers 

B41 

B42 

B43 

Mil 

Ml 2 

M13 

Dil 

D12 

D14 

All 

A12 

Frequency-index 

9/9 =1.00 

7/12 =0.56 

8/11 =0.73 

8/8 =1.00 

5/10 =0.50 

6/9 =0.66 

7/7 =1.00 

4/7 =0.57 

4/5 =0.80 

14/19=0.74 

7/10 =0.70 

7.2.3. Discussion 

Nest-and f l o o r - l a y e r s d id not d i f f e r from each other w i t h respect to egg-

product ion records, egg-shel l q u a l i t y , l ag -du ra t i on pa t te rn and consistency 

i n the s i t e they use f o r l a y i n g . A p p a r e n t l y p h y s i o l o g i c a l i r r e g u l a r i t i e s 

d id not occur in t h i s s t r a i n of l a y i ng hens and t he re fo re t h i s phenomenon 

cannot account f o r the d i f fe rences i n s i t e use between i n d i v i d u a l hens. The 

r e s u l t s support the statement t ha t phys io log ica l i r r e g u l a r i t i e s are uncom­

mon in l a y i ng s t r a i n s (Jaap and Muir , 1968). 

Two n e s t - u s e r s on l y o c c a s i o n a l l y appeared to l a y an egg on the f l o o r , 

which suggests t ha t these o v i p o s i t i o n s were not preceded by nest ing beha­

v iour . Probably we are dea l ing here w i t h delayed o v i p o s i t i o n s . As mentioned 

be fore , adrenal ine i s e f f e c t i v e in de lay ing o v i p o s i t i o n . Since a hen reacts 

t o s t r e s s f u l l c o n d i t i o n s w i t h a h i g h e r a d r e n a l i n e p r o d u c t i o n (Freeman, 

1976) unexpected movements, rest lessness or other types of a larming s i t u a -
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t i ons in the hen-house may have r esu l ted i n delayed o v i p o s i t i o n s and thus 

to f l o o r - e g g s . 

7 .3 . P re - lay ing behaviour of f l oo r -and nes t - l aye rs 

D i f f e r e n c e s i n s i t e use between i n d i v i d u a l s were p robab l y no t due t o 

i r r e g u l a r i t i e s in phys io log ica l processes as demonstrated by the fo rego ing . 

Another p o s s i b i l i t y t ha t might exp la in such d i f f e r e n c e s , i s t ha t i n d i v i d u a l 

hens react d i f f e r e n t l y to environmental s t i m u l i . In o ther words, the nes­

t i n g tendency i n f l o o r - l a y e r s i s normal but f r u s t r a t e d f o r some reason e.g. 

by p r o p e r t i e s o f the nes ts or the l a y - o u t o f the pen. Th is may have 

produced a c o n f l i c t i n g s i t u a t i o n i .e . to nest or not to nest. 

When unable to f i n d a s u i t a b l e nes t brown l egho rn hens respond w i t h 

escape behav iou r and s t e r e o t y p e d pac ing (Duncan, 1970). In caged w h i t e 

l a y i n g hens excess i ve s t e r e o t y p e d back and f o r w a r d pac ing was obse rved , 

w h i l e these hens tended t o s i t f o r a c o n s i d e r a b l e s h o r t t i m e (Wood-Gush, 

1969, 1972). This type of behaviour does not occur in nest ing hens t ha t are 

kept under semi - in tens ive cond i t ions (see chapter 2) and the re fo re i t may 

be regarded as abnormal. Since hens respond i n a s i m i l a r way to f r u s t r a ­

t i o n in a feeding s i t u a t i o n (Duncan and Wood-Gush, 1972a), i t i s suggested 

t ha t the occurrence of s tereotyped pacing, escape and the tendency to spend 

less t ime s i t t i n g i s due to f r u s t r a t i o n i n the nest ing context . 

F u r t h e r m o r e , i n seve ra l spec ies o f b i r d (van I e r s e l and B o l , 1958; Ro-

w e l l , 1961; McFarland,1965) c o n f l i c t or f r u s t r a t i o n sometimes leads to the 

per fo rmance o f p a t t e r n s o f ano ther b e h a v i o u r a l s ys tem, wh ich i s no t 

a c t i v a t e d o r , as has been h y p o t h e s i z e d by van I e r s e l and Bol (1958), wh ich 

has become d i s i n h i b i t e d i n the c o n f l i c t . These s o - c a l l e d d i s p l a c e m e n t 

a c t i v i t i e s have a l so been d e s c r i b e d i n the domest ic f o w l . They are no t 

s h a r p l y d i s t i n g u i s h e d f rom the same a c t i v i t i e s appear ing i n the normal 

c o n t e x t excep t t h a t they are pe r fo rmed more h u r r i e d l y ( K r u i j t , 1964). 

D i sp lacement p r e e n i n g , f o r example , i s c h a r a c t e r i s e d by a much s h o r t e r 

b o u t - l e n g t h as compared w i t h the same a c t i v i t y i n a c o n t r o l s i t u a t i o n 

(Duncan and Wood-Gush, 1972b). So, i f f l o o r - l a y i n g i s caused by f r u s t r a t i o n 

f l o o r - l a y e r s are expected to spend more t ime i n pacing, escape movements 

and in d isplacement a c t i v i t i e s and less t ime i n s i t t i n g q u i e t l y on the nest 
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as compared with nest-layers. 
Finally, i t i s suggested tha t some hens may simply prefer to lay on the 

floor rather than using a nest-box provided. In that case floor-layers are 
expected to perform the same pre-laying behaviour as nest-layers without 
any signs of frustration and floor-laying is regarded as normal. Moreover, 
since hens concentrate on the preferred n e s t i ng - s i t e in the hours before 
ovipostion (unpublished data) such floor-layers are expected to pay l i t t l e 
or no attention to the nest-boxes. 

In the following the pre- laying behaviour of f loor-and nes t - l ayers i s 
described and compared. To check in how far d ifferences in behaviour are 
r e la ted to the egg-laying s i tua t ion observations were a lso made during 
periods in which no eggs were l a id , so-cal led control sess ions . To find 
out whether displacement ac t iv i t ies occurred, the bout-length of elements 
performed during pre-laying and control sessions are compared. 

7.3.1. Materials and methods 

In order to compare and describe the behaviour of floor-and nest-layers 
data were available of hens from flock Ml and B4 (see section 7 .2 .1 . ) . 

Observations 

For identification purposes the hens were marked with a felt-pen on their 
backs or necks on the day of a r r i v a l . Observations were always made by 
means of a video-camera which was mounted above a pen. 

During the f i r s t five weeks of the egg-laying period each flock was 
observed on a l t e rna t ing days from 8.00 am unti l 15.00 pm, except during 
week-ends. As a r e su l t for flock Ml and B4 twelve and t h i r t een daily 
records were obtained, r espec t ive ly . Within each 7 hour sample session 
oviposi t ion time and s i t e were r eg i s te red plus the hen's i den t i ty which 
enabled the identification of floor-and nest-layers. 

In each flock a number of floor-and nest-layers was chosen according to 
the following c r i t e r i a : 
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* Social rank index 

Both groups shou ld be r e p r e s e n t e d by hens w i t h comparable s o c i a l rank 

i n d i c e s . T h e r e f o r e the r a n k - o r d e r was d e t e r m i n e d i n bo th f l o c k s . S ince 

soc ia l rank before and a f t e r sexual development appeared to be s t rong ly 

c o r r e l a t e d ( chap te r 4 ) , rank o r d e r s were on l y based on data ( a g o n i s t i c 

behav iou r ) scored f o r one hour each day i n the weeks be fo re l a y i n g . A 

more d e t a i l e d desc r i p t i on of the method has a lready been given in chap­

t e r s 3 and 4. 

* Consistency i n s i t e use 

A hen had t o be c o n s i s t e n t i n l a y i n g e i t h e r on the f l o o r or i n a n e s t -

box. 

* The number of p r e - l ay i ng sessions 

At l e a s t 4 o v i p o s i t i o n s preceded by p r e - l a y i n g behav iour shou ld be on 

tape. 

As a r e s u l t b e h a v i o u r a l r eco rds were a v a i l a b l e o f 3 f l o o r - a n d 3 n e s t -

users f rom f l o c k B4 and o f 2 f l o o r - a n d 2 n e s t - u s e r s f rom f l o c k M l . The 

Table 7.3. The number o f p r e - l a y i n g (PS) and c o n t r o l sess ions (CS) scored 

per hen. 

Hen 

04b 

07b 

10m 

14m 

17b 

nest-

PS 

5 

6 

6 

8 

8 

•lay ers 

CS 

6 

6 

6 

6 

6 

Hen 

01b 

02b 

05m 

08b 

12m 

floor-

PS 

6 

4 

6 

6 

7 

-layers 

CS 

6 

6 

6 

6 

6 

number o f p r e - l a y i n g sess ions v a r i e d per hen ( t a b l e 7.3 ). The f l o o r - a n d 

n e s t - l a y i n g group were bo th r e p r e s e n t e d by 1 l o w , 2 m idd le and 2 h igh 

r a n k i n g hens. 

Du r ing each h a l f - h o u r sample sess ion the f requency and d u r a t i o n o f the 
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f o l l o w i n g behavioural e lements, which have been def ined before (chapter 3) 

were recorded v ia a two d i g i t - c o d e i n the event recorder : 

* Pacing 

* Orientation away from the flock 

* Eating 

* Drinking 

* Preening 

* Sleeping/resting 

* Nest-box inspection 

* Nest-box entry 

F loor -nes t i nspec t ion and f l o o r - n e s t en t ry could not be r e g i s t e r e d , be­

cause i t was impossib le to d i s t i n g u i s h whether the hen was indeed inspec­

t i n g or en te r i ng a f l o o r - n e s t . 

* S i t t i n g and r o t a t i n g in a nest-box 

* Fl o o r - n e s t s i t t i n g and r o t a t i n g 

V o c a l i s a t i o n s l i k e the p r e - l a y i n g c a l l were no t r e g i s t e r e d , because i n 

f l o c k s o f t h i s s i z e i t was i m p o s s i b l e t o d i s t i n g u i s h f rom tape wh ich hen 

u t te red the sound. 

For each o f these ten hens 6 h a l f - h o u r c o n t r o l o b s e r v a t i o n s were taken 

e i t h e r on non- lay ing days (brought about by f a i l u r e to ovu late) or a t l e a s t 

one hour a f t e r the egg was l a i d . However, w i t h i n 15-75 minutes a f t e r ov ipo-

s i t i o n the nex t o v u l a t i o n occurs ( S t u r k i e and M u e l l e r , 1976), wh ich i s 

accompanied by a c o r t i c o s t e r o n e peak (Beuving and Vonder, 1981). Hence, 

con t ro l observat ions may co inc ide w i t h o v u l a t i o n . Such con t ro l s and those 

taken on pause-days may not be comparable. To check t h i s , behaviour scored 

d u r i n g the two c o n t r o l t ypes was compared to each o t h e r . No d i f f e r e n c e s 

were found between con t ro l observat ions taken on pause-days and egg- lay ing 

days. T h e r e f o r e these data were combined and r e f e r r e d to as c o n t r o l ses ­

s ions . 

S t a t i s t i c s 

E g g - l a y i n g and c o n t r o l sess ions o f i n d i v i d u a l hens were ana lysed as 

f o l l o w s . The t o t a l t ime spent in each of the elements scored was ca l cu la ted 

per observat ion session i .e. per ha l f hour. Moreover, the bou t - leng th was 

c a l c u l a t e d by d i v i d i n g the t o t a l d u r a t i o n by the t o t a l f r e q u e n c y . Subse-
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quent ly f o r each element the median t o t a l dura t ion per observat ion session 

and the median bou t - leng th was ca l cu la ted f o r f l oo r -and n e s t - l a y e r s . D i f f e ­

rences between the f i v e f l oo r -and f i v e nes t - l aye rs were tes ted by means of 

the M a n n - W h i t n e y - U - t e s t . A Sign t e s t was a p p l i e d to d e t e c t d i f f e r e n c e s 

between the egg- lay ing and con t ro l s i t u a t i o n (S iege l , 1956). 

7 . 3 . 2 . Results 

7.3.2.1. Pacing and orientation away from the flock 

In f l o o r - l a y e r s s tereotyped back and forward pacing appeared to be one of 

the main a c t i v i t i e s ( 21.8 %) dur ing the p r e - l ay i ng session and they tended 

to spent more t i m e i n t h i s behav iou r than d i d n e s t - l a y e r s (U=6; p=0 .11 ; 

f i g u r e 7.2). In both groups i n d i v i d u a l v a r i a b i l i t y was ra ther l a rge : some 

hens were never observed to pace, wh i le o thers spent a considerable amount 

of t ime pacing. 

Furthermore, f l o o r - l a y e r s tended to spent more t ime i n o r i e n t a t i o n away 

from the f l o ck than d id nes t - l aye rs (U=5; p=0.07; f i g u r e 7.2). 

No d i f fe rences were found w i t h respect to the bou t - leng th of these beha­

v iours between both groups. 

N e i t h e r pac ing nor escape movements were pe r fo rmed d u r i n g the c o n t r o l 

s i t u a t i o n by both f l oo r -and nes t - l aye rs . 
% of time 

wÊ floor-layers (n=5) 

Q nest-layers (n=5) 

Figure 7.2.The percentage o f t i m e spent i n pac ing and i n o r i e n t a t i o n away 

dur ing p re - l ay i ng sessions. n=number of hens 
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7 . 3 . 2 . 2 . Ea t i ng , d r i nk i ng and preening 

F l o o r - l a y e r s spent s i g n i f i c a n t l y more t i m e i n d r i n k i n g ( U = l ; p<0 .01 ; 

f i g u r e 7 .3) , w h i l e they tended to spent more t i m e e a t i n g (U=6; p=0 .11 ; 

f i g u r e 7.3). D r ink ing and ea t ing occurred more f requen t l y w i t h the approach 

of ov ipos i t i o n . 

No d i f fe rences were found w i t h respect to the mean bou t - leng th of these 

behaviours between f l oo r -and n e s t - l a y e r s . 

Dur ing the c o n t r o l s i t u a t i o n no d i f f e r e n c e s were found i n the median 

t o t a l du ra t ion and bou t - leng th between f l oo r -and nes t - l aye rs . 

The median b o u t - l e n g t h o f e a t i n g and d r i n k i n g was s i g n i f i c a n t l y longer 

d u r i n g the c o n t r o l than d u r i n g the l a y i n g s i t u a t i o n i n bo th n e s t - (N=5; 

x=0; p=0.03; t a b l e 7.4) and f l o o r - l a y e r s (N=5; x=0; p=0.03; t a b l e 7 .4) . 

Table 7 .4 . The median bou t - leng th (seconds) of d r i nk i ng and ea t ing dur ing 

p r e - l a y i n g and con t ro l sessions. 

Dr ink ing Eat ing 

P re - lay ing Control P re - lay ing Control 

Nest - layers 12 42 21 108 

F l oo r - l aye rs 17 45 35 148 

No d i f fe rences were found between f l oo r -and nes t - l aye rs w i t h respect to 

the median t ime spent preening dur ing the egg- lay ing s i t u a t i o n . A c t u a l l y , 

on l y very l i t t l e t i m e was spent i n t h i s behav iou r by both f l o o r - ( 0 % ) 

and n e s t - l a y e r s (0.01 %; f i g u r e 7 .3) . 

During the con t ro l s i t u a t i o n no d i f fe rences were found between f l oo r -and 

nes t - l aye rs w i t h respect to the median t o t a l du ra t ion spent i n preening and 

the median bou t - l eng th . 
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of time 

• floor-layers (n=5) 

I | nest-layers (n=5) 

eating 

p<0.11 

preening 

Figure 7 .3 . The percentage of t ime spent i n d r i n k i n g , ea t ing and preening 

dur ing p re - l ay i ng sessions. n= number of hens. 

7 . 3 . 2 . 3 . S l eep ing / res t i ng 

S l eep ing and r e s t i n g o c c u r r e d very i n f r e q u e n t l y d u r i n g bo th the egg-

l ay i ng and con t ro l sessions. Therefore these elements are given no f u r t h e r 

c o n s i d e r a t i o n . 

7 . 3 . 2 . 4 . Nest ing behaviour 

Nes t i ng behav iou r d i r e c t e d t owards the nes t -boxes d i d occur i n f l o o r -

l a y e r s . As compared w i t h n e s t - l a y e r s , they spent about the same t i m e i n 

i nspec t ing and en te r ing the nests ( f i g u r e 7 .4) . No d i f fe rences were found 

w i t h respect to the median bou t - leng th of these two behaviours. 

R o t a t i n g and s i t t i n g i n a n e s t - b o x , however , was never pe r f o rmed by 

f l o o r - l a y e r s , wh i l e t h i s was one of the main a c t i v i t i e s dur ing l a y i ng i n 

n e s t - l a y e r s (27.5 %). F l o o r - l a y e r s on l y spent 7.3 % o f the t i m e s i t t i n g on 

the f l o o r . This behaviour was never performed by n e s t - l a y e r s . 

Although the dura t ion of nest-box s i t t i n g var ied between i n d i v i d u a l nest -

l a y e r s , t h e r e was a tendency to s i t f i r m l y on the nes t f o r a c o n s i d e r a b l e 
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t i m e w i t h o u t l e a v i n g i t u n t i l a f t e r o v i p o s i t i o n . I n d i v i d u a l d i f f e r e n c e s 

were a lso present w i t h i n f l o o r - l a y e r s , however, here s i t t i n g only occurred 

w i t h the approach of o v i p o s i t i o n . The t o t a l t ime spent s i t t i n g was s i g n i f i -

| floor-layers (n=5) 

• nest-layers (n=5) 

of time 

30 

20 

10 

0 

nest-box 
inspection 

nest-box 
sitting p<0.01 

nes t -box 
en t ry 

• 
f l 
s i 

1 
sitting 

Figure 7 .4 . The percentage o f t ime spent i n nest-box i nspec t i ons , nest-box 

e n t r i e s , nes t - box s i t t i n g and f l o o r - s i t t i n g dur ing p r e - l a y i n g 

sessions. n=number of hens. 

c a n t l y h i g h e r i n n e s t - l a y e r s than i n f l o o r - l a y e r s ( U = l ; p<0 .01 ; f i g u r e 

7 .4) . S ince s i t t i n g i n f l o o r - a n d n e s t - l a y e r s o c c u r r e d e q u a l l y o f t e n (1.61 

and 1.65 t i m e s / 0.5 hour , r e s p . ) , t he b o u t - l e n g t h o f s i t t i n g i n n e s t -

l a y e r s was s i g n i f i c a n t l y l o n g e r than t h a t i n f l o o r - l a y e r s (U=0; p<0 .01 ; 

t a b l e 7 .5) . 

Table 7 .5 . The median b o u t - l e n g t h o f f l o o r - a n d n e s t - s i t t i n g i n nes t -and 

f l o o r - l a y e r s . 

Bout - length (seconds) 

f l o o r - s i t t i n g nest-box s i t t i n g 

nes t - l aye rs 

f l o o r - l a y e r s 
x 

78.9 

413 

x 

x : d id not occur 
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During the con t ro l s i t u a t i o n no d i f fe rences were found between f l oo r -and 

nes t - l aye rs . They both spent some t ime in i nspec t ing the nest-boxes. Nest-

box en t r i es and nest-box or f l o o r - s i t t i n g was never observed. 

7 .3.3. Di s cuss ion 

F l o o r - l a y e r s spent more t i m e i n pac ing and o r i e n t a t i o n away f rom the 

f l o c k than d i d n e s t - l a y e r s , whereas s i t t i n g and r o t a t i n g o c c u r r e d f o r a 

s i gn i f i can t t yshö r te r t ime . Thus the f i r s t mentioned group was more r es t l ess 

than were nes t - l aye rs . In t h i s respect p r e - l ay i ng behaviour of f l o o r - l a y e r s 

h igh ly resembles t ha t of caged hens (see sec t ion 2.5). Fur thermore, f l o o r -

layers spent more t ime d r i nk i ng and ea t ing than d id n e s t - l a y e r s . Although 

these are normal pa t t e rns , they were performed more h u r r i e d l y i .e . w i t h a 

shor ter bou t - leng th as compared w i t h the con t ro l s i t u a t i o n . Therefore t h i s 

type of behaviour may be regarded as a d isplacement a c t i v i t y . No d i f f e r e n ­

ces were present between f l oo r -and nes t - l aye rs i n a con t ro l s i t u a t i o n . 

These r e s u l t s i nd i ca te t ha t f l o o r - l a y e r s performed more behaviour i n d i c a ­

t i v e o f f r u s t r a t i o n due t o the n e s t i n g s i t u a t i o n than d i d n e s t - l a y e r s . 

Furthermore, f l o o r - l a y e r s spent, l i k e n e s t - l a y e r s , some t ime i n nest-box 

inspect ions and nest-box e n t r i e s dur ing egg- lay ing sessions. Therefore the 

r e s u l t s do not support the view t h a t f l o o r - l a y e r s s imply p re fe r the f l o o r 

f o r l a y i n g . 

Obviously the nest ing tendency in these hens i s f r u s t r a t e d by p a r t i c u l a r 

p r o p e r t i e s o f the e n v i r o n m e n t . In a p r e v i o u s s tudy ( chap te r 6) i t was 

concluded t ha t r o l l - away nests were associated w i t h more f l oo r -eggs than 

l i t t e r nests. Since f l oo r -pens i n the present study were a lso equipped w i t h 

r o l l - a w a y n e s t s , f r u s t r a t i o n may have been due to the p r o p e r t i e s o f the 

nests. Several c h a r a c t e r i s t i c s inherent to a l i t t e r nest may be impor tan t 

i n e l i c i t i n g n e s t - e n t r y and s i t t i n g . These may i n c l u d e f o r example , the 

m a t e r i a l the f l o o r o f the nes t i s covered w i t h ( K i t e e t a l . , 1 9 8 0 a ; Huber 

e t a l . , 1984; Breden e t a l . , 1985) o r the s lope o f the f l o o r . A l t e r n a t i v e ­

l y , i t might be t ha t the r e s t r i c t e d environment and the i n a b i l i t y to move 

away f rom the f l o c k f o r l a y i n g may have caused f r u s t r a t i o n (Wood-Gush, 

1972). Th is v iew i s suppor ted by the f a c t t h a t f l o o r - l a y e r s showed more 

o r i e n t a t i o n away f rom the f l o c k than n e s t - l a y e r s . More r esearch w i l l be 

necessary to provide an answer to t h i s quest ion . 
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7.4. Conclusions 

* Phys io log ica l i r r e g u l a r i t i e s appeared to be uncommon in the l a y i ng s t r a i n 

under s t udy . T h e r e f o r e t h i s f a c t o r p robab l y does no t account f o r t he 

d i f f e rence between i n d i v i d u a l hens to use e i t h e r the f l o o r or a nest-box 

f o r l a y i n g . 

* F l o o r - l a y e r s showed more behav iou r i n d i c a t i v e of f r u s t r a t i o n than d id 

n e s t - l a y e r s . T h e r e f o r e i n d i v i d u a l d i f f e r e n c e s i n nes t s i t e use may be 

caused by d i f fe rences in response to environmental s t i m u l i . 
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Chapter 8 

General discussion 

In the present study the development of nest ing behaviour and n e s t - s i t e 

se lec t i on i n i n d i v i d u a l hens was descr ibed. Fur thermore, a number of f ac ­

to rs appeared to a f f e c t the hen's choice to use e i t h e r the f l o o r or a nest -

box f o r l a y i n g . In t h i s chapter these r e s u l t s are discussed i n some d e t a i l . 

Moreover, recommendations i n order to reduce the percentage of f l oo r -eggs 

are fo rmula ted and t h e i r p r a c t i c a l s i g n i f i c a n c e i s d iscussed. 

In the p a s t , bu t a l so more r e c e n t l y , s eve ra l o t he r s t u d i e s c once rn i ng 

n e s t - s i t e s e l e c t i o n and f l o o r - l a y i n g i n domest i c hens have been c a r r i e d 

o u t . A number o f f a c t o r s , o t h e r than those r e p o r t e d i n the p r esen t s t u d y , 

appeared to a f f e c t the hen's n e s t - s i t e c h o i c e . In o rde r t o reduce f l o o r -

l ay i ng as f a r as possib le a l l f a c to rs t ha t c on t r i bu te to t h i s problem must 

be taken i n t o account. In t h i s way the most adequate c i rcumstances can be 

created to s t imu la te l ay ing hens to use a nest-box. Therefore recommenda­

t i o n s are no t on l y based on r e s u l t s r e p o r t e d he re , bu t a l s o on those 

obtained i n o ther s tud ies . 

8.1. Development of nesting behaviour and nest-site selection 

The r e s u l t s r e v e a l e d t h a t hens do no t e n t e r nes t -boxes nor show n e s t -

b u i l d i n g a c t i v i t i e s i n the weeks be fo re the f i r s t l a y i n g ( c h a p t e r 4 ) . 

During t h i s pe r i od , however, they gather i n fo rma t ion from p o t e n t i a l nes t ing 

s i t e s by i n s p e c t i n g them v i s u a l l y . P robab ly t h i s i n f o r m a t i o n i s used f o r 

t he s e l e c t i o n o f a s u i t a b l e n e s t - s i t e ; t h i s became o v e r t o n l y one day 

before the day of f i r s t o v i p o s i t i o n (chapter 5). Moreover, p revent ing nest -

inspect ions in the weeks before l a y i ng to occur, a f f ec ted subsequent nest -

s i t e choice (chapter 6) . From these r e s u l t s i t may be concluded t h a t nest -

s i t e s e l e c t i o n i n domest ic f o w l i s , as e x p e c t e d , a p rocess wh ich s t a r t s 

several weeks before the hen comes i n t o l ay . Probably t h i s process i s under 

the c o n t r o l o f o e s t r o g e n s , wh ich are produced by the d e v e l o p i n g o v a r i a 

(Wood-Gush and G i l b e r t , 1975). In t h i s r e s p e c t domest ic f o w l resemble 

spec ies o f n e s t - b u i l d i n g b i r d s ; here t he v a r i o u s s tages o f n e s t - b u i l d i n g 
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are a lso synchronized w i t h the development of the reproduct ive t r a c t (Em-

l e n , 1955). 

I nd i v idua l hens were cons is ten t i n using e i t h e r the f l o o r or a nest-box 

f o r l a y i ng (chapter 4). S i m i l a r r e s u l t s were repor ted by McGibbon (1976), 

K i te e t a l . (1980b) and Appleby e t a l . (1983a). Obviously the hen's choice 

to use a nes t - box or the f l o o r f o r l a y i n g i s e s t a b l i s h e d a t the s t a r t o f 

the egg- lay ing per iod and i s d i f f i c u l t to change. However, most hens were 

i ncons i s ten t in nest-box choice (Appleby and McRae, 1986; chapter 4 ) , even 

i f eggs were a l lowed to accumulate (Appleby and McRae, 1986) and not only 

between bu t a l so w i t h i n c l u t c h e s ( chap te r 4 ) . In c o n t r a s t , f e r a l l i v i n g 

hens were very cons is ten t i n using the same s i t e , a t l e a s t w i t h i n c lu tches 

(McBr ide e t a l . , 1969; Duncan e t a l . , 1978). Cons is tency i n c r e a s e d i f 

adjacent nest-boxes were regarded as one nest-box. These r e s u l t s suggest, 

as mentioned before (chapter 4 , d i scuss ion) , t h a t nest-boxes were probably 

placed too c lose to each o ther . Since n e s t - s i t e s i n f e ra l fowl are a l l we l l 

separated from each other (McBride, 1970), hens may not have d i sc r im ina ted 

between adjacent nest-boxes. 

An a l t e r n a t i v e e x p l a n a t i o n f o r i n c o n s i s t e n c y i n nest-box choice w i t h i n 

i n d i v i d u a l s was provided by Appleby and McRae (1986). In t h i s study nes t -

boxes o f f e red provided the hens w i t h d i f f e r e n t dimensions of concealment. 

Boxes p r o v i d i n g no concea lment a t a l l were r a r e l y chosen, w h i l e t hose 

p r o v i d i n g some d imens ion o f concea lment were m o s t l y f a v o u r e d . However, 

choices f o r concealment above a minimal l eve l were equ ivoca l . From t h i s i t 

was concluded t ha t concealment i s an impor tan t s t imu lus i n n e s t - s i t e se lec­

t i o n and t h a t a r t i f i c i a l n e s t - b o x e s , wh ich o f f e r more concea lment than 

na tura l s i t e s , ac t as super-normal s t i m u l i . Since choices between super­

normal s t i m u l i are supposed to be confusing (Appleby and McRae, 1986), t h i s 

could exp la in the inconsis tency i n choice between nest-boxes used i n these 

e x p e r i m e n t s . However, i f hens are o f f e r e d nes t -boxes d i f f e r i n g i n n e s t -

f l o o r cove rage , a r a t h e r c o n s i s t e n t cho i ce p a t t e r n i s obse rved , not on l y 

w i t h i n , bu t a l so between i n d i v i d u a l s ( c h a p t e r 5 ) . These r e s u l t s i n d i c a t e 

t ha t the nest-boxes used d id not act as s u p e r - s t i m u l i and i n a d d i t i o n , t ha t 

nes t - f l oo r -coverage i s another impor tan t key -s t imu lus i n the se lec t i on of a 

n e s t i n g s i t e . 

Throughout the whole study nest-boxes provided were used more o f ten as a 

n e s t i n g s i t e than the f l o o r o f t he pen' ( c h a p t e r s 4,5 and 6 ) . P robab ly t he 
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nest-boxes provided the hens w i t h such a concealment, which made them more 

su i t ab le nes t ing s i t es than the f l o o r of the pen. 

Genera l ly , l i t t e r nest-boxes were p re fe r red above r o l l - away boxes. Howe­

v e r , i f the l i t t e r boxes were absen t , a number o f hens wou ld accept t he 

a l t e r n a t i v e r o l l - a w a y box, w h i l e o t h e r hens s t a r t e d us ing the f l o o r . Ob­

v ious ly i n d i v i d u a l hens have d i f f e r e n t nes t ing requi rements. In t h i s r es ­

pect penned domestic hens resemble f e ra l l i v i n g f o w l . In the l a t t e r , nest -

s i t e s of i n d i v i d u a l s a lso var ied w ide ly (Duncan e t a l . , 1978). 

Prevent ing hens to inspect r o l l - away nests v i s u a l l y i n the weeks before 

l a y i n g i n c r e a s e d the hen's w i l l i n g n e s s t o use these boxes l a t e r on. In 

c on t ras t , experience w i t h l i t t e r nests i n the weeks before l a y i ng reduced 

the use of r o l l - away nests. P r i o r experience w i t h the nest ing a l t e r n a t i v e s 

was a l so r e p o r t e d to a f f e c t subsequent n e s t - c h o i c e i n o t he r s t r a i n s o f 

domest ic f o w l ( K i t e , 1983). A p p a r e n t l y a hen's n e s t - c h o i c e i s a f f e c t e d by 

i n t e r f e r i n g w i t h the process of n e s t - s i t e se lec t i on i n the weeks before 

l a y i n g . From these r e s u l t s i t i s concluded t h a t , i n con t ras t to f o r example 

a c a v i t y - n e s t i n g Fa lcon spec ies ( t he k e s t r e l ; Shu t t and B i r d , 1985) , t he 

domest ic hen's n e s t - s i t e s e l e c t i o n i s no t c o m p l e t e l y d e r i v e d i n n a t e l y 

through genotype; s i m i l a r to another Falcon species ( the peregr ine f a l c o n ; 

Barclay and Cade, 1983), domestic hens appear to have more general nest ing 

requi rements, r e s u l t i n g i n the acceptance of var ious types of nest-boxes. 

As ment ioned b e f o r e , f e r a l l i v i n g hens, l i k e o t h e r ground n e s t i n g b i r d s 

e .g. the Canada Goose ( C o l l i a s , 1964), do no t b u i l d nes ts i n t h a t they 

car ry nest ing ma te r ia l to the n e s t - s i t e . Therefore they w i l l have to r e l y 

upon the s t r u c t u r e s p resen t i n t h e i r n a t u r a l e n v i r o n m e n t . P robab ly these 

ground nes t ing b i rds evolved more general nes t ing requi rements. Neverthe­

l e s s , they w i l l always choose the best op t ion a v a i l a b l e . 

8 . 2 . Factors a f f e c t i n g f l o o r - l a y i n g 

F l o o r - l a y i n g was associated w i t h a number of f a c t o r s . Some hens only l a i d 

the f i r s t egg on the f l o o r and s t a r t e d u s i ng nes t -boxes f o r subsequent 

o v i p o s i t i o n s (Appleby e t a l . , 1983a; Breden e t a l . , 1985; c hap te r s 4 and 

6). No c lear exp lanat ion f o r t h i s phenomenon i s a v a i l a b l e . Ov ipos i t i on i s 

known to be accompanied by e l e v a t e d plasma l e v e l s o f c o r t i c o s t e r o n e 
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(Beuving and Vonder, 1981). Moreover, f i r s t ov ipos i t ions appeared i nva r i a ­

bly to be p receded by r e s t l e s s behaviour such as pacing and t r y i n g to 

e scape from the pen ( chap t e r 4 ) . Thus a hen may be t hought of being under 

s t r e s s during the f i r s t egg-laying days (Wood-Gush, 1983). Rest lessness may 

h inder her r e sponding to the s t i m u l i of the n e s t and thus the egg may be 

dropped on the f l o o r . In the cour se of t ime in most hens r e s t l e s s n e s s 

disappeared probably because of hab i tua t ion . This allowed s i t t i n g qu ie t ly 

on a nes t , thus r e su l t i ng in the laying of a nes t -egg. 

Floor-eggs caused in t h i s way are d i f f i c u l t to con t ro l . However, o ther 

f a c t o r s t h a t appeared to c o n t r i b u t e to the o ccu r r ence of f l o o r - e g g s a r e 

probably more sui ted to be con t ro l l ed . These fac tors wil l be discussed in 

the next paragraphs. 

8 .2 .1 .Socia l f ac tors 

The e f f e c t of s o c i a l dominance and the p r e sence of a cock on the hen 's 

n e s t - s i t e choice was i nves t iga ted . No r e l a t i on was found between s i t e use 

and social rank. Obviously competit ion for nest-boxes does not con t r ibu te 

to f l oo r - l ay ing . By con t r a s t , a nest-box was f requently used s imultaneously 

by more than one i n d i v i dua l d e s p i t e the f a c t t h a t a number of boxes were 

unoccupied (chapter 4). Gregariousness in laying has a lso been reported by 

Ki te e t a l . (1980b) and Appleby e t a l . (1984). 

The r e s u l t s , however, s ugges t ed t h a t the hen 's cho ice to use e i t h e r t h e 

f loor or a nest-box~ for laying was affected by the presence of a cock. In 

a pen provided with rol l -away nests and a cock fewer f loor-eggs were found 

as compared wi th such a pen w i t hou t a cock. Moreover, the cock was f r e ­

quen t ly observed e n t i c i n g hens towards t he boxes wh i l e c o r n e r i n g and he 

a lso entered nest-boxes (chapter 4). In t h i s r espect domestic fowl resemble 

f e r a l l i v i n g fowl (McBride e t a l . , 1969). There fore housing l a y i ng hens 

with cocks might prove to be an e f f i c i en t manner in reducing f l oo r - l ay ing . 

Under p r a c t i c a l c i r c u m s t a n c e s , however, f lock s i z e i s much l a r g e r as 

compared to natural condi t ions (McBride e t a l . , 1969). Flock s ize i s known 

to a f f e c t mat ing behaviour of ma le s . If hens and cocks were kept in l a r g e 

f l ocks (14 cocks and 247 hens and 15 cocks and 164 hens ) , dominant cocks 

f requently i n te r rup ted mating of sub-ordinates by th rea ten ing (Pamment e t 
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a l . , 1983). S i m i l a r l y , dominant cocks are expected to i n t e r r u p t corner ing 

of sub-ord inates . Therefore, i n la rge f l ocks the p o s i t i v e e f f e c t o f corne­

r i n g , as mentioned above, w i l l only be achieved p a r t l y . The best e f f e c t o f 

t he presence o f a cock may be expec ted i n very sma l l f l o c k s and i f t he 

n a t u r a l r a t i o i s f o l l o w e d ( i . e . 1 cock per 6-8 hens ; McBride e t a l . , 1969 ) . 

F l o c k - s i z e a l so appeared to a f f e c t ano ther s o c i a l p rocess i . e . s o c i a l 

spac ing (Hughes e t a l . , 1974). In c o n t r a s t t o n a t u r a l c o n d i t i o n s (McBr ide 

e t a l . , 1969) , no s t a b l e groups were fo rmed i n f l o c k s o f f o u r t o 600 

hundred White Laying hens. Some i n d i v i d u a l s were observed to move over only 

p a r t o f the t o t a l a rea . However, o t h e r hens moved over l a r g e a reas . S ince 

i n d i v i d u a l r e c o g n i t i o n i n l a r g e f l o c k s i s u n l i k e l y , t h i s may r e s u l t i n 

agon is t i c i n t e r a c t i o n s between strange hens. Against t h i s background we may 

exp la in why b r o i l e r breeders, t h a t are kept i n la rge f l o c k s , removed pen­

mates from the nest-boxes (Perry , 1977). Perhaps a r es iden t b i r d may have 

chased away an i n t r u d e r , and t h i s may have f a c i l i t a t e d the product ion of a 

f l o o r - e g g . 

8.2.2.Nest-box management 

Nest-box design 

L i t t e r nests were associated w i t h fewer f l oo r -eggs than were r o l l - away 

nes ts ( chap te r 6 ) . Moreover , i n a cho i ce s i t u a t i o n the m a j o r i t y o f hens 

p re fe r red l i t t e r nests provided w i t h wood-shavings or buckwheat husks over 

r o l l - away nests provided w i t h a w i re basket or a r t i f i c i a l grass (chapter 

5 ) . Comparable r e s u l t s were r e p o r t e d f o r Whi te Lay ing hens (Huber e t a l . , 

1985; Breden e t a l . , 1985) us ing a s i m i l a r range o f m a t e r i a l s . Whi te Leg­

horn hens and Bantams were a lso found to respond to the presence of nest ing 

m a t e r i a l i n a n e s t : s i g n i f i c a n t l y more eggs were l a i d i n nes ts p r o v i d e d 

w i t h l i t t e r than i n nes ts w i t h a bare meta l f l o o r ( K i t e e t a l . , 1980a). 

Apparently the presence of l i t t e r i s an impor tan t key s t imu lus i n e l i c i t i n g 

nes t -en t ry and s i t t i n g . Since nest ing ma te r ia l i s tynown to play an impor­

t a n t r o l e i n p r o t e c t i n g the eggs f rom t he c o l d (Coil l i a s , 1964) , t h i s may 

exp la in the e xh i b i t ed preference f o r l i t t e r - n e s t s . 

Opening r o l l - away nests provided w i t h a w i re basket on the day the f i r s t 

eggs i n t he f l o c k appeared ( = l a t e ) , r e s u l t e d i n f ewer f l o o r - e g g s than 
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opening such nes ts on the day the hens were p laced i n the pen ( = e a r l y ) . 

A p p a r e n t l y , the w i l l i n g n e s s to use r o l l - a w a y nes ts decreased i f hens had 

been ab le t o i n s p e c t such nes ts i n the weeks be fo re l a y i n g . T h e r e f o r e , 

f l o o r - l a y i n g i s expected to reduce f u r t h e r , i f the number of hens t ha t have 

had no expe r i ence w i t h r o l l - a w a y nes ts be fo re l a y i n g c o u l d be i n c r e a s e d . 

A g a i n s t t h i s background, the p o s i t i v e e f f e c t o f open ing such r o l l - a w a y 

nests l a t e may not be present in la rge f l o c k s . In con t ras t to small f l o c k s , 

the i n t e r v a l between the days the f i r s t and l a s t hens s t a r t l a y i n g i s 

l a rge r i n la rge f l ocks kept i n the same windowless hen-house (pers. comm.; 

K o o l s t r a , 1986). Hence, more hens w i l l be ab le t o i n s p e c t the r o l l - a w a y 

nests before they s t a r t l a y i n g , which i s supposed to decrease the a t t r a c ­

t i v e n e s s o f the boxes. However, t he use o f such r o l l - a w a y nes ts i n l a r g e 

f l ocks might be s t imu la ted by b r ing ing more hens i n t o lay s imul taneously a t 

the s t a r t o f the l a y i ng pe r iod . A c r u c i a l f a c t o r i n f l u e n c i n g reproduct ive 

performance i s the l i g h t i n g regime app l ied dur ing the rea r ing and the s t a r t 

o f the l a y i n g p e r i o d ( M o r r i s , 1967). Under p r a c t i c a l c o n d i t i o n s hens are 

subjected to l i g h t i n g regimes r e s u l t i n g in opt imal reproduct ive performan­

c e . Howeve r , s i n c e many d i f f e r e n t s c h e d u l e s a re known t o a f f e c t 

reproduct ive performance ( M o r r i s , 1967), the ex istence of a l i g h t i n g regime 

r e s u l t i n g i n a more synchronous phys io log ica l development of f l ock-mates a t 

the s t a r t of l a y i ng i s not imaginary. Furthermore, more hens may be brought 

i n t o lay s imul taneously by composing un i form f l o c k s . This can be achieved 

by se l ec t i ng i n d i v i d u a l s according to body weight and comb-sizes. Ad jus t ing 

the l i g h t i n g scheme and composing uni form f l ocks may, in combinat ion w i t h 

open ing r o l l - a w a y nes ts on the day the f i r s t eggs appear i n t he f l o c k , 

reduce f l o o r - l a y i n g in la rge f l o c k s . A s i m i l a r e f f e c t i s expected i f such a 

t reatment i s app l ied to small f l o c k s . 

P r o v i d i n g nes t -boxes w i t h l i t t e r u n t i l a l a y i ng percentage of about 

38.6 % (LT2) and r e p l a c i n g the l i t t e r w i t h a w i r e b a s k e t , a l so reduced 

f l o o r - l a y i n g , a l t h o u g h i t s i n c i d e n c e was not reduced f u r t h e r as compared 

w i t h opening r o l l - away nests l a t e . However, fewer f l oo r -eggs were l a i d as 

compared w i t h r e p l a c i n g the l i t t e r a t 17.7 % o f l a y ( L T D . In the week 

a f t e r the change the f l o o r - e g g percentage i n group LT2 i n c r e a s e d on l y 

s l i g h t l y . Pos tpon ing the n e s t - c h a n g e , a l l o w e d a l a r g e r number o f hens to 

s t a r t u s i ng the l i t t e r n e s t s . P robab ly these hens were t r a i n e d i n t he use 

o f a nes t - box and c o n t i n u e d i n do ing so , even a f t e r the r ep lacemen t o f 
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l i t t e r by a w i r e baske t . Pos tpon ing the moment o f the nes t -change u n t i l 

peak-product ion might reduce f l o o r - l a y i n g even more. 

Furthermore, r o l l - away nests provided w i t h a s t r o t u r f were p re fe r red over 

those p r o v i d e d w i t h a w i r e b a s k e t , a c a r p e t f l o o r o r a w i r e mesh f l o o r 

(Kools t ra and Eh lhardt , 1982; Breden e t a l . , 1985). 

I f hens are kep t i n a v i a r i e s w i t h nes t -boxes i n t h r e e or more t i e r s , a 

c l e a r p r e f e r e n c e was observed f o r the nes t -boxes l o c a t e d i n the t o p - t i e r 

( E h l h a r d t , 1985; Breden e t a l . , 1985). I t i s no t very w e l l unders tood why 

these o r i g i n a l l y ground-nest ing hens, chose high located nests. Feral hens 

about t o l a y move away f r om t he f l o c k (Duncan e t a l . , 1978). Perhaps t he 

h igher located nests provided these penned hens w i t h some form of i s o l a ­

t i o n 

K i t e e t a l . (1980b) r e p o r t e d t h a t hens p r e f e r nes ts c o n t a i n i n g eggs to 

empty ones. T h e r e f o r e the presence o f eggs m i g h t s t i m u l a t e hens to s t a r t 

using a nest -box, which was conf i rmed more r e c e n t l y : the use of r o l l - away 

nes ts p r o v i d e d w i t h an a r t i f i c i a l decoy egg was a s s o c i a t e d w i t h f ewer 

f l oo r -eggs than the use of nests w i t hou t such eggs (Breden e t a l . , 1985). 

Other s tud ies concerning n e s t - s i t e choice i n domestic hens i n ves t i ga ted 

the e f f e c t o f l i g h t i n t e n s i t y i n the n e s t i n g s i t e . Brown Leghorn hens d i d 

not p re fe r dark nests , unless they had some experience w i t h them (Wood-Gush 

and Murphy, 1970). White Leghorn hens l a y i ng t h e i r f i r s t eggs e xh i b i t ed a 

p r e f e r e n c e f o r dark n e s t s . However, i f t hese hens had some l a y i n g expe­

r i e n c e inopen pens, a g r e a t e r p r e f e r e n c e was shown f o r l i g h t n e s t s . In 

c on t ras t , b i rds of a s t r a i n der ived from Rhode I s land Reds were more l i k e l y 

t o l a y i n l i g h t nes ts (Appleby e t a l . , 1983b). The m a j o r i t y o f hens o f 

three crossbreed l a y i ng s t r a i n s (Whi te Leghorn x B lack A u s t r a l o r p ; Whi te 

Leghorn x New Hampshire and Black Aus t ra lo rp x New Hampshire) appeared to 

nest i n un i l l um ina ted nests ra ther than i n i l l u m i n a t e d nests. This e f f e c t 

was more obv ious i n hens t h a t had had n e s t i n g e xpe r i ence w i t h nes t -boxes 

than i n hens t h a t had been housed i n cages ( K i t e , 1983). In dwar f Whi te 

Leghorn p u l l e t s f l o o r - l a y i n g was worse i f nests were placed opposi te a 25 W 

bulb than when they were placed underneath i t (Dorminey, 1974). 

These r e s u l t s demonstrate t h a t d i f f e r e n t s t r a i ns respond d i f f e r e n t l y to 

n e s t - i l l u m i n a t i o n . Moreover, nest -cho ice was a f f ec ted by p r i o r l a y i n g expe­

r ience . P r i o r experience w i t h the nest ing environment i n the weeks before 

l a y i ng a f f ec ted subsequent nest-box use (see above). T h e r e f o r e subsequent 
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choice f o r vary ing l eve l s of i l l u m i n a t i o n i n nests may a lso be a f f ec ted by 

p r i o r experience w i t h the nes t ing a l t e r n a t i v e s . 

Other c h a r a c t e r i s t i c s o f nes ts such as en t rance des ign ( K i t e e t a l . , 

1980a) d id not a f f e c t the hen's choice of a nest -box.Therefore t h i s f a c to r 

i s not expected to a f f e c t f l o o r - l a y i n g . However, the ma te r ia l the boxes are 

made o f appeared to i n f l u e n c e t h e i r use; i f o f f e r e d meta l n e s t s , 55.1 % 

f l o o r - e g g s were found ( E h l h a r d t e t a l . , 1984a). Hurn ik e t a l . (1974a) 

showed t h a t meta l nes ts were a s s o c i a t e d w i t h more f l o o r - e g g s than were 

wooden nests. 

Nest-box number 

Results on experiments i n which nest/hen r a t i o has been var ied have not 

been pub l ished. One study repor ted only a few f l oo r -eggs (0.93 %) i n a pen 

o f 250 p u l l e t s p r o v i d e d w i t h 40 nes ts ( n e s t - r a t i o a p p r o x i m a t e l y 1 : 6 .25; 

Woods and Laurent , 1958). I f 14 hens were kept i n a pen w i t h 2 l i t t e r nests 

no f l oo r -eggs were found (unpubl ished data). A comparable r a t i o ( 8-9 hens 

per nest) was app l ied in l a rge r f l ocks and here only 1.5 % eggs were l a i d 

on the f l o o r ( E h l h a r d t , 1985). However, c r owd ing i n a nes t f r e q u e n t l y 

o c c u r r e d , wh i ch may have r e s u l t e d i n c racked eggs ( u n p u b l i s h e d d a t a ; 

Eh lhard t , 1985). 

Furthermore, not a l l nests o f f e red are equal ly chosen. Hens kept in av ia ­

r i e s , f o r example, e xh i b i t ed a preference f o r high located nests (Breden e t 

a l . , 1985; E h l h a r d t , 1985). K i t e e t a l . (1980b) d i s t i n g u i s h e d s o c i a b l e and 

s o l i t a r y nest-box l aye rs . The f i r s t mentioned c l e a r l y p re fe r red the presen­

ce of another hen to a vacant nest-box, wh i l e the s o l i t a r y nesters genera l ­

l y avoided occupied nests. Shortage of nest-boxes may force some hens to 

s t a r t using the f l o o r . Therefore i t i s recommended to choose a r a t i o lower 

than 1:8 or 1:7, no t on ly t o p reven t f l o o r - l a y i n g , bu t a l so t o p reven t 

c r owd ing i n n e s t - b o x e s . Under p r a c t i c a l c i r c u m s t a n c e s one nes t f o r f o u r 

(Anon. , 1967) or f i v e hens ( F r a n c i s , 1970) has been recommended. A g a i n s t 

the background of the foregoing these r a t i o ' s may be qu i te s a t i s f a c t o r y . 
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8 . 2 . 3 . Accessabi ' l i ty o f the nests 

Observations i n b r o i l e r breeders suggested t ha t a ccessab i l i t y o f nests i s 

an impor tan t f a c to r in nest-use (K i te e t a l . , 1980a). Hearn (1983) repor ted 

i n b r o i l e r breeders t ha t the incidence of f l o o r - l a y i n g was reduced i n those 

pens where the bottom t i e r of nest-boxes was a t l i t t e r l e v e l . Since b r o i l e r 

breeders are heavy b i r d s , i t was suggested t ha t the i n a c c e s s a b i l i t y o f the 

nes ts was p r i m a r i l y r e l a t e d to body w e i g h t . However, as demons t ra ted by 

Appleby e t a l . (1983a) , f l o o r - l a y i n g by i n d i v i d u a l s was more g e n e r a l l y 

r e l a t e d t o f a i l u r e t o p e r c h . Hens r ea red w i t h perches l a i d f ewer f l o o r -

eggs than hens r ea red w i t h o u t pe rches . S ince p e r c h i n g i s i m p o r t a n t f o r 

access to r a i s e d n e s t - b o x e s , t h i s f a c t o r has an i n d i r e c t e f f e c t on n e s t -

box use. 

Housing hens seve ra l weeks b e f o r e the s t a r t o f the e g g - l a y i n g p e r i o d 

appeared to have a s i m i l a r e f f e c t . E h l h a r d t e t a l . (1984b) r e a r e d hens 

under three d i f f e r e n t c ond i t i ons : i n ba t te ry cages, in a l i t t e r - w i r e f l o o r -

pen and in a so -ca l l ed T ie red -w i re -F loo r -sys tem (TWF-system). Moreover, the 

age of housing i n the l a y i ng pen was var ied : h a l f of the hens were placed 

a t an age of 16 weeks in the TWF-system, which was equipped w i t h e levated 

nes ts and the o t he r h a l f a t an age o f 19 weeks. More f l o o r - e g g s were l a i d 

i n the groups t h a t had been r ea red i n the b a t t e r y - c a g e and i n t he w i r e 

f l oo r - sys tem as compared w i t h those reared i n the a l t e r n a t i v e system, a t 

l e a s t i f hens had been p laced i n the l a y i n g pen a t an age o f 19 weeks. 

However, t h i s e f f e c t o f r ea r ing cond i t i on was not present in the group t ha t 

had been p l aced i n the l a y i n g pen a t an age o f 16 weeks. Obv ious l y these 

hens were t r a i n e d w e l l enough i n p e r c h i n g b e f o r e the s t a r t o f t he egg-

l a y i n g p e r i o d , wh ich enab led them to reach the r a i s e d nes ts and o t h e r 

e levated f a c i l i t i e s provided i n the f l o o r - p e n , as w e l l . 

8 . 2 . 4 . I nd i v i dua l d i f fe rences 

Only a few nest-users occas iona l l y appeared to lay a f l o o r - e g g , which may 

have been due to d is turbances in the hen-house. However, some hens always 

used r o l l - a w a y nes ts f o r l a y i n g , w h i l e o t h e r hens, kep t under i d e n t i c a l 

c ond i t i ons , would lay on the f l o o r , which a l lowed us to d i s t i n g u i s h f l o o r -
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and n e s t - l aye r s . This d ifference between ind iv idua ls was not r e l a ted to 

physiological f a c to r s . Since f l oo r - l aye r s showed more behaviour i nd ica t ive 

of f r u s t r a t i o n , the d i f f e r e n c e between i n d i v i d u a l s may have been due to 

d i fferences in responsiveness to environmental s t imul i (chapter 7). S imilar 

r e s u l t s were r e po r t e d by Wood-Gush (1972), who compared the p r e - l a y i n g 

behaviour of White and Brown laying hens housed in cages. The white s t r a i n 

showed more behaviour i n d i c a t i v e of f r u s t r a t i o n than the brown s t r a i n , 

which spent more time s i t t i n g in the half hour preceding ov ipos i t ion . Since 

t he wh i t e and brown s t r a i n showed no d i f f e r e n c e s in the s t r e n g t h of the 

nes t ing response under l e s s i n t e n s i v e c o n d i t i o n s , t h e d i f f e r e n c e between 

s t r a i n s was supposed to be connected with the way they i n t e r a c t with sub-

opt imal s t i m u l i . F u r t he rmore , c o n s i d e r a b l e v a r i a b i l i t y in the s i t t i n g 

d u r a t i on was p r e s e n t amongst the wh i t e s t r a i n hens s ugges t i ng t h a t t h i s 

t r a i t has a g e n e t i c a l b a s i s . I f d i f f e r e n c e s in n e s t i n g behaviour between 

f l oo r - and n e s t - l a y e r s in the p r e s e n t s tudy a r e h e r i t a b l e , i t may be pos­

s ib le to s e l e c t for and aga ins t hens t h a t lay on the f loor under condi t ions 

p reva i l ing in our pens. 

The exis tence of a genet ical factor has been reported by McGibbon (1976). 

However, the r e s u l t s were a f f e c t e d by r e a r i n g c i r c u m s t a n c e s . I n c r ea sed 

f l o o r - l a y i n g was only p r e s en t in i nbred l i n e s t h a t were r e a r ed in c age s , 

whereas t h i s e f fec t was lacking in free range reared hens. Probably McGib­

bon s e l e c t e d for a t r a i t t h a t i n d i r e c t l y a f f e c t e d the use of a n e s t i . e . 

the a b i l i t y to perch (see above). 

S e l e c t i o n for a p a r t i c u l a r t r a i t may r e s u l t in an unforeseen s e l e c t i o n 

a g a i n s t a d e s i r a b l e one. Fu r t he rmore , s e l e c t i o n t akes a l o t of t i m e . 

However, shor t term e f fec t s may be expected by changing the environment and 

therefore the l a t t e r approach may be more s u i t ab l e . In t h a t case fur ther 

research wi l l have to be c a r r i ed out in order to find out what p a r t i cu l a r 

environmental f ac tors f r u s t r a t e the nest ing tendency in f l oo r - l aye r s . 

Several other f ac tors than those discussed so far were reported to a f fect 

f l o o r - l a y i n g or the hen 's n e s t - s i t e c ho i c e . Some of them c o n c e n t r a t e d on 

the des ign of the l a y ing pen such as the l o c a t i o n of the f e ed - t r ough s 

( S t a ppe r s , 1982) and the p r e sence (Sa insbury , 1980a) or s i z e and l o c a t i o n 

jf the d roppings p i t r e l a t i v e to the n e s t s ( S t a ppe r s , 1982). Fu r t he rmore , 

several unpublished data emphasized the importance of the type of mater ia l 
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used on the pen- f loo r or the m i c ro -c l ima te of the nest. However, e x p e r i ­

mental evidence suppor t ing the f i nd i ngs i s not always a v a i l a b l e , w h i l e most 

o f these f a c t o r s d i d not appear t o have a s y s t e m a t i c e f f e c t on f l o o r -

l a y i n g . Comparisons between s t u d i e s are d i f f i c u l t t o make, s i nce these 

o f ten d i f f e r e d from each other i n many aspects. 

In conc lus ion , a number of f ac to rs appeared to a f f e c t the hen's n e s t - s i t e 

use. In designing a l t e r n a t i v e l ay ing environments, i t i s impor tan t to take 

these f ac to rs i n t o account in order to reduce f l o o r - l a y i n g . As demonstrated 

i n the p r e s e n t s tudy an i n t e r a c t i o n was p resen t between two f a c t o r s : t he 

p roper t i es of the nests and the moment the hens got access to them. Proba­

b ly several o ther f ac to rs i n t e r a c t w i t h each o ther and i t may be wor thwh i le 

to e l uc ida te t h e i r e f f e c t s on the occurrence o f f l o o r - l a y i n g . 

8.3. Recommendations and their practical significance 

In t h i s s e c t i o n recommendat ions i n o rde r t o reduce f l o o r - l a y i n g are 

fo rmula ted and t h e i r p r a c t i c a l s i gn i f i cance i s discussed i n r e l a t i o n to an 

a l t e r n a t i v e system t h a t i s be ing deve loped i n the N e t h e r l a n d s , t he so-

c a l l e d T iered-Wire-F loor-system (Eh lhardt e t a l . , 1984a,b; Eh lhard t , 1985). 

In order to reduce f l o o r - l a y i n g i t i s recommended: 

-to use nests made of wood. 

- t o use l i t t e r nests provided w i t h wood-shavings. However, in con t ras t to 

r o l l - away nests , l i t t e r nests provided w i t h wood-shavings need labor ious 

manual e g g - c o l l e c t i o n . The mechanical harvest ing of l i t t e r nests i s poss i ­

b le by using a " b e l t " c o l l e c t i o n type ( so - ca l l ed tube-nests) provided w i t h 

buckwheat husks as nest ing m a t e r i a l . The c o l l e c t i o n i s achieved by moving 

l i t t e r and eggs t o g e t h e r on a b e l t t o an a d j a c e n t room. Here eggs and 

husks are separa ted and the l i t t e r i s r e c y c l e d . S ince the use o f such a 

n e s t i n g system i s more expens ive as compared w i t h a r o l l - a w a y n e s t i n g 

system (pers.comm.; Workamp,1986), i t s i n t r o d u c t i o n in the l a y i ng sector 

i s not considered to be a compe t i t i ve a l t e r n a t i v e to r o l l - away nes t ing 

systems. 
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- t o open r o l l - a w a y n e s t s , wh ich are no t g e n e r a l l y p r e f e r r e d by hens f o r 

l a y i n g , on the day the f i r s t eggs i n the f l o c k appear . F u r t h e r m o r e , t h i s 

may p reven t hens to get used to s l e e p i n g or r e s t i n g i n the nes ts d u r i n g 

the weeks be fo re l a y i n g . Nests may be c l e a n e r and as a r e s u l t t he 

q u a l i t y of the consumption eggs may be mainta ined. 

I f t h i s t rea tment i s app l ied to la rge f l o c k s , i t i s recommended to com­

pose u n i f o r m f l o c k s , a c c o r d i n g to body w e i g h t and comb-s izes and, i f 

poss ib le , to choose a l i g h t i n g regime t ha t a l lows f o r a more synchro­

nous phys io log ica l development of the p u l l e t s . 

- t o p r o v i d e r o l l - a w a y nes ts w i t h a s t r o t u r f and a decoy egg. 

- t o s t imu la te the use of r o l l - away nests by t r a i n i n g some young hens w i t h 

nest-boxes t ha t are i n i t i a l l y provided w i t h l i t t e r , which i s subsequently 

replaced by a s t r o t u r f . T ra in ing a l l hens in the use of a nest may reduce 

f l o o r - l a y i n g even more. This t reatment imp l i es t h a t eggs w i l l have to be 

c o l l e c t e d manua l l y d u r i n g the f i r s t weeks o f the e g g - l a y i n g p e r i o d . 

Moreover, a pou l t r y farmer w i l l have to spend some ex t ra labour i n con­

v e r t i n g l i t t e r nes ts i n t o r o l l - a w a y n e s t s . T h e r e f o r e the e x t r a c os t s 

due to these f ac to rs w i l l have to be weighed aga inst the p r o f i t s made by 

more nest-eggs l a t e r on. 

- t o provide the nests w i t h a decent a l i g t h i n g r a i l ; r a i l s should be f i x e d 

c lose to the nest f r o n t . 

- t o use a nest /hen r a t i o o f 1:4 or 1:5. 

- t o equip pens w i t h nest-boxes provided i n three or more b locks of two or 

three t i e r s , i n stead of p rov id ing one block w i t h many t i e r s . I f poss ib le , 

i t m i gh t be c o n s i d e r e d to p r o v i d e on l y one t i e r o f h igh l o c a t e d n e s t -

boxes. 

Recently a nest ing-system has been developed, which meets most of the r e ­

qu i r emen ts l i s t e d here (Anon. , 1983; the B r e s s l e r n e s t ) . I t i s p r o v i d e d 

w i t h a r o l l - away f ea tu re , which makes the nest compat ible w i t h b e l t c o l l e c ­

t i o n sys tems. The s p e c i a l i n s e r t used i n a s i n g l e nes t u n i t has been 

designed to be used as a l i t t e r t r a i n i n g nest f o r young b i r d s . The nest can 
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e a s i l y be c o n v e r t e d i n t o a r o l l - a w a y n e s t . The n e s t - i n s e r t s have a 

removeable rubber or nylon pad w i t h a decoy egg. An ad jus tab le cover p re ­

vents the b i rds s leeping i n the nests and a f i x e d perch i s designed to make 

access eas ier . This nest-system i s made of ga lvanised s t e e l , however, i t i s 

recommended to cons t ruc t such nests of wood. 

- t o take the v a r i a t i o n between s t r a i n s and the e f f e c t o f previous housing 

c o n d i t i o n s i n t o account w i t h r e s p e c t t o n e s t - i l l u m i n a t i o n . Brown hens 

r e a d i l y accep t l i g h t n e s t s , bu t Whi te hens p r e f e r da rke r n e s t i n g s i t e s . 

Hens t ha t have been reared and/or have had some l ay i ng experience under 

dark c i r c u m s t a n c e s , w i l l p r e f e r t o l a y i n a dark n e s t - box and v i c e 

versa, hens t ha t have been reared and/or have been l a y i ng i n l i g h t c i r cum­

stances w i l l p re fe r to use l i g h t nest-boxes. 

- t o r ea r hens on the f l o o r w i t h perches and t o p lace them i n the l a y i n g 

house a t an age of approx. 17-18 weeks so t ha t they can adapt to the new 

environment, or to place hens in the l ay ing house a t an age of 16 weeks. 

- t o a v o i d c o l l e c t i n g eggs d u r i n g the e g g - l a y i n g peak i n t he morn ing to 

prevent d is turbance to nest ing b i r d s . 

- t o keep hens in small f l o c k s . Good r e s u l t s are obtained w i t h a T i e red -

W i r e - F l o o r - s y s t e m (TWF-system) where hens are kep t i n f l o c k s o f 270 

i n d i v i d u a l s . I f t e c h n i c a l l y poss ib le , i t i s recommended to place rows 

of these smal l systems i n a hen-house, ins tead of designing one large 

TWF system. 

- t o place one cock on every 6-8 hens. However, t h i s recommendation i s only 

supposed to be a f f e c t i v e i f hens are kept i n very small f l o cks ( approx. 8 

hens) . However, s i nce t h i s way o f hous ing i s r a t h e r e x p e n s i v e , t h i s 

recommendation i s not supposed to be p r a c t i c a l l y manageable. 
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SUMMARY 

Since Wor ld War I I l i v e s t o c k husbandry has been h i g h l y i n t e n s i f i c a t e d . 

This t rend was most obvious in the pou l t r y i ndus t r y . Laying hens used to be 

housed ou tdoo rs i n f r e e - r a n g e sys tems, but nowadays these systems have 

a lmos t e n t i r e l y been r e p l a c e d by the b a t t e r y - c a g e . In the e a r l y s i x t i e s 

s c i e n t i s t s and the general pub l i c s t a r t ed to express much concern f o r the 

we l l - be ing of hens kept f o r egg-product ion in ba t te ry cages. In r eac t i on to 

t h i s concern f o r the we l l - be i ng of farm an imals , several research programs 

were s t a r t e d . One o f them c o n c e n t r a t e d on the o b j e c t i v e assessment o f 

we l f a re . Moreover, i n v e s t i g a t i o n s to improve e x i s t i n g systems and to deve­

lop a l t e r n a t i v e f l oo r -sys tems were s t a r t ed (chapter 1). However, a problem 

common to a l l f l o o r - s y s t e m s i s the r e l u c t a n c y o f a v a r i o u s pe rcen tage o f 

hens to use the l a y i n g nes ts p r o v i d e d . Th is has c o n s i d e r a b l e economic 

i m p l i c a t i o n s , such as l o s s o f eggs , d i r t y eggs and t i m e consuming egg-

c o l l e c t i o n . Acceptat ion of a l t e r n a t i v e s w i l l be promoted i f such a problem 

i s s o l v e d . The genera l aim o f the p r esen t s tudy was t o t r a c e f a c t o r s t h a t 

cause f l o o r - l a y i n g . 

Chapter 2 r e v i ews some l i t e r a t u r e on the p h y s i o l o g y and the normal 

n e s t i n g behav iou r o f domest ic hens. I t i s conc luded t h a t i r r e g u l a r i t i e s 

du r ing , f o r example, the hormonal con t ro l of o vu la t i on may e a s i l y lead to 

abno rma l i t i es i n egg-product ion and n e s t i n g behav iou r and t hus t o f l o o r -

eggs, as w e l l . In chapter 7 these parameters were used in order to f i n d out 

to what ex ten t f l o o r - l a y i n g i s caused by phys io log ica l i r r e g u l a r i t i e s (see 

be low). 

Chapter 3 presents a desc r i p t i on of the r ea r ing and exper imental housing 

c o n d i t i o n s and o f the hens used i n t h i s s t u d y . F u r t h e r m o r e , i t p r o v i d e s a 

d e f i n i t i o n of the behavioural elements scored. 

In chapter 4 the development of egg- lay ing behaviour and n e s t - s i t e choice 

i s d e s c r i b e d i n seven f l o c k s o f hens housed i n sma l l f l o o r - p e n s ( 2 x 2 

square meter) . Special i n t e r e s t i s d i r e c t e d t owards s o c i a l dominance and 

the e f f e c t of the presence of a cock on the hen's n e s t - s i t e choice. 

In the weeks before the hens came i n to lay they f r equen t l y examined the 

nes ts , whereas nes t -en t r i es only occurred some days before or in the hours 

preceding the f i r s t o v i p o s i t i o n . I t was pos tu la ted t ha t the e a r l y examina­

t i ons serve the se lec t i on of a s u i t ab le n e s t - s i t e . 
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In order to study perseverence i n nest-box cho ice, two parameters were 

used: a perseverence i ndex d e f i n e d as the number o f the same cho i ces on 

successive o v i p o s i t i o n days d i v ided by the t o t a l number of choices and a 

frequency index, def ined as the number of the same choices d i v ided by the 

t o t a l number of choices. Hens were judged to persevere in t h e i r choice i f 

both measures reached values l a rge r than 0.7. 

Only one o f the 13 observed hens pe rsevered i n nes t -box cho i ce w i t h i n 

c l u t c h e s ; she n e a r l y a lways chose the same box on subsequent days, bu t 

s t a r t e d ano the r e g g - l a y i n g sequence i n ano ther n e s t - b o x . The o t h e r hens 

f r e q u e n t l y changed n e s t - b o x e s . Cons is tency i n n e s t - c h o i c e i n c r e a s e d , i f 

t h r e e boxes a long one s ide o f the pen were regarded as one n e s t ; f o u r o f 

the 13 hens n e a r l y a lways used the same s i de o f the pen. Four o t h e r b i r d s 

d i d choose the same s ide o f the pen on success ive o v i p o s i t i o n days, bu t 

s t a r t e d ano ther e g g - l a y i n g sequence on the o t h e r s ide o f t he pen. One hen 

used nes t -boxes on one s ide o f the pen more f r e q u e n t l y , a l t h o u g h no t on 

subsequent o v i p o s i t i o n days. The r e m a i n i n g f o u r hens d i d no t show any 

consistency i n t h e i r nest -choice behaviour. I t was concluded t ha t i n d i v i ­

dual hens invo lved d i f f e r e n t f ac to rs in t h e i r n e s t - s i t e choice. 

Furthermore, i n d i v i d u a l hens were cons is ten t in using e i t h e r the f l o o r or 

a nes t -box as a n e s t i n g s i t e . No r e l a t i o n s h i p was found between s o c i a l 

s ta tus and nest-box choice, nor between soc ia l s ta tus and using the f l o o r 

or a nest-box f o r l a y i n g . Some evidence was provided t h a t the presence of a 

cock could reduce the percentage of f l oo r -eggs i n a pen provided w i t h r o l l -

away boxes. 

Chapter 5 presents the r e s u l t s of an experiment designed to i n ves t i ga te 

the e f f e c t o f r e a r r a n g i n g the s i t e s o f f o u r d i f f e r e n t nes t -boxes on the 

n e s t - e x a m i n a t i o n d u r a t i o n i n the weeks be fo re and d u r i n g the e g g - l a y i n g 

p e r i o d . Two types o f e x a m i n a t i o n s were d i s t i n g u i s h e d : i n s p e c t i o n s and 

glances. Moreover, the development of i nspect ions and glances i n the weeks 

be fo re l a y i n g i s d e s c r i b e d and compared ( e x p e r i m e n t 1 ) . F i n a l l y , i n the 

f i r s t and i n a second experiment the nest -examinat ion pa t te rn i n the weeks 

before l a y i n g and i t s r e l a t i o n s h i p w i t h the f i n a l nest -choice i s s tud ied . 

In the f i r s t experiment s ix teen wh i te l a y i ng hens were placed i n 8 round 

f l o o r - p e n s (1.5 m j f ) ; two hens per pen. Each pen was p r o v i d e d w i t h f o u r 

d i f f e r e n t nest-boxes; n e s t - f l o o r s were covered w i t h a s t r o t u r f , wood-sha­

v i n g s , buckwheat husks or a w i r e baske t . In the weeks be fo re l a y i n g the 
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hens were exposed to an e x p l o r a t i o n t e s t i n t h e i r home pen. Du r ing the 

f i r s t two weeks of the experiment the pos i t i ons of the nests never changed. 

Subsequently the pos i t i ons of the nests i n four of the 8 pens were changed 

3-4 t imes a week (=experimental group). In the o ther four pens nests were 

always i n the same pos i t i on (=contro l group). Exposing hens to an exp lo ra ­

t i o n t e s t was cont inued in the egg- lay ing pe r iod . 

No d i f f e r e n c e s were p resen t i n the t o t a l t i m e spent i n i n s p e c t i o n s and 

glances i n the per iod before the rearrangement of the nests between con t ro l 

and e x p e r i m e n t a l hens. However, as a r e s u l t o f chang ing the p o s i t i o n s o f 

the nests r e g u l a r l y , exper imental hens spent more t ime i n nes t - i nspec t ions 

than d id con t ro l hens. L i kew ise , the i nspec t ion dura t ion increased i n the 

e x p e r i m e n t a l group i f days w i t h o u t a change were f o l l o w e d by days w i t h a 

change and, v i c e v e r s a , decreased i f days w i t h a change were f o l l o w e d by 

days w i t hou t a change. From these r e s u l t s i t was concluded t ha t i nspect ions 

dur ing the weeks before l ay ing serve the a c q u i s i t i o n of i n f o r m a t i o n . 

The t o t a l t ime spent i n g lanc ing a t the nests remained unaf fected by the 

t rea tment . Moreover, glances and inspect ions f o l l owed a d i f f e r e n t temporal 

p a t t e r n over t i m e . In the course o f t i m e ( i n the weeks be fo re l a y i n g ) the 

glance du ra t ion decreased, whereas the t ime spent in inspect ions showed an 

increase. Apparently glances and inspect ions do not represent the same type 

of e x p l o r a t i o n . Glancing a t the nests was regarded to be a passive form of 

e x p l o r a t i o n , wh ich i s i n i t i a l l y e l i c i t e d by a change i n the e n v i r o n m e n t . 

N e s t - i n s p e c t i o n s were regarded as an a c t i v e f o rm o f e x p l o r a t i o n d u r i n g 

wh ich i n f o r m a t i o n i s ga the red f rom the n e s t s , wh ich may be used f o r t he 

f i n a l se lec t i on of a n e s t i n g - s i t e . 

Moving the nests to new places dur ing the l a y i ng per iod d id not r e s u l t i n 

an increase in the i nspec t ion du ra t i on . Obviously nes t - i nspec t ions dur ing 

t h i s per iod do not serve the same f unc t ion as those dur ing the weeks before 

l a y i n g . Inspect ions in the hours before o v i p o s i t i o n were supposed to r ep re ­

sent i n t e n t i o n movements to enter a nest-box. In the hours before o v i p o s i ­

t i o n glances were almost never performed. 

To s tudy the r e l a t i o n between n e s t - e x a m i n a t i o n s i n the weeks be fo re 

l a y i n g and l a t e r n e s t - p r e f e r e n c e a c o r r e l a t i o n c o e f f i c i e n t was computed 

between nest -preference i n the weeks before and dur ing l a y i n g . In none of 

the hens a s i g n i f i c a n t c o e f f i c i e n t was f o u n d . A p p a r e n t l y the f i n a l n e s t -

choice could not be p red ic ted by the amount of a t t e n t i o n paid to the nest -
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boxes dur ing the per iod considered. 

In the second experiment the nest -examinat ion pa t te rn and i t s r e l a t i o n to 

l a t e r nest -preference i s s tud ied i n f i v e hens t ha t had been observed u n t i l 

t he day o f f i r s t o v i p o s i t i o n . Expe r imen ta l c o n d i t i o n s were the same as 

d e s c r i b e d f o r e xpe r imen t 1 , however, nes t -boxes were a lways i n the same 

p o s i t i o n . The r e s u l t s revealed t ha t one day before the day of f i r s t ov ipo­

s i t i o n a l l hens showed the tendency to spent most t ime i n i n s p e c t i n g the 

nes t they p r e f e r r e d f o r the o v i p o s i t i o n of t he f i r s t s e r i e s of eggs. 

Apparently the f i n a l nest -choice was es tab l i shed one day before the day of 

f i r s t o v i p o s i t i o n . 

Chapter 6 presents the r e s u l t s of two experiments designed to reduce the 

percentage of f l oo r -eggs . The e f f e c t of the p roper t i es of the nests ( f a c to r 

1) and the moment the hens go t access to the nes ts ( f a c t o r 2) on the 

pe rcen tage o f f l o o r - e g g s i s i n v e s t i g a t e d . Moreover , i n e x p e r i m e n t 1 t he 

i n t e r r e l a t i o n s h i p between these two f a c t o r s i s examined. In both e x p e r i ­

ments t h e e f f e c t o f t he t r e a t m e n t s a re d e s c r i b e d o v e r t i m e . The 

e f f e c t i v e n e s s o f a t r e a t m e n t was j udged a c c o r d i n g to the percentage o f 

f l oo r -eggs l a i d dur ing the whole 6-week egg- lay ing per iod and dur ing the 

6th week of the egg- lay ing p e r i o d . 

In the f i r s t e x p e r i m e n t t w e n t y - f o u r f l o c k s o f w h i t e l a y i n g hens were 

housed a t an age o f 16 weeks i n sma l l f l o o r - p e n s . Two types o f nes ts were 

used ( l i t t e r and r o l l - away nes ts ) ; the nests were opened a t two d i f f e r e n t 

moments (on the day the f i r s t egg appeared i n a f l o c k = l a t e , or on the day 

the f l o c k s were housed i n the pens = e a r l y ) . A main e f f e c t was p resen t o f 

t he p r o p e r t i e s o f the n e s t s : more f l o o r - e g g s were found i n pens p r o v i d e d 

w i t h r o l l - away nests than i n pens provided w i t h l i t t e r nes ts , i n d i c a t i n g 

t h a t l i t t e r was p r e f e r r e d over a w i r e baske t . F u r t h e r m o r e , a s i g n i f i c a n t 

i n t e r a c t i o n was present between the two f ac to rs under study; opening r o l l -

away boxes l a t e r e s u l t e d i n f ewer f l o o r - e g g s than open ing these boxes 

e a r l y , whereas no d i f fe rences were found between opening l i t t e r nests ea r l y 

and l a t e . I t was concluded t ha t the ex tent to which ea r l y experience w i t h 

nests a f f e c t s the incidence of f l o o r - l a y i n g depends upon the type of nest -

box used. 

In o r de r t o reduce the percentage o f f l o o r - e g g s even more as compared 

to opening r o l l - away nests l a t e , the i n f luence of conver t ing l i t t e r nests 

i n t o r o l l - a w a y nes ts a t about 15 and 35 % o f l a y on the percentage of 
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f l oo r -eggs was s tud ied (experiment 2). For t h i s purpose s ix teen f l ocks of 

w h i t e l a y i n g hens were housed i n f l o o r - p e n s a t an age o f 16 weeks. In 8 

pens l i t t e r nests were converted i n t o r o l l - away nests a t an average l a y i ng 

percentage o f 17.7 % (group LTD and i n the r e m a i n i n g 8 a t an average 

l a y i n g percentage o f 38.6 % ( g roup LT2). More f l o o r - e g g s were found i n 

group LT1 than i n group LT2 , no t on l y i f the t o t a l p e r i o d a f t e r t he n e s t -

change i s considered, but a lso dur ing the l a s t egg- lay ing week. 

A comparison of the r e s u l t s w i t h i n and between both experiments showed 

t h a t r e p l a c i n g the l i t t e r w i t h a w i r e basket a t 17.7 % o f l a y r e s u l t e d i n 

more f l oo r -eggs dur ing the 6th egg- lay ing week than opening r o l l - away nests 

a t the s t a r t of the egg- lay ing pe r iod . Obviously the l a t t e r t rea tment d id 

not reduce the incidence of f l o o r - l a y i n g f u r t h e r . In c o n t r a s t , i t appeared 

to have a n e g a t i v e e f f e c t . In the week i m m e d i a t e l y f o l l o w i n g the n e s t -

change the percentage of f l oo r -eggs in group LT1 s i g n i f i c a n t l y increased. 

From t h i s i t was conc luded t h a t i f hens have on l y been ab le to i n s p e c t 

nes ts v i s u a l l y i n the weeks be fo re l a y i n g , they are l e s s l i k e l y t o s t a r t 

using r o l l - away nests l a t e r on. 

Changing l i t t e r nes ts i n t o r o l l - a w a y nes ts a t about 38.6 % o f l a y 

r e s u l t e d i n a comparable percentage o f f l o o r - e g g s as open ing r o l l - a w a y 

nes ts l a t e , i f the 6 th e g g - l a y i n g week i s c o n s i d e r e d . Thus the f i r s t 

mentioned t reatment d i d not reduce f l o o r - l a y i n g f u r t h e r as compared w i t h 

open ing r o l l - a w a y nests l a t e . 

Replacing the l i t t e r w i t h a w i re basket a t 38.6 % o f lay (LT2) r e s u l t e d , 

as e x p e c t e d , i n f ewer f l o o r - e g g s d u r i n g the 6 th e g g - l a y i n g week as com­

pared w i t h changing the nests a t 17.7 % o f lay (LT1). Postponing the moment 

o f the nes t -change a l l o w e d a l a r g e r number o f hens to s t a r t u s i ng the 

l i t t e r nests. Probably these hens were t r a i ned in the use of a nest-box and 

cont inued in doing so, even a f t e r the replacement of wood-shavings w i t h a 

w i re basket. 

As had become e v i d e n t i n chap te r 4 , some hens a lways used the f l o o r f o r 

l a y i n g , wh i l e other hens, kept under the same c ircumstances always used a 

n e s t - b o x . Chapter 7 c o n c e n t r a t e s on the q u e s t i o n wh ich f a c t o r s may cause 

i n d i v i d u a l d i f fe rences in s i t e use. Two p o s s i b i l i t i e s t h a t m igh t e x p l a i n 

such d i f fe rences are considered. F i r s t , i n order to detect whether f l o o r -

l a y i n g i s caused by p h y s i o l o g i c a l i r r e g u l a r i t i e s , e g g - l a y i n g r eco rds o f 

123 



f l oo r -and nes t - l aye rs are descr ibed and compared. The f o l l o w i n g parameters 

were used: d a i l y e g g - p r o d u c t i o n per hen, e g g - s h e l l q u a l i t y , l ag d u r a t i o n 

and consistency i n s i t e use. No d i f fe rences were found w i t h respect to each 

o f these measures between f l o o r - a n d n e s t - l a y e r s . I t was conc luded t h a t 

phys io log ica l i r r e g u l a r i t i e s are uncommon i n t h i s l a y i ng s t r a i n . Therefore 

t h i s f a c t o r was no t supposed to account f o r the d i f f e r e n c e s i n s i t e use 

between i n d i v i d u a l hens. 

Second, to f i n d out whether f l oo r -and nes t - l aye rs react d i f f e r e n t l y to 

environmental s t i m u l i or whether f l o o r - l a y e r s s imply p re fer the f l o o r f o r 

l a y i n g , the p r e - l a y i n g behav iou r o f f i v e f l o o r - a n d f i v e n e s t - l a y e r s i s 

descr ibed and compared. The r e s u l t s i nd i ca ted t ha t f l o o r - l a y e r s performed 

more behaviour i n d i c a t i v e of f r u s t r a t i o n due to the nest ing s i t u a t i o n than 

the nes t - l aye rs . Furthermore, f l o o r - l a y e r s spent l i k e nes t - l aye rs some t ime 

i n i nspec t ing and en te r ing nest-boxes dur ing egg- lay ing sessions. Therefore 

the r e s u l t s d i d no t suppor t t he v iew t h a t f l o o r - l a y e r s s i m p l y p r e f e r t he 

f l o o r f o r l a y i n g . I t i s more l i k e l y t ha t the nest ing tendency i n these hens 

i s f r u s t r a t e d by p a r t i c u l a r p roper t i es of the ( r o l l - away ) nests or perhaps 

by the i n a b i l i t y to move away from the f l o c k . 

In c hap te r 8 the deve lopment o f n e s t i n g b e h a v i o u r , the s e l e c t i o n o f a 

nest and f ac to rs t ha t appeared to a f f e c t f l o o r - l a y i n g are discussed i n some 

d e t a i l . I t was conc luded t h a t the s e l e c t i o n o f a nes t i s a p rocess wh ich 

s t a r t s i n the weeks be fo re l a y i n g . In o r de r t o reduce f l o o r - l a y i n g i t i s 

recommended to t ake a l l f a c t o r s , t h a t a f f e c t the hen's n e s t - s i t e c h o i c e , 

i n t o account. 

Fu r t he rmore recommendat ions t o reduce the percentage of f l oo r -eggs are 

d e r i v e d f rom the r e s u l t s o b t a i n e d i n t h i s and o t h e r s t u d i e s c once rn i ng 

n e s t - s i t e cho i ce i n domest i c hens and t h e i r p r a c t i c a l s i g n i f i c a n c e i s 

d iscussed. 
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DE ONTWIKKELING VAN HET EILEGGEDRAG EN DE LEGNEST-KEUZE VAN WITTE LEGHENNEN 

SAMENVATTING 

Gedurende de laatste decennia heeft de veehouderij in Nederland en de 

andere Europese landen een sterke ontwikkeling doorgemaakt. Deze werd onder 

meer gekenmerkt door de betrokken dieren in grote aantallen per opper­

vlakte-eenhei d te huisvesten in een monotone omgeving, terwijl de bewe­

gingsvrijheid aanzienlijk beperkt werd. 

Deze trend was het duidelijkst waarneembaar in de pluimvee houderij. 

Leghennen, bijvoorbeeld, werden tientallen jaren geleden nog gehuisvest in 

vrij kleine groepen in stallen voorzien van een uitloop. Vervolgens werd 

dit systeem vervangen door meestal vensterloze stallen zonder uitloop 

voorzien van een strooisel- of strooiselrooster vloer, terwijl het opper­

vlak per dier werd verkleind. Tegenwoordig zijn ook deze laatste systemen 

vrijwel geheel vervangen door het batterij-systeem. In het begin van de 

jaren zestig kwamen echter bezwaren naar voren tegen deze wijze van huis­

vesting voor leghennen, zowel vanuit maatschappelijke groeperingen als 

vanuit verschillende wetenschappelijke disciplines. Als gevolg hiervan 

werden onderzoekprogramma's gestart, die in hoofdstuk 1 in het kort be­

schreven worden. Een ervan richt zich op de vraag, hoe op objectieve wijze 

welzijn gemeten kan worden. Een ander onderzoek richt zich enerzijds op 

verbetering van bestaande huisvestingssystemen, terwijl anderzijds gezocht 

wordt naar alternatieve wijzen van grondhuisvesting voor leghennen. Echter, 

het huisvesten van hennen op de grond brengt enkele problemen met zich mee, 

zoals het voorkomen van buiten-nest- of grond-eieren, hetgeen een finan­

ciële strop voor de pluimveehouder inhoudt: eieren die niet in de daarvoor 

bedoelde legnesten gelegd worden, gaan verloren of worden bevuild met mest, 

terwijl het verzamelen van grond-eieren zeer tijdrovend is. Acceptatie van 

alternatieve grond-huisvestingssystemen zal worden bevorderd, als dergelij­

ke problemen opgelost zijn. Het doel van dit onderzoek is factoren op te 

sporen, die het voorkomen van grond-eieren veroorzaken. 

In hoofdstuk 2 wordt literatuur besproken met betrekking tot de fysiolo­

gie en het nestgedrag van de gedomesticeerde hen. Geconcludeerd werd, dat 

onregelmatigheden gedurende, bijvoorbeeld, de hormonale controle van de 

ovulatie kunnen leiden tot abnormale ei-produktie en afwijkend eileggedrag, 
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hetgeen weer t o t he t leggen van g r o n d - e i e r e n kan l e i d e n . In hoo fds tuk 7 

worden die parameters (abnormale e i - p r o d u k t i e en a f w i j k e n d e i l e g g e d r a g ) 

gebru ik t om na te gaan in hoeverre het leggen van grond-eieren veroorzaakt 

wordt door a fw i j k i ngen in de f y s i o l o g i e . 

In hoo fds tuk 3 wo rd t een b e s c h r i j v i n g gegeven van de algemene op fok -en 

exper imentele omstandigheden. Tevens worden h ie r de gescoorde gedragsele­

menten gede f in iee rd . 

De o n t w i k k e l i n g van he t nes tgedrag en de nes t - keuze van i n d i v i d u e l e 

hennen worden beschreven i n hoofdstuk 4. Tevens wordt de i nv loed bestudeerd 

van d o m i n a n t i e en de aanwez ighe id van een haan op de 1 egnes tkeuze . In de 

weken voor de hennen aan de l e g kwamen, werden de l egnes ten r e g e l m a t i g 

bezocht; de hennen gingen er echter pas enkele dagen of s lechts enkele uren 

voor de komst van het a l l e r e e r s t e e i i n . V e r o n d e r s t e l d w e r d , da t deze 

vroege nest-bezoeken van belang z i j n voor de u i t e i n d e l i j k e nestkeuze. 

Om de c o n s i s t e n t i e i n he t 1 e g n e s t g e b r u i k t e kunnen b e s t u d e r e n , werden 

twee parameters gehanteerd: een "perseverence- index", d ie werd gedef in ieerd 

door het aantal g e l i j k e legnest-keuzes op achtereenvolgende dagen te delen 

door het t o t a l e aantal keuzes en een " f requency- index" , gedef ineerd a ls het 

t o t a l e aantal g e l i j k e keuzes gedeeld door het t o t a l e aantal keuzes. Een hen 

werd cons is ten t i n haar keuze beoordeeld, a l s beide parameters een waarde 

b e r e i k t e n van g r o t e r dan 0 ,7 . S l ech t s een van de 13 hennen was c o n s i s t e n t 

i n haar 1 egnes tkeuze ; z i j g e b r u i k t e v r i j w e l a l t i j d h e t z e l f d e l e g n e s t op 

achtereenvolgende dagen, maar legde de volgende ser ie e ieren i n een ander 

l e g n e s t . De andere hennen w i s s e l d e n r e g e l m a t i g van l e g n e s t . Een c o n s i s ­

t en te r keuzepatroon werd verkregen, wanneer de d r i e legnesten aan een kant 

van het hok werden beschouwd a ls e'e'n l egnes t ; v i e r van de 13 hennen legden 

b i j n a a l t i j d aan de ze l fde kant van het hok. V ier andere hennen gebruikten 

wel een nest aan dezelfde kant van het hok op achtereenvolgende e i legdagen, 

maar legden de vo lgende s e r i e e i e r e n aan de andere kan t van het hok. Ee'n 

hen g e b r u i k t e f r e q u e n t een nes t aan e'e'n kant van het hok, e c h t e r n i e t op 

achtereenvolgende dagen, t e r w i j l de over ige v i e r hennen een random keuzepa­

troon vertoonden. Deze gegevens w i j zen erop, dat de legnestkeuze van i n d i ­

v idue le hennen op ve rsch i l l ende w i j ze t o t stand komt. 

Hennen, d i e eenmaal geb ru i k maakten van een l e g n e s t , b leven d i t a l t i j d 

doen en omgekeerd, hennen d i e eenmaal op de grond l e g d e n , maakten n o o i t 

gebruik van een l egnes t , waardoor er "grond- en nes t l egs te rs " onderscheiden 
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konden worden. Er b leek geen r e l a t i e te bestaan tussen d o m i n a n t i e en he t 

legnestgebruik en ook n i e t tussen dominantie en het gebruik van een legnest 

of de grond. Echter, een andere soc ia le f a c t o r leek wel e f f e c t te hebben op 

de nestkeuze; er werden aanwi jz ingen verkregen, dat de aanwezigheid van een 

haan het aan ta l g r ond - e i e r e n i n een hok, v o o r z i e n van wegro l n e s t e n , kon 

reduceren. 

In hoofdstuk 5 wordt een experiment (experiment 1) beschreven, waar in het 

e f f e c t bestudeerd wordt van het onder l ing van p laa ts verwisselen van v i e r 

ve rsch i l l ende nesten op de t o t a l e duur van de nest-bezoeken i n de periode 

voor en t i j d e n s de l e g . Twee typen bezoeken werden o n d e r s c h e i d e n : de 

" g l a n c e s " , w a a r b i j op een a f s t a n d i n he t nes t ge tuu rd werd en de " i n s p e c ­

t i e s " , w a a r b i j de kop i n het nes t gestoken w e r d , hetgeen opgevo lgd kon 

worden door het oppikken van n e s t e l m a t e r i a a l . Tevens wordt de on tw i kke l i ng 

van deze twee gedragse l ementen i n de p e r i o d e voor de l e g beschreven en 

o n d e r l i n g v e r g e l e k e n . T e n s l o t t e w o r d t i n d i t en een tweede e x p e r i m e n t de 

r e l a t i e bestudeerd tussen nest-voorkeur in de weken voor en t i j d e n s de l eg . 

In het eerste experiment werden 16 w i t t e leghorn hennen (=WL) gep laa ts t i n 

8 ronde g rondhokken; 2 hennen per hok. I eder hok was v o o r z i e n van v i e r 

ve rsch i l l ende nesten; de bodems van de nesten waren bedekt met a s t r o t u r f 

( = k u n s t g r a s ) , h o u t k r u l l e n , boekwei tdoppen o f een gazen g e p l a s t i f i c e e r d 

groen k o r f j e . Gedurende de eerste twee weken van het experiment bleven de 

nesten i n a l l e hokken op hun p l a a t s s t aan . Ve rvo lgens werden de hennen i n 

v i e r van de 8 hokken b l oo tges te ld aan een e x p l o r a t i e t e s t door de nesten van 

p l a a t s t e v e r w i s s e l e n ( = e x p e r i m e n t e l e g roep ) . In de andere v i e r hokken 

bleven de nesten a l t i j d op hun p laats staan (=cont ro le groep). De rge l i j ke 

t es ts werden ook u i tgevoerd t i j d e n s de e i l egpe r iode . 

Controle en exper imentele hennen besteedden even veel t i j d aan het bezoe­

ken der nesten i n de p e r i o d e , v oo rda t er g e w i s s e l d we rd . E c h t e r , door de 

nesten van p laa ts te ve rw isse len , besteedden exper imentele hennen meer t i j d 

aan het inspecteren der nesten dan contro le-hennen. Op grond h iervan werd 

geconcludeerd, dat t i j d e n s het inspecteren der nesten in de weken voor de 

l e g i n f o r m a t i e opgedaan wo rd t o m t r e n t de p l a a t s en e igenschappen der 

nesten; deze i n f o r m a t i e wordt vermoedel i jk verwerkt en opgeslagen i n het 

cen t ra le zenuwste lse l . 

Het v e r p l a a t s e n der l e g n e s t e n had geen e f f e c t op de g l a n c e - d u u r . Daar­

naast vertoonde de glance-duur een andere on tw i kke l i ng i n de weken voor 
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de l eg dan de i n s p e c t i e - d u u r . Na v e r l o o p van t i j d nam de t i j d besteed aan 

glances a f , t e r w i j l de i nspec t ie -duur toenam. D i t zou kunnen betekenen dat 

beide gedragselementen n i e t dezelfde f u n c t i e v e r v u l l e n . Misschien zou het 

g lancen naar de nesten beschouwd kunnen worden a l s een pass ieve vorm van 

e x p l o r a t i e , d i e a l l e e n aan he t beg in van de t e s t wo rd t v e r t o o n d . Het i n ­

spec te ren der nesten zou a l s een a c t i e v e vorm van e x p l o r a t i e beschouwd 

kunnen worden, waarb i j de hennen dage l i j k s i n f o r m a t i e opdoen omtrent p laats 

en eigenschappen van de nesten. Deze i n f o r m a t i e zou gebru ik t kunnen worden 

voor de u i t e i n d e l i j k e nestkeuze. 

Het verp laatsen der nesten i n de legper iode had geen e f f e c t op de t o t a l e 

t i j d besteed aan nes t i nspec t i es . Kenne l i j k heef t d i t gedragselement nu n i e t 

meer een i n f o r m a t i e verzamelende f u n c t i e , maar kan het veeleer beschouwd 

worden a ls een in tent iebeweging om het nest i n te stappen. Glances werden 

v r i j w e l n i e t meer vertoond gedurende de l egper iode. 

Er werd geen r e l a t i e aangetoond tussen nest-voorkeur i n de periode voor 

en t i j d e n s de l eg . Mogel i jk werd de r e l a t i e n i e t on tdek t , omdat n i e t a l l e 

hennen t o t het begin van de leg werden geobserveerd. Daarom werd i n e x p e r i ­

ment 2 de r e l a t i e t ussen n e s t - v o o r k e u r voor en t i j d e n s de l e g opnieuw 

bekeken, maar nu werden v i j f hennen geobserveerd t o t en met de dag, waarop 

z i j hun e e r s t e e i l egden . Er bestond een tendens om he t n e s t , da t ook 

g e b r u i k t werd voor de e e r s t e s e r i e e i e r e n , een dag voor de komst van he t 

eerste e i het meest te bezoeken. D i t zou kunnen inhouden, dat de l egnes t -

keuze een dag voordat de hennen aan de leg komen al vast l i g t . 

In hoofdstuk 6 worden de r esu l t a ten van twee exper imenten, ontworpen om 

het percentage grond-eieren te reduceren, beschreven. In het eerste e x p e r i ­

ment wordt het e f f e c t van de eigenschappen der nesten en het moment waarop 

de hennen toegang t o t de nesten k r i j g e n op he t percentage g r o n d - e i e r e n 

bestudeerd. Tevens wordt het ver loop van het percentage grond-eieren i n de 

t i j d beschreven. Om het e f f e c t van een behande l i ng t e kunnen b e o o r d e l e n , 

werd n i e t a l l e e n geb ru i k gemaakt van he t t o t a l e g rond-e ieren-percentage, 

ge legd gedurende de e e r s t e 6 weken van de l e g , maar ook van het g r ond -

e ieren-percentage, berekend over de zesde week van de legper iode. 

In he t e e r s t e e x p e r i m e n t werden 24 koppe ls 16 weken oude WL leghennen 

g e h u i s v e s t i n k l e i n e g rondhokken. Twee typen nesten werden g e b r u i k t 

( s t r o o i s e l - e n wegrolnesten); de nesten werden op twee ve rsch i l l ende t i j d ­

s t i p p e n geopend (op de dag van p l a a t s i n g i n he t hok ( = v roeg) en op de dag, 
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waarop de eerste eieren in de koppels verschenen (=laat). Er werden meer 

grond-eieren aangetroffen in hokken voorzien van strooi sel nesten dan in 

hokken voorzien van wegrol nesten. Het vroeg openen van wegrol nesten leverde 

meer grond-eieren op dan het laat openen. Een dergelijk effect werd niet 

aangetoond in hokken voorzien van strooiselnesten. Geconcludeerd werd, dat 

strooi sel nesten de voorkeur hebben boven wegrol nesten en dat de mate, 

waarin ervaring met nesten in de weken voor de leg het aantal grond-eieren 

beinvloedt, afhangt van het type nest. 

Ten^einde het percentage grond-eieren nog verder te doen reduceren, werd 

in experiment 2 het strooisel bij twee verschillende 1egpercentages ver­

vangen door een gazen korfje. Zestien koppels WL leghennen werden op een 

leeftijd van 16 weken gehuisvest in de grondhokken. In 8 koppels werd het 

strooisel vervangen door een gazen korfje bij een legpercentage van onge­

veer 16 % (groep LT1) en in de andere 8 bij een legpercentage van ongveer 

35 % (groep LT2). Er werden meer grond-eieren gevonden in groep LT1 dan in 

groep LT2. De resultaten van dit experiment en experiment 1 werden onder­

ling vergeleken. Het vervangen van het strooisel bij een legpercentage van 

ongeveer 16 % resulteerde in aanzienlijk meer grond-eieren dan het laat 

openen van de wegrol nesten. Blijkbaar had deze behandeling geen positief 

effect op het wegrolnest- gebruik, maar eerder een negatief effect. Dit zou 

kunnen betekenen, dat hennen, die de strooi sel nesten hebben kunnen inspec­

teren in de weken voor de leg, maar er nog geen gebruik van hebben kunnen 

maken, minder geneigd zullen zijn later van wegrolnesten gebruik te gaan 

maken. 

Het vervangen van het strooisel door een gazen korfje bij een legpercen­

tage van ongeveer 38 % resulteerde in ongeveer hetzelfde percentage grond-

eieren vergeleken met het laat openen van wegrolnesten. Door het moment van 

de nest-verandering uit te stellen, werden er meer hennen in staat gesteld 

gebruik te gaan maken van een strooi sel nest. Misschien waren deze hennen 

getraind in het gebruik van een legnest en gingen hiermee door, zelfs nadat 

het strooisel vervangen was door het korfje. 

Zoals vermeld, gebruikten sommige hennen altijd een legnest, terwijl 

andere hennen, die onder dezelfde omstandigheden werden gehouden, altijd op 

de grond legden. In hoofdstuk 7 wordt onderzocht welke factoren verantwoor­

delijk kunnen zijn voor deze individuele verschillen in de nest-keuze. Twee 

mogelijke verklaringen werden nader beschouwd. Ten eerste, om na te gaan of 
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v e r s c h i l l e n i n nest-keuze veroorzaakt worden door onregelmatigheden i n de 

f y s i o l o g i e , werden e i - p r o d u k t i e - , e i l e g - p a t r o o n - en nest-keuzegegevens van 

g rond-en n e s t l e g s t e r s met e l k a a r v e r g e l e k e n . Grond-en n e s t l e g s t e r s v e r ­

sch i lden onder l ing n i e t met be t rekk ing t o t deze parameters. Kenne l i j k komen 

onregelmatigheden i n de f y s i o l o g i e n i e t voor. Daarom kan deze f ac to r n i e t 

veronderste ld worden ve ran twoorde l i j k te z i j n voor de v e r s c h i l l e n in nest ­

keuze tussen i nd i v i duen . 

Ten tweede, om na t e gaan of g rond-en n e s t - 1 e g s t e r s anders reageren op 

s t i m u l i van de omgeving of dat g rond- legs ters gewoon de voorkeur geven aan 

het leggen op de grond, werd het nestelgedrag van v i j f grond-en v i j f nes t ­

l egs te rs onder l ing vergeleken. De r esu l t a ten wezen u i t , dat g rond- legs ters 

meer gedrag vertonen dat w i j s t op f r u s t r a t i e , veroorzaakt door de s i t u a t i e 

t i j d e n s het e i leggen. Tevens besteedden g rond- legs ters t i j d aan het inspec­

teren der nesten t e r w i j l z i j er ook i n gingen. U i t deze twee gegevens werd 

a f g e l e i d , dat g rond- legs ters n i e t s impe lweg een voorkeur hebben voor het 

geb ru i k van een g rondnes t . W a a r s c h i j n l i j k z i j n deze hennen g e f r u s t r e e r d 

door de eigenschappen van de omgeving, b i j voo rbee ld door de eigenschappen 

van de (wegrol)nesten of door het f e i t dat z i j z ich voor het e i leggen n i e t 

kunnen afzonderen van het koppel . 

In hoofdstuk 8 worden de on tw i kke l i ng van het e i leggedrag, de nest-keuze 

van i n d i v i d u e l e hennen en fac to ren d ie van i nv loed bleken te z i j n op het 

voorkomen van grond-eieren besproken. Geconcludeerd werd, dat de keuze van 

een n e s t e l p l a a t s een proces i s , da t a l enke le weken voor de l eg b e g i n t en 

dat de u i t e i n d e l i j k e nest-keuze vermoedel i jk al een dag voor de komst van 

het eerste e i v a s t l i g t . Ten einde het voorkomen van grond-eieren i n grond 

huisvest ingssystemen te reduceren wordt aanbevolen a l l e f a c t o r e n , d ie van 

i n v l o e d b l i j k e n te z i j n op he t 1 e g n e s t g e b r u i k , t e be t rekken b i j het o n t ­

werpen van a l t e r n a t i e v e n . 

Aanbevelingen werden geformuleerd tegen de achtergrond van het i n Neder­

land in on tw i kke l i ng z i j nde a l t e r n a t i e v e grondhuisvest ingssysteem. 

Aanbevolen werd: 

-houten legnesten te gebruiken 

- nes ten t e v o o r z i e n van s t r o o i s e l b.v. h o u t k r u l l e n . E c h t e r , e i e r e n ge legd 

i n deze nesten moeten, i n t e g e n s t e l l i n g t o t e ie ren gelegd i n wegro lnesten, 
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met de hand verzameld worden. Automatische eiafvoer bij gebruik van strooi-

selnesten is mogelijk door het zogenaamde tunnel-nest te gebruiken, dat 

voorzien wordt van boekweitdoppen. Echter, daar het gebruik van boekweit-

doppen als strooisel duurder is dan het gebruik van een wegrolnest, zal de 

introductie van dit nest weinig kans maken. 

-wegrol nesten, voorzien van een gazen korfje, pas te openen op de dag dat 

de eerste eieren in de koppel verschijnen. Deze ingreep kan nog enkele 

positieve effecten met zich meebrengen. De kans wordt verkleind, dat de 

hennen er bij voorbaat al een gewoonte van gaan maken in de nesten te over­

nachten. De nesten zullen hierdoor minder bevuild worden met mest, waardoor 

de ei-kwaliteit gewaarborgd blijft. 

Als deze behandeling wordt toegepast in koppels groter dan die gebruikt 

in deze studie, is het aan te bevelen het koppel zo synchroon mogelijk aan 

de leg te laten komen. Dit zou bereikt kunnen worden door (indien mogelijk) 

het lichtschema aan te passen en uniforme koppels samen te stellen door te 

letten op lichaamsgewicht en afmetingen der kopversierselen. 

-wegrol nesten te voorzien van astroturf en een kunst-ei. 

-het gebruik van wegrol nesten te stimuleren door een aantal jonge hennen te 

trainen in het legnestgebruik met behulp van strooiselnesten, die na ver­

loop van tijd worden vervangen door wegrol nesten. Het percentage grond-

eieren zou nog verder gereduceerd kunnen worden door alle hennen te trai­

nen. Dit houdt echter wel in dat de eieren gedurende de eerste weken van de 

leg met de hand verzameld moeten worden. Daar komt bij, dat de pluimveehou­

der ook extra tijd zal moeten besteden aan het vervangen van het strooisel 

door een wegrol-bodem. Daarom zullen de hierdoor gemaakte extra kosten 

afgewogen moeten worden tegen de voordelen van minder grond-eieren verderop 

in de legperiode. 

-een nest te gebruiken per vier of vijf hennen. 

-om leghokken uit te rusten met nesten geplaatst in meer blokken van twee 

of drie rijen, in plaats van een groot blok met meer rijen nesten. Indien 

mogelijk, zou overwogen kunnen worden slechts een rij hooggeplaatste nesten 
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aan te brengen. 

Onlangs werd een nes t - sys teem o n t w i k k e l d , da t tegemoet komt aan de 

meeste aanbevel ingen, d ie hierboven u i teengezet z i j n (het zogenaamde Bress-

l e r n e s t ) . D i t systeem i s voorz ien van i n d i v i d u e l e nesten met een wegrolbo­

dem, waardoor automatische e ia fvoer moge l i j k wordt gemaakt. In het nest i s 

een spec ia le bodem aangebracht, d ie voorzien kan worden van s t r oo i sel opdat 

het nest geb ru ik t kan worden a ls " t r a i n i n g s n e s t " . Het kan gemakkel i jk omge­

bouwd worden t o t een wegro lnest . Een verp laatsbare p laa t zo rg t ervoor dat 

de nesten a f g e s l o t e n kunnen worden. Tevens i s het nes t v o o r z i e n van een 

aanv l iegs tok . D i t type nest i s gemaakt van metaal . Aanbevolen wordt het te 

construeren van hout. 

-de v a r i a t i e tussen l i j n e n en het e f f e c t van op fokcond i t ies i n overweging 

te nemen met be t rekk ing t o t de l i c h t i n t e n s i t e i t i n de nesten. Bruine hennen 

maken wel snel gebruik van l i c h t e nesten, WL hennen echter n i e t . Als hennen 

opgefokt z i j n en /o f leg e rva r ing hebben gehad onder v r i j donkere omstandig­

heden, z u l l e n z i j de voorkeur geven aan donkere nesten en omgekeerd, a l s 

z i j z i j n opgefokt en / o f l eg e rva r ing hebben gehad onder l i c h t e r e omstan­

digheden, zu l l en z i j de voorkeur geven aan l i c h t e nesten. 

-om hennen op t e fokken op de grond en hen t e v o o r z i e n van hoger ge legen 

z i t s t o k k e n , opdat z i j h i e r v a n geb ru i k l e r e n maken en hen op een l e e f t i j d 

van ongeveer 18 weken over t e p l a a t s e n naar he t l eghok , opdat z i j z i c h 

kunnen aanpassen aan de omstandigheden i n het leghok, of om hennen op een 

l e e f t i j d van ongeveer 16 weken al i n het leghok te p laatsen. 

- he t verzamelen van e ieren te vermi jden t i j d e n s de e i l egp iek i n de ochtend, 

-om hennen te huisvesten in k l e i ne koppels. Goede r esu l t a ten werden ve rk re ­

gen i n een a l t e r n a t i e f T ie red-Wi re -F loor systeem (= etage-systeem), waarin 

per a f de l i ng 270 hennen gehuisvest werden. Als d i t technisch moge l i j k i s , 

wordt aanbevolen r i j e n van d e r g e l i j k e k l e ine systemen naast e lkaar op te 

s t e l l e n , i n p laa ts van een groot TWF systeem te ontwerpen. 

-om een haan te p l a a t s e n per 6-8 hennen. E c h t e r , deze aanbeve l i ng wo rd t 

enkel v e r o n d e r s t e l d o p t i m a a l e f f e c t t e hebben, wanneer groepen worden 

samengesteld van n i e t meer dan 6-8 hennen. Aangezien deze w i j z e van hu i s -
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vesting aanzienlijk meer kosten met zich zal meebrengen, lijkt deze aanbe­

veling niet practisch haalbaar. 
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Stel 1ingen 

I 
Er bestaat bij leghennen geen relatie tussen sociale dominantie en nest­

keuze. 

(Dit proefschrift) 

II 

Acceptatie van een bepaald legnest door leghennen is afhankelijk van erva­

ring opgedaan met legnesten in de weken voor en tijdens de legperiode. 

(Dit proefschri ft) 

III 

Om desoriëntatie van leghennen, gehuisvest in grote stallen te voorkomen, 

b.v. bij het terugzoeken van een geprefereerd legnest, verdient het aanbe­

veling de stallen heterogeen in te richten. 

IV 

Individuele verschillen in fysiologische en ethologische stress reacties 

opgeroepen tijdens aversieve stirnulus-situaties bij dieren zouden, zoals 

werd aangetoond bij mensen (Miller, 1980), terug te voeren kunnen zijn op 

individuele verschillen in de gevolgde "coping-strategie". 

S.M.Miller, 1980. In: "Coping and Health". Plenum Press, New York. 

Aangezien de kans groot is, dat proefdieren, die speciaal voor dierproef­

doeleinden onder laboratoriumomstandigheden worden gefokt, abnormaal gedrag 

ontwikkelen, zullen de resultaten van biologische experimenten uitgevoerd 

met deze dieren met de nodige terughoudendheid moeten worden geinterpre-

teerd. 

VI 

Door leghennen te huisvesten in alternatieve grondsystemen worden om­

standigheden inherent aan huisvesting in batterij-kooien, die als welzijns-

beperkend worden verondersteld weggenomen. Desondanks verdient het aanbeve­

ling de alternatieven niet alleen op technisch-economische parameters, maar 



ook op het w e l z i j n van de hennen te evalueren. 

V I I 

Ze l fmed i ca t i e , zoals dat wordt moge l i j k gemaakt door de verkoop van homeo­

pathische middelen, kan de v e r a n t w o o r d e l i j k h e i d voor de e igen gezondheid 

verhogen. D i t p o s i t i e v e e f f e c t kan e c h t e r t e n i e t worden gedaan, door he t 

toepassen van ze l fmed i ca t i e a ls a l t e r n a t i e f voor een bezoek aan een a l l o p a ­

th i sch of homeopathisch a r t s . 

V I I I 

Probleemgestuurd hoger onderwi js l e i d t t o t een d o e l t r e f f e n d e r i n t e g r a t i e 

van de aangeboden l e e r s t o f dan de meer gangbare d i d a c t i s c h e methode (do­

ceren) . 

H.G. S c h m i d t , 1982. I n : " P r o b l eemgestuurd o n d e r w i j s " . SVO-reeks no.57. 

' s-Gravenhage. 

IX 

Als de a f - en u i t s p o e l i n g van f os fa ten vanaf landbouwgronden b l i j f t toene­

men, zal de fos fa te r i ng i n r i o o l w a t e r z u i v e r i n g s i n s t a l l a t i e s nauwel i j ks nog 

e f f e c t hebben op de k w a l i t e i t van het opperv lak tewater . 

Wat b e t r e f t de u i t v o e r i n g van he t b e l e i d ten aanz ien van d e e l t i j d - a r b e i d 

g e l d t vaak: " t ussen droom en daad s taan mensen i n de weg en p r a k t i s c h e 

bezwaren . . . " . 

Naar: W. Elsschot, 1910. In: "Het huwelijk". 

XI 

Gezien de recente ontwikkelingen rondom het gebruik van bloedzuigers in de 

plastische chirurgie, zou de naam van dit dier niet langer met een negatief 

denkbeeld geassocieerd moeten worden. 

B.Rietveld-Piepers 

The development of egg- lay ing behaviour and n e s t - s i t e se lec t i on i n a s t r a i n 

of whi te l a y i ng hens. 

Wageningen, 4 f eb rua r i 1987 


