SOVE FACTORS DETERM NING THE FOCOD | NTAKE OF YOUNG CHI CKS
L.J. ROGERS*

SUMVARY

This paper deals with two separate- factors which interact to
determine the food intake of young chickens, the first bei ng t he
characteristics of the food objects and the reward systens-which elicit
pecking and ingestion, and the second the factors which i nfluence
conpetition between individuals for access to a food source.

Pecki ng preferences were determned by sub-dividing the pecks into
three types; pecks nade with the beak closed, pecks with picking up and
mandi bul ation of the grain but not swallowing it, and pecks |leading to
ingestion of the grain. The pecking preferences of newy hatched chicks
are determined by the visual cues of the seed types but, as shown here, by
day 3 these preferences alter on the basis of tactile 'reward obtai ned by

mandi bul ating the seeds in the beak. In control chicks, which have not
been beak-trimed, nutritive reward is without influence on these early
f eedi ng pref erences. Beak-trimred chicks show the same initial

preferences for pecking at various seed types as do the controls, but the
tactile feedback which they receive from mandi bulation is reduced and they
are consequently nore dependent on feedback fromnutritive reward. It is
suggested that beak-trinmmng may increase the nunber of deaths through
"starve-outs™ in the first few days posthatching.

Conpetition for food is another factor which influences food intake,
and even wthin the first twc weeks posthatching groups of chicks forma
hi erarchy for access to a food source. This conmpetitive behaviour is
affected by the incubation conditions just prior to hatching. Chickens
reared fromeggs kept in darkness during the last 3 days of incubation
develop a nore flexible group structure than those which have received
i ght exposure during the sane period. Position in the social hierarchy
was scored in terns of conpetition for access to a food source from day 8

to 16 of posthatching life. Groups of chicks exposed to light during
incubation forned a nore rigid rank order with the lowest ranking birds
rarely gaining access to the food. G oups of chicks hatched from eggs

i ncubated in darkness showed nore variability in the rank order from day
to day and the | owest ranking birds conmpeted for food nore successfully.
It is suggested that by maintaining eggs in darkness during the critical
period it may be possible to reduce the proportion of young chicks which
die from starvation.

| NTRODUCTI ON

Death of young chicks by failure to ingest sufficient quantities of
food, even when it is freely available, is a conmon problem in conmercial
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hat cheri es. Such deaths are referred to as "starve-outs", and 5 to 10
percent of chickens may be lost in this manner. It is therefore of
interest to investigate the factors which initiate pecking to feed in
young chicks, those which operate to keep them pecking to feed and the

interaction of social factors which allow sone individuals to gain better
access to the feed source.

Young chi cks have a predisposition to peck at yellow to red, small,
t hr ee- di mensi onal obj ects (Dawkins, 1968) . These perceptual preferences
deternmine what seed type the chick will peck at first, and then a nunber
of factors may determnmine whether the chick continues to peck at the sane
type of seed or switches to another type. This study investigated the
relative inportance of visual cues, tactile cues and nutritive reward in
det ermi ni ng whet her chickens will continue to peck at and/or ingest
various types of seed. Preferences for seed type are usually neasured in
young chicks sinply by giving the chicks a choice of seed types and
scoring the nunmber of pecks made to each type, irrespective of the nature
of each peck delivered by the chick. Yet, pecks can be made with the beak
closed, with beak open and followed by mandibulation of the seed but not
i ngestion of it, or with the beak open followed by both mandi bul ati on and

ingestion, and the consequences of each type of peck determne subsequent
pref erences.

One nmight at first consider that nutritive reward is the main factor
determ ning whether a chick will continue pecking at its first preferred
seed type, but for at least the first tw days posthatching chicks are not
dependent on nutritive intake as they still have sufficient nutritive
supplies fromthe yolk sac (Hogan, 1973). Even in older chicks nutritive
reward may play a less inportant role than expected, as it has been shown
that pecking with the beak closed, or wth mandibulation of grain not
followed by ingestion of it, can act as a reward systemin two-week old
chicks learning to discrinmnate grain from small pebbles stuck down to the
floor (Reymond and Rogers, 1981). Chicks which do not' ingest any of the
grain learn the discrimnation as fast as those which ingest grain.

The beak of the chicken is richly supplied with a neural systemfor
proprioception, and the tactile cues of the grain may be at |east as
inportant as those of vision or taste. Indeed, the feedback they provide
may be even nore inportant than nutritive reward. Beak-trinmng, which is
a common practice in the commercial situation, renoves the tip of the beak
and it nmust reduce, or at least alter, proprioceptive feedback obtained
from mandi bul ati ng grain. It may therefore influence pecking preferences
and food intake. Thus, the feeding behaviour of beak-trimed chicks was
compared to controls.

Feeding in young chicks is not sinply a matter of individual choices
and learning of preferences on an individual basis. Commer ci al chi ckens
are raised in groups and social behaviour nmay have a nejor effect on
breeding behaviour. The area of social behaviour which has received nost
attention in the literature is that of the domi nance hierarchy. Usually
this order is based on pecking rights, and it is generally reported that
such a social hierarchy remains unresolved for several weeks. A stable

hi erarchy as derived from peck order scores is nost frequently said to
form between weeks 6 to 8 for males and 8 to 10 weeks for femal es (Guhl,
1953; Kruijt, 1964). Recently it has been shown, however, that a
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relatively stable social hierarchy can be deternmined in chicks aged
between one and three weeks using a nunber of tasks requiring conpetition
for food (or a food related object), and that the rank orders deternined
on each of these tasks correlate reliably with each other (Astiningsih,
1987). G ven the presence of stable hierarchies in very young chicks it
seens reasonable to suggest that the individual chickens which are at the
bottom of the hierarchy are nost likely to "starve-out™. Even if they do
not starve-out, chicks at the bottom of the hierarchy are likely to gain
| ess weight conmpared to the rest of the group. Mreover, in a flock with
a rigidly maintained hierarchy, those individuals at the bottom of the
hierarchy may be nore likely to lose out than they would in a flock with
more social flexibility.

The degree of social stability, or flexibility, may be influenced by
light exposure prior to hatching, as previous studies have shown that
light exposure at this tine has a marked affect on brain organisation and
long-lasting effects on behaviour (Rogers, 1986). Chickens have asymetry
of brain organisation such that each side of the brain controls a
different set of behaviours (Rogers, 1986; Andrew, 1988). The | eft
hem sphere, for exanple, is superior for visual discrinination |earning,
and the right has a controlling influence for attack and copul ation. The
direction of the asynmetry is determ ned by |ight exposure of the enbryo
during the final phases of devel opnent prior to hatching, at the time when
connections between the eye and brain are formng (Rogers, 1983). The
chick enbryo is oriented in the egg such that it occludes the left eye
with its body while the right eye, being next to the air sac, is exposed
to light which penetrates the shell. Al chicks hatched from eggs which
have received as little as two hours of |ight exposure on day 19 of
incubation have asymmetry in the sanme direction. Conversely, there is no
popul ation bhias in asymretry for chicks hatched from eggs incubated in the
dark; half of those hatched from eggs incubated in darkness appear to have
asymmetry in one direction and half in the other.

It seemed reasonable to suggest that a degree of flexibility may be
introduced into the social order by randonizing, ampngst individuals, the
direction of brain asymmetry, and this can be achieved by incubating under
dark conditions. Such variability nay allow the individuals at the bottom
of the hierarchy to feed more successfully. Hi erarchies for such chicks
were determ ned by neasuring the success rate of gaining access to food
under conpetitive conditions.

I. LEARNING TO FEED
METHODS

Two and three day-old, Australorp x Wite Leghorn chicks were given
a choice of four seed types (white nmillet, japanese millet, canary seed
and sorghunm) and each of the three types of pecking (pecking with closed
beak, mandibulating but not swallow ng, pecks followed by ingestion of the
seed) were scored for a total of 20 pecks on both these days.

The chicks were given no other experience with food. In the test 4

of one type of seed were placed in each of the four corners of the hone
cage. The chicks were tested individually. Control and beak-trinmed
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chicks were tested (n = 24for each). After testing on day 2 half of each
group of chicksrecei ved crop-feeding with a porridge of chicken mash to

provide nutritive reward. The effect of this procedure was assessed on
day 3.

RESULTS

On the first day of testing the white millet was the nost preferred
seed, followed by japanese mllet, canary seed and sorghum in that order
(Fig. 1). These preferences were the sanme for all three types of
pecking. Even though the chicks showed sonme closed beak pecking at and
some mandibulation of sorghum they did not ingest it.
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Figure 1. The proportion of each seed type pecked, mandibulated or
swal | oned onday 2. Each conplete bar represents the nean percentage (and
standard error)' of beak-to-seed-contacts nmade wth each grain type for
beak-tri mmed and control groups. Each bar is subdivided into the
proportions pecked with a closed beak (peck), taken up between the
mandi bl es but not swall owed (mandibul ate) and swal |l owed. W white millet;
j, japanese mllet; c, canary seed, s, sorghum
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Beak-triming had no effect on the order of seed preference
di splayed by chicks tested on day 2 and no significant effect on pecking
rate, but it markedly reduced the nunber of grains ingested (Fig. 2).
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Figure 2. The bars represent the mean percentage (and stendard error) of
seeds W th which beak-trimed and control chicks make beak contact and
that they swallow. Note that the beak-trinmred group swallows far |ess
seed. The mean tine (to make 20 beak to seed contacts) is represented for
the beak-trimmed and control groups.

In the test on day 3 there were sone changes in pecking preference:
both types of millet were now equally preferred over canary seed and
sorghum and the amount of all three types of pecking at sorghum increased
to be simlar to the scores for canary seed. In controls this shift in
preference fromday 2 to 3 appears to be a result of tactile reward as
crop-feeding had no effect on the preferences neasured on day 3 (Fig. 3).
Beak-trimmed chicks persisted in pecking nore slowy and ingesting |ess
seed on day 3 The crop-feeding on day 2 did, however, have an affect on
the pecking preferences displayed by beak-trimed chicks on day 3 (Fig. 3).
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Figure 3. Proportion of each seed type pecked, mandi bul ated or swal | owed
on day 3. [Each bar represents the nean percentage (and standard error) of
beak to seed contacts made with each grain type for each of the five
groups: beak-tri nmed (both  crop-filled and  unfed) and control,
non- beak-trimed (both crop-filled and unfed), and a further control group
lacking any prior experience with grains on day 2. Each bar is subdivided
into the proportion pecked with a closed beak (peck), taken upbetween the
mandi bles but not swallowed (mandibulate) and swallowed. The first 20
seed contacts were recorded for each bird and there were 12 subjects in
each group.

DISCUSSION

As the chicks tested on day 2 show a distinct preference order for
the seed types presented (white mllet over japanese nillet, canary seed
and sorghum least) and this preference was unaffected by beak-trinmm ng,
which removes the proprioceptors in the tip of the beak, it would seem
that visual cues are the npbst inportant cues eliciting pecking at this
st age.

But pecking in young chicks may not involve feeding; indeed, pecking
with the beak closed, or wth mandi bulation not followed by ingestion,
appears to be exploratory behaviour which may later |ead to ingestion of
seed. In controls the tactile cues received by mandi bul ation of the seed
n the tip of the beak were inportant in determining the subsequent
pecki ng preferences and ingestion of food, and nutritive reward played no
role at this age. This is not to say that nutritive factors would not
begin to play a very inportant role once yolk sac nutrition has been used
up (say, by day 4), but clearly at the time at which chicks are Iearning
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to feed the nutritive value of the food is not inportant. Goodwi n and
Hess (1969) have shown that the long-lasting preferences for food are
i ndeed determined in the first three days posthatching.

Beak-trimring may alter this situation by reducing the tactile
f eedback received from mandibulation and increasing the feedback received
from nutritive reward. As beak-trimed chicks ingest far fewer seeds than
controls this presents a problem They are nore dependent on nutritive
reward for feedback, but less likely to ingest food and so achieve it.
Thus, beak-trimmng may well increase the nunber of starve-outs, or at
| east, reduce weight gain. The latter has already been demonstrated in
adult fowl (Bokhuis et al, 1987).

1. EFFECT OF |NCUBATION CONDI TIONS ON COWPETI TION FOR FOOD
METHODS

Australorp x Wiite Leghorn eggs were incubated until day 17 in a
forced-draught, automatically turning incubator heated by a light source.
On day 17 of incubation the eggs were divided into two groups. One group
of eggs was exposed to 500 to 600 lux of light supplied by 40 W bul bs
shining through the port-holes at the top of the incubator. The ot her
group was incubated in darkness as the incubator was sealed from all
external 1ight. From here on these groups are referred to as
"li ght-exposed' and ‘'dark-incubated respectively. After hatching groups,
each containing 8 chicks, were conprised of chicks hatched either from
eggs incubated in darkness from day 17 on or from eggs exposed to |ight
over this peri od. There were ei ght "light - exposed' and ei ght
"dark-incubated groups.

The social rank order was measured from days 8 to 16 inclusive using
a task of conpetition for food. The chicks were deprived of food for 3 h
prior to testing. A dish of 6 cmdianmeter containing chicken crunbs was
then placed in one corner of the cage, and conpetition for access to the
di sh was scored for 10 min. The dish was adhered to the floor with tape
so that it could not be tipped over, and the level of grain was 1 cm below
the top to prevent spillage. Each chick in the group was marked by a
differently coloured ring-band. By observing through the side of the cage
it was possible to note the band colour of each chick as it gained access
to the dish (i.e. managed to peck at the grain in the dish), giving a
total score of nunber of entries to the dish per testing period for each
individual. The observer was not aware of the incubation conditions
received by the groups of chickens.

RESULTS

The total nunber of entries scored per group over the entire testing
period was significantly higher for the groups of chicks which had been
incubated in the dark (P = 0.02, 2-tailed Students' t-test); That is, the

groups conprised of dark incubated chicks showed a sonewhat greater degree
of conpetition at the dish.

Each . individual's position in the hierarchy on each day was

determined by calculating its entry score for that day as a percentage of
the total entry scores for the group on that day. A nean percentage entry
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MEAN NUNBER OF ENTRIES TO FOOD DISH

score was then calculated across days 8 to 16 for each individual. The
bird with the highest nean entry score, expressed as a percentage, over
the testing period was placed in rank 1, and so on to the bird with the

lowest mean entry score which was placed in rank 8. These scores are
presented in Fig. 4.
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Figure 4. The nean nunber of entry scores to the food dish has been
calculated for each individual in the eight L groups (groups of chicks
exposed to light on the last three days of jncubation) and the eight D
groups (groups of chicks incubated in darkness over the last three days of
incubation). For each individual this nean value has been cal cul ated over
the testing period fromday 8 to 16. Note that the nean entry scores for
the two chicks at the bottom of the hierarchy in each group (ranks 7 and
8) have |ower scores in the L groups than in the D groups.
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As can be seen in this figure, in each of the groups conprised of
chicks exposed to |light during incubation the mean entry scores for the
two |owest ranking birds (ranks 7 and 8) were lower than their equivalents
in the groups conprised of chicks incubated in the dark (F1 L= 13.944, P
= 0.0008, one-way analysis of variance). The |owest ranking %irds in the
| i ght-exposed group were |ess successful in gaining access to the food
dish than were their equivalents in the dark-incubated groups. I ndeed, in
the |ight-exposed groups the lowest ranking bird frequently did not even
try to conpete to gain access to the dish (see groups L1, L7, 1L8). The
lowest ranking chicks in the groups conprised of chicks hatched from eggs
incubated in darkness showed nore successful entries to the food dish over
the testing period fromday 8 to 16 and were less likely to hang back
never attenpting to conpete.

DI SCUSSI ON

The results bear out our suggestion that the social behaviour of
groups of chicks raised fromeggs incubated with |ight exposure from day
17 on would differ fromthat of groups raised from eggs incubated in
darkness in such a way that the lowest ranking birds in the forner group
woul d conpete less successfully for food (and possibly also for other

sour ces). The two lowest ranking birds in each 'light-incubated' group
gained significantly fewer successful entrances to the food dish than did
their 'dark-incubated counterparts. | ndeed, it was not uncomon for the

| onest ranking birds (ranks 7 and 8) in each light-incubated group to
stand back and never attenpt to gain access to the food dish.

It was predicted that chicks incubated in darkness, and therefore
having the direction of brain asymretry distributed randomy between
individuals, would form groups with greater soci al flexibility or
instability. In contrast, the social behaviour of groups in which all
individual s have the asymretry in the same direction (i.e. those exposed
to light during the last days of incubation) may be nore stable and
predictable. Wth the developnent of a nore stable order particular
individuals would be consistently at the bottom of the hierarchy. One way
to estimate stability versus flexibility in the social rank order is
therefore to |ook at day-to-day variation in entry scores to the food
dish. The cunulative variation in entry scores over the testing period
fromday 8 to 16 was significantly higher for the chicks at the bottom of
the hierarchy in the groups conprised of chicks incubated in darkness.
That is, the lowest ranking birds in these groups showed nore variation in
rank order from day to day, whereas the scores for the |owest ranking
chicks in the groups exposed to light during incubation were nore
consistent from day to day, indicating a nore stable hierarchy (for nore
details see Rogers and Workman, 1989).

In practical terns the short-termeffects of incubation conditions
on the social hierarchy is likely to be very inportant for food intake and
survival in early post hatching life. The main advantage of dark
incubation is to ensure that the lowest ranking chicks will conpete for
food during the critical first week of posthatching life. In this way
incubating eggs in darkness over the last three days before hatching nay
reduce the nunber of chicks which die of starvation in their first week or
two of life.
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CONCLUSI ON

These data lead to the following suggestions for reducing
starve-outs in the first two weeks of posthatching life; incubation in
darkness over the last three days before hatching so that a |ess stable
hierarchy is formed in the first two weeks of life; not perform ng
beak-trinming (at least, at this age) as it reduces ingestion of seed and
at the same tine increases the dependence on nutritive reward which is
| ess possible for the beak-trinmred chick to achieve.
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