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The o3%gcn requirements of the ohiok embryo have been found
to inorease by at least 100" during hatolling# This rise is
probably a result of ventilating the newly funetionix” lungs and
maintaining the body temperature at its pre-hatohing level.
Sustained homeothermio $responses become evident only at the moment
of escape from the shell membranes.

There are two essential phenomena in the termination of the
embryonic eadstonoe. The first is the initiation of pulmonary
respiration mdiich appears to result from a high partial pressure
of oaxbon dioxide in the blood stimulating the respiratory
centres. Active hatching is the seoond essential phenomenon and
is probably stimulated by an increase in the rate of thyroid
liommone secretion.

The body temperature of the ohick rises after hatching, and
is probably a result of the progressive replaocement of the yolk
with actively metabolising tissues. There is also a rise in the
metabolic rate at this time.

Both the absolute oxygen requirements ond the metabolic
pattern of the growing fowl may be affected by the diet#

There 1s a difference in the response to the diet aocoording to
the sex. A period of almost constant oxygen uptake was
consistently noted and appeared to be virtually independent of
the diet although high levels of dietary protein tended to reduce

this depression in the metabolism.

Vi.



At 4 weeks of age a large fall in the metabolic rate was
found, especially in RH x IS chickens. The significance of the
fall is not known, but a fundamental change in the physiology of

the fowl is indicated.
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Studies on the physiology of the avian cnhxyo are greatly
facilitated by its separate existence Aron the parent#  In spite of
this, however, eoaparatively little work has been oaxried out upon
this most complex phase of ontogenesis# Only a few of the j*ysio-
logical changes that ooour at hatching in the domestic flowl,

alius Aallus doBestious (L), have been determined# It is known lhat
the metabolic rate doubles and that the newly-lk.tched cliick, if not

a corplete homeothum, is at least an advanced heterotherm#  But the
factors involved in the termination of the einbryonio existence, the
time at which thermoregulation appears and the oause for the greatly
Increased metabolic rate have not been fiiUy investigated#

Similarly the body temperature of the ohiok has been shown to
rise after hatching, but the cause of this rise is not known, nor
has it received much attention# Little is Kmown of the effect of
temperature or diet on the gaseous metabolism of the fowl, especially
for the period between hatching and sexual maturityi#

In this thesis the pr”lems outlined above have been investigated
using oaygen intake as the basis of these investigations# In the
section dealing with the hatched fowl, woi” has been limited to the
unstarved bird since there has been cm3y one investigation in recent
years into the oxygen requirements of the fowl in this nutritional

state#



Vew or sors rigorous definitions bavo been required in dealing
with ~ hatching embryo#  The tendnation of the esteyonic
oxistenee, oemmonly termed batohing, may he eatisfaotorlly divided
into several olear out periods, oharaoterisGd by oertain changes:

14 full-term enbrvo

This term is used to describe the ohiok eshzyo mhloh is ready
to hatch but which has not begun to breathe#  Sinoe all edbryo-
logloal divisions have taken place the term foetus may be sid»stituteu
for *edoryo”, although by convention the latter is most ocmmoniy usea.
2. Parafoctal period

This is the period in the life history of the chick when it is
dependent upon both the ohorlo—allantois and the lungs for gaseous
exohange# During this period the ohiok raoybe termed the parafoetus*
(This definition is an extension of that put forward by Romijn A
Rocs, 1938#)

3. Pipping

Movements of the heed of the ohiok lead to the fracture of the
shell at one point# If this fTaoture is followed by a quiescent
period (see below) then the action may be termed pipping#

A4 Quiescent period

The gpiescent period is that period between pipping and the

onset of active hatching when the Chick exhibits little or no

movement#



Days of
incubation___

Pul resp Pips Quiescent Pgrafoetai Active  Hatches
Event begins period begins period enas hatch begins

sEMBRYO (FOETUS)-

sPARAFOETAL PERIOD -
QUIESCENT PERIOD

I_HATCHED (o1 [ | ——

Fig# 1# A diagramnfttio representation of the major physiological
events that ooour during the termination of the esbryonio

existence# The times are approxinate#



% Active hatching

The guieeeent period le terminated vAnan the ohiok oommenoee
to break down the shell in order to esaog” from it# This phyaioal
act is defined as active hatching#

The sequsnoe of these d”1lned events is shown diegraceatioally
in fig# 1#

In expressing the oxygen consis”tion of the fowl the term
metabolic rate describes caQrgen igytake In millilitres per gramme
per hour (ml#Og/g:/hr) whilst absolute oicrrm requirements refers to

oxygen uptake In millilitres per hour (al#0”hr)#
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wtAbpllam of tlie der™*Tf*niT T"MI 11 £fT
a) ak«a*gwrott<>o Md e«»oo Wmia.

Tt is gmwally recognised that 1h# sln”1# egg is the best
eagperirmotal unit fCr studies on the gaseous netabolisa of the
hatching eshzyo, sinoe if more thon one eobryo were used,
fuBCdsmental changes In the metabolism of one loight be masked by
a different metabolism of another.  However, at the beginning of
inoubatlen, when the absolute volumes of gases involved in
respiration are very ssmll, gross inacouracies must be espeoted
wless very sensitive teohniques are used,

Baudriaont A Martln”aint-Ange (1847) showed that the ehiok
embryo required osygen for development. They measured osygen
uptake, oaxbon dioxide and watw produotion of the enbxyo at several
stages of inoibstion, but their results, like those of Baurnggurtrw
(1861), proved subsequently to be quite inacourate and are therefore,
of historioal interest only, Pott A Preyer (1802) conducted
similar experiments, calculating the ojongcn consumpticm Indirectly
and obtained figures of the same order as those of later wortocars
(t«d>le 1), Their data show that the oxyg@i uptake and carbon dioxide
productioo rose rapidly between the tenth and thlrtewth day and then
became fairly constant from the seventeenth to the twentieth day of
inochbation, Pott (1883), Bohr & Hasselbaloh (1900) and Haaaellbaloh

(1900) confirmed these findings, whilst tl» latter author showed that
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the respiratory quotient during gre&ter imject of the inoid>etion
period was indicative of a fat metabolism#  He found that oaxbon
dioxide produotion during the first three days of inoiimtion fell
progressively# Romijn (1962) has shown that this is duo to the
evolution of physically bound carlbon dioxide from the shell itself#
The caxtbon dioxide production ourve for the whole period of
incubation was re-examined by Atwood A Weakley (1924)# Th” found
that there was no change in the rate of production up to the
sixteenth dcy but confirmed the findings of earlier authors that the
produotion of caxbon dioxide was oonotnnt from that time to the
twentieth day# The results of Murray (192%) refuted those of
Atwood € Veakley (1924) and confirmed those of Bohr ~ Hasselbalch
(1900, 1905) by showing that tiiere was a ucfinite inoi™jase in the
rate of cazbon dioxide evolution from the eleventh u&y of incubation#
Lussana (1906) was the ilrst author to note that there was a
large increase in the oxygen consumption of the hatcliing embryo#  He
found that it trebled or even quadrupled between pipping and the first
day after hatching end was accompanied by a rise in the rospiratoiy
quotient from 0#68 to 0#84# Romanoff (194la) oonfinsed that the
0:10ren consumption of the chick doubled at hatc'ilng# whilst Giaja
& Jovancic (1990) found that there were two distinct ports to ttds
rise, one at pipping and the other at the time of the escape from the
shell# According to Romijn & Lokhorst (1996) the rise at pipping

- from 56#1 ml/hr to 36#8 ml/hr — was insignificant but Viosolwdijk



nl/hr

10 -

days

?1lg. 2# The ejOngan requlmseats of the devblepimg chick mbryo,

Data from Romijna lokborat (i960) and Romijn (1961).



(1962a) oonflnaed that there «as a dlatioot rla# in the easrgen
requlreDeate of the ohiok following pipping (table 2)# Vieeehedijk
further noted that there was a alight inoreaae in uptake when
pulmonary respiration was initiated#

The oiQrgen requirements of the developing embryo are, aocoording
to ReKBijn (171) and Romijn & ILekhorst (I960), greater tiian other
wofkers have found (see tables 1 and 2). It will be noted that the
0JjQgem requirenents are similar for the four breeds that have boen
examined and therefore this diserepenogr ocannot be of genetical origin
but poiiaps it ie a result of employing more sensitive teochniques*
The osQrgen i“tato ourve of the eshryo is shown in fig* 2, the elate
for wfaioch have been taken fTom Romijn D Lokhorst (I960) and Romijn
(1961)# The essential features of this ourve have certainly been
known from the beginning of this century* It will be seen that the
rate of os™yogen uptake first increases at the tooth day of incubation#
Oxygen uptake beoomee relatively oonstant between the fifteenth and
nineteenth dcy and then doubles within a day during which time the
ohiok hatches* As the respiratory quotient is virtually oonstant
tliroughout incubation, the curve for carbon dioxide production will
be similar*

b) The tobanlw aontromm tb» #ham»> to fumom m%aboU tm

The increaee in the rate of oxygen uptake by the «aSsryo at about
the tenth day of incubation has been shown to be due to the oonmenoe-

ment of the seorwtion of thyroid hermimes (Sun, 1932f Honsborou” &



Khan, 1951; Romijn, Fung A ILokhorst, 1952; Stoll a Blong“ot,
19531 Carpenter, Beattie & Chasbers, 1954; Maraud, Stoll, Maoario
* Blanquot, 1954)#

Changes in the metabolism after the fifteenth dgy of inoubatlen
are rery imperfeetly isiderstood# In spite of a oonstant omygsn
igotake the embryo oontinuss to grow during this period (tlumor, 1925b;
Romijn A Lokhorst, 1951) although the growth rate is rsdueed (Romanoff,
1929; 194la; 1960)# The observations of Romijn et al# (1952)
suggest that otxy&m iQxtako at this time nay also be influenced by
the tbyroid gland, since embryos treated with thyroxine were not
found to exhibit this oharaeterlstie levelling out of oxygen
oonsunption#  This is stgiported by the work of Beyer (1952), although
he found that there was a tendenoy for the oxygen owsumption of
es&xzyos treated with thyroxine to beoome aiproximtely constant from
the seventeenth to nineteceth day#

Another explanation for the constant ocayg«n uptake may be that
the ojygen requirements of the esbryo are equal to, or even exoeed,
the volun» of osygcm that can diffuse aoross the shell#  Although
Hufher (1P92) made some measuremmts of the diffusion rates, the only
accurate work has been carried out by Romijn# He found, (Romijn,
1950a), that the permeability of the shell increased during
incubation#  Calculations from his data show that at the beginning
of incubation, at a tenperature of 30% and at a pressure gradient
of 100 mm water, about 0#12 ml oxygen can diffuse across the

membranes of the whole egg each hour, whilst on the twentieth dHy,



under the sane oonditions, this inoreaeee to 126 m"hr# He

suggested that about three-quarters of the oxygen required by the
eabryo on the twentieth day could be supplied through the shell
oovering the air space, and than eonoluded, erroneocusly, that "at
least 80 per oent of the total respiratory metabolise is established
hy the small part of the shell, vis# that area covering the air spaeer #
Further work, (Romijn, 1954a), showed that the permeability of the
shell over the air spaoe was greater than that of the rest of the

shell throughout the inoubatlen period# It is not olear whether this
difference is real, for Romijn did not state whether he had removed
the inner mesbrane from the oaloareous shell* This membrane is net in
oontaet witli the shell over the air spaoce and failure to remove it trfm
the rest of iShe shell would males the two parts Inoomparable#  During
the first seventoen dcys of ineubation he found that the volume of

N

oxygen that oould diffuse aoross ailr space inereased from

0#71 w3/om*?hr to 5008 mVonVbr at a temperature of 30% and at a
pressure gradient of 100 mm water, idiilst over ttm rest of the shell,
under the some conditions, the volume inoreased from 0*06 sVom /far to
32*24 ml/om™hr# Thus on the seventeenth day approxinately

2400 m1#0”hr oould diffuse aoross the shell#  Sinoce the pressure
gradient is much greater in the living ayotes (probably up to 64 ms of
oerouxy) the volume of oxygen that oould roach the enbzyo would be

inoreased by a factor of nine# The maximum requirements of the

full-term ecbryo are unlikely to exceed 40 nl#0Og/hr, therefore the



permeability of the shell is no barrier to the supply of oxygen to
the embryo at say time during the Ineidmtion period#

The oauses of the final rise in the oxygen oonsumption are not
precisely understood#  The rise which ooours at the onset of pulnonaxy
respiration (table 2) may be partly due to the inoreased muscular
aetivi™# The same eigplanation cannot be advanced for the second rise
which occurs during active hatching since the metabolic rate
(s1«0”gB/hr} is maintained even when the bird rests or sleeps
(Giaja A Jovanoie, 1950). These authors have su””ested that the
emergence of thermoregulation, which ocoours at this time (Pembrey,
Gordon A Warren, 18%); Giaja, 1925; Romijn, 1954b; Romijn A
Lokhorst, 1955) mey be a ocause of this risef Sun (1932) has shown
that the iodine content of the thyroid gland increases dramatically
during the first six hours after hatching, suQ'esting that the thyroid
mif” be involved#
1#3#i1 The termination of the embxyonlo existence
a) The initiation of polmonary respiration

The change from d*iorio—-allantoio respiration to pulaonaxy
respiration is oomplez, involving changes in the vasoular system and
the removal of the fluids filling the respiratory tract# The nature
of $e pulfltonaxy stimulus is net known, and the work that has been
oarrled out is somewhat ocntrodictoxy.

Under natural conditions pulmonary respiration is net initiated
until the nineteenth or twentieth day of incubation#  However it has

been established that embryos are able to exhibit respiratory movements
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from the thirteenth day (Kue A Shen, 3937| Windle A Baroroft, 1938)#
ByerlyA Olsen (1931) suggested that "air hunger", l#e# anoxaemia,

was the main stimulus, but pointed out that pulmonary respiration oould
not begin until the fluid in the aaniotic aao and the respiratory
passage had been absorbed#

The removal of the asniotio fluid b"ins on the sixteenth day
of inoubation (Romanoff A Heyward, 1943f Kugler, 1945) as a result
of aotive absorption by the embryo (Wisloeki, 1921; Vzbitoh, 1924;
Taylor A Saens, 1949)# Kuo A Shen (1937) found that true respiratory
movements did not ooour until the fluid had been removed and that
injections of isotonic saline into the asniotio sac depressed the
respiratoiy ratef# They concluded that the removal of the fluid,
resulting in the drying of ths skin, was main stimulus, but
suggested that oaxbon dioxide mi#Kt also be involved, for they found
that the blood flowing thieu” the chorio-oHontols progressively
oazkencd in colour from the flftemith or sixteenth day of inoubatima#
It may be owoluded therefore, that this gas rdght act through the
respiratory ocentres to initiate pulmonoxy respiration#

Carbon dioxide, in moderate oonoentmtiona, (0#B - 1#6"), was
found to initiate respiratoiy movements in the full-term chick embryo
by Kindle A Barcroft (1938)# Windle, Scharpes”urg A Steele (1938)
suggested that hypoxia and byperoapnia were responsible f<r the
initiation of pulmonary respiration because respiratory movements were
increased when the diffusion rates aoross the shell of the air space

were reduced by waxing#  They concluded that ocarbon dioxide exerted



itfl eff”ot through the reaplr&tozy ocentree.  Hororor, Romljn (1%8)
proMBited that the rospirotory centres of the full”tera
eifhiyve sal the perafoetcui were lasenaitlWB to gaseous dhauges. Re
found that the respiratory rate of the parafoetus was unaffected even
when It was breathing an atmosphere containing 4.IQ oaxton dioxide.
FurthMwore* the respiratory rate of the chick loaadlateiy after

?
hatching* «hen placed in an atmo”Aere containing Jff carbon- dioxide*
1~ cs0f" and 03* nitrogen* was eisdlarly unaffected. A ohiok one

?
day old was found to rapidly develop dyepncea #&en placed i'n the same
atacsphere. Recently* Visaochedijk (1962a) threw dodbt on Rcmijn's
results Vy ahowi% that the parafoetus is sensitive to oaxhon dioxide
and respwds by activity of the cervical mueoles which resulted in
pipping.

If carton dioxide is iim»wlved in tim initiation of pulmonary
respiratieai* it seems that the air space may be involved in producing
the necessary partial pressure in the blood. The ohanging concen-—
trations of carbon dioxide and oasysim within the sir space have been
neasured by Aggassotti (1914)# Romijn d Rocs (1938)* Roos & Rondin
(1941) and Romijn (1954a)# They found that the concentration of
carbon dioxide increased progressively from the third day of
incubation to reach about ¥ on the nineteenth day# On the twentieth
there was a sharp rise* the conocentr”tien often maohing In
contrast* the oxygen concentration fell during incubation from to

13*¥1SP" on the nineteenth day* and then to 9*13" during the twentieth.

The relatively high oonoentration of carbon dioxide would be more than



suffloient* in Windle and Baroroff s view* to initiate pulmonary
respiration. Indeed* if a maximum of oaibon dioxide 1s required*
then the enbryo ought to begin air breathing on tlie thirteenth day of
inoubation at the latest.

Both Noyws & de Fiesselle (1939) and Romijn (1948) found that '
ombiyod with perforated air spaces still hatched normally. This shoes
that the intaot air spaoce is not at all essential for the completion
of development and therefore* if caibon dioxide is involved in the
initiation of pulmonary respiration* any necessary partial pressure
in the blood must be realised by other methods.

A state of confusion exists over the nature of the pulmooazy
stimulus. At present tec theories emerge* altlicugh they mey be
oomplementaryi

1. 1i%yperoapnia and possibly hypoxia stimulate the respiratoiy

oontrod which in turn initiate pulmonary respiration.

2. The removal of the aondotio fluid Abm the respiratory

tract stimulates pulmonary respiration* possibly through the

drying of the skin.
b) The pippina stimulus

A stimulus for pipping has recently been demonstrated and mey
be distinct from the pulmonary stimulus. Visaohedijk (1962a) sWeed
tiiat the time of pipping could be altered by varying the ocoi”sition
of the gas mixture in the air space. This treatment was without
effect tgoon the time of the onset of pulmonary respiration. He found

that a hi|” concentration of carbon dioxide* and to a lesser extent*



0 6-12 7 7 7 2
0 0.025 1.0-1.5 o™ = 44 4
0 2-16" +— ? 4 ? 5
0 0.1 1.0 7 a4 6
Of17 2 & 2-4% ¢ 7 7 ? 5
5 0.025% 7 e 44 44 1
8 0.013-0.1 7 ? L 3
15 1.0 +- ? ? a- 6
M> deAaite aooeleration ~ no effect
* slight aooelerotion ? not measured

~ definite retardation

1* Hanan (1928)« 2# McCartney * Shaffher (1949)# 3# Honijn*
PuDg A Lokhcrst (1952)# 44# Beyer (1952). 5# Rogler et (1959%p) #

0. Fertet (I960).

~jf'thypcxlne#

Table 3. The effects of exogenous thyroxine upon the ohiok erbxyot

It has been assumed that the 1-isoner was used.
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a low ooaoentratlon of oxygon* atimulatod pipping. The eidok in the
parafoetal period must thezwfore be sensitive to oceibon dioxide
(of. Romijn* 1943) e T'urtheraore* the neoessaxy oonoentration of
gases must* in part* be realised throu” dliTuaion insuffioienoies of
the shell of the air space*
0) Thfc hatching stimulus

No direct work has been carried out on tlie nature of the hatching
stimulus* It seems likely that the thyroid is involved for several
authors have demonstrated that this endocrine gland is particularly
active at hatcttiz® (Sun* 1)32* Blanquet# Stoll* Ksraud A Capot*
1953# kogler* Parker* Andrews A Garrick* 1S"%a)#

The effects of excgooous thyroxine on the growth and metabolism
of the QIidbiyo have been investigated by several workers (see table 3)
but few have specifically noted aqy effects on the time of hatching*
and those results available are somewhat oontradictcxy* moreoverd
Beyer (1952)* in contrast to Romijn et (1°2)* found that develop-
neat was accelerated and that hatching was advanced by up to one and a
half days even though both used similar quantities of thyroxine*
Rogler A (179b) found that hatching oould be advanced only
giving a second injection of thyroxine on or about the seventeenth day
in addition to one on the first day.

Fortet (I960) found that the injection of 0*1 jtg of thyroxine
before inoid>&tion led to an incre™iced rate of metabolism* which was
accompanied by accelerated development and earlier hatoldng. If*

however* 1 ~ of thyroxins was injected at fifteen days* none of these
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0 2*0 2*%5 — a4 7
8 0*5-140 44 7 7
8 0*25 44 4 7
8 2%5 5.0 ? 7 7
10 1*0 3.0 7 44 l
11 2*0 > 7 7 44 ?
11 3#0 7 100 7
11 5#0 7 100 ?
11 10*0 ? 100 ?
7-17 1*0 10 7 44 7
14 0*5-2*0 a4 a4 7 ?
17 1*0 1.0 7 7 7
44 definite effect - no effect
— definite retardation ? not measured
1# Groasovios 2# Adame A Bull (1949). 5. Adams A
Buss (1952)# 4# Romijn gt (1952) # 5# Romanoff A

Laufer (1956)* Rogler et al* (1959¢&)#

Table 4# The effects of thiouracil and thiourea upon the

developing ohiok exabiyot
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effects oould be detected. The published results have been sisanarised
In table 3%

Ccitrogenio substances have given mere consistent and oonelusive
results*  Grecsscwlos {1%6) found that If thiourea wore injected into
the uninotbated egg hatching was delayod by up to ten days* One milli-
gramme of this Bibntanoe delayed fu.tohing by one If injected on the
seventeenth day of inoibation* vbsreas h&tohJj” oould be delayed by
three days if the same amount wore injected on the tenth day* He
further noted that 10 of thyroxine oo%>letely noutralised the action
of 2 mg of thiourea when both were Injected on the seventoenth day*
idtuss A Bull (1949) fb\ssd that thiouraeil delayed hatohing* whilst
Adams A Buss (1952) noted that propyl thiourpoil had a suWi greater
delaying action Wpon hatching than methyl thiouraeil* Roaijn e| al*
(1952) found that tiiicizraoll reduced the metabolic rate markedly between
the tenth and the sixteen” day of incubatiozi* that it bed no signifi-
cant effect upon the growth rate and dcl”rod hatching by up to five
days* Rogler et (195%) fOund 2 wg of thiouraoll delayed hatching
by 2 days when injected before inwAstlon* and Rmaanoff a Touifer (1956)*
also using 2 mg thiouracll* found a delay of 4 d*ys if it were injected
on the eleventh day (see table 4).

It is Importent to note tlmt thyroid activity is regulated by
tlw» pituitary gland* Little work has boen carried out on the pituitaxy-
thyroid Interrelationship in birds* Voodaida (1937) and Aron (1939)
showed that administration of thyrotro#]lc horrrone to the developing

embryo resulted in an intense activity in tho %iyroid gland* Woodsids



(1937) did not state whether the time of hatching was affected when
20 day old embryos were treated* Fugo (1940) however* was able to
show that the final development of the thyroid did not occur when the
emboryo was hypophysectomiaed*

I*3*%1ii The development of homeotlierqy and
a constant body température

a) Homeothemgr

Animals that are able to regulate their heat production over
a wide range of environmental oonditiona hereby maintaining a constant
body temperature are said to be homeothermic. Romanoff (1941b)
incorrectly defined the phenomenon as "the increase in body temperature
above that of the environment*. Homeotherms may be classified as
preoooial or altrioial# depending upon the time that the homeothermic
response emerges*  In the former group, of which the domestic fowl is
an exaig>le. some degree of bomeothenqy is developed at hatching; in
the latter group, homeothermic responses are lacking at hatching but
gradually develop later, e.g. the wren. Troglodytes troglodytes
troglodytes* (Kendeigh. 1939).

Pembrey et ~* (1895) found that the chick embryo was poikilo—
thermie until the twentieth day of inoidzation* After this time they
found that lowering the wvironmental tesgzerature did not affect the
metabolic rate of the eabzyo and therefore termed this phase a "neutral
oonditionT. As soon as hatching had taken place the homeothermic
response became evident, and was well developed by the first day after
hatching* Giaja (1925) confirmed the existence of the neutral

condition in the pipped egg* Henderson A Brody (1927). Henderson
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(1930) and Romanoff (1941b) suggested that homeothcrzny developed
gradually from the mid-point in the incubation period*  Both
Henderson & Brody (1927) and Henderson (1930) found that after the
fifteenth day. changes in the envirommental “temperature had little
effect upon the growth rate, and therefore oonoluded that the homeo-
therndo response appeared on the fifteenth day* Romanoff*a work has
been invalidated by an incorrect definition (see above) and the
techniques of Henderson and Brody cannot be accepted as valid*

Horeng & Philips (1950). with no justification whatever, stated B >
that " .  the baby ohiok behaves like a cold-blooded animal" e

Romijn (1954b) and Romljn A Lokhcrst (1955) showed that drastic
cooling of the nineteen day old embryo (from 588C to 26"0) resulted in
a rise in the respiratoiy quotient, although the heat production still
fell* This they termed "chemical shivering"*  They were unable tc
demonstrate the neutral condition, but found that immediately after
hatching, althou” the ohiok was still wet. the homeothermic response
was well developed*

Hoffkann A Shaffher (1950) noted that the thyroids of chicks
incubated at 36"C were larger than those of ohioks incubated at 39°C.
suggesting that there was some response to cold*  TixiezHTidal (1957)
carried out a more detailed examination of the thyroids of full-term
embryos which had been subjected to cold (277-288C) for two or three
days and found that the thyroid responded in the nomeil way by an
increase in the epithelial cell height and a decrease in the amount of

oolloid*  Although this physiological response was not sufficient to
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Increase the metabolic rate, it may be consistent with the elevated
respiratory giiotient observed by Romljn A Lokhcrst (1953) ¢ That the
thyroid is active in ohemiocal thermoregulation is contrary to the
findings of Stahl. Pipes A Turner (196l)«  These authors reported that
the hatched bird had to be subjected tc at least 10 days of continuous
cold stimulation before any changes in the thyroid secretion rate oould
be detected*

Complete homeothemy is certainly developed in the domestic fowl
by the end of the first week after hatching (Kleiber A Winchester. 1933;

Romanoff. 1941b# Randall. 1943# Romijn. 1934b# Romijn A Lokhcrst.

1955) .

The consensus of opinion, therefore, is that the homeothermic
response emerges in the fowl at some time during hatching and is
completely developed by the end of the first week of post-embryonic
life*

b) Body temperature

From about the tenth day of inoubation the body temperature of
the embryo exceeds that of the environment (Penjonsohkewitsoh A
Retanow. 1934# Romanoff. 1941b# Romijn. 1954b# Romijn A Lokhorst.
1955. 1956)* At hatching the body teng)erature is about 40"0. as
compared with a normal incubator tengperature of 38°C*  During the days
following hatching the body temperature rises progressively and finally
becomes constant, at about 417C. on the fifth day according to Lamoreux
A Hutt (1939) and Hutt A Crawford (I960) but on the tenth dsy

aooording to King (1956) . Lamoreux A Hutt (1939) found that the



températures of White Leghorns were significantly hi”er than those
of Rhode Island Reds at the end of the first fortnight* There is no
sexual difference In the body tencrerature during the first fortnight
of post-embryonic life (Card. 1921# ILamoreux A Hutt. 1939) ¢

The rise in body temperature siay not be progressive, for the data
of Card (1921). King (1956) and Hutt A Crawford (I960) show that there
is a transient fall beéween thé fourth and fiftli days after hatching*
The cause of the rise has received little attention, but it has been
suggested that it is a result of the mass of the bird increasing at a
greater rate than its surface area (Kendeigh A Baldwin. 19287 Baldwin
A Kendeifdi. 19327 Randall. 1943)

A diurnal rhythm in body temperature was first reported by
Hilden A Stenback (1916)*  They found that the variation was
0*95°C/day* Heywang (1938) confirmed this and suggested that the
diurnal rhythm of the environmentsl temperature might be the cause of
this variation* By maintaining a constant environmental temperature.
Wilson (1948) was able to reduce the rhythm to 0*177°C. althou” he made
no mention of the photoperiod* Hildsn A Stenback (1916) found that the
rhythm could be reversed simply by reversing the photoperiod*  More
recently Bajpal (1962) showed that the diurnal rhythm was unaffected by
daylengths cf either 16 hours or 8 hours, but that f\m group receiving
16 hours* daylight had a significantly higher body temperature* It
seems more likely, therefore, that it is the degree of physical activity

which affects the body temperature*
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I.3#iv Gaseous metabolism of the hatched ohiok

The oonfusion arising from the application of Indirect
oalorimetry to avian material is discussed more fully in section
I.3.V (page <M)« Much of the early work was of this type and the
failure to publish the formulae used to transform gas volumes into
units of heat makes the work less valuable. ?/here the formulae were
given the data have been reconverted to their original state,
a) Factors affecting gaseous metabolism

Aooording to Mitchell A Kelley (1933) there was a "dearth of
data" available on ocaygen consumption, carbon dioxide production and
water metabolism of the domestic fowl. Since that time more data have
become available but they are often of limited value through the failure
of the authors to record the precise conditions of their experiments.

Both the nutritional state of the animal and the environmental
temperature have a great influence on gaseous metabolism. Mitchell
A Haines (1927b) and Dukes (1937) showed that the basal metabolic rate
is realised only after some forty eight hours* starvation. The birds
said by Barott A Pringle (1946) to be in a basal state had been starved
for only twelve hours and had therefore only reached the post-absorptive
state (Hillman. Kratser A Wilson. 1953). Precise control of the
temperature is necessazy if the data on gaseous metabolism are to be of
any value. In the work of Mitchell A Haines (1927s) the wvironmental
temperature was usually about 2170. but occasionally it rose to 3440.
Again if the times of temperature changes during the experimental

period are noted valid comparisons of the published figures are TIhen



a) =

o—8

o W —-—

»

55 q
SH o
ez O

o

Cr iy



possible.

In view of the possibilily that the diet nay affect the gaseous
metabolism of the bird (see page <*Ajet seq) it would also be
e.dventagecus if the formula of the diet were given*

b) The aones of thermal neutrali-ty

In work upon respiratoiy metabolism knowledge of the zones of
thermal neutralily is of paramount importance*  Mitchell & Haines
(1927a) determined the lower critical temperature of the adult fowl”
but Barott A Pringle (1941), in a re-examination of the data, were
able to show the extent of the whole zone* The findings of workers
in this field have been summarised in table 3* It is probably
important to note that all the determinations were made on birds that
had been starved for at least twelve hours*

Benedict, Landauer & Fox (1952), Romijn (1950b) and Romijn A
Lokhorst (196la) have pointed out that feathering is an important
factor in determining the zones of thermal neutrality: the zone for
the poorly feathered bird is narrower and shifts into higher
temperature ranges.

0) The basal metabolism of the fowl

Mitohell A Haines (1927b) found that forty eight hours*
starvation was neoessaxy to bring the fowl to its basal condition*
This was confirmed by Mitohell A Kelley (1955)# Henry, Magee A Reid
(1954) and Dukes (1957).

Mitohell, Card A Haines (1926) investigated the basal metalbolism

of the fowl during the first month of life and found that there was
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little difference in the oiygen roquiremcnts of hile eghoms and
White Plymouth Roolte. This was oonfimod by Mitchell A Kelley (1955)#
breed differenoces were first noted by Niobita 6 Miroea (1955) (see
table 6). In a more complete slaidy of the metabolic pattern,
Mitohell, Card & &ilnes (1927) found that the basal metabolic rate
(EuUO"gp/hr) of viMte Leghorns reached a maximum on the eighth day
after hatching although the oj”en consumption in millilitres per
square metre of the bo”y surface continued to rise until five weeks
after hatching#  Thereafter tiie netebollo rate fell and became
constant from the tenth week. They also found that the adult mole
hod a higher metabolic rate than tlie adult female, and that castration
led to a reduction in the rate, although not always immediatelyi#
Mitohell A Haines (1927b) and Romijn (1950b, d), however, were unable
to confirm th/it males liad a higher metabolic rate then non-laying
females. Gerharts (1934), Mitohell A Haines (1927b) and Dukes (1957)
found that the laying hen had a hl”ier rate than the non-laying heni

Studies on the gaseous metabolism of the fowl under aoourately
controlled environmental conditions were initiated by Barott and his
aosociatoo.  Barott, Byerly A Pringle (1956) determined the oxygen
consuB™tion, carbon dioxide and heat production of unfed ohioks during
the first five days after hatching# At the point of thermal neutrality
(55"C) the metabolic rates of the ohioks were constant throuj”ut the
period, whilst those whose yolk sacs had been surgically removed showed
a gradual decline in tlieir osygen requirements# Barott, Frits,

*

Pringle A Titus (1958) determined the basal metabolic rate of the



growing fowl during the nineteen weeks following hatching, and found
that the rate rose progressively to the fifteenth day but then slowly
declined, reaching a constant level by about the hundredth dey.

Per” A Sulman (1945), in an examination of the thyrogenic
theory of moulting, found that whereas there was little seasonal
variation in the metabolic rate, it was elevated in the TOulting hen.
It must be pointed out, however, that a higher respiratory intensity
in the moulting hen is no proof that there is an increase in thyroid
activity.  Benedict et (1932), Romijn (1950b) and Romijn A
Lokhorst (196la) have shown that the higher metabolic rate of the
poorly feathered bird is a result of the reduced insulation.

The above findings are summarized in table 6. It will be noted
that the results are extremely variable,
d) The resting metabolism of the fowl

Little attention has been paid to the metabolism of the unstarved
fowl. Brody (1930) measured the oxygen uptake of two breeds during
the four weeks after hatching and showed that the metabolic rate rose
until the body weight reached 60 gn (10 days old) and then remained
constant for the rest of the period of dbservation. Kibler A Brody
(1944) extended this study to include the adult fowl employing more
precisely controlled environmental conditions. They found that the
metabolic rate during the first month after hatching was virtually
constant, but when the birds had attained a body weight of between
300 gp and 500 gm there was a marked, progressive fall. Thereafter

it fell less rapidly. They suggested that there was no signifioant
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sex difference in oxygen requlremente# Bro”, Funk & Kampster
(1932) had previously reported that adult males consumed 2~ more
oxygen per unit time '“lan adult females, and this was eonfirmed by
Romijn (1950c),

In a recent study, Beattie & Freeman (1962) compared the
oxygen requirements of two broiler strains, the first (strain A) had
a metabolic rate not unlike "a.t of the Tthite ILeg®ioms studied by
Brody (1930) but the second (strain B) had a much higher metabolic
rate throughout the period of observation. They fouM that the meta-
bolic rate increased progressively until the birds weighed 60 gm
(strain A) or 70 gm (strain B) and then became virtually constant for
both strains during the rest of “e odbservational period of a
fortnight. This oonfirmed the findings of Brody (1930), Brody et
(1932) and Barott et (1938) .

Examination of table 7 shows that the only complete study is
that of Kibler A Brody (1944).
e) The effect of the diet on metabolism

Much work has been carried out on the effect of different diets
on the growth rate (e.g. Davidson, 1956; Baldini & Rosenberg, 1957;
Combs, Romoser & Suppléé, 1957; Combs, Suppléé, Quillin, Blambexg,
Donaldson, Romoser A Helbaoka, 1958; Rand, Scott A Kummerow, 1958;
Mras, Boucher A McCartney, 1958; Norris, Dam, Nelson A Hopkins, 1959;
Beilhars & McDonald, 1959, and Marion & Edwards, 1963) but more

fundamental work on the effect of the diet upon the metabolism is

limited.
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Brody et *. (1932) eiaadned the effeots of varylzg protein
levels on the heat production of the growing fowl and found that
whilst a diet oontaining 30" dried skimmed milk (total orude protein
18.9%) gave the best growth rate and the greatest overall heat
production per unit time, a diet with © dried skimmed milk (total
crude protein 12.é"} led to the greatest heat production per unit
weight during the first 45 days after hatching but then assumed the
lowest rate by 65 days. - -

Singh A Shaffner (1950) found that birds fed a high energy diet
had slightly higher oxygen requirements compared with those of birds
fed a low energy diet# Kellen, Hill A Dukes (1954) confirmed this
for male ohickens and found that the increase in the metabolic rate
was statistically significant* They further observed that the diets
were without effect upon the females* Mellon and )iis co-workers were
unable to detect any changes in the thyroid weiglits of either sex*
However, the work of Singh A Shaffner (1950) and that of Mellen et al.
(1954) has been criticised by Maroh A Biely (1957) on the grounds that
the low energy diets were sub»optimal and offered a low plane of
nutrition*

March A Biely (1957) found that supplementation of a basal
diet with either 12" tallow or 12" herring oil led to differwit
responses by the fowl. Tallow produced a depression in the thyroid
weight, but had little effect on the growth rate and no effect on
oxygen uptake, whereas herring oil depressed the growth rate slightly,

but had little effect on the thyroid weight or oxygen uptake*



Treat, Fergiiaon, Davies A Cough (I960) foimd that a diet supple-
mented with 17" rice oil led to a reduction in the weight of both
the tiiyrold and adrenal glands within 8 weeks#

A difference in metabolic response aocoording to sex has been
noted by Mellen ” (1954) and similar differenoes can be seen in
the work of Konnolly é Maynard (1955)# The latter authors found
that the males had a hi“jhor growth rate if fed a diet oontaining a
high level of fat, whereas tlie females showed no such increase.

T#3#v The application of indirect oalorinetrio
techniques to the fowl

The use of indiroot ocalorimetry with avitm material has been
questioned by several authors (Richardson, 1929; Mellen & Hill, 1955
and King, 1957) mainly on the grounds that theorotioally impossible
respiratory quotients are oharaoteristlo of the developing wnbryo
(Hassellbaloh, 1900; Bohr A llassellbalch, 1903; ILusaana, 1906;

Romijn A Lokhorst, 1951» I960) and of Tkbe starving fowl Mitchell, 1927;
NioMta A f*roea, 1933; Henry et al.. 1934; Benedict A Iee, 1937;
Dukes, 1937; Romijn, 195Cb, d; Mellm A Hill, 1955; Romijn A
Lokhorst, 196la). Calculations of the heat production by the standard
equations are therefore made diffioult.

It has been suggested that these low respiratory quotients
are a result of either protein catabolism (Heniy ~ al.. 1934) or
oertain biochemiocal reactions "Thereby endogenous oxygen is formed,
or oxygen 1is absorbed without production of any carbon dioxide

(Adams € Poultcm, 1932, 1935; Foulton, 1938a, b; Romijn A Lokhorst,
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1961b) t

«eg* 3 A 2173672 * ~2
King (1957) ahowed tbat the reaplratoxy quotient im tho production
of chiokon urine «ao 0.735 (based on data from Coulaon a Hug”o,

1930) but the latter authors* data were «ritioised by Stux* ie (1958)
on the grounds that the degree of diuresis had not been assessed.
Henry et al. (1934) TIbund that the respiratory quoti”*t of a starving
fowl fed albumen fell from 0.69 to 0.65 * 0.66 when oatabolism was

at its most intwse.

In spite of the problem of respiratory quotients below the
theoretiocal minimum, some workers have used direct end indirect
methods of ocalorimetry simultaneously in experimental studies. The
embryo has been studied by Bohr d Hasselbalch (1903). Barott (1937)
and Romijn A Lokhorst (1960s 1962). Bohr and Hasselbaloh obtained a
j**d correlation between the tenth and sixteentii day of inoidxition but
Romijn A ILokiiorst (I960) found a good correlation only to the twelfth
day. Thereafter both authors reported large disorepfmoie# - actual
heat production exceeding calculated heat production (Bohr and
Hasselbaloh). the calculated figure exceediz” the actual fl#ure
(Romijn A Lokhorst. I960). However. Romijn A Lokhorst (1962) found
that a good correlation for the wixole period of Intubation oould be
obtained by maintaining the relative humidity of the environmfnt at

An explanation of this finding has yet to be offered. The

data obtained by Barott (1937) sWwed a very poor correlation
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Age
days

1-5
1-7
14
15
35
56
84

200

365

Adult

ma>

Heat oal/gi/hr

Cbs.

6.00
5.50
6.25
6.20
5.95
4.97
3.90
3.30

2.75
3.00

Gl.

.84
.88

.52

.50

.29

.37
.18

.50

.87

.05

%

dlff.

+6.9

44 .3

+4.8

+5.7

+8.0

+7.2

+6.7

+4.4

+0.2

! ' Author

Barott et *. (1936)
Barott & Pringle (1946)
Barott A Pringle (1946)
Barott et (1938)
Barott A Pringle (1946)
Barott A Pringle (1946)
Barott A Pringle (1946)
Barott et (1938)
Barott A Pringle (1946)

Barott A Pringle (1941)

Table 8# A oeopariaon of the cbserved and calculated iieat

produotion of the starving fowl. The respiratory

quotient was above 0.707 in all experiments.
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throu”®out. This appears to have been due to experimental
insufficiencies. The results from the hatched bird are ooopared in
table 6, and it will be noted that the oorrelation is only fair, in
spite of the faot that the respiratory “otients were always above

i
the theoretioal minimum.

It seems that where information on the heat produotion of the
fowl is required it should be obtained direotly, but idiere the two
techniques are used sinultaneously then special features of the
metabolism mey come to light (e.g. the suggested oonversion of fat to
carbohydrate (Romijn A Lokhorst, 1960, 1961b)). Indirect calorimetry
appears to be unsatinfaotory at other times and the oonolusion of
Deighton A Hut”nson (1940) is still valid that "there is clearly
much to be disoovered about avian metabolism before indirect methods

oan be oonsidered Iblly satisfactory for ocalorimetrio work with birds" .
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The work has fallen into four sections; two concerned mainly
with the embryo and two with the hatohed ohicken.
a) Eabryonio respiration

The oxygen oonsustption and ocailbon dioxideproduotion of the
developing embryo have geen very well invéstigated, but little is
known of the metabolio changes that oocur at hatching. Giaja A
Jovancio (1930) have indicated that research into the ohanging oxygen
requirements of the hatching embryo is necessary. Their paper has
been taken as a starting point, and an attempt has been made to provide
more detailed knowledge of the ojgygen requirements of the hatching
empryo.

b) Factors oonoemed with tlie termination of the embryonic existence

The factors oonoemed with initiating hatching are substcmtially
unknown#  There appears to be a pulmonary stimulus, the nature of
which is a subject of some controversy. It is not known whether this
stimulus is also responsible for the escape from the shell membranes.
An attempt to determine the nature of the stimulus or stimuli which
lead to hatching has been made.

Whilst work was being carried out on this topic Vissohedijk
(1962a) published a vezy full acoount of a "pipping stimulus".  His
work had been oonduoted along very similar lines to the present
author’s, and although the letter’s investigations were not so well

advanced, similar oonolusions had been drawn. In view of this publi-

cation researches into ihe nature of the pipping stimulus per ae



were dlsooatinued.

0) Develomeat of the boneotbeitelo vem®ome and the constant hodjst

It 1# well known that the doeestlo fowl is precooiotiB in its
development of hoiaeothemy, but the exact time at which the reapcmae
appears has not been deTtermined. This has thei”iore bew investi-
gated. «

In view of the disparity between the results of Lanoreux A
hutt (1939), Hutt A Crawford (I960) ond Kiog (1956) as to the age at
which the body toepereture of the hatohed chick beeococes constant, the
whole matter has been reinvestigated, ond attempts have been made to
correlate the rising body temperature with oxygen consumption,

d) Oxygen aetsbolism of the unstarved ohiokon

The gaseous metabolism of the fully fbd (Aickem has reoceived
very little attention and in those studies tnat have been published
rigorous control of the experimental conditions has been generally
lacking.

Here the effects of the diet on czgrgen metabolism of the
unstarved fowl during its period of rapid growth have been investi-
gated. All the diets used in these studies were fbrmulated to
ensure that they were adequate in all nutritional requirements. At
the sane tine the growth rate, food coilsuroption, thyroid and adrnnal
weights were determined in an attempt to eluoioate how the diets
might be affecting the oxy&m uptake.

The environmental temperatures at which the consumption

were determined were always controlled to within”® 0.1%. However,



the sonee of thermal neutral!” for the young unstax*ved obioken
are unknown and therefore had to be determined in order that the

adverse effects of temperature on the metabolism oould be eliminated*
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11§
TH#5#1 Mlffigla and their m&naKcncnt
a) Birds

A atandardiged and representative souroe of animals 1s neoessary
for all physiological mork*  Therefore for each breed examined, a
small group of hens (a minimum of 13 but up to 60 hens in later
experiments) was selected at random from a larger flocic*  Two cocks
were similarly selected* Work was carried out on a commercial laying
strain, a broiler strain. White ILeghorns (WL) and a Rhode Island Red -
Light Sussex cross (RH. x IS)«

b) Management
Incubation techniques and embryos

FEggs were collected daily from the groups and stored for periods
of up to one week at 10P - 12C«  They were incubated in a forced
draught incubator at an environmental temperature of 37*?*+ 0*2@RC
and a relative humidity of 47 + 2% until 7P" of the embryos had
pipped*  The relative humidity was then raised to about for
24 hours and finally reduced to the original level about 6 hours
before the chicks were removed fromthe incubator* The eggs were
*turned" hourly during the first 18 days*

Embryos required for the experimental work were usually taken on
the eighteenth or nineteenth day* Those required for investigations
into oxygen metabolism were placed in the respirometers and maintained
at 37#7"+ 0*18C and a relative humidity of about &C|* whilst those used

for experiments on the termination of the embryonic existence were



Ingredient Ib.

Ground, wheat 33
Ground barley 10
Ground oats 10
Middlings 13
Flafaasal (66*) 10
Sograbaaa meal (417) 10
Dried grass meal 3
Uhextraoted dried yeast 2*3
Skimnilk powder 3
Limestone flour 1
Manganised flour 0*3
Choline ohloride 0*1
112*1
Vitamin A 4y i*u*/ton
Vitamin 1 mg/Ib
Vitamin Im i*u*/ton
Estimated orude protein content 21*CyL

Estimated metabolisable energy 1163 koal”1lb

Table 9% Formula of the standard diet*



kept In a still air inoubator at 37#7" 0.2°C at a relative
honidiiy of 62 *
latohed bird»

All ohiokeas were reared in epeeially designed wire-floored
oages. The room tes”rature was maintained at 1?" 1«0"C and
supplementary heating was supplied to the chicks during the first
three weeks by iafnwred heaters (150 watts). Food and water were
available © libitum. The daylsngth was 14 hours*

The fbraula fbr the standard ration is given in table 9% It
was a ration witli an estimated orude protein content of and with
a metabolisable energy content of 1163 koalf/lb*  Where special diets
were used, the formulae are given in the relevant section*

IT*5#ii Experimental technioues
The determination of oxmen oonsumption

The classical gravimetric method of dete®minli% the oxygen
consumption of an animal is that of Haldane (1092). The method,
however, 1s time consuming without any compensatory increase in
sensitivily* Carpenter (1928) showed that the minimum period of
observation for the adult fowl was two hours, and the period would
therefore have to be proportionately longer ibr yois“ger birds*
Keoently developed techniques have aimed at “poed and simplicity
(e.g. Strite d laoowits, 19565 Chaikeyd Thornton, ~ 9) but tbese
do not inoorporate accurate control of the environmental temperature,
and are therefore of limited value* Perhaps the boat method avail-

able is that developed by Bargetcm & KrwmMfieiler (1949) Wiioh is
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both Tollable and accurate.

A submersible diaphragm pump (p) activated by an auxiliary pump,
moves alr round the closed circuit apparatus (see fig, 3). The rate
of flow is controlled by varying the speed of the auxiliary pump.

The resulting pulses of air are converted into a oontinuous flow by
directing the air through a column of glass wool.

The air passes into the animal chaid>er and then through a carbon
dioxide absorbent (sodi”~lime) and back to the pump. Two seoondary
cirouits are derived from the animal ohamber, Eaioh is connected to
an oxygen storage tank and a manometer, the otlwr arm of which is
open to the atmosphere. Only one oxygen tank is connected to the
main circuit at any time, the other is in communication with an
external source of pure cacqrgen. The tanks are alternately brought
into the main circuit by turning the selector tap (ST) through 18CP,

The carbon dioxide produced by the animal is absorbed by the
soda-lime. As oxygen 1s consumed there is a gradual and progressive
fall in the pressure of the system, end this is registered on the
manometer which is in circuit, Oigqygen is displaced from the oxygen
storage tank into the main circuit by forcing water into the bottom
of that tank. When the pressure of the system returns to normal
(1,e, atmospheric) the flow of water is stopped. The volume of water
forced into the storage tank is measured by a burette and is equal to
the volume of oxygen absorbed by the animal. This volume is
oorreoted to standard temperature and pressure (STP),

The second oxygen tank i1s in connection with an external souroe



of pure oxygen. This tank can be refilled with oxygen simply by
withdrawing the water from the tank into the burette. Since there
is a temperature gradient between the room and the experimental
environment a certain time must be allowed to elapse before using
that tank.

The d\g>lication of the oxygen tanks makes it possible to deter-
mine oxygen consumption continuously. When one tank is depleted,
the other is brought into circuit and the depleted one is refilled
with oxygen. If determinations are to be made intermittently whilst
it is desirous to keep the material in the respirometer, then the
external source of oxygen can be brought into direct connection with
the main oirouit by turning tap (1),

The environmental temperature is oontrolled during the deter-
minations by submerging the whole apparatus in a constant temperature
water bath. This is oontrolled to within ~ O.IFC,

Two models of this respirometer were used. The smaller model
was designed to take animals up to a wei”™t of 300 gm live weight,
whilst the larger apparatus accommodated animals up to 3 kg. Here
a centrifugal air pump replaced the diaphragm pump and obviated the
need for a "flow smoother" tube.

The technique for determining oxygen consumption

The whole apparatus was brought into approximate equilibrium
before the animal was placed in the ochamber. Once this was done,
the chamber was sealed and the apparatus returned to the constant

temperature water bath, Squilibration took from 3 to 30 minutes



depending upon the material used and the temperature gradient
between the respirometer and the atmosphere. During this time the
oxygen requiremoats of the bird were met by direct diffusion from the
external source of oxygen. When the equilibration was complete, an
olgroen tank was brought into oonneotion with the ohamber by turning
tap T. Each oxygen tank was in oirouit for a fixed time - from 3 to
30 minutes depending upon the material used. The figures for the
oxygen oonsumption of the bird were averaged and the licurly reading
determined. The barometric pressure, environmental temperature, age
and wei”t of the bird were noted.

All determinations were carried out in daylight.
The embryo

The times of pipping and hatching were recorded for each
embryo.  After hatching had taken place observations were continued
for another hour before the weight of the chick was determined. This
weight was taken to be that of the full-term embryo; in this way the
metabolio rate of the embryo could be calculated. No allowanoc for
the weight of the yolk sac and its contents was made, 1in spite of
Needham’s (1932) finding that it is virtually "dead weighif.
The hatched bird

Birds were cbserved singly. After being weighed to the nearest
0.1 or 1.0 gn, depending upon sise, the bird was plaoed in the chamberi
No attempt was made to restrain the bird, and it was free to adopt
any postural position, since Bartlett (1959) has shown that restrained

guinea pigs have a higher metabolic rate than unrestrained, and
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Bartlett, Helmendaoh d Inman (1954), Bartlett, Bohr & Inman (1955),
Bartlett & Qidafey (1958) and Hahn & Koldovsky (1958) have shown that
restraint leads to a fall in body temperature in the rat and oat.
During the equilibration period the bird usually settled down and
often slept, especially if the environmental temperature was within
the zone of thermal neutrality. No food or water was available
during the period of cdbservation: thus the resting metabolism was
measured.

In experiments on the development of homeothermy, no ohiek was
used Bre than onoe since exposure to a low environmental temperature
might affect the subsequent metabolic behaviour of the chick (of, Hahn,
1956) .

Calculation of oxygen consumption
Environmental temperature « TEC,
Barometric pressure « P mm of mercury.
Let each oxygen storage tank be used for n minutes.
Them
Average vol. of HgO forced into the tanks « average vol. Og absorbed

= a ni/n minutes

Og oonsuaption = 60a m] /hr
0. consuBption at STP = .ESS % ml/hr
2 n 2713 + T TS3
Histolofiial||ag™| (| |]]|Jfton of the thyroid glands
The bird was killed by cervical dislocation. Embryos were

killed similarly after they had been removed from their shell. The
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thyroids, lying at the base of the neok olose to the carotid
arteries, were disaeoted out and cleared of parathyroid ozad fatty
tissue. Formol sublimate was used as the fixative#  Seoticns were
out from paraffin blodcs at 5 p, and stained In haemotooQ”1lin and
oos1ni

orta» .Biflhta

In some experimmta the weights of the thyroid and adrenal
glands were determined#  The tiiiekaos were killed by ocervioal
dislocation* The thyroids were prepared as for histological
examination* The adrenal glands were removed and cleared of apy
oonneetive tissue#  Glands wore then blotted on filtw paper, and
weights determined on a constant lead balance (Pettier)#

The determination of surface area

The surface area of the egg was aoa&ured directly by tracing
centimetre squares on to the shell*

Hatched birds were killed with ether and the skin out along the
udd-ventral line from the vent to the base of the skull# The two
flaps of skin were opened out, care being taken to prevent stretching,
end the outline traced on to squared paperi
«9"%. W  <wo»tlng tH>

7)ie eggs were candled end the limits of the air space maziosd#
Waxing was carried out by quickly dipping the shell into molten
paraffin wax (UP 37C), care being taken not to cover aqy part of the
chell over the oliorio—allantois*

Perforation of the air space was carried out with a dental drill



Gas
reservoir

Air
outlet

Air
Inlet

Fig* 4# Apparatus fbr the ventilation of the air space of the
embryo# The ges from the reservoir passes through the
pato» P and aster M into the humidifier H and thenoce to
the egg# The eater tray W maintains the environmental
humidity at approximately 62°# Egg 1 » ventilated air

spaeei 2 » normal control} 3 » perforated control#



at the apex of the egg.

The following apparatus was devised for the aeration of the air
space. A small pump P, delivering approximately 10 1/min was
oonneoted through a wet gas meter () to a humidifier unit @)
maintained at a temperature of 39*0. From this humidifier six
separate tubes were derived, eaeh passing into the air spaoce of an
enbryo, and sealed there by paraffin wax. The apparatus is illus-—
trated in fig. 4#

A second hole in the air space of the eBPxyo allowed the gases
to escape into the incubator. Assuming the volume of the air space
to be 10 ml, the ventilation rate was 160 changes of aii/embryc/hr.
Th. Injeetlan of drm» Into th. of the fuU-tem ubm

The volume of fluid injected into lAie air spaoce was standardised
to 0.2 ml. No attempt was made to maintain aseptic conditions, sinoe
it was found in preliminary trials that the percentage hatch and the
course of the termination of the esbryonio existence were unaffected.
All solutions were brought to approximately 39*0 before injection.
Injection was through a small hole made witli a dental drill, which was
then sealed with paraffin wax.

Triiodothyronine and thyroxine* Sodiua-l-triiodothyronine”™ or
3odium-1-thyroxine™ was dissolved in a small volume of N sodium
hydroxide, and then diluted to the required oonoentration with

physiological saline.

1 Glaxo Laboratories ILtd., Greenford, Middlesex.
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Tidouraoilli 2-thiouracil”™ was dissolved in N sodium hydroxide and
saline adied to give the required dilution#  Control oobzyos were
injeoted with the same solvent#

Thyrotro#ie hormone: Thyrotrophio hormone, of bovine origin®, was

dissolved in saline.

pqgqlnooaRf_%*Wtion. pipping
battling

The time at «diicA the chiolc (par&lbeius) rosponded by oheeping
to a slight seehaniocal shock was taken to indie&te tWit pulmoaey
respiration had been established.

The single, point fraoture of the shell is ocharaeteristio of
pipping and was readily observedi

Hatching was judged complete when the cblak had eso<’ped ftm the
shell membranes#

remoW, of the yolk sac from the ohiok

This technique was originally described by the term "deutectony**
by Adamatone (cited by Sloane, 1936). This term is net aooepted,
the term leoithectoqy being preferred (1°dltiios » yolk, ek # out,
tomes « out).

No standard teohnique fbr the removal of the yolk sac has yet
been devised. Pazkcr (1929), Sloans (1936) end Harvey, Parrishd

:anford (1933) operated throu#i the right side of the chick, idiilst

1 Light d Co* Ltd., Colxdsrook.

2 "Thytropex”. Armour Phsrmaoeutieal Co., U“astboure, Sussex.



Plate 1. LcolthcotGBgr of the ohiok - exposure of the

yolk see.
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Menge, Moreng & Combs (1931) operated through an enlarged umbilicus.

The technique described here is broadly that of Harvey A al.
(1933), but several modifioatioDs have been found to be advantageous.

The ohiok was lightly anaesthetised with ether and the down
feathers on the right side of the abdomen up to the umbilicus were
removed by plucking. The chick was placed on the operating board on
its back, with its legs fastened down to its side in order to keep the
body wall taut. Deep anaesthesia was then induced and the operative
area swabbed with TS aloohol. An incision about one half inch long
and one half inch to the idght of the mid line was made. In this
region the peritoneim is thicker and therefore makes subsequent
suturing easier. The incision was not made on the left side as this
is almost completely filled by the gizzard. Slight haemorrhage may
occur, for there is a small blood vessel running transversely across
the area, but this oould normally be avoided as it is visible Throu”
the skin.

When the peritoneum was out - this wound was less than one half
inch long ¢ the yolk sac could be recognised by its yellow or
greenish-yellow colour. Often it protruded slightly (plate 1).

The sac was seised with blunt foroeps and pulled through the wound,

care being taken to free the sac from the umbilicus. When the yolk
stalk was exposed, a ligature was applied with surgical thread. The
stalk was then severed (plate 2). The wound was closed with two or
more sutures. Care was taken to ensure that the edges of the peri-

toneum were drawn together.



Plate 2* Leoltheotoey of the chick - llgaticc and severance

of the yelk sac stalk.
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The ohiok was plaoced onder an infrarred heater whioh helped to
reduoe post-operative shook. Later 10,000 units of streptoiyoin
were injected into the thigh muscle to help combat infeotiion. The
biid usually recovered within two hours of the operation# The
percentage mortality was low, not greater than
Determination of body temperature

The problems of determining the body tenperature aconxrately,
with good repeatibility, have been fully discussed by Lamoreux &
Hutt (1939). The technique used here satisfied the requirements
they listed.

All temperatures were determined between the hours of 11 afm.
and 11.43 a.m. A gradient in the environmental tempermtiM was
maintained in the cages thereby allowing the ohiok to maintain its
optimal body temperature. The room tengperature was maintained at
17*1

A oliniocal half-minute thermometer was used; the depth of
Insertion was standardised to 13 mm by a tape stop. Insertion into
the cloaca and reotum was facilitated by lubrioatlng the bulb of the
thermometer with liquid paraffin. The thermometer was regularly
sterilised to prevent the transmission of infection to the oloaca.

The birds were selected at random each day. Birds less than
one week old were held in the hand in a crouching position and then
inverted to allow the thermometer to be inserted. The legs of the
birds more than one week old were allowed to hang freely in order to

prevent respiratory distress. The body temperature was determined
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to within 0*1@C and where necessary the sex was recorded.
Analysis of flbod .

Analyses of food samples to give the crude protein, fibre
oaloiim, phosphorus ena moisture content were carried out profession-
ally. T
0il content: 3 ga food samples were wei”ied out in duplicate. Each
was plaoed in a thimble and subjected to the Soxhlet. method of |,
extraction with petroleum ether (4Q”60).

Extraction was carried out for a minimum of 3 hours. The
solvent and the dissolved fatty material were transferred to a wei”ied
flask and the solvent was evaporated off and the oil weighed.
PentosansI .The offioial method of analysis of the Association of
Official Agrioultural Chemists (I960) was used.

Reagents! Dilute (1i2 v/v) HCI,
0.7 (V") phlorogluoinol In dll. HCI.

5 gm of the food sample were distilled with 100 ml dilute
hydroohlorlo aoid. When about 30 ml of distillate had been ooUeoted,
30 ml of dilute acid were added to the food and distillation continued
in this way until 360 ml of distillate had been collected. A solution
of phlorogluoinol was added to give a final volume of 400 ml. The
solution is allowed to stand overnight to ensure complete precipitation
of the phlorogluoide. The precipitate was collected in a weighed
Goooh crucible and washed with distilled water. After drying at

100PC for 24 hours the weight of the precipitate was determined.
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Caleulatlon
Weight of phlorogluoide » o gm
Pentosans « (@ + 0.0052)0.8066 gm
Indigestible organio matter -
From the data on protein, oil pentosan end fibre contents of
the diet the indigestible organio matter oould then be determined
by the following formula:-—

1M a (Crude protein % ¢ Crude fat + Pentosans % + Fibre %

10
Ctatistioal methods
Signifiocanoce test
The signifiocanoce of the difference between two means and

determined by the *t“ test as given by Chambers (1958).
The distribution of t was taken from the statistical tables of Fisher
& Tates (1933). The lo@er levél of significanoe was taken to be
P=0.C"
Standard deviation

The standard deviation of the mean was calculated from the
equation:

8.D, = THUZi -2

Analysis of variance
This was carried out by the method of Snedocor (1933)*
Calculation of regression equations

The method of least squares was used, as given by Johnson (1930)
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to give the equation formy;
y a a &bx
where y » oxygen consuagetion in wH/hri a = a oonstanti b =
regression coeffioienti x = body weight in gmi
From this the logarithmic form was derived;
y o» aﬁb.

This equation was adopted as the standard form of expressing oxygen
oonsunption#
TH#3#441 Experimental designs
Erabiyonio respiration

Whilst many embryos exhibited the same trend, not all the
results were suitable for inclusion in graphs. Tliis was usually
due to inoouplete figures, or the inability to determine some point.
At least six embryos have been used to determine each phenomenon.
At all times the single egg has been used as the ejgmrimental unit,
thus removing the possibility of the responses in one embiyo being
masked by others.
The termination of the embryonic existence

Fach experiment involved a minimum of six embryos per treatment,
but up to 36 embryos were often used. The time at idiich the onset of
pulmonary respiration, pipping or hatching was exhibited by of
the embryos of each treatment was taken as the representative time
for that treatment. The experiment was repeated until @ minimum of
24 embryos was subjected to each treatment to ensure repeatibility.

The mean time was calculated and used in si&sequent comparisons.
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The eggs within any experimental block were distributed at
random, by numbering each egg as its state of development was
cheeked, and then distributing the eggs in a randomised number
pattern. The treatments were determined by a Latin square of the
appropriate dimensions. A typical experimental block is illustrated
in fig. 3. In this way any positional effeots were reduced to a
minimum.

Respiration of hatched birds

A minimum of 12 birds from a single hatoh was used. Larger
groups were ooocasionally made up by amalgamating the chicks of two
or more oonaeoutive hatohes from the same parents. In the experiments
concerned with the effect of nutrition upon oxygen oonsimption, each
pair of experimental groips was obtained by dividing at random the
chicks from one hatoh into two equal groiges of approximately equal
weight.

Effeots of diet on the metabolism and certain endocrine glands

Food oonsumption was measured weekly* A number of birds from
each group was seleoted at random at 3, 5 or 8 weeks of age and the
weights of the tliyroid and adrenal glands were determined.
1.3.1¢ ' Presentation of oxygen consumjtion data
Embryonic respiration

Preliminary studies showed that it was not possible to plot the
results of the oxygen oonsumption of the embryo against the body
weight or the time of incubation if pooling of the results were to be

oarrled out. The Allowing technique was therefore developed..
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The times of pipping and hatching were noted, and 1 hour after the
ohiok had hatched its body weight was determined. No oorreolon
was made for the weight of the yolk sac. This *hatching weight"
was assumed to be the weight of the ohiok throughout the period of
Observation. The o:"gen oonsumption of the ohiok in m]/hr and
m] /gg/hlr was then calculated and plotted against hours before pipping
and after hatching. The period between pipping and hatching was given
a variable time soale, i.e. the times at which the two events
ooourred were fixed reference points on the graph. The distance
(time intervf(l) between pipping and hatching was equal to the average
time between these two events for the embryos used in that experiment.

This technique allowed the results of several embryos to be
plotted together with a good correlation between them (see fig. 6
(page As) ) .
Oxygen consumption of the hatched bird

The oxygen oonsumption (y) was plotted with referenee to the
body weight (x) in most experiments. Where three or more figures
were ooUeoted for any partioular weight the average was taken and
used in subsequent calculationse This enabled the bulk of the data
to be decreased with little effect on the value of the regression
coefficient.

Methods of expressing oxygen uptake have been extensively
discussed (Tamner, 1950} Kleiber, 1950} Chiu & Hsieh, I960).
Chiu and Hsieh, in a study of the metabolism of the rat, oonoluded

that basing the oxygen, oonsumption on body weight (kg), "metabolio
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size" (Kg or kg surfooe area (m") - the latter
three generally oadloiilated from body weight - oould lead to errors,
espeolally when comparisons of the oxygen oonsumption of rats of
different weights ?fore made. The problem is diffioult to resolve,
nnd in the sections dealing with the oomparisons of metabolic rate
as affected by the diet, both oxygen uctal”e based on weight and
metabolio rate related to age have been used.

In most of the experiments on oxygen uptake there were more
data than oould be conveniently inoludod in a table in the text.
It was felt, however, that these data should be available. They
;%ere therefore brought into as owoise a tabular form as ijossible and
placed together in a separate section - Part V. These tables are
identified in the text by Roman numerals; tables necessary to the
text hove boon given Arabic numerals and appoar in the relevant
part of the text.

All oxygen oonsumption data were corrected to STP.
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Giaja & Jovanolo (1930) have shown that the rise in oxygen
consumption at hatching can probably be divided into two distinct
parts, correlated with the stage of hatching. These findings have
been re-investigated in greater detail in the following experiments
by determining the oxygen consumption of the chick from a few hours
before the onset of pulmonary respiration until about six hours
after hatching.

White Leghorn (WL) and Rhode Island Red x Light Sussex
(RIR X 15) embryos were used. During the periods of observation
the eggs were not turned.

Results
a) Wliite Leghorns

The oxygen requirements of three typical embzyos are given in
table I and shown graphically in fig. 6. Fig. 6a shows the
respiratory intensity of the embryo in m“gxy“hr with reference to
pipping, and fig. 6b shows the oxygen uptake per hour for the same
embryos. By standardising the period between pipping and hatching
(fig. 7) the similarity of the metabolic patterns of these three
embryos can readily be seen. The pattern is as follows;- oxygen
oonsiuBption begins to rise 3 or 4 hours in advance of pipping and
continues for several hours before levelling out again. Just before
active hatching commences, a second, rapid rise in oxygen consumption
is initiated, and continues until 1 hour after the chick has hatched.

The level reached 1 hour after hatching is very similar to that of the



fis# 7 Tht laettlolio rtte# of throe hetohU” eoWyo# plotted
agmimet e fixed tiae intertel between pipping (p) and

hatching (H)# Tine before pimping In houre#
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Fig* 8# The ojgrgen requirement# of two edbryee during hatching*
Time eocale a# ibr fig# 7# but the oneet ef pulmonary
respiration taken as one referenow point# Note fall in

netabollo rate after the enact of breathing (@)*
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Fig* 9, The ofFism oonsueptlon of a typloal R2R x IS hatohing
oxhfyo* P a pippedi gth* « oommoeemt of aotlve
hatohlog; h « hatched* Note the rieo in oxygon uptake

after hatching# see also fig, 10,
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Fig, 10, The post-hatAlng rise in the mtabolic rate of RUtxIS chicks



494

diQr™1d chick#

There was sli“tt evidence to suggest that, immediately
followix” the izdtiaticm of pulmsnary respiration, the o:"gen eoca-
stjuption falls until pipping takes place (fig# 8)# This may possibly
be due to the diversion of blood from tiie choxio”ollantols to the
lungs*  Since the o:Qrgan content of the air space }is below 17" at
this time there would be a reduction in the oxygen available to the
chickd
b) Rhode Island Red $ Light Sussex

Similar results mere cbtained with this strain#¥  The metabolic
curve of a typical embryo is given in fig# 9, and the data in table IT#
In this strain there mas a tendency for the oxygen eonsuRptlon to
rise with the oormenoemcnt of active hatching and then to fall
transiently at the moment of hatching# This was in contrast to the
W* chicks wbwe the rise was uninterrupted»  KeasuroDfmts of oa”gen
consuDption were tlierefer© continued for six hours after hatching#
During the first iialf of this period the rate of i“rtake increased
“reatly and then became relatively constant during the remaining 3
hours of observationf#  Results are given in fig* ID end table ITIT#
Although the ohiok exhibited little physical activity during the
oObservational period, its oxygen consumption rose ffos an average of
0*90 w H/Abt half an hour after hatching to an average of
1%22 ml/gn/hr 3 hours after hatching# After t)iis the metabolic rate

became relatively constant#



Dijoussion

Tihe rise in oxygen oonausption begins before pipping*  This
would appear, at least in part, to be a result of ihe ooomenoement
of pulmonary respiration, since ventilation of the lungs is an active
process and extra energy must therefore be expended*  However, the
lungs do not immediately become tlie sole site of gaseous exoliange
because the ohorlo»allantois continues to function for several hours
(the parafoetal period) . It may be expected that as the eliiock
becomes more dependent upon its pulmonary circulation, oxygen con-—
sumption will rise proportionately*  Such a relationship has been
demonstrated by Visaochedijk (1962a)*

There is little evidenoe to identify the stimulus which actually
initiates breathing* In these experiments there was a mortality of
about JOfi and it is significant that over 31 of these embryos died
after pipping*  Macrosoopio examination showed them to be normal
with no visible lesions and no evidence of malpositioning*  Since
the method of determining the oxygen consumption was one employing
closed circuit principles, it seems likely that oafbon dioxide may
Tiave been a oontribuboxy factor to the stimulation* Whilst the
shell is intact the partial pressure of carbon dioxide within the air
space will increase progressively* Pipping, however, removes the
barrier to free diffusion and since the partial pressure of carbon
dioxide within the respirometer itself is zero, there will be a rapid
disappearance of carbon dioxide from the air space* A fall in the

partial pressure of carbon dioxide in the blood would therefore be



Breed a H + TIhr H + 5hr
WL 5 1*1%p.06 —

m X IS 8 0.93+0.10 1.22+0.09

Table 10# The metabolic rates of two breeds 1 and 3 hours

after hatohing. Pigures in rsH/gi*hr  3D.
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expected as a result of breathing an atmosphere free of this gas#
The lowered partial pressure of oafbon dioxide in the blood might
well be sufficient to reduce or even lose, the stimulatory effeot
of the gas upon the respiratory centres# Beoause of the high
tolerance of the parafoetus to oafbon dioxide (the partial pressure
in the air space may reach 70 mm of mercury) only a small reduction
may be necessary for the failure of the respiratory movements#

Since the second rise in the oxygen iq)take of the W#L# chick
was initiated before there was any increase in physical activity,
it seems likely that the rise was due to an increase in the secretion
rate of a metabolio-aooelerating ﬁormone# The post-hatching level
of o:grgen consumption was very similar between both individuals and
breeds (see table 10)# This finding supports ibe view that a hormone
is responsible for the rise# The thyroid hormones seem to be the
most likely to be concerned in raising the metabolic rate and the
findings of Sun (1932) that the thyroid gland is particularly active
at hatohing is in agreement with this conclusion# Furthezvore,
sinoe the rise in oxygen uptake preceded the onset of active hatching
the hypothesis is advanced that active hatching is initiated by an
increase in the rate of thyroid hormone secretion#

Giaja A Jovanolo (1950) have also suggested that the rise in
metabolic rate may be i”“rtly linked with the emergence of homeothersyi
Aooording to Pamin*ey & al# (1895) the homwthermlo response is
developed during hatching#  However, little regulation of the body

heat production would be expected when the environmental temperature



Is within the zone ef thermal neutralily* Therefbre, "le seoosd
rise nay he associated with some other unknown pfaysiologioal

phenomenon#
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Fig. 11. Thm osQrgon requirements of the normal hatching £IR x IS

embryo at an environmental temperature of 37*7°C. The
time soale betveen pipping (P) and hatohinc (h) Is
variable. Results obtained from 12 embzyos, caoh point

being the ocaygen igrtake of one embryo at that time.



Age

hrs Og uptake
Full-term ehbryo 2110
Parafoetus 1 24.0
o 5% 38.0
Hatched chick 1 38.0
5 59.0

Table 11# The oxygen requireaents of the RIR x IS
ehldk during the termination of its
anbryonlo ezlstence# Figures (in

Wl /hr) calculated from figh 13 (.
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The time at which the homeothenalo response is developed is
not known precisely* The metabolic rate of the hatching ohiok has
already been shown to be variable, and this makes it difficult to
determine whether a rise in the rate is linked with the hatohing
process or is a response to a lowered environmental temperature.
The normal metabolic pattern must therefore be aoourately determined
for the whole period of hatching in order to clarify this point*

In these experiments RIR % 18 embryos and chicks were used.
The normal environmental temperatures were 37#7 ~ 0.1@C for ihe
emozyo and just hatched ohiok, and 35”7 0.1"°C for the day-old chick.
All experimental temperatures were realised within 10 minutes.
After each temperature change one hour was allowed to elapse before
the determinations of oxygen consumption were recommenced, thereby
permitting the apparatus to come into thermal eg”dJibrium with the
environment.

All measurements were carried out on single chicks and eaA
cliiok was used once on]y.
Results
a) The oxygen requirements of the hatching embryo

The metabolio pattern and mean oxygen requirements of the
hatohing embryo were determined by pooling the results from twelve
embryos (fig. 11). The mean oxygen uptoJce of the chick just prior
to the onset of pulmonazy respiration, 1 and 3 hours after the onset

of breathing, and 1 and 3 hours after batching, has been computed
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Figt 12. Fig. 13.

Fig* 12. The effeot ef lowering the environmental temperature upon
the 19 aaj old eebiyo. The reaulte from 2 individuals are
given. Note the ali”t. transient homéothermie response*

Fig. 13. The response of the parafoetus to sold. In spite of the
transient rise in oxygen oonsumptlon. the parafoetus is

essentially poikUothermio.
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Pi&#t 24* If the fall la mnrlrcmmeatal temperature la less than
370 than the paraféetus exhibits little ehange in
Ojgrgan oonauaption* This oorresponds to the neutral

oondition first desoribed by Pwtbrey (1895)



from this figure and tha results are given in table 11*

An Jjjiorease in oxygen oonsusption above the appropriate normal
figure in response to a reduction in the environmental temperature
was taken to be indicative of a homeothermio response*

b) The effect of temperature on the oxygen oonsuiaption of the
P ll«.terffi and hatohing embryo

i) Full-term embryo* 19 days

On reduction of the environmental temperature from 37.77°C to
33°C there was a slight, but transient, homeothermio response*
Thereafter the oxygen consumption fell* A definite lag was found
between the re-establishment of the normal environmental temperature
and the restoration of the initial metabolic rate (fig* 12)*

ii) The parafoetus

The pattern was very similar to that shown by the 19 day old
embryo*  After a transient homeothermio response, the rate of
oxygen consumption declined progressively (fig* 13). On returning
to the normal temperature, this rate increased, but did not attain
its original level until 1" hours had elapsed*

The degree of response appeared to be related to the amount of
"stimulation”* If the environmental temperature was reduced by
2*7°0 (to 35°C) there was very little change in the metabolic rate
(fig* 14). This is similar to the neutral oondition first described
by Pembrey et al* (1895).

iii) The hatohing ohiok
The metabolic rate changes rapidly with the onset of active

hatching*  In fig* 13 the results from two chicks idiich hatched
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Pig# 15. Fig* 1o#

Fig# 15# The ohiok during the period of eotive hatohing ie eoen
to be still a polkilothenm# 2 individual records#

Fig# 16. The ohiok escaped from the shell necbraaes during iSs»
oold stimulation# A sustained homeothermio resi®onse is

evident#
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Fig* 17. The homeothermio reeponse ie developed in the ohiok ae
it esoepos from the shell* This eof”eats that the

response 1s mainly peripheral and probably nervous*
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during the observational period are shown*  The metabolism of the
ohiok that hatched first appeared to be relatively usaffeoted by the
decrease in temperature, but the second enAryo ahoered a transient
homeothermio response and then the poikUothermio response*

The results obtained at a slightly later stage of development
are shown in fig* 16* After reducing the environmental tes”rature
to 30°C the oxygen consumption of the ohiok rose by some 475 within
1 hour* At this point the ohiok hatdied* One hour later oxygen
consumption was 60 ml/hr or about 4 * )above the normal requirement*
This was a sustained homeothermio response and the interpretation is
further supported by the fact that the metabolio rate fell dramatiocally
after the environmental temperature had been returned to normal*

That the newly hatched ohiok is able to give a sustained
response to temperature changes is again demonstrated In fig* 17*
Upon reduction of the environmental temperature to oxygen
consumption rose to 83 ml/hr within 80 minutes and fell to69 ml/hr
immediately the normal temperature was restored* When the
temperature was raised to 40°C the oxygen consumption fell to
62 ml/hr* Thus, the response to a lowered environmental
temperature was more marked than for a similar Inorease in the
temperature*

iv) The hatched ohiok
The ohioks examined were 24730 hours old* The response to

a fall in temperature was rapid, though the inorease was not so great

as for the just*hatohed shiok (fig* 18)*  Tliis was probably due to
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Fig. IB. Tha acQr™old ohiok i« # homootharm and it will be seen
that the response is immediate.

Fig. 19 The effeot of a hot environment the day-old ohiWc.
It will be noted that the rising oxygen oonsuiaption
continued after the temperature had been returned to
normal. Thus hyperthermia was developing. It appears
that the young ohWc is better able to deal with a oold

environment.
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the improved insulation of the dried down feathers.

The ohiok was fbund to be able to regulate its heat produotion
at high environmental temperatures less well (fig. 19). The ohiok
was subjected to a temperature of 4170 ¢ that is above <the son#
of thermal neutrality. The rate of oaygen uptake rose as eogpeoted,
but this rise continued after the environmental temperature.had
been returned to normal. This suggests that the homeothermio

response had been completely broken down, and that hyperthermia

was developing.

The bird develops the ability to regulate its heat production
for long periods at the moment of hatotiing, thou” it appears that
the response may be partially developed during the latter stages
of inoiAation. The rapidity of the development is quite striking.
The emergence of the response ooinoides with the second,rise in the
oxygen oonsumption and this fact lends support to the suggestion of

Giaja and Jovanolo (1950) that they are related*
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FuH-tenn embryo 23 25.0
Parafoetus (5hr) 11 3479
Hatched ohiok (3 hr) 18 55.6

Table 12# The oxygen requlreocents of the HIR x 13 fowl

during hatohing#

OB mO/omyhr
1537
Bgg 50 67.9
Parafoetus 0.51
Chiek 10 92.8 Hatched 0.60

Table 13* The surface area of the egg and the hatoliing
ohiok, and the relationship between the oxygen

uptake and the surface area.
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It has been pointed out (page S#) that the ability to regulate
heat produotion per se may not be responsible for the rise in oxygen
oonsumption at hatohing sinoe the observations were oarried out in a
thermally neutral environment. Dawes & Mott (1959)# however, found
that there is a relationship between the surfaee area and the meta*
bolio rate of the newborn sheep and it was decided to investigate
whether a similar relationship existed In the fowl. Full-term
embryos (RIR x 18), ohioks in the parafoetal period and three hour
old ohiocks were used in this experiment. The number of individuals
used are given in table 12.

Results

The average ojygen requirements in ml/hr are summarised in
table 12. The surface areas of the egg and ohiok, together with
the computed oxygen oonsumption in wH/om /hr, are given in table 13.
It will be seen from this table that the ojogygen uctalce of the para-
foetus and the hatched ohiok were of the same order, but that the
figure for the full-term embryo was muoh lower.

That there is little correlation between the oxygen consumption
per square centimetre of the full-term embryo and the hatched bird
lends support to the conclusion that the rise in oxygen oonsumption
associated with the establishment of pulmonary respiration is linked,
at least in part, with the provision of the extra energy required to

ventilate the lungs.



It is not surprising that the correlation between the o”gen
uptake of the parafoetus and the hatbhed ohiok is not exact sinoe
the hatched bird is more active and is probably in an environment
where the temperature is slightly above the upper eritical
temperature of the ohiok. However, it may be oonoluded that the
rise in ojogrgen oonsusgitlon (measured in ml/hr or m]/gn/hr) is a
direct response by the ohiok to msdntain its body temperature at "

its pre-hatching level.



ml/hr
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Pig# 20# The osygon oonauBtption of Individual ohioko during
hatohing and the flrat too daye of post-ocmhiyonio
life#0 a pippedi O « hatohed| 3 =1 day old;

0 » 2 days old; # = normal ohioks from "day”1d".
With the exoeption of no# 11 the oxyg™i intake was
fairly constant although the body weight fell# When
22 days old (2 days after hatohing) the 0% t*take

was in the normal range#Aleo see text#
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Th* hatching ohiok has largo (3 go or more) food stores in
the form of yolk. Yolk is metabolioally inaotlve and the yolk sao
Itself oontributes little to the total oxygen requirements:
aoocording to Needham (1932) it is responsible for less than 2* of
the total oxygen oonsumption of the fuU*term embryo. The yolk
sao and its oontents are virtually "dead weight" and the ocaloulated
metabolio rate (ml/gg/hr) will therefore be depressed. Here this
faotor has been investigated using the parafoetus* newly hatched*

1 and 2 day old chiok. Neither food nor water were available
during the experiments. The ohioks had to rely upon their yolk
reserves to supply their energy requirements.

The ojgrgen oonsumption of the same breed (Wl)* whioh were
hatched oonourrently* were determined from the 22nd day after the
oommenoement of ineid»ation  i.e. "day=old* ohioks to the end of
the first week after hatohing. These data provided the normal
oxygon requirements of the growing chiock. The standard diet and
water were available aj libitum.

All the embryos used in this study hatched after 20 days of
Inoubation,

Results

The results of the normal growing ohiok are given in table 17

and are shown in figs. 20 and 21. It 1s evident that the oxygen

iogtake increased at a greater rate than the body weight during the
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Mg# 21# The metebelio rate of the ohiok during hatching and
the first two days of post-onbryonio life# Synbola
ae for fig# 20# It will be seen that the lose In
weight (through the utilieation of yolk) was sufficient
to bring the cetabolio rate into the norsal range

of "day”“old" chioks, ifte#t after 22 days Inoubatlon*
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period of observation ¢ tlbs equation of the regression line was
ooloulatdtd to b« 7 = 0.0005*"*"",

The 030rgen requirements of individual oiiioks from pipping to
2 days after hatohing are given In table 34 and in figs. 20 and 21.
It will be seen from the data of individual ohioks that* in general*
the ooygen oconsisnption of the hatohed bird remained fairly ecemt mt
when measured in m]/hr* but that the netabolio rate (iu/gx”“hr) rose
progressively.

Umaminatlon of the two figures shoes that the progressive fall
in the body «eight resulted in the cagygen oonsuaption moving# by the
22nd day# into the normal range eagpecoted for the "day-old* ohiok.
Thus it may be oonoluded that tho yolk sao and its oontents oause
the oetabolio rate to be artifloially depressed# the degree of
depression being progressively roduoed with the gradual absorption
and utilisation of the yolk. The rise in the metabolio rate at

this time may therefore not be real.



In the seotlon dea3dng «lth the exygen requiremente of the
hatohing eabxyo the hypothesis «as advanoced that the initiation and
maintenance of pulmonary respiration and the aet of pipping depend
on tho stimulatory effeet of a high partial pressure of carbon
dioxide in the blood and that active hatching is stimulated by a
hormonal agent# possibly from the thyroid gland#  The evid“ioco for
this hypothesis may be summarised as follows:-—

i) Pulmonary respiration and pipping

a) Over of the deaths ooourred after pipping when
the partial pressure of the oaxbon dioxide in the atmos-—
phere was vesy leer (approaching O am Hg) #

b) The air space of the full-term smbxyo contains § A A
carbon dioxide#

0) Cartxm dioxide# in moderate concentrations# is a
respiratory stimulant#

ii) Active hatching

a) A rise in -the oxygen consumption was detected# at least
for White Leghorn ohioks# before there was aqy increase

in "ysioal activity#

b) The metabolic rates of individual chicks were very
similar after hatching#

0) The thyroid gland is active iinmediately after hatching#
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The effect of altered diffusion rates across the shell of the air

mss,

k certain partial pressure of oasbon dioxide in the blood
appears to be neocessaxy for the initiation and maintenanoce of
pulmonary respiration and for pipping# Tliis nay therefoxe be called
the critical partial pressure* If this partial pressure# normally
aohieved on about the twentieth day of incubation# can be realised
earlier# then# assuming the embryo is competent to respwd at this
earlier time# pulmonary respiration and pipping will be brought
lorward# Similarly# if the realisation of the critloal partial
pressure can be delayed# then breathing and pipping may also be
delayed# From such findings it may be inferred that the stimulus
for both breathing and pipping is gaseous in nature# At the same
time# if auoh exgperimenta have no effect on the time of hatching#
then it «ill be reasonable to Bupyoae that active hatching is
initiated by a stimulus of a different nature#

Firstly# the effect of changing the diffusion rates across the
shell of the air space «as investigated# using eabxyos from a
RIR X IS cross# The diffusion rates «ere altered at IB“days¥*
Incitation by:

a) «axing the shell of the air space to reduoc the rates

and so accelerate the changes in gas concentrations |

or# Db) perforating the air space to allcv free diffusion between

the space and the inmdxator environment# thereby preventing#
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or substantially delaying# the realisation of any oritioal

concentration*

Cbservations were made hourly to determine the times of pipping
and hatching*

F'eaulta

136 ofdoryost#t divided into six groug™# were used*  The results
are given in table 15. Prbryos with waxed shells pipped in advance
of the controls by an average of 14 hours# whilst pipping by the
enbryos with perforated air spaces was retarded by 8 hours*  The
time of hatching was not affected by either of these treatments*

The period between pipping and liatching was quite variable
consequently# which suggests that the two events are not related*

It may be oonoluiied therefbre# that the pipping stimulus is
gaseous 1n nature and is probably a hi” partial pressure of carton
dioxide# although the low oxygen tension within the air space mo” be
a snail contributory factor*

Tt was observed that as soon as the shell had been fractured#
the d”ok became quiescent suggesting that pipping is only a reflex
response to hyperoflgnia# and of little importance in the hatcliing
process*

The effect of ventilating the air space with ataaosdberie air

It has been suggested above that pipping may only be a response
to a noxious atmosphere and therefbre cannot be regarded as a true
ontological phenomenon# but the onset of pulmonnzy respiratlwi is# and

may well be a better criterion on which to measure the effects
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of envlronaental changes on the termination of the eabzyonlo
existence#  In these eigperiments the effeots of ventilating the

air space on the onset of pulmonary respiration# pipping and hatching
were determined*

RIR x 1S embxyos aged 1% days were used*  There were two
oontrol groups — normal intaot embryos and embryos with perforated
air spaces*

Results
a) The initiation of pulmonary respiration

Examination of table 16 shows that whilst the times of pipping
were substantially delayed by both perforation and ventilation of
the air space# the onset of pulmonary respiration was not signifi-
oantly altered*

Pulmonary respiration was delayed by only 1 hour in the
aerated embryo# even though the gas mixture in the air space was
quite dissimilar to the norm (about 9. caxbon dioxide and 13" oxygen) *
This suggests that the composition of the gases in the air space do
not influence the time of the onset of pulmonary respiration*
However# pipping was advanced by an average of 13«7 hrs. in the waxed
embryo (table 15) 1Ailst the period between the onset of air breathing
and pipping was found to be 6 hrs. for the normal bird# suggesting#
indirectly# that an elevated carbon dioxide tension in the air space
may advanoe the actual time of air breathing by about 5#7 hours*

b) Pipping

Pipping was delayed by an average of 7*8 hours in ochioks with






perforated air spaces and by 9.8 hours in those with aerated air
spaces (table 16)# The mean time interval between the onset of
pulmonary respiration and pipping in normal esd>ryos was 8 hours
(see table 17)# It is apparent from tables 16 and 17 that the
action defined as pipping (page 2) was almost completely inhibited
in embryos which had aerated air spaces and in several ezBoiyos it
was observed that pipping did not occur although hatching was not
impalred or delayed. Therefore it may be concluded that pipping is
not essential to the hatoliing process and is only a reaction against
a noxious environmenti
o) Active hatching

The time at which hatching was completed was little influenced
by thetreatments (see tables 16 and 18) thus confirming the findings
of the first experiments. Since allthe ohioks hatched at a similar
time#f and the metabolic rates wore very similar between individuals
(see tables 10 and 14) it seems likely that the hatching stimulus is
hormonal in nature. Furthermore# since the period between the onset
of pulmonary respiration and hatching was fairly constant (table 16)#
it may be possible that the pulaocnaxystimulus is# after all# hormonal.

The effect of waxing the shell of the air apace upon the tine of
initiation air tiMatklng

The onset of pulmonary respiration is only sli”tly delayed by
perforating or ventilating the air space# but indirect evidence has
been presented to suggest that waxing the shell# thereby causing a

rapid increase in the tension of carbon dioxide in the air spacet
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may oauae pulaonaxy respiration to be itiitiated at an earlier time.
This has been investigated further using 18g day old embxyos.
Resjatg

The results are summarised in table 19. It mill be sew that
although pulzBonexy respiration was initiated en average of 5.3 hours
in advance of tlie contxx>ls# the tine of hatoliing was not signifi-
cantly affected. This agrses vezy well with the figure of 5.7 hours
obtained by indireet means (see pege 64).

These results Indicate# therefore# that the pulmonary stimulus
is probably a high partial pressure of oaxbon dioxide in the blood
acting upon the respiratory oentres whidi in turn initiate piiliaocnaxy
respiration# A hormonal stimulus seems auoh less likely.

U.5.0 The hatoliing stimulus

Whilst the work of the above section was directed cainly at
elucidating the nature of the pulaocnaxy stimulus# some infomation
was obtained from these experiments to strengtlien the hypothesis
that active hateliing is stimulated by a hoxmone#  These salient
points are:

i) The 1m$th of the inoubation period Is very constant

(table 106).

ii1)  Alteration of tlie gaseous enviroiuvjnt witliin the air

spaces was without effect on tl» time of Imtcliing#

The hormone site may well be the thyxx>id (see page 6i)#
Tlterefore the effeots of the thyroid hormones# a goitrogen and the

thyroid stimulatix% hormone of the pituitary on the time of hat<*iing
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have been determinedf  The tines of the onset of pulmonary
respiration have been noted oonourrently to determine whether a
hormonal stimulus might be involved#

The effeet of e»genous thyroxine or triiodothyronine on the
t"nainatlon of &e emkrvowZ” exjatenee

In this series of experiamts# the effeots of injecting the
sodium salts of 1-thyroxine or l-triiodothyronlne into the air spaoe
of the full-term embzyo were determined# It must be emphasised
that in these experiments# the hormones were administered to the
normal and fully developed dhiek embryo (idjr dxys old)# and not to
the young embryo where the metabolism and subsequent development
would be grossly affected#  The aim of these e’gperiments was to
"trigger™ normally developed meohanisma or precipitate natural events
in the foetus#  These hormones were considered to beoooe active very
shortly after injection since Faolagan# Sprott a Wilkinson (1952)
have shown that the latent period of both drugs la 3 hrs. in the rat.
Kesults

Four groups# each of 106 eggs# were examined and the results
are sunmarised in table 20. The time of the onset of pulmonazy
respiration was only very slightly affectedff whereas the time of
hatching was advanced by an average of 4.0 hours by the 1-thyroxine#
and 5.3 hours by the 1-triiodotl”rronine#

The thyroid hormones did not affect mortality.

At first sight it might be thought that l1-triiodothyronine had

a slightly greater effect on the chick embryo than Jl-thyroxine.
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However# this is probably not so for sodluB-J"“thyroidne has five
Boleoules of eater of orystallisation whilst sodiua-l-triiodo-—
tlyronine is anhydrous. Thus 1 )ig sodivua—jl-thyroziiie is equivalent
to 0.87 1,-thyroxine end 1 p% sodiua-"-triiodothyronine to 0.96 /ig
1-trllodothyronine. Therefore these two hormone» have a similar
potency in the embryo# oonfimlng the workiof Shellabarger (1955)#
Hewoomer (1957) and Tata d Shellabarger (1959)

There was no significant effect vgoon the time of ti<e initiation
of pulmonary respiration. Since the hormones were injected into
the air space at least twenty-two hours previously# the oonolusion
that the thyroid is not involved in the stimulation of pulacnaxy
respiration would appear to be valid. The advancement in the time
of hatching was brought about entirely by a reduction in the time
interval between the onset of aix—breathing and active hatching.
Thus it may be oonoluded that the thyroid gland probably provides
an essential factor of the stimulus for the onset of active hatching
in the ohiok embzyo.

The effect of 2-thiouraoil on the termination of the eg”ryonio
existence. . . oottt i e e

There is some doubt as to whether the inhibitory effect of the
goitrogena is completely specific to the thyroid gland. 8ome
evidence has been presented to show that the thiooarbaaide drugs can
affect the general metabolism of the cell. In order to validate
conclusions based upon any positive results it is necessary to reduce

or neutralise that effect by emei&aoxm thyroid horacnes. Here the

efiects of 2-thiouraoil have been investigated# 2 mg or 4 mg being
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injected into the air space two days before the expected onset of
pulmonary respiration. Some eidnyos treated with 2 mg 2-thiouracil
on the eighteenth day were also Injected with 2 pc¢ sodiua-l-thyroxine
either at the same time or 1 day later# In an attempt to reduce
any positive effect the goitrogen ndght have,
e) The effect of Z2-thiouracil

Three groups totalling 264 embryos were examined»  The results
are given in table 21. Although the time of the onset of puliacnaxy
respiration was not sigiifloantly altered by either dose level of
thiouraeil# the time of hatching was greatly delayed. The larger
dose of thiouraeil caused the greater deli” in Tawim*:/#  The
p reentoge hatch was calculated twenly —four hours after 50” of the
control embryos hod hatched. The figures are given in table 22.
It will be seen that whereas the majority of the oontrol eidozyos
had hatohed by this time#f only half of tlbs thiouraeil treated
embzyos hod completed their development# whether 2 mg or 4 mg hod
been administered. Mortally# however# was not affected (table 22).

b) The effect of a mixture of 2-thiouracil and l1-thyroxine

The time of the initiation of pulmonary respiration of the
treated embryos was not affected in either gro gt (sec table 23).
Hatching in both groups also occurred at the some time as the oontrol
group. Thus 2 pg aocdiua-l-thyroxino (equivalent to
1.74 pg j*thyroxlne) completely neutralised the effect of 2 mg

2—-thiouracil.
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Disousaion

No goltrogen appears to Influenoe the release of stored
hormones. This mey eigilain the variation in the results»  Thus in
groi;” 13 2 mg of thiouraeil delayed hatching by only 6 hours as
oompored with one day aocoording to Groaaowios (1946). But over
the next 18 hours only a further ITT of the thiouraeil treated
e bryos hatched# whilst another of the controls completed their
(ItTvelopoent.  3cme esbxyos# thereioro# may have sufficient stored
tiiyroid hormonos to allow hatching to take place at the normal time.

It has been consistently found that goitrogenic drugs# if
injected belbre the seventeenth day of incubation# cause a marked rise
in Qortalily (Orossowics# 1946; Adams k Bull# 1949; Adams & Buss#
1952; Romanoff & Laufer# 1956; Rogler et al»# 1959%)» This is
not 30 if the drug is adsdnisterod after this age (see table 22)»

That exogenous thyroxine reduced the effects of the thiouraeil
on tlie termination of the embryonic ezistence sliows that the
interpretations of the results obtained when tliiocuraoil alone was
injected 5nto the embryo are valid.

The time at vdiich pulmonary respiration ims initiated was not
significantly affected by any of these treatments. Again this
supports the hypothesis that the pulaonazy stimulus is not hormonal.

Since the thyroid gland is not a Wiolly autonomous gland but
oontroUed by the anterior lobe of the pituitoxy gland# it must be
supposed that active hatching is ultimately under the oontrol of the

pituitary. The effect of the tliyrotroi”o hormone on active battling
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Dome 1i.u. n Pul.remp Hatch

0#005 56 0 +2
0#05 56 0 0
0.5 40 +1 -1
1.0 80 +0.5 +5.5
2.0 80 +0.5 +4.0

Table 2$. The effect of tbyrotrophic hormone upon the
termination of the embzyonic existencei the
effect of dome# Figures in hours; + =

advanoement; - = retardation#
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?ige 22# The thyroid gland of the hatching ohiok and the effect
of thyrotrophic hormone upon ita activity# (a) 19 day
old enbxyot little epithelial activity# much ooUoid#

(o) 1 hour old chick: little increase in epithelial
activity and seme less of ooUoid# (o) 1 hour old ohiok
treated with 1 i#u# T3H at 10$ days: epithelial aotivity

slightly greater than (b)# also inorease in vaouolation

of the ooUoid#
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was therefore investigated*

T el|g|*"p"""""rptropliie hormone oa tbs terslnstioii of the

Emgiyos aged IB" days %ere used# The hormone was given at the
following levels: 0.0Q05# 0.05# 0.5* 1*0 end 2.0 i.u.

Results

The oritioal dose level was found to be 1.0 i.u. Neither
1.0 i.u. nor 2.0 i.u# had any effect on the time at which breathing
began# but advanced the time of hatching by 3.5 and 4 hours respeoV
ively. The results are summarised in tables 24 and 25#

In spite of the demonstrated hypcrscnsitiviiy of the ohiok
thyroid gland to “lyrotrophic hormone (Martindale# 1941}» no response
could be elicited with doses of below 1#0 i.u* and little increased
aotivity in the thyroid gland was evident (fig. 22). However» the
results did confirm that the thyroid is intimately concerned with
the onset of active hatching# although ultimately# it oust be the
anterior hypophysis that supplies the stimulus. The pulaonaxy

stimulus was again confirmed to be of a different nature.
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Group 1st* léatabolio phase 20d* Metabolic phase

A y « 0»0138x"*"" v » 3#684xM AN
B y «0,0383x M Y o X.T760x *%A°
C y *0.0960x “*@B® v » 2.073x %A
D y « 0.0297x v » 7.473x°FAA

Table 260 The calculated regression equations for the

curves sheen in figs. 23 - 26.
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The oxygen oonoimptlon of three strains of domestic fowl,
Rhode Island Red z Light Sussex, a oamisercial broiler strain and a
oommercial laying strain, has been measured in order to determine
whether e reported rise in the metabolic rate following hatching is
a general phenomenon*  The effect of the diet on the metabolio
pattern1and.thé abéalute oxygen requlrmaents of the laying strain
during this period have also been investigated, by substituting for
the standard ration a oommeroial broiler ration containing 23" crude
protein and with a Calculated metabolisable energy content of
1300 koalg/lb# All the conditions were otherwise identical*

No significant difference in the oxygen requirements of the
male or female chicks could be detected and therefore no attempt was
made to separate the results*

Oxygen consunog>tion was measured at an envirg;mental temperature
of 35*0 for the whole period*

Results

The data on oxygen consumption are given in tables V - VIII#
The equations of the regression lines are given in table 26, and the
growth curves of the groMpa are given in fig* 27*

i) Rhode * Sussex strain: Group A
The oxygen requirements were found to increase at a greater

rate than the body weight until the latter had reached 80 gm (see

fig* 23)# At this weight a definite change in the metabolism oould
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Figs# 23"26% Osygon oonsuoption o f thres broods during: the first
fortnigh{: of post-enb”nio life,
fight 25# Hm X I3» fed the standard rations grot” A#
Fig# 24# Broiler strain, fed the standard ration: group B.
fig# 25# Laying strain, fed the standard ration: group C#

fig# 26. Laying strain, fed the broiler rations group D#



Ft# Standard diet Broiler diet
(gm) (groupe) (groupD)
40 75 76
60 155 168
100 2477 248

Table 27* A oospariaon of the cagygen requirenenta of chi”s
of a laying strain fed either the standard diet or

The broiler diet. Figures in ml/br at STP.

Wt. Age
Oroup (") (days)
A 80 9
B 6} 7.5
G 57 8
D 65 9

Table 28. The body weights and ages at which the metabolic

rates of the three breeds became constant.
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be detected, the rates of growth sad increase in osygen uptake being
approxiaateiy equal thereafter#
ii) Broiler strains Group B

The metabolic pattern is shown in fig# 24# Two phases oould
be oleariy defined, firstly, a rising metabolio rate (b » 1#951)
extending from hatohing to a body weight of 63 gn, whilst the second
phase was oharaoterised by an almost constant metabolismif
iii) Laying strain: GroupC

Again two fAasee were differenldated; oaygen tytake rose at a
greater rate than body weight to 57 gm and then beocace almost
directly proportiwal to the latter (figh 25)#
iv) Laying strain; GroupD

This group oome fiem the same parents as “Pcup C. Its diet,
however, was a broiler ration and not the standard ration#  Examin-
ation of fig# 26 shows thatthe metabolicpattern was unaffectedi

V) The effect of dimt on tW oxygenrequirementsand metabolic
pmttem of the laying strain

There was no significant difference between the ojgrgcn require»
ments of the two groigm (see table 27)# The metabolio pattom was
little affectedff  The regression oceffioients of the group fed the
standard ration (groigp C) were slightly higher (table 26), but this
may have been due to the fact that there were fewer observations for
Grot”™ D#

There was also a slight differenoe in the growth rate (figh 27)#
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Pig# 27. Gro#%h ourvos durlog the first fortnight of post—*

eodNTyonlo I1fs# B « grovgo A} Q M group B

group C| group Di#

ml/gm/hr
3.0

20

100
agms

Fig# 26. Gwgmrlson of the metsbollo rotes of ti)o throe
breeds# For further e”lanstion see legends for figs.

23726 .
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The metabolio rate# of the three strains hare been gompared in
fig* 28# It will be seen that the body «eights at idiich the
metabolio changes ocoourred were variable (see also table 28) but the
af,es at which these chang.es ooourred were einilar (table 28)e
Discussion

The 0]"yEmn require»» nts of the fowl inoreace at a greater rate
than the body weight (i«e# the metabilio rate inorcr.see) for some
time after hatching. It will be seen in figs# 23 - 26 and 28 that
tlio weight at which the metabolic rate become constant* althot"gli
precise within the group# was vtjriable between oaoh group#

Reference to table 28* however* shows that the age at which the
metabolism become oonstfmt was similar and it 1s ihereiore concluded
that the rising metabolio rate is related to the age of tlie bird
rather than its body weight#

It has already been shown thiit the yolk sac and its oontents
are **dead wel”t" * and ocluie a depression in tlw real notabolio rate.
Tills depression progressively decreases to the fifth day Mihsxi yolk
absorption is completed (Virchow, 1891; Romanoff d Romemcff* 19335
intenman* Lorens & Chaikoff* 19W5 Romanoff* 19o»4). TITuis the overall
rise in metabolio rate night not be real at the cellular level.

The pcst-hatching rise in the body teigwrature might be
explained as a result of a rise in the metabolic rate.  However*

sinoe 1t has been suggested above 'Uiat there may bo no real rise in
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the metabolio rate aome alternative explanation must be Bought.

The suggestion of Kendei” & %aldwin (1928) and Randall Q943) t{lati
14

the mass of the bird inereases at a greater rate than the surface

area might resolve the problem.



Age 1 2 3 Mean

days) é 9 aa 9 6A9 46 9
1 40.48 40.49 39.89 40.32 40.23
2 40.69 40.55 40.35 40.42 40.46
3 40.77 40.77
4 41.00 40.91 41.00 40.85 40.9%4
3 40.83 40.78 40.58 40.95 40.78*
6 40.96 41.04 40.91 40.95 40.95
7 41.01 41.08 40.84 40.97 40.95
8 40.92 40.99 40.30 41.05 40.94
9 40.90 40.94 40.97 40.95 40.94

10 40.93 40.96 40.95

11 40.89 40.90 41.19 40.97 41.02

12 40.95 40.97 41.10 40.94 41.00

13 41.01 40.93 40.95 40.99 40.97

14 40.87 40.92 41.00 40.93 40.94

* Signifioant fall between k and 5 days (P e 0,05).

Table 29. The body temperature of three consecutive batches of
RIE X IS chicks from the same parent stock during the
first fortnight of post-embryonic life. Group It each
figure is the mean of 6 observations) groups 2 and 3;

mean of 12 observations.
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days

Pig# 29. The body tompcrature ourw during the first two weeks

after hetohlng# Eaoh point is the mean of 36 observations,

E 410
E
25 kodjr ttmptrotufi
20
400
15
e b1l mmm
I 7 14

days

Pig# 30# The metabolio rate and the body temperature of ohicks

during the first fortnight# Batoh 1| mean of 12 birds,
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RIR X L8 ohloks wsre used#  Three oonseoutive batches of 12
ohicks were used to determine the normal body temperature ourve during
the first fortnight after hatching#  The metabolic rate of the first
batoh was determined ooneurrently at an environmental tenperature of
35€C.

Another gro\g> of &IE % Ifi ohloks, 33 in number, were used to
determine the yolk sao and body weights, the *active ease" (defined
here as the body weight minus the yolk sao weiglit) end the surface
area. 3 ohloks wore used daily.

The standard diet was available ad 1ibltuE.
results
a) Body temperature end the metabolio rate

The mean daily temperatures of the three batohes are given in
table 29%  The results of batch 1 confirmed that there Is little
or no dlfTercnoe between the body temperature ofthe male and female
ohiok during the first fortnight after hatohing. In viewof this
finddlr™ the sex of the bird was ignored in the other two lkatclies.

In both males and females of batch 1 and in batoh 2 there was
a fall in the body temperature between the fourth and fifth clays.
Combination of all the results ¢ to give mean Values for 36 ohloks
(fig. 29) * shows that the body temperature of the ohiok became

oonstant from tlie sixth day after hatohing. The fall in the
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k. retie, ja iliitjm .
bod) weight

250

= 2.00

2 3 4 5 6 7
days after hatching

Tigm 31* The relationfihip between marface area* body wei”™t or
active maeo and age. Aotive aass le defined ae body
weight Binue yolk veigbt. Eaoh point le the mean of 3
Obeervatlons. It «ill be aean that the aotive maea of
the (Alok inoxeasea at a greater rate tlian the surface
areaf «hllst body «eight and surface area are alnost

proporti<mal throughout the period of observation.



temperature on the fifth day was significant (P » 0«Q5).

The daily metabolio rate and the body temperature of batoh 1
are shown in fig# 30# The fall in the body temperature on the
fifth day mas paralleled by a fall in the metabolic rate#  This
probably coincided with the e”dmustlon of the yolk reserves and with
a change from an essentially fat metabolism to a mixed metabolismi
It will be seen that the two curves are very similar, suggesting that
they are related#

b) Surface area and mass

The results are summarized in table 30 and 1llustrated in
figh 31. Whereas there was only a slight fall in the ratio of
surface area to body weight (ocurve b), there was a definite and pro-
gressive fall in the ratio between surfaoce area and active mass
(ourve a). This indicates that the aotive mass rather than the

body weight, increased at a greater rate than the surface area#
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Fig* 32» The dally metabolic rate of lecitbeotozBlzed and normal

ohloks* BakCh point is the mean of the dally determinations*
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105 0

104 0

5

o< In doys
Fig* 33# The effect of lecithectomy on the body temperature of

k oonseoutive batches of ohloks*
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In the above ezperlment it vas suggested that the fall in the
metabolio rate on the fifth day might be due to a change in meta-
bolism brought about by the exhaustion of the fat store. The
effect of leoithectosy upon oxygen uptake was therefore investigated.
EIR X IS ohicks were used; 26 birds# from four oonseoutive batches
from a single mating were leoitheotonised on the first day- after
hatohing.  Another 26 normal birds# hatched at the same time# acted
as oontrols.

The temperatures at which the oxygen consumption was determined

were as follows#

Weight range T*C
to 100 gms 35
100 « 150 33
150 - 200 31
200 - 250 29
250 - 27
Results
a) The metai”lio rate and body temperature during the first
Tortnighk .

Both grotgps showed a rise in the metabolio rate to about the
eighth day# that of the leoitheotomised group was slightly greater
up to the fifth day# but not significantly greater at any time
(fig. 32). Leoitheotomy did not affect the growth rate (fig. 35a).

The body temperature ourves of the four batches are given



11

12

13

14

Table 31# The effect of ledthectoey upon the mean body

laoitheo.
40.4870.50
40.327.0.34
40.5310.34
40.5270.28
40.6270.27
40.5270*39
40.60+0.25
40.74+0.28
40.79+0.26
40.90+0.24
20.90+0.16
40.99+0.15
40.99+0.15

temperature of 26 birds during the first

Normal

40.48+0.50

40.27+0.31
40.50+0.33
40.61+0.18
40.75+0.25
40.83+0.26
40.78+0.24
40.80+0.15
40.85+0.15
40.85+0.23
40.90+0.20
41.00+0.19
40.99+0.13

of post-embryonic life. Figures in *C + &D.

fortnight
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300

100
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gms

Pig# 34# 03qrog«n requlrwwntB of leoithaotonlsed and normal Wrda
during the first month of post"mibryonio life#

m » leoitheotomised; b » normal ohicks#
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A Metabolio phase

":: 1 2

Leoitheotomised y o 0.504%"*""* Y « 4*789xNHFANN
Nonul y « 1.0JSx"*"® y » 4.500x°*@"®

Table 32. Regression equations for the osgroen oonsumption
ourves of leoitheotomised and noxval RZR x LS

ohioks. See also fig. 34#
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separately In fig. 33 and the mean values In table 31# It will be
noted that the intergroup variation was quite large# but that the
intragroup variation became progressively less with age. The
abnormally high body temperature on the first day may have been due to
slight hyperthermia as body temperatures were determined immediately
after the ohioks were removed from the incubator* It was noted in
a previous section (see also below) that the upper critical température
of the hatched bird is 3°C below the temperature of the incubator
and consequently hyperthermia may well have resulted.

The body temperatures of the leoitheotomised birds# although
similar throuf”ut the whole period of cdbservation# did fall below
those of the control chicks between the fifth and eighth days after

hatohing*  The difference was significant (P < 0.0Q3) on the sixth

day only.
b) Effect of leoitheotomy on the oxygen requirements and Jjgrowthi
Group E

The results are shown in fig. 34 and are given fully in table H.
The regression equations were similar (table 32) showing that
leoitheotomy had no effect on the absolute osygen requirements during
the month of observation. The metabolio pattern was also unaffectedi
as was the growth rate (fig. 35b). In both groups the metabolic
rate became oonstant on about the thirteentii day after liatehing.

It seems likely# therefore# that the yolk is not an essential
source of energy after hatching. Furthermore# the rise in metabolio

rateft althou” accentuated by the progressive reduction in the amount
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Fig* 3ba.
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250

200

Pig. 3%b.

too

Pig. 35# Groath ourves of leoitbootomlzed and normal chicks,
a) 0 - 2 weeks, b) 0 - 4 weeks.
It will be seen that the growth rate was unaffected

by leoitheotomy.



of yolk, would appear, from these results, to be a definite

phenomenon since it was not abolished by leoitheotofly.

80.
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2.50

150

25 30 35 40

Pig# )o# The effect of temperature upon the oetabollsm of
the growing fowl (0 * 4 we”ce)# Kaoh point
represents the mean of a variable number of
observations (see table 33)* The rise in metabolio
rate during the first Ibrtni”t is evident in this

figure#
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Prom a praotloal husbandry point of view it seems likely that
the greatest changes in the sone of thermal neutralily ooour during
the first month after hatdilng) pid)llahed data, however, show that
tiie 20ne of thermal neutrality alters little#  The fdicle matter
Was therefore reinvestigated* The standard ration was available
A libitum# Tlie ohicks (RIR x LS) were kept in brooders with
supplementaxy heating so placed to maintain a temperature gradient
within the cages, allowing the birds to place themselves in their
optiial environment#

Results

The results are summarised for the five age groups in
table 33 and illustrated in fig# 36#

The sone of tliensal neutrality for the doy”1d chick was found
to be very narrow#  The rise in the raetdoolin rate between 35" and
37°0 was highly signifioant (P<O0#01) but thrt between temperatures
of 35" and 33”0 was not signifiocant# However, a highly significant
rise between 3H5** and 31% suggested that the lower critical
temperature was certainly not less than 33%, and, allowing for the
fairly liigh degree of variation at this age, even closer to 35%#

At 1 week of age a rise in temperature from 35" to 37%
resulted in a highly signifioant rise in the metabolic rate (P<0#01)
and a lovijezxing of the temperature to 33% gave a similar result,

although the degree of signifioance was slightly reducedi






Age Zone

1 day 35

1 week 34-35
2 weeks 31-35
3 weeks 30-33
4 weeks 26 » 32

Table 34# The sones of thermal neutrality of the
fUlly fed fowl during the first nonth

after hatching* Figures in "C*



The variation in metabolissi within the groups of 2 week old
ohicks at 35*, 33* and 31*C was much greater than the variation
between the groups* 'Therefore the statistioally signifloant
difference (P< 0*01) between groups was not thought to be biologi-
oally significant* ' ; ] e 2

The lower critical temperature of 3 week old birds was
certainly between 31* and 29*%0» irtiilst at 4 weeks it was probably
a little below 27*0* Intragroup variation in birds of this age
was considerably smaller than in younger ochicks* *

The sones of thermal neutrality flbr the age groupa considered
arc given in table 34*

The rise in the metabolic rate during the first week or so was
also evident (fig* 3&)* The metabolic rate» when measured at
temperatures within the sones of thermal neutrality» was virtually
constant from 2 to 4 weeks of age* It will be noted that the

metabolic response to temperature decreased with age*
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The only work on the caygen requirements of the unstarved
fowl trim hitohlng to sexual maturity has been oarried out by Kibler
& Brody (1944)# Unfortunately they failed to desoribe tlse exact
parameters of their exp”iments*  Here the x“quiremeots of a
oonmeroial laying strain have been determined using three
different feeding programmes in order to detensine the effect, if
any» of the diet upon respiratory metabolismi

Tlnee groups» totalling 87 birds» were used in these esperi*
monts#  Except for the difference In the diet» experimental
oonditions were the same for all the grotps#  The results for each
sex have been recorded separately#  Food was available ~ libitum#

The td&pex™turcs at whioh the determinations uero carried out
were based on the roeommemded figures of Russian rrorkers for

general husbandly (Gordon, I9¢0):

Cleae e r*c

to 150 ga 29
150 « 900 277
300 - 21

The diets were quite different in oompositiwu one was the standard
ration (for formula see table 9, pege3l)| the other was a
oomnsrclal broilw* diet with an estimated eruto protein content of
23" and a metabolisable energy content of 1300 kcslc/lb#  The

exact formulation» however, was not available#  The broiler diet
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Pl&# 37* Ozgrown r<Oquireiont8 of meloo of a loyimg stXAin fed
Bte broiler ration; gfovip Pi#
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Fig* 53* Oi”sen requirement# of femelee of a laying strain fed

the broiler ration; grotcp F»



and the standard diet were fed throughout the period to grouch# T
and G recpootlwely, whilst with group H the standard diet was
substituted fbr the broiler diet et the beginning of the third week*
X

All the d&tft are inoluded In tables X* XI and ZH*

a) The broiler diet; Grot® P (56 birds)

A rise in the metabolie rate during the first week after
lilatchiag was still evident in spite of the low environRentml
temperature*  is no signifloant difference in the require!*nis of
the sexes at this stage oould be detected» the results have been
amalgamated* During the second metabolls phase* when the metabolism
and the growth wvere proportional (see table 53 for the regression
equations) the sales regidred progressively more oxygen than Uie
females* At abody weight of about 130 gm it was found (stalls-
tiocally) that the metabolism of the females began to fall at &
slightly greater rateff This ohange oould not be dett’oted In the
CIples although there was some suggestiwi of a reduction in oxygen
ijnitake at about 200 gm (fig* 57)# At a body weight of 500 gs the
rate of oxygon uptake* compared with the growrWWi rate* was greatly
reduced in both sexes (see figs* 57 @d53)# This third metabolic
phase continued to the of the observations*

The growth curves are given in fig* 45p*

b) The otsuadard diet: Group C (13 birds)

Again the metabolic rate rose immediately after Iiatoliirg*
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Pig* 40# Oxysen oonsusgption ourve of foaales of a laying

strain fed the standard rations G.
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During the aooond phase the rate was approximately constant for
both sexes# At 200 ge body weight (3 we”) (see figh 43a) a
third aetabolio phase was initiated#  The rate of os”gen uptake
fell draaaticaliy fbr both sexes* espeoiaXly for the males#  This
phase for the males was* however* transient#  Reference to figi#f 39
shows that it was soon superseded by a fourth and final metabolio
#iaae* when the rate of ojygen uptake inoreased again# In the
fimi\les the third metabolio phase persisted to the end of the
observational period (fig# 40), There were no si”aifloant sexual
differences in absolute oxygen requirements in the weight period
200 « 300 gm although weight differences oould be detected from

300 g

e) The broi”r rat:Wn follewed kar the standard ration:
gJg”Jjrgg,b

The results are shown In figs# 41 and 42# The metabolio
pattern was found to be esswtially the same as tliat of birds flod
the broiler diet fbr the whole bbseanmtional period (group F)* even
though this diet had only been fed fbr two weeks# The tliird
metabolio phase was initiated at a body weif”t of 400 gm in both
sexest#

The course of sexual divergence in oxygen requirements was
similar to that shown by group F# It was sli”t until the third
phase of metabolism had beguni#

d) A eoapariaon of the alsolute oxygen requirements at different

The oxygen requirements have been calouli'ted for different
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body weights from the regression equations and are included in

table 36. There was no significant differenoce between the require*
ments of the three groins during tW first aetabolio phase.
Differenoes began to appear when the body weight exceeded 100 gm.

In groigp H, where the standard diet was substituted at 210 gm for the
broiler diet* oxygen requirements remained similar to those of the
birds fed the broiler diet alone (group 7) until about 400 gm body
weight. During the third metabolio phase group 7 required more
oxygen than group d, idiilst group H males took an intermediate
position. The females of group H, however, fell below the females

of group G by about IQ".



Ingredient H.B.% N.S,
Oat feed 17.5
Ground oats 20.0
Ground sheet 47.5 25.0
Ground mailse 20.0
Sqyalbean meal (44%) 20.0 25.0
fish meal (66%) 5.0 5.0
Grass meal 2.5 2.5
Uneztraoted dried yeast 2.5 2.5
Minerals 2.5 2.5
Vitamin A Am i#u«/ton

for both diets#

Vitamin la i#u#/ton
AnalYtt*»! data
Crude protein % 22.9 23.5
Metabolisable energy koals/lb 1354 1000
Oil (ether extraet) % 2.3 1.5
Crude fibre % 3.5 4.9
1M % 11.4 17.6

Table 37# Formulae of the high energy (H.E.) and normal

energy (R.E.) diets#



Age (days)

1-7 35

8 * 14 33
15-18 31
19-21 29
22 - 28 27
29 - 35 23
36 - 49 23
50-56 21

Table 38# Temperature# at whioh the resting metabolism

mas detezminsd in experiments Ill.é.i, ii and iii,

Phase Hi” energy Normal energy
1 y - 0.0232x"*°@" y » 0.0049xA*AA
2 J . 3.591xP'7*7 ¥ » 2.165x°*@8°
3 Y = 59.494%°*~n y B 200.2x°*°@"
4 y - 2.776c°'=79 y - 2.532x° * A
5 y . 29.171x?'5°* y - 9.238x°*AAA

Table 39# Equations for the regression lines for group I

(figs. 44 and 45)#
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71g* 44. Th# metabolio pattern of RIR % 18 fed a hi” energy
diets gro”™ I.
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gms
Fig. 45* The aetabolio pattern of RIR X /& SS fed a normal

energy diets group I. Note the oisiilarity of tide pattern
to that of birda fed high energy diet (fig* 44}.
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IT1.6.1 The off00% of the calorifle oopteot of the diet* Ofcngg I

In the above expérimenta It waa found that the diet had a -
pronoineed effeot tgoon both the absolute vnluae of oxygen required
by the bird and tho metabolio pattern. Furthermore the aezeo
behaved differently.

Tiie dietary faetora, protein, fat and metabolisable energy
content mere therefore investigated singly in order to determine the
effect of caeh upon oxygen ocmisumptiom of the groving male ohloken.
Here the latter factor was investigated.

Day«—old ochicks (RIR % 18) mere divided into two groigee of
twelve. Groiq) k was fed a hi” energy diet wiiilst group B was fed
a normal energy diet. Food and water were available ad libitum.
The formula and the analytical data of these two diets are set out
in table 37.

The temperatures at which oxygen requirements were determined
are given in table 38.

Results

The data of o"Rygen consumption are given in table XIH and are
shown in figs. 44 and 45. On analysis it was found that the nota»
bolie pattern was wt significantly influenoed by the oalorifio
content of the diet# Five metabolio phases oould be differentiated
for both groups. During the first phase oxygen t"“take inoreaoed at

a greater rate than the body weight. From 60 gm to «Pout 150 gm



Age High energy diot Normal energy diet

(days) a WVsB/br+SD a ml/gx/hi”™+SD
1 3 1.51 + 0.20 3 1.571 0.31

7 7 1.91 + 0.20 7 1.98 + 0.17
14 3 1.92 + o0.a 4 2.091 0.12
21 8 1.94 4. 0.30 7 1.79 1 0.16
28 8 1.351 0.15% 8 1A5 * 0.17"
35 9 1.35 1 0.17 9 1Ai~ + 0.29
42 8 1.16 + 0.15 8 1.23 X 0.06
49 6 1.02 + 0.14 6 1.091 0.07
56 7 0.99 1 0.05 9 0.881 0.02

©)

M p< 0.0l *W'P<0.001.

Table 40# The effect of age and the ocalorifio content of the

diet upon the metabolio rate of the growing £IR x

IS i fwl.



High energy Normal energy

Age Pood Wt. Food Wt.
(weeks) Intake (gm) intake (gm)
0 43 39
1 110 55 105 51
2 343 98 292 93
3 658 167 500 164
4 1003 273 701 283
5 1415 464 1026 442
6 1975 637 1656 663
7 2553 835 2246 851
8 3227 1031 2980 1060

Table 41. The effect; of the oalorifio content of the diet
upon food oonsungptlon and growth rate during the

8 weeks after hatchings group I
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body weight both the oxygen oonsu”tlon and the body weight
inoreaeed propwrtlonately. There then Iblloved a short period

of approxisately oonstant oxygen uptake  from 170-23X) gn for the
normal energy grouc and from 190*250 gs for the high energy group.
The rate of uptake increased greatly again until a weight of 500 gm
had been attained in both groups. Finally tiiere was a phase of

a reduced rate of caQrgon uptake. The equations of the agression
lines are given in table 39.

The influence of age and diet upon the metabolic rate is
shown in table 40. The pattern was little affected by the diet, -
the only difference being a signifloant fall (P< 0.05) in the rate
between the second and third weeks in birds fed the normal energy
diet# Both groups showed significant weekly falls in metabolic
rate from the third.week, with the exception of the fifth week and
at 7 and 8 weeks in the high energy group.

It is interesting to note that the group fed the normal energy
diet should have a consistently, tliou™i not sigaificaatly, higher
Mftabolio rate during the greater part of the esgperinental period.
Only at 8 weeks of age was a signifloant difference measurable
(P<0.Q5) when the high energy gretp had the higher metabolio rate.

In spite of a somewhat greater intake of the h1l” energy diet,
the two groups had almost indistinguishable body weights throughout
the pmrijDmntB (see table 41).

The very significant fall (P<0.001, high energy group;

P<0.01, normal ener” group) in the metabolic rate between the



Ingredient H.F. % N.F. %

Ground wheat 34.0 47.5
Ground maise 10.0 20.0
Middlings 11.5

Soyabean meal (44") 20.0 20.0
Fish meal (66™) 3.0 5.0
Unextraoted drie<i yeast 2.5 2.5
Fat (stabilised tallow) 12.0

Minerals 2.5 2.5

Vitamin A 4m if#uf/ton
for both diets
Vitamin In ieU”ton

Analytical data

Crude protein % 21.8 21.7
Metabolisable energy koal«/lb. 1347 1354

Oil (ether extract) % 6.8 2.3
Crude fibre % 4.5 3.2
XM % 13.7 U.3

Table 42# Foraulae of the high fat (H.F.) and normal fat

(N.F.) diets#



Phase Hié”™ fat diet Normal fat diet

1 y m 0.01951"*"® v m 0.320x"* A7
2 y . 5.314.0'" Y « 2.822x°*~N

3 y ¢ B7.)TQx°"* y — 89.894x° V' 5
4 y o 0.0017x"*°" y . 0,0139x"*°"
> y . 240,9x717 y « 37.585¢° 1 AN

Table 43# Regression equations for the ojgrgen oonsimptlon

ourves of group Jt see figs* 46 and 47*
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Pig* 46# The ocaQrgen oonsusptlon ourve of RIR $18 46 fed a high

fat diet: groiQ) Jk
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1000

500

100 «
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Pig# 47# The oxygon oonauB”ion ourve of RIR % 18 43 fed a

normal fat diet; groxxp J#
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third and fburth week is of groat interest but oannot bo oxplainod*
A définito pt*lologieal ehango is oertainly Indioatod#
T11*6,1] Tho offopt of the fat oontont of the diet: Group J

Two levels of fat were ocongpoarod in this exporiaent OhiXat the
nctaholisablo ener” and protein leyols were 'the sons (table 42) #

Tho high fat contest was realised by using a spoolaX stabilised
fora of tallow# The analytical data of the diets arc also given in
table 42, Food oonsuciptlon was dotenained weeklyi#

The ton”eratures at whioh the resting ocagrgen uptake of the
36 RIR X IS Dale ohicks was detominod are given in table 38#

The weights of the thyroid and adrenal “-lands wore determined
at 3, 3 6 weeks from birds seleoted at random from each group#
results

The data are presented in table XI?# The aetabolio patterns
of the two groi” are shown in figs# 46 and 47* and the equations
of the regression lines are given in table 43# It will be noted
that the fat content of the diet did not have any effect upon the
metabolio pattern and had only a slight effect on the absolute osQroen
requirements during the latter phases of the experiment#  Growth was
not oonsistently affected (table 44) althouf” the birds on the hi”®
fat diet consumed about 1C|" more food during the 6 weeks (table 44)#

Apart from a signifloant (P<0«01l) fall in the absolute thyroid
weight of the hi#i fat group at 3 weeks* there was no other measurable
effeot on either thyroid or adrenal wei”t (see table 43)#

The effect of age on the metabolio rate is summarised in



H1|” fat diet Normal fat diet

A Food Wt. Food Wt.
(weeks) (m) (@m) (gm) (»)
0 42 41
1 44 56 40 57
2 175 88 167 101
3 352 148 336 163
4 704 280 612 257
5 1162 393 1001 409
6 1778 614 1541 o01
7 2568 800 2305 832
8 3352 992 2921 1045

Table 44# The effeot of the fat oonteat of the diet upon the
aooumlatiwe food oonsumptlon and growth of the

HIK X LS male chiokt group J.
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Age Hl| o fat Nonaal fat

(weittkq) n vsl/fft/hr™ SD n ml/w™hi”D
1 4 1.73 + 3*18 4 1.991 0.29
2 4 1.99 1 0.35 4 2.051 0.13
3 8 2.12 + 0.27 8 1.83 + 0.24
4 4 1.66 + 0.23 5 1.551 0.18
5 7 2.01 1 0.36 7 1.66 + 0.36
6 7 1.52 + 0.70 7 1.71 + 0.11
7 7 1.291 0.22 7 1.34 + 0.32
8 5 1.131 0.24 5 1.321 0.18

Table 46. The effect of dietary fat upon the metabolic

rate of the growing fowl ( m &kIS »



Ingredient H.P. % K.P. %

Ground wheat 20.0 47.5
Ground maiee 40.0 20.0
Soyabean meal (44") 15.0 20.0
Fish meal (66") 17,5 5.0
Uneztraoted dried yeast 2.5 2.5
Grass seal 2.5 2.5
Minerals 2.5 2.5

Vitamin A i#n ifu, /too
for both diets

Vitamin Im i.u”ton

Crude protein % 26.1 21.7
Metabolisable enerc koals/lb 1357 1354
0Oil (ether extract) $% 3.7 2.5
Crude fibre % 3.1 3.4
1oM % 11.1 10.0

Table 47# Formulée of the high protein (H.P.) and low

protein (L.P.) dleta.



Phase High protoin
1 y . 0.397xM*An
2 j . 3.199x°*""®
3 y ¢ 53.873x°*'™
4 y l

Table 48# Squattons of the lines

of group K#

Nontad protein

vy m0.0051"%"
y — 3.80x°*@@®
y » 390.01x°*°"

y « Jw286x°*@R®

for the oj”gen uptake



ml/hr
1000
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100

50 100 500
gms

Pig# 48# 0798» requirements of R1& % la 3* fed a higjb protein

diet» group K#

1000 ml /hr

500

100

50 100 500
gtns

Pig# 49 Oig/gB requiremes&ta of RIE x 18 Sé fed a normal
protein diet: group K* Note that the oxygen uptake
wéa more max“oedly depressed during the third phase

than in the group fed the hig” protein diet (fig# 48)#



table 46. Only at 3 and 6 weeks were there significant differences;
nt 3 weeks the high fat group had the higher rate (P » 0.05) wliilst
at 8 weeks the reverse was found. There was a trend in both grotgps
for the metabolic rate to fall after the second or third week.
JI1.6.111 The effect of dietary i)roteln of the diets; Croup F

In iiie previous two experiments the effects of tlie source of
the metabolisable mer ” upon uptalte were inveetif'ated, whilst
tlie protein content was similar in all the diets. I<a two diets
containing different levels of dietary protein but with similar
metabolizable energy and oil contents have been investigated.

The envircmaental temperatures at which ocoo”“en requirement»
vfcre measured are given in table 38. Owing to a major teohnloal
bzeakdcwn at six weeks the meaouromcnts had to be virtually concluded
but a few data were collected at eight weeks.

The adrenal and thyroid weights of a representative sample
from each group were determined at 3 and 8 weeks of age.

Results

The data are given in table XV, and the metabolic pattern of
each group is sliown in figs. 48 and 49. It will be noted tliat there
was very little diffexMioe in the patterns and apart from the third
ijhase, little difference in the actual slope of the regiTeasion
lines (so©® table 48 for regression equations). The tliird metabolic
piiase, characterized by a levelling off in osygen uptake in mVhr when
compared with tle body weight was observed in both groups but it was

notably loss marked in the hi# protein grotxp. Furthermore, this



Hi# protein Normal protein

Age Food Wt. Food Wt.

(weeks) (gm) (gm)
0 40.5 40.
1 58 73 56 71
2 194 108 170 1113
3 399 193 355 192
4 766 336 737 316
5 1130 469 1074 449
o 1650 652 1581 602
7 2221 874 2119 859
8 2788 1067 2624 1076

Table 49 The effect of protein on the aoousulative
food intake and growth of the growing fowl

(BIE X 18 i)t group K*



Xm hi# protein Normal protein

(woelca) n avVguy™hrjSh n avg~hrnpi)
1 10 1#83 + 0.27 9 1.81 + 0.31
2 12 2.251 0.26 12 2.261 0.22
3 15 2.27 + 0.18 13 2.151 0.24
4 15 1.491 0.2" 14 1#41 + 0.39%
3 18 14391 0.19 17 1.48 * 0.29
6 9 1.32 2 0.25 9 1#30 + 0.24
8 3 1.131 0.08 3 1#23 4 0.14

€ Significant fall (P<0.01) between/ and 4 we"cs.

Table 30# The effect of dietaxy protein uptm the
metabolic rate of the growing fowl (EIH x IS

aa) .






phase was observed in tlie small weight range of 240-»320 gm In the
normal protein group in contrast to the wider range of 230-520 gm
in the high protein group. The weekly metabolie rate was not
significantly affeoted by the protein content of the diet. It is
interesting to note that there was a hl#]y significant «fall in
metabolic rate (P< 0.0l) —between the third and fourWi weeks in both
groups (table 50). r;.

Although the group fed the high protein diet did show a better
growth rate from the third to seventh week, it was at no time
significant (see table 49)* Birds on the high protein diet also
tended to consume rather nore food.

It will be seen from table 51 that both thyroid and adrenal
weights were significantly affected by the protein content of the
diet at 5 weeks of age but not at 8 weeks. Whether measured in
milligrammes or mg/100 gm the thyroids and adrenals were signifi-
cantly larger in the hi# protein groxg>. That the thyroids and
adrenals should be larger is consistent with the higher growth rate,
although at no time did the body weight of the 1il# protein group
significantly exceed that of the normal protein group, and in fact
at the end of the experimental period (8 weeks) the normal protein
qrolQ) were slightly heavier. This was paralleled by the loss of the

oignifioant differences in the weights of the thyroids and adrenals.
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Iv.1l.1i The termination of the ecbryonio eadstence

It is neocessary to use the single egg as the experimental
unit if the metabolic chaines which occur during hatching are to be
acourately established# Only Glaja & Jovancio (1950) and Vissohedijk
(1962a) have examined the respiratory metabolism of the ohibk during
this period in any detail, but unfortunately these authors have used
small numbers of embryos#  Their results, together with data taken
from Koodjn & Lokhorst (1956) have been brought together in table 52
to facilitate a comparison with the results presented in this thesis#
It will be seen that there is general agreement as to the volume of
oxygen required by the oliiock at various stages of development,
although the fi*™ure piAliahed by Romijn d Lokicrst (1956) for the
full-term embryo is considerably higher#  The reason for this is
unknown#

The first rise in the ojygen uptake by the full-term embryo
was found to be initiated a few hours before pipping ocoourredi
This would seem to be a result of the onset of pulmonary respiration#
Indeed Brody remarked in 1927 that " #ee the br”dc in curve at this
time might be (due to) a ohange in the mode of respiration"e The
ozygen oonsumption of both the breeds - White Teghoros and RIR $ 18 -
was fbund to continue to gradually increase for about 6 hours after
pipeing#  During this period (the parafoetal period) the site of
gaseous exchange is transferred ft*am the ohorio-allontoio membrane

to the lungs (Kuo, 1932). Since pulmonary respiration is an
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active process, 1t may be assuiaed that at least pert of this rise
in oi"rgen i"ptake is a direct result of the increased muscular
activity#  Further support for this oonclusicn is offered by the
observation that whilst there was a great similarity between the
oliygen consumption per square centimetre of the parafoetus and the
hatched bird (0#31 ml/cmo/ hr and 0#60 aVomp/hr) the oxygen uptake
of the full-term embryo was quite different (0#37 sii/cm /hr)#  The
main difference between the parafoetus and the full-term enbzyo is
that the former has functional lungs#

Oxygen uptake was fairly constant from shout s hours after
pipping to about 2 hours before the onset of active hatching#  The
lactabolio patterns of the two breeds were found to be somewhat
different during active hatching# Whereas the oxygon requlzemcnts
of the White Leghoxn chick irvwdiately after hatohiz” became constant
for at least twen” four hours, the RIS % L3 c'doks showed a rapid
rise 1n oxygon uptake after hatching so that it was not wtil the
t>iird hour of post-ecbryonio life that the oxygim requirements rose
to the Isvd of the day”1d chick (tables 10 and 52)# Once the
metabolism had become constant, liowever, the oxygen requirements of
the two breeds were very similar#

It is well known that the embryo is poiltlothapmie whilst the
hatched chick is easwtially homeotheraio (Pcnbrey ~ ~#, 1895;
Giaja, 1925; Romijn, 1934b, Rosdjn a loklxzrst, 1955)# but the
oxaot time that the homeotheraio response emerges was not known#

Prom the results of the present e:qQ)eriQents it appears #iat the



full-term esbxyo and the parafoetua are capable of United, transient
thermoregulation but that immediately tgoon esoaping from the shell
membranes the ohiok is able to give simtained responses#  Transient
homeothenqgy has not previously been desoribed for the fowl# It was
wUy elicited #%en the oooling was greater than 37 tor the parafoetus
and the full-term enhryo#  when tho oooling of the parafoetus was
limited to less than 3°C, the well-known "neutral eonditioff could
be demonstrated# Whether it is the neutral condition or the
transient homeothensio response that is elicited from the hatching
embryo would theretbre appear to depend igxm the degree of oooling#
Transient boaeothermy is certainly a dervoloinnental advance upon
"ohenloal idiiverin” (Romijn * Lokhorst, 1955) and the slow thyroid
response (Tiader”idal, 1957), both of which were fbund to be
insufficient to prevent the decline in the metabolic rate#

In altrioial birds and rennais generally, the ability to
regulate heat production is developed over several days, months or
even years#  Buchanan A Hill (1947, 1949) have suggested that the
development of homecthersy is related to tlie degree of nyelination
of the hypcthslameal tracts#  Such a mechanism is most unlikely to '
be responsible fbr the emergence of hoBootlicray in the fowl, although
it may well be linked with the perfection of the response which
occurs at the end of the first week of post-eidDxyonio 1ift
(Ronwmeff, 1941b; Romijn, 1954b; Romijn A LoMwrst, 1955)#

The rapidity with 1Aioh hwoocthermy is developed suggests '

that the mechanlskE; in the fowl is essentially nervous and probably
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peripheral, for althou” at lowered environmental temperatures the
blood of the embryo was cooled as it passed throu” the
ohorio—allantoio mexfhrene, it failed to stinult™te more than a
traiisient response in the hatolling emboryo*  Altliough the thyroid
must be active immediately after batohiz” in tiiat the "“elevated"
metabolic rate becomes the normal rate, it does net appear to be
izrvolved in the icnasdiate liomeothomio response# At least 2 days*
continuous stimulation are required to elicit the normal histological
changes in the tiiyroid of the fuU”tcrm eidozyo (Tixier-Vidal, 1957)
and 10 dc”B in that of the mature fowl (Staiti. © si#* 1961)# The
Importance of nor-adrenaline in the themoi”gulatoxy responses of

the new-born lias recently been emphasised by Koore (1960), I"core A
NnJderwocd (1960a, b) and Soopos A Tisard (1963)# It therefore seems
more likely that the adrenal gland is involved in thermoregulation in
the newly hatched chick#

The chick, although it develops the honeothormio response
extremely rapidly, is not unique in this respect# A similar
eirisrsae of the zwsponse has been demonstrated for the sheep (Uewes
S Pott, 1959), the pig (Mount, 1958, 1959: cf. Holuto, Forman A
Jaakova, 1957), the dog (Oelineo, 1954; McIntyre A Kderstrsm, 1958),
the rat (Taylor, I960) and the duck (Khaskin, 1960)#

The aver%—e rise in the oxygen consumption between the onset
of active hatchiz” and the tliird hour of post-embryonic life was
found to be 20#7 ml/hr# However, when expressed in relation to the

surface area, there was a rise in the oxygen requirements of only
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2
0*09 aVoB /hr. It therefore be oonoluded ttwt this rise in

oxyQKi tcoptake la the result of the ohiok attempting to maintain
its body temperature at the pre-hatobing level#

During the termination of the enbxyozzio existenee the oxygen
consumption was found to inorease by 125-130" confirming the results
of several authors (Lusanna, 1906} Romeneff, 194la} Romijn A
Lokhorst, 1931, I960} Vissohedijk, 1962a). Aoocording to Bogue
(1932) the heart rate increases by only 2%’ during this same period#
His data have been confirmed fbr the eabryo by Kooonoff A Soochen
(1936) and fbr the day-old ohiok by Ringw” Weiss & Sturkie (1937)
and Francis (1962). The oiygen carrying eiq™uw>ity of haemoglobin
does not inorease during the period of hatching but probably falls
slightly (Hall, 1934)# This is due to there being osbxyonic and
adult forms of haemoglobin (Hall, 1934} Saha, Dutta A Ghosh, 1937}
Datta, Ghosh A Gcdia, 1938} wvan dor Helm A Huisaan, 1938), the
erzbzyonio haemoglobin having a greatw affinity for o”"gen#  Neither
the ezythrooyto count nor the haemoglobin content of the blood ochange
miurkedly at hatching (Romanoff, I960) .

The partial pressure gradient of oxygen between the atmosphere
and the venous blood of the full-term embryo is about 70-60 mm of
n'Ksrazy (Romijn, 1930a, 1934s)#  This is sufficient to allow the
oongzlete oxygenation of the blood (Hall, 1934), and therefore it
seams likely that the embryo receives sufficient oxygen for its needs.
Consequently the discrepancy oannct be explained simply in terms of

the removal of an anoxlo state#  However, there is some indirect



Age SA egg Diffusion rate  Vol.of CO.
(days) OB 03/ cb /hr ol/egg/hr

20 62.4 17.33 5500

"“"Measured at on environmental tami:>eratix*e of30°C

and a pressure gradient of 100 mm H"O. 8A » surface area

Table 33. The volime of carbon dioxide that is able to
diffuse across tlie egg shell under natural
conditions# Caloulatiens based on data of

Romijn (1954a).
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evldenoe to suggest that tl» ohorio—allantois beoomea less effloient
as a site for gaseous exchange during the latter stages of
incubation. Kuo A Shen (1937) noted that the colour of the blood
became progressively darker which they interiiretod as indicative of
an inorease in its carbon dioxide content. Thus since the
metabolism is constant, the loss of carbon dioxide from the embryo
must be reduced by a decrease in the efficiency of the ohorio-allantois
fbr the permeability of the shell is such as not to interfere with
the loss of the gas at this time (table 53). The uptake of oxygen
might be similarly impaired.  Therefore the removal of anoxia might
allow some inorease in oxygen uptake without a compensatory inorease

in the heart rate. The al”ifioanoo of this factor, however. Is not

More oxygen could be made available to tlie @:.oues by either
increasing the minute volume of blood, or by increasing the dlffsrenoe
between the partial "“iresoure of osygen between the arterial and wvenous
blood, or by a oonbination of both. There are no data available on
tiio effect of hatching upon the stroke volume of the lieort, but it
seems unlikely that there is any great inorease. Thus the minute
volume can only parallel tlie increase in the heart rate - i.e. 23™.
i.reater abstraction of osygen from the blood con be aocococmplished by
two methods, inoreaoing the partial pressure of carbon dioxide in the
tissues or lowering the pH of the blood. Again there is no evidence
available to support or refute either of these suggestions. The

problem, therefore, remains substantially unsolved.



There are two essential i henoffiema in the termination of the
estbryonio existence each activated by a different stimulus. The
first stage of hatching begins with the establishment of pulaonazy
respiration and ends when the lungs become the sole site of gaseous
exchange. The second stage is oonoemed with the breakdown end
escape from the shell aeabranes.

The pulmonary stimulus does net appear to be hormonal, or at
least thyroidal, “thyroxine, l-triicdothyronine, 2-thiouraoil and
tliyrotrophie hormone were all without effect upon the tia» at which
pulmonary respiration was initiated. The hypothesis that cazbon
dioxide is the pulmonary stimulus (Windle A Baroroft, 1937* 1938}
Kindle A Nelson, 1938} Kindle et 1938) has been a subject of
some controversy. From early experiments indirect, oanfiraatcry
evidence was supplied by the observation thot many embryos died after
Pipping when they were maintained for the latter port of incubation
in an atmosphere free of oaxbon dioxide. irior to pix”*ing develop-
ment was quite normal.

taxing the shell of the air space substantially reduces the
rates cf diffusion of gases over this part of the shell. Several
authors have investigated the effects of such a treatment i;gén the
embryo (Byerly A Olsen, 1931} Windle & Baroroft, 1938} Windle et al..
1938} Vissohedijk, 1962a). Hone cf these authors has reported that
the time of the onset of pulnonaiy respiration is affected in any
way, although Vissohedijk (1962b) is of tM opinion that respiration

might be initiated at an earlier time. In the present experiments
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it was found thatthe onset of breathing was achmnoed by an average
of 3*3 hours whenthe waxing was oarriedout at 1% doys* incubation.
It was concluded that the increase in the partial pressure of oeibon
dioxide in the air spaoce had been reflected by a similar rise in the
blood, thereby causing that critical partial pressure of the x$&s
neocessazy to stimulate the respiratory contres being reached at an
earlier time. The lowered oxygen tension within the air space was
not considered to be of importance in the stimulation, for Wth
Windle & Baroroft (1937) and Vissohedijk (1962a) liave aliown that the
embryo is at least twice as sensitive to oarbon dioxide as it is to
oxygon.

Caloulations based on the data of Romijn (1930a, 1934a) show
that the permeability of tho shell is such that it is in no way
involved in the production of the critical partial pressure of oarbon
dioxide in tlie blood# The normal partial pressure gradients existing
between the egg and the atmosphere are sufficient for oil the oazbon
dioxide produced by the embryo to diffuse away (see table 33). Tlie
findings of Iloyons & de Hesselle (1939) and Romijn (1948) “~ve
support to this conclusion, for they found that the total destruction
of the shell of the air space did not prevent the oos”*letion of
embryonio development. It seems, therefore, that the ohorio-allantois
must become either less efficient or that its capacity for gaseous
diffusion is exceeded as incubation proceeds# Sim observation %at
the ohorio-allantoic blood vessels oonstriot when exposed to a high

partial pressure of oarbon dioxide (Hammond i. Soil, 1937) seems to
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support tlio former eonolusloo#  Furtherr“re, ths graduai atrophy
of the vessels in the air space region during the latter phase of
incubation ocan only aggravate this condition#

Kaadng the air space shell - approximately X of the total
shell surface - results in about 13" cf the chcrlo-allantoio meshrane
being rendered useless for gaseous exchange.  Vissohedijk (1962a)
has shoem that within half an hour the new gas equilibrium is set
ig in the air spaces the partial pressure of oaibon dioxide rising
to 30 mm cf eercuzy, the oxygen tension falling to 46 nm of laerouzy.
Moderate hyperoapnia would be eagpected to develop rapidly under
these ctmdltions, resTilting in the earlier initiation of pulmonary
respiration. However, the advance was found to be one of only 3*3
lioars, some 19 hours after waxing had been carried out. The long
period between the establishment of 'Um new gaseous equilibrium and
the onset of breathing might be due to the tissues being unable to
react, or that the changes in the air space were only slightly
paralleled by c”oigas in the blood of the mAryc, or %mt another
factor, such as the uptake of the amniotic fluid, was preventing the
onset of pulmonary respiration.

Since the embryo is capable of respiratory movements as early as
the thirteenth day of incubation (Kuo A Shen, 1937} Windle A Baroroft,
1938) the first explanatWn cannot be valid. Either of the latter
two esgilanetions semi more likely, and may even be complementary to
one another. At the time that pulmonary respiration is initiated

about 3C" of the oxygen required by the embryo is obtained via the
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air space whilst about Z7%; of tho ocaflbon dioxide produced is lost by
the same route (Vissohedijk, 1962a). Vissoliedljk has also shown that
approximately of the carbon dioxide previously lost through the
air spaoe is lost through the a?JdUntois when the air space shell Is
covered with paraffin wax* This demonstrates that the gaseous
changes in the waxed air space of the embryo ore only partially
reflected In blood.

Since the overall partial pressure gradients between the enbryo
and the atmosphere ore not affected by perforating the air space
shell, the loss of ocarbon dioxide from this part of the ochorio-allantois
ought not to be seriously affected. The onset of pulmonary res—
piration was only delayed by 1.4 hours by such treatments and
tliersfcre confirms this conclusion.

The toptake of the amniotic fluid is an active process (Wislockl,
1921} Vibitch, 1924} Taylor & 8sens, 1949), the ocmtrol of which is
unknown.  Pulmonary respiration certainly cannot begin imtil the
major portion of the fluid has been absozbed, as Byerly A Olsen (1931)
and Kuo A Bhen (1937) have pointed ocut. Kuo A Shen (1937) showed
that breathing could be depressed ty injecting isotonic saline into
the amniotic cavity. Thus the removal of the amiotic fluid may be
a prerequisite ftr tfas establishment of pulmonary respiration.

Onoe this has been substantially completed the gaseous stimulus,
oarbon dioxide, is able to act.

It may be concluded that the stimulus for the onset of pulmonary

respiration is oozbon dioxide, and is mediated thzvugh the z“espiratory



102 .

centres In the medulla oblongata. The removal of the anniotio
fluid is probably a prerequisite for the onset of brea*tiiing but the
control of the removal of this fluid is unknown. Until it has been
removed the ocaibon dioxide stimulus is possibly inhibited.

Vasoularisation of ,the pulmonaiy system resulting in the
falling partial pressure of oxygen and the rising partial pressure of
oarbon dioxide within the air space of the normal esbiyo leads to
increased hyperoapnia and possibly a lowered o:1"gen uptake (fig. 8,
page 49), This appears to initiate spasms of the cervical muscles.
Finally these spasms cause the fracture of the shell at one point,
i.e. the shell is pipped. There will then follow a rapid loss of
carbon dioxide from the air space and from the blood of the parafoetus
and also an inorease in the partial pressure of the oxygen in the air
space, with the subsequent loss of anoxia. fith the removal of the
noxious stimuli the ohiok enters the quiesocent period.

It is not surprising, therefore, that waxing the air space shell
led to an advance of pipping by 14 hours whilst pipping was delayed
by perforating or aerating the air space. Furthermore these results
demonstrate the importanoe of the air space in realising the
conditions neoessazy for pipping. However, it was found that in
same aerated aerboz™cs the phenoBwnon was entirely abolished, and
together with the evldence of Noyons A de Hesselle (1939) and Romijn
(1948), that the air spaoce is not necessary for the completion of
embryonic development, shows that pipping is also not essential.

Rather it is a chance, non-essential plienarenon in the hatching
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process,

During the quiescent period the vessels of the ohorio—allantois
are oonatrioted gradually causing the lungs to become the sole site
of gaseous exchange. During the parafoctal period at least, it
appears that the oazbon dioxide concentration of the environment
should not fall below a minimum percentage. High mortality (35%)
ooourred after pipping when the eggs were kept in the respirometers
for many hours. The carbon dioxide oonocentration in these was almost
Zero. It seems likely that continual stimulation of the respiratory
centres 1s necessary to ensure the ventilation of the lungs.

TInder praotiocal conditions the lower limit of oarbon dioxide
oonoentration is probably about Once the lungs have taken
over completely, the dependence upon atmospheric ocarbon dioxide is
less apparent, and may even be lost, sinoe atmospheres containing no
carbon dioxide do not adversely affect the respiration of the hatched
ohiok.

The quiesoent period is terminated with the onset of aotive
hatching. It was observed that the metabolic rate of the ohiok
began to rise before any increase in its physical activity could be
detected. The hypothesis was therefore advanced 1”at an increase in
the rate of thyroid hormone secretion was responsible for the
initiation of active hatching. Experiments to test this hypothesis
have been fairly oonoluslve. Although other workers have investi-
gated the effects of thyroxine on the enhryo, the drug has usually

been given at an early stage of incubation and has consequently



n I*Ug/100ml

Full*term embryo 2 6.3
Parafoetue (5hr)* 2 10.9
Hatched ehlol: (Ihr)* 2 13*2
< Age.

Table 54* The protein bound iodine oonoentratiens in

the seruD of the hatchling chlok embryo.
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affected the idiole ocoxirae of embiyonio development.  Here the drugs
were administered at as late a stage as possible. Both thyroxine

and triiodothyrwine adTanood hatching, and it is noteworthy that they
had a Texy similar potency In Jie ohiok embryo. This is in seeordanoe
with the published data for the hatched ohioken (SheHabarger, 1955#
Tewoomer$S 1957; Tata & BheUabarger, 1959) end forms an interesting
ocasqorison with mammalian response (Gross & PitWlivers, 1952, 1953)*
Large doses of tfayrotxophio hormone (1*0 i,u*) had to be employed to
elicit significant responses. The large molecular else of this
aibstanoe might be a factor in the smallness of the response (the

drug was merely injected into the air space and therefore uptake by
the blood might be affected) and tde lack of large histological
olianges in the thyroid (fig* 22) suggests that uptake was impaired.

In pilot experiments on the measurement of the protein bound
iodine (EBI) of the blood serum, 1t was found that tlwre was approxim
matdy a 100" inerease in the conoeatrf.tion of FBI between the
oorimemoexBent and termination of the hatching process (table 54)*

This indicates that ths thyroid is vexy active at hatWilng
confirming the work of 8w (1952) and, together wi” the other results,
su™"ests that active batdting is controlled by the tlyroid gland.

Why an increase in the rate of secretion of the thyroid hormones
should cause the ohi” to escape from its shell is not I<nomn.

There is limited evidence to suggest that it mzy be a behavioural
response. It has been demonstrated that large doses of thyroxine

cause increases in the raetdoolio rate, body tecperatuxe and physical
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activity of the euthyroidal chicken (Martin, 1929), Assuming that
the ohiok at the end of the parafoctal period is the euthyroidal
animal, then similar responses sight be expected if the amount of
thyroid hormones in the blood were to double within a short time*
Such an increase in thyroid hormones does ooour, and the metabolic
rate and physical aotivity increase maz"cedly. The hypothesis is
therefore advanced that the increased rate of thyroid hormone
secretion leads to a behavioural response by the ohiok, whioh is

manifested by the breakdown of the shell and the escape Apom itif
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studies on the gaseous metabolism of the hatciied bird have
generally been carried out upon the starving animal#  In many
instances, Iionever, the supposition that the basal metabolic rate
was moasured was inoorreot, since it has been sbxwn that the period
of utnrvation employed was only sufficient to bring the fowl to a
post-absorptive state (Mitchell & Haines, 1927b; Pukes, 1937)#
Investigations on the normally fed bird are few and the work in this
tliesis has therefore been confined to this neglected field# 1In
such esgperiacnts standardisation and control of the experinental
conditions are of [“at importance# Thus the temperatures at which
the determinations of osygen consumption were carried out were
controlled to within A 0#1°C; a day length of 14 liours was
established; food and water were available libitum and the
characteristics of the diets were Imowni#

One of the most ia”“rtant factors affecting metabolism is the
environmental temperature# Althou” there is g neml agreement about
the broad limits of the teoperatuie range at whioh the metabolic
rate of the adult fowl is lowest, the detailed novemcnts of these
zones of tiiemmal neutrality, particularly during the first month
after hatching, were not isiomf  In the study on the effects of
temperature during the first month it became clear that the results
did not agree with published work# The only factor that appeared to
be different was that the birds were fully fed and therefore it

seened likely that the nutritional status of the iowl r/as affecting
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T o Age (days)
A 9 10 Lief.
Rearing temperature 35 31 27 1-3
Zone of thermal neutrality 35 34-35 31-32 4

Zone of tltamal neutrality 35 35 35 5

1* Barett &!Fringle (1947)# 2* Barott A Pringle (1949),
. }. Barett * Pringle (I950). k. Present work. 5« Barott

« Pringle (1%6).

Table 55# A oonparison of tb) sones of thermal neutrality
A
k-. and the optimum x“earing temperatures as

determined by Barott and Pringle and the aones

of thermal neutralily as found in the present

work.
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the extent of the gonef#

Barott & Pringle (1947, 1949, 1950) determined the environ-
mental tes”raturoa at whioh birds oould be reared moat suocoesafoUy,
These studies inwlved fully fed birds and therefore it aay be
expected that the recommended environmental temperatures should show
a better oorrelation with the zones of thermal neutrality as
determined here# Referenoe to table 55 shows that this is sof
Tlie results obtained by Blazter (1962) with sheep add support to this
view. He found that inoreased food intake led to a movement of the
zone to lower temperatures, although there did not c”pear to be axy
effect on the actual range of the zone#

Oxygen consumption during the first week was fbund to increase
at a greater rate than the bodlywei”t (b >1#0), confirming the
findings of Beattie A Freeman (1962)# Cosg*aris” of groups C and
D, and P, G and R shows that the diet had no effect on the oxygen
requirements or on the metabolic rate during this time#  ?fhere large
grotyps of chicks were used, it was found that the body t"Bperature and
the metabolic rate inoreased in parallel during the 6 or 7 dzys after
b tching, and althou” the body tecypGrature thm became relatively
constant, the metabolic rate often continued to rise for a few more
daysi

The increase in the body temperature appears to be a result of
the progressive replacement of the yolk by actively metabolising
tissue, resulting in an increase In the active mass of ths bird wi”ut

a corresponding increase in the surface area#  Indeed it was found
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Fig* 50# The body tomperoture cuwrve of tho ohiok during the
first fbrtnight of post”Bdsiyofnic life: a oonparison
with published results#

a) King (1956)* b) LanoreuK * Hutt (1959) I o) present

wortci d) Hutt d Crawford (192))*
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that the body weight and the surface area during this time laore&aed
pi'oportlonately.  Thua the suggestion of Kendei” a Baldwin (1928),
Baldwin a Kendeigh (1932) and Randall (1943) that body weight oS
ixioreasea at a greater rate than surfhoe area and is therefore
responsible for the increase in body temperature» is not strictly
oorreot. Since the metabolic rate continued to rise to the eighth
day at least end was not abolished by leoitheotosy» it would appear
to be real.

That the body tezg>erature should become oonstant on about the
sixth day after hatetiing is in agrewent with the findings of Lamoreux
A Hutt (1939) and Hutt & Crawford (1960)» althou” at varianoe with
those of King (1956). The values for the body temperature, however»
are of the same order as those found by these authors (see fig. 50).

The significant fall in body temperature and the fall in meta*
bolie rate on the fifth day after hatching coincide with the atrophy
of the yolk sac» end the two events are probably related. Although
thds embryonic relic supplies the chick with food material» it
certainly does not appear to be essential to the newly hatched fowl»
since its removal did not affect oxygen i:gotake» the metabolio pattern
or the growth rate.

Examination of fig# 51 shows that the "metabolic status" of a
strain is not necessarily determined at hatching, but more usually
at the end of the first metabolic phase. Thus although strain C
bad a greater metabolic rate than strain A at hatching» their metabolic

rates became almost identical at the end of the first phase.
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Fig* 51. k oonparison of tho netobolio rates of groups A«E
during tho first fortnight* A « RXR x 18; B »
a broiler strain; G #a laying strain; B " grotg>

B trailers of Beattie d Freeman (1%2)*
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Fig. 52. Grow” rates of 5 strains together with a broiler

strain exaedaed by Beattie & Freeman (1962) .Symbols as abovol.i.li.
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The rate of tho inorecao in setabolio mto 1is postieps not so
important In detenining tho metcbolio status of a strain but rather
tho tins at which the second phase is initiated.

There is a definite tendenqy for the groupe with the hi*%#at
ymtabolio rates to have 'dee hi“ieat growth rates (ef#fg* gxcops A and
as determined at the beginning of the second neteboUo #)ae#) .
croi9 B with the lowest aotabolio rate had the lowest growth rate”

whilst grorsp B of Beattie & PTeemm (19&2) had the highest rates
(figs* 51 and 52)#  Tlndotbtediy the setabolio rate is olosely
correlated with the thyroid seeretion rate* Minner A Upp (ISklf),
Glazener» Shafther A JuH (1%9), SsythA Fox (1951) and Biellier

A Turner (1937) hove shown that the thyroid aeeretion rate end tbs
growth rate of chicks are positively owelatcd*  Hofftoami (1950)
end Ssyth A Fox (1931) fomd the aaae for turbs” and dusks#  Thus
it my be possible to predict growth rates Aron the setabolio rates
fcasured during the first fortnight after hat”bdng* This might be
of use in breeding for hisser growth rates# since observations eould
be ooapleted in a relatively short time#

The seoond metabolic Jglase# fdiieh is olvuraoterized by e direst
relationship between the sate of increase in the oxygen uptake and
“rowth (b 1*0)# is eoooon to all strains and does not appear to be
influenced by Ibe diet# That the régression oocefficient is
generally slightly less than 1.0 during this period suggests that the
feathers are beecainig more efficient as an insulating material#

Sid) sequent ocaygen uptake was influenced by the diet and must be
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dlsoussad in relation to this factor therefore. That there was no
such influence prior to 1 month of age suggests that the embxyonio
nutrient# yolk# continues to exert an effeot upon metabolism long
lifter its exhaustion. Suoh a mechanism appears to exist at a
slightly later age. The metabolic pattern of group H was essentially
the same as tliat of group F and the absolute oxygen requirenents
assumed a more intermediate position between those of groups P and

G althou” the broiler diet was fed fbr only the first two weeks

after hatching.

Only the protein content of the diet was found to have any
olgnifioent differonoe upon the metabolic pattern. In all groigis
examined there was a characteristic levelling out in the rate of
oxygen intake giving rise to the third metabolic phase. Only where
a hi” protein diet had been fed was there ai” indication that this
plateau in ojygen oonsisgption would be abolished.  However# the
results of the liigh protein high energy diet (~"up K) do not ooni'imm
those obtained for a similar diet fed to orop F. It mey be due
to the breed diiYerenoe for the former was a EXR X IS cross and the
latter a oommeroial laying strain.

It was not until the eighth week that the etabolisable content
of the diet had any significant etfect on the os”gcm requirements.
This is in contrast to the results of Singh A Shaffhor (1950) “*>rd
MeUen * (1954) # but in view of the criticisms of Haroh & Biely
(1937) on the probable inadequacy of the low energy diets used in

tliese studies further comparisons are of little value. Fat and
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protoin also had little effeot on the wveelcly setabolio rate# although
1t was noticeable that the rate was more variable for birds fed the
high fat diet than for any of the other groups.

Brody et al. (1932) found that the protein content of a diet
offooted oxygen uptake, but again the lower levels of protein were
quite inadetpiate for the growing chiok. Their Mghost level of protein
was IB.9" as compared with 21.% in the normal diet used in these
azperiments. That dietazy fat should have little effect on os”gen
uptake is in agreement with the results of Koroh & Biely (1937).

Protein was the only dietary factor that was found to have a
really si*riificant effeot upon the weights of the thyroid and adrenal
glands. This was in oontrast to the flndixgs of March A Biely (1937)
and Treat et (I960) who reported that fat depressed the weights
of these glands. The signifiocantly heavier glands of the birds fed
the high protein diet were oonsistent with the better growth rate of
these birds at 3 weeks of age# and may have been simply a result of
this growth rate since all the differences were lost by the ei”th
week# when both groups had a similar body weight.

The growth rate was unaffected by the diets fed to groups I#

J and K. The hi” protein diet led to an improved growth rate
between the fourth and seventh week only. In ocaitrast group F# fed
the broiler diet# had a much better growiii rate than the birds fed the
standard diet (group G) whilst group H again liad an intermediate
growth rate (see fig. 43).

The metabolic patterns exhibited by the birds of group G
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Pi™» 53* A oonparisoa of the aetabolio pattern of a laying strain
(gro"g> G Bales) fdth that of HIH males (Klhler & Bro”®,
Note the great similarity betveen the two ourvos;
the dlfference in the absolute osq'gen requirements may
be due to the difference in breed*

a e laying strain; b » RI&.
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Fig* 54# A oogtariaon of the Botebolio pattwns of Xi™ing strain
feaales and E1E females# The data for the latter breed
are taken from Kibler A Broy (1544)# The le™Ing strain
wae fed the standard ration ae eere the malee (fig# 55)#

a " laying atraini b « EIR*
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(males). I, 3 andK (nonml protein) ore essentially the same as that
obtained by Kibler A Brody (1944)#  Probably the diets used in tiicse
two investigations had similar levels of metabolisable energy” protein
and fat, whereas birds fed the oomeroial broiler diet with it#
substantially different composition, gave an alaost "atyploal"
pattern#t  Broiler diets are the product of tho last decade or so and
were formulated specifically for strains of fowl whioh had extremely
high growth rates. They are characterised by elevated protein and
metabolisable enwgy ocmtmits#  The similarity of -Wee results for
the males of grotgp G (fed the standard ration) to those of Kibler &
Lro™y (1544) is illustrated in fig# 55# However, the pattest for tho
females of gzoup G was quite different after the seoond phase and
ahonfi that the diet may affect the sema differently (figh 54)#
FennoUy Menard (1953) end MeUen et *# (1954) have also noted
such difforenoGS#

Kibler & Brody (1544) have suggested that there is no sexual
djiforcnoe in oi“gen requiremonts#  However, a higher metabolic rate
was characteristic of males above a body weight of about 200 gm thus
normally preceding detectable weight differences#  The higher
metabolic rate of the sales was evident both on a weight basis
(table 36) and on an age basis (fig# 55) and must occur if the growth
rate is to be greater than that of the femalef If no sexual
divergence occurred then the male would have to possess more efficient
oxidative processes#

It has already been noted that the diet does not appear to
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Fig. 55* Th# influenoo of age upon the aets&bolic rates of males
and finales of the ligring strain, (@) Birds fed on the
broiler diet; (b) Birds fed on the standard diet;

(e) Birds fed the broiler diet fbr 2 weeks and then

the standard diet.
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fiffeot either the o0:1Qrgen requirements or the aetabolio pattern until
the fowl 10 about I month old. It is interesting to note that there
is one aignifloant change in the metaboXio rate that appears to be
fairly independent of diet but related to the age of the bird. A. very
significant fall ooourred between the third and fourth weeks in
groups P* I, J and K. This is parallalod by a fall in 1Ae oonooBM
trations of aHcetoglutario sold and p*“rmrlo aold In the blood at about
this time (Chubb & Preeman”™ 1963)» falls in the oonoentrations of
blood sugar, oroatinine and blood amino—aoids, an increase in the total
proteins in the aerun (though no change in the ratio of albumins to
globulins), a sli”t change In the Xoriels of ohloreaterol and uric
acid in the blood (Toumut, Laocase & Kontlauz"Ferradou, 1963)$ & fall
in adrenal and blood asoorbio aold oonoentratlons (Freeman A Chubb,
unpublished) and a fall in adrenal gland weight (mg/100 ~ body
weight) (Bremnan, 1941)» These changes have led Toumut et ajl.
(1963) to suggest that there is "une crise physlolegique" at 1 month
of age. There must indeed be a major, fundamental physiological
oliance in the fowl at this time. Tounnit et al. (1963) also su”;gest
that there is a similar change at 0 weeks of age.

The causes of both changes are as yet unknown. The *lyroid
does not appear to be involved fbr Sohultse & Turner (1944} 1945)
found that the thyroid secretion rate was constant between 1 and 12
moka after hatching. Tounsut et al. (1963) bave oocB'pared the change
at 4 weeks of age with weaning in mamaals. Tt has boon shown that

the diet of the fbvl has little or no effect on the metabolism during
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the first fortnight at least* Furthermore, it has also been
suggested that the yolk continues to exert an effeot on the metabolism
for some time after its absorption and utilisation, possibly in the
same way that the broiler diet appears to have influenced the
aetabolio pattern of grougp H and therefore may be analagous to
weaning. Nutritional disorders do not normally become apparat until
4 weeks of age* It is therefore quite possible that a nutritional
factor is involved in this metabolio change*  Other factors oould be
the onset of the secretion of gonadotrophic or oortioostoroid
hormones*

Further work, both of a biochemical and physiological nature,

on the month old bird might be vexy rewarding*
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The oxygen oonstn”lon of the hetohing ehlok enkxyohas been
determined* Two dietinot rise# were differentiated: the first
appears to be directed, at least in part, to the provision of
energy for the ventilation of the lungs and the other partly
directed towards the initiation of active hatching end partly

to naintaining the body tmpetoXvan of the "“liok at its
pre-hatching level*

Transient homaothenay was detected in the fuU-ters and
tmtching embryo, but sustained responses to environmental
temperature ohanges did not appear until the moment of the
escape from the shell membranes*

Kvidenoe was presented which showed that pulnonaxy respiration
is initiated by a liich partial pressure of oazbon dioxide within
the blood, although an unknown msdianism for the active uptake
of the amniotio fluid pervading the respiratory tract is probably
also involved*

It is suggested that it is not the air space but the
ohorio—allantols that 1s involved in the realisation of the
oritioal partial pressure of oaxbon dioxide neocessoxy to stimulate
breathing* However, the air apace Is oonoemed in providing
the necessary gaseous mixture to stimulate pipping*

Pipping is a non-essential phenomenon in the hatohing sequaaee*
Active hatching is probably mediated through the thyroid gland

by an increase in the secretion of the tlyroid iiommones* It



7*

8*

9*

10*

116.

is further suggested that the escape from the shell is a
behavioural response to an Inoreased setabolio rate*

The body temperature of the hatched ohiok rises for about six
days and is probably a result of the progressive replacement of
the non-metabolizing yolk with active metabolizing tissues,
thereby causing a greater rate of increase in the active mass

as compared with the surface area cf the chiok*

The metabolic rate rises for about eight days after hatching;
part of the rise may not be real, i,e* there may be no change at
the cellular level, but that part from 6 to 8 days does appear to
be a real increase in metabolio rate since it is not abolished by
leoithectocy*

Both absolute oxygen requirements and the metabolic pattern are
affected by the diet but not below a bo”y weight of about 200 gm
(3 weeks of age)* Birds fed normal levels of protein, high or
normal levels of fat or carbohydrate exhibit a period of fairly
oonstant oxygen uptake over a range of 150-200 gn*  /IXgji levels
of protein tended to abolish this severe depression in metabolic
rate*

A highly significant fall in the metabolic rate at about one
month of age was consistently noted*  This appeared to be
largely independent of the diet and was accompaniedby several
other physiological changes within the bird*  This "physiological

crisis" is not understood*
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, #5aowA

(«w) gives the time ef hateliidg*

26,8
27.3

28,0
28,1
28,0
30.5
26,7
25.6

27.6

33.6
35.3
33.6

35.5

45.5

15

al/hr mvgq/hr

0,69
0,70

0,72
0.72

0.72
0.78

0,69
0.66

0.71

0,86
0.91
0.92

0,91

1.17

14

al/hr

24,5 0,56
24,9 0,57
25.9 0,59
24,1 0.55
24,1 0.55
23.8 0,54
29.4 0,67
32.0 0,73
31.7 0,73
33.0 0.76
33.9 0,78
34.9 0,80
376 0,86
36.3 0,88
36.8 0,84
35,1 0,90
50.8 1,16



116.

Table X oonVd.

Hrs. before
and after 12 15 14
pipping 80/hr my hr myhr myg*hr my hr BO/gyhr
P ¢ IB . 56.8 1.18 xJ -
¢ 33 .= 44.0 1.24
+ 34 41.2 1.16
~ 36 .54.4  1.25 - 50.4 1.26
+ 37 52.8 1.21 55.7 1.39
+ 56 52.0 1.65 -
+ 57 48.3 1.53 48.6 1.34
+ 60 , 55.1 1.41 - 59.3 1.64
+ 60l 62.6 1.60 -



The doibltt line (M) gives the time of hatohlsg.

y
=
Hrs. before
and after
pippii” my hr mygn/hr
2 21.3 0.49
20.8 0J47
2 28.4 0.65
4 33.7 0.77
12 36.7 0.84
13 35.9 0.82
14 35.1 0.130
25 40.9 0.93
1o 39.3 0.90
17 39.7 0.91
1B
22 64.5 1.47
23 59.1 1.35

52 56.0 1.40



120.

Table IIT. Oxygen oonsumption during the first six hours
after hatching in RUt % 13 ohieke. Results
of four ohioks.

H » Hatohed

Age 233/2(/y62 15*%/2g/9/62
(hr*) nd/hr my hr eygqg/hr
¢ 0.5 32.1 0,66
¢ 1.0 ' 45.1 0.96
+ 1.5 40.7 0.93 50.7 1.06
¢ 2.0 49.1 1.12 . 52.5 1.12
¢ 2.5 52.2 1.19 36.2 1.20
¢ 3.0 54.8 1.24 . 52.4 1.12
+ 3.5 54.8 1.24 -
* 4.0 57.9 1.52
¢ 4.5 57.6 1.31
+ 5.0 53.6 1.22
+ 5.5 57.9 1.32
¢ 6.0 57.6 1.31
K/yeyi 7~ 235/2C/V62
n+0.3 34.5 0.74 V34,2 0.86
+ 0.6 43.8 0.94 39.5 1.00
+ 1.0 50.4 1.07 37.6 0,95
¢ 1.3 — 48.7 1.2}
+ 1.6 - 32.2 1.32
¢ 2.0 48.9 1.05 46.9 1.18
+ 2.3 51.5 1.11 49.3 1.25
+ 2.6 54.4 1.17 47.9 1.21
¢ 3.0 60.2 1.29 44 .2 1.12
¢ 3.3 57.4 1.23 43.2 1.09
+ 5.6 61.0 1.31 43.7 1.10
4.0 — 46%6 1.18
4.3 — 176.1 1.16
4.6 - 1*6,9 1.18



121.

Table IVeé The «organ oonsuaption ef the White T"ghorn chi<dc®

t. (gm) vH/hr wt. (ge) avhi
3244 56.1 41.1 89.0
33.7 53.9 41.9 65.3
33.7 45.1 49.2 134.0
36.0 58.9 52.7 148.0
36.2 46.6 53.4 346.0
36.2 60.9 54.0 156.1
38.0 51.7 54.4 174.5
38.1 88.2 55 133.6
38.1 56.0 55 134.9
38.2 56 108.5
38.8 64.8 57 139.0
39.1 85.0 58 188.6
39.2 58.1 58 156.6
39.4 56.9 58 174.3
39.4 89.0



AV B A

Table V. O"orgeo reqtiUUbkents of the RIB % IS airain.
»t«naara dW i JCTOUP A.

my hr my hr
39 61.6 60 134.6
39 68.6 64 106.8
44 89.0 o 64 139%1
45 64.6 e 66 112.9
46 68.3 66 126.0
47 87.2 " 66 348.1
47 89.7 70 146.3
48 87.6 71 134.1
49 72.1 71 175.2
50 92.5 74 192.5
50 110.2 74 154.5
ro 116.6 75 162.3
51 94.3 79 200.0
51 134.9 do 178.6
53 96.0 83 216.7
54 106.0 88 229.7
~4 125.9 91 206.0
54 123.0 54 226.2
55 98.3 100 246.1
57 103.4 301 261.0
57 134.2 303 247.8
57 306.8 304 253.0
59 124.0 110 265.6
60 115.5



125.

Table VI. 0iQ/“en oofieunptiim ef a broiler atrain
jyV tto atgj’mird at«*> Bfwm m "M
M &y
U(gm) n *2/hr Wi. (O») & nviir
40 2 52*4 68 1 117.6 CL
41 3 55.8 69 5 340.1 mm
42 4 58.8 70 1 16318
43 2 62.5 72 5 M3.3 ,V %/
44 5 62.5 73 3 13473 i
45 3 69.8 75 2 152.7
46 4 70.8 76 1 16449,
477 4 7i;9 77 2 171.7
48 5 7474 78 g 152:1
49 4 73.0 00 2 183.2
50 4 80.5 ai 1 343.4
51 3 86.2 82 1 349.2
52 4 83;7 83 1 162.7
53 3 %?;3 84 4 174.7
54 2 8916 85 1 190.4
55 4 102.8 89 1 188.7
56 3 90 2 191:7
57 5 98.6 91 2 175:6
58 5 106:1 92 3 207.0
59 3 116.8 93 1 170.2
60 6 117.6 94 2 194.6
61 4 111:0 95 1 174.8
62 3 127.1 96 1 200.6
63 3 123:5 97 1 167.8
64 5 126.1 96 2 20119
65 3 140”7 99 1 3J83.2
66 3 336.6 300 g 224.0
67 2 1241,0



Tabla VII. Oiygan ocoitRifl“tlon of li“ring strain ohloks durii”
the first fortnight after h&Wiinl) standard diet:

~t. (gm) n a™/br wt. (@)« & «yhr
30 1 46.7 55 2 130.3
33 1 39,2 . 56 1 147.0
34 1 44*8 . 56 1 136.0
35 2 64*1 . 57 1 150.6
36 4 55,9 57 1 126.4
36 1 46.6 59 2 163.1
37 3 67.3 " 59 1 172.7
37 1 79.0 60 2 149.5
39 4 58.9 6l 1 148.1
40 1 70.9 > 61 1 151.8
40 2 86.0 . 62 2 155%3
41 2 74.2 62 2 146.1
42 5 77.5 . 63 1 188.7
45 2 90.6 63 1 184.4
46 1 108.9 64 1 144.2
46 2 100.0 65 1 141.4
47 3 113.7 65 2 161.5
48 4 98.5 . 66 1 151.7
49 2 302.0 69 2 170.1
50 1 118.4 . 71 1 191.6
50 3 H5.4 LR 73 1 190.3
51 3 112.4 't 74 1 193.1
51 4 117.7 . 15 1 192.3
52 4 124.2 76 1 217.4
52 2 120.1 77 3 187.6
53 2 126.8 79 1 237.3
54 4 332.8 80 2 224.6
54 1 125.0 81 3 207.3



Table VII occaat’d.

82
83
84

85
86

86
88
89
90
92

> 2 B P W

ayhr

188, 9
200.6
20975
258.3
182.3
181.2
243.4
211.7
197.4
247.1

92

93
94
95
96
96
99
99
IX

R = T = W = W O QSO S Sy R

fr .

«yhr

216.9
205.0
21312
211,6
256”8
223.9

255.9
264.2
24776

' VAu.v

1254

" £ -0



Table VIII. OicHen requirement» of the laying atrain.
Broiler diet fed throughout the perioli

BPM) D= = ——mm e e
n a3/hr Wt. (o») a ml/hr
32 1 56.1 68 2 178.3
34 2 49.5 69 3 191.9
36 3 55.5 70 1 163.1
38 4 67.3 71 5 166.2
39 5 70.8 72 5 188.9
U 1 89.0 73 3 201.0
4z I 65.3 715 2 190.7
49 1 114.0 76 3 204.5
53 2 147.0 77 2 206.2
54 3 143.9 79 el 198.8
55 3 119.7 60 1 204.1
56 2 122.4 83 2 229.5
57 2 125.1 85 1 198.5
58 3 173.2 92 2 212.4
62 1 173.6 98 1 257.1
65 1 154.4 99 1 279.7
66 2 172.6 100 1 232.1
67 3 177.9



127,

Table IX. The ocaQTgen requirements of leoitheotoioioed and
normal ohioko, RIR z IB. The standard diet
waa fed throughout the period: proup S.

Leoi-UleotoBised Normal
99 aa 99

t. (gm) n myhr n myhr n myhr n ayhr
36 2 71.7
39 1 76.0 *
40 1 81.7 '
41 2 T7.5 " 1 100.8
42 ' 1 92.1
43 1 73.5 1 96.2
44 1 81.7
46 1 112.6 * 1 91.3
47 1 114.4
48 2 101.5 1 110.6 2 125.4
49 4 102.5 1 117.6
50 2 120.4 ' 2 119.5
51 1 121.5
52 2 121.8 2 136.7
53 1 95.6 2 114.5 139.9
54 1 108.9 4 128.3 2 111.6¢ 1 137.9
55 2 107.7 4 115.3
56 3 122.9 2 139.4 1 95.9
57 2 136.5 2 151*6 2 145.9
58 4 133.8 3 156.0 2 120.4
59 3 144.6 2 129.1 1 98.3 2 142.3
60 2 151.1 1 142.4 129.3 1 122.8
ol 2 148.0 1 119.¢ 2 156.7
62 4 154.8
63 2 153.3 1 154.2 137.8 1 125.9
64 1 lel.oc 2 153.6 150.3 1 137.7



able DC oonVd.

65
66
6’7/
68
69
70
71
72
73
74
15
76
77
79
80
81
82
83
84
85

87
88

90
92
93
94
95

LeoitheetoadUsed
aa 99
nVmyhr a «yhr.
1 164.3
1 124.4 2 122.5
3 153.9 2 147.0
3 138.8 1 123.1
2 1e8.6 2 177.0
1 163.4
1 165.5
2 158.8
1 189.0
1 181.7
188.6
206.4 1 203.6
174.7
2 224.1
1 267.7
1 196.1
1 210.9
1 241.4
2 217.4 1 199.1
1 213.8 1 255.1
1 214.8
1 229.2 1 215.7
1 227.8
1 247.7
3 237.1

L
Horoal
Si

n.«yhr n

1  153.4
1
1
2 155.7 1
1
1 155.7 1
1
1

1 157.3

1 183.6
1
1

99
ayhr

139.0
161.7
140.9
136.1

182.9

146.7
129.0
161.8

168.8

165.5

219.7

209.0

263.1

126.



Table sx oanvVdJ

LeoitheotofBlsed Normal
Si 99 SS 99
rt. (gm) n myhr n myhr n ayhr n myhr
96 2 220%x7 2 238.6. 1 242.9
97 1 254,5 - 1 247.2
98 3 244%6 5 1 235.2
99 1 242.6 2 257:2 1 233:6 1 216,3
100 1 1 267.5
102 1 307.5 1 293.4
103 1 27:4
104 2 277.3
105 2 244.0 1 265.2
106 ' 1 278,7
107 2 281,1 1 275.4
108 1 249.7
109 1 297.9 2 310.2
110 - 1 281.4
111 1 293.6
113 1 305.4 1 291.7
114 - 1 278,2
113 * 1 224.4
116 1 289.7 1 2wW.8
116 1 508,0 1 354.7
119 1 260,8
120 1 284.3 )
121 " 2 297.4
123 1 239.5
127 1 381.5
128 1 339.4

129 1 249.7



130.

able xx eont*d»

Leoitheetosliad Normal

éS 99 Si 99
t# (01) n Bl/br n BiVhr n mdbr n aO/br
131 1 309.7
132 1 354.0
133 1 335.8
136 2 339.3
138 1 387.7 "
104 1 353.8
145 1 383.2
146 1 357.8
150 1 365.6 1 400.8
151 1 335.1
152 1 330.9
153 1 280.7
154 1 349.9
155 1 423.5
156 1 369.5
157 1 411.2 1 413.3
158 1 449:9
159 2 385.3 1 381.6
160 2 421.7 1 457.5
161 1 383.3
162 1  408.3
163 1  421.0 1 4:3.9 1 370.9
164 1 362.4 2 450.3
165 1 368:3
167 2 377.8
168 1 401.4

169 1 493.5 1 418.2



Table IX oont’d.

Wt. (gm)

172
173
174
175
176
177
178
179
182
183
184
186
187
188
189
190
191
192
193
195
196
197
198
. 199
200
201
202

N R

e =

|_\

Leoltheotomized
99
nO/hr n  iiG/hr
415.7 1 471.6
453.9 *
461.6
399.9 441.2"
457.5
524.8 384.6
406.8
382.2 2 421.5
449.9
1 418.8
1 448.0
479.0 2 407.6
464.5 1 448.5
423.1
457.6 1 419.2
457.6 1 509.9
425.4
443.1
1 444.1
418.3 3 455.6
471.3

522.9

n

Normal
6S
myhr n
1
1
1
432.8 1
1
456.2
526.9 2
1
2
417.6
415.7
2
1

929
my hr

387.9
398.3

341.5

420.9

418.4

534.0
457.8

429.8
499.4

509.8
443.5

453.2

465.0

131.



Able n aoaVd.

wt.(gm)

204
207
208
210
212
213
216
216
219
220
221
223
224
225
226
229
233
234
236
238
239
240
244
245
247
250

251

n

Ieoltheetanised
éi 99
myhr n myhr

1 457.7
497.6
458.8 1  510.4
547.9 <.

1 513.1
545.0 467.2

1 489.6
527.3
480.0

1 541.7
554.6

1 489.8
486.4

1 492.7
560.7

1 571.9
557.5 2 520.0
563.6
652.3

1 572.0

1 575.7
586.9

1 481w9

n

1

1

1
1

Normal
ayhr n
1
451.0
1
1
1
1
466.1
515.0
568.4

99
my hr

575.3

481.0
572.6

515.7
551.1

562.4



Table IX oonVd.

255
260

270

277
286
290

e = SN

Laoitheotottlsad

Si 99
ml/hr n nVhr
614.4
539.9
507.7

563.0

n

Normal

SS
myhr n
1
1
1

929
my hr

531.9
012.4
610.3



Tabla X

Wt.

36
38
39
40
41
46
47
50
53
54
55
56
57

59
60

ol
62
04
65
06
67
68
69
70
71
72
73
74
715

S ST NI

R RN R W R

w NN N R R NDNERERE NDNE DN R W

Si
my hr

102.

86.
103.

110.

o o I3

131.
147.
116.
138.
157.
167.

O W W W NN

162.

213.
186.

177.
190.
188.
216.
187.
195.
219.
206.
200.
208.
222.
213.
217.

w W W U O W O W~ O W O W o+~ N

N R T

'_\

g W Pk NN D Pw

|_\

99
my hr

106.

93.
114.
111.
101.
118.

o W o r o W

170.
161.9

(o)}

157.3

222.4
154.7

177.
191.

188.
188.
185.
175.
209.
233.
198.
189.

N G S 2 BT NG B R O e T

234.
191.9

N

Wt.

76
77
18
79
80
81
82
83
84

85
86
87
88

89
90

91
92
93
94
»

97
101

102
103
104

109
110
111

RNNND NN

N

e S

oonaumption of a oonmerolal laylog
strain, brollor ratiom group g.

Si
ay hr

200.9
210.7

211.
221.
238.
248.
206.

I G2 NG B N Ne)

224.5
238.8

231.4

256.0

231.
259.
240.

317.
264.
291.

< O O O W N~

337.
290.3

@)

273.1
290.6

SN R D

w

134.

99
my hr

198.
205.
216.
190.
206.

SN W N o

220.
239.2

oo

235.5
236.0

193.4
208.6

216.1

224.1
242.5

315.4

280.3
299.0



Table X cont*d.

Viu

113
114
115
116
119
120
121
123
124
126
126
129
130
131
132
133
134
135
137
138
139
141
142

146

347
349
150

=

'_J.

PR NN R R W

SS
ml/hr

317.0

200.5

332.2

297.8
309.7

296.7
288,9

328.0
263.6
391.0
380.1
342.3

316.4
338.6

367.5

99
my hr

258.
340.
280.
329.
259.
2776.
293.
317.
311.
302.
277.
306.
297.
300.
316.
313.
296.
316.
395.

W 01 o N B P W N O W O 9 b 0w W 0oy W

301.
306.

w

323.
330.
361.
343.

w o v

Wt.

153
154
155
156
157
159
160
165
166
167
168
169
171
172
175
181
182
183
184
186
387
189
191
192
193
195
198

199

N R e

«y hr

406.3
;'ALL3
450.7
396.9

385.1
376.3

448.1

416.7
419.1

441 .4

456.4
413.6
4677.6

475.2
425.9

437.77
591.0

'_\

NN e

135.

99
«yhr

405.0
377.8

476.5

390.7

413.7
442.1

391.7
417.

oo

329.
415.

456.
441.

O o N

439.
439.2

Nej

366.4
482.2



202
204
205
206
207
210
211
223
214
216
217
228
219
220
221
222
223
224
225
228
251
232
233
234
235

237
238

118 % oont*d»
Si

n «3/hr
1 401.1
1 454 .6
1 469.9
1 488.6
1 508.06
2 487.0

r
1 534.8
1 599.7
2 003.4
1 550.2
1 505.1
1 513.7
1 049.0
1 477.4

239

o PN

09
sVbr

496.3

512.
503.
4603.
424.

W = o W

433.
433.
459.

485.
488.

R J oo N o

460.1'
4'76.3

443.2
496, 5

516.7

484.6
500,1
514,1

240
242
246
251
253
257
258
260
262
264
266
267
269
271
276
279
283
284
285
287
294
295
296
297
298
404
414
418

N

=N R

1

1

mVhr

1246.0

4%.1
626.5
556.3

525.
492.
581.
601.

517.9

488.7

550.3
631.3

525.7

.933.3
992.3

O O O O

I

136.

99
nVhr

478.4

546.6
464.0

517.5
535.6

545.5
578.9

561.0
568.

(@)

465.
530.
631.
569.
022.
559.

557.
586.

542.
706.
765.

W O o oy W W o w ur O ™



able X QOUVS,

420
422
427
439
446
447
448
458
471
473
435
487

9%,

495
500

512
514
516
525
526
533
534
546
553
580
569
617

n

N e i e T

SS

aO/far

1044.
3069.
1063.
1239.
107,

1154.

1327.

1044.

1085.

1234.

1011.

9.

W NN N9

O = T e T = S o S = S Gy B

99
B3/hr

992.5
730.4
780.3
844*4
851.2
857.
765.
77T

A Oy U

864.1
905.5

896.2

7137
768.7

844.77

974.2
674.5

620
025
628
034
651

655
660

675
690
707
712
123
731
7144
745
7477
760

7 A
766
781
784
7195
812

820
623
831

834
846

Si
my hr

1221.5

1259.9

1036.7

1259.1

1163.4
1261.3

3457.9

1096.2
3452.7

R e = [ e e

=

'_\

1)7.

99
«yhr

941.8

979.5
975.
812.
816.
832.

O J O W

988.

877.4
999.1

H

934.1
878.

ol

953.
9¢67.
804.
856.
957*3

[ NG N AV

946, 7

3050.0
985.9

925.4



Wt.

856
858
865
867
870
871
872
874
075
8ol
865
866
891
898
9200
917
923
929
939
941
944
949
953
954
955
971
975

«y hr

1173.4

1510.2

1395.8

14775.5

1378.3

1317.8
1453.8

1479.3

1521.8

L = =

H

N N =S V)

99

myhr

920.

1132.7

939.
1019.
1056.

872.
1037.

865.
1062.

O U1 oY O Ol

Nej

922.9

1035.

864.5

994.

1034.
1024.
1100.

1
A
7

3075*0

858.

2

wt.

977

989

998
3007
1009
1017
1066
1084
1110
1115
1122
1123
1152
1142
1158
1178
1168
1204
1209
1210
1225
1240
1257
1259
1271
3380

n'

T e T S e e N S S S S R R e N e T e

myhr

1668.1
1577.8
1497.0

1341.
1509.
1750.
3407.
1561.
1539.
1728.
1407.
1166.
1402.
1316.
3465.
1293.
1756.
1578.
1581A

1256.8

1481.4
3554.0

1831.1

O O O W O U 0 o W O O o U N »

us.

99
a myhr

1 933.1

1 1134.1
1 1151.0



35
36

37

43
44
45
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
65
68

86
91

w N =

e S R e T = e S

_ oW N

/far

93.5
96.5

93.
107.

137.
119.

139.

148.
142.

162.

150.
147.
164.
185.
184.

128.
186.
178.
162.

206.

216.

g O L W o N O W ¥ > = O o

g N B O

R R W W W

99
BVhr

108.4

148,1
147.9

132.
117.
131.
150.
146.

o B P W

173.6
178.9

182.7

175.9

184.4

181.7

229.9

«roup C.

Wt.

92
94
95
96
97
98

99
101

102
103
104
105
106
107
109
130
111
112
113

115
116

118

119
121

124

125
128

138

e S N B e e e

N R R

mS/hr

249.
260.
252.
263.

oY 00 J O

269.
2778.
297.
300.
287.
2775.
341.

o W W o o O

519.6
329.4
290,0
266, 0
296, 3

304.6

342.5

301.1

313.1
409.0

CaorgaD ocomiunptioa of the laying strain fed
the standard ration;

'_\

N e

99

U9.

BVhr

267.

269.

5

245.7
259.3

254 .4
294.1
260.1

259.
261.

307.9

2778.

271.
302.
304.
347.

312.

w

O W U1 o



Wt.

140
141
342
145
146
147
149
150
158
167
168
169
171
175
178
179
180
182
183
184
185
186
190
191
193
194

197
202

e T e

o

A A

ee

«yhr

567.7

375.7

372.4

413.
368.
381.
496.

o o O

488.
455.5

N

508.7

4~ .8

469.7
483.8

515.2

484.9
490.8

99
my hr

355.2

346.6

398.5

473.0

444 .9

419.1

49749
494.6
4'78.8

461.3
481.0

506.2
504.0

Wt.

204
200
217
220
222
225
228
229
232
234

235
236

237
238
239
240
245
245
246
247
249
250
251
252
255
256
260

263

N

e

|_\

ayhr

523.
562.
478.
588.

R J 0o o

533.9

524.8

520.
521.

515.
545.

< W o O

340,3

5277,0

549.4

536.0
573.8

571.9

l_\

99
By hr

449.0
455.8

496.2
479.8

506.3

491.9
467.3

521.6

462.9

485.3
506.7

554.7

545.0

496.9
555.7



Table XTI

264
265
268
269
270
271
2’15
2’76
277
2’79
262
283
289
293
295
299
339
304
379
383
446
503
523
534
556
562

577

|_\

=

éS
By hr

552.7
553.8

572.2
555.0

573.7
513.5

015.1

540.3
574.2

597.1
542.77
601.9

781.4
857.6

796.
866.
674.
629.
971.

< O N~ D W

99
rayhr

411.6

568.0

006.3

544.8

629.8
573.5
523.7

533.4

725.9

694.2

728.3
788.2

Wt.

636
637
048
698
725
7155
745
746
773
803
831
837

842
850
677
885
887
892
894
907
938
958
969
991
993
1012

e

pyhr

800.5
1042.3
849.1

3077.2

965.3
1102.1

939.1
90.0

1011.1

1113.6
1223.7

3456.1
1752.6

e

e e

99

141.

ayhr

787

TI2.

873.

980.

819.
1100.
3045.
3023.

975.

959.
39%4.
1058.

.4

g b Jd O O

.
0

10*53.6

1159

.4



able xx

1070
1073
1079
1160
1174
1190
1223
1235
1237
1241
1244
1243
1250
1251
1257
12774

PR P

sé

my hr

1269.7
15%"6
1243.7
1666.6

1540:5

1499.0

n

'_\

H R R W R

99

«yhr

1324.
1288,
3371.

1165.
1201.
1349:
1104:
1190.

3036.
3451:

2
9
5

N 9 oo W N O @

Wt.

3322
1349
1516
1534
1542
1547
1612
1660
1667

1669
1681

1708
1760
1770
1791

R = S R O N = T e = S e S N

Si

cyfar

1450.

1965.
1573.
1864.
2352.
1799.
1573.
1533.
1796.
1536.
1672.
1915.
1606.
1709.

1

SN oo WO ooy Wk O O

342.

99
n Bl/hr
1 1234.4



Tablem .

96
33
39
40
4L
'4
46
47
49
50

54
55
56
57
59
60
61
62
04
65
66
67
68
69
70

71

N RN PR PR RN

N RN

«yhr

101, 3
72.9
104,7
110.5

131.
121.
349.
116.
138.

O W W o N

167.9

162.
213.
174.
177.
190.

R w W N

205.5

182.9
219.0

200.0

N R RN RPN R

|_\

w = N W N o

ooiunnptlon of the laying strain fed

99 Si
Byhr wt. n B 'hr n
108.3 72 5  208.5 4
79.4 73 2 222.4
134.1 74 2 233.9 1
106.8 75 3 217.3 6
101.3 76 2  200.8 2
106.2 77 , 5
118.9 78 i
79 1 229.6 3
80 2 211.9 4
170.6 81 2 220.5
82 2 238.9 3
174.0 85 2 26B.9 1
157.3 84 1 2064
85 4
222.4 86 2 2245 1
346.3 87 1 238.8 1
171.6 88 1  165.6 1
89 2 233J1 1
177.1 90 1 227.5 3
385.5 91 4 256.1
185.7 92 1 231.4 2
200.3 93
185.5 94 2 259.4
181.5 9% 1 240.0
209.5 97 1 317.0
233.7 101 1 264.6
198.4 102 1 291.7

149,

mybr

194.3

234.
197.
219.
195.
216.
195.
208.

SDw NN oo N

220.
239.

N oo

234.
236.
191.
193.
208.
216.

= o & 00 O b

221.1
242.5



Table J.ri eani~d#

w t.

103
105
106
109
130
123
114
133
116
119
120
371
123

124
126

158
129
130
131
132
133
135
237
338
239
241
342

O = S = S

N o~ PR W

aa

By hr

313.9

265.

273.1

317.

260.

332.

297.
309.
296.
288.

526.
203.
391.
406.
542.

O J 31 ©

AN W O oo O

O Y T = S N N R S R e O N L = T

a1

99

my hr

515.
280.

299.

258.
540.
280.
529.
259.
276.
295.
317.
330.
302.
276.
306.
304.
300.
304.
298.
336.
395.

323.
306.

4

W U1 0O J o J b v W wOwW Jd > 0 W O oy W

()

A\

143
145
146
147

149
150

152
153
154
155
156
157
158
160
201
163
165
166
167
168
169
171
175
181
182
184
166

n

N R e e

aa

my hr

316.4
338.6

320.7

408.
441.
450.
396.

o g9 W W

385.1

341.0
376.3

448.1
416.7
419.2
441.4

522, 4

467.6

N A N NN

99

144.

my hr

318

323.
330.
361.
343.
530.

405.
377.

400.

476.

390.

413.

391.

329.
411.

.2

o U v W WO



Table XII OovVtL,

Wt.

136
193
196
198
199
202
204
211
213
220
223
228
232
259
302
311
312
518
323
326
329
333
337
341

355
560

3601
362

e e T T e T S S =

«y hr

517.4

401.
469.
468.
484 .
534.

5009.
550.

N or o D o O B

834.3

786.0

775.8
731.6

©59.9

PR NN R RN R

99
«yhr

456.8
439.2

366.4
506.2

496.3

521.
650.
096.
689.

697.
093.

047.

N oo O W J o O

85%8.8

712.9

751.1

Wt.

364
365
366
378
384
391
392
394
404
406
404
419
432
437
441
442
457
467
4772
473
475
45T
4877
491
495
500

505
506

mdJd/tsp

794.7
812.7
775.8

812.9

783.7

964.3

891.7

871.2

665.6

874.6

846.6
856.7

10s.

99
«y hr

693.4

578.2

746.2

739.
095.

746.
727

O W W o

832.1

790.
787.
699.
681.
821.

705.

RN o NN

693.7

848.2
907.7



Taillani
wt. n
520 1
521
526 1
533 1
537
538 1
541
551 1
559
560
562
590
611 1
612
629
636
644 1
647 1
657
661 1
662 1
666
672 1
679
685 1
694 1
708
712 1

eont*d.

as
1lt/hr

983.6

930.3
1061*4

904.8

1021.1

970.5

903.9
904.8

979.2
995.5

1068.6

975.6
1197.4

903.4

H

N e

l_\

99
nO/hr

994.7

985.8

729.1
138.

Nej

743.
868.
935.
700.

o 0 U1 J

1123.
857.
930.
136.

O 01 O b

805.9
804.1

740.2

700.4

1127.8
776.2

744
761
765
789
802
806
SIS
820
855
844
845
849
851
878
889
906
933
951
985
992
1021
1026
1034
1036
1066
1133
1134
1165

l_\

N e e

1

Sa
gO/hr

1034.5

900.2

901.
923.
1061.
1193.
1151.

w P N oY O

957.8

1232.5

1060.1
993.4

1173.2

'_\

T T S e e Sy S S

146.

99
fEj/hr

769.2
840.3

124 .4

711.5
850.9

1099.2

920.0

928.
867.
870.
944
7151.
1082.
187.
836.

w W oo oo O o W N

822.6



Table XII oonfd.

wt.

1179
1193
1196
1205
1250
1256
1291
1296
1330
3384
1424

n

as

iLL/br

1115.5

1292.9
1251.5

1540.1

99

mVhr

1203.4
1049.1
826.4

1496.1

1174.3

1595.7
1327.6

w t.

1455
1443
1460
1469
1487
1600
1044
1696
1715
1756
1759

R e e e e S e S e Sy S Gy S Rt

aa

ml /br

1353.
1834.
1862.
1351.
1517.
1774.
1679.
1761.
1710.
1934.
1929.

O O = O 0O O O O » N

147.

99
«Vhr



ableun.

Wt.

@)

u
44
48
48
50
50
51
53
56
57
58
62
63
13
80
33
84
85
88
93
93
54
100
101
104
105
113
129

group I. H.E.

H.B.dlet
ml/hr

52.7

86.9
86.8

111.5
102.2

122.1
123.3

157.6

164.6
151.5

208.9
164.1
172.6

183.6
234.1

H.B.dlet
ml/hr

46.8

83.3
83.9

88.0

124.2
112.3

133.4
347.1
128.3

207.2
191.1
195.3

218.0

235.3
189.1

226.1

OjQIgen QoasuDption of the fwl as affeeted by
the oaloriflo sentent of the diet.

K x 8 Hi

« hWi en”gyiN.B. = normal
Wt, o H.E.diet H.B.dlet
() ml/hr aVbr
137 281.9
141 346.0
344 253.4
145 274.0
147 271.0
150 268.1
152 245.0
157 300.0
158 325.9
163 2776.2
164 534.0
165 295.3
167 263.2

, 171 319.9
173 286.9
177 250.8
161 331.2
188 323.1
198 329.2 309.8
207 331.1
209 366.4
212 346.0
218 354.3 332.2
228 354.1
232 258.9
251 405.3
253 320.8
254 ' 437.0



149.

Table XIII eonf &.

Wt. H.B.dlet H.E.diet w t. H.B.dlet N.B.dial
(Ga) m3/br m3/hr o) ml/hr ml/br
261 382.0 426 649.9
266 375, 8 430 575.9
281 347.1 366.0 435 - 684.0
287 415.3 439 iice.l

288 369.9 , 443 561.3

290 336.6 446 757.9

290 413.5 448 63.9

292 48178 456 507.9

302 422.5 460 803.3
304 412.9 461 685.0 686.7
306 453.1 ' 463 667.9
307 378"9 469 612.0

313 338.5 471 699°3

320 367.2 534.0 478 817.9
330 406.2 479 568.5

332 587.9 ) 503 583.5
359 517.5 * 521 696.6

341 602.8 551.9 525 662.0 662.0
352 ' 524.9 531 654.8
354 492.3 o 556 588.5
362 411.0 587 785.5

382 359.0 590 658.4

400 407.9 595 699.4
401 491.0 596 854.6
430 546.8 . 598 781.2
414 725.7 601 756.5

422 510.8 . 607 686.5

426 486.1 617 880.5



Tablem i eenVd»

1.
(9®)

623
626
628
631
644
645
667
685
686
691
094
702
706
707
714
745
7150
7151
751
779
780
781
801
601
816
823
828
830
830

629.
714.

884.
646.

064.
820.
m350.
,874.

128.

'841.
728.

924.
718.

1U0S.dlet
ml/hr

(@)

W N O B 0 WO

g W o W

947.

823.

005.

836.

888.

925.
741.

753.

H.E.diet
my hr

2

~J 0O W W

904.2
765.2

877.

847.
1042.
930.
906.
856.

S 01 o O

Pl

849
856
858
862
876
897
911
926
939
944
949
967
985
993
994
997
1016
1016
1026
1028
1033
1034
1071
1072
1060
1082
1092
1093
1109

1UK.diet
my hr

743.2

728.5
740.1

1074.5

«

3091.9
916.3

1058.0
1045.9

1205.0
952.0
1025.9

1131.8

868.4

956.

939.
895.
906.
769.

oo

g o1 © WO

905.1
709.8

890.

942.0

949.

1066.
899.



1514

Table XIII oont*d.

Wt. H.B.dlet N.S.dlet Wt. ReE.diet H.B.dlet
(m) my hr «yhr im) mi/hr «y hr

1117 1134.9 1126 1050.8



354

Tabla XIV. Tha affaot ef diatary fat on the (Urgen

t. High fat  Normal fat Wt. High fat  Tlozisal fat
P») m] /hr mvVhr (g%) my hr my hr
40 57.1 73.2 61 156.1 156.5
44 70.0 73.1 62 : 127.1
44 93.4 73.2 63 ' 99.1
45 88.9 64 259.8

46 86.8 67 147.6
477 8otl 70 217.5 141.3
48 79A 71 147.7

48 66.6 73 215.3

48 69.1 76 177.7 154.5
48 105.9 81 97.2

49 71.1 81 170.2

50 110.1 81 176.3

50 78.2 82 164.2
50 80.2 82 178.3
51 89.6 83 169.8

51 75.0 84 191.2 217.9
52 77.0 85 160.9

52 90.7 88 ' 181.5
52 96.6 38 206.2
53 87.9 111.2 89 198.7 175.0
54 81.0 100.0 89 175.0

54 107.8 98.4 91 203.8

55 117.0 92 201.7 151.4
56 103.4 93.1 94 224.6 194.9
57 140.2 95 192.8

59 115.8 109.9 97 188.5
59 130.3 99 222.0
60 161.8 100 202.7



Table XIV «entra.

Tt High fat Normal fat. Wt. High fat Normal i
(&°) ml/hr wal/ite (gw) «yhr «yhr
d .
100 206.0 ; 170 240.0
102 255.2 196.8 174 361.8
103 270 190.6 176 306.4
107 195.7 179 361.3
309 209.3 184 332.3 460.2
109 200.7 187 346.6
110 226.0 | 391 335.4
134 218.0 192 321.8
116 251.7 193 411.6
119 297.2 194 357.0
120 314.0 196 386.0
125 238.4 207 329.1
126 280.5 218 457.0
128 274.4 274.5 219 374.2
128 2% .4 202 415.2
129 304.0 223 458.0
150 272.6 226 | 465.7
135 269.4 207 398.0
137 264.2 235 372.7
137 267.3 253 369.9
145 303.3 253 473.0
349 3%).3 259 o 411.5
150 313.7 264 418.5
154 323.0 266 377.%
155 | 364.0 267 1 324.3
156 378.2 268 363.6
159 290.8 269 328.7
161 381.6 270 317.7

169 355.2 271 379.0



able Xiy «mVA.

We*
(am)

273
200
282
296
304
315
319
335
337
341
351
364
366
367
371
373
385
387
389
397
402
404
405
412
419
422
424
430

fat
m] /hr

489.2

411.5

563.4

601*6

769.8

510.1

754.2

927.9
944 4

793.4

ThT7

718.0
956.1
927.0

Normal fat
my hr

544 4

523.2

685.5

171.5

708.5

569.2

7824
758.2

835.4

612*9

1016*7

9989

845.3
763.6

9449

wt* High fat

(go) my hr
448 1006*7
451

452 7736
454 1204.7
455 663.9
457

465

471

493 1022.3
500 1072.6
523 W

529 A 1109.5
530
531 835.9
538
549 862*2
552
557 . 1077.0
558
559
562
566
570
572 , 12651
572 1035.6
586

589 1023.4
594 942*4

154.

Normal fi
my hr

524.0

736.7
775.9
754.6

789.4

930.2

1169*1
833.8
1323.7
986.9
1013*5
1034.2
889.8
951.3
1190.9

10711



155.

Table Xlir eoot'd.

We* High fat Normal fat wt. High fat Normal fat
(o») va/hr ml/hr (*>) su/bt my hr
597 1063.1 . 769 1266*0
600 971.5 773 > 1284.0
604 626*3 781 1111.1
615 974.0 795 1219.7
621 973.4 1036*7 805 : 1204.0
624 989.2 806 ¢ 785.0 u
633 1458.5 913.0 810 1402.8

633 1118.9 817 ‘' 1071.6

646 962*%4 823 - 981.2
654 1014.5 827 957.1

655 1177.7 829 1241.0
656 . 1238*8 829 994.0
663 970.1 1046*7 830 1248.9

666 997.0 842 819.1
669 1390.8 853 897.6
681 1082*9 878 1068.0

690 987.0 896 1222.8

708 1066*2 907 1175.0

713 1153.0 919 1338.6
728 1355.3 924 ' 1156.2

730 1002.0 930 1256.2
734 .. 1010.7 939 1205.0

735 ' 1455.5 o2 M 1295.0
743 1049.0 972 1004.5

747 1188*0 991 1329.3
755 1176*5 919.3 992 1095.7

766 1051.2 997 1379.4

7166 677.4 1007 1108.7



Table IXV eont?d*

(s*)

1020
1021
1025
1055

fat
vii/hr

1058.6

Normal fat
«y hr

1355.5
1300.6

1310.0

Wt#
(gm)

1036
1041
1069

156.

fat Normal fat

«y hr my hr
1100.8

1422.7
1111.8



157.

Tabla XV* The effeet of tlie protein oontent of the diet on
Jfm oxvrgen ecaaeunptlon of the fUk$ IS male ehlokan

Kigh Normal High Normal
wt. protein protein wt. protein protein
(go) ml/hr mVhr (gm) myhr my hr
37 54.5 73 148.7
40 83.7 74 117.6
42 72.5 75 120.7
43 83.2 77 147.9
43 69.4 18 139.5
44 63.4 81 209.7
50 65.5 83 185.3
53 97.7 92.0 85 192.2
55 114.7 86 135.5
55 104.1 88 218.6
56 134.9 88 21470
57 105.6 89 208.7
59 128.1 111.4 91 183.6 203.1
59 106.0 91 203.9 221.9
60 124.7 90.1 92 205.3
61 95.9 92 217.6
62 116.5 93 216.5
63 101.7 94 252.9
64 153.8 107.3 94 234.7
65 93.6 97 250.0 216.1
67 126.2 135.8 99 227 .7
68 133.3 101 271.4 195.6
69 163.8 102 : 259.5
69 112.9 102 256.8
72 130.1 106 204.7 255.6
72 128.1 107 211.7
72 207.3 114 228.0 217.3



T;0->1o XV oont* d«

Wt.

115
118

120
121
122
122
123
123
124
126
126
127
128
129
131
132
137
139
141
141
145
148
149
152
154
156
157

High

protein

tH/br

280

.6

287."9

2776.
250.

.9

~1

3009.

0]

O e

286.
257.

308.

2778.
310.

289.

307.

329.

3
8

o o N w

ifonua.
protein

nVhr

313.
315.
265.
270.

O 00 J O

262.3

230.

275.3
287.9

267.

271.
327.
287.
298.
260.

340.

324.
358.

N © o o1

oo

Wt.

164
168
173
179
183
183
186
187
188
200
201
205
205
206
208
211
211
217
218
219
220
220
221
223
223
227
226

Hi#
protein
«yhr

377.4

341.9
396.5

46133
355.9
423.9

453.
463.

430.
445,

488.
475.

= O 0 N J B

526.9

474.
536.
468.
468.
414.
621.
454,
459.

g W DN s W O

158,

Normal
protcli
mvV'hr

t
W& .0
466.1

352.6

367.7
397.6

InN
o\°
O

396.5

395.1
454.1
~m

560.8

441.2

481.4



1>9.

Table XV oont» dJ

High Normal High Normal
wt# protein pix)tein wt. protein protad
(gm) my hr oyhr (fis) oVbr my hr
229 437.2 315 " 476.8
234 495.3 316 416.8
236 421.3 319 672.6
239 582.3 322 590.1
240 535.8 329 K55, 3
242 554.0 332 482.8
245 531.0 439.8 333 376.9 697.1
245 513.2 334 425.9
246 518.6 337 401.3
252 527.4 338 590.6
255 490.3 339 541.3
257 522.0 542 344.6
258 549.0 346 536.9
259 509.8 348 467 .4
262 509.4 348 496.9
265 592.2 349 481.1
266 540.0 351 616.5
268 581.4 359 448.2
269 495.3 361 569.5 646.1
273 594.0 363 455.0
276 600.1 565 582.2
282 511.2 366 469.6
289 ' 425.9 371 597.0
290 550.7 373 670.0
306 485.9 374 302.4
308 479.1 378 493.1
309 453.6 580 772.1
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Tnbla XT eont*d.

Hi# Nemal Hi# Norma]
Wt. protein protein wt. protein prote]
() ml/hr ml/hr (am) my hr ayhr
382 460.9 473 612.7
386 766.2 478 776.5
389 693.4 487.1 479 670.0
393 558.7 479 756.2
398 551.4 486 6)1.1
400 710.2 488 743.4
404 808.8 489 : 607.9
407 52672 489 850.0
409 586.0 490 643.7
410 686.3 . 492 856.5
411 541.5 497 “ 850.0
428 467.7 506 771.0
429 03217 507 646.7
430 647.4 752.6 510 679.7
432 724.4 512 B 685.2
433 602.3 524 710.2
435 715.2 517 574.7 772.8
436 604.2 520 548.9
W 645.8 522 670.5 827.0
A4 739.1 527 779.2
448 764.8 534 688.9
448 567.8 545 773.6
450 662.1 547 679.7
455 739.7 550 740.5
458 704.7 552 655.0
400 586.9 804.1 554 810.5
'65 746.0 563 654.0
473 631.8 568 757.5
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572
581
581
582
596
600
609
617
619
620
026
632
634
637
645
649

HU"

protein
Bl/hr

977.
839.

672.
622.

1053.

873.

959.
704.
957.

1%2.

682.

SN oY W O

o W U W

Normel
protein

Bybr

T23#6
3022.2
996J4
74943

717.6

653
666
686

693
122
TW
744
7162
3026
3044
3055
3100
H11

1347

Hi#

protein

«yhr

1207.8
637.2

812.3
981.0

Kgl.1l
1248.6

3334.7
Wl.0

16l.

~ Normal
protein

aytr

1p.4.5
~2.4

1254.0

10%.3
1031.0

1360.0
1206.0
1365,6
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