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ALTHOlJGH many papers have been published on this subject, it was 
felt that the question was important enough to warrant repetition 
using local foodstuffs. 'l'he rising mortality rate in poultry flocks 
all over the world is causing considerable anxiety, and very much 
is being written about the causes. I n turn, almost every conceivable 
factor has been blamed for the present state of aftain; . Dry mash 
feeding, forciug for high egg production, unnatural methods of 
management, the prevailing systems of breeding, and the hygi1me 
of the farm have all had their share of criticism. 

PLAN OF ExrEitDIENT. 

'l'he nine weeks old Single Comb White Leghorn pullets were 
rlivided into three groups and an attempt "·as made to get them 
as equal as possible by dividing full Risters into the different groups. 
vVhere a particular ben did not have three daughters, half sisters 
were used to make the division as equal as possible. The pullets 
were not all hatched at the same time , but with the exception of 
the oldest lot of pullets, there was not much rlifference between 
them. As it happened, the first group had a few more of the ol dest 
pullets, which accounted for the slightly higher pror1uction in 
February, and also the higher average egg weight. 

The mash rations used are set forth in Table I. 

TABLE I. 

l'vlash Rations. 

Wheat Bran ............................... . . . .. . 
Pollard ........................ . ...... ........ .. . 
Yellow Maize Meal. ...... . ...... . . .............. . 
Meat and Bone ~Ie1tl ... .. ..... . . . ............ . .. . 
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Lot I. 

20 
30 
40 
10 

Lot II. Lot III. 

20 
30 
35 
15 

20 
30 
30 
20 



ll\Fl.l"E\TI·: OF l'IWTE IS T.EYEL <H' DHT ()\ \\ ' H IT E LEL; llOllSS. 

J 11 ad d ition to the alHlYt' d n ·-rn :1sli ra tio n , thL· birds h :1d O tH' 

fe ecl of !.!'l':lin. Yiz. 1·nhlw d Yello~,- 1n:1ize. The :1m oun t· o f ('J'nslw d 
y ello\I· 1;1:1i;r,e ""' " ke p t the ~:J ill (-' i n a ll gTou ps , t he a11wunt be i n g 
t h at <·m1st11n e d h1· t h e bir<l s " ·hid1 ate t h t> le:1st. Th e rli s:1rha nh1gl-'S 
of th is rnet h ocl 11·ert' realizecl hut a 11 :1 tt e rnp t h:id to h t' mad e h> ke t> p 
t h e sy c;h-·111 of f t> e<ling a s clos1 · n . .; po~sibl e to the s.nd«-•m i n most 
com111 0 11 u·;;1°·e Oyster •;]ll'll n11Cl \l':d t'l' \1·c·r e . .;uppl it'cl nrl li/1, :rncl t h P 
fmds h a <l <~l~ f eerl of c hoppe d gr<' Cll luC" ernP daily . 

H Esn:rs. 

Th e pull t> t·s 11·e1·t" w eighecl a t nin e "" E'<' L :in d at fort n i g· htl ,v inter­
Yab then ·:1ft e r . 'l'ht•.-it' 1Y e ights :ire gi1·e n in Tnlil e IT . :1 11 cl 1·ppn•s<•111t·cl 
!,.!' rap hi (':1 ll .1· in Fig. l. 

T ,\l \LE LL 

IJ l- 1re l:' U.'J ll' e/9 /1/ s of Pullets 111 ZJ0 1111ds . 

!J .... .. ........... .. . .... . . 
11 ... . . . • .. .. . . . . . .. . . .. . . . . . . . . .. . .. . ... ... . .. . 
13 . ... . .. . . .. .. . . . . . ... .. . ... ... . 
1:5. .. . .. .... .. 
j 7 . .. . . . .... • ... . .. . . .. . .•..... • .... . •.... . ... .. 
)!) ... . • • .. . . ... . . . .• . . . . .• ... . . • .. . . .• . . . ... . .. . 

:l l . .. . .. ..... .. . 
:l:L......... . .......... ... . . .. .... . 

Lot I. J,ot 11 . 

JJ,, lb .8 
1 . J .j. J · Ii i 
j . :;:; l · l;t) 
l · !Jli I .9;; 
:l :;1 :l ·40 
~ . ;)~J :l·70 
:l 88 2 ·87 
3· 08 :.! ·97 
;) ·:ll :1 · :-io 

Lot .ll I. 

lb. 
I · ~~ 

I . :;;{ 
I ·89 
· ) :W 
.) GO 
:l ·8:1 
:l ·05 
:1·:H 

The onl.1· .. 011du sion tha t c-:1 n bt> d ra11· 11 fro rn T:dil t> II a ntl Hig . J 
i.; that al l g· rnups grp"· :1 t :1lrn o . .;i t h e s;1m e r:1 t e. Thi s 1Yould i J11i iC';11t· 
t h at th e n·quirl·me1d for pro t1:~ in is lc)ll·e r aftp1· t b e a,g<· of e ight. 
11·eeks, a nd is i11 agreement 11· ilh t h e 11·ork of X or ri s :1 11Ll ll eusn 
(19:) (1) St. ,John , Caner .. J o h11 so11 a 11 cl Brn zi e ( HJ3:J ) , :i nd }fc·Co n:1d1i e 
Orn h :1111 :111d H r ;111io1 1 (J!:U!"i ) . 

S1·:xrAL }L1 ·1THl'l'Y. 

Th t• Y:du t• of tht· Lbt:1 o n sexu;il 111 :1turit.\' (d atP of find t' gµ: ) 
\1-.1 . .; i1n p:1i rPtl liy a rath l'r SL'\'P re 0 110in·;1k of t'l1i C'k e J1 pox . 'l'IH· 
0 11 s1:•t of prncludion 11·as t·hu s rdarcl t-'d i11 a 11 tuuht•1· of i1uliYid11: il 
C':1ses. ()11 ;1 rn:ish ('(llita i11i11 g iP 11 p e r r· t> 11 t . rn eat a nd ho11t· 111 P:1 I , (i:! 
pullets t-: 1111!• i11to prndudion :d the a1·e rng·l' ag'l' of 1!)2· 7 clay ,;. On 
the 111 :1slws t·o 11 t :1i11i11g fift t•e n :111tl h1·p111.1· p e r C' e11t. 111 t>at :rncl lio 1H' 
m ea l , se\'(' 11 ty pulle ts in <'acb group m:1h1red :d thP :1Yl' l' :1ge :1 g e of 
:!01 · (i n n d 201 ·r> cl:1n.; respectiwly . 

1' 1w 1(·1·e l of prntein fed 1l ill not seern to inflm·n(' e i. he t im e of 
sexual m :dm·it.1· . ll e use r aJHl X or1·is (1<)33) :1 l so stated that t h l' 
prntei n l e 1·e l i nflne nC' e d t lw tinH' of m a t urit-,1· onl~- to :i s lll:ill p;\l e nt , 
!"X(' ept in 1-:1se,.; \\·h e n · gTmdh \\·a" ddiniit·l .\· r et:Jrcl e<l by lo ll' prntei 11 
l t>Yel s . \\' intt>r, D a kin a ml Ba ~· es (193:2 ) state too t lrnt t h en • \l'<I " 

no ('onel ation hPhYee 11 t h e len·l of protein intake :111 d t h e :1 g·e :1 1 .. 
"h i ('l1 the fi rst pg·g \\·a s bicl. 
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All eggs produced ·were weighed to the nearest eighth of a n 
ounce. The object of weighing all eggs was to determine whether 
any differences existed which coul<l be attributed to the rations, and 
also to find a more convenient and practical way of <letermining 
the annual average egg ·weights of pullets. Parkhurst (1933) , in 
a rather extensive study of factors nffecting egg weight, came to the 
l·onclusion that rations varying in protein content did not lead tu 
the production of eggs that differed materially in weiµ:ht. On th e 
other hand, Heuser (19:36) stated that a ration containing 14 per 
c~mt. protein was not conducive to the best egg size. Table III g ives 
the monthly average egg weights , standard cleviationc; a nd standanl 
errors of the mean for the three groups . 
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J. J. BRONKHORST. 

_From April to the encl of the year, groups 2 and 3 produced 
heavier eggs than grnup 1. The clifterenl:e between 1 and 2 is ·057 
+ · 0029. The difference is 20 times as large as the Standard error 
of the difference, and there can thus be no doubt as to the significance 
of this <liffere1H'e. 15 and 20 per cent. meat meal in the ration 
produced eggs of the same size, but 10 per cent. causecl a significant 
decrease in egg size. -

_p ART-TIME RECORDS OF EGG \,VEIGHT AND ANNL"AL 

AvERAGE E<•G vVE1GnT. 

Several investigators have attempted to arrive at a suitable 
average annual egg weight by means of short time recor<ls. 

Funk and Kempster (1934) found that the age and body "-eight 
at sexual maturity influenced the weight of the first ten eggs laid, 
but this was not closely correlated with the maximum and average 
egg weights. 

In a study of Egg Laying 'l'est records, Ginn (1932) found that 
a fairly reliable estimate could be obtained by weighing two eggs 
per month. 

Godfrey (19J3) statecl that an approximation of the annual mean 
egg "-eight could be obtained from a knowledge of the average weight 
of the first ten eggs, the body weight when the first egg was laid, 
and the age at which laying commenced. A more reliable estimate 
was obtained by weighing all eggs laid the first four days of each 
month, and the best, estimate was obtained by weighing the eggs on 
one specified day of the week throughout the first laying year. 

Jull and Godfrey (1933) found that the minimum average of 
the first ten eggs, in order that birds should give standard eggs 
later on, varied with different flocks. 

Wilson and vVarren (1934) found that the month when pullets 
started to lay was important in estimating whether a bird would 
achieve the standard two ounee egg later. The later a bird starts 
to lay, t he higher should be the average weight of the first ten eggs. 

The average weight of the first ten eggs, and the estimate of 
egg size later, are important in cases where pullets are destined for 
egg laying tests. ~-,or ordinary breeding purposes, however, the 
disadvantage is that pullets do not start to lay at the same time, and 
egg weighing must thus be extended over three or four months. 
Furthermore, many pullets are inclined to lay a few eggs on the 
floor -when they first start to lay. Weighing eggs for a few days 
a month or one day every week will also be rather a tedious procedure 
hy the encl of the year. 'L'o be of the greatest practieal use, short 
period testing should be over as soon as possible and be done when 
most birds are in production. 

1n order to arrive at sueh a period the monthly average egg 
weight was eorrelated in South Africa with the annual averag;e, and 
the regression formulae calculated. Table IV gives the coefficients 
of correlation, the number of individuals involved, and the regression 
formula in which X is the average egg weight for the year and Y 
is the average egg weight for the corresponding month. 
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IXl'LUEl\CE OF l'H OTEil\ LEVEL OF D I ET Ol\ \Y IIll'E LE(;I-IORX S . 

T .-\HLF. I\". 

--=-==-=------~--=-------=-~-=-:. 

Month . 

1\fay ...... .. . . . . .. . . . .. .. .. 
June .. ........ .. .. . . . · • .. · 
July .. .. .... . ... . .. 
August .. . .... .. . .. .. . .. .. . 
Septe mber . . . . .... . . . . . .. .. 
October ... . ... . . • .. 
November . .......... 
December . . .. .. . . . . . . . .. . .. 

Coeffic ient of 
Correlat ion . ! 

·774 ± ·026 
·778 ± ·023 
·829 ± 018 
·HOl ::r: ·Oll 
·877 ± ·013 
·852 ::r: ·016 
·892 ± ·O l :Z 
·8f>8 ± ·016 

n . 

107 
u:~ 
132 
135 
134 
134 
134 
128 

Regrcs;;ion formula. 100r2 • 

x. ·7356 y + ·fi9 59- !H 
x ·8136 y + ·42 60 -5 :~ 

x ·94-36 y + ·08 68·72 
x ·928 y + · l l 81·18 
x ·8932 y + · 17 76·9] 
x. = ·8458 y + ·29 72 59 
x ·8H:Z y + · 16 79 -;57 
.'\ = ·782 y -;-· ·38 73 ·62 

T he rn onthl ~- averng-e " ·eip;ht is quite closely f:orrelate<l 'vith 
the annual average egg- weight. The coefficien t increases as the 
season advan ces a nd is at a m aximum in August; from thiis tune 
to t he end of the year , t here is ::m irregular decl ine . 

T he irregularity tluring· early summ er (?\ ovemher rn South 
.:Urica) is probably due to climatic ronditions. 

The last column of Tabl e IY give,; the perce ntage variatio n rn 
th e total egg- \1·eig-ht " ·hi ch can be estab lished from nverag-e eg-g 
weigh ts determin ed over perio(ls of one mouth. J udgiug- fro1i1 t h] s, 
one must conclud e that -either Aug-u;;t or September or K ovember 
in Routh Africa " ·ould be th e b est m onth to weig-h eggs for comp utinµ· 
annua l average pullet egg- \Yeiµ- ht:; . 

EGG r1wm:cnox. 

The percentage procluc-tion on n h en-da y-basis frorn F eh ruar_\ 
to D ecember is g-iveu in Table Y and t h e sam e data are illust rated 
111 F ig·. 2. 

'LrnL1-: Y . 

.\lonth . I. II. III. 

Febrna ry . . . .... . ..... ... . . . . ....... - .... · · ];) - ] 1'3·3 12 ·6 
J\Iarch ... . . ... .. ... . ..... . .............. .. . 20·6 l ;) 9 32·4 
April ...... . ... . ... . ... . . .. .. . ... . .. ..... . . 17·3 17·5 27 -:3 
May ..... . . . . . . . . . . . .. .... . ... . . . . . ... .... . 42·0 40 ·4 43·8 
June .. . .. . ... . .. ... . . - . - . · · · • · · · · · · · · · · · · · 45·7 42 9 52·8 
,July . . .......... . ..... ... ... ..... .... ..... . 50 ·5 4-7·4 57 ·8 
August ....... .. . . .... . .. . ........ ... . ... . . 59· 5 ii9 ·5 60 ·2 
September ..... .. • . ... .. ... ....... .. ..... . . 6:3 · ii 6:!·3 62 ·1 
October ... . .. ... . ............... ... . ...... . 60-7 61 -;) oo-3 
November .. ...... . . ...... ... . . ..... . ..... . ;; ;3 ·4 60·3 60·3 
December ... . .. .. ... ............... . .. ... . . :>8 ·2 ;)6- (1 fi6 ·8 

T OTAL ..... ..... .... .. . 43·6 44·5 48·'3 
---- --- - ---- - - --- -
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Feb. flat. //ft. .t!ay. June. Ji;lq 

.I .. J. J!lWNJ\I-IORS'J'. 

-- 10% J!ealand /Jone!leaL 

· · · · .. ioJ, /!ea! and fione .Ilea!. 

_ _ - -15JJ'leal and BMe.l'feal. 

Sept. Ocl. ov. J/ec . 

T<i ble YI giYe~ the aYerage egg production , standard deYiatiou , 
and sb.ndard error of the m ean for all birds in ea.ch group 'Yhich 
completed the experime11t. Birds with record s oi less t han 100 egg·s 
were exclud ed due to the possibi.lit.y of such hirc1s suffering horn 
some organic disease . Thus 5 birds in group 1, 10 bird s in group 2, 
and 5 birds in gl'Oup :3 were exdw1ed. Au1011g· the birds exdn<1er1 
were a few that showed excessive broodin ess, their low production 
being <1ne partly at. l t>a st , to a. poor geneti c m ake-up. 

Group. :wean. 

I. .. 1.59. 5 

u. .. .. .. 153·0 

m. .. 16:3 ·O 

Stan<l a. rd 
Deviation. 

22·8 

24 ·0 

33·6 

St,,,ndard 
Error of 

Mean. 

4·03 

3·57 

4·66 

Ko. of 
Individuals. 

:32 

45 

52 

An examination of 'fables V and YI reveals no significant group 
difference in egg production . During March and April, t here " ·as 
a slight difference in favour of group 3, hut the production of all 
gToups was below normal then, due to an outbreak of chicken pox. 
It might have been that groups 1 and 2 were more susceptible, or 
that group 3 was more resistant to the virus. (At this stage it is 
of interest to consult the mortality records). 
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I~FLl:El\CE OF l'ltOTEIN LEVEL OF DIET OJ\ WHITE LEGHORl\S. 

We cond ude that under the conditions of this experiment, mash 
rations containmg 10, 15 all(l 20 per cent. meat and bone meal, fed 
in eonj unction \Vi th approximately equal quantities of crushed 
yellow maize, do not influence markedly the number of eggs produced 
by pullets during their first laying year. 

MORTALITY. 

l'able VII n·ives au analvsis of the mortalitv records. The most 
striking fact is "'the abnorma"lly high death rat ~ in each group. 

Prolapse of the oviduct , with or without pickout, was the main 
cause of death. Many r;a,;es were found dead and evi,;ceratecl a n(l 
it is presumed that cannibalism was incited by protrusion of the 
oviduct. In most cases, the birds were found before they were 
eviscerated, but these usually developed severe salpingitis and clit>(l 
or had to he killed, only a few r<:>eovering. Slightly more than 40 
per cent. of the total mortality was due to this cause. Most interes­
ting and important is a comparison of the prolapse-rates in the 
three groups. Very fe\\· cases oc:curred in the group receiving the 
highest percentage of meat and bone meal in the mash. 

Table VIII suggests a seasonal incidence of prolapse, most cases 
occurring in spring. In group 1, two eases or:curred immediately 
after the onset of laying. In group 2, one case occurrerl in April 
on the c1ay the later lrnteherl pullets were put in permanent quarters. 
Possibly this shifting exerted some influence . From July till thP 
end of the year, this group had a regular mortality of two per month . 
In group 3, one e<nly case occurred in )fa.v and the other two late in 
December. 

Cause of Death. 

Prolapse of oviduct with 
or without pickout ... . . 

Lymphoid Leucosis . . ... . 
Erythroleucosis ......... . 
Other tumours ......... . 
Neurolymphornatosis . ... . 
Yolk Peritonitis .. .... . . . 
Fatty degeneration of liver 
Cysts of M ullerian Duct .. 
Accidental ............. . 
All other causes ....... . . . 

TOTA! .......... . 

Original No. of birds ... . . 

Percenta[(e Mortality ..... 

TABLE VII . 

10 Per cent. '.Teat 15 Per cent. Meat I 20 Per cent. Meat 
and Bone :VIeal. and Bone Meal. and .Bone Meal. 

I Nf b IPe.· rcentage N b [Percentage 
1
1"' l Percentage 

1 1 um er f t t 1 um er f t t 1 n um ier of total 
I 

I) . d 0 0 a ' l)' ,.] 0 0 a n· ,.] 
Le · '.1 ·IortalL'tv. Ieu. 'I ]' j Leu . 'I ]' n J 

1 

.v orta 1ty. h orta ity. 
. ' 

22 
8 

2 
2 

5 
5 · l 
'.Hi 

13 
3 

2 
3 
1 
I 

48 · l 
11 · l 

7·4 
11 · l 
3·7 
3·7 

3 
5 

12·5 
20·8 
4·2 
4·2 
4·2 
4·2 

2 8 ·3 
3 12 ·5 
2 I 8·3 

4 10 3 4 I 14 8 5 I 20 8 

l=~=-~~~:=27- -999124-[ l.OoO-
' 78 I 82 I 78 --5oo ___ 1_ 3 2.'9-- i- --W.8--
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.J. J. BIWNIG-IORST. 

In these experiments the pullets were on their p artic.:ulur rat ions 
from the age of nine 11·ee ks . vF ere prolapse the result of a deficiency 
associaterl with the animal protein supplement, one 11-ould expect 
cases to occur first in the binls that were unable to build up reserves 
in their bodi es b efore the onset of egg produdion. 

TAHLB VII[. 

~Lon th. 

February ............ . ..... . . . . ................. . 
l\Ia rch . . .... . .. . ... . . .. .. ... ... ... . . .. . . . .. .... . . 
April ..... . . .... . ...... . .. . . . .. . ... . ... ....... .. . 
May. . . . .. .. .. ......... . ... . ....... . . 
June .......... .. ... . . . ...... . . . ...... . .. . ...... . 
Jul.v . . . .... . ... . ..... . ................. . .... . 
August ... . ..... . ... ..• ...... ... ....... . .... . ... 
September ..... . . .... . . . . ... . .... .. . .. ... ....... . 
October ........ .. . ... . . . ..... . ..... .. ......... . . . 
November ........ . . ... ........................ . . 
December .... . . . ........................... . ..... 1 

TOTAL .... . . ............ . 

I. 

2 

3 
4 
(i 

3 
:I 

II. 

2 
2 
2 
2 
2 
2 

III. 

2 
------------- -

22 3 
======== -----

Other factors whid1 mig·ht exert some intiuence on the incidence 
of prolapse are: size of egg, rate of production , and age at first 
egg. 'l'he potential influence of these factors h as been investigated 
as far aH possible with the available data. 

'l'able IX gives the aYerage \Yeight of the first ten eggs laid by 
all birds and those that suffered from prolapse. 1'he birds in group 
l that suffered from prolapse bid slightly heav ier eggs, but t he 
difference is not significant. In grnup 2, the average weights were 
practically the same. In group 3, the three eases laid slig htly 
smaller eggs, but the numbers are too sm all for comparison. 

It would thus a ppea r that egg- size ha s no real influence on t he 
incidence of ovi<lucal prolapse. Only in one case, Heu A. 4G, could 
prolapse be attributed to an ::t bnormall,v large egg-; protrusion 
accompanied th e laying of the first egg- which 1rnighecl 2 ·50 ounces_ 
The average weight of the last egg laid by birds that died from 
prolapse was 2·01, 1·99 and 1 ·88 ounces respectively in t h e three 
groups. These "-e ights do not rliffer materially from the annual 
averages given in Table III. 

'l1AHLE IX. 

Prolapse an d E .r;,q Size. 

Average of first 10 eggs. 

All birds .. .. .... ....... . . . . ............ • . .. .. .... 
Prolapse birds ................................... . 
Difference . . .................. .......... ... . . . . .. . 
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I. 

l · 771 
1 ·798 

·027 

II. 

1·81 8 
1 ·807 

·011 

III. 

1·798 
1·708 

·090 



INl' Ll' ENCE OF PROTEIN T~EVEL OF JllET ON \VHITE LEGIIOJUiS. 

The average age at sexual maturity, of birds "~ith prolapse, was 
190, 200 and 186 days for each group respectively. This does not 
seem materially different from the average ages at sexual maturity 
of all pullets , llamely 192 · 7, 201 · G and 201·5 clay s for groups 1, 2 
and 3 respectively. 

The rates of production of birds suffering afterwards from 
prolapse was 59 · 3 , 63 · l and 62 · 7 per cent for groups 1, 2 and 3 
respectively. The rate was calculated from the time of the first egg· 
to the time the prolapse occurred. Unfortunately these figures r:an­
not be compared with anv other ()'eneral fio·ure from the available 
data; however, they eanr;ot be co~tsi(lered t~i be above the average , 
The idea of prolapse being dnc to exhaustion following heavy egg 
production \rnuld thus appear to be ill founded. 

The popuhn liternture always mentions cannibalism as being 
due to overero\vding; but in this case only 80 birds were placed in 
a house with 400 sqtwre feet of floor space (the regular allowance 
beillg 4 square feet per bird). 

Other factors conceivably favouring the ineidence of prolapse are 
tumours, \Veaknes,; from any cause, spasms of smooth n1uscle , inflam­
mation of the ovidu(~t or cloaca, and an inherited predispoo;ition. 

\Vhen the affeded bircl is eviscerated by the fo,ds, the oviduct 
aud intestines are lost ancl one nrnnot determine whether tlw bird 
,,·as o;uffering from tumours or infiarnmation of the oviduct , etc. 

Inher ited factors were eontrolled as far as po,;sible, each grnup 
having a full- or half sister. The hereditary make-up may play 
a role due to the internction of genes and environment, hut no 
co11 firmatory eYi de nee of this was found. 

Considering all the possibilities, the most plausible explanation 
of ovi<lud prolapse seems to be a nutritional deficiency . Perhaps 
an here(l itary predispm;ition is also at work. 

(Some families had more cases of prolapse t hau ot hers bu t the 
figures were too small to permit definite conclusions.) The anti­
prolapse factor seems to he associated with the protein supplement. 
IV 01 k to prove or disprove this is in progress. 

Little need be saicl about the other cnuse of mortality, except 
that 11eoplasia "~ere far too commo1i. Infedious (liseasEs and para­
sites \Yere completely absent 1l ue to strict sanitation. 

CoNcLusroNs. 

1. The growth uf pullets from nine weeks to maturity was the 
same on mash rations eontaining 10, 15 and 20 per cent. meat and 
hon~ meal, when fed in c011junction with crushe<l yellow maize as 
grain. 

2. There \vas no significant difference m egg production which 
could be attributed to the different rations. 
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:J. Hil'd' 11·<" e i\·i 11 g E> and 20 IH"'I' 1·e11t. m eat ;llld bo n e lll P:il in 
t h e m:ish laid :; ig·11ifi('a11t-l.\ larger 1·g·g, tha11 bin!,; H='L·eiYing l(J pt•r 
t;e 11 L lllt'<t t ;\lid hone lll('al. 

-L l' rnl:ip,t· ol' t h e o\·idu d OlTll r n·d rn1in· fn'LJ lf t• 111 [y in tlw t11·0 
lo 11·er prntt)i n ,.; u ppl•·nwnt grnnp .-;. Tht· Yi 1:·11· i,; ;1rha n<" ecl th ;11 a 
ntit ri tirn 1:1 l .]pfi1·i1•11('\'. llllldifit•(1 pn.-;.-;j \il.1· h> ;rn \i pn•dit ;1r.1 ]Jn•tlis­
po, itiun . i.-; l'l''Poll , il;lc for i hl' l'<l.'t'' of prn L1p,e . 

I\ IHI , l.OG H :\I' 11 Y. 

l•' l l i\h:. K .\ 1. ·'"I) l\:J<: , [l'STl•:1c IL. L. ( IH:ll ). l·:.c(g 11·c ig l1 t in tlJ<· dOllll'S Li <" 
1'0 11·1. .1/ i.<-'"lll 'i ·' ' f. !i 111/. :i:):!. 

(: ]\'\' . \\ '. :\ 1. (l!J:l:! J. Tl 1l1 :1 <·t· 11r:w.1· of p1·ri odi ('a ll .1· 11-.o> iu·lii11" :1 1'0 11· J'<' fll '< 's t•n l:i­
t in· <"ggs to d et •·r111 in " t li <· 111n11tl1h· :in cl .1· ('';°;rl .1 ·~ poi n h prod11 f"t•< I. 
l 'oultn1 . ...: c . 11 . pp. -10--11. . 

GO llFH l': Y . . \ . II. I l fl :l:l ). .\ l l'l l1 11 d.'i of t•sti 11 1:Hi 11 g t lw 11w :111 <'g;g '""igl1 t p t· 1· 
bi1·d fo r t li<· fi rs t n·nr produC"t ion . /' 011/tl'IJ Sr. 12. pp. :J(j!-( .. :)/:! . 

l'U•: li S l•: n . G. F. (lD:lU J. TIH· prokin r c>q 11in•111 e 11 ts of l:1Yi11 g l1e11 .s . ! ' me. 
S ixt h . 11 ·1.,/.f., f' ,.11/fi'y . S1·. ! '011 !/ . lkrli11- l.Pi pz ig . pp. :l.i- :l(i . 

lll ·: t"Sl ·: H. G. F. ·'"" \'Oll ll l .S . L . C. ( l~nn. TIJ<• infll ll' ll ('t' of till' P l'Ot!' ill 
ll ' \· p ] on t ill' g ru\\· tli of c lii c kl1 tl:-.. a11d il ~ l'l-' liltio11 tn ~ 11h ~ t. ' <\ll e ll l lu •li n\·-
1o ur. }'me . F ift/1 \\ 'u ,./,/., l'u11/f r11 ;.;, .. I 'r111y . 11 onll'. p. l>l . 

• J C l, L . :\L .-\. , GO D l' llE Y. ,\ . ll. 119:j:l). :'ll .. :1 11 :111111 1«1 <'gg 11·.,igl 1t in n •lation 
l o n" ':l n 11·,·iglit ol fi rs t tP11 <'ggs l:iid. /'011lt1·!1 ,...: , .. ]:!. p. :l]Q .. :ll:!. 

" cl'O .\ .-\ C llll•: .. J . D. G IL\H .\:\ I . \\'. n .. Jr . l!H.\'.;1 0'.; . H . ll ( 19:1,il . . \ 
st11cly of t lit• prot<'i n r <:>q11in·rnt>11t for gro\\·i n .~ 1 ·! 1i c- k ~ . ,\', ·ir11 l ifir · . I (/1 . 
11 . pp . / ;) 1-/ (i l. 

.\IOHH IS. f, . C' . . 1"D 1-H : l' S l•: H . G. I•'. ( l\J:l0 1. Tl " ' q11 :rn l ity of prnt<·in r t>q11ir"d 
hy ('lli (' ks d1 1ri11 g <':11·1.1· g rm\'l l1 . l' u11/tr11 S1·. D. pp. :l/8-:l\):2. 

1'..\ 1( 1·\l l l"HST. IL ( ff!:n 1. So111\ ' fa dm., :iffr,·ti ng L',c(g; 11" e igl1t in l11t• do111 est i<" 
fo11· I. / ' u11il" ry S c . L:!. p p. 91-U I . 

ST . JOl-l'.; . J . L .. C AH \ .E ll. ;J . S .. JOJl\'SO'.; . 0 A"" ll lUZJI<:. D. (J9:3:l). 
Opti 111u111 prntl'i ll 1 .. 1.l' ls for <" lii('k,•n s . S111n.. of /ll ·u1· . . ifh lf"111·lds l -'011 U r11 
Sc . l 'u1111. ll on1e. p. ;)Q. 

\VJLSO\' , \\" . ·' "" \ L \l nU<: \'. D. C. IHJ:l.J.l. l nit i:1l <'gg 11·pig h l a s a ba s is 
of preclidio n of rna:<i111un1 C'gg; s izL'. }'011/try ."fr . 8 . pp. ;)2>- ,i4. 

\ \" 1\"H: H, .-\ . n .. D .\ KE'.; . I•: . l ,. -'"o B.-\YE.S . . \ . !Hl3:?) . P rowin lc 1· ,, \s 
for li11i s l1in g p11' IC't' . !'1,11/tr1; Sr . fl . pp. :JQ .. :):3. 


