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ABSTRACT

This Thesis is a study of the small animal\coloniea
operated by the Animal Nutrition Laboratory in the Depart-
ment of Animal Husbandry. The four animal units studied are
the albino rat, albino mouse, guinea pig and rabbit, The
management practices used for each species are described
fully, They include the housing, feeding, breeding and con-
trol of disease methods utilized., The factors discussed in
the housing~of the animals are the space utilization per
énimal and the type of cagés. In addition, scale drawings
and iliusﬁrétions of the cages and cage racks are included,
The method of feeding and the formula of each ration for each
species is reported. The system of breeding used in each of
the colaniéa is described, Control of disease is discussed
with reference to the sanitation procedures practised. Growth
’and production data are repérted'for sach species and a com-
parison made with the data published in the literature for
other colonies. The number of animals involved in the study
are 1,700 rats, 258 mice, 73 guinea plgs and 85 rabbits,

The growth data includes size of>litter, birth weights and
weekly weights thereafter until weaning age. The production
data comprises the percentage fertility and percentage weaned.
In addition the result. of & cost survey is reported. The
cost per animal for each species includes the cost of housing,
feeding and labour. The results‘reported here are comparable

to those reported elsewhere,
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Introduction

The extensive use éf'uhe laberatorﬁ animal in
raeéarch and the major contribution i% has made %o our
knowledge of the biological sciences can hardly be ques-
tioned., Bven though the knowledge and the skill of an
investigator and the quality of his chemical reagents and
apparatus may be beyond quéstian, the experimental data
he obtains will be of limited value, if the animals he uses

are of poor or of uncertain origin.

An estimate of the relative utilization of the
‘Various laboratory animals in biological research can be
obtained by scrutinizing the pertinent literature., As a
matter of interest such a literature survey has been made
using the following six scientific perledicals selected as

being representative of the literature as a whole

(L) Journal of Nutrition
(2) Journal of Immunology
(3) Journal of Pathology and Bacteriology



Table 1 = THE UTILIZATION OF LABORATORY ANIMALS DURING

THE PERIOD 1918 - 1948 )
PERIODICAL YEAR TOTAL NO. RAT MOUSE GUINEA RABBIT

| OF ARPICLES % % PIGH %

Journal of 19238 35 54.2
Nutrition 1938 49 B5.1 6.1 4,0
1948 130 48.4 2.3 0.7 3.8
Journal of 1918 28 8.6 2.6 47,3 39 .4
Immunology 1928 B3 0 1.8 33,9 37 .7
1 1938 72 9.7 9.7 20.8 41,7
1948 129 3.8 24.8 14,7 20,1
 Journal of 1928 7L 4.2 2.8 9,8 26,7
Bacter- 1948 82 9,7 6.1 3.6 4,9

ilology

Journal of 1918 84 0 8.3 5.9
Laboratory 1928 83 0 346 346
& Clinical 1938 129 9.4 1.8 4,7 5.5
M@ﬁiﬁin@ 1948 ll? @Q 0.8 2.5 Bed
Journal of 1918 218 16 0 3.5 11.0
Biological 1928 334 13.1 0.3 0.9 4,1
Chemistry 1938 379 35.8 0.79 0,79 1.8
1948 317 21.4 1.2 0.9 1.2
Biochemical 1918 36 5,5 5,5 16.6 2,7
1938 185 12.4 1.6 1.1 4.5
1948 228 8,3 0,87 2,1 6.1




(4) Journal of Laboratory and Clinical

(5) Journal of Biological Cheﬁfzgi;ine

(6) Biochenical Journal
All of the papers‘published in thasa journals in the years
lgls, 1939, 1938 and 1948 were carefully examined and a
record was made of the species of laboratory animal used
'in the experimental work reported. The results of this
_survey are preaantedﬁin Table 1. Farris (1950) records
a similar survey of animals used by American investigators
in the year 1947. He used the papers presented at the
annual meatings of three rspresentative sci@nﬁific organ-
‘izatians -~ The Amariéan Association of Anatomists, The
American Society of Zoologists and the Fe&ératimn of Amer-
jcan Socleties for Experimental Biology. This survey
irévealed thet the species employed had the following fre-

quency of use:



TABLE 8 - FARRIS' SURVEY OF LABORATORY ANIMAL UTILIZATION
"IN THE UNITED STATES DURING 1947,

—¥o.Used  Ter Oenb  Distribution
. . , By Group __of Total

Man 554 ) 24 .4 20.0
Rat 317 23,2 19,0
Dog 358 18,8 15,4
Rabbit 110 8,0 6.7
Mouse lo8 7.9 : «D
Cat Bl » 5 2
Guinea Pig 49 5.6
Monkey 41 5,0
Caw &b 1.8
Hamster 9 0.6
Sheay 9 B
Pig a8 Q.6
Horae 4 , 043
Others 18 1.3

-
23]

& .

CSOOOOHMNP XD
* ® @ ® & @

TOTAL 1369 100.0 81,8

AVES
Chicken 88 82.8 3,
Other Fowl 12 17.2 0,

TOTAL 70 100.0 4,2

AMPHIBIA 59 25.4
REPTILES 2 0.9
FISH 21 940
INVERTEBRATES 118 1.0
NOT STATES 32 3.8

TOTAL 232 100,.,0 13,9

GRAND TOTAL 1671 100,0




The proof of the importance of the lab@ratory
animal is in modern blological research. Such surveys
do not however indicate the extent of the emphasis belng
placed on the quality and standardization of the animals
used, Some inﬁiaaﬁimn of the present trend in this res-
pect, is evidenced by the publication within the last
five years of no less than four complete reference works
on the subject of laboratory animal maintenance and pro-
vductioﬁ. See Appendix cl),> This greater emphasis on the
guality ef the leboratory animal has undoubtedly arisen»
from the desire on the part of investigators to obtain
quantitative rather then qualitative data. This change
in approach is partiocularly evident in nutritionel research
where the requirement has altered from the establishment
of the essentiality of nutritional faoctors to the need for
a gquantitative statement of the preceise amount of the fac~-
tor required for each animal gpecies, While it is realized
that it is not always possible to obtain bhg game purity
in animal stocks asz can be expected from laboratory chem-
icals, it is nevertheless becoming possible to secure &
rélatively well standerdized animal, if proper production
conditions are met. The degree of variability or uniform-
ity in a group of animels is in large measure aetamminad

by their genetic constitubion and by their enviromment.



The biologist has long been concerned with the genetioc
purity and history of his laboratory animals. The now
famous Wistar albino rat provides an excellent example
of this concern. Indeed the King "A" strain of the
Wistar Institute is now in its 135th generation of
brother-sister mating. This would correspond to man
for a periocd of ayproxim&ﬁely 4000 years, It seems safe
to conclude in the light of these studies that in the
case of the Wistar rat at least, variability from hered-

ity has been minimized.

It seems obvious then that the variabllity
arising from environmental influences should receive
greatest consideration. The biologist is usually famil-
~ iar in general terms at least with the genetic history
of his laboratory animals. He is not, however, suffic-
jently familiar with their previous nutritional and

enviromnmental history.

Few workers appear to give sufficient recogni-
tion to the marked metabolic changes which are known to
ocour in the growing animal., For example, Kibler et al
(1942) have shown that the metabolic rate of the rat rises

from 400 calories per square meber per day near birth to



1200 at the age of 40 days or a body weight of 100 grams
and then drops to a level of 800 calories per square
meter per day at a body weight of 300 grems., It is ob-
vious that the response of the ret to dietary supplemen-
$ation with varlous addenda will depend upon the position
afrtha particular animal on Kiblar's,haata&ge curve shown
inkﬁignra 1. 'The ﬁituﬁtién in this respect would be most
accentuated if the particular study dealt with a.nuéri~
tional entity required by the body relative to body welight
raised to the 0.7 power - for example the pyriaexine
f%ﬁﬁirﬁment. The importance of knowing the previous
growbth history af an animal ecan be illustrated in aﬂather’
way.  Consider the case of two male rats of weight 5.5
grams at birth. Thelr growth as measured at weekly inter-
| vals by weight eriteria is shown in Table 3. Assuming
such factors as number in the libter, sex ratio and age
of the dam are the &am@‘in esch case, then the rate of
growth of each should be a functlon characteristic of
the individual rat.
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Table 3 - Growth Rate of Two Rats from Birth to Twenty-
one Days Having Equael Birth VWeights

Welght at age

Rat No.  Birth 7 Days 14 days 2l days
1 5.5 11.6 BB oD 32
2 5.8 15.0 24 .0 40

The data presented in Table ¥ can be expressed
a8 a series of growbh consbants using the expression
{Brody 1947)

k w angﬁ~ lnwy
tg - t1

in whioh Wo = weight at age two
Wy

H

woelght at age omne
te = age atb Vig

t1 = age at Wy

k = growth constant

When the data of Table 3 are computed in thils

way the growth constants glven in Teble 4 are obtained,
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Table 4 - GROWTH CONSTANTS FROM DATA IN TABLE 3

Growth constant kK = In Wy - 1n W

tp ~ i3
' Rat 1

Age _Ratl  Rat®  Rat 2
Birth )

7 daysy 0.094 - 0.143 0,66
7 days) | |

14 days) 0,093 0.066 1.4
14 days)

21 days) 0.051 0.073 0,70
Birth g ' |

21 days 0.084 0,094 0.+90

Exemination of the growih constants given in
Table 4 show that the rate of growth of the two rats ls
nearly identical if the birth weight and 21 day weight
only are considersd., On the other hand, it is evident
that the rate of growth as between the two animals is not
at all comparable when the gain made during seven day
intervals is considered. Obviously, if these animals were
used experimentally, after weaning at 21 days thers would
be a definite advantage of knowing the pre-weaning history
as an aid to the interpretation of subsequent data ob-

tained using these animals,




1l

In some experiments, not directly eoncerned
with the desire for quantitative data this point of growth
rate is partially overcome by the fact that both control
and experimﬁnﬁal groups of animals will have equal num-
bers of the diffaranﬁ age and weight categories., The dif-
Terence in growth rates becomes extremely important, 1f
experiments on the same subject are carried out at differ-
ent institutions. It is possible that the rats (Wistar
strain) at one institution could be growing at the faster
growth rate of k=0.094 when placed on the expérim@nﬁ,
whereas the rats at the second Institution could be grow-
ing at the slower growth rate, k=0.084, 1In such a case,
the results obtained in this hyp@ﬁheﬁieal experiment, if
measured by rate of growth, would be different between the
two institutions and the difference may not be a true re-

flection of the impesed experimental condition.

From what has been discussed in the preceding
paragraphs, 1t isg evident that successful animal research
rmast be dependent upon Satisfacﬁary sources of supply for
the animals under study. The present study of the small
animal colonies of the Da@artmﬁnt“ef Animal Husbandry was

undertaken to provide a conmpendium recording the position
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of these colonies and vo COmpars their output with that
of other laboratories elsewhere. It was felt that such
a study would have added value in that most of the bio-
logical departments within the Uniwversity as well as
others in other parts of Canada are using the animals

produced in these colonies,
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11
Experimental ~ Animal Units

Before beginning to describe each animal unit
separately, it might be wéll to make a few general re~
marks about the colonies, so that they will not be

repetitive with the discussion of each species.

The building ?hieh contains the Animsl Nutrition
Laboratory and its adjunct enimal colonies is a converted
army hut which for practical purposes, can be conslidered
to be divided inbto two equal sized sections. The front
part consists of actual laboratory facilities, with the
rear section housing three of the animal units, nanely
mice, rats and guinea plgs, The rabbit unit.is located
in a separate building, These four units ave commonly re-
ferred to as the stock colonies, since experimental
animals are never housed in these particular quarters,

These colonies are utilized solely as production units. The
temperature of the animal rooms in the laboratory is thermo-
statically regulated at 72CFwith a radiator situated in

each room, An electrically operated fan is located in
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the attic above the animal rooms. It is controlled by an
electric timé switch, which can be set for any cycle of
operation within one hour. It is normally seb to operate
for twenty mimutes out of each hour, See appendiz (2).
Each of the thres énimal rooms hag a louvre, about 1.5
gquare feet in area, connecting to the atiic above., In
this way, the air in the animal rooms is changed fre-

quently and the animal odour kept at a ninimum.

This laboratory prefers to use painted wooden
cages for the stock colonies., On fallure of the heating
system, it has been the experience of this laboratory that
the wooden cages tend to not only hold the heat, but also
permit the animal to build a nest with the bedding, by
pushing it all into a corner of the cage. Vire cages are

used for experimental animals,

The water bottles used in these three units are
all fitted with rubber stoppers and 9 mm., glass tubing
for delivering the water to the animal, The licking end
’uf the tube is fire polished to an inside dimension of 4 - 5
mm. A surface tension membrane forms as a result of this
constriction thus permitting the animal to drink, without

the water running inteo the cage.



As a policy of disease sontrol, all new
animals arriving for the stock colonies must remain in
isolation for a period of three weeks., Occasionally
it has not been possible to maintain this policy bscause
Qf‘laek of cage faeiiiﬁies. Bowever it still remains as

an @xcellént fundamental of good management.

15
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A, Animal Nutrition Laboratory Rat Unit

{1) Origin

| The rat unit of the Animal Nutrition Labore-
tory originated from a group of Wistar strain rats
received from the Pacific Fisheries Experimental Station.
In addition, a group of Sherman strain rats were purchased
from Roekland Farms ia Ootober 1950. Descendants from
that original group of Wistar rats and the Sherman strain

rats form the basis for this study of the rat colony.
{(2) Housing

The rat colony is located in a room whiech is
11 feet 2 inchses long, 9 feet 8 inches wide and 10 feet in
height, giving a floor area of 107.9 square feet and a
roonm volume of 1079 cubic feet, DBased on a maximum capac-

ity of 432 rats, the volume utilization is 2.5 cublc feet
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per rat., Thé rat cage racks, which hold 54 cages are
arranged in three parallel rows. One rack measures 8
feet Vﬁlinehes long, 1 foot 94 inches deep and 6 feet

2% ineches high. Ths second rack measures 5 feet 9 inches
long, 1 foot 7 inches deep and 7 feet 74 inches high.

‘The third one measures 7 feebt 2% inches long, 1 foot 9%
inches deep and 7 feet 74 inches high, These racks occupy
37.7 square feet or 54,9 per cent of the floor area of the
room. Abéwld water tap and sink are situataé in one cor-~
ner of the room next to one of the racks. The farthest
cage from the sink is about eleven feet away or roughly
five steps distant., One of the racks is pictured in Fig;
2 with a scale drawing shown in Fig. 3.

The rats are houssd in white painted wooden
cages constructed from ¥ inch plywood, one of which is
illustrated in Figs. 4, 5 and 6, Bedding is furnished
by wood shavings approximately i an inch in depth. This
smount of bedding represents a volume of 1B00 cc. or a
weight of approximately 150 grams., The recommended capac-

ity of this size ocage is about § mature rats, This



Fig. 2. Rat cage rack showing tiers of cages.
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Fig. 4.

Standard Rat Cage Showing Data Card
Bracket and Viater Bottle.
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répreSBnﬁs a space utilization of 36 square inches per
rat on a room basis, 1% square inches per rat on a cage
plus rack basis, and 29 squére inches per rat on 4 cage
basis. The éages are kept clean by a rotational systen
of cleaning cages, Zach day the rats which are consid-
ered to be in dirty cages are transferred to olean cages.
The dirty cages ave then carried to the wash-up room
where the soiled bedding is scraped into garbage cans.

The cagés are then serubbed and washed with hot water and
ammoniated soap and allowed to dry overnight. The follow-

ing day they are reburned to the rat room as clean cages.
(3) Feeding and Watering

The rats and mice are fed the same pelleted
goncentrate ration, (see Appendix Ili), The pellets weigh
| approximately five grams each. The rats are fed by
placing the pellets loose on top of the bedding. Bach
animal received a daily feed allowance of about 13 grams.
Although this method of feeding is not stricily ad libitum,
a small amount of feed is always present in the cage from

day to day. Twice a week the.rét colony is supplemented
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with green feed, usually kale, which serves as an addition-
al source of vitamin A. Half pint milk bottles are used

as water'bobﬁles. The water is changed dally and the
bottles are washed weekly. The bottles are supported by a

metal bracket on the front of the cage as shown in Fig. 4.
{4) Dreeding

The breeding program followed is one of full
brother and slster matings. All breeding stock is identi-
fied by ear nicking and each animal's bra@diﬁg history is
earﬁ indexed. Each breeding rat bas a small record card
Which fits in a bracket on the cage housing the rat. A
breeding unit, when originally set up with new stoek,
ustally consists of a meximum of five females and one male
as sire. The male rab is allowed to run wibth the females
fof two weeks. The male rat is removed from the breeding
cage and each pregnant female is moved to a separate cage
to whelp by herself, When the litter is born, the number
born and the date of birth are marked on the small record
card,  All young rats are weaned at 21 days of age. After
the female has weaned her litter, she is given two weeks'

rest before being bred again.



| Rats are selected as replacement breeding stock
on the basis of a high weaning wéighﬁ and a large number
" in the litter of origin. All the females and the largest
male rat are retained to make up the family or breeding
unit, thus a@ﬁ%inning the bréﬁher and siaber mating. The
young stock is now allowed to breed until it is over 100
days old, Rats which are not salacta& for future breelding
stock but are to be used for experiments are pooled accord-
iﬁg'ta age and sex, The female rats which form a breeding
unit are caged bogether wh&ﬁ in betwsen breeding periods.

The males of each group are also pooled when not in service.
{5) Control of dlissase.

As yet, there has not been an outbreak of disease
in the rat colony. There has been the ocoasional death,
gaused by the common respiratary trouble which seems %O
aPfect old rats., These deaths have been so insignificant
in number, that they are never recorded. Post-mortem exam-
ination of the dead rabt has usually revealed a pneumonic
condition of the lungs. By maintaining a high degree of
sanitation in the colony, it is @ope& that disease ig pre-

vented. The cages are washed with a disinfectant socap and

=7



the water bottles are cleaned weekly. Any animal which
does not appear normal is destroyed immediately and

auﬁapaiaa;
{6) Literature Review on the Laboratory Rat.

It would appear from the literature that at the
‘beginning of the twentleth century, the use of the albino
rat as a laboratory animal received a tremendous stimulus,
The elassical nutrition experiments of Osborne and Mendel
{1914) (1915) and the extensive work of King (1915) (1919)
on inbred strains of albino rats are Just a few of the many
examples. It was in 1915, that Donaldson published his
first memoir titled, "The Rat".

In 1913, Jackson published some of the earllest
growth data on the Wistar strain of rats and compared his
results with those of Donaldson.

28
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Table 5 - Jackson's and Donaldson's Growth Data on the
Wiatar Strain Rat - 1913

Jackson's Larger Series Donaldsen's Serles
Males Females liales Females

~Rgs Wo. W%, Wo, W&, _ Wo. We, To. Wt

Birth 85 5,13 66  4.89 40 5.4 17 5.3
¥ days 56 10.53 64 10,20 11 9.2 8 8.7
21l days 53 53,99 59 21.5 19 21.2 17 22.6
42 days 45 63,728 B0 64,25 19 46.3 17 47,9
70 days 25 130.,4 25 108,9 19 106.6 11  99.8

‘Jackson's ration is outlined in Appendix III.
The 21 - 24 gram weights at 21 é&yﬁ are interesting in con~

trast to the average weight now of 30 grams at the same age.

King, in 1915, weported average birth weights of
aﬁﬁ@k and inbred albino rats as being 4,54 grams for males
and 4,27 grams for females, These data were for 85 litters.
She alsp reported in 1915, thabt based on the results of
1089 litters, the average size of the llitter was 7.0 young.

In 1919 King published a paper on the inbreeding
éf rats through a number of generations, This paper, al-
though the subject of which was inbreeding, actually rightly
predicted a trend or effect on itlie growth of the albino rat
in the future, This idea is put forth in her discussion on
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. the variability of body welghts of animels in the sixteenth
to the twenty-fifth generations of inbraediﬁg. She states,
"During the past three years, when most of the weighings
were taken, it was not possible to rear the animals under
environmental and nutritive conditions thet were as favor-
able to growth and to fertility as those existing previous-
ly. The 'saﬁap‘ food (earefully sorted table refuse)lon
which the animale of the earliier generations seemed to thrive
gxceedingly well, had %o be replaced by a ration that con-
sisted, for the most part, af pats snd éorn with occasional
additions of various kinds of vegetables and a little meat™,
King, in econmenting on the variability in the later genera-
tions, states thab, "... the variability was greatly
iﬁflﬁﬁn@ad by environmental and nutritive conditions®,
Wﬂntil‘ﬁhaaa latter faaﬁmrs can be controlled, it will not
be possible to draw any defimite conclusions regarding the
effeots of indreeding per se on variability in body welights™.
I% would seem likely that zimilar reasoning could be applied
to the other laboratory and demestic animals.

Sherman and Muhlfield (1922) published a paper on
the subjeet of influence of diet ‘on growth and reproduction.
Their ration (see Appendix III) is the basis for other rat

rations used singce that time,
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Tabla 6 = Sherman and MVuhlfield's Growth Data an the
Albino Rat.

Diet No, of Young Born No, of Young Reaved # Young
‘ to to Reared
All Fem, Per Fem. All Fem. Pey Fon.

299 29,9 145 14,5 48
498 49,8 B0 - 81,0 62

W |

Ho. of Ave. Wt.
Animals ab 28 days
B 498 42,8

The interesting feature shown by their data 1s the low
percentage of young reared in comparison to that of other
investigators, It is the oplnion of this writer that a
contributing cause to this mortality was the fact that the
litters wer@-whely@ﬁ in wire Qag@a\an&‘alga that bedding
er‘aastiﬂg material was mol supplied until the young were

born.

Osborne and Mendel (1926) reported an increased
rate of growth on & rati@n which aunﬁaln@& 15 per cent lard
and nine per cent buﬁterrat. See (Appendix III). This high
fat percentage in the ration meant that it was a high energy
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ration becauss of the ralétiVely large proportion of cal~
ories furnished by the fat. They reported that it took
about 27 days for twenty of thelr best growing rats to grow
from 60 to 200 grams. This rate of growth was much more
rapid than the 79 days for males and 129 days for females
reported by Donaldson, cited by Mendel and Cannon (1927).

Macy 8t al (1987) reported growth data using the
same ration as Sherman and Muhlfield (1922). (See Appendix
III)}. Their data as shown in Table 7 were taken from
graphs of growbth data for the Wistar strain.

Pable 7 - Macy's CGrowbth Dabta using the Shermen and Muhlfield
Rabion.

Age in Days Ave, Wi

Kales Fomeleg

28 35 32
56 92 81
| 154 140
224 310 215

Mendel and Cannon (1927) published dabta on the re-
lation of rate of growbth and diet. They compared the gains
in weight made by their albino rats compared to those of
Donaldson.



Table 8 - Mendel and Connon's Growth Data on the

Albino Rat
Average Daily Gain in Weight over
Range 60 - 200 Grams
Males Females
Donaldson 1.77 Gus., 1.09 Gms.
Mendel and Cannon 5.0 3.0

They concluded from this comparison that, ...
the published records and compilations of ‘*norms'® fail to
furnish an adequate idea of the rate of growth of which the

rat is capable”.

Smith and Big (1928) using essentially Sherman's
normal diet B reported growth data on stock albino rats.
(See Appendix III).

Table 9 - Smith and Big's Growth Data on the Albino Rat

Age 1n days Average Welght

Malss Females
21 40 . 39

a7 63 60




In evaluating Smith and Bing's data, it should be men-
tioned that all litters of rats were reduced Lo eight atb
birth, a practice whieh would have an effect on the growth

rate and subsequent weening welght.

Maynaxrd (léﬁ@) published & paper proposing a
stock diet for rats. (See Appendix III). The foundation
rats for his colony had been obiained from the stook of
Osborne and Mendel, The breeding program outlined, was to
breed one male per three females for 5 days. His results
showed that of 52 female rats bred, 65 per cent produced
litters. He oclaimed a high percentage fertility for these
experiments, He also stated that 90 per cent of the young
were reared to 23 days of age, which would appear to be

excellont post-partum production,

Freudenberger (1232) using a somewhat modified
Bherman B dlet, (Jee Appendiz IIT) published growth date
on the Wistar strain, In this experiment, the litters
were reduced to six at birth. In tabulating the growth
records for hody weight, the method of welghted means was
used, He reported the average size of 226 Wisbar litters
as being 8,57, and the average birth weight of a Wistar
litter to be 46.8 grams.



Table 10 - Frsudenberger's Growth Data on Vistar
Strain Rats

Age Males (850) Temsles (927)

Birth 5,65 5.5
20 days ' 41 a8

Anderscn and Smith (1932) published a paper
which reported exceptionally rapid growih in albino rats,
The rabs were weaned at 21 days of age and were fed on
the ration outlined in Appendix III.

Table 11 « Anderson and Smith's Growth Date on Male
Albino Rats. {21 Rats)

Wean~ 60 to 200 Gus.60 to 300 860 to 400 €0 to BOO

ing Time Ave, Time Ave., Time Ave, Time  Ave.

Welght Re~ Daily Re- Daily Re~- Dally Rew Daily
guirefé Gain quired Gain quired Gain guired Gain

A large proportion of the ycung from which these males were
selected weighed from 40 to B5 grams et weaning. In this
rapid growbth study, individuals were selected from the lower
as well as the higher ranges in body welight,



The ration used was not stated.

Table 12 - Mendel and Hubbell's Summary of Reproductive
Performance at Connectiout Agricultural
Experiment Station

% of No. Wt.at % Wteab Daily Gain

Fertile Born Birth Weaned Weaning to 100 days

Matings Gua o ‘ Males.Fem. Males Fem.
1912 86 7.2 71 23 26 1.8 1.2
1919 65 6.3 67 3L Bl 2.0 1.4
1925 68 6.4 76 o1 30 2.1 1.6

1935 93 9.6. 5.8 90 48 47 4,0 2.5

The years tabulated were selected because they represented
the different times at which major increases were noted in

the growth rate.

Thomson (1936) reported on the albino rat growth
results obbained on a stock diet at the Rowett Research
Institute, They also reduced number per litler to eight
at birth and weaned them at 21 « 23 days of age.

Table 13 ~ Thomson's Growth Data on the Albino Rat.
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Age * Weight
in days Males Femalea

23 43 41,5




Pickens et al (1940) repeated in part the ex~
periment of Anderson and Smith (1932). To a rapidly
growing group, they fed the same ration as that of
Anﬁersan and Smith (1938). In addition, thay set up a
normal growing group, gonsidersd to be normal for their
colony, and two retarded growing groups. The galns re-
corded for the rapidly growing group closely approximated
the gains made by the Anderson and Smith animals, They
required 25 days instead of 25.%5 days to ineraasa from
60 to 200 grems in body weight. Hight animals were killed
from each dietary group at 42, 110 and 230 days of age as
well as at the beginning of the experiment before being
placed on the four different diets. These animals were
used for analysis for water, fat, nitrogen and ash, The
data on the gains showed the tendency of the raplidly grow-
'ing animals to accumulate greater proportions of fat and
smaller proportions of water thén thé animals of any other
groups, These results raise the question of the exact
definition of growth. Is it gain in body weight or 1s it

the geain in body weight of non~fat substances?

In 1941, Zucker et al, recorded weanings welghts

of 61 grams for males and 5l.4 grams for females at 28

37
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days of age for albino rats., (For ration see Appendix
111},

Maynard and Rasmussen {1942) published a paper
on the influaﬁea of dietary fat on lactbation performance
of the rat as measured by the gain in weight of the litter.
In this experiment, a diet of natural foods containing
approximately 4.5% fat was compared with a similar dlet
containing approximately 9% fat. Preliminary procedures
were necessary before starting the experiment in order to
minimize sources of variation, After birth of the yéung,
pairs of mothers were chosen which were equal in weight,
and from whose litbers sixz young for palred groups of
nearly equal body weight could be selected. \lihenever pos-
sible these palred groups were egualized as to sex. Oné
mother was then fed the high-fat dist, and the obther, the
low-fat dlet equalizing the calorie intake in accordance
with the appetite of the one consuming the least amount.
The weight changes in mothers were also recorded. The
data for litter gains showed that in 13 out of 15 compari=-
sons they were larger for the high~fat diet. They averaged
126 grams as compared to 112 grams for the low-fat dlet

over the experimental period, bifth to 17 days of age.
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Vinson and Cerecedo (1943) reported growth data
on Wistar strain rats using Purine laboratory chow as the
ration. (See appendix III).

Table 14 - Vinson and Cerecedo Growth Data on Wistar Strain
R&@&'é

No, of Litters Litﬁaxs Young Litter Average Weaning
Females Born Wetned Weaned Size Weight 21 days

15 14 i1 79 7.0 34.5

Deuel et al (1944) supported the theory of May=-
nard and Rasmussen (1942), that the lactation period was a
betber index peried for btesting the adequacy of a diet,

than the growth or reproduchtilon period.

Loosli et al (1944) likewise experimented with
the effect of distory fat on lactation performance. They
uged the same technigque that Maynard and Rasmussen {1942)
used. They measured the geins of the litters relative to
varying percentages of fat when cornm oil provided the only

source of fat. ({See Appendix III).



Table 15 - Effect of Varying Ration Percentage of Fat on
Lactation in the Rat. (loosli),

Per Cent

Gain of Litter

Fat Birth to 17 days
8,5 152,11
11,3 16l.2

19,2

150.1

The results outlined in Table 15 showed that the ration

with 11,3 per cent fat stimmlated the highest lactation

rate as measured by growth of the litter.

Deuel et 2l (1945) published a paper on the

production efficiency of a modified diet B used by Sherman

{1922) in which the butterfat was replaced by margarine

fat. (See Appendixz III).

40
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Table 16 - Deuel's Data on the Influence of Margarine
* Fat in Growbh and Reproduction in the Rat,.

Uen, Litters Ave, Age Ave, No, Ave, Weight Fertility

Born of mother  per Per Rat in
; , at_birth Litter Birth 21 days Per Cent
0 7 10,7 5,0 51,14 89
1 8 108 11,6 5,28 29,3
2 8 115,5 0,0 5,457
5 13 112.7 11.9 540 28,4
4 7 122.7 9.9 4,87 £7 46
5 8 120,4 11,2 32,4
6 7 148,7  1l.2 © 3L.3
7 6 149,0 9.8 39.3
8 5 145.6 10.6 36 46
9 12 149.8 8.4 | 39,2
10 13 152.8 8,4 56,6
Second Litter Rats
22 8 176.5 7.8 51,8 91
3 8 171..5 12,1 28,8
4 8 191.3 10.4 27.3
L] B 188,2 1044 6.76 31,6
6 8 216.9 7 o4 7 .89 39,2
7 7 197.5 8,7 7 .83 34,1
8 10 :‘3-13,5 991 8,04 56.4

1 Only those litters where there were 7 in a litter at 21
days.

2 Second litter of first litter parents, The other rats

in this group are from second lltters of second litter

parents.
Weight
Age  10th. Generation, First 9th CGeneration, Second
in Litter Rats. Litter Rats
Days _ Males Fepales ____ Males _Females

90 330 216  267.5 182
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Deuel et ail (1947) reported production data
for albino rats on a stoeck diet (See Appendix III).
All litters were reduced to seven animals 3 days after
bizrth,

?able 19 - Deusl's Daba on Albino Rats on Stock Ratlon

Per Cent Ave. No. Ave, Weight Par Cent
Fertility Per Litter ‘VWeaning Weaned

90,0 7.8 30,7 77
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7. Animal Nutrition Laboratory Growth Data.

The growbth data accumulated on the rat colony
in the course of this study are tabulated in Appendix
IVA and summarized in Teble 18, The Wister outbred
group were rats which had not been selected ag breeding
stock and consequently were not part of the planned line-
bresding program. o compensate for an lncreaced demand
Tor weaner rats beyound the possible output of the regular
s&eak‘aaleny, this group of females were put into pro-
duction, They were bred to unselecbed males, Thelr
production was recorded because 1t was feli that any
additional daba would be of assigtance in this stedy.

The Wistar ilubred group were gecond and third generation
progeny of brobher and sister mabtings which were of com~
paréhl& ege, DBoth the lnbred and outbred Wigtar groups
were fed U,B.C. ration No, 6. The following groups were fed
U.B.C. ration Ko. 10, (See Appendix III). The groups
degignated TIA, TIB and IIC wore Wistar strain rats of

the third and fourth generations of inbreeding in this
colony and descendants of the Wistar inbred group.

Records were not kept on the per cent fertility of this



group, The Sherman I group consisted of females which
had been mated at Rockland Farm

s but whelped at the
Animal Nutrition Leboratory. Shermen II represent a

second group of females received from Rockland Farms
which were bred to Sherman males at the Animal.muﬁritien
Laboratory, The Wistar x Sherman group represent pro-
duction resulting from the mating of Sherman I females
and Wistar males. These data might also be referred to
as the second litter results of the Shermen I females,
Sherman ILI are %karﬁhird‘liﬁtay growth data of the
Sherman I females, As this study progressed, it was
found desirable to record more detailed data on the lit-
ﬁ@rs, such a8 the sex ratio and the weight of males and
fémnles at birth. Some of the data on the Sherman strain
is so tabulated., (Ses Appendix IVA).

There are several important features to be nobed
in Table 18, The average percentage fertility exclusive
of the unrecorded groups was 73.1 per cent. This is not
as Bigh a percentage fertility as would be desired and yet

it 1s not consldered to be tvo low.
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Table 18 « Animal Nutrition Laboratory, Growth Data on Rats

Wister Wistar Wistar Wis‘aar Wigtar Sherman Sherman
Outbred Imbred IIA JAIB Ixﬁ ek L IT

H@t y@m"’ K ) o S . )
ales bred 15 i8 52 1e

ters Born 14 = 14 10 v 6 38 18

Per cent ‘ " _
Fertility 5.8 7.7 75.0 78.9 .

Born 158 i76 97 58 40 360 | 125

Ave, size‘ L ,
Litter 11.%3 18,5 8,7 8.2 6.6 9.4 8.3

Hé_. Young : _ ‘ - )
Weaned 149 164 97 54 B2 55&\ ‘1$L

Per Cent , . -
Weaned \ : ic0 23,1 80 98,3 - 97.8

W@ight §¢55 5.48 5@9 ﬁ:?g 5,85 - 5.24

W@mng o . , g '
Welght B2.4 Bl.7 BB.3 BB.T B4.4 66,6 28.6

Males ab * ; , |
Weaning 77 8% 56 25 10l 170 57

Fgmaleia
at R |
Weanling 72 76 41 29 a2z 184 64



Wistar

X Shermen I

Sherman

iII

Total Rat

Colony

55
o
74,5

418
10,2

304

94.2

B.54

222

172

53
35
62.2
334
10.1
307
91.9
- B4
hsz;z

166

141

212
1585
73.1
1766
9.9
1672

94,6

259

45A
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TABLE 18

COMPARISON OF OTHER INVESTIGOR'S AND ANIMAL NUTRITION
LABORATORY GROWIH DATA ON THE RAYT

o e i e

)

— — B~ ,
3 3 8 - -
5 A =3 Z A 8 W
I} —— gv :g - 4 &4 00
i ol [} @% o [ Re]
Q =i -
] 0 q ® 49 @cn el £~
[} 3 gmaa m o -~ . H O &
@ a1 o / £~ g o o
M g L e-f 42 4D P 42 -
¢ § S22 § @ g pa
2 = g R Zg 0 :5 é&a
No.Females -
Bred 5&
No.Litters
Born
Per Cent
Fertility 65
No.Young
Born
Ave oSiZ@
Litter
No.Young
Waaned
Per Cent ‘ -
Weanesd 48 68 90
Avaragaglv‘i.~ 5.13 5.4 5.63
‘ 1
Averags )JM. 23.9 21.8 38, 40 41.0
W@aﬂi.ﬂg F. 2l.5 2R.6 1 132 39 38 .0
Weight JL. 34 .8 42.8

1 Weaned at 88 days

& Weaned at 23 days

S Male and Female birth weights and weaning
weights are from Sherman 1II
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TABLZ 19 (Continued)
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15
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51

14

745 73.1

90.0 68 .

83 .3

93

1766

529 819 418

98

9.9

7.8 10.4 9.5 10.2

9.6

7.0 8.1

77 493 7BZ 394 1672

79

$3.1 95.4 94.2  94.6

80.6

80

5.41
5.50

5.44 5.54
33.4 35.4

31.6 35.3
54,5 56,4 30.7 32.8 35.6 34.5

8.04

61,0+
5951 .41

of

47.0 41.

48.6
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The average litter size at blirth would be considered as
above average. The percentage weaned is definitely high
and because of its consisgstency within the groups, it ocan
be attributed, in a large measure, to the high standard
of management and partly to the adequete nutrition of the
¢olony. The weaning welghts are satisfactory considering

the size of litter nursed and weaned.

Table 19 summarizes as far asg p@ﬁaibla the
data reported by other investigators discussed in the lit-
erature review, The methods of reporting data and the
gonditions under which they were gathered were so varled,
that to attempt to make an accurate comparison between
their results and those of the Animal Nutrition Laboratory
is deemed unwise. The fact that a great variety of rations
were fed, that some colonies reduce the litters at birth
and that different strains of albiro rabts were used only
adds to the difficulty of comparison, Generally speaking,
however, the Animal Nuprition Laberateory rat colony does
appear to excel in such factors as average size of litter
and percentage weaned. The weaning welghts appear to be

reasonably high, when it is remembered that the litters
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TABLE 20

COMPARISON OF OUHER INVESTIGOR'S AND ANIMAL NUTRITION LABORATORY
POST-WEARING GROWIH DATA ON THE RAT

Averé&srﬁéight af Iitter at

Date and No.Born 21 days 28 days 35 days 42 days
Refersnce M F T M ¥ Ave M 2 F Ave M ¥ Ave U F Ave
1950,an.
Nut.Lab. ] 5 11 36 5% 82 113
1950,4n.
Nut .Lab. 6 & il 34 54 80 113
1946, F.R.

. Data : 61 110
1927 ,Macy
1928,5mi } ‘
and Bin o 126 110 118
1932 ,Freus -
dengergers ‘ 120 94 107
1941 ,Zueker 61.0 51.4 56.2 87.6 72.8 80.2 115.4 92.4 104

1 F.R.L.Data - Food Research Laboratories data taken from graph in Hawh,osar,
Summerson, p. 1272.

2 Smpmith and Bing's data was actually recorded at 55, 65 and 75 daya but is
tabulated under 56,63, and 77 days rsspsctively.

3 Freudenberger®s data was actually recorded at 45 éﬂ,and 75 days but is
- tabulated under 42,56, and 77 days respectively.

=44
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Date and No.Born 4% days

Average Weight of Litter at

- b6 days 63 days 70 days
Heference M F T M F Ave M ¥ Ave M F Ave M F____Ave
1950,&5. .
Hup.lab, 6 511 137 162 206 146 179 222 161 1985
1950,4n.
Nut.lab. 6 5 11 139 163 212 145 182 233 161 200
L.Data 149 215 150 @ 182
1827 ,kmcy g2 81 86,5
1928,5mith :
and Biog 157 150 153.5 221 1leé2 191.5
1932, Freuden~
berger 170 130 150
1941 ,4ucker 139 107 118 1864 119 141 186 130 158 205 140 172
. ¥ :
Average Weight of Litter at .

Date and Beference Hgo.Rern 77 days 84 days g1 days

v . m M F Ave N F Ave N F Ave
1950 ,An.Nut.Lab. 6 & 11 238 171 208 251 177 217 261 183 226
1950, An.Hut.lab. 6 5 11 249 173 214 262 180 225 276 188 @ 2398
1946,F.1 L.Data 248 172 210
1827,kacy 154 140 147
1928,5mith and Biag 268 178 2283
1932 ,Freudanbergsr 1¢8 155 176.5
1941, Zucker 221 149 185 237 160 198

vYa%
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are reduced in size at some of the other imstitutions,
However, these welghts do mot approach those of Anderson
and Smith (1952) or Mendel and Hubbell (1935). Tne per-
centage fertility has been exzcelled by other rat colomies.

Pable 19 represents a summar

y of post-weaning
growth data reported by several other workers oompared

with results of the Animal Nutrition Laboratory Colony.

The two litters used in this study from this laboratory
were selescted because they were large litters and the sex
ratio was nearly equal. They represent the progeny from
the Wistar inbred group., As cen be seen from Table 20,

the post-weening growth results of the Animal Nutrition
Laboratory eompare favourably with those results of other
aqiénias;



http://ooloni.es*

8, OCost Survey on Rat Colony

The costs of labour, feed and housing were cal-
oulated in érdar to determine the average cost per rab per
day. Appendix V ahawwkthe results of this survey. The
labour cost was determined by two different animal atten-
dants who were thoroughly familiar with the colony, in order
to compute a more legitimate value. It involved recording
the time spent each day to manage the colony, the number of
animals and the number of cages ocoupied. In addition, the
amount of feed utilized each day by the colony was recorded
so that the cost of feed per rat per 4day could be calculated.
A housing cost was charged, based on the value of the cage

and the 'life' of the cage. The labour cost of recording

breeding date and identifying rats was not included. The
average daily cost per rat would be as follows:
Labour  $0.005
Feed 0.002
Housing _0.0006
Total Cost § .0056
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B, Animal Mutrition Laboratory Mouse Unit.
{1} origin

The mouse unit of the Animal Nutritlon Labor-
atory originated from a shipment of 15 mice received from
the Suffield Experimental Station, Suffield, Alberta.

The mice in the colony at the present time, and used for
‘the purpose of this study, are descendants of that original
foundation stock.

(2) Housing

The mouss colony is located in a room which is
9 feet B% inches long and 7 feet 9% inches wide, giving a
floor area of 75.2 square feet. It's height 1s 10 feet
giving & room volume of 752 cubic feet, Based on & max-
imum Toom capaeity afj%?ﬁfmiea, the volume utilization is
lﬁﬁ@ cubic inches per mouse. The mouse cage rack, which
holds 85 cages is situated along three of the walls of
the room., Two of the racks measure 4 feet 8 inches in
length with the third one measuring 5 feet 10 inches. All
three racks are 1 foot 7% inches deep and 6 feet 7% inches
high. They ocoupy 21.9 square feet of floor space or




Mouse cage rack slpwing tiers of cages.
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Fig. 9. Standard mouse cage showing data card bracket
and water bottle.



Fig. 10, Standard mouse cage showing animals and bedding.
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approxzimately 33.9 per cent of the floor area. The
r@ém is provided with a cold water tap and sink adjacent
to the largest rack, with ﬁh& farthest cage Just over
six feet eway from the aink; or in terms of motion,
three steps &13@&&%; The lay-out of the room is well
illustrated in Figure 7, A drawing of the rack appears
in Figure 8,

The miée are housed in white painted 1/2 inch
plywaéa cages, one of which 1s pictured in Flgures 9
and 10. Figure 11 is a drawing of this cage. Bedding
is provided by using a layer of wood shavings approximate-
ly 1/2 in¢h desp @hiéh represents a weigh%kef 120 grems
or a volume of approximately 1180 @é. The recommended
maximum ocapacity of this cage is 15 mature mice, This
represents a floor area utilization including the are of
9assagaways of 1l.1l square inches per mouse, On the basis
of the area occupled by cages and racks, 1% represents
3.2 square inches per mouse. On. the basis of the area of
the cage, it represents 10,2 square inches per mouse. A
rotational system of cleaning eagéa,is used. A certain
number of @agea are changed daily by transferring the mice

from the dirty cage to a ¢lean cage. The number of cages
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| ohanged daily naturally will depend on the total mumber
of mice in the colony and the number of mice per cage.
_'mha,&irty cages are then moved to the wash-up room where
they are soraped free of the aailéa bedding. Nextb,

they are serubbed and washed with hot water and ammon-
iated soap and allowed to &ry‘évernighﬁ praparaﬁcry to

being uaken,haakyaa the mouse room as glean cages.
(3) Feeding and Watering

The mice are fed the same pelleted ration and
in the same manner a8 the rab aélany. BEach mougse re-
ceives approximately seven grams of feed per day, Green
feed, usually kale, is fed twice weekly. Milk dilubion
bottles, with a volume of 160 e¢., serve as wabter botiles,
The water is changed dally and the bottles washed weekly.
The bottles are held in position on ‘the front of the cage
by & metel bracket as shown in Fig. 8.

(4) Bréaﬂing

Full brother and sister matings are used in the

breeding program,., Heplacement breeding stock is selected
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on the basis of the highest weening weight and size of
litter. The weaning age is 21 days end any littexr of
 peven and over is‘ﬁﬁaﬁiaexaa large., If a litter is se-
leoted at weaning for breeding stock, the largest male
m@&&a by W%ight is seleoted as a sive, and all the fe~
males are waﬁainadiﬁa‘mak@ up an integral breeding unit
or family. The male and his sisters are then ldentified
by ear nicking and their breeding backgroumlas to sire
and dem card indexed. They ave kept in separate cages
until they are 60 - 70 days old, when they are allowed
to breed, It has been the procedure in this leboratory,
to allow the male to run and breed with no more than four
female mice at one time. @hﬁzmala'is allowed to run with
the femsles for 10 days, then is separated or removed
back to his stud cage. Haeh female mouse which shows ex-
ternal signs of pregnency is xénavaé to a clean cage,
Young mice at weaning which are not saved for breeding
purpeses are separated according to sex and pooled with
mice from cther litters of the seme age. Femele mice
which are full sisters and belong to a family, having

weaned their litters are regrouped agein reesdy to be re-
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bred. A two week rest period is usually allowed breed-
ing Pemsles, after they have weaned a litter, before
being rebred. Breeding males ars always kept in separate
cages, because of ﬁhaAﬁa@amal sendenay to destroy one

gnother when pooled.

{3) Control of discase

The same control measures which are exersised
in the rat colony ere used in the mouse colouy. A slek
animal is destroyed as soon as it has been observed and
an autopsy performed, In the four yesrs of operabion,
the mouse colony has yet to experience a serious infect-

;i.an e
{8) idterature Review on the Laboratory Mouse.

Some of Tirst growsth data of the white mouss
wex$'r%§ar$a@ by Robertsom in 1916, Table £l shows his

results and the ration fed eppears in Appendix III.
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Table 21 - Robertson's Growth Data on the White Mouse

Normal White Mioe

in Days Male Weighed Female

No.

Weighed

Birth 1.23 56 1.23

7 3.31 45 3.31
14 5.14 24 &.él
23 2.32 45 - B.45
28 12.38 65 10.39
35 12.45 117 11.81

56} Males and

) Females not
48) Separated
17

37

39

77

In lglﬁyﬁaberhsan,ané Delprat reported on the

influence of btethslin upon early growth. The growth data

for the mice used as control enimels are recorded here,

The sex is not designated and it is assumed to be the

average of both males and females.

The ration fed was

the same as the one reported by Robertson in 1916.
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Table 22 - Robertson and Delprat's Growth Data on
the White Mouse

Age No, Average

Birth 118  1.47
7 o1 3,35
14 82 4.4
21 74 5.89
28 74 8,56
s e 11.08

%h@ﬁ@san~aﬁ& Mendel in lgla,kmaae a study of
growth in the albino mouse and reported the following
‘data in é@mparisan ﬁiﬁh those of Ju&ééﬁ. The aem@asitian
of the sﬁ@ak'fati@m Waa,met givﬁa, p@ssibly because these

mice were control animals and part of a larger experiment.



Table 28 - Thompson and Mendel's Growth Data,

Age in  Males (15) ,
Days Judsonm Thompson Judson Thompson

. Birth
B
12
82

1.5

9.0

B O

B3
6.7
8.9

12,4

Females (11)

1.5
3.0

6.0
8.2

10.0

1.5 )
3.5 )
6.7
9.4
12.2

) X

% Males and Pemales not weighed separately

Gates, in 1925, published a paper on the early
growth rate of mice.

His date resulted from studies on
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106 litters containing over 700 mice. The average size of

litter was 7.14.

His data is recorded in Table 24,

Table 24 -~ Gates Growth Data on the White Mouse

Age in

_Deys

Weight

Birth
7 days
14 days
2) days

1,36
3,21
5,54
6.89
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Paﬁkeé, in 1928, published a rather comprehen-
sive study on the growth of the mouse, It invelved 66
litters comprising 407 young, which was an average litter
size of 6.8. He il.iizsst‘smm&,, quite clearly the effeelt of
glze of litter on birth weight and weaning weight as
recorded at 21 days of age,
Table 256 - Parke's Growth Data = Effect of Litter Size on

Birth and Weaning Weighb.

%igm at Birth snd Weaning According
b0 Litter Size

Sim of Hm, m" mzm of T General &ﬁm a?emmgaeﬁami
Litters Litters Litter Aves. Average Litter Aves,Average
1 1,8 180 16.0 16,0
3.2 1,60 25,6 11,75
7.7 1.5 44,1 8,82
10.9 1.56 57.6 . 8.23
13,2 1.47 69.5 7.72
11,8 1.40 55,5 6,94
15 280.7 1.38 98,8 6.58
12 15.8 1,53 71.9 5.99
5§ 6.0 1,20 85.8 5.16
2.4 1,20 8.9 4,45
Total 66 92.9 1.41 471.6 7.14

® © @ o © |

:emvsa@m&ﬁm

1o
{ax
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Table 26 ~ Parkes Effeet of Litter Size on Birth and
Weaning Veight.

Welght
For Ave. Weight
Age in days _of all Animals for litter of 1
Birth l.41 1.8
7 days 3.54 740
14 days 5.20 13.0

21 days 7.14 18.0

With reference to the litter of one mouse in Table
26, Parkes points out that since only one litter of this
size was recorded, it 1s not possible to unequivocably
state that the growth shown is probably normal for that
gize of litter. However, he does make two interesting ob-
servations, He states, "In ﬁhe‘first plaece, this mouse
shows clearly the relatively enormous size %o which a young
animal can grow when there is available the whole of the
netural milk which for one suckling offepring is a practi-
cally unlimited supply of nourishment.®

Parkes (1926) data on the optimal rate of growth

of the mouse was later supported by the work of MacDowell
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et al (1930)., He aamoﬂstrata&‘tﬁa influence of the plane
of nntriﬂiﬁn upon the ngWth af the suckling mouse, In
this experiment the mumber in the litter was reduced to
four et birth and later to one, ﬁhs average welghta of
‘the six females in,all‘ax@ﬁrmmﬁnbs, that were heavliest

on the l4th day, are recorded here from his data.

14 | 15.4

nn {1983) @ﬁn&u@taﬁ geveral experiments on
these @hasaﬁ of grawﬁh, Iﬁ 1933, he stated that "T@tal
milk production is inareaa@& with inersasing litter siza
for litters of from fouxr ta thirteen young, but not in
direct proportion to the number of young, with the result
that as Litter size incresses the emount of milk available
for each individual is reduced.

Enzmann end Crozier (1935) also reported on the
relation between average birth weight and litter size in
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1985, They formulated a&n equation to express the negative
correlation between number of young in & new-born litter
and the Eirﬁh w@igﬁb of the young.

AWl - ANy

W- N+ C
In 1935 Crozlier and Enzmann (1935) published
more data on the rel&%imﬁ af litter size and birth weight,
whigh is shown in Table 28. They also show the effect of
litter size on growth as evidenced by the data in Table 29,



Table 28 = Crozler and Bnmmann - Effect of Litter Bize

- on Birth Weight

No. ig Litter

Ave, Weight

of newborn w

5B BB

l.63
1.53
1.49
1.41
1,38
1,33
1.51
1.26
1.23
1.20
1.18
.20
1,14
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Table 29 - Crozier and Enzmamn - Effect of Litter Size
o , on Growbh ,
Average Weight of 3 individual (e "/N) GM.

AfH er Birth.

No. in  No. of Age, Days
i 7 14

Litter Litters

1,57 5,15 9,62
1,65 4,43 8,49
1,49 4,13 7,80
1,49 4.06 7.51
1.44 3,82 6.70
1,40 3,70 6,54
1.37 B.57 6.03
1.3% 3,48 5,73
1.26 3,30 5,27
1.22 .21 5,05
1.24  3.05 4,80

< & e

1

© ©® 8 o &G B G D
)

E 5
o e G B W

iz




69

In discussing bBhe data in Table 29, Grﬁﬁier
(1985} notes the decline in growth rate beginning with the
second week of life, Urozier agrees with the theory of
Enzma.
to the decline in the milk seereting capacity of the

nn that the decline in pert 1s due %o a great éxtant

mother.

He zdds emphasis to this idea by his statement
that, "4 mother suekling 10 or more young would have to
produce élmms@ her own b@ﬁY‘@aighﬁ in milk every day."
ﬁé'nmnalﬁaag that tha mother is unable %o produce nilk at
this e&paaiﬁy. |

Morris published data in 1944 on the growth of
brown coloured strain of mice from his stock colony which
was Gesignated C3H. His daba appears worthy of comparison.,
(S%ee Table 32), The vation fed is outlined in Appendix

111,

Bruce in 1947 also reported on the growith and
efficienay of & stoeck colony of white mice, The ration

composition is given in Appendix IIXI,
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(7) Animal Butrition Laboratory Growth Data,

For purposes of this sbudy, a breeding progrem
was initi&t@& with one male and éna female mouse designa-
ted %31 - % - 1. Date were not recorded on the first
litter from these parents, although the brother and sister

mating was continued with the largest male and all the

Temales of thab litter. TFor purposes of reference, this
iiﬁtax will be designated FlL ~ litter 1. The original
parents produced a second and third litter, which shall
be referred to as Fy < litter 2 and Fl ~ litter 3 respeat-
ively. Growbth deta wers recorded on hoth of these litbers.
The females of all these bhree litters were bred by the
heaviest male in each litter, and the production data,
along with that of the original parenits, are tsbulated in
Appendix IVB, The Fp litter 1 females tracing from the
FlL lister 1 mating were bred by their heaviest brother and

their production data are recorded in Appendix IVR,

The growth data were accumulated by weighing the
whole libter at birth and at weekly intervals theresafter.



Table 30 =« Animal Nutritien Laboratory Data on The White
Mouse

Parent No., No, B Ave, Ave, Ave, M. F,
Female(s) Born Weaned Wesned 5ize  Birth Wean, at
o N . Litter Weight Welght Weening

X31~31-1 _19

4 &augh%a?a
Flﬁ&iﬁaaxMz a7 S 28  9.85 L.5B Del2 21 18

Fl<Litber 5 41 41 100 8.25 1,44 10.24 23 18
5 daughters . o | - ‘

ﬁbﬁai oF AVG.

fegs 115 312  97.0

Fg-livter ik
] &augaﬁara &

Fa-Litter LB | | | o
3 daughters 22 18 BL.8 7.3 1,35 1l.2 8 10

Fa-Litger 0. . L
5 daughters 40 40 100 8.0 1,31 8,8 17, 23

F2-Litter 1D B | o |
3ﬁaaghwrs 18 16 . 88.8 9,0 1.39 9.2 9 7

86.3 7,5  1.27 9.0 £l 17

?@&&1 or Ave,
17 daughtersisd 112 90.3 7.75 1.5L 9.2 55 57
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Sex was determined in the parent and Fl-litter 1 litters

at 21 éaya»af age, but in the other litters it was deter-
mined at birth, In order to obtain more dstailed growth
data, the males and fémal@s in the Fl litbter 2, FL litter 3
and the four F2 litter 1 groups were recorded and weighed
aeyarataly at birth and weekly intervals until 28 days of
age, These data are tabulated in Appendix IVB, All litters
were weaned at 21 days, but the litters were weighed untll
they were 28 days of age. The litters were not reduced in
gize at birth. In order to facilitate interpretation of
these results, summaries of the data appearing in Appendix
IVB are shown in Table 30. In serutinizing the data in Teble
30, it becomes svident that none of the daughters or grand-
danghters equalled the parent female in all the production
factors. It would almost appear that there was a deoclinse in
this respect with succeeding generations., Any statement
however, that this trend is absolutely true would not be in
order at this time because of the short duration of this study.
The average birth and weaning weights of the Animal Nutrition
Laboratory mice, when compared with those reported in the 1it-

srature review and outlined in Table 31, appear to be average.



73

The results listed with respect to U, B, C. (25 litters)
weye 8o arranged because these 25 litbers were whelped
within a 10 day period and waraqtne final litters bora

: wﬁiéh ware sﬁuﬁi&é. They were the progeny of the follow-
ing females tabulated in Teble 30,

Group No« of Females

Fl-Litter 2-
Fl-Litter B
Fa-Litter 1A
F2-Litter 1B
- Fa-Litter 1C
F2-Litter 1D

ETU T - T RN

I% is the opinion of this writer, that the condition of

the young mice produced by these females was not normal
during the pre-weaning growth period., The coats were some-
what stary and lacked the characteristic sheen., This
absarvaﬁiaﬁ wasg ﬁa&e before examining the growth data whieh



, TABLE 31
A GOLPaRISON OF OTHER INVESTIGATGR'S

%;\!B TR

ANTIFAL NUTRITION

LABORAIURY 'S GROWIH DATA ON THE MOUSE

Wsigh$ at ﬁga in ﬁay%

Ave.
Size :
of Birth 7 days 14 days 21 days 23 days
Litter M F Ave M F  Ave M F___Ave ' M il Ave M F  Ave
Robertzon(1918) 1.8 8,31 5.14 4.91 .02 §.Z 6.45 888
Robertson and - :
Delprat (1917) 1.4% B3.35 4 .44 . . 5.8¢
Judson{1918)1 1 1.5 3.0 8.0 9.0 B.2 8.8
Thompson{1918) 1.5 3.3 €7 9.9 %.4 9.6
Gates (1925) 7.4 1.36 S.21 5.34 6,89
Parkes(l926)] =z 1.0 1.8 7.0 13.0 13,0
MacDowall {1930} 1.53 5.97 15.4
Crozier and
Enzmann {1935) 6 .66 1.38 3.65 6 .25 10.5
Morris (1944) 1.44 5.1
Bruece(1947) &4 10.3
U.B.C.Parents 9.5 1.78 5.47 7.89 12.68%7
U.b.u.FlLitter 1,9.8 1.33 4,7 8.87 1l.186
U.B .v.izsmtuera‘%a 0 1.34 4.22 6.6% G.13
U.B.Q .Aiv@ 7 lb .1.058 4 58 &a ‘70 1U o5

N

Weilghts tabulaned are actually for 5, 12, and Z2 days.
Weight of Litwer of ons mouse.
Welghts of six selected females.
Group of 25 litters born in 10 fay psriod.

¥i
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would appear vo confirm this opinionm, It is difficult

to éay whether this eondition was nubritional, but after
the mice were weaned they did 'appa&xﬁ to look more normal.
Table 52 is & summs ’

ry of the production efficiency of
colonies reported by other investigators compared to the
Animel Rutrition Laboratory unit. This coleny, similav
to the rat colony, excels in the persentage weemed. It
aldo compares favourably on farvi}.iw and average size of
litter.



Table 32 - A Production Efficiency Comparison of Various
Mousze Colonies

Poster Cerecedo Bruce  U.B.C.
et al & Vinson_ (1947)  (1950)
(1943)  (1944)% =~~~

76

Bred 71 28 24 3a

No. Li’ﬁ‘b arsa ’ ' " ‘
Born 69 80 - 82

Per Cent ‘ , :

Fertility 97 - 80 88

No. Young - . |
Borm 512 306 258

Ave, Size
Litter 74 6.4 ) 6.4 716

No, Young |
Weaned 435 242

Per Cent
Veaned

Birth | .
Weight 1.38

75k 83 . 94.5

4
£

Weaning 5 |
Walght 11 10.3 10,5

1 Figure represents per cent litters weaned.

% For retion see Appendix IIIL

5 Phis is en approximate weight, since i%
was beken from a graph.
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{8) Cost $urvey @m'Mauﬁe‘Gal@ny.

& cost survey of the mouse ecolony was made
similar to the oue made on the rat colony. (See
Appendix V), The average dailly cost per mouse iz as

followsgs

Feeod - 0.001

Potal Cost «H0
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G, Animal Mubtrition %@?orazary Guines Pig

(1) oOrigin

The guinea pig unit of the Animal Nutrition
Laboratory was starded with foundation stock received
from the Suffield Experimental Station, Suffield, Alberta.
The guinsa plgs in the colony at the present time, and
uged in this study, are descendants of that original ship-

ment .,
{(2) Housing

The guinea pig colony is located in a room whiech
ia,@kfeeﬁ 8 inches long and ﬁifaeﬁ 5 inches wide, giving a
floor avea of 62 square feet. It is 10 feet in height,
giving & room volume of 6%@ cuble feet, This represents
8 valumﬁ ubilization of a;z oubie Ffest per guinea pig,
assuning a maximum capacity of 100 guinea pigs for the room,
The guinea pip cage rack whiech holds 20 cages measures 7
feet 14 inches long, B feet 4 inches wide and 6 feet 4 in-
¢hes high, I% cocoupies 23.8 square feeb or about 28 per cent
of the floor spave. It is illustrated in Figs. 12 and 13,
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The room is provided with a cold water tap and sink

ad jacent to the rack. Tﬁey are sltuated approximately
9 feet from the farthest row of cages or about 5 steps
away, thus enabling the attendant to change the watber

bottles with a miniﬁun of effort.

The guinea pigaiare housed in white painted
wooden aages; constructed of 1/2 inch plywood, A layer
of wood shavings approximately one inch deep serves as
bedding. This amount af’badding,aVQragea in weight about
680 grams with an approximate volume of 6000 ¢c., This
cage ig illustrated in Figs. 14 and 15 and the dimensionsg
shown in Fig. 16. %h@‘wwm’

mum capaeity recommended per
cage is five mature guines pigs or eight young”grawing
animals, This represents an area ubtilization per guinea
pig of 89 square inches on a room basls, 34 square inches
on rack plus cage basis and 28 square inches on cage basis,
This type of cage has several features which hava proved to
be advantageous in the operation of the unit, First of all,
the small door or zlot at the front of the cage permlts the
animal abtendant to remove the soiled bedding from the cage
by means of a scrapsr while the animals are still in the

cage., This procedure is illustrated falrly clearly in Fig.



Fig. 14,

Standard guinea pilg cages ¢

bracket and water bottle.

lata

card
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16, After the ecage has bgen cleaned, fresh shavings are
then placed in the cage. Once a week, the guinea pigs
ave transferred Irom the dirty cages to clean cages, in-
stead of using the previocusly described method of re-
moving dirty bedding, The dirby cage is then cleaned and
washed with hot water end ammoniated soap and allowed to
dry overnight. A second feature of this cage is the
partition closing off the part of the cage which permits
the guines plg, particularly a sow with a litter, a place
of seclusion. These cages have dbeen in constant use for
four years and during that time have been repalnted twice.
To date, the cages show no signs of deterioration. This
type of unit may be open to eriticism, on the grounds thab
‘it is only possible because it is small, However, the
fact that the Suffield Experimental Station successfully
operates a unii numbering 4000 sows and their progeny with
much the same type of caging, would seem to answer any
eritigism. The rack and cage they use éra illustrated in
Figs. 17A and 17B respectively. The important modifications
used in this cege are that the floor is sheeted with alum-
inum and the front wall of the cage acts as a vertically
s8liding door,
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(3) Feeding and Watering

The ratianais fed as pellets which a#e about
1/4 of an inch long and 3/16 of an ineh in diameter.
(Bee Appendix III)., Small half pound salmon cans ﬁarva
as feed containers and are hung on the inside of the
cage with a piece of stiff wire. The colony is fed and
watered daily, feeding being ad libitum., Half pint
bottles are used as waber containers. They are changed
daily end cleaned weekly. In addition bo the pelleted
ration, the guinsa pigs receive fresh green feed every
segond day about eight months of the year. In the
@iﬁﬁer'mantha@ it is fed leass frequently, usually twice
8 weel, The green feed serves as a source of the nec-
essary vitamin C and also as an additional source of
vitamin A. The major portion of the green feed consists

of kale produced a short distance from the laboratory.
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{4) Breeding

»  All breeding éﬁaek are ear-nicked for identi-
fication purposes and the breeding history card in&éx@ﬂ.
In the breeding program practised, a hoar is allawaé’to
2uM Wihh four
not removed from the breeding cage when she appears to be

Bows uﬂ&i& a sow has farrowed, The sow is

pregnant but is allowed to fﬁrwaw,hara with the other
mature guinea pigs present in the cage, It has been the
experience of %&iaklahﬁxaﬁéry that by f@ll@win@ this pro-
eedure, the other s&w& in the cage assist the sow farrow-
ing, by helping remove the placental membranes from the

- mewborn guinea pigs; thus reduclng losses through suffo-
cation, Experience has shown that a sow farrowing in
ia@laniﬂn,samaﬁimeﬁ:ﬁaaa not remove the plaa@ntal'nﬁmbr&nea
in time. This applies partioularly when large litters are
‘born. About 12 hours after the guinea pig has ferroved -

she and her litter are remavé@ t0 a clean cege and kept
in isclation until the litter is weaned at 21 days of age.
The fsmala guinea plg comes lnte estrus a few hours after
parturition, consequently by leaving her in the breeding

cage for 12 hours after farrowing, it is usually possible
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o get her rebred at that time and thus save 21 days,
shwa she will not agaln some into eatmﬁ mwil.h&r
litter has been weaned, When the sow has weaned hex
litber she is then returned to M&ie breeding cage and the
procedure repeated., This system of breeding facilitates
gontinuous production in the guinea pig mi%‘ There has
been no evidence to indicate any undesirable effects on
the breeding stock or the vigor and growth of the litters
resulting from @hi,ué procedure. The litters are weaned at
21 deys and the gexes separated, Fubure breeding animals
we selected on the ba:am of prapid growth as evidenced
by & high weaning weight, and on the ability of the sire
and dem to produce large litters, This replacement
breeding stock iz not used for breeding untll they are
about two months old.
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{5) Control of disease,

Control of disease is directly related to the
management practised in the every day hushanding of the
sulony. This p@ii&?‘iﬂﬁlﬁdﬁﬁ;,kaaping the eages clean,
washing them with ammonilated soap and waahing the water
bottles once a week., If am animal appears to be below
normal 1t is destroyed snd a post mortem performed to de-
termine %ha cause of its P@Q@Y@@E@iﬁiﬂﬁa In the four years
that the guinea pig colony has ﬁa&a in gperation, there has
been one gerious outbreak of an infestion, AL that time,
spproximately half of the total coleny population of 40
guinea pigs died, Prior to %hia aathreak, the colony had
been receiving only a limited supplement of green feed and
it ig felt that this delieiency contributed to the outbreak,
Some of the animals were b

eginning to show signs of a
typical vitamin ¢ deficiency, bubt lack of funds prevented
the purchase of green feed,

During the course of the growbth study, extending
over a period of the last year, one mature guinea pig died

at parturition, and a second animal was destroyed because
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of poor condition, with the total number of guinea pigs
in the unit averaging about 55. It should be stated,
that in evaluating :bms. 1$w rate of mortality, very few
animals beoame old, baa@;éus@ of the constant demand for
guinea pigs for experimental purposes, As a matter of
interest approximately 700 guinea pigs have been shipped
from $his unit to Suffield, Alberta, with no losses,
Wood (personal communication) has m;@mrte&, a8 a result
of experience in the purchese of some 30,000 guinea pigs,
that the shipping mortalily in this species is largely
pméa‘temima by mf pre-shipping management of the pro-
duetion umﬁ from which the guinea pigs are purchased.
Smith (1951) has reported similar conclusions. |
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(6) Animel Hutrition Laboratory Growbh Data

} In @rﬂax'ﬁa~avaluatekﬁh& standard of this
gulnea pig colony, a growth study was conducted. The
@zeééﬁuxe followed was to welgh the litters at birﬁhv
yénﬂ at £l days of age. After sex determination, each
g&inea,pig in the litter was weighed. The complete data
are ﬁahala%@ﬂ in Appendix IVC with a summary of the data
recorded in Table 33 alﬂng with the data of other inves-
tigators.

?ahle 33 -& Comparison of other Envestigatar's aud the
| Anima ;»,gxitisn»th_fgaﬁ 7 wth,ﬁ AL XY

. Nutri , z -
mmm Animals ma. Bireh Wean, Born~ Rai sed to
Size Ws, Wy, Alive Weaning

24 Y3 3.0 97.4 aaaiﬁx 94% 9?.3%

Baton 2,841 6,025 2.69 95.4 260.1% 924  81.2%

Haines = 2,58 o _
~ X Weaned &b 53“@&?5» T XX Weaned Gt 2L AayS.

The data for Daton are Tor non inbred animals
used as conbrols in a breeding experiment., Crampion's data

were for snimals on a basal dlet recelving green feed, He
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records the two week galn %o be 92 grams., The two week
gain for this gulnea pig colony is 101 grams, The ration
outlined by Crampion will be f@un& im\ﬁaéanﬁixyzlx.

Table 34 ra@r@saa%s-a'{;'wﬁ

. et more detailed sumumary of
the growth data from the animal NWutrition Labaratary Colony,

Tﬁble B4 - @mawﬁh matggﬁﬂgﬁmxma& ﬁuﬁriﬁi@n Labaratary

| ' W%ight in Grmms
Age in.ﬁaavi@st Ligh‘a&% Ave, Heaviest Laghﬁas& Averagm
Days  Male ale Vemele Female  Female

156  BOS.8 B4 151 192.2
204 86,5 515 194  245.8

i
2
3
4
5
8
7 .

The ﬁata in Tables B34 and 385 are plaﬁta& as shown in Figs,
18 and 19.
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In order to obtein scme post-weaning growth
‘data, four males and seven females selected randomly from
four litters were weighed weekly until they were 56 days
of age. The ocomplete dabta are found in A@penﬁix IVC and

& summary in Table 36,

Weight Male 101 141 195 247 510 574 430 502 546
Weight Female 36 194 247 03 BA3 36 441 483

Figure 20 is a plot of the ﬁaﬁa\iﬁ mablaVS&*

It would apvear fvom the data, that the guinea pig
‘unit operated by the United States Department of Agriculture
is not up to the standard of the U, B. C. unit if Zaton's
data is used as a criterion, The birth weight, average lit-
ter size, relative weaning weight and the per éemﬁ waaned
that are borm alive are the faetors in which the U, B. C.
unit excels the U. 8. D« 4, unit. Haton refers ﬁ@ a weaning
weight of 260 grems abt 33 days of age. The limited data
beyond the 21 day weaning age show that the U. B, C. asnimals
are approximately 350 grams at 3S%aays of age.







{7) Cost Survey on Guinea Pig Colony.

A cost survey was ¢onducted on the colony
similar to those on the mouse and Tat. See Appendix V.
The vaa:%aﬁ of greens was so ;amall that it was not included.
The average cost per guinsa plg per day is as followss

Labour - $0,005

| Fesd - 0,003
Housing «  _0,001
@aﬁal Cost = $0.009 per day

99
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D. Animal Matrition Laboratory Rabblt Unit
{1} origin

The pabbit unit consisbs of two breeds, namely
the Flemish Glant and the New Zealand White. Because of
the rapid turn-over of the rabbits for experimental gur~;
poses, 1t has ﬁﬁ% been pa&éihla to set up a separabe |
breeding colony, As a result, rabbits have been purchased
periodically for use as breeding stook or experimental
animals, Therefore a bresding yr@gmﬁm4wiﬁh any definite
objectives has not been put inte practice, The primary
objective in the operation of the aalany has been to main-
tain the enimals in opbimum condition.

{2) Bousing

ﬁha rabbits are housed in an unheated barm, Wire
sages with expanded metal floors are suspended from two
ineh pipe supporis bolted to the oceiling of the room, This
type of saging is well illustrated in Fig. 2l. A cagse unit
consists of two separate ocages with a hay feeder. dividing

them. The cage unit measures 8 feet long, 2 feet wide and



Fig.

21.

Standard rabblt cages.

e

N

S
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2 feet high, with each compartment being 4 feet long bub
the same width and height, The maximum aapaéity recom-
mended is 4 rabbits per section., The breeding does and
bucks aré provided with =small nall kegs as nest boxes,
They measure 1 foat; 8 inches long and 1 foot two inches
in diameter. The floor of the bafn is constructed of
conerete, whioh facllitates the daily removal of droppings
passed through the wire floor of the cage. After the
floor has been cleaned, it 18 hosed and the water allowed
to drain of'f the sloping floor through an outlet.

{3) Feeding and Watering

The rabbits are fed and watered &aily. They are
fed a pelleted ration similar in size to that of the
guinea pig. The composition of the rabtion is given in Ap-
pendix III, Every fifth day the rabbits wers fed pellets
40 which sulfaquinoxaline had been afded at the o.ol per
cent level, One gallon open top jam tins which have a vol~
ume capacity of approximately 1500 ce. are ubtilized as water
containers., |

(4) Breeding

A plenned breeding program is not followed in

the rabbit colony, mainly because of the large demand and

rapid turn-over of animals, As a result, line breeding is
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not practised and there are no attempts bo establish a
particular family or raise breeding stock, Instead, when-
ever new or more animals are needed for hx@ediﬁg‘parpasas,
they are purchased from other breeders. It is the object~
ive of this laboratory o keep the unit in continucus
production throughout the year. Sometimes this is not
always possible. For example, during the last three months
@f’l@ﬁﬁg the elaven littaré haxn during that periocd were
destroyed by the does, Ebfreasanable'empl&ma%icn,eén be
offered for these losses, since from the beginning of Peb-
ruary, preduction has been excellent under identical

conditlons of feeding and management,

Bach breeding doe is kept in a seperate cage and
the litter is not disturbed until they are a week old, At
that time, the litter size i8 recorded and fresh bedding,
usually hay, 1s placed in the nest, The young are weaned
at six to eilght weeks of age, dependiug upon the size of

the iitber. ZDach breeding buck is housed in a separate cage.


mailto:frt.shb@dd.ing
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(5) Control of disease.

It is oansiﬁexaﬁ, that by the use of the cages
with wire floors and good manegement, disease in the
6@1@&3 is kepb to a minimum, While no accurate figures
on rate of mortality have been recorded, it is a known
faot that the grsatest losses oocour in the pre-weaning
age group, suggesbing that the causes are more matrisicnal
than pathological. In fact, the losses of mature animals
are extremely rare, It 1s recogniged, however, that the
»ebbit unit hes relatively the highest rate of mortality
gf the four animal units. Possibly three of the more
common troubles of rabbit units are coccidiosis, so called
"snuffles™ and ear mange. In this colony, coccidiosis
does not present a problem, bescause of the use of the wire-
bottomed cage and sulphaquinoxaline. There has been the
0dd case of "snuffles™, but %o date no serious outbreak,

It is caused by the organiem Pasteurella ouniculicida.

Ear menge has been the most bothersome problem to keep under
control in the colony. It is caused by Psoroptes cuniouli
guniguli,two species of ear<mites. Although

L e e e ns DA IR

and Choroptes
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it is not a particularly dangerous infeotion, it is

. oxtremely irriteting to the rabbit., The treatment used
to eradicate the mite, is to pour a light oil, such as
olive oil into the sars of the rabbits, so that the
affected areas are well saburated. Thils control measure
needs to be repsated frequently in order to effect a

somplate eure.
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{6) Animal Nu%ritiem Laboratory Growth Data.

Since all the litbers in the latter part of
1950 were éestrayeﬁ,‘ih'has not been possible to ascumulate
as much date as was desired. In addition, all the litters
were not weighed until they were a week old, because it
Waa felt that aﬁy’abtamphs'ﬁ@ segure birth weights might
disturb the doe and risk destruction of the litter, The
litters were wéigh@ﬁ at weekly intervals after the initial
weighing and no sex determinations were made, For these
reasons, the limited growth data in Table 37 are not to be
taken as a standard but more as a guide, If Table 37 does
nothing else, it doss seyrve %o auhstantiaté the already
well known knowledge of the effect of the size of litter

on birth weight and subsequent gain in weight with bime.
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Table 37 - Animal Nutrition Laboratory Growth Data on
the Rabbitb

Average Weight at
Ho.in No, of 7 days l@ days 31 ﬁays 28 days zb days 42 dayg
Liﬁtar Litters

3 1 200 413
4 1 235
5 1 132 334 496 697 1015
N 2 186 311 453 781 1096
7 1 7 |
8 1 157 282 568
9 1 114 219
12 2 110 182 196l 343° 441 635
13 1 106 2289
1 .11 alive
£ - 10 alive

3 .10 alive
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Gost Survey of Rabbilt Colony

A cost survey of the culony was madse, the
detailed results of whiech appear in Appendix V. The
housing cost was not caloulated because of the difficulty
in estimating the "life™ of the wire cages., The average

cost per rabbit per day is as follows:

Labour =~ $0.0L7
Paed - Q » 00’7
Total cost - § 024 per day


mailto:a@tai.lai
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- IIX
Summary and Conclusions

A study has been made of the amell animal
unite of the Animai Butrition Laboratory of the Depart-
ment of Animal Husbandry. These unite included the rab,
the mouse, the guinea pig and the rabbit, The study was
undertaken %o ascertein if the animels produced in these
unibs are comparable, with respect to productivity and
growth rate, to the animals produced by similar labora-
torlies elsewhere, In addition, details of the housing
and management practices fellowed have been deseribed.
This has not always been done by other investigators.

Sueh e deseription seemed justified for two reasons:

{1} The productivity of any animal unit, laboratory
or domestic, is in a large measure determined by the man-
agement practices followed in its operation. They have
been included in ﬁh@ present work, so that the production

and growth data may be more readily assessed,

(2) In the writer's experience, the establishment of
a small animal colony is attended by many minor 4ifficul-
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tles assocliated with its day to day operation. The
methods used in this colony were rescorded in detail,
in the hope that others mighﬁ resolve their minor

problems at the outset.
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Table 38 - Optimum Growth Data of Other Investigators
Compared to Animal Nubrition Labaraﬁory Mean

Q*Wﬁh D&ﬁf,
B ; MQUEE

Others® A.N.L.2 Othersl A,N.L. Others® A4,N.L.
. . ﬁuv& et ) AV@ L ) o ) ﬁv%

Per Cent ' , Not
Fertility 93.8 73,1 v 88 ; Recorded

No. Young , 4
Born 1766 518 B58 6,025 78

Ave, Size 5 ,
Littber : 9.6 S8 T ok T8 Sad" B.0

No, Young ,
Waaned 1675 436 242

Per Cent , ,
Weoaned 20 94,8 - 85 94,6 81.0% £7,.2

Average)M 5.8 544 | 99.6
Birth {? 545 5.5 o 98,7
Weight )I B.44 1.38  1.38 1029 97,4

Average )M 48,0 B3.4 ‘ ~ 2B6.5
Weaning)F 47,0 3l.6 , o B45,.8
Weight )L B3 6 10.5 10.3 880 8807

1 Represents the optimum results weported in
the literature by obher investigators,

2 pporeviation for Animal Nutrition Laboratory

8 Birth end weaning welghts are for Sherman
strain rabs

4 Represents Crampbton's data

¥ pepresents faton's data - weaned ab 35 days
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Table 38 vepresents a summary of the optimum
data reported by all other investigators comparsd to the
results recorded in this laboratory,

.Eram the data presented, it is soncluded that the
Animal Wutrition Laboratory ret colomy excels inm 1itter
gize ab birth and percentage weaned bub is slightly lower
in percentags fertllity and overage weaning weight.

The mbug@ eolony also excels in litter size and
percentage woaned, but is only average in fertility and

weaning weight when compared with other mouse colonies.

On the basis of the limited production and growth
date reported in the literature, tue Animal NusSrition

| Laboratory guinea pig celony recorded f nesrly gonparable

birth weights and a heavier weaning weizhts. The peraentage

weaned was aleso higher than thebt reported.

The growth data of this rabbit colony was not son-
sidered to be representative enough to make possible valid
| sonclusions with respect to 1ts efficiency, It is evident
‘Eha@ much improvement is needed in this unit.

The present work may be éritiaizaa on the grounds

that a statistical interpretation has not been applied Ho
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the raﬁulﬁﬁ recorded. This point was recognized, but
it was felt that much more data should be accumulated
over a more extended period of time before such an
analysis is‘earrie& out. Fubure studies should be con-
ducted an ﬁh@ post-natal nutrition of the mouse and the
mubritional aspecte of fertility in the rat and mouse

as produced in this eolony.
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APPENDIX I

Same of recent vexts published within
period 1945 « 1950 inclusive

Earrmﬁi Ba oy {1980} "The cars and breeding of labora~ ‘
tory animels®, John Wiley and Sons, New York.

Parrig, B, 7., and @wiffith, Jo, T¢ Qos (1949) *The rabt in
laborabory inveatilgation™, J. B. Lippincott
Co., Philafelphis.

8nell, G, D., (1841) "Biology af the laboratory mouse®,
The Blakiston Co., Philedelphia.

Wa&a&n, de He, (1947) The U.¥.4.WVs Handbook, the care and
manageneitt of laboratory animals, Bailliere,
Tindell and Cox, Londow.
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APPENDIX II
SPECIFICATIONS OF ZLECTRIC FAN

Manufacturer =~ Canadian Sirococo Co.
of Fan Windsor, Ont,

No. CR6152B

Size 17 Vent Free Alr - BAOO C,.F.M,

Since the fan is operated for 15 minutes of
every hour, the volume of alr chenged equals 36,000 cuble
feet per hour. The volume of the three animal rooms and

‘& gbock room is a8 follows:

Roonm Yolume -~ Cu.Ft,

* Rat . 1079
louse 758

Guinsa Fig 6&@\
K3 AR 1. .

The total room volume of 3530 cubic feet and a
volume air change of 36000 cuble feet represent 10 air
ghanges in all rooms every hour.

Manufacturer of , , ;
Eleotrie Motor « General Electric Co.
Model 117840 Type K8

Cy. €0 R.P.Me 1785 V.110
P.He 1 HoPe 1/4



APPENDIX III A ~ RAT RATIONS

U, B. C. Ration 6 - Rats and Mice

Dog

Ground Wheat
Rolled Groats
Corn Meal

Wheat Flakes
Soyabsan meal
Pilehard 011
Dog Meal Pre-Mix

Meal Pre-Mix
Iodized Salt

Meat Scraps

Fish Meal (71%)
Powdeored Skim Milk
Carragrass

Wheat Germ Meal
Rice Feed

653
200
500
400
a5
7
415

2000

10
885
360
100
120

60

250

1686
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ation 10 - Rets and Mice

Wheat Flakes

| Wheat Bran

Fish Meal {70%)
Wheat Germ Meal
Powdered Skim Milk
Dried Yeast

Apple ponace
Beet pulp
-Qats ground
Meat scrap
Soya meal
Liver meal
Bone meal
Carragrass

Salt

Computed Analysis

Protein
Fat
Fibre

Pounds.

450
45
50
75
50
10
30
30
40
78
75
850
10
5

5]

1000
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DONALDSON '

Milk soaked bread plus corn as staple.
JACKSON (1913)

A supply of chopped eorn was kept constantly in
nagaﬁ.. A liveral emount of wheat bréad soaked in whole
milk waa‘auppliad}daily, and rraah‘maat‘(b@af) once &

week.,

Diet A Diet B
Whole Milk 1/6 1/5
Ground Whole Wheat 5/6 2/3

Nacl 8% of weight of wheabt in each oase.

OSBORNE AND MENDEL (1928)

Per Cent
Casein , 35
Salt Mixture 4
Starch a7
Butberfat 9
Lard 15

Yeast 0.2 grams dally
Lettuce 40 grams daily
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MACY, QUTHOUSE, LONG and GRAHAM (1927)
Whole Wheat 2/3
Whole Milk Powder 1/3

MaCl to the amount of 2% of the wheat
Fresh aabbage or lettuce six days a week

Laatating rat ~ augmented by fresh cow's
milk ad libitum.

Ground Whole Wheat 2/3
Dried Whole Milk 1/3
. NaCl to the amount of 2% of the wheat

They found it advantageous to replace half
of the added sodium shloride with an equal
weight of caloium carbonate giving a Ca to
P ratio of 1:1.16 |

Fresh lettuce fed daily

Lactating rats receive 9 grams of dried yeast

per weskK.
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G, L. F. Calf Meal
Pounds

Linseed oil meal 300

Ground malted barley 200

Wheat red dog flour a0

Dried skim milk 300

fat flour ‘ 300

Yollow corn meal 400

Steamed bone mesl | 20

Ground limestone 20

Sald B » |

Cod liver oil is fed twice a week, mixed
in as 3 per cent of the days food. No green feed
is supplled.

Cagein . 15%
Whole lMilk Powder 10%
Sodium Shleride 0.8
Geleium Carbonate 1.5
Bubter {unsalted) 5.2
Whole Ground Wheat L£7.5
" 100,
5% Gried yeast is also added to diet of mother

rats while nursing.



ANDERSON and SMTTH (1952)
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The following dry ration (97%) was mixed with

3% cod liver oil.

. Linseed oil meal

Per cent

. Gorn meal
Barley-ground malted
Red dog flour
Dried skim milk
Oat flour
Soluble blood meal
Sedium ehl@ride'
Ground limestone
Steamed bonemeal

Moisture content of air dry mixture - 57%

15
20
10
22
iz
is

O O oo

Caloium -~ 0Q,92%

In addition a paste food contalning
Whole milk powder
Casein
Wheat embryo
Lard
was freely available at all times.

Moisture

25%

25%

20%

2.2%

Caleium

and 3 grams of dried yeast twice a week,

0.27%
Each rat received 20 grams lettuce per diem
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MENDEL end HUBBELL (1935) |
| @¢. L. F. Calf Meal - 97%
Cod Liver 0il -~ 3%

Nursing mothers and young rats under 6 weeks
of age receive in sddition a "paste food" eaﬁsiating of:
| per cent
Casein 25
Whole Milk Powder a5
Wheat Embryo 20
Lard \ 30
Each rat receives 1 gm. of dried yeast daily
except Sunday. |
THOMSON - STOCK DIET (1936)
| Wxs,aa% offel (fine middlings No.2.) pei@?gm
Ground wheat | 19.2
Ground oats 1%.2

Ground barley | 9.5
‘Ground maize 9,5
Meat and bone xﬁ%al (45% provein) 9.5
Dried skim milk | | 7.0
White fish meal (60% protein) 4.7
Dried yeast (40% protein) 1.2
Sodium ehloride 0,6
God 1liver oil | 0,5

Dig. Protein 14.9 per cent

Caloium 1.18

Phosphorous 0,99
or Ca:P ratio 1,19



123

‘The colony is fed the stoeck ration plus
5 grems of green feed usuelly kale. In addition 10
ml, of separated milk fed per growing rab,

per cent
Ground yellow corn | 15
Ground hulled barley 15
Ground shelled oabs 15
Ground whole wheat 15
Soyabean meal ‘ 15
Meat sétrap 10
Whole milk powder 10
Alfaelfa leaf meal
Bodium chloride
Caleiun sarbonate 0.8

Molasses (as binder) 0.5
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Linseed meal 15 15

Yellow corn meal - B0.875 12,86
~ Ground malted barley ) Xe) 10
Wheat red dog flour | 22 22
oat fleur 18 15
Dried skim milk 12 12
Soluble bloed flour 3 3
Sait 1 i
Steamed bone meal 1 1
Cod liver oil 0,185 0.14
Casein | i
Qorn oil 7
\ Por Cent |
§§gﬁain 32:%% Cal. per gram 3.50
The cod liver oil used contained 800 A.0.A.C.
ehick units of vitamin D and 6000 I. U. of vitemin A per

pexr oént
26,86
6.28

4,48
7.33
1.38

Phosphorous - Q.96



Cagein

Yeast (extracted)

Bone meal {extracted)
Salte (Hawk and Oser)
Choline |

Cysbtine

Pat (in form of Gmrnveil)

126

80

30
17

0.1

' 012

10

20
35

234

0.1
0.8

25,3
19,8
5.4

5) = Medified Sherman Dieb

Skim milk powder
Margarine fat
Ground whole wheat
3édium ghloride

per cent
23.76
P24
66.0
1.0

87 .8

2L.6
11,3
5.8

93,7

20 4
5.5
4.6
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The skim milk powder eontained 1.1% lipid,
An assay showed the margarine to have betwsen 12,000 -
15,000 X.U, vitamin A per pound. Adequabe quantities
of vitamins D and T were present in the fat. This pro-
portion of added marvgarine fat gives the fat content
equivalent to that whieh would be present if 35% whole
milk powder containing (28% fab) were used. Five grams
of lean meat and lektuce once weekly wers fed bo each

rat after weaning.

SABRRLASIRL per cent
Ground whole wheat &4
Ground syeel ocub ovabe 34
Skim milk powder _ 15
Cottonsesd oll cenbaining
1606 I.Us wvibamin A ,
- 180 I,U, vitamin D 10
Alfalfa leaf meal 4

Pry yeast {Anheuser-Busch |
ves strain G) P

Sedionm Chloride 0.5

Qaleium carbonate 0.5

Fat 14%
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IIIB MOUSE RATIONS

Robertson Mouse Ration. {(1916)

Rolled barley

Mixed white and yolks of eggs are supplied daily.
Fresh leaves of lettuce were supplied twice weekly.
Sundays -~ thoroughly dried bread.

The whites and yolks of eggs are beaten together
and strained, 5§ oo, of mixture being supplied to
8ix mlce.

Bread and Millk)
Orushed Oats ) plue periodic vegetable food.
Millet % ‘

well (1950}

Fresh milk

Spratts Cod Liver 0il Dog Food
‘Bread sosked iln water

Oats

Hemp
Canary seed.
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Stock Diet A - Purina Deg Chow
© Stock Diet B

Ground oabs ‘ 50
Brewers yeast 10
Wnole milk powder (Klim) 15
Sodium chloride 1.2

They were also fed lettuce and fresh Liver

onee a weelk,



Constituents
of Diet

Stoek Diet

_¥o.77 lorris
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Stock Diet

{Thompson & Mendel)

Skim-Milk Powder
Casein
Ground Whole Wheat
Brewers Yfaasﬁ (Dried)
Starch

Salt Mixturs
Butterfat

Cod Liver 0il

Ferrioc Citrate
Corn 011

alculated Composition

22,75 Grams

61.52
4,00

Wholemeal Flaur
Dried Full-Cream Milk
Dried Yeast ;

Meat and Bone MMeal
Cod Liver 0il

Sodium Chleride
Caleivm Carbonate

Galoulated Composition

Dig. Prot.
Dig. Fat
Bign Fibre

19.3%
1l.6
0.5

20 grems
24

20

32

Bl .5%

89,8

80.2
4.6
4.6

Per Cent



III OUINEA PIC RATIONS

U.B.G. Ration 8 - Guinea Pigs

‘Rolled dat flour
Flskedl Wheat
Fleked Barley
Wheat Bran

Beet Pulp
aa@hmﬁ Meal
Boyabesn 0il Meal
01l Ceke Meal
¥ineral Pre-nix
Sodium Chloride
Vitamin Dg Pre-mix

Computed Analysis

Protein
Fat
Fibre

Per cent
3
8

Pounds
450
140
200
350
100

80
200
175

2010,85

130
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Guinea Pig Ration by Crampbon
- The basal diet fed, known ag the MacDonald V dlet.

Constituent ~ | E%x*aaﬁﬁ

Oats 15,0
Wheat 13,0
Beet pulp 85,0
Qilmeal 12.5
Skim milk 15.0
Fish meal 5.0
Brewers dried yeast 10,0

Bone char | 440
100.0
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ITID Rabbit Ration
U.B.C+ Ration 12 - Rabbits

Pounds
 Oats 400
Wheat | 175
- Barley 200
Bran : 350
Dried Grasa 100
Beet Pulp 80
Copra meal 200
Soya meal S & 45
0il Cake meal 250
Irradiated Yeast 2
Celony minerals 80
Salt 18

PO An b rpe

2000

This rabtion has been pelleted with sulpha-
quinozaline for coccidiesis control.
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APPENDIX IV A

GROWTH DATA Ol ANIMAL NUIRITION LABORATCURY RATS

wistar"Ouﬁbrea

Number in Litter at
Age of Number 7 4 21 28
Female HWo, JFemale Born Stillborn days days days days

Gl i81 16 15 14 14 14
o3 183 10 0 10 9 9
C4 181 10 9 e ¢] ]
18151 182 10 i0 10 10 10
1) 184 14 2 12 12 12
c7 180 7 & 7 7 7 7
ce 80 12 1z 1z 12 12
¢e . 182 8 : B8 8 8 8
Q10 i8z 17 1 15 15 15 15
Cli 184 7 1 7 7 7 7
ciz 184 iz lz 1z 12 12
Cl13 185 11 1 10 10 10 10
Cls ‘ 186 12 i2 12 12 18
16 186 12 ' iz 1z 12 12
Total 158 8 151 1850 149 149
Ave ., ; 11.3 10.0 10.0 9.9 9.9

Wistar fobred ' ,
PeFoXIIwliwl 177 1l 11 11 11 11
- P.F.XII-1l1l«2 179 15 iz 11 11 11
P.F.XII~11-3 177 12 ‘ 18 12 18 12
P.F.XI1I-11-5 178 15 15 15 14 14
P.F.XII-15-1 106 iz B 11 10 10 10
PPLII-1A-2 107 13 13 18 1z 12
PoFXII~1A4-3 112 13 1l 12 12 12 9
PF.XII~14A-4 112 16 16 15 13 13
P.F.38-41-21-28 140 10 10 10 10 10
P.F.32-41-281-3 143 11 11 11 11 11
P.F.52-41-21-4 144 13 13 13 13 13
P.F.32-41-21~58 143 15 , 1B 15 13 13
P.F.32+41-3x-3 177 11 1 11 11 11 11
P.F.32-41-3x-4 182 11 ii 11 11 11
. Total 1786 & 173 189 164 161

Ave. 18.5 12,3 12.0 11.7 11.5

Overall Total 334 11 324 319 313 31.0

Overall Ave. : 11.9 11.6 11.4 11.2 11.1
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rinioiomees

e

Welght of Litter at

7 14 21 28 Sex Ratio
Birth days days days days at 21 Days
| | " F
8l 135 2la 348 538 10 4
62 1z0 185 295 515 4 )
60 111 z2la 356 562 4 5
S5 118 208 317 820 4 6
76 134 £58 382 €64 6 6
4% 109 204 333 541 3 4
69 181 273 417 - 659 8 4
8l 118 gla 333 529 2 6
91 135 £53 381 576 8 7
42 83 186 292 490 S 4
63 124 231 390 677 4 8
55 87 177 208 513 5 5
65 124 208 514 538 8 4
60 126 242 584 645 8 4
877 1680 3041 4839 7667 77 72
5.60 11.1 20 3 32.4 53 .4
59 104 204 329 536 8 3
76 131 224 387 591 & S
68 130 241 376 516 7 5
74 134 253 345 580 5 9
60 io8 200 316 523 4 6
67 ileé 188 296 496 5] 7
68 120 210 254 455 3 6
- Bo 179 292 440 704 7 &
60 118 216 339 8¢9 5 5
64 138 254 424 712 6 5
71 149 280 461 754 10 3
85 167 279 405 662 8 S
58 110 195 317 535 5 6
63 136 2395 415 701 6 5
956 1840 3305 5074 8364 85 76
5.54 10.6 19.50 30.9 51.9
1833 3520 65906 9813 }6331 le2 148
5.48 10.86 20 .0 31.7 57 .7
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Wistar 1I4 -
Fenmals No. Age of Numbsr Number in Litter at
Female Born Still - 7 14 21
, born days days days
PoFolII~1llebl-4 330 & 6 6 6
P FeXIl=11l=bl-5 332 9 9 °] 9
P.Fi38«4l=2l-21l-1 272 11 1l il 11
P.H.35-4lefl-£l"3 270 B8 8 . B 8
P.F,34w4l~-21-31-5 331 6 6 6 6
PJF.32-41-3x-31-8 364 13 13 13 13
P.FPeBEwdl-3x=-3led 363 10 10 10 10
PHoB2edle3x=31=5 364 11 11 11 11
PFed8m4l-3x-41-1 867 11 11 11 1l
Eole32-41-3%x-41-5 287 12 , 18 12 12
Total - eY 97 87 o7
Average 2.7 ‘
Hisvar IIB ,
P.F.32-41=-21=-21~4 301 10 10 10 10
P.F.38-41-21-31~1 363 @ 7 7 7
P.F,38-41-38-31~4 402 13 13 13 13
P.F,32~41-32~41-2 296 11 1 10 10 10
Total 58 54 54 54
Average 8.8 ,
Wisvar IIC =
PR XII=11-51-5 408 6 6 6 6
PoFeB2~4l=Bl=Rl-1l 347 6 6 & -]
PoFoB8=4l-81l-31-4 409 7 6 3} 6
PeFeb8edlapl-31l-34 345 4 S 3 3
P.Fe3B=41-3x-31l=-3 443 8 >} 4 4
P.F, S2whledxwdled 344 9 7 7 7
Total 40 34 32 38
Average 6.6
Overall Total 198 185 183 is3

Overall Average 8.47
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Welght of Litter at

I

136

Sex Ratio

21 days
: Birth 7 days 14 days 21l days B F
39 89 17 294 4 2
49 111 208 318 7 2
70 13 219 346 9 &
49 102 184 £49 4 4
37 - B3 138 258 3 )
78 142 232 314 5 8
55 94 191 287 7 3
63 136 247 357 7 4
60 114 214 389 5 6
79 l6g 258 426 5 7
573 1165 2062 3158 56 41
5.9 12.0 2l.2 32.2
56 107 200 303 3 7
46 80 1386 217 5 8
26 69 1286 210 2 2
71 137 226 33 5 8
58 123 203 321 6 1
6l 135 245 388 4 -6
18 57 108 161 - 3
336 708 1238 1927 &5 29
5.7 13.1 2E.9 35.7
42 80 167 258 3 3
38 83 141 223 5 1
38 96 177 245 4 2
21 31 50 88 1 2
41 64 87 156 3 1
53 114 179 266 4 3
233 478 811 1234 20 12
5.8 14 .0 25,3 58.6
1142 2351 4111 6283 101 82
5.895 18.7 L2.5 34 .4
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sherman I « A_ppendix IV _A -Continued

Femals's Number Weight

Female Age Number Weaners{zldays) at Weaning
No . (days) Born M F T M F T
Gp.I W1 Age 9 S & g 113 198 305
W2  Unknown 7 2 4 6 61 105 166
W3 13 9 4 13 370 l6l 531
W4 ] 4 5 9 1lél 188 349
W5 1 1 1 31 31
Gp.IIWl 9 6 3 g 202 g0 292
we 11 & 5 11 210 150 360
WO 7 2 5 7 104 253 387
W4 9 4 5 g 149 181 330
wWo 9 & 3 g 234 109 343
Gp.IIIWl 7 4 3 7 137 104 241
w2 ¢ 5 4 g 173 143 &18
W3 11 5 & 1l 148 184 310
W4 8 1 B & 42 211 253
Wo 14 8 5] 14 320 236 556
Gp.IV Wl 7 4 3 7 170 12z 292
Wa 11 5] 5% 1l 207 1568 365
W3 10 4 6 10 143 209 352
W4 10 & 4 10 211 168 379
W 12 1 9 12 1oz 286 388
Gp.VY Wi 10 5 5 10 l8s 177 3565
Wa 7 3 4 7 136 164 300
W3 1] 4 5 g 17é 197 373
W4 13 ? 8 13 223 i85 408
wh 10 3 7 10 25 2&0 315
Gp.VI Wl 10 2 5} 8 5% 210 267
W2 10 4 (5] 10 168 242 408
W 14 6 7 13 198 Bl6 408
W4 4 1 3 4 48 130 178
wH 13 7 6 13 211 16¢ 380
G-p VII®Wl 8 3 B 8 116 218 334
we 8 3 5 B 128 199 387
W3 @ s} 3 ¢ 258 128 386
W4 12 5 6 1l 175 206 381
WS o 5 3 B 232 135 367
GP.VIIIWL 11 5 5 11 264 194 458
W3 12 7 5 12 247 174 421
W4 10 5 5 10 177 179 356
Total 360 170 184 354 6342 6604 12946

Average 9.4 37.3 35.8 36,58
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Sherman II Appendix IV A
Female NNo. Number 7 14 2l days

, e BOFN_ Stillborn days  days M. F. T,
Gp. XIT W1 8 8 8 3 5 8
Gp. XVI W5 10 10 10 5 5 10
Gp. XIT W4 1 11 11 5 6 11
Gp. LIV W2 8 8 8 2 6 8.
Gp. XIII We 11 11 11 4 6 10
Gp. XIV W1 3 3 3 1 2 3
Gp. XIT W3 10 10 10 5 5 10
Gp. XI1I W3 9 9 9 6 3 9
Gp. XIV W4 8 7 7 3 4 7
Gp. XVI W3 2 2 2 1 1 2
Gp. XIII W 1l 11 11 6 5 11
Gp. XV Wz 10 10 10 5 4 9
Gps XV W5 ) 9 9 2 7 9
Gp. XIT w2 8 , 8 7 5 2 7
Gp. XIIT W1 7 7 7 4 3 v

Total 125 124 123 51 64 121

Average 8.33
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Weight of kales, Females and Total Libter Weight

Birth 7 days 14 days 2l days
40 &8 151 215
50 125 z30 387
60 128 2lE 310
3e 85 147 223
62 12l 288 294
18 , 33 69 95
57 la4 207 281
43 114 191 266
a9 74 121 15%
1l 31 &4 100
58 113 197 276
48 106 192 261
49 105 180 247
48 87 148 178
42 83 1828 230

655 1427 24.99 3462

5.24 ‘ 11.5 20.31 28.61
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Ag@endix iv AgAContinued

Femals Lo, Number Number Alice at
, 7 14 2l days
: iays days r T
Gpe. I W4 9 9 9 4 5 g
Gp. I WS 13 13 12 '8 4 12
Gp.I1 Wl 11 10 10 5 5 10
Gp.II W2 11 11 11 10 1 11
Gp.JdI WS 14 13 4 ¢} 0 0
Gp.II W4 é 5 5 4 1 8
GpJIII Wi 10 10 10 5 5 10
Gp.III w2 13 13 12 5 9 12
GP.III W3 12 iz 12 6 & 12
CGp.JIII WH 12 12 12 7 5 12
Gpe. 1V ¥l 9 9 9 6 3 9
Gp. IV W2 iz 12 1z 8 4 12
Gp. IV W3 1l 11 11 5 6 1l
Gp. IV W4 11 11 1l ) 5 11
Gp. IV WS 12 12 12 8 4 12
Gp. VW1 10 10 10 6 4 10
Gps V W3 12 iz 12 6 6 12
Gp. V ¥ 1l 11 10 8 & 10
Gp., V W5 12 12 1z 6 6 12
Gp. VI Wl 8 8 8 4 4 8
Gp. VI W4 2 2 2 1 1 2
Gp.VII Wl 10 10 10 5 5 10
Gp.VII W2 12 12 12 5 7 12
Gp.VII W5 11 1l 11 7 4 11
Gp.VIIIW1 10 1 10 10 5] 5 10
Gp.VIIIW2 13 13 12 7 5 12
Gp.VIIIWS 11 11 11 4 7 11
GpVIIIWS 1i 10 10 7 3 10
Gp.IX Wl 11 g g 4 5 g
Gp.lX WE 10 10 10 8 2 10
Gp.lX W3 1l 11 11 5 6 11
Gp.IJX W4 4 4 4 2 2 4
Gp.JX W5 12 12 12 7 5 12
Gp. X W4 10 10 10 7 3 10
Gp. £ WH 1z 12 12 & 6 12
Gp .41 Wl 1l 1L 1l 7 4 11
Gp.Xl W2 7 7 7 4 3 i
Gp.XI Wb 3 & & 3 1 2 3
Gp.XI W4 10 9 ] 3 6 9
Gp.XI ¥H 10 10 10 6 4 10
Gp.X1 We 8 1 8 8 6 2 8
Total 418 5] 411 394 222 172 394
Average 10.19
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Weekly Welghts of Litters,

Weights of Males,

and Litter at Weanlng 2l days

Birth 7 days 14 days M ”“"“fz" T
53 1l¢ 218 148 185 333
68 159 271 267 126 393
60 1287 229 162 153 315
62 131 aSl 303 30 333

70 118 - - -
32 74 lﬂd 176 43 219
63 133 281 190 180 370
77 155 262 o1 242 338
60 155 255 175 168 341
63 170 286 269 178 447
81 124 221 217 109 326
69 156 273 248 119 - 387
58 152 267 i8l1 218 393
64 le® 281 258 195 453
&7 135 257 254 1286 379
&6 151 249 228 148 376 .
69 153 280 183 176 359
64 171 264 318 73 391
64 133 246 204 177 381
41 105 19¢ 148 143 291
15 25 45 33 30 63
55 133 249 178 170 348
67 160 280 175 2387 412
58 133 254 £55 131 386
59 141 242 168 154 . 322
65 143 268 234 157 391
(53 1256 260 134 230 364
57 145 256 293 113 406
60 125 87 127 160 287
51 117 218 294 68 362
65 149 259 182 120 372
24 75 148 110 108 218
68 142 255 - 211 158 366
52 123 229 218 98 516
63 138 239 178 165 343
63 143 255 247 133 380
47 119 204 196 128 324
16 - 54 79 40 87 127
67 141 265 146 264 410
- 56 133 219 212 111 - 323
51 99 176 209 63 272
2319 5333 9227 7860 5732 135928
5.54 12.97 23.41 35,40 33.32 54 .49



142

CGontinued

Appendix V‘ A -

6 4 10

119 > 55552151956923913880@5937
w Ml rdrirted el A e
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| O < & s o | 316195693 91233995937
Ad®3*38°33549 Aa

Q@
r4
4&65&86952377544554453547703314as

6D5555358%9&562?43859767518??5534

O~ RO F 6242161956@& B D DOORMAR
=i M lm e L R B B ~f 4~
Hr{OD S ROONAMDPPOIFINDFIROOFDDOOD AR § D

DO OHDORA DDA SR ADNDODD DN HNP

AR~ O AR NFR~AD~OW o0 6 N DBOO-RMRD-
Mlllil Ml lull ] r4 lw od 4 i 4
NV FED OO EN D II O OO I NN 1FO W
8@5&6?55%59756375385?76?5187?6534
i 4 4 vk
IR~ NN O e R < e ONOARODBGAHANORODOD- QA
34483888~ 8383443 b 1 St B R g
rf R IY e e Ro i 5% o f s Jis]
NE AR AAND A O A IO AN NI R R
mwww%ﬁmwwwwwmwwwwmwmwwn =
= - ot , = = :
H oA H HoooREOBE OB 5w H
o> 2 f" 24 2y Oy Qy jo7) 0y [ (=1
5 & & & &8 & & & & &

Total

334 4 187 147 354 169 142 311 167 141 308166 141 307

Average 10.

g
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Weighe of lales F@malea, and Total Litter

Birth 7dw3 14 days &l days
M F I W F T M ) T M ¥ T
39 £5 64 75 50 185 133 82 215 202 124 328
47 10 87 4 4 8 Died
33 31 64 75 87 162 118 189 247 180.190 370
31 32 63 65 60 128 114 95 BO9 161 144 305
29 22 Bl 70 B5 125 113 85 198 186 134 320
35 38 71 55 70 1256 83 120 203 112 1lEl 293
19 36 55 44 86 130 72 137 09 113 212 325
31 55 86 63 113 176 103 171 274 141 238 37y
43 &3 66 79 46 1286 145 60 225 194 113 307
30 13 43 66 32 98 114 54 168 185 B6 271
62 15 67 116 38 154 182 &7 £39 256 B7 343
42 41 83 BO 79 159 113 122 235 162 181 343
25 38 63 62 89 181 113 150 263 171 223 394
36 29 66 78 59 137 133 99 238 207 152 35%
7 33 40 26 53 79 54 102 156 84 155 239
45 £3 68 100 5z 152 173 88 281 225 114 339
a8 26 54 45 57 108 88 110 188 120 160 280
lz 20 38 3B 81 86 63 89 152 105 180 285
13 g4 37 30 58 88 54 107 181 87 158 245
- 26 2l 47 62 B2 114 117 95 212 187 142 329
39 88 67 87 64 151 142 96 238 219 154 373
39 32 7L 79 69 148 131 104 235 195 160 388
33 16 49 81 43 124 1328 68 200 213 107 320
37 22 59 B2 47 128 156 85 241 333 141 374
26 35 61 60 87 147 111 143 £54 157 205 362
5] 34 39 15 96 111 24 169 193 40 273 313
45 5 50 93 - 93 17¢ = 179 261 - 257
3% 17 84 83 36 119 143 59 202 204 84 288
39 18 587 856 37 l2g 139 60 199 235 105 340
35 7 42 75 15 125 134 26 160 223 43 266
25 B2 47 60 49 10Yy 110 86 196 161 lg2 283
) 9 17 17 33 33 68 68
FAR 18 39 6l 48 109 101 76 177 161 121 282
1011 609 1820 2108 1782 3BY0 3620 2944 6564 5544 4459 9903
B4 5.5 0.4 12.4 12.5 12.5 21.6 20.8 21.3 33.3 31.6 32.2
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APPIZNDIX IV B
GROWYLH DATA ON ANTMAL UUTHITION TABCRATWRY MICH

e

Female No. Famale's - Numboer
‘ Age Born Still- 7 14 &l days
born duye days M ¥ I
Pareants
T31-3-1 75 10 10 10 5 8 10
PN 123 ) ¥ 9 4 5 )
‘Total 19 1% 19 g9 10 19
Average 9.5 9.8 9.5 4.5 B 9.5
¥l Litter 1
X31-31-11-3 83 11 11 11 4 7 il
431-31-11-2 85 8 8 8 5 3 8
X3l =B lwll=b 113 2 1 9 1] 6 3 9
£3] ~81=11-1 115 ) 9 9 3 6 )
Total 3% 37 37 18 19 57
Averaze . 9.2 F.8 9.8 4.8 4.7 9.8
Fl Litter 2 149 1l 9 8 5 3 8
ASl =31l
X3l w31l=-11=3A 147 9 9 £ 4 5 9
L) wBl =1l =iy 148 (2] 9 g o ) )
&31~51-11-54 148 g 8 2] o) 2 8
Total a7 35 - 34 21 13 34
Average 9.85 B.75 8.5 5.285 3.85 8.5
Fl Litter & .
XS Ll=slml1l=1lD 94 7 7 7 4 3 7
L31«31-11~83 8¢ 11 11 11 3 & 11l
Bl wB3l~113H o1 g B 5 3 2 5
ABledl-L1-4B 83 9 9 9 & 1 9
&54=01~31-83 g7 ] 9 9 S b 9
Potal 41 41 41 23 s 41
Average B.25 8,25 8,25 4.6 3.6 B8.25
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AFPPENDIX IV B
WEEKLY WEIGHIS OF LIIWERS

Female E«m. Birth 7 14 21 g8 35 days

days days days days il I Py

Parenis ‘ ~ ' ' —— .

I31-3-1 14 49 77 187 195 134 98 233

X531 20 55 73 124 187 104 98 202

‘Yotal B4 104 150  ®51 380 836 197 435
Average = 17 B2 75 125.5 190 119 98.5 217.5
Average  1.78_ 5.4 7.8 18,6 20.0 26.4 1S.7 £5.6

15 49 68 114 184 97 136 233

x51-51~11~2 11 &7 52 85 118 111 8% 170

X31-31-11lw4 11 43 8 108 177 156 58 214

X31-31-01-) 18 44 64 104 160 66 111 179

Tobal 49 175 853 411 639 432 364 796

Averaye 8.2 43.2 63.2 108.7 159.7 108 = 91 leg

Average 1.8 4.7 6.8 11,1 17.3 24.0 19.3 £l.6
Fl Litter 28 ’ «

iﬁiTEZ?EI:IA 4.2 29.8 40.2 64.9 108.7
Xﬁl "‘51"‘1‘1"% lg'l 35-6 5:5 05 79 rbl la@.o
£51-31-11-58 18,1 B8.1 56.7 84,6 114.5

Toﬁ&l B0.1 140.3 204.3 310.4 461.5
Avara@_ﬁ@ l.d 4.1 €.1 9.1 15.5
¥l ﬁtt@f

X31-31-—J.l-’&8 15.1 45.¢0 6¢.4 194 4 159.0
X531-31-11-48B 13.4 4€.)l V0.2 9‘?..1. 141.5
X31-31-1i-58 15.8 38.7 64.8  88.3 123.8

Averaga 11.9 37.8 659.1 84.5 125.4
Avarage 1.4 4.5 7.8 10.2 15.2
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AFPBHDIN IV B

- Weekly Welghts of Litters :

4 days 49 days B6 dayas 83 days
M F B 7 T3 T g i a: T
143 106 248 150 106 258 158 115 &£%3 162 118 278
109 104 213 116 106 222 12g 115 238 182 113 235
&bk BO9 46l 266 214 480 28C 228 508 284 289 513

126 104,65 250,5 i3 107 240 140 114 254 3428 114.5 258

26,0 0.9

4.8 29.5 81,4 25.2 31.) 28.8 26,7 B1.5 28,9 £6,9

107 142
127 6l
16l 6l
72 lzs

249 1l4 156 270 117 159 876 123 160 283
isg 138 7i 209 145 V3 216 1B3 74 287
BE& Jlui be  B2O6 1l6Y 66 83 177 69 246
194 75 125 198 76 127 203 BO 131 gl

467 3586

863 489 414 903 BOZ 485 928 533 434 867

116.7 $6.5 13,2 122 103,50 285.7125.7106.2 232 133 .28 1U8,.5 841.7

£5.9 20.5

2o.4 27,1 B8.,0 24,8 £7.9 28,6 25,2 29.6 85.0 26.2
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Female Fomale's lawber 2l
No. Age BHorm Still- 7 14 days
; , , born days days M F T
Fg Livter 1 '
X31l=Bl=limli=] 89 10 10 10 6 3 9
£31-31-11-11=8 88 e & 8 4 4 8
XL ~3)=li~11=Z 89 & & 3 1 2 3
X51mBim] ] ] = U4 7 7 7 4 3 7
X31-3l-llalilef 1°}1 5] 5} 5 3 2 8B
Z81-Slwllmllet 2 7 o 6 3 3 8
Total 44 4z 5% 21 17 38
Averagn 7.3 7.0 G.D 3.5 £.8 6.3
Average -
Pz Litger 1
PACH IR TN 2 R 114 9 8 8 3 5 8
A5l «Bl=li-Zl-2 i1i4 & 5 5 6§ a b
X3le-blel lmiled 118 8 ) 6 - 5 B
Total ; RE 1% 19 8 10 18
Average 7.5 6.9 6.9 £.6 3.3 6
Average
F2 Litber 1 |
XSI~3l~ll~51~l il5 8 8 8 3 5 8
ABlw3lelindl-g 117 8 8 8 3 5 8
X31ledlelledl-3 ~ 17 7 7 7 5 4 7
X31-Simliedl=5 lz4 10 10 i0 4 6 10 |
EB1aBlelledled 124 7 7 7 4 3 7 :
Total 40 40 40 17 283 40
Average 8.0 8.0 B.0 3.4 4.6 8.0
Average ‘
Eg Livver 1 : , :
X31lwBl=]imdi=l 89 9 7 7 5 28 7
E31w3lwlimd] -5 v 86 ¢ ; 9 ] 4 5 9
Toval 18 16 16 g 7 16
Average . 8 B8 & 4.53.5 8
Average ; -
Overall Total 124 117 114 556 57 112

Overall Average , 7.75 7.1 7.18 3.43 3.56 7.0
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Waekly weluhts of Libters

Birth 7 davs 14 days £l davs 28 davys
12.8 35.1 52.5 B, 108.0
10.% 3447 54.1 747 1l2.1
VARY 2l .8 13.9 £4.0 36,5
8.8 3L.3 - 46,5 59.7 109 .4
7.4 28 .4 40,3 51.6 82.0
9.4 27 4 48 .8 55.4 84,9
- BH .7 171.7 257.5 3540.5 530 .9
Y0 288.6 45.9 96 .7 836 o4
haB 4.1 0.6 Y0 1l4.5
1L.9 37 4 54.6 34 .8 llg.8
8.5 26.9 41.4 50 .3 68,0
10.4 26,1 45.2 56,5 BR. 8
TTBOVe T 9s.4 K 0 R 1 W 265 .8
0.8 30.5 47 .0 7.8 U6.6
L.& - 4.9 7 o4 1l.8 16,1
1C.5 D3.8 43 .3 $6.6 106.1
1.1 34,7 51 .4 79.Y 120,58
Yo 26.C 43 .4 63.5 101.5
13.0 40 .4 66.0 80.1 136.5

90  30.8 45,9 63,0 103.1
DY 165.1 250 .0 353 .4 569.7
10.B 53 .0 B LD 0.6 113 .9
1.31 4.1 B2 8.8 14.2
1l.4 18.1 53 o B 60 o4 99 .8
L1l.8 37 4 55 .5 788 LEQ LO
BE .8 56.5 87.0 140.5 219.8
l.8 3.5 b4 o7 13,7
162.4 485.7 753 .7 1085 .7 1610.8
10.1 30.3 47.1 64.7 100.6
1.31 4,1 6.6 Y8 14,3




APPENDIX IV B

Female ko. Female®s  Humber Number Alive at
Age Born oStill- 7 days 14 days £l days 28 days
— M F T born M F T M F T M F T F T
Fl Litter 2 ‘ - ' ' ‘
X31-31-11-1A 149 7 4 11 5 4 ¢ 5 2 8 5 3 8 5 3 e
%31-31-11-34 147 4 5 @ 4 5 9 4 5 9 4 5 9 4 5 9
I31-31-11-44 149 & 3 9 6 3 g 6 3 9 & 3 g 8 3 9
X51-31-11-54 148 6 2 8 6 2 B 6 2 B 6 2 8 6 2 8
Total 23 14 37 21 14 35 21 13 B34 21 13 34 21 13 34
Average 5.75 3.5 9.5 5.25 3.5 8.75 5.25 3.85 8.5 5.25 3.25 8.5 5.25 3.25 8.5
Fl Licter 3 . — e .
B1-31-11-18 94 4 3 7 4 3 7 4 3 7 4 3% 4 3 7
X£31-31-11-28 89 5 &6 11 5 6 il e} 6 11 S 6 11 5 8 11
X31-31-11-38 91 3 2 5 3 4 5 3 2 5 3 2 5 3 2 5
X31-31-11-4B 93 B8 1 9 8 1 g 8 1 ¢ 8 1 ¢ 8 1 9
X31-31-11-58B 97 3 6 9 3 6 g 3 6 ¢ 3 6 g 3 8 9
Total 23 18 41 23 18 41 23 18 41 23 18 41 23 18 1
Average 4.6 3.6 Bo2 4.6 3.6 B.2 4.6 3.6 8.2 4.6 3.6 B.2 4.5 3.6 8,2
e Litter 1 , , ‘ : .
%’1“‘“—31‘~11-11—1 89 6 4 10 ) 4 10 6 4 10 & 3 g 6 3 g
i31-31-11-11-288 5 4 9 4 4 8 4 4 8 4 4 8 4 4 8
L31=-31-11=11=3 89 & 4 & 2 4 o 1 2 3 1 2 3 1 b 3
I3l-31-11-11-4 94 4 3 7 4 3 7 4 3 7 4 3 79 4 3 7
X31l-31l-1ll-11=-5 82 3 2 S 3 2 5 3 2 5 3 2 5 3 2 5
X31-31-11-11-6 92 3 4 7 3 3 6 3 3 6 3 3 86 3 2 5
Total 2% 21 44 22 20 42 21 18 39 21 17 38 21 16 37
Average 3.83.57.3 3.6 3.3 7.03.5 3.0 6.5 3.2 2.8 6.3 3.6 2.6 6.16

6% 1



F2 Litter 1

ﬂuébar Alive at

Female No., Female's Born Still- 7 14 days 21 days 28 days
F

3
#

Age M F T Born M F T M F T M F. T M T
X31-51-11-281-1 114 4 5 9 3 5 8 3 5§ 8 3 5 B8 3 5 8
X31-31-11-21-2 114 5 - 5 5 - 5 5 <« 5 5 - 5 5 - 5
X31-31-11-21-3 112 3 5 8 1 5 6 1 5 6 - 5 5 - 5 5

Total 12 10 22 10 1 9 10 19 8 10 18 8 10 18
Average 4 57.3 3 5§ 6.5 3 5 6.3 4 5 6 4 5 6

Fe Litter 1
X31-31-11-31-1 1153 5 8 3 5 B8 3 5 8 3 5 8 3 5 8
X31-31-11-31-2 1173 5 8 3 5 8 3 5 8 3 5 8 3 5 8
X31-31-11-31-3 117 3 4 7 3 4 7 3 4 7 3 4 7 3 a4 7
X31-31-11-31-5 124 4 6 10 4 6 10 4 6 10 4 6 10 4 6 10
£51-51-11-31-6 124 4 3 7 4 3 7 4 5 7 4 3 7 4 3 7
Total 17 23 40 17 23 40 17 23 40 17 23 40 17 23 40
Average 3.4 4.6 8 3.4 4.6 B8 3.4 4.6 8,0 3.4 4.6 8.0 3.4 4.6 6.0

¥z Litter 1
XBI-31-11-41-1 89 7 2 9 5 2 7 5 2 7 5 2 7 5 2 7

X31-31-11-41-3 86 4 5 9 4 5 9 4 5 S 4 5 ¢ 4 5

Total 11 7 18 g 7 6 9 7 18 ¢ 7 16 9 7 16
5.5 3.5 ¢ 4.5 3.5 B 4.53.5 8 4.5 3,5 8 4.5 3.5 8

0og1
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W Bji?rth 7 days

- - M )

FL Litter < o .
X-31-B1-11~14 2.8 8.0 4.2 17.1 1lg.% 29 .8
KeB3ledl=11-34 5.3 6.4 1.7 '16.8 - £0.0 56.8
Xﬁl- 51-11-4& 8.1 4.0 12.1 24 .0 11.8 uﬁ;ﬁ

5.4 1.0 Ti0.5
4.6 "~ 13.5 556.0
- 3.8 4.0
4.3 16 15,7 34,5
8.2 15.1 20.5 24 .5 45,0
X31-31-11<3B 4.7 2.9 7.6 15.4 9.9 25.3
XB%«SI-llwéB 12.Q 1.4 i3.4 iﬁ.g 5.2 46.1
, 3.8 13,3 25.4 8.7
, 550, 9 TB0.Y T INo 6
Averags ?«4 ?.g li.ﬁ E7 .2 20.1 47 .4
) Avara __’_Q [3 _08 509 506 5-&
2 Litter %

~51-11°T1-1 7.6 5.0 12.6 20.8 4.3  38.1
X3131l=11w11-2 6,1 4.4 10.5 17.0 156.7 B38.7
A31le3l«ll~11=3 2.7 4.9 7.6 7.5 14 .3 2l .8
L51=3l=11-11=4 5.0 3.8 8.8 18.1 13.2 d1.3
X31-$l*ll 11”5 ‘%'w 2(9 791 15.7 9'9 33.4
flatal 2 9 26 .0 o7 9l.5" %;4 71,
Average 4.3 9.8 lﬁo,& 13 .4 IRV
[AYerage ;j 1.2 1.2 4.2 4.1 4.1

2 Lit ter 1 : .
L3 ".1"’ : ~“"21"1 D8 6.7 11.9 14.5 22 .8 37 .4
XSl*%l-ll-dl*ﬁ 8 03) ’ 8.3 86,9 26 .9
-' ' ~ 0b 4.8 23,5 28.1
30,6 Z0.3 46, o4
¢ 10.2 15.4 RS .0 30 .8
__ _Average 1.4 1.3 5.1 4.6 4.9
Fg L] tt@§ , v ' o
ml-n&l- '&l"'l ﬁc& 6'2 1005 1301 2601 5303
L31wSlellwB3lal 4.5 6.8 1l.1 13.1 2l.6 54 .7
A31=31~11«31=3 4.1 .8 8.3 11.3 14.7 26 .0
A31-31-11-81-5 5.1 7.9 13.0  16.0 2.5 40.4
El-3l-ll-sl-6 5.1 3.3 9.0 17.9 12,9 30,8
Avar&g@ 05 6.0 10.5 14 .3 18.7 33 .0
Average 1.3 1.3 1.5 4.2 4.1 4.
g Littar k ' ‘ ‘
Xﬁ "3 L-'ll“zl'l g 0 3.4 ll"& 13-4 5;’7 1901
L31-3lell wdled 5.3 6.6 J1l1.8 16,6 20 .8 37 4
Tot .1.4-3 : ] D8 30 . 26.% 56.
Avwage Tl 44 11.6 15,0 13.2 28.2
AV@I'&_}?’Q i’3 ) ;.2 128 & oD 3 .8 3.5

APPENDIX IV B

Female Ko.

~ Weekly Welghts oF Litiers




162

AFPENDIX IV B

Weekly Welghts o Litters
14 days 2l days £8 days
M F_ T W F T B ¥ T

25,5 14.7  40.8 41.4 25.5  04.9 1.6 37.1 108.7
24.7 £9.2 53.9 37.8 44.6 6l.8 52.5 59.8 11£.3
36.4 17.1 58.5 54.1. 25,0 78.1 87.8 38.2 186.0

42,86 14,1 56,7 63.8 20,8 64,6 86.0 £6.5 114.5
129,28 7 ; 6.6 [5.8 38i0.4 & 183,86 461,58
32.3 18,7 5l.0 49.1 28,4 V7.6 74.4 40.9 115.3

6.1 5.1 6.0 9,5 6.7 9.1  14.8  18.6 15.6

3l.5 37.9 69.4 47.8 5.66 104.4 77.3 B8l.7 159.0
82.8 15.0 57.8 34.4 B80.4 54.8 54.6 B0.g 84.8
aa.g 4§.g 72.2 8.7 1C.4 97.1 127.5 14.0 141.5
21, 5, 8 64.86 29,8 5Y,1 88,3 44,6 T9.2  183.8
I%%;g 127.9  £95.8 241.5 1B0.3 45%.6 B71.5 E£B5.6 B87.7
41.9 31.9 75.9 60,3 45.0 105.6 74.5 51.1 125.4
9.1 8.9 9.4 18.1 12.5 12.9 15.28 14,2  15.3

3lL.4 21.1 58,5 41.5 23.6 6B5.0 67.5 38.5 106.0
B7.8 26.3 84.1 39.8 34.9 74,7 5%.5 52.6 112.1

5.4 10.5 15.¢ 8.8 15.2 24.0 14.3 22.8 36 .5
286.7 19.8 46.5 40.6 29,1 €9.7 (5.4 44.0 106.4
2s.g 16.2 20.3 30.6 21.0 5&.2 49.8 32,8 62.0
&_4» 350 802 2905 28.1 ) 2350 5‘&-4 @05 84.9
159,6 117.9  &57.5 190.6 149.0 B540.5 310.9 B50.0 B30.90

23,2 19.56 42.9 31.7 84.9 587 [l.8 36.8 86.5
6.6 6.5 B.6 9.0 8.9 8,0 14.8 14.1 14.5
211 35.5  B4.6 35.6 Bl.2 B4.6 4B8.1 7.5 " Tio 6
4144 _ 41.4 60.3 30.3 ©88B.0 88.0

?bv 37.5 4502 - 5605 36-5 - 82-2 8202
F0.2 V1.0  141.E 95.9 I07.7 B01.8 IZe.T IS BT E
£5.4 35.5 47.0 46.9 53.B 67.2 88.0 75.5 96.6

.8 7.1 7.6 1.7 10.8 1l.,2 17.0 15,4 16.1
16.9 26.4 45.3 27.1 B38.5 66.6 43.8 64,5 108.1
19.4 32.0 Bled 31l.1  48.8 79.9 48.7 1.8  120.5
19.3 24.1 43.4 27.7 36.1 83.8 46.0 55.5 101.5
25.7 40.5 66,0 31.8 48.3 80.1 57.8 78.7 136.5
27.0 18B.9 45,9 37.7 2b.5 63,0 54.,b 38,6 103,1
0B.5 141.7 250.0 155.4 196.0 553.4 B50.B 305.9 Ego. 5
2l.6 2B8.3 50,0 31L.0 39.6 70.6 52.1 61.7 113.9

6'5 6.1. GQE ) gol @.6 8-8 503 ’ 1'3'4 14.8
23,7 £9.8 52,5 35,7 44.1 79.8 55.9  64.1  120.0
44,5 42.5 87.0 79.4 60.8 140.2 189.7  ©90.1  21U.8
28.8 28l.2 43,5 39.7 30.4 70.1 ©4.8 45.0 109.9

4.9 6.0 5.43 8.8 8.7 8.7 4.4 12.8 13.7
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AFPENDIX IV C

GROWIH DATA ON ANIMAL NUERITION LABORATORY
GUINEA PIG COLONY (MALTS)

No. of No. 1n Vislght of Animal

Male.. Litter Birth 7 _days 14 days 21 days
1 g 114 160 248 278
g ko] 87 125 185 2581
3 2 118 161 219 269
4 k] 101 153 285 288
5 4 o7 131 170 226
6 4 92 120 159 202
7 3 95 152 289 276
8 4 886 124 180 264
9 4 86 126 g2 251

10 4 61 99 156 204
11 4 66 105 le7 38
1z 4 84 140 179 226
15 3 107 l49 RO7 260
14 3 5 128 198 241
15 ] 85 1z8 170 B35
16 3 88 170 B35 385
17 b4 152 202 291 370
18 7 81 92 144 202
19 7 86 115 174 240
20 7 91 128 10 261
21 2 117 179 261 331
22 1 147 lsz 282 367
&3 3 100 131 199 265
24 3 09 135 193 259
25 4 107 139 203 254
6 3 118 le2 &35 285
2% S 108 154 205 44
28 3 111 159 225 280
29 K} 1156 159 230 £91
30 3 105 147 212 287
31 & 113 - 163 231 299
de 4 101 143 218 260
Totaldz 3190 45569 6561 - B2O08

Ave., 9.6 145 .4 2056.6 &56.5
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APPEWDIX IV ©

GROWIH DATA ON ANIMAL NURITION LABORATORY
GUINEA PIG CULONY (FEMALR)

No. of  Neo.in Weight of Animal
Female Iitter Birth 7 days 14 days 2l days
i 2 104 145 2l2 261
8 3 89 128 188 244
3 3 91 186 - 188 259
4 2 109 147 205 240
o] 4 114 153 218 276
6 4 11z 117 171 218
7 4 78 115 Died
8 4 84 97 159 205
) 3 107 158 K26 - 290
10 3 119 172 244 315
11 4 94 129 170 218
iz 4 91 129 169 216
13 ] 76 126 183
14 ] 90 144 £14
15 4 90 133 180 251
16 4 88 133 18l 381
17 4 92 136 1e% 232
18 4 80 1zl 176 203
19 4 82 133 175 209
20 4 96 151 185 838
2l 4 94 147 177 L23
22 3 95 126 190 250
23 3 75 108 151 194
24 4 g2 134 188 B33
&5 7 12l 186 247 300
26 7 107 152 21¢ 281
27 7 96 129 185 248
28 7 98 126 175 236
29 2 117 177 235 307
50 3 65 29 155 211
sl 3 100 1386 lg9 243
2 4 1lle 155 287 271
33 3 97 122 176 223
34 3 100 123 181 227
356 4 102 133 194 254
36 4 83 131 190 249
- 37 3 98 144 202 268
38 2 122 - 167 229 292
39 4 75 115 17¢ 219
40 4 85 130 197 233
41 4 93 133 201 245
Total 41 3925 5565 7712 9341

Ave. 95.7 135.7 19z.2 245.8



APPENDIX IV C

Number  Number Weight of Animal
of Male in Litter Birth 7 days 14 days 21 days 28 days 35 days 42 days 49 days 56 days

1 P2 114 160 228 298 329 390 4568 539 593
4 4 101 153 225 282 385 384 444 516 574
5 4 99 131 170 226 321 395 439 513 528
8 4 92 120 159 202 265 327 369 440 488
404 564 782 988 1240 1496 1720 2008 2183
101 141 195 247 310 374 430 502 545,7
Numbsr
of Female
5 4 114 153 218 276 310 355 388 449 508
6 4 112 117 171 218 266 293 309 376 426
8 4 84 9% 159 205 239 267 282 326 399
9 3 10 158 226 290 329 378 424 495 552
10 3 119 172 | 244 315 371 428 449 5351 597
11 4 94 129 170 212 297 348 382 438 455
12 4_ 91 129 169 216 310 335 404 472 487
921 955 1357 1732 2122 2404 2638 3087 3384

103 156.4 193.9 © 247.4 303.1 343.4 376.8 441 483.4
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APPENDIX V
COST OF LABOUR,FEED and HOUSING PER SPHCIES PR ANIMAL

Labour

\ The labour cost was based on an annual salary of
$2160, and a 47 hour week, which is equivalent to $0.88

per hour.
Feed

Pelleted Ration

U.B.C.No. 10 (Rats and Mice)
8 {(Guinea,Pig)

¥ o3 o8 NO .
U.5.C.No. 18 (Rabbit)

Green Feed - Kale,

Price

% 180.0C per ton
90.00 per ton
78.00 per ton

The cost of green feed 1s only an approximateion.

Cost of planting

20 hours at $1.00 per hour

Cost of seesd

Cost of harvesting

Bstimated Yield

therafore eost per pound

Houéing

% 20,00
S .00
15.00

$ 38.00

10 tons from half acre plot
$0.002

"life" of Cage - § years
Tearly repainting cost - $0.50 per year per cage

= $2.50 for five ysar period.

Valus Repaint Total Cost Per Day Cost Per Day
of Cage cost Cost Per Cage Per Animal Based on
| Average Capacity

, . , ‘ . ) ' er
Mouse $3.50§2.50 # 6.00  § 0.0082 ¢ 9.0008 (10 mioegage
Rat 4.50 2.50 7.00 0.0038 C.0006 ( 6 Rats
Guinea :
Pig 5.50 2.50 8.00 0.0043 0.001 ( 4 Guinea

Pigs per

Cage)
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LABOUR COST s9UDY
RAL CULORY

Days No., of No. Total Time
— Apimals Cages  ia Winutes
i 76 iz 33
b4 o " 10
O " " 25
‘3‘ “H ¥ 15
5 " # 15
G " " 8%
7 w " 35
& il " 15
G oY ] W a0
10 " " 15
ll v o 18
iz " " 15
15 : L1 L] 40
14 " " 30
15 " W 15
16 " " 2
17 w “ 20
1.8 34 T+ 15
19 " " 10
&0 o “ ‘ 87
Total 20 1520 240 481
Average 1 76 12 84 .0
Avarage Yime Per Cage = 2.0 WNinutes
Avarags VYime FPer Hat = 031 =
1l 86 14 , 35
A 86 14 37
5 48 11 25
fotal 3 REQ 39 27
Ave ., i 73 13 32
AveragévTima Per Cage = &.7 Minutes
" "" Rag = 0.43 v
Complete " per Cage = 2,07 "
" " " Rat F 0.33 v
. Cost per Jage =5 0,03
' =% 0.003

"ov Rat



LABOUR COS8T S71UDY

MOUSE CULONY

158

No. Total Time

Days No. of
Animals Cagss in Minutes
1 112 12 20
& " " 8
5 1 L4 m
4 W ki 5
5 " " 50
8 " 15
7 * " 18
8 i " 8
g o 1 lQ
l@ it ¥ 15
1l 0" W lo
3"?’ i 4] 10
1‘3 E ki 40
14 " " 15
ls " " 5
1@ " " 1 5
19 ® " 10
18 i v 10
3«9 ] U] 7
w ¥ " Bq
20 Total 2840 144 315
-1 Average 112 iz 15.75
Ave. Time Per Cags = 1,31 minutes
Ave. Time Per Mouse = (.14 i
1 174 59 60
2 174 49 50
3 174 49 65
Total 3 BR& 137 175
“Ave 1 174 45 68
- Ave. Time Per Cage a 1.8 UMiputies
Ave. Tims Per Louse s Q.33 o
Complete Ave. " Cage = 1.3 "
Complete Ave., Y " louss = 0.2 "
Coat Per Cage = $ 0.019

Cost Per louse

R

$ 0.0018



LABOWR COST STUDY

Guinea Pig Colony

AT

1E8

S TR
Days No. of No. Total Time
Animals Cauzes in Minutes
1 132 55 130
A " 5 30
o " " 110
4 " " 50
S " " 100
8 o i 40
7 " " 105
8 " " 185
9 " " 40
10 " “ 85
1 " " 30
18 " " 95
13 ki 4] 20
14 " B 70
15 " # 108
18 " " 45
3_7 ” " 10 5
18 W 1t 3 5
19 " " 90
20 W 1 40
2.1. ] W 60
Total &1 2778 693 1510
Ave. 1 lée 33 71.9
Avs, Time Per Cage = 2.17 Minutes
Ave. Time Per Gulines
: Pig = (.54 linutes
1 24 G 25
& % 9 10
e &4 & 20
Tetal 3 e &7 85
Ave., 1 24 g 8 .
Ave.Time Per Cage = 2,03 Minutes
Ave.Time Per Guinea Pig =075 n
Complete Ave.Time Per Cage = 2.2 "
" " " " Guinea Pig = (.58 i
Cost Per Cage = ﬁ 0.018
Cost Per Guinea Pig = 5 0,008
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LABOUR COST STUDY
RABBIT COLONY

Days No. of Animals Total Time in

Minutes
1 29 40
2 " 10
3 " 45
4 n 15
5 " 30
6 " 30
7 " 15
8 " 45
9 u 25
1Q " 45
11 " 20
12 " 45
L4 20
14 " 15
15 " 120
16 n 25
17 LA 35
is " 20
19 1 10
20 " 60
Total 20 580 670
Ave 1 29 33

Ave. Time Per Rabbit 1.15 Minutes

$ 0.017

Cost per Rabbit Per Day
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FRED CONSULPTION AND COST
Rat_Colony

vord
sy

Day Number of Total Feed Ave.Feed Con-

Animals Cengumed Gms. sumed per
Anjimal Gms,
1 371 5072 13
2 333 4397 _ 13.2
& 371 5186 14
Total & 1078 1468565 ‘ 40.2
Average 1 Sab 4885 1% 4

Average feed Vost Per Rat « $0.0017 or 0.002 Per Day

Mﬂuaa 601@gz

1 174 1241 v
z 194 1118 6.4
3 174 1197 6.8
Total 3 598 ' 3556 | 20 .2
Averagze 1 174 1185 6.7

Average Feed Cost Per liouse =  $0.0008 or 0.001 Per Day

Guinea Pig

Colony
~ i 24 716 29.8
& 24 738 50.7
) 24 704 29 .3
Total 3 72 2166 89.8
Average 1 24 719 29.6

Average Feed Cost Per Guinea Plg = § 0.003 Per Day

Rabbit Colony

Total EO 580 100 1lbs. Pellets and
35 lbs, Kale
Average 1 29 0.17 1lbs,., pellsts and

0.06 1lbs. Kale

Averags Feed Tost per Rabbit = $8.82§
0.007 per day.


http://ltou.ee

lez2

BIBLIOGRAPHY

Anderson, W, ., and Smith,, 4. H, (1932), Further
observations of rapid growth of the
albvine rat, 4u, 7, Pheic., 100, BLl-Bl8.

Brody, S., {1945) “Hioenergetice and Crowth®, Reirhold
: Pub, Corp., New York.

Bruece, H. M., (194%7) The feeding and breeding of labora-
tory animals, (VI The breeding of mice,

Gerscedo, L. R, and Vinson, L. day {1944 ) Growth, repro-
| -~ duetion and lactatlon in mice on highly
purified diebts, and the effect of Folie
Apld concentrates on lacbation. Arch.
Blochen,, B, 157 = 164,

Urampton, E. W., and Bell, J. M., (1947} Studises on the
dietary regulrements of guinea pigs, I
Effects of natural versus synthetic
sources of vitamin C, I1 Effects of
roughage, Sol. Agrics, &7, 37 - 66,

Crozier, W. J., and Enzmann, ¥, W, (1958) On the relation
between litter size, birth weight and
rate of growth in mice. J. Goens Physiol,.
19, 249 - 283,

Deuel, jr, H. ., Hallman, L. ¥., and lovitt, B,, (1945)
Studies on the comparative nutritive value
@f fat@i r:?o Nilﬁl‘., &%}_5 3&3 iad 3}.6.

Deuel, jr, H. J., Heserve, B. R, Straub, i,, Hendrick C,,
and Scheer, B. F., (1947) The sffect of
fat level on the dieb on general mutrition.
J. Wutr. 33, 569 ~ 582, |

Studies on the copparative nutritive value
of fats. J. Nutr., 27, 509 - DBl3,

Donaldson, H. H., (1924) "The rat". WMemoirs Wistar Inst.
’ Anab e Ei&lq; Pﬁiladelphia.

Baton, 0. N.,, (1941) ZEffect of erossing inbred lines of
guinea pigs, U. S. Dept. Agriec., Tech. Bull,
Ko. 765,



163

Engmenn, ¥, V., (1933) Milk production curve of alblno

Enzmann, B. V., and Crozier, W, J., (1935) Relation between
birth welght and litter size in multiparous
mammals. J. Gen, Physiol., 18, 791 - 807.

Farris, B, J., (1950) The care and breeding of laboratory
animalg. dJohn Viley and Sonsg, MNew York.

Foster, C., Jones .H., Dorfman, F., and Kabler, R.5.(1943)
R@yra&uctiam and 1actation of miece on highly
purified diets, J. Hutr., 85, 161 -~ 171.

Freudenbsrger, C. B., (lgﬁp) A comparison of the Wistar
albino and the Long-Evans hybrid strain of
the Norway rat, Am, J. Anat,.,50, 2903 - 349,

Gates, U. H., (1983) Litter Jiza, birth weight, and early
‘ grawth rate of mice (Mus museulus), d4nab,
Hee. 23, 183 -« 193,

Haines, G., (1931) A stabistlocal sbudy of the relation be~
tween varicus exprassions of fertility and
vigor in the gﬂinea pilg. J. Agri. Hesearch,
42, 183 - 164,

Hawk P. Be, Osgr, B, L., and Summerson, W. H., (1947)
‘ ”F?deuiﬁﬁl PhJslalQ<iaa1 Chemisbry®, The
Blaltisbon Co., Phlla&@lyhla.

Jackson, C. M., (1913) Postnatal growth and variabllity of
the body and of various organs in the albino
1‘&1“ m' Jd Maﬁ\ag 15, l - 68.

King, H. D., (1918) On the welght of the albino rat at
Bivsh and bhe Factors that influence it.
Al’la‘b. RBG. ‘?_& 215 bl gglu

(1915) On the normal sex ratio and the size of
the libtver in the albino rat, (Mus norvegl-
cus albinus) Anat, Reo. 2, 403 - 4230,

(1915) The growth and variability in the body
weight of the albino rat. Anat. Rec. 9,
751 - 756,



King, Hs Ds, (1&&@) Studies on inbreeding, J. Exp. Zool.
a@, ?l it 111»

m@ﬂm; B Kty m&@@ﬂf&lt@r, S E»g %ma de Wo and
Maynard, L. 4., (1944]) The role ef diet~
ary fat and linolele acid in the lactation
of the rat. J. Nutr., 233 81 - 88,

M&ﬁy, Je Gs, Outhouse, §., Long, M, L. and Grdham, A,
- {1927) Human milk studies, I, Technique
am@laya& in vitamin studies, 7. Biol.
Chen, , *?3, 153 - 188,

M&ﬁﬁewell, Bs Coy Gatos, W, He, and mae@aW$ll, Cs Go (1930)
The influence of the quantity of nutrition
upon the growth of the suckling mouse,

&+ Gen, Pnysiol,., 13, 529 - 845,

Maynard, L. 4., (1950) A diet for stook rats, Selence, 71,
19% bl lgﬁi

ﬁa&twax, L. Asy and Rasmussen, E., {1942) ‘'The influsnce
of distary fat on lactation performance in
rats, 30 ﬂﬁﬁl‘., 333 5@& faad 3?70 '

Man&@l, Ls Be, and Cannon, H, C.; (1927} The relation of
%ha raﬁe of sw_ﬁah to diet. J.+ Biol. Chem.,

Mandal, Le Be;, and Eubhell, R Bas, (1988) The relation of
thg raga of growth to diet., J, Nutr. 10,
w B85,

Morris, H., P., (1944} BReview of the nutritive requirements
of normal mice for growth, maintsnance, re-
%&a&uatian, and laetation, J. Natl. Cancer

ﬁﬁiﬁu%, ﬁ My 115 had 141-

Oshorne, F. Bs, and Mendel, L. B., (1914) The suppression
of growth and the capacity to grow, J.
Biol, Chem., 18, 95 - 106.

- (1915) Protein minima
for maintenance. J. Biol. Chem, 33, 241-257,




leék

Osborne, F. B., and Mendel, L. B., (1%15) The resumption
of growth after long continued failure to
grow. J. Biol, Chem., 23, 489 - 454,

o {1926) ‘The relation of
the rate of growth to diet, J. Blol. Chem,

Parkes, A. S., (1926) The growth of young mice according
ggéaiﬁgézf litter. Amn, Appl. Boil., 13

The composition of gains made by rals on
diets promoting different rates of gain,
I Wutr., &Q‘, 351 ~ 308«

Robertson, ¥, B., (1816) Experimental studies on growbth.
, II The normal growth of the white mouse.
Robertson, Fo Bay &nﬁ B l@?ﬁt’ 3&», (1917) mp@rm&ﬂi"al
studies on growth. IX The influence of
tethelin upon the early growbh of the white
WOUSS + &, Bilol. Chem. 3 ﬁ, 567 - 574.

Bherman, H. C., and Muklfield, M., (1982) Growth and re-
: : production upon 'im@lifi@& Tood upon mother
and young during the lactation period.

Smith, 4. H,, and Bing, F. C., (1928) Improved rate of
growth of sbock albino rats, J. Nubtr.,

Smith, F., (1951) Personal communication.

Thompson, H. B., and Mendel, L. B., {1918) An experimental
study of alternating growth and suppression
of growth in the albino mouse wibth spesial
reference to the sconomy of food consumption,
Am, Jo .’Ph:‘}fsiﬁl., ffé} 431 ~ 460,

Thomson, We, (1936) Stock diet for rats, J. Hys., 36,

S 7 9




164

Vinson, L. J,, and Cerecedo, L. R., (1944) Gr@wth,
reproduction and laotation In rats main-
tained through four generations on highly
purified diete, Arch. Bioschem., 3,

589 - 397,

Wood, As T+, {1950) Psrsanal commnication,
m@k@rg Ti Flﬂ M; Lq, Y@Uﬁ%g fi.?;a; ﬂﬁé ?&llﬂk@&?‘, Lﬁ? ‘lg‘%l)

The growbh curve of the albino rat in re-
lation to diet, J., Nutr. 22, 123 - 138.



