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PREFACE TO THE FIRST EDITION

For a number of studies on the growth of the mammalian
nervous system made by my colleagues and myself we have used
the albino rat. In the course of the work we frequently felt
the need of referring to other physical characters of the rat to
which the nervous system might be related. This led us to col-
lect such data as were already in the literature and also led us
to make further investigations. The facts gathered in this way
have proved useful to us and are here presented in the hope
that they will be useful to others also.

The plan of the presentation is simple. .\n introduction treats
of the rat as a laboratory animal, indicates the methods of
gathering the data, and also gives examples of our use of the
tables. This is followed by an outline of the classification of
the common rats and by a brief statement of the history of
the rat since it arrived in western Europe.

The rest of the book falls into two parts. The first part deals
with the domesticated albino rat— concerning which we have
the larger amount of information.

The second part deals in a similar way with the wild Norway
rat— the form from which the Albino has been derived. In
connection with cach part the several reference tables and the
formulas employed for them and for the corresponding graphs,
are given, and at the end of the book a list of papers on the rat
is added.

In the two parts which'form the body of the book the purpose
is to present for the rat under normal conditions the funda-
mental observations— giving data and conclusions only. It is
hardly necessary to add that in most directions our information
is fragmentary.

For all the formulas which apply to the data coming from the
laboratories of The Wistar Institute, I take pleasure in thanking

my colleague, Dr. S. Hatai.
1



iv PREFACE

For aid in the preparation of these pages I am also much
indebted to those unnamed assistants to whose lot has fallen
the greater part of the computations for the tables and whose
devotion to their work has added a human interest to a task
otherwise monotonous.

To the many authors whose results are here briefly cited or
quoted in extenso I take the opportunity to express my obliga-
tions—very sincere obligations—for experience shows that such
results come only by hard labor.

Many of the illustrations have been taken from the journals
in which they were originally published and my thanks are due
to the editors and publishers of these journals for the privilege
of reprinting the illustrations here.

During the preparation of this book my immediate colleagues
have given me encouragement and aid, and I cherish the hope
that, should the occasion arise, both of these will be again forth-
coming to help mend the gaps and rectify the errors which a
close scrutiny of these pages is certain to reveal.

Philadelphia, 1915,
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PROLOGUE

In order to get a background for studies on the growth of
the nervous system of the rat, the available information on the
growth of this animal was brought together and published in 1915,
the first edition of this memoir. The time has now come for
a revision and a word is in place concerning the changes which
appear in this second edition, the significance to be attached to
the method of presentation and the manner in which the data
and tables can be used.

Touching the revision it suffices to say.that the usual methods
of elimination, correction and condensation have been followed,
but nowhere are the changes made of a fundamental character.

Since 1915 our bibliography of the rat has increased by some
1300 titles, and these new contributions have furnished a con-
siderable mass of information which has been incorporated.

Despite the fact that the aim has been to use only the best
data touching any given point, and not to record the historical
growth of knowledge concerning it, this second edition is
inevitably a result to be deplored but
apparently unavoidable.

In citing the new results it has been necessary to limit the
entries almost entirely to fundamental data-—to do more would
have been to attempt an encyclopaedia.

When all is said, the question remains as to the significance
and utility of the data and tables as here given. Appreciating
that domestication has modifying effects, tables have been
made separately for both the wild Norway and the domesticated
Albino. Even as they stand these show differences between
the two strains and these differences are regarded as due for
the most part to the domestication of the Albino.

The pied strains, which are sometimes used for labor: dtory
purposes, and which are also domesticated, seem to be very
similar to the Albino. At the same time albinism is also a

vil




viii PROLOGUE

modifying factor and we know at present several characters in
which the Albino differs from the Norway or the pied varieties.
While there are differences between the pied and Albino varie-
ties which require further study, they seem to be trifling in
comparison with the more conspicuous modifications which have
already appeared in the domesticated albino strain—as con-
trasted with the wild Norway.

During the past few years several laboratories have reported
Albinos of large size, even larger than the wild Norways as
commonly found. Here there comes to view the increase in
body size which is so common a response in mammals under
domestication.

There is a change also in the physiology of the Albino.
Puberty now appears earlier in the domesticated Albino, not
only in comparison with the wild Norway, but also in compari-
son with our records of 1915. Undoubtedly there are other in-
stances of. changes of this type not yet noted. Such changes
mean that there is a drift in the characters of these domesticated
rats, and suggest that after a century more of domestication,
records of the structure and functions of the albino rat might
distinctly differ from those with which we are here presented.
Such a drift is sometimes designated as orthogenesis.

Returning to the difficulties which arise in the use of the
tables here given, it is pertinent to enquire as to the significance
of these, when, for example, it becomes necessary to deal with
a rat one hundred days old, but which has a body weight two
and a half times as large as the value tabulated for that age.
Plainly, the age-weight relations do not agree with the values
in the table.

Without going into details, inappropriate here, it may be
stated in general that such an overgrown rat will have, in the
case of characters related to body length or body weight, ap-
proximately those values which go with its size, despite the
fact that it is young for its size, but these in turn will be modified
where they are also correlated with age.

Pursuing the matter a step further, it seems highly probable
that the number of cells in the nervous system is characteristic
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for the species and constant within the limits of biological varia-
tion. Hence variations in the weight of this system must depend
mainly on the size of the constituent cells.

In other systems, characterized by the epithelial, glandular
and connective tissues, there is probably much more latitude
in the number of elements produced, but withal a concomitant
variation in cell size as well.

In the growing rat there is at birth a phase in which cell
multiplication is relatively active, though accompanied by the
enlargement of those cells already formed.

In the nervous system cell formation comes to an end early
and in the muscles it is slow after thirty days and diminishes
with age probably in some of the other systems, although it
persists throughout life in the epithelia. On a combination of
these two processes of cell formation and cell enlargement de-
pends the growth of the animal as a whole, accompanied, of
course, by the accumulation of more or less inert material.

The overgrowth, such as was instanced earlier, appears to
depend mainly on the precocious enlargement of the formed
clements without a corresponding differentiation, which, if it
occurred, would be accompanied by a relative change in the
percentage of water and the chemical status of the tissues;
since these changes are more closely correlated with the age
than with the size of the rat.

While all this is in general true, nevertheless a shifting back
of puberty in the female, which has been observed, indicates a
real precocity of development in the ovaries and the associated
structures. In this instance the chemical changes are also
precocious. Thus age and size may vary widely, also age and
the incidence of puberty, and hence in this latter case age and
the phase of chemical development.

These statements indicate that there are fluctuations in char-
acters both on age and on body weight, and also that there may
be a drift or trend in the form and functions of the albino rat
as domestication progresses.

What then is the relation of the data and reference tables to
this state of affairs?
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So far as these data are based on observations from our own
laboratory they apply to a fairly uniform population of rats
somewhat modified from time to time by food conditions. Fur-
ther, it may be said that these rats show the characters com-
monly found in other laboratory colonies, but they represent
neither the best animals nor those in the ideal condition, nor.
do they necessarily yield the values which will be found in
Albinos ten years hence. Yet despite these defects the data
and reference tables still have their uses.

The data in the reference tables reveal the form of the growth
curves for the entire rat and its organs. In their essential
features these growth curves are the same for rats of various
sizes. The tables however have another and quite different
use.

The case for the tables may be put in the following form. In
a given research the test rats are compared with the controls
and the differences from the controls give the amount of change.
Here the controls furnish base line values, so to spcak, and by
them the values for the test rats are measured. In this in-
stance reference tables are a luxury. Suppose however that
two years later the same investigation is repeated and the changes
in the test animals are again determined in the same way.
When the two series of results are compared with each other it
is important to know whether the control rats in both series
agree in their characters.. If, as is very possible, they do not
agree, then it is a question which of the controls should be taken
as the ultimate standard. This situation arises in all fields
where measurements are made, and it is met by having ac-
cepted standards to which the individual measuring instruments
(here the controls) are referred. It may happen then that the
controls in the earlier research show'a character ten per cent
above the table values, while in the later research, itis ten per cent
below. In any effort to collate the two series of results this
difference between the controls must be taken into considera-
tion.

Such differences may not be always significant as influencing
the experimental results, but on the other hand they may be of
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great importance, and recognition of them can thus facilitate the
interpretation of differences found in two successive investiga-
tions or in those made in other laboratories where other strains
of rats have been used. The tables and data offer then base
line values to which those of the controls used in any investiga-
tion may be referred.

Further, the individuals in the group of controls no matter
how carefully chosen, will differ from the individuals in the
test group. They cannot therefore be directly compared with
one another for the values of any character under considera-
tion, but the determination of their respective deviations from
the corresponding table values furnishes at once a basis of com-
parison.

As to these table values themselves, one hastens in the first
instance to disclaim the suggestion that they furnish standards
of the same type as are to be had in the physical sciences. In
the very nature of the case such accuracy and constancy is un-
attainable, for all animals at all times are in a state of flux.
The data must be statistical and always carry a probable error.

Really all that can be said in the way of apology for the use
of the values here given, as basal, is that “once upon a time”
there was a group of albino rats living under moderately favor-
able conditions which had the various characters with the values
here recorded.

All the present tables might therefore be replaced by new
ones which would show a somewhat different series of values,
and if two such sets of tables were available, the best criterion
for preference would lie, I believe, in the degree to which the
values given approximated a position intermediate between the
values reported at the time from different laboratories and for
different strains.

In discussing the use of the reference tables, emphasis has
been laid on the cases in which the observed values are for one
reason or another distinctly different from the table values.
This is particularly common in the case of the glandular sys-
tem and in the storage organs, while on the other hand, skeletal
‘relations, such as the lengths of the limb bones to the length
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of the body, show a higher degree of constancy. Indeed, when
one takes at random an albino rat of moderate size and com-
pares the values for its characters with those given for the body
length or body weight in the appropriate tables, one finds to-
day in the case of Albinos from our own colony a good agree-
ment, between the observed and the table values, for a large
number of characters.

On the other hand, in some characters a distinet shift has
occurred. For example, the weight of the thyroid gland in
rats from The Wistar Institute Colony is to-day distinctly be-
low that given in the tables.

This compilation is therefore put forth in the hope that the
reference data here given can be used to control and to make
comparable the results of investigations carried out at different
times and places and with different strains, and also with the
hope that they may furnish a set of records by which further
changes in the albino rat due to continued domestication can
be measured.

The reference tables have been retained largely unaltered
because the several determinations were mainly on the same
series of rats—and any particular revision for one or more
organs would introduce a disharmony in this group of records.

A few words touching the qualifications of the rat as a labo-
ratory animal may be added.

The larger part of the information contamed in this memoir
bas come from the study of the domesticated albino rat, which
is a mutant from the wild Norway, but the general biology of
all the color varieties of this species is similar.

The wild Norway rat is cosmopolitan and its albino variety
is also found in all countries where small pets are kept. It is
omniverous, with a range of diet as wide as that of man. It
breeds freely at all seasons but most actively in the spring and
early fall. The litters are large and the sexes appear in about
the same ratio as in man—so that control and test animals

of like sex may be had from the same litter—thus giving the
closest relationship.
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The albino rat thrives when inbred, provided there is selec-
tion for vigor. In a revolving cage it runs long distances volun-
tarily—much to the advantage of its general health. To train-
ing, it responds readily.

If the life span of three years in the rat is taken as equivalent
to 90 years in man, it is found that the growth changes in the
nervous system occur within the same fraction of the life span
(i.e., at the equivalent ages) in the two forms. What is true
for the nervous system is also probably true for some of the
other systems and this makes possible the cross reference of the
results from the two species, with a high degree of precision.

It is now appreciated that the mammals associated with
man, of which group the rat is a good example, are very re-
sponsive to environmental changes. The sensitiveness which
they show and the speed with which the responses occur, re-
quire to be kept in view in all work—observational or experi-
mental—on the living animal. This is a matter on which it is
hardly possible to lay too great emphasis.

Such responsiveness is an advantage when it is sought to
induce changes, but a distinct disadvantage when the constancy
of the control animals is desired.

The critical periods in development are well marked, and
birth, weaning and puberty, though somewhat differently spaced
in the span of life, bring with them the same changes that appear
in man.

Finally, in the case of the rat, the wild form, the Norway, is
generally available for comparison with the domesticated Al-
bino, and thus the modifications induced by captivity and
domestication can be readily observed.

Some of the effects of domestication are already recognized,
but the matter calls for further study. In this connection it is
not without interest to note that the Albino rat has probably
been under domestication for less than a century, whereas, by
contrast, most of the common domesticated animals have been
associated with man for hundreds or even thousands of years,
and in most instances the wild types from which they came are
either doubtful or hard to obtain.
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In enumerating the qualifications of the rat as a laboratory
animal, and in pointing out some of its similarijies to man, it
is not intended to convey the notion that the rat is a bewitched
prince or that man is an overgrown rat, but merely to em-
phasize the accepted view that the similarities between mam-
mals having the same food habits tend to be close, and that in
some instances at least, by the use of equivalent ages, the re-
sults obtained with one form can be very precisely transferred to
the other.

It is proper to recognize, however, that, considered from the
laboratory standpoint, at least three major deficiencies are pre-
sented by the rat. Its small size makes some types of experi-
mental work either difficult or impossible. Its resistance to
various forms of infection, diphtheria and tuberculosis, for ex-
ample, makes it unsuitable for certain classes of studies, while
its susceptibility to a form of lung infection, sometimes called
rat pneumonia, has proved thus far a serious obstacle to studies
on senescence. It is possible that this last defect mdy be reme-
diable, but the others are inherent.

In assembling this information the aim has been to give, in
tabular form especially, such data as can be presented in quan-
titative terms and also such as are closely related to age and to
the critical periods of development, since the experimental re-
sults obtained often depend in such an intimate way on the
exact condition of the animal at the time of the test.



THE RAT

INTRODUCTION

The Norway rat, Mus norvegicus, is one mammal now easily
obtainable both wild and as a domesticated form. This latter
is represented by either the Albino or the pied rats so common
in our laboratories.

The Albinos are clean, gentle, easily kept and bred, and not
expensive to maintain. They are omnivorous, thriving well on
table scraps. The span of life is about three years and breed-
ing begins at about three months. Furthermore the species is
cosmopolitan. The litters are large and may be had at any
season. The young are immature at birth. The domesticated
Albino crosses readily with the wild Norway. The rat, both
wild and domesticated, takes exercise voluntarily and is sus-
ceptible to training. It is also highly resistant to the usual
wound-infecting organisms. For a number of lines of study
therefore, the rat is peculiarly suitable.

Through the researches of a host of investigators both in this
country and abroad, there has been gathered a considerable
body of data applying to the weight and size of the domesticated
Albino rat and its parts, as well as some similar data applying
to the wild Norway rat, the parent species. It is the body of
facts so gathered that it is our purpose to present, as far as
possible in tabular form.

Attention should be called to the fact that the observations
presented in the tables have been made mainly on rats in the first
year of life and but rarely on those which are older. It follows
from this that the data apply to the rat in its most vigorous
period and do not give information that can be used for the
study of old age.

Since the quantitative data appearing in the tables are bio-
logical, they naturally exhibit more or less variability and reflect

1



2 INTRODUCTION

in each instance something of the conditions under which they
have been obtained. It follows therefore that they must not
be expected to possess the precision of physical or chemical
determinations. Nevertheless, so long as the values here pre-
sented are not mistaken for absolute standards representing
ideal or final determinations, they may be used with advantage.

Most of the matter presented is taken from researches al-
ready published in full, but in a few instances data from work
in progress have been included also. In the latter instance the
author’s name is followed by (MS with date).

In a few of the tables already published, mainly from our
own laboratory, it has been found necessary to make correc-
tions, so that when the tables here printed do not agree with
the originals, it is to be assumed that the changes are due to
revision.

Owing to the absence of data for the normal animal or to
the failure of the authors to express their results in a quantita-
tive form, much of the literature which is cited does not appear
in the text. Such papers however often contain valuable in-
formation on either the Albino or Norway rat and the citation
of them in the bibliography serves to indicate the range of the
studies in which this animal has been used.

Extensive reference tables have been computed for the various
characters only as these appear under normal conditions, while
the modifications which may be experimentally induced in these
characters are merely mentioned or presented very briefly.

In a number of cases the results are represented by both
graphs and tables. The purpose of the graphs is merely to
furnish a general view of the form of change which occurs, while
for the exact values, the tables must always be consulted. In
those tables which are based on size, the body length of the
rat, because it is least subject to incidental variations, is the
measurement to which the others have been referred.

It is recognized however that some of the characters are fune-
tions of age and in that case it is of course necessary to know the
age of the animal in order to obtain satisfactory results.
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All of the longer tables are based on formulas. These formu-
las are those for the graphs which most closely fit the observed
values—and their utility lies in giving precision to the values
obtained and in making possible interpolations:—as a rule how-
ever they cannot be used for extrapolation. In this connection
determinations of the normal variability are always wanted, yet
although this need has been met in a measure, it is far from
being satisfied.

The significance and general use of these tables has already
been set forth in the Prologue and need not be dealt with here.

One use of the tables when these are based on age may how-
ever be emphasized. The comparison of the experimental re-
sults obtained on animals with the corresponding results on man
has heretofore been difficult because of the absence of a good
basis for comparison. We have found reason to assume that in
the case of the rat the postnatal span of life of three years is
approximately equivalent to the span of ninety years in man—
or to put it another way, that the rat grows thirty times as fast
as man. This ratio appears to hold for fractions of the span of
life, as well as for the entire span. All of the data for the Al-
bino, based on postnatal age, may therefore be compared with
the corresponding data for man, if the time intervals are taken
as one for the rat to thirty for man.

Finally it is desirable to explain here a seeming inconsistency
in the arrangement of the material presented. In the Preface
the statement is made that Part I deals with the Albino rat,
while Part IT deals with the Norway. So far as all of the im-
portant tables and records are concerned this statement does
not need revision.

It has been found however in arranging the literature that it
would prove most useful to include in Part I all of the incidental
and general observations on the wild Norway, on the ground
that these applied to the entire species, and to reserve for Part
II the more precise data which apply to the wild Norway, as
contrasted with the domesticated Albino.

The reader therefore will find in the literature cited in Part
I papers referring to M. decumanus, M. norvegicus and Epimys
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norvegicus as well as to the Albino (M. norvegicus albinus or
var. Albino), sometimes designated the ‘white’ rat.

As will be pointed out in the section on The Early History
of the rat, there is one more complication in this connection.
Through an error, unfortunately perpetuated by some of the
natural histories, the common Albino has been described as an
Albino of the house rat—Mus rattus.

It thus happens that in some of the papers cited it is reported
that the observations had been made on Mus rattus or ratus
(sic), the word albino being sometimes added—sometimes
omitted. In a few instances it is impossible to determine
whether M. rattus is used for the Albino or whether the house
rat was really studied.

In forming a judgment on these cases it must be kept in mind
that for the last half century the house rat has been rare and
hard to obtain both in western Europe and in the northern
United States, so that unless the author gives good evidence
for the name he has employed, it becomes highly probable that
he was working with some form of the Norway. For these
reasons it has been found most convenient to include also in
Part I all the references to the house rat (Mus rattus).

CLASSIFICATION AND NOMENCLATURE OF THE COMMON RATS

Up to 1881 Mus (Linnaeus, 1758) was used as the generic
designation for both the rats and mice. In 1881 Trouessart
proposed the subgenus Epimys for the larger forms, the rats,
reserving Mus for the smaller forms, the mice—Mus musculus
being the type. In 1910 Miller established the use of Epimys
for the rats. By the law of priority however Epimys must in
turn be displaced by Rattus (Fischer, 1803) as pointed out by
Hollister (’16).

In the pages which follow however the designation Mus has
been retained for the rat—as the older term is well understood,
while the new terms—Epimys and Rattus—are at present gen-
erally unfamiliar.
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The following condensed citations of the place of the original
descriptions—with some of the associated references—serve to
give a brief history of the nomenclature.

MUS, Linnaeus, 1758
EPIMYS, Trouessart, 1881—Miller, 1910.
RATTUS, Fischer, 1803—Hollister, 1916.
—norvegicus, Erxleben (1777 descr. orig.)
—decumanus, Pallas (1778)
—agquaticus, Gessner, 1551.
Cosmopolita; ab Asia occident. in Europam a navibus translat. et
inde in omnes Orbis Regiones.
—rattus, Linnaeus (1758 descr. orig.)
Cosmopolita; ab Asia occident., in Europam a navibus trans-
lat., et inde in omnes orbis regiones.
—alexandrinus, Geoffroy, (1812 (or 1829 vide Sherborn, 1897) descr.
orig.) .
Asia minori, Arabia, Aegyptus, Algeria, ete.
Italia, Hiepania, Gallia merid.—orient. et occid., et inde in om-
nes orbis regiones.

Since attention was called to Erxleben’s description in 1777
(Rehn, 1900) his specific name, norvegicus, as the designation
for the common brown or Norway rat, has been used in place
of decumanus (Pallas, 1778). The designation norvegicus is
now well established and will be used here.

There seems no question that Mus rattus and Mus r. alexan-
drinus are related to one another as color varieties of the same
species (de I'Isle, 1865; Millais, ’05) and they are so considered
in the following pages. For convenience we shall use the term
Norway or Norway rat for Mus norvegicus—and the term
House rat as a general designation for both Mus rattus rattus
and M. rattus alexandrinus unless the occasion calls for the
precise name.

Albinos of the house rat have without doubt existed in the
west of Europe at one time or another ever since this form over-
ran that region (Topsell, 1658) but, despite earlier reports to
the contrary, neither Albino nor pied specimens of the house
rat are to be found in our larger museums.

At present Albinos of the house rat appear to be not uncom-
mon in India (Lloyd, ’12) where the house rat population is
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large. In western Europe and other regions in which the house
rat population is waning, a careful search by several investi-
gators during the last decade has failed to reveal a living albino
specimen.

At the present time, therefore, the Albino of Mus norvegicus
is the only albino variety generally found. In these pages this
form is designated Mus norvegicus albinus—when the name is
given in full, but where possible the single word Albino is used
for it.

When the albino variety is mentioned here the strain as com-
monly reared is the one meant. As a rule this strain is far re-
moved from its wild ancestor and moderately inbred. It may
be conveniently designated as the common albino strain.

In the colony at The Institute, we have in addition to this,
a closely inbred strain reared by Dr. King. Strains of ‘“‘ex-
tracted” Albinos are maintained in some laboratories. These
latter are the Albinos descended from the F, generation of
hybrids from the wild Norway and the domesticated Albino.

During the first few generations after their appearance, these
extracted Albinos show clearly certain Norway characters, which
distinguish them from the rats with a longer albino ancestry.
With the peculiarities of either the inbred or of the extracted
strain, we are however not specially concerned.

While all Albinos breed true as to color, the composition of
the gametes is undoubtedly different among them in accordance
with their remote ancestry. Mudge (’10) recognizes thirteen
gametic types. The gametic dissimilarity of various Albinos
in respect to hair color is shown by the fact that in breeding
tests (Doncaster, 06 and Mudge, '10) Albinos extracted from
ancestors with characteristic differences in pigmentation will
reveal their origin by producing, when crossed with the pig-
mented strain, characteristically pigmented descendents, the
markings of which can be predicted.

We are naturally concerned with the gametic composition of
the general population of Albinos constituting the different
colonies to-day. As these colonies stand, the Albinos com-
posing them do not form a strictly homozygous population,
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even from the standpoint of color, since in subsequent crosses
with pigmented forms they give offspring with different color
markings according to their several latent characters.

On the other hand it may be fairly said that as yet we have
no evidence for any correlation of the somatic characters so far
studied, with those slight differences in gametic composition of
the common albino strain which we can recognize. It is to be
noted moreover that the difficulty which thus appears in the
case of the albino rat repeats itself for other mammals also, and
therefore it does not constitute a peculiarity of this animal.

CLASSIFICATION ! REFERENCES

Alston, 1879-1882. Blasius, 1857. Doncaster, '06. Erxleben, 1777. Fischer,
1803. Geofiroy, 1812. Gesner, 1551. Hatai, '07.  Hollister, ’16, '16 a. 1'Isle,
1865. Linnaeus, 1758, 1766. Lloyd, ’12. Longman, '16. Millais, '05. Miller,
’10. Mudge, '10. Pallas, 1778. Rehn, 1900. Topsell, 1658. Trouessart, 1881,
1897, '10. Tullberg, 1900.

EARLY RECORDS AND MIGRATIONS OF THE COMMON RATS

The common wild rats in the United States usually live in
close association with man. There are two species of these,
both of which have been introduced from Europe. These are
Mus rattus (Linnaeus, 1758; 1766 = Mus rattus rattus, Millais,
'05) together with its gray form, Mus alexandrinus (Geoffroy,
1812; = Mus rattus alexandrinus, Millais, ’05) and Mus nor-
vegicus (Erxleben, 1777 = Mus decumanus, Pallas, 1778).
This last species is our common gray, brown or Norway rat.
In addition to these, all of which are wild, there is a fourth
form—the albino rat (Mus norvegicus albinus) a variety of
Mus norvegicus (Hatai, ’07) which is known at present only
as a domesticated strain (Donaldson, '12 b).

Mus rattus—the house rat—the first species described in
western Europe, is probably indigenous to India.! As now

1 Fossil remains of the rat (Mus rattus) are reported in the pliocene in Lom-
bardy (Cornalia, 1858) and in the quaternary at Molina di Anosa near Pisa (For-
syth Major) and again from the pleistocene cave deposits of the island of Crete
(Bate, ’12). This species appears in glacial times (Diluvialzeit) and in associa-
tion with man in the remains of the Lake dwellers in western Germany and in

Mecklenburg (Blasius, 1857). It is reported also from the diluvial deposits in
Bohemia (Woldfich, 1880).
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found, the melanic form of Mus rattus (or Mus rattus rattus,
Millais) the ‘black’ rat, is more frequent in the colder latitudes,
and Mus rattus alexandrinus (Millais) the gray form (the ‘roof’
or ‘snake’ rat) in the warmer latitudes, but the two are not
sharply segregated. At the same time both of these seem more
dependent on warmth, or more resistant to it, than the Norway
rat.

Although we shall have little to say in the following pages
about Mus rattus, yet it is desirable to give its history in order
to obtain the proper setting for Mus norvegicus, at present the
dominant species. The geological evidence just given indicates
the very early appearance of the house rat in Europe but our
records of its migrations all fall within the present era.

The history of the early migrations is of necessity vague and
incomplete, and even in the later times when dates are given it
must be remembered that such animals might have been present
for some time without appearing in numbers sufficient to cause
comment.

There is no good evidence that the Greeks or Romans before
the present era were familiar with the rat as a pest, and there-
fore, even if present, it was probably not abundant at that
period on the shores of the Mediterranean.

The history of the house rat from the earliest times to the
eleventh century makes an interesting archaeological study, but
the conclusions which may be drawn from the scanty records
and indefinite allusions are too uncertain to be of value for our
present purpose and we therefore pass directly to the later
authors.

Possibly as far back as the migration of the hordes (Volker-
wanderung, 400-1100 A. D.) and later in consequence of the
increasing use of trade routes with the East, the house rat en-
tered western Europe in appreciable numbers (Hehn, '11). It
is reported to have arrived there after the twelfth century (Kel-
ler, ’09, citing Theodoros Prodromos). Giraldus Cambrensis,?
(11467-1220) records several anecdotes concerning it.

? Albertus Magnus (d. 1280) is sometimes cited as having mentioned the black

rat. This is not correct. A. de l’Isle (1863) has pointed out that the description
in question applies to the dormouse—Myoxus quercinus.
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As the Norway rat did not reach western Europe until 1727-
1730 it follows that the European rat of the middle ages, the
rat of the legends, of the Pied Piper® (1284), of the great plagues
(before 1700) and of the early anathemas against vermin, was
Mus rattus.

The species first brought to South America on the ships of
the very early explorers was Mus rattus (Vega, 1609; de Ovalle,
1646). Pennant (1781) gives 1544 as the date of arrival in
Peru.* We have also a notable instance of a plague of these
rats in the Bermudas in 1615 (Lefroy, 1882).

Of the two species in question, Mus rattus is alone recognized
by Linnaeus in his Fauna suesica 1746, and in his Systema (1758
and 1766). It does not concern us here to follow the history
of Mus rattus in the United States further than to say that
this species only (represented by the two forms) was present
up to the time of the arrival of the Norway rat in North America
toward the end of the eighteenth century, and that Mus rattus
rattus—the black rat—is still found in a number of scattered
localities in the northern United States, while in the southern
states, Mus rattus alexandrinus is much the more common. It
does not appear that either of these forms has ever penetrated
far into the interior of the country.

Turning to the cosmopolitan Mus norvegicus—the species at
present established in China, Japan, India, western Europe and
temperate North America—we find that the historical record of
its movements, though by no means complete, has the virtue of
being recent.

v. Gesner (Historia animalium, 1551) mentions a Mus aquati-
cus which appears to be the form now called Norvegicus, but.
apparently he himself had never seen it.

According to Pallas (1831) the Norway rat invaded Europe
frgm the East early in the eighteenth century and was observed

;' It may be noted in passing that the ancient inscriptions in Hameln relating
to the Pied Piper do not mention the rat (Meinardus, 1882).

4 Pennant (1781) says there were no rats in South America before the time of
Blasco Mines. Minez is evidently a misprint for Nifiez; Blasco Ndfiez being
the first Viceroy of Peru, from 1544-1546.
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in large numbers crossing the Volga in the Russian province of
Astrakhan. Pallas gives 1727 as the year of this migration. In
view of other dates, this can hardly be the date of the first in-
vasion. The Norway rat reached England—probably by ships
—about 1728-1730 (Donndorff, 1792) and was soon designated
the ‘Hanover’ rat by those who wished to connect the misfor-
tunes of the country with the recently established house of
Hanover.

There is however no reason to suppose that the Norway rat
had yet reached Germany and the name has a political rather
than a scientific interest.

In 1750 the Norway rats are reported (Donndorff, 1792) to
have reached eastern Prussia and in 1753 they were noticed in
Paris (Donndorff, 1792). Their early distribution to other lo-
calities in Europe need not be recounted, but there is evidence
that they spread rapidly and soon displaced more or less com-
pletely the Mus rattus which had preceded them.

This historical sketch shows that the migration of Mus rattus
into western Europe antedated that of Mus norvegicus certainly
by some six hundred years, but the Norway rat being the more
pugnacious and powerful species has become dominant wherever
it has followed the earlier form.

This dominance is undoubtedly due in part to these charac-
ters of the Norway, but it seems probable that the progressive
disuse of wood as a building material has been a factor also
(Przibram, ’12).

We find however that in many places, both in Europe and the
United States, where the house rat was thought to have been
exterminated, it still survives in small numbers.

The arrival of the Norway rat on the north Atlantic seaboard
of the United States is usually given as 1775 (Harlan, 1y ep-
The exact date, though of interest, is hardly important for s+
present purpose. Ke

Mus rattus was already in possession, but in the course ofbiae
years, how rapidly we do not know, the Norway rat became the
dominant form in the northern latitudes of this country—moving
along the trade routes to all points which furnish a continuous
food supply and a moderate summer temperature.
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In the present connection our interest in the Norway rat is
due mainly to the fact that the common albino rat (M. n. albi-
nus) kept as a pet or laboratory animal, and concerning which
we desire all possible information, is a variety of the Norway
rat. This relationship is shown not only by the usual methods
of comparison, but also by the haemoglobin crystals (Reichert
and Brown, ’09) the shape of skull (Hatai, 07 ¢) and the fact
that the two forms interbreed freely.

Concerning the place and time of origin of the albino strain
there is little information at hand. Allusions to albino rats be-
fore the time when the Norway rat appeared in Europe clearly
show that there must have been an albino strain of Mus rattus.
What we know of the present distribution of Albinos of Mus
rattus has been given on pages 5 and 6 in the preceding chapter.

By some curious slip however, many of the natural histories
and books of reference speak of the common Albino as an Al-
bino of Mus rattus. This of course is not correct, but owing
to the confusion thus early introduced, it is difficult to trace the
history of the present albino variety® of the Norway.

We do not know whether the common albino variety had a
single or multiple origin, or whether the colonies found in Europe
(Rodwell, 1858) are directly related to those now existing here.
Moss, 1836, mentions Albinos in or near Bristol, England about
1822. Judging from the way in which the Albinos of other
species arise, we may safely assume that the present strain is
derived from one or more albino mutants or sports (Hatai, '12).
These must have been captured and the albino descendents
segregated and kept as pets, as at present® there is nowhere to

8 Unfortunately there is one more complicating circumstance—namely, the
existence of a melanic variety of Mus norvegicus. This melanic variety is often
mistaken for Mus rattus rattus because of its color, and this leads to errors of
statement concerning the distribution of Mus rattus and also concerning the
ability of the two species—rattus and norvegicus—to interbreed. They are in
fa(‘, mutually infertile (Morgan, '09) (The, Hagedoorns, '17). The number of
ineidental allusions to this melanic variety of norvegicus shows its occurrence to
be widespread. See: Edwards, 1871, 1872. Hamy, '06. 1'Isle, 1865. Lapicque
and Legendre, '11. Schiiff, 1891. Webster, 1892.

¢ Rodwell, 1858, page 10, mentions what may have been a colony of Albinos
living wild at the Ainsworth Colliery near Bury, England.
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be found an established colony of Albinos living in open com-
petition with the common Norways or with forms of Mus rattus,
but all of the colonies are maintained practically under condi-
ditions of domestication.

In the northern United States, except along the water front
of the larger ports, where the house rat arrives from time to
time on vessels, we have therefore to deal almost exclusively
with the Norway rat. The Norway has been in this region
probably not more than a hundred and fifty years. Though
living wild, it is more or less dependent on the food conditions
found where man is established. The familiar Albino—Mus
norvegicus albinus—is a sport derived from the wild Norway,
and is the form on which most of the investigations here pre-
sented have been made.

It is important to note that in their general physical charac-
ters both the wild Norways and the Albinos of western Europe
are similar to the corresponding forms in the United States
(Donaldson, ’12, and ’12 a).

On the other hand the Hagedoorns ("17) report that the wild
Norway in the Island of Java shows much variability.

EARLY RECORDS AND MIGRATIONS : REFERENCES

Albertus Magnus, b. 1206-d.1280. Barrett-Hamilton, 1892. Bate,'12. Baum-
gart, '04. Blasius, 1857. Borcherding, 1889. Campbell, 1892. Cantoni, 1880.
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dorff, 1792. Edwards, 1871, 1872. Erxleben, 1777. Fischer, 1869. Geisenhey-
mer, 1892. Geoffroy, 1812. Gesner, 1551. Giraldus Cambrensis, b. 1146?-d.
1220. Godman, 1826-1828. Gourlay, ’07. Hagedoorn and Hagedoorn, '17.
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ALBINO RAT—MUS NORVEGICUS ALBINUS






CHAPTER 1
BIOLOGY

1. Life history. 2. Span of life. 8. Puberty. 4. Period of gestation.
5. Superfecundation—Superfetation. 6. Fertility. 7. Sex ratio. 8. Recogni-

tion of sex. 9. Body weight according to sex. 10. Behavior. 11. Comparison
with man,

1. Life history. The rat breeds at all seasons of the year,
but most readily in the spring, and judging by other animals,
it is probable that those born at this season tend to be more
vigorous. The albino rat is born blind, hairless, with a short
tail, closed ears and undeveloped limbs. It responds to con-
tacts and olfactory and taste stimuli, utters a squeaking sound
and is capable of some locomotory movements which are a
combination of wriggling and paddling. The head is always
searching. The young can find their way back to the mother
at about ten days of age (Watson, '03).

The ears open between 2} to 3% days of age but there is a
cellular plug in the meatus which may persist for a short time
longer.

According to Wada (’23) rats can hear at from 9-12 days of
age. The earlier date is exceptional. Lane (’17) reports 12
days as the earliest age at which he obtained a response.

The rat is a swimming animal. The newborn young sink. At
two days they make paddling movements mostly with the fore-
legs, but remain below the surface. At eight days they swim
with the nose above water, while previous to this they have
been swimming with the nose more or less submerged.

The eyes open at from the 14th to the 17th days, most often
on the 15th or 16th. King has also observed that in a given
litter the eyes of the females usually open some hours before
those of the males. For some seven days more, i.e., up to the
time when the young rats are 21-22 days of age, they are

15
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dependent on the mother. After this they may be weaned, al-
though if permitted, the young will depend partly on the mother
for some days longer.

This adjustment of relations fits with the fact that the female
may be impregnated one or two days after casting a litter (Kirk-
ham, '10; Kirkham and Burr, ’13) and since the gestation period
is about 21.5-22.5 days, this would enable the female to free
herself from the first litter before the second one was born. As
will be pointed out later, the gestation period may be pro-
longed in nursing animals.

When the young rats become habituated to independence, i.e.,
at about 25 days, they enter on a period of activity, the phases
of which have been followed by Slonaker (’07, ’12). In the
cases which he observed, it was found that increasing age was
accompanied by increasing activity up to the age period of 87—
120 days, after which the activity declined.

On the assumption that the span of life in man is thirty times
that of the albino rat (Donaldson, ’06) this age of greatest ac-
tivity would correspond to the age of 7.5-10 years in man.

As shown by the records of activity (Slonaker, ’12) the al-
bino rat is nocturnal. This habit can be modified more or less
by feeding or by disturbance during the day time.

The measure of activity in the cases observed by Slonaker
was the number of turns of the revolving cage in which the
the animal was kept, the cage being set in motion by the vol-
untary running or other movements of the animal, and the
revolutions being automatically recorded. In the case of four
rats kept in separate revolving cages from 30 days of age until
natural death, the following records of activity were obtained
(Slonaker, '12). Table 1.

This table shows not only great variability in the total per-
formances, but also for the one female a record of over five
thousand miles in a little less than three years. On the aver-
age, three-fourths of the total distance is run before the rat
has reached middle life, and the last menths of old age are al-
ways marked by greatly lessened activity (see Behavior—ac-
tivity and exercise, page 31).
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In observations on activity in other laboratories the superior
performance of the female has generally appeared. Dr. Wang
(’23) has pointed out that activity in the female is rhythmie
and correlated with the ocestrous cycle, showing a maximum at
oestrus.

TABLE 1
Total number of miles run during life
AGDE IN MONTHS RAT 1, M. RAT 4, M. RAT 3, M. RAT 3, F.

AT DEATH MILES MILES MILBS MILES
25, .l 1265
26.....000innnn 1391
32, 2098
R 7 5447

Determination of age. To determine the approximate age of
a rat when the date of conception or of birth is not known, there
are a few changes and events which are useful. The references
for these data will be found at the appropriate places in the
text.

Before birth:

Eyelids of fetus fuse at............... ............ the 17th day
After birth:
)R S TP 23-3% days
Incisorserupt at.................. ... Lol . 8-10 days
Eyesopen at.........coovviiiiiiiiiiiiiiiiiiiiiina 14-17 days
Hair obscures genitalia........................ ..... 16 days
Ist molarerupts.................oo0 o ciiliiie, 19 days
2nd molar erupts. ..ot 21 days
drdmolarerupts.........coooviiiiiiiii i 35 days
Testes descend............ovuviiiiiinineneneniiannns 40 days
Vagina opens.........oooovriiiiniini i tiniiinens 72 days
The menopause occurs at ..................covat. 15-18 months

In rats more than a year old the angle of the nasals with
the frontals increases, giving a “Roman nose” effect. Under
unusual care and feeding the events preceding puberty tend to
come earlier and the changes charaeteristic of old age are de-
ferred.

2. Span of life. On the assumption that dating from birth,
the life span of the albino rat is three years, then such a rat
may be regarded as corresponding to a man of ninety years.
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So far as this assumption has been tested it appears to be a
useful approximation.

Slonaker ('12, '12a) working at Leland Stanford University
under the favorable climatic conditions of California, has made
some direct tests.

Four albino rats living in revolving cages attained an average
age of 29.5 months, while three control animals reared in sta-
tionary cages, but under conditions otherwise similar, attained
an average age of 40.3 months. In all these cases, death was
reported as due to ‘old age.’

The average age of these seven individuals was about 34
months, while the greatest age, attained by one of the controls,
was 45 months. The three controls all lived longer than any
of the four in the revolving cages. It appears from this that
living in the revolving cage shortened the span of life—an un-
expected result.

The oldest rat reported by Slonaker would be equivalent in
age to a man of 113 years.

During the last few years the oldest rats of both sexes in the
Institute colony have attained three years and somewhat over—-
and with the present conditions it is probable that still greater
ages will be reached occasionally.”

3. Puberty—ovulation—oestrous cycle—menopause. Sexual ma-
turity, as indicated by the structure of the gonads, usually oc-
curs in both males and females at the age of about two months or
less.

According to Long and Evans ('22) the vagina opens at about
72 days (range 34-109 days) and ovulation begins at about 77
days (range 45-147 days). These observations are based on
200 rats. '

A tendency of the females to breed at an earlier age than they
did in 1915 has been noted in The Institute colony and the same
has bg,en reported from other laboratories. In a specially well

7 Instances of unusual longevity occur. Thus an albino used for show pur-
poses was kept by Mr. Harris for 4 years and 8 months and was assumed to have
been about a year old when purchased in Shanghai in 1913. (Archives of The
Wistar Institute.)
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fed and tended group, Greenman and Duhring ("23) have had
exceptional females cast their litters at 55 and 57 days of age.
These rats therefore became pregnant at 33 and 35 days
respectively.

In the breeding Albino it is found that impregnation most
readily follows 24 hours after a litter has been cast. This ac-
cords with the time of ovulation (Kirkham, ’10; Sobotta and
Burckhard, '10; Kirkham and Burr, ’13). During the breeding
period the female ovulates at intervals of 5 days or slightly
less (Long and Evans, '22), but only from April to October do
the females regularly ovulate 15-24 hours after parturition.

The menopause commonly appears at the age of 15-18 months
(equivalent to 38-45 years in man). Particularly good condi-
tions of food and care tend to delay the appearance of the
menopause (Greenman and Duhring ’23).

Oestrous cycle.® Long and Evans ("22) observed the oestrous
cycle to extend from three to thirteen days or more, with a
well marked tendency to be about five days (4.8)—table 2.

In a later study Evans ("24 MS.) determined the proportion
of the short or normal eycles in two colonies of Albinos as com-
pared with the gray and white cross of Long and Evans, with
which the original studies were made. The results are given in*
table 2a and show a very fair agreement among the three series.

By using the method of vaginal smears, loc. cit. p. 41, five
stages in the oestrous cycle have been determined as shown in
table 3.

In table 4 is given the number of hours for these several
stages in a cycle of something over four days.

The fifth stage or dioestrous interval in these instances ex-
tends for 48 hours or more.

The length of the first post partum oestrous cycle when suck-
ling is prevented, was found to be from 5-7 days, and when
the young were nursed less than 12 hours, somewhat less than
seven days.

8 Under the title of ‘The oestrous cycle in the rat and its associated phenom-
ena,’’ Long and Evans (’22) have recorded a very complete series of observations.
For this study pied rats (black and white) were used, but the results are applicable
to the Albino and several of the tables and conclusions are here cited.
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4. Period of gestation. The gestation period of the non-lac-
tating albino rat is usually from 21-22 days.

TABLE 2
Table of observed instances of oestrous cycles of vaiious lengths
LENGTH OF CYCLE NUMBER OF INSTANCES
IN DAYS
E: S 65
S 789
L T 92 per cent 63482 per cent 92 per cent Average
[ SN 233 Average 4.8 days
Teeeeennn, 69 4.6 days - day
- F 60
¢ U 30
10............. 24
b § 16
12 .ol 22
13 and over.... 57
1999 General average 5.4 days

TABLE 2a

On the proportion of normal oestrous cycles occurring in two colony groups of Albinos
and in the gray-white strain of Long and Evans (Evans, '84 MS.)

o::.slx;s. NU:::E“ x;'\t;r;:l;&:::%t;}t: PROPOR-
SOURCE OF ANIMALS ANTMALS | ‘pavs | CrCuES Short I P
mvor.vsn' Av:z:san ‘;:'::‘: (B d(;}s (713:;' ()égg::'l-)
FOUR an an
EXTREMES under) over)
per cent
Albinos (Slonaker colony).| 28 54 1 125 99 26 79.2
(40-67)
Albinos (Wistar colony)....| 26 40.9 159 138 21 86.7
(36-51)
Gray-White cross (Long-
Evans colony)........... 500 47.3 | 10,000 | 8948 1052 89.5
(32-77)

Careful observations made by Long and Evans (’22) using
so-called ‘“‘obstetrical cages” which make possible the deter-
mination of the exact time of birth—show that 90 per cent of
the gestation periods fall between 214 and 22 days.
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Lengthening of gestation period. King (’13) found that the
gestation period in lactating albino rats is of normal length if
the female is suckling five or less young and is carrying five or
less young. '

The gestation period may be prolonged from one to six days
if an albino female, suckling five or less young, is carrying six
or more young.

The period of gestation is always prolonged when a female
is suckling six or more young. In these cases the number of
young in the second litter seems to have less influence on the
length of the gestation period than has the number of young
suckled; but if both litters are very large the gestation period
may be extended to 34 days.

In the specially well fed series of Greenman and Duhring (’23)
the lengthening of the gestation period under these conditions
was much reduced.

5. Superfecundation and superfetation. Superfecundation oc-
curs occasionally in the albino rat and causes an interval of
two, three or more days between the birth of different members
of the litter (King, ’13).

In rare instances ovulation takes place in the albino rat during
pregnancy and superfetation occurs. In two cases of this kind
litters have been produced at intervals of about two weeks
(King, 13, pp. 388 and 389).

Parturition. The young tend to be born when the surround-
ing conditions are quiet. In many cases birth occurs at night
or in the early hours of the morning. The act of parturition
may extend from 15-30 minutes up to 24 hours. Naturally
the size of the litter affects the time taken.

There is no separation of the pubic bones (Todd, ’23) and the
act of parturition does not appear to cause the female discom-
fort.

The placenta is eaten. The placenta probably furnishes a
growth promoting substance to the milk, as shown for man by
Hammett ('18).

6. Fertility and birth weight. In considering fertility it must
always be kept in mind that the reproductive capacity of the
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female is a very sensitive reaction which may be stimulated or
depressed by a variety of conditions—and for this reason a
rather wide range of results is to be anticipated.

At the beginning of ovulation Sobotta and Burckhard (’10)
find on the average a total of thirteen ova in both fallopian
tubes. In their series, Long and Evans (’22) found an average
of 9.6 ova in both tubes. The largest litter we have noted in
the common Albino contained eighteen. Several such litters
have appeared.

The number of ova found in the oviduets is only about 90
per cent of the number of corpora lutea formed, (Long and Evans
’22). Moreover, these observers found that the average size
of the litters was 6.9, so that about one-third of the ova formed
(9.6) failed to produce young. When, therefore, the number of

TABLE 4
Table showing length in hours of the component parts of the oestrous cycle of the rat

STAGE MODE AVERAGE
hours hours
L0 - T 12 14.2
Twoand Three........................coiitt. 27 38.0
Four.. ..o 6 7.8
Five (Diocestrous)..................c.0 cievntn. 48 53 0

young born is considered, the foregoing relations should be held
in mind. The majority of albino females do not produce more
than four or five litters, although occasional animals may pro-
duce three times as many.

Size of litters. The usual size of the litters is indicated in
table 5.

It should be noted that generally these determinations have
been based on the first five litters and do not extend through the
possible breeding period of the female.

The litter size does not appear to be influenced by season,
(King and Stotsenburg ’15). It may depend however on the

position of the litter in the litter series as can be seen from
table 6.
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In this instance the litter size is determined for the entire
breeding period and is therefore low, 6.1, as compared with the
values in table 5 (King '24).

Table 6 shows that the second litter is the largest, and this
agrees with common experience. Table 6 shows also the first

TABLE 3§
Showing the average size of lilters for the earlier portion of the breeding period
BEX RATIO,
NUMBER NUMBER AVERAGE NUMBER
AUTHORS oF OF BI1ZE OF MALES
LITTERS YOUNG | OF LITTER | PER 100
FEMALES
Crampe ('84)..... .. ............ 394 2503 63 105.6
King and Stotsenburg ('15).. .. . .... | 1089 7619 7.0 107 5
Long and Evans ("22)....... ... ....... 625 4313 6.9 -
TABLE 6
Data for entire series of lutters cast by 148 stock albino females (King ’24)
‘ ) AVERAGE
ol Bl It e IR T b
PER LITTER
1 148 903 61 462 441 104.7 = 4.70
2 148 992 67 498 494 100 8 &= 4 32
3 142 876 61 454 422 107 5 &= 4.88
4 128 824 64 402 422 95 2 + 4.45
5 98 547 55 279 268 104.0 &= 5.99
6 64 344 64 184 160 115.0 &= 8 38
7 38 228 60 128 100 128.0 =+ 11.37
8 23 137 59 72 65 110.7 + 12.64
9 13 85 6.5 51 34 150 0 + 22.39
10 5 22 4.4 13 9
11 3 12 4.0 5 7 ,
12 3 13 43 8 5
13 2 9 45 3 6
1-13 815 4992 61 2559 2433 105.2 = 2.00

nine litters to be of good size, but the number of young in the
later litters is small. In table 6 the marked decline in litter
size comes at the tenth litter where the number of young drops
to 4.4, the average that is maintained until the end of the series.
This means that the size of the litter after the second tends to
diminish with the age of the mother. Whether this is due to
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age, pure and simple, or depends on the bearing of previous
litters has not been determined.

In extracted Albinos and in Norways the litter size is close
to that for the stock Albinos, while in extracted Norways and
in Piebalds it is somewhat higher: 6.7 and 6.8 respectively
(King, ’24).

Greenman and Duhring (’23) find however in their exercised
and particularly well fed series, breeding at four months, the
first litter to be the largest. This is possibly another instance
of precocity which may be thus induced, or it may be the result
of the later age at which the female bred.

Mortality. From a study covering five years and based on
the litters from 415 rats, King ('21) determined that 1.3 per
cent of the young were still born. The still born males were
markedly in excess of the females (129 males to 100 females)
due apparently to a greater intrinsic weakness of the male fetus.

Young are also lost during the early days of lactation, through
injury or neglect. Only a small number are born dead in the
case of normal mothers. Where abnormal conditions exist, the
number of dead born may be high.

Birth weight. The birth weights as determined by King (’15)
are shown in table 7 according to the increasing age of the
mother and in table 8 according to the increasing body weight
of the mother.

On the average the birth weight of the males exceeds by 0.3
grams that of the females.

ng (’15) reaches the following conclusions: Increasmg age
or increasing weight of the mother (the two being correlated)
give a heavier birth weight, while the increase in the number
in a litter tends to diminish the individual birth weight. There
is to be observed also a diminution in birth weight in those lit-
ters born of mothers below the standard size, or suffering from
infectious disease.

Precise data for the birth weight require great care to secure
the selection of young which have not suckled. This is most
readily made by the use of the so-called obstetrical cage, de-
scribed by Long and Evans ("22), by which the young are automat-
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ically separated from the mother at birth. Rats so obtained
are strictly new-born, while most rats designated as new-born
bhave suckled, as indicated by a white patch marking the
stomach.

As the result of feeding unbalanced rations to rats Zuntz
('19) concludes that both the number of litters and the num-

TABLE 7

Showing the birth weight data for 86 litters of stock and inbred albino rats arranged
according to the age of the mothers at the time that lilers were cast

o B B
é 2 °§ -] E Eﬁ
& 5% | Exz Bz 28
=] ’5 Ez S; Bﬂ R: .
AGE OF MOTHER K| o | 3 ul
2 | 83 g | ka |Pig|833|%Es
S8 55| 8| 3|33 |233|53:) 8.z
AR AR
(1) From 90 to120days ..[ 27 232 | 112 | 120 | 494.9] 494 6| 4.41 | 4 12
(2) From 120 to 180 days...| 36 326 | 155 | 171 | 712.1| 736.9| 4.59 | 4 30
(3) From 180to 330days...| 17 143 70 73 | 318.5| 321.5| 4 55 | 4.40
(4) From 300to 450 days .. 5 38 21 17 99.2] 73.3| 4.71 | 4.31
TABLE 8

Showing the birth weight data for stock and inbred albino rats arranged according
to the body weight of the mothers at the time that the litters were cast

1 & [ ]
18 R |E
5| B8 Bz |§= E;
=] RZ | & )

BODY WEIGHT OF FEMALES . ﬁg 9 Ba Egﬁ 83g siy
SE | 82| B | 3 |33 |38E|si|isd
gp g> 3 é §= §r-.o goo goo

To 175 grams. ............ 27 | 209 98 | 111 | 423 8| 440.7| 4.46 | 3 86
175 to 200 grams. ......... 23 | 222 | 108 | 114 | 491.3| 506 8| 4.55 | 4.47
200 to 220 grams.......... 25 | 233 | 111 | 122 | 508.7| 524.7| 4 58 | 4.30
220+ erams ............ 10 75 41 34 | 201.7] 158.0| 4 91 | 4.64

ber in the litter are reduced, but that the young which are
born tend to have both normal body weight and normal com-
position.

7. Sex ratio. At the two periods of greatest reproductive
activity—in the spring (March-May) and again in the autumn
(September-November) the proportion of males (the sex ratio)
is low.
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In the first litters of young females the sex ratio tends to be
higher than in the later litters—but no relation of sex ratio to
size of litter has been found (King and Stotsenburg, ’15).

Cuénot (’99) reports a sex ratio of 105.6, while King and
Stotsenburg (’15) report 107.5—without regard to the number
of the litter. This ratio is however subject to a seasonal varia-
tion. There is also a relation to the litter number as shown in
table 6 (King ’24).

The data in table 6 show that the sex ratio for one litter
group bears, seemingly, no relation to the ratio for the
group immediately preceding or following, and the differences
between successive ratios, when judged by their probable error,
are of little import. The ratios seem, however, to indicate that
the number of males tends to increase as the litter series ad-
vances up to the ninth litter. Beyond this point the relative
number of males decreases sharply, as the data for the last
four litters of the series, when combined, give a sex ratio of only
107.4 males to 100 females.

For the total of 4992 albino young recorded in table 6, the
sex ratio is 105.2 males to 100 females. This ratio is slightly
less than that given by Cuénot, and may, perhaps, serve as a
norm for sex ratio in the albino strain until a larger and more
complete series of data is available.

It is to be noted that the sex ratio may vary according to
strain and that within the same strain it is also subject to wide
modification by selection (King, '18).

Thus in the first twenty-five generations of inbred Albinos,
the first and second litters combined gave in series A a sex
ratio of 121.3, while in series B the sex ratio was 85.1. These
two series were from the same strain, but had been selected for
the high or low sex ratio respectively (King, '18).

8. Recognition of sex. The recognition of sex through ex-
ternal characters in the young rat has been studied by Jackson
(’12). He finds the male may be recognized by (1) The larger
size of the genital papilla; (2) the greater anogenital distance
(see table 9); (3) the absence of clearly marked nipples. (This
test is applicable only up to the age of 16 days, i.e., before the
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development of hair on the ventral surface); (4) small extent
of the bare area just ventral to the anus (test applicable only
after the 16th day).

The following is a condensed form of Jackson’s table for the
anogenital distance.

As a rule the descent of the testes occurs about the fortieth
day of age or somewhat earlier.

9. Body weight according to sex. While the average weight
of the females at birth is less than that of the males, yet within
a few days after birth the females tend to grow more rapidly
than the males and may continue so to do during the following
thirty to forty days. Sometimes this leads to absolutely heavier
females as shown in table 157 and table 185 (King ’23) for the

TABLE 9
Ano-genital distance in young albino rats of various ages

- NUMBER OF EACH 8EX Avn-muth:gg:s BODY Avmn\gfs ::r:égnmnb

Male Female Male Female Male Female

grams grams grams grams
New born...... 10 12 57 5.4 2.8 1.2
7 days......... 17 26 110 10.4 5.2 27
14 days........ 13 15 195 18 2 82 49
20 days........ 19 26 27 4 27 4 120 70
42-50 days..... 19 13 73 3 71.0 21.0 130

Norway rat. This relation appears to come about as a re-
sponse to less favorable conditions which tend to retard the
growth of the male more than that of the female. Under more
favorable conditions the female still grows somewhat faster than
the male during this period without however attaining or sur-
passing the body weight of the male.

At 100 days of age the males weigh about 12 per cent more
than the females and this difference in body weight tends to
increase with advancing age, up to 18 per cent or more. The
sex difference is always found, but the amount of difference
varies according to the strain and other conditions.

Mazimum weights. In 1915 the maximum weights reported
were male 438 grams (fat); female 359 grams (fat). In The
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Institute colony a considerable number of rats of both sexes
surpass these weights to-day. Moreover, exceptional rats of
large size are now appearing. A male of 615 grams has been
reared by Osborne and Mendel (MS.) and Ibsen (’21) reports
one of 745 grams.

In the Institute colony several males over 600 grams have
been raised. These results indicate a progressive reponse of
the Albino to domestication and reflect also the influence of
better food and care through a series of generations. Wild
Norways of such body weights have not been recorded.

Minimum weights. Individuals under weight at birth tend to
remain under weight during later growth (Dunn, ’08). Under
usual conditions ‘“runts’’ are rare among rats, but in these the
weight of the brain and of the spinal cord is low (King, '16).

10. Behavior. Under natural conditions. When wild Nor-
ways are confined in a wooden cage they almost always gnaw
the boards of which it is made. This the domesticated Albinos
do not do. When put in a tank of water the Albino rat swims.
Often when unable to climb out over the side, it will dive and
search for a way out below. This must be a reaction, for many
generations unexercised.

Greenman and Duhring (’23) have specially described the
clicking of the teeth-—a sign of content—and other behavior of
the gentle rats—when these are taken in the hand. They have
also described the nest building of the pregnant female and the
behavior of the associated male when the pair are kept in the
same cage after the birth of the litter. There is no justification
for the common statement that the male kills the young. When
the young are killed it is the female which is usually responsible.
Such rats are designated “killer” females—Stotsenburg (’23)—
and these individuals often have rather definite periods for
killing. The cause of this habit has not been determined, but
the ovaries of these animals are of normal size (Stotsenburg,
’23) so that the explanation must be sought elsewhere.

The killing is usually accomplished by a bite severing the
vessels in the neck. In well tamed rats the killing of the suck-
ling young occurs only rarely.
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Sounds. The sounds made by the rat range from an inti-
mate clucking used by mothers with young to small squeaks—
in response to slight discomfort—rising to a high pitched scream
when suffering severe pain or in great terror. Broadly speaking
this last response comes most often from the wild Norways
just after capture.

Under experimental conditions. See References.

Activity and exercise. When fed at midday Albinos divide
the 24 hours into about 14 hours of interrupted rest and sleep
and 10 hours of marked activity—from the early evening to
the early morning (Szymanski, ’18 a).

They are as responsive to training during the period of inac-
tivity as during the active period (Szymanski, ’18). As in-
centives to learning, hunger, pain, and sometimes the maternal
instinct (return to the young) are effective (Szymanski, '18 b).

Richter (’22) has determined that the minor periods of activ-
ity are related to hunger, as expressed by contractions of the
stomach, and Wang (’23) has found that in the female in the
revolving wheel the performance—as measured by miles run—
is periodic and related to the phases of the oestrous cycle (see
pp. 23 and 24).

Effects of alcohol and drugs. See References.

Effects of lesions of the brain and sense organs. See References.

Care of rats. Greenman and Duhring ('23).

11. Comparison with man. When compared with man the
rat shows a series of similarities which are of significance for its
use as an experimental animal.

Similarities in form relations. The males are usually larger
and heavier than the females. The females are somewhat fatter.

The determination of the equivalent ages. The Albino doubles
its birth weight in about six days, thus in one-thirtieth the time
taken by man. If a rat at three years (it is then very old) is
taken as equivalent to man at ninety years, we again have a
relation of 1-30 in the equivalent ages. It is assumed there-
fore that the rat lives thirty times as fast as man. Thus one
day of rat life is equivalent to 30 days of human life (one month).
When the increase in the weight of the brain, and the change
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in the percentage of water in the brain is determined for the
two forms at the equivalent ages, these two growth changes are
found to be nearly the same in both—Donaldson (’18).

For the determination of equivalence in age among mammals
Brody and Ragsdale (’22) have used the three cycles of growth—
termed respectively the infantile, juvenile and adolescent cy-
cles and have taken conception rather than birth as the point
of departure. When by this method the conceptional age of the
maximum of the third (adolescent) cycle is multiplied by the
constant 13, it gives 36.5 months, or approximately three years
as the span of life for the rat. This is in good agreement with
our determinations as just given. The procedure does not yield
satisfactory results in the case of man.

The menopause occurs at 15-18 months, which is equivalent
to 38-45 years.

Functional similarities. Like man the rat is omnivorous and
capable of adapting itself to a wide range of diets.

Rate of response. Owing to the fact that the rat is living
thirty times as fast as man, its responses to all the changes in
its environment are relatively very rapid. To food, drugs, and
alterations in external conditions, it reacts with remarkable
promptness—and while this is very favorable for some sorts
of study, it makes it difficult to maintain the animal in a con-
stant condition for any considerable length of time.
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CHAPTER 2
GENETICS

1. General. 2. Inbreeding. 3. Coat color. 4. Inheritance: (a) Brain weight;
(b) Suprarenal weight; (¢) Body weight; (d) Mutations.

1. General. See References.

2. Inbreeding. Inbreeding of albino rats from males and fe-
males of the same litter, accompanied by the selection of the
most vigorous litters, has been carried on for 50 generations by
Dr. King. If we allow for man 3} generations to a century,
then this is equivalent to what has occurred in man since the
year 423 A. D. Using the data for the first 25 generations,
King has examined the effects of inbreeding on the growth and
variability in body weight (King, ’18, '18 a, ’18 b and '19), and
also the effect on fertility, constitutional vigor and on the
sex ratio, comparison in all cases being made with the data
for the stock rats in the colony at The Institute. It appears
that although the general form of the growth curve for
body weight is unmodified, and the sex differences are un-
affected, yet the inbred rats (especially the males) are heavier,
while the variability in body weight is less than in the stock
rats. The inbred rats attain puberty earlier, live longer and
have larger litters than do the stock rats with which they were
compared. The sex ratio is not modified by inbreeding, but
it was possible to select two groups from the inbreds in one of
which the sex ratio was high and in the other low.

The general conclusion reached by King is that inbreeding in
the rat, when accompanied by selection, may be practised with-
out giving rise to any ill effects (King '23).

3. Coat color. Genetic studies on the Norway rat have been
concerned mainly with the inheritance of coat color. The gray
coat of the wild Norway is dominant in crosses between the
wild gray and the Albino. The Albinos in the F: generation

2 .
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appear in the proportion of one Albino to three pigmented. In
the F; and in the later generations pied animals may be had
and the color pattern both fixed and modified by selection
(Castle, 12, ’12a, and Castle and Phillips, ’14).

In the spring and autumn when the hair is renewed, the color
pattern of the hooded rat is often outlined in the Albino by a
differential growth of the new hair.

4. Inheritance. (a) Brain weight. The inheritance of brain
weight in the reciprocal crosses Norway X Albino has been
studied by Hatai (’15). The relative brain weight in the adult
domesticated albino rat is from 12-15 per cent less than in the
wild Norway. The F, and F, hybrid offspring from Norway
X Albino crosses possess brain weights intermediate between
those for the respective parents. There is no evidence of segre-
gation in the hybrid brain weight data and the pigmented ex-
tracted rats possess brain weights similar to those of the non-
pigmented.

(b) Suprarenal weight. The inheritance of suparenal weight
in the reciprocal crosses Norway X Albino has been studied by
Donaldson, J. C. ("23). In the F, generation, pigmented, the
weight of the suprarenals is less than in the wild gray, while
in the subsequent generations, F;-F,, the weight in the extracted
Albinos was less than in the extracted grays, but never as low as
in the pure Albinos.

(¢) Body weight. The inheritance of body weight has been
studied by Ibsen (’22) but the results are not yet complete.

(d) Mutations. Mutants studied at The Institute since 1906
are ruby-eyed dilute grays: a color variety of the Norway rat
that was obtained near the University of Pennsylvania in 1916
(Whiting and King, ’18).

Through crossing with the albino strain, two other new color
varieties of rats, fawn and sepia, were also produced.

In the colony at The Institute, Hatai obtained albino mu-
tants from captive gray Norways (Hatai, '12), and King (’23)
has obtained cream mutants, the recessive of the black eyed
yellow, from a strain of blacks extracted from the Norway X
Albino cross, which had bred true since 1916.
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Doncaster, '06. Fischer, 1874. Frédéric, '07. Haacke, 1895. Hanson and
Stewart, '23. Hartwell, '23. MacCurdy and Castle, '07. Morgan, '09. Mudge,
'08, '08 a, '09. Whiting and King, '18. Wright, ’17.

Color pattern. Stewart, '23.

Inheritance of brain weight. Hatai, ’15 c.

Inheritance of suprarenal weight. Donaldson, J. C., 23,

Inheritance of body weight. Ibsen, '22,

Mutations. Crew, '23. Hatai, '12. King, '23. Whiting and King, '18.

Acquired characters. Detlefsen, '23. Griffith, 22. Hanson, '23 a. MacDow-
ell, ’24, Przibram, ’10. Ritzema-Bos, 1891,



CHAPTER 3
ANATOMY

1. Anatomy (gross and microscopic). 2. Embryology. 3. Bones—Connec-
tive tissue. 4. Muscles. 5. Blood vessels and lymphatics. 6. Nervous sys-
tem. 7. Sense organs. 8. Integument. 9. Thoracic and abdominal viscera.
10. Uro-Genital system. 11. Exocrine glands. 12. Endocrine system.

Since it is our purpose to present mainly those results that
are quantitative, there will appear several divisions of this
chapter marked only by references to the literature.

Further, even in those divisions for which there are some
available data it happens in many cases that the presentation
of them can be better given in the chapters which treat of growth,
and in such instances the reader is merely referred to the latter
place of presentation. These general statements apply to the
subsequent chapters as well.

1. Anatomy. In only two instances has the rat been used
as the basis for a general presentation of mammalian anatomy.

"These are in the books by Martin and Moale, 1884, and Goto.
1906. The remaining references are to studies which apply to
portions or systems only (see classified references—at the end
of the chapter).

2. Embryology: (a) Spermatogenests. According to Hewer
(14):

In the newborn animal, active mitosis is occurring in the testis, and at
3% weeks the spermatogonia can be distinguished from the spermato-
cytes. No lumen begins to appear in the tubules as a rule until 7 weeks.
At 8 weeks spermatids are easily distinguishable. At 9 weeks typical
ripe. spermatozoa are plentiful, but the fully formed epididymis con-
tains no free spermatozoa. At 10 weeks all the tubules show active

spermatogenesis: the second crop of spermatozoa is appearing, while
the first crop can be seen in the epididymis.

Using rats from the Institute colony Allen ('18) finds that
the first spermatocyte cells begin to differentiate between the
seventh and tenth days after birth and that the first spermatozoa
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are ripe between the thirty-sixth and fortieth days after birth,
about the time of the descent of the testes. The diploid number
of chromosomes in the sperm of the albino is 37. The haploid
is 19.

(b) Odgenesis and fertilization. Ovulation is simultaneous in
both ovaries and there is a tendency for each ovary to discharge
the same number of ova. The number of young in the litter is
correlated with the number discharged during one cycle, but Long
and Evans ("22) found in the series of litters (averaging 6.4
young per litter) that the young represented about two thirds
of the ova discharged—thus showing, from one course or another,
considerable loss.

In a series of females—isolated from the males—Arai (’20)
determined the number of ova present in both ovaries—between
the ages of one and 947 days. The results are given in table
10 and in chart 1.

These data show a continuous decrease in the number of ova
with advancing age. The largest loss occurs before the end of
the suckling period. In this series the left ovary was on the
average 10 per cent heavier than the right, but the number of
ova on the two sides was nearly the same—being three per cent
more in the right ovary. The appearance of the first corpora
lutea was most closely correlated with body length—occurring
between 148 and 150 mm.—equivalent in our reference tables
to' a body weight of 80-85 grams and an age of 62-64 days.

The ovum, after fixation with Zenker’s solution containing
somewhat less than the usual proportion of acetic acid, meas-
ured 60-65 » in diameter with a nucleus about 25 u in diameter.
(Sobotta and - Burckhard ’10). The authors incorrectly as-
sume that the common Albino is a variety of Mus rattus.

For the diameter of the living unsegmented egg Kirkham and
Burr (’13) give 79x as a mean value.

For the volume of the ovum see table 12.

(c) On the early stages of developmeni. We have the observa-
tions of Huber (15 a). His description is as follows:

In the albino rat the segmenting ova pass from the oviduct to the
uterine horn at the end of the fourth day after insemination, probably
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TABLE 10
The relation between the age and the total number of ova, and of corpora lutea
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g w | 5B NUMBER OF OVA NOMBER O SORFORA
AGB g B | Exd
EF EE §§§ mléE'zo to40| 40000 ::'5‘:5 Total |Small| Large | Total
b
days | grams | mm. mgm.
1 55 47 35,105 35,105
3 7.3 52 27,870, 382 28,252
5 10.6 60 24,608 978 25,586
7 13.9{ 69 1 8| 20,009 974 2 20,985
10 148 76 2 2| 14,826 542 38 15,406
15 20.5f 83 2 4| 15,083 470 | 323 15,976
20 23.7 89 6 4| 10,090 404 | 469 | 113 | 11,076
26 302 95| 108 | 9,663 322 | 275 | 162 | 10,422
30 34 8/ 108 67 11,940, 279 | 208 | 114 | 12,541
36 349 105 56| 8,7111 152 | 124 62| 9,049
36 50.00 122 | 104 | 8,565 184 | 137 | 112 | 8,998
41 58 2| 131 741]11,671] 204 59 37 | 11,971
41 619 128 | 140 | 9,832 229 | 121 91 | 10,273
46 69 5 142 | 140 | 9,935 156 | 115 60 | 10,266
50 74 6| 146 | 11 2| 10,698] 197 74 64 | 11,033
50 755 144 | 129 | 9,689 236 98 50 | 10,073
60 93 5| 145 | 10 3 | 10,173} 149 91 40 | 10,452
64 62 7| 132 7.9 9,669 189 | 106 66 | 10,030 A
64 | 1135 165 | 311 9,439 398 | 187 47 | 10,073 6 8| 14
70 | 106.3] 162 | 42 8 | 6,246 197 99 64| 6,606f 9| 22| 31
80 77 3| 140 94| 8,258, 189 77 42 | 8,566
80* | 107 3| 153 | 374 | 4,564 290 | 179 | 145 | 5,268 26 | 13| 39
84 (1250, 165 | 22 2| 9,406 177 85 521 9,720, 2| 11| 13
95 98 5| 148 | 12 2| 10,293] 276 | 109 86 | 10,764 .
o5* {1600/ 182 | 735 | 6,266/ 129 | 109 | 110 | 6,614 33| 13| 46
100 97 8/ 156 | 131, 6,853 133 43 39| 7,068 16 71 23
100 78.5| 138 88| 5,535/ 110 75 24 | 5,744
110 94 3| 147 | 18 7| 5,100{ 176 75 41| 5,392
110 | 167.1| 185 | 416 | 7,290 307 | 101 46| 7,744 40| 20| 60
140 [ 1230/ 168 | 49 2| 8,659 243 | 113 621 9,077 12| 17| 29
150 | 120.5| 171 | 325 | 8,621 222 | 138 42 | 9,023 18| 21| 39
198 | 142.7| 171 | 58.1 | 2,468/ 164 | 100 18| 2,750; 33| 30| 63
206* | 188 5| 185 | 54 8 | 7,782 155 97 32| 8,066 33| 23| 56
262 | 145.0 182 | 48.9 | 3,536 126 70 15| 3,7471 61| 31| 92
318 | 155.0/ 189 | 36.5| 5,460 126 87 29 | 5,702| 53| 16| 69
385 |161.3] 194 | 826 | 4,169 222 93 18 | 4,502 24| 25| 49
454 | 138.7| 194 | 33.8| 4,465 160 78 56 | 4,759 67| 26| 93
550* | 108.7| 200 | 73 5| 4,729 107 37 20| 4,803 27| 11| 38
947 | 238.0] 215 | 652 | 1,709 128 61 21| 1,919) 90| 18 | 108

* Pregnant.
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