
GENETIC AND DISTRIBUTIONAL STUDIES OF 
THI~EE SUB-SPECIES OF P E R O M Y S C U S  ~. 

Br FRANCIS B. SUMNER. 

(With Plates VIII-XI, Twenty-seven Text-figures and Six Tables.) 

CONTENTS. 

I. Introduction 
II. Description of the sub-speeies employed 

III .  Breeding expe¡  
IV. Detailed results from the va¡  crosses 

(a) The leucocephalus-albifrons series 
Body length . 
Tail length 
Foot  length 
Ear  length 
Skeletal measurements 
Tail stripe 
Foot  pigmentation 
Coloured atea of the pelage 
Red 
A b 

- - -  o 

R 
R - V  

Segregants showing aggregate "pure-race" pelage characters 
Correlations . 

(b) The leucocephalus-polionotus se¡ 
Body length and weight 
Tail lengtb 
Foot length 
Ear length . 
Tail s t ¡  length 
Foot  pigmentation 
Coloured area of the pelage 
Red 
Ab 

- -  o 

R 
R - V  

R 
Segregants showing aggregate "pure - race"  pelage charaeters 
Correlations . 

(c) The polionotus-albifrons series 
(d) Ah interspeeifie cross . 

P A G E  

276 
279 
281 
284 
284 
284 
285 
285 
286 
286 
286 
292 
292 
298 

3O3 

304 

3O6 
309 
315 
315 
315 
316 
317 
317 
321 
321 
328 

329 

331 

332 
334 
343 
348 

x These studies were conducted at  the Scripps Insti tution of Oceanography at  La 
Jolla, California, largely with the aid of a liberal grant  from the Carnegie Inst i tut ion of 
Washington. 



276 Sub-species of Peromyscus 
PAGE 

V. Summary and general discussion 350 
References 367 
Explanation of plates 369 
Tables I -VI  370 

I. INTRODUCTION. 

INTENSIVE fie]d studies of various groups of animals, both vertebrate 
and invertebrate, are making ir increasingly evident that the pheno- 
menon of geo~aphic variation within a species, or a group of c]osely 
related species, is one of very wide occurrence i. Amon o students familiar 
with the facts of the case the belieŸ is now probably fairly general that  
the differentiation of these geographic races or sub-species represents 
one of the most important ways in which the divergence of organic 
groups commences. It is consequently surprisino, in view of the abun- 
dance of some of this material and of the absence of insurmountab]e 
technical difficulties in rearing it, that so few geneticists have directly 
attacked the problem of the inheritance of sub-speci¡ characters. Pre- 
occupation with the simpler, more sharply defined problems of Mendelian 
inheritance is doubtless responsible in large degree for this attitude. 
The view is often expressed that the phenomena manifested in specific 
and sub-specific crosses ate too complicated for profitable investigation 
at present, since the characters involved do not seem to admit of 
"critical" Mendelian analysis. 

Ir is doubt]ess true that they do not admit of critical analysis, 
accordin o to prevailing Mendelian standards, and this fact is certainly 
an important limitation to the scope of studies conducted with such 
material. Perhaps ir will always remain so. But the question arises 
whether much of first-rate importance cannot be learned from such 
studies, despite these handicaps, and whether all knowledge of the 
genetics of sub-specific differences must await the time when we can 
resolve them into a definite number of nameable genes, each assigned to 
its proper linkage group. 

Ir wou]d seem, for example, quite re]evant to genetics to decide 
such questions as the following: whether sub-specific differences ate 
inheritable at all; whether they are subject to appreciable modifications 
by external influenees; whether and to what extent individual varia- 
tions in these same characters, within a sub-species, are inhe¡ to 
what extent the various characters which differentiate one sub-species 

i A valuable general discussion of this subjeet has been recently prepared by l%ensch 
(1929). 
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from another are found to be eorrelated, (1) in dealing with a group of 
closely related sub-speeies, and (2) within the limits of a single sub- 
speeies; whether the eorrelation, if ir exists, appears to be explainable 
by the linkage of genetie faetors, or by the dependenee of the eharaeters 
in question upon eommon genetie faetors, of by some other cause; 
whether there is any tendeney toward dominanee or reeessiveness of 
sub-speeifie eharaeters in erosses, and whether the aggregate eharacters 
of one of the sub-speeies tend to behave as a unir in this respeet; whether 
there is any evidenee of genetie segregation in the F 2 generation of 
sub-speci¡ hybrids, in baek-crosses, etc., and if so whether the character 
differenees in question depend upon single genetie faetors, or upon 
multiple faetors; whether, in the latter event, the number of principal 
faetors eoneerned may be approximately estimated; whether there is 
any tendeney, in these generations, for the several eharaeters whieh 
distinguish one sub-speeies ffom the other to segregate together, thus 
inereasing any eorrelations whieh may previously have been exhibited; 
finally, whether there is any evidenee that sub-speeifie eharaeters may 
blend, a s a  result of erossing, in sueh a way as to be irreeoverable in 
later generations. 

The foregoing list of questions eould be greatly extended. None of 
them ctepend for their answers upon "critieal analysis" of the usual 
Mendelian type. To what extent the Peromyscus studies of the past 
fifteen years have eontributed to their solution I must leave others to 
judge. But that studies of the sort here indieated have been urgently 
ealled for is evident from the faet that when the present investigations 
were eommeneed zoologists were still seriously diseussing whether the 
differenees between geographie raees of birds and mammals were here- 
ditary at all. So lar as I have been able to learn, no real experimental 
test of this question had previously been made with either of these 
groups. 

The experiments to be diseussed in the Iollowing pages forro part of 
a rather extended programme whieh has beca condueted by the author 
and his eo-workers sinee 1914. The results have been reported in 
numerous papers throughout this period 1. 

Ir has beca inevitable that my point of view respeeting some of the 

1 The chief of these, so f~r as they bear on genetic or distributional problema, a reas  
follows (those most relevant to the present discussion being italicised): Sumner, 1915, 
1917, 1917 a, 1918, 1918 ~~, 1918 b, 1920, 1922, 1923, 1923 a, 1923 b, 1924, 192.1 a, 1924 b, 
1925, 1926, 1927, 1928, 1928 a, 1929, 1929 a, 1929 b; Sumner and Collins, 1922; Sumner 
and Huestis, 1921, 1925; Sumner and Swarth, 1924; Collins, 1923; Huestis, 1925. 
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theoretieal questions involved should undergo considerable change with 
increasing knowledge of the facts. Thus, for some years, I was disposed 
to share the view of many taxonomists and others that the eharaeters 
whieh distinguish speeies, sub-speeies and other "natural" groups belong 
to a quite different eategory from the charaeters whieh distinguish the 
various "artificial" raees and "mutan t"  types that have been used in 
most Mendelian experiments I. The obvious differenees between these two 
types of variation, both in their incidente and in their mode of inherit- 
ance, cannot be dispute& I am nevertheless now disposed to aceept 
as probable the interpretation whieh has been given to these differences 
by most recent genetieists, namely, that they are due largely to differ- 
ences in the number of genetie faetors which are involved in the two 
cases .  

My own change of view-point on this subject has resulted mainly 
from two considerations: (1) Convincing evidence of genetic segregation, 
in respect to various colour characters, has been revealed in the course 
of the Peromyscus studies. This was not obvious in the earlier hybridi- 
sation experiments which were undertaken (Sumner, 1920), but  became 
increasingly evident with more extended experiments and more thorough- 
going analysis (Huestis, 1925; Sumner and Huestis, 1925), and has 
been shown most strikingly of all in the series discussed in the 
present paper. (2) Certain variations of the "mutant"  type, occurring 
sporadically within a species, have been found to be inherited with 
much the same appearance of imperfeet segregation as are the differences 
between our "natural" species and races. In Mendelian terms, they 
seem to depend upon a number of partially dominant faetors of varying 
potency. Thus the sharp distinction between one type of inheritance 
and the other seems to fall away (Sumner, 1928). 

The remarks in the last few paragraphs must not be construed, 
however, a s a  claim (or admission) that the "multiple factor" interpre- 
tation of all specifie and sub-specific characters yet rests upon a firm 
foundation. All that is claimed is tha~ the data thus far derived from 
the study of Peromyscus conform fairly well with the requirements of 
that theory, while there are thus far few data which seem aetually 
ineonsistent with ir. As has been remarked more than once previously, 
evidence for genetic segregation is not neeessarily evidence for complete 
segregation of the type familiar to us in the case of known Mendelian 
allelomorphs. 

Throughout the entire course of these studies I have been mueh less 

1 0 s b o r n ' s  (1927) antithesis between "speciat ion" and " m u t a t i o n "  belongs here. 
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co~cerned with the mechanism of hereditary transmission, to which, 
for the most part, they have little relevance, than with the analysis of 
racial differences, and the light which these may throw upon the process 
of evolution. To what extent, if at all, the present studies have con- 
tributed to this field will be considered in the closing section of the paper 1. 

II. DESCRIPTION OF THE SUB-SPECIES EMPLOYED. 

No extended account seems called for here, either of the material or 
the methods employed in the present experiments. The biometric data 
regarding the "wild" generation of the parent stocks (Peromyscus 
polionot~~s polionotus, P. p. albifrons and P. p. le~lcoceThalus ) have been 
presented in considerable detail in another paper (Sumner, 1926) 2, while 
the nature of the "characters" here considered, and the means by which 
they are measured, have been fully discussed in a y e t  more recent paper 
(Sumner, 1927). 

Briefly, ir may be repeated that the species Peromyscus polionot~~s 
constitutes a group of small, short-tailed mice, occupying portions of 
the states of Georgia, Alabama and Florida, where it is represented by 
six recognised sub-species 3. This grouping may prove, however, to be 
provisional. Peromyscus polionotus appears to be closely related to 
P. maniculatus, the most widely prevalent and geographically diversified 
member of the genus. Within the species P. polionotus, the sub-species 
P. p. polionotus probably represents most nearly the ancestral form. 
Its range is wider, its habitar more nearly average, and its characters 
more typical of the genus than those of any other of this group of 
geographic races. Thus P. p. polionotus, viewed dorsally, is of a dark 
grey-brown colour, not far different from that of many of the other 
wild mice of various parts of the world. As with most species of 
Peromyscus, the ventral surface of the body, up to a certain level on 

1 I r  is a pleasure to acknowledge here, as on m a n y  previous occasions, the  ever- 
ready help of m y  colleague, Dr G. F. McEwen, in va ¡  mat te rs  relating to mathe-  
mat ical  procedure. 

2 The figures presented in the  present  paper do not,  in all cases, eorrespond with those 
given in the  earlier one for a number  of reasons. (1) The earlier figures for albifrons were 
based upon  material  de¡  from three more or less isolated localities. Ir  will be pointed 
out  below t ha t  these local eollections exhibited ra ther  wide differences in respect to certain 

R - V  
charaeters.  (2) Ins tead  of using the  fraction ~ as an  index of saturat ion for red, I 

R-V(seeSumner,1927, in writ ten ~ )  now use - - ~ -  whieh paper,  however, this fraction is . 

(3) Certain values comprised in the  earlier table have been omit ted from the later one, 
while a considerable number  of new ones have  been added in the  latter. 

3 0 s g o o d  (1909), ttowell (1920). 
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the sides, is of a whitish appearance, due to the laek of pigment in the 
tips of the hairs covering this region. The basal half or more of each 
hair exhibits, however, the usual dark pigmentation. A dorsal stripe of 
dark hairs exteads throughout the length of the rail, this contrasting 
rather sharply with the white hairs which clothe the remainder of the 
appendage. 

The other sub-species which have been described ate of a much paler 
hue, they occupy less typieal habitats, and are considerably modified 
from the supposedly primitive condition shown in polionotus. I shall 
diseuss only two of these sub-species. P.p. albifrons is found throughout 
a rather narrow belt, bordering the Gulf of Mexico, and extending, so 
lar as known, from Mobile Bay eastward to Point St Joe, a distance of 
more than 160 miles. Albifrons is a lar paler forro than polionotus, being 
of a buff or pale brown hue, not far different from that of many of the 
rodents of our American deserts. The white, ventro-lateral area is con- 
siderably more extended than in polionotus, while the hairs throughout 
mueh of this area are white to their very bases. The dorsal tail stripe is 
reduced or vestigial. Ir is narrow and faintly pigmented, and commonly 
extends only part way from the base to the tip. In some cases ir is 
laeking altogether. 

This process of depigmentation has been carried to extraordinary 
lengths in the case of the third race, leucocephalus, whieh inhabits an 
island reef, skirting the coast of north-western Florida. This race has a 
paler coloration and more extensive white areas than any other wild 
mouse with whieh I am acquainted, and the rail stripe is entirely lacking. 

This island (Santa Rosa Island), as well as the beaches and dunes 
of much of the adjacent mainiand, consist of extremely white quartz 
sand, covered to only a limited extent by vegetation. One cannot escape 
the conviction that these conditions have been responsible for the 
extraordinary modifieation of the mice .which dwell here. That the 
modifieation has pro~essed so much farther in leucocephalus than in 
albifrons is doubtless due to the complete isolation of the former through- 
out a considerable period of time 1. 

The three sub-species here considered also di¡ in certain other 
ways. In respect to the depth of pigmentation of certain exposed areas 
of the sldn (ears, soles of the feet, etc.), we have the same graded series 
as was observed in the case of pelage characters. Polionot~ts, albif~'ons 
and leucocephalus forma series of decreasing pigmentation. As regards 
the length of certain bodily appendages (tail and feet), polionot,s gives 

1 Howell (1920), Sumner  (1926). 
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the lowest values and let~cocephahts the highest, with albifrons Ÿ 
mediate I. In ear length, the three raees show no probable differences. 
Nor are there any certain differences in weight or in the mean len~h 
of the body (head + trunk). 

Thus lar, these sub-species have been spoken of as ir they were 
homogeneous groups throughout the territory occupied by each. This 
may be approximately true in the case of le'~tcocephalus "2, but ir is quite 
untrue of either polionot~ls or albifrons. Even during the earlier field 
studies of 1924, three colleetions of albifrons, which were made at points 
more or less isolated from one another, showed undoubted and con- 
siderable mean differences in respect to pelage colour and other charaeters 
(Sumner, 1926, pp. 15Ÿ In 1927 a series of collections was made, 
extending flora the dunes of the gulf coast, near St Andrews Bay, 
through the entire range of albifrons, to a point far within the range of 
joolionotus. As already reported recently, 3 each of these races, particu- 
larly albifrons, displayed a very perceptible gradient from south to north, 
as regards the mean value of each of the pigmental characters which 
were subjected to quantitative treatment. A large and relative]y abrupt 
chanoe was, however, noted in the tatter, a t a  point about 40 miles 
from the coast, where the transition from a somewhat atypical albifrons 
to a somewhat atypical polionotws occurred within the space of a few 
miles. 

III. B R E E D I N G  E X P E R I ~ E N T S .  

A limited stock of cage-bred animals was reared from eaeh of the 
"pure" races. These "C1" animals were utilised in some of the hybridi- 
sation experiments, and they also served a valuable purpose in showing 
the effects of eaptivity upon certain of the charaeters here considered. 
The great majority of the mice which were reared, however, were various 
sorts of hybrids between different sub-species. These are listed below. 
The numbers in parentheses represent the numbers which were reared 
to maturity, and the data from which have been included in the present 
discussion. In most of the groups, a small number of individuals have 

x This intermediate position of albifrons, in respect to length of appendages, appears 
to hold only for the population dwelling in the immediate  neighbourhood of the coast. 
Commencing a t a  point only 20 miles inland, the tail and  feet of albifrons are no longer 
than  those of polionotus. This fact is interesting in view of the fairly uniform gradient  
which seems to hold for all of the pigmental  characters (Sumner, 1929, 1929 a). 

-~ Tha t  is, so far as local variations are concerned. Of course there is a high degree of 
genetic variabflity within the population of any  single locality. 

3 Sumner  (1928 a, 1929, 1929 a). 
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been rejected, owing to being undersized, or to being manifestly stunted 
or deformed I. Some individuals which died in the cages were decomposed 
when found, and were thus not available for measurement. In the 
following list, the order in which the parent races are named has no 
significanee. In each case, reciprocal crosses were obtained. Throughout 
this paper, the term "back-cross," when unqualified, refers to the first. 
back-cross (commonly with leucocephalus), the term "grades" being 
applied to the second back-cross with leucocephalus. 

L e u c o c e p h a l u s  • a l b i f r o n s  2, F 1 . . . . . . . . . . . . . . .  (75) 
. . . .  F 2 . . . . . . . . . . . . . . .  (125) 
. . . .  back-cross, 3/4 l e u c o c e p h a l u s  . . .  (70) 
. . . .  back-cross, 3/4 a l b i f r o ~ ~  . . . . . .  (15) 
. . . .  grados, 7/8 l e u c o c e p h a l u s  . . . . . .  (58) 
. . . .  F3 . . . . . . . . . . . . . . .  (~5) 

L e u c o c e p h a l u s  • p o l i o n o t u s ,  F I . . . . . . . . . . . . . . .  (74) 
. . . .  F . . . . . . . . . . . . .  (109) 
. . . .  back-r 3i4 l eucocepha l t t s  . . .  (67) 
. . . .  back-cross, 3/4 p o l i o n o t u s  . . . . . .  (16) 
. . . .  grades, 7/8 l e u c o c e p h a l u s  . . . . . .  (55) 
. . . .  F3 . . . . . . . . . . . . . . .  (82) 

P o l i o n o t u s  • a l b i f r o n s ,  F~ . . . . . . . . .  (95) 
. . . .  baok.o~o~~, 3i~ po~io~otu~ . . . . . .  (76) 
. . . .  back-cross, 3/4 a l b i f r o n s  . . . . . .  (51) 

In mating F 1 mice for the production of the F 2 generations, sibs 
were employed wherever possible, i.e. in the great majority of cases. 
No selection with reference to colour characters was practised. The 
F a generations, on the other hand, resulted from the matings of F 2 
individuals which had been selected according to shade. About equal 
numbers of individuals of "dark,"  "medium" and "pale" parentage 
were reared. 

In addition to the foregoing sub-specific crosses, I made a number 
of attempts to obtain inter-specific hybrids between leucocephalus and 
sub-species of P. maniculatus. The attempt succeeded in only a single 
case, as a result of which I obtained a fertile female hybrid between 
P. maniculatus sonoriensis and P. polionotus leucocephalus. This F 1 
female was successfulty back-crossed to a leucocephalus male, giving 

1 In  dealing with this  species, animals  have  been arbitrarily classed as "unders ized"  
which fell below a body length of 74 mm.  (males) or 76 mm.  (females). In  addit ion to 
the  exctusion of all measurements  from such mice, the  measurements  of body parts ,  though  
no t  of colour characters, have  been rejected in the  case of a small  number  of others which 
were obviously deformed. The total  n u m b e r  of animals  whose measurements  have  been 
excluded wholly or in par t  Ÿ these reasons is less t h a n  4 per cent. of the  cage-bred animals.  

2 I n  the  following pages, I have dealt  separate ly  with the derivatives of the  " E a s t  
P a Ÿ  and  "Fos te r ' s  B a n k "  series of a l b i f r o n s .  A large major i ty  of individuals, in each 
generat ion,  belong to the former class (fifty-nine and  sixteen, respectively, in the  F1), 
and  ir is these which have chiefly been reckoned with in dealing with this cross. 
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birth to two young, alld to a maniculat~ts male (not, however, sonoriensis, 
but gambeliil), giving birth to thirteen young. 

Reference has been made in preceding papers (Sumner, 1915, 1918a; 
Sumner and Huestis, 1921) to the not altogether normal character of 
the generations reared in captivity. There is a tendency toward reduction 
in total size, as well as toward a diminution in the relative length of 
the rail and leer. These conditions are believed to be in part of a rachitic 
nature. Since the fall of 1924 cod-liver oil has been regularly included 
in the dietary of the mŸ being given in a mush which likewise contains 
milk. Although no carefully controlled experiments have been made to 
test the effect of this substance, ir appears to have h a d a  beneficial 
influence. Searcely any of the more extreme cases of sttmting and de- 
formation, such as appeared in each of the series of animals before 
administration of cod-liver oil to the mothers, ate to be found among 
those reared after the treatment was commenced ~. 

Comparisons have been made between the mean values for the 
"wild" generation of each of the pure races and the corresponding 
values Ÿ the first cage-bred generation, after rejection of the small 
percentage of obviously stunted or malformed individuals (see above)~ 
What seems a Ÿ comparison has also been made between the mean 
values for the cage-bred mice and the means for those wild ones which 
actually figured as parents, the latter being weighted by the number of 
their offspring. While ir does not seem worth while to present these 
figures in detail, i r  may be said that considerable differences appear 
between the two generations in certain cases. These differences, however, 
ate not, on the whole, consistent. They may be of opposite sign in the 
different races, and even in the two sexes of the same race. For the 
most part, they are probably due to random sampling, the number of 
individuals, and especially of parents, being rather small. On the other 
hand, it seems likely that the •reponderant tendency toward reduction 
in total size, and in the relative size of certain parts, is real. Ir accords 
with what has been observed on a more pronounced scale when the 
conditions of life have been distinctly unfavourable. Effects of captivity 
upon pigmental characters ate much more problematic. Ir they exist 
at alI, the), are small in comparison with racial diŸ and probably 
do not affect the interpretation of any of the results to be discussed 
below. This cannot be said unreservedly of such characters as rail and 
foot length. 

1 No fertile male sonoriensis was available at this time. 
2 However, the ma]ority of those born "before using" are of normal appearance, and 

their average size is only slightly less than those born "af ter  using." 



284 Sub-species of P e r o m y s c u s  

I V .  DETAILED RESULTS FROM THE VARIOUS CROSSES. 

(a) The ]eucocephalus-albifrons series. 

(Text-figs. 1-10; Plates VIII, IX, X.) 

Tables I and III  give the mean values and standard deviations for 
the parent races and various hybrid generations concerned in this cross. 
As has already been stated, the albifrons material collected during the 
summer of 1924 carne from three distinct localities more or less isolated 
from one another. While ir was recognised in the field that these sub- 
raees displayed certain mean differences in respect to eolour and some 
other characters, the extent of these differences (see Text-fig. 1) was 
unfortunately not realised until after the first generation of hybrids had 
been reared. Asa  result individuals derived from two of these localities 
were employed indiseriminately as parents of the F 1 hybrids in the 
crosses with leucoceŸ In view of the surprisingly large differences 
between these two albifrons stocks, ir has been found desirable, for most 
purposes, to separate the "East Pass" and "Foster's Bank" derivatives 1. 
A large maj ority belong to the former series, while the residuum of F oster's 
Bank material is not large enough to have any great statistical value. 

The results of reciprocal crosses, here and elsewhere, have been thrown 
together and treated, in eaeh case, as a single population. This procedure 
seems justified, owing to the apparent laek of any signifieant differences 
depending upon the direction of the cross. Mean differenees of some 
magnitude appear in certain cases, but these show no consistent trend, 
and are doubtless due to chance. The number resulting from one re- 
ciprocal cross is sometimes considerably smaller than that from the 
other, and may be inadequate to reveal any except pronounced differ- 
enees. Such differenees, as already stated, ate probably not present 
among these hybrids. 

Ir will be most instruetive, perhaps, to deal seriatim with the various 
measured "charaeters" which are represented in Table I. 

Body length. As regards both this measurement and weight no signi- 
ficant racial differences are to be found between these two sub-speeies. 
There is no evidenee of heterosis in the F1 generation, nor any significant 
increase of variability in the F 2. I have more than once called attention 
to the ~eater  mean size of the females of Peromyscus as compared 
with the males. This appears to be partieularly true of the Ÿ 
group. 

1 For the position of these localities see Sunlner (1926). 
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Tail length. No facts of genetic interest ate to be noted in the present 
cross in re]ation to this appendage. 

Foot length. In this case there is a rather pronounced racial differenceL 
Leucocep]~alus has a greater mean foot length than any of the collections 
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Ono l s M . d  
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0"= 5.oS Fil 

R-V 
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F • I  Foster '$ BanW (2o) 
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Text-fig. 1. Pelage characters of three local collcctions of Peromyscus polionotus albifron~'. 
Here and elsewhere, each square represents an individual. 

of albifrons, the difference being most prominent  when comparison is 
made with the East Pass series. There is, notwithstanding, no increase 
of variability in the F 2 generation over the F~. Indeed we find just the 

1 Ir  is possible to compare only individuals of the same sex, since males have relatively 

larger feet than females. 

Journ.  of Gen. xxIH 19 
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opposite relation in both sexes, though these differences have no statis- 
tical significance. In this connection ir should be stated that genetic 
differences in foot length are masked by a high d e s e e  of non-genetic 
variability. The weighted mean of the coefficients of pareat-offspring 
eorrelation between two generations of the "pure" races employed in 
this cross, together with those between the F1 and F2 hybrid generations, 
is only + 0.076. This is based upon 210 offspring. The corresponding 
figure for the colottred atea, in the same series of animals, is 0.5011. 

Ear length. Nothing instructive is to be noted here. 
Skeletal measurements. As regards these, a number of differences 

between these sub-species are shown, some of which are perhaps of 
statistical significance. These measurements seem to show that albifrons 
(at least from East Pass) has a slightly greater number of caudal vertebrae 
than Ie~lcocephalus, as well a s a  slightly longer pelvis and shorter skull. 
There is, however, no pronounced tendency for these characters to give 
intermediate values in the F 1 generation of hybrids, and there is certainly 
no tendency for the F 2 generation to show a higher range of variability 
than the F 1. 

When we pass to characters relating to pigmentation of the hair or 
skin, a wholly different situ~tion is found. In respect to aH of these 
characters~ so far as determined, there ate racial differences of con- 
siderable magnitude, while a comparison of the various hybrid genera- 
tions reveals many facts of genetie interest. 

Tail stripe. This longitudinal stripe of dark hairs is present on the 
dorsal surface of the tail in most species of Peromysc~ls, as well as in 
some other genera of rodents. Ir is, however, totally lacking in leuco- 
cephal~ts, the rail of which is entirely white, and it is present in albifrons 
in a much reduced condition, or may be lackdng altogether. Ir has been 
pointed out in earlier papers (1915, 1918, 1927, etc. ; also Grinnell, 1922) 
that the relative width of this stripe undergoes interesting local variations 
within certain species. In general, dark races have a noticeably broader 
stripe than paler ones. In P. p. albifrons, and in certain hybrids where 
the rail stripe is usually incomplete, its length rather than its width has 
been determined, and this has been expressed as a percentage of the 
len~h of the entire (exposed) part of the tail. This percentage may vary 
from 0 to 100. Figures based on length alone do not, of course, ade- 
quately express differcnces in the degree of pigmentation of this stripe, 
since they represent only one dimension, whereas the stripe may be said 

1 In  the case of foot length, cert~in of the generations are not av,~flable for parent 
offspring correlations owing to pr~ctical consider~tions which need not hcre be discussed. 
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to have three dimensions (that is, ir the depth of pigmentation may be 
eounted as one of these). Thus a "100 per cent." stripe in albifrons is, 
at best, much less of a stripe than is the 100 per cent. stripe found in 
most P. p. polionotus, which is both wider and of a deeper shade. 
Furthermore, the stated length of an ineomplete rail stripe is often 
merely a rough approximation, owing to the rather arbitrarily ehosen 
termination, which is unavoidable in cases where scattered blaek hairs 
oceur throughout much of the length of the rail. After making due 
allowanee for these diieulties, however, the length of the rail stripe is 
still to be regarded a s a  highly important character in the study of 
sub-specific hybrids in P. polionotus. Its range of individual variability 
lar exceeds that due to observational error, and the ge.netie nature of 
many of the differenees is obvious from an inspeetion of some of the 
graphs. 

An extraordinary difference is to be noted in the tail stripe length 
of the two local eolleetions of albifrons used in the present hybridisation 
experiments. Whereas the East Pass collection gives values from 7 to 100, 
with a mean of 4].73, the series from Foster's Bank for the most part 
laeks a rail stripe altogether, the highest value being 7. Ir is obviously 
necessary to treat these two groups separately. 

Text-fig. 2 shows the various generations whieh have been derived 
from crossing leucocephalus with East Pass albifrons. The mid-value 
between that of the two parental means (0 and 41.73) is about 21. We 
find, however, in the F 1 generation, a mean of 3-81, while slightly more 
than hall of this generation ate of the 0 grade 1. Thus, lack of a tail 
stripe is ineompletely dominant over its presence, a fact whieh will be 
illustrated in a number of ways later. 

Comparison between the F 1 and F2 generations is highly instructive. 
Whereas in the former the highest value is 27, in the latter we have 
seven cases exceeding that value, while the highest reaches 96. The 
mean, likewise, has advanced from 3-81 to 9.33, while only 36 per eent. 
of the individuals are now of the 0 grade 2. All of these relations are, 
of eourse, in keeping with the above supposition that we have to do with 
an ineomplete dominance of absence of rail stripe over its presence, and 
with the oreappearance in the F 2 generation of individuals which ate 
homozygous for some of the recessive factors. 

Standard deviations have been computed for this character in the 
I That this is not due to the accidental choice of albifrons parents having low-grade 

tail stripes is shown by the mean figure of the latter (weighted by the number of their 
offspring). This figure is 40.42. 

2 The weighted mean of the values for the F 1 parents is 4.29. 

19-2 
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Text-fig. 2. Tail stripe values for leucocephalus (0), albifrons of the East Pass series, and 
the various generations of hybrids. Here and elsewhere, the values ~ven  for length 
of tail stripe represent percentages of the total exposed part of the rail. 
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various generations, though this is scarcely a legitimate procedure, owing 
to the extreme asymmetry of the distributions. Ir is obvious, however, 
that the variability is far greater in the F 2 generation than in the F 1. 

Back-erosses with the paler parent raee (leucocephal~ts) gire a mean 
value for the tail stripe of 1.22, while 90 per eent. of the individuals are 
of the 0 grade. For the "grades" (7/8 leucoceŸ all but one of the 
forty-two individuals belong to the 0 grade, the single exception giving 
the lowest measurable grade (2). 

It  is a matter of interest that the degree of dominance is nearly alike 
�9 in the two generations in which ir is possible to test this. Thus the mean 
value for the F 1 generation (3.8) is removed only nine hundredths of the 
distanee from 0 to the weighted mean of the albifrons s (40.42), 
while the mean of the baek-eross generation (1.22) is eleven hundredths 
of the distance from 0 to the weighted mean of the F 1 parents of that 
generation (10.71) 1. Ir happens that all of the back-eross parents of the 
"grades" lacked the stripe in any measurable degree, and this condition 
is virtually repeated in the latter generation. 

The limited series of crosses derived from albifrons of the Foster's 
Bank series are lar less instruetive. Only four individuals out of this 
colleetion were employed as parents, three of these having a tail stripe 
of the 0 grade. The F1 hybrids between these and leucocephalus num- 
bered only sixteen, while the F 2 generation numbered twenty-nine, the 
baek-erosses with leucoceŸ twelve, and the grades seventeen e. 
Certain of the relations shown by this series are contradictory, owing 
probably to the limited numbers (e.g. the lower variability of the F 2 
generation as compared with the F1). Ir is significant, however, that 
the great majority of individuals, both in the F 1 and F 2 generations, ate 
of the 0 grade, while the highest value in either generation is 5. The slight 
development of the rail stripe in the Foster's Bank mice thus represents 
a hereditary difference. 

The point last referred to brings up the question how lar, in general, 
these differences in the development of the rail stripe ate hereditary. 
Within the East Pass series alone, the values range from 7 to 100, while 
individuals giving values from 9 to 76 were mated with le~lcocephalus 
as parents of the F~ hybrids. It  may seem that little of an instructiva 
nature can be learned from the use of such heterogeneous material. 

1 Several F x mice having relatively high tail-stripe values figured as the parents  of a 
considerable proportion of the back-eross generation. 

2 In  addit ion to these last~, there are twcnty-one F 2 individuals of mixed descent,  
these having both Eas t  Pass  and Foster 's  Bank  grandparents .  
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However, there is abundant evidence that these great di¡ within 
a single local population are largely non-genetic. 

Owing to the great variability of this character, and to its asym- 
metrical distribution, the computation of parent-offspring correlations 
would not here be justified. But the correlation may none the less be 
portrayed graphically (Text-figs. 2, 3). In Text-fig. 2 we have the values 
exhibited by an F3 generation of selected parentage. As already stated 
(p. 282), the "pale," "medium" and "dark" sections of the F 3 genera- 
tion were derived from F 2 parents whieh had been seleeted aecording to 
the shade and extent of the coloured area of the pelage. The magnitude 
of the tail stripe played little or no part in the choiee. The conditions 
here portrayed make ir clear both that the differences in the length of 
the tail stripe are in part genetie, and that they ate closely correlated 
with differences in the general pigmentation of the pelage. 

Text-fig. 3 further illustrates the undoubted, though feeble and 
erratic, correlation which exists between parents and offspring in respect 
of the degree of development of the rail stripe. 

Allowing, then, for great differences in the "expression" of this 
character, due to non-genetie causes, is ir possible to estimate the 
number of genetic factors concerned in the difference between total lack 
of a rail stripe and its presence in any degree? Comparison between the 
arrays for the F I and F2 generations (Text-fig. 2) makes ir quite unlikely 
that we have to do with a simple one-factor diflerence. In the F2 genera- 
tion we should have 25 per cent. of pure dominants, all of which would 
be of 0 grade, according to hypothesis. But to this number should be 
added hall of the heterozygotes, since about that Proportion of F1 
animals were of 0 grade in this respect. Thus, about 50 per cent. of 
0 grade individuals, instead of the 36 per cent. actually found, would 
be expected in the F~ generation, ir we had to do with a one-factor 
difference. 

That the entire difference between the leucocephalus and the albifrons 
condition, in respect to rail stripe, is not due to a single pair of allelo- 
morphs is even more certain. When each of the forty-eight F2 individuals 
which display this character is compared with its own albifrons grand- 
parent, we find that in only three cases is the value equal to or greater 
than that of this gTandparent. No others approach the latter very 
closely. Although tt¡ does not, of course, constitute an accurate esti- 
mate of the number of pure se~egants for the character in question, 
the number is obviously lar too small for a monohybrid ratio. On the 
hypothesis of a single factor difference, about nineteen individuals, out 
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of the seventy-five in the F~ generation, should be homozygous for the 
albifrons tail stripe factor. The number aetually found lies between 
the expeeted numbers for two and for three factors. We shall find reasons 
for believing that even that estimate would be too low. 

Foot pigmentation. Owing to the complete laek of pigmentation in 
the foot of leucocephalus, and its merely oeeasional presence in albifrons, 
this character eannot profitably be considered in the present eross. 
Referenee will be made here only to the higher mean value found in all 
of these generations of leucocepttalus-albifrons hybrids, in eomparison 
even with albifrons itself. This faet will be referred to in eonneetion 
with the next eross. 

Coloured ama of the ~eelage. As stated above, the entire ventral and 
portions of the lateral surfaees of the body, in both leucocephalus and 
albifrons, are clad with hairs which ate white Ÿ base to tip. In 
contrast to this area (peripheral in the fiar skin), is a dorsal (central) 
region, in which the hair is pigmented, partly at the base only, but  for 
the most part throughout its entire length. Thus, when examined by 
transmitted light, and ~dewed fr6m the inside of the skin, a central, 
semi-opaque area is seen, whieh is bordered by a translueent margin of 
varying width. The former is eonstituted by all the pigmented hairs of 
the pelage, ineluding both those whieh ate pigmented at the base only, 
and those whieh ate pigmented from base to tip. The semi-opaque atea 
thus seen is usually outlined rather sharply, and may be measured by 
means of a planimeter. When stated a s a  percentage of the entire atea 
of the animal's skin ir is a charaeter of prime importanee 1. 

The mean value of this character in leucocephalus is 45.54, extreme 
variants ranging from 37 to 54. In albifrons of the East Pass series, the 
mean is 66-46, the range in va¡ being from 60 to 73. The albifrons 
from Foster's Bank show a lar lower value, the mean being 56.80, and 
the range from 52 to 61. Finally, the small Ono Island series (not used 
in the hybridisation experiment) give the high mean value of 72.87. 
Fortunately, most of the hybrids were derived from crosses with the 
East Pass series, in which the range of variability is relatively small 
and does not closely approaeh that of leucocephalus. 

Text-fig. 4 shows the behaviour of this character in the various 
generations of hybrids (excluding the F3), while the means and standard 
deviations appear in Tables I and III. The mean value for the sixty-two 

1 Sumner  (1926, 1927). Values thus obtained are obviously lar  Ÿ being absolute  
ones. Since the procedure is constant,  they  are, however, strictly comparable with one 
another.  
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F 1 mice (56.24) is very nearly an average of the weighted means of the 
leucocephalus and albifrons parents. Thus, there is no appreciable ten- 
dency toward dominance in respect to this eharacter. In accordance 
with the latter fact there has been no appreciable shifting of the mean 
in the F2 generation. The slight difference found is probably of no 
significance. 

There is, however, ah obvious and very considerable increase in 
variability when we pass to the seeond hybrid generation. The latter 
(seventy-four skins available) has a range from 38 to 69, with a standard 
deviation of 5.75, whereas these values, in the F1 generation, range from 
50 to 63, giving a standard deviation of 3-04. The two lowest values in 
the F 2 fall below the mean value for leucocephalus, while the three highest 
values equal or exceed the mean for albifrons 1. 

In the back-cross (F 1 • leucocephalus, in either dlrection), the fiity- 
eight animals show a range from 41 to 62, a mean of 51.64, anda  standard 
deviation of 4.65. The mean is approximatety midway between the mean 
of le~tcocephalus (wild generation) and that of the F 1 generation~ while 
the variability is higher than in the F1, though lower than in the F2. 
Four individuals give values equal to or below the mean for leucocephalus, 
while none reach the mean for albifrons. 

The small group (fifteen) of baek-crosses with the other parent race 
(i.e. 3/4 albifrons) give a range of from 52 to 69, a n d a  mean of 61.27. 
This figure is very nearly midway between the F 1 mean and that of the 
East Pass albifrons. The albifrons parents and grandparents of this 
group were almost wholly East Pass derŸ 

Of the second back-crosses or "grades" (first back-cross • leuco- 
cephat~~s, in either direction), we have forty-one inclividuats, giving a 
mean of 48 and a standard deviation of 4.27. The mean is approximately 
midway between the mean of the back-cross generation and that of 
leucocephalus. 

Passing to the limited number of hybrids involving the Foster's 
Bank series of (Llbifrons, ir is evident (Text-fig. 4) that the mean value 
of the coloured area for this series is much closer to that for le~tcocephalus 
than is that for the East Pass series. Accordingly, the F~ generation of 
hybrids likewise gives a much lower mean. The relations between the 
F1 and the first and second back-crosses ate such as might be expected, 

1 Unless otherwise specified, the mean  of the  entire populat ion of a given paren t  
generation is intended. While the  weighted mean  of the  actual parents  is probably a fairer 
index of the  lat ter 's  genetic contribution, this has not  always been computed,  owing to 
the labour involved, as well as to the  fact  t ha t  such means  commonly  differ but  little from 
those of the  total populat ion to which the parents  belong. 
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considering the smali numbers of individuals. The differenee between 
the $'1 and F 2 means is unexpected, but this probably has no signifieance. 

The facts discussed in the last few paragraphs make ir plain that  the 
differences between leucocephalt~s and either strain of albifrons, in respeet 
to the extent of the coloured area of the pelage, are not dependent upon 
a single pair of Mendelian faetors. If we may assume that they are 
explainable on a Mendelian basis at all, one naturally enquires whether 
the number of factor differences may be determine& 

Ir has already been stated that two F~ individuals of the leuco- 
cephalus-East Pass cross fall below the mean value of leucocephalus. 
Indeed one gives a value as low as any but the palest single specimen of 
le~~cocep]talus. However, in view of the wide range of variation within 
leucocephalus itself, ir is more pertiaent to ask how many F~ animals 
gire values equal to or lower than their own leucocephalus grandparents. 
Ir happens that there are two such, these being the same two individuals 
as have aLready beea referred to. One gives a value equal to that  of its 
leucocephalus grandparent, the other a value one unit less. 

Ir would, of course, be unjustifiable to conclude forthwith that these 
particular two individuals, and no others, are pure segregants for the 
factors concerned in determining the racial differences in the magnitude 
of the coloured atea. For, in the first place, even an individual having 
the same genetic constitution a s a  given ancestor would not necessarily 
agree with the latter precisely. Ir might gire a lower or higher value, 
and a departure in either direction would be equally probable. We 
should not be warranted, therefore, in including only those individuals 
which equalled or surpassed their parents in respect to a given character, 
since this number would tend to be too low 1. 

However, there is another eireumstance working in the opposite 
direction. Ir we suppose that a number of factor differences are con- 
cerned here, it is likely that the various genetic classes in the segregating 
generations would overlap rather broadly, owing to non-genetic varia- 
bility. For this reason, ah individual not homozygous for all of the 
colour-restricting factors derived from leucocephalus might nevertheless 
equal or surpass its leucocephalus ancestor in respect to the character 
in question. 

Since we have no means of determining which of these two opposing 
tendencies would exert the greater influence, let us make the arbitrary 

1 The word surpass is here employed in the sense of having a smaller value for coloured 
area than the leucocephalus ancestor, since leucocephalus differs in this direction from 
albifrons. 
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assumption that their effects would balance one another, and pro- 
visionally count as pure le~tcocephal~~s segregants (for these factors only) 
the actual number of individuals which gire equal of lower wlues than 
their leucocephahts ancestors. 

Thus, as already stated, we have, in the present F2 generatioa, two 
segregants supposedly "pure" for the le~tcocephalus allelomorphs which 
influence the magnitude of the eoloured area. This frequency (1 in 37L 
stands between the expected frequencies in cases where two and three 
pairs of Mendelian factors are concerned in a cross. However, in the 
other direction, ir happens that not one of the F2 individuals attains as 
high a grade as its albifrons grandparent. This would lead us to suspect 
that we have to do with more than two factor differences. 

Passing to the back-crosses with leucocephal~ts, we find b u t a  single 
individual, out of a total of fifty-eight, whieh gives a lower value than 
the mean of its lettcoce,phalus ancestors. This is not far from the pro- 
portion of 1 in 64, which would be the expected proportion were six 
factor differences concerned in the cross. 

The "grades" (7/8 leucoceŸ yield seven cases, out of a total of 
forty-one, in which the extent of the coloured atea equals of falls below 
that of their leucocephalus ancestors. Thus we have about 17 per cent., 
a proportion very close to that to be expeeted were six factors eoncerned 
(see Text-fig. ]5). This is in close agreement with the figure iadicated 
by the back-cross generation, but not at all in harmony with that which 
might be inferred from the number of le~tcocephalus se~egants in the 
_F 2 generation. Needless to say, none of these figures have any great 
measure of probability, owing to the small numbers concerned, and to 
the further uncertain elements in the situation which have been referred 
to above. 

One weighty reason for believing tha~ we have to do here with a 
considerable number of factor differences is based upon the distribution 
of cases in the population of "grades" (7/8 le~tcocephalus). For purposes 
of comparison I have computed the expected proportions belonging to 
each phenotypic class, which would result from such a cross, on the 
supposition that we had to do with two to ten pairs of factors respec- 
tively 1. The proportional numbers of these classes, expressed in per- 

1 The terms of this series are derived from the expansion of (1 +3) n, where n equals 
the number of supposcd allelomorphic pairs concerned, l i  the more heavily pigmented 
race (in this case albifro~~s) be represented as AA BBCC..., etc., and the less heavily pig- 
mented race (leucocephalus) be represented as aabbcc..., etc., the frequencies plotted in 
these graphs are those for genetic combinations containing the various possible numbers 
of capital letters, ranging from the completely heterozygous condition (AaBbCc..., etc.) to a 
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centages, are shown graphically in Text-fig. ]5. I t  is evident from this 
figure that a very asymmetrical distribution is to be expected until 
about tire or six factors are reached. Furthermore, the asymmetry is 
of such a nature that the mode is displaced in the direction of the pure 
race to whieh the hybrids have been successively crossed. Thus, in the 
present case, ir only a few factor differences were concerned, the genetic 
classes which approach most closely to "pure"  leucocephab.ts should be 
piled up on one side of the distribution surface, while those classes which 
show the effects of the cross with albifrons should be present in gradually 
decreasing numbers, tapering off to a low mŸ for the completely 
heterozygous elass, equivalent to the F 1. 

This asymmetry is so marked in all of the polygons up to those for 
tire or six factors that ir should manifest itself even in the small popu- 
lation (forty-one individuals) with which we have to deal in the present 
case, and even when we take account of the considerable amount of 
non-genetic variability and of probable departures from the ideal scheme 
assumed in the preceding footnote. A glance at Text-fig. 4 shows that 
nothing of the sort has occurred. The distribution is approximately 
symmetrical. This same fact will be referred to again in connection with 
another character in the present cross, and with both characters in 
another cross. 

Considerable asymmetry is to be noted in the small series of Foster's 
Bank crosses, but this asymmetry is not of the type which is called for 
by the considerations here discussed, and it is likewise manifested in 
generations where it should not occur. The relations are probably 
accidental. 

In the foregoing argument, both leucocephalus and al£ were 
treated provisionally as ir they were genetically homogeneous in respect 
to the character under consideration. As might have been anticipated, 
this is distinctly not the case, a fact which serves to further complicate 
the picture presented to us. 

Parent-offspring correlations for the "pure"  races and the various 
generations of hybrids have been computed for this and some other 

condition homozygous for the leucocephalus factors (aabbcc..., etc.). Any  strict comparison 
between these  polygons and the frequency distr ibutions in an actual 7/8 cross involves, 
of course, several assumptions,  viz. tha t  Aa is approximate ly  midway between A A  and aa; 
t ha t  the effects of A, B, C, etc. are appro ximately equal;  and  fins, lly tha t  all of the "cap i t a l "  
genes belong to one of the  two sub-species, while all of the  "lower case" ones belong to 
the  other. Since, however, we are not  t rying to determine the actual  number  of factors 
concemed,  even roughly, bu t  merely endeavouring to set a m in imum value Ÿ these, I 
believe tha t  the foregoing objcctions m a y  fairly be waived. 
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characters. The weighted mean of these coefficients of correlation be- 
tween the successive generations (excluding that between F 2 and F3) 
is + 0-375. The degree of correlation is doubtless somewhat increased 
by the fact that the derivatives of the local sub-races of albifrons huye 
not been se~egated from one another la these computatious 1. 

The correlatioa between selected groups of F 2 individuals and their 
F 3 offspring (see p. 282) is + 0-751. The high value of this coeffieient is 
due to the fact that three groups, representing the extremes of shade 
and the medium condition, were selected, and were subjected to assor- 
tative mating. The effect upon the correlation was, of course, much the 
sume as if several pairs of pure le~lcocephabts and albifrons had been 
included among the F2 parents. 

Graphs (Text-fig. 6) showing the distribution of these offspring of 
seleeted F2 parents ate instructive 2. The wide differences between these 
group means is obvious. 

Red. This is the value of the reading obtained through the red colour 
screen la the Ives Tint Photometer. Ir is expressed a s a  percentage of 
the light which is simultaneously reflected from a standard white block 
(magnesium earbonate). The value obtained with the red screen is 
employed in preference to those obtained with either of the others used 
by me merely because ir is the highest of these values. In the present 
discussion ir is employed merely as un index of the paleness or darkness 
of the pelage, high values denoting pale skins and vice-versa 3. 

From Table I and Text-fig. 5 it appears that le~tcocephalus gives a 
mean value for this character of 25-4, the individual figures ranging 
from 20 to 37. The East Pass collection of albifrons gives a mean of 
17.17, the range being from 13.5 to 20. There is no overlapping between 
the actual parents of the F1 generation, the lowest value for leucocephalus 
being 21.5, the highest for albifrons being 19. 

The mean value of the Foster's Bank albifrons is 15.07, that of the 
fifteen Ono Island skins beiag 14.51. 

In the F 1 generation of the leucocephalus-East Pass cross we have 
a mean value of 19-32, the extremes being 15.5 and 24. The mean here 

1 The computations were well under way before the extent of these local differences 
was realised, and ir has not been thought worth while to repeat these laborious calculations. 

2 Selections based upon the inspection of living animals, before their pelage measure- 
ments are known, are necessarily inexact. 

s For an extended account of my procedure in using this instrument, see Sumner (1927). 
Let me repeat here that thc colour values obtained in these studies are not absolute ones, 
nor do they approach the accuracy required in physics. All that  is claimed is that  the 
figures are reasonably comparable for the various scries of skins here considered. 
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is appreciably lower than either the mid-value between the means of 
the parent  races (21-28) of be~ween the weighted means of the actual 
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parents (21.41). Ir would thus appear tha t  there is a slight tendency 
toward dominance of the darker condition over the paler, a relation 
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which will be found to be even more pronounced in the leucocepttalus- 
polionot~ls cross to be deseribed below. It  is of interest to recall that  
this is just the reverse of the relation manifested in the case of rail stripe 
length, in whieh the unpigmented condition is incompletely dominant 
over the pigmented. This situation is the more eurious, since depth of 
coat colour (which is merely the reeiproeal of the value of "red")  is 
positively and strongly correlated with tail stripe. 

In the F 2 generation we meet with the following salient facts. The 
mean is 20-66, being thus somewhat higher than the mean for the F 1 
generation a s a  whole (19.32), and still more so in comparison with the 
weighted mean of the parents of the F2 animals (19.14). This difference, 
which appears to be significant, is in the expected direction, representing 
a shift in the direction of the recessive condition. The same relation has 
already been noted in the case of tail stripe, and will be met with again 
in the leucocephalus-polionot~~s cross. 

More important still is the increase in variability. The standard 
deviation for " red"  has risen from 1.50 in the F 1 to 2.61 in the F 2. 
Likewise, the upper limit of the range has risen from 24 to 31.5, there 
being two individuals lar exceeding the mean condition in leueocephalus. 
The lowest values, however, ate the same in the two generations. 

In the back-cross between the F 1 generation and leucocephalus, we 
have a mean value for fifty-eight individuals of 23.4, and a standard 
deviation of 2.99. The highest single value is, however, no higher than 
in the F 2 generation. The small series (fifteen) comprised in the back- 
cross with albifrons is not comparable with the others, since two of the 
collections of albifrons ate represented in their ancestry. 

The "grades" (7/8 leucoeephalus) give a mean value of 25.17, which 
is close to that for "pure" leucocephalus, while nearly half of the total 
number equal or exceed, in this character, the mean value for the 
latter race. 

The conditions shown in the limited number of crosses between 
leucoeephalus and the Foster's Bank series of albifrons ate evident from 
inspection of the graphs. The same tendencies are manifest as in the 
East Pass derivatives, the differences being due (1) to the much smaller 
numbers in the former series, and (2) to the considerably lower mean 
value for "red." 

Considering, as previously, the proportion of seemingly "pure"  segre- 
gants in the various hybrid generations, we find that in the F 2 generation, 
three individuals of East Pass lineage gire a value equal to and three 
a value higher than the leucocephalus grandparent. If these six were 
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regarded as segregaDts which were pure for the leucocephahls factors 
(see p. 296) we should have about  one out of twelve in the total  popu- 
lation, i.e. more than the expected number, if only two-factor differences 
were concerned. 

Conversely, Iour F 2 individuals equal or faU below the value for the 
a~bifrons grandparent,  i.e. about one in eighteen. 

Among the back-crosses, we have twelve out of fifty-eight which 
would be " p u r e "  segregants according to the suggested criterion, a 
proportion which would likewise correspond roughly with a two-factor 
difference 1. 

Passing to the "grades,"  we have nineteen individuals out of forty- 
one (about 46 per cent.) which reach or surpass the mean of the leuco- 
cepha~us ancestors. The expected proportion of pure segregants resulting 
from such matings is 42.2 per cent., on the assumption that  we have to 
do with three factor differences. 

Thus, if the foregoing reasoning were to be accepted, we should have 
a character difference between these two sub-species which depends upon 
two of a t  most three principal pairs of Mendelian factors. This is quite 
unexpected in view of the fact tha t  racial differenees in the extent  of 
the coloured atea were found to depend almost certainly upon a con- 
siderably greater number of factors than  this, and of the further fact, 
to be discussed later, tha t  these two "eharac te rs"  are probably de- 
pendent,  to a large extent, upon the same factors. 

Inspection of the distribution polygon for the generation of "g rades"  
(Text-fig. 5) reveals no more evidence of a pronounced asymmetry  of 
distribution ~han was to be observed in the distribution of values for 
"coloured area"  (p. 297). As judged by  this criterion, a moderately 
large number of factor differences must  be concerned in the case. An 
effort to reconcile these various contradictions will be made after the 
other crosses have been cousidered. 

Parent-offspring corrclations comparable with those computed for 
coloured area (see above) gire a weighted mean for the various genera- 
tions (excluding the correlation between F 2 and Fa) of + 0.264. This is 
a considerably lower figure than tha t  for eoloured atea (0.375), a fact  
which probably depends upon the higher proportion of non-genetic 
variability in the character " r ed , "  as derived from t int-photometer  
readings of the pelages. 

of these twelve, ir is to be remarked th~~t nine llave as their mother (and likewise 
n some cases as grandmother) the same leucocephahts individual, and that the value of 
"red" for this individual is considerably below the average. 

Journ. of Gen. xxlII 20 
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The correlation between the seleeted series of F 3 animals and their 
F2parents is + 0.743. This is slightly, though not significantly, lower than 
tha t  for coloured area. Text-fig. 6 gives the distribution of values in 
the offspring of eaeh group of seleeted pareats. 

Ab Since " r e d "  is here used as ah index of the paleness of the 

pelage, the reciproeal of this (R) may be regarded as indicative of the 

depth of pigmentation. The total amount of pigment in the pelage is of 
eourse roughly proportional to the coloured area multiplied by the 

1 A 1 This is, of course, lar from density of pigmentation, i.e. �93 x i~ of ~. 

being aa  exaet quantitative expression for the amount  of pigment 
present, and in any case ir is obvious that  we ate not dealing here with 
another character, independent of both "coloured area" and "red,"  
even supposing that  the last two are independent of one another. 

Of the two parent raees here considered, leucocephalus gives a mean 
value of 1.82, albifrons (East Pass series) a mean value of 3.9. The 
figures for the weighted means of the actual parents are 1.72 and 3.95 
respectively. The mean for the F 1 generation is 2.93, tha t  for the F2 
being 2-82, which is slightly nearer the value for the paler of the two 
races (leucocephalus). The expected increase of variability in the second 
hybrid generation is to be observed here. Conditions with respect to 
the back-cross generation and the grades are made evident in Text-fig. 7 
and Tables I and III. 

A q u e s t  for cases in which hybricl descendants have equalled or 
surpassed (here fallen below) their leueocephalus aneestors in respect to 

A results in contr~dictorv findings. Whereas the number the value of ~ 

of supposedly pure segregants in the ~v e generation points to the presence 
of not more than three factor differences, the proportion among the 
grades is about that  for six factors. The distribution of frequencies in 
the latter generation (Text-fig. 7) likewise points to a relatively large 
number of factors. 

The weighted mean of the parent-offspring correlations for the 
two pure raees here involved, and for the various hybrid genera- 
tions (excluding that  between F e and F3), is + 0-312. This is intermedi- 
ate between the figures for coloured area and red. The correlation 
between the seleeted Fe parents and the F 3 generation is + 0.762. Ir 

A was thought  possible that  this fraction 1/ would prove to be a better 

1 Sumner, 1929 (Ca was used in tlm former paper). I shall here designate the area of 

hair pigmented at the base by "-']b, the area pigmented st tips being designated as A t. 

20-2 
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index of genetic diEerences in pelage pigmentation than either of the 
values from which it is derived. Ir is evident th=t this is not the case. 

- v The exact meaning of this fraction h=s been explained in my " 

recent paper or~ technique (1927), and need not be discussed a~ any 
length here ~. Briefly speaking, the fraction represents aa index of 

Grades (~  [eucocephal~s)(r 

Mea n �9 193 ~r, s.o~ 
cr : oz9 

r - - I  n f3 
z l  N 4~ 

Rack-Cross (�88 leucocephalusl (s~l 

M e o n .  2. 25 

~ ~ h r l  ...... 
J - I  F z ( v~ )  

M e a n  ~.z 82 

alDifr  OnS (East P~ ss')(~')~ 

Sz 

Ab --ff- 

3 
~ack- Cr oss(~ leucocepha/us) (5B) 

M e o ~ ,  3S9~ 
a : �91 

z~ ~~ 

M e ~ n ~  3590 

27 �91191 

a l  bifrons (East P~ss) 

Mean = 4~-o�91 

lo s2 

) - 1  l e L ~ c o C e p h a l u 5  (~4) 

Mean = Z?.66 

N - V  
R 

Tex~-flg. 7. V~lues for fraet-ion: eoloured are~ + red, ancl for mclex of saturation, in 
leucocephalu~, albifrons (East Pass series), and hybrids (excluding F3). 

S~nce there is no "free" blue or violet in the pelage of a mouse, the reading with 
the blue-violet sereen (V) represents the amount of non-seleetive refleetion, i.e. the amount 
of "white" light whieh is refleeted from the skin. _R - V represents the Ÿ of "free" 
red, aff~er dedueting that whieh is present as a eomponent of the white light. In the paper 

referred to, this frac~ion was written , ,R RBV,,, but the formula here employed accords 

better with algebraic notation, since BV ("blue-violet") is a single quantity. In my first 

p p e r o n  the ~ooliono~us group (1926), I employed a different index ( ~ - ~ ) .  
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saturation as regards red. High values indicate a richly coloured skin 
(brown or yellowis]~), low values an approach to neutral grey. Ir wilI 
be found that these differences relate to a "character" which is to a 
considerable degree independent of the other pigmental "characters." 
Pale pelages may vary greatly in their richness of colour, and the same 
is true of dark ones. Certain correlations exist, however, between 
saturation and shade, as will be pointed out. 

Leucocephalus, owing in part to the presence of large numbers of 
white hairs within the coloured area of the pelage, gives a low average : 
value for this fraction (27.66); albifrons giving much higher values 
(East Pass, 42.02; Foster's Bank, 37.6; Ono Island, 30.73). Only the 
East Pass derivatives will be considered here. 

In the F 1 generation we have a mean of 35.90, which does not differ 
widely Ÿ the mid-point between the means of the parent races 
(34.84). When, however, we compare the F 1 mean with the weighted 
mean of the actual parents of the F 1 generation, we have a considerably 
greater difference (35.90- 31.44 = 4-46). This would seem to imply a 
partial dominance of the more richly coloured condition over the greyer 
one, a relation which will be found to hold with yet greater force for 
the leucoceŸ cross. 

The F 2 mean (35.94) is almost exactly the same as that for the F1,1 
but there is a marked increase in variability, the standard deviation 
being 6.02, as compared with 4.33. The mean value for the back-cross 
generation is 33.60, this likewise being a figure lar in excess of the mid- 
value between the weighted means of the leucocephalus and the F 1 
parents of this generation (29.38). The mean for the grades (30.85), 
however, is very close to the weighted mean of their parents (31.08). 

Decidedly curious relations ate encounterecl when we consider the 
number of F~ individuals which equal or surpass their grandparents in 
respect to this "character." On the one hand, there ate five individuals 
out of seventy-four which give values equal to of lower than their 
leucocephalus grandparents; on the other hand, tkirty-nine Ÿ 
or more than 50 per cent., give values equal to or higher than their 
albifrons grandparents! Furthermore, even in the F 1 generation, there 
are two individuals which fall below their leucocephalus ~andparents, 
and eight which equal of exceed their albifrons grandparents. 

There are doubtless genetic factors concerned here which inituence 
the degree of saturation of pelage colour, independently of its shade. 
Of this further evidence will be offered below. Likewise, the fraction 

1 The  w e i g h t e d  m e a n  of the F 1 pa ren t s  of the  F 2 genera t ion  is 33.97, 
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R - V  seems to be the only means at hand of expressing these differences 
- R  
in degree. But the value of this fraction appears to depend upon such 
a variety of unknown factors that little of a definite nature has thus lar 
been learned of its relation to the inheritance of pelage colour. Perhaps 
the explanation offered in the concluding section (p. 358) for the un- 
expectedly high number of seemingly pare segregants affords the best 
clue to this situation. 

That the proportion of non-genetie variability is much higher than in 
the case of the colour characters hitherto considered is evident from a con- 
sideration of parent-offspring correlations. The weighted mean for the 
leucocephalus-albifrons series (pare races and hybrids, excluding F2-F3) 
is + 0.094; that for the F2-F3 coefficients being + 0.381. 

Segregants showi~~g aggregate "pure-race" Ÿ characters. I t  has 
been shown for each of the pigmental "characters" thus lar considered 
that a certain number of individuals, in the various segregating genera- 
tions of hybrids, reach of surpass the degree of depigmentation found 
in their own leucoce2hal,s aneestors. Thus lar, one "charaeter" at a 
time has been considered. It is of interest now to enquire how many 
individuals in eaeh hybrid generation reach or surpass the mean of one 
or the other parent race in respect to the entire complex of pigmental 
characters. In other words, what proportion, ii any, of our segregants 
may be fairly classed as average leucocephalus or albifrons in respect to 
colorationl? 

For this purpose, ir would obviously be improper to include as 
"average" only those individuals whieh reach or surpass the parental 
mean value for every one of the characters. For such a standard would 
exclude all b u t a  small proportion of individuals in a stock of the p~re 
race itself 2. Accordingly, in considering leucocephalus segregants, a 
limiting value was chosen for each character such that 4/5 of the parent 
stock of this race would be included. In the case of albifrons, the 
limiting value for each character was such that 5/6 of the parent stock 
would be included. The reasons for this procedure are as follows. 

1 The fact that  thirtecn and eleven F 2 individuals, respectively, out of seventy-four 
(18 and 15 per cent.) fall within the extreme limits of leucocephalus and albifrons, in 
respect to all of the pigmental characters, is of little significance in view of the fact that  
even in the F~ generation 16 and 7 per cent., respectively, fall within these limits. 

2 Thus, ii half of the individuals of a race exceed the mean in respect to charaeter A, 
only a fourth will exceed the mean in respect to both A and B (supposing that  the two are 
not correlated); only an eighth in respeet to A, B and C, etc. Correlation will increase 
these probabilities somewhat, of course, but the correiations here considered are not as 
a rule high within the pure races. 
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In leucocephahts, individual differenees have been recorded for only 
three pigmental eharaeters, eoloured atea, red and the index of satura- 

tion (~~-~). The other two pigmental charaeters eonsidered in the 
k ] 

present paper (foot pigmentation and tail stripe) ate not here ineluded, 
sinee their value in leucocephalus, with insigni¡ exeeptions, is 0. 

Likewise the fraction A is excluded, sinee ir does not represent a eharacter 

independcnt of the first two named above. Ir we were considering three 
uneorrelated eharaeters, ir is evident that the proportion of a leucocephalus 
population whieh would be ineluded in the upper (or lower) i 4/5 in 
respeet to all of these eharacters at once would be (4/5) l, or about 
51 per eent. Aetually, it was found that 34 (54 per eent.) of the sixty- 
three skins comprising the parent stock of leucocephalus fell within the 
limits set. This agreement is closer than would have been expected, 
considering that the three eharacters ate al1 eorrelated with one another. 

In the case of albifrons, one further eharaeter (rail stripe) has been 
added to those considered for leucocephalus 2. I have therefore adopted 
a s a  limiting value for each of these characters a value such that 5/6 of 
the albifrons population would fall within this limit. Thus, ii the four 
eharacters were uneorrelated (5/6) 2, or about 48 per eent., would fall 
witkin this limit with respeet to all four. In reality, eighteen out of 
thixty-nine East Pass albifrons, or about 46 per eent., conform to this 
standard. 

Turning to our hybrid population, we do not find a single individual 
among the seventy-four comprised in the F 2 generation of the leuco- 
cephalus-East Pass cross which falls within the limits here adopted, 
in respeet to all of the pigmental eharacters. Four _F 2 individuals, to be 
su_re, fall within these limits in respect to all of the values (ineluding 
also rail stripe and foot pigmentation) except the index of saturation 

(~_~~~ ,o~  ~ ,  o~ ~~o~o ~~n~ ~~o o~ ~ ~ic~er oo~o~ ~~~. ~ . ,  Uu~ t~o 

upper fifth of the pure le~tcocephalus stock (here excluded). This in spite 
of the fact that a considerable number of other _K, pelages (twenty 

among seventy-… gire values of R~_ V wt¡ fall within the four- 

fifths limit for leucocephalus. 
In the back-cross with leucocephalus, we have five individuals out of 

1 Upper  or lower, depending on the  character. The 4/5 which vary  in the direction 
away from albifrons is here intended. 

2 Foot pigmentat ion has not  been included here, since the great  ma]od ty  of E a s t  Pass 
albifrons agree with leucocephah�91 in showing a 0 grade for this chamcter.  Certain hyb¡  
nevertheless,  exhibit  a low degree of foot pigmentat ion.  
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fifty-eight which conform to the standards that have been set for an 
"average" leucocephalus. Eight other individuals would have been in- 

cluded except for the excessive value for R~v .  Here, again, ir must be 

pointed out that there is no lack of individuals in this series (there ate 
twenty-one out of fifty-eight) which fall within the limits set for this 
character. 

Among the grades, nine out of forty-one animals measure up to the 
required standards for all of these characters. Of the twenty-two which 
fall within the limits in respect to coloured arca, only tire fail to do so 
with respect to red, while eleven Ÿ to do so with respect to the index 
of saturation. This in spite of the fact that nearly 60 per cent. of this 
entire lot of animals fall within the limits with respect to the latter 
character. 

I have likewise looked into the number of possible albifrons segregants 
in the q generationl, as ]udged by the standard referred to above. 
There is not one individual among the seventy-four which falls withiu 
the limits set in respect to all of the pigmented characters, although six 
of them would do so except for their giving too low values for the index 
of saturation. 

To sum u29 the preceding enumeration, there is not a single individual, 
in ah ~'2 Po2oulation of seventy-four, whieh measures uŸ to the standards 
set either for ah average leucocephalus of an average albifrons, in ~'espect 
to aggregate pigmental characters. In  the first back-cross with leucocephalus, 
tire individuals showing avemge characters for the latter race appeared in 
a Ÿ offifty-eig¡ In  the second back-cross ("grades"), there are 
r cases in a poŸ qf fozty-one. 

It must not, of course, be supposed that  such an enumeratŸ as the 
foregoing reveals the exact number of segregants which are pure for all 
leucocephalus colour factors. It merely gives ah approximate answer to 
the question: How many individuals are there in which segregation is 
so nearly complete that they equal or surpass 2 the average leucocephalus 
phenotypically? 

One circumstance which was noticed during the life of the animals 
is refleeted in the figures which have here been considered. This is the 
fact that most of the paler variants among the Fa and back-cross genera- 
tions (including grades) are of a distinctly richer colour than leucocephalus, 
with which they would otherwise be closely comparable. That this is not 

1 The number of offspring derived from back-crosses with albifrons is too small to be 
considered here. 

2 I.e. surpass ir in the direction away from albifrons. 
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due to any lack of segregants having a low index of saturation has 
already been pointed outL I t  is due to the complete absence, in these 
hybrid generations, of any positive correlation between pallor and low 
saturation, such as obtains in leucoceŸ Quite the contrary,  we 
meet  with a positive correlation between pale shade and rich colou~ in 
both the F1 and F2 generations of this cross. 

The question naturally arises whether the leucocephalus-like der[- 
vatives of the le~tcocephal~ts-albifrons cross agree with the former race 
in characters other than pigmentation. The other racial differences upon 
which stress has chiefly been laid ate length of rail and foot. But  these 
differences concern mean values only. The distribution frequencies for 
both cbaracters overlap broadly in the two races. No such detailed 
analysis of these values seems desirable here as was presented in the 
case of colour characters. Ir  need only be stated tha t  the five back-cross 
individuals above referred to, as well as the nine among the grades, fall 
within the range of leucoce~halus with respect to both tail and foot 
length, while in ah actual maiori ty of these cases the measurements of 
tail and Ÿ equal or exceed the mean wlues  for these members in 
leucocephalus. 

Correlations. Considerable at tent ion has been devoted to correla- 
tions between the wr ious  characters thus lar discussed. Table V presents 
such coefiieients as have been determined for the parent  stocks and for 
the various c~osses. Correlations between various charaeters and size 
(body length) have likewise been computed, though they are not here 
included. The latter render possible the eomputation of "cor rec ted"  
values for various characters wkich ate strongly inŸ by size. 

The facts revealed by the correlation coefficients and graphs (Text-figs. 
8, 9~ 10), so lar as the le~woeephalus-albifrons (East Pass) cross is con- 
cerned, may  be summarised as follows: 

(1) All linear measurements (rail, Ÿ ear, pelvis, femur, skull 
l en~h,  skull breadth), as well as weight, show, as might have been 
anticipated, rather high positive correlations with body length in nearly 
all of the populations here eonsidered. In general, there are no differ- 
ences of interest, in the magnitude of these correlations, between the 
various races or generations of hybrids or between the sexes 2. 

x Nor is it probably due to any effects of captivity. The mean index of the C x leuco. 
cephalus is slightly lower than that of the "wild" generatioa of leucocephalus, though slightly 
higher than the weighted mean of their own parents. 

o There is a moderately strong probability of a correlation between body length and 
the number of caudal vertebrae, when both the leucocephalus-albifrons and the le~*eo- 
ce2halus-polionotus series are considered. There are eleven positive coefficients out of 
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(2) There are no constant correlations between body length and 
any of the pigmental eharacters. Oceasional single figures ate of 
moderate statistical significante, but the relations showa by the various 
series are so contradictory that the existente of any true correlation is 
doubtful. 

As regards the correlations between various characters, other than 
body length, I have restricted the computations main]y to characters 
which differ in the races that have been crossed. 

CO R R E L A T I O N , S  
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Text-fig. 8. Correlations between coloured area of pelage (abscissas) and tafl stripe 
(ordinates) in albij~rons (the three local collections being distinguished). 

(3) Ah undoubted positive correlafion exists between the length of 
the tail and loor. This is true not only of the "gross" but of the "net" 
correlation, i.e. that which remains when the influence of general body- 

fourteen (the fourteen groups being the males and females of the three pure races and of 
the F 1 and F, z generations of two crosses), while the weighted mean of the fourteen coeffi- 
cients (based on 454 individuals) is +0.142. 
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size has been climinated 1. Wide differenees are found in the magnitude 
of this eoei¡ according to the race, generation or sex comprised 
in the group under consideration. But  none of these differences have 
any evident biological interest. Low positive correlations Iikewise exist 
in all eases between tail and ear length and in most cases between ear 
and loor, even when the inŸ of body size has been removed. 

(4) Significant correlations exist, in many cases, among the various 
pigmental characters. These correlations are positive between rail stripe 
and coloured area; negative between the former and red; negative 
between red and coloured atea. 

(5) Despite single instances, no consistent correlations exist between 
tail length and any of the pigmental eharacters. As regards foot length 
the case appears to be different. Out of thir ty-eight  coefficients whieh 
have been computed for leucocephalus, albifrons and the five series of 
hybrids involving these two sub-speeies, twenty-four are of the sign 
which would be expeeted on the supposition tha t  racial peeuliarities in 
respect to pigmentation and foot l e n ~ h  are genetically associated. When 
we consider these series of animals separately, moreover, we find tha t  
the preponderanee of "expeeted" signs is due entirely to the F 2 and F a 
generations of hybrids, for whieh the twelve coefficients are all con- 
sistent with the foregoing interpretation. These ate of course the genera- 
tions in whieh such a genetic assoeiation of racial eharacters would be 
most  evident. The testimony of these figures is not  altogether cumu- 
lative, to be sure, since the various pigmental characters are all corre- 
lated with one another. But taken in eonnection with the even stronger 
evidenee from the leucocephalus-polionotus cross, ir can hardly be 
regarded as due to random sampling. These facts will be discussed 
more fully in relation to the cross next  to be considered. 

(6) The eorrelations within the single groups, whieh have been re- 
corded under (4) and (5), correspond exaetly to the manner in whieh 
the respeetive raees differ from one another. Thus, leucocephalus, albi- 
frons and Ÿ forro a series of inereasing depth of shade (de- 
creasing value of " r ed" ) ,  and also a series of increasing value of coloured 
area, tail stripe and foot pigmentation -~. Likewise, leucoeephalus differs 
from albifrons in having a significantly greater foot len~h.  

(7) These eorrelations, for the most part ,  are greater in the F 2 than 

1 I have called attention to this correlation in several previous papers. 
2 In recent papers (1929, 1929 a), I have shown that these same inter-racial correla- 

tions in pigmental char~cters held when we made a series of collections along a geographic 
gradient, through the range of albifrons into that of polionotus. 
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in the F 1 generation. In the majority of cases, they are largest of all in 
the F 3 generation, derived from seleeted F 2 parents (p. 282). Thus the 
correlation between coloured area and red is - 0.326 in the F1, rising to 
- 0-682 in the F 2 and - 0.788 in the F a. I t  is significant, though of 
moderate magnitude, in both leucoceThalus and albifrons. 

(8) Correlations between the index of saturation R-  V and the 

other pigmental characters ate less easy to generalise. In leucocephalus, 
the correlation with red is negative, but in albifrons ir is strongly positive, 
as is the case with the lv 1, F 2 and F 3 generations of hybrids. In the 
baek-erosses (3/4 leucocephalus), on the other hand, the coeffieient is 
practically 0, while in the grades (7/8 leucocep]~al~~s) ir is negative. Thus, 
with an increasing proportion of leucoceŸ "blood," we have an 
approach to the relation found in the latter race 1. Correlations between 
this index and coloured atea have, in general, an opposite sign to corre- 
lations with red, though this is not true in all cases. It must be repeated 
that the genetic relations of this character ate more obseure than those 
of the other pigmental eharaeters here diseussed. 

The faets eonsidered under (6) and (7) make ir plain that the various 
colour characters therein considered are either manifestations of identical 
genetic factors, of at least are dependent upon elosely linked factors. 
This subjeet will be discussed after the other crosses have been eonsidered. 

Regarding the correlations between length of tafl stripe and other 
pigmental characters, ir must be said that the calculation of coefficients, 
according to the customary procedure, is aot strictly legitimate, owing to 
the extreme asymmetry of the distributions (Text-fig. 2). The reality and 
magnitude of these correlations will, however, be realised by reference 
to Text-figs. 8 and 9. An interesting example of this intimate relation 
between the extent of the coloured area and the degree of development 
of the rail stripe is found in plotting the correlation between the values 
of coloured area la the leucocephalus parents and of tail stripe length in 
their _F 1 offsp¡ (Text-fig. 3). A distinet positive correlation seems to 
be manifested, despite the fact that  the rail stripe is always wholly 
laeking in leucocephalus ~ 

1 The negat ive correlation in leucocephalus is probably due, in part  a t  least, to a detail  
of procedure. Pelages in which the  dorsal coloured area is small  allow of the  inclusion 
of considerable margins of the  whit ish laters r e p o n  within the  rectangular  area f rom 
which the ins t rumenta l  reading is taken.  The lat ter  is of constant  size for M1 pelages. 

2 This relation is even better  shown in the  leucocephalus.poliono~ua cross, nex t  to be 
considered. 
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(b) The ]eucocephalus-polionotus series. 

(Text-figso 11-24; Plates VIII, IX, XI.) 

Tables II and IV give the mean values and standard deviations for 
the parent races and hybrid generations here eoneerned. As already 
implied in the preliminary account of these sub-speeies (pp. 279-81), 
polionotus differs much more widely from leucocephalus than does albi- 
frons. There are significant differenees in both rail length and foot length, 
the latter being partieularly striking in proportion to the variability of 
this member. There is, however, a considerable amount of overlapping 
in the frequeney polygons for rail len~h in the two raees, though this 
is almcs~ entirely lacking in the case of foot length, at least when 
eorrected values are eonsidered. As regards degree of pigmentation, on 
the other hand, none of the measured characters based upon this show 
any overlapping whatever. In other words, the palest Ÿ is more 
deeply and extensively pigmented than is the darkest leucocephalus. 
This is well shown in the graphs (Text-figs. 14, 17, 18). There ate also 
certain differences which ate absolute ones rather than difterences of 
degree. Thus in polionotus (at least in the population here eonsidered) 
the tail stripe invariably extends from base to tip, and is otherwise well 
developed, while the soles of the feet of the ~ea t  maiority of individuals 
are more of less heavily pigmented. In leucocephalus, both rail stripe 
and foot pigmentation ate entirely laeking 1. Likewise, in polionotus, the 
ventral and lateral parts of the pelage eonsist of hMrs which ate pig- 
mented throughout the basal half or more of their extent, while in 
le.ucocephalus the hairs of most of this atea of the body ate entirely white. 

Hence more of interest might reasonably be expected from the cross 
between le~~cocephalus and polionotus than from that between leuco- 
cephalus and alb~rons. We may add to this the faet that there are larger 
numbers of comparable individuals in the present series, sinee the 
polionotus stock was obta[ned in one loeality, and there is thus no 
necessity for subdividing the hybrid generat[ons aceording to aneestry. 
The various measured characters will now be eonsidered in order, as 
before. 

Body length and weight. Here, as before, there ate probably no 
significant differences between the two sub-species in size. Nor is there 
any real evidence of heterosis in the F 1 hybrids. 

Tail length. As before stated, this appendage is longer in leuco- 
In  a few C 1 individuals faint traces are reoorded, but this may be due to my having 

adopted a slightly more exacting standard for the 0 grade in my later determinations. 
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ceŸ the mean diEerence being nearly 3 mm. The condition in both 
hybrid generations is intermediate. 

Foot lengtlt. This, as above stated, is distinctly greater i~ leuco- 
cephalus, the mean diEerence being about 1.2 mm. Here again, the first 
and second hybrid generations are intermediate, though the males of 
the F~ generation for some reason show ah appreciably greater foot 
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F o o T  LENCTH (CoanECrEO) 
Text-fig. 11. Length  of foot in leucocephalus, polionotus aad  hybrids. The values la r  this 

character  have been corrected f o r a  s tandard  body length of 80 mm. Males and  females 
are deal t  wi th  separately, owing to marked sexual differences. 

length than those of the F z (Text-fig. 11). As regards the relative 
variability of these two generations, the two sexes show opposite rela- 
tions, the standard deviation lar the females being lower in the second 
than the first. Capricious results ate not surprising in the case of foot 
length, in view of the sensitiveness of this member to nutritional and 
other environmental conditions, and to the large proportion of non- 
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gene~ic variability, as shown by parent-offspring correlations. The 
weighted mean of the correlations between the parent and C1 generations 
of leucocephalus and of polionotus, and those between the F1 and F 2 
generations of hybrids, based upon more than 200 offspring, is § 0-1481. 
The corresponding figure for coloured area is § 0-384. 

The successive back-crosses with leucocephalus, as might have been 
expected, show an approach to the greater •oot length of the latter 
sub-species. 

Ear length. This is slightly greater in polionotus and the dif[erence is 
perhaps significant. In the males, though not in the females, the con- 
ditiou is intermediate in both F 1 and F 2 generations. The standard de- 
viation, in each sex, is larger in the F 2 generation, though in neither 
case is the dif~erence significant. 

Considering the skeletal characters, polionotus gives a slightly higher 
average number of caudal vertebrae than leucocephalus, and in both 
sexes a slightly longer pelvis, but shorter femur and shorter skull. Some 
of these dif[erences have a fairly high statistical sigr¡ and thus 
may represent actual diiterences between the races concerned. As re- 
gards the relative variability in the two hybrid generations, we find no 
general consistency, the sexes, in some cases, giving contradictory results. 

Reviewing these six Hnear measurements (tail, foot, ear, pelvis, 
femur, skuU length), and considering the sexes separately, we find tha t  
in nine cases the F a generation presents a higher standard deviation, 
and in three cases a lower one. This preponderant increase in variability 
may possibly be due to the se~egation of multiple size factors, of ir 
may be purely accidental. 

Of far greater interest ate the pigmental characters, in respect to 
which the sub-specific dif[erences ate much more pronounced. 

Tail stripe length. As already stated, all specimens of Ÿ here 
considered give a 100 per cent. value for this character, while aU speci- 
mens of leucocephalus give a 0 value. As in the case of the leucocephalus- 
albifrons cross, we have a partial dominance of the stripeless condition, 
the mean in the F1 generation being 18.29, instead of 50. Likewise, we 
have, as in the latter cross, a decided increase in the mean value in the 
F~ generation (26.05), as compared with the F1, i.e. a shifting of the 
mean in the direction of the recessive character. That  this higher value 
in the F 2 generation is not due to any  accidental choice of F 1 parents 
having more fully developed tail stripes is shown by the fact tha t  

1 For reasons which need not be discussed here, comparison is restricted to these 
genemtions. 

Journ.  of Gen. xxIII  21 
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these F 1 parents gire a weighted mean of 18.81, which is fairly close 
to that  of the F1 generation a sa  whole. 

Ir is, as previously stated, hardly legitimate to compute standard 
deviations for a character with such asymmetrical distribution. These 
figures are, nevertheless, given in the tables. But ir is much more 
profitable to compare graphically the behaviour of this character in the 
various hybrid generations (Text-fig. 12). In both the F 1 and F2 we have 
values ranging from 0 to 100. But whereas in the F 1 the percentage of 
extreme cases (0 and 100) is in each instance 5-2, in the F2 the percentage 
of these extremes is 11 and 12.8 respectively. There is, furthermore, a 
considerable increase in the proportion of the larger values in the F2 
generation, a fact which is responsible for the higher mean. 

Back-crosses with leucoceŸ give a mean value of 2.04, while 
55 per cent. are of the 0 grade, and the highest value is 13. In the small 
group of back-crosses between F 1 hybrids and polionotus, the mean is 
45.19, while none reach the 0 grade, and three reach the grade of 100. 

In the group of grades (7/8 leucoceŸ the mean is 1.49, while 
71 per cent. are of the 0 grade. In this case, the highest single value 
is 14, which is slightly higher than that in the first (3/4) back-cross. 

In successive crosses with leucocep]�91 there is no consistency in 
the degree of dominance of the stripeless condition over its presence, 
complete of partial. 

I t  has been seen that the hybrids between polionotus and leuco- 
ceŸ agree with the "pure"  race albifrons in possessing a commonly 
incomplete as well a s a  highly variable rail stripe. In the former case, 
as in the latter, ir is a matter of interest to determine to what extent, 
ir any, these individual differences are hereditary. 

Considering first the F 1 generation, we cannot of course correlate 
differences of tail stripe here with corresponding differences in their 
parents, since, in every case, one parent possesses a complete stripe, 
while the other lacks ir altogether. But we obtain highly interesting 
correlations between the magnitude of the coloured area in the parents 
of eaeh race and that of the tail stripe in the hybrid offspring (Text- 
fig. 13)1o Ir is of interest that a higher correlation is shown here with 
the leucoceThalus parents than with the polionotus ones, although the 
Ÿ race lacks the tafl stripe altogether. These relations furnish addi- 
tional evidence for the common genetic basis (or at least close linkage) 
of rail stripe and eoloured area (see p. 291). 

x Coefficients of parent-offspring correlation cannot profitably be computed for ~�91 
s~¡ length, for reasons already indicated. 
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Correlation between the magnitude of the rail stripe in the F~ ~nd 
ghe F~ generations is largely concealed by the high degree of genetic 
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Text-fig. 12. Genetic behaviour of tail stripe in the  leucocephalus.polionotus cross. 

segregation in the latter generaLion (Text-fig. 13). But such correlation 
is strikingly shown between the seleeted F~ patenta and their $'3 of[_ 

21-2 



320 S~tb-specie8 of Peromyscus 
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Text-fig. 13. Correlations between tafl stripe (parents) and tafl stripe (offsp,ing), and 

between coloured area {parents) and rail s t ¡  (offspring), in the leucocephalus- 
�9 polionotus c r o a  The symbo|s employed for the F~-F~ series denote offspring of the 

"pale,"  "med ium"  and "da rk"  groups of selected Fz parents respectively (see 
Text-fig. 20). Of greatest interest is the undoubted correlation between the coloured 
area of both parent races, particularly leucocephalus, and the rail stripe of the F 1 
offsp¡ This despite the total ]ack of tafl stripe in leuco(:ephalus. 
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spring 1. The mean values of rail stripe length for the "pale," " m e d i u m "  
and " d a r k "  groups are 1-6, 25.7 and 92.7 respectively. The weighted 
means of the F~ parents of these groups are 0-6, 17.5 and 100 respeetively 
(Text-fig. 12). 

I t  is interesting that  the high correlation between these two genera- 
tions is due chiefly to the presence of the " d a r k "  and "pa le ' '  groups. 
Within the largely heterozygous " m e d i u m "  group, little or no parent- 
offspring correlation is to be detected, j u s t a s  was the case when we 
dealt with the offspring of the F1 generation. Ir  is thus plain tha t  the 
"pa l e"  and " d a r k "  groups, both in the F 2 and F 3 generations, represent 
stocks which differ rather widely from one another genetically. They 
result from a partial segregation, in the gamete formation of the F~ 
generation, of colour faetors derived from le~~cocephat~~s and polionotus 
respeetively. 

I i  should be evident by this time that  the dif~erences between average 
members of any two of our races are wholly genetic, while dif[erences 
among indi~dduals of the same race are only partly genetic, and in some 
cases may be preponderantly non-genetic. 

Foot pi9rnentation. The mean value of this charaeter for the parent  
generation of polionotus is 1.47, tha t  for leucocephal~~s being 0. The 
figures for the F 1 and F2 generations are 1-06 and 0-83, respectively, 
both of these being above the mean for the parear raees. The successive 
back-crosses give 0-48 and 0-31 respectively 2. The variability of the 
F1 and F 2 generations is nearly equal. 

That individual dif[erences in the degree of foot pigmentation are in 
part  genetic has been shown Ÿ other species (Sumner, 1923a; Sumner 
and Huestis, 1925). In the present case, the weighted mean of the 
coei~icients of parent-oitspring correlation for pure polionotus and for 
the successive generations of le~~cocephalus-polionotus hybrids is + 0.295. 

Coloured atea of the pelage. I t  is impossible to make an exact com- 
parison between the mean values of the parent races for coloured atea, 
since dif[erent measurements have been taken in the two cases. The 

See p. 291. Ir is probable that in this case the extent of the rail stripe was one oŸ 
the factors which influenced my selection of the individuaIs as "pale," "medium" or 
"dark." This circumstancc would of course tend to increase the correlation. 

~- Ir is questionable whether there is any dominance here of the more highly pigmented 
condition. There are reasons for believing either that the degree of foot pigmentation is 
somewhat affeeted by the conditions of captivity or that a slightly difIerent standard was 
employed with the later series of animals than with the original stocks. Thus, the C 1 
generation of P. p. polionotus gives a mean value of 1.97. AU oŸ the sub-species of 
Peromyscus polionotus have relatively low grades of foot pigmentation, as compared with 
P. maniculatus, and the task of grading is eorrespondingly difficult. 
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only one which can be determined accurately in the case of leucocephalus 
is the area of hairs pigmented at the base (Ab). In polionotus, on the 
other hand, this atea would comprise practieally the entire pelage. The 
coloured atea of the latter, therefore, is the region of hair whieh is 
pigmented to the tips, i.e. the area of coloured hair which is visible when 
the skia is viewed from the outside (At). Ir has seemed desirable, 
nevertheless, to obtain approximate values for At in leucocephalus and 
Ab in polionotus in order to render possible erude comparisons between 
these two races. Ten skins of the former sub-speeies (five of each sex) 
gave a mean value for At of 33.6; ten skins of the latter a mean value 
for Ab of 93-3. 

For the F 1 and F2 generations of hybrids both of these measurements 
were made. In the case of the back-crosses and grades, however, A b only 
was determined as in le~lcocephalus. 

The mean values and standard deviations for these measurements in 
the F~ and ir 2 generations are as follows: 

Ab~, At 
Mean a Mean  a 

2 '  x 68-33 6.46 54.46 4.89 
_F z 69.12 13.87 54-34 9.02 

Thus, while the mean values in these two generations agree fairly elosely, 
there is a very great increase of variability in the second hybrid generation. 

Text-fig. 14, which gives the distributions of Ab and At for the parent 
races and certain hybrid generations, reveals in a striking way the extent 
of this increased "spread" in the F~ generation, as well as various other 
features of interest. Ir will be seen that  whereas no single F 1 individual 
falls within the range of leucocephalus for Ab, sixteen individuals, or 
about 15 per cent. of the F~. generation, fall within these limits. Of these, 
two individuals fall below the mean value for leucocephahts. 

At the opposite extreme, there are no individuals which reaeh the 
appro~imate mean (93) which was derived from the measurement of 
ten polionotus skins (see above), although there is a considerable group 
whieh approaeh this value. There results from this last circumstance a 
distinct bimodal appearance in our frequency polygon, with a seeondary 
mode not far below the polionot~ts mean. That this appearance is not, 
however, due to any simple segregation, relating to a sin~e pair of 
allelomorphs, is probable from the following considerations. (1) Ÿ 
exceptionally high values are due to the presence of basally pigmented 
hairs throughout virtually the whole of the ventral pelage, as in polio- 
~otus. In many other pelages pigmentation is likewise present in the 
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ventral hair, but  ir is so faint as to be invisible or nearly so when the 
skin is viewed by transmitted light and measured with a planimeter. 
Only when this pigmentation becomes very distinct is ir comprised 
within the Ab, as here measured, and in sueh cases the entire area, to the 
periphery of the skin, is commonly ineluded; hence the relative discon- 
t inuity in the distribution of values. On the other hand, even in the 
individuals comprised in this secondary mode, the pigmentation is 
usually less iatense than in tha t  of most polionotus 1. (2) When we take 
the other measurement of coloured area, At (Text-fig. 14, upper part), 
we find no such appearance of a bimodal distribution. Yet these two 
eharaeters ate elosely correlated (+ 0.891, in the F~), and probably 
depend to a large extent upon identical factors. 

From the figure ir appears tha t  three individuals of the baek-cross 
with leucocephalus fall below the mean of the latter race for coloured 
atea, while twenty-eight individuals among the grades, of 51 per cent., 
fall below tha t  mean. 

The small group of back-crosses between F 1 and polionotus (not 
figured) gire ah unexpectedly low value (58.07) for A~. This might be 
intelligible ir the values of the individual parents were considered. 

Considering the graphs for the other measurement of coloured area 
(At), we find tire F i individuals which fall within the range of polionotus, 
but none which approach a t all closely the mean of the latter. In the 
Ÿ 2 generation, however, fourteen individuals, of 13 per eent., fall within 
the limits of ioolionotus, while two surpass the mean value of the latter. 
At the opposite extreme three individuals nearly or quite re'ach the 
approximate mean which was determined for leucocephal~ts. 

When we compare each individual with its own leucocephalus aneestor 
(of the mean of these, where more than one is concerned), instead of 
comparing ir with the mean for the entire leucocephal~ts population, we 
have the following situation. In the F 2 generation, we find one indi- 
vidual, out of 108, which gives a value for Ab equal to tha t  of its leuco- 
eephalus grandparent, and one individual which gives a value for At 
which probably exceeds tha t  of its polionotus grandparent 2. Ir these 

i An endeavour  to divide the  mater ia l  into classes, with and wi thout  ah  obvious 
amoun t  of p igment  in the ventral  hair, proved to be entirely futile. Nor has  ir proved 
worth while to grade these pelages according to "p igmenta t ion  of ventral  hair ," as was 
done for local collections of wild material  in a recent paper (Sumner, 1929). Inspection 
has revealed no instructive relations here. 

-~ The pelage of this polionot~ts ancestor is no t  available, owing to premature  death,  
bu t  the value for this  particular F~ pelage is equal to t ha t  of the highest  known polionotus 
used for breeding. 
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PE R c E N TAG E 5 OF PHEN OTYPIC CLASSES 

FROM SECOND BACK-CROSS (~ORADES) 
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TexL-fig. 15. Theore t i ee l  distr ibutions  of the  var ious  phenoLypie  elasses in e seeond  baek-  
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two were regarded as "pure" segregants, the number would be between 
the expected proportions for three and four factors respectively. Among 
the back-crosses (3/4 le~,cocephalus) are four out of sixty-six which fall 
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below the mean of their own leucocephalus ancestors. This is almost 
exactly the proportion for four factor differences. Finally, among the 
grades (7/8 leucocephalus), we have twenty-four individuals out of fifty- 
five which equal of fall below their le~lcoce?haIus ancestors. This is 
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44 per ce~t., ~ v~lue very close to the expected proportion (42-2) for 
three factors. 
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Thus lar, the results ate reasonably consisteat, the indicated number 
of factors (~ccording to the criterion adopted provisio•ally) being three 
or four. Oa the other h~nd, little or no tendency is to be noted toward 
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a massing of the values on the left-hand side of the polygon for the 
"grades" (Text-fig. 14), as would be expected were so few factors con- 
cerned (Text-fig. 15). I shall return to this subject later. 

Ir is desirable, as before, to determine to what extent individual 
differences in the values for this character are hereditary. The weighted 
mean of the various coeflficients of correlation between the generations 
of the pure races (leucocephalus and polionotus), and of the hybrids 
(exclusive of that between F2 and F3) is + 0.294. This is considerably 
lower than the similar figure for the leucocephal~~s-albifrons series 
(+ 0.375). The difference is perhaps due to the heterogeneous nature of 
the albifrons stock, included in the earlier computations. On the other 
hand, the correlation between the selected pairs of F 2 parents and their 
F 3 offspring is + 0.917. 

Graphs showing the distribution of values among these F z animals are 
instructive (Text-fig. 16). Of significance is the much greater range of 
the "medium" group, as compared with either of the others; also the 
reversed unilateral arrangement of the other two groups. The first of 
these relations may be noted in the case of the leucocephalzts-albifrons 
cross (Text-fig. 6, coloured area, but not red). Ir is probably due, at 
least in part, to the ~eater  )aeterozygosity of F2 individuals of inter- 
mediate shade, as compared with the more extreme types. 

This greater spread of the F a "medium" group is even more con- 
spicuous in the case of the Ab values, but the unilateral arrangement of 
the "pale"  and "dark"  ~oups is much less evident (not figured). 

Red. Ir will be seen (Table II  and Text-fig. 17) that the mean values 
for this character ate lar apart, being 25-4 and 9.55 for leucocephalus 
and polionotus respectively. Moreover, the extreme values do not 
approach one another at all closely, despite the high variability of 
leucocephalus. The mean value in the F1 generation represents a much 
darker shade than the mid-point between the parental means, being 
14-44 instead of 17.5. There is thus a tendeney toward dominance on 
the part of the polionottls factors which control shade. The slight, though 
perhaps significant, inerease in the Ÿ 2 mean over the F 1 is in the expeeted 
direction (see p. 300) 1. 

Of more certain signifieance is the increase of variability in the F2 
generation as compared with the F 1 (2.05 and 1-43 respectively). In 
comparison with the leucocephalus-albifrons cross, however, this increase 

1 Ir  is possible t ha t  some of the  differences between successive hybrid generations,  
in respect to this character, ate due to non-genetic agencies. Cage-bred polionotus appear 
to be slightly paler (i.e. have a higher mean  value for red) than  their "wi ld"  p~rents. 
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in variability is considerably less evident. Only a single F e individual 
falls within the range of le~tcocephaIus, while none even approach the 
mean value of the latter. On the other hand, nine individuals fall within 
the range of polionotus 1, although none reach the mean of this race. 

In the first back-cross generation (3/4 leucocephalus), twenty  indi- 
viduals out of sixty-seven fall within the range of leucocephalus, although 
not one of these reaches the mean of the latter. Among the grades (7/8 
leucocephalus), four-fifths of the individuals fall within the range of the 
latter, while twelve out of fifty-five reach or surpass the mean. 

Comparing these animals individually, as before, with their own 
leucocephalus ancestors, we find that  not one of the F 2 generation closely 
approaches its leucocephalus grandparent. On the other hand, a single 
individual falls below (is darker than) its polionotus grandparent. Of 
the sixty-five baek-erosses (3/4 leucocephalus), one equals and one exceeds 
the mean value of its leucocephalus ancestors. If these two were regarded 
as pttre leucocephalus segregants, the proportion woutd be very close to 
the expected one where five factor differences ate eoncerned. Of the 
¡ grades, seven (12.7) equal or exceed the mean values of their 
leucocephalus ancestors. On the same assumption as before, we have 
approximately the expeeted proportion for seven pairs of factors. Like- 
wise, the distribution of values in this generation (Text-fig. 17) seems 
inconsistent with any number less than  six or seven. 

The weighted mean of the parent-offspring eorrelation coeff[cients for 
this character in the present series of animals (exeluding tha t  between 
F 2 and Fa) is + 0-237. This is somewhat smaller than the eorresponding 
figure for coloured atea. Ir is likewise smaller than the coefficient for 
red in the cross previously considered. 

The mean of the four coet¡ of correlation between the selected 
F e parents and their F a offspring is here + 0.837. This is also lower than 
the corresponding figure for coloured area. 

A_~ Leucocephalus, as already stated, gives a mean value for this 
R" 

fraction of 1"82. A comparable figure for polionotus cannot be given 
with equal precision for reasons ah'eady discussed. An appro• 
figure would be 9-8. The mean value for F1 is 4-79, this being somewhat 
nearer to the value for leucocephab.~s than  to that  for polionotus. The 
mean for F 2 (4.88) is not significantly different from tha t  for F 1. The 

corresponding figures for At ~ ate 3.83 (F1) and 3.82 (F,). The variability, 

on the other hand, has increased enormously, the range (for ~ )  having 

1 One F 1 individuM falls within the range of polionotua. 
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risen from 3.5 to 6.8 in the F~, to 2.4 to 8-8 in the Fz. The standard 
deviations ate 0.65 and 1.53 respectively. Despite this great increase 
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in variability, however, it will be seen that even the lowest value in 
the F~ generation barely falls within the range of leucocephalus (Text- 
fig. 18). 
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The first and second back-crosses with Ieucocephalus show a pro- 
gressive shift of the mean toward tha t  of the latter race, while the 
variability is equal to or less than tha t  of the F1 generation. In the first 
back-cross, thirteen individuals fall within the range of leucocephalus, 
although none reach the mean of the latter. In the second back-cross 
("grades")  thirty-nine, of 71 per cent., fall within the range of leuco- 
cephalus, while thirteen, of 24 per cent., equal of faU below the mean of 
the latter. Indeed, one individual gives a lower value than any leuco- 
cephalus. 

Comparing the extreme individuals, as before, with their own pure- 
race ancestors, we find that  not one F2 individual falls below its leuco- 
cephalus ~andparent ,  although one gives a higher value than its polio- 
notus grandparent. Two baek-cross individuals out of sixty-five equal 
or fall below the mean of their leucocephalus ancestors, whfle among the 
grades fourteen reach this level. Ir the individuals in these last two 
series were counted as pare leucocephalus segregants (at least for colour 
factors), the numbers ate in each case such as might be expected for a 
cross involving five factor differences. 

Reference to the histogram for the grades (Text-fig. 18) shows tha t  
we have no certain tendency toward a massing of the individuals on the 
left-hand side of the area. That the asymmetry  which is undoubtedly 
present here has no special significance is probable from the fact tha t  
such asymmetry is even more evident in the case of the F2 and baek- 
cross generations, where ir was not  to be expected. 

R - v In respect to this ratio, which represents the riehness of colour R 

(or conversely the greyness) of the pelage, polionotus does not differ so 
widely from levcocephalus, as does albifrons, despite the vastly greater 
diiterence in depth of shade, in the former case. The figures for the two 
former ate 35.18 and 27.66 respectively. Furthermore, there is a much 
broader overlap between the two, some specimens of polionotus actually 
giving lower values than the average leucocephalus (Text-fig. 17). Ir is 
interesting that  the F1, F 2 and back-eross groups show a mean value 
Ÿ this character considerably higher than the mean of the parental 
means. This is in keeping with the observed fact tha t  even the palest 
among these pelages tend toward a richer brown than is commonly met 
with in leucocephalus 1. In the generation of gades  (7/8 leucocephalus), 
however, the mean index of saturation is about the same as in leuco- 
cephalus. 

The usual increase of variability is to be seen here, in passing from 
1 Se~ p.  308.  
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the F i to the F 2 generation. The standard deviation, in this case, rises 
from 4.49 to 6.05. 

Segrega~~ts showing aggregate "pure-race" pelage characters. Let us 
consider, as before, the number of individuals in each of these genera- 
tions which measure up to the standards of an average lettcocephalus, in 
respeet to al] of the colour characters taken collectively. For this par- 
pose, I have adopted the same procedure as was done for the preceding 
cross, namely, ehoosing such limiting values for each of three eharacters 
that approximately hall of a population of pare leucocephalus would be 
ineluded (see pp. 306-7). As judged by this standard, nota single specimen 
among the 106 F2 pelages can fairly be regarded as average leucocephalus. 
In only three eases does the eoloared area fall within the prescribed 
limits. All three of these individuals ate excluded, however, both by 
reason of too low values for red and too high values for the index of 
sataration. One of them, likewise, has a trace of rail stripe, and two 
have foot pigmentation of about the average grade for Ÿ 

Among the F3 offspring of seleeted F 2 parents, thirteen individuals 
out of eighty-two fall within the prescribed limits in respeet to coloured 
area (Ab). But all of these individuals have too low values for red, and 

all but one too high values for R-3~-Kv , to allow of their inelusion as 

"average" leucocephalus. Hall of them likewise show a low grade of 
foot pigmentation, and two have vestiges oŸ tail stripes. 

Among the sixty-five individuals derived from the first back-cross 
with leucocephalus, nine fall within the limits for coloared area, but all 

R-V of these must be excluded by reason of their values for red of - ~ -  or 

both. In addition to this, the majority display a low grade of foot pig- 
mentation, and one possesses the trace of rail stripe. Ir may be recalled 
that, in the leucocephalus-albifrotts cross, tire individuals out of fifty- 
eight conformed to the requirements for all of the pigmental characters. 

I t  is only when we pass to the grades (7/8 leucocephalus)'that we 
meet with speeimens which measure up to the standards prescribed for 
an average leucocephalus. Here we have eleven cases out of fifty-five 
which fall within the limits in respect to all of the pigmented characters. 
Thirty-two cases would be ineluded, ir only the coloared area were con- 
cerned, but twenty-one of these rail to conforto in respeet to one or more 
of the other eharacters. 

Here, as previously, it is a matter of interest to know whether those 
individuals which fall within the limits of an "average" le z,cocephalus 
in respeet to coloar charaeters do so likewise in respeet to other racial 



Fo B. SuM~~~~ 333 

differences, sueh as rail and foot  length.  Ir  has no t  been regarded  as 
desirable, for these characters,  to  app ly  s tandards  of the sort  which 
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Text-fig. 19. Corre]ations between coloured area (abscissas) and rail stripe (ordinates) in 
three generations of leucocephalus-polionotus hybrids. 

were employed  for colour characters .  However ,  ir m a y  be said t h a t  
none of these eleven individuals which reach or surpass the avera~e 

Journ. of Gen. XXlII 22 
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condition (as earlier defined) in respect to colour characters fall appre- 
ciably below the mean of leucoce2¡ for rail length, and tha t  seven 
of the eleven reach of surpass the mean for foot length 1. Al] lŸ well 
within the limits of variation of the latter race. 

Returning to the F 2 generation, we may now enquire whether any 
of these measure up to the standard set for an average polionotus2~ 
There ate only four individuals whieh fall within the limits in respect 
to the value for coloured atea. None of these, however, conform to our 
requirements as regards the other eharaeters. All show too high a value 
for red, al] but one reo low a value for the index of saturation, and all 
but one too low a value for foot pigmentation. In addition, two of the 
four possess ineomplete tal] stripes, whereas all of the parent stoek of 
Ÿ have complete ones. 

Correlations. The first four paragraphs in the summarised statement 
under the leucocephalus-albifrons series hold, with but slight modifica- 
tions, for the present one. As regards the seeond of these we must note 
a possible exception in the case of foot pigmentation, which is negatively 
correlated with body length ( -  0.205 to - 0.225) in polionotus and in 
three of the hybrid generations for whieh this has been determined 
(0, however, in the fourth o~ these, as well as in the crosses next to be 
considered). 

With respeet to the Ÿ Ÿ (Text-figs. 19, 20, 21), the present 
series furnishes a greater number of illustrative cases than the former 
series, since certain coefficients were eomputed here whieh were not 
computed for the others. Thus, there appear to be significant correla- 
tions (having the "expeeted" sign) between foot pigmentation and the 
other pigmental charaeters. This had been regarded as questionable in 
my earlier studies of other species (Sumner, 1923, 1925; Sumner and 
Huestis, 1925). 

Passing to the fifth of the items previously discussed, we have in the 
F 3 generation five coefficients of correlation between tal] leng~h and 
pigmental characters, all of which are of the sign which would be expected 
if there were a tendeney for the original racial eombinations to reappear. 
In view of the low value of most of these eoefficients, and the fact that  

1 They thus conŸ in reality, to a much more exacting standard than wa~ employed 
for the colour characters. 

a By setting such limits for each of four characters (At, red, ~ ,  foot pigmentation) 

as would include 5/6 of the polionotus population, ir applied singly, ir was found tha t  
approximately hall (47 per cent.) of the specimens of this race fell within these limits in 
respeet to all Ÿ characters. The included values, for each character, were naturally those 
which tended in the direction away from leucocephalus. 
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no such tendency is evident in the larger F 2 series, these might be dis- 
missed as chance results were it not for the similar situation in the cross 
next to be considered. 

As regards foot length, however, the relations are sueh that i t i s  
difficult to attribute them to chance. Of the forty-four coefi~cients which 
express the desee  of correlation between this character and the various 
pigmental characters, in the two parent races and tire series of hybrids 
(the sexes being treated separately), the signs of thirty-three are such 
as to favour the hypothesis of genetic association. Moreover, this pre- 
ponderance of "expected" signs is due chiefly to the F~ and F3 genera- 
tions, in which we have nineteen out of twenty cases of this sort 1. 
A closely similar situation, ir will be recalled, was encountered in the 
leucocephalus-albifrons cross. 

I have referred to these signs as being the "expected" ones, merely 
in the sense that they accord with a particular interpretation of the 
facts. In reality they were quite unexpected, on the basis of earlier work. 
As has been stated previously (Sumner, 1926), I have hitherto found no 
evidence of a correlation between any pigmental character and the 
len~h of any bodily member, Mthough two characters belonging Lo 
either of these classes might be strongly correlated with one another. 

Owing to the interest which attaches to these correlations between 
foot length and pigmental characters, if they are real, ir is of importance 
to exclude any possible source of error. Let us enquire, therefore, whether 
these correlations may not be spurious ones, so lar, s t  least, as any 
significant biological relationship between these characters is concerned. 

The possibility of obtaining by random samplin 0 thirty-one eoeffi- 
cients out of thirty-two ~, having the "expected" sign, would appear to 
be so remote that any thought of this being a chance result seems absurd. 
Ir must be repeated, however, that the evidence is lar from being wholly 
cumulative, owing to the fact that the various pigmentM characters here 
considered ate for the most part rather strongly correlated with one 
another, especially in the F~ and F3 generations. Ir might be suggested 
that we had he rea  purely accidental correlation between foot len~h 
and pigmental charaeters in general. Accordingly, ir has seemed worth 
while to determine by the method of partial correlation whether, for 

1 Of the parent  races, leucocephalus shows no tendency of this sort, whereas all of the 
coefficients computed for polionotus are in the "expected" direction. For the hybrid 
generations (excluding the F 2 and Fa) the results are about equally balanced. 

2 These are the numbers in the F 2 and Fa generations oŸ both crosses, previously con- 
sidered. The situation in the polionotus.albifrons cross, discussed below, further strengthens 

this evidence. 
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example, any correlation is manifested between foot length and coloured 
atea, independently of the correlation between the former and red, and 
conversely, whether the correlation with red is to any extent independent 
of that with coloured atea. In the first case (eliminating the influence 
of red), our four coeificients (F2 and F~, male and female) retain the 
same signs as previously, though in all cases but one they ate so reduced 
in value as to be statistically non-significant when taken singly. In the 
second case (eliminating the inŸ of At) three of our four coefficients, 
while greatly reduced, retain the same signs as previously, while the 
sign of one (previously low) is now reversed. 

I t  thus appears that while much of this correlation between foot 
length and the various pigmental characters results from a rather close 
correlation among the latter, there is none the less evidence for ah 
independent correlation between the iirst-named character and certain 
of the latter ones, taken separately. 

But even ir alt of the pigmental characters were completely corre- 
lated, the probability of such a series of coincidences would be very low, 
since we are dealing with two generations of two crosses, and in each 
case the sexes have been treated separately. We should thus have eight 
independent cases, aU giving the "expected" sign, a situation against 
which the odds would be 255 to 1. 

Ii ir be objected that the F 3 generations merely reproduce seleeted 
samples of the F2, and consequently do not furnish evidence independent 
of the latter, ir is sufficient to point out that the parent-offspring corre- 
lations between these generations in respect to foot length ate low, being 
0.114 for the leucocepttalus-albifrons cross and 0-298 for the leucocephalus- 
polionotus one. Without resorting to the taborious process of computing 
the partial correlation between foot length and each pigmental character 
in the q generations (the effects of correlation between these in the 
F 2 being eliminated), ir is clear that no considerable part of the correla- 
tion in the former generation can be due to the accidental choice of 
F2 parents having this particular combination of characters. 

Another cireumstance which doubtless favours the existence of corre- 
lations between foot length and pigmental characters, in certain cases, 
is the fact that both may be correlated with general size (body length). 
In the case of foot length, this correlation with body length is universal, 
and the coefficients are usually high. With pigmental characters, on the 
other hand, while coefficients of fair magnitude ate sometimes found, 
the relations are so inconsistent that the influence of size cannot be 
definitely affirmed except possibly in the case of foot pigmentation. 
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Ir seems worth while, however, to determine the desee  of correla- 
�9 ion between foot len~h and foot pigmenta�9 after excluding the 
influence of body length. I shall confin�9 myself to the Fa genera�9 of 
the leucoceŸ cross, since the F~ coeiIicients are both very 
low, on�9 indeed furnishing the only instance in ei~her ~v of F 3 genera- 
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Text-fig. 23. Apparent correlations asin Text-fig..22, except that coloured area (tips) 
nas Deen plotted. 

tions of a coefficient with the "wrong" sign. Applying the method of 
partial correlation, we find that the coefficient for the males is reduced 
from --0-307 cE 0.09 to - 0 . 2 3 4  cE 0-09, while that for the females 
is reduced from - 0.390 cE 0.10 to - 0.327 cE 0.10. Thus �9 two 
coefficients, involving the only pigmental character which gives any 
appearance of being inŸ by size, retain a considerable degree of 
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probab~lity after this infiuence has been eliminated. In cerraja o~her 
cases, moreover, p~rti~l correlation computations would materially 
increase the coefl~cients. ~eference to the graphs (Text-figs. 22, 23, 24) 
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shows tha t  we have a distinct, though feeble, appearaace of correlation 
when the foot lengths have been "co r rec ted"  for size, i.e. reduced 
to a common body length of 80 mm. 
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After making allowance, therefore, for all these qualifying circum- 
stances, it still seems probable that we have a correlation, which is not 
purely accidental, between foot length and the various pigmental cha- 
racters with which we have dealt, in the F 2 and F 3 generations of both 
of the crosses thus lar considered. The evidence above presented is 
strongly reinforced by that derived from the polionotus-albifrons cross 
next to be considered. 

The sixth paragraph of the summarised statements concerning corre- 
lations in the previous cross applies, mutatis mutandis, to the present 
one. The correlations between the va¡ pigmental characters ate in 
nearly all cases of the "expected" sign; that is, we meet with a tendency 
toward the same association of colour characters witkin the sin` popu- 
lations that is eneountered when we compare one geographic race with 
another (e.g. darker individuals, as well as darker races, tend to have 
more complete rail stripes, etc.). That the correlations between foot 
length and pigmental characters, in the F2 and Fa generations, correspond 
to the manner in which these characters are combined in the parent 
races has already been pointed out. Such an apparent genetic associa- 
tion is perhaps surprising in the crosses involving albifrons, since ia this 
sub-species foot length may undergo marked local variation, to a large 
degree independently of pelage colour (see footnote on p. 281). 

The statements regarding the relative magnitude of the correlation 
coefficients in the F 1, F 2 and F a generations (paragraph 7) likewise hold 
with even greater force for the present cross 1. Except for cases involving 
the index of saturation, the correlations among the pigmental characters 
for these three generations fo rma  series of increasing magnitude. The 
most striking instance of this, in the present case, relates to the corre- 
lation between the two measurements of coloured atea (Ab and At). 
These rise from ~2 0-458 in the $'1 to + 0.891 in the F~ and + 0.951 in 
the -Fa. As has already been stated, consistent correlations between foot 
length and pigmental characters ate met with only in the -F2 and _F a 
generations. In the present cross, these coefficients ate with a single 
exeeption higher in the -Fa generation than in the -Fa. 

Finally, the facts regarding correlation between the index of satura- 
tion and other pigmental characters may be expressed in much the 
same language as for the preceding cross. The meaning of some of 
the differences in the value of the coefficients is not clear, but  the fall 
of the correlation with red from + 0.700 in the -F~ to + 0.364 in the 

1 Hues t i s  (1925, p. 464) reports  several  ins tances  of increased correlation between 
hair  characters  in the  F 2 generat ion.  
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back-crosses with leucocephalus, and to - 0.177 in the ~ades (7/8 leuco- 
cephalus), is in aecordance with expectation, and a~ees with the trend 
shown in the le~~cocephal~~s-albifrons cross (p. 314). 

(c) The polionotus-albifrons series. 
(Text-figs. 25-27.) 

The results from this series are less satisfactory in a number of ways 
than those from the two previously discussed. (1) Only two hybrid 
generations were reared, there being an F 1 generation, and back-crosses 
with each of the parent races. (2) Alb~frons of both the East Pass and 
the Foster's Bank colleetions, and ones of mixed descent, were used 
indiscriminately, and ir has not been practicable to separate the de- 
rivatives of the two sub-races, as has been done in the case of the leuco- 
cephalus-albifrons cross 1. Ÿ ate, nevertheless, various points of con- 
siderable interest to be noted in connection with this series of hybrids. 

Ir is not worth while to consider the behaviour of all of the various 
characters in turn, as has been done for the two preceding crosses. 
I shall accordingly pass over the linear measurements of bodily parts 
and proceed directly to the discussion of pigmen•al characters. 

The mean value of the tail stripe in the F 1 generation (63.95) is about 
midway between those of the parent races (100 and 31-31) 2. This is in 
striking contrast with the results of crossing either of these races with 
leucocephalus. It will be recalled that the stripeless condition of the 
latter sub-species is dominant, though incompletely so, over the con- 
dition found in either aIbifrons or polionotus. Back-crosses with the two 
parent races gire mean values of 44.04 (albifrons) and 85.45 (polionotus) 
respectively. Ir will be seen from the graphs that there is an enormous 
range of variability within each series (Text-fig. 25). 

The behaviour of foot pigmentation is less intelligible. Whereas the 
mean values in the wild polionotus and albifrons respectively ate 1.47 
and 0.07 (1.97 and 0-25 in the C~ generations), we have a value of 1.44 
in the F 1 generation, and 1.75 and 0.98 respectively in the back-crosses 
with polionotus and albifrons. Attention has already been called to the 
deeper foot pigmentation of cage-bred series of these mice (p. 321). This 
fact, together with a partial dominance of the deeper pigmentation, 
would explain the results fairly well. 

1 Likewise, no skeletons have been prepared of the polionotus.albifrons series, 
2 C1 (cage-bred) animals were here used as parents both of the F 1 and the back-cross 

generations. But the data for many of the C~ series of alb~~rons are unfortunately 
incomplete, to such an extent that  the mean values for actual parents cannot be profitably 

computed. 
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Bock-Cross ( ~ a l b i f r o n s )  (51) 

Meo n= 44.04 

I i  I ' '  I i i )  I - -  . m I = - - - -  
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Text-fig. 25. Tail stripe in the polionotus.a�91 cross. 
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As regards the value for red, the F 1 generation is likewise abou{ 
midway between the parent raees. A fair comparisou cannot be mude 
in the case of coloured atea, sinee figures for the C1 lot of albifrons, which 

;~ Bock-Cross 

I [ M e a n ,  15.Z7 

~ ~j '-' u L n"  "" iz.o i~o 

Back-Cra~s Back-C~o*s (~ alb i f rons) Cso) I-1 I-LI 

j ,  , , M . . . .  ,,.~~ rr.q_r.u_ ] ~ u % M~o~:~~:~~ 

soo~..o. F1 I]~ 
FI Mean=6s.z3 ,_.__I LI ~ 

i H Mean=62~~ I I / ,  _ , ~  
IL0 17.0 G" 5.54 

Mean =10.6r 
G= /.34 

? q  " 
olbi f rons,  C~ (4�91 " l x \  a l b t f r o n s ,  C, 
Mean~i6.g9 I ---m n i" I , 

. . . . . .  ~ L ] ~ _  I =-~--~Ÿ 1.1 -- ".App_ x_~= . . . . . .  , . . . . . .  5~-0 

R E D C O L O R E D A R E A  ( T I P 5 )  

Tex~-fig. 26. Red and coloured atea  (here the  arca occupied by hairs pigmented to their  
tips) in the polionotus-aIbifrons cross. 

were the ones used in the present cross, ate available only Ÿ Ab, while 
measurements of At alone were mude for these hybrids (Text-fig. 26). 

Ir muy be recalled that polionotus and albifrons (at least the coast 
representatives of the latter) present one absolute point of difference, 



346 Sub-species of P e r o m y s c u s  

the presence and absence of basal pigmentation in the ventral hair 1. 
Such being the case, interesting relations might have been expected with 
~egard to this character. But nothing very instructive is to be observed. 
In the F1 generation ir is probable that aH individuals display at least 
a trace of such pigmentation, while most of them display much more 
than this. In the baek-cross with polionotus the hairs of the ventral 
region, in practically all speeimens, ate plainly pigmented at the base. 
Ah enumeration of the 3/4 albifrons specimens, on the other hand, shows 
that twenty-five belong to the 0 grade, while the remaining twenty-six 
display conditions ranging from "trace" to "pronounced." Here we 
might be disposed to find ah excellent case of a 50 : 50 ratio. But the 
significanee of such an interpretation is largely nullified by the existence 
of a very strong fraternal correlation for this charaeter. Thus, within 
the single fraternities, there is very little evidence of "splitting." 

In the present cross, no general increase in variability is evident in 
the back-cross series, as compared with the F1. This is curious, in view 
of the evidence for segregation in the back-cross generation which will 
be o¡ shortly. 

Of the sixty-seven individuals resulting from the back-cross with 
polionotus, eight have values for coloured area which equal or exceed 
those of the means of their own polionotus ancestors. This would be 
almost one in eight. However, the significance of this fact is rendered 
uncertain by the eircumstance that four out of eighty-two individuals 
in the F1 generation have values which equal or exceed those of their 
polionot~ts ancestors. I have not looked up individual pedigrees for the 
values of red. 

The back-cross with albifrons will not be eonsidered here, owing to 
the fact that comparable measurements are not available (see above) 2. 

Parent-offspring correlations between certain generations have been 
determined, but only for foot pigmentation and coloured area. In con- 
formity with my earlier procedure, I have computed the weighted mean 
of the correlations between "wild" and C1 generations of the parent 
races, between the parent races and the F1 generation, and between the 
latter and the back-cross generations. The first-named character gives 
a mean value of + 0.116, the second + 0.422. 

All of those correlations between various characters which were found 
to be indubitably present in the two preceding crosses ate manifested in 

1 Sumner (1929). 
I t  like~dse happens that hall of the albifrons ancesto~~ of this sedes died prematurely, 

so that  measurements of these characters were not obtained. 
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the present series. In both of the back-cross series, aggregating 127 indi- 
viduals, there is a consistent correlation between the length of rail and foo~ 

CORRELATIONS 
TAIL STRIPE ANDTAIL:BODY RATI0 
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(o rd ina ,  t e s )  i n  polionotus-albifrons c ros s .  ~Vhe re  t h e  n u m b e r  a t a  ~ v e n  l o e u s  is  t o o  
g r e a t  t o  b e  r e p r e s e n t e d  b y  i n d i v i d u a l  d o t s ,  t h i s  is  i n d i c a t e d  b y  t h e  f i g u r e  i n  t h e  c i rc le .  

and the various pigmented characters. Coefficients were computed for the 
correlation between the length of each of these members and the four 
pigmental characters--tail stripe, foot pigmentation, coloured atea (At) 
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and red. For the correlations involving foot length the sexes were dealt 
with separately. There are thus twenty-four coefficients. Ir will be noted 
that  in every case but  one (this being non-significant), these coeffieients 
are of the sign which would be expected on the assumption tha t  racial 
differenees in these two classes of characters tend to segregate together. 
Thus rail and foot l en~h  ate negatively correlated with rail stripe, foot 
pigmentation and coloured atea, but  ate positively correlated with red. 
The latter value, ir will be recalled, is a measure of the degree of pallor, 
i.e. of the absence of dark pi~oanent. 

Ir  is curious that  this preponderance of "expected"  signs occurs 
among the back-crosses, in the polionotus-albifrons series of hybrids, 
whereas, in the two preceding series, ir was displayed only by the zv~ 
and F3 generations, not being evident in the back-crosses. Also, ir is as 
evident here in the case of rail length as in that  of foot length, which 
was not true of the previous crosses (see Text-fig. 27). 

One qualifying cireumstanee must  here be mentioned. Examinat ion 
of individual pedigrees reveals the fact tha t  a certain proportion of this 
correlation is due to the employment of two different struins of albifrons, 
as parents of these back-cross generations. Thus, us stated earlier, the 
East  Pass strain possesses shorter feet and more extensive coloured atea 
and rail stripe than the Foster's Bank strain, and these differenees persist 
in their descendants, whether pure of hybrid. But  ir is likewise clear 
tha t  this circumstance is responsible for only part of the correlations 
here considered, and that  ir has no effeet, or even a reverse one, in some 
of the cases. The statistical foree of this array of coefficients is thus 
somewhat weakened, but  ir is by no means destroyed 1. 

Aside from the facts just considered, it must  be repeated tha t  these 
twenty-three coefficients do not have an altogether cumulative value, 
since tail and foot length ate correlated with one another, on the one 
hand, and all of the pigmental charaeters are correlated on the other. 

(d) An interspecific cross. 

As stated above, one F 1 female was derived k o m  a cross between 
P. maniculat~~s sonoriensis and P. poIionotus leucocep¡ This female 
was successfully mated with a male leucocephal,ts and with a male 
P. ,,aniculatus gambelii. The former baek-cross yielded two offspring, 
the latter thirteen. 

1 The circumstance here referred to does not, of course, ,~ffect either of the crosses 
previously considered. Only the East Pass de¡ have been considered in dealing 
with the leucocephalus-albifrons cross. 
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Certain facts relating to these hyb¡ ate of considerable interest, 
despite the small numbers of animals concerned. The single F 1 female 
plainly displays characteristies derived from both of the species which 
entered the cross. In body length, ir is at least equal to ah average 
adult female sonoriensis, i.e. to the larger race 1. In rail and foot length, 
on the other hand, ir is intermediate, but in the former character it 
stands much nearer the average for the shorter-tailed leucocephalus. 
Tail stripe is almost completely laeking, having a value of about 3 per 
cent. of the exposed part of the rail. Here, as in the crosses previously 
considered, lack of rail stripe is dominant, though imperfectly, over its 
presence. It is always complete in normal specimens of sonoriensis. The 
coloured area is paler than in any except the palest sonor~ensis 2, and its 
extent is greatly reduced, in comparison with the latter race, both on 
the head and the bodyo The influence of le~tcocephalus is further mani- 
fested in the presence of an extensive ventral atea having hair which is 
white throughout its entire length. This condition is not present in any 
member of the maniculatus series, so lar as I am aware. As in the case 
of leucocephalus, albifrons and the majority of hybrids considered in the 
foregoing pages, there is a region of hairs which ate pigmented onty at 
their basal zone, lying between the external|y visible coloured atea and 
the area of pure white hairs. 

Passing to the thirteen of~spring resulting from back-crossing with 
maniculatus, the coat colour of the majority would be matched very 
closely in a collection of so~wriensis skins, though the shade of the darker 
individuals bes closer to ga,~belii 3. The ventrolateral whitish areas of 
most of them are, however, paler and more extended than in any speci- 
mens of the latter race. But, in every case, this area consists of hairs 
which ate pigmented fairly heavily at the base. The most interesting 
feature of these back-cross animals relates, however, to the tail stripe. 
Of these thirteen individuals, six have a complete and normal rail strile, 
though in one case this is not very intense, as not infrequently happens 
even in pure maniculat~~s 4. Seven individuals, on the other hand, have 
very incomplete rail stripes. Five of these terminate short of the middle 

1 The maniculatus group, a s a  whole, comprises mice of much larger size than the 
polionotus group. 

"- I t  may be closely matched in shade by many albifrons. 
s Gambelii and sonoriensis overlap ra~her broadly in respect to general shade. Data 

are n o t a t  preseni; available for s~tisfactory quanti~ative comparisons between the latter 
races and these hybrids. 

4 No measurements of the width of the stripe were taken. I t  appears, to the eye, to 
be slightly narrower than in gambelii. 

Journ.  of Gen. XXlII 23 
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of the tail, while in all tases the stripe is very faint, and consists of 
seattered black hairs. To the eye the tail stripes here comprised thus 
fall into two quite distinct elasses, and the ratio is as near the traditional 
50 : 50 as is possible with these numbers. If this case stood alone, we 
might easily recognise here a rather clear case of the segregation of a 
character difference dependent upon a single pair of Mendetian faetors. 
But the tack of any such simple segregation in erosses between the much 
more closely related races previously considered renders this interpre- 
tation highly questionable. 

The two speeimens derived from the back-cross with leucocephalus, 
as might be expeeted, resemble the latter race mueh more closely. They 
were skinned when less than 3 months old, so that the pelage is not fully 
mature. That of one may be matched fairly well by some of the darkest 
specimens of leucocephalus; in the other, the eoloured area is much too 
extended to allow of sueh comparison. Ir is of possible signifieanee that  
the member of this brood (both are males) whieh resembles leucocephalus 
closely is also mueh smaller than the one which is less like the latter. 
Likew4:se, the len~h of both tail and foot in this smaller specimen is 
eonsiderably leas, both relatively and absolutely, thus approaching rather 
closely, in these respects, the means for leucocephalus. Ir is unfortunate 
that cixoumstances prevented the rearing of further hybrids between 
these species. 

V. SUMMARY AND GENERAL DISCUSSION. 

Ir is possible tha t  the reader who has examined the foregoing data 
may have been more impressed by the ineonsistency and inconclusiveness 
of some parts of the evidenee than with the decisiveness of other parts. 
The eriticism may be brought with some justice that we aro dealing 
throughout with roe many variables. It would of course have been lar 
preferable, had this been possible, to maintain the same environmental 
conditions, including food, as aro normal for these animals in a state of 
nature. Likewise, for the purposes of the hybridisation experiments, at 
least, ir would have been far preferable to deal with genetieally homo- 
geneous stocks. However, these things were not practicable, though I 
realise theix desirability as muehas  any critic. Let us, then, make the 
most of what we bayo. 

Before proceeding to discuss some of the broader problems here 
involved, I shall introduce an itemised summary of the resulta presented 
in the foregoing pagos. 

(1) The geographic raees of mice, chiefly here considered, differ from 
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one another rathcr strikingly in the quantity and distribution of pigments 
in the hair and skin, and also differ, thoug• less strikingly, in certain 
details of bodily proportions. In total size, these races ate approsmately 
equal. In the case of the single interspecific cross, the two species differ 
considerably in general size, as well as displaying, in ah even higher 
degree, all of the other classes of differences just mentioned. 

(2) The pigmental characters of the geographic races bear definite 
relations to certain environmental gradients. The linear measurements 
of body parts, while exhibiting local differences, show no such constant 
relations. 

(3) The mean racial differences in both linear and colorimet¡ cha- 
racters ate entirely genetic. Stocks of different races rail to converge 
when reared fora  number of generations in a common environment. 

(4) Individual differences within a single raee ate partly genetic, as 
appears from coefficients of correlation between parents and offspring, 
of between other groups of related individuals. These individual differ- 
ences relate to the same bodily "characters" as do the racial dii~erences. 

(5) Individual differences are, however, to a considerable extent 
non-genetie, as is shown by the relatively low values of most of these 
parent-offspring correlations, and by the observed fact that  some 
characters, particularly the length of certain members, ate demonstrably 
af[ected by environmental conditions. 

(6) As regards the degree of distinctness which is shown by two races 
subjected to hybridisation, the characters herein dealt with fall under 
three heads: (a) Characters which are invariably present in full measure 
in one raee and invariably absent in another (e.g. tafl stripe and pigmen- 
tation at base of ventral hair in the leucocephalus-polionotus cross; pig- 
mentation of ventral hair in the polionotus-albifrons cross) ; (b) eharacters 
whŸ ate preseat in both races, but which vary so widely in degree that  
there is no overlapping of the distribution "polygons" for the various 
values (e.g. red and coloured arca in all three of the racial crosses); 
(c) characters in which the two races differ in respect to the mean values 
shown, but in which there is a more of less broad overlap of the individual 
values (e.g. the index of saturation, tail and foot length and bone 
measurements, in all three crosses). 

(7) In respect to all of these racial differences, both linear and colori- 
metrie, the first as well as the later hybrid generations show an inter- 
mediate condition. For most characters, the mean value in the F 1 and 
F 2 generations is appro• midway between the parental means, 
i.e. there is no appreciable dominance. 

23-2 
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(8) Dominance is striMngly shown, however, in the case of one 
character, tail stripe. Lack of tail stripe is dominant, though incom- 
pletely so, over its presence, this phenomenon being clearly illustrated 
in two inter-racial crosses, and in one inter-speeifie cross. This dominance 
is of the "fiuctuating" type, there being ah enormous range of variability 
in the first hybrid generation (at least in the sub-specifie crosses). 

(9) Dominaace is less strikingly shown in the case of another pig- 
mental character, relative pallor of darkness of the pelage, represented 
by the value for "red"  (R) in the preceding pages. A dark pelage (indi- 
cated by a low value Ÿ R) is incompletely dominant over a paler one. 
There also appears to be a tendency toward dominance of a richer 
coloration of the pe]age over a greyer one~ as indicated by va]ues of 

R-V 
the fractioa R �9 

(10) The facts cited in the two preceding para~aphs are rather 
unexpected, inasmuch as the degree of development of the rail stripe is 
negatively correlated with " red"  (i.e. positively correlated with depth 
of pigmentation). Yet presence of tail stripe is recessive, while depth of 
pigmentation tends to be dominant. 

(11) In the case of the fi_rst two of these characters which display a 
partial dominance, there is a shifting of the mean in the recessive 
:lirection in the F~ generation, as compared with the F 1. 

(12) In no case does our evidence indicate that a racial difference in 
respect to any distinguishable character is dependent upon a single pair 
of Mendelian allelomorphs. This is evident from ah inspection of the 
graphs. In the one instance in which we have the appearance of a 
secondary ruede in the F2 generation (Text-fig. 15) ir was shown that a 
one-factor interpretation was quite improbable. Likewise, the seeming 
presence of a single factor having visible effects upon the rail stripe, in 
the inter-specific cross (p. 350), is very doubtfully open to sueh ah inter- 
pretation. 

(13) That genetle se~egation occttrs, nene the less, in respect to 
one important class of characters at least, is conspicuously shown by the 
graphs for the various measurements of the intensity and extensity of 
pigmentation, as well as by the relative magnitudes of the standard 
deviations for the F 1 and te 2 hybrid generations, as shown in the tables. 
Ir is most conspicuous in the widest of these crosses (leucoce2halus- 
polionotus), though quite pronounced in the leucocephalus-albifrons cross. 
The two back-cross generations show rather erratic relations in this 
respect. 

(14) As regards the linear measurements of body parts, there is, on 
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the contrary,  little or no evidence of segregation. The standard deviations 
of the F 1 and F 2 generations have been compared for seven sets of linear 
measurements (tail, foot, ear, certain bones), considered separately for 
the two sexes. In the le~wocephalus-albifrons cross the F2 figure is 
actually more often smaller than larger. This is true both for the 
" a c t u a l "  and the "corrected"  values. In the leucocephalus-polionotus 
cross, on the other hand, in which the differenees between the parent  
races are much more pronounced, the F~ figure (" actual")  is larger than 
the F 1 in eleven cases out of fourteen, though this proportion falls to 
nine out of twelve, when "cor rec ted"  values are considered 1. In  both 
of these cl'osses the standard deviations for number of caudal vertebrae 
ate greater in the F 2 than in the F1 generation. I t  must be said, how- 
ever, tha t  the differences, taken singly, are in most of these cases 
trivial. 

(15) The number of genetic faetors commonly eoncerned in any 
single character difference is probably considerable. Various estimates of 
these numbers ate obtained by various methods of calculation. I t  is 
likely tha t  the lowest of these ate erroneous. 

(16) In the narrower le~~cocephalus-albifrons cross several individuals 
in ah F2 generation of seventy-four reaeh or surpass the mean of one or 
the other parent  race in respect to the value of coloured atea of of red. 
Even  in the wider levcocephal~~s-polionotus cross two or three individuals 
out of 106 reach the mean of each parent  race in respect to the value of 
coloured area, though not of red. One individual, however, reaches the 
value of red of its own polionotus grandparent.  

(17) I i  we provisionally consider those individuals which reach or 
surpass the mean of one parent race, with respect to a given character, 
as " p u r e "  segregants for that  character, and base our computations 
upoa the zv2, and the first and second back-eross generations of the 
leucocephalus-albifrons and leucocephalus-polionotus crosses, respectively, 
we reach the following estimates. The difference between leucocephalus 
and albifrons, in respeet to the magnitude of the coloured area, is deter- 
mined by  about  four factors (two to six), the difference in their values for 
red being determined by two to three factors. On the other hand, the 
relative magnitudes of coloured area in le~~cocep]~alus and polionotus 
would seem to depend, aceording to this method of computation, upon 
between three and four factor differences, while the relative magnitudes 
of red would depend upon three to five factor differences. Similar esti- 
mates ate obtained ir we rank a s a  " p u r e "  segregant any iadividua~ 

1 The ta t t e r  are not given for skull  bre~dth, hence the difference in tot~[ number. 
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which reaches or surpasses its own particular ancestor (or ancestors) of 
one or another race, in respect to a given character. 

(18) That most of the estimates above given, aside from their 
manifest inconsistencies, are too small would seem to be indicated by a 
comparison of the histograms for the "grades" (7/8 leucocephalus) with 
the theoretical distribution of values in a generation of this composition 
(Text-fig. 15). 

(19) In the leucocephalus-albifrons cross 15 and 18 per cent. respec- 
tively of the F2 individuals fall within the extreme range of one of the 
other parent race in regard to all of the pigmental characters here con- 
sidered, taken collectively. About two-thirds as ~ea t  a proportion, how- 
ever, fall within these limits, even in the F 1 generation. In the wider 
leucocephalus-polionotus cross, on the other hand, n o t a  single individual 
in either of these generations falls within the limits of leucocephalus for 
al] of the pigmental characters, although three F2 individuals fall within 
the limits of polionotus. 

(20) If we seek for individuals which measure up to the "average" 
condition of one of another of our pure races in respect to the ensemble 
of pigmental characters (i.e. a standard which would include hall of 
the population of a given pure race) we do not find a single such case in 
the F~ generation of either of our two principal crosses. A number ate 
excluded from one of the other class in the le~tcocephalus-albifrons cross, 
only because they rail to conform to the standard set for the index of 
saturation. Thus, the richness of coloration has been found to be in. 
herited to a considerable degree independently of either the depth or 
the extensity of pigmentation. Five out of fifty-eight back-cross indi- 
viduals, and nine out of forty-one, among the grades, in the leucocephalus- 
albifrons cross, conforto, however, to the standards set for an "average" 
leucocephalus, in the leucocephalus-polionotus cross we do not meet 
with any cases of this sort until we reach the grades, among which we 
find eleven out of fifty-five which may be rated as "average" leuco- 
cepttalus. 

(21) In both pure races and hybrids the length of certain members 
(rail, foot, ear) is found to be positively correlated, even when the 
influence of general body size has been eliminated by the method of 
partial correlation. Longer tailed individuals, like longer tailed races, 
tend to have longer feet 1. There are, however, no significant differences 
between the hybrid generations in respect to the ma~i tude  of these 
correlations. 

1 Such inter-racial  correlat ions do not  hold, to be sure, for ear length.  
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(22) The various pigmental characters are likewise correlated with 
one another, both in the pare races and the hybrids, and here again 
intra-racial correlations ate of the same sign as inter-racial ones (e.g. 
coloured area and red are negatively correlated, within each population, 
just as the race having the most extended coloured area has the lowest 
value for red, and rice-versa). 

(23) The last named correlations are commonly lowest for the pare 
races and F 1 hybrids (lowest of all, frequently, in the latter) ; higher for 
the F2 generation, and highest of all in the F~ generation, derived from 
seleeted Es parents. The coefiicients for the baek-crosses ate variable, 
though much more often higher than lower, in comparison with those 
for the F 1. 

(24) These relations ate, for the most part, sueh as might be expected, 
on the supposition that the characters eoncerned are in some way 
genetically connected, and that they therefore tend to segregate together. 
Reasons will be advanced below for believing that these correlations ate 
due to the diverse effects of the same genetic factors, rather than to 
separate factors bound together by linkage. 

(25) This common genetic basis for all the various pigmental cha- 
racters is not, however, absolute. There is a considerable degree of 
independent variability among these characters, and ir may be shown 
that a large fraction of this independent variability is genetic. Thus, two 
pigmental characters may be supposed to have certain factors in common 
and certain ones peculiar to themselves. 

(26) There is some evidence for the existence of correlations between 
the bodily appendages (tail and foot) and the pigmental characters, in 
certain of the segregating generations of hybrids, in all three crosses. 
The coefficients ate preponderantly of the "expected" sign, on the 
assumption that the character differences of a sub-species should segre- 
gate together. While the considerable series of coincidences here dis- 
played can hardly be credited to random sampling, tliere ate circum- 
stances which render the foregoing interpretation somewhat questionable. 

In the ensuing discussion I shall consider in succession three chief 
topics: (1) the possibility of determining the approximate number of 
genetic factors concerned in these racial differences; (2) the significance 
of the correlations which exist between certain characters, particularly 
in the se~egating generations of hybrids; (3) the bearing of the present 
data upon our conceptions of evolution. 

To those who accept the view that one species of race differs from 
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another by a definite number of mutational steps, ir is, of course, a 
matter of considerable interest to determine, if possible, the approximate 
number of such steps which separate one given form from another. Ir 
was, at the outset, my hope that some of the "presence-or-absence" 
differeaces, belonging to the first (a) class of characters listed in para- 
graph 6 of our summary, would lend themselves to a Mendelian analysis 
of the characters concerned. But this did not prove to be the case. For 
in the _F 1 generation such charaeters were found to have an intermediate 
value, and to be extraordinarily varied in their manifestation. Thus, the 
length of the tail stripe of the F 1 generation (heterozygous for all factors 
concerned) covered the whole gamut from 0 to 100 per cent. Back- 
crossing with the 0 grado race (leucocephalus) led to a great increase in 
the proportion of stripeless individuals, and the disappearance of aI1 
except the lower grades of tail stripe. But since ir is probable that  the 
0 grade consisted, in this generation, largely of individuals which were 
heterozygous for some or all of the factors concemed, ir is plain that  the 
proportionate number of individuals which lack the stripe altogether, as 
contrasted with those which possess ir at all, affords no clue to the genetie 
classes which may be present. Furthermore, ir seems certain that, with 
each back-cross to leucocep]talus, ah increasing proportion of the partially 
heterozygous individuals must fall within the 0 grade, and conversely 
that the relativo number which show some trace of a stripe must de- 
crease. Ir would thus seem to be futile to conduet such a "dilution" 
process in the hope of arriving at any single-factor diiIerence in a case 
of this character. 

Accordingly, we seem limited, in our quest for the aumber of factor 
differences between any two tacos, to characters which differ merely in 
degree (b a n d c  of the classes listed above). Now ir has already been 
abundantly shown that the evideace in such cases is coniticting. This 
has not infrequently been the experience of others. 

Ir will be recalled that Castle and Wright (Castle, 1921) developed 
a formula for determining the number of factor differences conccrned in 
a cross involving quantitative characters. Their formula was: 

D 2 
n - -  - -  

8 ( ~ � 9 1  - , h  -~) ' 

in which D is the difference betweea the parental means, in respect to 
the given eharacter, and al and (r 2 are the standard deviations in the 
F1 and F2 generations, respectively. This formula was severely criticised 
by Shull (1921), and has recently been dealt with more fully by Sere- 
brovsky (1928). The chief grounds for criticism aro three: (1) that  a 
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complete lack of dominance is assumed; (2) that the factors ate assumed 
to be of equal potency; and (3) that  all of the positively working factors 
are assumed to be on one side of the cross, and all the negatively working 
ones on the other. Serebrovsky works out supplementary formulae, 
eovering varying degrees of dominance, and differing distributions of 
positively and negatively working factors in the two races. Philip- 
tschenko (1929), however, finds himself led to impossible results, even 
with the use of Serebrovsky's modified procedure. Castle (1928) admits 
that he has not found the results from the use of his own formula satis- 
factory, and queries whether the trouble may not lie with the funda- 
mental postulates of the multiple factor hypothesis itself. 

I have applied the formula of Castle and Wright to the computation 
of the number of factor differences between leucocephaIus and albifrons, 
and between leucocephalus and polionotus respectively in relation to both 
coloured atea and red. The fact that, in these four cases, the numbers 
of factors indicated are 2 +, 2-- ,  2 - ,  and 14 respectively, in itself 
shows that the formula is inapplicable here. Certain other methods 
which I have employed have likewise given impossibly small numbers 
of factors. 

As indicating very limited numbers of factor differences, in some of 
these cases, we have pointed to the relatively large proportion of seemingly 
pure segregants for both of the chief indices of pigmentation (coloured 
atea and red), in the leucocephal~es-albifrons cross, and for coloured area, 
in the leucocephalus-polionotus cross. The numbers here indicated range, 
for the most part, from two to four. 

Against such a limited number of factor differences we have, how- 
ever, a much greater array of evidence. We may mention here (1) the 
comparatively symmetrical distribution of values in the second back- 
cross with le~tcocephal~~s; (2) the occurrence, within each sub-species, of 
genetic differenees in respect to all of the characters, each of these minor 
differences being dependent upon multiple factors ir this theory be 
accepted'; (3) the existence, within both albifrons and polionotus, of 
geographically graded differences, some of which, at least, ate known 
to be genetic and to depend upon more than one factor. 

One means of escape from this dilemma readily suggests itself. May 
not the differences between the distinct sub-species be due to a relatively 
small number of major factors, while the local differences within a 
sub-species, of the differences within a single poputation, ate due to a 
considerable number of minor, "modifying," faetors? If the "major"  
factors be supposed to lar outweigh the "minor" ones in their quanti- 
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ta t ive effects, a segregant which was "pure" for all the major factors of 
one sub-species might reach of surpass the mean value of tha t  sub- 
species, in respect to a given eharacter, even though ir was not pure for 
all the minor factors, which entered the cross. 

[ t  would be difficult, however, to account, on such a basis, for the 
appror5mately symmetrical distribution of the "7/8 leucocephalus" popu- 
lations, already discussed at some length. If we had to do with three of 
four faetors, capable of producing the ma]or pelage differences between 
leucocephalus and polionotus, the presence of even a large number of 
modifying faetors, of the sort whieh might be suiposed to underly the 
minor individual differences, would not  su{rice to mask the asymmetry  
to be expected in a histogram based upon such material. Moreover, ir 
would seem more probable, on the basis of the multiple factor hypothesis, 
tha t  the differences between two sub-species would depend upon a 
greater number of factors, instead of upon more potent  faetors, than the 
dif[erence between two individuals within a sub-species. For  presumably 
the sub-speeific differences have arisen through the aceumulation of the 
same type  of genetic dii~erences as distinguish members of the same 
sub-species. 

Ir we are to retain the multiple factor interpretation at  all, ir seems 
to me tha t  we must at tr ibute any  one of the sub-speeifie dit~erences 
here considered to a mueh greater number of factors than three or four. 
This means tha t  there is something wrong with the argument based 
upon the number of apparently " p u r e "  segregants. Our argument con- 
tained the implicit assumption tha t  all of the allelomorphs tending to 
increase the degree of pigmentation (to raise the value of A and to lower 
the value of R) were contained in one of the two sub-species entering a 
cross, while all of the allelomorphs tending to decrease the d e g e e  of 
pigmentation were contained in the other. But  this, of course, is not  
necessa¡ true. Leucocephalus, for example, might have the constitution 
aabbccddeeEE, in respect to a given charaeter dif[erence, while albifrons 
had the constitution AABBCCDDEEff. In  sueh an event, ir is plain 
tha t  the chance that  an F2 individual would equal of exceed one or the 
other of the parent  raees would be very much greater than if all of the 
" lower case" genes were on one side, and a ll t h e "  capitals" on the other. 
For  ir would not  be necessary, in order to reach this level of darkness of 
paUor, tha t  ah individual should be homozygous for all of the factors 
derived from either race 1. A marked asymmetry  of distribution in the 

1 I am here leaving out of account the part played by the phenotypic variabflity of 
each single genotype. Ir has been assumed above (p. 296) that the chance for ah incomplete 
segregant to reach or exceed the mean value of a given parent race would be balanced by 
the chance that a pure segregant should fall below this levcl. 
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seeond back-cross would remain, however, even upon the foregoing 
assumption. 

Formally, at leasg, we have thus reconciled our conflicting evidence 
by ah interpretation wkieh is quite in harmony with the multiple factor 
hypothesis. While such ah interpretation is lar Ÿ being proved, at 
the present time, I know of no other which fits the facts as well. 

A yet more interesting problem is that of the nature of the genetic 
connection between certain components of the sub-specific complex of 
characters. I have previously called attention to the fact that high corre- 
lations among the various pigmental characters may be observed, when 
series of contiguous races ate thrown together and treated as single 
populations, whereas correlations between the same pairs of characters 
are found to be much weaker, or even to be imperceptible, when the 
component collections ate treated separately 1. I have ~ven reasons for 
believing that this higher degree of inter-racial correlation, as compared 
with intra-racial, is due to the fact that the mean differenees between 
the local races ate entirely genetic, whereas the individual differences 
within any single race ate partly phenotypic, i.e. non-hereditary. That 
there is some sort of a close genetic bond among the various racial 
differences in pigmentation has already been fully shown. The non- 
hereditary modifications of these characters (however produced) appear, 
on the contrary, to be largely independent of one another. In the case 
of certain other characters, to be sure (e.g. tail and loor), environmental 
inituences (temperature, nutrition) ate known to bring about parallel 
modification, but there is no indication that the various pigmental 
characters here considered ate subject to coincident changes of this sort 
during the individual lifetime. Unfortunately, the nature of the non- 
hereditary fraction of all individual variability in animals is a subject 
concerning which, at the present time, we are very largely in the dark. 

The interesting relations narrated in para~aph 23 of the foregoing 
summary ate open to a similar interpretation. The higher degree of 
correlation among these characters which is found in the/?~ generation, 
as compared with the FI, is due to an inerease in the proportion of the 
total variability which is genetic, combined with the fact that the 
characters are in some way bound together genetically 2. 

1 Sumner (1929 a). See also Bubnoff (1919). 

I r  is probably needless to say tha t  the larger coefficients found in the F 2 generat ion 
do not result from a mere increase in the range of var ia t ion of the correlated characters. 
The s tandard deviations are of course increased, as well as the product  moments. 
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The still further incre~se in these correlations which is manifested 
in the Pa generation is due to the proeedure adopted in the selection 
and mating of the parents. The more extreme segregants which were 
seleeted as "pale" and "dark"  eonstituted about two-thirds of those 
thus ehosen. This circumstanee, and the further fact that at least two 
pigmental characters were taken into aecotmt in making the choiee 
would inevitabIy result in high correlations among this parent group 
when treated as a single populationk And since these latter were mated 
assortatively (pale with pale, etc.), a similar genetie constitution was 
refleeted in the F3 generation. 

Regarding the nature of this genetie connection among our correlated 
eharacters, two hypotheses are possible: (1) The characters in question 
may be merely diiferent manifestations of the same genetie faetors (e.g. 
the extent of both tail stripe and colom'ed area m~y depend upon factors 
which determine the amount of pigmented hair upoa the rail and trunk 
alike). (2) The factors underlying these characters muy be more or less 
elosely hnked, due to their presenee in the same chromosome. And i t i s  
of course possible that eaeh of these explanations may be true in part. 
On the other hand, parallel modifieation, through en~/ronmental in- 
fluences acting during ontogeny, could hardly aecount for correlations 
which increase as a result of segregation~ 

While the data thus far discussed lend themselves perhaps equally 
well to either of the foregoing interpretations, there is one eircumstance 
which strongly favours the hypothesis that our correlations result from 
the wrious pigmental charaeters being determined in part by a genetic 
basis common to all of them. I refer to the frequent association between 
intensity and extensity of pigment~tion, upon various parts of the body, 
and in animals belonging to widely difterent groups. This phenomenon 
is so well known to students of systematie ornithology and mamm~logy 
that ir need not be discussed here. Reference need only be made to the 
diminution both in the intensity and extensity of coloured areas in 
desert speeies, as compared with the denizens of more humid chmates 
(Al/en, 1906; Buxton, 1923; GSrnitz, 1923; Sumner, 1925; Renseh, 1929). 
In connection with this class of facts, the hypotheses of l~nk-age can 
hardly be invoked as an explanation. For studies of linkage thus lar 

As a ma t t e r  of fact  the correlations in these groups of selected parents  were probably 
aL least as high as in their F~ offspring. Thus,  in the  leucocephal~~s-albifrons series, the  
correlation between A b a n d  /~ among the selected F~ parents  was -0 .912 ,  tha t  of their 
offspring -0 .788.  Similar figuras for the  leucocephalus-polionotus cross (in t t¡  case, A t 
and R) are -0 .822  and -0 .858  respectively. In  both caaes the  deviations of each parent  
have  been weighted by the number  of offspring. 
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made have surely revealed no general tendency toward the close pro- 
pinquity, within the same chromosome, of genes which bring about 
similar physiological or morphological conditions. On the contrary, their 
associations with one another ate on the whole surprisingly haphazard 
and arbitrary. 

That each of these characters, on the other hand, is partially deter- 
mined by independent genetie factors will be rendered equally probable 
by the evidence. The fact that the eorrelated characters under con- 
sideration all have a considerable range of independent variability--to 
such a degree, indeed, that the coefiicients ate sometimes reduced to 
zero--does not, of course, prove the case as regards independent genetic 
variability. Much of the variability of all organistas is known to be 
"phenotypic" or "somatic"--whatever that means. At least, much of ir 
is not transmissible, as is shown by the low values of most parent- 
offspring correlations. 

Of more evidential value, in this connection, are certain relations 
which appear in comparing one race with another. Attention has already 
been called to a curious anomaly presented by the Foster's Bank collec- 
tion of albifrons. This local sub-race is at once darker and possessed of a 
smaller eoloured area and sharter tail stripe (reduced to 0 in most cases) 
than are the other representatives of albifrons found near the coast. 
Although the collection is unfortunately small (twenty specimens) the 
differences in these respects are so considerable and so constant that 
they very probably represent actual differences in the respective local 
populations. Moreover, the differences revealed by the sample colleeted 
prove to be genetic ones (Text-figs. 3, 10). These faets speak for the 
partŸ genetic independence of the characters concerned, despite the 
fact that " red"  is, in general, negatively eorrelated with the other two 
characters, both within single populations, and particularly when we 
considera series of such populations in geographic sequenee. 

Once more, identical coloured areas ate associated with different 
values for red in different racial crosses i. Thus, ir we compare individuals 
with the same value for cbloured atea, in the 3/4 albifrons and 3/4 polio- 
notus series respectively of the polionotus-albifrons cross, we find that 
the value for red is much higher in the former than in the latter, i.e. the 
former are paler. 

But still more important light upon this sub]ect is derived from an 
application of the method of partial correlation. The correlation between 

1 Pure races cannot be directly compared for this purpose, since there is practically 
no overlap in respect to the values for either of these characters. 



362 Sub-species of P e r o m y s c u s  

the two measurements of the coloured arca ("base" and " t ips")  is 
high in all of the groups for which both values have been dctermined. 
Ir approaches unity in the F2 and F~ generations of the leucocephalus- 
polionotus cross. Ir may nevertheless be shown by the method referred 
to that  " red"  is correlated to some extent with cach of these determina- 
tions of coloured arca, independently of the other. For East Pass albi- 
frons, the mean of these two "ne t "  eoefficients is - 0.210; for the ir 2 
generation of leucocephalus-polionotus hybrids the mean is - 0.177; for 
the F~ generation ir is - 0-235. All of these six values are of the same 
sign. The aggregate number of individuals on whieh they aro based is 230. 
In the F1 generation of this cross, on the other hand, one net coefficient 
is negativo and the other positive, the mean being - 0-090. 

The foregoing figures do not, of course, prove that  this independent 
variability of the two measurements of coloured arca is of the genetie 
sort. Unfortunately, this last question cannot be tested for these two 
charaeters, owing to circumstanees whieh need not be detailed here. 
But the independent genetic variability of coloured arca (either "base" 
of "tips") and red can be readily demonstrated. For this purpose, I 
have eomputed the parent-offspring correlations in rcspect to each of 
these eharacters, when the influence of the other has been eliminated. 
I have confined my computations to those generations between whieh 
correlation was found to be highest, namely, the F2 and ~v~ generations 
of both the leucocephalus-albifrons and the leucocephalus-polionotus 
crosses. As has already been pointed ou% the amount of genetic varia- 
tion in these F 3 generations and in the selected groups of F2 parents is 
extremely high. 

Leucocephalus-albifrons F2-F 3 Leucocephalus-l~olionotus F~-F3 

No. of No. of 
Cha- No. of off- r r 1~o. of off- r r 

racter  parents*  spl~ng (gross) (net) parents* spring (gross) (net) 

A 22 65 +0.751 +0.344 26 82 +0-917 +0-712 
R 22 65 + 0-743 + 0.437 24 82 + 0.837 + 0.464 

* Here and  elsewhere, in comput ing parent-offspr~ug correlations, each parenta l  
deviat ion has  beeu repeated to correspond with the  number  of offsp¡ Each  filial devia- 
t ion has  thus  been paired off against  a parenta l  one, and  the n of the formula  has  been the  
number  of offspring, ra ther  than  tha t  of the  parents.  A similar weighting process was 
applied in computa t ion  of means  and  s tandard  deviations in these cases. This procedure has 
both  advantages  and  disadvantages.  

In computing the net parent-offspring correlation for coloured area, 
the influence of red being eliminated, the three gross coefficients used 
were (1) that for eoloured area (parents) and coloured atea (offspring), 
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(2) that for coloured atea (parents) and red (parents), and (3) that for 
red (parents) and coloured area (offspring). Conversely, in computi•g 
the net parent-offspring correlation for red, the gross coetticients used 
were those for red (parents) and red (offspring), coloured atea (parents) 
and red (parents), and cololrred atea (parents) and red (offspring). Four 
separate coefficients were computed for each series (fathers--sons, fathers 
---daughters, mothers--sons, mothers--daughters). The weighted mean 
of these four figures, for each cross and each character, is given 
above. 

It  will be seen that these "ne t "  coefficients ate from a half to three- 
quarters as great as the "gross" ones. This can only be interpreted as 
showing that a large proportion of the variation which each of these 
characters undergoes, independently of the other, in this material at 
least, is genetic. 

Ir is relevant to call attention, likewise, to the relatively high values 
of the cross-correlations, computed at this time, as compared with the 
direet ones. Thus, the weighted mean of the four cross-correlatioas here 
considered (eoloured atea of parents with red of offspring, and rice-versa, 
in the two crosses) is - 0.767, the weighted mean of the direct correla- 
tions being + 0.819. We may also refer again to the strilr correlations 
(Text-fig. 13) between coloured atea, in the leucocephalus parents, and 
rail stripe in the F 1 generation of a cross with poliono~us, despite the fact 
that rail st¡ itself is totally lacldng in the former race. 

To sum up our conclusions from the facts diseussed in the last few 
paragraphs, we may say that the close correlation fotmd to exist between 
certain pigmental characters is probably due to their partial dependence 
upon common genetic factors. That the eorretation is never absolute is 
due in part to the existence of independent factors which iniluence one 
character without affecting the other; in part t o / h e  presence of a con- 
siderable degree of non-genetic variability. Ir is possible that linkage 
likewise exists here and further complicates the situation. But ir is not 
necessary to assume its occurrence. 

This is quite a different conclusion from that of Tine Tammes (1912) 
in the case of flax hybrids. This author attributes the correlation of 
certain characters in the F2 generation to linlr (" in the gamete forma- 
tion in the F1 particular factor combinations occur by preference"), 
although it is stated that these correlations ate already feebly present 
in the FI and the parent races. She is ted to the rather surprising con- 
clusion "that a closer interdependence exists between the factor groups 
for the various characters than between the factors for the same cha- 
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racter." Such a situation might be intelligible on the basis of polyploidy, 
but ir is, at best, entirely hypothetic~l. 

Whatever may be the situation in respect to flax, I regard such an 
explanation as much less satisfactory for Pero~~tysc~~s than that of the 
multiple egects of the same genes. In this respect, my interpretation is 
in accord with that of Dobzhansky (1927), who adopts the hypothesis 
of "multiple eItects," rather than that of linkage, in explaining the 
correlation between the pigmentation of the eye and that of the testis 
in Drosophila. In the case deseribed by Dobzhansky, however, the corre- 
lation is absolute, aad seems to depend upon a single pair of allelomorphs. 
Moreover, the pigmentation of certain other regions of the body is quite 
independent of that of the parts named. These last statements do not 
appear to hold for any of the sub-specifie differences with which I have 
dealt in the case of Peromyscus, though they apply, one or alt, to certain 
colour mutations whieh I have described in speeies of this genus (Sumner, 
1917, 1928; Sumner and Collins, 1922). 

The foregoing interpretation is offered onty for the correlations be- 
tween one pigmental charaeter and another. A few Ÿ words are 
necessary regarding another type of correlation which has been discussed 
above, namely, that between foot of rail length, on the one hand, and 
the various pigmental eharacters on the other. The evidence Ior such 
correlation has been discussed in detail in conneetion with each of the 
three sub-specific crosses considered in the present paper, and ir need 
not be repeated here. Statistically, the case is strong that this series of 
coincidences does not result from random sampling. 

Certain circumstances have already been mentioned which consider- 
ably weaken the eonclusion that the preponderant occurrenee in some 
of the segregating generations, of coeffieients having the "expeeted" sign, 
is due to any genetie bond between the two elasses of characters. I refer 
especially to (1) the fact that the standard deviations for foot and rail 
len~h ate not preponderantly greater in the F~ generation than in the F1 ; 
and (2) the related fact that the correlations between rail and foot length 
show no constant tendency to be greater in the F 2 and Fa generations 
than in the F i hybrids and the pure raees. So lar as they go, these last 
facts ate not in aceord with the supposition that there is any maniIest 
segregation of the genetic factors whieh underly racial differences in the 
length of these two members. Yet the correlations referred to in the 
preceding paragraph would seem to depend upon the simultaneous 
segregation of Iaetors affecting the length of the latter and ones affecting 
pigmental eharacters. 

Let us assume, however, that these corelation have an actual 
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genetic basis, and tha t  they result from a tendeney of certain racial 
characters to segregate in their original combinations 1. I believe tha t  
in tha t  case the hypothesis of linkage, rather than that  of multiple effects 
of the same genes, would be preferable. For, in the first place, the 
correlations are so feeble that  in most instances they are statistically 
non-significant, when taken singly; and in the second place, the length 
of rail and foot bears no general relation, in this genus a s a  whole, to 
the extent of shade of the coloured area of the pelage. In a recent paper 
(1929) I have pointed out that  while the al£ of the immediate 
neighbourhood of the coast has a markedly longer tail and foot than  
polionot**s, we meet with a type, only 20 miles inland, in which these 
members are no longer than in the latter race. Furthermore, on the 
Pacific coast, it  is the darkest sub-species of Peromyscus maniculatus tha t  
have by lar the longest tails and feet, and this reversed association holds 
throughout a considerable atea. TRis last fact, as well as the exactly 
opposite relation of these same charaeters in certain members of the 
P. 2olionot~ts series 2 could both be accounted for on the basis of a rather 
low degree of linkage betwcen some of the factors concerned a. 

A few words, in conclusion, relative to the bearing of these studies 
upon our conceptions of the process of evolution. Ir is evident tha t  in 
no case does one of these sub-species, or even a genetically distinct sub- 
division of such a sub-species, appear to have arisen through a single act 
of mutation. Wherever investigated, such races of sub-races appear to 
differ by  considerable numbers of Mendelian factors. Since these differ- 
ences have frequently been accumulated in a fairly eonsistent manner, 
along some geographic, climatic or edaphic gradient, we can hardly 
regard the relationships as being entirely haphazard ones 4. Either 

1 These phenomena  m a y  be related to certain evidences for the  coherence of specific 
characters which were obtained by Gates (1925) in crossing Mus musculus with  the  
Japanese  waltzing-mouse,  and which were interpreted by h im on the  assumpt ion  tha t  
" t h e  chromosomes of each species tend to segregate as a group and  not  at  random."  

2 Leucocephalus, coast albifro~s, and polionotus r e p r e s e n t a  series of decreasing rail 
and foot length,  and  of increasing pigmaentation. 

3 However,  ir is worth noting tha t  a recent examinat ion  of measurements  from the 
F~ generation of certain sub-specific crosses of P. man~culatus discussed in an earlier paper 
(Sumner, 1923 a) has revealed no consistent tendency toward correlations of the  sort  here 
considered. 

4 This subject  has  been discussed in an  i l luminat ing manne r  in two recent volumes 
(Robson, 1928; Rensch,  1929), while Osborn (1927 and  earlier papers) has  b rough t  
together  m u c h  valuable  material ,  and made  th is  the  basis  of an  interes t ing theoret ical  
discussion. I have  myself considered certain of these cases of in t~rgradat ion in some dctail  
(Sumner,  1923, 1929, 1929 a). 

Journ .  of Gen. XXlII 24: 
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(1) there has been a selection on the basis of adaptedness (whether in 
respect to the visible manifestation of these factors or to some more 
recondite effects); or (2) the genetic changes have resulted in some more 
direct way, from the action of the environment. In various earlier papers 
I have argued for the second of these alternatives 1, and I still believe 
that  it is the more probable one in many instances, particularly in those 
cases in which humidity and aridity appear to have been the controlling 
factors. I t  must be admitted, however, that the simultaneous trans- 
formation of considerable series of pigmental characters, even when these 
are but feebly correlated within any single population, is not, in itself, 
to be regarded as evidence of their parallel modlfication by the environ- 
ment, us I formerly supposed. This becomes obvious ir we accept the 
conclusion that these characters rest, in part, upon a common genetic 
basis. 

In the case of the present series (polionot~ts-albifrons-leucocephalus)~ 
ir seems much more likely that un important element in the situation 
has been a selective effect of the environment, on the basis of colour. 
As regards the pigmental changes, the admitted]y ill-supported, though 
lar from disproved theory of "concealing coloration" seems to fit these 
faets better than any other 2. 

Such an interpretation does not mean, however, that the actual 
factorial changes or "mutations" have necessarily oceurred at the time 
when one geographic race has arisen from another. There is much genetic 
diversity in every natural population, resulting presumably from factorial 
changes which have oecurred in the past, combined with hybridisation 
in the broadest sense of the term. Ir is likely~ therefore, that rather wide 
divergence could be brought about in such a population by continued 
selection, in the entire absence of new mutations. If it should turn out 
that  suitable mutations likewise occur from time to time, and particu- 
larly ir such mutations are in any way responsive to organic "needs," 
the process would, of course, be vastly expedited. Or appropriate crosses 
between different existing stocks migbt gire rise to ah adequate supply 
of variations, us Lotsy and others have so forcefully contended. 

I trust, however, that the foregoing remarks will not be taken to 
imply that I regard such a "mutat ional"  explanation of the origin of 
these geographic races, of of species in general, as either adequate of 
satisfying. I t  is no more adequate or satisfying than is the related notion 
that  the entire heritage of an organism consists of un ag~egation of 
Mendelian genes. Both conceptions, I believe, ate to be viewed merely 

i Sumner (1920, 1923, 1925). ~ Sumner (1929, 1929 a). 
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as h ighly  useful  provision hypotheses,  which account  for cer ta in  im- 

p o r t a n t  aspects  of indiv idual  and  racial development ,  b u t  which ent i re ly  

overlook cer ta in  others. I n  this belief I t h i n k  ir l ikely t h a t  I am in  

ag reemen t  wi th  m a n y  muta t ion is t s ,  t hough  p robab ly  no t  with all. 
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E X P L A N A T I O N  OF PLATES V I I I - - X I .  

I~L.~T E VIII. 

Fig. 1. (Upper left.) Skin of Peromyscus polionotus leucocephal~ts, elose to average in 
respect to all pelage eharacters. 

Fig. 2. (Centre.) Average P. ~. albifrons (East Pass series). 
Fig. 3. (Upper right.) Average P. p. polionotus (Autaugaville series). 
Fig. 4. (Lower left.) Extreme pale segregant in F 2 generation of leucoce2halus-polionotus 

(i.e. cross between sub-species leucocephalus and polionotus). 
Fig. 5. (Lower right.) Extreme dark segregant in F~ generation of same cross. 

PLA~~ IX. 

Figs. 6, 7, 8. Palest, mean and darkest speeimens of leucocephalus. In choosing extremes, 
here and elsewhere, the values both for "coloured area" and "red"  were taken into 
consideration, a n d a  skin was ehosen, in eaeh case, which gave nearly or quite the 
extreme values for both of these charaeters. (The actual extreme values are not always 
combined in the same individual.) In choosing the means, "coloured area, . . . .  red," 
and the "index of saturation" were all taken into aceount. 

Figs. 9, 10, 11. Palest, mean and darkest skins of albifrons (East Pass series). 
Figs. 12, 13, 14. Palest, mean and darkest skins of Ÿ 

PLAT~ X. 

Figs. 15, 16, 17. Palest, mean and darkest speeimens in F 1 generation of leucocel)halus- 
albifrons cross. 

:Figs. 18, 19, 20. Palest, mean and darkest specimens in F 2 generation of same cross. 
Fig. 21. Palest specimen in tirst baek-cross with leucocephalus (3/4 leucocephalus). 
:Fig. 22. Palest speeimen in seeond back-eross with leucocephalus (7/8 leucocepha~~ts). 

PLATE XI. 

Figs. 23, 24, 25. Palest, mean and darkest specimens in F 1 generation of leucocephalus. 
polionotus eross. 

l~igs. 26, 27, 28. Palest, mean and darkest speeimens in F~ generation of same eross. 
Fig. 29. Palest specimen in fimt baek-cross with leucocephalus (3/4 leucocephalus). 
Fig. 30. Palest specimen in second back-eross with'Ieucoce;phalus (7/8 leueoeephalus). 
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TABLE 

Mean values, Leucocephalus, 

Zeucocephalus 
r ~ r 

S e x  P a r e n t s  P a r e n t s  F o s t e r ' s  
W i l d  of 1"1 ~ C I E a s t  P a s s  o f / , ' 1  ~ B a n k  

N u m b e r  . . .  41  
( 2 5 &  1 6 7 )  

72  4 6  
( 3 3 3 ,  3 9 ? )  ( 2 7 3 ,  19~)  

B o d y  l e n g t h  ~ 77"79  •  - -  7 7 " 6 7 •  7 8 . 8 4 + 0 . 2 7  - -  7 8 - 5 0  
o. 8 2 , 2 9  •  - -  8 1 . 3 7 + 0 . 4 5  8 3 - 1 2 •  - -  8 2 - 4 0  

T a i l  l e n g t h  B o t h  5 4 - 2 1  _ - 0 . 2 0  - -  5 1 . 4 2  •  53 -49  •  - -  5 2 . 3 7  
( a c t u a l )  3 5 3 . 2 7  -*0"2.1 - -  5 0 . 2 4  -*0 .22  52"48 -*0 .41  - -  

$ 5 5 - 0 3  + 0 - 2 7  - -  5 3 . 1 1  •  5 5 . 0 6  •  - -  - -  
( c o r r e c t e d ) f  ~ 5 4 - 2 4  - -  5 1 - 2 6  5 2 . 9 9  - -  - -  

5 3 . 9 3  - -  5 2 . 4 6  5 3 . 5 8  - -  - -  
F o o t  l e n g t h  3 1 8 - 5 2  •  - -  18 .49  •  17 .74  + 0 . 6 5  - -  18 .15  

( a c t u a l )  ~ 1 8 . 5 0 •  - -  1 8 . 4 4  •  17 .78  -*0 .07  - -  1 8 . 2 5  
( c o r r e c t e d )  3 1 8 . 7 0  - -  1 8 . 6 8  1 7 . 8 4  - -  18-21  

1 8 . 3 4  - -  18 -34  17"56 - -  18 .08  
E a r  l e n g t h  B o t h  1 4 - 5 0  •  - -  1 4 . 0 4 - . 0 - 0 4  1 4 - 7 2 - . 0 . 0 6  - -  1-t.(i3 

( a c t u a l )  ~ 1 4 . 2 7  + 0 - 0 5  - -  14-01  •  1-i .58 •  - -  - -  
14 -68  •  - -  1 4 . 0 8  •  1-t .93 •  - -  - -  

( c o r r e c t e d )  ~ 1 4 . 4 2  - -  1 4 . 1 7  14-66  - -  - -  

1 4 . 5 7  - -  14 .01  14 .78  - -  - -  

W e i g h ~  c~ 1 2 . 7 2 + 0 . 1 7  - -  1 2 . 6 4  •  1 3 . 6 0 •  - -  - -  

1 3 . 0 0  •  - -  12.544-0.26 1 2 . 4 5 4 - 0 . 1 7  - -  - -  
C a u d a l  B o t h  2 3 . 4 6 •  - -  - -  2 4 - 5 6 •  - -  23-88  

F I 
( E a s t  P a s s  

Albifrons d e r i v a r •  o n l y )  

O n o  C 1 g e n e r a r • 1 7 7  P a r e n t s  
I s l a n d  ( c o m b i n e d )  Al l  of F~* 

21  16  5 0  59  
( 1 6 3 ,  5~)  ( 4 ~ ,  12~)  ( 3 0 ~ ,  2 0 ? )  ( 3 1 3 ,  28~)  

7 8 . 7 5  7 8 . 4 8  •  77 -92  -*0 .21  - -  
8 2 . 4 6  8 0 . 2 7  • 0 -44  8 1 . 8 2  •  - -  
55 -37  52-35  •  5 3 . 2 4  •  - -  

- -  5 1 . 7 1  •  5 2 - 2 3  •  - -  
- -  53 .274-0 - -16  5 4 . 3 6 •  - -  
- -  5 2 . 3 8  5 3 - 1 4  - -  
- -  53 .1- i  5 3 . 5 0  - -  

18 .37  1 7 - 6 9 - 0 - 0 5  1 8 . 1 2 4 - 0 . ‰  - -  

18-15  17 .67  - - 0 - 0 7  1 8 . 1 3  -*0 .09  - -  
1 8 . 4 3  17-82 18-29  - -  
1 7 . 9 7  17 .65  1 8 . 0 0  - -  

1 4 . 3 4  1 4 - 8 1 - 0 , 0 6  14"47 •  - -  

v e r t e b r a e  
R i g h t  p e l v i s  8' 1 4 . 5 3  + 0 . 0 5  - -  - -  15-11  + 0 - 0 5  - -  

( a c t u a l )  9 1 5 . 4 3  : k0"07  - -  - -  15"79 •  - -  

( c o r r e c t e d )  ~ 1 4 . 8 4  - -  - -  15-27  - -  
1 4 . 9 9  - -  - -  15"19 - -  

R i g h t  f e m u r  ~ 1 4 . 0 6 •  - -  - -  1 3 . 9 9 •  - -  
( a c t u a l )  9 1 4 . 7 9  + 0 - 0 6  - -  - -  1 4 . 8 2 •  - -  
( c o r r e c t e d )  (~ 1 4 . 3 4  - -  - -  1 4 . 1 4  - -  

1 4 - 3 6  - -  - -  1 4 . 2 3  - -  
S k u l l  l e n g t h  ~ 2 2 . 8 8 - . 0 . 0 5  - -  - -  2 2 . 6 3 - . 0 . 0 5  - -  

( a c t u a l )  !~ 2 3 . 2 1  + 0 ' 0 5  - -  - -  2 2 . 8 9  + 0 " 0 7  - -  
( c o r r e c t e d )  ~ 2 3 . 2 4  - -  - -  2 2 . 8 2  - -  

2 2 . 8 8  - -  - -  2 2 4 4  - -  
S k u l l  b r e a d t h  3 1 0 . 0 1  + 0 . 0 2  - -  - -  10 .05  •  - -  

( a c t u a l )  ~ 1 0 . 0 3  -*0-02  - -  - -  9-99  -*0 .02  - -  

0 - -  0 4 1 . 7 3  4 0 - 7 4  

- -  1 4 . 6 2  •  1 4 . 4 5  •  - -  
- -  15 .08  •  1 4 - 5 0  •  - -  
- -  1 . 1 - 7 2  1 4 - 5 ! )  - -  

- -  15 .07  14-41 - -  

- -  12-66  •  1 2 . 8 0  -_'0.13 - -  
- -  1 1 . 9 6 •  1 4 - 0 3 4 - 0 - 2 0  - -  
- -  - -  2 3 . 6 0  •  - -  

- -  - -  - -  1 4 . 6 1  4- 0 -05  - -  
- -  - -  - -  15-35  4 -0 .08  - -  
- -  - -  - -  1 4 . 9 0  - -  
- -  - -  - -  1 5 . 0 0  - -  

- -  - -  - -  1 3 ' 8 1 + 0 " 0 4  - -  

- -  - -  - -  1 4 . 5 1  4 -0 .07  - -  

- -  - -  - -  1 4 . 0 8  - -  

- -  - -  - -  1 4 . 1 7  - -  

- -  - -  - -  2 2 . 6 1  4 -0 .06  - -  
- -  - -  - -  2 3 . 0 3  •  - -  
- -  - -  - -  2 2 . 9 4  - -  
- -  - -  - -  2 2 . 7 7  - -  
- -  - -  - -  9 , 9 9  4- 0 . 0 2  - -  

- -  - -  - -  10-12  •  - -  

0-81 38"37 31 .31  3 .81  4-29  T a f l  s t r i p e  B o t h  
F o o t  p i g m e n t  B o t h  0 - -  0 0-07 - -  0 
C o l o u r e d a r e a  B o t h  4 5 . 5 4 •  4 3 . 6 6  4 3 . 8 0 - * 0 . 3 4  6 6 . 4 6 •  67 -12  5 6 . 8 0  

(b a se )  �91 4 5 . 2 1  •  - -  4 2 , 9 6  -*0 .42  66-39  4 - 0 . 4 2  - -  - - 
!~ 4 5 . 8 1  •  - -  44 .81  4 -0 .52  6 6 . 5 6  4-0"53  - -  - -  

C o l o u r e d  a r c a  B o t h  - -  - -  - -  5 9 . 7 9 4 - 0 - 5 4  6 0 . 5 1  4 7 . 9 5  
( t i p s )  

R e d  

Ab 
R 
R - V  

R 

3 - -  - -  - -  5 9 . 5 6 + 0 . 7 1  - -  - -  
- -  - -  - -  6 0 . 1 2  + 0 . 8 2  - -  - -  

9Both 2 5 . 4 0 _ - ' 0 . 3 0  2 6 . 0 3  2 7 - 6 6 •  1 7 . 1 7 + 0 - 1 5  1 6 . 8 4  15-07 
2 6 . 0 5 - . 0 . 4 5  - -  2 8 - 0 1 1 0 . 5 7  1 7 . 3 9 + 0 . 1 7  - -  - -  

o 2 4 . 9 0 •  - -  2 7 . 2 6 •  1 6 - 8 6 + 0 . 2 6  - -  - -  

B o t h  1 . 8 2 - 7 0 . 0 2  1 .71 1-63 + 0 . 0 3  3 . 9 0 + 0 . 0 3  3 . 9 5  3 .81  

B o t h  2 7 . 6 6 - * 0 . 4 1  23.8.1 2 5 - 9 6 - * 0 . 5 0  4 2 . 0 2 •  39 .0 / :  3 7 . 6 0  

* W e i g h t c d  b y  n u m b e r  of o f f sp r ing .  

0 . 2 9  - -  0 . 2 3  - -  
72-87  61 -74__0-59  5 6 , 2 4  •  5 6 - 0 4  

- -  61-90  = 0 " 8 3  5 6 - 0 9  •  - -  
- -  6 1 . 5 0 - . 0 . 7 6  5 6 . 4 1 4 - 0 . 3 4  - -  

6 5 . 4 7  - -  - -  - -  

1 4 ' 2 1  1 6 " 9 9 •  1 9 " 3 ~ 0 " 1 3  1 ~ 4  
- 1 7 . 1 5 •  1 9 . 7 4 - . 0 . 1 8  - 
- 1 6 . 7 5 •  1 8 - 8 5 4 - 0 . 1 5  - 

5 . o 5  3 . 6 6 + 0 . ~ ~  2 . 9 3 _ . 0 . 0 3  2 . 9 3  

30.73 36.2~• 35.904-0.37 33.97 
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I. 

Albifrons and hybrids. 
Back-eross 

3/4  leuco- 
F~ cephalus 

( E a s t  Pass  ( E a s t  Pass  
d e r i v a t i v e s  der ivar•  

only) only) 
75 58 

(35o ~, 409)  (353 ,  239)  

78"11 •  78-69 •  - -  
81.11 •  80.83 •  - -  
53"09 •  52"35 •  52 .93 
52"69 •  51-89 :=0"27 - -  
5 3 . 4 4 ~ 0 . 3 2  - 5 3 " 0 6 •  - -  
53"52 52.47 - -  
52"91 52"67 - -  

18.28 :=0.05 18.42 •  18.01 
18.00:=0-0,5 1 8 . 2 3 •  17-80 
18.43 18.53 - -  

17.93 18.17 - -  

14.,11 •  14-35 •  14.42 
14.43 •  14-41 •  - -  

14.39 •  14.27 • 0.0-5 - -  
14"56 14-50 - -  

14.33 14.23 - -  

12.73 •  13 .10 •  - -  
13.32 •  12"49 •  - -  

23.67 •  - -  - -  

14.49 •  - -  - -  

15"16 •  - -  - -  

14.75 
14-95 - -  - -  
13.74 i 0 . 0 5  - -  - -  
14.29 •  - -  - -  

13.98 - -  - -  
14-08 - -  - -  

22 .70  •  - -  - -  
22 .86  •  - -  - -  

2 3 . 0 0  - -  - -  

22.70 - -  - -  

9.98 •  - -  - -  
10.03 •  - -  - -  

9 .33 1-22 14-33 
0.28 0 .22 0 .80  

57.18 •  5 1 . 6 4 •  61.27 
57.11 :=0.56 51.51 •  - -  

57.23 •  51 .83 •  - -  

2 0 . 6 6 •  2 3 . 4 0 •  1 ~ 7 "  
20-93 •  23-60 • 0-34 - -  

20-41 •  23 .10  - ' 0 . 4 2  - -  

2-82 •  2-25 •  - -  

3 5 . 9 4 ! 0 . 4 7  3 3 . 6 0 •  38 .53 

3 /4  albi- 
frons 

Grades  
7/8 l euco-  Selected p a r e n t s  of F a 
cephalus (weighted  by number  

( E a s t  Pass  of offspring) /;'3 
d e r i r a t i v e s  ~ - - ~ - - ~  c 

only) Pale  Med i t an  D a r k  AII Pa le  
41 65 17 

(193, 22~) (41~, 249) (I2G, 59) 
77-47 •  - -  - -  - -  78.48 •  78.25 
7 8 . 7 7 •  - -  - -  - -  81.46 •  81 .60 
52-54 •  - -  - -  - -  53 .73 :=0.15 53 .50  
51-97 •  - -  - -  - -  53.39 - 0 . 1 8  53-50 
53.02 •  - -  - -  - -  54-31 •  53 .50  
53.08 - -  - -  - -  54 .06 - -  
53 .60  - -  - -  - -  53-62 - -  
18-42 ! 0 " 0 5  - -  - -  - -  18"37 •  18.54 
18"27 •  - -  - -  - -  18.19 _____0.04 18-48 
18"63 - -  - -  - -  18-50 - -  

18.36 - -  - -  - -  18.09 - -  
14 .20 •  - -  - -  - -  14"48 •  - -  

1 4 . 2 0 •  - -  - -  - -  1 4 . 5 0 •  - -  
1 4 - 2 0 •  - -  - -  - -  14.47 : = 0 - 0 7  - -  
14"37 - -  - -  - -  14.60 - -  

14.26 - -  - -  - -  14 .40 - -  

1 2 - 4 0 •  - -  - -  - -  1 2 - 6 7 •  11.37 
12.18 •  - -  - -  - -  12.67 _ 0-17 12-14 

0-65 0 2-33 42.31 21.23 0 .82  
0 .12 - -  - -  - -  0 .15 - -  

48.0O •  46-:)1 55 .80  63.02 56 .62  •  47 .82 
48-21 •  - -  - -  - -  55 .95  •  47-67 
47.82 •  - -  - -  - -  57.75 •  48-20 

25.17 •  24 .70 20 .63  16.73 20.95 •  24-66 
24.98 •  - -  - -  - -  21 .48 •  25 .16 
25 .34  •  - -  - -  - -  20 .06 +_0.37 23.48 

1.93 •  1.96 2 .71 3-78 2-80 •  2.01 

30.85 •  40 .24 35-06 29.74 33-58 •  40-94 

Ÿ " C o r r e c t e d "  means  a te  t he  " a c t u a l "  ones, r educed  to a s t a n d a r d  body  l eng th  of 80  m m .  

5 l e d i u m  
27 

( 1 7 &  109) 

78-32 
81.65 
52.91 
52-59 
53-45 

18.27 
18-12 

12.91 
12"57 

8.48 

56.81 
57 .06  
56-40 

20.67 
21.01 
20-11 

2.78 

31.59 

D a r k  
21 

( 1 2 5 ,  9 ~ )  

78.92 
81"17 
54-98 
54.42 
55"72 

18"35 
18.11 

13"63 
13.09 

54-14 

63.48 
62"67 
64-56 

18-31 
18.46 
18.11 

3-50 

30-19 
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TABLE 

Mean values, LeucocephMus, 

.Leucocephalus Polionot~~s F 1 B a c k - c r o s s  

S e x  W f l d  P a r e n t s  W i l d  P a r e n t s  P a r e n t s  F 2 3 / 4  leuco- 3 / 4 p o l i o -  
{a l l )  of  F I*  (ai1) of F I*  C~ Al l  of F~ ~ Al l  cephalus notus 

N u m b e r  . . .  7 2  4 6  6 0  7 4  109  67  1 6  
(33c~, 3 9 9 )  (27�91 19o)  (39c?, 2 1 o )  (39c~, 35~�91 ( 5 6 ~ ,  5 3 ? )  (31c~, 3 6 9 )  (10c~, 6 9 )  

B o d y  l e n g t h  ~ 7 7 - 7 9 •  - -  7 8 . 5 9 4 - 0 . 2 3  - -  7 9 . 6 3 •  7 8 - 0 5 •  - -  78 '77_+.0"21 7 8 . 9 7 4 - 0 . 2 8  7 9 . 8 5  
8 2 . 2 9  4 -0 -36  - -  8 3 . 1 8  •  - -  8 3 . 8 3  •  8 3 . 3 3  •  - -  8 1 . 4 2  4-0-27  8 1 . 7 1 •  8 1 . 0 0  

T a i l  l e n g t h  B o t h  5 4 - 2 1 4 - 0 - 2 0  - -  5 1 . 3 3  ==0.32 - -  5 1 . 6 4 4 - 0 . 2 3  5 2 . 4 3 •  - -  5 2 - 8 4 •  5 3 - 4 9  4 -0 .18  5 1 . 9 3  
( a c t u a l )  c~ 5 3 - 2 7  ~ 0 - 2 4  - -  4 9 . 9 8  •  : -  5 0 . 7 1 •  5 1 - 0 4 •  - -  5 2 - 1 1 •  5 3 . 1 3  4 -0 .24  5 1 . 8 0  

5 5 . 0 3  •  - -  5 3 . 2 8  •  - -  5 3 . 3 1 4 - 0 - 3 9  5 3 . 9 7  •  - -  5 3 . 6 1  4 -0 .28  5 3 - 8 1  •  5 2 . 2 0  
( c o r r e c t e d ) t  c~ 5 4 - 2 4  - -  5 0 . 6 0  - -  5 0 . 8 7  5 1 . 9 0  - -  52 -65  5 3 . 5 8  - -  

9 5 3 . 9 3  - -  5 1 . 7 7  - -  5 1 . 5 0  52 -39  - -  5 2 . 9 4  5 3 - 0 0  - -  
F o o t  l e n g t h  ~ 1 8 . 5 2 •  - -  1 7 . 3 1 + 0 - 0 6  - -  1 7 . 3 3 •  1 ' 7 . 9 5 •  - -  1 8 - 3 3 •  1 8 . 4 6 4 - 0 . 0 5  18 .25  

( a c t u a l )  !~ 1 8 - 5 0  •  - -  17 .25  4 -0 .08  - -  17-55  •  1 7 . 9 4  4-0"07 - -  18 -06  •  1 8 - 3 2  •  18 .11  
( c o r r e c t e d )  ~ 1 8 - 7 0  - -  1 7 . 4 2  - -  1 7 ' 3 6  18 .11  - -  1 8 . 4 3  1 8 . 5 5  - -  

1 8 . 3 4  - -  1 7 . 0 3  - -  17-28  1 7 . 7 0  - -  17-96  1 8 . 2 0  - -  
E a r  l e n g t h  B o t h  1 4 - 5 0 •  - -  1 5 . 0 1 •  - -  1 4 . 9 9 4 - 0 - 0 4  1 4 . 6 1 •  - -  1 4 . 6 7 •  1 4 - 5 3 •  15 .07  

( a c t u a l )  ~ 14.27_-'0.0-5 - -  14-93  •  - -  1 4 . 9 2  •  1 4 . 6 0  •  - -  1 4 . 7 2  + 0 . 0 5  1 4 . 4 1  : k 0 ' 0 4  1 5 . 0 5  
14-68  •  - -  1 5 . 1 2 •  - -  1 5 . 1 3 •  1 4 . 6 3 •  - -  1 4 . 6 0 •  1 4 - 6 3 •  15 .09  

( c o r r e c t e d )  ~ 1 4 . 4 2  - -  1 5 . 0 2  - -  1 4 . 9 4  1 4 . 7 3  - -  1 4 . 8 0  1 4 . 4 8  - -  
9 1 4 . 5 7  - -  1 4 . 9 7  - -  1 4 . 9 4  1 4 . 4 6  - -  1 4 . 5 4  1 4 . 5 4  - -  

W e i g h t  c~ 1 2 . 7 2  •  - -  1 2 . 3 3  4 - 0 . 1 8  - -  1 2 . 2 0 •  12-21  •  - -  1 3 . 1 9  + 0 . 1 6  1 3 - 3 2  4 -0 .21  - -  
9 1 3 . 0 0  •  - -  1 3 . 6 1  4-0-38  - -  1 4 . 1 5  •  1 4 . 0 5  4 -0 .25  - -  1 3 . 3 3  4 -0 .16  1 3 . 1 6  •  - -  

C a u d a l  
v e r t e b r a c  

R i g h ~  p e l v i s  ~7 
( a c t u a l )  9 
( c o r r e c t e d )  g' 

9 
R i g h ~  f e m u r  

( a c t u a l )  !~ 
( c o r r e c t e d )  c~ 

9 
S k u l l  l e n g t h  �91 

( a c t u a l )  9 
( c o r r e c t e d )  �91 

9 
S k u l l  b r e a d t h  

( a c t u a l )  9 

T a i l  s t r i p e  

B o t h  2 3 - 4 6 •  - -  2 3 . 7 7 •  - -  - -  2 3 . 5 1 4 - 0 . 0 5  - -  2 3 - 8 6 •  - -  - -  

1 4 . 5 3  •  - -  14 .89  •  - -  - -  14 -57  •  - -  1 4 . 7 6  4 -0 .05  - -  - -  
1 5 . 4 3  4 - 0 . 0 7  - -  15 .65  •  - -  - -  15-41  4-0-08 - -  1 5 . 2 8  •  - -  - -  
1 4 . 8 4  - -  15 .09  - -  - -  1 4 . 8 4  - -  14-93  - -  - -  
1 4 . 9 9  - -  15 -04  - -  - -  1 4 . 7 7  - -  1 5 . 0 1  - -  - -  
1 4 . 0 6 4 - 0 - 0 4  - -  1 3 . 4 3 •  - -  - -  1 3 - 6 4 4 - 0 . 0 4  - -  1 3 - 7 6 4 - 0 . 0 4  - -  - -  
1 4 . 7 9  •  - -  1 4 . 1 8 4 - 0 . 1 2  - -  - -  1 4 . 2 7 4 - 0 . 1 0  - -  1 4 . 2 8 •  - -  - -  
1 4 - 3 4  - -  13-61  - -  - -  13"89  - -  1 3 . 9 2  - -  - -  
1 4 . 3 6  - -  1 3 . 5 8  - -  - -  1 3 . 6 4  - -  14 .01  - -  - -  
2 2 - 8 8 4 - 0 . 0 - 5  - -  2 2 . 7 0 4 - 0 . 0 6  - -  - -  2 2 . 7 9 •  - -  2 2 . 8 7 •  - -  - -  
2 3 - 2 1 4 - 0 . 0 - 5  - -  2 3 . 0 4 •  - -  - -  2 3 - 1 3 •  - -  2 3 . 0 3  •  - -  - -  
23.24 - -  22.93 - -  - -  2 3 . 1 0  - -  2 3 . 0 7  - -  - -  
2 2 . 8 8  - -  2 2 . 5 8  - -  - -  22 -65  - -  2 2 . 8 2  - -  - -  
1 0 . 0 1  q- 0 . 0 2  - -  9 .91  •  - -  - -  9 . 9 8  •  - -  1 0 - 0 4  4 - 0 . 0 2  - -  - -  
10 -03  •  - -  9 . 9 7  •  - -  - -  10-05  •  - -  1 0 . 0 2  •  - -  - -  

B o t h  0 - -  1 0 0 . 0 0  - -  - -  18-29  18 -81  2 6 . 0 5  2 . 0 4  4 5 . 1 9  
F o o ~  p i g m e n t  B o t h  0 - -  1 - 4 7 - - 0 . 0 8  - -  1 . 9 7 •  1 . 0 6 + 0 . 0 7  - -  0 - 8 3 4 - 0 . 0 5  0 . 4 8 4 - 0 . 0 5  1 .75  
C o l o u r e d a r e a  B o t h  4 5 - 5 4 •  4 4 - 9 9  - -  - -  - -  6 8 - 3 3 •  6 5 . 9 5  6 9 . 1 2 1 0 . 9 0  5 5 . 0 5 4 - 0 . 5 0  - -  

( b a se )  6" 4 5 . 2 1  4 -0 -46  . . . .  6 7 . 4 2  •  - -  66-45  • 1 -20  5 3 . 7 7  4 -0 .59  - -  
9 4 5 . 8 1  4 - 0 . 4 4  . . . .  69 -33  •  - -  7 1 . 8 9  • 1 . 3 0  5 6 . 1 7  •  - -  

C o l o u r e d a r e a  B o � 9 1  - -  - -  7 3 . 9 6 •  72 .99  7 2 . 0 0 _ 0 - 4 2  5 4 . 4 6 •  5 3 . 0 9  5 4 . 3 4 •  - -  5 8 . 0 7  
( t i p s )  c~ - -  - -  7 4 . 6 7 4 - 0 - . t 9  - -  7 1 - 9 5 4 - 0 - 5 2  5 4 - 8 2  - -  5 3 - 1 1 4 - 0 . 8 1  - -  - -  

R e d  

Ab 
R 
A~ 
R 
R - V  

R 

- -  - -  72-95  •  - -  7 2 . 0 9 4 - 0 . 6 8  5 4 . 0 6  - -  5 5 - 6 2 + 0 . 8 3  - -  
9Bo~h 2 5 - 4 0 •  2 6 . 0 0  9 - 5 5 •  9 -74  1 0 . 6 7 •  1 4 - 4 4 •  1 4 . 4 9  1 4 - 7 6 + 0 . 1 3  1 8 . 8 5 4 - 0 . 1 8  1 ~ 2  
c~ 2 6 . 0 5  ~- 0 - 4 5  - -  9 -62  + 0 . 1 4  - -  10 .59  •  1 4 . 3 8  ==0.15 - -  1 5 . 0 0  •  1 9 . 0 7  •  - -  
9 2 4 . 9 0 4 - 0 - 3 9  - -  9 . 4 4 + 0 . 1 6  - -  1 0 . 8 0 •  1 4 . 5 1 + 0 . 1 7  - -  14-67  •  18 -67  •  - -  

B o t h  1.82___0.02 1"77 - -  - -  - -  4 " 7 9 •  - -  4 - 8 8 •  2 . 9 8 4 - 0 . 0 5  - -  

B o t h  - -  - -  7 . 8 6 : k 0 ' 1 1  7-69  6 . 8 9 •  3 - 8 3 •  3 - 7 3  3 . 8 2 •  - -  - -  

B o t h  2 7 . 6 6 4 - 0 . 4 1  2 5 - 8 9  3 5 . 1 8 •  3 4 . 5 1  3 1 . 0 3 + 0 - 4 6  3 4 . 3 8 4 - 0 . 3 5  3 3 - 8 4  3 2 - 4 2 •  3 - l - 0 9 •  3 6 . 1 4  

* W e i g h t e d  b y  n u m b e r  of  o f f sp r ing .  



373 3 

II. 

Polionotus and hybrids. 

Grades 
7/8 leuco- 
cephalus 

55 
(353, 20?) 

78-17 :t:0.20 
80.75 •  
53.50 •  
53.51 -~0.25 
53.47 4-0.37 
54-31 
53.11 
18.61 • 
18.34 4-0.06 
18.76 
18.29 
14-33 :t:0.03 
14.32 4-0.04 
14-35 4-0.O4 
14.45 
14.31 
12-31 •  
12.15 4-0.25 

Selected pa ren t s  
o f  F ~  ~ 

_ _ A  

Pale Mcdium D a r k '  

q - -  - -  

AII Pale Medium D a r k  
82 29 31 22 

(48~, 34~) 

78 .86•  - -  - -  - -  

Polionotus-albifrons cross 
A 

r 

Back-cross 

r 3/4 polio- 3/4 albi- 
F~ notus frons 
95 76 51 

(57& 38?) (38& 38~) (21& 30~) 

79.18 •  79.76 •  80-10 •  
81.49 •  - -  - -  - -  82.64 __-0.28 81.00 •  80-97 •  
53 .10•  53.83 52.62 52.80 5 3 . 4 4 •  5 2 . 8 9 •  53 .96•  
53.02 •  - -  - -  - -  52-74 •  52.74 •  53.24 •  
53.21 •  - -  - -  - -  54.53 --0.22 53.04 •  54.47 •  
53.52 - -  - -  - -  53-10 52.85 53.20 
52.50 - -  - -  - -  53.28 52.57 54.01 
18.31 •  18.56 18-13 18.14 18.14 •  17.89 •  18.06 •  
18-11•  18.77 17-79 18.06 18-10•  17 .79•  18.104-0-05 
18.41 18.65 18.17 18.30 18.21 17-91 18.05 
18.01 18.55 17-71 18-02 
14.67 •  14-81 14.55 14.65 
14.69 •  - -  - -  - -  

14'64 4-0.05 - -  - -  - -  
14"77 - -  - -  - -  
14.56 - -  - -  - -  
13.15 :i:0.19 - -  - -  - -  
13.06 •  - -  - -  - -  

17.91 17.72 18"03 
15 .10•  1 5 . 2 0 •  14'98 :t:0-05 
15.02 •  15-18 •  14.99 •  
15.20 •  15.21 --0.05 14"97 •  
15-08 15.20 14.98 
15.07 15.16 14.93 
12.22 •  12.72 •  13-57 :s 
12.96 •  12.42 •  12.48 •  

N 

q 

1.49 

q - -  - -  

- -  q - -  

- -  - -  q 

q - -  - -  

- -  q - -  

0.60 17"45 100.05 
0-31 - -  - -  - -  

46.85 •  48-57 68.69 90"07 
46 .20•  - -  - -  - -  
48.00 •  

- -  36-71 55.37 67.82 

22.32 •  17-55 13-93 11.98 
22.53 •  - -  - -  - -  
21-96 :i: 0-38 - -  - -  - -  

2-16 :t: 0"05 2.80 5.01 7.56 

35-05 1.62 25.72 92.68 63.95 85.45 44.04 
0.64 •  - -  - -  - -  1-4-1 •  1'75 __~ 0.()5 0.98 4-0-07 

68.00 • 1.29 49.14 70.45 89-41 - -  - -  - -  
68.21 •  . . . . . .  
67.71 4-1.84 - -  - -  
53.26 •  38.62 56.77 6 ~ 9  62.61 •  6 6 . 2 ~  0.43 5 9 - 3 ~ 0 . 6 4  
53.15 • 1.30 - -  - -  - -  62.82 •  64.72 •  58.65 •  
53.41 • 1.35 - -  - -  - -  62.29 ~: 0.64 67.77 •  59.77 •  
15.46 •  18.95 14.50 12.22 13.65 i 0 - 1 1  11.59 • 0.12 15.27 +0.15  
15-56 •  - -  - -  - -  13.60 •  11.83 •  15.42 •  
15.33 •  - -  - -  - -  13.72 •  11-34 •  15.16 •  

4.79 •  . . . . . .  

. . . .  4.68 •  5.85 •  3.94 •  

27.69 •  36.03 29.60 30.41 34-34 ~0-48  39-24 31-71 31.59 35.30 •  34.73 ! 0 . 4 0  39.40 •  

Ÿ " C o r r e c t e d "  means  ate  the  " a c t u a l "  ones, reduced to a s t andard  body l eng th  of 80 mm. 
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Uort@blas be~ig,ee~t t,8~rio ~ @aete, ,s .  
Leucooepkaius Pc,Iiom~s 

Wild Q ~ s t  PEss Wld C, Dur f ,  Le~r Fz 3.'4 !e:ic. 718 i~c LH,c.d8. F: Leltc.-p),!. F: 

Sex Gr:ss Set* Gross .~et Gross Net Gro~ Net Gr3ss Set G:css Nel Gr£ Net GrDss ,~et ~r3ss Net G:oss Net Grc,ss Set 

T3iI-Fo4 d +'433 -356 +'388 +`078 +388 +'379 +'76 472I +'09-~ +'1~5 ....781 +.68i +533 +44 ~ - 4  t2 4'3o7 4.220 -'c,38 +,:82 +,]!S @312 @425 
i'O93 i ' t IO • II8 iO54 • :`055 k 08: • a. t) i . :  • =3.h 

9 +'597 +'502 +284 +'236 +813 +'77"- +78o + 731 -'6o1 +rSII +~~l +'443 +25Z + 07a T'294 +124 +`02? --n'3 *q23 --'0!'? +'679 +'6O3 
i'070 • i057 • z'09~ iOS 3 i ' I00 i ' I28 i ' I  4 i ' :33 :`0£ 

T a i [ - ~  3c, th +'4o4 +314 +3› +265 +400 +'3O9 +~42 +36o -320 +2o2 +i6s  +`022 + i 5 : + 7 3 6  +.iSfi +,093 +'512 ~'4bi +'4o3 +312 r'473 +'398 
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t:ps • - ' d 7  • o77 
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• i' ,9 o i I,ol • = 084 • • i'057 • :'cTg Io72 
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Le~.'c.poL F~ 3,'4 ie*w. 718 ~a~: Le~,c..N f~ Pd..a~. Ft 314 P'/. 3.'4 ~~lw 
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