OCCASIONAL P A P E R S O F T H E MUSEUM O F
ZOOLOGY
U N I V E R S I T Y O F MICHIGAN

ANN ARBOR,MICHIGAN

UNIVERSITY
OF MICHIGAN
PRESS

A STUDY O F RACIAL HYBRIDS I N T H E DEERMOUSE,
PEROlVYSCUS MANICULATUS

THE present study is a preliminary attempt to determine
the mode of inheritance of certain subspecific characters in
the deer-mouse, Peromysczcs nzaniculatus. The method employed was the hybridization of the two subspecies rufinus and
sonoriensis. These two forms differ considerably in pelage
color and to a lesser degree in certain body dimensions.
The stock of sonoriensis was presented by the Scripps Institution of the University of California through Dr. F.13.
Sumner. The Carnegie Institution of Washington provided
most of the field expenses for the expedition on which the
stock of 9-ufinzu was secured. Funds for rearing the mice
were provided by the Museum of Zoology and by grants from
the Faculty Research Fund of the University of Michigan.
The stock of sorzorierzsis, from Victorville, California, was
received in 1925. I t was inbred when received and was further inbred in my laboratory. When prepared as specimens
the mice of the 1-year age class averaged 47.5 (39-61) weeks
old, and those of the 2-year class averaged 95.4 (79-115)
weeks old.
The ancestral rufirzz~sstoclc came from Buena Vista, Colorado. I t was taken by myself, and its characters have been
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reported upon previously (Dice, 1933, pp. 3 4 ) . Most, but
not all, of the rufinz~sused in making these crosses were descendants of a single pair of animals, whose offspring later
were inbred and designated the E-line (Dice, 1933, p. 23).
The E-line differs from the non-inbred Buena Vista stock only
in a few cliaracters, and I have here compared the hybrids
with the average measurements of the non-inbred Bnena Vista
stock rather than with the averages of the inbred E-line.
When prepared as specimens the hybrid mice of the 1-year
age class averaged for the F, generation 59.1 (45-67) weelis,
for the F, generation 48.0 (43-55) weeks, and for the F,
generation 49.1 (38-57) weeks of age. The 2-year age class
is represented in the hybrids only in the F, generation, the
mice of which averaged wheil prepared as specimens 83.8
(79-90) weeks of age.

The nuniber of young per litter averaged 3.94 3z .12 in
Perornyscus m. rufinus from Buena Vista and 3.86 t .18 in
the Ann Arbor-reared stock of P , m, sonoriensis from Victorville (Table 1). No litter of either of these parent stocks contained at the time of weaning more than 6 young. Of 1567
broods of various forms of Perowzyscus reared in California
(Sumner, MeDaniel, and Huestis, 1922, p. 140) one litter of 9
young and another litter of 8 young are reported; the average
number of young per litter was 3.22.
I n the first generation hybrids between rz~finwsand sonoriensis, the litters average 5.58 i .31 young, which is considerably more young per litter than are produced by either parent
subspecies; also, none of these hybrid litters contained less
than 4 young, while some of the litters of each parent stoclr
were made up of 3, 2, or even 1 young. Further, one hybrid
litter contained 7 young, and another litter 10 young, both
these being larger litters than produced by either parent stoclr.
Ten young in a litter is a large number for these mice to rear,
for there are only 6 mammae. That this number of young
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actually belonged to the one litter is certain, for a careful
check was made a t the time the record was taken.
The increase in litter size in the first hybrid generation
between rzcfinzu and s o n o r i e n s i s is statistically significant, the
differences between the F, hybrids and the r z ~ f i n u s parent
stock being 5.0 times the probable error and between the
hybrids and the s o n o r i e n s i s parent stock 4.8 times the probable
error. The increase of litter size in the first hybrid generation can probably be explained as due to hybrid vigor.
I n the second hybrid generation of the rz~finzcs-sonoriensis
cross, the litter size is about the same as that of the two parent
stocks, averaging 4.07 t .26 young. I n the third hybrid generation the litter size averages below that of either parent,
being only 3.43 t .20 young, but this decrease is not statistically significant.
SEXRATIO
Females average more numerous than males in both of the
parent stocks of rufinzcs and s o n o r i e n s i s used in producing
these hybrids (Table 11). The sex ratio is 92.6 t 8.2 for the
TABLE I1
SEX RATIOS
Pevonayscus ~naniculatzurufinus and P. m. sonoriensis
- stock

I NO. 8 I NO. Q

NO. 8 per 100 9

R?cfinzbs, Buena Vista . . . . . . . .
Sonoriensis, Victorville
Reared a t Ann Arbor. . . .
Reared in California . . . . .
Rufinzesx sonoriensis

F, . . . . . . . . . . . . . . .
F, . . . . . . . . . . . . . . .
F,

...............

stoclr of r z ~ f i n z ~from
s
Buena Vista. For the stock of s o n o r i e n sis from Victorville the sex ratios are low both for the animals
reared in California by Sumner (Sumner, McDaniel, and
Huestis, 1922, p. 146) and for those reared at Ann Arbor,
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Michigan. l?or the s o n o r i e n s i s reared in Ann Arbor the sex
ratio is 89.0 -+. 10.2. The probable errors of all these ratios
are large, as calculated by the formula furnished by Pearl to
Sumner, McDaniel, and Huestis (1922, p. 125), and none of
the sex ratios differ from 100 by a statistically significant
amount.
I n the first generation hybrids between r u f i n u s and s o n o r i ensis the females are nearly twice as numerous as the males,
the sex ratio being 51.2 +- 9.3. The sex ratio of the F, hybrids
compared with that of the parent stocks differs from r u f i n u s
by 41.4 f 12.3 and froni s o n o r i e n s i s (reared in California)
by 42.6 f 10.4. The differences are respectively 3.4 and 4.1
times their probable errors ancl are therefore of some statistical probability. The few hybrid individuals available for
these comparisons, however, and the great variation in sex
ratios in P c r o n z y s c u s reported by Snmner, McDaniel, and
Huestis and by Icarol caution against concluding that the hybridization of r z ~ f i n u s and s o n o r i e n s i s actually produced an
increase in the proportion of females.
I n hybrids of the second generation the proportion of males
is greater than the first, but is still much less than in the
parent stoclrs. Owing to the large probable errors the differences are of no statistical importance. I n hybrids of the third
generation the sexes are exactly equal in number.
The F, hybrids between various subspecies of the species
P e r o m y s c u s polionotzcs were noted by Karol (1928, p. 160) to
have a lower sex ratio than "pure" p o l i o n o t z ~ s ,but the difference is not statistically significant, and the author did not
attach any importance to it.
The apparent decrease in the proportion of males in the F,
generation of the cross between r u f i n u s and s o n o r i e n s i s does
not agree with the findings of Sumner, McDaniel, and Huestis
(1922, pp. 148-149), who found some indication that in hybrids in the genus P e r o v z y s c u s the sex ratio was higher than
in "pure" races. The differences described by these authors,
however, are not of much statistical significance. The
"hybrids" from Dr. Sumner 's laboratory included animals of
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the F,,F,, ancl later generations as well as animals from various baclr-crosses, so that Sumner's hybrids are not directly
comparable with the various generations of the ~-zcfin?cssonoriensis cross.

The non-inbred stoclr of rzcjinzcs from Ruena Vista averages
in body length and i n tail
smaller than Victorville sono~~iensis
length, but larger in foot length and in ear length (Table
111). The clifferences arc. all of statistical significance, being
for the 1-year age class from 6.6 to 20.8 times their probable
errors.
The F, hybrids average in body leiigtlz smaller than either
of the parent stocks, but the difference from rzejinzcs is not significant. Compared with sonoriensis the hybricls of tlie 1-year
class average 3.87 2 .75 mm. shorter, a significant difference
5.2 times its probable error, and the hybrids of the 2-year class
average 3.39 +- 1.01 mnl. shorter, a cliffrrence 3.4 times its
probable error.
I n tail length the F, hybricls are not significantly different
from sonoriensis, but average longer than ~~cfinzcs.The tails
of the hybricls of the 1-year class average 5.09 -+ .39 inm.
longer than i n rlcfin~cs,a difference 9.2 times its probable error,
and those of the 2-year class average 1.41 + .88 longer, a difference only 1.6 times its probable error. Owing to the small
number of iudividnals i n the 2-year class the probable error
of this comparison is large, b u t the figures support the significant difference sliown by the 1-year class.
I n foot length the F, hybrids average significantly larger
than either parent stock. The difference from rtcfinzcs in the
1-year age class is for the females .327 i- .077 mm., which is
4.2 times its probable error, and for the males .360 -+ .093
mm., whicli is 3.9 tinles tlie probable error. From so?zoriensis
the difference is for females 3 2 3
.080 mm., which is 10.3
times its probable error, and for the males 1.007 t .I10 mm.,
which is 9.2 times its probable error. The differences i n the
2-year age class support the significance of these differences,
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though in each comparison the probable errors are greater and
the individual comparisons therefore have sonlewhat less statistical significance.
I n ear length the F, hybrids are intermediate between the
two parent stocks, being significantly smaller than rufinusand
larger than sonoriensis. Compared with rufinusthe F, hybrids of the 1-year age class average .322 t .077 mm. smaller,
a difference 4.2 times its probable error, while the 2-year
hybrids also are smaller, but not significantly so. Compared
with so7zorie~zsisthe F, hybrids of the 1-year class average
.927 t .078 mm. longer in ear length, a difference which is
11.9 times its probable error, and the hybrids of the 2-year
class average 1.065 t .I52 mm. longer, a difference 7.0 times
its probable error.
It will be noted that the F, hybrids average in body length
close to the measurements of rufilzus,which is the smaller
parent stock, while in tail length they average close to sonoriensis,the parent stock having the longer tail. I n foot length
the hybrids are significantly larger than either parent stoclr.
I n ear length the hybrids are intermediate. Only in foot
length is there an indication of increased size which might be
ascribed to heterosis. I n the other body measurements the
hybrids are intermediate or close to one or other parent stoclr.
I11 body length indeed the hybrids average smaller than either
is not sigparent stock, although the difference from ~ufi?~us
nificant.
The F, hybrids of the 1-year age class do not differ significantly from the F, hybrids in body length nor in ear length.
In tail length the I?, hybrids average 8.17 t .67 mm. longer
than the F, hybrids, a difference which is over 12 times its
probable error. I n foot length the F, females average 305
_t .I20 mm. longer than the F, females, a difference which is
6.7 times its probable error, and therefore significant. The
F, males average in foot length .374 t .I73 mm. longer than
the F, males, a difference 2.2 times its probable error and not
significant in itself, but which supports the presumption that
the F, hybrids have on the average larger feet than the
hybrids of the second hybrid generation.
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The F, hybrids in body length average 3.63 1.60 mm.
longer than the F, hybrids, a difference 6.0 times its probable
error, and therefore significant. There is no significant difference in tail length nor ear length between the F, and F,
generations. I n length of hind foot the F, females average
.734 1..I22 mm. longer than the F,females, a difference 6.0
times its probable error, and therefore significant, but the hind
feet of the F, males are only slightly and not significantly
shorter than those of the F,males.
I t will be noted that there is no significant difference in ear
length between the F,, F,, and F, hybrid generations. I n
body length the F, hybrids do not differ significantly from the
F, hybrids, but the F, hybrids are significantly larger. I n
tail length the F, hybrids are considerably shorter than the
F, hybrids, but the F, hybrids are nearly the same as the F,
hybrids. I n length of hind foot the males of the three hybrid
generations are not significantly different, but the females of
the second hybrid generation are distinctly smaller than those
of the first generation, while the females of the third hybrid
generation are much larger than those of the second generation, being about equal in this measurement to those of the
first hybrid generation.
I n size of slrull and slieleton the parent stoclc of ~zcfinus
averages larger than the stoclr of sonoriensis in all measurements (Table I V ) . The differences are, however, not of statistical significance for the condylo-zygomatic length of skull.
For femur length and bullar width the differences are of statistical significance, being respectively 4.1 and 4.8 times their
probable errors. For length of mandible and for condylopremaxillary skull length tlie differences are of high significance, being respectively 14.5 and 8.6 times their probable
errors.
The F, hybrids do not differ significantly froni the rzcfinus
parent stock in any skeletal measurement. Compared with
the s o n o ~ i e n s i sstock the hybrids are larger in every measurement, but the differences are not significant for femur length
nor for condylo-zygomatic skull length.
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The I?, hybrid generation averages smaller than the F,generation in all skeletal measurements. I n femur length,
condylo-zygomatic skull length, and bullar width, the differences between F, and F, are of statistical significance, being
respectively 3.9, 5.1, and 5.9 times their probable errors.
These F, hybrids are therefore nearest the sonoriensis parent
in their skeletal dimensions.
The F, hybrid generation averages somewhat larger than
the F, generation in femur length and condylo-zygomatic
skull length, but does not differ significantly in the other
skeletal measurements. Compared with the first hybrid generation the third averages smaller in all skeletal measurements, but none of the differences are of statistical importance.
No very important effect of heterosis upon body or skeletal
size seems evident from the measurements of the hybrids.
Only in foot length do the F, hybrids significantly exceed the
measurements of both parent stocks. I n all other measurements, both of the body and of the skull and skeleton, the
hybrids are either close to one or other parent stock, or are
intermediate between them. The hybrids of the seconcl and
third generations are different in certain measurements from
the hybrids of the first generation, but in no measurement do
these hybrids exceed the dimensions of the parent stocks to
any important degree. I t is interesting to note that ear length
is intermediate between the two parent stocks in all three
hybrid generations.
I n pelage color the two parent stocks differ greatly, sonoliThe tint
photometer readings of the dorsal stripe for red in sonoriensis
from Victorville, average 13.02 .29 units more than in the
non-inbred stock of rufinz~sfrom Buena Vista, and the darkest
sonoriensis has about the same readings as the palest ~z~finus.
I n the color of the side the two parent stocks also differ
greatly, though not quite so much as in the color of the dorsal
stripe. I n the reading for recl of the side sono~iensisaverages
ensis being much paler than rufinzls (Table V ) .

+
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10.34 +. .30 tunits more than ~ z ~ f i n u sAll
.
the other color readings both of the dorsal stripe and of the side show similar
striking differences between the two parent stocks.
The F, hybrids are nearly intermediate in color between the
two parent stocks. This is true for all the colors and for both
the dorsal stripe and the side. The differences in average tint
photometer readings between the hybrids and either parent
stoclr is of great statistical probability for every color comparison.
The hybrids of the second and third generations average
slightly lower than the first generation hybrids in tint photometer readings of the dorsal stripe but for no color is the
difference greater than twice its probable error, and therefore
the lo~verreadings are of no statistical importaace. The colors
of the dorsal stripe of the F, and F, generations are so nearly
alike that they sl~owno consistent nor significant difference
from one another.
For the color of the side there is no important difference
between the hybrids of the F,, F,, and F, generations for the
readings for red and for yellow. I n the colors green, peacoclr, and blue-violet, the F, generation averages slightly
lighter than F2 or F,, as s h o ~ nby higher tint photometer
readings. The amount of difference does not exceed 1.22 r+
.28 units for any color, and the differences are in general of
slight statistical probability, ranging between 3 and 4 times
their probable errors. The F, and F, generations average
almost the same in the color of the side.
The tint photometer averages show that all the hybrids, both
of the first, second, and third generations are intermediate in
color between the parent stocks. There is no certain indication of any change in color between the F, hybrids and those
of later generations.
The colors of these hybrids appear to be a blend of the colors of the parent races, and there is no indication of a segregation of the parental color either in the second or in the third
hybrid generations.

TABLE V
AVERAGETINT PHOTOMETER
READINGS,BOTH SEXES, 1-YEAR AND ~ - Y E B RAGE ASSES COMBINED
Pelage color of Peron~yscz~s
n~aniculatusrz~finusand P. m. sonoriensis

!?
No.

Dorsal Stripe

Red

Yellow

Green

Peacock bluc

Blue-violet

9.28 k .09

7.93 i .07

6.54 i .05

5.84 t .05

5.15 i .04

..........

196

........

85

22.30

+ .27

18.93 1.26

15.58 2 .23

13.23 f .21

12.17 f .I9

Rz~finusx sonoriensis
F, from rufinus mothers. . . . . .
F, from sonoriensis mothers . .
All F, . . . . . . . . . . . . . . . . . . . .

37
19
56

15.24 i .26
15.58 t .49
15.36 t .24

12.78 -1- .24
12.95 +- .43
12.84 k .22

10.05 i .I9
11.26 t.32
10.46 f .17

8.62 i .18
9.68 1.28
8.98
.I6

+

7.68 i .13
8.95 f .28
8.11 & .14

Rufinzu, Buena Vista

Sonoriensis, Victorville

2'3

.......................

41

14.98 f 21

12.46 f .I8

10.24 f .13

8.61 i . l o

7.93 i .10

F,

.......................

33

14.85 i .23

12.30 i .20
-

10.30 2 .14

8.58

+ .14

7.97 i .11

20.45 i .I1

15.58 f .09

13.10 t .08

85

34.15 k .27

29.42 i .23

23.13 f .20

20.02

Rlbfinus x sonoriensis
F, from rufinus mothers.. . . . .
F, from sonoriensts mothers . .
All F, . . . . . . . . . . . . . . . . . . . .

37
19
56

25.32
.30
28.74 f .43
26.48 t .29

20.68 i.23
24.16 i .38
21.86 k .25

16.03 .22
19.79 i .32
17.30 i .24

13.84 & .22
17.37
.27
15.04 k .23

12.24 2 .19
15.47 k .27
13.34 t .21

F,

.......................

41

26.27t.32

21.51t.33

16.27 i .24

14.10 f .I9

12.12 f .I9

Fs

.......................

33

26.39 f .29

21.67 f .28

16.39 f .26

14.06 5z .25

12.21 5z .22

.........

Sonoriensis, Victorville

23.81

+
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The characters of size and color distinguishing the subspecies rz~finzuand s o n o r i e n s i s are shown above to be inherited
in a blending manner. According to the theory of multiple
factors without dominance, which is currently held by many
geneticists to account for inheritance of the blending type, the
F, hybrid generation should be more variable than F, and
also more variable than either parent. I have therefore calculated the coefficients of variation for the measurements and
tint photonieter readings of the parent stocks r u f i n z ~ s and
sonoriensis, and of the first, second, and third hybrid generations.
I n body and skeletal measurements, the parent s o n o r i e n s i s
stocl: has, in general, smaller coefficients of variation than the
parent rufinzu stoclr (Table V I ) . This probably indicates the
greater amount of inbreeding to which the s o n o r i e n s i s stock
had previously been subjected.
The F, hybrids do not differ greatly from their parent
stocks in the variability of body dimensions. Only in body
length is there a significant increase in variability in F,. The
coefficient of variation of body length is 1.97 xk .61 per cent
greater in the hybrids than in the parent r u f i n u s stoclr and
3.50 1 . 6 2 per cent greater than in the parent s o n o r i e n s i s
stock. The differences are respectively 3.2 and 5.7 times their
probable errors. I n foot length both sexes of the F, hybrids
have smaller coefficients of variation than the parent stocks,
but only in the comparison of the feniale F, mice with the
parent rzcfinz~sstock is the difference of importance, 1.51 & .27
per cent, a difference which is 5.5 times its probable error. I n
ear length the F, hybrids have smaller coefficients of variation
than either parent stocl:, but only in the comparison with
?.ufinus is the difference of possible significance, being 1.19 i
.31 per cent, a difference 3.8 times its probable error.
The F, hybrids show no significant difference in variability
from the F, generation in most measurements of the body and
skeleton. Only in length of hind foot is there a possible significant increase in the coefficients of variation, which are

16
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1.70 t .44 per cent greater in I", for the females and 1.68 k
.61 per cent greater for males, the differences being respectively 3.9 and 2.8 times their probable errors. The coefficient
of variation of the body length measurement is 2.40 t .70 per
cent less in F, than in F,, the difference being 3.4 times its
probable error, and possibly significant. Compared with the
parent stocks the F, hybrids are not significantly more variable in any measurement.
The I", hybrids do not differ significantly from F, in the
variability of any measurement of the body or skeleton. Compared with the F,generation the I", is significantly more variable in body length, the difference in coefficients of variation
being 3.50 t .65 per cent, a difference 5.3 times its probable
error. I11 foot length, however, in which F, was indicated to
be possibly more variable than F,,F,is not significantly different in variability from F,.
For pelage color the variability, as shown by the coefficients
of variation of the tint photometer readings (Table V I I ) , is
nearly the same, both for dorsal stripe and side color, in the
two parent stocks, rzcfinzcs and sonoriensis.
The F,hybrids do not differ significantly in the variability
of the color of the dorsal stripe from either parent stoclr.
The coefficients of variation of the tint photometer readings
for the several color screens are slightly less in the F,hybrids
than in either parent stock, and in no comparison are the differences significant. The side color of the F, hybrids is somewhat more variable than of either parent stoclr. The coefficients of variation of the tint photometer readings for red,
however, do not differ significantly between the F, hybrids
and either parent stock. For the other colors the coefficients
of variation of the F, hybrids exceed those of the parent stoclrs
by amounts ranging from 3.4 to 4.0 times their probable
errors.
Tlle I", hybrids are less variable in the color of the dorsal
stripe than the F, hybrids. The difference between the I??
and I", hybrids in the coefficients of variation of the tint photometer readings is not significant for the readings for red,

TABLE VII
AVERAGECOEFFICIENTSO F VARIATIONI N PERCENT FOR TINT PHOTOMETER
READINGS;1-YEARAND 2-YEAR AGE CLASSES
Variability in color of Peromyscus maniculatus rufinus and P. m. sonoriensis
Dorsal stripe

Red

...............
Victorville . . . . . . . . . . . . . .

Rufinus, Buena Vista
Sonoriensis,

Rufinus x sonoriensis
F, . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

Side
Rufinu-s, Buena Vista
Sonorbnsis, Victorville

...............
..............

Rrcfinus x sonoriensis
F, . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F,

............................

-Peacock blue

Yellow

19.07 t .65

18.16 t .62

16.51 t .56

17.32f1.10

18.69+-1.19

18.45t1.17

1

1

I

I

Blue-violet
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and for yellow the difference between the two generations is
only 5.29 -+ 1.55 per cent, which is 3.4 times its probable error.
For the readings of green, peacock blue, and blue-violet the
differences are respectively, 4.7, 5.3, and 4.6 times their probable errors and therefore are of considerable significance. The
F,hybrids do not differ significantly Prom the F, mice in the
amo~ultof variability in the color of the side. This is true for
all of the 5 color screens for which tint photometer readings
were made. The coefficients of variation for each color screen
are actually somewhat less in the F, hybrids than in the I?,,
but the differences are not statistically significant.
The 117, hybrids do not differ significantly from the F, in the
variability of pelage color either of the dorsal stripe or side.
My data fail to show any important increase of variability
in the F, generation, as required by the theory of multiple
factors. There is, it is true, an apparently slight increase of
variability in foot length in F, as compared to I?,, but the
variability of bocly length is less in F, than in F, by a possibly significant amount. F o r no other measurement is there
a significant difference in variability between the F, hybrids
and the I?, hybrids or the parent stocks.
3'01. pelage color also the F, hybrids fail to show an increase
in variability. On the contrary the tint photometer readings
have smaller coeEcieizts of variation in F, than in F,, and for
certain color screens in the dorsal stripe readings the decrease
i11 variability is of considerable statistical significance.

The possibility that some cllaracters may be inlle~.ited
through the cytoplasm rather than through the chromosomes
has been suggested by Castle (1933, pp. 1011-1015). To test
this possibility in the hybrids between r~cfinzcs and s o n o r i e n sis 1 have, for the 1-year age class, calculated separately the
measnrernents of the F, hybrids borne by ? - ~ f i n z c smothers
from those borne by s o n o r i e n s i s mothers. IJnforti~nately,the
number of specimelis of the F, generation available is too few
for fnlly dependable comparisons to be made.
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I n body length the F, hybrids from sonoriensis mothers
average 10.13 t .76 mm. longer (see Table 111) than those
from rujinus mothers, a difference 13.3 times its probable error
and certainly significant for the specimens at hand. I t should
be noted that the hybrids from sonoriensis mothers average
larger in this measurement than the sonoriensis parent stock,
which is the larger of the two stocks hybridized, and that the
hybrids borne by r z ~ f i n z umothers average smaller than the
parent rzcfinzu stock. I n body length the hybrids therefore
resemble their mothers rather than their fathers.
I n tail length and in ear length the F, hybrids borne by
sonoriensis mothers average larger than those borne by rzcfirtus
mothers, but in neither measnrement is the difference of statistical importance. No attempt has been made to calculate
the differences between the reciprocal crosses for foot length
nor for weight, for on account of the considerable sexual differences in these characters the number of individnals in each
class are too few for satisfactory comparisons.
I n all skeIeta1 measurements the I?, hybrids borne by
sonoriensis mothers exceed those borne by r z ~ f i n z u mothers
(Table I V ) . The least significant difference is that for length
of mandible, which is .387 i .I04 mm. longer in the offspring
from sonoriensis mothers, a difference of 3.7 times its probable
error and therefore possibly significant. The most significant
difference, ,736 t .099 mm., is that of the condylo-zygomatic
skull length, in which the difference is 7.4 times its probable
error. For femur length the difference is ,798 t ,138 mm., a
difference 5.8 times its probable error. As the rzcfinz~sparent
stock averages larger for these skeletal measurements than the
sortoriensis stock, the hybrids resemble their fathers in skeletal
dimensions rather than their mothers.
I n pelage color there is an indication that the mother may
have more influence than the father. As shown by Table V
the F, hybrids from sonoriensis mothers average lighter in
color than the mice of the reciprocal cross from rufinzcs
mothers. I n every color and for both dorsal stripe and side
the tint photometer readings average higher in the F, hybrids
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borne by so?zoriensis mothers. The differences are most pronounced in the readings for the color of the side, where the
differences in the several color comparisons range between 3
and 4 tint photometer units, and with probable errors 6.6 to
10.4 times their probable errors. The color of the dorsal
stripe does not differ so greatly between these reciprocal
crosses, though in every color comparison the descendants
from the sonoriensis mothers average slightly the lighter colored. The differences in tint photometer readings for the red
and for the yellow are not significant, being less than the probable errors. For the other colors, however, the differences
may be of possible significance, being from 3.2 to 4.1 times
their probable errors. The indication from the small amount
of data is that in pelage color the F, hybrids tend to resemble
their mothers rather than their fathers.
The tendencies shown by the F, hybrids in these reciprocal
crosses are apparently somewhat contradictory. Thus in body
length the hybrids tend to resemble their mothers, while in
measarements of the femur and skull they tend to resemble
their fathers. I n color the hybrids tend to resemble their
mothers, but the small number of specimens available makes
hazarclous the drawing of any positive conclusions.

The subspecies of Peromyscus differ from one another in
general body size, in the proportional size of certain parts of
the body, in pelage color, in the distribution of color over the
body, or in combinations of these characters. Previous
studies of other kinds of mammals by many investigators have
shown that the characters of size, color, and color pattern
(spotting) seldom are inherited in a simple Mendelian manner, but usually as a blend of the parental characters.
The characters distinguishing the subspecies rufinus and
sonoriensis are shown by this study to be inherited in a blending manner and agree with previous studies of Peromyscus by
Sumner (1932, 39-51).
As reported above, the hybrids between the subspecies-
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rufinzcs and sonol-iensis are not more variable in most body
dimensions or in pelage color in the second than in the first
hybrid generation. There is also a tendency for the F, hybrids to resemble in certain characters either their mothers or
their fathers. These evidences might be considered to support the suggestion of Castle, cited above, that the theory of
multiple factors does not adeqnately explain blending inheritance.
The failure of the F2hybrid generation to be niore variable
than F,, however, does not agree with the results obtained by
Sumner (1932, 39-51) and his associate Huestis who found
generally in hybrids between various races of Peronzyscz~sthat
there was some increase in variability in F,. The parent
stoclrs employed by all of us have been variable, and much
more certain results could be obtained by crossing mice from
two inbred lines. The F, and F, generations in my studies
were both produced by a considerable amount of brother-sister
matings, and this close inbreeding would be expected to decrease the variability of the offspring. I suspect that this may
explain the difference between my results and those of Sumner ; but even with inbreeding in F, there should be an increase
of variability in F, under the theory of multiple factors.
I t should be pointed out also that the number of specimens
of the F, and F,hybrid generations available are too few for
fully satisfactory statistical calculations, and this is particularly true of the comparisons of the first generation hybrids
obtained from the reciprocal crosses. Furthermore, the F,
hybrids resemble their mother subspecies in some characters
and their father subspecies in other characters, so the results
of the reciprocal crosses are apparently not consistent.
Nevertheless the failure of these preliminary studies to support the ninltiple factor hypothesis of blending inheritance
justifies further extensive experiments, which are planned for
the immediate future.
Hybrids between the two subspecies, Perontysczcs maniculatzcs rzcfi?zzcs, from Bnena Vista, Colorado, and P. ne. sonori-
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ensis, from Victorville, California, were reared for the first,
second, and third hybrid generations.
I n all body and skeletal measurements the hybrids average
near one or other parent stock or are intermediate between
them, except in hind-foot length, in whicli the F, hybrids
average larger than either parent subspecies.
I n pelage color, both of the dorslal stripe and of the side, all
generations of the hybrids are intermediate between the two
parent stoclrs.
The F, and F,hybrid generations show no important increase in variability over the F,hybrids or the parent stoclrs,
either in body or skeletal measurements or in tint photometer
readings of pelage color. 011 the contrary, body length and
certain readings of dorsal stripe color are both somewhat less
variable in F2than in F,. There is a possible slight increase
of variability of foot length in F, over F,.
As shown by reciprocal crosses, the F,hybrids tend to resemble their mothers in body length and in pelage color, while
in skeletal measurements they tend to resemble their fathers.
The results in this case of blending inheritance are not those
expected under the theory of multiple factors without dominance, but the data are insufficient for a critical test of tlze
theory.
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