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I. INTRODUCTION

The genus Peroreyscus is perhaps the most widely
distributed of all the mammals of North America.

Its

range extends southward from Canada through the United
States and Mexico into Central America and across the
continent from the Atlantic to Pacific coast.

Osgood1s

(1909) revision of the classification of this genus
has withstood the test of time.

Despite the accumula

tion of new information, his view of the interrelation
ships among mice of this genus has served well.

The

current classification of Peromyacus (Hall and Kelson,
1959) is essentially that of Osgood.
Problems arise in identifying species and sub
species within the genus despite its seemingly solid
taxonomic status.

Hall and Kelson (1959) reason that

the difficulty lies in the large number of species and
the geographic variation within most species.

Pero-

myscus does, indeed, encompass a large number of
species.

In 1964, Hooper and Musser suggested some

modifications of the current classification to in
clude 13 species-groups.

Within these 13 groups, they

named 59 species, most of which they admitted are
morphologically very close to one another.

To make
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matters more difficult, geographic variation within
most of the species is marked.

Thus the assignment of

a specimen to a given species many times requires the
efforts of an expert.
The intent of this research was to limit the study
to one species in a given geographic area:
of Nebraska.

the State

The species of interest was Peromyscus

maniculatus, the deer mouse.

The problems of species

identification arose in this study because of the sympatry of P. maniculatus with P. leucopus, the white
footed mouse.

These two species are the only represen

tatives of Peromyscus in Nebraska.

The habitat of

E* leucopua is most commonly wooded areas.

P. manicu

latus, however, occupies a wide variety of habitats
ranging from open fields to hardwood forests.

Sub

species of P. maniculatus generally show a preference
for a particular habitat type.

However, the subspecies

found in Nebraska occupy every major terrestrial habi
tat with the exception of dense woods and marshes.
Thus, both P. maniculatus and P. leucopus are found
commonly in the same trap line.

Although P. manlcula-

the species of interest, this situation permit
ted collection of data on P. leucopus as well.

These

data were included in the analyses discussed in the
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following sections.

Jones (1964) reported that the

two subspecies of P. leucopus found in Nebraska, P.
leucopua noveboracenais in the east and P. leucopus
aridulus in the central regions and portions of the
western panhandle, "do not differ in external or cran
ial measurements with the possible exception of zygo
matic breadth".

For this reason, no distinction

between the two subspecies will be made.

Emphasis

will be placed on the P. manlculatus subspecies.
P. leucopus is described as having a larger body
size, longer, less pilose, and less sharply bi-colored
tail, and larger hind foot than P. maniculatus.
(Jones, 1964).

In many instances, coat color has

also been used to distinguish between the two species.
It would seem that with these four characters, little
difficulty would be encountered in identifying speci
mens.

However, Hall and Kelson (1959) state:

"In

areas where P. manlculatus and P. leucopus both occur,
individual specimens are sometimes referred to the
correct species only with considerable difficulty and
identification is often a matter for the expert".

The

reason for this may be that each of these characteris
tics taken by itself is not sufficiently diagnostic.
Hind foot length, and total length of these species
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overlap in the range covered by this study.
is true of tail lengths.

The same

Degree of bi-coloration and

amount of tail hair show marked variability within
each species.

Thus, these characters cannot be

considered distinctive on their own.

Coat color is a

characteristic often seen in the literature with
respect to species identification.

Dice (1932, 1935,

1937, 1940, 1941) and Blair (1941a, 1941b, 1941c)
among others, used tint photometer readings to quan
tify pelage colors in P. maniculatus.

These studies

have led to the conclusion that intensity of pelage
color varies in correlation with differences in envi
ronment, especially soil color.

A combination of

these morphological features has generally proven to
be an adequate means of identification.

Choate,

(1973) using such an approach, was able to distinguish
between P. maniculatus and P. leucopus in New England.
Aside from the problems of field identification,
difficulties are encountered when a collection of
skulls alone is available.

Dice (1937, 1940, 1941)

used several cranial measurements in his studies of
variation in Peromyscus, as did McCarley (1954),
Schmidley (1972), Choate (1973), and many other stu
dents of th© genus.

McCarley found skull length to be
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valuable In separating P. leucopus from Peromyscus
gossyplnus.

Schmidley found skull length combined

with total length to be useful in separating sub
species of Peromyscus pectoral!s.

Choate, using dis

criminate analysis of several cranial features, found
them to be less useful than external features in dis
tinguishing between P. maniculatus and P. leucopus in
New England.

However, using such an analysis, collec

tions of skulls alone could be classified.

Thus, a

combination of body and cranial measurements would
seem to be the best method of separating P. leucopus
from P. manlculatus.
The difficulties encountered in identifying
species are seen also on the subspecies level.

The

range of P. maniculatus is nearly as large as that of
its genus, encompassing some 67 subspecies.

Several

subspecies may occur in the same area, but are eco
logically separated and interbreeding is minimal.
(Hall and Kelson, 1959)
intergrading populations.

Others form a long series of
Because of these inter

actions, Hall and Kelson (1959) found it difficult to
characterize the species with any degree of precision.
The characteristics most often used in separating
subspecies of P. maniculatus are those applied in
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species Identification.
P« maniculatus is represented by three subspecies
in the State of Nebraska.

(Fig. 1)

p. maniculatus

bairdii (Hoy and Kennlcott) is found in the eastern
part of the state, P . maniculatus Xuteus (Osgood) in
the central region of the state and the sand hills,
and P. maniculatus nebrascensls (Coues) in the pan
handle .

The distribution of these subspecies gener

ally falls into the three major physiographic regions
of Nebraska.

The eastern section of the state is

generally lowland covered with tall grasses and
deciduous woodlands.

The mixed prairie and the dis

tinctive sand hills are found in the central portion
of the state with a grassy vegetation peculiar to the
region.
The western panhandle is described as a shortgrass plain with coniferous forests being restricted
largely to the area of the Pine Ridge.

(For a more

detailed description see Jones, 1964.)
Jones (op, cit.) described the Nebraska sub
species as follows:

bairdii is the smallest, with

typically dark brown or blackish pelage? luteus is
slightly larger than bairdii and the palest of the
three ? nebrascensls is the largest and shows a buffy-
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grey pelage.

Jones concluded that luteus differs from

balrdii more In color than size and from nebrascensis
more In size than color.
Dice (1941) studied variation in P. maniculatus
in the sand hills region of Nebraska.

Pelage color

correlated with soil color, producing what Dice
called a pale-colored geographical race, P. m. nebra
scensis , on the light soil of the sand hills.

Within

this region, pelage color showed marked variability
which he attributed to interbreeding with the darker
colored surrounding populations.

He found body size

and skeletal dimensions to be larger in the western
part of the state than in the east.

This east-west

size gradient passed through the sand hills region
undisturbed.

Although Dice referred to this sand

hills race as P. m. nebrascensis, the name currently
applied the mice of this region is P. m. luteus (also
see Jones, 1964).
Dice (1937) also studied variation in P. m. bairdii in a much wider geographic area than surveyed
here.

Although he saw much variability, he did not

find geographic trends in any dimension of body size
or skeleton.

Pelage color also showed marked varia

tion, but again, no geographic trends were seen in his

Peromyscus have been done? but no such study of the
three subspecies of P. maniculatus in Nebraska has
been reported.
This study was undertaken to determine the
amount of geographic variation present in Peromyacus
in Nebraska, and to discover what, if any, charac
teristics would serve as reliable means of identify
ing specimens obtained in this state.

II. MATERIALS AND METHODS

Mice used in this study were collected at 16
sites.

Table I gives locations and sample size for

P. maniculatus populations.

Table II gives the same

information for P. leucopus populations.

Refer to

Figures 1 and 2 for geographic distribution of P.
maniculatus and P. leucopus samples respectively.
Three population samples were obtained from the
Zoological Museum at the University of Nebraska at
Lincoln.

These are designated in Tables I and II with

an asterisk.
The sample sites were chosen from east to west
across the state of Nebraska.

Samples were generally

taken from north to south in order to detect any vari
ation due to clinal gradients.

Subspecies boundaries

as recognized by Jones (1964) are given for P. manicu
latus in Figure 1 and for P. leucopus in Figure 2.
Mice were obtained by live-trapping.
of peanut butter and oil was used for bait.

A mixture
During

colder weather, cotton was added to the traps to
keep the mice from freezing.

Traps were set out in

the evening and checked at dawn.

The majority of

collecting was done in the summer months, with the
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last trappings in October.

Although traps were set

In what appeared to be P. maniculatus habitat, many
P. leucopua were found in the trap lines, thus per
mitting the collection of data on this species.

All

specimens trapped were brought into the lab and
analyzed.
In the lab, mice were sacrificed by etherization.
Skulls were removed and study skins were prepared
according to Hall (1962).

Total length, tail and

right hind foot lengths were recorded.

Body length

was obtained by subtracting tail length from total
length.

Skulls were tagged upon removal and placed

in a colony of Tenebrio beetles whore the muscle was
stripped from the bone.

Using a dial caliper (Mitu-

toyo, graduation 0.05 mm.), eleven measurements were
taken from the skull and mandible.

These were:

skull length, mandibular width, bullar width, skull
width, basioccipital to posterior margin of palatine
foramen, basioccipital to anterior margin of palatine
foramen, nasal to posterior margin of palatine
foramen, naso-jugal length, basioccipito-palatlne
length, maximum width of foramen magnum, and skull
depth.

The technique for obtaining cranial measure

ments can be found in the Appendix.

Coat color was

TABLE I

LOCATION AND SIZE OF POPULATION SAMPLES OF P. maniculatus

SAMPLE

COUNTY

A
C

Dixon
Platte

D
*F
L
M
H
P
Q
S
•V

V
*x

Saunders
Lancaster
Cherry
Sheridan
Custer
Lincoln
Red Willow
Dawes
Sioux
Dawes
Sioux

SAMPLE SITE

SAMPLE SIZE

4
Ponca State Park
6
Ellen Rollman farm - 2 ml.
north of Humphrey
4
Mead - U.N. field laboratory
5
Lincoln
€
P.K. Cordon Ranch - Valentine
7
North side of Smith Lake
2
West end of Pressy Park
Lake Maloney - N, side of brush dump 8
3
McCook - 1 mi. south along
Republican River
3
Chadron - 6 mi. north
10
Harrison - 6 mi. northwest
6
West side of Box Butte reservoir
10
Glen - 3 1/2 m i . north, 1 mi. east

** P op i5T atron s~ ^taIn eT 7iroB n 3ie^n I^r^ty~ oFT iel5rSsii^it Lincoln Z o o lo gical
Museum.

TABLE IT

LOCATION AND SIZE OF POPULATION SAMPLES OF P. leucopus*

SAMPLE
B
E
*G
I
J
E
0
P.
m

w

COUNTY
Dixon
Saunders
Lancaster
Nemaha
Jefferson
Holt
Custer
Red Willov
Daves
Dawes

SAMPLE SITE
Ponca State Park
Mead - U .M . field laboratory
Lincoln
Brownsville city park
West end of Alexandria Lakes
Goose Lake
West end of Pressy Park
McCook - 1 mi. south along
Republican River
Chadron - 6 mi. north
West side of Box Butte reservoir

SAMPLE
10
10
10
18
9
13
17
8
4
8

* Population obtained from the University of Hebraska at Lincoln Zoological
Museum.

EXPLANATION OF FIGURE 1

Figure 1.
Distribution map of the three subspecies of Peromyscus
maniculatus in Nebraska♦ The suture zones, seen as north-south lines transecting the state, are taken from Jones (1964). The letters represent sample
populations examined in this research. For specific geographic location and
sample size, refer to Table I.
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FIGURE
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EXPLANATION OP FIGURE 2

Figure 2.
Distribution map of Peroxnyscus leucopus in Nebraska.
The subspecies boundaries are after Jones (1'564) . The letters represent
sample populations of P. leucopus examined in this research. For specific
Geographic location ancT sampleslze, refer to Table II.

III. RESULTS
Mean body measurements for P. manlculatus and P.
leucopus are found in Tables III and IV respectively.
Data on mean cranial measurements for P. maniculatus
are found in Table V and for P. leucopus in Table VI.
Morphometric analysis of all populations was
accomplished using the discriminate analysis computer
program BMDC7M (Dixon, 1967).

Differences in sample

size were corrected for t^ithin the program.
analyses were performed for each species.

Two

The first

analysis made use of all 14 morphometric features
mentioned in the previous section.

This will be re

ferred to as the total approach analysis throughout
the remainder of this thesis.

Skull length contri

buted 42% of the total dispersion of population means
in this program.

Hind foot length contributed another

19% and skull width 12% for a total of 73% of the
total population dispersion.

The second analysis was

performed on the 11 cranial features only (henceforth
referred to as the cranial analysis).

Here again

skull length proved the most valuable characteristic
contributing 43%, while skull width added another 22%
and jaw width 15% for a total of 80% of the dispersion.

TABLE I H

MEAN BODY MEASUREKENTS FOR P. maniculatus*
(Mean + Std. ErrorJ

SAMPLE
SITE

SAMPLE
SIZE

BODY
LENGTH

TAIL
LENGTH

HIND FOOT
LENGTH

Ponca State (A)
Humphrey (c)

4
6

88.50 •f 0.87
85.33 + 1.28

63.50 + 1.04
49.83 + 0.70

20.50 + 0.29
18.17 + 0.17

Mead (D)
Lincoln (F)

4
5

92.75 + 1.11
82.00 + 2.02

50.75 + 0.85
56.80 + 1.68

17.50 + 0.50
18.60 + 0.28

Valentine (L)
Smith Lake (M)

6
7

84.00 + 1.37
89.14 + 1.71

57.00 + 1.72
57.14 + 2.12

18.83 + 0.17
18.57 + 0.20

Pressy (N)
Lake Maloney (?)

2
8

93.00
7.01
83.00 + 2.26

75.50 + 6.52
44.86 + 6.64

20.50 + 3.36
18.25 + 0.16

McCook (0)
Chadron (S)

3
3

90.66 + 2.19
92.00 + 3.06

67.33 + 2.97
70.33 + 1.20

20.66 + 0.33
20.66 + 0.36

Harrison (u)
Box Butte (V)

10
6

81.80 + 1.91
93.66 i 2.27

64.80 + 0.81
65.33 + 2.44

19.70 + 0.30
20.83 + 0.17

Glen (X)

10

91.70 + 1.22

65.09 Ì 1.13

20.00

* All measurements given in millimeters

0.15

TABLE IV
MEAN BODY MEASUREMENTS FOR P. leucopus*
(Mean + Std. Error)

SAMPLE
SITE

SAMPLE
SIZE

BODY
LENGTH

TAIL
LENGTH

HI HD FOOT’
LENGTH

Ponca State (B)
Mead (E)

10
10

85.80 + 9.77
100.20 + 1.28

61.59 + 7.07
70.80 + 1.58

21.40 + 0.22
21.40 + 0.16

Lincoln (G)
Brownsville (I)

10
18

89.80 + 2.48
96.77 + 1.35

75.30 + 3.11
74.83 + 1.53

21.40 + 0.27
21.17 4 0.15

Alexandria Lakes (J) 9
Goose Lake (K)
13

95.22 + 2.76
97.77 + 1.41

72.33 + 2.35
72.54 + 1.59

21.56 + 0.34
21.31 + 0.24

Pressy (o)
McCook (R)

17
8

93.35 + 1.39
94.88 + 1.91

74.41 + 1.45
74.00 + 2.10

0.12
21.53
21.25 + 0.16

4
8

94.00 + 1.58
93.60 + 1.45

70.75 4- 1.93
67.13 + 1.94

20.50 + 0.20
21.50 + 0.19

Chadron (T)
Box Butte (w)

* All neasureroents given in millimeters

TABLE V

MEAN CRANIAL MEASUREMENTS FOR P. manlculatus*
('lean 4- Std. Error)

SAMPLE**

7*

SKULL
LENGTH

MANDIBULAR
WIDTH

BULLAR
WIDTH

SKULL
WIDTH

A
C

25.08 4- 0.25
24.14 + 0.21

12.54 4- 0.25
11.54 4- 0.18

9.13 + 0.19
8.76 4- 0.10

12.95 4- 0.09
12.52 + 0.13

D
F

23.66 4- 0.13
23.77 4- 0.52

11.11 4- 0.24
10.28 4- 0.31

8.83 4- 0.05
10.28 4- 0.75

11.74 4- 0.36
12.43 4- 0.12

M

L

24.03 4* 0.26
24.48 4- 0.18

11.89 4- 0.21
11.64 4- 0.22

9.31 + 0.16
8.95 4- 0.11

12.88 4- 0.13
12.62 4- 0.21

N
P

26.67 4- 0.12
24.18 4* 0.26

12.82 4- 0.24
12.19 4- 0.12

9.27 4- 0.12
9.13 4- 0.09

13.42 4- 0.72
12.95 + 0.13

Q
s

25.66 4- 0.20
26.55 £ 0.23

12.38 4* 0.14
12.87 4- 0.08

9.48 4- 0.04
9.62 + 0.12

13.78 4- 0.11
13.76 + 0.30

U
V

24.25 4- 0.21
26.37 4- 0.39

11.08 4- 0.26
13.10 4- 0.24

8.98 + 0.14
9.63 + 0.12

12.40 + 0.14
13.93 4- 0.16

X

24.68 4- 0.26

10.32 4- 0.21

8.83 4- 0.12

12.69 4- 0.14

^11 measurements given in millimeters
Sample Identification letters are those assigned in Table I.

TABLE V

(CONT.)

SAMPLE**

POSTERIOR
PALATINE

AHTFRIOF.
PALATINE

NASO
PALATINE

NASOJUGAL

A
C

13.38 4- 0.14
12.41 + 0.15

18.03 4- 0.15
16.09 4- 0.81

9.84 + 0.18
9.66 + 0.09

9.50 4- 0.16
9.30 4- 0.11

D
F

12.64 4- 0.14
12.68 + 0.23

16.69 4- 0.31
17.35 4- 0.20

9.34 4- 0.10
9.55 + 0.22

9.09 4- 0.09
9.09 4- 0.26

L
M

12.43 4- 0.19
12.63 •f 0.13

17.45 4- 0.25
17.60 4- 0.18

9.78 4- 0.08
9.96 i 0.11

9.32 4- 0.15
9.61 + 0.14

n

p

14.26 4- 0.36
12.61 4- 0.23

18.99 4- 0.1S
17.35 4- 0.22

10.19 4- 0.01
9.73 4- 0.11

10.23 4- 0.28
8.11 4- 1.16

0
s

13.65 4- 0.13
14.05 + 0.10

18.21 4» 0.15
18.92 + 0.29

9.90 4- 0.06
10.46 4- 0.25

9.75 4- 0.18
10.30 + 0.23

u

V

13.90 + 0.27
12.68 £ 0.26

19.79 4- 0.32
17.35 4- 0.25

10.52 4- 0.23
8.49 + 0.31

9.97 4- 0.26
8.36 t 0.94

X

12.76 4- 0.15

17.67 4- 0.20

9.75 4- 0.13

9.47 4- 0.16

TABLE V

(COMT.)

SAMPLE**

BASIOCCIPXTOPALATINE

FORAMEN
MAGNUM

SKULL
DEPTH

A
C

8.88 + 0.06
8.63 + 0.09

4.57 + 0.05
4.43 + 0.07

8.82 + 0.14
8.57 + 0.08

D
F

8.68 + 0.10
8.60 4- 0.13

4.40 + 0.05
4.34 + 0.08

8.21 + 0.10
8.67 + 0.17

L

8.87 + 0.43
8.88 + 0.12

4.44
0.07
4.41 + 0.09

8.28 + 0.18
8.13 + 0.36

P

9.30 + 0.09
8.79 4 0.16

4.92 + 0.03
4.68 t 0.05

8.98 4 0.28
8.50 4 0.08

0
S

9.20 + 0.06
9.49 + 0.08

4.72 + 0.00
4.64 + 0.11

8.80 4 0.28
9.36 4 0.17

U
V

9.55 + 0.19
8.52 + 0.17

4.80 + 0.02
4.48 + 0.06

9.05 4- 0.13
3.75 ± 0.14

X

8.87 4- 0.11

4.52 + 0.05

8.54 4- 0.11

H
K

TABLE VI

MEM? CRANIAL MEASUREMENTS FOR P. leucopus*
('lean + Std. Error)

SAMPLE**

SKULL
LENGTH

MANDIBULAR
WIDTH

BTJLLAR
WIDTH

B
E

25 .05 + 0.2R
26.86 + 0.23

12.81 +0.27
12.81 + 0.44

9.29 + 0.09
9.49 + 0.12

13.71 + 0.13
12.24 _+ 0.24

G
I

26.02 + 0.20
26.80 + 0.2^

12.11 +0.31
12.71 f 0.10

9.26 + 0.13
9.41 + 0.07

13.28 + 0.20
13.75 + 0.11

J
Y

26.56 + 0.40
26.70 + 0.17

13.09 + 0.3?
12.47 + 0.27

9.44 + 0.13
9.34 + 0.08

13.87 + 0.21
14.05 + 0.12

0
p

26.48 + 0.18
26.87 + 0.20

12.41 + 0.11
10.91 + 1.51

9.29 + 0.07
9.40 + 0.11

13.30 + 0.21
13.77 + 0.09

T

27.02 + 0.15
26.44 + 0.35

12.94 + 0.19
12.56 + 0.15

9.62 + 0.13
9.37 + 0.09

13.62 + 0.25
13.89 + 0.27

W

All measurements criven in millimeters
Sample identification letters are those assigned in Table

H
H

*
**

SKULL
WIDTH

TABLE VI

(CONT.)

SAMPLE**

POSTERIOR
PALATINE

ANTERIOR
PALATINE

NASO
PALATINE

NASOJUGAL

B
E

13.87 + 0.19
14.20 + 0.11

18.71 + 0.23
18.78 + 0.26

10.03 + 0.14
10.69 + 0.13

9.76 + 0.15
10.77 + 0.14

G
I

13.80 + 0.39
14.15 + 0.14

18.63 + 0.52
19.12 + 0.20

10.11 + 0.20
10.43 + 0.11

9.94 + 0.24
10.10 + 0.10

J
K

13.91 + 0.27
14.02 + 0.11

18.81 + 0.31
19.26 + 0.18

10.40 + 0.18
10.79 + 0.11

9.98 + 0.19
10.25 + 0.07

0
R

13.98 + 0.10
14.09 + 0.17

18.81 + 0.14
19.10 + 0.26

10.44 + 0.10
10.56 + 0.15

10.07 + 0.09
10.31 + 0. 20

T
W

14.22 + 0.09
13.81 + 0.28

19.30 + 0.14
18.74 + 0.40

10.64 + 0.05
10.57 + 0.19

10.63 + 0.10
10.13 + 0.25

28

The mean vectors for first order and second order
canonical variables were plotted for each analysis.
rFhe canonical separations resulting from these analy
ses are found in Figures 3, 4, 5, and 6.

The circles

represent the 95% confidence limits of the population
means and have radii of 1.96//n, where n = number of
individuals in a sample (Rogers, 1972).

P. maniculatus.

Figure 3 represents the separations

obtained from the total analysis of P. maniculatus
populations.

With the exception of two samples, the

populations generally fall into three groups.

The

populations from Ponca State (A), McCook (Q), Chadron
(S), and Box Butte (V) show considerable overlap as do
populations from Humphrey (C) , Valentine (L) , SmithLake (M) , and Lake Maloney (P). A distinct separation
is seen between these two clusters.

The populations

from Lincoln (F), Harrison (U), and Glen (X) also form
a cluster which is separated from the first two.

The

Pressy population (N) shows no definite affinities
with any cluster.

Although it falls nearer to the

Humphrey, Valentine, Smith Lake, Lake Maloney group,
population D from Mead does not show overlap for the
95% confidence limit of the mean.

The three clusters

EXPLANATION OF FIGURE 3
Ficrure 3.
Canonical variable plot of
morphometric characters from the total approach
analysis of P . maniculatus» Abscissa values repre
sent the first order canonical variable and ordinate
values the second order variable. Each circle repre
sents the 95% confidence level for the population
mean. The letters represent the population samples.
(Fee Table I).
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seen do not correspond to the three subspecies of P.
maniculatus as might be expected.

Populations from

the balrdii and nebrascensis ranges show affinities
with luteus but not with one another.
Figure 4 represents canonical separations for P.
maniculatus based on the cranial analysis.

Here the

populations fall into two major clusters.

Population

N from Pressy is drawn closer to the Ponca State (A),
McCook (0), Chadron (S), Box Butte (V) group.

Popula

tions from Humphrey (C), Valentine (L), Smith Lake (M),
Lake Maloney (P) cluster as they did in the total
analysis.

Populations U from Harrison and D from Mead

show overlap with the Humphrey population (C).

Fall

ing away from the main cluster, populations F from
Lincoln and X from Glen still show considerable over
lap.

Again the clusters do not represent the three

defined subspecies.

It must be noted that in both

approaches, the 95% confidence limits for individual
variation show overlap for all populations.

The

second analysis, however, based on cranial features
only, does not provide as efficient a between popula
tions separation as does the first analysis involving
body and cranial features.

Thus, it would seem that

EXPLANATION OF FIGURE 4
Figure 4.
Canonical variable plot of
morphometric*characters from the cranial analysis of
P. naniculatus. Abscissa and ordinate values as well
as confide nee 1imi ts are as for Figure 3. Letters
represent population samples.
(See Table I).

TAP.L.F VII.

Population

POSTERIOR PROBABILITIES (p< 0.05) FROM BMD07M
(P. m aniculatu s )

Number of Individuals Misclassified as:

Samples*

_________

A

I

L

n

o

s

t

u

w

x

- 2
F

--------- 1 ---------- -----

L ----------------- *--------- ~ 1
H ---------- --------------- — -------------- 1
p ----- ----- --------- — 3 — - 1
S ----- -- ---- --------------- -------------------- 1
t l ----- ----1 —-------------- -------- ------ ----- 1 ------------------1
V --------- ----- 1 — ----- -------- 1 ----------------------- 2
X

---- — -------------------- - 3

*" Population sarnie identification letters are those assigned in Table I
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skull length, hind foot length, and skull width in
that order, would be most useful in identification of
specimens.

Both analyses of P. manlculatus seem to

bear out the observation that variability in this
species is marked.
Using only the total approach analysis, (for the
reason stated above), posterior probabilities (p< 0.05)
were tabulated and a raisclassification index for P.
maniculatus was made.

(Table VII)

individuals were misclassified.
misclassified as P. leucopus.

A total of 23

Five of these were
Ten individuals were

misclassified as another subspecies of P. maniculatus.
The remaining six individuals were misclassified as
to sample site but within their designated subspecies
range.

P. leucopus.

Figure 5 represents the total approach

analysis of P. leucopus.

It can be seen that P. leu

copus shows very little variability across the state.
Two populations fall outside the main cluster.

Popu

lation G is from Lincoln and was obtained from the
University of Nebraska at Lincoln collection.
tion E is from Mead, Nebraska.

Popula

Both of these popula

tions will be discussed in the following section.

EXPLANATION OF FIGURE 5

t-3 u>

Figure 5 .
Canonical variable plot of
morphometric "cHaracters from the total approach
analysis of P_. leucopus. Abscissa and ordinate
values as well as confidence limits are as for Figure
. Letters represent population samples.
(See
able II).

EXPLANATION OF FIGURE 6
Figure 6 .
Canonical variable plot of
morphometric’characters from the cranial analysis of
P. leucopus. Abscissa and ordinate values as well as
confidence” limits are as for Figure 3. Letters repre
sent population samples. (Fee Table II).

6

TABLE VIII.

POSTERIOR PROBABILITIES (p< 0.05) FROM BMD07M
(P. leucopus)

Number of Individuals Misclassified as:

Population
Samples*

A
B ------ ----

E

G

I

J

K

O

Q

R

S

T

V

W

X

1 ------ ----- 1 - 1 ------1 ------------------2

E ------ --- ------------- 1
G ---- — ------------ ---- 1 --------

2

i
—i
i
i
i
i
i
CM
1
00
1
iH
1
1
1
1
I
CN
1
CN
1
1
1
!
1
1
1
1
i
1
1
i
1
1
1
1
i
1
1
1
1

I ------

2 — ----------------------

j ------ ----

1 ---------------- 1 ------1 ----------1 ------1

K ------ -------------------- 1 ------ 1 ---- 1 --------------1
0 ------ --------

3 ---- ---- 1 - 2 -------- 2 --------------2

R ------ ------------

1 - i ------------ i ----------i

T ------ ------------ ----------------------------

i

W ------ ----------- -----1 ------2 --------------1 ------1
* Population sample identification letters are those assigned in Table II.
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Figure 6 represents the cranial analysis of P.
leucopus populations.

Again, all populations, with

the exception of Lincoln, show overlap in the 95%
confidence limits of population means.

In this analy

sis, the Mead population (E) is drawn into the cluster,
showing overlap with the populations from Brownsville
(I), Chadron (?) and Pressy (0).

The 95% confidence

limits for individual variation encompass all popula
tions .
Although P. leucopus populations showed little
variability, superimposing fig. 3 on fig. 5 reveals
considerable overlap.

This supports the observation

that species identification in sympatric areas is
extremely difficult.

It should be noted that multi

variate analysis did not classify the individuals into
one species or the other.

This was done previously by

myself, using the four criteria discussed in the pre
ceding section.
Posterior probabilities (p< 0.05) for P. leucopus
(Table VIII) revealed 53 misclassified individuals.
Twelve of these were misclassified as P. maniculatus.
All 12 of these individuals fell into the P. m. nebrascensis range.

The remaining 48 individuals fell into

the other P. leucopus samples.

This was to be ex
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pected, considering the extent of overlap among P.
leucopua populations.

Due to smaller separations

between populations in the cranial analysis, more
individuals were miaclassified.

These misclassifica-

tiona are not shown here to avoid repetition.

IV. DISCUSSION

p. maniculatus.

The morphometric affinities seen in

the previous chapter do not correspond to the sub
species distribution within the state, nor do they
reflect clinal gradients in a north-south or eastwest direction.

The data obtained in this study do

not support the observations of Dice (1940, 1941) and
Jones (1964) who report an increasing size gradient as
one moves westward across the state, although there
may be a slight increase in body length in the western
populations, but no real east-west trend.

For example:

the Box Butte population showed the longest mean body
length of 93.66 mm., but the smallest mean body length
(81.80 mm.) was recorded from Harrison which is also a
western population.

The traits contributing most of

the dispersion of populations: skull length, hind foot
length, and jaw width do not indicate any geographic
trends.

This may be due to the relatively narrow

range of latitude within the state.
Figure 7 is a diagrammatic view of the population
affinities of P. maniculatus observed in the total
approach analysis.

(Chapter 3, Fig. 3).

The two quad

rangles were constructed by connecting populations
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that show morphometric affinities.

Polygon AQVS

crosses both subspecies boundaries.

The Chadron (S)

and Box Butte (V) populations from the nebrascensis
range show definite affinities with the luteus popu
lation from McCook (Q) and the bairdii population from
Ponca State Park (A).

It is interesting to note that

Chadron (S) and Box Butte (V) show affinities with
populations of luteus and bairdii rather than with the
Harrison (U) and Glen (X) populations of nebrascensis.
Considering only the data available from this study,
two speculations can be made.

First, that Chadron and

Box Butte are isolated populations of luteus.

The

other possibility is that the subspecies boundary be
tween luteus and nebrascensis in this region lies far
ther west than represented by fig. 1.

The question

arises as to why they show affinities to the luteus
population from McCook (Q) and not that from Smith
Lake (M) which is geographically much closer.

It is

possible that this representation does not accurately
reflect the relationship due to relatively small
sample sizes (especially Chadron where N»3) and that
the picture will change when larger sample sizes are
available from these sites.

Larger samples will hope

fully present a more accurate picture of the true
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situation.
The fact that the bairdii population from Ponca
State (A) shows affinities with the luteus population
from McCook (Q) and the two nebrascenais populations
from Chadron (S) and Box Butte (V) is also interesting.
Perhaps this is also an isolated population.

Ponca

State is located in the northeast corner of the state,
a long distance from the subspecies boundary.

This

population is the only one to which a large quantity
of stored grain was readily available.

The possibil

ity exists that the founding population here was
rafted in on a grain truck from some point farther
west in the state.

This would explain an isolated

population of luteus.

The availability of such large

quantities of grain may also have affected the body
size of these animals.

Here again, an increase in

sample size may shed more light.
Polygon CLKP crosses the subspecies boundaries
between luteus and bairdii.

The populations from Val

entine (L), Smith Lake (M), and Lake Maloney (P) show
affinities as might be expected for populations fall
ing within the luteus range.

The Humphrey (C) bairdii

population shows clear affinity with these luteus popu
lations.

All four populations have relatively large
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sample sizes.

(Refer to Table I.)

Humphrey is

located well within the designated range of balrdii,
yet it does not fall with the other bairdli popula
tions .

One wonders if Humphrey is not also an iso

lated luteus population.
The last cluster represented in Figure 7 shows
the Harrison (17), Glen (X) , and Lincoln (F) affinities.
A dotted line has been drawn to connect these popula
tions because there ia some question about these speci
mens.

As noted in Table I, these three populations

were obtained from the University of Nebraska at
Lincoln Zoological Museum.

Body measurements were

made at the time of collection which dated back to the
1940's.

These parameters were recorded from the

museum tags.

Cranial measurements were made with

difficulty in some cases.

Whether the data were

biased by using measurements from the museum tags or
not, is unclear.

What is certain is the difference

between these three populations and those trapped
specifically for this study,

if data bias is not in

volved, some other explanation must be found.

There

is some question as to whether habitat for Feromyscus
could have changed so rapidly over the last 30 years
that these populations differ significantly from those
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collected today.

Possibly the agricultural state of

the area, food sources, or habitats may have been
altered.

Whatever the cause, these populations stand

apart from the remaining ten.

Trapping should be done

at these three sites and comparisons made between
these and the specimens collected 30 years ago.

The

cranial analysis did not provide as efficient a separa
tion as did the total approach.

Under the cranial

analysis, the Pressy (t?) population would fall with
the Ponca State (A), McCook (0), Box Butte (V), and
Chadron (S) group.

The bairdil population from Mead

(D) would fall with Humphrey (C), Valentine (L), Smith
Lake (M), and Lake Maloney (P).
The findings of this study on P. roaniculatus are
interesting in that they do not reveal any consistent
morphological differences among the three subspecies
assigned to this state.

This research has served as

the preliminary groundwork for a larger study.

When

more data are available, the picture presented here
will either stand as is, or may change to reveal some
pattern yet undetected.

If this interpretation stands,

the distribution of P. raaniculatus subspecies in this
state may be more of a mosaic than the distinct ranges
one sees here.

EXPLANATION OF FIGURE 7
Figure 7.
Diagrammatic representation of morphological affini
ties in P. manicuiatus. Solid lines connect populations showing definite
affinities. The questionable affinity between population F (Lincoln
and
populations X (Glen) and U (Harrison) is represented by a dotted line.
Population identification letters are those assigned in Table I.

),

EXPLANATION OF FIGURE 8
Figure 8 .
Diagrammatic representation of morphological affini
ties in P. leucopus . The affinities shown are based on the total approach
analysis. Population identification letters are those assigned in Table II
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P« leucopus.

Figure 8 is a diagrammatic representa

tion of the affinities seen in the total approach
analysis in Chapter III.

Across the State of Nebraska,

P* leucopus populations are morphologically very simi
lar.

There are two exceptions.

Lincoln population (G).

The first is the

This population poses the

same questions as the P. maniculatus population from
the same area.

The specimens of this population were

obtained from the University of Nebraska at Lincoln
Zoological Museum and were trapped some 30 years ago.
They do not show affinities with any other P. leucopus
populations.

The Mead population (E) cannot readily

be explained.

If the data from the cranial analysis

were represented in Figure 8, this population would
tie in with the remaining leucopus populations.

Fur

ther studies need to be performed in both these areas.
Because sample sizes are relatively large for all
leucopus populations, with the exception of Chadron,
Figure 8 may be a close approximation of the actual
situation.

Addition of more specimens would be ex

pected to change the present picture very little.

The

data from this study clearly show that the P. leucopus
sampled display little variation across the state.

SUMMARY
Two species of Peromyacus are found in Nebraska:
Peromyscus maniculatus and Peromyacus leucopus.

Al

though the two species are morphologically very simi
lar, P. maniculatus shows marked variability while P.
leucopus remains much the same across the state.
Several suggestions can be made for further
studies of these species.

The first efforts should be

to increase sample sizes of P . maniculatus from those
sites used in this study, and to obtain sufficient
numbers from other populations across the state.

Par

ticular attention should be given to the areas near
the subspecies boundaries and also to the southwestern
corner of the state.

Once this has been accomplished,

karyotypes should be analyzed.

It is possible that

this is the key to positive identification of speci
mens.

Electrophoretic detection of protein differ

ences should also aid in assessing population diver
gence and geographic patterns.
With morphological, karyological, and electro
phoretic data, the picture of geographic variation of
Peromyscus in Nebraska will become clearer.

APPENDIX
CRANIAL MEASUREMENTS
1} gjSHm e n . g t h - maximum length from tic of nasal to
base of occipital.
- maximum width measured at ramus.
Mandible placed with alveolar edge down.
^

— lLga.r width - maximum width between outside edges
of tympanic bullae, at right ancles to
bullae.

4) giSHlJl vidth - taken at posterior base of zygomatic
arch on temporal bone.
5*
* gggi:.?g*or tpalatine - posterior margin of right
palatine foramen to posterior edge of
basloccipital.
*

** anterior margin of right
palatine foramen to posterior edge of
basloccipital.

7) ilasozEalatine - tip of nasal to posterior margin of
right: palatine foramen.
R) -Ig£PrJ j^al - inside anterior base of zycomatic arch
(jugal) to tip of nasal, dorsal side.
^M^opc^pito-palatlne - center posterior edge of
basloccipital to posterior edge of palatine
10) g

11 *

o

gaegmm - maximum width, taken with ventral
slue of skull up - caliper blades placed
directly below occipital condyles.
- maximum skull depth, tympanic bullae
included. Skull held with left side up,
caliper placed at right angles to skull.
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