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ABSTRACT

Variation in 19 cranial measurements was examined
both within and among populations of the deer mouse,

Peromyscus maniculatus rufinus, in southern Arizona. These

populations are ecologically isolated at the higher elevations
of the Chiricahua, Graham, Huachuca, Pinal and Santa Catalina
mountains, Comparisons were also made with samples from

near the type locality of P..m. rufinus in the vicinity

of Flagstaff, Arizona and with samples of a closely related
species, P. melanotis, from Mexico,

Interpopulation comparisons were made within three
age-groups (and within each sex when significant dimorphism
was present). Both multivariate and univariate statistical
methods were utilized 1n making these comparisons.

Statistically significant changes were detected in
some measurements within a period of approximately 40 years
in the Chiricahua and Graham mountain populations, lndicating
that evolutlonary change can occur rqther rapidly within
these isolated populations.

The isolation of these montane populations from
one another and from other sources of new genetic materilal
has led to the establlishment of morphologically distinct

populations in each of the mountain ranges involved.

ix



With the exception of the Plnal Mountains population,
composed in general of smaller individuals, particularly
with respect to the measurement of rostral length; the

variation among the populations appears to be random.



INTRODUCTION

The principal high mountain ranges of southern
Arizona are the Chiricahua, Graham (=Pinaleno), Huachuca,
Santa Rita, and Santa Catalina mountains (Figure 1). All
include peaks exceeding 9000 feet in elevation. The Pinal
Mountains, although not reaching as great an elevation as
the preceeding, also have many high-mon%ane characteristics.

The upper elevations of thege ranges are both
geographically and ecologically isolated. The climate at
the top 1is cooler and more moist than at the foot of these
mountains. These conditions have led to the developement
of extensive coniferous forests at the higher elevations,
surrounded by deserts and desert grasslands (Lowe, 1964).

These "desert islands" (Heald, 13951) surrounded by
"seas" of desert and grass hold remnants of earlier wide-
spread forests which once were continuous between the moun-
tain ranges. Martin (1963) regards this continuity as
having been disrupted no more than 20,000 years ago. As
these forests retreated up the sides of the mountains, a
barrier of desert formed between the ranges, cutting off
the gene flow among the stenecious animals and plants of
the forest. Today those animals and plants which are

restricted to the cool, moist montane forests on the top of

1
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one mountain range :are isolated from the same or related
specles occuring at the tops of other ranges.
One of the animals so 1isolated is a subspeciles of

the deer mouse, Peromyscus maniculatus. Three subspecies

of the deer mouse reputedly occur in southern Arizona. P.

m, sonoriensis is a desert grassland form occuring at lower

elevations. in southern Arizona west and north of the
Chiricshus Mountains. P. m. blandus occupies similar
habitats to the east and southeast of the Chiricahuas. P.

m. rufinus is a montane form occuring in the coniferous
forests of the Transition Life-zone (Lowe, 1964) and above

in the Chiricahua, Graham, Huachuca, Pinal and Santa Catalina
mountains. (Curiously, no montane population of this species

has been found in the Santa Rita Mountains.) In southern

Arizona, P. m. blandus and P. m, sonoriensis are not known
to occur above approximately 4700 feet, the upper limit of
the desert grassland, while P, m. rufinus has never been
taken below the lower limit of the coniferous forest at
approximately 7000 feet (Hoffmelster and Goodpastor, 1954;
Lange, 1960; Maza, 1965), Hoffmeister (1956: 282) states
that in the Graham Mountains, there "must be a zone between

4700 and 8700 feet where Peromyscus maniculatus is scarce

or absent."
P. m. rufinus populations are thus isolated on the

tops of these five mountain ranges, separated by wide areas



of desert and grassland and also separated from lowland

subspecies of P. maniculatus by zones of chaparral and oak

woodland (Lowe, 1964),

The purpose of this study is to compare certain
cranial measurements in these montane populations of P. m.
rufinus to determine the degree of variation occuring among
these populatlions and @&lso to compare the populations pres-
ently inhabiting these areas with the population found in
the same areas in the past to determine the amount of
evolution which can occur within an isolated population
within a known period of time. Data pertaining to sexual
dimorphism and variation with age within each population

will also be presented.



MATERIALS AND METHODS

Materlials

A total of 418 specimens of Peromyscus were examined

during the course of this study. The majority are represent-
ed by both a skull and a conventional study skin, while some
are skeletal materials only. The abbreviations of the names
of the museums 1n which these materials are housed are as
follows:
BS United States National Museum - Biological
Survey Collection, United States Natilonal
Museum, Washington, D. C.

CM Carnegie Museum, Pittsburgh, Pennsylvania.

MVZ Museum of Vertebrate Zoology, Unlversity of
California, Berkeley, California.

Ul Museum of Natural Hlstory, University of
Illinois, Champaign, Illinols.

UM Museum of Zoology, University of Michigan,
Ann Arbor, Michigan.

UA Mammal Collection, Department of Biologlical
Sciences, University of Arizona, Tucson, Arizona,

A complete list of the specimens examined is given in

Appendix II.

Age Determination

The specimens were divided into six groups based on
the amount of wear visible on the upper molars. The method
used is adapted from Hoffmeister (1951) and Cockrum (1954).

5



These groups can be characterized as follows:

Group 1. Third molar erupted, but not at the height
of the first and second molars.

Group 2. Third molar at the height of the other
molars, but showing no wear.

Group 3. Wear apparent on third molar, but not on
all molars.,

Group 4, Wear visible on all molars.

Group 5. All molars heavily worn, many of the
accessory cusps obliterated.

Group 6, All molars extremely worn, all cusps
obliterated.

A 1ist of the number of specimens in each group is
given in Table 1.

No comparison between the actual chronological age
of an animal and 1its age-group is presently possible. Adult
pelage 1s attained and breeding is first noted at approximately
late Group 3 or early Group 4. Specimens in Groups 1 through
3 are usually regarded as "immature" and often are not
preserved in collections, thus restricting studies of age
variation by greatly decreasing samples from a large portion

of the natural population,

Measurements

The external measurements of total length, tail length,

hind foot length and ear length from the notch were not



Table 1., Number of specimens of Peromyscus maniculatus analysed within each age-group.

Age-group Chiricahua Graham Pinal Santa Catalina Flagstaff Chiricahua  Graham

and sex Mts. Mts. Mts, Mts. Area Mts. 1894 Mts. 1914
3 M 9 13 7 - - -
3F 5 9 9 - - -
4 M 27 31 5 17 9 2 9
4 F 20 41 6 17 T 2 8
5M 17 11 6 9 2 5 -
5 F 8 6 6 7 3 3 -
6 M 6 10 8 8 1 1 -
6 F 1 6 4 3 1 1 -
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utilized in this study. These measurements are made in the
field by the person who prepares the specimen and, as such,
are subject to considerable variation, both due to the

method of making the measurement and to individual variations
in techniques among the measurers. Measurements of hind

foot and ear length made on the dried study skin, subject

to unknown variation due to shrinkage as the skin 1s dried,
were consldered and subsequently fejected.

A total of 19 cranilal measurements were made on each
specimen., All measurements were made using a dial mlcrometer
recording to the nearest 0.1 millimeters. A dissecting
microscope was used as an ald in positioning the calipers
for each of the measurements. If a portion of the specimen
was damaged in any way, the measurements involved were omitted,

The following 1s a list of the measurements, with
abreviations, made on each of the specimens:

| Condylo-premaxillary length (COND-PRE) - distance from
the posterior margin of an occipital condyle to the anterior
margin of the premaxilla on the same side of the cranium,

Basilar length (BASILAR) - distance from the posterior
bases of the upper incisors to the anterior margin of the
foramen magnum as measured along the midline of the cranium.

Maxillary tooth row (MAX TOOTH) - distance.from the
anterior margin of the first upper molar to the posterior
margin of the third upper molar on the same side as measured

along the crowns of the teeth.



Maxillary diastema (DIASTEMA) - greatest distance
from the posterior base of an upper incisor to the anterior
margin of the first upper molar on the same side.

Palatilar length (PALATILAR) - distance from the
posterior bases of the upper incisors to the posteriormost
extension of the palatine bone as measured along the mid-
line of the cranium,

Postpalatal length (POSTPALIT) - distance from the
anteribr margin of the foramen magnum to the posteriormost
extension of the palatine bone.

Greatest breadth across upper molars (BR MOLARS) -
greatest distance from the buccal margin of the upper left
molars to the buccal margin of the upber right molars as
measured perpendicular to the midline of the cranium,

Mastoid breadth (MASTOID BR) - greatest width of
the cranium across the mastoid processes.

Length of the palatal bridge (PALATAL B) - distance
from a line connecting the posterior margins of the anterior
palatine foramina to the posteriormost extension of the
palatine bones as measured along the midline of the cranium.

Nasal length (NASAL L) - greatest antero-posterior
length of the nasal bones.

Frontal suture (FRONTAL) - antero-posterior length
of the frontal suture,

Parietal suture (PARIETAL) - antero-posterior length

of the parletal suture.
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Nasal width (NASAL W) - greatest distance across the
nasal bones as measured perpendicular to the midline of the
cranium.

Zygomatic breadth (ZYGOMATIC) - greatest distance
between the lateral surfaces of the zygomatic arches as
measured perpendicular to the midline of the cranium.

Cranial breadth (CRANIAL) - greatest distance across
the braincase immediately posterior to the zygomatic arches
as measured perpendicular to the midline of the cranium,

Least interorbital constriction (INTERORB) - least
distance across the dorsal surface of the cranium between
the orbits.

Condylo-alveolar length of mandible (C-A MAND) =~
distance from the poéterior margin of the alveolus of a
lower incisor to the posteriormost extension of the mandibular
condyle on the same side.

Mandibular tooth row (MAND TOOTH) - greatest distance
- from the anterior margin of a first molar to the posterior
margin of the third lower molar on the same side as measured
along the crowns of the teeth,

Mandibular diastema (MAND DIAST) - greatest distance
from the posterior margin of the alveolus of a lower incisor
to the anterior margin of the first lower molar'on the same

slde.
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Methods of Analysis
The mean, standard deviation, standard error of the
mean and the coefficient of variation were computed for each
measurement within each sample. These data are summarized
in Figures 2 through 20 and in Appendix I. Comparisons of
individual measurements between samples were made with

2 test (Anderson, 1958) was

Student's t test. Hotelling's T
utilized to compare the sets of means of various pairs of
samples. In order to obtain an adequate sample of individuals
with complete sets of measurements for all T2 tests of
temporal variation and for all T2 tests in Group'56 (see

Age Variation and Sex Variation below), as many as four

measurements were omitted from some comparisons and analysils
was performed on a subset of the total sample composed of
only those animals with equlvalent sets of measurements.
Homogenelty of variance-covariance matrices in Group 56 was
tested by the method of Seal (1964). All computations were
made on the IBM 1130 computer in the Mathematics Department

of the University of Arizona, Tucson, Arizona.



RESULTS AND DISCUSSION

Age Variation

The small number of specimens available in Group 1
and Group 2 necessitated their exclusion from all analysis.

The T® test revealed differences significant at the
0.02 level between nearly all age groups except 5 and 6
(Tables 2 through 4). Exceptions to this pattern, as seen
in the Chiricahua females and Santa Catalina populations,
are probably due to the nonrobustness of the T2 test with
respect to the assuption of equality of varilance-covariance
~matrices, particularly in the case of small and unequal
sample sizes (Ito and Schull, 1964). Examination of the
results of individual Student's t test;\Ihdicated significant
differences between all groups except 5 and 6. As expected
(Dice, 1937), these data indicated an increase in size from
Group 3 through Group 5. The amount of growth occuring
between Groups 5 and 6 was not significant. It was there-
fore declded to combine Groups 5 and 6 into a single group for
all subsequent analysis. This group was designated Group 56.

The measurements which showed the most variability
with age were (in decending order): maxillary diastema;
pelatilar length; condylo-alveolar length of the mandible;

basilar length; and zygomatic breadth.

12
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Table 2. Results of multivariate T2 analysls of the varilation
with age in Peromyscus maniculatug from the
Chiricahua Mountalns.

Groups compared Result of test
Group 3 males vs Group 4 males -
Group 3 males vs Group 5 males *n
Group 4 males vs Group 5 males ol
Group 4 males vs Group 6 males NS
Group 3 females vs Group 4 females NS
Group 4 females vs Group 5 females NS
Group 4 females vs Group 6 females NS

NS = Not significantly different.

* = Sjignificantly different at the 0.05 level.

** = Sjgnificantly different at the 0.02 level,
*#%% = Significartly different at the 0.01 level.
#ee# = Significantly different at the 0.001 level.
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Table 3. Results of multivariate T2 analysis of the variation
with age in Peromyscus maniculatus from the Graham
Mountains., T(For legend see Table 2.)

Groups compared Result of test

Group 3 males vs Group 4 males LA Sy
Group 3 males vs Group 5 males LS
Group 3 males vs Group 6 males NS

Group 4 males vs Group 5 males AR
Group 4 males vs Group 6 males LR 2
Group 5 males vs Group 6 males NS

Group 3 females vs Group 4 females bt
Group 4 females vs Group 5 females *HkR
Group 4 females vs Group 6 females *R R
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Table 4. Results of multivariate T2 analysis of the variation
with age in Peromyscus maniculatus from the Santa
Catalina Mountalns. (For legend see Table 2.)

Groups compared . ~Result of test
Group 3 males vs Group 4 males NS
Group 4 males vs Group 5 males NS
Group 4 males vs Group 6 males NS
Group 3 females vs Group 4 females NS

Group 4 females vs Group 5 females NS
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Maxillary tooth row, parietal suture, least inter-
orbital constriction, frontal suture, palatal bridge,
mandibular tooth row and cranial breadth showed little or

no variation between age groups.

Sexual Variation

Sexual dimorphism in cranial measurements was
detected only within Group 4. The mean vector for males
was found to be significantly different from the mean vector
of females at the 0,001 level when tested with the T2 test
in all of the mountain populations studied with the exception
of those from the Pinal Mountains. In the latter, the sample
slze was too small to permit the test to be run,

Examination of the individual measurements within
Group 4 (Figures 2 through 20) indicates a general tendency
for the females to be largerlthan the males. This 1is
particularly apparent in the samples from the Chiricahua
and Graham mountains, but 1is not seen in the sample from the
Pinal Mountains. (The sample size from the Pinals was
undoubtedly too small to give a true picture of the variation
within this population.) The sexual dimorphism found within
Group 4 reflects a difference in the growth rate between the
sexes at this stage in thelr developement. Since there is
no differences between males and females with respect to
these cranial measurements in Group 3 and Group 56, these

data suggest that the females are increasing in size at a



Figure 2.

Condylo-premaxillary length in Peromyscus
maniculatus.

Horizontal line indicates the range, vertical line
the mean, solid bar two standard errors of the
mean, open bar one standard deviation. The letters
to the left indicate locality (C = Chiricahua

Mts.; C56BS = Chiricahua Mts, 1394; F = Flagstaff
Area; G = Graham Mts.; GUBS = Graham Mts. 1914;

P = Pinal Mts.; S = Santa Catalina Mts.). First
number on the left indicntes age-group. Number

in parentheses indicates sample size. Measurements
in millimeters.
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Figure 5.
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Figure 6,
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Figure 9. Mastold breadth in Peromyscus maniculatus.
For legend see Figure 2,
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Length of the palatal bridge in Peromyscus
maniculatus. For legend see Figure 2,
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For legend see Flgure 2.
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Figure 11. Nasal length in Peromyscus maniculatus.
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Figure 12. Frontal suture in Peromyscus maniculatus.
For legend see Flgure 2.
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Figure 13. Parletal suture in Peromyscus maniculatus,
For legend see Figure 2.
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Figure 14, Nasal width in Peromyscus maniculatus.
: For legend see Iligure 2.
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Figure 15. 2Zygomatic breadth in Peromyscus maniculatus.
For legend see Figure 2.
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Figure 16, Cranial breadth in Peromyscus maniculatus.
For legend see Figure 2.
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Least interorbital constriction in Peroryscus
For legend see Figure 2,
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Pigure 18, Condylo-alveolar length of the mandible in
Peromyscus maniculatus. For legend see
Flgure 2.
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Fligure 19. Mandibular tooth row in Peromyscus maniculatus.
For legend see Figure 2,
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Figure 20. Mandibular diastema in Peromyscus maniculatus.

For legend see Figure 2,
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greater rate than the males within Group 4, but that by
~ Group 56, the males have caught up with the females and both
are growing at the same slow rate or that growth has ceased,
Since the differences between the mean vectors of males and
females were not significant within any of‘the four mountain
populations in Groups 3 and 56 when tested with Hotelling's

2

T, and since the only difference between the sexes (at the

0.01 level with Student's t) was the condylo-alveolar length
of the mandible in the Santa Catalina population, 1t was
decided to combine males and females within these groups
in subsequent analysis.

The following measurements were least variable
between sexes: maxillary tooth row; mastold breadth; palatal
bridge; parietal suture; nasal width; cranial width;

least interorbital constriction; and mandibular tooth row.

Temporal Variation

Collections of Peromyscusg maniculatus rufinus from

some of the areas ﬁnder consideration were made as early as
the latter part of the Nineteenth Century. For example,
collections were made in the Chiricahua Mountains in 1894
and periodically from that data to the present. Comparison
of these older collections with more recent allows deter-
mination of the amount of change occuring and the rate at

which change may take place within an isolated population.
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Within the Graham Mountains popq&ation, the
difference between the sets of means of Group 4 femafgs
collected in 1914 and those collected after 1950 was not
significant. Examination of the individual measurements
involved showed that the measurement of cranial breadth
(Figure 16) exhibits the greatest amount of variation
(significant at the 0.05 level) between the two sample
dates. The sets of means of the Group 4 males from 1914
and post-1950 were not significantly different. However,
examination of the individual measurements showed zygomatic
breadth and mandibular tooth row (Figures 14 and 9) to be
significantly different at the 0.0l and 0.05 levels respec-
tively. The usual tendency within those measurements which
had varied significantly with time was toward a decrease in
size.

In the Chiricahua Mountains, the difference between
the sets of means of two samples of Group 56 animals, one
collected in 1894 and the other composed of animals collected
after 1930, was not significant. Greatest breadth across
the upper molars and mastold breadth were significantly
different at the 0,001 level, while the condylo-premaxillary
length was significantly different at the 0,05 level. In
contrast to the general decrease 1in size in the Graham

Mountain population, there had been an increase in the






