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INTRODUCT ION

Ernst Mayr (1963:235) defines a subspecies as follows: -

A Subspecies is an aggregate of phenotypically similar

populations of a species, inhabiting a geographic sub-

division of the range of a species, and differing taxo-

nomically from other populations of the same species.

Inger (1961) discusses the problem geographically localized
subdivision of the range brings to the concept. He gives examples where
twd named subspecies have broadly overlapping ranges, but upon examiha~_
tion turn out to be sympatric species. Some authbrs have named indivi-
dual yariates (Mayr, 1969); others have applied the term subspecies to
sibling épecies or local populations.

Wilson and Brown (1953) elaborate on three areas of controversy
that reduce the effectiveness of the subspecies concept: (1) discordant

variation, (2) polytopic subspecies and (3) the arbitrary limits of the

definition.

Discordant variation is a condition where character "A" may vary

from north to south while character "B" varies east to west. Thus, at

any one point in the range there may be great geographical variation,

yet no coincidence in the regions of change of the various characters.
The term polytopic subspecies describes a ;onditioh where pheo-

typically similar population reoccur in geographically separate areas.

Mayr, Linsley and Lusinger (1953) would describe polytopic subspecies as a
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~single subspecies, while Inger (1961) sees their geographical isolation as

jndicative of hore than oneISUbspecies.

The Tlast comment of Wilson and Brown (1953) was about the arbitrary
limits of the subspecies definition. This leaves the researcher with no
real boundary at the ends of the subspecific category. Any arbitrary

amount of variation established cannot take into account samples with

with often striking différences may fall be]ow,thgsé Timits.

o A]though the case built by Wilson and Brown (1953) does bring
out the prob1ems_with_the subspecies concept, few researchers (Blair, 1961)
would agree with their final conclusion that it should be eliminéted.
| orr (1971)  states thatfa]though the subspecies category is subjec-.
tive, it does serve to express a concept.

The deer mouse Peromyscus maniculatis is a prime example of a

mammal exhibiting a high degree of subspeciation. The pattern of varia-
tion in this species is known more completely than that of any other
~ wild mammal (Fox,f1948). The large number of Subspécies, as well as the
abundance of animals in many‘sitdatiohs,~diversity of habitats and ease ,
with which forms can be maintained and used in the laboratory makes this‘
species:of specfallvalue for study (Dice, 1968).

| Pe]agé colér and body dimensions are among characters used to
distinguish subspecies (Dice, 1941). For example, B,m,‘rubidus is a very:
dark form found along the California and Oregon coast, while a 1ighter
subspecies, P.m. sonoriensis, is found in the dry regions east of the |
Cascades~and Sierras (Dice, 1941). In between, both geogkaphica]ly and

colorwise, is a third subspecies,fg,m, gambelii (Dice, 1941). Dice
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examined such body dimensions as tail length, total body length, hind
foot 1ength, 1éngth‘of the mandib]e,'condy]o-premaxi]]ary skull Tength
and other skull measurements. The only consistant difference he found
betweeh_ﬂ.m. rubidus and'ffs neighbors in body dimensions was in tail
length. He also found that P.m. gambelii might be SIight1ylsma11er than
P.m. sonoriensis, but his work did not show it conclusively as the ori-

ginal subspecies describer, Osgood (1909), claimed.

TSI
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Dice (1941) found large, significant amounts of variation within
individual subspeties of P. maniculatus. Therefore, within thé range of
a subspecies, there could be large amounts}of variability. Yet the sub-
species seem to be distinguishable from one to thé next. Sumner (1932)
found that mice from Calistoga, California within the range of P.m. gam-
gglii more closely resembled P.m. gambelii from La Jolla, California,

500 miles to the south, than they did mice from Duncan Mi11s,-California
in the range of P.m. rubidus, only 27 miies to the west. This is more
striking because there is no geographic barrier intervening between

. Calistoga and Duncan Mills. Dice (1940a) states that different genes can
cause the same character. The fact that the mice from La Jolla and the .
mice from Calistoga havé the same pelage color could be caused by the

| action of different genes in each population. |

Another problem with the subspecies concept is whether major
chromosomal races should be cdnsidered as separate subspecies even if
there is a high degree phenotypic similarity among the races. It appears
that this is not being done, but researchers do use the term chromdéoma]
race, reférring to organismsrwith similar karyotypes. Using téchniques'
described by Nadler (1964) chromosomes can:be examinéd to determine the

similarity of karyotypes between populations. Bowers, gg_gl.'(1972)
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examines the evolutionary reTationships among different specfes of Pero-

mxchs using Karyotypes. He concludes that thié.type of research will

enhance understanding of systematics of the species and will be another

- tool the researcher can use to determine to which subspecies a particular -~ - |

population belongs.

Doutt (1961) raises further questions about subspecies: (1) How

much variation is to be expected as regards sex, age and locality?

(2) What doés’this variation mean taxonomically? (3) What is the signi-
ficance of rapid changes in popd]ations? o

- Dice (1938), in a discussion of the above points, considers two “
populations to differ in a measurement if the means, plus or minus one.-
Standard error, do not oyerlap., He mentions no exact quantitative method .

of determining how many’differing measurements it takes for two popula- |

‘tions of Peromyscus to be distinct from one another. Fox (1948) in a

simi]ar'study usesAthe same methods to distinguish one population from
another. In the past 20-30 years methods of statistically determining
significant differences among populations have become more sophisticated.
GenowayS’andIJoneé (1971), fdr example, using multivariate analysis, are

able to provide a more quantitative assessment of the similarity and dis-

similarity of several populations.

Doutt's (1961) third point is that if a pdpulatioh can undergo
change in a matter of years or decades, are we dealing with a new sub-
species every time statistically significant changes are found? He dis-
cusses a study (Ford, i945, in Doutt, 1961) in which a butterfly subspe-
cies changed quite significantly in a matter of 5 to 10 years. Johnson
and Sealander (1964) found morphologicé] variation in distinct geogra-

phical populations of house sparrows but felt it did not warrant new



subspecific designations because of the short period of time involved.
Doutt (1961) discusses a study of Microtus he has been tryfng
to cbmpTete in which a comparison is to be made of two co11ectidns in
the same locality separated by 25 to 50 years. This temporé] prob1em
in subspecific systematics'is relatively unexplored within mammé]s;_

however, see Christianson (1967). Doutt (1961) states that he hopes

recognizably change. He concludes his discussion of this fssue’by sug-
gesting that populations differing only in time and being significantly"
different not be named different subspecies, but simply that one should
indicate that the populations vary over short periods of time.

‘From the above discussion it can be seen that there are many
factors the taxonomist must consider when deciding if he has found a new
| subspecies. Morphology, ecology, location, karyotybe; as well as time of
collection are all important. Because‘some researchers weigh the above
factors differéﬁtly, the final judgement of subspecies is always §ubjec-v

tive.. In the following pages I have explained the factors I feel are

imporfant in the subspeciation of Peromyscus maniculatus.

The purpose of this study is to compare two populations of Pero-

myscus maniculatus gambe]ii.from the same location, separated by'about
80 years in an attempt to determine the degree of dissimilarity between

them.



MATERIALS AND METHODS
Materials

A total of 204 specimens of Peromyscus maniculatus gambelii were

examined in the course of.this study. Of these, 84 were collected between
1892 and 1897 by R.T. Fisher, W.K. Fisher, W.H. Osgood and V. Bailey,

all wokking for the U.S. Department of Agricu]ture.- These 84 are present-

1y housed in the United States National Museum in Washington D.C. Most

of these specimens are represented by a skull and a study skin. The re-
maining‘120 specimens were collected between 1972 and 1974 by Dr. Lee
Christianson of the Univérsity‘df the Pacific and the author and are in
the mammal collection at fhe University of the Pacific in Stockton, Cali-
~ fornia. The specimens collected in the 1890's will be termed "old" popu?
lation and the_kecent specimens wi]]zbe called "new" for the remainder of
this discussion. |

Description of the Study Area

"01d" and "new" specimens were col}ected at the timberlihévof_Mt.
‘Shasta, California, on the south side. The habitat was primarily 1odge-
pole pine. Mt. Shasta is of volcanic origin, and the rock in the study
area Wés pumite and grey in co]of. The collection areas were in the open
rocky locations at an elevation of about 7550 feet. To the best of my
knowledge, there has been 1ittle environmental change in the collection
area in the past 80 years.

Age Determination

The specimens were divided into six age groups based on visible
wear to the upper molars according to a method of Christianson (1967).

- as follows:
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Group 1: Third molar erupted, but not at height of first and second molar.

v Gkoup_2: Third molar at height of other two, but‘nd visible wear.
Group 3: Slight wear apparent on third molar.

Group 4: Wear apparent on all molars.

Group 5: Extreme wear on all molars, cups part1a11y worn off.
Group 6: All mo]ars extremely worn,all cups completely worn off.

As far as I am aware, there has been no work done correlating

exact chronological age with the above type of skeletal measurements on
small mammals found in the wild. |

Measurements

Standard external measurements were taken on the specimens col-.
lected before skin preparation; however, since they were taken by différent
individuals, they Were not used in the analysis. There is no method of
checking consistancy from one co]]ectpr to the next with skins that are
80 years old.

Nineteen cranial measurements (adapted from Cockrum, 1962) were
made on each specimen. A1l were made with the same dial micrometer to
the nearest 0.01 millimeter. A dissecting microscope was used as an aid
- for the proper positioning of the micrometer ca1ipers. If a specimen was
so damaged as to make a particular measuremenc'inaccurate or impossible,
that measurement was omitted. . The following is a list of the measnre-
ments used in this study and their abbreviations:

’Condyle -premaxillary Tength (Condpr) --The distance from the posterior

margin of an occipital condyle to the anterior part of the premax111a
on the same side.

Basilar length (Basil)--The distance down the midline of the skull of a
Tine connecting the posterior edge of the alveoli of the upper incisors
to the anterior edge of the foramen magnum.

Length of. the maxillary tooth row (Maxtoo)--Distance from the anterior

T P T PR
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: a]veolus of the anterior molars to the posterior alveolus of the poster1or
molars.

Length of the maxillary d1astema'(D1ast)--Greatest distance . from the pos-
terior bases of the upper incisors to the anterior edge of the first up-
per molar-on the same side.

Palatilar length (Palat)--The distance from the posterior most extension
of the palatine bone, along a midventral Tine, to the posterior bases of
the upper incisors. '

Postpalatal length (Pstpal)--The distance, in a midventral line from the
anterior_margin_of the foramen magnum to the posteriormost_extension of

“the palatine bone.

Greatest breadth across the upper molars (Brmol)--The greatest distance
from the buccal side of the upper left molars to the bucca1 'side of the
upper right molars.

Mastoid breadth (Mastd)--The greatest width of the skull across the mas-
toid processes.

~ Length of the palatal bridge (Palbr)--The length of a 1ine connecting
‘the posterior margins of the anterior palatine foramina to the posterior
extension of the palatine bones as measured along the midline of the skull.

Nasal length (Nasin)--Greatest anterioh~po$terior length of the nasal bones.

" Fronta] length (Front)--Greatest anterior-posterior length of the frontal.
suture. '

Nasal width (Naswd)--Greatest distance across the nasal bones as measured
perpendicular to the midline of the skull.

Zygomatic breadth (Zygomb)--Greatest distance between the outside marg1ns
of the two zygomatic arches perpendicular to the midside margins of the
two zygomatic arches perpendicular to the midline of the skull.

Least interorbital constriction (Intero)--The least distance across the
skull on the dorsal surface between the orbits.

Cranial breadth (Cranbr)—~Greatést distance across the braincase immedi-
ately posterior to the zygomat1c arches and perpend1cu1ar to the midline
of the skull. -

.- Condylo-aveolar 1ength of mandible (Camand)~-The greatest distance from

the posterior margin of the alveolus of the lower incisor to the posterior-

most extension of the mandibular condyle on the same side.

Mandibular tooth row (Mandth)--The greatest distance from the anterior
margin of .the first molar to the posterior margin of the third Tower
molar on the same side as measured from the alveolus.

S T T O
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Mandibular diastema (Manddi)--The greatest distance from the posterlor
margin of the alveolus of the lower incisor to the anterior margin of the
first lower molar on the same side.

Methods of Analysis

‘Age and sex variation were examined using pairwise t-tests on each
measurement. Of the 19 skull measurements made, five showed significant
variation with age and four were missing on a large number. of individuals

(see Table 1). These nine measurements were omitted when a multivariate

analysis was done. Skulls with any missing data in the femaining.IO
measurements were excluded. This left 33 sku11$ in the "old" popu]ation'
and 47 in the "new" population. Then 33 were selected ét random from the
"new" population, thus equalizing both samples. A Princip]e Cdmponent,
Analysis was done on convariancematrices generated from those 10 variables.
To increase the sample size to 48, three additional measurements were
dropped, leaving a total of seven and the Principle Combonent Analysis
was repeated. There were 33 skulls with complete data in 10 characters
and 48 skulls with comp]eie data in seven characters. See Table 2 for
the lists of the two groups.

Computations were performed on the Burroughs B6700 Cbmputer at
‘the University‘of_ihe_Eacific_Cgmputen_Centenkin_Sinckton,_ﬁaJjjinnthk__
Corre]atiqn matrices generated by SPSS (1975) Factorwere manually con-
verted into covariance matrices and a Principle Component Analysis was
carried out using Numerals Numerical Analysis Program Library, subroutine
Eigenvectors. All pairwise comparisons were made with Student t-tests
using SPSS (1975) Breakdown. A significance level of - 0.05 is to be

assumed unless otherwise stated. .
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TABLE 1

A Comparison of Two Popu]ations.of P. maniculatus
Showing Age Variation Between Christianson (1967) And This Study

Measurement . Significant in Significant in

Christianson (1967) , This Study

Mastoid Breadth

Nasal Length

Nasal Width
Condylo-Promaxiilary Length
‘Basilar Length -
Maxillary Diastema
Mandibular Diastema
Palatilar Length
Postpalatal Length

Molar Breadth, Uppers
Zygomatic Breadth

Condyl-Aveolar Length, Mandi-
ble X X

X > X X S > > > X X

> > > >



‘ Table 2: Results of the Principle Component Analysis of Peromy

g:mbelii from Mt. Shas»a. Ca;ifornia

scus maniculatus

From 10 by 10 Matrix
Eigenvalue ‘ -
% of Variation 53 22¢  19% 2% 1% 1% O% 0% 0% 1%
| Eigenvalue 470.44 196.51 173.03 18.50 11.73  9.31 2,43 1.18  3.78 2,43
Yeasuremenits: v S ‘ ' .
Cundpr 1.00 -.30 .09 -.03 .02 -.09 .04 .01 -.0 _nz1
Basil .22 1,00 =-.82 .18 .02 =.03 .04  -.01 -.og '8?
Moxtoo 02,05 =01 .25 (10 +9% '35 _"o6 1000 iy
Basdt 05 13 .00 92 .87 ~-24 '35 {6 .o 1o
Parled 200 .11 .01 1,00 1,00 “:32 105 loa -.08 ~-.09
Naswd 03 .04 .00 .16 =.,08 !5 163 1300 .14 23
Cranbr .09 - .83 1.00 15 .02 03 03 Zlo1 =01 -.02
Intero -.02  ,04 .04 46 -3 9T 4’00 o4 -.a7 1.00
Hanaat 04 -.01 L0203 35 2 Tisg lap (30 Il
[ L1ias .09 ‘05 ""05 046 005 "'1-31 .10 -414 "028
“Zigenvalue From 7 by 7 Matrix
o, ; i af
i # of Variation 65¢ 18% 8% 2% 149 5% 1%
i Ligenvalue 130.67 36.81 415,71 4,30 2.55 9.39 3.03
{_Measuremeﬁta: o '
| ¥axtoo 1.00 .00 .00 .00 .00 .00 .00
| Kasdt .00 06 - 22 85 =-.42 1.00 -.18
| Pariet .00 .19 .08 1,00 1.00 =.35 =.02
i Cranbr .00 1.00 -,50 -.25 =,05 =,08 .03
I- Intero .00 .15 .23 -17 .35- .59 1.00
’ Manddi .00 ~-,05 -.21 .64 -,873 -.67 .57
Diast .00 045 l.oo ’ .1 ‘.'.46 "006 -017

N TR L £
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'RESULTS AND DISCUSSION

Age Variation

The few specimens a?ai1ab1e in age groups 1, 2 and 6 made it ne-
cessary from the onsef to exc]ude~these'age groups from further analysis.

A11 19 cranial measurements in the “o]d” population showed no
age variation in groups 3, 4 and 5. Christianson (1967),>whi1e finding

groups 5 and 6 to be statistically indistinct, found significant dif-

ferences between groups 3, 4 and 5.

Christianson (1967) found little 6r no variation in seven of his
measurements (see Table 1). Dice (1940b)'andVCﬁristianSOn.(1967) found
that mice got brOgressive1y larger in age groups 3, 4 and 5. Fox (1948),

studying samples of P. maniculatus along the Columbia River, found no

age'varfation in specimens showing at least slight wear On the last molar.

This would correspond to age groups 3, 4, 5 and 6 in my study.

On the basis of my data it was decided to lump age groups 3, 4
and 5 in the "old" population into one group for the Principle Component
Analysis.

Since 14'of the 19 cranial méasurements in the "new" population
showed no significant age variation, groups 3, 4 and 5 were also lumped -
fogether and treated as one group for further analysis. Christianson
(1967), however, fand significant age variation in 12 of his 19 measure-
ments. Five of the measurements showed significant age variation in
both studies (see Table 1, Figure 1). None of these five measurements

were used in the Principle Component Analysis.
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- Sexual Variation

Fox (1948) studied sexual dimorphism in sevefa1-subspeéies of

Peromyscus maniculatus (P.m. oreas, P.m. austerus, P.m. rubidus, P.m. gam-

belii, and P.m. artemisiae) along the lower Columbia River and found a
few locations where the female body length was larger than the male by
about 4 times the standard error of the mean. . In spite of these cases,

- it was not enough for him to conclude that the males and females needed.

to be studied separate]y.v Dice-(1932) found that in P.m. baihdii the
males tend to have é]ightly larger foot length, weight; length of tail
and bullar width than the female. He conclUdedvthat the differences

were too slight to be significant. Christianson (1967) found é general
tendancy for the females to be somewhat 1argef_than the males in age
,_grbup 4 of the population P.m. rufinus analyzed in Arizona. I found four
measurements that showed some sexual variation but no strong patterns

or trenas. However, the degree of sexualbdimorphism appears greater in
the two measurements disp1a}ing variation in the"old" population than in
the two from the "new" (see Figure 2). From the above I have cohcluded

that the females and males need not be studied separately.
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" Figure 2: Sexual dimorphism in P. maniculatus gambelii from the
timberline of Mt. Shasta, California collected between
1891 and 1897 ("01d") and between 1972 and 1974 (“New").
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Difference Between "01d" and "New" Populations

Figure 3 illustrates the three measurements that showed Signifi-
cant variation between the "01d" and the "new" populations using the
Students t-test. These three measurements are parietalbsuture, nasal
width and width of the mandibular tooth kow.

| Dice (1940c), while studying sychronic allopatric populations,

examined the left mandible, condylo-premaxillary length, condylo-zygoma,

bu]]ar'width of P.m. bairdii and P.m. osgoodi and found consistantly
significant difference in skeletal measureﬁénts between the two synchronic-
popu1ations. He did find large amounts of local variation within the sub-
species. Dice (1941) collected data on five subspecies of P. maniculatus
on the West Coast.. Using the same skull measurement as above, there was

no consiétant]y significant variation between them. In certain geographic
Jocations P.m. rubidus has a greater bullar width than P.m. gambe1if;

but this is not true throughout the entire range. Also, condylo-zygoma

and condylo-premaxilla length have a tendency to be larger in E,m, rubidus,
but not significantly. Fox (1948) found that the mandibular diastema for |
P.m. gambelii is significantly smaller thah that of its neighbors. 0sgood
(1909) says that one subspecies is different from another by merely hav-
ing avs]ightiy Tonger tail and slighf cranial differences.

My results are consistant with the amount of skéleta] variation
found by other researchers. I'did find slight cranial differences with
three measuremehts showing significant variation (Figure 3).

The resulté of the Principle Component Analysis are suhmarfzed
in Table 2 and Figure 3. Table 2 1ists measurements, eigenvalues and
their corresponding eigenvectors. Principle components were computed

from the covariance matrix between the 10 measurements. The first three
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remainder of symbols, see figure 1

Figure 3: Difference between two populations of P. m. gambelii
from the timberline at Mt. Shasta California collected 80 years apart.
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princip]e components containéd 94% of the variation and are thus the ones
used»in the ana]ysis.' The first principle coﬁboheht expressed 53% of the
variation with condy]b-premaxi]]éry Wength aﬁd basilar length representing
the highest-reading. These two measuréments describe skull length. The
- second principle éomponent'had 22% of the variability and revealed high

positive values for mastoid breadth, parietal length, least interorbital

of the skull. The third principle compohent shows a contrast between
cranial breadth and nasal width, |

- In the 7 measurement matrix, 83% of the variation was displayed.
in the first two pfincip]e componénts. The first component had 65% of
the variation with the maxillary tooth row being the only factor with
high value. The second principle component had 18% of the variation, and,
as in the 10 member matrix, parietal length and maxillary diastema length
displayed large positive va]uesf

The/ovefall pattern displayed by the information points at the
importancelof length. It mdst be pointed out that the 7 member matrix
showing only "0.00's" and "1.00" suggests that there might be some un-
known problems associatéd with this particular covariance matrix.

The overall differences I observed appear to be no greater than
those common]y fbund within any one subspecies (Sumner, 1932). Therefore,
considering the results of the Principle Component Analysis along with
the pairwise t-tests, the "o}d" and the "new" populations are too similar

to consider designation as separate subspecies.
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DISCUSSION AND CONCLUSION
There are severa] important quesfions sti]l in need of considera-
tion’» The first is, "Why have I decided that the two popu1at10ns are the
same subspec1es7"
Earlier researchers (Dice, 1941, Sumner, 1932), while examining
the differences betWeen two subspecies, often found only one or two

characters that significantly varied between the populations. Those

populations, however, usually differed in pelage color, thus making them
more easily distinguishable from one another. Further, they were from -
different localities with different envirohments and were therefore better
suited to Mayr's (1963) definition of subspecies. Later researchers
(Genoways and Jones, 1971) used mathematiéa] systems placing all the
studied characters into a single Principle Component Aha]ysis. Since
(1) my Principle Component Analysis indicated no distinctness between
the populations with respect to cranial measurement, (2) the pelage color
was not usable and (3) only three individual characters showed.variatign,
I have concluded that the populations do not differ enough in morphology
to be considered as separate subspecies.

The second question is, "What amount of variation would I consi-

der necessary to find separate subspecies?" A number of points are impor-

tant to this issue. As indicated above and in the introductiqn, a complex

- of variables is used to separate two subspecies. However, the final con-
clusion rests with the subjective views of the party making the &ecision.
- It is a decision based on morphology, location, karyotype, type of &01-
~lection and the environment where collected. This Teads me to the con-
‘clusion that any dec1swon based only on a pairwise testing of 1nd1v1dua1

¢haracters would be invalid.
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 The last question is, "Is it possib1é that the two populaﬁions_
should be considered‘as one subspecies even if they had been found to be
statistically distinct?" As discussed above,bmorphological variation
cannot be the only criteria for theNSUbspecies. My study differs from
that of Dice (1941) and FoX-(1948) because they were studying populations
in different environments, while I could find 1itt1é evidence that the

environment of Mt. Shasta had changed in the past 80 years. I could find

no record of logging, volcanic action or othef factors which would alter
the environment and therefore influence natural selection. It appears
that the major reason'béhind*ahy 1arge scale change must be random gene-
tic drift. If the environment is the same, I am resistant to the idea
of two separate subspecies.

To view the subspecies in this broad ecological framework does
not over burden the 1iteréture with new forms every timea resear;hér
finds significant morphological changes. In my opinion, to view the sub-
species as an ecologic unit, taking into consideration the many factors
the researcher must weigh in his determination, keepé,the concept useful

and viable.
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SUMMARY
Nineteen cranial measurements were examined in two samples of

Peromyscus maniculatus gambelii from the timberline at Mt. Shasta, Cali-

-fornia. One sample ("old") was a collection made betweeh 1892 and 1897,

and the other ("new") was taken between 1972 and 1975.
Age groups were assigned by observing tooth wear. There was

little significant variation between the age grbups. Significant sexual

dimorphism was found in only a few cases.

A Principle Component Analysis revealed no significant differences
between the two populations. Parietal length, nasal length and length of
the mandibular tooth row differed significantly between "new" and "old"

samples.



22
LITERATURE CITED

 Blair, F.W. 1961. Problems in the application of the subspecies concept
in vertebrate taxonomy, P. 262-285. In F.W. Blair (ed.) Verte-
brate Speciation. Univ. of Texas Symp.

Bowers, J. Hoyt, Robert J. Baker, Michael H. Smith. 1972 Chromosomal,
' e]ectorphoret1c, and breed1ng studies of selected popu]at1ons
~ of deer mice (Peromyscus maniculatus) and black-eared mice (P.
melanotis). Evol., 27 (3): 378-386. :

Christianson. L.E. 1967. Varijation between montane populations of deer
mouse, Peromyscus maniculatus (Rodential, Cricetidae), in

Southern Arizona, Unpublished Ph.D. Dissertation, University
of Arizona. :

Cockrum, E.L;A 1962. Laboratory and field manual for introduction to
mammalogy. TheRona]d Press Co., New York.

Dice, L.R. 1932. Var1at1on in a geographic race of the deer mouse, Pero-
myscus maniculatus bairdii. Occ. Papter, Univ. Michigan Mus.
Zool., 239:1-26.

11938.  Variation in nine stocks of deer mouse, Peromyscus Mani-
~culatus, from Arizona. Occ. Papers Univ. Michigan Mus. Zool.,
275:1-19.

1940a. Ecologic and genetic variability within species of Pero-
myscus. Amer. Nat., 74:212-221.

1940b. - The relation of genetics to geogkaphica] distribution
- . and speciation. Amer. Nat., 74: 289-298.

1940c. Intergradation between twovsubspecies of deer mouse
(Peromyscus manjculatus) across North Dakota. Contrib. Lab.
Vert. Biol. Univ. Michigan, 13:1-14,

1941. Variation in the deer mouée, (Peromyscus maniculatus),
in parts of Oregon, California, and Baja Ca11forn1a Contr.
Lab. Vert. Gen. Univ, M1ch1gan, 18:1-11.

1968. Speciation, p. 75-98. In John A. King (ed.) Biology of
Peromyscus (Rodentia). Special Publication No.2.-Am. Soc. of
Mam. .

Doutt, J.K. 1961.' Speciation and microgeographic race, p. 286-311. In
, F.W. Blair (ed.) Vertebrate speciation. Univ. of Texas Symp.

Ford, E.B. 1945. Butterflies. Collins, London.

Fox, N.‘1948. Variation in the deer mouse (Peromyscus maniculatus) along
the lower Columbia River. Amer. Midl. Nat., 40:420-452.




23

Genoways, H.H., and J.K. Jones, Jr. 1971. Systematics of southern banner—
231;23 gg;geroo rats of Dipodomys Qh1111gs11 group. J. Mammal,

Inger, R.F. 1961. Problems in the application of the subspecies concept
in vertebrate taxonomy, p. 262-285. In F.W. Blair (ed.) Vertebrate
Speciation. Univ. of Texas Symp. :

Johnson, R.F. and R.K. Sealander. 1964. House sparrows: rapid evolution
of races in North America. Science, 144 (3618):548-550.

Mayr, E., E.G. Linsley and R.L. Lusinger. 1953. Methods and pr1nc1p1es
of systematic zoology. McGraw-Hill, New York.

M¢VL _E. 1963. Animal species and evolution. Harvard Univ. Pres, Cam-

bridge.
1969. Principles of systematic zoology. McGraw-Hill, New York.

Nad]er, C.F. 1964. Contributions of chromosomal analysis to systematics
of North American chipmunks. Amer. Midland Nat. 72:298-312.

Orr, Robert T., 1971. Vertebrate biology. W.B. Saunders Co., Philadelphia.

0sgood, W.H. 1909. Revisions of the mice of the American genus Peromyscus.
N. Amer. Fauna, 28:1-285.

Sumner, F.B. 1932. Genetic distribution and evolutionary studies of the
subspecies of deer-mice (Peromyscus maniculatus). Biblio. Ge-

Wilson, W.H. and W.L. Brown, Jr. 1953. The subspecies concept and its
taxonomic applications. Syst. Zool., 2:97-111.



Appandix A:

Comparison of measurements for two populaions of Peromyscus maniculatus

gambelii collected between 1892-1897
timberTine of Mt. Shasta, California,

(*01d") and T972-1974 ("01d") at

AGE: 3 AGE: 4 . AGE: 5
IIOLDI’ "NEwil HOLDII IINENH IIOLDII "NENII
M F M F M F M F Mo F M F
. - Condylo-premaxillary length
N |1 3 T 14 16 16 15 27 5 - 2 1 3
X 24.32 23,48 22,79 22,76|22.86 23.51 23.29 22.13[23.84 24.45 24.11 24,18
Minl meemee 22,73 22.32 20,15121,89 22 17 21,43 21, 0112334 24,23 22,62 22.97
Max] ~===- 24.19 24.72 25.02125.20 24.40 24.46 25.07[24.42 24,67 25.24 25.43
28 | === 1.04 .86 LI 1,59 .34 ..54 .13 .48 .62 .53 1.74
Basilar Length ' :
R v 8 16 19 16 14. 24 5 3 11 5
X [18.63 18.56 16.75 18.44|18.65 18.86 18,33 18.44[18.97 18,68 18,48 19.52
Min{17.35 18,19 17.13 16.35/17.58 17.87 14.67 17.13|18.07 18.59 18.28 18.55
Max|[19.29 19,21 18.78 19,29119.99 19.49 19.82 20.35|19.56 18,73 20.05 20.69
28 1.56 .60 .25 .52 o34 .29 . .7 .43 .60 .78 1.75 .82
Length of the Maxillary Tooth Row .
N 3 i 9 16 29 22 18 31 10 3 12 6
X 3.46 3,52 3.64 3,57| 3.57 3.53 3.55 3.54[3.49 3.50 3.54 3.46
Minl 3.41 3.42 3.46 3,34| 3.37 3.32 3,51 3.23| 3.27 3.47 3.24 3.24
taxi 3.52 3.77 3.80 3,76| 4.57 3.9t 3.82 3,90| 3.68 3,55 3.79 3.74
28 .08 .10 .26 .07 .10 - .06 .08 051 ..09 .03 .08 .15
: . Length of the Maxillary Diastema
N 3 8 9 16 28 21 17 -+ 30 10 3 12 5
X -] 6.45 6.20 6.25 6.39| 6.40 6.54 6.45 6.36| 6.74 6.83 6,81 6.78
Min} 5.68 5.24 5,92 5.52} 5.93 6.07 -5.86 5.49} 6.43 6,37 6.05 6.58
28 .96 .32 .16 .22 .12 13 .19 .15 .12 .38 497,26
- ) Palatilar Length
.S 3 5 5 11 21 19 9 21 6 3 4
X 14.08 13.94 13.48 13,79{13.93 14.27 13.95 13.82 {14.25 14.80 14.57 14.47
Min}13.00 13,22 13,00 12.76|12.83% 13,09 12.92 12.73 [13.72 14,52 14.05 13.73
Max{14.68 14,54 14.19 14.67|15.24 15.82 14,68 15,12 j14.70 14,95 15,17 15.48
28 1.34 .48 .48 39 .25 .26 .45 .54 .37 34 .28 .84
. Postpalatal Length
N 3 4 4 11 17 17 9 20 4 3 9 5
X 4.64 4,51 4.51 4,54 4.56 4.67 4.67 4.55(4.81 4.75 4,91 4.95
Min| 4.29 4.02 4.02 3,53} 4,22 4,22 4.19 4.00] 4.56 4.49 4.57 4.62
Max .56 4.84 4.71 5,02]|5,06 5.16 5.17 5.12}5.06 5.01 5.33 5.48
| 23 :22 .38 281 1,01 .14 19 14] .30 .37 .19 35
Greatest Breadth Across the lUpper tolars
N 3. 8 9 16 28 20 17 31 10 3 12 6
X 4.73 4.74 4.71 4,701 4.80 4.87 4.77 4.80}14.92 4.89 4.93 5,04
Max{ 4,82 5.04 4,96 4,5915.16 5.82 5.%31 5.26|5.12 5.02 5.22 5.80
.28 .12 16 .13 .09 .05 .13 .12 .07 .12 .21 .07 .35




: 25
Mastoid Breadth '
.12 6

N |3 5 8 15 22 720 16 31 8 3
X 9.8% 9.87 9.82 10.00| 39,83 9,99 10,09 10.05]{10.,06 9.97 10,12 10.09
Min 1g-§2 9.18 9,16 9.41| 9.12 3.3 9,69 9.16| 9.39 9.63 9.72 9.42 -
Max "6 10.75 10.42 10.46110.42 11,07.10.52 11.94[10.32 10.20 10,87 10.59
28 . 58 .30 14| 14 18 .16 19| .22 .42 .18 .37
. Length of the Palatal Bridge
¥ |3 7 5 5 7 20 19° 8 21 6 3 8 3
X 5-73 5.64 7,28 5.63| 5.72 5,82 7,05 5.73| 5.82 6.27 5.87 5.72
Min 5-88 5.28 5,43 5.27| 5,22 5,32. 5,28 5.32| 5.73 6.18 5.26 5.18
Max| 5-08 6.02 5.81 5.69] 6.58 .18 7.29 6.37| 6.02 '6.36 6.29 6.15
28 . 28 3,91 19| .13 09 2.68 .15] .13 .13 .25 .69
L Nasal Length
¥ |1 8 8 14 28 BT 28 9 3 12
X | 8.7t 9.70 9.56 9.64| 9,90 10.0% 10.57 9.80[10.15 10.13 10,09 10.77
Min|--—-= 8.11 9.00 8.40| 8,78 9.24 8.75 8.42] 9.69 9.38 9,38 9.57
Max | ~==== 10.62 10,66 11.19/10.86 10.88 10.86 10.87{10.83 10.65 10,71 11.43
-yl P 60 41 41| 22 oo 1,43 ,25| .30 .95 .28 .71
Frontal Length
XN |3 6 9 16 23 . 70 17 30 8 3 12 6
X | 8.06 7.48 17.76 7,63 7.79 7.76  7.71 71.75{ 8.18 7.95 8.02 8.03
Min} 7.90 6.74 17.22 7,17| 17, 7.22 6.56 6,96{ 7.12 17.67 17.17 6.80
Max| 8.28 7.94 8.94 g8.28| g. 75 8.42 8.62 8.90] 8.63 8.19 9.48 8.79
2s | .28 .36 .38 19| .20 .23 .24 19| .38 .51 .38 .66
) Parietal Suture Length
N 3 5 9 16 20 20 17 31 8 3 12 6
X | 4.90 4.88 4.73 4.88| 4.51 4,42 4.64 4.57| 4.50 4.45 5,26 4.84
Min| 4.39 4.53 4.49 4.29) 3,82 3,00 4.27 3.24| 3.87 4.22 4.47 4.42
Max| 5.49 5.24 5.08 5.33) 5.12 5,07 5.37 5.17| 4.97 4.65 5.54 5.38
28 8 300 .25 17| TL,17  T23 T.16 .16 .27 .31 .74 .29

Nasal Width

N 3 8 8 13 29 22 14 21 9 3 - 92 5

3 2.44 2.54 2.59 2.63] 2,60 2,59 2.72 2.64| 2.61 2.70 2.71 2.76
Min| 2.41 2.33 2.32 2,381 2,27 2,34 2.41 2.42]| 2.42 2,58 2,56 2.52
Max| 2.48 2.70 2.79 2.80| 3,01 2,85 2.99 3.08| 2.96 2.89 2,98 2.93
2s 06 .10 .13 ,08] .07 ,07 .09 .07l .13 .24 ,08 .17
. Zygomatic Breadth . )

N . S 2 11 7yg 12 9 12 | ————— 9 3

X [11.90 ~-==- 11.73 12,10112.54 12,57 12.33 12,31|=mmme =meee 12,63 13,03
Min [11.72 -=-=-- 11.24 11,19112,16 11,73 11.42 11.04|==ees cmemm 11.72 12.89
Max [12.80 =w=—m 12.22 12,95{12, 90 13,52 12,83 13.81|=—mem wmw-= 13,22 13.48
25 050 ----- 1‘38 034 - j 28 042 045 ---------- 036 '57

: Cranial Breadth

N 3 5 7 16 19 799~ 16 30 7 3 12 6
X 11.27 11.45 13.23 11,29111,37 11,29 11,39 11.35[11.43 11.58 11,55 11.49
Min {10.89 11.17 10.71 9.99110,45 10.49 11.00 9.48{10,91 11,37 11.02 11.19
Max {11.59 12.08 11.50 11.85112.24 11,78 11.93 11.94|11.72 11,82 12,42 11.92
28 .50 .19 3.22 23| 47 17 .15 7] .23 .33 .21 .24




Least Interorbital Constriction 26
N |3 6 8 16 28 19 17 30 [0 3 12 6
X 3.99 3.91 4,10 3.99| 3.97 2.99 4.04 4.,04] 4.03 3,98 4,10 3,68
¥in | 3.86 3.63 3,78 3.,82| 3.71 3.72 3.67 3.65! 3.79 3.85 3,72 3.70
Max | 4,19 4.28 4,52 4.27] 4.22 4.29 4.28 4.45%| 4.22 4,18 4.4% 4.22
28 25 .24 .20 .07 .07 .08 <11 .lg .12 .25 12 .22
Condylo-aveslar Length of the Mandible

N 3 8 g 15 129 20 18 . 30 110 3 11 6

X 11,96 11.93 11,89 11.85!12.11 12.30 12,26 12.09]12.38 12.64 12.44 12,50
Min 11.05 10,56 11,02 10.73|11.49 11.75 11.09 11,07 12,87 12,50 11,55 12,04
Max [12.37 12.52 12.48 12,76112.78 13.22 13.19 13,06(13.43 12,80 12.64 13.4
28 1.12 46 33 .39 .02 A7 .28 J22E .28 .21 .28 A5

Mandibular Tooth Rew . .

N |3 7 9 16 - 129. 22 18 31 8 3 12 6

X 3.58 3.57 3,72 3.69 3.63 3.63 3.67 3.64| 3.65 3.67 3.75 3.98
Min | 3.52 3.42 3,52 3,51 3,51 3.37 3,41 3.38] 3.49 3.62 3,58 3.50C
Max | 3.63 3.75 3.88 3.90] 3.79 3.92 4.16 3,92} 3.78 3,71 3.35 3.82
28 09 .12 .88 ..06 .03 .06 .08 031,09 .07 .08 13

: Mandibular Diastema ‘

N 3 8 9 16 29 21 17 31 |10 3 12 6

X 3.12 3,15 3.48 3,131 3.01 3,09 3,06 3.13} 3.18 3.00 3.15 3.23
Min | 2.70 2.89 2.96 2.82)| 2.62 2.82 2.80 2.8%| 3,02 2.79 2.8% 2.?9
ax | 3.43 3.83 3,99 3,30] 3.32 3.59 3.4% 3,40 3,59 3,22 3,60 3.53
28 .22 .54 2.46 .13 .07 ,01 .10 L0710 11 .31 12 .15

N - sample size

X - mean

Min - smallest measurement in sample

Max - largest measurement in sample

2s - two standard errors of the mean
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