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ABSTRACT

INTERRELATIONSHIPS CF FIVE SPECINS OF KANGAROO RATS
(GENTS DIPODOMYS) IN SGUTHERN CALIFORNIA
by |
Blair Alexander Csuti
Master of Science in Eiology
June, 1969 |
Karyotypes were prepared for five species of kangaroo rats
(genus Dipodomys) from Scuthern California. Slides were obtained
using bone marrcw preparations from animals previously injected with
colchicine. A total of eight subspecies were examined: D. agllis

agilis and B. z. perplexus (2n=62); D. pahamintinus mohavensis (2n=

64); D. heermanni morrcensis, D. h. arenae, and D. h. goldmani (2n=

€4); D. microps microvs (2n=60); and D. merriami merriami (2n=52).
The karyotype was used as a systematic tool to clarify the distri-
bution and interrelations of these species. |

The karyotypic distinctness of the morphologically similar D.

panamintinus and D. agilis enabled me to demonstrate the presence

of D. panamintinus assocliated with the Pinyon~Juniper ‘Joodland with

in the supposed range of D. agilis agilis in the San Gabriel Mcun-
tains. D. microps was discovered in an Alkali Sink habitat near
Lancaster. These localities rerresent range extensions for D. pan-
amintinus and D. micrcps. Habitat is considered as a factor in
determining distribution. That portion of the range of D. agilis

perplexus which extends across the floor of the Antelope Valley as

vii



depicted in Hall and Kelson (1959}Vshou1d be deleted,
The similarity of the karyotynes of the bread-faced D.

heermanni and D. panamintinus, and the difference of their

karyotypes from that of the narrow-faced D. agilis, supports
the current division of the heermanni group inte broad-faced

and narrcw-faced subgroups.
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INTRODUCTION

The gemus Dipodomys, the kangaroo rats of the fémily Hetero-
myidgs, contains twenty-one currently recognized species (Lidicksr,
1960), twelve of which occur in California. The genus has been
divided into "natural" groups most recently by Lidicker (1960).
Location east or west of the Sierra Nevada-Tehachapi-Southern Coast
Range Mountains is the criterion used by Hall and Kelson (1959) to

separate D. heermanni and D. agilis from D. panamintinus. Although

morphological characteristics are given by Grinnell (1922) and have
been relisd upon by most workers, there is overlap between rangss of
measursmsnts and individuals may not be separable on the basis of
external morphology. One then depends upon existing rangé maps and
classifies the animal on the basis of locality.

The morphology of the chromosomal complement of an organism,
the karyotype, yields data at another level which are often helpful
in systematic problems. If the external mcrphology is insuffi-
ciently different between two species for positive idéntification,
morphology at the cellular level may solve the problem, provided
that karyotynic evolution has not been identical for the species
involved. Individuals can then be assigned to one or another of tha
poséible species on the basis of this additional character.

In *he last decade many workers have used the karyotype as a
guide to intrageneric relationships in mammals. Nadler and Block
(1962), Bender and Chu (1963), Nadler (1964, 1966), Baker and

Patton (1967), Patton (1967a, b), Patton.and Dingman (1968),



émdiJahrman, Goitein, and Nevo (1949), armong others, have used

this character extensively in their analyses of problems in
mammalian systematics. My purposz in this study is to clarify
distributional and evolutiocnary relationships between some morvho-
logically similar and closely related kangarco rats, particularly
of the heermanni group, in Southern Califormnia utilizing the karyo-
type as arsystematic tocl. Speculations concerning the ecological

and phylogenetic relationships of these rodents are also advanced.



MATERIALS AND METHCDS

The animals used in this study were taken with Sherman livé;
traps (10"x3"x3") using wild bird seed as bait., Oats were placed
inside the traps to provide fcod for fhe captured animals. Speci-
mens were kept alive in the laboratory until ready for use., Chromece .
some slides were preparad from bone marrow samples by the method of
Ford and Hammerton (1954) as modified by Patton {1967a). Conven-
tional museum study skins wers prepared and have been deposited in
the collection of the Los Angeles County Museum of Natural History.
A list of the specimens examined together with trappingz localities
is contained in Appendix I._ The morphological data gathered are
summarized in Tables 2 and 3. Specimené were initially identified
to species by morprhological characteristics and to subspecies by
location in referen=ze to previously published ranges, with the ex-

ception of those specimens of D. panamintinus which represent an

extension of the species rangs. My data were compared with the
descriptions given in Grinnell (1922). The svecimen of D. heermanni
arenae was compared with the description of Boulware (1943). The

specimen of D. heermanni goldmani was identified by Thomas S. Kellwy,

using the resources of the Museum of Vertebrate Zoology, University
of California, Berkeley.

Slides prepared for karyct:ping were scanned at 15OX for well
spread metaphase figures. Cells were nct used if other chromosomes
were in the vicinity, if there were overlaps which obscured chromo-

some morphology, or if the cell appeared to have been spread ex-
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cessively. Cells wers countsd at 500X with‘the aid of a camera
lucida. Cowmnts of 20 eells per individusl were made to determine
the dinluid number for the individual, except in the cases of D.
microps and Q. merviani, where poor preparations made this impossi-
ble. In these cases the diploid nuwber was detarmined from counts
of 13 celle for D. microps and 7 cells for D. merriami. For each
individval the two best cells were selected for the preparation of
karyotypes. Selected cells were photograpned at 500X on 35mm Kodak
High Contrast Copy film using a Zeiss Neofluar\40/0.75 objective.
Enlargements of six to eight diameters were made for the determina-
tion of karyotypes.

In the construction of karyotypes it should be recognized that
a chromosone is not necessarily paired with its homolog, even though
every attempt was made to achieve the best pairing possible. In
only a few cases was the morphology of evéry chromosone of a karyo-
type clear enough to yield indisputable results. All the karyotypes
available for a species were compared with one another and with
microscopic observations of chromosoms spreads to arrive at the
karyotype for the species. In no case was the assigament of a ques-
tionable pair of chromoscmes to ons or another group the basis of
. a taxonomic decision.

Karyotypes were analyzed using the nomenclature of Bender and
Chu {1963). Chromosomes were considered mstacentric if they had
a median centromere and the ratio of arms was from 1:1 to 1:1.9.
Chromosomes were considered subnetacentric if they had a submedian

centromere and the ratio of arms was from 1:2.0 to 1:4.9. Chrono-



' sores *.\z;ere termed acrocentric if they had a terminal or nearly

: tefminal centromere and the i'atio of arms was 1:5.0 or greater.

In deternining the nuwmber of m2jor cams, N.A. (equivzlent to the
"Fundamental Number! of Matthey, 1951), each metacentric and sub-
metacentric autosome was scored as two, each acrccentric autosome
was scored as one. When a questionable paii of chromosomes was
encountared, it was placed in the group it most closely resembled.
When both sexes were available for a speciss, the heteromorphic

- pair of chromosomes in the male was designated as the pair of sex
chromosomes. This system of analysis is necessarily arbitrary, but
until further refinements in technique male more exact determinations
possible, this system seems best suited to the material and allows

comparison with results published by other investigators.



RESULTS

The results of the karyotypic analysis are summafized i1 Table
1. Representative‘karyotypes are illustrated in Pigs. 2-9. In
order to facilitate comparison of karyotypes of the various species'
studied, the chromosome pairs in the figures were divided into bi-
armed and uni-armed groups, arranged in order of decreasing size
within each group. A total of 605 cells were counted: 778% of the
counts agreed with the diploid number assigned.to the species in
qQuestion. Cells with a different number were considered to have had
their chromosome complement altered in preparation. A description
of each subspecies examined follows.

Dipodomys agilis agilis Gambel, Gambel Kangaroo Rat. Thres

individﬁals from two localities had a diploid number of 62 and a
N.A. of 116. The karyotype contained 22 pairs of metacentrics, 6
pairs of submetacentrics, and 2 pairs of acrocentrics (Fig. 2).

The sex chromosomes consisted of a metacentric X and an acrocentric
Y.

Dipodomvs agilis perplexus (Merriam), Walker Basin Kangaroo

Rat. Three individuals from one locality had the same karyotype
as D. a. agilis. The diploid number was 62, and the N.A. was 116,
The'karyotype consisted of 22 pairs of metacentrics, 6 pairs of sub-
metacentrics, and 2 pairs of acfocentrics (Fig. 3). The sex chromo-
somes consisted of a metacentric X and an acrocentric Y.

Digodbmys Qanamintinué mohavensis (Grinnell), Mohave Kangaroo

Rat. Seventeen specimens from four localities had a diploid number
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of 6/ and 2 W.A. of 9. The karyotype consisted of 14 pairs of
metacentrics, 2 pairs of submetacentrics, and 15 pairs of acro-
ferirics (Fig. ). The sex chromosomes consisted of a metacentric
X and a small submetacentric Y.

This species represents my largest sample from the greatest
number of localities. The geographic extremes, Mojave and Acton,
are 45 miles apart. Every individual examined had the same karyo-

type. Ny observations indicate that all the trapping sites are

joined by habitats suitable for D. panamintinué, with no interrup-
tion by natural barriers of any kind. It appears that isolation
of populations has not taken place in this area, or if there has
been isolation, no population which T sampled has developed a
distinctive karyoctype.

mys heermanni morroensis (Merriam), Morro Kangar
Dinodonys heermanni morro s ( ia Morro Bay Kangaroco

Rat. Three specimens from one locality wére examined and had a
diploid number of 64 and a N.A. of 90. The karyotype contained
14 pairs of metacentrics and 17 pairs of acrocentrics plus a meta-
centric X and a small submetacentric ¥ (Fig. 5).

One of the mediuwm size pairs of metacentrics possessed satel-

lites at the ends of the zrwis. Dipcdomys h. goldmani shared this

-eharacter, but the quality of slide preparation for D. h. arenae
was such that the presence of satellites in this subspecies could
not be confirmed.

Dipodomys heermapni arenae Boulware, Santa Barbara Kangaroo

" Rat. The single female examined had a diploid number of 6l and a

N.A. of 90. The karyotype consisted of 14 pairs of metacentrics



~and 17 pairs of acrocentrics (Fig. ). Yo male was examined, but
it is assumed that the sex chromosones would be mehacentric, &35 in

D. h. norroensis.

Divodonys heermanni goldmani (Merriam), Szlinas Kangaroo Rat.

The one ferale examined had a karyotype identical to that of the

-

other subspecies of D. heerpanni described above. The dipleid
nwber was 54 and the N.A. was 90. The karyotype consisted of
14 pairs of metacentrics and 17 pairs of scrocentrics (Fig. 7).
No male was examined, but the sex chromosomes are assumed to be

metacentric, as found in D. h. morroensis-

Dipodomys ricrops microps (Merriam), Small-Faced Kangaroo

Rat. One femzle was examined and had a diploid number of 60 and

a N.A. of 116. The karyotyre consisted of 14 pairs of metacentrics
and 16 pairs of submetacent‘rics' (Fig. 8). There were no 2cro-
centrics. No male of this species was examined, but the selection
of any pair as sex chromosomes would not alter the N.A. of 116.

s

Dipodorgs merrismi merriami Mearns, Merriam Kangaroo Rat.

3.
oS SR N A el e e T

The one female examined had a diploid nunber of 52 and a N.A. of
100. The karyotype consisted of 18 pairs of metacentrics and &
pairs of submetacentrics (Fig. 9). MNo acrocentrics were found.
No male of this species was examined, but the designation of any
pair as sex chromosomes would not change the N.A. of 100.

Cross (1931) reported the diploid number of D. merriami
merriami to be 86x based on one cell from one individual. My

D. m. merriami has a diploid number of 52, which agrees with the

figure given by James L. Patton (pers. COMo) for this species.

o



LOCALITISS AND HABITATS

The kangaroo rats used in this study were trapped at the ites
indicated in Fig. 1. Trapping sites represented major differences
in habitat. Photographs were taken of the trapping sites (Figs. 11~
18) and plant samples were gathered for identification. Plants
were identified initially with the aid of Munz and Keck {1959) and
later compared with specimens in the San Fernando Valley State
College Herbarium when they were available. All plant community

designétions follow Munz and Keck (1959).

Aliso Canvon (Fig. $1). Major plant: Eurotia lanta (Pursh)
Mog. This wash bottom was trapped near its confluence with the
Santa Clara River, near the junction of Santiago Road and Soledad
Canyon Road, two miles east of Acton. The habitat differs from the
surrounding Pinyon-Juniper Woodland by virtue of its location in a
dry stream bed. Fourteen traps were sot here on tha night of

September 25, 1963. Four D. panamintinus and two Peromyscus sp.

were captured.
Santiago Road (Fig. 12). Major plants:

Juniperus californica Carr. Eriogonum fasciculatum Benth.

Yucca Whinplei Torr. Tetradymia axillaris A. Vels.

Ephedra viridis Cov. Salazaria mexicana Torr,

This trapping site, two miles east of Acton, is typical of the
Pinyon-Jduniper Woodland which extends westward through the San
Gabriel Mountains along the course of the Santa Clara River. Sixty

traps were set on the night of September 25, 1968, at the bases of
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Junipers lining the sides of a wash. Seven D. panamintinus and
thres Peromyscus so. were captured in this locality,

Avenue N, Palmdale (Fig. 13). Major plants:

Yucca brevifolia Englem. Tetradymia axillaris A. Nels,

Ephedra viridis Cov. Grayia spinosa (Hock.) Mog.
This locality, two and one-half miles north of Palmdale, suppofted

a Joshua Tree Woodland community. There was no creosote bush,

Larrea divaricata, in evidence. Seventy-four traps were set on the

night of December 19, 1968. Seven D. panamintinus and six D.

‘merriami were captured.

Avenue C, lancaster (Fig. 14), Major plants:

Atriplex lentiformis (Torr.) Wats..

Atriplex Parrvi Wats.

This locality is typical of the Alkali Sink comrmunity covering
localized areas of the Antelope Valley. The scil sur.face was
impregnated with salts and nad formed a crust. Rodents were cap-
tured near holes in small mounds of sand which had accumulated
around clumps of brush. The saltbush, represented by several
species of Atriplex, was the only plant found in the immediate
vicinity. Seventy-four traps were set on the night of Novenber
24, 1968. Seven D. merriami, one D. microps, and one D. panamin-

tinus were taken. Two Peromyscus sp. and one Ammospermophilus

leucurus were captured in the same trap line.

Mojave (Fig. 15). Major plants:

Yucca brevifolia Englem. Grayia spinosa (Hook.) Moq.

Larrea divaricata Cav. Hanlopappus acradenius (Green) Blake




This area represents a transition between Joshua Tree Woodland and
Creasote Bush Serub in the foothills of the Tehachapi lountains.

This is the type locality for D. panamintinus pmohavensis. Seventy-

a—
—

four traps were set on the night of February 22, 1959. Thirty-

five D. ranamintinsus, two D. merriami, two Neotoma lenids, and

five Peromyscus sp. were captured. Dipodomys panamintinus was by

far the most abundant rodent.in this locality. leasurements (Table
2) from 24 specimens from this locality agree with those given by
Grinnell (1918} and suggest that this series approximates the tyve
for the Spebies.

Frazier Parl: (hillside) (Fig. 16). Major plants:

Artendisia tridentata Nutt. SQuercus dumosa Mutt,

Chrvsothammus pauseosus (Pall.) Britton

This habitat is similar to that described for D. zgilis pernlexus

by Carpenter (1965). It is Sagebrush Scrub, with the basin sage-
brush, Artemisia tridentata, covering most of the ground. This
habitat proved unproductive at the time of year trapped (February
13, 1969). Patches of snow still rem2ired on the ground. Out of
54 traps set only one D. a. gggp;gggﬁ_wasvcaptured. No other

rodents were taken.

Frazier Park (road) (Fig. 17). Major plants:

Bohedra yiridis Cov. Ceanothus cuneatus (Hook.) Nutt.

Artemisia tridentats Nutt.

This was a disturbed environment betiween Sagebrush Scrub and patches

of Yellow Pine Forest. Twenty traps were set parallel to the road



on February 13, 1969. Two D. a. perplexus and three Percmyscus
truei were captured.
Mulholland Highway (Fig. 18). Major plants:

Adenostona fasciculatun H. & A. Quercus dumosa Nukt.

Artemisiz ¢aliformica less.

This locality was typical of the Chaparral community. Tall, dense
growth on moderate to steep slopes characterized the trapping zarea.
Twenty traps were set along a trail through the brush paralleling
the highway, and 14 more were set on a flat, séndy plateau at the
base of a hill on the night of October 10, 1968. Each of these

areas yielded one D. agilis agilis.

[y
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DISCUSSION

LY

The Karyotype as a Systematic Tool

Baker and Patten (1947) have pointed out that due to the varia-
bility of mammalian karyotypes it is necéssary to evaluate intra-
and interspecific karyotypic variation in each group under study be-
fore use of the karyotype as a taxonomic and phyicgenetic tool is
justified. There is no karyotypic variation between the species of
the genus Myotis which have been examined (Baker and Patton, 1967).
In this case the karyotype merely confirms the existence of a close
relationship between the species of the genus. In contrast, Patton
and Dingman (1943) found seven different karyotypes in isolated

populations of Thomomys bottae. Here no one karyotype is diagnostic

for the‘species. The kangarco rats studied here appear to parallel
the situation in the closely related genus Perognathus, in which
each species usually has a characteristic karyotype (Patton, 1967a,
b). The only variations from this one karyotype-cne species rule

thus far reported within the genus ars in the species Perognathus

amplus (Patton, 1967b) and Perognathus goldmani (Patton, unpub.).

" A consideration of the usefulness of the karyotype as a taxonomic

tool within the species of Dipodomys studied here seems warranted.

Chromosome polymorphism.- Chromosome polymérphism, the varia-

tien of the karyotype within a population, is a relatively rare
occurrence in the Mammalia (Blanks and Shellhammer, 1968; Ford,
Hammerton, and Sharman, 1957). In the harvest mouse, Reithrodont-

omys megalotls (Blanks and Shellhammer, 1968), and the silver fox,
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Vulpes vulves (Gustavsson and Sundt, 1967) chromosoms polymiorphism

involves mierochromosomes which vary in number; A constant comple-
ment of chromoscmes of normal size is found in both species.
Gustavsson and Sundt (1967) have suggested that these microchromo-
somes répresent a stage in the elimination of genstically inert
material from the karyotype; If these microchromosomes carried
any significant genes, it would be difficult to see how a poly-
morphic population could survive,

Karyotypic variation within an interbreeding population is
appareﬁtly extremely rare, and has never been reported in sciuro-
morph rodents. The absence of microchromosomes and of any intra-
specific variation in karyotype suggests that chromosome poly-
morphism does not occur in the kangaroo rats I have sampled.

Chromosoms polvtynve= Chfomosome polytypy, the variation of

the karyotype between populations, demes, or subsvecies of the same
species, is a frequent occurrence among rodents. In spite of the
great amount of polytypy in the pocket goprhers studied by Patton
and Dingman (1968), there was no intra-pcpulational variation
(polymorphism) of the karyotype. Evidence thus far available in-
dicates that, with the infrequent exception of chromosomal poly-
mofphism, intra-populational variation of karyotype doés not occur
in mammals., If this is the case, then even one specimen would be
valid for determining karyotype of a given population. ZEvidence
of polytypy must be sought by sampling other populations of the.
same species. Indeed, due to laék of material, many species have

been described karyotypically on the basis of one specimen. In



such cases the possibility of polymorphiswm or of polytypy cannct

be eliminated without further stedy. BEven wali-sampled spacies

may have isolated populations in which karyotypice evolution La:
taken vlace. Only future studies on hybrids can clarify the signif-
icance of karyotypic differences in relation to the biclogy of the
species involved.

As large a sample as pessible is desirable in establishing the
karyotyve of a population. Hybrids between populations of a poly-
typic species do yield intermediate karyotypes (Patton and Dingman,
1968; Qharman et al., 1969), and if such a specimen provides the
only karyotype available for a species, erroneous conclusiecns can
be drawn. Sampling in this study is sufficiently broad to suggest
that the conclusicns presented here are generally valid. I have
examined five specimens of D. ggggmggg; from three localities, six

of D. agilis from three localities, and seventeen cof D. panamintinus

from four localities. TFach animal had the karyctype characteristic
of its species. Extreme ranges for the samples are 106 miles for
D. heermanni, 50 miles for D. agilis, and 45 miles for D. pana-
mintinus. The evidesnce indicates an absence of polytypy within
the area studied. This does not exclude tlie possibility that more
distant representatives of thess species would yield &ifferent
karyotypes, but the use of the karyotype as a taxonomic tool in the
area I have considered appears to be valid. lester (pers. comm.)
has reported polytypy in D. microns, as has Patton (pers. comm.) .

in D. spectabilis; therefore future reports of polytypy in the



species T have studied would not te surprising in view of their
.
extensive geographic range.

The kangaroo rats from Seuthemm California s=em to be con-
servative with respect to karyotyve. Each species displays a
distinctive ard constant karyotype which is useful in clarifying
the distrivutional and evolutionary relationships between them.

Comparison of B, a. agilis and D. panamintinus

Routine identification of these twe species has been bhased
upon, and no doubt will continue to be based ubon, external morpho-
logy. Overlap does exist in the diagnostic characters, and in
these cases one must resort to other information. Within the genus
the shape of the maxillary arch is used extensively as a taxonomic
character (Grinnsll, 1922). However the morphology of the maxillary
arch is variable within a population and it cannot be relied upon
as a distinguishing feature., Pelage colo} of the southern-most

representatives of D. psnarintinus is as dark as that of lighter

specimens of D. ggilis. Age and environmental differences lead to
variations in the measurements which mask the identity of specimens.
The karyotype offers a character which is more consistent for a
species than morphological data.

Since the karyotype of D. agilis consists of almost all bi-armed

pairs, whereas that of D. panamintinus contains one-half uni-armed
pairs, it may be used as a positive means of differentiating these
two séecies.

- Distributional Considerations

Utilizing the karyotype I was able to verify the conclusion

82N
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suggested by morghological data; the kangarco rats I trapped in
p=) ] D i

Soledad Canyon were D. panamintinus rather than 3.

©

~ilis, as

current range maps imply. This population represents an exton~liun
of the previously known range of this species seven miles southward
info the San Cabriel Mountains (Fig. 1). This trapping site does
not represent the farthest extension of the Pinyon~Juniper Wocdland
into these mountains. This habitat continues westward along the
course of the Santa Clara River beyond Solemint Junction. Thomas
S. Kelly has taken a specimen of Divcdomys (No. 746, Vertebrate
Collecfion, San Fernando Valley State College) from Rye Canyon,

1.2 miles east of the Bakersfield Freeway, near Castaic Junction,
in a similar habitat even farther down the Santa Clara River.
Measurements place this specimen into the species D. panamintinus,

although it is some 20 miles from the nearsst knowm record. of D.

panamintinus. Since this specimen is identical in coloration. and
skull morohology to my specimens from Santiago Road, I consider it

to be D. panamintinus. Therefore, D. panamintinus prcbably occurs

in the vicinity of Castaic Junction, farther west in the Finyon-
Juniper Woodland than my trapping sites indicate.

The desert wash habitat in the bed of the river and the Pinyon-
Juniper Woodland on the surrounding slopes provide a habitat atyvical

for D. agilis agilis, but one which has been reported elsewhere

(Vaughn, 1954) for D. panamintinus. The presence of this habitat

and the absence of competition have allowed occupation of this area

by D. panamintinus as far southwest as Acton, and probably as far

west as Castaic Junction. This habitat has become an avenue of



penetration for D. panamintinus into areas considered the exclusive

range of D. azilis agilis,

D. agilis agilis: Ecological Considerations

D. agilis agilis is characteristic of ground "clothed with an

open type of chaparral," and "lives, in places, on sandy flatsrwith-
out any bushes, sometimes in open washes," and is found on both

~ steep slopes and open ground (Grinnell, 1933:163). As mapped by
Grinnell (1922), and Hall and Kelson (1959), this subspecies occurs
in the coastal ranges of Southern California from Santa Barbara
County‘southwest to Orange County, and extends inland to the extreme
western: parts of San Bernardino and Riverside Counties. A compar-
ison with the map of natural vegetation of California presented by
Burcham (1957) shows that this range coincides with the range of the
Chaparral and Ccastal Sage Scrub commnities within the latitudinal
limits of the subspecies. MacMillen (1964) has reported that D. a.
agilis occurs in open areas in dense vegetation in eastern Los
Angeles County. MacMillen's trapping area was a mixture of
Chaparral and Coastal Sage Scrub communities. This subspecies has

a home range of 0.82 acres (MacMillen, 1964) but this can vafy with
habitat. The limited cower of digging in the kangaroo rats limits
them to areas of loose soils (Grinnell, 1922:31), and.as a result
their burrcws are often located in sandy areas within ths Chaparral

commmnity.

D. agilis agilis is, therefore, an animal occurring primarily
- in the more hydric Chaparral of the ccastal mountains of Southern

California. Iits absence from the Pinyon-Juniver Woodland along the



Santa Clara River can be attributed to the absence of a suitable
habitat. Ths limitation of this subspecies by the Basin Sagsbrush
cotimaity of the Tehachapli Mcuntains can similarily be explained.
In the latter case the habitat with a dense cover of tall shrubs is
similar enough tq have allocwed occupation by another subspecies of

Dinodomvs agilis.

D. égilis perplexas: Distributional Considerations
The distribution ranges on the map (Fig, 2) were taken from
Grinnell (1922) and are identical to those givén in Hall and Kelson

(1959), except for the range of D. agilis perplexus. The range of

the eastern population of D. a. perplexus was determined from the
‘locations given by Vaughn (1954). Hall and Kelson (1959) illustrate
a corridor linking the population of D. a. perplexus in therTehachapi
Mountains to that in the San Gabriel and San Bernardino Mountains.
VSince the northern-most extension of the fange of D. a. agilis in
Los Angeles County is abtout 15 miles northeast of the site at
Elizabeth lake, 3,400 ft, any connection between the two populaticns
of D. a. perplexus through the western San Gabriel Mountains is
precluded. The corridor linking the two populations of D. a.
perplexus must then include the tovms of Pearblossom, Palmdale,
Lancaster, and Willow Springs; i.e., it must comprise a path twelve
miles wide through the center of the Antelope Valley.

According to Grinnell (1933:143) this subspecies "inhabits
gravelly slopes clothed with chaparral.” Vaughn (195%) found D. a.
perplexus common in stands of basin sagebrush, often surrounded by

unsuitable habitat. Vaughn states that this subspecies did not



penetrate nearBy'patches of Chaparral;'i,e., Chaparral in the sense
of Munz and Keck (1949). No D. a. Qeggle~;§_hés ever been reported
from the Antelope Valley. My observations of fhe habitat availsnle
on the floor of this valley while trapping in the area lead me to

conclude that the occurrence of D. agilis perplexus in the Antelope

Valley is extremely improbable. Therefore, there can be no connec-
tion between the eastern aid western populations reported forAQ.
agilis perplexus. The range of this subspecies is incorrect in Hall
and Kelson (1959) and the connection between the two populations
should'be deleted.
D. agilis perplexus: Ecological Considerations

Both Vaughn (1954} and Carpenter (1966) report that D. a.
perplexus inhabits stands of basin sagebrush or brush-covered areas
within the Yellow Pine Forest at higher elevations. I visited the
type locality for D. a. perplexus, Walker Basin, Kern Co., and found

the unaltered land around the edge of the basin covered with rabbit-

brush (Ch;ysothamnus nauseosus var. consimilis) which led into a
Yellow Pine Forest. Munz and XKeck (1959) describe this variety of
rabbit-brush as a Great Bésin plant of the Sagebrush Scrub comrm-
nity. The Sagebrush Scrub commnity characterized ay trapping site
for this subspecies. This subspecies of D, agilis is>adapted to a
cooler, more hydric envircnment supporting a westward expansion of
Sagebrush Scrub at lower elevations and mixed with Yellow Pine

© Forest at highér elévations. In contrast, D. agilis agilis is

adapted to the warmer, more xeriec Chaparral of the southern coastal

mountalins. Hence present information suggests that these subspecies



:of D, agiliz have different ecclogical requiremenis.

Vaughn (1954) reports intergradation bhetween D. agilis agilis

and D. agilis pervlexus in the region of Devere, San HBermardins Co.
It may be possible that his D. a. perplexus populatior is in reality
a variant of D. a. agilis not related to the D. a. perplexus popula-
tion of the Tehachapi Mountains. Since the reported populations of
D. a, perplezus seem to be ecologically distinct from D. a. agzilis
(according to Vaughn), then two possibilities exist: 1) the eastern
population represents an isolated segment of the currently named

D. agiiis perplexus which was formerly connected with the Tehachapi
population, but due to a change in habitat is now restricted to the
higher elevations of the San Bernardino Mountains; 2) the eastern

population represents a population derived from D, agilis agilis

which has become adapted to a habitat different from that of D. a.
agilis and similar to that of Q,.g. perolexus of the Tehachapi
Mountains, and has responded morphologically to this habitat in a
manner parallel to that of D. a. perplexus. In this latter case
Vaughnt!s specimens may have to be considered a new subspecies. This
situation deserves further study,

Distribution of Dipodomvs microps

A specimen of a five-toed kaﬁgaroo rat taken froﬁ the floor of
the Antelope Valley had a diploid number of 6C and a karyotype
entirely of bi-armed chromosomes. This animal proved to be Dipodomys

microps. The only previous report of D. microos south of Olancha,

Inyo Co., was an isolated population at Victorville represented by

seven specimens (Grinnell, 1922). This nsw locality for D. microps



represents a wastward extension of the range of this species of
about. 50 miles. I do not consider my trapping site the limit of the
ranze of this species. Grinnell (1933:164) states that this species
"jnhabits dry sandy ground, sparsely grown to desertvéhrubbary such
as saltbush." In the Alkali Sink where I trapped the specimen the
‘ubiquitous plant was Atriplex, the saltbush. These alkali flats
extend a few miles westward beyond Highway i&. It would not be
surprising if D. microps were found wherever the alkaline conditions
of the soil limited the vegetation to saltbush; The occurrsnce of
this habitat appears to determine the distribution of this species
of kangaroo rat.

Lan A. Lester (Los Angeles County Museum of Natural History)
has taken D. microps near Randsburg, 50 miles northeast of my site
and between the two previously reported marginal records for the
species. His specimens were also taken iﬁ an Alkali Sink habitat
dominated by Atriplex. Lester has also prepared chromosome slides
of two specimens of D. migrops from widely separated localities.

One animal had a karyotype identical to that of my specimen, coﬁ-
sisting of 60 bi-armed chromosomes, whereas the other had a diploid
nurber of 60 but a karyctype zcntaining approximately twelve pairs
. of acrocentric chroﬁosomes. The latter animal was taken from a
habitat different from that typical of D. microps, and in view of
its karyotype, it may represent an evolutionarily distinct popula-
tion. Further studies by Lester should clarify the‘syétematicr
position of these specimens.

It seems reasonable to suppose that in the recent geologic past



both the peopulation at Victorville and that represented by my

L}

Lancaster spscimen were contirnuous with the population in the Cwens

Valle,. Dipodomys microvns persists in those low-lying areas where

the Alkali Sink community remains. The dispersal of a species with
a discontinuous distribution, such as D. microps or D. deserti
(Grinnell, 1933); requires suitable habitats to support intervening-
if only transitory- populations during periods of dispersal. Hence,
the presence of D. microvs in the Antelope Valley requires previous
connections with the population of the Cwens Vélley through areas
charactefized at some time by an Alkali Sink habitat.
Evolutionary Impliéations

Although the data. presented here are insufficient for the
presentation of any detailasd evolutionary scheme within Dipodomvs,
they do allow some speculation about intergroup relations. Lidicker

(1960) recently revised the groups within the genus, recognizing the

following groups: ordii, heermanri, micrpos, spectabilis, philipsi,
and merriami. The largest of these, the heermsnni group, contains
10 of the 21 species recognized ©y Lidicker. Lidicker further
divides the heermanni group into two subgroups: a broad-faced

Subgroup A, which includes ths species heermanni, ingens, gravipes,

- panamintinus, and stephensi; and a narrow-faced Subgroup B, which

includes the species apgilis, venustus, elephantinus, paralius, and

peninsularis. The broad-faced character is a result of greater

spread of the maxdillary arches, greater width of the maxillary arch,
greater lateral projection of the maxillary arch, and sharper

postero-external angle of the maxillary arch when compared to

[Av3
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narrow-faced individuals. Two extremes are illustrated in Fig. 10.

-

Heerranni Subgroup A.- D. heermanni and D. panamintinus, con-

sidered closely related on morrholegical grounds, are characterized
by a karyotype consisting of about half bi-armed and half uni-armed
chromosomes (Figs. 4-7). Close relationship between these two
species is thfifmed by karyotypic evidence.

Althouzh this project was primarily concerned with clarifying

the distributional relationships of D. agilis and D. panamintinus

in the southwestern Antelope Valley, I also had an opportunity to

examine specimens of three subspecies of D. heermanni. Karyotyoves

were identical for all. One subspecies examined, D. heermanni
morroensis, was formerly considered specifically distinct (D. morro-
ensis). While possessicn of the same karyotype as other subspecies
of D. heermanni does not exclude the possibility that this restrict-
ed population is a separate swpecies, those who would resurrect D.
morroensis will find no support for their case in karyotyric data.

Heermanni Subgroup B.- The karyotype of D. agilis differs

markedly from those of D. heermanni and D. panamintinus in that it

has only two pairs of uni-armed chromosomes (Figs. 2, 3). This
agrees with the accepted view, which considers D. azilis less close-

ly related to 2. heermanni and D. panamintinus than these two are

to one another.

Significance of intrageneric groups.- The arrangement of the

species of Divodomys into "natural®™ groups has no current taxonomric
standing; it merely reflects possible evolutionary relationships as

interpreted by varicus investigators. Obinions have differed



regarding the closeness of the relationshipibetween the narrow-faced:
and broad-Taced members of the heermanni group. These subgroups may
be = distinct from one another as the group is from other groups
within the genus. Since the narrow-faced character is employed to
separate other groups from one another, my view is that the narrow-
faced memntsrs of‘the heermanni group should be recognized as a
separate gfoup. However, thes problem of nomanclature is not so
importznt as is the recognition of the relationships as they exist
in nature, Both the division of the heermaqg;'group inte subgroups
and the establishment of a separate narrow-faced group sarve to
recognize the existing divergence and differ only in erphasis.
Lackey (1967) considers the narrow-faced group to have arisen

from heermanni stock in Baja California, and from there to have

spread north to the present limit of San Francisco Pay., At present
insufficient karyotypes of species within.this group are available
to speculate on this subject. I hope that information will become
available in the future which will clarify the evelutionary history
of this group of rodents.
Distributicn and Habitat
It seems advisable *%¢ consider more carefully the habitat

. occupied by a species as well as the marginal records when attempt-
ing to determine the range of that species. It is not unusual to
find a species occurring many miles from its known range if a suit-
able habitat exists and if, at some time, the species has had access
to that habitat. The mapped range of a species should not include

vast areas obviously unsuitable for that species,

sn]
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Since Southern Califernia is a rvhysiographically complex
region, it is nct surprising that the mammalian fauna should be
diverse. Hall and Kelson (1959: Vol. I, xxviii) point out tha*
the high degree of reliéf in the sounthwestern United States "has
resulted in a larger number of subspecies than any other continen-
tal area of equal size in the world." The physiocgraphy and climate
of Southern California quite literally place mountains; desert, and
seashore adjacent to one another. Thus a great variety of habitats
are found in a restricted geographic area, and this has led *o
interdigitation of species' ranges and discontinuous distributiens.
For example, the valley of the Santa Clara River provides an avenue

of penetration for D. panamintinus westward from its usual range.

Likewise; other species may be expected to occur far from their
known ranges along similar avenues of suitable habitat. It is

hoped that the applicaﬂion of new systematic tools will help to
clarify the distribution of the flora and fauna of this complex

region.



CONCLIS IONS

1. The karyotype can successfuliy be used as 2 systématic tool fer
identify“ing closely related speciss if those sgecies possess karyo-
types distinct from one another, and if the karyotype within a spe-
cies is constant over the range considered. |

2. The rangz of D. panamintinus mohavensis should be extended from

its current 1limit of the floor of the Antelope Vallsy southward to
the vicinity of Acton. The range assigned to this speecies in this
area should be restricted to semi-desert habitats and Pinyon-Juniper

Woodland. Material in the collection of San Fernando Valley State

College sugzests that D. panamintinus may occur farther dowm the
course of the Santa Clara River, possibly as far as Castaic Junction.
3. The. range of D. migrons should be extended westward to at least
the region of the interssction of Sierra Highway and Awvenue C, north
of Lancaster, Los Angelss County. The rangs of D. microps shonld

be limited to areas of Alkali Sink habitat, of which this species is
characteristic.

L. The connection between the eastern and westeim populaticns of

D. agilis pervlexus across the floor of the Antelope Valley should

be deleted.
5. Evidence from this study supports the current division of the

heermanni group of Dinodomys into Subgroups & and B. This study

adds karyotypic evidence to the cranial evidence alrecdy supporting
this division.

6. Observed habitat differences seem to account for the distribu-

27



tion of the forms of kangaroo rats studied here. Future consider-
ations of range should therefore be correlated with the availabil-

ity of a suitable habitat for the ~mimal involved.
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Table 1. Karyotyplc analysis of eight subspecies of Dipodemys.
The rumber under the word autosomesz relers to the number of homol-
ozous pairs, M = metacentric, SM = submetacentric, A = acrocentric,
and N.A. = number of major arms,
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Table 2. Summary of morpholegical data gathered for Dipodomvs
agiils 27ilis, Dipedomyvs agilis perplevus, Dipodemys panamintinus
mohavensis (Santiago Road), Dipodomys panamintinus mohavensis {Palme
dale), D. panamintinus mohavensis (Lancaster), and Dipodomvs para-
mintinus mohavensis (Mojave).,
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Table 3. Summary of morpholegical data gathered for Dipodomys
panamintinus mohavensis (composite), Dipodemvs heermanni morroensis,
Dipcicomys hesrmannl arenae, Dipcdomys migrops microos, and Dipodomys
merriami merriami.
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Fig. 1. Ranges for the kangaroo rats studied from Southern
Califrnia are indicated by cross-hatching and stippling. All
ranges are taken from Grinnell (1922) except for the eastern
dlvision of the ranege of D. 22ills perplexus, which is taken from
Vaughn (1954). Trapping localities are indicated by symbols. In
the index given below the letters refer to counties and the numbers
refer to trapping sites.

Orange County

Los Angeles County
Riverside County
Ventura County

Santa Barbara County
San Bernardino County
Xern County

San Luis Cbispo County
Xings County

Tulare County

Inyo County

Fresno County
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Near Mulholland Highway
Near Saugus

In Aliso Canyon

On Santiago Road

At Avenue N, Palmdals
At Averue C, Lancaster
Near Mojave

Near Frazier Park
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Fig. 3. Karyctype of Dipodomys agilis perrlexus (male,
PAC 53).
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Fig. 4. Karyetype of Dipvodomys pansmintinus m}_;gze_gg_;s;
(male, BAC 45),



N2 o

o N\ - v

oV gV UV yM (VO V0 VYV
yw wy

!

u% xx MR ¥W XNR XK UK



»

Fig. 5. Karyotype of Dipodomys heermanni

BAC 34).

morroenzis (female,
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F:%.g. 6. Karyotype of Dipodomys heermanni arenae (female,
BAC 52.!,' »
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Fj‘.g. 7. Karyctype of Dipodomys heermapni goldmani (female
TK 132),
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Fig.
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8. Karyotype of Dipodomys microos microps (female,
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Karyotype cf Dipodomys merriami merriami (female,
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Fig. 10. I1lustration of broad-faced and narrow-faced kangaroco
rat skulls,

Top.- Skull of D. merriami merriami (BAC 39) illustrating the
broad-faced character. Arrow indicates the width of the maxillary
arch at middle.

Bottom.- Skull of D. microps microps (RAC 41) illustrating the
narrow-Ffaced character. Arrow indicates the width of the maxillary
arch at middie,
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Fig. 11. Traprping site at Aliso Canyon. Desert wash habitat
of Dirnndcocmys panamintinus.
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Fig. 13. Trapping site at Avenue N, Palmdale. Joshua Tree
Woodland habitat of Dipodomys pansmintinus and Dipodomvs merriami.







Fig. 14, Trapping site at Avenue C, Lancaster. Alkali Sink
habitat of Dipodomys merriami. Dipodomys microos, and Divodomys
panamintinus. :
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Fig. 15¢ Trapping site near Warren Station, north of Mojave.
This Jnshua Tree Woodland-Creoscte Bush Serub is the habitat of
Dipodomys panamintinus and Dipodomys merriami. This is the tyre
locality for Dipodomys panamintinus mohavensis,
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Fig. 17. Trapping site at Frazier Park (road). A disturbed
Sagebmishh Scrub-Yellow Pine Forest habitat. Dipodomys agilis
perpiexus was taken hers.
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Fig. 18. Trapping site near Mulholland Highway. Chaparral
habitat »f Dipodeomys agilis agilis.
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APPENDIX I ;
Specimens Exaﬁined

- Speclmens with numbers preceded by BAC are in my personal
collection and have been deposited in the Los Angeles County Museum
of Natural History. The specimen whose number is preceded by TK
is in the colleciion of Mr. Thomas S. Kelly and has also bezen depos-
"ited at the Los Angeles County Museum of Natural History. The
specimen whose number is preceded by the letters VSC is in the

collection of San Fernando Valley State Collegé.

Dipodomys agilis agilis.-~ Los Angeles County: ~Cold Creek-

Stone Canyon Road, 200 yards west of juhgtion with Mulholland High-
way, 1 (BAC 50); Cold Creek-Stone Canyon Road, 0.7 mi. west of
junction with Mulholland Highway, 1 (BAC 51); San Francisquito
Canyon Road, Saugus, 1 (BAC 52).

Dipodomys agilis perplexus.- Kern County: South side of Mt.

Pinos Road, 1.0 mi. west of Kern Co. Fire Dept. Station, Frazier

Park, 5,000 ft, 3 (BAC s5, 56, 58).

Dipodomys panamintinus mohavensis.- ILos Angeles County: Aliso
Canyon Road, 0.5 mi. south of junction with Séledad Canyon Road, 4
(BAC 26-29); east side of Santiago Road, 0.5 mi. south of Antelope
. Valley Freeway, 7 (BAC 31-33, 35, 37-38, 42); 1.0 mi. south of Ave-
nue N,70.25 mi. west of Sierra Highway, Palmdale, 7 (BAC 40, 44-49);
0.25 mi. southeast of corner of Avenue C and Sierra Highway, Lan-
caster, 1 (BAC 57); 1.2 mi. east of Bakersfield Freeway, off Rye

Canyon, Castaic Junction, 1 (VSC 746). Kern County: 0.5 mi. east

b
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of railway station at Warren, about 5.0 mi. north of Mojave, 24

‘

(BAC 59-82).

Dipodomys heermanni morroensis.- San Iumis Obispo County:

1.0 mi. east of Los Osos, 3 (BAC 30, 36, 53).

Dipodomys heermanni arenae.- Santa Barbara County: 2.0 mi.

NNW Lompoc, 1 (BAC 54),

Dipodomys heermanni goldmani.- San Benito County: 1.0 mi.

west. of Pinnacles National Monument (=2.5 mi. west of Little
Pinnacles Ranger Station), 1 (TK 182).

Dipodomys microps microps.- Los Angeles County: 0.25 mi.

southeast of corner of Avenue C and Sierra Highway, Lancaster, 1
(BAC 41).

Dipodomys wmerriami merriami.- Los Angeles County: 1.0 mi.

south of Avenue N, 0.25 mi. west of Sierra Highway, Palmdale, 1

(BAC 39).





