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ABSTRACT 

INTERRELATIONSHIPS OF I<'IVE SPECJ'T;<; OF KANGAROO RATS 

(GEN!JS QJf.QDONYS) IN Suui'HERI!t CALIFOPJJIA 

by 

Blair Alexander Csuti 

Master of Science in Biology 

June, 1969 

Karyotypes were prepared for five species of kangaroo rats 

(genus Dipodomxs) from Southern California. Slides were obtained 

using bone marrow preparations from animals previously injected with 

colchicine. A tota 1 of eight subspecies were examined: .Q. ag11,is 

agilis and Q. §..· �exus (2n=62); Q. panamintinus mohavensis (2n= 

64); D. heermanni !!!Q!�sis, Q. h· �� .  and Q. h· g_oldmani (2n= 

64); _£. microos mi� (2n=60); and.£. merriami merriami (2n=52) .. 

The karyotype was used as a systematic tool to clarify the distri­

bution and interrelations of these species. 

The karyot;y-pic distinctness of the mo:::-phologicall�r sitd.lar Q. 

panamintinus and �. a�ilis enabled me to demonstrate the presence 

of Q. panam_intinus associated with the Pinyon-Juniper ;-roodland t.;ith­

in the supposed range of .£. ae-ilis agilis in the San Gabriel Moun­

tains. Q. microp�. was discovered in an Alkali Sink habitat near 

Lancaster. These localities re:r:rP.sent -range extensions for Q. Q.�­

amintinus and]. microps. Habitat is considered as a factor in 

determining distribution. That portion of the range of n. a�ilis 

���� which extends across the floor of the Antelope Valley as 
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depicted in Hall and Kelson (1959) should be deleted. 

The similarity of the karJotypes of the broad-faced Q. 

heermanni. �"'ld 42,. nanamintinus, and the difference of their 

karyotypes from that of the narrow-faced Q. agiliS!., supports 

the current div-ision of the heermanni group into broad-faced 

and narrcr11-.faced subgroups. 
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INTRODUCTION 

The genus Dipodom;ys, the kangaroo rats of the family Hetero­

myid�8, contains twenty-one currently recognized species (Lidicker, 

1960), twelve of which occ1.1r 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 �· heermanni and Q. agilis from �. £,aug_min,ti:mtJ!.• Al-r,hough 

mot�hological characteristics are given by Grlnnell (1922) and have 

been relied upon by most workers, there is overlap behreen ranges of 

measurements and individuals may not be separable on the basis of 

external morpholo�J· One then depends upon existing range maps and 

classifies the animal on the basis of locality. 

The morphology of the chromosomal com-plement of an organism, 

the karyotype, yields data at another level which are often helpful 

in systematic problems. If the external morphology is insuffi­

ciently different between b.ro species for positive identification, 

morphology at the cellular level reay so1ve the problem, provided 

that karyotypic evolution has not been identical for the species 

involved. Individuals can then be assigned to one or another of the 

possible species on the basis of this additional character. 

In the last decade many workers have used the karyotype as a 

guide to intrageneric relationships in mammals. NadJer and Block 

(1962), Bender and Chu (1963), Nadler (1964, 1966), Baker and 

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

1 



and 1-rahrman, Goitein, and Nevo (1969), a-mong others, have used 

this character extensively in their analyses of problems in 

mammalian systematics. My purpose in this study is to clarify 

distributional and evolutionary relationships between some morpho­

logically similar and closely related kangaroo rats, particularly 

of the heermanni group, in Southern California utilizing the kar-yo­

type as a systematic toc·l. Speculations concerning the ecological 

and phylogenetic relationships of these rodents are also advanced. 



MATF1t.lAIS AND METHODS 

The animals used in this study were taken with Sherman live­

traps (1011x3"x3") using \tild bird seed as bait. Oats were placed 

inside the traps to prov1.de food for the captured animals. Speci­

mens were kept alive in the laboratory until ready for use. Chrome­

some slides Y.'ere prepared from bone marrow samples by the method o.f 

Ford and Hammerton (1956) as modified by Patton (196?a) .  Conven­

tional museum study skins v<ere prepared and have been deposited in 

the collection of the Los Angeles Cotmty Museum of Natural History. 

A list of the specimens examined together with trapping localities 

is contained in Appendix I. The morphological data gathered are 

summarized in Tables 2 and 3. Specimens were initially identified 

to species by morphological characteristics and to subspecies by 

location in referenee to previously published ranges, with the ex­

ception of those specimens of !?• :n_anamint;i.nus which represent an 

extension of the species range. Hy data were compared with the 

descriptions given in Grinnell (1922). The specimen of ;Q_. heermanni 

arenae was compared �dth the description of Boulware (1943).  The 

specimen of �. hee.nl:tanni goldmani "\-jas identified by Th�mas S. Kelly·, 

using the resources of the Xuseum of Vertebrate Zoology, University 

of California, Berkeley. 

Slides prepared for karyct:-pi:'""lg >-�ere scanned at 150X for well 

spread metaphase figtu•es . Ce1ls were not 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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cess ively. Cells tv-ere counted at .500X with the aid of a camera .. 
lucida. Cotmts of 20 cells per individual were made to deter:n:ine 

the di;>lvid number for the individual, except i.'Y'l the cases of 12· 

micro_pg_ and Q. m.erriami, where poor preparations made this i.rrrpossi-

ble. In these cases the diploid munber was cleterDlined from counts 

of 13 cells for ]2. m:i.:,cro12s and 7 cells for Q. �=h.�l'[l::i. For each 

individual the two best cells Here selected :for the preparation of 

kar.rotypes. Selected cells w·ere photographed at .500X on 3.5mm Kodak 

High Contrast Copy film using a Zeiss Neof1uar
.

40/0.7.5 objective. 

Enlargements of' six to eight diameters were made for the determ:L'Y'la-

ti.on of kar-,Yotypes. 

In the construction of kar<.roty-pes it should be recognized that 

a chromqso.me is not necessa:-cily paired with its homolog, even though 

every attempt was made to achieve the best pairing possible . In 

only a fev.r cases 1vas the morpholog-J of ever.r chromosome of a karyo-

type clear enough to yield indisputable results. All the ka:r;Jotypes 

available for a species were compared >vith one another and with 

microscopic observations of chromosorne spreads to arrive at the 

karyotype for the specie�. In no case o-;ras the assignn£nt of a ques-

tionable pair of chromosol�cs to one or another group the basis of 

a taxonorrdc decision. 

Karyotypes �.rere anal;y--zed using the nomenclature of Bender and 

Chu (1963). Chromosomes -.;"·ere considered metacentric if they had 

a median centromere and the ratio of arms vrd.s from 1.:1 to 1 :1.9. 

Chromosomes w�re considere d submetacentric if they had a submedian 

centromere and the ratio of ar...a.s 1-ras from 1:2.0 to 1 :4.9. Chromo-



somes �-rere termed acrocentric if they had a terminal or nearly 

terminal centromere and t�e ratio of anns 1-ras 1 :5 .o or g:ceatcr. 

In determL"1ing the number of m::>jo:r- .:::..�s, N .A. (equiv,;!.knt t0 the 

"Fundamental Ntunbor11 of 1-'L=ttthey, 1951) , each metacentric and sub­

metacentric autosome was scored as two, each acrocentric autosome 

was scored as one. V.Jhen a questionable p&.il� of chromosomes was 

encountered, it vJaS placed :in the group it mos t closely resembled. 

�Vhen both sexes were av-ailable for a species, 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 i."1 teclmique make more exact determi."1ations 

possible , this system seems best sui ted to the material and allo-vrs 

comparison r,-1ith results published by other investigators. 



RESUI:rs 

The results of the kar.rotypic analysis are summarized in Table 

1 .  Representative karyotypes are illustrated in Figs. 2-9. In 

order to :facilitate comparison of karyotypes of' the various species 

studied, the chromosome pairs in the fi�ures 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: 78% of the 

counts agreed �dth the diploid number assigned.to the species in 

question. Cells ��th a different number were considered to have had 

their chromosome complement altered in preparation. A description 

of each subspecies examined follows. 

Dipodomys _eg_ilis agilis Gambel, Gambel Kangaroo Rat. Three 

individuals from t-wo 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. 

Dipodom� agilt_� oerplexus (Merriam) , Halker Basin Kangaroo 

Rat. Three individuals from o ne locality had the same ka�Jo type 

as Q. �· agilis. The diploid number was 62, a nd the N .A. \-TaS 116. 

The kar.rotype consisted of 22 pairs of metacentrics, 6 pairs of sub­

metacentrics, and 2 pairs of acrocentrics (Fig. 3). The sex chromo­

somes consisted of a meta centric X and an acrocentric� Y. 

Dipodomys panamintinus mohavensis ( GM.nnell ) , Mohave Kangaroo 

Rat. Seventeen specimens from four localities had a diploid number 
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of 61.;. and a H .A. of 94. The kar-.toty-_t)S consisted oi' 11+ pair;:; of 
.. 

rnetacentrics, 2 pairs of submetacentrics, and 15 pairs of aero-

cePJ.:.r' �cs (Fig. 4) • The sex chromosomes consisted of a metacentric 

X and a small submetacentric Y. 

This species represents my largest sample from the greatest 

number of J..oc:alities. The geographic extremes, Hojave and Acton, 

are 45 miles apart. Eve!"tJ individual exarn:L!ed had the same kar<JO-

type. }iy observations indicate that all the trapping sites are 

joined by habitats suitable for Q. mn0..mintinll§., with no interrup-

tion by natural barriers of any kind. It appears that isolation 

of populations has not tak:en plaee in this area , or if there has 

been isolation, no population which I sampled has developed a 

distinctive kar-yotype. 

Rat. Three specimens from one locality were examined and had a 

diploid ·number of 64 and a N .A. of 90. The karyotyf€ conta:L!ed 

14 pairs of In.etacentrics and 17 pa.irs of acrocentrics plus a meta-

centric X and a srnall submetacentric Y (Fig. 5) • 

One of the medium size pairs of metacentrics possessed satel-

lites at the ends of the ci.!".t.i'lS • Dioodo!lJY.§. h.. g:gJil.m.sm.J. shared this 

character, but the quality of slide prepa.ration for ]2. h· arenat:t 

was such that the presence of satellites in this subspecies could 

not be confirmed. 

ill:pod_Qgzs heerma11..ni g_:r.§Ilae Boulware, Santa Barbara Kangaroo 

Rat. The single female examjned had a diploid number of 64 and a 

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

'? 



and 17 :pairs of acrocentrics (Fig. 6) • L'�o 1nale was exan1ined, but 

it is assmted that the sex c:r�omosomes �v-ould be metacentri.c, a.s :L'1 

Dined�:§. �;ewi g,o.1dman:t (Herriam), Salinas Kangaroo Hat. 

The one fe1-:ale examined had a karyotype identical to that of the 

other subspecies of Q. h_cen:1&1mi described above. 'The diploid 

munber was 64 and the N ·�(!, • was 90. T'ne kar;yoty}-'El consisted of 

14 pc1.irs of metacentrics and 17 pairs of G.crocentrics (Fig. 7) · 

No male 1-1as exan1 .. i.ned, but the sex cbromosorres are assu."tl1ed to be 

metacentric, as found in 12· h· a�i,2,-. 

Dinc4.9P:CZ:.S [liCJ1ops micr_QP.s (Jvierriam), Small-Faced Kangaroo 

Rat. One female 'Has examined and had a diploid number of 60 and 

a N.A. of 116. The karyotype consisted of 14 pairs of metacentr:i..cs 

and 16 pairs of submetacentrics (Fig. 8). There were no aero-

centrics. No male of this species \-ras exarrd.ned, but the selection 

of any pair as sex chromosomes -vwuld not alter the N .A. of 116. 

The one female eY.ar.D-n.ed bad a diploid number of 52 and a N .A. of 

100. The kar;;rot;ype consisted of 18 pairs of :rnetacentrics and 8 

pairs of submetacentrics (Fig. 9) • No acrocentrics 't,rere fou.."1d. 

No male of this species was exam:ined, but the designation of an;y-

pair as sex chromosorres would not change the N .A. of 100. 

Cross (1931) reported the diploid murrber of Q. :mer;ria!JI,i 

merria,mj. to be 86.± based on one cell from one individual. Hy 

12· m· merriami has a diploid number of 52, which agrees with the 

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



LOCALIT�S A�m HABITATS 

The kangaroo rats u...CJed in this study were trapped at the :::ii..es 

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 I-'iunz and Keck (1959) and 

later compared w�th specimens in the San Fernando Valley State 

College Herbarium when they were available. All plant community 

designations follow Hunz and Keck (1959). 

Aliso Canvon (Fig. 11). 'Hajor plant: Enroti� � (Pursh) 

Moq. This Hash bottom was trapped near its confluence with the 

Santa Clara River, near the junction of Santiago Road and Soledad 

Canyon Road, two w.iles east of Acton. The habitat differs from the 

surrounding Pinyon-Juniper Woodland by ��rtue of its location in a 

dry stream bed. Fourteen traps were set he:;."e on the night of 

September 25, 1968. Four Q. n anm11; ntinus and two Peromyscus §.B.• 

were captured .. 

�antiago Road (Fig. 12). ��jor plants: 

Junine��s californica Carr. 

Yucca 'Tf!h.ipplei Torr. 

mPhedra viridis Cov. 

Eriogonu� fasciculatum Benth. 

Tetra�ia axillaris A. Nels. 

Salazaria mexicana Torr. 
' . 

This trapping site, two �dles east of Acton, is typical of the 

Pinyon-Juniper Hoodland 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 tha sides of a ;..rash. Seven ]. Panaminti� and 

three Per�_?c\� 32.• were captured in this locality. 

Avenue �.r...-E�lmdale. (Fig. 

Yucca brevifolta Englem. 

Ephedr� vi ridis Cov. 

13) _ 'Ma.)or plants: 

Tetradvmia .§!1Cillaris A. Nels. 

Grayi,<! spinos<!. (Hock.) Moq . 

This locality, two and one-half miles no�h of Palmdale, supported 

a Joshua Tree �voodland community. There was no creosote bush. 

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

night of December 19, 1968. Seven g. panamintinus and six Q. 

·merriami were captured. 

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

AtrJ:P.lex lentiformis (Torr.) 'tfats. 

�triplex Parrvi Wats. 

'Ihi s locality is typical of the Alkali Sink community covering 

localized areas of the Antelope Valley. The soil surface was 

impregnated with salts and i1ad 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 Q. merriami, one �· microps, and one g. panamin­

tinus were taken. Two Peromyscus §.2· and one Ammospermophilus 

leucurus were captured in the same trap line. 

Mojave (Fig. 15). Major plants: 

Yucca brevifolia Englem. 

Larrea divaricata Cav. 

Grayia spines� (Hook.) Moq. 

Haplo£appus acradenius (Green) Blake 
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This area represer...ts a trnnsition bet"t·1een Joshua Tree :-.Jocdland and 

Creosote Bush Scrub i.e• the foothills of the Tehachapi Hountains � 

This is the t:ype locality fo:- .Q • ..f).�ndmi.c<i.:ill'd§. mohav:gr.!§is . Seventy­

four traps 'irere set on the night of February 22, t969. Thirty­

fiv e Q. Qfu'12.r:rir}.t_i .. :11..1§. , bro Q. m.erriami, tvro Neoto:mS! le·oJsla, and 

five Per.:Q.!f£Y�'?.. §n. -.;.rere captured. Dinoo.Q.mvs J2,?:nam.:L"rltinus was by 

far the mos t ab1.L.'1dant roden t in this locality. Heasurements (Table 

2) from 24 speclloons from this locality agree 1�th those given by 

Grinnell ( 1918 ) and suggest that this serie s a pproxim.a t.e s the ty})e 

for the species. 

FraziQ..t__l0-�"f:l;_.J.�tills_:ij:1e 2. (Fig. 16). Hajor plants: 

Artemi�ia tridentata Nutt. .Q.ue:r.£1,1� dttlTIOS<! Nut t. 

Chr-rr>othanmld§. DE:1l�lill£. (Pall.) Britton 

This habitat is similar to that described for 12· a�il..i& Q6.L').1exus 

by Carpenter (1966). It is Sagebrush Scrub, with the basin sage­

brush, Arrt.en-Q_sia tricl�?.n..ta ta, covering most of the ground. This 

habitat proved Q"rlproductive at the tL�e of year tr�pped (February 

13, 1969). Patches of snot-T still rema:ired on the groun d. Out of 

54 traps set only one Q. g_. nernlrxury_ 1-..ras captured. No other 

rodents 1-rere taken. 

Frazier Park_(r�1._qj_ (Fig. 17). :Hajor plants: 

Enhedra vi!:�dis Cov. Ceano_-'chus cuneatus (Hook.) Nutt. 

Arte:u,; sia ;tridenta�ta Hutt. 

This i.Ja.S a disturbed environmen t bet\-reen Sagebrush Scrub and patches 

of Yellor..v P:ine Forest. Twenty traps were set parallel to the roa d 
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on February 13. 1969. Two 12. .!! • mrule_..?£_1,1.� �nd three PerOllJ.Y.SQ.ll§. 

true:i, were carJtured. 

�·&holJ�!.i'l1<LJJ.i_gh1vax (Fig. 18). Ha.jor plants: 

Adeno�!_t,.� ,t'as,g_ig_\:1)_a tUI]1 H. & A. Querc'IJ§. du.rnos."l Nutt. 

� cal�orni.ca less. 

This local:ity tvas typical of the Chaparral comnu.u"lity. Tall, dense 

growth on moderate to steep slopes characterized the trapping area. 

Twenty t raps 1vere set along a trail through the brush paralleling 

the high>·ray, and 14 more were set on a flat, .sandy plateau at the 

base of a hill on the night of October :l. 0 , 1968. Each of these 

areas yielded one Q. agil�'2. �.g.i.lis. 
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DISClJSSI ON 

The Karyotype as a Systematic Tool 

.Baker and Patton (1967) have pointed out that d ue to the varia­

bility of m ammalian karyotypes it is nec es sary to ev alu ate intra­

and interspecif'ic karyotypic variation in each group under s tudy be­

!'ore u se of the karyotype as a taxonomic and phylog8netic tool is 

justified. There is no karyotypic variation between the s pecies of 

the genus 1'!votis which have been examined (Bak.er and Patton, 1967). 

In this case the karyotype merely confirms the existence of a clos e 

relationship between the species of the gf3nus. In contra st , Patton 

and Dingman (1968) found s even different karyotypes in isolated 

populations of Thomomvs bott ae. Here no one karyotype is diagnos tic 

for the s pecies . The kangaroo rats studied here appear to parallel 

the s ituation in the closely related genus Pero_gnathus , in which 

each s pecies us ually has a characteristic karyotype (Patton, 1967a, 

b). The only var�ations from this one k aryo type-one s pecies rule 

thus far reporte d within the genus are in the species Peroqnathus 

amplu.§. (Patton, 1967b) and Perognath:us g9ldmani (Patton, unpub.)'" 

A cons ideration of the us efulnes s of the kar-yotype as a taxonomic 

tool within the s pecies of Dinodom� studied here s eems warranted. 

Chromosome polymorphism.- Chromosome polymorphis m, the v aria­

tion of the karyotype ��thin a population, is a relatively rare 

occurrence in the Hammalia (Blanks and She llhammer, 1968; Ford, 

Hammerton, and Sharman, 1957). In the harvest mouse, Reithrodon�­

m megalotis (Blanks and Shellhammer, 1968), and the silver fox, 
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.Y!,tlvQ.§. i,'UlP�.$ ( Gustavsson and Sundt, 1967) chromosome polymorphism 

involves microchromosomes which vary in number. A constant comple­

ment of chromosomes of normal size is found in both specieb. 

Gustavsson and Sundt (1967) have suggested that these microchromo­

somes represent a stage in the elimination of genetically inert 

material from the karyotype. If these microchromosomes carried 

any significant genest it would be difficult to see how a poly­

morphic population could survive. 

Karyotypic variation �rithin an interbreeding population is 

apparently e xtremely 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. 

Chromt1Some polytyov.- Chromosome polytypy, the variation of 

the karyotype between populations� demes, or subspecies of the same 

species, is a frequent occurrence among rodents. In spite of the 

great amount of polyt��y in the pocket gophers studied by Patton 

and Dingman (1968), there was no intra-populational variation 

(polymorphism) o'f the karyotype. Evidence thus far available in­

dicates that, with the infrequent exception of chromosomal poly­

morphism, intra-populational variation of karyotype does not occur 

in mammals. If this is the case, then even one specimen 'tvould be 

valid for determining ka�rotyp,3 of a given population. Evidence 

of polytypy must be sought by sampling other popul.ations of the 

same species. Indeed, due to lack of material, many species have 

been described karyotypically on the basis of one specimen. In 
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such cases the possibility of polymorphism or of pol;ytypy cannot 

be eliminated td thout further study. Even �,Jall-s2mpled species 

may have isolated populations in which karyotypic evolutiot:i ha: .. 

taken place. Only future studies on hybrids can clarify the signif-

icru1ce of karyotypic differences in relation to the biol o�v of the 

species involved. 

As large a sample as pos sible is desirable in establishing the 

karyotype of a population. Hybrids between populations of a poly-

typic species do yield intermediate karyotypes (Patton and Dingman, 

1968; Hharman et al., 1969), a.nd if' such a specimen prov1_des the 

only karyotype availab le for a species, erroneous conclusions can 

be drawn. Sampling in this study is suff.iciently broad to suggest 

that the conclusions presented here are generally valid. I have 

examined five specimens of Q. heer;nanni from three localities, six 

of!?_. a!?'ilis from three localities, and seventeen of£.. oanamintinus 

from four localities. Each animal had the karyotype characteristic 

of its species. Extreme ranges for the samples are 106 triles for 

D. heermanni . 50 miles for Q. agilis, and L�5 miles for Q. 12..ana-

mintinus. The evidance indicates an absence of polytypy within 

the area studied. This does not exclude the possibility that more 

distant representatives of these species wpuld :yield different 

karyotypes, b ut the use of the karyotype as a taxon omic tool in the 

area I have considered appears to be valid. Lester (pers. comm.) 

has reported polytypy in Q. m;crops, as has Patton (pers. comm.) 

in�. snectabilis; therefore future reports of polytypy in the 



species I have studied would not be surprising in view of their 
� 

extensive geographic range. 

'!':le kangaroo rats from S(')uthem California seem to be con-

servative with respect to karyotypeo Each species displays a 

distinctive aDd constant karyotype ..,.rhich is useful in clarifying 

the distri'Uutional and evolutionary relationships behreen them . 

Comparison of Q� g_. agilis and �. nanamintinus 

Routine identification of these b.ro species has been based 

upon, and no doubt will continue to be based upon, e'X--ternal morpho-

logy. Overlap does exist in the diagnostic characters, and in 

these cases one must resort to other i:nformation. 1·Tithin the genus 

the shape of the maxillary arch is used extensively as a taxono�ic 

character (Grj_nnell, 1922). Ho��rever the morphology of the maxillary 

arch is variable vrithin a population and it cannot be relied upon 

as a distinguishing feature. Pelage color of the southen1-most 

representatives of Q. pnnan:tptinus is as dark as that of lighter 

specimens of Q. a�ilis. 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 d�ta. 

Since the karJotype of �· agilis consists of almost all bi-armed 

pairs, whereas that of .Q. nanarrd.ntJinus contains one-half uni-arrned 

pairs, it may be used as a positive means of differentiating these 

two species. 

Distributional Considerations 

Utilizing the karyotype I was able to verify the conclusion 

16 



suggested by :r:orphological data; the kangaroo rats I trapped in 

Soledad Canyon ·Here Q.. panamintinus rather than .2_. ac:ilis, as 

current range maps imply. This population represents an e::::�n-;i.ur.i 

of the previously knor ... rn range of this species seven miles soutlrward 

into the San Gabriel Hountains ( Fig . 1). This trapping site does 

not represent the farthest extension of the Pinyon-Juniper TN'oodland 

into these mountains. T his habitat continues Hestvrard. along the 

course of the Santa Clara River beyond Solemint Junction. Thomas 

s. Kelly has taken a specimen of Diuodomvs (No. 746, Vertebrate 

Collection, San Fernando Valley State College) from Rye Canyon, 

1.2 miles east of the Bakersfield Free1-ray, near Castaic Junction, 

in a similar habitat even farther down th� Santa Clara River. 

Measurements place this specin:en into the species 2· uanamint1.nus, 

although it is some 20 miles from the nearest knmm record. of Q. 

panamintinus. Since thls specin:en is identical in coloration and 

skull morphology to my specimens from Santiago Road, I consider it 

to be g. panamintinus. Therefore, Q. ganamintinus probably occurs 

in the vicinity of' Castaic Junction, farther west in the Pinyon­

Juniper 1,'!oodland than my trapping sites indicate. 

The desert -vrash habitat in the bed of the river &.nd the Pinyon­

Juniper'Hoodland on the surrounding slopes provide a habitat atypical 

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

(Vaughn, 1954) for£. uanamintinus. The presence of this habitat 

and the absence of competition have allowed occupation of' this area 

by Q. nanamintinus as far southwest as Acton, and probably as far 

west as Castaic Junction. This habitat has become an avenue of 
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penetration for I2_. panamintinu§_ into areas conside:ced the exclusive 

range of J2.. a ,;dlis ag; lis . 

Q. agilis agiJ.is : Ec olo gical Considerations 

.Q. agilis agili� is characteristic of ground " clothed with an 

open type of chapa rral , "  and "live s , in places , on s andy flats with­

out any bushes , s ometimes in open washes , '' and is found on both 

steep slopes and open ground ( Grinnell , 1933 : 163 ) . As mapped by 

Grinnell ( 1922),  and Hall and Kels on ( 1959) , this subspecies occurs 

in the coastal ranges of Southern C alif ornia from Santa Barbara 

County s outht-res t to Orange C ounty , and extends inland to the extreme 

western parts of San Bernardino and Rive rside Countie s .  A c ompar­

i s on with the map of natural ve getation of California presented by 

Burcham (1957) shows that this range coincides t-rith the range of the 

Chaparral ar1d Coastal Sa ge Scrub c omrrrunities withln the latitudinal 

limits of the subspecies . �acMillen ( 1964) has reported that ]. �· 

agilis occurs in o�en a reas in dens e ve geta tion in eastern Los 

Angeles County . '!1acYillen 1 s trapping a rea was a mixture of 

Chaparral and Coastal Sa ge S crub c orr.munities . This subspecies has 

a home range of 0 . 82 acres ( �':ac!v:illen , 1964) but this can vary· with 

habitat . The limited po< ... rer of' digging in the kangaroo rats limits 

them to areas of loose s oils ( Grinnell � 1922 : 31) , and as a result 

their burro<�s are often located in sandy areas within the Chaparral 

comnnmity. 

g. agilis a gilis i s , theref'ors ,  an animal occurring primarily 

in the more hydric Chaparral of the coastal mountains of Southern 

California . Its absence from the Pinyon-Juniper Hoodland along the 
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Santa Clara River can be attributed to the absence of a suitable 
' 

habitat e The li;rJ.tation of this subspecies by the Basin Sagebrush 

G•jt.�m111ity of the Tehachapi Mc•mtains can similarily be explained . 

In the latter case the habitat with a dense cover of tall shrubs is 

si�ilar enough to have allowed occupation by another subspecies of 

Q. agilis l?.l'lJ:P.l.exus : Distributional Considerations 

The distr�bution ranges on the map ( Fig# 2 )  were taken from 

Grinnell ( 1922 ) and are identical to  those giy�n in Hall and Kelson 

( 1959) ,  except for the range of Q. agi1_i� .:Q!L��· The range of 

the eastern population of Q. £!.• �rQ.lexu.s was determined from the 

locations given by Vaughn ( 1954) . Hall and Kelson ( 1959)  illustra te 

a corridor linking the population of Q. .s,. :Q.erplexus in the Tehachapi 

Mountains to that in the San Gabriel and San Bernardino }fountains .. 

Since the northern-most extension of the range of Q . .s,. agilis in 

Los Angeles County is about 15 miles northeast of the site at 

Elizabeth Lake , J ,400 ft , any connection between the �wo populations 

of Q. s._. 12ern\EF�lS through the western San Gabriel Mountains is 

preclnded . The corridor linking the two populations of Q. £!.• 

Jaerplexus must then include the t�ms of Pearblossom, Palmdale , 

Lancaster , and Willrn� Springs ; i . e . ,  it must comprise a path twelve 

miles wide through the center of the Antelope Valley� 

According to Grim1ell ( 19:33 : 1 63 )  this subspecies "inhabits 

gravelly slopes clothed with chaparral . "  Vaughn ( 1954 ) found g. £!.• 

pernlexus common in stands of basin sagebrush , often surro'tmded by 

unsuitable habitat . Vaughn states that this subspecies did not 
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penetrate nearby patches of Chaparral ; L e  • •  Chaparral in the sense 

of Ynmz and Keck ( 1949) • · No :!2_. S!.· �rplexus has ever been reported 

frorn the Antelope Valley . r1y observations of the habitat �vail:l r"l .Le 

on the floor of this valley while trapping in the area lead me to 

conclude that the occurrence of Q. agilis nerol.�"m in the Antelope 

Valley is extremely improbable . Therefore , there can be no connec­

tion bet..reen the eastern a11d western populations reported f'or Q. 

agilis nernlexus . The range of this subspecies is incorrect in Hall 

and Kelson (1959) and the connection betHeen the two populations 

should be deleted . 

Q. agilis perolexus : Ecological Considerations 

Both Vaughn (1954) and Carpenter (19.66 ) report that Q • .,g,. 

perolexus inhabits stands of basin sagebrush or brush-covered areas 

within the Yellow Pine Forest at higher elevations . I visited the 

type locality for Q. �· �erplexus , �alker Basin , Kern Co . ,  and found 

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

brush (2h!:Y.:sothamn� na·:.1seosus var .  consimilis ) which led into a 

Yellow· Pine Forest . Munz and Keck (1959) describe this variety of 

rabbit-brush as a Great Basin plant of the Sagebrush Scrub comrru­

nity. The Sagebrush Scrub cow.mur:.ity characterized my trapping site 

for this subspecies . This subspecies of Q, agili� is adapt�d to a 

cooler,  more hydric envircnment supporting a westward expansion of 

Sagebrush Scrub at lower elevations and Ir,ixed with Yellow Pine 

Forest at higher elevations . "In contrast , Jl.  agilis agili§. is 

adapted to the t.;armer , more xeric Chapa;rral of the southern coastal 

mountains . Hence present information suggests that these subspecies 
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of Q. a.2'ilis have different ecological requiremer;ts .  

Vaughn ( 1954) reports intergradation between Q. �-l.i.§. ggilis. 

and 12,. @.g,ilis PEll'Clexu§_ in the region o:f Devere , .San Berna :'di.n'j Cv . 

It may be possible that his .Q. �· perplexus populatior., is in reality 

a variant o:f Q.. a.,. ag1.lis not related t o  the Q.. g,. nerplexus popula-

tion of the Tehachapi Mountains . Since the reported populations of 

Q. �· �laxus seem to be ecologically distinct from Q. �· agil�� 

(according to Vaughn) ,  then two possibilities exis t :  1 )  the eastern 

population represents an isolated segment of the currently named 

Q. agilis 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 M_ountains ; 2) the eastern 

population represents a population derived from Q.. agilis agilis 

which has become adapted t o  a habitat diff<?.rent from that o:f Q. ,g,. 

agilis and similar to that of Q.. �· per�lexus of the Tehachapi 

Mountains , and has responded morphologically to this hab�tat in a 

manner parallel to that of Q.. �· perplexus . In this latter case 

Vaughn 1 s specimens may have to be con.sidercd a new subspecies . This 

situation deserves further study. 

Distribution of Dipodomvs microps 

A specimen of a five-toed kangaroo ra� taken from the :floor of 

the Antelope Valley had a diploid number of 60 and a karyotype 

entirely of hi-armed chromosomes . This animal proved to be �oodomys 

microps . The only previous report of Q.. !!Licrop9_ s outh of Olancha , 

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

seven specimens ( Grinnell , 1922) . This new locality for Q. mi�� 
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represents a wes b-Tard extension of the range of thts spec.:ies of 
� 

about 50 miles . I do not consider my trapping site the limit of the 

ral:":;e of this species . Grin.YJell ( 1933 :164) sta.tes that this species 

"inhabits dr,r sandy gr���d , sparsely grown to desert shrubbery such 

as saltbush . "  In the Alkali Sink where I trapped the specimen the 

ubiquit.ous plant was Atriplex , the saltbush . These aTkali flats 

extend a fe>·F miles wes tward beyond Highway 14 . It would not be 

surprising if Q. !!9£_rops were found wherever the alkaline conditions 

of the s oil limited the vegetation to saltbush . The occurrence of 

'this h abitat appears to determine the distribution of this species 

of kangaroo rat . 

!.an A. Lester ( Los Angeles County Huseu.'ll of Natural History) 

has taken Q. 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 in an Alkali Sink habitat 

dominated by Atri�. Lester has also prepared chromosome slides 

of two specimens of Q. !!'J,.crol2_s from widely s eparated localities .  

One animal had a karyotype identical to that of my specimen , con-

sisting of 60 bi-armed chromosomes , whereas the other had a diploid 

number of 60 but a karyotype �ontaining approximately twelve pairs 

of acrocentric chromosomes .  The latter animal was taken from a 

habitat different from that typical of � .  �crops , and 5n view of 

its karyotype , it may repres ent an evolutionarily distinct popula -

tion . Further studies by Lester should clarify the. systematic 

position of these specimens . 

It s eems reasonable to suppose that in the recent geologic past 
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both the population at Victorvil le and that represented by my 
' 

L9.ncaster specim>;)n were contir..uous "ri th the populat ion in the <A-rens 

VaJ lc:;�. Di.pod_omys microns. pArsists in those lo;.;-lying areas where 

the Alkali Sink community remains . The dispersal of a species with 

a. dis continuons distribu·tion , such as ]2 .  microps or Q .  Q.eserti 

( Grinnell , 1933 ) ,  requires suitable habitats to support intervening-

if only transitory- populations during periods of di spersal . Hence , 

the presence of Q. micr� in the �ntelope Valley requires previous 

connections 1dth the population of the <>.rens .Valley through areas 

characterized at some time by an Alkali Sink habitat .  

Evolutionary Implications 

Although the data presented here are insufficient for the 

presentation of any detailed evolutionary scheme within Dipodom;vs , 

they do alJ m.r some speculation about intergroup relati ons . Lidicker 

{ 1960 ) recently revised the groups �vithin the genus , recognizing the 

following groups : ordii,. , heermanni. , mi.CJ'2J22. , ..§Q_ectabilis , J2llilinsi , 

and merriami . The largest of thes e , the heermanni group , contains 

10 of the 2 1  spe cies re c ognized by Lidi cker . Lidicker further 

divides the heermann� group into two subgroups : a broad-faced 

Subgroup A ,  which includes ths species heermanni , ing_§ns , gravipes ,  

panamintinu� ,  and stephensi ; and a narrow-faced Subgroup B ,  which 

includes the species agi�J§ , ven��tus , elenhan!inus , paralius , and 

peninsularis . The broad-faced chara cter is a result of greater 

spread of the ma xillary arches , greater v.ridth of the maxillary arch , 

greater lateral projection of the maxillary arch , and sharper 

postero-external angle of the w�xillar� �rch when compared to 



narrow-faced individuals . Two extremes are illustrated in Fig . 1 0 .  
' 

Hee:rrrarm.i Subg:rouo A . - Q. heerrr:anni and Q .  m�inti�, con-

sidf>r�'>ri closely related on morphological grounds , are characterized 

by � karyot�rpe consisting of about half bi-a rmed and half uni-armed 

chromosomes (Figs . 4-?) . Close rela tionship bet�een these two 

species is confirmed by karyotypic evidence . 

Although this proje ct was primarily concerned with clarifying 

the distributional relationships of Q .  a g:i lis and ]2 .  _m.namintinu� 

in the s outhwestern Antelope Valley , I als o  had an opportunity to 

examine spe c imens of three subspecies of ]2.  heermanni . KaryotJ�es 

were identical for all . One subspecies examined , Q .  heermanni 

morroensis , was formerly considered specifi cally distinct (Q . .!!!Q.!T...Q-

ensis ) o • V.!hile possess icn of the same ka:rJotype as other subspecies 

of .£. heermanni does not exclude the possibility that this restrict-

ed population is a separate species , those who would resurrect Q .  

morroensis will find no support for their case in karyotypic data . 

Heermann;i Subgroup B . - The karyotype of Q .  � differs 

markedly from those of Q .  beermanni and ]2 .  l?_.anggnintir!US in that it 

has only two pairs of uni-armed chromosomes (Figs . .2 , 3 ) .  . This 

agreeS With the accepted Vie1•Y , '..Jhich C OnSiderS rr. a�� less ClOSe-

ly related to Q. heermanni and Q. nan?-mintinus than these two are 

to one another . 

Signifi cance of intrageneric .group� . - The arrangement of the 

species of Dioodomys into " natural" groups has no current taxonorric 

standing ; it merely reflects possible evolutionary relationships as 

interpreted by various investiga tors . Opinions have differed 
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regarding the closeness of the relationship between the narrow-fa ced · 

and broad-faced members of the heermanni grcn1p . These subgroups may 

be -:::.� di::;tinct from one another as the group is from other. groups 

within the genus . Since the narr��-faced character is employed t o  

separate othe� groups from one another ,  my viev; i s  that the narrow-

f'aced member3 of the heermanni group should be rec ogn:tzed as a 

s eparate group . Hmv-ever, the problem of n omenclature is not so 

important as i s  the recogni tion of the relationships as they exist 

in nature . Both the division of the heermann� group into subgroups 

and the e stablishment of a separate narrOtor-faced group serve to 

recognize the exist1ng divergence and differ only in emphasis . 

Lackey ( 1967 ) c onsiders the narrOt-T-fa ced group to have arisen 

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

spread north t o  the present limit of San Francisc o  Pay. At present 

insufficient karyotypes of spe cies "ri thin this group are available 

to speculate on this subject . I hope that informa tion will become 

available in the future which will clarify the evol""J.tionary history 

of thi s  group of rodents . 

Distribution and Habitat 

It seems advisable to c onsider more carefully the habitat 

occupi ed by a species as well as the marginal records when attempt-

ing t o  determine the range of that spe cies . It is not unusual t o  

find a spec ies oc curring many miles from its known range if a suit-

able habitat exists and if , at s ome time , the spe cies has had acces s  

to that habitat . The mapped range of a spe cies should not include 

vast areas obvi ously unsuitable for that species . 



Since Southern California is a physiographic?..lly compl ex 

region , it is not surprising that the mammalian fauna should b e  

diverse . Hall and Kelson ( 1959 : Vol . I ,  xxviii ) point out t �.a•, 

the high de gree of relief in the s o11thwestern United States 11has 

resulted in a larger number of subspecie s  than any other continen­

tal area of equal size in the world . "  The physiography and climate 

of S outhern California quite literally place mountains , desert , and 

sea shore adjacent t o  one another . Thus a great va riety of habita·ts 

are found in a restricted geograph ic area , and this has led to 

interdi gitation of specie s ' ranges and dis continuous distributions . 

For example ,  the valley of the S�mta Clara River provides an avenue 

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

Like��se , other species may be eA�ected t o  occur far from their 

known ranges along similar avenues of suitable habitat . It is 

hoped that the appli cation of n�w systerratic t ools will help to 

clari fy the distribution of the flora and fauna of this complex 

region . 
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CONCIJJS IOHS 

1 .  The karyotype can su�cessfully be used as a systematic tool for 

identifying closely related spec:i.es if those species possess kar-yo­

types distinct from one another , and if the karyotype -vrithin a spe­

cies is constant over the range c onsidered . 

2 .  The range of ] .  nang,mintinus 1ll2h.avensis should be extended .from 

its curr-.mt lirnit of the floor of the Antelope Valley southward to 

the vicinity of' Acton . The range a ssigned to this spec ies :i.n this 

area should be restricted to semi-desert habitats and Pinyon-Juni1�r 

Woodla.'1d . rfaterial in the c ollection of San Fernando Valley State 

College suggests that ] .  l2.§Ll1�11L'1tim!§. may occur farther dot·m the 

course of the Santa Clara River ,  pos s ibly as far as Castaic Ju!'1ction . 

J .  The range of ,;Q .  miq_:;:<m,§. shou...."ld be extended vrestvrard to at leas·t 

the region of the inters8ction of S ierra Highway and Avenue C ,  north 

of lancaster , Los Angeles County . The range of ] • .!Jlic;rop.§. should 

be limited to areas of Alkali S ink habitat , of which this species J..S 

characteristic . 

4. The connection between the eastern and western populations of 

Q. agilis wrol exu§. across the floor of the Antelope Valley should 

be deleted . 

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

heerrr.H:nr:i group of Diuodo� into Subgroups A and B .  This study 

adds karyotypic evidence to the c ranial evidence alrec•.dy supporting 

this division . 

6 .  Observed habitat difference s  seem to- account for the distribu-
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tion of the :forrilS of ka:::1garoo rats studied here . Futu .. re consider-

ations of range should therefore be correlated with the availabil-

ity of a suitn.b1e habitat for· i:.h6 �"".imal involved . 



Table 1. Karyot~~ic analysis of eight subs~ecies of ~Qodc~~s. 
The number under the viOrcl. ~::;l?.lll'"'2. :::-ei'ers to the nUMbt1r of homol­
ogous pairs. N == metacent.ric, SM = submetacentric, A = acrocentric, 
and N.A. = number of major arms. 
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Table 2. Summary of morphologica.J. data gathered for Dinodql:!J:[ll 
Slgj_j :1.~ S:;Jli§.., Dipodorny~. ggi 1 i.? 12e.rnleY,:g§.. DiDo9QE.~ I?.§.JlillG1D1il.l:!J.§.. 
mol}~vt:in§~.~ (Santiago Road), Dipod,Q!flY.§.. pana-r.Ji.ntinus moh~Y§..~ (Palm­
dale), ]2. panaminti.D.Y§. rr;ohavensis (Lancaster), and Dipodomv~ f&r!£­
minti~ mohavensis (Yojave). 
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Table J. Summa.ry of morphological data gathered for Dioodo.m;.y:~ 
l2£.T!§tOil'1t i nus mohavensis (composite), Diood.Q)2}Y.§. hee_:crranni. rno':'!'oensis, 
1Yipc~.:,my1l heertr.anni 2.r...epae, Dioodom:'l§. mic:r,g.Q~ Microos, and PiP9Q9!llX§. 
merriaw..i u:erriami. 
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Fi.g. 1. Rangss for the kang~roo rats ,studied from Southern 
Ca.lif~""'n::.a are indicated by cross-hatching and stippling. All 
ranges are taken from Grinnell (1922) except for the eastern 
di·vision of the range of D •. agi1is 2erplexu.§., which is taken from 
Vaughn (1954). Trapping 1ocalities are indicated by symbols. In 
the index given belo•-1 the letters refer to counties and the numbers 
refer to trapping sites. 

A. Orange County 
B. Los Angeles County 
C. Riverside County 
D. Ventura County 
E. Santa Barbara County 
F. San Bernardino County 
G. Kern County 
H. San Luis Obispo County 
I. Kings County 
J. Tulare County 
K. Inyo County 
L. Fresno County 

1. Near Nul.'nolland Highr"1ay 
2 • Near Saugus 
J. In Aliso Canyo::1 
4. On Santiago Road 
5. At Avenue N, Palmdale 
6. At Avenue C, Lancaster 
7• Near Mojave 
8. Near Frazier Park 
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Fig .  2 .  Karyotype of Dipg9._gm £1gilt.§. agj.l�& ( female , BAC 51:) . 
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Fig. 3 .  Karyotype of Dinodomvs agilis perplexus (male , 
EAC 5o) . 
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Fig .  4 .  Karyotype of Dinodom_ys L?.smamintinus mohay_ensis 
(male , BAC 45 ) .  
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Fig .  5 .  Karyotype of ,Ili;Qodom,..rs heermanni morroensi.s ( female , 

BAC 3�) . 
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Fig. 6., Karyotype of Dipogpm heermarLni.. arenae (female, 
EAC 51!). 
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Fig. 7. Karyc,type or DipodomR hee:rmanni goldmani (female 
TK 162). 
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Fig .  8 .  Karyotype of Dipodo� microns microps ( female . 
B�\C 41 ) .  
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Fig . 9 .  Karyotype of Dipodomys merriami merriami ( female , 
B I\.C 3? ) .  
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Fig. 10. Illustration of broad-faced and narrow-facad kangaroo 
r::J.t sh.u.lls. 

To:g •. - Skull of]. ~rriam:i. rr:erriami (BAC 39) illustrating the 
broad-faced character. Arrow indicates the width of the maxillary 
arch at middle. 

Bottom.- Skull of ]2. microns microns (BAC 41) illustrating the 
narrow-faced character. Arrow indicates the width of the maxillary 
arch at middle. 
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Fig . 1 1 . Trapping site at Aliso Canyon . Dese:rt wash habitat 
of Pi.P'1dc:nvs panamintinus . 
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Fig. 12. Trapping site on Santiago Road. Pinyon-Juniper 
'Hoc.ll;md habltat of Dinodomy§_ ~ti.nus. 

/ 
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Fig.  13 . Trapping site at Avenue N ,  Palrr:dale . Joshua Tx'ee 
vToodl.n"'l.d habitat oi' Dipodom.Y§. mma.mintinus and Dipodomvs �tni . 
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Fig �  14 . Trapping slte at Avenue C ,  Lancaster . Alkali Sink 
httb:\ t�t ux Dipodomys !@_r_riami . Diood0111Y.§. microns , and Dinodomvt;?_ 
pananu.ntinus . 
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Fig . 15 . '!'rapping site near Harren St.ation, north of Mojave . 
Th:l.s ,JI)sl:ua Tree "t-foodland-Creosote Bush Scrub is the habitat of 
,Pipod.omys nam.tnintinus and ,Dipo.Q.omv§._ m.erriami . This is the t:yTe 
locality for P.�.:pg_q.pmvs :Qananti..l)tirru.E!_ mohavensis . 
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Fig. 16. Trapping site at Frazier Park (hillside). Sag~brush 
Scrub ha'.Jitat of PiPodornys agilis perpleA.'1.1.S. 
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Fig. 17. Trapping site at Frazier Park (road). A distu1~ed 
SagehT"''tSh Scrub-Yellow Pine Forest habitat. Dipod...Qm arllis 
~lexus ·was taken here. 
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' 
Fig. 18. Trapping site near 11ulholland Higmray. Chapar:-al 

habitat ~r Dipodomys agilis agilis. 
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APPENDIX I 

Specimens Examined 

' 

Specimens with numbers pr-eceded by BAC are in my personal 

collection and have been deposited in the Los Angeles County Museum 

of Natural History .  The specimen whose number i s  preceded by TK 

is in the collection of Mr . Thomas s .  Kelly and has also been 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 College . 

Dipodomys agilis agili�. - Los Angeles County: Cold Creek­

Stone Canyon Road , 200 yards west of junction with Y�lholland High­

way, 1 ( BAC 50 ) ;  Cold Creek-Stone Canyon Road , 0 .7 mi .  west of 

junction with Mulholland High�·ray , 1 ( BAC 5 1 ) ; San Francisquito 

Canyon Road , Saugus , 1 ( BAC 52 ) . 

Dipodomys agilis perolexus . - 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 55 ,  56 , 58 ) . 

Dinodomys panamintinus mohavensis � - T�s Angeles County: Aliso 

Canyon Road , 0 . 5 mi . south of junction with Soledad 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 ,  0 . 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 Freffi�ay ,  off Rye 

Canyon , Castaic Junction , 1 ( VSC 746 ) . Kern County: 0 .5 mi .  east 
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of railway station at Warren , about 5 .0 mi .  north of Hojave , 24 

( BAC 59-82 ) • 

.!2:Y2.odomys heermanni morroensis . - San luis Obispo County: 

1 . 0 mi . e ast of Los Osos , 3 ( BAG 30, 36 , 53 ) .  

Dipod.omys heermann_1 �� · - Santa Barbara County: 2 .0 mi . 

NNN Lompoc , 1 ( BAC 54 ) .  

Dioodo� heerma.nni goldmani . - San Benito County: 1 .0 mi . 

west of Pinnacles National Monument (=2 . 5  mi .  west of Little 

Pi�na cles Ranger Station ) , 1 (TK 1 82 ) . 

pipodomys mi�Q[ microps . - Los Angeles County: 0 . 25 mi .  

s outheast of corner of Avenue C and Sierra High�ray , Lancaster , 1 

(BAC 41 ) .  

Dipp2p�� merriami merriami . - Los Angeles County: 1 .0 mi . 

south of Avenue N ,  0 .25 mi . west o:r Sierra High"toray, Palmdale , 1 

{BAC 39) . 
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